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Tavi I.  

materialuri wertilis kinematika  

 

$1. meqanikis amocana. aTvlis sistema.  

nivTieri wertili 

 meqanikuri moZraoba ewodeba makrosxeulis1 an misi nawilebis mdebareobis 

Secvlis process sxva sxeulis mimarT. 

Tu sxeulis siCqare gacilebiT naklebia vakuumSi eleqtromagnituri talRis 

gavrcelebis siCqareze ( ), maSin mis meqanikur moZraobas Seiswavlis 

klasikuri (niutonis) meqanika2. igi ori nawilisgan Sedgeba – kinematikisgan, 

romelic aRwers moZraobas da dinamikisgan, romelic xsnis moZraobis mizezebs. 

gansaxilvel sxeuls an sxeulTa jgufs meqanikur sistemasac uwodeben. misi 

mdebareobis an moZraobis ganxilva SesaZlebelia mxolod raime sxeulTan – aTvlis 

sxeulTan mimarTebaSi. radgan moZraoba xdeba sivrcesa da droSi, aTvlis sxeuls 

ukavSireben koordinatTa sistemas da drois amTvlel xelsawyos – saaTs. am sami 

komponentis: aTvlis sxeulis, masTan dakavSirebuli koordinatTa sistemis da 

drois mTvlelis  erTobliobas aTvlis sistema ewodeba. wrfivi moZraobis 

Sesaswavlad sakmarisia traeqtoriis gaswvriv mimarTuli erTi sakoordinato RerZi 

(nawilakis mdebareoba calsaxad ganisazRvreba erTi koordinatiT). sibrtyeze 

moZraobisas saWiroa ori sakoordinato RerZi, sivrceSi moZraobisas ki sami.  

sxeulis  mdgomareoba sxvadasxva aTvlis sistemis mimarT SeiZleba gansxva-

vebuli aRmoCndes, amitom aucilebelia gamoyenebuli aTvlis sistemis miTiTeba. mag. 

moZrav avtomobilSi myofi mgzavris mdgomareoba gansxvavebulia mZRolTan da 

quCaSi mdgom adamianTan dakavSirebul aTvlis sistemebSi. zogadad aTvlis sistemis 

SerCeva SezRuduli ar aris da damkvirvebeli mas irCevs dasmuli amocanis martivad 

gadawyvetis mizniT.  

meqanikaSi iTvleba, rom sxeulis mdgomareoba gansazRvrulia Tu cnobiliad-

rois mocemuli momentisTvis misi  koordinatebi da siCqare.klasikuri meqanikis 

ZiriTadi amocana mdgomareobs SemdegSi:Tu cnobilia sxeulis (sxeulTa jgufis)  

mdgomareoba drois raRac sawyis  momentisTvis, unda ganisazRvros misi 

mdgomareoba drois momdevno nebismieri  momentisTvis.   

meqanikis amocanis gamartivebis mizniT xSirad  ugulebelyofen iseT faq-

torebs, romlebic arsebiT rols ar asrulebs mocemul SemTxvevaSi da sargebloben 

garkveuli abstraqciebiT. mag.Tu amocanis pirobebiT SesaZlebelia sxeulis wiriTi 

zomebis ugulebelyofa, maSin mas ganixilaven, rogorc nivTier wertils 

(SemoklebiT – nawilaki, wertili), anu abstraqcias, romelsac gaaCnia mocemuli 

sxeulis masa da nulovani moculoba. mag. dedamiwisa da mzis urTierTqmedebis 

(mizidulobis)  ganxilvisas dasaSvebia orive sxeulis geometriuli formis 

                                                 
1sxeuli, romlis wiriTi zomebi gacilebiT metia atomis (10–10 m) zomebze. 
2meqanika berZnuli sityvaa, niSnavs manqanas, rTul mowyobilobas. 

m/wm8103 c

0t

0tt 
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ugulebelyofa, radgan miuxedavad maTi giganturi zomebisa ( ,

), isini gacilebiT naklebia maT Soris manZilze ( mil.km). meore 

abstraqciaa absoluturad myari (xisti) sxeuli. cxadia, bunebaSi arsebuli yvela 

sxeuli masze meqanikuri zemoqmedebisas deformirdeba, anu icvlis formasa da 

moculobas. magram, Tu amocanis pirobebidan gamomdinare deformacia arsebiT rols 

ar TamaSobs, maSin SesaZlebelia deformirebis ugulebelyofa da CaTvla, rom 

sxeulze zemoqmedebisas manZili mis nebismier or wertils Soris ar icvleba. 

arsebobs meqanikuri moZraobis ori ZiriTadi tipi – gadataniTi da brunviTi. 

gadataniTi moZraobisas sxeulis nebismieri wertili sivrceSi erTnair wirs 

Semowers  da sxeulTan dakavSirebuli nebismieri wrfe TavisTavis paraleluri 

rCeba (nax. 1.1(AB wrfe) ). brunviTi moZraobisas sxeulis TiToeuli wertili wrewirs 

Semowers, romelTa centrebi erT wrfeze – brunvis RerZze mdebareobs. brunvis 

RerZi SeiZleba imyofebodes rogorc sxeulSi, aseve mis gareT (nax. 1.2). 

zogadadnebismieri rTuli meqanikuri moZraoba SeiZleba ganvixiloT, rogorc 

gadataniTi da brunviTi moZraobaTa jami. mag. avtomobilis moZraobisas saburavi 

erTdroulad asrulebs gadataniT da brunviT moZraobas. 

 

 

$2. traeqtoria.  

gavlili manZili da gadaadgileba 

nawilaki moZraobisas sivrceSi 

Semowers garkveul wirs, romelsac 

traeqtoria ewodeba. misi formis mixedviT 

moZraoba SeiZleba iyos wrfivi an mrudwi-

ruli. traeqtorias, gazomils sigrZiT 

erTeulebSi, gavlili manZili – gza ewodeba. 

igi skalaruli sididea. erTeulTa saerTa-

Soriso sistemaSi (SI) misi erTeulia metri 

(m). moZraobis aRwerisTvis agreTve sargeb-

loben veqtoruli sididiT – gadaadgilebiT. 

kmded 6380R

kmmze 695420R 150r

2 

1 1 

2 

 

 

naxazi 2.1 
 

● 

● 

● 

● 

naxazi 1.1 naxazi 1.2 

A 

B 

A1 

A2 

B2 

B1 
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igi wrfis mimarTuli monakveTia, romelic aerTebs nawilakis or momdevno 

mdebareobas. nax.2.1-ze mocemulia nawilakis 1 wertilidan 2 wertilSi gadanacv-

lebis traeqtoria (wyvetili wiri) da gadaadgileba . cxadia, 2-dan 1-Si 

dabrunebisas gadaadgileba iqneba . Sekruli traeqtoriis SemTxvevaSi gada-

adgileba nulis tolia.  

 wrfeze erTi mimarTulebiT moZraobisas gadaadgilebis moduli gavlili 

manZilis tolia, xolo yvela sxva SemTxvevaSi masze naklebia. 

 ganvixiloT nawilakis moZraoba raime aTvlis sistemaSi  

(nax. 2.2). vTqvaT, drois mocemuli momentisTvis igi 

imyofeba A wertilSi. misi mdebareoba 0 aTvlis 

wertilis mimarT SeiZleba ganvsazRvroT radius-

veqtoriT , romelic aerTebs aTvlis wer-

tils nawilakTan, an misi Sesabamisi gegmilebiT 

(x,y,z)3. Tu gamoviyenebT sakoordinato RerZebis 

mgezav erTeulovan veqtorebs (ortebs) , 

, maSin  gadaadgileba koordinatebSi 

(gegmilebSi)  ase Caiwereba: 

.                                (2.1) 

xolo misi sidide (moduli) iqneba 

                            (2.2) 

cxadia aTvlis sistemis mimarT moZravi nawilakis  Sesabamisi 

 radius-veqtori da misi gegmilebi drois funqciaa: 

,                                    (2.3) 

, , .                           (2.4) 

(2.3)-sa da (2.4)-s moZraobis kinematikuri gantolebebi ewodeba. Tu (2.4)-dan 

gamovricxavT dros, miviRebT traeqtoriis gantolebas , romelic 

asaxavs nawilakis koordinatebs Soris damokidebulebas. 

 

  

                                                 
3axlac da SemdegSic Cven ZiriTadad visargeblebT dekartis marTkuTxa sistemiT. 

12r


1221 rr




OAr 


kji


,,

 1 kji


r


zkyjxir




222 zyxrr 


 tFr




 tfx 1  tfy 2  tfz 3

0),,( zyx
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amocana 2.1. nawilaki moZraobs m radiusis wrewirze. gamoTvaleT misi gavlili 

manZili da gadaadgilebis moduli  sawyisi mdebareobis mimarT Semobrunebisas 

2

3

3
21





  ;   centralurikuTxiT. 

amoxsna: 
geometriidan cnobilia, rom radianebSi4, gazomili 

centraluri kuTxe tolia mis mier moWimuli rkalis 

fardobisa radiusTan. e.i.:^ 

, 

radgan nawilakis mier gavlili manZili centraluri kuTxis 

mier moWimuli rkalis tolia, amitom 

(m) (m). 

radgan  samkuTxedi tolgverdaa gadaadgileba m.  tolferda 

marTkuTxa samkuTxedia, amitom: 

m. 

amocana 2.2. naxazze mocemulia moswavlis moZraobis marSuti (1,2,3,4) saxlidan 

skolamde (masStabi 1:200). gamoTvaleT gavlili manZili da gadaadgilebis moduli. 

(TiTeul ubanze gadaadgileba Tanxvedrilia gavlili manZilis)  

amoxsna: 

gavlili manZili:  

                          (1) 

 SemoviRoT aRniSvna m-s. maSin 

S=2100 (m). 

naxazidan gadaadgilebis gegmilebia: 

 

amitom: 

(m). 

amocana 2.3. drois mocemuli momentisTvisnawilakis radius-veqtoria , 

gansazRvreT misi orientacia aTvlis 0 wertilis mimarT (nax.2.2).  

amoxsna: 

radius-veqtoris mier Sedgenili kuTxeebi  RerZebTan Sesabamisad 

avRniSnoT . 

                                                 
41 radiani (rad) aris is centraluri kuTxe, romlis mier moWimuli rkalis sigrZe radiusis 

tolia 1rad = 1800/ = 57,80. 

5,0R

A

RS
R

S
 

52,05,0
3

11 


 RS

36,25,0
2

3
22 


 RS

AOC 5,01  Rr


AOD

71,025,0
)4/cos(

2 


R
r


4321 SSSSS 

200a

aaaaaaS 5,1024)5,1()2(2 22 

,5,5,6 arar yx 

162820014,825,303622  arrrr yx
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, , , 

sadac (2.2)-is Tanaxmad:  

 

,  , . 

amocana 2.4. nawilakis moZraobis kinematikuri gantolebebia . 

CawereT traeqtoriis gantoleba. 

amoxsna: 

ganvsazRvros dro:  

. 

SevitanoT -s mniSvneloba -Si miviRebT: 

.  

es ukanaskneli traeqtoriis gantolebaa, romlis Tanaxmadac nawilakis moZraoba 

xdeba  wrfeze, romelic  sibrtyeSi mdebareobs. 

 

 

$3. veqtoruli da skalaruli siCqare 

 ganvixiloT nawilakis moZraoba sivrceSi (nax. 3.1a). davuSvaT, drois  

momentisTvis igi imyofeboda  wertilSi, xolo  momentisTvis  

wertilSi, e.i.  drois SualedSi man Seasrula  gadaadgileba. 

(2.1)-is Tanaxmad: 

 

,  , 

Sesabamisad: 

.                (3.1) 

xolo gadaadgilebis sidide (moduli) iqneba: 

                          (3.2) 

nawilakis gadaadgilebis siswrafis dasaxasiaTeblad SemoRebulia saSualo 

veqtoruli siCqaris cneba. 

 saSualo veqtoruli siCqare tolia nawilakis gadaadgilebis fardobisa 

Sesabamis drosTan 

.                                    (3.3) 

 drois erTeulSi Sesrulebuli gadaadgilebaa. radgan ,  

gadaadgilebis Tanxvedria. Tu (3.1)-s gaviTvaliswinebT (3.3)-Si, miviRebT: 

t

z
k

t

y
j

t

x
i

















saS ,                              (3.4) 

r

x
1cos

r

y
2cos

r

z
3cos

8123616 r
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sadac:  

  

-s gegmilebia dekartis sistemaSi. cxadia saSualo veqtoruli siCqaris moduli 

iqneba:  

. 

saSualo veqtoruli siCqare moZraobas axasiaTebs drois sasrul intervalSi. 

mocemuli momentisTvis veqtoruli siCqaris (myisi veqtoruli siCqaris) gansazRv-

risTvis saWiroa dakvirvebis xangrZlivobis  sul ufro Semcireba , ris 

Sedegadac (3.3)-dan gveqneba: 

, 

.                                     (3.5) 

 veqtoruli siCqare saSualo veqtoruli siCqaris im zRvruli mniSvnelobis 

tolia, rodesac dakvirvebis xangrZlivoba miiswrafis nulisken.  

igi asec SeiZleba ganvmartoT: 

 veqtoruli siCqare radius-veqtoris pirveli rigis warmoebulia droTi. 

 siCqare Tanxvedria -is, anu gaaCnia mocemul wertilSi traeqtoriis mxebis 

mimarTuleba (rodesac ) (naxazi 3.1b). 

(3.4)-is Tanaxmad (3.5) gegmilebSi ase Caiwereba: 

,                        (3.6) 

piTagoras Teoremis mixedviT 

.                                   (3.7) 

 praqtikaSi umetesad sargebloben saSualo skalaruli siCqariT.  

 nawilakis saSualo skalaruli siCqare ewodeba mis mier gavlili manZilis 

fardobas Sesabamis drosTan. 
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Tu  droSi nawilakma gaiara  manZili (nax. 3.1a) (  aris  rkalis 

sigrZis toli), saSualo skalaruli siCqare iqneba: 

.                                      (3.8) 

erTeulTa saerTaSoriso 5 sistemaSi siCqaris erTeulia m/wm. SevniSnoT, rom 

radgan , amitom saSualo veqtoruli siCqaris sidide   gansxvavebulia 

saSualo skalaruli siCqarisgan, kerZod .  

 aseve SeiZleba ganvsazRvroT skalaruli (myisi skalaruli) siCqare 

.                                 (3.9) 

 skalaruli siCqare gavlili manZilis pirveli rigis droiT warmoebulis 

tolia. 

Tu ,  ris gamoc veqtoruli siCqaris sidide skalaruli siCqaris 

tolia . 

gamovTvaloT nawilakis mier drois  intervalSi gavlili manZili, Tu 

cnobilia skalaruli siCqaris droze damokidebulebis funqcia . amisTvis  

intervali davyoT imdenad mcire droiT nawilebad ,6, rom TiToeul 

areSi siCqare rCebodes TiTqmis ucvleli, e.i. Sesabamisad iyos  maSin 

gavlili manZili warmogvidgeba jamis saxiT 

.                               (3.10) 

Sedegi miT ufro zusti iqneba, rac ufro mcirea droiTi intervalebi (radgan 

siCqare sxeulis inertulobis gamo ver moaswrebs SesamCnev cvlilebas), e.i. 

. 

es gamosaxuleba ki warmoadgens gansazRvrul integrals –dan  intervalSi 

.                                  (3.11) 

analogiurad gamoiTvleba Sesabamisi 

gadaadgileba 

                                 (3.12) 

Tu ganvixilavT -s grafiks (nax. 3.2),  SevamCnevT, 

rom drois raime  SualedSi gavlil manZils 

 grafikze Seesabameba  da  monakveTebiT 

SemosazRvruli zolis farTobi, xolo  intervalSi gavlili S12manZils 

                                                 
5 International System unit – erTeulTa saerTaSoriso sistema. miRebuli iqna 1960 wels zomisa da 
wonis 11-e saerTaSoriso konferenciaze parizSi.    
6aseTi droiTi nawilebi SeiZleba arc iyos erTnairi. 

t S S 21 AA

t

S




saS

SI

Sr 


saS


saSsaS  


dt

dS

t

S

t







 0
lim

0t Sr  ~

 


 21,tt

 t  21,tt

nttt  ,,, 21 

,,,, 21 n 





n

i

ii

n

i

i tSS
11

12
~ 

ii

n

i
t

tS
i

 





1
0

12 lim

 t  21,tt

 
2

1

12

t

t

dttS 

 
2

1

12

t

t

dttr 


 t

it

iii tS   i it

 21,tt

t 

 

t 

 

t1 t2 

naxazi 3.2 



- 13 - 

 

 wrfeebiTa da  mrudiT SemosazRvruli farTobi.saSualo siCqaris 

ganmartebis Tanaxmad misi mniSvneloba  gzaze iqneba:  

 

(3.11)-is gaTvaliswinebiT ki 

.                               (3.13) 

 

amocana 3.1. nawilaki dakvirvebis sawyis momentSi imyofebodaA1(3; -2; 0)wertilSi, 8wm-

is Semdeg ki A2(11; -2; -6) wertilSi. gamoTvaleT gadaadgilebis  da saSualo 

veqtoruli siCqaris sidideebi (koordinatebi gazomilia metrebSi). 

amoxsna: 

 (3.1)-is Tanaxmad .  

Sesabamisad: 

m. 

saSualo veqtoruli siCqaris sididisaTvis miviRebT: 

m/wm 

amocana 3.2. moZravi nawilakis kinematikuri gantolebebia: x=2+3t, y=0,5t2, z=-4. vipovoT 

nawilakis mdebareoba da myisi siCqaris mniSvneloba  t=0 da2wm-sTvis. 

amoxsna:  

t=0 momentisTvis x0 =2, y=0, z=-4. e.i.nawilaki imyofeboda A0(2;0;-4) wertilSi, xolo 

t=2wm-sTvis ki x=8, y=2, z=-4,  anugadaadgildaწერტილში A(8;2;-4). siCqaris mdgenelebi 

iqneba:  

 

e.i.  

. 

Sesabamisad: 

m/wm. m/wm. 

moZraoba xdeba  z=-4 sibrtyeze. 

amocana 3.3. nawilakis moZraobis kinematikuri gantolebebia , , 

. gamoTvaleT nawilakis siCqare da gadaadgilebis moduli 2wm-Si. 

amoxsna: 

 (3.6)-is Tanaxmad: 

, , . 

visargebloT (3.7)-iT, maSin:  

m/wm. 
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 dakvirvebis dasawyisSi t0=0 nawilaki imyofeboda A(0,3, -2) wertilSi,  t=2wm-sTvis 

aRmoCndaB(4,1, )-Si,  (3.2)-is Tanaxmad: 

m 

amocana 3.4. avtomobilis mZRolma gasavleli 12km-s mesamedi gaiara 20 m/wm siCqariT, 

Semdeg Seisvena 10 wT da danarCeni gza gaiara 40 m/wm siCqariT. gamovTvaloT  

saSualo siCqare.     

amoxsna: 

 m/wm 

 

 

$4. veqtoruli da skalaruli aCqareba 

 nawilakis moZraobisas misi siCqare Cveulebrivad ganicdis cvlilebas. am 

cvlilebis siswrafis dasaxasiaTeblad kinematikaSi Semotanilia aCqarebis cneba.  

 saSualo veqtoruli aCqareba ewodeba nawilakis veqtoruli siCqaris 

cvlilebis fardobas Sesabamis drosTan. 

Tu  droSi veqtoruli siCqare -iT Seicvala, maSin saSualo 

veqtoruli aCqareba iqneba 

.                                    (4.1)   

igi drois erTeulSi veqtoruli siCqaris cvlilebis tolia. radgan , 

aCqarebis mimarTuleba siCqaris cvlilebis mimarTulebis Tanxvedria (nax. 4.1) ( -

s asagebad gamoyenebulia veqtoruli Sekrebis wesi ). drois mocemuli 

momentisTvis veqtoruli (myisi veqtoruli) aCqareba iqneba 

.                             (4.2) 

(4.2) gegmilebSi ase Caiwereba: 

, 

(3.5)-is (4.2)-Si SetaniT miviRebT: 

,                                (4.3)  

an gegmilebiT:                      

 

.                     (4.4) 
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 veqtoruli aCqareba warmoadgens veqtoruli 

siCqaris pirveli rigis, xolo radius-veqtoris me-

ore rigis warmoebuls droiT.  

e.i., (4.2) da (4.3)-dan gamomdinare:  

, 

     cxadia, saSualo skalaruli aCqareba skala-

ruli siCqaris cvlilebis fardobaა Sesabamis 

drosTan 

.                   (4.5) 

misi erTeulia m/wm2. 

 skalaruli (myisi skalaruli) aCqareba ki gamoiTvleba formuliT 

                                 (4.6) 

an, (3.8)-is gaTvaliswinebiT 

.                                 (4.7) 

 skalaruli aCqareba dros mimarT skalaruli siCqaris pirveli rigis, xolo 

gavlili manZilis meore rigis warmoebulis tolia.  

SevniSnoT, rom SemdgomSi terminebs siCqare, aCqareba gamoviyenebT maTi myisi mniS-

vnelobebis aRsaniSnavad, xolo saSualo mniSvnelobebs movixseniebT rogorc sa-

Sualos. 

 

amocana 4.1. nawilakis moZraobis kinematikuri gantolebaa . gansazRvreT 

misi sawyisi mdebareoba,siCqare, aCqareba. rodis da sad gaCerdeba igi? 

amoxsna: 

radgan moZraoba wrfivia:   

,   (m/wm2), 

maSasadame moZraoba Senelebulia. dakvirvebis dasawyisSi, e.i. roca , 

vRebulobT:   

m,    m/wm, 

nawilaki gaCerdeba, roca , anu wm. am momentisTvis igi 

dakvirvebis wertilidan aRmoCndeba m manZilze. 

amocana 4.2. nawilakis moZraobis kinematikuri gantolebaa . gansazRvreT 

siCqarisa da aCqarebis mniSvnelobebi wm momentisTvis. 

amoxsna: 

, m/wm,  m/wm, 
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, ,  m/wm2. 

amocana 4.3. nawilakis radius-veqtoris gantolebaa: . CawereT 

nawilakis traeqtoriis, veqtoruli siCqarisa da veqtoruli aCqarebis gantolebebi. 

amoxsna: 

 gantolebis Tanaxmad ,  gamovricxoT dro: 

     

visargebloT formuliT: cos2+sin2=1. miviRebT: 

. 

miRebuli gantoleba traeqtoriis gantolebaa, amasTan, 

traeqtorias elifsis forma gaaCnia, moZraoba brtyelia da 

xdeba z=0 sibrtyeSi. siCqare da aCqareba drois funqciaa, kerZod 

, 

 

 

$5. aCqarebis mxebi da normaluri mdgenelebi 

 ganvixiloT nawilakis mrudwiruli moZraoba sibrtyeze (brtyeli moZraoba). 

misi veqtoruli siCqare CavweroT Semdegi saxiT 

, 

sadac s mgezavi veqtoria , e.i. gaaCnia traeqtoriis mxebis mimarTuleba, 

xolo . veqtoruli aCqarebis ganmartebis Tanaxmad 

.                            (5.1) 

maSasadame, veqtoruli aCqareba davSaleT or mdgenelad. pirveli mdgeneli 

.                                    (5.2) 

axasiaTebs siCqaris sididis cvlilebas da mimarTulia traeqtoriis mxebis gaswvriv 

(nax. 5.1), ris gamoc mas mxebi (tangencialuri) aCqareba ewodeba. Tu siCqare zrdadia 

, is Tanxvedria da, maSasadame, veqtoruli siCqaris . klebadi 

siCqaris SemTxvevaSi  ki, sapirispiro mimarTuleba aqvs . Tu siCqaris 

sidide ar icvleba ,  (Tanabari moZraoba).  

veqtoruli aCqarebis meore mdgeneli 

.                                   (5.3) 

axasiaTebs s, anu siCqaris veqtoris mimarTulebis cvlilebas. misi fizikuri 

azris ukeT garkvevisTvis SemoviRoT brtyeli mrudwiruli traeqtoriis mocemuli 

ubnis simrudis radiusis  cneba.  
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misi fizikuri azris ukeT garkvevisTvis SemoviRoT brtyeli mrudwiruli 

traeqtoriis simrudis cneba. naxaz 5.1-ze  ubnis simrude tolia am ubnis sawyis 

da saboloo wertilTa mxebs Soris arsebuli  kuTxis fardobisa  sigrZesTan 

– . mis Sebrunebul sidides traeqtoriis am ubnis simrudis radiusi 

ewodeba 

.                                   (5.4) 

igi warmoadgens im wrewiris radiuss, romlis rkalic Seerwymis mocemul ubans. dt 

droSi nawilakis gadaadgilebisas  rkalze 1-dan 1 wertilSi, siCqaris mgezi 

veqtori Seicvala  sididiT. romlis modulic nax.5.1-is "

samkuTxedidan" toli iqneba: 

7 

maSin (5.3)-is Tanaxmadnormaluri aCqarebis 

sidide iqneba 

. 

am gamosaxulebis  gamravlebiT da gayofT 

ze, miviRebT:  

 

 .                (5.5) 

davadginoT is mimarTuleba. (5.3)-is Tanaxmad igi emTxveva s, es ukanaskneli 

ki mimarTulia -s  normalis gaswvriv (radgan ) simrudis 0 centrisken. Tu 

SemoviRebT normalis mgezav veqtors , romelic mimarTuli iqneba is gaswvriv 

0 centrisken, maSin (5.5)-is veqtoruli forma ase 

Caiwereba: 

.                  (5.6) 

cxadia , igi  mimarTulia traeqtoriis 

mocemuli ubnis simrudis centrisken (nax.5.2). 

igi nulis tolia mrudwirulitraeqtoriis 

gadaRunviswertilebSi da wrfivi traeqtoriis 

SemTxvevaSi ( R ). mas normaluri aCqareba 

ewodeba. maSasadame, sibrtyeze moZraobis 

SemTxvevaSi veqtoruli aCqareba SeiZleba 

ganvixiloT mxebi da normaluri mdgenelebis saxiT 

, . 

                                                 
7mcire kuTxeebis SemTxvevaSi (α0) sinα = α. 
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xSirad s gamoTvla am formiT ufro mosaxerxebelia, vidre  da  gegmilebiT. 

 

amocana 5.1. 4m simrudis radiusis traeqtoriaze moZravi nawilakis aCqareba sawyis 

momentSi 2m/wm2-is tolia da α = 300kuTxes adgens moZraobis mimarTulebasTan. 

gamoTvaleT nawilakis siCqare sawyis momentSi da 2wm-is Semdeg. CaTvaleT, rom mxebi 

aCqareba mudmivia. 

amoxsna: 

naxaz 5.2-dan  momentisTvis m/wm2, m/wm2. (5.5) -dan sawyisi 

siCqare m/wm radgan , (5.2) gadaiwereba Semdegi saxiT: , 

saidanac ,  da  m/wm. 

 

 

$6. moZraobis fardobiToba   

 sxeulismoZraobasxvadasxva aTvlis sistemis mimarT sxvadasxvagvarad 

warmogvidgeba. magaliTad mgzavri, romelic zis moZrav matarebelSi matareblis 

gamcileblis mier fiqsirdeba rogorc uZravi. igive mgzavri meisris mier romelsac 

matarebelma Cauara aRiqmeba rogorc moZravi. cxadia orive damkvirvebeli sworia. 

aseTi gansxvavebuli daskvnebi gamowveulia imiT, rom meisre warmoadgens uZravi 

aTvlis sistemis aTvlis sxeuls, xolo gamcilebeli meisris mimarT moZravi  

aTvlis sistemis aTvlis sxeuls.  

 uamravi magaliTebiT SeiZleba davrwmundeT, rom absoluturi moZraoba, an 

uZraoba ar arsebobs, es cnebebi fardobiTia, radgan damokidebulia aTvlis 

sistemis SerCevaze. amitom saWiroa gavarkvioT, rogor icvleba sxeulis moZraobis 

maxasiaTebeli parametrebi sxvadasxva aTvlis sistemaSi. kerZod, ganvixiloT 

nawilakis moZraoba ori aTvlis sistemis mimarT, romelTagan pirveli uZravia, 

meore ki mis mimarT moZraobs  siCqariT, e.i. orive sistema inerciulia 

(sistemaTa inerciulobis sakiTxs ganvixilavT $11-Si). pirvels pirobiTad davarqvaT 

 sistema, meores . radgan amocana klasikuri meqanikis farglebSia, amitom 

visargebloT misi ori daSvebiT:  

    1.monakveTis sigrZe ar aris damokidebuli aTvlis sistemis      

       SerCevaze; 

2. dro erTnairad mimdinareobs yvela aTvlis sistemaSi. 

amocanis gamartivebisTvis davuSvaT, rom dakvirvebis dasawyisSi  orive 

sistemis sakoordinato RerZebi SeTavsebulia – Tanxvedria erTmaneTTan da nawila-

kic imyofeba aTvlis wertilTan. maSin drois  momentisTvis gveqneba nax. 6.1-ze 

mocemuli suraTi. veqtorTa Sekrebis wesis Tanaxmad 

a


xa ya

0t 7,1cos   aa 1sin  aan

2 Ran consta 
t
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,                       (6.1) 

sadac  da  nawilakis radius-veqtorebia  da  

sistemebSi, xolo  aris  aTvlis wertilis 

radius-veqtori s mimarT. (6.1) gegmilebSi ase 

Caiwereba: 















tzz

tyy

txx

z

y

x

0

0

0







/

/

/

                   (6.2/)         

am formulebs italieli fizikosis galileogalile-

is gardaqmnis formulebi ewodeba. klasikur meqanikaSi maTi saSualebiT 

xorcieldeba erTi inerciuli sistemidan meoreze gadasvla. (6.1)-isa da (6.1′)-is ga-

warmoebiT miviRebT:   

8,                                 (6.2) 
















zzz

yyy

xxx

0

0

0







/

/

/

                              (6.2′) 

(6.2) siCqareTa Sekrebis formulaa klasikur meqanikaSi. (6.1) da (6.2)-is Tanaxmad 

sxeulisis koordinatebi (mdebareoba) da siCqare damokidebulia aTvlis inerciuli 

sistemis SerCevaze , anu fardobiTi-invariantuli sidideebia. 

radgan , (6.2)-is gawarmoebiT gveqneba  . e.i. sxeulis aCqareba 

aTvlis inerciul sistemebSi ar aris damokidebuli aTvlis inerciuli sistemis 

SerCevaze- absoluturia. 

 

amocana 6.1. naviT unda gadacuron 100 m  siganis mdinare. ra manZilze waiRebs  dineba 

navs  napirze miRwevamde, Tu navis sakuTari siCqare 10 m/wT-ia, xolo wylis siCqare 

0,5 m/wT. ra orientacia unda aiRos menavem napiris mimarT, rom mdinare dinebis 

marTobulad gadakveTos? 

amoxsna: 

navi gadacuravda uZrav wyals: 

 (wT) 

droSi. amave droSi  napirze miRwevamde 

mdinare waiRebda uZrav navs: 

(m) 

manZilze. navma mdinare marTobulad rom gadakveTos menavem napirisadmi dinebis 

sapirispirod unda aiRos kursi: 

                                                 
8 t0 = 0 momentisTvis k′ sistemas nebismieri mdebareoba rom hqonoda k sistemis mimarT (14.1)_Si 
daemateboda Sesakrebi, xolo (14.2) darCeboda ucvleli. 
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, 

Aqedan:  

. 

amocana 6.2. moZrav eqskalators uZravi mgzavri 1 wT-Si ahyavs. uZrav eqskalatorze 

mgzavri adis 3 wT-Si. ra droSi ava mgzavri moZrav eqskalatoriT. 

amoxsna: 

 cxadia S gzis sigrZe (gadaadgilebis moduli) samive SemTxvevaSi erTnairia. 

amocanis pirobidan gamomdinare:  

 

siCqareTa Sekrebis kanonis Tanaxmad: 

(wT). 

amocana 6.3.  320 m sigrZis Tbomavali uZrav wyalSi moZraobs  4 m/wm siCqariT. mudmivi 

siCqariT moZravi katarRa manZils Tbomavlis bolodan wveromde da ukan bolomde 

gadis 1 wT-Si. gamoTvaleT  katarRas siCqare.  

amoxsna: 

katarRis moZraobis xangrZlivoba: 

.      

  ,  

aqedan:  
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$7. Tanabarwrfivi moZraoba 

 nawilakis traeqtoriisformisa da siCqaris cvlilebis xasiaTisgan 

damokidebulebiT ganasxvaveben oTxi tipis moZraobas: Tanabarwrfivi, 

araTanabarwrfivi, Tanabarmrudwiruli, araTanabarmrudwiruli. 

 Tanabarwrfivi ewodeba iseT moZraobas, romlis drosac nawilaki drois 

nebismier tol SualedebSi tol gadaadgilebas asrulebs. 

ganmartebis gamomdinareaseTi moZraobisas mudmivia  veqtoruli siCqare 

.                                  (7.1) 

 gadaadgilebis veqtori (3.12)-is Tanaxmad iqneba 

                                  (7.2) 

radgan moZraoba wrfivia, amocanis gamartivebis mizniT koordinatTa OX RerZi Sevu-

TavsoT traeqtorias (nax.7.1). cxadia . Tu dakvirvebis dasawyisSi 

anu  momentisaTvis  siCqariT 

moZravi nawilaki imyofeboda A 

wertilSi da Semdgom  

momentisaTvis aRmoCnda B-Si, maSin 

gadaadgilebis sidide iqneba 

, sadac  nawilakis sawyisi koordinatia, xolo  momentisaTvis, 

maSin (7.2)-dan: 

, 

radgan moZraoba xdeba wrfeze erTi mimarTulebiT, amitom gadaadgilebis veqtoris 

moduli gavlili manZilis tolia, e.i. 

 

aqedan: 

                                  (7.3) 

igi Tanabarwrfivi moZraobis gantolebaa. marTlac, Tu cnobilia nawilakis siCqare 

da dakvirvebis dasawyisisTvis misi mdebareoba (sawyisi kordinati) (7.3)-is 

gamoyenebiT SesaZlebelia ganvsazRvroT misi mdebareoba drois momdevno nebismieri 

momentisaTvis. Tu,  momentisTvis nawilaki imyofeboda aTvlis 0 wertilSi, e.i. 

, maSin (7.3)-dan:  

.                                    (7.4) 

Tu moZraoba OX  RerZis sapirispiroa, siCqaris gegmili uaryofiTia da s win 

iwereba minusi.  
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nax. 7.2a,b-ze mocemulia Tanabarwrfivi moZraobisas koordinatisa da siCqaris 

droze damokidebulebis  da  grafikebi 1, 2, 3 nawilakebisTvis.nax. 7.2a-s 

Tanaxmad samive nawilaki dakvirvebis dasawyisSi imyofeboda erTsadaimave  

wertilSi. amasTanave1 nawilaki moZraobs OX  RerZis gaswvriv  , me-2-e 

sapirispirod , (t/ momentisaTvis igi imyofeba aTvlis wertilTan), me-3-e 

nawilaki uZravia . 

nax. 7.2b-ze mocemulia 1 da 2 nawilakis  siCqareTa droze damokidebuleba. (7.2)-

is Tanaxmad nawilakis mier droSigavlili manZili . masricxobrivad 

Seesabameba nax. 7.2b-ze daStrixuli farTobi (ix. $3). 

Tu amocanis pirobidan gamomdinare sakoordinato RerZs ver vukavSirebT 

traeqtorias, maSin saWiroa ori an samRerZiani sistemis gamoyeneba.  

cxadia praqtikulad Tanabarwrfivi moZraoba SeiZleba ganxorcieldes traeqtoriis 

mcire ubanze da drois mcire SualedSi. 

 

amocana 7.1. ori nawilakis moZraobis gantolebebia  da . 

gansazRvreT nawilakTa sawyisi mdgomareoba, Sexvedris wertilis koordinati da 

dro. 

amoxsna: 

$1-is Tanaxmad  momentisTvis nawilakTa mdgomareobaa, Sesabamisad (

m/wm) da ( m,  m/wm). Sexvedris  momentisTvis , e.i. 

, 4 wm. Sexvedris wertilis koordinatia =16 m. 

 

amocana 7.2. avtosadguridan gasuli avtobusi moZraobs wrfivad da Tanabrad 20 m/wm 

siCqariT, igive mimarTulebiT 400 wm-is Semdeg  mas 40 m/wm siCqariT daedevna msubuqi 

avtomobili. CavweroT TiToeulis moZraobis gantoleba, vipovoT avtobusis 

gasvlidan ra droSi daeweva avtomobili da ra manZilze.       

amoxsna: 
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(7.3)-is Tanaxmad , Sesabamisad avtobusis moZraobis  gantolebaa , xolo 

msubuqi avtomobilis ki . dawevis momentSi , e.i. 

, saidanac  wm, xolo gavlili manZili iqneba: m. 

 

amocana 7.3. gemi, romelic napiridan daSorebulia =9km-iT, Tavisi moZraobis 

mimarTulebiT napirisken uSvebs katarRas, romlis siCqarec 5-jer aRemateba gemis 

siCqares. katarRa mivida napirTan da iqve dabrunda ukan. risi tolia gemis siCqare 

Tu katarRa gemTan dabrunda 0,5 sT-Si? 

amoxsna: 

gemis mier sT-Si gavlili manZili iqneba , xolo imave droSi katarRa 

gadis . meore mxriv . e.i. . aqedan:   

(km/sT) 

amocana 7.4. Tanabarwrfivad moZravi nawilaki dakvirvebis dasawyisSi imyofeboda 

 sakordinato sibrtyis A(6;-5) wertilSi, xolo 10 wm-is Semdeg B(14;1) 

wertilSigamoTvaleT nawilakis siCqare. sad iqneba igi momdevno 4wm-is bolos? 

amoxsna: 

gadaadgilebis veqtoris  gegmilebi 0x da 0y RerZebze saTanadod iqneba: 

anu  Sesabamisad:  

 

dakvirvebis dawyebidan 14 wm-s Semdeg igi aRmoCndeba C(x;y) wertilSi romlis 

koordinatebic (7.3)-is Tanaxmad iqneba m 

 (m) anu C(17,2; 3,4). 

 

$8. TanabaraCqarebuli moZraoba 

 ganvixiloT wrfivi araTanabari moZraobis kerZo SemTxveva – 

TanabaraCqarebuli moZraoba. 

 TanabaraCqarebuli moZraoba ewodeba iseT moZraobas rodesac nawilakis 

veqtoruli siCqare drois nebismier tol SualedSi erTnairad icvleba. 

ganmartebidan gamomdinare aseTi moZraobisas veqtoruli aCqareba mudmivi 

sididea  

.                              (8.1) 

davuSvaT dakvirvebis dasawyisSi ( ) TanabaraCqarebulad moZravi nawilakis 

siCqare iyo , xolo  momentisTvis  . siCqaris droze damokidebulebis 

dadgenisTvis visargebloT (8.1) formuliT: 
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,     anu 

                                  (8.2) 

gadaadgilebis veqtori (3.12)-is Tanaxmad iqneba: 

 

                                (8.3) 

radgan moZraoba wrfivia, SevuTavsoT mas koordinatTa OX  RerZi (nax.8.1). maSin 

 da , xolo (8.2)-dan 

 .           (8.2)’

 Tu sawyisi  momentisTvis nawilaki 

uZravi iyo  maSin . wrfivi 

traeqtoriis gamo siCqarec da aCqarebac traeqtoriis gaswvriv aris mimarTuli. 

amave dros Tu siCqare izrdeba ,  da piriqiT, Tu siCqare klebulobs

, . aseT moZraobas TanabarSenelebulsac uwodeben. am SemTxvevaSi 

s win iwereba minusi. mocemul SemTxvevaSi gadaadgilebis veqtoris moduli 

gavlili manZilis tolia, ase rom   

                            (8.3)’  

Sesabamisad TanabaraCqarebuli moZraobis gantolebaa  

 

ganmartebis Tanaxmad saSualo siCqare iqneba  

                  (8.4)

 
anu TanabaraCqarebuli moZraobisas saSualo siCqare saboloo da sawyis siCqareTa 

saSualo ariTmetikulis tolia. 

(8.4)-dan:  

.                                    (8.5) 

gavlili manZili SeiZleba sxva saxiTac CavweroT. magaliTad, Tu (8.2/)-dan 

ganvsazRvravT s da SevitanT (8.5)-Si miviRebT: 

.                                    (8.6) 
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Tu dakvirvebis dasawyisSi nawilaki gaCerebuli iyo, formulebSi unda gaviTva-

liswinoT, rom . nax.8.2a,b-ze mocemulia TanabaraCqarebuli moZraobisas 

siCqaris drozedamokidebuleba, romelsac, (8.2)’-is Tanaxmad, wrfivi xasiaTi aqvs.nax. 

8.2a-ze samive nawilaks dakvirvebis dasawyisSi gaaCnia erTidaigive  siCqare. me-2-

e nawilaki moZraobs Tanabrad , 1 nawilaki moZraobs mzrdadi siCqariT 

, me-3-e Senelebulad , amasTanave t/ momentisaTvis igi Cerdeba da Semdeg 

agrZelebs moZraobas sapirispiro mimarTulebiT. nax. 8.2b-ze mocemuli daStrixuli 

farTis sidide Seesabameba nawilakis mier droSi gavlil manZils (ix. $3). 

(marTlac es farTi trapeciaa da misi farTobis gamosaTvleli formula igivea rac 

(8.3)’). 

Tu moZraoba mocemuli aTvlis sistemis mimarT or an samganzomilebiania, maSin 

veqtorTa gegmilebis ricxvis zrdasTan erTad gaizrdeba maTi damakavSirebeli gan-

tolebebis ricxvi. magaliTad, brtyeli moZraobisas, kerZod z=0 sibrtyeSigveqneba 

,                                                                    (8.2a)            

 ,                                                                   (8.2b) 

,                                                             (8.3a)’                    

 ,                                                            (8.3b)’ 

am gantolebebs Cven davubrundebiT balistikuri moZraobis Seswavlisas ($20). 

 

amocana 8.1. sadguridan gasuli matareblis pirvelma orma vagonma meisres win Caiara 

60 wm-s ganmavlobaSi. ra dro daWirdeba mecxre vagonis Cavlas, Tu moZraoba Tanabar 

aCqarebulia. 

amoxsna: 

matareblis vagonis sigrZe avRniSnoT L-iT. maSin amocanis pirobis Tanaxmad 

t2=60 wm-Si matarebeli gadadgilda 2L L-iT. radgan moZraoba TanabaraCqarebulia 

usawyiso siCqariT, amitom: 
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aqedan: 

,   (wm), 

xolo:  

, (wm). 

(wm) 

amocana 8.2. TanabaraCqarebulad moZravma sxeulma 5 wm-Si gaiara 25 m da misi siCqare 

gaizarda 3-jer. gansazRvreT aCqareba da bolo 2 wm-Si gavlili manZili. 

amoxsna: 

 (8.3)-is Tanaxmad:  

, 

maSin:  

, 

aqedan:  

(m/wm). 

maSin: 

m/wm2. 

bolo 2wm-Si gavlili manZili , sadac S1pirvel 3 wm-Si gavlili manZilia. 

e.i.: 

(m). 

Sesabamisad:  

 (m). 

amocana 8.3. erTi wertilidan urTierTsapirispiro mimarTulebiT moZraobas iwyebs 

ori sxeuli. erTi mudmivi 8 m/wm siCqariT, meore TanabaraCqarebulad 2 m/wm2  

aCqarebiT. ra drois Semdeg daSordebian isini erTmaneTs L=48 m-iT. 

amoxsna: 

 davuSvaT L manZiliT isini daSorden t wm-is Semdeg.  TiTeuli am droSi 

Sesabamisad gaivlida manZils: 

;    . 

amocanis pirobidan: 

. 

ricxviTi mniSvnelobebis Casma gvaZlevs:  
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,  . 

vadratuli gantolebis amoxsnis Sedegad vRebulobT:  

wm. 

 

 

$9. Tanabari brunva wrewirze 

 nawilakis brunva wrewirze warmoadgens mrudwiruli moZraobis kerZo 

SemTxvevas.am moZraobisas zogadad icvleba wiriTi siCqaris sididec da 

mimarTulebac.  

 wrewirzebrunvis dasaxasiaTeblad mosaxerxebelia polarul koordinatTa 

sistemiT sargebloba- nawilakis moZraobis aRwera radius-veqtoriTa da kuTxiT, 

romelsac igi adgens OX RerZTan (R;) (kuTxe aiTvleba saaTis isris moZraobis 

sapirispirod, nax. 9.1).  

 wrewirze brunvisas sargeblobenkuTxuri siCqaris da kuTxuri 

aCqarebiscnebiT. 

 saSualo kuTxuri siCqaris sidide tolia radius-veqtoris Semobrunebis 

kuTxis fardobisa Sesabamis drosTan      

. 

misi erTeulia radiani/wami (rad/wm), xolo kuTxuri siCqare  

.                                (9.1) 

 ganvixiloT Tanabari brunva wrewirze. am  moZraobisas  nawilaki drois 

nebismier tol SualedebSi toli sigrZis rkalebs Semowers, anu radius-veqtori 

erTnairi kuTxiT Semobrundeba.e.i. TuTanabari brunvisas t droSi nawilakma Semowera 

 kuTxe, kuTxuri siCqare iqneba: 

.                                    (9.2) 

kuTxuri siCqare veqtoruli sididea, igi modebulia wrewiris centrze da 

marTobulia brunvis sibrtyis. misi mimarTuleba ganisazRvreba marjvena xelis 

wesiT: 

 Tu marjvena xelis TiTebi moxril mdgomareobaSi gviCvenebs brunvis 

mimarTulebas, maSin gaSlili (900) cera TiTi gviCvenebs kuTxuri siCqaris 

mimarTulebas. 

Tu veqtori  mimarTulia naxazidan mkiTxvelisken aRiniSneba mcire wreSi 

Caxazuli wertiliT, sapirispiro SemTxvevaSi jvriT (nax. 92.a,b) 
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 radgan t droSi nawilakiSemowers  rkals,  moZraobis wiriTi siCqare 

iqneba 

.                              (9.3) 

cxadia, rom nawilakis wiriTi siCqaris  moduli ucvleli darCeba, Seicvleba 

mxolod misi mimarTuleba, ris gamoc aCqarebis mxebi mdgeneli nulia, xolo 

normaluri mdgeneli – mudmivia da nulisgan gansxvavebuli  ($5). amitom 

wrewirze Tanabari brunvisas aCqareba mimarTulia wrewiris centrisken da  mas 

centriskenul aCqarebas uwodeben. sididiT igi mudmivia da gamoiTvleba formuliT: 

.                                    (9.4) 

   

Tu (9.4)-Si SevitanT (9.3)-s miviRebT: 

.                                   (9.5) 

 mimarTulia is sapirispirod, ris gamoc (9.5) veqtorulad ase Caiwereba 

. 

wrewirze Tanabar moZraobasaxasiaTeben brunvis periodiT da sixSiriT. 

 dros, romlis ganmavlobaSic Tanabrad mbrunavi nawilaki erT srul bruns 

Semowers, brunvis  periodi ewodeba. 

(9.2)-is Tanaxmad, Tu , , e.i. 

.                                     (9.6) 

 Tanabri brunavisas drois erTeulSi Sesrulebul brunvTa ricxvs  sixSire 

ewodeba. 

igi periodis Sebrunebuli sididea . misi erTeulia 1herci (hc) = wm–1. maSin 

(9.6)-dan vRebulobT: 

.                                    (9.7) 
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e.i. kuTxuri siCqare 2 wamSi Sesrulebul brunvTa ricxvis tolia, ris gamoc mas 

ciklur sixSiresac uwodeben.  

 cxadia, periodsa da sixSireze saubari SeiZleba mxolod nawilakis Tanabari 

an kvaziTanabari (TiTqmis Tanabari) brunvis SemTxvevebSi. 

 

amocana 9.1. ipoveT dedamiwis zedapiris wertilebis brunvis wiriTi siCqare da 

aCqareba  600 ganedze ( dedamiwis radiusi R=3800 km)   

amoxsna: 

(9.5)-is Tanaxmad: 

, 

sadac T=24 sT=86400 wm,  

maSin:  

(m/wm) 

(m/wm2). 

amocana 9.2. wrewirze mbrunavi ori nawilakis brunvis periodebia 7 wm da 1 wm. 

dakvirvebis dasawyisSi isini erT wertilSi imyofeboda. ra umciresi drois Semdeg 

aRmoCndebian isini erT wertilSi Tu moZraoben a) erTi mimarTulebiT, b) 

sapirispiro mimarTulebiT.                            

amoxsna: 

a) radgan T2<T1, amitom Sexvedris momentSi (t2=t1) . (9.4)-is Tanaxmad: 

. 

(8.6)-is gaTvaliswinebiT vRebulobT: , saidanac 1 = /3. 

b) Sexvedris momentSi , meore mxriv: 

, 

anu , saidanac 1 = /4. 

amocana 9.3.  Wis jalambris saxeluris radiusi 4-jer metia lilvis radiusze, 

romelsac Toki exveva. saxeluris wiriTi siCqare 1,6 m/wm-is toli. ra dro daWirdeba 

8 m siRrmidan vedros amotanas? 

amoxsna: 

radgan jalambris da lilvis brunvis kuTxuri siCqare 

erTmaneTis tolia, (9.5)-is Tanaxmad SegviZlia CavweroT: 

                             (1) 

                            (2)
  

(2)-is (1)-Tan SefardebiT vRebulobT:  

(m/wm). 
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vedros amotanisTvis saWiroa: 

(wm). 

 

 

$10. araTanabari brunva wrewirze 

araTanabari brunva wrewirze warmoadgens araTanabari mrudwiruli moZraobis 

kerZo SemTxvevas. am  moZraobisas  nawilaki drois  tol SualedebSi aratol 

sigrZis rkalebs Semowers.cxadia, am dros icvleba kuTxuri  siCqare. ris gamoc 

SemoaqvTsaSualo kuTxuri aCqarebis cneba.igi ewodeba kuTxuri siCqaris cvlilebis 

fardobas Sesabamis drosTan.Tu  droSi kuTxuri siCqaris sidide Seicvala  

sididiT, maSin saSualo kuTxuri aCqareba iqneba: 

, 

xolo kuTxuri aCqareba: 

,               (10.1) 

 

misi erTeulia rad/wm2.  

 kuTxuri aCqareba veqtoruli sididea, modebulia wrewiris 

centrze da emTxveva s mimarTulebas Tu brunva aCqare-

bulia . Senelebuli brunvis SemTxvevaSi  

kuTxuri siCqare da aCqareba mimarTulia sapirispirod . 

wrewirze araTanabari  brunvisas icvleba wiriTi siCqaris sididec da 

mimarTulebac, ris gamoc  aCqarebis mxebi mdgeneli nulisgan gansxvavebulia, 

kerZod (5.2)-is Tanaxmad: 

                            (10.2)  

aseve cvladi iqneba aCqarebis normaluri mdgenelic . da nawilakis aCqareba 

 wrewiris centrisken aRar iqneba mimarTuli (ix.  nax. 10.1).  

 

amocana 10.1.  nawilakis 0,8m radiusis wrewirze brunvis gantolebaa . 

daadgineT moZraobis tipi. gamoTvaleT brunvis kuTxuri siCqare da aCqareba. 

amoxsna: 

(9.3)-is Tanaxmad rad/wm. radgan kuTxuri siCqare mudmivia, moZraoba 

Tanabaria. amitom aCqarebas gaaCnia mxolod normaluri mdgeneli-centriskenuli 

aCqareba (9.8) -is gamoyenebiT  m/wm2. 
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SesaZlebelia gamovTvaloT brunvis periodi da sixSire. (9.6)-dan T=8wm, 

Sesabamisad  hc .  

 

amocana 10.2. 2m radiusis wrewirze nawilakis moZraobis gantolebaa . 

gamoTvaleT pirveli brunvisTvis saWiro dro da CawereT aCqarebis gantoleba. 

amoxsna: 

amocanis pirobis Tanaxmad, , , 

e.i. , wm. , ,  

wiriTi aCqarebis mdgenelebi iqneba: 

, , 

xolo wiriTi aCqareba: . 

 

amocana 10.3. 1,6m radiusian wrewirze  mbrunavi nawilakis aCqareba dakvirvebis 

dasawyisSi  m/wm-is tolia da -ian kuTxes adgens moZraobis mimarTulebasTan. 

CaTvaleT, rom mxebi aCqareba ucvlelia da gamoTvaleT nawilakis kuTxurisiCqare 

3wm-Tvis. 

amoxsna: 

naxazidan gamomdinare t = 0 momentisTvis mxebi aCqareba m/wm2.  

amocanis pirobis gamo igi mudmivia, amitom (10.3)-is Tanaxmad, kuTxuri aCqarebac 

mudmivia: 

(rad/wm2).                                         (1)  

msgavsad (8.2)-sa SegviZlia CavweroT kuTxuri siCqaris droze damokidebuleba:    

.                      (2)  

t=0 sawyisi momentisTvis (m/wm2) 

meore mxriv  e.i. (m/wm). (9.5)-is gamo: 

 (rad/wm).               (3) 

(1) da (3)-is (2)-Si gaTvaliswinebiT vRebulobT: 

(rad/wm). 
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amocanebi kinematikaSi: 

1. nawilaki moZraobs R=0,5m radiusis wrewirze. gamoTvaleT misi gavlili manZili 

da gadaadgilebis moduli A sawyisi mdebareobis mimarT Semobrunebisas 1=/6; 2=  

centralurikuTxiT.(pasuxi: 1,05m, 0,07m;  1,57m, 1m.) 

2. naxazze mocemulia turistuli jgufis moZraobis marSuti (1,2,3,4). (TiTeul ubanze 

gadaadgileba Tanxvedrilia gavlili manZilis) 

gamoTvaleT mis mier gavlili manZili da gadaadgilebis 

moduli.    

(pasuxi: 14,2km,  5km). 

3.drois mocemuli momentisTvisnawilakis radius-

veqtoria , gansazRvreT misi orientacia aTvlis 

0 wertilis mimarT.(pasuxi: ). 

4.avtomobilis saSualo siCqaremTel gzaze 10m/wm-ia. man gzis pirveli mesamedi 

gaiara 6m/wm siCqariT.ipoveT siCqare gzis danarCen nawilze.(pasuxi:   15m/wm ) 

5.nawilakis moZraobis kinematikuri gantolebebia  CawereT 

traeqtoriis gantoleba.  

(pasuxi:   ) 

6. avtomobili daRmarTzemoZraobda 10m/wm siCqariT, xolo aRmarTze 6m/wm siCqariT. 

ramdenjer aRemateba daRmarTis sigrZe aRmarTs, Tu saSualo siCqare 22,5m/wm-ia. 

(pasuxi: 5-jer ) 

7.avtomobilis mZRoli, 10km-iT daSorebul punqtSi droulad misasvlelad, 

moZraobda 10m/wm siCqariT. naxevari gzis gavlis Semdeg is 5 wuTiT Seyovnda. ra 

siCqariT unda gaagrZelos moZraoba  rom punqtSi droulad mivides? (pasuxi:   25m/wm 

) 

8.2m simrudis radiusis traeqtoriaze moZravi nawilakis aCqareba sawyis momentSi 

1m/wm2-is tolia da α = 450kuTxes adgens moZraobis mimarTulebasTan. gamoTvaleT 

nawilakis siCqare sawyis momentSi da 2,5wm-is Semdeg. CaTvaleT, rom mxebi aCqareba 

mudmivia.(pasuxi:  2,97m/wm). 

9. 2m radiusian wrewirze  mbrunavi nawilakis aCqareba dakvirvebis dasawyisSi 2m/wm-

is tolia da -ian kuTxes adgens moZraobis mimarTulebasTan. CaTvaleT, rom 

mxebi aCqareba ucvlelia da gamoTvaleT nawilakis siCqare 2wm-Tvis. (pasuxi:  4,96m/wm) 

10.ori nawilakis moZraobis gantolebebia  da . gansazRvreT 

nawilakTa Sexvedris wertilis koordinati da dro.(pasuxi:  21m, 7wm. ). 

11.Tanabarwrfivad moZravi nawilaki dakvirvebis dasawyisSi imyofeboda z=0 

sakordinato sibrtyisA(0;-4) wertilSi, xolo 5wm-is Semdeg B(3;0) wertilSi. 

gamoTvaleT nawilakis siCqare. sad iqneba igi momdevno 4wm-is bolos? (pasuxi:  1m/wm, 

C(5,4;3,2). 

12. nawilakis moZraobis kinematikuri gantolebaa . gansazRvreT 

nawilakis mdebareoba, siCqarisa da aCqarebis mniSvnelobebi wm momentisTvis. 

(pasuxi:  -10m,  8m/wm, 0m/wm2; -1m, 11m/wm, 6m/wm2) 


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13. nawilakis kinematikurigantolebaa . ra drois Semdeg gaCerdeba da 

ra manZils gaivlis gaCerebamde? (pasuxi:  4wm, 8m.). 

14.nawilakis moZraoba mrudwirul brtyel traeqtoriaze moicema gantolebebiT: 

da . CawereT nawilakis traeqtoriis gantoleba. gamoTvaleT nawilakis 

siCqare da aCqareba 2wm-isaTvis. (pasuxi:  2,1m/wm, 2m/wm2) 

15. ori nawilakis kinematikuri gantolebebia: , . drois 

ra momentSi eqnebaT erTnairi siCqare. risi tolia am momentisaTvis siCqare da 

aCqarebebi? (pasuxi: 2wm, 6m/wm, -4m/wm2,  2m/wm2.). 

16. erTi wertilidan erTidaigive mimarTulebiT moZraobas iwyebs ori sxeuli erTi 

mudmivi 20m/wm siCqariT meore TanabaraCqarebulad 2 m/wm2  aCqarebiT. ra manZilze da 

drois Semdeg daeweva meore sxeuli pirvels daSordebian isini erTmaneTs L=48m-iT. 

(pasuxi:  400m, 20wm. ). 

17.  390m sigrZis Tbomavali uZrav wyalSi moZraobs  5m/wm siCqariT. mudmivi siCqariT 

moZravi katarRa manZils Tbomavlis bolodan wveromde da ukan bolomde gadis 

160wm-Si. gamoTvaleT  katarRas siCqare.(pasuxi:  8m/wm. )   

18. km/sT siCqariT TviTmfrinavi mifrinavda CrdiloeTis mimarTulebiT. 

moulodnelad amovarda Crdilo-aRmosavleTis qari. gansazRvreT TviTmfrinavis 

siCqare dedamiwis mimarT, Tu qaris siCqarea km/sT. ra kuTxiT unda Seicvalos 

TviTmfrinavma gezi CrdiloeTis mimarT, rom kursi darCes ucvleli? (pasuxi: 168,4 

km/sT, , ). 

19.moZrav eqskalators uZravi mgzavri 2wT-Si ahyavs. moZrav eqskalatorze mgzavri 

adis 1,5wT-Si. ra droSi ava mgzavri uZrav eqskalatorze?(pasuxi: 6wT. ) 

20. navis siCqare, wylis mimarT 3-jer metia mdinaris dinebis siCqareze. ramdenjer 

meti dro daWirdeba navs or punqts Soris dinebis sawinaaRmdego mimarTulebiT 

gasavlelad, vidre dinebis mimarTulebiT.  (pasuxi: 2-jer. ) 

21. ori wrfivi gza erTmaneTs kveTs 300kuTxiT. gzajvaredinidan sxvadasxva 

mimarTulebiT erTdroulad gadis ori avtomobili 15m/wm da 8m/wm siCqariT. ra 

siCqariT Sordeba avtomobilebi erTmaneTs? (pasuxi:  9m/wm, 22,3m/wm).  

22. 54km/sT siCqariT moZravi avtomobilis mZRolma 8m-iT win dainaxa dabrkoleba da 

daamuxruWa  12m/wm2 aCqarebiT. aicilebs Tu ara igi avarias? pasuxi daasabuTeT. 

(pasuxi:  ara).  

23. TviTmfrinavs afrenis momentSi unda gaaCndes 180km/sT siCqare. SeuZlia Tu ara 

isargeblos 120m sigrZis asafreni zoliT, Tu misi aCqareba 12m/wm2.(pasuxi:  

SesaZlebelia) 

24. sxeulma usawyiso siCqariT TanabaraCqarebuli moZraobisas gzis pirveli 

naxevari gaiara 10wm-Si. ra dro daWirdeba gzis meore naxevars? (pasuxi:  4wm).  

25. sxeulma daiwyo TanabaraCqarebuli moZraoba da 8wm-Si gaiara 128m. gansazRvreT  

bolo wm-Si gavlili manZili. (pasuxi: 30m). 
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26. TanabaraCqarebulad moZravma sxeulma 10wm-Si gaiara 140m da misi siCqare 

gaizarda 6-jer. gansazRvreT sawyisi siCqare da pirvel 5wm-Si gavlili manZili. 

(pasuxi: 4m/wm,  45m). 

27. erTsadaimave pirobebSi avtomobilis siCqaris samjer gazrdis SemTxvevaSi 

ramdenjer gaizrdeba samuxruWe dro da manZili? (pasuxi:  3-jer,  9-jer). 

28. Wis jalambris saxeluris radiusi 3-jer metia lilvis radiusze, romelsac 

Toki exveva. ras udrissaxeluris wiriTi siCqare, Tu 10m siRrmidan vedros amotanas 

Wirdeba 20wm.(pasuxi:  1,5m/wm). 

29. mTvare dedamiwis irgvliv brunavs TiTqmis wriul orbitaze, romlis radiusia 

385000km. gansazRvreT mTvaris siCqare da aCqareba dedamiwis mimarT, Tu brunvis 

periodia 27,3dRe-Rame.(pasuxi:  1,03.103 m/wm,   2,7.10-3 m/wm2 ). 

30. wrewirze Tanabrad mbrunavi ori nawilakis kinematikuri gantolebebia:  da 

 ra umciresi drois Semdeg aRmoCndebian isini erT wertilSi?(pasuxi:  6wm). 

31. wrewirze Tanabrad mbrunavi ori nawilakis kinematikuri gantolebebia:  da 

 ra umciresi drois Semdeg aRmoCndebian isini erT wertilSi? (pasuxi:  3wm). 

32. ori nawilaki Tanabrad brunavs wrewirze, maTi brunvis periodebia 2wm da 6wm.  

dakvirvebis dasawyisSi isini imyofebadiametris boloebSira umciresi drois Semdeg 

aRmoCndebian isini erT wertilSi Tu moZraoben a) Tanxvedrilad, b) sapirispirod. 

(pasuxi:  1,5wm,  0,75wm). 

33. 0,25m radiusis wrewirze nawilakis moZraobis gantolebaa: . ipoveT drois 

ra momentisTvis gautoldeba normaluri da mxebi aCqareba erTmaneTs? (pasuxi:  1wm). 

34. ra siCqariT moZraobs avtomobili, Tu misi 1m diametris mqone borbali 360 bruns 

akeTebs 1wT-Si?(pasuxi:  18,84m/wm). 

35. nawilakis 0,4m radiusis wrewirze brunvis gantolebaa: . gamoTvaleT 

brunvis kuTxuri siCqare, aCqareba, periodi. (pasuxi:  1,57rad/wm, 0,99 m/wm2 4wm). 

36. 2m radiusis wrewirze nawilakis moZraobis gantolebaa . gamoTvaleT 

ra droSi gaCerdeba nawilaki da ra kuTxes Semowers gaCerebamde?(pasuxi:  2wm, 3/  

rad). 
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Tavi II.  

materialuri wertilis dinamika 

 

$11. niutonis pirveli kanoni 

 udidesmaingliselma fizikosmaisaak niutonmauamravi cdiseuli faqtis 

gaanalizebis safuZvelzeaRmoaCina dinamikis sami kanoni. niutonis am damsa-

xurebisTvis klasikur meqanikas xSirad niutonis meqanikasac uwodeben. 

 pirveli kanonis niutoniseuli formulireba aseTia: 

 nebismieri sxeuli inarCunebs uZraobas an Tanabarwrfivi moZraobis 

mdgomareobas, sanam sxva sxeulTa zemoqmedeba ar gamoiyvans mas am mdgoma-

reobidan. 

niutonis kanonSi ar aris miTiTebuli aTvlis sistema. rogorc avRniSneT, moZraobis 

xasiaTi damokidebulia aTvlis sistemis SerCevaze. aRniSnuli kanoni samarTliania 

mxolod garkveuli aTvlis sistemebis mimarT, romlebsac  inerciuli sistemebi 

ewoda. niutonis kanonze dayrdnobiT da am faqtis gaTvaliswinebiT  Camoyalibebuli 

iqna meqanikis erTerTi fundamentaluri principi: 

 aTvlis sistemebs Soris yovelTvis moiZebneba iseTi aTvlis sistema, romlis 

mimarT izolirebuli sxeuli  (sxeulTa jgufi) iqneba uZravi an imoZravebs 

mudmivi siCqariT  (inerciis principi). 

mocemuli inerciuli sistemis mimarT uZravi an Tanabarwrfivad moZravi aTvlis 

sistema aseve inerciulia. ase rom Tu sxeuli mocemul inerciuli sistemaSi 

izolirebulia igi aseve izolirebuli iqneba nebismieri inerciuli sistemis mimarT 

(yvela aseT sistemaSi igi iqneba uZravi an imoZravebs Tanabarwrfivad). inerciul 

sistemaTa raodenoba usasruloa, erT-erTad SeiZleba ganvixiloT heliocentruli 

(helios – Zvel berZnulad – mze) sistema, romelSic aTvlis sxeulad miCneulia 

mze, xolo sakoordinato RerZebi mimarTulia SerCeviT “uZravi” varskvlavebisken.  

 xSirad aTvlis sistemad irCeven geocentrul (geo – ZvelberZnulad – miwa) 

sistemas, romelSic aTvlis wertilad aRebulia dedamiwis zedapirze mdebare wer-

tili. am sistemas, dedamiwis dRe-Ramuri da wliuri brunvis gamo, heliocentruli 

sistemis mimarT garkveuli aCqareba gaaCnia, magram igi imdenad mcirea, rom mTel 

rig amocanebSi misi ugulebelyofa dasaSvebia. amitom, Tu didi sizuste ar 

moiTxoveba, geocentruli sistemac SeiZleba CaiTvalos inerciulad. 

inerciuli sistemis mimarT aCqarebiT moZrav sistemebSi izolirebul sxeuls 

aRmoaCndeba aCqareba, ris gamoc niutonis inerciis kanoni irRveva. am mosazrebiT 

aseT sistemebs arainerciuls uwodeben. SemdgomSi, Tu winaswar ar mivuTiTeT, 

aTvlis sistemad inerciuli sistema gveqneba SerCeuli.  

 

$12. sxeulis masa da impulsi 

 nebismier sxeuls gaaCnia inerciis Tviseba, kerZod,Tu igi ar ganicdis 

zemoqmedebas, an es zemoqmedeba kompensirebulia, igi inarCunebs Tavis mdgomareobas 

(mudmiv siCqares ).  zemoqmedebisas  nebismieri sxeuli ewinaaRmdegeba 

 const


.const

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sawyisi mdgomareobis Secvlas am Tvisebas inertuloba ewodeba.  rac ufro Znelia 

sxeulis gamoyvana arsebuli  mdgomareobidan, miT ufro inertulia  is.  ori 

sxeulidan is ufro inertulia, romelic erTnairi zemoqmedebisas naklebad icvlis 

Tavis mdgomareobas. sxeulTa inertulobis zomad SemoRebulia inertialobismasis 

cneba.aseve SemoRebulia gravitaciuli masis cnebac. igi axasiaTebs sxeulTa 

gravitaciul urTierTqmedebas. rogorc mravali eqspreimentiT dadasturda 

mocemuli sxeulis inertiulobis da gravitaciis masa erTidaigivea, amitom maT 

zogadad masis terminiT movixseniebT. masa  klasikur meqanikaSi nivTierebis 

raodenobrivi zomacaa. 

masa skalaruli sididea, izomeba kilogramebSi (kg). 1kgmasis etalonad saerTa-

Soriso SeTanxmebiT miRebulia platina (90%) iridiumis (10%)  Senadnobisgan 

damzadebuli cilindris masa, romlis diametri da simaRle 39mm-ia. atomur fizikaSi 

elementarul nawilakTa masis Sesafaseblad gamoiyeneba masis atomuri erTeuli 

(mae). igi warmoadgens naxSirbadis atomis 

 ( -is)9 masis 1/12 nawils,  

1 mae = 1,66∙10 – 27kg. 

klasikur meqanikaSi masas axasiaTebs Semdegi Tvisebebi: 

1. sxeulis masa ar aris damokidebuli mis siCqareze; 

2. sxeulis masa Semadgenel nawilakTa masebis jamis tolia – superpoziciis 

(Sekrebadobis) kanoni; 

3. izolirebuli sxeulis (sxeulTa jgufis) masa inaxeba – masis Senaxvis kanoni. 

fizikaSi sargebloben nivTierebis simkvrivis cnebiT.  

 sxeulis simkvrive tolia misi erTeulovani moculobis masis. 

Tu  masis nivTierebas ukavia  moculoba, maSin misi saSualo simkvrive 

iqneba 

.                                   (12.1) 

xolo simkvrive: 

. 

Tu sxeuli erTgvarovania, maSin: 

,                                 (12.2) 

 simkvrivis erTeulia kg/m3.  

aeromeqanikaSi xSirad sargebloben kuTri moculobis cnebiT. igi warmoadgens 

simkvrivis Sebrunebul sidides, anu erTeulovani masis mier dakavebul moculobas: 

,       (m3/kg). 

 niutonma masis cnebaSemoitana nawilakis impulsis (moZraobis raodenobis) 

gansazRvrisas. 

                                                 
9miRebulia, rom elementis simbolos qvemoT marcxniv miuweron elementTa sistemaSi 
Sesabamisi rigiTi nomeri, xolo zemoT elementis atomuri masa. 
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 nawilakis impulsi ewodeba misi masisa da siCqaris namravls. 

,                                     (123) 

impulsi veqtoruli sididea, mimarTulia siCqaris gaswvriv da emorCileba 

superpoziciis princips, izomeba kgm/wm. Tu m masis makrosxeuli asrulebs 

gadataniT moZraobas, maSin drois mocemuli momentisaTvis mis TiToeul nawils 

erTnairi siCqare eqneba ($1).  amitom (12.3)-iT SeiZleba gamovTvaloT misi impulsi. 

Tu igive sxeuli asrulebs brunviT moZraobas, maSin misi impulsis gamosaTvlelad 

igi Teoriuladunda davyoT iseT  nawilebad, rom TiToeulis siCqare 

iyos , maSin sxeulis impulsi, misi Sekrebadobidan gamomdinare, iqneba. 

                                 (12.4) 

mocemul aTvlis sistemaSi sxeulis meqanikur mdgomareobas Seesabameba 

impulsis erTaderTi gansazRvruli mniSvneloba, romelic ar aris damokidebuli 

im procesebze, romlebiTac sistema aRmoCnda am mdgomareobaSi.e.i. Tu sxeuli 

gadavida 1 mdgomareobidan 2 mdgomareobaSi, misi impulsis cvlileba, damouki-

deblad gadasvlis gzebisa, toli iqneba am mdgomareobaTa Sesabamisi impulsebis 

sxvaobis. 

.                             (12.5) 

am Tvisebis gamoimpulsi sxeulis (sistemis) mdgomareobis funqciaa10. 

 

amocana 12.1. gamoTvaleT sm radiusis aluminis burTulis siRruis moculoba, 

Tu misi masaa 1kg, aluminis simkvrivea 2700kg/m3. 

amoxsna: 

gamovTvaloT aluminis moculoba (12.2)-dan 

(m3) 

burTulas moculoba iqneba:  

(m3). 

siRruis moculoba: 

(m3). 

amocana 12.2.Senadnobis1/3 nawili spilenZia, danarCeni rkina. gamovTvaloT 

Senadnobis simkvrive, Tu kg/m3,  kg/m3 .  

amoxsna: 

(12.2)-is Tanaxmad:  

                                                 
10sistemis mdgomareobis funqcia zogadi cnebaa, impulsis garda, aseTi sidideebia: Sinagani 
energia, entropia da sxva. 
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(kg/m3). 

amocana 12.3. gamoTvaleT 1kgmasis etalonis  (cilindri romlis d-diametri da H- 

simaRle 39mm-ia,  Sedgeba 90% platinisa da 10% iridiumisagan) simkvrive, platinis 

simkvrive 21,5.103kg/m3 -ia, xolo iridiumis 22,4.103kg/m3 . 

amoxsna: 

 (12.2)-is Tanaxmad:  

 

(kg/m3). 

 

rac igivea: 

(kg/m3). 

 

 

$13. Zala. niutonis meore kanoni 

 Zalis cneba gamoiyeneba sxeulze sxva sxeulis an sxeulTa jgufis 

zemoqmedebis dasaxasiaTeblad. igi veqtoruli sididea, mas gaaCnia ricxviTi 

mniSvneloba, modebis wertili da moqmedebis wrfe. niutonis pirveli kanonidan 

gamomdinare, sxeulis wonasworuli mdgomareoba  dairRveva mxolod im 

SemTxvevaSi, Tu masze imoqmedebs sxva sxeuli anu Zala, e.i. Zala aris sxeulis 

siCqaris (impulsis) Secvlis - aCqarebis gamomwvevi mizezi. Zalebs axasiaTebs da-

moukideblobis principi, romlis Tanaxmadac, Tu sxeulze ramodenime Zala 

moqmedebs, maSin TiToeuli maTgani mas igive aCqarebas aniWebs, rasac mianiWebda sxva 

Zalebis ararsebobis SemTxvevaSi. damoukideblobis principidan gamomdinare, Tu 

nawilakze an absoluturad myar sxeulze moqmedebs ramodenime Zala , ris 

gamoc igi uZravia an asrulebs gadataniT moZraobas, maSin SesaZlebelia am ZalTa 

veqtoruli Sekreba:  

.                                   (13.1) 

(superpoziciis principi). anu  am ZalaTa Secvla erTi iseTi ZaliT-tolqmediT, 

romelic iseTive aCqarebas mianiWebs sxeuls, rogorsac es Zalebi erTad (SevniSnoT, 

rom absoluturad myar sxeulze moqmediZalebis Sekrebisas dasaSvebia ZalaTa 
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gadasrialeba moqmedebis wrfis gaswvriv, amasTanave Tu sxeuli uZravia, an asrulebs 

gadataniT moZraobas es wrfeebi aucileblad gadaikveTeba erT wertilSi). cxadia 

tolqmedis gegmili raime RerZze imave RerZze mdgenel ZalaTa gegmilebis 

algebruli jamis toli iqneba: 


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
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                                 (13.2) 

 naxaz13.1-ze mocemulia nawilakze moqmedi sami Zalis tolqmedis gansazRvra 

veqtorTa Sekrebis wesiT (veqtorebi unda gadavasrialoT Tavis Tavis paralelurad 

ise, rom erTi veqtoris bolo 

emTxveodes momdevnos sawyiss 

(mimdevrobas azri ara aqvs), maSin 

miRebuli texilis sawyisi wertilis 

bolosTan SemaerTebeli veqtori 

iqneba tolqmedi).  Zalebi SeiZleba 

davyoT or jgufad, axloqmedebis, 

romlebic aRiZvreba mxolod sxeulTa uSualo kontaqtisas  (xaxunis, drekadobis,  

winaaRmdegobis, reaqciis,..) da Soriqmedebis, romelTa aRZvra ar saWiroebs sxeulTa 

urTierTSexebas   (simZimis, gravitaciis, eleqtromagnituri,).  

 dinamikis meore kanoni gansazRvravs ZalTa tolqmeds. misi niutoniseuli 

formulireba aseTia: 

 sxeulis impulsis cvlilebis siCqare sxeulze moqmedi Zalebis tolqmedis 

tolia: 

.                               (13.3) 

(13.3) zogadia, igi SeiZleba gamoviyenoT maSinac ki, rodesac masa cvladia (yumbaris 

afeTqeba, reaqtiuli moZraoba),  

 

aseve relativistur meqanikaSi , sadac masa siCqaris funqciaa. (13.3)-dan 

 anu .                             (13.4) 

Zalisa da misi moqmedebis drois namravls Zalis impulsi ewodeba. sxeulis 

impulsis cvlileba masze moqmedi Zalisimpulsis tolia. 

Tu Zalis moqmedebis procesSi masa ar icvleba, maSin (13.3) ase Caiwereba: 

                             (13.5) 

saidanac: 

           .                                    (13.6) 

(13.6)-is Tanaxmad niutonis meore kanoni ase SeiZleba CamovayaliboT: 
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 gadataniTi moZraobisas sxeulis aCqareba pirdapirproporciulia masze 

moqmedi ZalTa tolqmedisa da ukuproporciulia misi masisa. 

radgan Zala iwvevs aCqarebas, amitom aCqarebas tolqmedis mimarTuleba gaaCnia 

. SevniSnoT, rom (13.6)-Si Semavali masa swored sxeulis inertulobis zomaa, 

rac metia misi mniSvneloba, miT nakleb aCqarebas Rebulobs sxeuli mocemuli Zalis 

SemTxvevaSi. (13.6)-dan 

.                                    (13.7) 

SI sistemaSi Zalis erTeulia niutoni (n) = 1kgm/wm2. niutoniis Zalaa, romelic 1kg 

masis sxeuls aniWebs 1m/wm2 aCqarebas. 

 davuSvaT sxeulze moqmedi ZalTa tolqmedi nulia (rac tolfasia imisa, rom 

sxeuli izolirebulia), maSin (13.5)-is Tanaxmad , anu miiReba 

niutonis pirveli kanoni.  

 niutonis pirveli da meore kanonebidan gamomdinare ZalasTan mimarTebaSi 

sruldeba Semdegi debulebebi: 

1. sxeulis aCqarebis mizezi – Zalaa; 

2. Zala sxeulze raime sxva sxeulis moqmedebaa. 

(13.3) da (13.5)-is gamoyenebiT SesaZlebelia meqanikis mTeli rigi amocanebis 

gadawyveta, amitom maT dinamikis ZiriTad gantolebasac uwodeben. 

 

amocana 13.1.satvirTo manqanis aCqareba 2m/wm2 iyo, misi datvirTvis mere ucvleli 

wevis Zalis pirobebSi aCqareba 0,5m/wm2-iT Semcirda. gamovTvaloT tvirTis masa, Tu 

avtomobilis masaa 3 tona. 

amoxsna: 

(13.5)-is Tanaxmad: 

,    (t). 

 

amocana 13.2. gamoTvaleT naxazze mocemul sxeulze moqmed ZalTa (F1=0,8kn, F2=4kn, 

F3=6kn,  F4=0,4kn, tolqmedis sidide da mimarTuleba. 

amoxsna: 

(13.2)-is Tanaxmad . dagegmilebiT 

vRebulobT:  

 anu  

tolqmedis sidide iqneba:  

(kn). 

OX RerZis mimarT tolqmedi mimarTuli iqneba: 
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. 

amocana 13.3. uwonadi uWimvadi TokiT blokze gadadebuli  4,2 kg da 4 kg masis 

tvirTi dasawyisSi erT doneze imyofeba. ra manZiliT daSordeba isini erTmaneTs 

ganTavisuflebidan 2 wm-Si, Tu yovelgvari winaaRmdegobis Zalebi 

ugulebelyofilia.  

amoxsna: 

visargebloT naxaziT (  da  simZimis Zalebia, 

Tavisufali vardnis aCqarebaa (ix.$18)). niutonis II 

kanonis Tanaxmad SeiZleba CavweroT Semdegi sistema: 





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
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2
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21 



at

SS sxeulebs Soris daSoreba iqneba 96,02 1  SL m.  

 

 

$14. niutonis mesame kanoni 

 sxeulze moqmedeba calmxrivi ar aris, mas urTierTqmedebis xasiaTi aqvs anu, 

Tu 1-sxeulze moqmedebs 2-sxeuli  ZaliT, maSin 1-ic imoqmedebs 2-ze  ZaliT 

(nax. 14.1). niutonis mesame kanonis Tanaxmad 

 ori sxeuli yovelTvis 

urTierTqmedebs sididiT toli da 

sapirispirod mimarTuli ZalebiT 

.         (14.1) 

xSirad am kanons SemoklebiT asec ayalibeben: 

 qmedeba udris tol da sapirispiro ukuqmedebas. 

ZalTa dayofa qmedebad da ukuqmedebad pirobiTia. 

es Zalebi erTmaneTs ar akompensirebs, radgan sxvadasxva sxeulebzea 

modebuli. isini erTnairi bunebisaa. mag. Tu qmedebagravitaciis Zalaa, ukuqmedebac 

gravitaciis Zala iqneba.  

(14.1)-dan 

, .                            (14.2) 

romlis Tanaxmad ori urTierTqmedi sxeulidan erTi sxeuli Rebulobs imdenjer 

nakleb aCqarebas, ramdenjerac misi masa metia meore sxeulis masaze. magaliTad, 

vaSlisa da dedamiwis urTierTmizidvis Zalebi ricxobrivad erTmaneTis tolia, 
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magram vaSli vardeba dedamiwaze da ara piriqiT, radgan dedamiwis masa gacilebiT 

metia vaSlis masaze, amitom dedamiwis aCqareba vaSlis mimarT praqtikulad nulia. 

urTierTqmedeba vrceldeba sasrulo siCqariT, amitom niutonis mesame kanonis 

gamoyenebis ariali SezRudulia. igi mkacrad sruldeba axloqmedebis Zalebis 

SemTxvevaSi, aseve iseT SemTxvevebSi, rodesac urTierTqmed sxeulebs Soris manZili 

Zalian didi ar aris.  

niutonis kanonebi samarTliania inerciuli aTvlis sistemebis mimarT. Cven am 

sakiTxs $15, $16-Si davubrundebiT. 

 

$15. inerciis Zalebi TanabraCqarebulad moZrav 

aTvlis sistemebSi  

 rodesac ganvixilavdiT nawilakis moZraobas sxvadasxva  aTvlis inerciuli 

sistemis mimarT ($6) aRmoCnda, romnawilakis koordinatebi (gavlili manZili) da 

siCqare fardobiTia anu damokidebulia aTvlis sistemis SerCevaze, xolo aCqareba 

absoluturia:  

                                    (15.1)             
aCqareba araa damokidebuli aTvlis inerciuli sistemis SerCevaze. (15.1)-is orive 

mxare gavamravloT nawilakis masaze  anu (13.5)-is Tanaxmad  

,                                     (15.2)             

sadac nawilakze moqmedi ZalTa tolqmedia k  sistemaSi, xolo - sistemaSi. 

e.i. 

 erTi aTvlis inerciuli sistemidan meoreSi gadasvlisas ar icvleba 

dinamikis ZiriTadi gantoleba. 

es daskvna asec SeiZleba CamovayaliboT: 

 Tu sxvadasxva aTvlis inerciul sistemaSi CavatarebT erTsadaigive meqanikur 

cdas, miviRebT erTnair Sedegs – galileis fardobiTobis principi. 

am principidan gamomdinare klasikuri meqanikis farglebSi yvela inerciuli sistema 

“Tanasworuflebiania” – eqvivalenturia, anu SeuZlebelia ganvasxvavoT “moZravi” da 

“uZravi” inerciuli sistemebi erTmaneTisgan. 

praqtikaSi xSirad gamoiyeneba aTvlis arainerciuli sistemebi anu sistemebi, 

romlebsac gaaCnia aCqareba inerciuli aTvlis sistemis mimarT.  

 ganvixiloT nawilakis moZraoba  da  aTvlis sistemebis mimarT, ro-

melTagan  inerciulia, xolo arainerciuli, anu -s mimarT gaaCnia aCqareba. 

simartivisTvis davuSvaT, rom es  moZraoba TanabaradaCqarebulia . visar-

gebloT naxaz 6.1-iT da gamoviyenoT igive gamartivebebi rac $6, maSin, cxadia, (6.1) 

da (6.2) darCeba ZalaSi, xolo (15.1)-is nacvlad gveqneba: 

,                                   (15.3)  
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e.i. , aCqareba fardobi-

Tia, Sesabamisad, . 

radgan nawilakze  da  

aTvlis sistemebSi erTida-

igive sxeulebi moqmedebs, 

amitom zemoTqmulisTanaxmad 

erTi sistemidan meoreSi 

gadasvlisas ar unda icv-

lebodes gansaxilvel 

nawilakze moqmedi ZalTa 

tolqmedi  da, 

Sesabamisad, aCqareba. e.i. dinamikis kanonebis pirdapiri gamoyeneba aTvlis 

arainerciul sistemebSi mcdar daskvnas iZleva.  imisTvis, rom SevZloT am 

gantolebaTa gamoyeneba arainerciul sistemebSic, $13-Si aRniSnuli ori 

debulebidan SevinarCunoT pirveli, xolo meore ukuvagdoT, kerZod, CavTvaloT, 

rom sxeulis aCqarebis Secvla  sistemaSi gamoiwvia “axalma” Zalam, magram es 

Zala ara axali sxeulis zemoqmedebaa nawilakze, aramed ganpirobebulia  siste-

mis arainerciulobiT. 

 (15.1) gavamravloT nawilakis masaze da gadavweroT Semdegi saxiT: 

,  ,                            (15.4) 

sadac  

.                                  (15.5) 

swored es is “axali” Zalaa, romelsac inerciis Zalas uwodeben. (15.5)-is Tanaxmad 

 arainerciuli sistema Tavisi arainerciulobis gamo sxeuls aniWebs Tavisi 

aCqarebis sapirispiro aCqarebas. 

inerciis Zalebi mxolod warmoSobiT gansxvavdeba Cveulebrivi Zalebisgan, am mize-

ziT maTi moqmedeba ar iwvevs ukuqmedebas (ar sruldeba niutonis mesame kanoni). 

cxadia, sxeulze an sxeulTa jgufze (meqanikur sistemaze) moqmedi inerciis Zalebi 

gare Zalebia, amitom arainerciuli aTvlis sistemis mimarT Caketili (izolirebu-

li) meqanikuri sistema ar arsebebs. ganvixiloT urikaze moTavsebul Stativze 

TokiT dakidebuli burTula, romelis mdgomareobac  ganixileba or aTvlis 

sistemaSi, romelTagan  sistema uZravia, xolo meore  uSualod urikasTanaa 

dakavSirebuli. Tu urika uZravia simZimis  Zala da Tokis daWimulobis 

(reaqciis)  Zala erTmaneTs awonasworebs  Toki iqneba vertikalur 

mdgomareobaSi da burTula iqneba uZravi orive sistemis mimarT (nax. 15.1a). Tu urika 

daiwyebs moZraobas  aCqarebiT,  burTula gadaixreba wonasworobis mdebareobidan 

(nax. 15.1b). amasTanave burTula  aCqarebiT  imoZravebs  -s mimarT, rasac 

ganapirobebs  da ZalTa tolqmedi: 
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aTvlis inerciuli  sistemis mimarT -is aCqarebiT moZraobis gamo es 

ukanaskneli aTvlis arainerciuli sistemaa, amitom am sistemaSi burTulaze imoqme-

debs inerciis  Zala, romelic  gaawonasworebs  da ZalTa tolqmeds: 

 

da -is mimarT burTula darCeba uZravi.  

 

amocana 15.1. urikaze TokiT dakidebulia burTula. ra kuTxiT gadaixreba igi 

vertikalidan, Tu urika moZraobs  m/wm2 aCqarebiT.  

amoxsna: 

nax. 15.1-is Tanaxmad: 

, . 

cxadia, gadaxris kuTxe miT ufro metia rac metia urikas aCqareba.  

 

amocana 15.2. avtomobili  moZraobda 20 m/wm siCqariT. saavario damuxruWebisas 1,5 

wm-Si siCqare 5 m/wm-de Semcirda gamoTvaleT 60 kg masis fexze mdgom mgzavrze 

moqmedi inerciis Zala, ra kuTxiT gadaixreba igi vertikaluri mdgomareobidan?  

amoxsna: 

avtomobilis damuxruWebis aCqareba, (8.2)-is Tanaxmad, iqneba:  

(m/wm2) 

e.i.mgzavrze moqmedi inerciis Zala: 

(n) 

amrigad, mgzavris win gadaxris kuTxe iqneba:  

      =450. 

 

 

$16. inerciis Zalebi Tanabradmbrunav 

aTvlis sistemaSi 

 nebismieri mrudwiruli traeqtoriis mqone aTvlis sistema arainerciulia 

wiriTi aCqarebis arsebobis gamo. simartivisTvis ganvixiloT Tanabrad mbrunavi 

aTvlis sistema. nax.16.1-ze mocemulia  RerZis irgvliv marTobul sibrtyeSi 

 kuTxuri siCqariT mbrunavi disko. misi radiusis gaswvriv gaWimul simze 

Camocmulia zambara, romlis erTi bolo damagrebulia  wertilSi, xolo meore 

boloze moTavsebulia burTula, romelsac Tavisuflad SeuZlia moZraoba simis 

gaswvriv. Tu disko uZravia, zambara aradeformirebulia da burTulas ukavia 

wonasworuli mdebareoba. diskos brunvis SemTxvevaSi zambara gaiWimeba, 

burTula wainacvlebs da daikavebs mdebareobas.aTvlis inerciuli  sistemis 

mimarT burTulaze moqmed ZalTa tolqmedi iqneba: 
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sadac  zambaris drekadobis Zalaa. Radgan  simZimis Zala da  sayrdenis 

reaqciis Zala erTmaneTs awonasworebs, amitom  asrulebs centriskenuli 

Zalis rols da burTulas aniWebs centriskenul aCqarebas  anu, 

 (nax.16.1-is gadatvirTvis gamo 

 araa naCvenebi).   

 sistema, romelic uSualod burTu-

lasTanaa dakavSirebuli arainerciulia (gaaCnia  

 aCqareba). amitom  sistemaSi 

burTulaze moqmedebs inerciis Zala, romelic misi 

ganmartebidan gamomdinare iqneba:            

               (16.1)   

igi sididiT centriskenuli Zalis -drekadobis 

Zalis tolia da mimarTulia mis sapirispirod, ris 

gamoc mas centridanul Zalasac uwodeben.amitom  sistemis mimarTburTula 

darCeba uZravi  

(16.1)  Zala moqmedebs nebismier mbrunav sistemaSi damoukideblad imisa, moZra-

via Tu ara sxeuli. igi mdebareobs brunvis RerZis marTobul sibrtyeSi da mimar-

Tulia radius-veqtoris gaswvriv. SevniSnoT, rom am Zalis moqmedebas ganicdis 

dedamiwis nebismier wertilSi (garda polusebisa) mdebare sxeuli, rac gamowveulia 

dedamiwis dReRamuri brunviT ($19). 

zogadad, mrudwirulad moZravi aTvlis sistemis SemTxvevaSi, inerciis Zala 

SeiZleba warmovadginoT ori mdgenelis saxiT – mxebi (tangencialuri)  da 

normaluri  mdgenelebis saxiT.  

rodesac sxeuli moZraobs mbrunav arainerciul sistemaSi, maSin gamovlindeba 

kidev erTi inerciis Zala – koriolisis Zala. ganvixiloT igive disko (nax.16.2a) da 

misi  radialuriwrfis gaswvriv gavagoroT burTula  siCqariT. Tu disko 

uZravia, burTula imoZravebs wrfivad da aRmoCndeba  wertilSi. diskos brunvis 

SemTxvevaSi burTulas siCqare ricxobrivad mudmivi darCeba, Seicvlis mxolod 

mimarTulebas, anu burTulas traeqtoria mrudwiruli gaxdeba (  wiri). rac 

niSnavs imas, rom mbrunav aTvlis sistemaSi burTulaze misi siCqaris marTobulad 

moqmedebs Zala - koriolisis Zala. imisaTvis, rom burTulam imoZravos  wrfeze 

saWiroa am mimarTulebiT movaTavsoT raime zRude, maSin burTulaze gorvis 

procesSi zRudis mxridan imoqmedebs reaqciis Zala (nax.16.2b). (nax.16.2-ze  

inerciis centridanuli Zala araa naCvenebi).  radgan am SemTxvevaSi burTula 
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agrZelebs wrfivad moZraobas niSnavs rom -

is moqmedeba gawonasworebulia koriolisis 

ZaliT. igi gamoiTvleba  formuliT: 

.               (16.2) 

(gavixsenoT, rom veqtoruli namravlis 

 ganmartebis Tanaxmad  veqtori 

da  veqtorebze agebuli sibrtyis  marTo-

bulia da misi  mimarTuleba ganisazRvreba 

marjvena xelis wesiT: Tu gaSlili oTxi TiTi 

gviCvenebs s mimarTulebas, xolo moxrisas 

s  mimarTulebas, maSin marTi kuTxiT gaS-

lili cera TiTi gviCvenebs s   mimarTu-

lebas). rogorc SemdgomSi vaCvenebT, rom 

radgan -s marTobia igi ar asrulebs 

muSaobas, e.i cvlis siCqaris mxolod 

mimarTulebas da ara sidides. 

 (16.2)-is Tanaxmad koriolisis Zala ar 

gamovlindeba mbrunav sistemaSi, Tusxeuli 

uZravia an moZraobs aTvlis sistemis kuTxuri 

siCqaris gaswvriv [ , Tu  an 

].  

koriolisis Zalis moqmedebiT aixsneba Crdilo naxevarsferoSi meridianis 

gaswvriv Crdilo polusisken mimarTuli mdinareebis mier marjvena napiris, xolo 

samxreT naxevarsferoSi marcxena napiris Camorecxva, matareblis mier relsebis 

araTanabari cveTa. es Zala vlindeba qanqaris rxevisas, TviTmfrinavTa moZraobisas 

da a.S. 

vaCvenoT rogor icvleba raime  veqtori 

arainerciuli sistemis mimarT Tu is ganicdis 

cvlilebas inerciul sistemaSi. davuSvaT k 

inerciuli sistemis mimarT  arainerciuli 

sistema  RerZis mimarT brunavs 

mudmivi kuTxuri siCqariT, amasTan dakvirvebis 

dasawyisSi  RerZi emTxveva -s, xolo   

-  -s. davuSvaT  veqtoris modebis  

wertili ucvlelia arainerciuli sistemis 

mimarT, anu brunavs masTan erTad. cxadia misi 

cvlileba -is mimarT nulia, magram igi 

icvleba -s mimarT (nax. 16.3). dakvirvebis 
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dawyebidan  droSi  da  Semobrundeba  kuTxiT da misi cvlilebis 

sidide inerciuli sistemis mimarT iqneba radgan am cvlilebis 

Sesabamisi veqtori imyofeba -s da -s marTobul sibrtyeSi, amitom es cvlileba 

Caiwereba veqtoruli namravlis saxiT:  

                                 (16.3) 

igi warmoadgens arainerciuli sistemis mimarT ucvleli veqtoris cvlilebas  

inerciuli sistemis mimarT, rac gamowveulia arainerciuli sistemis brunviT.  

 davuSvaT,  veqtori ganicdis cvlilebas arainerciuli sistemis mimarTac, 

maSin cxadia , sadac  - veqtoris cvlilebaa -is mimarT. xolo 

cvlilebis siCqare iqneba: 

                              (16.4)  

miRebuli formula SeiZleba gamoviyenoT siCqaris, Zalis, impulsis momentis da 

sxva veqtoruli sidideebis mimarT. 

 

amocana 16.1. 200 t masis gemi micuravs 5 m/wm siCqariT meridianis gaswvriv Crdilo 

polusisken. gamoTvaleT masze moqmedi  inerciis centridanuli da koriolisis 

Zalebi, rodesac igi imyofeba 600-ian paralelze.  

amoxsna: 

(16.1)-is Tanaxmad:  

0

2

2 60cos
2

R
T

mrmF 










in , 

sadac  dedamiwis dReRamuri brunvis periodia:  

24sT=24.3600wm=86400wm. 

e.i.: 

knin 3,35,0.10.63
86400

14,3.2
10.2 5

2

5 







F  

(16.2)-is Tanaxmad: 

(n). 

igi mimarTulia paralelis gaswvriv aRmosavleTisken. 

 

 

$17. gravitaciuli veli. msoflio  

mizidulobis kanoni 

bunebaSi arsebuli urTierTqmedebis mravalferovnebis miuxedavad, 

Tanamedrove fizikaSi ganasxvaveben oTxi tipis fundamentalur Zalebs, romlebic 

intensivobis zrdis mixedviT ase ganlagdeba: 

1. gravitaciuli, 

2. susti birTvuli, 
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3. eleqtromagnituri, 

4. Zlieri birTvuli. 

gravitaciuli da eleqtromagnituri Zalebi Soriqmedebis Zalebia, maTi 

moqmedebis Sedegia yvela msxvilmasStabiani movlenebi yoveldRiuri cxovrebasaTu 

Soreul varskvlavebsa da galaqtikebSi. susti da Zlieri birTvuli Zalebi 

axloqmedebis Zalebia, maTi moqmedebis ariali birTvuli zomebiT Semoifargleba. 

isini naklebad SeimCneva yoveldRiur cxovrebaSi, Tumca arcerTi es Zala ar aris 

“zedmeti” da ganapirobebs samyaros amJamindel arsebobas( amJamad mimdinareobs 

kvleva 2 da 4 tipis urTierTqmedebaTa saerTo bunebis dasadgenad). rac Seexeba iseT 

cnobil Zalebs,rogoricaa drekadobis, xaxunis da sxva, ganixileba, rogorc am oTxi 

damoukidebeli Zalis erTobliv moqmedebaTa Sedegi. 

antikuri xanidan mecnierTa mier ciur sxeulTa moZraobis Seswavlisas 

dagrovili cdiseuli da Teoriuli Sedegebi gaxda imis safuZveli, rom isaak niu-

tonma 1685 wels gamoqveynebul naSromSi “naturaluri filosofiis maTematikuri 

sawyisebi” sabolood Camoayaliba msoflio mizidulobis kanoni: 

 samyaros nebismieri ori nawilaki urTierTqmedebs ZaliT, romelic pirda-

pirproporciulia maTi masebis namravlisa da ukuproporciulia maT Soris 

manZilis kvadratisa.  

am Zalis mniSvneloba araa damokidebuli garemos fizikur Tvisebebze.

 mizidulobis kanoni, im SemTxvevebSi Tu urTierTqmedi ori sxeuli nivTieri 

wertilebia, sferuli formis erTgvarovani sxeulebia an nivTieri wertili da 

erTgvarovani sferuli formis sxeulia, maTematikuri formiT ase Caiwereba: 

,                                  (17.1) 

 proporciulobis koeficients gravitaciul mudmivas uwodeben. (17.1)-dan  

 

igi ricxobrivad im gravitaciuli Zalis tolia, romliTac urTierTqmedebs ori 

TiTo kilogrami masis nawilaki erT metr manZilze.misi mniSvneloba 

eqsperimentulad gansazRvrul iqna ingliseli mecnieris henrikevendiSis mier 

nm2/kg2. 

s aseTi simciriT aixsneba is faqti, rom mizidulobis Zalebi SesamCnevia 

mxolod Zalian didi, masiuri sxeulebis SemTxvevaSi. 

(17.1) veqtorulad ase Caiwereba: 

, .                            (17.2) 

2

21

r

mm
GF 

G

21

2

mm

Fr
G 

111067,6 G

G

02
21

21
12 r

r

mm
GF


 10 r





- 49 - 

 

 -  masis sxeulze -is mxridan moqmedi Zalaa,  -  veqtoris mgezavi 

veqtoria (nax. 17.1). cxadia niutonis III kanonis Tanaxmad  

gravitaciuli Zala mimarTulia 

nawilakTa SemaerTebeli wrfis gaswvriv, igi 

centraluri Zalaa (ix. $30). 

nebismieri formis sxulebis gravitaciu-

li urTierTqmedebis gamosaTvlelad saWiroa  

sxeulTa azrobrivi dayofa nivTier 

wertilebad,  am wertilebs Soris urTi-

erTqmedebis ZalTa gamoTvla da superpoziciis principis gamoyenebiT tolqmedis 

povna. 

 niutonis Teoriis Tanaxmad gravitaciuli urTierTqmedeba myisierad 

vrceldeba. sinamdvileSi ki, rogorc ainStainma aCvena, nebismieri sxeulis irgvliv 

arsebobs materiis gansakuTrebuli forma - gravitaciuli veli, romelSidac 

moqmedebs gravitaciuli mizidviTi  Zalebi11 da am velSi gravitaciuli 

urTierTqmedeba  xorcieldeba  m/wm sasruli siCqariT (sinaTlis gavrce-

lebis siCqare vakuumSi).  

(17.1)-is Tanaxmad, gravitaciuli Zala nuls utoldeba mxolod maSin, roca 

sxeulebs Soris manZili usasrulod didi xdeba anu gravitaciuli veli ganfenilia 

mTel samyaroSi. 

 niutonis gravitaciis Teoriis Tanaxmad nebismieri sxeuli qmnis gravitaciul 

vels, romelic proporciulia sxeulis masisa, e.i. masa gravitaciuli velis wyaroa. 

am TvalsazrisiT (17.2)-Si masas gravitaciuls uwodeben. wina TavSi Cven ganvixileT 

masa, rogorc inertulobis zoma. jer kidev niutonis epoqaSi damtkicda am masaTa 

identuroba 10–3 sizustiT, xolo meoce saukuneSi  maTi identurobis sizuste 10–12-

de daadginda, rac imis maCvenebelia, rom sxeulis gravitaciuli da inerciuli masa 

zustad Tanxvedria – es faqti cnobilia eqvivalenturobis principis saxelwodebiT.  

 niutonis gravitaciis kanoni ganapirobebs da xsnis ciuri sxeulebis 

(varskvlavebis, planetebis, kometebis,...) moZraobas da  urTierTgadanacvlebebs. am 

kanonis safuZvelze gamoTvlili iqna marsis, dedamiwisa da mTeli rigi planetebis 

masebi. 

 ciuri sxeuli kargi miaxloebiT SeiZleba ganvixiloT rogorc sferuli 

formis erTgvarovani sxeuli, xolo masTan SedarebiT nebismieri sxeuli CavTvaloT 

nivTier wertilad  (nax.17.2).  CavweroT  masis ciuri sxeulisa da mis gravitaciul 

velSi  manZiliT daSorebuli  masis nivTieri wertilis urTierTqmedebis Zala. 

(17.1)-is Tanaxmad:  

                                   (17.3) 

                                                 
11arsebobs mosazreba, rom unda arsebobdesganzidviTi gravitaciuli Zalebi, magram 
jerjerobiT cdiseuli monacemebi ar iZleva amis seriozuli mtkicebis SesaZleblobas. 
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radgan gravitaciuli Zala  orive sxeulis masazea damokidebuli, amitom mocemul 

wertilSi uSualod ciuri sxeulis gravitaciuli velis dasaxasiaTeblad es 

sidide ar gamodgeba. am TvalsazrisiT Semotanilia 

gravitaciuli velis daZabulobis cneba.velis raime 

wertilSigravitaciuli daZabulobatolia am wertilSi 

moTavsebul nivTier wertilze moqmedi gravitaciuli Zalis 

fardobisa amnivTieri wertilis  masasTan: 

.                                (17.4) 

(12.1)-is Tanaxmad mas aCqarebis ganzomileba gaaCnia, igi ar aris damokidebuli 

“sasinji” sxeulis masaze, formaze,nivTierebis gvarobaze da uSualod gansazRvravs 

vels mocemul wertilSi. cxadia  gravitaciuli velis daZabuloba mocemul 

wertilSi damokidebulia ciuri sxeulis  masaze da am wertilis daSorebaze masaTa 

centridan. 

 

amocana 17.1. ra ZaliT miizidavs mTvares dedamiwa da ra siCqariT brunavs igi 

dedamiwis irgvliv. 

amoxsna: 

astronomiuli monacemebiT , , . (17.3)-is 

Tanaxmad: 

 (n). 

radgan mTvaris orbita dedamiwis irgvliv  wriulia da dedamiwis gravitaciuli 

Zala mas aniWebs centriskenul  aCqarebas: 

. 

aqedan: 

(m/wm).

 
 

amocana 17.2. ipoveT mzis masa, Tu cnobilia rom dedamiwis saSualo siCqare mzis 

irgvliv orbitaze 30km/wm-ia, xolo orbitis radiusi 1,5.108km.  

amoxsna: 

vinaidan mzis gravitacia dedamiwas  aniWebs centriskenul aCqarebas, amitom 

(18.3)-is da (8.1)-is gatolebiT SegviZlia CavweroT: 

 

saidanac: 

(kg). 
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$18. simZimis Zala.  

Tavisufali vardnis aCqareba 

dedamiwis zedapirTan dakavSirebuli aTvlis sistema dRe-Ramuri brunvis gamo 

arainerciulia, amitom am sistemaSigarda dedamiwis gravitaciis Zalisamoqmedebs 

inerciis centridanuli Zala. Sesabamisad dedamiwis moqmedeba sxeulze warmoadgens 

am ori Zalis tolqmeds. Zalas, romliTac dedamiwa 

moqmedebs sxeulze, simZimis Zala ewodeba. (moZrav 

sxeulze zogadad imoqmedebs koriolisis Zalac, 

romelic am or ZalasTan mimarTebaSi simciris gamo 

vugulebelvyofT). maSasadame simZimis Zala: 

.                   (18.1) 

   (17.3)-is Tanaxmad, Tu m masis sxeuli imyofeba 

dedamiwis zedapiris maxloblobaSi (nax. 18.1)       

, 

aq m dedamiwis radiusia,  kg - ki masa. 

(16.1)-is Tanaxmad: 

,  

Xolo: 

. 

dedamiwis dRe-Ramuri brunvis cikluri sixSirea,  ganedis kuTxea. 

polusebze  , xolo ekvatorze  maqsimaluria - , Tumca 

aqac gacilebiT naklebi rCeba gravitaciul Zalaze. amitom, sakmaod maRali sizus-

tiT SeiZleba miviRoT, rom  anu dedamiwis gravitaciis veli ganvixiloT 

rogorc simZimis Zalis veli. am velis daZabuloba – aCqareba dedamiwis zedapiris 

maxloblobaSi (17.4)-is Sesabamisad iqneba 

,   ,   .               (18.2) 

romelic dedamiwis zedapiris marTobulad centriskenaa mimarTuli. (18.2)-is gamo 

es aCqareba araa damokidebuli sxeulis masaze.  e.i. dedamiwis zedapiridan mcire 

manZiliT aweul nebismier sxeulze  garda gravitaciuli Zalisa sxva Zalebi ar 

moqmedebs igi Seasrulebs vardnas mudmivi aCqarebiT, kerZod: 

 

sxeulis moZraobas mxolod dedamiwis gravitaciis-simZimis Zalis gavleniT 

Tavisufali vardna ewodeba. maSasadame Tavisufali vardna warmoadgens usawyiso 

siCqaris mqone TanabaraCqarebuli moZraobis kerZo SemTxvevas da mis aRsawerad 

SesaZlebelia gamoviyenoT (8.2b),....(8.5b) formulebi: 
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, ,                            (18.3)   

sadac sxeulis vardnis simaRlea.  

idealuri Tavisufali vardna SesaZlebelia mxolod vakuumSi, sadac haeris 

winaaRmdegobis Zala ar arsebobs. amitom vakuumSi sxeulebi maTi simkvrivis, masis 

da formis miuxedavad erTnairi aCqarebiT vardeba. ris gamoc g-s Tavisufali 

vardnis aCqarebas uwodeben.    

 (18.2)-is Tanaxmad, simZimis Zala ricxobrivad tolia sxeulis masisa da 

Tavisufali vardnis aCqarebis namravlis: 

.                                     (18.4) 

igi mimarTulia dedamiwis zedapiris marTobulad. Tu sxeuli 

uZravia dedamiwis zedapiris mimarT, maSin es Zala gawonasworebulia sayrdenis an 

sakidlis reaqciis ZaliT. 

 jer kidev 1564  wels galileo galileim eqsperimentiT daamtkica, rom 

simZimis Zalis gavleniT vardnili nebismieri sxeuli erTidaimave 12 

aCqarebas Rebulobda, anu dedamiwis zedapiris maxloblobaSi simZimis Zalis veli 

erTgvarovania .  

 ganvixiloT SemTxveva, rodesac Tavisufal vardnas asrulebs dedamiwis 

zedapiridan iseT h simaRleze aweuli sxeuli, romlis ugulebelyofac dedamiwis 

radiusis sididesTan SedarebiT arasworia, maSin: 

,                   (18.5) 

Sesabamisad: 

.                                (18.6) 

e.i. simaRlis zrdisas Tavisufali vardnis aCqareba mcirdeba da simZimis ZalTa 

velis erTgvarovneba irRveva. 

nax. 18.2-ze mocemulia Tavisufali vardnis 

aCqarebis damokidebuleba dedamiwis centridan 

manZilze13 (dedamiwis siRrmeSi wrfivi 

damokidebuleba  naCvenebia amocana (18.3)-Si). 

simZimis Zalis moqmedeba umTavres rols 

asrulebs im procesebSi, romlebic mimdinareobs de-

damiwaze arsebul cocxal Tu aracocxal bunebaSi. 

 

                                                 
12 g mcired izrdeba ekvatoridan polesisken dedamiwis arasferulobis gamo (Rek – Rp≈ 21km), 
magram es zrda umniSvneloa ≈ 0,5%. 
13dedamiwis simkvrive CaTvlilia mudmivad ρ = const. 
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amocana 18.1. ramdenjer Semcirdeba Tavisufali vardnis aCqareba  sxeulis dedamiwis 

zedapiridan dedamiwis radiusis tol manZilze atanisas. 

amoxsna: 

(18.5)-is (18.2)-Tan SefardebiT miviRebT 

. 

 

amocana 18.2. gamoTvaleT ramdenjer metia mzis zedapirze Tavisufali vardnis 

aCqareba dedamiwis zedapirTan SedarebiT. 

amoxsna: 

(18.2)-is Tanaxmad: 

, 

. 

 

amocana 18.3. vaCvenoT, rom Tavisufali vardnis aCqareba dedamiwis centridan mis 

zedapiramde r-manZilis proporciulad izrdeba. 

amoxsna: 

(18.2)-is Tanaxmad: 

, 

sadac: 

, 

amitom: 

. 

 

amocana 18.4. gamoTvaleT ra  simaRlidan vardeboda Tavisuflad  sxeuli Tu 

vardnis bolo  4 wm-Si gaiara 320 m manZili. 

amoxsna: 

dauSvaT vardnis dro t-s tolia, maSin bolo  4 wm-Si gavlili manZili (18.3)-is 

Tanaxmad iqneba: 

, 

saidanac vardnis xangrZlivoba =10wm. Sesabamisad vardnis simaRle 

(მ). 
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$19. mzis sistema.  

kepleris kanonebi 

 mzis sistema imyofeba spiraluri formis brtyel galaqtikaSi, romelic irmis 

naxtomis saxelwodebiTaa cnobili. galaqtikis centris irgvliv mzis sistemis 

brunvis wiriTi siCqare daaxloebiT m/wm-ia, xolo brunvis periodi 220 milioni 

dedamiwis weliwadis tolia. mze erT-erTi tipiuri varskvlavia im 200 

miliardidan, romelsac moicavs Cveni galaqtika. mzis sistemas uwodeben mzis 

CaTvliT yvela im zecier sxeuls, romelic “CaWerili” hyavs mzes Tavisi Zlieri 

mizidulobis gamo. am Zlier mizidulobas ganapirobebs is, rom mzis masa Seadgens 

mTeli sistemis masis 99,9%-s. 

 ciur sxeulebSi igulisxmeba planetebi – masiuri sxeulebi, romelTac gaaCnia 

mkacrad gansazRvruli orbitebi; asteroidebi – mcire planetebi; kometebi, romelTa 

diametri (0,5 ÷ 50) km-mdea. kometa Sedgeba gayinuli airebisa da kosmosuri mtvrisgan. 

maT “kudian varskvlavebsac” uwodeben, radgan mzesTan miaxloebisas mzis sxivebis 

moqmedebiT kometas tovebs mtvris mawilakebi, romlebic qmnian zogjer 10 milion 

km-mde sigrZis kuds; meteoritebi – qvis an rkinis mcire zomis sxeulebi.  am faqtis 

gamo, mzis sistemis masaTa centri imyofeba mzis centrTan Zalian axlos. es 

ganapirobebs am planetaTa orbitebis wriul, an TiTqmis wriul (elifsur) formas. 

 msoflio mizidulobis kanonis aRmoCenamde naxevari saukuniT adre 

germanelma mecnierma iohan keplerma astronomiuli kvlevebis safuZvelze daaskvna, 

rom planetebis moZraobis aRwera SeiZleba sami umartivesi kanoniT, Tu 

geocentruli14 sistemis nacvlad visargeblebT heliocentruli15 sistemiT: 

 pirveli kanoni – planetebis traeqtoria mzis irgvliv warmoadgens elifss, 

romlis erT-erT fokusSic imyofeba mze. 

 meore kanoni – mzisa da planetebis SemaerTebeli wrfe drois tol 

SualedebSi tol farTobebs Semowers (naxazi 19.1) , . 

(damtkiceba ixileT amocana 37.1-Si) 

 mesame kanoni – nebismieri planetis orbitis mTavari naxevarRerZis16 kubis 

fardoba brunvis periodis kvadratTan mudmivi sididea: 

 anu .                                      (19.1) 

(damtkiceba ixileT amocana 19.1-Si) astronomiuli TvalsazrisiT dedamiwis maxasia-

Tebeli parametrebia: masa – kg; radiusi – 6380km; mzidan daSoreba –

km=1astronomiuli erTeuli (a.e.); brunvis periodi – 1 weliwadi = 365 dRe-Rame da 6 

sT-s; wiriTi siCqare – 30 km/wm; dRe-Ramis xangrZlivoba – 24 sT; dedamiwis zedapiris 

maxloblobaSi Tavisufali vardnis aCqareba – 9,81 m/wm2. 

                                                 
14me-17 saukunamde aRiarebdnen aristoteles da ptolemes hipoTezas mzis da planetebis 
dedamiwis irgvliv brunvis Sesaxeb (geocentruli sistema) 
15kopernikis da sxvaTa mier me-17 saukuneSi planetebisa da maT Soris dedamiwis brunvis 
centrad mze iqna miCneuli (geliocentruli sistema). 
16mTavari naxevarRerZi elifsis or uSores wertils Soris manZilis naxevaria. 
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mTvaris-dedamiwis erTaderTi bunebrivi 

Tanamgzavris   parametrebia: masa – kg; 

radiusi – 1738 km; dedamiwidan saSualo daSoreba – 

384467km (0,00257a.e.), brunvis periodi – 27,3 dRe. 

wiriTi siCqare – 1,022 km/wm; zedapiris 

maxloblobaSi  Tavisufali vardnis aCqareba – 1,62 

m/wm2. 

    cxril 19.1-Si mocemulia mzis sistemaSi Semaval 

planetaTa  maxasiaTebeli parametrebi, amasTanave am sidideTa mniSvnelobebi 

fardobiTia – gamoTvlilia dedamiwis Sesabamis fizikur sidideTa mimarTebaSi, anu 

mocemulia ama Tu im parametris fardoba dedamiwis imave parametrTan. 

 

cxrili 19.1 
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fardobiTi masa 
 

332946 0,05 0,82 1 0,11 318 95,2 14,5 17,14 0,002 

fardobiTi radiusi 109 0,38 0,95 1 0,53 11,2 9,4 4 3,3 0,18 

fardobiTi manZili 
mzidan r (a.e.) 

− 0,39 0,72 1 1,52 5,19 9,5 19,1 30 39,3 
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amocana 19.1. vaCvenoT kepleris mesame kanonis samarTlianoba im daSvebiT, rom 

planetaTa orbitebi wriulia (es moTxovna kargad sruldeba merkuridan iupiteris 

CaTvliT). 

amoxsna: 

vinaidan mzis gravitacia planetebs aniWebs centriskenul aCqarebas, amitom, 

ori  da  masis da , orbitis radiusebis  planetisTvis, gveqneba: 

 da , 

sadac  mzis masaa, xolo  da  Sesabamis planetaTa brunvis periodebia. 

gantolebaTa SefardebiT vRebulobT kepleris mesame kanons:  

. 

 

amocana 19.2. manevrirebiT Tanamgzavris orbitis radiusi 1,2-jer gaizarda. 

ramdenjer Seicvala brunvis sixSire da siCqare? 

amoxsna: 

(19.1)-is Tanaxmad:  

 

აქედან: 

 

(8,5)-is gamoyenebiT SegviZlia CavweroT: 

 

 

 

$20. balistikuri moZraoba 

 balistikuri (berZ. – gadavisvri) ewodeba horizontisadmi kuTxiT gasrolili 

mZime sxeulis moZraobas. 

balistikuri moZraobis Seswavlis gamartivebis mizniT vugulebelvyoT ko-

riolisis da haeris winaaRmdegobis ZalTa moqmedeba. e.i. ganvixilavT es moZraoba 

mxolod gravitaciis (simZimis) Zalis ($18) zemoqmedebiT.radgan es Zala nebismier 

sxeuls aniWebs erTidaigive, vertikalurad qvemoT mimarTul aCqarebas 

m/wm2 (dedamiwis zedapiris maxloblobaSi). amitom mocemul pirobebSi balistikur 

moZraobaTanabaraCqarebuli moZraobaa ($8) organzomilebian sivrceSi (nax. 20.1). 

es moZraoba Seswavlili iqna galileo galileis mier, risTvisac man 

pirvelma gamoiyena axali meTodi – moZraobis daSla or damoukidebel moZraobad, 

horizontalurad da vertikalurad. 
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davuSvaT sxeuli  momentisTvis gaisroles O(0;0) wertilidan horizon-

tisadmi  kuTxiT mimarTuli  siCqariT. davSaloT siCqare or urTierTmarTobul 

mdgenelad   da . cxadia,  

radgan simZimis Zala  mimarTulia 

horizontaluri zedapirisadmi 

marTobulad, amitom 0x RerZis gaswvriv 

sxeulis gadaadgilebaSi is monawi-

leobas ar Rebulobs. anu am mimarTu-

lebiT sxeuli moZraobs inerciiT: 

 ,          (20.1)  

mudmivi siCqariT, Sesabamisad   moZraobis 

gantolebaa   

,        (20.2) 

 mimarTulebiT ki moZraoba TanabarSenelebulia , da siCqaris droze 

damokidebuleba moicema formuliT:  

,                                 (20.3)       

zemoT moZraobisas sxeulis siCqaris vertikaluri  mdgeneli klebulobs da  

,                                   (20.4) 

droisaTvis nuls utoldeba. am momentSi misi siCqare   da mimarTulia  

0xRerZis paralelurad. amitom sxeulis es mdebareoba warmoadgens traeqtoriis 

umaRles wertils. misi daSoreba 0xRerZidan, anu asvlis maqsimaluri simaRle 

tolia   

.                    (20.5) 

amis Semdeg  sxeuli eSveba qvemoT. da radgan sxeulze moqmedebs mxolod 

simZimis Zala, amitom qvemoT igive doneze daSvebis xangrZlivoba zemoT moZraobis 

xangrZlivobis tolo iqneba18. Sesabamisad frenis xangrZlivoba iqneba: 

 

,                         (20.6) 

xolo frenis siSore SeiZleba gamovTvaloT (20.2)_is gamoyenebiT 

                    (20.7) 

(20.7)-dan sxeulis frenis siSore udidesia  kuTxiT gasrolis dros 

 da igi oTxjer aRemateba Sesabamis maqsimalur simaRles ((20.5)-is Tanaxmad 

s). 

                                                 
18gamomdinareobs simZimis Zaliskonservatuli bunebidan (ix $29). 
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 balistikuri moZraobis traeqtorias aaqvs parabolis forma, (ix. amocana 20.1)  

Tu sxeulis gasrolis wertili ufro maRla imyofeba, vidre davardnis wertili 

(ix. amocana 20.2) maSin, cxadia,  da zeviT da qveviT moZraobaTa xangrZlivobac 

gansxvavebulia. 

 

amocana 20.1. vaCvenoT, rom balistikuri moZraobis traeqtorias, haeris 

winaaRmdegobis ar arsebobis pirobebSi, aqvs parabolis forma. 

amoxsna: 

 CavweroT traeqtoriis gantoleba, anu miviRoT y-is x-ze damokidebuleba. 

radgan y - RerZis gaswvriv moZraoba TanabaraCqarebulia ( ), y-koordinatis 

droze damokidebulebas eqneba saxe:  

.                                  (1) 

 (20.2)-dan ganvsazRvroT dro da SevitanoT (1)-Si miviRebT: 

. 

gadavweroT Semdegi saxiT:  

. 

Tu SemoviRebT aRniSvnas: 

 da , 

miviRebT: 

, 

rac parabolas tipiuri gantolebaa. 

 

amocana 20.2. qvemexidan trial mindorze 1280 m-s daSorebiT imyofeba samizne. ra 

kuTxiT unda moxdes gasrola mizanSi mosaxvedrad, Tu Wurvis siCqare 120 m/wm-ia. 

amoxsna: 

(20.7)-is Tanaxmad: 

, 

aqedan: 

, 

Sesabamisad:  

=30,30 da =59,70. 

erTerTi aseTi kuTxiT gasrolisas Wurvi aucileblad moxvdeba samiznes. 
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amocana 20.3. 200 m simaRlis mTidan horizontisadmi 300 kuTxiT isvrian qvemexiT. ra 

manZilze imyofeba samizne, Tu Wurvis gasrolis siCqarea 60m/wm. 

amoxsna: 

m/wm, 

m/wm. 

(20.4)-is Tanaxmad, asvlis dro wm, xolo (20.5)-

dan H = 45m. Sesabamisad, m. Tu 

gaviTvaliswinebT, rom A wertilSi , maSin 

qveviT moZraobis xangrZlivoba iqneba  

(wm)  . 

moZraobis sruli dro wm, xolo 

samiznis mdebareoba (20.2)-is Tanaxmad, ganisazRvreba koordinatiT  

. 

 

 

$21. wona, uwonoba, gadatvirTva 

 sxeulis wona  ewodeba Zalas, romliTac sxeuli moqmedebs sayrdenze an 

sakidelze. 

niutonis mesame kanonis Tanaxmad sayrdenze (sakidlze) moTavsebul sxeulze 

maTi mxridan imoqmedebs -s toli da sapirispirod mimarTuli Zala – reaqciis 

Zala  

.                                    (21.1) 

ganvixiloT vertikalurad moZrav liftSi zambaraze Camokidebuli  masis 

tvirTi (nax. 21.1). niutonis meore kanonis Tanaxmad . (21.1)-is 

gaTvaliswinebiT:  

 da .                          (21.2)  

Tu liftis aCqareba nulis tolia- lifti uZravia, an moZraobs Tanabrad (

), maSin (21.2)-dan  – wona simZimis Zalis tolia. magram maTi gaigiveba 

ar SeiZleba, radgan simZimis Zala sxeulzea modebuli, xolo wona sakidelze. Tu 

liftis aCqareba mimarTulia vertikalurad zeviT, (21.2)-is dagegmilebiT miviRebT 

,                                (21.3) 

sxeulis wona metia simZimis Zalaze. am movlenas gadatvirTva ewodeba.  

      Tu aCqareba mimarTulia vertikalurad qveviT da amavdroulad sididiT 

naklebia Tavisufali vardnis aCqarebaze ( ), (21.2)-dan miviRebT 

.                               (21.4) 

sxeulis wona naklebia simZimis Zalaze.  miaqcieT yuradReba, rom arsebiTia ara 

sxeulis moZraobis mimarTuleba, aramed aCqarebis mimarTuleba. (21.4) Sedegs 
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miviRebdiT maSinac, Tu lifti imoZravebda zemoT Senelebulad (anu aCqareba 

mimarTuli iqneboda qvemoT). roca  (e.i. liftis bagiri gawyda)   

.                                (21.5) 

sxeulis wona nuls utoldeba – am movlenas uwonoba ewodeba. 

ganvixiloT  simrudis radiusis xidze  siCqariT moZravi  masis sxeulis 

wona, rodesac is imyofeba xidis umaRles  (udables) wertilSi (nax. 21.2). Sedegi 

analogiuria nax. 21.1-ze mocemuli Sedegebisa. Tu gaviTvaliswinebT, rom 

centriskenuli aCqareba . Cazneqili xidis SemTxvevaSi, msgavsad (21.3)-sa, 

iqneba:  

.                             (21.3)’ 

xolo amozneqili xidis SemTxvevaSi 

.                             (21.4)’ 

teqnikaSi gamoiyeneba termini gadatvirTva, igi uganzomilebo sididea da 

warmoadgens sxeulze aragravitaciuli ZalebismoqmedebiT gamowveuli  aCqarebis 

fardobas dedamiwis zedapirze g Tavisufali vardnis aCqarebis sididesTan. xSirad 
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gadatvirTvas gamosaxaveng -s erTeulebiT. mag. gadatvirTva 1  niSnavs rom sxeulis 

wona misi simZimis Zalis tolia- sxeuli an uZravia an moZraobs horizontalurad 

Tanabrad da wrfivad, 0  -ki MmiuTiTebs sxeulis uwonad mdgomareobas.rogorc 

gadatvirTvis, aseve uwonobis mdgomareoba cocxal organizmebSi iwvevs mTel rig 

uaryofiT movlenebs. rogorc wesi, aseT mdgomareobebSi xSirad imyofebian 

mfrinavebi da kosmonavtebi. 

 

amocana 21.1. gamoTvaleT manqanis siCqare 40 m simrudis amozneqil xidze 

moZraobisas, Tu igi xidis umaRles wertilSi uwonad mdgomareomaSi aRmoCnda. 

amoxsna: 

(21.4)’-is Tanaxmad: 

, anu   (m/wm). 

(miaqcieT yuradReba im garemoebas, rom Sedegi sxeulis masaze araa damokidebuli) 

amocana 21.2. gamovTvaloT gadatvirTva, romelsac Rebulobs sportuli 

TviTmfrinavis piloti vertikalur sibrtyeSi wrewiris Semoxazvisas, Tu igi 

traeqtoriis umaRles wertilSi uwonad mdgomareobaSi aRmoCnda (hiungensis 

amocanaTa tipi).   

amoxsna: 

amocanis pirobidan gamomdinare traeqtoriis 

umaRles wertilSi wona nulis tolia e.i. (21.5)-is 

Tanaxmad simZimis Zala centriskenuli Zalis tolia: 

 .             (1) 

  
 

radgan haeris moqmedeba gamoricxulia, amitom 

traeqtoriis umaRles da udables wertils Soris 

manZili (7.6.b)-s Tanaxmad iqneba: 

       .
 

pilotis wona traeqtoriis udables wertilSi (21.3)-dan gamomdinare gamoiTvleba 

formuliT: 

.                                  (2) 

sadac:  

, 

romlis GgaTvaliswinebiTac vRebulobT: 
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SevitanoT (1), miviRebT: 

 

e.i. pilotis wona 6-jer aRemateba simZimis Zalas, anu gadatvirTva -s tolia. 

amocana 21.3. TviTmfrinavi vertikalur sibrtyeSi aRwers 500 m radiusis maryuJs 180 

km/sT siCqariT. gamoTvaleT 80 kg masis mfrinavis wona traeqtoriis udables 

wertilSi. ramdeniT SeikumSeba savarZlis TiToeuli zambara, Tu maTi raodenobaa 

12, xolo sixistis koeficientia 500 n/m? 

amoxsna: 

traeqtoriis udables wertilSi, (21.3)’-is Tanaxmad, mfrinavis wona iqneba: 

 (n)
 

am deformaciis Sedegad TiToeul zambaraSi aRZruli drekadobis Zala iqneba: 

   100
12

1200

n

P
F

*

dr n  kxF dr , saidanac m
dr

2,0
500

100

k

F
x   

amocana 21.4. avtomobilis savarZlis zambaraTa raodenoba 8-is tolia. rogor 

Seicvleba maTi SekumSva horizontaluri gzidan 20 m simrudis radiusis amozneqil 

xidze gadasvlis SemTxvevaSi, Tu avtomobilis siCqare 10 m/wm-is tolia, xolo 

mZRolis masaa 80 kg. zambaras sixistis koeficientia 2000 n/m. 

amoxsna: 

gzis horizontalur ubanze mZRolis wona ricxobrivad simZimis Zalis tolia 

P*=mg. TiToeul zambaraSi aRZruli drekadobis Zala iqneba: 

(n).  Sesabamisad zambaris SekumSvis sidide iqneba:  

(n). 

xidze avtomobilis gadasvlisas mZRolis wona, (21.4)’-is Tanaxmad, Semcirdeba: 

, 

da TiToeul zambaraSi aRZruli drekadobis Zalis sidide:  

(n), 

xolo zambaras SekumSvis sidide (m). horizontalur gzaze 

moZraobasTan SedarebiT amozneqil xidze moZraobisas savarZlis zambaris 

SekumSvis cvlileba iqneba:  

(m). 

anu zambaris deformireba mcirdeba. 
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$22. Tanamgzavrebi da kosmosuri siCqareebi 

 Tanamgzavri ewodeba nebismier sxeuls, romelsac SeuZlia Seasrulos 

wriuli orbitaluri moZraoba dedamiwis garSemo ise, rom orbitaluri 

sibrtye gadiodes dedamiwis centrze. 

    bunebrivia, ismis kiTxva, ra akavebs Tanamgzavrs orbitaze, mizidulobis Zalis 

gamo ratom ar vardeba  dedamiwis zedapirze? Tanamgzavrs miniWebuli aqvs iseTi 

mxebi siCqare, rom misi traeqtoriis da dedamiwis zedapiris simrude erTnairia, ris 

gamoc Tanamgzavri “vardeba” zustad im manZiliT, ra manZiliTac dedamiwis zedapiri 

“Sordeba” mas. ase rom manZili Tanamgzavrsa da dedamiwis centrs Soris rCeba 

ucvleli, anu orbita wriulia. orbitaze moZraobas ganapirobebs gravitaciis Zala, 

romelic asrulebs centriskenuli Zalis rols (nax. 22.1): 

, 

sadac     

.                                  (22.1) 

Tu Tanamgzavri imyofeba dedamiwis zedapiris maxloblobaSi , (22.1)-dan 

miviRebT:  

,                                  (22.2) 

romelSic (20.2)-is gaTvaliswinebiT gvaqvs: 

, 

am siCqares pirveli kosmosuri siCqare ewodeba. 7,9km/wm-Si mxebi siCqaris miniWebisas 

nebismieri sxeuli gadaiqceva dedamiwis xelovnur Tanamgzavrad da Seasrulebs 

orbitalur moZraobas misi zedapiris maxloblobaSi. pirveli kosmosuri siCqaris 

Sesabamisi brunvis periodia: 

. 

dedamiwis brunvis periodi rom iyos 84 wT, maSin 

ekvatorze inerciis Zala gautoldeboda mizidulobis 

Zalas da iq myofi sxeulebi gadaiqceoda xelovnur 

Tanamgzavrebad19. xelovnuri Tanamgzavrebi 100 – 200 km 

simaRleze moZraobs, isini gadamwyvet rols asrulebs 

satelefono kavSirebsa da satelevizio gadacemebSi, 

aseve dedamiwis reliefis SeswavlaSi.   

Tu Tanamgzavri moZraobs dedamiwis zedapiridan 

mniSvnelovan simaRleze, maSin misi siCqaris dasadgenad 

visargeblebT (22.1) formuliT, romelic ase SeiZleba gardavqmnaT: 

.                         (22.3) 

                                                 
19msgavsi gaTvlebi TiTqmis 350 wlis ukan iqna Sesrulebuli niutonis mier. 
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(22.3)-is Tanaxmad, rac ufro maRal orbitazea Tanamgzavri, miT naklebia misi siCqare. 

cxadia, TanamgzavrSi myofi adamianebi iqnebian uwonad mdgomareobaSi, radgan maT 

gaaCniaT  aCqareba, mimarTuli dedamiwis centrisken ($21). 

   mTvare dedamiwis bunebrivi Tanamgzavria, romelic dedamiwis centridan 

daSorebulia daaxloebiT 384467km manZiliT. maSin misi rogorc Tanamgzavris 

orbitaluri siCqare (22.3)-is Tanaxmad iqneba: 

(m/wm) = 1,02 (km/wm). 

Tu raime sxeuls mivaniWebT iseT kinetikur energias, rom man SeZlos 

Seasrulos muSaoba dedamiwis gravitaciis Zalis winaaRmdeg da gavides dedamiwis 

gravitaciis velidan20, maSin igi TandaTan daSordeba dedamiwas da aRarasdros 

daubrundeba mas. am energiis Sesabamis minimalur sawyis siCqares meore kosmosuri 

siCqare ewodeba: 

(km/wm). 

mas “gasxltomis” siCqaresac uwodeben. magaliTad, rodesac atmosferos molekulis 

qaosuri moZraobis siCqare utoldeba s, igi tovebs dedamiwas (atmosferos 

disipacia).  siCqariT moZraobisas traeqtorias parabolis forma aqvs (meore 

kosmosuri siCqaris gamoyvana ixileT amocana 32.2-Si).  

Tu sxeulis siCqare akmayofilebs pirobas , maSin misi orbita 

elifsuria, romlis erT-erT fokusSi yovelTvis iqneba dedamiwa. 

 mesame kosmosuri siCqare ewodeba im minimalur siCqares, romlis mqone 

sxeulic tovebs mzis sistemas. 

misi mniSvneloba  siCqareebisgan gansxvavebiT damokidebulia kosmosuri 

xomaldis gatyorcnis (gaSvebis) mimarTulebaze. Tu gaSveba xdeba dedamiwis 

orbitaluri moZraobis mimarTulebiT , maSin mesame kosmosuri 

siCqare minimaluria . am dros xomaldis siCqare mzis mimarT iqneba 

. Tu gaSveba xdeba dedamiwis orbitaluri moZraobis 

sapirispirod, maSin:  

. 

mesame kosmosuri siCqaris SemTxvevaSi moZraobis traeqtorias mzis mimarT eqneba 

parabolis forma. 

cxadia samive kosmosuri siCqaris mniSvneloba damokidebulia dedamiwis masasa 

da radiusze, amitom sxvadasxva planetebis  kosmosuri siCqareebi gansxvavebuli 

iqneba.   

 

amocana 22.1. kosmosuri xomaldi “vikingi” brunavs wriul orbitaze marsis irgvliv 

zedapiridan 100 km simaRleze. gamoTvaleT brunvis periodi, Tu marsis radiusia 

, xolo simkvrive . 

                                                 
20igulisxmeba iseTi daSoreba, rodesac dedamiwis gravitacia aRar TamaSobs arsebiT rols. 
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amoxsna: 

gamovTvaloT marsis masa: 

. 

(22.1)-is Tanaxmad  

,  

. 

amocana 22.2. planetis masa Seadgens dedamiwis masis 20%, xolo radiusi 80%. 

gamoTvaleT planetisTvis pirveli kosmosuri siCqare. 

amoxsna: 

(22.2)-is Tanaxmad:  

 (22.2)-is Tanaxmad  
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$23. deformaciebi da drekadobis Zalebi  

myar sxeulSi 

 gareSe Zalebis an temperaturuli zemoqmedebiT myari sxeulis formisa da 

moculobis cvlilebas deformacia ewodeba. 

myarisxeulis deformaciisas misi nawilakebi wanacvldeba wonasworuli mdeba-

reobis mimarT. am process winaaRmdegobas uwevs nawilakebs Soris urTierTqmedebis 

Zalebi, romlebic eleqtromagnituri bunebisaa da mizidva-ganzidvis Tvisebebi 

gaaCnia. amis Sedegad sxeulSi aRiZvreba Zala, romelic deformaciis sapirispirodaa 

mimarTuli da zemoqmedebis Sewyvetis Semdeg mTlianad (drekadideformacia) an 

nawilobriv (plastikurideformacia) daabrunebs sxeuls pirvandel mdgomareobaSi. 

am Zalas drekadobis Zala ewodeba, xolo sxeulis am Tvisebas – drekadoba. drekadi 

deformaciisas sxeulSi Seqcevadi procesebi mimdinareobs, plastikuri 

deformaciisas procesebi Seuqcevadia, ris gamocdeformaciis Semdgomma gazrdam 

SeiZleba sxeulis daSlacgamoiwvios.  

ganvixiloT gaWimviTi (kumSviTi)  deformaciebi. nax. 23.1-ze mocemulia verti-

kalurad dakidebuli  sigrZis Rero, romelzec moqmedebs mzardi  Zala (am 

SemTxvevaSi meore sxeulis wona). cda gviCvenebs, rom sanam sigrZis nazrdi -

absoluturi wagrZeleba  gacilebiT naklebia Reros sawyis sigrZeze, gare 

 Zalasa da s Soris damokidebulebas  wrfivi xasiaTi aqvs (nax. 23.2 0a ubani). 

amasTanave  Zalis moxsnisas Rero mTlianad ubrundeba sawyis mdgomareobas. e.i 

drekadi deformaciis sazRvrebSi sxeulSi aRZruli drekadobis Zala deformaciis 
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gamomwvevi Zalis tolia. amitom kavSiri drekadobis Zalasa da sxeulis absolutur 

wagrZelebas Soris  ase Caiwereba 

,                                 (23.1) 

 (23.1) hukis kanonis saxelwodebiTaa cnobili 

 drekadi deformaciis sazRvrebSi myar sxeulSi aRZruli drekadobis Zala  sxeulis 

sigrZis cvlilebis pirdapir proporciulia da mis sapirispirodaa mimarTuli. 

sadac  proporciulobis koeficients 

masalis sixistesac uwodeben. igi 

damokidebulia rogorc sxeulis Tvisebebze, 

aseve mis geometriul zomebze (ix. amocana 23.1). 

deformaciis Semdgomi  zrdisas da 

s Soris wrfivi damokidebuleba irRveva 

(ab ubani - plastikuri deformaciis are). de-

formaciis Semdgomi gagrZelebiT sxeuli 

iSleba. 

 drekadobis Zalis gamovlenis TvalsaCino 

magaliTia zambaris deformireba (nax. 23.3). erTi boloTi damagrebul zambaris 

Tavisufal bolos SeTavsebuli aqvs 0x RerZis saTave. zambaris deformaciisas (b, g) 

aRiZvreba misi wanacvlebis sapirispirod drekadobis Zala. romelic hukis kanonis 

Tanaxmad ase Caiwereba: 

.                                   (23.2) 

 -Siigulisxmeba -s proeqcia  RerZze. niSani ,,-“ aCvenebs, rom -is 

proeqcias da  wanacvlebas yovelTvis sapirispironiSani aqvT. 

gaWimviTi (kumSviTi) deformaciis Sesafaseblad gamoiyeneba normaluri 

meqanikuri Zabvis cneba – igi tolia zedapiris marTobulad moqmedi Zalis 

fardobisa sxeulis ganivkveTis farTobTan (am sidides, xSirad, wnevas uwodeben) 
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.                                  (23.3) 

misi erTeulia paskali (pa) = n/m2. gaWimviTi deformaciis xarisxs axasiaTeben 

fardobiTi wagrZelebis sididiT 

.                              (23.4) 

cdebiT dadgenilia, rom drekadi deformaciis sazRvrebSi sxeulis fardobiTi 

wagrZeleba normaluri Zabvis proporciulia 

.                                 (23.5) 

 koeficients grZivi drekadobis moduls, an iungis modulsac uwodeben. igi 

sgan gansxvavebiT mxolod nivTierebis Tvisebebzea damokidebuli, rac gamoTvlebis 

TvalsazrisiT mas met upiratesobas aniWebs. (23.5)-is Tanaxmad, Tu 

. 

e.i.,  

 iungis moduli im normaluri Zabvis tolia, romlis drosacdeformirebuli 

სxeulis sigrZe mis sawyis sigrZeze orjer meti xdeba. 

aseT datvirTvas sxeulebi ver uZlebs da gacilebiT adre iSleba.  

gaWimviTi deformaciisas icvleba sxeulis ganivi kveTac, rac SeiZleba 

davaxasiaToT kveTis diametris fardobiTi cvlilebiT 

. 

teqnikaSi masalis deformaciisadmi mdgradobas axasiaTeben puasonis 

koeficientiT 

. 

am sidides ganzomileba ar aaqvs, igi mxolod nivTierebis Tvisebebzea 

damokidebuli. 

 zemoT moyvanili formulebi SeiZleba gamoviyenoT kumSviTi deformaciebis 

SemTxvevaSic . s mniSvneloba mocemuli masalisTvis orive tipis 

deformaciisas erTidaigivea. 

 vaCvenoT, rom drekadobis Zalis proporciulobis koeficienti k damoki-

debulia masalis Tvisebebsa da geometriul zomebze. risTvisac (23.4) gavutoloT 

(23.5)-s:  

,  . 

(23.1)-Tan SedarebiT gvaqvs                

.                                    (23.6)     

S

Fn
n 

00

0







 





n
E


1


E k

0,1,    En

0,
00

0 





d
d

d

d

dd

0:
00





d

d
m





 0,0  d E

S

F

E

1

0

















S

F
n 




0

ES
F

0

ES
k 



- 68 - 

 

deformaciis erT-erTi gavrcelebuli saxea Zvris deformacia. mas adgili aqvs 

im SemTxvevaSi, rodesac sxeuli mopirdapire zedapirebze ganicdis sididiT toli 

da sapirispirod mimarTuli ori mxebi Zalis moqmedebas (nax. 23.3), (magaliTad, 

rodesac vcdilobT iatakze yuTis gasrialebas, maSin iatakis mxridan yuTis Semxeb 

zedapirze moqmedebs Cveni moqmedebis toli da sapirispirod mimarTuli Zala).  

Zvris   deformaciis  Sesafaseblad  gamoiyeneba mxebi meqanikuri Zabvis cneba 

– igi tolia zedapirze moqmedi mxebi Zalis fardobisa am zedapiris farTobTan  

.                                   (23.7) 

Zvris deformaciis xarisxs axasiaTeben fardobiTi ZvriT – Zvris kuTxis tan-

gensiT  

.                                   (23.8) 

drekadi deformaciis sazRvrebSi Zvris kuTxe mcirea, amitom dasaSvebia 

. cdebis safuZvelze dadginda, rom fardobiTi Zvra drekadi deformaciis sazRv-

rebSi mxebi Zabvis proporciulia: 

,                                  (23.9) 

 koeficients Zvris moduli ewodeba, izomeba paskalebSi da mocemuli nivTierebis 

iungis modulis daaxloebiT 1/2, 1/3 nawils Seadgens. mivaqcioT yuradReba, rom 

 gaWimviTi (kumSviTi) deformaciebis SemTxvevaSi sxeulebSi icvleba zedapiris 

paralelur sibrtyeebs Soris manZili, Zvris deformaciebis SemTxvevaSi manZilebi 

ucvleli rCeba, sibrtyeebi mxolod wainacvlebs erTmaneTis mimarT.  

sxeuli SeiZleba ganicdides yvela mimarTulebiT zemoqmedebas. magaliTad, 

siTxeSi an airSi moTavsebuli sxeuli yvela mxridan ganicdis garkveuli Zalis 

moqmedebas, rac iwvevs misi moculobis Semcirebas – SekumSvas. aseT SemTxvevaSi 

normaluri meqanikuri Zabvis cnebis nacvlad iyeneben mis eqvivalentur sidides – 

wnevas.  

wneva tolia sxeulis farTiT erTeulze marTobulad moqmedi Zalis sididis:  

.                                  (23.10) 

cdebiT dadgenilia, rom sxeulis sawyisi moculobis fardobiTi cvlileba 

masze moqmedi wnevis cvlilebis proporciulia. maTematikurad igi (23.5)-is 

analogiuria: 
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.                               (23.11) 

B koeficients moculobiTi drekadobis (yovelmxrivi SekumSvis) moduli ewodeba. 

misi erTeulia paskali. niSani ,,-“ miuTiTebs, rom sxeulze moqmedi wnevis gazrdiT 

sxeulis moculoba mcirdeba. vinaidan siTxeebsa da airebs sakuTari forma ar 

gaaCnia, maTTvis azrs kargavs grZivi drekadobisa da Zvris modulis cnebebi. maT 

drekad Tvisebebs axasiaTeben mxolod moculobiTi drekadobis moduliT. drekadi 

deformaciis sazRvrebSi meqanikuri Zabva emorCileba superpoziciis princips:  

 sxeulze moqmedi meqanikuri Zabva Semadgenel nawilebzemoqmedi meqanikuri 

ZabvaTa jamis tolia. 

 cxril 23.1-Si mocemulia zogierTi nivTierebis  da -s mniSvnelobebi. 

 

cxrili 23.1. 

nivTiereba  pa  pa  pa 

foladi 

alumini 

betoni 

graniti 

neiloni 

saxsris Zvali 

wyali 

vercxliswyali 

200 

70 

20 

45 

5 

15 

− 

− 

80 

25 

− 

− 

− 
80 

− 

− 

140 

70 

− 
45 

− 

− 
2 

2,5 

 

meqanikuri Zabvis zrdisas sxeulis drekadi deformacia gadadis plastikurSi 

da Zabvis Semdgomi zrdisas sxeuli an tydeba, an iSleba. sxvadasxva nivTierebisTvis, 

erTi da igive tipis deformaciis SemTxvevaSic ki, rRvevis procesi Zabvis 

gansxvavebul mniSvnelobaze iwyeba. 

 im maqsimalur meqanikur Zabvas, romelsac sxeuli uZlebs, simtkicis zRvari 

ewodeba. 

simtkicis zRvris ZabvaTa mocemuli mniSvnelobebi saorientacioa, igi SeiZleba 

gacilebiT naklebi aRmoCndes, mag. iseTi konstruqciebis SemTxvevebSi, romlebsac 

uxdeba didi datvirTvis pirobebSi xangrZlivi yofna da muSaoba. amitom aseTi 

konstruqciebis damzadebisas saWiroa samjeradi, zogjer meti simtkicis maragis 

gamoyeneba. 

cxril 23.2-Si mocemulia zogierTi nivTierebis simtkicis zRvris 

mniSvnelobebi sxvadasxva tipis deformaciis SemTxvevaSi. 
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cxrili 23.2. 

 

amocana 23.1. ori erTnairi sigrZis zambara, romelTa sixistis koeficientebia  da

 SeaerTes a) paralelurad, b) mimdevrobiT. gamoTvaleT miRebuli sistemis 

sixistis koeficienti.  

amoxsna: 

a) sistemaze modebuli Zala:  

, 

sadac   e.i. 

 anu .  

b) am SemTxvevaSi:  

.             (1)  

meore mxriv:  

.                                (2).          

,                                    (3) 

,                                   (4).  

(3) da (4)-is gatolebiT vRebulobT:  

.                                  (5).  

(1)-Si (2)-is, (4)-is da (5)-is SetaniT miviRebT: 

. 

amocana 23.2. 200m radiusis vertikaluri maryuJis qveda wertilSi TviTmfrinavis 

siCqarea 40 m/wm. ra sididiT SeikumSeba 80 kg masis mfrinavis savarZlis zambarebi, 

Tu maTi raodenoba 10-ia da TiToeuli zambaras sixistis koeficientia n/m? 

amoxsna: 

(21.3)-is Tanaxmad maryuJis qveda wertilSi mfrinavis wona iqneba: 

1k

2k

21 FFF 

,11 xkF  .22 xkF 

,21 xkxkkx 
21 kkk 

21 FFF 

)( 21 xxkF 

111 xkF 

222 xkF 

2

1

2
1 x

k

k
x 

21

21
222

1

21
kk

kk
kxkx

k

k
k















3106,3 

 

nivTiereba 
  

gaWimva kumSva Zvra 

foladi 500 500 250 

alumini 200 200 200 

betoni 2 20 2 

graniti _ 170 _ 

neiloni 500 _ _ 

saxsris Zvali 130 170 _ 

pa610n pa610

 

a 
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.                        (1)  

es wona gamoiwvevs zambarebis deformacias da zambarebis SekumSva gagrZeldeba 

manam aRZruli drekadobis Zala mas ar daakompensirebs. hukis kanonidan gamomdinare:  

.                               (2) 

  (1) da (2)-is gatolebiT vRebulobT: 

(m). 

amocana 23.3. ra ganivkveTi unda qondes paraSutis neilonis bagirs, rom misi 

saSualebiT Tanabrad davuSvaT 2,6 t tvirTi, Tu simtkicis maragia 10. 

amoxsna: 

(23.3)-is Tanaxmad bagiris ganikveTi iqneba:  

,                                     (1) 

sadac amocanis pirobis Tanaxmad Tokis daWimulobis Zala       

.                               (2) 

usafrTxoebidan gamomdinare normaluri (dasaSvebi) Zabva, 10-jer naklebi unda 

aviRoT zRvrul ZabvasTan SedarebiT:       

, 

(3), (2)-sa da (3)-is (1)-Si SetaniT miviRebT: 

. 

 

$24. gare xaxuni.  

mSrali xaxunis Zalebi 
 gare xaxuni ewodeba im urTierTqmedebas, romelic warmoiSveba ori sxeulis 

Semxeb zedapirebs Soris da xels uSlis maT gadaadgilebas. 

ganasxvaveben ori tipis gare xaxuns – mSrals, rodesac Semxeb zedapirebs Soris 

ar arsebobs Txevadi an airadi fena da svels, rodesac sxeuli moZraobs siTxesa 

an airSi. 

 movaTavsoT sxeuli meore sxeulis mSral zedapirze da movdoT mas zrdadi 

wevis Zala  (nax. 24.1). misi zrdisas nulidan garkveul sididemde, sxeuli 

faqtiurad inarCunebs uZrav mdgomareobas, rac aixsneba imiT, rom wevis Zalis 

moqmedebis dawyebisas sxeulTa Semxeb zedapirebs Soris aRiZvreba wevis Zalis to-

li da sapirispirod mimarTuli  xaxunis Zala. igi dasawyisSi  wevis Zalis zrdasTan 

erTad izrdeba.   
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am periodSi xdeba umniSvnelo Seqcevadi gadaadgilebebi , romlebsac wi-

naswar wanacvlebas uwodeben, xolo aRZrul xaxunis Zalas – arasrul xaxunis 

Zalas (nax. 24.221). igi aRwevs Tavis maqsimalur mniSvnelobas (  wertili), romelsac 

uZraobis xaxunis Zalas uwodeben. rogorc ki wevis Zala odnav gadaaWarbebs mis 

mniSvnelobas, winaswari wanacvleba gadaizrdeba srialSi. xaxunis Zala odnav 

mcirdeba (  wertili) da Semdgom sxeulis moZraobisas inarCunebs Tavis 

mniSvnelobas. mas srialis xaxunis Zalas uwodeben. is mimarTulia sxeulis 

fardobiTi siCqaris (gadaadgilebis) sapirispirod. xaxunis Zalebi kontaqturi 

Zalebia –gamowveulia Semxeb zedapirTa molekulebis urTierTmizidviT, igi miT 

ufro SesamCnevia, rac mWidroa zedapirTa Sexeba. xaxunis Zalis Semcireba moZraobis 

dawyebisas gamartivebulad ase SeiZleba aixsnas: nebismieri maqsimalurad 

damuSavebuli zedapiric ki Seicavs defeqtebs – uswormasworebisa da mikrobzarebis 

saxiT. isini damatebiT winaRobas uqmnis sxeulis daZvras. winaswari wanacvlebis 

procesSi xdeba maTi “msxvreva” da “gasworeba”, rac aadvilebs srials.  

     xaxunis Zalis mniSvneloba damokidebulia im wnevis Zalaze , romliTac 

gansaxilveli sxeuli moqmedebs zedapirze. igi SeiZleba gamowveuli iyos sxeulis 

woniT an sxva mizeziT. niutonis mesame kanonis Tanaxmad , sadac  

sayrdenis mxridan sxeulze moqmedi reaqciis Zalis normaluri mdgenelia. 

horizontaluri zedapiris SemTxvevaSi (naxazi 24.1) . zemoTqmulis Tanax-

mad, uZraobis da srialis xaxunis ZalebisTvis SeiZleba davweroT amontonis kanoni: 

, , 

sadac  uZraobis da srialis xaxunis koeficientebia, amasTanave yovelTvis 

. maTi mniSvneloba damokidebulia sakontaqto zedapirebis nivTierebebze, 

damuSavebis xarisxze. maT ganzomileba ar aaqvs. cxrilSi 24.1 mocemulia zogierTi 

masalisTvis xaxunis koeficientebis miaxloebiTi mniSvnelobebi. isini bevr 

faqtorzea damokidebuli, amitom umjobesia maTi dadgena cdis saSualebiT (ix. 

amocana 24.1). 

                                                 
21 TvalsaCinoebis mizniT naxazze masStabi daculi ar aris. 

)10(~ 6m
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cxrili 24.1. 

zedapirebi   

xe da xe 

yinuli da yinuli 

liToni da liToni 

rezina – myari sxeuli 

0,4 

0,1 

0,15 

1 – 4  

0,2 

0,03 

0,07 

1 

 

(24.1) warmoadgens mSrali xaxunis kanons. am formiT misi veqtoruli Cawera 

arasworia, radgan  zedapiris marTobuli Zalaa, xolo  mimarTulia 

zedapiris gaswvriv. 

ganvixiloT Zalis moqmedebiT cilindris mudmivi siCqariT gorva 

horizontalur zedapirze. rac imas niSnavs, rom cilindris simetriis RerZi 

gadaadgildeba Tanabarwrfivad. radgan arc cilindri da arc zedapiri ar aris 

absoluturad myari amitom realurad adgili aqvs orives deformirebas da Sexeba 

xdeba ara wertilSi, aramed sasrul farTze (nax.24.3). sayrdenis reaqciis Zalis 

modebis wertili  inacvlebs moZraobis mimarTulebiT. moZraobis xasiaTidan 

gamomdinare cilindrze moqmed ZalTa tolqmedi da am ZalTa momentebis22 

algebruli jami nebismieri RerZis mimarT unda iyos nulis toil:  

 

davSaloT  or mdgenelad ,Sesabamisad miviRebT: 

.                                                      (24.2) 

vertikaluri mdgeneli  awonasworebs  ,,damwol Zalas”,(romelic am SemTxvevaSi 

cilindris simZimis Zalaa),xolo horizontaluri mdgeneli  ki  -s. swored 

es mdgeneli warmoadgens gorvis xaxunis Zalas .  

ZalaTa momentebis algebruli jami brunvis RerZis mimarT iqneba: 

   anu      

saidanac 
 

(kulonis kanoni)          ( 24.3) 

-s uwodeben gorvis xaxunis koeficients, izomeba 

metrebSi. igi damokidebulia zedapirebis Tvisebebze, 

damuSavebis xarisxze da gorvis siCqareze. magaliTad, 

80 km/sT siCqariT manqanis asfaltze moZraobisas 

 da mkveTrad matulobs siCqaris zrdisas. 

cxril 24.2-Si mocemulia zogierTi zedapirisTvis 

gorvis xaxunis koeficientebis miaxloebiTi 

mniSvnelobebi. 

                                                 
22mabrunebel momentTan dakavSirebiT ixileT $37. 
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cxrili 24.2. 

Zedapirebi metrebSi 

rbili merqani rbili merqani 0,0015 

rbili merqani foladi 0,0008 

mkvrivi merqani mkvrivi merqani 0,0008 

rezini betoni 0,01-------0,02 

foladi asfalti 0,006 

rkina rkina 0,0005 

rkina graniti 0,0021 

 

amocana 24.1. 3kg da 1kg masis sxeulebi gadabmulia uwonadi ZafiT. pirvel sxeulze  

modebulia 20n Zala, romelic gadaadgilebasTan adgens 300-ian kuTxes. gamoTvaleT 

sistemis aCqareba da Tokis daWimulobis Zala. xaxunis koeficientia 0,08. 

amoxsna: 

niutonis II kanonis Tanaxmad: 

 

 

davagegmiloT 0x da 0y RerZebze 

           (1)  

                             (2)  

 

(1) da (2)-dan gamovricxoT reaqciis Zalebi                              

, 

-s gamoricxviT gveqneba: 

, 

saidanac 

. 

 (n). 

 

amocana 24.2. sxeulis raime zedapiris mimarT srialis xaxunis koeficientis 

dasadgenad gamoiyeneba daxrili sibrtyis zRvruli kuTxis meTodi. zedapirze 

aTavseben sxeuls da zedapirs TandaTan xrian garkveul kuTxemde (zRvrul 

f
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kuTxemde- ), vidre sxeuli ar dasrialdeba mudmivi siCqariT. vaCvenoT rom 

. 

amoxsna: 

. 

RerZebze dagegmilebiT vRebulobT:  

 

 

 

 

 

 

aqedan:  

. 

e.i. srialiskoeficienti zRvruli kuTxis 

tangensis tolia. 

 

amocana 24.3. kg da kg masis erTnairi masalis sxeulebi gadabmulia 

uwonadi ZafiT. sistema Tanabrad moZraobs kg tvirTis moqmedebiT (ix. naxazi). 

gamoTvaleT sxeulebis  sayrden zedapirTan xaxunis koeficienti da Tokis 

daWimulobis Zalebi (blokis da Tokis xaxuni ugulebelyofilia).  

amoxsna: 

niutonis II kanonis Tanaxmad: 

,                                                                        (1)
 
 

,                                                        (2)  

.                                                          (3) 

davagegmiloT da RerZebze 

(1)-is 0y RerZze dagegmilebiT vRebulobT:  .                                   (1)’ 

(2)  davagegmiloT da RerZebze da 

gaviTvaliswinoT (1)’. miviRebT: 

.   (2)’ 

aseve davagegmiloT (3)-ic, 

.       (3)’ 

(2)’ da (3)’-is gaerTianebiT vRebulobT:       

. 

(1)’-is Tanaxmad: 

T1=mg=60 (n), 
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xolo  (3)’-is Tanaxmad: 

T2=m2g=26,8 (n). 

 

 

$25. sveli xaxunis Zalebi.  

vardna haerSi 

siTxeSi an airSi ar aRiZvreba uZraobis xaxunis Zalebi, amitom maTSi 

moTavsebul  sxeulze umciresi zemoqmedebac ki sakmarisia misi moZraobis 

gamosawvevad. xaxunis Zala  aRiZvreba uZrav siTxesa da airSi  sxeulis moZraobisas, 

an Tu uZravi sxeuli imyofeba siTxisa an airis nakadSi. am Zalas  sveli xaxunis 

Zala ewodeba. am ZalaTa aRZvra ase SeiZleba aixsnas sxeuli moZraobisas waritacebs 

mis momvleb siTxis Tu siTxis fenas, es fena cdilobs waritacos momdevno fena da 

a.S. rac ufro Sorsaa fena sxeulidan miT ufro nela moZraobs is. amitom or fenebs 

Soris aRiZvreba xaxunis Zalebi, romlebic abrkolebs ufro swrafi fenis da maT 

Soris sxeulis moZraobas. igive procesi xdeba nakadSi uZravi sxeulis moTavsebisas. 

orive SemTxvevaSi gamovlindeba garemos winaaRmdegobis Zalac, romelic SeiZleba 

gacilebiT meti aRmoCndes sveli xaxunis Zalaze. Cven gavaerTianebT orive Zalas. 

pirobiTad isev vuwodebT sveli xaxunis Zalas da SevexebiT mxolod im Tvisebebs, 

romlebic orivesTvis saerToa. 

ganvixiloT sxeulis moZraoba uZrav siTxeSi an airsi. aRZruli sveli xaxunis 

Zala damokidebulia garemos mimarT sxeulis fardobiT siCqareze da mis 

sapirispirod aris mimarTuli. mcire siCqareebis SemTxvevaSi igi fardobiTi 

siCqaris pirdapirproporciuli sididea (siCqaris zrdasTan erTad wrfivad 

izrdeba) 

.                                  (25.1) 

didi siCqareebis SemTxvevaSi wrfivi damokidebuleba gadadis kvadratulSi (nax. 

25.1) 

.                         (25.2) 

 xaxunis koeficientebia. isini damokidebulia sxeulis zomaze, formaze, 

zedapiris mdgomareobaze da garemos 

Tvisebebze,  izomeba kg/wm,  kg/m. 

siCqaris is mniSvneloba, romelzec 

(25.1) unda Seicvalos (25.2)-iT mraval 

faqtorzea damokidebuli, amitom mas 

yovelTvis cdis saSualebiT adgenen. 

ganvixiloT sxeulis vardna haerSi 

an raime garemoSi (nax. 25.2). moZraobis 

gantoleba  

.        (25.3) 

davagegmiloT 0y RerZze 

,       (25.4) 
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sadac  _ arqimedes amomgdebi Zalaa (  garemos simkvrivea,  – sxeulis 

moculoba). Tu garemos simkvrive mcirea da sxeulis moculobac pataraa, 

SesaZlebelia arqimedes Zalis ugulebelyofa, ris gamoc (25.4)-dan gveqneba 

.                                 (25.5) 

Tu vardna usawyiso siCqariT xdeba, maSin sawyis momentSi  da sxeulis 

aCqareba vardnis dasawyisSi faqtiurad s toli aRmoCndeba. Semdgom sxeulis 

siCqaris zrdasTan erTad xaxunis Zalac izrdeba, mcirdeba sxeulis aCqareba, 

siCqaris garkveuli mniSvnelobisTvis xaxunis Zala gaawonasworebs simZimis Zalas, 

anu  

,                                   (25.6) 

 da sxeuli agrZelebs moZraobas mudmivi – damyarebuli siCqariT. 

haerSi sxeulis vardnisas damyarebuli siCqare umetes SemTxvevaSi imdenad 

didia, rom xaxunis Zalis gamosaTvlelad saWiroa (25.2)-is gamoyeneba, romlis (25.6)-

Si gaTvaliswinebiT vRebulobT 

.                                  (25.7) 

mocemul garemoSi erTidaigive zomisa da formis sxvadasxva sxeulis Camogdebisas 

, damyarebuli siCqare im sxeuls eqneba meti, romlis masac didia. 

magaliTad, 5 – 6km simaRlidan Camogdebuli saaviacio bombebi miwas aRweven 

damyarebuli siCqariT, romelic mcire bombisTvis 150 – 200m/wm-ia, xolo mZimesTvis 

– 300m/wm23. 

adamianis sxeulis frenisTvis mouxerxebeli formis gamo misi xaxunis 

koeficienti sakmaod maRalia . magaliTad, Tu adamianis masaa 70kg, maSin 

haerSi vardnisas (25.7)-is Tanaxmad:  

. 

aseTi siCqaris ganviTarebisTvis saWiroa ≈ 700m simaRlidan vardna. cxadia, Tu 

vardnis simaRle 700m-ze metia, is mainc 60m/wm siCqariT daecema miwaze. 

paraSuts, daniSnulebidan gamomdinare, aZleven iseT zomisa da formas, rom 

 iyos rac SeiZleba didi. igi daaxloebiT 100-jer aRemateba adamianis -s, ris 

gamoc paraSutiT gadmoxtomisas damyarebuli siCqare TiTqmis 10-jer mcirea (5 – 

6)m/wm,  rac uparaSutod ~ 2m simaRlidan gadmoxtomis tolfasia. saswavlo 

gadmoxtomisas paraSuti Tavidanve ixsneba, amitom siCqare monotonurad matulobs 

≈ 6m/wm-de. Cveulebrivad ki paraSuts gvian xsnian, 700m an meti vardnis Semdeg, ris 

gamoc paraSutis gasxnis momentSi damyarebuli siCqare ~ 60m/wm-s aRwevs, Semdeg ki 

swrafad mcirdeba ~ 6m/wm-mde. haeris mxridan moqmedi didi winaaRmdegobis gamo 

gadmoxtomis momentSi organizmis arasasiamovno SegrZnebebi gamowveulia imiT, rom 

                                                 
23haerSi vardnisas, rodesac sxeulis masa Zalian didia, damyarebuli siCqare aWarbebs bgeris 
siCqares (υbg = 330m/wm = 1200km/sT), (25.2) Zalas kargavs. magaliTad, didi simaRleebidan zemZime 
saaviacio bombis Camogdebisas. 
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Cveulebriv pirobebSi adamianis organoebi ($21), TiToeulze moqmedi simZimis Zalis 

gamo, erTmaneTs awveba da deformirdeba, rasac adamiani biologiurad Seguebulia. 

gadmoxtomis momentSi uwonobis gamo  es deformaciebi qreba, xolo 

damyarebuli siCqariT vardnisas, ragind didi ar unda iyos misi siCqare, Tanabari 

moZraobis gamo, adamiani imyofeba normalur mdgomareobaSi. 

SevniSnoT, rom Cvens mier ganxilul magaliTebSi simartivisTvis vardna 

ganvixileT usawyiso siCqariT, sinamdvileSi ki saaviacio bombsac da paraSutistsac 

vardnis sawyis momentSi TviTmfrinavis siCqare gaaCnia.  

 

amocana 25.1. sxeulis wonis ra nawils Seadgens haeris winaRobis Zala, Tu dedamiwis 

zedapiridan vertikalurad asrolili sxeuli zeviT moZraobas 1,4-jer ufro nakleb 

dros andomebs, vidre qvemoT moZraobas (arqimedes Zala ugulebelyofilia)? 

amoxsna: 

niutonis II kanonis Tanaxmad, 

. 

zemoT moZraobis SemTxvevaSi, niutonis II kanonis 

dagegmilebiT, gveqneba: 

,                    (1) 

qveviT moZraobisas ki  

.                     (2) 

martivi gardaqmnebiT miviRebT: 

.                                   (3)       

 Tu sxeuli  drois ganmavlobaSi moZraobs zemoT, maSin 

, 

saidanac . amitom asvlis simaRle 

.                           (4) 

 radgan vardna xdeba usawyiso siCqariT, SegviZlia davweroT: 

,                                      (5) 

sadac  vardnis xangrZlivobaa. 

 (4) da (5)-is gatolebiT da amocanis pirobis gaTvaliswinebiT miviRebT: 

. am Tanafardobis (3)-Si gaTvaliswineba mogvcems: 

 
 

amocana 25.2. 10 sm radiusis 6 kg masis sferos glicerinSi vardnisas damyarebuli 

siCqarea 2,5 m/wm. gamoTvaleT xaxunis koeficienti. CaTvaleT, rom xaxunis Zala 

siCqaris pirdapir proporciulia ( glicerinis simkvrivea 1,26.103 kg/m3). 
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amoxsna: 

(25.3)-is Tanaxmad: 

 

 RerZze dagegmilebiT gveqneba: 

                        (1)  

sadac: 

 da  

(1)-Si maTi SetaniT miviRebT:   

 

 

amocanebi:        

1. gamoTvaleT ra raodenobis foladi ( kg/m3) daixarjeba 10m sigrZis 100 milis 

Camosasxmelad, Tu misi Siga da gare diametrebia 18sm  da 20sm. (pasuxi: 46,8t.) 

2. gamoTvaleT brinjaos simkvrive, romelic warmoadgens 75% spilenZis da 25% 

kalas Senadnobs,  Tu kg/m3 kg/m3. (pasuxi: 8,4kg/m3.) 

3.1000kg masis avtomobili moZraobs 108km/sT (30m/wm) siCqariT. sawvavis miwodebis 

Sewyvetidan 5wm-Si misi siCqare 90km/sT-mde (25m/wm) Semcirda. gansazRvreT 

winaaRmdegobis ZalTa (haeri, asfalti) tolqmedi.(pasuxi: – 1kn.) 

4. gamoTvaleT naxazze mocemul 100kg masis sxeulze 

moqmed ZalTa (F1=1kn, F2=3,4kn, F3=6kn,  F4=0,4kn, F5=2kn)  

tolqmedis sidide da mimarTuleba. ra manZils gaivlis igi 

2wm-Si, Tu sawyisi siCqare nulis tolia?(pasuxi:  1,3kn.170, 

26m.) 

 

5. 500kg navs tbidan napirisken ewevian ori erTnairi bagiriT, romelTa Soris kuTxe 

1200-ia.  ra maqsimaluri aCqarebiT SeiZleba gamoitanon navi, Tu winaaRmdegobis 

Zalaa100n, xolo bagirebi uZlebs 300n ZaliT gaWimvas. (pasuxi: 0,4m/wm2.) 

6.uwonad uWimvad TokiT blokze gadadebul  4,8kg  masis or sxeuls  Soris manZili 

0,4m-ia. ra masis tvirTi daumates  erTerTs, Tu am momentidan   1wm-Si isini erT 

doneze aRmoCnda. winaaRmdegobis Zalebi ugulebelyofilia. (pasuxi: 0,4kg) 

7. 1m sigrZis Tokze Camokidebuli sxeuli brunvisas Semowers 

konusur zedapirs, gamoTvaleT sxeulis brunvis wiriTi siCqare, 

Tu Tokis gadaxris kuTxe vertikalTan 300-ia (ix. naxazi). (pasuxi: 

1,7m/wm.) 

8. 1m sigrZis Tokze Camokidebuli sxeulis brunvis  siCqarea 2m/wm 

gamoTvaleT Tokis mier vertikalTan Sedgenili kuTxe (ix. amocana 

8-is naxazi).(pasuxi: 320) 
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9. ramdenjer aRemateba ekvatorze myof sxeulze moqmedi gravitaciis Zala 

centridanul Zalas? (pasuxi:290-jer) 

10.gamoTvaleT veneras zedapirze Tavisufali vardnis aCqareba, YTu misi radiusi 

6100km-ia, xolo saSualo simkvrive 5200kg/m3. (pasuxi:8,8m/wm2) 

11.gamoTvaleT 125m simaRlidan Tavisuflad vardnili sxeulis mier bolo  2wm-Si 

gavlili manZili. (pasuxi: 80m) 

12.  ra  simaRlidan vardeboda sxeuli Tu vardnis bolo  2wm-Si gaiara mTeli gzis 

9/25 nawili? (pasuxi: 500m) 

13. sxeuli Tavisuflad vardeba 45m simaRlidan. imavdroulad 60m simaRlidan 

agdeben meore sxeuls. ipoveT misi sawyisi siCqare, Tu orive erTdroulad aRmoCnda 

miwaze. (pasuxi: 5m/wm) 

14. simaRlidan 20m/wm siCqariT isvrian or sxeuls vertikalurad 

urTierTsapirispiro mimarTulebiT. ramdeniT daagvianebs erTerTi sxeuli miwaze 

daSvebas? (pasuxi: 4wm) 

15. horizontalurad moZravi TviTmfrinavidan bombi miwaze 20wm-is Semdeg daeca. 

bombis  frenis siSorea 1km. ipoveT TviTmfrinavis siCqare da frenis simaRle. 

(pasuxi: 50m/wm, 2km ) 

16. avaza, horizontaluri ganarbeniT, 7m/wm siCqariT, xteba 16m simaRlis kldidan. 

ra droSi daeSveba is miwaze da ra manZiliT iqneba daSorebuli kldis fuZes? 

(pasuxi: wm,13m) 

17. sportsmeni 300 kuTxiT mowyda miwas da gadaxta 9m-ze. gamoTvaleT misi sawyisi 

siCqare. (pasuxi: 10,2m/wm) 

18.ramdenjer grZel naxtoms gaakeTebs adamiani mTvareze dedamiwasTan ESedarebiT, 

Tu sastarto pirobebi (siCqare, kuTxe) erTnairia. CaTvaleT, rom Tavisufali 

vardnis aCqareba mTvareze 6-jer naklebia vidre dedamiwaze. (pasuxi: 6-jer) 

19.ra kuTxiT unda gavisroloT sxeuli, rom frenis siSore gautoldes asvlis 

maqsimaluri simaRles ? (pasuxi: 140) 

20.TviTmfrinavidan, romelic mifrinavs horizontalurad 144km/sT siCqariT, sursaTi 

unda Camougdon alpinistTa banaks, romelic imyofeba 245m-iT qvemoT. Tavze 

gadafrenamde ramdeni metriT adre unda Camoagdon tvirTi?  (pasuxi: 280m) 

21.bagiri uZlebs 80kn datvirTvas, ra maqsimaluri aCqarebiT SeiZleba  avwioT 5t 

tvirTi? ramdeniT Semcirdeba es aCqareba Tu simtkicis marags 1,6-s aviRebT? (pasuxi: 

6m/wm2, 6m/wm2-iT) 

22. TviTmfrinavi pikirebidan gamosvlis momentSi 1200m radiusis rkalze 720km/sT 

siCqariT moZraobs. ra ZaliT awveba amdros 80kg masis mfrinavi skams? (pasuxi 3440n) 

23. TviTmfrinavi 20m/wm2 aCqarebiT mifrinavs horizontaluri mimarTulebiT. 

gamoTvaleT mfrinavis gadatvirTva (misi wonis fardoba simZimis ZalasTan) (pasuxi 

2,24) 

24.TviTmfrinavi vertikalur sibrtyeSi 360km/sT siCqariT moZraobisas Semowers 

rkals. risi tolia rkalis radiusi, Tu mfrinavi traeqtoriis umaRles wertilSi 

uwonobaSi aRmoCndeba. (pasuxi 103m) 

58,0
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25. gamoTvaleT manqanis siCqare 450m simrudis amozneqil xidze moZraobisas, Tu misi 

wona xidis  xidis umaRles wertilSi 2-jer  naklebi aRmoCnda mis simZimis Zalaze. 

(pasuxi 15m/wm) 

26. 5t masis liftis dasaSvebi maqsimaluri aCqarebaa 0,7m/wm2. gansazRvreT Zravis 

mier liftis bagirze moqmedi Zalis dasaSvebi zRvruli sidideebi. (pasuxi 53,5kn,  

46,5kn) 

27. gamoTvaleT pirveli kosmosuri siCqare venerasaTvis, misi radiusi 6100km-ia, 

xolo saSualo simkvrive 5200kg/m3. (pasuxi:7,3mkm/wm) 

28. risi toli unda iyos dedamiwis dRe-Ramis xangrZlivoba, rom ekvatorze myofi 

sxeulebi uwonad mdgomareobaSi aRmoCndes? (pasuxi:  1,4sT) 

29. dedamiwis xelovnuri Tanamgzavri brunavs wriul orbitaze, romlis radiusi 

dedamiwis radiusze 9-jer metia. risitolia Tanamgzavris brunvis periodi?(pasuxi:  

37,5sT) 

30. dedamiwisa da mTvaris centrebs Soris manZili dedamiwis 60 radiusis tolia. 

mTvaris masa ki 81-jer naklebia dedamiwis masaze. mTvaridan ra manZilze aRmoCndeba 

sxeuli uwonad mdgomareobaSi? (pasuxi: 6Rded) 

31. xelovnuri Tanamgzavri brunavs wriul orbitaze dedamiwis zedapiridan h 

simaRleze. CawereT misi brunvis periodis damokidebuleba dedamiwis R radiusze, 

misi dRe-Ramuribrunvis T0 periodsa dah simaRleze. (pasuxi: ) 

32.datvirTuli liftis masa ar unda aRematebodes 3 tonas, xolo maqsimaluri 

aCqareba 1m/wm2-s. ipoveT liftis foladis bagiris diametri, Tu simtkicis maragia 

5. foladis gaWimvisas dasaSvebi zRvruli Zabvaa n/m2. (pasuxi: 0,02m) 

33. 3m sigrZis da 2sm diametris foladis bagiriT Tanabrad aaqvT 5t masis tvirTi. 

ipoveT bagiris wagrZeleba, Tu iungis modulia pa.(pasuxi: 2,4mm) 

34. amoxseniT wina amocana, Tu tvirTi aaqvT 1m/wm2  aCqarebiT. (pasuxi: 2,6mm) 

35.neilonis bagiriT Tanabrad unda aitanon 1t masis tvirTi. neilonis simtkicis 

zRvruli Zabvaa pa, xolo simtkicis maragia 50. ramdeni neilonis Tokisgan 

unda Sedgebodes bagiri, Tu TiToeulis radiusia 5,6mm? ipoveT bagiris fardobiTi 

wagrZeleba. neilonisTvis iungis modulia pa. (pasuxi: 10; 0,2%) 

36. 12m/wm siCqariT moZravi avtomobili siCqaris Seucvlelad  gadadis 20m radiusis 

amozneqil xidze, ris gamoc  mZRolis savarZlis zambarebis deformacia 3sm-iT 

Semcirda. ipoveT zambaras sixistis koeficienti, Tu maTi raodenobaa 8, xolo 

mZRolis masaa 80kg (pasuxi: n/m) 

37. reaqtiuli TviTmfrinavi horizontalur asafren zolze moZraobs  

aCqarebiT. gansazRvreT 80 kg mfrinavis wona – Zala, romliTac is moqmedebs 

savarZelze (pasuxi: 1,8kn) 

38. 25 kg masis tvirTi dakidebulia 2,5 m sigrZis zonarze, romelic uZlebs 550 n 

datvirTvas. tvirTi gadaxares 1,7m simaRleze da gauSves xeli. gauZlebs Tu ara 

zonari tvirTis rxevas. pasuxi daasabuTeT. (pasuxi: ara) 
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39. 20 kg masis tvirTi dakidebulia 2m sigrZis zonarze, tvirTis maqsimaluri  

gadaxris simaRle, rodesac zonari tvirTis Semdgom rxevis uZlebs 0,6m-s tolia. 

gamoTvaleT  zonaris simtkicis zRvari. (pasuxi: 320n) 

40. Zafze gamobmulim masis sxeuls abrunen vertikalur sibrtyeSi. ramdeniT meti 

iqneba Zafis daWimuloba qveda wertilSi zeda wertilTan SedarebiT. (pasuxi: 6mg) 

41. 90 km/sT siCqariT moZravi avtomobilis mZRolma 40 m manZilze SeamCnia 

dabrkoleba da daamuxruWa. aicilebs Tu ara avarias mZRoli, Tu saburavebis 

asfaltTan xaxunis koeficientia pasuxi daasabuTeT. (pasuxi: aicilebs) 

432. 10 kg da 8 kg masis sxeulebi gadabmulia uwonadi ZafiT. gamoTvaleT pirvel 

sxeulze modebuli Zala (ix. amocana 24.1-is naxazi), romelic gadaadgilebasTan 

adgens 450-ian kuTxes  da sistemas aniWebs 1 m/wm2 aCqarebas. xaxunis koeficientia 

0,06. (pasuxi:  38,4n) 

43. m1=5 kg da m2=4 kg masis erTnairi masalis sxeulebi gadabmulia uwonadi ZafiT 

(ix. amocana 24.3-is naxazi). sistema  moZraobs m=6kg tvirTis moqmedebiT. gamoTvaleT 

sistemis aCqareba da Tokis daWimulobis Zalebi (blokis da Tokis xaxuni 

ugulebelyofilia). Tu sxeulebis  sayrden zedapirTan xaxunis koeficientia 

0,6.(pasuxi: 0,4m/wm2, 57,6n, 25,6n) 

44. uZrav blokze gadadebuli Tokis erT boloze mimagrebuli 2kg masis sxeuli. ra 

Zala unda modiT Tokis meore bolos, rom sxeulma imoZraos zeviT 1,2m/wm2 

aCqarebiT? (pasuxi: 22n) 

45. SeiZleba Tu ara 80km/sTsiCqariTimoZraos manqanam 100m-iani radiusis 

horizontalur mosaxvevSi, Tu saburavsa da gzatkecils Soris xaxunis 

koeficientia 0,4? ra maqsimaluri siCqariTaa SesaZlebeli moZraoba? (pasuxi: ar 

SeiZleba, 20m/wm) 

46. sxeulis wonis ra nawils Seadgens haeris winaRobis Zala, Tu dedamiwis 

zedapiridan vertikalurad asrolili sxeuli zeviT moZraobas orjer ufro nakleb 

dros andomebs vidre qveviT moZraobisas? (pasuxi: 0,6) 

47. sxeulis wonis ra nawils Seadgens haeris winaRobis saSualo  Zala, Tu 

vertikalurad asrolis Semdeg igi sawyis mdebareobas ubrundeba 1,5-jer naklebi 

siCqariT? (pasuxi: 0,38) 

48. 600-iani kuTxiT daxril sibrtyeze 10 kg masis urikas SesaCereblad saWiroa mas 

movdoT daxrili zedapiris paralelurad zemoT mimarTuli 75 n Zala, xolo zemoT 

asatanad – 95 n. ipoveT xaxunis koeficienti. (pasuxi: 0,2) 

49. ra umciresi kuTxiT unda daixaros TviTmcleli avtomobilis Zara, rom sila 

Camoiyaros. xaxunis koeficienti 0,4-is tolia.   (pasuxi: 220) 

50. 300-iT daxril sibrtyeze moTavsebul 6kg sxeulze moqmedebs sibrtyis fuZis 

paraleluri 100 n Zala. ipoveT sxeulis aCqareba xaxuni ugulebelyofilia. (pasuxi: 

19,3 m/wm2) 

51. 10 sm radiusis 21,9 kg masis cilindri, romlis  radiusia 10 sm, msaxveli 50 sm,  

vardeba wyalSi. xaxunis koeficienti 0,004 kg/wm-s tolia. gamoTvaleT vardnis 

damyarebuli siCqare CaTvaleT, rom xaxunis Zala siCqaris pirdapir  proporciulia.  

(pasuxi: 25m/wm) 

.95,0
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52. 100 m simaRlidan usawyiso siCqariT vardnili 20kg masis sxeuli miwaze 5wm-Si 

daeSva. gamoTvaleT dacemis siCqare da haeris winaaRmdegobis saSualo AZala  

(pasuxi: 40m/wm,  40n) 

 53. vertikalurad qvemoT 2 m/wm siCqariT moZravi aerostatidan, roca igi imyofeba 

320 m simaRleze agdeben 50 kg masis balasts. ra droSi daeSveba balasti miwaze, Tu 

haeris winaaRmdegobis saSualo Zala misi wonis 40%-ia? (pasuxi: 10wm) 
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Tavi III.  

muSaoba. energia. impulsi.  

mudmivobis kanonebi meqanikaSi 

 

$26. meqanikuri muSaoba 

 fizikaSi meqanikuri muSaobis cneba Semotanilia im qmedebis dasaxasiaTeblad, 

romelsac Zala asrulebs sxeulis gadaadgilebisas. Tu mudmivi Zalis  

moqmedebiT sxeulma Seasrula  gadaadgileba, Sesrulebuli muSaoba gamoiTvleba 

rogorc Zalisa da gadaadgilebis skalaruli namravli24 

,                (26.1)           

sadac  kuTxea  da  Soris (naxazi 26.1), 

 Zalis gegmilia ze. muSaoba dadebiTia, 

Tu . Zalebs, romlebic mocemul SemTxvevaSi 

dadebiT muSaobas asrulebs, mamoZravebeli Zalebi 

ewodeba. Tu , muSaoba uaryofiTia da Sesa-

bamis Zalebs winaaRmdegobisZalebs uwodeben. es dayofa pirobiTia, radgan 

erTidaigive Zalam sxvadasxva SemTxvevaSi SeiZleba sxvadasxva funqcia Seasrulos. 

magaliTad, sxeulis vardnisas simZimis Zala mamoZravebeli Zalaa, zeviT atanisas 

ki winaaRmdegobis. (26.1)-is Tanaxmad, Tu Zala gadaadgilebasTan marT kuTxes qmnis 

, igi muSaobas ar asrulebs, magaliTad, simZimis Zala sxeulis 

horizontalur zedapirze moZraobis SemTxvevaSi. rodesac Zala gadaadgilebis 

Tanxvedrilia ( ) muSaoba dadebiTia da maqsimaluri.  Tu Zala gadaadgilebis 

sapirispiroa  muSaoba uaryofiTia da maqsimaluri.  

    muSaobis erTeulia jouli (j). igi ganisazRvreba (26.1)-dan.  jouli is muSaobaa, 

romelsac asrulebs 1 niutoni mudmivi Zala 1 metr gzaze sxeulis gadaadgilebisas, 

rodesac Zala da gadaadgileba Tanxvedrilia ( )  

.                                   (26.2) 

maSasadame 1j = 1n.1m. 

 Tu sxeulze erTdroulad ramodenime mudmivi Zala moqmedebs, ZalTa 

superpoziciidan gamomdinare, jamuri muSaoba iqneba:  

, 

sadac  ZalTa tolqmedia.  

 cvladi Zalis SemTxvevaSi muSaobis gamosaTvlelad saWiroa gadaagileba 

davyoT iseT elementarul sidideebad , rom TiToeul ubanze moqmedi 

                                                 
24ori veqtoris skalaruli namravli , an  
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. Zala CaiTvalos mudmivad.  (26.1)-is gamoyenebiT gamovTvaloT am ubnebze 

elementaruli muSaoba  da miRebuli Sedegebi algebrulad SevkriboT 

.                   (26.3) 

cxadia, rac ufro mcirea , miT ufro swori iqneba daSveba TiToeul ubanze 

Zalis mudmivobis Sesaxeb da miT ufro zustad iqneba gamoTvlili muSaoba 

. 

sadac: 

                      25                                  (26.4) 

Zalis elementaluri muSaobaa sxeulis  gadaadgilebisas. ori veqtoris 

skalaruli namravlis ganmartebis Tanaxmad  muSaoba asec SeiZleba CavweroT: 

. 

es ukanaskneli ki wiriTi integralia, amitom  Sesrulebuli muSaoba zogadad 

traeqtoriis formis funqciaa (konservatuli  Zalis SemTxvevaSi muSaoba araa 

damokidebuli traeqtoriis formaze ( ix.$29)).  

Tu mocemulia sxeulis sawyisi da saboloo mdgomareobebi, maSin saWiroa  

integrals mivuTiToT sazRvrebi. magaliTad, 1-wertilidan 2-Si wanacvlebisas 

gveqneba 

.                (26.5) 

SesaZlebelia muSaobis grafikuli 

gamoTvlac. amisaTvis unda avagoT is ze 

damokidebulebis grafiki (nax. 26.2), sadac 

TiToeuli oTxkuTxedis farTobi  Seesa-

bameba saTanado  ubanze Sesrulebul 

muSaobas, xolo farTobTa jami – srul 

muSaobas. (26.3)-Si zRvarze gadasvlisas, rodesac 

, marTkuTxedTa farTobebis jami 

gautoldeba 1′2′211′ wiriT SemosazRvrul farTobs, romelic iZleva Sesrulebuli 

muSaobis zust mniSvnelobas (26.5).             

 dasmuli amocanis pirobebidan gamomdinare saWiroa mivuTiToT, mocemul 

sxeulze sruldeba muSaoba, Tu  sxeuli asrulebs mas. 

 

amocana 26.1.  gamoTvaleT muSaoba, romelsac asrulebs 100 n wevis Zala 80 kg masis 

sxeulis gadaadgilebisas moZraobis dawyebidan 10 wm-is ganmavlobaSi, Tu =300, 

.     

                                                 
25 dA-Si igulisxmeba ara muSaobis diferenciali aramed misi elementaruli sidide. 
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amoxsna: 

, 

davagegmiloT 0x- da 0y RerZebze    

( ) ( ), gamovricxoT 

reaqciis Zala da ganvsazRvroT aCqareba 

(m/wm2), 

(m). 

(26.1)-is Tanaxmad: 

 (kj). 

amocana 26.2. nawilakze moqmedi Zala wrfivad izrdeba nulovani mniSvnelobidan 24n-

mde  nawilakis gadaadgilebisas x1=0   x2=3 m-mde, rCeba mudmivi  x3=8 m-mde, Semdeg 

wrfivad klebulobs da nuls utoldeba x4=11 m-Tvis. gamoTvaleT grafikis 

saSualebiT Sesrulebuli muSaoba. 

amoxsna: 

 

zemoTqmulis Tanaxmad Sesrulebuli 

muSaoba 0abc trapeciis farTobis tolia: 

(j). 

 

 

 

amocana 26.3.  RerZis gaswvrivsxeulze moqmedebs cvladi Zala . 

gamoTvaleT am Zalis mier Sesrulebuli muSaoba sxeulis gadaadgilebisas x=2 m-

dan x=2,5 m wertilSi.         

amoxsna: 

(26.6)-is Tanaxmad: 

 (j). 

integralis amoxsnisas gamoyenebulia formula:  

. 
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$27. kinetikuri energia  

da misi kavSiri muSaobasTan 

energia (berZ. moqmedeba, moRvaweoba) materiis yvela formis urTierTqmedebisa 

da moZraobis raodenobrivi zomaa. urTierTqmedebisa da moZraobis mravalferov-

nebis gamo ganasxvaveben meqanikur, Sinagan, siTbur,eleqtromagnitur, birTvul da 

a.S. energiebs. energia krebadi sididea. bunebaSi mimdinare nebismieri procesi 

xorcieldeba energiis erTi tipidan meoreSi gardaqmnisa da erTi sxeulidan 

meoreze gadacemis gziT.  

bunebis erT-erTi fundamentaluri kanoni - energiis  

mudmivobis kanoni gansazRvravs samyaroSi arsebul kanonzomierebebsa da mimdinare 

procesebs: 

 izolirebuli sistemis sruli energia yovelTvis ucvleli rCeba. 

amJamad ganvixilavT meqanikur energias, romelic SeiZleba ganisazRvros, rogorc  

 sxeulis mier meqanikuri muSaobis Sesrulebis unari. 

meqanikuri energia Sedgeba ori wevrisgan – kinetikuri da potenciuri 

energiisgan. 

kinetikuri (berZ. moZraoba) energia warmoadgens mocemul inerciul aTvlis 

sistemaSi sxeulis meqanikuri moZraobis zomas. igi damokidebulia am sistemis 

mimarT sxeulis moZraobis siCqareze, anu aTvlis sistemis SerCevaze.  

 siCqariT moZravi  masis nawilakis kinetikuri energia gamoiTvleba 

formuliT: 

, .                          (27.1)  

(27.1)-is Tanaxmad igi skalaruli sididea, amasTanave . 

makrosxeulis gadataniTi moZraobisas misi kinetikuri energia  gamoiTvleba 

(27.1)-iT, radgan am  moZraobis   ganmartebidan gamomdinare, sxeulis nebismier 

nawilaks drois mocemuli momentisTvis erTnairi siCqare gaaCnia. niutonis pirveli 

kanonis Tanaxmad izolirebuli sxeuli moZraobs mudmivi siCqariT, amitom misi 

kinetikuri energia ar icvleba. 

      gamovTvaloT muSaoba, romelsac asrulebs  masis sxeulze moqmed ZalTa 

tolqmedi misi gadataniTi moZraobisas 1-wertilidan 2-Si: 

26. 

aqedan:   

.                            (27.2) 

 (27.1)-dan gamomdinare (27.2) ase Caiwereba: 

.                           (27.3) 

warmoadgens muSaobisa da kinetikuri energiis kavSiris Teoremas: 

                                                 
26 tolobis damtkiceba mocemulia amocana 27.1-Si. 
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
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 sxeulis gadaadgilebaze tolqmedis mier Sesrulebuli muSaoba sxeulis 

kinetikuri energiis cvlilebis tolia  

e.i. Tu tolqmedi Zala dadebiT muSaobas asrulebs, sxeulis kinetikuri energia 

izrdeba da piriqiT. radgan (27.3) miRebulia niutonis meore kanonidan, amitom es 

Teorema samarTliania nebismieri tipis ZalisTvis. (27.2)-dan gamomdinare kinetikuri 

energiac joulebSi izomeba. 

kinetikuri energia, (27.1)-is Tanaxmad, araa damokidebuli siCqaris mimarTu-

lebaze, ris gamoc sxeulze moqmedi normaluri Zalebi muSaobas ar asrulebs, 

radgan maTi moqmedebiT mxolod siCqaris mimarTuleba icvleba, magaliTad, 

centridanuli da koriolisis Zalebi. 

energiis krebadobidan gamomdinare, Tu gvaqvs  raodenobis nawilakebisgan 

Semdgari sistema, maSin misi kinetikuri energia iqneba: 

.                            (27.4) 

gamovTvaloT, ra maqsimaluri muSaobis Sesruleba SeuZlia  siCqariT moZrav 

sxeuls. niutonis mesame kanonidan gamomdinare, sxeulis mier Sesrulebuli 

muSaobisTvis (27.2) ase Caiwereba:  

,                      (27.5) 

sadac . Tu , cxadia: 

, 

e.i.  

 moZravi sxeulis kinetikuri energia im maqsimaluri muSaobis tolia, romelic 

mas SeuZlia Seasrulos srul gaCerebamde. 

 

amocana 27.1. davamtkicoT, rom . 

amoxsna: 

radgan , amitom . visargebloT formuliT 

, maSin 

 

skalaruli namravlis ganmartebis Tanaxmad 

, e.i. . 

amocana 27.2. 10 g masis 600 m/wm siCqariT moZravi tyvia xvdeba 0,1 m sisqis kedels da 

mis gavlisas kargavs energiis 2/3 nawils. gamoTvaleT kedlis winaRobis saSualo 

Zala. ra minimaluri sisqis kedelSi darCeboda tyvia. 

amoxsna: 

(27.2)-is Tanaxmad: 

                             (1)                         

 meore mxriv winaRobis Zalis muSaoba:  

n
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.                              (2) 

(1) da (2)-is gatolebiT vRebulobT: 

 (n), 

kedelis minimaluri sisqe, romelSidac darCeboda tyvia aRvniSnoT d-Ti, maSin (1) da 

(2) ase Caiwereba:   

  . 

 maTi gatolebiT vRebulobT:  

 (m) 

amocana 27.3. qvemexidan gasrolisas 80 kg masis Wurvi iRebs 40 mgj energias. 

gamoTvaleT ra kuTxiT moxda gasrola, Tu traeqtoriis umaRles wertilSi Wurvis 

kinetikuri energia 30 mgj-is tolia (haeris winaaRmdegoba ugulebelyofilia). 

amoxsna: 

(27.1)-is Tanaxmad gasrolis momentSi Wurvis siCqare: 

3
7

0 10
80

1042.2





m

W0kin
 m/wm. 

radgan traeqtoriis umaRles wertilSi 
siCqares gaaCnia mxolod horizontaluri 
mdgeneli, amitom 

3
7

0 10
2

3

80

10322





m

W
x

kin
 m/wm. 

radgan moZraoba balistikuria ($20) amitom cxadia  

              
2

3
cos

0

0 



 x . e.i =300. 

 

 

$28. simZlavre 

 simZlavre fizikuri sididea, romelic gansazRvravs muSaobis Sesrulebis 

siCqares.  

Tu  droSi Sesrulda  muSaoba, saSualo simZlavre iqneba: 

.                                 (28.1) 

xolo myisi simZlavre miiReba formuliT: 

.                               (28.2) 

aq  niSnavs usasrulod mcire muSaobas27. muSaobis Sesruleba dakavSirebulia 

energiis erTi formidan meoreSi gadasvlasTan, ris gamoc simZlavre SeiZleba 

ganimartos, rogorc energiis gardaqmnis siCqare 

                                                 
27am sakiTxs davubrundebiT $76. 
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.                                   (28.3) 

magaliTad, Zravis simZlavreSi vgulisxmobT im siTburi, Tu eleqtruli energiis 

raodenobas, romelic Zravam drois erTeulSi gardaqmna meqanikur energiad. 

simZlavris erTeulia vati (vt). 1vt = 1j/wm. praqtikaSi xSirad gamoiyeneba ufro 

msxvili erTeulebi, rogoricaa kilovati (kvt), megavati (mgvt), aseve cxenis Zala28 

(cx.Z.). 

1 cx.Z. (metruli) =735,5 vt 736 vt da 1 cx.Z. (inglisuri) =745,7 vt. 

satransporto saSualebebis ZravaTa simZlavris dasaxasiaTeblad ufro 

xelsayrelia (28.2)-is Semdegi saxiT gardaqmna 

,                             (28.4) 

e.i.,  

 Zravis simZlavre SeiZleba warmovidginoT, rogorc wevis Zalisa da siCqaris 

skalaruli namravli. 

Tu Zala  siCqaris Tanxvedrilia, maSin 

,                                  (28.5) 

radgan transportis Zravis simZlavre gansazRvruli sididea, amitom mocemuli 

ZravisTvis daculi unda iyos toloba: 

.                           (28.6) 

(28.6)-formulidan Cans, rom mocemuli Zravis transportis siCqare wevis Zalis 

ukuproporciulia. am principzea damyarebuli sxvadasxva satransporto 

saSualebebSi siCqareTa kolofis moqmedebis principi. marTlac, aRmarTze asvlisas 

wevis Zalis gasazrdelad saWiroa siCqaris Semcireba, rasac praqtikulad mZRoli 

axorcielebs dabal siCqareze gadarTviT, winaaRmdeg SemTxvevaSi Zrava “Caqreba”. 

 

amocana 28.1. ra minimaluri simZlavrea saWiro 200 kg masis tvirTis dasaZvrelad 

iatakze 0,5 m/wm siCqariT, Tu xaxunis koeficientia 0,45. 

amoxsna: 

niutonis meore kanonis Tanaxmad: 

.                   (1)  

minimaluri ZalisaTvis romelic DdaZravs tvirTs (1) ase 

Caiwereba:  

. 

dagegmilebiT vRebulobT: 

. 

anu es Zala sididiT uZraobis xaxunis Zalis tolia. 

                                                 
28cxenis Zala Semotanili iqna ingliseli inJinris jeims vatis mier, axlad Seqmnili orTq-
lis Zravis simZlavris Sesafaseblad. 
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(kn). 

(28.5)-is Tanaxmad minimaluri samZlavre iqneba: 

(kvt). 

amocana 28.2. ra maqsimaluri daxrilobis aRmarTis daZleva SeuZlia 20 m/wm siCqariT 

moZrav 1 t masis mqone avtomobils, Tu misi simZlavre 90 cx.Z-aa, xolo xaxunis Zala 

simZimis Zalis 5%-s Seadgens. 

   amoxsna: Tanabari moZraobis gamo  niutonis II kanonis Tanaxmad:

0 xaxFPNF


. 0x RerZze 

dagegmilebiT gvaqvs: 

0 xaxFPF sin  

0 xaxFPF sin  saidanac wevis 

Zala PPF 050,sin   , xolo 

simZlavre         
           xaxFPFN  sin            (1) 

sibrtyis daxriloba  
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

h , .
017  

amocana 28.3.  10 kg masis sxeulis moZraobis gantolebaa . gamoTvaleT 

nawilakze moqmedi ZalTa tolqmedis mier Sesrulebuli muSaoba [1;3] wm intervalSi, 

simZlavris saSualo sidide da misi mniSvneloba 3 wm-sTvis. 

amoxsna: 

muSaobis gamosaTvlelad visargebloT (27.2)-iT. winaswar gamoviangariSoT 

sxeulis siCqare wm da wm-sTvis. siCqaris ganmartebis Tanaxmad vRebulobT: 

, 

aqedan:  

2,3 m/wm, 8,7 m/wm, 

maSin (27.2)-is Tanaxmad: 

(j). 

saSualo simZlavre drois mocemul intervalSi  iqneba:  

(vt). 

wm-isaTvis myisi simZlavris dasadgenad visargebloT formuliT:   

, 

sadac aCqareba: 

, 

(m/wm2). 
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Sesabamisad:  

(vt). 

 

 

$29. stacionaluri potencialuri veli. 

potenciuri energia da konservatuli Zalebi 

 ZalTa veli ewodeba sivrcis im nawils, romlis nebismier wertilSi 

moTavsebul nawilakze moqmedebs Zala, romelic wertilidan wertilamde garkveuli 

kanonzomierebiT icvleba. magaliTad dedamiwis simZimis ZalTa veli, siTxis an airis 

nakadSi winaaRmdegobis ZalTa veli. Tu ZalTa velis nebismier wertilSi moqmedi 

Zala araa damokidebuli droze, maSin aseT vels stacionalurs (droSi mudmivs) 

uwodeben. Tu am velSi moTavsebul sxeuls, misi sivrceSi mdebareobisa da aseve mis 

Semadgenel nawilTa urTierTganlagebis (konfiguraciis) gamo, Seswevs unari 

Seasrulos muSaoba. maSin aseT vels potenciur vels uwodeben, xolo sxeulsa da 

velis urTierTqmedebis energias - potenciur energias.  

 potenciuri energia sxeulis da velis ( sxeulTa sistemis) urTierTqmedebis 

maxasiaTebeli sididea. 

magaliTad dedamiwis zedapiridan aweul sxeuls, an SekumSul (gaWimul) 

zambaras ganTavisuflebis Semdeg SeuZliaT muSaobis Sesruleba,  anu sawyis 

mdgomareobaSi maT gaaCndaT garkveuli potenciuri energiis maragi. potenciur 

velSi moqmed Zalebs konservatuli Zalebi ewodeba. maT  meqanikidan miekuTvneba 

gravitaciis (simZimis), drekadobis Zala. es Zalebi ganisazRvreba ori kriteriumiT:  

a) am ZalTa mniSvneloba damokidebulia mxolod sxeulis mdebareobaze 

(koordinatebze) sivrceSi.  

b) am ZalTa muSaoba sxeulis gadaadgilebisas ganisazRvreba mxolod sxeulis 

sawyisi da saboloo mdebareobiT, anu ar aris damokidebuli sxeulis moZraobis 

tipze da traeqtoriis formaze.ganmartebidan gamomdinaream ZalTa muSaoba Sekrul 

traeqtoriaze nulis tolia:  

unda gvaxsovdes, rom rodesac vxmarobT termins sxeulis potenciuri energia 

igulisxmeba, rom igi imyofeba stacionalur potenciur velSi da es energia aris 

potenciuri velisa da sxeulis urTierTqmedebis energia.potenciuri energiis 

ganmartebidan gamomdinare, konservatul ZalTa mier Sesrulebuli muSaoba 

dakavSirebulia  potenciuri energiis cvlilebasTan. nebismieri fizikuri sistema 

miiswrafis daikavos iseTi mdgomareoba, romelsac Seesabameba potenciuri energiis 

minimumi. amitom Tu konservatuli  Zalebi asrulebs dadebiT muSaobas, maSin 

sxeulis mdgomareoba velSi Seicvleba manam, sanam ar amoiwureba am ZalTa mier 

dadebiTi muSaobis Sesrulebis SesaZlebloba. am mdgomareobisTvis pirobiTad 

Tvlian, rom sxeulis potenciuri energia nulia. e.i. konservatuli Zalebis mier 

dadebiTi muSaobis Sesrulebisas sxeulis sistemis potenciuri energia mcirdeba 

da piriqiT. anu: 

 konservatul Zalis muSaoba tolia sxeulTa sistemis potenciuri energiis 

cvlilebisa Sebrunebuli niSniT 

  6,3307,88,3103 tN

.0 SdF

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  potpot1pot2 WWWA 12 .                     (29.1) 

SevniSnoT, rom (27.4) ufro zogadia, vidre (29.1), radgan igi samarTliania 

nebismieri tipis ZalisTvis, xolo es ukanaskneli mxolod konservatulisTvis.e.i.  

konservatuli  Zalebi asrulebs dadebiT muSaobas potenciuri energiis maragis 

xarjze da es procesi SeiZleba gagrZeldes manam, sanam ar amoiwureba es maragi. am 

mdgomareobisTvis pirobiTad Tvlian, rom sxeulis potenciuri energia nulia.  Tu 

davuSvebT, rom , maSin  anu: 

 sxeulis  potenciuri energia im dadebiTi muSaobis tolia, romelsac 

Seasrulebs masze moqmedi konservatuli Zala mocemuli mdgomareobidan 

sxeulis potenciur energiis nulovan donezegadayvanisas. 

praqtikulad ki, amocanis pirobebidan gamomdinare, potenciur energiis 

nulovan dones-mniSvnelobas Seusabameben sivrceSi sistemis iseTi mdebareobas, 

romelic ufro mosaxerxebelia Semdgomi gamoTvlebisTvis. Tu sxeuli  aRmoCndeba 

nulovani donis ,,qvemoT” potenciuri energia uaryofiTi iqneba gansxvavebiT 

kinetikuri energiisgan, romelic yovelTvis dadebiTia. amitom sxeulis potenciuri 

energiis mniSvnelobis mocemisas aucilebelia mivuTiToT nulovani donis 

mdebareoba.  

(29.1)-is Tanaxmad, konservatul Zalis elementaruli muSaoba  ase Caiwereba: 

.                               (29.2)              

(26.4)-is gaTvaliswinebiT konservatuli Zala veqtoruli saxiT ase SeiZleba 

CavweroT: 

29.    (29.3)   

          Sesabamisad  konservatuli Zalis 

gegmilebi dekartis sistemaSi iqneba:  

, , .        (29.4) 

“_” miuTiTebs, rom konservatuli Zala mimarTulia 

potenciuri energiis uswrafesi Semcirebis mimarTulebiT.  

SemoviRoT eqvipotenciuri zedapiris cneba. igi 

vuwodoT velis im wertilTa erTobliobas, romelTac 

erTnairi potenciuri energia gaaCniaT  

(nax.29.1). am zedapirze nawilakis gadaadgilebisas konservatuli Zalis mier 

Sesrulebuli muSaoba, (29.1)-is Tanaxmad, nulis tolia, rac imas niSnavs, rom 

konservatuli Zala mimarTulia eqvipotenciuri zedapiris marTobulad (

anu marTobia -is)  potenciuri energiac joulebSi izomeba da 

iseve rogorc kinetikuri energia krebadi sididea. 

                                                 
29raime skalaruli sididis (temperatura, koncentracia) gradienti (grad, ) warmoadgens 
veqtors, romelic mimarTulia am am sididis uswrafesi zrdis mimarTulebiT da ricxob-
rivad tolia am mimarTulebiT sigrZiT erTeulze misi cvlilebisa. 
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amocana 29.1. nawilakis potenciuri energia mocemulia formuliT . 

CavweroT masze moqmedi konservatuli Zala. 

amoxsna: 

, , . 

maSin (29.7)-is Tanaxmad: 

. 

 

amocana 29.2. Zala, romelic saWiroa zambaris Sesakaveblad normalur sigrZesTan 

SedarebiT -sididiT SekumSul mdgomareobaSi, moicema formuliT . 

gamoTvaleT zambaris SekumSvaze Sesrulebuli muSaoba. 

amoxsna: 

drekadi deformaciis farglebSi ,  xolo ,  (29.2)-is Tanaxmad:  

 .                  (1)              
 

aradeformirebul mdgomareobaSi, anu roca , zambaris potenciuri energia 

CavTvaloT nulis tolad. maSin (1)-Si   da Sesrulebuli muSaobaiqneba: 

.

 
 

 

$30. gravitaciuli potenciuri energia 
ganvixiloT dedamiwis gravitaciul velisa da m masis nawilaki 

urTierTqmedeba. dedamiwis gravitaciuli velis sruli analizisTvis saWiroa 

gaviTvaliswinoT, rom  gravitaciuli veli zogadad araerTgvarovania - 

gravitaciuli daZabuloba dedamiwis zedapiridan manZilis cvlilebiT icvleba 

($18),   Sesabamisad icvleba gravitaciuli Zalac.  dasawyisSi davuSvaT, rom nawi-

laki imyofeba dedamiwis zedapiridan  

 (  – dedamiwis radiusi) 

simaRleze. aseT SemTxvevaSi didi 

sizustiT SeiZleba CavTvaloT, rom veli 

erTgvarovania ( ). gamovTvaloT 

muSaoba, romelsac asrulebs  

simZimis Zala nawilakis vardnisas (nax. 

30.1). (29.1)-is Tanaxmad: 

, 

sadac  e.i. 
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. 

simZimis Zalis muSaoba ar aris damokidebuli traeqtoriis formaze da 

ganisazRvreba nawilakis sawyisi da saboloo mdebareobebiT, e.i. simZimis Zala 

konservatuli Zalaa da  SesaZlebelia miRebuli Sedegis  gavutoloT (29.1)-s 

. 

miRebuli gantleba warmoadgens nawilakis da dedamiwis urTierTqmedebis 

gravitaciuli potenciuri energiis cvlilebas 1-wertilidan 2-Si gadasvlis dros. 

rogorc avRniSneT sxeulis potenciuri energiis mniSvneloba damokidebulia 

nulovani donis SerCevaze.  amitom potenciur energias weren mudmivi Sesakrebis 

sizustiT: 

.                               (30.1) 

sadac C mudmivas mniSvnelobis dadgena xdeba dasmuli amocanidan gamomdinare. 

dedamiwis zedapiris maxloblobaSi  umravles SemTxvevaSi potenciuri energiis 

aTvlis doned (nulad) mosaxerxebelia aviRoT dedamiwis zedapiri, e.i roca , 

maSin   da (30.1)-Si . maSasadame dedamiwisa da sxeulis urTierTqmedebis 

potenciuri energia ganisazRvreba im  simaRliT, romliTac nawilaki daSorebulia 

dedamiwis zedapirs  

.                                (30.2) 

Tumca simartivisTvis (30.2)-s m masis sxeulis potenciur energias uwodeben simZimis 

ZalTa velSi. 

ganvixiloT dedamiwisa da sxeulis urTierTqmedeba, rodesac sxeuli sakmaod 

daSorebulia dedamiwas (velis erTgvarovneba darRveulia).  magaliTad  masis 

meteoritis moZraoba dedamiwis gravitaciul velSi mrudwirul traeqtoriaze (nax. 

30.2). gamovTvaloT gravitaciuli Zalis  muSaoba meteoritis 

gadaadgilebisas 1-wertilidan 2-Si: 

.     (30.3) 

cxadia, gravitaciuli Zala konservatulia, misi 

muSaoba damokidebulia mxolod traeqtoriis sawyis da 

saboloo wertilebis mdebareobaze . gavutoloT 

(30.3) (29.1)-s 

,

 
e.i., dedamiwis zedapiridan nebismier manZilze  arsebuli sxeulis potenciuri 

energia gamoiTvleba formuliT 

.                              (30.4)                         
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dedamiwis centridan usasrulod daSorebul wertilSi gravitaciuli 

urTierTqmedeba . maSin (30.4)-Si da:  

.                               (30.5)                         

Tu sxeuli uaxlovdeba dedamiwis zedapirs, misi gravitaciuli potenciuri energia 

mcirdeba. rodesac sxeuli imyofeba dedamiwis zedapiris maxloblad, maSin  (30.4) 

SeiZleba daviyvanoT (30.2)-ze (ix. amocana 30.3. ).                         

SevniSnoT rom, (30.5)-is Tanaxmad, es energia yovelTvis uaryofiTia (garda 

usasrulod daSorebuli wertilisa, sadac igi nuls utoldeba). es formulebi 

SeiZleba gamoviyenoT nebismieri ciuri sxeulis gravitaciuli velisaTvis. 

SemoviRoT centraluri Zalis cneba:  

 centraluri Zala iseTi Zalaa, romlis mniSvnelobac damokidebulia mxolod 

mocemuli sxeulis mdebareobaze erTi garkveuli wertilis (ZalTa centris) 

mimarT (am wertilSi Cveulebrivad imyofeba meore sxeulis centri) da 

mimarTulia maTi SemaerTebeli wrfis gaswvriv. 

zogadad es Zalebi ase Caiwereba: 

. 

ganmartebidan gamomdinare centraluri Zalebi konservatulia  da maTi muSaoba, 

(30.3)-is analogiurad, moicema formuliT: 

.                         (30.6) 

 cxadia gravitaciis Zalebi centraluria. dedamiwis SemTxvevaSi  am ZalTa 

centri emTxveva dedamiwis centrs.  simZimis Zalebic centraluria, mxolod maTi 

centri usasrulobaSi mdebareobs. drekadobis Zalebic  (ix. (23.1)) miekuTvneba 

centralur ZalTa jgufs. 

 

amocana 30.1. 8 m simaRlis aivnidan vertikalurad zeviT 10 m/wm siCqariT aisroles 

1 kg masis burTi. gamoTvaleT simZimis Zalis muSaoba burTis zemoT da qvemoT 

moZraobisas, aseve sruli muSaoba, Tu burTi vardeba miwaze. 

amoxsna: 

gamovTvaloT, ra manZilze ava burTi zeviT: 

(m). 

 (j). 

 (j). 

 (j). 

 cxadia, igive Sedegs miviRebT sruli muSaobis Semdegi saxiT 

gamoTvlisas: 

. 
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amocana 30.2. ra minimaluri muSaobaa saWiro  wibos mqone  masis kubis 

gadasabruneblad meore waxnagze. 

amoxsna: 

minimaluri muSaoba, romelic saWiroa, kubis 

simZimis Zalis dasaZlevad naxazis Tanaxmad 

iqneba:  

.  

amocana 30.3. vaCvenoT, rom Tu  masis sxeuli imyofeba dedamiwis zedapiridan 

 simaRleze misi potenciuri energiis formula (30.4) daiyvaneba (30.2)-ze. 

amoxsna: 

(30.4) gadavweroT Semdegi saxiT: 

.                                  (1)       

potenciuri energiis aTvlis doned (nulad) SevarCioT dedamiwis zedapiri e.i. roca 

, . maSin (1)-is Tanaxmad:       

, 

aqedan:  

. 

(1)-Si gaTvaliswinebiT vRebulobT:  

.               (2) 

radgan , amitom  da (2)-dan miiReba: 

.                            (3) 

(18.2)-is  (3)-Si CasmiT miiReba:  
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$31. drekad deformirebuli sxeulis 

potenciuri energia 

vaCvenoT, rom drekadobis Zalebic konservatulia. ganvixiloT Semdegi 

magaliTi: erTi boloTi damagrebuli zambara Camocmulia simze, mis Tavisufal 

boloze moTavsebulia diametrze gaxvretili mcire zomis burTula, romelsac zam-

barasTan erTad Tavisuflad -xaxunis gareSe SeuZlia moZraoba horizontaluri 

simis gaswvriv (nax. 31.1). 0x RerZi SevuTavsoT sims, xolo aTvlis 0 wertili - 

burTulis mdebareobasaradeformirebuli  zambaris SemTxvevaSi.  

Tu zambaras gavWimavT (SevkumSavT), maSin  

drekadobis Zala  0x RerZze 

dagegmilebisas miiRebs saxes . 

sadac x  -is gegmilia da Seesabameba bur-

Tulas wanacvlebas 0 wertilis mimarT. 

gamovTvaloT am Zalis muSaoba burTulis 

gadaadgilebisas 1-wertilidan 2-Si: 

,                      (31.1) 

sadac  zambaris bolos (burTulas) koordinatebia  1 da 2 wertilebSi. rogorc 

(31.1)-dan Cans, drekadobis Zalis muSaoba ar aris damokidebuli traeqtoriis 

formaze da ganisazRvreba sxeulis sawyisi da saboloo koordinatebiT30, e.i. igi 

konservatuli Zalaa da (31.1) SegviZlia (29.1)-is Tanaxmad CavweroT: 

. 

maSasadame, drekad deformirebuli zambaris potenciuri energia (30.4)-is 

msgavsad gamoiTvleba formuliT 

.                              (31.2) 

    radgan aradeformirebul zambaras ( ) muSaobis Sesruleba ar SeuZlia, am 

mdgomareobas SevusabamoT  potenciuri energiis nuli , maSin (31.2)-dan 

da: 

.                                 (31.3) 

(31.3) warmoadgens aradeformirebuli mdgomareobidan ( )  sididiT gaWimuli (an 

SekumSuli) drekadi zambaris potenciur energias. igi yovelTvis dadebiTi sididea.  

 gamovTvaloT  sididiT gaWimuli (SekumSuli) drekadi Reros potenciuri 

energia da energiis simkvrive.   (31.3)-Si SevitanoT (23.6) da  gaviTvaliswinoT, rom 

 da miviRebT:          

                                                 
30SeiZleboda ufro rTuli SemTxvevebis ganxilva, rodesac zambaris bolo mrudwirulad 
moZraobs, es gamoiwvevda gaTvlebis garTulebas, Sedegi ki ucvleli iqneboda. 
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.                    (31.4) 

 Reros moculobaa. 

 energiis simkvrive, anu moculobis erTeulSi akumulirebuli energia 

 iqneba:          

.                                 (31.5) 

(31.4) da (31.5)-is msgavsad SeiZleba CavweroT Zvris deformaciis dros potenciuri 

energiisa da misi simkvrivis formulebi: 

, . 

energiis simkvrivis erTeulia j/m3. 

potenciur energiasTan dakavSirebiT Cven mier ganxiluli magaliTebidan 

SeiZleba davaskvnaT, rom konservatuli Zalebis uaryofiTi muSaobis xarjze 

SeiZleba sxeulTa sistemis mier potenciuri energiis dagroveba misi Semdgomi 

gamoyenebisTvis muSaobis Sesrulebis TvalsazrisiT. 

SevniSnoT, rom kinetikuri energiisgan  gansxvavebiT potenciur energias 

erTaderTi gamosaxuleba ar gaaCnia. misi maTematikuri forma (30.2), (30.5), (31.3) 

damokidebulia sxeulTa urTierTqmedebis tipze (gravitacia, drekadoba). 

 

 

$32. meqanikuri energiis mudmivobis kanoni  

da misi gamoyeneba 

ganvixiloT Caketili konservatuli sistema31 – gare Zalebisgan izolirebuli 

sxeulTa jgufi, romlTa Soris urTierTqmedeba xorcieldeba mxolod 

konservatuli ZalebiT. maSin SesaZlebelia TiToeul sxeulze moqmed ZalTa 

tolqmedis muSaoba davukavSiroT am sxeulis potenciuri energiis cvlilebas ($29). 

potenciuri energiis Sekrebadobis gamo sistemaSi moqmedi ZalTa muSaoba aseve 

dakavSirebuli iqneba sistemis potenciuri energiis cvlilebasTan, e.i.: 

.                                  (32.1) 

    meores mxriv, $27-is Tanaxmad, sxeulze moqmed ZalTa tolqmedis muSaoba tolia 

misi kinetikuri energiis cvlilebisa. kinetikuri energiis aditiurobidan 

gamomdinare, es Sedegi SeiZleba ganvavrcoT mTel sistemaze, e.i. 

.                                  (32.2) 

(32.1) da (32.2)-is gatolebiT miviRebT: 

   anu ,             (32.3) 

sadac  warmoadgens sistemis meqanikur energias. (32.3) meqanikuri 

energiis mudmivobis kanonia: 

                                                 
31radgan inerciis Zalebi gare Zalebia, amitom Caketili sistemebi SeiZleba arsebobdes 
mxolod aTvlis inerciul sistemebSi. 
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 Caketili konservatuli sistemis sruli meqanikuri energia ar icvleba, rCeba 

mudmivi. 

aqedan Cans saxelwodeba konservatulis azric. igi inglisur enaze Senaxvas niSnavs. 

cxadia, Caketil konservatul sistemaSi sxeulTa urTierTqmedebis gamo 

ganuwyvetliv mimdinareobs potenciuri da kinetikuri energiis urTierTgardaqmna, 

ris gamoc icvleba TiToeuli sxeulis meqanikuri energia, magram sistemis, rogorc 

erTi mTlianis, sruli meqanikuri energia rCeba ucvleli. e.i. Tu raRac momentSi 

sistemis potenciuri da kinetikuri energiebi iyo  da , xolo raRac sxva 

momentisTvis –  da , (32.3)-is Tanaxmad adgili unda hqondes tolobas: 

.                          (32.4) 

CavweroT ori sxeulisgan Semdgari Caketili konservatuli sistemisTvis 

meqanikuri energiis mudmivobis kanoni sxvadasxva tipis konservatuli Zalebis 

SemTxvevaSi. 

vTqvaT,  masis sxeuli  imyofeba dedamiwis  zedapiridan  simaRleze 

da simZimis Zalis gavleniT vardeba raRac  simaRlemde. CavTvaloT, rom sxeuli 

– dedamiwa – konservatuli Caketili sistemaa, e.i. vugulebelvyoT haeris xaxunis 

Zala. radgan sxeulis vardnisas dedamiwis mdgomareoba faqtiurad ar icvleba, 

amitom sistemis meqanikuri energiis mudmivobis kanoni daiyvaneba sxeulis meqanikuri 

energiis Senaxvamde, ris gamoc (32.4) ase Caiwereba: 

.                          (32.5) 

sadac  da burTulas siCqareebia   da simaRleze. 

Tu sxeuli dedamiwis zedapiridan sakmaod aris daSorebuli , maSin 

(32.4)-Si  unda SevcvaloT araerTgvarovani gravitaciuli velis potenciuri 

energiiT, e.i. 

.                        (32.6) 

    davuSvaT, rom  masis burTula damagrebulia  sixistis drekad zambaraze, 

romlis masasac simartivisTvis vugulebelvyofT (naxazi 31.1). burTula – zambara 

ganvixiloT rogorc Caketili konservatuli sistema (dedamiwis moqmedeba masze 

ucvlelia). burTulas gadaadgilebisas -dan -Si ganapirobebs drekadobis Zala, 

meqanikuri energiis mudmivobis kanoni (32.4) am procesisTvis miiRebs saxes: 

32,                          (32.7) 

sadac  burTulas siCqareebia   mdebareobebSi. 

                                                 
32Tu zambaris masas gaviTvaliswinebT, (32.7)-Si saWiro gaxdeba misi kinetikuri energiis 
Setanac. 
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      SevniSnoT, rom meqanikis amocanaTa gadawyveta xSir SemTxvevebSi gacilebiT 

martivia energiis mudmivobis kanonis gamoyenebiT, vidre dinamikis ZiriTadi 

gantolebis saSualebiT. 

 

amocana 32.1. 40 m simaRlidan 15 m/wm siCqariT vardeba sxeuli. ra simaRleze iqneba 

kinetikuri energia potenciurze 2-jer meti (haeris winaaRmdegoba gamoricxulia)? 

amoxsna:   
energiis mudmivobis kanonis Tanaxmad: 

. 

amocanis pirobidan gamomdinare: 

, 

anu 

, 

aqedan:  

 (m), 

amocana 32.2. gamoTvaleT zambariani pistoletidan vertikalurad zemoT gasroli-

sas 10g masis burTulas siCqare gamovardnis momentSi, Tu zambara SekumSuli iyo 

10sm-iT,  sixistis koeficienti  500n/m-ia. (haeris winaaRmdegoba gamoricxulia)                    

amoxsna:   

meqanikuri energiis mudmivobis kanonis Tanaxmad 

.
 

gravitaciuli potenciuri energiis nulad miviRoT 1- done, maSin  

drekad deformirebuli zambaris potenciuri energiaa: 

, 

xolo . 2-mdgomareobaSi:  

 da e.i.  

aqedan: 

 (m/wm). 

amocana 32.3. gamovTvaloT meore kosmosuri siCqare ($22), anu is minimaluri sawyisi 

siCqare, romelic unda mivaniWoT sxeuls, rom man datovos dedamiwis gravitaciuli 

veli. 

amoxsna: 

radgan veZebT minimalur sawyis siCqares, rodesac sxeuli datovebs dedamiwis 

gravitaciis vels , (32.6) miiRebs saxes:                
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, 

sadac , m – dedamiwis radiusia, e.i.: 

 (m/wm). 

 

 

$33. arakonservatul ZalTa muSaoba.  

disipatiuri sistemebi 

arakonservatul ZalTa muSaoba damokidebulia traeqtoriis formaze da, 

zogadad, Sekruli traeqtoriis SemTxvevaSi nulisgan gansxvavdeba. maTi muSaoba ar 

aris dakavSirebuli potenciuri energiis cvlilebasTan. meqanikaSi aseT Zalebs 

miekuTvneba xaxunis Zala ($24,25). igi yovelTvis mimarTulia sxeulis fardobiTi 

siCqaris sapirispirod, ris gamoc uZrav sayrdenze sxeulis win Tu ukan moZraobisas 

xaxunis Zala asrulebs uaryofiT muSaobas da Sekruli traeqtoriis SemTxvevaSi 

nulisgan gansxvavebulia. SevniSnoT, rom xaxunis Zala yovelTvis ar asrulebs 

uaryofiT muSaobas. magaliTad,   siCqariT moZrav baqanze myofi sxeuli TviTonac 

moZraobs baqnis moZraobis mimarTulebiT  siCqariT. baqnis mxridan sxeulze 

moqmedi xaxunis Zala mimarTuli iqneba sxeulis fardobiTi siCqaris  

sapirispirod ($24), anu sxeulis moZraobis mimarTulebiT, ris gamoc is dadebiT 

muSaobas Seasrulebs (nax. 33.1). imave traeqtoriiT sxeulis ukan moZraobisas, Tu 

 piroba ZalaSi rCeba, xaxunis Zala ar 

icvlis mimarTulebas da Seasrulebs uaryofiT 

muSaobas. ase, rom Sekrul traeqtoriaze misi 

muSaoba nuls gautoldeba (iseve, rogorc 

konservatuli Zalis SemTxvevaSi), magram arse-

biTia is garemoeba, rom es muSaoba yovelTvis 

traeqtoriis formaze rCeba damokidebuli, amitom xaxunis Zala arakonservatulia. 

ganvixiloT Caketili sistema, romelSic moqmedebs orive tipis Zalebi. radgan 

nebismieri Zalis muSaoba, $27-is Tanaxmad, dakavSirebulia sxeulis kinetikuri 

energiis cvlilebasTan, SegviZlia CavweroT: 

.                               (33.1)  

meores mxriv, konservatul ZalTa muSaoba sxeulis potenciuri energiis 

cvlilebis tolia Sebrunebuli niSniT                               

,  

ris gamoc (33.1)-dan vRebulobT: 

, .                        (33.2) 

(33.2) warmoadgens muSaobis da meqanikuri energiis kavSiris Teoremas: 

 Caketil sistemaSi arakonservatuli Zalebis mier Sesrulebuli muSaoba 

tolia sistemis meqanikuri energiis cvlilebisa. 
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arakonservatuli Zalebi, Cveulebrivad, uaryofiT muSaobas asrulebs, ris 

gamoc Caketili sistemis meqanikuri energia aRar inaxeba – mcirdeba. aseT Zalebs 

disipaturi Zalebi (ing. dakargva, Semcireba) ewodeba. sistemebs sadac es Zalebi 

moqmedebs disipatur sistemebs uwodeben. disipatur sistemebSi meqanikuri energiis 

“kargva” gamowveulia misi gadasvliT sxva tipis energiebSi (ufro xSirad siTburSi). 

Tu sistema Caketili ar aris, e.i. ganicdis gareSe ZalTa zemoqmedebas, cxadia, am 

ZalTa muSaoba gansazRvravs sistemis energiis zrdas Tu Semcirebas. 

 

amocana 33.1.  m simaRlidan 8 m/wm siCqariT Zirs agdeben 0,3 kg masis birTvs, 

romelic gruntSi Cadis  m-ze. ipoveT gruntis saSualo winaaRmdegobis Zala.   

amoxsna: 

meqanikuri    energiis cvlilebaa: 

(j), 

winaaRmdegobis Zalis muSaoba: 

, 

maSin (33.2)-is Tanaxmad: 

(n). 

amocana 33.2. dedamiwis zedapirisadmi 100 kg masis meteorits 620 km simaRleze 

gaaCnda 200 m/wm siCqare. atmosferos winaaRmdegobis saSualo Zala meteoritis wonis 

10%-is tolia. gamoTvaleT: 1) ra siCqariT daecema meteoriti dedamiwis zedapirs, 2) 

ra siRrmeze CaaRwevs gruntSi, Tu gruntis winaaRmdegobis saSualo Zala 105-jer 

aRemateba  meteoritis wonas, 3) ra energia gamoiyofa gruntSi moZraobisas? 

amoxsna:  

1) atmosferos winaaRmdegobis saSualo Zala  arakonservatulia, 

amitom meteoritis meqanikuri energiis nawili ixarjeba am Zalis dasaZlevad 

muSaobis Sesrulebaze. (potenciuri energiis nulad aviRoT dedamiwis zedapiri) 

(33.2)-is Tanaxmad: 

.                      (1) 

visargebloT formuliT:   

, 

da gaviTvaliswinoT (1)-Si:  
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2) gruntis winaaRmdegobis Zala  arakonservatulia da meteoriti 

masSi imoZravebs dedamiwis zedapirTan Sexebisas arsebuli meqanikuri energiis 

maragis srul amowurvamde. (potenciuri energiis nulad aviRoT meteoritis gruntSi 

CaRwevis h2siRrmis Sesabamisi done) (33.2)-is Tanaxmad: 

, 

Tu  -svugulebelvyofT simciris gamo miviRebT:  

(m). 

3) meteoriti gruntSi  imoZravebs manam misi meqanikuri energia  mTlianad ar 

gardaiqmneba siTbur energiad. e.i.  

(mgj). 

 

 

$34. potenciuri energiis mrudi. mdgradi da 

aramdgradi wonasworoba 
nawilaks, romelsac SeuZlia Seasrulos gadataniTi moZraoba wonasworobaSia, 

Tu masze moqmed ZalTa tolqmedi nulis tolia, anu Tu nawilaki uZravia darCeba 

uZravi an Tu moZraobs imoZravebs wrfivad da Tanabrad.  

ganvixiloT nawilakis wonasworobis pirobebi  masze  Zalebis moqmedebis 

TvalsazrisiT. nax. 34.1a-ze mocemulia burTula gluv jamSi. 0-mdgomareobaSi 

burTulaze moqmedi  simZimis Zala gawonasworebulia sayrdenis reaqciis ZaliT 

. 1-mdgomareobaSi gadayvanisas aRZruli tolqmedi  burTulas 

abrunebs 0-Si.  2-mdgomareobaSi gadayvanisas  gadaxris zrdis proporciulad 

izrdeba sawyisi mdgomareobisken mimarTuli tolqmedic . nawilakis iseT 

mdgomareobas, romlidanac gadaxrisas aRZruli tolqmedi mimarTulia sawyisi 

mdgomareobisken da izrdeba gadaxris proporciulad mdgradi wonasworoba 

ewodeba. e.i. nax. 34.1a-ze 0-mdgomareobas Seesabameba mdgradi wonasworoba. 
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nax. 34.1b-ze  0-wonasworobis mdgomareobidan burTulis gadaxrisas aRZruli 

tolqmedi zrdis gadaxras, ris gamoc gadaxra sul ufro gaizrdeba da burTula 

tovebs wonasworul mdgomareobas. aseT mdgomareobas aramdgradi wonasworoba 

ewodeba, anu nax. 34.1b-ze 0-mdgomareoba  aramdgradi wonasworuli mdgomareobaa. 

horizontalur zedapirze burTulas gadaadgilebisas traeqtoriis nebismier 

wertilSi ZalTa tolqmedi nulis tolia, amitom burTula nebismier mdebareobaSi 

wonasworobaSi rCeba. aseT wonasworobas ganurCeveli wonasworobaewodeba nax34.1g. 

mas xSirad mdgrad wonasworul mdgomareobas miakuTvneben. 

ganvixiloT nawilakis wonasworoba energetikuli TvalsazrisiT. davuSvaT, 

rom nawilakis moZraobisas misi mdebareoba SeiZleba ganisazRvros erTi parametris 

(koordinatis)  saSualebiT. magaliTad  vertikalur sibrtyeSi moTavsebul moxril 

mavTulze Camocmuli burTulas mdebareoba moZraobisas ganisazRvreba x 

koordinatiT (nax. 34.2). davuSvaT am burTulas SeuZlia xaxunis da haeris 

winaaRmdegobis gareSe   moZraoba.  radgan burTulaze moqmedi simZimis Zala 

konservatulia,  amitom moZraobis procesSi meqanikuri energia inaxeba: 

.                             (34.1) 

e.i. burTulas kinetikuri energia SeiZleba gaizardos mxolod potenciuri energiis 

Semcirebis xarjze.  

davuSvaT a wertilSi burTulas siCqare da e.i. kinetikuri energiac nulis 

tolia. maSasadame igi imyofeba wonasworul 

mdgomareobaSi. es mdgomareoba aramdgradia, 

radgan marjvniv mcireodeni biZgisas 

burTula ganaviTarebs garkveul siCqares da 

datovebs aRniSnul mdgomareobas. misi 

kinetikuri energia izrdeba potenciuri 

energiis Semcirebis xarjze.  wertilSi 

potenciuri energia minimaluria, buraTula 

agrZelebs moZraobas, mcirdeba kinetikuri 

energia, ris xarjzec  wertilSi potenciu-

ri energia aRwevs lokalur maqsimalur 

mniSvnelobas, xolo Semdeg isev mcirdeba. 

(cxadia  -Si burTulas kinetikuri energia 

nulisagan gansxvavebulia da tolia  da  

wertilebSi potenciuri energiis sxvaobis). 

ganvixiloT aseTi varianti: davuSvaT 

dasawyisSi burTula imyofeba  wertilSi 

wonasworobaSi - misi siCqare nulis tolia. 

marcxniv mcire biZgiT wonasworoba irRveva -

burTula iwyebs moZraobas, magram am 

SemTxvevaSi es moZraoba SezRudulia-finitiuria, igi ver gaSordeba c/wertils. (Tu 

moZraoba ar izRudeba, anu nawilaks SeuZlia aRmoCndes aTvlis wertilidan ragind 

Sors, moZraobas infinitiuri ewodeba). radgan am SemTxvevaSi dairRvevoda energiis 

mudmivobis kanoni-potenciuri energia srul energiaze meti aRmoCndeboda. am 
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TvalsazrisiT  ares potencialuri ormo ewodeba, xolo  da 

areebs potencialuri barieri. 

     davuSvaT dasawyisSi uZravi burTula imyofeba  wertilSi. mcire biZgiT 

burTula daiwyebs moZraobas, magram am SemTxvevaSi igi yovelTvis daubrundeba 

sawyis b mdebareobas. amitom wina SemTxvevebisgan gansxvavebiT aseTi wonasworoba 

mdgradia. 

 ganxilul magaliTebSi nawilakis wonasworuli mdgomareobidan gamoyvanis 

SemTxvevaSi aRZruli Zala konservatulia (igi tolia simZimis Zalis mxebi 

mdgenelis). igi yovelTvis mimarTulia sistemis potenciuri energiis uswrafesi 

Semcirebis mimarTulebiT  ($29). amitom, Tu es Zala sistemas abrunebs 

sawyis mdgomareobaSi, maSin sistemas am mdgomareobaSi gaaCnia potenciuri energiis 

minimumi. amis safuZvelze SeiZleba davaskvnaT, rom  

 konservatuli sistemis wonasworuli mdgomareoba mdgradia, Tu mas 

Seesabameba potenciuri energiis minimumi. 

amrigad, nax.34.1-is 0-mdgomareobas da nax.34.2-is -mdgomareobas Seesabameba sistemis 

potenciuri energiis minimumi. 

 

amocana 34.1.  31.1-ze  masis burTula gadaxares wonasworobis mdebareobidan x=x0 

manZilze da gauSves xeli. avxsnaT sistemaSi potenciur da kinetikur energiaTa 

urTierTgardaqmnis procesi da avagoT maTi mrudebi, Tu zambaris sixistea  da 

xaxunis Zalebi ugulebelyofilia. 

amoxsna: 

meqanikuri energiis mudmivobis kanonis  Tanaxmad, traeqtoriis nebismier 

wertilSi: 

. 

maqsimaluri gadaxrisas (x=x0) maqsimaluria potenciuri energia: 

, 

Sesabamisad  sistemis sruli  energia iqneba: 

, 

romelic mTeli rxevis ganmavlobaSi inaxeba.  

     burTulas moZraobisas wonasworobis mdebareobisken 

misi potenciuri energiis xarjze izrdeba kinetikuri energia 

da x=0 wertilSi aRwevs maqsimums . am energiis 

saSualebiT burTula agrZelebs moZraobas wonasworobis 

wertilidan meore mxares am mis potenciur energiaSi srul 

gardaqmnamde. ris Semdegac burTulas moZraoba grZeldeba 

sapirispiro mimarTulebiT. cxadia x=0 sistemis mdgradi 

wonasworobis wertilia, radgan sistemaSi moqmedi 
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drekadobis Zala  gadaxris proporciulia da yovelTvis mimarTulia am 

wertilisken. naxazze mocemulia energiaTa x  koordinatze damokidebulebis 

mrudebi. cxadia moZraoba SezRudulia-finitiuria, nawilaki imyofeba 

potenciur ormoSi, romlis energetikuli siRrmec  -is tolia. 

 

 

$35. impulsis mudmivobis kanoni.  

masaTa centri. Tavisuflebis xarisxi  

ganvixiloT  masis nawilakebisgan Semdgari sistema, es nawilakebi 

ganicdis ori tipis ZalTa moqmedebas: 

1. Siga Zalebis, romlebiTac nawilakebi erTmaneTTan urTierTqmedebs, ris gamoc 

maT avRniSnavT ori indeqsiT – ,  ( -nawilakze -nawilakis 

moqmedeba); 

2. gare Zalebis – gamowveulia nawilakebze im sxeulTa moqmedebiT, romlebic ar 

miekuTvneba mocemul sistemas. maT erTi indeqsiT avRniSnavT  ( -nawilakze moqmedi 

gare Zalebis tolqmedi). 

mocemuli sistemisaTvis dinamikis ZiriTadi gantoleba (12.3) miiRebs saxes: 

 

gantolebaTa sistemis wevr-wevrad Sekrebisas Siga Zalebi, niutonis III kanonidan 

gamomdinare ,   wyvil-wyvilad erTmaneTs gaabaTilebs, ris Sedegadac 

miviRebT: 

, 

.                                 (35.1) 

sadac  sistemis jamuri impulsia, xolo  sistemazemoqmedi gare 

Zalebis tolqmedi. maSin (35.1) ase Caiwereba: 

,                                  (35.2) 

 (35.2)-is Tanaxmad,  

 sistemis impulsis Secvla SeuZlia mxolod masze moqmed gare Zalebs, 

anu   araCaketili sistemis impulsi cvladia. 

Tu sistema Caketilia, e.i. , maSin: 
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, anu   .                            (35.3) 

(35.3) warmoadgens impulsis mudmivobis (Senaxvis) kanons: 

 Caketili sistemis impulsi ar icvleba (inaxeba). 

cxadia, Caketil sistemis nawilakTa urTierTqmedebisas SeiZleba Seicvalos 

TiTeulis impulsi,  magram maTi jami - sistemis impulsi ucvleli darCeba. 

Tu Caketil sistemaSi meqanikuri energia inaxeboda mxolod konservatuli 

Zalebis SemTxvevaSi, impulsis Senaxvisas Siga ZalTa buneba, maTi konservatuloba 

Tu disipatiuroba araviTar rols ar TamaSobs. am TvalsazrisiT impulsis 

mudmivobis kanoni ufro zogadia, vidre meqanikuri energiis mudmivobis kanoni. 

 SemoviRoT nawilakTa sistemis masaTa centris (inerciis centris) cneba. igi 

vuwodoT iseT C wertils, romlis mdebareobac mocemul aTvlis sistemaSi 

ganisazRvreba Semdegi radius-veqtoriT 

.                         (35.4) 

 ( ) i-nawilakis radius-veqtoria mocemul aTvlis sistemaSi, xolo 

 sistemis masaa. (35.4) marTkuTxa kordinatTa (dekartis) sistemaSi ase 

Caiwereba: 

, , .                        (35.5) 

 gamovTvaloT masaTa centris siCqare 

, 

saidanac  

.                                   (35.6) 

igi nawilakTa sistemis impulsia  da tolia sistemis masis namravlisa masaTa 

centris siCqareze. Tu sistema Caketilia, maSin (35.3)-is Tanaxmad , e.i. 

 Caketili sistemis masaTa centri an uZravia, an moZraobs Tanabarwrfivad;  

Tumca sistemaSi Semavali nawilakebis siCqareebi SeiZleba ganuwyvetliv 

icvlebodes erTmaneTTan urTierTqmedebis gamo. 

  

 Tu sistema Caketili ar aris, maSin (35.2)-is Tanaxmad 

,           .                        (35.7) 

(35.7)-is Tanaxmad, arCaketili sistemis moZraobis Seswavlisas sakmarisia vipovoT 

masaTa centri, mivaniWoT mas mTeli sistemis masa, movdoT masze   da Sevis-

wavloT misi moZraoba. radgan, 
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 m masis nawilakTa sistemis (an m masis sxeulis) masaTa centri moZraobs, 

rogorc imoZravebda m masis nawilaki, romelzedac imoqmedebda am sistemaze 

(sxeulze) yvela gare ZalTa tolqmedi. 

amasTanave, unda gvaxsovdes, rom nawilakTa sistemis masaTa centris moZraobis cod-

na ar iZleva informacias misi calkeuli nawilakebis moZraobis Sesaxeb. igi 

axasiaTebs mxolod sistemis, rogorc erTi mTlianis moZraobas, amasTanave igi 

ganuwyvetliv icvleba nawilakTa urTierTqmedebis gamo da SeiZleba sistemis 

gareTac aRmoCndes. Tu sistema Sedgeba sami an meti nawilakisgan, misi masaTa 

centris gansazRvra xSir SemTxvevaSi sakmaod rTul maTematikur gardaqmnebs 

Txoulobs.  

praqtikaSi xSirad iyeneben aTvlis iseT sistemebs, romlis mimarT Caketili 

sistemis masaTa centri uZravia. aseT sistemebs C-sistemebs uwodeben. 

SemoviRoT cneba nivTieri wertilis (nawilakis) Tavisuflebis xarisxis 

Sesaxeb. igi vuwodoT im damoukidebel koordinatTa ricxvs, romelic gansazRvravs 

mis mdebareobas sivrceSi. rogorc viciT sivrceSi 

nawilakis moZraobis daxasiaTebisTvis saWiroa sami 

koordinatis, rogorc drois funqciis codna. 

amitom mas gaaCnia sami Tavisuflebis xarisxi. Tu 

nawilaki moZraobs raime zedapirze (araa 

aucivlebeli sibrtyeze),  maSin misi mdebareobis 

gansazRvrisTvis sakmarisia ori koordinatis 

codna. mag. R radiusis sferul zedapirze (nax. 35.1a) moZravi nawilakis koordinatebi 

erTmaneTTan dakavSirebulia gantolebiT:  , romlis Tanaxmadac 

sakmarisia ori koordinatis codna rom vipovoT mesame. anu  sami koordinatidan 

damoukidebelia ori, anu zedapirze moZravi nawilakis Tavisuflebis xarisxi oris 

tolia. nebismier wirze moZraobisas Tavisuflebis xarisxi tolia erTis. marTlac, 

R radiusis wrewirze moZraobis SemTxvevaSi (nax. 35.1b) .sakmarisia erTerTi 

koordinatis codna rom vipovoT meore. roca nawilakis moZraoba SezRudulia raime 

pirobiT, rac amcirebs  damoukidebel koordinatTa raodenobas, amboben, rom 

nawilaki emorCileba bmas. Sesabamisad zemoT moyvanil gantolebebs bmis 

gantolebebi ewodeba. nebismieri bmis gantoleba erTiT amcirebs Tavisuflebis 

xarisxs. ganvixiloT ori erTmaneTisgan damoukidebeli A da B nawilakisgan Semdgari 

sistema. radgan nawilakebi Tavisuflad moZraoben sivrceSi sistemis Tavisuflebis 

xarisxi iqneba i=3+3=6. Tu nawilakebi erTmaneTTan xistadaa dakavSirebuli, anu maT 

Soris manZili ar icvleba, maSin sistemis Tavisuflebis xarisxis ricxvi mcirdeba. 

MmarTlac erTerTs, vTqvaT A-s, SeuZlia Tavisufali moZraoba sivrceSi, anu iA=3.  

radgan B nawilaks SeuZlia mxolod iseTi moZraoba, romlis drosac manZili maT 

Soris rCeba ucvleli igi imoZravebs A-s irgvliv sferul zedapirze, anu iB=2 da 

i=3+2=5.  

 zogadad, Tu sistema Sedgeba n raodenobis damoukideli nawilakisgan 

Tavisuflebis xarisxi iqneba i=3n. Tu nawilakebs Soris arsebobs r raodenobis bma, 

zemoTqmulis Tanaxmad, i=3n-r. 
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amocana 35.1. tolferda samkuTxedis wveroebSi moTavsebulia 0,2 kg masis nawilakebi. 

davadginoT masaTa centris mdebareoba, Tu samkuTxedis ferdis sigrZea 5 m, xolo 

fuZis – 6 m.  

amoxsna: 

koordinatTa saTave SevuTavsoT samkuTxedis fuZis erTerT wveros da ox RerZi 

mivmarToT fuZis gaswvriv. (35.5)-is Tanaxmad gveqneba: 

(m), 

(m). 

masaTa centris radius-veqtoris sidide iqneba: 

(m) 

amocana 35.2. sami nawilaki m1 = 0,5kg, m2 = 1kg, m3 = 1,5kg ganlagebulia marTkuTxa 

samkuTxedis wveroebSi. vipovoT masaTa centris mdebareoba, Tu kaTetebis sigrZeebia 

3 m da 4,2 m. 

amoxsna: 

 da  RerZebi SevarCioT naxazis 

mixedviT, (35.5)-is Tanaxmad: 

(m), 

(m), 

. , 

(m). 

      

amocana 35.3. horizontisadmi kuTxiT gaSvebuli raketa traeqtoriis umaRles 

wertilSi, romelic gaSvebis wertilidan daSorebulia L manZiliT, afeTqebis 

Sedegad iyofa or m  da 2m masis nawilad. aqedan me-2-e vardeba vertikalurad qvemoT. 

ra manZilze davardeba pirveli?  

amoxsna: 

masaTa centri, ganmartebidan gamomdinare, Semoxazavs im traeqtorias, 

romelzec, simZimis Zalis gavleniT, afeTqebis gareSe imoZravebda raketa, maSasadame 

Tu raketis sawyis mdebareobas SevusabamebT x=0 wertils, maSin:  

,                                    (1)  
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anu: 

, 

aqedan:  

x1=4L. 

 

 

$36. impulsuri Zala. absoluturad drekadi 

da absoluturad aradrekadi Sejaxeba 

ori sxeulis Sejaxeba ewodeba maT iseT urTierTqmedebas, romelic mimdina-

reobs Zalian mcire droSi (< 10–2 wm), romlis 

ganmavlobaSic urTierTqmedebis Zala swrafad 

matulobs nulidan Zalian did mniSvnelobamde da isev 

swrafad mcirdeba nulamde (nax. 36.1). es Zala umravles 

SemTxvevaSi imdenad aRemateba am droSi sxeulebze 

moqmed sxva Zalebs, rom SesaZlebelia maTi ugulebel-

yofa, ris gamoc dartymis momentSi urTierTqmedi 

sxeulebi SeiZleba ganvixiloT, rogorc Caketili 

sistema da Sesabamisad ZalaSia impulsis mudmivobis 

kanoni. 

dartmis Zala, niutonis II kanonis Tanaxmad iqneba: 

, 

aqedan:                  

. 

dartymis Zalas impulsur Zalasac uwodeben. xSirad ufro mosaxerxebelia 

impulsuri Zalis saSualo mniSvnelobiT sargebloba: igi iseTi mudmivi Zalis 

tolia, romelic realuri Zalis moqmedebis droSi (t=t2-t1) sxeulis impulsis igive 

cvlilebas iwvevs. saSualo Zalis impulsi iqneba: 

,                                (36.1) 

romelic (3.11)-is GgamoyenebiT ase Caiwereba: 
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.                                    (36.2) 

nax. 36.1-ze naCvenebia am Zalis sidide, xolo marTkuTxedis farTobi Seesabameba misi 

impulsis sidides. 

     umetes wilad Sejaxebis momentSi sxeulTa Sexebis farTi sakmaod mcirea, ris 

gamoc normaluri Zabva (farTis erTeulze mosuli impulsuri Zala)  

Zalian didia ( > 108 n/m2), ris Sedegadac sxeulebi  ganicdis  deformacias da maTi 

kinetikuri energia mTlianad an nawilobriv gadadis drekadi deformaciis 

potenciur energiasa da Sinagan energiaSi, rac gamoixateba sxeulTa temperaturis 

gazrdiT.  

ganvixiloT ori idealuri tipis Sejaxeba: absoluturad drekadi da 

absoluturad aradrekadi Sejaxebebi. 

 absoluturad drekadi ewodeba iseT Sejaxebas, rodesac sxeulebSi Sejaxebis 

Sedegad ar rCeba araviTari deformacia, anu sxeulTa kinetikuri energia 

mTlianad an nawilobriv gadadis drekadi deformaciis potenciur energiaSi, 

romelic Semdeg mTlianad aRdgeba kinetikurSi.  

aseTi Sejaxebisas impulsTan erTad inaxeba sistemis meqanikuri energiac. 

Cven  gavarCevT mxolod centralur Sejaxebas, anu iseT Sejaxebas, rodesac 

sxeulTa masaTa centris SemaerTebeli wrfe Tanxvedrilia dartymis wrfis. darty-

mis wrfe ewodeba im wrfes, romelic gadis dartymis momentSi sxeulTa or uaxloes 

wertilze (nax. 36.2  – ab wrfe). 

centraluri Sejaxebisas moZraoba dartymamde da 

dartymis Semdeg erT wrfeze xdeba – 

erTganzomilebiania. 

 ganvixiloT m1 da m2 masebis erTgvarovan 

burTulaTa centraluri Sejaxeba (simartivisTvis davuSvaT, rom burTulebi 

brunviT moZraobas ar asrulebs). cxadia, Sejaxebas adgili eqneba, Tu erT-erTi 

eweva meores, an moZraobs Semxvedri mimarTulebiT (nax. 36.3a,b).  

   absoluturad drekadi Sejaxebisas garda impulsis mudmivobis kanonisa ZalaSia 

meqanikuri energiis mudmivobis kanoni: 

,                             (36.3) 

,                            (36.4) 
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sadac  burTulaTa siCqareebia Sejaxebamde, xolo  _ Sejaxebis Semdeg. 

dasmuli amocanis gadawyvetisTvis (36.3) unda davagegmiloT  RerZze da amovxs-

naT (36.4)-Tan erTad  da -is mimarT. Tu romelime siCqares miviRebT “_” niSniT, 

niSnavs, rom es siCqare 0x-is sapirispirod aris mimarTuli. 

  (36.3)-isa da (36.4)-s maTematikuri gardaqmnebiT SesaZlebelia vaCvenoT, rom Tu 

absoluturad drekad SejaxebaSi monawileobs erTnairi masis  sxeulebi , 

maSin Sejaxebisas isini erTmaneTs siCqareebs “ucvlis” , ase rom, Tu 

erT-erTi uZravi iyo, Sejaxebis Semdeg miiRebs meoris siCqares, xolo meore 

gaCerdeba. es efeqti kargadaa cnobili biliardis moyvarulTaTvis. 

 absoluturad aradrekadi ewodeba iseT Sejaxebas, rodesac sxeulTa 

kinetikuri energia mTlianad an nawilobriv gadadis  mxolod maT Sinagan 

energiaSi, e.i. saerTod ar warmoiqmneba drekadi deformaciis potenciuri 

energia. 

 am Sejaxebisas ar inaxeba meqanikuri energia, magram cxadia inaxeba sxeulTa 

meqanikur da Sinagan energiaTa jami.  

 absoluturad aradrekadi Sejaxebisas sxeulebi an erTnairi siCqariT 

agrZelebs moZraobas (erTiandeba)  an orive Cerdeba: am SemTxvevaSi ufleba 

gvaqvs gamoviyenoT mxolod impulsis mudmivobis kanoni (36.3), romelic Semdeg saxes 

miiRebs: 

, 

aqedan: 

.                                (36.5) 

(36.5)-is Tanaxmad, Tu adgili aqvs Tanafardobas: 

, 

maSin urTierTSemxvedri mimarTulebiT moZravi sxeulebi absoluturad aradrekadi 

Sejaxebis Sedegad gaCerdeba . 

Sejaxebis Seswavlisas praqtikaSi iyeneben aRdgenis koeficients, igi sxeulTa 

Tvisebebzea damokidebuli 

,                                  (36.6) 

sadac  siCqareTa gegmilebia dartymis wrfeze. absoluturad drekadi 

Sejaxebis SemTxvevaSi , absoluturad aradrekadi Sejaxebis SemTxvevaSi ki 

.  

      sxeulis Sejaxebisas masiur uZrav sxeulTan, romelic dajaxebis Semdegac 

uZravi rCeba ( ), magaliTad, sxeulis kedelTan Sejaxebis SemTxvevaSi, 

aRdgenis koeficienti iqneba: 

.                                    (36.7) 
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    aRdgenis koeficients cdiseulad adgenen, mag. sakvlevi masalisgan damzadebul 

burTulas H simaRlidan Tavisuflad agdeben imave masalisgan damzadebul filaze 

da zomaven asxletili burTulas asvlis h simaRles. maSin $7-is Tanaxmad (36.7) ase 

Caiwereba: 

. 

magaliTad, k(xe) ≈ 0,50, k(foladi) ≈ 0,55, k(spilos Zvali) ≈ 0,85. 

 

amocana 36.1. gamoTvaleT impulsuri Zala, romelic warmoiSveba paraSutistis 

miwasTan 8m/wm siCqariT Sexebis dros 

1. vertikalurad; 

2. muxlebSi moxrilad daxtomis momentSi. 

pirvel SemTxvevaSi masaTa centri wainacvlebs 1sm-iT, meoreSi – 50sm-iT. SesaZ-

lebelia Tu ara fexis travma, Tu fexsacmlis lanCis zomaa 30×12sm, xolo 

paraSutistis saerTo masa 150kg-ia. 

amoxsna: 

(36.1)-is Tanaxmad impulsuri Zalis saSualo mniSvneloba 1 da 2 SemTxvevebSi 

iqneba:  

,  . 

damuxruWebis xangrZlivoba gamovTvaloT formuliT:  

, 

sadac  masaTa centris da, Sesabamisad, sxeulis saSualo siCqare damuxruWdebis 

dros iqneba: 

(m/wm), 

maSin: 

(wm),      (wm). 

maTi gaTvaliswinebiT vRebulobT impulsuri Zalis Sesabamis mniSvnelobebs: 

(n),     (n). 

impulsuri Zala mimarTulia vertikalurad zeviT da warmoadgens simZimis Zalisa 

da dedamiwis mxridan reaqciis Zalis saSualo mniSvnelobis tolqmeds 

, $21-is Tanaxmad reaqciis Zala da wona qmedeba-ukuqmedebis Zalebia, amitom 

, saidanac dagegmilebiT vRebulobT:  

, , 

P  (n), P (n). 

normaluri Zabva: 

H

h
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m
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
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, , 

, .  

, 

anu pirvel SemTxvevaSi travmis saSiSroeba gacilebiT didia.   

 

amocana 36.2. 2 t masis TviTmfrinavi mifrinavs horizontalurad 25 m/wm siCqariT. 

igi10wT-isganmavlobaSi moZraobs intensiur Tovis zonaSi ris gamoc misi zedapiri 

0,002 m/wm siCqariT ifareba TovliT. ucvleli reJimis pirobebSi rogor Seicvleba 

TviTmfrinavis frenis siCqare da kinetikuri energia, Tu TviTmfrinavis zedapiris 

farTobia 30 m2, xolo Tovlis simkvrive 900 kg/m3-ia.  

amoxsna: 

impulsis mudmivobis kanoni (36.3) mocemul SemTxvevaSi ase Caiwereba:  

  ,  .                        (1)
 

 

sadac m1=V=S = =540 (kg), m masis TviTmfrinavze 

dadebuli Tovlis masaa. (1)-dan: 

(m/wm). 

frenis siCqaris cvlileba iqneba:  

(m/wm). 

kinetikuri energiis cvlileba  

(j) 

amocana 36.3. 0,6 kg masis birTvi, romelic moZraobs 0,3 m/wm siCqariT ejaxeba 0,4 kg 

masis 0,2 m/wm siCqariT moZrav birTvs da agrZeleben erTobliv moZraobas. dajaxebis 

momentSi siCqareebs Soris kuTxe 600-ia. ipoveT erToblivi moZraobis siCqaris 

sidide da mimarTuleba. 

amoxsna: 

     dajaxeba absoluturad 

aradrekadia. visargebloT (36.5)-

iT da davagegmiloT x da y 

RerZebze: 
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(m/wm), 

Sesabamisad: 

.  180. 

amocana 36.4. horizontalur zedapirze devs 490 g masis sxeuli mimagrebulia 

n/m sixistis zambaraze. sxeuls xvdeba zambaras RerZis gaswvriv 200 m/wm siCqariT 

moZravi 10 g masis tyvia da rCeba masSi. gamoTvaleT zambaras SekumSvis sidide Tu 

1) zedapiri gluvia; 2) zedapiris xaxunis koeficientia 0,8. 

amoxsna: 

impulsis mudmivobis kanonis Tanaxmad:  

,                           (1) 

vinaidan tyvia rCeba sxeulSi, amitom:  

. 

(1)-is dagegmilebiT vRebulobT: 

 

aqedan:  

(m/wm). 

1) radgan xaxunis Zala ugulebelyofilia, amitom meqanikuri energia inaxeba  

sadac:  

  da   ,  

(m). 

 

2) radgan sistemaSi moqmedebs arakonservatuli-xaxunis Zala, amitom sistemis 

meqanikuri energiis cvlileba tolia xaxunis Zalis muSaobis:  

   , 

monacemTa SetaniT vRebulobT:   

(m). 

 

amocana 36.5. balistikur saqans (mowyobiloba, romelic gamoiyeneba tyviis siCqaris 

dasadgenad) ejaxeba 10 g masis tyvia da rCeba masSi, ris gamoc saqanma aiwia 0,05 m-

ze. gamoTvaleT tyviis siCqare, Tu saqanis masa 10 kg-ia (haeris winaaRmdegoba 

ugulebelyofilia). 
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amoxsna: 

tyviis dajaxebisas sistemam miiRo kinetikuri 

energia, romelic gardaiqmna potenciur energiaSi:  

,
 

 (m/wm). 

impulsis mudmivobis kanonis Tanaxmad: 

, 

saidanac tyviis siCqare iqneba:  

 (m/wm). 

  

amocanebi: 

1. 20kg masis sxeulze moqmedebs 4n Zala, romelic mas gadaadgilebs Tavisi mimarTu-

lebis gaswvriv. gamoTvaleT Sesabamisi muSaoba 5wm-is ganmavlobaSi. (pasuxi: 10j) 

2. gamoTvaleT muSaoba, romelsac asrulebs M = 2t masis vertmfreni m = 0,5t masis 

tvirTis vertikalurad zeviT 400m simaRleze awevisas 0,2g aCqarebiT. (pasuxi: 12mgj) 

3. 0x RerZis gaswvrivsxeulze moqmedi cvladi Zalis gantolebaa . 

gamoTvaleT am Zalis mier Sesrulebuli muSaoba sxeulis gadaadgilebisas x=-2m-

dan x=4m wertilSi. (pasuxi: 19,2j) 

4. 4t masis TviTmfrinavi biliks Seexo 108km/sT (30m/wm) siCqariT. gamoTvaleT, ra 

muSaobaa saWiro siCqaris 36km/sT-mde (10m/wm) SemcirebisTvis da gaCerebisTvis. 

(pasuxi: -1,6mgj) 

5. 0,01kg masis sxeuli 10wm-is ganmavlobaSi moZraobs vertikalurad zemoT. ra 

muSaoba Seasrula sxeulis mtyorcnelma? Tu haeris winaaRmdegoba ugulebel-

yofilia. (pasuxi: -50j) 

6. horizontalurad moTavsebuli zambara SekumSulia x=1,6m-iT da mis win 

moTavsebulia 2kg masis burTula. zambaram ganTavisuflebisas burTula gaisrola 

16m/wm siCqariT Tu drekadobis Zalis damokidebuleba x-ze moicema formuliT:

.(pasuxi: 2,1m/wm) 

7. horizontalurad moTavsebuli zambara SekumSulia x=2m-iT da mis win 

moTavsebulia 3kg masis burTula. ra siCqariT gaisvris burTulas zambara 

ganTavisuflebis Semdeg, Tu drekadobis Zalis damokidebuleba x-ze moicema 

formuliT: . (pasuxi: .18 m/wm) 

8. nawilakze moqmedi Zala nawilakis gadaadgilebisas x1=0   x2=4m-mde rCeba mudmivia 

da tolia 40n. Semdeg wrfivad izrdeba da utoldeba 60n-s x3=10m-Tvis. gamoTvaleT 

grafikis saSualebiT Sesrulebuli muSaoba. (pasuxi: 460 j.) 

9. ra siCqariT gamovardeba 4g masis burTula horizontalurad mimarTuli 

zambariani pistoletidan, Tu zambara SekumSuli iyo 3sm-iT. sixistis koeficientia 

40n/m. (pasuxi: 3m/wm) 
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10.zambaris drekadobis zalis damokidebuleba mis deformaciis sididesTan moicema 

formuliT:F=250x+4x3. zambaraSekumSes 2m da mis win moaTavses 4kg masis burTi. ra 

siCqares SeiZens burTi zambaris ganTavisuflebis Semdeg, Tu zambaras ukavia a) 

horizontaluri, b) vertikaluri mdebareoba.(pasuxi: 16,1m/wm, 14,8m/wm) 

11.gamoTvaleT qvemexis gasrolis simZlavre, Tu igi 900kg masis Wurvs 0,01wm-Si 

aniWebs 500m/wm siCqares. ra simaRleze SeiZleboda am muSaobiT 75t tvirTis 

atana?(pasuxi: 1,1. 1011vt., 150m) 

12. 105vt simZlavris tvirTmzidi 150 daxrilobis aRmarTze eweva 50t masis tvirTs, 

ra maqsimaluri siCqare SeuZlia ganaviTaros tvirTmzidma, Tu xaxunis koeficienti 

0,05-is tolia. (pasuxi: 0,65m/wm) 

13. sxeuli usawyiso siCqariT vardeba 80m simaRlidan. dedamiwis zedapiridan ra 

simaRleze aRmoCndeba misi kinetikuri energia 3-jer meti potenciurze. (pasuxi: 20m) 

14.   200m simaRleze 80km/sT siCqariT moZravi TviTmfrinavidan, xteba paraSutisti. 

gamoTvaleT haeris  winaaRmdegobis Zala, Tu paraSutistis saerTo masa 150kg-ia da  

miwaze daeSva 8m/wm siCqariT da haerSi gaiara 350m manZili. (pasuxi: 2,2kn) 

15. ra siCqariT vardeboda 60m simaRlidan sxeuli, Tu 40m-ze kinetikuri da 

potenciuri energiebi erTmaneTs gautolda (haeris winaaRmdegoba gamoricxu-

lia).(pasuxi: 40m/wm) 

16. gamoTvaleT im zambaris sixiste, romelTan Sejaxebisas unda SeCerdes 1600kg 

masis 90km/sT siCqariT moZravi avtomobili, ise rom damamuxruWebeli aCqareba ar 

aRematebodes 2g-s. (pasuxi: 1,02.103 n/m) 

17. 80kg masis alpinistma unda daipyros 4200m simaRlis mwervali igi imyofeba 1800m 

simaRleze. mwervalze asvlas man moandoma 4sT. ipoveT 1) simZimis Zalis dasaZlevad 

Sesrulebuli muSaoba: 2) mis mier ganviTarebuli saSualo simZlavre; 3) erTeulovan 

droSi daxarjuli energia, Tu adamianis organizmis mqk-ia 15%.  (pasuxi: -1,9.106j,  

1,3.102vt; 8,7.102vt.) 

18. 12m/wm siCqariT moZravi moTxilamre iwyebs asvlas 180-ian daxrilobis ferdobze 

da Cerdeba 16m-is gavlis Semdeg. ipoveT  ipveT xaxunis koeficientis mniSvneloba. 

(pasuxi: 0,15) 

19. horizontisadmi kuTxiT gaSvebuli raketa traeqtoriis umaRles wertilSi, 

romelic gaSvebis wertilidan daSorebulia L manZiliT, afeTqebis Sedegad iyofa 

or toli masis nawilad. aqedan erTerTi vardebaa vertikalurad qvemoT. ra manZilze 

davardeba meore?  (pasuxi: 3L) 

20. 90kg masis paraSutisti mowyda uZrav vetmfrens da parasutis gaxsnamde daeSva 

240m-iT. haeris winaaRmdegobis Zala simZimis Zalis 40%-ia. gamoTvaleT 

winaaRmdegobis Zalis muSaoba da paraSutistis sabolooo siCqare. (pasuxi: -8,64.104j, 

53,7m/wm). 

21. ganvsazRvroT m1 da m2 masebis mqone ori nawilakisgan Semdgari sistemis masaTa 

centris mdebareoba, Tu maT Soris manZilia ℓ. (pasuxi: ) 

22.mda 3m  masis nawilakebs Soris manZili 2m-ia. maTi SemaerTebeli wrfis Sua 

wertilSi moTavsebulia 2mmasis nawilaki. ipoveT sistemis masaTa centris mdeba-

reoba (koordinatTa saTave daamTxvieT mmasis nawilakis mdebareobas). (pasuxi: 4/3m) 

21

2

mm

m
xC
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23. m da 3m masisnawilakebs Soris manZili 6m-ia TiTeulidan 5m-ze moTavsebulia 2m 

masis nawilaki. ipoveT sistemis masaTa centris mdebareoba. (koordinatTa saTave 

SeuTavseT  m masis nawilaks, xolo 0x RerZi mimarTeT  3m masis nawilakTan 

SemaerTebeli wrfis gaswvriv).(pasuxi: m) 

24. 35kg masis ori sxeulis siCqareebia
 

ipoveT maTi masaTa centris impulsi.(pasuxi: 288,6kg.m/wm) 

25. 4kg  da 2kg masis sxeulTa siCqareebia ipoveT maTi masaTa 

centris impulsi.(pasuxi: 236,4kg.m/wm)
 

26. mda3m masisnawilakebs Soris manZili 6m-ia TiTeulidan 5m-ze moTavsebulia 2m 

masis nawilaki. ipoveT sistemis masaTa centris mdebareoba. (koordinatTa saTave 

SeuTavseT m masis nawilaks, xolo 0x RerZi mimarTeT  3m masis nawilakTan 

SemaerTebeli wrfis gaswvriv).(pasuxi: m) 

 27. m masis burTula ejaxeba uZrav burTulas da ukuigdeba sawyisi siCqaris 1/3-is 

toli siCqariT. gamoTvaleT meore burTulas masa, Tu dajaxeba centraluria da 

absoluturad drekadi. (pasuxi: ) 

28. 2kg masis sxeuli ejaxeba 3kg masis uZrav sxeuls. am sxeulis energiis ra nawili 

ixarjeba plastikur deformaciaze, Tu dajaxeba absoluturad aradrekadia? (pasuxi: 

0,71) 

29. 5m/wm siCqariT moZravi birTvi ejaxeba 3kg masis uZrav birTvs. gamoTvaleT maTi 

saboloo kinetikuri energiebi, Tu dajaxeba centraluria da absoluturad 

drekadi.(pasuxi: 0,98j, 48,74j) 

30. 5kg masis balistikur saqans ejaxeba 5g masis tyvia da rCeba masSi, ris gamoc 

saqanma aiwia 0,05m-ze. gamoTvaleT tyviis siCqaris cvlileba (haeris winaaRmdegoba 

ugulebelyofilia). (pasuxi: Semcirda 300m/wm-iT) 

31. 15kg masis balistikur saqans ejaxeba 5g masis tyvia da gadis masSi. dajaxebis 

gamo saqanma aiwia 0,04m-ze. gamoTvaleT tyviis siCqare, Tu saqanis mier miRebuli 

energiis 20% ixarjeba haeris winaaRmdegobis daZlevaze. (pasuxi: 1000m/wm) 

32. m masis nawilaki moZraobda 0x RerZis gaswvriv mudmivi 

siCqariT. myisierad mas mowyda misi masis mexuTedi nawili 

da daiwyo moZraoba 2  siCqariT 0x RerZis mimarT 300 

kuTxiT (ix. naxazi). gamoTvaleT darCenili nawilis siCqare 

da mimarTuleba. (pasuxi: 0,87 , -160 ) 
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Tavi IV.  

myari sxeulis dinamika 

 

$37. impulsis da Zalis momenti 

brunviTi moZraobis dinamikis SeswavlisTvis Cven dagvWirdeba ori axali 

cnebis Semotana: impulsis momentis  da Zalis momentis . vTqvaT, m masis 

nawilaks aTvlis inerciul sistemaSi gaaCnia  impulsi da misi mdebareoba 0 

aTvlis wertilis mimarT ganisazRvreba  radius-veqtoriT, maSin misi impulsis 

momenti 0 wertilis mimarT gamoiTvleba radius-veqtorisa da impulsis veqtoruli 

namravlis saxiT: 

.33,                                 (37.1) 

 veqtoruli sididea da misi mimarTuleba ganisazRvreba marjvena xelis wesiT 

($15). magaliTad, Tu nawilaki moZraobs naxazis sibrtyeSi (nax. 37.1),  modebuli 

iqneba 0 wertilSi da mimarTuli iqneba am sibrtyisadmi marTobulad mkiTxvelisken. 

(37.1)-is Tanaxmad, 

,                               (37.2) 

sadac  warmoadgens 0 wertilidan nawilakis impulsis (siCqaris) 

mimarTulebaze daSvebuli marTobis sigrZes – mas impulsis momentis mxari ewodeba. 

impulsis momentis erTeulia kgm2/wm.  

Tu nawilaki 0 wertilis mimarT wrfivad moZraobs (nax. 37.2a), maSin cxadia 

 da Tu moZraoba Tanabarwrfivia impulsis momentic mudmivia.  

   wrewirze mbrunavi nawilakisTvis Tu AaTvlis wertilad aviRebT wrewiris 0 

centrs  (nax. 37.2b),  maSin  (=900).  Tanabari brunvisas  .                   

    rodesac m masis nawilakze moqmedebs  Zala, maSin am Zalis momenti raime 

0 wertilis mimarT radius-veqtorisa da Zalis veqtoruli  namravlis tolia 

.                                   (37.3) 

cxadia, misi mimarTulebac marjvena xelis wesiT ganisazRvreba. Tu  imyofeba 

naxazis sibrtyeSi (nax. 37.3), maSin  modebulia 0 wertilSi da mimarTulia 

sibrtyis marTobulad qveviT. (37.3)-is Tanaxmad , sadac  

Zalis mxaria. igi aTvlis 0 wertilidan Zalis moqmedebis wrfeze daSvebuli 

marTobis sigrZis tolia. Zalis momenti axasiaTebs Zalis SesaZleblobas 

gamoiwvios nawilakis brunviTi moZraoba mocemuli wertilis mimarT, ris gamoc mas 

mabrunebel momentsac uwodeben. misi erTeulia 1 n.m – igi is mabrunebeli momentia, 

romelsac qmnis 1n Zala, Tu misi mxari 1 m-ia. aqedan  gamomdinare mas ara aqvs 

saerTo joulTan ($26). impulsis momenti krebadi sididea - nawilakTa sistemis 

impulsi raime wertilis mimarT tolia amave wertilis mimarT TiTeuli nawilakis 

                                                 
33dekartes sistemaSi veqtoruli namravli gamoiTvleba formuliT: 

 

L
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M
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impulsTa momentebis veqtoruli jamis . aseve krebadia Zalis momentic 

.   

rogorc viciT  gadataniTi moZraobis ZiriTadi gantoleba amyarebs kavSirs 

nawilakis impulssa da masze moqmed  

ZalTa tolqmeds Soris . SevecadoT miviRoT analogiuri gantoleba brun-

viTi moZraobisTvis. am mizniT gavawarmooT  (37.1): 

, 

sadac   0 p


   (radgan ), (37.3)-is gaTvaliswinebiT 

vRebulobT 

.                         (37.4) 

     (37.4) brunviTi moZraobis ZiriTadi gantolebaa, 

romlis Tanaxmadac aTvlis inerciul sistemaSi nawilakze 

moqmedi Zalis momenti raime wertilis mimarT tolia amave 

wertilis mimarT impulsis momentis cvlilebis siCqaris. 

 Zalis momenti raime y RerZis mimarT ewodeba am RerZis marTobul sibrtyeSi 

mocemuli Zalis gegmilis moments am RerZisa da sibrtyis gadakveTis 0 wertilis 

mimarT (nax. 37.4).                       

. 

Zalis momenti raime RerZis mimarT axasiaTebs Zalis 

unars Semoabrunos  nawilaki (sxeuli) mocemuli RerZis 

mimarT. 

     davuSvaT, nawilaki moZraobs nebismieri tipis 

centralur ZalTa velSi. radgan centraluri Zala 

mimarTulia radius-veqtoris gaswvriv ($30), sin  da 

, maSin (37.4)-is Tanaxmad , e.i. centralur 

ZalTa velSi nawilakis impulsis momenti inaxeba. 

 iLL
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amocana 37.1. davamtkicoT kepleris meore kanonis samarTlianoba. vaCvenoT, rom mzisa 

da planetis SemaerTebeli wrfe drois tol SualedebSi tol farTobebs Semowers. 

amoxsna: 

 droSi  siCqariT moZravi planeta Semowers  rkals, xolo radius- 

veqtoris- is mier amave droSi Semowerili segmentis (samkuTxedis) farTobi 

iqneba           

.                               (1) 

radgan planeta imyofeba centralur ZalTa velSi (mzis gravitaciuli veli), 

amitom: 

. 

e.i. planetis impulsis momenti mzis mimarT mudmivi sididea. am 

ukanasknelidan: 

 

gaviTvaliswinoT (1)-Si: 

, 

xolo drois erTeulSi Semowerili farTi iqneba:                 

. 

amocana 37.2. nawilakze, romelic imyofeba sibrtyis A(0,2;1,5) wertilSi, 

modebulia 80 n Zala. gamoTvaleT am Zalis momenti  RerZis mimarT, Tu Zala  

RerZTan adgens 600-ian kuTxes.                          

amoxsna: 

amocanis pirobis Tanaxmad: 

, 

xolo: 

. 

veqtoruli namravlis ganmartebis Tanaxmad:  

. 

 (nm) 

Zalis momenti mimarTulia 0z RerZis sapirispirod.  
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$38. impulsis momentis mudmivobis kanoni 

ganvixiloT ori nawilakisgan Sedgenili sistema. niutonis III kanonis Tanaxmad 

ori nawilakis urTierTqmedebis Zalebi sididiT tolia, mdebareobs erT wrfeze da 

urTierTsapirispirod aris mimarTuli (nax. 38.1). Sesabamisad  maTi mabrunebeli 

momentebi nebismierad SerCeul  wertilis 

mimarT sididiT toli da sapirispiroa, 

 amitom maTi jami nulis tolia.  

ganvixiloT m1, m2, , mN nawilakebisgan 

Semdgari  sistema sadac nawilakebi ganicdis 

rogorc Siga, aseve gare Zalebis moqmedebas. 

dinamikis ZiriTad gantolebas mocemuli 

sistemisTvis eqneba (35.1)-is saxe, romelic ase 

SeiZleba CavweroT: 

             (38.1) 

TiToeuli gantoleba veqtorulad gavamravloT marcxnidan Sesabamisi nawilakis 

radius-veqtorze. maSin TiTeuli gantolebis marjvena mxares gveqneba nawilakis 

impulsis momentis cvlileba (warmoebuli), marjvniv ki amave nawilakze moqmedi Siga 

da gare Zalebis momentTa jami 

                         (38.2)                  

Tu gantolebaTa sistemas wevrobriv SevkrebT, Siga Zalebis momentebi 

zemoTqmulis Tanaxmad wyvil-wyvilad erTmaneTs gaabaTilebs, ris Sedegadac 

miviRebT: 

.                                (38.3) 

impulsisa da Zalis momentebis Sekrebadobis gamo (38.3) ase Caiwereba 

,                                  (38.4) 

O
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romlis Tanaxmadac sistemis impulsis momentis cvlileba raime wertilis mimarT 

SeiZleba gamoiwvios mxolod gare ZalTa jamurma momentma. Tu , maSin 

- warmoadgens impulsis momentis mudmivobis kanons, romelic $37-is 

safuZvelze ase SeiZleba CamovayaliboT: 

 Tu nawilakTa sistema Caketilia an imyofeba centralur ZalTa velSi misi 

impulsis momenti inaxeba. 

Tu (38.4)-s davagegmilebT raime 0y RerZis mimarT, gveqneba:  sistemis 

impulsis momentis warmoebulis gegmili raime RerZis mimarT tolia sistemaze 

moqmed gare ZalTa momentebis amave RerZze gegmilTa algebruli jamis. Tu sistema 

Caketilia, impulsis momentis gegmili nebismieri RerZis mimarT ucvleli darCeba. 

Cven SeviswavleT sami fizikuri sidide: energia, impulsi, impulsis momenti. 

gavecaniT maT Senaxvis kanonebs, romlebic damyarebulia sivrcisa da drois 

Tvisebebze. xSirad meqanikur sistemaSi mimdinare procesis aRsawerad sakmaod 

rTuli da zogjer SeuZlebelic aris Sesabamisi moZraobis gantolebaTa Cawera da 

amoxsna maSin, rodesac aRniSnul kanonTa gamoyenebiT SesaZlebelia dasmuli 

amocanis martivad gadawyveta. es kanonebi ar Txoulobs moqmedi Zalebis codnas da 

miniWebul aCqarebaTa gamoTvlas, rac zogjer uaRresad rTulia. 

Senaxvis kanonebi Cven miviReT niutonis gantolebebidan, magram unda 

avRniSnoT, rom isini gacilebiT zogadia, radgan ZalaSi rCeba maSinac ki, rodesac 

niutonis kanonebi irRveva (relativisturi fizika).  

  

amocana 38.1. 2kg masis sxeulis radius-veqtori moicema formuliT:  

gamoTvaleT sxeulis impulsisa da Zalis momentebi t=2wm-Tvis. 

amoxsna:  

amocanis pirobidan: 

 

(37.1)-is Tanaxmad:  

, 

e.i. L 

L=Lz=48t, . L Lz(t=2)=48.2=96 (kgm/wm). 

(38.4)-dan: 

(nm). 
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$39. myari sxeulis masaTa centris moZraoba 

$1-is Tanaxmad, Tu mocemuli amocanis pirobebSi sxeulis forma da zomebi 

arsebiT rols ar asrulebs, SesaZlebelia sxeulis warmodgena nivTieri wertilis 

(nawilakis) saxiT da mis mimarT dasmuli sakiTxebis gadawyveta. magram xSir SemT-

xvevaSi swored sxeulis formisa da zomebis gaTvaliswinebaa arsebiTi. aseT 

SemTxvevaSi amocanis gadawyveta sagrZnoblad gamartivdeba Tu saZiebel sidideebis 

mniSvneloba araa damokidebuli sxeulis drekad Tvisebebze. maSin SesaZlebelia 

sxeulis, rogorc absoluturad myari obieqtis ganxilva, rac imas niSnavs, rom 

sxeulis nebismier or wertils Soris manZili mocemuli amocanis pirobebSi ar 

icvleba - ugulebelyofilia yovelgvari deformaciis SesaZlebloba. am TavSi 

ganvixilavT swored absoluturad myari sxeulis moZraobasTan dakavSirebul 

sakiTxebs. 

davadginoT absoluturad myari sxeulis Tavisuflebis xarisxi. Tu am sxeuls 

SeuZlia Tavisufali gadaadgileba sivrceSi (araa damagrebuli), maSin gadataniT 

moZraobasTan dakavSirebiT mas eqneba 3 Tavisuflebis xarisxi, aseve, radgan sxeuls 

SeuZlia brunva sivrceSi sami damoukidebeli mimarTulebiT, mas eqneba damatebiT 

brunviT moZraobasTan dakavSirebuli 3 Tavisuflebis xarisxi. e.i. 3+3=6. Tu sxeuli 

damagrebulia erTi wertiliT mas darCeba mxolod  brunviT moZraobis 3 

Tavisuflebis xarisxi. uZravi RerZis mimarT brunvis SemTxvevaSi myar sxeuls 

darCeba brunviT moZraobis mxolod erTi Tavisuflebis xarisxi.   

sxeulis nebismieri tipis moZraoba SesaZlebelia warmovidginoT, rogorc 

moZraobis ori tipis – gadataniTis da brunviTis zeddeba-jami.  

ganvixiloT sxeulis gadataniTi moZraoba, anu roca sxeulis yvela wertili 

erTnair gadaadgilebas asrulebs, ris gamoc mis TiToeul nawils drois mocemul 

momentSi erTnairi siCqare da aCqareba gaaCnia.  sxeuli azrobrivad davyoT nivTier 

wertilebad, anu imdenad mcire nawilebad, rom maTi wiriTi zomebi gacilebiT 

naklebi iyos amocanaSi gansaxilvel manZilebTan SedarebiT. amiT Cven sxeuls 

warmovidgenT nawilakTa sistemis saxiT, im gansxvavebiT, rom am ukanasknelSi 

nawilakebs Soris manZili mTeli moZraobis procesSi ucvleli darCeba. es nawi-

lakebi urTierTqmedeben, magram ar cvlian sxeulis moZraobis xasiaTs. Tu CavwerT 

am sistemisTvis dinamikis ZiriTad gantolebas iseve, rogorc nawilakTa sistemis 

SemTxvevaSi ($35) nawilakTa urTierTqmedebis Zalebis (Siga Zalebis)  jami nulis 

toli iqneba, ris gamoc niutonis II kanoni miiRebs saxes: 

, , 

xolo, Tu sxeulis masa ucvlelia 

,                                  (39.1) 

sadac  sxeulis masaTa centris aCqarebaa, romlis mdebareoba ganisazRvreba 

(35.4) da (35.5) formulebiT. radgan myar sxeulSi masa uwyvetad ganfenilia mTel 

moculobaSi, amitom amocanis amonaxsnis sizustis gasazrdelad saWiroa aRniSnul 

formulebSi jamis integraliT Secvla: 
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                 (39.2) 

sxeulis gadataniTi moZraobis SeswavlisTvis, am moZraobis ganmartebidan 

gamomdinare, sakmarisia misi erTi wertilis kerZod masaTa centris moZraobis 

ganxilva. 

(39.1) sxeulis masaTa centris moZraobis gantolebaa, magram Tu sxeulis 

moZraoba gadataniTia, maSin igi imavdroulad asaxavs sxeulis nebismieri wertilis 

moZraobas. am gantolebis Tanaxmad gadataniTi moZraobisas sxeulis masaTa centri 

moZraobs ise, rogorc imoZravebda mocemuli sxeulis masis mqone nivTieri wertili, 

Tu masze movdebdiT igive gare Zalas.              

SevniSnoT, rom sxeulis da nawilakTa sistemis masaTa centrebs Soris 

arsebiTi gansxvavebaa. kerZod, myar sxeulSi igi fiqsirebuli, ucvleli wertilia, 

xolo nawilakTa sistemaSi arafiqsirebulia-nawilakTa urTierTqmedebisas is icv-

lis Tavis mdebareobas. amis gamo nawilakTa sistemis masaTa centris moZraobis 

codna iZleva informacias mTlianad mTeli sistemis moZraobis xasiaTze da ara 

misi romelime nawilakis moZraobis Sesaxeb.  

sxeulis masaTa centris mdebareoba emTxveva simZimis Zalis centrs, anu im 

wertils, sadac modebulia sxeulis TiToeuli nawilakis simZimis ZalTa tolqmedi. 

erTgvarovan, simetriuli formis sxeulebSi masaTa centri simetriis centris 

Tanxvedrilia. 

 

amocana 39.1. gamovTvaloT H simaRlis erTgvarovani konusis masaTa centris 

mdebareoba, Tu misi fuZis radiusia R, xolo simkvrivea ρ. 

amoxsna:  

koordinatTa sistema SevarCioT ise, rom 0 saTave emTxveodes konusis wveros, 

xolo 0y mimarTuli iyos simetriis RerZis gaswvriv. maSin, cxadia xC = 0, zC = 0, 

xolo yC-s gamovTvliT formuliT 

,                     (1)     

risTvisac konusi azrobrivad davyoT dy simaRlis 

mqone koaqsialur cilindrebad, romelTa masa iqneba 

.                 (2)      

naxazidan:  

, 

aqedan:         

.                       (3) 

(2) da (3) SevitanoT (1)-Si: 

, 

sadac konusis masa: 
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, e.i. . 

konusis masaTa centri mdebareobs wverodan  simaRleze anu fuZidan ze. 

 

 

$40. sxeulis brunviTi moZraobis  

kinematikuri sidideebi 

myari sxeulis brunviTi moZraobisas misi wertilebi Semowers wrewirs, 

romelTa centrebi mdebareobs erT wrfeze, romelsac brunvis RerZs uwodeben. 

cxadia absoluturad myari sxeulis brunviTi moZraobisas mis TiTeul wertils 

drois mocemul momentSi erTnairi kuTxuri siCqare gaaCnia. Sesabamisad am 

moZraobis aRwerisTvis saWiroa drois  TiToeuli momentisTvis RerZis mdebare-

obisa da sxeulis kuTxuri siCqaris gansazRvra. 

Cven ganvixilavT sxeulis mxolod iseT brunviT 

moZraobas, rodesac aTvlis inerciuli sistemis mimarT 

brunvis RerZi uZravia (damagrebulia), amasTanave, ar 

aris savaldebulo igi gadiodes sxeulis masaTa 

centrze. ZiriTadad gamoviyenebT im sidideebs da 

aRniSvnebs, romlebic SemovitaneT $9-Si. amasTanave 

damatebiT SemoviRebT R sidides, romelic warmoadgens 

umokles manZils sxeulis mocemuli wertilidan 

brunvis RerZamde, xolo -iT isev avRniSnavT radius-

veqtors aTvlis  wertilidan mocemul wertilamde 

(nax. 40,1a), Tu sxeuli brtyelia (magaliTad, disko), 

cxadia R = r. radgan sxeulis TiToeuli wertili drois 

mocemul intervalSi erTnairi kuTxiT Semobrundeba, 

amitom brunviTi moZraobis dasaxasiaTeblad saWiroa am 

kuTxis codna, romelsac Cveulebrivad  RerZidan 

aviTvliT. nax. 40.1a-ze mocemulia  RerZis irgvliv 

mbrunavi sxeuli, xolo naxaz 40.1b-ze – misi proeqcia 

 sibrtyeSi. $8,9-dan Cven gamoviyenebT Semdeg 

kinematikur sidideebs: 

Semobrunebis kuTxe: 

,                          (40.1)           

kuTxuri siCqare:  

, ,                               (40.2) 

 kuTxuri aCqareba:  

, .                            (40.3) 
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brunviTi moZraobisas sxeulis nebismieri nawilakis kuTxuri siCqare da kuT-

xuri aCqareba drois mocemuli momentisTvis erTnairia, xolo wiriTi siCqarisa da 

wiriTi aCqarebis mniSvnelobebi brunvis RerZis mimarT wertilis mdebareobazea 

damokidebuli. marTlac, ($5)-dan: 

, , , 

sxeulis nawilakis wiriTi siCqare da aCqareba miT metia, rac ufro daSorebulia 

igi brunvis RerZs. 

Tu sxeulis brunva Tanabaria, visargeblebT periodis T da sixSiris ν 

cnebebiT, romlebic kuTxur siCqaresTan dakavSirebulia formuliT: 

, . 

mivaqcioT yuradReba im garemoebas, rom brunviTi moZraobis formulebi analo-

giuria  gadataniTi moZraobis formulebis, Tu movaxdenT Semdeg cvlilebebs – 

. aqedan gamomdinare, gadataniTi moZraobis gantolebebSi ($7) 

saTanado SecvlebiT SegviZlia miviRoT mbrunavi sxeulis kinematikuri 

gantolebebi: 

cxrili 40.1 

gadataniTi moZraoba brunviTi moZraoba 

Tanabarwrfivi    Tanabari  

  

Tanabarcvladi   Tanabarcvladi  

  

  

  

  

 

amocana 40.1. dasafren zolze Sexebidan garkveul droSi TviTmfrinavis siCqare 

Tanabrad Semcirda 80 km/sT-dan 55 km/sT-mde Semcirda. am droSi borblebma 200 

bruni Seasrula. vipovoT damuxruWebis dro da borblis kuTxuri aCqareba, Tu 

borblis diametria  = 1m. 

amoxsna: 

TviTmfrinavis saSualo siCqare:  

, 

xolo gavlili manZili , Sesabamisi dro:        

.                                  (1) 
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drois am intervalSi kuTxuri siCqaris cvlileba iqneba: 

, 

kuTxuri aCqareba:  

 (rad/wm),                           (2) 

ganvsazRvroT damuxruWebis dro , radgan amitom ,  

Sesabamisad:  

. 

 

 

$41. inerciis momenti. Teoremebi 

inerciis momentis Sesaxeb 

ganvixiloT m masis nawilaki uZravi RerZis irgvliv. misi daSoreba RerZidan 

avRniSnoT R-iT. am nawilakis  inerciis momenti uZravi RerZis mimarT ewodeba 

sidides:  

                        I = mR2.                                     (41.1) 

misi erTeulia kg/m2.  inerciis momenti krebadi sididea, amitom wertilTa sistemis 

inerciis momenti uZravi RerZis mimarT iqneba: 

.                                   (41.2) 

sadac mi – i-uri nawilakis masaa, xolo Ri  misi daSorebaa  RerZidan. 

(41.1)-is Tanaxmad, inerciis momenti damokidebulia rogorc nawilakis masaze, 

aseve mis mdebareobaze gansaxilveli RerZis mimarT. rac ufro Sorsaa nawilaki 

RerZidan miT metia misi inerciis momenti. inerciis momenti warmoadgens nawilakis 

inertulobis zomas misi brunviTi moZraobisas uZravi RerZis irgvliv, anu asrulebs 

igive rols, rasac masa gadataniTi moZraobisas.  

 gadataniTi moZraobisgan gansxvavebiT sxeulis brunviTi moZraobis Seswavli-

sas ar SeiZleba misi masis koncentrireba masaTa centrSi. amitom myar sxeulis 

inerciis momentis gamoTvlisas sxeuli azrobrivad unda davyoT mimasis nivTier 

wertilebad da visargebloT (41.2) formuliT, an ufro zustad misi integraluri 

formiT: 

,                               (41.3) 

sadac R manZilia sxeulis dm masis elementidan brunvis 

RerZamde. Tu sxeuli erTgvarovania ρ=const, maSin (41.3)  

gamartivdeba: 

.                       (41.4) 

   sxeulis inerciis momenti, iseve rogorc nawilakis inerciis 

momenti, brunviTi moZraobis SemTxvevaSi sxeulis inertiulobis 
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zomaa.  misi mniSvneloba, msgavsad nawilakisa, damokidebulia sxeulis masaze da 

mdebareobaze gansaxilveli RerZis mimarT, aseve  masis ganfenilobaze (sxeulis 

formaze).  

magaliTad, didi radiusis cilindris inerciis momenti simetriis RerZis 

mimarT metia vidre igive masis mcire radiusis cilindrisa (nax. 41.1). anu pirveli 

cilindri Znelia moiyvano brunviT moZraobaSi da gaaCero, vidre meore. 

naxaz 41.2-ze mocemulia zogierTi erTgvarovani sxeulis inerciis momentis 

gamosaTvleli formula sakuTari simetriis RerZis mimarT.  

sxvadasxva RerZis mimarT sxeulis inerciis momentis gamosaTvlelad 

mosaxerxebelia Steineris (Sveicarieli maTematikosi) Teoremebis  gamoyeneba: 

1. Teorema paraleluri RerZebis Sesaxeb – sxeulis inerciis momenti raime 

RerZis mimarT tolia am RerZis paralelurad masaTa centrze gamavali RerZis 

mimarT sxeulis inerciis moments damatebuli sxeulis masisa da RerZebs Soris 

manZilis kvadratis namravli: 

.                                     (41.5) 

(41.5)-is Tanaxmad paraleluri RerZebidan sxeuls yvelaze mcire inerciis momenti 

gaaCnia im RerZis mimarT, romelic gadis masaTa centrze. es Teorema samarTliania 

nebismieri formis sxeulisTvis. 

2. TeoremamarTobuli RerZebis Sesaxeb – sibrtyeSi ganfenili sxeulis 

inerciis momentTa jami amave sibrtyeSi arsebuli ori nebismieri urTierTmarTobi 

2mdII C 

R1 

R2 

R 
R1 

R2 

R 

R1 

R2 

R 
R1 

R2 

R 

Rru cilindri 

 

Rru sfero 

 

birTvi 

 

sferuli garsi 

 

Txeli rgoli 

 

R ℓ a 

b 

R 

wvrili Rero 

 

Txeli marTkuTxa 
firfita 

 

cilindri 

 

naxazi 41.2 



- 131 - 

 

RerZis mimarT tolia RerZTa gadakveTis wertilSi am sibrtyis marTobulad gavle-

buli RerZis mimarT inerciis momentis, e.i. Tu sxeuli ganfenilia  sibrtyeSi, 

maSin:  

.                                  (41.6) 

es Teorema samarTliania mxolod brtyeli sxeulebisTvis. qvemoT moyvanilia 

zogierTi erTgvarovani sxeulis inerciis momentebis mniSvneloba simetriis RerZis 

mimarT (naxazebze simetriis RerZebi uwyveti wrfiTaa naCvenebi). 

sxvadasxva RerZis mimarT sxeulis inerciis momentis gamosaTvlelad 

mosaxerxebelia Steineris (Sveicarieli maTematikosi) Teoremebis  gamoyeneba: 

  

amocana 41.1. gamovTvaloT erTgvarovani m masis daR0 radiusis cilindris inerciis 

momenti simetriis RerZis mimarT. 

amoxsna: 

visargebloT  (41.3)-iT. dV moculobad ganvixiloT naxazze 

miTiTebuli gamuqebuli dR sisqisa da h simaRlis fenis moculoba: 

, 

. 

amocana 41.2. tolferda samkuTxedis wveroebSi  (ferdi 5 m, fuZe 6 

m) imyofeba 0,2 kg masis nawilakebi. davadginoT masaTa centris mdebareoba da 

gamovTvaloT masze gamavali samkuTxedis sibrtyisadmi marTobuli RerZis mimarT 

sistemis inerciis momenti. 

amoxsna: 

nawilakTa sistemis masaTa centris koordinatebis dasadgenaT visargebloT 

(35.5)-iT:  

, 

. 

e.i. C(3;1,3). inerciis momentis Sekrebadobidan 

gamomdinare: 

, 

. 

amocana 41.3. gamoTvaleT Txeli wriuli firfitis inerciis momenti , da  

RerZebis mimarT. 

amoxsna: 

cilindris analogiurad: 

, 

(41.5)-is Tanaxmad:  

XOZ

yzx III 

dRhRdV  2

  2
0

2
0

2
0

4
0

0

322

2

1

2

1

4
22

0

mRRhR
R

hdRRhdVRdmRI

R

V

  

3
3

630

3

321 






m

mm

m

mxmxmx
xC

3,1
3

4

3

040

3

321 






m

m

m

mymymy
yC

 22
321 42 CC ymmrIIII 

)(8,53,72,09,102,02 2mkg I

XO  YO  OX

2

2

1
mRII yC 

dR 

h 

1 3 

2 

x 

y 

C 

xC 

yC 



- 132 - 

 

, 

 (41.6)-dan: 

, 

. 

 

 

 

$42. sxeulis brunviTi moZraobis  

dinamikis gantoleba 

ganvixiloT absoluturad myari sxeulis brunva uZravi RerZis irgvliv. nax. 

42.1-ze mocemulia erTgvarovani  sxeulis (cilindris) brunva simetriis (

) RerZis irgvliv. sxeuli azrobrivad davyoT nivTier wertilebad, erT-erTi 

aseTi  masis nawilakis impulsis momenti iqneba , xolo  RerZze 

gegmili 

,                                   (42.1) 

sadac . (42.1)-Si SetaniT miviRebT: 

. 

radgan impulsis momenti krebadi (aditiuri) sididea, amitom mocemuli sxeulis 

impulsis momentis gegmili 0y RerZze iqneba 

.                              (42.2)               

skalaruli sidide  warmoadgens 

RerZis mimarT sxeulis inerciis moments.  radgan 

-s mimarTuleba emTxveva  RerZis 

mimarTulebas, (42.2) umjobesia ase CavweroT: 

.                  (42.3) 

vinaidan sxeuli erTgvarovania da brunavs 

simetriis RerZis irgvliv, nebismier m masis na-

wilaks yovelTvis moeZebneba igive masis m′i = mi 

nawilaki, romlis impulsis momenti  aR-

moCndeba -is  simetriuli brunvis RerZis 

mimarT, ris gamoc maTi mdgenelebi  da  

RerZebze erTmaneTs gaabaTilebs, xolo  

RerZis mimarT Seikribeba, e.i. sxeulis impulsis 

momenti aRmoCndeba brunvis RerZis gaswvriv 

mimarTuli . aseT SemTxvevaSi samarTliania 

(41.3) formulis veqtoruli Cawerac 
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.                                    (42.4) 

cxadia, Tu sxeuli araerTgvarovania, an brunvis RerZis mimarT asimetriulia, yvela 

wertils ar aRmoaCndeba simetriuli analogi, da  impulsis momentis mimarTuleba 

ar daemTxveva kuTxuri siCqaris mimarTulebas. ris gamoc (42.4) Zalas kargavs, Tumca 

(42.3) samarTliani rCeba. aseT SemTxvevaSi sxeulis brunvisas misi impulsis momenti 

brunvis RerZis irgvliv konusur zedapirs Semowers. 

myari sxeuli Cven warmovidgineT nawilakTa sistemis saxiT, ris gamoc 

dasaSvebia (38.4) gamoyeneba:  

,                                   (42.5) 

sadac  sxeulze moqmed gare ZalTa momentebis jamia. (42.5) analogiuria 

gadataniTi moZraobisTvis dinamikis ZiriTadi gantolebis , kerZod , 

 da warmoadgens brunviTi moZraobis dinamikis gantolebas. 

      (42.5)-Si (42.4)-is SetaniT vRebulobT:  

34,                          (42.6) 

-sTan analogiiT vRebulobT, . cxadia, (42.5) ufro zogadia, vidre 

(42.6).  

SevniSnoT, rom sxeulis inerciis momentis gamoTvla zogadad rTulia, amitom 

mis mniSvnelobas cdiT adgenen, kerZod, zomaven sxeulze raime ε kuTxuri aCqarebis 

misaniWeblad saWiro gare Zalis moments M da Mω = Iεω-s gamoyenebiT gamoTvlian I-s 

(εω da Mω  mocemuli brunvis RerZis mimarT  da –s gegmilebia).  

SeiZleba vaCvenoT, rom (42.6) ZalaSia maSinac, Tu mocemuli sxeuli brunvasTan 

erTad asrulebs gadataniT moZraobas ise, rom brunvis RerZi, romelic gadis masaTa 

centrze, ar icvlis orientacias. cxadia myari sxeulis SemTxvevaSic ZalaSia 

mabrunebeli momentis gansazRvris formula . 

rodesac sxeulze moqmed gare ZalTa tolqmedis momenti nulis tolia , 

maSin (42.5)-dan:  

.                                  (41.7) 

 Tu sxeuli (sxeulTa sistema) Caketilia an imyofeba centralur ZalTa velSi 

misi impulsis momenti inaxeba. (impulsis momentis mudmivobis kanoni). 

Tu izolirebuli sxeuli erTgvarovania da brunvis RerZi simetriis RerZs emTxveva, 

maSin (42.6)-is Tanaxmad: 

.                                (42.8) 

absoluturad myari sxeulis SemTxvevaSi , maSin  es Sedegi 

niutonis I kanonis analogiuria. 

 SesaZlebelia brunvisas sxeulis nawilebi icvlides urTierTmdebareobas, 

maSin , aseT SemTxvevaSi (42.8) ufro mosaxerxebelia ase CavweroT: 

                                                 
34 Tu sxeuli absoluturad myaria I = ∑ miRi
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.                                 (42.9) 

nebismieri formis araerTgvarovan sxeulSi SeiZleba masaTa centrze gamavali 

iseTi sami urTierTmarTobuli RerZis povna, romelTa irgvliv brunvisas, Tu 

sxeulze gare Zalebi ar moqmedebs, brunvis RerZi inarCunebs Tavis orientacias 

damagrebis gareSe. maT Tavisufal RerZebs an inerciis mTavar RerZebs uwodeben. 

RerZuli simetriis erTgvarovani sxeulis, magaliTad cilindris SemTxvevaSi, erTi 

aseTi RerZi simetriis RerZia, danarCeni ori SeiZleba nebismierad SevarCioT masaTa 

centrze gamaval simetriis RerZis marTobul sibrtyeSi (magaliTad, nax. 42.1  da 

). sferuli simetriis erTgvarovan sxeulSi, magaliTad birTvSi, aseT RerZebad 

SeiZleba SeirCes masaTa centrSi gamavali nebismieri sami urTierTmarTobuli 

RerZi. 

ZalTa wyvili ewodeba sxeulze moqmed sididiT tol da sapirispirod 

mimarTul or Zalas, Tu maTi moqmedebis wrfeebi erT sibrtyeSi mdebareobs da 

erTmaneTis paraleluria.  

ZalTa wyvils ar gaaCnia tolqmedi, anu ar SeiZleba maTi Secvla erTi ZaliT. 

maTi gegmilebis jami nebismieri ERerZis mimarT nulis tolia. Tu Tavisufal 

sxeulze moqmedebs ZalTa wyvili, is gamoiwvevs sxeulis brunvas warmosaxviTi 

RerZis irgvliv, romelic gadis masaTa centrze da ZalTa sibrtyis marTobulia. 

roca sxeuli raime RerZiTaa damagrebuli ZalTa wyvili sxeuls abrunebs am RerZis 

irgvliv, am dros sxeulze RerZis mxridan moqmedebs garkveuli Zala, romelic 

nuls utoldeba, Tu brunvis RerZi gadis masaTa centrze da ZalTa sibrtyis 

marTobulia.  

SeiZleba vaCvenoT, rom ZalTa wyvilis momenti, nebismieri wertilis mimarT 

ucvlelia. marTlac, nax. 42.2-is mixedviT, ZalTa wyvilis mabrunebeli momenti 

nebismieri 0 wertilis mimarT iqneba: 

.                       (42.10)          

ZalTa wyvilis ganmartebis Tanaxmad  

(cxadia, es aris niutonis III kanoni), (42.10)-Si 

gaTvaliswinebiT miviRebT: 

,   (42.11) 

 -  Zalebis modebis wertilTa 

SemaerTebeli veqtoria, misi mniSvneloba ar aris 

damokidebuli 0 wertilis SerCevaze da mocemuli 

ZalTa wyvilisTvis mudmivi sididea. Sesabamisad 

mudmivia mabrunebeli momentic.  

(42.11)-is Tanaxmad, , radgan , maSin , sadac 

 Zalis moqmedebis wrfeebs Soris umoklesi manZilia da mas ZalTa wyvilis mxari 

ewodeba. 
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amocana 42.1. 2,3 kg masis da 12 sm radiusis erTgvarovani cilindri brunavs simetriis 

RerZis irgvliv 1500 br/wT sixSiriT. gamoTvaleT Zalis momenti, romelic saWiroa 

mis gasaCereblad 7 wm-Si. 

amoxsna: 

(42.2)-dan: 

, , 

,  

. 

 

amocana 42.2. 2m radiusisa da 100 kgm2 inerciis momentis disko inerciiT brunavs 5 

br/wm sixSiriT. rogor Seicvleba brunvis sixSire, Tu diskos napirze myofi 40 kg 

masis bavSvi diskos centrSi gadainacvlebs?  

amoxsna: 

diskos da diskos napirze myofi bavSvis sruli inerciis momenti: 

, 

sadac  diskos inerciis momentia. (42.9)-is Tanaxmad: 

 anu (br/wm). 

gaizrdeba  (br/wm)-iT. 

 

 

$43. mbrunavi sxeulis kinetikuri energia 

kinetikuri energia nawilakis meqanikuri moZraobis zomaa, kerZod, Tu m masis 

nawilaks mocemul sistemaSi gaaCnia siCqare, misi kinetikuri energia iqneba: 

                            .                                     (43.1) 

gadataniTi moZraobisas sxeulis TiToeul nawilaks drois mocemul momentSi 

erTnairi siCqare gaaCnia, ris gamoc misi kinetikuri energia aseve (43.1)-iT 

gamoisaxeba, oRond m-Si igulisxmeba sxeulis masa. 

bunebrivia, mbrunav sxeulsac gaaCnia kinetikuri energia, romelsac Cven 

gamovTvliT isev damagrebuli RerZis mqone absoluturad myari sxeulisTvis. aseTi 

sxeuli ganixileba, rogorc nawilakTa sistema xisti kavSirebiT, ris gamoc 

TiToeul nawilaks drois mocemuli momentisTvis eqneba erTnairi kuTxuri siCqare, 

xolo mi masis nawilakis wiriTi siCqaris mniSvneloba υi = ωRi damokidebuli iqneba 

brunvis RerZidan mis daSorebaze – Ri. energiis aditiurobidan gamomdinare, aseTi 

sxeulis kinetikuri energia RerZis mimarT gamoiTvleba formuliT 
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         .               (43.2) 

Tu RerZi damagrebuli ar aris, maSin sxeulis kinetikuri energiis gamoTvla sakma-

od rTulia. amocana martivdeba, Tu masaTa centrze gamavali RerZis irgvliv 

mbrunavi sxeuli asrulebs brtyel gadataniT moZraobas anu, rodesac sxeulis 

nawilakebi paralelur sibrtyeebSi moZraobs, magaliTad, cilindris, an borblis 

gorva sibrtyeze. aseT SemTxvevaSi sxeulis kinetikuri energia tolia masaTa cent-

ris gadataniTi moZraobisa da am centrze gama-

vali RerZis mimarT brunvis kinetikur energiaTa 

jamis: 

.              (43.3)              

gamovTvaloT muSaoba, romelsac asrulebs 

sxeulze modebuli Zala misi brunvisas uZravi 

RerZis irgvliv (nax. 43.1, mocemulia mbrunavi 

sxeulis zedxedi).  Zalis mier Sesrulebuli 

elementaruli muSaoba sxeulis dφ kuTxiT 

Semobrunebisas iqneba:    

.  (43.4) 

Sesabamisad,  intervalSi Semobrunebisas 

Sesrulebuli muSaoba iqneba35: 

     .           (43.5) 

uZravi RerZis irgvliv sxeulis Semobrunebaze Zalis mier Sesrulebuli muSaoba 

tolia am sxeulis brunviTi moZraobis kinetikuri energiis cvlilebis. 

muSaobis Sesrulebis siCqare anu simZlavre (43.4)-is Tanaxmad iqneba 

               .                             (43.6)                 

cxril 43.1-Si mocemulia sxeulis gadataniTi moZraobis maxasiaTebeli formulebi 

da maTi analogebi uZravi RerZis irgvliv brunvisas. 

                                                 
35 (43.5) SeiZleboda migveRo (27.3)-Si m ~ I, υ1 ~ ω1, υ2 ~ ω2 analogiebis gaTvaliswinebiT. 
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cxrili 43.1. 

gadataniTi moZraoba brunviTi moZraoba 

S – gavlili manZili  _ mobrunebis kuTxe 

 wiriTi siCqare  kuTxuri siCqare 

 wiriTi aCqareba  kuTxuri aCqareba 

m – masa   inerciis momenti 

 impulsi 36 impulsis momenti 

 Zala  Zalis momenti4 

  

  

  

 

amocana 43.1. 19,2 m simaRlis ferdobidan mogoravs cilindri. gansazRvreT misi 

siCqare ferdobis bolos, Tu sawyisi siCqare nulis tolia, winaaRmdegobis Zala 

ugulebelyofilia. 

amoxsna: 

cilindris meqanikuri energia ferdobis TavSi iqneba:  

 
xolo boloSi: 

. 

energiis mudmivobis kanonis Tanaxmad , e.i. . gaviTvaliswinoT, rom 

, maSin gveqneba: 

, 

aqedan: 

(m/wm). 

amocana 43.2. 12 kg masis rgoli, romlis radiusia 0,4 m, brunavs misi sibrtyis 

marTobulad simetriis centrze gamavali RerZis irgvliv 10 br/wm sixSiriT. ra 

                                                 
36 veqtoruli formiT es formulebi samarTliania, Tu erTgvarovani sxeulebi simetriulia 
brunvis RerZis mimarT. sxva SemTxvevaSi veqtoruli formis nacvlad aiReba maTi 
proeqciebi RerZis mimarT. 
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droSi gaCerdeba igi masze damamuxruWebeli Zalis 30n.m mabrunebeli momentis 

moqmedebiT? 

amoxsna: 

(43.4)-is Tanaxmad: 

A=-M=-M2N,                                                                     (1) 

sadac =2N rgolis damuxruWebis momentidan gaCerebamde Semowerili kuTxea, N - 

am droSi brunvaTa ricxvi. meore mxriv (43.5)-is gamoyenebiT:  

                              (2) 

(1) da (2)-is gatolebiT vRebulobT:  

 

meore mxriv , saidanac rgolis damuxruWebis dro   

 

 

$44. eileris gantolebebi 

uZravi RerZis mqone sxeulis brunvis amocana gacilebiT martivia vidre misi 

brunva uZravi wertilis irgvliv. aseT SemTxvevaSi sakmaod mcire droiT 

intervalSi sxeulis brunva SeiZleba warmovidginoT RerZis irgvliv, magram 

momdevno intervalSi ukve brunvis RerZi sxva iqneba. anu brunvis RerZi myisieria, 

igi ganuwyvetliv icvlis orientacias. amasTanave es RerZebi gadis erTsadaimave 

uZrav wertilze. SevarCioT aTvlis inerciuli k sistema.  xolo mbrunavi  k/ 

arainerciuli sistemad ganvixiloT sxeulis masaTa centri da masze gamavali 

inerciis mTavari RerZebi, romlebic qmnian marTkuTxa koordinatTa sistemas ($42). 

Cveni mizania sxeulis kuTxuri siCqaris cvlilebis gansazRvra k/  sistemis (myari 

sxeulis) mimarT. inerciuli sistemis mimarT sxeulis brunvis gantoleba iqneba 

(42.5), romlis amoxsna sakmaod rTulia, radgan mocemul amocanaSi k/  sistemis 

mimarT cvlilebas ganicdis, rogorc kuTxuri siCqare aseve inerciis momenti, maSin 

roca  k/  -is mimarT  es ukanaskneli ucvlelia. Tu visargeblebT (16.4), impulsis 

momentisTvis SeiZleba CavweroT:  

                , anu  
            

         (44.1) 

sadac  sxeulis impulsis momentia  sistemis mimarT, Sesabamisad misi gegmilebi 

iqneba:   rogorc avRniSneT Ix, Ix, Iz,   -is mimarT 

mudmivia amitom (44.1) gegmilebSi ase Caiwereba: 

                                                (44.1)    
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am gantolebebs  eileris gantolebebi ewodeba. is gviCvenebs brunvis kuTxuri 

siCqaris cvlilebas sxeulis mimarT. Tu myari sxeulze gare Zalebi ar moqmedebs, 

garda uZravi wertilis mimarT damamagrebeli Zalebisa (maTi momenti nulis tolia), 

maSin (44.1) miiRebs saxes:   

                                                (44.2) 

SevniSnoT, rom eileris gantolebaTa amoxsna sazogadod sakmaod rTulia. 

amitom Cven ganvixiloT erTerTi martivi SemTxveva, kerZod simetriuli bzriala, 

igi warmoadgens myar sxeuls, romlis ori mTavari inerciis momenti tolia, xolo 

mesame gansxvavebuli. mag.  

                                                                                                      

                                                            (44.3) 

aseT sxeulebs warmoadgens borblebi, turbinebi, eleqtruli manqanebis Ruzebi da 

a.S.  

 davuSvaT simetriul bzrialaze gare ZalTa (maT Soris simZimis Zalis) 

mabrunebeli momenti ar moqmedebs, maSin (44.3)-is Tanaxmad (44.2)-is meore gantoleba 

mogvcems: 

                        (44.4) 

(44.2)-is pirveli gantoleba gavamravloT -ze, mesame -ze, gaviTvaliswinoT (44.3) 

da SevkriboT 

, 

romlis integrirebiT miviRebT 

                                                 (44.5)  

misi (44.4)-Tan gaerTianebiT vRebulobT                

 

e.i. Tu bzrialaze gare ZalTa mabrunebeli momenti ar moqmedebs misi simetriis 

RerZis brunvis kuTxuri siCqare da Sesabamisad impulsis momenti  iqneba mudmivi 

da mimarTuli simetriis   RerZis gaswvriv. gavarkvioT misi mimarTuleba 

vertikaluri  RerZis mimarT. Tu  RerZi sawyis momentSi daxrili iyo  

RerZis mimarT kuTxiT (nax. 44.1)  radgan:  
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misi daxra ar Seicvleba. marTalia (44.2)-is Tanaxmad x da z mdgenelebi droSi 

cvladia, magram es cvlileba ise xdeba, rom  RerZis daxraze gavlenas ar axdens. 

  

ganvixiloT bzrialaze simZimis Zalis moqmedeba (nax. 44.2)  cxadia igi 

modebulia masaTa centrze da qmnis mabrunebel moments: 

, 

romelic imyofeba  sibrtyeSi da iwvevs bzrialas brunvas   RerZis mimarT. 

moZraobas, romlis drosac Zalis momentis moqmedebiT sxeulis brunvis RerZi 

icvlis mimarTulebas da vertikaluri RerZis mimarT asrulebs brunviT moZraobas 

precesia ewodeba. precesiis gamo sawyis impulsis moments emateba,  precesiasTan 

dakavSirebuli impulsis momenti, magram misi mniSvneloba Zalian mcirea, radgan 

umravles SemTxvevaSi precesiis sixSire (kuTxuri siCqare)  gacilebiT mcirea 

bzrialas simetriis RerZis mimarT brunvis sixSiresTan SedarebiT <<.  amitom 

CavTvaloT, rom impulsis mimarTuleba Tanxvedrili rCeba simetriis RerZis. 

amasTanave  cxadia zogadad impulsis momenti aRar iqneba mudmivi, kerZod dt droSi 

es cvlileba iqneba  igi marTobulia is, amitom  icvleba is mxolod 

mimarTuleba, ris gamoc xdeba brunvis RerZis wanacvleba (Cvens SemTxvevaSi 

marjvniv) anu ufro zustad RerZi 0 wertilSi damagrebulia da brunavs misi zeda 

nawili is marTobulad horizontalur sibrtyeSi. e.i bzriala asrulebs 

precesias da ar vardeba (bzrialaze rom ar moqmedebdes Zalis momenti,  

darCeboda mudmivi sididiT da mimarTulebiT, bzriala ar davardeboda da arc 

precesias Seasrulebda).  

vaCvenoT razea damokidebuli precesiis kuTxuri siCqare. ganmartebis Tanaxmad 

                                                         (44.6) 
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nax. 44.2-idan gamomdinare  saidanac ganvsazRvroT  da SevitanoT 

(44.6)-Si         

 

(radgan ), anu  

                                                           (44.7) 

bzrialas precesiis siCqare araa damokidebuli misi RerZis daxris kuTxeze.  igi 

ukuproporciulia bzrialas impulsis momentis, anu rac ufro swrafad brunavs 

(didia ) bzriala miT nela precesirebs. 

realurad xaxunis arsebobis gamo, bzrialas sakuTari kuTxuri siCqare 

klebulobs, garkveuli momentidan bzrialas RerZi spiraliseburi moZraobiT 

TandaTan ixreba vertikalis mimarT da sabolood vardeba. 

bzriala umartivesi magaliTia navigaciis mTeli rigi xelsawyoebis 

umniSvnelovanesi nawili-giroskopi. giroskopi (ber. wres vxedav) warmoadgens 

mowyobilobas, romelic myisierad reagirebs aTvlis inerciuli sistemis mimarT im 

sxeulis orientaciis kuTxis cvlilebaze, romelzedac igia mimagrebuli.   

 

amocana 44.1. 120 g masis bzriala wamSi akeTebs 26 bruns misi simetriis RerZi 

vertikalTan qmnis 300 kuTxes da precesirebs 8 wm-Si 1 brunis sixSiriT. gamoTvaleT 

bzrialas inerciis momenti, Tu  misi masaTa centri imyofeba simetriis RerZze 

sayrdenTan Sexebis wertilidan 3,5 sm-ze.  

amoxsna: 

visargebloT (44.7)-iT: 

                     
  (1)  

 amocanis pirobis Tanaxmad  , xolo . (1)-Si 

gaTvaliswinebiT vRebulobT: 

 

. 

amocana 44.2. disko, romlis radiusia 6sm Camocmulia 20 sm-s sigrZis wvrili 

horizontaluri RerZis SuaSi da brunavs mis irgvliv 25 rad/wm siCqariT. 

gamoTvaleT RerZis precesiis siCqare. 

amoxsna: 

visargebloT    (44.7)-iT  (44.7)-iT, sadac diskos 

impulsis momenti RerZis mimarT iqneba:    

, 

xolo maSin: 
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mniSvnelobaTa SetaniT vRebulobT:                        

. 

 

 

$45. myari sxeulis wonasworobis pirobebi 

 myari sxeulis moZraoba zogadad aRiwereba ori veqtoruli gantolebiT (39.1), 

(41.5) 

            ,                                  (45.1)                  

,                                  (45.2) 

romelTagan pirveli gadataniTs, xolo meore brunviT moZraobas asaxavs. Tu maT 

davagegmilebT sakoordinato RerZebze, miviRebT eqvs damoukidebel gantolebas. 

imisTvis, rom sxeuli imyofebodes wonasworul mdgomareobaSi, saWiroa ori 

piroba: 

1) sxeulze moqmed gare ZalTa jami-tolqmedi unda udrides nuls , e.i.  

                        ,                          (45.3) 

rac, (45.1)-is Tanaxmad niSnavs, rom: 

 

anu, Tu sxeuli uZravia , unda darCes uZrav mdgomareobaSi. 

2) sxeulze moqmed gare ZalTa momentebis jami unda udrides nuls , e.i.  

                        ,                         (45.4) 

rac (45.2)-is Tanaxmad niSnavs, rom: 

 

anu, Tu sxeuli ar brunavs , igi ar daiwyebs brunvas. 

maSasadame, myari sxeulis wonasworobis (statikis) amocanis gadawyvetisTvis 

zogadad saWiroa eqvsi gantolebis (45.3), (45.4) amoxsna37, rac xSir SemTxvevebSi 

sakmaod rTulia, saerTo meTodis ararsebobis gamo. SegTavazebT mxolod or sasar-

geblo rCevas aseTi amocanis gadawyvetisTvis. Sesabamis naxazze gamovsaxoT 

sxeulze moqmedi yvela Zala da maTi modebis wertili, avirCioT mosaxerxebeli 

koordinatTa sistema, davagegmiloT Zalebi, SevitanoT Sesabamisi sidideebi (45.3), 

(45.4) gantolebebSi da amovxsnaT isini. 

 

                                                 
37 myar sxeuls gaaCnia 6 Tavisuflebis xarisxi, ris gamoc misi moZraoba Tu wonasworoba 
ganisazRvreba 6 gantolebiT. Tavisuflebis xarisxis arss $69-Si gavecnobiT. 
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amocana 45.1. M masisa da R radiusis diskos exeba h< R simaRlis safexurs. ra 

minimaluri sididis Zala unda movdoT diskos RerZs horizontaluri 

mimarTulebiT, rom is avitanoT Semdeg safexurze? 

amoxsna: 

diskos asatanad kibeze, kibis safexuris 0 wertilis 

mimarT  Zalis mabrunebeli momenti toli, an meti unda 

iyos simZimis Zalis mabrunebeli momentisa wertilis 

mimarT. radgan amocanis pirobis Tanaxmad saWiroa Zalis 

minimaluri mniSvnelobis gansazRvra, amitom gavutoloT 

aRniSnuli momentebi: 

, 

sadac Sesabamis ZalTa mxrebia O wertilis mimarT. am tolobidan: 

 

amocana 45.2. naxazze mocemulia 20kg masis 4m sigrZis erTgvarovani Rero. ra Zala 

unda movdoT Tavisufal bolos, rom davZraT meore boloze mdebare 170kg masis 

tvirTi. 

amoxsna: 

0wertilis mimarT wonasworobis                             

piroba  miiRebs saxes:  

 

,                                      

(n). 

 Zala tolfasia: 

(kg). 

tvirTis awevis. 

amocana 45.3. naxazze mocemulia 50 kg masis da m sigrZis erTgvarovani relsi, 

romlis naxevari nawili ganicdis  kg/m Tanabar datvirTvas. vipovoT sayrdenis 

da Tokis mxridan relsze moqmedi reaqciis Zalebi. 

amoxsna: 

vaCvenoT mocemul relsze moqmed Zalebi 

relsis wonasworobis gamo niutonis meore 

kanoni- (44.1) ase Caiwereba: 

 
 

movaxdinoT misi dagegmileba sakordinato RerZebze: 

,                        (1) 
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Tu brunvis centrad avirCevT 2 wertils, maSin (44.4)-is Tanaxmad: 

,              

n. 

 (1)-Si mniSvnelobebis  

SetaniT miviRebT: 

, 

aqedan: 

(n). , . 

 

amocanebi: 

1. borbali t drois ganmavlobaSi   kuTxiT Semobrunda, romelic drois mixedviT Semdegi 

kanoniT icvleba:   izomeba radianebSi, t-wamebSi. risi tolia 

1)borblis saSualo siCqare; 2) 2wm-dan 3wm-mde drois SualedSi saSualo kuTxuri aCqareba? 

(pasuxi: -280rad/wm, -340rad/wm2) 

2. amocana 1-Si gamoTvaleT myisi kuTxuri siCqarisa da aCqarebis mniSvnelobebi t=3 wm-Tvis. 

(pasuxi: -463rad/wm, -480rad/wm2) 

3. 20sm radiusis borblis TanabaraCqarebuli brunvisas 3,6wm-Si sixSire izrdeba 80br/wT-dan 

300br/wT-mde. gamoTvaleT borblis kuTxuri aCqareba. ipoveT borblis ganapira wertilis 

wiriTi aCqarebis mxebi da normaluri mdgenelebi t=2 wm-Tvis. (pasuxi: 6,4rad/wm2, 1,3m/wm2, 

90m/wm2) 

4. nawilakis radius-veqtoria  modebulia n Zala. gamoTvaleT am Zalis 

momenti 0x  RerZis mimarT. (pasuxi: 75n.m) 

5. ori nawilaki imyofeba magidis kidesTan erTmaneTisgan manZilze. m masis nawilaki iwyebs 

Tavisufal vardnas. koordinatTa saTave SeuTavseT magidaze darCenil nawilaks, CawereT 

vardnil nawilakis impulsis momentis da masze moqmedi Zalis momentis droze 

damokidebuleba (pasuxi: ) 

6. gamoTvaleT amocana 44.2-Si precesiis siCqare, Tu RerZis Tavisufal boloze moaTavses 

sxeuli, romlis masa diskos masis naxevris tolia. (pasuxi: 44rad/wm) 

7. avtomobilis Zravis mqnevara wuTSi 4000 brunvisas aviTarebs 280nm Zalis moments. 

gamoTvaleT Zravis simZlavre cxenis ZalebSi (1 cx.Z = 736 vt). (pasuxi: 159,2 cx.Z) 

8. 1 m radiusisa da 200 kg masis disko  brunavs 6br/wm sixSiriT. rogor Seicvleba brunvis 

sixSire, Tu diskos centrSi mdgomi 20 kg masis bavSvi diskos kidesTan gadainacvlebs? 

(pasuxi: Semcirdeba 1br/wm-iT)  

9. 2 kg masis da 20 sm diametris erTgvarovani cilindri brunavs simetriis RerZis irgvliv 

1200br/wT sixSiriT. ra droSi SeaCerebs mas 0,14 n.m Zalis momenti? (pasuxi: 9wm) 

10. ramdenjer naklebia Reros inerciis momenti masaTa centrze gamavali Reros marTobuli 

RerZis mimarT mis erTerT boloze gamavali am RerZis paraleluri RerZis mimarT inerciis 

momentze. (pasuxi: 4-jer) 

11. marTkuTxa samkuTxedis kaTetebia 4 m da 3 m.  mis wveroebSi  imyofeba m, 3m, 4m, (m=2kg)  

masis nawilakebi. davadginoT masaTa centris mdebareoba da gamovTvaloT masze gamavali 
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samkuTxedis sibrtyisadmi marTobuli RerZis mimarT sistemis inerciis momenti. (pasuxi: 

C(2;1,1) ,   81kg.m2) 

12. amocana 11-Si gamoTvaleT sistemis inerciis momenti 0y 

RerZis mimarT. (pasuxi:  96kg.m2)  

13. 100kg masis cilindruli milis Siga da gare radiusebia 60sm 

da 80sm. simetriis RerZis irgvliv misi brunvis gantolebaa: 

=4-2t+1,5t2. gamoTvaleT mabrunebeli momentis da simZlavris 

mniSvnelobebi   t=0; 3wm-sTvis. (pasuxi:  15nm; -30vt; 60vt) 

14. 150kg masis cilindruli formis lilvi romlis radiusia 

10sm brunavs simetriis RerZis irgvliv  1800br/wT siCqariT. ra 

ZaliT unda imoqmedos mis zedapirze samuxruWe xundma, rom igi gaCerdes 30wm-Si. xaxunis 

koeficientia 0,6. gamoTvaleT Sesrulebuli muSaoba. (pasuxi: 78,5n; -13,3kj) 

15. ori erTnairi masaliT damzadebuli erTnairi sisqis disko, romelTa radiusebia 20sm da 

30sm, brtyeli zedapirebiT devs erTmaneTze, ise rom gaaCniaT saerTo simetriis RerZi. 

gamoTvaleT sistemis inerciis momenti am RerZis mimarT, Tu maTi saerTo masaa 200kg.  (pasuxi: 

7,5kg.m2) 

16. Txeli rgoli, romlis radiusia 0,3m, mdebareobs  sibrtyeSi. brunvis  RerZi 

rgolis centrze gadis. rgolis kideze modebulia  Zala, gamoTvaleT am Zalis 

mabrunebeli momenti rgolis centris mimarT. (pasuxi: ) 

17. 100kg.m2 inerciis momentis mqone mqnevaras brunvis gantolebaa =2+10t-2,5t2 . CawereT 

mabrunebeli momentisa da simZlavris droze damokidebuleba da gamoTvaleT misi 

mniSvneloba 1,5wm-sTvis. (pasuxi: M=const;  P=-500(10-5t); -500n.m; -1250 vt.) 

18. centrze gamavali RerZis garSemo brunavs 5kg masis da 30sm radiusis sfero,. misi brunvis 

gantolebaa: =4+6t2-t3. ra kanoniT icvleba sferoze moqmed ZalTa momenti? ipoveT 1,5wm-sTvis 

ZalTa momenti. (pasuxi: 0,18(12-6t); 0,54n.m) 

19. 1m radiusisa da 100kg.m2 inerciis momentis disko inerciiT brunavs 17br/wT sixSiriT. 

rogor Seicvleba brunvis sixSire, Tu diskos centrSi myofi 70kg masis adamiani (CaTvaleT 

nivTier wertilad) gadainacvlebs  diskos kideze.  (pasuxi: 7br/wT-iT Semcirdeba) 

20. 120 kg.m2 inerciis momentis mqnevaras brunviTi moZraobis gantolebaa =2+36t-3t2. ipoveT 

mqnevaraze moqmedi Zalebis saSualo simZlavre mis gaCerebamde. (pasuxi: 12,66 kvt) 

21. 100 kg masis da 20 sm diametris erTgvarovani cilindri brunavs simetriis RerZis irgvliv 

12br/wm sixSiriT. ra droSi SeaCerebs mas samuxruWe xundi, Tu igi mis zedapirze moqmedebs 

30 n ZaliT. xaxunis koeficienti 0,4-is tolia. (pasuxi: 18,8wm) 

22. uZravi saqani, romlis inerciis momentia 50 kg.m2, 30 n.m Zalis momentis moqmedebiT iwyebs 

TanabaraCqarebul moZraobas. gansazRvreT 8 wm-saTvis misi kinetikuri energia. (pasuxi: 345,6j).  

23. diskos formis 0,5 kg masis blokze gadadebulia zonari, romlis boloebze dakidebulia 

0,2 kg da 0,22 kg masis tvirTebi. gaigeT tvirTebis aCqareba. (pasuxi: 1,64 m/wm2).  

24. 60kg masis erTgvarovani Reros sigrZea 6 m (ix. naxazi). misi erTi 

bolo eyrdnoba uZrav sayrdens, xolo meore Tavisufal boloze 

moTavsebulia 20 kg masis tvirTi. tvirTidan 2 m-ze Rero 

damagrebulia bagiriT da imyofeba wonasworobis mdgomareobaSi. 

ipoveT sayrdenis da bagiris reaqciis Zalebi. (pasuxi: 50n; 750n). 

25. 0,1 m radiusis wriuli formis blokze gadadebuli zanaris boloebze mimagrebulia 0,3 

kg da 0,32 kg masis tvirTebi. msubuqi tvirTi imyofeba 1 m-iT qveviT. tvirTebis 

gaTavisuflebidan 2 wm-Si isini erT doneze aRmoCnda, ipoveT blokis inerciis momenti da 

masa. (pasuxi: 1,8.10-3kg.m2; 0,36kg) 
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26. 60kg masis 8m sigrZis erTgvarovani Rero erTi boloTi eyrdnoba uZrav sayrdens, xolo 

meore bolo damagrebulia bagiriT. sayrdenidan Sua wertilamde 

Rero ganicdis 50kg/m Tanabar datvirTvas. ipoveT mis  boloebze 

moqmedi reaqciis Zalebi. (pasuxi: 800 n; 1800 n).  

27. 60 kg masis erTgvarovani Reros sigrZea 8 m (ix. naxazi). 

misi erTi bolo eyrdnoba uZrav sayrdens, xolo meore bolo 

damagrebulia bagiriT. sayrdenidan 2m manZilze Rero 

ganicdis 200 kg/m Tanabar datvirTvas. ipoveT F Zala da Reros 

boloze sayrdenis mxridan moqmedi reaqciis Zala. (pasuxi: 924 

n; 3828 n).  

28. 4,6 kg masis da 6 sm radiusis erTgvarovani cilindri brunavssimetriis RerZis irgvliv 

1500 br/wT sixSiriT. ipoveT misi impulsis momenti da Zalis momenti romelic saWiroa mis 

gasaCereblad 7 wm-Si. (pasuxi: 1,3 kg.m2/wm: -02 n.m). 

29. 4 m sigrZis da 300 daxrilobis sibrtyidan srialis gareSe mogoravs birTvi. ipoveT misi 

centris saSualo wiriTi siCqare da Camogorebis dro.  (pasuxi: 2,7 m/wm; 1,5 wm). 

30. 103 m/wm siCqariT horizontalurad gasrolili 10 g masis cilindruli formis tyvia 

brunavs grZivi RerZis irgvliv 2500 br/wm sixSiriT. tyviis diametria 10 mm gamoTvaleT misi 

sruli kinetikuri energia. (pasuxi: 5,15 kj) 

31. mili, romlis Siga da gare radiusebia 2 sm da 3 sm, msaxveli 50 sm, simkvrive 2,7.103 kg/m3. 

srialis gareSe migoravs horizontalur zedapirze. misi RerZis wiriTi siCqarea 1 m/wm. 

gamoTvaleT milis kinetikuri energia.  (pasuxi: 1,7 j) 

32. horizontalur sibrtyeze mogoravs birTvi. misi sruli kinetikuri energia 28 j. 

gansazRvreT birTvis brunviTi da gadataniTi moZraobis kinetikuri energiebi. (pasuxi: 20 j; 

8j) 

33. rgolma, romelic migoravda horizontalur sibrtyeze 4 m/wm siCqariT, miaRwia 300 

daxrilobis sibrtyes. ra manZilze agordeba igi daxril sibrtyeze. (pasuxi: 13,2 m) 

34. R=20 sm radiusis da 10R sigrZis erTgvarovani cilindris fuZeebze mimagrebulia ori 

erTnairi 3R  radiusis birTvi. ise, rom maTi centrebi da cilindris simetriis wrfe erT 

RerZs qmnis. romlis irgvliv sistema brunavs 10 br/wm siCqariT. gamoTvaleT sistemis 

kinetikuri energia, Tu misi masaa 190 kg da mTlianad erTnairi masaliTaa damzadebuli. 

(pasuxi: 1225 j)  

  

600 
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Tavi V.  

meqanikuri rxevebi da talRebi 

 

§46. rxeviTi moZraobis tipebi 

 rxeviTi moZraoba ewodeba iseT process, romelic drois gansazRvruli 

intervalebis Semdeg zustad an miaxloebiT meordeba. 

ganmeorebadi procesebis fizikuri bunebidan gamomdinare ganasxvaveben 

meqanikur,eleqtromagnitur, eleqtromeqanikur dasxva rxevebs.  

 meqanikur rxevaSi igulisxmeba sxeulis ganmeorebadi moZraoba erTsa da imave 

traeqtoriaze xan erTi xan meore mimarTulebiT. 

meqanikuri rxevis magaliTebia frinvelis frTebis, siTburi manqanis dguSis, 

gitaris simis, miwisZvris dros dedamiwis qerqis moZraoba, aseve TviTmfrinavis 

frTebisa da gemis korpusis vibraciebi. rxeviTi procesebi teqnikis sxvadasxva 

dargis safuZvelTa safuZvelia. Tumca zogierT SemTxvevaSi rxeviTi moZraobebi 

uaryofiT rols asrulebs. TviTmfrinavis frTebis vibraciam SesaZloa dasaSveb 

zRvars gadaaWarbos da katastrofuli Sedegebi gamoiwvios. aseT SemTxvevebSi 

aucilebelia Sesabamisi usafrTxoebis zomebis miReba. 

imisTvis, rom sxulma, an sxeulTa sistemam Seasrulos rxeviTi moZraoba, 

saWiroa dakmayofilebuli iyos ori piroba: 

1. sistemas unda gaaCndes mdgradi wonasworobis mdgomareoba, anu sistemis 

wonasworobis mdgomareobidan gamoyvanisas unda aRiZras sistemis wonasworobis 

mdgomareobisken damabrunebeli Zala, romelic gadaxris proporciulia da 

wonasworobis centriskenaa mimarTuli. aseT Zalebs kvazidrekad (drekadobis 

msgavs) Zalebs uwodeben. 

2. winaaRmdegobis Zalebi mcire unda iyos, raTa rxeva aRiZras da swrafad ar 

miilios. 

merxev sistemaze ganxorcielebuli zemoqmedebis xasiaTis mixedviT arCeven 

Tavisufal (sakuTar) da iZulebiT rxevebs. 

 Tavisufali ewodeba rxevas, romelic mimdinareobs sistemis wonasworobis 

mdgomareobidan gamoyvanis Sedegad, anu, romelic xorcieldeba erTxel 

miniWebuli energiis xarjze. 

am rxevis magaliTad SeiZleba moviyvanoT Zafze dakidebuli burTulis 

moZraoba erTjeradi msubuqi biZgis (kinetikuri energiis miwodeba), an wonasworobis 

mdebareobidan mcire gadaxris (potenciuri energiis miwodeba) Semdeg.  

radgan garemoSi, sadac warmoebs rxeva, yovelTvis arsebobs winaaRmdegobis 

Zalebi, amitom Tavisufali rxevebi bunebiT milevadia. merxev sistemaze miwodebuli 

energia rxevis procesSi xmardeba garemos winaaRmdegobis daZlevas, ris gamoc rxeva 

sustdeba da sabolood wydeba.   

Tavisufali rxevis idealizirebul SemTxvevas warmoadgens harmoniuli rxeva. 

 harmoniuli rxeva aris sistemis Tavisufali rxeva garemoSi, romlis 

winaaRmdegobis Zalebi praqtikulad ugulebelyofilia. 
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aseT SemTxvevaSi rxeviTi moZraobis maxasiaTebeli sidideebi – koordinatebi, 

siCqare, aCqareba – droSi kosinusis (an sinusis) harmoniuli kanonis mixedviT 

icvleba. aseTi rxevebis Seswavla gansakuTrebiT mniSvnelovania, vinaidan bunebasa 

da teqnikaSi gavrcelebuli rxeviTi moZraobebi, drois SezRudul SualedSi, Zalian 

axlosaa harmoniulTan. 

 iZulebiTi ewodeba iseT rxevas, romelic warmoebs garedan periodulad 

miniWebuli energiis xarjze. 

sxvadasxva bunebis rxevas gaaCnia saerTo Tvisebebi, ris gamoc, rxevaTa 

Seswavlis maTematikuri meTodebi erTnairia. am TavSi Cven ganvixilavT meqanikur 

rxevebs, Tumca  miRebuli Sedegebi gavrceldeba sxva saxis rxevebzec. 

rxeviTi moZraobis Seswavla martivdeba imiT, rom  TiTqmis yoveli saxis 

rTuli rxeviTi moZraoba SeiZleba ganvixiloT rogorc martiv rxeviT moZraobaTa  

(harmoniul rxevaTa) jami. amasTan jamSi Semavali wevrebi qmnian swrafad krebad 

mimdevrobas, rac saSualebas iZleva SemovifargloT mxolod ramodenime wevriT da 

amiT gavamartivoT dasmuli amocanis maTematikuri gadawyveta.   

meqanikuri rxevis Seswavla niSnavs ganisazRvros, Tu rogori kanonzomierebiT 

icvleba sistemis moZraobis maxasiaTebeli sidideebi – koordinatebi, siCqare, 

aCqareba. 

Cven ganvixilavT erTganzomilebian meqanikur rxevebs. 

 

 

§47. harmoniuli rxeva 

ganvixiloT erTganzomilebiani meqanikuri rxevebi, anu rodesac merxevi 

sistemis mdebareoba drois mocemul momentSi ganisazRvreba erTi koordinatiT – 

-iT. aseTi sistemis potenciuri energia iqneba  xW
p

. radgan sistemas gaaCnia 

mdgradi wonasworobis mdgomareoba, maSin,§34-is Tanaxmad, am mdgomareobas 

Seesabameba potenciuri energiis minimumi. wonasworobis mdebareobas SevusabamoT 

aTvlis wertili 0x , maSin   00 
p

W . 

 movaxdinoT  xW
p

 funqciis gaSla 0x  wertilis maxloblobaSi: 

.....
)()(

)()( 
























2

0
2

0

2

2

0

x

dx

xWd
x

dx

xdW
WxW

xx

pp
pp              (47.1) 

ganvixiloT mcire gadaxrebi, e.i. roca SesaZlebelia SemovifargloT -is mci-

re xarisxiT (kvadratuliT). funqciis eqstremumis (minimumis) ganmartebis Tanaxmad: 

0
0










x
dx

dWp , xolo 0

0

2

2















x
dx

Wd p . 

SemoviRoT aRniSvna: 

0

2

2


















x
dx

Wd
k p , 

maSin (47.1) miiRebs saxes:  

x

x
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 
2

2kx
xW 

p
. 

sistemaSi moqmedi Zala, (29.4)-is gamo, iqneba: 

kx
dx

dW
FF x  p .                              (47.2) 

(47.2)-is Tanaxmad es Zala gadaxris proporciulia da wonasworobis mdebareobisken 

aris mimarTuli. igi maTematikuri TvalsazrisiT drekadobis Zalis analogiuria 

da mas kvazidrekadZalas uwodeben. es Zala ganapirobebs rxeviT process. 

ganvixiloT harmoniuli rxevis ramodenime magaliTi. 

1. zambariani tvirTis rxeva 

ganvixiloT mcire zomis masiuri birTvi, romelic gaxvretilia diametrze da 

Camocmulia Reroze, raTa mas SeeZlos moZraoba mxolod erTi wrfis gaswvriv. 

birTvi davamagroT zambaris erT boloze, romlis meore bolo uZravia (nax. 47.1). 

birTvis wonasworul mdebareobas (aradeformirebuli zambaris SemTxveva) 

SevuTavsoT aTvlis 0 wertili, xolo x  RerZi mivmarToT Reros gaswvriv. 

gamovricxoT garemos winaaRmdegobis Zalebi. wonasworobis mdebareobidan birTvis 

gamoyvanisas zambaris gaWimvis (an SekumSvis) Sedegad aRZruli drekadobis Zala 

 birTvs mianiWebs 22 dtxdax   aCqarebas. niutonis II kanonis Tanaxmad, 

kxmax  , sadac m  birTvis masaa, xolo k  zambaris sixiste. e.i.:  

0
2

2

 kx
dt

xd
m . 

birTvis masaze gayofiT vRebulobT: 

02

02

2

 x
dt

xd
 ,                                    (47.3)  

sadac:  

.0
m

k
                       (47.4) 

(47.3) warmoadgens wrfiv, erTgvarovan, meore rigis 

diferencialur gantolebas, romlis amonaxsnic, anu

wanacvlebis droze damokidebuleba, rxevis periodulobis gamo,  Caiwereba uwyveti 

perioduli funqciis  kosinusis (an sinusis)  saxiT: 

   tXx 00 cos .                             (47.5) 

am gantolebas ganvixilavT momdevno paragrafSi 

2. maTematikuri saqani 

 fizikaSi saqans uwodeben nebismier myar sxeuls, romelsac simZimis Zalis 

moqmedebiT SeuZlia Seasrulos rxeviTi moZraoba uZravi wertilis an RerZis 

mimarT. 

ganasxvaveben maTematikur da fizikur saqans. 

 ganvixiloT maTematikuri saqani, romelic warmoadgens grZel, uwonad, 

uWimvad Zafsa da masze Camokidebuli nivTieri wertilis erTobliobas 

(wonasworobis mdebareobis maxloblobaSi merxev nivTier wertils oscilators 

uwodeben). mis wonasworul mdebareobas SevuTavsoT aTvlis O wertili. am 

kxF 

x

0 

x 

 

 

naxazi 47.1 
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mdebareobidan mcire gadaxra – x  warmoadgens im rkals, romelzec imoZravebs 

nivTieri wertili (nax. 47.2). masze moqmedi simZimis P

 Zalis normaluri mdgeneli 

nP

 kompensirebulia Zafis drekadobis N


 ZaliT. wina-

aRmdegobis ZalTa ugulebelyofis SemTxvevaSi sistemaSi 

imoqmedebs mxolod simZimis Zalis mxebi mdgeneli P

. 

niutonis II kanonidan gamomdinare: 

2

2

dt

xd
mmaP x  , 

nax. 47.2-is Tanaxmad ki: 



x
mgPP   sin 38. 

minus niSniT mivuTiTebT im faqts, rom P

 yovelTvis gadaxris 

sapirispirodaa mimarTuli. formulidan: 

,x
mg

P 









  

Cans, rom P  maTematikurad kxF  -is analogiuria ( mgk  ), anu warmoadgens 

kvazidrekad Zalas. P -s mniSvnelobis gaTvaliswinebiT niutonis II kanoni miiRebs 

saxes:  

0
2

2

 x
mg

dt

xd
m


. 

masaze Sekvecis Sedegad vRebulobT 

02
02

2

 x
dt

xd
 ,                                (47.6) 

sadac 



g
0 .                                   (47.7) 

(47.6) identuria (47.3)-is, ris gamoc misi amonaxsni aseve moicema (47.5) formuliT. 

3. fizikuri saqani 

 fizikuri saqani iseTi merxevi sxeulia, romlis 

nivTier wertilad warmodgena masis ganfenilobis 

gamo SeuZlebelia. 

naxaz 47.3-ze gamosaxulia fizikuri saqani, romelsac 

SeuZlia rxevis Sesruleba O wertilSi gamavali, naxazis 

sibrtyis marTobuli RerZis mimarT. mocemuli saqanis 

rxevis Seswavla mosaxerxebelia brunviTi moZraobis 

dinamikis gantolebis gamoyenebiT (§41) 


IM  , sadac I  

sxeulis inerciis momentia O wertilze gamavali RerZis 

mimarT, 22 dtd    - kuTxuri aCqarebaa, xolo 

                                                 
38mcire gadaxrebisas   sin φ ≈ φ ≈ x/ℓ. 

ℓ 

φ 

C 
x 

x 

 

 

 
 

φ 

naxazi 47.2 

O 

ℓ 

ℓ' 

0 
r 

φ 

 

C 

0' 

naxazi 47.3 
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sinmgrPM    (   Zalis mxaria) simZimis Zalis momentia imave RerZis mimarT. 

niSani minusi miuTiTebs im faqts, rom M  cdilobs daabrunos sxeuli wonasworobis 

mdgomareobaSi (am TvalsazrisiT igi analogiuria kvazidrekadi Zalis). maSasadame, 

0sin
2

2

 


mgr
dt

d
I . 

mcire gadaxrebis gamo  da vRebulobT: 

02
02

2

 


dt

d
,                                (47.8) 

sadac: 

I

mgr
0 .                                  (47.9) 

(47.8) analogiuria (47.3)-is, ris gamoc misi amonaxsni (47.5)-is msgavsad moicema 

Semdegi saxiT: 

   t00 cos .                            (47.10) 

maSasadame, zambariani tvirTis, maTematikuri da fizikuri saqanis rxevis 

gantolebebi identuria da erTsa da imave tips miekuTvneba. 

 

 

§48. harmoniul rxevaTa gantolebis analizi 

gadavweroT harmoniuli rxevebis (47.5) gantoleba  Semdegi saxiT: 

   tXtXx  coscos 000  .                         (48.1) 

radgan   1cos t , amitom wonasworobis mdebareobidan maqsimaluri gadaxra iqneba: 

0Xx 
maq

 

 merxevi sistemis wonasworobis mdebareobidan udides gadaxras rxevis 

amplituda – 0X  ewodeba. 

    amplitudis mniSvneloba damokidebulia wonasworobis mdebareobidan sawyis 

gadaxraze da sawyis momentSi miniWebul siCqareze. amplituda harmoniuli rxevis 

SemTxvevaSi mudmivi sididea.      tt 0  axasiaTebs merxevi sistemis myisier 

mdgomareobas da gansazRvravs wanacvlebis droSi cvlilebas. mas rxevis faza 

ewodeba. dakvirvebis dasawyisSi, anu 0t  momentisTvis rxevis faza  -s tolia, 

amitom mas sawyisi faza ewodeba. kosinusis periodulobis  2  gamo, drois 

garkveuli Sualedebis Semdeg, sistema ubrundeba pirvandel mdgomareobas. 

 drois im umcires Sualeds – , romlis Semdegac sistema ubrundeba 

pirvandel mdgomareobas, periodi ewodeba: 

maSasadame,    Ttxtx  . (48.1)-is Tanaxmad, 

     )(coscos 0000 TtXtX . 

am tolobis dakmayofilebisTvis saWiroa  20 T , aqedan:    

T




2
0  .                                    (48.2) 

 sin

T
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0  warmoadgens rxevis ciklur sixSires-anu 2 wm-Si Sesrulebul rxevaTa ricxvs 

(ix.§9). (47.4)-is da (47.7)-is Tanaxmad:  

m

k
0 , 



g
0 . 

warmoadgens zambariani tvirTisa da maTematikuri saqanis ciklur sixSireebs, maTi 

mniSvneloba damokidebulia mxolod merxevi sistemis parametrebze  km,  da  ,g , 

ris gamoc maT merxevi sistemis sakuTar sixSireebs uwodeben. (48.2)-is Tanaxmad, 

zambariani tvirTisTvis: 

k

m
T 2 , 

g
T


2 (hiugensis formula) 

maTematikuri saqanis rxevis periodis formulaa. misi saSualebiT laboratoriul 

pirobebSi SesaZlebelia g-s gamoTvla. 

 drois erTeulSi Sesrulebul rxevaTa ricxvs rxevis sixSire –   ewodeba.  

igi periodis Sebrunebuli sididea: 

T

1
 . 

misi erTeulia herci. 

(48.1) formulis droiT gawarmoebis Sedegad miiReba harmoniuli rxevis 

siCqaris gantoleba: 

  









2
cossin 000000


 tXtX

dt

dx
x .               (48.3) 

(48.3)-is Tanaxmad, 000  X
maq

 siCqaris amplitudaa. (48.3)-is (48.1)-Tan Sedarebidan 

Cans, rom siCqare )90(2/ 0  faziT uswrebs wanacvlebas.  

(48.3)-is gawarmoebiT miiReba aCqarebis gantoleba: 

   


 tXtX
dt

xd

dt

d
a x

x 0

2

000

2

002

2

coscos .          (48.4) 

(48.4)-Si (48.1)-is gaTvaliswinebiT vRebulobT, rom: 

xax
2
0 ,                                   (48.4)’ 

e.i. harmoniuli rxevis dros sistemis aCqareba (Sesabamisad, kvazidrekadi Zala) 

yovelTvis x  gadaxris proporciulia da mis sapirispirodaa mimarTuli. 

nax. 48.1-ze naCvenebia erTganzomilebiani harmoniuli rxevis wanacvlebis droze 

damokidebuleba. fizikuri saqanis rxevis (47.10) gantoleba analogiuria  (48.1)-is, 

kerZod ~x, 0~X0.  (47.9) warmoadgens fizikuri saqanis ciklur sixSires, Sesabamisad 

rxevis periodi  iqneba: 

mgr

I
T 2 . 

misi gatolebiT  maTematikuri saqanis rxevis periodTan: 

,2
g

T


  

vRebulobT:  
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mr

I
' .                                   (48.5) 

' -s fizikuri saqanis dayvanili sigrZe 

ewodeba. e.i. fizikuri saqanis rxevis periodi iseTi 

maTematikuri saqanis rxevis periodis tolia, 

romlis sigrZec fizikuri saqanis dayvanili 

sigrZes udris.  dayvanili sigrZe yovelTvis metia 

sakidi O wertilisa da masaTa C centrs Soris r 

manZilze (naxazi 47.3). 

O′ wertils, romelic fizikuri saqanis sakidi 

wertilidan dayvanili ℓ′ sigrZis tol manZilze 

mdebareobs, saqanis rxevis centri ewodeba. Tu 

fizikur saqans davkidebT rxevis O′ centrSi, maSin misi rxevis periodi ar 

Seicvleba. 

gavarCioT harmoniuli rxeva energetikuli TvalsazrisiT. radgan harmoniulad 

merxevi nebismieri sistemis SemTxvevaSi rxevis maxasiaTebeli  sidideebi erTnairi 

kanonzomierebiT icvleba, ganvixiloT  zambariani tvirTis harmoniuli rxevis 

SemTxveva. potenciuri da kinetikuri energiebis ganmartebis Tanaxmad, drois 

nebismieri t  momentisTvis gveqneba: 

   t
kXkx

W 0
2

2

0
2

cos
22

p
,                         (48.6) 

 


 t
mXm

W x
0

2
2
0

2

0

2

sin
22

k
.                      (48.7) 

2cos -s )(sin 2   periodia  , amitom 
kp

WW , -is periodi iqneba 2/T , anu erTi sruli 

rxevis dros TiToeuli maTgani orjer moaswrebs srul cvlilebas. harmoniulad 

merxev sistemaSi ar moqmedebs winaaRmdegobis Zalebi, ris gamoc sruli meqanikuri 

energia  inaxeba. marTlac, 

   


  t
mX

t
kX

WWW 0
2

2
0

2

0
0

2
2

0
kp sin

2
cos

2
. 

(47.4)-is Tanaxmad, 2
0mk  , ris gamoc vRebulobT: 

const
mX

W 
2

2
0

2

0 
.                           (48.8) 

e.i., harmoniuli rxevis procesSi mimdinareobs potenciuri da kinetikuri energiebis 

urTierTgardaqmna. kerZod, mobrunebis wertilebSi ( 0Xx  -amplituduri gadaxra) 

0kW , xolo pW  aRwevs maqsimums da piriqiT, 

wonasworobis mdgomareobaSi gavlisas 0pW , 
kW  

- maqsimaluria (naxazi 48.2). amasTanave, sistemis 

sruli energia rCeba ucvleli. misi mniSv-

neloba(48.8)-is Tanaxmad damokidebulia rxevis 

sawyis pirobebze da sistemis parametrebze. 

arsebiTia, rom  

x 

0 

X0 

T 

t 

(α = 0) 

naxazi 48.1 

W 

Wk 

Wp 

W 

T/2 t 

naxazi 48.2 
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 merxevi sistemis energia amplitudis kvadratis proporciulia. 

 

mocana 48.1. harmoniuli oscilatoris gadaxris droze damokidebuleba mocemulia 

gantolebiT: 











64

5
cos4,2


tx , 

sadac x izomeba metrobiT, xolo t wamebSi. ipoveT:rxevis periodi da sixSire; t = 0 

momentisTvis gadaxra, siCqare da aCqareba. 

amoxsna: 

(48.1) formulis Tanaxmad:  

1. 
4

5
0


  ,  

(48.2)-is Tanaxmad ki: 

6,1
5

8

5

242

0












T (wm), 

Radgan: 

T

1
 , amitom 6,0

8

5
 (hc). 

2. 1,287,04,2
6

cos4,20 


tx m.  

(48.1)-is Tanaxmad: 

7,45,03
6

sin
4

5
4,20  


t (m/wm). 

(48.4)-is gamo: 

32
6

cos
4

5
4,2

2

0 










ta (m/wm2). 

amocana 48.2. maTematikuri saqanis sigrZea 3,6 m. igi gadaxares vertikaluri 

mdgomareobidan 1,40-iT. aRvweroTgadaxris kuTxis droze 

damokidebulebisgantoleba. vipovoT rxevis amplituda da maqsimaluri siCqare. 

garemos winaaRmdegoba ugulebelyofilia. 

amoxsna: 

radgan garemos winaaRmdegoba ugulebelyofilia da saqanis gadaxris kuTxe 

mcirea, amitom rxeva harmoniulia: 

tXx 00 cos
                          

(1) 

trigonometriidan cnobilia, rom wrewiris rkalis sigrZe 

ridiusisa da Sesabamisi centraluri kuTxis namravlis tolia: 

.S mcire gadaxrebisas .xS  anu 

.x                              (2)  

(2)-is gaTvaliswinebiT (1) ase Caiwereba: 

t00 cos   

x 

0 

 

 

S 

x 
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sadac 024,0
180

4,1
0

0
0 


 rad - gadaxris maqsimaluri kuTxea. xolo, (2)-is Tanaxmad 

rxevis amplituda iqneba: 

09,0024,06,300  X (m). 

siCqaris amplituda rxevis amplitudasTan dakavSirebulia formuliT: 

15,0
6,3

10
09,00000 



g
XX  (m/wm). 

 

amocana 48.3. daamtkiceT, rom dayvanili '  sigrZe (naxazi 47.3) metia sakid wertilsa 

da masaTa C centrs Soris manZilze. 

amoxsna: 

Steineris Teoremis Tanaxmad (42.4), inerciis momenti nebismier O wertilSi 

gamavali RerZis mimarT dakavSirebulia masaTa C centrSi gamavali da pirveli 

RerZis paraleluri RerZis mimarT inerciis CI  momentTan TanafardobiT: 

2mrII C  . 

amis gamo (47.8) formuliT gansazRvruli dayvanili sigrZe: 

r
mr

I

mr

mrI

mr

I CC 



2

' . 

radgan pirveli Sesakrebi dadebiTia, amitom r' . 

amocana 48.4. erTi boloTi damagrebuli Txeli erTgvarovani Rero asrulebs 

harmoniul rxevas vertikalur sibrtyeSi. vipovoT rxevis periodi da dayvanili 

sigrZe, Tu Reros sigrZea 0,64m. 

amoxsna: 

 fizikuri saqanis rxevis periodi:  

mgr

I
T 2 ,                           (1) 

sadac 2/r , xolo inerciis momenti, (42.4)-is Tanaxmad: 

34124

2222  mmm
mII C  . 

maSin (1) miiRebs saxes:  

).(31,1
3

2
2

2
3

2
2

wm
g

mg

m
T





  

dayvanili sigrZe, iqneba: 

).(43,0
3

2

2

3'

2

m 





m

m

mr

I
 

amocana 48.5. zambaraze mimagrebuli 1 kg masis birTvi waanacvles wonasworobis 

mdebareobidan 5sm-iT da gauSves xeli, ris Sedegadac sistemam daiwyo harmoniuli 

rxeva. gamoTvaleT zambaris sixiste da rxevis periodi, Tu wonasworobis O 

wertilSi gavlisas birTvis siCqarea 0,1 m/wm. 

C ℓ 

ℓ/2 
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amoxsna: 

birTvis x0=0,05 m-iT wanacvlebiT sistemam miiRo:  

.
2

2

0kx
W 

p

 
potenciuri energia, romelic rxevis harmoniuli 

xasiaTis gamo (meqanikuri energia inaxeba) birTvis 

wonasworobis mdebareobaSi (O wertili) gavlisas mTlianad gadadis sistemis 

kinetikur energiaSi:  

2

2

0m
W 

k
. 

energiaTa gatolebiT vRebulobT: 

4
1025

101
4

2

2
0

2
0 










x

m
k



(nm). 

periodis formulis Tanaxmad: 

 
4

1
22

k

m
T (wm). 

amocana 48.6. mas Semdeg rac liftma daiwyo vertikaluri moZraoba 

masSiCamokidebuli maTematikuri saqanis rxevis periodi 2-jer gaizarda. gamoTvaleT 

liftis aCqarebis sidide da mimarTuleba. 

amoxsna: 

(ixileT $21). uZravi liftis SemTxvevaSi: 

,21
g

T


  ,22
ag

T





 2
1

2 



ag

g

T

T
. 

saidanac: 

ga 
4

3 . 

aCqareba mimarTulia qvemoT. 

 

 

§49. Tavisufali (milevadi) rxevebi 

realur sistemebSi, winaaRmdegobis ZalTa arsebobis gamo, erTjeradad 

miniWebuli energia TandaTan ixarjeba am ZalTa dasaZlevad Sesrulebul muSaobaze 

(gadadis siTbur energiaSi), ris gamoc Tavisufali rxeva milevadia. harmoniuli 

rxevebisgan gansxvavebiT, am SemTxvevaSi merxevi sistemis wonasworobidan gadaxris 

(koordinatis), siCqaris da aCqarebis maqsimaluri mniSvnelobebi droze 

damokidebuli klebadi  funqciebia. gadaxris sidide monotonurad mcirdeba da 

amplitudis, rogorc droSi ucvleli maqsimaluri gadaxris, gansazRvra azrs 

kargavs. Tumca Tavisufali rxevisas amplitudis cnebiT mainc sargebloben da mas 

uwodeben im maqsimalur gadaxras, romelsac sistema asrulebs erTi rxevis 

ganmavlobaSi. radgan milevadi rxevisas sistema zustad ver imeorebs winandel 

moZraobas, rxevis periodis ganmartebac icvleba: 

O 
x 

x0 
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 milevadi rxevis periodi ewodeba drois im  Sualeds, romlis ganmavlobaSic 

sistema asrulebs or momdevno maqsimalur gadaxras erTsadaigive mxares. 

 umetes SemTxvevaSi sistemaSi moqmedi winaaRmdegobis Zalebi sveli xaxunis 

(haeris, wylis da a.S.) Zalebia39. es Zalebi mcire gadaxrebis (dabali siCqareebis) 

SemTxvevaSi (§25) moicema formuliT:  

dt

dx
F x 11   . 

cxadia, sistemaSi moqmedebs kvazidrekadi kxF   Zalac, ris gamoc niutonis II 

kanoni sistemis erTganzomilebiani milevadi rxevisTvis ase Caiwereba:   

.1
dt

dx
kxmax   

( 1 garemos winaaRmdegobis koeficientia). gantolebis orive mxaris masaze gayofis 

Sedegad vRebulobT: 

,                             (49.1) 

sadac: 

          
mm

k

2
, 1

0


  .                              (49.2) 

ganvixiloT SemTxveva, rodesac 0  , SemoviRoT aRniSvna  

22
0   .                                (49.3) 

aseT SemTxvevaSi (49.1)-s - wrfiv, meore rigis, erTgvarovani gantolebis amonaxsns 

aqvs Semdegi saxe: 

    teXx t cos0 .                           (49.4) 

  milevadi rxevis sixSirea, misi mniSvneloba, harmoniuli rxevis sixSirisagan 

gansxvavebiT,  damokidebulia ara marto merxevi sistemis parametrebze, aramed im 

garemos Tvisebebze romelSidac rxeva warmoebs. ,0X  mudmivi sidideebia, romelTa 

mniSvnelobebi sawyisi pirobebiT ganisazRvreba. (49.4)-Si 

  .0
teXtX   

milevadi rxevis amplitudaa, igi drozea damokidebuli da eqsponencialuri kanoniT 

mcirdeba (nax. 49.1). 

gamovTvaloT   dro, romlis ganmavlobaSic amplituda -jer (  neperis 

ricxvia) mcirdeba:  

 
 

e
eX

eX

tX

tX
t

t


 



)(
0

0





,  e

e




1 , anu 



1

 (wm–1). 

e.i.,   im droiTi intervalis Sebrunebuli sididis tolia romlis ganmavlobaSic 

rxevis amplituda e -jer mcirdeba.    axasiaTebs rxevis milevis siCqares, ris 

gamoc  mas milevis koeficients uwodeben. milevis intensivobas axasiaTeben milevis 

                                                 
39mSrali xaxunis Zalebi (magaliTad, saqanis Zafis – kauWTan) sxva tipis zemoqmedebas axdens 
merxev sistemaze. Cven maT ar vixilavT. 

02 2
02

2

 x
dt
dx

dt

xd 

e  71,2e
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logariTmuli dekrementiT. igi  periodiT gansxvavebul drois or  momentSi    

rxevis amplitudaTa fardobis naturaluri logariTmis tolia: 

Te
eX

eX
d T

Tt

t












lnln
)(

0

0
.                           (49.5) 

     (49.3)-is Tanaxmad, mocemuli sistemis milevadi rxevis periodi iqneba: 

22
0

22










T .                                (49.6) 

igi yovelTvis aRemateba imave sistemis harmoniuli rxevis periods, es gansxvaveba 

miT didia, rac metia garemos winaaRmdegobis Zala.  

    (49.6)-is Tanaxmad, Tu 0 , rxeva harmoniulia;  -s zrdisas manam, sanam 0  , 

moZraobas perioduli xasiaTi gaaCnia. 

rodesac  T,0 . rodesac 

0  , moZraoba aRar 

arisperiodulida mas aperioduli 

milevadi moZraoba ewodeba. misi 

Sesabamisi grafikebi sxvadasxva 

sawyisi pirobebis  00 ,x  SemTxvevebSi 

mocemulia nax. 49.2-ze.  

(1) mrudi Seesabameba SemTxvevas, rodesac dakvirvebis dasawyisSi sistema 

gadaxares wonasworobis mdebareobidan da gaanTavisufles sawyisi siCqaris 

miniWebis gareSe ( 00 Xx  , 00  ). aseT SemTxvevaSi sistema TandaTan ubrundeba  wona-

sworobis mdebareobas  0x  da  sapirispiro mimarTulebiT gadaxra aRar xdeba.  

(2) mrudi Seesabameba SemTxvevas, rodesac sistema gadaxares wonasworobis 

mdebareobidan, mianiWes wonasworobis mdebareobisken mimarTuli sawyisi siCqare  (

00 Xx   da 00  ). am dros sistema gaivlis wona-

sworobis mdebareobas, miaRwevs garkveul 

gadaxras da iwyebs  miaxloebas wonasworuli 

mdebareobasTan.  

(3) mrudiT aRiwereba iseTi procesi, 

rodesac sistema biZgiT aris gamoyvanili 

wonasworuli mdebareobidan ( 00 X  da 00  ). am 

dros sistema Sordeba wonasworul mdebareobas, 

aRwevs garkveul gadaxras da Semdeg uaxlovdeba 

sawyis mdebareobas. 

 

amocana 49.1. ramdeni sruli rxevis Semdeg Semcirdeba saqanis amplituda 4-jer, Tu 

milevis logariTmuli dekrementi 0,1386-is tolia. 

amoxsna: 

amocanis pirobis Tanaxmad: 

 
 

 
,4ln,4,4

00

0




te
eX

X

tX

X t

t




 
t

4ln
 .  

x 

0 t 

(1) 

(2) 

(3) 

naxazi 49.2 

x0 

x 

t 

X0 

T 

(α = 0) 
X0e – βt 

naxazi 49.1 
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(49.5)-dan: 

4ln

tdd
T 


; 

t  droSi rxevaTa ricxvi iqneba 

10
1386,0

386,14ln4ln


dtd
t

T

t
n . 

amocana 49.2. CavweroT milevadi rxevisas sistemis sruli meqanikuri energiis droze 

damokidebulebis kanoni. gamovTvaloT periodis ganmavlobaSi sruli energiis 

fardobiTi danakargi. 

amoxsna: 

,
)( t

mtt

t

eWeWe
kX

eXk
tkX

WWW
1

0

2

0

2

2

0

2

02

22
0

2























 kp

 
sadac W0 - sistemissruli meqanikuri energiaa t=0 momentisaTvis: 

 

 

 

 

visargebloT formuliT:  

...
!2!1

1
2


xx

ex , 

radgan x<<1,   

,1 xe x   

T
W

W
2


=2d. 

 

 

§50. iZulebiTi rxevebi. rezonansi.  

parametruli rezonansi 

rxeva, romelsac asrulebs izolirebuli sistema erTxel miniWebuli energiiT 

milevadia, radgan sistemaSi arsebul disipatiur ZalTa arsebobis gamo 

mimdinareobs meqanikuri energiis siTbur energiaSi gardaqmnis procesi. Tu 

sistemaze imoqmedebs gare Zala, romlis muSaobis xarjze moxdeba meqanikuri 

energiis “danakargis” Sevseba, rxeva miulevadi iqneba. ganvixiloT umartivesi 

SemTxveva, rodesac gare Zala harmoniuli kanoniT icvleba tFF cos0 . sistemaSi 

moqmedi kvazidrekadi da winaaRmdegobis ZalTa gaTvaliswinebiT mocemul SemTxve-

vaSi rxevis gantoleba ase Caiwereba: 

tF
dt

dx
kxmax  cos01  . 

gantolebis orive mxare gavyoT m  masaze da SemoviRoT aRniSvnebi: 

m

F
f

mm

k 0
0

1
0 ,

2
, 


  (dayvanili Zala) 

T

T
T

T
m

t
m

Tt
m

t
m

e

e
ee

eW

eWeW

W

W











2

2
2

0

)(

00 1
11

1

1

11







 





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miviRebT: 

tfx
dt

dx

dt

xd
 cos2 0

2
02

2

 ,                       (50.1) 

igi wrfivi, meore rigis, araerTgvarovani, diferencialuri gantolebaa, romlis 

amonaxsni tolia Sesabamisi (49.1) erTgvarovani gantolebis zogadi amonaxsnisa da 

am araerTgvarovani gantolebis kerZo amonaxsnis jamis. pirveli Sesakrebi SesamCnev 

rols TamaSobs mxolod rxevis dasawyisSi, vinaidan igi Seicavs te   Tanamamravls 

da drois garkveuli momentisTvis utoldeba nuls, ris Semdegac rxeva damyarebuli 

xdeba (nax. 50.1) da srulad aRiwereba meore SesakrebiT, romelsac Semdegi saxe aqvs 

   tXx cos0 .                            (50.2) 

e.i., rxeva warmoebs sistemis ara sakuTari  0  sixSiriT, aramed gare Zalis    

sixSiriT, ris gamoc rxevas iZulebiTi ewodeba. rxevis 0X amplitudis da  sawyisi 

fazis dasadgenad  SevitanoT (50.2) (50.1)-Si. radgan miRebuli gantoleba samarTliani 

iqneba -s nebismieri mniSvnelobisTvis, amitom gamartivebis mizniT SevarCioT fazis 

ori mniSvneloba 
2

,0


  tt , ris Semdeg 

martivi gardaqmnebiT miviRebT: 

  22222
0

0
0

4  


f

X ,           (50.3) 

22
0

2







tg .               (50.4) 

(50.3)-is Tanaxmad, sistemis damyarebuli iZulebiTi  

rxevis amplituda damokidebulia gare Zalis 

amplitudur mniSvnelobaze, mis  sixSireze da 

milevis koeficientze.  

ganvixiloT 0X -is damokidebuleba gare Zalis sixSireze. rodesac gare Zala 

mudmivia ( 0 ), maSin: 

  2
0

0
00




f
X  (statikuri gadaxra),       (50.5) 

gare Zalis sixSiris zrdiT rxevis amplitudac 

izrdeba da  aRwevs maqsimums –am movlenas rezonan-

si ewodeba, Sesabamis sixSires ki rezonansuli 

sixSire. sixSiris Semdgomi zrdisas amplituda 

iwyebs Secirebas da, roca  , 00 X - rxeva 

wydeba (nax. 50.2). 

rezonansis dros amplitudis mniSvnelobis 

sapovnelad  visargebloT funqciis maqsimumis pov-

nis zogadi wesiT:  

00 


rez
d

dX
, 

t

X0rez 

f0/ω0
2 

0 

ω0 

ω ωrez 

∆ω 

naxazi 50.2 

X

0 

 

x 

0 t 

rxevis 
damyareba damyarebuli 

rxeva 

naxazi 50.1 
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miviRebT (ix. amocana 50.1):             

22
0 2 rez .                               (50.6)                      

(50.6)-is (50.3)-Si SetaniT vRebulobT rezonansis dros amplitudis mniSvnelobas: 

22

0

0
0

2  


f

X rez
.                              (50.7) 

(50.7)-is Tanaxmad, idealur SemTxvevaSi, rodesac garemos winaaRmdegoba nulia 

 0 , rez0X . realur SemTxvevebSi 0  amitom rezonansul piks sasrulo 

simaRle gaaCnia da rezonansuli sixSire naklebia merxevi sistemis sakuTar six-

Sireze. Tu garemos winaaRmdegoba umniSvneloa, 

maSin 0 rez .  -s zrdiT  mcirdeba,  mrudi 

marcxniv wainacvlebs. imavdroulad mcirdeba rezo-

nansuli pikis simaRlec (nax. 50.3). rodesac 

20  , rezonansuli movlena qreba. am dros gare 

Zalis nebismieri sixSirisas sistemis maqsimaluri 

gadaxra statikur gadaxraze naklebia. 

mcire winaaRmdegobis SemTxvevaSi  02  , (50.7)-

dan vRebulobT: 

0

0
0

2

f
X rez .                                (50.8)       

bolo toloba SevafardoT (50.5)-Tan, miviRebT: 

 

Q
dTTf

f

X

X


















 2

2

22

0

0

2
0

0

0

00

0rez
.                 (50.9) 

Q  merxevi sistemis vargisianobaa. igi gviCvenebs rezonansis dros rxevis amplituda 

ramdenjer aRemateba sistemis statikur gadaxras masze iZulebiTi Zalis 

amplitudis toli mudmivi Zalis moqmedebis SemTxvevaSi. rac ufro naklebia milevis 

koeficienti, miT metia sistemis vargisianoba, Sesabamisad ufro mkveTria (cicaboa) 

da maRali  rezonansuli piki. vargisianoba aseve axasiaTebs pikis siganesac. mcire 

winaaRmdegobis SemTxvevaSi adgili aqvs proporcias                  

Q

1

0







.                                 (50.10) 

  rezonansuli pikis siganea iq, sadac amplitudis kvadrati Seadgens 

rezonansuli amplitudis kvadratis naxevars (naxazi 50.2). (50.4)-is analizidan 

gamomdinare, rodesac   icvleba 0-dan usasrulobamde,   icvleba 0-dan π-mde; 

rodesac 0  , maSin 2/  . imis gamo, rom 0 rez , amitom 2/ rez . 

gare Zalis mier merxev sistemaze drois erTeulSi gadacemuli energia, anu 

simZlavre, gamoiTvleba formuliT: 

    tXtF
dt

dx
FFP sincos 00  

rez
X0 

f0/ω0
2 

0 
ω1rez 

ω 
ω2rez 

naxazi 50.3 

1 

2 

3 
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  


sin2sin
2

00  t
XF 40. 

am formulis periodis ganmavlobaSi gasaSualoebiT miviRebT: 




sin
2

00F
P saS . 

rezonansis dros, rodesac 2/  ,  

2

00F
P saS  (maqsimaluria).                    (50.9)                 

 rezonansis dros gare Zalis mier Sesrulebuli muSaoba mTeli periodis 

ganmavlobaSi xmardeba winaaRmdegobis Zalebis daZlevas da igi mamoZravebeli 

Zalis rols asrulebs.  

Tu  an,0 -ken, maSin 0saSP . am SemTxvevaSi gare Zala damamuxruWebelia, rac 

ganapirobebs rxevis swraf milevas.  -s saSualedo mniSvnelobebisTvis   0  

gare Zala periodis garkveul nawilSi asrulebs mamoZravebel, xolo danarCen 

nawilSi winaaRmdegobis Zalis funqcias. 

parametruli rezonansi warmoadgens rezonansis erTerT saintereso 

SemTxvevas. igi warmoiSoba arauSualod gareSe Zalis gavleniT, aramed merxevi 

sistemis raime parametris periodulad cvlilebis Sedegad. mag. saqanelas rxevis 

amplitudis gazrda SesaZlebelia masze myofi adamianis  rxevis taqtis Sesabamisad 

aweva- daweviT. am dros rxevis gaZliereba moxda garedan Carevis gareSe. cxadia 

saqanela warmoadgens fizikur saqans da misi masaTa centris mdebareoba da 

dayvanili sigrZe damokidebulia adamianis mdebareobaze. misi aweva- daweva iwvevs 

dayvanili sigrZis Semcireba- gadidebas, rac gavlenas axdens saqanelis rxevis 

amplitudaze.  

ganvixiloT  maTematikuri saqanis rxevis iseTi procesi, romlis drosac  misi 

sigrZe SesaZlebelia periodulad vcvaloT (nax. 50.4). kerZod maqsimaluri 

gadaxrisas davagrZeloT, xolo wonasworobaSi gavlisas 

davamokloT. SevniSoT, rom Zafis daWimulobis Zala umciresia  

maqsimaluri gadaxrisas (roca saqanis siCqare nuls utoldeba)  

da udidesia wonasworobaSi gavlisas (am dros saqanis siCqare 

maqsimaluria). amitom is uaryofiTi muSaoba, romelsac asrulebs 

gare Zala saqanis dagrZelebisas (rxevis sixSiris Semcirebisas) 

naklebia saqanis damoklebisas (rxevis sixSirismomatebisas) 

Sesrulebul dadebiT muSaobaze. e.i saqanis energia 

matulobssaqanis Zafze moqmedi gare Zalis muSaobis Sedegad , 

rac iwvevs rxevis amplitudis zrdas. 

 

amocana 50.1. vaCvenoT, rom rezonansuli sixSire gamoiTvleba  (50.6) formuliT.  

amoxsna: 

gadavweroT iZulebiTi rxevis (50.3) amplitudis formula Semdegi saxiT:                    

                                                 

40       sinsin
2

1
sincos . 

1 3 

4 2 

naxazi 50.4 



- 163 - 

 

 
  ,4

4

2

1

22222
00

22222
0

0
0







 



 



f
f

X  

visargebloT funqciis maqsimumis povnis zogadi wesiT:  

00 


rez
d

dX
, 

miviRebT: 

     ,0]822[4
2

1 222
0

2

3

22222
0 





 



  

radgan:  

  ,04
2

1 2

3

22222
0 





 



  

amitom:  

   0]2[0]822[ 22
0

2222
0   , 

0  e.i. 0]2[ 22
0

2   , 

.2 22
0   rez  

amocana 50.2. 200 n/m sixistis zambaraze mimagrebuli 0,5 kg masis sxeulis rxevis 

amplituda 4 wm-s ganmavlobaSi 20% klebulobs. sxeulze moqmedebas iwyebs 

.cos44,0 tF   ra sixSire unda gaaCndes mas rezonansis dasamyareblad? gamoTvaleT 

sistemis vargisianoba da rezonansis dros rxevis amplituda.  

amoxsna: 

milevadi rxevis amplitudis ganmartebis Tanaxmad: 

  ttt eXeX    00 8,0 , )10.5,5
8,0

11
8,0 1-2 (wm 


 n

t
e t  . 

sistemis sakuTari cikluri sixSire iqneba:  

)20
5,0

200 1-
0 (wm

m

k
  

xolo rezonansuli sixSire (50.6)-is Tanaxmad:  

)20)10.5,5(220 -1222 (wmrez    

mcire winaaRmdegobis gamo  02  , visargebloT (50.8)-iT miviRebT:   

.4,0
2010.5,55,02

44,0

22 2
00

0
0 (m)rez 




 m

Ff
X  

sistemis vargisianoba  (50.9)-dan iqneba:    .10.8,1
10.5,5.2

20

2

2

2

0 



Q  
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§51. erTi wrfis gaswvriv mimarTuli erTnairi 

sixSiris ori harmoniuli rxevis Sekreba 

sistema SeiZleba erTdroulad monawileobdes ramodenime rxevaSi, ris 

Sedegadac miiReba jamuri rxeva, romelic emorCileba superpoziciis (Sekrebadobis) 

princips. amitom jamuri rxevis Sesaswavlad SegviZlia visargebloT rogorc 

grafikuli (veqtoruli diagramis), aseve algebruli meTodiT.  

Cven SeviswavliT jamur rxevas, romelic aRiZvreba ori erTnairi sixSiris 

harmoniuli rxevis SekrebiT, roca isini mimarTulni arian 1) erTi wrfis gaswvriv 

da 2) urTierTmarTobulad. 

 davuSvaT, a  nawilaki asrulebs 0  sixSiris harmoniul rxevas O1 wertilis 

mimarT (nax. 51.1) 

 raime wrfis gaswvriv. Tavad O1 wertili imave wrfis 

gaswvriv aseve  harmoniulad irxeva 0  sixSiriT am 

wrfeze mdebare O wertilis mimarT.    

SeviswavloT nawilakis rxeva O wertilis 

mimarT.  wrfes, romlis gaswvriv rxeva mimdinareobs, 

SevuTavsoT Ox sakordinato RerZi. Tu drois raime momentSi a  nawilakis gadaxra 

O1-is mimarT 1x -is tolia, xolo O1-isa O-s mimarT 2x -is, maSin nawilakis gadaxra 

O-s mimarT, moZraobis fardobiTobidan gamomdinare, iqneba 21 xxx  , sadac, (48.1)-is 

Tanaxmad: 

 10011 cos   tXx ,  20022 cos   tXx  da  .cos0   tXx
.
 

Cveni mizania jamuri rxevis 0X  amplitudis,   cikluri sixSiris da   sawyisi 

fazis gansazRvra. visargebloT grafikuli meTodiT, romlis Tanaxmadac 

harmoniuli rxeva gamoisaxeba im veqtoriT, romlis sigrZe amplitudis tolia, 0t  

momentisTvis Ox RerZTan adgens sawyisi fazis tol kuTxes da brunavs O-s irgvliv 

saaTis isris sapirispirod  rxevis  cikluri  sixSiris  toli  kuTxuri  siCqariT 

(nax. 51.2a,b). 

TiToeuli  0201, XX   veqtoris gegmili  Ox RerZze  gvaZlevs  TiToeulis 

Sesabamis 21, xx  gadaxras drois mocemuli momentisTvis. 

x 
α O O1 

x1 x2 
   

naxazi 51.1 

x 

y 

x 0 

y 

x 

x1 
x2 

α1 

α2 
α 

 

 

 

naxazi 51.2 

a) b) 

y 

x 0 

α 

α1 
α2 

 

 

 

ωt 
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 Cven SemTxvevaSi 01X


 da 02X


 brunavs erTnairi  0  cikluri sixSiriT, amitom 

maT Soris kuTxe – fazaTa sxvaoba drois nebismier momentSi ucvleli rCeba 

const 12  , ris gamoc jamuri rxevis amplituda 02010 XXX


  ibrunebs igive 

kuTxuri siCqariT 0  , da misi gegmili 0x RerZze iqneba jamuri rxevis gantoleba: 

   tXx 00 cos .                              (51.1) 

jamuri rxevis 0X  amplituda SeiZleba gamovTvaloT kosinusebis TeoremiT: 

  ,180cos2 12
0

0201
2
02

2
01

2
0   XXXXX

 

 120201
2
02

2
010 cos2   XXXXX ,                     (51.2) 

xolo sawyisi faza, nax. 51.2a-s mixedviT, iqneba: 

202101

202101

coscos

sinsin






XX

XX

x

y
tg




 .                       (51.3) 

 erTi wrfis gaswvriv mimarTuli erTnairi sixSiris ori harmoniuli rxevis 

Sekrebisas miiReba igive sixSiris harmoniuli rxeva, romlis amplituda da 

sawyisi faza damokidebulia mdgeneli rxevebis amplitudebsa da sawyis fazebze. 

movaxdinoT (51.2) formulis analizi. Tu sawyisi fazaTa sxvaoba π-s 

luwjeradia:  

,212  k  ,2,1,0 k ,                          (51.4) 

maSin: 

02010 XXX  .                               (51.5) 

amplituda ariTmetikulad ikribeba da rxeva Zlierdeba (nax. 51.3). am dros rxevebi 

sinqronulia (Tanxvedrilia). Tu sawyisi fazaTa sxvaoba π-s kentjeradia:  

,)12(12   k                              (51.4)′ 

maSin: 

|| 02010 XXX  .                              (51.5)′ 

rxevebi erTmaneTs axSobs, rac gamowveulia mdgenelTa sapirispiro fazaSi rxeviT 

(nax. 51.4). zogadad, jamuri rxevis amplituda, fazaTa sxvaobisagan damokidebulebiT, 

yovelTvis aRmoCndeba 020100201 XXXXX   areSi. 

x 

X0 

0 X01 

X02 

naxazi 51.3 naxazi 51.4 

x 

X0 

0 

X01 
X02 

t t 
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Tu 0201 XX  , maSin sinqronuli rxevisas, (51.5)-is Tanaxmad, amplituda 

orkecdeba 010 2XX  , xolo sapirispiro fazaSi rxevisas, (51.5′)-dan gamomdinare, 

adgili aqvs srul CaxSobas 00 X . 

 (48.8)-is Tanaxmad, rxevis energia amplitudis kvadratis proporciulia, amitom 

sinqronuli rxevisas mimdinareobs energiis sruli akumulireba. am sakiTxs ufro 

dawvrilebiT talRaTa interferenciis Seswavlis dros SevexebiT. 

 

amocana 51.1. merxevi nawilaki (oscilatori) erTdroulad monawileobs erTi wrfis 

gaswvriv mimarTul or harmoniul rxevaSi: 









6
3cos51


tx  da tx 3cos32 

.SevadginoT jamuri rxevis gantoleba. 

amoxsna: 

 3021  , 501 X , 
6

1


  , 302 X , 02  . 

(51.2)-is Tanaxmad:  

7,7
6

cos35235 22
0 


X . 

(51.3)-is Tanaxmad:  

34,0

3
2

3
5

05,05





tg , 

10
34,0


  arctg , 










10
3cos7,7


tx . 

 

§52. Zgera 

Tu nivTieri wertili monawileobs erTi wrfis gaswvriv mimarTul 

gansxvavebuli sixSiris mqone or harmoniul rxevaSi: 

 11011 cos   tXx  da  22022 cos   tXx , 

maSin jamuri rxeva harmoniuli aRar iqneba. marTlac, Tu ganvixilavT veqtorul 

diagramas (§51), 01X


 da 02X


 veqtorebis gansxvavebuli 21    kuTxuri siCqariT 

brunvis gamo, fazaTa sxvaobis ganuwyveteli cvlilebis Sedegad, jamuri 

amplitudis sidide droze damokidebuli aRmoCndeba. jamuri rxeva miT rTuli 

iqneba, rac metia gansxvaveba 1 -sa da 2 -s Soris. 

 sainteresoa iseTi SemTxveva, rodesac sixSireebs Soris gansxvaveba mcirea. 

vTqvaT,  1 ,  2  da   . maTematikuri gardaqmnebis gamartivebisTvis 

dauSvaT, rom 00201 XXX   da 021   (es daSveba ar moqmedebs saboloo Sedegze). 

maSasadame: 

tXx cos01   da  tXx   cos02 , 

jamuri rxevis sapovnelad visargebloT algebruli meTodiT: 

  ttXxxx   coscos021
41 

                                                 

41

2
cos

2
cos2coscos





 . 
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anu 

ttXttXx 


cos
2

cos2
2

2
cos

2
cos2 00 








 .                (52.1) 

(meore TanamamravlSi   ugulebelyofilia    pirobis gamo). nax. 52.1a-ze 

mocemulia (52.1)-is grafiki, rodesac 8/1  , romlis Tanaxmadac (52.1) SeiZleba 

warmovidginoT, rogorc kvaziharmoniuli rxeva droSi sakmaod nela cvladi 

pulsirebuli amplitudiT: 

  tXtX
2

cos2 0


 .                              (52.2) 

 mcired gansxvavebuli sixSiris harmoniuli rxevebis SekrebiT miRebuli 

rxeva pulsirebadi amplitudis  harmoniuli rxevaa da mas Zgera ewodeba. 

(52.2)-is Tanaxmad, amplitudis cvalebadobis periodi – ZgT  aris drois is 

Sualedi, romelic Seesabameba t
2

cos
 -s periods: 

– π-s: 





ZgT
2

, 

aqedan: 








2
ZgT .                  (52.3) 

(52.3)-dan Cans, rom Zgeris cikluri sixSire  Zg

, e.i., Zgeris cikluri sixSire tolia Sesakreb rxe-

vaTa ciklur sixSireTa sxvaobis. 

naxaz 52.1b-ze mocemulia  tX -s grafiki. Zgera 

warmoiSveba imis gamo, rom mdgeneli rxevebis 

fazaTa sxvaobis ganuwyveteli cvlilebis Sedegad 

drois garkveul momentebSi rxevebi aRmoCndeba 

erTnair fazaSi da jamuri amplituda miaRwevs maq-

simums   02XtX  , xolo drois garkveul sxva 

momentebSi rxevebi aRmoCndeba sapirispiro fazaSi, 

ris gamoc jamuri amplituda minimaluri gaxdeba 

  0tX . 

 

  

x 

0 t 

T 

a) 

b) 

TZg 

t 

X(t) 

2X0 

0 

naxazi 52.1 
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§53. erTnairi sixSiris ori urTierTmarTobuli  

harmoniuli rxevis Sekreba 

ganvixiloT SemTxveva, rodesac nawilaks SeuZlia rxeva rogorc Ox RerZis, 

ise misi marTobuli Oy  RerZis mimarT. orive rxevis erTdrouli aRZvrisas 

nawilakis traeqtoria iqneba mrudwiruli. davuSvaT,  rxevaTa sixSireebi tolia  

  21 ,  maSin rxevaTa gantolebebi iqneba: 

tXx cos0 ,  .cos0   tYy                          (53.1) 

sadac  fazaTa sxvaobaa am or rxevas Soris. merxevi nawilakis traeqtoriis 

gantolebis ($2) misaRebad saWiroa am gantolebebidan t -s gamoricxva, rac ganvaxor-

cieloT    sinsincoscoscos   formulis gamoyenebiT da Semdgomi martivi 

gardaqmnebiT, ris Sedegadac miviRebT: 

 2

00
2

0

2

2
0

2

sincos
2


YX

xy

Y

y

X

x
.                         (53.2)       

(53.2) elifsis gantolebaa. maSasadame Tu nawilaki erTdroulad monawileobs or 

erTnairi sixSiris mqone urTierTmarTobul harmoniul rxevaSi mis traeqtorias 

elifsis forma aqvs. elifsis mTavari RerZebis sidide da orientacia Ox , Oy  

RerZebis mimarT damokidebulia 00 ,YX  amplitudebze da fazaTa sxvaobaze. ganvixi-

loT ramodenime kerZo SemTxveva: 

1. fazaTa sxvaoba 0 . am SemTxvevaSi (53.2) Rebulobs saxes:  

0

2

00













Y

y

X

x
, 

saidanac miiReba wrfis gantoleba: 

x
X

Y
y

0

0 . 

e.i.,  nawilaki imoZravebs wrfeze. nawilakis  mdebareoba sawyis O  wertilis mimarT 

moicema formuliT 22 yxr  . masSi (53.1)-is SetaniT vRebulobT:    

.cos2
0

2
0

22 tYXyxr   

romlis Tanaxmadac   sixSiris harmoniuli rxeva  xdeba wrfis gaswvriv  da misi 

amplitudaa 2
0

2
0 YX   (naxazi 53.1). 

2. fazaTa sxvaoba   . maSin (52.2)  miiRebs saxes:  

0

2

00













Y

y

X

x
. 

e.i. jamuri moZraoba imave sixSirisa harmoniuli rxevaa:  

.
0

0 x
X

Y
y   

wrfis gaswvriv (nax. 53.2).  

 3. Tu Sesakrebi rxevebis fazaTa sxvaoba 2  , maSin (52.2)-is Tanaxmad 

vRebulobT:  
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1
2

0

2

2

0

2


Y

y

X

x . 

es aris Ox , Oy  RerZebis mimarT orientirebuli elifsis gantoleba (nax. 53.3). 

elifsis naxevarRerZebi 00 ,YX  amplitudebis tolia. Tu 00 YX  , elifsi gadagvardeba 

wrewirSi. Tu fazaTa sxvaoba 2  , wertili imoZravebs elifsis (wrewiris) 

gaswvriv saaTis isris moZraobis mimarTulebiT. amis dasamtkiceblad mdgeneli 

rxevebis gantolebebi (53.1)  gadavweroT Semdegi saxiT:  

tXx cos0  da tYtYy 


 sin
2

cos 00 







 . 

drois 0t  momentSi, nawilaki imyofeba A-Si. drois Semdgom momentSi t argumenti 

izrdeba. Sesabamisad, 0x , xolo 0y . e.i moZraoba saaTis isris Tanxvedrili 

mimarTulebiT xdeba. Tu 2  , analogiurad mtkicdeba, rom nawilaki imoZravebs 

saaTis isris moZraobis sapirispirod. 

SevniSnoT, rom erTnairi   sixSiriT merxevi urTierTmarTobuli rxevebis 

Sekrebis Sedegad nebismier SemTxvevaSi miiReba imave sixSiris jamuri rxeva. 

Tu 21   , maSin aseTi rxevebis Sekrebis Sedegad miRebuli jamuri rxevis 

traeqtoria sakmaod rTul formebs Rebulobs, romelTac lisaJus figurebs 

uwodeben. 

bunebaSi xSirad gvxvdeba sakmaod rTuli formis perioduli moZraobebi – 

rxevebi. maTi Seswavla sagrZnoblad martivdeba furies Teoremis gamoyenebiT, 

romelic damyarebulia superpoziciis principze, romlis Tanaxmad,   sixSiris 

rTuli rxeva SeiZleba warmodgenil iqnas  -s mTeljeradi (1 , 2 , 3 , …) sixSiris 

harmoniul rxevaTa jamis saxiT. umeteswilad es jami imdenad kargad krebadia, rom 

maRali sizustis farglebSic ki SesaZlebelia ramodenime SesakrebiT Semofargvla. 

TiToeul Sesakrebs – mdgenel rxevas – gaaCnia gansazRvruli amplituda da sawyisi 

faza, romlebic damokidebulia rxevis bunebaze. im mdgenel rxevas, romlis sixSire 

emTxveva rTuli rxevis sixSires, ZiriTadi toni ewodeba, yvela sxva mdgenelebs ki 

obertonebi. SesaZlebelia SemTxvevebi, rodesac zogierTi harmoniuli obertonis 

amplituda nulis toli iyos, rac imis maCvenebelia, rom am sixSiris harmoniuli 

rxeva ar Sedis mocemul rxevaSi. 

 

y 

x 0 

X0 

X0 

Y0 

Y0 

naxazi 53.1 

y 

X0 

X0 

Y0 

Y0 
x 0 

naxazi 53.2 naxazi 53.3 

y 

x 

α = - π/2 

α = π/2 

A 

0 

Y0 

X0 



- 170 - 

 

amocana 53.1. nawilaki monawileobs or urTierTmarTobul rxeviT moZraobaSi, 

romelTa gantolebebi tx sin2 sm da ty cos sm. gamoTvaleT rxevis periodi. 

CawereT rxevis traeqtoriis gantoleba,  aageT misi grafiki. 

amoxsna: 

radgan erTnairi   sixSiriT merxevi urTierTmarTobuli rxevebis Sekrebis 

Sedegad nebismier SemTxvevaSi miiReba imave sixSiris jamuri rxeva, amitom   , 

xolo 2
2





T wm. 









ty

tx





cos

sin2
 

















t
y

t
x





2

2

2

2

2

2

cos
1

sin
2    tt

yx
 22

2

2

2

2

cossin
12

 , 

.1
12 2

2

2

2


yx

 

traeqtoria warmoadgens elifss, romlis naxevar-

RerZebia 2 da 1. t = 0 momentisTvis nivTieri wer-

tili imyofeba A(0,–1)-Si. t-s zrdisas x> 0, y< 0, e.i., 

brunva xdeba saaTis isris sapirispirod. 

 

 

 

§54. meqanikuri talRebi 

 talRa ewodeba garemoSi rxevis gavrcelebis process.  

    talRis ZiriTadi tipebia: meqanikuri da eleqtromagnituri. meqanikur talRebs 

ekuTvnis bgeriTi, seismologiuri;eleqtromagniturs– radiotalRebi, infrawiTeli, 

xiluli, ultraiisferi, rentgenis da gama gamosxiveba. 

am nawilSi Cven SeviswavliT meqanikur talRebs - anu meqanikuri rxevis 

gavrcelebis process. am tipis talRis gavrcelebis aucilebeli pirobaa drekadi 

nivTieri garemos arseboba. (vakuumSi, nawilakebis ararsebobis gamo, drekadobis 

Zalebi ar aRiZvreba, amitom arc meqanikuri talRa vrceldeba).  Tu drekadi garemos 

romelime ubanSi aRiZvreba  meqanikuri rxeva, maSin garemos drekadobis gamo, am 

ubnis mosazRvre ubnebs gadaecema imave sixSiris rxevebi, romlebic Semdgom 

gadaecema maT  mezobel ubnebs da a.S., garemoSi gavrceldeba meqanikuri talRa. 

procesis bunebisgan gamomdinare meqanikur talRebs xSirad  drekadi talRebsac 

uwodeben. talRis gavrcelebas  garemoSi ar axlavs  nawilakebis  gadatana, isini 

mxolod irxeva wonasworobis mdebareobis maxloblobaSi. zogadad 

 yvela talRis ZiriTadi Tviseba, misi bunebisgan damoukideblad, mdgomareobs 

imaSi, rom garemoSi xdeba energiis gadatana nivTierebis gadatanis gareSe. 

ganasxvaveben ganiv da grZiv meqanikur talRebs. ganivi meqanikuri talRis 

warmoqmna dakavSirebulia garemos formis cvlilebisas drekadobis Zalebis 

aRZvrasTan. radgan forma gaaCnia mxolod myar sxeulebs, amitom ganivi talRa 

mxolod myar nivTierebaSi vrceldeba. ganivi talRis gavrcelebisas  nawilakTa 

rxeva warmoebs talRis gavrcelebis mimarTulebis marTobulad.  

y 

x 

A 

1 

2 
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grZivi meqanikuri talRis warmoqmna dakavSirebulia garemos SekumSvisas 

drekadobis Zalebis aRZvrasTan. kumSviTi deformaciisas drekadobis Zalebi 

aRiZvreba rogorc myar, aseve Txevad da airad garemoSi. amis gamo grZivi talRa 

vrceldeba samive tipis garemoSi. grZivi talRis gavrcelebisas  nawilakTa rxevis 

mimarTuleba talRis gavrcelebis mimarTulebas emTxveva. 

calke Seiswavleba e.w. zedapiruli talRa.igi warmoadgens ganivi da grZivi 

talRuri moZraobis kombinacias da vrceldeba ori garemos gamyofi sazRvris 

gaswvriv (magaliTad, zRvis talRa). 

Cven, ZiriTadad, SeviswavliT umartives meqanikur – monoqromatul talRas, 

romelic warmoadgens aramSTanTqmel, erTgvarovan42, izotropul43 garemoSi 

harmoniuli rxevis gavrcelebis process. aseT talRas gaaCnia ucvleli sixSire,  

sawyisi faza da amplituda.  

harmoniuli talRis ZiriTadi maxasiaTebeli sidideebia: 

sixSire   – erTeulovan droSi Sesrulebuli rxevaTa ricxvi; 

cikluri sixSire   2 – 2  wamSi Sesrulebuli rxevaTa ricxvi; 

periodi 


1
T – erTi sruli rxevisTvis saWiro dro. 

talRis gavrcelebis siCqared miRebulia energiis gadatanis siCqare (jgufuri 

siCqare) da fazis gadatanis siCqare (fazuri siCqare). monoqromatuli talRis 

SemTxvevaSi isini erTmaneTs emTxveva. SemdegSi maT “siCqared” movixseniebT. talRis 

siCqare, zogadad, damokidebulia garemos drekad Tvisebebze da simkvriveze.  qvemoT 

mocemulia Sesabamisad, ganivi talRis siCqaris, myar sxeulebSi grZivi talRis 

siCqarisa da siTxeebsa da airebSi grZivi talRis siCqaris gamosaxulebebi: 




G
 ,    




E
 ,    




B
 , 

sadac G  garemos Zvris modulia, E  iungis modulia, B  garemos moculobiTi 

drekadobis modulia.  

talRis sigrZe   – erTnair fazaSi merxev or uaxloes nawilaks Soris 

manZili, anu manZili, romelsac talRa gadis periodis ganmavlobaSi 




















2
T ; SevniSnoT, rom erTi garemodan meoreSi talRis gadasvlisas 

icvleba talRis gavrcelebis siCqare, ar icvleba misi  periodi (sixSire) e.i.: 

2

2

1

1








 . 

talRuri veqtori  k  – gviCvenebs   energiis  gadatanis mimarTulebas. mis 

moduls 














2
k talRuri ricxvi ewodeba.  

amplituda  A – merxevi nawilakis wonasworobis mdgomareobidan udidesi 

gadaxra; 

                                                 
42erTgvarovani garemos yvela wertils erTnairi fizikuri Tvisebebi gaaCnia ρ(x,y,z) = const. 
43garemo izotropulia, Tu yvela mimarTulebiT fizikuri Tvisebebi erTnairia. 
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intensivoba  I – warmoadgens talRis gavrcelebis marTobulad erTeulovan 

farTSi drois erTeulSi gadatanil energias. 

talRuri zedapiri, anu im wertilTa erToblioba, romelic drois mocemul 

momentSi erTnair fazaSi irxeva.    

talRis frontiaris drois mocemuli momentisTvis yvelaze wina talRuri 

zedapiri. talRuri frontis forma damokidebulia talRis warmoSobisa da 

gavrcelebis pirobebze. Tu talRis wyaro warmoadgens izotropul garemoSi 

moTavsebul harmoniul oscilators (merxev nivTier wertils), maSin talRis 

fronti sferuli zedapiria da aseT talRebs sferuli ewodeba. Tu wyaros daSoreba 

dakvirvebis aredan gacilebiT aRemateba wyaros d  wiriT zomas  dr 10 , maSin 

talRis fronti warmogvidgeba sibrtyis saxiT, romelic didi radiusis mqone 

sferuli zedapiris nawilia. aseT talRas brtyeli talRa ewodeba. garda amisa, 

arsebobs cilindruli, elifsoiduri da sxva talRebi. 

wrfes, romelic gviCvenebs talRis gavrcelebis anu energiis gadatanis 

mimarTulebas, sxivi ewodeba. izotropul garemoSi sxivi yovelTvis frontis 

marTobulia. brtyeli talRis SemTxvevaSi sxivebi paraleluri, sferuli talRis 

SemTxvevaSi ki – radialuri wrfeebia. 

 

amocana 54.1. tbaze uqaro amindSinavidan Caagdes Ruza. ris Sedegadac aRZruli 

pirveli talRa napirze gamovida 50 wm-s Semdeg, xolo danarCenebi 2 wm-s 

intervaliT. napiridan ra manZilze CaeSva Ruza, Tu talRis mezobel burcobebs 

Soris manZili 1 m-ia.  

amoxsna: 

amocanis pirobis Tanaxmad talRis sigrZe 1 m-ia, xolo periodi 2wm. maSasadame 

talRis gavrcelebis siCqare iqneba:  

2
5,0

1


T




 
(m/wm). 

Sesabamisad 50 wm-is ganmavlobaSi talRis mier gavlili manZili iqneba 

100502  tS   m. e.i. Ruza CauSves napiridan 50 m-ze. 

amocana 54.2. ra droSi moaRwevs adamianis yuramde, foladis relsis saSualebiT 

moaxlovebuli matareblis xma, Tu igi daSorebulia 1,2 km manZiliT? 

amoxsna: 

visargebloT formuliT: 

(m/wm)
kg/m

n/m
3

2
3

3

11

101,5
108,7

100,2
























E
. 

2,0
101,5

102,1
3

3









S
t (wm). 
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§55. talRis gantoleba 

talRis gantoleba warmoadgens gantolebas, romelic iZleva merxevi 

nawilakis wanacvlebis damokidebulebas zyx ,,  koordinatebsa da t  droze: 

 tzyxaa ,,, . es funqcia periodulia koordinatebisa da drois mimarT. ganvsazRvroT 

am funqciis saxe brtyeli talRebisTvis. simartivisTvis x  RerZi davamTxvioT 

talRis gavrcelebis mimarTulebas. maSin talRuri zedapiri iqneba x  RerZis 

marTobuli da, radgan am zedapiris yvela wertili erTnairad irxeva, a  wanacvleba 

damokidebuli aRmoCndeba mxolod x  koordinatsa da t  droze:  txaa , . 

davuSvaT 0x sibrtyis wertilebis rxevis gantolebaa: 

     tAta cos,0 .                            (55.1) 

im sibrtyis wertilTa rxevis gantolebis Cawerisas 

romlisTvisac 0x  (naxazi 55.1), saWiroa gaviTvaliswinoT 

is dro romelic Wirdeba talRas 0x sibrtyidan am 

sibrtyemde mosaRwevad xt  (sadac talRis gavrcelebis 

siCqarea). ris Sedegadac miviRebT:   

     )(cos, ttAtxa , 

maSasadame, aramSTanTqmel garemoSi x  RerZis gaswvriv 

mimarTuli brtyeli talRis (rogorc ganivis, ise grZivis) 

gantoleba aris: 

  







 


 )(cos,

x
tAtxa .                         (55.2) 

Tu talRa vrceldeba x  RerZis sapirispirod, maSin siCqaris gegmili uaryo-

fiTia da gantoleba miiRebs saxes: 

  







 


 )(cos,

x
tAtxa .                         (55.3) 

talRuri ricxvis ganmartebis Tanaxmad, k , amitom (55.2) da (55.3) miiRebs 

saxes: 

     kxtAtxa cos, .                         (55.2)′ 

     kxtAtxa cos, .                         (55.3)′ 

Tu brtyeli talRis fronts sivrceSi nebismieri orientacia gaaCnia, maSin Sesabamis 

gantolebas eqneba Semdegi saxe: 

   ,cos,   rktAtxa
  zkykxkrk zyx 


, 

romelic warmoadgens zogadi talRuri gantolebis: 

.
2

2

2

2

2

2
2

2

2


































z

a

y

a

x

a

t

a
                         (55.4) 

amonaxsns. 

Tu talRis wertilovani wyaro moTavsebulia erTgvarovan, izotropul 

garemoSi, maSin, imis gamo, rom talRis gavrcelebis siCqare yvela mimarTulebiT 

erTnairia, warmoSobili talRa iqneba sferuli. aramSTanTqmeli garemos 

SemTxvevaSi am talRis gantolebas eqneba saxe: 

 

x=0 

x 

naxazi 55.1 
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   


 







 rkt

r

Ar
t

r

A
tra


cos)(cos, 00 ,                 (55.5) 

sadac  rAA /0  sferuli talRis amplitudaa, romelic aramSTanTqmel garemoSic 

ki, gansxvavebiT brtyeli talRis amplitudisgan, wyarodan manZilis zrdiT 

mcirdeba. es imiT aixsneba, rom manZilis gazrdiT izrdeba talRuri zedapiris 

farTobi, ris gamoc mcirdeba erTeulovan zedapirze mosuli energia da 

Sesabamisad, amplitudac (§57). 

 SevniSnoT, rom sawyisi fazis mniSvneloba damokidebulia x-isa da t-s sawyis 

mniSvnelobaTa SerCevaze, romlebic erTi talRis SemTxvevaSi ise SeiZleba 

SevarCioT, rom 0 -s. 

Tu garemo mSTanTqmelia, talRis gavrcelebisas mimdinareobs misi meqanikuri 

energiis gardaqmna siTbur energiad da talRaTa gantolebebSi saWiroa  xr ee    

Tanamamravlis Semotana (  garemos mier mocemuli sixSiris talRis STanTqmis ko-

eficientia). 

 

amocana 55.1. Tu brtyeli talRa vrceldeba x RerZis gaswvriv    txatzyxa ,,,,  , maSin 

(54.4)-is Tanaxmad, talRuri gantoleba iqneba 
2

2
2

2

2

x

a

t

a









 . vaCvenoT, rom misi 

amonaxsnia (55.2′). 

amoxsna: 

     kxtAtxa cos, ,  

  



kxtA

t

a
sin ,    txakxtA

t

a
,cos 22

2

2

 



,            (1) 

  



kxtkA

x

a
sin ,     txakkxtAk

x

a
,cos 22

2

2





 ,            (2) 

(1) da (2) SevitanoT talRur gantolebaSi: 

   txaktxa ,, 222   . 

Tu gaviTvaliswinebT, rom k , miviRebT igiveobas. 

 

  



- 175 - 

 

§56. mdgari talRebi 

talRa garemoSi rxevebis gavrcelebis procesia. radgan rxevebi emorCileba 

superpoziciis princips, amitom talRaTa zeddebisas warmoqmnili jamuri talRa 

iqneba mdgenel (Sesakreb) talRaTa Sekrebis Sedegi. gansakuTrebiT sainteresoa ise-

Ti SemTxveva, rodesac erTnairi sixSiris talRebs zeddebis areSi gaaCnia mudmivi 

fazaTa sxvaoba, anu isini koherentulia. aseT SemTxvevaSi, superpoziciis Sedegad, 

xdeba energiis (intensivobis) stabiluri gadanawileba, ris gamoc zogierT 

wertilSi rxevebi Zlierdeba, zogSi ki sustdeba. am movlenas interferencia 

ewodeba. 

ganvixiloT erTnairi amplitudis da sixSiris mqone ori Semxvedri brtyeli 

talRis interferencia aramSTanTqmel garemoSi. Sedegad miRebul rxeviT process 

mdgari talRa ewodeba. mdgari talRa miiReba, Tu ori garemos gamyofi sazRvridan 

arekvlili da dacemuli talRa, urTierTSemxvedri mimarTulebiT gavrcelebis 

gamo, ganicdis zeddebas. zeddebis nebismier xwertilSi adgili aqvs fazaTa 

sxvaobis warmoqmnas, rac gamowveulia dacemuli da arekvlili talRebis mier 

Sexvedramde gansxvavebuli manZilebis gavliT. aseve, Tu talRa airekla ufro 

mkvrivi garemodan, is ganicdis fazis Secvlas sapirispiroTi – π-iT, rac talRis 

sigrZis naxevris – 2/  “kargvis” tolfasia (Tu amrekli garemo naklebad mkvrivia, 

fazis “kargvas” adgili ar aqvs). 

CavweroT x RerZis gaswvriv da Semxvedri mimarTulebiT gavrcelebuli ori 

erTnairi amplitudis mqone brtyeli talRis gantoleba 

 11 cos   kxtAa  da  22 cos   kxtAa . 

superpoziciis principidan gamomdinare, miRebuli mdgari talRis gantoleba iqneba: 








 








 


2
cos

2
cos2 1212

21





tkxAaaa . 

gamoTvlebis gamartivebis mizniT x koordinatis dasawyisi ise SevarCioT, rom 

012  , xolo t drois aTvlis momenti ise, rom  012  , maSin mdgari talRis 

gantoleba miiRebs saxes: 

txAa 



cos

2
cos2 












2
k .                           (56.1) 

(56.1)-dan Cans, rom miRebuli mdgari talRis sixSire Semxvedri talRebis sixSiris 

tolia, xolo amplituda xA


2
cos2  damokidebulia zeddebis wertilTa 

koordinatebze. im wertilebSi, sadac adgili aqvs tolobas 1
2

cos x


 , anu x 

koordinati akmayofilebs pirobas  nx )2(  ,2,1,0n , amplituda aRwevs 

maqsimums. am wertilebs mdgari talRisburcobebs uwodeben: 

4
2


nx b  ,2,1,0n ,                            (56.2) 

xolo iq, sadac 0
2

cos x



, anu 














2

12
nx  ,2,1,0n , amplituda minimaluria – 

utoldeba nuls. am wertilebs mdgari talRis kvanZebs uwodeben: 
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4
)12(


 nxkv  ,2,1,0n ,                           (56.3) 

(56.2) da (56.3)-dan vaskvniT, rom zeddebis im wertilebSi, romelTa koordinati 4/

-is luwjeradia, talRebi erTmaneTs aZlierebs (burcobi), xolo iq, sadac 

koordinati 4/ -is kentjeradia, talRebi erTmaneTs axSobs (kvanZi). 

 martivad SeiZleba vaCvenoT, rom (amocana 56.1) or mezobel burcobs, an or 

mezobel kvanZs Soris manZili erTmaneTis tolia da 2/ -s udris. 

SevniSnoT, rom mocemuli n-sTvis burcobi (kvanZi) warmoadgens ara calkeul 

wertils, aramed sibrtyes, romlis gantoleba mocemulia Sesabamisi formuliT 

((56.2),  (56.3)). 

(56.1)-is Tanaxmad, x


2
cos  Tanamamravli nulovani mniSvnelobis gavlisas 

icvlis niSans. es imas niSnavs, rom kvanZis sxvadasxva mxares nawilakTa rxeva 

sapirispiro fazaSi mimdinareobs, xolo or mezobel kvanZs Soris moTavsebuli 

nebismieri nawilaki erTnair fazaSi (sinqronulad) irxeva. es faqti imaze miuTiTebs, 

rom am nawilakTa Soris fazaTa sxvaoba nulis tolia, anu fazis gadatana ar xdeba, 

rac kinematikuri TvalsazrisiT xsnis “mdgari” talRis saxelwodebas. rac Seexeba 

kvanZebs Soris moTavsebul nawilakTa amplitudebs, isini erTmaneTisgan 

gansxvavebulia – icvleba 

nulidan maqsimalur 

mniSvnelobamde da ecema isev 

nulamde. nax. 56.1-ze mocemulia 

nawilakTa gadaxris 

“momentaluri fotoebi” 8/T  

intervaliT. 56.1-is a) da e) Seesa-

bameba maqsimalur gadaxras. 

isrebiT naCvenebia nawilakTa 

siCqareebi. radgan mdgari talRa 

miiReba ori urTierTSemxvedri 

talRis zeddebis Sedegad, 

romelTac gadaaqvT sididiT 

toli energiebi sapirispiro mi-

marTulebiT, amitom mdgar 

talRaSi energiis gadatana ar 

xdeba. Tumca garemos TiToeul 

ubanSi mimdinareobs nawilakTa 

kinetikuri energiis gardaqmna drekadi deformaciis potenciur energiad da piriqiT 

ise, rom TiToeuli ubnis jamuri energia droSi ucvleli rCeba. 

mdgari talRa aRiZvreba gitaris an violinos orive boloTi damagrebuli 

simis rxevisas. simSi aRZruli ganivi talRebi imoZravebs orive mimarTulebiT, 

airekleba boloebidan, Seicvlis mimarTulebas da zeddebisas interferirebs. simis 

boloebi, rxevaSi armonawileobis gamo, qmnis kvanZebs. zemoTqmulis Tanaxmad, 

a kv kv kv kv 

t 

x 

x 

x 

x 

x 

a 

b 

g 

d 

e 

t+T/8 

t+T/4 

t+3T/8 

t+T/2 

naxazi 56.1 
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aRZrul talRaTa speqtridan interferenciisas is talRebi ar CaixSoba, romelTa 

talRis sigrZeebi daakmayofilebs tolobas: 

2

nnL


 ),2,1( n ,                               (56.4) 

sadac L simis sigrZea. (56.4)-dan: 

n

L
n

2
 .                                     (56.5) 

  -s Tanaxmad, nn   , e.i. ugrZes 

talRas 121 L  umciresi sixSire 

Seesabameba. sixSiris am mniSvnelobas 

ZiriTadi toniani pirveli harmonika 

ewodeba. yvela danarCen sixSireebs 

,, 32  obertonebian meore, mesame, … 

harmonikebi  ewodeba. naturaluri ricxvi 

n gviCvenebs harmonikis nomers da, imav-

droulad, Sesabamisi burcobebis 

raodenobas. nax. 56.2-ze naCvenebia 3,2,1n -

is harmonikebi. 

 

 

amocana 56.1. aCveneT, rom manZili mezobel burcobebs (kvanZebs) Soris talRis 

sigrZis naxevris, xolo manZili burcobsa da momdevno kvanZs Soris talRis sigrZis 

meoTxedis  tolia. 

amoxsna: 

(56.2)-is Tanaxmad: 

   
24

2
4

121


  nnxxx nn bb , 

Aseve (56.3)-dan:  

   
24

)12(
4

)112(1


  nnxxx nn kvkv , 

44
2

4
)12(


 nnxx bkv . 

 

 

 

 

  

n = 1 

n = 2 

n = 3 

L 

naxazi 56.2 
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§57. meqanikuri talRis energia da simkvrive 

 vTqvaT,   simkvrivis drekad garemoSi YOZ sibrtyeSi moTavsebuli S farTis 

Txeli firfita (naxazi 57.1) asrulebs harmoniul rxevas tAx cos  kanoniT, ris 

Sedegadac garemoSi gavrceldeba igive sixSirisa da amplitudis 

brtyeli grZivi talRa. firfitis mimdebare garemos m  masis 

fena firfitis rxevis Sedegad Rebulobs meqanikur energias 

pk WWW  , romelic, §48-is Tanaxmad, ase Caiwereba: 

222

222
maq

maqk

22

)(
AVAmm

WW
 








         

 (57.1)         

xolo erTeulovan moculobaSi akumulirebuli energia – ener-

giis simkvrive – iqneba: 

2

2 2A

V

W
w







 .                              (57.2) 

igi damokidebulia garemos simkvriveze, talRis sixSirisa da amplitudis 

kvadratebze. es Sedegi samarTliania nebismieri meqanikuri talRisTvis (brtyeli, 

cilindruli, sferuli,…) damoukideblad imisa, mSTanTqmelia Tu ara garemo. 

 vTqvaT rxeva daiwyo t = 0 momentSi,  misi gavrcelebis siCqarea tx  / , sadac 

∆t is droa, romelic saWiroa  talRis x  manZilze gasavrceleblad. Tu V -s 

warmovadgenT tSxSV    saxiT, maSin (57.1) ase Caiwereba:  

2

2 2AtS
W

 
 . 

am ukanasknelis ∆t droze gayofiT miviRebT energiis nakads anudrois erTeulSi 

talRis gavrcelebis marTobulad farTSi gadatanili energiis raodenobas:                            

2

2 2AS

t

W 





 .                             (57.3) 

energiis nakads gaaCnia simZlavris ganzomileba – 1vt = 1j/wm. 

garemoSi energiis gadatanis dasaxasiaTeblad gamoiyeneba intensivoba - talRis 

gavrcelebis marTobul erTeulovan farTSi drois erTeulSi gadatanili energia: 




w
A

StS

W
I 









2

2 2

.                         (57.4) 

intensivobis erTeulia 1 vt/m2. 2~ AI  damokidebuleba samar-

Tliania eleqtromagnituri talRebisTvisac. 

Tu aramSTanTqmel garemoSi vrceldeba brtyeli talRa, 

radgan misi amplituda mudmivia misi intensivoba wyarodan 

manZilze ar iqneba damokidebuli.  

      imave garemoSi sferuli talRis gavrcelebisas, energiis 

mudmivobis kanonidan gamomdinare, 1r  da 2r  radiusian sferul 

zedapirs (nax. 57.2) unda ganWolavdes erTnairi energiis nakadi 

21  . (57.3)-dan gveqneba:  

2
2
21

2
1 SASA  ,  2

2
2
2

2
1

2
1 44 rArA   ,  

1

2

2

1

r

r

A

A
 . 

2A 

∆x 

x 

naxazi 57.1 

r1 

r2 

naxazi 57.2 
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e.i., amplituda wyarodan manZilis ukuproporciulia. (57.4)-is Tanaxmad, 2~ AI , ris 

gamoc  vRebulobT: 

2

1

2

2

2

1

r

r

I

I
 .                                    (57.5) 

e.i., sferuli talRis intensivoba aramSTanTqmel garemoSi wyarodan manZilis 

kvadratis ukuproporciulia. 

 

amocana 57.1. seismologiuri grZivi talRis (P talRis) intensivoba miwisZvris 

epicentridan 60km manZilze Seadgens daaxloebiT 2,5∙106 vt/m2-s. risi toli iqneba 

misi intensivoba epicentridan 300 km-ze. 

amoxsna: 

(57.6)-is Tanaxmad:  

5

2

6

2

2

1
12 10

300

60
105,2 





















r

r
II (vt/m2). 

 

§58. bgera 

 bgeriTi talRa  (bgera) ewodeba im meqanikur talRas, romelic adamianTa da 

cxovelTa smeniT organoze zemoqmedebis Sedegad tvinSi iwvevs xmaurTan 

asocirebul fsiqologiur process.  

bgeris gavrcelebas da garemosTan urTierTqmedebas Seiswavlis fizikis 

uZvelesi nawili – akustika (laT. smeniTi). am sferoSi seriozuli gamokvlevebi 

moipoveba piTagorasa da aristoteles SromebSi. imaze damokidebulebiT, garemos 

nawilakTa rxevis mimarTuleba  rogoraa orientirebuli bgeris gavrcelebis 

mimarTulebasTan, talRa  SeiZleba iyos rogorc grZivi aseve ganivi. Cven 

Cveulebrivad vTvliT, rom bgera vrceldeba haerSi, radgan swored haeris 

zemoqmedeba iwvevs yuris membranis saTanado rxevebs. realurad, bgeriTi talRebi 

vrceldeba rogorc airad, aseve Txevad da myar nivTierebebSi. magaliTad, relsze 

yuris dadebisas SevigrZnobT matareblis 

moaxloebas, vinaidan relsSi gavrcelebuli 

talRa iwvevs mimdebare haeris rxevas, 

romelic uSualod moqmedebs yuris memb-

ranaze.  

bgeris,  rogorc   meqanikuri talRis, 

gavrcelebis siCqare damokidebulia garemos 

drekad Tvisebebze da simkvriveze (§46). myar 

da Txevad nivTierebebs maRali drekadobis 

moduli gaaCnia, ris gamoc maTSi bgeris gav-

rcelebis siCqare sakmaod maRalia airebTan 

SedarebiT. cxril 58.1-Si mocemulia 200C-ze 

sxvadasxva nivTierebaSi bgeris gavrcelebis 

siCqare.  

cxrili 58.1. 

nivTiereba bgeris 

siCqare (m/wm) 

(200) 

haeri(1atm) 343 

wyali 1440 

zRvis wyali 1560 

rkina, foladi 5000 

alumini 5100 

mina 4500 

mZime merqani 4000 
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radgan temperaturis cvlileba iwvevs garemos drekadi Tvisebebis cvlilebas, 

amitom bgeris gavrcelebis siCqare, zogadad, temperaturazea damokidebuli. 

dadgenilia, rom temperaturis C01 -iT gazrdisas siCqare saSualod 0,60m/wm-iT 

matulobs. amitom, zogadad, 1 atm wnevis pirobebSi, nebismier temperaturaze  Ct 0  

bgeris siCqare SeiZleba gamovTvaloT Semdegi formuliT:  

 t60,0331bg m/wm. 

magaliTad, zafxulSi Ct 040 -ze 355bg m/wm-ia. (haerSi bgeris gavrcelebaze 

damatebiTi informacia ixileT fizikis kursis II nawilSi). 

bgeris msmenelze zemoqmedebis dasaxasiaTeblad Semotanilia ori subieqturi 

maxasiaTebeli, romlebic fizikuri meTodiT SeiZleba gaizomos. eseni aris bgeris 

simaRle da xmamaRloba. bgeris simaRle misi sixSiriT ganisazRvreba, rac metia 

sixSire, miT maRalia bgera. adamianis smenadobis intervali 16-dan 20000 hercamdea. 

zeda sazRvari asakTan erTad mcirdeba da 10000-mde Camodis. 20000 hc-ze maRali 

sixSiris bgerebs ultrabgerebi ewodeba. ZaRlebi 50000hc, xolo Ramurebi 100000hc 

sixSires aRiqvamen. 16hc-ze dabali sixSiris bgerebs infrabgerebi ewodeba.  

bgeris xmamaRloba ganisazRvreba rxevis amplitudiT. radgan talRis 

intensivoba amplitudis kvadratis proporciulia da warmoadgens fizikurad 

gazomvad sidides, amitom swored es sidide iqna SerCeuli bgeris xmamaRlobis 

dasaxasiaTeblad. adamianis smenis organo yvelaze maRali mgrZnobiarobiT xasi-

aTdeba ~ 1000 hc sixSiris bgeris mimarT. igi mas aRiqvams 12
0 100,1 I vt/m2 (smenadobis 

qveda zRvari) intensivobidan dawyebuli zemoT. sxva sixSiris bgeris aRqma iwyeba 

0II   intensivobis SemTxvevaSi. zogadad, adamianis smenadobis normaluridiapazonia 

12100,1  vt/m2-dan 1vt/m2-mde. ufro meti intensivobis SemTxvevaSi mas ewyeba nervuli 

sistemis aRgznebadoba da dazianeba. amitom 1vt/m2-s tkivilis SegrZnebis qveda 

zRvarsac uwodeben. )0,1100,1( 12  
vt/m2 diapazons normaluri smenadobis diapazoni 

ewodeba. 

adamianis smenis organos mgrZnobiarobis dasaxasiaTeblad mocemuli 

intensivobis (amplitudis) bgeris mimarT Semotanili iqna xmamaRlobis donis 

(intensivobis donis) cneba: 

0

lg10
I

I
L  .                                  (58.1) 

aq I  mocemuli bgeris intensivobaa, xolo 0I  smenadobis zRvari. igi izomeba 

decibelebSi (dcbel). aTobiTi logariTmis Semotana ganapiroba adamianis 

smenadobis Zalian farTo intervalma da masTan dakavSirebuli gaTvlebis 

mouxerxeblobam.  

CavweroT normaluri smenadobis diapazoni xmamaRlobis donis Sesabamis 

sazRvrebSi; Tu 0II  , maSin 01lg10 L ; 1I vt/m2, 12010lg10 12 L decibeli. e.i., 

adamianis normaluri smenadobis area (0  120) dcbeli.  cxril 58.2-Si mocemulia 

intensivoba da Sesabamisi xmamaRlobis donis mniSvneloba sxvadasxva wyaros 

SemTxvevaSi.  



- 181 - 

 

bgeriTi wyaros rxevisas, raRac momentSi raime ubanSi haeris SekumSva iwvevs 

am ubanSi wnevis gazrdas. haeris molekulebs Soris drekadi kavSirebis gamo es 

wneva gadaecema mezobel ubans, ris Sedegadac pirvel ubanSi wneva daecema, mezobel 

ubanSi ki gaizrdeba. ase rom warmoiqmneba erTmaneTis monacvle SekumSuli da 

gaiSviaTebuli ubnebi, romlebic gavrceldeba mTel garemoSi. e.i. bgeris gavrceleba 

haerSi dakavSirebulia haeris fenaTa SekumSva-gafarToebasTan, rac warmoSobs 

wnevis damatebiT cvlilebas mis saSualo mniSvnelobasTan SedarebiT. 

 
      nebismieri rxeva dakavSirebulia sistemis wonasworobis darRvevasTan, rac 

gamoixateba sistemis maxasiaTebeli parametrebis wonasworuli mniSvnelobidan 

gadaxrasTan. airad garemoSi bgeriTi rxevebis dros aseT parametrad SeiZleba 

aviRoT garemos saSualo wneva, xolo am mniSvnelobidan gadaxras vuwodoT bgeriTi 

wneva.  

 

cxrili 58.2. 

bgeris wyaro xmamaRlobis done 

(dcbel) 

intensivoba (vt/m2) 

reaqtiuli TviTmfrinavi (misgan 30m 

manZilze) 

140 100 

nebismieri bgeris wyaro tkivilis 

SegrZnebis zRvarze 

 

120 

 

1 

daxurul SenobaSi rok-musika 120 1 

100km/sT siCqariT moZravi 

avtomobilis salonSi xmauri 

 

75 

 

3,2∙10 –5 

Cveulebrivi saubari (0,5m manZilze) 65 3,2∙10 –6 

CurCuli 20 1∙10 –10 

foTlis Sriali 10 1∙10 –11 

nebismieri bgeris wyaro smenadobis  

qveda zRvarze 

 

0 

 

1∙10 –12 

 

 bgeriTi wneva ewodeba wnevis im cvlilebas, romelic warmoiqmneba garemoSi 

bgeris gavrcelebis Sedegad. 

cxadia, bgeriTi wneva  saSualo wnevaze metia “SekumSul” areSi da naklebia 

“gafarToebul” areSi. bgeriTi wnevis cvlilebis sixSire bgeris gavrcelebis 

sixSiris tolia. xSirad xmamaRlobis dones (58.1) formulis nacvlad gamosaxaven 

Sesabamisi bgeriTi wnevebiT:  

0

lg20
p

p
L  ,                                    (58.2)  
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sadac p , I  intensivobis bgeris Sesabamisi bgeriTi wnevis  mniSvnelobaa, xolo 

5
0 100,3 p pa is bgeriTi wnevaa, romelic Seesabameba smenadobis qveda zRvars 0I -s. 

haers iseve, rogorc nebismier garemos, nawilakTa urTierTqmedebis gamo, 

axasiaTebs Sinagani xaxuni (siblante), ris gamoc bgeris gavrcelebas Tan sdevs 

Sinagani xaxunis ZalTa aRZvra. es iwvevs bgeris meqanikuri energiis siTbur 

energiaSi gadasvlas, rac ganapirobebs bgeris milevas. 

Tavisufali atmosfero xasiaTdeba haeris araregularuli moZraobiT 

(turbulentobiT), rac kidev ufro zrdis bgeris milevas. aqedan gamomdinare, §55-is 

Tanaxmad, bgeris gantoleba haerSi Semdeg saxes miiRebs: 

  
















  


 x
tAetxa x

cos,  (brtyeli talRa), 

  
















  


 r
te

r

A
tra r

cos, 0  (sferuli talRa). 

  haeris mier mocemuli sixSiris bgeris STanTqmis koeficientia. misi mniSvneloba 

bgeris sixSiris kvadratis pirdapirproporciulia. amitom, Tu wyaro erTdroulad 

gamoscems dabal da maRal sixSireebs (tonebs), Sor manZilze ismis mxolod dabali 

toni, radgan maRali male STainTqmeba. magaliTad, Tu TviTmfrinavi Sorsaa, ismis 

mxolod dabali sixSiris xmauri (guguni), moaxloebisas ki aRiqmeba maRali 

sixSirec (stvena). 

Tavisufal atmosferoSi bgeris gavrcelebaze gavlenas axdens atmosferos 

araerTgvarovneba – temperaturuli gradientebi, qaris siCqare da mimarTuleba. 

haeris zeda fenebSi temperatura dabalia, amitom bgeris siCqare dedamiwis zeda-

piridan simaRlis zrdasTan erTad mcirdeba. amis gamo Tu bgeris wyarodan 

dedamiwis zedapiris gaswvriv vrceldeba brtyeli talRa, misi fronti TandaTan 

icvlis orientacias, bgeris sxivebi iRuneba da talRa Sordeba dedamiwis zedapirs 

(nax. 58.1). 

qaris arsebobisas bgeris siCqares emateba haeris masaTa gadaadgilebis siCqare. 

es siCqare dedamiwis zedapiridan simaRlis zrdasTan erTad izrdeba, rac iwvevs 

bgeris siCqaris sididis da mimarTulebis Secvlas. am SemTxvevaSi arsebiTia bgeris 

mimarTuleba Tanxvdenilia Tu sapirispiroa qaris mimarTulebis (nax. 58.2).  

am faqtorebs gansakuTrebuli yuradReba eqceva bgeris mixedviT bgeris wyaros 

adgilmdebareobis gansazRvrisas (magaliTad, artileriaSi). 

  

naxazi 58.1 naxazi 58.2 

qari 

talRis 
fronti 
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amocana 58.1. reaqtiuli TviTmfrinavi 1 wm-Si asxivebs 2∙105 j bgeriT energias. 

gansazRvreT xmamaRlobis done TviTmfrinavidan 40 m da 200 m manZilze, Tu haeris 

mier bgeris STanTqmis koeficientia 7 dcbel/km. 

amoxsna: 

radgan bgeriTi talRa sferulia, 401 r m manZilze intensivoba (57.4)-dan iqneba: 

10
116004

102

4

5

2
1

1 















 tr

W

tS

W
I (vt/m2). 

(58.1)-is Tanaxmad: 

130
10

10
lg10

121 
TeorL (dcbel). 

72,12928,01307
1000

40
11  TeorLL (dcbel). 

(57.6)-dan: 

4,0

2

2

1
12 












r

r
II (vt/m2). 116

10

4,0
lg10

122 
TeorL (dcbel). 

6,1144,11167
1000

200
22  TeorLL (dcbel). 

e.i., reaqtiuli TviTmfrinavidan 200 m-zec ki xmamaRlobis done mcired CamorCeba 

normaluri smenadobis zeda zRvars (120 dcbel). 

 

amocana 58.2. risi toli iqneba xmamaRlobis done 60 dcbeli da 70 dcbeli 

xmamaRlobis donis bgeris wyaroebis erTdroulad CarTvisas? 

amoxsna: 

(58.1)-is Tanaxmad: 

0
10

gI
L

gI   , 

amitom: 

,10
10

60 12
1

 ggI 
  

,61261 gI   
26

1 10 vt/mI  

,10
10

70 12
2

 ggI 
  

,51272 gI  
25

2 10 vt/mI  

ori wyaros erTdrouli CarTvisas xmamaRlobis done iqneba:  

,10
0

21

I

II
gL


   

  ).(4,7071,110101,110
10

101,1
10

10

1010
10 7

12

5

12

56

dcbel














ggggL   

 

           \ 
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§59. infra da ultrabgera 

infrabgerebi (laT.qvemoT) is bgeriTi talRebia, romelic imyofeba adamianis 

smenadobis  qveda zRvris dabla. e.i infrabgeris sixSiris zeda sazRvaria 16hc, 

xolo qveda sazRvrad pirobiTad miRebulia 0,001hc. infrabgerebis wyaroebia 

atmosferos turbulentoba, Weqa-quxili, miwisZvra, wyalqveSa da miwisqveSa 

afeTqebebi, Zlieri qariSxali, zRvis zedapirze Zlieri Stormi da a.S. am bgerebiT 

erTmaneTTan urTierToben veSapebi da spiloebi. 

infrabgera emorCileba bgeriTi talRebis saerTo Tvisebebs, magram axasiaTrbs  

mTeli rigi Taviseburebebi: 

1. mas gaaCnia gacilebiT maRali amplituda vidre igive simZlavris akustikur 

talRas. 

2. akustikur talRasTan SedarebiT igi gacilebiT naklebad STainTqmeba 

atmosferos mier. amitom did manZilze vrceldeba da saSualebas iZleva 

dadgindes cunamis moaxloeba, afeTqebis, miwisZvris keris mdebareoba da 

sxva.  infrabgera ,,mgrZnobiarea” seismuri aqtivobis cvlilebis mimarT 

2000km radiusis diapazonSi.  

3. talRis sigrZis didi mniSvnelobis gamo, mas aqvs mkveTrad gamoxatuli 

difraqciis unari. igi iolad aRwevs SenobebSi da gars uvlis iseT 

dabrkolebebs, romlebicakaveben akustikur talRebs. 

4. mas SeuZlia gamoiwvios didi obieqtebis vibracia rezonansis saSualebiT. 

infrabgeris es Tvisebebi arTulebs masTan brZolas, radgan Cveulebrivi 

meTodebi, romelic gamoiyeneba xmauris winaaRmdeg, naklebad efeqturia infrabgeris 

winaaRmdeg.   

infrabgeris fiziologiuri moqmedeba adamianzeganisazRvreba  mxolod 

infrabgeris simZlavriT  da speqtriT da araa damokidebuli sad imyofeba adamiani 

- SenobaSi Tu Ria sivrceSi.roca infrabgeris sixSire emTxveva adamianis Sinagani 

organoebis qsovilTa bioritms-sakuTar sixSires es organoebi iwyeben vibracias, 

rac gamovlindeba Zlieri tkivilebis SegrZnebiT. mag. 7hc sixSiris infrabgera 

adamianisaTvis sasikvdiloa. igi iwvevs  tvinis nerviuli daboloebebis bioritmis 

darRvevas. 1-18hc sixSiris da 85-110 decbel xmamaRlobis donis infrabgera adamianSi 

aRZravs panikur SiSs, Tavis tkivils, Tavbruxvevas, Rebinebas, metyvelebis darRvevas, 

halucinacias da sxva. okeanis zedapirze Zlieri Stormis dros aRiZvreba 

infrabgerebi - ,,zRvis xma’’, romelic zogjer xdeba mizeziwylis zedapirze sqeli 

(rZis msgavsi) nislis myisieri gaCenisa, romelic aseve swrafad qreba.  mecnierTa 

garkveuli nawili ,,zRvis xmiT’’xsnis bermudis samkuTxedis fenomens. swored am 

infrabgerebis Sedegad adamianebi vardebian Zlier panikaSi, xdebian sruliad 

gauwonasworebeli (SeuZliaT Caidinon mkvleloba), maSin, roca igive sixSireebis 

mimarT cxovelebi sruliad mSvidad arian, radgan maT gansxvavebuli bioritmebi 

aqvT (mag. gaixseneT bermudis samkuTxedSi adamianebisgan sruliad daclili gemi 

da gembanze mSvidad moseirne kata).cxril 59.1-Si mocemulia adamianis Sinagan 

organoTa rezonansuli sixSireebi.  
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atmosferos da dedamiwis liTosferos 

infrabgerebs Soris adgili aqvs energiaTa 

ganuwyvetliv gacvlas.  Zlier miwisZvramde 5-10 

dRiT adre mniSvnelovnad icvleba atmosferos 

infrabgeris speqtri.  SevniSnoT, rom 

intensiurad mimdinareobs kvlevebi 

infrabgeraTa generatorebis Seqmnisa da 

gaumjobesebis mimarTulebiT, aseve maTi 

mravalmxrivi gamoyenebis TvalsazrisiT, 

rogorc samSvidobo aseve samxedro 

mimarTulebiT. 

ultrbgerebi  (laT. ukiduresi) is bgeriTi 

talRebia, romelic imyofeba adamianis 

smenadobis  zeda zRvris maRla.  ultrabgeris 

sixSiris qveda sazRvaria 20000 hc. bunebaSi igi 

Tan axlavs iseT xmaurs, rogoricaaqaris, CanCqeris, wvimis, Weqa-quxilis xmauri. am 

talRebs zogierTi cxoveli iyenebs sivrceSi orientaciisTvis, dabrkolebis 

aRmoCenisTvis, da urTierTkavSirisTvis (veSapebi, delfinebi, Ramurebi, mRrnelebi) 

miuxedavad imisa, rom am bgeraTa arseboba didi xnis cnobilia, praqtikulad 

misi gamoyeneba sakmaod axali dawyebulia. igi ixmareba sxvadasxva fizikur da 

teqnikur meTodebSi. raime garemoSi misi gavrcelebis siCqariT msjeloben am 

garemos Tvisebebze. mag. SeiZleba ganisazRvros airTa kuTri siTbotevadoba, myar 

sxeulTa drekadobis mudmivebi, swrafad mimdinare procesebis adiabaturi 

maxasiaTeblebi. 

adamianis rbil qsovilSiultrabgera kargad vrceldeba, amave dros is 

gacilebiT usafrTxoa rentgenis sxivebTan SedarebiT.amitomigi farTod gamoiyeneba 

medicinaSi adamianis Sinagan organoTa, gansakuTrebiT menjis da muclis Rrus 

vizualuri daTvalierebisTvis, aseve gamoiyeneba qirurgiaSi (asrulebs skalpelis 

funqcias). igi aseve gamoiyeneba anTebiTi procesebis samkurnalod.ultrabgera 

gansakuTrebiT Seucvlelia liTonTa saWrel xelsawyoebSi, misi saSualebiT 

SesaZlebelia nebismieri rTuli formis xvrelis gakeTeba. misi gamoyenebiT  axdenen 

lalis da almasis kristalebis ufaqizes damuSavebas. 

Tevzis mrewvelobaSi farTod gamoiyeneba eqolokacia Tevzis qaravanis 

aRmosaCenad. gemidan zRvis fskerisken uSveben ultrabgeras. Tu qvemoT Tevzis 

qaravnia igi airekleba maTi zurgidan da dabrundeba ultrabgeris mimRebSi ufro 

adre vidre fskeridan areklili bgera. cnobilia ra ultrabgeris gavrcelebis 

siCqare wyalSi SesaZlebelia zustad ganisazRvros qaravnis moZraobis siRrme, Tu 

siCqares gavamravlebT gaSvebul da miRebul signalebs Soris drois intervalis 

naxevarze.  

ultrabgera kargad vrceldeba mTel rig nivTierebebSi, rac saSualebasiZleva 

aRmoaCinon da Seiswavlon am nivTierebidan damzadebul sxeulebSi arsebuli 

defeqtebi. 

 

cxrili 59.1 

Organoebi sixSire  

hc 

Tavi 20-30 

Tvalebi 40-100 

Gguli 4-6 

vestibul. 

Aaparati 

0,5-13 

kuWi 2-3 

Nnawlavebi 2-4 

muclis Rru 4-8 

Tirkmlebi 6-8 

xelebi 2-5 

xerxemali 6 
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amocana 59.1. erTi katarRidan gagzavnili eqolitis signali 3km-iT daSorebul 

katarRaze orjer miiRes. pirvelma uSualod haeriT miaRwia, xolo meorem zRvis 

fskeridan arekvlis Semdeg 2wm-s dagvianebiT. ipoveT zRvis siRrme, Tu masSi 

signalis gavrcelebis siCqarea 1500m/wm. 

amoxsna: 

pirdapiri signalis gavrcelebis xangrZlivoba iqneba: 

1,9
330

3000

1

1 


L
t (wm). 

meore signalis gavrcelebis xangrZlivoba  1,1121,92 t

wm, meore mxriv:  

8325
2

1,111500

2

2 22

2

2 



t

S
S

t



(m), 

Sesabamisad siRrme gamoiTvleba formuliT:  

4/33,8
4

2222  LSH (km). 7,6H km. 

 

 

§60. dopleris efeqti 

Tu bgeris wyaro da mimRebi uZravia, maSin mimRebi afiqsirebs im ν sixSiris 

talRas, romliTac irxeva wyaro. Tu wyaro an mimRebi, an orive erTad moZraobs, 

maSin mimRebis mier dafiqsirebuli sixSire gansxvavebulia wyaros sixSirisagan. am 

movlenas dopleris efeqti ewodeba. mas adgili aqvs nebismieri tipis talRebisTvis. 

Cven vamCnevT, rom saswrafos sayviris bgeris simaRle (sixSire) mkveTrad icvleba 

imis mixedviT, gviaxlovdeba Tu gvSordeba manqana. kerZod, moaxloebisas simaRle 

matulobs, daSorebisas – mcirdeba. 

ganvixiloT dopleris efeqtis 

warmoSobis mizezi da gamovTvaloT bgeriTi 

talRis sixSiris cvlileba. visargebloT 

naxaz 60.1-iT. samive SemTxvevaSi   CavTvaloT, 

rom  damkvirvebeli  uZravia.  rodesac bgeris 

wyaroc (magaliTad, sayviri) uZravia (naxazi 

60.1a), manZili talRis or momdevno burcobs 

Soris talRis sigrZis tolia: 






bg

bg  T . 

dauSvaT, wyaro uaxlovdeba mimRebs wy  

siCqariT (naxazi 60.1b), maSin T droSi igi 

gadaadgildeba TS wywy   manZiliT, amdeniTve 

Semcirdeba daSoreba talRis or momdevno burcobs Soris da axali talRis sigrZe 

iqneba:   

                    





wybg

wybg


 T' .                            (60.1)           

λ = υbgT 

λ′ = (υbg – υwy)T 

Swy = υwyT 

Swy = υwyT 

λ′′ = (υbg + υwy)T 

naxazi 60.1 

a) 

b) 

g) 

L 

S S 
H 
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meore mxriv:    

'
'






bg
 ,                                     (60.2)                        

sadac '  axali talRis sixSirea. (60.1)-is da (56.2)-is gatolebiT miviRebT:  







wybg

bg


' .                                 (60.3) 

marTlac, bgeris sixSire (simaRle)matulobs bgeris wyaros mimRebTan miaxloebis 

SemTxvevaSi. 

 Tu wyaro Sordeba mimRebs (naxazi 60.1g), maSin daSoreba talRis or momdevno 

burcobs Soris gaizrdeba da axali talRis sigrZe iqneba: 

 





wybg

wybg


 T .                            (60.4) 

meore mxriv: 

            
"

"





bg
 .                                    (60.5) 

gavutoloT (60.4) (60.5)-s da miviRebT, rom:  

." 





wybg

bg


                                    (60.6) 

"  Tu wyaro Sordeba mimRebs, bgeris sixSire klebulobs. 

SevniSnoT, rom bgeris gavrcelebis bg  siCqare ar aris damokidebuli wyaros 

an mimRebis moZraobis siCqareze. 

dopleris efeqti maSinac daimzireba, rodesac uZravi wyaros mimarT moZraobs 

damkvirvebeli. misi wyarosTan miaxloebisas bgeris simaRle matulobs da piriqiT. 

am SemTxvevaSi icvleba ara talRis sigrZe (burcobebs Soris manZili), aramed bur-

cobebis moZraobis siCqare damkvirveblis mimarT. am dros sixSiris cvlileba 

mcired gansxvavdeba (60.3) da (60.6) Sedegebisgan, Tumca gansxvaveba mainc arsebobs 

(ix. amocana 60.1.) da es faqti ar ewinaaRmdegeba galileis fardobiTobis princips. 

am SemTxvevaSi wyarosa da mimRebis garda, Sesabamis rols TamaSobs garemoc (haeri). 

pirvel SemTxvevaSi haeris mimarT moZraobs wyaro, meoreSi ki – mimRebi, ris gamoc 

SemTxvevebi gansxvavebulia da Sedegic gansxvavebuli miiReba. Tu wyaro (an mimRebi) 

ar moZraobs maTi SemaerTebeli wrfis gaswvriv, maSin sixSireTa formulebSi 

saWiroa SemaerTebeli wrfis mimarT Sesabamisi siCqareTa gegmilebis Setana (ix. 

amocana 60.2.). 

 

amocana 60.1. damkvirvebeli uaxlovdeba bgeris wyaros   siCqariT. ipoveT mis mier 

dafiqsirebuli talRis sixSire. 

amoxsna: 

damkvirveblis mimarT bgeriTi talRis siCqare iqneba bg  , ris gamoc is dro, 

romlis ganmavlobaSic talRis fronti mis mimarT gadaadgildeba   manZiliT, 

iqneba: 
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bg




'T , 

sadac: 

Tbg  . 

amitom:  

.' TT
bg

bg






  

radgan talRis sixSire periodis Sebrunebulia T
1  , amitom: 






























bgbg

bg
1' . 

amocana 60.2. TviTmfrinavi mifrinavs horizontis gaswvriv 200 m/wm siCqariT. im 

momentSi, rodesac igi imyofeba damkvirveblis mimarT zenitidan 300-ani kuTxiT (ix. 

naxazi), gamoscems 5000 hc sixSiris bgeriT signals. ra sixSiris signals aRiqvams 

damkvirvebeli? 330bg m/wm. 

amoxsna: 

(60.3)-is Tanaxmad:   

,
60cos

'
0





 




wybg

bg

 
mocemulobis gaTvaliswinebiT:  

hc).(71705000
5,0200330

330
' 


  

  

 

 

 

amocanebi: 

1. harmoniuli oscilatoris gadaxris droze damokidebuleba mocemulia 

gantolebiT 









3
cos2


 tx , sadac x izomeba metrobiT, xolo t wamebSi. ipoveT: 

rxevis periodi; t = 1wm momentisTvis gadaxra, siCqare da aCqareba. (pasuxi:2wm; -1m;  

-5,44m/wm; 9,86m/wm2). 

2. harmoniuli oscilatoris gadaxris droze damokidebuleba mocemulia 

gantolebiT 









42

3
cos0


tXx , sadac x izomeba metrobiT, xolo t wamebSi. ipoveT: 

rxevis sixSire da amplituda, Tu t = 1wm-Tvis siCqare 2 m/wm-istolia. (pasuxi: 0,75hc; 

0,42m). 

3. harmoniuli rxevis sawyisi faza nulia. rodesac merxevi wertili gadaxrilia 

wonasworobis mdebareobidan 2,4 sm-ze, maSin misi siCqare 3sm/wm-is tolia, xolo 2,8 

sm-iT gadaxrisas 2 sm/wm. ipoveT am rxevis amplituda. (pasuxi: 3,01sm). 
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4. rogor Seefardeba erTmaneTs ori maTematikuri saqanis sigrZeebi, Tu erTsa da 

imave droSi erTma Seasrula 5 rxeva, meorem – 15. (pasuxi: 9). 

5. 6,4 m sigrZis maTematikuri saqani gadaxares vertikalidan 90 kuTxiT da 

gaanTavisufles. ipoveT rxevis amplituda da saqanis siCqare wonasworobis 

mdebareobaSi gavlisas. (pasuxi: 1m; 1,25m/wm). 

6. maTematikuri saqanis rxevis periodiaT0. gamoTvaleT rxevis periodi, Tu igi 

moZraobs g/4 aCqarebiT 1. vertikaluradzemoT, 2. vertikalurad qvemoT, 3. 

horozontalurad, 4. Tavisuflad vardeba. (pasuxi: ;
5

1
;

3

2
;

5

2
0400 TTT ). 

7. mas Semdeg rac liftma daiwyo vertikaluri moZraoba masSiCamokidebuli 

maTematikuri saqanis rxevis periodi 1,5-jer Semcirda. gamoTvaleT liftis aCqarebis 

sidide da mimarTuleba.(pasuxi: 12,5 m/wm2 mimarTulia zemoT). 

8. 10 g masis harmoniulad merxevi nawilakis rxevis amplitudaa 8 sm, periodi 4 wm. 

dakvirvebis dasawyisSi igi gadaxrilia wonasworobis mdgomareobidan 34 sm-ze. 

CavweroT nawilakis koordinatis da siCqaris droze damokidebulebis gantolebebi. 

(pasuxi: 







 

62
cos108 2 

tx , 







 

62
sin104 2 

 t  ) 

9. gamoTvaleT amocana 5-Si 5 wm-Tvis nawilakze moqmedi kvazidrekadi Zalis 

mniSvneloba. (pasuxi: 9,86.10-4n) 

10. nawilaki asrulebs harmoniul rxevebs. drois t momentisTvis misi gadaxraa 4 sm. 

fazis orjer gadidebis Semdeg gadaxra 6 sm-ia. ipoveT rxevis amplituda da faza 

am momentisTvis. (pasuxi: 6,05 sm; 420) 

11. nawilaki asrulebs harmoniul rxevebs. drois t momentSi misi gadaxraa 7sm, 

siCqare 17 sm/wm, aCqareba 63 sm/wm2 ipoveT rxevis amplituda, cikluri sixSire, 

periodi da faza am momentisTvis. (pasuxi: 9 sm; 3 wm-1; 2/3 wm; 380) 

12.  2 kg nawilaki tF 4cos2,3 kvazidrekadi Zalis moqmedebiTasrulebs harmoniul 

rxevas. CawereT rxevis gantoleba da gamoTvaleT sistemis sruli energia.(pasuxi: 

tx 4cos1,0 ; 0,16kj) 

13. 0,2 kg masis nawilakisharmoniul rxevis gantolebaa: tx 4sin1,0 m. gamoTvaleT 

masze moqmedi kvazidrekadi Zalis sidide, maqsimaluri gadaxris dros da rocafaza 

300-is tolia.  gamoTvaleT sistemis sruli energia. (pasuxi: tx 4cos1,0 ; 0,16kj). 

14. zambaraze dakidebuli  burTula asrulebs vertikalur rxevebs, rogor 

Seicvleba rxevis periodi Tu zambaraze davkidebT 2-jer meti radiusis igive 

masalis burTulas? (pasuxi: gaizrdeba 2,83-jer) 

15.zambaraze mimagrebulitvirTi irxeva 0,5 hc sixSiriT. rodesac masze kidev 

miamagres 600 g tvirTi rxevis sixSire gaxda 0,3 hc. ipoveT sawyisi tvirTis masa. 

(pasuxi: 337,5g) 

 

16. 2 kg masis tvirTi mimagrebulia erTnairi 9.102 n/m sixistis paralelur 

zambaraze. sistema asrulebs harmoniul rxevas. gamoTvaleT rxevis 

cikluri sixSire. (pasuxi:30wm-1) 
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17. Rero romlis sigrZea 0,8 m, masa 2 kg. damagrebulia erTi boloTi. Tavisufal 

boloze mimagrebulia 5 kg masis tvirTi. sistema asrulebs harmoniul rxevas 

horizontaluri RerZis maxloblobaSi. gamoTvaleT sistemis rxevis cikluri 

sixSire da dayvanili sigrZe.(pasuxi: 3,2 wm-1; 1,04 m) 

18. m masis tvirTi mimagrebulia or k1 da k2 sixistis zambarasTan ori gansxvavebuli 

saxiT (ix. naxazi) daadgineT TiTeul SemTxvevaSi sistemis rxevis periodi.  

(pasuxi: 










 2121

1
2;2

kk
m

kk

m
  ) 

19. 2 kg masis nawilaki irxeva tx 56,12cos4,0 kanoniT. gamoTvaleT sistemis 

potenciuri energia, rodesac gadaxra 0,3 m-is tolia. daadgineT sistemis energiis 

ra nawils Seadgens potenciuri energia, rodesac wonasworobidan wanacvleba 

amplitudis naxevris tolia. (pasuxi: 14,3j; 0,25) 

20. 12 g masis tyvia (ix.naxazi)ejaxeba 1,03.103 n/m sixistis 

erTi boloTi damagrebul zambaras da rCeba masSi. 

sistema iwyebs harmoniul rxevas 0,35 m amplitudiT. 

ipoveT tyviis siCqare. (pasuxi: 600 m/wm) 

21. erTi boloT damagrebul 64 n/msixistis horizontaluri zambaris Tavisufal 

bolozemimagrebul 640 g tvirTs dartymiT aniWeben 1,2 m/wm siCqares. ipoveT rxevis 

periodi, amplituda, gamoTvaleT sistemis potenciuri energia drois im 

momentisaTvis rodesac winasworobis mdgomareobidan gadaxra amplitudis 

naxevaria. (pasuxi: 0,63 wm; 0,12 m; 0,26 j) 

22. disko, romlis radiusia 15 sm,  irxeva radiusis SuaSi gamavali diskos 

sibrtyisadmi marTobuli RerZis maxloblobaSi. gamoTvaleT misi rxevis periodi 

da dayvanili sigrZe.(pasuxi: 0,32 m; 0,23 m) 

23. nawilaki monawileobs or urTierTmarTobul rxeviT moZraobaSi, romelTa 

gantolebebia: tx 3sin3  da  2/3sin4  ty . CawereT rxevis traeqtoriis gantoleba,  

aCveneT moZraobis mimarTuleba, gamoTvaleT nawilakis siCqare 0,2 wm-sTvis. (pasuxi: 

,1
43 2

2

2

2


yx

10 sm/wm.) 

24. milevadi rxevisas saqanis amplituda 4 wT-Si 2-jer Semcirda. ra droSi 

Semcirdeba amplituda 6-jer? (pasuxi:  10,5 wT.) 

25. milevadi rxevisas sistemam 40 wm-Si dakarga energiis 52%. ipoveT winaaRmdegobis 

koeficienti. (pasuxi:  2,6.10-4 kg/wm.) 

26. 56 n/m sixistis zambaris boloze mimagrebuli 750 g masis Zelaki asrulebs rxevas 

siTxeSi. siTxis winaaRmdegobis koeficientia 0,162 kg/wm.  ipoveT rxevis periodi,  

amplitudaTa Tanafardoba ori momdevno rxevisas. (pasuxi: 0,73 wm, 092) 

27. ramdeni rxevis Semdeg Semcirdeba saqanis amplituda 5-jer, Tu milevis 

logariTmuli dekrementia 0,161. (pasuxi: 10) 
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28. oscilatoris iZulebiTi rxevis amplituda rezonansis dros 382 hc sixSireze 

aRwevs 28,6f0-s (f0-dayvanili Zalaa). risi tolia sistemis vargisianoba. (pasuxi: 1,68.108) 

29.  oscilatoris iZulebiTi rxevis amplituda rezonansis dros aRwevs 28,6f0-s (f0-

dayvanili Zalaa). sistemis vargisianobaa 9,1.107. gamoTvaleT rezonansuli sixSire. 

(pasuxi: 382 hc.) 

30. vagonis resoris sixistea 576 kn/m, misi masa tvirTTan erTad 64 t-is tolia.  

vagons 4 resori aqvs. ra siCqarisas daiwyebs vagoni Zlier rxevas relsebis 

SeerTebaze biZgebis gavleniT, Tu relsis sigrZe 12,6 m-ia. (pasuxi: 12 m/wm.) 

31. merxevi nawilaki (oscilatori) erTdroulad monawileobs erTi wrfis gaswvriv 

mimarTul or harmoniul rxevaSi: da tx cos41  , 









3
cos22


 tx SevadginoT jamuri 

rxevis gantoleba (pasuxi:   11,03cos3,5  tx ) 

32. merxevi nawilaki erTdroulad monawileobs erTi wrfis gaswvriv mimarTul or 

harmoniul rxevaSi: da tx sin21  ,  2/sin22   tx SevadginoT jamuri rxevis 

gantoleba (pasuxi:  4/sin22   tx ) 

33. nawilaki monawileobs or urTierTmarTobul rxeviT moZraobaSi, romelTa 

gantolebebia: tx sin2  da  2/cos2   ty . gamoTvaleT rxevis periodi. CawereT 

rxevis traeqtoriis gantoleba,  aageT misi grafiki. (pasuxi:  2wm. xy  ) 

34. nawilaki monawileobs or urTierTmarTobul rxeviT moZraobaSi, romelTa 

gantolebebi tx 4,0sin4 sm da ty 4,0cos4 sm. gamoTvaleT rxevis sixSire. CawereT 

rxevis traeqtoriis gantoleba,  aageT misi grafiki.(pasuxi:  0,2wm-1. 1622  yx ) 

35. gamoTvaleT manZili talRis gavrcelebis mimarTulebiT im or uaxloes wertils 

Soris, romlebic erTnair fazaSi irxeva,TutalRis gavrcelebis siCqarea 300 m/wm, 

sixSire ki-150 hc. (pasuxi:  2m) 

36. talRis siCqare drekad garemoSi 80 m/wm-ia. urTierTsawinaaRmdego fazaSi merxev 

or uaxloes wertils Soris manZilia 0,5 m. ipoveT rxevis sixSire. (pasuxi:  80hc) 

37. talRis siCqare drekad garemoSi 90 m/wm-ia. erTnair fazaSi fazaSi merxev or 

uaxloes wertils Soris manZilia 1 m. ipoveT rxevis sixSire. (pasuxi:  90 hc) 

38. ipoveT rxevis wyarosa da misgan 1,5 m-iT daSorebuli wertilis rxevebis fazaTa 

sxvaoba, Tu rxevis sixSirea 8hc, rxevis gavrcelebis siCqare ki 60 m/wm-ia. (pasuxi: 

1,26 rad) 

39. gamoTvaleT manZili talRis gavrcelebis mimarTulebiT im or uaxloes wertils 

Soris, romlebic erTnair fazaSi irxeva, Tu talRis gavrcelebis siCqarea 300 m/wm, 

sixSire ki-150hc. (pasuxi:  2 m) 

40. talRis siCqare drekad garemoSi 80 m/wm-ia. urTierTsawinaaRmdego fazaSi merxev 

or uaxloes wertils Soris manZilia 0,5 m. ipoveT rxevis sixSire. (pasuxi:  80 hc) 

41. bgeriT talRaSi wnevis cvlileba moicema formuliT: 







 txp 


1600

4
sin4 . 

gansazRvreT talRis sigrZe, sixSire da gavrcelebis siCqare.  (pasuxi:  8 m; 800 hc; 

6400m/wm)               
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42. risi toli iqneba xmamaRlobis done 80 dcbeli da 85 dcbeli xmamaRlobis donis 

bgeraTa wyaros erTdroulad CarTvisas? (pasuxi:  86,2 dcbeli) 

43. bgeris xmamaRlobis donea 85 dcbeli. energiis ra nakads STanTqavs adamianis 

yuri erTi wamis ganmavlobaSi, Tu yuris niJaris afskis farTobia 5.10-5 m2 (pasuxi:  

1,6.10-8 vt) 

44. ra siCqariT uaxlovdeba matarebeli damkvirvebels, Tu elmavlis sayviris 500 

hc sixSires is afiqsirebs 570 hcsixSiriT. haerSi bgera vrceldeba 330 m/wm siCqariT. 

ra sixSires daafiqsirebs damkvirebeli matareblis Cavlis momentSi? (pasuxi:  40,5 

m/wm; 445 hc) 

45. damkvirvebeli matareblis moaxloebisas afiqsirebs sayviris 1000 hc sixSires, 

xolomatareblis Cavlis Semdeg ki 850hc-s. ipoveT matareblis siCqare da signalis 

sixSire. haerSi bgera vrceldeba 330m/wm siCqariT. (pasuxi:  26,7 m/wm; 919 hc) 

46. uZravi bgeris wyaros mier  gamocemuli signalis sixSirea 1000 hc. wyaros 

uaxlovdeba damkvirvebeli 30 m/wm siCqariT. ipoveT mis mier dafiqsirebuli talRis 

sixSire. haerSi bgera vrceldeba 330 m/wm siCqariT. (pasuxi:  1090 hc) 

47. uZravi bgeris wyaros mier  gamocemuli signalis sixSirea 1000 hc. wyaros  

damkvirvebeli Sordeba 30 m/wm siCqariT. ipoveT mis mier dafiqsirebuli talRis 

sixSire. haerSi bgera vrceldeba 330 m/wm siCqariT. (pasuxi:  910 hc) 

48. elmavali moZraobs 25 m/wm siCqariT. igi iZleva 5 wm xangrZlivobis signals. 

gansazRvreT signalis xangrZlivoba uZravi damkvirveblis mimarT, rodesac 

elmavali 1) uaxlovdeba; 2) Sordeba mas.  (pasuxi:  4,6 wm; 5,4 wm) 
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Tavi VI.  

hidro da aero dinamika 

 

$61. myar, Txevad da airad mdgomareobaTa gansxvavebuli  

da saerTo Tvisebebi 

nivTierebebs yoveldRiurad vxvdebiT ZiriTadad sam gansxvavebul formaSi – 

agregatul mdgomareobaSi – myari, Txevadi, airadi. am formebs ganapirobebs 

molekuluri urTierTqmedebis Zalebi, romlebic eleqtruli bunebisaa da mizidva-

ganzidviTi xasiaTi gaaCnia. kerZod, Tu molekulaTa centrebs Soris manZili 810~ 

m rigisaa, dominirebs miziduloba, xolo 1010 m manZilidan – ganzidva. es Zalebi 

cdilobs molekulebs miuCinos fiqsirebuli mdebareoba, rasac ewinaaRmdegeba 

molekulaTa qaosuri moZraoba. 

myar mdgomareobaSi urTierTqmedebis Zalebi sakmaod didia, ris gamoc 

molekulaTa ganlageba erTmaneTis mimarT praqtikulad ar icvleba. maT SeuZlia 

mxolod rxeviTi moZraoba Tavisi mdebareobis maxloblobaSi, ris gamoc myar 

sxeulebs gaaCnia sakuTari forma da moculoba.  

Txevad mdgomareobaSi molekulaTa Soris urTierTqmedebis Zalebi myarTan 

SedarebiT sakmaod sustia, ris gamoc molekulebi moZraoben  qaosurad, Tumca 

urTierTqmedeba imdenad Zlieria, rom maTi qaosuri moZraoba ver cvlis saSualo 

manZils molekulebs Soris, amitom siTxeebs gaaCnia sakuTari moculoba, xolo 

formas WurWlisas Rebulobs. 

airad mdgomareobaSi molekulebs Soris urTierTqmedeba imdenad sustia, rom 

qaosuri moZraobis gamo, isini Tavisuflad Sordeba erTmaneTs da mTlianad avsebs 

im WurWels, romelSic moTavsebulia, e.i. airebs ar gaaCnia sakuTari forma da 

moculoba. 

siTxeebisa da airebis msgavseba mdgomareobs imaSi, rom isini drekad Tvisebebs 

avlens mxolod yvela mimarTulebiT kumSvis SemTxvevaSi. kumSvisas maTSi aRiZvreba 

drekadobis Zalebi, romelTa sididec damokidebulia SekumSvis xarisxze. radgan 

siTxeebs sakuTari moculoba gaaCnia, amitom zemoqmedebis ararsebobis SemTxvevaSi 

maTi mdgomareoba miiReba, rogorc normalur-aradeformirebuli, xolo gareSe 

ZalTa moqmedebas ganixilaven, rogorc kumSviT deformacias. airebisTvis aseTi 

normalur-aradeformirebuli mdgomareoba ar arsebobs, isini yovelTvis imyofeba 

SekumSul mdgomareobaSi, rom ara gare Zalebi, airTa moculoba usasrulod 

gaizrdeboda. (mag. atmosferos mocemul mdgomareobaSi inarCunebs dedamiwis 

gravitaciuli Zala). SemdgomSi airis garkveul SekumSul mdgomareobas miviRebT 

rogorc normalurs-aradeformirebuls da mis cvlilebas (gafarToebas, SekumSvas) 

ganvixilavT, rogorc deformacias. saerTod, airTa drekadi Tvisebebi ufro 

mkveTrad damokidebulia temperaturaze, vidre siTxeebis. 

Zvris deformaciisas (gansakuTrebiT Tu is swrafia) siTxeebsa da airebSi 

aRiZvreba garkveuli Zalebi, romlebic ar aris damokidebuli deformaciis 

xarisxze, e.i., ara aqvs drekadi xasiaTi. maTi mniSvneloba damokidebulia 

deformaciis mimdinareobis siCqareze da, Tu es siCqare nulisken miiswrafis, 
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aRZruli Zalebic nuls utoldeba. maSasadame, es Zalebi SeiZleba ganvixiloT, 

rogorc sveli xaxunis Zalebi ($25), maT xSirad siblantis Zalebsac uwodeben. 

SemdgomSi swored am termins mivakuTvnebT upiratesobas. cxadia, Tu siTxe an airi 

imyofeba uZrav mdgomareobaSi (masaTa centri ar icvlis mdebareobas) siblantis 

Zalebi nulis tolia. 

Tu siTxes (airs) azrobrivad davyofT imdenad mcire elementebad, rom 

TiToeulSi molekulebi asrulebdes erTnair regularul gadaadgilebas (maTi 

qaosuri moZraoba, cxadia, gansxvavebulia), maSin igi mTlianobaSi SeiZleba 

warmovidginoT, rogorc ara xisti urTierTkavSirebis mqone elementebisagan 

Semdgari sistema da mis mimarT gamoviyenoT meqanikis kanonebi. amocana kidev ufro 

gamartivdeba, Tu siTxe (airi) uZravia an moZraobs ise, rom am elementTa 

urTierTganlageba ar icvleba. aseT SemTxvevaSi sistemis masaTa centrs 

ganvixilavT, rogorc fiqsirebul wertils da visargeblebT absoluturad myari 

sxeulis modeliT. aseTma midgomam gamyarebis principis saxelwodeba miiRo. es 

principi yovelTvis gamoiyeneba uZravi sistemebisTvis, xolo, Tu adgili aqvs 

denadobas, saWiroa winaswar SevamowmoT, sruldeba Tu ara zemoTqmuli moTxovna. 

 Semdgom ramodenime paragrafSi Cven SevexebiT hidroaerostatikis elementebs, 

romelic swavlobs uZrav airebs, siTxeebs da maT moqmedebas maTSi moTavsebul 

sxeulebze.  

 

 

$62. hidroaerostatikuri wneva.  

paskalis kanoni 

ganvixiloT raime WurWelSi moTavsebuli uZravi siTxe (airi). misi nawilebis 

urTierTqmedebis Zalebi im drekadobis Zalebis msgavsia, romlebiTac 

deformirebuli myari sxeulis nawilebi moqmedebs erTmaneTze, ris gamoc 

SesaZlebelia aqac SemovitanoT normaluri Zabvis cneba ($23), romelsac siTxeebisa 

da airebis SemTxvevaSi wnevas uwodeben. igi SeiZleba ganvmartoT, rogorc farTis 

erTeulze misadmi marTobulad moqmedi Zalis sidide: 

                 S

F
p n ,                                     (62.1) 

sadac nF  zedapirisadmi marTobulad moqmed ZalTa tolqmedis sididea da mas wnevis 

Zalas uwodeben. (am Zalas rom gaaCndes kedlisadmi mxebi mdgeneli F

 (nax. 62.1), 

niutonis III kanonis Tanaxmad, kedlis 

reaqciis Zalasac eqneboda mxebi mdge-

neli, rac gamoiwvevda siTxis (airis) 

dinebas). wnevis erTeulia paskali (pa) 

pa = n/m2. 

siTxeebi da airebi, myari 

sxeulebisagan gansxvavebiT wnevas 

yvela mimarTulebiT qmnis. uZravi 

siTxis (airis) SigniT warmovidginoT 

 

 

 

naxazi 62.1 naxazi 62.2 
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kubis formis siTxis imdenad patara elementi, rom misi simZimis Zala vugulebelv-

yoT. radgan siTxe uZravia, kubis TiToeul waxnagze moqmedebs erTidaigive wnevis 

Zala (nax. 62.2) (winaaRmdeg SemTxvevaSi am ZalTa tolqmedi iqneboda nulisgan 

gansxvavebuli da kubi daiwyebda moZraobas, rac ewinaaRmdegeba siTxis uZraobis 

pirobas), Sesabamisad tolia TiToeul waxnagze siTxis mxridan warmoebuli wnevac. 

es Sedegi paskalis kanonis saxelwodebiT aris cnobili: 

 WurWelSi moTavsebul siTxeze an airze warmoebuli wneva yvela 

mimarTulebiT Tanabrad gadaicema. 

davuSvaT, rom uZrav cilindrul WurWelSi, romlis fskeris farTobi S -is 

tolia, moTavsebuli   simkvrivis siTxe qmnis h  simaRlis svets, gamovTvaloT am 

siTxis mier WurWlis fskerze warmoebuli wneva. cxadia es wneva gamowveulia siTxis 

woniT, romelic (ix $21) am SemTxvevaSi ricxobrivad siTxis simZimis Zalis tolia. 

e.i.: 

,
S

gSh

S

Vg

S

mg

S

P
p




 
maSasadame:  

.ghp                                     (62.2) 

siTxis simZimis ZaliT gamowveul wnevas hidrostatikuri wneva ewodeba. igi 

araa damokidebuli WurWlis formaze. marTlac Tu saerTo 

fskeris mqone sxvadasxva formis WurWelSi (nax.62.3) 

(ziarWurWeli) CavasxamT erTnairi simkvrivis siTxes, 

paskalis kanonis Tanaxmad, 221121 ; ghghpp    da .21 hh   

gansxvavebuli simkvrivis siTxeebis SemTxvevaSi ki adgili 

eqneba proporcias:      .
2

1

1

2






h

h

 

Tu siTxe ganicdis atmosferuli wnevis moqmedebasac gveqneba: 

.ghpp  atm                                (62.3) 

Tu WurWeli moZraobs vertikalurad aCqarebiT, maSin aCqarebis 

mimarTulebisgan damokidebulebiT gveqneba:

 ghapp )(  atm  (aCqareba mimarTulia zemoT),          (62.4) 

ghapp )(  atm  
(aCqareba mimarTulia qvemoT).          (62.5)  

Tu gvaqvs uxsnad siTxeTa an airTa narevi, maSin WurWlis fskerze warmoebuli 

wneva narevis Semadgenel komponentTa mier damoukideblad warmoebul wnevaTa jamis 

tolia.   

zemoT miRebul formulebSisiTxis simkvrive siTxis svetis simaRlis mimarT 

CavTvaleT mudmivad. siTxeebis SemTxvevaSi es daSveba sakmaod zustia, radgan isini 

Znelad kumSvadia. airebi ki maRalkumSvadobiT xasiaTdeba, maTi simkvrive airis 

svetis simaRlis cvlilebiT mniSvnelovnad icvleba. risic erTerTi dadasturebaa 

atmosferos simkvrivis da Sesabamisad wnevis Semcireba dedamiwis zedapiridan 

simaRlis zrdasTan erTad. 

 

h 

naxazi 62.3 



- 196 - 

 

amocana 62.1. hidravlikuri domkrati (amwe) warmoadgens or sxvadasxva diametris 

mqone cilindrul WurWels, romlebsac gaaCnia saerTo fskeri (ziari WurWeli). is 

Cveulebrivad zeTiT an raime siTxiT aris Sevsebuli. gamovTvaloT ra ZaliT unda 

vimoqmedoT patara dguSze, rom SevZloT 800 kg masis manqanis aweva, Tu patara 

dguSis farTobi 20-jer naklebia didi dguSis farTobze. 

amoxsna: 

orive dguSi SeiZleba warmovidginoT, rogorc erTidaigive WurWlis kedlebi, 

maSin paskalis kanonis Tanaxmad, 21 pp   anu: 

2

2

1

1

S

F

S

F
 , 

2

1
21

S

S
FF  , 21

20

1
FF  . 

avtomobilis asawevad saWiroa patara dguSze 

vimoqmedoT avtomobilis wonis 5%-is toli 

ZaliT, e.i.: 

400
20

1
1  mgF (n), 

rac tolfasia mcire dguSze ≈ 40kg tvirTis zemoqmedebis. 

amocana 62.2. cilindrul WurWelSi Casxmulia wyali da masze orjer meti masis 

navTi. gamoTvaleT maT mier warmoebuli wneva WurWlis fskerze, Tu wylis 

simkvrivea 1=103kg/m3, navTis 2=0,8.103kg/m3, xolo saerTo simaRle H=0,5m-is tolia.  

amoxsna: 

siTxeebis mier warmoebuli wneva WurWlis fskerze iqneba: 

p=p1+p2=1gh1+2gh2=(1h1+2h2)g ,                            (1) 

amocanis pirobis Tanaxmad:  

m2=m1, anu 2 h2S=21 h1S 

1 h1=22 h2, 1 h1=22 (H -h1), 

Hh
21

2
1

2

2






 ,                                               (2) 

xolo: 

HHhHh
21

1

21

2
12

22

2
1























  .                       (3) 

(2) da (3) SevitanoT (1)-Si, miviRebT: 

gHp
21

21

2

3






 ;   )(106,25,010

106,1103

108,0103 3

33

33

pa



p . 

Tu WurWeli TavRiaa, cxadia am wnevas daemateba atmosferuli wneva. 

 

 

 

 

 

 

S1 
S2 

h1 

h2 

H 
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$63. toriCelis cda. wnevis erTeulebi 

atmosfero, romelic imyofeba dedamiwis gravitaciul velSi, mis zedapirze 

qmnis garkveul wnevas. am wnevis sidide 1643 wels pirvelad gazoma italielma 

mecnierma evanjelista toriCelma. man erTi boloTi daxuruli minis grZeli mili 

gaavso vercxliswyliT da vertikalurad gadmoapirqvava vercxliswylian jamze 

(nax. 63.1). vercxliswylis nawili CaiRvara jamSi, xolo nawilma milSi Seqmna 

garkveuli simaRlis sveti, romlis zemoTac warmoiqmna sicariele – vakuumi. zRvis 

doneze am svetis simaRle saSualod 760mm-is tolia. 

toriCelim es movlena axsna imiT, rom radgan uZravi siTxis 

nebismier wertilSi wneva yvela mimarTulebiT erTnairia, e.i. 

atmosferos wneva vercxliswylis zedapirze gawonaswore-

bulia milSi vercxliswylis svetis wneviT. am cdiT 

toriCelim daamtkica atmosferos wnevis arseboba da aCvena 

misi gazomvis SesaZleblobac. 

radgan milSi vercxliswylis zemoT vakuumia 

(toriCelis sicariele), amitom (62.2) formulis Tanaxmad 

53 10013,176,08,9106,13  ghp verwy (pa). 

maSasadame, zRvis doneze atmosferuli wneva 1,013·105pa-is 

tolia. am sidides normaluri atmosferuli wneva(fizikuri 

atmosfero) ewodeba. 

1mm ver.wy. mier warmoebul wnevas toriCelis sapativsacemad tori uwodes:  

1 tor = 1mm verwy = 133pa. 

aseve wnevis erTeulad ixmareba teqnikuri atmosfero: 

1 t.at = 0,981·105pa. 

meteorologiaSi wnevis sazomad tradiciulad miRebulia bari: 

1 bari = 1,00·105pa. 

atmosferuli wneva da simkvrive dedamiwis zedapiridan simaRlis zrdasTan 

erTad eqsponenciuri kanoniT klebulobs44.  saSualod yovel 5,5km-ze wneva 2-jer 

mcirdeba (nax. 63.2). atmosferuli wneva mocemul simaRlezec cvladia, masze 

gavlenas axdens meteorologiuri pirobebi. 

atmosferos temperaturis damokidebulebas simaRleze gacilebiT rTuli 

xasiaTi aqvs (nax. 63.3). am TvalsazrisiT atmosfero dayofilia Semdeg Sreebad: 

troposferod, stratosferod, mezosferod, Termosferod. 

TiToeul Sreebs Soris arsebobs 1-2km gadasvlis zona, romelTac, Sesabamisad, 

tropopauza, stratopauza da mezopauza ewodeba. atmosferos araTanabari gaTboba 

iwvevs mis cirkulacias, rac ganapirobebs planetis klimats. 

 cxadia, dedamiwaze arsebuli yvela sagani da cocxali organizmi ganicdis 

atmosferuli wnevis moqmedebas. Tu rogor vuZlebT am mniSvnelovan wnevas, pasuxi 

martivia – igi kompensirdeba organizmis ujredebis Siga wneviT iseve, rogorc saha-

ero buStis SigniT airis wneva awonasworebs atmosferul wnevas.  

                                                 
44atmosferos wnevis simaRleze damokidebuleba (barometruli formula) ganxiluli    
iqneba II nawilSi. 

760mm 

naxazi 63.1 
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gazis balonebis, saburavebis simtkicis gamo SesaZlebelia maTSi atmosferul 

wnevaze meti wnevis SenarCuneba. wnevis sazomi xelsawyoebi-manometrebi zomavs 

sxvaobas balonis,saburavis Siga wnevisa da atmosferul wnevas Soris. am wnevas 

Warb wnevas uwodeben. 

dedamiwis zedapirze haeris wneva, temperatura, simkvrive icvleba grZedis, 

weliwadis drois, dRe-Ramis da sxva faqtorebis mixedviT. amitom aviaciaSi 

sargebloben e.w. saerTaSoriso standartuli atmosferoTi.mis sawyis monacemebad 

miRebulia Semdegi parametrebi: zRvis doneze wneva 760p mm vwy.wy=
51001,1  pa, 

temperatura Ct 015  da simkvrive 125,1 kg/m3. 

 

amocana 63.1. ra maqsimaluri siRrmis maRarodan SesaZlebelia tumbos saSualebiT 

wylis amoqaCva, Tu atmosferuli wneva standartulia. 

amoxsna: 

rodesac saqaCavi mili exeba wylis zedapirs, tumbo maSin qmnis vakuums, ris 

gamoc milSi Sedis wyali manam, sanam misi svetis wneva ar gauwonaswordeba wylis 

Ria zedapirze arsebul atmosferul wnevas, e.i.: 

3,10
108,9

10013,1
,

3

5







g

p
hghpp




atm

atm (m), 

e.i., 10,3 m wylis sveti qmnis iseTive wnevas, rasac 760mm vercxliswylis sveti. 

amocana 63.2. avtomobilis oTxive saburavSi manometris CvenebiT wneva tolia 210 kpa. 

ganvsazRvroT TiToeuli saburavis miwasTan sakontaqto farTobi, Tu avtomobilis 

masaa 1800kg, xolo atmosferuli wnevaa 100kpa. 

amoxsna: 

saburavis SigniT haeris wneva iqneba  

0 
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naxazi 63.2 
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naxazi 63.3 
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5
Warbiatm 103,1kpa)  (310210100ppp (pa). 

avtomobilis wonaa 4108,1101800* mgP (n). es wneva nawildeba 4 saburavis 

miwasTan Sexebis farTze. amitom (62.1)-is Tanaxmad: 

S

mg

S

P
p

44

*
  (4 – saburavebis raodenobaa), 

015.0
101,34

108,1

4

*
5

4







p

P
S (m2), S = 150 (sm2). 

 

 

$64. amomgdebi Zala. arqimedes kanoni 

$62-is Tanaxmad, siTxeebsa da airebSi wneva siRrmis zrdasTan erTad matulobs, 

ris gamoc, Tu raime sxeuli CaZirulia siTxeSi (airSi), mis qveda zedapirze moqmedi 

wneva yovelTvis metia, vidre zeda zedapirze (nax. 64.1). amasTanave, wneva zedapiris 

TiToeuli elementisadmi marTobulia, ris gamoc sxeulze siTxeSi an airSi CaZirul 

sxeulze moqmedi jamuri wnevis Zala mimarTulia vertikalurad zeviT – mas 

amomgdeb Zalas uwodeben. am Zalis Sesafaseblad gamoviyenoT gamyarebis principi 

($61). 

warmovidginoT, rom sxeuli movaSoreT siTxes da “gamoTa-

visuflebuli” moculoba isev daikava “gamyarebulma” siTxem. es 

“gamyarebuli” nawili wonasworobaSia, e.i., siTxis danarCeni 

nawilidan masze moqmedi jamuri wnevis Zala sididiT “gamyare-

buli” nawilis wonis tolia, gadis mis simZimis centrze da mi-

marTulia vertikalurad zeviT. cxadia, wonasworoba ar dair-

Rveva, Tu “gamyarebul” siTxes isev “CavanacvlebT” sxeuliT, e.i., 

 siTxeSi (an airSi) CaZirul sxeulze siTxis mxridan 

moqmedebs amomgdebi Zala, romelic am sxeulis mier gamodevnili siTxis 

wonis tolia da modebulia im wertilSi sadac iqneboda am sxeulis 

,,Semcvleli”  gamyarebuli siTxis simZimis centri 

*PF arq . 

hidroaerostatikis mocemuli kanoni ekuTvnis Zv. wel. aR. mesame saukunis Zvel 

berZen mecniers arqimedes, romlis ukvdavsayofad am kanons arqimedes kanoni uwodes. 

 Tu sxeulis aCqareba nulis tolia, maSin sxeulis wona ricxobrivad simZimis 

Zalis tolia *PP   ($21), amitom am SemTxvevaSi arqimedes Zala gamoisaxeba 

formuliT 

gmF siTarq   an gmF airarq  ,                         (64.1) 

sadac  airsiT mm  sxeulis mier gamodevnili siTxis (airis) masaa. (64.1) asec SeiZleba 

CavweroT: 

gVF siTarq   an gVF airarq  ,                       (64.2) 

cxadia, Tu sxeuli uwonad mdgomareobaSia, masze moqmedi arqimedes Zala nulis 

tolia. 

     mivaqcioT yuradReba im garemoebas, rom:  

naxazi 64.1. 
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 arqimedes Zala damokidebulia mxolod sxeulis garSemowerilobaze - 

moculobaze, anu mocemul siTxeSi (airSi) moTavsebul erTnairi moculobis 

mqone Rru da masiur sxeulze, damoukideblad misi masalisa, erTnairi 

sididis arqimedes Zala moqmedebs. 

imisTvis, rom siTxeSi (airSi) mTlianad CaZiruli sxeuli wonasworobaSi 

imyofebodes (igulisxmeba, ar exeba fskers, Setivtivebulia – curavs), saWiroa 

simZimis da arqimedes Zalebi sididiT toli iyos da moqmedebdes erT wrfeze, anu 

sxeulis simZimis centri C da gamodevnili moculobis simZimis centri A erT 

vertikalze unda iyos. wonasworoba mdgradi iqneba, Tu mcire gadaxrisas aRZruli 

ZalTa momenti sxeuls daabrunebs pirvandel mdgomareobaSi. es ganxorcieldeba im 

SemTvevaSi, Tu A-centri imyofeba C-centrze zeviT (nax. 64.2a), winaaRmdeg SemTxvevaSi 

wonasworoba aramdgradia, aRZruli ZalTa momenti kidev ufro daaSorebs sxeuls 

pirvandel mdgomareobas (nax. 64.2b). maSasadame 

1. Tu arqFP  , sxeuli Setivtivebulia – curavs; 

2. Tu arqFP  , sxeuli iZireba; 

3. Tu arqFP  , sxeuli tivtivebs. 

SevniSnoT, rom, Tu sxeuli mWidrod exeba WurWlis fskers, maSin amomgdebi 

Zala nulis tolia, siTxis  mxridan 

moqmedi wnevis Zala kidev ufro 

“akravs” mas fskerze. 

 aerostatebis da stratostatebis 

ZiriTadi nawilia msubuqi airiT 

(wyalbadi, heliumi) gavsebuli didi 

zomis burTi, romelzec atmosferos 

mxridan moqmedi arqimedes Zala gana-

pirobebs mis vertikalur moZraobas 

zeviT, magram simaRlis zrdasTan 

erTad mcirdeba atmosferos simkvrive da mcirdeba arqimedes Zala. rodesac 

arqimedes Zala utoldeba aerostatis wonas, misi Semdgomi moZraoba zeviT wydeba. 

arqimedes Zala mniSvnelovan rols TamaSobs gemebis da TviTmfrinavebis moZraobaSi. 

 

amocana 64.1. ra maqsimaluri raodenobis mgzavris ayvana SeuZlia 15 m diametris 

sahaero burTs, Tu masSi cxeli airis simkvrive haeris simkvrivis 60%-s Seadgens, ρh 

= 1,3kg/m3. 

amoxsna: 

niutonis II kanonis Tanaxmad: 

airarq PPFam


 , 

davagegmiloT: 

,0 airarq PPFma  

radgan saWiroa maqsimaluri raodenobis mgzavrTa ayvana, sahaero burTma unda 

imoZravos Tanabrad )0( a . e.i. airarq PFP  , gVgVmg airh   , saidanac: 

 

 

naxazi 64.2 

A 

a b 

A 
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  VVm hairh  4,0 ,   

sadac 3

3

4
RV  








 m

2

15
R , burTis moculobaa: 

918
2

15
3,114,3

3

4
4,0

3

4
4,0

3

3 







 Rm h (kg). 

mgzavrTa saSualo masa aviRoT 75kg, maSin sahaero burTma 

daaxloebiT SeiZleba aiyvanos 12 mgzavri.  

amocana 64.2. ra masis balasti unda gadmovagdoT wonasworobaSi myofi 

aerostatidan, rom man daiwyos vertikalurad zeviT moZraoba 0,2 m/wm2 aCqarebiT. 

aerostatis moculobaa 1000 m3, haeris simkvrivea ρh = 1,3 kg/m3. winaaRmdegobis 

saSualo Zala arqimedes Zalis 5%-ia. 

amoxsna: 

wonasworobis pirobaa mgF arq , mggV  , 3103,1  Vm  (kg). wonasworoba 

dairRveva, Tu aerostatidan gadmovagdebT m   masis balasts. 

maSin niutonis II kanonis Tanaxmad, 

    arqwin FFgmmamm


 ,  

    arqarq FFgmmamm  05,0 , 

    mggmmamm 95,0 , 

 
89

05,0







ag

gam
m (kg). 

amocana 64.3. muxis Rru burTula  (gare diametria 0,04 m, Siga 0,01 m) tivtivebss 

wyalSi. ra simkvrivis nivTierebiT unda SevavsoT siRrue, rom burTula 

Setivtivebuli aRmoCndes ( 33108,0 kg/mmuxa  , ?)10 33kg/mwy   

amoxsna: 

burTula, nivTierebiT Sevsebis Semdeg, Setivtivebulia, anu 

muxisa da nivTierebis simZimis Zalebigawonasworebulia arqimedes 

ZaliT: 

arqFPP


 21 anu gVgVgV x wymuxa   01 , 

aqedan:  

0

1

V

VV
x

muxawy 



 ,                        (1) 

sadac V1=1/6(d3-d0
3)  muxis, V0=1/6d0

3 siRruis moculobaa, xolo 

V=1/6d3 burTulas sruli moculobaa. maSin (1) miiRebs saxes: 

 
3
0

3
0

33

d

ddd
x




muxawy 
 ,

  

  33

6

6363

106,13
10

10164108,0106410
kg/m








x . 

ucnobi nivTierebis simkvrive vercxliswylis simkvrivis toli aRmoCnda. 

            

  

y 

 

 

 

y 
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$65. zedapiruli daWimuloba da kapilaroba 

Cven ganvixilavT siTxeTa zedapirul daWimulobas, romelic damaxasiaTebelia 

mxolod nivTierebaTa Txevadi mdgomareobisTvis da warmoadgens maTi airadi 

mdgomareobidan ganmasxvavebel erT-erT ZiriTad Tvisebas. misi arseboba SeiZleba 

aixsnas molekuluri TeoriiT. ganvixiloT Tavisufali (SemouzRudavi) siTxis 

siRrmeSi da mis zedapirze arsebuli a  da b  molekula, SemovxazoT maT irgvliv 

molekulis moqmedebis radiusis (≈ 10–8m)  sferuli zedapirebi. nax. 65.1-ze advilad 

SevamCnevT, rom a s irgvliv siTxis sxva molekulaTa Tanabari ganawilebis gamo 

masze moqmed ZalTa tolqmedi nulia 0aF


. b  molekulis moqmedebis sferoSi xvdeba 

rogorc siTxis, aseve airis molekulebi. radgan am ukanasknelTa moqmedeba ufro 

sustia, vidre siTxis molekulebis, amitom b ze moqmed ZalTa tolqmedi 0bF


 da 

mimarTulia siTxis siRrmeSi, rac iwvevs zedapiris garkveul moWimvas manam, sanam 

misi moqmedeba ar kompensirdeba SemWidroebuli qveda fenis molekulaTa ganzidvis 

ZalebiT.  

     molekulaTa gadatana siTxis siRrmidan zedapirze anu zedapiris farTobis 

gazrda, dakavSirebulia am ZalTa dasaZlevad garkveuli muSaobis SesrulebasTan. 

kerZod, zedapiris dS  sididiT gazrdisas izoTermul pirobebSi  constT   

Sesrulebuli elementaruli muSaoba dA dS -is proporciulia, e.i.: 

dSdA  ,                                   (65.1) 

sadac  siTxis zedapiruli daWimulobis koeficientia, misi erTeulia j/m2 (n/m). 

igi damokidebulia siTxis gvarobaze, mkveTrad mcirdeba temperaturis zrdiT. 

yvelaze gavrcelebuli siTxis – wylis zedapiruli daWimuloba 0,072 n/m (t = 200C). 

radgan ucvleli temperaturis pirobebSi siTxis zedapiris gazrda Txoulobs 

muSaobis Sesrulebas, amitom zedapirze myof molekulaTa potenciuri energia 

aRemateba siRrmeSi myof molekulaTa potenciur energias. am energiaTa sxvaobas 

zedapiruli energia ewodeba.  

piriqiT, siTxis zedapiris farTobis Semcirebisas mcirdeba  siTxis 

potenciuri energia. radgan mdgrad wonasworobaSi sistemis potenciuri energia 

minimaluria ($34), siTxe yovelTvis miiswafis daikavos moculoba umciresi 

zedapiruli farTobiT, anu miiRos sferos – wveTis forma45, rasac xels uSlis 

gravitaciis Zalebi.  

     Tu siTxe imyofeba WurWelSi, maSin siTxisa da myari sxeulis molekulaTa 

urTierTqmedebis gamo WurWlis kedlebTan SeimCneva siTxis zedapiris gamrudeba – 

am movlenas dasveleba ewodeba. Tu WurWeli imdenad viwroa, rom siTxis zedapiris 

yvelamolekula urTierTqmedebs kedlis molekulebTan (kapilaruli mili) 

daimzireba mTeli zedapiris gamrudeba. aseT zedapirs menisks uwodeben, xolo wirs, 

romelzec gadaikveTeba meniski WurWlis kedlebTan, dasvelebis konturs. 

dasvelebas axasiaTeben   ganapira kuTxiT, es is kuTxea, romelsac meniskis mxebi 

sibrtye qmnis WurWlis kedelTan, siTxis mxridan (nax. 65.2). 

                                                 
45erTnairi masis nebismieri formis sxeulTagan umciresi zedapiruli farTobi gaaCnia 
sferos. 
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Tu siTxisa da myari sxeulis (WurWlis) molekulaTa urTierTqmedebis Zalebi 

(adgezia) Warbobs siTxis molekulebs Soris urTierTqmedebis Zalebs (kogezia), 

meniski Cazneqilia,  maxvilia (nax. 65.2a). 

aseTi siTxe mocemuli myari sxeulisTvis 

damsvelebelia (wyali – mina) sapirispiro 

SemTxvevaSi meniski amozneqilia,  blagvia 

(nax. 65.2b) da siTxe aradamsvelebelia 

(vercxliswyali – mina). cxril 65.1-Si 

mocemulia   kuTxis mniSvneloba zogierTi 

siTxisa da myari nivTierebis kontaqtisas. 

adgeziis da kogeziis ZalTa moqmedeba 

qmnis zedapirul daWimulobaTa Zalebs, romlebic ganapirobebs meniskis warmoqmnas. 

am ZalTa mniSvneloba ar aris damokidebuli meniskis farTobze.  

 zedapiruli daWimulobis Zalebi mdebareobs meniskis mxeb sibrtyeSi, 

dasvelebis konturis marTobulad da misi sigrZis proporciulia. 

am ZalTa gegmilebi XOZ  sibrtyeSi erTmaneTs abaTilebs, xolo OY  RerZis 

mimarT ikribeba: 

 cosF .                                  (65.2) 

damsvelebeli siTxis SemTxvevaSi igi mimarTulia vertikalurad zeviT, rac 

ganapirobebs siTxis garkveuli raodenobis Sewovas milSi manam, sanam kapilaruli 

svetis wona ar gautoldeba am Zalas 

Fmg   PP * ,  cosgV , 

sadac hrShV 2  cilindruli kapilaruli svetis moculobaa, xolo   

dasvelebis konturis sigrZea.Tu kapilarul mils cilindris forma aqvs, maSin 

dasvelebis konturs wrewiris forma aqvs r2  e.i.  cos22 rhrg   

gr
h



 cos2
 .                                  (65.3) 

(65.3) samarTliania, agreTve, aradamsvelebeli siTxisTvisac ( 090 ). maSin h -

is win miiReba niSani “−” ( 0cos  ), rac miuTiTebs imas, rom siTxe kapilarSi eSveba 

qveviT. (65.3)-is Tanaxmad, orive SemTxvevaSi svetis simaRle miT metia, rac mcirea 

kapilaruli milis radiusi. 

 

a 
b 

naxazi 65.1 naxazi 65.2 

a b 

x 

y 

z 

h 

 

 
θ 

θ 

cxrili 65.1 

nivTiereba   

wyali - mina 00 

org. siTxeTa (umrav.) - mina 00 

vercx. wy. - mina 1400 

ali - parafini 1070 

navTi - mina 260 
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amocana 65.1.ra simaRleze aiwevs wyali kapilarobis gamo or minis paralelur 

firfitas Soris, Tu isini vertikalurad CaSvebulia 200C wyalSi da maT Soris 

manZilia 11,0a mm. 

amoxsna: 

cxadia, firfitebs Soris arsebul wyalze moqmedi simZimis 

Zala  gawonasworebuli aRmoCndeba daWimulobis Zalis mier. 

e.i.: 

Fmg  , 00cos gV , bgabh  2 , .
2

ga
h




  

13,0
101,18,910

072,022
43







ga
h




(m). 

amocana 65.2. wveTovanaSi minis kapilaris diametria0,24 mm, masSi Casxmulia organuli 

siTxe ra radiusis siTxis wveTi mowydeba kapilars, Tu siTxis simkvrivea 1,2.103 kg/m3, 

zedapiruli daWimulobis koeficientia 0,064 n/m. 

amoxsna: 

wveTis mowyvetis momentSi: 

,Fmg   ,0cos 0 gV  ,0cos
3

4 03 drg  
 

,
4

3
3

g

d
r






(m),4
3

3

4

10.9,9
8,910.2,1

10.4,2064,0

4

3 






r  

mm.1r
 

 

 

  

$66. dinebis tipebi da maTi xasiaTi 

hidroaerodinamika warmoadgens hidroaeromeqanikis im nawils, romelic 

Seiswavlis siTxeebisa da airebis moZraobis kanonebs da im Zalebs, romlebic 

moqmedebs masSi myof sxeulTa zedapirze. 

siTxeTa da airTa dinebis Seswavlis ori meTodi arsebobs. erT-erTi maTgani 

SeimuSava frangma maTematikosma Jozef lui lagranJma, igi niutonis kanonebze 

dayrdnobiT ganixilavs TiToeuli nawilakis (elementaruli moculobis) moZraobas. 

es gamoTvlebi sakmaod rTulia da Sromatevadi.  meore meTodi Semoitana 

Sveicarieli maTematikosma leonard eilerma, igi ikvlevs ara nawilakTa traeqto-

rias, aramed aRwers dinebis TiToeul wertilSi maxasiaTebel parametrebs. 

sxvagvarad rom vTqvaT, TiToeul wertilSi gansazRvravs, siCqares, aCqarebas, 

simkvrives rogorc drois funqcias. 

ganasxvaveben dinebis or tips – laminaruls da turbulenturs.  

laminaruli (laT. zolovani, fenovani) dineba mdorea, mosazRvre fenebi ise 

gadaadgildeba erTmaneTis mimarT, rom Serevas adgili ara aqvs, anu nawilakTa 

traeqtoriebi ar gadaikveTeba. Tu aseT dinebaSi CavawveTebT cotaoden Seferil 

xsnars, igi viwro zolad gayveba dinebas da ar SeRebavs mas (nax. 66.1a). 

a 

b 

h 
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turbulenturi (laT. uwesrigo, qariSxliani) dinebisas nawilakTa traeqtoria 

ganuwyvetliv icvleba, rac iwvevs fenaTa intensiur Serevas (nax. 66.1b).  

 

zogadad dabali siCqaris SemTxvevaSi dineba laminarulia, maRali siCqaris 

SemTxvevaSi – turbulenturi, magram gadasvlis sazRvari mraval faqtorzea 

damokidebuli, mas Cven SemdgomSi SeviswavliT. 

orive dinebas SeiZleba aRmoaCndes Semdegi Tvisebebi da xasiaTi: 

1. siTxis (airis) dineba SeiZleba iyos iseTi, rom mis sxvadasxva ubanSi simkvrive 

umniSvnelod icvlebodes. aseT SemTxvevaSi siTxe (airi) ganixileba rogorc 

ukumSvadi   consttzyx ,,, , rac sagrZnoblad amartivebs gamoTvlebs; 

2. rogorc siTxis, aseve airis dinebisas gamovlindeba Sinagani xaxunis, anu 

siblantis Zalebi, gansakuTrebiT turbulenturi dinebis dros, Tumca xSirad 

SesaZlebelia siblantis ugulebelyofa da idealuri dinebis ganxilva; 

3. dineba SeiZleba iyos stacionaruli – damyarebuli. am dros nakadis TiToeul 

wertilSi siCqare droSi ucvlelia – mudmivia, Tumca sxvadasxva wertilSi 

maTi mniSvneloba SeiZleba erTmaneTisgan gansxvavebuli iyos. Tu mocemul 

wertilSi siCqare icvleba, dineba arastacionarulia; 

4. dineba SeiZleba iyos grigaluri anaragrigaluri – potenciuri. Tu siTxis 

an airis nawilakebi gadataniTi moZraobis garda asrulebs brunviT moZraobas 

myisieri RerZis mimarT, dineba grigaluria. misi warmoSobis mizezia ori 

mezobeli fenis siCqareebis mkveTri gansxvaveba. erTi fenis meoreze 

damamuxruWebeli moqmedeba, xolo meore fenis pirvelze amaCqarebeli 

moqmedeba erTianobaSi iwvevs nawilakTa brunvas. grigaluri moZraoba warmo-

iqmneba iq, sadac siblante metia, magaliTad, siTxesa da airSi moZravi 

sxeulis mosazRvre SreSi. is gavlenas axdens rogorc amwevi Zalis, aseve 

Subla winaaRmdegobis Zalis mniSvnelobaze. amitom misi gaTvaliswineba 

arsebiTia TviTmfrinavis frTebis da sahaero xraxnis konstruirebisas. 

idealuri dinebisas, masSi TavisiT grigaluri moZraoba ar warmoiqmneba, 

xolo Tu xelovnurad SevqmniT, ar Sewydeba. 

dinebis Seswavlisas SemdgomSi gamoyenebT eileris meTods. 

 

 

  

a b
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$67. denis wirebi da mili.  

nakadis uwyvetobis gantoleba 

eileris meTodis gamoyenebisas dinebas grafikulad gamosaxvisaTvis 

sargebloben denis wirebiT dadenismiliT.  

 denis wiri iseTi wiria, romlis TiToeul wertilSi gavlebuli mxebi 

gviCvenebs am wertilSi siTxis (airis) siCqaris veqtoris mimarTulebas. 

cxadia, es wirebi erTmaneTs ar kveTs, winaaRmdeg SemTxvevaSi gadakveTis wertilSi 

siCqaris mimarTuleba calsaxa ar iqneboda. denis wiri nakadis nebismier wertilSi 

SeiZleba gaivlos, magram ifarglebian mxolod ramodenime wiriT. maT sixSires, anu 

dinebis marTobul farTis erTeulSi gamaval wirTa raodenobas, arCeven ise, rom 

igi am areSi nakadis siCqaris sididis proporciuli iyos. 

 denis mili ewodeba denis wirTa erTobliobas , romelic gadis dinebis 

marTobulad  aRebul raime mcire zomis Sekrul konturSi. 

Tu dineba arastacionarulia, denis wirebi da, Sesabamisad, mili ganuwyvetliv 

icvlis Tavis formas. stacionaruli dinebis dros denis wirebi emTxveva calkeul 

nawilakTa traeqtorias da gaaCnia ucvleli forma. aqedan gamomdinare, staciona-

ruli dinebis denis milis “kedlebi” SeuRwevadia – milis SigniT myof arcerT 

nawilaks ar SeuZlia datovos mili da piriqiT (radgan nawilakis siCqares milis 

“kedlis” mxebi mimarTuleba gaaCnia). e.i., denis milis nebismier kveTaSi drois 

erTeulSi gasuli siTxis (airis) masa mudmivia. stacionaruli dinebisas denis milis 

“kedlebi” Tanxvedria im milis myari kedlebisa, romelSic miedineba nakadi. 

ganvixiloT stacionaruli laminaruli dineba da SeviswavloT, rogor 

icvleba dinebis siCqare denis milis ganivkveTis cvlilebasTan erTad. ganvixiloT 

imdenad viwro denis mili, rom misimarTobulad nebismier kveTis yovel wertilSi 

siCqares hqondes mudmivi mniSvneloba(nax. 67.1) gamovTvaloT t  droSi raime S  

kveTaSi gadatanili siTxis moculoba tSSV   , sadac  t  aris am 

kveTidan gasuli nawilakis mier t  droSi gavlili manZili.   drois erTeulSi 

dinebis marTobul kveTaSi gadatanili siTxis (airis) moculoba- moculobis 

gasavali iqneba: 

.S
t

V
Q 




                                  (67.1)  

Sesabamisad dinebis marTobul  kveTaSi drois erTeulSi gadatanili siTxis 

(airis) masa-masis gasavali,  iqneba 

S
t

m





.               (67.2) 

dauSvaT, rom denis milis 1S  da 2S marTobul 

kveTebSi siCqare Sesabamisad iyos const1


 da 

const2


. radgan dineba stacionaluria masis 

gasavali mocemuli milis nebismier kveTaSi 

erTnairia, e.i. 

222111  SS  , constS  .                         (67.3) 

 

S 

S1 S2 

 
 

naxazi 67.1. 
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(67.3) warmoadgens nakadis uwyvetobis gantolebas. Tu siTxe (airi) ukumSvadia 21    

da (93.2)-dan miviRebT: 

2211  SS  , constS  .                            (67.4) 

 stacionaruli laminaruli dinebis dros denis milis nebismier marTobul 

kveTaSi masis gasavali mudmivia xolo, Tu nakadi ukumSvadia, moculobis 

gasavalic ucvleli rCeba. (67.4)-dan: 

1

2

2

1






S

S
,                                   (67.5) 

 ukumSvadi nakadis dros iq sadac denis mili (an namdvili mili) viwroa, 

siCqare didia da piriqiT. 

zogadad igive Sedegs vRebulobT kumSvadobis pirobebSi, oRond siCqare ar 

unda aWarbebdes mocemul areSi bgeris gavrcelebis siCqares46. aseT SemTxvevaSi 

denis mili SekumSvis nacvlad farTovdeba da aRniSnuli gantolebebi Zalas 

kargavs.  

(67.1) da (67.4) SeiZleba gamoviyenoT milSi siblantis mqone siTxis (airis) 

dinebis drosac, mxolod siCqareebSi unda vigulisxmoT mocemul kveTebSi nakadis 

saSualo siCqare. 

 

amocana 67.1. ra dro daWirdeba 3,1 × 9,5 × 21 m moculobis auzis avsebas 1,9sm 

diametris mqone milis saSualobiT, Tu milSi wylis dinebis siCqarea 1,5m/wm? rogor 

Seicvleba auzis avsebis xangrZlivoba: 1. wylis dinebis siCqaris 2-jer gazrdisas? 

2. wylis milis diametris 2-jer gazrdisas? 

amoxsna: 

auzis moculoba: 

V = 3,1 × 9,5 × 21 = 618,45(m3). 

(67.1)-is Tanaxmad: 

,S
t

V


 
aqedan:     

 2

4

d

V

S

V
t  .                                    (1) 

404
5,11061,314,3

45,6184
4








t .(sT). 

1. amocanis pirobis Tanaxmad,  21  , amitom, (1)-is gamo 

202
21  tt

 
(sT). 

2. vinaidan dd 21  , amitom: 

101
41  tt (sT). 

 

 

                                                 
46am sakiTxs davubrundebiT II nawilSi. 
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$68. bernulis gantoleba 

Cven ganvixileT hidroaerostatikuri wneva, anu wneva uZravi siTxis (airis) 

SemTxvevaSi. axla SeviswavloT wneva nakadSi. ganvixiloT ukumSvadi siTxis (airis) 

iseTi stacionaruli laminaruli dineba, romlis siblantec ugulebelyofilia. 

gamovyoT 1;2 kveTebiT SemosazRvruli denis mili (naxazi 67.1). 1S  da 2S -iT avRniSnoT 

kveTebis farTobebi, 1h  da 2h -iT – maTi 

daSoreba (simaRle) _ aTvlis donidan, 1  da 

2 -iT nakadis siCqareebi aRniSnul kveTebSi, 

xolo 1p  da 2p -iT – wneva. 

t  mcire droSi 1;2 kveTebiT Semo-

sazRvruli siTxis elementiwainacvlebs da 

daikavebs axal 1′;2′ mdebareobas. marcxena sazR-

vari gadainacvlebs t 11  , xolo marjvena 

t 22   manZiliT (∆t imdenad mcirea, rom 1, 1′ 

da2, 2' kveTebiT SemosazRvrul areebSi 

Sesabamisi S, υ, h, prCeba ucvleli). Seicvleba siTxis mocemuli elementis energiac, 

magram dinebis stacionarulobisa da Sinagani xaxunis ararsebobis gamo, 1′ da 2 

kveTebs Soris moTavsebuli siTxis nawilis energia darCeba ucvleli, ris gamoc 

mocemuli elementis energiis cvlileba iqneba igive, rac gveqneboda 1;1′ kveTebiT 

SemosazRvrul siTxes rom daekavebina 2;2′ kveTebiT SemosazRvruli nawili. nakadis 

ukumSvadobidan gamomdinare, tolia am nawilTa moculobebi VVV  21

 222111 ,   SVSV da siTxis Sesabamisi masebi mmm  21  Vm   . zemo-

Tqmulis Tanaxmad, siTxis mocemuli elementis meqanikuri energiis cvlileba iqneba: 


































 1

2
1

2

2
2

12
22

mgh
m

mgh
m

WWW


.                 (68.1) 

siblantis ZalTa ararsebobis gamosiTxis mocemuli elementis energiis 

cvlilebis mizezia gare ZalTa muSaoba:       

AW  .                                   (68.2) 

gare Zalebi is wnevis Zalebia, romlebic moqmedebs siTxis mocemul elementze. 

denis milis gverdiT kedlebze moqmedi wnevis Zalebi siTxis gadaadgilebisadmi 

marTobulia da muSaobas ar asrulebs. muSaobas asrulebs mxolod 1S  da 2S  farTo-

bebze moqmedi wnevis Zalebi. amasTan, 111 SpF   mimarTulia dinebis gaswvriv da 

asrulebs dadebiT muSaobas, xolo 222 SpF   mimarTulia dinebis sapirispirod da 

misi muSaoba uaryofiTia. ase, rom gare ZalTa jamuri muSaoba iqneba: 

  VppVpVp

SpSpFFA





212211

2221112211 
 

  .21 VppA                               (68.3)                                                      

SevitanoT (68.1), (68.3) (68.2)-Si da gaviTvaliswinoT, rom Vm   , Sedegad 

miviRebT 

h1 h2 

 

 S2 

S1 

1 1/ 

2/ 
2 

 

 

naxazi. 68.1 
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,
22

211

2
1

2

2
2 ppghgh 





























 






 

22

2
1

11

2
2

22





  ghpghp .                        (68.4) 

es gantoleba miRebul iqna 1738 wels daniel bernulis mier. bernulis 

gantolebis sizuste maqsimaluria maSin, rodesac denis milis kveTa milis nebismier 

ubanSi miiswrafis nulisken, anu rodesac denis mili ikumSeba denis wiramde. aqedan 

gamomdinare, gantolebis marcxena da marjvena nawilSi Semavali ,p  da h  sidideebi 

ganixileba rogorc erTi da imave wiris ornebismier wertilSi dinebis 

maxasiaTebeli  sidideebi.vinaidan 1 da 2 wertilebi nebismierad iqna SerCeuli, (68.4) 

ase SeiZleba CavweroT: 

Cghp 
2

2
 .                               (68.5) 

C  mudmivi sididea mocemuli denis wirisTvis da, zogadad, icvlis Tavis 

mniSvnelobebs erTi wiridan meoreze gadasvlisas.  

 

 

$69. bernulis kanonis kerZo SemTxvevebi  

da maTi gamoyeneba 

bernulis gantoleba miRebuli iqna idealuri – Sinagani xaxunis armqone 

nakadisTvis. Sesabamisad, ugulebelyofili iyo meqanikuri energiis gardaqmna 

siTbur energiaSi. misi gaTvaliswineba Txoulobs sakmaod rTul Teoriul 

gamoTvlebs, Tumca SevniSnoT, rom bernulis gantolebis gamoyeneba yovelgvari 

Sesworebebis gareSe sakmaod kargad xsnis mTel rig movlenebs realur nakadSi, Tu 

Sinagani xaxuni didi ar aris. 

davubrundeT bernulis (68.4) gantolebas:  

 
 

2

2
1

2
2

1221





 hhgpp .                           (69.1) 

(69.1)-is Tanaxmad, wnevis ganawileba nakadSi damokidebulia horizontaluri 

zedapirisadmi nakadis daxrilobaze  12 hh   da Sesabamis kveTebSi mis siCqareze. 

ganvixiloT ramodenime SemTxveva: 

1) davuSvaT or sxvadasxva kveTaSi siCqare erTnairia 21   , maSin (69.1)-dan 

 1221 hhgpp   .                              (69.2) 

martivad SeiZleba vaCvenoT, rom es Sedegi analogiuria (63.3)-is, anu dinebis 

erTnairi siCqaris SemTxvevaSi wnevaTa sxvaoba igivea, rac uZravi siTxis (airis) 

dros. 

2) davuSvaT nakadi horizontaluria  21 hh  , maSin (69.1)-dan miviRebT: 

 
2

2
1

2
2

21

 
 pp .                            (69.3) 

am SemTxvevaSi wnevis cvlileba gamowveulia mxolod nakadis siCqaris cvlilebiT. 

kerZod, iq, sadac denis wirebi mWidroa da siCqare matulobs, wneva mcirdeba da 
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piriqiT, sadac denis wirebi SeTxelebulia da siCqare naklebia, wneva metia. es 

faqti ganapirobebs TviTmfrinavis frTis profilis SerCevas. kerZod, 

iTvaliswinebs, rom nakadma SeinarCunos Sreobrivi forma da imavdroulad frTis 

zeda nawilis mosazRvre SreSi denis wirTa simWidrove aRematebodes qveda nawilis 

simWidroves (nax. 69.1), anu nakadis siCqare frTis zeda nawilSi meti iyos qveda 

nawilTan SedarebiT  12   . maSin (69.3)-is Tanaxmad 21 pp  , rac ganapirobebs 

vertikalurad zeviT mimarTuli wnevis Zalis warmoqmnas. es Zala Seadgens aero-

dinamikuri amwevi Zalis R


  garkveul nawils47. 

 bernulis kanonzea damyarebuli venturis 

milis (venturis gasavalmzomis) muSaobis principi. 

igi warmoadgens milsadenis Seviwroebul nawils 

(nax. 69.2), sadac nakadis siCqare matulobs  12   . 

xolo wneva mcirdeba 12 pp  . Tu gavzomavT mano-

metrTa Cvenebebs 21, pp  da milebis diametrebs 21,dd

, (69.3)-Si (67.3)-is gamoyenebiT miviRebT nakadis siC-

qaris  formulas48: 

  .12

1
4

2

1
211





























d

d
pp


                          (69.4) 

siCqaris codnis SemTxvevaSi SesaZlebelia moculobis da masis gasavlisgamoTvla. 

3) gamovTvaloT wneva, romelic warmoiqmneba horizontalur milSi 

dabrkolebis win dinebis SeCerebisas (nax. 69.3). (69.1)-Si dauSvaT, rom 21 hh  ,  02  , 

maSin: 

2

2

1
12


 pp . 

dinebis damuxruWebis areSi xdeba 

siTxis (airis) SekumSva, rac iwvevs 

wnevis gazrdas. 2)( 2
1 -s zogjer 

dinamikur wnevas uwodeben, 2p -s ki – 

srul wnevas. es terminebi ar aris 

zusti. SevniSnoT, rom siTxeSi (airSi) mocemul pirobebSi arsebobs erTaderTi wneva 

pp 1 , romelic izrdeba nakadis SeCerebis momentSi 2)( 2 -iT sididiT:   

2

2

2


 pp .                                 (69.5) 

(nakadTan erTad moZravi manometri gazomavs p wnevas, uZravi manometri ki p2-s) 

                                                 
47am Zalas Cven davubrundebiT $73-Si. 
48gamoyenebulia formulebi S1 = πd1

2/4 da S2 = πd2
2/4. 

p1 

p2 

naxazi 69.1 

υ1 
υ2 S1 S2 

p1 p2 

naxazi 69.2 
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aqve SeiZleba miviRoT airis ukumSvadobis piroba. (69.5)-is Tanaxmad, sanam 

p2)( 2 , airis SekumSva ar TamaSobs arsebiT rols, ris gamoc, Tu airis nakadis 

siCqare akmayofilebs utolobas:  

.
2




p
                            (69.6) 

airi ukumSvadia. bgeris siCqare airebSi 


 p
 4,1bg . ris 

gamoc airis ukumSvadobis piroba asec Caiwereba bg  , e.i. 

 airis nakadi ukumSvadia, Tu misi siCqare gacilebiT naklebia imave nakadSi 

bgeris gavrcelebis siCqareze. 

4) ganvixiloT SemTxveva, rodesac 21 pp  . magaliTad, siTxis gadmodineba Ria 

WurWlis naxvretidan (nax. 69.4). cxadia, 1p  wneva WurWlis zedapirze da 2p  wneva 

naxvretis zedapirze atmosferuli wnevis tolia 

atmppp  21 . radgan WurWlis zedapiris farTobi 

gacilebiT metia naxvretis farTobze  21 SS  , (67.3)-is 

Tanaxmad 01  , ris Sedegadac (69.1) miiRebs saxes: 

  0
2

2

2
21 


 hhg , 

aqedan: 

gh22    (h=h1-h2).                            (69.7) 

(69.7)-s toriCelis formulas uwodeben, radgan man es 

formula miiRo bernulamde 100 wliT adre. 

(69.7)-is Tanaxmad, siTxe igive siCqariT tovebs WurWels, ra siCqariTac 

daecemoda igive 12 hhh   simaRlidan Tavisuflad vardnili sxeuli, rac aixsneba 

imiT, rom orive SemTxvevaSi ugulebelyofilia disipatiur (xaxunis) ZalTa 

moqmedeba da potenciuri energia mTlianad gardaiqmneba kinetikurSi (ZalaSia meqa-

nikuri energiis mudmivobis kanoni). 

SS 1  kveTidan t  droSi gamosuli siTxis masa iqneba: 

tSVm   , 

xolo Wavlis mier gatanili impulse: 

tSmp  2 . 

Sesabamisad, WurWlis kadlebis mxridan siTxis Wavlze moqmedi Zala iqneba: 

2 S
t

p
F 




 . 

niutonis III kanonis Tanaxmad sididiT toli da sapirispirod mimarTuli ZaliT 

imoqmedebs Wavli WurWlis ukana kedelze. am Zalas gamosuli Wavlis reaqciis Zalas 

uwodeben, e.i. 

2 SF Wav ,                                 (69.8) 

romelSic (69.7)-is gaTvaliswinebiT vRebulobT: 

naxazi 69.3 

h1 

h2 

h 

S1 

υ1 ≈ 0 

υ2 

S2 

naxazi 69.4. 
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ghSF 2Wav ,                                                                 (69.9) 

es Zala orjer metia hidrostatikuri wnevis Zalaze, anu im Zalaze, romliTac siTxe 

imoqmedebda naxvretSi Camagrebul sacobze ghSpSF  , rac aixsneba bernulis 

kanonidan gamomdinare wnevis gadanawilebiT siTxeSi. kerZod, naxvretis maxloblo-

baSi denis wirebi SemWidrovebulia da, Sesabamisad, wneva Semcirebulia. 

WurWeli urikaze rom mogveTavsebina, Wavlis reaqciis Zalis gavleniT igi 

amoZravdeboda Wavlis gadmodinebis sapirispiro mimarTulebiT. gamodevnili Wavlis 

reaqciis Zala warmoadgens mamoZravebel Zalas reaqtiuli moZraobis dros, magali-

Tad, reaqtiul WurvebSi, sahaero reaqtiul ZravebSi da sxva. 

nax. 69.5-ze mocemulia reaqtiuli Wurvis sqema. mis korpusSi xdeba specialuri 

narevis afeTqeba. warmoqmnil airs, korpusis mcire moculobis gamo, gaaCnia maRali 

wneva da didi siCqariT gamoidevneba saqSenidan. ris Sedegadac korpusis 

mopirdapire kedelze moqmedebs Wavlis reaqciis sakmaod mniSvnelovani sididis 

Zala, romelic asrulebs Wurvis mamoZravebeli Zalis rols. 

reaqtiul Wurvs, saartilerio Wurvis gamoyenebasTan SedarebiT gaaCnia Semdegi 

upiratesoba: saartilerio iaraRi gasrolisas 

warmoqmnili airebis Sedegad ganicdis Zlier 

ukucemis Zalas, ris gamoc saWiroa iaraRi iyos 

Zalian mtkice da masiuri. reaqtiuli Wurvis 

gasrolisas warmoqmnili airi gaityorcneba 

atmosferoSi da Wurvis gamSveb mowyobilobaze uku-

cemas ar axdens. garda amisa, reaqtiuli Wurvis principuli gansxvaveba sxva 

satransporto saSualebebTan mdgomareobs imaSi, rom mis asaCqareblad araa saWiro 

misi urTierTqmedeba sxva sxeulebTan (dedamiwasTan, haerTan, wyalTan) es 

Tavisebureba ganapirobebs mis moZraobas, rogorc Zalian gaiSviaTebul 

atmosferoSi, ise kosmosSic. 

nax. 69.6-ze mocemulia sahaero-reaqtiuli 

Zravas sqema. mis korpuss gaaCnia ori naxvreti. 

korpusis moZraobisas mcire diametris wina naxv-

retidan Semodis haeri atmosferodan. 

amavdroulad mfrqvevanebidan masSi Seifrqveva 

Txevadi sawvavi, romlis wvis Sedegad cxeldeba 

Semosuli haeri, izrdeba misi wneva da ukana naxv-

retidan didi siCqariT gamoityorcneba. amis 

gamo, korpusis wina kedeli ganicdis reaqciis 

Zalis – wevis Zalis moqmedebas. cxadia, es Zala aRiZvreba mxolod maSin, rodesac 

korpusi ukve moZraobs, ris gamoc haeri dinamikuri dawoliT Semodis naxvretidan. 

amasTan, wevis Zala miT ufro swrafad izrdeba, rac swrafad moZraobs Zrava. 

zemoTqmulidan gamomdinare, sahaero-reaqtiuli Zravas asamuSaveblad, an  raime 

mowyobilobiT Zrava winaswar unda moviyvanoT moZraobaSi, an kompresoris 

saSualebiT moxdes Zravis haeris nakadiT momarageba. 

reaqtiul ZravaSi Wavls warmoqmnis mxolod masSi moTavsebuli wvis produqti, 

amitom maRali siCqaris gansaviTareblad saWiroa sawvavis didi maragi. sahaero-

naxazi 69.6 

 

sawvavi 

sawvavi 

naxazi 69.5. 
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reaqtiuli ZravaSi Wavls ZiriTadad atmosferodan Semosuli haeri ganapirobebs. 

amitom mas sWirdeba sawvavis gacilebiT mcire maragi. amiT aixsneba TviTmfrinavebSi, 

reaqtiul ZravebTan SedarebiT, sahaero-reaqtiuli ZravebisaTvis upiratesobis 

miniWeba. Tumca sahaero-reaqtiul Zravebis muSaobisaTvis, misi specifikidan 

gamomdinare aucilebelia mkvrivi atmosfero, rac zRudavs maT gamoyenebas 

gaiSviaTebul atmosferoSi. am mxriv reaqtiuls SezRudva ar gaaCniaT.  

 

amocana 69.1. saxlis sardafSi  gamaTbobeli sistemis milSi romlis diametria 8sm,  

wyali Sedis 0,5 m/wm siCqariT 3 atm wnevis qveS. ra siCqare da wneva eqneba wyals 5,2 

sm diametris milSi meore sarTulze, romelic imyofeba 5m-iT maRla sardafTan 

SedarebiT.  

amoxsna: 

(67.5)-is Tanaxmad wylis siCqare meore sarTulze iqneba:               

)(2,15,0
2,5

8
2

1

2

1
2 m/wm








 

S

S
 .4/2dS   

wnevis gamoTvlisaTvis visargebloT (69.1) saidanac

 
 

 












 


2

2
1

2
2

1212


 hhgpp . 

 
.5,2105,0103

2

5,02,110
58,910103 55

223
35

2 (pa)












 
p  

amocana 69.2. ganvsazRvroT reaqtiul WurvSi afeTqebis Sedegad gamodevnili airis 

siCqarisa da Wavlis reaqciisZalis damokidebuleba Wurvis SigniT da gareT 

(atmosferoSi) wnevaTa sxvaobaze. 

amoxsna: 

visargebloT (69.3)-iT: 

 
2

2
1

2
2

21

 
 pp ,                                    (1) 

sadac pp 1  airis wnevaa korpusis SigniT, atmpp 2  atmosferuli wneva saqSenis 

gamosasvlel naxvretTan,  2  gamodevnili airis siCqarea. radgan naxvretis 

farTobi S gacilebiT mcirea Wurvis ganivkveTis farTobze, nakadis uwyvetobis 

gantolebis Tanaxmad, 01  , ris gamoc (1) ase Caiwereba: 

2

2
 atmpp , (ρ= const – airis simkvrivea), 

aqedan: 

 
.

2




atmpp 
                                      (2)  

xolo (68.8)-is Tanaxmad  SppSF atmWav  22 . 

(2)-dan gamomdinare, reaqtiuli Wurvi miT ufro did siCqares aviTarebs, rac 

ufro gaiSviaTebulia atmosfero. 
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$70. siblante  

realuri siTxeebis (airebis) dinebisas yovelTvis gamovlindeba Sinagani 

xaxunis anu siblantis ZalTa moqmedeba. warmovidginoT erTnairi kveTis 

horizontaluri mili, romlis gaswvriv Camagrebulia manometrebi. uZravi siTxis 

SemTxvevaSi manometrTa Cveneba erTnairi iqneba. moZravi siTxisSemTxvevaSi, manomet-

rebi daafiqsirebs wnevis Semcirebas dinebis mimarTulebiT, miuxedavad imisa, rom 

nakadis siCqare nebismier kveTaSi erTnairia (nax.70.1). siTxeze rom moqmedebdes 

mxolod wnevis Zalebi, wnevis Semcirebis mimarTu-

lebiT (dinebis mimarTulebiT) nakadis siCqare 

unda gazrdiliyo (69.3). siCqaris mudmivoba aixs-

neba imiT, rom  nakadze moqmedebs dinebis sapi-

rispiro Zalebi, romlebic awonasworebs wnevis 

Zalebs. es Zalebi mxebi Zalebia da arsebobs 

rogorc milis kedelsa da siTxis mimdebare fenas 

Soris, aseve erTmaneTis mimarT mosriale fenebs Sorisac. am Zalebs Sinagani 

xaxunis anu siblantis Zalebi ewodeba. 

 siblantis Zalebis SefasebisTvis warmovidginoT aseTi cda: vTqvaT, or 

paralelur firfitas Soris, romelTa zomebi gacilebiT aRemateba maT Soris 

manZils, moTavsebulia siTxe (airi). qveda firfita davamagrod uZravad, xolo zeda 

firfita gadavaadgiloT const0


 siCqariT, risTvisac saWiroa masze garkveuli F

 

ZaliT moqmedeba (nax.70.2). radgan firfita aCqarebis gareSe moZraobs, e.i. F

 Zalis 

moqmedeba gawonasworebulia siTxis mxridan firfitaze moqmedi siblantis ZaliT 

sibFF


 , romelic gamowveulia siTxisa da firfitis molekulaTa urTierT-

qmedebiT, amitom zeda firfitasTan mimdebare fena moZraobs zeda firfitis siC-

qariT, xolo qveda firfitis mimdebare fena qveda firfitasTan erTad rCeba uZravi. 

es uZravi fena amuxruWebs misi mezobeli zeda fenis moZraobas. is, Tavis mxriv, 

momdevno zeda fenas da a.S., ris 

gamoc dinebis siCqare dinebis 

marTobulad wrfivad icvleba 0-dan 

υ0-mde. OY  RerZis gaswvriv fenaTa 

siCqaris uwyveti cvlileba dyd  

warmoadgens siCqaris gradients49. 

Cvens SemTxvevaSi yvela fena erTnair 

pirobebSi imyofeba, ris gamoc 

siCqaris gradienti mudmivi sididea: 


0


dy

d
. 

                                                 
49gradientis cneba Semotanilia $29-Si. 

 

 

 

 

naxazi 70.2 

 

1 2 3 

naxazi. 70.1 
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Tu aRweril cdaSi vcvliT firfitebis farTobs – S -s, maT Soris manZils –  -s, 

siCqares – 0 -s da gavzomavT TiTeuli SemTxvevisaTvis F  Zalas, mocemuli 

siTxisTvis (airisTvis) miviRebT Semdeg damokidebulebas: 


0SF sib .              (70.1) 

  proporciulobis koeficients mocemuli siTxis (airis) siblantis koeficients 

uwodeben. (70.1)-dan: 

0


S

F sib , 

Sesabamisad, SI sistemaSi izomeba n.wm/m2 = pa.wm (paskal.wami).  

siTxeTa siblante temperaturis zrdisas mkveTrad mcirdeba, airebis ki 

piriqiT. rac aixsneba siTxeebSi da airebSi siblantis warmoSobis gansxvavebuli 

meqanizmiT. kerZod, siTxeebSi siblantes ganapirobebs molekulaTa urTierTqmedebis 

Zalebi,temperaturis zrdiT izrdeba molekulaTa qaosuri moZraoba da molekulaTa 

urTierTqmedeba sustdeba xolo airebis siblantes gamowveulia molekulaTa 

SejaxebebiT, romelic temperaturis zrdasTan erTad intensiurad izrdeba. 

(70.1) zogadad ase Caiwereba: 

dy

d
SF


sib .                                   (70.2)                 

SevniSnoT, rom (70.2) ufro zogadia, vidre (70.1), radgan es ukanaskneli 

samarTliania mxolod dinebis marTobulad siCqaris wrfivi cvlilebis dros (e.i., 

rodesac siCqaris gradienti mudmivia), xolo (70.2) gamoiyeneba maSinac, rodesac 

siCqaris gradienti cvladia, magaliTad, suspenziebis SemTxvevaSi.Tu dineba 

arastacionarulia, e.i.  ty,  maSin (70.2)-Si siCqaris sruli warmoebulis nacvlad 

unda aviRoT kerZo warmoebuli .
y

 . 

radgan realur siTxeebsa da airebs gaaCnia siblante, amitom horizontalur 

milSi maTi stacionaruli dinebis SenarCunebisTvis saWiroa milis boloebze 

wnevaTa sxvaobis Seqmna, raTa warmoqmnilma wnevis Zalam daakompensiros siblantis 

ZalaTa moqmedeba. 

molekuluri Teoriis TvalsazrisiT, Sinagani xaxuni, anu siblante 

warmoadgens impulsis gadatanis movlenas, gamowveuls fenebis siCqareTa sxvaobiT 

da molekulaTa qaosuri moZraobiT. marTlac, molekulaTa qaosuri moZraobis gamo 

erTi fenidan meoreSi gadatanili molekulebis ricxvi tolia igive droSi meore 

fenidan pirvelSi gadmosuli molekulebis ricxvis magram, radgan am fenebSi 

molekulaTa gadataniTi moZraobis siCqare gansxvavebulia, amitom meti siCqaris 

fenidan naklebi siCqaris fenaSi gadasuli molekulebi gadaitans met impulss, 

vidre piriqiT, rac gamoiwvevs swrafi fenis damuxruWebas, xolo neli fenis 

aCqarebas, e.i. aRiZvreba siblantis Zalebi, romlebic mimarTulia mocemuli fenis 

fardobiTi siCqaris sapirispirod. 

cxril 70.1-Si mocemulia nivTierebebis siblantis koeficientebi. 

 

cxrili 70.1. 
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nivTiereba siblantis koeficienti η (pawm) 

t = 00C t = 150C t = 990C t = 3020C 

glicerini 4,6 1,5 _ _ 

wyali 1,8·10 –3 1,1·10 –3 0,3·10 –3 _ 

haeri 1,7·10 –5 1,8·10 –5 2,2·10 –5 3,0·10 –5 

wylis orTqli 9,0·10 –6 9,7·10 –6 13,1·10 –6 _ 

wyalbadi 8,6·10 –6 8,9·10 –6 10,6·10 –6 13,6·10 –6 

 

amocana 70.1. siblantismzomi xelsawyo Sedgeba ori koaqsialuri cilindrisgan 

romelTa diametrebia 10,2 sm da 10,6 sm. gamosakvlevi siTxe Casxmulia cilindrebs 

Soris areSi 12 sm simaRlemde. gare cilindri damagrebulia, xolo Siga cilindrze 

modebuli Zalis momenti 0,024 n.m mas abrunebs  62 br/wT sixSiriT. gansazRvreT 

siTxis siblante. 

amoxsna: 

Zalis momentis gansazRvrebis Tanaxmad: 

47,0
102,0

024,022

2 1

1 



d

M
F

d
FFdM (n). 

radgan cilindri Tanabrad brunavs F=Fsib. (70.1)-dan: 




S

Fsib
 ,                                (1) 

sadac ( )(038,012,0102,014,31
2m hdS  cilindris gverdiTi 

zedapiris farTobia):  

),(002,0
2

12 m



dd


 

xolo 

).(33,060/62102,014,32/22/ 111 m/wm ddd   

e.i.: 

.10.7
33,0038,0

47,0002,0 2 wm)(pa 



 

 

 

 

  

h 

d1 

d2 
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$71. dineba milSi. puazeilis formula  

realuri siTxeebi da airebi xasiaTdeba siblantiT. amitom, horizontalur 

milSic ki, maTi dinebis stacionarulobis SesanarCuneblad aucilebelia garkveuli 

wnevis Zalis aRZvra. es miiRweva milis boloebze mudmivi wnevaTa sxvaobis SeqmniT. 

ganvixiloT ukumSvadi siTxis (airis) stacionaruli laminaruli dineba 

horizontalur cilindrul milSi. ganvsazRvroT siTxis siblantis gamo milis 

ganivkveTSi dinebis siCqaris cvlilebis kanonzomiereba da moculobis gasavali 

($68). siTxisa da milis molekulaTa urTierTqmedebis gamo SesaZlebelia CavTvaloT, 

rom milis Siga kedlis mimdebare siTxis cilindruli fenis siCqare nulis tolia. 

TiToeuli momdevno fenis siCqare TandaTan matulobs da aRwevs maqsimums milis 

centralur RerZze. RerZis gaswvriv azrobrivad gamovyoT L  sigrZis da Rr   

radiusis koaqsialuri cilindri (naxazi 71.1). (70.2)-is Tanaxmad, siblantis Zala 

cilindris gverdiT zedapirsa da momdevno fenas Soris gamoiTvleba formuliT 

dr

d
rL

dr

d
SF





 2sib . 

“−” miuTiTebs, rom Zala dinebis sapirispirod aris mimarTuli. cxadia, siblantis 

arsebobis gamo dinebis stacionarulobis SesanarCuneblad milis boloebze unda 

arsebobdes mudmivi wnevaTa sxvaoba. davuSvaT cilindris fuZeebs Soris igi 21 pp 

-is tolia, maSin aRZruli wnevis Zala iqneba 

    2
2121 rppSppF  . 

dinebis stacionarulobis gamo aCqareba nulis tolia, anu wnevisa da siblantis 

Zalebi erTmaneTs akompensirebs. maSasadame, vRebulobT: 

  .rdr
L

pp
drpp

dr

d
rL







2
2 212

21


                  (71.1) 

imisTvis, rom vipovoT milis  marTobul kveTSi dinebis   siCqaris damokidebuleba 

RerZidan  daSorebaze ( r  manZilze), saWiroa movaxdinoT (71.1)-is integrireba 
r

R

r

R

r

L

pp
rdr

L

pp
d

222

2
2121

0







  




, 

   





















2

2
2212221 1

44 R

r
R

L

pp
rR

L

pp
r


 .                  (71.2) 

rogorc mosalodneli iyo, maqsimaluri siCqare miiReba milis centrSi  0r
 

  221
0

4
0 R

L

pp






 .                               (71.3) 

igi proporciulia milis radiusis kvadratis, wnevis gradientis – Lpp )( 21   da 

ukuproporciulia siTxis siblantis. (71.3)-is gaTvaliswinebiT (71.2) ase Caiwereba: 

  














2

2

0 1
R

r
r  .                                 (71.4) 

(71.4)-is Tanaxmad, stacionaruli laminaruli dinebis siCqaris cvlilebas 

paraboluri funqciis saxe aqvs. 
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gamovTvaloT siTxis moculobiTi gasavali – Q . radgan milis ganivkveTSi 

siCqare erTnairi ar aris, saWiroa igi davyoT dr  siganis koncentrirebul 

rgolebad. r  radiusis dr  siganis rgolSi dt  droSi gasuli siTxis moculoba 

iqneba 

dtrdrdSddV 2   (  rdrdS 2 rgolis farTobia), 

xolo moculobiTi gasavali:  

rdr
dt

dV
dQ 2 , 

(71.4)-is SetaniT gveqneba: 

rdr
R

r
dQ 















2

2

0 12 , 

xolo milis kveTaSi moculobis gasavali iqneba: 

.
2242

2

42
22

00
222

0

0

2

42

0

0

2

3

0

0

SRRR

R

rr
dr

R

r
rdQQ

RRR
















































 

               
(71.5) 

(  2RS  milis ganivkveTis farTobia) (67.1)-Tan SedarebiT vRebulobT, rom:  

 stacionaruli laminaruli dinebis saSualo siCqare maqsimaluri siCqaris 

naxevris tolia: 

SQ saS .                                 (71.6) 

(71.5)-Si (71.3)-is gaTvaliswinebiT gvaqvs 

 
L

Rpp
Q





8

4
21  .                              (71.7) 

es Sedegi miRebul iqna frangi mecnieris puazeilis mier da misi formulis 

saxelwodebiT aris cnobili romlis Tanaxmad: 

 stacionaruli laminaruli dinebisas ukumSvadi siTxis (airis) moculobiTi 

gasavali pirdapirproporciulia wnevis sigrZiT erTeulze cvlilebisa da 

milis radiusis meoTxe xarisxis namravlis da ukuproporciulia siblantis 

koeficientis. 

puazeilis formulaze dayrdnobiT SemuSavebulia siblantis koeficientis 

gasazomi meTodebi. puazelis saxels ukavSirdeba siblantis Zveli erTeuli puazi, 

1 pa.wm = 10 puazi), didi siCqareebis dros laminaruli dineba gadadis turbu-

lenturSi, ris Semdegac (71.7)-is gamoyeneba aRar SeiZleba, radgan erTidaigive 

naxazi 71.2 naxazi 71.1 

R 

r 

dr 

 
R 

L 

r 
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pirobebisTvis  LRpp ,,21   moculobiTi gasavali turbulenturi dinebis dros 

sagrZnoblad mcirdeba, rac gamowveulia Sinagani xaxunis mniSvnelovani zrdiT. nax. 

71.2-ze mocemulia siCqareTa gadanawileba milis kveTaSi turbulenturi dinebis 

dros. laminarulisgan gansxvavebiT, milis kedlebTan siCqare mkveTrad izrdeba, 

xolo centrisken gacilebiT umniSvnelod. 

 

amocana 71.1. gamoTvaleT airis saSualo siCqare da moculobiTi gasavali 20 m 

sigrZis da 0,5 m radiusis aerodinamikur milSi, Tu mis boloebze wnevaTa sxvaobaa 

2,77 pa, xolo temperatura 150C. 

amoxsna: 

cxrili 70.1-dan η = 1,8·10–5pawm. (71.7)-is Tanaxmad: 

7,188
20108,18

5,014,377,2
5

4








Q (m3/wm),  

(71.6)-dan: 

4,240
2


R

Q

S

Q


saS (m/wm). 

amocana 71.2.  ra sididis diametri unda hqondes 30 m sigrZis haergamtars, rom 

saventilacio-gamaTbobelma sistemam yovel 10wT-Si moaxdinos 72 m3 moculobis 

Senobis sruli ventilacia? sistemis tumbo qmnis 4.10-4 atm Warb wnevas (haeris 

siblantis koeficientia 1,8.10-5pa.). 

amoxsna: 

(67.1)-is Tanaxmad: 

,
t

V
Q






 
meore mxriv:  

 
.

1688

44
21

L

dp

L

Rpp
Q















  

maTi gatolebiT vRebulobT:  

,
168

4

L

dp

t

V













 

aqedan:  

,1066,0
6004014,3

7230108,1128128 4
5

4 













tp

VL
d





 
d =0,09 (m). 
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 $72. reinoldsis ricxvi. dinamikuri msgavseba  

hidroaeromeqanikis erT-erTi fundamenturi kanoni – bernulis kanoni 

miRebulia im daSvebiT, rom siTxeebisa da airebis nakadSi siblantis Zalebi nulis 

tolia. Tumca aRsaniSnavia, rom es kanoni kargi miaxloebiT sruldeba maSinac, 

rodesac nakadis elementis kinetikuri energia kinW  gacilebiT metia am elementis 

siblantis ZalTa daZlevaze Sesrulebul muSaobaze siblA , siblkin AW  . maSasadame, 

bernulis kanonis gamoyeneba mizanSewonilia, Tu 1siblkin AW . es uganzomilebo 

ricxvi Semotanil iqna ingliseli mecnieris reinoldsis mier da mas reinoldsis 

ricxvi ewodeba. saTanado gaTvlebiT man miiRo, rom: 



 saSRe ,                                 (72.1) 

sadac saS  nakadis saSualo siCqarea,   milis ganivi wiriTi zoma (cilindruli 

milisTvis R2 ),   siTxis (airis) simkvrivea, xolo   siblantis koeficienti, 

romelsac dinamikur siblantesac uwodeben. (72.1) iZleva mniSvnelovan informacias 

siTxis (airis) dinebis xasiaTze, magaliTad, Tu mili viwroa (   mcirea), maSin mcire 

 -s drosac siblantis Zalebma SeiZleba Seasrulos mniSvnelovani roli. piriqiT, 

rodesac   didia, SeiZleba maRali siblantis SemTxvevaSic ki siblantis ZalTa 

gavlena dinebis xasiaTze umniSvnelo aRmoCndes (misi moqmedeba Tavs iCens mxolod 

milis kedlisa da siTxis fenis Sexebis areSi). (72.1)-is Tanaxmad, garda saS  da  -

sa, Re  damokidebulia mocemuli nivTierebis siblantisa da simkvrivis 

Tanafardobaze. Radgan kinW  simkvrivis proporciulia, xolo siblA  – siblantis 

koeficientis, amitom siblantis ZalTa roli ganisazRvreba am sidideTa 

TanafardobiT: 




  ,                                  (72.2) 

romelsac kinematikuri siblante ewodeba, misi erTeulia m2/wm. swored kinematikuri 

da ara dinamikuri koeficienti gansazRvravs mocemul pirobebSi siblantis ZalTa 

rols. magaliTad, 70.1 cxrilis Tanaxmad, 150C-ze  -s mniSvneloba wylisTvis 60 -

jer aRemateba haerisas. (72.2)-is Tanaxmad, am nivTierebaTa kinematikuri siblanteebi 

iqneba: 6101,1 wy m2/wm, 5104,1 h m2/wm. rogorc vxedavT, haeris kinematikuri 

siblante 13 -jer aRemateba wylisas. e.i. erTnair pirobebSi dinebis xasiaTze met 

gavlenas moaxdens haeri, vidre wyali. amiT aixsneba is garemoeba, rom bgera ufro 

swrafad miileva mSvid atmosferoSic ki, vidre wyalSi. SevitanoT (72.2) (72.1)-Si, 

miviRebT: 



 saSRe .                                  (72.3) 

zemoTqmulis Tanaxmad, bernulis kanoni ZalaSia, rodesac adgili aqvs 

utolobas 1Re  . es kanoni samarTliania laminaruli dinebis dros. amitom 

mocemul pirobebSi arsebiTia nakadis siCqare, radgan maRal siCqareze laminaruli 

dineba gadadis turbulenturSi. bernulis kanonis mimarTebaSi Re -s gaaCnia zeda 

sazRvari, romelic cdebiTaa dadgenili. Tu 2300Re  , dineba laminarulia, Tu 



- 221 - 

 

2300Re   warmoiqmneba turbulentoba da, rogorc bernulis kanoni, aseve puazeilis 

formula Zalas kargavs.  

sxeulis siTxeSi (airSi) moZraobis dasaxasiaTeblad mosaxerxebelia 

reinoldsis kidev erTi ricxvis Semotana: 



 '
Re'


 ,                                  (72.4) 

sadac   sxeulis fardobiTi siCqarea siTxis (airis) mimarT, xolo '  sxeulis 

maxasiaTebeli wiriTi zoma. miuxedavad (72.3)-is da (72.4)-is garegani msgavsebisa, isini 

miekuTvneba sruliad gansxvavebul movlenebs. (72.3) axasiaTebs dinebas milSi, xolo 

(72.4) sxeulis moZraobas siTxeSi (airSi). rodesac 1Re' , sxeulis garsSemodenis 

nakadi laminarulia. Re' -s ufro did mniSvnelobisas – (1 – 10), sxeulis ukan 

laminaruli dineba turbulenturSi gadadis, xolo rodesac Re'  106 rigis xdeba, 

turbulentoba warmoiqmneba sxeulis mTel zedapirze. 

aviaciaSi erT-erTi mniSvnelovani problemaa im ZalTa Seswavla, romlebic 

frenis procesSi moqmedebs TviTmfrinavsa da mis calkeul nawilebze. moZraobis 

fardobiTobidan gamomdinare, haerSi moZrav sxeulze moqmedebs igive Zala, riTac 

haeris nakadi imoqmedebda uZrav sxeulze, Tu sxeulis siCqare pirvel SemTxvevaSi 

da nakadis siCqare meore SemTxvevaSi sididiT tolia da sapirispirod mimarTuli 

iqneboda: am faqtis safuZvelze aerodinamikur milSi TviTmfrinavis models amag-

reben dinamometrze (Zalis gamzomi) da milSi qmnian asi da meti m/wm siCqaris haeris 

stacionarul nakads. cxadia, modelis zomas amcireben, magram ise, rom ar 

Seicvalos moZraobis dinamika, anu, ufro zustad, reinoldsis ricxvi (72.4) darCes 

ucvleli. swored Re' -is mudmivoba ganapirobebs dinamikur msgavsebas TviTmfrinavsa 

da mis models Soris. modelis zomis Semcirebisas Re' -is mudmivobis 

SenarCunebisTvis saWiroa gaizardos siCqare, an Semcirdes   kinematikuri 

siblante. siCqaris gazrda SezRudulia, radgan, rodesac bg  , $69-is Tanaxmad, 

airi xdeba kumSvadi.  -s Semcireba SesaZlebelia garemos simkvrivis gazrdis 

xarjze. vinaidan garemo airadia, xolo airis dinamikuri siblante praqtikulad ar 

aris simkvriveze damokidebuli50, amitom simkvrivis zrda, (72.2)-is Tanaxmad, iwvevs 

 -s imdenjerve Semcirebas. am TvalsazrisiT, miuxedavad hermetizaciasTan 

dakavSirebuli teqnikuri siZneleebisa, aerodinamikur milebSi iyeneben Zlier 

SekumSul haers, an mZime airebs. 

 

amocana 72.1. gamoTvaleT laminaruli dinebis dros wylis maqsimaluri moculobiTi 

gasavali 10 sm diametris milSi. 

amoxsna: 

(72.3)-is Tanaxmad:  



Re



saS , 2
6

1053,2
1,0

2300101,1 





saS (m/wm). 

Sesabamisad moculobis gasavali iqneba: 

                                                 
50airebSi simkvrivis 10-jer gazrdac ki Zlier umniSvnelod cvlis dinamikur siblantes. 
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saSsaS 


 
4

2
SQ , 42

2

1021053,2
4

10
14,3 



Q  (m3/wm). 

amocana 72.2. 2 sm radiusis gazsadenSi airis siCqare 50 sm/wm-ia. davadginoT dinebis 

xasiaTi, Tu ν = 1,2·10–5 m2/wm. siCqaris ra mniSvnelobaze gaxdeba dineba 

turbulenturi. 

amoxsna: 

(72.3)-is Tanaxmad:  

1670
102,1

04,05,0
Re

5








 r2 . 

dineba laminarulia (1670 < 2300). turbulentobis warmoSobisTvis:  

2300



, 

aqedan:  

04,0

102,12300 5
 , 7,0 (m/wm). 

 

 

$73. sxeulTa moZraoba siTxeebsa da airebSi 

 wina paragrafebSi Cven ganvixileTsiTxeebisa  da airebis moZraoba 

dasiblantis gavlena am moZraobaze. exla ganvixiloT sxva situacia,  kerZod, 

rodesac sxeuli moZraobs siTxeSi an airSi. zogadad rodesac sxeuli moZraobs 

raime garemoSi (siTxe, airi) garemos mxridan sxeuli ganicdis 

egreTwodebulaerodinamikuri Zalis moqmedebas. 

SevniSnoT, rom haeris mimarT Tanabrad moZrav sxeulze moqmedi Zala, 

galileis fardobiTobis principidan gamomdinare, igive darCeba, rac uZrav sxeulze 

imave siCqaris mqone haeris nakadis moqmedebisas. am faqtze dayrdnobiT, teqnikur 

aerodinamikaSi miRebulia uZrav sxeulze  haeris Tanabari nakadis 

moqmedebisSeswavla.  

Tu gamoviyenebT marTkuTxa koordinatTa sistemas, sadac x RerZi mimarTulia 

nakadis gaswvriv, maSin nebismieri formis sxeulisTvis R

 SeiZleba warmovidginoT 

sami mdgenelis saxiT: 

zyx RRRR


 . 

Cveulebrivad, haerSi moZrav yvela sxeuls gaaCnia simetriis sibrtye. dasawyisSi 

ganvixiloT SemTxveva, rodesac es sibrtye emTxveva y0z sibrtyes (nax. 73.1). am dros 

aerodinamikuri Zala mimarTulia  nakadis gaswvriv, anu gaaCnia erTi xR

mdgeneli (

xRR


 ), romelsacSubla winaRobis Zalas51 uwodeben. am Zalis mniSvneloba, 

mocemuli nakadis SemTxvevaSi, damokidebulia sxeulis zomebsa da formaze. nax. 

73.2-ze mocemulia xR


 
Zalis sidide erTnairi ganivi kveTis mqone sxvadasxva formis 

                                                 
51es saxelwodeba gamarTlebulia imiT, rom sxeulis haerSi moZraobisas am Zalas gaaCnia 
moZraobis sawinaaRmdego mimarTuleba. 
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(diskos, sferos, sigaras) sxeulze. igi minimaluria sigaras (simZimis ZalTa velSi 

myofi wveTis) formis sxeulebisTvis da maqsimaluria diskosTvis.  

rodesac reinoldsis ricxvi (72.4) naklebia erTzesxeulis Semomsvelebeli 

nakadilaminarulia da Subla winaRobis Zala siCqaris pirdapirproporciulia 

(ix.$25): 1R  sadac 1 koeficienti damokidebulia sxeulis zomebsa, formasa da 

garemos siblanteze. kerZod, mcire zomis sferuli sxeulebisaTvis   r61   (sadac 

r sferos radiusia). maSasadame mcire sferul sxeulze laminaruli nakadi moqmedebs 

ZaliT: 

.6  rR                                   (73.1) 

es formula stoqsis formulis saxelwodebiTaa cnobili. SevniSnoT, rom 

turbulentobisas 2R . 

Tu sxeulis simetriis sibrtye daxrilia nakadis mimarT (nax. 73.3), sxeulze 

moqmedi aerodinamikuri Zala aRar daemTxveva nakadis mimarTulebas. aseT 

SemTxvevaSi R

 davSaloT or mdgenelad xR


 da yR


. xR



 
ukve ganxiluliSubla 

winaRobis Zalaa, xolo yR


 nakadis marTobul Zalas − amwev Zalas uwodeben. es 

saxelwodeba pirobiTia. sxeulis nakadis mimarT orientaciisgan damokidebulebiT 

is SeiZleba mimarTuli iyos rogorc zeviT, aseve qveviT (nax. 73.4). yR

, iseve, rogorc 

xR

, mocemuli nakadis SemTxvevaSi, damokidebulia sxeulis zomebsa da formaze. 

 zogadad, aerodinamikur Zalas gaaCnia kidev erTi zR

 mdgeneli, romelsac 

gverdiTi Zala ewodeba. es Zala arsebiT rols ar TamaSobs, rodesac sxeuls OZ  

RerZis marTobulad gaaCnia erTnairi profili. aseT SemTxvevaSi sxeulze nakadis 

garsSemodena OZ -is gaswvriv yvelgan erTnairia, garda boloebisa. Tu am 

mimarTulebiT sxeuli sakmaod grZelia, boloebis efeqti SeiZleba vugulebelvyoT 

da sxeulis garsSemodena ganvixiloT OZ -is marTobulad aRebul nebismier 

sibrtyeSi. am gamartivebebis safuZvelze zR

 praqtikulad ar warmoiqmneba da 

aerodinamikuri Zala aRmoCndeba XOY
 

sibrtyeSi. amrigad, ganixileba organ-

zomilebiani amocana, anu sxeulis garsSemodena erT sibrtyeSi (brtyeli dineba). 

naxazi 73.1 naxazi 73.2 
x 

y   

 

 
x 

y 

z  
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nakadis mier sxeulis garsSemodenis suraTi mniSvnelovnadaa damokidebuli 

nakadis siblantesa da sxeulis formaze. ganvixiloT umartivesi SemTxveva – 

idealuri (siblantis ar mqone) nakadis garsSemodena usasrulod grZel cilindrze 

(nax. 73.4), romlis simetriis RerZi Z RerZis paraleluria (brtyeli dineba).siblan-

tis ar arsebobis gamo nakadi Tavisuflad misrialebs cilindris zedapirze da 

srulad Semoasvelebs mas. denis wirebi absoluturad simetriulia A, B da C, D 

wertilebze gamavali wrfeebis mimarT. amitom A da B wertilebis maxloblobaSi 

wneva erTnairia  BA pp   da metia SeuSfoTebel nakadSi arsebul p wnevaze (radgan 

nakadis siCqare A da B wertilebSi nulia). aseve erTnairia wneva C da D wertilebis 

maxloblobaSi  DC pp   da naklebia SeuSfoTebel nakadSi arsebul wnevaze (radgan 

C da D areSi denis wirTa SemWidroebis gamo, nakadis siCqare metia, vidre mis 

SeuSfoTebul areSi). 

 zemoTqmulidan gamomdinare, AB da CD wrfis gaswvriv cilindris zedapirze 

moqmedi wnevis ZalTa tolqmedi nulia e.i. ar aRiZvreba arc Subla winaRoba da arc 

amwevi Zala. zogadad,nebismieri formis sxeulze idealuri nakadi axdens srul 

garsSemodenas, ris gamoc Subla winaRobis Zala ar aRiZvreba. 

realuri nakadis SemTxvevaSi, siblantis arsebobis gamo, sxeulTan uSualod 

SexebaSi myofi Txeli fena ki ar misrialebs sxeulis zedapiris gaswvriv, aramed 

ekvris mas, muxruWdeba da Cerdeba. es fena aferxebs mezobeli fenis moZraobas, 

amcirebs mis siCqares, romelic, Tavis mxriv, aferxebs momdevno fenas. es efeqti 

TandaTan mcirdeba sxeulis zedapirisagan daSorebiT, ris gamoc sxeulis 

zedapirisadmi marTobulad aRZruli siCqaris gradienti iarsebebs arc Tu ise did 

(daaxloebiT nakadis marTobul sibrtyeSi sxeulis ganivi kveTis radiusis tol) 

manZilze. am ares sasazRvro Sre ewodeba. mis miRma nakadis SeSfoTeba ar xdeba da 

nakadis siCqare ucvlelia. 

sasazRvro SreSi moqmedi siblantis Zalebi sxeulTan uSualod Sexebis areSi 

qmnian nakadis mimarTulebis gaswvriv xaxunis winaRobis Zalas. es Zala Subla 

winaRobis Zalis erT-erTi mdgenelia. Subla winaRobis warmoqmnaSi mniSvnelovan 

rols TamaSobs isic, rom siblantis arsebobis gamo, sruli garsSemodena 

SeuZlebeli xdeba. sasazRvro SreSi siblantis ZalTa moqmedeba iwvevs sxeulis 

zedapiris Semxebi nakadis fenis mowyvetas sxeulidan, ris Sedegadac mis ukan war-

moiqmneba grigaluri moZraoba – nakadis molekulebi brunaven myisieri centrebis 

x 

y 

z 

α 
 

 

  

 

 

a 

naxazi 73.4 

b 

naxazi 73.3 

 

 α 

φ 
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irgvliv (nax. 73.5). A wertilis maxloblobaSi nakadis siCqare nulis tolia da, 

Sesabamisad, wneva maqsimaluri. 

B-s maxloblobaSi nakadis 

mowyvetis (moZraobis) gamo, 

wneva mcirdeba SeuSfoTebel 

nakadTan SedarebiT, Tumca 

meti rCeba, vidre C da D 

wertilebSia. AB wrfis 

gaswvriv warmoiSoba wnevaTa 

sxvaoba  0 BA pp  da, Sesaba-

misad, wnevis Zala, romelic 

aseve nakadis gaswvriv aris 

mimarTuli (sxeulis fardobiTi siCqaris sapirispirod) da warmoadgens Subla 

winaRobis Zalis meore mdgenels. mas wnevis winaRobis Zalas uwodeben.amrigad, 

 realur nakadSi sxeulze moqmedi Subla winaRobis Zala warmoadgens xaxunis 

da wnevis winaRobis Zalebis jams. 

wnevis da xaxunis winaRobaTa mniSvneloba damokidebulia sxeulis formaze, 

mis orientaciaze nakadis mimarT da, Sesabamisad, garsSemodenis suraTze. 

garsSemodena gansakuTrebiT moqmedebs wnevis winaRobis Zalis sidideze. magaliTad, 

nakadis gaswvriv moTavsebuli firfitis SemTxvevaSi garsSemodena TiTqmis srulia 

da wnevis winaRoba umniSvneloa. am dros arsebiT rols TamaSobs mxebi winaRobis, 

anu xaxunis winaRobis Zala. igive firfitis nakadSi marTobulad moTavsebisas 

garsSemodena Zalian uaresdeba. firfitis wina nawilSi wneva gacilebiT aRemateba 

ukana nawilSi wnevas. wnevis winaRoba Zalian didia da TiTqmis mTlianad 

gansazRvravs Subla winaRobis Zalas. amitom cdiloben sxeuls miscen kargi 

garsSemomdeni forma, kerZod iseTi, rom sxeulis ukana nawilSi nakadis mowyvetis 

zeda da qveda wertilebs Soris manZili rac SeiZleba mcire iyos. nax. 73.6-ze 

mocemulia wveTis formis sxeulze garsSemodenis suraTi. aseT SemTxvevaSi nakadis 

mowyvetis zeda da qveda wertilebi 

praqtikulad erTmaneTs emTxveva, anu 

mowyveta xdeba TiTqmis erT wertilSi. 

Sedegad, wnevis Semcireba sxeulis ukan 

praqtikulad ar xdeba da wnevis 

winaRoba TiTqmis nulis tolia. 

analogiur formas aZleven 

TviTmfrinavis frTebsa da fiuzelaJs, 

avtomobils, wyalqveSa navebs, torpedos 

da a.S. 

radgan xaxunis winaRobis Zala damokidebulia sxeulis zedapiris damuSavebis 

xarisxzec, amitom sxeulebs aZleven ara marto karg garsSemomden formas, aramed 

cdiloben misi zedapiri gaxadon maqsimalurad gluvi, risTvisac faraven saRebaviT. 

A B 

C 

D 

naxazi 73.4 

A B 

C 

D 

naxazi 73.5 

naxazi 73.6 
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siblantis Zalebi garkveul rols TamaSobs amwevi Zalis warmoSobazec. am 

TvalsazrisiT ganvixiloT cilindris brunva simetriis RerZis irgvliv haeris Ta-

nabar nakadSi. Tu cilindris zedapiris wertilTa wiriTi siCqare metia nakadis 

siCqareze, maSin siblantis Zalebi, romlebic cilindris mxridan moqmedebs haeris 

Semxebi fenis molekulebze, cilindris zeda da qveda nawilSi mimarTuli iqneba 

sapirispirod. kerZod, zeda nawilSi moqmedi siblantis Zalebi aaCqarebs haeris 

molekulebis moZraobas, xolo qveda nawilSi daamuxruWebs. naxaz 73.7-ze mocemulia 

aseT SemTxvevaSi denis wirTa ganawilebis suraTi. nakadis aseT garsSemodenas sxe-

ulze cirkulacia ewodeba. igi ganapirobebs siCqareTa sxvaobas sxeulis zeda da 

qveda nawilSi, rac aRZravs nakadis marTobulad wnevaTa sxvaobas da warmoSobs yR

 

amwev Zalas. cilindris brunvis Sedegad amwevi Zalis warmoqmnis movlenas magnusis 

efeqti ewodeba. 

SevniSnoT, rom amwevi Zalis warmoSobisTvis siblantis Zalebi ar asruleben 

arsebiT rols. nax. 73.8-ze naCvenebia idealuri siTxiT naxevarcilindris 

Semosveleba. denis wirebis simWidrove AB ubnis maxloblad metia, vidre CD ubnis 

maxloblobaSi, Sesabamisad warmoiSoba wnevaTa sxvaoba, rac ganapirobebs amwevi 

Zalis warmoSobas. radgan mocemul SemTxvevaSi ,BA pp   amwevi Zala mimarTuli 

iqneba vertikalurad zeviT. safren aparaturebSi frTis profilis da orientirebis 

saSualebiT aRweven amwevi Zalis sasurvel mimarTulebas. 

 

amocana 73.1. ρ simkvrivis da r radiusis mcire burTulis ρ0 simkvrivis siTxeSi 

vardnis damyarebuli siCqare υ-s tolia. gansazRvreT siTxis siblantis koeficienti. 

amoxsna:  

niutonis II kanonis Tanaxmad: 

PFFam


 arqsib  const


. 

OY  RerZze dagegmilebiT vRebulobT: 

,0 PFF arqsib                        (1) 

radgan siTxeSi mcire masis sxeuli dabal siCqares 

aviTarebs, amitom (73.1)-is Tanaxmad:  

 rFR 61  sib ,  

gVF 0arq , 

xolo gVmgP  . (1)-Si SetaniT vRebulobT: 

 

 

 

 

 
 

naxazi 73.7 

A B 

C D 

naxazi 73.8 
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 





r

gV

6

0
 , 

sadac 3

3

4
rV  , e.i.: 

   









9

2

63

4 0

2

0

3 gr

r

gr 





 . 

amocanaSi aRwerili cda warmoadgens siTxis siblantis koeficientis 

gansazRvris erT-erT meTods. 

amocana 73.2. TviTmfrinavis masa tolia 2,0·106 kg. 1200 m2 farTobis frTebis qveS 

haeris nakadis siCqarea 100 m/wm. bernulis efeqtidan gamomdinare, risi toli unda 

iyos frTebis zemoT nakadis siCqare, rom igi “dakavdes” haerSi (ρhaer = 1,3 kg/m3). 

amoxsna: 

.mgRy                                      
   (1),  

meore mxriv: 

  .21 SppRy 
                                

   (2) 

(1) = (2), e.i.: 

S

mg
pp  12 .                                    (3) 

(3)-e SevitanoT (69.3)-Si, miviRebT:  

22

2

1

2

2 


S

mg
,
 

aqedan: 

189
12003,1

1022
100

2 7
22

12 





S

mg


 (m/wm). 

 

amocanebi: 

1. gamovTvaloT wneva WurWlis fskerze, Tu masSi wylis svetis simaRlea 1 m, a) 

WurWeli uZravia. WurWelis aCqarebaa 0,5g da mimarTulia vertikalurad b) zeviT g). 

qveviT (patm = 105 pa). (pasuxi: 1,1.105pa;  11,5.105pa; 1,05.105pa.) 

2. cilindrul WurWelSi Casxmulia toli masis mqone vercxliswyali da wyali. 

gamoTvaleT maT mier warmoebuli wneva WurWlis fskerze, Tu vercxliswylis 

simkvrivea 1=13,6.103kg/m3, wylis 2=1.103kg/m3, xolo saerTo simaRle H=29,2sm-s tolia. 

(pasuxi: 0,07.105 pa.) 

3. 25 sm diametris cilindrul WurWelSi  Casxmulia 12 l moculobis wyali. ras 

udris wylis wneva fskeridan 10 sm simaRleze? (pasuxi: 1450 pa.) 

4. cilindrul WurWelSi asxia vercxliswyali da masze orjer naklebi masis wyali. 

siTxis saerTo simaRlea 1,56 m. gansazRvreT wneva WurWlis fskerze.        (

3
vrcwy kg/m3106,13  , )103 3

wy kg/m .(pasuxi: 149160pa.) 

5. ra simaRleze unda ჩavasxaT siTxe R  radiusis cilindruli formis WurWelSi, 

rom wnevis Zala WurWlis gverdiT zedapirze udrides wnevis Zalas fskerze? 

(pasuxi: Rh  ) 
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6. rasimaRlidan unda Camovardes 3kg/m4107,0   simkvrivis sxeuli, rom igi wyalSi 

CaiZiros 0,14 m siRrmeze? ( )103 3
wylis kg/m ? (pasuxi:0,06m) 

7. erTgvarovani sxeulis wona  vakuumSi  0,89n-ia xolo, wyalSi-0,79n gamoTvaleT 

misi simkvrive. (pasuxi:8,9.103kg/m3) 

8. wylis zedapirze moTavsebulia 3104  kg/m3 simkvrivis burTula. mas xeli gauSves, 

ris Semdegac burTulam CaZirva daiwyo. ra droSi gaivlis igi h=50sm-s? 

(pasuxi:0,36wm) 

9. rasimaRlidan unda Camovardes 400 kg/m3 simkvrivis sxeuli, rom igiwyalSi Cavides 

8 sm-ze? wylisa da airis winaRobas mxedvelobaSi nu miviRebT. (pasuxi:0,12m) 

10. ra muSaoba unda SevasruloT 0,5m3 moculobis sxeulis 2m simaRleze asawevad 

wyalSi Tanabari moZraobiT? sxeulis simkvrivea 3
sx kg/m3106,2  , 3

wy kg/m310 . 

(pasuxi:16kj) 

11. Tanabari sisqis yinulis naWeri curavs wyalSi ise, rom wylis zeviT amoweulia 

1sm-iT. misi fuZis farTobi 100 sm2-ia. gansazRvreT yinulis masa. ,103 3
wy kg/m

3
y kg/m900 . (pasuxi: 0,9kg) 

12. xis naWeri curavs ise, rom misi moculobis 2/3 wyalSia CaZiruli. ras udris xis 

simkvrive? ( 3
wy kg/m310 ) (pasuxi:667kg/m3) 

13. wyalSi moTavsebulialuminis sfero iwyebs vardnas. ra manZils gaivlis igi 

vardnis dawyebidan 10 wm-is ganmavlobaSi,Tu wylis winaRobis Zala mudmivia da 

sxeulis simZimis Zalis 0,2 nawils Seadgens? (pasuxi:215m) 

14. erTgvarovani sxeulis wona wyalSi 1,4-jer naklebia, vidre vakuumSi. gansazRvreT 

sxeulis simkvrive. ( kg/mwy
310 kg/mwy

310 ). (pasuxi:3,5.103kg/m3) 

15. yinulis naWeri Setivtivebul mdgomareobaSia wylisa da bezinis gamyof 

zedapirze. yinulis ra nawili iqneba CaZiruli wyalSi?  ( 3
y kg/m900 , ,103 3

wy kg/m

3
benz kg/m700 ) . (pasuxi:2/3) 

16.hidravlikur wnexSi mcire dguSis farTobi 2 sm2-ia, xolo didi dguSis 500 sm2. 

ra siCqariT aiwevs didi dguSi, Tu mcires 25 sm/wm siCqariT davwevT? (pasuxi:0,1 

sm/wm) 

17. hidravlikuri wnexiT 2 t masis mqone tvirTis awevisas Sesrulda 40 j muSaoba. 

am dros mcire dguSi gadaadgilda 1 m-iT. ramdenjer metia didi dguSis farTobi 

mcire dguSis farTobze? (pasuxi: 500-jer) 

18.  minis kapilari, romlis radiusi 0,1mm-s tolia CaSvebulia vertikalurad  200C 

wyalSi. ra simaRleze aiwevs masSi wyali? (pasuxi: 14,4 sm.) 

19. minis mili, romlis Siga diametria 0,8 mm, vertikalurad  CaSvebulia  

vercxliswyalian jamSi. ramdeniT daiwevs masSi vercxliswyali, jamSi arsebul 

donesTan SedarebiT, Tu zedapiruli daWimulobis koeficientia 0,44 n/m. (pasuxi: 

1,1sm.) 
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20.risi toli unda iyos 300 m3 moculobis oTaxis haergamwovi milis diametri, rom 

yovel 15wT-Si haeri mTlianad ganaxldes?, Tu milSi haeris siCqare 3 m/wm-is tolia. 

(pasuxi: 38sm.) 

21. ra dro daWirdeba auzis, romlis zomebia 3,1 x 9,5 x 21 m, wyliT Sevsebas, Tu masSi 

wyali Caedineba 1,9 sm diametris milidan 1,5 m/wm siCqariT. (pasuxi: 380 sT.)  

22. gamoTvaleT wnevaTa sxvaoba 2 km sigrZisa da 40 sm dimetris navTobsadenis 

boloebze, Tu navTobis moculobiTi gasavalia 400 sm3/wm-ia, xolo siblantis 

koeficientia 2 puazi. (pasuxi: 2,5.102pa) 

23. gamoTvaleT 15 m sigrZisa da 1 sm diametris milSi wylis moculobiTi gasavali, 

Tu wnevaTa sxvaoba milis boloebze 0,35 atm da temperatura 200C. (pasuxi: 5,7.10-4m3/wm) 

24. onkanidan wamosuli wylis Wavli qvemoT viwrovdeba. CawereT Wavlis diametris 

onkanidan y daSorebaze damokidebuleba. Tu wylis siCqare onkanidan gadmodinebisas 

0 is tolia,  onkanis diametria d0. (pasuxi: 4
2
0

2
0

0
2

)(
gy

dyd






)  

25. 20m sigrZis haergamtaris radiusi 3 sm-ia.ra droSi moaxdens saventilacio-

gamaTbobeli sistema 108 m3 moculobis Senobis srul ventilacias, Tu sistemis 

tumbo qmnis 40 pa Warb wnevas?(pasuxi: 20wT) 

26. wylis dinebis siCqare 5,2 sm diametris milis centrSi 18 sm/wm-ia. gamoTvaleT 

moculobiTi gasavali  da wnevis vardna 20m manZilze. (pasuxi: 1,9.10-4 m3/wm; 3,81.10-4 pa.) 

27. gamoTvaleT 22 sm diametris milSi wylis laminaruli dinebisas moculobiTi 

gasavali. (pasuxi: 4,7.10-4 m3/wm) 

28. avzi imyofeba horizontalur iatakze (ix. nax. 68.4) da Sevsebulia siTxiT 

fskeridan 2,2 m simaRleze. naxvreti gakeTebuli aqvs fskeridan 0,2 m-ze. ra manZilze 

daecema siTxis Wavli avzis kedlidan iataks? (pasuxi: 1,26m) 

29.venturis mils iyeneben wylis dinebis siCqaris gasazomad. milis diametri 3-jer 

aRemateba Seviwrvebuli aris diametrs. manometrebs Soris wnevaTa sxvaoba 

20mm.ver.wylis tolia. gamoTvaleT dinebis siCqare. (pasuxi: 0,5 m/wm) 

30.2,7.103kg/m3 simkvrivis da 2mm diametris burTula vardeba 200Ctemperaturis wyalSi, 

gamoTvaleT vardnis damyarebuli siCqare. (pasuxi: 3,2 m/wm) 

31. damyarebuli siCqare haeris buStis zeTSi zemoT moZraobisas 1 sm/wm-ia. 

gamoTvaleT buStis diametri, Tu zeTis simkvrivea 900kg/m3, siblantis koeficientia 

0,2 pa.wm. (pasuxi:2 mm) 

32. gamoTvaleT TviTmfrinavis frTaze moqmedi aerodinamikuri amwevi Zalis 

vertikaluri mdgeneli, gamowveuli bernulis efeqtiT (nax. 68.1), Tu frTis farTobia 

50 m2, xolo haerisnakadis siCqare frTis zemoT da qvemoT Sesabamisad tolia 300 

m/wm da 270 m/wm (ρhaer = 1,3kg/m3). (pasuxi: 555 kn.) 
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