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I leqcia

meqanikuri moZraoba. aTvlis sistema. moZraobis kinematikuri gantolebebi. wrfivi

Tanabari da Tanabradcvladi moZraobebi. maTi gantolebebi.

$1. meqanikuri moZraoba, aTvlis sistema; moZraobis kinematikuri gantolebebi;

meqanika aris fizikis nawili, romelic  Seiswavlis meqanikur moZraobas. meq.

moZraoba ewodeba erTi sxeulis mdebareobis Secvlas meoris mimarT. meqanika

Sedgeba sami nawilisagan: kinematika., dinamika da statika. kinematika meqanikis

nawilia, romelic Seiswavlis sxeulis moZraobas am moZraobis gamomwvevi mize-

zebisagan damoukideblad. dinamika Seiswavlis sxeulis moZraobas mis gamomwvev

mizezebTan erTad. statika swavlobs sxeulis wonasworobis pirobebs.

meqanikuri moZraobis yvelaze martivi SemTxvevaa wertilis moZraoba. amocanis

gamartivebis mizniT, zogjer mTel sxeuls ixilaven, rogorc erT wertils. amisTvis

SemoaqvT nivTieri, anu materialuri wertilis cneba.   nivTieri, anu materialuri

wertili ewodeba iseT sxeuls, romlis zomebi SeiZleba ugulebelvyoT mocemuli

amocanis ganxilvisas. aseT SemTხვევაში fizikuri sxeulis moZraobis nacvlad

vixilavT erTi iseTi wertlis moZraobas, romelic iseTive moZraobas asrulebs,

rogorsac gansaxilveli sxeuli. erTi da igive sxeuli zog Sem-Si materialuri

wertiliა, zogSi ara. mag. dedamiwa, rodesac is moZraobs mzis garSemo, materialuri

wertilia (fardoba dedamiwidan mzemde manZilisa dedamiwis diametrTan daaxloebiT

1200-is tolia). nivTieri wertilis moZraoba meqanikuri moZraobis yvelaze martivi

SemTxvevaa.

klasikuri (arakvanturi) meqanika iyofa niutonis (ararelativisturi) da

relativistur meqanikad. niutonis meqanikas safuZvlad udevs niutonis kanonebi da

is marTebulia iseTi makroskopiuli sxeulebisTvis, romelTa siCqareebic gaci-

lebiT naklebia sinaTlis siCqareze ( cv  ). relatisturi meqanika ki marTebulia

sinaTlis maxlobeli siCqareebisTvis ( cv  ).

yoveli sxeuli moZraobisas aRwers wirs, romelsac traeqtoria ewodeba.

traeqtoria SeiZleba iyos wrfe an mrudi wiri. Sesabamisad gveqneba wrfivi da

mrudwiruli moZraoba. traeqtoriis gaswvriv wertilis mier gavlil manZils gza

ewodeba. gza skalaruli sididea (xasiaTdeba marto ricxviTi mniSvnelobiT).  amas

garda aseve Semotanilia gadaadgilebis (kinematikuri sididis) cneba. veqtors,

romelic wertilis sawyis mdebareobas aerTebs saboloo mdebareobasTan, gadaad-

gileba, anu gadaadgilebis s


veqtori ewodeba. is veqtoruli sididea (xasiaTdeba

rogorc ricxviTi mniSvnelobiT – sididiT, aseve mimarTulebiT) e.i. sxeulis

mdebareoba rom vipovoT drois nebismier momentSi, unda vicodeT misi sawyisi

mdebareoba da drois am momentisaTvis Sesrulebuli gadaadgileba.

SeiZleba iTqvas, rom kinematikis ZiriTadi amocanaa ganvsazRvroT sxeulis

mdebareoba drois nebismieri momentisaTvis, Tu cnobilia sxeulis sawyisi mde-

bareoba da sawyisi siCqare (sawyisi pirobebi) da cnobilia moZraobis saxe.

sxeulis moZraoba ki cnobilia, Tu cnobilia misi mdebareoba drois nebismier

momentSi.  sxeulis mdebareoba ki ganisazRvreba romelime sxva sxeulis mimarT, ro-

melic pirobiT uZravadaa miRebuli da romlis mimarTac ganixileba mocemuli sxe-

ulis moZraoba. am sxva sxeuls aTvlis sxeuli ewodeba.  mas ukavSireben sakordi-

nato sistemas. garda amisa procesi unda iyos qronometrizebuli, anu saWiroa
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drois sazomi xelsawyo, romliTac ganisazRvreba moZravi sxeulis sivrceSi mde-

bareobebis Sesabamisi drois momentebi.

aTvlis sxeuls, masTan dakavSirebul sakoordinatio sistemas (yvelaze

gavrcelebulia dekartes marTkuTxa koordinatTa sistema) da drois asaTvlel xel-

sawyos erTobliobaSi – aTvlis sistema ewodeba.

aTvlis sistemas, romlis mimarT sxeuli, romelzec sxva sxeulebis moqmedeba

gawonasworebulia, uZravia an Tanabrad da wrfivad moZraobs, aTvlis inerciuli

sistema ewodeba. garkveuli miaxloebiT aseTi sistemaa dedamiwis zedapirze uZrav

sxeulTan dakavSirebuli aTvlis sistema (dedamiwis dRe-Ramuri brunva

mxedvelobaSi ar miiReba).

gantolebebs, romlebic mocemuli aTvlis sistemis mimarT wertilis an

sxeulis moZraobis kanonzomierebebs asaxaven, moZraobis gantolebebi ewodeba.

sivrceSi dekartis marTkuTxa sakordinato sistemaSi wertilis mdebareoba

ganisazRvreba sami – x, y da z koordinatiT. wertilis moZraobis dros misi koor-

dinatebi icvleba drois ganmavlobaSi da drois yovel moments Seesabameba zyx ,, is

garkveuli mniSvneloba, anu koordinatebi drois funqciebs warmoadgenen, rac ase

Caiwereba

)(),(),( tfztfytfx 321  (1.1),

dekartes marTkuTxa sistemaSi M nivTieri wertilis mdebareoba, romlis

radius veqtoria r

, (anu veqtori, romelic mimarTulia koordinatTa saTavidan am

wertilisaken), ganisazRvreba sami koordinatiT – zyx ,, (nax. 1.1 –marcxena). sxeulis

moZraoba cnobilia, Tu cnobilia zyx ,, -is mniSvnelobebi

drois nebismieri momentisaTvis, anu cnobilia (1.1)

damokidebulebebi. (1.1) gantolebebs moZraobis kinematikuri

gantolebebi ewodeba. maSasadame Tu cnobilia (1.1)

funqciebis saxeebi, maSin cnobili iqneba wertilis

mdebareoba drois nebismier momentSi. radius veqtori

romelic aseve drois funqciaa, veqtorulad ase Caiwereba

)(),,( trzyxr


 . esec moZraobis kinematikuri gantolebaa.

nax. 1.1
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$2. wrfivi Tanabari da Tanabradcvladi moZraobebi. maTi gantolebebi.

traeqtoriis formisagan damoukideblad moZraoba SeiZleba iyos Tanabari da ara-

Tanabari. moZraobis umartivesi saxea wrfivi Tanabari moZraoba, anu iseTi moZraoba,

romlis traeqtoria wrfea da sxeuli am dros drois tol nebismier SualedebSi

toli sigrZis gzebs gadis. moZraobis siswrafis dasaxasiaTeblad Semotanilia

siCqaris cneba. aseTi moZraobis siCqare
t
s

v  (1.2)

zogadad siCqare veqtoruli sididea da is tolia gadaadgilebis fardobisa im

drosTan, ra droSic es gadaadgileba Sesrulda

t
s

v



 (1.3)

wrfivi Tanabari moZraobis dros gadaadgilebis moduli da gavlili gza

ricxobrivad erTmaneTis tolia, amitom (1.3) formulis nacvlad SeiZleba CavweroT

(2) formula. rogorc (1.2)-dan Cans, Tu ,1t maSin sv  e.i. siCqare ricxobrivad

tolia drois erTeulSi gavlili manZilis. (1.2) formulidan SeiZleba davadginoT

aseve siCqaris erTeuli: 1 erT. siCqaris=1 erT. manZilis/1 erT. drois. erTeulTa

saerTaSoriso sitemaSi siCqaris erTeuli iqneba 1 m/wm (metri wamTan).

wrfivi Tanabari moZraobis dros siCqaris mimarTuleba emTxveva moZraobis

mimarTulebas.

Tanabari moZraobis ganmartebidan gamodis, rom siCqare mudmivi sididea, anu

constv  (1.4)

(1.2)-dan aseve gamodis, rom vts  (1.5)

e.i. s ~ t anu aseTi moZraobisas gavlili gza drois pirdapirproporciulia..

ganvixiloT aseTi moZraobis siCqaris droze damokidebulebis (nax. 1.2 a da

gzis droze damokidebulebis

grafikebi nax. 1.2 b). nax. 1.2 a-

dan Cans, rom radgan wrfivi

Tanabari moZraobis dros

siCqare mudmivi sididea,

amitom is warmoadgens droTa

RerZis paralelur wrfes.

qveda wrfe gvaqvs im Sem-Si,

rodesac sxeuli moZraobs

nax. 1.2 X RerZis sapirispiro mimarTulebiT

(am dros siCqaris gegmili uaryofiTia). siCqaris grafikiT SeiZleba drois mocemul

SualedSi sxeulis gadaadgilebis modulis (gavlili gzis) gagebac. ricxobrivad is

siCqaris grafikis qveS moTavsebuli daStrixuli  marTkuTxedis farTobis tolia.

marTlac S farT.= svt  .

aseve nax. 1.2 b-dan Cans, rom gzis grafiki koordinatTa saTaveSi gamavali

wrfea, radgan gavlili gza izrdeba drois proporciulad mudmivi siCqaris Sem-Si.

naxazidan Cans, rom grafikis droTa RerZisadmi daxris kuTxis tangensi v
t
s

tg 

tolia moZraobis siCqaris. rac metia siCqare, miT metia daxris kuTxe.
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ganvixiloT araTanabari anu cvladi moZraoba. es iseTi moZraobaa, rodesac

sxeuli drois tol SualedebSi gansxvavebul gadaadgilebebs asrulebs. am dros

sxeulis siCqare ganuwyvetliv icvleba da aseTi araTanabari moZraobis

dasaxasiaTeblad SemoRebulia saSualo da myisi siCqaris cnebebi. Tu sxeulma

wrfeze moZraobisas t droSi gaiara s manZili, maSin saSualo siCqare am ubanze

sididiT toli iqneba: v saS t
s




 (1.6)

e.i. saSualo siCqare gzis mocemul ubanze izomeba am ubnis sigrZis fardobiT im

drosTan, ra droSic moxda misi gavla. cxadia sxvadasxva ubnebisaTvis es sidide

gansxvavebuli iqneba da moZraobis aRwerisaTvis mxolod saSualo siCqaris codna

sakmarisi ar aris. aseve unda vicodeT siCqare drois aRebul momentSi, e.w. myisi

siCqare. mis gasagebad amcireben drois t Sualeds, ris Sedegadac aRweven siCqaris

mcire cvlilebas drois am SualedSi da saSualo siCqaris miaxloebas myis

siCqaresTan t momentSi. e.i. myisi siCqaris misaRebad unda vipovoT saSualo siCqaris

zRvari, rodesac t miiswrafvis nulisaken. amrigad,

t
s

v
t 








lim
0

 an
dt
sd

v



 (1.7)

anu wrfivi moZraobisas myisi siCqare udris manZilis pirveli rigis warmoebuls

droiT. wrfivi Tanabari moZraobis siCqare erTdroulad myisi siCqarecaa da

saSualo siCqarec.

myisi siCqare veqtoruli sididea. misi mimarTuleba emTxveva gadaadgilebis

(moZraobis) mimarTulebas mocemul wertilSi.

araTanabari moZraobis dros siCqare ganuwyvetliv icvleba. siCqaris

cvlilebis siswrafis dasaxasiaTeblad SemoaqvT aCqarebis cneba. araTanabari

moZraobis dros icvleba ara marto siCqare, aramed aCqarebac. amitom Tu gvaqvs

araTanabarcvladi wrfivi moZraoba, unda SemovitanoT saSualo da myisi aCqarebebi.

Tu t drois SualedSi sxeulis siCqare Seicvala v sididiT, maSin saSualo

aCqareba a saS
t
v




 an veqtorulad a

saS

t
v





 (1.8)

e.i. saSualo aCqareba tolia siCqaris cvlilebis fardobisa im drosTan ra droSic

es cvlileba moxda. misi mimarTuleba emTxveva siCqaris cvlilebis v


 s mimar-

Tulebas.

myisi aCqarebis misaRebad aqac unda gadavideT zRarze, rodesac t
miiswrafvis nulisaken anu myisi aCqareba toli iqneba

dt
vd

t
v

a
t





 


 0
lim (1.9)

e.i. myisi aCqareba udris siCqaris pirvel warmoebuls droiT. am formulidan Cans,

rom Tu siCqare izrdeba, maSin aCqarebis veqtoris mimarTuleba emTxveva siCqaris

veqtoris mimarTulebas, xolo Tu siCqare mcirdeba, maSin aCqarebis veqtori siC-

qaris veqtoris sapirispirodaa mimarTuli. Tu gaviTvaliswinebT, rom  siCqare manZi-

lis  pirveli warmoebulia droiT, maSin 2

2

dt

sd
dt
ds

dt
d

dt
dv

a  )( (1.10)

amrigad myisi aCqareba manZilis meore rigis warmoebulia droiT.

araTanabari moZraobis umartivesi saxea Tanabarcvladi wrfivi moZroba. am

dros siCqare drois nebismier tol SualedSi Tanarad icvleba. am dros
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00 tttvvv   , , sadac 0v aris siCqare sawyis 0t momentSi, xolo v siCqare

drois t momentSi. Tu davuSvebT, rom 00 t , maSin sididiT

t
v

t

vv

tt

vv
a










 0

0

0 (1.11)

e.i. aCqareba ricxobrivad tolia siCqaris cvlilebisa drois erTeulSi.

veqtorulad
t
v

t

vv
a


 




 0 (1.12)

SI sistemaSi aCqarebis erTeulia m/wm2.

rodesac moZraoba Tanabarcvladia am dros radgan siCqare drois nebismier

tol SualedSi Tanabrad icvleba, gamodis rom aCqareba mudmivi sididea, anu

.consta  Tanabarcvladi moZraoba SeiZleba iyos TanabaraCqarebuli (am dros

siCqare Tanabrad izrdeba da aCqareba dadebiTia 0a ) da TanabarSenelebuli (am

dros siCqare Tanabrad mcirdeba da aCqareba uaryofiTia 0a ).

(1.11) formulidan gamodis, rom atvv  0 . (1.13)

gamoviyvanoT gzis formula. am dros radgan siCqare Tanabrad izrdeba, amitom

saSualo siCqare toli iqneba sawyisi da saboloo siCqareebis naxevarjamisa:

v saS
2

0 vv 
 , xolo radgan araTanabari moZraobis dros gavlili manZili

gamoiTvleba vs  saS t formuliT, gveqneba:

vs  saS t
222

2

0
000 at

tvt
atvv

t
vv







 (1.14)

t drois gamoricxvis Semdeg miviRebT:
a

vv
s

2

2
0

2 
 (1.15)

(1.12) da (1.13) gantolebebebi TanabaraCqarebuli moZraobis gantolebebia.

usawyiso siCqariT moZraobis Sem-Si ( 00 v ), moZraobis gantolebebi ase

Caiwereba .,
2

2at
satv  (1.16).

miRebuli gantolebebidan Cans, rom raime sawyisi siCqaris da aCqarebis

mniSvnelobisTvis, siCqare drois wrfivi funqcia, anu siCqaris droze

damokidebulebis grafiki warmoadgens drois t RerZisadmi raRac kuTxiT daxril

wrfes, xolo gzis grafiki aris drois kvadratis proporciuli funqcia, amitom

misi saxe iqneba parabolis tipis mrudi.

nax. 1.3 a-ze naCvenebia siCqaris droze damokidebulebis, xolo nax. 1.3 b-ze gzis

droze damokidebulebis grafikebi.

orive SemTxvevaSi grafikebis

saxeebi (siCqaris grafikis Sem-Si

grafikis sawyisi wertili da daxra

drois RerZis mimarT, xolo gzis

grafikis Sem-Si parabolis

AaRmasvla da piriqiT)

damokidebuli aris sawyisi siCqaris

( 0v ) da aCqarebis sididis ( )a

nax. 1.3 mniSvnelobebze.
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TanabarSenelebuli moZraobis Sem-Si, rodesac 00 v , siCqaris grafiks eqneba

daRmavali wrfis saxe (am dros aCqarebis gegmili uaryofiTia da siCqare mcirdeba).

formula TanabradaCqarebuli moZraobisas vs  saS t t
vv

2
0 

 SeiZleba miviRoT

siCqaris grafikidanac.  marTlac siCqaris grafikze avirCioT mcire ab ubani. a da b
wertilebidan t RerZze davuSvaT marTobebi. cd
monakveTis sigrZe t RerZze ricxobrivad drois im

mcire Sualedis tolia, romlis ganmavlobaSic

siCqare a wertilis Sesabamisi mniSvnelobisas Seic-

vala b wertilis Sesabamis mniSvnelobamde. am dros

grafikis qveS viRebT viwro sakmaod mcire abcd viw-

ro zols, sadac siCqaris cvlileba mcire iqneba da

es zoli SeiZleba CavTvaloT marTkuTxedad. amitom

am zolis farTobi tolia cd droSi gavlili ga-

daadgilebis. Tu aseT viwro zolebad davanawilebT siCqaris grafikis qveS moTav-

sebul farToba, maSin mTeli t drois ganmavlobaSi gadaadgileba ricxobrivad

OABC trapeccis farTobis toli iqneba, romelic misi fuZeebis naxevarjamisa da

simaRlis namravlis tolia. e.i. ss  farT tvt
vv





2

0 .     (1.17)
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II leqcia

mrudwiruli moZraoba. mrudwiruli moZraobis siCqare da aCqareba. aCqarebis mxebi

da normaluri mdgenelebi. brunviTi moZraoba. wiriTi da kuTxuri siCqare, kavSiri

maT Soris. wiriTi da kuTxuri aCqareba, kavSiri maT Soris. kuTxuri siCqaris da

aCqarebis veqtorebi.

$3. mrudwiruli moZraoba. mrudwiruli moZraobis siCqare da aCqareba.

vTqvaT sxeuli sivrceSi moZraobs moZraobs raime mrud wirze,  mag. AB rkalze

(nax. 2.1). SeviswavloT es moZraoba koordinatTa oxyz

sistemis mimarT. drois raRac momentSi igi A wertilSi

iyo da misi Sesabamisi radius-veqtori am dros  aris r

,

xolo tt  momentSi B -Si, radius veqtoriT 1r

.  maSin gav-

lili gzis sigrZe (AB rkali) gansxvavdeba gadaadgilebis

rrr


 1 veqtorisgan (AB qorda). es gansxvaveba miT ufro

mcirea, rac mcirea t

nax. 2.1          drois Sualedi. Tu t sakmaod mcirea, maSin AB rkali

SeiZleba SevcvaloT AB qordiT, e.i. mrudwiruli moZraoba AB rkalze miaxlobiT

SeiZleba SevcvaloT AB qordaze moZraobiT. amitom wertilis saSualo siCqare AB

ubanze toli iqneba : v

saS

t
r





 , (2.1)

saSualo siCqaris mimarTuleba traeqtoriis AB ubanze emTxveva r


is, anu

AB qordis mimarTulebas.

myisi siCqaris gasagebad momentSi A wertilSi unda gadavideT zRvarze,

rodesac t miiswrafvis nulisken:
dt
rd

t
r

v
t





 


 0
lim (2.2)

anu mrudwiruli moZraobis dros myisi siCqare udris radius-veqtoris pirveli

rigis warmoebuls droiT.

saSualo siCqares aqvs r


 is, anu


AB veqtoris mimarTuleba. rodesac 0t ,

am dros B wertili uaxlovdeba A s,


AB icvlis mimarTulebas da zRvarSi daemT-

xveva A wertilSi gavlebuli mxebis mimarTulebas. e.i. mrudwiruli moZraobis myisi

siCqaris veqtors traeqtoriis yovel wertilSi aqvs am wertilSi gamavali mxebis

mimarTuleba. siCqaris sididis dasadgenad, unda gaviTvaliswinoT, rom rac mcirea

t , miT mcirea gansxvaveba r


 sa da mis Sesabamis s rkals Soris, amitom rode-

sac 0t , siCqaris sididisaTvis miviRebT:
dt
ds

v  (2.3)
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anu aseTi moZraobis siCqare sididiT tolia manZilis pirveli rigis warmoebulisa

droiT (rogorc wrfivi moZraobis dros).

siCqaris mdgenelebisTvis (2.2) tolobis dagegmilebiT koordinatTa RerZebze

miviRebT:
dt
dz

v
dt
dy

v
dt
dx

v zyx  ;; (2.4),

an mTliani siCqaris sidide 222
zyx vvvv  (2.5).

siCqare zogadad veqtoria. amitom SeiZleba Seicvalos misi rogorc sidide,

aseve mimarTuleba.

vipovoT saSualo da myisi aCqarebis sidideebi am Sem-Tvis (nax. 2.2).

sakoordinato RerZebze gadavzomoT siCqaris mdgenelebi

zyx vvv ,, ; maSin am sistemaSi wertilis radius veqtori

iqneba siCqaris veqtori ),,,( zyx vvvv


xolo uwyveti wiri –

misi sxvadasxva mniSvnelobis Sesabamis wertilTa

geometriuli adgili. v


 aris siCqaris cvlilebis

veqtori A dan B wertilamde. maSin saSualo aCqareba

nax. 2.2.                     toli iqneba a

saS

t
v

t

vv











 1
. myisi aCqareba ki

analogiuri msjelobiT tolia
dt
vd

t
v

a
t





 


 0
lim (2.6),

maSasadame myisi aCqareba tolia siCqaris pirveli rigis warmoebulisa droiT. Tu

gaviTvaliswinebT (2.2) formulas, miviRebT: 2

2

dt

rd
a




 (2.7),

anu myisi aCqareba tolia radius veqtoris meore rigis warmoebulisa droiT. (2.7)

formulidan aCqarebis mdgenelebisTvis miviRebT: 2

2

2

2

2

2

dt

zd
a

dt

yd
a

dt

xd
a zyx  ;; (2.8)

an aCqarebis sididisTvis 222
zyx aaaa  .        (2.9)
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$4. aCqarebis mxebi da normaluri mdgenelebi

radgan mrudwirul traeqtoriaze moZraobisas SeiZleba Seicvalos siCqaris

rogorc sidide aseve mimarTuleba, amitom aCqarebis veqtorisTvis gveqneba  ori

mdgeneli. erTi daaxasiaTebs siCqaris mxolod sididis cvlilebas, xolo meore siC-

qaris mimarTulebis cvlilebas

mrudwiruli moZraobisas siCqaris veqtors, rogorc avRniSneT traeqtoriis

mocemul wertilSi aqvs mxebis mimarTuleba. Tu mxebis mgezavs, romelic warmoad-

gens mxebis gaswvriv erTeulovani sigrZis veqtors, avRniSnavT 


iT, maSin siCqaris

veqtori ase Caiwereba 


 vv . (2.10)

maSin
dt
d

v
dt
dv

dt
vd

a









 (2.11)

Tu const


, anu mxebis da Sesabamisad siCqaris veqtoris mimarTuleba ucvlelia,

maSin
dt
d


=0 (2.11), meore Sesakrebi nulis tolia. e.i. gvrCeba mxolod pirveli 


dt
dv

Sesakrebi. am aCqarebis mdgenels 


s (traeქtoriis mxebis mimarTuleba aqvs) da

sididiT
dt
dv -s tolia, anu drois erTeulSi siCqaris sididis cvlilebas gamosaxavs.

am aCqarebas mxebi – anu tangencialuri aCqareba ewodeba da is tolia




dt
dv

a t  (2.12).

Tu ,constv  anu siCqaris sidide ar icvleba, maSin pirveli Sesakrebi 


dt
dv

nulis tolia da rCeba mxolod meore  Sesakrebi, romelic gamosaxavs siCqaris mi-

marTulebis cvlilebas. mas normaluri aCqareba ewodeba da tolia

dt
d

van





 (2.13).

vipovoT am normaluri aCqarebis sidide da mimarTuleba. vTqvaT usasrulod mcire

dt droSi wertili mrud wirze  gadaadgilda A dan

B mdebareobaSi (nax. 2.3) ds manZilze. maSin am dros

mxebis mgezavi mobrundeba d kuTxiT. mgezavi 1


gadavitanoT B wertilidan A Si. maSin 


 1d .

nax. 2.3

radgan A da B wertilebi axlos arian erTmaneTTan, amitom 


d usasrulod mcirea

da igi SeiZleba SevcvaloT A wertilidan 


radiusiT Semowerili rkaliT.
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radgan 11  


, amitom



 


d

d  da  ddd 


.  Sesabamisad
dt
ds

ds
d

dt
d

dt
d






,

sadac


 ABds (rkali). magram
Rds

d 1



, sadac R aris traeqtoriis simrudis radiusi

A wertilSi, xolo ,v
dt
ds

 amitom
R
v

dt
d





. vipovoT
dt
d


-s mimarTuleba. rodesac d

miiswrafvis nulisken, maSin ACD tolferda samkuTxedis fuZesTan mdebare TiTo-

euli kuTxe miiswrafvis 90 C0 ken, anu 


d da maSasadame
dt
d


mimarTulia A wer-

tilSi gavlebuli 


mxebis marTobulad, normalis gaswvriv, simrudis centrisaken.

amrigad
dt
d


n
R
v 

 , sadac n


normalis mgezavia da mimarTulia simrudis centrisken.

maSin (2.13) ase Caiwereba

n
R
v

an

 2

 (2.14).

es normaluri aCqareba, vinaidan is mimarTulia normalis gaswvriv simrudis cen-

trisken, iwodeba aseve centriskenul aCqarebad. maSin sruli aCqareba

n
R
v

dt
dv

aaa nt

 2

  (2.15).

radgan tangencialuri mdgeneli mimarTulia mxebis gaswvriv, xolo normaluri ki

normalis gaswvriv, anu mxebis marTobulad, amitom nt aa




(nax. 2.4). piTagoras Teoremis Tanaxmad sruli aCqarebis sidide

toli iqneba 2
2

222 )()(
R
v

dt
dv

aaa nt  (2.16). aqve unda

aRiniSnos, rom Tu AB wrewiris rkalia, maSin R aris wre-

wiris radiusi. sxva nebismieri wiris Sem-Si R simrudis radi-

nax. 2.4 usi sxvadasxva wertilSi sxvadasxvaa.
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$5. brunviTi moZraoba. wiriTi da kuTxuri siCqare, kavSiri maT Soris.

sxeuls, romlis nebismier or wertils Soris manZili ucvlelia, absolu-

turad myari sxeuli ewodeba. faqtiurad es aris absoluturad aradeformirebadi

sxeuli. bunebaSi aseTi absoluturad myari sxeuli ar arsebobs, magram Tu sxeulze

didi Zalebi ar moqmedebs, an Zalian mcirea, rom SeiZleba misi ugulebelyofa, maSin

misi deformireba ar xdeba da SeiZleba CavTvaloT absoluturad myari sxeulad.

absoluturad myari sxeulis nebismieri moZraoba daiyvaneba mis gadataniT da

brunviT moZraobaze.

myari sxeulis gadataniTi moZraoba ewodeba iseT moZraobas, romlis drosac

sxeulSi gavlebuli yoveli wrfe sawyisi mdebareobis paraleluri rCeba. aseTi

moZraobis dros yvela wertili aRwers erTnair traeqtoriebs, yvela wertili moZ-

raobs erTnairi siCqariT da aCqarebiT. e.i. aseTi moZraobis ganxilva daiyvaneba misi

nebismieri wertilis moZraobis Seswavlamde.

myari sxeulis brunviTi moZraoba ucleli brunvis RerZis mimarT ewodeba

iseT moZraobas, rodesac sxeulis wertilebi Semoweren wrewirebs, romelTa sibrt-

yeebi urTierTparaleluria, xolo centrebi erT swor xazze – brunvis RerZze

mdebareobs. vTqvaT myari sxeulis raime wertili moZraobs, raRac wrewirze. maSin

misi siCqare tolia
dt
ds

v  . v am Sem-Si wiriTi (xazovani) siCqare ewodeba. cxadia,

rom myari sxeulis sxvadasxva wertils brunviTi moZraobisas sxvadasxva wiriTi

siCqare eqneba. rac ufro Sors aris wertili brunvis RerZidan (ufro didi r-

adiusis wrewirze moZraobs), miT ufro didi iqneba mis mier erTsa da imave droSi

Semowerili rkalis sigrZe da miT meti iqneba wiriTi siCqare. amitom es siCqare

sxeulis brunviTi moZraobis dasaxasiaTeblad ar gamodgeba. amitom SemoaqvT kuT-

xuri siCqaris cneba. vTqvaT sxeuli brunavs 'OO RerZis garSemo da raRac t dro-

Si misi romeliRac wertili aRmoCnda A dan B mdebareobaSi (nax. 2.5). maSin am

dros  wertilis centrTan SemaerTebeli r


radius veqtori  mcire t droSi

Semobrundeba  kuTxiT. maSin fardobas
t

, romelic axasiaTebs brunvis

siswrafes, ewodeba saSualo kuTxuri siCqare (rodesac brunva araTanabaria, xolo

rodesac brunva Tanabaria, anu drois tol SualedebSi toli kuTxeebi Semoiwreba,

maSin ewodeba kuTxuri siCqare –  ) t droSi, e.i.  saS= t


(2.17),
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nax. 2.5 xolo myisi kuTxuri siCqare ki

dt
d

tt









0

lim (2.18)

e.i. myisi kuTxuri siCqare tolia radiusis Semobrunebis

kuTxis pirveli rigis warmoebulis droiT. Tanabari

brunvisas kuTxuri siCqare erTdroulad myisi da saSualo siCqarea.

misi erTeulia 1 rad/wm., magram vinaidan radiani kuTxis ganyenebuli sazomia,

am erTeuls ubralod aRniSnaven 1/wm-iT.

brunviTi moZraoba xasiaTdeba periodiT da sixSiriT.

periodi ewodeba dros, romlis ganmavlobaSic sxeuli erT srul bruns

asrulebs. aRiniSneba T asoTi. izomeba wamebiT. sixSire ki es aris erT wamSi

Sesrulebuli brunTa raodenoba. aRiniSneba  asoTi. erTeuli SI sistemaSi aris

herci, anu iseTi sixSire, rodesac erT wamSi sruldeba erTi sruli bruni. cxadia

T
1

 . radgan erTi periodis ganmavlobaSi radius-veqtori Semowers 2 radianis

tol kuTxes, amitom kuTxuri siCqare .


 2
2


T

absoluturad myari sxeulis yvela wertilis radius-veqtori drois erTsa da

imave SualedSi erTi da igive kuTxiT Semobrundeba. amitom kuTxuri siCqare

sxeulis brunvis ZiriTadi kinamatikuri maxasiaTebelia.

viciT, rom wrewiris rkali, romelsac Semowers raime wertili raRac droSi

tolia rs  . gavawarmooT es toloba, miviRebT
dt
dr

dt
d

r
dt
ds




 . meore Sesakrebi

nulia, radgan wrewiris radiusi constr  , amitom
dt
d

r
dt
ds 

 anu rv  (2.19)

e.i. wiriTi siCqare radiusis da kuTxuri siCqaris namravlis tolia. sxeulis brun-

viTi moZraoba sruliad rom daxasiaTdes kuTxuri siCqaris sididis garda unda

vicodeT brunvis RerZis mimarTuleba da am RerZis garSemo sxeulis brunvis mimar-

Tuleba. amisTvis saWiroa, rom kuTxuri siCqare ganvixiloT rogorc veqtori, ro-

melsac ase ganmartaven: kuTxuri siCqaris 


veqtoris sidide gamoiTvleba
dt
d

 

formuliT, am veqtors brunvis RerZs uTavseben da mis mimarTulebas marjvena

burRis wesiT sazRvraven: Tu marjvena burRis tars vabrunebT  sxeulis brunvis

mimarTulebiT, maSin burRis wveti gadaadgildeba kuTxuri siCqaris veqtoris

mimarTulebiT (nax. 2.6). naxazze brunva xdeba saaTis isris sawinaaRmdego

mimarTulebiT.
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radgan kuTxuri siCqare veqtoria, amitom toloba rv  CavweroT veqtoruli

saxiT. amisTvis gamoviyenoT veqtoruli namravlis cneba. 


,v

da r


veqtorebis urTierTganlageba mocemulia (2.6) naxazze.

amitom  rv


  (2.20).

veqtoruli namravlis sidide  sinrv  = r ( 090 ) . amave

nax. 2.6 dros  samive 


,v da r


veqtorebi erTmaneTis urTierTmarTobulni

arian.

formulaSi  rv


  ar SeiZleba Tanamamravlebis gadasma, radgan amis Sedegad

veqtoruli namravli niSans icvlis   vr


 .
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$6. wiriTi da kuTxuri aCqareba, kavSiri maT Soris. kuTxuri siCqaris da aCqarebis

veqtorebi

rogorc zemoT avRniSneT araTanabari brunvisas kuTxuri siCqare drois mixed-

viT icvleba. am cvlilebis siswrafis dasaxasiaTeblad SemoaqvT kuTxuri aCqarebis

cneba. Tu mcire t droSi kuTxuri siCqare Seicvala 


Ti, maSin saSualo

kuTxuri aCqareba toli iqneba 

saS

t



 (2.21),

xolo myisi kuTxuri aCqareba ki
dt
d

tt














lim (2.22),

e.i. kuTxuri siCqaris pirveli rigis warmoebulia droiT, an sididiT, radgan TviT

kuTxuri siCqare kuTxis pirveli rigis warmoebulia droiT, miviRebT:

2

2

dt

d
dt
d

dt
d

dt
d 

  )( ,

anu myisi kuTxuri aCqareba kuTxis meore rigis warmoebulia droiT.

kuTxuri aCqarebis formulidan gamodis, rom misi sazomi erTeuli

SI sistemaSi aris 1/wm2.

zogadad SeiZleba Seicvalos kuTxuri siCqaris rogor sidide, ise mimar-

Tuleba. Tu sxeuli brunavs uZravi RerZis garSemo (e.i. kuTxuri siCqaris mimar-

Tuleba ar icvleba),

nax. 2.7

maSin kuTxuri aCqarebis 


veqtoris

mimarTuleba emTxveva 


is mimarTulebas,

Tu kuTxuri siCqaris sidide izrdeba

( )0
dt
d

(nax. 2.7 a)  da 


veqtoris mimarTuleba sawinaaRmdegoa 


is mimarTulebis,

Tu kuTxuri siCqaris sidide mcirdeba ( )0
dt
d

(nax. 2.7 b). davamyaroT kavSiri

wiriT da kuTxur aCqarebas Soris. toloba rv  gavawarmooT droiT:

dt
d

r
dt
dr

dt
dv 

  . aq pirveli Sesakrebi nulis tolia, amitom
dt
d

r
dt
dv 

 . magram ,ta
dt
dv



xolo 



dt
d . amitom ra t  , e.i. tangencialuri aCqa reba kuTxuri

aCqarebis da radiusis namravlis tolia.
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aseve normaluri aCqareba SeiZleba gamovsaxoT brunviTi moZraobis maxasiaTebeli

sidideebiT. marTlac radgan rv  , xolo
r

v
an

2

 , miviRebT r
r
r

r
v

an
2

222




 . Tu

gaviTvaliswinebT, rom 


 2
2


T

, miviRebT r
T

r
an

22
2

2

4
4




 (2.23).

maSasadame kavSiri wrfiv ( s rkalis sigrZe, romelsac wertili gadis r radiusian

wrewirze moZraobisas, wiriTi siCqare ,v tangencialuri ta aCqareba, normaluri aC-

qareba )na da kuTxur (Semobrunebis kuTxe  , kuTxuri siCqare  , kuTxuri AaCqareba

 ) sidideebs Soris gamoisaxeba Semdegi formulebiT: rararvrs nt
2  ,,, .

wrewirze Tanabradcvladi moZraobisas ( )const , gveqneba:

2

2

00

t
tt


  , (2.24),

sadac 0 sawyisi kuTxuri siCqarea. (2.24)-is analogiuri formulebi

TanabradaCqarebuli moZraobisas aseTia: .,
2

2

00

at
tvsatvv 
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III leqcia

dinamikis ZiriTadi kanonebi. niutonis I kanoni. Zala, masa, niutonis II kanoni.

moZraobis diferencialuri gantolebebi. niutonis III kanoni.

$7. dinamikis ZiriTadi kanonebi. niutonis I kanoni.

meqanikis nawilSi, romelsac dinamika ewodeba , Seiswavleba sxeulTa moZraoba
aCqarebis gamomwvevi mizezebis gaTvaliswinebiT. dinamikas safuZvlad udevs niu-
tonis sami da msoflio mizidulobis kanoni.

dinamikas pirveli kanonis saxiT niutonma safuZvlad daudo kanoni, romlis

arsi Camoyalibebuli iyo jer kidev galileis dros.

niutonis pirveli anu inerciis kanoni mdg-s SemdegSi: yoveli sxeuli inar-

Cunebs uZraobis an wrfivi Tanabari moZraobis mdgomareobas, sanam sxva sxeulis moq-

medeba ar aiZulebs mas Seicvalos es mdgomareoba.

sxeulis Tvisebas SeinarCunos uZraobis an wrfivi Tanabari moZraobis mdgo-

mareoba, inercia ewodeba (sityva inercia warmodgeba laTinuri sityvisagan inertia –

umoqmedoba. amitom niutonis I kanons inerciis kanonsac uwodeben, xolo sxeulis

wrfiv Tanabar moZraobas, roca masze sxva sxeulebi ar moqmedeben – inerciiT

moZraobas.

radgan uZraobis an wrfivi Tanabari moZraobisas siCqare mudmivia, anu aCqareba

nulis tolia, amitom Tu sxeulze sxva sxeulebi ar moqmedeben, is moZraobs aCqare-

bis gareSe.

es kanoni yvela aTvlis sistemaSi ar sruldeba. mag. aviRoT  dedamiwis mimarT

aCqarebulad moZravi vagoni. am dros vagonSi myofi sxeuli SeiZleba amoZravdes

(gadmovardes magididan) sxva sxeulebis zemoqmedebis gareSe. Tu vagoni wrfivad da

Tanabrad imoZravebs, maSin aseT sistemaSi inerciis kanoni daculi iqneba da vagonis

mimarT uZravi sxeuli ar amoZravdeba, Tu masze sxva sxeulebi ar imoqmedeben. im

sistemebs, sadac es kanoni sruldeba, aTvlis inerciuli sistemebi ewodeba. amitom

niutonis I kanons ase ayalibeben: arsebobs aTvlis iseTi sistemebi, romelTa

mimarTac sxeuli inarCunebs uZraobis an wrfivi Tanabari moZraobis mdgomareobas,

Tu masze sxva sxeulebi ar moqmedeben, an maTi moqmedeba urTierTkompensirebulia.

cxadia yvela is sistema, romelic mocemuli inerciuli sistemis mimarT uZra-

via, an Tanabradwrfivად მოძრაობს, aseve inerciuli sistemaa. sakmaod didi sizustiT

aTvlis inerciul sistemas warmoadgens e.w. heliocentruli sistema, romlis saTavea

mzis centrSi, xolo sami urTierTmarTobuli RerZi mimarTulia garkveuli,

Soreuli varskvlavebisken. aTvlis sitema, romelic dakavSirebulia dedamiwasTan,

ar warmoadgens inerciul sistemas misi dReRamuri brunvis gamo (gaaCnia

centriskenuli aCqareba), anu arainerciuli sistemaa. magram imis gamo, rom misi
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kuTxuri siCqare Zalian mcirea, dedamiwis brunva gavlenas ar axdens da SeiZleba is

aTvlis inerciul sistemad CavTvaloT.

aseve rogorc vnaxeT aCqarebulad moZrav vagonSi niutonis I kanoni ar srul-

deba. is aseve arainerciuli sistemaa.
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$8. Zala, masa, niutonis II kanoni. moZraobis diferencialuri gantolebebi.

niutonis I kanonidan gamomdinareobs, rom sxeulis siCqare Seicvleba im Sem-Si,

Tu masze imoqmedebs sxva sxeuli. erTi sxeulis moqmedebas meoreze axasiaTeben

ZaliT. Tu sxeulze Zala ar moqmedebs, maSin misi siCqare mudmivia – aCqareba nulis

tolia. Zalis moqmedebis Sedegad sxeuli iRebs aCqarebas.

Zala aris fizikuri sidide, romelic warmoadgens sxeulze sxva sxeulebis

moqmedebis zomas. xasiaTdeba sididiT (moduliT), mimarTulebiT da modebis wer-

tiliT. e.i. Zala veqtoruli sididea, romlis dasawyisi modebis wertilSia.

aseve Zalis moqmedebis Sedegad sxeuli deformirdeba. amitom Zalis gasazomad

unda gavzomoT misi moqmedebiT gamowveuli aCqareba, an deformaciis sidide.

cdebiT dadgenilia, rom sxeulze moqmedi Zalis SecvliT misi aCqareba ic-

vleba Zalis proporciulad. aseve erTi da igive Zalis gavleniT sxvadasxva sxeuli

sxvadasxva aCqarebas iZens, e.i. sxeulebi met-naklebad iCenen inerciis unars.

inerciis zomas m masa ewodeba. rac metia sxeulis masa, miT nakleb aCqarebas  (anu

naklebad icvleba sxeulis siCqare) iZens sxeuli mocemuli Zalis moqmedebiT.

maSasadame masa sxeulis inertulobis zomaa. masa aseve gansazRvravs sxeulebis gra-

vitaciis (mizidvis) unarsac – sxeulebs Soris mizidvis Zala maTi masebis propor-

ciulia. is aseve gansazRvravs sxeulis energiis srul marags. urTierTqmedebis Se-

degad aCqarebiT moZravi sxeulebis aCqarebaTa SedarebiT gamoTvlil masas inerci-

uli masa ewodeba. uRliani sasworis gawonasworebis saSualebiT gazomil masas ki

gravitaciuli masa ewodeba.  dadgenilia, rom inertuli da gravitaciuli masebi

erTmaneTis toli anu igivurni arian da termin “masis” qveS igulisxmeba maTi

saerTo mniSvneloba, anu laparokoben ubralod masaze. unda aRiniSnos, rom

rodesac erTdeba ori an meti sxeuli maTi masebi ikribeba. masa sxeulSi gamoxatavs

aseve nivTierebis raodenobas.

masa skalaruli sididea.

masa axasiaTebs aseve aditiuroba – Tviseba, rom mTliani masa sxeulisa tolia

misi Semadgeneli nsawilebis masebis jamisa. Tu sxeulis calkeuli nawilebis masebs

avRniSnavT Nmmm ............, 21 , maSin mTliana masa toli iqneba





N

i
iN mmmmm

1
21 ......... (3.1)

klasikur meqanikaSi masa miCneulia sxeulis damaxasiaTebel ucvlel sidided,

romelic araa damokidebuli sxeulis adgilmdebareobaze da misi moZraobis xasia-

Tze. magram es debuleba ar aris zusti. sinamdvileSi sxeulis masa damokidebulia

mis siCqareze: Tu uZravi sxeulis masa 0m is tolia, maSin amave sxeulis masa v
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siCqariT moZraobisas toli iqneba
22

0

1 cv

m
m

/
 , sadac 8103 c m/wm. aqedan Cans,

rom Tu cv  , maSin 0mm  , e.i. mcire siCqareebiT moZraobisas sxeulis masa

siCqareze damokidebuli ar aris.

amgvarad cdebis safuZvelze niutonma daadgina, rom:

aCqareba proporciulia sxeulze moqmedi Zalis da ukuproporciulia am

sxeulis masis, anu
m
F

ka




 (3.2).

aq k proporciulobis koeficientia da is damokidebulia formulaSi Semavali si-

dideebis erTeulis SerCevaze. Tu am sidideebs gavzomavT erTi da imave sistemis

erTeulebiT, maSin k =1 da
m
F

a




 (3.3).

(3.3) formula gamosaxavs niutonis II kanons. formulidan gamodis, rom

aCqarebis mimarTuleba emTxveva Zalis mimarTulebas. (3.3)-dan gvaqvs:

amF


 (3.4)

anu sxeulze moqmedi Zala sxeulis masisa da am ZaliT gamowveuli AaCqarebis

namravlis ტოლია. esec niutonis II kanonia.

Tu 0F


, maSin 0a


, anu sxeuli uZravia an moZraobs wrfivad da Tanabrad

(niutonis I kanoni).

mag. yovel m masis sxeulze moqmedebs simZimis Zala P

, romelic mas simZimis

Zalis g


aCqarebas aniWebs da niutinis II kanonis Tanaxmad gmP


 .

Tu sxeulze ramdenime Zala moqmedebs, maSin F


aris am Zalebis veqtoruli

jami (tolqmedi Zala).

(3.4) gantolebas moZraobis gantolebas uwodeben. თუ ამ gantolebაs koordi-

natTa RerZebze daვაgegmilebT da gaviTvaliswinebT, rom aCqareba koordinatis meore

rigis warmoebulia droiT, gveqneba sami skalaruli gantoleba:





















2

2

2

2

2

2

dt

zd
mF

dt

yd
mF

dt

xd
mF

z

y

x

(3.5)

(3.5) gantolebebs moZraobis diferencialuri gantolebebi ewodeba.

(3.4) formulidan SeiZleba davadginoT Zalis erTeuli SI sistemaSi. masis

erTeuli am sistemaSi aris 1 kg, aCqarebis m/wm2. e.i. Zalis erTeuli am sistemaSi
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aris iseTi Zala, romelic 1 kg masis sxeuls 1 m/wm2 aCqarebas aniWebs. am erTeuls

niutoni (n) ewodeba da 1n=1kg1 m/wm2.

teqnikur sistemaSi gamoiyeneba Zalis erTeuli – kilogramZala. es iseTi

Zalaa, romelic 1 kg masis sxeuls 9,8 m/wm2 aCqarebas aniWebs.

1 kgZ=1 kg9,8 m/wm2=9,8 n.
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$9. niutonis III kanoni.

rogorc avRniSneT Zala aris erTi sxeulis meore sxeulze moqmedebis zoma, magram

am moqmedebas calmxrivi xasiaTi ar aqvs, adgili aqvs urTierTqmedebas. anu qmedeba

iwvevs ukuqmedebas.

vTqvaT gvaqvs ori sxeuli (nax. 3.1). Tu pirveli sxeuli moqmedebs meoreze 2F


ZaliT, maSin meore moqmedebs pirvelze 1F


ZaliT.

niutonis III kanonis Tanaxmad: Zalebi, romlebiTac ori

sxeuli erTimeoreze moqmedebs, mimarTulia erTi

nax. 3.1 wrfis gaswvriv, sididiT (moduliT) tolia da mimarTulebiT

sapirispiro. anu qmedeba iwvevs tolsa da sawinaaRmdego ukuqmedebas.

anu 21 FF


 (3.6)

e.i. Zalebi Cndebian wyvil=wyvilad. es Zalebi erTmaneTs ver gaawonasworeben,

radgan isini yovelTvis sxvadasxva sxeulebze arian modebuli.

am Zalebis dayofa qmedebis da ukuqmedebis Zalebad pirobiTia. orive erTi da

igive fizikuri bunebis Zalaa. mag. Tu erT sxeulze meoris mxridan moqmedebs dre-

kadobis an msoflio mizidulobis Zala, maSin pirveli sxeulic meoreze agreTve

drekadobis an msoflio mizidulobis ZaliT imoqmedebs.

niutonis II kanonis Tanaxmad 111 amF


 da 222 amF


 , anu 2211 amam


 .

sididiT 2211 amam  , saidanac
1

2

2

1

m

m

a

a
 .

e.i. sxeulebis urTierTqmedebebisas maTi aCqarebebi maTi masebis uku-

proporciulia: anu is sxeuli iRebs met AaCqarebas, romlis masac naklebia.

mag. niutonis III kanonis Tanaxmad dedamiwa izidavs vTqvaT qvas. amave ZaliT

qva izidavs dedamiwas. maTi mier miRebuli aCqarebebebi maTi masebis ukupro-

porciulia. qva vardeba dedamiwaze g aCqarebiT. misi masa ki gacilebiT naklebia de-

damiwis masaze. amitom dedamiwis mier miRebuli aCqareba Zalian mcirea, praqtikulad

dedamiwa uZravia.

aseve ra ZaliTac cxeni ewveva etls, imave ZaliT etli eweva cxens da mxolod

am Zalebis moqmedebiT sistema ”cxeni-etli” verasdros daiZvreboda adgilidan. rom

amoZravdes es ori sxeuli erTi mimarTulebiT, saWiroa mesame sxeulis arseboba.

aseTia dedamiwa. cxeni, romelic eweva etls eyrdnoba dedamiwas, anu cxenze

dedamiwis mxridan moqmedebs horizontaluri gare Zala – xaxunis Zala, romelsac

mTeli es sistema mohyavs moZraobaSi. Tu xaxuni ar gveqneba (moyinuli gza), maSin

sistema ver amoZravdeba.
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aseve ra ZaliTac dedamiwa izidavs mTvares, igive ZaliT mTvare izidavs

dedamiwas. dedamiwis moqmedebiT mTvare moZraobs mis irgvliv mrudwirul orbitaze.

mTvaris moqmedeba ki dedamiwaze iwvevs periodulad gamneorebad zRvebisa da okea-

neebis moqcevasa da miqcevas.

SeiZleba niutonis III kanonis gamoyeneba mrud wirze moZravi sxeulisTvis. vi-

ciT mrud wirze sxeuls gaaCnia centriskenuli aCqareba
R
v

a
2

 . es aCqareba mimar-

Tulia simrudis centrisken da Zalas, romelic am aCqarebas iwvevs centriskenuli

Zala ewodeba da is tolia ,Rm
R

mv
maF nn

2
2

 sadac .Rv  III kanonis Tanaxmad

wrewirze moZravi sxeuli Tavis mxriv moqmedebs im sxeulze, romelic iwvevs misi

traqtoriis gamrudebas, centriskenuli Zalis toli da sawinaaRmdegod mimarTuli

– centridanuli ZaliT. mag. Tokze gamobmuli qvis wriuli moZraobisas cen-

triskenuli Zala moqmedebs qvaze, xolo centridanuli Zala Tokze. aseve mTvaris

moZraobisas dedamiwis garSemo centriskenuli Zala moqmedebs mTvareze, xolo

centridanuli dedamiwaze.

aRasaniSnavia isic, rom centriskenul Zalas SeiZleba hqondes sxvadasxva

buneba. mag. dedamiwis garSemo mTvaris moZraobisas mTvareze moqmedi Zala es aris

dedamiwis mxridan mizidulobis Zala, Tokze gamobmul qvaze es aris Tokis

daWimulobis Zala, birTvis irgvliv eleqtronze eleqtruli mizidvis Zala, mbrunav

magidaze UuZravad myof sxeulze cenriskenuli Zalaa xaxunis Zala da a.S.
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IV leqcia

impulsi. impulsis mudmivobis kanoni. Zalebi meqanikaSi: drekadobis Zala, hukis

kanoni, meqanikuri Zabva, iungis moduli.

$10. impulsi. impulsis mudmivobis kanoni.

veqtorul sidides, romelic sxeulis masisa da siCqaris namravlis tolia, am

sxeulis moZraobis raodenoba, anu impulsi ewodeba da is ase Caiwereba:

vmP


 (4.1).

impulsis mimarTuleba, rogorc veqtoris, emTxveva siCqaris mimarTulebas. misi

erTeuli SI sistemaSi aris kg.m/wm. CavweroT niutonis II kanoni amF


 . gavixsenoT,

rom aCqareba siCqaris pirveli rigis warmoebulia droiT, anu
dt
vd

a



 , amitom

dt
vd

mF


 . gaviTvaliswinoT, rom klasikur fizikaSi masa mudmivi sididea, amitom m

SevitanoT warmoebulis niSnis qveS da  gveqneba

dt
Pd

dt
vmd

F




)(
(4.2),

maSasadame sxeulze moqmedi Zala impulsis warmoebulia droiT, anu Zala impulsis

cvlilebis siCqaris tolia. (4.2) aris niutonis II kanonis maTematikuri formulireba

rogorc cvladi ise mudmivi masis Sem-Si, xolo amF


 gantoleba marTebulia

mxolod mudmivi masis Sem-Si. e.i. amF


 gantoleba (4.2)-is kerZo saxea im Sem-Si,

roca masa mudmivia. (4.2)-dan dtFPd


 (4.3),

sadac Pd


aris sxeulis impulsis cvlileba. Zalis namravls qmedebis droze dtF


-s

ewodeba Zalis elementaruli impulsi. e.i. sxeulis impulsis cvlileba mcire

dt droSi tolia imave mcire droSi masze moqmedi Zalis elementaruli impulsisa.

Sesabamisad drois sasrulo ( t,0 ) SualedSi sxeulis impulsis cvlileba toli

iqneba


t

dtFP
0


 (4.4).

(4.4) tolobidan gavakeToT Semdegi daskvnebi:

Aa) Tu sxeulze Zala ar moqmedebs ( 0F


), maSin 0P


 , anu constvmP 


. am dros

sxeulis impulsi ar icvleba da sxeuli moZraobs Tanabrad da wrfivad, radgan

constm  da constv 


(niutonis I kanoni). maSasadame izolirebuli sxeulis impulsi

mudmivi sididea. vinaidan masa mudmivia, amitom constvmP 


-is Tanaxmad constv 


,

rac aris inerciis kanoni.
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b) Tu constF 


, maSin tFP


 , anu tFvmvm


 0 (4.5).

e.i. Zala ricxobrivad drois erTeulSi impulsis cvlilebis tolia.

ganvixiloT sxeulTa sistema. sistemis Semadgeneli sxeulebis urTierT-

qmedebis Zalebs Sinagani Zalebi vuwodoT, xolo Zalebs, romliTac gareSe sxeulebi

moqmedeben sistemis Semadgenel sxeulebze – gare Zalebi. simartivisTvis davuSvaT

gvaqvs ori sxeulisgan (romelTa masebia 1m da 2m ) Semdgari sistema. MmaTi

siCqareebi iyos 1v


da 2v

. (4.2)-is analogiurad CavweroT maTTvis niutonis II kanoni:

221
222

112
111

FF
dt

vmd

dt

Pd

FF
dt

vmd

dt

Pd









)(

)(

,

sadac 12F


da 21F


Sinagani Zalebia, xolo 1F


da 2F


pirvel da meore sxeulze moqmedi

gare Zalebi. es gantolebebi SevkriboT da gaviTvaliswinoT, rom niutonis III

kanonis Tanaxmad 12F


21F


 . maSin FFF
dt

vmvmd

dt

PPd 







21
221121 )()(

(4.6).

aq F


aris sistemaze moqmedi gare Zalebis geometriuli jami.

davuSvaT sistema izolirebulia (anu iseTi meqanikuri sistema, romlis Semad-

geneli sxeulebi mxolod erTmaneTTan urTierTqmedeben), anu gareSe sxeulebTan ar

urTierTqmedeben da gare Zalebis tolqmedi 0F


. maSin

021 


dt

PPd )(


, anu constPP  21


(4.7).

maSasadame Caketili sistemis sruli impulsi (veqtoruli jami) mudmivi sididea. es

aris impulsis mudmivobis kanoni Caketili sistemisTvis. aseT sistemebSi SeiZleba

moxdes impulsis gadacema erTi sxeulidan meoreze an piriqiT, magram maTi

veqtoruli jami rCeba mudmivi.

zogad Sem-Si Tu Caketili sistema Seicavs n raodenobis sxeuls (materialur

wertils), impulsis mudmivobis kanoni ase Caiwereba:

 
 


n

i

n

i
iii constPvm

1 1


(4.8).

es kanoni meqanikis erT-erTi ZiriTadi kanonia.
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$11. Zalebi meqanikaSi: drekadobis Zala, hukis kanoni, meqanikuri Zabva, iungis

moduli.

gare Zalis moqmedebis Sedegad, sxeulis formis an moculobis Secvlas, de-

formacia ewodeba. am dros adgili aqvs nawilakebis urTierTganlagebisa da maT So-

ris manZilis Secvlas, rac iwvevs drekadobis Zalis warmoqmnas, romelic mis

deformacias ewinaaRmdegeba. rodesac drekadobis Zala gautoldeba deformaciis

gamomwvev Zalas, deformacia Sewydeba. gare Zalebis moqmedebis Sewyvetis Semdeg,

drekadobis Zalebi cdiloben sxeulis pirvandeli formis da moculobis aRdgenas.

Tu Zalis moqmedebis Semdeg sxeuli mTlianad aRidgens formasa da zomebs

(ibrunebs sawyis mdgomareobas), maSin deformacia drekadia. Tu Zalebis moqmedebis

Sewyvetis Semdeg rCeba narCeni deformacia, maSin deformacias ewodeba plastikuri.

Sesabamisad ansxvaveben drekad da plastikur sxeulebs. es dayofa aris pirobiTi,

radgan erTi da igive sxeuli mcire deformaciis drekadia, xolo didi deforma-

ciebisas – plastikuri. pirobebis SecvliT drekadi sxeuli SeiZleba gadavides

plastikurSi. aseve Tu drekad sxeulze modebuli Zala aRemateba garkveul sidides,

romelsac drekadobis zRvari ewodeba, deformacia xdeba plastikuri.

Tu sxeuli ewinaaRmdegeba formis Secvlas e.i. formis Secvlisas masSi aRiZ-

vreba drekadobis Zalebi, maSin mas axasiaTebs formis drekadoba. aseve Tu sxeuli

ewinaaRmdegeba moculobis  Secvlas, maSin es sxeuli xasiaTdeba moculobis dreka-

dobiT. myar sxeulebSi gvaqvs, rogorc formis, aseve moculobis drekadoba, xolo

airebSi da siTxeebSi mxolod moculobis.

arCeven deformaciis Semdeg saxeebs: sigrZivi gaWimva (an kumSva), yovelmxrivi

gaWimva (an kumSva), Zvra (gadaweva), grexa, Runva.

drekadobis Zala modebulia deformaciis gamomwvev sxeulze. es Zala izrdeba

deformaciisas mis proporciulad da drekadobis farglebSi (mcire deformaciisas)

moqmedebs hukis cdiseuli kanoni:

drekadi deformaciisas sxeulSi aRZruli drekadobis Zala x deformaciis

sididisa: kxFx  (4.9),

sadac xF drekadobis Zalis proeqciaa x RerZze. niSani ”–” miuTiTebs imas, rom

drekadobis Zala mimarTulia deformaciis (nawilakebi wanacvlebis) sawinaaRmdegod.

k koeficienti sixistea, romelic ricxobrivad im Zalis tolia, romelic aRiZvreba

sxeulSi erTeulovani deformaciisas. is damokidebulia sxeulis zomebze da

nivTierebis gvarobaze. misi erTeuli SI sistemaSi aris n/m.

ganvixiloT gaWimvis (kumSvis) deformacia. vTqvaT gvaqvs Rero, romlis sawyisi

sigrZe iyos 0l . Tu aseT Reros fuZeze movdebT normalur (ganivkveTis marTobuli)
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nF


Zalas. is gamoiwvevs Reros gaWimvas da misi sigrZe gaxdeba l . maSin Reros abso-

luturi wagrZeleba toli iqneba 0lll  .  gaWimvisas ReroSi aRiZvreba F


dreka-

dobis Zala, romelic sididiT nF


Zalis tolia da mimarTulia mis sawinaaRmdegod.

drekadobis Zalis Sefardebas ganivkveTis farTobTan meqanikuri Zabva ewodeba:

S
F

 (4.10).

misi erTeulia n/m2, rac aris paskali (pa).

Tu SF  , maSin meqanikuri Zabva normaluria, xolo Tu F  S -mxebi.

deformaciis zomaT aseve miRebulia fardobiTi deformacia, romelic tolia

sxeulis zomis cvlilebis fardobisa sawyis zomasTan. gaWimvis deformaciis Sem-Si

fardobiTi deformacia tolia:
0l
l

  (4.11).

hukma daadgina, rom deformaciis Sedegad sxeulSi aRZruli meqanikuri Zabva

proporciulia misi dardobiTi defgormaciisa (hukis kanonis sxva formulireba):

 E (4.12),

sadac E s gaWimvis (SekumSvis) Sem-Si drekadobis anu iungis moduls uwodeben.

vTqvaT ,1 maSin E . anu iungis moduli ricxobrivad im Zabvis tolia,

romelic aRiZvreba sxeulSi erTeulovani fardobiTi deformaciis dros. magram

1
0


l

l
 niSnavs, rom 0ll  . anu am dros xdeba sigrZis gaormageba. e.i. iungis

moduli ricxobrivad im Zabvis tolia, romelic deformirebis gamo gamoiwvevda

sxeulis sigrZis gaormagebas, Tu aseTi deformireba ar gamodis drekadi

deformaciis farglebidan. iungis moduli damokidebulia mxolod nivTierebis

gvarobaze. (4.12) formula ase CavweroT:

.l
l
SE

F
l

l
E

S
F




00

 Tu miviRebT, rom sixistis

koeficienti
0l

SE
k  da l s SevcvliT x iT,

miviRebT hukis kanonis sawyis formulirebas: xkF  .

SI sistemaSi iungis modulis erTeulia paskali:

1 paskali=n/m2.

deformirebis sididesa  da mis mier gamowveul

meqanikur Zabvas Soris damokidebuleba grafikulad ase gamoisaxeba (nax.). naxazidan

Cans, rom hukis kanoni samarTliania ZabvaTa areSi d 0 . e.i. am areSi zonris

fardobiTi wagrZeleba pirdapirpropociulia zonarze modebuli Zabvisa – es aris
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drekadebis are. d Zabva aris is maqsimaluri Zabva, romlis drosac hukis kanonis

formula samarTliania. Tu meqanikuri Zabva aRemateba d Zabvas, am Zabvis moxsnis

Semdeg sxeulSi rCeba narCeni deformacia. ZabvaTa areSi gd   hukis kanoni

aRar aris samarTliani. am dros wiri ixreba abscisTa RerZisken, fardobiTi

deformacia izrdeba Zabvaze ufro swrafad. Semdgom sxeuli kargavs drekad

Tvisebebs, anu gare Zalis moqmedebis Sewyvetis Semdeg deformacia ar ispoba. am

areSi zonris fardobiTi wagrZeleba mniSvnelovnad izrdeba zonarze modebuli

Zabvis gareSe. am dros xdeba kristaluri struqturis gadawyoba, nawilakebis

gadadena erTi aridan sxva areSi ukan dabrunebis gareSe. es aris aradrekadi

deformaciis are (plastikuri denadobis). d Zabva drekadobis zRvaria. plastikuri

denadobis sazRvris bolos sixiste kvlav matulobs da rodesac meqanikuri Zabva

gadaametebs C  -s, zonari gawydeba. meqanikuri Zabva C aris is minimaluri Zabva,

romelic saWiroa zonris gasawyvetad. mas rRvevis Zabva (simtkicis zRvari) ewodeba,

xolo sidides, romelic gviCvenebs ramdenjer naklebia sxeulSi aRZvruli

meqanikuri Zabva rRvevis ZabvasTan SedarebiT, simtkicis maragi ewodeba.

iseT sxeulebs, romelTa simtkicis zRvari drekadobis zRvarTan axlosaa,

myife sxeulebi ewodeba. sxeulebs, romlebsac didi denadobis are aqvT, plastikuri

sxeulebi ewodeba.
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V leqcia

xaxunis Zala. xaxunis koeficienti. msoflio mizidulobis Zala, simZimis Zala. wona,

uwonoba. Tavisuflad vardnili sxeulis moZraoba.

$12. xaxunis Zala. xaxunis koeficienti.

cdebidan cnobilia, rom nebismieri sxeuli, romelic moZraobs sxva sxeulis

horizontalur zedapirze da rodesac masze ar moqmedebs sxva sxeulebi, raRac

drois Semdeg Cerdeba, e.i. es SeiZleba aixsnas raRac ZaliT, romelic mis moZraobas

ewinaaRmdegeba. es aris xaxunis – winaRobis Zala.

xaxunis Zala aRiZvreba Semxebi sxeulebis nawilakebis urTierTqmedebis Sede-

gad da yovelTvis Sexebis zedapiris gaswvrivaa mimarTuli, gansxvavebiT drekadobis

Zalisgan, romelic am zedapiris marTobulia. es Zala warmoiSoba ori zedapiris

Sexebisas da ewinaaRmdegeba sxeulebis urTierTgadaadgilebas.

arsebobs xaxunis ori saxe; garegani da Sinagani. garegani aris xaxuni, rome-

lic aRiZvreba ori myari sxeulis urTierTgadaadgilebisas. Tu Semxebi sxeulebi

erTmaneTis mimarT uZravni arian, maSin gvaqvs – uZraobis xaxuni, xolo Tu xdeba am

sxeulebis fardobiTi gadaadgileba, maSin gvaqvs srialis, gorvis xaxuni. Sinagani

xaxuni aRiZvreba erTi da imave sxeulis sxvadasxva nawilebs Soris, mag. siTxis an

airis sxvadasxva fenebs Soris, romlebic sxvadasxva siCqariT moZraoben.

aseve gvaqvs mSrali da sveli (blanti) xaxuni. mSrali xaxuni aRiZvreba myari

sxeulebis zedapirebs Soris SezeTvis gareSe, xolo sveli ki myari sxeulis zeda-

pirsa da Txevad an airad garemos Soris.

vTqvaT gvaqvs magidis horizontalur  zedapirze moTavsebuli Zelaki (nax. 5.1).

es Zelaki magidis zedapirs awveba nF


normaluri (zedapiris marTobuli) wnevis Za-

liT. vimoqmedoT am am Zelakze Semxebi zedapiris para-

leluri mcire F


ZaliT da TandaTanobiT vzardoT

misi sidide. Tavdapirvelad Zelaki uZravia, e.i. F


Za-

lasTan erTad Zelakze moqmedebs F

xax Zala, romelic

moduliT

nax. 5.1 F

-is tolia, mimarTulia Semxebi zedapiris gaswvriv da

aqvs F

-is sapirispiri mimarTuleba. am F


xax Zalas ewodeba uZraobis xaxunis Zala. am

Zalis zrda xdeba garkveul 0F


mniS-mde da rodesac F


gadaaWarbebs 0F

-s, maSin

sxeuli amoZravdeba da daiwyebs srials (ukve gveqneba srialis xaxuni). e.i. 0F


gansazRvravs uZraobis xaxunis Zalis maqsimalur mniSvnelobas. maSasadame uZraobis

xaxunis Zala icvleba 0-dan 0F

-mde.



34

srialis xaxunis Zala faqtiurad uZraobis xaxunis Zalis maqsimaluri mniS-

vnelobis tolia. es Zala mimarTulia yovelTvis moZraobis sawinaaRmdegod da

iwvevs sxeulis fardobiTi siCqaris Semcirebas.

amonton-kulonis empiriuli kanonis Tanaxmad, uZraobis xaxunis Zalis maქsi-

maluri mniSvneloba 0F


ar aris damokidebuli sxeulebis Sexebis farTobze da pro-

porciulia nF


normaluri wnevis Zalis sididis: nFF 00  , (5.1)

sadac uganzomilebo sidide 0 uZraobis xaxunis koeficientia, romelic damokide-

bulia moxaxune sxeulebis gvarobaze, zedapirebis damuSavebis xarisxze. analogi-

urad srialis xaxunis ZalisTvis gvaqvs: F xax= nF (5.2). aq  srialis xaxunis

koeficientia. igi gansxvavebiT 0 sgan damokidebulia damatebiT moZraobis

siCqareze.

UuZraobis xaxunis Zala ZiriTadad xels uSlis moZraobis dawyebaს, magram rig

Sem-Si piriqiT is aris moZraobis mizezi. mag. siarulis dros lanCaze moqmedi uZra-

obis xaxunis Zala aniWebs adamians aCqarebas. am Zalis gareSe siaruli SeuZlebeli

iqneboda. lanCa Tavis mxriv moqmedebs dedamiwaze toli da sawinaaRmdego ZaliT da

aniWebs mas Aაჩqarebas.

srialis xaxunis Zalis SemcirebisaTvis mimarTaven SezeTvas.

srialis xaxunis Zalis შეცვლა SeiZleba gorvis xaxunis ZaliT, romelic

gacilebiT naklebia. gorvis xaxunis Zalac gamoiTvleba kulonis kanoniT:

F xax= R

F
K n (5.3).

aq K gorvis xaxunis koeficientia, romelsac ukve ganzomileba aqvs da is damo-

kidebulia masalis gvarobaze. R cilindris (borblis) radiusia.

gorvis xaxunis koeficientis mniS-ba aTeuljer naklebia, vidre srialis

xaxunis  koeficientis.

siTxeSi an airSi moZrav sxeulze moqmedebs moZraobis damamuxruWebeli Zala.

es Zala warmoiqmneba ori Zalisgan: a) sveli xaxunis Zalisgan (romelic aRiZvreba

sxeulze garSemortymuli siTxis fenasa da danarCen fenebs Soris) da b) winaaR-

mdegobis Zalisgan, romelic Cndeba imitom, rom moZravi sxeulis win wneva ufro

metia, vidre ukan, ris gamoc wnevis Zalebis tolqmedi mimarTulia moZraobis

sawinaaRmdegod. jamur Zalas, romelic Sedgeba sveli xaxunis Zalisa da garemos

winaRobis Zalisagan, uwodeben xaxunis Zalas. am Sem-Si uZraobis xaxuni ar arsebobs.

mcire siCqaris Sem-Si xaxunis Zala siCqaris proporciulia da mimarTulia mis

sawinaaRmdegod: F

xax vK


1 (5.4),
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romelic siCqaris zrdasTabn erTad gadadis kvadratulSi:

F

xax vvK

v
v

vK




2
2

1  (5.5).

aq 21 KK , koeficientebi da siCqareTa is mniSvnelobebi, romlis drosac xdeba

gadasvla wrfivi damokidebulebidan kvadratulSi, damokidebulia sxeuli formasa

da zomebze, zedapiris mdg-ze da garemos Tvisebebze (siblanteze).
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$13. msoflio mizidulobis Zala, simZimis Zala.

cnobilia, rom dedamiwa mizidulobis Zalis gavleniT izidavs mis zedapiridan

raime simaRleze myof sxeuls. niutonis III kanonis Tanaxmad aseTive ZaliT izidavs

sxeuli dedamiwas.

niutoni kepleris da dinamikis kanonebze dayrdnobiT mivida im daskvnamde, rom

es mizidulobis Zala moqmedebs ara marto dedamiwasa da mis zedapirTan mdebare

sxeuls Soris, aramed nebismier or sxeuls da Camoayaliba msoflio mizidulobis

kanoni, romelic ase gamoiTqmis: ori nivTieri wertili erTmaneTs izidavs ZaliT,

romelic maTi 1m da 2m masebis namravlis pirdapirproporciulia da ukupropor-

ciulia maT Soris r manZilis kvadratis:
2

21

r

mm
F  (5.6).

Tu sxeulebs sasrulo zoma aqvs, maSin am Zalis gamoTvlisaTvis saWiroa Ti-

Toeuli sxeuli davyoT mcire elementebad, vipovoT pirveli sxeulis TiToeuli

elementis meore sxeulis yvela elementTan urTierTqmedebis Zala da es Zalebi

Semdgom geometriulad SevkriboT. Tu sxeulebi sferoebs warmoadgenen, maSin r

aris am sferoebis centrebs Soris manZili. (5.6) formuliT maSinac SeiZleba

sargebloba, rodesac erTi sxeuli sferoa (mag. dedamiwa), xolo meore, romlis

wiriTi zoma gacilebiT mcirea sferos radiusTan SedarebiT, nebismieri formisaa.

am Sem-Si r aris  sferos radiusi.

(5.6) formulaSi  koeficients – gravitaciuli mudmiva ewodeba. SI sistemaSi

misi ricxviTi mniS-ba da erTeulia 1110676  , nm2/kg2, anu es iseTi mizidulobis

Zalaa romelic moqmedebs or 1 kg masis sxeulebs Soris, romelTa Soris manZili 1

m-ia.

laTinurad ”gravitacia” mizidulobas niSnavs, amitom mizidulobis Zalas

gravitaciul Zalasac uwodeben. gravitaciuli urTierTqmedeba xorcieldeba yoveli

sxeulis irgvliv Seqmnili gravitaciuli velis saSualebiT. gravitaciuli veli

materiis erT-erTi formaa. es veli Zaluri velia. misi Zaluri maxasiaTebelia

daZabuloba G

, romelic tolia m masis sxeulze  gravitaciul velSi moqmedi

Zalis fardobisa am sxulis masasTan,
m
F

G




 , anu am daZabulobis veqtori tolia

erTeulovan masaze velis mxridan moqmedi Zalisa da mimarTulebiT emTxveva Zalis

mimarTulebas. Tu CavTvliT, rom Mm  da mm 2 , maSin
2r

M
G  , is ar aris

damokidebuli velSi Setanili m sxeulis masaze da Tavisi fizikuri arsiT

daZabuloba emTxveva m sxeulis g

aCqarebas.
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maSasadame masa Sedis or: niutonis II kanonSi, sadac is inertulobis zomaa da

msoflio mizidulobis kanonSi, sadac is axasiaTebs gravitacias anu mizidvis unars.

TiTqos saqme gvaqvs or sxvasxva fizikur sididesTan –inertul im masasTan da

gravitaciul gm masasTan. magram isini Tanatolni, anu igivurni arian da fizikaSi

laparaloben ubralod masaze.

msoflio mizidulobis Zalis kerZo SemTxvevaa Zala, romliTac M masis deda-

miwa Tavis gravitaciul velSi moTavsebul m masis sxeuls izidavs raRac ZaliT

da mas simZimis Zala ewodeba. P =
2R

Mm
 . ( R -aris dedamiwis radiusi.). es formula

marTebulia im Sem-Si, rodesac sxeuli imyofeba dedamiwis zedapirze. Tu sxeuli

imyofeba raime h simaRleze dedamiwis zedapiridan, maSin PP hP =
2)( hR

Mm


 .  e.i.

simZimis Zala dedamiwis zedapiridan daSorebisas mcirdeba. niutonis II kanonidan

sxeulze moqmedi aCqareba
2R

M
m
P

g  da mas simZimis Zalis aCqareba ewodeba. is ar

aris damokidebuli sxeulis masaze. galileis kanonis Tanaxmad yvela sxeulebi

erTi da igive mizidulobis velSi, vardebian erTi da igive aCqarebiT. maSasadame

dedamiwis mocemul adgilas Tavisufali vardnis aCqareba yvela sxeulisTvis erTi

da igivea. Tu ugulebelvyofT dedamiwis dReRamur brunvas Tavisi RerZis garSemo,

yvela sxeulze dedamiwasTan aTvlis sistemaSi moqmedebs simZimis Zala, romelic

niutonis II kanonis Tanaxmad  tolia sxeulis masisa da simZimis Zalis aCqarebis

namravlisa P


gm


 . is modebulia sxeulze da mimarTulia dedamiwis centrisken da

is tolia gravitaviuli mizidulobis Zalis.

g s mniS-ba dedamiwis sxvadasxva adgilze sxvadasxvaa. mniSvneloba 806659,g

m/wm2 miCneulia mis normalur (standartul) mniSvnelobad.
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$14. wona, uwonoba. Tavisuflad vardnili sxeulis moZraoba.

sxeulis wona ewodeba G


Zalas, romliTac sxeuli dedamiwis mizidulobis

gamo moqmedebs uZrav horizontalur sayrdenze an vertikalur sakidelze.

gansxvavebiT simZimis Zalisgan, romelic sxeulzea modebuli, wona modebulia

sayrenze, an sakidelze. simZimis Zala gravitaciuli Zalaa, xolo wona imis gamo,

rom sayrdenTan urTierTqmedebisas sxeuli deformirdeba da maSi aRiZvreba

drekadobis Zala, aris drekadobis Zala. uZravi sxeulisTvis, radgan P

simZimis

Zala sayrdenis N


reaqciis (anu Zala, romliTac sayrdeni moqmedebs sxeulze)

Zalis tolia, xolo wona G


niutonis III kanonis Tanaxmad NG


 , wonis sidide da

simZimis Zalis sidide erTmaneTis tolia: PG


 . wona SeiZleba Seicvalos

sayrdenis an sakidelis vertikaluri mimarTulebiT aCqarebuli moZraobisas. vTqvaT

liftSi Zevs m masis sxeuli (nax. 5.2). Tu lifti vertikalurad

imoZravebs a


aCqarebiT, maSin niutonis II kanonidan gveqneba:

amNP


 an amGP


 da ).( agmamPG




Tu lifti gaCerebulia ( )0a


, maSin gmPG


 anu wona simZimis

Zalis tolia. Tu lifti zeviT moZraobs (am dros )0a


, maSin

nax. 5.2 )( agmG


 anu sxeulis wona metia simZimis

Zalaze da piriqiT, Tu lifti moZraobs qveviT, maSin 0a


da )( agmG


 , e.i,

sxeulis wona mcirdeba. rodesac ga


 , maSin 0G


, anu sxeulis wona xdeba nulis

toli (sxeuli aRar awveba sayrdens da ar Wimavs sakidels). am mdg-s uwonobis mdg-

ba ewodeba. e.i. Tu sxeulze  marto simZimis Zala moqmedebs, maSin igi uwonobis

mdgomareobaSia, xolo Tu sxeulze sxva Zalac moqmedebs garda simZimis Zalisa,

maSin wona vlindeba.

Tavisufali vardna ewodeba uhaero sivrceSi sxeulis moZraobas mxolod

simZimis Zalis zemoqmedebis pirobebSi.

Tavisuflad vardnili sxeulis moZraoba es aris TanabradaCqarebuli

moZraobis kerZo memTxveva. rodesac sxeuli vardeba uhaero sivrceSi vertikalurad

qveviT, maSin mis moZraoba TanabaraCqarebuli moZraobaa yvela sxeulisTvis mudmivi

g


aCqarebiT.

Sesabamisad yvela is formulebi, romlebic gvqonda TanaraCqarebuli moZraobisas

aqac gamoiyeneba im gansxvavebiT, rom aq gavlil gzis s is nacvlad gveqneba

simaRle h da a


aCqarebis nacvlad Tavisuflad vardnili sxeulis g


aCqareba.

Tavisufali vardna aiwereba Semdegi formulebiT:
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0
2

0 0

0
0

2 2
0

,

/ 2,

,
2

2 ,

gt

h h t gt

h h t

gh

   

   

  
 

   

(5.7)

am formulebidan Cans, rom Tavisufali vardnisas sxeulis siCqare drois

wrfivi funqciaa, xolo vertikaluri koordinati – drois kvadratuli funqcia.

Tu davuSvebT, rom 0 0,h  0 0,  maSin

2

0

2

,
/ 2,

,
2

2 .

gt

h gt

h t

gh

 


  


 

(5.8)
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VI leqcia

muSaoba. simZimis Zalis muSaoba. konservatuli da arakonservatuli Zalebi.

simZlavre. xaxunis Zalis muSaoba. drekadobis Zalis muSaoba.

$15. muSaoba. konservatuli da arakonservatuli Zalebi. simZlavre.

Zalis moqmedebas sxeulze axasiaTeben sididiT – meqanikuri muSaobiT. meqani-

kuri muSaoba sruldeba mxolod im Sem-Si, rodesac Zalis moqmedebiT sxeuli

gadaadgildeba.

raime mudmivi F


Zalis A muSaoba sxeulis raRac s


gadaadgilebaze tolia

maTi skalaruli namravlis: SFsFsFA S  cos)(


(6.1),

sadac  kuTxea F

-sa da s


-s Soris, xolo SF – F


-is gegmili s


gadaadgilebis

mimarTulebaze (nax. 6.1). e.i. zogadad muSaoba izomeba Zalisa da gadaadgilebis

sidideebisa da maT Soris moTavsebuli kuTxis kosinusis namravliT. (6.1)-dan, Tu

100   cos, da muSaoba udidesia sFA  . geometriulad is nax. 6.2 –ze

gamosaxuli daStrixuli marTkuTxedis

tolia. Tu
2


  , maSin 0A –

muSaoba dadebiTia da Tu
2


  , maSin

2


  , maSin 0A ,0A –uaryofiTia. Tu

nax. 6.1               nax. 6.2

anu gadaadgilebisadmi marTobuli Zala muSaobas ar asrulebs. rodesac   , am

dros FsA  , Zala mimarTulia gadaadgilebis sawinaaRmdegod da muSaoba

maqsimalurad uaryofiTia (mag. xaxunis Zalis muSaoba).

davuSvaT Zala ar aris mudmivi da gadaadgilebasTan Sedgenili kuTxec cvla-

dia (moZraoba ar aris wrfivi, aramed mrudwirulia). am dros muSaobis

gamosaTvlelad mTeli gza unda davyoT Zalian mcire nsss  ,..., 21 elementarul

ubnebad, rom TiToeul maTganze F


Zala da am Zalis mier gadaadgilebasTan Sedge-

nili kuTxe mudmivi iyos, maSin TiToeul am ubanze elementaruli muSaoba toli

iqneba iisiiiiii sFcossF)sF(A  


, sadac isF aris Zalis gegmili gadaadgilebis

mimarTulebaze. es muSaoba geometriulad im svetis farTobis tolia , romlis

siganea is , xolo simaRle isF . maSin muSaoba mTel s gzaze toli iqneba

   
   


n

i

n

i

n

i

n

i
iisiiiiii sFsFsFAA

1 1 1 1

 cos)(


(6.2).
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zusti Sedegis misaRebad unda aviRoT am gamosaxulebis zRvari, rodesac 0is

ise rom n , anu





n

i
iis

s
sFA

1
0



lim (6.3)

maTematikidan cnobilia, rom es zRvari tolia gansazRvruli integralisa da

cvladi Zalis mier Sesrulebuli muSaoba mrudwirul traeqtoriaze toli iqneba:


s

sdsFA
0

(6.4)

es integrali geometriulad cvladi Zalis ab grafikis qveS moTavsebuli figuris

farTobis tolia (nax. 6.3). muSaobis erTeuli dgindeba sFA 

formulidan. SI sistemaSi es aris jouli (j). 1 jouli iseTi

muSaobaa, romelsac asrulebs gadaadgilebis Tanxvdenili  1

niutoni Zala 1 metr gzaze, anu 1j=1n1m. muSaoba skalaruli

sididea.

nax. 6.3

Tu sivrcis yovel wertilSi sxeulze moqmedebs garkveuli Zala, maSin amboben

rom sxeuli moTavsebulia Zalur velSi (mag. gravitaciuli, magnituri da sxva).

Zalur vels potencialuri ewodeba, Tu masSi sxeulis gadaadgilebaze Ses-

rulebuli muSaoba araa damokidebuli gadaadgilebis gzis formaze da damokide-

bulia mxolod sxeulis sawyis da saboloo mdebareobaze. aseT velSi moqmed Zalebs

konservatuli Zalebi ewodebaT (mag. simZimis, drekadobis, eleqtrostatikuri Zala).

iseT Zalebs, romelTa muSaoba damokidebulia gzis formaze, arakonservatuli

Zalebi ewodebaT. konservatuli Zalebis muSaoba Sekrul gzaze nulis tolia. esec

potencialuri velis meore ganmartebaa, rom es iseTi velia, romelSic Sekrul

konturze gadaadgilebisas Sesrulebuli muSaoba nulis tolia. arapotencialur

velis magaliTia xaxunis ZalTa veli, sadac Sekrul konturze Sesrulebuli

muSaoba ar aris nulis toli – is uaryofiTia. aseT Zalebs aseve disipaciuri

Zalebi ewodebaT.

nax. 6.4

ganvixiloT simZimis Zalis muSaoba. vTqvaT raime m

masis sxeuli atanilia 1h simaRleze da simZimis Zalis moqmedebiT moZraobs a

wertilidan b wertilisaken raRac mrud wirze, romelic imyofeba 2h simaRleze

(nax. 6.4). moZraobis mTel gzaze mgP  simZimis Zala mudmivia, magram icvleba
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kuTxe Zalasa da gadaadgilebas Soris ganuwyvetliv. rom gamoviTvaloT mTliani

muSaoba davyoT ab ubani mcire is ubnebad, sadac kuTxe i SeiZleba CavTvaloT

mudmivad, anu es ubani wrfivad. TiToeul ubanze elementaruli muSaoba tolia

iii sPA  cos

( )mgP  , magram iii hs  cos ii hPA   . maSin sruli muSaoba toli iqneba

am elementaruli muSaobebis ariTmetikuli jamis

  
  


n

i

n

i

n

i
iii hhPhPhPAA

1 1 1
21 )( , (6.5)

anu simZimis Zalis muSaoba traetoriis formaze damokidebuli ar aris. Tu hh 1 da

02 h , maSin mghPhA  . rodesac sxeuli vertikalurad qveviT vardeba, maSin

simZimis Zalis mimarTuleba emTxveva gadaadgilebis mimarTulebas da misi muSaoba

dadebiTia mghA 1 . igive muSaoba, rodesac sxeuli agvaqvs sawyis wertilSi

uaryofiTia, radgan simZimis Zala mimarTulia am dros gadaadgilebis sapirispirod,

amitom am dros misi muSaoba uaryofiTia mghA 2 . sruli muSaoba simZimis Zalisa

Sekrul traeqtoriaze toli iqneba 021  mghmghAAA . maSasadame, simZimis

ZalTa anu gravitaciuli veli potencialuria, radgan erTis mxriv muSaoba ar aris

damokidebuli traeqtoriis formaze da meores mxriv Sekrul traeqtoriaze simZimis

Zalis muSaoba nulis tolia.

muSaobis Sesrulebis siswrafis dasaxasiaTeblad Semotanilia simZlavris

cneba.

manqanis an meqanizmis simZlavre tolia Sesrulebuli muSaobis fardobisa im

drosTan, romlis ganmavlobaSic es muSaoba Sesrulda:

t
A

N  . (6.6)

e.i. simZlavre ricxobrivad drois erTeulSi Sesrulebuli muSaobis tolia.

misi erTeuli SI sistemaSi aris vati (vt). 1 vati iseTi manqanis simZlavrea,

romelic yovel wamSi 1 joul muSaobas asrulebs. 1vt=1j/1wm. is skalaruli

sididea.

aqedan SeiZleba muSaobis erTeulad am sistemaSi miviRoT muSaoba, romelic

sruldeba 1 vati simZlavrisas 1 wamSi: vt1 wm=1 j, an 1 kvtsT=3,6106 j.

rodesac satransporto saSualebebi mudmivi siCqariT moZraoben, maTze moqmedi

wevis Zala gawonasworebulia xaxunis ZaliT. am dros vF
t

sF
t
A

N 


 da
F
N

v  .

e.i. Tu xaxunis Zala mudmivia, maSin maqsimaluri siCqare simZlavris proporciulia.
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an formulidan
v
N

F  . e.i. mudmivi simZlavris Sem-Si wevis Zala siCqaris

ukuproprociulia. amitomaa, rom mZRoli aRmarTze moZraobisas, roca meti wevis

zalaa saWiro, Zravas mcire siCqareze gadarTavs.

(6.6) formula gamoiyeneba im dros, roca drois tol SualedebSi Tanabari

muSaoba sruldeba. Tu drois tol SualedebSi araTanabari muSaoba sruldeba,

maSin gvaqvs saSualo simZlavre N saS
t
A




 , sadac A , t droSi Sesrulebuli

muSaobaa. Sesabamisad myisi simZlavre toli iqneba:

dt
dA

t
A

N
t


 


 0
lim (6.7)

anu myisi simZlavre muSaobis warmoebulia droiT.

radgan ,SFA S  amitom )vF(vF
dt
dS

F
dt
dA

N SS


 . e.i. myisi simZlavre

Zalisa da siCqaris veqtorebis skalaruli namravlis tolia.

anu myisi simZlavre muSaobis pirveli rigis  warmoebulia droiT.
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$16. xaxunis Zalis muSaoba. drekadobis Zalis muSaoba.

xaxunis Zala yovelTvis mimarTulia gadaadgilebis sapirispirod da amitom

mis mier Sesrulebuli muSaoba yovelTvis iqneba uaryofiTi: A xax F xax s . xaxunis

Zalis muSaoba Sekrul traeqtoriaze ar aris nulis toli da amitom is

arakonservatuli Zalaa.

gamovTvaloT aseve drekadobis Zalis muSaoba.

gvaqvs drekadi zambara, romlis sigrZe aradefor-

mirebul mdg-Si 0l ia. is erTi boloTi damagrebulia,

xolo meore boloze mimagrebulia burTula (nax. 6.5).

davuSvaT zambara gavWimeT marjvniv 1x sididiT, maSin

masSi aRiZvreba hukis kanonis Tanaxmad drekadobis

Zala da Tu zambaris marjvena bolos

gavanTavisuflebT, maSin am

nax. 6.5 drekadobis Zalis gavleniT burTula daiwyebs marcxniv

moZraobas. vTqvaT raRac momentSi burTula movida 2x mdg-Si. maSin burTulas

gadaadgileba toli iqneba ( 21 xx  ). vipovoT am dros drekadobis Zalis mier

Sesrulebuli muSaoba. elementaruli muSaoba, romelsac asrulebs drekadobis Zala

( )kxF  deformaciis dx sididiT Semcirebisas toli iqneba:

kxdxdxFdA  (6.8)

sruli muSaobas, romelsac asrulebs drekadobis Zala zambaris

deformaciisas 1x -dan 2x -mde Semcirebisas miviRebT (6.8)-is integrebiT:

)
kxkx

(
kxkxx

kkxdxdAA

x

x

x

x 22222

2
1

2
2

2
2

2
1

2 1

2

1

2

   (6.9)

e.i. drekadobis Zalis muSaoba tolia
2

2kx
sididis cvlilebisa Sebrunebuli niSniT.

drekadobis Zalis muSaoba iseve rogorc simZimis Zalis muSaoba ar aris

damokidebuli traeqtoriis formaze da Sekrul traeqtoriaze es muSaoba nulis

tolia. anu drekadobis Zalac konservatuli Zalaa.
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VII leqcia

energia. kinetikuri da potenciuri energia. energiis Senaxvis kanoni.

$17. energia. kinetikuri energia.
energia ewodeba skalarul sidides, romelic aris materiis moZraobis

sxvasxva formis saerTo sazomi. moZraobis sxvasxva formebi xasiaTdeba energiis

Sesabamisi saxeebiT: meqanikuri, Sinagani, eleqtromagnituri da sxva. meqanikuri

energiis gadacema erTi sxeulidan meoreze warmoebs muSaobis Sesrulebis procesSi,

amitom sxeulis energiis cvlileba SeiZleba gaizomos Sesrulebuli muSaobiT:

AEEE   12 (7.1)

(7.1) formulidan Cans, rom Tu gare Zalebis mier Sesrulebuli muSaoba

dadebiTia ( 0A ), maSin 12 EE  , anu sistemis energia izrdeba da piriqiT, Tu

( 0A ), maSin 12 EE  sistemis energia mcirdeba. rodesac gare Zalebis muSaoba

uaryofiTia, maSin TviT sistemis Sesrulebuli muSaoba dadebiTia, e.i. sistemas

SeuZlia dadebiTi muSaobis Sesruleba mxolod sakuTari energiis Semcirebis

xarjze. amitom energias ganmartaven rogorc fizikur sidides, romelic axasiaTebs

sxeulis an sxeulTa sistemis mier muSaobis Sesrulebis unars.

energia imave erTeulebiT izomeba rac muSaoba – joulebSi.

arsebobs meqanikuri energiis ori saxe: kinetikuri – W da potenciuri – U .

kinetikuri energia es aris misi meqanikuri moZraobis zoma da ganisazRvreba im

muSaobiT, romelic unda daixarjos, raTa gamoiwvios es moZraoba.

Tu F


Zala moqmedebs uZrav sxeulze da iwvevs mis moZraobas raime v


siCqariT, maSin is asrulebs muSaobas da moZravi sxeulis energia izrdeba

daxarjuli muSaobis toli sididiT, e.i. Zalis muSaoba im gzaze, romelic sxeulma

gaiara misi siCqaris 0-dan v


mde gasazrdelad, ixarjeba kinetikuri energiis

gazrdaze, anu dWdA  . viciT dWmvdvds
dt
dv

mdsmaFdsdA  . aqedan

kinetikuri energiis sidide  
v mv

mvdvW
0

2

2
. e.i. kinetikuri energia tolia masisa da

siCqaris kvadratis namravlis naxevris. Tu ganxixilavT umartives Sem-s, rodesac

sxeuli moZraobs wrfeze, moqmedi Zala mudmivia da am ZaliT gamowveuli muSaobis

Sesrulebis Sedegad s gzaze, siCqare Seicvala 1v dan 2v mde, maSin

222

2
1

2
2

2
1

2
2 mvmv

a

vv
masFA 


 .   (7.2)

e.i. sxeulze moqmedi Zalis muSaoba sxeulis kinetikuri energiis cvlilebis tolia.

es aris Teorema kinetikuri energiis Sesaxeb. formulidan Tu 0A , maSin
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0
22

2
1

2
2 

mvmv
, anu kinetikuri energia izrdeba da piriqiT. kinetikuri energia

skalaruli sididea.

gavarkvioT kinetikuri energiis fizikuri arsi. vTqvaT 01 v da vv 2 , maSin

2

2mv
A  . maSasadame v siCqariT moZravi sxeulis kinetikuri energia im muSaobis to-

lia, romelsac asrulebs sxeulze moqmedi Zala misTvis am siCqaris misaniWeblad.

igive muSaoba sruldeba v siCqariT moZravi sxeulis gaCerebisas.
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$18. potenciuri energia

potenciuri energia ewodeba energias, romelic sxeuls gaaCnia

urTierTqmedebis Sedegad. is ganisazRvreba sxeulebis, an erTi da igive sxeulis

nawilebis urTierTmdebareobiT. e.i. potenciuri energia warmoadgens mdebareobis

anu koordinatebis funqcias ),,( zyxUU  . vTqvaT gvaqvs ramdenime urTierTqmedi

sxeulisgan Semdgari sistema, romelTa urTierTmdebareoba icvleba ise, rom maTi

siCqareebi ucvleli rCeba. maSin am sxeulebis kinetikuri energia ar Seicvleba,

muSaoba ki sruldeba. am dros muSaobas asruleben an Sinagani, an gare Zalebi. iseT

energias, romelic damokidebulia sxeulebis urTierTmdebareobasa da maT Soris

moqmedi konservatuli Zalebis xasiaTze, potenciuri energia ewodeba. es energia

gaaCnia mag. dedamiwis zedapiridan raRac simaRleze atanil sxeuls, deformirebul

sxeuls da sxva.

vipovoT potenciuri energia, romelic gaaCnia raRac h simaRleze atanil

sxeuls, romelzedac moqmedebs P


simZimis Zala. simZimis Zalis muSaoba 1h

simaRlidan 2h mde, rogorc zemoT avRniSneT, ar aris damokidebuli gzis formaze

da toli iyo:

)()( 2121 hhmghhPA  (7.3)

es formula ase gadavweroT: )( 12 mghmghA  (7.4)

e.i simZimis Zalis muSaoba mgh sididis cvlilebis tolia Sebrunebuli niSniT.

swored mgh sidides, romelic ganisazRvreba h iT, anu dedamiwisa da m masis

sxeulis urTierTmdebareobiT, ewodeba potenciuri energia da mghU  . aq

igulisxmeba, rom dedamiwis zedapirze sxeulis potenciuri energia pirobiTad

nulis tolia, radga simaRlis aTvlas viwyebT dedamiwis zedapiridan.

rodesac m masis sxeuli agvaqvs dedamiwis zedapiridan h simaRleze, maSin

gare Zalebi asruleben muSaobas simZimis Zalis sawinaaRmdegod. am dros es muSaoba

aris sxeulis potenciuri energiis cvlilebis (zrdis) zoma. Tu sxeuli vardeba,

maSin potenciuri energia mcirdeba da es Semcireba toli iqneba Sinagani Zalebis

(am Sem-Si – simZimis Zala) Sesrulebuli muSaobisa nulovan donemde daSvebisas.

(7.4) formulaSi niSani ”–” miuTiTebs imas, rom simZimis Zalis dadebiTi

muSaobis Sesrulebisas es energia mcirdeba da piriqiT.

aseve sruli muSaoba, romelsac asrulebs drekadobis Zala zambaris defor-

maciisas 1x -dan 2x -mde Semcirebisas rogorc avRniSneT tolia:

)(
22222

2
1

2
2

2
2

2
1

2 1

2

2

1

kxkxkxkxx
kkxdxdAA

x

x

x

x

   (7.5)
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e.i. drekadobis Zalis muSaoba tolia
2

2kx
sididis cvlilebisa Sebrunebuli

niSniT. analogiuri msjelobiT davaskvniT, rom
2

2kx
aris drekadad deformirebuli

zambaris potenciuri energia: e.i.

2

2kx
U  .          (7.6)

aqac drekadobis Zalis muSaoba tolia potenciuri energiis cvlilebisa

Sebrunebuli niSniT, anu roca drekadobis Zalis muSaoba dadebiTia potenciuri

energia mcirdeba da piriqiT, roca drekadobis Zalis muSaoba uaryofiTia (am dros

gare Zalebi asruleben dadebiT muSaobas), potenciuri energia izrdeba.

ganxiluli magaliTebis safuZvelze SeiZleba iTqvas, rom muSaoba es aris

energiis gardaqmnisa da gadacemis forma.

zemoT Cven gamoviTvaleT gravitaciul velSi myofi da drekadad

deformirebuli sxeulebis potenciuri energiebi (
2

2kx
UmghU  , ) simZimis da

drekadobis Zalebis ( kxFmgP  ) saSualebiT. axla vipovoT Zala potenciuri

energiis saSualebiT. vTqvaT konservatuli F


Zala raime mcire rd


gadaadgilebaze

asrulebs elementarul muSaobas, romelic maTi skalaruli namravlis tolia:

drFFdrrdFdA r cos)(


(7.7)

aq cosFFr  aris F


Zalis gegmili r


mimarTulebaze. es muSaoba rogorc

zemoT avRniSneT tolia potenciuri energiis usasrulo mcire dU cvlilebis

Sebrunebuli niSniT, anu dUdA  , an dUdrFr  da

dr
dU

Fr  (7.8)

maSasadame Zalis gegmili rd

-is mimarTulebaze tolia potenciuri energiis

warmoebulisa imave mimarTulebiT, aRebuls mopirdapire niSniT.

potenciuri energia es aris koordinatebis funqcia ),,( zyxUU  . skalaruli

),,( zyxUU  funqciis warmoebuls im mimarTulebiT, saiTac es warmoebuli

udidesia, am funqciis gradienti ewodeba da aRiniSneba gradU . is veqtoria, romelic

mimarTulia am funqciis uswrafesi zrdis mxares. e.i. Zala tolia potenciuri

energiis gradientisa Sebrunebuli niSniT:

UdgraF


 (7.9)
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zogadad k
z
U

j
y
U

i
x
U

Udgra













 , sadac kji


,, koordinatTa RerZebis

erTeulovani veqtorebia. maSin (7.9) tolobis koordinatTa RerZebze dagegmileba

mogvcems:






























z
U

F

y
U

F

x
U

F

z

y

x

(7.10)

sadac 









z
U

y
U

x
U

,, gradU -is mdgenelebia RerZebze (kerZo warmoebulebi).

mag. vTqvaT
2

2kx
U  (marto x is funqciaa), maSin kx

kx
dx
d

dx
dU

Fx  )(
2

2

.
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$19. sruli energia. energiis Senaxvis kanoni.

sruli energia es aris sxeulis an sxeulTa sistemis kinetikuri da

potenciuri energiis jami. davuSvaT sistemis yvela wertilze moqmedebs gare da

aseve TviToel wertilze moqmedebs sistemis danarCeni wertilebi (Sinagani) Zalebi.

maSin niutonis II kanonis gamoyenebiT miviRebT, rom dAdUdW  da sxeulTa

sistemisTvis gvaqvs an dAUWd  )( , sadac dA gare ZalTa mier Sesrulebuli

muSaobaa, dW sistemis kinetikuri energiis cvlileba, xolo dU sistemis

potenciuri energiis cvlileba. EUW  sistemis sruli meqanikuri energiaa da

dAdE  . (7.11)

anu konservatul sistemaze moqmedi gare Zalebis muSaoba (dA ) tolia am sistemis

sruli meqanikuri energiis cvlilebisa. Tu sistema izolirebulia, anu masze gare

Zalebi ar moqmedeben, maSin 00  dEdA , da

constE  , (7.12)

rac gamoxatavs meqanikuri energiis mudmivobis kanons: izolirebuli sistemis

sruli meqanikuri energia mudmivi sididea. sruli meqanikuri energiis mudmivobis

kanonidan gamodis, rom Sinagan konservatul Zalebs sruli meqanikuri energiis

Secvla ar SeuZliaT. am dros SesaZlebelia mxolod kinetikuri da potenciuri

energiis urTierTgardaqmna, ise rom maTi jami ucvleli rCeba.

Tu sistemis SigniT moqmedeben arakonservatuli (mag. xaxunis) Zalebi, maSin

izolirebuli sistemis SigniT sruli energia aRar rCeba mudmivi da is mcirdeba am

Zalebis mier Sesrulebuli muSaobis sididiT

Aarakon.=E2-E1, (7.13)

magram arakonservatuli Zalebis muSaoba uaryofiTia Aarakon.<0 da

E1-E2=- Aarakon.= arakons.A (7.14)

sadac E1 da E2 sistemis sawisi da saboloo sruli energiaa.

sruli meqanikuri energiis mudmivobis kanonidan gamodis, rom Sinagan

konservatul Zalebs sruli meqanikuri energiis Secvla ar SeuZliaT. am dros

SesaZlebelia mxolod kinetikuri da potenciuri energiis urTierTgardaqmna ise,

rom maTi jami mudmivi rCeba.

zogadi saxiT energiis mudmivobis kanoni ase SeiZleba CamovayaliboT:

izolirebuli sistemis sruli energia mudmivi sididea, e.i. erTi saxis energiis

Semcirebas yovelTvis Tan sdevs energiis sxva saxis zrda.
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VIII leqcia

myari sxeulis brunviTi moZraoba. Zalis momenti. inerciis momenti. impulsis

momenti. mbrunavi sxeulis kinetikuri energia. myari sxeulis brunviTi moZraobis

dinamikis ZiriTadi gantoleba. impulsis momentis mudmivobis kanoni.

$20. myari sxeulis brunviTi moZraoba. Zalis momenti. inerciis momenti

rogorc zemoT avRniSneT sxeulis brunviTi moZraoba ucleli brunvis RerZis

mimarT ewodeba iseT moZraobas, rodesac sxeulis wertilebi Semoweren wrewirebs,

romelTa sibrtyeebi urTierTparaleluria, xolo centrebi brunvis RerZze

mdebareobs. brunviTi moZraobis kinematikuri sidideebis (kuTxuri siCqare, aCqareba)

garda SemovitanoT damatebiTi sidideebi.

1. Zalis momenti. vTqvaT myari sxeulis raRac A werilSi

modebulia F


Zala. am sxeuls SeuZlia brunva uZravi brunvis

RerZis garSemo, romelic gadis O wertilSi (nax. 8.1). F


Zalis

momenti O wertilSi mimarT ewodeba sidides, romelic tolia

A wertilamde gavlebuli r


radius-veqtoris da F


Zalis veq-

toruli namravlis, anu

nax. 8.1  FrM


 (8.1)

Zalis momenti veqtoria, romelic marTobulia r


da F

-is da mimarTulia brunvis

RerZis gaswvriv da ganisazRvreba marjvena burRis wesiT: is mimarTulia iqiT,

saiTac wainacvlebs burRis wveri, Tu mis tars vabruneT r

-dan F


-isken (faqtiurad

M

-is mimarTuleba emTxveva 


kuTxuri siCqaris mimarTulebas). sididiT sinrFM  ,

sadac

 kuTxea r


da F


veqtorebs Soris. radgan lr sin , sadac l s ewodeba Zalis

mxari O wertilis mimarT (anu O wertilidan Zalis mimarTulebaze daSvebuli

marTobis sigrZe), amitom

FlM  (8.2)

e.i. O wertilis mimarT Zalis momenti sididiT Zalisa da am wertilis mimarT Za-

lis mxaris namravlis tolia. misi erTeuli SI sistemaSi aris 1 nm (niutoni

metrze).

Zalis momenti ki raime RerZis mimarT (da ara wertilis mimarT, rogorc

zemoT iyo) ganisazRvreba am RerZis nebismieri wertilis mimarT Zalis momentis

mdgeneliT amave RerZze. e.i. rom vipovoT Zalis  momenti, vTqvaT Oz RerZis mimarT,

unda vipovoT Zalis M


momenti am RerZze mdebare romelime, mag, O wertilis
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mimarT da misi mdgeneli ( zM ) mocemul Oz RerZze iqneba Zalis momenti Oz RerZis

mimarT. kerZo Sem-Si, Tu Oz RerZi O wertilze da F


Zalaze gamavali sibrtyis

marTobulia, maSin Zalis momenti O wertilis mimarT Oz RerZze mdebareobs da

sididiT udris Zalis moments am RerZis mimarT.

(8.2) –dan Cans, rom momenti nulis tolia, maSin rodesac Zala udris nuls, an

rodesac Zalis mxari udris nuls., e.i. Zalis mimarTuleba emTxveva brunvis RerZs.

2. inerciis momenti. m masis nivTieri wertilis inerciis momenti uZravi RerZis

mimarT ewodeba am wertilis masis namravls RerZamde manZilis kvadratze, anu

2mrI  (8.3)

inerciis momenti skalaruli sididea. SI sistemaSi misi erTeulia kg.m2.

Tu gvinda gavigoT myari sxeulis inerciis momenti, maSin is unda davyoT Zalian

mcire im elementebad, ise rom TiToeulis farglebSi ir iyos mudmivi. maSin

i uri elementis inerciis momenti 2
iii rmI   , xolo mTelis sxeulis ki

 
 


n

i

n

i
iii rmII

1 1

2 (8.4)

rodesac gvaqvs nivTierebis uwyveti ganawileba, anu ,, 0 imn  maSin jami

gadadis integralSi da  
m V

dVrdmrI
0 0

22  , sadac  sxeulis simkvrivea.

maTematikuri gamoTvlebiT miRebulia zogierTi (simetriuli) sxeulis

inerciis momentebi: mag. a) Txelkedliani cilindruli milis inerciis momenti misi

simetriis RerZis mimarT tolia 2mrI  , sadac m cilindruli milis masaa, r misi

radiusi

b) mTliani cilindris an diskos inerciis momenti simetriis RerZis mimarT tolia

2

2
1

mrI  g) sferos inerciis momenti centrSi gamavali RerZis mimarT 2

5
2

mrI  d)

m masis da l sigrZis erTgvaovani Reros inerciis momenti mis Sua wertilSi

sigrZis marTobulad gamavali RerZis mimarT, tolia ,2

12
1

mlI 

xolo Reros boloze sigrZis marTobulad gamavali RerZis

mimarT ki 2

3
1

mlI  da a.S.

nax. 8.2

Tu rogor miiReba es formulebi, ganvixiloT diskos magaliTi. mocemulia

erTgvarovani disko, romlis radiusia R , xolo sisqe h (nax. 8.2).  vipovoT inerciis
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momenti 'OO RerZis mimarT. davyoT disko dr siganis wriul fenebad. aseTi fenis

moculoba tolia drhrdV  2 . maSin

   
V R R R

hdrrhrhdrrdVrI
0 0 0

4
322

4
222 

magram mhR  2 da 2

2
1

mRI  da a.S. sxvebisTvis.

inerciis momenti damokidebulia ara marto sxeulis zomebze da

masaze, aramed aseve brunvis RerZis mdebareobaze. Steineris Teoremis

Tanaxmad sxeulis inerciis momenti nebismieri RerZis mimarT

2maII C  ,sadac CI aris inerciis momenti sxeulis masaTa C

centrSi gamavali da A RerZis paraleluri C RerZis mimarT, a – manZili am

RerZebs Soris.
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$21. impulsis momenti. mbrunavi sxeulis kinetikuri energia. vTqvaT mocemulia

m masis da v


siCqaris mqone A nivTieri wertili. maSin misi impulsi iqneba vmK


 .

am wertilis impulsis momenti O wertilis mimarT ewodeba O wertilidan A

wertilamde gavlebuli radius-veqtoris veqtorul namravls impulsze:

   vmrKrL


 (8.5).

impulsis momenti veqtoria, romelic marTobulia r


da vm


veqtorebze gamavali

sibrtyis da mimarTulia iqiT, saiTac gadainacvlebs marjvena burRis wveti, Tu mas

vabrunebT r

-dan vm


-sken. cnobilia  rv


  . maSin   rrmL


  (8.6)

visargebloT ormagi veqtoruli namravlis gamosaTvleli formuliT,

   )()( baccabcba


 . maSin )()( 


 rrmrrmL (8.7)

skalaruli namravlidan 2rrr  )(


, xolo 0 )( 


r . aseve Imr 2 aris A -s

inerciis momenti O wertilis mimarT da miviRebT, rom




ImrL  2 (8.8).

myari sxeulisTvis impulsis momenti tolia misi calkeuli elementebis impulsis

momentebis jamis 



n

i
ii vmrL

1


(8.9)

(8.8) formula samarTliania aseve myari sxeulisTvis, mxolod aq I iqneba

myari sxeulis inerciis momenti. SI sistemaSi impulsis momentis erTeulia kgm2wm-1.

mbrunavi sxeulis kinetikuri energia. mbrunavi sxeulis sxvadasxva wertils

sxvadasxva wiriTi siCqare aqvs. amitom aseTi sxeulis kinetikuri energiis

gamosaTvlelad
2

2mv
W  formula ar gamodgeba. aqac davyoT azrobrivad sxeuli

mcire im elementebad, ise rom TiToeulis farglebSi siCqare iyos mudmivi.

gamovTvaloT TiToeulis kinetikuri energia
2

2
ii

i

vm
W


 da Semdgom isini avjamoT

 
 


n

i

n

i

ii
i

vm
WW

1 1

2

2


. brunvis dros 


kuTxuri siCqare yvela wertilisTvis erTi da

igivea da TiToeulis siCqare ii rv   . e.i. 



n

i
ii rmW

1

2
2

2



. magram 




n

i
ii Irm

1

2 sxe-

ulis inerciis moments da sabolood

2

2I
W  (8.10)

es formula gamosaxavs mbrunavi sxeulis kinetikur energias. formula msgavsia

2

2mv
W  formulis, mxolod m masa Secvlilia I inerciis momentiT, xolo
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wiriTi v siCqare, kuTxuri  siCqariT. Tu myari sxeuli asrulebs rogorc

gadataniT, aseve brunviT moZraobas, maSin misi sruli kinetikuri energia

22

22 Imv
W c  (8.11),

sadac cv sxeulis masaTa centris siCqarea.
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$22. myari sxeulis brunviTi moZraobis dinamikis ZiriTadi gantoleba. impulsis

momentis mudmivobis kanoni.

vTqvaT myari sxeuli 


kuTxuri siCqariT brunavs uZravi RerZis garSemo,

romelic gadis O wertilze (nax. 8.3). sxeulis elementaruli nawilakis masa iyos

,im radius-veqtori O wertilis mimarT ,ir


am elementze moq-

medi gare Zala ,iF


xolo Sinagan ZalTa tolqmedi 


n

k
ikF

1


Cav-

weroT aseTi nawilakisTvis niutonis II kanoni:

nax. 8.3 



n

k
iki

i FF
dt
Kd

1




(8.12)

GgavamravloT tolobis orive mxare veqtorulad ir


radius veqtorze da avja-

moT i indeqsiT      
  








n

i

n

i

n

i

n

k
ikiii

i
i FrFr

dt

Kd
r

1 1 1





.       (8.13)

tolobis marcxena mxares mdgomi wevri veqtoruli namravlis wesidan toli gamodis

,
dt
Ld

dt

Kd
r

n

i

i
i














1

sadac 



n

i
iLL

1


– mTeli sxeulis impulsis momentia. tolobis

marjvena mxaris pirveli wevri tolia   
 


n

i

n

i
iii MMFr

1 1


aris gare ZalTa mTavari

momenti, xolo meore wevri niutonis III kanonidan   0
1 1


 

n

i

n

k
iki Fr
 . e.i.

M
dt
Ld 


 (8.14).

es aris myari sxeulis brunviTi moZraobis ZiriTadi gantoleba: impulsis momentis

cvlilebis siCqare tolia gare ZalTa mTavari momentis da igive mimarTuleba aqvs.

impulsis momentis sidide 


IL  (tolia inerciis momentis da kuTxuri

siCqaris namravlis). amitom miviRebT M
dt
Id 


)( 

. Tu inerciis momenti I mudmivia,

maSin

M
dt
d

I





, an MI


 (8.15)

amrigad sxeulze moqmedi gare ZalTa mTavari momenti udris sxeulis inerciis mo-

mentisa da kuTxuri aCqarebis namravls. M
dt
Ld 


 da MI


 formulebi analogiuria

niutonis meore kanonisa gadataniTi moZraobisaTvis: F
dt
Kd 


 da Fam


 .
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energiis mudmivobisa da impulsis mudmivobis kanonis garda gvaqvs impulsis

momentis mudmivobis kanoni. zemoT CavwereT brunviTi moZraobis dinamikis ZiriTadi

gantoleba: M
dt
Ld 


 – impulsis momentis cvlilebis siCqare tolia gare ZalTa

mTavari momentis da igive mimarTuleba aqvs. davuSvaT gare ZalTa mTavari momenti

nulia (sxeuli izolirebulia), anu 0M


. maSin 0
dt
Ld


, anu constL 


da

constI 


(8.16)

es toloba gamosaxavs impulsis momentis mudmivobis kanons: Tu sxeulze

moqmedi gare ZalTa mTavari momenti nulis tolia, maSin misi impulsis momenti

drois mixedviT ar icvleba, anu izolirebuli sxeulis impulsis momenti mudmivi

sididea.

(8.16) toloba veqtoruli tolobaa, rac niSnavs, rom inaxeba impulsis momentis

rogorc sidide, ise mimarTuleba. constI 


mudmivoba niSnavs, rom inerciis

momentis gazrdiT kuTxuri siCqare mcirdeba da piriqiT. mag. aviRoT adamiani,

romelic  dgas Jukovskis skamze, romelsac orive xelSi ukavia tvirTebi, raTa

inerciis momenti gazardos an Seamciros. Tu am skams moviyvanT brunviT moZraobaSi,

rodesac adamiani xelebs gaSlis, maSin am dros xelebSi da tvirTebSi Tavmoyrili

masa brunvis RerZsa Sordeba ( r izrdeba) da inerciis momenti izrdeba, rac iwvevs

brunvis kuTxuri siCqaris Semcirebas, xolo xelebis daSvebisas piriqiT – inerciis

momenti mcirdeba, kuTxuri siCqare izrdeba.

analogiurad mocigurave, romelic brunavs cigurebiT yinulze, rom gaadidos

kuTxuri siCqare, xelebs dabla uSvebs da tanze ikravs (an zeviT swored uWiravs

xelebi). constI 


mimarTulebis mudmivoba niSnavs kuTxuri siCqaris veqtoris

da Sesabamisad sxeulis brunvis RerZis sivrculi mimarTulebis ucvlelobas.

amitomaa, rom Sorsmsroleli qvemexis (aseve SaSxanis) lulis SigniT zedapirs

akeTeben xraxniseburs, riTac Wurvs gadataniT moZraobasTan erTad aniWeben brunviT

moZraobasac. Sedegad Wurvi frenisas ar icvlis orientacias, ris gamoc izrdeba

misi frenis siSore, aseve damiznebis sizuste.

SevadaroT erTmaneTs brunviTi da gadataniTi moZraobebis  sidideebi da gant.-

bi
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gadataniTi moZraoba brunviTi moZraoba

Mmasa m inerciis momenti I

Ggza s Semobrunebis kuTxe 

siCqare
dt
ds

v  kuTxuri siCqare
dt
d

 

impulsi vmK


 impulsis momenti 


IL 

aCqareba
dt
vd

a



 kuTxuri aCqareba

dt
d







Ggare Zalebis tolqmedi F


gare Zalebis momentebis jami M


Ddin. Zir. gantoleba
dt
Kd

amF




 Ddin. Zir. gantoleba
dt
Ld

IM




 

muSaoba FdsA  Bbrunvis muSaoba MdA 

Kkinetikuri energia
2

2mv
brunviTi moZ. kin. energia

2

2I
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IX leqcia

rxeviTi moZraoba. harmoniuli rxeva. harmoniuli rxevis gantoleba. harmoniulad

merxevi sxeulis siCqare, aCqareba, energia. milevadi da aramilevadi rxevebi.

rezonansi.

$23. rxeviTi moZraoba. harmoniuli rxeva. harmoniuli rxevis gantoleba.

rxevebi ewodeba iseT moZraobebs, romlebic xasiaTdebian drois mixedviT

moZraobis maxasiaTebeli sidideebis perioduli cvlilebiT. meqanikuri rxevebi, ise-

Ti rxevebia, sadac periodulad icvleba meqanikuri sidideebi. meqanikuri rxevebis

garda arsebobs sxva saxis rxevebic: akustikuri, el.magnituri da sxva. rxevebs

ewodebaT Tavisufali, Tu isini warmoeben Tavdapirvelad (erTxel) miniWebuli

energiis xarjze.  mis umartivesi saxea harmoniuli rxevebi. harmoniuli ewodeba

iseT rxevebs, romlis gamomwvevi Zala wonasworobis mdg-dan gadaadgilebis

proporciulia da mis sawinaaRmdegodaa mimarTuli. am dros merxevi sidideebi

icvlebian sinusis an kosinusis kanoniT.

ganvixiloT harmoniuli rxevis magaliTebi.

1. zambariani qanqara. m masis mcire zomis  diametris gaswvriv gaWrili

birTvi Camocmulia horizontalur RerZze,

rom mas SeeZlos moZraoba mxolod wrfis

gaswvriv (nax. 9.1). birTvi davamagroT drekadi

zambaris erT boloze, romlis meore bolo

uZravia. am sistemas zambariani qanqara

ewodeba. aradeformirebuli zambaris SemT-Si

birTvs ukavia O mdebareoba (aTvlis saTave).

nax. 9.1 birTvis gadawevisas marjvniv zambara

SeikumSeba da aRiZvreba wonasworobis O mdebareobisken mimarTuli drekadobis

Zala, romelic tolia kxF  ( k zambaris sixistea, x wanacvlebis sidide). am

ZaliT , rodesac birTvs xels gavuSvebT, igi iwyebs aCqarebul moZraobas

wonasworobisken. wonasworobaSi birTvze Zala aRar moqmedebs, magram igi inerciiT

ganagrZobs marcxniv moZraobas, rac iwvevs zambaris gaWimvas da ukve warmoiqmneba

marjvniv mimarTuli drekadobis Zala. amis gamo birTvi moZraobs Senelebulad da

raRac drois Semdeg Cerdeba (gaCereba aris myisieri) da iwyebs moZraobas marjvniv

da a.S. amis Semdeg birTvis moZraoba periodulad meordeba da dausruleblad

grZeldeba, Tu raime winaaRmdegobis Zala ar moqmedebs, e.i. zambariani qanqara

asrulebs harmoniul rxevas, sadac am rxevis gamomwvevi Zala aris zambaris x

deformaciis proporciuli  drekadobis xkF


 Zala. amis Semdeg yvelaferi

Tavidan meordeba da is dausruleblad gagrZeldeba, Tu raime winaRobis Zala ar
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moqmedebs.  dros, romlis ganmavlobaSic sxeuli erT srul rxevas asrulebs,

periodi ewodeba. aRiniSneba T asoTi da izomeba wamebiT.

gamoviyvanoT harmoniuli rxevis gantoleba. niutonis II kanonis Tanaxmad

,Fma x  an .kx
dt

xd
m 2

2

aqedan 02

2

 x
m
k

dt

xd
. avRniSnoT

m
k

2
0 , maSin .02

02

2

 
dt

xd

es aris meore rigis diferencialuri gantoleba da mas harmoniuli rxevis gant-ba

ewodeba. misi amonaxsnia ),cos( 00   tAx rodesac rxevas iwyebs wonasworobidan

gamoyvanis Semdeg, an )sin( 00   tAx , rodesac rxevas iwyebs wonasworobis mdgo-

mareobidan. A aris wonasworobis mdebareobidan udidesi gadaxra da mas rxevis

amplituda ewodeba ( xA  maqs). (  )00  t gansazRvras wertilis gadaxras nebismier t

momentSi da mas rxevis faza ewodeba. 0 rxevis

sawyisi fazaa da is gansazRvravs gadaxras sawyis

momentSi. nax. 9.2-ze naCvenebia koordinatis droze

damokidebulebis grafiki )sin( 00   tAx formulis

Sesabamisad.

nax. 9.2

periodis ganmartebidan T drois gavlis Semdeg sxeuli ubrundeba sawyis mdg-

s. e.i. Tt  drois Semdeg x ar unda Seicvalos. aseve cnobilia, rom sinusi da

kosinusi perioduli funqciebia 2 periodiT, amitom x rom ar Seicvalos,

argumenti (anu rxevis faza) unda gaizardos 2 -Ti. anu .)(  20000  tTt

aqedan  20 T da
0

2



T . SevitanoT aq 0 formulidan
m
k

2
0 , maSin miviRebT

zambariani qanqaras rxevis periods:

k
m

T 2 (9.1)

e.i. periodi damokidebulia burTulas masaze da zambaris sixisteze. Semo-

vitanoT sidide rxevis sixSire  , romelic tolia rxevaTa ricxvisa erT wamSi. is

periodis Sebrunebuli sididea
T
1

 . izomeba 1/wm. maSin 


 2
2

0 
T

. 0 aris rxe-

vaTa sruli ricxvi 2 wamSi da mas wriul, an ciklur sixSires uwodeben.

am Sem-Si sixSires rxevis sakuTari sixSire ewodeba, radgan igi damokidebulia

burTulas masaze da zambaris sixisteze.

2. maTematikuri qanqara. ewodeba uwonad, uWimar Zafze dakidebul nivTier wertils,

romelic asrulebs rxevas vertikalur sibrtyeSi. faqtiurad is aris Zafze

dakidebuli mZime birTvi, romlis zomebi gacilebiT naklebia Zafis sigrZeze (nax.
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9.3). rodesac qanqara wonasworobaSia, maSin P


simZimis Zala wonaswordeba Zafis

drekadobis Q


ZaliT. qanqaras gadaxrisas mcire raRac kuTxiT ( 065  ) es Zalebi

erTmaneTs ukve aRar awonasworeben. davSaloT am dros simZimis

Zala mdgenelebad: a) 1F

, romelic Tu birTvs xels gavuSvebT

gadaxris Semdeg abrunebs mas wonasworobaSi. b) 2F

, romelic

mimarTulia Zafis

nax. 9.3     gaswvriv ( 2FQ


 ) da Q

-s da 2F


-is tolqmedi aris

centiskenuli Zala, romelic iwvevs birTvis moZraobas O

wertilis garSemo wrewirze. naxazidan  sinsin mgPF 1 . aseve
l
x

sin , sadac x

birTvis gadaxraa wonasworobidan xolo l qanqaras sigrZe. maSin x
l

mg
F 1 . es Zala

aris swored wonasworobaSi damabrunebeli da gadaxris proporciuli Zala. is

mimarTulia gadaxris sawinaaRmdegod x
l

mg
F


1 . moZraobis gant-s eqneba Semdegi

saxe: sinmgF
dt

xd
m  12

2

, an 02
02

2

 x
dt

xd
 . aq

l
g

2
0 da rxevis periodisTvis

miviRebT:

g
l

T 2 (9.2).

e.i. maTematikuri qanqaras rxevebic mcire kuTxeebis gadaxris Sem-Si harmoniulia.
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$24. harmoniulad merxevi sxeulis siCqare, aCqareba, energia.

viciT ),cos( 00   tAx maSin siCqare

),cos()sin(
2000000


  tAtA

dt
dx

v

xolo aCqareba )cos()cos(   00
2
0

2
000

2
0 tAxtA

dt
dv

a .

e.i. siCqare da aCqarebac harmoniulad icvleba. amasTan siCqare gadaxris mimarT

wanaclebulia 2/ faziT, anu periodis meoTxediT, xolo aCqareba –  faziT, anu

naxevarperiodiT. maTi formulebidan Cans, rom wonasworobidan maqsimaluri

gadaxris Sem=Si rodesac maxxx  , max, aav  0 , xolo wonasworobis md-Si ro-

desac ,0x maxvv  da .0a

merxev sxeuls gaaCnia rogorc kinetikuri, aseve potenciuri energia. kine-

tikuri energia siCqaris formulis gaTvaliswinebiT toli iqneba:

)(sin 00
2

2
0

22

22



 t

mAmv
W (9.3)

potenciur energias ki ase gamovTvliT: cnobilia
dx
dU

FF x  . aqedan poten-

ciuri energia   
x x kx

kxdxFdxU
0 0

2

2
. SevitanoT mk 2

0 da ),cos( 00   tAx

mniS-bebi, miviRebT: )(cos 00
2

2
0

2

2



 t

mA
U (9.4)

da sruli energia toli iqneba
2

2
0

2mA
UWE  (9.5)
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$25. milevadi  rxevebi.

harmoniuli rxeva aramilevadi rxevaa, magram bunebaSi harmoniuli rxeva ar ar-

sebobs, vinaidan realur pirobebSi merxev sxeulze yovelTvis moqmedebs garkveuli

winaaRmdegobis Zalebi, amitom misi energiis nawili xmardeba am winaaRmdegobaTa

gadalaxvas da merxevi sxeuli sruli energia, Sesabamisad amplitudac monotonurad

mcirdeba.

iseT rxevas, romlis amplituda monotonurad mcirdeba, milevadi rxeva

ewodeba. e.i. Tavisufali rxeva yovelTvis milevadia. aseTi rxevis dros sxeulze

garda kxF  Zalisa , moqmedebs garemos winaaRmdegobis Zala, romelic mimar-

Tulia siCqaris sawinaaRmdegod da misi proporciulia
dt
dx

rrvF 1 , sadac

r winaRobis koeficientia. maSin niutonis II kanoni am dros ase Caiwereba:

dt
dx

rkx
dt

xd
m 2

2

, an
dt
dx

m
r

x
m
k

dt

xd
2

2

.

SemoviRoT aRniSvnebi: 2
02  

m
k

m
r

, , maSin rxevis gantoleba ase Caiwereba:

02 2
02

2

 x
dt
dx

dt

xd
 , (9.6)

romelic warmoadgens milevadi rxevis diferencialur gantolebas. misi amoxsna

aseTi saxisaa: )cos(    teAx t
0 (9.7).

am milevadi rxevis gantolebis grafiki mocemulia nax. 9.4-ze. gantolebaSi

22
0   aris milevadi rxevis sixSire, rodesac

0 sakuTari rxevis sixSirea, xolo teAA  0

milevadi rxevis amplitudaa. mileva miT metia, rac

ufro didia 
m
r

2
 is sidide. amtom  s milevis

koeficienti ewodeba. rxevis periodi

nax. 9.4
22

0

22








T metia sakuTari rxevis periodze

0

2



T da miT ufro, rac axlosaa  s milevis koeficienti rxevis 0 sakuTar

sixSiresTan. rodesac 0  , maSin T , anu didi winaRobis gamo rxeva ar war-

moebs. aseve rxeva ar gveqneba maSinac, roca 0  , radgan am dros fesqveSa

gamosaxuleba uaryofiTia da  warmosaxviTia.
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milevas axasiaTeben meore sididiTac, romelsac milevis logariTmuli

dekrementi ( ) hqvia. milevis logariTmuli dekrementi ricxobrivad tolia

periodiT gansxvavebul or momentSi rxevis amplitudaTa Sefardebis naturaluri

logariTmis, anu

Tne
eA

eA
n

A

A
n T

Tt

t

 




 




)(

0

0

2

1 (9.8).

SevcvaloT  ,  Ti, maSin ).cos( 





teAx T
0 Tu cdis saSualebiT gavzomavT

1A da 2A s. masin vipoviT  -s da winaRobis mr 2 koeficients.
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$26. aramilevadi rxevebi. rezonansi. vTqvaT sxeulze garda drekadi kxF  da

garemos winaaRmdegobis
dt
dx

rrvF 1 Zalisa, moqmedebs periodulad cvladi Zala

tBF cos2 , sadac B aris am cvladi Zalis amplituda. maSin sxeuli monawilebs

or:  sakuTar ( 0 sixSiriT)  da gare ZaliT gamowveul ( sixSiriT) rxevaSi.

sakuTari rxeva milevadia, amitom raRac drois Semdeg is moispoba da darCeba

mxolod gare perioduli ZaliT gamowveuli rxeva. aseT rxevas iZulebiTi rxeva

ewodeba. Sesabamisad tBF cos2 Zalas maiZulebeli Zala, xolo  s maiZulebeli

Zalis sixSire ewodeba. es rxeva warmoebs  sixSiriT, anu romliTac gare Zala

icvleba. niutonis II kanoni am Sem-Tvis ase Caiwereba: tB
dt
dx

rkx
dt

xd
m cos2

2

.

gantolebis yvela wevri gavyoT m ze da SemovitanoT aRniSvnebi:

b
m
B

m
r

m
k

 ,,  22
0 , miviRebT tbx

dt
dx

dt

xd
 cos 2

02

2

2 (9.9)

es aris iZulebiTi rxebis diferencialuri gantoleba, romlis amonaxsni aris

)cos(   tAx (9.10)

aq A iZulebiTi rxevis amplitudaa, xolo  sawyisi faza. maTematikuri

gamoTvlebiT miRebulia, rom
2222

0 4  


)(

b
A (9.11)  da

22
0

2






tg (9.12)

(9.11)-dan Cans, rom mocemuli rxeviTi sistemisTvis (  ,0 fiqsirebulia)

iZulebiTi rxevis amplituda damokidebulia gare perioduli maiZulebeli Zalis

sixSireze (Tanafardobaze  da 0 s Soris). sainteresoa  -s is mniSvneloba,

rodesac iZulebiTi rxevis amplituda mkveTrad izrdeba. am sixSires rezonansuli

sixSire ewodeba, xolo iZulebiTi rxevis amplitudis mkveTr zrdas, rodesac

maiZulebeli rxevis sixSire Tanxvdeba rezonansul sixSires – rezonansi.

eqstremumis pirobidan dadgenilia, rom amplituda udidesia, rodesac

  rez
22

0 2  (9.13).

e.i. rezonansuli sixSire ramdenadme naklebia sistemis rxevis sakuTar 0

sixSireze. rodesac ,0 maSin  rez 0 . Tu am sixSires gaviTvaliswinebT

miviRebT rezonansuli amplitudis mniSvnelobas: AA  rez
22

02  


b (9.14). aqedan

Cans, rom rac naklebia  , miT metia rezonansuli amplitudis sidide, anu miT
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ufro mkveTria rezonansi. nax. 9.5-ze naCvenebia rezonansuli mrudebi.  s

gadidebiT rezonansi mJRavndeba ufro sustad da rodesac
2
0

  , rezonansi

sruliad qreba. marTlac am dros )( 22
0 2  uaryofiTi xdeba da  rez

warmosaxviTia.

nax. 9.5

rezonans mravalmxrivi gamoyeneba aqvs mecnierebaSi da

teqnikaSi. mag. eleqtruli rezonansi gamoiyeneba radiomimRebis

sasurvel sadgurze “asawyobad”, akustikuri rezonansi – bgeris

analizisa da gaZlierebisaTvis da a.S. amas garda rezonansi aseve saziano movlenaa.

mag. Tu propeleris brunviT gamowveuli rxevis sixSire daemTxva TviTmfrinavis

frTebis sakuTar sixSires, aRiZvreba LZlieri vibracia, ramac SeiZleba katastrofa

gamoiwvios.
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X leqcia

talRuri moZraoba. talRis zedapiri. talRis fronti. ganivi da grZivi talRebi.

talRis sigrZe, talRis gantoleba. talRebis interferencia. maqsimumebisa da

minimumebis piroba. koherentuli tal;Rebi.

$27. talRuri moZraoba. talRis zedapiri. talRis fronti. ganivi da grZivi

talRebi.

vTqvaT drekadi garemos romelime wertilSi aRZrulia rxeva. radgan aseTi

garemos nawilakebs Soris moqmedebs drekadobis Zalebi, amitom erTi nawilakis

rxeva gamoiwvevs misi mezobeli nawilakebis rxevas. es nawilakebi Tavis mxriv

rxevaSi moiyvanen maT mezobel nawilakebs da ase rom garemoSi gavrceldeba

rxeviTi moZraoba garkveuli sasruli siCqariT, romelic damokidebulia garemos

drekad da inerciul Tvisebebze.

drekad garemoSi rxevis gavrcelebis process talRuri moZraoba an  drekadi

talRa ewodeba. drekadi talRebis msgavsad, zogadad talRa ewodeba yoveli

perioduli procesis gavrcelebas sivrceSi. talRuri moZraobis dros yoveli

nawilaki imeorebs wina nawilakis rxevas, oRond garkveuli dagvianebiT. es

dagvianeba anu CamorCena faziT gamowveulia imiT, rom erTi nawilakidan rxevis

gadacema meore nawilakze xdeba ara myisierad, aramed garkveuli siCqariT,

romelsac talRis gavrcelebis siCqare ewodeba.

garemos mocemul wertilSi aRZruli rxeva vrceldeba yvela mimarTulebiT. im

wertilTa geometriul adgils, romlebsac talRa mocemul wertilSi aRwevs, an

rac igivea, rom irxevian erTnair fazebSi, talRis zedapiri ewodeba. talRis

yvelaze winamdebare zedapirs talRis fronti ewodeba. talRis zedapirebis

raodenoba usasrulod bevria, xolo talRis fronti ki erTia. talRis zedapiris

formis mixedviT ansxvaveben brtyel, sferul, elifsur talRas da a.S. izotropiul

garemoSi talRis zedapirebi sferulia. brtyeli talRa SeiZleba ganvixiloT,

rogorc sferuli talRa usasrulod didi radiusiT, e.i. iseTi talRaa, romlis

wyaro usasrulod Sors aris.

talRis gavrcelebis mimarTulebas sxivi ewodeba. sferuli talRis Sem-Si

sxivebs radiusebis mimarTuleba aqvs, brtyeli talRis Sem-Si ki sxivebi erTmaneTis

paraleluri da talRis frontis marTobuli wrfeebia.

talRas gadaaqvs energia nivTierebis gadatanis gareSe. talRuri moZraobis

dros nawilakebi ar gadaadgildebian talRasTan erTad. isini mxolod irxevian

wonasworobis maxloblad.



68

talRas, romelsac energia gadaaqvs sivrceSi, msrboli talRa ewodeba (mdgar

talRebs energia ar gadaaqvT). drekadi talRa SeiZleba iyos ganivi an grZivi.

ganivi talRa ewodeba iseT talRas, romelSic nawilakebis rxeva warmoebs

talRis gavrcelebis marTobulad. ganivi talRa vrceldeba mxolod iseT garemoSi,

romelsac formis drekadoba (formis Secvla iwvevs maTSi drekadi Zalebis aRZvras)

gaaCnia, anu myar sxeulSi. aseT talRaSi gvaqvs perioduli  amoburculobebi da

Cazneqilobebi.  misi magaliTia talRa, romelic vrceldeba simis gaswvriv.

grZivi talRa ewodeba iseT talRas, romelSiac nawilakebis rxeva warmoebs

talRis gavrcelebis gaswvriv. aseTi talRis gavrcelebis dros nawilakebi xan uax-

lovdeba, xan Sordeba erTmaneTs, e.i. adgili aqvs gaWimvis an kumSvis deformacias.

amitom grZivi talRebi vrceldeba iseT garemoSi, romelic moculobis drekadobiT

xasiaTdeba. aseT talRaSi ki gvaqs perioduli SekumSvebi da SeTxelebebi.

maSasadame grZivi talRa vrceldeba rogorc myar, ise Txevad da airovan garemoSi.

drekad talRas ewodeba harmoniuli, Tu masSi nawilakis rxeva harmoniulia

(mimdinareobs sinusis an kosinusis kanoniT).
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$28. talRis sigrZe, talRis gantoleba.

manZils or uaxloes nawilaks Soris, romlebic irxevian erTnair fazebSi,

talRis sigrZe ( ) ewodeba. vinaidan  manZils talRa erT periodSi – T droSi

gadis , amitom talRis siCqare
T

v


 (10.1)

magram

1

T , sadac  rxevis sixSirea. amitom talRis siCqare

v (10.2).

v s talRis fazuri siCqare ewodeba. am siCqariT vrceldeba garemoSi talRis

garkveuli faza (mag. Txemi).

dadgenilia, rom ganivi talRis gavrcelebis siCqare

G

v  , xolo grZivis ki


E

v  , sadac G da E garemos nivTierebis Zvris da iungis modulebia Sesabamisad.

gamoviyvanoT talRis gantoleba.  vTqvaT O wertilidan talRa vrceldeba x

RerZis mimarTulebiT (nax. 10.1). ugulebelvyoT rxevis mileva. am dros garemos

wertilebi  imeoreben rxevas, romelsac O wertili asrulebs, mxolod garkveuli

dagvianebiT. O wertili asrulebs harmoniul rxevas,

romelic aiwereba Semdegi

nax. 10.1 gantolebiT: tAS cos . talRuri procesi

daxasiaTebuli iqneba, Tu gvecodineba S gadaxris mniSvneloba x RerZis nebismieri

wertilisa da drois nebismieri momentisaTvis. simartivisTvis sawyisi faza nulis

tolad CavTvaloT. aviRoT nebismieri B wertili. is irxeva imave amplitudiT da

sixSiriT, rac O wertili, magram daigvianebs O -sTan SedarebiT 1t droiT, anu im

droiT rasac talRa andomebs xOB  manZilis gavlas. Tu O wertilis rxevis

dawyebidan garkveul momentamde gavida t dro, maSin B s rxevis dawyebidan imave

momentamde gasuli iqneba ufro naklebi )( 1tt  dro. amitom B wertilis rxevis

gantolebas eqneba saxe: )(cos 1ttAS   , magram
v
x

t 1 ( v talRis fazuri

siCqarea), amitom

)(cos
v
x

tAS   . (10.3)

(10.3) gantoleba gvaZlevs S gadaxris mniSvnelobas x RerZis nebismieri wertilisa

da drois nebismieri momentisaTvis. da mas brtyeli talRis gantoleba ewodeba.

rxevis gantolebisgan gansxvavebiT talRis gantolebis marjvena mxare Seicavs or t
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da x arguments. mas SeiZleba mivceT sxva saxec: )cos()cos( kxtA
v

x
tAS 


 




(10.4),

sadac

 22


Tvv

k . k s talRuri ricxvi ewodeba da igi tolia talRaTa

ricxvisa 2 manZilze. Tu talRa vrceldeba x RerZis sawinaaRmdego mxares, maSin

x Seicvleba (– x )-iT da miviRebT: )cos( kxtAS   .

Tu brtyeli talRa vrceldeba nebismieri mimarTulebiT, maSin misi gantoleba

ase Caiwereba: )),(cos( krtAS


  sadac ),,( zyxr


aris talRis zedapiris nebismieri

wertilis radius-veqtori, xolo ),,( zyx kkkk


–talRuri veqtori, romelic

ricxobrivad talRuri ricxvis (

2

k ) tolia da talRis gavrcelebis

mimarTuleba aqvs. radgan skalaruli namravli zyx zkykxkkr )(


, amitom

)cos( zyx zkykxktAS   (10.5)

SeiZleba imis Cveneba, rom sferuli  talRis gantolebas aqvs saxe

)),(cos( krt
r
A

S


  an )cos( krt
r
A

S   (10.6).

e.i. sferuli talRis amplituda icvleba r radiusis, anu wyarodan manZilis uku-

proporciulad.
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$29. talRebis interferencia. maqsimumebisa da minimumebis piroba. koherentuli

tal;Rebi.

cdebi gviCvenebs, rom sxvadasxva wyaroebidan gamosuli talRebi vrceldebian

erTmaneTisagan damoukideblad. e.i. talRaTa gavrcelebisTvis marTebulia

damoukideblobis anu superpoziciis principi. amas martivad davakvirdebiT, Tu

wyalSi CavagdebT or qvas da amiT SevqmniT or wriul talRas, SevamCnevT, rom

TiToeuli talRa gaivlis meoris SigniT, ise, TiTqos meore talRa saerTod ar

arsebobda.

am principis arsi mdgomareobs SemdegSi: Tu erT talRaSi garemos romelime

wertilis gadaxra raime momentSi aris ,1S


es gadaxra am talRaSi ar Seicvleba, Tu

amave garemoSi meore talRac vrceldeba. aqedan gamodis rom Tu sivrcis raime

wertilSi modis ori an ramdenime talRa, maSin is monawileobas iRebs TiToeuli

talRiT gamowveul rxevebSi da rom vipovoT rezultirebuli gadaxra, saWiroa

vipovoT TiToeuli talRis gadaxra da mere SevkriboT an veqtorulad, Tu isini

mimdinareoben sxvadasxva mimarTulebiT, an algebrulad, Tu isini warmoebs erTi

wrfis mimarTulebiT. e.i. Tu garemoASi mag. vrceldeba ori talRa, maSin wertilis

SedegiTi gadaxra 21 SSS


 .

talRaTa zeddebis dros maTi urTierTgaZlierebisa da Sesustebis movlenas

talRaTa interferencia ewodeba.

vTqvaT A da B wertilebidan vrceldeba ori talRa, romelTa rxevis

sixSireebi tolia, xolo rxevaTa mimarTulebebi urTierTparaleluri (nax. 10.2).

maTi gantolebebia 111 kxtAS  cos( ) da )cos( 222 kxtAS   . aq 1x da 2x A da B

wertilebidan Sexvedris C wertilamde manZilebia. C

wertilSi es talRebi zeddebisas erTmaneTs gaaZlierebs

( 21 AAA  ), Tu fazaTa sxvaoba n 212  da erTmaneTs

Sesasustebs

nax. 10.2 ( )21 AAA  , Tu fazaTa sxvaoba ,)(  1212  n sadac

n nebismieri mTeli ricxvia ,....,, 321n da mas interferenciis rigi ewodeba.

talRebis gantolebebidan 11 kx da 22 kx . amitom 




2

2112  )( xxk . aq

21 xx  sidides (anu ramdeniT met manZils gadis pirveli talRa meoreze

Sexvedramde) ewodeba talRebis svlaTa sxvaoba (anu Sexvedramde gavlili

manZilebis sxvaoba). am sididis SemoRebis Semdeg gaZlierebis anu maqsimumis piroba

aseTi iqneba:
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2
2


 nn  , (10.10)

xolo Sesustebis, anu minimumis piroba iqneba:
2

12


 )(  n (10.11)

miRebuli Sedegi ase Camoyalibdeba: erTnairi sixSiris talRebi zeddebisas

erTmaneTs aZliereben anu miiReba interferenciuli suraTis maqsimumi sivrcis im

wertilebSi, romlebTaTvisac talRebs Soris svlaTa sxvaoba talRis sigrZis

naxevris luwi ricxvis tolia, xolo erTmaneTs asusteben, anu miiReba

interferenciuli suraTis minimumi sivrcis im wertilebSi, romelTaTvisac talRebs

Soris svlaTa sxvaoba talRis sigrZis naxevris kenti ricxvis tolia.

cxadia nebismieri  svlaTa sxvaobis dros

2121 AAAAA 

anu moTavsebuli iqneba  21 AA sa da  21 AA s Soris.

imisaTvis, rom interferencias hqondes adgili, saWiroa talRuri procesis

SeTanxmebuli mimdinareoba: mocemul wertilSi talRebi erTmaneTs mudam unda

aZlierebdnen, an mudam unda asustebdnen, anu mocemul wertilSi amplituda drois

mixedviT ar icvlebodes. amas ki rogorc zemoT miviReT erTi wrfis gaswvriv

mimarTuli ori harmoniuli rxevis Sekrebis amplitudis ganmsazRvreli formulis

)cos( 1221
2
2

2
1

2 2   AAAAA (10.12)

Tanaxmad adgili eqneba mxolod maSin, roca talRebis fazaTa sxvaoba drois

mixedviT ar icvleba. talRebs, romelTa sixSireebi erTnairia, xolo fazaTa

sxvaoba drois mixedviT mudmivi, koherentuli talRebi ewodeba. Sesabamis wyaroebs

ki koherentuli wyaroebi. e.i. ucvleli interferenciuli suraTs iZleva mxolod

koherentuli talRebi.

rxevisas energia amplitudis kvadratis pirdapirproporciulia. vinaidan

SedegiTi rxevis amplitudis kvadrati zogadad ar udris  Semadgeneli rxevebis

amplitudebis kvadratebis  jams (10.12 formula), amitom SedegiTi rxevis energia ar

udris Semadgeneli rxevebis energiebis jams. talRebis zeddebisas im adgilebSi

romelic
2

2


 nn  maqsimumis pirobas akmayofilebs, energia gaizrdeba, xolo im

wertilebSi, romlebic
2

12


 )(  n minimumis pirobas akmayofilebs, energia

Semcirdeba. e.i. talRaTa interferenciisas adgili aqvs energiis gadanawilebas

garemos wertilebs Soris.
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XI leqcia

molekulur-kinetikuri Teoriis ZiriTadi debulebebi. temperatura. temperaturis

celsiusisa da kelvinis skala. kavSiri maT Soris. airis nawilakebis gadataniTi

moZraobis saSualo kinetikuri energia.

$30. molekulur-kinetikuri Teoriis ZiriTadi debulebebi.

molekuluri fizika (nivTierebaTa aRnagobis molekulur-kinetikuri Teoria)

gamodis nivTierebis atomur-molekuluri aRnagobidan da siTbos ganixilavs,

rogorc atomebisa da molekulebis uwesrigo, qaosur moZraobas. igi Seiswavlis

nivTierebis makroskopiuli Tvisebebis (temperatura, wneva, drekadoba, siblante,

Tbogamtaroba da a.S.) damokidebulebas mis Sinagan aRnagobaze da am Tvisebebs

ganixilavs, rogorc molekulebis jamuri moqmedebis (moZraobisa da UurTierT-

qmedebis) gamovlenis Sedegs.

molekula ewodeba nivTierebis umcires nawilaks, romelsac am nivTierebis

qimiuri Tvisebebi gaaCnia. atomi – qimiuri elementis umciresi nawilakia da atarebs

qimiuri elementis Tvisebebs. am Teoriis safuZvelia sami debuleba:

1. yvela sxeuli Sedgeba Zalian didi raodenobis umciresi nawilakebisagan

(atomebis, molekulebis an ionebisagan). maTi arseboba dasturdeba cdiseuli faqtiT

rogorc pirdapiri (mag. damzera eleqtronuli mikroskopiT), ise arapirdapiri (mag.

myari sxeuli da siTxis xsnadoba, airis kumSvadoba da a.S) gziTac. kerZod

kumSvadoba miuTiTebs im faqts, rom sxeuli Sedgeba calkeuli nawilakebisagan,

romelTa Soris aris Tavisufali adgilebi –SoriseTebi da kumSva xdeba am

SoriseTebis Semcirebis xarjze.

2. sxeulis Semadgeneli nawilakebi ganuwyvetlad da uwesrigod (qaosurad – “qaosi”

berZnuli styvaa da niSnavs srul uwesrigobas) moZraoben. qaosur moZraobas aseve

siTbur moZraobas uwodeben. misi moZraobis intensivoba damokidebulia mxolod

sxeulis mTbarobis xarisxze.

molekulebis moZraobiT aixsneba myari sxeulis da siTxis aorTqleba, airis

gafarToeba da sxva.

aseTi moZraobis  dadasturebaa brounis moZraoba da difuzia.

brounis moZraoba es siTxeSi Setivtivebul nivTierebis (emulsiis) mcire

zomis ( 150  ,d mkm) nawilakebze (romelic siTxeSi ar ixsneba) mikroskopiT

dakvirvebaa, ramac aCvena, rom es nawilakebi ganuwyvetliv da qaosurad moZraoben. es

moZraoba aRmoaCina ingliselma mecnierma brounma 1827 wels. cdebiT dadasturda,

rom rac ufro naklebia siTxis siblante, miT ufro swrafia brounis moZraoba.

aseve temperaturis gazrdiT brounis moZraobis intensiuroba matulobs da is
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damokidebulia agreTve brounis nawilakis zomaze. zomis gazrdiT intensiuroba

mkveTrad mcirdeba.

am moZraobis axsna SeiZleba im faqtiT, rom TviT siTxe, romelSic

Setivtivebulia brounis nawilakebi, Sedgeba ganuwyvetlivad moZravi

molekulebisagan, romlebic ejaxebian brounis nawilakebs, aamoZraveben maT da amiT

aarapirdapiri gziT amJRavneben TavianT arsebobas. siTxis molekulebi brounis

nawilaks ejaxebian yoveli mxridan, magram radgan siTxis molekulebis moZraoba

qaosuria, amitom dajaxebaTa ricxvi sxvasxva mxridan sxvadasxvaa, ris gamoc misi

moZraobis mimarTuleba uwesrigod icvleba. didi zomis nawilakis Sem-Si is brounis

moZraobas ar asrulebs, radgan am Sem-Si dajaxebaTa didi ricxvis gamo, upiratesi

mimarTuleba ar gvaqvs.

difuzia (berZnuli sityvaa da niSnavs gavrcelebas, SeRwevas) es aris erTma-

neTTan Semxebi sxvadasxva nivTierebis urTierTSereva. mag. wylisa da Sabiamnis

xsnaris urTierTSereva, romelic ar aris maT simkvriveebis mniS-bebze damokidebuli

(Sabiamnis xsnaris simkvrive metia, magram is rodesac qvemoT aris mainc ereva masze

dasxmul wyals). difuzia mimidinareobs myar da aseve airebSi. Tanac airSi is

gacilebiT swrafad mimdinareobs.

temperaturis gazrdiT difuziis procesic Cqardeba, rac aixsneba nawilakebis

siTburi moZraobis siCqaris zrdiT.

difuzia miuTiTebs imas, rom yvela nivTiereba Sedgeba ganuwyvetliv moZravi

nawilakebisagan, romelTa Soris aris Tavisufali adgilebi – SoriseTebi, sadac

xdeba sxva nivTierebis nawilakebis SeWra.

difuzias aseve adgili aqvs erTsa da imave nivTierebaSi. es ki iwvevs misi sim-

kvrivis gaTanabrebas mTel moculobaSi.

3. sxeulis Semadgenel nawilakebs Soris moqmedebs mizidvis da ganzidvis Zalebi,

romlebic ZiriTadad eleqtruli bunebisaa. am Zalebis sidide ganapirobebs

nivTierebis ama Tu im agregatul mdg-s.

myar sxeulebSi nawilakebs Soris manZili Zalian mcirea, xolo urTierT-

qmedebis Zalebis sidide  ki – Zalian didi. am Zalebis gamo myari sxeulis

nawilakebs ar SeuZliaT Seasrulon gadataniTi moZraoba. es nawilakebi asruleben

mxolod qaosur moZraobas garkveuli mdebareobis gamo. amis gamo myari sxeuli

inarCunebs, rogorc formas, aseve moculobas..

Txevad mdg-Si manZili ufro metia, vidre myarSi. Zalebi sakmaod didia, magram

ara sakmarisi formis SesanarCuneblad. inarCunebs mxolod moculobas.

airebSi manZili nawilakebs Soris yvelaze didia da  es Zalebi Zalian mcirea.

faqtiurad isini sruliad ver zRudaven nawilakebis moZraobas. susti mizidvis
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Zalebis gamo airs SeuZlia usazRvrod gafarTovdes da mas SeuZlia daikavos

WurWlis mTeli moculoba.. amis gamo airebi ver inarCuneben verc formas da verc

moculobas.
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$31. temperatura. temperaturis celsiusisa da kelvinis skala. kavSiri maT Soris.

airis nawilakebis gadataniTi moZraobis saSualo kinetikuri energia.

temperaturis cneba SemoRebulia sxeulis mTbarobis xarisxis dasaxa-

siaTeblad.

sxeulis mTbarobis xarisxis raodenobrivi zomis dadgenas, anu temperaturis

raodenobriv dadgenas da Sesabamisad zusti temperaturuli skalis dadgenas

safuZvlad daedo Cveni subieqturi SegrZnebebisagan damoukidebeli obieqturi

movlenebi da faqtebi (Cveni SegrZnebis safuZvelze  imis gamo, rom es SegrZneba

subieqturia da damokidebulia ara marto sxeulis mTbarobis xarisxze, aramed Cveni

organizmis mdgomareobazec).

Termodinamikis TvalsazrisiT temperatura aris sidide, romelic axasiaTebs

Tbogadacemis (siTbos cvlis) mimarTulebas. Tu ori sxeulis Sexebisas siTbo

gadadis erTidan meoreSi, maSin amboben, rom pirvelis temperatura ufro maRalia,

vidre meoresi. garkveuli drois Semdeg myardeba siTburi wonasworoba (rodesac

siTbos gadasvla ukve aRar xdeba). aseTi siTburi wonasworobis dros ki sxeulebis

temperatura erTnairia. am faqtzea damyarebuli TermometriT temperaturis gazomva

(Termometri modis siTbur wonasworobaSi im sxeulTan, romlis temperaturasac

vzomavT).

cdebis safuZvelze dadgenilia, rom Tu ori sxeuli siTbur wonasworobaSia

mesamesTan, maSin isini siTbur wonasworobaSia arian erTmaneTTanac.

molekulur-kinetikuri Teoriis TvalsazrisiT temperatura aris sidide,

romelic axasiaTebs sxeulis (idealuri airis) nawilakebis gadataniTi moZraobis

saSualo kinetikur energias. erTnairi temperaturis mqone ori sxvadasxva airis

nawilakebis saSualo kinetikuri energia erTnairia.

temperaturis gazomva damyarebulia im faqtze, rom misi cvlilebisas icvleba

sxeulis Tvisebebi da am Tvisebebis maxasiaTebeli fizikuri sidideebic (wneva, mocu-

loba, winaRoba da sxva). temperaturis sazom xelsawyos Termometri ewodeba. mas

damzadebas safuZvlad udevs is, rom iReben raime nivTTierebas (Termometruli

nivTiereba, mag. yofacxovrebaSi vercxliswyali an spirti), xolo mis maxasiaTebel

fizikur sidided ki (Termometruli sidide) – vercxliswylis svetis simaRles.

marTlac temperaturis matebisas an Semcirebisas vercxliswylis svetis simaRle an

matulobs, an iklebs Sesabamisad. airian TermometrebSi ki Termometruli sidideT

gamoiyeneba airis wneva an moculoba.

siTxian TermometrSi temperaturasa da svetis simaRles Soris arsebobs

wrfivi damokidebuleba. Semdeg adgenen temperaturis erTeuls – graduss. mas ase

adgenen: irCeven or temperaturas (reperuli wertilebi) – yinulis dnobisa da
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wylis duRilis temperaturebi normaluri wnevis dros da miRebul temperaturul

intervals yofen tol nawilebad – gradusebad. erT-erTs aweren raRac ricxviT

mniSvnelobas, riTac ganisazRvreba meoris da yvela Sualeduri temperaturis

ricxviTi mniSvnelobebi, anu miiReba garkveuli temperaturuli skala.

aseTnairad miRebul siTxian Termometrebs is nakli daaCniaT, rom sxvasxva

Termometruli nivTierebebis Sesabamisi Termometrebis Cvenebebi reperul

wertilebSi erTmaneTs emTxveva, magram sxva temperaturaze ara.

Tanamedrove Termometrebi dafuZnebulia idealuri airis skalaze, romelic

dgindeba airiani Termometris saSualebiT. aseT Termometrs aqvs wnevis gamzomi

mowyobiloba manometri. Tu yinulis dnobis temperatura iqneba ,0T xolo wylis

duRilis kT , Sesabamisi  wnevebiT 0p da kp , maSin radgan wnevas da temperaturas

Soris wrfivi damokidebulebaa, gveqneba
00 T

T

p

p kk  (11.1).

fardoba
0p

pk izomeba cdiT, Sesabamisad cnobili iqneba
0T

Tk . cdebidan 33611
00

,
T

T

p

p kk .

miRebulia 0T dan kT -mde intervalis dayofa 100 tol nawilad, e.i. 1000  TTk .

maSin miviRebT, rom idealuri airis skaliT yinulis dnobis temperatura 152730 ,T

gradusi, xolo wylis duRilis temperatura iqneba 153731000 , TTk gradusi.

airiani TermometriT sxeulis temperaturis gasazomad ase iqcevian:

Termometrs axeben sxeuls da raRac  drois Semdeg, siTburi wonasworobis

damyarebis Semdeg, manometriT aiTvlian p wnevas, xolo sxeulis temperaturas

gansazRvraven p
p

T 
0

15273,
sadac 0p mdnobiare yinulSi moTavsebuli airis

wnevaa. am formulidan Cans, rom am skalaze temperatura maSin udris nuls )( 0T ,

rodesac idealuri airis wneva iqneba nulis toli )( 0p . aseT skalas, romlis

nulze Termometruli sidide xdeba nuli, ewodeba absoluturi skala, xolo am

skalaze aTvlil temperaturas – absoluturi temperatura. e.i. airiani Termometris

skala aris absoluturi skala (meorenairad kelvinis skala) da Sesabamisad

absoluturi temperaturis erTeuls ki ewodeba kelvini. aRiniSneba K Ti.

teqnikaSi da yofa-cxovrebaSi ufro gamoiyeneba celsiusis skala, romelic

imiT gansxvavdeba absoluturi temperaturisgan, rom yinulis dnobis temperatura

(gradusis imave sididis dros) aRebulia nulis tolad. celsiusis skalaze aTvlil

temperaturas aRniSnaven Ct 0 -iT. cxadia am ganmartebebebidan gamodis, rom kavSiri

celsiusis skalaze aTvlil temperaturas )( t da absolutur skalaze aTvlil
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temperaturas )(T Soris aseTi iqneba 152731527 ,;,  TttT

(11.2).

airiani Termometris sizuste Zalian maRalia. Ddabali temperaturebis

gasazomad gamoiyeneba heliumi (Zlier gaiSviaTebuli, romelic TvisebebiT idealur

airs uaxlovdeba), xolo maRali temperaturebisTvis ki azoti (am temperaturebze

heliumi Jonavs WurWlis kedlebSi).

airiani Termometrebi praqtikulad mouxerxebebelia. maTi saSualebiT xdeba

meoradi Termometrebis (siTxiani, winaRobis da sxva) dagraduireba.

idealuri airis nawilakebisTvis (da aseve realuri airis, siTxisa da myari

sxeulebisTvis, Tu temperatura Zalian dabali ar aris) absoluturi temperatura

proporciulia gadataniTi moZraobis saSualo kinetikuri energiis, anu

)( kTWW
k

T
2
3

3
2

 (11.3),

sadac 
2

2vm
W aris nawilaki gadataniTi moZraobis saSualo kinetikuri energia,

2310381  ,k jouli/ K bolcmanis mudmiva, xolo
k3
2 – gadamyvani koeficienti

energiis erTeulebidan (jouli) temperaturis erTeulebSi (gradusi, an rac igivea

kelvini).

(11.3) formulidan gamodis, rom absolutur nulze klasikuri fizikis Tanaxmad

sxeulSi wydeba yovelgvari atomur-molekuluri moZraoba. sinamdvileSi es ase ar

aris, radgan atomebis da molekulebis sruli uZraoba ewinaaRmdegeba  haizenbergis

ganuzRvrelobis princips. sinamdvileSi absolutur nulze wydeba nawilakebi ara

yovelgvari, aramed mxolod siTburi (qaosuri) moZraoba. am temperaturaze

nawilakebi sakmaod intensiurad moZraoben – asruleben e.w. nulovan rxevebs. am

moZraobis Sesabamisi minimaluri energia – nulovani energiaa, romelic sxeuls ukve

aRar SeiZleba waerTvas.

e.i. absoluturi nuli aris iseTi temperatura, romlis drosac sxeulSi

wydeba misi Semadgeneli nawilakebis (atomebi, ionebi, molekulebi) siTburi

moZraoba da rCeba mxolod nulovan energiasTan dakavSirebuli moZraoba. es

temperatura yvelaze dabali (civi) temperaturaa. is principulad miuRwevelia

(mcire gansxvebaa, mag. amJamad miRebuli umciresi temperatura K610  rigisaa).

absoluturi temperatura radgan aiTvleba nulidan, aris yovelTvis dadebiTi

(gansxvavebiT celsiusi skalisgan sadac uaryofiTi temperaturebi gvaqvs), vinaidan

kinetikuri energia dadebiTi sididea.
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erTeulTa saerTaSoriso SI sistemaSi temperaturis erTeuli – kelvini aris

erT-erTi ZiriTadi erTeuli. magram aq misi dadgena xdeba ara temperaturuli

intervalis ”mdnobiare yinuli–mduRare wyali” safuZvelze, aramed ”absoluturi

nuli – wylis sammagi wertili” (temperatura, romlis drosac yinuli, wyali da

wylis najeri orTqli 609 pa wnevisas imyofebian Termodinamikur wonasworobaSi)

intervalis safuZvelze. es imitom, rom wylis sammagi wertilis gansazRvra

SesaZlebelia ufro meti sizustiT, vidre yinulis dnobis an wylis duRilis

wertilebisa. am sammag wertils miewereba temperatura K16273, . amrigad kelvini

ganimarteba rogorc wylis sammagi wertilis Sesabamisi temperaturis 1/273,16 nawili.

da bolos, vinaidan sammagi wertili tolia 0,01 C0 -is, gradusis zoma

celsiusisa da kelvinis skalebiT erTnairia. amitom temperatura SeiZleba

gamoisaxos an celsiusis gradusebiT ( C0 ) an kelvinebiT ( K ).
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XII leqcia

idealuri airi. airis kinetikuri Teoriis ZiriTadi gantoleba. wnevis

damokidebuleba molekulebis koncentraciaze da absolutur temperaturaze.

$32. idealuri airi. airis kinetikuri Teoriis ZiriTadi gantoleba.

airs, romlis molekulaTa sakuTari moculoba da urTierTmizidvisa da

ganzidvis Zalebi ugulebelyofilia, idealuri airi ewodeba. aseT airSi manZili

molekulebs Soris Zalian didia, bevrad aRemateba molekulebis zomebs. amitom maT

Soris urTierTqmedeba ugulebelyofilia (urTierTqmedebas, rogorc drekadi

birTvebis Sem-Si adgili aqvs mxolod urTierTdajaxebisas). aseve molekulebis

saerTo moculoba imdenad mcirea im WurWlis moculobasTan SedarebiT, romelSi

airia moTavsebuli, ugulebelyofilia. faqtiurad aseTi airis molekulebi nivTieri

wertilebia.

bunebaSi idealuri airi ar arsebobs, magram Tu daviwyebT realuri airis

gaiSviaTebas, maSin molekulebs Soris manZili izrdeba da zemoT mocemuli

daSvebebi ufro marTebuli xdeba. yoveli realuri airi sakmao gaiSviaTebisas

Tavisi TvisebebiT uaxlovdeba idealur airs. zogierTi airi (Jangbadi, azoti, haeri)

oTaxis temperaturaze da atmosferuli wnevis dros (Cveulebrivi pirobebi) Zalian

mcired gansxvavdeba idealuri airisgan. Zalian axlos aris idealurTan wyalbadi

da heliumi.

rodesac airi  moTavsebulia raime WurWelSi,  maSin is awarmoebs wnevas

WurWlis kedlebze. es gamowveulia imiT, rom molekulebi asruleben siTbur moZ-

raobas, ris gamoc isini ejaxebian WurWlis kedlebs da gadascemen mas impulss.

Sesabamisad kedlebze moqmedebs Zala. es Zala imis gamo, rom molekulebis rao-

denoba Zalian didia, sakmaod didia.

gamovTaloT airis wneva WurWlis kedlebze molekulur-kinetikuri Teoriis

safuZvelze. Tu raRac droSi gamovTvliT yvela molekulis dajaxebis Zalas da mas

gavyofT WurWlis kedlebis farTobze, maSin miviRebT kedlebze warmoebul wnevas.

vipovoT es sidide molekulur-kinetikuri Teoriis TvalsazrisiT.

winaswar SevTanxmdeT, rom molekulebis dajaxebas aqvs drekadi xasiaTi,  e.i.

dajaxebisas icvleba molekulis mxolod mimarTuleba, xolo sidide ar icvleba.

aradrekadi dajaxeba, imis gamo, rom am dros siCqaris sidide da Sesabamisad

kinetikuri energia Semcirdeboda, gamoricxulia, radgan am dros airi gacivdeboda,

rac ar xdeba.
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movaTavsoT airi V moculobis kuburi formis WurWelSi (nax. 12.1). kubis

wibo iyos ,l waxnagis farTobi ,2lS  xolo moculoba

3lV  . koordinatTa RerZebi mivmarToT kubis wiboebis

gaswvriv. kubSi molekulebi moZraoben qaosurad da

SeiZleba CavTvaloT, rom TiToeuli RerZis gaswvriv

moZraobs molekulebis n saerTo raodenobis 1/3

( Ox RerZis gaswvriv marcxnidan marjvniv da a.S.),

nax. 12.1 anu ./' nn 31 molekulebis siCqareebi erTmaneTisagan

gansxvavdebian ( '.......,, nvvv 21 ). vTqvaT erT-erTi molekulis siCqare iyos 1v da is

ejaxeba kedels marTobulad. radgan molekulebis dajaxeba drekadia, amitom

TiToeuli 0m masis molekulis impulsis cvlileba (romelic moZraobs marjvniv da

kedlis marTobulad) toli iqneba

101010 2 vmvmvm  . (12.1)

niutonis III kanonis Tanaxmad am dros kedlis impulsi Seicvleba 102 vm

sididiT.  dajaxebaTa ricxvi wamSi iyos Z . maSin erTi molekulis dajaxebis

Sedegad kedlis impulsis cvlileba wamSi toli iqneba Zvm 102 . cnobilia, rom

Zalis impulsi tolia sxeulis impulsis cvlilebisa ( vmFt  ). maSin erTi

molekulis 1 wamSi dajaxebis Sedegad dartymis saSualo 1F Zala kedelze toli

iqneba .ZvmF 101 2 Z rom vipovoT, unda gaviTvaliswinoT, rom molekula marjvena

kedelze dajaxebis Semdeg misgan ukuiqceva da ukve ejaxeba mopirdapire kedels da

mere isev ( l2 ) manZilis gavlis Semdeg Tavidan ejaxeba marjvena kedels. amitom Z -is

misaRebad 1 wamSi gavlili manZili (e.i. 1v siCqare) unda gavyoT kedelze or

momdevno dajaxebebs Soris gavlil manZilze, anu l2 -ze. e.i.
l

v
Z

2
1 da Sesabamisad

l

vm

l

vm
F

2
10

2
10

1 2

2
 (12.2)

magram unda gaviTvaliswinoT, rom kedels ejaxeba ara erTi aramed 'n

molekula, gansxvavebuli '.......,, nvvv 21 siCqareebiT. maSin yvela 'n molekulis

dajaxebis Sedegad saSualo jamuri Zala toli iqneba:

)........(...... '
' 22

2
2
1

0
2

0
2
20

2
10

n
n vvv

l

m

l

vm

l

vm

l

vm
F  (12.3)

tolobis marjvena mxare gavamravloT da gavyoT 'n ze. miviRebT

n

vvv

l

mn
F n )......

(
' '

22
2

2
10 

 (12.4)
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sidide
n

vvv
v n

22
2

2
12 '......



aris molekulebis siCqareTa kvadratebis saSualo mniSvneloba, kvadratuli fesvi

am gamosaxulebidan ki aris saSualo kvadratuli siCqare, e.i.

v kv
n

vvv
v n

22
2

2
12 '......

 (12.5).

(12.5) SevitanoT(12.4) da Tan gaviTvaliswinoT, rom ,' nn
3
1

 miviRebT:

20

3
1

v
l

nm
F  (12.6)

(12.5)-is orive mxare gavyoT kedlis 2lS  farTobze:

2
3

0
2 3

1
v

l

nm

l

F


radgan p
l

F
2 aris wneva, xolo 

V
n

l

n
n 30 molekulebis koncentracia, amitom

miviRebT

2
003

1
vmnp  (12.7)

anu airis wneva WurWlis kedelze ganisazRreba molekulis masiT, koncentraciiT

(erTeul moculobaSi molekulaTa raodenoba) da maTi siCqareebis kvadratis

saSualo mniSvnelobisa.

formula imis gamo, rom molekulis gadataniTi moZraobis saSualo kinetikuri

energia tolia
2

2
0vm

W  , asec SeiZleba gamovsaxoT

Wnp 03
2

 (12.8).

e.i. airis wneva proporciulia erTeul moculobaSi molekulaTa raodenobisa

(molekulebis koncentracia) da molekulis saSualo kinetikuri energiisa.

(12.8) da misi ekvivalentur (12.7) gantolebebs airis kinetikuri Teoriis

ZiriTadi gantolebebi ewodebaT.

(12.8)-dan SeiZleba miviRoT mniSvnelovani Sedegi. amisTvis misi orive mxare

gavamravloT 1 moli airis V moculobaze:  VWnpV 03
2

 . magram  ANVn 0 aris

avogadros mudmiva, anu molekulebis raodenoba 1 molSi. aseve Tu gaviTvaliswinebT

klapeiron-mendeleevis gantolebas 1 moli airisTvis ,RTpV  miviRebT

RTWNpV A 
3
2

 (12.9)
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da aqedan T
N
R

W
A2

3
 (12.10).

fardobas  k
N
R

A

ewodeba bolcmanis universaluri mudmiva da imis gamo, rom

318,R j/ K moli, xolo 23100236  ,AN moli-1, miviRebT 2310381  ,k j/ K .

amis gaTvaliswinebiT kTW
2
3

 (12.11)

e.i. molekulebis gadataniTi moZraobis saSualo kinetikuri energia pirdapir-

proporciulia absoluturi temperaturis. SevitanoT W (12.12)-Si:

kTnp 0 (12.12)

e.i. wneva proporciulia molekulaTa koncentraciis  da absoluturi temperaturis.

Wnp 03
2

 formulidan martivad miiReba daltonis kanoni. Tu gvaqvs airTa

narebi, maSin saerToO koncentracia toli iqneba

....0302010 nnnn  (12.13)

sadac ....,, 030201 nnn aris am narevSi prveli, meore mesame da a.S. gvaris molekulaTa

koncentraciebi. maSin airTa wnevisaTvis miviRebT: ...WnWnWnp 030201 3
2

3
2

3
2

 .,

magram Wnp 011 3
2

 da a.S. da narevis jamuri wneva toli iqneba:

....321 pppp  (12.14)

anu airTa narevis sruli wneva masSi Semavali calkeuli airis parcialur (wneva

romelsac awarmoebs calkeuli airi, sxva airebi rom ar yofiliyo) wnevaTa jamis

tolia – daltonis kanoni.
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XIII leqcia

idealuri airis mdgomareobis gantoleba. klaperon-mendeleevis gantoleba. airis

universaluri mudmiva. boil-mariotis, gei-lusakis, Sarlis kanonebi absoluturi

temperaturis skaliT.

$33 boil-mariotis, gei-lusakis, Sarlis kanonebi.

rogorc zemoT avRniSneT airs, romlis molekulaTa sakuTari moculoba da

urTierTmizidvisa da ganzidvis Zalebi ugulebelyofilia, idealuri airi ewodeba.

fizikur sidides, romelic axasiaTebs sistemis mdg-s, parametri ewodeba. mocemuli

masis airs axasiaTeben sami: wneva, moculoba, temperatura – parametriT. ganvixiloT

airis am or parametrs damokidebula, rodesac erT-erTi parametri mudmivia. airis

mdg-is Secvlas, am parametrebis cvlilebisas, airuli procesi ewodeba. Sesabamisad

miRebul iqna cdiseuli kanonebi am ori parametris cvlilebisas mesamis mudmivobis

Sem-Si da es kanonebi Semdegia (izoprocesebi):

1. boil-mariotis kanoni. am kanonis ganxilvisas procesi mimdinareobs mudmiv

temperaturaze (  constt procesi izoTermulia) da mocemuli masis airisTvis 1662 w.

boilma (ingliseli) da 1667 w. mariotma (frangi) erTmaneTisagan damoukideblad

daadgines airis wnevasa da moculobas Soris damokidebulebis kanoni: airis

mocemuli masis wneva mudmivi temperaturis dros icvleba moculobis

ukuproporciulad: anu

,
1

2

2

1

V

V

p

p
 anu constpVVpVp  ,2211 (13.1).

aq 11 Vp , da 22 Vp , airis ori sxvasxva mdg-is Sesabamisi wnevebi da moculobebia. e.i.

am kanonis Tanaxmad airis mocemuli masisTvis ucvleli

temperaturis pirobebSi misi   wnevis da moculobis namravli

mudmivi sididea. am procesis grafiki ( Vp, ) koordinatebiT

hiperbolaa da mas izoTerma ewodeba. nax. 13.1-ze mocemulia

sxvadasxva temperaturaze agebuli ixzoTermebi. Tu abscisTa

nax. 13.1 RerZze aviRebT moculobis raime konkretul mniS-s, maSin am

izoTermebs ordinatTa RerZze Seesabameba wnevis garkveuli mniSvnelobebi. wneva

formulidan nkTp  proporciulia temperaturis. e.i. rac metia grafikis Sesabamisi

wneva moculobis raime konkretul mniS-ze, miT meti temperaturaze iqneba  izoTerma

agebuli, anu meti temperaturis Sesabamisi izoTerma ufro maRla mdebareobs.

2. gei-lusakis kanoni. am kanonis ganxilvisas procesi mimdinareobs mudmivi wnevis

pirobebSi (  constp procesi izobarulia) da 1802 w. gei-lusakma (frangi) daadgina
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kanoni, romlis Tanaxmad: airis mocemuli masis moculoba mudmivi wnevis dros

temperaturis mixedviT wrfivad icvleba:

)( tVV  10 (13.2),

sadac 0V airis moculobaa 0 C0 ze, xolo V moculoba Ct 0 ze.  moculobiTi

gafarToebis koeficientia. (13.2)-dan
tV

VV

0

0
 da ricxobrivad is tolia 0 C0 tempe-

raturis airis erTeuli moculobis namatisa 1 C0 iT gaTbobis dros. gei-lusakis

mixedviT  mudmivi wnevis dros yvela airisTvis erTi da igivea da ricxobrivad

15273
1
,

 grad-1. nax.13.2-ze gamosaxulia am kanonis grafiki, romelsac izobara

ewodeba. naxazidan Cans, rom izobara temperaturaTa RerZs kveTs Ct 015273,

wertilSi, romelsac temperaturis absoluturi nuli

vuwodeT. gamodis rom am dros 0tV , nivTiereba qreba,

rac arasworia. es adasturebs imas, rom airis cdiseuli

kanonebis gamoyeneba dabali temperaturebis dros ar

SeiZleba (am temperaturis dros grafiki imitomaa

nax. 13.2 wyvetili, rom nivTiereba am dros ukve airi aRar aris).

Tu gaviTvaliswinebT kavSirs temperaturis absolutur da celciusiს skalas

Soris 15273, tT , miviRebT
0

00 T
T

VTVV   , sadac KT 15273
1

0 ,


Seesabameba 0 C0 -s

celsiusi skalaze. aqedan
00 T

T
V
V

 . an zogadad airis ori mdg-Tvis
2

1

2

1

T

T

V

V
 da

const
T
V

 , e.i. izobaruli procesis dros  airis mocemuli masis moculoba icvleba

misi absoluturi temperaturis proporciulad.

3. Sarlis kanoni. am kanonis ganxilvisas procesi mimdinareobs mudmivi moculobis

pirobebSi (  constV procesi izoqorulia) da 1800 w. Sarlim (frangi) daadgina ka-

noni, romlis Tanaxmadac airis mocemuli masis wneva mudmivi moculobis dros

temperaturis mixedviT wrfivad icvleba:

)( tpp  10 (13.3),

sadac 0p airis wneva 0 C0 ze, xolo p wneva Ct 0 ze.  wnevis Termuli koefi-

cientia. (13.3)-dan
tp

pp

0

0
 da ricxobrivad is tolia 0 C0 temperaturis airis wne-

vis TiToeuli erTeulis namatisa 1 C0 iT gaTbobis dros. Sarlis mixedviT  mud-
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mivi moculobis dros yvela airisTvis erTi da igivea da ricxobrivad
15273

1
,



grad-1.

aqac Tu celsiusis temperaturas SevcvliT absoluturi temperaturiT,

miviRebT:
2

1

2

1

T

T

p

p
 airis ori sxavdasxva mdg-Tvis, an zogadad

.const
T
p

 e.i. izoqoruli procesis dros airis mocemuli masis

wneva icvleba misi absoluturi temperaturis proporciulad.

nax.-13.3-ze mocemulia Sarlis kanonis grafiki. am grafiks

izoqora ewodeba. grafikis wyvetil xazze SeiZleba igive

msjelobis Catareba, rac izobaris dros gvqonda (gei-lusaki kanoni).
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$34. idealuri airis mdgomareobis gantoleba. klaperon-mendeleevis gantoleba.

airis universaluri mudmiva.

zemoTmoyvanili cdiseuli kanonebi asaxavdnen airuli procesebis kerZo Sem-

Txvevebs (e.w. izoprocesebs). am dros airis mdg-s damaxasiaTebeli sidididan erTi

mudmivi iyo, xolo danarCeni ori icvleboda da myardeboda damokidebuleba maT So-

ris. axla ganvixiloT zogadi Sem-va, rodesac samive sidide TVp ,,( wneva, mocu-

loba da temperatura) mocemuli masis Sem-Si icvleba da davamyaroT kavSiri maT

Soris. gantolebas, romelic amyarebs kavSirs wnevas, moculobasa da temperaturas

Soris mdgomareobis gantoleba ewodeba. es gantoleba miiRo klapeironma (frangi)

boil-mariotisa da gei-lusakis kanonebis gaerTianebiT.

vTqvaT mocemuli gvaqvs airis ori mdg-ba, romlis sawyisi (I) parametrebia

111 TVp ,, , xolo saboloo (II) ki 222 TVp ,, . gadaviyvanoT airi izobarulad I mdg-dan

raRac Sualedur (I’) mdg-Si, sadac misi parametrebia 21 TVp ,', . izobaruli gadasvlis

dros ki marTebulia gei-lusakis kanoni:
2

11

T

T

V

V


'
(13.4)

aqedan
1

2
1 T

T
VV ' (13.5),

(I’) Sualedur  da (II) saboloo mdg-bebSi temperaturebi erTnairia. gamoviyenoT

boil=mariotis kanoni 221 TpVp ' . aq SevitanoT 'V (13.5)-dan

22
1

2
11 Vp

T

T
Vp  , an

2

22

1

11

T

Vp

T

Vp
 (13.6).

zogadad es gantoleba, romelic boil-mariot-gei-lusakis gaerTianebuli kanonia

ase Caiwereba: B
T
pV

 (13.7).

(13.7) aris idealuri airis mdgomareobis gantoleba. meorenairad mas klapeironis

gantoleba ewodeba.

am gantolebis nakli is aris, rom B mudmiva sxvadasxva airebisTvis sxva-

dasxvaa. 1875 w. mendeleevma es gantoleba gaaerTiana avogadros kanonTan.

davuSvaT mocemulia 1 moli airi. misi moculoba avRniSnoT V . avogadros ka-

nonis Tanaxmad erTnairi wnevis da temperaturis pirobebSi V yvela airisTvis erT-

nairia. maSin CavweroT es gantoleba erTi molisTvis da am Sem-Si B mudmivas mniS-

ba yvela airisTvis iqneba erTnairi. es mudmiva aRiniSneba R iT da mas airis

universaluri mudmiva ewodeba. e.i. erTi moli airisTvis gantoleba aseT saxes

miiRebs: ,R
T

pV


an RTpV  (13.8)
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Tu gvaqvs airis m nebismieri masa da Tu 1 molis masa aris –  , maSin far-

doba

m

iqneba molebis ricxvi da (13.8) gantoleba airis nebismieri masisTvis

(molebis raRac raodenobisTvis da ara erTisTvis) ase Caiwereba: RT
mm

pV
  ,

magram


m
VV  aris m masis moculoba da RT

m
pV


 (13.9).

am gant-bas klaperon-mendeleevis gantoleba ewodeba. viciT simkvrive
V
m

 , maSin

.
RT
p

  R is ricxviTi mni-ba ase gamoangariSeba: avogadros kanonis Tanaxmad

nebismieri airis 1 moli normalur pirobebSi ( 10 p atm, KT 15270 , ) ikavebs erTi

da igive 3
0 104222  ,V m3/moli moculobas. maSin ,R

T

pV


formulis gamoyenebiT

gveqneba 318
0

00 ,
T

Vp
R 

j/ K moli.

klapeiron-mendeleevis gantoleba aris izorocesebis gantolebebis gaer-

Tianeba. amitom aqedan gamodis idealuri airis izoprocesebis samive kanoni.

marTlac, Tu ,constT  maSin radgan mocemuli airisTvis R
m


sidide mudmivia,

miviRebT  constpV boil-mariotis kanoni.

aseve Tu ,constp  radgan ase R
m


mudmivia, miviRebT  const
p

mR
T
V


gei-

lusakis kanoni da Tu

,constV  maSin  const
V

mR
T
p


Sarlis kanoni.
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XIV leqcia

idealuri airis Sinagani energia. Tavisuflebis xarisxi. airis siTbotevadoba,

maieris formula. airis universaluri mudmivas fizikuri arsi.

$35. idealuri airis Sinagani energia. Tavisuflebis xarisxi.

sxeulis Sinagani energia ewodeba misi Semadgeneli nawilakebis qaosuri

moZraobis kinetikuri da urTierTqmedebis potenciuri energiebis jams.

gansxvavebiT realuri airebisgan, idealuri airis molekulebi ar urTierT-

qmedeben, amitom maTi potenciuri energia nulis tolia da Sinagani energia misi

molekulebis kinetikuri energiebis jamis tolia.

Sinagan energias aRniSnaven U asoTi da realuri airisTvis is damokidebulia

or : T temperatura (kinetikuri energia) da V moculoba (potenciuri energia)

parametrze ),( VTUU  . idealuri airisTvis ki gveqneba ).(TUU 

cnobilia molekulis gadataniTi moZraobis Sesabamisi saSualo kinetikuri

energia .kTW
2
3

 magram molekulas gadataniTi moZraobis garda SeuZlia Seasru-

los brunviTi moZraobac, xolo atomebma mis SigniT rxeviTi moZraobac. yvela moZ-

raobas garkveuli energia Seesabameba, amitom molekulis sruli kinetikuri energia

Sedgeba gadataniTi, da aseve brunviTi da rxeviTi moZraobebis energiebisgan.

molekulis sruli kinetikuri energiis gamosaTvlelad Semotanilia i –

Tavisuflebis xarisxTa ricxvi, romelic ewodeba im damoukidebel moZraobaTa

ricxvs, romelTa Sesrulebac sxeuls SeuZlia (an rac igivea is damoukidebel

koordinatTa ricxvi, romlebic gansazRvraven sxeulis mdebareobas sivrceSi).

mag. erTatomiani airis ( ArHe , da sxva) nawilakebis Tavisuflebis xarisxi

,3i vinaidan maT nivTieri wertilis msgavsad mxolod gadataniTi moZraobis Ses-

ruleba SeuZliaT (3 damoukidebeli moZraoba – ozoyox ,, RerZebis gaswvriv sivr-

ceSi, sibrtyeze 2i da wrfeze 1i ). oratomiani xisti molekulebisTvis ,5i

romelTagan 3 gadataniTia (RerZebis gaswvriv), 2 brunviTi (ori RerZis irgvliv). sam

atomiani molekulebisTvis ki ,6i 3 gadataniTi Sesabamisi RerZebis gaswvriv da 3

brunviTi aseve RerZebis irgvliv.

energiis raodenoba, romelic modis erT Tavisuflebis xarisxze, Camoyalibda

bolcmanis Teoremis safuZvelze: Tu molekulaTa sistema siTbur wonasworobaSia

T temperaturaze, maSin molekulis erT Tavisuflebis xarisxze  modis kT
2
1

kineti-

kuri energia. es aris Tavisuflebis xarisxTa ricxvis mixedviT energiis Tanabrad

ganawilebis kanoni. marTlac radgan gadataniTi moZraobis saSualo kinetikuri



90

energia aris kT
2
3

, xolo aseTi moZraoba xasiaTdeba 3 Tavisuflebis xarisxiT,

amitom erT Tavisuflebis xarisxze modis 3-jer naklebi energia, anu kT
2
1

.

amis Semdeg davweroT molekulis sruli kinetikuri energiis formula Tavi-

suflebis xarisxTa ricxvis gaTvaliswinebiT: kT
i

W
2

 . erTi moli idealuri airi-

sTvis Sinagani energia toli iqneba ,RT
i

TkN
i

WNU AA 22
 sadac  AkNR airis

universaluri mudmivaa. maSin nebismieri



m

 molisTvis

RT
im

UU
2

   (14.1) (  moluri masaa).

(14.1) formula gamosaxavs nebismieri m masis idealuri airis Sinagan energias.

es yvelaferi exeboda xist molekulebs, romlebic aseT Tvisebebs amJRavneben

SedarebiT dabal temperaturebze (iTvleba rom molekulebi ar irxevian da maT So-

ris manZili ar icvleba). maRal temperaturebze es sixiste irRveva da molekulebis

Semadgeneli atomebi iwyeben rxevas da Tavisuflebis xarisxic izrdeba – gadata-

niTs da brunviTs emateba rxeviTi Tavisuflebis xarisxi. radgan harmoniulad mer-

xev sxeuls orive –kinetikuri da potenciuri energiaa gaaCnia, amitom rxeviTi

moZraobis i -is Sesabamisi energia orjer metia, anu kT s tolia. amis gamo orato-

miani molekulis sruli energia iqneba ara ,kT
2
5

aramed .kTkTkT
2
7

2
5
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$36. airis siTbotevadoba, maieris formula. airis universaluri mudmivas fizikuri

arsi.

cdebiT naCvenebia, rom Tu toli masis sxvadasxva sxeulebs erTi da igive

siTbos raodenobas gadavcemT, maTi temperaturebi sxvadasxvanairad icvlebian. am

Tvisebis dasaxasiaTeblad SemoRebulia siTbotevadobis cneba.

siTbotevadoba C ewodeba siTbos raodenobas, romelic unda raime m masis

sxeuls gadavceT, rom misi temperatura gaizardos erTi gradusiT:
T
Q

C



 , sadac

Q da T gadacemuli siTbos raodenoba da temperaturis nazrdia.

kuTrisiTbotevadoba c ki ewodeba erTeuli masis siTbotevadobas

T
Q

mm
C

c

1

 . gvaqvs aseve moluri siTbotevadoba C 1 moli nivTierebis

siTbotevadoba da
T
Q

m
C




  . am ganmartebebidan Cans, rom cmC  da cC  

(  moluri masaa).

erTeulTa SI sistemaSi siTbotevadobis, kuTri siTbotevadobis da moluri

siTbotevadobis erTeulebia:  j/ ,K j/ K kg da j/ K moli.

arCeven airis siTbotevadobas mudmivi moculobis dros – VC da mudmivi

wnevis dros pC . cdebidan dadgenilia, rom Vp CC  .

gamovTvaloT idealuri airis VC da
pC moluri siTbotevadobebi.

a) vipovoT VC . vTqvaT 1 moli idealuri airi moTavsebulia daxSul WurWelSi, ise,

rom mas gafarToeba ar SeuZlia ( constV  )  (nax. 14.1 a).

nax. 14.1

VC aris is siTbos raodenoba, romelic unda gadavceT erT mol airs, rom misi

temperatura erTi gradusiT gaizardos, anu ),( 1 TmQCV  . vinaidan  airi

ar farTovdeba, muSaobas ar asrulebs, amitom gadacemuli siTbo mTlianad ixar-
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jeba  misi Sinagani energiis gazrdaze, e.i  UQ  da  UCV  . magram ,RT
i

U
2



amitom .)( R
i

RT
i

TR
i

TR
i

U
22

1
22

   e.i. R
i

CV 2
 (14.2)

b) axla vipovoT
pC . vTqvaT 1 moli idealuri airi moTavsebulia dguSian Wur-

WelSi, sadac dguSze moqmedebs mudmivi gare wneva ( ).consp  dguSi iyos uwono da

SeuZlia xaxunis gareSe gadaadgileba. airis wneva gare wnevis tolia. gaTbobisas is

rom mudmivi darCes, igi unda gafarTovdes, anu gadaadgildes raRac h manZilze.

gafarToebisas airis asrulebs muSaobas gare wnevis dasaZlevad da e.i. gadacemuli

siTbos raodenobis raRac nawili xmardeba Sinagani energiis gazrdas, nawili ki

airis gasafarToeblad Sesrulebul muSaobas. Sinagani energiis nazrdi, rogorc

zemoT avRniSneT  VCU  (radgan idealuri airis Sinagani energia moculobaze

damokidebuli ar aris da Sinagani energiis gazrdaze orive Sem-Si erTi da igive

siTbos raodenoba ixarjeba). e.i.
pC metia VC -ze Sesrulebuli muSaobis sididiT

da
pC ACV   . A aris mudmivi wnevis pirobebSi muSaoba misi erTi gradusiT

gaTbobisas. es muSaoba, romelic sruldeba gare pSF  wnevis ZaliT da  Tu dgu-

Sis farTobi S ia, am dros dguSi aiwevs h iT, tolia  VphpShFA  ,

sadac  hSV   moculobis namatia. CavweroT mendeleev-klaperonis gantoleba 1

moli airisTvis or sxvadasxva mdg-Tvis: RTpV  da erTi gradusiT gaTbobis

Semdeg )()( 1 TRVVp   . bolo ori gantolebidan gamoklebis Sedegad miviRebT:

,RVp  anu RA  . aqedan Cans R is fizikuri Sinaarsi: airis universaluri

mudmiva ricxobrivad im muSaobis tolia, romelsac asrulebs 1 moli airi izo-

barulad gafarToebisas misi erTi gradusiT gaTbobis dros. maSasadame gveqneba:

pC R
i

RR
i

RCV 2
2

2


  (14.3),

xolo siTbotevadobebis sxvaoba RCC Vp   (14.4).

(14.3) Tanafardobas maieris gantoleba ewodeba.

maTi fardoba aRiniSneba  Ti. .
i

i
C

C

V

p 2




 (14.5)

rogorc vxedavT,  , iseve rogorc
pC da VC damokidebulia Tavisuflebis

xarisxTa i ricxvze, anu airis gvarobaze.

erTatomiani airisTvis 3i da 512
2
3

, RCV j/ K moli da
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820
2
5

2
3

, RRRC p 
j/ K moli. aseve 671

3
5

, . oratomianisTvis 5i da

820
2
5

, RCV j/ K moli da 228
2
7

2
5

, RRRC p 
j/ K moli. aseve 41

5
7

, . sam

da mravalatomianisTvis 6i da 924
2
6

, RCV j/ K moli da 233
2
8

2
6

, RRRC p 

j/ K moli. aseve 331
6
8

, .

cdebi gviCveneben, rom erTatomiani airis Sem-Si ( ArHe , da sxva) Teoriis

Sedegebi kargad emTxveva cdis Sedegebs. magram or, sam da mravalatomiani aire-

bisTvis Tanxvedra ar aris kargi, rac gamoixateba imaSi, rom cdis Sedegad siTbo-

tevadoba damokidebulia temperaturaze da meore, sxvadasxva  airis siTbotevadoba,

romelTa molekulebi Seicaven erTi da imave raodenobis atomebs, sxvadasxvaa. es ki

axsnili iqna mxolod kvanturi Teoriis safuZvelze.
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XV leqcia

siTbo da muSaoba. Termodinamikis I kanoni. muSaoba sxvadasxva Termodinamikur

procesSi. siTburi manqana. siTburi manqanis margi qmedebis koeficienti (mqk).

Seqcevadi da Seuqcevadi procesebi. Termodinamikis II kanoni.

$37. siTbo da muSaoba. Termodinamikis I kanoni. muSaoba sxvadasxva Termodinamikur

procesSi.

sxeuls TermodinamikaSi gaaCnia Sinagani energia. sxeulis sruli energia aris

misi meqanikuri da Sinagani energiebis jami. radgan sistemis meqanikuri energia

icvleba muSaobis Sesrulebis procesSi, amitom am cvlilebis raodenobrivi zoma

aris Sesrulebuli muSaobis sidide, anu AE   , sadac A sxeulze moqmedi Zalis

muSaobaa, xolo E sxeulis meqanikuri energiis cvlileba.

AE   formula gamosaxavs meqanikuri energiis mudmivobis kanons.

gavarkvioT, ra procesebis Sedegad icvleba sxeulis Sinagani energia. erT-erTi gza

es aris muSaobis Sesruleba. marTlac Tu sxeuli asrulebs muSaobas xaxunis Zalis

winaaRmdeg, maSin is Tbeba, izrdeba temperatura – molekulebis saSualo kinetikuri

energia. aseve Tu muSaobis Sedegad xdeba sxeulis deformireba, maSin icvleba

nawilakebis potenciuri energia (nawilakebs Soris manZilis cvlilebis gamo). e.i.

AE   formula, romelic gamosaxavs meqanikuri energiis mudmivobis kanons

marTebulia im Sem-Sic, rodesac igulisxmeba, rom E aris nawilakis sruli energia.

aseve Sinagani energia SeiZleba SevcvaloT ori sxvadasxva temperaturis mqone

sxeulebis SexebiTac (romlis temperaturac maRalia imis temperatura da Sinagani

energia mcirdeba da piriqiT). magram am dros araviTari muSaoba ar sruldeba.

sxeulis Sinagani energiis Secvlis process muSaobis Sesrulebis gareSe

Tbogadacema ewodeba. am dros im sxeulis molekulebi, romlebic swrafad

moZraoben dajaxebis Sedegad gadascemen energiis nawils im sxeulis molekulebs,

romlebic nela moZraoben. e.i. Tbogadacema aris mikroprocesebis erToblioba,

romlis meSveobiTac energia erTi sxeulidan gadaecema meores.

Tbogadacemis procesSi miRebuli an gacemuli energiis zomaa sidide – siTbos

raodenoba ( )Q . is iseTive dinamikuri cnebaa, rogorc muSaoba. rogorc muSaoba aris

energiis gadacemis forma, xolo Sesrulebuli muSaobis sidide – gadacemis zoma,

aseve siTbo gadacemis formaa, xolo siTbos raodenoba – gadacemis zoma. magram

muSaoba –gadacemis makroskopiuli formaa, xolo siTbo – mikrofizikuri forma, anu

is forma romlis drosac xorcieldeba energiis uSualo gacvla urTierTqmedi

sxeulebis qaosurad moZrav nawilakebs Soris. maSasadame sxeulis energiis

cvlilebis zoma meqanikur procesSi aris gare Zalebis muSaoba, xolo siTbur
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procesSi – siTbos raodenoba. Sesabamisad energiis mudmivobis kanoni siTburi

procesebis gaTvaliswinebiT ase Caiwereba QAE   (15.1).

radgan siTbos raodenoba aris energiis cvlilebis zoma, igi SI sistemaSi

izomeba igive erTeulebiT, rac muSaoba da jouli. arsebobs aseve sistemgareSe

erTeuli kaloria, romelic im siTbos raodenobis tolia, romelic saWiroa 1 g

gamoxdili wylis gasaTbobad erTi gradusiT (19,5 C0 dan C0520, mde). dadgenilia,

rom 1 kaloria =4,1868 j.

dadgenil iqna, rom sxeulis temperatura rom gavzardoT, an SevamciroT T

sididiT, maSin sxeuls unda gadavceT, an wavarTvaT siTbos raodenoba TcmQ   .

aq c kuTrisiTbotevadobaa, romelic ricxobrivad im siTbos raodenobis tolia,

romelic saWiroa erTeulovani masis sxeulis temperaturis Sesacvlelad 1

gradusiT. (15.1) formula, romelic gamosaxavs energiis mudmivobis kanons siTburi

procesebis gaTvaliswinebiT, igive Termodinamikis I kanonia, magram TermodinamikaSi

gvaqvs mxolod uZravi sistemebi, romelTa meqanikuri energia ar icvleba, amitom am

formulaSi srul E energias cvlian misi Sinagani U energiiT da gveqneba:

QAU   (15.2),

sadac U sxeulis Sinagani energiis cvlilebaa, A -gare Zalebis mier

Sesrulebuli muSaoba, xolo Q -sxeulis mier miRebuli (an gacemuli) siTbos

raodenoba. niutonis III kanonis Tanaxmad ,'AA   sadac 'A TviT sxeulis mier

Sesrulebuli muSaobaa, amitom (15.2) ase Caiwereba: 'AUQ  

(15.3)

da Termodinamikis I kanoni ase Camoyalibdeba: sxeulze gadacemuli siTbos

raodenoba xmardeba am sxeulis Sinagani energiis Secvlas da mis mier muSaobis

Sesrulebas. Tu Q >0 – sxeuli iRebs siTbos raodenobas da piriqiT.

manqanas, romelic Seasrulebda muSaobas garedan siTbos raodenobis

miuRebalad da Sinagani energiis Seucvlelad, I gvaris perpetuum mobile (mudmivad

moqmedi Zravi) ewodeba. am kanonidan gamodis rom aseTi manqanis arseboba

SeuZlebelia. marTlac periodulad moqmedi manqanisTvis sistemis sawyis mdg-Si

dabrunebisas energia iRebs pirvandel mniS-s da amitom periodis bolos 0dU .

amitom 0A manqana nulisgan gansxvavebul muSaobas Seasrulebs maSin. rodesac

,0Q anu Seasrulebs garedan miwodebuli energiis xarjze da I kanoni ase

gamoiTqmis: SeuZlebelia pirveli gvaris perpetuum mobiles ganxorcieleba.

adiabaturi ewodeba iseT process, romelic mimdinareobs Tbocvlis gareSe

mocemul sistemasa da garemomcveli sxeulebs Soris. am dros sistema arc iRebs da
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arc gascems siTbos raodenobas 0Q . procesi rom adiabaturi iyos is unda

warimarTos Zalian swrafad, rom ver moaswros siTbos raodenobis miReba an gacema.

Tu airi farTovdeba, igi asrulebs dadebiT muSaobas an garedan miwodebuli

siTbos raodenobis xarjze, an Sinagani energiis Semcirebis xarjze, an orive

procesis gamo erTdroulad. maSin Sinagani energia rom ar Semcirdes, anu procesi

iyos izoTermuli, saWiroa siTbos raodenobis miwodeba garedan, anu procesi unda

warimarTos Zalian nela da piriqiT kumSvisas misi temperatura rom ar gaizardos,

aqac unda moxdes siTbos raodenobis gacema da es procesi unda iyos neli.

e.i. gamodis, rom adiabaturi gafarToebisas, radgan 0Q , airis Sinagani

energia unda Semcirdes – gacivdes da piriqiT kumSvisas – airi unda gaTbes.

marTlac Termodinamikis I kanoni 1 molisTvis am dros ase Caiwereba:

0  pdVdTCV (15.4)

Tu airi adiabaturad farTovdeba ( 0dV ), maSin airi civdeba ( 0dT ) da

SekumSvisas ( 0dV ), airi Tbeba ( 0dT ). amrigad adiabaturi procesis dros airis

temperatura damokidebulia moculobaze. es damokidebuleba gamoTvlebiT aseTia:

constTV 1
 , an zogadad constTV 1 (15.5)

(15.5) asec iwereba 1
22

1
11

  



 VTVT (15.6).

aqedan SeiZleba miviRoT wnevasa da moculobas Soris damokidebuleba:

constpV 
 , an zogadad constpV  (15.7)

(15.7) gant-ba, romelic amyarebs damokidebulebas idealuri airis wnevasa da

moculobas Soris cnobilia adiabatis gant-is saxeliT, romelic miiRo puasonma

(frangi) da mas aseve puasonis gantoleba ewodeba. am gantolebis grafiks ki

adiabata ewodeba. nax. 15.1-ze moyvanilia izoTerma ( constpV  – mrudi 1-2) da

adiabata ( constpV  – mrudi 1-2’). nax-dan Cans, rom moculobis cvlilebisas wnevis

cvlileba adiabaturi procesis dros ufro swrafia, vidre izoTermulis dros

(marTlac izoTermulis dros moculobis 2-jer gazrdisas,

wneva 2-jer mcirdeba, xolo adiabaturis dros ki 2 jer,

rac 2-ze metia). es gamowveulia imiT, rom izoTermulis dros

wneva icvleba mxolod moculobis cvlilebiT, adiabaturis

dros ki rogorc moculobis, aseve

temperaturis cvlilebiT.

nax. 15.1

vnaxoT axla rogori saxe aqvs muSaobis formulebs sxvadasxva

Termodinamikur procesSi. zogadad airis mier Sesrulebuli elementaruli muSaoba
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pdVA  , xolo sruli muSaoba ki toli iqneba  
2

1

V

V

pdVAA  . am formulis

mixedviT gamovTvaloT A muSaoba 1 moli airisTvis izoprocesebisaTvis.

1. izoqoruli procesi. am dros 0  dVconstV , da  
2

1

0






V

V

pdVA . e.i. izoqoruli

procesis dros airi muSaobas ars asrulebs. es procesi rom ganxorcieldes

saWiroa airi movaTavsoT daxurul WurWelSi, ise rom mas gafarToebis saSualeba

ar hqondes. Termodinamikis I kanonis (  pdVdTCQ V  ) Tanaxmad am dros mTeli

gadacemuli siTbo xmardeba airis Sinagani energiis gazrdas.

2. izobaruli procesi. am dros constp  da  
2

1

12







V

V

VVpdVpA )( . zogadad

).( 12 VVpA  aseTi procesi rom ganxorcieldes airi unda moTavsebuli iqnas idea-

lurad moZravi dguSiT daxurul WurWelSi da I kanonis Tanaxmad gadacemuli

siTbos nawili xmardeba muSaobis Sesrulebas (dguSis gadaadgilebas), nawili ki

misi Sinagani energiis gazrdas.

3. izoTermuli procesi. am dros constT  , 
2

1







V

V

pdVA . am dros wneva icvleba

ganuwyvetliv da amitom wnevis aRmniSvneli simbolos integralis niSnis gareT ar

SeiZleba.. gardaqmnebiT miRebulia, rom
1

2





 V

V
nRT

m
A  (radgan

V
RT

p  mendeleev-

klapeironidan) da zogadad
1

2

V

V
nRT

m
A 


 . es muSaoba am dros izoTermis qveS

moTavsebuli farTobis tolia. aseTi procesis gansaxorcieleblad airi unda

movaTavsoT idealurad Tbogamtar WurWelSi da vinaidan aseTi WurWeli ar

arsebobs, procesi unda warimarTos Zalian nela.

4. adiabaturi procesi. am dros 0Q , 
2

1







V

V

pdVA da aseve maTematikuri

gardaqmnebiT viRebT, rom














 1

2

11 1
1








)(

V

VRT
A , an zogadad m masis airisTvis












 1

2

11 1
1




)(

V

VRT
A . klapeiron-mendeleevis gamoyenebiT, SeiZleba misi saxecvlileba:












 1

2

111 1
1




)(

V

VVp
A .
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$38. siTburi manqana. siTburi manqanis margi qmedebis koeficienti (mqk). Seqcevadi da

Seuqcevadi procesebi.

siTbur manqanaSi sawvavis wvis Sedegad gamoyofili energia gadaecema muSa

sxeuls (airs), airi farTovdeba da asrulebs muSaobas gare Zalebis sawinaaRmdegod

da moZraobaSi mohyavs esa Tu is meqanizmi. magram siTburi manqanis sasruli zomebis

gamo, airs ar SeuZlia usasrulod gafarToeba da Semdeg airi unda SeikumSos,

yvela detali daubrundes sawyis mdg-s. amis Semdeg airi isev unda gafarTovdes da

a.S. e.i. siTburi manqana unda muSaobdes ciklurad. e.i. siTbur manqanaSi muSa sxeuli

asrulebs cikls, anu wriul process, anu iseT process, romlis Sesrulebis Semdeg

igi ubrundeba sawyis mdg-s.

yoveli siTburi manqana Sedgeba sami ZiriTadi nawilisagan: muSa sxeuli (airi

an orTqli, romelic asrulebs wriul process), saxurebli  (romlisganac muSa

sxeuli iRebs 1Q siTbos raodenobas gafarToebisas) da macivari ( romelsac muSa

sxeuli gadascems 2Q siTbos raodenobas kumSvisas). muSa sxeuli gafarToebisas

asrulebs dadebiT 1A muSaobas, kumSvisas uaryofiT 12 AA  muSaobas. e.i. erTi

ciklis ganmavlobaSi muSa sxeuli iRebs saxureblisagan 1Q siTbos raodenobas, mis

nawils - 2Q -s gadascems macivars, xolo danarCeni 21 QQ  siTbos raodenobis

xarjze asrulebs sasargeblo 21 AAA  muSaobas.

siTburi manqanis mier Sesrulebuli A muSaobis fardobas saxureblisagan

miRebul 1Q siTbos raodenobasTan, ewodeba siTburi manqanis margi qmedebis

koeficienti (mqk):
1

2

1

21

1

1
Q

Q

Q

QQ

Q
A




 (15.8).

e.i. mqk miT metia, rac metia 1Q da rac naklebia 2Q .

siTburi manqanis muSaobisTvis aucilebelia macivrisTvis siTbos gadacema,

raTa procesi iyos wriuli (gafarToeba – SekumSva da radgan SekumSvis muSaoba

naklebi unda iyos gafarToebis muSaobaze, amitom SekumSvis dawyebamde muSa sxeuli

unda gavacivoT). ciklis dros Sesrulebuli muSaoba miT meti iqneba, rac maRal

temperaturaze moxdeba airis gafarToeba da dabalze SekumSva.

unda aRiniSnos, rom procesi SeiZleba mimdinareobdes rogorc pirdapiri, ise

Sebrunebuli mimarTulebiT. mag. dnobis Sebrunebuli procesia  gamyareba, gaTbobis

– gaciveba, gafarToebis kumSva da a.S.

Seqcevadia procesi, romelic mimdinareobs rogorc pirdapiri, ise

Sebrunebuli mimarTulebiT, amasTan Sebrunebuli procesi dros sistema gaivlis

yvela im Sualedur mdg-s, romelic man gaiara pirdapiri procesis dros da

ubrundeba sawyis mdg-s yovelgvari cvlilebis gareSe. Tu aRniSnul piribebs
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procesi ver akmayofilebs, maSin is Seuqcevia. nebismier realur meqanikur process

Tan axlavs xaxuni da  igi Seuqcevia. xaxunis gareSe SeiZleba gvqondes idealuri

meqanikuri procesi – Seqcevadi.

Seqcevadi iqneboda mag. raRac simaRlidan Camovarnili birTvi horizontalur

zedapirze dacemisas igive simaRleze rom asuliyo, an maTematikuri qanqaras rxevis

procesi, magram miaxloebiT mainc SegviZlia CavTvaloT Seqcevadad.

molekulur  sistemaSi ki principulad SeuZlebelia Seqcevadi procesi. mag.

siTbo TavisTavad gadadis Tbilidan naklebad TbilSi, magram piriqiT ar xdeba. an

mag. difuziis procesi, xdeba airebis Sereva, magram TavisTavad narevis dayofa ar

xdeba.

viciT siTburi manqanis mqk
1

2

1

21

1

1
Q

Q

Q

QQ

Q
A




 . aq igulisxmeboda, rom wriuli

procesis yvela etapi iyo Seqcevadi da ciklis dros Sesrulebuli muSaoba

maqsimaluria da  -c maqsimaluria.   realuri manqanis  ufro naklebia, radgan

procesebis nawili Seuqcevadia da aseve siTbos raRac 'Q nawili usargeblod

ixarjeba xaxunis daZlevaze, dabali temperaturis garemomcvel sxeulebTan

Tbocvlaze da sxva. e.i.  rom maqsimaluri iyos , manqanaSi airis gafarToebis da

kumSvis procesebi unda iyos Seqcevadi.



100

$39 Termodinamikis II kanoni.

Termodinamikis I kanoni aris energiis mudmivobis kanoni siTbur movlenebSi.

magram es kanoni ar miuTiTebs realuri (bunebaSi TavisTavad mimdinare) procesebis

mimarTulebas. e.i. I kanonisTvis aucilebelia damatebiTi piroba, romelic miuTiTebs

bunebrivi procesebis mimarTulebas da am damatebiTi pirobis Sinaarss  gamosaxavs

Termodinamikis II kanoni.

misi erT-erTi (istoriuli)  formulireba – klauziusis (1850w) aseTia:

1. siTbo TavisTavad arasdros gadava naklebad Tbili sxeulidan metad TbilSi.

2. cnobilia, rom mag. meqanikuri energia gardaiqmnas siTburad da piriqiT. I kanonis

Tanaxmad am gardaqmnebis mimarTulebebs Soris gansxvaveba ar arsebobs.

cdebidan dadgenilia, rom eleqtruli, meqanikuri da sxva energiebi mTlianad

gardaiqmneba siTbur energiad, magram piriqiT siTburi energia nawilobriv

gardaiqmneba meqanikurad da isic garkveuli damatebiTi pirobebis dacviT. marTlac

1

21

Q

QQ 
 . am formulidan cnobilia, rom muSa sxeuli saxureblisagan iRebs 1Q

siTbos, 12 QQ  siTbos gadascems macivars da danarCeni 21 QQ  -is xarjze asrulebs

muSaobas. yovelgvari cda – Sesrulebuliyo muSaoba siTbos erTi wyaros

(saxureblis) gacivebis xarjze, macivris gareSe – marcxiT damTavrda. e.i. macivris

arseboba aris damatebiTi piroba siTburi energiis meqanikur energiad

gardasaqmnelad. amitom plankma da kelvinma II kanoni  ase Camoayalibes:

SeuZlebelia iseTi periodulad moqmedi manqanis ageba, romlis erTaderTi

Sedegi iqneboda muSaobis Sesruleba siTbos erTi wyaros gacivebis xarjze (anu

saxureblidan miRebuli siTbos raodenobis xarjze, macivris gareSe). aseTi manqana

sadac saWiro iqneboda mxolod saxurebeli da muSa sxeuli, ufro martivi iqneboda

da iqneboda rogorc mudmivi Zrava (siTbos wyarod SeiZleba agveRo dedamiwis qerqi,

zRva, okeane, atmosfero da a.S.). aseT manqanas meore gvaris perpetuum mobile

uwodes. aqedan II kanoni ase gamoiTqmis: SeuZlebelia meore gvaris perpetuum

mobiles ageba.


