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pirobiTi niSnebi

 _ cda     _ jgufuri muSaoba

 _ gaixseneT    _ erTad amovxsnaT amocana  

 _ dafiqrdiT    _ aqtivoba

 _ amoxseniT amocanebi  _ rTuli amocanebi



6

Zvirfaso megobaro!

ori wlis win Sen fizikis Seswavla daiwye. ukve Camogiyalibda garkveuli azri 
am sagnis Sesaxeb. SeiZleba, fizikis Seswavla geZneleba da ioli ar geCveneba, 
mag ram imaSi ki dagveTanxmebi, rom is uTuod saintereso sagania. amasTan er-
Tad, Cvens droSi fizikis saw yisebis codna aucilebelia, raTa swori warmodgena 
Seiqmna garemomcvel samyaroze, irgvliv mimdinare procesebze.

male mogiwevs airCio profesia, romelic, imavdroulad, sayvareli saqmec 
unda iyos. mxolod am SemTxvevaSia SesaZlebeli sargebloba moutano sazogadoe-
bas da Sinagani kmayofilebac miiRo. SesaZloa, zogierT Tqvengans fizikosobis 
survilic gauCndes, Tumca moRvaweobis romeli sferoc ar  unda airCio, fizikis 
sawyisebis codna Seni profesiis ukeT asaTviseblad aucileblad dagWirdeba. 
fizika gansakuTrebiT esaWiroeba imaT, vinc fiqrobs, gaxdes inJineri, teqnikosi, 
eqimi, eleqtrikosi, arqiteqtori, qimikosi, biologi, maTematikosi, arqeologi, 
energetikosi.

Cven, avtorebi, vcdilobT, rom Seni nabijebi fizikis Semecnebis procesSi 
naklebad rTuli iyos da rac SeiZleba bevr Tqvengans gavuRvivoT interesi am 
sag nisadmi. swored am mizans emsaxureba saxelmZRvanelos struqtura. is Sedgeba 
Tavebisagan, Tavebi paragrafebisagan, romlebSic Sesaswavli sakiTxia ganxiluli. 
paragrafis bolos calkea gamoyofili daskvnebi, romlebic gansazRvraven da 
ganazogadeben paragrafis ZiriTad Sinaarss. es daskvnebi gansakuTrebiT amo-
canebis amoxsnisas gamogadgebaT. imis Sesamowmeblad, Tu ramdenad kargad gaige 
ganxiluli masala, paragrafis bolos dasmulia sakontrolo kiT xvebi, aucile-
blad upasuxe maT. zogierTi sakiTxi nawilobriv wina wlebSi gaqvs naswavli, 
miTiTebisas gaixsene isini, raTa ufro gaiRrmavo codna maT Sesaxeb.

TiTqmis yoveli paragrafis bolos nimuSis saxiT amoxsnilia erTi amoca-
na, rac dagexmareba Semdeg mocemuli amocanebis amoxsnaSi. zogierTi paragra-
fis bolos aRwerilia saSinao cda, yuradRebiT gaecani mis pirobebs, Seecade, 
zustad Seasrulo miTiTebebi, saWiroebis SemTxvevaSi daixmare ufrosebi, daak-
virdi mis Sedegebs, Seecade, gamoitano daskvnebi. yvelaferi es dagexmareba mom-
devno sakiTxis ukeT gaazrebaSi. saxelmZRvanelos ufro efeqtianad gamoiyeneb, 
Tu yuradRebas miaqcev specialur pirobiT niSnebs, romlebic wignis dasawyisSia 
mocemuli.

yvela sakiTxi erTnairad martivi ar aris, maTi gaazreba TandaTanobiT, axali 
cnebebis dauflebisa da muSaobis Sedegad xdeba. mTavari mamoZravebeli Zala ki 
am dros sagnisadmi interesia, romelic aucileblad migiyvans sasurvel Sede-
gamde.

gisurveb warmatebas!
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Tavi I

Tanabari da araTanabari moZraoba. 
mrudwiruli moZraoba

am TavSi Tqven gaixsenebT da gaecnobiT:

•	 meqanikis ZiriTad amocanas; 

•	 moqmedebebs veqtorul sidideebze;

•	 wrfiv Tanabar da araTanabar moZraobas;

•	 moZraobis fardobiTobas;

•	 TanabaraCqarebul moZraobas;

•	 moZraobis grafikul warmodgenas;

•	 wrewirze Tanabari moZraobis maxasiaTebel fizikur sidideebs.

t

ss

t
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§1.1 meqanika. meqanikis ZiriTadi amocana

fizikis nawils, romelic sxeulTa moZraobasa da maT urTierTqmedebas Seiswav-
lis, meqanika ewodeba.

meqanikis nawilebia: kinematika, dinamika da statika.
kinematika Seiswavlis sxeulTa moZraobas misi gamomwvevi mizezebis gareSe.
dinamikaSi Seiswavleba sxeulTa moZraoba misi gamomwvevi mozezebis gaTva-

liswinebiT.
statika Seiswavlis sxeulTa wonasworobas.
am TavSi Cven kinematikis ZiriTad sakiTxebs ganvixilavT, romlis dawyebamde 

saWiroa gavixsenoT VII klasis fizikis kursSi naswavli moZraobasTan dakavSire-
buli zogierTi cneba da fizikuri sidide: 

sxeulis meqanikuri moZraoba ewodeba drois ganmavlobaSi misi mdebareobis 
cvlilebas sivrceSi sxva sxeulebis mimarT (moiyvaneT moZraobis magaliTebi). 

sxeuls, romlis mimarTac ganixileba sxva sxeulis mdebareoba an moZraoba, 
aTvlis sxeuli ewodeba (moyvanil magaliTebSi daasaxeleT aTvlis sxeulebi).

sxeulis mdebareoba gansxvavebulia sxvadasxva aTvlis sxeulis mimarT. anu, 
sxeulis mdebareoba fardobiTia (moiyvaneT magaliTebi). 

fardobiTia sxeulis moZraobac _ erTi aTvlis sxeulis mimarT moZravi sxe-
uli SesaZloa sxva aTvlis sxeulis mimarT uZravi iyos da piriqiT (sur. 1.1). 
mocemul SemTxvevaSi daasaxeleT sxeulebi: a) romlebic dedamiwis mimarT moZra-
oben; b) romlebic erTmaneTis mimarT uZravni arian; g) romlebic yvela sxeulis 
mimarT moZraoben; d) romlebic zogi sxeulis mimarT moZraoben, sxvebis mimarT 
ki uZravni arian.

25 km/sT

25 km/sT

50 km/sT

sur. 1.1

Cven ukve vicnobT moZraobis sam saxes: brunviT moZraobas, deformacias da 
gadataniT moZraobas (daasaxeleT brunviTi moZraobisa da deformaciis maga-
liTebi). gadataniTi moZraobis dros sxeulis yvela wertili erTnairad moZra-
obs da mis nebismier or wertilze gavlebuli wrfe Tavisi Tavis paraleluri 
rCeba (daasaxeleT gadataniTi moZraobis magaliTebi). aseTi moZraobisas sxeu-
lis yvela wertilis moZraobis aRwera aucilebeli ar aris _ sakmarisia misi 
romelime erTi wertilis moZraobis aRwera. igivea SesaZlebeli maSinac, roca 
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ganvixilavT sxeulis moZraobas mis zomasTan SedarebiT bevrad did manZilze, an 
rodesac sxeuli mis zomasTan SedarebiT bevrad didi manZiliTaa daSorebulia 
sxva sxe ulebidan (moiyvaneT magaliTebi). aseT SemTxvevebSi sxeuli SesaZlebelia 
wertilad miviCnioT. 

sxeuls, romlis zoma mocemul pirobebSi SeiZleba ugulebelvyoT, nivTieri 
(materialuri) wertili ewodeba. momavalSi, xSir SemTxvevaSi, sxeulis nacvlad 
nivTier wertils vigulisxmebT. nivTier wertils SenarCunebuli aqvs sxeulis 
yvela Tviseba, garda zomisa.

nivTieri wertilis mier moZraobisas aRweril wirs traeqtoria ewodeba  
(sur. 1.2). (moiyvaneT traeqtoriis magaliTebi da gaixseneT misi saxeebi). 

traeqtoriis sigrZes, romelic sxeulma drois raime SualedSi Semowera, am 
droSi gavlili manZili ewodeba (gaixseneT gavlili manZilis aRmniSvneli simbo-
lo da erTeuli SI-Si).

sur. 1.2

wrfis mimarTul monakveTs (veqtors), romelic sxeulis sawyis mdebareobas 
mis momdevno mdebareobasTan aerTebs, gadaadgileba ewodeba, gadaadgilebis sig-
rZes ki _ gadaadgilebis moduli (gaixseneT gadaadgilebis aRmniSvneli simbolo 
da erTeuli SI-Si. moiyvaneT gadadgilebis modulisa da gavlili manZilis gan-
sxvavebis magaliTebi, moiyvaneT magaliTi, roca isini tolia).

traeqtoria, gavlili manZili da gadaadgileba fardobiTia (moiyvaneT Sesabami-
si magaliTebi).

nivTieri wertilis mdebareobis gansazRvra SesaZlebelia koordinatebiT: Tu 
sxeuli moZraobs wrfeze, misi mdebareoba ganisazRvreba erTi koordinatiT, Tu 
moZraobs sibrtyeze _ ori koordinatiT, sivrceSi moZraobisas ki _ sami koordi-
natiT (moiyvaneT wrfeze da sibrtyeze mdebare wertilis koordinatebis povnis 
magaliTebi). sxeulis moZraobisas misi koordinatebi drois mixedviT icvleba, 
amitom moZraobis aRsawerad saWiroa drois aRricxvac.

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

meqanikis ZiriTadi amocanaa drois nebismier momentSi sxeulis mdebareobis 
gansazRvra. vinaidan sxeulis mdebareoba misi koordinatebiT ganisazRvreba, ami-
tom am amocanis amoxsna drois nebismier momentSi sxeulis koordinatebis povnas 
niSnavs. 
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  davaleba

ganvlili masalis ukeT gasaxseneblad SeasruleT ramdenime testuri dava-
leba (wignSi ar CaweroT):

1. ganixileT Semdegi sami sxeulis moZraoba: 1) sabagiros kabinis; 2) „eSmakis 
borblis“ kalaTis da 3) tvirTis, romelic amwes aaqvs (sur 1.3). maTgan ga-
dataniT moZraobas asrulebs

a) mxolod 1) da 2);
b) mxolod 1) da 3);
g) mxolod 2) da 3);
d) samive sxeuli.

sur. 1. 3

2. Tanabrad moZravi vagonis Tarodan gadmovarda sagani, romelic iatakze 
daeca. misi moZraobis traeqtoria dedamiwaze mdgomi damkvirveblis mi-
marT iqneba

a) horizontaluri monakveTi; 
b) vertikaluri monakveTi;
g) daxrili monakveTi;
d) mrudi.

3. samgzavro lifti pirveli sarTulidan mecxre sarTulze avida, Semdeg ki 
mesameze Camovida. ramdenjer metia misi gavlili manZili gadaadgilebis 
modulze, Tu sarTulebis simaRle erTnairia?

a) 6-jer; b) 6,5-jer; g) 7-jer; d) 7,5-jer.

4. turistma jer dasavleTisaken 12 km gaiara, Semdeg ki CrdiloeTis mimar-
TulebiT _ 5 km. turistis gadaadgilebis moduli toli iqneba

a) 17 km-is;  b) 13 km-is;  g) 7 km-is;  d) 60 km-is.

5. 150 m sigrZis matarebeli 550 m sigrZis gvirabis gavlisas gadis 

a) 150 m-s; b) 550 m-s; g) 400 m-s; d) 700 m-s.
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§1.2 skalaruli da veqtoruli sidideebi.
moqmedebebi veqtorebze



16

§1.3 veqtoris gegmilebi RerZebze
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§ 1.4 veqtoris daSla mdgenelebad
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§ 1.5 wrfivi Tanabari moZraoba

me-7 klasSi Tqven SeiswavleT moZraobis yvelaze martivi saxe _ wrfivi Tana-
bari moZraoba. gavixsenoT is da gavafarTooT Cveni codna am moZraobis Sesa xeb. 

wrfivi Tanabari moZraoba ewodeba iseT moZraobas, romlis drosac sxeuli 
drois nebismier tol SualedebSi tol gadaadgilebebs asrulebs.

wrfivi Tanabari moZraobisas sxeulis mier Sesrulebuli gadaadgileba drois 
pirdapirproporciulad izrdeba, amitom gadaadgilebis Sefardeba Sesabamis 

drosTan mudmivi sididea: t
s  = const. swored am sididiT axasiaTeben wrfiv Tana-

bar moZraobas da mas siCqares uwodeben.
wrfivi Tanabari moZraobis siCqare ewodeba sidides, romelic tolia drois ne-

bismier SualedSi sxeulis mier Sesrulebuli gadaadgilebis Sefardebisa drois am 
SualedTan:
                                  v = t

s (1)

vinaidan gadaadgileba veqtoruli sididea, dro ki _ skalaruli (t > 0 ), amitom 
siCqare veqtoruli sididea da misi mimarTuleba gadaadgilebis mimarTulebas 

emTxveva, siCqaris moduli ki tolia: v = t
s ;   

SI-Si manZilis erTeulia 1 m, droisa _ 1 wm, amitom siCqaris erTeuli iqneba  
1 m/wm. es iseTi Tanabari moZraobis siCqarea, romlis drosac sxeuli 1 wm-Si  
1 m-is tol manZils gadis. sxeulis siCqare SeiZleba gavzomoT sxva erTeulebSic: 
km/sT-Si, km/wT-Si, sm/wm-Si da sxva. 

sxeulis Tanabari moZraobis siCqare 7 m/wm-ia niSnavs, rom igi 1 wm-Si 7 m-is 
tol manZils gadis. e.i. siCqaris moduli ricxobrivad tolia sxeulis mier 
drois erTe ulSi (1 wm-Si, 1 sT-Si, 1 wT-Si) gavlili manZilis. 

wrfivi Tanabari moZraobisas Sesrulebuli gadaadgilebis moduli gavlili 
manZilis tolia. 

Tu viciT wrfivad da Tanabarad moZrvi sxeulis v siCqare, SegviZlia vipovoT 
mis mier raime t droSi Sesrulebuli gadaadgileba: 

                                s = v � t.                    (2)
wrfivi Tanabari moZraobis ganmartebidan gamomdinareobs, rom moZraobis 

traeqtoria wrfea, amitom sxeulis mdebareoba SiZleba erTi koordinatiT gan-
vsazRvroT. amisaTvis ki saWiroa sakoordinato (OX) RerZi moZraobis wrfis gas-
wvriv mivmarToT. Tu am RerZze gadaadgilebisa da siCqaris gegmilebs, Sesabami-
sad, sx-iT da vx-iT aRvniSnavT, maSin (2) formulis Tanaxmad,

sx=vx � t.
amrigad, gadaadgileba, misi moduli (gavlili manZili) da gegmili wrfivi 

Tanabari moZraobisas, Sesabamisad, gamoisaxeba formulebiT:

         s = vt;          s = vt;        sx = vx t .    (3)

rogor gadavwyvitoT meqanikis ZiriTadi amocana wrfivi Tanabari moZraobi-
sas? ganvixiloT magaliTi. vTqvaT, swor gzaze avtomobili moZraobs mudmivi v 
siCqariT (sur. 1.44 ). koordinatTa saTaved avirCioT, magaliTad, ganaTebis boZi, 
xolo RerZi miv marToT avtomobilis moZraobis mimarTulebiT. drois sawyis mo-
mentSi avtomobilis kordinati aRvniSnoT x0-iT. Tu avtomobilma drois sawyisi 
momentidan t droSi Seasrula s gadaadgileba, maSin t drois Semdeg misi koordi-
nati toli iqneba: x = x0+ sx. gaviTvaliswinoT, rom sx = vx t da miviRebT:

                         x = x0 + vx t.                    (4)
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am formulas xSirad moZraobis gantolebas uwodeben. misi daxmarebiT Seg-
viZlia vipovoT wrfivad da Tanabrad moZravi sxeulis koordinati (mdebareo-
ba) drois nebismier momentSi, Tu gvecodineba sxeulis sawyisi koordinati da 
siCqaris gegmili arCeul OX RerZze. anu, amovxsnaT meqanikis ZiriTad amocana. 
moviyvanoT magaliTi: vTqvaT sxeulis sawyisi koordinatia 50 m (x0 = 50) da is 

sur. 1.44

x0xx0 X0 x

s

v

moZraobs RerZis sawinaaRmdego mimarTulebiT 4 m/wm siCqariT (vx = -4), maSin misi 
koordinatis droze damokidebuleba miiRebs saxes: x = 50 – 4 � t. am formulis 
mixedviT, sxeulis koordinati, t = 5 wm-is Semdeg iqneba x = 50 – 4 � 5 = 30(m),  
t = 20 wm-is Semdeg x = 50 – 4 � 20 = -30 (m) da a.S. 

daskvnebi:

•	 wrfivi Tanabari moZraoba ewodeba iseT moZraobas, romlis drosac sxeu-
li drois nebismier tol SualedebSi erTnair gadaadgilebebs asrulebs;

•	 wrfivi Tanabari moZraobisas gadaadgilebis Sefardeba moZraobis Sesabamis 

drosTan mudmivi sididea, romelsac moZraobis siCqares uwodeben: v = t
s ;

•	 siCqare veqtoruli sididea, misi mimarTuleba gadaadgilebis mimarTule-
bas emTxveva; 

•	 SI-Si siCqaris erTeulia 1 m/wm;
•	 wrfivi Tanabari moZraobisas gadaadgileba, gavlili manZili, gadaad-

gilebis gegmili da koordinati, Sesabamisad, gamoisaxeba formulebiT:
s = vt;     s = vt;     sx= vx t ;      x = x0 + vx t. 

sakontrolo kiTxvebi:

1. wrfiv gzaze avtomobili yovel wamSi 25 m-s gadis. SeiZleba Tu ara 
davaskvnaT, rom avtomobili wrfivad da Tanabrad moZraobs? pasuxi daasa-
buTeT.

2. 1 m/wm-is garda siCqaris ra erTeulebs daasaxelebT?
3. ras niSnavs, rom WianWvelas siCqare 2 sm/wm-ia?
4. ra SemTxvevaSia wrfivi Tanabari moZraobis siCqaris gegmili siCqaris mo-

dulis toli? modulis toli minus niSniT?
5. rogor CawerT im sxeulis moZraobis gantolebas, romlis sawyisi koordi-

natia -200 m da moZraobs RerZis mimarTulebiT 4 m/wm siCqariT? 
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  erTad amovxsnaT amocana

moc:
t1=10 wm;
t2=14 wm;
ι2=60 m;

u.v ι1, v

Tanabrad moZravma matarebelma liandagis gverdze mdgar boZs 10 
wamSi Cauara, xolo 60 m sigrZis xidze 14 wamSi gaiara. ra sigrZisaa 
matarebeli da ra siCqariT moZraobs is?

amoxsna:  boZTan Cavlisas matarebelma 10 wamSi gaiara Tavisi sig-
rZis toli manZili: ι1=vt

1
 (1);  xidze gadasvlisas matarebeli gadis 

Tavisi da xidis sigrZis jamis tol manZils. ι1+ ι2=vt
2
 (2). Tu pirve-

li gantolebidan ι
1
-s SevitanT meoreSi, miviRebT: vt1+ ι2=vt

2
. aqedan, 

vt2–vt
1
= ι

2
 ⇒ v = 

(t2-t1)
ι2 =15 (m/wm). miRebuli Sedegis (1) gantolebaSi SetaniT miviRe-

bT: ι
1
=150 m. pasuxi: matareblis sigrZea 150 m, misi siCqare ki _ 15 m/wm.

  amoxseniT amocanebi:

1. mela or xes Soris manZils faravs 15 wamSi. ra droSi gairbens imave man-
Zils masze 1,5-jer swrafad moZravi kurdReli?

2. mdinares moaqvs 10 m sigrZis mori. ra droSi Cauvlis mori mdinaris na-
pirze mdgar meTevzes, Tu mdinaris siCqare 0,5 m/wm-ia? miiCnieT, rom moris gas-
wvriv gavlebuli wrfe mdinaris dinebis mimarTulebas emTxveva.

3. ra droSi gaivlis 120 m sigrZis matarebeli 280 m sigrZis xids, Tu misi 
siCqare 20 m/wm-ia?

4. wriul sarben biliks lukam 10 wuTSi 4-jer Semourbina. risi tolia bi-
likis sigrZe, Tu luka 5 m/wm siCqariT darbis?

5. baqanze mdgom uZrav damkvirvebels Tanabrad moZravi matareblis pirvel-
ma orma vagonma 5 wamSi Cauara, danarCenma vagonebma ki _ 25 wamSi. ramdeni vago-
nisgan Sedgeba matarebeli?

6. wrfiv gzaze dayenebulia ori SuqniSani, romlebzec erTdroulad inTeba 
„mwvane“, romlebic qreba 20 wamSi. rodesac 54 km/sT siCqariT Tanabrad moZravma avto-
mobilma pirvel SuqniSans Cauara, „mwvane“ 5 wamis anTebuli iyo. ra manZilia SuqniS-
nebs Soris, Tu avtomobilma meore SuqniSans mwvane feris Caqrobis momentSi Cauara?  

7. rodesac mZRols 300 m-iT daSorebul Senobamde misasvlelad 1 wuTi hqon-
da darCenili, miadga gzis dazianebul 100 m sigrZis ubans, romelic 9 km/sT siC-
qariT gaiara. ra siCqariT unda imoZraos man darCenil dauzianebel gzaze, rom 
SenobasTan droze mivides?

8. wrfiv gzaze 90 km/sT siCqariT moZ-
v

u

vv

sur. 1. 45

ravma msubuqi avtomobilis mZRolma mis-
gan 100 metris win gaCerebuli avtobusi 
da 250 metrSi Semxvedri mimarTulebiT 
moZravi satvirTo SeamCnia (sur. 1.45). maqsimum risi toli unda iyos satvirTo 
avtomobilis siCqare, rom msubuqma avtomobilma avtobuss siCqaris modulis 
Seucvlelad auaros gverdi da satvirTosac ar Seejaxos? usafrTxoebisTvis 
avtobusis gverdis avlis Semdeg msubuqi avtomobili avtobusis win 25 metriT 
unda iyos daSorebuli. avtomobilebi nivTier wertilad miiCnieT. 

9. wrfiv gzaze erTi mimarTulebiT 15 m/wm siCqariT  moZraobs ori avtomo-
bili, romelTa Soris manZili 60 m-ia. pirveli avtomobili gadadis gzis dazi-
anebul ubanze, romelzec moZraobis siCqares 3-jer amcirebs. ra manZili iqneba 
avtmobilebs Soris meore avtomobilis dazianebul ubanze gadasvlis momentSi? 

10. jariskacebi mirbian moasfaltebul bilikze erT mwkrivad. mwkrivis sigrZe 
ι-is tolia. asfaltis bolos iwyeba bilikis dazianebuli ubani, romelze gadas-
vlisas TiToeuli jariskaci siCqares 1,5-jer amcirebs. risi toli gaxdeba mwkrivis 
sigrZe im momentSi, roca yvela jariskaci gzis dazianebul ubanze gadava? miiCnieT, 
rom jariskacebs Soris distancia sakmarisia imisaTvis, rom erTmaneTs ar Seejaxon. 
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§ 1.6. wrfivi Tanabari moZraobis grafikuli warmodgena

 moZraobis aRsawerad xSirad sargebloben grafikebiT, romlebic iseve sru-
lad aRweren sxeulis moZraobas, rogorc formulebi.

 Tu abscisaTa RerZze gadavzomavT dros, xolo ordinatTa RerZze _ siCqaris 
gegmilis Sesabamis mniSvnelobebs, miviRebT moZraobis siCqaris grafiks _ vx( t ) .

ganvixiloT magaliTi. vTqvaT, lia da daTo mirbian wrfivad da Tanabrad 
erTmaneTis Sesaxvedrad (sur. 1.46). 

l
ia

da
To

0

4

3

2

1

0,5 1 1,5 2 2,5 t

,mS

, wm

x

lia daTovv

sur. 1.46

lias siCqaris modulia v1 = 3 m/wm, daTosi ki _ v2 =2 m/wm. sakoordinato 
RerZi mivmarToT lias moZraobis mimarTulebiT. am SemTxvevaSi lias da daTos 
moZraobis siCqareTa gegmilebi arCeul RerZze Sesabamisad iqneba: v1x = 3 m/wm,  
v2x = -2 m/wm. vinaidan maTi siCqareebi mudmivia, siCqaris gegmilis droze damoki-
debulebis grafikebi drois RerZis paraleluri wrfeebi iqneba (sur.1.47).

sur. 1. 47

1
-1
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v2x < 0

V,m/wm

t,wm

t

lia

daTo

v1x > 0

   
sur. 1.48

l
ia

da
To

0

4

3

2

1

0,5 1 1,5 2 2,5 t

,mS

, wm

siCqaris grafikiT SesaZlebelia drois raime ..  SualedSi Sesrulebuli 
gadaadgilebis modulis povna. igi ricxobrivad tolia siCqaris grafikiT Se-
mosazRvruli, suraTze moniSnuli markuTxedis farTobisa (sur. 1.47). Tu sxe-
uli uZravia, misi siCqaris grafiki drois RerZze devs. cxadia, am SemTxvevaSi 
gadaadgileba (marTkuTxe dis farTobic) nulis toli iqneba. 

garda siCqaris grafikisa, sargebloben sxeulis mier gavlili manZilis droze 
damokidebulebis grafikiT _ s(t). lias da daTos mier gavlili manZilis droze 
damokidebulebis formulebi, Sesabamisad, iqneba: s1 =3 � t da s2 =2 � t. am formule-



29

bis mixedviT agebuli grafikebi mocemulia sur. 1.48. rogorc maTgan Cans, lias 
Sesabamisi grafiki drois RerZisadmi ufro daxrilia, vidre daTosi. 

sazogadod, rac metia sxeulis siCqaris moduli, miT met kuTxes adgens misi 
s(t) damokidebulebis grafiki drois RerZTan. 

 lias da daTos gadaadgilebis gegmilebis droze damokidebuleba ki gamoi-
saxeba formulebiT: lia _ s1x= 3t , daTo _ s2x= -2t . maTi grafikebi gamosaxulia 
sur. 1.49. unda aRvniSnoT, rom gavlili manZilisagan gansxvavebiT, gadaad gilebis 
gegmili SeiZleba iyos dadebiTic da uaryofiTic. 

x = x0+vxt  formulis Tanaxmad, wrfivi Tanabari moZraobisas sxeulis koor-
dinati wrfivad aris damokidebuli droze, amitom x(t) damokidebulebis grafiki 
wrfes warmoadgens. vTqvaT, lias da daTos sawyisi koordinatebi, Sesabamisad, 
x01 = -4 m da x02 = 6 m-is tolia, maSin maTi koordinatis droze damokidebule-
bis formulebi iqneba: x1 = -4 +3t da x2 = 6_2 t . es damokidebulebebi grafikulad 
gamosaxulia sur. 1.50. maTi gadakveTis wertilis abscisa (t = 2 wm) da ordinata  
(x = 2 m) gviCvenebs lias da daTos Sexvedris drosa da koordinats.

sur. 1.50
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sur. 1. 49
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Sx,m

t,wm

lia

daTo

sxeulTa Sexvedrisas maTi koordinatebi erTnairia.  
amitom imave Sedegs miviRebT, Tu liasa da daTos koordi-
natebs erTmaneTs gavutolebT: x1 = x2, anu -4 +3�t = 6 – 2 � t,  
saidanac t = 2 wm, xolo x1 = x2 = 2 m-s. rogorc vxedavT, am 
amocanis amoxsna moZraobis grafikulad warmodgenis Sem-
TxvevaSi ufro advili da mosaxerxebelia.

ratom sargebloben moZraobis aRwerisas grafikiT? 
vTqvaT, sur. 1.51 mocemuli grafiki Seesabameba romelime 
sxeulis moZraobas. moZraobis grafikiT SegviZlia: a) vi-
povoT sxeulis koordinati drois nebismier momentSi, maT 
Soris sawyisi koordinati (x0 = 2 m) _ grafikis x RerZTan 
gadakveTis wertilis koordinati; b) ganvsazRvroT sxeu-
lis siCqaris gegmili arCeul RerZze (magaliTad, mocemuli 

X,m

t,wm

10

2

4

sur. 1.51
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grafikis mixedviT, roca t = 4 wm-s, maSin x = 10 m-s. amitom miviRebT: 

vx =
x – x0

t =
10 – 2

4 = 2 (m/wm); g) davweroT grafikis Sesabamisi moZraobis gantole-

bac (x = 2 +2� t). anu moZraobis grafiki Seicavs srul informacias sxeulis moZ-

raobis maxasiaTeblebis Sesaxeb.

daskvnebi:

wrfivi Tanabari moZraobisas:
•	 siCqaris gegmilis vx(t) droze damokidebulebis grafiki drois RerZis pa-

raleluri wrfea;
•	 siCqaris grafikiT, drois RerZiT da drois garkveuli intervaliT Se-

mosazRvruli marTkuTxedis farTobi ricxobrivad drois am intervalSi 
Sesrulebuli gadaadgilebis modulis tolia;

•	 gavlili manZilis s(t) damokidebulebis grafiki koordinatTa saTavidan 
gavlebuli sxivia, romelic drois RerZTan dadebiT kuTxes qmnis; rac me-
tia sxeulis siCqaris moduli, miT meti kuTxiTaa daxrili grafiki drois 
RerZisadmi;

•	 gadaadgilebis gegmilis sx(t) damokidebulebis grafiki koordinatTa 
sa T a   vidan gavlebuli sxivia, romelic drois RerZTan dadebiT kuTxes  
qmnis, Tu sxeuli moZraobs arCeuli RerZis mimarTulebiT da qmnis uar-
yofiT kuTxes, Tu moZraobs am RerZis sapirispiro mimarTulebiT;

•	 sxeulis koordinati droze wrfivadaa damokidebuli (x = x0 + vxt), amitom 
x(t) damokidebilebis grafiki wrfes warmoadgens;

•	 x(t) damokidebulebis grafikiT SesaZlebelia: a) vipovoT sxeulis koordi-
nati drois nebismier momentSi; b) ganvsazRvroT sxeulis siCqaris gegmili 
arCeul RerZze; g) davweroT grafikis Sesabamisi moZraobis gantoleba;

•	 sxeulebis moZraobis grafikTa gadakveTis wertilis t da x koordinatebi 
miuTiTebs am sxeulTa Sexvedris drosa da adgils.

sakontrolo kiTxvebi:

1. ratomaa wrfivi Tanabari moZraobis siCqaris grafiki drois RerZis pa-
raleluri?

2. siCqaris grafikis daxmarebiT rogor vipovoT drois nebismier SualedSi 
Sesrulebuli gadaadgilebis moduli?

3. SesaZlebelia Tu ara s ( t )  grafikiT sxeulis moZraobis mimarTulebis 
dadgena? s x( t ) grafikiT?

4. rogor vipovoT x(t) grafikiT sxeulis koordinati drois raime momentSi?
5. x(t) damokidebulebis grafikiT rogor vipovoT sxeulis sawyisi mdebare-

obis koordinati?
6. ra SemTxvevaSi gadis moZraobis grafiki koordinatTa saTaveze?
7. ra sidide utoldeba erTmaneTs sxeulTa Sexvedrisas?
8. raze miuTiTebs ori sxeulis moZraobis grafikis gadakveTa?
9. ra SemTxvevaSia ori sxeulis moZraobis grafiki erTmaneTis paraleluri?
10. Tu ori sxeulis moZraobis grafiki erTmaneTs ar kveTs, magram ikveTeba 

maTi gagrZelebebi, ras niSnavs es?
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  erTad amovxsnaT amocana

sur. 1.52

20

75

45 t,

x,m

wm

   sur. 1.52 mocemulia X RerZze wrfivad  da Tanab-
rad moZravi velosipedistis koordinatis droze 
damokidebulebis grafiki. gansazRvreT velosipe-
distis sawyisi koordinati, siCqaris modu li da mi-
marTuleba. daadgineT, ra fizikuri azri aqvs 
grafikis t RerZTan daxris kuTxis tangenss.

amoxsna: grafikidan Cans, rom velosipedistis 
koordinati t1=20 wm-is momentidan t2=45 wm-is momen-
tamde gaizarda ∆x=75 m-iT. amitom misi siCqaris geg-

mili X RerZze iqneba dadebiTi: vx = (t2 – t1)
¨[

   = 3 m/wm.  

e.i. velosipedistis siCqare mimarTulia X RerZis 

mimarTulebiT da misi modulia v =3 m/wm. davweroT koordinatis droze damoki-
debulebis formula: x=x

0
+3t. grafikidan Cans, rom Tu am formulaSi t-s nacv-

lad SevitanT 45 wm-s, x unda gaxdes 75 m.  75=x0+3·45 ⇒ x0=-60 m. aseve Cans, rom 
α marTkuTxa samkuTxedis maxvili kuTxea, romlis mopirdapire kaTetis sigrZe 

∆x=75 m-ia, mimdebare kaTetis sigrZe ki _ ∆t=25 wm. tgα = ¨W
¨[

 =3. 

pasuxi: velosipedis sawyisi koordinatia -60m; igi moZraobs 3 m/wm siCqariT X 
RerZis mimarTulebiT; x(t) grafikis drois RerZTan daxris kuTxis tangensi ric-
xobrivad nivTieri wertilis siCqaris gegmilis tolia.

 
  amoxseniT amocanebi:

1. sur. 1.53 mocemulia sxeulis siCqaris droze damokidebulebis grafiki. 
gansazRvreT sxeulis mier gavlili manZili 4 wm-dan 10 wm-mde drois SualedSi.

2. sur.1.53 mocemulia sxeulis siCqaris droze damokidebulebis grafiki. 
gansazRvreT sxeulis mier Sesrulebuli gadaadgilebis moduli drois sawyisi 
momentidan 10 wamSi.

3. sur.1.54 mocemulia sxeulis gavlili manZilis droze damokidebule bis 
grafiki. gansazRvreT sxeulis siCqaris moduli da 3 wamSi gavlili manZili.

4. X RerZis mimarTulebiT wrfivad da Tanabrad moZravi motociklis sawyisi 
koordinati 100 m-ia. siCqaris moduli ki _ 25 m/wm. dawereT motociklis koor-
dinatis droze damokidebulebis gantoleba da gansazRvreT mis mier 20 wamSi 
Sesrulebuli gadaadgilebis moduli.

O

v,

t,

5

4 10

L,

t,

20

5O

sur. 1.53 sur. 1.54
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5. sur.1.55 mocemulia X RerZis gaswvris moZravi sxeulis koordinatis 
droze damokidebulebis grafiki. gansazRvreT sxeulis

X,m

t,wm

50

10

0 8
sur. 1.55

 
sawyisi koordinati da siCqaris gegmili. dawereT koor-
dinatis droze damokidebulebis formula.

6. X RerZis sawinaaRmdego mimarTulebiT wrfivad da 
Tanabrad moZravi avtobusis sawyisi koordinati 300 m-ia. 
siCqaris moduli ki _ 15 m/wm. dawereT avtobusis koordi-
natis droze damokidebulebis formula da gansazRvreT 
mis mier 50 wamSi Sesrulebuli gadaadgilebis gegmili  
x RerZze. 

7. sur. 1.56 gamosaxulia sxeulis koordinatis droze 
damokidebulebis grafiki. gansazRvreT sxeulis siCqaris 
gegmili X RerZze da sxeulis mier 3 wm-Si gavlili manZi-
li. dawereT sxeulis koordinatis droze damokidebulebis formula.

8. sur.1.57 mocemulia X RerZze wrfivad da Tanabrad moZravi avtomobilis 
koordinatis droze damokidebulebis grafiki. gansazRvreT sxeulis sawyi si 
koordinati da sxeulis mier 4 wamSi gavlili manZili.

sur. 1.56 sur. 1.57

4 t, 

x,

60

O t, 

x,

100

4O 8

9. sur.1.57 gamosaxulia sxeulis koordinatis droze damokidebulebis 
grafiki. gansazRvreT sxeulis siCqaris gegmili X RerZze da dawereT koordina-
tis droze damokidebulebis formula.

10. sxeulis koordinatis droze damokidebulebis gantolebas aqvs Semdegi 
saxe: x=x

0
+vXt. cnobilia, rom sawyisi momentidan 5 wm-Si sxeulis koordinati  

100 m-ia, 10 wm-Si ki _ 180 m. ipoveT sxeulis sawyisi koordinati da siCqaris geg-
mili X RerZze. aageT koordinatis droze damokidebulebis grafiki. 
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§ 1.7. moZraobis fardobiToba. siCqareTa Sekreba

me-7 klasSi Tqven SeiswavleT sxeulis mdebareobis, uZraobisa da moZraobis 
fardobiToba, erTi da imave sxeulis gadaadgilebebsa da aseve, siCqareebs Soris 
kavSiri sxvadasxva aTvlis sxeulis mimarT, romelTagan erTi iyo uZravi, meo-
re ki _ moZravi. amasTan, sxeulisa da moZravi aTvlis sxeulis siCqareebi erTi 
wrfis gaswvriv iyo mimarTuli.

 gavixsenoT pirveli magaliTi, romelSic sxeuli (navi) da moZravi aTvlis 
sxeuli (tivi) erTi mimarTulebiT moZraobs (sur. 1.58), da meore _ romelSic 
isini sapirispiro mimarTulebiT moZraobs (sur. 1.59). veqtorTa Sekrebis we-
sis Tanaxmad, orive SemTxvevaSi miviReT, rom navis gadaadgileba napiris mimarT  
(s) tolia tivis napiris mimarT (s1) gadaadgilebisa da tivis mimarT navis (s2)  
gadaadgilebis jamisa:

s =s1 +s2 .
am tolobis gayofiT moZraobis t droze miviReT:

v =v1 +v2 .

sur. 1.59sur. 1.58

S

S 1 S 2 S 2

S 1

S

aqedan davaskveniT, rom sxeulis gadaadgileba (siCqare) uZravi aTvlis sxeu-
lis mimarT tolia: uZravi aTvlis sxeulis mimarT moZravi aTvlis sxeulis gadaad-
gilebis (siCqaris) da moZravi aTvlis sxeulis mimarT sxeulis gadaadgilebis (siC-
qaris) jamisa.

 miRebul formulebs gadaadgilebaTa da siCqareTa Sekrebis formulebi vu-
wodeT.

  pirvel SemTxvevaSi miviReT, rom gadaadgilebaTa da siCqareTa modulebi-
saTvis samarTliania tolobebi: 

s = s1 + s2 da v = v1 + v2,
meore SemTxvevaSi ki: 
s = s2 – s1 da v = v2 + v1.
axla gavaRrmavoT Cveni codna gadaadgilebaTa da siCqareTa Sekrebis Sesaxeb. 

ganvixiloT iseTi SemTxveva, roca sxeulisa da moZravi aTvlis sxeulis siCqaree-
bi erTi wrfis gaswvriv ar aris mimarTuli. 

vTqvaT, mdinareze moZraobs tivi da navi. tivi miyveba mdinaris dinebas, anu 
moZraobs dinebis siCqariT, xolo navi cdilobs, gadacuros mdinare dinebis mar-
Tobuli mimarTulebiT, risTvisac menave niCbebis daxmarebiT mas am mimarTule-
bis siCqares aniWebs (sur. 1.60). navis moZraobas Tvals adevnebs ori damkvirvebe-
li: erTi _ napirze uZravad mdgomi da meore _ tivze myofi.
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sur. 1.60

napirze myof damkvirvebels davukavSiroT XOY koordinatTa sistema ise, 
rom X RerZi mimarTuli iyos mdinaris dinebis mimarTulebiT. tivze myof damk-
virvebels davukavSiroT X’O’Y’ koordinatTa sistema, romlis X’ da Y’ RerZebi, 
Sesabamisad, X da Y RerZebis paraleluria.

cxadia, mdinaris dineba navs Tan waiRebs, amitom garkveuli drois Semdeg 
napirze myofi damkvirvebeli SeamCnevs, rom navi mas daSorda rogorc mdinaris 
dinebis, aseve misi marTobuli mimarTulebiT da mis mimarT Seasrula s gadaad-
gileba. imavdroulad, am damkvirveblis mimarT tivi, e.i. moZravi damkvirvebeli, 
Seasrulebs s1  gadaadgilebas. tivze myofi damkvirvebeli ki dainaxavs, rom navi 
gadaadgilda Y’ RerZis gaswvriv da mis mimarT Seasrula s2  gadaadgileba. veqtor-

Ta Sekrebis samkuTxedis wesis Tanaxmad, s =s1 +s2 . vinaidan es gadaadgilebebi 
qmnian marTkuTxa samkuTxeds, maTi modulebisTvis gveqneba: s2 = s1

2 + s2
2. magali-

Tad, Tu mdinarem tivi 40 m-ze waiRo, xolo navi mas 30 m-iT daSorda, maSin navi 

napirze myofi damkvirveblis mimarT 50 m-iT gadaadgilda: (40m)2 + (30m)2 = 50m.

Tu s =s 1 +s2  tolobis yoveli wevrs gavyofT drois im Sualedze, romelSic 
es gadaadgilebebi Sesrulda, miviRebT: 

 v = v1 +v2 .

rogorc viciT, siCqarisa da gadaadgilebis mimarTulebebi Tanxvedrilia, am-
itom siCqareebis veqtorebic marTkuTxa samkuTxeds qmnis da maTi modulebisT-
vis gveqneba: v2 = v1

2 + v2
2. 

amrigad, gadaadgilebebisa da siCqareebis Sekrebis veqtoruli tolobebi am 
SemTxvevaSic imave saxisaa, rac saSualebas gvaZlevs CamovayaliboT maTi Sekrebis 
zogadi wesebi:

sxeulis s gadaadgileba uZravi aTvlis sistemis mimarT tolia: sxeulis s2  
gadaadgilebas  moZravi aTvlis sistemis mimarT damatebuli moZravi aTvlis sis-
temis s1  gadaadgileba uZravi aT vlis sistemis mimarT. 

sxeulis  v siCqare uZravi aTvlis sistemis mimarT tolia: sxeulis v2  siCqares  
moZravi aTvlis sistemis mimarT damatebuli moZravi aTvlis sistemis v1  siCqare 
uZravi aT vlis sistemis mimarT.
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siCqareTa da gadaadgilebaTa Sekrebis wesi marTebulia sxeulis gadataniTi 
moZraobisaTvis.

bolos ganxilul magaliTSi tivze myofi damkvirveblisaTvis navis moZrao-
bis traeqtorias warmoadgens mdinaris dinebis marTobuli wrfe, maSin, rode-
sac napirze mdgomi damkvirveblisaTvis is dinebis mimarTulebisadmi daxrili 
wrfea. amrigad, erTmaneTis mimarT moZrav sxvadasxva aTvlis sistemaSi sxeulis 
moZraobis siCqare, gadaadgileba da traeqtoriac gansxvavebulia. swored amaSi 
mdgomareobs moZraobis fardobiToba.

daskvnebi:

•	 sxeulis s gadaadgileba uZravi aTvlis sistemis mimarT tolia: sxeulis 

s2 gadaadgilebas moZravi aTvlis sistemis mimarT damatebulimoZravi aT-

vlis sistemis s1 gadaadgileba uZravi aT vlis sistemis mimarT. s = s1+ s2;
•	 sxeulis v siCqare uZravi aTvlis sistemis mimarT tolia: sxeulis v2 siC-

qares moZravi aTvlis sistemis mimarT damatebuli moZravi aTvlis sis-

temis v1 siCqare uZravi aT vlis sistemis mimarT.  v = v1+ v2;

•	 Tu sxeuli da moZravi aTvlis sistema erTmaneTisadmi marTobulad moZ-

raobs, maSin v2 = v1
2 + v2

2;

•	 Tu sxeuli da moZravi aTvlis sistema erTi mimarTulebiT moZraobs, maSin 

v = v1 + v2 , maTi erTmaneTis sapirispiro mimarTulebiT moZraobisas ki _  

v = v2 – v1 .

   

sakontrolo kiTxvebi:

1. raSi mdgomareobs moZraobis fardobiToba?
2. rogor unda gvesmodes gamonaTqvami: „uZraoba da moZraoba fardobiTia“?
3. rogor unda gvesmodes gamonaTqvami: „absoluturad uZravi sxeuli ar 

arsebobs“?
4. rogor gesmiT gamonaTqvamebi: `mze amovida~ da `mTvare amovida~? 

  erTad amovxsnaT amocana

   muxluxoiani eqskavatori srialis gareSe 
moZraobs Tanabrad mudmivi v siCqariT (sur. 
1.61). gansazRvreT muxluxos zeda nawilis 
moZraobis siCqare dedamiwisa da eqskavato-
ris mimarT.

sur. 1.61
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amoxsna: Tavdapirvelad gadavideT eqskavatorTan dakavSirebul aTvlis 
sistemaSi (sur 1.62a). am sistemaSi eqskavatoris korpusTan dakavSirebuli O 
wertili uZravia, xolo muxluxos wertilebi moZraoben O wertilis irgvliv 
moduliT erTnairi siCqariT. garkveul droSi muxluxos A da B wertilebi 
O wertilis mimarT erTnairi x manZiliT wainacvleben. A, O da B wertilebi  
kvlav erT wrfeze iqnebian, xolo A da B wertilebi erTmaneTis mimarT wainac-
vleben 2x manZiliT. davubrundeT dedamiwasTan dakavSirebul aTvlis sistemas 
(sur 1.62 b). am sistemaSi B wertilia uZravi, radgan muxluxo dedamiwaze ar 
srialebs. rogorc ukve davadgineT, A wertili B-sgan wanacvlebulia marcxniv 
2x manZiliT, xolo O wertili _ marcxniv x manZiliT. es niSnavs, rom dedamiwis 
mimarT A wertilis siCqare O wertilis v siCqareze 2-jer metia da iqneba u=2v. 
muxluxos A wertilis siCqare eqskavatoris mimarT ki iqneba u-v=v. pasuxi: 2v  da v. 

O

A
X

B
X (sur 1.62 a)

O

A
2X

X

B (sur. 1.62 b

  amoxseniT amocanebi:

1. ori matarebeli Tanabrad moZraobs paralelur relsebze Semxvedri mimar-
TulebiT. maTi siCqaris modulebi, Sesabamisad, 54 km/sT da 72 km/sT-ia. risi 
tolia pirveli matareblis siCqare meoris mimarT? ra droSi Cauvlis meore 
matarebelSi mjdom mgzavrs pirveli matarebeli, Tu misi sigrZe 140 m-ia? 

2. ori matarebeli, romelTa sigrZeebia 120 m da 140 m, moZraobs Semxvedri 
mimarTulebiT paralelur relsebze, Sesabamisad, 10 m/wm da 16 m/wm siCqa-
reebiT. risi tolia maTi fardobiTi siCqaris moduli? ra droSi Cauvlian 
matareblebi erTmaneTs? 

3. 120 m sigrZis 10 m/wm siCqariT moZrav matarebels wamoewia paralelur rel-
seb ze moZravi 140 m sigrZis meore matarebeli, romlis siCqare 16 m/wm-ia. 
ra droSi Cauvlis meore matarebeli pirvels? meore matarebeli pirvelSi 
mjdom mgzavrs? 

4. 30 sm simaRlis boTlis fskerze imyofeba WianWvela, romelic daiZra zemoT 
da amovida boTlis Tavze. amavdroulad, boTli gadaaadgiles magidis hori-
zontalur zedapirze 40 sm-iT. risi tolia WianWvelas gadaadgilebis mo duli 
boTlis mimarT? magidis mimarT?

5. metros eskalators masze uZravad mdgomi mgzavri 60 m sigrZis gvirabSi 
ah yavs 2 wuTSi. ra droSi aiyvans eskalatori mgzavrs, Tu mgzavri eskalato-
ris mimarTulebiT imoZravebs mis mimarT 0,5 m/wm siCqariT? ra siCqariT da ra 
mimarTulebiT unda imoZraos mgzavrma, rom gvirabis kedlebis mimarT uZravi 
darCes?

6. motoriani navi mdinareze or xids Soris manZils dinebis mimarTulebiT 
orjer ufro swrafad gadis, vidre _ dinebis sawinaaRmdego mimarTulebiT. 
ramdenjer metia navis sakuTari siCqare mdinaris dinebis siCqareze?

7. avtomagistralze 54 km/sT siCqariT moZravi avtomobilis win 200 m manZilze 
imave mimarTulebiT moZraobs motocikli, romlis siCqare 72 km/sT-ia. dawe-
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reT motociklis koordinatis droze damokidebulebis gantoleba avtomo-
bilTan dakavSirebul aTvlis sistemaSi. aTvlis saTaved aiReT avtomobilis 
mdebareoba, RerZi mimarTeT avtomobilis siCqaris mimarTulebiT.

8. motorianma navma 200 m siganis mdinaris gadacurvisas Tavisi 5 m/wm siCqare 
A wertilidan B-sken mimarTa, Tumca mdinaris dinebis gamo igi C wertilSi 
aRmoCnda (sur. 1.63). gansazRvreT: a) ra droSi gadacura navma mdinare;  
b) risi toli iqneba navis siCqare napiris mimarT, Tu dinebis siCqare 2 m/wm-ia; 
g) ra manZili gaiara navma napirTan dakavSirebul aTvlis sistemaSi. 

9. napirisadmi ra kuTxiT unda mimarTos Tavisi siCqare motorianma navma, rom 
mdinare umokles droSi gadacuros?

10. motorianma navma mdinaris gadacurvisas Tavisi 10 m/wm siCqare C wertilisken 
mimarTa, Tumca mdinaris dinebis gamo navma dinebis marTobulad imoZrava da 
igi B wertilSi aRmoCnda (sur. 1.64). risi tolia navis siCqare napiris mimarT, 
Tu mdinaris dinebis siCqare 6 m/wm-ia? ra droSi gadacuravs navi mdinares, 
Tu mdinaris sigane 240 m-ia? 

sur. 1.63
A

B C

v

u

A

BC

v

u

sur. 1.64

niSnavs Tu ara mdinaris umoklesi manZiliT gadacurva umokles droSi 
gadacurvas? 

saSinao cda

cdis mizani:  moZraobis fardobiTobaze dakvirveba, gadaadgilebis gansazRvra. 
cdisTvis saWiroa: Wikartebi, gamWvirvale boTli, Zafi, plastilini da fanqari. 
cdis aRwera: oTaxis kuTxeSi, erT kedelze iatakidan boTlis simaRleze 
WikartiT miamagreT Zafis erTi bolo (sur 1.65). Zafis meore boloze miamagreT 
plastilinisagan damzadebuli burTula (burTula boTlis TavSi unda eteodes).

CauSviT burTula boTlSi da boTlis mdebareoba ise SearCieT, rom burTula 
fskerze aRmoCndes da am dros Zafi daWimuli iyos. 
kedelze burTulis gaswvriv fanqriT moniSneT 
burTulis sawyisi mdebareoba (A wertili suraTze). 
aamoZraveT boTli kedlis paralelurad Zafis 
gaswvriv suraTze naCvenebi mimarTulebiT. rodesac 
burTula boTlis TavTan amova, boTli gaaCereT da 
moniSneT burTulis saboloo mdebareoba kedelze. 
gazomeT boTlis iatakis mimarT gadaadgilebis sigrZe, 
burTulis boTlis mimarT gadaadgilebis sigrZe da 
burTulis kedlis mimarT gadaadgilebis sigrZe. 
SeadgineT Camovlili gadaadgilebebis veqtorebis 

naxazi da ipoveT damokidebuleba maT Soris.

A

sur. 1.65
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§ 1.8 myisieri siCqare. saSualo siCqare
 

  wina paragrafebSi Tqven SeiswavleT moZraobis yvelaze martivi saxe _ wrfivi 
Tanabari moZraoba, magram bunebasa da yoveldRiur cxovrebaSi aseTi moZraoba 
iSviaTia. umetes SemTxvevaSi sxeulebi araTanabarad moZraoben. magaliTad, ad-
gilidan daZvrisas matareblis siCqaris moduli izrdeba, drois raRac SualedSi 
is SeiZleba Tanabrad moZraobdes, magram sadgurTan miaxloebisas amcirebs siC-
qares da Cerdeba. aseTi moZraobisas matarebeli drois tol SualedebSi gadis 
sxvadasxva manZils, anu moZraobs araTanabrad. amasTan, matareblis traeqtoriis 
zogierTi monakveTi SeiZleba iyos wrfivi, zogi ki _ mrudwiruli.

moZraobas, romlis drosac sxeulis siCqare icvleba, araTanabari moZraoba 
ewo deba.

 gaixseneT: meqanikis ZiriTadi amocanaa ganvsazRvroT sxeulis mdebareo-
ba drois nebismier momentSi. araTanabari moZraobisas am amocanis gadasawyvetad 
xSirad saWiroa vicodeT siCqare drois mocemul momentSi an traeqtoriis moce-
mul wertilSi.

sxeulis siCqares drois mocemul momentSi an traeqtoriis mocemul wertilSi 
myisier siCqares uwodeben.

ras niSnavs sxeulis siCqare drois mocemul momentSi an traeqtoriis moce-
mul wertilSi? anu, raSi mdgomareobs myisieri siCqaris fizikuri azri?

me-7 klasSi Tqven SeiswavleT araTanabari moZraobis saSualo siCqare, rome-
lic ganvsazRvreT, rogorc sxeulis mier gavlili manZilis Sefardeba drois im 
SualedTan, romelSic es manZili gaiara:

 vsaS
 = t

ι
 .

am saxiT ganmartebuli saSualo siCqare skalaruli sididea. mas gavlili man-
Zilis saSualo siCqares uwodeben da gviCvenebs, ra manZils gadis sxeuli saSua-
lod drois erTeulSi. magaliTad, Tu Tbilisi-quTaisi matarebeli am qalaqebs 
Soris 220 km manZils 4 sT-Si faravs, maSin is 1 sT-Si saSualod 55 km manZils 
gadis.

magram siCqare veqtoruli sididea, amitom sargebloben gadaadgilebis saSua-
lo siCqariTac. gadaadgilebis saSualo siCqare drois raime t SualedSi ewo deba am 
SualedSi Sesrulebuli s gadaadgilebis Sefardebas t drosTan: 

  vsaS = 
t

s  .

gadaadgilebis saSualo siCqare gviCvenebs, Tu ra gadaadgilebas asrulebs 
sxeuli saSualod drois erTeulSi. radgan gadaadgilebis moduli ar aRemateba 
gavlil manZils (s ≤ ι), ami tom gadaadgilebis saSualo siCqaris moduli ar aRe-
mateba gavlili manZilis saSualo siCqares.

rogorc gadaadgilebis, aseve gavlili manZilis saSualo siCqare axasi-
aTebs moZraobas drois garkveul SualedSi da ara drois mocemul momentSi an 
traeqtoriis mocemul wertilSi. magram saSualo siCqaris gansazRvrebiT SeiZ-
leba mivideT myisier siCqaremde.

vTqvaT, nivTieri wertili mrudwiruli da araTanabari moZraobisas drois 
raRac momentSi imyofeboda A wertilSi (sur. 1.66). am momentidan t1 drois Sem-
deg is aRmoCnda A1 wertilSi da Seasrula s1  gadaadgileba. s1  gadaadgilebis 
gayofiT t1 droze miviRebT am SualedSi gadaadgilebis saSualo siCqares:

 vsaS1
 = t1

s1  .
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A°A˛

A
A˝

A˙

s°
v

s˛

s˝

s˙
sur. 1. 66

Tu aviRebT drois sul ufro da ufro 
mcire t2, t3 …Sualedebs da maTSi Sesrule-
bul gadaadgilebebs _ s1-s,s2-s ... gavyofT 
Sesabamis droze, vipoviT gadaadgilebis 
saSualo siCqareebs drois am SualedebSi:

 vsaS2
 = t2

s2  , vsaS3
 = t3

s3  , ...

rac ufro vamcirebT drois Sua leds 
da mivuaxlovdebiT A wertils, Semcirdeba gadaadgilebis moduli, Seic vleba 
misi mimarTuleba. Sesabamisad, Seicvleba saSualo siCqaris moduli da mimar-
Tulebac. Tu gavagrZelebT drois Sualedis Semcirebas, gadaadgilebis saSualo 
siCqaris moduli sul ufro dauaxlovdeba myisier siCqares A wertilSi, xolo 
misi mimarTuleba miuaxlovdeba A wertilSi gavlebul traeqtoriis mxebs.

amrigad, myisieri siCqare, anu siCqare traeqtoriis mocemul wertilSi an drois 
mocemul momentSi tolia am wertilis momcvel mcire ubanze drois mcire Sualed-
Si Sesrulebuli gadaadgilebis saSualo siCqarisa:

v= t
s ��W�ĺ����� 

 W�ĺ�� niSnavs, rom myisieri siCqaris mniSvneloba miT ufro zustia, rac ufro 
mcirea drois Sualedi, romelSic gadaadgilebis saSualo siCqares vpoulobT.

  myisieri siCqare veqtoruli sididea, misi mimarTuleba mocemul wertilSi em-
Txveva am wertilSi traeqtoriisadmi gavlebuli mxebis mimarTulebas.

daakvirdiT danis galesvisas salesi qvidan momwydar naperwklebs. mowydomi-
sas maTi myisieri siCqare mimarTulia im wrewiris mxebis gaswvriv, romelzec 
moZraobdnen mowydomamde (sur. 1.67). analogiurad moZraobs avtomobilis sabu-
ravidan momwydari talaxis nawilakebic (sur. 1.68). 

sur. 1.67 sur. 1.68

 sxeulis wrfivi Tanabari moZraobisas myisieri siCqare nebismier wertilSi 
erTnairia da is moZraobis siCqaris tolia.

daskvnebi:

•	 sxeulis mier gavlili manZilis saSualo siCqare drois raime t SualedSi 

ewodeba am SualedSi gavlili manZilis Sefardebas t drosTan: vsaS
 = t

ι ;  
•	 sxeulis gadaadgilebis saSualo siCqare drois raime t SualedSi ewodeba 

am SualedSi Sesrulebuli s gadaadgilebis Sefardebas t drosTan: vsaS = t
s  ; 

•	 sxeulis siCqares drois mocemul momentSi an traeqtoriis mocemul wer-

tilSi myisieri siCqare ewodeba;
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•	 myisieri siCqare, anu siCqare traeqtoriis mocemul wertilSi an drois 
mocemul momentSi, tolia am wertilis momcvel mcire ubanze drois mcire 

SualedSi Sesrulebuli gadaadgilebis saSualo siCqarisa:  v= t
s ��W�ĺ����� 

•	 myisieri siCqare veqtoruli sididea, misi mimarTuleba mocemul wertilSi 
emTxveva am wertilSi traeqtoriisadmi gavlebuli mxebis mimarTulebas.

sakontrolo kiTxvebi:

1. ricxobrivad, risi tolia gavlili manZilis saSualo siCqare?
2. wrfeze araTanabari moZraobisas icvleba Tu ara myisieri siCqare?
3. mrud wirze mudmivi modulis siCqariT moZraobisas icvleba Tu ara myi-

sieri siCqare?
4. rogori moZraobisas aris traeqtoriis yvela wertilSi myisieri siCqare 

erTnairi?

  erTad amovxsnaT amocana

sportulma avtomobilma wrfivi gzis pirvel ubanze imoZrava Tanabari 10 m/wm 
siCqariT 30 wm-is ganmavlobaSi. meore 500 m sigrZis ubani 20 wm-Si dafara, xolo 
mesame 400 m sigrZis ubanze moZraobda mudmivi 40 m/wm siCqariT. gansazRvreT 
avtomobilis gavlili manZilis saSualo siCqare mTel gzaze.

amoxsna:  avtomobilis saSualo siCqare mTel gzaze iqneba mTeli gzis sigrZis 

Sefardeba am gzis gasavlelad saWiro drosTan: v
saS

 = t1+t2+t3

s1+s2+s3   (1). amocanis piro-

bidan Cans, rom saSualo siCqaris gamosaTvlel formulaSi ar viciT mxolod 

S
1
 da t

3
.  gamovTvaloT isini:  S1=v

1
t1=300 (m); t3 = v3

s3  =10 (wm). miRebuli Sedegebis 
pirvel formulaSi SetaniT miviRebT: V

saS
=20 m/wm.

pasuxi: avtomobilis gavlili manZilis saSualo siCqare mTel gzaze 20 m/wm-ia.

  amoxseniT amocanebi:

1. erTsa da imave droSi TaTiam sarben biliks 8-jer Semourbina, gvancam ki _ 
7-jer. romlis gavlili manZilis saSualo siCqarea meti da ramdenjer?

2. avtomobilma gzis pirveli 400 m 20 wamSi gaiara. momdevno 1 km ki _ 2 wuT-
Si. gansazRvreT avtomobilis gavlili manZilis saSualo siCqare am moZraobisas.

3. motocikli pirveli 10 wuTis ganmavlobaSi moZraobda mudmivi 30 m/wm siC-
qariT, momdevno 20 wuTis ganmavlobaSi ki _ 7,5 m/wm-iT. risi tolia motociklis 
gavlili manZilis saSualo siCqare mTel gzaze?

4. saqalaqTaSoriso avtobusma gzis pirveli 1,5 km gaiara Tanabrad 25 m/wm 
siCqariT, momdevno 3 km ki _ 15 m/wm-iT. gansazRvreT avtobusis gavlili manZilis 
saSualo siCqare mTel gzaze.
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5. avtomobilma gzis pirveli 400 m Tanabrad imoZrava 10 m/wm siCqariT, mom-
devno 1,2 km ki 40 wamSi dafara. gansazRvreT avtomobilis gavlili manZilis 
saSualo siCqare am moZraobisas.

6. gzis wrfivi ubani dayofilia 3 tol nawilad (sur. 1.69 ). AB=BC=CD=1km. 
avtomobilma AB ubani gaiara 72 km/sT mudmivi siCqariT, xolo BD ubani _  
36 km/sT siCqariT. romel ubanze iqneba gavlili manZilis saSualo siCqare meti,  
AC-ze Tu AD-ze?

sur. 1.69

A B C DA

7. matarebeli gvirabidan gamosvlis Semdeg 20 wT-is ganmavlobaSi moZra-
obda mudmivi 60 km/sT siCqariT, momdevno 40 wT-is ganmavlobaSi ki _ mudmivi  
30 km/sT-iT. SeadareT erTmaneTs matareblis saSualo siCqare gvirabidan gamos-
vlis Semdeg 1 saaTSi da gvirabidan gamosvlis Semdeg 40 wT-Si. 

8. katerma mdinaris dinebis mimarTulebiT da mis sapirispirod moZraobisas 
napiris mimarT erTi da igive manZili gaiara. am moZraobisas kateris gavlili 
manZilis saSualo siCqare dedamiwis mimarT 9 m/wm-ia. risi tolia mdinaris dine-
bis siCqare, Tu ka te ris sakuTari siCqare mdinarisas 2-jer aRemateba.

9. avtobanze 22 km-iT daSorebul A da B wertilebSi dayenebulia saTval-
Tvalo videokamera. dasaSvebi maqsimaluri siCqare avtobanze 110 km/sT-is to-
lia. TiToeul videokamerasTan Cavlisas misi siCqare 110 km/sT-is toli iyo. 
gadaaWarba Tu ara mZRolma dasaSveb maqsimalur siCqares gzis AB monakveTze 
moZraobisas, Tu man kamerebs Soris manZili 10 wuTSi dafara?

10. araTanabari moZraobisas matarebelma 1 sT-Si 80 km manZili gaiara. cno-
bilia, rom am drois monakveTSi matarebeli erT-erT sadgurze 3 wT-iT iyo gaCe-
rebuli. iqneboda Tu ara drois am 1 saaTian SualedSi matareblis siCqare rome-
lime momentSi 80 km/sT-ze meti?

  saSinao cda

cdis mizani: dRis garkveul SualedSi sakuTari saSualo siCqaris gansazRvra.
cdisTvis saWiroa: mobiluri telefoni internetTan wvdomiT.
cdis aRwera:  mobilur telefonSi („smartfonSi“) CamotvirTeT gavlili 

manZilis mzomi aplikacia (moZebneT Semdegi bmulidan shorturl.at/hlrDM, https://
tinyurl.com/4xfby3k9) gaaaqtiureT aplikacia da telefoni atareT ji biT 
gakveTilebis damTavrebis Semdeg  garkveuli drois  ganmavlobaSi.  apli-
ka ciis saSualebiT gansazRvreT Tqven mier gavlili manZilis saSualo 
siCqare dRis aRniSnul SualedSi da SeadareT Tqveni klaselebis saSualo 
siCqareebs. dagegmeT aseTive cda megobarTan erTad. moZraoba daiwyeT 
erTdroulad da iareT erTsa da imave traeqtoriaze. SeecadeT erT-erTma  
imoZraoT Tanabrad, meorem _ jer ufro swrafad, Semdeg _ nela. bolos, 
rodesac erTad aRmoCndebiT, SeadareT Tqveni saSualo siCqareebi erTmaneTs.  
moiZieT informacia `janmrTeli cxovrebis wesis~ Sesaxeb da naxeT, emTxveva Tu 
ara Tqven mier dRis ganmavlobaSi gavlili manZili (saSualod) rekomendebul 
gasavlel manZils.
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§1.9 aCqareba. TanabaraCqarebuli moZraoba

TviTmfrinavis startisas misi siCqare drois Zalian mcire SualedSi mkveT-
rad izrdeba, rasac mgzavri cxadad SeigrZnobs. Cveulebriv, siCqaris zrdas 
TiTqmis ver vgrZnobT avtobusis daZvrisas, radgan misi siCqare nela izrdeba. 
sazogadod, mniSvnelovania vicodeT ara marto ramdeniT icvleba siCqare, ara-
med ramdenad swrafad icvleba is.

magaliTisaTvis, ganvixiloT formula 1-is bolidis moZraoba startis dros 
(sur. 1.70). igi moZraobas iwyebs A wertilidan da 2 wamis Semdeg B wertilSi misi 

siCqare daaxloebiT 30 m/wm-ia, xolo kidev 8 wamis Semdeg C wertilSi _ 78 m/wm. 

aRvniSnoT bolidis siCqare A wertilSi v0-iT, B wertilSi _ v1-iT, C wertilSiki 

_ v2-iT.

sur. 1.70

A B C

V0 = O

V1 V2
V2V1

AB ubanze siCqaris modulis cvlileba tolia ¨v1 = v1 – v0 =30 – 0 = 30 (m/wm).
BC ubanze ki siCqaris moduli Seicvala ¨v2 = v2 – v1 =78 – 30 = 48 (m/wm-iT). ro-
gorc vxedavT, meore ubanze siCqaris modulis cvlileba metia, vidre pirvelze. 
magram romel ubanze gaizarda siCqare ufro swrafad?    

imisaTvis, rom am kiTxvas vupasuxoT, saWiroa siCqaris cvlileba gavyoT 
drois im Sualedze, romelSic es cvlileba moxda. AB ubnisaTvis miviRebT, rom 
siCqare erT wamSi saSualod 15 m/wm-iT izrdeboda, xolo BC ubanze _ 6 m/wm-iT. 
e.i. pirvel ubanze siCqaris cvlilebis siswrafe ufro metia, vidre _ meoreze. 

siCqaris cvlilebis siswrafes axasiaTeben fizikuri sididiT, romelsac aCqare-
bas uwodeben da aRniSnaven a-asoTi.

fizikur sidides, romelic tolia siCqaris cvlilebis Sefardebisa drois im 
SualedTan, ra droSic es cvlileba moxda, saSualo aCqareba ewodeba.

 a saS = t
¨v  . (1)

vinaidan siCqare da misi cvlilebac veqtoruli sididea, cxadia, aCqarebac 
veqtoruli sididea.

rogorc viciT, t dadebiTi skalaruli sididea, amitom aCqarebas siCqaris 
cvli lebis mimarTuleba aqvs. amgvarad, gamoTvlili aCqareba gviCvenebs saSua-
lod ramdeniT icvleba siCqare drois erTeulSi. 

zemoT moyvanil magaliTSi bolidis aCqareba icvleba. es niSnavs, rom aCqareba 
traeqtoriis sxvadasxva wertilSi da drois sxvadasxva momentSi (myisieri aCqa-
reba) SeiZleba gansxvavebuli iyos.

myisieri aCqareba imave meTodiT SeiZleba ganvsazRvroT, rogorc ganvsaz-
RvreT myisieri siCqare. kerZod, myisieri aCqareba traeqtoriis mocemul wer-
tilSi tolia am wertilis momcvel mcire ubanze drois Zalian mcire SualedSi 
sxeulis saSualo aCqarebisa:

a= t
¨v��W�ĺ���� 

rogor aris mimarTuli myisieri aCqareba imave momentSi myisieri siCqaris 
mimarT?
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formula 1-is bolidis startis dros siCqaris moduli izrdeba, amitom aC-
qareba mimarTulia moZraobis mimarTulebiT. finiSTan bolidi amuxruWebs, siC-
qaris moduli mcirdeba, amitom aCqareba mimarTulia moZraobis sawinaaRmdegod.

aCqarebis mimarTulebas mrudwiruli moZraobisas ganvixilavT Semdeg parag-
rafebSi.

aCqarebuli moZraoba SeiZleba davyoT or saxeobad: moZraobad mudmivi aCqa-
rebiT, romlis mimarTuleba da moduli drois ganmavlobaSi ar icvleba da moZ-
raobad cvalebadi aCqarebiT, romelic drois ganmavlobaSi icvleba.

araTanabari moZraobebidan yvelaze martivia iseTi moZraoba, rodesac aC-
qareba ar icvleba. mas TanabaraCqarebul moZraobas uwodeben. magaliTad, Tu 
asafren bilikze TviTmfrinavi TanabaraCqarebulad moZraobs da yovel 10 wm-Si 
misi siCqare icvleba 16 m/wm-iT, maSin yovel 5 wm-Si siCqare Seicvleba 8 m/wm-iT, 
yovel 2,5 wm-Si _ 4 m/wm-iT, yovel 1 wm-Si _ 1,6 m/wm-iT da a.S.

moZraobas, romlis drosac sxeulis siCqaris cvlileba drois nebismier tol 
SualedebSi erTnairia, TanabaraCqarebuli moZraoba ewodeba. 

zemoT moyvanil magaliTSi siCqaris cvlilebis Sefardeba drois Sesabamis 

SualedTan (anu, aCqareba) mudmivi sididea. marTlac, 10
16 = 5

8  = 2.5
4

 = 1,6( wm
m/wm).

TanabaraCqarebulad moZravi sxeulis aCqareba ewodeba fizikur sidides, 
romelic tolia drois nebismier SualedSi sxeulis siCqaris cvlilebis fardo-
bisa drois am SualedTan.

Tu sxeulis siCqares drois sawyis momentSi aRvniSnavT v0-iT, xolo drois
t Sualedis Semdeg v-Ti, maSin gansazRvrebis Tanaxmad, 

a = 
v0

t
v – ,     a = const. (2)

wrfivi moZraobisas v da v0  veqtorebi moZraobis wrfis gaswvrivaa mimarTu-
li, amitom a aCqarebac amave wrfis gaswvriv iqneba mimarTuli.

sur. 1.71

O
v

v

a

X

0

 ganvixiloT burTulis moZraoba daxril 
RarSi (sur. 1.71). cdebi gviCvenebs, rom es
moZraoba TanabaraCqarebulia. Tu (2) to-
lobaSi Semaval veqtorul sidideebs dava-
gegmilebT Raris gaswvriv qveviT mimarTul 
OX RerZze, miviRebT:

ax = t
vx – v0x

.

radgan SI-Si siCqaris erTeulia 1 m/wm, 
xolo droisa _ 1 wm, amitom aCqarebis er-
Teulia 

1wm
1m/wm = 1 m/wm2. es iseTi TanabaraCqa-

rebuli moZraobis aCqarebaa, romlis drosac siCqare 1 wm-Si 1 m/wm-iT icvleba.  

0v

v aX

O
sur. 1.72

ganxilul magaliTSi siCqaris moduli 
izrdeba (v > v0), amitom aCqarebis mimarTule-
ba burTulis moZraobis mimarTulebas em-
Txveva da ax > 0.
   Tu burTulas daxril RarSi avago rebT 
(sur. 1.72), siCqaris moduli daiklebs  
(v < v0), amitom aCqarebis mimarTuleba burTu-
lis moZraobis mimarTulebis sawinaaRmdegoa 
da misi gegmili Raris gaswvriv zeviT mimar-
Tul OX RerZze uaryofiTi iqneba: ax < 0.
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aCqareba ricxobrivad tolia siCqaris cvlilebisa drois erTeulSi. maga-
liTad, Tu sxeulis aCqareba 7 m/wm2-ia, es niSnavs, rom misi siCqare yovel 1 wm-Si  
7 m/wm-iT icvleba. 

Tu viciT TanabaraCqarebuli moZraobis aCqareba da sawyisi siCqare, maSin Seg-
viZlia vipovoT sxeulis siCqare drois nebismier momentSi. 

 

daskvnebi:

•	 aCqareba fizikuri sididea, romelic axasiaTebs siCqaris cvlilebis sis-
wrafes;

•	 aCqareba tolia siCqaris cvlilebis Sefardebisa drois im SualedTan, ra 
droSic es cvlileba moxda;

•	 sxeulis moZraobas, rodesac misi siCqare drois nebismier tol Sualedeb-
Si erTnairad icvleba, TanabaraCqarebuli moZraoba ewodeba;

•	 TanabaraCqarebulad moZravi sxeulis aCqareba ewodeba fizikur sidides, 
romelic tolia drois nebismier SualedSi sxeulis siCqaris cvlilebis 

fardobisa drois am SualedTan: a = 
v0

t
v – ;

•	 TanabaraCqarebuli moZraobisas aCqareba mudmivi sididea;
•	 aCqareba veqtoruli sididea da misi mimarTuleba emTxveva siCqaris veqto-

ris cvlilebis mimarTulebas (( v0v – )-is mimarTulebas);
•	 SI-Si aCqarebis erTeulia 1 m/wm2 ;
•	 aCqareba ricxobrivad tolia siCqaris cvlilebisa drois erTeulSi;
•	 wrfivi moZraobisas, Tu sxeulis siCqare izrdeba, aCqarebis mimarTuleba 

moZraobis mimarTulebas emTxveva;
•	 wrfivi moZraobisas, Tu sxeulis siCqare mcirdeba, aCqarebis mimarTuleba 

moZraobis mimarTulebis sapirispiroa.

sakontrolo kiTxvebi:

1. ra gansxvavebaa sxeulis siCqaris cvlilebasa da siCqaris cvlilebis sis-
wrafes Soris? 

2. ra gansxvavebaa aCqarebul da TanabaraCqarebul moZraobas Soris?
3. ratomaa aCqareba veqtoruli sidide?
4. wrfivi moZraobisas, roca sxeulis aCqarebas moZraobis mimarTuleba aqvs, 

rogor icvleba misi siCqare?
5. wrfivi moZraobisas, roca sxeulis aCqarebas moZraobis sapirispiro mi-

marTuleba aqvs, rogor icvleba misi siCqare?
6. ras niSnavs, rom sxeulis aCqareba 3 m/wm

2-ia?
7. ras ewodeba myisieri aCqareba?



45

  amoxseniT amocanebi:

1. ori moswavle msjelobs wrfiv gzaze moZravi sxeulis aCqarebis mimar-
Tulebaze. pirveli ambobs: _ mniSvneloba ar aqvs sxeulis siCqare izrdeba Tu 
mcirdeba. ra mimarTulebac aqvs sxeulis siCqares, igive mimarTuleba aqvs aCqare-
bas. meore pasuxobs: _ sxeulis aCqarebis mimarTuleba damokidebulia imaze, Tu 
ra mimarTuleba aqvs sxeulis siCqaris cvlilebas. romeli maTganis msjelobaa 
swori? pasuxi daasabuTeT.

2. matarebeli sadguridan CrdiloeTis mimarTulebiT daiZra. ra mimar-
Tuleba aqva matareblis aCqarebas?

3. sadgurze samxreT mimarTulebidan Semosuli matarebeli gaCerda. ra mi-
marTuleba hqoda matareblis aCqarebas damuxruWebis dros?

4. Tu winaaRmdegobis Zalebs ar gaviTvaliswinebT, vertikalurad 5 m/wm siC-
qariT asrolili burTula asrolis wertils imave modulis siCqariT daubrunde-
ba. risi tolia am dros am moZraobisas siCqaris cvlilebis moduli? 

5. ori matarebeli erTi mimarTulebiT moZraobs paralelur relsebze. pir-
velis siCqare izrdeba, meoresi ki _ mcirdeba. SesaZlebelia Tu ara, rom raime 
droSi maTi siCqaris cvlilebis modulebi erTnairi iyos? maTi siCqaris cvli-
lebis mimarTulebebi?

6. wrfiv gzaze erTi mimarTulebiT moZravi avtomobilis siCqaris moduli
pirvel 4 wm-Si 5 m/wm-iT gaizarda, momdevno 4 wm-Sic _ 5 m/wm-iT da a.S. aris Tu 
ara es piroba sakmarisi imisaTvis, rom aseT moZraobas TanabaraCqarebuli vu-
wodoT?

7. X RerZis mimarTulebiT TanabaraCqarebulad moZravi motociklis siCqa-
re 10 wamSi 20 m/wm-iT gaizarda. risi tolia motociklis aCqarebis gegmili am 
RerZze?

8. ra droSi Seicvleba TanabaraCqarebulad moZravi sportuli avtomobilis
siCqare 36 km/sT-iT, Tu misi aCqarebis moduli 5 m/wm2-ia?

9. adgilidan daZruli sportuli avtomobilis siCqaris moduli 3 wamSi
50 km/sT gaxda, kidev  3 wamis Semdeg ki _ 110 km/sT. pirvel 3 wamSi ufro metia 
avtomobilis saSualo aCqareba, Tu meore 3 wamSi?

10. gzatkecilze moZravi msubuqi avtomobilis saSualo aCqareba sawyisi mo-
mentidan pirvel 5 wamSi igivea, rac momdevni 5 wamSi. aris Tu ara es piroba sak-
marisi imisaTvis, rom moZraoba TanabaraCqarebulad miviCnioT?
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§ 1. 10 TanabaraCqarebuli moZraobis siCqare.  
siCqarisa da aCqarebis grafikebi
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§ 1.11. gadaadgileba TanabaraCqarebuli moZraobis dros

Tqven ukve iciT, rom sxeulis x koordinati sawyisi x0 koordinatiTa da 
gadaadgilebis sx gegmiliT gamoisaxeba formuliT: x = x0 + sx. amitom TanabaraCqa-
rebuli moZraobisas meqanikis ZiriTadi amocanis amosaxsnelad saWiroa davadgi-
noT, rogor aris damokidebuli sxeulis gadaadgilebis gegmili droze.

vTqvaT, sxeuli moZraobs TanabaraCqarebulad da misi aCqarebis gegmili moZ-
raobis gaswvriv arCeul X RerZze aris ax, sawyisi siCqarisa _ v0x, xolo siCqaris 
gegmili t drois Semdeg _ vx. rogorc wina paragrafidan iciT, siCqaris gegmili 
droze wrfivadaa damokidebuli: vx = v0x + ax� t. sur.1.84 am damokidebulebis
grafikia mocemuli. 

tt

Vx

Vx

V0x

0 t∆ t∆t∆ t∆t∆

a)

t

Vx

Vx

V0x

0 t∆ t∆ t∆

g)

tt

Vx

Vx

V0x

0 t∆ t∆t∆ t∆t∆

b)

tt
t

Vx

Vx

V0x

Vx

0

d)

sur. 1.84

moZraobis mTeli t dro davyoT imdenad mcire ¨W intervalebad (sur 1.84 a), 
romelTa ganmavlobaSic siCqaris cvlileba SegviZlia ar gaviTvaliswinoT da 
moZraoba miviCnioT Tanabrad. maSin drois yovel aseT intervalSi Sesrulebuli 
gadaadgileba ricxobrivad siCqaris grafikiTa da drois RerZiT SemosazRvru-
li markuTxedis farTobis toli iqneba (gaixseneT wrfivi Tanabari moZraobisas 
gadaadgilebis geometriuli azri _ par.6). am warmosaxviTi moZraobisas t droSi 
Sesrulebuli gadaadgileba ricxobrivad toli iqneba ¨W siganis marTkuTxedebis 
farTobebis jamisa (sur. 1.84 b). Tu SevamcirebT drois ¨W�intervals, gadaad-
gileba ricxobrivad mainc safexurebiani figuris farTobis toli iqneba, magram 
TviTon figura TandaTan trapeciis formas miiRebs (sur. 1.84 g). drois inter-
valebis usasrulod Semcirebis Sedegad (¨W�ĺ��) safexurebiani figura gadaiqce-
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va trapeciad, xolo gadaadgileba ricxobrivad am trapeciis farTobs gautol-
deba (sur. 1.84 d). 

miRebuli marTkuTxa trapeciis fuZeebia v0x da vx, xolo simaRle _ t, amitom

s x = 2
v0x + vx t . (1)

Tu gaviTvaliswinebT, rom vx = v0x + axt, maSin (1) formulidan miviRebT:

s x = v 0xt+ 2
axt2

. (2)

TanabaraCqarebuli moZraobisas sxeulis sawyisi Sx

a
a

x>0
x>0

V0x>0
V0x<0

0
t

sur. 1.85 a

siCqare da aCqareba mudmivi sidideebia, amitom 
gadaadgilebis gegmilis droze damokidebuleba 
kvadratulia, xolo am damokidebulebis grafiki 
parabolis nawilia (parabolas wvero sxeulis moZra-
obis mimarTulebis Secvlis wertils Seesabameba) 
(sur. 1.85 a). 

X RerZi sapirispirod rom yofiliyo mimarTuli, 
maSin parabolis Stoebi mimarTuli iqneboda qveviT. 

zemoTmoyvanili ori formulis garda, gadaad-
gilebis gegmili SeiZleba sxvagvaradac CavweroT. 
amisaTvis (1) formulaSi Cav svaT t-s mniSvneloba aCqarebis formulidan _  

t = ax

vx _ v0x. miviRebT:

s x = 2ax

vx
2 _ v0x

2

.  (3)

yvela miRebuli formula dawerilia gadaadgilebis gegmilebisaTvis. Cav-
weroT es formulebi ori kerZo SemTxvevisaTvis:

1. sxeuli moZraobs X RerZis mimarTulebiT da misi siCqaris moduli izrde-
ba (v > v0). v0x = v0, ax = a, vx = v, sx = s, amitom gadaadgilebis moduli gamoiTvleba 
formulebiT: 

s = 2
v0 + v t     (1′); s = v0t + 2

at2

     (2′); s = 2a
v2 _ v0

2

(3′).

2. sxeuli moZraobs X RerZis mimarTulebiT, magram misi siCqaris modu li
mcirdeba (v < v0) v0x = v0, ax = -a, vx = v, sx = s, amitom gadaadgilebis moduli ga-
moiTvleba formulebiT:

s = 2
v0 + v t    (1′′); s = v0t – 2

at2

     (2′′); s = 2a
v0

2 _ v2

(3′′).

gadaadgilebis gegmilis droze damokidebulebis (2) formulis gamoyenebiT 
SegviZlia CavweroT koordinatis droze damokidebulebis formulac: 

    x = x 0 + v 0xt  + 2
axt2

.            ( 4 )
x

X0

a
a

x>0
x>0

V0x>0

V0x<0

0
t

sur. 1.85 b

misi saSualebiT SegviZlia amovxsnaT meqanikis 
ZiriTadi amocana TanabaraCqarebuli moZraobisas.

rogorc me-4 formulidan Cans, TanabaraCqarebu-
li moZraobisas koordinati drois kvadratuli fun-
qciaa, amitom x(t) grafiki parabolas nawils warmoad-
gens (sur. 1.85 b). 

X RerZi sapirispirod rom yofiliyo mimarTuli, 
maSin parabolis Stoebi mimarTuli iqneboda qveviT. 
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rogor gamovTvaloT saSualo siCqare TanabaraCqarebuli moZraobis dros? 
gaixseneT, rom araTanabari moZraobis saSualo siCqare gamoiTvleba for muliT:

 vsaSx = t
sx .

SevitanoT masSi sx-is mniSvneloba (1) formulidan. miviRebT:

vsaSx = 2
v0x + vx.

amrigad, TanabaraCqarebuli moZraobisas gadaadgilebis saSualo siCqare saw-
yisi da saboloo siCqareebis saSualo ariTmetikulis tolia.

daskvnebi:

•	 TanabaraCqarebuli moZraobis gadaadgilebis gegmili ricxobrivad siCqa-
ris gegmilis grafikiT da drois RerZiT SemosazRvruli trapeciis far-
Tobis tolia;

•	 TanabaraCqarebuli moZraobisas Sesrulebuli gadaadgilebis gegmili 
Semdegi formulebiT gamoiTvleba:  

sx = 2
v0x + vx t;         sx = v0xt + 2

axt
2

;        sx = 2ax

vx
2 _ v0x

2

; 

•	 rodesac wrfivi TanabaraCqarebuli moZraobis siCqaris moduli zrdadia, 

maSin gadaadgilebis moduli tolia: s = 2
v0 + v t;    s = v0t + 2

at2

;    s = 2a
v2 _ v0

2

;

•	 rodesac wrfivi TanabaraCqarebuli moZraobis siCqaris moduli kleba-
dia, maSin gadaadgilebis moduli tolia:  

s = 2
v0 + v t;           s = v0t – 2

at2

;      s = 2a
v0

2 _ v2

. 

•	 TanabaraCqarebuli moZraobisas sxeulis koordinatis droze damoki de bu-

le bas Semdegi saxe aqvs: x = x0 + v0xt + 2
axt2

;
•	 TanabaraCqarebuli moZraobisas gadaadgilebis saSualo siCqare sawyisi 

da saboloo siCqareebis saSualo ariTmetikulis tolia: vsaSx = 2
v0x + vx.

sakontrolo kiTxvebi:

1. ratom vamcirebT drois intervalebs TanabaraCqarebuli moZraobis 
gadaadgilebis gegmilis gamoTvlisas? 

2. ra saxes miiRebs wrfivi TanabaraCqarebuli moZraobis gadaadgilebis 
formulebi, rodesac sxeulis sawyisi siCqare nulis tolia?

3. ratomaa wrfivi TanabaraCqarebuli moZraobis gadaadgilebis gegmilisa 
da koordinatis droze damokidebulebis grafiki parabola?

4. ras niSnavs parabolis wveroze miTiTebuli „Semobrunebis wertili“?
5. ra SemTxvevaSi iqneba gadaadgilebis saSualo siCqare nulis toli Tanabar-

aCqarebuli moZraobis dros? 



54

  erTad amovxsnaT amocana 

sur. 1.86 mocemulia X RerZze TanabaraCqarebu-
lad moZravi sxeulis siCqaris gegmilis droze damo-
kidebulebis grafiki. sxeulis sawyisi koordinati nu-
lis tolia. gansazRvreT sxeulis aCqarebis gegmili da 
sawyisi momentidan 10 wm-Si Sesrulebuli gadaadgilebis 
moduli. aageT koordinatis droze damokidebulebis 
grafiki.

amoxsna: 
grafikidan Cans, rom sxeulis siCqaris gegmili 5 wm-Si  

-10m/wm-dan 0-mde gaizarda, amitom aCqarebis gegmili iq-

ne ba 5
(0-(-10)) = 5

10 = 2( wm2

m
). pirvel 5 wm-Si gadaad gi le bis 

gegmilis sapovnelad gamovTvaloT grafikze t RerZis qveviT arsebuli marTku-
Txa samkuTxedis farTobi. igi ricxobrivad drois am SualedSi Sesrulebuli 
gadaadgilebis modulis toli iqneba. vinaidan drois am SualedSi siCqaris geg-
mili uaryofiTia, gadaadgilebis gegmilic uaryofiTi iqneba: 

s1x = 2
-10 · 5  = -25(m). (t=5 wm momentSi sxeulis siCqaris gegmili nulis toli xdeba.

amis Semdeg sxeuli brundeba da TanabaraCqarebul moZraobas iwyebs X RerZis gas-
wvriv, RerZis mimarTulebiT).  drois [5 y10] wm SualedSi Sesrulebuli gadaadg-
ilebis gegmilis sapovnelad gamovTvaloT t RerZis zemoT arsebuli marTkuTxa 

samkuT xedis farTobi. s2x = 2
10 · 5    = 25 (m). miviReT, rom sawyi si momentidan 10 wam-

Si sxeulis gadaadgilebis gegmili aris -25+25=0 (m). 
TanabaraCqarebuli moZraobis dros koordinatis droze damokidebulebis 

grafiki parabolaa. 
vinaidan sawyisi koordinati nulis tolia, 5 wm-is momentSi koordinati -25 m-ia, 

xolo 10 wm-is momentSi _ 0 m, parabolas eqneba sur. 1.87 naCvenebi saxe. 

pasuxi: sxeulis aCqarebis gegmilia 2 m/wm2; sawyisi momentidan 10 wamSi Ses-
rulebuli gadaadgileba nulis tolia; x ( t )  damokidebulebis grafiki para bolaa.

  amoxseniT amocanebi:

1. wrfiv gzaze erTi mimarTulebiT TanabaraCqarebu-
lad moZravi sxeulis siCqaris moduli 10 wm-Si 5 m/wm-dan 
15 m/wm-mde gaizarda. risi tolia sxeulis gadaadgilebis 
moduli drois am SualedSi?

2. TanabaraCqarebulad moZravi avtomobilis koor-
dinatis droze damo kidebulebas aqvs Semdegi saxe:
x=100+5 t+ t2, romelSic dro izomeba wamebSi, xolo koor-
dinati _ metrebSi. risi tolia avtomobilis sawyisi koor-
dinati? sawyisi siCqarisa da aCqarebis gegmilebi?

sur. 1.86

-10

5 10 t,wm

Vx,m/wm

10

-25

5
100 t,wm

X,m

sur. 1.87
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3. adgilidan daZrulma sportulma avtomobilma 5 wm-Si 100 metri gaiara.
gansazRvreT avtomobilis aCqarebis moduli, Tu is TanabaraCqarebulad moZra-
obda.

4. 72 km/sT siCqariT mimavalma avtobusma daiwyo damuxruWeba mudmivi aCqa-
rebiT da gaCerebamde 120 m gaiara. risi tolia avtobusis aCqarebis moduli da 
drois Sualedi, romlis ganmavlobaSic is gaCerda?

5. 36 km/sT siCqariT mimavalma motociklma daiwyo TanabaraCqarebulad moZ-
raoba da 200 m-is gavlis Semdeg misma siCqarem 108 km/sT-s miaRwia. risi tolia 
motociklis aCqarebis moduli da dro, romlis ganmavlobaSic siCqaris es cvli-
leba moxda?

6. TanabaraCqarebulad moZravi avtobusis mier Sesrulebuli gadaadgilebis
gegmili sawyisi momentidan 2 wamis Semdeg 24 m-ia, xolo sawyisi momentidan 5 wa-
mis Semdeg _ 75 m. risi tolia avtobusis aCqarebisa da sawyisi siCqaris gegmilebi?

7. TanabaraCqarebulad moZravi nivTieri wertilis koordinatis droze
damokidebulebis formulas aqvs Semdegi saxe: x=150 _ 10t + 2t2, romelSic dro 
izomeba wamebSi, xolo koordinati _ metrebSi. dawereT am wertilis siCqaris 
gegmilis droze damokidebulebis formula da gansazRvreT sawyisi momentidan 
ra droSi gaCerdeba nivTieri wertili.      

1

8
12

V ,m/wmx

t,wm

sur. 1.88

8. sur. 1.88 mocemulia TanabaraCqarebu-
lad moZravi motociklis siCqaris gegmilis 
droze damokidebulebis grafiki. risi to-
lia motociklis mier Sesrulebuli gadaadg-
ilebis gegmili sawyisi momentidan 1 wamSi? 
risi tolia motociklis aCqarebis moduli?

9. sur. 1.89 mocemulia TanabaraCqarebu-
lad X RerZis gaswvriv moZravi avtomobilis 
siCqaris gegmilis droze damokidebulebis 
grafiki. gansazRvreT avtomobilis mier sawyisi momentidan 14 wm-Si gavlili 
manZili da imave droSi Sesrulebuli gadaadgile bis moduli.

10. sur. 1.90 mocemulia adgilidan daZruli motociklis gadaadgilebis geg-
milis droze damokidebulebis grafiki. risi tolia motociklis aCqarebis geg-
mili?

t,wm

V ,m/wmx

7

-14

14

sur. 1.89 sur. 1.90

Sx,m

10

22.5

0 1 2 3 t,wm
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proeqti: „metros matarebeli“

saqalaqo satransporto saSualebebidan erT-erTi yvelaze swrafi da imav-
droulad ekologiurad sufTa, metros matarebelia. metropolitenis mar-
Srutebi ramdenime xazisgan Sedgeba. magaliTad, Tbilisis metropolitenSi 2 xazia, 
romlebic erTi sadguriT ukavSirdeba erTmaneTs (sadguris moedani). 

warmoidgineT, rom Tqven unda daamtkicoT romelime qalaqis metropolite-
nis erT-erT xazze matareblebis moZraobis ganrigis gegma. am xazze 7 sadguria, 
romelTa pirobiTi dasaxelebaa A, B, C, D, E, F da G. sadgurebs Soris manZilebi 
mocemulia sqemaze (sur. 1.91 a). 

sadgurebs Soris gayvanilia ori sarkinigzo gvirabi, romlebzec matareblebi 
urTierTsapirispiro mimarTulebiT moZraobs. mocemul xazze moZraobs 6 matare-
beli. erT-erTma kompaniam warmogidginaT matareblebis moZraobis Semdegi ganrigi:

• diliT, rodesac metropoliteni muSaobas iwyebs, matareblebi ganlagebu-
lia A, C, E da G sadgurebze da erTdroulad iwyeben moZraobas sur. 1.91b  
naCvenebi mimarTulebebiT.

• yvela sadgurze, garda A da G sadgurebisa, mgzavrTa Casxdoma-Camosvlis
mizniT matarebeli Cerdeba 30 wami;

• A da G sadgurze matarebeli mgzavrTa Camosmis mizniT Cerdeba 15 wami,
xolo Casxdomis mizniT _ 25 wami;

• A-dan B sadguramde, da piriqiT _ B-dan A sadguramde manZils matarebeli
gaivlis 1 wuTsa da 20 wamSi;

• danarCen or momdevno sadgurs Soris manZils matarebeli gaivlis 2 wuTSi.
• TiToeuli sadguridan daZruli matarebeli 20 wami imoZravebs Tanabar-

aCqarebulad, Semdeg Tanabrad, xolo Semdeg sadgurTan misvlamde, bolo
20 wamis ganmavlobaSi _ TanabarSenelebulad, imave modulis aCqarebiT.

• A da G sadgurebze misuli matarebeli mgzavrTa Camosvlis Semdeg iwyebs mob-
runebas da 30 wamis Semdeg paralelur liandagze mzadaa mgzavrTa misaRebad.

Tqveni amocanaa:
• daadginoT, SeeZlebaT Tu ara matareblebs mocemuli ganrigiT moZraoba,

Tu matareblebis maqsimaluri aCqareba (rogorc daZvrisas, aseve damuxru-
Webisas) 0,7 m/wm2-ia; 

• daxazoT TiToeul ubanze matareblis moZraobis siCqaris droze damo-
kidebulebis grafiki;

• TiToeuli ubnisaTvis gansazRvroT, ra maqsimaluri siCqariT imoZravebs
matarebeli am ubanze; 

• gansazRvroT, ra aCqarebiT unda daiZras da damuxruWdes matarebeli Ti-
Toeul ubanze;

• risi toli iqneba mocdis dro TiToeul sadgurze (matareblis gasvlidan
momdevno matareblis gasvlamde drois Sualedi);

• gaarkvioT, ram SeiZleba SeuSalos xeli mocemuli ganrigiT matareble bis
moZraobas da moifiqreT, rogor SeZlebdiT aseT situaciaSi problemis 
mogvarebas.

A B C D E F G

A B C D E F G

0,8 0,81,2 1,21 1,4 kmkmkmkmkmkm

a)

b)

sur. 1.91
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§1.12 sxeulis aCqarebis gazomva TanabaraCqarebuli moZraobisas

 (laboratoriuli samuSao)

 I. samuSaos mizani: daxril RarSi moZravi burTulis aCqarebis gazomva.
xelsawyoebi da masala: liTonis Rari, Stativi, liTonis burTula, liTonis 

cilindri (an liTonis sawoni, romelic RarSi mWidrod moTavsdeba), wamzomi, 
sazomi lenti an saxazavi.

burTulis moZraoba daxril RarSi TanabaraCqarebulad miviCnioT. Tu bur-
Tulas sawyisi siCqare ara aqvs (v0 = 0), maSin mis mier t droSi gavlili manZili 
gamoiTvleba formuliT:

s = 2
at2

.

burTulis mier gavlil s manZilisa da mis gasavlelad saWiro drois t Suale-

dis gazomviT SevZlebT aCqarebis gamoTvlas: 
 
a = t2

2s .

 samuSaos msvleloba: 
• Rari Stativis TaTSi ise daamagreT, rom is

sur. 1.92

horizontisadmi mcire kuTxiT iyos daxrili. 
Raris boloSi CaamagreT cilindri (sur. 1.92);

• daagoreT burTula Raris zeda wertilidan
da wamzomis saSualebiT gazomeT drois Sualedi 
burTulis moZraobis daw yebidan cilindrTan da-
jaxebamde;

• cda ramdenjerme gaimeoreT da gazomili
drois Sualedebi CaiwereT;

• am monacemebiT gamoTvaleT RarSi burTu-
lis moZraobis saSualo dro:

tsaS = n
t1 + t2+...+ tn

, romelSic n gazomvebis raode-

nobaa.    

• gazomeT manZili Raris saTavidan cilindra-

mde.
• gamoTvaleT burTulis saSualo aCqareba:

a saS =
tsaS
2s
2 .

 II. samuSaos mizani: TanabaraCqarebulad moZravi sxeulis

sur. 1.93

mier drois momdevno tol SualedebSi gavlil manZilebs Soris 
kanonzomierebis dadgena.

xelsawyoebi da masala: liTonis Rari, Stativi, liTonis 
burTula, liTonis cilindri (an liTonis sawoni, romelic 
RarSi mWidrod moTavsdeba), wamzomi, sazomi lenti an saxazavi, 
metronomi (sur. 1.93), markeri.

samuSaos msvleloba: 
• daamagreT Rari StativSi horizontisadmi mcire kuT-

xiT. Raris boloSi CaamagreT cilindri. Raris daxris kuTxe da 
metronomis dartymebs Soris dro ise SearCieT, rom burTulis 
cilindrze dajaxebamde metronomma moaswros 3-4 dartyma;
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•	 metronomis dartymis momentSi daagoreT burTula Raris zeda wertil-
idan da misi yoveli Semdgomi dartymisas Rarze markeriT moniSneT burTulis 
mdebareoba;

•	 gazomeT manZilebi markeriT moniSnul mezobel wertilebs Soris: s1, s2, 
s3, s4.

•	 ipoveT gazomili manZilebis Sefardeba: s1:s2:s3:s4;
•	 cda ramdenjerme gaimeoreT;
•	 gamoitaneT daskvna.

TanabaraCqarebulad moZravi sxeulis mier drois momdevno tol SualedebSi 
gavlil manZilebs Soris kanonzomiereba SeiZleba davadginT gadaadgilebis geo-
metriuli azris gamoyenebiTac. 

t

Vx

0 t1∆ t2∆ t3∆

sur. 1.94

sur. 1.94 gamosaxulia TanabaraCqarebulad moZravi sxeulis siCqaris gegmi-
lis droze damokidebulebis grafiki, rodesac sxeulis sawyisi siCqare nulis 
tolia. ganvixiloT drois tol SualedebSi (¨t1 = ¨t2 = ¨t3 = ¨t4 = ...) Sesrulebu-
li gadaadgilebebi. ¨t1 intervalSi gadaadgileba ricxobrivad tolia siCqaris 
grafikis qveS moTavsebuli samkuTxedis s1 farTobisa; ¨t2 intervalSi _ trapeci-
is s2 farTobisa: s2 = 3s1; ¨t3 intervalSi _ trapeciis s3 farTobisa: s3 = 5s1 da  
a. S, amitom

s1:s2:s3:s4:...:sn = 1:3:5:7:...:(2n – 1).
amrigad, TanabaraCqarebulad moZravi sxeulis mier drois momdevno tol Sua-

ledebSi gavlili manZilebi ise Seefardeba erTmaneTs, rogorc momdevno kenti 
ricxvebi.
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§ 1.13. mrudwiruli moZraoba

Tqven ukve iswavleT meqanikis ZiriTadi amocanis amoxsna sxeulis wrfivi 
moZraobis or SemTxvevaSi _ Tanabari da TanabaraCqarebuli moZraobebisaTvis. 
magram yoveldRiur cxovrebasa da, saerTod, samyaroSi ufro xSirad gvxvdeba 
mrudwiruli moZraoba (sur. 1.95). es moZraoba wrfiv moZraobasTan SedarebiT 
ufro rTulia _ mrudwiruli moZraobisas yovelTvis icvleba sxeulis ori an 
sami koordinati. amasTan, ganuwyvetliv icvleba myisieri siCqaris mimarTuleba. 
siCqaris veqtoris mimarTulebis cvlilebis gamo mrudwiruli moZraoba yovelT-
vis aCqarebulia. ismis kiTxva: rogor SeiZleba aRvweroT aseTi rTuli moZraoba?

sur. 1.95

vTqvaT, sxeuli moZraobs sur. 1.96 gamosaxuli mrudwirul traeqtoriaze. 
es traeqtoria SeiZleba davyoT miaxloebiT wrfiv ubnebad (AB, CD, ...) da ub-

nebad, romlebic sxvadasxva radiusis mqone wrewiris rkalebs warmoadgens  

(BC, DE, ...).

A

B
R1

R2

C

D E

sur. 1.96

wrfivi moZraoba Tqven ukve SeiswavleT, amitom axla ganvixiloT sxeulis 
moZraoba wrewirze.

myisieri siCqaris Seswavlisas davadgineT, rom siCqaris veqtori mrudwiruli 
traeqtoriis mocemul wertilSi mimarTulia am wertilSi gavlebuli mxebis gas-
wvriv. mrudwiruli moZraobisas myisieri siCqaris moduls wiriT siCqares uwode-
ben. swored wiriT siCqares gulisxmoben, rodesac saubroben avtomobilis siCqa-
reze mosaxvevSi, dedamiwis xelovnuri Tanamgzavris moZraobis siCqareze da sxva.

mrudwiruli moZraobisas wiriTi siCqare SeiZleba iyos mudmivi an icvle-
bodes. Sesabamisad, mrudwiruli moZraoba iqneba Tanabari an araTanabari.

Tanabari mrudwiruli moZraobisas sxeulis mier drois nebismier tol 
SualedebSi gavlili manZilebi erTmaneTis tolia. Cven SeviswavliT mrudwiruli 
moZraobis yvelaze martiv saxes _ Tanabar moZraobas wrewirze.

wrewirze Tanabrad moZravi sxeulis wiriTi siCqare ewodeba mis mier Semowe-
rili rkalis ι sigrZis Sefardebas drois im t SualedTan, romlis ganmavlobaSi es 
rkali Semowera:

 
v = t

ι .

SI-Si wiriTi siCqare izomeba m/wm-Si.
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0

R
R

A

B
M

ι

sur. 1.97

    wrewirze moZravi sxeulis mdebareobis sapovnelad davaka-
vSiroT is wrewiris centrTan radiusiT. vTqvaT, sxeuli 
drois sawyis momentSi iyo A wertilSi da drois t Sualedis 
Semdeg gadavida B wertilSi. am droSi sxeulTan erTad radi-
usic garkveuli ĳ�kuTxiT Semobrunda (sur. 1.97). Tu gveco-
dineba sxeulis sawyisi mdebareoba, wrewiris radiusi da misi 
Semobrunebis kuTxe, SegviZlia vipovoT sxeulis saboloo 
mdebareoba. 

SI-Si Semobrunebis kuTxe izomeba radianebSi (SemoklebiT 
_ rad.). 1 rad tolia im centruli kuTxisa, romlis Sesabamisi rkalis sigrZe 
radiusis tolia (sur. 1.98). e.i. Tu ι = r, maSin ĳ� �� rad. Sesabamisad, Tu sxeulma 
wrewirze moZraobisas ι sigrZis rkali Semowera, maSin masTan dakavSirebuli ra-
diusis Semobrunebis kuTxe radianebSi toli iqneba:

ĳ�= R
ι .

am formulidan miviRebT, rom sxeulis mier Semowerili rkalis sigrZe radi-
anebiT gamosaxuli centruli kuTxisa da radiusis namravlis tolia: ι = φ �R .

R

RR
1rad.

sur. 1.98

  davamyaroT kavSiri radiansa da graduss Soris.  
vTqvaT, sxeulma Seasrula erTi sruli bruni, maSin sxe-
ulis mier gavlili manZili wrewiris sigrZis tolia _  

ι = 2SR , xolo Semobrunebis kuTxe radianebSi iqneba  

ĳ�= R
ι = R

2SR
 = 2S rad. radgan sruli kuTxe 3600-ia, ami-

tom 2S rad = 3600, xolo 1 rad = 2S
3600

≈ 57,30.
Tu sxeuli Tanabrad moZraobs wrewirze, maSin mas-

Tan dakavSirebuli radiusi asrulebs Tanabar brunvas 
_ Semobrunebis kuTxe drois nebismier tol SualedebSi erTnairia. radiusis Se-
mobrunebis siswrafes axasiaTeben fizikuri sididiT, romelsac kuTxur siCqares 
uwodeben da aRniSnaven Ȧ (omega) asoTi. 

 wrewirze Tanabrad moZravi wertilis kuTxuri siCqare ewodeba am wertilisad-
mi gavlebuli radiusis mobrunebis kuTxis Sefardebas drois im SualedTan, rom-
lis ganmavlobaSic es mobruneba Sesrulda:

Ȧ�= t
ĳ .

SI-Si kuTxuri siCqaris erTeulia 1 rad/wm. es wrewirze Tanabrad moZravi im 
wertilis kuTxuri siCqarea, romlisadmi gavlebuli radiusi 1 wm-Si 1 radiani 
kuTxiT mobrundeba.

 kuTxuri siCqare ricxobrivad drois erTeulSi radiusis Semobrunebis kuTxis 
tolia. magaliTad, Tu Ȧ = 3 rad/wm, es niSnavs, rom wrewirze Tanabrad mbrunavi 
sxeuli 1 wm-Si 3 radianis toli kuTxiT (miaxloebiT 1720-iT) mobrundeba.

davamyaroT kavSiri wiriT da kuTxur siCqareebs Soris. amisaTvis wiriTi siC-

qaris
 
v = t

ι
 formulaSi SevitanoT rkalis sigrZis gamosaxuleba _ ι� �ĳ��  R. Tu 

gaviTvaliswinebT, rom t
ĳ

 = Ȧ� miviRebT: Y� �Ȧ��  R. 
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 ratom surT bavSvebs karuselis mbru-

sur. 1.99

navi diskos ganapira wertilebSi dajdoma 
(sur. 1.99)? diskos wertilebis brunvis kuT-
xuri siCqare erTnairia _ yvela wertili erT-
sa da imave droSi erTnairi kuTxiT Semob-
rundeba, amitom centridan daSorebis mixed-
viT wiriTi siCqare izrdeba da is maqsimaluria 
ganapira wertilebSi.

wrewirze Tanabari brunvis mniSvnelovani 
maxasiaTebeli sidideebia brunvis periodi da 
brunvis sixSire. 

drois Sualeds, romlis ganmavlobaSic wrewirze mbrunavi sxeuli erT bruns 
asrulebs, brunvis periodi ewodeba. 

brunvis periods aRniSnaven T asoTi. SI-Si periodis erTeulia 1 wm.
Tu sxeulma t droSi N bruni Seasrula, maSin

T = N
t .

brunTa ricxvis Sefardebas drois im SualedTan, romlis ganmavlobaSic is Ses-
rulda, brunvis sixSire ewodeba.

brunvis sixSires aRniSnaven n asoTi. ganmartebis Tanaxmad,

n = t
N .

SI-Si brunvis sixSiris erTeulia 1
wm
1  = 1 wm-1 . es wrewirze Tanabrad mbrunavi 

im wertilis brunvis sixSirea, romelic 1 wm-Si 1 bruns asrulebs, am erTeuls 

herci ewodeba (SemoklebiT hc). 1hc= 1 wm-1. 
brunvis sixSire ricxobrivad tolia sxeulis mier drois erTeulSi Sesrule-

buli brunTa ricxvisa.  magaliTad, Tu sxeulis brunvis sixSire 3 hercia, es niS-
navs, rom sxeuli 1 wm-Si 3 bruns asrulebs. 

periodisa da sixSiris gansazRvrebebidan gamomdinareobs, rom isini urTi-
erTSebrunebuli sidideebia:

T = n
1 .

kuTxuri da wiriTi siCqareebi SeiZleba gamovsaxoT brunvis periodiTa da 
sixSiriT. T drois ganmavlobaSi sxeuli Semobrundeba 2S rad. kuTxiT da gaivlis 
2SR manZils, amitom:

Ȧ�= T
2S  , an�Ȧ�= 2Sn

da

v = T
2SR

 , an v = 2SR n .

miRebuli formulebi saSualebas gvaZlevs didi miaxloebiT gamov TvaloT 
brunviT moZraobaSi myofi sxeulebis (planetebis, Tanamgzavrebis, gadamcemi 
Rvedebis, borblebis da a.S.) is maxasiaTeblebi, romelTa uSualo gazomva Zalian 
Znelia an praqtikulad SeuZlebeli. 
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daskvnebi:

•	 mrudwiruli moZraobis myisieri siCqaris moduls wiriT siCqares uwode-
ben;

•	 wiriTi siCqare skalaruli sididea;
•	 Tanabari mrudwiruli moZraobisas wiriTi siCqare mudmivi sididea;
•	 wrewirze Tanabrad moZravi sxeulis wiriTi siCqare ewodeba mis mier 

Semowerili rkalis ι sigrZis Sefardebas drois im t SualedTan, romlis 

ganmavlobaSi es rkali Semowera:
 
v = t

ι
;

•	 wrewirze Tanabrad moZravi wertilis kuTxuri siCqare ewodeba am wer-
tilisadmi gavlebuli radiusis mobrunebis kuTxis Sefardebas drois im 

SualedTan, romlis ganmavlobaSic es mobruneba Sesrulda: Ȧ�= t
ĳ

;

•	 wrewirze moZravi sxeulis wiriTi siCqare misi kuTxuri siCqarisa da im 
wrewiris radiusis namravlia, romelzec sxeuli brunavs: v  �Ȧ��R;

•	 drois Sualeds, romlis ganmavlobaSic wrewirze mbrunavi sxeuli erT 

bruns asrulebs, brunvis periodi ewodeba: T = N
t

;

•	 brunTa ricxvis Sefardebas drois im SualedTan, romlis ganmavlobaSic 

is Sesrulda, brunvis sixSire ewodeba: n = t
N

;

•	 periodi da sixSire urTierTSebrunebuli sidideebia:
 
T = n

1
;

•	 kuTxuri siCqare periodTan da sixSiresTan dakavSirebulia formulebiT: 

 Ȧ�=  T
2S ���Ȧ�= 2Sn

•	 wiriTi siCqare periodTan da sixSiresTan dakavSirebulia formulebiT:

 v = T
2SR, v = 2SR n .

sakontrolo kiTxvebi:

1. ratomaa mrudwiruli moZraobis Seswavla ufro rTuli, vidre wrfivis?
2. rogor mrudwirul moZraobas uwodeben Tanabars?
3. ratomaa saWiro wrewirze moZraobis Seswavla?
4. ra kuTxea 1 radiani? 3 radiani?
5. ra aris kuTxuri siCqaris erTeuli SI-Si?
6. risi tolia saaTis wamebis isris kuTxuri siCqare? wuTebis isris?
7. aris Tu ara yvela saaTis wamebis isris kuTxuri siCqare erTnairi?
8. aris Tu ara majisa da kedlis saaTebis wuTebis isris bolo wertilebis 

wiriTi siCqareebi erTnairi?
9. ras gviCvenebs brunvis sixSiris ricxviTi mniSvneloba?
10. ra erTeulebSi izomeba SI-Si periodi? sixSire?
11. risi tolia mzis garSemo dedamiwis brunvis periodi SI-Si?
12. romeli sidide aqvs centris garSemo mbrunavi diskos yvela wertils 

erTnairi? gansxvavebuli?
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  erTad amovxsnaT amocana

gansazRvreT kedlis saaTis wuTebisa da saaTebis maCven-
ebeli isrebis kuTxuri siCqare da gamoiangariSeT isrebs 
Soris kuTxe 10 sT-sa da 10 wT-ze (sur. 1.100).

amoxsna: wuTebis maCvenebeli isris brunvis periodi  

T
1
=1 sT-ia, amitom misi kuTxuri siCqare Ȧ1 = T1

2S =2S sT
rad

 = 

=
30
S

wT
rad

. saaTebis maCvenebeli isris brunvis periodi  

T
2
=12 sT-ia, misi kuTxuri siCqare Ȧ2 = 360

S
wT
rad

-ia. saaTi 

dayofilia 12 tol nawilad, Sesabami sad, or mezobel 

danayofs Soris kuTxe 
12
2S = 6

S
 rad-ia. 10 saaTze isrebs Soris sawyisi kuTxe 

iqneboda ĳ
0
=2� (

6
S )=(

3
S )rad. amis Semdeg t=10 wT-Si wuTebis maCvene beli isari Semo-

wers ĳ
1
 Ȧ

1
t kuTxes da miva danayof 2-Tan. saaTis maCvenebeli isari Semowers

ĳ
2
= Z

2
t kuTxes da odnav gascdeba danayof 10-s. maT Soris kuTxe gaizrdeba

(ĳ
1 
_ ĳ

2
)-iT da gaxdeba ĳ

0
+ (ĳ

1
_ ĳ

2
) = 

3
S  +(Ȧ

1
 _ Ȧ

2
)t =

36
23S rad=1150.

pasuxi: wuTebis isris kuTxuri siCqarea 
30
S

wT
rad

; saaTis isrisa _ 360
S

wT
rad

, 

xolo kuTxe am isrebs Soris 10 saaTsa da 10 wuTze _ 1150.

  amoxseniT amocanebi:

1. nivTieri wertili brunavs 2 m radiusis wrewirze 6,28 m/wm wiriTi siCqa-
riT. risi tolia am wertilis wrewirze brunvis periodi?

2. gansazRvreT dedamiwis xelovnuri Tanamgzavris brunvis periodi, Tu is
dedamiwis garSemo wriul orbitaze brunavs 8 km/wm siCqariT (sur. 1.101). dedami-
wis radiusi 6400 km-ia. miiCnieT, rom Tanamgzavris daSoreba dedamiwis zedapiri-
dan bevrad naklebia dedamiwis radiusze.

3. cnobilia, rom dedamiwis garSemo wriul orbitaze mTvaris brunvis peri-
odi daaxloebiT 27 dRe-Ramea  (sur. 1.102). gansazRvreT mTvaris brunvis kuT-
xuri siCqare.

sur. 1.101 sur. 1.102

sur. 1.100
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4. gansazRvreT saaTis isris wveros wiriTi siCqare, Tu misi brunvis kuT-
xuri siCqare daaxloebiT 0,1 rad/wm-ia, isris sigrZe ki _ 20 sm. 

5. risi tolia kedlis saaTis wamebis maCvenebeli isris sigrZe, Tu misi wveros
wiriTi siCqare daaxloebiT 0,87 sm/wm-ia?

6. nivTieri wertilis wrewirze brunvis kuTxuri siCqare 2 rad/wm-ia. ra
kuT xiT Semobrundeba am wertilTan dakavSirebuli radiusi 5 wm-Si? gamosaxeT 
es kuTxe radianebsa da gradusebSi.

7. nivTieri wertili Tanabrad brunavs wrewirze. risi tolia am wertilis
brunvis kuTxuri siCqare, Tu brunvis sixSire 0,5 wm-1-ia?

8. karuselis kabina brunavs 5 m radiusis wrewirze 1 m/wm wiriTi siCqariT.
risi tolia karuselis brunvis sixSire?

9. miviCniorT, rom dedamiwa da marsi mzis
garSemo wriul orbitebze brunavs (sur. 103) 
da ganvsazRvroT ramdenjer aRemateba dedam-
iwis brun vis kuTxuri siCqare marsis kuTxur 
siCqares, Tu dedamiwa mzis garSemo erT srul 
bruns 365 dRe-Rames andomebs, marsi ki _ 687 
dRe-Rames. 

10. ramdenjer aRemateba mzis garSemo wri-
ul orbitaze dedamiwis brunvis wiriTi siC-
qare marsis wiriT siCqares, Tu dedamiwisa da 
marsis orbitis radiusebi, Sesabamisad, 1,5 �108 km da 2,25 �108 km-ia, mzis garSemo
brunvis periodebi ki _ 365 dRe-Rame da 687 dRe-Ramea.

saSinao cda

cdis mizani: mrudwirul moZraobaze dakvirveba.
cdisTvis saWiroa: mobiluri telefoni videogadaRebis funqciiT.
cdis aRwera:  mobilur telefonSi moamzadeT videokamera gadasaRebad.
dadeqiT saxlis yvelaze patara oTaxis centrSi, videokamera mimarTeT oTa-

xis kedlisken, daiwyeT videogadaReba da adgilze nela SemobrundiT 3600-iT. 
videogadaRebis dros telefonis gadamRebi kamera sul kedlebisken unda iyos 
mimarTuli. gadaReba SewyviteT erTi sruli brunis dasrulebisTanave. igive 
gaakeTeT saxlis yvelaze did oTaxSi. SeecadeT orive oTaxSi erTnairi siCqariT 
ibrunoT. videoCanawerebis naxvisas dainaxavT, rogor brunavs oTaxi (kedlebi) 
Tqveni kameris garSemo. 

• SeadareT  oTaxebis brunvis periodi. miRebuli Sedegi axseniT.
• SeadareT videoCanawerSi kedlebis brunvis wiriTi siCqare da axseniT maTi

gansxvavebulobis mizezi.
• SeadareT oTaxebis brunvis kuTxuri siCqare. miRebuli Sedegi axseniT.
• SeadareT oTaxebis brunvis sixSire. miRebuli Sedegi axseniT. wa rud gineT

videoCanaweri da Tqveni daskvnebi klaselebs. moamzadeT prezentacia
Temaze „mrudwiruli moZraoba“.

sur. 1.103
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§ 1.14 sxeulis aCqareba wrewirze Tanabari moZraobisas

gaixseneT, nebismieri mrudwiruli moZraoba aCqarebulia. bunebrivia, ibadeba 
kiTxva: ra mimarTuleba aqvs aCqarebas mrudwiruli traeqtoriis mocemul wer-
tilSi da risi tolia misi moduli? am SekiTxvaze pasuxis gasacemad ganvixiloT 
Tanabari moZraoba wrewirze. vinaidan am moZraobis siCqaris moduli mudmivia, 
aCqareba gamowveulia siCqaris mxolod mimarTulebis cvlilebiT.

vTqvaT, sxeuli Tanabrad moZraobs R radiu- 

0

R

A C

B
D

v
v

v
ϕ

ϕ

v∆

2

2

1

sur. 1.104

sis mqone wrewirze da drois sawyis momentSi  
imyofeboda A wertilSi. drois t Sualedis Sem-
deg igi gadaadgilda B wertilSi (sur. 1.104). A 
wertilSi sxeulis siCqare aRvniSnoT v1-iT, B
wertilSi ki _ v2-iT. miuxedavad imisa, rom siC-
qaris moduli ar Secvlila (v1 = v2 = v), mimar-
Tulebis cvlilebis gamo siCqaris cvlileba 
mainc gansxvavebulia nulisagan: ¨v = v2  – v1 ������
Cveni mizania, vipovoT myisieri aCqareba A wer-
tilSi, risTvisac visargebloT formuliT:

a = t
¨v �Wĺ���

vinaidan ¨v ���, amitom aCqarebac gansxvavebulia nulisagan da ¨v veqtoris 
mimarTuleba aqvs.

¨v veqtoris sapovnelad v2  veqtori gadavitanoT A wertilSi da avagoT
¨v = v2  – v1  veqtori. gavixsenoT, rom ori veqtoris sxvaoba aris veqtori, rome-
lic mimarTulia maklebis bolodan saklebis bolosken, anu C wertilidan D
wertilisken: ¨v = CD . axla SevadaroT erTmaneTs miRebuli ori samkuTxedi: 
¨$2% da ¨&$'. radgan AO = BO da DA = CA, amitom orive samkuTxedi tolfer-
daa. �AOB=�&$'� �ĳ, rogorc urTierTmarTobulgverdebiani kuTxeebi (AC ⊥ AO, 
AD ⊥ BO), amitom es samkuTxedebi msgavsia _ ¨$2% a ̈ &$'. maTi msgavsebidan ga-
momdinareobs, rom

AD
CD = AO

AB .

Tu gaviTvaliswinebT, rom: &'� �¨Y, AD = v, AB sxeulis gadaadgilebis modu-
lia (s) da AO = R, miviRebT:

v
¨v = R

s  .

drois Sualedis Semcirebisas (W�ĺ��), kuTxe ĳ-c mcirdeba da AB qordis sig-
rZe uaxlovdeba AB rkalis sigrZes, romelic sxeulis mier t drois SualedSi
gavlili ι manZilis tolia. wrewirze Tanabri brunvisas ι = vt, amitom gveqneba:

v
¨v = R

vt , saidanac t
¨v = R

v2
 . 

vinaidan a = t
¨v , miviRebT:

a = R
v2

.
miRebuli formula gansazRvravs wrewirze Tanabrad moZravi sxeulis aCqare-

bis moduls. axla davadginoT, saiTkenaa mimarTuli es aCqareba, anu ¨v veqtori, 
roca W�ĺ��.

¨&$'-dan ĳ + �ACD + �ADC = 1800. roca W� ĺ� �� maSin ĳ� ĺ� �. amitom  
�ACD + �ADC=2�$&'�ĺ���0, anu �$&'�ĺ���0. SegviZlia davaskvnaT, rom ¨v ⊥ v.
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sur. 1.105

   vinaidan v siCqare mimarTulia mxebis gas-
wvriv, amitom ¨v, anu a  mimarTulia radiusis 
gaswvriv wrewiris centrisken (gaixseneT 
maTematikis kursidan: mxebi marTobulia Se-
xebis wertilisadmi gavlebuli radiusisa) 
(sur. 1.105).

amrigad, wrewirze Tanabrad moZravi sxeu-
lis (nivTieri wertilis) aCqareba traeqtoriis 
nebismier wertilSi mimarTulia am wertilSi 
gavlebuli radiusis gaswvriv wrewiris cen-
trisken. amitom am aCqarebas centriskenuli aC-
qareba ewodeba.

Tu gavixsenebT wrewirze Tanabrad moZravi 
sxeulis wiriTi siCqaris gamosaTvlel for-

mulebs _ Y� �Ȧ5������Y�= T
2SR

,    v = 2SRn,  centriskenuli aCqareba sxva formuleb-

iTac SegviZlia CavweroT:

a =Ȧ2R; a = 4S2n2R; a =  T2
4S2R

 ; a =ȦY�
unda gvaxsovdes, rom yvela sxeuls, romelic moZraobs wrewirze (wrewiris 

rkalze), aqvs centriskenuli aCqareba, romelic mimarTulia brunvis nam dvili an 
warmosaxviTi centrisken. aseTi moZraobebi ki uamravi gvxvdeba yoveldRiur yo-
fasa da samyaroSi: brunva karuselze, planetebis brunva mzis garSemo, xelovnuri 
Tanamgzavrebis brunva dedamiwis garSemo, eleqtronis brunva atombirTvis 
garSemo, avtomobilis moZraoba mosaxvevSi, TviTmfrinavis moZraoba „mkvdari 
maryuJis“ Sesrulebisas da sxva (sur. 1.106).

sur. 1.106

daskvnebi:

• wrewirze Tanabrad moZravi sxeulis aCqarebis mizezi misi siCqaris mimar-
Tulebis cvlilebaa;

• wrewirze Tanabrad mbrunavi sxeulis aCqareba traeqtoriis nebismier wer-
tilSi mimarTulia am wertilSi gavlebuli radiusis gaswvriv, wrewiris
centrisaken;

• centriskenuli aCqarebis moduli gamoiTvleba formulebiT:

a = R
v2

;          a =Ȧ2R;        a = 4S2n2R;       a =  T2
4S2R

 ;        a =ȦY�
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sakontrolo kiTxvebi:

1. ratomaa wrewirze Tanabari moZraoba aCqarebuli, miuxedavad imisa, rom
siCqaris moduli ucvlelia?

2. ratom uwodes wrewirze moZravi sxeulis aCqarebas centriskenuli?
3. ra kuTxes adgens erTmaneTTan traeqtoriis nebismier wertilSi, myisieri

siCqare da centriskenuli aCqareba?
4. dedamiwis brunvis gamo ekvatorze macxovreblebs aqvT meti centriskenu-

li aCqareba Tu Cven _ saqarTveloSi macxovreblebs? ratom?

  erTad amovxsnaT amocana

gluv RarSi h=3R simaRlidan srials iwyebs mcire zomis Zelaki da moZrao-
bas agrZe lebs R radiusis wrewirze (Semowers „mkvdar maryuJs“). gansazRvreT 
Zelakis centriskenuli aCqarebis modulebi maryuJis qveda da zeda wertilebSi 
(sur. 1.107). winaaRmdegobis Zalebi ar gaiTvaliswinoT.

sur. 1.107

h

v

v

2

1

amoxsna: Tavdapirvelad vipovoT Zelakis v
1
 siCqaris kvadrati maryuJis qveda

wertilSi. amisaTvis gavixsenoT merve klasSi naswavli meqanikuri energiis mud-
mivobis kanoni:  E

k1
+E

p1
=E

k2
+E

p2
.
 
potencialuri energiis nulovan doned maryuJis

qveda wertilze gamavali horizontaluri wrfe miviCnioT. vinaidan Zelakis sawyisi 
kinetikuri energia da misi saboloo potencialuri energia nulis tolia, miviRebT:  

mgh = 2
mv1

2

⇔ 3mgR= 2
mv1

2

 aqedan v
1
2=6gR. Zelakis centriskenuli aCqareba maryu-

Jis qveda wertilSi iqneba a
c1

= R
v1

2

=6g. maryuJis zeda wertilSi centriskenuli 

aCqarebis sapovnelad jer vipovoT Zelakis siCqaris kvadrati zeda wertilSi. 

amisaTvis Zelakis sawyisi meqanikuri energia gavutoloT misi kinetikuri da po-

tencialuri energiebis jams maryuJis zeda wertilSi: 

mgh = 
2

mv2
2

 +mg�2R ⇔ 3mgR= 
2

mv2
2

+2mgR ⇒ gR= 2
v2

2

⇒ v
2
2=2gR. centriskenuli 

aCqareba zeda wertilSi iqneba a
c2

= R
v2

2

 =2g. 

pasuxi: Zelakis centriskenuli aCqarebis moduli maryuJis qveda wertilSi 
aris 6g; maryuJis zeda wertilSi ki _ 6g. 
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  amoxseniT amocanebi:

1. avtomobili 72 km/sT siCqariT moZraobs xidze, romelsac wrewiris rkalis 
forma aqvs. am wrewiris radiusi 100 m-ia. risi tolia avtomobilis centriskenu-
li aCqareba?

2. karuselis skami brunavs 2  rad/wm kuTxuri siC-

sur. 1.108

qariT 5 m radiusis wrewirze. risi tolia am skamis cen-
triskenuli aCqareba? skamze mjdomi bavSvis centriskenu-
li aCqareba? (sur. 1.108)

3. nivTieri wertilis wrewirze brunvis periodi 3 wm-
ia. risi tolia am wertilis centriskenuli aCqareba, Tu 
wrewiris radiusi 2,5 m-ia? miiCnieT, rom S2 =10.

4. wrewirze 0,25 wm-1 sixSiriT mbrunavi niv Tieri wer-
tilis centriskenuli aCqareba 5 m/wm2-ia. risi tolia wre-
wiris radiusi? miiCnieT, rom S2 =10.

5. risi tolia kedlis saaTis isris wveros wiriTi siCqare, Tu misi brunvis 
kuTxuri siCqare 0,1 rad/wm-ia, centriskenuli aCqarebis moduli ki _  2�10-3 m/wm2.

6. moTxilamure eSveba ferdobze, romelsac aqvs wrewiris rkalis formis 
ori CaRrmaveba (sur 1.109). pirvelis simrudis radiusi 10 m-ia, meoresi ki _  
40 m. risi tolia A wertilSi moTxilamuris centriskenuli aCqarebis modulis 
Sefardeba B wertilSi centriskenuli aCqarebis modulTan, Tu misi siCqare A da 
B wertilebSi, Sesabamisad, aris 10 m/wm da  8 m/wm.

7. avtomobili erTi da imave siCqariT moZraobda jer 100 m radiusis, Semdeg 
ki _ 50 m radiusis mosaxvevSi. ramdenjer metia avtomobilis centriskenuli aC-
qareba meore mosaxvevSi, vidre pirvelSi? 

8. 3 m sigrZis saqanelaze qanaobs 40 kg masis biWi. gansazRvreT biWis cen-
triskenuli aCqareba traeqtoriis qveda wertilSi, Tu am mdebareobaSi biWis 
kinetikuri energia 300 j-ia. 

9. 0,5 m sigrZis Zafze Camokidebul burTulas mianiWes horizontaluri  
5 m/wm siCqare, ris Sedegadac burTulam vertikalur sibrtyeSi wrewiri Semowera 
(sur. 1.110). risi tolia burTulis centriskenuli aCqareba wrewiris qveda da 
zeda wertilebSi? winaaRmdegobis Zalebs nu gaiTvaliswinebT.

miniSneba: gamoiyeneT meqanikuri energiis mudmivobis kanoni.
10. 1 m sigrZis Zafze Camokidebul burTulas mianiWes iseTi horizontaluri 

siCqare, rom burTulam sawyisi donidan 10 sm simaRles miaRwia (sur. 1.111). risi 
tolia burTulis centriskenuli aCqareba sawyis (siCqaris miniWebis) momentSi? 
winaaRmdegobis Zalebs nu gaiTvaliswinebT.

miniSneba: gamoiyeneT meqanikuri energiis mudmivobis kanoni.

1v

2v

sur. 1.110

h

v
sur. 1.111sur. 1.109

1v
A

B
2v

1R

2R
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§ 1.15. sxeulis wrewirze brunvis maxasiaTebeli  
sidideebis gansazRvra

(laboratoriuli samuSao)

 samuSaos mizani: wrewirze Tanabrad moZravi sxeulis brunvis periodis, 
wiriTi da kuTxuri siCqareebisa da centriskenuli aCqarebis gansazRvra.

xelsawyoebi da masala: Stativi TaTiT, liTonis burTula kauWiT, Toki, Taba-
xis furceli, wamzomi, saxazavi, fargali.

sxeulis wrewirze Tanabri moZraoba aRiwereba:

 brunvis periodiT:

T =  N
t ,

romelSic N drois t SualedSi Sesrulebuli brunTa ricxvia;
kuTxuri siCqariT:

Ȧ�=  T
2S ;

wiriTi siCqariT:
Y� �Ȧ5�

romelSic R sxeulis brunvis radiusia;
centriskenuli aCqarebiT:

ac = R
v2

 ; an ac = Ȧ2R.

samuSaos msvleloba:
•	 35-40 sm sigrZis Zafis erTi bolo miabiT kauWian burTulas, xolo meore 

daamagreT Stativis TaTSi;
•	 Tabaxis furcelze fargliT SemoxazeT 10 sm 

sur. 1.112

radiusis wrewiri da mkafiod aRniSneT masze wrewiris 
centri. furceli moaTavseT burTulis qveS ise, rom 
burTula aRmoCndes zustad wrewiris centris Tavze. 

•	 mokideT Zafs xeli dakidebis wertilis siax-
loves da ise aamoZraveT, rom burTulam daiwyos moZ-
raoba wrewirze furcelze daxazulis toli radiusiT 
(sur. 1.112);

•	 wamzomis CarTvasTan erTad daiwyeT sruli 
brunebis daTvla da gazomeT 10 brunis Sesrulebis-
Tvis saWiro drois t Sualedi; 

•	 cda gaimeoreT 5-jer da gazomili drois Sua ledebi CawereT rveulSi;
•	 gamoTvaleT 10 brunis Sesasruleblad saWiro saSualo dro:

t saS = 5
t1 + t2 + t3 + t4 + t5

;

•	 gamoTvaleT burTulis wrewirze moZraobis saSualo periodi:

TsaS = N
tsaS,  (N = 10);

•	 brunvis maxasiaTebeli sidideebis formulebiT gamoTvaleT: ȦsaS, vsaS, acsaS
;

•	 miRebuli Sedegebi CawereT rveulSi.
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§ 1.16. sxeulis brunva uZravi RerZis garSemo

Tqven ukve SeiswavleT sami saxis moZraoba: sxeulis wrfivi Tanabari moZrao-
ba, TanabaraCqarebuli moZraoba da  Tanabari moZraoba wrewirze. samive SemTxve-
vaSi vgulisxmobdiT, rom sxeulis moZraoba an gadataniTia, an SesaZlebelia misi 
zomebis ugulebelyofa. Sesabamisad, ganvixilavdiT ara sxeulis, aramed nivTie-
ri wertilis moZraobas. 

magram xSirad gvxvdeba iseTi moZraoba, roca sxeulis Semadgeneli wertile-
bi Semoxazavs sxvadasxva traeqtorias da, Sesabamisad, gadis sxvadasxva manZils. 
erT-erTi aseTi moZraobaa sxeulis brunva raime RerZis garSemo. magaliTad, 
dedamiwis brunva Tavisi warmosaxviTi RerZis garSemo, saaTis isris brunva, 
velosipedis borblis brunva (sur. 1.113 ) da a. S.

sur. 1.113

sur. 1.114

O1

B2 v2A2
R2

v2

B1
A1

R1

v1v1

B. vv
A

O2

O1

R
M

M2

M1

      sxeulis brunviTi moZraobisas  misi  wertilebi 
moZraobs wrewirebze, romelTa centrebi  erT 
wrfe ze mdebareobs. am wrfes sxeulis brunvis 
RerZi ewodeba.

sxeulis brunvis RerZi SeiZleba iyos nam-
dvili (mag., bzriala) an warmosaxviTi (mag., deda-
miwa).

aRsaniSnavia, rom sibrtyeebi, romlebzedac 
es  wrewirebi mdebareobs, brunvis RerZis marTo-
bulia.

ganvixiloT raime myari sxeulis brunva O1O2
uZravi RerZis garSemo (sur. 1.114). aviRoT am sxe-
ulis raime sami wertili _ A1, A2 da A3, romlebic
brunavs gansxvavebuli radiusis mqone wrewi-
rebze. radgan R1 > R3 > R2, amitom drois erTsa
da imave SualedSi  A1 wertili yvelaze met A1B1
manZils gaivlis, A2 wertili — yvelaze patara

A2B2 manZils. am wertilTa moZraobis wiriTi siC-
qareebi gamoisaxeba formulebiT: 
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v1 = t
A1B1 , v2 = t

A2B2 ,      v3 = t
A3B3 .

Sesabamisad, v1 > v3 > v2 _ sxeulis Semadgeneli wertilebi sxvadasxva wiriTi 
siCqareebiT moZraobs. rac ufro daSorebulia wertili brunvis RerZidan, miT 
ufro didia misi wiriTi siCqare.

unda aRvniSnoT, rom sxeulis yvela wertili drois erTsa da imave SualedSi  

erTnairi kuTxiT Semobrundeba _ ĳ1 =ĳ2 =ĳ3. amitom  Ȧ = t
ĳ

  formulis Tanaxmad,  

erTnairi iqneba maTi kuTxuri siCqareebic _ Ȧ1 =Ȧ2 =Ȧ3. aseve, T = 
Ȧ
2S da n = 

2S
Ȧ

formulebis mixedviT, erTnairi iqneba wertilTa  brunvis periodebic (T1=T2=T3) 
da sixSireebic (n1 =n2 =n3).

radgan wrewirze moZravi wertilis centriskenuli aCqareba gamoiTvleba  

ac=Ȧ
2R formuliT, amitom is gansxvavebuli iqneba sxvadasxva radiusis wrewirze 

mbrunavi wertilebisaTvis.

 brunviTi moZraobis romeli maxasiaTebeli sidideebia erTnairi dedamiwis 
yvela wertilisaTvis? dedamiwis zedapiris romeli wertilebi brunavs yvelaze 
didi radiusis wrewirze? aqvs Tu ara dedamiwis sxvadasxva ganedze ganlagebul 
qalaqebs gansxvavebuli wiriTi siCqare? (sur. 1.115)

avtomobilebsa da sxva meqanizmebSi xSirad iyeneben Rvedur gadacemas (sur. 
1.116). I da II diskoebi (Skivebi) erTdroulad brunavs maTze gadadebuli Rvedis 
saSualebiT (sur. 1.116).   

R

α
R

1
R

R2

sur. 1.115
              

sur. 1. 116

I

II

 brunviTi moZraobis romeli maxasiaTebeli sididea  orive diskos ganapi-
ra wertilebisaTvis erTnairi da  romeli  gansxvavebuli?
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daskvnebi:

• sxeulis brunviTi moZraobisas  misi  wertilebi moZraobs wrewirebze,
romelTa centrebi  erT wrfeze mdebareobs. am wrfes sxeulis brunvis
RerZi ewodeba;

• sibrtyeebi, romlebzec brunvis  wrewirebi mdebareobs brunvis RerZis
marTobulia;

• RerZis garSemo sxeulis brunvisas misi yvela wertilis brunvis periodi,
sixSire da kuTxuri siCqare erTnairia;

• wertilis brunvis RerZidan daSorebis mixedviT misi  wiriTi siCqare pro-
porciulad izrdeba.

sakontrolo kiTxvebi:

1. dedamiwis dRe-Ramuri brunvis gamo, romeli qalaqis wiriTi siCqarea
ufro meti — Tbilisis Tu helsinkis? ratom?

2. sabavSvo velosipedis saterfulTan dakavSirebuli kbilanis brunvis
periodia meti, Tu borbalTan dakavSirebulis (sur. 1.117)?

3. Rveduri gadacemisas gansxvavebuli radiusis mqone Skivebs Soris romlis
brunvis sixSirea meti?

 erTad amovxsnaT amocana  

sur. 1.117

A

C

B

R

R2

r

velosipedis wamyvani kbilanas radiusia 
R=20 sm (sur 1.117). R

2
=50 sm radiusis bor-

balTan myarad mimagrebuli amyoli kbilanas 
radiusia r = 10 sm. risi tolia borblis fer-
sos (zedapiris) wertilebis wiriTi siCqare, 
Tu wamyvani kbilana brunavs n

1
= 2,5 br/wm sixSi-

riT? kbilanebis damakavSirebeli liTonis jaW-
vi uWimvadia da kbilanebze ar srialebs.

amoxsna: wamyvani kbilanis A werti-
li da borblis kbilanis B wertili erT-
maneTTan dakavSirebulia jaWviT, rom-
lis sigrZec ucvlelia. amitom A da B wertile bis wiriTi siCqaree-
bi erTnairia. aseve erTnairi iqneba kbilanebis fersos wertilebis wiri-
Ti siCqareebi. A wertilis wiriTi siCqare gamoisaxeba Semdegnairad:  

v
1
= T1

2SR =2SRn
1
. B wertilis wiriTi siCqare: v

2
= T2

2Sr =2Srn
2
, romelSic n

2
 mcire

radiusis kbilanis brunvis sixSirea. gavutoloT erTmaneTs wiriTi siCqaree-

bi: v
1
=v

2
. anu, 2SRn

1
=2SRn

2
 ⇒ n

2
= r

R n1 =5 (br/wm). vinaidan velosipedis borbali

myaradaa mimagrebuli mcire radiusis amyol kbilanaze, igi kbilanasTan erTad 
brunavs da borblis brunvis sixSirec n

2
=5 br/wm-is toli iqneba. Tu borblis

fersos C wertilis wiriT siCqares gamovsaxavT borblis brunvis sixSiriT da 
radiusiT, miviRebT: v

3
=2SR

2
n

2
≈15,7 (m/wm).

pasuxi: borblis fersos wertilebis wiriTi siCqare miaxloebiT 15,7 m/wm-ia. 
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  amoxseniT amocanebi:

1. dedamiwa brunavs Tavisi warmosaxviTi RerZis garSemo, romelic dedamiwis 
CrdiloeT da samxreT polusebze gadis. risi tolia polusis wertilebis kuT-
xuri siCqare?

2. risi tolia dedamiwis ekvatoris wertilebis wiriTi siCqare, Tu deda-
miwis radiusi 6400 km-ia, xolo sakuTari RerZis garSemo brunvis periodi _  
24 sT (erTi dRe-Rame)? 

3. ramdenjer aRemateba ekvatoris wertilebis centriskenuli aCqareba 
dedamiwis 600-ian ganedze arsebuli werilebis centriskenul aCqarebas (sur. 
1.115)?

miniSneba: mocemuli wertilis geografiuli ganedi aris kuTxe, romelsac ad-
gens am wertilisadmi gavlebuli radiusi ekvatoris sibrtyesTan.

4. ramdenjer aRemateba saaTis isris wveros wiriTi siCqare amave isris Sua 
wertilis wiriT siCqares? 

5. ipoveT saaTis wamebis maCvenebeli isris Suawertilis centriskenuli aCqa-
reba, Tu isris sigrZe 30 sm-ia. miiCnieT, rom isari Tanabrad brunavs. 

6. Widan wylis amosaRebi jalambris saxeluris radiusi 40 sm-ia (sur 1.118). 
lilvis radiusi ki 10 sm. ra wiriTi siCqariT amoZravebs moswavle saxelurs, Tu 
lilvis zedapiris wertilebis centriskenuli aCqareba 0,1 m/wm2-ia? 

7. wina amocanis pirobis mixedviT, gansazRvreT lilvze Camokidebuli saT-
lis siCqare da jalambris saxeluris centriskenuli aCqareba.

8. uZravi RerZis mqone ori WoWonaqi, romelTa radiusebi, Sesabamisad, aris 
20 sm da 40 sm, erTmaneTTan dakavSirebulia maTze gadadebuli uWimvadi RvediT 
(sur. 1.119). risi tolia meore WoWonaqis brunvis kuTxuri siCqare, Tu pirvelis 
kuTxuri siCqare 2 rad/wm-ia? miiCnieT, rom Rvedi WoWonaqebze ar srialebs.

9. uZravi brunvis RerZis mqone ori WoWonaqi erTmaneTTan dakavSirebulia 
maTze gadadebuli uWimvadi RvediT (sur. 1.119). WoWonaqebis radiusebi, Sesabamisad,  
31,4 sm da 40 sm-ia. risi tolia meore WoWonaqis brunvis sixSire, Tu pirvelis 
kuTxuri siCqare 4 rad/wm-ia? miiCnieT, rom Rvedi WoWonaqebze ar srialebs.

sur. 1.118

saxeluri

lilviR

            

R2

II
I

R1

sur. 1.119
   

10. dedamiwis irgvliv, ekvatoris sibrtyeSi, wriul orbitaze, brunavs Tana-
m   gzavri ise, rom igi dedamiwis erTi da imave wertilis Tavze imyofeba. risi 
tolia Tanamgzavris daSoreba dedamiwis zedapiridan, Tu misi centriskenuli 
aCqareba 0,22 m/wm2-ia? 
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pirveli Tavis Semajamebeli amocanebi

1. sur. 1.120 mocemulia X RerZze wrfivad da Tanabrad moZravi sxeulis
koordinatis droze damokidebulebis grafiki. gansazRvreT sxeulis koordina-
ti sawyis momentSi da sxeulis siCqaris gegmili X RerZze.

2. sur. 1.121 mocemulia X RerZze Tanabrad moZravi sportuli avtomobilis
kordinatis droze damokidebulebis grafiki. gansazRvreT misi siCqaris moduli 
da drois momenti, rodesac misi koordinati nulis toli gaxdeba.

x, m

t,wm

•

••

10

84O
•

20

•

• •

•

sur. 1.120 sur. 1.121

x, m

t,wm
•

•

•

•

••

•

•

40

O

60

84

3. sur. 1.122 mocemulia X RerZze wrfivad da Tanabrad moZravi sxeulis
koordinatis droze damokidebulebis grafiki, romlis mixedviT upasuxeT kiTx-
vebs: 

a) risi tolia sxeulis siCqaris gegmili X RerZze?
b) gaivlis Tu ara grafikze gamavali wrfe koordinatTa sistemis O saTaveSi?
g) rogor Seicvleba grafikis t RerZTan daxris kuTxe, Tu am sxeulis siCqaris

moduli gaizrdeba?
4. sur. 1.123 mocemulia X RerZze moZravi ori nivTieri wertilis koordi-

natis droze damokidebulebis grafiki, romelTa mixedviT gansazRvreT:
a) TiToeuli nivTieri wertilis siCqaris moduli;
b) maT Soris manZili drois aTvlis dawyebidan 2 wuTSi.
dawereT orive nivTieri wertilis koordinatis droze damokidebulebis 

formula.

sur. 1.122 sur. 1.123

t, 

x,

60

12O

10

5t,

x,

15

10O 20

30

5. sur. 1.124 mocemulia X RerZze Tanabrad moZravi avtomobilis koordi-
natis droze damokidebulebis grafiki. gansazRvreT grafikis drois RerZTan 
gadakveTis Sesabamisi drois momenti da dawereT avtomobilis koordinatis 
droze damokidebulebis gantoleba.
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6. sur. 1.125 mocemulia X RerZze wrfivad da Tanabrad moZravi ori sxeu-
lis koordinatis droze damokidebulebis grafikebi. gansazRvreT sxeulTa Sex-
vedris dro da pirveli sxeulis siCqaris moduli, Tu pirveli sxeulis sawyisi 
koordinati 15 m-ia. 

sur. 1.124 sur. 1.125

•

x, m

t,wm

I

II

•

•

•

•

60

30

4O

x, m

t,wm

•

•

•

•

50

2010O

-50

•

••150

7. X RerZze wrfivad da Tanabrad moZravi ori sxeulis koordinatis droze 
damokidebulebis formulebs aqvs Semdegi saxe: x

1
=310-20t da x

2
=40+10t, romleb-

Sic dro izomeba wamebSi, xolo koordinati _ metrebSi. aageT maTi koordinatis 
droze damokidebulebis grafikebi da gansazRvreT sxeulebis Sexvedris dro da 
koordinati.

8. X RerZze wrfivad da Tanabrad moZraobs ori msubuqi avtomobili. maTi 
koordinatis droze damokidebulebis formulebi, Sesabamisad, aris: x

1
=15t da 

x
2
=200+10t, romlebSic dro izomeba wamebSi, xolo koordinati _ metrebSi. aageT 

maTi koordinatis droze damokidebulebis grafikebi da gansazRvreT maTi maTi 
Sexvedris dro da koordinati. 

9. drois sawyis momentSi erTad myofi ori nivTieri wertili moZra-
obs wrfivad da Tanabrad urTierTmarTobuli mimarTulebiT. maTi siCqareebi  
9 m/wm da 12 m/wm-ia. gansazRvreT am wertilebs Soris manZili sawyisi momentidan 
1 wuTis Semdeg.

10. liandagebisa da saavtomobilo gzis urTierTmarTobul regulirebad 
gadakveTas matarebeli uaxlovdeba mudmivi 10 m/wm siCqariT (sur 1.126). sawyis mo-
mentSi matareblis pirveli vagoni gadakveTis adgilidan daSorebulia 300 m-iT. 
sul mcire, ramdeni m/wm unda iyos liandagebidan 120 m-iT daSorebuli Tanabrad 
moZravi avtomobilis siCqaris moduli, rom man liandagebze matareblis misvlam-
de gadaiaros? liandagze gadasasvlelTan Slagbaumi iketeba matareblis misvlam-
de 18 wm-iT adre, xolo Ria Slagbaumis dros liandagze gadasvlas matarebeli  
3 wamze nakleb dros andomebs.

sur. 1.126
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11. wrfiv gzaze moZravi avtobusis koordinatis droze damokidebulebis 
formulaa x

1
=50-11t. amave gzaze moZravi motociklis ki _ x

2
=-300+24t. dawereT 

avtobusis koordinatis droze damokidebulebis formula motociklTan dakav-
Sirebul aTvlis sistemaSi da aageT misi grafiki.

12. nivTieri wertili moduliT mudmivi siCqariT bru-
navs wrewirze vertikalur sibrtyeSi (sur 1.127). wrewiris 
romel wertilebSia nivTieri wertilis siCqaris horizon-
taluri da vertikaluri mdgenelebi moduliT erTmaneTis 
toli?

13. sur. 1.128 gamosaxulia borbali, romelic srialis 
gareSe v  siCqariT migoravs gzis horizontalur zedapirze. 
gansazRvreT A, B, C da D wertilebis siCqaris modulebi  
a) borblis centris mimarT; b) dedamiwis mimarT. 

14.  ori morbenali, romelTa Soris manZili 10 m-ia, 
wrfiv sarben bilikze mirbis erTi mimarTulebiT Tanabrad 
3 m/wm siCqariT. amave bilikze Semxvedri mimarTulebiT 
mudmivi 2 m/wm siCqariT mirbis mwvrTneli. rodesac pir-
veli morbenali mwvrTnels Sexvda, is Semobrunda da sa-
pirispiro mimarTulebiT siCqaris modulis Seucvlelad 
gaagrZela sirbili. ra manZili iqneba morbenlebs Soris, 
rodesac meore morbenali mwvrTnels Sexvdeba?

15. 1 m simaRlis bambukis Ziridan wverosken bambukis 
mimarT 50 sm/sT mudmivi siCqariT micocavs lokokina. igi 
adis bambukis wveromde da bambukis mimarT imave siCqariT brundeba ukan. ipoveT 
lokokinas bambukis wveroze asvlisa da miwaze dabrunebis dro. miiCnieT, rom 
bambuki dRe-RameSi 60 sm-iT Tanabrad mxo lod ZirTan izrdeba.

16. tbaSi 5 m/wm siCqariT wrfivad da Tanabrad moZravi gemidan, misi moZrao-
bis sapirispiro mimarTulebiT, gemis mimarT mudmivi 20 m/wm siCqariT gamovida 
samaSvelo kateri. dawereT kateris koordinatis droze damokidebulebis for-
mula gemTan da dedamiwasTan dakavSirebul aTvlis sistemaSi. gansazRvreT gemsa 
da katers Soris manZili sawyisi momentidan 2 wuTis Semdeg. aTvlis wertilad 
miiCnieT gemis mdebareoba drois sawyis momentSi, xolo RerZi mimarTeT kateris 
moZraobis mimarTulebiT. 

17. 0,5 m/wm siCqariT moZrav mdinareSi, dinebis mimarTulebiT, mis mimarT  
4,5 m/wm siCqariT Tanabrad micuravs gemi. gemidan, mdinaris dinebis mimar-
TulebiT, gaemgzavra samaSvelo navi gemis mimarT mudmivi 7 m/wm siCqariT. dawe-
reT navis koordinatis droze damokidebulebis formulebi gemTan, mdi naresTan 
da dedamiwasTan dakavSirebul aTvlis sistemebSi. RerZi mimarTeT mdinaris mi-
marTulebiT, xolo aTvlis saTaved airCieT gemis mdebareoba drois sawyis mo-
mentSi.

18. mgzavrma uZrav eskalatorze Tanabari asvlisas 80 safexuri daiTvala. 
amavali moZravi eskalatoriT, mis mimarT iseTive siCqariT asvlisas ki _ 60 
safexuri. ramdenjer aRemateba mgzavris sakuTari siCqare eskalatoris siC qares?

19. mgzavrma moZrav eskalatorze asvlisas 80 safexuri daiTvala. eskalato-
ris mimarT siCqaris modulis 2-jer gadidebis Semdeg ki _ 96. ramden safexurs 

v

sur. 1.127

sur. 1.128

B

C

D

A
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daiTvlis mgzavri uZrav eskalatorze asvlisas? yvela SemTxvevaSi mgzavri moZ-
raobda eskalatoris moZraobis mimarTulebiT.

20. tbaSi 0,2 m/wm mudmivi siCqariT mcuravi

u

sur. 1.129

 
navidan wyalSi xteba (sur. 1.29) da navis moZra-
obis mimarTulebiT 0,5 m/wm siCqariT micuravs 
maSveli. ra manZiliT daSordeba maSveli navs  
7 wamSi? miiCnieT, rom maSvelis gadaxtomisas 
navis siCqare ar Secvlila. 

21.  erTi wrfis gaswvriv, tbaze Sem xved-
ri mimarTulebiT, 0,2 m/wm mudmivi siCqariT mi-
curavs ori navi. pirveli navidan rig-rigobiT, 7 wm-is intervaliT, wyalSi xteba 
ori maSveli da micuravs meore navisken 0,5 m/wm siCqariT. drois ra intervaliT 
Sexvdebian maSvelebi meore navTan?

22. elene liftiT pirvelidan mecxre sarTulze SecdomiT avida, amitom mexu-
Te sarTulze Camovida. ramdenjer aRemateba elenes gavlili manZilis saSualo 
siCqare misi gadaadgilebis saSualo siCqares, Tu miviCnevT, rom sarTulebis 
simaRle erTnairia da lifti yoveli sarTulis gavlas erTsa da imave dros an-
domebs?

23. risi tolia dedamiwis gadaadgilebis saSualo siCqare mzis garSemo erTi 
Semobrunebisas? mze uZravad CaTvaleT. 

24. vertikalurad zeviT asrolilma burTma 5 m simaRles miaRwia da 3 m si-
maRlis aivanze daeca. risi tolia burTis gadaadgilebis saSualo siCqare, Tu 
asrolis momentidan aivanze dacemamde 3 wm gavida?

25. sportulma avtomobilma daiwyo TanabaraCqarebuli moZraoba gzis wrfiv 
ubanze. ramdenjer metia avtomobilis siCqare moZraobis dawyebidan 6 wm-is Sem-
deg im siCqareze, romelic mas moZraobis dawyebidan 2 wm-is Semdeg hqonda?

26. sportulma avtomobilma daiwyo TanabaraCqarebuli moZraoba gzis wrfiv 
ubanze. ramdenjer aRemateba mis mier daZvridan 8 wamSi gavlili manZili daZvri-
dan 2 wamSi gavlil manZils?

27. wrfivad da Tanabrad moZravma nivTierma wertilma damuxruWebis daw-
yebidan 10 wamSi 150 m gaiara da gaCerda. miiCnieT, rom damuxruWebisas igi Tana-
baraCqarebulad moZraobda da gansazRvreT misi aCqarebis moduli. 

28. sur. 1.130 mocemulia wrfivad moZravi avtomobilis siCqaris droze 
damokidebulebis grafiki. ramdenjer aRemateba avtomobilis mier daZvridan 2 
wamSi gavlili manZili daZvridan 1 wamSi gavlil manZils? 

29. sur. 1.130 mocemulia wrfivad moZravi msubuqi avtomobilis siCqaris 
droze damokidebulebis grafiki. risi tolia avtomobilis gadaadgilebis saSua-
lo siCqare moZraobis dawyebidan 3 wamis ganmavlobaSi? 

30. sur. 1.131 mocemulia wrfiv liandagze moZravi metros matareblis siC-
qaris droze damokidebulebis grafiki. gansazRvreT matareblis gadaad gilebis 
saSualo siCqare moZraobis dawyebidan 20 wamis ganmavlobaSi. 

31. wrfiv liandagze moZravi metros matareblis siCqaris droze damoki-
debulebis grafikis mixedviT (sur. 1.131) dawereT misi siCqaris droze damoki-
debulebis formulebi drois (0-5wm), (5wm-15wm) da (15wm-20wm) SualedebisTvis. 
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1

1 2 3

V,m/wm

t,wm

sur. 1.130

5

5 15 20

V,m/wm

t,wm

sur. 1.131

32. SuqniSnidan daZrulma avtomobilma jer TanabaraCqarebulad imoZrava, Sem-
deg 5 wT-is ganmavlobaSi moZraobda Tanabrad, bolos ki mudmivi aCqarebiT Senele-
bulad da gaCerda. gaqanebac da damuxruWebac cal-calke grZeldeboda 10 wm-is 
ganmavlobaSi moduliT erTnairi aCqarebiT. risi tolia avtomobilis Tanabari 
moZraobis siCqare, Tu misi gavlili manZilis saSualo siCqare 38,75 m/wm-ia? 

33. SuqniSnidan daZrulma avtomobilma jer TanabaraCqarebulad imoZrava, 
Semdeg 5 wT-is ganmavlobaSi moZraobda Tanabrad, bolos ki mudmivi aCqarebiT 
Senele bulad da gaCerda. gaqanebac da damuxruWebac cal-calke grZeldeboda 
10 wm-is ganmavlobaSi moduliT erTnairi 2 m/wm2 aCqarebiT. aageT avtomobilis 
siCqaris droze damokidebulebis grafiki da misi saSualebiT gansazRvreT avto-
mobilis gavlili manZilis saSualo siCqare. 

34. sur. 1.132 mocemulia X RerZze moZravi 

10

5 10

Vx,m/wm

t,wm

III

sur. 1.132

ori nivTieri wertilis siCqaris gegmilis 
droze damokidebulebis grafiki. gansazRvreT 
maT Soris manZili sawyisi momentidan 5 wamis 
Semdeg, Tu drois sawyis momentSi isini erT 
wertilSi imyofebodnen. 

35. sur. 1.132 mocemulia X RerZze moZra-
vi ori nivTieri wertilis siCqaris gegmilis 
droze damokidebulebis grafikebi. maTi dax-
marebiT gansazRvreT sxeulebis aCqarebis geg-
milebi da dro, romlis Semdegac maTi gavlili 
manZilebi erTnairi iqneba. 

36. 20 m/wm siCqariT wrfivad da Tanabrad moZravma avtomobilma daiwyo Tana-
baraCqarebuli moZraoba da siCqare 25 m/wm-mde gazarda. gansazRvreT avtomo-
bilis aCqarebis moduli, Tu siCqaris zrdisas man 225 m manZili gaiara. 

37. TanabaraCqarebulad moZravi nivTieri wertilis siCqaris gegmili 10 m/wm-dan 
20 m/wm-mde 5 wm-Si gaizarda. gansazRvreT drois am SualedSi mis mier Sesrule-
buli gadaadgilebis gegmilis sigrZe.

38. X RerZze moZravi ori nivTieri wertilis koordinatis droze damo-
kidebulebis formulebs aqvs Semdegi saxe: x

1
=50+10t+6t2; x

2
=15t+7t2, romelSic dro 

izomeba wamebSi, xolo koordinati _ metrebSi. gansazRvreT TiToeuli nivTieri 
wertilis aCqarebis gegmili da maTi Sexvedris drois momenti. 

39. X RerZze moZravi ori nivTieri wertilis koordinatis droze damoki-
debulebis formulebs aqvs Semdegi saxe: x

1
=100+12t-6t2; x

2
=15t+4t2, romelSic dro 
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izomeba wamebSi, xolo koordinati _ metrebSi. aageT am nivTieri wertilebis 
siCqaris gegmilis droze damokidebulebis grafikebi.

40. 1.133 gamosaxulis X RerZze TanabaraCqare-
bulad moZravi nivTieri wertilis koordinatis 
droze damokidebulebis grafiki. gansazRvreT am 
wertilis sawyisi koordinati, sawyisi siCqarisa 
da aCqarebis gegmili aRniSnul RerZze. dawereT 
koordinatis droze damokidebulebis formula. 

41. mudmivi 0,3 m/wm2 aCqarebiT moZravma matare-
belma 100 m sigrZis ubani 20 wamSi gaiara. gansaz-
RvreT matareblis siCqare am ubnis dasawyissa da 
boloSi, Tu misi siCqare am ubanze izrdeboda. 

42. sawyisi siCqaris gareSe daSvebulma moT-
xilamurem 80 m sigrZis ferdobi 10 wamSi gaiara. 
ferdobis Semdeg ki moZraoba gaargZela horizontalur ubanze da 40 m manZilis 
gavlis Semdeg gaCerda. miiCnieT, rom gzis orive monakveTze moTxilamure Tana-
baraCqarebulad moZraobda da gansazRvreT:

a) aCqarebis moduli ferdobze daSvebisas;
b) siCqaris moduli ferdobis bolos;
g) aCqarebis moduli horizontalur ubanze moZraobisas.
43. avtomobilma Tanabari moZraobisas 400 m manZili 20 wamSi gaiara. risi to-

lia avtomobilis borblis brunvis sixSire, Tu misi radiusi 50 sm-ia? 
44. gansazRvreT Tanabrad mbrunavi jalambris lilvis brunvis sixSire, Tu

misi radiusi 20 sm-ia, xolo Tokze dakidebuli saTli wamSi 50 sm manZils gadis 
(sur. 1.134). 

saxeluri

lilviR

sur. 1.134

45. ori nivTieri wertilidan pirveli brunavs 100 sm radiusis, xolo meore
_ 50 sm radiusis wrewirze. gansazRvreT pirvelis wertilis centriskenuli aC-
qarebis Sefardeba meoris centriskenul aCqarebasTan, Tu:

a) maTi brunvis periodebi erTnairia;
b) maTi wiriTi siCqareebi erTnairia.
46. ramdenjer metia kedlis saaTis wamebis isris bolo wertilis wiriTi siC-

qare wuTebis isris bolo wertilis siCqareze, Tu wuTebis isari 3-jer grZelia 
wamebis isarze?

47. avtomobilis Zravas Skivis brunvis sixSire 3000 br/wT-ia. ramden bruns
gaakeTebs Skivi avtomobilis mier 45 km manZilis gavlisas, Tu is 90 km/sT siCqa-
riT Tanabarad moZraobs?

25

5

X,m

t,wm
sur. 1.133
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48. erTmaneTTan uWimvadi RvediT dakavSirebuli ori Skividan (sur. 1.135)
pirvelis radiusi 40 sm-ia, meorisa ki _ 25 sm. risi tolia meore Skivis brunvis 
sixSire, Tu pirveli Skivis brunvis sixSire 50 br/wm-ia? miiCnieT, rom Rvedi 
Skivebze ar srialebs.

R2R1

sur. 1.135

49. daamtkiceT, rom sur. 1.136 gamosaxuli uZravi brunvis RerZis mqone kbi-
lanebis sistemaSi kbilanebi ver ibrunebs. 

50. erTmaneTTan uWimvadi RvediT dakavSirebulia oTxi Skivi (sur. 1.137). me-
ore da mesame Skivi erTmaneTTan myaradaa damagrebuli. risi tolia pirveli 
Skivis brunvis sixSire, Tu meoTxe Skivis brunvis sixSire 1000 br/wm-ia? Skivebis 
radiusebi, Sesabamisad R1=20 sm, R2=10 sm, R3=40 sm da R4=20 sm-ia. miiCnieT, rom
Rvedebi Skivebze ar srialebs.

I

III VI
R2

R4

R1

sur. 1.137sur. 1.136
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Tavi II

niutonis kanonebi da maTi gamoyeneba

F

am TavSi Tqven gaixsenebT da gaecnobiT:

• dinamikis amocanas;

• niutonis kanonebs;

• msoflio mizidulobis kanons;

• Tavisufali vardnis aCqarebas;

• pirvel kosmosur siCqares;

• gansxvavebas simZimis Zalasa da wonas Soris;

• sxeulTa moZraobas ramdenime Zalis moqmedebiT.



82

§2.1 dinamika. dinamikis amocana

mTidan daSvebisas moTxilamure moZraobs aCqarebulad, horizontalur uban-
ze gadasvlis Sedeg ki siCqaris SesanarCuneblad is saTxilamuro joxebs iyenebs 
(sur. 2.1). Tu moTxilamure joxebis gamoyenebas Sewyvets, misi siCqare TandaTan 
moiklebs da bolos gaCerdeba. 

sur. 2.1 

 a)  b)

imisaTvis, rom ganvsazRvroT moTxilamuris siCqare, gadaadgileba da gavli-
li manZili, saWiroa vicodeT misi aCqareba. ismis kiTxva _ rogor vipovoT moTxi-
lamuris aCqareba? amisaTvis ki unda gavarkvioT, ratom moZraobda moTxilamure 
daRmarTze aCqarebulad? gzis horozontalur monakveTze siCqaris SesanarCu-
neblad ratom iyo aucilebeli joxebis gamoyeneba? ratom Cerdeba is, roca jo-
xebs aRar iyenebs?

 wina TavSi Tqven SeiswavleT meqanikis nawili _ kinematika, rome lic 
swavlobs sxeulis moZraobas, magram zemoT dasmul SekiTxvebze pasuxs ar iZleva 
_ kinematika ar arkvevs ama Tu im saxis moZraobis gamomwvev mizezebs. amas meqa-
nikis sxva nawili _ dinamika Seiswavlis.

meqanikis nawils, romelic adgens sxeulTa moZraobis ganmsazRvrel mizezebs, 
dinamika ewodeba (dynamis _ berZ. Zala).

ra axdens gavlenas sxeulTa moZraobaze?

 CavataroT cda saTamaSo mSvild-isris gamoyenebiT. gavisroloT isari 
horizontalurad raime simaRlidan da movniSnoT dacemis adgili. gavimeoroT 
cda, oRond mSvildis Zua ufro movWimoT. isari ufro didi sawyisi siCqariT 
gaityorcneba da SevamCnevT, rom gaizrdeba frenis siSorec (v2 > v1 da ι2 > ι1)
(sur. 2.2).

SevecadoT mSvildis Zua gavWimoT iseve, rogorc meore SemTxvevaSi da isari 
imave simaRlidan gavisroloT, oRond odnav zemoT mimarTuli siCqariT. amiT Cven 
isris sawyisi siCqaris mxolod mimarTulebas SevcvliT. miuxedavad imisa, rom 
sawyisi siCqaris moduli ar Secvlila (v3=v2), isris gadasrolis siSore Seicvleba
(ι3≠ ι2) (sur. 2.3).

gavimeoroT ukanaskneli cda ufro meti simaRlidan (h2 > h1). davinaxavT, rom
frenis siSore kidev ufro gaizrdeba (ι4 > ι3) (sur. 2.4).
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sur. 2.4sur. 2.2 sur. 2.3

V1 

V2 

1 ι

h1 

2ι

h1 

V 

ι

h2 

V 

ι

Tu plastmasis isars SevcvliT iseTive xis isriT, romelsac sxva masa aqvs, 
SemCneuli kanonzomiereba ar dairRveva, magram Sedegebi wina cdebisagan gan-
sxvavebuli iqneba.

aseve, gansxvavebul Sedegebs miviRebT, Tu imave cdebs qarian amindSi gavime-
orebT. 

miTiTebul bmulze: http://tiny.cc/1bkxtz SegiZliaT CaataroT msgavsi war-
mosaxviTi eqsperimenti, romelSic saSualeba geqnebaT SearCioT gasasroli sxeu-
lis masa, gasrolis kuTxe da sawyisi siCqaris moduli.

amrigad, SegviZlia davaskvnaT, rom sxeulis moZraobis maxasiaTebel fi zi kur 
sidideebsa da traeqtoriaze gavlenas axdens:

• misi sawyisi mdebareoba;
• misi sawyisi siCqare;
• masze sxva sxeulebis moqmedeba;
• misi masa.

 erTi sxeulis meoreze moqmedeba raodenobrivad xasiTdeba fizikuri 
sididiT _ ZaliT. dinamikaSi Zala erT-erTi ZiriTadi sididea. sxeulze moq medi 
Zalis mimarTuleba masze meore sxeulis qmedebis mimarTulebas emTxveva, xolo 
misi moduli am qmedebis raodenobrivi sazomia. sxeulze Zalis moqmedebis Sede-
gis Sesafaseblad saWiroa vicodeT am Zalis mimarTuleba, moduli da sxeulis 
romel wertilSia is modebuli. Zalis erTeuli SI-Si aris 1 niutoni (1 n).

rogorc paragrafis dasawyisSi aRvniSneT, sxeulis moZraobis Sesaswavlad 
saWiroa vicodeT misi aCqareba, romelic sxeulze moqmed ZalasTan erTad mis 
masazecaa damokidebuli. am sidideebs Soris kavSirs ki Semdeg paragrafebSi Se-
viswavliT.

axla ukve SegviZlia CamovayaliboT, Tu ra aris dinamikis amocana: 
vipovoT sxeulis mdebareoba da siCqare drois nebismier momentSi, Tu viciT 

misi sawyisi mdebareoba, sawyisi siCqare, masa da masze moqmedi Zalebi. 



84

§2.2 niutonis pirveli kanoni. aTvlis inerciuli sistemebi
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es galileo galileis mier aRmoCenili inerciis kanonis erT-erTi for-
mulirebaa. galileo galileis mosazrebebi Tavis naSromebSi isaak niutonma 
ganavrco. 1687 wels man Camoayaliba umniSvnelovanesi debuleba:

nebismieri sxeuli imyofeba uZrav mdgomareobaSi an moZraobs wrfivad da Tanab-
rad manam, sanam masze moqmedi Zalebi ar gamoiyvanen am mdgomareobidan.

 Tu sxeulze moqmedi Zalebi erTmaneTs ar akompensirebs, maSin am sxeulis 
siCqare icvleba _ icvleba siCqaris moduli an mimarTuleba.

 yvela sxeuli inarCunebs uZraobis an wrfivi Tanabari moZraobis mdgo-
mareobas, Tu masze Zala ar moqmedebs. zustad amitom manqanis damuxruWebisas 
mgzavrebi ixrebian win, siCqaris momatebisas _ ukan, xolo moxvevisas _ mosaxvevis 
sawinaaRmdego mxares. 

sxeulis mier uZraobis an wrfivi Tanabari moZraobis SenarCunebis movlenas, 
rodesac masze Zalebi ar moqmedebs an maTi qmedeba kompensirebulia, inercia ewo-
deba (inertia (laT.) _ uZraoba, umoqmedoba).

sxeuls, romelzec Zalebi ar moqmedebs an maTi moqmedeba gawonasworebulia, 
Tavisufali sxeuli vuwodoT. niutonisa da galileis debulebebis Tanaxmad, 
Tavi sufali sxeulebi unda moZraobdes mudmivi siCqariT. Tqven iciT, rom sxe-
ulis siCqare fardobiTia, is damokidebulia aTvlis sistemis arCevaze. ismis 
kiTxva: yvela aTvlis sistemaSi inarCunebs Tavisufali sxeuli mudmiv siCqares? 
anu, yvela aTvlis sistemaSi sruldeba inerciis kanoni?

 CavataroT cda: urika, romelzec moTavsebulia burTula, vamoZraoT 
Tanab rad (sur. 2.7 a). burTulaze vertikaluri mimarTulebiT moq medi Zalebi 
gawonasworebulia, horizontaluri mimarTulebiT ki masze Zala ar moqmedebs. 
burTula Tavisufali sxeulia _ urikis mimarT uZravia, xolo dedamiwis mimarT 
moZraobs Tanabrad urikis siCqariT. magram roca urika gadava qviSian zedapirze 
(sur. 2.7 b), misi siCqare mkveTrad Semcirdeba da gaCerdeba. urikis damuxruWebi-
sas burTula mis mimarT amoZravdeba, anu Seicvlis siCqares urikis mimarT. 

a) b)
sur. 2. 7

iqmneba STabeWdileba, TiTqos burTula aamoZrava raRac Zalam, magram si-
namdvileSi burTulaze Zalas ar umoqmedia: Tavisufalma sxeulma _ burTulam 
urikis damuxruWebis Semdeg SeinarCuna siCqare dedamiwis mimarT, magram ar 
Seina rCuna is urikis mimarT. 

am cdis analizis safuZvelze SegviZlia davaskvnaT:
• aTvlis sistemis _ dedamiwis mimarT Tavisufali sxeuli (burTula) inar-

Cunebs Tavis siCqares;
• aTvlis sistemis _ urikis mimarT Tavisufali sxeuli (burTula) inarCu-

nebs mudmiv siCqares, roca urika moZraobs Tanabrad; 
• aTvlis sistemis _ urikis mimarT Tavisufali sxeulis (burTulis) siCqare

icvleba, roca urika moZraobs aCqarebulad.
amrigad, niutoniseul inerciis kanonSi saWiroa dazusteba _ yvela aTvlis 

sistemisaTvis kanoni samarTliani ar aris. amitom niutonis debuleba SeiZleba 
Semdegnairad CamovayaliboT:
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arsebobs aTvlis sistemebi, romelTa mimarT Tavisufali sxeulebi inarCuneben 
mudmiv siCqares.

am debulebas niutonis pirveli kanoni ewodeba.
aTvlis sistemebs, romelTa mimarTac Tavisufali sxeulebi inarCuneben mud-

miv siCqares, inerciuls uwodeben; xolo sistemebs, romelTa mimarT is ar srul-
deba _ arainerciulebs.

sxeulTa moZraobisa da urTierTqmedebis kanonebi, romlebsac saskolo 
prog ramis farglebSi SeiswavliT, Camoyalibebulia aTvlis inerciuli sisteme-
bi sTvis.

aRsaniSnavia, rom SeuZlebelia iseTi aTvlis sistemis povna, romelic iner-
ciuli iqneba masSi ganxilul yvela movlenisaTvis. Zalian didi sizustiT iner-
ciulia mzesTan dakavSirebuli _ heliocentruli aTvlis sistema. misi koor-
dinatTa saTave dakavSirebulia mzesTan, xolo RerZebi mimarTulia Soreuli 
varskvlavebisaken. simartivisaTvis, dedamiwis maxloblad moZrav sxeulebze 
amocanebis amoxsnisas inerciulad miviCnevT dedamiwasTan dakavSirebul aTvlis 
sistemas. inerciuli aTvlis sistemis mimarT wrfivad da Tanabrad moZravi yvela 
aTvlis sistema aseve inerciuli iqneba. Tu aTvlis sistema aCqarebulad moZra-
obs inerciuli aTvlis sistemis mimarT, is arainerciulia.

daskvnebi:

• sxeulis uZraoba da wrfivi Tanabari moZraoba misi bunebrivi, wonaswo-
ruli mdgomareobebia;

• yoveli sxeuli imyofeba uZrav mdgomareobaSi an moZraobs wrfivad da
Tanabrad manam, vidre masze moqmedi Zalebi ar gamoiyvans am mdgomareo-
bidan;

• arsebobs aTvlis sistemebi, romelTa mimarT Tavisufali sxeulebi inar-
Cunebs mudmiv siCqares;

• aTvlis sistemebs, romelTa mimarTac Tavisufali sxeulebi inarCunebs
mud miv siCqares, inerciuls uwodeben, xolo sistemebs, romelTa mimarT
is ar sruldeba _ arainerciulebs.

sakontrolo kiTxvebi:

1. ra mizeziT SeiZleba aCqardes wrfivad da Tanabrad moZravi sxeuli?
2. romel sxeuls vuwodeT Tavisufali?
3. aTvlis romel sistemebs uwodeben arainerciuls?
4. Tu dedamiwas aTvlis inerciul sistemad miviCnevT, iqneba Tu ar inerci-

uli mTvaresTan dakavSirebuli aTvlis sistema?
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  erTad amovxsnaT amocana   

horizontalur iatakze Tanabrad miasrialeben yuTs masze gamobmuli iatakis 
paraleluri Tokis saSualebiT (sur. 2.8). yuTis masa 100 kg-ia, xaxunis koefi-
cienti yuTsa da iataks Soris ki _ 0,2. gansazRvreT yuTze moqmedi Zalebi. 

amoxsna: 

moc:
m=100kg;
µ=0,2;
u.v.N, Fwev.

FsimZ. Fxax.

    gaixseneT meSvide klasis fizikis kursSi naswavli zogierTi 
Zala. 

100 kg masis yuTze moqmedebs vertikalurad qveviT mimarTu-
li simZimis mg Zala, romlis moduli tolia: F

simZ
= mg = 1000  n.

horizontaluri iatakis mxridan yuTze imoqmedebs vertikalu-
rad zeviT mimarTuli reaqciis N Zala. radgan yuTi verti-
kaluri mimarTulebiT ar gadaadgildeba, es niSnavs, rom simZi-

misa da reaqciis Zalebi erTmaneTs awonasworebs, anu, maTi modulebi tolia:  
N=mg=1000 n. srialis gamo yuTze moqmedebs moZraobis sapirispirod mimarTu-
li srialis xaxunis Zala, romlis moduli tolia: F

sr. xax.
=µN=200 n. yuTis iatak-

ze Tanabari moZraoba ki niSnavs, rom masze moqmedi wevisa da srialis xaxunis 
Zalebi erTmaneTs awonasworebs: F

wev
=F

sr. xax
= 200 n.

pasuxi: F
simZ

=N=1000 n; F
wev

=F
sr. xax

= 200 n.

simZ.F
xax.F

wev.F

N

sur. 2.8

Tokis mxridan yuTze moqmed wevis Zalis bunebas momdevno paragrafebSi Se-
viswavliT.

 amoxseniT amocanebi: 

1. vTqvaT, dedamiwasTan dakavSirebuli aTvlis

sur. 2.9

sistema inerciulia. inerciuli iqneba Tu ara 
avtomagistralze wrfivad da Tanabrad moZrav av-
tobusTan dakavSirebuli aTvlis sistema? gzis pi-
ras mdgar xesTan dakavSirebuli aTvlis sistema?

2. Tu dedamiwasTan dakavSirebuli aTvlis sis-
tema inerciulia, rogori iqneba avtomobilTan da-
kavSirebuli aTvlis sistema misi damuxruWebisas?

3. inerciuli iqneba Tu ara mbrunavi karuselis
skamTan dakavSirebuli aTvlis sistema, Tu dedami-
wasTan dakavSirebuli aTvlis sistema inerciulia (sur. 2.9)? 
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§2.3 masa
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§2.4 niutonis II kanoni
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§ 2.5 niutonis mesame kanoni

me-7 klasis fizikis kursSi Tqven gaecaniT sxeulTa urTierTqmedebas.

erTi sxeulis calmxrivi moqmedeba meoreze SeuZlebelia, sxeulebi yo-
velTvis urTierTqmedeben _ Tu erTi sxeuli moqmedebs meoreze, maSin meore 
sxeulic moqmedebs pirvelze. skamze dajdomisas Tqven moqmedebT masze _ awve-
biT Tqveni sxeuliT, amave dros, skamic moqmedebs Tqvenze, swored amitom Tqven 
qvemoT ar vardebiT (sur. 2.22 a). magnitis siaxloves moTavsebuli rkinis bur-
Tula magnitisaken amoZravdeba (sur.  2.22 b). es niSnavs, rom magniti moqmedebs 
burTulaze. amave dros, burTulac moqmedebs magnitze _ Tu magniti msubuqia, 
is burTulisaken amoZravdeba. Tqven iciT, rom erTi sxeulis meoreze moqmedeba 
raodenobrivad xasiaTdeba fizikuri sididiT _ ZaliT.

sur. 2.22

a) b)

sxeulTa urTierTqmedeba niSnavs, rom maTze moqmedi Zalebi yovelTvis 

wyvilad warmoiqmneba: Tu pirvel sxeulze meore sxeuli moqmedebs F1  ZaliT,

maSin aucileblad arsebobs F2  Zala, romliTac pirveli sxeuli moqmedebs meo-
reze. Cveni mizania gavarkvioT, ra kavSiria am Zalebs Soris. amisaTvis CavataroT 
cdebi.

cda I. ori erTnairi dinamometri gadavabaT kauWebiT da gavqaCoT sa-
pirispiro mimarTulebiT (sur. 2.23). dinamometrebis zambarebi daiWimeba da 

erTmaneTze imoqmedebs urTierTsapirispirod mimarTuli drekadobis F1  d a F2
ZalebiT. dinamometrebis Cveneba erTnairi iqneba, rac imas niSnavs, rom es Zalebi 
moduliT tolia. Tu dinamometrebs meti ZalebiT gavqaCavT, orive dinamometris 
Cveneba erTnairad gaizrdeba da kvlav erTmaneTis toli iqneba.

0n0n

F1

I II

F2

sur. 2. 23
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 cda II. Stativze erTmaneTis Tavze da-

n

n

a) 

n

n

b) 
sur. 2. 24

vamagroT ori sademonstracio dinamometri. zeda 
dinamometrze CamovkidoT sfero, xolo qveda di-
namometris sadgamze davdoT wyliani WurWeli 
(sur. 2.24 a). CaviniSnoT orive dinamometris Cve-
neba. CavuSvaT sfero wyalSi ise, rom WurWlis 
fskers ar Seexos. sferoze imoqmedebs amomgdebi 
Zala, amitom zeda dinamometris Cveneba Semcirde-
ba. qveda dinamometris Cveneba ki gaizrdeba zustad 
imdeniT, ramdeniTac Semcirda zeda dinamometris 
Cveneba (sur. 2.24 b). es niSnavs, rom wylis mxridan 
sferoze moqmedi zemoT mimarTuli arqimedes Zala 
moduliT tolia qvemoT mimarTuli im Zalis, romliTac sfero moqmedebs  
wyalze.

rogor imoqmeda sferom dinamometris sadgamze, roca is WurWlis fskers ar 
Sexebia? sferos wyalSi CaSvebiT moimata WurWelSi wylis donem da P = ρgh for-
mulis Tanaxmad, moimata wnevam mis fskerze. Sesabamisad, gaizarda wnevis Zalac 
sadgamze.

am cdaSi sferosa da siTxes Soris urTierTqmedeba gadaeca dinamometris 
sadgams.

 cda III. erT sademonstracio dinamometrze davamagroT nalisebri magni-
ti, xolo meoreze _ rkinis cilindri (sur. 2.25). Tavdapirvelad dinamometrebi 
erTmaneTs iseTi manZiliT davaSoroT, rom magnitisa da cilindris mizidva ar 
igrZnobodes. dinamometrebis daaxloebisas maTi isrebi gadaixreba erTnairad, 
oRond sapirispiro mimarTulebiT. imave Sedegs miviRebT maTi nebismieri man-
ZiliT daaxloebisas. maSasadame, Zalebi, romlebiTac urTierTqmedeben magniti 
da rkinis cilindri, moduliT tolia da mimarTulia urTierTsapirispirod. 
zustad amitom amoZravda erTnairad magnitiani asanTis kolofebi saSinao cdaSi.

nn

sur. 2. 25

am cdaSi sxeulebi uSualo Sexebis gareSe urTierTqmedeben.

 cda IV. ori urika gadavabaT dinamometrebis saSualebiT (sur. 2.26). gavqa-

CoT pirveli urika F ZaliT ise, rom urikebi amoZravdes. meore urika dinamo-

metris saSualebiT eqaCeba pirvel urikas ukan F1  ZaliT, romlis mniSvnelobas 

gviCvenebs I dinamometri, xolo pirveli urika _ meore urikas win F2  ZaliT. am 
Zalis moduls ki aCvenebs II dinamometri. cdiT SeiZleba davrwmundeT, rom di-
namometrebis Cvenebebi am SemTxvevaSic erTnairi iqneba. maSasadame, moZravi sxe-
ulebis urTierTqmedeba iseTivea, rogorc uZravi sxeulebisa.
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F2 F1 F

sur. 2. 26

III

aRsaniSnavia, rom ori sxeulis urTierTqmedebisas aRZruli Zalebi erTnairi 
bunebisaa. magaliTad, Tu erTi sxeuli meoreze drekadobis ZaliT moqmedebs, 
maSin meore sxeulic pirvelze agreTve drekadobis ZaliT imoqmedebs. 

sxeulTa urTierTqmedebis Sesaswavlad Catarebuli mravali cda saSualebas 
gvaZlevs davaskvnaT:

sxeulebi urTierTqmedeben ZalebiT, romlebic erTi bunebisaa, moduliT to-
lia da mimarTulia erTi wrfis gaswvriv urTierTsapirispirod:

 F1  = -F2 .   (1)

es debuleba atarebs niutonis mesame kanonis saxels, igi samarTliania nebi-
smieri masis, formisa da zomis sxeulebisaTvis.

ratom ver awonasworebs erTmaneTs es Zalebi? amis mizezi is aris, rom urTi-
erTqmedebis Zalebi modebulia sxvadasxva sxeulze. 

rodesac erTdroulad urTierTqmedebs ramdenime sxeuli, maSin niutonis me-
same kanoni sruldeba am sxeulTa nebismieri wyvilisaTvis.

Tu urTierTqmed sxeulTa masebs aRvniSnavT m1-iT da m2-iT, xolo maT aCqa-
rebebs, Sesabamisad, a1 -iT da a2 -iT, maSin niutonis meore kanonis gamoyenebiT (1) 
toloba Semdegnairad Caiwereba:

m1a1  = -m2a2 , 

saidanac aCqarebis modulebisaTvis miviRebT:

2 1

1 2

a m
a m

= .
 

 amrigad, urTierTqmedebisas sxeulTa mier SeZenili aCqarebebis modulebis Se-
fardeba maTi mase bis Sebrunebuli Sefardebis tolia. urTierTqmedebisas, is sxe-
uli iRebs met aCqarebas, romlis masac naklebia.

niutonis mesame kanonis gamoyenebiT SeiZleba avxsnaT yoveldRiuri cxovrebis 
bevri movlena. magaliTad, adamiani siarulisas ubiZgebs gzis safars. sapasu xod, 
gzis safaric moqmedebs adamianze ZaliT da aniWebs mas aCqarebas (sur. 2.27 a); 
menave niCbebiT wyals ukan ubiZgebs, wyali ki niCbebze da, Sesabamisad, navze win 
mimarTuli ZaliT moqmedebs (sur. 2.27 b). 

sur. 2. 27

a) b)
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daskvnebi:

• erTi sxeulis calmxrivi moqmedeba meoreze SeuZlebelia, sxeulebi yovel-
Tvis urTierTqmedeben;

• sxeulebi urTierTqmedeben ZalebiT, romlebic erTi bunebisaa, moduliT

tolia da mimarTulia erTi wrfis gaswvriv urTierTsapirispirod: F1  = -F2 ;

• urTierTqmedebis Zalebi modebulia sxvadasxva sxeulze;
• urTierTmoqmed sxeulTa aCqarebebis modulebis Sefardeba maTi masebis

Sebrunebuli Sefardebis tolia: 2 1

1 2

a m
a m

= .

sakontrolo kiTxvebi:

1. ratom ar iZvris adgilidan navi, rodesac masSi mjdomi adamiani navis
borts awveba?

2. ratom amoZravdeba navi, rodesac adamiani mis borts napiridan awveba?
3. baroni miunhauzeni amtkicebda, rom Tavisi Tavi Waobidan TmebiT amoaTria.

rogor daasabuTebT, rom es SeuZlebelia?
4. izidavs Tu ara sxeuli dedamiwas?
5. ori sxeulis urTierTqmedebisas, pirvelma sxeulma meoreze 3-jer meti

aCqareba SeiZina. romeli sxeulis masaa meti da ramdenjer?

  erTad amovxsnaT amocana   

sur. 2.28 a gamosaxulia magidaze moTavsebuli ori erTnairi magniti, rom-
lebic erTmaneTs ekvris sapirispiro polusebiT. zeda magniti 1800-iT amoabrunes 
da  misi mdebareoba qveda magnitis Tavze ise SearCies, rom igi xelis gaSvebis 
Semdeg uZravi darCa (sur. 2.28 b).  Seicvala Tu ara magidze dawolis Zala?

sur. 2. 28

a) b)

amoxsna:  sur. 2.28 a  gamosaxul SemTxvevaSi magnitebi, rogorc erTi sxeuli, 
magidas awveba moduliT 2mg ZaliT, romelSic m TiToeuli magnitis masaa. sur. 
2.28 b gamosaxul SemTxvevaSi, zeda magniti gawonasworebulia, e.i. masze qveda 
magniti moqmedebs vertikalurad zeviT mimarTuli, moduliT mg-s toli ZaliT. 
niutonis mesame kanonis Tanaxmad, zeda magnitic qvedaze moqmedebs vertikalu-
rad qveviT mimarTuli moduliT imave (mg) ZaliT.  Sesabamisad, qveda magniti 
magidas daawveba sakuTari simZimis Zalisa da im Zalis jamiT, romliTac qveda 
magnitze zeda magniti moqmedebs. miviReT, rom qveda magniti magidas kvlav 2mg 
ZaliT awveba. 

pasuxi: magidaze dawolis Zala ar Seicvleba.
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amoxseniT amocanebi:

1. magidaze moTavsebulia 400 g masis wigni. ra ZaliT izidavs es wigni dedamiwas?
2. TqvenTvis ukve cnobilia, rom mzis mxridan moqmedi mizidulobis Zalis

moqmedebiT dedamiwa brunavs mis garSemo. rogor fiqrobT, mze ufro didi ZaliT 
izidavs dedamiwas, Tu dedamiwa _ mzes?

3. gogona TokiT aseirnebs ZaRls (sur 2.29). ZaRlma gaqceva daapira da Toki
daiWima, Tumca gogonam moaxerxa ZaRlis SeCereba. rogor fiqrobT, gogonam 
ufro meti ZaliT imoqmeda Tokze Tu ZaRlma?

4. Werze Camokidebulia 5 kg masis WaRi. daasaxeleT Zalebi, romlebic moqme-
debs WaRze da Werze. romeli Zalebi awonasworebs erTmaneTs?

5. dedamiwis mizidulobis Zalis gavleniT xidan mowyvetili vaSli dedami-
wisken mieqaneba. niutonis mesame kanonis Tanaxmad, vaSlic izidavs dedamiwas 
moduliT imave ZaliT. rogor fiqrobT, am dros dedamiwac gadaadgildeba vaS-
lisken? Tu asea, ratom araa SesamCnevi dedamiwis gadaadgileba?

6. megobrebi zRvis sanapiroze TamaSoben TokiT erTmaneTis gadaZalvas. maT
Soris ormoa da wagebulia is, vinc ormoSi Cavardeba. marTebuli iqneba Tu ara wina-
dadeba: moigebs is, vinc ufro meti ZaliT imoqmedebs mowinaaRmdegeze (sur. 2.30)?  

sur. 2. 29 sur. 2. 30

7. sur. 2.31 gamosaxulia qarTveli moragbeebi („borjRalosnebi“), romlebic
Serkinebisas mowinaaRmdege gundis moragbeebs mxrebiT awvebian. marTebulia Tu 
ara gamonaTqvami: Serkinebas moigebs is gundi, romelic meti ZaliT miawveba 
mowinaaRmdeges? ra gavlenas axdens Serkinebis Sedegze is horizontaluri Zala, 
romliTac moragbeebi moednis mindvris safarze moqmedeben? 

sur. 2. 31
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8. sur. 2.32 gamosaxulia satvirTo 1 toniani misabmeliT. adgilidan daZ-
vrisas satvirTos aCqareba 2 m/wm2-ia. risi tolia am dros misabmelis mxridan 
satvirToze moqmedi Zalis moduli? 

9. sur. 2.32 gamosaxuli satvirTos masa 10 tonaa. adgilidan daZvrisas misi
aCqareba 2 m/wm2-ia. risi tolia satvirToze moqmedi wevis Zala, Tu am dros sat-
virTo misabmelze 2 kn ZaliT moqmedebs?

10. saqanela „aiwona-daiwonaze“ (sur. 2.33) sxedan 20 kg masis bavSvebi. Sede-
gad saqanela gawonasworebulia. daasaxeleT bavSvebze moqmedi Zalebi da Zalebi, 
romelTa moqmedebiT saqanela gawonasworebul mdgomareobaSia.

sur. 2. 32 sur. 2. 33

  jgufuri muSaoba. laboratoriuli samuSao

samuSaos mizani: sxeulTa urTierTqmedebaze dakvirveba.
samuSaos aRwera: dinamometris or mxares gamoabiT Tokebi ise, rogorc sur. 

2.34 a naCvenebi. orma moswavlem daqaCeT Tokebi erTmaneTis sapirispiro mimar-
TulebiT da sxvebma CainiSneT dinamometris Cveneba. Semdeg erT-erTi Toki mia-
biT kedels (sur. 2.34 b) (SeiZleba miabaT, magaliTad, Caketili karis saxelurs 
an didi magidis fexs). amjerad, erTma moswavlem moqaCos meore Tokis bolo ise, 
rom dinamometris Cveneba winandels gautoldes. Catarebul cdebze dakvirvebiT 
SeecadeT upasuxoT kiTxvebs: 

• meore cdaSi ram Caanacvla pirveli moswavlis Tokze moqmedeba?
• rodesac zambara mxolod meore moswavlem waagrZela, winandelze metad

gauWirda mas? 

a) b)

sur. 2. 34
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§ 2.6 msoflio mizidulobis kanoni

XVIII saukunis biografi uiliam stiukli Tavis wignSi „mogonebebi niutonis 
cxovrebaze“ daaxloebiT Semdeg istorias mogviTxrobs:

mSoblebis mamulSi, vaSlis baRSi, seirnobisas niutonma dRisiT caze mTvare 
SeamCnia. zustad im dros mis Tvalwin xidan vaSli Camovarda. niutoni dafiq rda, 
rom SesaZloa erTi da igive bunebis Zala aiZulebdes vaSls daeces dedamiwaze 
da mTvares darCes dedamiwis maxlobel orbitaze. 

muSaobda ra moZraobis kanonebze, niutonma ukve icoda, rom vaSli dedami-
wis mizidulobis gamo vardeba. man isic icoda, rom mTvare dedamiwis garSemo 
orbitaze brunavs garkveuli Zalis moqmedebiT, romelic aCerebs mas orbitaze 
da saSualebas ar aZlevs gafrindes kosmosSi. amgvar msjelobaze dayrdnobiT, 
niutonma gamoTqva mosazreba, romlis Tanaxmad, samyaroSi nebismier ori sxeuls 
Soris moqmedebs urTierTmizidvis Zalebi. man am Zalebs msoflio mizidulobis 
Zalebi uwoda. xSirad maT gravitaciul Zalebsac uwodeben.

rogor davadginoT am Zalebis moduli da mimarTuleba?

a) b) g) 

sur. 2. 35

   mivyveT niutonis logikur azrs: gravitaciuli mizidu-
lobis gamo dedamiwa yvela vardnil sxeuls erTnair aCqare-
bas aniWebs. es faqti niutonamde gacilebiT adre, jer kidev 
XVI saukuneSi, cdebis saSualebiT galileo galileim daad-
gina. amis sailustraciod niutonma Caatara klasikuri cda, 
romelic Cvenc SegviZlia gavimeoroT.

minis grZel milSi movaTavsoT safanti, korpis pata-
ra na Weri da frinvelis bumbuli. amovatrialoT mili. 
davina xavT, rom milis meore bolos yvelaze swrafad sa-
fanti miaR wevs, Semdeg _ korpis naWeri, bolos ki — bumbuli
(sur. 2.35a). amovtumboT milidan haeri (sur. 2.35 b) da cda 
gavimeo roT. safanti, korpis naWeri da bumbuli erTdrou-
lad Ca movardeba (sur. 2.35 g).

 Zalas, romliTac dedamiwa misi zedapiris maxlob lad 
myof sxeuls izidavs, simZimis Zala ewodeba. pirvel cdaSi 
sxeulebze simZimis ZalasTan erTad haeris winaaR mdegobis 
Zalac moqmedebda. meore cdaSi ki _ mxolod simZimis Zala.

sxeulis moZraobas, rodesac masze mxolod simZimis Zala 
moqmedebs, Tavisufali vardna ewodeba.

Tavisufali vardnisas yvela sxeulis aCqareba erTnairia da is miaxloebiT 
9,8 m/wm2-is tolia. mas Tavisufali vardnis aCqarebas uwodeben da aRniSnaven  
g asoTi. vinaidan es aCqareba gamowveulia sxeulze mxolod simZimis Zalis moq-
medebiT, amitom niutonis meore kanonis Tanaxmad, Tavisufali vardnis aCqareba 
toli iqneba:

Fg
m

=





simZ . 

am formulis mixedviT, g sidide mudmivi mxolod im SemTxvevaSi iqneba, Tu F m� .
amrigad, SeiZleba davaskvnaT, rom sxeulze moqmedi gravitaciuli Zala misi 

masis pirdapirproporciulia. 
niutonis mesame kanonis Tanaxmad, m1 da m2 masis sxeulebi urTierTmiizide-

bian moduliT toli ZalebiT: F1 = F2 = F (sur. 2.36). 
amave dros, 1 1F m�  da 2 2F m� . gamomdinare aqedan,
or sxeuls Soris moqmedi gravitaciuli mizidu-
lobis Zala maTi masebis namravlis pirdapirpro-
porciulia: 

F1

m1 m2

F2

sur. 2. 36



104

1 2F m m⋅�

(1)

gaaanaliza ra mTvaris moZraoba dedamiwis garSemo, niutonma daamtkica, rom 
ori sxeulis gravitaciuli mizidulobis Zala maT Soris manZilis kvadratis 
ukuproporciulia:

2

1F
r

� . (2) 

marTlac, mTvares centriskenul aCqarebas dedamiwis miziduloba aniWebs. 
mizidulobis Zala damokidebuli rom ar iyos sxeulebs Soris manZilze, maSin  
mTvaris centriskenuli aCqareba toli iqneboda Tavisufali vardnis aCqare-
bisa dedamiwis zedapiris maxloblad. magram mTvaris centriskenuli aCqareba  
0,0027 m/wm2-is tolia, es ki daaxloebiT 3600-jer naklebia g-s mniSvnelobaze. 
amave dros, manZili dedamiwisa da mTvaris centrebs Soris 60-jer metia dedami-
wis radiusze. niutons miaCnda, rom manZili unda aiTvalos ara dedamiwis zeda-
piridan, aramed misi centridan. maSasadame, sxeulebs Soris manZilis 60-jer ga-
dideba iwvevs aCqarebis da, Sesabamisad, gravitaciuli Zalis 602-jer Semcirebas.

miRebuli (1) da (2) daskvnebis gaerTianebiT niutonma 1687 wels gamoaqveyna 
msoflio mizidulobis kanoni:

nebismieri ori sxeuli urTierTmiizideba ZaliT, romlis moduli pirdapir-
proporciulia maTi masebis namravlisa da ukuproporciulia maT Soris manZilis 
kvadratisa:

1 2
2

m mF G
r

= , (3)

romelSic G proporciulobis koeficientia. mas gravitaciul mudmivas uwode-
ben da is samyaroSi arsebuli yvela sxeulisaTvis erTnairia.

gairkva, rom (3) formula Zalis zust mniSvnelobas gvaZlevs im SemTxvevebSi, 
rodesac:

a) sxeulTa Soris manZili gacilebiT didia maT zomebTan SedarebiT, anu
rodesac sxeulebi SeiZleba nivTier wertilebad miviCnioT (sur. 2.37 a). am dros 
gravitaciuli urTierTqmedebis Zalebi wertilebis SemaerTebeli wrfis gas-
wvriv aris mimarTuli da amitom maT centrul Zalebs uwodeben.

b) sxeulebi erTgvarovan sferoebs warmoadgenen. am SemTxvevaSi r aris sfe-
roebis centrebs Soris manZili, Zalebi ki mimarTulia sferoebis centrebze 
gamavali wrfis gaswvriv (sur. 2.37 b).

a) 

F1

r

F2

b)
F1

r

F2

sur. 2. 37

r

g)

F1

F2

g) urTierTmoqmed sxeulTagan erTi sferulia da misi radiusi gacilebiT
metia meore sxeulis zomaze. magaliTad, dedamiwa da mis zedapirze an maxlob-
lad myofi adamiani (sur. 2.37 g). am SemTxvevaSi r sferos centridan sxeulamde 
manZilia.



105

gavarkvioT gravitaciuli mudmivas fizikuri azri. Tu mas (3) formulidan 
gamovsaxavT, gveqneba:

2

1 2

FrG
m m

= (4)

davuSvaT, rom orive sxeulis masa erTi kilogramia, xolo maT Soris manZili 
1 metri, maSin (4) formulidan miviRebT ricxviT tolobas: F = G.

amrigad, gravitaciuli mudmiva ricxobrivad tolia im Zalis modulisa, rom-
liTac miizidebian 1 m manZiliT daSorebuli TiTo kilogrami masis mqone sxeulebi.

gravitaciuli mudmivas mniSvneloba daadgines eqsperimentulad. pirveli 
aseTi cda 1798 wels Caatara ingliselma fizikosma henri kavendiSma. amisTvis man 
grexiTi saswori gamoiyena (sur. 2.38). saworis horizontaluri Reros boloeb-
ze damagrebulia cnobili m1 masis ori erTnairi tyviis patara birTvi. Rero,
romelzec damagrebulia sarke, dakidebulia liTonis drekad mavTulze. Reroze 
damagrebuli patara birTvebi miizideba maTTan axlos ganlagebuli didi masis 
mqone tyviis birTvebis mier, ris gamoc Rero Semotrialdeba. Semobrune bis kuT-
xe Zalian mcirea, amitom mas zomaven sarkidan areklili sinaTlis konis meSveo-
biT, romelic skalaze iZleva mnaT zols. Semobrunebis kuTxiT adgenen birTvebs 
Soris mizidvis Zalas, zomaven maT Soris manZils da (4) formulis saSualebiT 
gamoiTvlian G-s mniSvnelobas.

m2

m1

m1

F2

F2

F1

F1 = 

r

r

patara 
tyviis
burTi

sarke

skala

sinaTlis
kona

drekadi
mavTuli

didi
tyviis
burTi

m2
F2

F1

sur. 2. 38

gavecnoT gravitaciuli mudmivas mniSvnelobis dasadgen kidev erT cdas. 
mgrZnobiare sasworis erT mxares dakides vercxliswyliT savse minis sfero, 
romelic gaawonaswores sasworis meore mxares pinaze moTavsebuli sawonebiT. 
Semdeg vercxliswylis sferos qveS, masTan rac SeiZleba axlos, moaTavses daax-
loebiT 6000  kg masis tyviis sfero (sur. 2.39). tyviis sferom miizida ver c-
xliswylis sfero, ris gamoc sasworis wonasworoba dairRva. wonasworobis aR-
sadgenad pinaze sawonebi daamates. cxadia, damatebul sawonebze moqmedi simZimis 
Zala tolia im Zalis, romliTac tyviis sferom vercxliswylis sfero miizida. 

gazomes sferoTa centrebs Soris manZili, icodnen maTi masebi da 
2

1 2

FrG
m m

=
formuliT gamoTvales G-s mniSvneloba.

Tanamedrove gamoTvlebiT, G = 6,67384 �10-11 n � m2/kg2. magram amocanebis amox-
snisas gamoviyenebT mis miaxloebiT mniSvnelobas _ G = 6,67 � 10-11 n � m2/kg2. ro-
gorc vxedavT, gravitaciuli mudmiva Zalian mcire sididea, swored amitom ver 
vam CnevT Cven maxloblad myof sxeulebs Soris mizidvas. msoflio mizidulobis 
Za la sagrZnob mniSvnelobas aRwevs maSin, Tu erTi sxeulis masa mainc Zalian didia.
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m
R

m

0

ty.

vc.wy.

sur. 2. 39

bunebrivad ibadeba kiTxva: rogor xorcieldeba sxeulebs Soris gravita-
ciuli urTierTqmedeba raRac manZilze? anu, rogor urTierTqmedeben sxe-
ulebi erTmaneTTan uSualo kontaqtis gareSe? cxadia, niutonis epoqaSi amis 
asaxsnelad saWiro mecnieruli safuZvlebi ar arsebobda. Tanamedrove fizikis 
Tvalsazri siT ki yvela materialuri sxeuli mis garemomcvel sivrceSi qmnis 
gravita ciul vels. rac ufro didi masa aqvs sxeuls, miT ufro Zlieria misi 
Seqmnili gra vitaciuli veli, sxeulisagan daSorebis mixedviT veli sustdeba. 
sxeulebs Soris mizidva ki ase xorcieldeba: erTi sxeulis mier Seqmnili gravi-
taciuli veli moq medebs meore sxeulze da piriqiT, meore sxeulis mier Seq-
mnili gra vitaciuli veli moqmedebs pirvel sxeulze. sxeulisagan gansxvavebiT, 
gravita ciul vels adamianis grZnobis organoebi ver aRiqvams, Tumca is arse-
bobs. amitom veli materiis erT-erTi formaa. momavalSi Cven sxva saxis urTi-
erTqmedebebs da velebsac gavecnobiT.

msoflio mizidulobis kanonis gamoyenebiT SeiZleba, magaliTad, planete-
bis masis dadgena, maTze Tavisufali vardnis aCqarebis gamoTvla, kosmosuri 
xomaldis siCqaris gamoTvla da sxva. am sakiTxebs Tqven momdevno paragrafebSi 
gaecnobiT.

daskvnebi:

•	 samyaroSi nebismier or sxeuls Soris moqmedebs urTierTmizidvis Zalebi, 
romlebsac msoflio mizidulobis an gravitaciuli Zalebi ewodeba;

•	 nebismieri ori sxeuli urTierTmiizideba ZaliT, romlis moduli pirda-
pirproporciulia maTi masebis namravlisa da ukuproporciulia maT 
Soris manZilis kvadratisa:

1 2
2

m mF G
r

= ;

•	 gravitaciuli mudmiva ricxobrivad tolia im Zalis modulis, romliTac 
miizidebian 1 m manZiliT daSorebuli TiTo kilogrami masis mqone sxe-
ulebi. misi mniSvneloba tolia: G = 6,67 · 10-11 n · m2/kg2

 ;

•	 1 2
2

m mF G
r

=  formula Zalis zust mniSvnelobas iZleva: a) nivTieri wer-

tilebisaTvis, b) erTgvarovani sferuli sxeulebisaTvis, g) erTgvarovani 
sferuli sxeulisa da mis radiusTan SedarebiT bevrad mcire zomis sxe-
ulisaTvis. amasTan, sferuli sxeulis SemTxvevaSi manZili aiTvleba misi 
centridan;

•	 gravitaciuli Zala centrulia.
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sakontrolo kiTxvebi:

1. saidan vaskvniT, rom sxeulze dedamiwis mxridan moqmedi mizidvis Zala
sxeulis masis proporciulia?

2. ratomaa or sxeuls Soris msoflio mizidulobis Zala orive sxeulis
masis proporciuli?

3. or sxeuls Soris manZilis n-jer gazrda rogor Secvlis maT Soris
urTierTqmedebis gravitaciul Zalas?

4. Tqven ukve iciT, rom dedamiwa mis zedapirTan  moTavsebul daaxloebiT 5 kg
masis sxeuls 50  n ZaliT izidavs. ra ZaliT izidavs es sxeuli dedamiwas?
razea es Zala modebuli da saiTaa is mimarTuli?

5. mTvares aCqarebas dedamiwa aniWebs. iZens Tu ar aCqarebas dedamiwac?
6. ratom hqvia G-s msoflio mizidulobis mudmiva?
7. ra sidideebis gazomvaa saWiro gravitaciuli mudmivas mniSvnelobis

sapovnelad?
8. ratom ar aris SesamCnevi erTmaneTis gverdze mdgar or tankers Soris

mizidvis Zala, miuxedavad imisa, rom maT sakmaod didi masebi aqvs?

  erTad amovxsnaT amocana  

ori erTnairi da erTgvarovani birTvi erTmaneTs exeba. ramdenjer gaizrde-
ba birTvebs Soris mizidulobis Zala, Tu maT SevcvliT 8-jer meti simkvrivis 
birTvebiT  da isini erTmaneTs kvlav Seexebian?

ganixileT ori SemTxveva:
a) birTvebis masa ucvlelia;
b) birTvebis radiusi ucvlelia.

amoxsna: a) Tu birTvebis masa ucvlelia da maTi simkvrive 8-jer gaizrdeba, 

maSin 
m
Vρ =   formulis Tanaxmad, TiToeuli birTvis moculoba 8-jer Semcirde-

ba. Tavis mxriv,  birTvis moculobis gamosaTvleli formulis _ 34V R3= S Tanax-

mad, moculobis 8-jer Semcireba niSnavs TiToeuli birTvis radiusis 2-jer Sem-

cirebas. vinaidan birTvebi erTmaneTs exeba, birTvebis centrebs Soris manZilic 

2-jer Semcirdeba. 
2

2
mF G
R

=   formulidan gamomdinareobs, rom birTvebis cen-

trebs Soris manZilis 2-jer SemcirebiT maT Soris mizidulobis Zala 4-jer 

gaizrdeba.

pasuxi: birTvebs Soris mizidvis Zala 4-jer gaizrdeba.

b) Tu birTvebis radiusi ucvlelia da maTi simkvrive 8-jer gaizrdeba, maSin
m
Vρ =   formulis Tanaxmad, TiToeuli birTvis masac 8-jer gaizrdeba. vinaidan 

maT centrebs Soris manZili ucvlelia, 
m2

R2F=G  formulidan gamomdinareobs,

rom birTvebs Soris mizidulobis Zala 64-jer gaizrdeba.

pasuxi: birTvebs Soris mizidvis Zala 64-jer gaizrdeba. 
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 amoxseniT amocanebi:

1. daakvirdiT gravitaciuli mizidvis Zalis gamosaTvlel formulas da im-
sjeleT, ra SemTxvevaSi iqneba or masiur sxeuls Soris mizidvis Zala praqtiku-
lad nulis toli da ra SemTxvevaSi _ maqsimaluri.

2. rogor Seicvleba or erTgvarovan birTvs Soris mizidvis Zala, Tu bir-
Tvebis centrebs Soris manZils 2-jer gavzrdiT?

3. ori erTgvarovan birTvs Soris mizidulobis Zalis modulia F. risi 
toli gaxdeba birTvebs Soris mizidvis Zala, Tu pirveli birTvis masas 2-jer 
gavzrdiT, meorisas ki _ 3-jer, xolo birTvebis centrebs Soris manZils ucvle-
lad davtovebT. 

4. mTvarisaken mimavali kosmosuri xomaldi deda-
miwidan garkveuli manZiliT daSorebis Semdeg Zravs ga-
morTavs da moZraobas mTvaris mizidulobis Zalis moq-
medebiT agrZelebs. ratom araa SesaZlebeli, rom xomal-
di Tavidanve mTvaris mizidulobis ZaliT gafrindes?

5. vTqvaT, cnobilia dedamiwis masa (M
ded

), mTvaris 

masa (M
mTv

) da maT centrebs Soris manZili (R). dedami-
wisa da mTvaris SemaerTebel wrfeze, dedamiwis centri-
dan ra manZilze unda iyos xelovnuri Tanamgzavri, rom 
is dedamiwam da mTvarem erTi da imave modulis ZaliT 
miizidon?

6. SesaZlebelia Tu ara, rom xelovnuri Tanamgzav-
ri ar imyofebodes mTva risa da dedamiwis SemaerTebel 
wrfeze da masze dedamiwisa da mTvaris mxridan moqmed-
ma mizidulobis Zalebma erTmaneTi gaabaTilon? pasuxi 
daasabuTeT.

7. sakmarisi manZiliT daSorebul or erTnair, erT-
gvarovan birTvs Soris mizidu lobis Zalis modulia F. 
risi toli gaxdeba pirvel birTvze moqmedi mizidulo-
bis Zala, Tu birTvebis centrebis SemaerTebeli monakve-
Tis Sua wertilSi mesame iseTsave birTvs movaTavsebT? 

8. M masis mqone or erTgvarovan birTvs Soris mizi-
dulobis Zalis modulia F. risi toli gaxdeba maT 
Soris urTierTqmedebis Zala, Tu erT-erTi birTvidan 

amoWrili iqneboda misi koncentruli1 
3
M  masis birTvi 

(sur. 2.40)?
9. kvadratis or mopirdapire wveroSi moTavsebu-

lia m masis mqone ori erTgvarovani birTvi. risi toli 
iqneba kvadratis mesame wveroSi moTavsebuli 2m masis 
nivTier wertilze moqmedi Zala, Tu kvadratis gverdis 
sigrZe a-s tolia (sur. 2.41)?

10. a gverdis mqone kvadratis or mopirdapire 
wveroSi moTavsebulia m masis ori erTgvarovani birT-
vi, mesame wveroSi ki _ 3m masis nivTieri wertili. mis-
gan ra manZilze da sad unda movaTavsoT 2m masis mcire 
zomis erTgvarovani burTula, rom nivTieri wertili 
gawonasworebuli aRmoCndes (sur. 2.42)?

1 koncentruli _ saerTo centris mqone.

a

m

m

2m

sur. 2.41

a

m

m

3m

sur. 2.42

sur. 2.40
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§ 2.7 Tavisufali vardnis aCqareba

msoflio mizidulobis Zalis erT-erTi kerZo SemTxvevaa Zala, romliTac 
dedamiwa izidavs misi zedapiris maxloblad myof sxeuls. Tqven ukve iciT, rom 
mas simZimis Zalas uwodeben. simZimis Zalis roli udidesia dedamiwis iseTi sa-
xiT formirebaSi, rogoriTac is dRes arsebobs. magaliTad, am Zalis gamoa, rom 
dedamiwas garSemo atmosfero akravs, modis wvima, miedineba mdinareebi da mrava-
li sxva. simZimis Zalas iTvaliswinebs adamiani yoveldRiur cxovrebaSi, magali-
Tad, xidebis, gvirabebis, Senobebis, anZebis, avtomobilebis agebisas. amitom saWi-
roa vicodeT, razea damokidebuli simZimis Zalis moduli da erTnairia Tu ara 
misi mniSvneloba dedamiwis sxvadasxva wertilSi.

Tu miviCnevT, rom dedamiwa M masisa da R radiusis mqone erTgvarovani birT-
via, maSin mis zedapirze myof m masis sxeulze moqmedi simZimis Zalis moduli 
toli iqneba:

  
2

MmF G
R

=simZ
 (1) 

simZimis Zala modebulia sxeulis simZimis centrze da mimarTulia dedamiwis 
centrisken.

wina paragrafSi Cven aRvniSneT, rom Tu sxeulze mxolod simZimis Zala moq-
medebs, maSin is Tavisuflad vardeba. Tavisufali vardnis aCqarebis moduli ki 
SeiZleba vipovoT niutonis II kanonis gamoyenebiT:

   2 2
F M m Mg G G
m R m R

⋅
= = =

⋅
simZ   (2)

es formula maTematikurad adasturebs galileis mier eqsperimentulad miRe-
bul Sedegs: Tavisufali vardnis aCqareba ar aris damokidebuli sxeulis masaze 
da dedamiwis mocemul wertilSi yvela sxeulisaTvis erTnairia. TviT es faqti ki 
imas niSnavs, rom Tavisufali vardnis aCqareba raime wertilSi SeiZleba am wer-
tilSi gravitaciuli velis maxasiaTebel sidided miviCnioT: romel wertilSic 
Tavi sufali vardnis aCqarebis mniSvneloba ufro metia, gravitaciuli velic 
ufro Zlieria.

aseve, (2) formulidan SeiZleba davweroT, rom

  F mg=




simZ
 (3) 

maSasadame, sxeulze moqmedi simZimis Zala sxeulis masisa da Tavisufali vard-
nis aCqarebis namravlis tolia.

h
R

sur. 2.43

    im SemTxvevaSi, rodesac sxeuli dedamiwis zedapiri-
dan h simaRleze imyofeba (sur. 2.43), manZili dedamiwis 
centrsa da sxeuls Soris iqneba (R + h), amitom Tavisu-
fali vardnis aCqareba aseT simaRleze to li iqneba:

 2
Mg G

(R h)
=

+
  (4)
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e.i. dedamiwis zedapiridan daSorebasTan erTad Tavi sufali vardnis aCqareba 
mcirdeba. es gasagebicaa _ sxe ulebs Soris manZilis gazrda xom maT Soris mizid-
vis Zalis Semcirebas iwvevs. maSin ratom ver vgrZnobT Tavs ufro msubu qad 
TviTmfrinavSi 10 km simaRleze? dedamiwis radiusi 6400 km-ia, amitom misi zeda-
piridan ramdenime kilometr simaRleze simZimis Zala imdenad mcired icvle-
ba, rom SeiZleba mudmivad miviCnioT. Sesabami sad, Tavisufali vardnis aCqare-
bis mniSvnelobas dedamiwis zedapirze da mis maxlobel simaRleebze miviCnevT  
9,8 m/wm2-is tolad.

gazomvebiT dadgenilia, rom Tavisufali vardnis aCqarebis mniSvneloba sxva-
dasxva ganedze mcired gansxvavdeba rogorc erTmaneTisagan, aseve (2) formu-

liT gamoTvlili mniSvnelobisagan _ 2
Mg G 9,83
R

= = m/wm2. magaliTad, poluseb-

ze is 9,83 m/wm2-is tolia, ekvatorze _ 9,78 m/wm2-is, xolo 450-ian ganedze _  

9,81 m/wm2-is.

polusi

ekvatori

R
p

eR

sur. 2. 44

    Tavisufali vardnis aCqarebis cvlileba gamow veulia 
sxvadasxva mizeziT: 1. dedamiwis dReRamuri brunviT 
misi warmosaxviTi RerZis garSemo; 2. dedamiwis arasferu-
li formiT _ polusebTan is ramdenadme Sebrtyelebu-
lia (sur. 2.44): manZili dedamiwis centridan polusamde 
daaxloebiT 6356,9 km-ia, xolo ekvatoramde _ 6378,2 km;  
3. dedamiwis araTanabari simkvriviT _ zog adgilebSi mi-
wis wiaRSi ganlagebuli qanebis simkvrive gansxvavdeba 
dedamiwis saSualo simkvrivisagan. iq, sadac SedarebiT 
didi simkvrivis qanebia, g-s mniSvneloba aRemateba moce-
muli ganedis Sesa bamis mniSvnelobas. es SeiZleba ga-

mowveuli iyos wiaRSi liTonebis Semcveli qanebis arsebobiT. g-s mniSvnelobis 
kleba ki SeiZleba gamowveuli iyos wiaRSi navTobis an bunebrivi airis arsebo-
biT. am faqts warmatebiT iyeneben geologiaSi sasargeblo wiaRiseulis aRmosa-
Cenad. amisaTvis saWiroa didi sizustiT gaizomos Tavisufali vardnis aCqareba. 
wiaRiseulis Zebnis am meTods gravimetriuli dazverva ewodeba.

Tavisufali vardnis aCqarebis codna saSualebas gvaZlevs, vipovoT dedamiwis 
masa, anu „avwonoT“ dedamiwa. marTlac, (2) formulidan gamovsaxoT dedamiwis 
masa:

 
2gRM

G
=  (5)

Tu am formulaSi SevitanT Semdeg mniSvnelobebs: g = 9,8 m/wm2, R = 6,4 � 106 m,  

G = 6,7 � 10-11 n,m2/kg2, miviRebT dedamiwis masas: M
d
= 6,0 �1024 kg. analogiurad SeiZ-

leba nebismieri planetis masis dadgena, Tu gvecodineba misi radiusi da Tavi-

sufali vardnis aCqareba am planetaze. 

 rogor gamoiTvliT mzis masas msoflio mizidulobis kanonis daxmarebiT?

amocanebis amoxsnisas (Tu ar aris specialuri miTiTeba) Tavisufali vardnis 
aCqarebis mniSvneloba dedamiwaze miiCnieT 10 m/wm2is tolad.
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daskvnebi:

•	 Tavisufali vardnis aCqareba ar aris damokidebuli sxeulis masaze da  

dedamiwis mocemul wertilSi yvela sxeulisaTvis erTnairia:  2
Mg G
R

= , 
g ≈ 9,8 m/wm2;

•	 sxeulze moqmedi simZimis Zala sxeulis masisa da Tavisufali vardnis aC-

qarebis namravlis tolia:  F mg=




simZ ;

•	 Tavisufali vardnis aCqareba dedamiwis zedapiridan h simaRleze tolia:  

2
Mg G

(R h)
=

+
;

•	 dedamiwis sxvadasxva wertilSi Tavisufali vardnis aCqarebis gansxvavebas 
ganapirobebs: 1) dedamiwis dReRamuri brunva; 2) dedamiwis arasferuli 
forma; 3) dedamiwis araTanabari simkvrive.

 

sakontrolo kiTxvebi:

1. razea damokidebuli Tavisufali vardnis aCqarebis mniSvneloba?
2. risi toli gaxdeba Tavisufali vardnis aCqareba, Tu sxeuls dedamiwis 

zedapiridan radiusis tol simaRleze avitanT?
3. sad ufro metia Tavisufali vardnis aCqareba _ polusze, Tu ekvatorze?
4. gravimetriuli dazverviT g-s mniSvneloba imave adgilze CveulebrivTan 

SedarebiT mcire aRmoCnda. ra daskvnas gamoitandi?
5. planetis ra monacemebi unda icode, rom ipovo Tavisufali vardnis 

aCqareba am planetaze?

  erTad amovxsnaT amocana  

Txevad planetaze, romelic gavarvarebul lavas warmoadgens, daeca didi zomis 
kometa. Sedegad planetis saSualo simkvrive 1,1-jer gaizarda, xolo radiusi _  
1,2-jer. ramdenjer Seicvala Tavisufali vardnis aCqareba am planetis zeda-
pirze?

amoxsna: amocanis amosaxsnelad saWiroa planetis zedapirze Tavisufali vard-

nis aCqareba ( 2
Mg G
R

= ) gamovsaxoT planetis simkvriviT. amisaTvis jer planetis 

masa CavweroT misi simkvriviT: gavixsenoT, rom sxeulis masa misi simkvrivisa da 
moculobis namravlis tolia _ M = ȡ9. amasTan, sferuli planetis moculoba 

34V R .3= S amitom planetis masisaTvis miviRebT: 34M R .3= ρ ⋅ S  Tu miRebul Sedegs 

SevitanT Tavisufali vardnis aCqarebis gamosaTvlel formulaSi, gveqneba:
3

2 2
M 4 Rg G G .3R R

S
= = ρ ⋅  radiusis kvadratebis SekveciT ki miviRebT: 

4g G R.3= ρ ⋅ S  

am formulidan Cans, rom simkvrivis 1,1-jer da radiusis 1,2-jer gazrda Tavi-

sufali vardnis aCqarebis 1,1�1,2 = 1,32-jer zrdas gamoiwvevs. 

pasuxi: Tavisufali vardnis aCqareba gaizarda 1,32-jer.
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 amoxseniT amocanebi:

1. ramdenjer metia Tavisufali vardnis aCqareba dedamiwis zedapirze, vidre 
misi zedapiridan 200 km simaRleze? dedamiwis radiusi miiCnieT 6400 km-is tolad. 

2. rogor axsniT dedamiwis gravitaciuli velis Sesustebas misgan da Sorebis 
zrdis mixedviT?

3. kometa, romelic mzisgan Zalian didi manZiliT iyo daSorebuli, uax-
lovdeba mas. rogor icvleba misi aCqareba am moZraobisas?

4. risi tolia Tavisufali vardnis aCqareba dedamiwis zedapiridan mis radi-
usze 4-jer met simaRleze?

5. dedamiwis zedapiridan ra simaRleze avida kosmosuri xomaldi, Tu am si-
maRleze Tavisufali vardnis aCqareba 96%-iT naklebia, vidre dedamiwis zeda-
pirze?

6. marsis masa daaxloebiT dedamiwis masis 1/10-nawilia, xolo radiusi _ 
dedamiwis radiusze 2-jer naklebi. ramdenjer metia Tavisufali vardnis aCqare-
ba dedamiwis zedapirze, vidre _ marsis zedapirze? 

7. oTxi erTnairi masis planeta ganlagebulia kvadratis wveroebze. risi 
toli iqneba kvadratis centrSi moTavsebuli nivTieri wertilis aCqareba?

8. dedamiwisa da mTvaris masebi, Sesabamisad, 6 �1024 kg

384000km.

sur. 2. 45

 
da 7,4 �1022 kg-ia. maT Soris manZili daaxloebiT _  
384 000 km (sur. 2.45). dedamiwisa da mTvaris centrebis 
SemaerTebel wrfeze dedamiwidan ra manZilze unda mo-
vaTavsoT nivTieri wertili, rom misi aCqareba nuls 
gautoldes?

9. ramdenjer gansxvavdeba erTmaneTisagan Tavi-
sufali vardnis aCqareba im ori planetis zedapirze, 
romelTa radiusebi erTnairia, xolo erT-erTis sim-
kvrive 2-jer aRemateba meorisas?

10. ramdenjer gansxvavdeba erTmaneTisagan Tavi-
sufali vardnis aCqareba im ori planetis zedapirze, 
romelTa masebi erTnairia, xolo erT-erTis simkvrive 
8-jer metia meorisaze?

miniSneba: R radiusis mqone sferos moculoba ga-

moiTvleba formuliT 34v R ,
3

= S .
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§ 2.8 moZraoba simZimis Zalis moqmedebiT:  
Tavisuflad vardnili da vertikalurad  

asrolili sxeulis moZraoba

sxeulis vertikalurad moZraobis magaliTebi mravladaa bunebasa da adami-
anis yoveldRiur yofaSi. es moZraoba SeiZleba Tanabaric iyos da araTanabaric. 
magaliTad, Rrublidan vardnili wveTis siCqare jer imatebs, garkveuli momen-
tidan ki mudmivi xdeba. xidan vardnili vaSlis moZraoba dedamiwaze dacemamde 
didi miaxloebiT SeiZleba TanabaraCqarebulad miviCnioT, vertikalurad zeviT 
asrolili foierverkis kafsulis moZraoba Senelebulia da a.S.

yvela zemoT moyvanil magaliTSi sxeulebi imoZravebdnen TanabaraCqarebu-
lad, g aCqarebiT, maTze mxolod simZimis Zala rom moqmedebdes. aseT Sem T-
xve vaSi meqanikis ZiriTadi amocanis amoxsna rTuli ar aris. realur pirobebSi 
ki sxeulze, garda simZimis Zalisa, sxva Zalebic moqmedebs, amitom moZraobis 
Seswavla ufro rTuldeba. vertikalze moZraoba SeiZleba TanabaraCqarebulad 
miviCnioT, Tu davuSvebT, rom:

1. sxeuli moZraobs dedamiwis zedapiris maxloblad. am SemTxvevaSi dedamiwis 
simrude SeiZleba ugulebelvyoT, xolo Tavisufali vardnis aCqareba mudmivad 
miviCnioT;

2. sxeuli mcire zomisaa, mZimea da mcire siCqariT moZraobs. am SemTxvevaSi 
haeris winaaRmdegobis Zalis gavlena moZraobaze SeiZleba ugulebelvyoT;

3. aTvlis sistema, romelic dakavSirebulia dedamiwis zedapirTan myof sxe-
ulTan, inerciulia.

rodesac sxeuli raime simaRlidan iwyebs Tavisufal vardnas usawyiso siCqa-
riT an vertikalurad qveviT mimarTuli sawyisi siCqariT, maSin misi moZraobis 
traeqtoria wrfea. aseve wrfeze moZraobs Sveulad zeviT mimarTuli sawyisi 
siCqariT asrolili sxeuli. orive SemTxvevaSi sxeulze moqmedebs mxolod ver-
tikalurad qveviT mimarTuli simZimis Zala, romelic iwvevs sxeulis siCqaris 
cvli lebas: qveviT moZraobisas siCqaris moduli gaizrdeba, zeviT moZraobisas 
ki _ Semcirdeba. orive es moZraoba TanabaraCqarebulia, amitom maT aRsawerad 
unda gamoviyenoT is formulebi, romlebic aRwers TanabaraCqarebul moZraobas. 
miRebulia, rom am formulebSi aCqarebis a simbolo SevcvaloT g-Ti, gadaadgi-
lebis s simbolo h-iT, xolo siCqaris, aCqarebisa da gadaadgilebis veqtorebi  _ 
vertikalur OY RerZze davagegmiloT. miviRebT:

0v 0≠ 0v 0=  

1. y 0y yv v g t= +

2. 
2

y
y 0y

g t
h v t

2
= +

3. 
2 2

y 0y
y

y

v v
h

2g
−

=

4. 0y y
y

v v
h t

2
+

=

5. 
2

y
0 0y

g t
y y v t

2
= + +

1. y yv g t=

2. 
2

y
y

g t
h

2
=

3. 
2
y

y
y

v
h

2g
=

4. y
y

v
h t

2
=

5. 
2

y
0

g t
y y

2
= +
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jer gavnvixiloT sxeulis Tavisufali vardna. am moZraobisas umjobesia 
OY RerZi mivmarToT Sveulad qveviT (sur. 2.46). maSin gveqneba: v0y = v0;  vy = v; 
gy = g;  hy = h. amitom siCqaris modulis, gavlili manZilisa da koordinatis gamo-
saTvleli formulebi miiRebs Semdeg saxes:

h

0

y xV

V0

g

sur. 2. 46

0v 0≠ 0v 0=

1. 0v v gt= +  

2. 
2

0
gth v t
2

= +

3. 
2 2

0v vh
2g
−

=

4. 0v vh t
2
+

=

5. 
2

0 0
gty y v t
2

= + +

1. v gt=  

2. 
2gth

2
=

3. 
2vh

2g
=

4. 
vh t
2

=

5. 
2

0
gty y
2

= +

rodesac sxeuli usawyiso siCqariT vardeba, maSin frenis xangrZlivoba da 
saboloo siCqare SeiZleba gamovsaxoT am cxrilis meore svetis (2) da (3) for-
mulebidan. miviRebT:

2ht
g

=     da  v 2gh.=  

 

Sveulad zeviT asrolili sxeulis moZraobis aRwerisas gaviTvaliswinoT, 
rom aCqarebis veqtoris mimarTuleba sawyisi siCqaris veqtoris mimarTulebis 
sawinaaRmdegoa. umjobesia, OY RerZi mivmarToT Sveulad zeviT (sur. 2.47). maSin 
gveqneba: v0y = v0;  vy = v;  gy = -g;  hy = h. amitom zemoT moZraobisas siCqaris modulis, 
gavlili manZilisa da koordinatis gamosaTvleli formulebi miiRebs aseT saxes:

0

gh

y

x

V0

V

sur. 2. 47

1. 0v v gt= −  

2. 
2

0
gth v t
2

= −

3. 
2 2
0v vh
2g
−

=

4. 0v vh t
2
+

=

5. 
2

0 0
gty y v t
2

= + −

unda aRiniSnos, rom koordinatis gamosaTvleli formula marTebulia sxeu-
lis umaRles wertilSi asvlis Semdegac.

zeviT moZraobisas sxeulis siCqare iklebs, amitom dadgeba momenti, rodesac 
siCqare nulis toli gaxdeba (v = 0) da sxeuli Sewyvets zeviT asvlas. am momentSi 
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sxeuli miaRwevs maqsimalur simaRles. am simaRleze asvlis dro toli iqneba:

0vt
g

= .

maqsimaluri simaRlisaTvis ki miviRebT:

2
0vh

2g
=maqs .

cxadia, am simaRlis miRwevis Semdeg sxeuli daiwyebs qveviT Tavisufal var-
dnas.

 gamoiyeneT miRebuli formulebi da daasabuTeT: 
1. vertikalurad asrolili sxeulis maqsimalur simaRleze asvlis dro da

asrolis wertilamde qveviT vardnis dro erTmaneTis tolia; 
2. sxeulis asrolis sawyisi siCqare moduliT tolia im siCqarisa, romelic

mas asrolis wertilSi dabrunebisas eqneba.

kidev rogor SeiZleba davasabuToT asrolisa da ukan dabrunebis siC-
qareTa modulebis toloba?

amocanebis amoxsnisas, Tu ar aris specialuri miTiTeba, sxeulis vertikalze 
moZraoba miiCnieT TanabaraCqarebulad, romlis aCqarebaa g.

daskvnebi:

• Tu sxeulze mxolod simZimis Zala moqmedebs, is moZraobs TanabaraCqare-
bulad, g aCqarebiT;

• sxeulis Tavisufali vardnisas misi siCqaris moduli Tanabrad izrdeba,
vertikalurad zeviT asrolili sxeulis siCqaris moduli ki Tanabrad
mcirdeba manam, vidre is nulis toli gaxdeba da sxeuli maqsimalur si-
maRles miaRwevs;

• simZimis Zalis moqmedebiT vertikalze moZravi sxeulis siCqaris gegmili

da koordinati gamoisaxeba formulebiT: vy = v0y + gyt;
2

y
0 0y

g t
y y v t

2
= + + ;

• Sveulad, usawyiso an  qvemoT mimarTuli sawyisi siCqariT vardnili sxeu-
lis siCqaris moduli da gavlili manZili gamoiTvleba formulebiT:

0v v gt= + ;        
2

0
gth v t
2

= + ;
2 2

0v vh
2g
−

= ;        0v vh t
2
+

= ;

• vertikalurad zeviT asrolili sxeulis siCqaris moduli da gavlili man-
Zili maqsimaluri simaRlis miRwevamde gamoiTvleba formulebiT:

0v v gt= − ;        
2

0
gth v t
2

= − ;
2 2
0v vh
2g
−

= ;        0v vh t
2
+

= ;

• vertikalurad asrolili sxeulis maqsimalur simaRleze asvlis dro da
asrolis wertilamde qveviT vardnis dro erTmaneTis tolia;

• sxeulis asrolis sawyisi siCqare moduliT   tolia im siCqarisa,  rome lic
mas asrolis wertilSi dabrunebisas aqvs.
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sakontrolo kiTxvebi:

1. ratomaa rTuli  haerSi moZraobis Seswavla?
2. ra unda davuSvaT, rom sxeulis vertikalze moZraoba g aCqarebis mqone 

TanabaraCqarebul moZraobad miviCnioT?
3. ras niSnavs vertikalurad asrolili sxeulis aCqarebis gegmili  

-9,8 m/wm2-ia?
4. mTvaris zedapiridan vertikalurad zeviT asrolili sxeuli 8 wm-is Sem-

deg Camovarda. ra drois ganmavlobaSi moZraobda is zeviT? qveviT?  

  erTad amovxsnaT amocana  

erTi da imave wertilidan, romelic dedamiwis zedapiridan sakmarisad did 
simaRlezea,   erTdroulad isvrian or burTulas: erTs _ vertikalurad zeviT,  
40 m/wm sawyisi siCqariT, meores ki _ vertikalurad qveviT 10 m/wm sawyisi siC-
qariT. risi toli iqneba burTulebis siCqare da maT Soris manZili srolidan 
2 wamis Semdeg? haeris winaaRmdegobas nu gaiTvaliswinebT  (g≈10 m/wm2).

amoxsna: 

moc: 
v01=40 m/wm;
v02=10 m/wm;
t=2wm; 
g≈10 m/wm2.
u.v. v1, v2, h

   sakoordinato RerZi mivmarToT vertikalurad 
zeviT, aTvlis saTaved avirCioT srolis wertili 
(sur. 2.48). maSin pirveli burTulis siCqaris gegmi-
lis droze damokidebulebis formulas eqneba Sem-
degi saxe: v

1y = v
01y + gyt. ricxviTi mniSvnelobebis Cas-

miT miviRebT: v
1y = 40 _ 10 �2 = 20 (m/wm). vinaidan  v

1y 
siCqaris gegmili dadebiTia, es niSnavs, rom  pirveli 
burTulis siCqare asrolidan 2 wamis Semdeg mimar-

Tulia vertikalurad zeviT da misi modulia 20 m/wm. meore burTu-
lis siCqaris gegmilis droze damokidebulebis formulaa: 
v

2y = v
02y + gyt = -10 _ 10 � 2 = -30 (m/wm). miRebuli Sedegi gviCvenebs, 

rom meore burTulis siCqare srolidan 2 wamis Semdeg mimarTu-
lia vertikalurad qveviT da misi modulia 30 m/wm. TiToeuli bur-
Tulis koordinatis gamosaTvlel formulebs aqvs Semdegi saxe: 

2
y

1 0 01y
g t

y y v t ,2= + ⋅ +  
2

y
2 0 02y

g t
y y v t .2= + ⋅ +  sawyisi  y

0
 koordinati 

orive burTulisTvis nulis tolia. maT Soris manZili drois nebismier momentSi 
iqneba: 

h= y1 – y2 = v01y ��W�_ v
02y ��W�=(v01y _ v

02y) � �W� �����_ (-10))t . e.i. h = 50t, miviReT, rom 

burTulebs Soris manZili drois mixedviT Tanabrad izrdeba, anu burTulebi 
erTmaneTis mimarT Tanabrad moZraoben. es imiTaa gamowveuli, rom orive bur-
Tulas dedamiwis mimarT erTnairi aCqareba aqvs, amitom erTmaneTis mimarT aCqa-
rebiT ar moZraoben. burTulebs Soris manZili maTi srolis momentidan 2 wamis 
Semdeg iqneba: h = 50 �  2 = 100 (m).

pasuxi: gasrolidan ori wamis Semdeg pirveli burTulis siCqarea 20 m/wm da 
mimarTulia zeviT, meore burTulisa  _ 30 m/wm da mimarTulia qveviT, maT Soris 
manZili ki 100 m-ia.

V01

V02

0

y

sur. 2. 48
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amoxseniT amocanebi:

1. ra manZils gaivlis sawyisi siCqaris gareSe siCqariT Tavisuflad vardni-
li burTula 5 wm-Si? J§�0 m/wm2.

2. vertikalurad zeviT 10 m/wm siCqariT aisroles mcire zomis burTula. 
ra droSi miaRwevs igi maqsimalur simaRles? risi tolia es simaRle? haeris 
winaaRmdegobas nu gaiTvaliswinebT (J§�0 m/wm2).

3. saxuravidan 2 wm-is intervaliT moswyda wylis ori wveTi (sur. 2.49). ra 
manZili iqneba wveTebs Soris meore wveTis mowyvetis momentSi? ra manZili iqneba 
wveTebs Soris meore wveTis mowyvetis momentidan 3 wamis Semdeg? wveTis moZra-
oba Tavisufal vardnad miiCnieT (J§�0 m/wm2).

sur. 2. 49

4. didi simaRlidan Tavisuflad vardnas iwyebs burTula (J§�0 m/wm2). gansaz-
RvreT:

a) vardnis dawyebidan pirvel wamSi gavlili manZili;
b) vardnis dawyebidan or wamSi gavlili manZili;
g) vardnis dawyebidan meore wamSi gavlili manZili;
d) vardnis dawyebidan mesame wamSi gavlili manZili;
e) rogor Seefardeba pirvel, meore da mesame wamSi gavlili manZilebi erT-

maneTs.
5. vertikalurad zeviT 30 m/wm siCqariT aisroles sxeuli. asrolidan ra 

drois Semdeg iqneba sxeuli saw yisi donidan 25 m simaRleze? haeris winaaRmde-
gobas nu gaiTvaliswinebT (J§�0 m/wm2).

6. sawyisi siCqaris gareSe Tavisuflad vardnilma sxe ulma vardnis bolo wam-
Si 55 m gaiara. ra drois ganmavlobaSi vardeboda sxeuli? J§�0 m/wm2.

7. sawyisi siCqaris gareSe siCqariT Tavisuflad vardnilma sxeulma vardnis 
bolo wamSi 45 m gaiara. ra siCqare hqonda sxeuls vardnis dawyebidan sami wamis 
Semdeg? J§�0 m/wm2.
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8. vertikalurad zeviT 40 m/wm sawyisi siCqariT aisroles burTula. ramde-
niT metia burTulis mier 6 wamSi gavlili manZili misi gadaadgilebis modulze? 
haeris winaaRmdegobas nu gaiTvaliswinebT (J§�0 m/wm2).

9. 30 m simaRlis aivnidan vertikalurad zeviT 20 m/wm siCqariT aisroles
burTi. dedamiwis zedapiridan ra simaRleze gaxdeba misi siCqaris gegmili  
-30 m/wm-is toli RerZze, romelic vertikalurad zeviTaa mimarTuli? 

10. 30 m simaRlis aivnidan vertikalurad zeviT 30 m/wm siCqariT aisroles bur-
Tula. imavdroulad, dedamiwis zedapiridan 40 m/wm sawyisi siCqariT aisroles 
meore burTula. haeris winaaRmdegobas nu gaiTvaliswinebT (J§�0 m/wm2) da gansaz-
RvreT:

a) sawyisi momentidan ra droSi iqnebian isini erTsa da imave simaRleze;
b) ra maqsimalur simaRles miaRwevs TiToeuli;
g) drois ra intervaliT daecemian burTulebi dedamiwis zedapirze.

 saSinao cda:

cdis mizani: horizontalurad gasrolili sxeulis vardnis drois gasrolis 
siCqareze damokidebulebis dadgena.

am damokidebulebis dasadgenad saWiroa sxeuls mianiWoT sxvadasxva hori-
zontaluri siCqare da SeadaroT vardnis droebi.

cdisTvis saWiroa: sqeli muyaos naWeri, ori patara burTula (SeiZleba gamoi-
yenoT ori mrgvali Txili), plastilini, myari saxazavi.

cdis aRwera: muyaos kidesTan axlos gaakeTeT iseTi zomis mrgvali naxvreti, 
rom masSi burTula (Txili) ar eteodes. dadeT muyaos fir fita magidaze ise, 
rom naxvreti magidis kides iyos gadacilebuli. burTulebi plastiliniT ise 
SeawebeT erTmaneTs, rom erTi maTgani naxvretis qveda mxares aRmoCndes, meore 
_ naxvretis zeviT. SeecadeT plastilini mxolod burTulebs akavSirebdes da 
muyaos arsad exebodes (sur. 2.50). muyaoze saxazavis swrafi gasmiT plastilini 
gawydeba. qveda burTula pirdapir Sveulad daiwyebs vardnas usaw yiso siCqariT. 
imavdroulad, zeda burTula miiRebs horizontalur sawyis siCqares da magidis 
Ziridan Sors gadavardeba.

sur. 2. 50

daakvirdiT burTulebis vardnas da SeadareT, isini iatakze sxvadasxva dros 
daecema, Tu erTdroulad. cda ramdenjerme gaimeoreT, dakvirvebis Sedegebi 
CainiSneT rveulSi da gamoitaneT daskvna.
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§ 2.9 moZraoba simZimis Zalis moqmedebiT:
horizontalurad gasrolili sxeulis moZraoba

saSinao cdiT, albaT, darwmundiT, rom rogori siCqarec unda mianiWo I bur-
Tulas, is imave droSi davardeba iatakze, rogorc II, sawyisi siCqaris gareSe 
vardnili burTula. es niSnavs, rom orive burTula erTsa da imave drois gan-
mavlobaSi vardeboda. e.i. gasrolili burTulis Sveul vardnas xels ar uSlis 
misi horizontaluri mimarTulebiT moZraoba da piriqiT. 

CavataroT cda sur. 2.51 gamosaxuli danadgaris daxmarebiT. rkinis drekad 
firfitaze CaquCis dartymiT II burTula

III V0

sur. 2. 51

iZens horizontalurad mimarTul sawyis 
v0  siCqares. imavdroulad, I burTula Ta-
visufldeba firfitis dawolisagan da iw-
yebs Sveulad vardnas sawyisi siCqaris ga-
reSe.

Tu burTulebis vardnas drois toli 
SualedebiT suraTebs gadavuRebT, davrw-
mundebiT, rom orive burTula Sveuli mi-
marTulebiT TanabaraCqarebulad, erTnai-
ri aCqarebiT moZraobs (drois tol SualedebSi Sveulad Sesrulebuli gadaadg-
ilebebis modulebi erTmaneTs ise Seefardeba, rogorc 1:3:5:7...). amasTan, II bur-
Tula horizontaluri mimarTulebiT moZraobs Tanabrad. e.i. II burTulas moZra-
oba SeiZleba davSaloT or ufro martiv moZraobad: Sveul Tavisufal vardnad 
da horizontalur Tanabar moZraobad. es magaliTi demonstrirebaa moZraobebis 
damoukideblobis princi pisa, romlis mixedviTac, nebismieri rTuli moZraoba 
SeiZleba warmovadginoT, rogorc ramdenime SedarebiT martivi moZraobis jami.

aRvweroT II burTulis moZraoba. amisaTvis mis sawyis mdebareobas davam-
TxvioT koordinatTa saTave, OX RerZi mivmarToT ho- V0

VVy

Vx

O

h

y

A B

x

sur. 2. 52

ι

rizontalurad, xolo OY RerZi _ vertikalurad 
qveviT (sur. 2.52). am moZraobis dros burTulaze 
moqmedebs erTi, OY RerZis gaswvriv mimarTuli 
simZimis Zala, ris gamoc burTulis aCqarebis geg-
milebi RerZebze iqneba: ax = 0 da ay = g. es niSnavs, 
rom horizontaluri mimarTulebiT moZraoba Tana-
baria, amitom OX RerZze siCqaris gegmilisa da 
koordinatisaTvis miviRebT: vx = v0 da x = v0t.

Sveuli mimarTulebiT burTulas sawyisi siCqare 
ar aqvs da vardeba g aCqarebiT, amitom OY RerZze siCqaris gegmilisa da koor-

dinatisaTvis gveqneba: yv gt=  da 
2gty .

2
=

burTulis h-iT daSvebisaTvis (y = h) saWiro vardnis dro toli iqneba:

3
2ht .
g

=

Tu vardnis drois am mniSvnelobas x koordinatis gamosaTvlel formulaSi 
CavsvamT, miviRebT frenis siSoris (horizontaluri mimarTulebiT gavlili man-
Zilis) mniSvnelobas:

ι = =AB v h
g0
2 .
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burTulis siCqare traeqtoriis nebismier wertilSi mimarTulia am wertilSi 
gavlebuli mxebis gaswvriv da misi moduli tolia:

2 2 2 2 2
x y 0v v v v g t ,= + = +

h simaRliT daSvebis momentSi ki siCqaris moduli toli iqneba:

2
0v v 2gh.= +

 rogor SeiZleba miiRoT es formula meqanikuri energiis mudmivobis ka-
nonis gamoyenebiT?

moZraobis traeqtoriis formis dasadgenad davamyaroT kavSiri x da y koor-
dinatebs Soris. amisTvis x-is formulidan gamovsaxoT t dro da CavsvaT y koor-
dinatis formulaSi, miviRebT:

2
2
0

gy x .
2v

= ⋅

e.i. horizontalurad gasrolili sxeulis Sveuli y koordinati horizonta-
lur x koordinatze kvadratuladaa damokidebuli, amitom moZraobis traeqto-
ria im parabolis nawilia, romlis wvero gasrolis wertils emTxveva.

daskvnebi:

• horizontalurad gasrolili sxeulis moZraoba Sveulad Tavisufali
vardnisa da horizontaluri Tanabari moZraobis erTobliobaa;

• erTi da imave simaRlidan usawyiso da horizontalurad mimarTuli sawyisi
siCqariT vardnili sxeulebis vardnis dro erTnairia;

• h simaRlidan horizontalurad v0  siCqariT gasrolili sxeulis vardnis
dro, gasrolis siSore da saboloo siCqaris moduli, Sesabamisad, gamoi-
saxeba formulebiT:

3
2ht ,
g

= ι 0
2hl v ;
g

= 2
0v v 2gh;= +

• horizontalurad v0  siCqariT gasrolili sxeulis siCqaris moduli gas-

rolidan t drois Semdeg tolia: 2 2 2
0v v g t ;= +

• horizontalurad v0  siCqariT gasrolili sxeuli moZraobs im parabolis

totze, romlis gantolebaa 2
2
0

gy x .
2v

= ⋅

sakontrolo kiTxvebi:

1. ras niSnavs moZraobis damoukideblobis principi?
2. ratom aris gasrolili sxeulis moZraoba horizontaluri mimarTulebiT

Tanabari, xolo vertikaluri mimaTulebiT TanabaraCqarebuli?
3. risi tolia horizontalurad gasrolili sxeulis siCqaris horizonta-

luri mdgeneli drois nebismier momentSi?
4. rogor traeqtoriaze imoZravebs TviTmfrinavidan gadmomxtari para-

Sutisti gadmoxtomidan mcire drois ganmavlobaSi?
5. rogor Seicvleba gasrolis siSore, Tu gasrola vakuumis nacvlad haerSi

moxdeba?
6. ratom umiznebs msroleli Sors myof samiznes odnav zeviT?
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 erTad amovxsnaT amocana 

garkveuli simaRlidan horizontalurad gasrolili sxeulis siCqarem gas-
rolidan 1 wamSi horizontTan 450-iani kuTxe Seadgina (sur. 2.53). gansazRvreT 
sxeulis gasrolis siCqare da mis mier 1 wamSi Sesrulebuli gadaadgilebis 
moduli. haeris winaaRmdegobas nu gaiTvaliswinebT (g≈10 m/wm2).

Sx

Sy

Vy

Vx

V

S

V00
X

Y

α

sur. 2. 53

amoxsna:

moc.:
t=1 wm;
α=450;
g≈10 m/wm2.
u.v. v0, S

vinaidan gasrolidan 1 wamis Semdeg sxeulis siCqaris v veqtorsa 
da horizonts Soris kuTxe α = 450, amitom v siCqaris horizonta-
luri vx mdgeneli da vertikaluri vy mdgeneli am momentSi modu-
liT erTmaneTis tolia. yv -is sapovnelad davweroT siCqaris y
RerZze gegmilis droze damokidebulebis formula: y 0yv v gt.= +

 
radgan sxeulis sawyisi v0 siCqare horizontaluradaa mimarTuli, 
amitom v

0y = 0. Sesabamisad, gasrolidan 1 wamSi yv gt= = (10 m/wm), e.i.
am momentSi vx=10 m/wm. ukve viciT, rom horizontalurad gasrolili sxeulis
siCqaris gegmili horizontalur x RerZze ar icvleba, amitom v

0
 = vx = 10 (m/wm). 1

wamSi horizontaluri mimarTulebiT Sesrulebuli gadaadgilebis gegmili iqne-

ba: Sx= vxt = 10 (m), vertikaluri mimarTulebiT ki _ Sy
gt

= =
2

2
5  (m). sxeulis 

gadaadgilebis modulisaTvis davwerT: 2 2
x yS s s 11,2= + = (m).

pasuxi: sxeuli horizontalurad gaisroles 10 m/wm siCqariT da man 1 wm-Si 
Seasrula 11,2 m-is toli gadaadgileba.

amoxseniT amocanebi:

1. erTi da imave simaRlidan horizontaluri mimarTulebiT isvrian or bur-
Tulas: pirvels _ 10 m/wm siCqariT, meores _ 20 m/wm-iT. SeadareT maTi dedamiwam-
de vardnis droebi. haeris winaaRmdegobas nu gaiTvaliswinebT.

2. 20 m simaRlidan horizontaluri mimarTulebiT gaisroles burTula.
ra droSi daecema igi dedamiwis zedapirze? haeris winaaRmdegobas nu gaiTva-
liswinebT (J§�0 m/wm2).

3. ra simaRlidan unda gavisroloT tyvia horizontaluri mimarTulebiT,
rom dedamiwaze dacemisas misi siCqaris vertikaluri mdgenelis moduli  
20 m/wm-is toli iyos? haeris winaaRmdegobas nu gaiTvaliswinebT (J§�0 m/wm2).
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4. caTambjenis 125 metri simaRlis aivnidan saTamaSo dambaCiT horizonta-
luri mimarTulebiT isroles „tyvia~. risi toli unda iyos tyviis sawyisi siCqa-
re, rom dedamiwis zedapirze dacemis momentSi misi siCqare 60 m/wm-is toli iyos? 
haeris winaaRmdegobas nu gaiTvaliswinebT (J§�0 m/wm2). 

5. caTambjenis 125 metri simaRlis aivnidan saTamaSo dambaCiT horizonta-
luri mimarTulebT isroles „tyvia~. tyviis sawyisi siCqare 20 m/wm-ia. risi toli 
iqneba misi frenis siSore? haeris winaaRmdegobas nu gaiTvaliswinebT (J§�0 m/wm2).

6. vertikalurad asrolili foierverkis kafsula maqsimalur simaRleze
gaskda or Tanabar nawilad. TiToeulma SeiZina horizontaluri, urTierTsa-
pirispirod mimarTuli 10 m/sm siCqare (sur. 2.54). ra simaRleze gaskda foierver-
ki, Tu namsxvrevebi dedamiwis zedapirze erTmaneTisagan 60 m manZilis daSorebiT 
davarda? haeris winaaRmdegobas nu gaiTvaliswinebT (J§�0 m/wm2).

7. garkveuli simaRlidan 12 m/wm siCqariT horizontalurad gaisroles
burTula, romelic dedamiwaze 1 wamSi daeca. risi tola burTulis mier Ses-
rulebuli gadaadgilebis moduli? haeris winaaRmdegobas nu gaiTva liswinebT  
(J§�0 m/wm2).

8. saxanZro vertmfreni 15 m/wm siCqariT mifrinavs horizontalurad ise,
rom misi wyliT savse rezervuari dedamiwis zedapiridan 180 m simaRlezea (sur. 
2.55). xanZris keridan ra S manZilis daSorebiT unda gaxsnas rezervuari pilot-
ma, rom wyali zustad mizans daesxas? haeris winaaRmdegobas nu gaiTvaliswinebT 
(J§�0 m/wm2). 

sur. 2. 54

S

h

sur. 2. 55

9. dedamiwidan 80 m simaRlidan horizontalurad 30 m/wm siCqariT gaisroles
burTula. risi toli iqneba burTulis siCqaris moduli dedamiwaze davardnis 
momentSi da im kuTxis tangensi, romelsac es siCqare Seadgens horizontTan? 
haeris winaaRmdegobas nu gaiTvaliswinebT (J§�0 m/wm2).

10. wyalmomaragebis mils gauCnda 3 sm2 farTobis mqone naxvreti, romlidanac
wylis Wavli 10 m/wm siCqariT horizontalurad gamoedineba. gansazRvreT haerSi 
arsebuli wylis masa, Tu naxvreti dedamiwis zedapiridan 45 m simaRlezea. haeris 
winaaRmdegobas nu gaiTvaliswinebT (J§�0 m/wm2).
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§ 2.10 moZraoba simZimis Zalis moqmedebiT: horizontisadmi
kuTxiT gasrolili sxeulis moZraoba
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§ 2.11 pirveli kosmosuri siCqare

1957 wlis 4 oqtombers yazaxeTSi mdebare tiuratamis poligonidan starti 
aiRo raketam uCveulo tvirTiT — mcire zomis liTonis burTi oTxi grZeli 
anteniT (sur. 2.62). es burTi gaxda dedamiwis pirveli xelovnuri Tanamgzavri. 

xelovnuri Tanamgzavris idea pirvelma Camoayaliba isaak niutonma Ta-
vis fundamentur naSromSi „naturaluri filosofiis maTematikuri sawyisebi“  
(Philosophiæ Naturalis Principia Mathematica, 1687): „maRali mTidan horizontalu-
rad gasrolili qva simZimis Zalis zegavleniT gadauxvevs sworxazovani gzidan 
da Semoxazavs ra mrudwirul traeqtorias, sabolood daecema dedamiwaze. Tu 
mas gavisvriT ufro didi siCqariT, maSin is daecema ufro Sors“ (sur. 2.63). 
agrZe lebs ra Tavis warmosaxviT eqsperiments, niu toni midis im daskvnamde, rom 
haeris winaaRmdegobis ararsebobisa da didi siCqaris SemTxvevaSi sxeuli SeiZle-
ba saerTod ar Camovardes dedamiwaze, is daiwyebs wriuli traeqtoriis Semo-
xazvas da darCeba dedamiwidan erTsa da imave simaRleze. am SemTxvevaSi sxeuli 
gadaiq ceva dedamiwis xelovnur Tanamgzavrad.

sur. 2.62 sur. 2.63

mainc ra siCqare unda mivaniWoT sxeuls horizontalurad, rom is dedamiwis 
xelovnur Tanamgzavrad iqces?

Tqven ukve iciT, rom Tu dedamiwis zedapiridan h simaRleze myof sxeuls 
mianiWebT horizontaluri mimarTulebis raime v siCqares, is Semowers parabo-
lur traeqtorias da davardeba mis zedapirze. am moZraobis ganxilvisas Cven 
miviCnevdiT, rom dedamiwis zedapiri brtyelia (sur. 2.64 a). aseTi gamartiveba 
marTebulia sxeulis mcire siCqariT gasrolisas, ra drosac misi frenis siSore 
mcirea. sinamdvileSi dedamiwis sferuli formis gamo misi zedapiri ramdenadme 
Sordeba horizonts (sur. 2.64 b). anu, sxeuli Tavisufali vardnis gamo uax-
lovdeba dedamiwis zedapirs, xolo dedamiwis zedapiri simrudis gamo Sordeba 
sxeuls. 

a) b)

h

v1 v2

h

v3

h

sur. 2. 64 

g)
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SeiZleba SevarCioT sxeulis gasrolis v siCqaris iseTi mniSvneloba, rom ram-
denadac sxeuli vardnisas miuaxlovdeba dedamiwis zedapirs, dedamiwis zedapiri 
Tavisi simrudis gamo imdenadve daSordeba mas (sur. 2.64 g). aseT SemTxvevaSi is 
imoZravebs dedamiwis zedapiridan mudmiv h simaRleze, e.i. (R + h) radiusis wre-
wirze da gadaiqceva dedamiwis xelovnur Tanamgzavrad (sur. 2.65).

v

R
caF

h
simZ.

sur. 2.65

imisaTvis, rom es TvalsaCinod warmoidginoT, gadadiT Semdeg bmulebze:
http://tiny.cc/0j48tz,     http://tiny.cc/6j48tz

minimalur siCqares, romelic unda mivaniWoT sxeuls imisaTvis, rom man imo-
Zraos dedamiwis garSemo wriul orbitaze, pirveli kosmosuri siCqare ewodeba.

pirvel rigSi, unda aRvniSnoT, rom dedamiwis zedapiridan daSoreba, rom-
elzec haeris winaaRmdegobis Zala praqtikulad nulis tolia, daaxloebiT  
300 km-ia. 

vTqvaT, Tanamgzavrs aqvs pirveli kosmosuri siCqare da is wriul orbitaze 

Tanabrad moZraobs. Tanamgzavrze moqmedebs mxolod simZimis Zala _ FsimZ, rome-
lic mas ac  centriskenul aCqarebas aniWebs (sur. 2.65). niutonis meore kanonis 
Tanaxmad:

  F ma=simZ c ,  (1)

Tu dedamiwis masas aRvniSnavT M-iT, mis radiuss — R-iT, Tanamgzavris masas — 

m-iT, xolo mis daSorebas dedamiwis zedapiridan h-iT, maSin 2
mMF G

(R h)
=

+simZ  da 
2va

R h
=

+c . mizidulobis Zalisa da centriskenuli aCqarebis am gamosaxulebebis 

(1) formulaSi SetaniT gveqneba:

  
2

2
mM mvG ,

R h(R h)
=

++ 
saidanac miviRebT pirveli kosmosuri siCqaris gamosaTvlel formulas dedami-
wis zedapiridan h simaRleze:

  GMv
R h

=
+

.  (2) 

SedarebiT mcire simaRleebis SemTxvevaSi h R R+ ≈ , amitom

  GMv
R

≈ .  (3)

es formula SeiZleba sxvagvaradac CavweroT. gavixsenoT, rom dedamiwis 
zedapirTan Tavisufali vardnis aCqarebis moduli

2
Mg G
R

=  .
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aqedan, 2GM gR= . am tolobis gaTvaliswinebiT (3) formulidan gamar-

tivebis Semdeg miviRebT: v gR= . radgan g = 9,8 m/wm2, R = 6,4 · 106 m, amitom 
6 3v 9,8 6,4 10 7,9 10= ⋅ ⋅ ≈ ⋅  (m/wm) = 7,9 (km/wm). swored es aris pirveli kosmosuri 

siCqare.
simaRlis zrdasTan erTad pirveli kosmosuri siCqare iklebs. magaliTad,  

500 km simaRleze misi mniSvneloba 7,6 km/wm-ia. Tu h simaRlidan gaSvebuli Tana-
mgzavris siCqare metia, vidre am simaRlis Sesabamisi pirveli kosmosuri siCqare, 
maSin misi orbita iqneba elifsi. rac ufro didi iqneba siCqare, miT ufro gaweli-
li iqneba elifsi. Tu sxeuls dedamiwis zedapirTan axlos mivaniWebT 11,2 km/wm 
horizontalur siCqares, sxeuli daZlevs dedamiwis mizidulobas da parabolur 
orbitaze imoZravebs. am siCqares meore kosmosuri siCqares uwodeben.  

(2) da (3) formulebiT SegviZlia vipovoT pirveli kosmosuri siCqare sxva 
plane tebisTvisac. magaliTad, mTvarisaTvis pirveli kosmosuri siCqarea 1,68 km/wm, 
merkurisaTvis — 3,01 km/wm, venerasaTvis — 7,33 km/wm. 

 rogor gamoTvliT dedamiwis xelovnuri Tanamgzavris brunvis periods, 
Tu ici pirveli kosmosuri siCqare? risi tolia misi mniSvneloba? 

 rogor fiqrobT, gamodgebaT Tu ara xelovnuri Tanamgzavris Sesaxeb mo-
cemuli msjeloba dedamiwis garSemo mTvaris moZraobis aRsawerad?

 SesaZlebelia Tu ara, xelovnuri Tanamgzavri dedamiwis zedapiridan iseT 
simaRleze moZraobdes, rom misi brunvis periodic 24 sT iyos? ra daniSnulebiT 
SeiZleba aseTi xelovnuri Tanamgzavris gamoyeneba?

dReisaTvis dedamiwis garSemo sxvadasxva orbitaze moZraobs ramdenime aTa-
si xelovnuri Tanamgzavri, romelTa gareSe warmoudgenelia Tanamedrove yofa 
da mecniereba: satransporto saSualebaTa navigacia (moZraobis marTva), kavSir-
gabmuloba, interneti, amindis prognozireba, dakvirveba dedamiwis zedapirze, 
Soreuli kosmosis kvleva da mravali sxva.

Tavisi mniSvnelobiT erT-erTi gamorCeuli Tanamgzavria „saerTaSoriso kos-
mosuri sadguri“ (sur. 2.66), sadac yovelTvis imyofeba mecnierTa jgufi. igi mud-
mivi dasaxlebis funqciiT aRWurvili Tanamgzavria, romelic uzrunvelyofilia 
JangbadiT, saZile oTaxebiT, sakvebi da savarjiSo sivrceebiT, laboratoriiT 
da sxva pirobebiT. am sadgurze myofi mecnierebi atareben kvlevebs fizikaSi, 
biologiaSi, astronomiaSi, meteorologiasa da mecnierebis sxva sferoebSi. iqve 
gamoicdeba iseTi sistemebi da aRWurvilobebi, romlebic saWiroa sxva planeteb-
ze gasamgzavreblad.

sur. 2. 66

moiZieT informacia „saerTaSoriso kosmosuri sadguris“ Sesaxeb. gamoiyeneT 
saZiebo fraza _ `international space station“. 
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daskvnebi:

•	 minimalur siCqares, romelic unda mivaniWoT sxeuls imisaTvis, rom man 
imoZraos dedamiwis garSemo wriul orbitaze, pirveli kosmosuri siCqare 
ewodeba; 

•	 pirveli kosmosuri siCqare dedamiwis zedapiridan h simaRleze gamoisa-

xeba formulebiT: 
GM

R h
 da 

2GRv
R h

=
+

;

•	 zedapiridan simaRlis zrdasTan erTad, pirveli kosmosuri siCqare iklebs;
•	 dedamiwis zedapiridan mcire simaRleebisaTvis pirveli kosmosuri siCqa-

re gamoisaxeba formulebiT: 
GMv
R

=  da v gR= ;

•	 dedamiwis zedapiris maxloblad pirveli kosmosuri siCqare 7,9 km/wm-is 
tolia.

sakontrolo kiTxvebi:

1. ra moxdeba, Tu dedamiwis zedapiridan 10 km simaRleze pirveli kosmosuri 
siCqariT horizontalurad gavisvriT sxeuls?

2. ra piroba gansazRvravs pirveli kosmosuri siCqaris mniSvnelobas?
3. ra Zala akavebs dedamiwis xelovnur Tanamgzavrs wriul orbitaze?
4. ratom ar vardeba dedamiwis xelovnuri Tanamgzavrebi dedamiwaze ramde-

nime aTeuli wlis Semdegac ki?

  erTad amovxsnaT amocana   

dedamiwis zedapiridan h simaRleze, ekvatorul sibrtyeSi, dasavleTidan aR-
mosavleTis mimarTulebiT, brunavs xelovnuri Tanamgzavri. ramdenjer gadauf-
rens Tanamgzavri dRe-RameSi ekvatoris erTsa da imave wertils? Tana mgzavridan 
dedamiwis zedapiramde h manZili iseTia, rom Tanamgzavris kuTxuri Ȧ

1
 siCqare 

ufro metia, vidre sakuTari RerZis irgvliv dedamiwis brunvis kuT xuri siCqare. 
amoxsna: Tanamgzavris brunvis kuTxuri siCqare tolia misi orbitaze brunvis 

wiriTi siCqaris Sefardebisa dedamiwis centramde manZilTan:

 1
V GM 1

(R h) R h R hZ = = ⋅
+ + +

, romelSic M dedamiwis masaa, xolo R _ dedami-

wis radiusi. vinaidan miRebul gamosaxulebaSi Semavali yvela sidide cnobilia, 

SegviZlia gamoviangariSoT Ȧ
1
. ekvatoris wertils, romlis Tavzec Tana mgzavri 

sawyis momentSi imyofeba, A wertili vuwodoT. Tanamgzavri da A wertili bru-
navs dedamiwis centris garSemo. yovel T = 24 saaTSi Tanamgzavri dedamiwis cen-

tris irgvliv Semobrundeba 1 1
GM TT R h R hα = Z = ⋅
+ +

 kuTxiT, xolo imave droSi A 
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wertili Seasrulebs 1 srul bruns da Semobrundeba 2S kuTxiT. amitom Tu α
1
 

kuTxes gavyofT 2S-ze da aviRebT mis mTel nawils, miviRebT saZiebel sidides.  
pasuxi: Tanamgzavris mier dedamiwis erTsa da imave wertilis Tavze gadafre-

nebis raodenoba dRe-RameSi iqneba 
GM T

R h (R h)2⋅
+ + S

 gamosaxulebis mTeli nawili.

 amoxseniT amocanebi:

1. ratomaa dedamiwis zedapiris maxloblad mbrunavi xelovnuri Tanamgza-
vris centriskenuli aCqareba, dedamiwis zedapirTan Tavisufali vardnis aCqare-
bis toli?

2. rogor fiqrobT, dedamiwis xelovnuri Tanamgzavris aRmosavleTisken 
gaSvebas ufro meti energia sWirdeba Tu dasavleTisaken? pasuxi daasabuTeT.

3. dedamiwis zedapiridan erTsa da imave simaRleze, ekvatorul sibrtye-
Si brunavs ori xelovnuri Tanamgzavri. pirveli _ aRmosavleTidan dasavleTis 
mimarTulebiT, meore ki _ dasavleTidan aRmosavleTis mimarTulebiT. romeli 
maTganis siCqare iqneba ufro meti dedamiwidan dakvirvebisas? 

4. risi tolia dedamiwis zedapiris maxloblad mbrunavi xelovnuri Tana m-
gzavris brunvis periodi? 

5. ramdenjer metia dedamiwis zedapiris maxloblad mbrunavi xelovnuri 
Tanamgzavris siCqare dedamiwis radiusis tol simaRleze mbrunavi Tanamgzavris 
siCqareze?

6. risi tolia dedamiwis radiusis tol simaRleze mbrunavi xelovnuri Ta-
namgzavris kuTxuri siCqare da brunvis periodi?

7. marsis masa daaxloebiT dedamiwis masis 1/10-nawilia, xolo radiusi _ 
dedamiwis radiusze 2-jer naklebi. ramdenjer metia pirveli kos mosuri siCqare 
dedamiwisaTvis, vidre _ marsisaTvis? 

8. risi tolia dedamiwis zedapiridan misi radiusis tol simaRleze mbruna-
vi m masis xelovnuri Tanamgzavris kinetikuri energia?

9. or planetas erTnairi radiusi aqvs, magram pirvelis simkvrive 4-jer me-
tia meorisaze. ramdenjer aRemateba pirveli planetis pirveli kosmosuri siC-
qare meorisas?

miniSneba: sferos moculoba gamoiTvleba formuliT _ 34V R ,3= S  romelSic 
R sferos radiusia.

10. kalkulatoris daxmarebiT gamoTvaleT, dedamiwis centridan ra simaR-
leze unda brunavdes xelovnuri Tanamgzavri ekvatorul sibrtyeSi, rom igi 
yovelTvis dedamiwis erTi da imave wertilis Tavze imyofebodes.
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proeqti:

adamianis interesi kosmosis aTvisebisa da saplanetTaSoriso mogzaurobebis 
mimarT Zalian didia. jer kidev gasuli saukunis 60-iani wlebidan kacobrioba 
Tamamad saubrobda Ria kosmosSi mogzaurobis Sesaxeb. adamianTa am ocnebas frTe-
bi nawilobriv 1969 wels Seesxa, rodesac adamianma mTvareze fexi pirvelad dad-
ga. amis Semdeg saplanetTaSoriso mogzaurobis idea kidev ufro ambiciuri gaxda. 
kosmosuri kompaniis „SpaceX“-is damfuZnebelma ilon maskma ganacxada, rom misi 
kompaniis gegmaa 2020-iani wlebis bolos marsze adamianTa pirveli jgufi gaag-
zavnos. am misiis warmatebiT Sesruleba moiTxovs Sesabamisi gegmis Sedgenasa 
da specialur momzadebas. dedamiwis irgvliv mbrunavi „saerTaSoriso kosmo-
suri sadguris“ erT-erTi misia swored saplanetTaSoriso mogzaurobebisaTvis 
momzadeba da Sesabamisi aRWurvilobebis gamocdaa. marsze mogzaurobis dageg-
mvis erT-erTi ZiriTadi sakiTxi sawvavis moculobis sworad gansazRvraa _ didi 
xomaldis didi raodenobiT sawvaviT datvirTvisas misi masa izrdeba da Ria kos-
mosSi gasasvlelad kidev ufro meti energiaa saWiro. mcire raodenobis sawvavi ki 
xomaldis daniSnulebis adgilamde miRwevas SesaZloa ar eyos. bolo wlebSi mec-
nierebma SeimuSaves gegma, Tu rogor SeiZleba sawvavis minimaluri danaxarjiTa 
da dedamiwisa da marsis gravitaciis gamoyenebiT marsisaken xomaldis gagzavna. 
gaecaniT statiebs miTiTebul bmulebze (https://tinyurl.com/9xppkbkk; shorturl.at/
qCHJ5 ) da moamzadeT prezentacia Temaze: „misia marsze“. prezentaciaSi war-
moaCineT:

• ra sirTuleebs SeiZleba wavawydeT marsze gafrenisas;
• rogor apireben mecnierebi aRniSnuli sirTuleebis daZlevas;
• rogoria marsis kolonizaciis gegma.

 saSinao cda:

cdis mizani: sxeulis mxridan sayrdenze moqmedi Zalis cvlilebaze dakvir veba.
cdisTvis saWiroa: rezinis buSti, makrateli, polieTilenis 1,5 litriani an 2 

litriani boTli, webo.
cdis aRwera: polieTilenis boTls moaWeriT Ziri. rezinis

sur. 2. 67

buStidan gamoWeriT boTlis Zirze didi zomis naWeri da 
miawebeT boTls Ziris nacvlad garedan ise, rom wyals ar 
uSvebdes (sur 2.67). amiT boTls rezinis fskers gaukeTebT. 
CaasxiT boTlSi imdeni wyali, rom rezini SesamCnevad 
Camoizniqos. boTls sacobi ar gaukeToT. aamoZraveT igi 
vertikalurad zeviT da qveviT jer Tanabrad, Semdeg _ 
sxva dasxva aCqarebiT da daakvirdiT rezinis deformacias. 
Tu cdisas rezinze dakvirveba gagiWirdebaT, SegiZliaT, 
cdis msvleloba CaiweroT mobiluri telefonis video-
kameriT da Semdeg daakvirdeT mas. cdis Sedegebis mixedviT, 
ecadeT upasuxoT kiTxvebs:

• icvleboda Tu ara rezinis deformacia boTlis Tana-
bari moZraobisas?

• rogor icvleboda rezinis deformacia boTlis zeviT daZvrisas?
• rogor icvleboda rezinis deformacia boTlis qveviT daZvrisas?
• rogor icvleboda rezinis deformacia boTlis sxvadasxva aCqarebiT daZ-

vrisas, rogorc zeviT _ aseve qveviT?
• romel SemTxvevaSi icvleboda da romelSi ara wylis mxridan rezinze

(sayrdenze) moqmedi Zala?
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§ 2.12 drekadobis Zala. sxeulis wona

giorgi mogzaurobidan dabrunda da fizikis gakveTilze aseTi kiTxva das-
va: „TviTmfrinavis afrenis dros vigrZeni, rom raRac Zala mawveboda da ufro 
magrad veflobodi savarZelSi, TiTqos ufro davmZimdi. daSvebisas ki, piriqiT, 
TiTqos raRac Zala zemoT meqaCeboda da savarZels naklebad veyrdnobodi. ra 
Zalaa es? ram gamoiwvia Cemi damZimeba an Semsubuqeba?“

vidre giorgis am kiTxvas vupasuxebdeT, gavixsenoT VII klasSi naswavli dreka-
dobis Zala.

 Tu paralonis Rrubels davawvebiT, is Caizniqeba — Seicvlis formas 
(sur. 2.68 a). sxeulis formisa da (an) zomis cvlilebas deformacia ewodeba. Rru-
belze zemoqmedebis Sewyvetis Semdeg is daibrunebs Tavis pirvandel mdgoma-
reobas.

a) b)

sur. 2. 68

deformacias, romelic mTlianad qreba misi gamomwvevi gareSe Zalis moqmedebis 
Sewyvetis Semdeg, drekadi ewodeba.

plastilinis naWerze igive zemoqmedebisas is deformirdeba, magram zemoqme-
debis Sewyvetis Semdeg pirvandel mdgomareobas ar ibrunebs (sur. 2.68 b).

deformacias, romelic rCeba misi gamomwvevi gareSe Zalebis moqmedebis Sewyve-
tis Semdeg, plastikuri ewodeba.

simZ.F

dr.F

sur. 2.69

   Tu erTi boloTi dakidebuli zambaris meore boloze tvirTs 
davkidebT, is qveviT amoZravdeba da Tan zambaris qveda bolos wai-
yolebs. zambara gaiWimeba, magram garkveuli drois Semdeg tvirTi 
gaCerdeba (sur. 2.69). vinaidan tvirTi aRmoCnda wona sworobaSi, es 
niSnavs, rom zambaris gaWimvis Semdeg masSi aRiZra zeviT mimarTuli 
Zala, romelmac tvirTze moqmedi simZimis Zala gaawonaswora. am 
Zalas drekadobis Zala uwodes. rodesac tvirTi gaCerda, drekado-
bis Zala moduliT simZimis Zalas gautolda. SeiZ leba iTqvas, rom 
drekadobis Zala ewinaaRmdegeba deformacias.

Zalas, romelic aRiZvreba sxeulis deformaciisas da mimarTulia 
sxeulis Semadgeneli nawilakebis urTierTwanacvlebis sawinaaRmde-

god, drekadobis Zala ewodeba. mas aRniSnaven Fdr -iT.

drekadobis Zalis warmoqmnis meqanizmi aseTia: sxeulis Semad-

genel nawilakebs Soris manZilis gazrda iwvevs maT Soris mizidu-
lobis Zalebis gazrdas, xolo Semcireba _ ganzidvis Zalebis gaz-
rdas. rodesac sxeuls vkumSavT, mis Semadgenel nawilakebs erT-
maneTs vuaxlovebT da isini erTmaneTs ganizidavs. sxeulis gaWim-

visas ki nawilakebs erTmaneTs vaSorebT da isini erTmaneTs miizidavs. ori naw-
ilakis urTierTqmedebis Zala Zalian mcirea, magram sxeulis deformaciisas 
urTierTqmedebs nawilakebis Zalian didi raodenoba. yvela nawilaks Soris ur-
TierTqmedebis jamuri Zala ki ukve mniSvnelovani sididisaa.
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gaWimvisa da SekumSvis deformaciisas sxeulis sigrZis cvlilebas wagrZeleba 
(wanacvleba) ewodeba. mas aRniSnaven x asoTi. Tu sxeulis sigrZe deformaciamde 
aris ι�, deformaciis Semdeg ki ι, maSin x = ι	– ι�	= ∆ι� 

swavlobda ra wvrili, grZeli Reroebis deformacias, ingliselma fizikos-
ma robert hukma (1635-1703) daadgina kanoni, romelsac SemdgomSi hukis kanoni  
ewoda: 

gaWimvisa da SekumSvis mcire drekadi deformaciebisas drekadobis Zala  
sxeulis wagrZelebis pirdapirproporciulia:

xF kx.= −
 dr

niSani „–~ miuTiTebs, rom drekadobis Zala mimarTulia wagrZelebis sawi-
naaRmdego mimarTulebiT. proporciulobis k koeficients sxeulis sixistes 
uwodeben. misi erTeuli SI-Si aris n/m.

sixiste sxeulis maxasiaTebali fizikuri sididea. igi damokidebulia sxeulis 
Semadgeneli nivTierebis drekad Tvisebebze da mis geometriul zomebze. sxeu-
lis sixiste SeiZleba eqperimentulad gamovTvaloT hukis kanonis gamoyenebiT:

 

F
k .

x
= dr

 
gaixseneT me-7 klasis laboratoriuli samuSao. 

drekadobis Zalas, Cveulebriv, aRniSnaven Fdr -iT, magram zogjer sxva simbo-
loebsac iyeneben. ganvixiloT ori SemTxveva:

a) rodesac sxeuls sayrdenze davdebT,

N
N

a) b)

sur. 2.70

 
sayrdeni deformirdeba — Caizniqeba. defor-
maciis gamo masSi aRiZvreba drekadobis Zala, 
romelsac sayrdenis reaqciis Zalas uwodeben 

da N -iT aRniSnaven. es Zala mimarTulia 
sayrdeni zedapiris marTobulad. swored am 
ZaliT moqmedebs sayrdeni sxeulze (sur. 2.70 
a da b). 

 b) Tu sxeuls davkidebT sakidelze (Toki,

T T

N

T1

T2

sur. 2.71

 
Rero, rezinis zonari), is deformirdeba — 
gaiWimeba. deformaciis gamo sakidelSi aRiZ-
vreba drekadobis Zala, romelic mimarTulia 
mis gaswvriv deformaciis sawinaaRmdego mi-
marTulebiT. am Zalas sakidelis daWimulobis 

Zalas uwodeben da aRniSnaven T -Ti. swored 
am ZaliT moqmedebs sakideli sxeulze (sur. 
2.71).

axla ki vnaxoT, ra emarTeba TviT sxeuls, 
rodesac is devs horizontalur sayrdenze an 
kidia vertikalur sakidelze.

sxeulze moqmedi simZimis Zala da sayrdenis reaqciis Zala (sur. 2.72 a) iwvevs sxe-
ulis SekumSvas.  sxeuli cdilobs daubrundes aradeformirebul mdgomareobas 
da awveba sayrdens drekadobis ZaliT (sur. 2.72 b).

sakidelis SemTxvevaSi sxeulze moqmedi simZimis Zala da sakidelis daWimulo-
bis Zala (sur. 2.73 a) iwvevs  sxeulis gaWimvas. sxeuli cdilobs daubrundes ara-
deformirebul mdgomareobas da Wimavs sakidels drekadobis ZaliT (sur. 2.73 b).



136

sur. 2. 72

N

mg p

a) b)

T

mg

p

a) b)

sur. 2. 73

Zalas, romliTac sxeuli awveba horizontalur sayrdens an Wimavs vertikalur 
sakidels simZimis Zalis gamo, wona ewodeba. sxeulis wonas aRniSnaven P-Ti.

niutonis mesame kanonis Tanaxmad, horizontaluri sayrdenisa da verti-

kaluri sakidelis SemTxvevaSi, Sesabamisad, P= -N  da P= -T. roca sxeuli uZravia 
an moZraobs wrfivad da Tanabrad, maSin masze moqmedi sayrdenis reaqciis Zala 
(sakidelis daWimulobis Zala) da simZimis Zala erTmaneTs awonasworebs: N mg= −





  
an T mg.= −   miviRebT: P mg.=  marTalia, es ori Zala tolia, magram simZimis Zala 
modebulia sxeulze, xolo wona _ sayrdenze an sakidelze.

sxeulis wona da simZimis Zala bunebiTac gansxvavdeba: simZimis Zala gra-
vitaciuli Zalaa, sxeulis wona ki _ drekadobis.

uSualod wonis gazomva SeiZleba zambariani sasworiT. Tu zambarian sasworze 
davkidebT m = 2 kg masis tvirTs, saswori aCvenebs P = 19,6 n-s, anu P = mg, magram 
yovelTvis tolia simZimis Zalisa da sxeulis wonis moduli?

 warmosaxviT gavagrZeloT es cda liftSi. Tu lifti moZraobs Tanabrad, 
maSin sasworis Cveneba iqneba igive, rac uZrav liftSi.

mg

a

Y

0

N

P

sur. 2. 74

    vTqvaT, lifti moZraobs Sveulad zeviT mimarTuli a   
aCqarebiT. imave aCqarebiT moZraobs saswori tvirTiT (sur. 
2.74). tvirTze moqmedebs ori Zala: simZimis mg Zala da 
sayrde nis reaqciis N  Zala. koordinatTa sistema davukav-
SiroT dedamiwas da Y RerZi mivmarToT Sveulad zeviT. 

niutonis meore kanonis Tanaxmad, mg N ma.+ =


 

 am tolobis 
Y RerZze dagegmilebiT, gveqneba:

    mg N ma N m(g a).− + = ⇔ = +

radgan P N,=  amitom miviRebT:

P m(g a).= +  

amrigad, vertikalurad zeviT mimarTuli aCqarebiT moZravi sxeulis wona me-
tia imave sxeulis wonaze gawonasworebul mdgomareobaSi. am SemTxvevaSi mxolod 
sxe uli ki ar awveba ufro Zlierad sayrdens (Wimavs sakidels), aramed sxeulis 
nawilebic ufro metad awveba erTmaneTs. swored amitom vgrZnobT, rom liftis 
qvemodan zeviT daZvrisas mis iataks Cveulebrivze metad vawvebiT. 

Tu liftis aCqareba mimarTuli iqneba qveviT (sur. 2.75), maSin mg N ma.+ =


 

 
tolobis dagegmilebiT gveqneba, rom mg N ma,− + = −  saidanac miviRebT:

P m(g a).= −
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amrigad, vertikalurad qveviT mimarTuli aCqarebiT moZravi sxeulis wona nak-
lebia imave sxeulis wonaze gawonasworebul mdgomareobaSi. 

im SemTxvevaSi, Tu sayrdeni (sakideli) qvemoT g aCqare-

mg

a

Y

0

N

P

sur. 2. 75

biT imoZravebs (a g),=  sxeulis wona nulis toli gaxdeba.
sxeulis mdgomareobas, romlis drosac misi wona nulis 

tolia, uwonobis mdgomareoba ewodeba. am mdgomareobaSi 
sxe ulze mxolod simZimis Zala moqmedebs da, piriqiT: Tu 
sxeuli moZraobs mxolod simZimis Zalis moqmedebiT is uwo-
nobis mdgomareobaSia.

uwonobis mdgomareobaSi sxeuli ar awveba sayrdens da 
sxeulis nawilebic ar awveba erTmaneTs. orbitaze mbru-
nav kosmosur sadgurSi myofi adamiani ver grZnobs Tavis 
wonas, xelidan gaSvebuli sagani ar vardeba. amis mizezi isaa, rom simZimis Zala 
yvela sxeuls erTnair aCqarebas aniWebs.

axla ukve SegiZliaT giorgisac auxsnaT, ratom „damZimda“ is afrenisas da 
ratom igrZno Tavi msubuqad TviTmfrinavis daSvebisas.

ganvixiloT kidev erTi magaliTi. vTqvaT, kosmosuri xomaldi Sorsaa yvela 
planetisa da mzisagan. anu maTi gravitaciuli zemoqmedeba xomaldze Zalian 
mcirea. xomaldis Zravebi mas a  aCqarebas aniWebs. vinaidan simZimis Zala nulis 

tolia, kosmonavti sayrdens daawveba moduliT ma-s toli ZaliT a  aCqarebis 
sapirispiro mimarTulebiT.

aCqarebuli moZraobiT gamowveul sxeulis wonis gazrdas gadatvirTva ewo deba 
da aRniSnaven Q-Ti. igi gviCvenebs sxeulis wonis Sefardebis simZimis ZalasTan: 

PQ
mg

=
 

kosmosuri xomaldis startisas (sur. 2.76 a) kosmonavtis gadatvirTva 5-dan 
7-mdea. daaxloebiT aseTive gadatvirTvas ganicdis mfrinavi, „mkvdari maryu-
Jis“ Sesrulebisas (sur. 2.76 b). albaT, bevr Tqvengans ganucdia gadatvirTva 
atraqcionze „amerikuli mTebi“ (sur. 2.76 g). mis yvelaze dabal A wertilSi 
Tqven damZimebas grZnobT, xolo yvelaze maRal B wertilSi ki — Semsubuqebas. 
did gadatvirTvebs yvela adamianis organizmi ver uZlebs, amitom kosmonavtebi 
da mfrinavebi specialur momzadebas gadian, magaliTad, centrifugaze, wyal-
qveS, TviTmfrinavebSi da a.S. 

sur. 2.76

 a)  g) b)

A

B
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daskvnebi:

•	 Zalas, romelic aRiZvreba sxeulis deformaciisas da mimarTulia sxeu-
lis Semadgeneli nawilakebis wanacvlebis sawinaaRmdegod, drekadobis 
Zala ewodeba;

•	 drekadobis Zala sxeulis nawilakebs Soris aRZruli Zalis gamovlenaa; 
•	 gaWimvisa da SekumSvis drekadi deformaciebisas drekadobis Zala sxe-

ulis wagrZelebis pirdapirproporciulia: xF kx.= −
 dr ;

•	 Zalas, romliTac sxeuli awveba horizontalur sayrdens an Wimavs verti-
kalur sakidels simZimis Zalis gamo, wona ewo deba;

•	 simZimis Zala modebulia sxeulze, xolo wona _ sayrdenze an sakidelze;
•	 simZimis Zala gravitaciuli Zalaa, sxeulis wona ki — drekadobis;
•	 vertikalurad zeviT mimarTuli aCqarebiT moZravi sxeulis wona metia 

imave sxeulis wonaze gawonasworebul mdgomareobaSi: P m(g a);= +
•	 vertikalurad qveviT mimarTuli aCqarebiT moZravi sxeulis wona (roca  

a < g), naklebia imave sxeulis wonaze wonasworul mdgomareobaSi: 
P m(g a);= −

•	 Tu sayrdeni (sakideli) qveviT g aCqarebiT moZraobs (a = g), sxeulis wona 
nulis tolia;

•	 aCqarebuli moZraobiT gamowveul sxeulis wonis gazrdas gadatvirTva       

ewodeba: 
PQ

mg
= .

  .

sakontrolo kiTxvebi:

1. yovelTvis SesamCnevia Tu ara deformacia? moiyvaneT magaliTebi.
2. rogor gesmiT winadadeba: „drekadobis Zala ewinaaRmdegeba deforma-

cias“?
3. gaWimvisa da kumSvis deformaciebis garda, kidev ra saxis deformaciebi 

arsebobs?
4. ras niSnavs: zambaris sixistea 50 n/sm?
5. ra gansxvavebebia simZimis Zalasa da wonas Soris?
6. ra SemTxvevaSia sxeulis wona moduliT simZimis Zalaze meti?
7. ras niSnavs uwonoba da ra SemTxvevaSia sxeuli uwonobis mdgomareobaSi?
8. uwonobas xSirad uhaero sivrceSi yofnasTan aigiveben. Tqven ras fiqrobT?
9. rogor unda moZraobdes sxeuli, rom misi wona orjer Semcirdes? 
10. rogor unda moZraobdes sxeuli, rom misi wona xuTjer gaizardos?
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  erTad amovxsnaT amocana   

liftis daZvrisas adamians 1,5-jer meti wona aqvs, vidre _ gaCerebisas. miiC-
nieT, rom liftis aCqarebis moduli daZvrisas da gaCerebisas erTnairia da ga-
moTvaleT es aCqareba. ra mimarTulebiT amoZravda lifti?

amoxsna: Tavdapirvelad gavarkvioT, ra mimarTulebiT amoZravda lifti. uZrav 
liftSi m masis adamianis wonis moduli mg-s tolia. Tu lifti zemodan qveviT 
daiZvreboda, maSin misi wonis moduli Semcirdeboda da gaxdeboda mg-ze naklebi. 
damuxruWebisas ki _ piriqiT, wonis moduli gaxdeboda mg-ze meti. amocanis 
pirobis Tanaxmad, liftis daZvrisas wona ufro metia, vidre damuxruWebisas, 
saidanac vaskvniT, rom lifti amoZravda qvevidan zeviT. e.i. liftis daZvrisas 
aCqareba vertikalurad zeviTaa mimarTuli. 

liftis daZvrisas adamianis wona iqneba P
1

= m (g + a), romelSic a liftis 
aCqarebaa. liftis damuxruWebisas misi aCqareba vertikalurad qveviT iqneba 
mimarTuli, amitom damuxruWebisas P

2
= m(g _ a). amocanis pirobis Tanaxmad:  

P
1

= 1,5P
2

=> m(g + a) =1,5m(g _ a). am gamosaxulebis orive mxare gavyoT m-ze da 

gavxsnaT frCxilebi, miviRebT: g + a = 1,5g _1,5a ⇔ 2,5a = 0,5g => ga 25= ≈ m/wm2.
pasuxi: lifti amoZravda qvevidan zeviT 2 m/wm2 aCqarebiT.

  amoxseniT amocanebi:

1. risi tolia iatakze mdgari 20 kg magidis wona?
2. erT fexze mdgomma yanCam miwaze meore fexic dadga. SeadareT erTmaneTs 

misi wona meore fexis dadgmamde da dadgmis Semdeg (sur 2.77).
3. ferdobidan cigiT daSvebisas Tekla goraks gadaevlo da mcire droiT 

haerSi aRmoCnda. risi tolia misi wona haerSi yofnisas (sur. 2.78)?

sur. 2. 77
sur. 2. 78

4. 500 n/m sixistis zambaraze uZravad kidia 10 kg masis wyliT savse saTli. 
gansazRvreT zambaris deformaciis sigrZe da wyliani saTlis wona.

5. lifti daiZra vertikalurad qveviT 2 m/wm2 aCqarebiT. ramdeniT Semcirda 
liftSi myofi 50 kg masis mgzavris wona? miiCnieT, rom g = 10 m/wm2.
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6. kosmosuri xomaldi vertikalurad afrinda a = 2g aCqarebiT. startidan
mcire drois Semdeg aCqarebis moduli 1,5-jer Semcirda. ramdenjer Semcirda 
kosmonavtis wona aCqarebis am cvlilebisas? g Tavisufali vardnis aCqarebaa.

7. 10 kg masis sxeuls amoZraveben vertikalurad zeviT 2 m/wm2 aCqarebiT
masze gamobmuli 1000 n/m sixistis zambariT. risi tolia zambaris deformacia da 
sxeulis wona? miiCnieT, rom g = 10 m/wm2.

8. 500 g masis magniti vertikalur liTonis dafas 20 n ZaliT ekvris. risi
toli gaxdeba es Zala, Tu dafas vertikalur mdgomareobaSi davtovebT da ava-
moZravebT horizontaluri mimarTulebiT 10 m/wm2 aCqarebiT (sur. 2.79)? gani-
xileT dafis amoZravebis ori SemTxveva: dafidan magnitis mimarTulebiT da mag-
nitidan dafis mimarTulebiT. 

9. miiCnieT, rom dedamiwa erTgvarovani birTvia da gansazRvreT, ramdenjer
gansxvavdeba sxeulis wona polusze ekvatorze wonasTan SedarebiT. dedamiwis 
radiusi 6400 km-ia, brunvis periodi _ 24 sT, xolo Tavisufali vardnis aCqareba 
polusze _ 9,83 m/wm2.

10. 2 m sigrZis Tokze dakidebuli 10kg masis sxeuli gadaxares ise, rom sxe ulma
sawyisi donidan h =20 sm-iT aiwia. ra wonas (datvirTvas) unda uZlebdes Toki, rom 
sxe ulis sawyis mdebareobaSi dabrunebisas ar gawydes (sur. 2.80)? miiCnieT, rom  
g = 10 m/wm2.

miniSneba: gamoiyeneT meqanikuri energiis mudmivobis kanonic.paragrapi 2.12

sur. 2. 79

h

sur. 2. 80
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§ 2.13 myari sxeulebis deformacia. deformaciis saxeebi 

wina paragrafSi Cven gavixseneT, rom deformacia orgvaria _ plastikuri da 
drekadi.

sxeulis formis cvlilebis mixedviT ki deformacia iyofa gaWimvis (kumSvis), 
Runvis, grexis da Zvris deformaciebad.

ganvixiloT isini cal-calke.
gaWimvis (kumSvis) deformacia. vTqvaT,

dr.F
F

{

∆ι
sur. 2.81

 
gvaqvs erTgvarovani drekadi Rero, rom-
lis erTi bolo damagrebulia kedelze. 
Reros meore boloze movdoT mis gaswvriv 

mimarTuli F


 Zala (sur. 2.81), romlis mo-
qmedebiTac is gaiWimeba. Reros ato mebs 
Soris manZili gaizrdeba, rac gamoiwvevs maT Soris mizidulobis Zalebis zrdas, 
Sesabamisad, ReroSi aRiZvreba drekadobis Zala, romelic F Zalis sapirispirod 
iqneba mimarTuli. niutonis mesame kanonis Tanaxmad, es Zalebi moduliT toli 
iqneba: F

dr
 = F. aRvniSnoT Reros ganivkveTis farTobi S-iT, sawyisi sigrZe ι-iT. 

Zalis moqmedebiT warmoqmnili wagrZeleba ki ∆ι	-iT. mas absolutur wagrZelebas 
uwodeben. Reros deformaciisas sargebloben sxva fizikuri sididiTac, romel-
sac fardobiTi wagrZeleba ewodeba da aRniSnaven H-iT.

fardobiTi wagrZeleba ewodeba sidides, romelic tolia sxeulis absoluturi 
wagrZelebis fardobisa mis sawyis sigrZesTan:

  
 H	=	 ι

∆ι �

advili misaxvedria, rom Tu H > 0, maSin sxeuli iWimeba (∆ι		>	0), xolo, roca  
H	< 0, sxeuli ikumSeba (∆ι	< 0). fardobiT wagrZelebas ganzomileba ara aqvs.

riT aris saintereso fardobiTi wagrZeleba? Tu aviRebT rezinis zonars da 
masze garkveul tvirTs CamovkidebT, is wagrZeldeba. imave rezinisgan damza-
debul 2-jer meti sigrZis zonarze imave tvirTis dakidebisas, wagrZeleba 2-jer 
gaizrdeba, samjer meti sigrZis zonris SemTxvevaSi ki wagrZeleba samjer gaizrde-
ba da a.S. Sesabamisad, absoluturi wagrZelebis fardoba sawyis sig rZesTan, anu 
fardobiTi wagrZeleba, darCeba mudmivi:

H	=	 ι
∆ι 	=	

2ι
2∆ι	=	

3ι
3∆ι	=	���	

ra xdeba sxeulSi misi gaWimvisas? ganvixiloT is modelis saSualebiT: miviCni-
oT, rom sxeulis Semadgeneli atomebi paralelur sibrtyeebze aris ganlagebuli 
fenebad. sxeulis gaWimvisas isini erTmaneTis mimarT gadaadgildebian sibrtyis 
marTobuli mimarTulebiT, amasTan, yovelTvis erTmaneTis paralelurni rCebian 
(sur. 2.82 a).

 

sur. 2.82
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deformirebuli sxeulis nebismier kveTaSi moqmedebs drekadobis Zala, 
romelic ewinaaRmdegeba mis nawilebad dayofas. sxeulis am mdgomareobas axa-
siaTeben fizikuri sididiT, romelsac meqnikur Zabvas uwodeben da aRniSnaven V 
(sigma) asoTi.

meqanikuri Zabva ewodeba fizikur sidides, romelic tolia drekadobis Zalis 
fardobisa im ganivkveTis farTobTan, romelzec is ganawilebulia.

F
.

S
V = dr

 

ganmartebidan Cans, rom SI-Si meqanikuri Zabva izomeba n/m2-Si, anu paskalebSi 
(pa). e.i meqanikur Zabvas da wnevas erTnairi ganzomileba aqvs. rodesac Cven Re-
ros vkumSavT, maSin Reroze ganxorcielebuli wneva masSi aRZruli meqanikuri 
Zabvis tolia. 

gaWimvis deformaciaze Catarebuli msjelobis analogiurad SegviZlia aRvwe-
roT kumSvis deformaciac.

Zvris deformacia. aviRoT drekadi nivTierebisgan damzadebuli marTkuTxa 
paralelepipedis formis sxeuli. erTi waxnagiT davamagroT horizontalur 

F

γ

sur. 2. 83

zedapirze. zeda wibos Sua wertilSi movdoT sayrdeni 

zedapiris paraleluri F Zala. sxeuli deformirdeba 
(sur. 2.83) aseT deformacias Zvris deformacia
ewodeba. Zvris deformaciis drosac atomebis gan la-
gebis sibrtyeebi erTmaneTis mimarT gada ad gildebian, 
oRond am sibrtyeebis gaswvriv (sur, 2.82 b). Zvris 
deformacias raodenobrivad axa siaTeben J kuTxiT, 
romelsac Zvris kuTxe ewodeba. 

gaWimva, SekumSva da Zvra deformaciis ZiriTadi 
formebia. yvela sxva deformacia SeiZleba warmovad ginoT, rogorc am deforma-
ciaTa garkveuli jami.

Runvis deformacia. drekadi Rero davdoT or sayrdenze. Reros Sua wer-

tilze movdoT qveviT mimarTuli F Zala (sur. 2.84). am Zalis moqmedebiT Rero 
deformirdeba. es Runvis deformaciaa (sur. 2.82 g). Runvis deformacia SeiZleba 
warmovadginoT rogorc ori saxis deformaciis jami: Reros zeda AB zedapiris 
Semadgeneli nawilakebi erTmaneTs miuaxlovdebian _ moxdeba SekumSva, xolo Re-
ros qveda CD nawilis Semadgeneli nawilakebi erTmaneTs daSordebian — moxdeba 
gaWimva. e. i. Runvis deformaciisas sxeulis nawili ikumSeba, nawili — iWimeba.

warmosaxviT gavadidoT Reros raime patara nawili (sur. 2.85). SekumSuli ze-

A

C

B

D

F

SekumSva

gaWimva
neitraluri

Sre

sur. 2. 84  2.85

dapiridan gaWimulis mimarTulebiT kumSvis deformaciis sidide mcirdeba, Re-
ros Sua nawilSi iqneba neitraluri _ aradeformirebuli Sre, Semdeg ki zrdas 
daiwyebs gaWimvis deformacia. radgan neitraluri Sre aradeformirebulia, mas-
Si meqanikuri Zabva ar aRiZvreba, amitom am fenis moSorebiT sxeulis drekadi 
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Tvisebebi da simtkice Runvis mimarT TiTqmis ar Seicvleba. samagierod, Semcir-
deba sxeulis masa. amis gamo mSeneblobaSi xSirad mTliani liTonis konstruqcie-
bis nacvlad sxvadasxva profilis aramTlian liTonis nakeTobebs iyeneben (sur. 
2.86). warmoidgineT, raoden didi iqneboda velosipedis masa, Tu is damzadebuli 
iqneboda ara milebisagan, aramed liTonis mTliani Reroebisgan.

sur. 2. 86

grexis deformacia. drekadi masalisgan damza- F

F

-

sur. 2.87

debuli cilindruli formis sxeuli erTi fuZeTi 
davamagroT horizontalur zedapirze, meore 
fuZeze ki movdoT ZalTa wyvili (sur. 2.87). cilin-
dris gverdiTa zedapirze daxazuli Sveuli xaze-
bi deformaciis Semdeg gadaixrebian. es grexiTi 
deformaciaa. am deformaciisas atomebis sib- 
 r tye ebi erTmaneTis mimarT gadaadgildebian sib-
rtyeebis gaswvriv (sur. 2.82 d), amitom is Zvris 
deformacias warmoadgens. grexis dros sxeulis 
sxvadasxva nawilis Zvris kuTxe erTmaneTisgan 
gan sxvavebulia.

praqtikaSi SeiZleba Segvxvdes sxvagvari deformaciebic, magram isini ganxi-
lul deformaciamde daiyvaneba. 

daskvnebi:

•	 sxeulis formis cvlilebis mixedviT deformacia iyofa gaWimvis (kumSvis), 
Runvis, grexisa da Zvris deformaciebad; 

•	 gaWimvis (kumSvis) deformacias axasiaTeben absoluturi wagrZelebiT _ ∆ι, 
da fardobiTi wagrZelebiT _ H	=	 ι

∆ι � 
•	 sxeulis meqanikuri Zabva ewodeba fizikur sidides, romelic tolia 

drekadobis Zalis fardobisa im ganikveTis farTobTan, romelzec isaa 

ganawilebuli: 
F

.
S

V = dr  meqanikuri Zabva izomeba paskalebSi;

•	 Runva gaWimvisa da kumSvis deformaciaTa erTobliobaa;
•	 grexa Zvris deformaciaa.
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sakontrolo kiTxvebi:

1. ratom ar aqvs fardobiT wagrZelebas ganzomileba?
2. rogor gadaadgildebian erTmaneTis mimarT paralelur sibrtyeebze gan-

lagebuli atomTa fenebi, sxeulis gaWimvisas?
3. ratomaa Runvis deformacia gaWimvisa da kumSvis deformaciaTa erTob-

lioba?
4. ratom ar icvleba sxeulis simtkice Runvaze misi Sua fenis mocilebiT?
5. rogor gadaadgildebian erTmaneTis mimarT paralelur sibrtyeebze gan-

lagebuli atomTa fenebi Zvris deformaciisas?

  erTad amovxsnaT amocana  

avtomobilis buqsirebisas (sur. 2.88) masze mobmuli 20 sm2 ganivkveTisa da 4 m 
sigrZis gvarli 2 sm-iT wagrZelda. gansazRvreT gvarlis fardobiTi wagrZeleba 
da masSi aRZruli meqanikuri Zabva, Tu gvarlis sixiste 10 kn/m-ia. 

sur. 2. 88

amoxsna:  

moc:  
S=20 sm2=20�10-4 m2;
ι	=4 m;
(∆ι	=2 sm=0,02 m;
k=10 kn/m = 10000 n/m
u.v. V�	H�

    Tavdapirvelad gamovTvaloT gvarlSi aRZruli dreka-
dobis Zalis moduli: F

dr
= k �∆ι= 10000 �0,02 = 200 (n). gvarl-

Si aRZruli meqanikuri Zabva V = 4
200F

S 20 10−=
⋅

dr  = 100 (kn/m2). 

fardobiTi wagrZeleba ki iqneba H	= ι
∆ι  = 4

0.02
  = 5�10-3.

pasuxi: gvarlis fardobiTi wagrZelebaa 0,005; masSi 
aRZruli meqanikuri Zabvaa 100 kn/m2.

  amoxseniT amocanebi:

1. 500 n/m sixistis rezinis zonarze uZravad kidia 10 kg masis wyliT savse 
saTli. risi tolia zonris absoluturi wagrZeleba? miiCnieT, rom g = 10 m/wm2.

2. 2 m sigrZisa da 400 n/m sixistis rezinis zonarze uZravadaa Camoki debuli 
10 kg masis sxeuli. risi tolia zonris fardobiTi wagrZeleba? miiCnieT, rom 
zonris deformacia drekadia da g = 10 m/wm2.

3. rezinis zonarze uZravadaa dakidebuli sxeuli. is Camoxsnes da zonarze 
orjer meti masis tvirTi dakides. Sedegad zonari gaiWima da tvirTi gaCer-
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da. SeadareT erTmaneTs zonris fardobiTi wagrZelebebi pirvel da meore Sem-
TxvevaSi. miiCnieT, rom zonris deformacia drekadia.

4. 10 sm2 ganivkveTis farTobis mqone erTgvarovan Reroze dakidebulia  
50 kg masis birTvi. risi tolia ReroSi aRZruli meqanikuri Zabva? Reros masas 
nu gaiTvaliswinebT. miiCnieT, rom g = 10 m/wm2.

5. 1000 agurisagan aSenebulia 5 m sigrZisa da 10 sm sisqis kedeli. risi to-
lia kedlis qveda fenaSi aRZruli meqanikuri Zabva, Tu kedlis TiToeuli fena 
25 cali 5 kg-iani agurisgan Sedgeba? agurebis damakavSirebeli xsnaris masas nu 
gaiTvaliswinebT. miiCnieT, rom g = 10 m/wm2.

6. rogori saxis deformacias ganicdis skamis fexebi da dasajdomi ficari, 
roca masze gogona zis (sur. 2.89)? 

7. rogori saxis deformacias ganicdis saqanelas Tokebi da dasajdomi fi-
cari, rodesac masze biWi qanaobs (sur. 2.90)? 

sur. 2. 89 sur. 2.90

8. rogori saxis deformacias ganicdis sanaTis sakidis AB Rero (sur 2.91)? 
BC Rero? ra mimarTulebiT moqmedebs B wertilze AB ReroSi aRZruli dreka-
dobis Zala? BC ReroSi aRZruli drekadobis Zala? 

9. sur. 2.92 mocemulia kronSteini, romelzec fanaria dakidebuli. ra mi-
marTulebiT moqmedebs B wertilze AB gvarlSi aRZruli drekadobis Zala? BC 
ReroSi aRZruli drekadobis Zala?

A

BC

A B

C

sur. 2. 91 sur. 2. 92 sur. 2. 93
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10. sur. 2.93 gamosaxulia kedelSi Camagrebuli wriuli ganivkveTis Rero. 
masze Semoxveul Tokze dakidebulia mZime tvirTi. rogori saxis deformacias 
ganicdis Rero? Toki?

saSinao cda:
cdis mizani: paralelurad Camokidebuli rezinis zonrebis deformaciaze da-

kvirveba.
 cdisTvis saWiroa: daaxloebiT 20 sm sigrZis ori erTnairi rezinis zonari, 

mavTuli, garkveuli masis tvirTi.
cdis aRwera: rezinis ori zonridan TiToeulis erT bolos miamagreT 

mavTulisagan gakeTebuli kauWi. zonrebi erTmaneTis gverdiT erT simaRleze 
ise CamokideT, rom kauWebic erT simaRleze aRmoCndes (sur 2.94). kauWebze 
rigrigobiT Camo kideT erTi da igive tvirTi. gazomeT da CainiSneT TiToeuli 
zonris wagrZeleba. 

sur. 2.95sur. 2.94

Semdeg zonrebi CamokideT erT wertilSi. maTi boloebi miamagreT mavTuli-
sagan gakeTebul erTsa da imave kauWs (sur 2.95). CamokideT igive tvirTi kauWze 
da gazomeT zonrebis wagrZeleba. SeadareT miRebuli wagrZelebebi da axseniT 
maTi aseTi gansxvavebis mizezi. 
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§ 2.14 iungis moduli. laboratoriuli samuSao

 samuSaos mizani: sxeulis sixistis ganmsazRvreli fizikuri sidideebis 
dadgena.

saWiro xelsawyoebi da masalebi: daaxloebiT 50 sm sigrZis rezinis zonari 
(SeiZ leba aviRoT ori erTnairi drekadi Rero), Stativi, sawonebis nakrebi, saxa-
zavi an sazomi lenti.

samuSaos msvleloba:
•	 rezinis zonari Suaze gadakeceT da gazomeT miRebuli naxevris sigrZe ι;
•	 zonari gadakecvis adgiliT Stativis TaTSi CaamagreT. zonris erT bo-

loze CamokideT m masis tvirTi. misi masa ise SearCieT, rom zonris wagrZeleba 
iyos mcire (sur. 2.96 a);

•	 gaWimul zonarSi aRZruli drekadobis Zala moduliT toli iqneba 
tvirTze moqmedi simZimis Zalisa. gamoTvaleT es Zala: Fdr = Fsim = mg; 

•	 gazomeT zonris ∆ι wagrZeleba;
•	 hukis kanonis gamoyenebiT gazomeT naxevari zonris sixiste: 

F
k ;=

∆ι
dr

•	 cda ramdenjerme gaimeoreT da monacemebi SeitaneT rveulSi am nimuSis 
mixedviT Sedgenil cxrilSi:

zonris 
sigrZe ι	(m)

tvirTis masa 
m (kg)

drekadobis 
Zala Fdr (n)

zonris 
wagrZeleba 
∆ι (m)

sixiste k n/m

•	 gaSaleT zonari da erTi boloTi kvlav CaamagreT Stativis TaTSi. amiT 
zonris sigrZe gaormagdeba da gaxdeba 2ι (Tu cdas drekadi ReroTi CaatarebT, 
isini mimdevrobiT gadaabiT erTmaneTs);

•	 gaSlil zonarze dakideT igive masis tvirTi (sur. 2.96 b). amiT zonarSi 
aRZruli drekadobis Zalis sidide igive darCeba. cda gaimeoreT da gamoTvaleT 
mTliani zonris sixiste;

•	 SeadareT erTmaneTs naxevari da mTliani zonris sixisteebi da gamoitaneT 
daskvna.

Tu cdas sakmarisad zustad CaatarebT, miiRebT, rom zonris sigrZis orjer 
gadidebiT, misi sixiste orjer Semcirdeba:

kk ,
2

′ =

anu, sxeulis sixiste misi sigrZis ukuproporciulia:

k	a	 ι
1

.

gavagrZeloT laboratoriuli samuSao:
•	 zonari kvlav gadakeceT SuaSi da gadakecvis adgiliT CaamagreT Stativis 

TaTSi;
•	 orive nawilze erTad CamokideT iseTi masis tvirTi, rom wagrZeleba ise-

Tive iyos, rogoric pirvel cdaSi (sur. 2.96 g). cda gaimeoreT da gamoTvaleT 
ormagi sisqis zonris sixiste;

•	 SeadareT erTmaneTs naxevari da ormagi sisqis zonrebis sixisteebi da 
gamoitaneT daskvna.



148

mg

mg

2mg

ι
ι

ι
ι

ι

ι2

sur. 2.96

a) b) g)

Tu cdas sakmarisad zustad CaatarebT, miiRebT, rom zonris ganivkveTis far-

Tobis orjer gazrdiT, sixiste orjer gaizrdeba: 

k 2k,′′ =  
anu, sxeulis sixiste misi ganivkveTis farTobis pirdapirproporciulia:

 k S.�  
orive daskvnis gaerTianebiT miviRebT:
sxeulis sixiste pirdapirproporciulia misi ganivkveTis farTobisa da uku-

proporciulia sigrZisa:  
Sk .ι�  

Tomas iungi

   imisaTvis, rom proporciulobidan tolobaze gadavideT, 
SemovitanoT proporciulobis koeficienti, romelic ar 
aris damokidebuli arc sigrZeze da arc ganivkveTis far-
Tobze. is damokidebuli iqneba mxolod im nivTierebis 
drekad Tvisebebze, romlisganac sxeulia damzadebuli. 
proporciulobis koeficients E asoTi aRniSnaven da iun gis 
moduls uwodeben, ingliseli fizikosis, Tomas iungis pa-
tivsacemad. maSasadame,

  
Sk E .= ι   (1)

davadginoT iungis modulis ganzomileba. amisaTvis (1) formulidan gamov-
saxoT E: kE .

S
=
ι

 

aqedan gamomdinareobs, rom iungis modulis ganzomilebaa:

[E]	=	 [S]
[k][ι]

	=	 m �m2

n �m
 = m2

n
 = pa (paskali).

axla gavarkvioT iungis modulis fizikuri azri. warmovidginoT, rom gvaqvs 
raime nivTierebisagan damzadebuli 1 m sigrZisa da 1 m2 ganivkveTis farTobis 
mqone sxeuli. tolobis (1) Tanaxmad, am nivTierebis iungis moduli ricxobrivad 
sxeulis sixistis tolia. aseTive sigrZe da ganivkveTis farTobi aqvs 1 m wibos 
mqone kubs, amitom: 

raime nivTierebis iungis moduli ricxobrivad tolia am nivTierebisgan damza-
debuli 1 m wibos mqone kubis sixistisa. 

CavweroT hukis kanoni iungis modulis gamoyenebiT. amisaTvis hukis kanonSi 
Fdr = k �∆ι CavsvaT sixistis mniSvneloba (1) tolobidan, gveqneba:
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Fdr = E ι
S
∆ι. (2)

 am tolobis orive mxare gavyoT sxeulis ganivkveTis S farTobze. miviRebT:

	 S
Fdr

= E ι
∆ι . (3)

wina paragrafidan gavixsenoT, rom H	=	 ι
∆ι  aris sxeulis fardobiTi wagrZe-

leba, V = S
Fdr

 ki — meqanikuri Zabva. amitom, 

  V = E�H� (4)

sxeulis mcire deformaciebisas meqanikuri Zabva fardobiTi wagrZelebis 
pirdapirproporciulia.

daskvnebi:

•	 sxeulis sixiste pirdapirproporciulia misi ganivkveTis farTobisa da 

ukuproporciulia sigrZisa: k= E ι
S

;

•	 raime nivTierebis iungis moduli ricxobrivad tolia am nivTierebisgan 
damzadebuli 1 m wibos mqone kubis sixistisa;

•	 sxeulis mcire deformaciebisas, meqanikuri Zabva fardobiTi wagrZelebis 
pirdapirproporciulia: V = E�H�

sakontrolo kiTxvebi:

1. ramdenjer Seicvleba Reros sixiste, Tu mas naxevars movaWriT?
2. ramdenjer Seicvleba bagiris sixiste, Tu mas orjer gavamsxvilebT?
3. rogor Seefardeba erTmaneTs erTi da imave masalisagan damzadebuli 

erTnairi sisqis Reroebis iun gis modulebi, Tu pirveli Reros sigrZe 
orjer aRemateba meoris sig rZes?

4. ra erTeulebSi izomeba iungis moduli?
5. ra saxe aqvs hukis kanons nivTierebisaTvis? 

 

  erTad amovxsnaT amocana  

gansazRvreT k
1
 da k

2
 sixistisa da erTnairi sigrZis rezinis zonrebisagan 

Sedgenili sistemis saerTo sixiste. ganixileT ori SemTxveva: a) zonrebi mim-
devrobiTaa gadabmuli; b) zonrebi paraleluradaa damagrebuli. miiCnieT, rom 
paralelurad Camokidebisas zonrebis wagrZelebebi erTnairia. zonrebis masas 
nu gaiTvaliswinebT.
amoxsna:

a) mimdevrobiT gadabmul zonrebze davkidoT raime m masis tvirTi (sur. 2.97a). 
k

1
 sixistis zonris wagrZeleba iyos x

1
. Tu meore zonarsa da masze da-

kidebul tvirTs erT sxeulad CavTvliT, advili misaxvedria, rom pirvel 

zonars Wimavs moduliT mg-s toli Zala. amitom k
1
x

1
= mg => 1

1

mgx k= . meore 

zonri saTvis pirveli warmoadgens sakidels, amitom meore zonarsac Wimavs mo-
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duliT mg-s toli Zala. e.i. k
2
x

2
= mg => x mg

k2
2

= . Tu am zonrebs CavanacvlebT 

k sixistis erTi zonriT, romelic igive m masis tvirTis Camokidebis Semdeg  

x = x
1

+ x
2
-iT wagrZeldeba, miviRebT: kx = mg => mgx k= . am gamosaxulebaSi x-is 

nac vlad SevitanoT x
1
-is da x

2
-is gamosaxulebaTa jami. miviRebT:

1 2

mg mg mg
k k k+ = . 

gantolebis orive mxa ris mg-ze gayofiT gveqneba: 
1 2

1 1 1
k k k= + . imave Sedegs mi-

viRebdiT, Tu rezinis zonrebi sxvadasxva sigrZis iqneboda. miRebuli formula 
SeiZleba gamoviyenoT mimdevrobiT gadabmuli zambarebisTvisac. aRvniSnoT, rom 
mimdevrobiT gadabmuli zambarebis sistemis saerTo sixiste TiToeuli zambaris 
sixisteze naklebia.

b) erT sakidze paralelurad Camokidebuli orive zonris boloebze davki-
doT tvirTi (2.97 b). am SemTxvevaSi orive zonari erTnairad wagrZeldeba. aRvniS-
noT es wagrZeleba x-iT. zonrebSi aRZruli drekadobis Zalebis jami moduliT 
tvirTze moqmedi simZimis Zalis tolia: k

1
x + k

2
x = mg <=> (k

1
+k

2
)x = mg. SevcvaloT 

orive zonari erTi iseTi k sixistis zonriT, rom masze imave m masis tvirTis 
dakidebis Semdeg wagrZeleba kvlav x-is toli iyos. maSin miviRebT: kx = mg. e.i. 
(k

1
+k

2
)x = kx, saidanac k = k

1
+ k

2
. amrigad, paralelurad damagrebuli toli sigr-

Zis zonrebisagan Sedgenili sistemis saerTo sixiste TiToeuli zonris sixistis 
jamis tolia. es Sedegi SeiZleba gamoviyenoT paralelurad ganTavsebuli zam-
barebisTvisac. asea, magaliTad, zambarebiani savarjiSo hantelis SemTxvevaSi, sa-
dac zambarebis raodenobis cvliT SeiZleba vcvaloT hantelis jamuri sixiste.

K1

K2

X1

mg

x  + x

F1

F2

21

sur. 2.97 a

a)

K1 K2

mg

F1

F2

b)

sur. 2. 97 b

pasuxi: zonrebis (zambarebis) mimdevrobiT gadabmisas 
1 2

1 1 1
k k k= + , xolo pa-

ralelurad ganTavsebisas _ k =k
1
+ k

2 
.
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  amoxseniT amocanebi2:

1. rezinis erTgvarovan zonars misi sigrZis meaTedi moaWres. ramdenjer 
gaizarda zonris sixiste?

2. zambaraze uZravad kidia tvirTi. ramdenjer Semcirdeba zambaris deforma-
cia, Tu imave tvirTs or paralelurad dakidebul iseTive zambarebze davkidebT?

3. zambara masze uZravad dakidebuli tvirTiT wagrZelda 10 sm-iT. risi 
toli iqneba zambaris wagrZeleba, Tu imave tvirTs masTan mimdevrobiT gadabmul 
iseTive zambaraze CamovkidebT? 

4. rezinis zonris sigrZe da ganivkveTis farTobi, Sesabamisad, 1 m da 1 sm2-ia. 
risi tolia zonris sixiste, Tu rezinis iungis moduli 0.02·109 n/m2-ia?

5. rezinis zonarze, romlis sigrZe da ganivkveTis farTobi, Sesabamisad, 2 m 
da 1 sm2-ia, kidia 10 kg masis tvirTi. gansazRvreT zonris wagrZeleba, Tu rezinis 
iungis moduli 0.02·109 n/m2-ia. miiCnieT, rom g = 10 m/wm2. 

6. gansazRvreT aluminis ReroSi aRZruli meqanikuri Zabva, Tu misi fardo-
biTi wagrZelebis moduli 0.001-is tolia. aluminis iungis moduli 70·109 n/m2-ia.

7. sur. 2.98 gamosaxulia erTmaneTis paralelurad dakidebuli sami erT-
nairi k = 1000 n/m sixistis msubuqi zambara. risi tolia TiToeuli zambaris 
wagrZeleba, Tu maTze Camokidebuli tvirTis masa 60 kg-ia? miiCnieT, rom  
g = 10 m/wm2.

8. sur. 2.99 gamosaxulia paralelurad ganTavsebuli erTnairi k
1
=500 n/m sixis-

tis ori zambara da maTze mimdevrobiT gadabmuli k
2
= 1000 n/m sixistis zambara. 

risi tolia am sistemis jamuri sixiste?
9. risi toli iqneba sur. 2.99 gamosaxuli zambarebis wagrZe lebebi, 

Tu sistemaze dakidebuli tvirTis masa 50 kg-ia? zambarebis sixisteebi  
k

1
= 5000 n/m da k

2
= 4000 n/m-ia. miiCnieT, rom g = 10 m/wm2. 

10. sur. 2.100 gamosaxulia ori erTnairi k
1
= 2000 n/m sixistisa da maTze or-

jer grZeli k
2
= 4000 n/m sixistis zambarebisagan Sedgenili sistema. risi tolia 

sistemis jamuri sixiste? risi toli iqneba TiToeuli zambaris wagrZeleba, Tu 
sistemaze horizontalurad mimarTuli 80 n ZaliT vimoqmedebT?

K1 K1

K2

F

sur. 2. 100

K K K

sur. 2. 98

K1

K2

K1

sur. 2.99

2 ganxilul amocanebSi deformacia drekadad miiCnieT.
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§ 2.15 gaWimvis diagrama

wina paragrafSi davadgineT, rom sxeulis mcire deformaciebisas meqanikuri 
Zabva pirdapirproporciulia fardobiTi wagrZelebis _ V	= E�H� deformacia 
mcirea maSin, Tu ∆ι absoluturi wagrZeleba gacilebiT naklebia sawyis ι si g-
rZeze, anu, roca |H|<<1. magram, realur SemTxvevebSi, deformacia SeiZleba sak-
maod didi iyos. ra emarTeba am dros sxeulis Semadgenel nivTierebas? 

am sakiTxis Teoriuli kvleva Zalian rTulia, amitom mas eqsperimentulad 
swavloben. cdebis monacemebi jer SeaqvT cxrilebSi da Semdeg ageben meqanikuri 
Zabvis fardobiT wagrZelebaze damokidebulobis grafiks, romelsac gaWimvis 
diagramas uwodeben. 

sur. 2.101

    ganvixiloT aseTi cdebis Casatareblad saWiro mowyobilo-
bis gamartivebuli modeli. vTqvaT, gvinda avagoT spilenZis 
ga Wimvis diagrama. amisaTvis aviRoT spilenZis mavTuli da 
erTi boloTi CamovkidoT. mavTulis meore boloze davkidoT 
pina masze sawonebis dasadebad. mavTulis boloze davamagroT 
isari, romlis gaswvriv movaTavsoT 1 mm danayofis fasis mqone 
saxazavi (sur. 2.101). pinaze sawonis moTavsebis Semdeg mavTu-
li gaiWimeba, isari gadaadgildeba, riTac mavTulis wagrZe-
lebas vipoviT. misi gayofiT sawyis sigrZeze, gamoviTvliT 
mavTulis fardobiT wagrZelebas. pinaze dalagebul sawonebze 
moqmedi simZimis Zala moduliT mavTulSi aRZruli drekado-
bis Zalis tolia, amitom misi mavTulis ganivkveTis farTobze 

gayofiT miviRebT meqanikur Zabvas. cxadia, gaWimvis diagramis asagebad saWiro 
Tanamedrove danadgari gacilebiT rTuli, zusti da kompiuterizebulia (sur. 
2.102). masSi sakvlevi nimuSis moTavsebis Semdeg is avtomaturad iZleva kvlevis 
Sedegebs _ cxrilebsa da diagramebs. 

gavaanalizoT cdis Sedegad miRebuli gaWimvis diagrama (sur. 2.103). 

σ

σ

0 ε

A

B
DC

E
F

sz

σpr
σdr

σd

sur. 2.102 sur. 2.103

mcire deformaciebisaTvis meqanikur Zabvasa da fardobiT wagrZelebas Soris 
damokidebuleba pirdapirproporciulia, rasac diagramaze OA ubani Seesabame-
ba. am ubnis nebismier wertilSi Zabvis (datvirTvis) moxsnisas sxeuli sawyis 
mdgomareobas daubrundeba _ deformacia gaqreba, anu deformacia drekadia. 
meqanikuri Zabvis maqsimalur mniSvnelobas, romlis drosac damokidebuleba 
V-sa da H-s Soris pirdapirproporciulia, proporciulobis zRvari ewodeba _ 

.Vpr  Zabvis Semdomi gazrdisas garkveul AB ubanze sxeuli SeinarCunebs drekad 
Tvisebebs, Tumca damokidebuleba V-sa da H-s Soris aRar iqneba wrfivi. meqa-
nikuri Zabvis maqsimalur mniSvnelobas, romlis drosac deformacia jer kidev 
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drekadia, drekadobis zRvari ewodeba _ .Vdr  Tu meqanikuri Zabva meti gaxdeba, 
vidre drekadobis zRvari, Zabvis moxsnis Semdeg sxeuli aRar daubrundeba sawyis 
mdgomareobas. adgili eqneba narCen deformacias _ deformacia gaxdeba plasti-
kuri. AB ubnis Semdeg, drekadobis zRvarTan Zalian axlos, Zabva miaRwevs iseT 
mniSvnelobas, rodesac deformacia daiwyebs zrdas Zabvis zrdis gareSe. am mov-
lenas masalis denadoba ewodeba. es procesi, magaliTad spilenZisaTvis, ramde-
nime wuTis ganmavlobaSi grZeldeba _ CD ubani. meqanikuri Zabvis mniSvnelobas, 
romlis drosac jer kidev adgili aqvs masalis denadobas, denadobis zRvari 
ewodeba _ .Vd 	masalis denadobis damTavrebis Semdeg, deformaciis gazrdisaT-
vis saWiro iqneba meqanikuri Zabvis gazrda _ DE ubani. magram dadgeba momenti, 
rodesac Zabva daiwyebs klebas, xolo deformacia _ zrdas. masalaSi aRZruli 
drekadobis Zala veRar umklavdeba gareSe Zalas, iwyeba masalis rRveva. meqani-
kuri Zabvis maqsimalur mniSvnelobas, romelic SeiZleba Seiqmnas masalaSi misi 
rRvevis dawyebamde, simtkicis zRvari ewodeba  _ .Vsz

ufro detalurad SevCerdeT denadobis CD ubanze. Tu Zabvas movxsniT D wer-
tilSi (denadobis dasrulebis Semdeg), sakmaod didi narCeni deformacia gveqne-
ba, anu SeiZleba movaxdinoT masalis deformacia misi rRvevis gareSe. rac ufro 
didi iqneba es ubani, ufro didi iqneba es deformacia.

masalas, romelsac denadobis didi ubani aqvs, plastikuri masala ewodeba. 
aseTebia, magaliTad, tyvia, rkina alumini da sxva. plastikuri masalebisagan 
deformaciiT sxvadasxva formis sxeulebs amzadeben. masalas, romelsac patara 
denadobis ubani aqvs (an saerTod ar aqvs), myife masala ewodeba. aseTi masali-
sagan damzadebuli sxeulebi mcire deformaciebis drosac ki imtvreva. aseTebia, 
magaliTad, mina, Tixa, faifuri, Tuji da sxva.

rodesac raime detalebs (konstruqciebs) vamzadebT, imedi gvaqvs, rom dat-
virTvebi, romlebsac maT unda gauZlon, simtkicis zRvarze meti ar iqneba. mag-
ram zogjer SeiZleba iseTi situacia Seiqmnas, rodesac datvirTva ramdenjerme 
izrdeba. magaliTad, velosipediT moZraobisas, asfaltiani gzidan uswormas-
woro qvian daRmarTze gadasvlisas, Zabva mkveTrad izrdeba da Tu man simtki-
cis zRvars gadaaWarba, velosipedis CarCo gatydeba. amitom detalis damzade-
bisas unda gaviTvaliswinoT, rom Zabva, romelic SeiZleba Seiqmnas misi eqsplua-
taciisas, naklebi iyos simtkicis zRvarze. sidides, romelic gviCvenebs detalis 
(konstruqciis) unars, gauZlos gaTvlilze met datvirTvebs, simtkicis marags 

uwodeben da aRniSnaven n-iT. simtkicis maragi tolia simtkicis zRvaris ( ).Vsz  
fardobisa im maqsimalur ZabvasTan (V

maq
), romelic SeiZleba Seiqmnas sxe ulSi: 

n .V
=
V

sz

maqs

simtkicis maragis mniSvneloba, Cveulebriv, 2-dan 20-mde farglebSia. karis 
saxeluris simtkicis maragi SeiZleba 2-is tolic iyos, magram liftis gvarlisa 
— aucileblad maqsimaluri.

daskvnebi:

•	 meqanikuri Zabvis fardobiT wagrZelebaze damokidebulobis grafiks ga-
Wimvis diagrama ewodeba;

•	 meqanikuri Zabvis maqsimalur mniSvnelobas, romlis drosac damoki-
debuleba V-sa da H-s Soris jer kidev pirdapirproporciulia, propor-
ciulobis zRvari ewodeba;
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•	 meqanikuri Zabvis maqsimalur mniSvnelobas, romlis drosac deforma-
cia jer kidev drekadia, drekadobis zRvari ewodeba;

•	 Zabvis zrdis gareSe deformaciis zrdis movlenas masalis denadoba  
ewodeba;

•	 meqanikuri Zabvis mniSvnelobas, romlis drosac jer kidev adgili aqvs 
masalis denadobas, denadobis zRvari ewodeba;

•	 meqanikuri Zabvis maqsimalur mniSvnelobas, romelic SeiZleba Seiqmnas 
masalaSi misi rRvevis dawyebamde, simtkicis zRvari ewodeba;

•	 simtkicis zRvaris Sefardebas im maqsimalur ZabvasTan, romelic Sei-

Zleba Seiqmnas sxeulSi, simtkicis maragi ewodeba: n .V
=
V

sz

maqs

 

sakontrolo kiTxvebi:

1. ra SemTxvevaSi miiCneva deformacia mcired?
2. rogor ageben gaWimvis diagramas?
3. ra gansxvavebaa gaWimvis diagramaze OA da AB ubnebs Soris?
4. ras niSnavs masalis rRveva?
5. romel masalas uwodeben plastikurs? myifes?
6. rogor fiqrobT, Seicvleba Tu ara meqanikuri Zabvis zRvruli mniSvnelobe-

bi masalis temperaturis cvlilebiT?
7. maRlivi xididan gadmoxtomisas (Rope Jumping) gamoyenebuli bagiris sim-

tkicis maragi ufro meti unda iyos, Tu saqanelas bagirisa?

  jgufuri muSaoba. laboratoriuli samuSao
samuSaos mizani: mavTulis simtkicis zRvaris cvlilebaze dakvirveba misi 

gacxelebisas.
samuSaos aRwera: maswavleblis TanxlebiT laboratori-

sur. 2.104

a)

b)

aSi CaatareT cda: myar samagrze CamokideT liTonis wvrili 
(daaxloebiT Zafis diametris toli) mavTuli. sasurvelia, 
sxvadasxva jgufma samuSao sxvadasxva nivTierebisgan damza-
debul erTnairi ganivkveTis mavTulze SeasruloT. daki-
deT mavTulze saTli ise, rom is iatakTan Zalian axlos 
iyos, magram ar exebodes mas (sur 2.104 a). saTiTaod CaawyveT 
saTlSi mcire masis sawonebi. rodesac mavTuli gawydeba 
awoneT saTli masSi moTavsebul sawonebTan erTad (sa-
wonebis nacvlad SeiZleba saTlSi wylis TandaTan Camatebac). miRebuli SedegiT 
daaxloebiT gansazRvravT, Tu ra datvirTvas uZlebs mocemuli mavTuli. gaimeo-
reT cda, oRond amjerad mavTulTan axlos moaTavseT eleqtrogamaTbobeli ise, 
rom mavTulis temperatura gaizardos (sur. 2.104 b). (SeiZ leba mavTulis rome-
lime ubani spirtquris aliT gavaTboT). miRebuli Sedegebi daafiqsireT da eca-
deT upasuxoT Semdeg kiTxvebs:

•	 erTsa da imave datvirTvas gauZlo Tu ara sxvadasxva masalisagan dam-
zadebulma erTnairi diametris mavTulma?

•	 erTnair datvirTvas gauZlo Tu ara sxvadasxva temperaturis mqone erTma 
da imave mavTulma?

•	 ra faqtori unda iqnas gaviTvaliswinebuli liTonis konstruqciis agebisas?
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§ 2.16 xaxunis Zala

niutonis pirveli kanonis Tanaxmad,  sxeulis siCqaris SesanarCuneblad masze 
Zalis moqmedeba saWiro ar aris. maS, ra aCerebs ferdobidan Camosrialebul 
cigas horizontalur ubanze? gagorebul burTs moedanze? navs tbaSi Zravas 
gamorTvis Semdeg (sur. 2.105)? ra Zala iwvevs maTi siCqaris Semcirebas? 

sur. 2.105

  cigas da burTs aCerebs xaxunis Zala, navs _ garemos winaaRmdegobis 
Zala. es Zalebi  sxeulTa moZraobis sawinaaRmdegodaa mimarTuli.

ratom warmoiqmneba xaxunis Zala? Tu  nebismieri sxeulis zedapirs lupiT 
davakvirdebiT, SevamCnevT uamrav mcire uswormasworobas _ zedapiris simqi ses 
(sur. 2.106). roca erTi sxeuli srialebs an cdilobs daiwyos sriali meore 
sxe ulis zedapirze, uswormasworobebi erTmaneTs wamoedeba da deformirdeba. 
aRiZvreba drekadobis Zalebi, romlebic deformaciis sawinaaRmdegodaa mimar-
Tulni. es xaxunis Zalis warmoqmnis erT-erTi mizezia.

sur. 2.106

V
Fxax

 

Semxeb zedapirebs Soris xaxunis Zalis war moqmnas sxva mizezic aqvs: zeda-
pirebis zogierTi ubani erTmaneTs  Zalian mWidrod ekvris _ maT Soris man-
Zili imdenad mcirea, rom Semxebi sxe-
ulebis molekulebs Soris miziduloba 
mniSvnelovani xdeba. es ubnebi TiTqos ewe-
bebian erTmaneTs da sxeulebis erTmaneTis 
mimarT gadaadgilebas ewinaaRmdegebian.

 _ CavataroT cda: dinamometris 
saSualebiT xis Zelaks movdoT  magidis 
zedapiris paraleluri Zala  da avamoZ-
raoT is (sur. 2.107a). Zelakze moqmedebs 

simZimis mg Zala, misi gamawonasworebeli 

sayrdenis reaqciis N Zala, dinamometris 

zambaris drekadobis F Zala da moZraobis 
sawinaaRmdegod mimarTuli srialis xa-

xunis Fx Zala. 
sur. 2.107

N
FFx

Fwn
mg

N

FFx

Fwn

mg

a)

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

Zelakis Tanabari moZraobisas F F= x
. es niSnavs, rom Tu Zelaks dinamometriT 

Tanabrad vamoZravebT, maSin  is srialis xaxunis Zalis mniSvnelobas gviCvenebs. 
Tu Zelaks raime tvirTs davadebT,  gaizrdeba Zelakis mxridan magidaze war-
moebuli wnevis Zala. cdiT SeiZleba davrwmundeT, rom ramdenjerac gavzrdiT 
wnevis Zalas, imdenjerve gaizrdeba srialis xaxunis Zalac (sur. 2.107 b). e.i. 
srialis xaxunis Zalis moduli pirdapirproporciulia sxeulis mier sayrdenze 
warmoebuli wnevis Zalis:

 F F ,= µx wn  (1)

romelSic µ srialis xaxunis koeficientia. igi orive moxaxune sxeulis 
maxasiaTebeli sididea. misi mniSvneloba damokidebulia nivTierebebze, rom-
lebisganac aris damzadebuli moxaxune sxeulebi, maTi zedapirebis damuSavebis 
xarisxze da sxva. xaxunis koeficients ganzomileba ara aqvs, mis mniSvnelobas 
cdiT adgenen.

Zelaki sayrden zedapirs wnevis Fwn ZaliT awveba. Tavis mxriv,  sayrdeni reaq-
ciis N ZaliT moqmedebs Zelakze. niutonis mesame kanonis Tanaxmad, es Zalebi 
sapirispirodaa  mimarTuli da modulebiT tolia. amitom,

F N.= µx

N Zala yovelTvis  sayrdenis marTobulad (anu, normalurad) aris mimarTu-
li, amitom mas xSirad sayrdenis normalur reaqciis Zalas uwodeben. 

Zelaki magidaze mcire waxnagiT rom davdoT, srialis xaxunis Zala TiTqmis 
ar Seicvleba. e.i. srialis xaxunis Zala damokidebuli ar aris moxaxune Semxebi 
zedapiris farTobze. 

 srialis xaxunis Zala ar aris damokidebuli moxaxune sxeulebis Sexebis zeda-
piris farTobze da pirdapirproporciulia sayrdenis normaluri reaqciis Zalis 
modulisa.

 es debuleba eqsperimentulad miiRo frangma fizikosma giiom amontonma (1663 
-1705), misi marTebuloba Seamowma aseve frangma fizikosma Sarl kulonma (1736 
-1806), amitom mas amonton-kulonis kanoni ewodeba.

 SeiZleba Tu ara, xaxunis Zala moqmedebdes uZrav sxeulzec? am kiTxvaze pa-
suxis gacema SegviZlia imave cdis saSualebiT, magram „datvirTuli“ Zelakis 
amoZraveba nel-nela unda vcadoT. Tu dinamometrs odnav gavqaCavT, Zelaki uZ-
ravi darCeba. es niSnavs, rom dinamometris mxridan Zelakze moqmed Zalas, raRac 

sxva Zala awonasworebs. swored es aris uZraobis xaxunis Zala _ F
uZ.x. Tu dina-

mometrs ufro Zlierad gavqaCavT, uZraobis xaxunis Zalac gaizrdeba. es gag-
rZeldeba iqamde, vidre uZraobis xaxunis Zala Tavis maqsimalur mniSvnelobas ar 
miaRwevs da Zelaki ar amoZravdeba. rogorc cdebi gviCvenebs, uZraobis xaxunis 
Zalis maqsimaluri mniSvneloba sayrdenis normaluri reaqciis Zalis proporci-
ulia:

F N.= µ


uZ.x.maqs uZ

 rogorc wesi, uZraobis xaxunis koeficienti mcired aRemateba srialis xaxu-
nis koeficients ( ).µ > µuZ  amitomac sxeulis daZvras ufro meti Zala sWirdeba, 
vidre mis Semdgom gadaadgilebas (sur.  2.108 ).
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FuZ.x Fgare
V = 0

 0

V

FuZ.x

FuZ.x maqs

Fx 

Fsr.x 

Fgare

Fgare

daiwyo sriali

•
•

sur. 2.108

 Tu imave Zelaks msubuq urikaze davdebT, misi daZvra da Semdgom gadaad-
gileba gacilebiT advili iqneba. am SemTxvevaSi moqmedebs gorvis xaxunis Zala. 
cdebi gviCvenebs, rom erTnair pirobebSi gorvis xaxunis Zala ramdenime aTeul-
jer naklebia srialis xaxunis Zalaze. 

gorvis xaxunis Zalis warmoqmnis erT-erTi mizezi im

sur. 2.109

V

Fgor.x

V

Fgor.x

a)

b)

 
zedapiris deformaciaa (Cazneqvaa), romelzec sxeuli 
migoravs. am dros borbals mudmivad uwevs, agordes pa-
tara daxril sibrtyeze (sur. 2.109 a). rac ufro didia 
zedapiris deformacia, miT ufro metia warmoqmnili sib-
rtyis daxris kuTxe da miT ufro izrdeba gorvis xaxunis 
Zala. amitom gorvis xaxunis Zalis Semcireba SesaZ-
lebelia zedapiris simyaris gazrdiT. swored amitom 
Cqarosnul magistralebze betonis safars ageben. gorvis 
xaxunis Zalis warmoqmnas TviT borblis zedapiris gab-
rtyelebac iwvevs, ris gamoc aseve mcire safexuri Cnde-
ba (sur 2.109 b) unda aRvniSnoT, rom gorvis xaxunis Semcireba SesaZlebelia 
zedapirze warmoebuli wnevis SemcirebiTac. magaliTad, satvirTo avtomobilebs 
wnevis Sesamcireblad bevr borbals uyeneben. gorvis xaxunis Zala mgoravi sxeu-
lis simyarisa da misi radiusis gazrdiTac SegviZlia SevamciroT. 

xaxunis Zala mniSvnelovania rogorc teqnikaSi, aseve yoveldRiur cxovreba-
Si. is SeiZleba sasargebloc iyos da sazianoc. meqanizmebis muSaobisas is zianis 
momtania _ iwvevs detalebis cveTas, maT gaxurebas, energiis danakargebs. amitom 
moxaxune zedapirebs aprialeben, faraven sapoxi saSualebebiT, srialis xaxuns 
gorvis xaxuniT cvlian da a.S. (sur. 2.110).

sur. 2.110  

xaxunis Zalis ararsebobis SemTxvevaSi qveiTi da avtomobili adgilidan ver 
daiZvreboda, moZravi ki _ ver gaCerdeboda. amitom xaxunis Zalis gasazrdelad 
fexsacmlis lanCisa da saburavebis zedapirebs reliefurs amzadeben, molipul 
gzebze yrian qviSas da a.S. (sur. 2.111)
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sur. 2.111

xaxunis Zala warmoiqmneba myari sxeulis siTxeSi an airSi moZraobis drosac.  
maT winaaRmdegobis Zalebs uwodeben.

uZraobis xaxunis Zala siTxeebsa da airebSi ar aRiZvreba.
amitomaa dedamiwaze moTavsebuli navis amoZraveba Zalian Zneli, wyalSi ki _ 

Zalian advili.
winaaRdegobis Zalebi siTxeebsa da airebSi warmoiqmneba mxolod sxeulisa da 

garemos erTmaneTis mimarT moZraobisas. 
siTxeSi an airSi winaaRmdegobis Zalebis warmoqmnis mizezebia:
•	 myari sxeulis siTxeSi an airSi moZraobisas misi garemomcveli fenebi 

masTan erTad moZraobs. rac ufro blantia siTxe miT ufro meti fena ahyveba 
sxeuls am moZraobaSi da, Sesabamisad, meti iqneba winaaRmdegobis Zala;

•	 garemos Semadgeneli nawilakebi winidan ejaxeba sxeuls da anelebs mis 
moZraobas. amas frontalur winaaRmdegobas uwodeben;

•	 didi siCqariT moZraobisas sxeulis ukan warmoiqmneba dabali wnevis are 
da sxeuli TiTqos Seiwoveba masSi, riTac ferxdeba misi moZraoba.

razea damokidebuli garemos winaaRmdegobis Zalis sidide?
•	 wyalsa da haerSi sxeulis erTnairi siCqariT moZraobisas winaaRmdegobis 

Zala wyalSi ufro metia, vidre haerSi; glicerinSi ufro metia, vidre wyalSi. 
e.i. winaaRmdegobis Zala garemos Tvisebebzea damokidebuli;

•	 erTnairi geometriuli formis sxeulebze moqmedi garemos winaaRmdegobis 
Zalis sidide am sxeulTa ganivkveTis farTobis pirdapirproporciulia;

•	 erTnairi ganivkveTis SemTxvevaSi garemos 

sur. 2.112

FwinaR1

FwinaR2

FwinaR3

FwinaR4

winaaRmdegobis Zalis sidide sxeulis formazea 
damokidebuli: es Zala yvelaze didia Cazneqili 
sferos formis sxeulisaTvis (magaliTad, para Su-
tisaTvis), yvelaze mcire ki wveTis formis sxeu-
lisaTvis (sur. 2.112). amitom wyalqveSa navebs, 
gemebs, raketebs, TviTmfrinavebsa da sportul 
avtomobilebs gansakuTrebul garsedin formas 
aZleven (sur. 2.113). amas TviTon buneba gvkarnaxobs 
_ gaixseneT Tevzebisa an frinvelebis sxeulis 
formebi;

•	 garemos winaaRmdegobis Zalis sidide mis 
mimarT sxeulis moZraobis siCqarezea damo ki-
debuli: dabali siCqareebis SemTxvevaSi is siCqa-
ris modulis pirdapirproporciulad izrdeba, ma-
Rali siCqareebis SemTxvevaSi _ siCqaris modulis 
kvadratis proporciulad, zebgeriTi siCqariT moZraobisas ki _ ufro metad.
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sur. 2.113

daskvnebi:

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

•	 srialis xaxunis Zalis moduli sayrdenis reaqciis Zalis pirdapir pro-

porciulia: F N;= µx   
•	 srialis xaxunis Zala ar aris damokidebuli moxaxune sxeulebis Sexebis 

zedapiris farTobze. is damokidebulia nivTierebebze, romlisganaca moxax-
une sxeulebia damzadebuli, maTi zedapirebis damuSavebis xarisxze da sxva;

•	 sxeulze moqmedi uZraobis xaxunis Zala moduliT im Zalis tolia, rome-
lic mis amoZravebas cdilobs;

•	 erTnair pirobebSi gorvis xaxunis Zala srialis xaxunis Zalaze mcirea; 
•	 uZraobis xaxunis Zala siTxeebsa da airebSi ar aRiZvreba.

sakontrolo kiTxvebi:

1. xaxunis Zalis warmoqmnis ra mizezebs daasaxelebdi?
2. rodis aris or sxeuls Soris uZraobis xaxunis Zala nulis toli?
3. sxeulis amoZravebaa ufro Zneli, Tu misi gasrialeba? ratom?
4. Tu sxeuli zedapirs simZimis Zalis toli ZaliT awveba, romeli formu-

liT SeiZleba srialis xaxunis Zalis gamoTvla? 
5. romeli borbali ufro advilad goravs, matareblis Tu avtomobilis?
6. rogor fiqrobT, xaxunis Zalis arseboba sasargebloa Tu saziano?
7. ras uwodeben garemos winaaRmdegobis Zalas? razea damokidebuli es Zala?

  erTad amovxsnaT amocana  

gzis horizontalur ubanze mudmivi v siCqariT moZravi avtomobilis mZRol-
ma mkveTrad daamuxruWa _ avtomobili gzaze gasrialda da gaCerda. gansazRvreT 
avtomobilis aCqareba da manZili, romelsac gaivlis avtomobili mkveTri damux-
ruWebis dawyebidan gaCerebamde (samuxruWe manZili), Tu srialis xaxunis koe-
ficienti avtomobilis saburavebsa da gzis safars Soris	µ-s tolia. miiCnieT, 
rom damuxruWebisas gzaze avtomobilis oTxive borbali srialebs da is Tana-
barSenelebulad moZraobs.

amoxsna:
am SemTxvevaSi avtomobilis TanabarSenelebuli moZraobis gamomwvevi mxo-

lod horizontaluri mimarTulebis srialis xaxunis Zalaa, romlis moduli  
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F
x
=	 µN-is tolia. N avtomobilze moqmedi gzis safaris reaqciis Zalis mo-

dulia. avtomobili vertikaluri mimarTulebiT ar gadaadgildeba, amitom 
masze moqmedi reaqciis Zala moduliT simZimis Zalis tolia: N=mg. Tu reaq-
ciis Zalis am mniSvnelobas xaxunis Zalis gamosaTvlel formulaSi CavsvamT, 
miviRebT: F

x
=	 µmg. niutonis meore kanonis Tanaxmad, avtomobilis aCqarebis 

moduli 
F mga g.
m m

µ
= = = µx  e.i. a=	 µg. miviReT, rom avtomobilis horizonta-

lur gzaze srialisas misi aCqareba avtomobilis masaze damokidebuli ar aris.  
vinaidan avtomobilis moZraoba TanabarSenelebulia da misi saboloo siCqare 
nulis tolia, samuxruWe manZilis sapovnelad SegviZlia visargebloT formu-

liT: 
2vS ,

2a
=  e.i. 

2vS .
2 g

=
µ

 miRebuli formulidan Cans, rom erTnair pirobebSi 

avtomobilis samuxruWe manZili misi sawyisi siCqaris kvadratis proporciulia. 
ase magaliTad, avtomobilis siCqaris 2-jer gazrdisas misi samuxruWe manZili 
4-jer izrdeba, 3-jer gazrdisas _ 9-jer da a. S. es faqti yvela mZRolma aucile-
blad unda gaiTvaliswinos!

pasuxi: avtomobilis samuxruWe manZili gamoiTvleba formuliT 
2vS .

2 g
=

µ
 

 amoxseniT amocanebi: 

1. Rrma wyalsacavSi CaSvebuli liTonis burTulis siCqare Tavdapirvelad 
imatebs, Semdeg ki mudmivi siCqariT iZireba. riT aixsneba es? 

2. ratom ver aviTareben gemebi did siCqares?
3. SesaZlebelia Tu ara matarebeli gamorTuli ZraviT Tanabrad moZraobdes 

horizontalur liandagze? 
4. ratom aris ufro Zneli welamde wyalSi gaqceva, vidre xmeleTze sirbili?
5. risi tolia avtomobilis aCqareba damuxruWebisas, Tu misi saburavebis 

gzis safarTan srialis xaxunis koeficienti 0,6-ia? miiCnieT, rom damuxruWebisas 
avtomobilis oTxive saburavi gzaze srialebs. g=10 m/wm2.

6. gansazRvreT, ra droSi gaCerdeba avtomobili mkveTri damuxruWebisas, 
Tu damuxruWebis dawyebamde is 30 m/wm siCqariT moZraobda. srialis xaxunis koe-
ficienti saburavebsa da gzis safars Soris 0,5-ia. miiCnieT, rom damuxruWebisas 
avtomobilis oTxive saburavi gzaze srialebs. g=10 m/wm2.

7. gansazRvreT 25 m/wm siCqariT moZravi avtomobilis samuxruWe manZili, Tu 
srialis xaxunis koeficienti saburavebsa da gzis safars Soris 0,5-ia. miiCnieT, 
rom damuxruWebisas avtomobilis oTxive saburavi gzaze srialebs. g=10 m/wm2.

8. horizontalur zedapirze moTavsebuli 20 kg masis yuTis adgilidan dasaZ-
ravad sakmarisia masze horizontalurad mimarTuli 100 n Zala movdoT. ra aCqa-
rebiT imoZravebs yuTi, Tu masze horizontalurad mimarTuli 300 n ZaliT vimo-
qmedebT? srialis xaxunis Zala uZraobis xaxunis Zalis maqsimaluri mniSvnelo-
bis tolad miiCnieT.

9. srialis xaxunis koeficienti horizontalur zedapirsa da masze moTavse-
bul 20 kg masis yuTs Soris 0,4-ia. yuTze moqmedeba daiwyo horizontaluri mi-
marTulebis mqone 180 n-is tolma mudmivma Zalam. ra manZils gaivlis yuTi moZ-
raobis dawyebidan 2 wamSi? g=10 m/wm2.

10. horizontalur zedapirze uZravad moTavsebul 10 kg masis Zels mosdes 
zedapiris paraleluri 180 n Zala. 100 m-is gavlis Semdeg Zalis mimarTuleba 
sapirispiroTi Secvales. am momentidan, ra droSi ga Cerdeba Zeli, Tu srialis 
xaxunis koeficienti Zelsa da zedapirs Soris 0,2-ia? g=10 m/wm2.
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§ 2.17 sxeulebis moZraoba ramdenime Zalis moqmedebiT: 
gadabmuli sxeulebis moZraoba

yofa-cxovrebasa da `teqnikaSi~ xSirad gvxvdeba iseTi sxeulebis moZrao ba, 
romlebic erTmaneTTan gadabmulia bagiriT, zambariT, TokiT, myari ReroTi. 
aseTebia, magaliTad, satvirTo manqana da misabmeli, matareblis vago nebi; vert-
mfreni da masze bagiriT Camokidebuli tvirTi, skuteri da masTan bagiriT mib-
muli wylis moTxilamure (sur. 2.114), uZrav WoWonaqze gadadebuli Tokis bo-
loebze Camokidebuli tvirTebi da mravali sxva.

erTmaneTTan gadabmuli sxeulebidan TiToeulis moZraoba masTan mibmuli 
sxva sxeuliT (sxeulebiT) SezRudulia, anu, isini qmnian sxeulTa erT mTlian 
sistemas. magaliTad, vertmfreni da masze dakidebuli tvirTi sxeulTa erTob-
liobas qmnis, romelSic vertmfrenis moZraobas zRudavs tvirTi da — piriqiT. 

sur. 2.114

a) b) g)

 

gadabmuli sxeulebis SemTxvevaSi dinamikis ZiriTadi amocanis amoxsnisaTvis 
saWiroa TiToeuli sxeulisaTvis davweroT niutonis meore kanoni. amisaTvis ki, 
upirvelesad, unda ganvsazRvroT TiToeul sxeulze moqmedi Zalebi. aseve unda 
davweroT pirobebi, romlebic sistemis gantolebebs erTmaneTTan daakavSirebs. 

amoxsnis gasamartiveblad saWiroa gavakeToT garkveuli daSvebebic. maga-
liTad, sxeulebis TokiT gadabmisas Tokis sigrZis cvlileba da misi masa ugule-
belvyoT. aseve, mxedvelobaSi ar miviRoT WoWonaqis masa da WoWonaqis Tavis 
RerZTan xaxunis Zalac. aseT SemTxvevaSi mTel sigrZeze Tokis daWimuloba SeiZ-
leba erTnairad miviCnioT — rodesac Toki gadadebulia WoWonaqze, misi daWimu-
loba WoWonaqis orive mxares erTnairi iqneba. 

ganvixiloT gadabmuli sxeulebis moZraobis ori magaliTi:
1. ori tvirTi, romelTa masebia m1 da m2 (m2 > m1), gadabmulni arian uWimva-

di da uwono TokiT. Toki gadadebulia uZrav WoWonaqze. 

sur. 2.115

T
a

T

y

a

m g

m g

davadginoT, ra aCqarebiT imoZraveben sxeulebi da risi 
toli iqneba Tokis daWimulobis Zala.

upirvelesad, ganvsazRvroT sxeulebze moqmedi Zalebi:        
pirvel sxeulze moqmedebs simZimis m1g Zala da Tokis da-

Wi  mulobis T Zala. meore sxeulze — simZimis m2g Zala da 

Tokis daWimulobis T Zala (sur. 2.115). vinaidan m2 > m1, 
pirveli sxeulis aCqareba mimarTuli iqneba Sveulad zeviT, 
meore sxeulisa ki — Sveulad qveviT.
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davweroT TiToeuli sxeulisTvis niutonis meore kanoni:

 

1 1 1

2 2 2

m g T m a
m g T m a

 + =


+ =



 



 

  (1)

 es gantolebebi qmnian sistemas, imitom, rom erTi sxeulis moZraoba meoris 
moZraobasTanaa dakavSirebuli. 

Y RerZi Sveulad zeviT mivmarToT da davagegmiloT masze (1) sistemis gan-
tolebebi. miviRebT:

 

1 1 1

2 2 2

T m g m a
T m g m a
− =

 − = −
  (2)

radgan sxeulebi uWimvadi TokiT arian gadabmulni, amitom maTi aCqarebebis 
modulebi tolia: a1 = a2 = a. amis gaTvaliwinebiT (2) sistema Semdegnairad Caiwe-
reba:

 

1 1

2 2

T m g m a
T m g m a
− =

 − = −
  (3)

Tu am sistemis pirvel gantolebas meores gamovaklebT, miviRebT:

 2 1 2 1(m m )g (m m )a,− = +  

moZraobis es gantoleba aseve SeiZleba miviRoT sxvagvaradac, Tu sxeul-
Ta sistemas warmovidgenT, rogorc erT mTlian sxeuls. am SemTxvevaSi Tokis 
daWi mulobis T Zala sistemis SigniT arsebuli Zalaa, romelic gavlenas ver ax-
dens mTeli sistemis moZraobaze. orive sxeulis moZraobis gamomwvevia m2g Zala, 
romelsac m1g Zala ewinaaRmdegeba. anu tolqmedi Zala, romelic orive sxeule-
bis aCqarebul moZraobas iwvevs moduliT (m2g – m1g)-is tolia. amitom 

(m2 – m1) g=(m2 + m1)a. 
saidanac,

 

1

1

2

2

m m
a g

m m
−

=
+

  (4)

Tokis daWimulobis Zalis modulis sapovnelad aCqarebis miRebuli mniSvnelo-
ba CavsvaT (3) sistemis erT-erT gantolebaSi, miviRebT:

 

1

1

2 1 2
1 1

2 1 2

m m 2m m gT m (a g) m g 1 .
m m m m

§ ·−
¨= + = + =¸̧
¨ + +¹©

 

2. ori Zelaki, romelTa masebia m1 da m2 gadabmulni arian uWimvadi da uwono 
TokiT (sur 2.116). Zelakebi devs horizontalur magidaze. vTqvaT, Zelakebsa 
da magidis zedapirs Soris xaxunis koeficienti µ-s tolia. erT-erT maTgans 
movdoT horizontalurad mimarTuli iseTi F Zala, romelic Zelakebis aCqare-
bul moZraobas gamoiwvevs? vipovoT es aCqareba.

sur. 2.116

N

F F

T T F
N

a
Y

X

Y

m gm g
xax.1 xax.2
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pirvel Zelakze moqmedebs simZimis m1g Zala, sayrdenis reaqciis N1 Zala, 

srialis xaxu nis Fxax1 Zala da Tokis daWimulobis T1 Zala. niutonis meore kanonis 
Ta naxmad:

 1 1 1 1 1 1m g N F T m a+ + + =
  

 

xax
  (5)

meore Zelakze moqmedebs F Zala, simZimis m2g Zala, sayrdenis reaqciis N2  

Zala, srialis xaxunis Fxax2  Zala da Tokis daWimulobis T2  Zala. niutonis meore 
kanonis Tanaxmad:

 2 2 2 2 2 2m g N F T F m a+ + + + =
   

 

xax
  (6)

davagegmiloT (5) da (6) tolobebi OX da OY RerZebze. miviRebT or erTma-
neTTan dakavSirebul gantolebaTa sistemas:

 

1 1 1 1

1 1

T F m a
N m g 0
− =

 − =
xax   (7)

 

2 2 2

2 2

F T F m a
N m g 0
− − =

 − =
xax2

 
(8)

wina magaliTis analogiurad, Tu gaviTvaliswinebT, rom 1 2T T T= =  da  
a1 = a2 = a, maSin (7) da (8) sistemebi miiRebs aseT saxes:

 

1 1

1 1

T F m a
N m g 0
− =

 − =
xax  (9)

 

2 2

2 2

F T F m a
N m g 0
− − =

 − =
xax  (10)

erTi sxeulis meoris zedapirze siralisas aRiZvreba srialis xaxu nis 
Zala, romlis moduli ganisazRvreba formuliT: Fxax = µN. Sesabamisad, Fxax1 =µN1 
da Fxax2 =µN2

. (9) da (10) sistemebis meore gantolebebis Tanaxmad: N1 = m1g da  
N2 = m2g. amitom Zelakebze moqmedi srialis xaxunis Zalebi toli iqneba:

Fxax1 =µm1g;     Fxax2 =µm2g.

Tu xaxunis Zalebis am mniSvnelobebs (9) da (10) sistemebis pirvel gantole-
bebSi CavsvamT, miviRebT:

1 1

2 2

T m g m a
F T m g m a
− µ =

 − − µ = .

am gantolebebis SekrebiT ki gveqneba:

1 2 1 2F m g m g a(m m ),− µ − µ = +  

msgavsad wina SeTxvevisa, es gantolebac SeiZleba sxvagvarad miviRoT, Tu 
gadabmul sxeulebs erT mTlian sxeulad miviCnevT: Tokis daWimulobis Zale-
bi sistemis moZraobaze gavlenas ver axdens, xolo TiToeul sxeulze moqmedi 
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simZimisa da sayrdenis reaqciis Zalebi erTmaneTs akompensirebs. sistemis hori-
zontalurad moZraobas gana pirobebs F Zala, romelsac winaaRmdegobas uwevs 

F
xax1  da Fxax2  Zalebi. amitom )±�ȝP1J�ȝP2g)=a(m1+m2). saidanac,

1 2

1 2

F g(m m )a .
m m

− µ +
=

+
 

 cxadia, gadabmuli sxeulebis moZraobis mravali magaliTi arsebobs. Cven 
mxolod ori maTgani ganvixileT, kidev ramdenimes amocanebis saxiT gaecnobiT.

daskvnebi:

•	 erTmaneTTan gadabmuli sxeulebidan TiToeulis moZraoba masTan mibmu-
li sxva sxeuliT (sxeulebiT) aris SezRuduli;

•	 gadabmuli sxeulebi erTmaneTTan dakavSirebul sxeulTa sistemas qmnis;
•	 gadabmuli sxeulebis moZraobisas, dinamikis amocanis gadasawyvetad, Ti-

Toeuli sxeulisaTvis unda davweroT niutonis meore kanoni da maTgan 
SevadginoT gantolebaTa sistema;

•	 gadabmul sxeulebze amocanebis amoxsnisas vakeTebT garkveul daSve-
bebs: sxeulebis TokiT gadabmisas, misi sigrZis cvlilebasa da masas mxed-
velobaSi ar viRebT, Tokis daWimulobas mTel sigrZeze erTnairad miviC-
nevT, ugulebelvyofT WoWonaqis masas da WoWonaqis RerZTan xaxuns.

sakontrolo kiTxvebi:

1. gadabmuli sxeulebis romel magaliTebs daasaxelebT?
2. ratom qmnian gadabmuli sxeulebi sxeulTa erTian sistemas?
3. ratom moqmedebs Toki misi saSualebiT gadabmul sxeulebze erTi da imave 

modulis daWimulobis ZaliT?
4. ra SemTxvevaSi SeiZleba tolad miviCnioT gadabmuli sxeulebis aCqarebis 

modulebi?
5. ra mosazrebaze dayrdnobiT SeiZleba pirvel magaliTSi sistemis Seq mnis 

gareSe davweroT (m2 – m1)g = (m2+ m1)a gantoleba?
6. ra mosazrebaze dayrdnobiT SeiZleba meore magaliTSi sistemis Seq mnis 

gareSe davweroT 1 2 1 2F m g m g a(m m )− µ − µ = +  gantoleba?
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  erTad amovxsnaT amocana  

vertmfrens vertikalurad zeviT 2 m/wm2 aCqarebiT aaqvs erTmaneTze TokiT 
gadabmuli ori tvirTi (sur 2.117). TiToeuli tvirTis masa 50 kg-ia. Tokeb-
is masas, aseve sxeulebze moqmed winaaRmdegobis Zalebs nu gaiTvaliswinebT da 
gansazRvreT:

a) risi tolia vertmfrenze mobmuli Tokis daWimulobis Zala;
b) ra minimalur daWimulobas unda uZlebdes tvirTebis gadasabmeli Toki, 

rom is ar gawydes. miiCnieT, rom g = 10 m/wm2.

amoxsna:

moc:
m1=m2=50 kg;
a=2 m/wm2;
g=10 m/wm2.
u.v. T1, T2

warmovidginoT, rom erTmaneTze TokiT gadabmuli tvirTebi 
erTi tvirTia, romlis masa m = 100 kg-ia. mis aCqarebaze gav-
lenas ar axdens tvirTebis damakavSirebeli Tokis daWimulobis 
Zalebi, vinaidan isini sistemis SigniT aRZruli Zalebia. 
tvirTebis sistemis aCqarebaze gavlenas axdens mxolod masze 
sistemis garedan moqmedi simZimisa da vertmfrenze mobmuli 
Tokis mxridan moqmedi T

1
 daWimulobis Zala. niutonis meore 

kanonis Tanaxmad:  T
1
_ mg = ma => T

1
= mg + ma = 1200 n. 

m

T

T

T

m g

m g 2

2

2

1

1

1
-

sur. 2. 117

gamovTvaloT tvirTebis damakavSirebeli Tokis daWimulobis Zala. amisaTvis 
niutonis meore kanoni davweroT, vTqvaT, mxolod m

2
 masis tvirTisaTvis. mis aCqa-

rebaze gavlenas axdens vertikalurad zeviT mimarTuli T
2
 daWimulobisa da qveviT 

moqmedi simZimis Zalebi. amitom T
2
_ m

2
g = m

2
a. aqedan miviRebT, rom T

2
= 600 n. imi-

saTvis, rom tvirTebis gadasabmeli Toki ar gawydes, igi unda uZlebdes minimum 
600 n daWimulobas. 

pasuxi: a) vertmfrenze mobmuli Tokis daWimulobis Zalis moduli 1200 n-ia; 
b) tvirTebis gadasabmeli Toki, sul mcire, 600 n datvirTvas unda uZlebdes.
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  amoxseniT amocanebi:

1. sur. 2.118 gamosaxulia horizontalur     F
m m1 2

sur. 2. 118

zedapirze moTavsebuli msubuqi TokiT gadabmuli 
m

1
= 10 kg da m

2
= 8 kg masis ori sxeuli. 8 kg-ian sxe-

ulze moqmedeba daiwyo marjvniv mimarTulma, modu-
liT 36 n-is tolma horizontalurma Zalam. gansaz-
RvreT sxeulebis aCqareba da Tokis daWimulobis Zala. zedapirsa da sxeulebs 
Soris xaxuns nu gaiTvaliswinebT. 

2. sur. 2.118 gamosaxulia  m
1
= 15 kg da m

2
= 10 kg masis ori sxeuli, romlebic 

gadabmulia msubuqi TokiT. 10 kg-ian sxeulze moqmedeben marjvniv mimarTuli, 
moduliT 125 n ZaliT. ra daWimulobas unda uZlebdes gadasabmeli Toki, rom 
igi ar gawydes? zedapirsa da sxeulebs Soris xaxunis Zalas nu gaiTvaliswinebT.

3. horizontalur liandagze moZraobs 20 vagonisgan Semdgari matarebeli. 
TiToeuli vagonis masa 30 tonaa. risi tolia gadabmis daWimulobis Zala me-15 
da me-16 vagonebs Soris, Tu TiToeul vagonze moqmedi winaaRmdegobis Zalaa  
1 kn, xolo matareblis aCqareba 1 m/wm2-ia? 

4. msubuqi Toki gadabmul m
1
= 5 kg da m

2
= 2 kg masis sxeulebs

sur. 2.119

F

m

m

1

2

 
amoZraveben vertikalurad zeviT mimarTuli ZaliT (sur. 2.119). 
gansazRvreT am Zalis moduli da sxeulebis aCqareba, Tu Tokis daWi-
mulobis Zala 40 n-ia. miiCnieT, rom g = 10 m/wm2.

5. m
1
= 10 kg da m

2
= 2 kg masis ori sxeuli gadab mulia 2 kg masis 

TokiT (sur. 1.119). 10 kg masis sxeulze modebulia vertikalurad 
zeviT mimarTuli 168 n Zala. gansazRvreT Tokis daWimulobis Zala 
pirvel da meore sxeulTan misi mibmis wertilebSi. miiCnieT, rom  
g = 10 m/wm2.

miniSneba: Toki m
1 
da m

2 
masis sxeulebs Soris moTavsebul mesame

mm
m

sur. 2. 120

 
sxeulad miiCnieT. 

6. uZrav WoWonaqze gadadebul msu buq Tokze dakidebulia erT-
nairi m masis sxeulebi (sur. 2.120). WoWonaqis RerZTan xaxuns nu 
gaiTvaliswinebT da gansazRvreT:

a) sxeulTa sistemis aCqareba;
b) WoWonaqze gadadebuli Tokis daWimulobis Zala;
g) WoWonaqis marcxena mxares myofi sxeulebis damakavSirebeli 
Tokis daWimulobis Zala;
d) WoWonaqis mxridan Werze moqmedi Zala.
7. sur. 2.121 gamosaxuli sxeulebis masebi erTnairia da  

10 kg-is tolia. gansazRvreT sxeulTa sistemis aCqareba da TiToeuli Tokis da-
Wi mulobis Zala. xaxunis Zalebs da Tokebis masas mm

m

2

3

1

sur. 2.121

 
nu gaiTvaliswinebT. miiCnieT, rom g = 10 m/wm2.

8. sur. 2.121 gamosaxuli sxe ulTa masebi  
m

1
= 5 kg, m

2
= 5 kg da m

3
= 20 kg-ia. xa xunis koe-

ficienti magidis zedapirsa da sxe ulebs Soris 
0,2-is tolia. ra aCqarebiT imoZravebs sxeulTa 
sistema? WoWonaqis RerZTan xaxuns nu gaiTva-
liswinebT. miiCnieT, rom g = 10 m/wm2.
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9. sur. 2.122 gamosaxuli sxeulTa masebia m
1
= 10 kg, m

2
= 5 kg da m

3
= 5 kg. 

xaxunis Zalebs, aseve Tokebis masas nu gaiTvaliswinebT da gansazRvreT:
a) sxeulTa aCqareba;
b) ramdeniT metia marjvena Tokis daWimulobis Zala marcxena Tokis daWimu-

lobis Zalaze? miiCnieT, rom g = 10 m/wm2.
10. sur. 2.122 gamosaxuli sxeulebis masebia m

1
= 20 kg, m

2
= 5 kg da m

3
= 10 kg. 

xaxunis koeficienti m
2
 masis sxeulsa da magidis zedapirs Soris 0,6-ia. WoWona-

qebis RerZTan xaxuns, aseve Tokebis masas nu gaiTva liswinebT da gansazRvreT:

m

m m1

2

3

sur. 2. 2.122

a) sxeulebis aCqareba;
b) TiToeuli Tokis daWimulobis Zala.
miiCnieT, rom g = 10 m/wm2.

 saSinao cda

cdis mizani: daxril ficarze mosriale sxeulis moZraobaze dakvirveba. 
cdisTvis saWiroa: daaxloebiT 1,5 m sigrZis ficari (SegiZliaT gamoiyenoT Taba-
Sir-muyaos an myari muyaos naWeri), asanTis kolofi, wamzomi, danayofebiani saxa-
zavi an sazomi lenti. 

cdis aRwera:
a) horizontaluri ficris erT boloSi dadeT carieli asanTis kolofi. 

es bolo nel-nela zeviT aswieT da daafiqsireT ficris mdebareoba, rodesac 
kolofi srials daiwyebs. gazomeT simaRle, romelzec ficris bolo aswieT, 
ficris sigrZe da maTi saSualebiT gamoTvaleT horizontisadmi ficris daxris 
kuTxe. CaawyveT asanTis kolofSi monetebi da cda gaimeoreT. miRebul Sedegebze 
dayrdnobiT SeecadeT upasuxoT kiTxvas:

•	 icvleba Tu ara kolofis srialis dasawyebad saWiro ficris daxris kuTxe  
kolofis masis SecvliT?

b) ficari daxrilad ise daamagreT, rom masze dadebuli kolofi gaTavisuf-
lebis Semdeg ficarze srialebdes.  carieli asanTis kolofi ficris yvelaze 
maRal wertilSi dadeT,  biZgis gareSe gaaTavisufleT da gazomeT mis Camosas-
rialeblad saWiro dro. Semdeg kolofSi monetebi CaawyveT  da cda gaimeoreT. 
miRebul Sedegebze dayrdnobiT SeecadeT upasuxoT kiTxvas:

•	 icvleba Tu ara mocemul daxril sibrtyeze sxeulis Camosrialebis dro 
sxeulis masis cvlilebiT?
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§ 2.18 moZraoba daxril sibrtyeze
 
aqamde Cven vixilavdiT sxeulis moZraobas mxolod horizontalur sayrdenze. 

magram xSirad sxeulebi moZraoben iseT sayrdenze, romelic horizontTan nu-
lisagan gansxvavebul kuTxes qmnis. magaliTad, avtomobilis moZraoba aRmarTze 
an daRmarTze, mZime tvirTis gadaadgileba daxril sayrdenze, moTxilamuris 
moZraoba tramplinze daSvebisas, bavSvis daSveba sasrialoze (sur. 2.123) da sxva.

sur. 2.123

davuSvaT, horizontisadmi α kuTxiT uZrav daxril sibrtyeze srialebs m 

masis mqone Zelaki (sur. 2.124). daxrili sibrtyis zedapirsa da Zelaks Soris 
xaxunis koeficientia µ. vipovoT aCqareba, romliTac Zelaki eSveba.

Y

B

D

0

K
E

C

X

mgy

mg

mgx

N

a

Fx

α
α

α

sur. 2.124

   Zelakze moqmedebs sami Zala: Sveulad 
qveviT mimarTuli simZimis mg Zala,  
daxrili sibrtyis marTobulad zeviT 
mimarTuli sayrdenis reaqciis N Zala 
da moZraobis sawinaaRmdegod, sibrtyis 
gaswvriv zeviT mimarTuli srialis xa-

xu nis Fx Zala. pirobis Tanaxmad, Zelakis 
a  aCqareba sibrtyis paralelurad qvevi-
Taa mimarTuli.

davweroT niutonis meore kanoni Ze-
lakisaTvis:

  mg N F ma.+ + =
 

 

x  (1)

am veqtoruli tolobis gegmilebis saxiT Casawerad sakoordinato sistemis 
OX RerZi mivmarToT sibrtyis gaswvriv qveviT, xolo OY RerZi _ mis marTobu-
lad zeviT.

 
 veqtorebze garxorcielebuli maTematikuri moqmedebebi vrceldeba maT 
gegmilebzec. kerZod,ramdenime veqtoris jamis gegmili Sesakreb veqtorTa geg-
milebis jamis tolia.

mocemul RerZze veqtoris gegmilis niSani ganisazRvreba kuTxiT, romelsac 
is RerZis dadebiT mimarTulebasTan adgens: Tu es kuTxe 00-ia an maxvilia, gegmi-
li dadebiTia Tu blagvia an 1800-ia _ uaryofiTi. 

davagegmiloT (1) toloba OX RerZze, miviRebT:

 x x x xmg N F ma .+ + =x   (2)

∆OBC da ∆DKE marTkuTxa samkuTxedebia, Tanac �DEK = �OCB = α, rogorc 
urTierTmarTobuli gverdebiT Sedgenili kuTxeebi.
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 gavixsenoT marTkuTxa samkuTxedSi kaTetebsa da hipotenuzas Soris 
trigonometriuli Tanafardobebi. 

simZimis mg Zala OX RerZTan maxvil kuTxes qmnis, amitom misi gegmili am 
RerZze dadebiTia da tolia:

 xmg mgsin .= α  (3)

N veqtori OX RerZis marTobulia, amitom misi gegmili nulis tolia:

 xN 0.=   (4)

srialis xaxunis Zala OX RerZis paraleluria da mis sapirispirod aris mi-
marTuli, amitom misi gegmili am RerZze uaryofiTi da tolia:

 xF F= −x x .  (5)

vinaidan Zelakis aCqareba OX RerZis mimarTulebisaa, amitom

 xa a.=   (6)

(3), (4), (5) da (6) CavsvaT (2) tolobaSi, gveqneba:

 mgsin F ma.α − =x  (7) 

axla (1) gantoleba davagegmiloT OY RerZze, miviRebT:

 y y y ymg N F ma .+ + =x  (8) 

 xaxunis Zala da Zelakis aCqareba OY RerZis marTobuli veqtorebia, amitom:

 yF 0=x  da ya 0.=  (9)

 simZimis Zala OY RerZis dadebiT mimarTulebasTan adgens blagv kuTxes, ami-
tom misi gegmili am RerZze uaryofiTi da tolia:

 ymg mgcos .= − α   (10)

N veqtori OY RerZis gaswvriv aris mimarTuli, amitom:

 yN N.=   (11)

 (9), (10) da (11) tolobebis gaTvaliswinebiT (8) gantoleba Semdeg saxes miiRebs:

 N mgcos 0,− α =  saidanac N mgcos .= α  (12)

gavixsenoT, rom srialis xaxunis Zala F N,= µx  amitom 

 F mgcos .= µ αx   (13) 

xaxunis Zalis es mniSvneloba CavsvaT (7) gantolebaSi, miviRebT:

 mgsin mgcos ma.α −µ α =
am tolobis m-ze SekveciT gveqneba:

 a g(sin cos ).= α −µ α  (14)
am formulaze dayrdnobiT, axseniT, saSinao cdaSi ratom ar Seicvala daxril 

sibrtyeze asanTis kolofis Camosrialebis dro masSi monetebis Cawyobis Semdeg?
miRebuli Sedegidan gamomdinareobs, rom:
1. Tu a>0, sinα – µcosα > 0. aqedan gamomdinare, µ	< tgα. Tu xaxunis koefi-

cienti sibrtyis daxris kuTxis tangensze naklebia, sibrtyeze dadebuli sxeuli 
masze isrialebs TanabaraCqarebulad.

2. Zelaki Tanabrad Camosrialdeba daxril sibrtyeze an iqneba uZravi (anu  

a = 0), roca sin cos 0.α −µ α =  saidanac 
sin tg .cos

α
µ = = α

α
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axseniT, saSinao cdaSi ratom ar Seicvala asanTis kolofis srialis dasawyebad 
saWiro kuTxis moSvneloba masSi monetebis CamatebiT.

3. Tu µ	> tgα, maSin sibrtyeze moTavsebuli sxeuli ar Camosrialdeba, xolo 
biZgiT gasrialebuli sxeuli damuxruWdeba da gaCerdeba.

4. Tu daxrili sibrtye gluvia, anu 0,µ =  maSin a = gsinα.
 moifiqreT cda, romliTac gazomav raime ficarsa da Zelaks Soris xaxunis 

koeficients.
Tu Zelaks daxrili sibrtyis gaswvriv zeviT mimarTul siCqares mivaniWebT, 

maSin is Senelebulad imoZravebs. vidre sxeuli gaCerdeba misi aCqareba mimarTu-
lia daxrilis sibrtyis gaswvriv qveviT da misi moduli tolia:

a g(sin cos ).= α + µ α
Cveulebriv, daxril sibrtyeze moZrav sxeulze, garda zemoT naxsenebi Zalebi-

sa, SeiZleba moqmedebdes zedapiris paraleluri sxva Zalac. magaliTad, ferdob-
ze cigis asrialebisas masze daWimuli TokiT bavSvi moqmedebs. am SemTxvevaSi, 
niutonis meore kanonis gamomsaxvel (1) gantolebaSi daemateba es Zalac.

daskvnebi:

•	 Tu sxeuli daxril sibrtyeze misrialebs zevidan qveviT, mxolod simZimis, 
srialis xaxunisa da reaqciis Zalebis moqmedebiT, misi aCqarebis moduli 
gamoisaxeba formuliT a g(sin cos );= α −µ α

•	 Tu sxeuli gluv daxril sibrtyeze misrialebs zevidan qveviT, mxolod 
simZimisa da reaqciis Zalebis moqmedebiT, misi aCqarebis moduli gamoisa-
xeba formuliT a gsin ;= α

•	 Tu sxeuli daxril sibrtyeze Tanabrad misrialebs zevidan qveviT, mxolod 
simZimis, srialis xaxunisa da reaqciis Zalebis moqmedebiT, maSin µ = tgα;

•	 Tu sxeuli daxril sibrtyeze misrialebs qvevidan zeviT, mxolod simZimis, 
srialis xaxunisa da reaqciis Zalebis moqmedebiT, misi aCqarebis moduli 
gamoisaxeba formuliT a = g(sinα + µcos α��

sakontrolo kiTxvebi:

1. imoZravebs Tu ara erTnairi aCqarebiT sxvadasxva masis ori erTnairi 
Zelaki daxril sibrtyeze mxolod simZimis, srialis xaxunisa da reaqciis 
Zalebis moqmedebiT?

2. ra piroba unda Sesruldes, rom daxril sibrtyeze dadebuli sxeuli 
ar Camosrialdes? 

3. Tu Zelaks mqisezedapiriani daxrili sibrtyis gaswvriv zeviT mimar-
Tul siCqares mivaniWebT garkveuli manZilis gavlis Semdeg is gaCerdeba da 
Semdeg ukan Camosrialdeba. SeafaseT zeviT moZraobas dasWirda meti dro Tu 
qveviT Camosrialebas?

  erTad amovxsnaT amocana          

V0

V=0

a

ι

α1

sur. 2.125

sur. 2.125 horizontisadmi 450-iani kuTxiT 
daxrili sibrtyis qveda wertilSi mdebare Zelaks 
mianiWes sibrtyis paraleluri zeviT mimarTuli 
siCqare. garkveuli manZilis gavlis Semdeg is Se-
Cerda da Semdeg ukan Camosrialda. gansazRvreT 
Zelakis qveviT da zeviT moZraobis droebis Se-
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fardeba, Tu xaxunis koeficienti Zelaksa da daxril sibrtyes Soris 0,2-ia. miiC-
nieT, rom g = 10 m/wm2.

amoxsna:

moc: 
α=450;
µ=0,2;
g=10 m/wm2.
u.v. t2/t1.

   Zelaki qvevidan zeviT moZraobs TanabarSenelebulad moduliT 
a

1
= g(sin Į + µ cos Į) aCqarebiT. gaCerebamde gavlili ι manZilis gamo-

saTvlelad gamoviyenoT formula: ι	
2

1 1
0 1

a tL v t 2= − , romelSic v
0
 

Zelakis sawyisi siCqaris modulia, t
1
 ki _ qvevidan zeviT Zelakis 

moZraobis dro. am drois Semdeg Zelaki Cerdeba, amitom 0 = v
0
_ a

1
t
1
, 

saidanac v
0
= a

1
t
1
. Tu miRebul Sedegs SevitanT wina gamosaxuleba-

Si, miviRebT: 

ι	
2 2

2 1 1 1 1
1 1

a t a tL a t 2 2= − = . qveviT Camosrialebisas Zelaki iwyebs moZraobas TanabaraCqa-

rebulad moduliT a
2
= g(sin Į _ µ cos Į) aCqarebiT. Sesabamisad, sawyis wertilam-

de Casrialebisas gavlili ι manZilisTvis miviRebT: ι 
2

2 2a tL 2= . vinaidan ze viT da 
qveviT moZraobisas gavlili ι manZilebi tolia, amitom 

 
2 2

1 1 2 2a t a t
2 2=  ⇔ 2 1

1 2

t a g(sin cos ) 3 1,23.t a g(sin cos ) 2
α + µ α

= = = ≈
α −µ α

pasuxi: Zelaki qvemoT Camosrialebas daaxloebiT 1,23-jer met dros moandomebs, 
vidre zeviT moZraobas.

  amoxseniT amocanebi:

1. horizontisadmi 300-iani kuTxiT daxrili sibrtyis umaRlesi wertilidan 
srials iwyebs Zelaki. gansazRvreT Zelakis aCqareba da daxrili sibrtyis sigrZe, 
Tu Zelaki masze 2 wamSi Camosrialda. winaaRmdegobis Zalebs nu gaiTvaliswinebT. 
miiCnieT, rom g = 10 m/wm2. 

2. risi toli unda iyos horizontisadmi 300-iani kuTxiT daxrili sibrtyis 
zedapirsa da Zelaks Soris xaxunis koeficienti, rom Zelaki sibrtyeze Tanabrad 
srialebdes?

3. horizontisadmi 300-iani kuTxiT daxril sibrtyeze uZravad devs 10 kg 
masis Zelaki. risi tolia Zelakze moqmedi xaxunis Zalis moduli? miiCnieT, rom 
g = 10 m/wm2.

4. daamtkiceT, rom Tu Zelaksa da daxrili sibrtyis zedapirs Soris xaxunis 
koeficienti metia sibrtyis horizontis mimarT daxris kuTxis tangensze, Zelaki 
sibrtyeze uZravi iqneba.

5. horizontisadmi 450-iani kuTxiT daxrili sibrtyis umaRlesi wertili-
dan srials iwyebs Zelaki. xaxunis koeficienti Zelaksa da daxrili sibrtyis 
zedapirs Soris 0,15-ia. gansazRvreT Zelakis Camosasrialeblad saWiro dro da 
Zelakis siCqare daxrili sibrtyis bolos, Tu misi sigrZe 3 m-ia. miiCnieT, rom  
g = 10 m/wm2.

6. gluvi daxrili sibrtyis qveda wertilSi moTavsebul Zelaks mianiWes 
sibrtyis paraleluri siCqare (sur. 2.126). Zelaki daxrili sibrtyis garkveul 
wertilamde avida da Semdeg ukan Camosrialda. SeadareT erTmaneTs Zelakis 
zeviT da qveviT moZraobis droebi.
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7. mqisezedapiriani daxrili sibrtyis qveda wertilSi moTavsebul Zelaks 
mianiWes sibrtyis paraleluri siCqare (sur. 2.127). Zelaki sibrtyis garkveul 
wertilamde avida, sadac mas daades meore Zelaki. amis Semdeg igi ukan Camosri-
alda. SeadareT erTmaneTs zeviT da qveviT moZraobis droebi.

V0

α

sur. 2. 126

V0

V=0

a

ι

α1

sur. 2.127

8. horizontisadmi 450-iani kuTxiT daxril sibrtyis qveda wertilSi moTav-
sebul Zelaks mianiWes sibrtyis paraleluri siCqare. Zelaki daxrili sibrtyis 
garkveul wertilamde avida da Semdeg ukan Camosrialda. qvevidan zeviT asri-
alebisas misi aCqarebis moduli 1,5-jer metia, vidre qveviT Camosrialebisas. 
gansazRvreT xaxunis koeficienti sxeulsa da daxril sibrtyis zedapirs Soris. 

9. 4 m simaRlisa da 5 m sigrZis daxrili sibrtyis qveda wertilSi mdebare 
Zelaks mianiWes sibrtyis paraleluri 9 m/wm sawyisi siCqare. am momentidan ra 
drois Semdeg daiwyebs Zelaki ukan Camosrialebas, Tu xaxunis koeficienti Zelak-
sa da daxril sibrtyes Soris 1/6-ia? miiCnieT, rom g = 10 m/wm2.

10. 4 m simaRlisa da 5 m sigrZis daxrili sibrtyis qveda wertilSi mdebare 
Zelaks mianiWes sibrtyis paraleluri 9 m/wm sawyisi siCqare. ra siCqare eqneba 
Zelaks sawyis wertilSi dabrunebisas, Tu xaxunis koeficienti Zelaksa da dax-
ril sibrtyes Soris 1/6-ia? miiCnieT, rom g = 10 m/wm2.

  jgufuri muSaoba. laboratoriuli samuSao

samuSaos mizani: Tavisufali vardnis aCqarebis mniSvnelobis gansazRvra. 
samuSaos aRwera: 

daaxloebiT 1,5 m sigrZis ficarze moaTavseT xis Zelaki. TandaTanobiT 
gazardeT ficris daxris kuTxe manam, vidre Zelaki srials daiwyebs. daafiq-
sireT daxris es kuTxe. cda ramdenjerme gaimeoreT da daxris kuTxeebis saSua-
lo ariTmetikuli CainiSneT rveulSi. paragrafSi moyvanili msjelobebis Tanax-
mad, miRebuli kuTxis tangensi Zelaksa da ficars Soris xaxunis koeficientis 
tolia. 

daxareT ficari horizontisadmi ufro didi kuTxiT. am SemTxvevaSi masze 
dadebul Zelaki dasrialdeba. CainiSneT es kuTxe. ficarze moniSnuli erTi adg-
ilidan Zelaki mravaljer daasrialeT, gazomeT Zelakis ficridan (biZgis gareSe) 
Camosrialebis drois Sualedebis saSualo ariTmetikuli. Zelakis mier gavlili 
manZiliTa da am manZilis gasavlelad saWiro drois SualediT gamoiangariSeT 

Zelakis aCqareba: 
2ats .

2
=

 
=> 2

2sa .
t

=  Zelakis aCqarebiT, ficris daxris kuTxiTa 

da xaxunis koeficientiT (romelic ukve gansazRvruli gvaqvs) gamoiangariSeT 

Tavi sufali vardnis aCqareba: a=g(sin a-µcos a) => 
ag .

(sina cosa)
=

− µ
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§ 2.19 moZraoba mosaxvevSi

`moZraoba mosaxvevSi~ _ Zalian xSirad gvxvdeba yoveldRiur cxovrebaSi. 
sxva dasxva transporti moxvevisas garkveuli radiusis wrewiris rkalze moZra-
obs. Tqven iciT, rom aseTi moZraobisas sxeuls centriskenuli aCqareba aqvs. 
niutonis meore kanonis Tanaxmad ki, centriskenuli aCqarebis arsebobisaTvis 
sa Wiroa sxeulze centrisken mimarTuli Zala moqmedebdes. sxeulze ramdenime 
Zalis moqmedebis SemTxvevaSi ki wrewiris centrisken mimarTuli unda iyos am 
Zalebis tolqmedi. rogor uxvevs sxeuli mosaxvevSi da ra Zala uzrunvelyofs 
moxvevas? Cven swored am mTavar kiTxvebs unda gavceT pasuxi.

ganvixiloT mosaxvevSi moZraobis ramdenime magaliTi:
1. vTqvaT, R radiusian mosaxvevSi moZraobs avtomobili moduliT mudmivi v

siCqariT (sur. 2.128). mis saburavebsa da gzis safars Soris xaxunis koeficienti 
µ-s tolia. davadginoT, ra Zala aiZulebs avtomobils mouxvios da ra maqsi-
maluri siCqariT SeiZleba imoZraos man, rom ar mosrialdes.

F R O
x

v

sur. 2.128

Tu mosaxvevSi moZrav avtomobils ukana mxridan SevxedavT, maSin masze moq-
medi Zalebi ise iqneba gamosaxuli, rogorc sur. 2.129 naCvenebi. radgan avtomo-
bilis siCqaris moduli mudmivia, win mimarTu-
li wevisa da ukan mimarTuli winaaRmdegobis 
Zalebi erTmaneTs awonasworebs. isini moxvevis 
procesSi ar monawileobs, ris gamoc suraTze 
ar aris aRniSnuli. avtomobilze moqmedebs 
simZimis mg Zala, gzis safaris marTobulad 
moqmedi sayrdenis reaqciis N Zala da mosax-
vevSi wina borblebis mob runebis gamo aRZru-
li xaxunis Fx Zala, rome lic mosaxvevis sim-
rudis O′centrisken aris mimarTuli. radgan 
avtomobili radiusis gaswvriv ar gadaadgil-
deba, amitom es Zala uZraobis xaxunis Zalas 
warmoadgens. swored misi moqmedebiT uxvevs 
avtomobili.

axla davadginoT, ra maqsimaluri siCqariT SeiZleba imoZraos man, rom ar 
mosrialdes. davweroT niutonis meore kanoni avtomobilisaTvis:

 mg N F ma,+ + =
 

 

x  (1)

N

mg

y

0 x

o

Fx

sur. 2.129
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romelSic a  avtomobilis centriskenuli aCqarebaa. OX RerZi mivmarToT radiu-
sis gaswvriv simrudis centrisken, OY ki _ mis marTobulad zeviT. davagegmiloT 
(1) toloba RerZebze, miviRebT:

OX:  F ma;=x   (2)

OY:   N – mg = 0. (3)

rogorc iciT, uZraobis xaxunis Zalis moduli ar aRemateba srialis xaxunis 

Zalis mniSvnelobas _ F N.≤ µx
 (3) tolobis Tanaxmad ki, N mg,=  amitom gveqneba:

 F mg.≤ µx  (4)

meore mxriv, Tu (2) tolobaSi gaviTvaliswinebT, rom a , uZraobis xaxu-
nis Zala asec SegviZlia CavweroT:

 

2vF m .R=x  (5)
 (5)-is (4)-Si CasmiT miviRebT:

2vm mg,
R

≤ µ  saidanac, 2v Rg≤ µ ,
 

siCqaris modulis maqsimaluri mniSvneloba ki iqneba:

 v Rg.= µmaqs  

  ra sidideebi gansazRvravs mosaxvevSi avtomobilis siCqaris maqsimalur 
mniSvnelobas, rodesac igi jer kidev ar srialebs? ra sidideze araa damo-
kidebuli siCqaris es mniSvneloba? ratomaa saWiro mosaxvevTan didi siCqariT 
miaxloebisas misi Semcireba?

2. visac velosipediT givliaT, TxilamurebiT an cigurebiT gisrialiaT, Seam-
CnevdiT, rom mosaxvevSi misi centrisken ixrebiT. ratom aris aucilebeli daxra? 
ramdenad SeiZleba davixaroT Sveulidan, rom gverdze ar daveceT?

y

0
0

x

C D

R AFx

mg

NB

sur. 2.130

davuSvaT, motociklisti moZraobs R radiusis mqone mosaxvevSi. xaxunis koe-
ficienti saburavebsa da gzis safars Soris µ-s tolia. sur. 2.130 gamosaxu lia 
mosaxvevis centrisaken daxrili motocikli winidan. SevecadoT gamovsaxoT mo-
tociklistze moqmedi Zalebi. aqamde, TiTqmis yvela SemTxvevaSi, sxeulze moq med 
Zalebs movdebdiT xolme erTi wertilSi, radgan vixilavdiT sxeulis mxo lod 
gadataniT moZraobas. axla ki unda uzrunvelvyoT motociklistis mdgradoba 
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_  is ar unda davardes, anu metad ar unda Semotrialdes simZimis centris _  B 
wertilis mimarT. am SemTxvevaSi Zalebi sxvadasxva wertilSia modebuli da auci-
lebeli maTi modebis wertilebis sworad gamosaxva.

vTqvaT, motocikli _ motociklisti sistemis simZimis centria B wertili. 
swored am wertilzea modebuli simZimis  mg Zala. gzis safari motociklze moq-
medebs A wertilSi modebuli ori urTierTmarTobuli ZaliT: Sveulad zeviT 
mimarTuli sayrdenis reaqciis N ZaliT da mosaxvevis centrisken mimarTuli 

uZraobis xaxunis Fx
 ZaliT.

 me-8 klasis fizikis kursidan Tqven iciT, rom sxeulis masaTa centri im 
ZalTa moqmedebis wrfeebis gadakveTis wertilia, romelTagan TiToeuli iwvevs 
sxeulis mxolod gadataniT moZraobas.

motociklistisa da motociklis masaTa centri mis simZimis centrs emTxveva. 
simZimis Zala gadis masaTa centrze, amitom is motocikls B wertilis mimarT 
ver moatrialebs. e.i. motociklisti ise unda gadaixaros, rom daxris Sedegad 

gaCenili uZraobis xaxunis Fx Zalisa da sayrdenis reaqciis N Zalis tolqme-
dis moqmedebis wrfemac masaTa centrze gaiaros, anu mimarTuli iyos AB wrfis 
gaswvriv. aseT SemTxvevaSi motocikli ar amotrialdeba, xolo mosaxvevis cen-

trisken mimarTuli Fx Zala gamoiwvevs mis moZraobas wrewiris rkalze.
axla gamoviTvaloT motociklis mosaxvevSi moZraobis maqsimaluri siCqare 

da Sveulidan gadaxris kuTxis damokidebuleba siCqareze. amisaTvis davweroT 
niutonis meore kanoni motociklisaTvis: 

   mg N F ma,+ + =
 

 

x

romelSic m motociklisa da motociklistis masaTa jamia, a  _ maTi centriskenu-
li aCqareba.

 OX RerZi mivmarToT radiusis gaswvriv simrudis centrisaken, OY ki _ mis 
marTobulad, zeviT. Tu wina SemTxvevis analogiur moqmedebebs CavatarebT, mi-
viRebT, rom maqsimaluri siCqare imave formuliT ganisazRvreba, rac avtomo-

bilis SemTxvevaSi _ v Rg.= µmaqs  

Sveulidan daxris α kuTxis sapovnelad gamoviyenoT miRebuli formulebi:

 
2vF m

R
=x  da N = mg.

rogorc suraTidan Cans, 
2

2
vmF vRtg .

N mg Rg
α = = =x

 

 miRebuli formula gviCvenebs, rom rac ufro didia mosaxvevSi motociklis 
siCqare, miT ufro didi kuTxiT unda daixaros is vertikalidan. 

 maqsimaluri siCqariT moxvevisas risi tolia motociklis vertikalidan 
daxris kuTxis tangensi?

3. matarebliT mgzavrobisas, albaT, SegimCneviaT, rom mosaxvevSi moZraobisas 
ismis liTonis RrWialis xma. saidan warmoiqmneba es xma? rogor uxvevs matare-
beli?

avtomobilis moxvevisas, mosaxvevis centris mxares myofi wina borbali gadis 
nakleb manZils, vidre gare borbali. Sesabamisad, wina gare borbali ufro swra-
fad trialebs, vidre Sida borbali. avtomobilisaTvis es SesaZlebelia imitom, 
rom yvela borbals damoukideblad SeuZlia brunva. 
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matareblis SemTxvevaSi es SeuZlebelia, radgan erT RerZze myofi borblebi 
erTmaneTTan myarad arian dakavSirebulni. amitom matareblis borbals gansakuT-
rebuli agebuleba aqvs: borblis gare mxaris radiusi naklebia, vidre Sida mxa-
risa. amasTan, Sida mxaris boloSi borbals aqvs disko, romelsac gaaCnia ufro 
didi diametri, vidre borbals (sur. 2.131). am diskos rebordi ewodeba. ori 
aseTi erTnairi borbali Camocmulia RerZze da masze uZravadaa damagrebuli.

rebordi saSualebas ar aZlevs matarebels liandagidan gadavides. 
sur. 2.132 naCvenebia matareblis borblebis erTi wyvili ukana mxridan, roca  

matarebeli uxvevs marcxniv. vidre matarebeli moZraobda swor relsebze, bor-
blebi maT exeboda erTnairi diametris mqone zedapirebiT _  isini erTnair man-
Zils gadioda. magram roca relsebi marcxniv mouxvevs, matarebeli inerciiT jer 
kidev win midis, amitom marcxena relsze aRmoCndeba borblis mcire diametris 
zedapiri, marjvenaze ki – didi diametris zedapiri. Sedegad, mar cxena borba-
li gaivlis nakleb manZils, vidre marjvena borbali da matarebeli marcxniv 
mouxvevs. misi liandagebidan gadasvlas xels uSlis marjvena borblis rebordi, 
romelsac relsi marcxniv awveba da liandagidan marjvniv gadasvlis saSuale-
bas ar aZlevs. liandagis dagebisas mosaxvevebs ise gegmaven, rom rebordi rac 
SeiZleba iSvia Tad Seexos relss. magram relsTan Sexebisas relsic da rebor-
dic deformirdeba, relsSi aRiZvreba drekadobis Zala, romliTac is moqmedebs 
matarebelze mosaxvevis centris mimarTulebiT da exmareba mas moxvevaSi.

sur. 2.133sur. 2.131

Fc

N

mg

marcxena
borbali

marjvena
borbali

moxveva
marcxniv

rebordi

sur. 2.132

imisaTvis, rom mosaxvevSi matarebelma Zalian ar Seamciros siCqare (usaf-
rTxoebis gamo) da rebordze dawo lac Semcirdes, mosaxvevSi rkinigzis vakiss 
odnav xrian mosaxvevis centrisken. sur 2.133 gamosaxul SemTxvevaSi matarebeli 
uxvevs marjvniv. am SemTxvevaSi matarebelze moqmedi simZimis mg Zala da relsis 

reaqciis N Zala erTmaneTs aRar gaawonasworebs da maTi tolqmedis saxiT gaC-
ndeba mosaxvevis centrisaken mimarTuli damatebiTi Zala. xSirad aseT daxras 
akeTeben Cqarosnul avtomagistralebze da velotrekebze (sur 2.134). 

sur. 2.134
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daskvnebi:

•	 horizontalur gzaze avtomobilis moxvevas mis saburavebsa da gzis sa-
fars Soris aRZruli uZraobis xaxunis Zala iwvevs;

•	 horizontalur gzaze mosaxvevSi moZraobis maqsimaluri siCqare gamoiT-

vleba formuliT: v Rg;= µmaqs  
•	 horizontalur gzaze motociklis moxvevisas Sveulidan daxris kuTxis 

tangensi gamoiTvleba formuliT: 
2vtg ;

Rg
α =  

•	 rac ufro didia mosaxvevSi motociklis siCqare (dasaSveb maqsimalur 
mniSvnelobamde), miT ufro didi kuTxiT unda daixaros is vertikalidan;

•	 moxvevis gasaadvileblad gzis profils moxvevis mxares xrian.

sakontrolo kiTxvebi:

1. SeZlebs Tu ara avtomobili absoluturad gluv yinulze moxvevas?
2. ratom ixreba motociklisti moxvevis dros?
3. ra daniSnuleba aqvs matareblis borblis rebords?
4. ratom aris matareblis borblis gare mxares radiusi ufro mcire, 

vidre Sida mxarisa?

 
  erTad amovxsnaT amocana  

matarebeli moZraobs 100 m simru dis radiusis mosaxvevSi 36 km/sT siCqariT 
(sur 2.135). ra kuTxiT unda iyos daxrili liandagebis sibrtye horizontisadmi, 
rom matareblis borblebis rebordebze relsebis mxridan Zala ar moqmedebdes? 

amoxsna: 

moc: 
R = 100 m
v =10 m/wm2

u.v. α

    mocemul suraTze gamosa-
xuli vagoni gadaadgildeba 
suraTis sibrtyis marTobu-
lad suraTisken da uxvevs 
Cvengan marjvniv. Sesabami-
sad, misi centriskenuli aC-

qarebac marjvnivaa mimarTuli _ mosaxvevis 

simrudis centrisaken. davSaloT reaqciis  

Zala horizontalur _ xN
J

 da vertikalur _ 

yN


mdgenelebad. kuTxe liandagebis 
sibrtyesa da horizonts Soris igivea, rac 
kuTxe reaqciis Zalasa da vertikals Soris. 
vinaidan matareblis borblebze (rebor-
debze) liandagi ar moqmedebs, vagonis cen-
triskenul aCqarebas mxolod reaqciis Za-

ac

NNy

Y

X

mg

Nx

α

α

sur. 2.135
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lis xN
J

 mdgeneli iwvevs. niutonis meore kanonis Tanaxmad, xN ma= c  (1). su-

raTidan Cans, rom xN Nsin ,= α  xolo centriskenuli aCqareba 
2va .

R
=c

 SevitanoT 

miRebuli gamosaxulebebi (1) formulaSi, miviRebT: 
2vNsin m

R
α =  (2). vinaidan 

vagoni y RerZis gaswvriv ar gadaadgildeba: yN mg Ncos mg= ⇔ α =  (3). Tu meo-

re gantolebas SevafardebT mesamesTan, miviRebT: 
2vtg 0,1.

gR
α = =  aqedan, 06 .α ≈  

pasuxi: liandagebis sibrtye horizontisadmi daxrili unda iyos 60-iani kuTxiT.

  amoxseniT amocanebi:

1. ratom amcireben mZRolebi avtomobilis siCqares mosaxvevTan miaxloebi-
sas?

2. ratom unda Sevides avtomobili mosaxvevSi wvimian amindSi ufro dabali 
siCqariT, vidre mSral amindSi?

3. horizontaluri gzis mosaxvevamde  dgas dasaSvebi maqsimaluri  siCqaris 
SemzRudavi niSani (sur 2.136). rogor fiqrobT, ratom vrceldeba es SezRudva 
erTnairad yvela avtomobilze? 

4. avtomobili uxvevs 100 m simrudis radiusis mqone horizontalur mosax-
vevSi. ra maqsimaluri siCqariT SeuZlia mas imoZraos am mosaxvevSi, rom  asfal-
tze ar mosrialdes? xaxunis koeficienti avtomobilis saburavebsa da asfaltis 
zedapirs Soris 0,625-ia. g≈10 m/wm2. 

5. 50 t masis elmavali 18 km/sT siCqariT uxvevs 100 m simrudis radiusis 
mqone   mosaxvevSi. ra ZaliT moqmedebs liandagi elmavlis borblebis rebordeb-
ze, Tu liandagi horizontaluradaa dagebuli?

6. horizontalur sibrtyeSi mbrunav diskoze devs mcire zomis moneta (sur 
2.137). diskos brunvis sixSiris ra maqsimaluri mniSvnelobisTvis ar gasrialdeba 
moneta diskoze? xaxunis koeficienti diskos zedapirsa da monetas Soris 0,2-ia. 
miiCnieT, rom ricxobrivad S2≈g. 

7. horizontalur sibrtyeSi mbrunav diskoze, brunvis RerZidan 20 sm man-
Zilze, devs mcire zomis moneta (sur 2.137). rodesac diskos brunvis sixSire or-
jer gazardes, moneta diskoze ar gasrialda da masze moqmedi uZraobis xaxunis 
Zalis moduli 6 n-iT gaizarda. risi toli iyo uZraobis xaxunis Zalis moduli 
Tavdapirvelad? 

sur. 2. 136 sur. 2. 137
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8. gzis horizontalur ubanze, mosaxvevSi, moZraobs 
motocikli ise, rom misi saburavebi asfaltze gasri-
alebis zRvarzea. risi toli unda iyos motociklis ver-
tikalidan daxris kuTxis tangensi, rom igi ar gadab-
rundes? xaxunis koeficienti motociklis saburavebsa da 
asfaltis zedapirs Soris 0,7-ia. 

9. gzis horizontalur ubanze, 40 m simrudis radiu-
sis mqone mosaxvevSi, uxvevs motocikli ise, rom igi ver-
tikalidan 450-iani kuTxiTaa daxrili. gansazRvreT motociklis siCqaris modu-
li. miiCnieT, rom g≈10 m/wm2.

10. axseniT, ratom aris Cqarosnuli avtomagistralis gzis profili hori-
zontisadmi daxrili (sur 2.138)? 

 saSinao cda. 
cdis mizani: amomgdebi Zalis warmoqmnis mizezis dadgena.
cdisTvis saWiroa: wyali, WurWeli swori da priala fskeriT, ramdenime  

vaSli.
cdis aRwera: CamoaWeriT vaSls naxevarze naklebi nawili ise, rom ganaWeri 

sakmaod brtyeli da erTgvarovani iyos. erTi naWeri wylian WurWelSi CadeT da 
daakvirdiT, amotivtivdeba Tu ara is. meore naWeri gaWrili zedapiriT carie-
li  WurWlis fskers mWidrod daadeT da frTxilad daasxiT wyali. daakvirdiT, 
amotivtivdeba Tu ara es naWeri. cda ramdenjerme gaimeoreT. miRebuli Sedegebi 
CaiwereT rveulSi da  gaaanalizeT, ra aris saWiro imisaTvis, rom wyalma sxeuli 
amoativtivos? 

sur. 2. 138
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§ 2.20  arqimedes kanoni

me-7 klasSi Tqven eqsperimentulad SeiswavleT siTxeebsa da airebSi moTavse-
bul sxeulebze moqmedi amomgdebi Zala. am Zalis moqmedebis Sedegia gemis curva, 
sahaero burTis frena, duRilisas buStulebis wylis zedapirisaken moZraoba 
(sur. 2.139) da sxva.

sur. 2. 139

 
 gavimeoroT adre Catarebuli cda: dinamo-

sur. 2.140

a b

metrze CamovkidoT raime tvirTi. zambaraze imoqme-
debs tvirTis simZimis Zalis toli Zala da gaWimavs 
mas (sur 2.140 a). CaviniSnoT dinamometris Cveneba. 
cxa dia, is tvirTis simZimis Zalis modulis tolia. 
CavuSvaT tvirTi wylian WurWelSi. dinamometris 
Cveneba Semcirdeba (sur. 2.140 b). es niSnavs, rom wyal-
Si CaSvebis Semdeg tvirTze, simZimisa da zambaris 
drekadobis Zalebis garda, siTxis mxridan imoqmeda 
Sveulad zemoT mimarTulma Zalam, romelsac amomgde-
bi Zala vuwodeT. misi moduli dinamometris sawyisi 
da saboloo Cvenebebis sxvaobis tolia. aseve davad-
gineT, rom:

siTxeSi (airSi) CaZirul sxeulze moqmedi amomgde-
bi Zala moduliT am sxeulis mier gamodevnil siTxeze 
(airze) moqmedi simZimis Zalis tolia:

Fa =ρgV,

romelSic ρ siTxis (airis) simkvrivea, g — Tavisufali vardnis aCqareba, V sxe-
ulis moculobaa. Tu sxeuli siTxeSi mTlianad ar aris CaZiruli, maSin V sxeu-
lis siTxeSi moTavsebuli nawilis moculobaa.
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am debulebas arqimedes kanoni ewodeba, xolo amomgdeb Zalas xSirad arqi-
medes Zalasac uwodeben, misi aRmomCenis, gamoCenili Zveli berZeni moazrovnis, 
arqimedes, pativsacemad.

axla SevecadoT, igive kanoni davadginoT Teoriulad. amisaTvis jer gaixse-
neT wneva, misi gamomsaxveli formulebi da paskalis kanoni. 

•	 sidides, romelic ganisazRvreba wnevis Zalis (zedapiris marTobulad 
moq medi Zalis) modulis fardobiT im zedapiris farTobTan, romelzec is moq-
medebs, wneva ewodeba:

Fp .
S

=
 

wneva gviCvenebs farTobis erTeulze moqmed wnevis Zalas. misi erTeuli saer-
TaSoriso sistemaSi aris 1 n/m2 = 1 paskali (pa);

•	 paskalis kanoni: daxSul WurWelSi moTavsebul airze an siTxeze warmoe-
buli wneva ucvlelad gadaecema maT nebismier wertils yvela mimarTulebiT;

•	 uZravi siTxis wnevas, romelsac is awarmoebs

F1

F2

F4F3

Fa

sur. 2.141

S

h1

h2

simZimis Zalis moqmedebiT, hidrostatikuri wneva ewo-
deba. es wneva gamoisaxeba formuliT:

 p gh,= ρ  

romelSic ρ	siTxis simkvrivea, g — Tavisufali vardnis 
aCqareba, h — siTxis svetis simaRle.

simartivisTvis davuSvaT, rom ρ	simkvrivis siTxeSi 
CaSvebulia marTkuTxa paralelepipedis formis sxeu-
li (sur. 2.141). am suraTze sxeulis mxolod wina xedia 
gamosaxuli. misi zeda da qveda waxnagis farTobia S, 
simaRle — h2, xolo manZili siTxis Tavisufali zeda-
piridan zeda waxnagamde — h1.

paralelepipedis zeda waxnagze siTxe awarmoebs wne-
vas, romelic tolia:

1 1p gh .= ρ
 

Sesabamisad, paralelepipedis zeda waxnagze siTxe moqmedebs qveviT mimarTu-
li wnevis ZaliT, romlis modulia

                                                                       1 1F gh S= ρ   (1)

vinaidan erTsa da imave siRrmeze siTxis mier warmoebuli wneva yvela mimar-
TulebiT erTnairia, amitom paralelepipedis mopirdapire waxnagebze moqmedi 

wnevis Zalebi erTmaneTs awonasworebs: F3 =–F4. paralelepipedis qveda waxnagi 
siTxis Tavisufali zedapiridan (h1 + h2) siRrmezea. paskalis kanonis Tanaxmad, 
siTxe masze awarmoebs wnevas, romlis mniSvneloba toli iqneba:

2 1 2p g(h h ).= ρ +
 

amitom qveda waxnagze siTxe moqmedebs zeviT mimarTuli wnevis ZaliT, rom-
lis moduli tolia:
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        (2)

(1) da (2) tolobebidan Cans, rom F2 > F1, amitom es Zalebi erTmaneTs ver 
gaawonasworebs, maTi tolqmedi zeviTaa mimarTuli. swored es aris amomgdebi 
Zala, romlis moduli toli iqneba:

 2 1 1 2 1 2F F F g(h h )S gh S gh S.= − = ρ + − ρ = ρa          (3)

axla Tqven SegiZliaT axsnaT saSinao cdaSi miRebuli Sedegi, Tu ratom ar 
amotivtivda WurWlis fskerze dadebuli vaSlis naWeri WurWelSi wylis Casxmis 
Semdeg.

davubrundeT (3) tolobas. Tu gaviTvaliswinebT, rom h2S = V paralelepipe-
dis moculobaa, maSin:

          F gV.= ρa                         (4)

miviReT igive Sedegi, rac adre eqsperimentulad gvqonda dadgenili nebismie-
ri formis sxeulisTvis.

arqimedes Zala moqmedebs airSi myof sxeulzec, magram airis simkvrivis sim-
ciris gamo misi moduli siTxeSi imave sxeulze moqmed arqimedes ZalasTan Se-
darebiT mcirea.

Cveulebriv, siTxeSi moTavsebul sxeulze moqmedebs ori Zala: Sveulad zeviT 
mimarTuli amomgdebi da qveviT mimarTuli simZimis Zala. am ZalTa Tanafardoba 
gansazRvravs sxeulis curvis pirobebs, romlebic me-7 klasSi ase CamovayalibeT: 

1. Tu sxeulze moqmedi simZimis Zala moduliT amomgdeb Zalaze metia, sxeuli 
iZireba;

2. Tu sxeulze moqmedi simZimis Zala moduliT amomgdebi Zalis tolia, CaZirul 
mdgomareobaSi myofi sxeuli siTxeSi nebismier adgilas wonasworobaSi iqneba;

3. Tu sxeulze moqmedi simZimis Zala moduliT amomgdeb Zalaze naklebia, 
sxeuli wylis zedapirze amova da itivtivebs. 

SeecadeT damoukideblad daasabuToT, rom curvis igive pirobebi, siTxisa da 
sxeulis simkvriveebis TanafardobiT, ase Camoyalibdeba:

1. Tu sxeulis simkvrive metia siTxis simkvriveze — ρ > ρsx siT,  sxeuli CaiZi-
reba;

2. Tu sxeulisa da siTxis simkvriveebi tolia — ρ = ρsx siT, sxeuli siTxeSi ne-
bismier adgilas wonasworobaSi iqneba;

3. Tu sxeulis simkvrive naklebia siTxis simkvriveze — ρ < ρsx siT,  sxeuli amova 
siTxis zedapirze da nawilobriv CaZiruli wonasworul mdgomareobaSi iqneba.

rodesac sxeuli erTgvarovania (misi simkvrive yvelgan erTnairia), maSin  
ρsx -Si igulisxmeba im nivTierebis simkvrive, romlisganac is aris damzadebuli. 
ara erTgvarovani sxeulebis SemTxvevaSi siTxis simkvrives unda SevadaroT sxeu-
lis saSualo simkvrive. magaliTad, Tanamedrove gemebi damzadebulia liToni-
sagan, romlis simkvrive wylis simkvriveze bevrad didia. magram gems aqvs didi 
mocu loba, Signidan is Rrua da amitom misi saSualo simkvrive wylis simkvriveze 
naklebia. swored amis gamo gemi tivtivebs da ar iZireba. usafrTxoebis mizniT 
misi qveda nawili erTmaneTisgan hermetulad gamoyofili seqciebisagan Sedgeba. 
avariisas, erT-erT seqciaSi wylis Sesvlis SemTxvevaSi, danarCeni seqciebi mSra-

2 1 2F g(h h )S= ρ +
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li darCeba. marTalia, gemze moqmedi simZimis Zala gaizrdeba, magram amomgdebi 
Zala mainc sakmarisi iqneba gemis wylis zedapirze darCenisaTvis.

wyalqveSa navebs aqvs didi moculobis carieli rezervuarebi. siRrmeSi 
Casasvlelad rezervuarebs avseben wyliT. am dros simZimis Zala izrdeba da 
navi iZireba. CaZirvis Sesawyvetad wyals nawilobriv gandevnian rezervuaridan, 
simZimis Zala moduliT amomgdeb Zalas gautoldeba da wyalqveSa navi am siR-
rmeze wonasworobaSi iqneba. zedapirze amosasvlelad rezervuarebs wylisagan 
clian, ris Sedegadac wyalqveSa navze moqmedi simZimis Zala moduliT amomgdebi 
Zalaze naklebi xdeba. 

Tevzebs curvis pirobebis Secvla SeuZliaT organizmSi arsebuli sahaero 
buStiT, romlis moculobis regulirebiT maTze moqmed amomgdeb Zalas cvlian.

Tu sahaero burTs avavsebT cxeli haeriT (cxeli haeris simkvrive civi haeris 
simkvriveze naklebia) an haerTan SedarebiT msubuqi airiT, is afrindeba. swored 
amomgdebi Zalis meSveobiT adis maRla heliumiT savse sahaero burTi.

daskvnebi:

•	 siTxeSi (airSi) CaZirul sxeulze moqmedi amomgdebi Zala moduliT am 
sxe ulis mier gamodevnil siTxeze (airze) moqmedi simZimis Zalis tolia: 

F gV;= ρa

•	 Tu sxeulis simkvrive metia siTxis simkvriveze — ρ > ρsx siT,  sxeuli CaiZi-
reba;

•	 Tu sxeulisa da siTxis simkvriveebi tolia — ρ = ρsx siT, sxeuli siTxeSi ne-
bismier adgilas wonasworobaSi iqneba;

•	 Tu sxeulis simkvrive naklebia siTxis simkvriveze — ρ < ρsx siT,  sxeuli amo-
va siTxis zedapirze da nawilobriv CaZiruli wonasworul mdgomareobaSi 
iqneba. 

sakontrolo kiTxvebi:

1. damokidebulia Tu ara arqimedes Zala sxeulis formaze?
2. ra aris amomgdebi Zalis warmoqmnis mizezi?
3. erTi da imave masis aluminisa da tyviis birTvebidan, romelze imoqmedebs 

meti amomgdebi Zala? ratom?
4. ratom tivtivebs navTobi wylis zedapirze?
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  erTad amovxsnaT amocana  

40 t masis gemi Sedis zRvidan mdinareSi. ramdeniT unda Semcirdes gemze mo-
Tavsebuli tvirTis masa, rom mdinareSi Sesvlisas gemis CaZiruli nawilis mocu-
loba ar Seicvalos? 

amoxsna: 

moc:
ρ

zR
 = 1030 kg/m3;

ρ
md
 = 1000 kg/m3;

m = 40 t = 4·104 kg. 
u.v. m

1

    zRvis wylis simkvrive mdinaris wylis simkvriveze 
metia, amitom jer davadginoT kavSiri gemis CaZiruli 
nawilis moculobasa da wylis simkvrives Soris. wonas-
worobisas gemze moqmedi Sveulad zeviT mimarTuli 

amomgdebi Zala moduliT Sveulad qveviT mimarTuli 

misi simZimis Zalis tolia: mg gV= ρ ⇒
mV ,=
ρ

 romel-

Sic V gemis CaZiruli nawilis moculobaa, m _ gemis masa, xolo ρ _ wylis sim-

kvrive. rodesac gemi zRvaSia, misi CaZiruli nawilis moculoba 1
mV .=
ρzR

 vinaidan 

mdinaris wylis simkvrive naklebia zRvis wylisaze, gemis mdinareSi Sesvlis Sem-

deg misi CaZiruli nawilis moculoba rom ar Seicvalos, gemis masa garkveuli m
1

mniSvnelobiT unda Semcirdes. amitom 1
2

(m m )V .−
=

ρmd

 amocanis pirobis Tanaxmad:  

1 2V V= ⇔ 1m (m m )−
=

ρ ρzR md

 ⇒  1

m( )
m 1165

ρ − ρ
= ≈

ρ
zR md

zR

kg. 

pasuxi: gemis masa daaxloebiT 1165 kg-iT unda Semcirdes. 

  amoxseniT amocanebi:

1. wyalSi curavs 5 kg masis sfero. risi tolia sferoze moqmedi amomgdebi
Zalis moduli? miiCnieT, rom g=10 m/wm2.

2. gansazRvreT wyalSi CaZirul 10 sm3 moculobis sxeulze moqmedi amomgde-
bi Zalis moduli. miiCnieT, rom g=10 m/wm2. 

3. gansazRvreT wyalze motivtive yinulis wyalSi CaZiruli nawilisa da
wylis zemoT arsebuli nawilis moculobebis Sefardeba. 

4. WurWelSi Casxmuli wylis zedapirze tivtivebs yinulis naWeri. Seicvleba
Tu ara wylis done WurWelSi yinulis mTlianad gadnobis Semdeg? pasuxi daasa-
buTeT.

5. WurWelSi Casxmul wyalze tivtivebs yinulis naWeri, romelSic Cayinulia
mcire zomis tyviis burTula. rogor Seicvleba wylis done WurWelSi yinulis 
mTlianad gadnobis Semdeg?  pasuxi daasabuTeT.

6. TavRia cilindrul WurWlSi Casxmulia wyali, romelSic CaZirulia li-
Tonis sfero. Seicvleba Tu ara sferoze moqmedi amomgdebi Zala, Tu wylis 
zedapirze atmosferuli wneva moimatebs (sur. 2.142)? 

7. wylisa da navTis gamyof sazRvarze wonasworul mdgomareobaSia 900 kg/m3

simkvrivis burTula. gansazRvreT burTulis wyalSi da navTSi moTavsebuli na-
wilebis moculobebis Sefardeba (sur. 2.143). 
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8. erTmaneTze wvrili ZafiT gadabmuli V da 2V moculobis msubuqi Rru 
sferoebi  CaZires wyalSi da rezinis zonariT miabes fskerze (sur. 2.144). ram-
denjer metia zonris daWimulobis Zalis moduli sferoebis SemaerTebeli Zafis 
daWimulobis Zalis modulze? sferoebis masas nu gaiTvaliswinebT.

P0

navTi

wyali

Zafi

rezini
V

2V

sur. 2.143 sur. 2.144sur. 2.142

9. wylis zedapiridan 0.5 m siRrmeze TokiT fskerze mibmulia mcire zomis 
burTula, romlis simkvrive 800 kg/m3-ia. ra siCqariT amovardeba burTula wyli-
dan, Tu mas gavaTavisuflebT? burTulaze moqmedi arqimedes Zala miiCnieT mud-
mivad, wylis winaaRmdegobis Zalebs nu gaiTvaliswinebT. g=10 m/wm2.

10. ra siRrmeze CaZires wyalSi 950 m3 simkvrivis burTula, Tu gaTavisuflebis 
Semdeg is wylis zedapirze 1 wamSi amovida? burTulaze moqmedi arqimedes Zala 
miiCnieT mudmivad, wylis winaaRmdegobis Zalebs nu gaiTvaliswinebT. g=10 m/wm2.

proeqti:

arqimedes kanonis aRmoCenam didi teqnikuri progresi moutana kacobriobas, 
misma Seswavlam ki mniSvnelovnad gazarda sazRvao da sahaero transportis 
usaf rTxoeba. gemis mSeneblobisas mniSvnelovania winaswar ganisazRvros, Tu ra 
maqsimaluri masis tvirTis moTavsebaa masze dasaSvebi, raTa gemma usafrTxod 
icuros.

amomgdebi Zalis marTvazea damyarebuli wyalqveSa navebis curvis principic. 
wyalqveSa navis ekipaJi specialuri rezervuarebiTa da tumboebiT cvlis navze 
moqmed amomgdeb Zalas, ris Sedegadac navs curva SeuZlia rogorc wylis zeda-
pirze, aseve wyalqveS. 

sahaero burTis asafrenad mis SigniT arsebul haers aTboben. qveviT dasaSve-
bad ki _ aciveben. ratom iwvevs haeris gaTboba sahaero burTis maRla awevas?

moiZieT informacia gemebis curvisa da haernaosnobis Sesaxeb da moamzadeT 
prezentacia Temaze: „amomgdebi Zalis roli“. 

prezentaciaSi mkafiod warmoaCineT da axseniT:
•	 ratom tivtivebs liTonisagan damzadebuli gemi wylis zedapirze, rode-

sac liTonis sagnebi wyalSi iZireba;
•	 rogor gansazRvraven gemze mosaTavsebeli tvirTis dasaSveb masas;
•	 ra princips efuZneba wyalqveSa navebis curva;
•	 rogor iZireba da rogor amodis wyalqveSa navi;
•	 ratom adis sahaero burTi maRla masSi haeris gaTbobisas da ratom eSveba 

qveviT haeris gacivebisas.
gamoiyeneT bmulebi: shorturl.at/ryWZ5; https://tinyurl.com/35bndh7b; 

https://tinyurl.com/t4enxmdd; shorturl.at/myDL8; shorturl.at/mtDS3; shorturl.at/iEHN8.
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meore Tavis Tavis Semajamebeli amocanebi

1. SesaZlebelia Tu ara, rom TviTmfrinavi horizontaluri mimarTulebiT
Tanabrad mifrinavdes, rodesac misi Zrava gamorTulia? 

2. SesaZlebelia Tu ara, rom navze mdgomma meTevzem kiCoze miwoliT navs
siCqare Seucvalos?

3. ori moswavle cdilobs dinamometris zamba-

sur. 2.145

ris gaWimvas masze gamobmuli Tokebis daqaCviT 
(sur. 2.145). risi toli iqneba dinamometris Cvene-
ba, Tu TiToeuli moswavle Toks 100 n ZaliT eqa-
Ceba? 

4. gluv horizontalur Reroze Camocmulia
ori sxvadasxva masis birTvi, romlebic erTmaneTze 
gadabmulia msubuqi, uWimvadi TokiT (sur. 2.146). 
Rero horizontalur sibrtyeSi brunavs garkveu-
li kuTxuri siCqariT. gansazRvreT didi birTvis M masa, Tu mcire birTvis masa 
m=10 kg-ia, xolo didi da mcire birTvebis brunvis RerZamde daSorebebis Se-

fardebaa 
R 4.
r 1
=

r R

M m

sur. 2.146

5. adgilidan daZvrisas 2 t masis carieli avtomobili horizontalur gzaze
2 m/wm2 aCqarebiT moZraobs. igive datvirTuli avtomobili ki _ 1,6 m/wm2 aCqa-
rebiT. gansazRvreT tvirTis masa, Tu avtomobilze moqmedi wevis Zala orive 
SemTxvevaSi erTnairia.

6. fexburTelma 400 g masis uZrav burTs dartymisas 30 m/wm siCqare mianiWa.
ra drois ganmavlobaSi grZeldeboda dartyma, Tu fexburTeli burTze saSua-
lod 600 n ZaliT moqmedebda? 

7. elmavali samgzavro vagons 0,3 m/wm2 aCqarebas aniWebs, xolo satvirTo
vagons _ 0,15 m/wm2-s. ra aCqarebas mianiWebs elmavali orive vagons erTad, Tu 
elmavali vagonebs samive SemTxvevaSi erTnairi ZaliT eweva. 

8. elmavalma carieli vagoni adgilidan daiZra da vagonma garkveul droSi
6 m gaiara. rodesac vagonze 20 t masis qviSa dayares, vagonma daZvridan imave 
droSi 4 m gaiara. ipoveT carieli vagonis masa, Tu cnobilia, rom orive Sem-
TxvevaSi elmavali vagons mudmivi da erTnairi ZaliT eweoda. 

9. sur. 2.147 gamosaxulia gzis horizontalur ubanze moZravi 4 kg masis
sxe ulis siCqaris droze damokidebulebis grafiki. RerZi sxeulis moZraobis mi-
marTulebiT mimarTeT da gansazRvreT sxeulze moqmedi horizontaluri Zalis 
gegmili (0-5 wm), (5 wm-15 wm) da (15 wm-20 wm) drois SualedebSi. 
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5

5 15 20

V,m/wm

t,wm

sur.2.147

10. gansazRvreT sawyisi siCqaris gareSe Tavisuflad vardnili sxeulis
gadaad gileba vardnis me-n wamSi. miiCnieT, rom g=10 m/wm2.

11. ramdenjer ufro maRla ava vertikalurad zeviT asrolili sxeuli, Tu
asrolis sawyis siCqares 3-jer gavzrdiT? haeris winaaRmdegobas nu gaiTva-
liswinebT.

12. ramdenjer unda gavzardoT vertikalurad zeviT asrolili sxeulis saw-
yisi siCqare, rom asvlis maqsimaluri simaRle 16-jer gaizardos? haeris winaaR-
mdegobas nu gaiTvaliswinebT.

13. ori sxeuli vardnas iwyebs sxvadasxva simaRlidan. ramdenjer aRemateba
pirvelis siCqare meorisas dedamiwis zedapirze dacemamde, Tu pirveli sxeu-
li 3-jer ufro met xans vardeboda, vidre meore. winaaRmdegobis Zalebs nu 
gaiTvaliswinebT.

14. ori sxeuli vardnas iwyebs sxvadasxva simaRlidan. ramdenjer meti simaR-
lidan Camovarda pirveli sxeuli vidre meore, Tu pirveli sxeuli 4-jer ufro 
met xans vardeboda, vidre _ meore. winaaRmdegobis Zalebs nu gaiTva liswinebT.

15. sxeuli iwyebs Tavisufal vardnas 125 m simaRlidan. gansazRvreT mis
mier vardnis bolo or wamSi gavlili manZili. winaaRmdegobis Zalebs nu gaiTva-
liswinebT. miiCnieT, rom g=10 m/wm2. 

16. ramdenjer aRemateba 180 m simaRlidan sawyisi siCqaris gareSe vardnili
sxeulis vardnis bolo or wamSi gavlili manZili pirvel or wamSi gavlil man-
Zils? winaaRmdegobis Zalebs nu gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2. 

17. garkveuli simaRlidan sawyisi siCqaris gareSe vardnili burTula dedami-
waze 3 wamSi ecema. ra droSi daecema igi dedamiwaze, Tu imave simaRleze burTu-
las mivaniWebT vertikalurad zeviT mimarTul 20 m/wm sawyis siCqares? winaaR-
mdegobis Zalebs nu gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2.

18. garkveuli simaRlidan 10 m/wm sawyisi siCqariT isvrian or burTulas: pir-
vels _ vertikalurad qveviT, xolo meores _ vertikalurad zeviT. ramdeni wa-
miT adre daecema pirveli burTula dedamiwaze, vidre meore? winaaRmdegobis 
Zalebs nu gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2. 

19. sahaero burTi moZraobs vertikalurad zeviT mudmivi 0,5 m/wm siCqariT.
im momentSi, rodesac burTi dedamiwis zedapiridan 120 m simaRleze iyo, mis 
mimarT 9,5 m/wm siCqariT vertikalurad zeviT aisroles mcire zomis sxeuli. 
gansazRvreT, dedamiwis zedapiridan, ra maqsimalur simaRles miaRwevs sxeu-
li da asrolidan, ra droSi daecema igi dedamiwaze. winaaRmdegobis Zalebs nu 
gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2.

20. sahaero burTi moZraobs vertikalurad zeviT mudmivi 0,5 m/wm siCqa-
riT. burTidan dedamiwis mimarT 10,5 m/wm sawyisi siCqariT vertikalurad zeviT 
aisroles burTula. gansazRvreT maqsimaluri manZili, romliTac gauswrebs 
burTula sahaero burTis im wertils, romlidanac igi aisroles. winaaRmdegobis 
Zalebs nu gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2.



188

21. burTula aisroles 30 m/wm sawyisi siCqariT. asrolidan ra drois Semdeg gax-
deba misi siCqare asrolis siCqareze 3-jer naklebi? ra simaRleze iqneba burTula am 
momentSi? winaaRmdegobis Zalebs nu gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2. 

22. dedamiwis zedapiridan 60 m simaRleze mdebare wertilidan vertikalurad
zeviT, 20 m/wm sawyisi siCqariT aisroles burTula. sakoordinato RerZi mi-
marTeT vertikalurad qveviT, aTvlis saTave daukavSireT asrolis wertils da 
dawereT burTulis koordinatisa da siCqaris gegmilis droze damokidebulebis 
formulebi. asro lidan ra drois Semdeg daecema burTula dedamiwaze? winaaR-
mdegobis Zalebs nu gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2. 

23. 45 m simaRlis aivnidan horizontaluri mimarTulebiT 5 m/wm sawyisi siC-
qariT gaisroles sxeuli. gansazRvreT, ra drois Semdeg da saxlis Ziridan ra 
manZilze daecema sxeuli dedamiwis zedapirze. winaaRmdegobis Zalebs nu gaiTva-
liswinebT. miiCnieT, rom g=10 m/wm2.

24. or burTulas isvrian horizontaluri mimarTulebiT. pirvels _ orjer
ufro maRali aivnidan, vidre meores. ramdenjer unda aRematebodes meore bur-
Tulis gasrolis sawyisi siCqare pirvelisas, rom maTi frenis siSoreebi erTnai-
ri iyos? winaaRmdegobis Zalebs nu gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2.

25. ra simaRlidan unda gavisroloT sxeuli 20 m/wm sawyisi siCqariT hori-
zontalurad, rom gasrolis simaRle frenis siSoris toli iyos? winaaRmdegobis 
Zalebs nu gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2.

26. dedamiwis zedapiridan, garkveul simaRleze, modu-

sur. 2.148

liT erTnairi sawyisi siCqariT gaisroles 4 sxeuli (sur. 
2.148). daamtkiceT, rom es sxeulebi davardnamde, drois 
nebis mier momentSi kvadratis wveroebze iqnebian gan-
lagebuli. drois mixedviT rogor icvleba am kvadratis 
diagonalis sigrZe? winaaRmdegobis Zalebs nu gaiTva-
liswinebT. 

27. horizontisadmi 450-iani kuTxiT gasrolilma Wurv-
ma 50 m simaRles miaRwia. gansazRvreT misi frenis siSo re. 
winaaRmdegobis Zalebs nu gaiTvaliswinebT. miiCnieT, rom 
g=10 m/wm2.

28. ra maqsimalur simaRles miaRwia horizontisadmi
maxvili kuTxiT gasrolilma isarma, Tu misi frenis dro 
8 wm-ia? winaaRmdegobis Zalebs nu gaiTvaliswinebT. miiCnieT, rom g=10 m/wm2.

29. horizontisadmi 200-iani kuTxiT da 17 m/wm sawyisi siCqariT gaisroles
burTula. ra siCqariT da horizontisadmi ra kuTxiT daecema burTula gas-
rolis doneze? winaaRmdegobis Zalebs nu gaiTvaliswinebT.

30. horizontisadmi 300-iani kuTxiT da 60 m/wm sawyisi siCqariT gasrolili
sxeuli raRac simaRleze imyofeboda orjer, ori wamis intervaliT. gansazRvreT 
es simaRle. winaaRmdegobis Zalebs nu gaiTvaliswinebT.

31. horizontisadmi garkveuli kuTxiT gasrolilma burTulam 20 m simaRles
miaRwia. risi toli iqneba burTulis siCqaris moduli gasrolidan sami wamis Sem-
deg, Tu misi frenis siSore 96 m-ia? winaaRmdegobis Zalebs nu gaiTvaliswinebT.

32. gansazRvreT Tavisufali vardnis aCqareba im planetis zedapirze, romlis
simkvrive 2500 kg/m3-ia, xolo radiusi _ 5000 km. 

33. dedamiwis zedapiridan ra simaRleze gaxdeba Tavisufali vardnis aCqare-
ba 5-jer naklebi, vidre dedamiwis zedapirze? miiCnieT, rom dedamiwis radiusi 
6400 km-ia. 

34. dedamiwis zedapiridan ra simaRleze unda brunavdes xelovnuri Tanamgza-
vri, rom misi centriskenuli aCqareba dedamiwis zedapirze Tavisufali vardnis 
aCqarebaze 9-jer naklebi iyos? miiCnieT, rom dedamiwis radiusi 6400 km-ia. 
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35. dedamiwis zedapiridan ra simaRleze unda brunavdes xelovnuri Tanamgzav-
ri ekvatorul sibrtyeSi, rom misi brunvis periodi dedamiwis sakuTari RerZis 
irgvliv brunvis periodze 5-jer meti iyos? miiCnieT, rom dedamiwis radiusi 
6400 km-ia. 

36. rezinis zonari daWres 10 tol nawilad, miRebuli nawilebi erTmane Tis
paralelurad daawyves da erTianad Sekres. ramdenjer meti iqneba miRebuli 
zonris sixiste Tavdapirveli zonris sixistesTan SedarebiT?

37. kvadratuli ganivkveTis mqone rezinis zonari gaWres misi sigrZis gas-
wvriv ise, rom miRebuli zonrebis ganivkveTi Tavdapirvelis naxevari iyos. miRe-
buli naWrebis TiTo bolo erTmaneTze gadaabes. ramdenjer naklebi iqneba miRe-
buli zonris sixiste Tavdapirvelis sixisteze?

38. sabuqsire gvarliT 1,6 t masis avtomobili 0.625 m/wm2 aCqarebiT aamoZ-
raves. gansazRvreT, ramdeniT wagrZelda gvarli, Tu misi sixiste 100 kn/m-ia. 
avtomobilze moqmedi winaaRmdegobis Zalebi ar gaiTvaliswinoT.

39. ra siCqariT unda moZraobdes avto-

sur. 2. 149

mobili amozneqil xidze (sur. 2.149), romlis 
simrudis radiusi 250 m-ia, rom misi wona xi-
dis zeda wertilSi nuls gautoldes? 

40. mkveTri damuxruWebis dawyebidan ra
droSi gaCerdeba 25 m/wm siCqariT moZravi 
avtomobili, Tu srialis xaxunis koeficien-
ti avtomobilis saburavebsa da gzis safars Soris 0,5-ia? miiCnieT, rom damuxru-
Webis dawyebidan gaCerebamde avtomobilis oTxive borbali srialebs (g=10 m/wm2).

41. sxeuli vardnas iwyebs 25 m simaRlidan da dedamiwis zedapirs 2.5 wamSi
ecema. miiCnieT, rom sxeulze moqmedi haeris winaaRmdegobis Zala mudmivia da 
ipoveT simZimis Zalis ra nawils Seadgens is (g=10 m/wm2).

42. ra minimaluri Zala unda movdoT horizontisadmi 450-iani kuTxiT daxril
ficarze moTavsebul 20 kg masis yuTs, rom igi ficarze Tanabrad avasrialoT? xa-
xunis koeficienti ficris zedapirsa da yuTs Soris 0,2-ia. miiCnieT, rom g=10 m/wm2. 

43. daxril sibrtyeze, romlis sigrZe da simaRle, Sesabamisad, 1 m da 20 sm-ia,
uZravad devs 5 kg masis Zelaki. is dinamometris meSveobiT jer zeviT Tanabrad 
aasriales, Semdeg ki qveviT Tanabrad Camoasriales. miiCnieT, rom orive Sem T-
xvevaSi yuTze sibrtyis paraleluri ZaliT moqmedebdnen da gansazRvreT di-
namometris CvenebaTa sxvaoba (g=10 m/wm2). 

44. horizontisadmi 450-iani kuTxiT daxril sibrtyeze dadebuli Zelaki uZ-
ravad rom SevakavoT, sakmarisia masze movdoT sibrtyis gaswvriv zeviT mimar-
Tuli 100 n Zala. imave Zelakis zeviT Tanabrad asasrialeblad ki 200 n Zalaa 
saWiro. gansazRvreT xaxunis koeficienti Zelaksa da daxril sibrtyes Soris. 

45. horizontisadmi 300-iani kuTxiT daxril sibrtyeze moTavsebul 10 kg ma-
sis Zelakze gamobmuli msubuqi da uWimvadi Toki gadadebulia WoWonaqze. Tokis 
meore boloze dakidebulia iseTive meore Zelaki (sur. 2.150). xaxunis Zalebi 
Zelakisa daxril sibrtyesTan, agreTve, WoWonaqisa Tavis RerZTan ar gaiTva-
liswinoT da gansazRvreT Zelakebis aCqareba (g=10 m/wm2). 

46. horizontisadmi 300-iani kuTxiT daxrili sibrtyis wverodan xaxunis gare-
Se srials iwyebs Zelaki. imave simaRlidan Sveulad vardnas iwyebs meore Zelaki 
(sur. 2.151). SeadareT erTmaneTs Zelakebis saboloo siCqareebi (g=10 m/wm2).

47. horizontisadmi 300-iani kuTxiT daxrili sibrtyis wverodan xaxunis gare-
Se srials iwyebs Zelaki. imave simaRlidan Sveulad vardnas iwyebs meore Zelaki 
(sur. 2.151). gansazRvreT maTi moZraobis droebis Sefardeba (g=10 m/wm2). 

48. Werze mimagrebul uZrav WoWonaqze gadadebulia uWimvadi msubuqi Toki,
romlis boloebze m

1
=20 kg da m

2
=10 kg masis ori tvirTia dakidebuli (sur.
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2.152). winaaRmdegobis Zalebi ar gaiTvaliswinoT da gansazRvreT Zala, romli-
Tac WoWonaqi moqmedebs Werze (g=10 m/wm2). 

49. uZrav WoWonaqze gadadebul sakmarisad grZel, uWimvad da msubuqi Tokis
boloebze m

1
=20 kg da m

2
=10 kg masis ori tvirTia dakidebuli (2.152). Tavdapir-

velad orive tvirTi uZravia da erT simaRleze imyofeba. winaaRmdegobis Zale-
bi ar gaiTvaliswinoT da gansazRvreT tvirTebis gaTavisuflebidan ra droSi 
daSordebian isini erTmaneTs 20 sm-iT (g=10 m/wm2). 

m1
m2

sur. 2.150 sur. 2.151 sur. 2.152

50. uZrav WoWonaqze gadadebul uWimvad da msubuq Tokis bolebze Camoki des
m

1
=10 kg da m

2
= 4,5 kg masis ori tvirTi (sur. 2.153). Tavdapirvelad tvirTebi

uZravad uWiravT. m
2
 masis tvirTze dades m

3
 = 0,5 kg masis mcire zomis sawoni.

gansazRvreT Zala, romliTac sawoni daawveba tvirTs maTi gaTavisuflebis Semdeg. 
51. horizontalur liandagze mdgari 21 erTnairi vagonisagan Semdgari

matarebeli daiZra a aCqarebiT. ipoveT, ramdenjer metia pirvel da meore vago-
nebs Soris gadabmis daWimulobis Zala meTerTmete da meTormete vagonebs Soris 
gadabmis daWimulobis Zalaze. winaaRmdegobis Zalebi ar gaiTvaliswinoT. 

52. moZravi da uZravi WoWonaqebisagan Semdgar sistemaze dakides ori erT-
nairi masis tvirTi ise, rogorc sur. 2.154 naCvenebi. gansazRvreT tvirTebis aC-
qareba maTi gaTavisuflebis Semdeg. Tokisa da WoWonaqebis masas, winaaRmdegobis 
Zalebsa da Tokis sigrZis cvlilebas nu gaiTvaliswinebT (g=10 m/wm2).

53. ra ZaliT moqmedebs sur. 2.154 gamosaxuli WoWonaqebis sistema Werze, Tu
masze dakidebuli tvirTebis masa erTnairia? Tokisa da WoWonaqebis masas, winaaR-
mdegobis Zalebsa da Tokis sigrZis cvlilebas nu gaiTvaliswinebT (g=10 m/wm2) 

54. gasarTob Souze 20 m simrudis radiusis mqone mosaxvevSi uxvevs kvadro-
cikli (sur. 2.155). gzis profili horizontisadmi 450-iani kuTxiTaa daxrili. 
risi tolia kvadrociklis siCqare, Tu kvadrocikli mosaxvevSi xaxunis Zalis 
dauxmareblad uxvevs? miiCnieT, rom g≈10 m/wm2. 

55. gasarTob Souze 20 m simrudis radiusis mqone mosaxvevSi uxvevs kvadro-
cikli (sur. 2.155). gzis profili horizontisadmi 450-iani kuTxiTaa daxrili. 
ra maqsimaluri siCqare SeiZleba hqondes kvadrocikls mosaxvevSi, rom igi ar 
mocurdes, Tu xaxunis koeficienti kvadrociklis saburavebsa da gzis safars 

Soris 
1
2

-is tolia? miiCnieT, rom g≈10 m/wm2. 

m1

m2

m3

sur. 2.153 sur. 2.154 sur. 2. 155

m
m
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mudmivobis kanonebi. statika

am TavSi Tqven gaixsenebT da gaecnobiT:

• impulsis mudmivobis kanons;

• meqanikuri energis mudmivobis kanons;

• sxeulTa wonasworobis pirobebs.
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§3.1  sxeulis impulsi

 meqanikis ZiriTadi amocanaa sxeulis mdebareobis gansazRvra drois 
nebismier momentSi. am amocanis amosaxsnelad Cven jer sxeulze (sxeulTa sis-
temaze) moqmed Zalebs vadgendiT, Semdeg niutonis meore kanonis gamoyenebiT 
sxeulis (sxeulTa sistemis) aCqarebas vpoulobdiT da bolos, kinematikis gan-
tolebebiT gamovsaxavdiT siCqarisa da koordinatebis droze damokidebulebas. 
zogadad, es Zalian rTuli amocanaa da Cven is mxolod ramdenime kerZo SemT-
xvevaSi amovxseniT. kerZod, maSin rodesac: a) sxeulze Zalebi ar moqmedebs an 
moqmed ZalTa tolqmedi nulis tolia _ sxeuli uZravia an moZraobs Tanabrad;  
b) sxeulze moqmedi Zalebis tolqmedi nulisagan gansxvavebulia, mudmivia da 
sxe uli moZraobs TanabaraCqarebulad; g) sxeulze moqmedi Zalebis tolqmedi 
nulisagan gansxvavebulia, moduliT mudmivia, magram yovelTvis mimarTulia sxe-
ulis moZraobis marTobulad _ sxeuli Tanabrad brunavs wrewirze. 

xSirad sxeulze moqmedi Zala icvleba. am dros rTulia sxeulis aCqarebis, 
siCqaris da koordinatis povna.

ganvixiloT magaliTi: burTi mifrinavs da ejaxeba kedels. da-

sur.3.1

jaxebamde burTze mxolod simZimis Zala moqmedebs da misi moZrao-
ba TanabaraCqarebulia, magram kedelTan Sejaxebis dawyebisTanave 
burTi iwyebs deformirebas (sur. 3.1). deformacia TandaTan izrde-
ba, ris gamoc izrdeba burTSi aRZruli drekadobis Zalac. am Zalis 
cvlilebis kanonzomierebis dadgena rTulia, amitom Cven ver da-
vadgenT kedelTan urTierTqmedebis ganmavlobaSi burTis aCqareba-
sa da siCqares. magram xSirad Cven burTis aCqareba, siCqare da 
koordinati dajaxebis procesSi arc gvainteresebs. CvenTvis ufro 
saitereso kedlidan asxletis momentSi burTis siCqaris codna _ anu, sistemis 
sawyisi monacemebiT misi saboloo monacemebis gansazRvraa. 

aseTi da msgavsi amocanebis amoxsnisaTvis fizikaSi SemoaqvT sxeulis (sxeul-
Ta sistemis) maxasiaTebeli sxva fizikuri sidideebi. ra sidideebia es?

vTqvaT, v0 siCqariT moZrav m masis sxeulze moqmedebas 

N

F

mg
sur. 3.2

iwyebs mudmivi F Zala. sxeulze moqmedi sayrdenis reaq-
ciis N Zala da simZimis mg Zala erTmaneTs awonasworebs 
(sur. 3.2). Tu winaaRmdegobis Zalebs ugulebelvyobT, 
maSin sxeulze moqmedi Zalebis tolqmedi toli iqneba F 
Zalis, romelic sxeuls a  aCqarebas mianiWebs. niutonis 
meore kanonis Tanaxmad:

                   F ma.=




 (1)

Tu sxeulis siCqares F  Zalis moqmedebis dawyebidan 
t drois Semdeg v-Ti aRvniSnavT, maSin sxeulis aCqareba

                      
0v va ,

t
−

=
 



              (2)

aCqarebis es mniSvneloba CavsvaT niutonis meore kanonis gamomsaxvel (1) for-
mulaSi. miviRebT:

                              0Ft mv mv= −


 

   (3)

am tolobis marjvena nawili warmoadgens sxeulis masisa da misi siCqaris nam-
ravlis cvlilebas.
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ysxeulis masis namravls mis siCqareze sxeulis impulss uwodeben da aRniS-

naven p asoTi.
sxeulis impulsi veqtoruli sididea, romelic sxeulis masisa da siCqaris nam-

ravlis tolia:

 p mv.=
 

  (4)

rogorc formulidan Cans, sxeulis impulss misi siCqaris mimarTuleba aqvs. 

SI-Si impulsis erTeulia 1 kg.m/wm. es aris impulsi, romelic 1 m/wm siCqariT 
moZrav 1 kg masis sxeuls aqvs. 

Tu (3) tolobaSi impulsis formulas gamoviyenebT, miviRebT:

 0Ft p p .= −


 

  (5)

am tolobis marcxena nawilSi gvaqvs sidide _ Ft


, romelsac Zalis impulss 
uwodeben. 

 Zalis impulsi veqtoruli sididea, romelic Zalisa da am Zalis moqmedebis 
drois namravlis tolia.

sxeulis impulsi sxeulis mdgomareobis maxasiaTebelia, xolo Zalis impulsi 
_ sxeulze qmedebis maxasiaTebeli. Zalis impulsis ganzomileba SI-Si aris n�wm. 
(5) tolobidan gamomdinareobs, rom n�wm =kg�

wm
m .

 (5 ) toloba samarTliania mxolod im SemTxvevaSi, roca sxeulze moqmedi Zala 
mudmivia. rogor unda moviqceT roca Zala cvladia? am SemTxvevaSi misi moqme-
debis dro unda davyoT iseT mcire ∆t Sualedebad, rom Zalis cvlileba drois 
am SualedSi praqtikulad nulis toli iyos. Semdeg ki (5) toloba gamoviyenoT 
TiToeuli SualedisTvis cal-calke:

 F t p∆ = ∆




 (6)

(5) da (6) formulebi warmoadgens impulsis gamoyenebiT Caweril niutonis 
meore kanons:  sxeulis impulsis cvlileba sxeulze moqmedi Zalis impulsis  
tolia.

impulsis gamoyenebiT Cawerili niutonis meore kanoni saSualebas gvaZlevs 
avxsnaT mravali movlena.  

 CavataroT martivi cda: aviRoT erTnairi sigrZisa da simtkicis Zafi 
da rezinis zonari (erTnairi simtkice niSnavs, rom orive erTnairi datvirTvis 
dros wydeba). isini erTi boloTi davkidoT sakidelze, meore boloze ki erT-
nairi masis burTulebi mivabaT. avwioT isini erTnair 
simaRleze da xeli gavuSvaT (sur. 3.3). Zafi gawydeba, 
zonari ki _ ara. ratom moxda ase?

saqme isaa, rom orive burTula vardnisas SeiZens 
erTnair siCqares, magram zonarze dakidebuli burTu-
lis damuxruWebis dro ramdenjerme metia Zafze da-
kidebul burTulis damuxruWebis dros Tan SedarebiT 
(rezini advilad iWimeba, Zafi ki _ ara). damuxruWe-
bisas orive burTulis impulsis cvlileba erTnairia, 

amitom F t p∆ = ∆




 formulis Tanaxmad, toli unda iyos 
maTze moqmedi damamuruWebeli Zalebis impulsebic: 

1 1 2 2F t F t .∆ = ∆
 

 aqedan gamomdinareobs, rom ramdenjerac 
naklebia Zafze dakidebuli burTulis damuxruWebis dro, imdenjer meti ZaliT 
iWimeba Zafi zonarTan SedarebiT, swored amitom wydeba Zafi da ara zonari

Zafi rezinis
zonari

sur. 3.3
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amave mosazrebiT, ar SeiZleba gvarliT 
tvirTis mkveTrad aweva, is SeiZleba moulod-
nelad gawydes. avtosagzao SemTxvevis dros 
usafrTxoebis baliSi zrdis Tavze da gul- 
mkerdze zemoqmedebis drois Sualeds, riTac 
mcirdeba maTze zemoqmedebis Zala (sur. 3.4).

daskvnebi:

•	 sxeulis masis namravls mis siCqareze, sxeulis impulsi ewodeba: p mv.=
 

;  
•	 sxeulis impulss misi siCqaris mimarTuleba aqvs;

•	 SI-Si sxeulis impulsis erTeulia 1 kg � m/wm.

•	 Zalis namravls misi moqmedebis droze Zalis impulsi ewodeba _ Ft


;
•	 sxeulis impulsis cvlileba sxeulze moqmedi Zalis impulsis tolia: 

0Ft p p .= −


 

 es formula gamosaxavs niutonis meore kanons, Cawerils im-
pulsis gamoyenebiT.

sakontrolo kiTxvebi:

1. ra SemTxvevaSia mosaxerxebeli meqanikis ZiriTadi amocanis amosaxsnelad 
impulsis gamoyeneba?

2. SeiZleba Tu ara, moZrav avtobuss da matarebels moduliT erTnairi im-
pulsi hqondeT? 

3. ra aris Zalis impulsis ganzomileba?
4. fardobiTia Tu ara impulsi? ratom?
5. ratomaa SeuZlebeli sxeulis impulsis myisierad Secvla?

  erTad amovxsnaT amocana  

gluv horizontalur zedapirze moTavsebul uZrav sxeulze moqmedeba da-
iwyo horizontaluri mimarTulebis mudmivma 10 n-is tolma Zalam. 3 wamis Semdeg 
Zalis mimarTuleba 900-iT Secvales ise, rom Zala kvlav horizontaluri darCa 
da misi moqmedeba sxeulze kidev 4 wami gagrZelda. gansazRvreT mTeli drois 
ganmavlobaSi sxeulis mier SeZenili impulsis moduli.

  

sur. 3.4
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moc:

F = 10 n;
t1 =3 wm;
t2=4 wm;
α=900.
u.v. P

  Zalis Tavdapirvel mimarTulebas pirobiTad vuwodoT aRmosav-
leTi, xolo mimarTulebis 900-iT Secvlis Semdeg _ samxreTi. aRmo-
savleTis mimarTulebiT sxeulis mier SeZenili impulsis moduli 
iqneba P1=Ft1=30 kg�m/wm. rodesac sxeulze moqmedi Zalis mimar-
Tuleba 900-iT Seicvleba, misi impulsi aRmosavleTis mimar-
TulebiT aRar Seicvleba, vinaidan samxreTis mimarTulebis mqone 
Zalas aRmosavleTis mimarTulebis gaswvriv gegmili ar aqvs. Zalis 
mimarTulebis Secvlis Semdeg sxeuli impulss ukve samxreTis 
mimarTulebiTac SeiZens: P2=Ft2=40 kg�m/wm. Zalis moqmedebis Sewyve-

tis Semdeg sxeulis impulss ori urTierTmarTobuli mdgeneli eqneba, romelTa 
modulebia P1 da P2. sxeulis impulsi ki am mdgenelebis veqtoruli jami iqneba. 
sxeulis saboloo impulsis modulisTvis miviRebT: 

2 2
3 1 2P P P 50= + = kg�m/wm.

pasuxi: sxeulis mier SeZenili impulsis moduli 50 kg�m/wm-ia.

  amoxseniT amocanebi:

1. erTi da imave simaRlidan vardnas iwyebs xidan mowyvetili ori kakali. 
erTi ecema fxvier niadagze, meore _ qvaze. romeli kaklis gatexvaa metad 
mosalodneli? ratom?

2. gansazRvreT 5 kg masis sxeulis impulsi, Tu misi siCqare 18 km/sT-ia.
3. wrewirze Tanabrad brunavs  0,1 kg masis nivTieri wer tili, romlis siC-

qaris  moduli 5 m/wm-ia (sur. 3.5). gansazRvreT:      

sur. 3.5

a) impulsis cvlilebis moduli  brunvis erTi periodis 
ganmavlobaSi;

b) impulsis cvlilebis moduli brunvis periodis naxevris 
ganmavlobaSi;

g) impulsis cvlilebis moduli brunvis periodis me-
oTxedSi. 

4. Sveulad vardnili rezinis burTi iatakze 10 m/wm 
siC qariT daeca da moduliT imave siCqariT Sveulad zeviT 
airekla. ipoveT burTis impulsis  cvlilebis moduli.

5. risi toli iqneba sawyisi siCqaris gareSe Sveulad vardnili 200 g masis  
sxeulis impulsis moduli 5 m-is gavlis Semdeg? miiCnieT, rom g=10 m/wm2. 

6. gluv horizontalur zedapirze mdebare  20 kg masis sxeulze moqmedeba 
daiwyo am zedapiris paralelurma 100 n-is tolma Zalam. risi toli gaxdeba sxe-
ulis siCqare 5 wamis Semdeg? 

7. gluv horizontalur zedapirze 2 m/wm siCqariT mosriale  sxeulze moq-
medeba daiwyo moZraobis mimarTulebis mqone 60 n-is tolma Zalam. Sedegad sxe-
ulis siCqaris moduli 0,5 wm-Si 8 m/wm-mde gaizarda. gansazRvreT sxeulis masa.

8. 500 g masis rezinis burTi 10 m/wm horizontaluri mimarTulebis siCqariT 
ejaxeba vertikalur kedels da ukan imave modulis, magram  sapirispiro mimar-
Tulebis siCqariT  irekleba. gansazRvreT kedlis mxridan burTze moqmedi saSu-
alo Zala, Tu burTis kedelTan Sejaxebis xangrZlivoba wamis meaTedia. 
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9. iatakze uZravad mdebare sxeulze moqmedeba daiwyo horizontalurad 
mimarTulma 200 n-is tolma Zalam, romelmac 5 wamis Semdeg Sewyvita sxeulze 
moqmedeba. am momentidan ra droSi gaCerdeba sxeuli, Tu masze iatakis mxridan 
moqmedi srialis xaxunis Zalis moduli 80 n-ia?

10. iatakze uZravad mdebare 20 kg masis sxeulze moqmedeba daiwyo horizon-
taluri mimarTulebis 200 n-is tolma Zalam. 6 wamis Semdeg Zalis mimarTuleba 
sapirispiroTi Secvales ise, rom misi moduli ar SeucvliaT. am momentidan ra 
droSi gaCerdeba sxeuli, Tu xaxunis koeficienti massa da iataks Soris 0,2-ia? 
miiCnieT, rom g=10 m/wm2. 

 saSinao cda:

cdis mizani: sxeulTa impulsis cvlilebaze dakvirveba.
cdisTvis saWiroa: Zafi da plastilini.
cdis aRwera: plastilinisagan daamzadeT ori erTnairi zomis burTula. orive 

burTulas miamagreT toli sigrZis Zafebi da erT-erTi CamokideT raime sakidze 
(burTulis dakidebisas daxmareba TxoveT ufrosebs). 

a) b)

sur. 3.6

gadaxareT burTula garkveuli kuTxiT,  CainiSneT Zafis gadaxris kuTxe (sur. 
3.6 a). burTulas xeli gauSviT da daafiqsireT kuTxe,  romelzec gadaixreba Zafi 
meore mxares. Semdeg orive burTula dakideT erT wertilSi ise, rom burTule-
bi  erTmaneTs exebodnen. gadaxareT erT-erTi burTula imave kuTxiT,  rogorc 
pirvel SemTxvevaSi (sur. 3.6 b) da gauSviT xeli. is  daejaxeba meore burTulas, 
Seewebeba mas da rogorc erTi sxeuli, gadaixreba meore mxares (Tu cda zustad 
ar gamogividaT, gaimeoreT). daafiqsireT maTi gadaxris kuTxe.  SeadareT erT-
maneTs vertikalidan Zafis gadaxris kuTxeebi pirvel da meore SemTxvevaSi. cdis 
Sedegebis mixedviT Seecade upasuxo kiTxvebs:

•	 rogor Seicvala Zafis gadaxris kuTxe meore cdaSi pirvelTan SedarebiT?
•	 traeqtoriis yvelaze dabali wertilis gavlis Semdeg romel cdaSi ufro 

meti siCqariT gaagrZela gadaxrilma burTulam moZraoba?
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y§ 3.2 impulsis mudmivobis kanoni. reaqtiuli moZraoba

wina paragrafSi niutonis meore kanoni impulsis gamoyenebiT ase Camovaya-
libeT: sxeulis impulsis cvlileba sxeulze moqmedi Zalis impulsis tolia _ 

F t p.∆ = ∆




 Tu davuSvebT, rom sxeulze Zala ar moqmedebs, maSin Zalis impulsi 
nulis toli iqneba da sxeulis impulsic ar Seicvleba. es adrec icodiT: Tu sxe-
ulze Zala ar moqmedebs, misi siCqare ar icvleba. maS, raSi dagvWirda impulsis 
cnebis SemoReba? amas mixvdebiT, Tu ganvixilavT ara erT, calke aRebul sxeuls, 
aramed ramdenime urTierTqmed sxeuls erTad. iseT sxeulTa jgufs, romel-
Ta moZraoba erTmaneTTanaa dakavSirebulia, meqanikur sistemas uwodeben, xolo 
sxe ulebs, romlebic Sedian am sistemaSi _ Sida sxeulebs.

meqanikuri sistemis yvela sxeuls gaaCnia Tavisi impulsi. sistemaSi sxeulebis 
impulsebis veqtorul jams meqanikuri sistemis impulsi ewodeba:

 1 2 3 np p p p p ,= + + + ⋅ ⋅ ⋅ +
    

 
romelSic n sistemaSi Semaval sxeulTa raodenobaa. 

simartivisaTvis ganvixiloT ori sxeulisagan 
Semdgari sistema (sur. 3.7). sxeulebi erTmaneTTan 

urTierTqmedeben F12 da F21 Sida ZalebiT. vTqvaT, 

maTze moqmedebs F1 da F2 gare Zalebic. drois raime 
Sua ledis Semdeg 1 da 2 sxeulebis impulsebi Seic-
vleba, Sesabamisad, 1p∆



-iT da 2p∆


-iT:

1 1 21p (F F ) t,∆ = + ∆
 



 (1)

2 2 12p (F F ) t.∆ = + ∆
 



 (2)

mTeli sistemis impulsis cvlilebis misaRebad saWiroa orive sxeulis impul-
sis cvlileba SevkriboT. amitom:

1 2 1 21 2 12 1 21 2 12p p p (F F ) t (F F ) t (F F F F ) t.∆ = ∆ + ∆ = + ∆ + + ∆ = + + + ∆
       

  

  (3)

niutonis mesame kanonis Tanaxmad, F21
= _F

12
. amis gaTvaliswinebiT (3) gantole-

ba miiRebs aseT saxes:

 1 2p (F F ) t.∆ = + ∆
 



roca sistemaSi 2-ze meti sxeulia, Sida Zalebis jami kvlav nulis tolia da 
sistemis impulsis cvlileba toli iqneba:

 p F t,∆ = ∆




 (4)

romelSic F aris sistemaSi Semaval sxeulebze moqmedi yvela gare Zalis tol-
qmedi.

 amrigad, meqanikuri sistemis impulsis cvlileba sistemaSi Semaval sxeulebze 
moqmedi gare Zalebis tolqmedis impulsis tolia.

 marTalia, Sida Zalebi ver gamoiwvevs sistemis impulsis cvlilebas, magram 
SeuZlia sistemaSi Semaval calkeul sxeulTa impulsi Secvalos.

ra moxdeba maSin, roca sistemaze gare Zalebi ar moqmedebs?
 meqanikur sistemas, romelzec gare Zalebi ar moqmedebs an maTi moqmedeba kom-

pensirebulia, Caketili sistema ewodeba.

F2,1
F1,2

1

2

F1

          sur. 3.7

F2 
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 Caketili sistemisaTvis F 0,=
 

 amitom (4) tolobidan impulsis cvlileba 

p 0,∆ =




 e.i. am SemTxvevaSi sistemis impulsi ar icvleba:

 1 2 3 np p p p p const= + + + ⋅ ⋅ ⋅ + =
    

  (5)

Caketil sistemaSi Semaval sxeulTa impulsebis jami mudmivia am sxeulebs Soris 
nebismieri urTierTqmedebis dros.

am debulebas impulsis mudmivobis kanoni ewodeba.
impulsis mudmivobis kanonis Tanaxmad, Caketil sistemaSi Semavali calkeuli 

sxeulis impulsi SeiZleba Seicvalos, magram am sxeulebis impulsebis jami uc-
vleli darCeba.

realuri meqanikuri sistemebi ar aris Caketili. aseTia, magaliTad, sistema 
sxe uli _ dedamiwa. garda erTmaneTTan urTierTqmedebisa, isini urTierTqmedeben 
dedami waze arsebul sxva sxeulebTan, mTvaresTan, mzesTan da a.S. miuxedavad amisa, 
rig SemTxvevebSi, mainc SesaZlebelia impulsis mudmivobis kanonis gamoyeneba. es 
SesaZ lebelia maSin, roca: a) gare Zalebi mcirea da isini SeiZleba ugulebelvyoT;  
b) gare Zalebi moqmedebs, magram maTi moqmedeba kompensirebulia.

ganvixiloT ramdenime magaliTi:
vTqvaT, xis kubi damagrebulia uZrav urikaze. maTi saerTo masa iyos M. 

kubs xvdeba horizontalurad v0 siCqariT moZravi m masis tyvia da rCeba masSi 
(sur.3.8). urika amoZravdeba. rogor vipovoT urikis mier SeZenili siCqare? 

V0 V
m

M

sur. 3.8

sistema urika_kubi_tyvia ar aris Caketili, magram urika_kubze moqmedi 
simZimis Zala gawonasworebulia sayrdenis reaqciis ZaliT, xolo xaxunis Zala 
mcirea. e.i. gare Zalebis moqmedeba SeiZleba ugulebelvyoT da sistemis sawyisi 
da saboloo impulsebi erTmaneTs gavutoloT:

0mv (m M)v,= +
 

 
saidanac

0mvv .
m M

=
+





dajaxebas, romlis Sedegad sxeulebi erTiandebian da iqcevian, rogorc erTi 
sxeuli, absoluturad aradrekadi dajaxeba ewodeba. tyviisa da kubis dajaxeba 
absoluturad aradrekadi dajaxebis magaliTia. absoluturad drekadi dajaxe-
bis magaliTs Tqven paragrafis bolos ganxilul amocanaSi gaecnobiT.

gaixseneT saSinao cda. ra iqneba plastilinis burTulebis erToblivi siCqare da-
jaxebis Semdeg, Tu pirveli burTulis siCqaris moduli Sejaxebamde v-s toli iyo?

vTqvaT, M masis zarbazanma, romelic moyinul zedapirze dgas, horizonta-
luri mimarTulebiT v1 siCqariT gasrola m masis Wurvi (sur. 3.9). risi toli 
iqneba zarbaz nis ukucemis v2 siCqare? 
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yzarbazanze moqmedi simZimis Zala gawonasworebulia sayrdenis reaqciis Za-

liT, xaxunis Zala SegviZlia mxedvelobaSi ar miviRoT. e.i. rogorc wina Sem-
TxvevaSi, aqac SeiZleba gamoviyenoT impulsis mudmivobis kanoni.

radgan gasrolamde zarbaznisa da Wurvis impulsebi nulis tolia, amitom 
gasrolis Semdegac maTi impulsebis jami nulis toli unda iyos:

 1 2mv Mv 0,+ =
 

 
saidanac

 2 1
mv v .
M

= −
 

 

am tolobaSi niSani „minusi“ maCvenebelia imisa, rom gasrolis Semdeg Wurvi da 
zarbazani sapirispiro mimarTulebiT amoZravdebian. 

V
mM

2 V1

sur. 3.9

Vh

V

sur. 3.10

   analogiuri movlenas davinaxavT aseTi martivi 
cdis Catarebisas: msubuq urikaze webovanaTi da-
vamagroT gaberili buSti, gavxsnaT buStis haeris 
Casaberi. am dros warmoiqmneba buStidan gamosuli 
haeris nakadi, urika ki sawinaaRmdego mimarTulebiT 
amoZravdeba (sur. 3.10). amis mizezi urika-buStis 
sistemidan misi garkveuli nawilis (haeris) gamotyor-

cnaa. aseT moZraobas reaqtiuli moZraoba ewodeba, xolo Zalas, romelic aaCqa-
rebs sxeuls _ reaqtiuli Zala.

reaqtiuli Zala warmoiqmneba sxeulidan misi nawilis raime siCqariT (sxeulis 
mimarT) gatyorcnisas. 

reaqtiuli Zalis gansakuTrebuli Tviseba isaa, rom is warmoiqmneba sxeulis 
nawilebis urTierTqmedebis Sedegad gare sxeulebTan urTierTqmedebis gareSe. 

 ra upiratesoba SeiZleba hqondes reaqtiul moZraobas sxva moZraobebTan 
SedarebiT?

mowyobilobas, romelic reaqtiul Zalas qmnis, reaqtiul Zravas uwodeben.
am ZravebiTaa aRWurvili kosmosuri xomaldebi, Tanamedrove Cqarosnuli 

TviTmfrinavebi, reaqtiuli katerebi (sur. 3.11) da mravali sxva.

sur. 3.11
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   sur. 3.12 gamosaxulia raketis muSaobis gamartive-
sasargeblo
tvirTi

marTvis
xelsawyoebi

avzi 
damJangaviT

avzi 
sawvaviT

tumboebi

wvis kamera

saqSeni

sur. 3.12.

buli sqema. sawvavi da damJangavi tumboebiT miewodeba 
wvis kame ras. sawvavis wvis Sedegad miiReba maRali tem-
peraturisa da wnevis airi, romelic didi siCqariT gamo-
ityorcneba saqSenidan. radgan sistemis (raketa, damJan-
gavi da sawvavi) sawyisi impulsi nulis toli iyo, nulis 
toli unda iyos maTi saboloo impulsebis jamic. amitom 
gaxurebuli airis gamotyorcnisas, raketa sapirispiro 
mimarTulebiT amoZravdeba. Tu vigulisxmebT, rom ra-
ketidan mTeli sawvavi erTbaSad gamoityorcneba, zemoT 
ganxiluli magaliTis analogiurad, SegviZlia davweroT:

mv v ,
m

= saw
rak saw

rak

romelSic vsaw  sawvavis gamotyorcnis siCqarea, vrak _ raketis siCqare, mrak  _

raketis masaa, xolo msaw _ sawvavis masa. sinamdvileSi, sawvavi erTbaSad ar iw-
vis. amitom am da kidev sxva mizezTa gamo es formula raketis siCqaris zust 
mniSvnelobas ar gvaZlevs. 

 rogor fiqrobT, ris xarjze SeiZleba gaizardos raketis siCqare?

sur. 3.13

 moiZieT informacia da axseniT sur. 3.13 mocemuli mowyobilobebisa da 
arsebebis moZraobis principi.
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•	 iseT sxeulTa jgufs, romelTa moZraoba erTmaneTTanaa dakavSirebuli, 
meqanikuri sistema ewodeba;

•	 meqanikuri sistemis impulsis cvlileba sistemaSi Semaval sxeulebze moq-
medi gare Zalebis tolqmedis impulsis tolia;

•	 meqanikur sistemas, romelzec gare Zalebi ar moqmedebs an maTi moqmedeba 
kompensirebulia, Caketili sistema ewodeba;

•	 Caketil sistemaSi Semaval sxeulTa impulsebis jami mudmivia am sxeulebs 

Soris nebismieri urTierTqmedebis dros: 1 2 3 np p p p p const= + + + ⋅ ⋅ ⋅ + =
    

;

•	 sxeulTa dajaxebas, romlis Sedegad sxeulebi erTiandebian da iqcevian 
rogorc erTi sxeuli, absoluturad aradrekadi dajaxeba ewodeba;

•	 sxeulis moZraobas, romelic aRiZvreba sxeulidan misi nawilis garkveuli 
siCqariT gamotyorcnis Sedegad, reaqtiuli moZraoba ewodeba;

•	 mowyobilobas, romelic reaqtiul Zalas qmnis, reaqtiuli Zrava ewodeba.

sakontrolo kiTxvebi:

1. iwvevs Tu ara meqanikuri sistemis Sida Zalebi misi impulsis cvlilebas?
2. niSnavs Tu ara impulsis mudmivobis kanoni sistemis calkeuli sxeulis 

impulsis mudmivobas? 
3. ra pirobebSi SeiZleba CaiTvalos realuri meqanikuri sistema sxeulTa 

Caketil sistemad?
4. raSi mdgomarebs reaqtiuli Zalis gansakuTrebuloba?
5. Tofis gasrolisas ratom aris saWiro kondaxis mxarze mibjena?

  erTad amovxsnaT amocana   

v  siCqariT moZravi 2m masis burTula centrulad ejaxeba m masis uZrav bur-
Tulas (sur. 3.14 a). gare Zalebis moqmedeba ar gaiTvaliswinoT da gansazRvreT 
burTulebis siCqare Sejaxebis Semdeg.

ganixileT ori SemTxveva:
a) rodesac Sejaxeba absoluturad aradrekadia;
b) rodesac Sejaxeba absoluturad drekadia.

amoxsna:

a) rodesac burTulebis Sejaxeba absoluturad aradrekadia, isini Sejaxebi-
sas deformirdebian, aRar aRidgenen pirvandel formas da amitom erTad agrZe-
leben moZraobas (sur 3.14 b). Sejaxebamde mxolod pirveli burTula moZraobda, 
amitom sistemis sawyisi impulsi 2mv-s toli iqneba. Sejaxebis Semdeg maTi erTo-
blivi moZraobis siCqare aRvniSnoT u-Ti. maTi impulsi Sejaxebis Semdeg iqneba 

3mu.


 impulsis mudmivobis kanonis Tanaxmad, 2mv 3mu=
 

 ⇒  
2vu .
3

=




 miviReT, 
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rom Sejaxebis Semdeg burTulebis erToblivi moZraobis siCqare Sejaxebamde 

pirveli burTulis siCqaris Tanxvedrili mimarTulebisaa, xolo moduli 
2vu
3

= -is  
tolia.

a)

b)

g)

2m m
V

U
3m

m2m

V1 V2

sur. 3.14

 b) rodesac dajaxeba centrulia da drekadi, burTulebis siCqareebi dajaxe-
bis Semdeg imave  wrfis gaswvriv iqneba mimarTuli, romelzec moZraobda pirveli 
burTula dajaxebamde (sur. 3.14 g). amasTan, uZravi burTula pirveli burTulis 
Tavdapirveli siCqaris mimarTulebiT amoZravdeba. dajaxebis Semdeg pirveli 

burTulis siCqare aRvniSnoT v1-iT, xolo meoresi _ v2-iT. impulsis mud mivobis 

kanonis Tanaxmad, 1 22mv 2mv mv= +
  

. pirobiTad miviCnioT, rom daja xebis Semdeg 

pirvel burTulas moZraobis mimarTuleba ar Seucvlia. maSin maTi impulsis geg-

milebisaTvis miviRebT: 1 2 1 22mv 2mv mv 2v 2v v= + ⇔ = +  (1). vinaidan Seja xeba 

absoluturad drekadia, mudmivi rCeba sistemis meqanikuri energiac. Seja xebisas 
burTulebis potencialuri energia ar icvleba, amitom mudmivia sistemis kine-

tikuri energia:  2
2

2
2 2

2 2
2

1
2

2
2

2
1
2

2
2mv mv mv v v v= + ⇔ = +  (2). miviReT gantolebaTa 

sistema:

1 2 1 2 1 2
2 2 2 2 2 2 2

1 2 1 2 1 1 2

2v 2v v 2(v v ) v 2(v v ) v

2v 2v v 2(v v ) v 2(v v )(v v ) v

= + − = − =    ⇔ ⇔  
= + − = − + =       

vinaidan v≠v
1
 da v

2
≠0, SegviZlia sistemis qveda gantoleba gavyoT zeda gantole-

baze da miviRebT: v+v
1
=v

2
 (3). Tu am Sedegs (1)-Si gaviTvaliswinebT, mivi RebT: 

2v=2v
1
+v+v

1
 => 1

vv .
3

=  am tolobis (3) gantolebaSi Seta niT, gveqneba: 2
4vv .
3

=  

pasuxi: a) 1
vv .
3

=  a) 
2vu ;
3

=  b)  1
vv
3

=  da  2
4vv .
3

=  
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1. planeta iupiters mzardi siCqariT uaxlovdeba kometa. miviCnioT, rom  
sistema iupiteri-kometa Caketilia da upasuxeT, icvleba Tu ara:
 a) kometis impulsi;
 b) iupiterisa da kometisagan Semdgari sxeulTa sistemis impulsi.

2. plastilinis uZrav burTulas Seejaxa da Seeweba iseTive meore burTula. 
gansazRvreT maTi erToblivi moZraobis siCqare, Tu dajaxebamde meore burTu-
lis siCqare 10 m/wm iyo.

3. 20 g masis plastilinis burTula moZraobs 3 m/wm siCqariT. igi ejaxeba da 
ewebeba 10 g masis uZrav plastilinis burTulas. risi toli iqneba maTi erTob-
livi moZraobis siCqare dajaxebis Semdeg?

4. erTi wrfis gaswvriv, erTi mimarTulebiT, moZraobs ori absoluturad 
aradrekadi burTula (sur. 3.15), romelTa masebi da siCqareebi, Sesabamisad, to-
lia: m

1
=100 g, v

1
=20 m/wm da m

2
=200 g, v

2
=5 m/wm. gansazRvreT maTi erToblivi 

moZraobis siCqare dajaxebis Semdeg. 
5. erTi wrfis gaswvriv, Semxvedri mimarTulebiT, moZraobs ori absolu-

turad aradrekadi burTula (sur. 3.16), romelTa masebi da siCqareebi, Sesabami-
sad, tolia: m

1
=300 g, v

1
=20 m/wm da m

2
=200 g, v

2
=15 m/wm. gansazRvreT maTi erTob-

livi moZraobis siCqare dajaxebis Semdeg.

m1 m2

V1 V2

sur. 3.15     

m2m1

V1 V2

sur. 3.16

6. urTierTmarTobuli mimarTulebiT moZravi ori plastilinis burTula, 
romelTa masebi 20 g da 30 g-ia, ejaxeba erTmaneTs da erTad agrZelebs moZrao-
bas 2 m/wm siCqariT. risi toli iyo 30 g masis burTulis siCqaris moduli dajaxe-
bamde, Tu 20 g masis burTulis siCqaris moduli dajaxebamde 3 m/wm-is toli iyo?

7. vertikalurad asrolili Wurvi maqsimalur simaRleze asvlis momentSi gask-
da or Tanabar nawilad, romelTagan erTma SeiZina Sveulad qveviT mimarTuli 20 m/wm 
siCqare. ra mimarTulebisa da modulis siCqares SeiZens Wurvis meore nawili?

8. horizontisadmi 600-iani kuTxiTa da 20 m/wm sawyisi siCqariT gasroli-
li Wurvi maqsimalur simaRleze asvlis momentSi gaskda or Tanabar nawilad, 
romelTagan erTma sawyisi siCqaris gareSe Sveulad qveviT daiwyo vardna. ra 
mimarTulebisa da modulis siCqares SeiZens Wurvis meore nawili? haeris winaaR-
mdegobas nu gaiTvaliswinebT.

9. horizontisadmi kuTxiT gasrolili Wurvis frenis siSore ι-is toli unda 
yofiliyo, magram maqsimalur simaRleze asvlis momentSi gaskda or Tanabar nawi-
lad, romelTagan erTma sawyisi siCqaris gareSe Sveulad qveviT daiwyo vardna. 
gasrolis wertilidan ra manZilze daecema Wurvis TiToeuli nawili? haeris 
winaaRmdegobas nu gaiTvaliswinebT. 

10. 200 kg masis uZrav navze dgas 50 kg masis

sur. 3.17

 
meTevze. ra siCqariT amoZravdeba navi dedamiwis 
mimarT, Tu meTevze navis mimarT misi bolosaken 
1 m/wm siCqariT amoZravda? wylis mxridan navze 
moqmedi winaaRmdegobis Zalas nu gaiTvalis-
winebT (sur 3.17). 
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§ 3.3 meqanikuri muSaoba. simZlavre
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y§ 3.5 Teorema potencialuri energiis Sesaxeb

albaT, ginaxavT „guguliani saaTi“, zog Tqvengans SeiZleba 

sur. 3.31

m1g
m2g

0

h1 h2

is saxlSic aqvs. ra principiT muSaobs is? saaTis asamuSaveb-
lad  m1 da m2 masis tvirTebi garkveuli donidan h1 da h2 si-
maRleze aaqvT (sur. 3.31). saaTis muSaobisas tvirTebi nel- 
nela qveviT eSveba da sawyis mdebareobas ubrundeba. pirvel 
tvirTze moqmedi simZimis m1g Zala uzrunvelyofs saaTis 
muSaobas, xolo meore tvirTze moqmedi simZimis m2g Zala _ 
„gugulis“ meqanizmis muSaobas. radgan simZimis Zala tvirTisa 
da dedamiwis urTierTqmedebis Zalaa, amitom muSaobis Ses-
rulebis unari aqvs ara calke aRebul tvirTs, aramed tvirTs 
da dedamiwas erTad. marTlac, dedamiwasTan urTierTqmede-
bis gareSe tvirTebi muSaobas ver Seasrulebdnen. 

savarZelSi Cajdomisas is Caizniqeba (sur. 3.32 a). adgomi-
sas savarZeli Tavis formas aRidgens _ Sesruldeba muSaoba. 
es  muSaoba  deformirebul zambarebSi aRZruli drekadobis 
Zalebis mier sruldeba. dajdomisas Tqven moaxdenT zambarebis deformacias 
(sur. 3.32 b), ris Sedegadac  urTierTqmedebas  TiToeuli zambaris Semadgeneli 
nawilebi iwyebs. maSasadame, muSaobis Sesrulebis unari aqvs sxeuls, romlis Se-
madgeneli nawilebi urTierTqmedeben.

sur. 3.32

a) b)

pirvel magaliTSi muSaobis Sesrulebis  unari dakavSirebulia sxeulebis ur-
TierTqmedebasTan, xolo meore magaliTSi _ sxeulis nawilebis urTierTqmede-
basTan. muSaobis Sesrulebis aseTi unaris sazoms warmoadgens fizikuri sidide, 
romelsac potencialuri1 energia ewodeba.

  potencialuri energia gviCvenebs, ra muSaobis Sesrulebis unari aqvs ur-
TierTmoqmed sxeulebs an sxeuls misi nawilebis urTierTqmedebis gamo.

momavalSi, sxeulebis urTierTqmedebis ganxilvisas, simartivisaTvis vityviT, 
rom potencialuri energia aqvs erT romelime sxeuls, Tumca am dros vigulis-
xmebT urTierTmoqmed sxeulTa sistemis potencialur energias.

rogor vipovoT sxeulis potencialuri energia?
 pirvel rigSi, unda avirCioT potencialuri energiis nulovani done _ mdgo-

mareoba, romelSic es energia nulis tolia. pirvel magaliTSi umjobesia es  iyos 
tvirTis ukiduresi qveda wertili, romlis qvemoT tvirTs jaWvi aRar gauSvebs 
(sur. 3.31). meore magaliTSi ki _ zambaris aradeformirebuli mdgomareoba.

1 termin „potencialuri energiis“ magivrad, xSirad iyeneben _ „potenciur energias“. 
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Semdeg saWiroa vipovoT A muSaoba, romelsac Seasrulebs sistemaSi Semavali 
sxeulebis (sxeulis nawilebis) urTierTqmedebis Zalebi, mocemuli mdgomare-
obidan sxeulis nulovan mdgomareobaSi gadasvlisas. es muSaoba arCeuli nu-
lovani donis mimarT, sxeulis potencialuri energiis tolia: E

p
 = A. 

saaTis magaliTSi muSaobas asrulebs tvirTebze moqmedi simZimis Zalebi. ami-
tom tvirTebis potencialuri energiebi toli iqneba:

 
E

p1 = m1gh1;     Ep2 = m2gh2. (1)

 meore magaliTSi muSaobas asrulebs zambarebSi aRZruli drekadobis Zalebi, 
amitom TiToeuli zambaris potencialuri energia iqneba:

 
E

p
=

kx2

2 , (2)

romelSic k zambaris sixistea, xolo x _ misi deformaciis sidide.
 am formuliT ganisazRvreba nebismieri drekadi sxeulis potencialuri ener-

gia gaWimvisa da SekumSvis deformaciebis dros.

0

h

c

e

D

B

sur. 3.33

    mocemuli mdgomareobidan  nulovan mdgo-
mareobaSi sxeuli   SeiZleba sxvadasxva gziT 
gadavides. magaliTad, m masis burTula B 
wertilidan D wertilSi SeiZleba gadavides 
c traeqtoriiT an e traeqtoriiT (sur. 3.33). 
orive SemTxvevaSi simZimis Zalis mier Ses-
rulebuli muSaoba toli unda iyos sawyisi 
mdgomareobis potencialuri mgh energiis. 
e.i. orive muSaoba erTmaneTs unda udrides: 

c eA A .=  aqedan SeiZleba davaskvnaT, rom po-
tencialuri energia gansazRvrulia mxolod 
im ZalebisaTvis, romelTa muSaoba erTi 

mdgomareobidan meore mdgomareobaSi gadasvlis gzaze (traeqtoriis formaze) 
damokidebuli ar aris.

 aseT Zalebs konservatuli (potencialuri) Zalebi ewodeba. maTi muSaoba Sek-
rul traeqtoriaze nulis tolia. me-8 klasSi Cven davamtkiceT, rom simZimisa da 
drekadobis Zala konservatuli Zalebia.

bunebaSi arsebobs Zalebi, romelTa Ses-
rulebuli muSaoba traeqtoriis formazea 
damoki debuli. amis magaliTia srialis xaxu-
nisa da garemos winaaRmdegobis Zalebi. maTi 
muSaoba Sekrul wirze nulis toli ar aris, 
radgan is yovelTvis uaryofiTia. aseT Zalebs  
disipaciuri Zalebi ewodeba.

ra muSaobas Seasrulebs simZimis Zala, 
Tu sxeuli mocemuli mdgomareobidan ar ga-
davida nulovan mdgomareobaSi? magaliTad, 
m  masis burTula  dedamiwis zedapiridan h1 

simaRlidan h2 simaRlemde Camovarda. nulovan doned dedamiwis zedapiri miv-
iCnioT (sur. 3.34) am moZraobisas simZimis Zala Seasrulebs dade biT muSaobas: 

1 2A mgh mg(h h ) 0,= = − >  xolo potencialuri energiis cvlileba uaryofiTi 

sur. 3.34

h 1

h = 0

h 2

h
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yiqneba: 2 1 2 1 2 1 1 2E E E mgh mgh mg(h h ) mg(h h ) 0.∆ = − = − = − = − − <p p p

anu,

 
A E .= −∆ p  (3)

 me-8 klasSi Tqven iswavleT zambaris drekadobis Zalis mier Ses-

rulebuli muSaoba, romelic gamoisaxeba formuliT: 
2 2
1 2kx kxA ,

2 2
= −  masSi k

zambaris sixistea, x1 zambaris sawyisi deformaciaa x2 ki _ saboloo. es muSa-
oba zambaris potencialuri energiis formulis gamoyenebiT ase Caiwereba: 

1 2 2 1A E E (E E ) E .= − = − − = −∆p p p p p  anu miviReT igive formula, rac simZimis Za-

lis muSaobis SemTxvevaSi. e.i. (3) formula marTebulia nebismieri konservatuli 
ZalisaTvis.  

 amrigad, sxeulze moqmedi yvela konservatuli Zalis jamuri muSaoba tolia 
sxeulis potencialuri energiis cvlilebisa sawinaaRmdego niSniT.

es debuleba warmoadgens Teoremas potencialuri energiis Sesaxeb. 

A E= −∆ p  
formulis Tanaxmad, rodesac konservatuli (simZimis, drekadobis) 

Zalebi dadebiT muSaobas asrulebs, sxeulis potencialuri energia mcirdeba, 
xolo, rodesac uaryofiT muSaobas _ potencialuri energia izrdeba. 

potencialuri energiis mniSvneloba damokidebulia nulovani donis arCe-
vaze. magram, rogorc wesi, amocanebis gadawyvetisas Cven gvainteresebs ara TviT 
potencialuri energia, aramed misi cvlileba, romelic nulovani donis arCevaze 
damokidebuli ar aris. 

daskvnebi:

•	 potencialuri energia gviCvenebs, ra muSaobis Sesrulebis unari aqvs ur-
TierTmoqmed sxeulebs an sxeuls misi nawilebis urTierTqmedebis gamo;

•	 sxeulis potencialur energias gansazRvravs arCeuli nulovani done; 
•	 sxeulis potencialuri energia mocemul mdgomareobaSi tolia am mdgo-

mareobidan nulovan mdgomareobaSi gadasvlisas urTierTqmedebis Zale-
bis mier Sesrulebuli muSaobisa: E

p
 = A;

•	 Zalebs, romelTa mier Sesrulebuli muSaoba Sekrul traeqtoriaze nulis 
tolia, konservatuli (potencialuri) Zalebi ewodeba;

•	 sxeulze moqmedi yvela konservatuli Zalis jamuri muSaoba tolia sxeu-

lis potencialuri energiis cvlilebisa sawinaaRmdego niSniT: A E= −∆ p
_ Teorema potencialuri energiis Sesaxeb.

sakontrolo kiTxvebi:

1. batutidan axtomisas romeli Zala asrulebs dadebiT muSaobas da romeli 
_ uaryofiTs?

2. aris Tu ara damokidebuli simZimis Zalis muSaoba sxeulis traeqtoriis 
formaze?

3. rogori bunebisaa simZimisa da drekadobis Zalebi?
4. damokidebulia Tu ara traeqtoriis formaze srialis xaxunis Zalis muSaoba?
5. damokidebulia Tu ara potencialuri energiis cvlileba nulovani donis 

arCevaze?
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  erTad amovxsnaT amocana

mravalsarTuliani saxlis aivnidan, romelic dedamiwis zedapiridan 80 m si-
maRlezea, horizontaluri mimarTulebiT gaisroles 100 g masis mcire zomis 
burTula. gansazRvreT burTulis potencialuri energia gasrolidan 3 wamis 
Semdeg da gasrolidan 3 wamis ganmavlobaSi masze moqmedi simZimis Zalis mier 
Sesrulebuli muSaoba. winaaRmdegobis Zalebs nu gaiTvaliswinebT (g≈10 m/wm2).

 
amoxsna:

moc: 
h1 = 80 m; 
m = 0,1 kg; 
g≈10 m/wm2 
t = 3 wm. 
u.v. A

     vinaidan burTula horizontaluradaa gasrolili, misi sawyisi 
siCqaris gegmili vertikalur RerZze nulis tolia. amitom bur-
Tulis vertikaluri mimarTulebiT gadaadgilebis modulis 

sapovnelad SeiZleba visargebloT formuliT:  
2gth

2
= = 45 m. 

burTulis dedamiwis zedapiridan daSoreba gasrolidan 3 wamis 

Semdeg ki iqneba: h
2
 = h

1
 _ h = 35 m. burTulis sawyisi da saboloo 

potencialuri energiebisTvis miviRebT: E
p1 = mgh1 = 80 j, E

p2
 = mgh

2
 = 35 j. po-

tencialuri energiis Sesaxeb Teoremis Tanaxmad, simZimis Zalis mier Sesrulebu-
li muSaoba tolia burTulis potencialuri energiis cvlilebisa minus niSniT:  
A = -( E

p2
 _ E

p1
) = 45 j. an, ase: A = mgh = 45 j.

pasuxi: burTulis potencialuri energia gasrolidan 3 wm-is Semdeg 35 j-is 
tolia, xolo gasrolidan 3 wm-is ganmavlobaSi simZimis Zala Seasrulebs 45 j 
muSaobas.

  amoxseniT amocanebi:

1. risi tolia dedamiwis xelovnuri Tanamgzavris potencialuri energiis 
cvlileba dedamiwis irgvliv wriul orbitaze erTi Semobrunebisas?

2. risi tolia 50 kg masis biWze moqmedi simZimis Zalis mier Sesrulebuli 
muSaoba mesame sarTulidan merve sarTulze liftiT asvlisas? kibiT asvlisas? 
sarTulebs Soris simaRle erTnairia da 3 m-is tolia (g≈10 m/wm2).

3. erTi boloTi damagrebuli 800 n/m sixistis zambara gaWimulia 5 sm-iT. 
ra muSaoba unda SevasruloT, rom zambara kidev 3 sm-iT gavWimoT? ra muSaobas 
Seasrulebs am gaWimvisas drekadobis Zala?

4. vertikalurad dakidebul or zambaraze Camokidebuli tvirTebi wona-
sworobaSia. pirveli zambaris wagrZeleba 4-jer metia meore zambaris wagrZele-
baze. gansazRvreT pirveli zambaris potencialuri energiis Sefardeba meore 
zambaris potencialur energiasTan, Tu:

a) zambarebze Camokidebuli tvirTebis masa erTnairia;
b) pirvel zambaraze 4-jer meti masis tvirTia Camokidebuli, vidre _ meoreze. 
5. 50 m simaRlidan horizontaluri mimarTulebiT gaisroles 2 kg masis sxeu-

li. gansazRvreT, ra muSaobas Seasrulebs sxeulze moqmedi simZimis Zala gasroli-
dan 2 wamis ganmavlobaSi. winaaRmdegobis Zalebs nu gaiTvaliswinebT (g≈10 m/wm2).

6. horizontisadmi 300-iani kuTxiTa da 40 m/wm sawyisi siCqariT Surdulidan 
gaisroles kenWi. haeris winaaRmdegobis Zalas nu gaiTvaliswinebT (g≈10 m/wm2) da 
gansazRvreT:
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ya) kenWis potencialuri energiis cvlileba gasrolidan 1 wamSi;

b) kenWis potencialuri energiis cvlileba gasrolidan 2 wamSi;
g) kenWze moqmedi simZimis Zalis mier Sesrulebuli muSaoba gasrolidan  

3 wamis ganmavlobaSi.
7. vertikalurad asrolili 2 kg masis sxeulis koordinatis droze damoki-

debulebas aqvs Semdegi saxe: h=20+40t-5t2, romelSic dro izomeba wamebSi, xolo 
koordinati _ metrebSi. gansazRvreT sxeulze moqmedi simZimis Zalis mier Ses-
rulebuli muSaoba gasrolidan 5 wamis ganmavlobaSi. 

8. 15 m siRrmis tbis fskeridan zedapirze amotivtivda 10 sm3 moculobis 
korpis burTula. gansazRvreT arqimedes Zalisa da simZimis Zalis mier Sesrule-
buli muSaoba am moZraobisas. arqimedes Zala miiCnieT mudmivad (g≈10 m/wm2).

9. WiqaSi Casxmul wyalSi uSveben liTonis burTulas. rogor icvleba wylisa 
da burTulis jamuri potencialuri energia burTulis CaZirvisas?

10. wyliani Wiqis fskeridan zedapirisaken moZraobs korpis burTula. rogor 
icvleba korpis burTulisa da wylis jamuri potencialuri energia burTulis 
zeviT moZraobisas? 

  

saSinao cda:  

cdis mizani: kinetikuri da potencialuri       

sur  3.35  

a) b)energiebis urTierTgardaqmnaze dakvirveba. 
cdisTvis saWiroa:  Zafi da  plastilini.
cdis aRwera: msubuq Zafze miamagreT plas-

tilinisagan damzadebuli magidis Cog burTis 
burTis zomis burTula. burTula ZafiT Camo-
kideT Werze an WaRze ise, rom burTulas nikapiT 
exebodeT (sur. 3.35 a) (usafrTxoebis mizniT, bur-
Tulis dakidebisas daxmareba sTxoveT ufrosebs). 
gadaxareT Zafi ise, rom burTula Sublze miidoT 
(sur. 3.35 b) (am dros Zafi ar unda iyos moSvebuli). 
biZgis gareSe gaa TavisufleT burTula da Tavi ar 
gaanZrioT! rogor fiqrobT, ukan dabrunebisas 
burTula dageja xebaT? ratom? 

daakvirdiT burTulis moZraobas da SeecadeT 
upasuxoT kiTxvebs:

•	 romel mdebareobaSia burTulis kinetikuri energia maqsimaluri da 
romelSi _  minima luri?

•	 moZraobis romel etapze izrdeba da romelze mcir deba kinetikuri 
energia?

•	 moZraobis romel etapze izrdeba da romelze mcirdeba potencialuri 
energia? 

Tqveni daskvnebi CawereT rveulSi.
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§ 3.6 energiis mudmivobis kanoni

sur. 3.36

 vTqvaT, m masis paraSutisti eSveba dedami-
wisaken (sur. 3.36). drois  raRac momentSi mas aqvs 

v


siCqare da imyofeba dadamiwis zedapiridan h si-
maRleze. moZraobis gamo paraSutists kinetikuri 
energia aqvs, xolo simaRleze yofnis gamo  _ po-
tencialuri energia. paraSutistis kinetikuri da 
potencialuri energiebis jami iqneba: 

2mvE E mgh.
2

+ = +kin pot

 
sxeulis kinetikuri da potencialuri energiebis jams misi sruli meqanikuri 

energia ewodeba:

 
E E E .= +meq kin pot  (1)

meqanikuri energiis garda, kidev ra energia aqvs sxeuls?
Tqven ukve iciT, rom nebismieri sxeuli Sedgeba nivTierebisagan, xolo niv-

Tiereba Zalian mcire nawilakebis _ atomebisa da molekulebisagan. es nawilakebi 
ganuwyvetliv qaosur moZraobaSia da erTmaneTTan urTierTqmedeben. moZraobis 
gamo maT gaaCniaT kinetikuri energia, urTierTqmedebis gamo ki _ potencialuri 
energia. 

sxeulis Semadgeneli yvela nawilakis qaosuri moZraobis kinetikuri da maTi 
urTierTqmedebis potencialuri energiebis jams sxeulis Sinagani energia ewo deba.

Sinagan energias U asoTi aRniSnaven.
Tu sxeulis meqanikur energias davumatebT mis Sinagan energias, miviRebT sxe-

ulis srul energias,  romelic W asoTi aRvniSnoT. e.i. sxeulis sruli energia 
tolia:

 
W E U.= +meq  (2)

roca sxeulTa sistema gvaqvs, maSin misi sruli energia sistemaSi Semaval 
calkeul sxeulTa sruli energiebis jami iqneba. 

gavarkvioT, ra pirobebSi icvleba da ra pirobebSi rCeba mudmivi sxeulTa 
sistemis  meqanikuri da sruli energiebi. 

ganvixiloT magaliTi. vTqvaT, m masis lifti moZraobs zeviT. misi mdebare-
oba dakvirvebis dawyebis momentSi potencialuri energiis  nulovan doned mi-
viCnioT, am mdebareobaSi ki siCqare aRvniSnoT v0 -iT. lifts zeviT  gvarlis 

daWimulobis T Zala eqaCeba. lifti _ dedamiwa meqanikuri sistemaa, romlisTvi-

sac T gare Zalaa. Tu garkveuli drois ganmavlobaSi liftze moqmedi  gvarlis 
daWimulobis Zala moduliT simZimis Zalaze meti iqneba, maSin h simaRleze asv-

lis garda, is gamoiwvevs lif tis siCqaris v0-dan v-mde gazrdas  (sur. 3.37). e.i. 

gaizrdeba liftis rogorc potencialuri, aseve kinetikuri energia. kinetikuri 
energiis Sesaxeb Teore mis Tanaxmad, liftze moqmedi Zalebis  tolqmedis muSa-
oba  misi kinetikuri ener giis cvlilebis tolia:

  

22
0mvmv A

2 2
− =  (3)     
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yF T mg= +

 

 tolqmedi Zala mimarTulia 

V

mg

T

Vo

mg

h

T

sur. 3.37

Sveulad zeviT da misi moduli tolia 

F T mg.= −   amitom tolqmedis mier Sesru-
lebuli muSaoba toli iqneba:

 A Fh (T mg)h.= = −   (4)

(3) da (4) tolobebidan gamomdinareobs, 
rom 

 

22
0mvmvTh mgh.

2 2
= − +   (5)

Cvens SemTxvevaSi, 
22
0mvmv

2 2
− kinetiku-

ri energiis cvlilebaa _ E ,∆ kin  xolo mgh

– potenciuri energiisa _ E∆ pot. amitom,

 
E E Th.∆ + ∆ =kin pot  (6)

(6) tolobis marcxena nawili warmoad-
gens sruli meqanikuri energiis cvlilebas 

_ E ,∆ meq  marjvena nawili ki _ gare Zalebis 

mier Sesrulebul muSaobas _ A .gare  amrigad,

 
E A .∆ =meq gare  (7)

im sistemis meqanikuri energiis cvlileba, romelSic  mxolod konservatuli 
Zalebi moqmedebs,  gare Zalebis mier Sesrulebuli muSaobis tolia.

gare Zala SeiZleba iyos nebismieri, maT Soris disipaciuric.

Tu sistemaze gare Zalebi ar moqmedebs,  anu sistema Caketilia, maSin A 0=gare  

da meqanikuri energiis cvlilebac nulis toli iqneba _ E 0.∆ =meq  e.i. meqanikuri 

energia mudmivi darCeba.
amrigad, Tu Caketil sistemaSi sxeulebi urTierTqmedeben mxolod konservat-

uli ZalebiT, maSin sistemis sruli meqanikuri energia mudmivia.
es debuleba warmoadgens meqanikuri energiis mudmivobis kanons.
meqanikuri energiis mudmivobis kanonidan gamomdinareobs, rom Caketil sis-

temaSi kinetikuri energiis zrdisas potencialuri energia imave sididiT mcir-
deba da, piriqiT. magaliTad, asrolili burTis zeviT moZraobisas misi siCqare 
da, Sesabamisad, kinetikuri energia mcirdeba, samagierod, izrdeba misi simaRle 
da potencialuri energia. kinetikuri energia zustad imdeniT iklebs, ramdeni-
Tac imatebs potencialuri energia. maqsimalur simaRleze kinetikuri energia nu-
lis toli gaxdeba, samagierod, potencialuri energia maqsimalur mniSvnelobas 
miaRwevs. anu asrolisas miniWebuli sawyisi kinetikuri energia maqsimalur si-
maRleze mTlianad potencialur energiaSi gadadis. vardnisas procesi piriqiT 

warimarTeba. es niSnavs, rom E E .∆ = −∆kin pot

ra moxdeba, Tu sistema Caketilia, magram mis sxeulebs Soris moqmedebs disi-
paciuri Zalebic?

vTqvaT, mTis ferdobis bolos m masis moTxilamures hqonda v0 siCqare. hori-
zontalur ubanze garkveuli manZilis gavlis Semdeg is Cerdeba. gaCerebis mi-
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zezi Tovlis zedapirsa da Txilamurebs Soris moqmedi srialis xaxunis Zalaa. 
am SemTxvevaSi srialis xaxunis Zala sistemisTvis, Tovli _ moTxilamure, Sida 
Zalaa. miuxedavad imisa, rom moTxilamureze moqmedi gare Zala _ simZimis Zala 
muSaobas ar asrulebs (is gadaadgilebis marTobulia), misi meqanikuri energia 
TandaTan  mcirdeba da bolos nuls gautoldeba.

iqmneba STabeWdileba, rom meqanikuri energia ukvalod gaqra. magram es ase 
ar aris: moTxilamuris Tovlze srialisas Txilamurebisa da Tovlis zedapiri 
Tbeba. magram am magaliTSi sxeulebis gaTboba umniSvneloa. misgan gansxvavebiT, 
velosipediT grZeli daRmarTis gavlisas samuxruWe xundebi da borblis disko 
sakmaod xurdeba. atmosferoSi didi siCqariT SemoWrili meteoritebis haerTan 
xaxuni maT aalebas iwvevs (sur.  3.38). 

sur. 3.38

yvela moyvanil magaliTSi xaxunisa da winaaRmdegobis Zalebis moqmedebiT 
izrdeba sxeulebis Sinagani energia. gaTbobis Sedegad izrdeba sxe ulis Se-
madgeneli nawilakebis qaosuri moZraobis kinetikuri energia. rodesac yinu-
lis naWeri moyinul zedapirze  misrialebs da dneba, maSin  misi Semadgeneli 
nawilakebis urTierTqmedebis potencialuri energia izrdeba, kinetikuri ki ar 
icvleba (dnobisas temperatura ar icvleba).

Catarebuli mravalricxovani cdiTa da maTi Sedegebis analizis safuZvelze  
dadgenilia, rom nebismier Caketil sistemaSi ramdeniTac mcirdeba sistemis me-
qanikuri energia, imdeniTve  izrdeba misi Sinagani energia, Sesabamisad, mudmivi 
darCeba maTi jami _ sistemis sruli energia. zemoT moyvanil magaliTSi moT-

xilamuris meqanikuri energia Semcirda 
2
0mv

2
-iT, zustad amdeniT gaizarda Txi-

lamurebisa da Tovlis jamuri Sinagani energia.

amrigad, Caketili sistemis sruli energia mudmivia:

W E U const.= + =meq

es debuleba warmoadgens bunebis umniSvnelovanes kanons _ energiis mudmi-
vobis kanons. igi marTebulia yvela fizikuri, qimiuri da biologiuri movlenis 
dros.
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ydaskvnebi:

•	 sxeulis kinetikuri da potencialuri energiebis jams misi sruli meqani-

kuri energia ewodeba: E E E ;= +meq kin pot

•	 sxeulis Semadgeneli yvela nawilakis qaosuri moZraobis kinetikuri da 
maTi urTierTqmedebis potencialuri energiebis jams sxeulis Sinagani 
energia (U) ewodeba;

•	 sxeulis  meqanikuri da Sinagani energiebis jams sxeulis sruli energia 

ewodeba: W E U;= +meq

•	 im sistemis meqanikuri energiis cvlileba, romelSic  mxolod konserva-

tuli Zalebi moqmedebs,  gare Zalebis mier Sesrulebuli muSaobis tolia: 

E A ;∆ =meq gare  

•	 Tu Caketil sistemaSi sxeulebi urTierTqmedeben mxolod konservatuli 

ZalebiT, maSin sistemis sruli meqanikuri energia mudmivia: E const;=meq

•	 Caketili sistemis sruli energia mudmivia: W E U const.= + =meq

sakontrolo kiTxvebi:

1. ra SemTxvevaSi eqneba vertmfrens dedamiwis mimarT mxolod potencia-
luri energia? potencialuri energiac da kinetikuric?

2. romels ufro meti Sinagani energia aqvs: cxel wyals Tu imave masis civ 
wyals? ratom?

3. Tu sxeulTa Caketili sistemis kinetikuri energia 25 jouliT gaizarda, 
rogor Seicvleba misi potencialuri energia?

4. haerSi vardnili sxeulis sruli meqnikuri energia mcirdeba. romeli gare 
Zalis muSaobis Sedegia es? sad „gaqra“ dakarguli meqanikuri energia?

  erTad amovxsnaT amocana

Werze mimagrebul aradeformirebul zambaraze

a) b)

F


x

a

mg

sur. 3.39

 
Camokides burTula (sur. 3.39a.).

sur. 3.39 b gamosaxulia zambaris gaWi m vis is 
momenti, rodesac zambaraSi aRZruli drekadobis 
Zala moduliT burTulaze moqmed simZimis Zalas 
gautolda. gaagrZelebs Tu ara burTula qveviT 
moZraobas? pasuxi daasabuTeT. zambaris masasa da 
winaaRmdegobis Zalebs nu ga iTvaliswinebT. 

amoxsna: potencialuri energiis nulovan doned 
a wrfeze gamavali horizontaluri done miviC-
nioT. sawyis momentSi burTula uZravia, xolo 
zambara _ aradeformirebuli, amitom sistemis 
meqani kuri ener gia mxo lod burTulis dedamiwasTan urTierTqmedebis poten-
cialuri energiis tolia: E

1
=mgx. sur. b-ze gamosaxul mdgomareobaSi burTula 
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nulovan donezea, amitom misi potencialuri energia nulis tolia. amocanis 
pirobis Tanaxmad, am mdgo mareobaSi kx = mg (1), zambaris potencialuri energiaa: 

2kx (kx)x
2 2

E = =pot  (2). Tu am formulaSi (1) tolobas gaviTvaliswinebT, miviRebT: 

mgx .
2

E =pot  es ki orjer naklebia sistemis Tavdapirvel potencialur ener-

giaze, amitom burTulas am mdebareobaSi kinetikuri energiac eqneba. aRvniS-

noT is E
kin

-iT. meqanikuri energiis mudmivobis Tanaxmad, sistemis sawyisi da 

saboloo meqanikuri energiebi erTmaneTis toli unda iyos: 1E E E= +pot kin  ⇒

1 .E E mgxE
2

= − =kin pot  e.i. burTulis sawyisi potencialuri energiis naxevari 

gardaiqmna mis kinetikur energiad, meore naxevari ki _ zambaris potencialur 

energiad. 
pasuxi: nulovan doneze Camosvlisas burTulas eqneba kinetikuri energia, 

Sesabamisad, is gaagrZelebs qveviT moZraobas.

  amoxseniT amocanebi:

1. 20 m/wm sawisi siCqariT Sveulad zeviT aisroles mcire zomis burTula. 
haeris winaaRmdegobas nu gaiTvaliswinebT da gansazRvreT maqsimaluri simaRle, 
romelzec igi ava (g≈10 m/wm2). 

2. 20 m/wm sawyisi siCqariT Sveulad zeviT aisroles mcire zomis burTula. 
haeris winaaRmdegobas nu gaiTvaliswinebT da gansazRvreT simaRle, romelzec 
sxeulis potencialuri energia kinetikurze 3-jer meti iqneba (g≈10 m/wm2).

3. Sveulad asrolili 2 kg masis sxeulis kinetikuri energia 5 m simaRleze 
asrolis kinetikur energiasTan SedarebiT 1,5-jer Semcirda. gansazRvreT sxeu-
lis kinetikuri energia asrolisas. winaaRmdegobis Zalebs nu gaiTvaliswinebT 
(g≈10 m/wm2). 

4. gluv horizontalur magidaze devs 5 kg masis ori erTnairi birTvi. maT 
Soris Cades 10 sm-iT SekumSuli 4000 n/m sixistis msubuqi zambara (sur. 3.40). 
Semdeg zambara gaaTavisufles. gansazRvreT birTvebis siCqare zambaridan moci-
lebisas. 

5. gluv horizontalur magidaze devs 1,25 kg da 5 kg masis ori birTvi. maT 
Soris moaTavses 10 sm-iT SekumSuli 4000 n/m sixistis msubuqi zambara sur 3.41. 
gansazRvreT birTvebis siCqare maTi zambaridan mocilebis Semdeg. 

V1 V2VV-

sur. 3.40 sur. 3.41

6. Werze dakidebul aradeformirebul msubuq zambaraze Camokides bur-
Tula da gauSves xeli (sur. 3.42). suraTze gamosaxulia burTulis is mde-
bareoba, rodesac zambaraSi aRZruli drekadobis Zala moduliT burTu-
lis simZimis Zalas gautolda.  risi tolia burTulis kinetikuri energia 
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yam mdebareobaSi, Tu sawyis momentSi misi dedam-

iwasTan urTierTqmedebis potencialuri energia  
200 j-is toli iyo. nulovan doned, burTulis suraTze 
aRniSnuli mdebareoba miiCnieT. 

7. horizontaluri mimarTulebis ra minimaluri
siCqare unda mivaniWoT msubuq Zafze dakidebul mcire 
zomis burTulas, rom igi sakidis simaRlemde gadaix-
aros? winaaRmdegobis Zalebs nu gaiTvaliswinebT  
(g≈10 m/wm2). 

8. horizontaluri mimarTulebis ra minimaluri
siCqare unda mivaniWoT mcire zomis Zelaks R radiusiani `mkvdari maryuJis~ qve-
da wertilSi, rom maryuJis Semo werisas igi Rars ar mowydes (sur 3.43)? xaxunisa 
da winaaRmdegobis Zalebs nu gaiTva liswinebT (g≈10 m/wm2). 

9. ra minimaluri simaRlidan unda daiwyos sriali mcire zomis Zelakma, rom
R radiusiani `mkvdari maryuJis~ Semowerisas igi Rars ar mowydes (sur 3.44). 
xaxu nisa da winaaR mdegobis Zalebs nu gaiTvaliswinebT.

h
R

sur. 3.44

R
V0

sur. 3.43

10. h=4R simaRlidan sawyisi siCqaris gareSe srials iwyebs m masis mcire
zomis Zelaki da Semowers R radiusian `mkvdar maryuJs~. xaxunisa da winaaRmde-
gobis Zalebs nu gaiTvaliswinebT da gansazRvreT:

a) Zelakis siCqare maryuJis qveda wertilSi;
b) Zelakis siCqare maryuJis zeda wertilSi;
g) maryuJis qveda da zeda wertilebSi Zelakze maryuJis mxridan moqmedi reaq-

ciis Zalis modulebis sxvaoba. 

F
 x

mg

sur. 3.42

nulovani done
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§3.7 myari sxeulis wonasworoba. wonasworobis pirveli piroba
 

me-8 klasSi Tqven daiwyeT meqanikis nawilis — statikis Seswavla. 
statika swavlobs sxeulis wonasworobis pirobebs. sxeulis wonasworoba 

drois ganmavlobaSi sxeulis uZraobis an wrfivi Tanabari moZraobis mdgomareo-
bis Se narCunebaa. Tqven cal-calke SeiswavleT arambrunavi sxeulisa da uZravi 
brunvis RerZis mqone sxeulis wonasworobis pirobebi, gaecaniT sxeulis simZimis 
centris povnis meTodebs, wonasworobis saxeebs, martiv meqanizmebs, meqanikis 
oqros wess.

axla sakiTxi zogadad davsvaT. rodis iqneba nebismieri sxeuli wonas-
worobaSi? ra pirobebSi dairRveva es wonasworoba? am kiTxvebze pasuxis gacema 
mniSvnelovania teqnikis iseT sferoebSi, rogoricaa samSeneblo saqmianoba, man-
qanaTmSenebloba, xelawyoebis Seqmna da mravali sxva.

Tqven ukve iciT, rom nebismieri sxeuli masze raime Zalis (Zalebis) moqme-
debisas deformirdeba — icvlis formasa da zomas. deformaciis sidide damoki-
debulia sxeulis Semadgenel masalaze, mis formaze, zomasa da masze modebul 
Zalebze. amasTan, deformaciis sidide SeiZleba iyos didi an mcire. 

Tu sxeulze moqmedma Zalam didi deformacia gamoiwvia da sxeuli veRar 
ibrunebs sawyis zomebsa da formas, maSin wonasworobis pirobebi Sesaswavli iqne-
ba „axali“ sxeulisaTvis. aseTi SemTxvevebis ganxilva sakmaod rTulia, amitom 
Cven ganvixilavT iseT amocanebs, romlebSic sxeulis deformacia umniSvneloa 
da misi ugulebelyofa SeiZleba. sxeulis iseT models, romelic saerTod ar 
deformirdeba, absoluturad myari sxeuli ewodeba.

F1,3

F3,1 F3,2

I II

III

F1,2 F2,1

F2,3

F1

F2

F3

sur. 3.45

    niutonis kanonebis Tanaxmad, nivTieri wer-
tili wonasworobaSia, Tu masze moqmedi Za-
lebis jami (tolqmedi) nulis tolia. realuri 
sxeuli SegviZlia warmovidginoT, rogorc 
uamravi nivTieri wertilis erToblioba. sxe-
ulis wonasworoba ki misi Semadgeneli mcire 
nawilebis wonasworobas niSnavs. sxeuli war-
mosaxviT davyoT Zalian mcire zomis nawile-
bad ise, rom TiToeuli maTgani SeiZleba 
nivTier wertilad miviCnioT (sur. 3.45). su-
raTis gamartivebis mizniT masze mxolod sami 
maTgania gamosaxuli — I, II, III. vTqvaT, Ti-

Toeul am wertilze moqmedi gare Zalebia F1, 

F2 da F3. garda amisa, es nawilebi SeiZleba 

erTmaneTTanac urTierTqmedebdnen ZalebiT, romlebsac Sida Zalebs uwodeben. 

suraTze es Zalebicaa aRniSnuli. magaliTad, F1,2-iT aRniSnulia Zala, romliTac 

I wertilze moqmedebs II wertili, F2,1-iT ki Zala, romliTac II wertilze moqmedebs 

I wertili da a.S. F1,2, F2,1, F2,3 da a.S. cxadia, yovel wertilze uamravi sxva Sida 

Zalac moqmedebs, yvela am Zalis suraTze gamosaxva SeuZlebelia. TiToeul wer-

tilze moqmedi Sida Zalebis jami (tolqmedi) 1F′


-iT, 2F′


-iT, 3F′


-iT, … aRvniSnoT. 
Tu sxeuli wonasworobaSia, maSin TiToeuli wertilis aCqareba nulis tolia. 

amitom, niutonis meore kanonis Tanaxmad, sxeulis wonasworobisaTvis aucile-
beli da sakmarisia, rom mis TiToeul wertilze moqmedi gare da Sida Zalebis 
tolqmedi nulis toli iyos:



225

D
on

’t
C

op
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2 2F F 0;′+ =
 

3 3F F 0;′+ =
 

…      (1)

SevkriboT (1) gantolebebi da, amasTan, gare da Sida Zalebi cal-calke davaj-
gufoT:

1 2 3 1 2 3(F F F ) (F F F ) 0.′ ′ ′+ + + ⋅ ⋅ ⋅ + + + + ⋅ ⋅ ⋅ =
     

meore frCxilebSi sxeulis wertilebze moqmedi yvela Sida Zalis veqto ruli 
jamia. niutonis mesame kanonis Tanaxmad, nebismier Sida Zalas Seesabameba mo-
duliT toli da sapirispirod mimarTuli Zala. marTalia, es Zalebi sxeulis 
sxvadasxva wertilzea modebuli, magram yvela wertilze moqmedi Sida Zalebis 
veqtoruli jami nulis toli iqneba, amitom miviRebT:

1 2 3F F F 0.+ + + ⋅ ⋅ ⋅ =
  

  (2)

absoluturad myari sxeulis wonasworobisaTvis es piroba aucilebelia, mag-
ram ara sakmarisi, radgan sxeulze moqmedi gare Zalebis tolqmedi SeiZleba 
nulis toli iyos, Tumca am Zalebma sxeulis mobruneba mainc gamoiwvios. amitom 
(2) piroba aucilebelicaa da sakmarisic mxolod nivTieri wertilis wonasworo-
bisaTvis.

rodesac myari sxeuli gawonasworebu-
lia, maSin masze modebuli gare Zalebis ge-
ometriuli jami (tolqmedi) nulis tolia. 

es aris absoluturad myari sxeulis 
wonasworobis pirveli piroba.

radgan wonaworobisas gare Zalebis 
veqtoruli jami nulis tolia, maSin nulis 
toli iqneba am Zalebis gegmilebis jamic 
nebismier RerZze.

magaliTad, Zelaki daxril sibrtyeze 
wonasworobaSia (sur. 3.46), amitom:

mg N F 0.+ + =
 



uZ.x

nulis toli iqneba am Zalebis gegmilebis jamic OX da OY RerZebze.

daskvnebi:

• drois ganmavlobaSi sxeulis uZraobis an Tanabari moZraobis mdgomareo-
bis SenarCunebas sxeulis wonasworoba ewodeba;

• sxeulis iseT models, romelic saerTod ar deformirdeba, absoluturad
myari sxeuli ewodeba;

• rodesac myari sxeuli gawonasworebulia, maSin masze modebuli gare
Zalebis geometriuli jami (tolqmedi) nulis tolia.

sakontrolo kiTxvebi:

1. ratom vixilavT absoluturad myari sxeulis wonasworobas?
2. ras niSnavs, rom sxeulis yvela Semadgeneli nawili gawonasworebulia?
3. ratom aris sxeulis yvela wertilze moqmedi Sida Zalebis veqtoruli

jami nulis toli?
4. WeSmaritia Tu ara mesame daskvnis Sebrunebuli debuleba? ratom?

sur. 3.46

Y

X
N

F

mg

uZ.x
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  erTad amovxsnaT amocana

horizontalur magidaze devs M = 20 kg masis Zelaki

T

Y

T T

mg

α α

Mg

N

1
3

2

sur. 3.47

(sur 3.47). gansazRvreT Zala, romliTac Zelaki awveba 
magidis zedapirs, Tu Tokze uZravad dakidebuli tvir-
Tis masa m = 10 kg-ia, xolo kuTxe TiToeul Toksa da 
vertikals Soris _ α = 300. WoWonaqebisa da Tokis masas, 
agreTve WoWonaqebis RerZTan xaxuns nu gaiTvaliswinebT 
(g≈10 m/wm2).

amoxsna:
Tavidanve aRvniSnoT, rom Tokis daWimulobis Zalis 

moduli mis yvela wertilSi erTnairia: T1=T2=T3=T. vina-
idan sistema gawonasworebulia, m masis sxe ul ze moq-
medi Tokis daWimulobis Zalis moduli masze moqmedi simZimis Zalis modulis 
toli unda iyos: T = mg = 100 n. M masis Zelakze moqmedebs y RerZis gaswvriv 
zeviT mimarTuli sayrdenis reaqciis Zala, romlis modulia N, vertikalisadmi 
300-iani kuTxiT mimarTuli ori T modulis mqone Zala da vertikalurad qveviT 
mimarTuli simZimis Zala. vinaidan M masis sxe ulic gawonasworebulia, zeviT 
mimarTuli Zalebis y RerZze gegmilebis jami moduliT imave RerZze Mg Zalis 
gegmilis tolia: 
N+2Tcos300 = Mg => N = Mg_2Tcos300

 ≈ 30 n. nutonis mesame kanonis Tanaxmad, ra
ZaliTac sayrdeni moqmedebs Zelakze, moduliT imave ZaliT Zelaki daawveba 
sayrdens. 

pasuxi: Zelaki magidas awveba ≈30 n ZaliT.

  amoxseniT amocanebi:

1. iatakze moTavsebul 20 kg masis yuTze moqmedebs iatakis paraleluri 100 n
Zala. gansazRvreT yuTze moqmedi simZimis, reaqciisa da xaxunis Zalis modulebi, 
Tu xaxunis koeficienti yuTsa da iatakis zedapirs Soris 0,6-ia. miiCnieT, rom 
g=10 m/wm2.

2. horizontisadmi 300-iani kuTxiT daxril sibrtyeze uZravad devs Zelaki,
romlis masa 5 kg-ia. gansazRvreT Zelakze moqmedi simZimis, reaqciisa da xaxunis 
Zalis modulebi.

3. Tokze Camokidebuli 10 kg masis burTula mavTuliT miabes kedelze ise,
rom Tokma vertikalTan 300-iani kuTxe Seadgina (sur 3.48). gansazRvreT Toksa da 
mavTulSi aRZruli daWimulobis Zalis modulebi. miiCnieT, rom g=10 m/wm2.

4. vertikaluri boZis zeda wertilSi mobmulia mavTuli, romelic hori-
zontaluradaa daWimuli 500 n ZaliT (sur 3.49). mdgradobisaTvis boZi zeda 
wertiliT mibmulia miwaze bagiriT, romelic horizontTan 600-ian kuTxes qmnis. 
gansazRvreT bagirSi aRZruli daWimulobis Zalis moduli. 

600

sur. 3.48 sur.3.49

300
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saqanelas masas nu gaiTvaliswinebT da gansazRvreT TiToeuli Tokis daWimulo-
bis Zalis moduli. miiCnieT, rom Tokebi Tanabradaa daWi-

sur. 3.50

muli da g=10 m/wm2. 
6. myari Rero Camokidebulia or Tokze, romlebic 

SveulTan 300-ian kuTxes qmnis (sur 3.51a). Reros masa 
masze dakidebul tvirTTan erTad 17 kg-ia. gansazRvreT 
TiToeul TokSi aRZruli daWimulobis Zalis moduli. 
miiCnieT, rom g=10 m/wm2. 

7. Rero masze dakidebuli tvirTiT jer isea Camoki-
debuli or Tokze, rogorc sur. 3.51a naCvenebi, Semdeg 
ki imave Tokebze ise, rogorc _ sur. 3.51b. romel Sem-
TxvevaSia Tokebis gawyveta ufro metad mosalod neli?

8. nivTier wertilze modebulia sami horizonta-
luri Zala ise, rom TiToeuli danarCenTan 1200-ian kuT-
xes adgens. ori maTganis moduli 100 niutonia. risi to-
lia mesame Zalis moduli, Tu nivTieri wertili wonas-
worobaSia?

α α

sur.3.51a sur. 3.51b

9. sur. 3.52 gamosaxuli kronSteini Sedgeba BC Rerosa da AB gvarlisagan. 
mis B wertilSi dakidebulia 2 kg masis sanaTi. risi tolia gvarlsa da ReroSi 
aRZruli drekadobis Zalis modulebi, Tu AB gvarli vertikalTan 600-ian kuTx-
es adgens? miiCnieT, rom g=10 m/wm2.

10. sur. 3.53 gamosaxul ABC kronSteinze dakidebulia sanaTi. BC ReroSi 
aRZruli drekadobis Zalis moduli 100 n-ia. gansazRvreT sanaTis masa da AB Re-
roSi aRZruli drekadobis Zala, Tu BC Rero vertikalTan 600-ian kuTxes adgens. 

A

BC

A B

C

sur. 3.52 sur. 3.53

600

600
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§ 3.8 myari sxeulis wonasworobis meore piroba

wina paragrafSi Cven aRvniSneT, rom myari sxeulisaTvis gare Zalebis veqtor-
uli jamis nulTan toloba aucilebelia, magram arasakmarisi pirobaa misi wonas-
worobisaTvis. 

ra SemTxvevaSi SeiZleba, rom myar sxeulze moqmedi gare Zalebis jami nulis 
toli iyos, magram sxeuli gawonasworebuli ar iyos? ganvixiloT magaliTi:

magidaze davdoT saxazavi da mis sxvadasxva 
wertilSi movdoT moduliT toli da saxazavis 
marTobulad mimarTuli ori urTierTsapirispiro 

Zala (sur. 3.54). maTi jami nulis tolia: F1 + F2 = 0. 

miuxedavad amisa, saxazavi mobrundeba, anu amoZ-
ravdeba — gamova wonasworobis mdgomareobidan. ra 
aris amis mizezi?

sxeulis wonasworobisaTvis aucilebeli da sakmarisi pirobaa, rom mis yvela 
(ragind mcire) nawilze moqmedi Zalebis jami nulis toli iyos. Cvens SemTxvevaSi 
es piroba darRveulia — marTalia, mTel saxa zavze moqmedi gare Zalebis jami 
nulis tolia, magram saxazavis calkeul elementze moqmedi gare Zalebis jami 
nulisagan gansxvavdeba. ra damatebiTi pirobaa saWiro myari sxeulis wonasworo-
bisaTvis?

am kiTxvaze pasuxis gasacemad TqvenTvis nac-
nobi mowyobiloba — berketi gamoviyenoT. ber-
keti imdenad msubuqi aviRoT, rom masze moqmedi 
simZimis Zalis ugulebelyofa SegveZlos. vTqvaT, 

berketze mis marTobulad modebulia ori F1 da F2 
Zala ise, rogorc es sur. 3.55 aris gamosaxuli. am 
Zalebis garda, berketze sayrdenis mxridan moqme-
debs Sveulad zeviT mimarTuli reaqciis N Zala. 

amasTan, unda Sesruldes piroba:   N  + F1 + F2 = 0.
gamovTvaloT muSaoba, romelsac gare Zalebi 

berketis Zalian mcire α kuT xiT Semotrialebi-

sas asrulebs. F1 da F2 Zalebis modebis wertilebi am mobrune bisas 1 1s BB=  da

2 1s CC=  manZilebs gaivlis. α kuTxis simciris gamo BB1 da CC1  rkalebi Sei-

Zleba monakveTebad miviCnioT. Semobrunebisas B wertili F1 Zalis mimarTulebiT 

gadaadgildeba, amitom mis mier Sesrulebuli muSaoba dadebiTia — 1 1 1A Fs .=
C wertili ki F2 Zalis mimarTulebis sawinaaRmdegod gadaadgildeba, amitom mis 

mier Serulebuli muSaoba uaryofiTia — 2 2 2A F s .= −  sayrdenis reaqciis Zala mu-
Saobas ar asrulebs, radgan misi modebis wertili berketis mobrune bisas ar 
gadaadgildeba.

 manZils brunvis RerZidan Zalis moqmedebis wrfemde Zalis mxari ewode-
ba da mas d asoTi aRniSnaven.

Zalis modulis namravls mis mxarze Zalis momenti (mabrunebeli momenti) ewo-
deba. is M asoTi aRiniSneba. Zalis momenti SeiZleba iyos rogorc dadebiTi, 
aseve uaryofiTi. Tu Zala sxeuls saaTis isris mimarTulebiT abrunebs, misi mo-
menti dadebiTad miiCneva, Tu saaTis isris sawinaaRmdegod — uaryofiTad.

suraTidan Cans, rom 1OB d ,=  F1 Zalis mxaria, xolo 2OC d ,=  — F2 Zalis

mxari.

F1

F2

sur. 3.54

N

F2
F1

B1

B0
C1

C α
α

sur. 3.55
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iqneba: 1 1s d= α  da 2 2s d .= α  Tu gadaadgilebebis am mniSvnelobebs muSaobis ga-
momsaxvel tolobebSi CavsvamT, miviRebT:

1 1 1A F d ,= α 2 2 2A F d .= α (1)

radgan 1 1 1M Fd=  da 2 2 2M F d ,=  amitom am tolobebis marjvena mxareebi Zalis
momentisa da kuTxis namravls warmoadgens da (1) tolobebi ase Caiwereba:

1 1A M ,= α 2 2A M .= α (2)

(2) tolobebis SekrebiT miviRebT gare Zalebis mier Sesrulebul mTlian 
muSaobas:

1 2 1 2A A A (M M ) .= + = + α (3)

roca sxeulze moqmedi gare Zalebis muSaobaTa jami nulisagan gansxvavebu-
lia, misi kinetikuri energia icvleba, anu icvleba misi siCqare, rac imas niSnavs, 
rom sxeuli gamova wonasworuli mdgomareobidan. sxeulis wonasworobisaTvis 
gare Zalebis mTliani muSaoba nulis toli unda iyos. (3) tolobidan gamomdi-
nareobs, rom es SesaZlebelia maSin, roca sxeulze moqmedi gare Zalebis momen-
tebis jami nulis tolia:

1 2M M 0+ =

myari sxeulis wonasworobisas masze moqmedi gare Zalebis momentebis jami ne-
bismieri RerZis mimarT nulis tolia. 

es debuleba myari sxeulis wonasworobis meore pirobaa.
amrigad, wonasworobis pirveli da meore pirobebis gaerTianebiT Segvi-

lia CamovayaliboT myari sxeulis wonasworobis zogadi piroba — myari sxeuli 
gawonasworebulia, Tu masze moqmedi gare Zalebis tolqmedi da am Zalebis momen-
tebis jami nebismieri RerZis mimarT nulis tolia: 

1 2 3

1 2 3

F F F 0
M M M 0

 + + + ⋅ ⋅ ⋅ =


+ + + ⋅ ⋅ ⋅ =

  

(4)

Tu sxeuli ar aris absoluturad myari, (4) pirobis Sesrulebis miuxedavad, 
sxeuli SeiZleba ar iyos wonasworul mdgomareobaSi. magaliTad, roca rezinis 
zonars boloebSi movdebT zonris gaswvriv sapirispirod mimarTul moduliT 
tol Zalebs, is gawonasworebuli ar iqneba (gaiweleba), Tumca masze moqmedi gare 
Zalebis jami nulis tolia da aseve nulis tolia am Zalebis momentebis jami 
zonris nebismier wertilze gamavali RerZis mimarT.

daskvnebi:

• myari sxeulis wonasworobisas masze moqmedi gare Zalebis momentebis jami
nebismieri RerZis mimarT nulis tolia;

• myari sxeuli gawonasworebulia, Tu masze moqmedi gare Zalebis tolqmedi
da am Zalebis momentebis jami nebismieri RerZis mimarT nulis tolia.
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sakontrolo kiTxvebi:

1. rodesac myar sxeuls aqvs realuri uZravi brunvis RerZi, misi wonasworo-
bisaTvis ratomaa sakmarisi mxolod momentebis jamis nulTan toloba?

2. WeSmaritia Tu ara meore daskvnis Sebrunebuli mtkiceba nebismieri sxe-
ulisaTvis?

  erTad amovxsnaT amocana

Svilma gadawyvita mamas mixmareboda m masis 
erTgvarovani milis gadatanaSi. mamam ifiqra, mils 
maRla avwev da amiT Svils naklebi simZime daawve-
bao (sur 3.56). rogor ggoniaT, mamis azri marTebu-
lia?

gansazRvreT Svilisa da mamis mxridan milze 
moqmedi reaqciis Zalebi, Tu isini milze verti-
kalurad zeviT moqmedeben da mili wonasworobaSia 
(g = 10 m/wm2). 

amoxsna:
erTgvarovan milze moqmedi simZimis Zala mo-

debulia mis geometriul centrSi, O wertil-
Si. vinaidan mili wonasworobaSia, masze moqmedi Zalebis momentebi erT-
maneTs unda abaTilebdes milis nebismier wertilze gavlebuli RerZis mi-
marT. brunvis RerZad miviCnioT A wertilSi gavlebuli suraTis sib rtyis 

mar Tobuli RerZi. maSin biWis mxridan moqmed N1  reaq ciis Zalis momen-

ti nulis toli iqneba, radgan is brunvis RerZze gadis. A wertilis mimarT  

mg Zalis momentis moduli _ M
1

 = mg�AC, xolo N2  reaqciis Zalisa _

M
2
 = N

2
�AB. es sididebi erTmaneTis tolia: mg �AC = N

2
�AB (1). marTkuTxa samkuT-

xedebis msgavsebiT advilad davadgenT, rom AB = 2AC. Tu miRebul Sedegs ga-

vi TvaliswinebT (1) gantolebaSi, miviRebT: mg �  AC = N
2

 �  2AC ⇒ 2
mgN
2

=  (2).

vinaidan mili wonasworobaSia da masze mxolod vertikaluri Zalebi moq-
me debs, N

1
 da N

2
 reaqciis Zalebis jami moduliT mg-s toli unda iyos:

N
1
+ N

2
 = mg (3). am formulaSi (2) tolobis gaTvaliswinebiT miviRebT: N1 = 2

mg.

pasuxi: mamac da Svilic milze erTnairi 
mg
2

-is toli ZaliT moqmedeben.

  amoxseniT amocanebi:

1. horizontalur iatakze devs erTgvarovani 20 kg masis Rero. ra minimaluri
Zala unda movdoT mis erT bolos, rom iatakidan odnav wamovwioT? (g≈10 m/wm2).

2. or sadgamze horizontalur mdgomareobaSi gawonaswo- ι

d1 d2

sur. 3.57

rebulia ι =2 m sigrZisa da 60 kg masis erTgvarovani Zeli
(sur 3.57). manZili TiToeuli sadgamidan Zelis uaxloes bo-
lomde d

1
=20 sm da d

2
=40 sm-ia. miiCnieT, rom g=10 m/wm2 da

gansazRvreT:

N1

N2

0

C BA

mg

sur. 3.56
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b) ra minimaluri Zala unda movdoT Zelis marjvena bolos, rom igi wamov wioT?
3. horizontalur iatakze devs 10 kg masis erTgvarovani kubi. ra minimaluri 

horizontaluri Zala unda movdoT kubis zeda waxnags wibos marTobulad, rom 
kubma gadabruneba daiwyos? miiCnieT, rom kubi iatakze ar srialebs (g≈10 m/wm2).

4. or vertikalur Tokze horizontalurad kidia 20 kg masisa da 1 m sig-
rZis erTgvarovani Rero (sur. 3.58). gansazRvreT Tokis daWimulobis Zalebi, Tu 
manZili Reros marjvena bolodan marjvena Tokis mobmis wertilamde 20 sm-ia. 
miiCnieT, rom g=10 m/wm2.

5. 1 m sigrZisa da 40 kg masis erTgvarovani Rero eyrdnoba maxvili wveros 
mqo ne sayrdens (sur. 3.59). horizontalur mdgomareobaSi Reros iWeren mar cxe na 
boloze modebuli da horizontisadmi 450-iani kuTxiT mimarTuli ZaliT. gan-
saz RvreT am Zalis moduli, Tu manZili Reros marcxena bolodan sayrdenamde  
70 sm-ia. miiCnieT, rom Rero Zalis moqmedebisas sayrdenze ar srialebs (g=10 m/wm2).

  

F

sur. 3.58 sur. 3.59

450

6. xelosani 30 kg masis erTgvarovan Reros akavebs mis 
boloze modebuli da Reros marTobulad mimarTuli ZaliT 
ise, rom Rero horizontTan 600-ian kuT xes adgens (sur. 3.60). 
gansazRvreT im Zalis moduli, romliTac xelosani Reroze 
moqmedebs. miiCnieT, rom g=10 m/wm2.

7. wina amocanis pirobis mixedviT, gansazRvreT Reros 
qveda boloze moqmedi sayrdenis reaqciisa da xaxunis Zalis 
modulebi. 

8. vertikalur kedels eyrdnoba iatakze dadgmuli kibe, 
romlis profilic gamosaxulia sur. 3.61. na xazi rveulSi 
gadaixazeT da gamosaxeT kibeze moqmedi simZimis, kedlisa 
da iatakis mxridan moqmedi xaxu nisa da reaqciis Zalebi.

9. vertikalur gluv kedels eyrdnoba iatakze dadgmu-
li 30 kg masis erTgvarovani kibe, romlis profilic ga-
mosaxulia sur. 3.61. kuTxe kibesa da iataks Soris 600-ia. 
miiCnieT, rom g=10 m/wm2 da gansazRvreT:

a) kibeze kedlis mxridan moqmedi reaqciis Zalis moduli;
b) kibeze iatakis mxridan moqmedi reaqciis Zalis moduli;
g) kibeze iatakis mxridan moqmedi xaxunis Zalis moduli.
10. vertikalur Tokze erTi boloTi Camokidebuli 3 kg 

masis erTgvarovani Rero wonasworul mdgomareobaSia ise, 
rom misi naxevari wyalSia CaZiruli (sur 3.62). miiCnieT, rom 
g=10 m/wm2 da gansazRvreT:

a) ramdenjer metia Reroze moqmedi amomgdebi Zala mis 
marcxena boloze moqmed Tokis daWimulobis Zalaze?

b) Reroze moqmedi amomgdebi da Tokis daWimulobis  
Zalebi. 

F

mg

sur. 3.60

600

sur. 3.61

sur. 3.62
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mesame Tavis Tavis Semajamebeli amocanebi

1. 240 kg masisa da 4 m sigrZis uZravi navis erTi bolodan meoreSi gadavida
60 kg masis meTevze. ramdeniT gadainacvlebs navi wylis mimarT? winaaRmdegobis 
Zalebs nu gaiTvaliswinebT. 

2. 240 kg masisa da 3 m sigrZis uZravi navis Tavsa da boloSi dgas ori meTev-
ze, romelTa masebi 80 kg da 60 kg-ia. ramdeniT gadainacvlebs navi wylis mimarT, 
Tu meTevzeebi adgilebs gacvlian? winaaRmdegobis Zalebs nu gaiTvaliswinebT. 
miiCnieT, rom meTevzeebi erTdroulad amoZravdnen da erTdroulad gaCerdnen.

3. horizontaluri wrfis gaswvriv moZravi 200 g da 300 g masis plastilinis
ori burTula dajaxebis Semdeg erTmaneTs Seeweba da gaCerda. risi toli iyo  
300 g-iani burTulis siCqaris moduli dajaxebamde, Tu 200 g-iani burTulis siC-
qaris moduli 3 m/wm-is toli iyo? 

4. horizontalur liandagze 0,5 m/wm siCqariT moZravi 50 t masis vagoni
ejaxeba da ebmeba uZravad mdgomi vagonebis 200 t-ian Semadgenlobas. gansaz-
RvreT axali Semadgenlobis siCqaris moduli Sejaxebis Semdeg. winaaRmdegobis 
Zalebs nu gaiTvaliswinebT. 

5. 240 kg masis uZravi navidan, mis mimarT 2 m/wm siCqariT horizontaluri
mi marTulebiT, gadaxta 80 kg masis maSveli. gansazRvreT navis mier SeZenili 
siCqare.

6. 800 t masis uZravi gemidan horizontisadmi 600-iani kuTxiTa da dedamiwis
mimarT 200 m/wm siCqariT qvemexidan gaisroles 80 kg masis Wurvi. horizonta-
luri mimarTulebis ra siCqares SeiZens gemi gasrolis Sedegad? 

7. ra siCqare SeiZina 1 t masis uZravma reaqtiulma

sur. 3.63

TviTmfrinavma, Tu man 50 kg masis wvis produqtebi 
TviTmfrinavis mimarT 300 m/wm siCqariT erTbaSad ga-
motyorcna? TviTmfrinavze moqmedi winaaRmdegobis 
Zalebi ugulebelyaviT (sur 3.63).

8. yinulze cigurebiT mdgomma 60 kg masis biW-
ma 3 m/wm siCqariT horizontalurad gaisrola 2 kg 
masis sxeuli. gansazRvreT, ra kinetikur energias 
SeiZens biWi gasrolisas da ra manZilze gasrialdeba is gasrolis sawinaaRmdego mi-
marTulebiT, Tu xaxunis koeficienti cigurebsa da yinuls Soris 0,04-ia (g≈10 m/wm2).

9. v siCqariT moZravi biliardis burTula ejaxeba iseTive uZrav burTu-
las. gansazRvreT maTi siCqareebi dajaxebis Semdeg, Tu dajaxeba absoluturad 
drekadia da centruli. 

10. 2 m/wm siCqariT moZravi biliardis burTula ejaxeba iseTive uZrav bur-
Tulas. dajaxebis Semdeg burTulebi amoZravdnen urTierTmarTobuli mimar-
TulebiT moduliT toli siCqariT. gansazRvreT burTulebis siCqare dajaxebis 
Semdeg, Tu dajaxeba absoluturad drekadia. 

11. 3 m/wm siCqariT moZravi 2 kg masis birTvi ejaxeba 1 kg masis uZrav birTvs.
gansazRvreT maTi kinetikuri energiebi dajaxebis Semdeg, Tu dajaxeba absolu-
turad drekadia da centruli. 

12. erTi wrfis gaswvriv Semxvedri mimarTulebiT moZraobs ori birTvi. pir-
velis masa da siCqare, Sesabamisad, 10 kg da 2 m/wm-ia, meorisa ki _ 4 kg da 5 m/
wm. ra siCqariTa da mimarTulebiT gaagrZeleben birTvebi moZraobas dajaxebis 
Semdeg, Tu dajaxeba absoluturad drekadia da centruli?

13. 4 kg masisa da 10 m/wm siCqariT moZravi birTvi daewia imave mimarTulebiT
2 m/wm siCqariT moZrav 2 kg masis birTvs da Seejaxa mas. gansazRvreT maTi siCqa-
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D
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’t
C

op
yreebi dajaxebis Semdeg, Tu birTvebi erTi wrfis gaswvriv moZraoben, dajaxeba 

absoluturad drekadia da centruli. 
14. 100 g masis CogburTis burTi 5 m/wm siCqariT ejaxeba iataks da siCqaris

modulis Seucvlelad irekleba misgan. burTis siCqare rogorc dacemamde, aseve 
arekvlis Semdeg iatakTan 300-ian kuTxes qmnis. ipoveT burTis impulsis cvli-
leba. 

15. horizontalur iatakze moTavsebul 10 kg masis uZrav xis Zels mosdes
horizontisadmi 600-iani kuTxiT mimarTuli 100 n Zala (sur 3.64) gansazRvreT 
Zelis mier 50 m manZilis gavlisas SeZenili kinetikuri energia, Tu misi zedapir-
Tan xaxunis koeficienti 0,2-ia (g≈10 m/wm2). 

16. erTi boloTi kedelze mimagrebul horizontalur zambaras Zelaki dae-
jaxa (sur 3.65) da is 5 sm-iT SekumSa. ramdeniT SeikumSeba zambara, Tu Zelaki 
mas 2-jer meti siCqariT daejaxeba? winaaRmdegobis Zalebs nu gaiTvaliswinebT. 
miiCnieT, rom zambara drekadi deformaciis farglebSi ikumSeba. 

60

F
0

v

sur.3.64 sur. 3.65

17. dedamiwis zedapiridan vertikalurad zeviT 20 m/wm sawyisi siCqariT
aisroles burTula. ra simaRleze gautoldeba misi kinetikuri energia poten-
cialurs? risi toli iqneba burTulis siCqare am simaRleze? winaaRmdegobis 
Zalebs nu gaiTvaliswinebT (g≈10 m/wm2).

18. 100 m simaRlidan vardnas iwyebs burTula. ipoveT dedamiwis zedapiri-
dan ra simaRleze gautoldeba burTulis kinetikuri energia potencialurs da 
risi toli iqneba misi siCqare am simaRleze? haeris winaaRmdegobas nu gaiTva-
liswinebT (g≈10 m/wm2).

19. horizontisadmi kuTxiT gasrolilma burTulam 5 m simaRles miaRwia.
gansazRvreT burTulis gasrolis siCqaris moduli, Tu maqsimalur simaRleze 
misi siCqare 10 m/wm-is tolia. winaaRmdegobis Zalebs nu gaiTvaliswinebT  
(g≈10 m/wm2).

20. 8 kg masis cigaze mjdomi 22 kg masis biWi 2 m/wm sawyisi siCqariT eSveba
10 m simaRlis gorakidan da mis bolos 10 m/wm siCqares aviTarebs. gansazRvreT, 
biWisa da cigis meqanikuri energiidan ramdeni jouli energia gardaiqmna Sinagan 
energiad (g≈10 m/wm2). 

21. navze moqmedi wylis winaaRmdegobis Zala misi siCqaris proporciulia.
navis siCqare orjer gazardes. rogor Seicvala am dros misi Zravis simZlavre? 
miiCnieT, rom navi siCqaris gazrdamde da misi gazrdis Semdegac Tanabrad moZ-
raobda.

22. navze moqmedi wylis winaaRmdegobis Zala misi siCqaris kvadratis propor-
ciulia. ramdenjer unda gavzardoT navis Zravis simZlavre, rom misi siCqare or-
jer gaizardos? miiCnieT, rom navi siCqaris gazrdamde da misi gazrdis Semdegac 
Tanabrad moZraobs. 

23. TviTmfrinavi mifrinavs 800 km/sT siCqariT, romlis ori Zravidan Ti-
Toeuli 40 mgvt simZlavres aviTarebs. gansazRvreT TiToeuli Zravis wevis Zala. 

24. 150 m sigrZisa da 12 m simaRlis ferdobis umaRlesi wertilidan gogona
sawyisi siCqaris gareSe cigiT daeSva. risi tolia cigaze moqmedi winaaRmdegobis 
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Zalis moduli, Tu gogonasa da cigis siCqare ferdobis bolos 12,2 m/wm-is to-
lia? cigisa da gogonas saerTo masa 80 kg-ia (g≈10 m/wm2).

25. 500 g masis magnits, romelic liTonis vertikalur dafas 50 n ZaliT 
ekvris, zeviT Tanabrad miasrialeben dafisadmi 300-iani kuTxiT mimarTuli  
40 n ZaliT (sur 3.66). am Zalis veqtori suraTis sibrtyeSia. gansazRvreT xaxunis 
koeficienti magnitsa da dafas Soris (g≈10 m/wm2). 

26. saqanelaze mjdomi 30 kg bavSvis gasaqaneblad mama mas horizontalurad 
mimarTuli 400 n ZaliT miawva. Sedegad saqanelas Tokebi vertikalidan garkveu-
li kuTxiT gadaixara (sur. 3.67). risi tolia saqanelas ori Tokidan TiToeulis 
daWimulobis Zala gadaxril mdgomareobaSi? 

F

α

sur.3.67

30

F
0

sur.3.66

27. 50 kg masis birTvi masze gamobmuli ori TokiT Camokidebulia kauWze (sur 
3.68). gansazRvreT birTvze gamobmuli Tokebisa da kauWis damWeri Tokis da-
Wimulobis Zalis modulebi, Tu kuTxe birTvze mimagrebul Tokebs Soris 600-ia  
(g≈10 m/wm2). Tokebis masas nu gaiTvaliswinebT. 

28. ABC kronSteinze dakidebulia 10 kg masis birTvi (sur 3.69). gansazRvreT 
AC da BC ReroebSi aRZruli drekadobis Zalis modulebi, Tu AC da BC Reroe-
bis sigrZe erTnairia, xolo kuTxe maT Soris _ 600 (g≈10 m/wm2). Reroebis masa 
ugulebelyaviT. 

29. gansazRvreT uZrav da moZrav WoWonaqebze dakidebuli tvirTebis masebis Se-
fardeba, Tu sistema gawonasworebulia (sur 3.70). kuTxe moZrav WoWonaqze amodebul 
Tokebs Soris 1200-ia. WoWonaqebisa da Tokis masas nu gaiTvaliswinebT. 

α
F

T

F1 2 C

B

A

60
0

sur. 3.68 sur.3.69 sur. 3.70

1200

30. wina amocanis pirobis mixedviT, gansazRvreT, rogor unda SevcvaloT 
moZrav WoWonaqze dakidebuli tvirTis masa, rom Tokebs Soris kuTxis gazrdi-
sas sistema kvlav wonasworul mdgomareobaSi aRmoCndes? uZrav WoWonaqze da-
kidebuli tvirTis masa am dros ucvlelad miiCnieT. 
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zogierTi nivTierebis simkvrive

nivTiereba  c, kg/m3  ρ, g/sm3 nivTiereba ρ, kg/m3 ρ, g/sm3

myari nivTiereba, 20 °C (garda yinulisa)

osmiumi 22 600 22,6 marmarilo 2 700 2,7

iridiumi 22 400 22,4 fanjris mina 2 500 2,5

platina 21 500 21,5 faifuri 2 300 2,3

oqro 19 300 19,3 betoni 2 300 2,3

tyvia 11 300 11,3
sufris mari-

li
2 200 2,2

vercxli 10 500 10,5 aguri 1 800 1,8

spilenZi 8 900 8,9 polieTileni 920 0,92

foladi, rkina 7 800 7,8 parafini 900 0,9

kala 7 300 7,3 yinuli 900 0,9

TuTia 7 100 7,1 muxa (mSrali) 700 0,7

Tuji 7 000 7
fiWvi (mSra-

li) 
400 0,4

alumini 2 700 2,7 korpi 240 0,24

Txevadi nivTiereba, 20 °C

vercxliswyali 13 600 13,6 navTi 800 0,8

gogirdmJava 1 800 1,8 spirti 800 0,8

glicerini 1 200 1,2 navTobi 800 0,8

zRvis wyali 1 030 1,03 acetoni 790 0,79

wyali 1 000 1 benzini 710 0,71

mzesumziris zeTi 930 0,93
Txevadi kala 

400 °C 6 800 6,8

manqanis zeTi 900 0,9
Txevadi Jang-
badi _194°C 860 0,86

airadi nivTiereba, 0 °C (normaluri pirobebisas)

qlori 3,21 0,00321
bunebrivi 

airi
0,8 0,0008

Jangbadi 1,43 0,00143
wylis orTq-

li 100 °C 0,59 0,00059

haeri 1,29 0,00129 heliumi 0,18 0,00018

azoti 1,25 0,00125 wyalbadi 0,09 0,00009
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absoluturad aradrekadi  
 dajaxeba 197
absoluturad drekadi  
 dajaxeba 197
absoluturad myari sxeuli 223, 224,  
 228
absoluturi wagrZeleba 152
aTvlis sistema 9, 35, 85, 86   
aTvlis sxeuli 8,33
arqimedes Zala 98, 180, 181
aCqareba 42, 43, 44, 46
brunvis periodi 61
brunvis sixSire 61
gadaadgileba 9, 11, 12,16, 25, 28
gadataniTi moZraoba 8
gavlili manZili 9 
garsedini forma 158
gaWimvis deformacia 141, 142
gaWimvis diagrama 152
gorvis xaxunis Zala 157
gravimetriuli dazverva 110 
gravitaciuli mudmiva 104, 105
grexis deformacia 143
denadobis zRvari 153
dinamika 8, 82
dinamikis amocana 82
drekadobis zRvari 153
drekadobis Zala 141
energiis mudmivobis kanoni 217
veqtori 11
veqtoris gegmili 16
veqtoris mdgeneli  21
Tavisufali vardna  103
Tavisufali vardnis aCqareba103, 104,  
 109
TanabaraCqarebuli moZraoba 42
Tanabari moZraoba 25
impulsis mudmivobis kanoni 196
inercia 85
iungis moduli 147
kinematika 8
kinetikuri energia  208
kuTxuri siCqare 60
masa 89
meqanikis ZiriTadi amocana 9

meqanikuri moZraoba 8
meqanikuri muSaoba 203
meqanikuri sistema 196
meqanikuri Zabva 142
mrudwiruli moZraoba 59
msoflio mizidulobis kanoni 103
myisi siCqare 38
myife masala 153
nivTieri wertili 9
niutonis I kanoni  84
niutonis II kanoni 92
niutonis III kanoni 97
pirveli kosmosuri siCqare 128
plastikuri masala 153
potencialuri energia 212
proporciulobis zRvari 152
radiani 60
reaqtiuli moZraoba 196
rebordi 176
sakidelis daWimulobis Zala 135
sayrdenis reaqciis Zala 135
saSualo siCqare 38
simtkicis zRvari 153
simZlavre 203
sixiste 213
srialis xaxunis Zala 156
statika 223
sxeulis impulsi 192
sxeulis wona 136
traeqtoria 9
uZraobis xaxunis Zala 156
fardobiTi wagrZeleba 141
Runvis deformacia 142
Sinagani energia 217
Caketili sistema 197
centriskenuli aCqareba 66
curvis pirobebi 182
Zalis impulsi 193
Zvris deformacia 142
wagrZeleba 135
winaaRmdegobis Zala 155
wiriTi siCqare 59
wonasworobis meore piroba 223
wonasworobis pirveli piroba 227
jalambari 67  

sagnobrivi saZiebeli
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