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winasityvaoba 

 
Teoriuli meqanika warmoadgens fundamentur discipli-

nas, romlis meTodebi farTod gamoiyeneba sainJinro 
amocanebis didi klasis amosaxsnelad. Aamitom Teoriul 
meqanikas, sxva fundamentur disciplinsTan erTad, yvela 
teqnikuri specialobis studentebi sxvadasxva moculobiT 
Seiswavlian.  

Teoriuli meqanikis aTvisebas is arTulebs, rom am 
mecnierebaSi arsebiT rols asrulebs bunebis sakvlevi 
movlenebis maTematikuri formalizacia da modelireba. 
amitom konkretuli sainJinro amocanebis amoxsnisas 
studentebi miT ufro met siZneles ganicdian, rac ufro 
farTod  aris dasmuli amocana. siZnele  ki is aris, rom 
studenti erTbaSad ver amyarebs kavSirs Teoriasa da mis 
praqtikul gamoyenebas Soris. Aamitom maswavleblebis 
winaSe dgeba problema, Tu rogor gamoumuSavos studentebs 
dasmul amocanebTan kvleviTi midgomis unar-Cvevebi.  

winamdebare krebulis mizania maswavleblebs da 
studentebs misces didi raodenobis iseTi mokle amocanebis 
gankargvis SesaZlebloba, romelTa amoxsnis sqemebi sakmaod 
gasagebi da .martivia. maT amosaxsnelad ar aris saWiro 
rTuli maTematikuri gardaqmnebisa da gamoTvlebis Sesru-
leba, magram aucilebelia maTi fizikuri azris cxadad da 
mkafiod warmodgena. KkrebulSi moTavsebuli amocanebisadmi 
mTavari moTxovna is aris, rom yoveli maTganis amoxsna 
asaxavdes programiT gaTvaliswinebuli Teoriuli masalis  
praqtikul gamoyenebas.  

krebulSi moyvanili amocanebi SeiZleba  gamoviyenoT 
sxvadasxva saswavlo da sakontrolo miznebiT, kerZod:  
savarjiSod, praqtikul mecadineobebze, studentebis damou-
kidebeli muSaobisaTvis. sakontrolo weris, CaTvlebis, 
gamocdebis da sxva saswavlo samuSaobis  Casatareblad. 

Teoriuli meqanikis kaTedraze saswavlo procesSi 
SemoTavazebul amocanaTa gamoyenebis gamocdilebam gviCvena, 
rom maTi simokle, maTematikuri aparatis simartivem, 
Teoris calkeul karTan mWidro kavSirma, erTnairma 
moTxovnam da Sromatevadobam, dabolos kursis yovel karSi 
amocanebis didma raodenobam studentebs gamoumuSava 
sakmaod myari unarebi da safuZvlad edeba  ufro rTuli 
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kombinirebuli amocanebs amosaxsnelad, saSinao saangariSo 
amocanebis Sesasruleblad da sxva davalebebisaTvisac. 

krebulze muSaobisas yuradReba unda mivaqcioT Semdeg 
Taviseburebebs:  

yoveli amocanis teqstis boloSi frCxilebSi mocemu-
lia pasuxi (ricxviTi mniSvneloba erTeulis miuTiTeblad); 

yvela pasuxi mocemulia si-Si (saerTaSoriso erTeulTa 
sistema); im SemTxvevaSi, Tu ra sizustiT unda Caiweros 
pasuxi, amis Sesaxeb amocanis teqstSia miTiTeba;  

gantolebebSi Semavali yvela sididec gamosaxulia si-Si; 
pasuxebis ricxviTi monacemebi damrgvalebulia sam niSnad 
ricxvamde; Tu pasuxSi naklebi niSania, es miuTiTebs, rom 
aseTi damrgvaleba saWiro ar aris;  

miRebulia Semdegi daSvebebi:   
Tu teqstSi romelime sxeulis masa, wona, xaxuni an sxva 

raime parametrebi an Tvisebebi ar aris naCvenebi, maSin isini 
unda iyos ugulebelyofili;  

yvela moqnili elementi (bagirebi, Zafebi da a.S.) unda 
CaiTvalos uWimadad, blokebze moqnili elementebis xaxuni 
da gasrialeba ar arsebobs;  

xdeba sxeulebis usrialo gorva.  
rxevis qrobis dekrementi tolia ganzogadebuli koor-

dinatis ori mimdevrobiTi mniSvnelobis fardobisa.  
Tu es daSvebebi ar aris, maSin amis Sesaxeb amocanis 

teqstSi damatebiTi SeniSvnaa. 
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aRniSvna saxelwodeba ss erTeuli 
A rxevis amplituda m 
a, b, c, h, l sigrZe m 
a aCqareba m/wm2 
ae warmtani aCqareba m/wm2 
ak koriolisis aCqareba m/wm2 
an normaluri aCqareba m/wm2 
ar fardobiTi aCqareba m/wm2 
aT mxebi aCqareba m/wm2 

b  binormalis erTeulovani veqtori _ 

C integrebis mudmivi _ 
c sixistis koeficienti n/m 
c mudmivi _ 

ϕC  kuTxuri sixistis koeficienti n⋅m/rad 
D, d diametri m 
e 2,71 3 _ 
e gadaadgileba m 
F Zala n 
F0 iZulebiTi Zalis amplituda n 
Fxax xaxunis Zala n 

),( FF ′
rr

 wyvilZala _ 

f srialis xaxunis koeficienti _ 
G simZimis Zala, wona n 
g Tavisufali vardnis aCqareba m/wm2 
I RerZis mimarT inerciis momenti kg⋅m2 
Ix, Iy, Iz sakoordinato RerZebis mimarT 

inerciis momentebi 
kg⋅m2 

Ixy, Ixy, Iyz centridanuli inerciis momenti kg⋅m2 
kji
rrr

,,  sakoordinato RerZebis erTeu-
lovani veqtorebi 

_ 

k sakuTari rxevis kuTxuri sixSire rad/wm 
k aRdgenis koeficienti _ 
L kinetikuri potenciali j 
M wyvilZalis momenti nm 
M0 O wertilis mimarT sistemis  

nakrebi momenti 
nm 

)(0 FM
r

 O wertilis mimarT F
r
 Zalis 

momenti 

nm 
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aRniSvna saxelwodeba ss erTeuli 
ΦM  inerciis Zalebis nakrebi momenti nm 

m masa kg 
mv nivTieri wertilis moZraobis 

raodenoba 
kg⋅m/wm 

N normaluri reaqcia n 
n  mTavari normalis erTeulovani 

veqtori 
_ 

n brunvis sixSire br/wT* 
n iZulebiTi Zalis sixSire hc 
n1, n2 meqanikuri sistemis sakuTrivi 

sixSire 
hc 

P kbilaTvalebis moWidulobis 
Zala 

n 

p iZulebiTi Zalis kuTxuri sixSire rad/wm 
p wneva n/m2 
Q meqanikuri sistemis moZraobis 

raodenoba 
kg⋅m/wm2 

Q ganzogadebuli Zala _ 
q ganawilebuli datvirTvis inten-

sivoba 
n/m 

q ganzogadebuli koordinati n/m 
R reaqciis, winaaRmdegobis an  

reaqtiuli Zala 
n 

R radiusi m 
eR  gare Zalebis nakrebi veqtori _ 

r
r

 radius-veqtori _ 
r radiusi, polaruli radiusi m 
S Zalis impulsi, dartymiTi  

impulsi 
kgm/wm 

T kinetikuri energia j 
T rxevis periodi wm 
t dro wm 
v siCqare m/wm 

νe warmtani siCqare m/wm 
vr fardobiTi siCqare m/wm 
X, Y reaqciis Zalis mdgenelebi n 
x, y, z, s koordinati m 
z kbila Tvalis, kbilanas kbilebis 

ricxvi 
_ 
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aRniSvna saxelwodeba ss erTeuli 

α kuTxe, sawyisi faza rad, grad 

β, γ kuTxe rad, grad 

γ xazovani wona, zedapiruli wona, 
xvedriTi wona 

n/m, n/m2, n/m3  

δ gorvis xaxunis koeficienti m 

δ iZulebiTi rxevis sawyisi faza rad 

δA elementaruli muSaoba j 

s
r
δ , r

r
δ  SesaZlo gadaadgileba m 

δαδϕ,  kuTxuri SesaZlo gadaadgileba rad 

ε kuTxuri aCqareba rad/wm2 

εe warmtani kuTxuri aCqareba rad/wm2 

εr fardobiTi kuTxuri aCqareba rad/wm2 

η dinamikurobis koeficienti _ 

θ eileris kuTxe rad 

λ zambaris statikuri deformacia m 

μ garemos winaaRmdegobis koefi-
cienti 

kg/wm 

П potenciuri energia j 

π 3,1416  

ρ simrudis radiusi, inerciis  
radiusi 

m 

r
r

 mxebis erTeulovani veqtori _ 
r drois Sualedi wm 

Φ1 inerciis Zala n 

Φe warmtani inerciis Zala n 

Φr fardobiTi inerciis Zala n 

ϕ kuTxe, eileris kuTxe, polaruli 
kuTxe kuTxuri koordinati 

rad, grad 

ψ eileris kuTxe rad, grad 

ω kuTxuri siCqare rad/wm 

ωe warmtani kuTxuri siCqare rad/wm 

ωr fardobiTi kuTxuri siCqare rad/wm 
 

* gamosayeneblad droebiT daSvebuli erTeuli. 
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statika 
 

Tavi 1. Tavmoyril ZalTa sistema 
 

1.1. sibrtyeze Tavmoyrili Zalebis Sekreba 
da gamokleba 

 
1.1.1 

ganvsazRvroT, moduliT toli ori Tavmoyrili 

521 == FF  n Zalis tolqmedis moduli, romlebic erTmaneT-

Tan qmnian °= 45α  kuTxes. 
 

 

1.1.2 

ganvsazRvroT kuTxe gradusebSi ori 

101 =F n da 82 =F n Zalis tolqmedsa da 

ox RerZs Soris, Tu kuTxe  °= 30α . 

 

1.1.3  

moduliT toli ori 1521 == FF n Tav-

moyrili Zalis tolqmedi R
r
 mimar-

Tulia oy RerZis gaswvriv da moduliT 
tolia 10 n-is. ganvsazRvroT α  kuTxe, 

romelsac 1F
r
 Zalis veqtori qmnis ox 

RerZis dadebiT mimarTulebasTan. 
 

 

1.1.4  

ganvsazRvroT 101 =F n, 152 =F n da 

203 =F n Tavmoyrili Zalebis tolqmedis 

modulis sidide, Tu cnobilia am 
Zalebis veqtorebis mier Sedgenili 

kuTxeebi ox RerZTan: °= 301α , °= 452α , 

°= 603α . 
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1.1.5  

moduliT rogori 3F
r
 Zala unda mov-

doT, Tavmoyril 21 =F n da 42 =F n 

Zalebs, romlebic ox RerZTan adgenen 
Sesabamisad °= 30α  da °= 60β  kuTxeebs, 

ise, rom am sami Zalis tolqmedi iyos 0-
is toli.  

 

 

1.1.6 
   ori Tavmoyrili Zalis tolqmedi 

10=R n, ox RerZTan adgens °= 30γ  kuTxes. 

51 =F n Zala ox RerZTan qmnis °= 60α -ian 

kuTxes. ganvsazRvroT 2F
r
 Zalis moduli. 

 

 

1.1.7  
 myar sxeulze A wertilSi moqmedebs 

ori 61 =F n da 32 =F n Zala. maTi fuZeebi 

mdebareoben oxy sibrtyeSi. ganvsazRvroT 
am Zalebis gegmilebis jami ox RerZze, 
Tu kuTxe °= 60α . 
 

 

1.1.8  

wnexze O wertilSi moqmedebs ori  

51 =F n da 72 =F n Zala, romelTa fuZeebi 

mdebareoben naxazis sibrtyeSi. 
ganvsazRvroT im vertikaluri Zalis 
moduli, romelic kumSavs masalas, Tu 
mocemulia kuTxeebi °= 30α , °= 45β . 

 

 

1.1.9  

boZis A wertilSi modebulia 
brtyeli Tavmoyrili ZalTa sistema 

10321 === FFF n. ganvsazRvroT am 

Zalebis gegmilebis jami Ax RerZze, Tu 
kuTxe  °= 60α .  
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1.1.10  

myar sxeulze O wertilSi moqmedebs 
brtyeli Tavmoyrili ZalTa sistema 

11 =F n, 22 =F n, 33 =F n, 44 =F n. ganv-

sazRvroT am Zalebis gegmilebis jami oy 
RerZze, Tu mocemulia °= 30α , °= 45β , 

°= 60γ .  

 
1.1.11 

brtyeli Tavmoyrili ZalTa sistemisaTvis (n): jiF
rrr

531 += ; 

jF
rr

52 =  da iF
rr

23 = , ganvsazRvroT tolqmedi Zalis moduli.  

 
1.1.12  

Tavmoyrili 1F
r
 da 2F

r
 Zalebis tolqmedis sididea 8=R n 

da horizontalur ox RerZTan adgens °= 30α  kuTxes. 1F
r
 

Zalis veqtori mimarTulia ox RerZis gaswvriv, xolo 2F
r
 

Zala amave RerZTan adgens °= 60β -ian kuTxes. ganvsazRvroT 

1F
r
 Zalis moduli.  

 
1.1.13  

sami 321  , , FFF
rrr
 Zalisagan Semdgari brtyeli Tavmoyrili 

ZalTa sistema wonasworobis mdgomareobaSia. 31 =F n da 

22 =F n Zalebi ox RerZis dadebiT mimarTulebasTan 

Sesabamisad qmnian °= 151α  da °= 452α  kuTxeebs. ganvsazRvroT 

3F
r
 Zalis moduli.  

 
1.1.14  

horizontalur ox RerZze ori Tavmoyrili 1F
r
 da 2F

r
 

Zalis tolqmedis gegmili tolia 5=R n. 1F
r
 Zalis gegmili 

amave _ RerZze tolia 71 =xF
r

n.  ganvsazRvroT 2F
r
 Zalis ox 

RerZze gegmilis algebruli mniSvneloba.  
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1.1.15  

ganvsazRvroT Tavmoyrili 1F
r
 da 2F

r
 Zalebis tolqmedis 

moduli. Tu cnobilia am Zalebis gegmilebi dekartis 

sakoordinato RerZebze: 31 =xF n, 61 =yF n, 52 =xF n, 42 =yF n.  

 

  1.1.16  
ganvsazRvroT, aris Tu ara mocemuli brtyeli Tavmoy-

rili ZalTa sistema wonasworobaSi, Tu am Zalebis gegmilebi 

sakoordinato RerZebze Sesabamisad tolia: 101 =xF n, 21 =yF n, 

42 −=xF n, 32 =yF
r

n, 63 −=xF n, 53 −=yF n.  
 

1.1.17  

brtyeli 321  , , FFF
rrr
 da 4F

r
 ZalTa Tavmoyrili sistemis 

tolqmedi nulis tolia. ganvsazRvroT 1F
r
 Zalis moduli. 

Tu danarCeni sami Zalis gegmilebi Sesabamisad tolia: 

42 =xF n, 72 =yF n, 53 −=xF n, 53 −=yF n, 24 −=xF n, 04 =yF .  
 

1.1.18  

21  , FF
rr
 da 3F

r
 brtyeli Tavmoyril ZalTa sistemis 

tolqmedis gegmilebi ox da oy RerZebze tolia 18=xR n da 

24=yR n. aseve cnobilia, rom 92 −=xF n, 72 −=yF n, 123 =xF n, 

03 =yF . ganvsazRvroT 1F
r
 Zalis moduli.   

 

1.1.19  

ganvsazRvroT jiF
rrr

231 +=  da jiF
rrr

752 +=  Tavmoyril 

ZalTa sistemis tolqmedis mier ox RerZis dadebiT 
mimarTulebasTan Seqmnili kuTxis sidide. 

 
1.2. brtyeli Tavmoyrili ZalTa sistemis 

wonasworoba 
 

1.2.1  

1021 == FF n da 3F
r
 Zalebi imyofebian wonasworobaSi. 

maTi fuZeebi erTmaneTTan qmnian °120 -ian kuTxeebs. 

ganvsazRvroT 3F
r
 Zalis moduli. 
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1.2.2  

ganvsazRvroT BC gvarlis F
r
 daWimu-

lobis Zalis modulis sidide, Tu 
cnobilia, rom AC gvarlis daWimulobis 

Zala 152 =F n. wonasworobis mdgomareo-

baSi kuTxeebi °= 30α  da °= 75β . 

 

1.2.3  

ganvsazRvroT AB Zelis wona, Tu 
cnobilia AB da BC Tokebis daWimulo-

bebi: 1201 =F
r

n da 802 =F n. kuTxeebi AB 
da BC Tokebsa da vertikals Soris 
Sesabamisad tolia:  °= 45α  da °= 30β . 

 

 

1.2.4  

tvirTi Sekavebulia wonasworobaSi AB 
da BC ReroebiT, romlebic A, B da C 
wertilebSi saxsruladaa SeerTebuli. 

BC Rero gaWimulia 452 =F n ZaliT,  

xolo AC Rero SekumSulia 171 =F n 

ZaliT, ganvsazRvroT tvirTis wona, Tu 
°= 15α , da °= 60β . 

 
 1.2.5  

   saxsrul ABC samrgoliT wonasworo-
baSi Sekavebulia tvirTi, romelic 
Camokidebulia saxsrul C WanWikze. 
tvirTis zegavleniT AC Rero 

SekumSulia 252 =F n ZaliT. mocemulia 

kuTxeebi °= 60α  da °= 45β , CavTvaloT 

AC da BC Reroebi uwonadad da 
ganvsazRvroT Zalva BC ReroSi. 
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1.2.6  

  2 n wonis tvirTi Sekavebulia wonaswo-
robaSi vertikalur sibrtyeSi mdebare AC 
da BC TokebiT. ganvsazRvroT BC Tokis 
daWimuloba, Tu kuTxe °= 30α .   
 

 

1.2.7  

C wertilSi SeerTebuli ori AB da 
BC uwonadi Rero saxsruladaa mier-
Tebuli iatakTan. C saxsarze Camokide-
bulia tvirTi 1. ganvsazRvroT BC Reros 
reaqcia, Tu Zalva AC ReroSi tolia  
43n, kuTxeebi °= 60α , °= 30β .  

 

 

1.2.8  
ganvsazRvroT AC Reros reaqcia, romel-

sac jaWvis saSualebiT Sekavebuli aqvs 
14 n wonis 1 tvirTi. jaWvi, daxveulia D 
dolze da gadakidebulia C blokze. 
kuTxe °= 30α .  
  

 

1.2.9 
20 n wonis 1 tvirTi Camokidebulia 

Tokze da gawonasworebulia vertika-
lur sibrtyeSi mdebare OA da OB 
ReroebiT. Tokis meore bolo Camagrebu-
lia C wertilSi. ganvsazRvroT OA 
Reros reaqcia, Tu kuTxe °= 40α , 

°= 45β . 

 

 

1.2.10  

10 n wonis 1 tvirTi Camokidebulia 
Tokze, romelic gadakidebulia C 
blokze da daxveulia jalambaris D 
dolze. ganvsazRvroT Zalva AC ReroSi, 
Tu kuTxe °= 45α , °= 60β .  
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1.2.11 

16n wonis 1 tvirTi da 2 sfero erT-
maneTTan dakavSirebulia D blokze 
gadakidebuli TokiT da wonasworobaSia. 
ganvsazRvroT 2 sferos wona, Tu kuTxe 

°= 30α . 

 

1.2.12  

G = 8n wonis firfita wonasworobaSi 
Sekavebulia vertikalur sibrtyeSi 
mdebare AB da CD TokebiT. ganvsazRv-
roT CD Tokis daWimuloba, Tu kuTxe 

°= 30α . 

 

1.2.13  

AC da BC Reroebi C wertilSi 
SeerTebulia saxsrulad. C saxsarTan 
mierTebuli da D blokze gadakidebuli 
Tokis boloze Camokidebulia 12n wonis 
1 tvirTi. ganvsazRvroT BC Reros 
reaqcia, Tu kuTxe °= 60α . 

 

 

1.2.14  

6n wonis 1 tvirTi wonasworobaSi 
Sekavebulia AC da BC ReroebiT 
( BCAC = ), romlebic C wertilSi Seer-
Tebulia saxsrulad. ganvsazRvroT AC 
Reros reaqcia, Tu kuTxe °= 60α , xolo 
Zalva BC ReroSi tolia 6,94n. 

 

 

1.2.15  

12n wonis erTgvarovani burTula 
daxril gluv sibrtyeze wonasworobaSi 
Sekavebulia AB Tokis saSualebiT. 
ganvsazRvroT burTulis dawola sibrt-
yeze, Tu kuTxe °= 60α .   
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 1.2.16  

36n wonis erTgvarovani sfero 2 
eyrdnoba 1 da 3 sagoravebs. ganvsa-
zRvroT sferos wneva 1 sagoravze, Tu 
kuTxe °= 45α . 

 

 

1.2.17  

40n wonis erTgvarovani sfero 
eyrdnoba or sibrtyes, romlebic Tanak-
veTSi qmnian °= 60α -ian kuTxes. ganv-
sazRvroT sferos wneva daxril sibrt-
yeze.  

 

 

1.2.18  

G Gwonis cilindri wonasworobaSi 
Sekavebulia AB Tokis saSualebiT. 
sayrdeni zedapiris normaluri reaqcia 

40=N n. ganvsazRvroT Tokis F
r
 daWimu-

loba, Tu cnobilia kuTxeebi °= 45α  da 
°= 30β . 

 

 

1.2.19  

21   , GG
rr

 da 3G
r
 tvirTebi imyofebian wo-

nasworobaSi. cnobilia, rom 552 =G n da 

kuTxeebi °= 75α , °= 60β . ganvsazRvroT 

3G
r
 tvirTis wona. 

 

 

1.2.20  

1G
r
 da 2G

r
 tvirTebi imyofebian wonas-

worobaSi. ganvsazRvroT BC Tokis daWimu-
loba, Tu cnobilia, rom 902 =G n da 

kuTxeebi °= 45α , °= 60β .  
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1.2.21  

200n wonis horizontaluri Zeli B 
saxsriTa da DE Tokis saSualebiT 
Sekavebulia wonasworobis mdgomareobaSi. 
kuTxe BD da DE Tokebs Soris °= 150α . 
ganvsazRvroT B saxsris reaqcia, Tu 
cnobilia rom ACAB =4 . 

 

 

1.2.22  

AB Reros erTi bolo saxsruladaa 
Camagrebuli A wertilSi. meore B 
boloze mibmulia 50n wonis 1 tvirTi. 
Rero Sekavebulia wonasworobaSi BC 
TokiT. ganvsazRvroT BC Tokis reaqcia, 
Tu kuTxe °= 30α . 

 
 1.2.23  

erTgvarovani horizontaluri AB 
koWis wonaa 180n. kuTxe °= 45α . ganv-
sazRvroT A saxsris reaqcia. 
 

 

 

1.2.24  

ABC moRunuli Rero A saxsriT mimag-
rebulia iatakze, xolo misi meore C 
bolo Tavisuflad eyrdnoba °= 45α  
kuTxiT daxril gluv zedapirs. ganvsaz-
RvroT A saxsris reaqcia, Tu Reroze 
moqmedebs 10=F n Zala. 
 

 1.2.25  

5n wonis AB mrudwiruli Zelis A 
bolo Camagrebulia saxsrulad, xolo 
meore B boloze mibmulia BC Toki. 
ganvsazRvroT A saxsris reaqcia, Tu 
kuTxe °= 45α . 
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1.3. Tavmoyrili Zalebis Sekreba da 
daSla sivrceSi 

 

1.3.1  

sakoordinato RerZebze F
r
 Zalis gegmilebis:  20=xF n, 

25=yF n da 30=zF n mixedviT ganvsazRvroT am Zalis  

moduli. 
 

1.3.2  

ganvsazRvroT sakoordinato oz RerZsa da F
r
 Zalis 

veqtors Soris kuTxis kosinusi,  Tu Zala kjiF
rrrr

543 ++= (n). 
 

1.3.3  

ganvsazRvroT sakoordinato ox RerZsa da += iF
rr

3  

kj
rr

745,2 ++  Zalis veqtors Soris kuTxis kosinusi. 

 

 

1.3.4  

sivrceSi Tavmoyrili Zalebis R
r
 tol-

qmedis moduli  tolia 150n. ganvsazRvroT 
am tolqmedis gegmili sakoordinato oy 
RerZze, Tu kuTxeebi °= 30α , °= 60β . 

 

1.3.5  

ganvsazRvroT A wertilze modebuli 

121 =F n, 102 =F n da 93 =F n Zalebis 

tolqmedis moduli.   
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1.3.6 

ganvsazRvroT 151 =F n, 202 =F n da 

253 =F n Zalebis tolqmedis moduli, Tu 

1F
r
 da 3F

r
 Zalebis  fuZeebis mier sakoor-

dinato RerZebTan Sedgenili kuTxeebi, 
Sesabamisad tolia °= 60α  da °= 45β .  

 

1.3.7  

sami Zalis 8,33=R n tolqmedis gezi ganisazRvreba 

mimarTulebis kosinusebiT: 325,0),cos( =∧xR ; 0),cos( =∧yR ; 

946,0),cos( =∧zR . 1F
v
 da 2F

r
 Zalebis gegmilebi sakoordinato 

RerZebze Sesabamisad tolia 71 =xF n;  101 =yF n; 01 =zF ; 

52 −=xF n; 152 =yF n; 132 =zF n. ganvsazRvroT 3F
r
 Zalis moduli.   

 

1.3.8  

ganvsazRvroT sami Tavmoyrili Zalis tolqmedi moduli, 
Tu mocemulia maTi gegmilebi sakoordinato RerZebze: 

71 =xF n; 101 =yF n; 01 =zF ; 52 −=xF n; 152 =yF ; 122 =zF n; 

163 =xF n; 03 =yF ; 63 −=zF n.   

 
1.3.9  

marTkuTxa oxyz sakoordinato sistemis O saTaveSi 

modebulia ori Zala (n) kjiF
rrrr

9751 ++=  da kjiF
rrrr

11942 ++= . 

ganvsazRvroT tolqmedi Zalis moduli.  
   

 

1.3.10  

ganvsazRvroT sami Tavmoyrili Zalis 
tolqmedis moduli, Tu mocemulia rom 

modulebi: 51 =F kn, 122 =F kn, 92 =F kn da 

kuTxe °= 60β  
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1.4. Tavmoyril ZalTa sistemis wonasworoba 
sivrceSi 

 
1.4.1  

30321 === FFF n Zalebi mimarTulia sami urTierTperpen-

dikularuli RerZis gaswvriv. SeiZleba Tu ara maTi 

gawonasworeba 96,514 =F n ZaliT.    
 

 

1.4.2  
60n wonis  1 tvirTi Sekavebulia wo-

nasworobis mdgomareobaSi °= 30α -iani 
kuTxiT E blokze gadakidebuli TokiT da 
C wertilSi saxsrulad SeerTebuli AC, 
BC da DC ReroebiT. ganvsazRvroT Zalva 
DC ReroSi, Tu kuTxe  °= 45β . 

 

 

1.4.3  
AC, BC da DC Reroebi saxsruladaa 

SeerTebuli C wertilSi. ganvsazRvroT 
Zalva DC ReroSi, Tu mocemulia 50=F n 

Zala da kuTxe °= 60α . F
r
 Zala mdeba-

reobs  oyz sibrtyeSi. 
 

 

1.4.4  

AD, BD da CD Reroebi saxsruladaa 
SeerTebuli D wertilSi. ganvsazRvroT 
Zalva CD ReroSi, Tu 1 tvirTis wonaa 
20n, xolo kuTxe °= 45α . 

 

1.4.5  

AD, BD da CD Reroebi saxsruladaa 
SeerTebuli D wertilSi. ganvsazRvroT 
Zalva CD ReroSi, Tu 8=F n Zala 
mdebareobs oyz sibrtyeSi da kuTxe 

°= 20α .   
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1.4.6 

mZime detalebis asawevad iyeneben 
AOCB samfexas da D jalambars. ganv-
sazRvroT Zalva AC ReroSi, Tu asawevi 
1 tvirTis wonaa 60n; DCE gvarli mde-
bareobs oyz sibrtyeSi da kuTxeebi 

°= 60α , °= 45β .   

 
 

 

1.4.7 
100=G n wonis erTgvarovani fila 

Sekavebulia wonasworobaSi naxazis  
sibrtyeSi mdebare AD, BD da CD gvar-
lebis saSualebiT. ganvsazRvroT Zalva 
CD ReroSi. Tu kuTxe °= 30α . CD gvarli 
Zevs  oyz sibrtyeSi.  
 

 

1.4.8 

AO, BO da CO Reroebi saxsruladaa 
SeerTebuli O wertilSi. ganvsazRvroT 
CO Reros reaqcia. Tu O saxsarze 
moqmedebs 12=F n Zala ADAOAB == . 

 

1.4.9  
AO, BO da CO Reroebi O wertilSi 

SeerTebulia saxsrulad. masze modebu-
lia 18=F n. Zala. ganvsazRvroT Zalva 
AO ReroSi, Tu kuTxeebi °= 30α , °= 45β . 

 

1.4.10 

ganvsazRvroT Zalva uwonad CD Re-
roSi, Tu misi wona 200=G n. aseve cno-
bilia saxsrul-Rerovani konstruqciis 
sigrZeebi 2== DECE m da 4== BDAB m.   
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Tavi 2. brtyel ZalTa sistema 

 

2.1. Zalis momenti wertilis mimarT. 
wyvilZalis momenti 

 

2.1.1  

ganvsazRvroT Zalis momenti sakoordinato sistemis 

saTavis mimarT, Tu Zalis gegmilebia 210== yx FF n da 

cnobilia am Zalis modebis wertilis koordinatebi 
1,0== yx m. 

 

 
 

2.1.2  

kvadratuli firfitis A wveroSi, 
romlis gverdis sigrZe 0,2m, modebulia 

150=F n Zala. ganvsazRvroT am Zalis 
momenti B wertilis mimarT.  
 

 
 

2.1.3  

420=F n Zala modebulia A wertilSi 
da Zevs oxy sibrtyeSi. ganvsazRvroT am 
Zalis momenti O wertilis mimarT, Tu 

2,0=Ax m, 3,0=Ay m da kuTxe °= 30α . 

 

2.1.4  

kbilaTvalze moqmedebs wyvilZala. 
ganvsazRvroT am wyvilZalis momenti, Tu 

100=′= FF n Zalebi moqmedeben A da B 
wertilebze, romlebic moTavsebulia 
wrewirze. wrewiris radiusia 04,0=r m, da 

am wrewiris mxebTan qmnian °= 20α -ian 
kuTxes. 



 22 

 
 

2.1.5 

ganvsazRvroT ),( FF ′
rr

 wyvilZalis mo-

menti, Tu Zalebis gegmilebi 5,7=′= xx FF n, 

5,2=′−= yy FF n da maTi modebis wertilebis 

koordinatebia: 1,01 =x m, 15,01 =y m; 015,02 =x m, 

02,02 =y m.   
 

 

2.1.6  

filaze, missave sibrtyeSi  moqmedebs 
ori wyvilZala. ganvsazRvroT am wyvilZa-
lebis momentebis jami, Tu 8=F n, 5=Q n; 

manZili 25,0=AB m, 2,0=CD m, kuTxeebi 

°= 60α , °= 45β .    

 

2.1.7  

ABC TaRze moqmedebs ),( 11 FF ′
rr

wyvilZala  

da 2=F n. Zala ganvsazRvroT maTi 
momentebis jami B wertilis mimarT, Tu 
Zala 3=F n-s, radiusi 1=r m, mxari 

2,1=DE m, kuTxe °= 45α . 
 

 

2.1.8  

AB TaRze moqmedebs ),( 11 FF ′
rr

 wyvilZala 

da F
r
 Zala. ganvsazRvroT maTi momentebis 

jami A wertilis mimarT, Tu Zalebi 
4=F n, 2=F n, radiusi 2=r m, mxari 

5,1=CD m. 

 

2.1.9  
erT sibrtyeSi moTavsebulia sami 

wyvilZala. ganvsazRvroT 3M  wyvilZalis 

momenti, rodesac es sistema aris 

wonasworobaSi da momentebi 5101 =M n.m, 

1202 =M n.m. 
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2.1.10 

A wertilSi saxsrulad Camagrebul AB 
Reroze mobmulia BD Toki 1 tvirTiT. 

ganvsazRvroT iseTi F
r
 Zalis sidide, 

roca AB Rero wonasworobaSia, Tu kuTxe 
°= 60α , tvirTis wona 2n, manZili BCAC = . 

 

 

2.1.11  

O wertilze uZravad Camagrebul 

berketze moqmedebs 41 =F n da 2F
r
Zalebi. 

ganvsazRvroT iseTi 2F  Zalis moduli, 

roca berketi iqneba wonasworobaSi, Tu 
kuTxe °= 45α , °= 120β , manZili 5,0=AO m, 

6,0=BO m. 
 

 
 

2.1.12  
O wertilSi saxrulad Camagrebuli 

erTgvarovani OA Rero mdebareobs ver-
tikalur sibrtyeSi. ganvsazRvroT hori-

zontaluri F
r
 Zalis moduli, rodesac 

Reros wonasworobaSia, Tu kuTxe °= 45α , 
Rero wonaa 5n. 
 

 

2.1.13 

berketze, romelsac gaaCnia uZravi O 

RerZi, moqmedebs 61 =F n da 2F
r
Zalebi. 

ganvsazRvroT 2F
r
 Zalis moduli, roca 

berketi wonasworobaSia, Tu kuTxe 
°= 70α , sigrZe 3,0=AO m, 4,0=BO m. 

 
 

2.1.14 
uZravi O RerZis mqone berketze, moq-

medebs wyvilZala 3=M n.m momentiT da F
r
 

Zala. ganvsazRvroT F
r
 Zalis moduli, 

roca berketi wonasworobaSia, Tu kuTxe 
°= 45α , sigrZe 3,0=AO m.  
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2.2. brtyel ZalTa sistemis nakrebi veqtori 
da nakrebi momenti. umartives saxeze  

dayvana 
 

2.2.1  

ganvsazRvroT brtyel ZalTa sistemis nakrebi veqtori, 
Tu misi gegmilebi sakoordinato RerZebze Sesabamisad 

toloa 300=xR n, 400=yR n.   
 

 

2.2.2  

ganvsazRvroT A wertilis mimarT ori 
Zalisagan Semdgari sistemis nakrebi 
momenti, Tu Zala 1=G n, 5=F n, manZili 

2,0=l m, kuTxe °= 60ϕ . 

 

 

2.2.3  

kvadratis wveroebze modebulia oTxi 

Zala: 14321 ==== FFFF n. ganvsazRvroT am 

ZalTa sistemis tolqmedis moduli.  
 

 

2.2.4   
ZalTa sistemis dayvanis centrad arCeu-

lia wertili, romelic oy RerZze 
mdebareobs da romlis mimarT nakrebi 
momenti nulis tolia. ganvsazRvroT am 

wertilis ordinata, Tu 1321 === FFF
rrr

n, 

24 =F
r

n, radiusi 1=r m. 

 

 

2.2.5  

tolgverda samkuTxedis wveroebze 

modebulia Zalebi: 1321 === FFF n. ganv-

sazRvroT im ZalTa sistemis tolqmedis 
moduli.  
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2.2.6  

mocemulia Zalebi 12321 === FFF n, 

144 =F n. ganvsazRvroT ZalTa sistemis O 

nakrebi momenti wertilis mimarT, Tu 
radiusi 2,0=r m. 

 
 

2.2.7  

marTkuTxa samkuTxedis wveroebze mode-
bulia Zalebi. ganvsazRvroT α  kuTxe 
gradusebSi, rodesac ZalTa sistemis nak-

rebi momenti 20 −=M kn.m da Zala 42 =F kn, 

manZili 1=l m. 

 
 

2.2.8  

marTkuTxa samkuTxedis wveroebSi mo-

debulia 31 =F n, 62 =F n, 143 =F n. Zalebi 

ganvsazRvroT α  kuTxis mniSvneloba gra-
dusebSi, roca am ZalTa sistemis nakrebi 
veqtori paraleluria ox RerZis. 

 
 

2.2.9  

marTkuTxedze modebulia oTxi Zala, 
TiToeuli 10n. ganvsazRvroT am sistemis 
nakrebi veqtoris moduli, Tu  °= 60α . 
 

 

2.2.10  

kvadratze modebulia eqvsi Zala, 
TiToeuli 6n sididis. ganvsazRvroT am 
ZalTa sistemis nakrebi momenti A 
wertilis mimarT, Tu manZili 5,0=l . 
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2.2.11  

kvadratis wveroebze modebulia eqvsi 
Zala TiToeuli 4n sididis. ganvsazRvroT 
am ZalTa sistemis nakrebi momenti B 
wertilis mimarT, Tu manZili 4,0=l . 

 

2.2.12  

marTkuTxa samkuTxedis wveroebze mode-

bulia 121 =F n, 42 =F n, 23 =F n Zalebi. 

ganvsazRvroT α  kuTxis mniSvneloba 
gradusebSi, roca am ZalTa sistemis 
nakrebi veqtori iqneba oy RerZis parale-
luri. 

 

2.2.13  

marTkuTxedze modebulia 41 =F n, 52 =F n, 

23 =F n Zalebi. ganvsazRvroT A wertilis 

mimarT am sistemis nakrebi momenti, Tu 

manZili 1=l m, kuTxe °= 30α . 

 

2.2.14  

wesier eqvskuTxedze modebulia xuTi 
moduliT toli Zala. ganvsazRvroT 
kuTxe gradusebSi am sistemis nakreb 
veqtorsa da ox RerZs Soris. 

 

2.2.15 

mocemulia 2321 === FFF n, 104 =F n 

brtyel ZalTa sistema: ganvsazRvroT am 
sistemis nakrebi momenti A wertilis 
mimarT, Tu radiusi 1=r m. 
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2.2.16  

α  kuTxis ra mniSvnelobisaTvis iqneba 
sami Zalisgan Semdgari sistemis tol-
qmedi mimarTuli vertikalurad, Tu 

Zalebi: 46,31 =F n, 22 =F n, 43 =F n. 

 

2.2.17  

mocemulia brtyel ZalTa sistema: 

44321 ==== FFFF n, 55 =F . ganvsazRvroT 

am sistemis nakrebi veqtoris moduli. 

 

2.2.18  

A wertilidan ra umokles manZilze 
gaivlis 4 Zalisgan Semdgar ZalTa siste-

mis tolqmedis fuZe, Tu === 321 FFF  

14 == F n, manZili 1,0=l m. 

 
 

 

 

2.2.19  

ra d manZilze unda movdoT 100=F n 
Zala, rom am Zalisa da ganawilebuli 

3max =q n/m datvirTvis tolqmedis fuZem 

gaiaros A wertilSi, Tu manZili 10=l m, 
kuTxe °= 60α . 

 

2.2.20 

   ra sididis kuTxes Seadgens == 21 FF  

43 FF ==  mocemuli ZalTaa sistemis 

tolqmedi ox RerZTan. 
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2.2.21  

kvadratze modebulia oTxi == 21 FF  

13 == F n Zalisagan Semdgari sistema. 

ganvsazRvroT 4F  Zalis moduli, rodesac 

drosac am sistemis tolqmedi 2=R n. 

2.3. brtyeli paraleluri Zalebis  
wonasworoba 

 
2.3.1 

Camagrebul koWze moqmedebs brtyeli paraleluri ZalTa 
sistema. ramdeni damoukidebeli wonasworobis gantoleba 
SeiZleba SevadginoT koWisaTvis? 
 

 

 
 
 

2.3.2  

A wertilSi saxsrulad Camagrebul BC 
Zelze, moqmedebes vertikaluri Zalebi 

41 =F kn da 2F
r
. ganvsazRvroT 2F (kn) Zala, 

romelic aucilebelia Zelis horizonta-
lur mdgomareobaSi Sesakaveblad, Tu 
manZili 2=AC m, =AB 6m.   
 

 

2.3.3  
AE koWi A wertilSi saxsruladaa 

Camagrebuli da eyrdnoba vertikalur CD 
Reros. ganvsazRvroT kn-Si CD ReroSi 
Zalva, Tu manZili 1=AB m, 2== CEBC m, 

xolo 21 =F kn da 42 =F kn Zalebi verti-

kaluria. 

 

2.3.4 

AB koWze moqmedeben 11 =F kn, 22 =F kn da 

32 =F kn vertikaluri Zalebi. ganvsazRv-

roT B sayrdenis reaqciis Zala kn-Si, Tu 
manZili 1=== DECDAC m, 2=BE m. 
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2.3.5  
AB koWze moqmedebs vertikaluri 

5=F kn Zala da ganawilebuli datvirTva 
4=q kn/m intensivobiT. ganvsazRvroT B 

sayrdenis reaqciis Zala, Tu sigrZe 
6=AC m da 6=BC m. 

 

 

2.3.6 

20=G kn wonis AB erTgvarovan Zelze 
moqmedebs ganawilebuli q = 0,5 kn/m inten-
sivobis datvirTva. ganvsazRvroT A sayr-
denis reaqcia kn-Si, Tu sigrZe 6=AB m, 

BCAC = .   
 

 
 

2.3.7 

AB Zelze moqmedebs 9=F n Zala da 
ganawilebuli 3=q kn/m intensivobis dat-

virTva. ganvsazRvroT B sayrdenis 
reaqcia, Tu sigrZe 5=AB m, 2=BC m. 

 

 

2.3.8  

ra sigrZis unda iyos AC monakveTi, ro-
melzec moqmedebs ganawilebuli 5=q kn/m 

intensivobis datvirTva, rom B sayrdenis 
reaqcia iyos 10 kn-is toli, Tu AB Zelis 
sigrZe 9 m-ia. 

 

 

2.3.9  
ganvsazRvroT C sayrdenis reaqcia, Tu 

ganawilebuli datvirTvis intensivoba 

120=maqsq n/m, zomebi 5,4=AB , 5,1=BC m. 

 

 

2.3.10  
ganvsazRvroT B sayrdenis reaqcia, Tu 

ganawilebuli datvirTvis intensivoba 
40=q n/m, xolo koWis zomebi 4=AB m, 

2=BC m. 
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2.3.11  

rogori unda iyos ganawilebuli dat-

virTvis  intensivobis maqs.q  sidide, imisa-

Tvis, rom B sayrdenis reaqcia 200n toli 
iyos, Tu zomebi 2=AC m, 3=CD m, 1=DB m. 

 

2.3.12 

ADB CarCoze moqmedeben vertikaluri 

Zalebi: 91 =F kn da 42 =F kn. ganvsazRvroT 

B sayrdenis reaqcia, Tu manZili 5,2=AC m, 

6=AB m. 

 

2.3.13  

ganvsazRvroT 1 tvirTis wona, romelic 
aucilebelia 340 n wonis AB erTgvarovani 
koWis horizontalur wonasworobis 
mdgomareobaSi Sesakaveblad. 

 

2.3.14 

AB erTgvarovani koWis wonaa 140 n. 
ganvsazRvroT 1 tvirTis wona, romelic 
aucilebelia AB Zelis miTiTebuli wonas-
worobis mdgomareobaSi Sesakaveblad.  
 

 

2.3.15 
ganvsazRvroT datvirTvis q intensivoba, 

rodesac A CamagrebaSi aRZruli momenti 
400 n.m tolia da zomebi 2=AB m, 4=BC m. 

 

 

2.3.16  

ganvsazRvroT F vertikaluri Zala, 
rodesac A CamagrebaSi aRZruli momenti 
240 n.m, Tu ganawilebuli datvirTvis in-
tensivoba 40=q n/m, xolo zomebi CD = 3m, 

AB=BC =1 m. 
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2.3.17  

ganvsazRvroT momenti A CamagrebaSi, Tu 
ganawilebuli datvirTvis intensivoba 

100=maqsq n/m, xolo AB Zelis sigrZe 3 m-ia.   

 

2.3.18 

ganvsazRvroT ganawilebuli datvirT-
vis qmaqs. intensivoba, roca A CamagrebaSi 
aRZruli momenti 270 n/m-ia, zomebi 1=AB m, 

4=AC m. 

 

2.3.19  

ganvsazRvroT A CamagrebaSi aRZruli 
momenti, Tu ganawilebuli datvirTvis 

intensivoba 30=maqsq n/m, 30=minq n/m, xolo 

zomebi AB = 2m, BC = 6m. 
 

 

2.3.20  

ganvsazRvroT F
r
 Zalis moduli, rode-

sac A CamagrebaSi aRZruli momenti 300n.m-ia. 
ganawilebuli datvirTvis intensivoba 

20=maqsq n/m, xolo zomebi AB = 1m, BC = 2m, 
CD = 3m.  

 

2.3.21  

ganvsazRvroT ganawilebuli datvir-
Tvis qmaqs. intensivoba, romlis drosac A 
CamagrebaSi vertikaluri reaqcia 60n-ia, 
BC=3m-s. 

 

2.3.22  

l manZili ra mniSvnelobisaTvis iqneba 

10=AR n, Tu ganawilebuli datvirTvis 

intensivoba 10=maqsq n/m. 
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2.3.23  

ganawilebuli datvirTvis intensivobis 
ra mniSvnelobisaTvis iqneba CamagrebaSi 

wyvilZalis momenti 200=AM n.m-is toli, 

Tu manZili l = 1m. 
 

 

2.3.24  

ganvsazRvroT l manZili, rodesac A 
CamagrebaSi reaqcia 2=R n-is tolia, Tu 
ganawilebuli datvirTvis intensivoba 

1=maqsq n/m.  

 

 

2.3.25  

ganvsazRvroT brjenis l sigrZe, 
rodesac CamagrebaSi aRZruli momenti 

3=AM n.m-s, Tu ganawilebuli datvirTvis 

sidide 1=maqsq n/m.  

 

 

2.3.26 

brjenze moqmedebs ganawilebuli dat-

virTva 4=maqsq n/m intensivobiT. α  kuTxis 

ra mniSvnelobisaTvis iqneba A CamagrebaSi 
vertikaluri reaqcia 1n-is toli, Tu 

manZili 1=l m. 
 

2.4. nebismieri brtyel ZalTa sistemis 
wonasworoba 

 
2.4.1  

Camagrebul Zelze moqmedebs nebismieri brtyel ZalTa 
sistema. ramdeni damoukidebeli gantoleba daiwereba koWis 
wonasworobisaTvis. 



 33 

 

2.4.2  

ganvsazRvroT D sayrdenis reaqcia, Tu 

Zalebi 6,841 =F n, 2082 =F n; zomebi AB =1m, 
BC =3m, CD =2m.  

 
 2.4.3  

koWze, romlis sigrZea l = 3m, moqmede-
ben wyvilZalebi 21 =M kn.m da 82 =M kn.m 

momentebiT. ganvsazRvroT kn-Si B sayr-
denis reaqciis Zalis moduli. 

 

 

2.4.4  

ganvsazRvroT wyvilZalis M momenti, 
rodesac B sayrdenis reaqcia 250n.m-is 
tolia, Tu ganawilebuli datvirTvis 
intensivoba 150=q n/m, zomebi 2== CBAC m. 

 

 

2.4.5  

berketze moqmedeben Zalebi: 501 =F kn da 

2F
r
. ganvsazRvroT kn-Si 2F

r
 Zalis sidide, 

roca berketi aris wonasworobaSi, Tu 
kuTxe °= 60α , xolo sigrZe 3=AO m, 

4== BCOB m. 
 

 

.2.4.6  

AB koWze moqmedebs ganawilebuli 
datvirTva 2=q n/m intensivobiT da 6=F n 

Zala. ganvsazRvroT B sayrdenis reaqcia, 
Tu sigrZe 31=AC , AB , kuTxe °= 45α .  
 

 

2.4.7  
AC koWze moqmedebs ganawilebuli 

datvirTva 5,2=maqsq n/m intensivobiT da 

wyvilZalebi 41 =M n.m, 22 =M n.m. momentebi  

ganvsazRvroT B sayrdenis reaqcia, Tu 
sigrZe 4=AB m, ABBC 5,0= .  
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2.4.8  

ganvsazRvroT ganawilebuli datvir-

Tvis maqs.q  intensivoba, rodesac B saxsris 
reaqcia 346n-ia. zomebi 8=AC m, 6=AC m.  
 

 

2.4.9  

ganvsazRvroT D sayrdenis reaqcia kn-
Si, Tu wyvilZalis momenti 13=M kn.m, 
ganawilebuli datvirTvis intensivoba 

8=maqsq kn/m, zomebi 3== BCAB m, 1=CD m. 

 

 

2.4.10.  
AC koWi Camagrebulia C saxsarSi da 

Sekavebulia horizontalur mdgomareo-
baSi AD TokiT, romelic gadakidebulia 
blokze. ganvsazRvroT ganawilebuli 
datvirTvis intensivoba q, Tu sigrZe 

5=BC m, 8=AC m, kuTxe °= 45α , xolo 1 
tvirTis wona 20 n-ia. 

 

 

2.4.11  

ganvsazRvroT 1 tvirTis wona, roca 
AB Zeli Sekavebulia horizontalur 
mdgomareobaSi da misi wona 346n.  
 

 

2.4.12 
ganvsazRvroT kn-Si A saxsarSi aRZruli 

reaqciis Zalis horizontaluri mdgeneli, 
Tu gvarlis daWimuloba 35=F kn. 

 

 

2.4.13  
ganvsazRvroT A sayrdenis reaqcia, Tu 

koWis sigrZe 3,0=l m. ganawilebuli 

datvirTvis intensivoba 20=maqsq n/m., kuTxe 

°= 60α .  
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2.4.14 

qanqara Sekavebulia wonasworobaSi 
wyvilZalis moqmedebiT, romlis momenti 

5,0=M n.m da meore wyvilZaliT, romelsac 

qmnis G
r
 wona da sayrdenis R

r
 reaqcia. 

ganvsazRvroT gadaxris ϕ  kuTxis sidide 

gradusebSi, Tu 10=G n da manZili 1,0=l m.  
 

 

2.4.15  

A saxsarSi Camagrebuli 100 kn wonis 
erTgvarovani Zelis B bolo eyrdnoba 
gluv kedels. ganvsazRvroT kn-Si Zelis 
wneva kedelze, Tu kuTxe °= 60α . 

 

2.4.16  

CarCoze moqmedebs ganawilebuli dat-

virTva 20=maqsq n/m intensivobiT. gansa-

zRvroT A sayrdenis reaqcia, Tu zoma 

3,0=l m. 

 

2.4.17  

samkuTxedze moqmedebs horizontaluri 

F Zala. ra 2h  manZilze unda movaTavsoT 

B sayrdeni, imisaTvis, rom A da B 
sayrdenTa reaqciebi iyos toli, Tu 

zomebia 3,0=l m, 4,01 =h m.  

 

 

2.4.18  

ganvsazRvroT horizontaluri AB 
koWis C sayrdenis reaqciis horizonta-
luri mdgeneli, Tu masze Camokidebuli 1 
wonis 18 kn tvirTi.  
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2.4.19  

Rero horizontTan Sekavebulia °= 30α  
kuTxiT. ganvsazRvroT A sayrdenis 
reaqcia, Tu wyvilZalis momenti 

25=M kn.m. 
 

 

2.4.20 

AB koWi eyrdnoba CD Reros. ganv-
sazRvroT CD Reros reaqcia, Tu manZili 

2=AB m, ABBD
3
1

= ,BZala 4=F n, kuTxe 

°= 60α . 

 

2.4.21  

AB texil koWze, romelic Camagre-
bulia kedelSi, moqmedebs ganawilebuli 

datvirTvebi intensivobiT 51 =q n/m da 

32 =q n/m. ganvsazRvroT CamagrebaSi aRZru-

li momenti, Tu sigrZe 3=BC m, 5=AD m.  
 

 

2.4.22  

ganvsazRvroT horizontaluri F Zala, 
roca AB TaRis  B sayrdenis reaqcia 200 
n-ia. zomebi 1=a m, 4=AB m.  
 

 

2.4.23  

TaRi, romelsac naxevarwrewiris forma 
aqvs A wertilSi aris xistad Camag-
rebuli. ganvsazRvroT momenti A Camagre-
baSi, Tu Zala 100=F n. 
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2.4.24  

1 da 2 tvirTi Camokidebulia Tokebze, 
romlebic daxveulia safexurebian dolze. 
ganvsazRvroT kn-Si A saxsris reaqciis 
horizontaluri mdgeneli, Tu kuTxe 

°= 60α  da 1 tvirTis wona 30 kn-ia. sistema 
aris wonasworobaSi. 

 

 

2.4.25.  

1 da 2 tvirTi Camokidebulia Tokebze, 
romlebic daxveulia safexurebian dolze. 
ganvsazRvroT kn-Si A saxsris reaqciis 
vertikalur mdgeneli, Tu radiusi rR 2= , 
kuTxe °= 30α , 1 tvirTis wona 20 kn. 
sistema aris wonasworobaSi.  

 

2.4.26  

AB Rero xistad aris SeerTebuli 
diskosTan. ganvsazRvroT kn-Si B 
sayrdenis reaqcia, Tu Zala 24=F kn, 
kuTxe °= 30α . 
 

 

2.4.27  

AC Rero xistad aris SeerTebuli 
CarCosTan. ganvsazRvroT kn-Si B sayrde-

nis reaqcia, Tu Zalebi 2021 == FF kn, 

wyvilZalis momenti 80=M kn.m, manZili 

2=l m. 

 

2.4.28  

fermaze moqmedebs F vertikaluri 
Zala. α  kuTxis ra mniSvnelobisaTvis 

iqneba reaqciis Zala FRA 2= ? 
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2.4.29 

erTgvarovani kvadratuli firfita 
romlis wonaa 1 n Camagrebulia verti-
kalur sibrtyeSi sam sayrdenze.  ganv-
sazRvroT A sayrdenis reaqcia, Tu zomebi 

3,01 =l m, 1,02 =l m, 1,01 =h m, 2,02 =h m. 

 

 
 

2.4.30 

2=G kn wonis 1 kibe, Sekavebulia hori-
zontalur mdgomareobaSi 2 hidrocilind-
ris saSualebiT. ganvsazRvroT kn-Si Zala, 
romelic moqmedebs dguSis jokze, Tu 

Zalis momenti 2)(0 =GM kn.m, kuTxe °= 30α , 

manZili 5,0== ABAO m. 
 

 

2.4.31  

10=G kn wonis 1 Zara Sekavebulia wo-
nasworobaSi 2 hidrocilindriT. ganvsaz-
RvroT kn-Si Zala, momqmedi hidroci-

lindris 3 jokze, Tu manZilebi 3=l m, 

2,1=b m, 1=AO m da kuTxe °= 30α . 

 

2.4.32 

kedelSi Camagrebul AB konsolur koWze, 
moqmedebs 4=F n Zala da wyvilZala 

2=M n.m momentiT. ganvsazRvroT Camagre-
baSi momenti, Tu sigrZe 4=AB m. 
 

 2.4.33. 

 konsoluri koWi datvirTulia 

17901 =M n.m da 21352 =M n.m. momentebiani 

wyvilZalebiT. ganvsazRvroT momenti Camag-
rebaSi. 
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2.4.34  

AD koWze moqmedebs wyvilZala momen-
tiT 200=M n.m; ganawilebulia datvir-

TvaY 20=q n/m intensivobiT da F
r
 Zala. 

rogori unda iyos F
r
 Zala, rom A Camagre-

baSi momenti 650n.m-is toli iyos, Tu 
zomebia 2=== CDBCAB m. 
 

 

2.4.35  

ganvsazRvroT A CamagrebaSi momenti, 

Tu 501 =F n, 1002 =F n, zomebi 2== BCAB m.  

 
 2.4.36  

ganvsazRvroT ganawilebuli datvir-
Tvis q intensivoba, rodesac A CamagrebaSi 
momenti 546n.m-ia, Tu Zala 173=F n, 
wyvilZalis momenti 42=M n.m, zomebi 

2== CDAB m, 1=BC m. 

 

 
 

2.4.37  

ganvsazRvroT F
r
 Zalis sidide, rodesac 

A CamagrebaSi momenti 3700 n.m-ia, ganawi-
lebuli datvirTvis intensivoba 200=q n/m, 

zomebi 2== BCAB m, 3=CD m. 

 

2.4.38 

ganvsazRvroT kn.m-Si A CamagrebaSi 
momenti, Tu Zala 80=F kn, kuTxe °= 30α , 

manZilebi 8,11 =l m, 22 =l m, 4,0=h m. 

 

 

2.4.39  

ganvsazRvroT kn.m-Si konsoluri koWis 
A CamagrebaSi momenti, Tu gvarlis daWimu-

loba 50=F kn da manZili 5,0=h m. 
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2.4.40  
ganvsazRvroT kn-Si konsoluri koWis 

A CamagrebaSi reaqciis Zalis horizonta-
luri mdgeneli, Tu gvarlis daWimulobis 
Zala 25=F kn, kuTxe °= 30α . 
 

 

2.4.41  

ganvsazRvroT kn-Si F Zalis sidide, 
rodesac A CamagrebaSi momenti 56 kn.m-ia, 
Tu manZili 66,5=AB m. 

 2.4.42  

ganvsazRvroT ganawilebuli datvir-
Tvis q intensivoba, rodesac A CamagrebaSi 
momenti 480 n.m-ia, zomebi 3=AB m, 2=BC m. 

 

2.4.43  

ganvsazRvroT kn-Si konsoluri koWis 
A CamagrebaSi reaqciis Zalis vertika-
luri mdgeneli, Tu gvarlis daWimulobis 
Zala 10=F kn da kuTxe °= 30α .  
 

 

2.4.44  

ganvsazRvroT kn-Si konsoluri koWis 
A CamagrebaSi aRZruli reaqciis Zalis 
vertikaluri mdgeneli, Tu gvarlis 
daWimulobis Zala 4=F kn da °= 60α . 
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2.4.45  

ganvsazRvroT kn.m-Si konsoluri koWis 
A CamagrebaSi momenti, Tu gvarlis daWi-

mulobis Zala 40=F kn, manZili 3=h , 
kuTxe °= 30α . 

 

2.4.46 

kronSteinze moqmedebs 10=F n Zala. 
ganvsazRvroT koWis maqsimaluri l sigrZe, 
rodesac A CamagrebaSi aRZruli wyvil-
Zalis momenti ar aRemateba 1 n.m, Tu 
radiusi 05,0=r m, kuTxe °= 60α .   

 

2.4.47  

ganvsazRvroT F
r
 Zalis moduli, roca 

momenti 300n.m-ia da ganawilebuli datvir-

Tvis intensivoba 400=maqsq n/m. zomebi 

3=AB m, 1=BD m, 4,2=BC m. 
 

 

2.4.48  

ganvsazRvroT BC ubnis sigrZe, roca A 
CamagrebaSi aRZruli momenti 180 nm-ia,  
zoma AC = 2m da ganawilebuli datvirTvis 
intensivoba q = 30n/m 

 

2.4.49  

ganvsazRvroT A CamagrebaSi aRZruli 
momentis moduli, Tu Zala 150=F n, gana-

wilebuli datvirTvis 40max =q n/m inten-

sivoba, zomebi 1== BDAD m, BC = 3m. 
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2.5. sxeulis wonasworoba srialis xaxunis 
gaTvaliswinebiT 

  
2.5.1  

daxril sibrtyeze Zevs tvirTi. ganvsazRvroT horizont-
Tan sibrtyis maqsimaluri daxris kuTxis mniSvneloba 
gradusebSi, roca tvirTi iqneba wonasworobaSi da srialis 
xaxunis koeficienti 0,6-is toli. 
 

 

2.5.2  

rogori unda iyos 2 tvirTis mini-
maluri wona, imisaTvis, rom 200n wonis 1 
sxeulma daiwyos sriali horizontalur 
zedapirze, Tu srialis xaxunis 

koeficienti 2,0=f -is tolia. 

 
 

2.5.3  

ganvsazRvroT 1 sxeulis minimaluri 
wona, romlis drosac is isrialebs DE 
sibrtyeze qvemoT, Tu 2 tvirTis wona 320n-
ia da srialis xaxunis koeficienti 1 
sxeulsa da DE sibrtyes Soris 0,2-ia.  

 

2.5.4  
AB erTgvarovani Zeli A wertilSi 

eyrdnoba gluv kedels, xolo B wertilSi 
aragvluv iataks. ganvsazRvroT srialis 
xaxunis koeficientis minimaluri mniSvne-
loba iataksa da Zels Soris, rodesac 
Zeli darCeba naCveneb mdgomareobaSi. 
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2.5.5  

ganvsazRvroT srialis xaxunis koefi-
cientis minimaluri mniSvneloba 400n 
wonis 1 tvirTsa da DC sibrtyes Soris, 
rodesac 1 tvirTi darCeba wonasworobaSi, 
Tu 2 tvirTis wona 96n-ia. 

 

2.5.6  

ganvsazRvroT 1 tvirTis minimaluri 
wona, roca is darCeba wonasworobaSi, Tu 
2 tvirTis wona iqneba 140n, xolo 1 
sxeulis srialis xaxunis koeficienti 
sibrtyis tolia 0,2. 
 

 

2.5.7  
rogori unda iyos 1 tvirTis wona, 

imisaTvis, rom daiwyos am tvirTis 
gasrialeba maRla daxril sibtyeze, Tu 
Zala 90=F n, xolo srialis xaxunis 

koeficienti 3,0=f ? 
 

 

2.5.8  
rogori maqsimaluri wonis unda iyos 2 

tvirTi, imisaTvis, rom 100n wonis 1 tvirTi 
darCes wonasworobaSi daxril sibrtyeze, 

Tu srialis xaxunis koeficienti 3,0=f ? 

 
2.6. sxeulis wonasworoba gorvis xaxunis 

gaTvaliswinebiT 
 

2.6.1  

520n wonis cilindri Zevs horizontalur sibrtyeze 
ganvsazRvroT wyvilZalis momentis minimaluri mniSvneloba, 
romelic aucilebelia imisaTvis, rom cilindrma igoraos. 
gorvis xaxunis koeficienti 007,0=δ m. 
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2.6.2  

700n wonis erTgvarovan sagoravze 

modebulia F
r
 Zala. ganvsazRvroT am Zalis 

minimaluri moduli, imisaTvis, rom sago-
ravma daiwyos gorva srialiT, Tu 
radiusi 1=R m, srialisa da gorvis 

xaxunis koeficienti Sesabamisad 2,0=f , 

008,0=δ m-is tolia.  

 

2.6.3  

2kn wonis erTgvarovan satkepnze moqme-

debs horizontaluri 102 =F n da vertika-

luri 1F
r
 Zala. rogori maqsimaluri 

sididis SeiZleba iyos 1F
r
 Zalis moduli, 

imisaTvis rom satkepnma daiwyos gorva, Tu 
gorvis xaxunis koeficienti 005,0=δ m, 

radiusi 8,0=R m da zoma 4,0=OA m? 
 

 

2.6.4  

2kn wonis erTgvarovan satkepnze mode-

bulia F
r
 horizontaluri Zala. ganvsazR-

vroT F
r
 Zalis modulis maqsimaluri 

mniSvneloba, rodesac satkepni arc 
goravs da arc srialebs, Tu gorvis 
xaxunis koeficienti 06,0=δ m; srialis 

xaxunis koeficienti 2,0=f ; radiusi 

6,0=R  da zoma 4,0=OA m. 

 

2.6.5  

1 satkepnze uWimadi ZafiT Camokide-
bulia 2 tvirTi. ganvsazRvroT 2 tvirTis 
maqsimaluri wona, roca 3,2 kn wonis 1 
satkepni darCeba wonasworobaSi, Tu 
gorvis xaxunis koeficienti 004,0=δ m, 

radiusi 4,32=R sm. 

 2.6.6  
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5kn wonis erTgvarovan satkepnze mode-
bulia wyvilZala momentiT 210=M n.m. 
ganvsazRvroT, rogori unda iyos 2 
tvirTis maqsimaluri wona, imisaTvis, rom 
satkepni gagordesAmarcxniv, Tu gorvis 
xaxunis koeficienti 003,0=δ m, radiusi 

453,0=R m.  
 

 
 
 

2.6.7  

5,0=R m radiusis 4kn wonis erTgvaro-
vani 2 satkepni dakavSirebulia 1 sxeulTan 
uWimadi ZafiT. satkepnis gorvis xaxunis 
koeficientia 05,0=δ m, modebuli wyvil-

Zalis momenti 50=M n.m-s. ganvsazRvroT 1 
sxeulis udidesi wona, romlis drosac is 
iwyebs srials, Tu srialis xaxunis 
koeficienti sxeulis da satkepnisaTvis 

2,0=f . 

 

 

2.6.8  

ganvsazRvroT F
r
 Zalis minimaluri 

mniSvneloba, imisaTvis, rom 3,0=R  
radiusis satkepni goravdes, Tu gorvis 
xaxunis momentis zRvruli mniSvnelobaa 
3,4n.m, °= 30α  da 2,0=OA m.  
 

 

 

2.6.9  

4,0=R m radiusis mqone erTgvarovan 
satkepnze modebulia horizontaluri 

12=F n Zala. rogori unda iyos satkepnis 
minimaluri wona kn-Si imisaTvis, rom is 
darCes wonasworobaSi, Tu gorvis xaxunis 
koeficientia 008,0=δ m da 2,0=OA m. 
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2.6.10  

4kn wonis erTgvarovan satkepnze 
modebulia wyvilZala momentiT 20=M n.m. 
ganvsazRvroT gorvis xaxunis koeficien-
tis umciresi mniSvneloba, rodesac 
satkepni imyofeba wonasworobaSi.  
 

 
 

2.6.11  

4kn wonis erTgvarovan satkepnze mode-
bulia horizontaluri 50=F n Zala da 
wyvilZala momentiT 20=M n.m. ganvsazRv-
roT satkepnis umciresi R radiusi, 
rodesac is gadagordeba marcxniv, Tu 
gorvis xaxunis koeficienti 005,0=δ m da 

ROA 6,0= . 
 

 

2.6.12  

erTgvarovan satkepnze, romlis mcire 
radiusia 2,0=r m, Camokidebulia 200n 
wonis 1 tvirTi  da modebulia wyvilZala 
momentiT 6,57=M n.m. ganvsazRvroT sat-
kepnis udidesi wona kn-Si, rodesac is 
igoravebs marcxniv, Tu gorvis xaxunis 
koeficientia 008,0=δ m. 
 

 

2.6.13  

4,0=R m radiusis erTgvarovan satkepnze 

modebulia wyvilZala momentiT 210=M n.m. 
rogori unda iyos satkepnis udidesi 
wona, imisaTvis, rom mas SeeZlos gorva 
daxril sibrtyeze zemoT, Tu gorvis 
xaxunis koeficientia 006,0=δ m? 
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2.6.14  

erTgvarovan satkepni, romelzec moqme-
debs wyvilZala momentiT 18=M n.m, sayr-
den sibrtyeze miWerilia 600=F n ZaliT. 
rogori unda iyos satkepnis udidesi wona 
kn-Si, roca is igorebs, Tu gorvis 
xaxunis koeficienti 006,0=δ m.  
 

 
 

2.6.15  

10kn wonis da 0,5 m radiusis erTgva-
rovani 1 satkepni dakavSirebulia 80n 
wonis 3 tvirTTan 2 blokze gadakidebuli 
horizontaluri uWimadi ZafiT. ganvsazRv-
roT gorvis xaxunis koeficientis umciresi 
mniSvneloba, rodesac satkepni wonaswo-
robaSia.  

 

 
 
 
 
 

2.6.16  

dolze daxveuli kabelis boloze 
moqmedebs 20=F n Zala. doli usrialod 
Tanabrad goravs horizontalur sibrtyeze. 
ganvsazRvroT dolis wona kn-Si, Tu misi 
radiusebia 5,0=r m da 1=R m. dolis 

gorvis xaxunis koeficientia 01,0=δ m.   
 
 
 

 

 

 

 

 

 

 

Tavi 3 
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sxeulTa sistemis wonasworoba brtyel 
ZalTa sistemis moqmedebiT 

3.1. sxeulTa sistemis statikurad rkvevadoba 
brtyel ZalTa sistemis moqmedebiT 

  
3.1.1  

ramdeni damoukidebeli ucnobi sidide SeiZleba 
ganisazRvros sami sxeulisagan Semdgari statikurad 
rkvevadi sistemisaTvis, romelzec moqmedebs brtyel ZalTa 
sistema? 

 
3.1.2  

miuTiTeT statikurad rkvevadi konstruqciis nomeri.   

 

3.1.3 

miuTiTeT statikurad rkvevadi konstruqciis nomeri. 

 
3.1.4  

miuTiTeT statikurad rkvevadi konstruqciis nomeri. 

 
3.1.5  
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miuTiTeT statikurad rkvevadi konstruqciis nomeri. 

 
3.1.6  

miuTiTeT statikurad rkvevadi konstruqciis nomeri. 

 
 

3.1.7  

miuTiTeT statikurad rkvevadi konstruqciis nomeri. 

 

3.1.8  

miuTiTeT statikurad rkvevadi sistemis nomeri. 

 
 

3.1.9  
miuTiTeT statikurad rkvevadi sistemis nomeri 
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3.2. statikurad rkvevadi sxeulTa sistemis 
wonasworoba brtyel ZalTa sistemis 

moqmedebiT 
 

3.2.1  

ramdeni damoukidebeli wonasworobis gantoleba 
SriZleba SevadginoT oTxi sxeulisgan Semdgari 
sistemisaTvis, romelic imyofeba wonasworobaSi brtyel 
ZalTa sistemis moqmedebiT? 
 

 

3.2.2  

sxeulTa sistema Sedgeba OA, AB 
Reroebisa da BC gvarlisagan. wonaswo-
robis gantolebebis rogori minimaluri 
raodenobis Sedgenaa aucilebeli imisTvis, 
rom ganvsazRvroT reaqcia O CamagrebaSi, 
A saxsarSi da BC gvarlSi? 
 

 

3.2.3  

AB Zelze moqmedebs wyvilZala momentiT 
800=M n.m. ganvsazRvroT momenti C 

CamagrebaSi, Tu 2=AB m da 5,0=BC m. 
 

 

3.2.4  

AB Zelze moqmedebs wrfivad ganawile-

buli datvirTva  3=maqsq kn/m intensivobiT. 

ganvsazRvroT B sayrdenis reaqcia kn-Si, 
Tu 2=AB m. 
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3.2.5  

ganvsazRvroT A sayrdenis reaqcia kn-
Si, Tu 3=F kn, °= 30α , BCAB = . 

 

3.2.6  

ganvsazRvroT A saxsarSi reaqciis 
Zalis vertikaluri mdgeneli, Tu 900=F n 
da BCAB = .  
 

 

3.2.7  

ganvsazRvroT A saxsarSi reaqciis 
Zalis horizontaluri mdgeneli, Tu 

800=F n da BCAB = . 
 

 
 

3.2.8  

ABC da CD Reroebi erTmaneTTan C 
saxsriT arian SeerTebuli. CD Reroze 
moqmedebs wyvilZala momentiT 400=M n.m. 

ganvsazRvroT C saxsris cX  mdgeneli, Tu 

2=CD m. 

 

3.2.9  

ori Rero SeerTebulia B saxsriT. 
ganvsazRvroT momenti A CamagrebaSi, Tu 

601 =F n, 502 =F n. 

 

 

3.2.10  

ganvsazRvroT reaqciis vertikaluri 
mdgeneli A saxsarSi.  
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3.2.11  

ganvsazRvroT reaqciis vertikaluri 
mdgeneli B saxsarSi, Tu 850=F n, 

BECEDC == . 

 

3.2.12  

ganvsazRvroT kn-Si wyvilZalis momen-
tis mniSvneloba, roca A sayrdenSi 
reaqciis Zalis vertikaluri mdgeneli 
tolia 10kn, 1== CEBC m. 
 

 

3.2.13  

ganvsazRvroT kn-Si F Zala, roca A 
saxsris reaqciis vertikaluri mdgeneli 
9kn-is tolia, Tu 1== BDAB n, DECE =  da 
wyvilZalis momenti 6=M kn.m-ia. 

 

3.2.14  

ganvsazRvroT C saxsris reaqciis 
Zalis vertikaluri mdgeneli, Tu 600=F n 
da ABBC 2= .  
 

 
 

3.2.15  
ganvsazRvroT C saxsris reaqciis 

Zalis vertikaluri mdgeneli. Tu AC 
horizontalur Reroze moqmed 8001 =F n 

Zala, xolo CD-Reroze – 2F
r
 Zala, °= 30α  

da BCAB = .  
 

 

3.2.16  

180n wonis erTgvarovani horizontaluri 
AC Rero Tavisuflad eyrdnoba C wer-
tilSi BD Zels. ganvsazRvroT BD Zelis 
reaqcia AC Reroze. 
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3.2.17  

AB Rero B boloTi Tavisuflad 
eyrdnoba vertikalur CD Reros, romlis 
erTi bolo Camagrebulia fuZeSi. AB Reros 
Sua wertilSi modebulia vertikaluri 

2=F kn Zala. ganvsazRvroT B wertilSi 
reaqciis Zala kn-Si. 

 

 

3.2.18  

346n wonis erTgvarovani CD Rero eyrd-
noba vertikalur AB bigs. ganvsazRvroT 
momenti A CamagrebaSi, Tu 2=BD m, 

1=BC m, 2=AB m. 

 

3.2.19  

400n wonis erTgvarovani 2 Zeli, B 
wertilSi Tavisuflad eyrdnoba erTgva-
rovan 1 Zels. ras unda udrides 1 Zelis 
wona, rom A CamagrebaSi momenti 265n.m-is 
toli iyos, Tu 1=AB m, 8,0=BC m.A 

 
 

3.2.20 
4 kn wonis erTgvarovani AB Zeli, B 

wertilSi Tavisuflad eydrnoba horizon-
talur CD Reros. ganvsazRvroT cilind-
rul moZravi D saxsris reaqcia kn-Si, Tu 

BDBC =  da CD Reros wona ugulvebel-
yofilia. 
 

 

3.2.21  

200n wonis erTgvarovani AB Zeli, B 
wertilSi Tavisuflad eyrdnoba horizon-
talur CD Zels. ganvsazRvroT rogori 
ZaliT moqmedebs CD Zeli sayrden sibrt-
yeze D wertilSi, Tu BDCB = , °= 60α da 
CD Zelis wona ugulvebelyofilia. 
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3.2.22  

3kn wonis erTgvarovani AB Zeli, B 
wertilSi Tavisuflad eyrdnoba CD Zels. 
ganvsazRvroT kn-Si CD Zelis moqmedeba 
sayrdenze D wertilSi, Tu BCBD = , 

°= 60α  da BC Zelis wona ugulvebelyo-
filia.  

 

 

3.2.23  

ganvsazRvroT BC-s sigrZe, roca D 
saxsris reaqciis vertikaluri mdgeneli 
6kn-is tolia; ganawilebuli datvirTvis 
intensivobaa 6=q kn/m da BCCEAEDE === .  

 

 

3.2.24  

erTgvarovani 1 TaRis wonaa 100n. ugule-
belvyoT 2 Zelis wona da ganvsazRvroT 

ganawilebuli datvirTvis maqsq  intensivoba 

imisaTvis, rom A CamagrebaSi momenti 
toli iyos 70n.m; Tu 1 TaRs aqvs naxevrad-
wrewiris forma da 5,03 == ACBC m. 
 

 

3.2.25  

ugulebelvyoT konstruqciis wona, da 
ganvsazRvroT A sayrdenis reaqcia, Tu 

400=F n, °= 45α .  
 

 

3.2.26  

2m sigrZis AB Reroze moqmedebs 
100=q n/m intensivobis Tanabrad ganawile-

buli datvirTva. ganvsazRvroT A sayr-
denis reaqcia.  
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3.2.27  

80n wonis erTgvarovan AB Reros B 
boloze saxris saSualebiT dayenebulia 
200n wonis erTgvarovani disko, disko 
eyrdnoba vertikalur gluv kedels. 
ganvsazRvroT kedelze diskos zemoqme-
debis Zala.  
 

 

3.2.28  

ganvsazRvroT sistemis wonasworobisas 
Zalva 1 ReroSi, Tu 2 sxeulis wona 100n-ia 
da konstruqciis sxva nawilebis wonebi 
ugulebelyofilia.  
 

 
 

3.2.29  

ganvsazRvroT kn-Si F
r
 Zalis moduli, 

roca boZis A CamagrebaSi momenti nulis 
tolia da 1 sxeulis wonaa 10kn. konst-
ruqciis sxva nawilebis wonebi ugulebel-
yofilia.  
 

 
 

3.2.30  

5=q kn/m modebulia kota-TaTebze inten-

sivobis Tanabrad ganawilebuli datvirTva. 
ganvsazRvroT kn-Si SemkumSav saganze 
moqmedi Zalis vertikaluri mdgeneli, Tu  

61 =l sm, 102 =l sm, 23 =l sm.  

 
 
 

3.3. brtyeli meqanizmebis wonasworoba brtyel 
ZalTa sistemis moqmedebiT 

 
3.3.1 

miuTiTeT maqsimaluri ricxvi damoukidebeli ucnobebisa 
im meqanizmisaTvis, romelic Sedgeba 2 sxeulisagan da 
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wonasworobaSia brtyel ZalTa sistemis moqmedebiT. 
 

 

3.3.2  
ganvsazRvroT wyvilZalis M momenti, 

romelic aucilebelia movdoT 1 dols 

imisaTvis, rom Tanabrad awios 3102 ⋅  
wonis 3 tvirTi, Tu 15=R sm da 10=r sm. 2 
blokis wona ugulvebelvyoT. 
 

 
 

3.3.3  
oTxrgolian saxsrulad SeerTebuli 

konstruqciis BC rgolze moqmedebs 

wyvilZala momentiT 2002 =M n.m. ganvsaz-

RvroT wyvilZalis 1M  momenti, romelic 

unda movdoT OA barbacas, imisaTvis, rom 
meqanizmi iyos wonasworobaSi, Tu 

40020 == ABC mm. 
 

 

3.3.4 
saxsrovan oTxrgola, romlis wonac 

ugulebelvyoT, wonasworobaSia. ganvsaz-

RvroT F
r
 Zala, Tu OA mrudmxaraze 

modebulia wyvilZala 10=M n.m momentiT. 
10=OA sm, CDBC = , °= 30α . 

 

 

3.3.5  
muSta meqanizmis 1 sabiZgebelze moqme-

debs 100=F n Zala. 2 muStaze moqmedi 
wyvilZalis M momentis ra mniSvnelobi-
saTvis iqneba meqanizmi wonasworobaSi, Tu 

10=OA sm. 
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3.3.6  

1 prizmaze moqmedebs 1001 =F n Zala. 

ganvsazRvroT 2F
r
 Zala, romelic aucile-

belia movdoT 3 gorgolaWTan  saxsrulad 
SeerTebul 2 Reros, rom sistema iyos 
wonasworobaSi. 

 

 

3.3.7  

meqanizmis wonasworobisas ganvsazRv-
roT zambaris drekadobis Zala kn-Si, Tu 
OAC mrudmxaras da AB barbacas urTierT-
dawola A saxsarSi tolia 1 kn.  
 

 

3.3.8  

mrudmxara-mcocavi meqanizmi wonaswo-
robaSia. ganvsazRvroT kn-Si OAC mrud-
mxarasa da AB barbacas urTierTqmedebis 

Zala, Tu C wertilSi modebulia 11 =F kn 

vertikaluri Zala, 3,0== ACOA m, °= 45α .  
 

 
 
 
 

3.3.9  

M momentis mqone wyvilZalis moqme-
debiT mrudmxara-barbaca meqanizmi wonas-

worobaSi. Zalebi 2001 =F n da 5002 =F n. 

ganvsazRvroT C dguSis moqmedebis Zala 
mimmarTvelze, Tu 30== BCAB sm. 
 

 

3.3.10  

kulisuri meqanizmi wonasworobaSia 

11 =F kn da 2F  Zalebis moqmedebiT. 

ganvsazRvroT kn-Si 1 milisis wnevis Zala 
vertikalur 2 Reroze, Tu °= 30ϕ , °= 60α  

da 5,0=OA m, 2,1=OB m.  
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Tavi 4 

fermebi 

4.1. statikurad rkvevadi da statukurad 

urkvevi fermebi. dautvirTavi 

Reroebi 
 

4.1.1  

ramdeni saxsriT unda SeerTdes 29 Rero saxsrulad, rom 
aseTnairad Seqmnili konstruqcia iyos brtyeli da stati-
kurad rkvevadi ferma? 

 
4.1.2  

gamosaxuli fermebidan romelia statikurad rkvevadi? 

 

 

4.1.3  

gamosaxuli fermebidan romelia statikurad rkvevadi? 
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4.1.4  

gamosaxuli fermebidan romelia statikurad rkvevadi? 

 
4.1.5  

gamosaxuli fermebidan romelia statikurad rkvevadi? 

4.1.6 gamosaxuli fermebidan romelia 

statikurad urkvevi? 

 

 

 

 

 

 4.1.7  
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fermis romeli Reroa dautvirTavi? 
 

 

 

4.1.8  

fermis romeli Reroa dautvirTavi? 

 
 

4.1.9  

fermis romeli Reroa dautvirTavi? 

4.2. kvanZebis amoWris meTodi 
 

4.2.1  

reaqciis Zalebis ra maqsimaluri ricxvi SeiZleba iyos 
modebuli brtyeli fermis amoWril kvanZze, rodesac veZebT 
Zalvebs fermis ReroebSi kvanZebis amoWris meTodiT? 

 

 

4.2.2  

ganvsazRvroT Zalva AB ReroSi. Zala 
600=F n. 
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4.2.3  

ferma Sedgeba erTnairi sigrZis Reroe-
bisagan. ganvsazRvroT Zalva AB ReroSi. 

Zalebi 1001 =F n, 2002 =F n. 

 

4.2.4  

ganvsazRvroT Zalva AB ReroSi, 4,0=l m 

da 30=F n. 

 

4.2.5  

ganvsazRvroT Zalva AB ReroSi. Zala 
40=F n. 

 

4.2.6 

ganvsazRvroT Zalva AB ReroSi. Zala 
700=F n. 

 

 

4.2.7  

ganvsazRvroT Zalva AB ReroSi. Zala 
580=F n. 
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4.2.8  

ganvsazRvroT Zalva AB ReroSi. Zala 
750=F n. 

 

4.2.9  

ganvsazRvroT Zalva AB ReroSi. Zala 
450=F n. 

 

4.2.10  

ganvsazRvroT Zalva AB ReroSi. Zala  
400=F n 

 

4.2.11  

ganvsazRvroT Zalva AB ReroSi. Zala 
60=F n. 

 
 
 

 

4.2.12  

ganvsazRvroT Zalva AB ReroSi. Zala 
60=F n. 

 

4.2.13  

ganvsazRvroT Zalva AB ReroSi. Zala 
300=F n. 
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4.2.14  

ganvsazRvroT Zalva AB ReroSi. Zala 
600=F n, xolo yvela horizontaluri da 

vertikaluri Reroebis sigrZe erTmaneTis 
tolia.  
 

 

4.2.15  

ganvsazRvroT Zalva AB ReroSi, Zala 
80=F n, xolo yvela Reros sigrZe 

erTnairia. 
 

 

4.2.16  

ganvsazRvroT Zalva AB ReroSi. Zala 
500=F n. 

 

4.2.17  

ganvsazRvroT Zalva AB ReroSi. Zala 
550=F n. 

 

4.2.18  

ganvsazRvroT Zalva AB ReroSi, Zala 
346=F n. 
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4.2.19  

ganvsazRvroT Zalva AB ReroSi. Zala 
400=F n. 

 

4.2.20  

ganvsazRvroT Zalva AB ReroSi, Zala 
346=F n. 

4.3. kveTis meTodi 
 

4.3.1  

kveTis meTodiT brtyeli fermis ReroebSi Zalvebi gan-
sazRvrisaTvis ra maqsimaluri raodenobis Reroebis kveTaa 
saWiro, rom am fermis ReroebSi ganisazRvros ucnobi 
Zalvebi?  
 

 

4.3.2  

ganvsazRvroT Zalva me-6 ReroSi. Zala 
360=F n. 

 

4.3.3  

ganvsazRvroT Zalva me-5 ReroSi. Zala 
480=F n.  
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4.3.4  

ganvsazRvroT Zalva me-3 ReroSi. Zala 
460=F n.   

 
 

 

4.3.5  

ganvsazRvroT Zalva me-3 ReroSi. Zala 
450=F n.  

 

 

4.3.6  

ganvsazRvroT Zalva me-2 ReroSi. 

Zalebi 52021 == FF n. 

 

 

4.3.7  

ganvsazRvroT Zalva me-4 ReroSi. 
340=F n.  

 

 

4.3.8  

ganvsazRvroT Zalva 1 ReroSi. Zala 
380=F n.  

  
 

 

4.3.9  

ganvsazRvroT Zalva me-6 ReroSi. Zalebi 

38021 == FF n.  
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4.3.10  

ganvsazRvroT Zalva me-8 ReroSi. Zala 
260=F n.  

 

 
 

 

4.3.11  

ganvsazRvroT Zalva me-5 ReroSi. Zala 
160=F n.   

 
 
 
 

 

4.3.12  

ganvsazRvroT Zalva 1 ReroSi. Zala 
120=F n.  

 
 
 

 

4.3.13  

ganvsazRvroT Zalva me-6 ReroSi. Zala 
220=F n.  

  
 
 

 

4.3.14  

ganvsazRvroT Zalva me-2 ReroSi. Zala 
180=F n.  
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4.3.15  

ganvsazRvroT Zalva AB ReroSi, Tu 
Zala 346=F n.  

 

 

 

Tavi 5 

sivrcul ZalTa sistema 

5.1. Zalis momenti RerZisa da wertilis 
mimarT 

 

5.1.1  

ganvsazRvroT O wertilis mimarT F
r
 Zalis momentis 

moduli, Tu mocemulia  

kjiFM
rrrr

2)(0 +−= . 

 

 

5.1.2  

sivrceSi A wertilis mdebareoba gani-

sazRvreba radius-veqtoriT (m) kjrA

rrr
86 += . 

A wertilze modebulia Zala (n) jiF
rrr

43 += . 

ganvsazRvroT O wertilis mimarT am 
Zalis momentis moduli. 
 

 

5.1.3  

F
r
 Zalis momenti O centris mimarT 

tolia 10)(0 =FM
r

 n.m da ox da oy RerZebTan 

adgens °= 120α  da °= 120β  kuTxeebs. 

ganvsazRvroT ox RerZis mimarT am Zalis 
momenti. 

 



 68 

 

5.1.4  

F
r
 Zalis momenti O centris mimarT 

tolia 100)(0 =FM
r

 n.m da mdebareobs 

sivrceSi ise, rom kuTxeebi °= 30γ , °= 30ϕ . 

ganvsazRvroT oy RerZis  mimarT am Zalis 
momenti. 
 

 

5.1.5  

F
r
 Zalis momenti A wertilis mimarT 

moduliT 50)( =FM A

r
n.m tolia da mimar-

Tulia paralelepipedis AC diagonalis 
gaswvriv. ganvsazRvroT am Zalis momenti 
oz RerZis mimarT, Tu 3,0=OA m da 

5,0=AC m.  
 

 

5.1.6  
5 m sigrZis wibos mqone kubis A wer-

tilSi wibos gaswvriv modebulia 6=F kn 
Zala. ganvsazRvroT am Zalis momenti Bx 
RerZis mimarT (miTiTeba: jer ganvsazRvroT 

)(FM B

r
 momenti, xolo Semdeg davagegmi-

loT igi Bx RerZze).  
 

 

5.1.7  

paralelepipedis A wertilSi modebu-
lia 4=F kn Zala.  ganvsazRvroT am Zalis 
momenti oy RerZis mimarT, Tu 10=a m, 

6=b , 20=c m.   
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5.1.8  

ganvsazRvroT F Zalis momenti ox 
RerZis mimarT, Tu 20=F n Zala kveTs ox 
da oy RerZebs Sesabamisad 2=a m, 3=b m 
manZilebze. 
 

 

5.1.9  

ganvsazRvroT F Zalis momenti ox 
RerZis mimarT, Tu mocemulia 16=F n, 
kubis wibo 75,0=a m.  
 

 

5.1.10  

ganvsazRvroT F  Zalis momenti oz 
RerZis mimarT, Tu misi mniSvneloba 5n, 
xolo kubis wibo tolia 0,2m.  
 

 

5.1.11  

Zala (n) kjF
rr

43 += . misi modebis wer-

tilis radius-veqtoria (m) kjirA

rrrr
23 +−= . 

ganvsazRvroT am Zalis momenti oz RerZis 
mimarT.   
 

 

5.1.12  

ganvsazRvroT ganawilebuli datvirT-

vis momenti oy RerZis mimarT, Tu ozq || . 

mocemulia: 3=q n/m, 2=OA m, 3=AB m.   
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5.1.13  
ganvsazRvroT ganawilebuli datvirT-

vis momenti oy RerZis mimarT, Tu 

ozq || , 6,1=maqsq n/m, 6== BOAB m, 3=BC m; 

oxBC || .  

 

 

5.1.14  

ganvsazRvroT ganawilebuli datvirT-
vis momenti oy RerZis mimarT, Tu 

10=maqsq n/m, 3=a m.  

 
 

 

5.1.15  

ganvsazRvroT ganawilebuli datvirT-
vis momenti ox RerZis mimarT, Tu 

2000 =q n/m, 3=a m da 6=b m. 

5.2. sivrceSi ganlagebuli wyvilZalebi  
 

5.2.1  

ori 1M  da 2M  momentis mqone wyvilZalisagan Semdgari 

sistemisaTvis ganvsazRvroT tolqmedi wyvilZalis moduli, 

Tu momentebis gegmilebi 91 =xM n.m; 91 =yM n.m; 01 =zM ; 

52 =xM n.m; 52 −=yM n.m; 02 =zM .  

 

 

5.2.2  

kubze moqmedebs sami wyvilZala momen-

tebiT 2321 === MMM . ganvsazRvroT 

tolqmedi wyvilZalis  momentis moduli.  
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5.2.3  
paralelepipedze modebulia oTxi wyvil-

Zala momentebiT 1004321 ==== MMMM n.m. 

ganvsazRvroT tolqmedi wyvilZalis 
momentis moduli.  

 

5.2.4  
sami wyvilZalisagan Semdgari sivrculi 

sistemis veqtoruli momentebi mdebareoben 
oxy sibrtyeSi da Ox RerZTan qmnian 

°= 60α , °= 45β  da °= 30γ  kuTxeebs. ganv-

sazRvroT gamawonasworebeli wyvilZalis 

momentis moduli, Tu 21 =M n.m, 41,12 =M n.m 

da 23 =M n.m. 

 

5.2.5  
sami wyvilZalisagan Semdgari sistemi-

saTvis ganvsazRvroT tolqmedi wyvilZalis  

momentis moduli, Tu 21 =M n.m. 

332 == MM n.m. 2M  da 3M  veqtorebi gan-

lagebulia oyz sibrtyeSi, xolo oxM ||1 .   

 

 

5.2.6  

ganvsazRvroT gamawonasworebeli wyvil-
Zalis momentis moduli oTxi wyvil-
Zalisagan Semdgari sivrculi sistemisa-

Tvis, Tu 204321 ==== MMMM n.m.  

 

5.2.7  

121 == MM n.m da 707,03 =M n.m. momente-

bis mqone wyvilZalebisagan Sedgenili 
sistemisaTvis ganvsazRvroT tolqmedi 
wyvilZalis momentis moduli.  
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5.2.8  

kubze, romlis gverdia 1,0=a m, moqme-

deben wyvilZalebi ),( 11 FF ′  da ),( 22 FF ′ . ganv-
sazRvroT tolqmedi wyvilZalis momentis 

moduli, Tu Zalebi: 1011 =′= FF n da 

5022 =′= FF n. 

 

 

5.2.9  

5,0=r m radiusis diskoze moqmedebs 

wyvilZalebi ),( 11 FF ′  da ),( 22 FF ′ . amasTan 

ozF ||1 , oxF ||2 . yvela Zalis moduli tolia 

2n. ganvsazRvroT tolqmedi wyvilZalis 
momentis moduli.  
 

 

5.2.10  
ganvsazRvroT gamawonasworebeli wyvil-

Zalis momentis moduli, Tu 111 =′= FF n, 

222 == FF n da 5,133 =′= FF , amasTan 1=a m 

da 2,1=b m.  

 

5.2.11  

diskoze moqmedeben wyvilZalebi ),( 11 FF ′  

da ),( 22 FF ′ , amasTan ozF ||1 , oxF ||2 . yvela 

Zalis moduli tolia. ganvsazRvroT gra-
dusebSi tolqmedi wyvilZalis momentis 
veqtoris mier Sedgenili kuTxe ox RerZTan.  

 

 

5.2.12  
ganvsazRvroT mocemuli wyvilZalTa 

sistemis tolqmedi wyvilZalis momentis 
moduli, Tu manZili 05,0=a m, wyvilZalTa 

momentebia 54321 ==== MMMM n.m, wyvil-

Zala ),( FF ′  moqmedebs oyz sibrtyeSi, amasTan 

ozF || , ozF ||′ , xolo Zalebi 100=′= FF n.  



 73 

 

 

5.2.13  

ori wyvilZala momentebiT 241 =M n.m 

da 122 =M n.m gawonaworebulia mesame 

),( FF ′  wyvilZaliT, romelic moqmedebs 
Oxz sibrtyeSi. 1M  da 2M  veqtorebi 

paraleluria ox RerZis. ganvsazRvroT F  
Zalis moduli, Tu radiusi 1=r m.  

 

 

5.2.14  
wyvilZala momentiT 8=M n.m gawonas-

worebulia oyz sibrtyeSi moqmedi ),( FF ′  

wyvilZaliT. Zalebi 24=′= FF n. ganvsazR-

vroT F  Zalis modebis wertilis 1y  

koordinati.  

 

5.2.15  

lilvi datvirTulia wyvilZalebiT 

romelTa momentebia 2601 =M n.m da 

3252 =M n.m. 1M  da 2M  veqtorebi ganla-

gebulia oyz sibrtyeSi. ganvsazRvroT O 

sakisris reaqciis moduli, Tu 125,0=l m.  
 

 

5.2.16  

kbilana lilvis miltuCi datvirTu-
lia ori wyvilZaliT, romelTa momente-

bia 41 =M n.m da 52 =M n.m, amasTan veqto-

rebi oxM ||1 , ozM ||2 . ganvsazRvroT O 

sakisaris reaqciis Zalis moduli, Tu 

1,0=l m.  
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5.2.17  

lilvi datvirTulia wyvilZalebiT, 

romelTa momentebia 41 =M n.m, 22 =M n.m, 

53 =M n.m, amasTan veqtorebi oxM ||1 , 

ozM ||2 , ozM ||3 . ganvsazRvroT O sakisaris 

reaqciis Zalis moduli, Tu 1,0=l m.   
 

 

5.2.18  

erTgvarovani ABCD kvadratuli plat-
forma Camagrebulia horizontalur or 
saxsrul vertikalurad Camokidebul 
Reroze da datvirTulia wyvilZalebiT, 

romelTa momentebia 2,31 =M n.m, 56,22 =M n.m 

da 3M . wonasworobis SemTxvevaSi ganv-

sazRvroT 3M  momenti (gamoviyenoT momen-

tebis gegmilis jami AC RerZze).  
 

 

5.2.19  

ganvsazRvroT konsolur O samagrSi 

aRZruli reaqciis Zalis 0M  momentis 

moduli, Tu sistemaze moqmedebs wyvil-
Zala momentiT 3=M n.m da wyvilZala 

4=′= FF n, 1=a m da oxM || , ozFF |||| ′ .  

5.3. nebismieri sivrculi ZalTa sistemis 
nakrebi momenti 

 
5.3.1  

ganvsazRvroT ZalTa sistemis nakrebi momentis moduli O 
centris mimarT, Tu cnobilia maTi gegmilebi dekartis 

marTkuTxa sistemis RerZebze: 20−=xM n.n, 12=yM n.m da 

0=zM .M  
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5.3.2  

romeliRac Zalis 0M  momenti dekartis sakoordinato 

sistemis saTavis mimarT ganisazRvreba formuliTL 

kjiM
rr

373,120 ++= . ganvsazRvroT 0M  veqtorsa da ox RerZs 
Soris kuTxis mimmarTveli kosinusi.  
 

5.3.3  

sxeulze modebulia Zala, romlis momenti sakoordinato 

saTavis mimarT 1700 =M n.m-is tolia. ganvsazRvroT 0M  

veqtorsa da oy RerZs Soris mdebare β  kuTxe gradusebSi, 

Tu am veqtoris gegmili amave RerZze  85=yM n.m.  

 
5.3.4  

Zalis momentis gegmilebi dekartis sakoordonato 

RerZebze Sesabamisad tolia 12=xM n.m, 14=yM n.m da 

9=zM n.m. ganvsazRvroT im kuTxis kosinusi romelsac 

adgens momentis veqtori oz RerZTan. 
 

 

5.3.5  

vipovoT 1M  da 2M  veqtoruli momen-

tebiT ganvsazRvruli ori wyvilZalis 

nakrebi momentis moduli, Tu 291 =M n.m da 

142 =M n.m.M 

 

 

5.3.6  

kubze, romlis wibo 4=a m, moqmedebs 

ori Zala 81 =F n da 162 =F n. ganv-

sazRvroT nakrebi momentis moduli, Tu 
dayvanis centrad avirCevT O wertils.  
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5.3.7  

tetraedrze modebulia erTi vertika-

luri 0,21 =F n Zala da 6,82 =F n Zala. 

ganvsazRvroT miTiTebuli ZalTa sistemis 
nakrebi momenti, Tu dayvanis centrad 
miviRebT O wertils. 5=== ODOBOA m.  
 

 

5.3.8  
kubze, romlis wibo 9,0=a m, moqmedebs 

sami Zala. ganvsazRvroT am Zalebis nak-

rebi momentis moduli, Tu 8321 === FFF n. 

dayvanis centrad miviRoT O wertili. 
 

 

5.3.9  
kubze, romlis wibo 8,0=a m, moqmedeben 

Zalebi 621 == FF n da 33 =F n. ganvsazRv-

roT am Zalebis nakrebi momentis moduli, 
Tu dayvanis centrad avirCevT O wertils. 

 

5.3.10  
kubze, romlis wiboa 2=a m, moqmedebs 

5,0=F  Zala da wyvilZala momentiT 

5=M kn.m. ganvsazRvroT am sistemis 
nakrebi momenti kn-Si Tu dayvanis centria 
O wertili.  

 

5.3.11  

ABCD CarCoze modebulia ozF ||  Zala da 

wyvilZala momentiT oxM || . ganvsazRvroT 

nakrebi momentis moduli, Tu dayvanis 
centri iqneba A wertili. mocemulia: 

100=F n, 50=M n.m, 1=a m da °= 60α .  
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5.3.12  

10321 === FFF n Zalebi moqmedeben OABC 
tetraedrze. dayvanis centrad miviRoT B 
wertili da ganvsazRvroT nakrebi 
momentis moduli, Tu wiboebis sigrZeebia 

27=== ACBCAB . 

 

5.3.13  

kubze, romlis wiboa 1,5m modebulia 

502 =F n Zala da );( 11 FF ′
rr

 wyvilZala _ 

4511 =′= FF n. dayvanis centrad miviRoT A 
wvero da ganvsazRvroT am sistemis 
nakrebi momentis moduli.  

 

5.3.14  

ganvsazRvroT 13=M n.m momentis mqone 
wyvilZalisa da 26=F n Zalis nakrebi 
momentis moduli dayvanis A centris 

mimarT, Tu °== 60γβ  da 22 === cab m.  

 

                  5.4. nebismieri ZalTa sistemis dayvana 
   mocemul centrze da umartives saxeze 

5.4.1  
daiyvaneba (diax) Tu ar daiyvaneba (ara) ZalTa sistema 

tolqmed Zalaze, Tu mocemulia: nakrebi veqtori jiR
rr

34 += ; 

nakrebi momenti koordinatTa saTavis mimarT kjM
rr

1080 += .  

 

 

5.4.2  
OABD tetraedris A wveroze modebu-

lia oz RerZis paraleluri 21 =F n Zala, 

xolo D wveroze – 6,82 =F n. Zala ganvsaz-

RvroT ZalTa sistemis nakrebi veqtori, 
Tu 5=== ODOBOA m.  
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5.4.3  
ganvsazRvroT sami Zalisgan Sedgenili 

sistemis nakrebi veqtori, Tu == 21 FF  

13 == F n Zalebi mimarTulni arian ABC 
samkuTxedis gverdebis gaswvriv. == BCAB  

5,0== AC m.  

 

5.4.4 

ganvsazRvroT cilindrze moqmedi oTxi 
Zalisagan Sedgenili ZalTa sistemis 

nakrebi veqtoris moduli, Tu 521 == FF n, 

da 343 == FF n.  

 

5.4.5  

figuruli koWis AB ubanze moqmedebs 
ganawilebuli datvirTva 2=q kn/m intensi-

vobiT. D wertilSi modebulia 4=F kn 
Zala. ganvsazRvroT mocemuli sistemis 
nakrebi veqtori, Tu 5,1=AB m.  

 

5.4.6  

ABD moxrili koWis oxAB ||  ubanze moq-

medebs ganawilebuli datvirTva 20=maqsq n/m 

intensivobiT. D wertilSi modebulia 
10=F n Zala. ganvsazRvroT ZalTa 

sistemis nakrebi veqtori, Tu 3=AB m, 

ABBD ⊥  da OYBD || .  
 

 

5.4.7  
dayvanis O centrSi nakrebi veqtori 

5=R n da nakrebi momenti 250 =M n.m. 

gansazRvreT nakrebi momentis mniSvneloba 
dayvanis A centris mimarT, Tu 1=OA m.   
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5.4.8  

ZalTa sistemis dayvanisas O centrSi 
miRebulia nakrebi veqtori 10=R n da 

nakrebi momenti 200 =M n.m.  ganvsazRvroT 

nakrebi momentis moduli A dayvanis 
centrSi, Tu 2=OA m.  

 

 

5.4.9  

koordinatTa sistemis saTaveSi 

nakrebi veqtori R  da nakrebi momenti 0M  

qmnian ZalTxraxns. ganvsazRvroT nakrebi 
momentis moduli A wertilSi ox RerZze, 
Tu 30=R n, 400 =M n.m da 1=OA m. 

 

5.4.10  

dayvanis O centrSi nakrebi veqtori R  

da nakrebi momenti 0M  ganTavsebulia oxy 
sibrtyeSi. ganvsazRvroT R  da 0M  veqto-

rebis skalaruli namravli, Tu 9=R n, 

120 =M n.m da kuTxe °= 30γ .  

 

 

5.4.11  

R  nakrebi veqtori mimarTulia para-
lelepipedis diagonalis gaswvriv ( 5=a m, 

4=b m, 3=c m), xolo nakrebi momenti 

oxM || . ganvsazRvroT R  da 0M  veqto-

rebis skalaruli namravli, Tu 1|| =R n da 

1|| 0 =M n.m.  
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5.4.12  

nakrebi veqtori R  mimarTulia oz Rer-
Zis gaswvriv, xolo nakrebi 0M  momenti  ox 
da oy RerZebTan qmnis °= 60α  da °= 45β  

kuTxeebs ganvsazRvroT 0MR
rr

⋅  skalaruli 

namravli, Tu 1=R n da 60 =M n.m.  
 

5.4.13  

gamovTvaloT ZalTa sistemis nakrebi veqtorisa R  da 

nakrebi momentis 0M  skalaruli namravli, Tu cnobilia 

maTi gegmilebi sakoordinato RerZebze: 1=xR n, 3=yR n, 

0=zR , 5=xM n.m, 4=yM n.m, 1=zM n.m.  

 
5.4.14  

daiyvaneba (diax) an ar daiyvaneba (ara) ZalTa sistema 

tolqmedamde, romlisTvisac nakrebi veqtori kjiR 7103 ++=  

da dayvanis A centris mimarT nakrebi momenti kiM A 37 −= .  

  

 

5.4.15  

ganvsazRvroT ZalTa sistemis nakreb 
veqtorsa da nakreb moments Soris kuTxe, 
Tu dayvanis centrad miviRebT O wertils 

da 1=a m, wyvilZalis momenti 11 =M  n.m, 

121 == FF n. 

 
5.4.16  

ganvsazRvroT nakreb R  veqtorsa da nakreb 0M  moments 

Soris α  kuTxe gradusebSi, Tu 15=R n, 200 =M n.m, xolo 

skalaruli namravli 1500 =⋅MR n2⋅m.  
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5.4.17  

dayvanis centrSi nakrebi veqtori 

15=R n da nakrebi momenti 600 =M n.m 

qmnian °= 60α  kuTxes. ganvsazRvroT ZalT-
xraxnis momenti.   
 

5.4.18  

dayvanis centrSi nakrebi R  veqtoris da nakrebi 0M  

momentis  skalaruli namravli tolia 240n2⋅m. ganvsazRvroT 
ZalTxraxnis momenti, Tu 40=R n.  

 

5.4.19  

ganvsazRvroT ZalTxraxnis momenti, Tu nakrebi veqtori 

kjR
rr

34 += , da nakrebi momenti kjiM
rrr

5660 −+= .  
 

 

5.4.20  
O wertilidan ra OA manZilze mde-

bareobs ZalTa sistemis tolqmedi *R , Tu 
nakrebi veqtori 8=R n da nakrebi momenti 

260 =M n.m urTierTperpendikularulebi 

arian. 

 

5.4.21  

ZalTa sistemis nakrebi veqtori R  da 

nakrebi momenti 0M  ganlagebulia oxz 
sibrtyeSi. ganvsazRvroT OA manZili ZalT-

xraxnis RerZamde, Tu 6=R n, 2,70 =M n.m 

da °= 60α .   

 

5.4.22  

ganvsazRvroT 3F  Zalis moduli, 

rodesac kubze modebuli ZalTa sistema, 

daiyvaneba wyvilZalaze. 102 12 == FF n, 

1=a m.  
 



 82 

 

5.4.23  

oz RerZis paraleluri 1F
r
, 2F
r
 da 3F

r
 Za-

lebi  modebulia uwonad OABD firfitaze 

222 213 === FFF n. ganvsazRvroT a manZili, 

rodesac SesaZlebelia ZalTa sistemis 

wonasworoba, Tu 2=d m, 1=c m. 
 

5.5. sivrculi paraleluri ZalTa sistemis 
wonasworoba 

   
5.5.1  

ox RerZis paraleluri oTxi 1F , 2F , 3F  da 4F  Zala 

modebulia sxeulze. ganvsazRvroT wonasworobisas 4F  Zalis 

mniSvneloba, Tu  iFF
r

521 −==  da iF
r

=3 (n).  

 

 

5.5.2  
ganvsazRvroT  Tokis  T daWimuloba 

kn-Si, Tu  masze mimagrebulia 5,01 =G kn 

wonis samkuTxa platforma tvirTebiT 

102 =G kn, 63 =G kn da 84 =G kn.  

 

 

5.5.3  

kubze modebuli 1F , 2F , 3F  da 4F  

Zalebi gawonasworebulia R  ZaliT. 

ganvsazRvroT manZili oxz sibrtyidan R  

Zalamde, Tu kubis wibo 1=a m, 1521 == FF n, 

543 == FF n da 40=R n.  

 

 

5.5.4  
paralelepipedze oy RerZis parale-

lurad modebulia gawonasworebuli 

10321 === FFF n da 405 =F n. ZalTa sistema  

ganvsazRvroT b manZili 5F  Zalidan oyz 
sibrtyemde, Tu wibo 4,0=a m.   
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5.5.5  
100=G kn wonis fundamentze mimagrebu-

lia konsoluri koWi oyAB || . ganvsazRv-

roT kn-Si minimaluri ozQ ||  Zala, rodesac 

fundamenti gadayiravdeba ox wibos irgvliv, 

Tu misi sigane 5,0=a m, xolo Sveri 5=b m. 
koWis wona ugulebelvyoT.  

 

 

5.5.6  
ACBCAB ==  samfexaze Sekavebulia hori-

zontaluri platforma 502 =G n wonis tvir-

TiT. platformisa da samfexas wonaa 

5001 =G n. 1G  da 2G  Zalebi da A wertili 

mdebareoben erT vertikalur sibrtyeSi. 
ganvsazRvroT reaqcia A wertilSi, Tu 

5,0=a m, 1=b m da 5,1=c m. 
 

 

5.5.7  
500=G n wonis horizontaluri ABCD 

erTgvarovani fila Camokidebulia A, D, E 
wertilebiT sami vertikaluri ReroTi 1, 
2, 3. ganvsazRvroT Zalva 1 ReroSi, Tu 

AEAB 2= .  

 

5.5.8  
ABCD erTgvarovani fila Camagrebulia 

horizontalur mdgomareobaSi 1, 2 da 3 
vertikaluri Reroebis saSualebiT. ganv-

sazRvroT Q  Zala, romelic unda movdoT 

A wertilSi ise, rom 3 Rero ar 
ganicdides datvirTvas, Tu 100=G n, 1=a .  
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5.5.9  

115=G n wonis ABCD kvadratuli fir-
fita horizontalur mdgomareobaSi Camag-
rebulia saxsrulad, sami 1, 2, 3 vertika-
luri Reros saSualebiT. A wertilSi 
modebulia vertikaluri Zala 185=Q n 

ganvsazRvroT Zalva 2 ReroSi BD RerZis 
mimarT ZalTa momentebis wonasworobis 
gantolebidan.  
 

 

5.5.10  

500=G n wonis erTgvarovani, marTkuTxa 
ABC samkuTxedis formis firfita hori-
zontalur mdgomareobaSi Camokidebulia 
sami TokiT, romlebic Camagrebulni arian 
A, C da D wertilebSi. ganvsazRvroT 
Tokis daWimuloba, romelic mobmulia D 
wertilSi, Tu 1=a m.  
 

 

5.5.11  

erTgvarovani samkuTxa SeduRebuli ABC 
CarCo horizontalur mdgomareobaSi Seka-
vebulia sami 1, 2, 3 vertikaluri gvarliT. 
ganvsazRvroT 3 gvarlis daWimuloba, Tu 

CarCos nawilebis wonebia 10131 == GG n, 

1432 =G n. 

 
 5.5.12  

ABCD firfita Camagrebulia horizon-
talur  mdgomareobaSi saxsrebiTa da sami 
1, 2, 3 Reros saSualebiT, firfitis wona 

101 =G n. A da D wertilebSi firfitaze 

saxsrulad Camokidebulia meore ADEF =  

siganis firfita woniT 82 =G n. ganvsazRv-

roT Zalva 1 ReroSi, Tu 4,0=a m. 
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5.5.13  

erTgvarovani marTkuTxa firfita 
Camagrebulia horizontalurad sami 1, 2, 3 
Zafis saSualebiT A, B da C wertilebSi. 
ganvsazRvroT c manZili A wertilidan 
simetriis RerZamde, rodesac Zafebi erT-
nairad iqneba daWimuli, Tu firfitis 

wonaa 3=G n da 2,0=a m, 1,0=b m.  
 

 

5.5.14  

40=G kn wonis R radiusis mqone 
erTgvarovani naxevarcilindris formis 
garsi, Camokidebulia sam vertikalur 
gvarlze da Camagrebulia A, B da C 
wertilebSi. ganvsazRvroT kn-Si reaqcia 1 
gvarlSi, Tu cnobilia, rom reaqcia 3 
gvarlSi 20 kn-ia.  
 

 

5.5.15  

sam 1, 2, 3 vertikalur Reroze saxsrulad 
Camagrebulia horizontaluri marTkuTxa 
platforma 4, WrilebiT ABOA 5,1=  da 

woniT 1=G kn. D wertilSi platformas 
awveba 5 zambara 5,0=Q kn ZaliT. ganv-

sazRvroT kn-Si 2 Reros reaqcia 
 

 5.5.16  

6=G kn wonis lilvi Sekavebulia ho-
rizontalur mdgomareobaSi vertikaluri 
1, 2, 3 gvarlebiT, romlebic daxveulia 
lilvis cilindrul nawilebze, romelTa 
radiusebia 1,0=r m da 14,0=R m. viciT, ra 
rom 2 da 3 gvarlebis daWimulobaa 

75,132 == TT kn. ganvsazRvroT 1 gvarlis 

daWimuloba. 
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5.6. nebismieri sivrculi ZalTa sistemis 
wonasworoba 

 

5.6.1  
wonasworobis ramdeni gantoleba gaaCnia nebismier 

sivrcul ZalTa sistemas?  
 

 

5.6.2  
OA muxla lilvis B wertilze hori-

zontisadmi  °= 60α  kuTxiT modebulia 
10=F n Zala, romelic gawonasworebulia 

wyvilZaliT, romlis momentia M. 
ganvsazRvroT momentis moduli, Tu Zala 

oxzF ||  da 9,0=b m. 

 

5.6.3  
OA lilvze marTi kuTxiT mimagrebu-

lia BC da DE Reroebi. DE Reroze 
moqmedebs 5,0=q n/m intensivobis ganawile-

buli datvirTva. ganvsazRvroT F  Zalis 
moduli, romelic awonasworebs datvirT-

vas, Tu oxzF ||
r

. 
 

 

5.6.4.   
DE da BC Reroebi marTi kuTxiT mimag-

rebulia AOB lilvze. DE Reroze moqme-

debs 5,0max =q n/m intensivobis ganawile-

buli datvirTva, romelic gawonaswore-
bulia C wertilSi °= 30α  kuTxiT mode-

buli oxzF ||
r

 ZaliT. ganvsazRvroT am 
Zalis moduli. 
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5.6.5  
Skivze modebuli 1202 == QF n Zala, 

gawonasworebulia 18=M n.m. momentis mqone 
wyvilZaliT. SevadginoT ox RerZis mimarT 
ZalTa momentebis gantoleba da ganvsazRv-

roT A sakisaris AY
r
 reaqcia, Tu Skivis 

radiusi 3,0=r m, 3,0=a m da Zala OyQF ||||
r

.  

 

5.6.6  

30=G n wonis OABC erTgvarovani fila 
Sekavebulia horizontalur mdgomareo-
baSi O, A saxsrebiT da BD gvarliT. 
ganvsazRvroT gvarlis daWimuloba, Tu 

2=a m da °= 60α .  
 

 

5.6.7  

5,0=a m gverdisa da 140=G n wonis erT-

gvarovani OABC kvadratuli CarCo, 
dadebuli bmebis saSualebiT Sekavebulia 
horizontalur mdgomareobaSi. SevadginoT 
OB wrfis mimarT ZalTa momentebis 

gantoleba da ganvsazRvroT A saxsris Az  

reaqcia, Tu °= 60α . 
 

 

5.6.8  

60=G n wonis erTgvarovani sxeuli 
imyofeba wonasworobaSi masze dadebuli 
bmebiT. SeadgineT ox RerZis mimarT ZalTa 
momentebis gantoleba da gansazRvreT B 
saxsris reaqciis vertikaluri mdgeneli, 
Tu 1,0=a m.  
 



 88 

 

5.6.9  

erTgvarovani OABCD piramida romlis 
wonaa 60=G n wyvilZalis 150=M n 
momentis moqmedebiTYda dadebuli bmebiT 
aris wonasworobaSi. ganvsazRvroT B 
saxsris reaqcia, romelic ox RerZis 
paraleluria, Tu zoma 3=a m, xolo 
wyvilZala Zevs oxy sibrtyeSi. 
 

 

5.6.10  
60=G  wonis erTgvarovani fila masze 

dadebuli bmebis moqmedebiT imyofeba wo-
nasworobaSi. SevadginoT ZalTa momente-
bis gantoleba ox RerZis mimarT, da gan-
sazRvreT AB gvarlis daWimuloba, Tu zoma 

20=a sm da kuTxeebi °= 61α , °= 44β , °= 60γ .  

 

 

5.6.11  
11=G kn wonis sxeuli dadebuli bme-

bis da modebuli 3=F kn Zalis moqmede-
biT imyofeba wonasworobaSi. SevadginoT 
ZalTa momentebis gantoleba ox RerZis 
mimarT, da  ganvsazRvroT AB gvarlis 
daWimuloba, Tu zomebi 2,0=a m.  
 

 

5.6.12  
figuruli koWi OABD imyofeba wonas-

worobaSi. ganvsazRvroT tonebSi Camagre-
bis mdgeneli oz ERerZis gaswvriv, Tu 
mocemulia: 7,1=OA m, 2=AB m, 4,3=BD m, 

oxBO || , Zala 1=F  da ganawilebuli 

datvirTvis intensivoba 2=q t/m.  

5.7. sxeulTa sistemis wonasworoba sivrcul 
ZalTa sistemis moqmedebiT 

 
5.7.1  

ramdeni damoukidebeli wonasworobis gantoleba gaaCnia 
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sivrceSi or Senawevrebul (SeuRebul) sxeuls? 
 

 

5.7.2  
erTgvarovani, horizontaluri DE 

Rero, romlis wonaa 3=G kn, D wertilSi 
eyrdnoba horizontalur moRunul ABC 
Reros, romelic Sekavebulia vertikaluri 
CF gvarliT. ganvsazRvroT gvarlis 
daWimuloba kn-Si, Tu DCBD 2= . 

 5.7.3  

erTgvarovani horizontaluri koWi DE, 
romlis wonaa 6=G kn, D wertilSi 
eyrdnoba horizontalur moRunul ABC 
Reros, romelic Sekavebulia vertikaluri 
CF gvarliT. ganvsazRvroT manZili CD, 
romlis drosac CF gvarlis daWimuloba 
iqneba 1 kn, Tu manZili 1=BD m.  
 

 

5.7.4  

erTgvarovani horizontaluri DE koWi, 
romelzec dadebulia 800=G n wonis 
tvirTi D wertilSi eyrdnoba horizon-
talur Rerovan ABCD konstruqcias, rome-
lic Sekavebulia vertikaluri HF gvarliT.  
ganvsazRvroT A sakisaris reaqcia, Tu 
manZili FBDF 2= , BCAB = .  
 

 

5.7.5  

erTgvarovani DE koWi, romlis wonaa 4 
kn, mdebareobs vertikalur sibrtyeSi, D 
wertilSi eyrdnoba horizontalur gluv 
firfitas, romelic momagrebulia AC 
RerZze. ganvsazRvroT FH gvarlis daWimu-
loba kn-Si, Tu DEFB 2= , BDAC ⊥ , 

DBED ⊥ .  
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5.7.6  

ganvsazRvroT vertikaluri 1CC  gvarlis 

daWimuloba kn-Si, Tu Cxy sibrtye aris 

horizontaluri, sibrtye 321 OOO  emTxveva 

Cyz sibrtyes, tvirTis wona 10=G kn.  
 

 

 

5.7.7  

ganvsazRvroT tvirTis G wona kn-Si 
Tu vertikaluri CC1 gvarlis daWimuloba 
tolia 20kn, kuTxe °= 30α . moRunuli ABDE 
Reros sibrtye horizontaluria, 21ODO  

sibrtye vertikaluria, zomebi BCAC = . 
 

 

5.7.8  

ganvsazRvroT 2O  saxsris reaqcia kn-Si, 

Tu moRunuli Reros ABCD sibrtye hori-

zontaluria, 321 OOO  sibrtye paraleluria 

Byz sibrtyis, tvirTis 5,2=G kn wonaa, man-

Zili CODO 11 = . 

 

 

5.7.9.  

horizontaluri lilvi 2 1 diskiT saxe-

luris AxNC ||  daxmarebiT, 3 blokis da 4, 

5, 6 Zafebis saSualebiT, romlebic verti-
kalur sibrtyeSi arian ganlagebuli. 
Sekavebulia wonasworobaSi 1 diskze 
modebuli vertikaluri 100=Q n toli 

Zala. ganvsazRvroT 5 Zafis daWimuloba, 
Tu BCR 2= , °== 602αβ .  
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5.7.10  

erTgvarovani marTkuTxa platformebi 
ABCD da EFHK damagrebulia horizon-
talur mdgomareobaSi ori horizonta-

luri RerZis AxEFAB ||||  da ori vertika-

luri Reros CH da DL saSualebiT. ganv-
sazRvroT Zalva DL ReroSi, Tu 

MBCFH 22 == , 2002 12 == GG n. 

 
 

 

5.7.11  
erTgvarovani horizontaluri CD koWi 
10=G kn woniT C wertilSi eyrdnoba ho-

rizontalur moRunul ABC Reros. ganv-

sazRvroT AR  reaqciis moduli Camagre-

baSi.  
 

 

5.7.12  
2 bloki, romelzec dakidebulia 1 

tvirTi, romlis wonaa 10kn Sekavebulia 
gvarliT. gvarlis erTi bolo mimagre-
bulia fuZeze, xolo meore – moRunuli 

ABC Reroze, amasTan EFCD || . ganvsazRv-

roT kn-Si A samagrSi aRZruli momentis 
gegmili Ay RerZze, Tu sigrZe 1=BC m.  
 

 

5.7.13  
horizontaluri DE Rero, romelzec 

damagrebulia tvirTi 5=G kn woniT, D 
wertilSi eyrdnoba horizontalur ABCD 
moRunul Reros. ganvsazRvroT kn.m-Si A sa-
magrSi aRZruli momentis gegmili x RerZze, 
Tu zomebi 2=== CDBCAB m, FEDF = .  
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5.7.14  
erTgvarovani horizontaluri CD 

Zeli, romlis wonaa 2=G kn, C wertilSi 
eyrdnoba horizontalur moRunul ABC 
Reros. ganvsazRvroT BC zoma, romlis 
drosac aRZruli momenti A samagrSi 
toli iqneba 2,24 kn.m, Tu 1=AB m.  
 

 

5.7.15 
erTgvarovani 1 da 2 platformebi 

wonebiT 1001 =G n, 6,862 =G n Sekavebulia 

wonasworobaSi 3 blokiTa da 4 gvarliT, 
romlebic moTavsebulia Oyz sibrtyeSi. ganv-
sazRvroT gradusebSi kuTxe α  Tu marc-
xena mxare gvarlisa aris vertikaluri.  

 

6 Tavi 

simZimis centri 

6.1. wrfis simZimis centri 
 

6.1.1  

ganvsazRvroT sm-Si sworxazovani erTgvarovani AB Reros 
simZimis centris cx  koordinati, Tu mocemulia A da B 
wertilebis koordinatebi: 10=Ax sm, 40=Bx sm. 

 

 

6.1.2  

ABC kronSteini Sedgeba erTgvarovani 
AB da BD Reroebisagan, romelTac erT-
nairi wrfivi wona gaaCnia. ramdeni sm unda 
iyos sigrZeSi AB Rero, rom kronSteinis 
simZimis centris cx  koordinati iyos 0, Tu 

20=BD sm. 
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6.1.3  

ganvsazRvroT sm-Si kronSteinis simZimis 

centris cY  koordinati, romelic Sedgeba 

erTgvarovani 2,0=AB m, 1,0=BD m da 

06,0=DE m Reroebisgan, romelTac erT-
nairi wrfivi wona gaaCniaT.  
 

 

6.1.4  

erTgvarovani mavTuli, romelic moRu-
nulia marTi kuTxiT, Camokidebulia ise 
rogorc naCvenebia naxazze. ganvsazRvroT 

Sefardeba 21 / ll , rodesac 2l  sigrZis 

monakveTi mdebareobs horizontalur 

mdgomareobaSi, Tu 22,0 lOK = .  

 
 

 

6.1.5  

ganvsazRvroT ABD konturis simZimis 

centris cx  koordinati, romelic Sedgeba 

erTgvarovani AB, AD da BD Reroebisagan, 
romelTac gaaCniaT erTnairi wrfivi wona, 
Tu 2=AB m da kuTxe °= 30α .  
 

 

6.1.6  

vipovoT AB rkalis simZimis centris 

cx  koordinati, Tu 2,0=r m da kuTxe 

°= 30α . 

 6.1.7  

ganvsazRvroT erTgvarovani mavTulis 

simZimis centris cY  koordinati, romelic 

Sedgeba sworxazovani OA monakveTisagan 
da AB rkalisagan, romlis radiusia 

20=r sm.  
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6.1.8  

OABO konturi Sedgeba ori sworxazo-
vani monakveTisagan OA, OB da 10=r sm 
radiusiani AB rkalisagan. ganvsazRvroT 
sm2-Si am konturis statikuri momenti ox 
RerZis mimarT.   
 

 

6.1.9  

erTgvarovani mavTuli, romelic moRu-
nulia wriuli formiT, Camokidebulia ise 
rogorc naCvenebia naxazze. ganvsazRvroT 
α kuTxe vertikalsa da naxevarwris dia-
metrs Soris.  
 

 

6.1.10  

konturi Sedgeba ori erTgvarovani mav-
Tulisagan, romlebic moRunulia wriuli 
formiT. OAB mavTulis wrfivi wona 
tolia 6 n/m, xolo BDE mavTuli – 10n/m.  
ganvsazRvroT konturis simZimis centris 

cx  koordinati.  

 

 

6.1.11  

ganvsazRvroT ABDEA konturis simZimis 
centris cy  koordinati, romelic Sedgeba 

sworxazovani monakveTebisagan AB, BD, DE 
da naxevarwrewirisagan, romlis radiusia 

2,1=r m.  
 

 

6.1.12  

OABO konturi Sedgeba OA wrfis mona-
kveTisagan da naxevarwrisagan. ganvsaz-
RvroT r radiusi, Tu am konturis simZimis 
centris koordinati 0,4m-is tolia.   
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6.1.13  

ganvsazRvroT ABD mavTulis simZimis 

centris cx  koordinati, Tu mocemulia 

Semdegi zomebi: 1=a m, 5,0=b m, 8,0=c m.  
 

 

6.1.14  

ganvsazRvroT ABDE mavTulis simZimis 

centris cy  koordinati, Tu mocemulia 

Semdegi zomebi 2== ba m, 1=c m.  
 

 
 
 

6.2. brtyeli figuris simZimis centri 
 

6.2.1  

ganvsazRvroT sm-Si samkuTxedis formis ABD erTgvaro-
vani firfitis simZimis centris x koordinati, Tu cnobilia 

am figuris wveroebis koordinatebi: 3== BA Xx sm; 9=Dx sm.  

 

 

6.2.2  

ra manZilze unda iyos daSorebuli 
erTgvarovani ABD firfita ox RerZidan, 

rom firfitis simZimis centris xy  koor-

dinati 3,0=cy m-is toli iyos da 3,0=BD m.  

 

 

6.2.3  

ganvsazRvroT sm3-Si rombis farTobis 
statikuri momenti ox RerZis mimarT, Tu 

gverdi 8=b sm.  
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6.2.4  

ABDE erTgvarovani firfita rombis 

formisaa, romlis gverdia 2,0=b m. ganv-

sazRvroT rombis simZimis centris cy  

koordinati, Tu d manZili AE fuZidan Ox 
RerZamde 0,1 m-is tolia.   
 

 

6.2.5  

ganvsazRvroT ABDEFG figuris simZimis 

centris cy  koordinati, romlis gverdebi 

paraleluria sakoordinato RerZebis. 
zomebi suraTzea mocemuli (m).  

 
 
 

 

6.2.6  

ganvsazRvroT OAB wriuli seqtoris 

farTobis simZimis centris cx  koordi-

nati, Tu radiusi 6,0=r m, xolo kuTxe  

°= 30α .  
 

 

6.2.7  

naxevarwris formis erTgvarovani ABC 
firfita Camokidebulia A wveroTi. ganv-
sazRvroT α  kuTxe  gradusebSi, romelsac 
adgens diametri horizontalur RerZTan. 
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6.2.8  

ganvsazRvroT figuris daStrixuli 

farTobis simZimis centris cx  koordi-

nati, Tu 2=r m. 

 

6.2.9  

ganvsazRvroT figuris daStrixuli 

farTobis simZimis centris cy  koordi-

nati, Tu mocemulia wreebis radiusebi: 
99,0=R m, 33,0=r m.  

 

 

6.2.10  

samkuTxedis formis erTgvarovani OAB 
firfitisagan. fuZiT 60=OB sm da simaRliT 

45=OA sm, amoWrilia naxevarwre 20=r sm 
radiusiT. ganvsazRvroT sm-Si samkuTxedis 

darCenili nawilis cx  koordinati.  

 

 

6.2.11  

ganvsazRvroT erTgvarovani naxevar-
wris farTobis statikuri momenti Oy 
RerZis mimarT sm3-Si, Tu 5=r sm.  
 

 

6.2.12  

ABDE firfita Sedgeba marTkuTxa ABE 
samkuTxedisagan da BDE naxevarwrisagan. 
Tu miviRebT mxedvelobaSi imas, rom 
naxevarwrisa da samkuTxedis zedapiruli 

wonebi tolia 21 γγ = , ganvsazRvroT Sefar-

deba 21 γγ , roca firfitis simZimis centri 

mdebareobs yB  RerZze.  
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6.2.13  

ganvsazRvroT erTgvarovani moRunuli 

firfitis simZimis centris cy  koordinati, 

romelic Sedgeba ori samkuTxedisagan da 
marTkuTxedisagan, Tu mocemulia zomebi 

6,0=a m, 8,0=b m, 5,0=c m. 
  

 

6.2.14  

ganvsazRvroT ABDEFG erTgvarovani 

firfitis gverdebis fardoba BGAE / , Tu 
am firfitis simZimis centris koordinati 

3/BGzc = . ABE da BDE samkuTxedebi 

erTnairia da mdebareoben Bxy sibrtyeSi.  
 
 
 
 
 

6.3. sxeulis simZimis centri 
 

6.3.1  

ganvsazRvroT manZili erTgvarovani piramidis simZimis 
centri-dan mis fuZemde, Tu piramidis simaRlea 0,8m. 
 

 

 

6.3.2  

ganvsazRvroT erTgvarovani wriuli 

konusis simZimis centris cz  koordinati, 

Tu fuZis radiusi 4,0=r m, kuTxe °= 45α .  
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6.3.3  

ganvsazRvroT ergvarovani wriuli 
konusis statikuri momenti Oxy sibrtyis 

mimarT, Tu konusis simaRle 8,0=h m, 

xolo fuZis radiusi 4,0=r m. 
 

 

 

6.3.4  

ganvsazRvroT mocemul mdgomareobaSi 

elifsografis simZimis centris cy  koor-

dinati, Tu erTgvarovani OA Rerosa da 
erTgvarovani BD saxazavis wonebi Sesaba-
misad 8 da 12n-ia. TiToeuli B da D 
cociis wona tolia – 5n. OA-s sigrZe 

4,0=OA m. 
 

 

6.3.5  

mocemul mdgomareobaSi ganvsazRvroT 
kulisuri meqanizmis statikuri momenti 
Oy RerZis mimarT, Tu erTgvarovani OD 
berketis, AB Reros da B cocias wonebi 
Sesabamisad tolia 12, 10 da 6n. OD Reros 
sigrZe 5,0=OD m, xolo manZili 2,0=a m. 
 

 

6.3.6  

ganvsazRvroT erTgvarovani kubisa da 
cilindisagan Sedgenili sxeulis stati-
kuri momenti sakoordinato Oxy sibrtyis 
mimarT, Tu zomebi 4,0=a m, ar 5,0= , aH 2= . 
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6.3.7  

erTgvarovani cilindrisagan da konu-
surisagan Sedgenili sxeulis statikuri 
momenti Oxy sibrtyis mimarT, tolia 
0,166m4. ganvsazRvroT sxeulis simZimis 

centris cz  koordinati, Tu cilindris 

radiusi 4,0=r m da simaRle 6,0=H m.  
 

 6.3.8  

sxeuli Sedgeba erTidaigive H 
simaRlis erTgvarovani konusisagan 1 da 
erTgvarovani cilindrisagan 2. aRvniSnoT 

cilindrisa da konusis kuTri wonebi 1γ -iT 

da 2γ  ganvsazRvroT fardoba 21 γγ , 

rodesac sxeulis simZimis centris koor-

dinati 0=cx .  

 
 6.3.9  

sxeuli Sedgeba erTgvarovani piramidisa 
da marTkuTxa paralelepipedisagan. ganv-
sazRvroT paralelepipedis H simaRle, 
rodesac sxeulis simZimis centri mdeba-
reobs ABCD sibrtyeSi. paramidis simaRle 

2,11 =H . 

 
 

 

6.3.10  
ganvsazRvroT erTgvarovani myari 

sxeulis simZimis centris cy koordinati, 

Tu mocemulia Semdegi zomebi 2,0=r m, 

5,0=a m, 5,1=b m, 8,1=c m. 
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6.3.11  
sxeuli Sedgeba A wertilSi Camokide-

buli erTgvarovani konusisa da cilind-
risagan. ganvsazRvroT konusis H simaRle, 
rodesac sxeulis simetriis RerZi aris 

horizontaluri. simaRle 3,01 =H m. 

 

 

6.3.12  
sxeuli Sedgeba A wertilSi Camokide-

buli ori erTgvarovani cilindrisagan. 
ganvsazRvroT cilindris H simaRle, 
rodesac sxeulis simetriis RerZi aris 
horizontaluri. cilindris simaRle 

5,01 =H m, radiusi rR 3= . 

 

6.3.13  
ganvsazRvroT konusisa da cilindri-

sagan Sedgenili erTgvarovani sxeulis 

simZimis cz  koordinati, Tu simaRle 

5,021 == HH . 

 

 

6.3.14  
ganvsazRvroT erTgvarovani sxeulis 

simZimis centris cz  koordinati, romelic 

Sedgeba marTkuTxa paralelepipedisagan da 

piramidisagan, Tu simaRle 2,131 == HH m. 
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6.3.15  

ganvsazRvroT ori cilindrisagan Sed-

genili erTgvarovani sxeulis simZimis cz  

koordinati, Tu simaRle HH 21 = , radiusi 

rR 2= , simaRle 5,0=H m. 
 

 

6.3.16  

ganvsazRvroT erTgvarovani konusis R 
radiusi im pirobiT, rom marTkuTxa para-
lelepipedisa da konusisagan Sedgenili 
erTgvarovani sxeulis simZimis centri 
mdebareobs ABCD sibrtyeSi. simaRle 

HH 31 = , zomebi 2=a m. 
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kinematika 
 

Tavi 7. wertilis kinematika 
 

7.1. wertilis mdebareoba da misi traeqtoria 
marTkuTxa koordinatTa sistemaSi 

 

7.1.1  

mocemulia wertilis moZraobis gantolebebi x t1,0sin21+= , 

ty 3= . gansazRvreT wertilis x koordinati drois im 

momentSi, roca misi koordinati 12=y m. 

 
7.1.2  

mocemulia wertilis moZraobis gantoleba jtitr
rrr

43 += . 

gansazRvreT wertilis y koordinati drois im momenti-
saTvis, roca 5=r m. 

 
7.1.3  

mocemulia wertilis moZraobis gantolebebi tx 3= , 
2ty = . gansazRvreT manZili wertilidan koordinatTa 

sistemis saTavemde drois 2=t wm momentisaTvis. 
 

7.1.4  

mocemulia wertilis moZraobis gantolebebi tx cos= , 

ty sin2= . gansazRvreT manZili wertilidan koordinatTa 

sistemis saTavemde drois 5.2=t wm momentisaTvis. 
 

 

7.1.5  

mrudmxaras mdebareoba ganisazRvreba 

t2,0=ϕ  kuTxiT. vipovoT cocias Bx  

koordinati drois 3=t  wm. momentisaTvis, 
Tu 5,0== ABOA m. 
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7.1.6  

mocemulia wertilis moZraobis gantolebebi tx 2= , 
ty = . gansazRvreT drois is momenti, rodesac manZili 

wertilidan koordinatTa saTavemde iqneba 10  m. 
 

7.1.7  

mocemulia wertilis moZraobis gantolebebi tx 2= , 

ty 1,0sin21−= . gansazRvreT drois is uaxloesi momenti, 

rodesac wertili gadakveTs Ox RerZs.    
 

7.1.8  

mocemulia wertilis moZraobis gantolebebi tx sin= , 
ty cos= . gansazRvreT drois is uaxloesi momenti, rodesac 

wertilis radius-veqtori, gavlebuli koordinatTa 
saTavidan, Ox RerZTan adgens °45  kuTxes. 

 

7.1.9  
mocemulia A wertilis moZraobis gantolebebi tx cos2= , 

ty sin3= . gansazRvreT kuTxe Ox RerZsa da wertilis 

OA radius-veqtors Soris drois 5,1=t wm momentisaTvis. 
 

7.2. wertilis siCqare marTkuTxa 
koordinatTa sistemaSi 

 
7.2.1  

mocemulia wertilis moZraobis gantoleba kjtitr
rrrr

322 ++= . 

gansazRvreT wertilis siCqaris sidide drois 2=t wm 
momentisaTvis. 
 

 

7.2.2  

mocemulia wertilis moZraobis 

siCqaris grafiki )(tf=ν . gansazRvreT 

wertilis siCqaris mier gavlili manZili 
drois 5=t wm momentisaTvis. 
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7.2.3  

mocemulia wertilis moZraobis 

siCqaris grafiki )(tf=ν . gansazRvreT 

wertilis mier gavlili manZili drois 
60=t wm momentisaTvis. 

 

7.2.4  

mocemulia wertilis moZraobis gantolebebi 2tx = , 

ty πsin= , tz πcos= . gansazRvreT wertilis siCqaris sidide 

drois 1=t wm momentisaTvis. 
 

7.2.5  

wertilis moZraobis siCqare jit
rrr

32 +=ν . gansazRvreT 

kuTxe gradusebSi siCqaris veqtorsa da Ox RerZs Soris 
drois 4=t wm momentisaTvis.  
 

 

7.2.6  
AB saxazavis mdebareoba ganisazRvreba 

t5,0=ϕ  kuTxiT.  gansazRvreT sm/wm-Si M 

wertilis siCqaris gegmili Ox RerZze 
drois 2=t wm momentisaTvis, Tu 2,0=BM m. 

 

7.2.7  

gansazRvreT B wertilis siCqare 
drois 6=t wm momentisaTvis, Tu 1.0=OA m, 
xolo t6=ϕ .   

 
 

 

7.2.8  
mrudmxaras mdebareoba ganisazRvreba 

t5.0=ϕ  kuTxiT. gansazRvreT B cocias 

siCqare drois 4=t wm momentisaTvis, Tu 
5.1== ABOA m. 
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7.2.9  

wertilis siCqaris gegmilia tx πν cos2= . gansazRvreT 

wertilis x koordinati drois 1=t wm momentisaTvis, Tu 

roca 00 =t  koordinati 00 =x .  
 

7.2.10  

mocemulia wertilis moZraobis gantoleba tx πsin= . 
gansazRvreT wertilis siCqare moZraobis dawyebidan drois 
im uaxloesi t momentisaTvis. rodesac koordinati 5,0=x m.    
 

7.3. wertilis mudmivi aCqareba marTkuTxa 
koordinatTa sistemaSi 

  
7.3.1  

avtomobilis siCqare Tanabrad izrdeba 12 wm-is ganmav-
lobaSi 0-dan 60km/sT-mde. gansazRvreT avtomobilis aCqareba. 
 

 

7.3.2  

mocemulia wertilis wrfivi moZrao-
bis siCqaris grafiki. gansazRvreT wer-
tilis aCqareba drois 12=t wm momenti-
saTvis.  

 

73.3  
wertili moZraobs wrfis gaswvriv. 

mocemulia aCqarebis grafiki )(tfa = . 

gansazRvreT wertilis siCqare drois 

6=t wm momentisaTvis, Tu roca 00 =t  

siCqare 00 =ν .  
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7.3.4  

wertili moZraobs wrfis gaswvriv. 

mocemulia aCqarebis grafiki )(tfa = . 

gansazRvreT 00 =t -dan 51 =t wm-mde drois 

SualedSi gavlili manZili, Tu roca 

00 =t  siCqare 00 =ν . 

7.3.5  

wertili moZraobs wrfis gaswvriv 6,0=a m/wm2 aCqarebiT. 
gansaz-RvreT ra droSi gaivlis wertili 9 m manZils, Tu 

roca 00 =t  siCqare 00 =ν .  

7.3.6  
wertili moZraobs wrfis gaswvriv mudmivi 3,0=a m/wm2 

aCqarebiT. gansazRvreT wertilis sawyisi siCqare, Tu 6 wm-is 
Semdeg misi siCqare gaxda 3 m/wm-is toli.  

 
7.3.7  

ramden wams unda imuSaos Zravam, romelic raketas 
aniWebs 3g aCqarebas, imisaTvis rom raketis siCqare misi 
wrfivi moZraobisas gaizardos 3-dan 5 km/wm-mde. 

 
7.3.8  

dajdomisas TviTmfrinavi dasajdom biliks exeba 180 
km/sT horizontaluri siCqariT. 1000m-is gavlis Semdeg 
TviTmfrinavi Cerdeba. gansazRvreT TviTmfrinavis saSualo 
Senelebis absoluturi sidide.  

 
7.3.9  

avtomobilis siCqarea 90 km/sT. gansazRvreT samuxruWe 
manZili gaCerebamde, Tu avtomobilis saSualo Seneleba 
tolia 3 m/wm-is.  

 
7.3.10  

wertili moZraobas iwyebs uZraobis mdgomareobidan da 
moZraobs wrfis gaswvriv mudmivi 2,0=a m/wm2 aCqarebiT. 

gansazRvreT wertilis mier dros 41 =t wm-dan 102 =t wm-mde 

SualedSi gavlili manZili.  
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7.4. wertilis cvladi aCqareba marTkuTxa 

koordinatTa sistemaSi 
 

7.4.1  

wertilis aCqareba ganisazRvreba tolobiT jtita
rrr 22,05,0 += . 

gansazRvreT aCqarebis sidide drois 2=t wm momentisaTvis.  

 

7.4.2  

mocemulia wrfivad moZravi wertilis 

aCqarebis grafiki )(tfa = . gansazRvreT 

wertilis siCqare drois 2=t wm momenti-

saTvis, Tu  roca 00 =t  siCqare 00 =ν .  

 

7.4.3  
mocemulia wrfivad moZravi wertilis 

aCqarebis grafiki )(tfa = . gansazRvreT 

wertilis siCqare drois 20=t wm momenti-

saTvis, Tu roca 00 =t  siCqare 00 =ν .  

 

7.4.4  
gansazRvreT B wertilis aCqareba 

drois im momentisaTvis, roca °= 60ϕ , Tu 

20== ABOA sm, xolo ϕ  kuTxis cvlileba 

mocemulia kanoniT t3=ϕ .  

 

 

7.4.5  
gansazRvreT B wertilis aCqareba 

drois 5=t wm momentisaTvis, Tu mrud-
mxaras sigrZe 15=OA sm, xolo ϕ  kuTxis 

cvlileba mocemulia kanoniT t4=ϕ .  

7.4.6  

wertilis siCqare ganisazRvreba tolobiT jtit
rrr 29,0 +=ν . 

gansazRvreT wertilis aCqarebis sidide drois 5,1=t wm 
momentisaTvis.  
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7.4.7  
OA mrudmxaras mdebareoba ganisazRv-

reba t2=ϕ  kuTxiT. gansazRvreT A werti-
lis aCqarebis xa  komponenti drois 1=t wm 

momentisaTvis, Tu 1=OA m.   
 

7.4.8  

mocemulia wertilis siCqaris sakoordinato RerZebze 

gegmilebi tx 3=ν , 22ty =ν , 3tz =ν . gansazRvreT aCqarebis 

sidide dros 1=t wm momentisaTvis.  
 

7.4.9  

wertilis moZraoba mocemulia gantolebebiT 23,0 tdtdx =  

da 32,0 ty = . gansazRvreT aCqareba drois 7=t wm momen-

tisaTvis.  
 

 

7.4.10  
 

AB saxazavis mdebareoba ganisazRvreba 
t2,0=ϕ  kuTxiT.  gansazRvreT m/wm2-Si M 

wertilis aCqarebis gegmili Oy RerZze 
drois 3=t wm momentisaTvis, Tu 

50=AM sm.  
 

 
7.4.11  

mocemulia wertilis moZraobis gantolebebi 33,0 tx = , 
22ty = , sadac x da y mocemulia santimetrebSi. gansazRvreT 

drois  romeli  momentisaTvis  iqneba  wertilis  aCqareba 
7 sm/wm2-is toli.  

 
7.4.12  

wertilis mdebareoba sibrtyeze ganisazRvreba misi 

radius-veqtoriT _ jtitr
rrr 32 1,03,0 += . gansazRvreT wertilis 
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aCqarebis sidide drois 2=t wm momentisaTvis.  
 

7.4.13  

mocemulia wertilis moZraobis gantolebebi tx πcos= , 

ty πsin= . gansazRvreT aCqarebis sidide drois 1=t wm 

momentisaTvis.  
 

7.4.14  

wertilis aCqareba ganisazRvreba tolobiT jtita
rrr 22 += . 

gansazRvreT kuTxe gradusebSi a
r
 veqtorisa da Ox RerZs 

Soris drois 1=t wm momentisaTvis.  
 

7.4.15  

mocemulia wertilis moZraobis traeqtoriis gantoleba 
21,0 yx = , wertilis moZraobis kanoni Oy RerZis gaswvriv ki 

moicema gantolebiT 2ty = . gansazRvreT aCqarebis xa  

komponenti drois 2=t wm momentisaTvis.  
 

7.4.16  

mocemulia wertilis moZraobis gantolebebi: 301,0 tx = , 

ty 10200 −= . ganvsazRvroT wertilis aCqareba drois im 

momentSi, roca is gadakveTs Ox RerZs.  
 

7.4.17  

mocemulia wertilis moZraobis gantolebebi: 28 tx −= , 

tty cos2 −= . gansazRvreT wertilis aCqarebis ya  mdgeneli 

drois im momentSi, roca misi koordinati 0=x .  
 

7.4.18  

wertilis wrfivi moZraobis aCqareba ganisazRvreba 
tolobiT ta = . gansazRvreT wertilis siCqare drois 3=t wm 

momentisaTvis, Tu  roca 00 =t  siCqare 20 =ν m/wm.  
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7.4.19  

wertili asrulebs wrfiv moZraobas ta 2,0=  aCqarebiT. 
gansazRvreT drois is momenti, rodesac siCqare toli 

iqneba 2 m/wm-is. Tu roca 00 =t  siCqare 00 =ν .  

 
 

7.4.20  

wertili moZraobs Ox RerZis gaswvriv tax 7,0=  aCqare-

biT. gansazRvreT wertilis x koordinati drois 5=t wm 

momentisaTvis, Tu roca 00 =t  siCqare 00 =ν  da koordinati 

00 =x .  

 
7.5. bunebrivi saxiT mocemuli wertilis  
    moZraobis gantoleba da misi siCqare  

 
7.5.1  

wertili moZraobs traeqtoriaze ts πsin415 +=  kanoniT. 

miuTiTeT moZraobis dawyebis Semdeg drois is uaxloesi 1t  

momenti, romlisTvisac 171 =s m.  

 

 

7.5.2  

mocemulia wertilis gadaadgilebis 

grafiki )(tss = . gansazRvreT wertilis 

siCqare. 

7.5.3  

wertili moZraobs traeqtoriaze tts 45,0 2 +=  kanoniT. 
gansazRvreT drois romel momentSi miaRwevs wertilis 
siCqare 10 m/wm mniSvnelobas. 

 

7.5.4  

wertili moZraobs mocemuli traeqtoriis gaswvriv 
5=ν m/wm siCqariT. gansazRvreT wertilis mrudwiruli s 

koordinati drois 18=t wm momentisaTvis, Tu roca 00 =t  
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koordinati 260 =s m.   
 

7.5.5  

wertili moZraobs mrudis gaswvriv ts 5,0=&  siCqariT. 

gansazRvreT misi koordinati drois 10=t wm momentisaTvis, 

Tu roca 00 =t  wertilis koordinati 00 =s .   

7.5.6  

wertilis siCqare mocemulia gantolebiT t2,0=ν . ipoveT 

wertilis mrudwiruli s koordinati drois 10=t wm 

momentisaTvis, Tu roca 00 =t  koordinati 00 =s .  

 
7.5.7  

wertilis moZraobis kanoni mocemulia marTkuTxa 

koordinatTa sistemaSi: 23tx = , 24ty = . gansazRvreT drois t 
momenti, roca wertilis mrudwiruli koordinati 110=s m, 

Tu roca 00 =t  00 =s  da wertili moZraobs s koordinatis 
dadebiTi mimarTulebiT.   

 

7.5.8  

wertilis moZraobis kanoni mocemulia marTkuTxa 

koordinatTa sistemaSi: tx cos3= , ty sin3= . gansazRvreT 

drois momenti, roca wertilis mrudwiruli koordinati 

7=s m, Tu roca 00 =t  00 =s  da wertili moZraobs s 
koordinatis dadebiTi mimarTulebiT.   

 
7.5.9  

wertilis moZraobis kanoni mocemulia marTkuTxa 
koordinatTa sistemaSi: tx 2= , ty 3= , tz 5= . gansazRvreT 

wertilis mrudwiruli s koordinati drois 10=t wm 

momentisaTvis, Tu roca 00 =t , 140 =s m da wertili moZraobs 

s koordinatis dadebiTi mimarTulebiT.  
 

7.5.10  

wertilis moZraobis kanoni mocemulia marTkuTxa 
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koordinatTa sistemaSi: tx sin2= , ty cos2= . gansazRvreT 

wertilis mrudwiruli s koordinati drois 5=t wm 

momentisaTvis, Tu roca 00 =t  00 =s  da wertili moZraobs s 
koordinatis dadebiTi mimarTulebiT.  
 

 

7.6. wertilis mxebi aCqareba 
 

7.6.1  

wertili moZraobs wrewirze ttts 32 23 ++=  kanoniT. 
gansazRvreT wertilis mrudwiruli koordinati drois im 

momentSi, roca misi mxebi aCqareba 16=τa m/wm2.  

 

 

7.6.2  

mocemulia wertilis moZraobis siCqa-

ris grafiki )(tνν = . ipoveT drois 

momenti t, roca wertilis mxebi aCqareba 

0=τa . 

 

 

7.6.3  

mocemulia wertilis moZraobis siCqa-

ris grafiki )(tνν = . gansazRvreT werti-

lis mxebi aCqareba.  
 

 

7.6.4  

mocemulia wertilis mxebi aCqarebis 

cvlilebis grafiki )(tfa =τ . gansazRvreT 

siCqaris sidide drois 101 =t wm momenti-

saTvis, Tu roca 00 =t  siCqare 00 =ν .  

 

7.6.5  
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wertili moZraobs mudmivi mxebi aCqarebiT 5,0=τa m/wm2, 

gansazRvreT wertilis mrudwiruli s koordinati drois  

4=t wm momentisaTvis, Tu roca 00 =t  wertilis  siCqare 

00 =ν  da koordinati 00 =s .  
 

 

7.6.6  

wertilis mxebi aCqareba ta 2,0=τ . gansazRvreT drois t 
momenti, roca wertilis siCqare miaRwevs 10 m/wm-s, Tu roca 

00 =t  siCqare 20 =ν m/wm.  
 

7.6.7  

wertilis moZraobisas misi siCqaris gegmilebi gani-

sazRvrebian gantolebebiT: 22.0 tx =ν , 3=yν m/wm. gansazRvreT 

mxebi aCqareba drois 5.2=t wm momentisaTvis. 
 

7.6.8  

wertilis siCqare dekartes koordinatebSi ganisazRvreba 

tolobiT: ktjti
rrrr 25,05.15.1 ++=ν . gansazRvreT wertilis mxebi 

aCqareba drois 2=t wm momentisaTvis. 
 

7.6.9.  

wertilis siCqare dekartes koordinatebSi ganisazRvreba 

tolobiT: jita
rrr

9.01.0 += . gansazRvreT wertilis mxebi 

aCqareba drois 10=t wm momentisaTvis, Tu roca 00 =t  

wertilis siCqare 00 =ν .  

 
7.6.10  

wertilis moZraobis misi aCqarebis gegmilebi 

ganisazRvrebian tolobebiT: tax 8,0= , 8,0=ya m/wm2. ipoveT 

wertilis mxebi aCqareba drois 2=t wm momentisaTvis. Tu 

roca 00 =t  wertilis siCqare 00 =ν .  

 
7.7. wertilis normaluri aCqareba 
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7.7.1 

wertili moZraobs mudmivi 30=ν sm/wm siCqariT 2=r m 
radiusis mqone wrewiris rkalze. gansazRvreT wertilis 
normaluri aCqareba sm/wm2-Si.  
 

 

7.7.2  
mocemulia R radiusian wrewirze moZ-

ravi wertilis moZraobis siCqaris gra-

fiki )(tνν = . drois (0; 4) wm intervalSi 

gansazRvreT drois is t momenti,  romlis-
Tvisac wertilis normaluri aCqareba 
iqneba maqsimaluri. 
 

7.7.3  

wrewiris gaswvriv moZraobs wertili 24,05 tts −=  

kanoniT. gansazRvreT drois is t momenti, roca normaluri 

aCqareba 0=nw .  
 

7.7.4  
gansazRvreT  bobsleis gzis simrudis radiusi, Tu 120 km/sT 

siCqariT daSvebisas cigis normaluri aCqareba gan 2= . 
 

 

7.7.5  
mocemulia R radiusiani wrewiris 

gaswvriv moZravi wertilis moZraobis 

siCqaris grafiki )(tνν = . vipovoT drois 

is t momenti, romlisTvisac normaluri 

aCqareba 0=nw . 

7.7.6  
avtomobili moZraobs horizontalur gzaze mudmivi 
90=ν km/sT siCqariT. gansazRvreT gzis momrgvalebis 

radiusi  drois im momentSi, rodesac avtomobilis centris 

normaluri aCqareba 5,2=nw m/wm2.  
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7.7.7  
mocemulia 5=R m radiusis mqone 

wrewiris gaswvriv moZravi wertilis 

siCqaris grafiki )(tνν = . gansazRvreT  

wertilis normaluri aCqareba drois 
3=t wm momentisaTvis. 

7.7.8  

mocemulia wertilis moZraobis traeqtoriis gantoleba 
ts 5= . gansazRvreT traeqtoriis simrudis radiusi, rodesac 

wertilis aCqarebis normaluri mdgeneli 3=nw m/wm2. 

 

 

7.7.9  

mocemulia R radiusiani wrewiris 
gaswvriv moZravi wertilis mrudwiruli 

koordinatis cvlilebis grafiki  )(tss = . 

gansazRvreT drois is t momenti, rodesac 
wertilis aCqarebis normaluri mdgeneli 

0=nw . 

7.7.10  

elmavali moZraobs 300=R m radiusis mqone wrewiris 
rkalze. gansazRvreT elmavlis maqsimaluri siCqare km/sT-
Si, rodesac normaluri aCqareba ar gadaaWarbebs 1 m/wm2-s.  

 
7.7.11  

mfrinavebis savarjiSod gankuTvnili centrifuga 
mowyobilia ise, rom kabinis centri adamianTan erTad 
mdebareobs brunvis RerZidan 5=r m manZilze. gansazRvreT 
kabinis centris siCqare im SemTxvevaSi, rodesac misi 

normaluri aCqareba gwn 5= .   
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7.7.12  

mocemulia 6=R m radiusis mqone 
wrewiris gaswvriv moZravi wertilis 

siCqaris grafiki )(tνν = . gansazRvreT 

wertilis normaluri aCqareba drois 
3=t wm momentisaTvis. 

 

7.7.13  

mocemulia 8=R m radiusis mqone 
wrewiris gaswvriv moZravi wertilis 

siCqaris grafiki )(tνν = . gansazRvreT 

drois is t momenti, rodesac wertilis 

normaluri aCqareba 5,0=nw m/wm2. 

 
7.7.14  

TviTmfrinavi moZraobs wriul traeqtoriaze, romlis 
radiusia 10=r km. gansazRvreT TviTmfrinavis siCqare km/sT-

Si, Tu misi normaluri aCqareba 25,6=nw m/wm2.  

 
7.7.15  

mocemulia wertilis moZraobis gantoleba: tts 2,01,0 2 += . 

gansazRvreT misi normaluri aCqareba drois 6=t wm 
momentisaTvis. im mdebareobaSi, romelic wertils ukavia 
drois am momentisaTvis. traeqtoriis simrudis radiusi  

6,0=ρ m.  

 
7.7.16  

wertili moZraobs 30=r m radiusis mqone wrewiris 

gaswvriv tln=ν  siCqariT. gansazRvreT wertilis normaluri 
aCqareba drois 12=t wm momentisaTvis.  

 
7.7.17  

mocemulia wertilis moZraobis traeqtoriis gantoleba: 
26,0 ts = . gansazRvreT wertilis normaluri aCqareba drois 

im momentSi, rodesac misi koordinati 30=s m da 
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traeqtoriis simrudis radiusia 15=ρ m.  

 
7.7.18  

wertili moZraobs 7=r m  radiusis mqone wrewiris 

gaswvriv 23,0 ts =  kanoniT. gansazRvreT drois is momenti, 

rodesac wertilis normaluri aCqareba 5,1=nw m/wm2. 

7.7.19  

wertili moZraobs 20=r m  radiusis mqone wrewiris 

gaswvriv te=ν  siCqariT. gansazRvreT drois momenti, 

rodesac wertilis normaluri aCqareba 3=nw m/wm2. 

 
7.7.20  

wertili moZraobs 7=r m radiusiani wrewiris gaswvriv 
27,0 ts =  kanoniT. gansazRvreT wertilis s koordinati drois 

im momentSi, rodesac misi normaluri aCqareba 3=nw m/wm2. 

 

7.8. wertilis aCqarebis gansazRvra, rodesac 
    moZraobis gantoleba moicema bunebrivi 

saxiT 
 

7.8.1  

mocemulia wertilis normaluri da mxebi aCqarebebi: 

5,2=nw m/wm2, 5,1=τw m/wm2. gansazRvreT wertilis sruli 

aCqareba.  
 

7.8.2  

mocemulia aCqarebis veqtori: τ
rvr

5,35,2 += nw , sadac n
r
 da 

τ
r
 Sesabamisad normalisa da mxebis mgezavi veqtorebia. 

gansazRvreT aCqarebis sidide.  
 

7.8.3  

wertili moZraobs mrudwirul traeqtoriaze  

4,1=τw m/wm2-is toli mxebi aCqarebiT. gansazRvreT wertilis 
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normaluri aCqareba drois im momentSi, rodesac misi 
sruli aCqareba 6,2=w m/wm2.  

 
7.8.4  

gansazRvreT wertilis normaluri aCqareba drois im 
momentSi, rodesac misi sruli aCqareba 5,1=w m/wm2, xolo 

kuTxe siCqarisa da aCqarebis veqtorebs Soris tolia °65 . 
7.8.5  

wertili moZraobs wrewiris gaswvriv. gansazRvreT 
wrewiris radiusi, Tu drois im momentSi, rodesac siCqare 

10=ν m/wm, aCqarebisa da siCqaris veqtori, romlis sidide 1,2 
m/wm-is tolia, qmnian °30 -ian  kuTxes.  
 

 

7.8.6  

mocemulia 9=R m radiusis mqone 
wrewiris gaswvriv moZravi wertilis mxebi 

aCqarebis grafiki )(tww ττ = . gansazRvreT 

aCqareba drois 2=t wm momentisaTvis, Tu 

00 =t , maSin wertilis siCqare 00 =ν .  

7.8.7  

wertilis aCqareba 1=w m/wm2. aCqarebisa da siCqaris 
veqtorebi qmnian °45  kuTxes. gansazRvreT wertilis siCqare 
km/sT-Si, Tu traeqtoriis simrudis radiusi 300=ρ m. 

 
7.8.8  

wertili, romlis mxebi aCqareba tolia 2 m/wm2-is, 
moZraobs 200=r m radiusis mqone wrewiris gaswvriv. 
gansazRvreT kuTxe gradusebSi siCqarisa da sruli 
aCqarebis veqtorebs Soris drois im momentSi, roca misi 
siCqare 10=ν m/wm. 

 
7.8.9  

wertili moZraobs 50=r m radiusis mqone wrewiris 
gaswvriv t2=ν  siCqariT. gansazRvreT sruli aCqarebis 
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sidide drois 5=t wm momentSi. 
 

7.8.10  

mocemulia mrudwiruli traeqtoriis gaswvriv  

wertilis moZraobis gantoleba: tts 3,02,0 2 += . gansazRvreT 

wertilis sruli aCqareba drois 3=t wm momentSi, Tu drois 
am momentSi traeqtoriis simrudis radiusi 5,1=ρ m. 

7.8.11  
gansazRvreT wertilis siCqare drois im momentSi, 

rodesac traeqtoriis simrudis radiusi 5=ρ m, mxebi 

aCqareba 2=τw m/wm2, xolo 3=βtg , sadac −β wertilis 

siCqarisa da aCqarebis veqtorebs Soris kuTxea. 
 

 

7.8.12  

mocemulia mxebi da normalur aCqare-

baTa grafikebi )(tww ττ = , )(tww nn = . gan-

sazRvreT kuTxe gradusebSi, romelsac 
adgens sruli aCqareba siCqaris mimar-
TulebasTan drois 3=t wm momentisaTvis.  

7.8.13  

wertili moZraobs 6=r m radiusis mqone wrewiris 
gaswvriv t3=ν  siCqariT. gansazRvreT kuTxe gradusebSi 
wertilis aCqarebasa da siCqares Soris drois 1=t wm 
momentSi.   

 

7.8.14  
wertili moZraobs 9=r m radiusis mqone wrewiris 

gaswvriv. gansazRvreT wertilis siCqare drois im momentSi, 

rodesac mxebi aCqareba 2=τw m/wm2, xolo sruli aCqarebis 

w
r
 veqtori traeqtoriis mxebTan adgens °70  kuTxes. 
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7.8.15  

mocemulia 8=r m radiusis mqone 
wrewiris gaswvriv moZravi wertilis 

siCqaris grafiki )(tνν = . gansazRvreT 

wertilis sruli aCqareba drois 4=t wm 
momentSi.  

7.8.16  
wertili moZraobs uZraobis mdgomareobidan 200=r m 

radiusis mqone wrewirze mudmivi mxebi aCqarebiT 1=τw m/sm2. 

gansazRvreT wertilis sruli aCqareba drois 20=t wm 
momentisaTvis. 

7.8.17  

wertili moZraobs 2=r m radiusis mqone wrewirze. misi 

normaluri aCqareba icvleba 22twтn =  kanoniT. gansazRvreT 

kuTxe gradusebSi siCqarisa da sruli aCqarebis veqtorebs 
Soris drois 1=t wm momentSi. 

 
7.8.18  

mocemulia wertilis moZraobis kanoni: 25,0 ts = . 
gansazRvreT kuTxe gradusebSi siCqarisa da sruli 

aCqarebis veqtorebs Soris drois 51 =t wm momentisaTvis, 

roca traeqtoriis simrudis radiusi 4=ρ m. 
 

7.8.19  

wertili moZraobs 1=r m radiusis mqone wrewirze 
31,0 ts =  kanoniT. gansazRvreT wertilis sruli aCqareba 

drois 2=t wm momentisaTvis. 
 

7.8.20  

wertili moZraobs mrudwriul traeqtoriaze 2=τw m/wm2-

is toli mxebi aCqarebiT. gansazRvreT kuTxe gradusebSi 
wertilis siCqarisa da sruli aCqarebis veqtorebs Soris 
drois 2=t wm momentSi, rodesac traeqtoriis simrudis 

radiusi 4=ρ m da roca 00 =t , wertilis siCqare  00 =ν . 
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Tavi 8. gadataniTi da brunviTi moZraobebi 

              8.1. myari sxeulis gadataniTi moZraoba 

 

8.1.1  

ramdeni damoukidebeli moZraobis gantolebiT aRiwereba 
sxeulis gadataniTi moZraoba. 

 

 

8.1.2  

16,01 == BAOA m mrudmxaras brunvisas 

ϕ OkuTxe icvleba tπϕ =  kanoniT. gansaz-

RvreT ABD naxevarwris D wertilis 
traeqtoriis simrudis radiusi, roca 

2=t wm da 25,0=AB m.  
 

 

8.1.3  

1 da 2 cociebze, romlebic gadaadgil-
debian Ox RerZis saerTo mimarTulebis 
gaswvriv, mimagrebulia sxeuli 3. A wer-

tili moZraobs txA 1,0=  kanoniT. gansaz-

RvreT C wertilis siCqare 10=t wm momen-
tisaTvis, Tu 3,0== BCAB m da °= 75α .  

 

 

8.1.4  
1 korpusis SigniT mimmarTvelebis 

gaswvriv gadaadgildeba cocia 2 

txA cos1,0= , 0=Ay , 0=Az  kanoniT. 

gansazRvreT B wertilis siCqare drois 
π=t wm momentSi, Tu 3,0=AB m.   
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8.1.5  

1 – mrudmxarasa da 2 – cocias daxma-
rebiT kulisa 3 asrulebs gadataniT 

moZraobas 2sin1,04,0 txA −=  kanoniT.  gan-

sazRvreT kulisas B wertilis siCqare 
drois 2=t wm momentSi.   

 

8.1.6  

TviTmweri xelsawyos 1 kalami gadaad-
gildeba Oxy sibrtyis paralelur s 
sibrtyeSi. amZravi RerZi 2 moZraobs 

)1(1,0 1,0 t
B ex −−= , 0=By , 0=Bz  kanoniT. gan-

sazRvreT kalmis A wertilis siCqare 

drois 20=t wm momentSi, Tu BA xx = , 

2,0=Ay m, 1,0−=Az m.   

 

 

8.1.7  

vibroRari 1, romelic damagrebulia 
or brtyel zambaraze _ 2 da 3, asrulebs 

gadataniT moZraobas txA π50sin16,0= , 

ty A π50sin12,0= kanoniT, sadac Ax  da Ay  

mocemulia sm-Si. gansazRvreT B wertilis 
siCqare sm/wm-Si drois 1=t wm momenti-
saTvis, Tu 100=AB sm.  

 

 8.1.8  

gzis wrfiv ubanze orTqlmavalis 

sauRlis B wertili moZraobs −= txB 15  

t30cos25,0− , tyB 30sin25,05,0 −=  kanoniT 

ganvsazRvroT sauRlis C wertilis siC-
qare, Tu 5,1=BC m. 
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8.1.9  

sxeuli 3, romelic Seyenebulia or _ 1 
da 2 cilindrul sagoravebze, asrulebs 
gadataniT moZraobas. ras udris C wer-
tilis aCqareba, Tu A wertilis aCqareba 
tolia 2m/wm2-is, amasTan 12 == ABBC m.   
 

  

 

8.1.10  

traversi 1 gadaadgildeba ori verti-
kaluri mimmarTvelis _ 2 da 3 gaswvriv 

0=Ax , 0=Ay  da tz A πcos1,01+=  kanoniT. 

drois 6,10=t wm momentisaTvis gansazRvreT 

traversis B wertilis aCqareba, Tu misi 

koordinatebi tolia 3,0=Bx m, 6,0=By m, 

0== AB zz .  

 

 

8.1.11  

mrudmxara-1 brunvisas  barbaca-2-is 
saSualebiT moZraobaSi modis 4 da 5 
cociebi da samkuTxovani firfita-3. 
drois 5,0=t wm momentisaTvis gansazRvreT 

D wertilis aCqareba, Tu 2,0== ABOA m, 

26,0=== BDCDBC m, kuTxe tπϕ = . 

 

 

8.1.12  

erTnairi 2,01 == BOOA m sigrZis 1 da 2 

mrudmxarebze mimagrebulia Rero-3, rome-
lic asrulebs moZraobas Oxy sibrtyeSi. A 
wertili moZraobs ts π2,0=  kanoniT. 

gansazRvreT Reros Sua C wertilis 
aCqareba drois 0=t wm momentisaTvis, Tu 

36,0=AB m.  
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8.1.13 

mrgvali magida 1 gadataniT moZrao-
baSi modis 2 da 3 mrudmxarebis 
saSualebiT. gansazRvreT magidis C 
centris siCqare, Tu cnobilia, rom A 
wertilis normaluri aCqareba 5=n

Aa m/wm2, 

xolo 2,01 == BOOA m.  

  
 

 

8.1.14  

ABCD kvadratuli firfita asrulebs 
gadataniT moZraobas Oxy sibrtyeSi. gan-
sazRvreT C wertilis aCqareba Tu 
cnobilia, rom A wertilis normaluri 

aCqareba 4=n
Aw m/wm2, xolo B wertilis 

mxebi aCqareba 3=τ
Bw m/wm2.  

 
                         8.2. myari sxeulis brunviTi 
moZraoba. 

        brunvis kuTxuri siCqare da kuTxuri 
                 aCqareba 

 
8.2.1  

Tanabari brunvisas mqnevara wamSi asrulebs 4 brunvas. 
ramden wamSi Semobrundeba mqnevara πϕ 24=  kuTxiT? 

 
8.2.2  

sxeulis kuTxuri siCqare icvleba t8−=ω  kanoniT. 
gansazRvreT mobrunebis kuTxe drois 3=t wm momentSi, Tu 

roca 00 =t , mobrunebis kuTxe 50 =ϕ rad.  

 
8.2.3  

eleqtroamZravis rotori, iwyebs ra brunvas 
TanabaraCqarebulad, pirvel 5 wm-Si akeTebs 100 brunvas. 
gansazRvreT rotoris kuTxuri aCqareba.    
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8.2.4  

mqnevaras brunvis sixSire 101 =t wm-is ganmavlobaSi 3-jer 

Semcirda da 50 br/wm-is toli gaxda. gansazRvreT lilvis 
kuTxuri aCqareba, Tu igi brunavda TanabarSenelebulad.    
 

8.2.5  

mqnevaras kuTxuri siCqare icvleba )6( 2tt −= πω  kanoniT. 

gansazRvreT mqnevaras gaCerebis 0>t  momenti.   
 

8.2.6  

sxeuli brunavs uZravi RerZis garSemo 23 += tϕ  kanoniT. 

gansazRvreT sxeulis kuTxuri siCqare drois im momentSi, 
rodesac mobrunebis kuTxe 10=ϕ rad.    

 
8.2.7  

sxeuli brunavs uZravi RerZis garSemo 324 t+=ϕ  

kanoniT. gansazRvreT sxeulis kuTxuri siCqare drois im 
momentSi, rodesac kuTxuri siCqare 6=ω rad/wm. 

 
8.2.8  

sxeulis kuTxuri siCqare icvleba 282 t−=ω  kanoniT. 
gansazRvreT sxeulis gaCerebis t dro.  
    

8.2.9  

sxeulis kuTxuri aCqareba icvleba t2=ε  kanoniT. 
gansazRvreT sxeulis brunvis kuTxuri siCqare drois 

4=t wm momentSi, Tu roca 00 =t . kuTxuri siCqare 00 =ω . 

 
8.2.10  

sxeulis kuTxuri aCqareba icvleba 23t=ε  kanoniT. 
gansazRvreT sxeulis brunvis kuTxuri siCqare drois 

2=t wm momentSi, Tu roca 00 =t , kuTxuri siCqare 

20 =ω rad/wm. 
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8.2.11  

uZravi RerZis garSemo mbrunavi sxeuli asrulebs 

rxeviT moZraobebs tπϕ 5,0sin=  kanoniT. gansazRvreT 

sxeulis kuTxuri aCqareba drois 1=t wm momentSi.    
 

8.2.12 

uZravi RerZis garSemo mbrunavi sxeuli asrulebs 

rxeviT moZraobebs tππϕ 2sin5,0=  kanoniT. gansazRvreT 

sxeulis kuTxuri siCqare drois 125,0=t wm momentSi. 
8.2.13  

detali brunavs uZravi RerZis garSemo 2 cos2 tππϕ =  

kanoniT. gansazRvreT detalis mobrunebis kuTxe drois 
2=t wm momentSi. 
 

8.2.14  

gaSvebisas eleqtroamZravis rotori brunavs tet −+= ππϕ   

kanoniT. gansazRvreT rotoris brunvis kuTxuri siCqare 
drois 2=t wm momentisaTvis. 

 

8.2.15  
rotoris brunvisas kuTxuri siCqare icvleba 

) sin4(6 01,0 tet t ππω −+=  kanoniT. gansazRvreT kuTxuri aCqareba 

drois 100=t wm momentisaTvis.  
 

           8.3. sxeulis brunviTi moZraoba. sxeulis 
          wertilebis siCqare da aCqareba 
 

8.3.1  

sxeuli brunavs uZravi RerZis garSemo 2t=ϕ  kanoniT. 

gansazRvreT brunvis RerZidan 2,0=r m manZiliT 
daSorebuli wertilis siCqare drois im momentSi, rodesac 
mobrunebis kuTxe 25=ϕ rad.   

 

8.3.2  
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sxeuli asrulebs Tanabradcvlad brunvas 5=ε rad/wm2 
kuTxuri aCqarebiT. gansazRvreT brunvis RerZidan 2,0=r m 

daSorebuli wertilis siCqare drois 2=t wm momentisaTvis, 

Tu roca 00 =t  kuTxuri siCqare 00 =ω . 

 

 

8.3.3  

tvirTi 1 aiweva jalambris saSuale-

biT, romlis doli 2 brunavs 325 t+=ϕ  

kanoniT. gansazRvreT dolis M wertilis 
siCqare drois 1=t wm momentisaTvis, Tu 

misi diametri 6,0=d m.  
8.3.4  

meqanikuri saaTebis balansiris kuTxuri siCqare icvleba 

tππω 4sin=  kanoniT. gansazRvreT brunvis RerZidan 6=h mm 
manZiliT daSorebuli balansiris wertilis siCqare m/wm-Si 
drois 125,0=t wm momentisaTvis. 

 
8.3.5  

sxeulis brunvis RerZidan 2,0=r m daSorebuli werti-

lis siCqare icvleba 24t=ν  kanoniT. gansazRvreT mocemuli 
sxeulis kuTxuri aCqareba drois 2=t wm momentisaTvis. 

 
8.3.6  

mqnevaris brunvis sixSire mudmivia da tolia 90 br/wT. 
gansazRvreT brunvis RerZidan 0,043 m-iT daSorebuli 
mqnevaras wertilis aCqareba.  

   
8.3.7  

sxeuli brunavs uZravi RerZis garSemo 22t=ϕ  kanoniT. 

drois 2=t wm momentisaTvis gansazRvreT sxeulis im 
wertilis aCqareba, romelic brunviT RerZidan daSorebulia 

2,0=r m manZiliT.   
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8.3.8  

uZravi RerZis garSemo mbrunavi diskos 
M wertilis normaluri aCqareba tolia 
6,4 m/wm2-is. gansazRvreT am diskos brunvis 
kuTxuri siCqare, Tu misi radiusi 4,0=R m. 

 

8.3.9  

sxeuli brunavs uZravi RerZis garSemo 32t=ϕ  kanoniT. 

drois 2=t wm momentisaTvis gansazRvreT sxeulis im 
wertilis mxebi aCqareba, romelic brunvis RerZidan 
daSorebulia 2,0=r m manZiliT.  
 

8.3.10  

sxeulis kuTxuri siCqare icvleba 32t=ω  kanoniT. drois 
2=t wm momentisaTvis gansazRvreT sxeulis im wertilis 

mxebi aCqareba, romelic brunvis RerZidan daSorebulia 
2,0=r m manZiliT.  

 
8.3.11  

drois mocemul momentSi eleqtroamZravis rotori 
brunavs πω 3=  kuTxuri siCqariT da πε 8=  kuTxuri 
aCqarebiT. gansazRvreT rotoris im wertilis aCqareba, 
romelic brunvis RerZidan daSorebulia 0,04 m manZilze. 

 
8.3.12  

sxeuli brunavs t41+=ϕ  kanoniT. gansazRvreT sxeulis 

im wertilis aCqareba, romelic brunvis RerZidan daSo-
rebulia 2,0=r m manZilze.  

 
8.3.13  

sxeulis brunvis kuTxuri siCqare icvleba t+= 1ω  
kanoniT. drois 1=t wm momentisaTvis gansazRvreT sxeulis 
im wertilis aCqareba, romelic brunvis RerZidan daSo-
rebulia 2,0=r m manZilze.  
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8.3.14  

mqnevara Tvali drois mocemul momentSi brunavs πε 20=  
kuTxuri aCqarebiT, xolo brunvis RerZidan 5 sm-iT 
daSorebul mis wertils gaaCnia π8=w  aCqareba. 
gansazRvreT miTiTebuli wertilis normaluri aCqareba.  

 

 

8.3.15  

uZravi RerZis garSemo mbrunavi diskos 

M wertilis aCqareba tolia 4 m/wm2-is. 
gansazRvreT am diskos kuTxuri siCqare, 
Tu misi radiusi 5,0=R m, xolo kuTxe 

°= 60γ .   

 

 

8.3.16  
uZravi RerZis garSemo mbrunavi diskos 

M wertilis aCqareba tolia 8 m/wm2-is. 
gansazRvreT am diskos kuTxuri aCqareba, 
Tu misi radiusi 4,0=R m, xolo kuTxe 

°= 30γ .   

8.4. sxeulis gadataniTi da brunviTi 
       moZraobebis gardaqmna meqanizmebSi 

 
8.4.1  

solis moZraobisas horizontaluri mimmarTvelis 
gaswvriv 1 m/wm siCqariT, meore soli gadaadgildeba 
vertikaluri mimarTulebiT 1 m/wm siCqariT. gansazRvreT 
solebis dacerebebs Soris kuTxe. 

 

 

8.4.2  
1 da 3 solebi gadaadgildebian hori-

zontalur paraleluri mimmarTvelebis 
gaswvriv, xolo Sualeduri  soli 2 – 
vertikaluri mimmarTvelis gaswvriv. 
gansazRvreT soli-3-is gadaadgileba, Tu 1 
solis gadaadgileba tolia 0,12m-is, xolo 

°= 30α  da °= 60β . 
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8.4.3  

borbali 1 brunavs t201 =ϕ  kanoniT. 

gansazRvreT borbli-2-is mier 14,3=t wm-is 
ganmavlobaSi Sesrulebul brunvaTa 

ricxvi, Tu borblebis radiusebia 8,01 =R m 

da 5,02 =R m. 

 

 

8.4.4  
kbilana Tvali 1 asrulebs Tanabrad-

cvlad brunvas 41 =ε rad/wm2 kuTxuri aCqa-

rebiT. gansazRvreT M wertilis siCqare 
drois 2=t wm momentisaTvis, Tu kbilana 

Tvlebis radiusebia 4,01 =R m, 5,03 =R m. moZ-

raoba iwyeba wonasworobis mdgomareobidan. 

 

8.4.5  

kbilana Tvali 1 brunavs 2
1 4t=ϕ  

kanoniT. gansazRvreT Tvali 3-is M werti-
lis siCqare drois 2=t wm momentisaTvis, 

Tu Tvlebis radiusebia 4,01 =R m, 8,02 =R m, 

4,02 =r m, 13 =R m. 

 
 

 

8.4.6  
reduqtori Sedgeba konusuri da 

cilindruli kbilana gadacemebisagan 

romelTa kbilebis raodenobebia 181 =z , 

262 =z , 283 =z  da 404 =z . lilvi 1 brunavs 

)(201
tet −+=ω  kuTxuri siCqariT. gansazRv-

reT lilvi 2-is siCqare drois 10=t wm 
momentisaTvis. 

 
 

 

8.4.7  

kbilana Tvali 1 brunavs 2
1 4t=ϕ  

kanonis Tanaxmad. gansazRvreT 3 lartyis 
aCqareba, Tu kbilana Tvlebis radiusebia 

8,01 =R m, 4,02 =R m.  
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8.4.8  
variatori Sedgeba wamyvani diskisagan 

– 1, gorgolaWi-2-sa da amyoli diskisagan-

3. diskebis kuTxuri siCqareebia 101 =ω  

rad/wm, 52 =ω rad/wm. gansazRvreT  Sefar-

deba db . 
 

 

8.4.9  
tvirTi 1 aiweva jalambari 2-is saSua-

lebiT. tvirTis moZraobis kanons aqvs 

saxe: 257 ts += , sadac s gamosaxulia sm-Si. 
gansazRvreT dolis kuTxuri siCqare 
drois 3=t wm momentisaTvis, Tu misi 

diametri 50=d sm. 
 

 

8.4.10  
rogori unda iyos 1 kbilanis brunvis 

sixSire (br/wm) 1n , rom sxeuli 3 moZ-

raobdes mudmivi 90=ν sm/wm siCqariT, Tu 
kbilana Tvlebis kbilebis raodenobebia 

261 =z , 782 =z  da dolis radiusia 

10=r sm2?  
 

 

8.4.11  
1 kbilana Tvlis kuTxuri siCqare icv-

leba 2
1 2t=ω  kanoniT. gansazRvreT  tvirTi 

3-is aCqareba drois 2=t wm momentisaTvis, 

Tu kbilanebis radiusebia 11 =R m, 8,02 =R m 

da dolis radiusia 4,0=r m. 
 

 

8.4.12  
kbilana Tvali 3 asrulebs Tanabar-

cvlad brunvas 83 =ε rad/wm2 kuTxuri 

aCqarebiT. gansazRvreT  tvirTi 1-is mier 
drois 3=t wm SualedSi gavlili manZili, 

Tu radiusebi 8,02 =R m, 6,03 =R m, 4,0=r m. 

tvirTi 1 moZraobis dasawyisSi imyofeboda 
wonasworobaSi. 



 133

  

 

8.4.13  

kbilana Tvali 1 brunavs 3
1 2t=ϕ  

kanoniT. gansazRvreT B wertilis siCqare 
drois 2=t wm momentisaTvis, Tu Tvlebis 

radiusebia 3,01 =R m, 9,02 =R m, mrudmxaras 

sigrZe 6,01 == OABO m, ABOO =1 . 

 

8.4.14  
kbilana Tvali 1 Tanabrad brunavs 

61 =ω rad/wm kuTxuri siCqariT. gansazRv-

reT M wertilis aCqareba, Tu Tvlebis 

radiusebia 3,01 =R m, 9,02 =R m, 3,01 =MO m. 

BOOA 1=  da 1OOAB = . 

Tavi 9. myari sxeulis brtyelparaleluri 
moZraoba 

9.1. brtyeli figuris moZraobis 
gantolebebi 

 
9.1.1  

myari sxeulis brtyelparaleluri moZraobis dros 
damokidebulia Tu ara mobrunebis kuTxis sidide da 
mimarTuleba polusis arCevaze? 
 

9.1.2  

myari sxeulis brtyelparaleluri moZraobis dros 
damokidebulia Tu ara polusis moZraobis gantolebis saxe 
mis arCevaze? 

 
 

 

9.1.3  

AB Rero moZraobs 22 txA += , 0=Ay , 

tπϕ 25,0=  gantolebebis Tanaxmad. gansaz-

RvreT B wertilis abscisa drois 11 =t wm 

momentisaTvis, Tu 3=AB m. 
 

 9.1.4  
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gzis wrfiv ubanze mgoravi Tvlis 

centri moZraobs 23,0 txc = , 15,0=cy m gan-

tolebebis Tanaxmad. gansazRvreT B wer-

tilis ordinati dros 11 =t wm momen-

tisaTvis, Tu moZraobis dasawyisSi AB 
monakveTi emTxveoda Oy RerZs.  

 

 

9.1.5 

AD Zeli moZraobs 2txA = , 0=Ay , 

[ ]{ }5,022 )5,3(4[2arcsin t−+=ϕ  gantolebebis 

mixedviT. gansazRvreT A wertilis 
abscisa AB Zelis im mdebareobaSi, 
rodesac mobrunebis kuTxe °= 38ϕ .   

 
 

9.1.6  

dartymis Sedegad 2,0=R m radiusis 
mqone Tvali migoravs horizontalur 
zedapirze. misi C centris siCqare 

1,0=cν m/wm. gansazRvreT A wertilis 

abscisa drois 11 =t wm momentisaTvis, Tu 

00 =t  momentSi A wertili imyofeboda 

koordinatTa saTaveSi. 
 

 
 

9.1.7  

samkuTxedis A da B wveroebi moZrao-
bis procesSi yovelTvis gadaadgildeba 
Sesabamisad Oy da Ox RerZebis gaswvriv. 

drois 21 =t wm momentSi gansazRvreT 

mobrunebis ϕ  kuTxe, Tu B wvero misi 

sawyisi mdebareobidan 2)0( =Bx m gadaad-

gildeba mudmivi 5,0=Bν m/wm siCqariT. 

cnobilia, rom 4=AB m. 
 
9.1.8  

10=R sm radiusis borbali migoravs gzis wrfivi ubnis 
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gaswvriv da mis centrs gaaCnia mudmivi π2=cw sm/wm2 

aCqareba. gansazRvreT ramdeni bruni gaakeTa borbalma 

drois 10=t wm momentisaTvis, Tu siCqare 0)0( =cν . 

 

 
 

9.1.9  

OA mrudmxaram uZraobis mdgomareo-

bidan daiwyo Tanabari brunva πε 1,0=OA  

kuTxuri aCqarebiT. gansazRvreT ramden 
bruns gaakeTebs 2 kbila Tvali 10 wm-Si. 

kbila Tvlebis radiusebia 1021 == rr  sm. 

 
 
 
 

9.2. brtyeli figuris kuTxuri siCqare 
 

9.2.1  

damokidebulia Tu ara myari sxeulis kuTxuri siCqare 
misi brtyelparaleluri moZraobis dros polusis arCevaze? 

 

9.2.2  

myari sxeuli asrulebs brtyelparalelur moZraobas 
22txA = , 2,0=Ay m, 210t=ϕ  kanoniT. gansazRvreT sxeulis 

kuTxuri siCqare drois 11 =t wm momentSi.  
 

 

 

9.2.3  

drois mocemul momentSi sxeuli 
asrulebs myis brunvas sibrtyesTan misi 
Sexebis wertilis garSemo. gansazRvreT 
sxeulis kuTxuri siCqare, Tu C wertilis 
siCqare tolia 10m/wm-is, xolo 20=AC sm. 
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9.2.4  

gansazRvreT Tvlis brunvis kuTxuri 
siCqare, Tu A wertilis siCqarea 

10=Aν m/wm, xolo Tvlis radiusia 2,0=r m.  

 
 

 

9.2.5  

gansazRvreT Tvlis brunvis kuTxuri 
siCqare, Tu A wertilis siCqarea 

2=Aν m/wm, xolo Tvlis radiusia 1=r m. 

 

 

9.2.6  
1 tvirTis siCqarea 5,0=ν m/wm. gansaz-

RvreT moZravi 2 blokis kuTxuri siCqare, 
Tu misi radiusia 1,0=R m. 

 

 

9.2.7  

doluri amwis doli 1 brunavs 
6=ω rad/wm. kuTxuri siCqariT.  gansaz-

RvreT asawevi 2 milis kuTxuri siCqare, 

Tu radiusebis Sefardeba 32=Rr . 

 

 

9.2.8  

1 da 2 blokebi asruleben brunvas 1O  

da 2O  RerZebis garSemo 41 =ω rad/wm da 

82 =ω rad/wm kuTxuri siCqareebiT. gan-

sazRvreT bloki-3-is kuTxuri siCqare, Tu 
blokebis radiusebi erTnairia da tolia 

10=r sm. 
 

 9.2.9  
60 sm sigrZis AB Rero moZraobs 

naxazis sibrtyeSi. drois romeliRac 
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momentSi A da B wertilebis siCqareebi 

tolia 5,0== BA νν m/wm-is. gansazRvreT 

Reros brunvis myisi kuTxuri siCqaris 
absoluturi sidide.  

 
 

 

9.2.10  
80 sm sigrZis AB Rero moZraobs 

naxazis sibrtyeSi. drois romeliRac 
momentSi A da B wertilebis siCqareebi 

tolia 2,0=Aν m/wm da 6,0=Bν m/wm. 

gansazRvreT Reros kuTxuri siCqare.  
 

 

9.2.11  
Sida moWidebis mqone diferencialur 

meqanizmSi kbila Tvali-1 da OA mrudmxara 
brunaven erTmaneTisagan damoukideblad 

21 =ω rad/wm da 4=OAω rad/wm kuTxuri 

siCqareebiT. gansazRvreT 2 kbila Tvlis 

kuTxuri siCqare, Tu 301 =r sm da 20=OA sm. 

 

9.2.12  

OA mrudmxara brunavs t5,0=ϕ  kanoniT. 

gansazRvreT planetaruli meqanizmis  
Tvali 1-is kuTxuri siCqare, Tu 2,0=OA m 
da yvela Tvlis radiusebi tolia. 
 

9.3. brtyeli figuris kuTxuri aCqareba 
  

9.3.1  

damokidebulia Tu ara kuTxuri aCqareba myari sxrulis 
brtyelparaleluri moZraobisas polusis arCevaze? 

 

9.3.2  

sxeuli asrulebs brtyelparalelur moZraobas txA 4sin2= , 

ty 4cos2= , 24t=ϕ  kanonoT. gansazRvreT sxeulis kuTxuri 

aCqareba.  
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9.3.3  

Tvali migoravs 22txc = , 5,0=cy m 

kanonis Tanaxmad. gansazRvreT Tvalis 
kuTxuri aCqareba.  

 

 

9.3.4  

dolis C centri moZraobs vertikalu-

rad qveviT 233,0 tyc =  kanoniT. gansazRvreT 

dolis kuTxuri aCqareba, Tu 0666,0=r m.  
 

 

9.3.5  

doli 1 asrulebs brunvas 23,0 t=ϕ  

kanonis Tanaxmad. gansazRvreT bloki 2-is 
kuTxuri aCqareba, Tu 1,0=R m da 06,0=r m.  

 

 

9.3.6  

OA mrudmxara asrulebs brunvas 
25,0 t=ϕ  kanonis Tanaxmad. gansazRvreT  

Tvli 2-is kuTxuri aCqareba.  
 

 

9.3.7  
OA mrudmxara asrulebs brunvas 

24,0 t=ϕ  kanonis Tanaxmad. gansazRvreT 

moZravi kbilanas kuTxuri aCqareba, Tu 
2,02 == rR m. 

 

 9.3.8  

doli 1 asrulebs brunvas 25,0 t=ϕ  

kanonis Tanaxmad, xolo safexurebiani  
Tvali 2 migoravs daxril sibrtyeze. gan-
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sazRvreT Tvali 2-is kuTxuri aCqareba, 
Tu 1,0=r m, 3,0=R m. 

 

 

 

9.3.9  

80 sm sigrZis AB Rero moZraobs naxazis 
sibrtyeSi. drois romeliRac momentSi 
Reros A da B wertilebs gaaCniaT 

5=Aw m/wm2 da 10=Bw m/wm2 aCqarebebi. 

gansazRvreT Reros kuTxuri aCqareba.  
 

 

 

9.3.10  

uZravi brunvis RerZebis mqone 2 da 3 
blokebis A da B wertilebis tangen-

cialuri aCqarebebi tolia 3=τ
Aw m/wm2 da 

1=τ
Bw m/wm2. gansazRvreT moZravi 1 blokis 

kuTxuri aCqareba, Tu misi radiusi 
5,0=R m. 

 
 

9.4. brtyeli figuris wertilebis siCqare 
 

9.4.1  

tolia Tu ara brtyeli figuris wertilebis siCqareTa 
gegmilebi am wertilebze gamaval wrfeze? 

 
 9.4.2  

2 m sigrZis AB Rero moZraobs Oxy 
sibrtyeSi txB π5,0cos4= , 0=By , tπϕ 5,0=  

kanoniT. gansazRvreT drois 5,01 =t wm 

momentSi A wertilis siCqaris gegmili Ox 
RerZze.    

 
 9.4.3  

1=R m radiusis mqone wrewirze 
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tS A 05,1=  kanoniT moZraobs AB Reros A 
wertili. amavdroulad Rero asrulebs 
brunvas t=ϕ  kanonis mixedviT. gansazR-

vreT drois 11 =t wm momentSi B wertilis 

siCqaris gegmili Oy RerZze, Tu AB = 1m.    
 

 

9.4.4 

 ABC brtyeli figuris A wertilis 

siCqare 2=Aν m/wm, figuris brunvis kuT-

xuri siCqare 2=ω rad/wm, xolo AC =1,5m. 
gansazRvreT B wertilis siCqare.  

 

 

 

9.4.5  
AB Rero moZraobs vertikalur sibrt-

yeSi ise, rom misi A bolo srialebs 

horizontaluri wrfis gaswvriv 2,0=Aν m/wm 

siCqariT, xolo C wertilSi srialebs r 
radiusis mqone diskos zedapirze. 
gansazRvreT C wertilis siCqare Reros im 
mdebareobaSi, roca °= 45α . 
 

 

9.4.6  
saxsruli meqanizmis naxazze naCvenebi 

mdebareobisaTvis gansazRvreT B werti-
lis siCqare, Tu A wertilis siCqare 
tolia 1 m/wm-is.   

 
 

 
 

9.4.7  
Rero 1 A wertilSi saxsrulad Seer-

Tebulia Rero 2-Tan, romlis B bolo 
srialebs daxril sibrtyeze.  gansazRvreT  
Rero 2-is B wertilis siCqare Reros im 
mdebareobaSi,  roca °== 30βα  da  Rero 

1-is 1ν  siCqare tolia 0,6m/wm-is. 

 
 9.4.8  
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OABD saxsrul paralelogramTan C 
wertilSi saxsrulad mierTebulia CE 
barbaca. meqanizmis mocemuli mdebareobi-
saTvis gansazRvreT E cocias siCqare, Tu 

20== BDOA sm, BDBC 5,0=  da A wertilis 
siCqare tolia 0,4m/wm-is. 

 
 

 

9.4.9  
meqanizmis mocemuli mdebareobisaTvis 

gansazRvreT AB barbacas myisi kuTxuri 
siCqare, Tu B wertilis siCqare 

4,0=Bν m/wm, BD barbacas sigrZea 0,5m, 

xolo D wertilis siCqaris veqtoris Ox 
RerZze gegmili tolia 2,0=Dxν m/wm. 

  
 

 

9.4.10  

OA = 0,2m sigrZis mrudmxara Tanabrad 
brunavs 8=ω rad/wm kuTxuri siCqariT. AB 
barbacasTan C wertilSi saxsrulad 
mimagrebulia CD barbaca. meqanizmis 
mocemuli mdebareobisaTvis gansazRvreT 
D cocias siCqare, Tu °= 20α . 

 
9.5 siCqareTa myisi centri 

 
9.5.1  

50=R sm radiusis mqone disko migoravs sibrtyeze. 
gansazRvreT manZili diskos geometriul centrsa da 
siCqareTa myis centrs Soris. 

 

 

 

9.5.2  

meqanizmis mocemuli mdebareobisaTvis 
P wertili warmoadgens AB Reros werti-
lebis siCqareTa myis centrs. gansazRvreT 
BP manZili, Tu A da B wertilebis 

siCqareebi Sesabamisad tolia 10=Aν m/wm 

da 15=Bν m/wm, xolo AP =60sm.  
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9.5.3  

drois mocemul momentSi B wertilis 
siCqare tolia 20m/wm-is, xolo AB rgolis 
kuTxuri siCqarea 10rad/wm. gansazRvreT 
manZili B wertilidan AB rgolis 
wertilebis siCqareTa myis centramde.  

 
 

 

9.5.4  

r = 13 sm radiusis mqone cilindri 
goravs 20=R sm radiusis mqone uZravi 2 
cilindris zedapirze. gansazRvreT 
manZili cilindris O centridan misi 
wertilebis siCqareTa myis centramde.   

 
 

 

9.5.5  

60sm sigrZis AB Rero moZraobs naxazis 
sibrtyeSi. drois romeliRac momentSi 
Reros A da B wertilebis siCqareebi 

tolia 4=Aν m/wm da 2=Bν m/wm. gansazRv-

reT manZili A wertilidan Reros werti-
lebis siCqareTa myis centramde.  

 
 

 

9.5.6  
meqanizmis OA mrudmxara, romelic 

asrulebs Tanabar brunvas, drois moce-
mul momentSi OB mimarTulebasTan adgens 

°= 90ϕ  kuTxes. gansazRvreT manZili AB 
barbacas wertilebis siCqareTa myisi 
centridan B cociamde.  

 
 

 

9.5.7  
OA mrudmxara brunavs mudmivi ω  

kuTxuri siCqariT. gansazRvreT manZili A 
wertilidan AB barbacas wertilebis 
siCqareTa myis centramde, Tu OA = 80 mm 
da AB = 160mm.   
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9.5.8  

2,01 =r m radiusis Skivi-1 da 5,02 =r m 

radiusis disko saxsrulad SeerTebulia 
AB Stangis saSualebiT. gansazRvreT 
naxazze naCvenebi mdebareobisaTvis manZili 
B wertilidan Stangis wertilebis siCqa-
reTa myis centramde.  

 
 

 

9.5.9  

gansazRvreT meqanizmis naxazze moce-
muli mdebareobisaTvis manZili A werti-
lidan AB Reros wertilebis siCqareTa 
myis centramde, Tu OA mrudmxara brunavs 

10=ω rad/wm kuTxuri siCqariT da AB=0,6m. 
 

 

9.5.10  

gansazRvreT meqanizmis mocemuli 
mdebareobisaTvis manZili D wertilidan 
CD barbacas wertilebis siCqareTa myis 
centramde, Tu CD = 0,6m. 
 

 
9.6. siCqareTa gansazRvra siCqareTa 

myisi centris daxmarebiTY 
 

9.6.1  

0,5m radiusis mqone Tvali migoravs sibrtyeze da misi 
centris siCqare tolia 5m/wm-is. gansazRvreT Tvalis 
sibrtyesTan Sexebis wertilis siCqare.  

 

 
 

9.6.2  

gansazRvreT Tvlis B wertilis 
siCqare, Tu A wertilis siCqarea 2m/wm.   
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9.6.3  

kbilana Tvalis A centris siCqarea 

2=Aν m/wm. gansazRvreT misi B wertilis 

siCqare, Tu 6,01 =r m, 5,02 =r m. 

 

 
 

9.6.4  
AB Zeli boloebiT eyrdnoba kedelsa 

da iataks, romelTa gaswvrivac igi iwyebs 
srials. gansazRvreT α  kuTxis is 
mniSvneloba, rodesac Zelis A bolos 
siCqare orjer meti iqneba B bolos 
siCqareze. 
 

 

 

9.6.5  
AB Zeli boloebiT eyrdnoba 

horizontalur da daxril sibrtyeebs, 
romelTa gaswvrivac igi iwyebs srials. 
gansazRvreT Zelsa da horizontalur 
sibrtyes Soris kuTxis rogori 
mniSvnelobisaTvis iqneba Zelis boloebis 
siCqareebi sididiT toli, Tu °= 60β . 

 

 
 

9.6.6  
AB Reros B bolo srialebs daxrili 

sibrtyis gaswvriv 1=Bν m/wm siCqariT, 

xolo A bolo saxsrulad mimagrebulia 
gorgolaWTan, romelic usrialod goravs 
horizontalur sibrtyeze. gansazRvreT 
gorgolaWis C centris siCqare, Tu 

°= 60α . 
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9.6.7  

tvirTi 1-is siCqarea 5,01 =ν m/wm. gan-

sazRvreT tvirTi 2-is siCqare.  
 

 

9.6.8  

dolis kuTxuri siCqarea 1=ω rad/wm. 
gansazRvreT safexurebiani satkepnis M 

wertilis siCqare, Tu 1,01 =r m, R=0,3m. 
satkepni asrulebs usrialo gorvas. 
 

 

9.6.9  
doluri amwis  doli 1 brunavs uZravi 

RerZis garSemo. brunvis kuTxuri sixSire 
tolia n = 30 br/wT. gansazRvreT asawevi  
mili 2-is O centris siCqare, Tu  R = 0,3m, 
r = 0,2m. 

 

 

9.6.10  

gansazRvreT meqanizmis mocemuli 
mdebareobisaTvis AB barbacas Sua C 
wertilis siCqare, Tu brunvis kuTxuri 
siCqarea 1=ω rad/wm. amasTan cnobilia, rom 
OA = 0,3m, AB =0,5m.    

 

   

9.6.11  
Zravis muxla lilvis brunvis sixSirea 

4200 br/wT-Si. gansazRvreT B dguSis moZ-
raobis siCqare, Tu drois mocemul momentSi 
AB barbacas wertilebs siCqareTa myisi P 
centri mdebareobs A da B wertilebidan 
AP = 0,18m da BP =0,1m daSorebiT. OA mrud-
mxaras sigrZea OA = 0,04m.    
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9.6.12  
0,5m sigrZis OA mrudmxara da 1,57m 

sigrZis AB barbaca drois mocemul 
momentSi mdebareoben erT wrfeze. 
gansazRvreT barbacas brunvis kuTxuri 
siCqare, Tu mrudmxara brunavs πω 120=  
kuTxuri siCqariT. 

 

 

9.6.13  
gansazRvreT mrudmxara-cocia meqaniz-

mis OA mrudmxaras brunvis kuTxuri siC-
qare misi naxazze mocemuli mdebareobi-
saTvis, Tu barbacas D wertilis siCqarea 

1=Dν m/wm,  xolo mrudmxaras sigrZea 

OA = 0,1m.  
 

 

9.6.14  
gansazRvreT mrudmxara-cocia meqaniz-

mis AB barbacas brunvis kuTxuri siCqare 
meqanizmis mocemul mdebareobaSi, Tu A 
wertilis siCqarea 3=Aν m/wm, xolo barba-

cas sigrZea AB = 1m. 
 

  

9.6.15  
gansazRvreT meqanizmis mocemuli mde-

bareobisaTvis OA mrudmxaras brunvis 
kuTxuri siCqare, Tu barbacas C wertilis 

siCqare tolia 4=Cν m/wm-is, xolo barba-

cas sigrZea OA = 0,2m.   
 

 

9.6.16  

gansazRvreT mrudmxara-cocia meqaniz-
mis mocemuli mdebareobisaTvis AB barba-
cas brunvis kuTxuri siCqare, Tu A wer-
tilis siCqarea 3=Aν m/wm, xolo barbacas 

sigrZea AB = 1m.  
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 9.6.17  

gansazRvreT mrudmxara-cocia meqaniz-
mis mocemuli mdebareobisaTvis AB barba-
cas brunvis kuTxuri siCqare, Tu A 
wertilis siCqarea 3=Aν m/wm, xolo barba-

cas sigrZea AB = 3m. 
 

 

8.6.18  

gansazRvreT meqanizmis mocemuli mdeba-
reobisaTvis OA mrudmxaras brunvis kuT-

xuri siCqare, Tu cocias siCqarea 2=Bν  

m/wm, xolo mrudmxaras sigrZea OA = 0,1m.  
 

 

 

9.6.19  

gansazRvreT saxsruli oTxrgoliani 
meqanizmis mocemuli mdebareobisaTvis AB 
rgolis brunvis kuTxuri siCqare, Tu A 
wertilis siCqarea 1=Aν m/wm, xolo AB = 0,2m. 

   
 

 

9.6.20  

meqanizmSi r = 0,1m radiusis  Skivi-1 AB 
Stangis saSualebiT saxsrulad aris 
SeerTebuli 0,25m sigrZis  Rero-2-Tan. 
gansazRvreT am meqanizmis mocemuli mde-
bareobisTvis Stangis kuTxuri siCqare, Tu 
Skivis brunvis sixSire tolia 120br/wT, 

xolo 45,021 =OO m.  

 
 

 

9.6.21  
A RerZze erTmaneTisagan damoukideblad 

Camocmulia  kbilana-1 da 30sm sigrZis AB 
mrudmxara. mrudmxaris B RerZze dayenebu-
lia 152 =r sm radiusis  kbilana-2, romel-

zec mimagrebulia barbaca-3. gansazRvreT  
kbilana-1-is kuTxuri siCqare, roca kuTxe 

°= 90ϕ  da C cocias siCqare tolia 
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3,0=Cν m/wm.  
 

 

9.6.22  
1 da 2 cociebi, romlebic SeerTebu-

lia A da B saxsrebiT  barbaca-3-is saSua-
lebiT, moZraoben uZravi mimmarTvelebis 
gaswvriv. gansazRvreT barbacas kuTxuri 

siCqare im momentSi, roca 2,0=Aν m/wm, Tu 

AC = BC =0,2m. 
 

9.7. brtyeli figuris wertilebis aCqarebebi 
 

9.7.1  
sibrtyeze mgoravi borblis centri moZraobs ts 2=  

kanoniT. gansazRvreT borblis sibrtyesTan Sexebis 
wertilis aCqareba, Tu misi radiusia r = 0,5m.   

 

 

9.7.2  
2m sigrZis AB Rero asrulebs brtyel-

paralelur moZraobas. ipoveT B wertilis 
aCqareba, Tu A wertilis aCqareba tolia 
1m/wm2-is, Reros brunvis kuTxuri siCqarea 

1=ω rad/wm, xolo kuTxuri aCqareba 0=ε . 
 

 

9.7.3  
AB Rero moZraobs sibrtyeSi. drois 

mocemul momentSi A wertilis aCqareba 

tolia 1=Aw m/wm2-is, Reros brunvis kuT-

xuri siCqarea 2=ω rad/wm, xolo kuTxuri 
aCqareba _ 2=ε rad/wm2-is. gansazRvreT 
Reros B wertilis aCqareba, Tu AB = 1m. 

  

 

9.7.4  
sxeuli asrulebs brtyel-paralelur 

moZraobas. gansazRvreT B wertilis 
aCqareba, Tu A wertilis aCqareba tolia 

3=Aw m/wm2-is, sxeulis brunvis kuTxuri 

siCqare 1=ω rad/wm, kuTxuri aCqareba _ 
0=ε , xolo AB = 0,5m. 
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9.7.5  
borbali usrialod goravs horizon-

talur sibrtyeze. gansazRvreT borblis B 
wertilis aCqareba im momentSi, roca A 
wertilis siCqare tolia nulis, xolo 

misi aCqarebaa 2=Aw m/wm2.  
 

 

9.7.6  
r =0,1m radiusis borbali usrialod 

goravs horizontalur sibrtyeze. gansaz-
RvreT borblis B wertilis aCqareba, Tu 
misi A centri gadaadgildeba mudmivi 

2=Aν m/wm siCqariT.  

 

 

 

9.7.7  

daxril sibrtyeze usrialod mgoravi 
borblis C centris siCqare mudmivia. 
gansazRvreT kuTxe gradusebSi, romelsac 
adgens borblis wertilebis siCqareTa 
myisi centris aCqarebis veqtori Ox 
RerZTan. 

 

 

9.7.8  

doli 1 asrulebs brunvas 21,0 t=ϕ  

kanoniT. gansazRvreT tvirTi-2-is aCqareba, 
Tu dolis radiusia r = 0,2m.   

 

  

9.7.9  

OA mrudmxara brunavs t5,0=ϕ  kanoniT. 

gansazRvreT moZravi Tvalis M wertilis 
aCqareba, Tu R = 2r =0,2m.    
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9.7.10  

planetaruli meqanizmis mrudmxara bru-
navs mudmivi 1=ω rad/wm kuTxuri siCqa-
riT. gansazRvreT im wertilis aCqareba, 
romelic warmoadgens moZravi Tvalis 
wertilebis  siCqareTa  myis centrs,  Tu 
R = 0,1m.  

 

 9.7.11  

AB = 40sm sigrZis Rero moZraobs naxa-
zis sibrtyeSi. drois romeliRac momentSi 
Reros A da B wertilebis aCqarebebi 

tolia 2=Aw m/wm2 da 6=Bw m/wm2-is. gan-

sazRvreT Reros kuTxuri aCqareba.  
 

 

9.7.12  

sxeuli asrulebs brtyel-paralelur 
moZraobas. ipoveT misi kuTxuri siCqare, 
Tu A da B wertilebis aCqarebebi 
Sesabamisad tolia 1 m/wm2 da 6 m/wm2-is. 
amasTan AB = 1m da  °= 60α .  
 

 
 

9.7.13  

kvadratuli formis ABDE firfita 
moZraobs Oxy sibrtyeSi. gansazRvreT 
firfitis kuTxuri aCqareba naxazze 
miTiTebul mdebareobaSi, Tu AB = 0,5m, 
xolo A da B wertilebis aCqarebaTa 

gegmilebi Oy RerZze tolia 3=Ayw m/wm2, 

6=Byw m/wm2-is. 
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9.7.14  

50sm sigrZis AB Rero moZraobs naxazis 
sibrtyeSi. drois romeliRac momentSi 
misi A da B wertilebis aCqarebebi Sesa-

bamisad tolia: 2=Aw m/wm2 da 3=Bw m/wm2-

is. gansazRvreT Reros kuTxuri aCqareba.  
 

 

9.7.15  

OA mrudmxara asrulebs Tanabar brunvas 
10=ω rad/wm kuTxuri siCqariT. gansazRv-

reT AB barbacas kuTxuri aCqareba, Tu 
drois mocemul momentSi meqanizms ukavia 
naxazze naCvenebi mdebareoba.  

  

 

9.7.16  
gansazRvreT mrudmxara-barbaca meqaniz-

mis B cocias aCqareba naxazze mocemul 
mdebareobaSi, Tu mrudmxaras kuTxuri 
siCqare 1=ω rad/wm= const ; amasTan, OA = 0,3m 
da AB = 0,5m.   

 

 
 

9.7.17  

saxsruli oTxrgoliani meqanizmis 
naxazze mocemul mdebareobaSi OA mrud-
mxaras A wertilis siCqare da aCqareba 

tolia: 2=Aν m/wm, 20=Aw m/wm2. gansazRv-

reT barbacas B wertilis  aCqareba, Tu 
AB = BC = 0,8m.   
 

 

9.7.18  
saxsruli oTxrgoliani meqanizmis 

naxazze mocemul mdebareobaSi OA 
mrudmxaras A wertilis siCqare da 

aCqareba tolia: 2=Aν m/wm, 40=Aw m/wm2. 

gansazRvreT BC rgolis kuTxuri aCqareba, 
Tu AB = BC = 0,5m.  
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9.7.19  

gansazRvreT naxazze mocemul mdeba-
reobaSi mrudmxara-barbaca meqanizmis AB 
barbacas kuTxuri aCqareba, Tu OA mrud-
mxara brunavs mudmivi 10=ω rad/wm kuTxuri 
siCqariT, xolo OA = 0,3m da AB = 0,45m.    
 

 

9.7.20  

1OABO  saxsruli paralelogramis OA 
mrudmxara asrulebs Tanabar brunavs 

4=ω rad/wm kuTxuri siCqariT. gansazRv-
reT meqanizmis mocemul mdebareobaSi CD 
barbacas kuTxuri aCqareba, Tu OA = 20sm 
da CD = 30sm.  

 

 

9.7.21  

gansazRvreT meqanizmis mocemuli mdeba-
reobisaTvis B cocias aCqareba Tu R = 50sm 
radiusis  Tvali 1 goravs horizontalur 

zedapirze. misi centris siCqarea 50 =ν m/wm. 

amasTan °= 30α . 
 

9.8. aCqarebaTa myisi centri 
 

9.8.1  

sxeuli moZraobs sibrtyeSi txB π5,0cos2= , 0=By , 

tπϕ 5,0=  kanoniT. gansazRvreT dros 5,01 =t wm momentSi. 

manZili B werilidan aCqarebaTa myis centramde. 
 

 

9.8.2  
d=90sm diametris mqone borbali 

usrialod goravs ise, rom misi C 
wertili gadaadgildeba txC 20=  kanoniT. 

gansazRvreT manZili siCqareTa myis 
centrsa da aCqarebaTa myis centrs Soris.  
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9.8.3  

im cilindris centri, romelzedac 
daxveulia Zafi, moZraobs vertikalis 

gaswvriv 6,6=Cw m/wm2 aCqarebiT. drois 

mocemul momentSi 66,0=Cν m/wm. gansazRv-

reT manZili C wertilidan aCqarebaTa 
myis centramde,  Tu cilindris radiusia 
R = 0,066m.   

 

 

9.8.4  

ABC samkuTxedi asrulebs brtyelpara-
lelur moZraobas. gansazRvreT manZili A 
wverodan aCqarebaTa myis centramde, Tu 

10=Aw m/wm2, xolo mocemul momentSi 

kuTxuri siCqare 2=ω rad/wm da kuTxuri 
aCqareba 3=ε rad/wm2. 

 

 

9.8.5  

mrudmxara cocia meqanizmis mocemul 
mdebareobaSi Q wertili warmoadgens AB 
barbacas wertilebis aCqarebaTa myis 
centrs. gansazRvreT barbacas Sua C 
wertilis aCqareba, Tu misi sigrZea AB = 
0,6m, xolo 10=Aw m/wm2.  

 

 

9.8.6  

drois mocemul momentSi RerZgareSe 
mrudmxara-cocia meqanizms ukavia naxazze 
naCvenebi mdebareoba. gansazRvreT AB 
barbacas kuTxuri aCqareba, Tu Q wertili 
warmoadgens mis aCqarebaTa myis centrs, 

xolo AB = 0,6m da 10=Aw m/wm2.  

 
 
 



 154

 

 

9.8.7  
Zelis A bolo srialebs iatakis 

gaswvriv, xolo B bolo-kedlis gaswvriv. 
drois mocemul momentSi Zelis kuTxuri 
siCqare tolia 6,0=ω rad/wm, xolo kuTxu-

ri aCqareba _ 36,0=ε rad/wm2-is. gansazRv-

reT kuTxe radianebSi Bw
r

 veqtorsa da im 

monakveTs Soris, romelic aerTebs B 
wertils aCqarebaTa myis centrTan.  
 

 

9.8.8  
ABCD kvadrati asrulebs brtyel-

paralelur moZraobas da drois mocemul 
momentSi misi wertilebis aCqarebaTa myisi 
centria A wertili, kuTxuri siCqare 

1=ω rad/wm da kuTxuri aCqareba _ 
1=ε rad/wm2. gansazRvreT kuTxe gradu-

sebSi C wertilis aCqarebis veqtorsa da 
Ox RerZs Soris.  
 

 

 

9.8.9  
ABCD kvadrati, romlis gverdis sigrZea 

0,1m, asrulebs brtyelparalelur moZrao-
bas da drois mocemul momentSi misi 
wertilebis aCqarebaTa myisi centria A wer-
tili, kuTxuri siCqare tolia 2=ω rad/wm 
da kuTxuri aCqareba 3=ε rad/wm2. gansaz-
RvreT B wertilis aCqarebis absoluturi 
sidide.  

 
 

 

9.8.10  
gansazRvreT elifsografis B cocias 

aCqareba, Tu drois mocemul momentSi A 
cocias aCqareba tolia 4m/wm2-is, xolo A 
da B cociebidan manZilebi aCqarebaTa myis 
centramde Sesabamisad tolia: AQ = 33sm 
da BQ = 53sm. 
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Tavi 10. sferuli moZraoba da myari sxeulis    
moZraobis zogadi SemTxveva 

  

10.1. sferuli moZraoba. sxeulis veqtoruli 
    kuTxuri siCqare da veqtoruli kuTxuri 

aCqareba 
 

10.1.1  

myari sxeuli moZraobs uZravi O wertilis garSemo  

2πψ = , tπθ = , tπϕ =  kanoniT. drois 5,0=t wm momentisaTvis 

gansazRvreT ω
r
 kuTxuri siCqaris gegmili uZrav Ox RerZze.  

 

10.1.2  

gansazRvreT sxeulis sferuli moZraobis kuTxuri 
siCqaris sidide mocemuli sxeulis moZraobis gantolebebis 

saSualebiT tsinπϕ = , tcosπθ = , πϕ = . 

 

10.1.3  

sxeulis sferuli moZraobis gantolebebia: tπψ = , 

3πθ = , tπϕ = . gansazRvreT sxeulis kuTxuri siCqaris 

sidide.  
 

10.1.4  

sxeuli asrulebs sferul moZraobas. gansazRvreT 
drois 2=t wm momentisaTvis im kuTxis kosinusi, romelsac 
adgens sxeulis brunvis myisi RerZi Ox RerZTan, Tu 

kuTxuri siCqare ktjtit
rrrr

⋅+⋅+⋅=  2 sin cos 22 πππππω .  

 
10.1.5  

sxeulis sferuli moZraobis dros misi kuTxuri siCqarea 

kjtit
rrrr
⋅+⋅+⋅= πππππω  cos sin . gansazRvreT drois 1=t wm 

momentisaTvis sxeulis kuTxuri aCqarebis gegmili Ox 
RerZze. 
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10.1.6  

sxeulis sferuli moZraobis dros misi kuTxuri siCqarea 

kejtit t
rrrr

⋅+⋅+⋅= −πππω 100 cos sin . gansazRvreT drois 10=t wm 

momentisaTvis kuTxuri aCqarebis gegmili Oz RerZze.  
 

10.1.7  

sxeulis sferuli moZraobis dros mocemulia misi kuT-

xuri siCqaris gegmilebi tx  πω = , ty  πω = , tz  2πω = . gansazRv-

reT drois 3=t wm momentisaTvis kuTxuri aCqarebis sidide. 
 

10.1.8  
gansazRvreT drois 2=t wm momentisaTvis sxeulis kuT-

xuri aCqarebis mniSvneloba, Tu sferuli moZraobis dros 

misi kuTxuri siCqarea kjtit
rrrr

5 2sin sin2 2 +⋅+⋅=ω . 

 

 
 

10.1.9  
1 konusi goravs uZrav 2 konusze. drois 

mocemul momentSi kuTxuri aCqarebebis 1ε
r
 

da 2ε
r
 komponentebis (Sesabamisad veqtoruli 

kuTxuri ω
r
 siCqaris paraleluri da per-

pendikularuli) mniSvnelobebia πε 1,01 = ; 

πε 2,02 = . gansazRvreT kuTxuri aCqareba. 

 

 

10.1.10  

ormagi 1 konusi tππω 1,0sin=  kuTxuri 
siCqaris goravs uZrav 2 konusze. gan-
sazRvreT drois 3=t wm momentSi kuTxuri 
aCqarebis gegmili brunvis myis RerZze. 
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10.1.11  

1 konusi 21,0 tπω =  kuTxuri siCqariT 
goravs uZravi 2-konusis Siga zedapirze. 
gansazRvreT drois 2=t wm momentSi kuT-
xuri aCqarebis gegmili brunvis myis RerZze. 

 

10.1.12  

1 konusi mudmivi πω =  kuTxuri siC-
qariT goravs uZrav 2 konusze, 1 konusis 
fuZis C centridan daSvebuli CN perpen-
dikulari Oz RerZis garSemo brunavs 

8,11 =ω wm_1 kuTxuri siCqariT. gansazRvreT 

1 konusis kuTxuri aCqareba, Tu kuTxe 
°= 30α . 

 
 

 

10.1.13  

uZrav horizontalur zedapirze 
konusis usrialod gorvisas myisi 
kuTxuri siCqaris veqtori πω 2=  brunavs 

vertikaluri Oz RerZis garSemo 21 =ω wm_1 

kuTxuri siCqariT. gansazRvreT konusis 
kuTxuri aCqarebis sidide.  

 
 

 

10.1.14  

borbali usrialod goravs 3 hori-
zontalur zedapirze, romlis kuTxuri 
siCqare 10=ω wm_1 mudmivi sididea. 2-borb-
lis RerZi vertikaluri Oz RerZis garSemo 
brunavs mudmivi 7,1=ω wm_1 kuTxuri 
siCqariT. gansazRvreT 1-borblis kuTxuri 
aCqareba, Tu kuTxe °= 80α . 

 
 
 
 
 
 



 158

10.2. erTi uZravi wertilis mqone myari sxeulis 
wertilebis siCqareebi da aCqarebebi 

 
10.2.1  

sxeuli brunavs O wertilis garSemo. drois mocemul 
momentSi brunvis myisi RerZi emTxveva Ox RerZs, xolo M 

wertilis mdebareoba gansazRvrulia koordinatebiT 0=Mx , 

2,0=My m, 0=Mz . gansazRvreT kuTxe gradusebSi, M 

wertilis veqtorul siCqaresa da Oy RerZs Soris.  
 

 

10.2.2  

sxeuli mudmivi 1=ω wm_1 kuTxuri siC-
qariT brunavs uZravi wertilis garSemo. 
gansazRvreT A wertilis siCqaris sidide, 
Tu drois mocemul momentSi misi 

koordinatebia 0=Ax , 3,0=Ay m, 4,0=Az m, 

xolo sxeulis brunvis myisi RerZi 
emTxveva Ox RerZs.  

 
10.2.3  

sxeuli brunavs uZravi O wertilis garSemo. drois raRac 

momentSi sxeuli myisi kuTxuri siCqarea ji
rrr

4,03,0 +=ω . 

gansazRvreT drois am momentSi A wertilis veqtoruli 
siCqaris gegmili Ox RerZze, Tu misi koordinatebia 

1,0=Ax m, 0=Ay , 1,0=Az m.  

 
10.2.4  

sxeulis sferuli moZraobis dros, drois raRac 

momentSi misi kuTxuri siCqarea kji
rrrr

532 ++=ω . gansazRvreT 

drois am momentSi 0=Ax , 0=Ay , 5,0=Az m koordinatebis 

mqone A wertilis siCqare. 
 

10.2.5  

sferuli moZraobisas sxeulis kuTxuri siCqaris gegmilebi 

mocemulia Semdegi gamosaxulebebiT tx sinπω = , ty cosπω = , 
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0=zω . gansazRvreT sxeulis A wertilis siCqare drois 

π=t  momentSi, Tu misi koordinatebia 4,0=Ax m, 0=Ay , 

3,0=Az m. 

 
10.2.6  

gansazRvreT sxeulis sferuli moZraobisas, am sxeulis 
A wertilis siCqare drois im momentSi, roca misi 

koordinatebia 1,0=Ax m, 3,0=Ay  m, 1,0=Az m, xolo myisi 

kuTxuri siCqaris gegmilebia πω =x , πω 3=y , πω 2=z . 

 

10.2.7  

uZravi O wertilis garSemo 2=ω wm_1 
kuTxuri siCqariT mbrunavi konusi goravs 
Oxy sibrtyeze. gansazRvreT konusis A 
wertilis kuTxuri siCqare, Tu OA= 0,2m da 

°= 30α . 
 

 

10.2.8  

uZravi O wertilis garSemo 1=ω wm_1 
kuTxuri siCqariT mbrunavi sxeuli goravs 
Oxy sibrtyeze. gansazRvreT sxeulis A 
wertilis siCqare, Tu OA = 0,5m,  °= 60α , 
OB = AB.  

 
 

 

10.2.9  

O wertilis garSemo mbrunavi konusi, 
romlis wveros kuTxea °= 90α , xolo 

simaRlea OC = 0,1m, goravs horizontalur 
sibrtyeze. konusis fuZis centris siCqarea 

1,0=cV m/wm. gansazRvreT A wertilis 

RerZiskenuli aCqarebis sidide.  
 

 10.2.10  

sxeuli brunavs uZravi O wertilis 
garSemo mudmivi kuTxuri siCqariT. gansaz-
RvreT M wertilis veqtorul aCqarebasa 
da Oz RerZs Soris kuTxis kosinusi, Tu 
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drois im momentSi, roca ω
r
 veqtori 

emTxveva Oy RerZs, ε
r
 kuTxuri aCqareba Ox 

RerZis paraleluria. 
 

10.2.11  

sxeuli asrulebs regularul precesias uZravi O 
wertilis garSemo. brunvis myisi RerZi drois mocemul 
momentSi emTxveva Ox RerZs. gansazRvreT myis RerZze 
mdebare A wertilis veqtorul aCqarebasa da Oz RerZs 
Soris kuTxis kosinusi.  

10.2.12  

sxeuli asrulebs sferul moZraobas da drois raRac 

momentSi misi myisi veqtoruli aCqarebaa kji
rrrr

+−=ε ,. 

gansazRvreT sxeulis A wertilis brunviTi aCqarebis 
sidide, Tu drois am momentSi misi radius-veqtoria 

kjirA

rrrr
++= . 

 

10.2.13  
sxeuli asrulebs sferul moZraobas da drois raRac 

momentSi misi myisi veqtoruli kuTxuri siCqarea 

kji
rrrr

242 ++=ω . xolo sxeulis A wertilis veqtoruli 

siCqarea kjiVA

rrrr
484 −+= . gansazRvreT RerZiskenuli aCqarebis 

gegmili Oy RerZze.  
10.2.14  

sxeuli asrulebs sferul moZraobas da drois raRac 
momentSi cnobilia misi myisi veqtoruli kuTxuri siCqare 

kji
rrrr

42 ++=ω . gansazRvreT sxeulis A wertilis RerZis-

kenuli aCqarebis gegmili Ox RerZze, Tu drois am momentSi 

misi radius-veqtoria kjirA

rrrr
++= 2 .  
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10.2.15  
sxeuli asrulebs sferul moZraobas. drois raRac 

momentSi mas gaaCnia ki
rrr

32 +=ω  kuTxuri siCqare da 

kj
rrr

54 +=ε  kuTxuri aCqareba. gansazRvreT sxeulis M 

wertilis aCqareba, Tu drois am momentSi misi radius-

veqtoria kirA

rrr
15,01,0 += . 

 

10.3. myari sxeulis moZraobis zogadi SemTxveva 
 

10.3.1  

sxeuli moZraobs sivrceSi mocemuli 0=Mx , tyM 20= , 
29,420 ttzM −= , 5,0=θ , 3=ψ , )1(12 25,0 te−−=ϕ  kanoniT. gansaz-

RvreT sxeulis kuTxuri siCqaris sidide drois 4=t wm 
momentSi. 

10.3.2  

motoriani navi gadaadgildeba wylis zedapirze moce-

muli 100=Mx m, tyM 6= , tzM π2sin2,0= , tπθ 2cos1,0= , 0=ψ , 

0=ϕ  kanoniT. gansazRvreT navis kuTxuri aCqarebis sidide 

drois 1=t wm momentSi. 
 

10.3.3  

sxeulis xraxnuli moZraobis gantolebebia: 00 =x , 

00 =y , tz 3,050 −= , 0=θ , 0=ψ , t8=ϕ . gansazRvreT wertilis 

siCqare, romelic brunvis myisi RerZidan 0,5m manZiliTaa 
daSorebuli. 

 
10.3.4  

naxvretidan burRis gamoRebisas misi moZraobis ganto-

lebebi mocemulia Semdegi saxiT: 00 =x , 00 =y , tz 40 = , 0=θ , 

0=ψ , te−= 25ϕ , sadac O wertili Zevs burRis simetriis 

RerZze. gansazRvreT drois 3=t wm momentSi sm/wm-Si burRis 
im wertilis siCqare, romelic brunvis RerZidan 0,6sm 
manZiliTaa daSorebuli. 
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10.3.5  

gansazRvreT Tavisufali sxeulis A wertilis siCqaris 
gegmili uZrav Ox RerZze, Tu drois 1=t wm momentSi 

polusis mimarT misi radius-veqtoria kjiOA
rrr

22 ++= , myisi 

kuTxuri siCqarea kji
rrrr

+−= 2ω , xolo polusis moZraobis 

gantolebebia: tx 20 = , ty 80 = , 2
0 5tz = . 

 

10.3.6  

sxeulis O wertilis moZraobis gantolebebia: tx 50 = , 

ty 50 −= , 2
0 2tz −= . gansazRvreT drois 2=t wm momentSi A 

wertilis siCqaris gegmili Oy RerZze, Tu drois am 

momentSi kjiOA
rrr

24 −+=  da myisi kuTxuri siCqare 

kji
rrrr

++= 22ω . 

10.3.7  

sxeulis Tavisufali moZraobis SemTxvevaSi drois 

raRac momentSi polusis aCqarebaa ia
rr

50 = , kuTxuri siCqare 

k
rr

πω =  da kuTxuri aCqareba 0=ε
r

. gansazRvreT sxeulis M 
wertilis aCqarebis gegmili Oy RerZze, Tu misi mdebareoba 

O polusis mimarT gansazRvrulia jOM
r

5,0= Oradius-

veqtoriT.  
 

10.3.8  

sxeuli asrulebs Tavisufal moZraobas. drois im 

momentSi, rodesac O wertilis aCqareba.  kjia
rrrr

5520 ++= , igi 

miRebulia polusad, sxeulis kuTxuri siCqarea 0=ω
r

 da 

kuTxuri aCqareba ki
rrr

52 −=ε , gansazRvreT sxeulis M 

wertilis aCqareba, Tu kiOM
rr

52 −= . 
 

10.3.9  

sxeulis xraxnuli moZraobis gantolebebia 00 =x , 

00 =y , tz 5,00 = , 0=θ , 0=ψ , tπϕ = . gansazRvreT M wertilis 
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aCqareba. romelic xraxnis RerZidan mdebareobs OM = 0,012m 
manZilze.   

 
10.3.10  

sxeulis xraxnuli moZraobis gantolebebi mocemulia 

Semdegi saxiT 10 =x , 20 =y , 2
0 tz = , 0=θ , 0=ψ , 2 tπϕ = . 

gansazRvreT drois 1=t wm momentSi sxeulis M wertilis 
aCqareba, romelic xraxnis RerZidan mdebareobs OM = 0,1m 
manZilze. 
 
 

 
 

Tavi 11. wertilis rTuli moZraoba 

11.1. wertilis moZraobis gantolebebi 
   

11.1.1  

platforma moZraobs horizontalurad mudmivi 1 m/wm 
siCqariT. platformis mimarT imave mimarTulebiT moZraobs 
wertili ts 5,0=  kanoniT. ipoveT wertilis x koordinati 

drois 4=t wm momentisaTvis, roca t =0, x = 0. 
 

 11.1.2  

1-platforma moZraobs horizontalu-
rad mudmivi v = 1 m/wm siCqariT. 2-sxeuli 
platformis mimarT moZraobs ts 5,0=  
kanoniT. ipoveT 2-sxeulis moZraobis 

kanoni, roca t = 0, 0=Ax .  

 
 

 

11.1.3  

1-sxeuli moZraobs daxril sibrtyeze 
Tanabrad v = 2 m/wm siCqariT. M wertili 
1-sxeulis mimarT moZraobs tAM 5,0=  

gantolebis Tanaxmad. gansazRvreT M 

wertilis Mx  koordinati drois 2=t wm 
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momentSi, Tu t=0 maSin 0=Mx  da 

°== 30βα . 

 
 

 

11.1.4  

1-sxeuli moZraobs horizontalurad 

mudmivi 21 =v m/wm siCqariT. 2-sxeuli 1-

sxeulis mimarT moZraobs agreTve mudmivi 

42 =v m/wm siCqariT. 2-sxeuli miiReT niv-

Tier wertilad da ipoveT misi 2x  

koordinati drois 5,0=t wm momentSi,  Tu 

roca t = 0, maSin koordinati 02 =x .  

 

 

 

11.1.5  

1-sxeuli moZraobs daxril sibrtyeze 
Tanabrad v = 2 m/wm siCqariT. 1-sxeulis 

mimarT moZraobs M wertili tMO 5,01 =  

kanoniT. gansazRvreT M wertilis Mx  

koordinati  drois  1=t wm momentSi,  Tu 

roca t = 0 0=Mx , maSin °== 30βα . 

 

 

11.1.6  

Oz RerZis garSemo t4=ψ  kanoniT 

mbrunav milSi moZraobs burTula 25tOA =  

kanoniT.OgansazRvreT burTulas Ax  koor-

dinati drois 25,0=t wm momentSi.  
 

 

11.1.7  

Oz RerZis garSemo t2=ϕ  kanoniT mbru-

navi Reros gaswvriv moZraobs A cocia 
33tOA =  kanoniT. gansazRvreT cocias Ay  

koordinati drois 5,0=t wm momentSi, 
roca misi zomebi mxedvelobaSi ar miiReba. 
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11.1.8  

R = 0,5m radiusis mqone diskos fersoze 
moZraobs M wertili 22tAM = Agantolebis 
Tanaxmad. disko brunavs mudmivi  2=ω wm_1 
kuTxuri siCqariT. gansazRvreT drois 

5,0=t wm momentSi M wertilis rkaluri 

koordinati S, Tu sawyis momentSi 
wertili mdebareobda Ox RerZze.  

 

 

 

 

11.1.9  
R =0,5m radiusis mqone diskos fersoze 

moZraobs M wertili 22tAM = Agantolebis 
Tanaxmad. disko brunavs mudmivi  3=ω wm_1 
kuTxuri siCqariT. gansazRvreT drois 

1=t wm momentSi M wertilis rkaluri 
koordinati S, Tu sawyis momentSi 
wertili imyofeboda Ox RerZze. 

 

11.2. wertilis siCqare 
 

11.2.1  

urika wrfivad goravs ts 2=  kanoniT. urikas mimarT M 

wertilis fardobiTi moZraobis gantolebebia txM 3=  da 

tyM 4= . gansazRvreT M wertilis absoluturi siCqare 

drois 1=t wm momentSi. 
 

 11.2.2  

gansazRvreT M wertilis absoluturi 
siCqare drois 2=t wm momentSi, Tu igi 

2
0 3,0 tMM =  kanoniT moZraobs marTkuTxa 

1-firfitas diagonalis gaswvriv. TviT 1-
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firfita moZraobs suraTis sibrtyeSi 

vertikalurad 2/sin5,01 ts π+=  gantolebis 

Tanaxmad kuTxe °= 45α . 
 

 

11.2.3  

1-urika daxril zedapirze moZraobs 
25,0 txe =  kanoniT. urikas SigniT moZraobs 

2-cocia ty π25,0sin05,011 +=  kanoniT. 

gansazRvreT dros 1,0=t wm momentSi 2-

cocias M wertilis absoluturi siCqare. 
 
 

 

 

11.2.4  

OA mrudmxara brunavs 3tπϕ =  kanoniT. 

Reroebis sigrZeebia 25,0== ABOA m. 1-cocias 

mimarT M wertilis fardobiTi moZraobis 

gantoleba mocemulia 6/sin1,03,01 tx π+=  

saxiT. gansazRvreT M wertilis absolu-
turi siCqare drois 1=t wm momentSi. 

 

 

 

11.2.5  

drois 1=t wm momentSi gansazRvreT M 
wertilis absoluturi siCqare, Tu kvad-
ratuli 1-firfitis mimarT misi moZraobis 

gantolebas aqvs 21,0 tDM =  saxe. 

5,0== CDAB m mrudmxarebi brunaven 

tπϕ 25,0=  kanoniT. 
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11.2.6  

OA = 0,2m sigrZis mrudmxara brunavs O 
RerZis garSemo 2=ω wm_1 kuTxuri siCqariT 
da gadataniT moZraobaSi mohyavs 1-kulisa. 
ipoveT kulisas siCqare, roca kuTxe 

°= 30α . 
 

 

11.2.7  

prizmis waxnagze ev
r
 siCqariT srialebs 

AB Reros bolo. α  kuTxis romeli gra-
dusuli mniSvnelobisaTvis iqneba A wer-

tilis absoluturi siCqare prizmis ev  

siCqaris toli.  

 

11.2.8  

sxeuli 1 moZraobs tx πsin=  kanoniT. 
sxeuli 2 moZraobs sxeuli 1-is mimarT 

)sin( ty ππ +=  kanoniT. ipoveT sxeuli 2-is 

absoluturi siCqare, roca t = 1wm.  

 

11.2.9  
OABC saxsrovani paralelogramis  

barbaca 2-is gaswvriv srialebs  milisi 3. 
milisis D wertilSi saxsrulad mimagre-
bulia  Rero 4. meqanizmis mocemul mdgo-
mareobaSi, gansazRvreT Rero 4-is siCqare, 
Tu mrudmxara 1-is A wertilis siCqarea 2m/wm.  
 

 

 

11.2.10  
mrudmxara-cocia meqanizmis  barbaca 1-ze 

Camocmulia milisi 2. milisi 2-is C wer-
tilSi saxsriT SeerTebulia Rero 3. gan-
sazRvreT meqanizmis mocemul mdgomareo-
baSi, Rero 3-is siCqare, Tu OA =0,5AB da  
mrudmxara 4-is A wertilis siCqare 

3=Av m/wm.  
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11.2.11  

M wertili 04,0=rv m/wm siCqariT moZ-

raobs 06,0=R m radiusis mqone diskos fer-

soze. gansazRvreT M wertilis absolu-
turi siCqare miTiTebul mdgomareobaSi, 
Tu diskos brunvis kanonia t4,0=ϕ .  

 

 

11.2.12  
R = 0,1m radiusis mqone diskos fesoze 

M wertili moZraobs tOM 3,0= kanoniT. 

gansazRvreT miTiTebul mdgomareobaSi M 
wertilis absoluturi siCqare, Tu diskos 
brunvis kanonia t4,0=ϕ . 

 

 

  

11.2.13  
R = 0,04m radiusis mqone disko naxazis 

sibrtyeSi brunavs O wertilis garSemo 
t5=ω  kuTxuri siCqariT. M wertili 

mudmivi fardobiTi 3,0=rν m/wm siCqariT 

moZraobs diskos fersoze. gansazRvreT M 
wertilis absoluturi siCqare drois 

2=t wm momentSi, Tu kuTxe °= 60α . 
 

 
 

11.2.14  

rgoli brunavs naxazis sibrtis 
marTobuli O RerZis garSemo, mudmivi 

4=ω wm_1 kuTxuri siCqariT. rgolSi myofi 

M burTula moZraobs tMM 1,00 =  kanoniT. 

gansazRvreT burTulas absoluturi siCqare 
naxazze  mocemuli mdgomareobisTvis, Tu 
R = 0,1m.  

 
 
 

11.2.15  

kvadratuli fila 3=ω wm_1 kuTxuri 

siCqariT brunavs 1OO  RerZis garSemo. 

filis gverdis gaswvriv moZraobs M wer-

tili mudmivi 4=rν m/wm siCqariT. gansaz-

RvreT M wertilis absoluturi siCqare 



 169

 

naxazze mocemuli mdgomareobisaTvis, Tu 
kvadratis gverdi tolia 6 m. 

 

 

11.2.16  

naxevarwris formis milakSi mudmivi 

3=rν m/wm siCqariT moZraobs M burTula. 

gansazRvreT 0M  mdgomareobaSi burTulas 

absoluturi siCqaris sidide, Tu R = 1m 
radiusis mqone milaki brunavs 3=ω wm_1 
kuTxuri siCqariT.    

 

 

11.2.17  

konusi Oz RerZis garSemo brunavs 
3=ω wm_1 kuTxuri siCqariT. misi msaxvelis 

gaswvriv A-dan B-s mimarTulebiT M wer-

tili moZraobs mudmivi 4=rν m/wm. siCqariT. 

gansazRvreT am wertilis absoluturi 
siCqaris sidide, rodesac daSoreba AM=2m 
da  kuTxe °= 30α . 
 

  
11.2.18  

disko brunavs Oz RerZis garSemo. mis 
fersoze mudmivi fardobiTi 9=rν m/wm 

siCqariT moZraobs M wertili. gansaz-
RvreT M wertilis wamtani siCqare, roca 
misi absoluturi siCqare tolia 15 m/wm.  
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11.2.19  
disko Oz RerZis garSemo brunavs 

t3sin4=ϕ  kanoniT. mis fersoze moZraobs 

M wertili 46sin66,0 += tAM  gantolebis 

Tanaxmad. gansazRvreT M wertilis abso-
luturi siCqare drois 35,0=t wm momentSi, 

Tu R = 1m.  
 

  

11.2.20  
konusi, romlis msaxvelis gaswvriv M 

wertili moZraobs tAM 2= Agantolebis 
Tanaxmad, Oz RerZis garSemo brunavs 

t4,0sin4=ϕ  kanoniT. gansazRvreT M 

wertilis wamtani siCqaris moduli drois 
2=t wm momentSi. 
 

 

11.2.21  
ABCD firfita brunavs Oz RerZis 

garSemo t4=ω  kuTxuri siCqariT. mis BC 
gverdze B-dan C-s mimarTulebiT mudmivi 9 
m/wm siCqariT moZraobs M wertili. gan-
sazRvreT M wertilis, absoluturi siCqa-
ris sidide drois t =3wm momentSi, Tu AB=1m.  

 

11.2.22  
OA = 0,1m sigrZis mrudxara 1 brunavs 
51 =ω wm_1 kuTxuri siCqariT O RerZis gar-

Semo. gansazRvreT suraTze naCveneb mdgo-
mareobaSi, kulisa 3-is mimarT cocia 2-is 
siCqare. 

 

 

11.2.23  
naxevarcilindris formis mqone sxeuli 

1, srialebs horizontalur zedapirze ν =0,2 
m/wm siCqariT, romelic AB Reros moabru-
nebs A saxsarSi. gansazRvreT Sexebis M 
wertilis fardobiTi siCqare, roca kuTxe 

°= 30α . 
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11.2.24  
kulisuri meqanizmis Rero 2 moZraobs 
1=ν m/wm siCqariT. gansazRvreT kulisa 1-is 

kuTxuri siCqare meqanizmis mocemuli 
mdgomareobisTvis, Tu OA =1m.  

 

 

11.2.25  
kulisuri meqanizmis Rero 1 moZraobs 

21 =ν m/wm siCqariT. gansazRvreT kulisa 2-is 

kuTxuri siCqare meqanizmis mocemuli 
mdgomareobisTvis, Tu l =40m. 

 
 

11.3. wertilis aCqareba wamtani 
    gadataniTi moZraobis dros 

 

11.3.1  

urika moZraobs horizontalur RerZze. drois mocemul 

momentSi urikas aCqarebaa 2=ea m/wm2. urikas mimarT M 

wertili moZraobs 2
1 3,0 tx = , 2

1 5,0 ty =  kanoniT. gansazRvreT 

M wertilis absoluturi aCqareba.  
 

 

 

11.3.2  

or 132 == BOAO m sigrZis mrudxaras, 

πω 2=  mudmivi kuTxuri siCqariT moZrao-
baSi mohyavs firfita, firfitis sibrtyeSi 

moZraobs M wertili 2
1 2,0 tx = , 2

1 3,0 ty =  

gantolebebis Tanaxmad. gansazRvreT M 
wertilis absoluturi aCqareba drois 

1=t wm momentSi, Tu °= 30ϕ . 

 

 

11.3.3  

  firfita asrulebs rxevas 4sin2 te ππν =  

siCqariT. firfitis sibrtyeSi M wertili 

moZraobs 2
1 2,0 tx = , 2

1 3,0 ty =  gantolebebis 

Tanaxmad. gansazRvreT M wertilis abso-
luturi aCqareba, moZraobis dawyebidan 3 
wT-is Semdeg.  
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11.3.4  

liftis kabina adis mudmivi 5=ea m/wm2 

aCqarebiT. kabinis SigniT moZraobs M 

wertili 2
1 5,0 tx = , 2

1 3,0 ty =  kanoniT. gan-

sazRvreT M wertilis absoluturi aCqa-
reba.  

 
 

 

11.3.5  

urika moZraobs 2=ea m/wm2 aCqarebiT 

daxril sibrtyeze. urikas mimarT moZra-

obs M wertili 2
1 3tx = , 2

1 4ty =  gantole-

bebis Tanaxmad. gansazRvreT wertilis 
absoluturi aCqareba. 

 

 

11.3.6  

urika moZraobs 3sin te πν =  siCqariT. 

urikis centrSi damagrebuli 1 m sigrZis 

MO1  Rero brunavs tπϕ 5,0=  kanoniT. 

gansazRvreT M wertilis absoluturi 
aCqareba 5,0=t wm momentSi.  

 

 

11.3.7  
vertikalur cilindrul mili 2-Si,  

sxeuli 1 moZraobs 3sin3,01 tse π+=  kanoniT. 

M burTula moZraobs sxeuli 1-is SigniT 

arxis gaswvriv 3
0 1,0 tMM =  kanoniT. gan-

sazRvreT burTulas absoluturi aCqareba 
drois 5,0=t wm momentSi, Tu kuTxe °= 45α . 

 

 

11.3.8  

urika moZraobs 35,0 tse =  kanoniT. naxa-

zis sibrtyeSi M wertili urikas mimarT 

moZraobs tx 3,01 = , 2
1 1,0 ty =  gantolebebis 

Tanaxmad. gansazRvreT M wertilis abso-
luturi aCqareba drois 1=t wm momentSi. 
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11.3.9  

M wertilis fardobiTi moZraoba ganisazRvreba t
r ex = , 

tyr sin2=  gantolebebiT, xolo wamtani gadataniTi moZraobis 

gantolebebia _ t
e ex −= , tye cos2= . absoluturi da fardobiTi 

koordinatTa sistemis RerZebi paraleluria. gansazRvreT M 
wertilis absoluturi aCqareba, drois  0=t  momentSi. 

 
 

 

11.3.10  

qanqaras M wertili moZraobs r =0,1m 

radiusis mqone wrewirze ts 10sin01,0=  
gantilebis Tanaxmad liftSi, romelic 
eSveba mudmivi 1,0=a  m/wm2 aCqarebiT. gan-

sazRvreT M wertilis absoluturi 
aCqarebis sidide, drois im momentSi, roca 
koordinati s = 0.  

 
 

 

11.3.11  

1OABO  saxsrovani paralelogramis AB 
Reros mimarT moZraobs M wertili 4,0=a   

m/wm2 aCqarebiT. gansazRvreT M wertilis 
absoluturi aCqarebis sidide drois im 
momentSi, roca kuTxe πϕ 5,0= , OA=0,1m 
sigrZis Reros kuTxuri siCqarea 4=ω wm_1, 
xolo kuTxuri aCqarebaa 4,0=ε wm_2. 

 

 

11.3.12  

AO1  rgoli brunavs t2=ϕ  gantolebis 

Tanaxmad. 5,0=r m radiusis mqone diskos 

fersoze moZraobs M wertili rts 2=  
kanoniT. gansazRvreT M wertilis  abso-
luturi aCqarebis moduli drois π25,0=t  
momentSi.   

 
 11.3.13  

1OABO  saxsrovani paralelogramis AB 
Reros gaswvriv ta cos=  aCqarebiT moZ-
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raobs M wertili. 2 m sigrZis Rero 
brunavs t=ϕ  gantolebis Tanaxmad. gansaz-

RvreT M wertilis absoluturi aCqarebis 
sidide drois π=t  momentSi. 
 

 

11.3.14  
cocia 1 moZraobs horizontalur 

mimmarTvelze 41 =a m/wm2 mudmivi aCqarebiT. 

wertili-2 cocias mimarT gadaadgildeba 

32 =a m/wm2 aCqarebiT. gansazRvreT wer-

tilis absoluturi aCqareba. 
 

 

11.3.15  

horizontalur sibrtyeze 6,01 =a m/wm2 

aCqarebiT moZraobs muSta-1. gansazRvreT 
sabiZgela-2-is aCqareba, Tu kuTxe °= 30α . 
 

11.4. koriolisis aCqarebis gansazRvra 
 

11.4.1  

koordinatTa saTavidan M wertili moZraobs 2=ν m/wm 
siCqariT Reros gaswvriv, romelic brunvis vertikalur Oz 
RerZTan qmnis °30 -ian kuTxes. kuTxuri siCqare 4=ω wm_1.  
gansazRvreT M wertilis koriolisis aCqarebis gegmili Ox 
RerZze, roca Rero imyofeba Oyz sibrtyeSi.    

 

 

 

11.4.2  
samkuTxedis gverdis gaswvriv, romelic 

brunavs AB gverdis garSemo 4=ω wm_1 
kuTxuri siCqariT, moZraobs wertili 

2=rV m/wm fardobiTi siCqariT. gansazRv-

reT M wertilis koriolisis aCqarebis 
sidide, Tu kuTxe °= 30α . 

 

 11.4.3  
samkuTxedis gverdis gaswvriv, romelic 

AB gverdis garSemo brunavs 8=ω wm_1 
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kuTxuri siCqariT, moZraobs wertili 

4=rV m/wm fardobiTi siCqariT. gansazRv-

reT M wertilis koriolisis aCqarebis 
sidide. 

 

 

11.4.4  
vertikaluri RerZis garSemo t2=ω  

kuTxuri siCqariT mbrunavi diskos 
diametris gaswvriv, moZraobs M werili 

tVr 4=  fardobiTi siCqariT. gansazRvreT 

M wertilis koriolisis aCqarebis sidide 
drois 2=t wm momentSi. 

 

 

 

11.4.5  
diametris garSemo 4=ω wm_1 kuTxuri 

siCqariT mbrunavi naxevarwris fersoze, 

moZraobs M wertili rV
r
 fardobiTi siCqa-

riT. gansazRvreT M wertilis korioli-
sis aCqarebis moduli miTiTebul mdgoma-
reobaSi. 

 

 

11.4.6  

1OO  RerZis garSemo brunavs milaki 

5,1=ω wm_1 kuTxuri siCqariT. milakis 

gaswvriv moZraobs M burTula tMM 40 =  

kanoniT. gansazRvreT burTulis korioli-
sis aCqarebis sidide. 

 

 

11.4.7  
ABC firfita brunavs Oz RerZis garSemo 

25t=ϕ  kanoniT, xolo AC gverdze moZraobs 

M wertili 34tAM =  gantolebis Tanaxmad. 
gansazRvreT M wertilis koriolosis 
aCqareba drois 5,0=t wm momentSi. 
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11.4.8  
Oz RerZis garSemo brunavs disko 

tπϕ 25,0sin4=  kanoniT. diskos fersoze moZ-

raobs M wertili 225,0 tRAM π=  kanoniT. 

gansazRvreT M wertilis koriolisis 
aCqareba drois 1=t wm momentSi, Tu 
radiusi 4,0=R m. 

 

 

11.4.9  
Oz RerZis garSemo uZravi mdgomareobi-

dan TanabradaCqarebulad brunavs disko-
eqscentriki 3=ε wm-2 kuTxuri aCqarebiT. 
mis fersoze Tanabrad moZraobs M wertili 
0,1 m/wm siCqariT. gansazRvreT M wertilis 
koriolisis aCqareba drois 3=t wm momentSi. 

 

 

11.4.10  
disko Oz RerZis garSemo brunavs 

tπϕ sin28,1=  kanoniT. mis fersoze moZraobs 

M wertili 215tAM =  gantolebis Tanaxmad. 
gansazRvreT M wertilis koriolisis aCqa-

reba drois 3/1=t wm momentSi, Tu Ox da 
Oy RerZebi moTavsebulia diskos sibrtyeSi.  
 

 

 

11.4.11  
naxazis sibrtyeSi mbrunavi marTkuTxa 

firfitis AB gverdis gaswvriv, moZraobs 

M wertili 3sin3 tAM π=  kanoniT. gansazRv-

reT drois 2=t wm momentSi firfitis eω  

kuTxuri siCqare, Tu M wertilSi korio-
lisis aCqareba am momentSi tolia π4 m/wm2. 

 11.4.12  

Oz RerZis garSemo TanabradaCqare-
bulad brunavs disko 2=ε wm_2 kuTxuri 
aCqarebiT. am diskos fersoze ra Tanabari 
siCqariT unda imoZraos M wertilma, rom 
drois 1=t wm momentSi am wertilis 
koriolisis aCqareba iyos 20 m/wm2-is 
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toli, Tu diskos sawyisi kuTxuri siCqare 
tolia 3wm-1.  
 

 

 

11.4.13  

disko-eqscentriki Tanabrad brunavs 
naxazis sibrtyeSi. mis fersoze moZraobs 

M wertili 24tAM =  kanoniT. risi toli 
unda iyos diskos kuTxuri siCqare ω , rom 
drois =t 1wm momentSi M wertilis 
koriolisis aCqareba iyos 24m/wm2?    

 

 

11.4.14  

naxazis sibrtyeSi 2=ω wm_1 kuTxuri 
siCqariT mbrunavi diskos fersoze 

moZraobs M wertili 2,0=rV m/wm fardo-

biTi siCqariT. Seicvleba Tu ara M 
wertilis koriolisis aCqarebis sidide A-
dan B-Si gadasvlis SemTxvevaSi? 

 
 

 

11.4.15  

naxazis sibrtyeSi O RerZis garSemo 
const=ω  kuTxuri siCqariT mbrunavi 
5,0=r m radiusis mqone rgolis gaswvriv 

moZraobs M wertili constVr =  siCqariT. 

Seicvleba Tu ara M wertilis korioli-
sis aCqarebis moduli, M wertilis A-dan 
B-Si gadasvlis SemTxvevaSi? 
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11.5. wertilis aCqarebis gansazRvra 
 

11.5.1  
M wertili moZraobs mudmivi 1=ν m/wm siCqariT 

koordinatTa saTavidan Reros gaswvriv, romelic 2=ω wm_1 
kuTxuri siCqariT brunavs Oxy sibrtyeSi. gansazRvreT M 
wertilis aCqarebis sidide, roca 5,0=OM m.  

 

 

11.5.2  
naxazis sibrtyeSi mudmivi 4=ω wm_1 kuT-

xuri siCqariT brunavs 5,0=r m radiusis 
mqone rgoli. rgolis gaswvriv gadaadgil-
deba M wertili mudmivi 2=ν m/wm siCqariT. 
gansazRvreT M wertilis absoluturi aCqa-
rebis moduli miTiTebul mdgomareobaSi.  

 

 

11.5.3  

M wertili, tVr 5,0=  fardobiTi siC-

qariT moZraobs diskos qordis gaswvriv. 
disko Tavisive sibrtyis marTobuli O 

RerZis garSemo brunavs 5,01 =ω wm_1  kuT-

xuri siCqariT. gansazRvreT M wertilis 
absoluturi aCqareba drois 2=t wm 
momentSi, Tu 02,0=OM m. 

 

 
 

11.5.4  
mudmivi 4=ω wm_1 kuTxuri siCqariT 

mbrunavi 5,0=r m radiusis mqone rgolis 

gaswvriv, moZraobs M wertili mudmivi 
2=V m/wm siCqariT. gansazRvreT miTiTe-

bul mdgomareobaSi M wertilis absolu-
turi aCqarebis sidide.  

 

 

11.5.5  

koWa brunavs 1OO  RerZis garSemo 

2=ω wm_1 kuTxuri siCqariT. koWas gaswvriv 

gadaadgildeba M wertili 2
0 04,0 tMM =  

kanoniT. gansazRvreT M wertilis abso-
luturi aCqareba, Tu radiusi 02,0=r m. 
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11.5.6  
AB gverdis garSemo ω  kuTxuri siCqariT 

mbrunavi samkuTxedis gverdis gaswvriv 

moZraobs M wertili 23tVr =  fardobiTi siC-

qariT. gansazRvreT M wertilis fardobiTi 
aCqarebis sidide drois 2=t wm momentSi. 

 

 
 

11.5.7  
AB gverdis garSemo ω  kuTxuri siCqa-

riT mbrunavi samkuTxedis gverdis gaswvriv 

moZraobs M wertili tVr 4sin2=  fardobiTi 

siCqariT. gansazRvreT M wertilis far-

dobiTi aCqareba drois 8π=t wm momentSi. 

 

 

11.5.8  
Oz RerZis garSemo mbrunavi diskos 

diametris gaswvriv, moZraobs M wertili 
34tVr =  fardobiTi siCqariT. gansazRvreT 

M wertilis fardobiTi aCqarebis sidide, 
drois 1=t wm momentSi. 

 

 

11.5.9  
kulisuri meqanizmis Rero 1 moZraobs 

21 =a m/wm2 mudmivi aCqarebiT. gansazRvreT 

kulisi 2-is kuTxuri aCqareba meqanizmis 
mocemul mdgomareobaSi, Tu °= 90ϕ  da 

5,0=l m. 

 
 

 
 

11.5.10  

AB gverdis garSemo mudmivi ω  kuTxuri 
siCqariT mbrunavi samkuTxedis gverdis 

gaswvriv moZraobs M wertili rV
r
 fardo-

biTi siCqariT. gansazRvreT M wertilis 
wamtani aCqarebis sidide drois im 
momentSi, roca 5,0=MB m da °= 30α . 

 
 



 180

Tavi 12. myari sxeulis rTuli moZraoba 

12.1. gadataniT moZraobaTa Sekreba 
 

12.1.1  

sxeuli erTdroulad asrulebs or gadataniT moZraobas, 

Sesabamisad ji
rrr

251 +=ν  da ji
rrr

322 +−=ν  siCqareebiT. 

gansazRvreT sxeulis absoluturi siCqaris sidide. 
 

 

12.1.2  
sxeuli erTdroulad asrulebs sam gada-

taniT moZraobas,Sesabamisad kji
rrrr

+−= 341ν , 

kji
rrrr

3562 ++−=ν , kji
rrrr

−+= 223ν  siCqareebiT. 

gansazRvreT sxeulis absoluturi siCqa-
ris sidide. 
 

 

12.1.3  

avtomobili moZraobs 6,31 =ν km/sT 

siCqariT, xolo samontaJo koSkura iwveva 

5,02 =ν m/wm siCqariT. gansazRvreT koSku-

raze uZravad mdgomi muSis absoluturi 
siCqare.  
 

 

12.1.4  

tvirTis aweva xdeba 4,01 =ν km/sT 

siCqariT. jojgina amwis urika 2 moZraobs 

3,02 =ν km/sT siCqariT, xolo amwes siCqarea 

2,03 =ν km/sT. gansazRvreT tvirTi 1-is 

absoluturi siCqare.  
 

 

12.1.5  
sxeulebi 1, 2, 3 asruleben wrfiv gada-

taniT moZraobas. sxeuli 1 moZraobs 

31 =ν km/sT siCqariT, sxeulebi 2 da 3 ki 

moZraoben Sesabamisad 2
2 2ts = , 2

3 3ts =  

kanoniT. gansazRvreT sxeuli 3-is absolu-
turi siCqare drois 1=t wm momentSi.   
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 12.1.6  
Sewyvilebuli Tvlebi moZraoben 

36=ν km/sT siCqariT. gansazRvreT 21 AA  

mxreulis absoluturi siCqare drois im 

momentSi, rodesac 2,02211 == AOAO m monak-

veTebi vertikalurebia da 25,0=R m. 
 

 

 

12.1.7  
sxeuli 1, AC = BD = 3m ReroebiT saxsru-

lad mimagrebulia sxeul 2-ze. gansazRv-
reT sxeuli 1-is absoluturi siCqare 
drois im momentSi, rodesac sxeuli 2 

moZraobs 102 =ν km/sT siCqariT, kuTxe °= 45ϕ  

da Reroebis kuTxuri siCqare 5,1=ω wm_1. 
 

 

 

12.1.8  
gansazRvreT meqanizmis mocemul mdgo-

mareobaSi rgoli 3-is fardobiTi moZra-
obis siCqaris sidide, Tu 0,5m sigrZis 
rgolebis 1 da 2 brunvis absoluturi 

kuTxuri siCqareebia 221 == ωω wm_1. 1OABO  

da ACDB warmoadgenen paralelogramebs.  
 

 

 

12.1.9  
vagonis Zara erTdroulad asrulebs 

or gadataniT moZraobas: grZivi mimarTu-
lebiT moZraobs 1=a m/wm2 mudmivi aCqare-
biT, xolo vertikaluri mimarTulebiT 

icvleba ty π2sin02,01+=  kanoniT. gansazRv-

reT vagonis absoluturi aCqarebis maqsi-
maluri sidide. 

 
12.2. brunvaTa Sekreba erT wertilSi gadamkveTi 

RerZebis SemTxvevaSi 
   

12.2.1  

sxeuli erTdroulad asrulebs or brunviT moZraobas 

ji
rrr

521 +=ω  da ji
rrr

342 +=ω  kuTxuri siCqareebiT. gansazRvreT 

sxeulis absoluturi kuTxuri siCqaris sidide.   
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12.2.2  

A saxsarSi 61 =ω wm_1 kuTxuri siCqariT 

mbrunav moRunul RerZze 1, Tavisuflad 
brunavs konusuri kbila Tvali 2. ukanas-
kneli ki imyofeba modebaSi uZrav kbila 
Tvalze 3. gansazRvreT Tvali 2-is 
absoluturi kuTxuri siCqaris sidide.   
 

 

12.2.3  
disko 1 brunavs samagrSi 300br/wT 

brunvis sixSiriT. samagris brunvis 
kuTxuri siCqare sakisar 3-Si tolia 

102 =ω wm_1. gansazRvreT diskos absolu-

turi kuTxuri siCqaris sidide. 
 

 

12.2.4  
amwe 1-is fuZis mobruneba xdeba t2,0=ϕ  

gantolebis Tanaxmad. isari 2-is awevis 

kuTxuri siCqare tolia 3,0=dtdγ wm_1. 

gansazRvreT isris absoluturi kuTxuri 
siCqaris sidide. 

 

 

12.2.5   
korpusi 1-is mimarT lilvi 1 brunavs 

21 =ω wm_1 kuTxuri siCqariT. gansazRvreT 

lilvis absoluturi kuTxuri siCqaris 
veqtorsa da x RerZs Soris kuTxis 

kosinusi, Tu korpusi 1 brunavs 42 =ω wm_1 

kuTxuri siCqariT. 
 

 

12.2.6  
r = 0,5m radiusiani sferuli garsi 

erTdroulad asrulebs or brunviT 

moZraobas 31 =ω wm_1 da 42 =ω wm_1  kuTxuri 

siCqareebiT. gansazRvreT garsis M 
wertilis siCqaris sidide miTiTebul 
mdgomareobaSi.  
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12.2.7  

r = 0,5m radiusis mqone disko erT-
droulad asrulebs or brunviT moZrao-

bas 221 == ωω wm_1 kuTxuri siCqareebiT. 

gansazRvreT diskos im wertilis siCqaris 
sidide, romlisTvisac am sidides gaaCnia 
maqsimaluri mniSvneloba.  

 

 

12.2.8  
disko 1 brunavs Ω  RerZis garSemo, 

romelic Tavis mxriv brunavs vertika-
luri RerZis garSemo. kuTxuri siCqareebia 

201 =ω wm_1, 102 =ω wm_1. gansazRvreT disko 

1-is absoluturi kuTxuri siCqaris sidide.  
 

 

12.2.9  

moRunul RerZi 2-ze 41 =ω wm_1 kuTxuri 

siCqariT brunavs disko 1. sakisar 3-Si 

RerZi 2-is brunvis siCqarea 42 =ω wm_1. 

gansazRvreT diskos absoluturi kuTxuri 
siCqaris sidide.   

 

 
 

12.2.10  
firfita erTdroulad asrulebs or 

brunviT moZraobas 21 =ω wm_1 da 42 =ω wm_1 

kuTxuri siCqareebiT. ra kuTxes qmnis 
gradusebSi absoluturi kuTxuri siCqa-

ris veqtori 2ω
r

 veqtorTan? 

 
12.3. brunvaTa Sekreba paraleluri RerZebis 

SemTxvevaSi 
   

12.3.1  
sxeuli erTdroulad asrulebs or brunviT moZraobas 

paraleluri 1Ω  da 2Ω  RerZebis garSemo erTi da igive 

mimarTulebis 21 =ω wm_1 da 32 =ω wm_1 kuTxuri siCqareebiT. 

gansazRvreT sxeulis moZraobis absoluturi kuTxuri 
siCqaris sidide.   
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12.3.2  
Tvali 1 erTdroulad asrulebs sam 

brunviT moZraobas paraleluri 1Ω , 2Ω , 

3Ω  RerZebis garSemo 51 =ω wm_1, 42 =ω wm_1, 

33 =ω wm_1 kuTxuri siCqareebiT. gansazRvreT 

Tvalis absoluturi kuTxuri siCqaris 
sidide.  

 
 

 

12.3.3  
Tvali 1 erTdroulad asrulebs or 

brunviT moZraobs  41 =ω wm_1 da 32 =ω wm_1 

kuTxuri siCqareebiT 1Ω  da 2Ω  RerZebis 

garSemo. gansazRvreT Tvalis absoluturi 
kuTxuri siCqaris sidide.   

 
 

 

12.3.4  
brtyeli meqanizmis OA mrudmxaras 

brunva ganisazRvreba t2cos=ϕ  gantolebiT. 

mrudmxaras mimarT 3=ω wm_1 kuTxuri siC-
qariT brunavs Tvali.  gansazRvreT drois 

2=t wm momentSi Tvalis absoluturi 
kuTxuri siCqaris sidide.  

 

 

12.3.5  

platforma 1 asrulebs rxevas 

tπϕ 10sin1,0=  kanoniT. Zravis Ruza 2 sta-

toris mimarT brunavs 7=ω wm_1   kuTxuri 
siCqariT. gansazRvreT Ruzis absoluturi 
kuTxuri siCqaris maqsimaluri mniSvneloba. 

 

 

12.3.6  

brtyeli meqanizmis kuTxeebi icvleba 
t2,0=ϕ , t1,0=γ  gantolebebis Tanaxmad. 

gansazRvreT drois 2=t wm momentSi AB 
Reros absoluturi kuTxuri siCqaris 
sidide.   
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12.3.7  

brtyel meqanizmSi Rero 2-is mimarT 

23 =ω wm_1 kuTxuri siCqariT brunavs 

disko. Rero 2 Rero 1-is mimarT  brunavs 

42 =ω wm_1 kuTxuri siCqariT. Rero 1-is 

rogori 1ω   kuTxuri siCqarisaTvis iqneba 

diskos absoluturi moZraoba gadataniTi.  
 

 

 

12.3.8  

brunvis 1Ω  da 2Ω  RerZebis garSemo 

sxeuli erTdroulad asrulebs or 

brunviT moZraobas 41 =ω wm_1, 22 =ω wm_1 

kuTxuri siCqareebiT. gansazRvreT 1Ω  

RerZsa da sxeulis absoluturi brunvis 

Ω  myis RerZs Soris 1l  daSoreba, Tu 

50=l sm. 
 

 

 

12.3.9  

1ω  kuTxuri siCqaris mqone platforma 

1, asrulebs rxeviT moZraobas. Zravis 

Ruza 2, statoris mimarT brunavs 12 ωω =  

kuTxuri  siCqariT.  gansazRvreT manZili 
sm-Si Ruzis brunvis myis RerZsa da O 
wertils Soris, Tu a =40 sm, b = 30 sm.      

 

 

12.3.10  

    l = 0,5m sigrZis Rero brunavs 41 =ω wm_1 

kuTxuri siCqariT. disko Reros mimarT 

brunavs 22 =ω wm_1 kuTxuri siCqariT. ra 

manZilze imyofeba O wertili diskos 
brunvis myisi RerZidan?  
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12.4. myari sxeulis moZraobaTa Sekrebis 
zogadi SemTxveva 

 
12.4.1  

sxeulis gadataniTi moZraobis siCqarea 7=ν m/wm, 

kuTxuri siCqarea ω
r
. gansazRvreT kinematikuri xraxnis 

gadataniTi moZraobis siCqaris sidide, Tu ν
r
 da ω

r
 

veqtorebs Soris kuTxe °70 -is tolia. 
 
 

 

12.4.2  
vertmfrenis siCqarea 12=ν m/wm. mzidi 

xraxnis kuTxuri siCqaris ω
r
 veqtori ν

r
 

veqtorTan adgens °= 80β  kuTxes. mzidi 

xraxnis rTuli moZraoba daiyvaneba kine-
matikur xraxnze. gansazRvreT kinemati-
kuri xraxnis gadataniTi siCqare.   

 
 12.4.3  

polusis 0ν
r
 siCqaris veqtori sxeulis 

ω
r
 kuTxur siCqaresTan qmnis °30 -ian 

kuTxes. gansazRvreT Ω0 RerZidan ra 
manZilze imyofeba kinematikuri xraxnis 

RerZi, Tu 60 =ν m/wm, 6=ω wm_1. 

 

 

12.4.4  
sxeuli asrulebs rTul moZraobas: 

kuTxuri siCqare  7,0=ω wm_1, polusis 

siCqarea 2=Aν m/wm. gansazRvreT manZili 

kinematikuri xraxnis RerZsa da Oxz 
sibrtyes Soris.   

 

 

12.4.5  
sxeuli asrulebs Tavisufal moZraobas: 

polusis siCqarea kji
rrrr

7650 ++=ν , brunvis 

siCqarea kji
rrrr

32 +−=ω . gansazRvreT 

sxeulis kinematikuri xraxnis gadataniTi 
moZraobis siCqaris sidide.   



 187

 

 

12.4.6  

paraleluri 1Ω  da 2Ω  RerZebis gar-

Semo sxeuli asrulebs or brunviT 

moZraobas 11 =ω wm_1, 32 =ω wm_1 kuTxuri 

siCqareebiT. gansazRvreT sxeulis O 
wertilis absoluturi siCqaris sidide.  

 

 

 

12.4.7  
a =0,5m gverdis mqone kvadratuli fir-

fita, erTdroulad asrulebs gadataniT 
moZraobas 3=ν m/wm siCqariT da or 

brunviT moZraobas 421 == ωω wm_1 kuTxuri 

siCqareebiT. gansazRvreT firfitis abso-
luturi siCqaris sidide gadataniTi 
moZraobis dros.   

 

 

12.4.8  
vertmfrenis siCqarea 12=ν m/wm, xolo 

misi mzidi xraxnis kuTxuri siCqarea 
15=ω wm_1. gansazRvreT xraxnis brunvis 

myisi RerZis, Oxy sibrtyesTan gadakveTis 
wertilis x koordinati.     

 

 

 

12.4.9  
a = 1m gverdis mqone kvadratuli fir-

fita erTdroulad asrulebs gadataniT 
moZraobas 4=ν m/wm siCqariT da or brunviT 

moZraobas 221 == ωω wm_1 kuTxuri siCqaree-

biT. gansazRvreT manZili O wertilsa da 
firfitis brunvis myis RerZs Soris.  

 

 

 

12.4.10  
gansazRvreT disko 3-is absoluturi 

kuTxuri siCqaris sidide, Tu detali 2-is 

mimarT misi kuTxuri siCqarea 5,03 =ω wm_1, 

detali 2-is kuTxuri siCqare detali 1-is 

mimarT tolia 2,02 =ω wm_1, xolo detali 1-

is kuTxuri siCqarea 1,01 =ω wm_1, amasTan 

Ox32 ωω
rr

. 
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dinamika 

Tavi 13. wertilis dinamika 

13.1. Zalebis gansazRvra mocemuli moZraobiT  
  

13.1.1  

4=m  kg masis nivTieri wertili moZraobs  tw 3,0=  
aCqarebiT horizontaluri wrfis gaswvriv. gansazRvreT misi 
moZraobis mimarTulebiT wertilze moqmedi Zalis moduli 
drois 3=t wm momentisaTvis. 
 

 

13.1.2  
27=m kg masis nivTieri wertilis 

moZraobis aCqareba mocemulia )(tww =  

funqciis grafikiT. gansazRvreT wertilze 
modebuli Zalebis tolqmedis moduli 
drois 5=t wm momentisaTvis. 

 
13.1.3  

5,0=m kg masis detali moZraobs qveviT RarSi. rogori 
kuTxiT unda iyos daxrili Rari horizontaluri sibrtyis 
mimarT, rom detali moZraobdes 2=w m/wm2 aCqarebiT? kuTxe 
gamosaxeT gradusebSi.   
 

13.1.4  

14=m kg masis wertili moZraobs horizontaluri Ox 
RerZis gaswvriv twx ln=  aCqarebiT. gansazRvreT misi 

moZraobis mimarTulebiT wertilze moqmedi Zalis moduli 
drois 5=t wm momentisaTvis. 

 
 

 

13.1.5  
traqtori moZraobs gzis horizonta-

lur ubanze 1=w m/wm2 aCqarebiT da gadaad-
gilebs 600 kg masiT datvirTul marxils. 
gansazRvreT kavze wevis Zala, Tu 
marxilis srialis xaxunis koeficienti 
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04,0=f .   

13.1.6 
6=m kg masis nivTieri wertili moZraobs horizontalur 

oxy sibrtyeSi jiw 43 +=
r

 aCqarebiT. gansazRvreT moZraobis 

sibrtyeSi mdebare masze moqmedi Zalis moduli. 
 

 

13.1.7. 
24=m kg masis wertilis wrfivi moZrao-

bis siCqare mocemulia )(tνν =  funqciis 

grafikiT. gansazRvreT wertilze mode-
buli Zalebis tolqmedis moduli.   
 

13.1.8  
12=m kg masis nivTieri wertili moZraobs wrfivad 

te 1,0=ν  siCqariT. gansazRvreT wertilze modebuli Zalebis 
tolqmedis moduli drois 50=t wm momentSi. 
 

13.1.9  
3=m kg masis nivTieri wertili moZraobs Ox RerZis 

gaswvriv 304,0 tx =  kanoniT. gansazRvreT wertilze modebuli 

Zalebis tolqmedis moduli drois 6=t wm momentisaTvis. 
 

13.1.10  
1,4kg masis nivTieri wertili moZraobs wrfivad 

366 2 ++= ttx  kanoniT. gansazRvreT wertilze modebuli 
Zalebis tolqmedis moduli.  

  
13.1.11  

10=m kg masis nivTieri wertili moZraobs Ox RerZis 

gaswvriv tx 2,0sin5=  kanoniT. gansazRvreT wertilze mode-

buli Zalebis tolqmedis moduli drois 7=t wm 
momentisaTvis. 

 

 

13.1.12  
2kg masis nivTieri M sxeuli wrfivad 

moZraobs F Zalis moqmedebiT tx 2sin10=  
kanoniT. ipoveT am Zalis udidesi 
mniSvneloba.  
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13.1.13  

6=m kg masis nivTieri wertili moZraobs horizon-

talur Oxy sibrtyeSi jiw
rrr

43 +=  aCqarebiT. gansazRvreT 

moZraobis sibrtyeSi mdebare masze moqmedi Zalis moduli. 
 

13.1.14  

m masis nivTieri wertili Oxy sibrtyeSi moZraobs btx = , 
cty =  kanoniT. b da c _ mudmivebia. gansazRvreT wertilze 

modebuli Zalebis tolqmedis moduli.   
 

13.1.15  
7=m kg masis nivTieri wertili moZraobs horizon-

talur Oxy sibrtyeSi jtit
rrr

5,04,0 +=ν  siCqariT. gansazRvreT 

wertilze moqmedi moZraobis sibrtyeSi mdebare Zalis 
moduli.  

  
13.1.16  

9=m kg masis nivTieri wertilis moZraoba Oxy sibrtyeSi 
gansazRvrulia jtitr

rrr 22 5,06,0 +=  radius-veqtoriT. gansazRv-

reT wertilze modebuli yvela Zalis tolqmedis moduli.   
 

13.1.17  
8=m kg masis nivTieri wertili Oxy horizontalur 

sibrtyeSi moZraobs 305,0 tx =  da 23,0 ty = kanoniT. gansazRvreT 

wertilze modebuli Zalebis tolqmedis moduli drois 
4=t wm momentisaTvis. 
 

13.1.18  
16=m kg masis nivTieri wertili moZraobs 9=R m 

radiusian wrewirze 8,0=ν m/wm siCqariT. gansazRvreT wer-
tilze modebuli Zalebis tolqmedis gegmilis sidide 
traeqtoriis mTavar normalze.  
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13.1.19  
1,2kg masis M nivTieri wertili 

moZraobs 6,0=r m radiusian wrewirze 

ts 4,2=  kanoniT. gansazRvreT wertilze 
moqmedi Zalebis tolqmedis moduli.   

13.1.20  
18=m kg masis nivTieri wertili moZraobs 8=R m 

radiusian wrewirze tes 3,0=  kanoniT. gansazRvreT wertilze 
modebuli Zalebis tolqmedis gegmili traeqtoriis mxebze  
drois 10=t wm momentisaTvis. 

 
13.1.21  

20=m kg masis nivTieri wertili moZraobs 6=R m 

radiusian wrewirze ts ln=  kanoniT. gansazRvreT wertilze 
modebuli Zalebis tolqmedis gegmili traeqtoriis 
normalze  drois 5,0=t wm momentisaTvis. 

 
13.1.22.  

14=m kg masis nivTieri wertili moZraobs 7=R m 

radiusian wrewirze mudmivi 5,0=τw m/wm2 mxebi aCqarebiT. 

gansazRvreT wertilze modebuli Zalebis tolqmedis 
moduli drois 4=t wm momentisaTvis, Tu roca 0=t , maSin 

siCqare 0=cν .  

 
13.1.23  

1=m kg masis nivTieri wertili moZraobs 2=r m 
radiusian wrewirze t2=ν  siCqariT. gansazRvreT wertilze 
modebuli Zalebis tolqmedis moduli drois 1=t wm 
momentisaTvis. 

 
13.1.24  

22=m kg masis nivTieri wertili moZraobs 10=R m 

radiusis wrewirze 23,0 ts =  kanoniT. gansazRvreT wertilze 

moqmedi Zalebis moduli drois 5=t wm momentisaTvis. 
 

 



 192

13.2. wrfivi moZraobis parametrebis gansazRvra 
mocemuli Zalebis meSveobiT 

 
13.2.1  

sxeuli moZraobs qveviT horizontTan °= 25α  kuTxiT 
daxril gluv sibrtyeze. gansazRvreT sxeulis aCqareba.  

 
 

 

13.2.2  
5=m kg masis nivTieri wertili 

moZraobs 31 =F n da 102 =F n Zalebis 

moqmedebiT. gansazRvreT wertilis aCqare-
bis gegmili Ox RerZze.   

 
13.2.3  

sxeuli moZraobs qveviT horizontTan °40 -iani kuTxiT 
daxril xaoian sibrtyeze. gansazRvreT sxeulis aCqareba, Tu 

srialis xaxunis koeficienti 3,0=f . 

 
13.2.4  

9=m kg masis nivTieri wertili moZraobs sivrceSi 

kjiF
rrrr

765 ++=  Zalis moqmedebiT. gansazRvreT wertilis 

aCqarebis moduli.   
 

13.2.5  
200=m kg masis Zraviani navi Zravis gaCerebis Semdeg 

moZraobs wrfivad dasZlevs ra wylis winaaRmdegobas. 

winaaRmdegobis Zala 24ν=R . gansazRvreT navis aCqareba, Tu 
misi siCqare 5=ν m/wm. 

 

 

13.2.6  
m  masis nivTieri wertili moZraobs 

)1(2 += xmF  Zalis moqmedebiT horizonta-

luri Ox RerZis gaswvriv. gansazRvreT 
wertilis aCqareba drois im momenti-
saTvis, roca misi koordinati 5,0=x m-s.   

 
13.2.7  

200=m kg masis nivTier wertilze, romelic Zevs 
horizontalur sibrtyeze, moqmedebs vertikaluri amwevi 
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210tF =  Zala. gansazRvreT sxeulis moZraobis dawyebis t dro. 
 

13.2.8  
20=m kg masis sxeuli vardeba vertikalurad. haeris 

winaaRmdegobis Zala 204,0 ν=R . gansazRvreT sxeulis 
vardnis maqsimaluri siCqare.   
 

 

13.2.9  
1=m kg masis sxeuli moZraobas iwyebs 

uZravi mdgomareobidan daxril sibrtyeze. 
gansazRvreT sxeulis maqsimaluri siCqare, 
Tu moZraobis winaaRmdegobis Zala ν8,0=R .  

 
13.2.10  

50=m kg masis nivTieri wertili iwyebs  moZraobas 
horizontalur mimmarTvelSi uZravi mdgomareobisdan 50=F  
Zalis moqmedebiT, romlis veqtori mimmarTvelTan °= 20α -
ian kuTxes adgens. gansazRvreT manZili, romelsac wertili 

20=t w drois ganmavlobaSi gaivlis. 
 

13.2.11  
horizontTan °10 -iani kuTxiTYdaxril gluv sibrtyeze 

nivTieri wertili uZravi mdgomareobidan iwyebs moZraobas 
qveviT. gansazRvreT drois ra ganmavlobaSi gaivlis 
nivTieri wertili 30 m-s.   

 

 

13.2.12  
200=m kg masis sxeuli daxril gluv 

sibrtyeze iwyebs zeviT moZraobas uZravi 
mdgomareobidan 1=F kn Zalis moqmedebiT. 
gansazRvreT dro, romlis ganmavlobaSic 
sxeuli gadaadgildeba 8 m manZilze.  

 

13.2.13  
900=m kg masis nivTieri wertili moZraobs 

horizontaluri wrfis gaswvriv am wrfis mimarTulebis 
mqone tF 270=  Zalis moqmedebiT. gansazRvreT wertilis 

siCqare drois 10=t wm momentisaTvis, Tu roca 00 =t , maSin 

siCqare 100 =ν m/wm-s. 
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13.2.14  
25=m kg masis nivTieri wertili moZraobas iwyebs 

uZravi mdgomareobidan horizontaluri wrfis gaswvriv am 
wrfis mimarTulebis mqone tF 20=  Zalis moqmedebiT. 
gansazRvreT wertilis mier 4 wamSi gavlili manZili.  

  
13.2.15  

1000=m kg masis nivTieri wertili moZraobs horizon-
taluri wrfis gaswvriv am wrfis mimarTulebis mqone 

tF 10=  Zalis moqmedebiT. gansazRvreT dro, romlis ganmav-
lobaSic wertilis siCqare moimatebs 5 m/wm-dan 25 m/wm-mde.   

 
13.2.16  

12=m kg masis sxeuli moZraobas iwyebs uZravi 
mdgomareobidan horizontaluri wrfis gaswvriv am wrfis 
mimarTulebis mqone tF 6,0=  Zalis moqmedebiT. gansazRvreT 
moZraobis dawyebidan 10 wm-is Semdeg wertilis mier 
gavlili manZili.  

  
13.2.17  

2,0=m kg masis nivTieri wertili moZraobs Ox RerZis 

gaswvriv tFx 4,0−=  Zalis moqmedebiT. gansazRvreT wertilis 

siCqare drois 2=t wm momentSi, Tu sawyisi siCqare 

6
0
=xν m/wm-s. 

 
13.2.18  

gansazRvreT Ox RerZis gaswvriv 212mtFx =  Zalis 

moqmedebiT moZravi m masis nivTieri wertilis mier 1=t wm-

Si gavlili manZili, Tu drois 00 =t  momentSi koordinati 

30 =x m-s, xolo siCqare 6
0
=xν m/wm-s. 

 
13.2.19  

1 kg masis sxeuli vardeba vertikalurad. haeris 
winaRobis Zala ν3,0=R -s. gansazRvreT vardnis maqsimaluri 
siCqare.   

 
13.2.20  
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2=m kg masis nivTieri sxeuli moZraobs horizontaluri 

Ox RerZis gaswvriv tFx 5,0cos5=  Zalis moqmedebiT. 

gansazRvreT wertilis siCqare drois 4=t wm  momentSi, Tu 

roca 00 =t , maSin siCqare 00 =ν .  

 
13.2.21  

m  masis sxeuli moZraobs Ox RerZis gaswvriv  

tmFx 2sin6=  Zalis moqmedebiT. drois sawyis momentSi 

wertilis siCqare 3=oxν m/wm. gansazRvreT siCqaris 

gantolebaSi integrirebis mudmivi.   
 

13.2.22  
7=m kg masis nivTieri wertili uZravi mdgomareobidan 

iwyebs moZraobas Ox RerZis gaswvriv t
x eF 7=  Zalis 

moqmedebiT. gansazRvreT wertilis siCqare drois 2=t wm  
momentisaTvis.  

 
13.2.23  

horizontaluri wrfis gaswvriv moZrav 20=m kg masis 

nivTier wertilze moqmedebs 22,0 ν=R  winaRobis Zala. 
ramden wamSi Semcirdeba wertilis siCqare 10 m/wm-dan 5 m/wm-
mde?    

 
13.2.24  

horizontaluri wrfis gaswvriv moZrav 250=m kg masis 

nivTier wertilze moqmedebs 25ν=R  winaRobis Zala. 
gansazRvreT wertilis siCqare drois 6=t wm momentSi, Tu 

roca 00 =t , maSin siCqare 200 =ν m/wm.   

  
13.2.25  

4=m kg masis nivTieri wertili moZraobs 
horizontaluri wrfis gaswvriv. ramdeni wamis Semdeg 
Semcirdeba wertilis siCqare 10-jer, Tu moZraobis 
winaRobis Zala ν8,0=R ?  

 
 

13.3. mrudwiruli moZraobis parametrebis 
gansazRvra mocemuli ZalebiT 
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13.3.1  

10=m kg masis nivTieri wertili moZraobs mrudwirul 
traeqtoriaze tF 4,0=  Zalis moqmedebiT. gansazRvreT 

wertilis mxebi aCqareba drois 40=t wm momentSi, roca 
Zalasa da siCqaris veqtors Soris kuTxe °30 -is tolia. 

 

13.3.2  

horizontalur sibrtyeSi mrudwirul 
traeqtoriaze 8=F n Zalis moqmedebiT 
moZraobs 6=m kg masis nivTieri wertili. 
gansazRvreT wertilis mxebi aCqareba.  

 

 

13.3.3  

vertikalur sibrtyeSi 12=R m radiu-
sis wrewiris rkaliviT moRunul 2 mi-
lakSi moZraobs 30=m kg masis 1 nivTieri 
wertili. gansazRvreT wertilis mxebi 
aCqareba miTiTebuli mdebareobisaTvis.  

 

13.3.4  

horizontalur sibrtyeSi mdebare 2=R m radiusis 
wriuli gluvi milakis SigniT 21=F n Zalis moqmedebiT 
uZravi mdgomareobidan moZraobas iwyebs nivTieri wertili. 
gansazRvreT drois 7=t wm momentisaTvis milakis reaqciis 
Zalis horizontaluri mdgeneli. Tu Zalis mimarTuleba 
emTxveva siCqaris veqtors.  

 

 

13.3.5  

horizontalur sibrtyeSi 18=R m 
radiusis wrewirze moZraobs 8=m kg masis 

nivTieri wertili. gansazRvreT F
r
 Zalasa 

da siCqaris veqtors Soris kuTxis 
gradusuli zoma, roca wertilis siCqare 

3=ν m/wm, xolo mxebi aCqareba 5,0=τw m/wm. 

 
13.3.6  

nivTieri wertili moZraobs mrudwirul traeqtoriaze, 



 197

Zalis moqmedebiT, romlis normaluri mdgeneli 8=nF n-s, 

xolo tangencialuri mdgeneli 22,0 tF =τ . gansazRvreT 

wertilis masa, Tu drois 10=t wm momentisaTvis misi 
aCqareba 7,0=w m/wm2. 

 
13.3.7  

5=m kg masis nivTieri wertili moZraobs mrudwirul 
traeqtoriaze Zalis moqmedebiT, romlis gegmili mxebze 

7=τF n-is, xolo normalze 21,0 tFn = -is tolia. gansazRvreT 

wertilis aCqarebis moduli 12=t wm momentisaTvis. 
 

13.3.8  
nivTieri wertili moZraobs mrudwirul traeqtoriaze 

nF
rrr

89 += τ  Zalis moqmedebiT. gansazRvreT wertilis masa, 
roca misi aCqareba 5,0=w m/wm2-ia.  

 

13.3.9  
2=m kg masis nivTieri wertili moZraobs mrudwirul 

traeqtoriaze nF
rrr

83 += τ  Zalis moqmedebiT. gansazRvreT 
wertilis aCqarebis moduli.  

 

13.3.10  
nivTieri wertili moZraobs mrudwirul traeqtoriaze 

nF
rrr

3,015 += τ  Zalis moqmedebiT. gansazRvreT wertilis masa, 

Tu drois 20=t wm momentisaTvis misi aCqareba 6,0=w m/wm2. 
 

13.3.11  
4=m kg masis nivTieri wertili moZraobs mrudwirul 

traeqtoriaze nF
rrr

34,0 += τ  Zalis moqmedebiT. gansazRvreT 

wertilis aCqarebis moduli drois 10=t wm momentisaTvis. 
 

13.3.12  
2=m kg masis nivTieri wertili moZraobs Oxy sibrtyeSi 

F
r
 Zalis moqmedebiT, romlis gegmilebia tFx π5,0sin2=  da 

tFy πcos5= . gansazRvreT wertilis aCqarebis moduli drois 

1=t wm momentisaTvis. 
 

13.3.13  
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18=m kg masis nivTieri wertili moZraobs horizon-
talur sibrtyeSi mrudwirul traeqtoriaze 25=F n Zalis 
moqmedebiT. gansazRvreT traeqtoriis simrudis radiusi 
drois im momentisaTvis, roca wertilis siCqare 4=ν m/wm, 
xolo siCqaris veqtori da Zala erTmaneTTan °55 -ian kuTxes 
adgenen. 

 

13.3.14  
sxeuli moZraobs horizontalur 

sibrtyeze da mowydeba mas A wertilSi. 
gansazRvreT sxeulis minimaluri siCqare 
mowyvetisas, Tu radiusi 6=R m.  

 
13.3.15  

horizontaluri diskos brunvis vertikaluri RerZidan 
2m manZilis daSorebiT imyofeba sxeuli. gansazRvreT 
diskos Tanabari brunvis kuTxuri siCqare, romlis gadaWar-
beba gamoiwvevs sxeulis srials diskoze, Tu srialis 

xaxunis koeficienti 3,0=f . 
 

13.3.16  
kosmosuri sadguri moZraobs dedamiwis garSemo 

6107 ⋅=R m radiusian wriul orbitaze. gansazRvreT sadguris 

siCqare km/wm-Si, Tu dedamiwis masa tolia 2410976,5 ⋅ kg-is, 

gravitaciuli mudmiva ki tolia 1110672,6 −⋅  n·m2/kg2.   
 

13.3.17  
11=m kg masis nivTieri wertili moZraobs mrudwirul 

traeqtoriaze 20=F n-is toli tolqmedi Zalis moqmedebiT. 
gansazRvreT wertilis siCqare drois im momentisaTvis, 
roca traeqtoriis simrudis radiusi 15=ρ m da Zalasa da 

siCqaris veqtors Soris kuTxe °35 -is tolia.  
 

13.3.18  
16=m kg masis nivTieri wertili moZraobs sibrtyeSi 

mrudwirul traeqtoriaze tF 3,0=  tolqmedi Zalis moqme-

debiT. gansazRvreT wertilis siCqare drois 20=t wm 
momentisaTvis, roca simrudis radiusi 12=ρ m-s da Zalasa 

da siCqaris veqtors Soris kuTxe ki °= 50α -s. 
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13.3.19  
gansazRvreT konusuri qanqaris M 

wertilis siCqare, Tu 1=OM m sigrZis 
Zafi Semowers konuss, romlis wverosTan 
kuTxe °= 45α . 

 

 

13.3.20  
6,1=m kg masis M nivTieri wertili 

moZraobas iwyebs uZravi mdgomareobidan 
horizontalur sibrtyeSi mdebare R radiu-
sian mimmarTvelSi tF 2,0=  Zalis moqmede-
biT. gansazRvreT wertilis siCqare drois 

18=t wm momentisaTvis, Tu siCqaris veq-
torTan Zala adgens mudmiv °25 -ian kuTxes. 
 

13.3.21  
12=m kg masis nivTieri wertili moZraobas iwyebs uZravi 

mdgomareobidan horizontalur sibrtyeSi mdebare R 
radiusian mimmarTvelSi. gansazRvreT wertilis siCqare 
moZraobis dawyebidan drois 4=t wm momentisaTvis, Tu masze 
moqmedebs 22=F n-is toli Zala, romelic traeqtoriis 
mxebTan mudmivad °40 -ian kuTxes adgens. 

 

 

 

13.3.22  
M nivTieri wertili moZraobs simZimis 

Zalis moqmedebiT vertikalur sibrtyeSi 
s-s parabolaze. gansazRvreT B mdebareo-
bisaTvis wertilis siCqare, Tu A 
mdebareobaSi misi siCqare  30=Aν m/wm-s, 

xolo OA simaRle 600 m-is tolia.   
 

13.3.23  
15=m kg masis nivTieri wertili iwyebs moZraobas uZravi 

mdgomareobidan horizontalur sibrtyeSi mdebare R radiusian 
gluv mimmarTvelSi tF 5,0=  Zalis moqmedebiT. gansazRvreT 

wertilis siCqare drois 30=t wm momentisaTvis, Tu siCqaris 
veqtorTan Zala mudmivad °= 50α -ian kuTxes adgens. 

 
13.3.24  
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14=m kg masis nivTieri wertili iwyebs moZraobas uZravi 
mdgomareobidan horizontalur sibrtyeSi mdebare R 
radiusian gluv mimmarTvelSi. gansazRvreT manZili, 
romelsac gaivlis wertili moZraobis dawyebidan 5=t wm-is 
Semdeg, Tu masze moqmedebs 24=F n-is toli Zala, romelic 
wertilis traeqtoriis mxebTan mudmivad °45 -ian kuTxes 
adgens. 

 

13.3.25  
M nivTieri wertili simZimis Zalis 

moqmedebiT moZraobs vertikalur sibrtyeSi. 
gansazRvreT wertilis asvlis maqsimaluri 
simaRle, Tu sawyis momentSi wertilis 

siCqare 6000 =ν m/wm. 

 

13.4. Tavisufali aramilevadi rxevebi 
  

13.4.1  

25=m kg masis tvirTi Camokidebulia 800=c n/m sixistis 
koeficientian zambaraze da asrulebs Tavisufal vertika-
lur wrfiv rxeviT moZraobas. gansazRvreT tvirTis 
aCqarebis moduli drois im momentisaTvis, roca tvirTis 
simZimis centri statikuri wonasworobis mdebareobidan 
daSorebulia 5 sm-iT.    

 
13.4.2  

20=m kg masis tvirTi Camokidebulia 400=c n/m sixistis 
koeficientian zambaraze da asrulebs Tavisufal vertikalur  
wrfiv rxeviT moZraobas. gansazRvreT ra manZilzea 
daSorebuli tvirTis simZimis centri statikuri wonas-
worobis mdebareobidan, roca misi aCqareba 3 m/wm2-is tolia. 

 

 

13.4.3  
gansazRvreT mimdevrobiT SeerTebuli 

ori 21 =c n/sm da 182 =c n/sm sixistis 

koeficientebiani zambarebis dayvanili 
sixistis koeficienti. 
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13.4.4  
zambarebis sixistis koeficientebia: 

21 =c n/sm, 42 =c n/sm da 63 =c n/sm. gansazRv-

reT zambaruli sakidaris sixistis 
koeficienti.  

 

13.4.5  

060 =+ yy&&  _ zambaraze Camokidebuli 5,0=m kg masis 

tvirTis rxeviTi moZraobis diferencialuri gantolebaa. 
gansazRvreT zambaris sixistis koeficienti.  
 
 

 

13.4.6  
gansazRvreT tvirTis Tavisufali ver-

tikaluri rxevisas zambaris maqsimaluri 
AB dagrZeleba sm-Si, Tu tvirTi Camoki-
debulia aradeformirebuli zambaris B 
wertilSi, gaSvebulia wonasworobis 
mdgomareobidan da tvirTis moqmedebiT 
gamowveuli zambaris statikuri defor-
macia 2sm-is tolia.  

 
13.4.7  

zambaraze Camokidebuli 10=m kg masis sxeuli asru-
lebs Tavisufal vertikalur rxevas 8,0=T wm periodiT. 
gansazRvreT zambaris sixistis koeficienti.  

 

 

13.4.8  

zambaraze Camokidebulia 5=m kg masis 
nivTieri wertili asrulebs Tavisufal 
vertikalur rxeviT moZraobas, romlis 

kanoni mocemulia )(txx =  funqciis grafi-

kiT. gansazRvreT zambaris sixistis koefi-
cienti.  
 

13.4.9 

gansazRvreT 2=c kn/m sixistis koeficientian zambaraze 
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Camokidebuli 80=m kg masis tvirTis Tavisufali 
vertikaluri rxevis periodi.  

 
13.4.10  

gansazRvreT zambaraze Camokidebuli tvirTis Tavisu-
fali vertikaluri rxevis periodi, Tu zambaris statikuri 
deformacia 20=λ sm.  

 

13.4.11  
zambaraze Camokidebuli tvirTi asrulebs Tavisufal 

vertikalur rxevas 5,0=T wm periodiT. gansazRvreT tvirTis 

masa, Tu zambaris sixistis koeficienti 200=c n/m.  
 

 

13.4.12  
zambaraze Camokidebuli sxeuli 

asrulebs Tavisufal vertikalur rxevas, 

romelic mocemulia )(tyy =  funqciis 

grafikiT. gansazRvreT sxeulis masa, Tu 
zambaris sixistis koeficienti 300=c n/m-s.  

 

13.4.13  
2=c kn/m sixistis koeficientian zambaraze Camokidebuli 

tvirTis Tavisufali vertikaluri rxevis T periodi π  wm-is 
tolia. gansazRvreT tvirTis masa.  

 

13.4.14  
020 =+ xx&&  _ zambaraze Camokidebuli tvirTis rxevis 

moZraobis diferencialuri gantolebaa. gansazRvreT 
tvirTis masa, Tu zambaris sixistis koeficienti 150=c n/m-s.  

 

13.4.15  
gansazRvreT zambaraze Camokidebuli tvirTis Tavi-

sufali rxevis kuTxuri sixSire, Tu statikur mdgomareobaSi 
zambaris deformacia 14sm-is tolia. 
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13.4.16  
gansazRvreT sam zambaraze Camokidebu-

li 5=m kg masis tvirTis Tavisufali ver-
tikaluri rxevis kuTxuri sixSire, Tu maTi 

sixistis koeficientebi 490321 === ccc n/m-s.  

 

13.4.17  
gansazRvreT zambaraze Camokidebuli 

tvirTis Tavisufali vertikaluri rxevis 
kuTxuri sixSire, Tu zambarebis sixistis 

koeficientebi tolia: 300321 === ccc n/m-s.  

  

13.4.18  
09 =+ yy&&  diferencialuri gantoleba aRwers nivTieri 

wertilis Tavisufal vertikalur rxevas. gansazRvreT 
rxevis kuTxuri siCqare.  

 
13.4.19  

700=c n/m sixistis koeficientian zambaraze Camoki-
debuli sxeuli asrulebs Tavisufal vertikalur rxevas 
0,2m-is toli amplitudiT. gansazRvreT sxeulis masa, Tu 
rxeva daiwyo statikuri wonasworobis mdebareobidan 4m/wm-
is toli sawyisi siCqariT.  

 
13.4.20  

zambaraze Camokidebuli 3,0=m kg masis sxeuli 
asrulebs Tavisufal vertikalur rxevas 0,4m-is toli 
amplitudiT. gansazRvreT zambaris sixistis koeficienti, 
Tu rxeva daiwyo statikuri wonasworobis mdebareobidan 
3m/wm-is toli sawyisi siCqariT. 
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13.4.21  

gansazRvreT or zambaraze Camokide-
buli 10=m kg masis tvirTis Tavisufali 
vertikaluri rxevis sixSire, Tu zamba-
rebis dayvanili sixistis koeficienti 
3,6n/m-is tolia. 
 

13.4.22  

nivTieri wertilis rxeva mocemulia gantolebiT 

ttx 4sin304cos20 += , sadac x-sm. gansazRvreT rxevis ampli-
tuda sm-Si.  

 
 

 

13.4.23  

gansazRvreT nivTieri wertilis sawyisi 
siCqaris moduli, Tu mis Tavisufal 

rxevas Seesabameba )(tyy =  funqciis moce-

muli grafiki. 
 

13.4.24  
90=c n/m sixistis koeficientian zambaraze Camokidebuli 

9=m kg masis tvirTi asrulebs Tavisufal vertikalur 
rxevas 0,1m-is toli amplitudiT. gansazRvreT tvirTis 
sawyisi siCqare, Tu rxeva iwyeba statikuri wonasworobis 
mdebareobidan.  

 
13.4.25 

 300=c n/m sixistis koeficientian zambaraze Camokide-
buli 3=m kg masis tvirTi asrulebs Tavisufal wrfiv 
vertikalur rxeviT moZraobas. gansazRvreT tvirTis rxevis 

amplituda sm-Si, Tu drois 00 =t  momentSi misi siCqare 

2=ν m/wm-is da statikuri wonasworobis mdebareobidan gada-

weulia 3,00 =x sm-iT. 
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13.5. Tavisufali milevadi rxeva 
 

13.5.1  

tex 2,0−=  )3sin3cos( 21 tCtC +  aris nivTieri wertilis 

milevadi rxevis diferencialuri gantolebis amonaxseni. 

gansazRvreT integrirebis 1C  mudmivi, Tu drois 00 =t  

momentisaTvis wertilis koordinati 2,00 =x m. 

 
13.5.2  

tex 2,0−=  )3sin3cos( 21 tCtC +  aris nivTieri wertilis 

milevadi rxevis diferencialuri gantolebis amonaxseni. 

gansazRvreT integrirebis 2C  mudmivi, Tu integrirebis 

mudmivi 5,11 =C  da drois 00 =t  momentisaTvis wertili 

siCqare 00 =ν . 
 

13.5.3  

nivTieri wertilis moZraobis diferencialur ganto-
lebas aqvs Semdegi saxe: 024 =++ xx &&& . ipoveT wertilis masis 
maqsimaluri mniSvneloba, roca moZraoba aris aperioduli. 

13.5.4  
200=c n/m sixistis koeficientian zambaraze Camokide-

buli tvirTi wrfivad moZraobs kanoniT: )5sin(9,0 α+= − tAey t . 

gansazRvreT tvirTis masa. 
 

13.5.5  
6=m kg masis nivTieri wertili asrulebs rxeviT 

moZraobas νμ
rr

−=R  winaRobis Zalis moqmedebiT. gansazRvreT 

μ  koeficienti, Tu wertilis moZraobis kanonia 

)7sin(1,0 α+= − tAey t . 

 
13.5.6  

30=c n/m sixistis koeficientian zambaraze Camokidebuli 
2=m kg masis tvirTi gamoyvanilia wonasworobis 

mdgomareobidan. gansazRvreT asrulebs Tu ara wertili 
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rxeviT moZraobas, Tu moZraobis winaRobis Zala ν
rr

1,0−=R -si. 
 

13.5.7  
nivTieri wertilis moZraobis diferencialuri 

gantolebaa 0502 =++ xxx &&& μ . ipoveT garemos winaRobis μ  

koeficientis minimaluri mniSvneloba, rodesac moZraoba 
aperiodulia.  

 

13.5.8  
gansazRvreT asrulebs Tu ara nivTieri wertili rxeviT 

moZraobas, Tu misi moZraobis diferencialur gantolebas 
aqvs Semdegi saxe 022 =++ xxx &&& . 

 
13.5.9  
−=++ 0123 Cxxx &&& nivTieri wertilis moZraobis diferen-

cialuri gantolebaa. ipoveT C sixistis koeficientis 
maqsimaluri mniSvneloba, rodesac moZraoba iqneba 
aperioduli.  

 
13.5.10  

gansazRvreT asrulebs Tu ara nivTieri wertili rxeviT 
moZraobas, Tu misi moZraobis diferencialur gantolebas 
aqvs Semdegi saxe 055 =++ xxx &&& .  

13.5.11  

νμ
rr

−=R  winaRobis Zalis gavleniT 10=m kg masis 

nivTieri wertili asrulebs rxeviT moZraobas. gansazRvreT 

μ  koeficienti, Tu milevadi rxevis periodi 21 =T wm-s, 

xolo wertilis erTidaimave mxares, momdevnosi winasTan, 
gadaxrebis fardoba 0,85-is tolia.  

 
13.5.12  

0483 =++ xxx &&& μ _nivTieri wertilis moZraobis diferencia-

luri gantolebaa. ipoveT garemos winaRobis μ  koeficientis 

umciresi mniSvneloba wertilis aperioduli moZraobisas.  
 

13.5.13  

)4sin(8,0 α+= − tAex t _sxeulis milevadi rxevis diferencia-

luri gantolebis amonaxsnia. gansazRvreT zambaris sixistis 
koeficienti, romelzec Camokidebulia 10=m kg masis sxeuli.  
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13.5.14  

0205 =++ Cxxx &&& _nivTieri wertilis moZraobis diferen-
cialuri gantolebaa. ipoveT wertilis aperioduli 
moZraobisaTvis C koeficientis udidesi mniSvneloba. 

 
13.5.15  

)5,0sin(2,0 α+= − tAex t  gantolebiTaa aRwerili nivTieri 

wertilis milevadi rxeva. gansazRvreT wertilis Tavisu-
fali rxevis kuTxuri sixSire, roca ar moqmedebs winaRobis 
Zala. 

 

13.5.16  
0258 =++ xxx &&&  _ nivTieri wertilis rxeviTi moZraobis 

diferencialuri gantolebaa. ipoveT milevadi rxevis 
kuTxuri sixSire.  

 
13.5.17  

30=c n/m sixistis koeficientian zambaraze Camokidebuli 
2=m kg masis tvirTi asrulebs rxeviT moZraobas. 

gansazRvreT milevadi rxevis kuTxuri sixSire, Tu tvirTis 

winaRobis Zala ν
rr

4−=R -s.  
13.5.18  

)4sin5,04cos3,0(05,0 ttex t += −  _ nivTieri wertilis moZraobis 

gantolebaa. gansazRvreT A sidide ise, rom moZraobis 

gantolebas mivceT Semdegi saxe: )sin( 1 α+= − tKAex nt . 

 
13.5.19  

0506 =++ xxx &&&  _ nivTieri wertilis rxeviTi moZraobis 
diferencialuri gantolebaa. gansazRvreT milevadi rxevis 
periodi.  

 
13.5.20  

0258 =++ xxx &&&  _ nivTieri wertilis rxeviTi moZraobis 
diferencialuri gantolebaa. ipoveT milevadi rxevis 
periodi. 
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13.5.21  
nivTieri wertilis rxeviTi moZraoba mocemulia 

)6,05,1sin(7,0 4,0 += − tex t  gantolebiT. gansazRvreT wertilis 

Tavisufali rxevis periodi maSin, roca ara gvaqvs 
winaRobis Zala.  

 
13.5.22  

nivTieri wertilis rxeviTi moZraoba mocemulia 

)3,08sin(6 3,0 += − tey t  gantolebiT. gansazRvreT wertilis mile-

vadi rxevis periodi.  
 

13.5.23  

0166,0 =++ xxx &&&  _ milevadi rxevis diferencialuri 
gantolebaa. gansazRvreT wertilis erTidaimave mxares 
momdevnos winasTan gadaxrebis fardobis mniSvneloba. 

  
13.5.24  

nivTieri wertilis milevadi rxeva mocemuli 

)2018sin(12,0 1,0 += − tex t  gantolebiT. gansazRvreT wertilis 

erTidaimave mimarTulebiT momdevno gadaxris wina 
gadaxrasTan fardobis mniSvneloba. 

13.5.25  
0204 =++ xxx &&&  _ nivTieri wertilis rxeviTi moZraobis 

diferencialuri gantolebaa. ipoveT rxevis logariTmuli 
dekrementi, maSin roca ganvixilavT maqsimalur gadaxras 
rxevis naxevarperiodis Semdeg.  

 

13.6. iZulebiTi rxeva 
 

13.6.1  

)4,05sin(5,110 +=+ txx&&  _ nivTieri wertilis rxeviTi moZ-

raobis diferencialuri gantolebaa. gansazRvreT wertilis 

masa, Tu SemaSfoTebeli Zala 600 =F n-s tolia.  
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13.6.2  
zambaraze Camokidebul sxeulze moqmedebs vertikaluri  

SemaSfoTebeli Zala tF 20sin30=
r

. gansazRvreT dina-
mikurobis koeficienti, Tu sxeulis sakuTari rxevis 

kuTxuri sixSire 25=k rad/wm-Si.  
 

13.6.3  

)3,05sin(5036 +=+ tyy&&  _ nivTieri wertilis rxeviTi moZ-

raobis diferencialuri gantolebaa. gansazRvreT dinami-
kurobis koeficienti.  

 

 

13.6.4  
tvirTis zemoqmedebiT gamowveuli 

zambaris statikuri dagrZeleba 1,9=λ sm-s. 
gansazRvreT sxeulze vertikaluri SemaS-
foTebeli tF 5sin15=  Zalis moqmedebisas 
dinamikurobis koeficienti. 

 
13.6.5  

vertikaluri SemaSfoTebeli tF 5sin10=  Zala moqmedebs 
zambaraze Camokidebul 3=m kg masis sxeulze. gansazRvreT 
zambaris sixistis koeficienti, Tu dinamikurobis 
koeficienti 4=η .  

 

13.6.6  

vertikaluri SemaSfoTebeli tF 10sin200=  Zala moqme-
debs zambaraze Camokidebul 50=m kg masis sxeulze. 
gansazRvreT zambaris sixistis koeficienti kn/m-Si, Tu 
iZulebiTi rxevis amplituda tolia 0,04m-is.  

 
13.6.7 

)7,06sin(2016 +=+ txx&&  _ sxeulis vertikaluri rxeviTi 

moZraobis diferencialuri gantolebaa. gansazRvreT zamba-
ris sixistis koeficienti, romelzecaa Camokidebuli 
sxeuli, Tu masze moqmedi SemaSfoTebeli Zalis maqsimaluri 
mniSvneloba 80n-is tolia.   
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13.6.8  

txx 7sin90205 =+&&  _ nivTieri wertilis rxeviTi moZraobis 
diferencialuri gantolebaa. gansazRvreT wertilis 
sakuTari rxevis kuTxuri sixSire.  

 
13.6.9  

vertikaluri SemaSfoTebeli tF 10sin40=  Zala moqmedebs 
zambaraze Camokidebul sxeulze. gansazRvreT zambaris 
sakuTari rxevis kuTxuri sixSire, Tu dinamikurobis koe-
ficienti 3=η -s.  

 

13.6.10  

vertikaluri SemaSfoTebeli Zala tpF sin25=  moqmedebs 

600=c n/m sixistis koeficientian zambaraze Camokidebul 
5,0=m kg masis sxeulze. gansazRvreT SemaSfoTebeli Zalis 

rogori p kuTxuri sixSirisaTvis iqneba sxeulis iZulebiTi 
rxevis amplituda 0,05m-is toli.  

 
13.6.11  

nivTieri wertilis rxevis diferencialuri gantoleba 

mocemulia saxiT: txx 5sin1281 =+&& . gansazRvreT iZulebiTi 
rxevis amplituda. 
 

 

13.6.12  
5,0=c n/sm sixistis koeficientian zam-

baraze Camokidebul 1,0=m kg masis sxeulze 

moqmedebs SemaSfoTebeli tF sin3,0=  Zala. 
gansazRvreT iZulebiTi rxevis amplituda. 

 

13.6.13  
360=c n/m sixistis koeficientian zambaraze Camokide-

buli 18=m kg masis tvirTi asrulebs vertikalur rxevas 

SemSfoTebeli tF 3sin36=  Zalis moqmedebiT. gansazRvreT 
iZulebiTi rxevis amplituda.  
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13.6.14  
5=m kg masis sxeuli asrulebs rxevas 

pttky sin2,0sin4,0 +=  gantolebis mixedviT, sadac sakuTari 

rxevis kuTxuri sixSire 20=k rad/wm, xolo SemaSfoTebeli 
Zalis ki 10=p rad/wm. gansazRvreT SemaSfoTebeli Zalis 

maqsimaluri mniSvneloba.  
 

13.6.15  
24=c n/m sixistis koeficientian zambaraze Camokidebuli 

tvirTis vertikaluri rxevis moZraobis diferencialuri 

gantolebaa )3,04sin(2,18 +=+ txx&& . gansazRvreT iZulebiTi 

Zalis maqsimaluri mniSvneloba. 
 

13.6.16  
4=m kg masis nivTieri wertilis rxeviTi moZraobis 

diferencialuri gantoleba mocemulia Semdegi saxiT:  

)6,03sin(5,07 +=+ txx&& . gansazRvreT SemaSfoTebeli Zalis maqsi-

maluri mniSvneloba.  
 

 

13.6.17  
rezonansis SemTxvevaSi 1=m kg masis 

nivTieri wertilis iZulebiTi rxeva moce-

mulia )(txx =  funqciis grafikiT. gansaz-

RvreT wertilze moqmedi SemaSfoTebeli  

tpFF sin0=  Zalis maqsimaluri mniSvneloba. 

 

13.6.18  
200=c n/m sixistis koeficientian 

zambaraze Camokidebulia 5,0=m kg masis 

sxeuli da SemSfoTebeli tpF sin15=  Zalis 

moqmedebiT asrulebs rxeviT moZraobas. 
gansazRvreT SemaSfoTebeli Zalis kuTxuri 
sixSire, rodesac adgili aqvs rezonans.  

 

13.6.19  
gansazRvreT nivTieri wertilis iZulebiTi rxevis 

amplituda, Tu misi moZraobis diferencialur gantolebas 

aqvs saxe:  txxx 2sin4306 =++ &&& . 
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13.6.20  
gansazRvreT dinamikurobis koeficienti, Tu wertilis 

iZulebiTi rxevis diferencialuri gantolebaa 

tyyy 10sin62508 =++ &&& . 
 

13.6.21  
150=c n/m sixistis koeficientian zambaraze Camokidebul 

10=m kg masis sxeulze moqmedebs vertikaluri SemaSfo-

Tebeli tpF sin10=  Zala da winaRobis ν
rr

8−=R  Zala. 

gansazRvreT damyarebuli iZulebiTi rxevis maqsimaluri 
amplituda, romlis miRwevaac SesaZloa SemaSfoTebeli 
Zalis kuTxuri sixSiris mniSvnelobis cvlilebas.  

 

13.6.22  
50=c n/m sixistis koeficientian zambaraze Camoki-

debulia 5=m kg masis sxeuli. moZraobis winaRobis Zala 

ν
rr

4−=R -s. gansazRvreT vertikaluri SemaSfoTebeli Zalis 
rogori kuTxuri sixSirisaTvis eqneba maqsimaluri mniSvne-
loba dinamikurobis koeficients.  

 
13.6.23  

12=m kg masis nivTieri wertilis rxeviTi moZraobis 
diferencialur gantolebas aqvs Semdegi saxe: 

tyyy 3sin15608 =++ &&&  wertilis moZraobis winaRobis Zala 

yR μ−= -s. gansazRvreT μ  koeficienti.  

 
13.6.24  

3=m kg masis nivTieri wertilis rxeviTi moZraobis 

diferencialur gantolebas aqvs saxe: txxx 8sin15304 =++ &&& . 
gansazRvreT SemSfoTebeli Zalis maqsimaluri mniSvneloba. 

 
13.6.25  

5=m kg masis sxeuli Camokidebulia zambaraze. gansaz-
RvreT zambaris sixistis koeficienti, Tu sxeulis gadataniTi 

moZraobis diferencialuri gantolebaa txxx 15sin5406 =++ &&& . 
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13.7. fardobiTi moZraoba 
 

13.7.1  

4108 ⋅=m kg masis lokomotivi moZraobs aRmosavleTidan 
dasavleTisaken ekvatoris gaswvriv dagebul rkinigzis gzaze 
20m/wm siCqariT. gansazRvreT lokomotivis koriolisis 
inerciis Zala, Tu dedamiwis kuTxuri siCqare 0000729,0=ω  
rad/wm. lokomotivi CaTvaleT nivTier wertilad. 

 

 

13.7.2  

2,0=m kg masis M burTula moZraobs 

vertikalur milakSi 62,19=ν m/wm siCqariT. 
milaki mimagrebulia vertikalur 1 lilv-

ze, lilvidan 5,0=l m manZilze. lilvi 

brunavs mudmivi 5=ω rad/wm kuTxuri 
siCqariT. gansazRvreT burTulis warmtani 
inerciis Zala.  

 

 

13.7.3  

11 =m kg masis 1 tvirTi eSveba qveviT 2 

sxeulis daxril sibrtyeze. 2 sxeuli 
moZraobs vertikalur mimmarTvelebSi 

qveviT 22 =w m/wm2 aCqarebiT. gansazRvreT 2 

sxeulze 1 sxeulis wnevis Zala.  
 

 
 

13.7.4  
fardobiTi wonasworobis O wertili-

dan 1m  masis 1 burTula moZraobas iwyebs 

2 sxeulis cilindrul gluv arxSi. 2 

sxeuli moZraobs mudmivi 5,32 =w m/wm2 

aCqarebiT horizontaluri sibrtyis gaswv-
riv. gansazRvreT drois 5=t wm momentSi 
burTulas fardobiTi moZraobis siCqare. 
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13.7.5  
O RerZis garSemo milaki brunavs 

2t=ϕ  kanoniT. milakSi moZraobs 1,0=m kg 

masis burTula 32,0 tOM = kanoniT. gansaz-

RvreT drois 1=t wm momentisaTvis burTu-
las koriolisis inerciis Zalis moduli. 

 

 

13.7.6  
liftis 2 kabina zeviT moZraobs 

gw 5,02 =  aCqarebiT, gansazRvreT zambaris 

daWimulobis Zala, Tu zambaraze Camo-
kidebuli 100n wonis 1 tvirTi fardobiT 
uZrav mdgomareobaSia.  

 

 

13.7.7  
rogori w aCqarebiT unda imoZraos 

wylianma WurWelma, rom wylis Tavisu-
fali zedapiri iyos daxrili sibrtyis 
paraleluri, Tu sibrtye daxrilia 

°= 20α  kuTxiT?  
 

 

13.7.8  
1 satvirTo avtomobili Senelebulad 

moZraobs aRmarTze 21 =w m/wm2 aCqarebiT. 

gansazRvreT 200=m kg masis 2 tvirTis 
wnevis Zala avtomobilis Zaris wina 
kedelze.  

 

 

13.7.9  
1 sxeuli moZraobs wrfiv 2 mim-

marTvelebSi sxeuls SigniT aqvs wrewiris 
rkalis formis arxi, romelSic gadaad-
gildeba m masis 3 burTula. gansazRvreT 

1 sxeulis 1w  aCqareba, Tu burTula 

fardobiT wonasworobaSia, roca °= 60ϕ .  
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13.7.10  

daxril sibrtyeze W αsing=  aCqarebiT 

qveviT eSveba maTematikuri qanqariani 
Stativi. gansazRvreT burTulis fardo-
biTi wonasworobis mdgomareobaSi β  

kuTxe, roca °= 10α -s. 
 

 
 

     Tavi 14. masebis centris moZraobis Teorema, 
       moZraobis raodenobisa da kinetikuri 

momentis cvlilebis Teoremebi 
 

14.1. masebis centris moZraobis Teorema 
 

14.1.1  

50=m kg masiani meqanikuri sistemis masebis C centris 
mdebareoba ganisazRvreba kjirc

rrrr
543 ++=  radius-veqtoriT. 

gansazRvreT sistemis masebis centris statikuri momenti 
Oxy sibrtyis mimarT. 

 

 

 

14.1.2  

gansazRvreT mrudmxara-cocia meqanizmis 

masebis centris cx  koordinati, roca 

°= 90ϕ  da °= 30α -s, 1 mrudxaras masa 4kg-is 

tolia, xolo barbacasi ki 8kg-is. 0,8m 
sigrZis 2 barbaca CaTvaleT erTgvarovan 
Rerod. 3 cocias masa ugulebelyofilia. 

 

 14.1.3  

2=m kg masis sxeuli moZraobs hori-

zontalur mimmarTvelSi 12 2 += ts  kano-
niT. gansazRvreT sxeulze moqmedi gare 
Zalebis nakrebi veqtoris moduli.  
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14.1.4  

50=m kg masis 1 sxeuli aiweva daxril 
sibrtyeze bagiris meSveobiT, romelic 

4,0=R radiusis dols daexveva. gansazRv-
reT 1 sxeulze moqmedi gare Zalebis 
nakrebi veqtoris moduli, Tu dolis 
kuTxuri aCqareba 5=ε rad/wm2-s.  

 
 

 

 

14.1.5  
meqanikuri sistema ise moZraobs, rom 

misi masebis C centris aCqarebis gegmi-
lebi koordinatTa RerZebze tolia 

1=cxw m/wm2, 2=cyw m/wm2, 4=czw m/wm2. gansaz-

RvreT sistemaze moqmedi gare Zalebis 
nakrebi veqtoris moduli, Tu sistemis 
masa  40=m kg. 

 

 

14.1.6  
meqanikuri sistemis masebis centris moZ-

raoba ganisazRvreba jtitrc

rrr
ππ sin2cos2 +=  

radius-veqtoriT. gansazRvreT drois 
5,0=t wm momentisaTvis gare Zalebis 

nakrebi veqtoris gegmili Oy RerZze, Tu 
sistemis masa 10=m kg-s. 

 

 

 

14.1.7.  
20=m kg masis disko Tanabrad brunavs 

10=ω rad/wm kuTxuri siCqariT uZravi 
RerZis garSemo. gansazRvreT diskoze 
modebuli gare Zalebis nakrebi veqtoris 
moduli, Tu misi simZimis centri brunvis 
RerZidan 5,0=OC sm manZiliTaa daSore-
buli.  
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14.1.8. 
3,1=R m radiusis C borbalis masebis 

centri moZraobs ts 4=  kanoniT. gansaz-
RvreT borbalze modebuli gare Zalebis 
nakrebi veqtoris moduli, Tu misi masa 

15=m kg-s. 
 

 

14.1.9  
1 saxsriani paralelogramis mrudmxara 

Tanabrad brunavs 51 =ω rad/wm kuTxuri 

siCqariT. gansazRvreT 2 rgolze moqmedi 
gare Zalebis nakrebi veqtoris moduli, 
Tu misi masa 8=m kg-s, xolo sigrZe 

4,0=OA m-s.  

 

14.1.10  
5=m kg masis erTgvarovani tolgverda 

OAB samkuTxedi Tanabrad brunavs uZravi 
RerZis garSemo. gansazRvreT misi ω  
kuTxuri siCqare, Tu masze moqmedi gare 
Zalebis nakrebi veqtori 300n-is tolia, 

xolo sigrZe 4,0=l m-s.  
 

 14.1.11  
2,0=R m radiusis 2 Skivi, brunavs ra 

102 =ε rad/wm2 kuTxuri aCqarebiT, aswevs 

50=m kg masis erTgvarovan 1 cilindrs. 
gansazRvreT cilindrze moqmedi gare 
Zalebis nakrebi veqtoris moduli.  

 

 

14.1.12  
5,0=R m-is radiusiani 20=m kg masis 

erTgvarovani disko brunavs 10=ε rad/wm2 
mudmivi kuTxuri aCqarebiT. gansazRvreT 
diskoze moqmedi gare Zalebis nakrebi 
veqtoris moduli.  

 
 14.1.13  

OA =1m sigrZis 10=m kg masis erTgva-
rovani OA Rero Tanabrad brunavs 
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10=ω rad/wm kuTxuri siCqariT. gansazRv-
reT Reroze moqmedi gare Zalebis nakrebi 
veqtoris moduli. 

 

 

 

14.1.14  

F
r
 Zalis moqmedebiT A cocia moZraobs 

Aν
r
 mudmivi siCqariT. gansazRvreT mimmar-

Tvelis reaqcia A cociaze drois im 
momentisaTvis, roca B cocias aCqareba 

1=Bw m/wm2-is da erTgvarovani AB Reros 

masa tolia 5 kg-is. cocias masa ugule-
belyofilia.  

 
 

 

14.1.15  
OA =0,25m sigrZis 1 mrudmxara, Tanab-

rad brunavs ra 10=ω rad/wm kuTxuri 
siCqariT, moZraobaSi mohyavs 5=m kg masis 
2 kulisa. gansazRvreT kulisaze moqmedi 
gare Zalebis nakrebi veqtoris moduli 
drois im momentisaTvis, roca kuTxe 

°= 60ϕ -s. 

 
 14.1.16  

gansazRvreT mrudmxara-cocia meqaniz-
mis AB barbacaze moqmedi gare Zalebis 
nakrebi veqtoris moduli drois im 
momentisaTvis, roca kuTxe °= 180ϕ -s, xolo 

A da B wertilebs aqvs 10=Aw m/wm2 da 

14=Bw m/wm2 aCqarebebi. 5=m kg masis bar-

baca CaTvaleT erTgvarovan Rerod.  
 

 14.1.17  
gansazRvreT meqanikuri sistemis masebis 

C centris aCqarebis gegmili Oy RerZze  

drois im momentisaTvis, roca 8,0=cy m, 

sistemis masa 80=m kg-s, xolo masze 
modebuli gare Zalebis nakrebi veqtoria 
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jtiRe rrr
63 += . sistemis masebis centri 

drois sawyis momentSi imyofeboda O 
wertilSi uZrav mdgomareobaSi.  

 

 

 

14.1.18  

4 kg masis 1 sxeuls SeuZlia imoZraos 
horizontalur mimmarTvelSi. ra manZilze 
gadaadgildeba 1 sxeuli, roca 2kg masisa 

da 6,0=l m sigrZis erTgvarovani 2 Rero 
CamoeSveba simZimis Zalis gavleniT da 
daikavebs vertikalur mdgomareobas. sistema 
sawyisi momentisaTvis imyofeboda wonas-
worobaSi.  

 
 

 

14.1.19  

7,01 =m kg masis 1 sxeuls SeuZlia 

imoZraos horizontalur mimmarTvelSi. 
gansazRvreT 1 sxeulis aCqarebis moduli 
drois 25,0=t wm momentisaTvis, roca 

sistemis Siga Zalebis gavleniT 1,02 =m kg 

masis 2 sxeuli mis mimarT moZraobs 

ts 4sin=  gantolebis Tanaxmad. 
 

 14.1.20  
1 sxeulze moqmedebs mudmivi 10=F n 

Zala. gansazRvreT am sxeulis aCqareba 
drois 5,0=t wm momentisaTvis, Tu mis mimarT 
sistemis Siga Zalebis gavleniT moZraobs 
2 sxeuli tx πcos= gantolebis Tanaxmad. 

sxeulebis masebia: 41 =m kg, 12 =m kg. sxeu-

lebi asruleben gadataniT moZraobas.  
 

 14.1.21  
gansazRvreT gluv daxril sibrtyeze 

mosriale I sxeulis aCqareba, Tu 
horizontalur mimmarTvelSi mis mimarT 
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sistemis Siga Zalebis gavleniT 2 sxeuli 

moZraobs 2tx =  gantolebis Tanaxmad. 

sxeulebis masebia: 121 == mm kg. sxeulebi 

asruleben gadataniT moZraobas. 
 

14.2. Zalis impulsi, moZraobis raodenoba 
 

14.2.1  
sxeulze 10 wm-is ganmavlobaSi moqmedebs mudmivi 

mimarTulebisa da modulis mqone Zala. ipoveT am drois 

ganmavlobaSi Zalis impulsis moduli, Tu 3=xF n, 4=yF n 

Zalis gegmilebia koordinatTa RerZebze. 
 

14.2.2  

mudmivmimarTulebiani Zalis moduli icvleba 295 tF +=  

kanoniT. ipoveT am Zalis impulsis moduli drois 12 tt −=τ  

SualedSi, sadac 22 =t wm, 01 =t .  

 

14.2.3  
mudmivmimarTulebiani Zalis moduli 

icvleba naxazze naCvenebi kanonis Tanax-
mad. gansazRvreT Zalis impulsis moduli 

drois 12 tt −=τ   SualedSi, sadac 52 =t wm, 

01 =t .  

 
14.2.4  

M nivTier wertilze moqmedebs jtitF
rrr

43 2 +=  Zala. 

gansazRvreT drois 12 tt −=τ  SualedSi Zalis impulsis 

gegmili Ox RerZze, Tu 22 =t wm, 01 =t . 

 
14.2.5  

1=m kg masis nivTieri wertili wrfivad moZraobs 

5=w m/wm2 mudmivi aCqarebiT. gansazRvreT drois 12 tt −=τ   

SualedSi wertilze modebuli Zalebis tolqmedis impulsi, 

Tu 42 =t wm, 21 =t wm. 
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14.2.6  
1=m kg masis nivTieri wertilis moZ-

raobis gantolebaa tes 25,02 += . gansazRv-
reT wertilis moZraobis raodenobis 
moduli drois 1=t wm momentisaTvis. 

 

 

14.2.7  
4,0=R m radiusis 1 Skivi, brunavs ra 

5,2=ω rad/wm kuTxuri siCqariT, aswevs 

10=m kg masis 2 sxeuls. ipoveT tvirTis 
moZraobis raodenobis moduli.  

 
14.2.8  

5,0=m kg masis nivTieri wertilis moZraobis veqtoruli 

gantolebaa jtitr
rrr
⋅+= ππ cos3sin2 . gansazRvreT wertilis 

moZraobis raodenobis gegmili Ox RerZze drois 5,0=t wm 
momentSi. 

 
14.2.9  

2 kg masis nivTieri wertili moZraobs Oxy sibrtyeSi 

tx πsin= , 25,0 ty = gantolebebis Tanaxmad. gansazRvreT wertilis 

moZraobis raodenobis moduli drois 5,1=t wm momentisaTvis. 
 

 

14.2.10  
0,5 kg masis M nivTieri wertili 

moZraobs 2=R m radiusian wrewirze. 
gansazRvreT am wertilis moZraobis 
raodenoba drois π=t wm momentisaTvis, 

roca kuTxe tπϕ 2sin5= . 
 

 

14.2.11  
milaki brunavs 10=ω rad/wm kuTxuri 

siCqariT. 2,0=m kg masis M burTula 

moZraobs milakis mimarT 4=rν m/wm siCqa-

riT. gansazRvreT burTulis moZraobis 
raodenoba drois im momentisaTvis, roca 
manZili 4,0=OM m. 
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14.2.12  
4,0=R m radiusiani disko brunavs 

25=ω rad/wm kuTxuri siCqariT. M wer-

tili moZraobs 221 ts +=  kanoniT diskos 
fersoze. gansazRvreT am wertilis 
moZraobis raodenobis drois 2=t wm 
momentisaTvis, Tu misi masa 1=m kg.  

 

 

14.2.13  
gansazRvreT 1=m kg masis 2 cocias 

moZraobis raodenobis moduli drois im 
momentisaTvis, roca kuTxe °= 60α -s, Tu 1 
cocia moZraobs 2=ν m/wm siCqariT. 
 

 

14.2.14  
25,0=OA m sigrZis 1 mrudmxara brunavs 

ra 10=ω rad/wm kuTxuri siCqariT, amoZra-
vebs 6kg masis 2 kulisas. gansazRvreT 
kulisis moZraobis raodenobis moduli 
drois im momentisaTvis, roca kuTxe °= 60ϕ . 

 

14.2.15  

10=m kg masis da 1=l m sigrZis erTgva-

rovani Rero brunavs 25t=ϕ  kanoniT. gan-

sazRvreT am Reros moZraobis raodenobis 
moduli drois 2=t wm momentisaTvis. 
 

 

14.2.16  
12=m kg masis erTgvarovani marTkuTxa 

firfita brunavs 10=ω rad/wm kuTxuri 
siCqariT. gansazRvreT firfitis moZrao-
bis raodenobis moduli, Tu misi zomebi: 

6,01 =l m, 9,02 =l m. 
 

 

14.2.17  
borbalis masebis centri moZraobs 

2=R m radiusian wrewirze ts 2sin5=  
kanoniT. gansazRvreT borbalis moZraobis 
raodenobis moduli drois π=t wm momen-
tisaTvis, Tu misi masa tolia 4kg. 
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14.2.18  
2,0=R m radiusis 2 Skivi brunavs ra 

20=ω rad/wm kuTxuri siCqariT, aswevs 
50=m kg masis 1 erTgvarovan cilindrs. 

gansazRvreT 1 cilindris moZraobis rao-
denobis moduli.  
 

 

14.2.19  
gansazRvreT 4=m kg masis 2 Reros 

moZraobis raodenobis veqtoris gegmili 
Oy RerZze drois im momentisaTvis, roca 1 
mrudmxara brunavs 10=ω rad/wm kuTxuri 

siCqariT da kuTxe °= 60α . sigrZe 2,0=l m. 
 

 

 

14.2.20  
2,0=OA m sigrZis 1 mrudmxara brunavs 

20=ω rad/wm kuTxuri siCqariT. gansazRv-
reT 5=m kg masis 2 barbacas  moZraobis 
raodenobis moduli drois im momentisa-
Tvis, roca °= 180ϕ . 2 barbaca CaTvaleT 

erTgvarovan Rerod. 
 

 

14.2.21  
2,0=OA m sigrZis 1 mrudmxara brunavs 

20=ω rad/wm kuTxuri siCqariT. gansazRv-
reT 6=m kg masis 2 barbacas moZraobis 
raodenobis moduli drois im momenti-
saTvis, roca kuTxe °= 90ϕ . 2 barbaca 

CaTvaleT erTgvarovan Rerod. 
 

 

 

14.2.22  
gansazRvreT 1=AB m sigrZisa da 
5=m kg masis erTgvarovani Reros 

moZraobis raodenobis moduli, romelic 
asrulebs brtyel-paralelur moZraobas, 
drois im momentisaTvis, roca misi 
kuTxuri siCqare 4=ω rad/wm, xolo A 
wertilis siCqare tolia 4 m/wm-is. 
 

 14.2.23  
gansazRvreT ori nivTier wertiliani 
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sistemis moZraobis raodenobis nakrebi 
veqtoris moduli, romelTa masebia 

11 =m kg, 22 =m kg, drois im momentisaTvis, 

roca 31 =ν m/wm, 22 =ν m/wm. 

 
 

 

14.2.24  
gansazRvreT ori nivTier wertiliani 

sistemis moZraobis raodenobis nakrebi 
veqtoris gegmili Oy RerZze, romelTa 

masebia 41 =m kg, 22 =m kg, drois im 

momentisaTvis, roca 31 =ν m/wm, 12 =ν m/wm. 

 
 

 

14.2.25  
disko brunavs 8=ω rad/wm kuTxuri 

siCqariT. 1=m kg masis M wertili 
moZraobs ts 2,0=  kanoniT diskos radiusis 
gaswvriv. gansazRvreT am meqanikuri 
sistemis moZraobis raodenobis moduli 
drois 25,0=t wm momentisaTvis. 
 

 

 

14.2.26  

1=OA m sigrZis 2 mrudmxaraObrunavs 

10=ω rad/wm kuTxuri siCqariT. 101 =m kg 

masis erTgvarovani 1 diski brunavs 1ω  

kuTxuri siCqariT mrudmxaras mimarT. 
gansazRvreT sistemis moZraobis raode-
nobis moduli, Tu 2 mrudmxaras CaTvliT 

52 =m kg masis erTgvarovan Rerod.   

 

 

14.2.27  

gansazRvreT meqanikuri sistemis moZ-
raobis raodenobis moduli, Tu 1 cilind-

ris masebis centri moZraobs 4=cν m/wm 

siCqariT, xolo 1, 2 da 3 sxeulebis masebi 

Sesabamisad tolia 401 =m kg, 102 =m kg, 

123 =m kg. 2 da 4 sxeulebi erTgvarovani 
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diskebia. 
 

 

14.2.28.  
saxsriani OABO1 paralelogramis 1=OA m 

sigrZis 1 rgoli brunavs 20=ω  rad/wm 
kuTxuri siCqariT. gansazRvreT miTiTebu-
li mdgomareobisaTvis meqanizmis moZraobis 
raodenobis moduli. 1, 2 da 3 rgolebi 
CaTvaleT erTgvarovan Reroebad, romelTa 

masebia 4321 === mmm kg. 

 
 

14.3. moZraobis raodenobis cvlilebis  
Teorema 

  

14.3.1  

0,5kg masis nivTieri wertili moZraobs wrfivad 34ts =  
kanoniT. gansazRvreT pirveli 2wm-Si wertilze modebuli 
yvela Zalis tolqmedis impulsis moduli.  
 
 
 
 

 

14.3.2  

1kg masis nivTier wertilze moqmedebs 
mudmivmimarTulebiani Zala, romlis 
mniSvneloba icvleba tF πcos5=  kanoniT. 
gansazRvreT am wertilis siCqare drois 

5,0=t wm momentisaTvis, Tu wertilis 

sawyisi siCqare 5,10 =ν m/wm. 

 
 
 

 

14.3.3  

2kg masis nivTier wertilze moqmedebs 
mudmivmimarTulebiani Zala, romlis mniSv-

neloba icvleba 26tF =  kanoniT. gansazRv-
reT am wertilis siCqare drois 2=t wm 
momentisaTvis, Tu wertilis sawyisi 

siCqare 20 =ν m/wm. 
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14.3.4  

M nivTieri wertilis moZraobis 

raodenoba icvleba jtim
rrr

125 +=ν  kanoniT. 

gansazRvreT wertilze modebuli Zalebis 
tolqmedis gegmili Oy RerZze. 
 

14.3.5  

4=m kg masis nivTier wertilze moqmedebs jtiF
rrr

+= 4 . 

Zala. gansazRvreT wertilis siCqaris gegmili Oy RerZze 
drois 2=t wm momentisaTvis, Tu moZraoba iwyeba uZravi 
mdgomareobidan. 
 
 

 

14.3.6  

wrfivad moZrav 1kg masis nivTier wer-

tilze moqmedebs  mudmivi F
r
 Zala. werti-

lis siCqare drois  SualedSi 12 tt −=τ , 

sadac 32 =t wm, 01 =t , icvleba 20 =ν m/wm-

dan 5=ν m/wm-mde. gansazRvreT F
r
 Zalis 

moduli. 

 

14.3.7  
M nivTieri wertili moZraobs vertika-

lurad simZimis Zalis gavleniT. gansazRv-
reT ra drois Semdeg miaRwevs es wertili 
maqsimalur simaRles, Tu misi sawyisi 

siCqare 81,90 =ν m/wm. 

 
 

 

14.3.8  
1=m kg masis M nivTieri wertili 

Tanabrad moZraobs wrewirze 4=ν m/wm 
siCqariT. gansazRvreT wertilze moqmedi 
yvela Zalis tolqmedis impulsi drois im 
SualedSi romlis ganmavlobaSic wertili 
gadaadgildeba 1 mdebareobidan 2 mdeba-
reobaSi.  
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14.3.9  
1=m kg masis M nivTieri wertili 

Tanabrad moZraobs 5,0=R m radiusis 

wrewirze ν
r
 siCqariT. wertilis aCqareba 

8=w m/wm2. gansazRvreT wertilze moqmedi 
yvela Zalis tolqmedis impulsi drois im 
SualedSi, romlis ganmavlobaSic wertili 
gadaadgildeba 1 mdebareobidan 2 mdeba-
reobaSi.  

 
 

 

14.3.10  
0,5kg masis nivTieri wertili moZraobs 

wrewirze mudmivi 2=ν m/wm siCqariT. 
ipoveT wertilze moqmedi yvela Zalis 
tolqmedis impulsis gegmili Ox RerZze 
drois im ganmavlobaSi, roca is gadaad-
gilda A mdebareobidan B mdebareobaSi. 
 

14.3.11  
matarebeli moZraobs gzis horizontalur wrfiv ubanze. 

damuxruWebisas matarebelze moqmedebs winaRobis Zala, 
romelic matareblis wonis 0,2-s tolia. ra droSi gaCerdeba 
matarebeli, Tu misi sawyisi siCqare tolia 20m/wm-is. 
 

 

14.3.12  
gluv daxril mimmarTvelSi moZrav 

sxeuls mianiWes sawyisi siCqare 40 =ν m/wm. 

ra droSi miaRwevs sxeuli aRmarTis 
maqsimalur simaRles.  
 

 

 

14.3.13  
10=m kg masis sxeuli srialebs hori-

zontalur sibrtyeze mudmiv mimarTule-

biani F
r
 Zalis moqmedebiT, romlis mniSv-

nelobebic naxazze naCvenebi kanoniT icv-
leba. gansazRvreT sxeulis siCqare drois 

5=t wm momentisaTvis, roca srialis xaxunis 

koeficienti 2,0=f -s, sawyisi siCqare .00 =ν   
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14.3.14  
sxeuli srialebs gluv daxril 

mimmarTvelSi sawyisi siCqariT 50 =ν m/wm.  

gansazRvreT ra droSi eqneba am sxeuls 
9,81m/wm-is toli siCqare.  
 

 

14.3.15  
xaoian horizontalur sibrtyeze moZrav 

sxeuls  mianiWes 50 =ν m/wm sawyisi siCqare 

da gaCerda 1 wm-is Semdeg. ipoveT srialis 
xaxunis koeficienti. 

 

 

14.3.16  
daxril xaoian sibrtyeze moZrav 

sxeuls miniWebuli hqonda sawyisi siCqare 

200 =ν m/wm. ipoveT ra droSi gaCerdeba 

sxeuli, Tu srialis xaxunis koeficienti 

1,0=f . 
 

14.3.17  
meqanikuri sistemis moZraobis raodenobis veqtoris 

moduli icvleba 24tQ = kanoniT. gansazRvreT sistemaze 

moqmedi gare Zalebis nakrebi veqtoris moduli drois 
2=t wm momentisaTvis, Tu gare Zalebis nakrebi veqtori da 

moZraobis raodenobis veqtori paraleluri arian. 
 
 

 

14.3.18  

gzis horizontalur ubanze 4
1 106×=m kg 

da 4
2 102 ⋅=m kg masis ori vagoni moZraobs 

11 =ν m/wm da 32 =ν m/wm siCqareebiT. meore 

vagoni eweva pirvels da mas miebmeba. gan-
sazRvreT vagonebis siCqare maTi gadabmis 
Semdeg, Tu moZraobis winaRoba ugulebel-
yofilia.  
 

 14.3.19  
2kg masis 1 sxeuli moZraobs zambaris 

moqmedebis gamo 8kg-iani masis 2 sxeulis 
mimarT ts πcos05,02,0 +=  kanoniT. 2 sxeuli 
srialebs horizontalur mimmarTvelebSi. 
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gansazRvreT 2 sxeulis siCqare drois 
2=t wm momentisaTvis, Tu is moZraobas 

iwyebs uZravi mdgomareobidan. 
 

14.4. inerciis momentebi 
 

14.4.1  
gamoTvaleT 2kg masis mqone materialuri wertilis 

inerciis momenti Oxy sibrtyis mimarT, Tu misi koor-
dinatebia: 2,0=x m; 6,0=y m;  4,0=z m.  

 

 

14.4.2  
gamoTvaleT oTxi erTnairi masis mqone 

materialuri wertilisagan Sedgenili 
meqanikuri sistemis inerciis momenti Oxy 
sibrtyis mimarT, Tu TiToeuli wertilis 
masa 5,1=m kg, xolo radiusi 4,0=r m. 
 

 

14.4.3  
gamoTvaleT sami erTnairi masis mqone 

materialuri wertilisagan Sedgenili 
meqanikuri sistemis inerciis momenti Oy 
RerZis mimarT, Tu radiusi 6,0=r m, xolo 

TiToeuli wertilis masa 3=m kg.  
 

 

14.4.4  
gamoTvaleT, 3,0=m  masis da 04,0=r m 

radiusis naxvretis mqone erTgvarovani 
Txeli kvadratuli firfitis inerciis 
momenti centraluri Oy RerZis mimarT.  
 

 

14.4.5  
gamoTvaleT sami erTnairi masis mqone 

materialuri wertilisagan Sedgenili 
meqanikuri sistemis polaruli inerciis 
momenti O saTavis mimarT, Tu daSoreba 

3,0=l m, xolo TiToeuli wertilis masa 

5,0=m kg.  
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14.4.6  
ipoveT erTgvarovani diskos inerciis 

momenti O centris mimarT, Tu Ox RerZis 
mimarT misi inerciis momenti tolia 3 

kg⋅m2-is.  
 

14.4.7  
ipoveT 0,5kg masis materialuri wertilis centridanuli 

inerciis Ixy momenti. Ox da Oy RerZebis mimarT, Tu wertilis 
koordinatebia 4,0=x m; 5,0−=y m; 4,0=z m.  
 

 

 

14.4.8  
gamoTvaleT oTxi erTnairi masis mqone 

materialuri wertilisagan Sedgenili me-
qanikuri sistemis centridanuli inerciis 
momenti Ox da Oy RerZebis mimarT, Tu daSo-
reba 4,01 =l m, 8,02 =l m, xolo TiToeuli 

wertilis masa 2=m kg. 
 

 

14.4.9  
gamoTvaleT ori materialuri werti-

lisagan Sedgenili meqanikuri sistemis 
centridanuli inerciis momenti Ox da Oy 
RerZebis mimarT, Tu wertilebis masebia 

11 =m kg, 22 =m kg, xolo daSoreba 5,0=l m.  
 

 

14.4.10  
ipoveT Oy da Oz RerZebis mimarT, 

erTgvarovani konusis centridanuli Iyz 
inerciis momenti. 
 



 231

 

14.4.11  
gansazRvreT 150=m kg masis mqone 

sxeulis inerciis radiusi Oz RerZis 
mimarT, Tu amave RerZis mimarT sxeulis 

inerciis momentia 1,5 kg⋅m2. 
 

 

14.4.12  
ipoveT erTgvarovani cilindris 

inerciis radiusi Oz RerZis mimarT, Tu 
misi radiusi 4,0=R m.  
 

 

14.4.13  
ipoveT Txeli erTgvarovani marTkuTxa 

firfitis inerciis radiusi Oy RerZis 

mimarT, Tu sigrZe 3,0=l m.  
 

 

14.4.14  
gamoTvaleT 2=m kg masis mqone Txeli 

erTgvarovani Reros inerciis momenti Oy 
RerZis mimarT, Tu sigrZe 1=l m. 

 

14.4.15   
gansazRvreT erTgvarovani diskos inerciis momenti 

diskos sibrtyis perpendikularuli RerZis mimarT, romelic 
SexebaSia diskos fersosTan. diskos masa 1=m kg, radiusi 

2,0=R m. 
 

 

14.4.16  
gamoTvaleT 70=m kg erTgvarovani 

cilindris inerciis momenti centraluri 

Oz RerZis paraleluri 11zO  RerZis mimarT, 

Tu radiusi 1,0=r m, xolo daSoreba 

05,0=l m. 
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14.4.17  
gamoTvaleT 4=m kg masis Txeli 

erTgvarovani diskos inerciis momenti Oy 
RerZis mimarT. Tu radiusi 2,0=r m. 
 

 

14.4.18  
ipoveT 3=m kg masis Txeli erTgva-

rovani marTkuTxa firfitis inerciis 

momenti Ox RerZis mimarT, Tu 4,01 =l m, 

2,02 =l m.  

 

14.4.19  
gamoTvaleT erTgvarovani AB Reros 

inerciis momenti 11xO  RerZis mimarT, Tu 

misi inerciis momenti mTavari centra-

luri Ox RerZis mimarT tolia 0,3 kg⋅m2. 
 

 

14.4.20  
gamoTvaleT 3=m kg masis Txeli 

erTgvarovani firfitis inerciis momenti 

centraluri 1Ox  RerZis mimarT, Tu 

2,0=l m.  
 

 

14.4.21  
ipoveT erTgvarovani kubis inerciis 

momenti centraluri 1Ox  RerZis mimarT, 

Tu mTavari centraluri Ox, Oy, Oz Rer-

Zebis mimarT inerciis momentebia 0,1kg⋅m2, 
xolo kuTxeebi  °= 45α ,  °= 45β , °= 90γ .  
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14.4.22  
gamoTvaleT 8,0=m kg da 1,0=r m 

radiusis Txeli erTgvarovani diskos 

inerciis momenti 1Ox  RerZis mimarT, Tu 

kuTxeebi °= 30α , °= 60β , °= 90γ . 

 

 

14.4.23  

meqanikuri sistema Sedgeba 4,01 =m kg 

masis Txeli erTgvarovani Rerosagan – 1 

da 22 =m kg masis Txeli erTgvarovani 

diskosagan – 2. gansazRvreT am sistemis 
inerciis momenti Oy RerZis mimarT, roca 

radiusi 1,0=r m, xolo sigrZe 3,0=l m. 
 

 
 

14.4.24  
meqanikuri sistema Sedgeba ori Txeli 

sferuli erTgvarovani garsisagan 1 da 2, 

romelTa radiusebia Sesabamisad 5,01 =r m 

da 4,02 =r m. gamoTvaleT am sistemis 

inerciis momenti Oy RerZis mimarT, Tu 

garsebis masebia  801 =m kg, 402 =m kg.  
 

 

14.4.25  
gansazRvreT konstruqciis inerciis 

momenti Oz RerZis mimarT, romelic 
Sedgeba 1 da 2 erTgvarovani Reroebisagan, 

Tu Sesabamisad Reroebis masebia 21 =m kg, 

12 =m kg. xolo zomebia 6,01 =l m, 9,02 =l m. 

 
14.5. moZraobis raodenobis momenti 

 

14.5.1  
5,0=m kg masis materialuri wertili Oy RerZis mimarT 

moZraobs 25ty =  kanoniT. gansazRvreT am wertilis moZ-

raobis raodenobis momenti O centris mimarT drois 2=t wm 
momentSi. 
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14.5.2  
5,0=m kg masis M materialuri wer-

tili moZraobs wrfiv AB ubanze 2=ν m/wm 
siCqariT. gansazRvreT am wertilis moZ-
raobis raodenobis momenti koordinatTa 
saTavis mimarT, roca manZili 1=OA m da 
kuTxe °= 30α . 
 

 

14.5.3  
1=m kg masis M materialuri wertili 

Tanabrad moZraobs 5,0=r m radiusis 

wrewirze 4=ν m/wm siCqariT. gansazRvreT 
am wertilis moZraobis raodenobis 
momenti wrewiris C centris mimarT.  
 

 

 

14.5.4  
5,0=m kg masis M materialuri wer-

tili moZraobs 5,0=r m radiusis wrewirze 
25,0 ts =  gantolebis Tanaxmad. gansazRvreT 

am wertilis moZraobis raodenobis 
momenti wrewiris centris mimarT drois 

1=t wm momentSi. 
 

14.5.5  
gansazRvreT 1=m kg masis materialuri wertilis moZ-

raobis raodenobis momenti koordinatTa saTavis mimarT, 
roca misi koordinatebia 1== yx m, xolo siCqaris gegmi-

lebia 1== yx νν m/wm. 

 

 

14.5.6  
5,0=m kg masis M materialuri 

wertili moZraobs mrudze. wertilis 
koordinatebia 1=== zyx m, xolo siC-

qaris gegmilebia 1=xν m/wm, 2=yν m/wm, 

4=zν m/wm. gansazRvreT am wertilis 

moZraobis raodenobis momenti Ox RerZis 
mimarT.  
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14.5.7  

1=m kg masis materialuri wertili moZraobs tx 2= , 
3ty = , 4tz =  kanonis Tanaxmad. gansazRvreT drois 2=t wm 

momentSi am wertilis moZraobis raodenobis momenti Oy 
RerZis mimarT. 

 

14.5.8  

1=m kg masis materialuri wertilis siCqare gansazR-

vrulia kjtit
rrrr

542 ++=ν  gantolebiT. gansazRvreT wertilis 

moZraobis raodenobis momentis sidide koordinatTa 
saTavis mimarT drois 2=t wm momentSi, roca misi koordi-
natebia 2=x m, 3=y m, 3=z m. 

 
 

 

14.5.9  

mili Tanabrad brunavs 10=ω  wm/1  

kuTxuri siCqariT. milSi moZraobs 1=m kg 
masis burTula. gansazRvreT burTulis 
moZraobis raodenobis momenti milis 
brunvis RerZis mimarT, roca daSoreba 

5,0=OM m, xolo burTulis siCqare milis 

mimarT 2=rν m/wm.  

 

 

14.5.10  
konusi Az RerZis garSemo Tanabrad 

brunavs 4=ω  wm/1  kuTxuri siCqariT. 1 kg 

masis M materialuri wertili moZraobs 
konusis msaxvelze. gamoTvaleT materia-
luri wertilis moZraobis raodenobis 
momenti Oz RerZis mimarT im mdgomareo-
baSi, roca 1=OM m, Tu kuTxe °= 30α . 
 

 

 

14.5.11  

1=l m sigrZis da 6=m kg masis 
erTgvarovani Rero brunavs 10=ω wm_1 
kuTxuri  siCqariT. gansazRvreT Reros 
kinetikuri momenti O centris mimarT.  
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14.5.12  

10=m kg masis Txelkedliani mili 
migoravs horizontalur sibrtyeze 

10=ω wm_1 kuTxuri siCqariT. gansazRvreT 
cilindris kinetikuri momenti brunvis 
myisi RerZis mimarT, Tu radiusi 10=r sm. 
 

 

14.5.13  

OA mrudmxara brunavs mudmivi 
6=ω wm_1 kuTxuri siCqariT. Tvali 2 ki 

goravs uZrav 1-Tvalze. gansazRvreT Tvali 
2-is kinetikuri momenti siCqareTa myisi K 
centris mimarT, Tu radiusi 15,0=r m. 

Tvali 2 miviCnioT 3=m kg masis erT-
gvarovan diskod. 

 
 14.5.14  

konusi usrialod goravs uZrav 
sibrtyeze. konusis fuZis centris siCqare 

9,0=cν m/wm, rasiusi 30=r sm. gansazRvreT 

konusis kinetikuri momentis sidide brun-
vis myisi RerZis mimarT, roca am RerZis 
mimarT misi inerciis momenti tolia 
0,3kg·m2.  
 

 

14.5.15  

Oxy sibrtyeSi moZraobs 1M  da 2M  

materialuri wertilebi, romelTa masebia 

121 == mm kg. gansazRvreT materialur 

wertilTa sistemis kinetikuri momenti O 
wertilis mimarT, roca siCqareebi 

421 ==νν m/wm, daSoreba 42 21 == OMOM m, 

kuTxeebi °== 3021 αα . 

 



 237

 

14.5.16  

materialuri wertilebi 1M , 2M , 3M , 

romelTa masebia 2321 === mmm kg, moZrao-

ben 5,0=r m radiusis wrewirze. gansazRvreT 
materialur wertilTa sistemis kineti-
kuri momenti wrewiris O centris mimarT, 

roca maTi siCqareebi 21 =ν m/wm, 42 =ν m/wm, 

63 =ν m/wm.  

 

 

14.5.17  

cilindri 1 brunavs 20=ω wm_1 kuTxuri 
siCqariT. misi inerciis momenti brunvis 
RerZis mimarT 2=I kg·m2, radiusi 5,0=r m 

tvirTi 2-is masa 12 =m kg. gansazRvreT 

meqanikuri sistemis kinetikuri momenti 
brunvis RerZis mimarT.  
 

 

 

14.5.18  

doli 2-ze, romlis inerciis momenti 
brunvis RerZis mimarT tolia 05,0=I kg·m2, 
gadadebulia Zafi, romlis boloebzec 

mimagrebulia 22 31 == mm kg masis tvirTebi 

1 da 3. gansazRvreT sxeulTa sistemis 
kinetikuri momenti brunvis RerZis mimarT, 
Tu kuTxuri siCqare 8=ω wm_1, radiusebi 

202 == rR sm. 
 

14.6. kinetikuri momentis cvlilebis Teorema 
 

14.6.1  
5,0=m kg masis materialuri wertili moZraobs 

sibrtyeSi tx 2= , 24ty = gantolebebis Tanaxmad. gansazRvreT 

am wertilze modebuli Zalebis tolqmedis momenti koor-
dinatTa saTavis mimarT drois 1=t wm momentSi. 
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14.6.2  
5,0=m kg masis materialuri wertili moZraobs 

jtir
rrr

)54(2 2 ++=  kanoniT. gansazRvreT am wertilze modebuli 

Zalebis tolqmedis momenti koordinatTa saTavis mimarT. 
 

14.6.3  
1=m kg masis materialuri wertili moZraobs tx 2= , 

3ty = , 4tz =  kanoniT. gansazRvreT am wertilze modebuli 

Zalebis tolqmedis momenti Ox RerZis mimarT drois  1=t wm 
momentSi. 
 

 
 

14.6.4  
lilvi 1, romlis inerciis momenti 

brunvis RerZis garSemo tolia 11 =I kg·m2-
is, brunavs 401 =ω wm_1 kuTxuri siCqariT. 

lilvi 2 uZravia. ipoveT lilvebis 
kuTxuri siCqare maTi gadabmis Semdeg, Tu 
brunvis RerZis garSemo lilvi 2-is 

inerciis momenti tolia 42 =I kg·m2-is. 
 

 

 

14.6.5  
rezervuari 1, romlis inerciis 

momenti perpendikularuli Oz RerZis 

mimarT tolia 1kg·m2-is, brunavs 180 =ω wm_1 

kuTxuri siCqariT, sakvalaTi 2-is gaxsnis 
Semdeg rezervuari 1 ivseba fxvieri 
nivTierebebiT. gansazRvreT Sevsebuli 
rezervuaris kuTxuri siCqare, Tu misi 
inerciis momenti toli iqneba 3kg·m2. 
 

14.6.6  
sportsmeni, romelic xteba tramplinidan wyalSi, haerSi 

akeTebs saltos. tramplinidan mowyvetisas, mas mieniWeba 

kuTxuri siCqare 5,10 =ω rad/wm im horizontaluri RerZis 

mimarT, romelic gadis mis masaTa centrSi. amasTan 
sportsmenis inerciis momenti brunvis RerZis mimarT 

5,130 =I kg·m2. ganvsazRvroT sportsmenis kuTxuri siCqare 

frenis im dros, roca fexebis da xelebis miWimvam sxeulze 
Seamcira momenti 4,5=I kg·m2-mde.  
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14.6.7  
mili brunavs vertikaluri Oz RerZis 

garSemo, misi inerciis momenti 

075,0=zI kg·m2. milSi moZraobs 1,0=m kg 

masis M burTula Siga ZalTa sistemis 
moqmedebiT. rodesac burTula imyofeba Oz 
RerZze, kuTxuri siCqare 40 =ω wm_1. ra l 
manZilzea kuTxuri siCqare 3 wm-1-is toli? 
 

 

 

14.6.8  
AB Reroze moZraobs C cocia 

tAC 2,12,0 += AkanoniT. cocia miviCnioT 

1=m kg masis materialur wertilad. OA 
lilvis inerciis momenti RerosTan erTad 

tolia 5,2=zI kg·m2. gansazRvreT drois 

1=t wm momentSi lilvis kuTxuri siCqare, 

Tu sawyisi kuTxuri siCqarea 100 =ω wm_1. 
 

 

14.6.9  
20 kg masis mqnevara 2, romlis 

inerciis centraluri momentia 11 =zI kg·m2 
Siga ZalTa sistemis moqmedebiT igrixeba 
manam, sanam fardobiTi kuTxuri siCqare 

ar miiRebs 40=rω wm_1 mniSvnelobas. 

gansazRvreT damWeri 1-is kuTxuri siCqare 
ω , roca misi inerciis momenti aris 

4=zI kg·m2, xolo zoma 2=l m. 
 

 

14.6.10  

tM 16=  momentis mqone wyvilZalis 
moqmedebiT sxeuli brunavs vertikaluri 
Oz RerZis garSemo. gansazRvreT sxeulis 
inerciis momenti Oz RerZis mimarT, Tu 
cnobilia, rom drois 3=t wm momentSi 
kuTxuri siCqarea 2=ω wm_1.  drois 0=t  
momentSi sxeuli imyofeba uZrav mdgoma-
reobaSi. 
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14.6.11  

3=m kg masis da 1=l m sigrZis erT-
gvarovani Rero brunavs vertikaluri Oz 
RerZis garSemo 240 =ω wm_1 kuTxuri siCqa-

riT. OA lilvze modebulia damuxruWebis 
mudmivi Zalis momenti. gansazRvreT am 
momentis sidide, Tu Reros brunva Sewy-
deba damuxruWebis dawyebidan 4 wm-is 
Semdeg.  
 

14.6.12  

kjiM
rrrr

5431 ++=  da kjiM
rrr

4642 ++=  momentebis mqone ori 

wyvilZalis moqmedebiT sxeuli brunavs verti-kaluri Oz 
RerZis garSemo. sxeulis inerciis momenti Oz RerZis mimarT 
tolia 3kg⋅m2. gansazRvreT  drois 2=t wm momentSi sxeulis 
kuTxuri siCqare, Tu sawyis momentSi sxeuli ar brunavda. 
 
 

 

14.6.13  

1,0=r m radiusis da 5kg masis 

erTgvarovani disko SeerTebulia 5,0=l m 
sigrZis oTx RerosTan. TiToeulis masaa 1 
kg. gare Zalebis moqmedebiT sxeulTa 
sistema iwyebs brunvas t3=ω  kuTxuri 
siCqariT. gansazRvreT gare ZalTa momenti 
Oz RerZis mimarT. 
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15 Tavi. kinetikuri energiis cvlilebis 
Teorema 

15.1. Zalis muSaoba da simZlavre 
 

15.1.1  

dautvirTavi zambara, romlis sixistis koeficientia 
100=c n/m gaWimes 0,02 m-ze. gansazRvreT zambaris drekadi 

Zalis muSaoba. 
 

 
 

15.1.2  

sxeulze moqmedebs mimarTulebiT mud-

mivi 24xF =  Zala. gansazRvreT am Zalis 
muSaoba, roca sxeuli gadaadgildeba 

0=x  koordinatidan 1=x m koordinatamde. 
 

 

 

15.1.3  

m masis M materialuri wertili 
tF 12=  Zalis moqmedebiT moZraobs wrfivad 

horizontalur sibrtyeze 4ts =  kanoniT. 
gansazRvreT wertilze modebuli am Zalis 
muSaoba sawyisi 0=s  mdgomareobidan 

4=s m mdgomareobaSi gadaadgilebisas. 
 

 

15.1.4  

sxeuli eSveba mqise sibrtyeze. 
damokidebulia Tu ara srialis xaxunis 
Zalis muSaoba s manZilze, sibrtyis 
daxrilobis α  kuTxis cvlilebasTan?  
 

 

15.1.5  

mZime materialuri wertili SeiZleba 
gadaadgildes vertikalur sibrtyeSi wre-
wiri 1-is rkalze A-dan B mdgomareobaSi 
an wrewiri 2-is rkalze. aRniSnuli 
gadaadgilebebisas iqneba Tu ara werti-
lis simZimis Zalis muSaoba erTi da igive.  
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15.1.6  
4,0=m kg masis tvirTi Camokidebulia 

1=l m sigrZis Zafze. ra muSaobas 
asrulebs tvirTis simZimis Zala, verti-
kalur sibrtyeSi me-2 mdgomareobidan 1-l 
mdgomareobaSi gadaadgilebisas.  
 

 

15.1.7  
1,0=m kg masis M materialuri wertili 

eSveba 1=r m radiusis wrewiris rkalze 
centraluri °= 90α  kuTxiT. gansazRvreT 
M wertilis simZimis Zalis muSaoba A 
mdgomareobidan B mdgomareobaSi gadaad-
gilebisas. 
 

 

15.1.8  
gansazRvreT muSaoba, romelsac 

asrulebs mudmivi 1=F n Zala, daxril 
sibrtyeze 1=s m manZilze sxeulis awevaSi. 
 

 

15.1.9  
1,0=m kg masis sxeuli hkidia gauWimavi 

zambaris boloze da uSveben sawyisi 
siCqaris gareSe. gansazRvreT simZimis 
Zalis muSaoba rxevaTa periodis pirveli 
naxevrisaTvis, Tu zambaris sixistis 
koeficientia 50=c n/m. 
 

 

 

15.1.10  
diskoze, romelic brunavs O RerZis 

garSemo, 10021 == FF n ZaliT miWerilia 

ori muxruWis xundi. gamovTvaloT srialis 
xaxunis Zalis muSaoba damuxruWebis 
dros, 1,0=r m radiusis diskos 10 brunvis 
SemTxvevaSi. diskos mimarT muxruWis 
xundis srialis xaxunis koeficientia 

3,0=f . 
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 15.1.11  
manqanis lilvze moqmedebs wyvilZala 

M momentiT, cvlilebis kanoni mocemulia 

)(ϕfM =  funqciis grafikiT. gansazRvreT 

wyvilZaliT Sesrulebuli muSaoba lilvis 
pirveli ori brunis SemTxvevaSi. 
 

 

15.1.12  
manqanis lilvze moqmedebs wyvilZala 

momentiT, romlis cvlilebis kanoni moce-

mulia )(ϕfM =  funqciis grafikiT. gan-

sazRvreT wyvilZaliT Sesrulebuli mu-
Saoba lilvis pirveli ori brunvisaTvis.  
 

 

15.1.13  
1=m kg masis da 173,0=r m radiusis 

cilindri usrialod goravs. gansazRvreT 
simZimis Zalis da gorvis winaRobis Zalis 
jamuri muSaoba, Tu cilindris RerZi 
gadaadgilda 1=s m manZilze da gorvis 
xaxunis koeficientia 01,0=δ m. 
 

 

15.1.14  

41 =m kg masis sxeuli-1 1=h m manZilze 

daSvebisas eweva 22 =m kg masis sxeul 2-s 

daxril sibrtyeze. gansazRvreT simZimis 
ZalebiT gamowveuli muSaoba am gadaad-
gilebaze.  
 

 

15.1.15  

21 =m kg masis tvirT 1-s moyavs 

moZraobaSi 22 =m kg masis sagoravi-2. 

gorvis xaxunis koeficientia 1=δ m. 
gansazRvreT gare ZalTa sistemis muSaoba 

1=h m simaRleze tvirTi 1-is daSvebisas, 
roca sagoravis radiusia 1,0=R m. 
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 15.1.16  
1,0=r m radiusis doli 1-ze moqmedebs 

wyvilZala 240 ϕ+=M  momentiT. gansazRv-

reT muSaoba, gamowveuli wyvilZaliT da 

402 =m kg masis tvirTi 2-is simZimis ZaliT, 

tvirTis 3,0=h m-is simaRleze awevisas. 
 

 15.1.17  
doli 1-ze modebulia wyvilZala 

mudmivi 10=M n⋅m momentiT. 102 =m kg masis 

cilindri 2 usrialod goravs. gorvis 
xaxunis koeficienti 01,0=δ m. gansazRvreT 
gare ZalTa sistemis muSaoba doli-1-is 10 
sruli brunviT Semobrunebisas.  
 

 15.1.18  
A mrudmxaras wertilze, romelic 

brunavs horizontaluri O RerZis garSemo, 
vertikalur sibrtyeSi moqmedebs 100=F n 

Zala. gansazRvreT F
r
 Zalis simZlavre, Tu 

A wertilis siCqare 4=Aν m/wm. 

 
 15.1.19  

hidrocilindris dguSze moqmedebs zeTis 

wneva 10=p n/mm. dguSis diametria 100=d mm, 

misi siCqarea 2=ν m/wm.  gansazRvreT kvt-
Si zeTis wnevis Zalis simZlavre. 
 

15.1.20  
motoriani navi moZraobs mdinareze 8 m/wm siCqariT. 

Zravis wevis Zala tolia 3500n. gansazRvreT kvt-Si Zravis 
wevis Zalis simZlavre.  
 

15.1.21  
40kg masis erTgvarovani cilindri wrfivad usrialod 

goravs horizontalur sibrtyeze 4=ω wm_1 kuTxuri siCqa-
riT. gorvis xaxunis koeficientia 01,0=δ m. gansazRvreT 
gorvis winaRobis Zalis simZlavre. 
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15.1.22  

20=D sm diametris diskoze, romelic 
brunavs 100=ω wm_1 kuTxuri siCqariT, 
miWerilia ori muxruWis xundi, TiToeuli 

200=F n ZaliT. gansazRvreT xaxunis Zalis 
simZlavre, Tu diskos mimarT muxruWis 

xundis sriali xaxunis koeficientia 2,0=f . 

 

 
 

15.1.23  

2001 =m kg masis tvirTi 1-is asawevad 

gamoiyeneba jalambari., eleqtroZraviT 
lilvTan SeerTebuli kbilana Tvali 3, 

brunavs Tanabrad 1303 =ω wm_1 kuTxuri 

siCqariT. gansazRvreT kvt-Si eleqtro-
Zravis simZlavre, Tu Tvalis kbilanebis 

ricxvia 32 2zz = , xolo dolis radiusia 

1,0=r m. 
 

15.1.24  

Zravis lilvze moqmedebs momenti 80=M  )4001( ω− . 

gansazRvreT kvt-Si Zravis simZlavre drois im momentSi, 
roca Zravis lilvs gaaCnia 200wm_1-is toli kuTxuri siCqare. 
 

15.2. materialuri wertilis kinetikuri 
da potencialuri energia 

 
15.2.1  

1=m kg masis materialuri wertili moZraobs wrewirze 
1=ν m/wm siCqariT. gansazRvreT am wertilis kinetikuri 

energia.  
 

15.2.2  

4=m kg masis materialuri wertili moZraobs wrfivad 

mocemuli 224 tts +=  gantolebis Tanaxmad. gansazRvreT am 
wertilis kinetikuri energia drois 2=t wm momentSi. 
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15.2.3  
vertikalur zambaraze Camokidebuli 5=m kg masis tvirTi 

asrulebs Tavisufal rxevas π5,114sin(1,0 += ty ) kanoniT. 

gansazRvreT tvirTis kinetikuri energiis udidesi mniSvneloba.  
 

 

 

15.2.4  
5,0=m kg masis M materialuri wertili 

mimagrebulia 2=OM m sigrZis Runvad 
Zafze da ZafTan erTad asrulebs rxevas 

vertikalur sibrtyeSi tππϕ 2sin)6(=  

gantolebis Tanaxmad. gansazRvreT qveda 
mdgomareobaSi materialuri wertilis 
kinetikuri energia. 
 

 

15.2.5  
sxeuli-1 moZraobs vertikalurad zeviT 

11 =ν m/wm siCqariT. 2,0=OA m sigrZis Rero-

2-ze, romelic brunavs horizontaluri O 
RerZis garSemo mudmivi 10=ω wm_1 kuTxuri 
siCqariT, mimagrebulia 0,1 kg masis werti-
lovani tvirTi. gansazRvreT tvirTis 
kinetikuri energia, roca  °= 60ϕ . 
 

 

15.2.6  
horizontalur baqanze brunvis RerZi-

dan ucvlel 1=R m manZilze, 3=rν m/wm 

fardobiTi siCqariT gadaadgildeba 
2,0=m kg masis materialuri wertili. 

ipoveT misi kinetikuri energia, Tu baqani 
brunavs 2=ω wm_1 kuTxuri siCqariT.  
 

 

15.2.7  
milaki-1 Tanabrad brunavs 2=ω wm_1 

kuTxuri siCqariT AB RerZis garSemo. 

milakis SigniT moZraobs 5,02 =m kg masis 

burTula 2. gansazRvreT burTulas 
kinetikuri energia im momentSi, roca igi 

RerZidan daSorebulia 5,0=l m manZilze 

da gaaCnia 2,0=rν m/wm fardobiTi siCqare. 
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15.2.8  
2,0=m kg masis M materialuri 

wertili mdebareobs simZimis ZalTa velSi 
10=z m simaRleze. gansazRvreT mate-

rialuri wertilis potencialuri energia, 
Tu roca 0=z , potencialuri energia 
nulis tolia.  
 

 

15.2.9  
tvirTi-2 asrulebs Tavisufal rxevas 

tx 10sin1,0=  kanoniT. zambara-1-is sixiste 
tolia 100n/m. gansazRvreT tvirTis poten-
cialuri energia roca 05,0=x m, Tu misi 
potencialuri energia nulis tolia roca 

0=x . 
 

 15.2.10  

1kg masis tvirTi asrulebs Tavisufal 

rxevas tx 10sin1,0= kanonis Tanaxmad. zamba-

ris sixistis koeficientia 100=c n/m. 
gansazRvreT tvirTis sruli meqanikuri 
energia roca 05,0=x m, Tu misi potencia-

luri energia nulis tolia, roca 0=x . 
 

15.3. gadataniTi moZraobis dros materialuri 
   wertilis da myari sxeulis kinetikuri  

energiis cvlilebis Teorema 
 

15.3.1  
ra muSaobas asruleben materialur wertilze moqmedi 

Zalebi, Tu misi kinetikuri energia mcirdeba 50-dan 25j-mde? 
 

15.3.2  

m masis materialuri wertili uZrav mdgomareobidan 
asrulebs Tavisufal vardnas. haeris winaaRmdegobis gauTva-
liswineblad. gansazRvreT wertilis mier ganvlili gza 
drois im momentSi, roca mas gaaCnia 3 m/wm siCqare.  
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15.3.3  
5,0=m kg masis materialuri wertili 

asrolilia dedamiwis zedapiridan sawyisi 

200 =ν m/wm siCqariT da M mdgomareobaSi 

gaaCnia 12=ν m/wm siCqare. gansazRvreT 
simZimis Zalis muSaoba roca wertili 

gadaadgildeba 0M  mdgomareobidan M 

mdgomareobaSi.  
 

 

 

15.3.4  
m masis materialuri wertili gasro-

lilia dedamiwis zedapiridan horizontTan 

°= 60α  kuTxiT sawyisi 300 =ν m/wm siCqariT. 

gansazRvreT wertilis asvlis udidesi h 
simaRle.  
 

15.3.5  
2=m kg masis sxeuli daxril sibrtyeze adis sawyisi 

22 =ν m/wm siCqariT. gansazRvreT simZimis Zalis muSaoba 

sxeulis mier ganvlil gzaze gaCerebamde.  
 

 

15.3.6  
uZrav O wertilze 4,0=OM m sigrZis 

ZafiT Camokidebuli m masis materialuri 
wertili wonasworobis mdgomareobidan 
gadaweulia °= 90α  kuTxiT da Semdgom gaS-
vebulia sawyisi siCqaris gareSe. gansazRv-
reT am wertilis siCqare im momentSi, 
roca igi gaivlis wonasworobis mdebareobas.  
 

 

15.3.7  

saqanelas kabina Camokidebulia 5,0=l m 
sigrZis or Reroze. gansazRvreT kabinis 
siCqare, qveda kidura mdebareobis gavlisas, 
Tu sawyis momentSi Reroebi gadaxrili 
iyvnen °= 60ϕ  kuTxiT da Semdgom gaSve-

buli sawyisi siCqaris gareSe.  
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15.3.8  
m masis materialuri M wertili 

moZraobs simZimis Zalis moqmedebiT 
2,0=r m radiusis naxevarcilindris Sida 

zedapirze. gansazRvreT materialuri wer-
tilis siCqare zedapiris B wertilSi, Tu 
misi siCqare A wertilSi nulis tolia.   
 

 

15.3.9  
vertikalur sibrtyeSi moTavsebuli 

ABC mavTuli, moRunulia 11 =r m, 22 =r m 

radiusebis mqone wrewirebis rkalebis 
msgavsad. mavTulze xaxunis gareSe 
srialebs m masis D rgoli. gansazRvreT 
rgolis siCqare C wertilSi, Tu misi 
siCqare A wertilSi nulis tolia. 
 

 

15.3.10  

40 =ν m/wm sawyisi siCqariT m masis 

sxeuli moZraobs horizontalur sibrtyeze. 
gaCerebamde sxeulma gaiara 16 m sigrZis 
manZili. gansazRvreT sxeulsa da sibrtyes 

Soris srialis xaxunis xF
r
 Zalis sidide. 

 

 
 

15.3.11  
100=m kg masis sxeuli iwyebs moZrao-

bas uZravi mdgomareobidan horizontalur 

mqise sibrtyeze mudmivi F
r
 Zalis 

moqmedebiT. 5m sigrZis manZilis gavlis 
Semdeg, sxeulis siCqare 5m/wm-is toli 

xdeba. gansazRvreT F
r
 Zalis sidide, Tu 

srialis xaxunis Zala 20=xF n. 
 

15.3.12  
hokeisti, romelic 10m-iT aris daSorebili karebs, 

hokijoxiT yinulze dadebul Saibas aniWebs 8m/wm siCqares. 
yinulis zedapirze mosriale Saiba karebSi Sedis 7,7m/wm 
siCqariT. gansazRvreT Saibasa da yinulis zedapirs Soris 
srialis xaxunis koeficienti.  



 250

 

15.3.13  
100=m kg masis sxeuli sawyisi siCqaris 

gareSe eSveba daxril sibrtyeze. gansaz-
RvreT sxeulis kinetikuri energia drois 
im momentSi, roca igi gaivlis 3 m manZils, 
Tu sxeulsa da daxril sibrtyes Soris 

srialis xaxunis koeficientia .2,0=f  

 

 

15.3.14  
m masis tvirTi sawyisi siCqaris gareSe 

eSveba daxril sibrtyeze. rogori ν
r
 

siCqare eqneba tvirTs, romelic moZraobis 
dawyebidan gaivlis 4m sigrZis manZils, Tu 
tvirTsa da daxril sibrtyes Soris 
srialis xaxunis koeficienti tolia 0,15?  

 

 
 

15.3.15  
1=m kg cocia-1-ze mimagrebulia zam-

bara-2. zambaras Tavisufali mdgomareo-
bidan Wimaven 0,1m sididemde, romlis 
Semdeg tvirTs uSveben sawyisi siCqaris 
gareSe. gansazRvreT zambaris sixiste, Tu 
tvirTis siCqare 0,1m manZilis gavlis 
Semdeg iqneba 1m/wm. 
 

15.4. myari sxeulis kinetikuri energia 
  

15.4.1  
ventilatoris muSa Tvalis brunvis sixSire tolia 

90br/wT. gansazRvreT Tvalis kinetikuri energia, Tu misi 
inerciis momenti brunvis RerZis mimarT tolia 2,2kg·m2.  
 

 

15.4.2  
meqanizmis mocemuli mdgomareobisaTvis 

gansazRvreT 1=m kg masis AB barbacas 
kinetikuri energia, Tu 0,5m sigrZis OA 
barbaca O RerZis garSemo brunavs 

2=ω wm_1 kuTxuri siCqariT. 
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15.4.3  
30=m kg masis da 1=R m radiusis 

erTgvarovani disko uZraobidan iwyebs 
Tanabar aCqarebul brunvas mudmivi 

2=ε wm_2 kuTxuri aCqarebiT. gansazRvreT 
diskos kinetikuri energia, moZraobis 
dawyebidan drois 2=t wm momentSi. 
 

 

15.4.4  
3=m kg masis da 1=AB m sigrZis 

erTgvarovani Rero, Oz RerZis garSemo 

brunavs 32t=ϕ  kanoniT. gansazRvreT Reros 

kinetikuri energia drois 1=t wm momentSi. 
 

 

15.4.5  
18=m kg masis erTgvarovani marTkuTxa 

firfita brunavs AB RerZis garSemo 
4=ω wm_1 kuTxuri siCqariT.  gansazRvreT 

firfitas kinetikuri energia, Tu misi 

sigrZea 1=b m.  
 

 

 

15.4.6  
2=m kg masis da 1=r m radiusis disko 

migoravs sibrtyis zedapirze, misi inerciis 
momenti naxatis perpendikularuli sibrt-
yis c centrze gamavali RerZis mimarT 

tolia 2=cI  kg·m2. gansazRvreT diskos 

kinetikuri energia drois im momentSi, 

roca misi centris siCqarea 1=cν m/wm.   

 
 

 

15.4.7  
16=m kg masis erTgvarovani cilind-

ri-1, usrialod goravs cilindri-2-is Siga 
zedapirze. gansazRvreT cilindris 
kinetikuri energia drois im momentSi, 
roca c masaTa centris siCqare 2m/wm-is 
tolia.   
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15.4.8  
2 m sigrZis da 6=m kg masis AB erT-

gvarovani Rero, Tavisi A da B boloebiT 
srialebs horizontalur da vertikalur 
sibrtyeebze. gansazRvreT Reros kineti-
kuri energia drois im momentSi, roca 
kuTxe °= 45α  da A wertilis siCqarea 

1=Aν m/wm. 

 

 

 

15.4.9  
marTi wriuli konusi usrialod 

goravs horizontalur sibrtyeze, rome-
lic asrulebs brunviT moZraobas myisi 
RerZis garSemo 5=ω wm_1 kuTxuri siCqa-
riT. konusis inerciis momenti OA RerZis 
mimarT tolia 0,04 kg·m2. gansazRvreT 
konusis kinetikuri energia.  
 

 

15.4.10  
5=m kg masis sfero Tavisuflad 

moZraobs sivrceSi; sferos c centris 

siCqare 4=cν
r

m/wm, xolo misi brunvis ω
r
 

kuTxuri siCqare  zc  myisi RerZis garSemo 

tolia 10wm_1. gansazRvreT sferos 
kinetikuri energia, Tu misi inerciis 

momenti Zc  RerZis mimarT tolia 0,5 kg·m2. 
 

 

 

15.5. meqanikuri sistemis kinetikuri energia 
 

15.5.1  

risi tolia 12 2zz =  kbilebis ricxvis mqone ori 

cilindruli Tvalis kbilana gadacemis kinetikuri energia, 
Tu misi inerciis momenti brunvis RerZis mimarT tolia 
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22 12 == II  kg·m2, xolo Tvali 1-is kuTxuri siCqare tolia 

10wm_1.    
 

 15.5.2  

oTxi tvirTi, romlebic erTmaneTTan 
SeerTebulia moqnili ZafiT da TiToeulis 
masaa 1=m kg, gadakidebulia uZrav uwonad 

blokze. tvirTebi moZraoben 25,1 ts =  kano-
niT. gansazRvreT tvirTTa sistemis kine-
tikuri energia drois 2=t wm momentSi. 
 

 

15.5.3  

gansazRvreT ori erTnairi kbilana 
Tvalisagan Sedgenili sistemis kinetikuri 
energia, Tu TiToeuli kbilanis masaa 

1=m kg da brunavs 10=ω wm_1 kuTxuri 
siCqariT. brunvis RerZis mimarT Tvalis 
inerciis radiusi tolia 0,2m.  
 

 

15.5.4  

4=m kg masis tvirTi, Zafis daxmarebiT 
da 4,0=R m radiusis cilindris brunvis 
meSveobiT eSveba qveviT. brunvis RerZis 
mimarT cilindris inerciis momenti 
tolia 2,0=I  kg·m2. gansazRvreT sxeulTa 
sistemis kinetikuri energia drois im 
momentSi, roca tvirTis siCqarea 2=ν m/wm.  
 

 

15.5.5  

10=ω wm_1 kuTxuri siCqariT mbrunav 
mrudmxara 1-s, moZraobaSi mohyavs 1kg 
masis Tvali 2, romelic SegviZlia 
miviCnioT diskod. brunvis RerZis mimarT 
mrudmxaras inerciis momenti tolia 0,1 
kg·m2-s. gansazRvreT meqanizmis kinetikuri 
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energia, Tu radiusi 6,03 == rR m.  
 

 

15.5.6  

4,0=OA m sigrZis saxsrovani parale-

logramis mrudmxara 1, 101 =ω wm-1 kuTxuri 

siCqariT Tanabrad brunavs O RerZis 
garSemo. mrudmxara 1 da 3-is inerciis 
momenti maTi brunvis RerZebis mimarT 

tolia 0,1kg·m2, barbaca 2-is masaa 52 =m kg 

gansazRvreT meqanizmis kinetikuri ener-
gia.  

 

 

15.5.7  

2kg masis cocia-1 saxsrulad SeerTe-
bulia 1=AB m sigrZis da 6kg masis erT-
gvarovan Rero 2-Tan. Reros B bolo sria-
lebs sibrtyis horizontalurad. gansaz-
RvreT sxeulTa sistemis kinetikuri energia, 

roca siCqare 1=Aν m/wm da kuTxe °= 60ϕ . 

 

 15.5.8  

40kg masis firfita 1 asrulebs wrfiv 

da gadataniT moZraobas 11 =ν m/wm siCqa-

riT. 10kg masis sxeuli 2, firfitis mimarT 

asrulebs gadataniT moZraobs 4,0=rν m/wm 

siCqariT. gansazRvreT sxeulTa sistemis 

kinetikuri energia, Tu 1ν
r
 da rν

r
 veqtorebi 

paraleluria.  
 

 

15.5.9  

5=m kg masis prizma 1 moZraobs  hori-

zontalur sibrtyeze 11 =ν m/wm siCqariT. 

mimwoli 2-is masaa 1kg. gansazRvreT 
meqanizmis kinetikuri energia.  
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 15.5.10  

A wertilSi °60 -iT moRunu-li 41 =m kg 

masis Rero 1 moZraobs horizontaluri 

mimarTulebiT 11 =ν m/wm siCqariT da moZ-

raobaSi mohyavs 22 =m kg masis Rero 2. 

Reroebi erTmaneTTan SeerTebulia milisiT. 
gansazRvreT ReroTa sistemis kinetikuri 
energia. 
 

15.6 myari sxeulis kinetikuri energiis 
cvlilebis Teorema 

 
15.6.1  

0,4m radiusis erTgvarovani disko brunavs horizonta-
luri RerZis garSemo, romelic sibrtis perpendikula-
rulia da gadis mis fersos wertilze. rogori sawyisi 
kuTxuri siCqare unda mivaniWoT diskos, rom man Seasrulos 
meoTxedi bruni?  
 

 

15.6.2  

rogori sawyisi 0ω kuTxuri siCqare  

unda mivaniWoT horizontaluri O RerZis 

garSemo mbrunav 3=l m sigrZis erTgvarovan 
Reros, rom Seasrulos naxevari bruni? 
 

15.6.3  
vertikaluri uZravi RerZis garSemo mbrunavi  sxeulis 

kuTxuri siCqarea 24,20 =ω wm_1. brunvis RerZis mimarT 

inerciis momentia 8=I  kg·m2. ra kuTxiT Semobrundeba sxeuli 
gaCerebamde, Tu masze moqmedebs sakisaris mudmivi xaxunis 

momenti 1=M n⋅m? 
 

15.6.4  
314=m kg masis da brunvis RerZis mimarT 1m sigrZis 
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inerciis radiusis mqone rotors aniWeben 100 =ω wm_1 

kuTxur siCqares. 100 brunis gakeTebis Semdeg is gaCerda. 
gansazRvreT sakisaris xaxunis momenti, Tu mas CaTvliT 
mudmivad. 

 

15.6.5  
rotorze, romlis inerciis momenti 

brunvis RerZis mimarT aris 3kg⋅m2, mode-

bulia wyvilZalis mudmivi 9=M n⋅m momenti. 
gansazRvreT rotoris kuTxuri aCqareba. 

 

 

15.6.6  
AB lilvze xistad aris mimagrebuli 

2=l m sigrZis da 12=m kg masis 
horizontaluri erTgvarovani Rero. 

lilvs miniWebuli aqvs 20 =ω wm_1 kuTxuri 

siCqare. 20 brunis Semdeg is TavisiT 
gaCerda. gansazRvreT sakisaris xaxunis 
momenti, Tu mas CavTvliT mudmivad. 

 

 

 

 15.6.7  
m masis da l sigrZis maTematikuri 

qanqara 1-s da m masis da 2l sigrZis 
erTgvarovan Rero 2-s uSveben sawyisi 
siCqaris gareSe naxatze mocemuli 
mdgomareobidan. aCveneT sxeulis nomeri, 
romlis masaTa centris siCqare iqneba 
meti qveda mdgomareobaSi.  
 

 

 

15.6.8  
m masis da 5,0=R m radiusis Txel-

kedliani cilindri usrialod goravs 
horizontalur sibrtyeze. gansazRvreT 
cilindris c centris gavlili gza 
gaCerebamde. drois sawyis momentSi 

cilindris kuTxuri siCqarea 40 =ω wm_1. 

trialis xaxunis koeficientia 01,0=δ m. 
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15.6.9  
m masis da r rasiusis disko usria-

lod goravs zeviT daxril sibrtyeze. 
drois sawyis momentSi diskos centris 

siCqarea 40 =ν m/wm. gansazRvreT diskos c 
centris mier gavlili gza gaCerebamde.  
 

 

15.6.10  
Txeli rgoli, romlis radiusia 1,0=r m 

usrialod goravs uZravi mdgomareobidan 
1, 6,0=R  radiusis horizontaluri cilin-
dris Siga zedapirze. gansazRvreT rgolis 
centris siCqare qveda mdgomareobaSi 2. 

 

15.7. meqanikuri sistemis kinetikuri energiis 
cvlilebis Teorema 

  

15.7.1  

uZrav blokze gadakidebulia Zafi, romlis boloebze 
Camokidebulia 2 da 4kg masis tvirTebi. gansazRvreT  
tvirTis aCqareba. 
 
 

 

15.7.2  

21 =m kg da 12 =m kg masis 1 da 2 tvir-

Tebi Camokidebulia blokze gadakidebuli 
moqnili Zafis boloebze. gansazRvreT 
tvirTi-1-is siCqare drois im momentSi, 

roca is daeSva 3=h m simaRleze. tvirTis 
moZraoba iwyeba uZravi mdgomareobidan. 
 

 

 

15.7.3  
erTi da igive masis tvirTebi 1 da 2, 

SeerTebulia erTmaneTTan moqnili ZafiT da 

sawyisi 20 =ν m/wm siCqariT moZraoben hori-

zontalur sibrtyeze. gansazRvreT srialis 
xaxunis koeficienti, Tu 4 m manZilis 
gavlis Semdeg sxeulebi gaCerdeba.  
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15.7.4  
2kg masis erTnairi kbilana Tvlebi 1 

da 2, uZraobidan iwyeben moZraobas 

mudmivi 1=M n⋅m momentis mqone wyvilZalis 
moqmedebiT. gansazRvreT Tvalis kuTxuri 
siCqare ori brunis Semdeg, Tu TiToeuli 
Tvalis inerciis radiusi brunvis RerZis 
mimarT tolia 0,2m.  

 

 

15.7.5  

Rveduri gadacema iwyebs moZraobas 

uZravi mdgomareobidan mudmivi 5,2=M n⋅m 
momentis mqone wyvilZalis moqmedebiT. 
borblis inerciis momenti brunvis RerZis 

mimarT tolia 12 12 == II  kg·m2. gansazRvreT 
borbali-1-is kuTxuri siCqare sami brun-

vis Semdeg, Tu borblis radiusia 12 2RR = .  

 

 

15.7.6  

brunvis RerZis garSemo kbilana Tvali 
1-is inerciis momenti tolia 0,1 kg·m2. 
lartya 2 da tvirTi 3-is saerTo masa 
tolia 100kg. gansazRvreT lartyis siCqa-
re, roca is gadaadgildeba 2,0=s m man-
Zilze. dasawyisSi sistema imyofeboda 
uZraobaSi. Tvalis radiusi 1,0=r m. 
 

 15.7.7  

20kg masis mqone erTgvarovani cilind-
ruli urikebi 1 da 2 uZraobidan iwyeben 

moZraobas mudmivi 2=M n⋅m momentis mqone 
wyvilZalis moqmedebiT. gansazRvreT 
urikebis RerZebis siCqare, roca isini 
gadaadgildebian 3m manZilze, Tu radiu-

sebi 2,021 == RR m. 

 
 15.7.8  

borbali 2-is Rveduri gadacemis moZ-
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raoba iwyeba mudmivi 5,0=M n⋅m momentis 
moqmedebiT. erTi da igive masisa da zomis 
borblebs 1 da 2 sami brunis Semdeg 
gaaCniaT 2wm_1 kuTxuri siCqare. gansazRv-
reT erT-erTi borblis inerciis momenti 
brunvis RerZis mimarT.  
 

 

15.7.9  

gansazRvreT tvirTi 2-s siCqare drois 
im momentSi, roca is daeSva qveviT 4=s m 

manZilze. tvirTebis masebia 21 =m kg, 

42 =m kg. dasawyisSi sxeulTa sistema 

uZravia.  
 

 

15.7.10  

21 mm =  masebis da 21 RR =  radiusebis 

erTidaigive blokebi 1 da 2, romlebic 
warmoadgenen erTgvarovan diskoebs, 
uZraobidan iwyeben moZraobas simZimis 
Zalis moqmedebiT. gansazRvreT bloki 1-is 
c centris siCqare, mas Semdeg, rac is 
daeSva qveviT 1=s m manZilze. 
 

 
 

Tavi 16. myari sxeulis dinamika 

         16.1. uZravi RerZis garSemo myari sxeulis 
              brunvis diferencialuri gantolebebi 
 

16.1.1  

firfitis brunvis mocemuli 25 2 −= tϕ  gantolebiT. 

gansazRvreT firfitaze moqmedi gare ZalTa nakrebi momenti, 

Tu brunvis RerZis mimarT inerciis momentia 125,0=zI  kg·m2. 
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16.1.2  
daxrili Reros brunvis mocemuli 

)1(2 2 += tϕ  gantolebiT gansazRvreT 

sxeulze moqmedi gare ZalTa nakrebi 
momenti Tu brunvis RerZis mimarT inerciis 

momenti 05,0=zI  kg·m2).  
 

 

16.1.3  
disko brunavs Oz RerZis garSemo 

3t=ϕ  kanoniT. gansazRvreT diskoze mode-

buli wyvilZalis momentis sidide, Tu 
diskos inerciis momenti brunvis RerZis 
mimarT tolia 2kg·m2.  
 

 

16.1.4  

Reros brunvis mocemuli tt −= 23ϕ  gan-

tolebiT da RerZis brunvis mimarT inerciis 

61=zI kg·m2 momentiT gansazRvreT Reroze 

moqmedi gare ZalTa nakrebi momenti.  
 

 

16.1.5  
41,1=R m radiusis da 60=m kg masis 

erTgvarovani cilindris brunvis mocemu-

li 23 5tt −=ϕ  gantolebiT gansazRvreT 

sxeulze moqmedi gare ZalTa nakrebi 
momenti, drois 2=t wm momentSi. 
 

 

16.1.6  

1=R m fuZis radiusisa da 10=m kg 
masis mqone konusi brunavs simetriis 

RerZis garSemo t2sin4=ϕ  kanoniT. 

gansazRvreT konusze modebuli gare 
ZalTa nakrebi momenti brunvis RerZis 

mimarT drois 4π=t wm momentSi, Tu 

konusis inerciis momenti 23,0 mRI z = . 
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16.1.7  

erTgvarovani marTkuTxa firfitis 

mocemuli brunvis  )2sin(2 tπϕ =  gantole-

biT da brunvis RerZis mimarT inerciis 

10=zI  kg·m2 momentis saSualebiT, 

gansazRvreT sxeulze moqmedi gare ZalTa 
nakrebi momenti, drois 1=t wm momentSi. 
 

16.1.8  

Zravis lilvi brunavs )1(8590 2020 tt ee −− −+=ω kuTxuri 

siCqariT. gansazRvreT lilvze moqmedi gare ZalTa nakrebi 
momenti, drois 1,0=t wm momentSi, Tu misi inerciis momenti 

brunvis RerZis mimarT tolia 1kg·m2. 
 

 

16.1.9  

disko brunavs centraluri RerZis 
garSemo 4=ε wm_2 kuTxuri aCqarebiT wyvil-
Zalis M1 momentis da winaaRmdegobis 

Zalis 62 =M n⋅m momentis moqmedebiT. gan-

sazRvreT wyvilZalis M1 momentis sidide, 
Tu diskos inerciis momenti brunvis 
RerZis mimarT tolia 6kg·m2.  
 

 

16.1.10  
2=m kg masis da 1=AB m sigrZis erT-

gvarovani Rero brunavs Oz RerZis garSemo 
23t=ϕ  kanoniT. wyvilZalis M1 momentis 

da winaaRmdegobis Zalis 122 =M n⋅m 
momentis moqmedebiT. gansazRvreT 
modebuli wyvil-Zalis M1 momentis sidide 
drois 1=t wm momentSi. 
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16.1.11  
gansazRvreT 3,0=r m radiusis da 

50=m kg masis diskos kuTxuri aCqareba, 
Tu Rvedis wamyvani da amyoli Stoebis 
daWimuloba Sesabamisad tolia 

1002 21 == TT n. diskos inerciis radiusi 

brunavi RerZis mimarT 0,2m-ia. 
 

 

16.1.12  
gansazRvreT 6,0=R m radiusis da 4kg 

masis Txeli erTgvarovani diskos kuT-
xuri aCqareba, romelic brunavs vertika-

luri Az RerZis garSemo 8,1=zM n⋅m momen-
tis moqmedebiT.  
 

 

16.1.13  
gansazRvreT Oz RerZis garSemo 

mbrunavi 4=m kg masisa da 1=l m sigrZis 
erTgvarovani Reros kuTxuri aCqareba, Tu 

Reroze modebulia mabrunebeli 3=zM n⋅m 
momenti.  
 

 

16.1.14  

gansazRvreT 3=m kg masis da 1=l m 
sigrZis erTgvarovani Reros brunvis 
kuTxuri aCqareba Oz RerZis garSemo. 

Reroze moqmedebs wyvilZala 2=zM n⋅m 
momentiT. 
 

 

16.1.15  
8=m kg masis da 5,1=AB m sigrZis erT-

gvarovani Rero brunavs Oz RerZis garSemo 
tM )4/3sin(12 π=  momentis mqone wyvil-

Zalis moqmedebiT. gansazRvreT Reros 

kuTxuri aCqareba drois 32=t wm momentSi. 

 
16.1.16  

Zravis rotoris gaqanebisas masze moqmedebs wyvilZala 
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⎟
⎠
⎞

⎜
⎝
⎛ −=

200
1100 ωM  momentiT. gansazRvreT rotoris kuTxuri 

aCqarebis maqsimaluri mniSvneloba, Tu misi inerciis 
momenti brunvis RerZis mimarT tolia 2kg·m2.  

 
16.1.17  

Zravis rotoris gaqanebisas masze moqmedebs wyvilZala 

⎟
⎠
⎞

⎜
⎝
⎛ −=

10
140 tM  momentiT. gansazRvreT rotoris kuTxuri 

aCqarebis maqsimaluri mniSvneloba, Tu misi inerciis 
momenti brunvis RerZis mimarT tolia 0,5kg·m2. 
 
 

 

16.1.18  
1,0=r m radiusis erTgvarovani disko 

simZimis Zalis moqmedebiT iwyebs brunvas 
vertikalur sibrtyeSi horizontaluri Oz 
RerZis garSemo im mdgomareobidan, roca 
misi radiusi OC horizontaluria. gansaz-
RvreT drois am momentSi diskos kuTxuri 
aCqareba.  
 

 

 

16.1.19  
m masis marTkuTxa erTgvarovani fila 1 

damagrebulia A da B anjamebiT da hori-
zontalur mdgomareobaSi Sekavebuli 
Toki 2-is meSveobiT. gansazRvreT filis 
kuTxuri aCqareba Tokis gawyvetis 

momentSi, Tu filis sigane 1=b m. 
 

 

16.1.20  
4=m kg masis wakveTili konusi 6=ε wm_2 

kuTxuri aCqarebiT brunavs aracentra-

luri Oz RerZis garSemo 24=M n⋅m momentis 
mqone wyvilZalis moqmedebiT. gansazRvreT 
konusis inerciis momenti centraluri AB 
RerZis mimarT, Tu RerZebs Soris 

daSorebaa 2,0=h m. 
 

 16.1.21  
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gansazRvreT AO konsolze damagrebu-
li rotoris inerciis momenti z RerZis 
mimarT, romelic asrulebs grexviT rxevas 

t)4/sin(3 πϕ =  kanoniT. moZraoba xdeba 

aRmdgeniTi ϕπ 2−=zM  momentis moqmedebiT. 

 

 

16.1.22  

5=m kg masis mqnevara brunavs Oz 
RerZis garSemo 29 2 += tϕ  kanoniT. 

gansazRvreT mqnevaras inerciis radiusi, 
Tu misi brunva gamowveulia mabrunebeli 

180=zM n⋅m momentis moqmedebiT. 
 

 

16.1.23  

gansazRvreT 50=m kg masisa da 
5,0=R m radiusis borblis inerciis 

radiusi, Tu Tokis daWimulobis tT 18=  
Zalis moqmedebiT is brunavs Oz RerZis 

garSemo tt 333 +=ϕ  kanoniT. 

 

 

16.1.24  

3=m kg masis mqnevara brunavs Oz RerZis 
garSemo 32t=ϕ  kanoniT mabrunebeli 

tM z 9=  momentis moqmedebiT. gansazRvreT 

mqnevaras inerciis radiusi.  
 

 

16.1.25  
gansazRvreT 5=m kg masis da 4,0=R m 

radiusis borblis inerciis radiusi, Tu 

Rvedis daWimulobis 102 21 == TT n Zalebis 

moqmedebiT is brunavs t10=ω  kuTxuri 
siCqariT. 
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16.1.26  

gansazRvreT 12=m kg masisa da 73,1=l m 
inerciis radiusis mqone mqnevaras 
kuTxuri siCqare, moZraobis dawyebidan 
3wm-is Semdeg. mqnevaraze moqmedebs 

mabrunebeli 6=zM n⋅m momenti. 
 

 

16.1.27  
gansazRvreT, rogori kuTxuri siCqariT 

ibrunebs 375,0=zI kg·m2 inerciis momentis 

mqone rgoli 1 wm-is Semdeg, roca masze 

movdebT 23tM z =  momentis mqone 

wyvilZalas. sawyis momentSi mas gaaCnia 

160 =ω wm_1 kuTxuri siCqare. 

 

 

16.1.28  
ra kuTxiT Semotrialdeba 5,1=m kg 

masis da 1,0=i m inerciis radiusis mqone 
mqnevara, Tu is iwyebs brunvas uZravi 
mdgomareobidan gare ZalTa nakrebi 

15,0=zM n⋅m momentis moqmedebiT?  
 

 

16.1.29  
1=AB m sigrZis erTgvarovani Rero 

iwyebs brunvas uZravi mdgomareobidan z 
RerZis garSemo tM z 4=  momentis mqone 

wyvilZalis moqmedebiT. gansazRvreT radia-
nebSi Reros Semobrunebis kuTxe drois 

1=t wm momentSi, Tu misi masa 2=m kg. 

 

16.1.30  
80=m kg masis da 5,0=r m radiusis erT-

gvarovani disko brunavs horizontaluri 

Oz RerZis garSemo 220tM =  momentis mqone 
wyvilZalis moqmedebiT. gansazRvreT diskos 
kuTxuri siCqare drois 6=t wm momentSi, 

Tu misi sawyisi kuTxuri siCqarea 00 =ω .  
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16.1.31  

4=zI kg·m2 inerciis momentis mqone erT-

gvarovani sfero brunavs 5,40 =ω wm_1 kuT-

xuri siCqariT. gansazRvreT, ra droSi 
gaormagdeba sferos kuTxuri siCqare 

2,1=zM n⋅m mabrunebeli momentis moqmedebiT.  
 

16.1.32  

5,0=zI  kg·m2 dayvanili inerciis momentis mqone amZravis 

wamyvan lilvze Zravis mxridan modebulia mudmivi 721 =M nm 

momenti, xolo amyoli lilvidan _ 2
2 02,0 ω−=M  winaaRmde-

gobis Zalis momenti. ω  - wamyvani lilvis kuTxuri siCqarea 
rad/wm-Si. gansazRvreT wamyvani lilvis udidesi kuTxuri 
siCqare.  
 

 

 

16.1.33  
kbilana Tvalis bloki brunavs Tanab-

radSenelebulad winaaRmdegobis Zalis 

π8=zM n⋅m momentis moqmedebiT da gaCerda 

6wm-is Semdeg. gansazRvreT kbilana 
Tvalis blokis inerciis momenti. Tu misi 

sawyisi kuTxuri siCqare 120 =ω wm_1. 
 

 

16.1.34  

m masis da 1=l m sigrZis erTgvarovani 
Rero brunavs horizontaluri Oz RerZis 
garSemo. Rero wonasworobis mdgomareo-
bidan gadaxares mcire ϕ  kuTxiT da 

gauSves sawyisi kuTxuri siCqaris gareSe. 
gansazRvreT Reros mcire rxevebis kuT-
xuri sixSire.  

 

16.1.35  

10=m kg masis erTgvarovani marTkuTxa 
firfita brunavs horizontaluri AB 
RerZis garSemo. firfita wonasworobis 
mdgomareobidan gadaxares mcire ϕ  

kuTxiT da gauSves sawyisi kuTxuri 
siCqaris gareSe. gansazRvreT firfitis 



 267

mcire rxevebis periodi, Tu 5,0=b m. 
 

16.2. myari sxeulis brtyelparaleluri 
   moZraobis diferencialuri gantolebebi 

 

16.2.1  

m =1 kg masis disko mifrinavs vertikalur sibrtyeSi 

0=cx , tey t
c 10)1(14 )981,1( −−= − ; t3=ϕ  gantolebebis Tanaxmad. 

gansazRvreT gare ZalTa nakrebi veqtoris mniSvneloba 
drois 5,0=t wm momentSi.   
 

 

16.2.2  

3=m kg masis erTgvarovani Reros moZ-
raobis gantolebebia 2,1=cx m, tyc 314cos001,0= , 

t314cos01,0=ϕ . gansazRvreT gare ZalTa 

nakrebi veqtoris gegmili Oy RerZze 
drois 0=t  momentSi. 
 

 

16.2.3  

gvergvi mifrinavs vertikalur sibrtyeSi 

3=Cx m, 29,44 ttyC −= , )1(28 1,0 te−−=ϕ  ganto-

lebebis Tanaxmad. gansazRvreT gvergvze 
moqmedi gare ZalTa nakrebi veqtoris 
mniSvneloba drois 3,0=t wm momentSi, Tu 

inerciis momenti 113,0
1
=CzI  kg·m2.  

 

 

16.2.4  

manqana moZraobs txC 10= , tyC π2sin1,05,1 += , 

tπϕ 2sin1,0=  gantolebebis Tanaxmad. gansaz-

RvreT gare ZalTa nakrebi momentis 
sidide Oz1 RerZis mimarT drois 1,11=t  
momentSi, Tu manqanis inerciis momentia 

7500
1
=CzI  kg·m2.  
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16.2.5  
vibroRari asrulebs brtyel-paralelur 

grZiv rxeviT moZraobas txC 157cos001,02 += ; 

tyC 157cos005,01+= ; 310)157cos35( −+= tϕ  ka-

noniT. gansazRvreT gare ZalTa nakrebi 

momentis maqsimaluri mniSvneloba 
1z

C  

RerZis mimarT, Tu inerciis momenti 
5,2

1
=CzI  kg·m2. 

 
 

 

16.2.6  

15,0
1
=CzI kg⋅m2 inerciis momentis mqone 

AB barbacas moZraobis gantolebebia 

txC πsin5,1= ; tyC πsin5,0= ; )1( ππϕ −= . gan-

sazRvreT barbacaze moqmedi Zala momen-

tebis jami 
1z

C RerZis mimarT drois 5=t wm 

momentSi.  
 

 

 

16.2.7  

3=m kg masis erTgvarovani Rero 
iwyebs vardnas uZraobis mdgomareobidan 
da srialebs mqise horizontalur sibrt-
yeze. °= 60ϕ  kuTxisaTvis gansazRvreT C 
masaTa centris aCqarebis gegmili Ax 
RerZze, Tu normaluri reaqcia 17,18=N n. 
xolo srialis xaxunis koeficienti 

1,0=f .  
 

 

16.2.8  
700=m kg mili 3-is aweva xdeba 

vertikaluri 1 da 2 bagirebiT. gansazR-
vreT C masaTa centris aCqareba, Tu 

bagirebis daWimulobebia 35041 =T n da 

41332 =T n.  
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16.2.9  
gluv iatakze da gluv kedelze °= 60ϕ  

kuTxiT miyrdnobili 3=m kg masis Rero 

iwyebs srials masaTa centris jiaC

rr
5,5−=  

aCqarebiT. gansazRvreT A wertilSi nor-
maluri reaqciis mniSvneloba.  

 

 

16.2.10  
2kg masis mosriale AB Rero, mqise 

horizontalur sibrtyeze, iwyebs vardnas 
vertikalur sibrtyeSi. gansazRvreT °= 45ϕ  

kuTxisaTvis normaluri reaqcia N, Tu 
masaTa centris aCqarebis gegmili Ay 
RerZze aris 64,5−=CY&& m/wm2.  
 

 

16.2.11  
1 m sigrZis da 2 kg masis AB Rero, 

romelic °= 30ϕ  kuTxiT eyrdnoba vertika-

lur gluv kedels, iwyebs srials. gan-
sazRvreT B wertilSi normaluri reaqcia 

BN , Tu C masaTa centris aCqarebis 

gegmilis mniSvneloba Oy RerZze aris 

84,1−=cY&& m/wm2.    
 

 

16.2.12  
6,1=AB m sigrZis da 25=m kg masis 

erTgvarovani Rero horizontalur mdgo-
marebaSi Camokidebulia ori TokiT. 
gansazRvreT Reros kuTxuri aCqareba 
marcxena Tokis gawyvetis momentSi. 
marjvena Tokis daWimuloba 65=t n, xolo 
kuTxe °= 60α . 

 16.2.13  

0,5m sigrZis AB Reros 11 yAx  sibrtyeSi 

moZraobisas drois mocemul momentSi 
kuTxe °= 30α , normaluri reaqcia 12=N n, 

xaxunis Zala 2,1=xaxF n. gansazRvreT ε  
kuTxuri aCqarebis sidide, Tu inerciis 
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momenti aris 08,0=
zCI kg·m2.  

 

 
 

16.2.14  

1m sigrZis da 2=m kg masis erTgva-
rovani AB Rero uZraobis mdgomareobaSi 
vertikalTan adgens °= 45ϕ  kuTxes da 

iwyebs srials gluvi kedlisa da gluvi 
iatakis mimarT. gansazRvreT Reros ε  
kuTxuri aCqareba, Tu A da B wertilebSi 

normaluri reaqciebia 3,7=AN n da 

2,12=BN n. 

 

 

16.2.15  

20=m kg Tvals mosdes horizontaluri 
120=Q n Zala, xaxunis Zala tolia 

40=xaxF n. gansazRvreT Tvalis ε  kuTxuri 

aCqareba, Tu misi radiusi 3,0=R m da 

inerciis momenti 9,0=
zCI kg·m2. 

 

 
 

16.2.16  

300=m kg masisa da 15,0=R m radiusis 
cilindri gadaadgildeba daxril sibrt-

yeze. cilindrze modebulia 75=M n⋅m 
momentis mqone wyvilZala. gansazRvreT 
cilindris kuTxuri aCqareba, Tu misi 

inerciis momenti 4,3=
zCI kg·m2, xolo 

xaxunis Zala ki 255=xF n.  
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 16.2.17  

6=m kg masis da 08,0=R  radiusis 
erTgvarovani cilindri vardeba vertika-
lur sibrtyeSi, da gaSlis masze daxveul 
Zafs, romlis daWimuloba 6,19=T n. 
gansazRvreT cilindris ω  kuTxuri 
siCqare drois 4,0=t wm momentSi, Tu roca 

00 =t  kuTxuri siCqare nulis tolia. 

 

16.3. giroskopis elementarul Teoria 
 

16.3.1  

giroskopis moZraobisas brunvis kuTxuri siCqare 

kj
rrr

12021 +−=ω , xolo precesiis kuTxuri siCqarea k
rr

32 =ω . 

gansazRvreT simZimis Zalis momenti, Tu giroskopis 
inerciis momenti simetriis RerZis mimarT tolia 0,01kg·m2.  
 

 

16.3.2  
gansazRvreT giroskopis precesiis 

kuTxuri siCqare, Tu misi brunvis kuTxuri 
siCqare simetriis RerZis garSemo 

1501 =ω wm_1 wona 10=G n, inerciis momenti 

005,0
1
=zI kg·m2 da daSoreba 04,0=OC m. 

 

 
 

16.3.3  

bzriala asrulebs regularul prece-

sias kuTxuri siCqareebiT 1001 =ω wm_1; 

4,12 =ω  wm_1. 1ω
r
 da 2ω

r
 veqtorebs Soris 

kuTxe °= 5θ . gansazRvreT G simZimis 
Zalis momentis sidide O wertilis 

mimarT, Tu inerciis momenti 001,0
1
=zI kg·m2.  
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16.3.4  

gansazRvreT, rogori 1ω kuTxuri siCqa-

riT unda brunavdes bzriala 1Oz  RerZis 

garSemo, roca daSoreba misi masaTa c 
centridan uZrav O wertilamde tolia 0,1 
m-s, wona 1=G n da inerciis momenti 

002,0
1
=zI kg·m2 precesiis 2ω  kuTxuri 

siCqarea 0,01wm_1. 
 

16.3.5  

bzrialas regularuli precesia warmoiSoba 22 =ω wm_1  

kuTxuri siCqariT, roca simetriis 1Oz  RerZis garSemo 

brunvis kuTxuri siCqare 2001 =ω wm_1. bzrialas wona aris 

5n, xolo daSoreba uZravi O wertilidan simZimis C 
centramde 0,1m-is tolia. gansazRvreT inerciis momenti 

1zI .  

 

16.3.6  

giroskopis moZraoba dedamiwis zedapirTan xasiaTdeba 

brunvis ki
rrr

4021 +−=ω  kuTxuri siCqariT da precesiis 

k
rr

25,02 =ω  kuTxuri siCqariT. gansazRvreT manZili uZravi O 

wertilidan simZimis C centramde, Tu inerciis momenti 

004,0=OCI kg·m2 da giroskopis masa 1=m kg.  

 

16.3.7  

0,1kg masis da 001,0
1
=zI kg·m2 inerciis momentis mqone giro-

skopi, planetis zedapirTan asrulebs precesias 301 =ω wm_1 

da 054,02 =ω wm_1 kuTxuri siCqareebiT. gansazRvreT pla-

netasTan Tavisufali vardnis aCqareba, Tu manZili giro-
skopis masaTa centrsa da uZrav wertils Soris tolia 
0,01m-is.  
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16.3.8  

erTgvarovani disko 1 5,1=zI kg·m2 iner-
ciis momentiT brunavs Oz RerZis garSemo 

1001 =ω wm_1 kuTxuri siCqariT. Sesabamisad 

CarCo 2 brunavs Ox RerZis garSemo 

5,02 =ω wm_1 kuTxuri siCqariT. gansazRv-

reT giroskopuli momenti.  
 

 

16.3.9  

10=zI kg·m2 inerciis momentis mqone lilvis swrafi 

brunva sruldeba k
rr

2501 =ω  kuTxuri siCqariT. sakisarebi, 

romlebSic Camagrebulia lilvi, brunaven fuZesTan erTad 

k
rr

52 =ω  kuTxuri siCqariT. gansazRvreT giroskopuli 

momenti.  
 

16.3.10  

velosipedis wina Tvali gadaadgildeba 201 =ω wm_1  

kuTxuri siCqariT. drois raRac momentSi wina Cangali 

gadaixreba marcxniv 22 =ω wm_1 kuTxuri siCqariT. 

gansazRvreT giroskopuli momenti, Tu wina Tvlis inerciis 

momenti 16,01 =I kg·m2.  
 

 

16.3.11  
avtomobilis Tvalis C centri gadaad-

gildeba 7=Cν m/wm siCqariT. brunvis 

kuTxuri siCqare 331 =ω wm_1. gansazRvreT 

giroskopuli momenti 5=R m radiusis 
mosaxvevSi, Tu Tvalis inerciis momenti 

simetriis RerZis mimarT 8,11 =I kg·m2. 
 

16.3.12  
gemis xraxni brunavs 70wm_1 kuTxuri siCqariT. xraxnis 

inerciis momenti 1200kg·m2-is tolia. gansazRvreT 
giroskopuli momenti, romelic moqmedebs gemze, Tu is 
gadadis wrfivi moZraobidan 500=R m radiusiani wrewiris 
rkalze 10m/wm siCqariT moZraobaze. 
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16.3.13  
kombainis salewi doli brunavs AB 

RerZis garSemo 901 =ω wm_1 kuTxuri siCqa-

riT. inerciis momenti AB RerZis mimarT 
tolia 4,5kg·m2-is. mindvris araswori 
zedapiris gamo korpusi Rebulobs 

8,02 =ω wm_1 kuTxur siCqares. gansazRvreT 

giroskopuli momentis sidide.  
 

 

16.3.14  
lilvi brunavs inerciis Oz centralu-

ri RerZis garSemo 1201 =ω wm_1 kuTxuri siC-

qariT. misi inerciis momenti 4,0=OzI kg·m2. 
sakisarebis A da B korpusebi brunaven Oy 
RerZis garSemo 102 =ω wm_1 kuTxuri siCqa-

riT. gansazRvreT sakisarebSi dinamikuri 
reaqcia, Tu 5,0=AB m. 

 
 

 

16.3.15  

100=m kg masis Tvali goravs sibrt-

yeze O wertilis garSemo 301 =ω wm_1 da 

5,22 =ω wm_1 kuTxuri siCqareebiT. gansazRv-

reT giroskopuli momentidan warmoqmnili 
damatebiTi N reaqciis sidide Tu inerciis 
momenti 12,1=OzI kg·m2 da daSoreba 

1,1=OC m. 
 

 

 

16.3.16  

motoriani navis xraxns da lilvs 

gaaCniaT inerciis momenti 5,1=zI kg·m2. sakis-
rebs Soris manZili 8,0=a m. gansazRvreT 
maqsimaluri giroskopuli reaqcia saki-

sarze, roca xraxni brunavs 2501 =ω wm_1 

kuTxuri siCqariT roca navi irweva 

tsin1,02 =ω  kuTxuri siCqariT. 
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16.3.17  

5,0=OzI kg·m2 inerciis momentis mqone lilvi dayenebulia 

gemis grZivi RerZis perpendikularulad. misi kuTxuri 

siCqare 1511 =ω wm_1. gansazRvreT giroskopuli wneva 

sakisrebze, Tu manZili maT Soris 0,5m-is tolia da ganivi 

rwevis kuTxuri siCqare 5,02 =ω wm_1 ( )12 ωω
rr

⊥ . 

 
 

 
Tavi 17. dalamberis principi 

17.1. kinetostatikis meTodi materialuri 
wertilisaTvis 

 

17.1.1  

2=m kg masis materialuri wertili 10=F n Zalis 
moqmedebiT srialebs aragluv horizontalur zedapirze, 
romelic horizontalur sibrtyesTan adgens °= 30α kuTxes. 
gansazRvreT materialuri wertilis aCqareba, Tu srialis 

xaxunis koeficienti 1,0=f .  

 

 

17.1.2  

60=m kg masis tvirTi Camokidebulia 
Zafze, romelic daxveulia dolze. doli 

brunavs 26,0 t=ϕ  gantolebis Tanaxmad. 

gansazRvreT bagiris daWimuloba, Tu 
radiusi 4,0=r m.  
 

 

17.1.3  

6,0=m kg masis materialuri wertili 
vertikaluri mimarTulebiT irxeva 

tx 20sin325 +=  kanoniT, sadac x-sm-Si. 
gansazRvreT zambaris reaqciis sidide 
drois 2=t wm momentSi. 
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17.1.4  

1=m kg masis materialuri wertili 
asrulebs milevad rxevas vertikaluri 
mimarTulebiT. gansazRvreT zambaris 
reaqcia drois im momentSi, roca werti-
lis aCqareba 14=a m/wm2 da misi siCqare 

2=ν m/wm, Tu dempferis winaaRmdegobis 

Zala ν
rr

1,0−=R . 
 

 

 

17.1.5  
12=m kg masis materialuri wertili 

Camokidebulia or erTnair zambaraze. 
masze moqmedebs 20=F n Zala. gansazRvreT 
Zalvis sidide erT zambaraSi, Tu 
mocemul mdgomareobaSi materialur 
wertils gaaCnia 3=a m/wm2 aCqareba.  
 

 

 

17.1.6  

xidze moZravi 3108 ⋅=m kg masis avtomo-
bili amuxruWebs 6=a m/wm2 SenelebiT. 
gansazRvreT kn-Si horizontaluri dat-
virTvis sidide xidis O sayrdenze, Tu 
avtomobils CavTvliT nivTier wertilad.   
 

 

17.1.7  
vibrostendis horizontaluri baqani 1 

vertikaluri mimarTulebiT asrulebs 8mm 
amplitudis da 8hc sixSiris harmoniul 
rxevas. baqanze mimagrebulia 50g masis 
gadamwodi 2. gansazRvreT Zalis is maq-
simaluri mniSvneloba, romelic baqanidan 
mowyvets gadamwods.   
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17.1.8  
horizontaluri vibrobaqani 1, romelzec 

Zevs detali 2, vertikaluri mimarTule-
biT asrulebs 1mm amplitudis harmoniul 
rxevas. igive amplitudis SenarCunebiT, 
SeiZleba Seicvalos rxevis sixSire. 
gansazRvreT maqsimaluri sixSire, maSin 
roca detali 2 jer ar wydeba baqan 1-s.  
 

 

17.1.9  
vibroRari 1 asrulebs horizontaluri 

mimmarTvelis gaswvriv harmoniul rxevas 
0,981sm amplitudiT. gansazRvreT rxevis 
kuTxuri sixSiris maqsimaluri mniSvneloba 
wm_1-Si maSin, roca detali 2 ar srialebs 
RarSi. RarSi detalis srialis xaxunis 

koeficienti 1,0=f .   

 

 

17.1.10  

gansazRvreT, rogori a
r
 aCqarebiT unda 

imoZraos horizontalur mimmarTvelSi 
soli 1-ma, rom materialuri wertili 2 ar 
srialebdes solis daxril zedapirze. 
 

17.1.11  

1=m kg masis materialuri wertili eSveba °= 30α  kuTxiT 
daxril sibrtyeze. masze moqmedebs moZraobis winaaRmde-
gobis jamuri Zala ν11,0=R , sadac ν _ moZraobis siCqarea.  
rogor udides siCqares miaRwevs nivTieri wertili. 
 
 
 

 

17.1.12  

10=m kg masis materialuri wertili 

moZraobs 3=r m radiusis wrewirze 34ts =  
kanonis Tanaxmad. gansazRvreT materia-
luri wertilis inerciis Zalis sidide  
drois 1=t wm momentSi. 
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17.1.13  

M materialuri wertili moZraobs 
vertikalur sibrtyeSi 81,9=r m radiusis 
cilindris Sida zedapirze. gansazRvreT 

wertilis minimaluri siCqare ν
r
, roca 

miTiTebul mdgomareobaSi is ar mowydeba 
cilindris zedapirs.  
 

 

 

17.1.14  

1,0=m kg masis materialuri wertili 

srialebs 4,0=r m radiusis vertikalurad 
ganlagebul aragluv mimmarTvelze. umdab-
les mdgomareobaSi wertilis siCqare 

4=ν m/wm, xolo mxebi aCqareba 7=Ta m/wm2. 

gansazRvreT F
r
 Zalis myisi mniSvneloba, 

Tu xaxunis koeficienti 1,0=f . 
 

 

17.1.15  
2=m kg masis materialuri wertili 

Sekavebulia wonasworobaSi ori daxrili 
ZafiT. gansazRvreT erTi Zafis daWi-
muloba meore Zafis gadaWris Semdeg.  

 

17.1.16  
163 m/wm orbitaluri siCqariT dedamiwis garSemo 

moZraobs mTvare, romelic dacilebulia dedamiwis centri-

dan 384000km-iT. mTvaris masa tolia 221035,7 ⋅ kg. gansazRvreT 
Zala, romliTac dedamiwa izidavs mTvares, mTvare miiCnieT 
materialur wertilad.  
 

 

17.1.17  
horizontalur sibrtyeSi mdebare 5,0=r m 

radiusis ara gluv mimmarTvelze, F
r
 Zalis 

moqmedebiT mudmivi 2=ν m/wm siCqariT 
srialebs 5,1=m kg masis materialuri wer-

tili. gansazRvreT F
r
 Zalis sidide, Tu 

srialis xaxunis koeficienti 15,0=f . 
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17.1.18  
gansazRvreT M wertilovani masis 

gadaxrili AB Reros bolosa da brunvis 
vertikalur RerZs Soris kuTxe gradusebSi, 
Tu OA lilvi AM RerosTan erTad 
brunavs 47,4=ω wm_1 kuTxuri siCqariT, 

xolo sigrZe 981,0=l m. AM Reros masa 
ugulebelvyoT.  
 

 
 

17.1.19  
fiala mudmivi ω  kuTxuri siCqariT 

brunavs vertikaluri RerZis garSemo. 
gansazRvreT kuTxuri siCqaris udidesi 
mniSvneloba, maSin roca M materialuri 
wertili jer ar iwyebs asvlas fialas 
kedelze. M wertilsa da fialas kedels 
Soris srialis xaxunis koeficienti 

1,0=f , radiusi 2,0=r m. 

 

 

17.1.20  

avtomanqana moZraobs gzis wrfiv 
ubanze 140=ν km/sT siCqariT. Tvalis 
diskos fersoze 20=r sm manZilze mimagre-
bulia 80=m g balansirebis tvirTi. 
gansazRvreT tvirTis wnevis maqsimaluri 
Zala Tvalis fersoze. Tvalis radiusi 

35=R sm. Tvalis rxeva mxedvelobaSi ar 
miiReba.  
 

 

 

 
 

 

17.1.21  

2=m kg masis materialuri wertili 

srialebs ν
r
 siCqariT horizontalur ara-

gluv sibrtyeSi. am sibrtyeSi mdebare 
15=F n Zalis moqmedebiT. gansazRvreT 

materialuri wertilis inerciis Zalis 
sidide, Tu srialis xaxunis koeficienti 
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tolia 0,3. 
 

 

 

17.1.22  

4=m kg masis M materialuri wertili 

moZraobs tts 4sin5,05,0 2 +=  kanoniT. drois 

5=t wm momentSi werilis traeqtoriis 
simrudis radiusi 4=ρ m. gansazRvreT 

drois am momentSi materialuri wertilis 
inerciis Zalis sidide.  
 

 

 

17.1.23  

manipulatori gadaadgilebs 1=m kg 

masis detals tx 6= , 25ty = , 24tz =  ganto-

lebebis Tanaxmad. detali miRebulia 
materialur wertilad. gansazRvreT Zalis 
sidide, romliTac detali moqmedebs 
manipulatoris damWerze.  
 
 

 

17.1.24  

wyvilZalis M momentis moqmedebiT 
milaki brunavs vertikaluri RerZis gar-
Semo 1=ω wm_1 kuTxuri siCqariT. milakis 
SigniT moZraobs 1,0=m kg masis materia-

luri wertili. gansazRvreT momenti M 

drois im momentSi, roca 2,0=l m da 

wertilis fardobiTi siCqare 2=rν m/wm.  

 
 
 

 17.1.25  

mudmivi 2=ω wm_1 kuTxuri siCqariT 
milaki brunavs horizontaluri RerZis 
garSemo. milakSi moZraobs 2,0=m kg masis 

materialuri wertili fardobiTi 4=ra  
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m/wm2 aCqarebiT. gansazRvreT F
r
 Zalis 

sidide drois im momentSi, roca 2,0=l m. 
xolo milaki mdebareobs vertikalur 
sibrtyeSi. 
 

17.2. inerciis ZalTa nakrebi veqtori da 
nakrebi momenti 

 
17.2.1  

20kg masis sxeuli asrulebs gadataniT moZraobs 20m/wm2  
aCqarebiT. gansazRvreT inerciis Zalebis nakrebi veqtoris 
sidide.  
 
 

 

17.2.2  

saxsrovani OABO1 paralelogramis 0,1m 
sigrZis OA mrudmxara uZravi mdgomareo-
bidan iwyebs brunvas mudmivi 2=ε wm_2 
kuTxuri aCqarebiT. gansazRvreT 2kg masis 
AB Reros inerciis ZalTa tolqmedis 
sidide drois 1=t wm momentSi. 
 

 
 

 

 
17.2.3  

planetaruli meqanizmis 8,0=l m sigrZis 

satari 1 brunavs mudmivi 10=ε wm_2 
kuTxuri aCqarebiT. amasTan erTad 2kg 
masis Tvali 2 asrulebs gadataniT 
moZraobas. Tvali 2-is masaTa centri 

emTxveva 1O  wertils. gansazRvreT Tvali 

2-is inerciis ZalTa nakrebi momenti O 
centris mimarT.  
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17.2.4  
gansazRvreT Tvalis inerciis ZalTa 

nakrebi momenti O masaTa centris mimarT, 

Tu Tvali brunavs mis garSemo 22t=ϕ  

kanoniT, xolo Tvalis masa tolia 2kg-is 
da Tanabrad ganawilebulia 10=r sm 
radiusis fersoze.  
 

 

17.2.5  
40kg masis erTgvarovani cilindri Oz 

RerZis garSemo brunavs t50=ω  kuTxuri 
siCqariT. gansazRvreT cilindris inerciis 
ZalTa nakrebii momenti Oz RerZis mimarT, 
Tu cilindris radiusi 15,0=R m.  
 

 

17.2.6  
0,3kg masis da 1,0=ρ  inerciis radiusis 

kbilana bloki brunavs Oz RerZis mimarT 
225t=ϕ  kanoniT. gansazRvreT blokis 

inerciis ZalTa nakrebi momenti Oz RerZis 
mimarT.  
 

 

17.2.7  
1=m kg masis wvrili erTgvarovani AB 

Rero mudmivi 5=ω wm_1 kuTxuri siCqariT 
brunavs Reros perpendikularuli RerZis 
garSemo. gansazRvreT Reros inerciis 
ZalTa nakrebi veqtoris sidide, Tu  

2,01 =l m, 4,02 =l m. 

 17.2.8  

5,1=l m sigrZis wvrili erTgvarovani 
Rero ε  kuTxuri aCqarebiT brunavs Reros 
perpendikularuli RerZis garSemo. ipoveT 

1l  zoma, romelic gansazRvravs inerciis 

Zalis dayvanis A centris mdebareobas, 
romlis mimarT inerciis ZalTa nakrebi 
momenti nulis tolia.   
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17.2.9  
gansazRvreT 2,0=r m radiusis da 

2=m kg masis erTgvarovani diskos 
inerciis ZalTa nakrebi momenti brunvis O 
RerZis mimarT, gadaadgilebuli masaTa C 
centridan 1,0=l m manZilze. disko brunavs 

TanabradaCqarebulad 10=ε wm_2 kuTxuri 
aCqarebiT.  
 

 17.2.10  
1kg masis marTkuTxa erTgvarovani 

firfita brunavs 30=ε wm_2 kuTxuri 
aCqarebiT firfitis sibrtyis perpendi-
kularuli RerZis garSemo. gansazRvreT 
inerciis ZalTa nakrebi momenti brunvis 

RerZis mimarT, Tu 1,0=l m. 
 

 

17.2.11  
5=m kg masis wvrili erTgvarovani 

firfita brunavs mudmivi 100=ω wm_1 
kuTxuri siCqariT. gansazRvreT inerciis 
ZalTa nakrebi momentis veqtoris gegmili 

Ox RerZze, Tu kuTxe °= 45α  da 25,0=l m. 
 

 

17.2.12  
3kg masis Txeli, marTkuTxa, erTgvaro-

vani firfita brunavs Oz RerZis garSemo 
23t=ϕ  kanoniT. gansazRvreT firfitis 

inerciis ZalTa nakrebi momenti Oz RerZis 
mimarT, Tu 5,0=l m. 

 

17.2.13  
Oy RerZis garSemo mbrunav or erTnair 

erTgvarovan Reros, drois mocemul 
momentSi gaaCniaT 10=ω wm_1 kuTxuri 
siCqare da 100=ε wm_2 kuTxuri aCqareba. 
gansazRvreT Reroebis inerciis ZalTa 
nakrebi veqtoris sidide, Tu yoveli 

Reros masa 2 kg-ia, xolo sigrZe 4,0=l m.  
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17.2.14  
Txeli firfita brunavs mudmivi 
200=ω wm_1 kuTxuri siCqariT, misi simZimis 

centri mdebareobs brunvis RerZze, xolo 
centridanuli inerciis momenti firfitis 
sibrtyeSi RerZebis mimarT tolia 

3105,2 −⋅−=xzI kg·m2. gansazRvreT inerciis 

ZalTa nakrebi momenti Oy RerZis mimarT. 
 

 

17.2.15  
mili brunavs centraluri Oz RerZis 

garSemo 180=ε wm_2 kuTxuri aCqarebiT. 
milis centridanuli inerciis momentebi 

tolia 3106,1 −⋅=xzI kg·m2, 0=yzI . gansazRv-

reT inerciis ZalTa nakrebi momenti Ox 
RerZis mimarT.  
 

 

17.2.16  
2,0=r m radiusis erTgvarovani ci-

lindri goravs sibrtyeze. gansazRvreT 
inerciis ZalTa nakrebi momenti A wer-
tilis mimarT, Tu cilindris masa 5=m kg, 
xolo misi masaTa centris aCqareba 

4=a wm_2.   
 

 

17.2.17  
10=m kg masis erTgvarovani cilindri 

goravs sibrtyeze txC π25,0sin1,0=  kanoniT. 

gansazRvreT drois 1=t wm momentSi ci-
lindris inerciis ZalTa nakrebi veqto-
ris sidide.  

 

 

17.2.18   

121 =r sm radiusis da 10kg masis 

erTgvarovani disko goravs 202 =r sm 

radiusis wrewirze. diskos O centri 

gadaadgildeba 250ts =  kanoniT, sadac s-
sm-Si. gansazRvreT diskos inerciis ZalTa 
nakrebi veqtoris sidide drois 1=t wm 
momentSi. 
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17.2.19  

24,01 =r m radiusis da 20kg masis erT-

gvarovani cilindri goravs 2r  radiusis 

wrewirze. cilindris O centris aCqareba 
60=a m/wm_2. gansazRvreT cilindris 

inerciis ZalTa nakrebi momenti, Tu A 
wertili miRebulia dayvanis centrad.  
 

 

17.2.20  

mrudmxara 1 brunavs mudmivi 4=ω wm_1 
kuTxuri siCqariT da moZraobaSi mohyavs 

4=m kg masis erTgvarovani Tvali 2, 
romelic goravs Tvali 3-is Sida 
zedapirze.  gansazRvreT Tvali 2-is 
inerciis ZalTa nakrebi veqtoris sidide, 
Tu radiusebi 40=R sm, 15=r sm. 
  
 

 

17.2.21  

50=AB sm sigrZis da 10=m kg masis 
erTgvarovani Rero, moZraobs Oxy 
sibrtyeSi 24txA = , ,0=Ay  26t=ϕ  kanoniT. 

gansazRvreT Reros inerciis ZalTa nakrebi 
momenti misi masaTa centris mimarT. 

 
 
 

17.3. kinetostatikis meTodi myari sxeulisa 
da meqanikuri sistemisaTvis 

  
17.3.1  

10kg masis sxeuli moZraobs gadataniTad horizonta-
luri sibrtyis gaswvriv. sxeulis yoveli wertili moZraobs 
0,5m radiusis mqone wrewirze 1,5m/wm siCqariT. gansazRvreT 
sxeulze moqmedi gare Zalebis nakrebi veqtoris horizonta-
luri mdgenelis absoluturi sidide.  
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17.3.2  
600=m kg masis samSeneblo detali 

aiweva 5,1=w m/wm2 aCqarebiT. gansazRvreT 
daWimulobis Zala kiloniutonebSi amwevi 
bagirebis daxril ganStoebebSi.  
 

 

17.3.3  

51 =m kg masis vertikaluri Reros 

gaswvriv zambaris moqmedebiT srialebs 

82 =m kg masis cocia. gansazRvreT O 

saxsris reaqcia drois im momentSi, 
rodesac cocias aCqareba tolia 50m/wm2-is.  
 

 

17.3.4  
1 soli moZraobs 4=w m/wm2 aCqarebiT. 

gansazRvreT 2 sabiZgelas mier gamowveu-
li wnevis Zala solze, Tu sabiZgelas 
masaa 2=m kg.  
 

 

 

17.3.5  
ori erTnairi sxeuli erTmaneTTan 

SeerTebulia Zafis saSualebiT da 
moZraoben horizontalur sibrtyeze 

40=F kn Zalis moqmedebiT. sibrtyeze 
sxeulebis srialis xaxunis koeficientia 

1,0=f . gansazRvreT Zafis daWimuloba, Tu 

TiToeuli sxeulis masaa 1kg.  
 

 
 

17.3.6  

rxevis procesSi 101 =m kg da 202 =m kg 

masis mqone ori sxeuli moZraobs hori-
zontaluri mimmarTvelis gaswvriv. drois 
romeliRac momentSi maTi aCqarebebia 

201 =w m/wm2 da 302 =w m/wm2. gansazRvreT A 
zambaraSi aRZruli Zalvis absoluturi 
sidide.  
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17.3.7  

dedamiwis zedapiridan vertikaluri 
mimarTulebiT gaSvebuli raketa gaSvebis 
momentSi anviTarebs 90=R kn reaqtiul 
Zalas. raketis safexurebis masebi Sesa-

bamisad udris 2001 =m kg da 1002 =m kg. 

gansazRvreT gaSvebis momentSi wnevis 
Zala raketis safexurebs Soris.  
 

 

17.3.8  

erTnairi masis mqone sami sxeuli 
erTmaneTTan SeerTebulia ReroebiT da 
moZraoben horizontaluri mimmarTvelis 

gaswvriv 31 =F kn da 122 =F kn Zalebis 

moqmedebiT. gansazRvreT Zalva A Reroze.  
 

 

17.3.9  

6kg masis erTgvarovani marTkuTxa 
firfita – 1 ganTavsebulia vertikalur 
sibrtyeSi da moZraobs xaxunis gareSe 2 – 
mimmarTvelis gaswvriv 100=F n Zalis 
moqmedebiT. gansazRvreT reaqciis Zalis 

moduli A sakisarSi, Tu 2501 =l mm da 

1502 =l mm. 

 

 
 

 

 
17.3.10  

meqanizmi ganTavsebulia vertikalur 
sibrtyeSi. mudmivi 10=ω rad/wm kuTxuri 
siCqariT mbrunav 1 Reros moZraobaSi 
moyavs 5kg masis erTgvarovani kvadratuli 
firfita. gansazRvreT 2 Reros reaqciis 
Zalis moduli drois im momentSi, 
rodesac °= 45α . agreTve cnobilia, rom 

3,0=l m. 
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17.3.11  
meqanizmi ganTavsebulia vertikalur 

sibrtyeSi. 1 Rero M momentis mqone wyvil-
Zalis moqmedebiT brunavs 40=ε rad/wm2 
kuTxuri aCqarebiT da moZraobaSi moyavs 
5kg masis erTgvarovani kvadratuli 
firfita. gansazRvreT 2 Reros reaqciis 
Zalis moduli drois im momentSi, 
rodesac °= 45α . agreTve cnobilia, rom 

3,0=l m.  
 

 17.3.12  
matareblis damuxruWebisas vagonis 

masaTa c centris aCqareba tolia 
6=w m/wm2. vagonis Cabmis adgilebSi sxva 

vagonebis mxridan moqmedeben 101 =F kn da 

302 =F kn Zalebi. gansazRvreT kiloniuto-

nebSi A borblebis mier gamowveuli wneva 

relsebze. vagonis masaa 4103 ⋅=m kg, 

8,21 =h m, da 6,12 =h m, 5=l m. vagonis rxeva 

ugulebelyaviT. 
 

 

17.3.13  
1 sxeuli srialebs horizontalur 

sibrtyeze 3 sxeulis simZimis Zalis moqme-
debiT. gansazRvreT Zafis daWimuloba, Tu 
TiToeuli sxeulis masaa 3=m kg. 2 
blokis masa ugulebelyaviT.  
 

 

17.3.14  

drois gansaxilav momentSi 1 da 3 
sxeulebi, romelTa masebi erTnairia da 
tolia 6,0=m kg, moZraoben 3=w m/wm2 
aCqarebiT. drois am momenSi gansazRvreT 2 
blokis saxsris reaqciis Zalis sidide. 
blokis masa ugulebelyaviT.  
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17.3.15  

gansazRvreT O saxsarSi reaqciis 

Zalis sidide, Tu 52 =m kg masis sxeuli 2 

simZimis Zalis moqmedebiT eSveba qveviT 
3=w m/wm2 aCqarebiT. 1 blokis masa 

101 =m kg, xolo misi masaTa centri 

mdebareobs brunvis RerZze. 
 

 

 

17.3.16  

20=r sm radiusis 1 doli M momentis 
mqone wyvilZalis moqmedebiT brunavs 
mudmivi 2=ε rad/wm2 kuTxuri aCqarebiT. 
gansazRvreT O saxsarSi reaqciis Zalis 
sidide, Tu 2 sxeulis sibrtyeze srialis 

xaxunis koeficienti tolia 1,0=f , xolo 

2 tvirTis masaa 4=m kg. dolis masa 
ugulebelyaviT. 
 

 

 

17.3.17  

vibratori Sedgeba ori sinqronulad 
mbrunavi pnevmoturbinebisagan. turbinebis 
RerZebze, maTgan 10=r sm manZilze mimagre-
bulia makoreqtirebeli masebi _ 5,0=m kg. 
gansazRvreT kiloniutonebSi vibratoris 
fuZeze moqmedi maqsimaluri dinamiuri 
datvirTva, Tu turbinebis brunvis 
sixSirea 1000=n br/wT. 
 

 
 

17.3.19  

2 borbalze moqmedebs 400=M nm 
momentis mqone wyvilZala, misi kuTxuri 
aCqarebaa 500=ε rad/wm2, xolo inerciis 
momenti brunvis RerZis mimarT tolia 

2=I kg·m2. gansazRvreT im wyvilZalis 
momentis sidide, romelic moqmedebs 2 
borbalze 1 torsuli lilvis dagrexvi-
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sagan.   
 

 17.3.20  

kbilana Tvalis gvirgvinis masaa 
30=m kg, radiusi – 15,0=r m, inerciis 

radiusi _ 25,0=ρ m, gamyofi wrewiris ra-

diusia 3,0=R m. gansazRvreT erT zambaraSi 

aRZruli F Zalva, Tu gvirgvinis kuTxuri 
aCqarebaa 40=ε rad/wm2, xolo moWidebis 
Zala 800=P n. zambarebi erTnairia. 

 
 

 

17.3.21  

gansazRvreT reaqciis ZalTa momenti 
absoluturad xist CamagrebaSi, romelic 
gamowveulia eleqtroZravis rotoris 
inerciis ZalebiT, Tu Zravis gaSvebisas 

misi rotori brunavs 2200t=ϕ  kanoniT. 

rotoris inerciis momenti misi brunvis 
RerZis mimarT tolia 6kg·m2-is.   
 

 

 

17.3.22  
eleqtroZravis gaSvebis momentSi misi 

rotoris brunvis kuTxuri aCqarebaa 
30=ε rad/wm2. gansazRvreT am momentSi 

korpusis kuTxuri aCqareba, Tu rotoris 
inerciis momenti misi brunvis RerZis 

mimarT tolia 241 =I kg·m2-is, xolo 

korpusis inerciis momenti imave RerZis 

mimarT tolia 202 =I kg·m2-is. 
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17.3.23 
 5=m kg masis 1 kbilana Tvali 
10=M n·m momentis mqone wyvilZalis 

moqmedebiT brunavs 200=ε rad/wm2 kuTxuri 
aCqarebiT. Tvlis inerciis radiusi 

07,0=ρ m. gamyofi wrewiris radiusi ki _ 

1,0=r m. gansazRvreT 2 kbilana Tvalze 
moWidebis xazis gaswvriv moqmedi Zalis 
sidide.  
 

 17.3.24  

5,11 =l m sigrZis erTgvarovani Rero 

iwyebs brunvas wonasworobis mdgomareo-

bidan horizontalur sibrtyeSi F
r
 Zalis 

moqmedebiT. gansazRvreT is 2l  manZili 

Zalis modebis wertilidan O wertilamde. 
rodesac moZraobis sawyis momentSi 
saxsris reaqcia iqneba nulis toli.  
 

 17.3.25 

6,0=l m sigrZis erTgvarovani Rero 
iwyebs brunvas wonasworobis mdgomareo-
bidan horizontalur sibrtyeSi 40=M nm 
momentis mqone wyvilZalis moqmedebiT. 
moZraobis sawyis momentSi gansazRvreT 
saxsarSi aRZruli reaqciis Zalis sidide.  
 
 
 
 

 17.3.26 

 4=m kg masisa da 5,0=l m sigrZis 
erTgvarovani Rero brunavs horizonta-
lur sibrtyeSi M momentis mqone wyvil-
Zalis moqmedebiT. gansazRvreT saxsris 
reaqciis Zalis sidide im momentSi, 
rodesac Reros kuTxuri siCqare da 
kuTxuri aCqareba Sesabamisad tolia 



 292

10=ω rad/wm, 100=ε rad/wm2. 
 

 

17.3.27  

3kg masis 1 cocia SekumSuli 3 
zambaris moqmedebiT iwyebs moZraobs 
wonasworobis mdgomareobidan 10=w m/wm2 
aCqarebiT. meqanizmi ganTavsebulia hori-
zontalur sibrtyeSi. erTgvarovani 2 
Reros masaa 3kg. gansazRvreT Zalva 
zambaraSi.  
 

 

 

17.3.28  

horizontalur sibrtyeSi ganTavsebul 

r radiusis gluv rkalze 4=rw m/wm2 mxebi 

aCqarebiT TanabradaCqarebulad mosriale 
1 da 3 cociebi SeerTebulia 2=m kg masis 
erTgvarovani 2 ReroTi. ugulebelyaviT 
cociebis masebi da gansazRvreT F Zalis 
sidide.  
 

 

 

17.3.29  

meqanizmi ganTavsebulia horizonta-
lur sibrtyeSi. gansazRvreT wnevis Zala 1 
muStasa da 2 berkets Soris, Tu zambara 
anviTarebs 150=F n-is tol Zalvas. ber-
ketis brunvis kuTxuri aCqarebaa 5000=ε  
rad/wm2. misi inerciis momenti brunvis 

RerZis mimarT tolia 4106 −⋅=I kg·m2,  
04,0=l m. 
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17.3.30  

5=m kg masis erTgvarovani tolgverda 
samkuTxa firfita brunavs vertikalur 
sibrtyeSi M momentis mqone wyvilZalis 
moqmedebiT mudmivi 10=ω rad/wm kuTxuri 
siCqariT. gansazRvreT saxsarSi aRZruli 
reaqciis Zalis sidide firfitis im 
mdebareobaSi, rodesac es reaqcia 

udidesia. cnobilia, rom 3,0=l m.  
 

 17.3.31  

marTkuTxa firfita brunavs horizon-
talur sibrtyeSi zambarisa da 50=F n 
Zalis moqmedebiT. miTiTebul mdeba-
reobaSi kuTxuri aCqareba 50=ε rad/wm2. 
firfitis inerciis momenti brunvis 

RerZis mimarT tolia 0,02kg·m2-is, 1,0=l m. 
gansazRvreT zambaraSi aRZruli reaqciis 
Zalis sidide.  
 

 

17.3.32  

0,6m sigrZis OA mrudmxara brunavs 

10=ε rad/wm2 kuTxuri aCqarebiT zM  

momentis mqone wyvilZalis moqmedebiT da 
moZraobaSi mohyavs 10kg masis erTgvaro-

vani Txeli AO1  Rero. gansazRvreT 

wyvilZalis zM  momenti. OA mrudmxaris 

masa ugulebelyaviT.   
 

 17.3.33  

400kg masis erTgvarovani cilindri F
r
 

Zalis moqmedebiT migoravs horizontalur 
sibrtyeze. cilindris masaTa c centri 

moZraobs 25,0 ts =  kanoniT. gansazRvreT F
r
 

Zalis sidide. 
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17.3.34  

40kg masis erTgvarovani cilindri 
wonasworobis mdgomareobidan iwyebs 
srialiT gorvas horizontalur sibrtyeze 

10=M n·m momentis mqone wyvilZalis 
moqmedebiT. gansazRvreT cilindris 
kuTxuri aCqareba, Tu srialis xaxunis 
koeficientia 0,1, xolo 2,0=r m.  
 

 

17.3.35  

daxril sibrtyeze simZimis Zalis 
moqmedebiT usrialod migoravs Txelked-
liani mili. gansazRvreT milis masaTa 
centris aCqareba.  
 

 
 

17.3.36  

gansazRvreT F
r
 Zalis mniSvneloba, 

romlisTvisac erTgvarovani 2 cilindri 
ar gadaadgildeba horizontalur sibrt-
yeze mosriale 1 prizmis mimarT. prizmis 

masaa 101 =m kg, cilindris masaa 22 =m kg. 

srialis xaxunis koeficientia 1,0=f . 

drois sawyis momentSi orive sxeuli 
uZravia. 
 

 
 

17.3.37  

uZrav prizmaze simZimis Zalisa da M 
momentis mqone wyvilZalis moqmedebiT 
migoravs 10=m kg masis cilindri. 
cilindris masaTa centris aCqareba 
tolia 6=w m/wm2-is. gansazRvreT sayrdeni 
sibrtyidan prizmaze moqmedi reaqciis 
Zalis horizontaluri mdgeneli.  
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17.3.38  

11 =m kg masisa da 5,01 =l m sigrZis 

amZravi, romelic SeiZleba CaiTvalos 
erTgvarovan Rerod, brunavs horizon-
talur sibrtyeSi mudmivi 10=ω rad/wm 
kuTxuri siCqariT. moZravi kbilana 2 

Tvlis masaa 32 =m kg. gansazRvreT O sax-

sarSi aRZruli reaqciis Zalis sidide.   
 

 
 

17.3.39  
1 amZravi, romelic brunavs horizon-

talur sibrtyeSi, 2 kbilana Tvals aniWebs 
400=ε rad/wm2 kuTxur aCqarebas. kbilana 

Tvali wamoadgens 1=m kg masisa da 
1,0=r m radiusis erTgvarovan cilindrs. 

gansazRvreT SeWidebis wertilSi SeWidebis 
L xazis gaswvriv moqmedi Zalis sidide.  
 

 

17.3.40  

1=l m sigrZis erTgvarovani Rero 
horizontalurad wonasworobis mdgoma-
reobaSi Sekavebulia Zafisa da zambaris 
saSualebiT. gansazRvreT Reros kuTxuri 
siCqare Zafis gawyvetis momentSi.  
 

 

17.3.41  
erTgvarovani marTkuTxa firfita hori-

zontalurad wonasworobis mdgomareobaSi 
Sekavebulia Zafisa da zambaris saSuale-
biT. gansazRvreT firfitis kuTxuri 
aCqareba uSualod Zafis gadaWris Semdeg, 

Tu 1=l m. 
 

 

17.3.42  
erTgvarovani marTkuTxa firfita hori-

zontalurad wonasworobis mdgomareobaSi 
Sekavebulia Zafis saSualebiT. gansazRv-
reT firfitis kuTxuri aCqareba uSualod 

Zafis gadaWris Semdeg, Tu 1=l m. 
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17.3.43  
2kg masis erTgvarovani marTkuTxa 

firfita brunavs dolTan erTad verti-
kaluri RerZis garSemo 10=ω rad/wm 
kuTxuri siCqariT. firfita Zevs dolis 
horizontalur fskerze, eyrdnoba ra A da 
B wertilebiT cilindrul kedels. gan-
sazRvreT A wertilSi aRZruli reaqciis 
Zalis sidide, Tu 25,0=r m.  

 
 

 

17.3.44 
disko iwyebs brunvas wonasworobis 

mdgomareobidan horizontalur sibrtyeSi 
400=ε rad/wm2 kuTxuri aCqarebiT. 3,0=m kg 

masis erTgvarovani Reros erTi bolo A 
wertilSi damagrebulia saxsriT, xolo 
meore bolo eyrdnoba fersos. gansazRvreT 
moZraobis sawyis momentSi B wertilSi 
aRZruli reaqciis Zalis sidide, Tu 

2,0=r m. 
 

 

 

17.3.45  

5=m kg masisa da 6,0=l m sigrZis 
erTgvarovani Rero uZraobis mdgomareo-
bidan iwyebs moZraobas vertikalur 
sibrtyeSi 20=F n Zalis moqmedebiT. 
gansazRvreT Reros kuTxuri aCqareba 
moZraobis sawyis momentSi.  
 

 

 

17.3.46  

8=m kg masis erTgvarovani Rero 
irxeva vertikalur sibrtyeSi. drois 
romeliRac momentSi misi A da B werti-
lebis aCqarebebia 31 =w m/wm2 da 62 =w m/wm2. 

drois am momentSi gansazRvreT marjvena 
zambaraSi aRZruli reaqciis Zala, Tu 

11 =l m, 3,02 =l m.  
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17.3.47  

1000kg masis Zaris rxevis romeliRac 
momentSi misi masaTa c centris aCqareba 
tolia 2=w m/wm2-is, xolo kuTxuri 
aCqareba _ 6,1=ε rad/wm2. gansazRvreT wina-
xidis mxridan Zaraze moqmedi reaqciis 
Zalis sidide kn-Si, Tu Zaris inerciis 

momenti tolia 1300=cxI kg·m2, xolo 5,1=l m. 

 

17.4. dinamikuri reaqciebis gansazRvra 
sakisarebSi 

    
17.4.1 

sxeuli brunavs inerciis mTavari centraluri Oz 
RerZis garSemo ω  kuTxuri siCqariTa da ε  kuTxuri 

aCqarebiT. sxeulis centridanuli inerciis xyI  momenti ar 

udris nuls. iqneba Tu ara nulis toli sakisrebis 
dinamikuri reaqciebi? 
 

      

17.4.2.  

erTgvarovani marTkuTxa firfita bru-
navs mudmivi 60=ω rad/wm kuTxuri siCqariT. 
firfitis masaa 4,0=m kg, xolo erT-erTi 

ganzomileba _ 10=l sm. gansazRvreT A 
sakisaris dinamikuri reaqciis sidide. 
 

 
 

17.4.3  

10=m kg masis erTgvarovani cilind-

ruli sxeuli brunavs M
r
momentis mqone 

wyvilZalis moqmedebiT. gansazRvreT A 
sakisarze dinamikuri datvirTvis sidide 
drois im momentSi, rodesac kuTxuri 
siCqare 5=ω rad/wm, kuTxuri aCqareba 

50=ε rad/wm2. c wertili sxeulis masaTa 
centria, 2,0=r m. 
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17.4.4  

5,0=m kg masis materialuri wertili 

brunavs 1OO  RerZis garSemo M
r
 momentis 

mqone wyvilZalis moqmedebiT. gansazRvreT 

1O  sakisris dinamikuri reaqciis sidide 

drois im momentSi, rodesac kuTxuri 
siCqare 5=ω rad/wm, xolo kuTxuri 

aCqareba 40=ε rad/wm2, Tu 15,0=l m. 
 

 

17.4.5  

21 =m kg masis tvirTi, romelic 

mimagrebulia 5,01 =l m sigrZis Reroze, 

brunavs mudmivi ω  kuTxuri siCqariT. 

gansazRvreT im tvirTis 2m  masa, romelic 

unda mivamagroT 2,02 =l m sigrZis Reroze, 

rom sakisrebis dinamikuri reaqciebi iyos 
nulis toli. tvirTebi CavTvaloT 
materialur wertilebad. 
 

 

 

17.4.6  

RerZze, romelic brunavs mudmivi ω  
kuTxuri siCqariT, mimagrebulia sami 
wertilovani tvirTi, romlebic ganTavse-
bulia brunvis RerZis perpendikularul 

sibrtyeSi. ras unda udrides 3m  masa, rom 

sakisarebis dinamikuri reaqciebi iyos 

nulis toli, Tu 221 == mm kg.  

 
 17.4.7  

1kg masis erTgvarovani AB Rero 
Tanabrad brunavs 10=ω rad/wm kuTxuri 
siCqariT. gansazRvreT O sakisaris 

dinamikuri reaqciis sidide, Tu 3,01 =l m, 

8,02 =l m.  
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 17.4.8  

4kg masis erTgvarovani AB Rero 
uZraobis mdgomareobidan iwyebs brunvas 

120=ε rad/wm2 kuTxuri aCqarebiT M 
momentis mqone wyvilZalis moqmedebiT. 
gansazRvreT O sakisarze dinamikuri 
datvirTvis sidide moZraobis sawyis 

momentSi, Tu 4,0=l  m. 
 

 17.4.9  

3kg masis erTgvarovani Rero brunavs 

M
r
 momentis mqone wyvilZalis moqmedebiT. 

gansazRvreT A sakisaris dinamikuri 
reaqciis sidide drois im momentSi, 
rodesac kuTxuri siCqare 10=ω rad/wm, 
xolo kuTxuri aCqareba 100=ε rad/wm2, Tu 

3,0=l m.  
 

 

17.4.10  

4kg masis erTgvarovani Txelkedliani 
kuTxovana brunavs mudmivi 20=ω rad/wm 
kuTxuri siCqariT. gansazRvreT A 
sakisaris dinamikuri reaqciis sidide, Tu 

2,0=l m.  
 

 17.4.11  

1=m kg toli masebis mqone ori 
erTnairi Rero or urTierTperpendiku-
larul sibrtyeSi mimagrebulia RerZTan, 
romelic brunavs mudmivi 50=ω rad/wm 
kuTxuri siCqariT. gansazRvreT A 
sakisaris dinamikuri reaqciis sidide, Tu 

2,0=l m. 
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17.4.12  

6kg masis erTgvarovani marTkuTxa 

firfita brunvas 35t=ϕ  kanonis Tanaxmad 

M
r
 momentis mqone wyvilZalis moqmedebiT. 

brunvis RerZi perpendikularulia firfi-
tis sibrtyis. gansazRvreT A sakisaris 
dinamikuri reaqciis sidide drois 1=t wm 

momentSi, Tu 2,0=l m. 
 

 

17.4.13  

8=m kg masis erTgvarovani disko 
Tanabrad brunavs 10=ω rad/wm kuTxuri 
siCqariT. diskos sibrtye brunvis RerZis 
perpendikularulia. gansazRvreT A saki-
sarze dinamikuri datvirTvis sidide, Tu 

801 =l sm, 402 =l sm, 10=e sm, 20=r sm.   

 

 

17.4.14  

lilvi, romelSic gaburRulia 1=d sm 
diametris xvreli, brunavs mudmivi 200=ω  
rad/wm kuTxuri siCqariT. gansazRvreT 
erT-erTi sakisaris dinamikuri reaqciis 

sidide, Tu 5=l sm, xolo lilvis masalis 
simkvrivea 8,7=γ g/sm3.  

 

 

 

17.4.15  

400kg masis eleqtroZravis rotoris 
brunvis sixSirea 3000br/wT. ramden mm-zea 
dasaSvebi brunvis RerZidan rotoris 
inerciis mTavari centraluri RerZis e 
wanacvleba, rom sakisaris dinamikurma 
reaqciam ar gadaaWarbos 400=R n sidides. 
c wertili rotoris masaTa centria.  
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17.4.16  
gansazRvreT ventiliatoris muSa Tvlis 

Txel dasayenebeli tvirTis fersoze 
disbalansis aRmosafxvrelad aucilebeli 
m masa im is, romelic yendeba. 
balansirebamde, rodesac brunvis kuTxuri 
siCqare toli iyo 120=ω rad/wm-is, 
sakisrebis dinami-kuri reaqciebi udrida 

300=R n. Tvlis radiusia 3,0=r m.  
 

  

17.4.17  
6kg masis erTgvarovani marTkuTxa 

firfita brunavs mudmivi 24=ω rad/wm 
kuTxuri siCqariT. brunvis RerZi firfitis 
simetriis RerZTan adgens °= 30α  kuTxes. 
gansazRvreT A sakisaris dinamikuri 

reaqciis sidide, Tu 2,0=l m. 
 

  17.4.18  
erTgvarovani diskos simetriis RerZi 

ganTavsebulia Oxz sibrtyeSi da brunvis 
RerZTan adgens α  kuTxes ise, rom diskos 
centridanuli inerciis momenti tolia 

4104 −⋅=xzI kg·m2-is. gansazRvreT O sakisa-

ris dinamikuri reaqciis sidide, Tu disko 
brunavs 90=ω rad/wm kuTxuri siCqariT da 

15,0=l m. 
 

 17.4.19  
Txeli firfita brunavs mudmivi 60=ω  

rad/wm kuTxuri siCqariT. misi masaTa 
centri mdebareobs brunvis RerZze, xolo 
firfitis sibrtyeSi centridanuli inerciis 
momentebi sakoordinato RerZebis mimarT 

tolia 3102 −⋅=xzI kg·m2. gansazRvreT O 

sakisaris dinamikuri reaqciis sidide, Tu 

2,0=l m. 
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17.4.20  
sxeuli brunavs mudmivi 100=ω rad/wm 

kuTxuri siCqariT. misi masaTa centri 
mdebareobs brunvis RerZze, xolo centri-

danuli inerciis momentebi 003,0== yzxz II  

kg·m2. gansazRvreT O sakisaris dinamikuri 

reaqciis sidide, Tu 3,0=l m. 
 

 17.4.21  
rotori brunavs Oz RerZis garSemo 

10=ω rad/wm kuTxuri siCqariTa da 

60=ε rad/wm2 kuTxuri aCqarebiT M
r
 

momentis mqone wyvilZalis moqmedebiT. 
rotoris centridanuli inerciis momen-

tebi 0=xzI , 3105 −⋅=yzI kg·m2.  gansazRvreT 
O sakisaris dinamikuri reaqciis sidide, 

Tu 35,0=l m. 
 

 
 

Tavi 18. SesaZlo gadaadgilebaTa principi 

18.1. bmebi da maTi gantolebebi. sistemis 
Tavisuflebis xarisxi 

 

18.1.1  
myari sxeuli, romelsac aqvs erTi damagrebuli 

wertili, asrulebs moZraobas. gansazRvreT am sxeulis 
Tavisuflebis xarisxi. 

 
18.1.2  

1 da 2 materialuri wertili moZraoben sivrceSi. 1 
materialuri wertili emorCileba bmas, romlis gantoleba 

025222 =−++ zyx . xolo bmas, romelsac emorCileba 2 mate-

rialuri wertili, aqvs Semdegi saxeL 025222 ≤−++ tzyx . 

miuTiTeT im wertilis nomeri, romelic emorCileba holo-
nomiur aradamjer bmas.  
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18.1.3  
A, B da C, D materialuri wertilebi 

SeerTebulia Sesabamisad 1 mudmivi l 
sigrZis da 2 cvladi )(tl  sigrZis 

ReroebiT.  wertilTa am or wyvilze 
dadebuli bmebis gantolebebia: 

  0)()()( 2222 =−−+−+− lzzyyxx ABABAB ; 

  0)]([)()()( 2222 =−−+−+− tlzzyyxx CDCDCD : 

miuTiTeT im Reros nomeri, romelic 
wertilTa am or wyvils adebs holonomiur 
stacionarul bmas. 
 

 

 

18.1.4  
bmebis gantolebebs mudmivi l da 

cvladi )(tl  sigrZis maTematikuri qanqa-

rebis M1 da M2 wertilebisaTvis aqvs saxe: 

0222 ≤−+ lyx , 0)]([ 222 ≤−+ tlyx . 

romeli qanqaris wertilzea dadebuli 
holonomiuri arastacionaruli bma?  
 

 

 

18.1.5  
O, A, B, C da D materialuri werti-

lebi erTmaneTTan SeerTebulia mudmivi 
sigrZis uwonadi xisti ReroebiT. O werti-
li uZravia, xolo A, B, C da D wertilebi 
moZraoben Oxy sibrtyeSi. gansazRvreT 
stacionaruli holonimiuri bmebis rao-
denoba, romlebic dadebulia wertilebis 
moZraobaze am ReroebiT. 
 

  

 

18.1.6  
1 da 2 sxeulebs SeuZliaT sriali 

horizontalur uZrav sibrtyeze. sxeulebze 
dadebuli bmebis Sesabamisi reaqciis Zale-
bis mier Sesrulebuli elementaruli 

muSaobebi tolia 0=⋅= rNA
rr

δδ  da 

0≠⋅= rRA
rr
δδ . miuTiTeT im sxeulis nomeri, 

romelzec dadebulia idealuri bma. 
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18.1.7  
M materialuri wertili Tavisuflad 

moZraobs sivrceSi. gansazRvreT materia-
luri wertilis Tavisuflebis xarisxi.  
 

 

 
 

18.1.8  
M materialuri wertili moZraobs 

milSi, romelic ganTavsebulia Oxy 
sibrtyeSi da mimarTulia Ox RerZis 
gaswvriv. gansazRvreT am wertilis 
Tavisuflebis xarisxi. 
 

 

18.1.9  
1 burTula goravs uZravi cilindris 

gluv zedapirze, xolo 2 burTula 
moZraobs ori uZrav cilindrul 
zedapirebs Soris. miuTiTeT im burTulas 
nomeri, romelzec dadebulia damWeri bma.  
 

 

18.1.10  
M1 da M2 materialuri wertilebi, 

romlebic SeerTebulia xisti uwonadi 
ReroTi, moZraoben naxazis sibrtyeSi. 
gansazRvreT materialur wertilTa 
sistemis Tavisuflebis xarisxi.  
 

 

18.1.11  
A, B da C materialuri wertilebi, 

romlebic erTmaneTTan SeerTebulia mudmivi 
sigrZis uwonadi ReroebiT, moZraoben 
sivrceSi. gansazRvreT materialur wer-
tilTa sistemis Tavisuflebis xarisxi.  
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18.1.12  
A, B, C da  D materialur wertilebi, 

romlebic erTmaneTTan SeerTebulia mud-
mivi sigrZis xisti uwonadi ReroebiT, 
moZraoben sivrceSi. gansazRvreT materia-
lur wertilTa sistemis Tavisuflebis 
xarisxi.  
 

 
 

18.1.13  
A, B, C da D materialur wertilebi, 

erTmaneTTan SeerTebulia mudmivi sigrZis 
xisti uwonadi ReroebiT. A wertili 
uZravia, xolo B, C da D wertilebi 
moZraoben Axy sibrtyeSi. gansazRvreT 
materialur wertilTa sistemis Tavisuf-
lebis xarisxi.  
 

 
 

18.1.14  
gansazRvreT oTxrgolovani saxsruli 

meqanizmis Tavisuflebis xarisxi, Tu 

1lOA = , 2lAB =  da 3lBC = . 

 

18.2. sistemis SesaZlo gadaadgilebebi 
 

18.2.1  
gansazRvreT wrfivi AB Reros A da B wertilebis 

SesaZlo gadaadgilebebs Soris fardoba, Tu maT mier 
Reros mimarTulebasTan. Sedgenili kuTxeebi Sesabamisad 
tolia °30  da °60 . 
 

 

18.2.2  
gansazRvreT 1 da 2 kbilana Tvlebis 

1δϕ  da 2δϕ  SesaZlo gadaadgilebebs 

Soris fardoba, Tu kbilanaTa ricxvi 

Sesabamisad tolia: 301 =z , 902 =z . 
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18.2.3  

gansazRvreT 1 da 2 solebis 1sδ  da 2sδ  

SesaZlo gadaadgilebebs Soris fardoba. 
 

 

18.2.4  
gansazRvreT oTxrgolovani saxsruli 

meqanizmis AB barbacas A da B wertilebi 

Asδ  da Bsδ  SesaZlo gadaadgilebebs 

Soris fardoba. 
 

 

18.2.5  
gansazRvreT AB barbacas da OA 

mrudmxaras δϕ   da δα  SesaZlo kuTxur 

gadaadgilebebs Soris fardoba, Tu 
ABOA = .O 

 

 

18.2.6  
gansazRvreT OA mrudmxaras A 

wertilisa da cocias C wertilis Asδ  da 

Csδ  SesaZlo gadaadgilebebs Soris 

fardoba, Tu ABOB = . 
 

 

18.2.7  

gansazRvreT elifsografis meqanizmis 

AB barbacas A da B wertilebis Asδ  da 

Bsδ  SesaZlo gadaadgilebebs Soris 

fardoba. 
 

 

18.2.8  

gansazRvreT 2 mrudmxaras A wertilis 

Asδ  SesaZlo gadaadgilebisa da 1 

sabiZgelas C wertilis Csδ  SesaZlo 

gadaadgilebis Sefardeba. 
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18.2.9  

gansazRvreT presis meqanizmis barbacas 

A da B wertilebis Asδ  da Bsδ  SesaZlo 

gadaadgilebebis Sefardeba, Tu ABOA =  
da °= 30α . 
 

 

18.2.10  

gansazRvreT diferencialuri karebis 

2 tvirTis da 1 dolis B wertilis 2sδ  da 

Bsδ  SesaZlo gadaadgilebebis Sefardeba. 

Tu 202 == rR sm. 
 
 
 
 

18.3. SesaZlo gadaadgilebaTa principi 
 

18.3.1  

kbilana gadacema Sedgeba ori kbila Tvlisagan 12 2zz =  

kbilebis ricxviT. 1 Tvalze moqmedebs 101 =M n.m momentis 

mqone wyvilZala. gadacemis wonasworobis SemTxvevaSi 
gansazRvreT 2 Tvalze moqmedi wyvilZalis momentis sidide.  
 
 

 

18.3.2  
gansazRvreT im wyvilZalis M momenti, 

romelic unda movdoT 20=r sm radiusis 2 
dolze 200n wonis 1 tvirTis Tanabrad 
asawevad. 
 

 

18.3.3  
gansazRvreT Zalva brtyeli fermis AC 

ReroSi, Tu B kvanZze modebulia 
3106 ⋅=F n horizontaluri Zala.  
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 18.3.4  
meqanizmi, romelic Sedgeba 1 da 2 

kbilana Tvlebisagan 12 2zz =  kbilebis 

ricxviTa da 2 TvalTan xistad 
mierTebuli 3 dolisagan, Tanabrad 

gadaadgilebs 3104 ⋅ n wonis 4 tvirTs. 
gansazRvreT wyvilZalis M momenti, Tu 
tvirTis srialis xaxunis koeficientia 

2,0=f , xolo dolis radiusia 10=r sm. 

 

 

18.3.5  
1 kbilana Tvalze modebulia M1 =40 kn·m 

momentis mqone wyvilZala. gansazRvreT im 
wyvilZalis M momenti, romelic unda 
movdoT OA mrudmxaras imisaTvis, rom 
meqanizmi imyofebodes wonasworobaSi. 

cnobilia, rom 21 rr = .  

 

 

18.3.6  
3 sxeulze sayrdeni sibrtyis parale-

lurad moqmedebs 460=F n Zala. sistemis 
wonasworobisas gansazRvreT 1 kumSvad 
sxeulze 2 sxeulis mxridan moqmedi 
wnevis Zalis sidide.  
 

 

18.3.7  

3 solze moqmedebs 100=F n Zala. 
gansazRvreT wonasworobis mdgomareobaSi 
ra ZaliT miaWers 2 sabiZgela sayrden 
sibrtyes 1 detals, Tu kuTxe °= 11α -s. 
 
18.3.8  

jalambaris Wiaxraxnuli gadacemis 
gadacemiTi fardoba tolia 50-s. 

gansazRvreT F
r
 Zalis moduli, romelic 

unda movdoT 2,0=l m sigrZis saxelurs, 
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rom Tanabarzomierad avwioT 4·103n wonis 1 
tvirTi. dolis radiusi 12,0=r m-s. 
 

 18.3.9  

ABCD saxsruli paralelogramis AB 
barbacaze modebulia horizontaluri 

50=F n Zala. gansazRvreT im wyvilZalis 
M momenti, romelic aucilebelia movdoT 
10sm sigrZis OA mrudmxaras imisaTvis, rom 
gavawonasworoT meqanizmi.  
 

 

18.3.10  

samsaxsriani TaRis erT nawilze moqme-

debs vertikaluri 3108 ⋅=F n vertikaluri 
Zala. gansazRvreT A saxsris reaqciis 
Zalis vertikaluri mdgenelis sidide.  
 

 

18.3.11  

gansazRvreT OABC saxsruli oTxwevra 
meqanizmis OA mrudmxaris A wertilze 

modebuli gamawonasworebeli F
r
 Zalis 

sidide, Tu 4,0=AB m sigrZis barbacaze 

moqmedebs 40=M n⋅m momentis mqone wyvil-
Zala. 
 

 

18.3.12  

gansazRvreT im 2F
r
 Zalis sidide, 

romelic aucilebelia movdoT cocias 
imisaTvis, rom meqanizmi imyofebodes 

wonasworobaSi, Tu 1001 =F n da ABOA = . 
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18.3.13  

gansazRvreT im 1F
r
 Zalis sidide, 

romelic aucilebelia movdoT AB 
mrudmxaras imisaTvis, rom meqanizmi imyo-

febodes wonasworobaSi, Tu 1002 =F n da 

OBOA ⋅= 2 . 
 

 18.3.14  
horizontaluri AC Zeli C boloTi 

Camagrebulia xistad vertikalur kedelSi 

da masze moqmedebs 6002 =M n⋅m momentis 

mqone wyvilZala. AB Zelze, romlis B 
bolo Zevs sagoravebze, moqmedebs 

4001 =M n⋅m momentis mqone wyvilZala. 

gansazRvreT Camagrebis momentis sidide.  
 

 18.3.15  
AC da CD Zelebi erTmaneTTan 

SeerTebulia C saxsriT. horizontalur 
AC Zelze, romelic eyrdnoba prizmis B 
wibos, moqmedebs 3102 ⋅=M n⋅m momentis 
mqone wyvilZala. CD Zelis Sua wertilSi 

modebulia 3104 ⋅=F n Zala. gansazRvreT B 
sayrdenis reaqciis Zalis sidide.  
 

 

18.3.16  

gansazRvreT gamawonasworebeli F
r
 

Zalis sidide, Tu Rerovani meqanizmis 1 

Reroze modebulia 4001 =F n Zala.  
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18.3.17  
AB da CD Reroebi, romlebic 

erTmaneTTan da uZrav sayrdenebTan 
saxsrulad arian dakavSirebulebi, 

datvirTulia 2001 =F n da 6002 =F n 

ZalebiT. gansazRvreT A saxsris reaqciis 
Zalis horizontaluri mdgenelis sidide, 
Tu 1==== BDBCBEAE m. 
 

 

18.3.18  
1 hidrocilindris daxmarebiT hori-

zontalur mdebareobaSi Sekavebulia 2-
isari, romlis boloze modebulia hori-
zontaluri 400=F n Zala. gansazRvreT 
kiloniutonebSi hidrocilindris dguSze 
moqmedi zeTis wnevis Zala, Tu BCAB = .  
 

 

18.3.19  
2 Reroze moqmedebs 3=F kn horizon-

taluri Zala. gansazRvreT sistemis 
wonasworobis mdgomareobaSi 1 hidro-
cilindris dguSze moqmedi zeTis wnevis 
Zalis sidide kiloniutonebSi.  
 

 

18.3.20  
1 dguSze moqmedebs 250=F n Zala. 

gansazRvreT sistemis wonasworobis 
mdgomareobaSi ra ZaliT aWers ABC 
berketi 2 detals 3 fuZeze, Tu °= 30α , 
xolo 8,0=AB m da 4,0=BC m. 
 

 

18.3.21  
OABC saxsruli paralelogramis AB 

barbacaze Camocmulia 2 milisa, romelzec 
D saxsris saSualebiT mimagrebulia 
vertikaluri 3 Rero. gansazRvreT 
meqanizmis wonasworobis mdgomareobaSi 
wyvilZalis M momenti, Tu 400=F n da OA 
mrudmxaras sigrZea 2,0=OA m. 
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 18.3.22  
gansazRvreT im wyvilZalis M momenti, 

romelic aucilebelia movdoT 3 kbilana 
Tvlis RerZs 900n wonis 1 tvirTis Tanab-
rad asawevad. dolis radiusia 2,0=r m, 

xolo Tvlebis kbilebis ricxvi _ 32 2zz = . 

 

 

18.3.23  
gansazRvreT im wyvilZalis M momentis 

sidide, romelic aucilebelia movdoT 3 
Skivze 900n wonis 1 tvirTis Tanabrad 
asawevad, Tu Skivis radiusebia 402 == rR sm.  
 

 18.3.24  

AB Rero datvirTulia 8001 =F n ZaliTa 

da 70=M n⋅m momentis mqone wyvilZaliT. 
BCD Reros C wertilze moqmedebs 

2802 =F n Zala. gansazRvreT D sayrdenis 

reaqciis Zalis horizontaluri mdgenelis 
sidide.  
 

 

18.3.25  

1=h sm bijis mqone 2 xraxnze moqme-

debs 1=M n⋅m momentis mqone wyvilZala. 
wnexis meqanizmis wonasworobis mdgoma-
reobaSi gansazRvreT 1 kumSvad saganze 
moqmedi wnevis Zalis sidide, Tu °= 45α . 
 

 
 

Tavi 19. dinamikis zogadi gantoleba 

       19.1. inerciis ganzogadebuli Zalebis 
  gansazRvra erTi da ori Tavisuflebis 

xarisxis mqone sistemebSi 
 

19.1.1  
SeiZleba Tu ara, rom erTi Tavisuflebis xarisxis mqone 

meqanikuri sistemisaTvis Sedgenil dinamikis zogad 
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gantolebaSi inerciis Zalebis elementarul muSaobebs 
hqondes erTnairi niSani?  
 

19.1.2  
gansazRvreT inerciis ganzogadebuli 

Zala, romelic Seesabameba ganzogadebul 
ϕ  koordinats, Tu inerciis Zala 

5,01 =Φ n, inerciis ZalTa momentebi tolia 

2,01 =ΦM n⋅m da 1,02 =ΦM n⋅m, xolo 2,0=r m. 
 

 

19.1.3  
gansazRvreT inerciis ganzogadebuli 

Zala, romelic Seesabameba ganzogadebul 
ϕ  koordinats, Tu inerciis Zala 

5,01 =Φ n, inerciis ZalTa momentebi tolia 

5,01 =ΦM n⋅m da 5,02 =ΦM n⋅m, xolo 1,0=r m. 
 

19.1.4  
gansazRvreT inerciis ganzogadebuli 

Zala, romelic Seesabameba ganzogadebul 
x koordinats, Tu inerciis Zalebia 

1021 =Φ=Φ n, inerciis ZalTa momentebia 

=Φ
1M  12 =ΦM n⋅m, xolo 1,0=r m.   

 

19.1.5  
gansazRvreT inerciis ganzogadebuli 

Zala, romelic Seesabameba ganzogadebul 
ϕ  koordinats, Tu inerciis ganzoga-

debuli Zala 103 =Φ n, inerciis ZalTa 

momentebia =Φ
1M 12 =ΦM n⋅m, xolo 1,0=r m. 

 

19.1.6  

gansazRvreT inerciis ganzogadebuli 
Zala, romelic Seesabameba ganzogadebul 

x koordinats. cnobilia, rom 121 == mm kg, 

1=x&& m/wm2. blokebis masebi ugulebelyaviT. 
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 19.1.7  

gansazRvreT ganzogadebuli x1 koor-
dinatis Sesabamisi inerciis ganzogade-
buli Zala, Tu 1 sxeulis inerciis Zala 

101 =Φ n, xolo 2 sxeulis gadataniTi da 

fardobiTi inerciis Zalebi Sesabamisad 

tolia 522 =Φ=Φ re n. 

 

 19.1.8  

gansazRvreT ganzogadebuli x1 koor-
dinatis Sesabamisi inerciis ganzogade-
buli Zala, Tu 1 sxeulis inerciis Zala 

101 =Φ n, xolo 2 sxeulis warmtani da 

fardobiTi inerciis Zalebi Sesabamisad 

tolia 52 =Φ e n, 102 =Φ r n. 

 

 
 

 

19.1.9  

gansazRvreT ganzogadebuli x2 koor-
dinatis Sesabamisi inerciis ganzogade-
buli Zala, Tu 1 sxeulis inerciis Zala 

41 =Φ n, 2 sxeulis warmtani da 

fardobiTi inerciis Zalebi Sesabamisad 

tolia 22 =Φ e n, 12 =Φ r n, xolo 3 sxeulis 

warmtani da fardobiTi inerciis Zalebi 

Sesabamisad tolia 23 =Φ e n, 13 =Φ r n. 

 
 19.1.10  

gansazRvreT ganzogadebuli x2 koor-
dinatis Sesabamisi ganzogadebuli inerciis 
Zala, Tu 1 sxeulis inerciis Zalaa 

51 =Φ n, xolo 2 sxeulis warmtani da 

fardobiTi inerciis Zalebi Sesabamisad 

tolia 12 =Φ e n, 82 =Φ r n. 
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19.1.11  

gansazRvreT ganzogadebuli x1 koor-
dinatis Sesabamisi ganzogadebuli inerciis 

Zala, Tu 1 sxeulis inerciis Zala 51 =Φ n, 

xolo 2 sxeulis warmtani da fardobiTi 
inerciis Zalebi Sesabamisad tolia 

12 =Φ e n, 82 =Φ r n. 

 

 
 

19.1.12  

gansazRvreT ganzogadebuli x2 koordi-
natis Sesabamisi ganzogadebuli inerciis 
Zala, Tu 1 sxeulis inerciis Zalaa 

81 =Φ kn, xolo 2 sxeulis warmtani da 

fardobiTi inerciis Zalebi Sesabamisad 

tolia 52 =Φ e n, 52 =Φ r n. 

 

 

19.1.13  

gansazRvreT ganzogadebuli x1 koordi-
natis Sesabamisi inerciis ganzogadebuli 
Zala, Tu 1 sxeulis inerciis Zala 

41 =Φ n, xolo 2 da 3 sxeulebis warmtani 

da fardobiTi inerciis Zalebi Sesaba-

misad tolia 22 =Φ e n, 12 =Φ r n, 23 =Φ e n, 

13 =Φ r n. 
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19.1.14  

gansazRvreT ganzogadebuli 1ϕ  koordi-

natis Sesabamisi ganzogadebuli inerciis 
Zala, Tu 2 sxeulis inerciis Zalaa 

4,02 =Φ n, 3 sxeulis warmtani da fardo-

biTi inerciis Zalebi Sesabamisad tolia 

2,03 =Φ e n⋅m, 1,03 =Φ r n⋅m, inerciis ZalTa 

momentebia 4,01 =ΦM nm, 1,02 =ΦM nm xolo 

2,0=r m. 
 

19.2. dinamikis zogadi gantolebis gamoyeneba 
   sxeulTa sistemis moZraobis aRsawerad 

 
19.2.1  

Seicavs Tu ara idealuri bmebis mqone sistemisaTvis 
Cawerili dinamikis zogadi gantoleba bmebis Sesabamis 
reaqciis Zalebs?  
 

 

19.2.2  

12 2mm =  masebis 1 da 2 tvirTebi mimag-

rebulia r radiusis mqone blokze gadade-
bul bagirze. ugulebelyaviT blokis masa 
da gansazRvreT tvirTebis aCqarebebi.  
 

 

 

19.2.3  
ori tvirTi, romelTa masebia 

231 == mm kg, SeerTebulia 2 blokze 

gadadebuli ZafiT. gansazRvreT tvirTebis 
aCqarebebi, Tu 1 tvirTis sibrtyeze 

srialis xaxunis koeficientia 1,0=f . 

blokis masa ugulebelyaviT.  
 

 

19.2.4  
5,2=m kg masis 2 kbilana Reroze mode-

bulia cvladi 29tF =  Zala. gansazRvreT 
drois 1=t wm momentSi 1 kbilanas kuTxuri 
aCqareba, Tu 4,0=r m da inerciis momenti 

brunvis RerZis mimarT tolia 21 =I kg·m2.   
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19.2.5  

gansazRvreT 1 konusuri kbilana 
Tvlis ε  kuTxuri aCqareba, Tu Tvlebis 

radiusebia 15,01 =r m, 3,02 =r m, xolo 

inerciis momentebi brunvis RerZebis 

mimarT tolia 02,01 =I kg·m2, 04,02 =I kg·m2. 
wyvilZalis, momentia 15,01 =M n⋅m. 
 

 
 

19.2.6  

1 kbilana gadaadgilebs 2 lartyas. 
gansazRvreT kbilanas kuTxuri aCqareba, 

Tu masze modebulia 4,1=M n⋅m momentis 

mqone wyvilZala, lartyas masaa 12 =m kg, 

kbilanas inerciis momenti brunvis RerZis 

mimarT tolia 01,01 =I kg·m2, xolo misi 

radiusia 1,0=r m.  
 

 

19.2.7  

gansazRvreT 1 Skivis 1ε  kuTxuri 

aCqareba, Tu mocemulia Skivis radiusebi 

05,01 =r m, 1,02 =r m da brunvis RerZebis 

mimarT inerciis momentebi 01,01 =I kg·m2, 
02,02 =I kg·m2. wyvilZalis momenti tolia 

15,0=M n⋅m. 
 

 

19.2.8  

gansazRvreT 1 kbilanas 1ε  kuTxuri 

aCqareba, Tu Tvlebis radiusebia 1,01 =r m, 

2,02 =r m, brunvis RerZebis mimarT inerciis 

momentebi 02,01 =I kg·m2, 04,02 =I kg·m2. xolo 

wyvilZalis momenti tolia 3,0=M n⋅m. 
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 19.2.9  
gansazRvreT 3 dolis kuTxuri 

aCqareba, Tu brunvis RerZis mimarT misi 

inerciis momentia 1,03 =I kg·m2, dolze 

moqmedi wyvilZalis momentia 6,0=M n⋅m, 
sxeulebis masebia 1021 == mm kg, radiu-

sebi _ 2,0=R m, 1,0=r m.   
 

 
 

19.2.10  

mudmivi 8,0=M n⋅m momentis mqone wyvil-
Zalas moZraobaSi moyavs horizontalur 
sibrtyeSi ganTavsebuli meqanizmi. 1 da 2 

mrudmxarebi 2,0=l m sigrZis da 121 == mm  

kg masis erTgvarovani Reroebia, 23 =m kg. 

gansazRvreT 1 mrudmxaras kuTxuri aCqareba.  
 

 

19.2.11  
6=ρ sm inerciis radiusis mqone da 2kg 

masis koWaze daxveulia Zafi, romelsac 
ewevian 5,0=F n ZaliT. gansazRvreT koWas 
kuTxuri aCqareba, Tu davuSvebT, rom igi 
asrulebs usrialo gorvas, xolo 8=r sm.  
 

 

19.2.12  
1 da 2 sxeulebi erTnairi masebisa da 

radiusebis erTgvarovani diskoebia. 
gansazRvreT 3 sxeulis aCqareba, Tu 

123 mmm == . 

 

 
 

19.2.13  
gansazRvreT 1 dolis kuTxuri aCqareba, 

Tu masze modebulia mudmivi 2,0=M n⋅m 
momentis mqone wyvilZala. cnobilia, rom 

sxeulTa masebia 121 == mm kg, xolo cent-

raluri RerZebis mimarT maTi inerciis 

momentebia 02,021 == II kg·m2, radiusi _ 

2,0=r m. 
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19.2.14  
gansazRvreT 1 sagoravis C centris 

aCqareba, Tu 1 da 2 sxeulebi erTnairi 
masebisa da radiusebis mqone erTgva-
rovani cilindrebia.  
 

 

 

19.2.15  

4252 =m kg masis horizontalur 

baqanze mis mimarT 2=rw m/wm2 aCqarebiT 

garbis adamiani. adamianis masaa 751 =m kg. 

gansazRvreT baqanis aCqarebis sidide. 
 
 
 
 
 

19.3. dinamikis zogadi gantolebis gamoyeneba 
meqanikuri sistemis parametrebisa da 
gare zemoqmedebebis gansasazRvravad 

   

19.3.1  
meqanikuri sistemis Tavisuflebis xarisxze Tu aris 

damokidebuli am sistemis moZraobis diferencialuri 
gantolebebis ricxvi, romlebic Sedgenilia dinamikis 
zogadi gantolebis meSveobiT.  
 

 

19.3.2  
gansazRvreT 1 cocias simZimis Zala, 

Tu drois im momentisaTvis, roca kuTxe 

°= 45α , inerciis Zalebi 1021 =Φ=Φ n. 

 

 19.3.3  

gansazRvreT 1 mrudmxaraze moqmedi 
wyvilZalis M momenti drois im 
momentisaTvis, roca 1 mrudmxara marTo-
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 bulia 2 cocias mimmarTvelisa da cocias 

inerciis Zala 102 =Φ n-s. mrudmxaras 

sigrZe 1,0=l m. 

 
 

19.3.4  
gansazRvreT wyvilZalis M momentis 

moduli drois im momentSi, roca kuTxe 
°= 30ϕ -s, mrudmxaras inerciis Zalebis 

nakrebi momenti 2,01 =ΦM n⋅m, kulisis 

inerciis Zalebis nakrebi veqtori 12 =Φ n. 

mrudmxaras sigrZe 2,0=OA m-a. meqanizmi 
mdebareobs horizontalur sibrtyeSi.  
 

 

 
 

19.3.5  
gansazRvreT wyvilZalis M momentis 

moduli drois im momentSi, roca kuTxe 
°= 30ϕ , mrudmxaras inerciis Zalebis nak-

rebi momenti 2,0=ΦM n⋅m, cocias inerciis 
Zalebis nakrebi veqtori 1=Φ n. rgolebis 
sigrZeebi 1,0== ABOA m. meqanizmi mdeba-
reobs horizontalur sibrtyeSi. 
 

 

 

19.3.6  
kulisuri meqanizmi mdebareobs hori-

zontalur sibrtyeSi. gansazRvreT 1 
mrudmxaraze moqmedi wyvilZalis M 
momenti drois im momentisaTvis, roca kuTxe 

°= 45ϕ , mrudmxaras inerciis Zalebis nak-

rebi momenti 1,01 =ΦM n⋅m, kulisis inerciis 

Zalebis nakrebi veqtori 12 =Φ n, manZili 

1,0=l m. 
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19.3.7  
gansazRvreT 1,0=OA m radiusian diskoze 

moqmedi wyvilZalis M momentis moduli, 
drois im momentSi, roca OA radiusi 
marTobulia 2 cocias mimmarTvelisa, 
diskos inerciis Zalebis momenti 

1,01 =ΦM nm, cocias inerciis Zalebi 

12 =Φ n, cocias simZimis Zala 12 =G n. 

 

 
 

19.3.8  

gansazRvreT F
r
 Zalis moduli, Tu 

sagoravebis inerciis Zalebis nakrebi veq-

torebi 41 =Φ n, 12 =Φ n, inerciis Zalebis 

nakrebi momentebi 8,01 =ΦM nm, 1,02 =ΦM nm, 

radiusi 1,0=r m. 
 

 

19.3.9  

gansazRvreT 1 sagoravis 1G  simZimis 

Zala drois im momentSi, roca kuTxe 
°= 45α , inerciis Zalebis nakrebi veqto-

rebi 1021 =Φ=Φ n, inerciis Zalebis nakrebi 

momentebi 5,021 == ΦΦ MM nm, radiusi 

1,0=r m. 3 sxeulis masa ugulebelyaviT. 
 

 

19.3.10  
gansazRvreT reduqtoris moZraobaSi 

momyvani wyvilZalis M momentis moduli, 
Tu inerciis Zalebis nakrebi momentebi 

1,01 =ΦM nm, 12 =ΦM nm. Rveduri gadacemis 

gadacemiTi fardoba 5,0=i , kbilanebis 

ricxvi 501 =z , 1002 =z . 
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19.3.11  

gansazRvreT im F
r
 Zalis moduli, 

romlis moqmedebiT 101 =m kg masis 1 

sxeuli aiweva zeviT mudmivi 1=w m/wm2 
aCqarebiT. 
 

 19.3.12  

gansazRvreT im F
r
 Zalis moduli, 

romlis moqmedebiT 11 =m kg masis 1 

sxeuli mudmivi 1=w m/wm2 aCqarebiT adis 
xaoian daxril sibrtyeze. srialis 

xaxunis koeficienti 1,0=f . 

 
 

 

19.3.13  

2001 =m kg masis Zeli Zevs 2 da 3 

lilvebze, romelTa inerciis momentebi 

brunvis RerZebis mimarT 1,021 == II kg·m2.  

gansazRvreT im F
r
 Zalis moduli, 

romelic aucilebelia movdoT Zels, rom 
mas mivaniWoT 1=w m/wm2 aCqareba, Tu 
radiusi 1,0=r m. 
 

 

19.3.14  
gansazRvreT dolze moqmedi wyvil-

Zalis M momenti, Tu sxeulebis inerciis 

Zalebi 21 =Φ n, 12 =Φ n, radiusi 1,0=r m. 

 

 

19.3.15  
gansazRvreT wyvilZalis mudmivi M 

momentis moduli, Tu 101 =m kg masis 1 

tvirTi moZraobs 1m/wm2 aCqarebiT. brunvis 
RerZebis mimarT 2 da 3 sxeulebis iner-

ciis momentebi 04,02 =I kg·m2, 02,03 =I kg·m2, 
radiusi 1,0=r m.   
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19.3.16  

gansazRvreT wyvilZalis M momentis 
moduli, Tu 1 sxeuli adis 1m/wm2 

aCqarebiT, sxeulis masebia 221 == mm kg. 2 

dolis radiusi, romelsac erTgvarovan 
cilindrad CavTvliT, 2,0=r m. 
 
19.3.17  

gansazRvreT wyvilZalis mudmivi M 
momentis moduli, Tu dolis kuTxuri 
aCqareba 1=ε rad/wm2, sxeulebis masebi 

121 == mm kg, radiusi 2,0=r m, 1 doli 

CaTvaleT erTgvarovan cilindrad. 
 

 19.3.18  
gansazRvreT wyvilZalis M momentis 

moduli, Tu 1 kg masis 1 sxeuli moZraobs 
1m/wm2 mudmivi aCqarebiT. 2 dolis inerciis 

momenti brunvis RerZis mimarT 1,02 =I kg⋅m2, 
radiusi 2,0=r m. 
 

 19.3.19  

gansazRvreT wyvilZalis mudmivi M 
momentis moduli, romlis moqmedebiT 1 
doli brunavs 1=ε rad/wm kuTxuri 
aCqarebiT. 1 doli da 2 sagoravi erTnairi 
_ 2,0=r m radiusis erTgvarovani cilind-

rebia, sxeulebi masebi 221 == mm kg.   

 

 

19.3.20  

gansazRvreT im F
r
 Zalis moduli, 

romlis moqmedebiT 4,0=r m radiusiani 

201 =m kg masis erTgvarovani uwyveti 1 

sagoravis c centri moZraobs zeviT 

mudmivi 1=cw m/wm2 aCqarebiT. 
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19.3.21  

gansazRvreT 5,01 =m kg masis 1 sxeulis 

Tavisufali vertikaluri rxevis kuTxuri 

sixSire, Tu WoWonaqis masa 12 =m kg-s, 

zambaris sixistis koeficienti 100=c n/m. 
WoWonaqi CaTvaleT erTgvarovan diskod. 
 

 

19.3.22  

gansazRvreT 11 =m kg masis 1 sxeulis 

Tavisufali vertikaluri rxevis kuTxuri 
sixSire, Tu zambaris sixistis koefi-
cienti 100=c n/m. 
 

 

19.3.23  
gansazRvreT 4=m kg masis 1 tvirTis 

Tavisufali vertikaluri rxevis periodi, 
Tu yoveli zambaris sixistis koeficienti 

100=c n/m, radiusi 2,0=r m.  

 

19.3.24  
gansazRvreT 1 sxeulis Tavisufali 

vertikaluri rxevis kuTxuri sixSire, Tu 

sxeulis masebia: 11 =m kg, 22 =m kg, 

zambaris sixistis koeficienti 100=c n/m. 
 

 

19.3.25  
gansazRvreT 1=m kg masis 1 sxeulis 

Tavisufali rxevis kuTxuri sixSire, Tu 
zambaris sixistis koeficienti 1=c n/sm. 
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Tavi 20. lagranJis meore gvaris gantolebebi 

20.1. ganzogadebuli koordinatebi 

 
20.1.1  

fexburTis burTi imyofeba Tavisufal frenaSi. 
gansazRvreT misi ganzogadebuli koordinatebis ricxvi. 
 

 

20.1.2  

mrudmxara-cocia meqanizmis meSveobiT 
borbali modis moZraobaSi. gansazRvreT 

miTiTebuli Ax , Ay , Bx , By , ϕ , Bϕ  koordi-

natebidan ramdeni SeiZleba erTdroulad 
miviRoT ganzogadebul koordinatad. 
 

 

20.1.3  

rgolis formis detali srialiT 
goravs RarSi. gansazRvreT detalis 
ganzogadebuli koordinatebis ricxvi. 

 

 

 

20.1.4  

1 sxeuls SeuZlia Tavisuflad imoZ-
raos horizontalur sibrtyeSi. 2 sxeuli 
sxeulTan zambariTaa dakavSirebuli. sis-
temis savaraudo moZraoba xdeba naxatis 
sibrtyeSi, gansazRvreT ganzogadebuli 
koordinatebis ricxvi.  
 

20.1.5  

meqanikuri sistema Sedgenilia 3 
sagoravisagan, 1 da 6 borblisagan, 2 
Zelisagan, 4 WoWonaqisagan da 5 
tvirTisagan. gansazRvreT am sistemis 
ganzogadebuli koordinatebis ricxvi.  
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20.1.6  
saxsrebiT SeerTebul samRerovan 

sistemas SeuZlia moZraoba vertikalur 
sibrtyeSi. gansazRvreT sistemis ganzoga-
debuli koordinatebis ricxvi.  

 
 20.1.7  

1 prizmas SeuZlia Tavisufali 
moZraoba horizontalur sibrtyeSi. 2 da 3 
sxeuli zambariT arian erTmaneTTan 
dakavSirebulni da SeuZliaT prizmis 
mimarT gadaadgileba. sistema savaraudod 
moZraobs naxatis sibrtyeSi. gansazRvreT 
ganzogadebuli koordinatebis ricxvi.  
 

 

20.1.8  
meqanizmi Sedgenilia vertikaluri 1 

RerZisagan, horizontaluri 2 RerZisagan 
da 3 borblisagan. gansazRvreT 3 borblis 
ganzogadebuli koordinatebis ricxvi.  
 

 20.1.9  
1 prizmas SeuZlia moZraoba horizon-

talur sibrtyeze. 2 prizma srialebs zeda 
waxnagze. 3 da 4 sxeulebi erTmaneTTan da 
2 sxeulTan zambarebiT arian dakavSire-
buli. gansazRvreT sistemis ganzogade-
buli koordinatebis ricxvi, Tu yvela 
sxeuli moZraobs erTidaigive vertikalur 
sibrtyeSi.  
 

20.2. erTi Tavisuflebis xarisxis mqone sistemis 
ganzogadebuli Zalebi 

 
20.2.1  

meqanikuri sistemis potencialuri energia 215ϕ=Π -s, 
sadac ϕ  _ radianebSi. gansazRvreT ganzogadebuli ϕ  
koordinatis Sesabamisi ganzogadebuli Zala drois im 
momentisaTvis, roca kuTxe °= 90ϕ -s. 
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20.2.2  
3=l m sigrZisa da m = 30kg masis 

erTgvarovani Rero brunavs vertikalur 
sibrtyeSi. gansazRvreT ganzogadebuli ϕ  
koordinatis Sesabamisi ganzogadebuli 
Zala drois im momentisaTvis, roca kuTxe 

°= 45ϕ -s. 
 

 

20.2.3  
sxeuli, Oz RerZis garSemo brunavs 

bnF
rrrr

402530 ++= τ  Zalis moqmedebiT, 
romelic modebulia A wertilze. manZili 

2,0=OA m. sakisrebis winaRobis Zalebis 

momenti 8,0=xaxM nm. gansazRvreT sxeulis 

mobrunebis ϕ kuTxis Sesabamisi ganzoga-
debuli Zala.  
 

 

 

20.2.4  

cilindrs, romelic 20=M nm momen-
tiani wyvilZalis moqmedebiT brunavs, 

samuxruWe xundebi eWireba 1002 =F n ZaliT. 

gansazRvreT ganzogadebuli ϕ koordi-
natis Sesabamisi ganzogadebuli Zala, Tu 
xundebsa da cilindrs Soris srialis 
xaxunis koeficienti 4,0=f -s, xolo 

4,0=R m-s. 
 

 

 

20.2.5  

30=m kg masis 1 sxeuli da 25,0=R m 
radiusis cilindri uWimadi bagiriT arian 
SeerTebuli. gansazRvreT ganzogadebuli 
x koordinatis Sesabamisi ganzogadebuli 
Zala, Tu 1 sxeulsa da zedapirs Soris 
srialis xaxunis koeficienti 2,0=f , 

xolo cilindrze modebulia 25=M nm 
momentiani wyvilZala.   
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20.2.6  

1521 == mm kg masis 1 sxeuli da 2 

tvirTi ZafiT arian SeerTebuli. gansaz-
RvreT ganzogadebuli s koordinatis 
Sesabamisi ganzogadebuli Zala, Tu Zala 

350=F n-s.  
 

 

20.2.7  

gansazRvreT ganzogadebuli ϕ koordi-
natis Sesabamisi ganzogadebuli Zala, Tu 

1,0=r m radiusian 1 dolze moqmedebs 

mudmivi 50=M m momentiani wyvilZala, 

urikis Zaris masa 402 =m kg, oTxi 

borblisagan TiToeulis masa 1=m kg-s. 
 

 

20.2.8  

301 =m kg da 103 =m kg masis 1 da 3 

tvirTebi WoWonaqze gadakidebuli uWimadi 
bagiriT arian SeerTebuli. gansazRvreT 

ganzogadebuli 1y  koordinatis Sesabamisi 

ganzogadebuli Zala. 
 

 

20.2.9  
1,0=r m radiusis 1 dolze moqmedebs 

50=M nm momentiani wyvilZala. gansazRv-
reT 10=m kg masis 2 tvirTis ganzogade-
buli x koordinatis Sesabamisi ganzogade-
buli Zala.   
 

 

20.2.10  

241 =m kg da 162 =m kg masis 1 da 2 

cilindrebze Semovlebulia bagiri. gan-

sazRvreT ganzogadebuli 2y  koordinatis 

Sesabamisi ganzogadebuli Zala. 
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 20.2.11  
paralelur lilvebze, romlebzec r da 

2r radiusiani dolebia Camocmuli, kbila-
nuri gadacemiT arian SeerTebuli Sesaba-

misad 601 =z  da 402 =z  kbilebis ricxviT. 

gansazRvreT ganzogadebuli ϕ koordinatis 
Sesabamisi ganzogadebuli Zala, Tu masebi 

11 =m kg-s, 22 =m kg-s, radiusi 1,0=r m-s.  

 
 20.2.12  

friqciuli gadacema 1, 2, 3 borblebi-

sagan Sedgeba. 1 da 3 borblebze 151 =M nm 

da 52 =M nm momentiani wyvilZalebia mode-

buli. airCevT ra 1 borblis mobrunebis ϕ 
kuTxes ganzogadebul koordinatad, gan-
sazRvreT misi Sesabamisi ganzogadebuli 

Zala, Tu radiusebi 3,01 =R m-s da 5,03 =R m-s.  

 

 

20.2.13  

Rveduri gadacemis 3 Skivze modebulia 
25=M nm momentiani wyvilZala. ganzogade-

bul koordinatad airCevT ra 3 borblis 

mobrunebis 3ϕ  kuTxes, gansazRvreT misi 

Sesabamisi ganzogadebuli Zala, Tu 
tvirTis masa tolia 10kg-s, xolo 

radiusebi 5,02 =R m, 4,02 =r m, 2,03 =R m. 

 

 

20.2.14  

1 cilindrze modebulia 120=M nm 
momentiani wyvilZala da xaxunis Zalis 

momenti 10=xaxM nm. uWimadi Zafis boloze 

mibmulia 402 =m kg masis tvirTi. gansazRv-

reT ganzogadebuli Zala, romelic 
Seesabameba ganzogadebul koordinatad 

arCeul ϕ kuTxes, rodesac 3,0=R m.  
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20.2.15  
m=6kg masis tvirTi Camokidebulia 

zambaraze, romlis deformaciisas warmoi-
Soba yF 300−=  aRmdgeni Zala. gansazRvreT 

sm-Si y koordinati maSin, roca ganzoga-
debuli yQ  Zala tolia nulis. A wertili 

warmoadgens aradeformirebuli zambaris 
bolos. 
 

 
 

20.2.16  
Zala tF 3cos40= -s, zambaris sixistis 

koeficienti 300=c n/m. gansazRvreT ganzo-
gadebuli x koordinatis Sesabamisi ganzo-
gadebuli Zala drois 2=t wm momenti-
saTvis, Tu koordinati 1,0=x m-s. 
 

 

20.2.17  
0,5m sigrZis Rero, masze mierTebuli 

201 =m kg masis 1 wertilovani tvirTiT, 

irxeva vertikalur sibrtyeSi. Reroze 
moqmedebs 3 zambaris Zala ϕ80−=M  
momentiT. gansazRvreT ϕ  koordinatis 
Sesabamisi ganzogadebuli Zala, roca 

kuTxe 6πϕ = . 
 

 

20.2.18  

5321 === mmm kg masis 1, 2, 3 sxeulebi 

SeerTebuli arian uWimadi ZafiT. 

gansazRvreT ganzogadebuli 1s  koor-

dinatis Sesabamisi ganzogadebuli Zala. 
 

 

20.2.19  
OA mrudmxaraze moqmedebs 5,1=M nm 

momentiani wyvilZala, xolo B cociaze 
20=F n Zala. gansazRvreT ganzogadebuli 

ϕ  koordinatis Sesabamisi ganzogadebuli 
Zala drois im momentisaTvis, roca 

°= 45ϕ -s, xolo manZilebi 2,0== OBOA m-s. 
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 20.2.20  
ori erTnairi 5,0=l m sigrZis Reroebi 

A saxsariT arian SeerTebulni. gansaz-

RvreT ganzogadebuli ϕ koordinatis 
Sesabamisi ganzogadebuli Zala drois im 
momentisaTvis, roca kuTxe °= 25ϕ , Zala 

100=F n-s, xolo 1 tvirTis masa tolia 5 
kg-s. 
 

20.3. ramdenime Tavisuflebis xarisxis mqone  
sistemis ganzogadebuli Zalebi 

  
20.3.1  

raime meqanikur sistemaze modebuli yvela Zalis 
elementalur muSaobaTa jami Cawerilia Semdegi saxiT: 

321 603020 qqqA δδδδ ++= , sadac q1, q2, q3 _ ganzogadebuli koor-

dinatebia m-Si. gansazRvreT ganzogadebuli q2 koordinatis 
Sesabamisi ganzogadebuli Zala.  
 

 

20.3.2  

gansazRvreT ganzogadebuli ϕ koordi-
natis Sesabamisi ganzogadebuli Zala, Tu 
myar sxeulze moqmedi brtyeli Zalebis 

sistema dayvanilia jiR
rrr

96 +−=  nakreb 

veqtorze da 14=M nm nakreb momentze. 
 

 20.3.3  
gansazRvreT ganzogadebuli x2 koor-

dinatis Sesabamisi ganzogadebuli Zala, 

Tu mocemulia sxeulebis masebi 101 =m kg, 

52 =m kg. 

 

 

20.3.4  
gansazRvreT ganzogadebuli x1 koor-

dinatis Sesabamisi  ganzogadebuli Zala, 

Tu mocemulia sxeulebis masebi 11 =m kg, 

1,02 =m kg. 
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20.3.5  
konservatuli sistemis potencialuri energia 

2
2
1 23 xx +=Π . gansazRvreT ganzogadebuli x2 koordinatis 

Sesabamisi ganzogadebuli Zala. 
 

20.3.6  
konservatuli sistemis potencialuri energia 

ϕcos)2418( s+=Π , sadac s da ϕ ganzogadebuli koordina-

tebia. gansazRvreT ganzogadebuli s koordinatis Sesabamisi 
ganzogadebuli Zala drois im momentSi, roca 5,0=s m-s da 

kuTxe 2=ϕ rad-s. 
 

 

20.3.7  
wertilze moqmedi Zalebis sistemis 

tolqmedis moduli 50=R
r

n. gansazRvreT 

ganzogadebuli y koordinatis Sesabamisi 
ganzogadebuli Zala, Tu kuTxe °= 60α -s, 

°= 70β -s. 
 

 

20.3.8  

gansazRvreT ganzogadebuli ϕ koordi-
natis Sesabamisi ganzogadebuli Zala drois 
im momentSi, roca qanqaris gadaxris kuTxe 

°= 30ϕ -s, misi sigrZe 5,0=l m-s, xolo 

sxeulebis masebi 101 =m kg-s, 12 =m kg-s. 
 

 

20.3.9  

gansazRvreT ganzogadebuli ϕ koordi-
natis Sesabamisi ganzogadebuli Zala drois 
im momentSi, roca qanqaris gadaxris kuTxe 

°= 30ϕ -s, misi sigrZe 1=l m-s, sxeulis 

masebis 101 =m kg-s, 12 =m kg-s, kuTxe °=15α . 
 

 

20.3.10  
gansazRvreT ganzogadebuli x2 koordi-

natis Sesabamisi ganzogadebuli Zala, Tu 

mocemulia sxeulebis masebi 41 =m kg, 

22 =m kg-s. 
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20.3.11  
gansazRvreT ganzogadebuli x1 koor-

dinatis Sesabamisi ganzogadebuli Zala, 

Tu sxeulis masebia 81 =m kg-s, 22 =m kg-s. 
 

 

20.3.12  
°= 60α  kuTxiani samkuTxa firfitas 

abrunebs 1=M n momentiani wyvilZala. 
1,0=m kg masis wertili moZraobs firfi-

tis gverdis gaswvriv. gansazRvreT x koor-
dinatis Sesabamisi ganzogadebuli Zala.  
 

 
 

20.3.13  
1 da 2 firfitaze, romelTa masebia 

1021 == mm kg-s, moqmedeben 501 =F n da 

302 =F n Zalebi. gansazRvreT x1 koor-

dinatis Sesabamisi ganzogadebuli Zala, 
Tu yvela zedapirebs Soris srialis 
xaxunis koeficienti 15,0=f -s.  
 

 

20.3.14  
1, 3 sxeulebi da 2 cilindri, romelTa 

masebia 1001 =m kg, 1503 =m kg, 2202 =m kg-s, 

moZraoben vertikalur sibrtyeSi. x1 da x2 
koordinatebs airCevT ganzogadebul koor-
dinatebad, gansazRvreT ganzogadebuli x3 
koordinatis Sesabamisi ganzogadebuli Zala. 
 

 

20.3.15  

121 =m kg, 62 =m kg, 143 =m kg masis 1, 2, 

3 tvirTebi gadaadgildebian vertikalur 
sibrtyeSi y1 da y2 koordinatebi arCeulia 
ganzogadebul koordinatebad. gansazRvreT 
ganzogadebuli y1 koordinatis Sesabamisi 
ganzogadebuli Zala. 
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20.4. kinetikuri potenciali 
 

20.4.1  
SeiZleba Tu ara meqanikuri sistemis kinetikuri 

potenciali ganisazRvros funqciiT 2212),( xxxxf += && ?  

 
20.4.2  

SeiZleba Tu ara konservatuli sistemis kinetikuri 

potenciali ganisazRvros funqciiT 244),( xxxxf −= && ? 

 
20.4.3  

SeiZleba Tu ara meqanikuri sistemis kinetikuri 

potenciali ganisazRvros funqciiT 224),( xxxxf += && . 

 
20.4.4  

drois romeliRac momentSi ganzogadoebuli koordi-

nata 3=ϕ rad, xolo ganzogadebuli siCqare 2=ϕ& rad/wm. 
ganvsazRvroT meqanikuri sistemis kinetikuri potencialis 
moduli, Tu cnobilia, rom sistemis kinetikuri energia 

210ϕ&=T  , xolo potencialuri energia 22ϕ=Π . 
 

 

   

20.4.5  
20=m kg masis mqone sxeuli srialebs 

daxril zedapirze qvemoT. ganvsazRvroT 
sxeulis kinetikuri potenciali drois im 
momentSi, roca sxeulis koordinata s =2 m 
da siCqare 3=ν m/wm. miviRoT sxeulis 

potencialuri energia 0Π  nulis tolad 

im mdgomareobaSi, roca koordinata s = 0. 
 

 

20.4.6  
materialuri M wertili, romlis masaa 
1=m kg moZraobs vertikalurad. ganvsaz-

RvroT moZraobis ν
r
 siCqare drois im 

momentSi, roca wertilis kinetikuri 
potenciali tolia 0-is da is imyofeba 

6=h m simaRleze, Tu viciT, rom 0=h -is 

potencialuri energia 00 =Π . 
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20.4. 7  
60kg masis 1 sxeuli moZraobs 1=v m/wm 

siCqariT. 2,0=r m radiusis mqone cilind-
ris inerciis momenti brunvis RerZis 

mimarT 2=AI kg·m2. ganvsazRvroT sistemis 

kinetikuri potenciali, roca 1 sxeuli 
imyofeba 1=y m simaRleze da cnobilia, 

rom Tu sistemis potencialuri energia 
aris 0-is toli, maSin 0=y . 

 
 

 

20.4.8  
1=m kg masis mqone sxeulze moqmedebs 

zambaris drekadobis Zala xF 100−= . 
ganvsazRvroT sxeulis kinetikuri 
potenciali, roca koordinata 1,0=x m da 

siCqare 1=v m/wm. miviRoT drekadobis 

Zalis potencialuri energia 00 =Π , Tu 

0=x . 
 

 

 

20.4.9  
2 tvirTi mimagrebulia 1 Reroze da 

moZraobs vertikalur sibrtyeSi. qanqaris 

potencialuri energia )cos1(81,9 ϕ−=Π , 

kinetikuri energia 28,0 ϕ&=T . ganvsazRvroT 

kinetikuri potenciali dros im momentSi, 
roca kuTxe °= 60ϕ  da kuTxuri siCqare 

1=ϕ& rad/wm. 
 

 
 

20.4.10  
ganvsazRvroT 1 da 2 sxeulis kinetikuri 

potenciali, romelTa masebia 101 =m kg da 

52 =m kg. siCqare 31 =v m/wm da  orive sxeu-

li imyofeba 2=h m simaRleze horizon-
taluri zedapiridan, romelzedac am 
sxeulebis potencialuri energia miRebu-

lia 00 =Π  tolad. 
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20.5. lagranJis meore gvaris gantoleba 
    erTi Tavisuflebis xarisxis mqone 

sistemisaTvis 
   

20.5.1  

meqankuri sistemis kinetikuri energia 28ϕ&=T , ganzoga-

debuli Zala ϕϕ −=16Q , sadac ϕ (rad) – ganzogadebuli 

koordinataa. ganvsazRvroT kuTxuri aCqareba ϕ&&  drois im 

momentSi, roca 8=ϕ  rad. 

 

 
 

20.5.2  

meqanizmi moZraobs vertikalur sibrt-

yeSi. kinetikuri energia 22ϕ&=T , ϕ koor-
dinatis Sesabamisi ganzogadebuli Zala 

tolia ϕϕ cos8−= MQ . ganvsazRvroT wyvil-

Zalis M momenti, modebuli OA 
mrudmxaraze, roca kuTxuri aCqareba 

2=ϕ&& rad/wm2 da kuTxe πϕ 25,0= .  
 

20.5.3  

meqanikuri sistemis ganzogadebuli Zala ϕϕ sin20−=Q , 

sadac ϕQ  izomeba n⋅m-Si; ϕ (rad) – ganzogadebuli 

koordinatia. ganvsazRvroT kuTxuri aCqareba ϕ&&  drois im 
momentSi, roca kuTxe 3=ϕ  rad, Tu sistemis kinetikuri 

energia ϕϕϕ &⋅+= sin305 2T . 
 

20.5.4  

sistemis kinetikuri potenciali, gamosaxuli misi 
ganzogadebuli y koordinatiT da ganzogadebuli siCqariT 

y& , tolia yyL 22 += & . ganvsazRvroT y&&  aCqareba. 
 

20.5.5.  

sistemis kinetikuri potenciali 142 2 ++= ϕϕ&L  gamosa-

xulia ganzogadebuli ϕ koordinatiT da ganzogadebuli 

siCqariT ϕ& . ganvsazRvroT kuTxuri aCqareba ϕ&& . 
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20.5.6  
meqanikuri sistemis kinetikuri potenciali ganisazRv-

reba gamosaxulebiT ϕϕ 214 += &L , sadac ϕ (rad) _  ganzoga-
debuli koordinataa. ganvsazRvroT ganzogadebuli siCqare 

ϕ&  moZraobis dawyebidan 2 wm-is Semdeg, Tu 20 ==tϕ& rad/wm. 

 
20.5.7  

meqanikuri sistemis kinetikuri potenciali ganisazRv-

reba gamosaxulebiT xxL 2016 2 += & . ganvsazRvroT ganzoga-
debuli x koordinatis mniSvneloba drois 3=t wm 

momentisaTvis, Tu moZraobis dasawyisSi 00 ==tx , 20 ==tx& m/wm. 

 
20.5.8  

meqanikuri sistemis kinetikuri energia 22xT &= , potencia-
luri energia x4=Π . ganvsazRvroT sistemis ganzogadebuli 

siCqare x&  drois 3=t wm momentisaTvis, Tu 130 ==tx& m/wm. 

 
20.5.9  

meqanikuri sistemis kinetikuri energia 212xT &= , poten-
cialuri energia gx2−=Π , sadac x(m) _ ganzogadebuli 

koordinati. ganvsazRvroT aCqareba x&& . 
 

20.5.10  

meqanikuri sistemis kinetikuri energia 25,1 sT &= , poten-

cialuri energia 2150s&=Π . ganvsazRvroT aCqareba s&&  drois 
im momentSi, roca koordinati 01,0=s m. 
 

 

20.5.11  

ganzogadebuli ϕ&  siCqariT diskos 
kinetikuri energia, gamosaxuli, tolia 

212ϕ&=T . ganvsazRvroT diskos kuTxuri 

aCqareba, Tu masze moqmedebs wyvilZala 

momentiT 6=M n⋅m. 
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20.5.12  

sistemis kinetikuri energia 26sT &= , 

sxeulTa masebia 621 == mm kg. ganvsazRv-

roT 1 sxeulis aCqareba, Tu 1 sxeulsa da 
horizontalur zedapirs Soris srialis 
xaxunis koeficienti tolia 2,0=f . 
 

 

 
 

20.5.13  
meqanikuri sistema, romelic Sedgeba 
20=m kg masis mqone 1 sxeulisagan da 2 

cilindrisagan, romlis inerciis momenti 

brunvis RerZis mimarT 20 =I kg·m2, gaaCnia 

kinetikuri energia 235sT &= . ganvsazRvroT 
1 sxeulis aCqareba, Tu wyvilZalis 

momenti 20=M n⋅m da radiusi 2,0=r . 
 

 

20.5.14  
ganvsazRvroT 1 diskos kuTxuri 

aCqareba, Tu masze moqmedebs wyvilZala 

momentiT 4,0=M n⋅m. 1 da 2 erTgvarovani 
diskoebis masebi da radiusebi erTnairia: 

10=m kg, 2,0=r m. 
 

 

20.5.15  
ganvsazRvroT 2 satkepnis kuTxuri 

aCqareba, romelic goravs srialis gareSe, 
Tu 1 WoWonaqze moqmedebs wyvilZala 

momentiT 6,0=M n⋅m. 2 satkepni miviRoT 

erTgvarovan cilindrad 4=m kg masiT da 
5,0=r m radiusiT.  

 

 

20.5.16  
1 da 3, 2 da 4 Tvlebis radiusebi Sesa-

bamisad tolia 1031 == rr sm, 1542 == rr sm. 

Zalebis momentebi 51 =M n⋅m, 92 =M n⋅m. ganv-
sazRvroT 1 Tvalis kuTxuri aCqareba 1ϕ&& , 

Tu sistemis kinetikuri energia 22ϕ&=T . 
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20.6. lagranJis meore gvaris gantolebebi 
     sistemisaTvis, romlebsac ramodenime 

Tavisuflebis xarisxi gaaCnia 
  

20.6.1  

sistemis kinetikuri energiaa )(25,025,0 2
221

2
1

2
1 xxxxxT &&&&& +++= . 

2x  ganzogadebuli koordinatis Sesabamisi sistemis 

moZraobis diferencialuri gantolebidan ganvsazRvroT 2x&&  

aCqareba drois im momentSi, roca aCqareba 51 =x&& m/wm2, xolo 

ganzogadebuli Zala 5,2
2
=xQ n. 

 

 

20.6.2  
sxeulze, romelic asrulebs brtyel-pa-

ralelur moZraobas, moqmedebs ZalTa 
sistema, romlis nakrebi veqtori 

jiR
rr

46 +−=  da nakrebi momenti 4=cM n⋅m. 
ganvsazRvroT sxeulis c wertilis y&&  
aCqareba, Tu misi kinetikuri energia 

ϕ&&& 5,044 22 ++= yxT . 

 
20.6.3  

meqanikuri sistemis kinetikuri energia 21
2
2

2
15,0 ssssT &&&& ⋅++=  

gamosaxulia ganzogadebuli siCqareebiT 1s&  da 2s& . Sesabamisi 

ganzogadebuli Zalebi 3
1

−=SQ n, 2
2
=SQ n. ganvsazRvroT 

aCqareba 2s&& .  

 
 

 

20.6.4  
meqanikuri sistemis kinetikuri energia 

21
2
2

2
1 2,45167200 ssssT &&&& −+= , sadac 1s&  da 

−2s& ganzogadebuli siCqareebia. ganzogade-

buli Zala, romelic Seesabameba 2s  koor-

dinats, tolia 2652 =Q n. ganvsazRvroT 2 

sxeulis aCqareba 2s&& , Tu 1 sxeulis 

aCqareba tolia 1,01 =s&& m/wm2.  
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20.6.5  

meqanikuri sistemis kinetikuri energia gamosaxuli 

ganzogadebuli siCqareebiT x&  da y&  da tolia 22 25,0 yxT && += . 

ganzogadebuli Zalebia: 3=xQ n, 4=yQ n. ganvsazRvroT 

aCqarebaTa Sefardeba yx &&&& . 

 
20.6.6  

meqanikuri sistemis kinetikuri energiaa 2
2

2
1 410 xxT && += , 

potencialuri energia ki _ 2
2

2
1 85 xx +=Π . iqneba Tu ara moZ-

raobis diferencialuri gantolebebi urTierTdamoukide-
beli.  

 
20.6.7  

meqanikuri sistemis kinetikuri energiaa 22 2102 ϕϕ &&&& ++= xxT , 

xolo potencialuri ki 2)5(12 ϕ+=Π x . iqneba Tu ara 

moZraobis diferencialuri gantolebebi urTierTdamouki-
debeli?  
 

20.6.8  

ori ϕ da s ganzogadebuli koordinatis mqone meqanikuri 

sistemis kinetikuri energia 22 502,0 sT && += ϕ , xolo poten-

cialuri _ s50−=Π . ganvsazRvroT aCqareba s&& . 
 

20.6.9  
m masis materialuri wertilis kinetikuri 

)(5,0 222 zyxmT &&& ++=  da potencialuri mz8,9−=Π  energiebi 

gamosaxulia ganzogadebuli siCqareebiT x& , y& , z&  da 

ganzogadebuli z koordinatiT. ganvsazRvroT aCqareba z&& .  
 

20.6.10  

meqanikuri sistemis kinetikuri energia 222 1086 zyxT &&& ++=  

da potencialuri energia )1086( zyx ++−=Π  gamosaxulia 

Sesabamisad ganzogadebuli siCqareebiT x& , y& , z&  da ganzo-
gadebuli koordinatebiT x, y, z. ganvsazRvroT aCqareba z&& .  
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20.6.11  

konservatuli sistemis kinetikuri energia  

21
2
2

2
1 75,0 xxxxT −+= && , potencialuri energia ki _ 21 xx −−=Π . 1x  

ganzogadebuli koordinatis Sesabamisi diferencialuri 

gantolebidan. ganvsazRvroT 2x&&  aCqareba drois im momentSi, 

roca ganzogadebuli koordinata 5,02 =x . 

 
20.6.12  

konservatuli sistemis kinetikuri energia 21
2
2

2
1 2 xxxxT ++= && , 

xolo potencialuri energia _ 2
2
15,0 xx +=Π . x2 ganzogade-

buli koordinatis Sesabamisi diferencialuri gantolebi-

dan. ganvsazRvroT aCqareba 2x&&  drois im momentSi, roca 

ganzogadebuli koordinata 25,01 =x m. 

 
20.6.13  

meqanikuri sistemis kinetikuri energia 2
2

2
1 28 xxT && += , 

xolo potencialuri energia _ 2
21 )(2 xx −=Π , sadac x1 da x2 

ganzogadebuli koordinatebia. iqneba Tu ara moZraobis 
diferencialuri gantolebebi urTierTdamoukidebeli?  
 

20.6.14  

ori ϕ da s ganzogadebuli koordinatis mqone meqanikuri 

sistemis kinetikuri energia ))((5,07,0 222 ϕϕ &&& ssT ++⋅= , da 

potencialuri energia _ )1(cos10 s+−=Π ϕ , sadac s izomeba m-
Si, ϕ-radianebSi ganvsazRvroT aCqareba s&&  drois im 

momentSi, roca kuTxe 0=ϕ  kuTxuri siCqare 0=ϕ& . 

 
20.6.15  

sistemis kinetikuri potenciali 2
121

2
2

2
1 6695,1 xxxxxL −++= &&&& . 

ganzogadebuli x1 koordinatis Sesabamisi moZraobis 

diferencialuri gantolebidan. ganvsazRvroT aCqareba 2x&&  

drois im momentSi, roca ganzogadebuli koordinata 

1,01 =x m, aCqareba 11 =x&& m/wm2. 
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20.6.16  

sistemis kinetikuri potenciali tolia ++= 2
2

2
1 4ϕϕ &&L  

2121 44 ϕϕϕϕ −−+ && . ganzogadebul 1ϕ  koordinatis Sesabamisi 

moZraobis diferencialuri gantolebidan. ganvsazRvroT 1ϕ&&  

kuTxuri aCqareba drois im momentSi, roca kuTxuri aCqareba 

5,02 −=ϕ&& m/wm2. 

 
20.6.17  

erTi Tavisuflebis xarisxis mqone konservatuli  
meqanikuri sistemis kinetikur potencials aqvs Semdegi saxe 

242 64 xxxL −−= & , sadac x ganzogadebuli koordinatia. 
ganvsazRvroT ganzogadebuli aCqareba x&&  drois im momentSi, 
roca 2=x m. 
 

 

 

20.6.18  
horizontalur sibrtyeSi mosriale 2 

prizmaze moZraobs 1 tvirTi. sistemis 

kinetikuri energia )5,05,0( 22 sxsxmT &&&& ++=  

gamosaxulia ganzogadebuli siCqareebiT 
x& , s& . ganvsazRvroT aCqarebaTa Sefardeba 

sx &&&& . 

 
 

 

 

20.6.9  
1 da 2 sxeulebi, romelTa masebia 

Sesabamisad 51 =m kg da 82 =m kg, moZraoben 

maTze modebuli 1F
r
 da 2F

r
 Zalebis moqme-

debiT. avirCioT ganzogadebul koordi-

natebad 1s  da 2s  da ganvsazRvroT meore 

sxeulis aCqareba 2s&& , Tu Sesabamisi 

ganzogadebuli Zalebia 31 =SQ n da 

52 =sQ n. 
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Tavi 21. meqanikuri sistemis mcire rxevebi 
 

21.1. erTi Tavisuflebis xarisxis mqone 
sistemis rxevebi 

 
21.1.1  

meqanikuri sistemis mcire rxevebi aRiwereba Semdegi 

diferencialuri gantolebiT 0)4( 2 =+ qq π&& , sadac q(m) 
ganzogadebuli koordinatia. sistemis sawyisi gadaadgileba 

tolia 02,00 =q m, sawyisi siCqare 20 =q& m/wm. ganvsazRvroT 

rxevis amplituda. 
  

21.1.2  
ganvsazRvroT meqanikuri sistemis Tavisufali rxevis 

periodi, Tu am sistemis rxevis diferencialur gantolebas 
aqvs saxe 082556 =+ qq&& , sadac q ganzogadebuli koordinatia. 
 

 

 

21.1.3  
40kg masis 1 kbilana gvirgvins 2 centris 

garSemo ise SeuZlia Semobruneba, rom zam-
barebi ikumSeba. wonasworobis mdgomareo-
baSi zambarebi ar aris deformirebuli. 
ganvsazRvroT gvirgvinis mcire rxevis 
sakuTari sixSire. gvirgvinis inerciis 
radiusi 0,24m-ia, erTi zambaris sixistis 

koeficienti 5⋅105n/m, radiusi 2,0=r m.  
 

 

21.1.4  
ganvsazRvroT l sigrZis erTgvarovani 

xisti Reros mcire rxevis sakuTari 
sixSire rad/wm-Si, Tu misi masaa 3kg, 
zambaris sixistis koeficientia 400n/m. 
Rero moZraobs horizontalur sibrtyeSi.  
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21.1.5  
10kg masis erTgvarovani kvadratuli 

aradeformadi firfita brunavs horizon-
talur sibrtyeSi O saxsris garSemo. 
ganvsazRvroT firfitis mcire rxevis 
sakuTari sixSire, Tu zambarebi erTnairia 
da maTi sixistis koeficienti tolia 1kn/m. 

 

 

21.1.6  
ganvsazRvroT erTgvarovani kvadratu-

li aradeformadi firfitis mcire rxevis 
sakuTari sixSire. firfitis masaa 10kg. 
zambaris sixistis koeficienti tolia 1 
kn/m. 
 

 
 

21.1.7  

kuTxuri sixistis 40000=ϕc  n⋅m/rad 
koeficientis mqone 1 grexiTi resoris  
boloze dayenebulia 2 disko, romlis 
inerciis radiusi Oz RerZis mimarT tolia 

25=zI kg·m2. disko asrulebs kuTxur 

rxevebs Oz RerZis garSemo. ganvsazRvroT 
rxevis sakuTari kuTxuri sixSire.  
 

 
 

 

21.1.8  
ganvsazRvroT sami erTnairi kbila 

Tvalisgan Semdgari sistemis Tavisufali 
rxevis periodi, Tu TiToeuli Tvalis 
inerciis momenti misive brunvis RerZis 
mimarT tolia 0,04kg·m2, xolo spiraluri 
zambaris kuTxuri sixistis koeficienti 

tolia 10n⋅/rad. 
 

 
 

 

21.1.9  
ganvsazRvroT wyvili erTnairi kbila 

Tvalis Tavisufali rxevis periodi, 
romelTa masebi tolia 5kg, inerciis 
radiusebi brunvis RerZis mimarT 6sm-ia, 
spiraluri zambaris kuTxuri sixistis 

koeficienti tolia 1n⋅m/rad-s. 
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21.1.10  
ganvsazRvroT erTgvarovani aradefor-

madi diskos mcire Tavisufali rxevebis 
kuTxuri sixSire, Tu misi masaa 2=m kg, 
xolo zambarebis sixistis koeficientebia 

9001 =c n/m, 7002 =c n/m. 

 

21.1.11  
2kg masis erTgvarovan cilindrs 

SeuZlia igoraos horizontalur sibrtyeSi. 
statikuri wonasworobis mdgomareobaSi 
zambara daWimulia 150n ZaliT. ganvsaz-
RvroT cilindris mcire rxevis sakuTari 

sixSire rad/wm-Si, Tu 5,0=l m.  
 

 

21.1.12  
ganvsazRvroT myari sxeulis inerciis 

momenti misi brunvis RerZis mimarT, Tu 
mcire rxevebis sakuTari sixSire 4hc-is 
tolia, manZili l =2m, zambaris sixistis 
koeficienti 80=c kn/m.  
 

 
 

 

21.1.13  
0,8kg masis wertili damagrebulia 1,1kg 

masisa da 0,4m sigrZis erTgvarovani Reros 
boloze. Reros SeuZlia brunva horizon-
talur sibrtyeSi. ganvsazRvroT spiraluri 
zambaris kuTxuri sixistis koeficientis 
sidide, Tu am sistemis rxevis sakuTari 
sixSire 20hc-is tolia.  
 

 21.1.14  
konservatuli meqanikuri sistemis kine-

tikuri energiaa 260qT &= , sadac q(rad) 
ganzogadoebuli koordinataa. spiraluri 
zambaris kuTxuri sixistis koeficientis 
ra mniSvnelobisTvis iqneba am sistemis 
sakuTari kuTxuri sixSire 10 rad/wm?  
 

 
 

21.1.15  
xisti Reros Tavisufali rxevebi aRi-
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wereba arawrfivi diferencialuri ganto-

lebiT 0cos45sin230sin300 =−−+ qqqq&& , 

sadac q aris ganzogadoebuli koordi-
nata. ganvsazRvroT Reros mcire rxevebis 
sakuTari sixSire.  

 

21.1.16  
konservatuli meqanikuri sistema 

asrulebs mcire Tavisufal rxevebs 2hc 
sixSiriT. ganvsazRvroT 1 cocias rxevis 
amplituda, Tu sawyis momentSi sistema 
imyofeboda statikur wonasworobaSi, 

xolo 1 cocias siCqare tolia 2,00 =v m/wm. 

 
21.1.17  

meqanikuri sistemis rxevebi aRiwereba diferencialuri 

gantolebiT tqq 2sin249 =+&& , sadac q ganzogadebuli 

koordinata. sruldeba Tu ara gamowveuli meqanikuri 
sistemis iZulebiTi rxeva fazaSi?  
 
 
 

 

21.1.18  
konservatuli meqanikuri sistema asru-

lebs rezonansul rxevebs, ganzogadebuli 
q koordinatis droSi cvlileba 
mocemulia nax-zze, ramdenjer gaizrdeba 
N momvlebis wertilebis ordinatebi, Tu 
orjer gavzrdiT iZulebiTi Zalis 
amplitudas?  
 

21.1.19  
meqanikuri sistemis rxevebi aRiwereba diferencialuri 

gantolebiT tqq 5sin232 =+&& , sadac q(m) ganzogadebuli 

koordinataa. ganvsazRvroT mm-Si iZulebiTi rxevis 
ganzogadebuli koordinatis amplituda.  
 
 21.1.20  

sxeulis mcire rxevebis diferencia-

lur gantolebas aqvs saxe lFclI =+ ϕϕ 2&& . 

ganvsazRvroT sxeulis iZulebiTi rxevis 
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amplituda rad-Si, Tu inerciis momenti 
misi brunvis RerZis mimarT tolia 

6=I kg·m2, zambaris sixistis koeficienti 

3=c kn/m, 5,0=l m, tF  6sin10 π= . 
 

21.1.21  
ganvsazRvroT meqanikuri sistemis dekrementi, Tu am 

sistemis rxevis diferencialur gantolebas aqvs Semdegi 
saxe 0800168 =++ qqq &&& , sadac q ganzogadebuli koordinataa.  

 
21.1.22  

ganvsazRvroT meqanikuri rxevis logariTmuli dekre-
menti, Tu am sistemis rxevis diferencialur gantolebas 
aqvs saxe 09003015 =++ qqq &&& , sadac q ganzogadebuli 

koordinataa. 
 

21.1.23  
arawrfivi meqanikuri sistemis rxevebi aRiwereba dife-

rencialuri gantolebiT 04sin2 =++ qqq &&& , sadac q ganzoga-
debuli koordinataa. ganvsazRvroT am sistemis mcire 
rxevebis logariTmuli dekrementi.  

 

21.1.24  
meqanikuri sistemis moZraobis diferencialur ganto-

lebas aqvs saxe 072012020 =++ qqq &&& , sadac q  ganzogadebuli 

koordinataa. iqneba Tu ara am dros sistemis moZraoba 
aperioduli?  

 

21.1.25  
meqanikuri sistemis moZraoba aRiwereba Semdegi 

diferencialuri gantolebiT 0263 =++ qqq &&& , sadac q ganzo-
gadebuli koordinataa. iqneba Tu ara aseTi moZraoba 
aperioduli?  

 

21.1.26  
meqanikuri sistemis Tavisufali milevadi rxeva aRiwe-

reba diferencialuri gantolebebiT 082 =++ qqq &&& , sadac q 
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ganzogadebuli Zalaa. ramdenjer Semcirdeba rxevis 
amplituda ori periodis Semdeg.  

 

21.1.27  
ganvsazRvroT meqanikuri sistemis Tavisufali milevadi 

rxevis periodi, Tu am sistemis rxevis diferencialur 
gantolebas aqvs Semdegi saxe 04324812 =++ qqq &&& , sadac q  
ganzogadebuli koordinatia.  

21.1.28  
meqanikuri sistemis Tavisufali milevadi rxevebi aRiwe-

reba Semdegi diferencialuri gantolebiT 0532 =++ qqq &&& , 

sadac q(m) ganzogadebuli koordinata. ganvsazRvroT 
ganzogadebuli koordinata drois im momentSi, roca  

1=t wm, Tu drois sawyis momentSi ganzogadebuli koor-

dinata 00 =q , xolo misi warmoebuli 10 =q& m/wm. 

 
21.1.29  

meqanikuri sistemis rxevebi aRiwereba Semdegi diferen-

cialuri gantolebiT tqqq 5sin12125105 =++ &&& , sadac q 
ganzogadebuli koordinataa. ganvsazRvroT damyarebuli 
iZulebiTi rxevis fazuri kuTxe.  

 
21.1.30  

meqanikuri sistemis moZraoba aRiwereba diferencialuri 

gantolebiT tqqq 3sin1094 =++ &&& , sadac q  ganzogadebuli 

koordinataa. ramdenjer Semcirdeba damyarebuli iZulebiTi 
rxevis amplituda Tu winaaRmdegobis koeficients 2-jer 
gavzrdiT?  
 
 

 

21.1.31  
meqanikuri sistemis diferencialur 

gantolebas aqvs saxe Fqqq =++ 300017064 &&& , 

sadac q(m) ganzogadebuli koordinata, 

tF 8sin150=  iZulebiTi Zalaa niutonebSi. 
ganvsazRvroT damyarebuli iZulebiTi 
rxevis amplituda.   
 

21.1.32  
ganvsazRvroT ramdenjer Semcirdeba erTi Tavisuflebis 
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xarisxis mqone arakonservatuli meqanikuri sistemis 
damyarebuli iZulebiTi rxevis amplituda, Tu harmoniuli 
ganzogadebuli iZulebiTi Zalis amplituda Semcirdeba 
3-jer. 

 

 

 

21.2. ori Tavisuflebis xarisxis mqone 
sistemis rxeva 

 

21.2.1  
meqanikuri sistemis kinetikur energias aqvs saxe 

2
2

2
1 214 qqT && +=  ganzogadebuli q1 da q2 koordinatebs Seesa-

bameba ganzogadebuli Zalebi 11 3qQ = , 22 5qQ = . Seasrulebs 

Tu ara meqanikuri sistema rxevas.  
 
 21.2.2  

ori xisti Rero asrulebs mcire 
rxevebs vertikalur sibrtyeSi. ramdeni 
sakuTari sixSire gaaCnia mocemuli 
meqanikuri sistemis rxevas?  
 

 21.2.3  

warmoadgenen Tu ara maTematikuri 
qanqarebis vertikaluri mdgomareobidan 

gadaxrebis ϕ1 da ϕ2 kuTxeebi am sistemis 
rxevis mTavar koordinatebs? maTematikuri 
qanqarebi SeerTebulia erTmaneTTan 
zambariT da asruleben mcire rxevebs 
vertikalur sibrtyeSi.  
 

 21.2.4  

warmoadgenen Tu ara ganzogadebuli  
q1 da q2 koordinatebi imavdroulad 
saxsrulad SeerTebuli ori xisti 
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Rerosgan Semdgari sistemis mTavar 
koordinatebs, romlebic vertikalur 
sibrtyeSi asruleben mcire rxevebs.  
ganzogadebul koordinatebad miRebulia 
Reroebis vertikaluri mdgomareobidan 
gadaxris kuTxeebi.  
 

 

21.2.5  

konservatuli meqanikuri sistemis rxevis kinetikuri poten-

ciali gansazRvrulia gamosaxulebiT 2
24

2
13

2
22

2
11 qcqcqcqcL −−+= && , 

sadac q1, q2 ganzogadebuli koordinatebia. 1c , 2c , 3c , 

−4c mudmivebia. warmoadgenen Tu ara am SemTxvevaSi 

ganzogadebuli q1 da q2 koordinatebi imavdroulad 
meqanikuri sistemis mTavar koordinatebs?  
 
 21.2.6  

meqanikuri sistema ganTavsebulia hori-
zontalur sibrtyeSi da imyofeba statikur 
wonasworobaSi. aRiZvreba Tu ara 1 Reros 
kuTxuri rxevebi, Tu 2 Reros mivaniWebT 

sawyis kuTxur siCqares 0ω -s O saxsris 

garSemo? rxevebi CavTvaloT mcired.  
 

 
 

21.2.7  

or 1 da 2 Rerosagan meqanikuri sistema, 
mdebareobs horizontalur sibrtyeSi; q1 
aris 1 Reros mobrunebis kuTxe O saxsris 
garSemo, q2 me-2 Rero mobrunebis kuTxe O2  
polusis garSemo. arian Tu ara ganzo-
gadebuli q1 da q2 koordinatebi imav-
droulad mTavari koordinatebi am 
sistemis mcire rxevebis dros? 
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21.2.8  

meqanikur sistemas Sedgenils erTgva-
rovani sxeulebisagan – disko da Rero, 
SeuZlia gadaadgildes horizontalur 
sibrtyeSi. warmoadgenen Tu ara ganzoga-
debuli koordinatebi  q1 da q2 imavdrou-
lad am sistemis rxevisas mTavar koordi-
natebs?  
 

 

 

21.2.9  
meqanikuri sistema, Sedgenili erTgva-

rovani sxeulebisagan-1 Rero da 2 disko, 
horizontalur sibrtyeSi imyofeba wonas-
worobaSi. aRiZvreba Tu ara 1 Reros 
kuTxuri rxevebi, Tu 2 diskos mivaniWebT 

sawyis kuTxur 0ω  siCqares O saxsris 

garSemo? rxevebi CavTvaloT mcired.  
 

 

21.2.10  
ra l1 manZilze unda ganvaTavsoT ori 

erTnairi zambara, rom aradeformadi 
Reros mcire rxevebis orive sakuTari 
sixSire iyos erTnairi, Tu 1=l m. 
 

21.2.11  
meqanikuri sistemis kinetikuri energia tolia 

2
2

2
1 2qqT += & , potencialuri energia ki _ 2

2
2
1 8016 qq +=Π , sadac 

q1 da q2 ganzogadebuli koordinatebia. ganvsazRvroT 
sistemis rxevis udablesi kuTxuri sakuTari sixSire.  
 

 
 

21.2.12  
meqanikuri sistema, Sedgenili 1 da 2 

diskoebisgan, romlebic damagrebulia 
drekad 3 lilvze, asrulebs kuTxur rxevebs, 
romelTa diferencialuri gantolebebia 

0)(1107
0)(1103

122

211

=−+
=−+

ϕϕϕ
ϕϕϕ

&&

&&
 

ganvsazRvroT rxevebis udablesi sakuTari 
sixSire. 
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21.2.13  
or tvirTs SeuZlia gadaadgildes 

horizontaluri wrfis gaswvriv. am 
meqanikuri sistemis kinetikuri energia 

tolia 21 83 qqT && += , xolo potencialuri 

ki _ 2
21 )(12 qq −=Π & , sadac q1 da q2 ganzo-

gadebuli koordinatebia. ganvsazRvroT 
meqanikuri sistemis rxevis udablesi 
sakuTari sixSire. 

 21.2.14  
avtomobilis mcire rxevebis diferen-

cialur gantolebebs aqvs saxe 

,010105,41024,3

;0101021000

1
4

2
5

2
3

2
4

1
5

1

=⋅−⋅⋅+⋅

=−⋅+

qqq

qqq
&&

&&
 

sadac q1, q2 _ ganzogadebuli koordina-
tebia. ganvsazRvroT avtomobilis rxevis 
umaRlesi sakuTari sixSire.  
 

 
 

 

21.2.15  
manipulatoris mcire rxevis diferen-

cialuri gantolebas aqvs saxe 

,030008000135,0237,0
;030003000135,0114,0

1212

2121

=−++
=−++

qqqq
qqqq

&&&&

&&&&
 

sadac q1, q2 ganzogadebuli koordinatebia. 
ganvsazRvroT manipulatoris rxevis udab-
lesi sakuTari sixSire. 
 

 
 

21.2.16  
iqneba Tu ara arakonservatuli 

meqanikuri sistemis mcire iZulebiTi 
damyarebuli rxevebi erTsixSiriani, Tu 
masze moqmedebs harmoniuli iZulebiTi 

Zala ntFF π2sin0=  n sixSiriT, gansxvave-

buli am sistemis sakuTari n1 da n2 
sixSirisagan.  
 

 
 

21.2.17  
konservatuli sistemis mcire rxevebis 



 348

 

sakuTari sixSireebi Sesabamisad tolia 

61 =n hc, 122 =n hc. harmoniuli iZulebiT F 
Zalis sixSire 153 =n hc. gaizrdeba Tu ara 

sistemis damyarebuli iZulebiTi rxevebis 
amplituda, Tu F Zalis amplitudisTvis 
misive sixSire gaizrdeba 3hc-iT? 
 

 

Tavi 22. dartymis Teoria 

2.2.1. dartymis Zalis moqmedeba materialur 
wertilze 

  
22.1.1  

2,0=m kg masis mqone materialuri wertilze, romelic  

moZraobs jiv
rr

2101 −=  siCqariT, imoqmeda dartymis Zalam. 

dartymisASemdeg wertilis siCqare jiv
rr

862 +−= . ganvsaz-

RvroT dartymis impulsis mniSvneloba. 
 
 

 

22.1.2  

1,0=m kg masis M materialuri 
wertili ejaxeba uZrav saZirkvels da 

ganityorcneba. dartymamde siCqare 71 =ν  

m/wm da Mx mxebTan qmnis °= 641γ kuTxes. 

siCqare dartymis Semdeg 4,32 =ν m/wm da 

mxebTan qmnis °= 692γ  kuTxe. ganvsazRvroT 

dartymis impulsis gegmili Mx RerZze.   
 

 

 

22.1.3  

1=m kg masis mqone M materialuri 

wertili moZravi 101 =ν m/wm siCqariT 

ejaxeba sibrtyes. dartymis Semdeg 

wertilis siCqare 82 =ν m/wm; kuTxeebi 

°= 60α  da °= 75β . ganvsazRvroT dartymis 

impulsis gegmili My normalze.  
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22.1.4  

4,0=m kg masis mqone materialur M wertilze, romelic 

moZraobs ji
rrr

431 −−=ν  siCqariT, imoqmeda dartymis impulsma 

jis
rrr

4,28,1 += . ganvsazRvroT 2ν  siCqaris moduli dartymis 

Semdeg. 
 

 22.1.5  
materialuri M wertilis zRudesTan 

Sejaxebisas dacemis kuTxe °= 30α , xolo 
arekvlis kuTxe °= 36β . dartymis Semdeg 

siCqare tolia 1,52 =ν m/wm. miviRoT zRude 

absoluturad gluvad da ganvsazRvroT 
siCqare dartymamde. 
 

22.1.6  
materialur wertilze imoqmeda dartymis impulsma 

ks
r

10= . dartymamde siCqare k
r

101 −=ν , xolo dartymis Semdeg 

k
r

52 =ν . ganvsazRvroT materialuri wertilis masa. 

 
22.1.7  

materialuri wertilis siCqare uZrav zRudeze pirdapiri 

dartymisas tolia 61 =ν m/wm. ganvsazRvroT siCqare dartymis 

Semdeg, Tu aRdgenis koeficienti 5,0=k . 
 

22.1.8  
materialuri wertilis siCqareebi uZrav zRudeze 

pirdapiri dartymisas erTnairia da 821 ==νν  an 6m/wm 

Sesabamisad ganvsazRvroT aRdgenis koeficienti.  
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22.1.9  

ra vertikaluri 1ν  siCqariT unda 

daeces burTi horizontalur iataks, 

imisaTvis, rom avides 3=h m, simaRleze, 

Tu aRdgenis koeficientia 8,0=k . 
 

 

22.1.10  
burTula usawyiso siCqariT vardeba 

5,11 =h m simaRlidan da horizontalur 

zedapirze dacemis Semdeg adis 8,02 =h m 

simaRleze. vipovoT aRdgenis koeficienti 
dartymisas. 

 

22.1.11  
wvril 1 Tokze mibmuli burTula 2 

eSveba 6,01 =h m simaRlidan usawyiso siCqa-

riT. vertikalur mdgomareobaSi xdeba 
burTulis dartyma kedelze aRdgenis 
koeficientiT 55,0=k . ganvsazRvroT 

burTulis Semdgomi awevis 2h  simaRle. 
 

22.1.12  
gaaCnia ra 12 m/wm siCqare, materialuri wertili ejaxeba 

uZrav zRudes. ganvsazRvroT dartymis dro, romlis drosac 
saSualo dartymis Zala materialuri wertilis wonis me-5 
xarisxis tolia. dartyma CavTvaloT pirdapir da 
absoluturad aradrekadad.  

 

22.1.13  
ganvsazRvroT kn-Si 5,0=m kg masis CaquCis saSualo 

dartymis Zala roca is asrulebs absoluturad aradrekad 
dartymas grdemlze, Tu misi siCqare dartymamde 10=ν m/wm 
da dartymis dro 0,0002 wm-ia. 

 

22.1.14  
1=m kg masis mqone materialuri wertilis dartymisas 

uZrav zRudeze aRdgenis koeficienti 6,0=k , xolo siCqare  

dartymamde 21 =ν m/wm. ganvsazRvroT kinetikuri energiis 
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danakargi. 
 

22.2. ori sxeulis pirdapiri centraluri 
dartyma 

  
22.2.1  

41 =m kg masis sxeuli 10=ν m/wm siCqariT ejaxeba uZrav 

1002 =m kg masis mqone sxeuls. ganvsazRvroT dartymis 

pirvel fazaSi dartymis impulsis moduli.  
 

22.2.2  

01,01 =m kg masis burTula vardeba vertikalurad da 

ecema 6=ν m/wm siCqariT uZrav horizontalur 102 =m kg masis 

filas. ganvsazRvroT dartymis meore fazaSi dartymis 
impulsis moduli, Tu aRdgenis koeficienti 6,0=k .  

22.2.3  

ori erTidaigive masis 100021 == mm kg mqone sxeuli 

ejaxebian urTierTsawinaaRmdegod mimarTuli moduliT 

erTnairi siCqareebiT 5,021 == νν
rr

m/wm. ganvsazRvroT 

dartymis impulsis moduli, Tu aRdgenis koeficienti 0=k .  
  

22.2.4  

1001 =m kg masis uZrav sxeuls ejaxeba 12 =m kg masis 

sxeuli 12 =ν m/wm siCqariT. ganvsazRvroT dartymis impulsis 

sidide, Tu aRdgenis koeficienti 5,0=k . 
 

 

22.2.5  

2 Zafze Camokidebuli 1 burTula 
5,0=ν m/wm siCqariT ejaxeba 3 Zafze Camo-

kidebul uZrav 4 burTulas. ganvsazRvroT 
dartymis Semdeg 4 burTulis siCqare, Tu 

aRdgenis koeficienti 8,0=k  da burTu-
lebis masebi erTnairia. 
 

 22.2.6  

1m  masis sayeluri, ejaxeba uZrav 2 
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sayelurs 1=ν m/wm siCqariT, Tu CavTvliT, 
rom dartyma aris pirdapir centraluri 
aRdgenis koeficientiT 5,0=k . ganvsazRv-
roT 2 sayeluris siCqare dartymis Semdeg. 

21 3mm = . 

 

 

 

22.2.7  

2m  masis uZrav 2 amortizators eja-

xeba 51 =m kg masis 1 sxeuli. aRdgenis 

koeficienti udris 7,0=k . ganvsazRvroT 

2m  masa, romlis drosac 1 sxeulis 

siCqare dartymis Semdeg toli iqneba 0-is. 
 

 
 

22.2.8  

101 =ν m/wm siCqariT moZravi sxeuli 

ejaxeba imave mimarTulebiT 52 =ν m/wm 

siCqariT moZrav 2 sxeuls. im SemTxvevaSi, 

roca masebi 21 mm = , ganvsazRvroT abso-

luturad aradrekadi dartymis Semdeg 
sxeulTa erToblivi moZraobis siCqare. 
 

 
 

22.2.9  
1 da 2 sxeulebi ejaxebian erTmaneTs 

urTierT sawinaaRmdego, magram erTida-

igive mniSvnelobis 621 == νν
r

 m/wm 

siCqareebiT. aRdgenis koeficienti 5,0=k . 

sxeulTa masebi 21 =m  kg, 12 =m kg. 

ganvsazRvroT 2 sxeulis siCqare dartymis 
Semdeg.  
 

22.2.10  
ori sxeulis pirdapiri centraluri dartymis Semdeg, 

romelTa masebia 31 =m kg, 12 =m  da siCqareebi 510 =ν m/wm, 

020 =ν , maTi siCqareebi gaTanabdnen da 75,321 ==νν m/wm.  

ganvsazRvroT kinetikuri energiis danakargi.  
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22.2.11  

xdeba ori erTidaigive 100021 == mm kg masis mqone 

sxeulis moduliT toli 52010 == νν m/wm siCqariT pirdapiri 

dartyma. ganvsazRvroT kinetikuri energiis danakargi. Tu 

dartymis Semdeg siCqareebi 121 == νν
rr

m/wm. 

 
22.2.12  

11 =m kg masis sxeuli 210 =ν m/wm siCqariT ejaxeba uZrav 

32 =m kg masis mqone sxeuls. miviRoT, rom dartyma 

absoluturad aradrekadia da ganvsazRvroT kinetikuri 
energiis danakargi. 
 
 

22.3. dartymis Zalebis moqmedeba sxeulze 
       romelic brunavs uZravi RerZis garSemo 

  
22.3.1  

sxeulze, romelic brunavs uZravi z RerZis garSemo 

1500 =ω rad/wm kuTxuri siCqariT, imoqmeda dartymis impulsma 

1,0)( =sM z
r

n⋅m⋅wm momentiT. dartymis Semdeg kuTxuri siCqare 

146=ω  rad/wm. ganvsazRvroT sxeulis inerciis momenti. 
 

 

22.3.2  
Txel firfitas SeuZlia brunva Tavisi 

simetriis  Oz  RerZis garSemo.  RerZidan 
a=0,1m manZilze uZravi firfitis perpen-

dikularulad imoqmeda 0,5n⋅wm sididis 
dartymis impulsma. ganvsazRvroT kuTxuri 
siCqare dartymis Semdeg, Tu firfitis 

inerciis momenti 002,0=OzI kg·m2.  

 

22.3.3  
kvadratuli formis uZrav firfitaze 

romlis gverdia 0,3m, AB gverdis gaswvriv 
imoqmeda dartymis impulsi 2=S n⋅wm. 
ganvsazRvroT firfitis brunvis kuTxuri 
siCqare dartymis Semdeg, Tu inerciis 

momenti 1,0=OzI kg·m2. 
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22.3.4  
Oxy sibrtyeSi marTi kuTxiT moxril 

berketze 8,0=a m manZilze °= 50α  kuTxiT 

moqmedebs dartymis impulsi 10=S n⋅wm. 
ganvsazRvroT dartymis Semdeg ω kuTxuri 

siCqare. Tu inerciis momenti 6,1=OzI kg·m2. 
 

 

22.3.5  
luqis saxuravi inerciis momentiT 

10=AzI kg·m2 ixureba 30 =ω rad/wm kuTxuri 

siCqariT. miviRoT dartyma absoluturad 
aradrekadad da ganvsazRvroT dartymiTi 
impulsis momenti brunvis RerZis mimarT.  

 22.3.6  
2=m kg masis Txeli erTgvarovani 

Rero brunavs Oz RerZis garSemo 

2,10=ω rad/wm kuTxuri siCqariT. c wer-

tilSi uZrav sayrdenze xdeba dartyma da 

ukucema. ganvsazRvroT dartymis 1CS  

impulsis moduli dartymis pirvel fazaSi, 
Tu 5,0=l m.   
 

 
 

22.3.7  
6,0=AB m sigrZis wvrili Rero, brunavs 

ra Az RerZis garSemo. urtyams sayrdens 
4,0=a m manZilze. inerciis miomenti 

24,0=AzI kg·m2. kuTxuri siCqare dartymamde 

40 =ω rad/wm, xolo dartymis Semdeg 

3=ω rad/wm. ganvsazRvroT dartymis wer-
tilSi normaluri impulsis aRdgenis 

koeficienti.  
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22.3.8  
50=m kg masis mqone erTgvarovani 

karebi ejaxeba uZrav SemzRudvels c 
wertilSi 10 =ω rad/wm kuTxuri siCqariT. 

dartymis Semdeg kuTxuri siCqare tolia 
3,0=ω rad/wm. ganvsazRvroT dartymis 

impulsis moduli, Tu manZili 6,0=a m, 

8,0=b m. 
 

 22.3.9  

Oz RerZis garSemo 20 =ω rad/wm kuT-

xuri siCqariT mbrunavi 9,0=l m sigrZis 

erTgvarovani Rero ejaxeba sayrdens A 
wertilSi. ganvsazRvroT a manZili, 

romlis drosac dartymis impulsi 0s  O 

wertilSi tolia nulis.  
 

 
 

22.3.10  

gavigoT a manZili, 0,8kg masis erT-
gvarovani Reros brunvis O RerZsa da 0,2kg 
masis materialuri wertilis dartymis 
centramde, Tu wertili damagrebulia 

6,0=l  sigrZis Reros boloze. c masaTa 
centrsa da brunvis RerZs Soris manZili 

36,0=Cy m. inerciis momenti 168,00 =I kg·m2. 
 

 

 

22.3.11  

8,0=l m sigrZis da 4,2=m kg masis 
araerTgvarovani Reros masaTa centri 

mdebareobs 37,0=Cx m manZilze, xolo 

dartymis centri 5,0=a m-ze. ganvsazRvroT 

Reros inerciis momenti brunvis Oz RerZis 
mimarT. 
 



 356

 

22.3.12  

marTkuTxa karebze, romelic brunavs 
inerciis mTavari Az RerZis mimarT 

k
r

50 −=ω  kuTxuri siCqariT, K(0; 1; 0) 

wertilSi moqmedebs dartymis impulsi 

jiS
rr

220 +−= . ganvsazRvroT A saqusleSi 

impulsis AzS
r

 mdgeneli. 

 
 

22.4. myar sxeulze momqmedi dartymiTi Zalebi 
roca sxeuli asrulebs brtyel- 

paralelur moZraobas 
  

22.4.1  

dartymamde 20kg masis aseulis masaTa centris siCqare 

i
rr

3=ν  da kuTxuri siCqare k
rr

4=ω . ganvsazRvroT sxeulis 

siCqare dartymis Semdeg, Tu dartymis impulsi iS
rr

20−= . 
 

 
 

22.4.2  

2,1=l m sigrZisa da 5=m kg masis 
erTgvarovani Rero vardeba vertikalurad 
brunvis gareSe, masaTa centris siCqare 

20 =ν m/wm. firfitaze modebulia dartymis 

impulsi 12=S n⋅wm, mimarTuli vertikalu-
rad zemoT. ganvsazRvroT Reros masaTa 
centris siCqare dartymis Semdeg.  
 

 

22.4.3  

Zlierad dabzrialebuli burTi masaTa 

centris 41 =ν m/wm siCqariT °= 30α  dacemis 

kuTxiT sibrtyeze dajaxebis Semdeg 

vertikalurad 5,22 =ν m/wm siCqariT. ganvsaz-

RvroT normalurad NS
r

 impulsis moduli, 

Tu burTis masaa 05,0=m kg. 
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 22.4.4  

dartymamde dabzrialebuli gvergvis 

masaTa centris siCqare 31 =ν m/wm, xolo 

dartymis Semdeg 8,12 =ν m/wm. ganvsazRvroT 

normaluri impul-sis aRdgenis 
koeficienti, Tu dacemis kuTxe °= 45α , 
xolo arekvlis kuTxe °= 32β . 

 
 
 

22.4.5  

20 =ω rad/wm kuTxuri siCqariT mbrunavi 

disko masaTa 8,10 =ν m/wm centris siCqariT 

ejaxeba °= 45α  kuTxiT vertikalur kedels. 
ganvsazRvroT normaluri impulsis modu-

li nS
r
, Tu diskos masaa 6,0=m kg, xolo 

normaluri impulsis aRdgenis koeficien-
ti 55,0=k . 
 

 

22.4.6  
2,0=m kg masis burTi °= 45α  kuTxiT, 

brunvis gareSe 20 =ν m/wm siCqariT ejaxeba 

uZrav brtyel dabrkolebas (zRudes) da 
aisxliteba, da airekleba da °= 60β  

kuTxiT 5,1=ν m/wm siCqariT. ganvsazRvroT 

mxebi impulsis moduli FS
r

. 

 
 

 

22.4.7  
4,0=m kg masis burTi, brunvis gareSe 

30 =ν m/wm siCqariT da °= 75α  kuTxiT 

ecema uZrav sibrtyes. normaluri 
impulsis aRdgenis koeficienti 5,0=k . 
ganvsazRvroT sruli srialis pirobebSi 

mxebi impulsi NK SfS
rr

⋅= , Tu xaxunis 

koeficienti 1,0=f .  
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 22.4.8  
horizontaluri AB Rero, vardeba 

vertikalurad brunvis gareSe 20 =ν m/wm 

siCqariT da ecema D sayrdenze masaTa 
centridan 1,0=a m manZilze. ganvsazRvroT 

Reros ω kuTxuri siCqare  dartymis 

Semdeg, Tu dartymis impulsi 2=DS n⋅m, 
xolo inerciis momenti 5,2=CI kg·m2.  
 

 

 

22.4.9  
dabzrialebuli burTi, romlis kuTxuri 

siCqare 60 =ω rad/wm da masaTa centris 

siCqare _ 8,00 =ν m/wm ecema zRudes norma-

lis gaswvriv. ganvsazRvroT burTis 
kuTxuri siCqaris moduli dartymis 
Semdeg, Tu dartymis impulsis mdgenelebi 

85,0=NS n⋅wm, 085,0=FS n⋅wm, radiusi 1,0=R  

da inerciis momenti 03,0=СzI kg·m2. 
 

 22.4.10  
Txeli erTgvarovani Rero, romelic 

brunavs Oz RerZis garSemo 40 =ω rad/wm 

kuTxuri siCqariT, horizontalur mdgoma-
reobaSi ejaxeba uZrav sayrden Reros Sua 
nawiliT. am dros xdeba mowyveta brunvis 
Az RerZidan dartymis impulsis gareSe. 
ganvsazRvroT Reros kuTxuri siCqare 
dartymis Semdeg.  
 

 

 

22.4.11  
2=m kg masis da 6,0=l m sigrZis 

erTgvarovani Rero vardeba brunvis 
gareSe uZrav brtyel winaaRmdegobaze 

20 =ν m/wm siCqariT. ganvsazRvroT ω 
kuTxuri siCqaris moduli dartymis 

Semdeg, Tu impulsis gegmili 5,2=NS n⋅wm, 
5,0=FS n⋅wm, xolo kuTxe °= 55ϕ . 
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Tavi 23. cvalebadi masis wertilis dinamika 
 

23.1. meSCerskis gantoleba 
 

23.1.1  

cvalebadi masis sxeuli moZraobs 160n toli mudmivi 
Zalis moqmedebiT. ganvsazRvroT sxeulis aCqareba drois 

0=t  momentSi, Tu sxeulis masa icvleba 424em =  kanoniT da 
mierTebuli nawilakebis fardobiTi siCqare nulis tolia. 

 

23.1.2  

wertilis masa icvleba kanoniT )1,01(24 tm +=  drois 

4=t wm momentisaTvis. ganvsazRvroT mudmivi F Zalis 

moqmedebiT moZravi wertilis aCqareba, 80=xF n, 150=yF n. 

mierTebuli nawilakebis fardobiTi siCqare nulis tolia.  
 

 

23.1.3  

ganvsazRvroT wertilis maqsimaluri 
aCqareba, Tu is moZraobs mudmivi 260n 
Zalis moqmedebiT da wertilis masis 
cvlileba mocemulia grafikulad. mierTe-
buli da ukugdebuli nawilakebis 
fardobiTi siCqare nulis tolia.  
 

 

23.1.4  

ganvsazRvroT drois 10=t wm momenti-
saTvis reaqtiuli Zalis moduli, Tu 
sxeulis masaa icvleba kanoniT, romelic 
mocemulia suraTze. ukugdebuli nawila-
kebis fardobiTi siCqare tolia 3,5m/wm.   
 

23.1.5  

wylis tumbos saSualebiT WurWeli 
ivseba siTxiT. ganvsazRvroT reaqciuli 
Zalis moduli, Tu WurWlis masis 
cvlilebis kanoni mocemulia grafikulad. 
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siTxis mierTebuli nawilakebis siCqareebi 
tolia 2,8m/wm-is.  

23.1.6  
wertilis masa icvleba kanoniT tm 3cos1+= . 

ganvsazRvroT reaqtiuli Zalis minimaluri mniSvneloba, Tu 
mierTebuli da ukugdebuli nawilakebis fardobiTi siCqare 
2,1m/wm-ia.  

 
23.1.7  

reaqtiuli avtomobilis modelis masa icvleba kanoniT 
5,06 −= em . ganvsazRvroT drois 0=t  momentisaTvis reaq-

tiuli Zalis moduli, Tu ukugdebuli nawilakebis 
fardobiTi siCqare tolia 4m/wm.  
 

23.1.8  
ganvsazRvroT drois 10=t wm momentSi 

reaqtiuli ZaliT gamowveuli wertilis 
aCqareba, gamowveuli, Tu wertilis masis 
cvlilebis kanoni mocemulia grafikulad. 
mierTebuli nawilakebis fardobiTi 
siCqare tolia 27m/wm. 
 

 23.1.9  
reaqtiuli avtomobilis modelis masa 

icvleba naxazze mocemuli kanoniT. ganv-
sazRvroT drois 10=t wm momentisaTvis 
avtomobilis aCqareba, romelic moZraobs 
mxolod reaqtiuli ZaliT, Tu ukugdebu-
li nawilakebis fardobiTi siCqare tolia 
2,8m/wm. 
 

23.1.10  
ganvsazRvroT drois 5,1=t wm momentisaTvis wertilis 

aCqareba, YTu misi masa icvleba kanoniT )4,01(54 tm −= . 

ukugdebuli nawilakebis fardobiTi siCqare tolia 21m/wm. 
   

23.1.11  
cvalebadi )1(415 tm α+=  masis sxeuli moZraobs mxolod 

reaqtiuli Zalis moqmedebiT da drois 0=t  momentSi 
gaaCnia aCqareba 32m/wm2. ganvsazRvroT α  koeficienti, Tu 
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mierTebuli nawilakebis fardobiTi siCqare tolia 380m/wm.   
 

23.1.12  
cvalebadi )03,01(310 tm +=  masis sxeuli moZraobs 

mxolod reaqtiuli Zalis moqmedebiT. ganvsazRvroT drois 
0=t  momentSi mierTebuli nawilakebis aucilebeli siCqare, 

imisaTvis rom sxeulis aCqareba toli iyos 27m/wm2.  
 

23.1.13  

raketa, romlis masa icvleba kanoniT tem α−= 500  
moZraobs 75m/wm2  aCqarebiT mxolod reaqtiuli Zalis 
moqmedebiT. ganvsazRvroT α  koeficienti, Tu ukugdebuli 
nawilakebis siCqare tolia 1200 m/wm.  

 

23.1.14  
ganvsazRvroT ukugdebuli nawilakebis aucilebeli 

fardobiTi siCqare, imisaTvis, rom raketis aCqareba, 
gamowveuli reaqtiuli ZaliT, toli iyo 60m/wm2. raketis 

masa icvleba kanoniT tem 06,0500 −= . 
 

23.1.15  
raketis masa icvleba kanoniT )1(410 tm α−=  da drois 

0=t  momentSi mxolod reaqtiuli Zalis moqmedebiT raketas 
gaaCnia aCqareba 39m/wm2. ganvsazRvroT α  koeficienti, Tu 
ukugdebuli nawilakebis siCqare tolia 750m/wm.  
 

 
 
 

 

23.1.16  
cvalebadi masis mqone sxeuli moZraobs 

mudmivi 86=F n da reaqtiuli Zalebis 
moqmedebiT. drois 0=t  momentSi ganvsaz-
RvroT sxeulis aCqareba, Tu ukugdebuli 

nawilakebis fardobiTi siCqare 12=rν m/wm. 

sxeulis masa icvleba kanoniT tem 2,0240 −= . 
 

 

 

23.1.17  
cvalebadi masis sxeuli )31(46 tm +=  

moZraobs mudmivi 2=F kn Zalis moqmede-
biT da reaqtiuli ZaliT. drois 3=t wm 
momentSi ganvsazRvroT sxeulis aCqarebis 
gegmili Ox RerZze, Tu mierTebuli nawi-
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lakebis fardobiTi siCqare 31=rν m/wm, Tu 

kuTxe °= 60α .  

 
 

23.1.18  
cvalebadi )41(82 tm +=  masis sxeuli 

moZraobs wrfivad da Tanabrad mudmivi 
500=F n Zalis moqmedebiT da reaqtiuli 

ZaliT. ganvsazRvroT mierTebuli nawila-
kebis fardobiTi siCqare.  
 

 
 

23.1.19  
cvalebadi tm 16015+=  masis sxeuli 

moZraobs mudmivi 250=F n Zalisa da 
reaqtiuli Zalis moqmedebiT. ganvsaz-
RvroT drois momenti, roca sxeuls 
gaaCnia 10m/wm2 aCqareba, Tu mierTebuli 

nawilakebis fardobiTi siCqare 5=rν m/wm. 
 

23.2. ciolkovskis formula 
 

23.2.1  
ugulebelvyoT mizidulobis Zalebi, garemos winaaRm-

degoba da ganvsazRvroT km/sT-Si raketis siCqare drois im 
momentSi, roca misi masa Semcirda 2t-mde, Tu ukugdebuli 

nawilakebis fardobiTi siCqarea 5,1=rν m/wm. raketis 

sastarto masa tolia 5t sawyisi siCqare 00 =ν . 
 

 

 
 

23.2.2  
raketis masa icvleba naxazze mocemu-

li kanoniT. ugulebelvyoT mizidulobis 
da garemos winaaRmdegobis Zalebi. ganv-
sazRvroT km/sT-Si ukugdebuli nawila-
kebis fardobiTi siCqare, Tu mas CavTvliT 
mudmivad. drois 30=t wm momentisaTvis 
raketis siCqare 700m/wm, xolo sawyisi 

siCqare 00 =ν . 
 

23.2.3  
cvalebadi tm 02,07 −=  masis sxeuli, sadac m izomeba t-

Si, moZraobs mxolod reaqtiuli ZaliT da drois 120=t wm 
momentisaTvis misi siCqare 720m/wm-ia. ganvsazRvroT 



 363

ukugdebuli nawilakebis fardobiTi siCqare, km/sT-Si Tu 

sxeulis sawyisi siCqare 00 =ν . 

23.2.4  
raketa, romlis masa icvleba kanoniT tm 01,04 −= ,  sadac 

m izomeba t-Si, moZraobs gadataniTad mxolod reaqtiuli 
Zalis moqmedebiT. ganvsazRvroT raketis siCqare gaSvebidan 
2wT-is Semdeg, Tu ukugdebuli nawilakebis fardobiTi 

siCqare 2=rν km/wm. 

 
23.2.5  

ugulebelvyoT mizidulobisa da garemos winaaRmde-
gobis Zalebi. ganvsazRvroT raketis siCqaris nazrdi drois 
im monakveTSi, romlis drosac raketis masa Semcirdeba 3-
jer. raketis moZraoba gadataniTia da ukugdebuli 

nawilakebis fardobiTi siCqare 800=rν m/wm. 

 

 
 

23.2.6  

raketis moZraoba gadataniTia da misi 
masa icvleba kanoniT, romelic mocemulia 
grafikze. drois 20=t wm momentSi ganv-
sazRvroT raketis siCqare, Tu raketis 
sawyisi siCqare nulis tolia, xolo 
ukugdebuli nawilakebis fardobiTi siCqa-

re 8,1=rν m/wm. mizidulobis da garemos 

winaaRmdegobis Zalebis ugulvebelvyoT. 
 

23.2.7  

5t sastarto masis mqone raketa moZraobs wrfivad. 
mizidulobisa da garemos winaaRmdegobis Zalebi ugulve-
belyofilia. ganvsazRvroT km/wm-Si ukugdebuli nawilakebis 
fardobiTi siCqare drois im momentisaTvis, roca raketis 

masa 3t, misi siCqare tolia 600m/wm, sawyisi siCqare 00 =ν . 

 
23.2.8  

ganvsazRvroT raketis sawyisi masa, Tu Zravis gamorTvi-
sas misi siCqare tolia  1200m/wm, xolo masa – 800kg. 

ukugdebuli nawilakebis fardobiTi siCqare 900=rν m/wm. 
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sawyisi siCqare nulis tolia. mizidulobisa da garemos 
winaaRmdegobis Zalebi ugulebelvyoT.  

23.2.9  
raketa asrulebs gadataniT moZraobas mxolod reaq-

tiuli Zalis moqmedebiT. ganvsazRvroT raketis masa drois 
im momentSi, roca misi siCqare tolia 4200m/wm. ukugdebuli 

nawilakebis fardobiTi siCqare 1500=rν m/wm. raketis sawyisi 

masa tolia 31012 ⋅ kg, xolo sawyisi siCqare 00 =ν . 

 
23.2.10  

raketa asrulebs gadataniT moZraobas mxolod reaqtiuli 
Zalis moqmedebiT. ganvsazRvroT ramdenjer Semcirdeba 
raketis masa  drois im momentSi, roca misi siCqare tolia 
2300m/wm. ukugdebuli nawilakebis fardobiTi siCqare 

1800=rν m/wm. raketis sawyisi siCqare 00 =ν . 

 
 

 
pasuxebi 

1.1 
1.1.1. 9.24; 1.1.2. 56.3; 1.1.3. 19.5; 1.1.4. 44,1; 1.1.5. 6.62; 1.1.6. 6,64; 1.1.7. 0.402; 
1.1.8. 9.28; 1.1.9. 27,3; 1.1.10. _3,22; 1.1.11. 7,35; 1.1.12. 4.62; 1.1.13. 4.84. 
1.1.14.  _2; 1.1.15. 12,8; 1.1.16. diax; 1.1.17. 3,61; 1.1.18. 34,4; 1.1.19. 41,6.  
 

1.2 
1.2.1. 10; 1.2.2. 7,76; 1.2.3.  154; 1.2.4. 18.1; 1.2.5. 48.3; 1.2.6. 2,31; 1.2.7. 
_24,8; 1.2.8. _24,2; 1.2.9. _21,7; 1.2.10. _26,4; 1.2.11. 9,24; 1.2.12. 16; 
1.2.13._6; 1.2.14. _3,45; 1.2.15. 10,4; 1.2.16. 25,5; 1.2.17. 46,2; 1.2.18. 56,6; 
1.2.19. 61,3; 1.2.20. 73,5; 1.2.21. 200; 1.2.22. 86,6; 1.2.23. 127; 1.2.24. 7,07; 
1.2.25. 3.54.  
 

1.3 
1.3.1. 43,9; 1.3.2. 0,707; 1.3.3. 0,375; 1.3.4. 65; 1.3.5. 18,0; 1.3.6. 50,5; 1.3.7. 
32,6; 1.3.8. 26,9; 1.3.9. 27,1; 1.3.10. 20,9.  
 

1.4 
1.4.1. diax; 1.4.2. _73,5; 1.4.3. _86,6; 1.4.4. _28,3; 1.4.5. 0; 1.4.6. _19,1; 
1.4.7. 200; 1.4.8. 13,9; 1.4.9. _25,5; 1.4.10. _127.  
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2.1 

2.1.1. 0; 2.1.2. _21,2; 2.1.3. 151; 2.1.4. 7.52; 2.2.5. _0,762; 2.1.6. 0,692; 2.1.7. 
5,01; 2.1.8. _11,0; 2.1.9. 390; 2.1.10. 4,0; 2.1.11. 2,72; 2.1.12. 2,5; 2.1.13. 4,5; 
2.1.14. 14,1.  

2.2 
2.2.1. 500; 2.2.2. _0,916; 2.2.3. +2.0; 2.2.4. _1,0; 2.2.5. 1.0; 2.2.6. 0,283; 
2.2.7. 30,0; 2.2.8. 30,0; 2.2.9. 22,4; 2.2.10. 8,48; 2.2.11. 4,99; 2.2.12. 60,0; 
2.2.13. 6,89; 2.2.14. 180; 2.2.15. 11,3; 2.2.16. 60,0; 2.2.17. 5,0; 2.2.18. 0,05; 
2.2.19. 4,0; 2.2.20. 45,0; 2.2.21. 1,0.  

2.3 
2.3.1. 2; 2.3.2. 12,0; 2.3.3. 7,33; 2.3.4. 1,2; 2.3.5. 2,0; 2.3.6. 10,4; 2.3.7. 10,2; 
2.3.8. 6,0; 2.3.9. 135; 2.3.10. 100; 2.3.11. 200; 2.3.12. 7,75; 2.3.13. 170; 2.3.14. 
70; 2.3.15. 25; 2.3.16. 180; 2.3.17. 300; 2.3.18. 60; 2.3.19. 660; 2.3.20. 180; 
2.3.21. 40; 2.3.22. 2,0; 2.3.23. 400; 2.3.24. 4,0; 2.3.25. 3,0; 2.3.26. 60,0.  
 

2.4 
2.4.1. 3; 2.4.2. 130; 2.4.3. 2,0; 2.4.4. 200; 2.4.5. 65,0; 2.4.6. 4,08; 2.4.7. 3,83; 
2.4.8. 400; 2.4.9. 10,0; 2.4.10. 9,05; 2.4.11. 200; 2.4.12. 35,0; 2.4.13. 2,0; 
2.4.14. 30,0; 2.4.15. 86,6; 2.4.16. 3,0; 2.4.17. 0,10; 2.4.18. 0; 2.4.19. 0; 2.4.20. 5,20; 
2.4.21. _60,0; 2.4.22. 693; 2.4.23. 0; 2.4.24. 15.0; 2.4.25. 50,0; 2.4.26. 6,0; 
2.4.27. 50,0; 2.4.28. 30,0; 2.4.29. 0,50; 2.4.30. 2,93; 2.4.31. 11,5; 2.4.32. 14,0; 
2.4.33.  _345; 2.4.34. 144; 2.4.35. 446; 2.4.36. 36,0; 2.4.37. 400; 2.4.38. 35,7; 
2.4.39. 25,0; 2.4.40. 0; 2.4.41. 14,0; 2.4.42. 60,0; 2.4.43. 5,0; 2.4.44. 3,46; 
2.4.45. 120; 2.4.46. 0,10; 2.4.47. 234; 2.4.48. 2,0; 2.4.49. 195.  

 
2.5 

2.5.1. 31; 2.5.2. 40,0; 2.5.3. 979; 2.5.4. 0,50; 2.5.5. 0,24; 2.3.6. 700; 2.5.7. 
118; 2.5.8. 76.0.   
 

2.6 
2.6.1. 3,64; 2.6.2. 183; 2.6.3. 400; 2.6.4. 12,0; 2.6.5. 40,0; 2.6.6. 428; 2.6.7. 

150; 2.6.8. 7,99; 2.6.9. 0,9; 2.6.10. 3105 −⋅ ; 2.6.11. 0,50; 2.6.12. 2,0; 2.6.13. 
601; 2.6.14. 2.40; 2.6.15. 0.008; 2.6.16. 3,0.  
 

3.1 
3.1.1. 9; 3.1.2. 2; 3.1.3. 1; 3.1.4. 3; 3.1.5. 2; 3.1.6. 3; 3.1.7. 1; 3.1.8. 2; 3.1.9. 3.  
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3.2 
3.2.1. 12; 3.2.2. 6; 3.2.3. 200; 3.2.4. 1; 3.2.5. 3; 3.2.6. 450; 3.2.7. 400; 3.2.8. 
200; 3.2.9. 240; 3.2.10. 110; 3.2.11. 401; 3.2.12. 25,8; 3.2.13. 4; 3.2.14. 200; 
3.2.15. 200; 3.2.16. 104; 3.2.17. 1.73;  3.2.18. 225; 3.2.19. 72.2; 3.2.20. 1; 
3.2.21. 100; 3.2.22. 3; 3.2.23. 4; 3.2.24. 440; 3.2.25. 283; 3.2.26. 141; 3.2.27. 
240; 3.2.28. 905; 3.2.29. 21,4; 3.2.30. 1,95.  
 

3.3 
3.3.1. 6; 3.3.2. 50; 3.3.3.  100; 3.3.4. 400; 3.3.5. 7.07; 3.3.6. 173; 3.3.7. 0,707; 
3.3.8. 1,41; 3.3.9. 404; 3.3.10. 2.08.  
 

4.1 

4.1.1. 16; 4.1.2. 2; 4.1.3. 1; 4.1.4. 3; 4.1.5. 3; 4.1.6. 2; 4.1.7. 5; 4.1.8. 7; 4.1.9.5.  

4.2 

4.2.1. 2; 4.2.2. 849;  4.2.3. _115; 4.2.4. _21,2; 4.2.5. _10,4; 4.2.6. _857; 
4.2.7. 998; 4.2.8. 335; 4.2.9. 531; 4.2.10. 100; 4.2.11. 78.0; 4.2.12. _78,3; 
4.2.13. _424; 4.2.14. _300; 4.2.15. _23,1; 4.2.16. 470; 4.2.17. 232; 4.2.18. _200; 
4.2.19. _400; 4.3.20. _200.  
 

4.3 
4.3.1. 3; 4.3.2. _720; 4.3.3. 800;  4.3.4. _460;  4.3.5. _540;  4.3.6. 735; 
4.3.7. _481; 4.3.8. 806; 4.3.9. 0; 4.3.10. _130; 4.3.11. _92,4; 4.3.12. _69,3; 
4.3.13. _156; 4.3.14. _90; 4.3.15. 173.  
 

5.1 

5.1.1. 2,45; 5.1.2. 43,9; 5.1.3. _5; 5.1.4. 25; 5.1.5. _30; 5.1.6. 41012,2 ⋅ ; 5.1.7. 

)108( 4×− ; 5.1.8. 0; 5.1.9. _8,49; 5.1.10. (0,707); 5.1.11. 9; 5.1.12. 31,5; 5.1.13. 

_2,4; 5.1.14. _30; 5.1.15. _300.  
 

5.2 
5.2.1. 14.6; 5.2.2. 3,46; 5.2.3. 200; 5.2.4. 2,45; 5.2.5. 2,53; 5.2.6. 0; 5.2.7. 
0,707; 5.2.8. 5,75; 5.2.9. 2,83; 5.2.10. 1,82; 5.2.11. 45; 5.2.12. 17,3; 5.2.13. 6; 
5.2.14. 0,667; 5.2.15. 520; 5.2.16. 64,0; 5.2.17. 50; 5.2.18. 4,03; 5.2.19. 5. 
 

5.3 
5.3.1. 23,3; 5.3.2. 0.5; 5.3.3. 60; 5.3.4. 0.439; 5.3.5. 41,7; 5.3.6. 100; 5.3.7. 32; 
5.3.8. 12,5; 5.3.9. 3,54; 5.3.10. 6,08; 5.3.11. 100; 5.3.12. 17,3; 5.3.13. 95,5; 
5.3.14. 13.  



 367

 
5.4 

5.4.1. ara; 5.4.2. 10,1; 5.4.3. 0; 5.4.4. 9,90; 5.4.5. 3105 ⋅ ; 5.4.6. 20; 5.4.7. 
25; 5.4.8. 0; 5.4.9. 50; 5.4.10. 54; 5.4.11. 0,707; 5.4.12. 3; 5.4.13. 17; 5.4.14. 
diax; 5.4.15. 0; 5.4.16. 60; 5.4.17. 30; 5.4.18. 6; 5.4.19. 1; 5.4.20. 3.25; 
5.4.21. 0,6; 5.4.22. 15; 5.4.23. 1. 
 

5.5 
5.5.1. 8; 5.5.2. 24,5; 5.5.3. 0,25; 5.5.4. 0,3; 5.5.5. 5; 5.5.6. 200; 5.5.7. 500; 
5.5.8. 100; 5.5.9. _185; 5.5.10. 250;  5.5.11. 122; 5.5.12. _4; 5.5.13. 0,1; 5.5.14. 

10; 5.5.15. 0,5; 5.5.16. 3105,2 ⋅ . 
 

5.6 
5.6.1. 6; 5.6.2. 7,79; 5.6.3. 8,08; 5.6.4. 6.75; 5.6.5. 90; 5.6.6. 30; 5.6.7. 0; 

5.6.8. 40; 5.6.9. 50; 5.6.10. 400; 5.6.11. 3104 ⋅ ; 5.6.12. 4.  
 

5.7 
5.7.1. 12; 5.7.2. 1; 5.7.3. 2; 5.7.4. 400; 5.7.5. 3; 5.7.6. 5; 5.7.7. 20; 5.7.8. 17,3; 

5.7.9. 173; 5.7.10. 150; 5.7.11. 3105 ⋅ ; 5.7.12. _5; 5.7.13. 5; 5.7.14. 2.00; 
5.7.15. 60. 

6.1 
6.1.1. 25; 6.1.2. 283; 6.1.3. 6,06; 6.1.4. 1,5; 6.1.5. 0,634; 6.1.6. 0,191; 6.1.7. 
7,78; 6.1.8. 150; 6.1.9. 32,5; 6.1.10. 0,673; 6.1.11. 0,360; 6.1.12. 1,03; 6.1.13. 
0,379; 6.1.14. 1,60. 

6.2 
6.2.1. 5; 6.2.2. 0.2; 6.2.3. 192; 6.2.4. 0,187; 6.2.5. 1,19; 6.2.6. 0,382; 6.2.7. 
67,0; 6.2.8. _0,126; 6.2.9. 0,446; 6.2.10. 20; 6.2.11. 295; 6.2.12. 2; 6.2.13. 
0,164; 6.2.14. 0,5. 

6.3 

6.3.1. 0,2; 6.3.2. 0,1; 6.3.3. 21004,8 −⋅ ; 6.3.4. 0,245; 6.3.5. 4,7; 6.3.6. 
21032,9 −⋅ ; 6.3.7. 0,413; 6.3.8. 6; 6.3.9. 0,490; 6.3.10. 0,762; 6.3.11. 0,735; 

6.3.12. 1,5; 6.3.13. 0,18; 6.3.14. 0,45; 6.3.15. 0,5; 6.3.16. 0,92. 
 

7.1 
7.1.1. 1.78; 7.1.2. 4; 7.1.3. 7.21; 7.1.4. 1.44; 7.1.5. 0,825; 7.1.6. 4,47; 7.1.7. 
5,24; 7.1.8. 0,785; 7.1.9. 1.52. 
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7.2 
7.2.1. 4,47; 7.2.2. 7,5; 7.2.3. 750; 7.2.4. 3.72; 7.2.5. 20.6; 7.2.6. _8.41; 7.2.7. 
0.595; 7.2.8. _1,36; 7.2.9. 0; 7.2.10. 2.72. 
 

7.3 
7.3.1. 1.39; 7.3.2. 0.5; 7.3.3. 3; 7.3.4. 5; 7.3.5. 6;  7.3.6. 1.2;  7.3.7. 68.0; 
7.3.8. 1.25; 7.3.9. 104; 7.3.10. 8.4.  
 

7.4 
7.4.1. 1.28; 7.4.2. 2; 7.4.3. 100; 7.4.4. _1,8; 7.4.5. _2,19; 7.4.6. 3.13; 7.4.7. 
1.66; 7.4.8. 5.83; 7.4.9. 9.39; 7.4.10. _1.13; 7.4.11. 3.19; 7.4.12. 1.34; 7.4.13. 
9.87; 7.4.14. 26.6; 7.4.15. 4.8; 7.4.16. 1.2; 7.4.17. 1.05; 7.4.18. 6.5; 7.4.19. 4.47; 
7.4.20. 14,6. 

7.5 
7.5.1. 0.167; 7.5.2. 0.75; 7.5.3. 6; 7.5.4. 116; 7.5.5. 25; 7.5.6. 10; 7.5.7. 4.69; 
7.5.8. 2.33; 7.5.9. 75.6; 7.5.10. 10.  
 

7.6 
7.6.1. 22; 7.6.2. 3; 7.6.3. 0.75; 7.6.4. 25; 7.6.5. 4; 7.6.6. 8.94; 7.6.7. 0,385; 
7.6.8. 2.18; 7.6.9. 1.27; 7.6.10. 1.7. 
 

7.7 
7.7.1. 4,5; 7.7.2. 2 wm; 7.7.3. 6,25; 7.7.4. 56,6; 7.7.5. 2,5; 7.7.6. 250; 7.7.7. 
1;25; 7.7.8. 8,33; 7.7.9. 1; 7.7.10. 62,4; 7.7.11. 15,7; 7.7.12. 2,67; 7.7.13. 3; 
7.7.14. 900; 7.7.15. 3,27; 7.7.16. 20.6; 7.7.17. 4.8; 7.7.18. 5.4; 7.7.19. 2.05; 
7.7.20. 7.5.  
 

7.8 
7.8.1. 2,92; 7.8.2. 4,3; 7.8.3. 2,19; 7.8.4. 1,36; 7.8.5. 167; 7.8.6. 3,34; 7.8.7. 
52,4; 7.8.8. 14,0; 7.8.9. 2,83; 7.8.10. 1,55; 7.8.11. 5.48; 7.8.12. 56.3; 7.8.13. 
26,6; 7.8.14. 7,03; 7.8.15. 2,24; 7.8.16. 2,24; 7.8.17. °45 ; 7.8.18. 66,0; 7.8.19. 
1,87; 7.8.20. 63.4.  
 

8.1 

8.1.1. 3; 8.1.2. 0,16; 8.1.3. 2; 8.1.4. 0; 8.1.5. 0,261; 8.1.6. 31035,1 −⋅ ; 8.1.7. 
31,4; 8.1.8. 16,8; 8.1.9. 2; 8.1.10. 0,305; 8.1.11. 0; 8.1.12. 1,97; 8.1.13. 1; 8.1.14. 5.  

8.2 
8.2.1. 3; 8.2.2. _31; 8.2.3. 50,3; 8.2.4. _0,628; 8.2.5. 6; 8.2.6. 12; 8.2.7. 12; 
8.2.8. 0,5; 8.2.9. 16; 8.2.10. 10; 8.2.11. _2,47; 8.2.12. 6,98; 8.2.13. 6,28; 8.2.14. 
2,72 8.2.15. 97,2. 
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8.3 
8.3.1. 5; 8.3.2. 2; 8.3.3. 1,8; 8.3.4. 1,88; 8.3.5. 80; 8.3.6. 3,82; 8.3.7. 12,8; 8.3.8. 
4; 8.3.9. 4.8; 8.3.10. 4.8; 8.3.11. 3,69; 8.3.12. 3.2; 8.3.13. 0,825; 8.3.14. 24.9; 
8.3.15. 2; 8.3.16. 10.  
 

8.4 
8.4.1. 45; 8.4.2. 0,04; 8.4.3. 16; 8.4.4. 3.2; 8.4.5. 3.2; 8.4.6. 96.9; 8.4.7. 6,4; 
8.4.8. 2; 8.4.9. 1,2; 8.4.10. 258; 8.4.11. 4; 8.4.12. 10.8; 8.4.13. 4,8; 8.4.14. 1,2. 
 

9.1 
9.1.1. ara; 9.1.2. diax; 9.1.3. 0,879; 9.1.4. 0,212; 9.1.5. 0,940; 9.1.6. 

31011,4 −⋅ ; 9.1.7. 0,846; 9.1.8. 500; 9.1.9. 5. 
 

9.2 
9.2.1. ara; 9.2.2. 20; 9.2.3. 50; 9.2.4. 33,3; 9.2.5. 1,79; 9.2.6. 2,5; 9.2.7. 1,5; 
9.2.8. 2; 9.2.9. 0; 9.2.10. 0,5; 9.2.11. 2; 9.2.12. 0. 
 

9.3 
9.3.1. ara; 9.3.2. 8; 9.3.3. 8; 9.3.4. 10; 9.3.5. 0,5; 9.3.6. 2; 9.3.7. 0,8; 9.3.8. 
0,25; 9.3.9. 6,25; 9.3.10. _2.  
 

9.4 
9.4.1. diax; 9.4.2. _2,22; 9.4.3. _0,319; 9.4.4. 3,61; 9.4.5. 0,141; 9.4.6. 0,577; 
9.4.7. 0,346; 9.4.8. 0,115; 9.4.9. 2,4; 9.4.10. 0,582;  

9.5 
9.5.1. 0,5; 9.5.2. 0,9; 9.5.3. 2; 9.5.4. 0,13; 9.5.5. 0,4; 9.5.6. ∞ ; 9.5.7. 0,16; 
9.5.8. 0,5; 9.5.9. 0,849; 9.5.10. 0,424. 
 

9.6 
9.6.1. 0; 9.6.2. 1,41; 9.6.3. 0,4; 9.6.4. 26,5; 9.6.5. °30 ; 9.6.6. 0,5; 9.6.7. 0,25; 
9.6.8. 0,05; 9.6.9. 0,785; 9.6.10. 0,3; 9.6.11. 9,77; 9.6.12. 120; 9.6.13. 10; 
9.6.14. 1,73; 9.6.15. 20; 9.6.16. 3,46; 9.6.17. 1,15; 9.6.18. 20; 9.6.19. 5,77; 
9.6.20. 2,28; 9.6.21. 2; 9.6.22. 1,0. 
 

9.7 
9.7.1. 8; 9.7.2. 3; 9.7.3. 5; 9.7.4. 2,5; 9.7.5. 2,83; 9.7.6. 40; 9.7.7. °90 ; 9.7.8. 
0,02; 9.7.9. 0,05; 9.7.10. 0,2; 9.7.11. 10; 9.7.12. 2; 9.7.13. 4; 9.7.14. 10; 9.7.15. 
0; 9.7.16. 0,225; 9.7.17. 25; 9.7.18. 0; 9.7.19. 94,3; 9.7.20. 12,3; 9.7.21. 28,9.  
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9.8 
9.8.1. 1,41; 9.8.2. 0,45; 9.8.3. 0,047; 9.8.4. 2; 9.8.5. 5,77; 9.8.6. 19,2; 9.8.7. 
0,785; 9.8.8. 180; 9.8.9. 0,5; 9.8.10. 6,42. 
 

10.1 
10.1.1. 2,22; 10.1.2. 3,14; 10.1.3. 5,44; 10.1.4. 0,408; 10.1.5. _9,87; 10.1.6. 

21043,1 −⋅− ; 10.1.7. 11.8; 10.1.8. 2; 10.1.9. 0,702; 10.1.10. 0,580; 10.1.11. 1,26; 
10.1.12. 2,83; 10.1.13. 12,6; 10.1.14. 16,7. 
 

10.2 
10.2.1. 90; 10.2.2. 0,5; 10.2.3. 0,04; 10.2.4. 1,80; 10.2.5. 1,57; 10.2.6. 0; 10.2.7. 
0,2; 10.2.8. 0,25; 10.2.9. 0; 10.2.10. 1; 10.2.11. 1; 10.2.12. 2.83; 10.2.13. 16; 
10.2.14. _12; 10.2.15. 0,877.  
 

10.3 
10.3.1. 1,10; 10.3.2. 1,26; 10.3.3. 0,5; 10.3.4. 4,07; 10.3.5. _1; 10.3.6. 0; 10.3.7. 
4,93; 10.3.8. 7,35; 10.3.9. 0,118; 10.3.10. 4,47. 
 

11.1 
11.1.1. 6; 11.1.2. 0,5t; 11.1.3. 2,96; 11.1.4. 2; 11.1.5. 1,98; 11.1.6. 0,169; 11.1.7. 
0,316; 11.1.8. 1; 11.1.9. 0,5;  
 

11.2 
11.2.1. 6,40; 11.2.2. 0,851; 11.2.3. 0.107; 11.2.4. 0,41; 11.2.5. 0,438; 11.2.6. 0,2; 
11.2.7. 45; 11.2.8. 4,44; 11.2.9. 1; 11.2.10. 1,73; 11.2.11. 0,342; 11.2.12. 0,342; 
11.2.13. 0,339; 11.2.14. 0,5; 11.2.15. 17,5; 11.2.16. 4,24; 11.2.17. 5; 11.2.18. 12; 
11.2.19. 3,97; 11.2.20. 2,19; 11.2.21. 15; 11.2.22. 0,5; 11.2.23. 0,173; 11.2.24. 
0,707; 11.2.25. 1,25.  
 

11.3 
11.3.1. 2.78; 11.3.2. 38,3; 11.3.3. 0,958; 11.3.4. 4,51; 11.3.5. 11,3; 11.3.6. 1,93; 
11.3.7. 0,484; 11.3.8. 3,01; 11.3.9. 2,83; 11.3.10. 0; 11.3.11. 1,64; 11.3.12. 4; 
11.3.13. 1; 11.3.14. 6,08; 11.3.14. 0,346.  
 

11.4 
11.4.1. _8; 11.4.2. 8; 11.4.3. 64; 11.4.4. 64; 11.4.5. 0; 11.4.6. 12; 11.4.7. 15; 
11.4.8. 1,98; 11.4.9. 1,8; 11.4.10. 40,2; 11.4.11. 4; 11.4.12. 2; 11.4.13. 1,5; 
11.4.14. ara; 11.4.15. ara.  
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11.5 
11.5.1. 4,47; 11.5.2. 40; 11.5.3. 1,11; 11.5.4. 16; 11.5.5. 0,113; 11.5.6. 12; 11.5.7. 
0; 11.5.8. 12; 11.5.9. 4; 11.5.10. 4.  
 

12.1 
12.1.1. 5,83; 12.1.2. 5; 12.1.3. 1,12; 12.1.4. 0,539; 12.1.5. 1; 12.1.6. 18; 12.1.7. 
13,6; 12.1.8. 1; 12.1.9. 1,27;  
 

12.2 
12.2.1. 10; 12.2.2. 13,4; 12.2.3. 33,0; 12.2.4. 0,361; 12.2.5. 0,447; 12.2.6. 2,5; 
12.2.7. 1,41; 12.2.8. 25,2; 12.2.9. 4; 12.2.10. 30. 
 

12.3 
12.3.1. 5; 12.3.2. 12; 12.3.3. 1; 12.3.4. 4,51; 12.3.5. 10,1; 12.3.6. 1,2; 12.3.7. 2; 
12.3.8. 50; 12.3.9. 25; 12.3.10. 0,167. 
 

12.4 
12.4.1. 2,39; 12.4.3. 2,08; 12.4.3. 0,5; 12.4.4. 2,19; 12.4.5. 3,74; 12.4.6. 3,61; 
12.4.7. 3,61; 12.4.8. _0,8; 12.4.9. 1; 12.4.10. 0,316. 
 

13.1 
13.1.1. 3,6; 13.1.2. 4,05; 13.1.3. °8,11 ; 13.1.4. 22,5; 13.1.5. 835; 13.1.6. 516; 
13.1.7. 36; 13.1.8. 178; 13.1.9. 4,32 13.1.10. 16,8; 13.1.11. 1,97; 13.1.12. 80; 
13.1.13. 30; 13.1.14. 0; 13.1.15. 4,48; 13.1.15. 4,48; 13.1.16. 14,1; 13.1.17. 10,7; 
13.1.18. 1,14; 13.1.19. 11,5; 13.1.20. 32,5; 13.1.21. 13,3; 13.1.22. 10,6; 13.1.23. 2,83; 
13.2.24. 23,8. 

13.2 
13.2.1. 4,15; 13.2.2. 1,13; 13.2.3. 4,05; 13.2.4. 1,17; 13.2.5. _0,5; 13.2.6. 3; 
13.2.7. 14,0; 13.2.8. 70,0; 13.2.9. 41,9; 13.2.10. 188; 13.2.11. 5,93; 13.2.12. 4,33; 
13.2.13. 25; 13.2.14. 8,53; 13.2.15. 20; 13.2.16. 8,33; 13.2.17. 2; 13.2.18. 10; 
13.2.19. 327; 13.2.20. 4,55; 13.2.21. 6; 13.2.22. 6,39; 13.2.23. 10; 13.2.24. 5,88; 
13.2.25. 11,5.  
 

13.3 
13.3.1. 1,39; 13.3.2. 0,857; 13.3.3. 6,94; 13.3.4. 257; 13.3.5. 45; 13.3.6. 30,8; 
13.3.7. 3,20; 13.3.8. 24,1; 13.3.9. 2,5; 13.3.10. 26,9; 13.3.11. 1,25; 13.3.12. 2,69; 
13.3.13. 14,1; 13.3.14. 7,67; 13.3.15. 1,21; 13.3.16. 7,55; 13.3.17. 3,96; 13.3.18. 
1,86; 13.3.19. 2,63; 13.3.20. 3,38; 13.3.21. 5,62; 13.3.22. 113; 13.3.23. 9,64; 
13.3.24. 15,2; 13.3.25. 16,2. 
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13.4 
13.4.1. 1,6; 13.4.2. 0,15; 13.4.3. 1,8; 13.4.4. 109; 13.4.5. 30; 13.4.6. 4; 13.4.7. 
617; 13.4.8. 548; 13.4.9. 1,26; 13.4.10. 0,897; 13.4.11. 1,27; 13.4.12. 122; 
13.4.13. 500; 13.4.14. 7,5; 13.4.15. 8,37; 13.4.16. 5,72; 13.4.17. 10; 13.4.18. 3; 
13.4.19. 1,75; 13.4.20. 16,9; 13.4.21. 0,955; 13.4.22. 36,1; 13.4.23. _1,05; 
13.4.24. 0,316; 13.4.25. 36,1. 
 

13.5 
13.5.1. 0,2; 13.5.2. 0,25; 13.5.3. 2; 13.5.4. 7,75; 13.5.5. 1,2; 13.5.6. diax; 
13.5.7. 20; 13.5.8. diax; 13.5.9. 12; 13.5.10. ara; 13.5.11. 1,63; 13.5.12. 24; 
13.5.13. 166; 13.5.14. 20; 13.5.15. 0,539; 13.5.16. 3; 13.5.17. 3,74; 13.5.18. 0,583; 
13.5.19. 0,981; 13.5.20. 2,09; 13.5.21. 4,05; 13.5.22. 0,785; 13.5.23. 0.624; 
13.5.24. 0,966; 13.5.25. 1,57. 
 

13.6 
13.6.1. 40; 13.6.2. 2,78; 13.6.3. 3,27; 13.6.4. 1,33; 13.6.5. 100; 13.6.6. 10; 13.6.7. 
64; 13.6.8. 8; 13.6.9. 12,2; 13.6.10. 14,1; 13.6.11. 0,214; 13.6.12. 6,01; 13.6.13. 
0,182; 13.6.14. 300; 13.6.15. 3,6; 13.6.16. 2; 13.6.17. 1,26; 13.6.18. 20; 13.6.19. 
0.140; 13.6.20. 1,47; 13.6.21. 0,324; 13.6.22. 3,11; 13.6.23. 96; 13.6.24. 45; 
13.6.25. 200. 
 

13.7 
13.7.1. 233; 13.7.2. 2,5; 13.7.3. 6,76; 13.7.4. 0,331; 13.7.5. 0,24; 13.7.6. 150; 
13.7.7. 3,36; 13.7.8. 59,3; 13.7.9. 5,66; 13.7.10. 0. 
 

14.1 
14.1.1. 250; 14.1.2. 0,231; 14.1.3. 8; 14.1.4. 100; 14.1.5. 183; 14.1.6. _197; 
14.1.7. 10; 14.1.8. 185; 14.1.9. 80; 14.1.10. 16,1; 14.1.11. 50; 14.1.12. 0; 14.1.13. 
500; 14.1.14. 10; 14.1.15. 62,7; 14.1.16. 60; 14.1.17. 1,2; 14.1.18. 0,1; 14.1.19. 
0,841; 14.1.20. 2; 14.1.21. 4,04; 
 

14.2 
14.2.1. 50; 14.2.2. 34; 14.2.3. 18; 14.2.4. 8; 14.2.5. 10; 14.2.6. 7,39; 14.2.7. 10; 
14.2.8. 0; 14.2.9. 3; 14.2.10. 10; 14.2.11. 1,13; 14.2.12. 18; 14.2.13. 1,15; 14.2.14. 
13,0; 14.2.15. 100; 14.2.16. 60; 14.2.17. 40; 14.2.18. 100; 14.2.19. 4; 14.2.20. 
10; 14.2.21. 24; 14.2.22. 30; 14.2.23. 5; 14.2.24. 7,07; 14.2.25. 0,825; 14.2.26. 
125; 14.2.27. 166; 14.2.28. 160. 
 

14.3 
14.3.1. 24; 14.3.2. 3,09; 14.3.3. 10; 14.3.4. 12; 14.3.5. 0,5; 14.3.6. 1; 14.3.7. 1; 
14.3.8. 5,66; 14.3.9. 2,83; 14.3.10. 2; 14.3.11. 10,2; 14.3.12. 0,815; 14.3.13. 16,2; 
14.3.14. 0,981; 14.3.15. 0,510; 14.3.16. 3,48; 14.3.17. 16; 14.3.18. 1,5; 14.3.19. 0; 
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14.4 

14.4.1. 0,32; 14.4.2. 0,48; 14.4.3. 1,62; 14.4.4. 41089,4 −⋅ ; 14.4.5. 0,27; 14.4.6. 
6; 14.4.7. _0,1; 14.4.8. 0,64; 14.4.9. _0,325; 14.4.10. 0; 14.4.11. 0,1; 14.4.12. 
0,283; 14.4.13. 0,173; 14.4.14. 0,292; 14.4.15. 0,06; 14.4.16. 0,525; 14.4.17. 0,2; 

14.4.18. 0,17; 14.4.19. 0,225; 14.4.20. 21075,1 −⋅ ; 14.4.21. 0,11; 14.4.22. 
3105,2 −⋅ ; 14.4.23. 0,195; 14.4.24. 70,4; 14.4.25. 1,89. 

 

14.5 
14.5.1. 0; 14.5.2. 0,5; 14.5.3. 2; 14.5.4. 0,25; 14.5.5. 0; 14.5.6. 1; 14.5.7. _96; 
14.5.8. 10.0; 14.5.9. 2,5; 14.5.10. 1; 14.5.11. 20; 14.5.12. 2; 14.5.13. 1,22; 
14.5.14. 1,04; 14.5.15. 6; 14.5.16. 12; 14.5.17. 45; 14.5.18. 1,12. 
 

14.6 
14.6.1. 8; 14.6.2. 8; 14.6.3. 6; 14.6.4. 8; 14.6.5. 6; 14.6.6. 3,75; 14.6.7. 0,5; 
14.6.8. 5,70; 14.6.9. 1,6; 14.6.10. 36; 14.6.11. 6; 14.6.12. 6; 14.6.13. 1,79. 
 

15.1 
15.1.1. _0,02; 15.1.2. 0,866; 15.1.3. 64; 15.1.4. diax; 15.1.5. diax; 15.1.6. 

_3,92; 15.1.7. 0,981; 15.1.8. 0,866; 15.1.9. 9,62 310−⋅ ;  15.1.10. _377; 15.1.11. 
4,71; 15.1.12. 14.1; 15.1.13. 4,41; 15.1.14. 29,4; 15.1.15. 18,6; 15.1.16. 11,3; 
15.1.17. 567; 15.1.18. 200; 15.1.19. 15,7; 15.1.20. 28; 15.1.21. _15,7; 15.1.22. 
_800; 15.1.23. 2,94; 15.1.24. 8. 
 

15.2 
15.2.1. 0,5; 15.2.2. 288; 15.2.3. 4,9; 15.2.4. 10,8; 15.2.5. 0,35; 15.2.6. 2,5; 
15.2.7. 0,26; 15.2.8. 19,6; 15.2.9. 0,125; 15.2.10. 0,5. 

15.3 
15.3.1. _25; 15.3.2. 0,459; 15.3.3. _64; 15.3.4. 34,4; 15.3.5. _4; 15.3.6. 2,80; 
15.3.7. 2,21; 15.3.8. 1,98; 15.3.9. 9,90; 15.3.10. 1; 15.3.11. 270; 15.3.12. 

21040,2 −⋅ ; 15.3.13. 9,62; 15.3.14. 5,39; 15.3.15. 100. 
 

15.4 
15.4.1. 97,7; 15.4.2. 0,5; 15.4.3. 120; 15.4.4. 18; 15.4.5. 48; 15.4.6. 2; 15.4.7. 
48; 15.4.8. 2; 15.4.9. 0,5; 15.4.10. 65. 
 

15.5 
15.5.1. 75; 15.5.2. 72; 15.5.3. 4; 15.5.4. 10,5; 15.5.5. 17; 15.5.6. 50; 15.5.7. 5; 
15.5.8. 29,8; 15.5.9. 2,67; 15.5.10. 2,75. 
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15.6 
15.6.1. 5,72; 15.6.2. 4,43; 15.6.3. 20,1; 15.6.4. 25; 15.6.5. 3; 15.6.6. 0,255; 
15.6.7. 1; 15.6.8. 20,4; 15.6.9. 2,45; 15.6.10. 1,57. 
 

15.7 

15.7.1. 3,27; 15.7.2. 4,43; 15.7.3. 21010,5 −⋅ ; 15.7.4. 12,5; 15.7.5. 11,2; 15.7.6. 
1,89; 15.7.7. 1; 15.7.8. 2,36; 15.7.9. 7,23; 15.7.10. 2,37. 
 

16.1 
16.1.1. 1,25; 16.1.2. 0,2; 16.1.3. 12; 16.1.4. 1; 16.1.5. 119; 16.1.6. _48; 16.1.7. 
_49,3; 16.1.8. _13,5; 16.1.9. 30; 16.1.10. 16; 16.1.11. 7,5; 16.1.12. 5; 16.1.13. 9; 
16.1.14. 2; 16.1.15. 2; 16.1.16. 50; 16.1.17. 80; 16.1.18. 65,4; 16.1.19. 14,7; 
16.1.20. 3,84; 16.1.21. 16; 16.1.22. 1,41; 16.1.23. 0,3; 16.1.24. 0,5; 16.1.25. 0,2; 
16.1.26. 0,501; 16.1.27. 18,7; 16.1.28. 5; 16.1.29. 8; 16.1.30. 144; 16.1.31. 15; 
16.1.32. 60; 16.1.33. 4; 16.1.34. 3,84; 16.1.35. 1,16. 
 

16.2 

16.2.1. 8,25; 16.2.2. _296; 16.2.3. 21007,3 −⋅− ; 16.2.4. 41074,1 ⋅ ; 16.2.5. 20,5; 
16.2.6. 0; 16.2.7. 0,606; 16.2.8. 1,1; 16.2.9. 3; 16.2.10. 8,34; 16.2.11. 15,9; 
16.2.12. 8,44; 16.2.13. 30,6; 16.2.14. 10,4; 16.2.15. 13,3; 16.2.16. 10,9; 16.2.17. 
32,7. 
 

16.3 

16.3.1. 21000,6 −⋅ ; 16.3.2. 0,533; 16.3.3. 21022,1 −⋅ ; 16.3.4. 500; 16.3.5. 
31025,1 ⋅ ; 16.3.6. 31008,4 −⋅ ; 16.3.7. 1,62; 16.3.8. 75; 16.3.9. 0; 16.3.10. 6,4; 

16.3.11. 11,9; 16.3.12. 31068,1 ⋅ ; 16.3.13. 324; 16.3.14. 960; 16.3.15. 76,4; 
16.3.16. 46,9; 16.3.17. 75,5. 

17.1 
17.1.1. 3,60; 17.1.2. 617; 17.1.3. 11,3; 17.1.4. 23,6; 17.1.5. 174; 17.1.6. 48; 
17.1.7. 0.520; 17.1.8. 15,8; 17.1.9. 10; 17.1.10. 5,66; 17.1.11. 44,6; 17.1.12. 537;  

17.1.13. 9,81; 17.1.14. 1,20; 17.1.15. 9,81; 17.1.16. 181008,5 ⋅ ; 17.1.17. 2,85; 
17.1.18. 60; 17.1.19. 7,74; 17.1.20. 198; 17.1.21. 13,1; 17.1.22. 42,2; 17.1.23. 
20,4; 17.1.24. 0,08; 17.1.25. 2,38.  
 

17.2 
17.2.1. 400; 17.2.2. 0,894; 17.2.3. 12,8; 17.2.4. _0,32; 17.2.5. 22,5; 17.2.6. 
_0,15; 17.2.7. 2,5; 17.2.8. 1; 17.2.9. 0,6; 17.2.10. _0,5; 17.2.11. _521; 17.2.12. 
1,5; 17.2.13. 80; 17.2.14. _100; 17.2.15. 0,288; 17.2.16. 6; 17.2.17. 0,436; 
17.2.18. 32,8; 17.2.19. _216; 17.2.20. 16; 17.2.21. _2,5. 
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17.3 
17.3.1. 45; 17.3.2. 3,92; 17.3.3. 528; 17.3.4. 28,0; 17.3.5. 20; 17.3.6. 400; 17.3.7. 

30; 17.3.8. 2⋅103; 17.3.9. 59,4; 17.3.10. 150; 17.3.11. 60; 17.3.12. 102; 17.3.13. 
14,7; 17.3.14. 5,78; 17.3.15. 132; 17.3.16. 5,52; 17.3.17. 1,1; 17.3.18. 2,5; 17.3.19. 
600; 17.3.20. 251; 17.3.21. _2400; 17.3.22. 36; 17.3.23. 54,3; 17.3.24. 1; 
17.3.25. 100; 17.3.26. 141; 17.3.27. 40; 17.3.28. 5,33; 17.3.29. 37,5; 17.3.30. 
136; 17.3.31. 110; 17.3.32. 12; 17.3.33. 693; 17.3.34. 2,69; 17.3.35. 2,45; 17.3.36. 
79,7; 17.3.37. 52,0; 17.3.38. 175; 17.3.39. 21,3; 17.3.40. _29,4; 17.3.41. 23,5; 
17.3.42. 11,8; 17.3.43. 16,3; 17.3.44. 9,24; 17.3.45. 40; 17.3.46. 84,6; 17.3.47. 
3.21. 
 

17.4 
17.4.1. diax; 17.4.2. 57,6; 17.4.3. 55,9; 17.4.4. 7,08; 17.4.5. 5; 17.4.6. 3,46; 
17.4.7. 1,62; 17.4.8. 27,7; 17.4.9. 21,2; 17.4.10. 56,6; 17.4.11. 20,2; 17.4.12. 
68,1; 17.4.13. 53,3; 17.4.14. 123; 17.4.15. 0,0203; 17.4.16. 0,139; 17.4.17. 41,6; 
17.4.18. 21,6; 17.4.19. 36; 17.4.20. 141; 17.4.21 2,33.  
 

18.1 
18.1.1. 3; 18.1.2. 2; 18.1.3. 1; 18.1.4. 2; 18.1.5. 4; 18.1.6. 1; 18.1.7. 3; 18.1.8. 1; 
18.1.9. 2; 18.1.10. 3; 18.1.11. 6; 18.1.12. 6; 18.1.13. 3; 18.1.14. 1. 
 

18.2 
18.2.1. 0,577; 18.2.2. 3; 18.2.3. 1,73; 18.2.4. 1,15; 18.2.5. 1; 18.2.6. 2; 18.2.7. 
0,347; 18.2.8. 1,73; 18.2.9. 1,73; 18.2.10. 4.  
 

18.3 

18.3.1. 20; 18.3.2. 20; 18.3.3. 3⋅103; 18.3.4. 40; 18.3.5. 80; 18.3.6. 920; 18.3.7. 
514; 18.3.8. 48; 18.3.9. 4.33; 18.3.10. 2⋅103; 18.3.11. 100; 18.3.12. 200; 18.3.13. 
100; 18.3.14. 400; 18.3.15. 31093,8 × ; 18.3.16. 346; 18.3.17. 500; 18.3.18. 
0,924; 18.3.19. 6; 18.3.20. 866; 18.3.21. 40; 18.3.22. 90; 18.3.23. 90; 18.3.24. 
202; 18.3.25. 628.  
 

19.1 
19.1.1. ara; 19.1.2. _0,2; 19.1.3. _1; 19.1.4. _40; 19.1.5. _3; 19.1.6. _5; 19.1.7. 
_20; 19.1.8. _6,34; 19.1.9. _4; 19.1.10. _7,29; 19.1.11. _0,344; 19.1.12. _10; 
19.1.13. _9; 19.1.14. _0,54. 
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19.2 
19.2.1. ara; 19.2.2. 3,27; 19.2.3. 4,41; 19.2.4. 1,5; 19.2.5. 5; 19.2.6. 21; 19.2.7. 
10; 19.2.8. 10; 19.2.9. 1; 19.2.10. 7,5; 19.2.11. 1; 19.2.12. 4,36; 19.2.13. 2,5; 
19.2.14. 2,45; 19.2.15. 0,3.  
 

19.3 
19.3.1. diax; 19.3.2. 20; 19.3.3. 1; 19.3.4. 0,3; 19.3.5. 0,3; 19.3.6. 0,3; 19.3.7. 
0,3; 19.3.8. 9; 19.3.9. 30; 19.3.10. 0,3; 19.3.11. 108; 19.3.12. 6,75; 19.3.13. 220; 
19.3.14. 0,5; 19.3.15. 1,1; 19.3.16. 4,52; 19.3.17. 0,06; 19.3.18. 1,1; 19.3.19. 0,07; 
19.3.20. 128; 19.3.21. 10; 19.3.22. 20; 19.3.23. 0,446; 19.3.24. 6,67; 
19.3.25. 20. 
 

20.1 
20.1.1. 6; 20.1.2. 1; 20.1.3. 2; 20.1.4. 2; 20.1.5. 2; 20.1.6. 3; 20.1.7. 3; 20.1.8. 
4; 20.1.9. 4. 
 

20.2 
20.2.1. _47,1; 20.2.2. _312; 20.2.3. 5,2; 20.2.4. 4; 20.2.5. 41,1; 20.2.6. 55,7; 
20.2.7. 28,4; 20.2.8. 196; 20.2.9. 19; 20.2.10. _78,5; 20.2.11. 6,87; 20.2.12. 12;  
20.2.13. 9,30; 20.2.14. _7,72; 20.2.15. 19,6; 20.2.16. 8,41; 20.2.17. 7,16; 
20.2.18. 49,1; 20.2.19. 4,16; 20.2.20. _20,0. 
 

20.3 
20.3.1. 30; 20.3.2. 14; 20.3.3. 0; 20.3.4. 0; 20.3.5. _2; 20.3.6. 9,99; 20.3.7. 
17,1; 20.3.8. _2,45; 20.3.9. _4,91; 20.3.10. 9,81; 20.3.11. 49,1; 20.3.12. 0,850;  
20.3.13. 5,86; 20.3.14. 392; 20.3.15. 39,2. 
 

20.4 
20.4.1. ara; 20.4.2. diax; 20.4.3. ara; 20.4.4. 22; 20.4.5. _75,8; 20.4.6. 
10,8; 20.4.7. _534; 20.4.8. 0; 20.4.9. _4,11; 20.4.10. _227. 
 

20.5 
20.5.1. 0,5; 20.5.2. 13,7;  20.5.3. _0,282; 20.5.4. 1; 20.5.5. 1; 20.5.6. 2.14; 
20.5.7. 8,81; 20.5.8. 10; 20.5.9. 0,818; 20.5.10. _1; 20.5.11. 0,25; 20.5.12. 3,92; 
20.5.13. 0,470; 20.5.14. 1; 20.5.15. 0.4; 20.5.16. 0,25. 
 

20.6 
20.6.1. 2,5; 20.6.2. 0,5; 20.6.3. 5; 20.6.4. 0,807; 20.6.5. 3; 20.6.6. diax; 
20.6.7. ara; 20.6.8. 5; 20.6.9. 9,8; 20.6.10. 0,5; 20.6.11. 0,25 20.6.12. _0,25; 
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20.6.13. ara; 20.6.14. 10; 20.6.15. _0,7; 20.6.16. 0,5; 20.6.17. _7; 20.6.18. 
_0,25; 20.6.19. 0,625.  
 

21.1 
21.1.1. 0,160; 21.1.2. 1,64; 21.1.3. 29,7; 21.1.4. 10; 21.1.5. 2,76; 21.1.6. 1,95; 
21.1.7. 40; 21.1.8. 0,688; 21.1.9. 1,19; 21.1.10. 40; 21.1.11. 10; 21.1.12. 507; 

21.1.13. 31003,3 ⋅ ; 21.1.14. 4102,1 ⋅ ; 21.1.15. 1,33; 21.1.16. 0,0159; 21.1.17. 

ara; 21.1.18. 2; 21.1.19. 42,6; 21.1.20. 31062,3 −⋅ ; 21.1.21. 1,88; 21.1.22. 0,818; 
21.1.23. 7,12; 21.1.24. ara; 21.1.25. diax; 21.1.26. 4,87; 21.1.27. 1,11; 21.1.28. 

0,334; 21.1.29. 1,57; 21.1.30. 2; 21.1.31. 21059,8 −⋅ ; 21.1.32. 3. 
 

21.2 
21.2.1. ara; 21.2.2. 2; 21.2.3. ara; 21.2.4. ara; 21.2.5. diax; 21.2.6. ara; 
21.2.7. diax; 21.2.8. ara; 21.2.9. diax; 21.2.10. 0,577; 21.2.11. 4; 21.2.12. 0; 
21.2.13. 0; 21.2.14. 2,25; 21.2.15. 12,6; 21.2.16. diax; 21.2.17. ara. 
 

22.1 
22.1.1. 3,37; 22.1.2. _0,185; 22.1.3. 7,07; 22.1.4. 2,5; 22.1.5. 6,00; 22.1.6. 
0,667; 22.1.7. 3; 22.1.8. 0,75; 22.1.9. 9,59; 22.1.10. 0,730; 22.1.11. 0,182; 
22.1.12. 0,245; 22.1.13. 25; 22.1.14. 1.28. 
 

22.2 

22.2.1. 28.6; 22.2.2. 21060,3 −⋅ ; 22.2.3. 500; 22.2.4. 1,49; 22.2.5. 0,45; 22.2.6. 

1,13; 22.2.7. 7,14; 22.2.8. 7,5; 22.2.9. 6; 22.2.10. 9,38; 22.2.11. 4104,2 ⋅ ; 
22.2.12. 1,5. 
 

22.3 
22.3.1. 0,025; 22.3.2. 25; 22.3.3. 6; 22.3.4. 3,83; 22.3.5. 30; 22.3.6. 0,8; 22.3.7. 
0,75; 22.3.8. 23,1; 22.3.9. 0,667; 22.3.10. 0,467; 22.3.11. 0,444; 22.3.12. 0. 
 
 

22.4 
22.4.1. 2; 22.4.2. 0,4; 22.4.3. 0,298; 22.4.4. 0,72; 22.4.5. 1,18; 22.4.6. 

2103,2 −⋅ ; 22.4.7. 21066,4 −⋅ ; 22.4.8. 5; 22.4.9. 3,17; 22.4.10. 4; 22.4.11. 5,12. 
 

23.1 
23.1.1. 6,67; 23.1.2. 5,06; 23.1.3. 32,5; 23.1.4. 7,5; 23.1.5. 6,44; 23.1.6. 0; 

23.1.7. 12,0; 23.1.8. 1,55; 23.1.9. 0,112; 23.1.10. 21,0; 23.1.11. 21042,8 −⋅ ; 
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23.1.12. 900; 23.1.13. 21025,6 −⋅ ; 23.1.14. 103; 23.1.15. 2102,5 −⋅ ; 23.1.16. 2,76; 
23.1.17. 7,13;  23.1.18. 1,52; 23.1.19. 0,563. 
 

23.2 
23.2.1. 1,37; 23.2.2. 1,01; 23.2.3. 1,72; 23.2.4. 713; 23.2.5. 879; 23.2.6. 919; 
23.2.7. 1,18; 23.2.8. 3,04; 23.2.9. 730; 23.2.10. 3,59.  
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