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rTuli moZraoba 

XIII  Tavi 
wertilis rTuli moZraoba 

13.1.  wertilis rTuli moZraobis gantolebebi 

xSirad meqanikuri amocanebis amoxsnisas iZulebuli varT wertilis moZ-

raoba ganvixiloT erTdroulad ori (zogjer ufro meti) aTvlis sxeulis mi-

marT. magaliTad, mTvaris mimarT kosmosuri xomaldis moZraobisas aucile-

belia misi moZraobis ganxilva rogorc mTvaris, ise dedamiwis mimarT; amasTan 

mTvare Tavad moZraobs dedamiwis mimarT. cxadia, am SemTxvevaSi xomaldi as-

rulebs rTul moZraobas.  

Cven ganvixilavT wertilis yvelaze martiv rTul moZraobas: wertili 

moZraobs iseTi ori sxeulis mimarT, romelTagan erTi-erTi uZravia. uZrav 

sxeulTan mkvidrad davakavSiroT 1 1 1 1O x y z , xolo moZravTan - Oxyz  koordi-

natTa sistema. rasakvirvelia, 1 1 1 1O x y z  sistema uZravia, xolo Oxyz  - moZravi.  

SeviswavloT M  wertilis  moZraoba. misi koordinatebi uZrav da moZ-

rav sistemebSi Sesabamisad aRvniSnoT 
1 1 1, ,x y z  da , ,x y z -iT (nax. 13.1).  

gansazRvra. wertilis moZraobas moZravi sistemis mimarT vuwodoT wer-

tilis fardobiTi moZraoba, xolo wertilis moZraobas uZravi sistemis 

mimarT – rTuli anu absoluturi. wertilis moZraobas im SemTxvevaSi, roca 

is uZravia moZravi sistemis mimarT, vuwodoT warmtani moZraoba. 

 cxadia, warmtani moZraobisas wertilis , ,x y z  koordinatebi mudmivi 

sidideebia. warmtan moZraobas asec ganmartaven: es aris moZravi sistemis moZ-

raoba uZravi sistemis mimarT. 

TiTeul am moZraobas aqvs Tavisi traeqtoria, siCqare da aCqareba.  

cxadia, rom fardobiTi da warmtani moZraobebi warmoadgenen absolu-

turi moZraobis Semdgen moZraobebs. 

fardobiTi da warmtani moZraobebis dasadgenad arsebobs Semdegi xerxi: 

pirobiT davuSvaT, rom moZravi sxeuli gaCerda, maSin wertilis mier Sesru-

lebuli moZraoba iqneba fardobiTi moZraoba; Tu davuSvebT, rom wertili ar 

moZraobs moZravi sxeulis mimarT, maSin am sxeulTan erTad mis mier Sesrule-

buli moZraoba iqneba warmtani moZraoba. 

 

 

 

   

 

 

           nax. 13.1                             nax. 13.2 

fardobiTi da warmtani moZraobebi ganicdian urTierTgavlenas. sail-

ustraciod ganvixiloT Semdegi magaliTi (nax. 13.2). A  wertili moZraobs OB  
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sxivis gaswvriv, romelic Tavis mxriv brunavs qaRaldis sibrtyeSi O  uZravi 

wertilis garSemo. A  wertili erTdroulad moZraobs OB  sxivis gaswvriv da 

masTan erTad brunavs O  wertilis garSemo, amitom igi asrulebs rTul moZ-

raobas. Tu gamoviyenebT zemoT Camoyalibebul xerxs, advilad davadgenT, rom 

OB  sxivis gaswvriv moZraoba aris fardobiTi, xolo O  wertilis garSemo 

brunva – warmtani.  

vTqvaT, drois raime t  momentSi wertili OB  sxivze imyofeboda A  mde-

bareobaSi. davuSvaT, rom drois t  SualedSi OB  sxivma daikava 1OB  mdebare-

oba. imave drois SualedSi, fardobiTi moZraobis Sedegad, A  wertilma unda 

daikavos raRac 1A  mdebareoba, magram warmtani moZraobis (sxivis brunvis) 

Sedegad is aRmoCnda 1OB  sxivze 
2A  mdebareobaSi. A  wertili warmtani moZra-

obis Sedegad drois t  SualedSi unda moxvdriliyo 1OB  sxivis 3A  wertil-

Si, magram fardobiTi moZraobis gamo is aRmoCnda 
2A  mdebareobaSi. ganxi-

luli magaliTi naTlad gviCvenebs fardobiTi da warmtani moZraobebis ur-

TierTgavlenas. 

aRsaniSnavia erTi saintereso faqti. ganxilul magaliTSi warmtani moZ-

raobis traeqtoriebia 1,OA OA  da a. S. radiusiani wrewirebi. magram fardo-

biTi moZraobis Sedegad, wertili am wrewirebze mxolod erT wertilSi imyo-

feba. amgvarad, wertilis warmtani moZraobis traeqtoria wrewiri ki ar aris, 

aramed yovel wrewirze erT wertili. amis gamo, xSirad amboben, rom ara 

gvaqvs warmtani moZraobis traeqtoria. SevadginoT TiToeuli moZraobis 

gantolebebi. daviwyoT fardobiTi moZraobiT. Tu viciT  

                      1 2 3, ,x f t y f t z f t                            (13.1.1) 

uwyveti funqciebi, maSin drois yovel momentSi gvecodineba wertilis mde-

bareoba moZrav koordinatTa sistemis mimarT. amitom (13.1.1)-s wertilis far-

dobiTi moZraobis gantolebebi ewodeba. Tu am gantolebebidan gamovricxavT t  
parametrs, miviRebT fardobiTi moZraobis traeqtorias.E 

axla SevadginoT wertilis rTli moZraobis gantolebebi. nax. 13.1-dan  

                      0Mr r r  .                                     (13.1.2)        

, ,Ox Oy Oz RerZebis ortebi aRvniSnoT , ,i j k -Ti, maSin  

                      r i x j y k z   .                                (13.1.3)     

SevitanoT es mniSvneloba wina tolobaSi, miviRebT: 

                      0Mr r i x j y k z    .                            (13.1.4) 

davagegmiloT bolo toloba uZrav RerZebze, miviRebT: 

                  
1 0 1 2 3

1 0 1 2 3

1 0 1 2 3

,

,

,

x x l x l y l z

y y m x m y m z

z z n x n y n z

    


   


   

                         (13.1.5) 
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sadac 0 0 0, ,x y z  aris O  wertilis koordinatebi, xolo 
1 1 1 2 2 2 3 3 3, , , , , , , ,l m n l m n l m n  moZ-

ravi RerZebis mier uZrav RerZebTan Sedgenili kuTxeebis kosinusebia (ix. $11.3). 

Tu winaswar cnobilia Oxyz  sistemis moZraoba (e.i. cnobilia 0 0 0, ,x y z ,

1 1 1 2 2 2 3 3 3, , , , , , , ,l m n l m n l m n  siddideebi) da , ,x y z  (ix. (13.1.1) formulebi), maSin viciT 

wertilis moZraoba uZravi sistemis mimarT, amitom (13.1.5) wertilis rTuli 

moZraobis gantolebebia. Tu am gantolebebidan gamovricxavT t  parametrs, 

miviRebT rTuli moZraobis traeqtorias.E 

roca warmtani moZraoba brtyelia da fardobiTi moZraoba xdeba amave 

sibrtyeSi, (13.1.5) gantolebebi aseT saxes miiReben:  

                   
1 0

1 0

cos sin ,

sin cos ,

x x x y

y y x y

 

 

  


  
                            (13.1.6) 

sadac   aris 1 1O x  da Ox  RerZebs Soris kuTxis sidide. 

      Tu amasTan erTad warmtani moZraoba gadataniTicaa da moZrav da uZrav 

RerZebs SevarCevT erTmaneTis paralelurad, maSin (13.1.6)-dan miviRebT: 

                          
1 0

1 0

,

.

x x x

y y y

 


 
                                      (13.1.7) 

Tu warmtani moZraoba aris brunva uZravi RerZis garSemo, maSin fardo-

biTi moZraoba xdeba am RerZis marTob sibrtyeSi da, Tu fardobiTi koordi-

natTa sistemis saTaves aviRebT brunvis RerZze, xolo Oz  RerZs davamTxvevT 

1Oz  RerZs, maSin  

                 
1

1

cos sin ,

sin cos .

x x y

y x y

 

 

 


 
                                 (13.1.8) 

wertilis warmtani moZraobis gantolebebis  misaRebad (13.1.5)-Si unda 

davuSvaT, rom , ,x y z  mudmivi sidideebia.  

 

13.2. siCqareTa Sekrebis kanoni 
 Teorema. wertilis absoluturi siCqare misi fardobiTi da warmtani 

siCqareebis veqtoruli jamis tolia.  

damtkiceba. M  wertilis rTuli moZraobis gamomsaxveli (13.1.4) toloba 

gavawarmooT droiT, miviRebT:  

         0M
drdr di dx dj dy dk dz

x i y j z k
dt dt dt dt dt dt dt dt

       .                 (13.2.1) 

miRebul tolobaSi Mdr

dt
aris M  wertilis absoluturi siCqare. aRv-

niSnoT igi va -Ti. (13.2.1) tolobaSi davuSvaT, rom , ,x y z  sidideebi mudmivebia 

(e.i. wertili gaCerda moZrav sistemaSi), maSin marjvena mxareSi dagvrCeba 0dr

dt
+
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di
x

dt
+

dj
y

dt
+

dk
z

dt
, rac wertilis warmtani siCqarea da Tu mas aRvniSnavT vw -Ti, 

gveqneba:  

                  vw =
0dr

dt
+

di
x

dt
+

dj
y

dt
+

dk
z

dt
.                           (13.2.2) 

axla davuSvaT, rom moZravi sxeuli gaCerda (e.i. 0 , , ,r i j k  sidideebi gax-

dnen mudmivebi)); cxadia, (13.2.1) tolobis marjvena mxareSi dagvrCeba wertilis 

fardobiTi siCqare da Tu mas aRvniSnavT vf -Ti, gveqneba:  

                 vf =
dx

i
dt

+
dy

j
dt

+
dz

k
dt

.                                 (13.2.3) 

miRebuli aRniSvnebis gaTvaliswinebiT (13.2.1) aseT saxes miiRebs:  

                        v v v a f w .                                    (13.2.4) 

(13.2.4) toloba amtkicebs zemoT Camoyalibebul Teoremas. 

fardobiTi da warmtani siCqareebis gansazRvris Semdeg absoluturi siC-

qaris gasagebad SegviZlia gamoviyenoT ori veqtoris Sekrebis paralelogra-

mis wesi da gveqneba:   

               2 2 2 cosv v v v v v v  a f w f w f w , 

  
 sinsin sin v v

vv v

 


 
f w

af w

 =>   sin sin
v

v v
v

 
f

f w

a

,   sin sin
v

v v
v

 
w

f w

a

,      (13.2.5) 

sadac   da   Sesabamisad absolutur siCqaresa da fardobiT da warmtan 

siCqareebs Soris kuTxeebia.  

 

13.3. aCqarebaTa Sekrebis kanoni 

 Teorema. wertilis absoluturi aCqareba fardobiTi, warmtani da ko-

riolisis aCqarebebis veqtoruli jamis tolia.  

damtkiceba. M  wertilis absoluturi siCqaris ganmsazRvreli (13.2.1) to-

loba gavawarmooT droiT, miviRebT: 

         

22

0

2 2

M
d rd r

dt dt
 + 

2 2 2 2 2 2

2 2 2 2 2 2

d i d j d k d x d y d z
x y z i j k

dt dt dt dt dt dt
     + 

             + 2
di dx dj dy dk dz

dt dt dt dt dt dt

 
  

 
.                                (13.3.1) 

miRebul gamosaxulebaSi 
2

2

Md v

dt
 aris wertilis absoluturi aCqareba; 

aRvniSnoT igi wa -Ti.  

      davuSvaT, rom wertili gaCerda moZrav sistemaSi, maSin (13.3.1) tolobaSi 

darCenili gamosaxuleba warmoadgens wertilis warmtan aCqarebas da Tu mas 

aRvniSnavT ww -iT, gveqneba:  
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                   ww=
2 2 2 2

0

2 2 2 2

d r d i d j d k
x y z

dt dt dt dt
   .                      (13.3.2) 

axla davuSvaT, rom moZravi sxeuli gaCerda (e.i. 0 , , ,r i j k  sidideebi gaxda 

mudmivebi), maSin (13.3.1) tolobaSi darCenili gamosaxuleba warmoadgens wer-

tilis fardobiT aCqarebas da Tu mas aRvniSnavT wf -Ti, gveqneba: 

                   wf=
2 2 2

2 2 2

d x d y d z
i j k

dt dt dt
  .                           (13.3.3) 

(13.3.1) tolobis marjvena mxareSi kidev darCa garkveuli gamosaxuleba. 

vuwodoT mas koriolisis aCqareba da Tu SemoviRebT misTvis wk  aRniSvnas, 

miviRebT:  

                wk =2
di dx dj dy dk dz

dt dt dt dt dt dt

 
  

 
.                        (13.3.4) 

(13.3.2)-(13.2.4) aRniSvnebis gaTvaliswinebiT (13.3.1) toloba ase Caiwereba: 

                      w w w w  a f w k .                              (13.3.5) 

Teorema damtkicebulia. mas koriolisis Teorema ewodeba. 

 

13.4. koriolisis aCqareba 

      gardavqmnaT (13.3.4) tolobiT mocemuli koriolisis aCqareba. jer erTi 

, ,x y z

dx dy dz
v v v

dt dt dt
    warmoebulebi fardobiTi siCqaris gegmilebia; Semdeg ga-

vixsenoT (11.6.7)-iT mocemuli puasonis formulebi: 
di

i
dt

  , 
dj

j
dt

  , 

dk
k

dt
  , sadac   warmtani moZraobis Semdgeni brunviTi moZraobis kuTxuri 

siCqarea. 

miRebuli gamosaxulebebi SevitanoT (13.3.4) tolobaSi, gveqneba: 

         
      2 x y zw i v j v k v       k =   2 x y zi v j v k v   =  2 v f . 

koriolisis aCqarebisaTvis sabolood miviReT: 

                               wk =  2 v f .                                (13.4.1) 

misi moduli ase gamoiTvleba:  

                          2 sinw v v k f f .                          (13.4.2)                 

(13.4.2) tolobidan gamomdinareobs, rom koriolisis aCqareba ar arse-

bobs, Tu: 

1. 0  . am dros moZravi sistema moZraobs gadataniT. am SemTxvevaSi 

(13.3.5) aseT saxes miiRebs: 

                         w w w a f w ,                                 (13.4.3) 

amasTan 0w ww . 
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2. 0v f . am SemTxvevaSi fardobiTi moZraoba ar arsebobs da, rasakvir-

velia, sazogadod, arc rTuli moZraoba arsebobs. 

3. 0, 0,v v  f f . am SemTxvevaSi  sin 0v f . 

rac Seexeba koriolisis aCqarebis mimarTulebas, is ise unda SeirCes, 

rom , ,v w f k  veqtorebma (Tu maT erT wertilze movdebT) unda Seadginon marj-

vena sistema. 

koriolisis aCqarebis gasagebad arsebobs Jukovskis wesi, romelic ase 

Camoyalibdeba: vf  veqtors vagegmilebT   veqtoris marTob sibrtyeSi. geg-

mils vamravlebT 2 -ze da miRebul veqtors vabrunebT 90 -iani kuTxiT 

brunvis mxares. am gziT miRebuli veqtori aris koriolisis aCqareba. 

ganvixiloT nebismieri sxeulis moZraoba dedamiwis maxloblobaSi. misi 

moZraoba dedamiwis mimarT aris fardobiTi moZraoba, xolo dedamiwis brunva 

– warmtani. radganac dedamiwa marTla brunavs, amitom dedamiwis maxlob-

lobaSi moZravi sxeulis yovel wertils aqvs koriolisis aCqareba. 

dedamiwis brunvis kuTxuri siCqare 2 24 60 60     57,3 10  rad/wm. 

 

13.5. meToduri miTiTebebi amocanebis amosaxsnelad 

amocanis amoxsna unda daviwyoT uZravi da moZravi aTvlis sistemebis 

dadgeniT da warmtani moZraobis xasiaTis gamorkveviT. amis Semdeg unda da-

vadginoT, wertilis romeli moZraobaa absoluturi da romeli – fardobiTi.   

gansaxilvel TemasTan dakavSirebuli amocanebi iyofa or ZiriTad ti-

pad:  

1. cnobilia wertilis fardobiTi da warmtani moZraobebi. moiTxoveba 

ganisazRvros wertilis absoluturi moZraobis gantolebebi da absoluturi 

traeqtoria. 

2. cnobilia wertilis absoluturi da warmtani moZraobebi. moiTxoveba 

ganisazRvros wertilis fardobiTi moZraobis gantolebebi da fardobiTi 

traeqtoria. 

pirveli tipis amocana daiyvaneba ori Semdgeni moZraobis SekrebiT. me-

ore amocanaSi cnobili absoluturi moZraoba unda daiSalos cnobil war-

mtan da ucnob fardobiT moZraobebad am ukanasknelis gagebis mizniT.  

amocana 13.1. baqani moZraobs Tanabrad horizontaluri mimarTulebiT 1 

m/wm siCqariT (nax. 13.3). baqanze misi moZraobis paralelurad gadaadgideba 

urika 0,5s t  kanoniT. CaTvaleT urika wertilad da gaigeT misi koordina-

tebi drois t =4 wm-s momentSi, Tu sawyis momentSi urika imyofeboda O  wer-

tilSi.   

amoxsna. uZravi sxeulia dedamiwa, xolo moZravi – baqani. Tu urikas 

gavaCerebT baqanze,BmaSin igi imoZravebs mxolod baqanTan erTad, rogorc misi 

nawili. amgvarad, warmtani moZraoba aris baqanis wrfivi Tanabari moZraoba, 

romlis siCqare vw =1 m/wm.  Tu baqans gavaCerebT, maSin urika imoZravebs mxo-
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lod baqanis mimarT 0,5s t  kanoniT. es aris urikis fardobiTi moZraoba. uc-

nobia absoluturi moZraoba.  

gavigoT urikis absoluturi moZraobis kanoni. vinaidan warmtani moZra-

oba brtyeli da gadataniTia, amitom urikis absoluturi moZraobis 
1 1,x y  ko-

ordinatebis gasagebad SegviZlia gamoviyenoT (13.1.7) gantolebebi: 
1 0 ,x x x   

1 0y y y  , sadac 0 0,x y  warmtani, xolo ,x y  - fardobiTi moZraobis koordina-

tebia.   

SesaZlebelia ori SemTxveva: baqani da urika moZraoben: 1. erTi mimar-

TulebiT da 2. sawinaaRmdego mimarTulebiT. 

sawyis momentSi moZravi Ox  da Oy  koordinatTa RerZebi davamTxvioT 

Sesabamis uZrav 1 1O x  da 1 1O y  koordinatTa RerZebs. arCeuli koordinatTa sis-

temis da amocanis pirobis Tanaxmad, 0x  v tw = t , 0 1y y y  =0, m, 0,5x s t   m. 

maSin 1. 
1 0,5 1,5x t t t    m, 1y =0;  2. 

1 0,5 0,5x t t t    m, 1y =0. roca 4t   wm-s, maSin 

1. 1 6x   m da 2. 1 2x   m. 

pasuxi. 1. 1 1,5x t  m; 1y =0; roca t =4 wm, maSin 
1x 6 m;  

        2. 1 0,5x t  m; 1y =0; roca t =4 wm, maSin 
1x m 2. 

 

 

 

  

  

 

 

      nax. 13.3                                  nax. 13.4 

 

amocana 13.2. Oz  RerZis garSemo 4t   kanoniT mbrunav milakSi moZraobs 

burTula 25OA t  kanoniT (nax. 13.4). gansazRvreT burTulas absoluturi moZ-

raobis gantolebebi da koordinatebis mniSvnelobebi, roca t =0,25 wm. [61]E 

amoxsna. advilad davrwmundebiT, rom warmtani moZraoba aris milakis 

brunva Oz  RerZis garSemo, xolo fardobiTi – burTulas gadaadgileba mi-

lakSi. moZravi Oxy  sibrtye SevuTavsoT uZrav 1 1 10 x y  sibrtyes (nax .13.4). vinaid-

an warmtani moZraoba brunviTia, amitom absoluturi moZraobis gantolebebis 

gasagebad gamoviyenoT (13.1.8) formulebi:MO 

                     1

1

cos sin ,

sin cos .

x x y

y x y

 

 

 


    
arCeuli koordinatTa sistemis da amocanis pirobis Tanaxmad, 25x t , y

=0, 4t  , maSin  
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2

1

2

1

5 cos4 ,

5 sin 4 .

x t t

y t t

 


    
miRebuli tolobebi burTulas absoluturi moZraobis gantolebebia. roca t

=0,25 wm, maSin  

      
1 5cos1/16 5cos57,3 /16 5 0,54/16 0,169x      ; 1y 5 0,84 /16   0,26.  

pasuxi. 2

1 5 cos4x t t , 2

1 5 sin 4y t t ;  roca t =0,25 wm, maSin 1x =0,169; 1y =0,26. 

amocana 13.3. tramvai moZraobs v=18 km/sT siCqariT gzis horizontalur 

ubanze. Zara resorebze asrulebs harmoniul rxevas a=0,8 sm amplitudiT da 

T =0,5 wm periodiT. ipoveT Zaris simZimis centris traeqtoriis gantoleba, Tu 

misi saSualo manZili gzis liandagidan h =1,5 m. roca t =0, maSin simZimis cen-

tri Sua mdebareobaSia da rxevis siCqare mimarTulia zeviT. Ox  RerZi mimar-

TeT horizontalurad liandagis gaswvriv moZraobis mimarTulebis Tanxved-

rilad, xolo Oy - vertikalurad zeviT ise, rom t =0 sawyis momentSi igi gadi-

odes simZimis centrze (nax. 13.5).   

amoxsna. tramvais moZraoba  warmtani moZraobaa, xolo Zaras moZraoba – 

fardobiTi. gasagebia simZimis centris absoluturi moZraobis gantolebebi.  

vinaidan warmtani moZraoba brtyeli da gadataniTia, amitom absoluturi 

moZraobis koordinatebis gasagebad SegviZlia gamoviyenoT (13.1.7) gantolebebi: 

1 0 ,x x x   
1 0y y y  .   

cxadia, rom v vw  => 0x x vt w , 0y yw =0. fardobiTi moZraoba harmoni-

uli rxevaa Oy  RerZis gaswvriv, Tanac sawyis momentSi C  simZimis centri im-

yofeba Ox  RerZidan h  manZilze, amitom SegviZlia davweroT: x=0, y =h +      

+ sina k t . pirobis Tanaxmad, h =1,5 m, a=0,8 sm=0,008 m. gavigoT k . 2T k  => k =  

= 2 T = 2 0,5 = 4 , maSin x=0, 1,5 0,008sin 4y t   m. gaviTvaliswinoT, rom v=18 

km/sT = 5 m/wm da miRebuli mniSvnelobebi SevitanoT (13.1.7) tolobebSi, mivi-

RebT: 
1 5 0x t  =5t  m, 

1 0 1,5 0,008sin4y t   =1,5 0,008sin 4 t  m. am tolobebidan ga-

movricxoT t  parametri, miviRebT: 5t  , 
1 11,5 0,008sin0,8y x  .Y 

pasuxi. 
1 11,5 0,008sin0,8y x  . 

amocana 13.4. horizontaluri mimarTulebiT u  siCqariT Tanabrad moZ-

ravi vertikaluri dafis win usawyiso siCqariT Tavisuflad vardeba carcis 

M  natexi (nax. 13.6). gansazRvreT im mrudis saxe, romelsac carci daxazavs 

dafaze.AD  

amoxsna. miviRoT, rom sawyis momentSi carci imyofeba O  wertilSi.  da-

fis moZraoba aris warmtani moZraoba, romelic brtyeli da gadataniTia. Se-

varCioT moZravi da uZravi sistemebis Sesabamisi RerZebi erTmaneTis para-

lelurad, maSin carcis absoluturi moZraobis koordinatebis gasagebad Seg-

viZlia gamoviyenoT (13.1.7) gantolebebi: 
1 0 ,x x x   

1 0y y y  .   
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            nax. 13.5                                  nax. 13.6 

    

cxadia, rom v uw  => 0x x ut  w , 0y yw =0; carcis moZraoba dafis mi-

marT aris fardobiTi moZraoba, romelic ucnobia. carcis Tavisufali vardna 

absoluturi moZraobaa, amitom 1x xa =0, 2

1 2y y gt a . SevitanoT miRebuli 

mniSvnelobebi (13.1.7) tolobebSi, miviRebT: 

         0 ut x   , 2 2gt y    =>  2, 2x ut y gt  .                     (a) 

(a) aris carcis fardobiTi moZraobis gantolebebi. traeqtoriis gan-

tolebis misaRebad am tolobebidan unda gamovricxoT t  parametri, miviRebT:   

                   2

22

g
y x

u
      ( 22 , 0, 0a g u c b   ).                 (b)                        

es aris parabola vertikaluri RerZiT, romlis parametri  1 2p a =     

= 2u g . 

pasuxi. 2 2

2
, .

2

g
y x p u g

u
    

amocana 13.5. sabruni amwe brunavs 1O  wertilze gamavali naxazis sibrt-

yis marTobi RerZis garSemo mudmivi kuTxuri siCqariT (nax. 13.7,a). amwis isris 

mimarTulebiT, romelic emTxveva 1O x  RerZs, moZraobs M  urika tvirTiT 

cosx a kt , y =0 kanonis mixedviT. gansazRvreT M  urikis absoluturi moZra-

obis gantolebebi da misi traeqtoria, Tu kt  . 

amoxsna. amwis brunva RerZis garSemo mudmivi siCqariT warmtani moZra-

obaa, xolo wrfivi moZraoba isris gaswvriv – fardobiTi. damokidebuleba M  

wertilis 
1 1,x y  absolutur koordinatebsa da ,x y  fardobiT koordinatebs 

Soris moicema (13.1.8) formulebiT: 

               
1 cos sinx x y   ,  

1 sin cos .y x y                       (a) 

Cven amocanaSi cosx a kt , y =0, kt  . SevitanoT es mniSvnelobebi (a) to-

lobebSi, miviRebT: 

               
2

1

1

cos ,

sin cos .

x a kt

y a kt kt

 



                                        (b) 

gadavideT ,r   polarul koordinatebze. (b)-dan  

      2 2 2 4 2 2 2

1 1 1 cos sin cosr x y a kt a kt kt    = cosa kt ,  kt    => 
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1 cosr a  .                                    (g) 

analizuri geometriidan cnobilia, rom (g) aris a diametris mqone wre-

wiris gantoleba polarul koordinatebSi (nax. 13.7,b).  

1O x  isris gaswvriv erTi sruli rxevis periodi 2T k . 

1T -iT aRvniSnoT drois Sualedi, romelic M  wertils sWirdeba abso-

lutur moZraobaSi a diametris mqone wrewiris SemowerisaTvis. ganvixiloT 

samkuTxedi 1OO M (nax. 13.7,g). mas ori kuTxe toli aqvs. MOx  am samkuTxedis 

gare kuTxea, amitom MOx =2
1MO x =2 = 2kt  => 

1 2 2T k = k  => 
12T T . 

a)                       b)                         g) 

 

 

  

 

 

 

                       nax. 13.7 

 

miviReT: ra droSic urika aRwers erT srul rxevas, imave droSi is ab-

solutur moZraobaSi orjer Semowers a diametris mqone wrewirs. 

pasuxi. 2

1x acos kt , 
1 sin cosy a kt kt ; traeqtoria wrewiri: 

1 cosr a  , kt  .  

amocana 13.6. urika migoravs wrfivad 2s t  kanoniT. urikis mimarT M  

wertilis moZraoba mocemulia 3Mx t  da 4My t  gantolebebiT. gaigeTeT M  

wertilis absoluturi moZraobis siCqare drois t =1 wm momentSi (nax. 13.8).  

amoxsna. warmtani moZraobaa urikis moZraoba, romelic brtyeli da gada-

taniTia, amitom M  wertilis absoluturi moZraobis gantolebebi SegviZlia 

gavigoT (13.1.7) formulebiT: 
1 0 ,x x x   

1 0y y y  . Cven SemTxvevaSi 0x = s =2t , 0y =0, 

3Mx x t  , 4My y t  . maSin 
1 2 3x t t  =5t , 

1 4y t  =>  

   1
x

dx
v

dt
a =  5

d
t

dt
=5,   1 4y

dy d
v t

dt dt
 a =4  => 2 2

x yv v v a a a = 2 25 4 = 41  6,40.  

pasuxi. 6.40. 

amocana 13.7. ra kuTxiT unda icuraos mocuravem, rom umokles droSi 

gadacuros mdinare, romlis siCqarea v , Tu mocuraves siCqare mdgar wyalSi 

udris u -s (nax. 13.9)?        

amoxsna. davuSvaT, rom mdinaris napirebi erTmaneTis paraleluria da 

AB  aris umoklesi manZili maT Soris, xolo AD  is mimarTulebaa, romlis 

gaswvrivac micuravs mocurave. C  aris wertili, romelSic mocurave miadgeba 

meore napirs.   aris saZiebeli kuTxe.  
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            nax. 13.8                                  nax. 13.9 

 

dineba aris moZravi sxeuli. mis mimarT, e.i. AD -s gaswvriv, moZraoba 

aris fardobiTi moZraoba, amitom v uf . mdinareSi wylis moZraoba aris warm-

tani moZraoba, amitomM v vw . AC -s gaswvriv moZraoba aris am ori moZraobis 

Sedegi, e.i. absoluturi moZraoba. siCqareTa Sekrebis kanonis Tanaxmad, 

v v v a f w . nax. 13-ze gamosaxulia siCqareTa samkuTxedi. ABC AFG  => 

AC AG AB AF . magram AG v a , cosAF v  f  => cosAC v AB u a . magram AC va  

aris is t  drois Sualedi, romelic sWirdeba mocuraves mdinaris gadasacu-

rad. miviReT: cost AB u  . es dro iqneba umciresi, roca cos 1   =.>  =0. 

amgvarad, t AB umin  

miviReT: umoklesi aris drois is Sualedi, romelic dasWirdeba mocu-

raves meore napiramde gasacurad damdgar wyalSi. 

pasuxi. napiris marTobulad. 

sainteresoa, ra roli aqvs am amocanaSi dinebis siCqares?  

amocana 13.8. gaigeT wvimis dros qolgis uxelsayrelesi mdebareoba, Tu 

qolgis damWeri adamiani moZraobs horizontaluri mimarTulebiT u  siCqariT, 

xolo wvimis wveTebi vardeba vertikalurad v  siCqariT. ras udris wveTis 

fardobiTi siCqare, roca v=2 m/wm da u =1,5 m/wm?  

amoxsna. uZrav aTvlis sxeulad miviRoT dedamiwa, xolo moZrav aTvlis 

sxeulad – adamiani. vTqvaT, adamiani midis marjvnidan marcxniv. wveTis ver-

tikalurad vardna wveTisaTvis aris absoluturi moZraoba ( v va ); misi moZ-

raoba adamianis mimarT – fardobiTi moZraobaa, xolo adamianis moZraoba – 

warmtani (v uw ). rogorc vxedavT, gasagebia fardobiTi moZraobis siCqaris 

moduli da mimarTuleba. siCqareTa Sekrebis Teoremis gamoyenebiT avagoT siC-

qareTa samkuTxedi (nax. 13.10).  

advilad miviRebT: 2 2v v v f a w = 2 2v u , .tg u v   

roca v=2 m/wm da u =1,5 m/wm, maSin 2 21,5 2v  f =2,5 m/wm, tga =2/1,5=1,(3) => 

53  . 

pasuxi. 2 2v v u f   (2,5 m/wm);   arctg u v     ( 53  ). 
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       nax. 13.10                            nax. 13.11 

 

amocana 13.9. M  cocias SeuZlia gadaadgiildes Ox  RerZis gaswvriv. mas 

amoZravebs uZrav blokze gadadebuli MN  Zafi (nax. 13.11). Zafis N  bolos an-

iWeben 0v  siCqares. gansazRvreT M  cocias v  siCqare im momentSi, roca 

OMN    da ON h .     

amoxsna. cocias gadaadgileba Ox  RerZis gaswvriv aris misi absolutu-

ri moZraoba, e.i. va = v . es moZraoba SegviZlia warmovadginoT rogorc ori 

moZraobis jami: erTia moZraoba MN  wrfis gaswvriv (fardobiTi moZraoba 0v  

siCqariT), xolo meore - N  blokis garSemo Zafis brunva (warmtani moZraoba 

vw  siCqariT). amgvarad, 0v v v  w . am tolobis Tanaxmad, siCqareTa samkuTxedi 

iqneba marTkuTxa samkuTxedi, romlis hipotenuza aris saZiebeli v  siCqare. 

advilad miviRebT: 0 cosv v  . 

pasuxi.  0 cosv v  . 

amocana 13.10. mrudmxara-barbaca meqanizmSi OA r  sigrZis mrudmxara 

brunavs   kuTxuri siCqariT (nax. 13.12). AB  barbacas sigrZe udris l -s. moce-

muli   kuTxisas gansazRvreT B  cocias siCqare OA mrudmxaras mimarT. ga-

igeT, agreTve, misi absoluturi siCqare.    

amoxsna. B  wertili erTdroulad ekuTvnis cocias da barbacas da, 

radganac cocia moZraobs gadataniT, amitom mis yvela wertils aqvs B  wer-

tilis siCqare. amgvarad, amocanis amoxsna daiyvaneba barbacas B  wertilis 

siCqaris gagebaze. 

cxadia, B  wertilis absoluturi moZraoba aris misi moZraoba OB  

wrfis gaswvriv da va  veqtori mimarTulia B -dan A -sken. 

Tu mrudmxaras gavaCerebT, maSin barbacas SeeZleba mxolod brunva A  

wertilis garSemo, rac misi fardobiTi moZraobaa. am SemTxvevaSi B  wertili 

imoZravebs AB -radiusian wrewirze, ris gamoc vf  siCqare aris AB -s marTobi 

(nax. 13.12). 

davuSvaT, rom OAB  gamyarda, maSin mas SeeZleba mxolod brunva O  wer-

tilis garSemo (es aris warmtani moZraoba), ris Sedegadac B  wertili 

imoZravebs OB  radiusian wrewirze Bv v w = OB  = OB   da Bv v OB w . nax. 13.12-
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dan cosOB OA  + cosAB  = cos cosr l  ; sin sinr l   => sin sin
r

l
   => 

2 2 21
cos sinl r

l
     =>  2 2 2cos sinv r l r    w .  

 

 

 

 

 

 

  

  

      nax. 13.12                                  nax. 13.13 

 

,v va f  da vw  veqtorebiT avagoT paralelogrami (nax. 13.12). am parale-

logramSi cnobilia vw  da danarCeni ori veqtoris mimarTulebebi. advilad  

miviRebT: cosv v f w =
 2 2 2

2 2 2

cos sin

sin

r l r

l r

  



 


=

2 2 2

cos
1

sin

r
l

l r






 
 
  

. 

es aris cocias siCqare mrudmxaras mimarT.  

sinv v a f =
2 2 2

cos
sin 1

sin

r
r

l r


 



 
 
  

. 

pasuxi. vf =
2 2 2

cos
1

sin

r
l

l r






 
 
  

;   va =
2 2 2

cos
sin 1

sin

r
r

l r


 



 
 
  

. 

amocana 13.11. urika migoravs wrfivad 30,5s tw  kanoniT. urikis mimarT M  

wertilis moZraoba mocemulia 0,3Mx t  da 20,1My t  gantolebebiT. gaigeT M  

wertilis absoluturi moZraobis aCqareba drois t =1 wm momentSi (nax. 13.8).  

amoxsna. warmtani moZraobaa urikis moZraoba, romelic brtyeli da ga-

dataniTia, amitom M  wertilis absoluturi moZraobis gantolebebi SegviZ-

lia gavigoT (13.1.7) formulebiT: 
1 0 ,x x x   

1 0y y y  . Cven SemTxvevaSi 0x = sw =    

= 30,5 t , 0y =0, 0,3Mx x t  , 20,1My y t  . maSin 3

1 0,5 0,3x t t  =5t , 2

1 0,1y t  =>  

2

1

2x

d x
w

dt
a =  

2
3

2
0,5 0,3

d
t t

dt
 =3t ,   

2 2
21

2 2
0,1y

d y d
w t

dt dt
 a =0,2  => 2 2

x yw w w a a a =         

=  
2 23 0,2t  =

29 0,04.t   roca t =1 wm-s, maSin 9,02w a  3,0066 m/wm 2 . 

pasuxi.  3,0066 m/wm 2 . 
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amocana 13.12. M  wertilis fardobiTi moZraoba ganisazRvreba tx ef , 

2siny tf  gantolebebiT, xolo warmtani gadataniTi moZraoba - tx ew , 

2cosy tw  gantolebebiT. absoluturi da fardobiTi moZraobebis RerZebi erT-

maneTis paraleluria. gansazRvreT M  wertilis absoluturi moZraobis aCqa-

rebis moduli  drois t =0  momentSi.    

amoxsna. wina amocanis msgavsad miviRebT, rom 
1

t tx e e  , 1y = 2sin t + 2cos t   

=> 
2

1

2x

d x
w

dt
a =  

2

2

t td
e e

dt

 = t te e ,  
2 2

1

2 2
2sin 2cosy

d y d
w t t

dt dt
  a = 2sin t cos t . roca   

t =0, maSin 
xwa =2, 

ywa =2  => 2 2

x yw w w a a a = 8 2,83 . 

pasuxi. 2,83 .        

amocana 13.13. CrdiloeTisaken samxreTis rkinigzis magistrali pirdapir 

meridianze gadis. Tbomavali moZraobs CrdiloeTisken v=90 km/sT siCqariT. 

adgilis ganedi 47  -s (nax. 13.13). gansazRvreT Tbomavlis koriolisis aCqare-

ba. [64] 

amoxsna. sxeuli ganvixiloT M  wertilad. vinaidan dedamiwa brunavs 

dasavleTidan aRmosavleTisaken, amitom dadebiTi brunvis misaRebad dedami-

wis brunvis   kuTxuri siCqare unda mivmarToT samxreTidan CrdiloeTisaken.  

sxeulis meridianze moZraobisas vf  da   veqtorebi meridianis sibr-

tyeSi mdebareoben. cnobilia, rom 2w v k f . veqtoruli namravlis gansaz-

Rvris Tanaxmad, wk  mimarTuli iqneba aRmosavleTidan dasavleTisaken (Tu ga-

vixedebiT wk -s wverodan misi bolosken, maSin   veqtoris vf  veqtorTan Se-

Tavsebis mizniT mobruneba unda xdebodes saaTis isris brunvis sawinaaRmde-

go mimarTulebiT, anu ,v f  da wk  veqtorebi unda adgendnen marjvena siste-

mas). advilad gavigebT, rom kuTxe   da vf  veqtorebs Soris 47 -ia, xolo 90 

km/sT=25 m/wm. maSin 2 sin 47w vk f  52 7,3 10 20 0,7314    
32,67 10  m/wm 2 . 

pasuxi.  32,67 10  m/wm 2 . 

amocana 13.14. CrdiloeTi ganedis paralelze dagebuli  rkinigzis lian-

dagze dasavleTidan aRmosavleTisaken v=20 m/wm siCqariT moZraobs Tbomava-

li (nax. 13.14). gansazRvreT Tbomavlis koriolisis aCqareba.  

amoxsna. wina amocanis msgavsad, sxeuli miviRoT M  wertilad. vinaidan 

dedamiwa brunavs dasavleTidan aRmosavleTisaken, amitom dadebiTi brunvis 

misaRebad dedamiwis brunvis   kuTxuri siCqare unda mivmarToT xamxreTidan 

CrdiloeTisaken.  

wk -is modulisa da mimarTulebis gasagebad gamoviyenoT Jukovskis wesi: 

1. davagegmiloT vf  veqtori  -s marTob sibrtyeSi; Cven SemTxvevaSi vf  veqto-

ri ukve mdebareobs  -s marTob sibrtyeSi; 2. gegmils gavamravlebT 2 -ze; 
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Cven SemTxvevaSi miviRebT 2 v f  veqtors; 3. miRebuli veqtori movabrunoT 90 -

iani kuTxiT warmtani moZraobis brunvis mxares. Cven SemTxvevaSi wk  veqtori 

mimarTulia 1MO  wrfis mimarTulebiT da misi moduli udris 52 7,3 10 20      


32,92 10  m/wm 2 -s.  

pasuxi. 32,92 10  m/wm 2 .  

 

 

 

  

 

  

 

           nax. 13.14                            nax. 13.15 

 

amocana 13.15. R  radiusis wrewiri mudmivi siCqariT gadataniT moZraobs 

ise, rom misi centri gadaadgildeba wrewiris sibrtyis marTobi wrfis gas-

wvriv. amave dros wrewiris gaswvriv moZraobs M  wertili ise, rom OM  bru-

navs mudmivi   kuTxuri siCqariT. gaigeT M  wertilis absoluturi aCqareba 

(nax. 13.15).  

amoxsna. warmtani moZraobaa wrewiris gadataniTi moZraoba. M  werti-

lis fardobiTi moZraoba aris misi moZraoba R -radiusian wrewirze. vinaidan 

wrewiri moZraobs gadataniT mudmivi siCqariT, amitom ww=0 da wk =0 => w wa f ; 

w f =0 ( const  ) => nw wa f = 2R .M 

pasuxi. 2R . aCqareba mimarTulia radiusis gaswvriv wrewiris centris-

ken.  

      amocana 13.16. OA  wrfis gaswvriv O  centridan mudmivi v  siCqariT moZ-

raobs M  wertili (nax.13.16); TviT wrfe mudmivi   kuTxuri siCqariT brunavs 

O  centris garSemo. gansazRvreT M  wertilis absoluturi siCqare da aCqare-

ba im momentSi, roca OM  manZili udris R -s.    

amoxsna. warmtani moZraoba aris OA  wrfis brunva O  centris garSemo, 

xolo M  wertilis fardobiTi moZraoba – gadaadgileba OA  wrfis gaswvriv. 

amocanis pirobis Tanaxmad, gvaqvs: v Rw , v vf  da maT Soris kuTxe udris 

90 -s => 2 2 2v v R  a .  

gadavideT aCqarebis gagebaze. vinaidan fardobiTi moZraoba wrfivia mud-

mivi siCqariT, amitom wf=0 => w w w a w k . wrfe brunavs mudmivi kuTxuri siCqa-

riT, amitom w w =0 da 2

nw Rw . radganac wertili moZraobs brunvis RerZis 
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marTob sibrtyeSi, amitom 2w vk f= 2 v .Madvilad davadgenT, rom wk marTobia 

OA wrfis. vinaidan nww -s aqvs MA mimarTuleba, amitom 

 

 

  

 

 

 

 

 

       nax. 13.16                             nax. 13.17     

 

           
        

2 2

nw w w a w k = 2 4 2 24R v  = 2 2 24R v   . 

pasuxi. 2 2 2v v R  a ,  wa =
2 2 24R v   . 

amocana 13.17. R =0,5 m radiusis Tvali usrialod goravs wrfivi relsis 

gaswvriv (nax. 13.17). drois raRac momentSi O  centris siCqare 0v =4 m/wm, xolo 

aCqareba - 
0w =2 m/wm 2 . gansazRvreT Tvalis M  wertilis aCqareba, Tu mocemul 

momentSi kuTxe MOP  udris 120 -s. [44]   

amoxsna. Tvalis moZaoba davSaloT or moZraobad: O  centris garSemo 

brunvad da Tvalis, rogor mTliani sxeulis, gadataniT moZraobad. fardo-

biT moZraobad miviRoTM Tvalis brunva O  centris garSemo, xolo warmtan 

moZraobad - gadataniTi moZraoba, e.i.  0Mv vw  da 0Mw ww . 

pirobis Tanaxmad, Tvali usrialod goravs, amitom relsTan Sexebis P  

wertilis siCqare nulis tolia, e.i. P  wertili aris Tvalis wertilebis 

siCqareTa myisi centri. maSin 0v R  => 0v

R
   => 

d

dt


  = 0vd

dt R

 
 
 

=  0

1 d
v

R dt
=     

= 0w

R
. amgvarad, gavigeT Tvalis kuTxuri siCqare da kuTxuri aCqareba.  

axla ganvsazRvroT M  wertilis fardobiTi aCqareba. w R f = 0w
R

R
=    

=
0w ; 2

nw Rf =
2

0

2

v
R

R
=

2

0v

R
.  

M  wertilis absoluturi aCqareba    nw w w w  a w f f .               (a) 

gamoviyenoT gegmilebis meTodi. koordinatTa RerZebi SevarCioT ise, ro-

gorc es nax. 13.17-zea. maSin  

cos30x nw w w  a w f

2

0
0 cos30

v
w

R
 =

23 4
2

2 0,5
   1,73 32 = 30,27  m/wm 2 ; 
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sin30yw w w   a w f =
0 0sin30w w  =

1
2 2

2
   = 3  m/wm 2     =>  

 
2 230,27 3w   a 925,27  30,42 m/wm 2 . 

pasuxi. wa  30,42 m/wm
2 . 

amocana 13.18. sxeuli moZraobs meridianis gaswvriv samxreTidan Crdi-

loeTisken gadataniT mudmivi modulis mqone v uf  siCqariT (nax. 13.18). gan-

sazRvreT sxeulis absoluturi siCqare da absoluturi aCqareba, roca is 

imyofeba CrdiloeT naxevarsferoSi   ganedze, Tu davuSvebT, rom dedamiwis 

kuTxuri siCqare mudmivia da udris  -s. dedamiwis radiusi udris R -s.  

amoxsna. sxeuli ganvixiloT M  wertilad. vinaidan dedamiwa brunavs da-

savleTidan aRmosavleTisaken, amitom dadebiTi brunvis misaRebad dedamiwis 

brunvis   kuTxuri siCqare unda mivmarToT xamxreTidan CrdiloeTisaken.  

 

 

a)                                     b) 

 

  

 

 

 

 

                                 

                               nax. 13.18 

 

warmtani moZraobaa dedamiwis brunva Tavisi RerZis garSemo, ris Sede-

gad M  wertili 1v O M w = cosOM  = cosR   modulis mqone siCqariT moZra-

obs 1O M -radiusian wrewirze, xolo fardobiTi – misi moZraobaa meridianis 

gaswvriv v uf  siCqariT. kuTxe am siCqareebs Soris marTia, amitom siCqareTa 

Sekrebis Tanaxmad 2 2v v v a f w = 2 2 2 2cosu R   . 

gadavideT aCqarebis gamoTvlaze.  

fardobiTi siCqare mudmivia, amitom w f =0. maSin wf  aCqarebis moduli

nw wf f =
2v

R

f
=

2u

R
 da mimarTulia O  centrisaken. 

dedamiwis brunvis kuTxuri siCqare mudmivia, amitom w w =0. maSin ww  aCqa-

rebis moduli nw ww w = 2

1O M  = 2 cosR   da mimarTulia 1O  centrisaken. 

wk  aCqarebis moduli 2 sinw v  k f =2 sinu   da meridianis marTobia (ix. 

amocana 13.13).  
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miviReT:             n nw w w w  a f w k .                                   (a) 

gamoviyenoT gegmilebis meTodi. davagegmiloT (a) toloba nax. 13.18-ze 

mocemul ,Ox Oy  da Oz  RerZebze, miviRebT: 

2 sinxw w u  a k , 

cosy n nw w w   a w f =
2

2 cos cos
u

R
R

    =
2

2 cos
u

R
R

 
 

  
 

, 

sinz nw w  a f =
2

sin
u

R
    =>       

 2 2 2

x y zw w w w  a a a a =

2
2 4

2 2 2 2 2

2
4 sin cos sin

u u
u R

R R
   

 
   
 

= 

   =
4 2

2 2 2 2 2

2
4 sin cos

u u
u R

R R
   

   
     

   
. 

viciT ra veqtoris moduli da gegmilebi koordinatTa RerZebze, advi-

lad gavigebT veqtoris mimarTulebas.  

pasuxi. va =
2 2 2 2cosu R    ,   wa =

4 2
2 2 2 2 2

2
4 sin cos

u u
u R

R R
   

   
     

   
. 

 

XIV Tavi 
myari sxeulis rTuli moZraoba 

 
14.1. Sedgenili moZraobis cneba 

vixilavT sxeulis moZraobas Oxyz  sistemis mimarT, romelic Tavis mxriv 

moZraobs uZravi 
1 1 1 1O x y z  sistemis mimarT. 

gansazRvra. sxeulis moZraobas moZravi sistemis mimarT, fardobiTi 

moZraoba ewodeba, xolo uZravi sistemis mimarT – rTuli anu absoluturi. 

sxeulis moZraobas im SemTxvevaSi, roca is uZravia moZravi sistemis mimarT, 

warmtani moZraoba ewodeba. rTul moZraobas Sedgenil moZraobasac uwodeben, 

xolo fardobiTsa da warmtans – Semdgen moZraobebs. 

sxeulis moZraobis kinematikuri maxasiaTeblebidan SemovifarglebiT 

mxolod siCqareebis gansazRvriT. 

 
14.2. gadataniTi moZraobebis Sekreba 

vaCvenoT, rom roca sxeulis fardobiTi da warmtani moZraobebi gadata-

niTia, maSin absoluturi moZraobac gadataniTia.  

vTqvaT, 
1v  da 2v  sxeulis nebismieri wertilis fardobiTi da warmtani 

siCqareebia. siCqareTa Sekrebis kanonis Tanxmad (ix. $13.2), wertilis absolutu-

ri siCqare iqneba  
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                          1 2.v v v                                    (14.2.1) 

magram gadataniTi moZraobis dros sxeulis yvela wertils erTnairi 
1v  

da 2v NsiCqareebi aqvs, amitom maTi jamic (e.i. absoluturi siCqareebi) erTnairi 

iqneba. warmtani gadataniTi moZraobis dros 0w k  (ix. $13.4), amitom aCqarebaTa 

Sekrebis kanonis Tanaxmad, sxeulis yvela wertils erTnairi absoluturi aC-

qarebebi aqvs, e.i.  

                       w w w f w .                                   (14.2.2)  

miviReT:  ori gadataniTi moZraobis SekrebiT miRebuli moZraobac gada-

taniTia.  

damtkicebuli Teorema SegviZlia ganvazogadoT orze meti gadataniTi 

moZraobis Sekrebazec. 

 
14.3. paraleluri RerZebis garSemo brunTa Sekreba. 

brunTa wyvili 

ganvixiloT SemTxveva, roca sxeulis fardobiTi moZraoba aris brunva 

1 1O z  RerZis garSemo 1  kuTxuri siCqariT, xolo warmtani  - 
1 1O z  RerZis brun-

va misi paraleluri 2 2O z  RerZis garSemo 
2  kuTxuri siCqariT (nax. 14.1). Tu 

gavixsenebT sxeulis brtyeli moZraobis gansazRvras, davrwmundebiT, rom Cven 

SemTxvevaSi Sedgenili moZraoba warmodgens brtyel moZraobas RerZebis mar-

Tob sibrtyeSi. SesaZlebelia sami kerZo SemTxveva.  

1. brunvebi mimarTulia erT mxares. gavkveToT sxeuli RerZebis marTobi 

sibrtyiT da RerZebTan gadakveTis wertilebi aRvniSnoT A  da B  asoebiT. A  

wertilis Av  siCqare ganpirobebulia mxolod 2 2O z  RerZis garSemo brunviT, 

amitom 2Av AB  . aseve, B  wertilis Bv  siCqare ganpirobebulia mxolod 
1 1O z  

RerZis garSemo brunviT, amitom 1Bv AB  . Av  da Bv  siCqareebi erTmaneTis pa-

raleluri (orive AB  monakveTis marTobia) da urTierTsawinaaRmdegod mimar-

Tuli veqtorebia (nax. 14.1). cxadia, A  da B  wertilebs Soris arsebobs werti-

li, romlis siCqare nulis tolia, e.i. arsebobs P  siCqareTa myisi centri. ase-

ve cxadia, rom 
1 1O z  da 2 2O z  RerZebis paraleluri 3Pz  RerZi aris sxeulis 

brunvis myisi RerZi.  

sxeulis absoluturi moZraobis kuTxuri siCqare aRvniSnoT  -Ti da Tu 

gaviTvaliswinebT (10.6.6) formulas, gveqneba: 

         , ;A B A Bv AP v BP v v AP BP           

        ,A Bv v

AP BP
     => ,A B A Bv v v v

AP BP AP BP
 


  


. 
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 a)                                 b) 

 

                                        

              

 

 

 

 

                             nax. 14.1 

 

gavixsenoT, rom 2Av AB  , 1Bv AB  , AP + BP = AB  da miviRebT: 

             2 1 2 1,
AB AB AB AB

AB AP BP

   
 

    
    => 

                        1 2    ,                                 (14.3.1) 

                       1 2

AB BP AP

 
  .                              (14.3.2) 

miviReT: roca sxeuli ori paraleluri RerZis garSemo erTi mimarTu-

lebiT erTdroulad brunavs 1  da 
2  kuTxuri siCqareebiT, maSin Sedgenili 

moZraoba warmoadgens myis brunvas 1 2     absoluturi kuTxuri siCqariT 

mocemuli RerZebis im paraleluri RerZis garSemo, romlis mdebareoba (14.3.2) 

formuliT ganisazRvreba. 

 3Pz  brunvis myisi RerZi drois mixedviT icvlis mdebareobas da cilin-

drul zedapirs Semowers. 

sxeulis nebismieri C  wertilis absoluturi siCqaris gasagebad gamo-

viyenoT (9.5.3) formula:  

                         Cv M  .                                  (14.3.3) 

(14.3.1) formulis gaTvaliswinebiT   

                       1 2 1 2C C Cv M M M       .                  (14.3.4) 

amgvarad, roca sxeuli ori paraleluri RerZis garSemo erTdroulad 

brunavs erTi mimarTulebiT, maSin sxeulis nebismieri  wertilis absolu-

turi siCqare tolia  wertilis mimarT kuTxuri siCqareebis veqtoruli mo-

mentebis jamisa. 

Camoyalibebuli debulebis ganzogadeba SeiZleba im SemTxvevaSic, roca  

sxeuli erTdroulad brunavs orze meti paraleluri RerZis garSemo. 

2. brunvebi mimarTulia sxvadasxva mxares. gavkveToT sxeuli RerZebis 

marTobi sibrtyiT da RerZebTan gadakveTis wertilebi aRvniSnoT  da  as-

oebiT (nax. 14.2). pirveli SemTxvevis msgavsad , . davuSvaT, 

rom , maSin  amasTan,  da  veqtorebi paraleluria da erT 

C

C

A B

2Av AB  1Bv AB 

1 2  .B Av v Av Bv

 
 



262 
 

mxaresaa mimarTuli. amitom kveTaSi miRebuli  brtyeli figuris siCqareTa 

myis centrs warmoadgens  da  veqtorebis boloebze gamavali wrfisa da 

 monakveTis gagrZelebis gadakveTis  wertili, xolo  RerZi, rome-

lic paraleluria mocemuli RerZebisa -  brunvis myis RerZs.   

aRvniSnoT sxeulis absoluturi moZraobis kuTxuri siCqare -Ti, maSin   

           

          => . 

aq SevitanoT  da -s mniSvnelobebi da gaviTvaliswinoT, rom 

= ,  miviRebT:          

              => 

                      ,                                    (14.3.5) 

                     .                                 (14.3.6) 

 

 

  

 

 

 

 

   

           nax. 14.2                             nax. 14.3 

 

bolo ori formulidan pirveli gvaZlevs Sedgenili moZraobis kuTxur 

siCqares, xolo meore – brunvis myisi RerZis mdebareobas. 

pirveli SemTxvevis msgavsad miviRebT, rom sxeulis nebismieri  wer-

tilis absoluturi siCqare 

                        .                         (14.3.7) 

3. brunTa wyvili. ganvixiloT SemTxveva, roca brunvebi xdeba sxvadasxva 

mxares da  (nax. 14.3). brunvaTa aseT erTobliobas brunTa wyvili ewo-

deba, xolo  da  veqtorebs – kuTxur siCqareTa wyvili.  

am SemTxvevaSi ,  => , amitom kveTaSi miRebuli 

 brtyeli figuris siCqareTa myisi centri mdebareos usasrulobaSi da sxe- 

ulis yvela wertils erTnairi  siCqare aqvs.  

 S

Av Bv

AB P 3Pz



 , ;A B B Av AP v BP v v BP AP         

,A Bv v

AP BP
   ,A B A Bv v v v

BP AP AP BP
 


  



Av Bv BP 

AP AB

1 2 2 1,
AB AB AB AB

AB AP BP

   
 

    
  

1 2   

1 2

AB BP AP

 
 

C

   1 2C Cv M M  

1 2 

1 2

1Av AB  1Bv AB 
B Av v

 S

1Av AB 
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miviReT: brunvaTa wyvilis Sedgenili moZraoba warmoadgens myis gada-

taniT moZraobas  siCqariT, romlis veqtoric  da  veqtorebze 

gamavali sibrtyis marTobia. 

gavavloT paraleli statikaSi wyvilZalis momentTan: brunTa wyvilis 

Sedgenili moZraobis  siCqare zustad isea mimarTuli, rogorc wyvilZalis 

veqtoruli momenti. amgvarad, brunTa wyvili tolfasia myisi gadataniTi moZ-

raobisa, romlis siCqare kuTxur siCqareTa wyvilis momentis tolia. adgili 

aqvs Sebrunebul debulebasac: myari sxeulis gadataniTi moZraoba tolfasia 

iseTi brunTa wyvilisa, romlis kuTxur siCqareTa wyvilis momenti gadataniTi 

moZraobis siCqaris tolia. 

 

14.4. erT wertilSi gadamkveTi RerZebis 

garSemo brunvaTa Sekreba 

vTqvaT, sxeulis fardobiTi moZraoba aris brunva  kuTxuri siCqariT 

raime  RerZis garSemo, xolo warmtani – brunva  kuTxuri siCqariT  

RerZis gadamkveTi  RerZis garSemo (nax. 14.4,a). RerZebis gadakveTis  wer-

tili uZravia da sxeulis Sedgenili moZraoba aris sxeulis brunva uZravi 

wertilis garSemo. amitom sxeuls drois mocemul momentSi aqvs  kuTxuri 

siCqare, romelic mimarTulia  wertilze gamavali brunvis myisi RerZis gas-

wvriv ($$11.4, 11.5) (nax. 14.4,b). 

gamovTvaloT  kuTxuri siCqare. amisaTvis ganvsazRvroT sxeulis rome-

lime  wertilis siCqare. cxadia, rom ,  da siCqareTa Sek-

rebis Teoremis Tanaxmad,  

            .                     (14.4.1) 

 

a)               b) 

   

   

 

 

 

               nax. 14.4                              nax. 14.5 

 

meore mxriv, Sedgenili moZraoba aris brunva brunvis myisi RerZis gar-

Semo  kuTxuri siCqariT, amitom  

                      .                                      (14.4.2) 

bolo ori toloba gvaZlevs: 

                     .                              (14.4.3) 

magram  wertili arCeulia nebismierad, amitom  , maSin (14.4.3)-    

-dan gamomdinareobs: 

1Av AB  1 2

v

1

1 1O z 2 1 1O z

2 2O z O



O



M
1v r f 2v r w

 1 2 1 2v v v r r r           a f w



v r a

 1 2 r r     

M 0r 

 



264 
 

                      .                                    (14.4.4) 

miviReT:  wertilze gadamkveT ori RerZis garSemo sxeulis brunviT 

Sedgenili moZraoba SegviZlia ganvixiloT, rogorc brunva  wertilze ga-

mavali brunvis myisi RerZis garSemo, romlis kuTxuri siCqare Semadgeneli 

brunvebis kuTxuri siCqareebis geometriuli jamis tolia.  brunvis myisi 

RerZi mimarTulia  veqtoris gaswvriv, e.i.  da  veqtorebze agebuli pa-

ralelogramis diagonalis gaswvriv. 

brunvis myisi RerZi drois mixedviT icvlis mdebareobas da aRwers ko-

nusur zedapirs, romlis wvero mdebareobs  wertilSi. 

miRebuli Sedegi SeiZleba ganzogaddes im SemTxvevaSic, roca sxeuli 

brunavs erT wertilze gadamkveTi orze meti RerZis garSemo. 

 

14.5. gadataniTi da brunviTi moZraobebis erToblobis 

umartives saxemde dayvana 

 

mivediT yvelaze zogad SemTxvevamde: sxeuli erTdroulad asrulebs m  

odenobis brunvas 
1 2, , , m    kuTxuri siCqareebiT da n odenobis gadataniT 

moZraobas 
1 2, , , nv v v  siCqareebiT. unda davamtkicoT Semdegi debuleba: gada-

taniT da brunviT moZraobaTa erToblioba daiyvaneba erT gadataniT da erT 

brunviT moZraobaze.  
am debulebis damtkicebamde ganvixiloT kerZo SemTxveva: gvaqvs erTi 

gadataniTi da erTi brunviTi moZraoba. davuSvaT, rom fardobiTi moZraoba 

aris brunva Oz  RerZis garSemo   kuTxuri siCqariT, xolo warmtani – gada-

taniTi moZraoba v  siCqariT (nax. 14.5). imis mixedviT, Tu risi tolia v  da   

veqtorebs Soris moTavsebuli   kuTxe, SesaZlebelia Semdegi sami SemTxveva. 

1. gadataniTi moZraobis siCqare brunvis RerZis marTobia  v  . vTqvaT, 

brunva xdeba 
1Az  RerZis garSemo   kuTxuri siCqariT, xolo gadataniTi moZ-

raobis v  siCqare marTobia   veqtoris (nax. 14.6). cxadia, sxeulis Sedgenili 

moZraoba brtyeli moZraobaa 
1Az  RerZis marTobi uZravi   sibrtyis mimarT. 

polusad miviRoT A  wertili, maSin gadataniTi moZraoba iqneba moZraoba 

Av v  siCqariT, xolo brunviTi moZroba – polusze gamavali 
1Az  RerZis 

garSemo brunva   kuTxuri siCqariT. 

gadataniTi moZraobis v  siCqare SevcvaloT  ,    brunTa wyviliT ise,  

rom    , xolo     . amasTan, AP  manZili ganisazRvreba v AP   to-

lobidan:   

                          AP v  .                                 (14.5.1)     

  da  veqtorebi erTmaneTs abaTileben da gvrCeba mxolod brunva 

2Pz  RerZis garSemo     kuTxuri siCqariT. es Sedegi miRebuli gvaqvs myari 

1 2   

O

O

3Oz


1 2

O
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sxeulis brtyeli moZraobis Seswavlisas. es aris is SemTxveva, roca polusad 

virCevT ra siCqareTa myis centrs (Cven SemTxvevaSi P  wertils), vRebulobT  

 

 

 

 

 

 

 

     

          nax. 14.6                               nax.14.7 

 

mxolod brunvas mis garSemo. ganxilulma SemTxvevam erTxel kidev dagvar-

wmuna imaSi, rom moZraobis brunviTi nawili ar aris damokidebuli polusis 

arCevaze (marTlac, )   . 

2. gadataniTi moZraobis siCqare brunvis RerZis paraleluria  (v  ). 

sxeulis moZraobas, romelic Sedgeba Az  RerZis garSemo   kuTxuri siCqariT 

brunvisa da gadataniTi moZraobisagan, romlis v  siCqare paraleluria Az

RerZis, xraxnuli moZraoba an kinematikuri xraxni ewodeba. Az  RerZs 

vuwodoT xraxnis RerZi. xraxni marjvenaa, roca v  da   veqtorebi erT mxa-

resaa mimarTuli, winaaRmdeg SemTxevaSi – marcxena.   

erTi sruli bruniT sxeulis Semobrunebis Sedegad sxeulis wer-

tilis gadaadgilebas colindris msaxvelis gaswvriv, xraxnis biji 

ewodeba (nax. 14.7). roca v  da   veqtorebi mudmivebia, maSin bijic mudmivia. 

aRvniSnoT igi h -iT, sruli brunisTvis saWiro dro  - T -Ti, maSin vT h , 

2T   => 

                        2h v  .                                 (14.5.2)  

sxeulis nebismieri wertili, romelic ar mdebareobs xraxnis RerZze, 

mudmivi bijis SemTxvevaSi moZraoba wirze, romelsac xraxnuli wiri ewodeba. 

ganvixiloT sxeulis raime M  wertili, romelic xraxnis RerZidan da-

Sorebulia r  manZiliT, maSin misi Mv  siCqare Sedgeba gadataniTi moZraobis v  
siCqarisa da brunviTi moZraobis r  siCqarisagan. amgvarad,  

                       2 2 2

Mv v r  .                              (14.5.3)                              

3. gadataniTi moZraobis siCqare brunvis RerZTan adgens nebismier  

kuTxes. am SemTxvevaSi sxeulis mier Sesrulebuli rTuli moZraoba warmo-

adgens Tavisufali myari sxeulis moZraobas (ix. Tavi XII). 

v  veqtori davSaloT   veqtoris mimarTulebis gaswvriv v  da mis mar-

Tobul sibrtyeSi v Semdgenebad (nax. 14.8). advilad miviRebT, rom v = cosv        

da sinv v   . v siCqare SevcvaloT  ,    brunTa wyviliT ise, rom    , 
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xolo     .   da  erTmaneTs abaTileben. AP  manZili ganisazRvreba 

(14.5.1) formuliT:  

                    sinAP v v    .                            (14.5.4)  

 

 

 

                      

 

 

 

 

          nax. 14.8                              nax. 14.9 

miviReT: sxeulis moZraoba Sedgeba Oz  RerZis garSemo     kuTxuri 

siCqariT brunviTi da v  siCqariT gadataniTi moZraobebisagan. amgvarad, sxe-

ulSi wertilebis siCqareebi drois mocemul momentSi isea ganawilebuli, 

TiTqos gvaqvs xraxnuli moZraoba Pz  RerZis garSemo     kuTxuri siCqariTa 

da  

                         v =v cos                                   (14.5.5) 

gadataniTi siCqariT.  

gardaqmnebis Sedegad A  polusidan gadavediT P  polusze da erTxel 

kidev davrwmundiT, rom sxeulis moZraobis zogad SemTxvevaSi kuTxuri siC-

qare ar aris damokidebuli polusis arCevaze     ; icvleba mxolod gada-

taniTi moZraobis siCqare  v v  . 

sxeulis moZraobis dros ,v   da  , sazogadod, icvleba. amitom icv-

leba Pz  RerZis mdebareobac. amis gamo mas uwodeben myis xraxnul RerZs. amg-

varad, Tavisufali sxeulis moZraoba SegviZlia ganvixiloT, rogorc uwyve-

tad cvladi xraxnuli RerZis garSemo myisi xraxnuli moZraobebis erTob-

lioba. 

davubrundeT paragrafis dasawyisSi Camoyalibebuli debulebis damt-

kicebas. SevcvaloT gadataniTi moZraobebi myisi brunTa wyvilebiT, maSin gveq-

neba mxolod brunviTi moZraobebis erToblioba. miviReT sriala veqtorTa 

sistema. daviyvanoT es sistema nebismieri A  wertilis mimarT erT   veqto-

ramde da erT  ;    wyvilveqtoramde (ix. statikaSi analogiuri sakiTxi 

ZalTa sistemis dayvanaze).   

  veqtori ganisazRvreba Semdegi tolobiT  

                      
1 2 n                                     (14.5.6) 

da gamosaxavs erT myis bruns. 
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     ;    wyvilveqtori gamosaxavs myis gadatanas  da misi momenti tolia 

sistemis nakrebi momentisa dayvanis A  centis mimarT. aRvniSnoT igi Av -Ti, 

gveqneba:  

                           1 2A A A A mv M M M      .                    (14.5.7) 

amgvarad, zogadi SemTxvevisaTvis miviReT: nebismieri odenobis brunviTi 

da gadataniTi moZraobebis erToblioba erTi myisi brunvisa da erTi myisi ga-

dataniTi moZraobis tolfasia.    

amocana 14.1. sxeuli erTdroulad monawileobs or gadataniT moZrao-

baSi. gansazRvreT sxeulis absoluturi siCqaris moduli, Tu Semdgeni moZra-

obebis siCqareebia: 
1 5 2v i j   da 

2 2 3v i j   .     

amoxsna. $14.2-Si davamtkceT, rom gadataniTi moZraobaTaASekrebiT miRe-

buli moZraobac gadataniTia da jamuri (absoluturi) moZraobis siCqare Sem-

dgeni moZraobebis siCqareTa jamis tolia. amgvarad, 
1 2v v v v  a . pirobis Ta-

naxmad,    5 2 2 3v i j    =3 5i j  => 3xv  , 5yv   => 2 23 5v   = 34  5,83.  

pasuxi. 5,83.  

amocana 14.2. sxeuli erTdroulad monawileobs sam gadataniT moZrao-

baSi. gansazRvreT sxeulis absoluturi siCqaris moduli, Tu Semdgeni moZ-

raobebis siCqareebia: 1 4 3v i j k   ,  2 6 5 3v i j k     da  2 2v i j k   .  

amoxsna. es amocana ixsneba wina amocanis msgavsad.  
1 2 3v v v v v   a . pi-

robis Tanaxmad,      4 6 2 3 5 2 1 3 1v i j k          =4 3j k  => xv =0, 
yv =4, zv =3 

=> 2 2 2

x y zv v v v  a =5.   

pasuxi. 5.  

amocana 14.3. avtomobili moZraobs horizontalurad 
1v =3,6 km/sT siCqa-

riT, xolo saamwyobo koSkura adis vertikalurad zeviT 
2 0,5v   m/wm siCqa-

riT. ganszRvreT absoluturi siCqare muSisa, romelic uZravad dgas koSku-

raze.    

amoxsna. cxadia, 1 2v v v  . magram muSis gadataniTi moZraobebi urTier-

TmarTobulia, amitom 2 2

1 2v v v  , 3,6 km/sT=1 m/wm => 2 21 0,5v   = 1,25  1,12 m/wm. 

pasuxi. 1,12 m/wm.  

amocana 14.4. 1 tvirTis aweva xdeba 
1v =0,4 m/wm siCqariT. jojginiani amwis 

2 urika moZraobs 2v =0,3 m/wm siCqariT, xolo TviT amwe - 3v =0,2 m/wm siCqariT. 

ganszRvreT 1 tvirTis absoluturi siCqare (nax. 14.9).    

amoxsna. 1 tvirTi erTdroulad monawileobs sam gadataniT moZraobaSi, 

amitom 
1 2 3v v v v v   a . magram es moZraobebi urTierTmarTobuli moZraobebia, 

ris gamoc v= 2 2 2

1 2 3v v v  = 2 2 20,4 0,3 0,2  = 0,29  0,54 m/wm.  

pasuxi. 0,54 m/wm. 
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          nax. 14.10                             nax. 14.11 

 

amocana 14.5. 1, 2, 3 sxeulebi asruleben gadataniT moZraobebs (nax. 14.10). 

1 sxeuli moZraobs 
1v =3 m/wm siCqariT, xolo 2 da 3 sxeulebi ki -  2

2 2s t  da 

2

3 3s t  kanonebis mixedviT.AgansazRvreT 3 sxeulis absoluturi siCqare drois 

t =1 wm momentSi.    

amoxsna. cxadia, 
1 2 3v v v v   . magram samive moZraoba urTierTparalelu-

ria, amaTgan ori sxeuli moZraobs erTnairi mimarTulebebiT, amitom 

1 2 3v v v v   , 2 2v ds dt = 4 t , 3 3v ds dt  6 t  => 3 4 6v t t   =3 2 t . roca t =1 wm, 

maSin v=3-2=1 m/wm.  

pasuxi. 1 m/wm. 

amocana 14.6. Sewyvilebuli Tvlebi moZraoben 0v =36 km/sT siCqariT. gan-

sazRvreT 1 2A A  mxreulis absoluturi siCqare im momentSi, roca 1 1 2 2O A O A = 

=0,2 m sigrZis monakveTebi vertikalur mdgomareobaSia (nax. 14.11). radiusi     

r =0,25 m.   

 

 

 

 

 

  

 

         nax. 14.12                                 nax. 14.13 

 

amoxsna. cxadia, 1 2A A  mxreulis yovel wertils aqvs 0v  siCqare. maT kidev 

aqvT brunviTi moZraobis siCqareebi, romlebic, sazogadod, erTmaneTisgan 

gansxvavebulebia. magram im SemTxvevaSi, roca 1 1 2 2O A O A  monakveTebi vertika-

lur mdgomareobaSia, maSin mxreulis yvela wertils aqvs erTnairi siCqare, 

e.i. am mdgomarebaSi misi moZraoba myisi-gadataniTia. gamovTvaloT mxreulis 

1A  wertilis siCqare. advili misaxvedria, rom 
11 1 1Av v O A   . gamovTvaloT 

Tvalis   siCqare. P  wertili Tvalis siCqareTa myisi centria, amitom 
0v r  

=> 0v r  , 0v =36 km/sT=10 m/wm. maSin  1 0 1 1v v r O A  =  10 0,25 0,2 =8 m/wm. cxadia, 
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1v  veqtori 
1 2O O -is, anu 0v -is, paraleluria da erTnairi mimarTulebebi aqvT. 

aqedan v v ab= 0 1v v =10+8=18 m/wm. 

pasuxi. 18 m/wm.  

amocana 14.7. 1 sxeuli AC BD =3 m sigrZis Reroebis saSualebiT mier-

Tebulia 2 sxeulTan (nax. 14.12). gansazRvreT 1 sxeulis absoluturi siCqare im 

momentSi, roca 2 sxeuli moZraobs 
1v =10 m/wm siCqariT, kuTxe 45  da Rero-

ebis kuTxuri siCqare  =1,5 rad/wm.    

amoxsna. es amocana ixsneba wina amocanis msgavsad. gansxvaveba mxolod 

imaSia, rom brunviTi siCqaris Av  veqtori AB -sTan, anu 2v  veqtorTan, adgens 

45 -ian kuTxes ( 135CAB  , 
2Av v ). cxadia, 

Av AC  =1,5  3=4,5 m/wm. maSin ori 

veqtoris Sekrebis paralelogramis wesis Tanaxmad,  

v v ab=
2 2

2 22 cos45A Av v v v     = 2 210 4,5 2 10 4,5 cos45     = 183,88  13,6 m/wm. 

pasuxi. 13,6 m/wm. 

amocana 14.8. vagonis Zara erTdroulad monawileobs or gadataniT moZ-

raobaSi: erTi grZivi moZraobaa w=1 m/wm 2  mudmivi aCqarebiT, meore ki ver-

tikaluri rxevaa 1 0,02sin 2y t   kanoniT (nax. 14.13). gansazRvreT vagonis maq-

simaluri absoluturi aCqarebis moduli. [61]  

amoxsna. vagonis absoluturi aCqareba 
yw w w ab , sadac 2 2

yw d y dt =    

= 20,08 sin2 t  . vinaidan w  da 
yw urTierTmarTobuli veqtorebia, amitom  wab =

2 2

yw w =  
2

2 21 0,08 sin 2 t   = 4 21 0,0064 sin 2 t  . cxadia, moduls eqneba maqsi-

maluri mniSvneloba, maSin, roca sin 2 t =1. amgvarad, wab maq
 41 0,0064       

 1,6222  1,27  m/wm 2 . 

pasuxi. 1,27 m/wm 2 . 

amocana 14.9. sxeuli erTdroulad monawileobs or brunviT moZraobaSi, 

romelTa kuTxuri siCqareebia 
1 2 5i j    da 

2 4 3i j   . gansazRvreT sxeulis 

absoluturi kuTxuri siCqaris moduli.    

 (14.4.4) formulis Tanaxmad, saZiebeli 1 2    =  2 4 i + (5+3) j =6 8i j  

=> 2 26 8   =10 rad/wm. 

pasuxi. 10.  

amocana 14.10. r =0,5 m radiusis sferuli garsi erTdroulad monawi-

leobs or brunviT moZraobaSi, romelTa kuTxuri siCqareebia 1 =3 rad/wm da 

2 =4 rad/wm (nax. 14.14). gansazRvreT naxazze gamosaxul mdebareobaSi garsis 

M  wertilis siCqare.   

amoxsna. cnobilia, rom ($14.4) 
1 2M M Mv v v  =  1 r  +  2 r  =  1 2 r        

=  r . advilad gamovTvliT 2 2

1 2    =5 rad/wm. nax. 14.14-dan Cans, rom 
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veqtori mdebareobs OM  veqtoris marTob sibrtyeSi, amitom sin90Mv r = 

=5 0,5=2,5 m/wm. 

pasuxi. 2,5 m/wm.  

 

 

 

  

 

 

 

       nax. 14.14                              nax. 14.15 

 

amocana 14.11. firfita erTdroulad monawileobs or brunviT moZrao-

baSi, romelTa kuTxuri siCqareebia 1 =2 rad/wm da 
2 =4 rad/wm (nax. 14.15). 

gansazRvreT kuTxe gradusebSi, romelsac absoluturi kuTxuri siCqaris veq-

tori adgens 
2  veqtorTan. [61]    

amoxsna. nax. 14.15-dan 2 2

1 2 1 22 cos120AC       = 2 22 4 2 2 4 0,5     =   

= 2 3 . vTqvaT, CAB   , maSin ABC -dan kosinusebis Teoremis Tanaxmad, 
2 2 2 2 cosBC AC AB AC AB      <=> 4=12+16-2 2 3 4cos   => cos 3 2   => 30  . AN       

pasuxi. 30. 

amocana 14.12. sxeuli erTdroulad monawileobs ori paraleluri Rer-

Zis garSemo brunviT moZraobebSi 1 =2 rad/wm da 
2 =3 rad/wm kuTxuri siCqa-

reebiT, romelTa veqtorebi erT mxares arian mimarTuli. gansazRvreT sxe-

ulis absoluturi kuTxuri siCqaris moduli.    

amoxsna. $14.3-Si davamtkiceT, rom, roca sxeuli brunavs erTdroulad 

ori paraleluri RerZis garSemo ise, rom kuTxuri siCqareebis veqtorebi mi-

marTuli arian erT mxares, maSin absoluturi kuTxuri siCqaris moduli ud-

ris kuTxur siCqareTa algebrul jams. amgvarad, 1 2    =2+3=5 rad/wm.  

pasuxi. 5 rad/wm.  

 

 

 

 

  

 

 

           nax. 14.16                          nax. 14.17 
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amocana 14.13. Tvali erTdroulad monawileobs ori paraleluri RerZis 

garSemo brunviT moZraobebSi 1 =4 rad/wm da 
2 =3 rad/wm kuTxuri siCqa-

reebiT, romelTa veqtorebi sxvadasxva mxares arian mimarTuli. gansazRvreT 

Tvalis absoluturi kuTxuri siCqaris moduli.    

amoxsna. $14.3-Si davamtkiceT, rom, roca sxeuli brunavs erTdroulad 

ori paraleluri RerZis garSemo ise, rom kuTxuri siCqareebis veqtorebi mi-

marTuli arian sxvadasxva mxares, maSin absoluturi kuTxuri siCqaris modu-

li udris kuTxur siCqareTa algebrul sxvaobas. amgvarad, 1 2    =43=1 

rad/wm.  

pasuxi. 1 rad/wm.  

amocana 14.14. brtyeli meqanizmis OA  mrudmxaras brunva ganisazRvreba 

1 cos2t   gantolebiT. Tvali mrudmxaras mimarT brunavs 
2 =3 rad/wm kuTxuri 

siCqariT (nax. 14.16). gansazRvreT Tvalis absoluturi kuTxuri siCqaris modu-

li drois t =2 wm momentSi.    

amoxsna. advili SesamCnevia, rom gvaqvs paraleluri RerZebis garSemo 

ori brunva erT mxares mimarTuli kuTxuri siCqareebiT, amitom 1 2    . 

1 1d dt  = 2sin 2t => 3 2sin 2t   . roca t =2 wm, maSin 3 2sin 4   . magram        

1 rad 57 18 , amitom  32sin 229 12=3 2sin 49 12  3+2 0,757 4,51 rad/wm.  

pasuxi. 4,51 rad/wm. 

amocana 14.15. sxeuls aqvs gadataniTi moZraobis v=7 m/wm siCqare da   

kuTxuri siCqare. gansazRvreT kinematikuri xraxnis gadataniTi moZraobis    

siCqare, Tu kuTxe v  da   veqtorebs Soris udris 70 -s.    

amoxsna. $14.5-Si miviReT, rom, Tu  v  sxeulis gadataniTi moZraobis siC-

qarea, xolo   - kuTxe v  da   veqtorebs Soris, maSin kinematikuri xraxnis 

gadataniTi moZraobis siCqare cosv v   . mocemuli sidideebis gaTvaliswineba 

gvaZlevs: 7cos70v  7 0,3420   2,39 m/wm. 

pasuxi. 2,39 m/wm. 

amocana 14.16. polusis 0v  siCqarisa da sxeulis   kuTxuri siCqaris veq-

torebi adgenen 30 -ian kuTxes (nax. 14.17). gansazRvreT 0  RerZidan ra manZil-

ze imyofeba kinematikuri xraxnis RerZi, Tu 0v =6 m/wm,  =6 rad/wm.  

amoxsna. $14.5-Si miviReT, rom saZiebeli manZili gamoiTvleba (ix. (14.5.4) 

toloba) sin /v    formuliT. mocemuli sidideebis gaTvaliswinebiT vRe-

bulobT: sinv   = 6sin30 6 0,5 m.      

pasuxi. 0.5 m. 

amocana 14.17. sxeuli asrulebs Tavisufal moZraobas: polusis siCqare 

0 5 6 7v i j k   , brunviTi siCqare 2 3i j k     (nax. 14.18). gansazRvreT sxeulis 

kinematikuri xraxnis gadataniTi moZraobis siCqaris moduli.  

amoxsna. $14.5-Si miviReT, rom kinematikuri xraxnis gadataniTi moZraobis 

siCqare 0 cosv v   , sadac  kuTxea 0v  da   veqtorebs Soris. cos -s gasagebad 
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unda amovxsnaT martivi maTematikuri amocana: cnobilia  5;6;7v  da  1; 2;3   

veqtorebi da unda gavigoT maT Soris   kuTxe. amgvarad,  

0 0 0x x y y z zv v v       = 0 cosv   , 2 2 2

0 5 6 7v    = 110 ,  
22 21 2 3     =   

= 14  =>  5 1 6 2 7 3      = 110 14 cos   => cos 14 110  . 

 

 

 

 

 

  

 

            nax. 14.18                              nax. 14.19 

 

maSin 0 cosv v   =  110 14 110 = 14  3,74.  

pasuxi. 3,74. 

amocana 14.18. a=0,5 m sigrZis gverdis mqone kvadratuli firfita erT-

droulad monawileobs vgad =3 m/wm siCqariT gadataniT moZraobasa da or brun-

viT moZraobaSi, romelTa kuTxuri siCqareebi 1 2  =4 rad/wm (nax. 14.19). gan-

sazRvreT firfitis absoluturi gadataniTi siCqaris moduli.  

amoxsna. 1  da 
2  veqtorebi adgenen brunTa wyvils (urTierTparale-

lurebia, brunvebi xdeba sxvadasxva mimarTulebebiT da 1 2  ). $14.3-Si mivi-

ReT, rom brunTa wyvili warmoadgens myis-gadataniT moZraobas v a br  siCqa-

riT, romelic 1  da 
2  veqtorebze gamavali sibrtyis marTobia (nax. 14.19). 

amgvarad, gvaqvs: firfitis gadataniTi absoluturi siCqare Sedgeba vgad  da vbr  

urTierTmarTobi siCqareebisagan. aqedan  
v v v 

gad

ab gad br   => v
(gad)
ab = 2 2 2v agad     =   

= 2 2 23 4 0,5  = 13  3,61 m/wm. 

pasuxi. 3,61.   

 

 

 

 

 

 

 

 

 


