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1. fizikuri sidideebi. zogierTi cnebebi veqtorebze 
fizikuri sidideebi 

 
fizikuri kanonebi gamoisaxebian maTematikuri Tana-

fardobebiT, romlebic myardebian fizikur sidideebs So-
ris. fizikuri sidideebi fizikuri obieqtebis (sagnebis, 
mdgomareobebis, prosecebis) gazomvadi maxasiaTeblebia 
(Tvisebebia).  

TiToeuli fizikuri sidide warmoadgens ricxviTi 
mniSvnelobis da sididis erTeulis namravls.  

 
skalaruli da veqtoruli sidideebi 
nebismieri fizikuri Sinaarsis maTematikuri Tana-

fardoba Seicavs skalarul da veqtorul sidideebs. si-
dides ewodeba skalaruli, Tu is srulad xasiaTdeba 
ricxviTi mniSvnelobiT. sidide veqtorulia, Tu is sru-
lad xasiaTdeba ricxviTi mniSvnelobiT da mimarTulebiT. 

veqtorebs aRniSnaven msxvili Sriftiani asoebiT, an 

isriani asoebiT (mag. ). igive aso, moTavsebuli or para-
lelur mcire xazs (xazaks) Soris warmoadgens veqtoris 
moduls: 

 veqtoris moduls,  veqtoris 

moduls. 
veqtoris moduli _ skalaria. skalari yovelTvis 

dadebiTi sididea. 
naxazebze veqtorebi gamoisaxebian isriani monakveTe-

biT. monakveTis sigrZe (dadgenil masStabSi) warmoadgens 
veqtoris moduls, xolo isriT naCvenebi mimarTuleba 
gvaZlevs veqtoris mimarTulebas. 

paraleluri wrfeebis gaswvriv mimarTul veqtorebs 
kolinearulebi ewodebaT.  

toli modulebis paraleluri veqtorebi erTmaneTis 
tolia, xolo antiparalelurebi gansxvavdebian niSniT: 

 

  

 an  
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nax. 1.  
veqtorebis Sekreba. davuSvaT mocemulia ori veqto-

ri  da . maTi jami anu tolqmedi (marezultirebeli)  

veqtoris misaRebad, gadavitanoT  veqtori TavisTavis 

paralelurad ise, rom misi sawyisi SeuTavsdes  veqto-

ris bolos. tolqmedi  gaivleba  veqtoris sawyisidan  

veqtoris bolomde (nax. 2).  
 

 
nax. 2 

 

arsebobs Sekrebis sxva xerxic. gadavitanoT  veq-

tori (an ) ise, rom veqtorebis sawyisebi erTmaneTs Seu-

Tavsdnen.  da  veqtorebze avagoT paralelogrami, 

romlis diagonali  iqneba maTi tolqmedi (nax. 2, g). 
orive meTodi (b) da (g) erTnair Sedegs iZleva. Tu moce-

mulia ramdenime veqtori _  da , maSin maTi Sekre-
bisas (tolqmedis povnisas), isini unda gadavitanoT Ta-
visTavis paralelurad, ise, rom yoveli momdevno veqto-
ris sawyisi SevuTavsoT winas bolos (nax. 3a, b, g). 

 

 
nax. 3 

 

miviRebT texil wirs. tolqmedi veqtori iqneba , 

gavlebuli  veqtoris sawyisidan  veqtoris bolomde. 
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naxazidanac (b da g-dan) Cans, rom  veqtori ar aris da-
mokidebuli SesakrebTa mimdevrobaze, naCvenebia ori 

SemTxveva  da . 

veqtorebis gamokleba. ori veqtoris  sxvaoba, 

ewodeba iseT  veqtors, romelic  veqtorTan jamSi mog-

vcems  veqtors (nax. 4). 

 

 
     nax. 4       nax. 5 
 

nax. 5-ze Sepirispirebulia  da  veqtorebis jami 
da sxvaoba.  

veqtoris daSla mdgenelebad. nebismieri  veqtori 

SeiZleba daiSalos ramdenime veqtorad 1, 2, 3 da a.S., 

romlebic jamSi mogvcems  veqtors. aseT SemTxvevaSi 1, 

2, 3 da a.S. veqtorebs  veqtoris mdgenelebi ewodebaT. 

nax. 6-ze mocemulia  mdgenelebad daSla koordinatTa 

marTkuTxa sistemis RerZebze. x,  y da z simboloebiT 

aRniSnulia x, y, z RerZebze  veqtoris mdgenelebi. Seg-

veZlia davweroT x+  y+ z  
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nax. 6. 

veqtoris gegmili RerZze. davuSvaT mocemuli gvaqvs 

 veqtori da garkveuli mimarTuleba sivrceSi n RerZis 
saxiT.  veqtoris sawyisidan da bolodan gavavloT  Rer-
Zis marTobi sibrtyeebi. cxadia, isini erTmaneTis para-
lelurebi iqnebian. da  wertilebs, sadac gadaikveTe-

bian sibrtyeebi n RerZTan, ewodebaT  veqtoris sawyisis 

(1) da bolos (2) gegmilebi (proeqciebi) n RerZze, xolo 

RerZis monakveTs da  wertilebs Soris ewodebaT  

veqtoris gegmili n RerZze. Tu veqtoris mimarTuleba 
emTxveva RerZis mimarTulebas, gegmili dadebiTia, wi-
naaRmdeg SemTxvevaSi uaryofiTia. veqtoris proeqcia ska-
laria. 

 

 
nax. 7 

 
gegmili aRiniSneba igive asoTi, rogorc veqtori 

indeqsis damatebiT. indeqsi aRniSnavs im RerZs da mimar-
Tulebas, romelzedac gegmildeba veqtori, Cvens SemTxve-

vaSi  veqtoris gegmili n mimarTulebaze aRiniSneba . 
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Tu  veqtorsa da n RerZis mimarTulebas Soris 

kuTxes aRvniSnavT -iT, maSin naxazis Tanaxmad 

 
 

sadac  veqtoris modulia. 
Tu veqtori mocemul mimarTulebasTan adgens maxvil 

kuTxes,  da gegmilic dadebiTi iqneba, blagvi 

kuTxis SemTxvevaSi  da gegmilic uaryofiTi iqne-
ba. Tu veqtori marTobia RerZisadmi, misi gegmili nulis 
tolia.  

nax. 8-ze naCvenebia ramdenime veqtoris gegmilebi  
koordinatTa RerZebze. am gegmilebisaTvis ZalaSia Sem-
degi Tanafardobebi: 

=  
=  

Tu  veqtori  RerZebTan adgenen Sesabamisad 

 kuTxeebs, maSin misi gegmilebi toli iqnebian: 

 

 

 
 

 
nax. 8 
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cxadia, mocemuli veqtoris gegmilebiT koordinatTa 
RerZebze yovelTvis SesaZlebelia avagoT TviT veqtoric. 

ganvixiloT ramdenime veqtoris jami  

(nax. 9). naxazidan Cans, rom misi gegmilis mdgeneli  
RerZze tolia 

 
e.i. veqtorebis jamis gegmili raRac mimarTulebaze 

tolia Sesakrebi veqtorebis gegmilebis jamis igive mi-
marTulebaze.  

 

 
nax. 9. 

 
radius-veqtori. wertilis radius-veqtori ewodeba 

veqtors, romelic gaivleba koordinatTa saTavidan gans-
axilvel wertilSi (nax. 10). radius-veqtori  calsaxad 
ganisazRvreba wertilis mdebareobiT sivrceSi. naxazidan 
Cans, rom misi gegmilebi koordinatTa RerZebze tolia 
wertilis koordinatebis.  
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nax. 10. 

 

 
 veqtoris modulis kvadrati tolia koordinatebis 

kvadratebis jamis: 

 
veqtoris namravli skalarze.  veqtoris namravli  

skalarze iseTi  veqtoris tolia, romlis moduli -

jer metia -s modulze, gaaCnia igive mimarTuleba, Tu 

a>0, da sapirispiroa, Tu <0. Tu  , maSin . 

veqtoris gayofa  skalarze daiyvaneba veqtoris ga-

mravlebaze .  

erTeulovani veqtori. nebismier  veqtors Seesa-
bameba igive mimarTulebis, moduliT erTeulovani 

veqtori erT. cxadia Semdegi Tanafardobebi: 

erT 

 
erTeulovan veqtorebs uwodeben agreTve ortebs. 

veqtoris mdgenelebis modulebi koordinatTa RerZebze 
tolia veqtoris modulebis gegmilebis imave RerZze: 
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koordinatTa RerZebis  gaswvriv erTeulovan 

veqtorebs Sesabamisad aRniSnaven ,  da  simboloebiT da 
uwodeben ortebs. veqtoris mdgenelebisaTvis miviRebT: 

,  ,   

radgan  veqtori tolia Tavis mdgenelebis jamis, 
SegviZlia davweroT: 

 
aqedan gamomdinare, nebismieri veqtori SeiZleba ga-

movsaxoT Sesabamisi gegmilebiT koordinatTa RerZebze am 
RerZebis ortebis (mgezavebis) saSualebiT. 

magaliTisaTvis ganvixiloT dekartes marTkuTxa 
(orTogonaluri) koordinatTa sistema, romlis mgezavi 

(bazisuri) veqtorebia ,  da . es veqtorebi akmayofile-
ben orTogonalobisa da normirebis pirobebs:  

 _ orTogonalobis piroba, 

 _ normirebis piroba. 
orTogonalobis piroba gviCvenebs, rom es veqtorebi 

urTierTmarTobulia, xolo normirebis pirobis Tanaxmad 
mgezavi (ortebis) veqtorebis sigrZe erTis tolia. garda 
am ori pirobisa koordinatTa marjvena sistemisaTvis Se-
srulebuli unda iyos tolobebi 

 
, 

sadac kvadratuli frCxilebiT aRniSnulia veqto-
ruli namravli. yovelTvis sruldeba pirobebi 

 
es veqtorebi saSualebas gvaZlevs ganvsazRvroT  

veqtoris ricxviTi mniSvnelobebi , romlebsac mo-
cemuli veqtoris koordinatebi ewodeba da romlebic 

warmoadgens  veqtoris orTogonalur gegmilebs (pro-
eqciebs) koordinatTa RerZebze.  

amgvarad, Tu veqtori sivrceSi nebismieradaa mi-
marTuli, gveqneba 

 
xolo  radius-veqtorisaTvis 
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sadac  da  _ radius-veqtori koor-

dinatebia  RerZebze, amitom 

 

 
 
veqtoris sigrZe am veqtoris YTavisTavze skalaruli 

namravlidan kvadratuli fesvis tolia. zemoT miRebuli 
formulebis safuZvelze 

 
radius-veqtorisTvis gveqneba 

 
Tu , maSin radius-veqtori  sibrtyeSia da 

sididiT tolia 

 
Tu , wertili mdebareobs  RerZze da  

ori veqtoris  da  skalaruli namravlisaTvis 
gveqneba 

  

mravalwevrebis gamravlebis wesisa da orTogonalo-
bis pirobis gamoyenebiT 

 
 da  veqtorebis veqtoruli namravlisTvis 

 
mgezavebis veqtoruli namravlis formulebis da 

mravalwevrebis gamravlebis wesis gamoyeneba gvaZlevs 

 
rac asec Caiwereba 

 
ormagi veqtoruli namravlisaTvis advilad miviRebT 
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skalaruli Sereuli namravlisaTvis adgili aqvs 
formulebs 

 
cxadia, rom 

 
 

 
2. diferencialuri operaciebi veqtorebze 

veqtoris warmoebuli. 
 

davuSvaT  icvleba droSi cnobili kanoniT , 
rac niSnavs rom, misi gegmilebi koordinatTa RerZebze 
warmoadgenen  drois funqciebs: 

 
davuSvaT  droSi veqtoris gegmilebi Rebuloben 

nazrds , ris Sedegadac  veqtoric  miiRebs 

nazrds  veqtoris cvlilebis siCqare 

droSi daxasiaTdeba gantolebiT: 

 
rac warmoadgens  veqtoris cvlilebis saSualo 

siCqares  drois SualedSi. Tu  veqtoris uwyveti 

cvlilebisas -s usasrulod SevamcirebT-mivaswrafebT 

nulisaken , maSin  veqtoris cvlilebis siCqare 
iqneba: 

 
raime  funqciis nazrdis fardobas  argumentis 

nazrdTan, rodesac is miiswrafvis nulisaken , 

ewodeba am funqciis warmoebuli -Ti da Caiwereba  sim-

boloTi. maSasadame  veqtoris cvlilebis siCqare droSi 
iqneba 
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ortebis mamravlebi warmoadgenen  veqtoris ars 

koordinatTa RerZebze: 

 
 
veqtoris warmoebuli veqtoriT. 

Tu mocemuli gvaqvs ori veqtori  da , maSin  

veqtoris warmoebuli  veqtoriT ewodeba veqtors 

 
am veqtoris gegmilebi da  RerZebze Sesa-

bamisa iqnebian: 

 

 

 
 
 
gadiferencialebis ZiriTadi formulebi: 
jamis warmoebuli. davuSvaT,  sidide warmoadgens 

Semdeg jams: , maSin misi warmoebuli iqneba 

. veqtoris ricxvze namravlis warmoe-

buli. davuSvaT  maSin misi warmoebuli  

Tu  ricxvebia, maSin  veqtoris warmoebuli 

, iqneba  
 
veqtoruli da skalaruli funqciebis namravlis 

warmoebuli. 
davuSvaT  da  skalaruli da veqtoruli 

funqciebia drois da , maSin 

. zRvarze gadasvliT 
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skalaruli namravlis warmoebuli.  

davuSvaT  da  veqtoruli funqciebia da 

 - maTi skalaruli namravlia. ganvixiloT 

  

zRvarze gadasvliT miviRebT:  
 
veqtoruli namravlis warmoebuli.  

veqtoruli namravlis  warmoebulisaTvis, wina 

formulis analogiurad miviRebT  

unda gvaxsovdes rom  
 
integrali veqtoridan. 
davuSvaT mocemuli gvaqvs cvladi veqtori ; 

. 

Tu  da  aRvniSneT  drois sawyis da saboloo 
mniSvnelobebs, gveqneba: 

 
 

 
 
 
 
 

3. wertilis funqciebi 

 
maTematikur fizikaSi xSirad ganixilaven sidideebs, 

romlebic garda koordinatebisa, damokidebulni arian 
sxva cvladebzec (magaliTad droze). Tu gansaxilveli 
sidide veqtoria (ricxvia), maSin ganixilaven wertilis 
veqtorul (skalarul) funqcias. aseT SemTxvevaSi amboben, 
rom sivrcis gansaxilvel areSi mocemulia veqtoruli an 
skalaruli veli. 

ZiriTad SemTxvevaSi Sesaswavl velebs axasiaTeben 
sami funqciiT: 
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1) gradientiT - veqtoruli funqciiT, romlis argu-
mentia wertilis skalaruli funqcia. 

2) divergenciiT - skalaruli funqciiT, romlis ar-
gumentia wertilis veqtoruli funqcia. 

3) rotoriT (grigali) - veqtoruli funqciiT, rom-
lis argumentia wertilis veqtoruli funqcia. 

ganvixiloT es funqciebi cal-calke. 
 
gradienti. Tu mocemulia skalaruli funqcia 
, maSin am funqciis gradienti iqneba veqtori 

koordinatebiT . gradientis ganmartebis Tanaxmad 

davwerT:  am veqtoris Sinaarsis ga-

sarkvevad gamovTvaloT  funqciis sruli diferenciali 

 gadaadgilebaze, : 

 
e.i.  -is usasrulo mcire nazrdi gadaadgilebisas 

garkveuli mimarTulebiT tolia komponentis ska-

laruli namravlisa gadaadgilebaze. -is fardobas 

ewodeba  skalaruli funqciis warmoebuli  mimar-

TulebiT.  zedapirze gadaadgilebisas , 

amitom  marTobelia -is, anu veqtori  mar-

Tobulia  zedapiris. 
divergencia. fizikuri procesebis Seswavlisas, 

romlebic dakavSirebulni arian fizikuri sidideebis 
warmoSobasTan, gaqrobasTan da SenaxvasTan mniSvnelovan 
rols asrulebs divergenciis cnebis maTematikuri gan-
marteba.  

davuSvaT mocemulia sivrcis nebismieri wertili-

saTvis gansazRvruli veqtori .   veqtoris nakadi 

raime  zedapirSi ewodeba gamosaxulebas  

veqtoris divergencia skalaruli sididea. ax-
asiaTebs nakadis wyaroebis simravles da ganisazRvreba 

formuliT  sadac  - usasrulod mcire 

Caketili zedapiria, SezRuduli mcire   moculobiT. 
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dekartes marTkuTxa koordinatTa sistemaSi  veq-
toris divergencia Caiwereba: 

 
es SeiZleba gamovsaxoT agreTve Semdegi skalaruli 

namravlebis jamiT: 

 
veqtorul aRricxvaSi raime  veqtoris divergencia 

ewodeba zRvars, romliskenac miiswrafvis Caketil 

zedapirSi  veqtoris nakadis fardoba am zedapiriT 

SemosazRvrul  moculobasTan, rodesac  e.i. 

 . 

grigali (rotori).  veqtoris rotori veqtoruli 
sididea 

 
e.i.  gegmilebi koordinatTa RerZebze iqneba: 

RerZi :  

RerZi :  

RerZi :  

is agreTve SegviZlia warmovadginoT veqtoruli na-
mravlebis jamis saxiT: 

 
ganvixiloT  rotoris veqtoruli ganmarteba, 

romelic aRvniSnoT simboloTi. es veqtori 
ganisazRvreba sxvadasxva sibrtyeebSi mdebare sami 
mdgeneliT.  erTeulovani mgezavi veqtoris marTob  

sibrtyeSi SemovifargloT  mcire konturiT. (nax. 11)  
konturze Semovlis dadebiTi mimarTuleba Cveulebriv 
dakavSirebulia -Tan marjvena burRis wesiT. rotori 
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ewodeba veqtors, romlis proeqcia  mimarTulebaze 

ganisazRvreba formuliT:   

rotori axasiTebs veqtoris intensivobis 
“dagrigalebas” 

ganvixiloT rotoris gamoyenebis magaliTi: davuSvaT 
absoluturad myari sxeuli brunavs  kuTxuri siCqariT 

uZravi RerZis garSemo. ganvsazRvroT  misi brunvis 
RerZis wertilebisaTvis. 

 
 
 
 
 
 
 
 
 
 
 
 
mocemuli amocanis amosaxsnelad  konturad 

miviCnioT  radiusiani wrewiri (nax. 11)  farTis 
sibrtyeSi, RerZis marTobulad. visargebloT cnobili 

formulebiT:  da   ( -wrewiris 
elementia) 

gveqneba:  

miviReT, rom mbrunavi absoluturad myari sxeulis 
wertilebis wrfivi siCqaris rotori orjer metia brunvis 
kuTxur siCqareze. es mtkicebuleba exeba mbrunavi myari 
sxeulis nebismier wertils. 

amgvarad, veqtorul aRricxvaSi raime  veqtoris 

rotori Semdegnairad ganisazRvreba:  veqtoris 
cirkulacias nebismieri Sekruli konturis gaswvriv 
yofen am konturiT SemosazRvrul  farTobze da am 

Sefardebis zRvars, rodesac , uwodeben veqtoris 

rotoris gegmils  zedapiris normalze: 

 

  
 

 
 nax. 11
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. es gansazRvreba zogadia da ar aris 

damokidebuli koordinatTa sistemis SerCevaze. 
 
laplasis operatori. 
laplasiani – laplasis operatori ewodeba 

gamosaxulebas 

 
skalaruli funqciisaTvis 

 
xolo raime  veqtorisaTvis gveqneba 

 
radgan    

  veqtorisaTvis davwerT:  

 
 
hamiltonis operatori – simboluri veqtori nabla. 
hamiltonis operators uwodeben veqtorul 

operators 

    

skalaruli funqciisTvis gveqneba: 

    

 da  veqtorebis skalaruli namravli Caiwereba 

   

 da  veqtorebis veqtoruli namravlisaTvis ki 

    

aqedan gamomdinare  da   
funqciebisaTvis xSirad gamoiyeneba Semdegi aRniSvnebi: 

 . 

analogiurad miviRebT:   
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sadac skalaruli operatori  aRniSnulia -
iT. 

 
 
ZiriTadi formulebi 
skalaruli namravlis gradienti: 

   

skalaruli funqciis veqtorze namravlis 
divergencia: 

   
veqtoruli namravlis divergencia: 

    

divergenciis gradienti:  

rotoris divergencia:  

laplasianis divergencia:  

gradientis rotori:  
skalaruli funqciis veqtorulze namravlis 

rotori: 
  

veqtoruli namravlis rotori: 

  

 
 

4. operatorebis gamoyenebis magaliTebi. 
 
skalaruli da veqtoruli sidideebis gawarmoeba 

manZiliT 
fizikuri movlenebis Sesaswavlad xSirad 

vsargeblobT skalaruli da veqtoruli sidideebiT. 
davuSvaT, gvainteresebs wnevis da temperaturis 
ganawileba sivrcis garkveul nawilSi. am SemTxvevaSi 
wneva (temperatura) ganixileba rogorc wertilis  
radius-veqtoris funqcia. Tu gansaxilveli sidideebis 
ganawileba drois momentebSi icvlebian, maSin isini 
iqnebian  drois skalaruli funqciebi. Tu gvainteresebs 
raime dinebis kanonebis Seswavla, unda vipovoT siCqaris 
veqtoris ganawileba, rogorc radius-veqtoris funqcia. 
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Tu siCqare wertilSi icvleba drois mixedviT 
(arastacionaluria), maSin siCqare iqneba  radius-

veqtoris da  skalaruli sididis funqcia. ase rom, saqme 
gveqneba rogorc skalarul velTan, aseve veqtorulTanac. 
aRniSnuli velebis dasaxasiaTeblad saTanadod 

SemoviRoT  skalaruli da  veqtoruli 

funqciebi, romelTac eqnebaT sasrulo warmoebulebi 
yvela argumentis mimarT. davuSvaT  wertilSi -is 

mniSvnelobaa  da am wertilidan -is mimarTulebiT  

manZilze gadaadgilebisas gadavdivarT  wertilSi, 

romelSic  skalaris mniSvnelobaa   

iqneba  funqciis nazrdi. funqciis nazrdis  

manZilTan Sefardebis zRvars, roca , ewodeba 

funqciis warmoebuli -is mimarTulebiT: 

 
am warmoebulis mniSvneloba damokidebulia  

mimarTulebis arCevaze. am sakiTxis gasarkvevad 
ganvixiloT sivrcis is wertilebi, romlebSic -is aqvs 

erTi da igive mniSvneloba. Tu , sadac 

 

wertilTa geometriuli adgili, romlebSic -s aqvs 

erTi da igive  mniSvneloba, warmoadgens  

radiusis sferos zedapirs. Tu , miviRebT  

radiusis sferul zedapirs da a.S. am zedapirebs doneTa 
zedapirebi ewodebaT, am SemTxvevaSi doneTa zedapirebi 
iqneba koncentruli sferuli zedapirebi, romelTa 
centria 0 (nax. 12) sazogadod , warmoadgens raime 

zedapirs sivrceSi.  zedapiris  wertilidan, 

 zedapirs  wertilSi -is mimarTulebiT 
gadaadgilebis dros, rogorc viciT vRebulobT 
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axla davuSvaT  

wertilidan gadaadgileba xdeba  

wertilSi -is mimarTulebiT, 

sadac  aris  zedapiris 

normali -is zrdis mimarTu-

lebiT -Si. vTqvaT  normali  

zedapirs kveTs  wertilSi. 

aris  zedapiris wertili, 

romelSi  aqvs iseTive 

mniSvneloba, rogorc -Si. 

 (nax. 13).  funqciis warmoebuli -is 

mimarTulebiT 
wina formulis Tanaxmad:  

 
 

   radgan   

 

saidanac:  

miviReT, rom  funqciis manZiliT warmoebuli 
nebismieri mimarTulebiT tolia am funqciis warmoebulis 

normaliT, gamravlebuls  da  veqtorebs Soris 
kuTxis kosinusze. 

veqtors romlis sidide tolia -is da mimarTulia 

donis zedapiris normalis gaswvriv -s zrdis 

mimarTulebiT, ewodeba  skalaris gradienti, 
vRebulobT: 

 

nax. 13 

nax. 12 
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amgvarad,  funqciis gradienti aris veqtori, 

romlis gaswvriv -is zrdis siCqare maqsimaluria da 

sididiT tolia am mimarTulebiT  funqciis manZilis 
erTeulze cvlilebis. 

funqciis gradientis ganmartebis sailustraciod 
ganvixiloT erTimeorisgan usasrulod axlos mdebare 
ori  da  donis zedapiri (nax. 14). 0 wertilis 
uSualo maxloblobaSi es ori zedapiri SeiZleba 
ganvixiloT, rogorc ori paraleluri brtyeli zedapiri, 
romelTa saTanado wertilebis normalebis mimarTuleba 

Tanxvedrili iqneba. rogorc viciT  an 

. 

 
 
 
radgan  amitom . Tu 0 

wertilidan avagebT  veqtorebs -is yvela 
mimarTulebiT, isini Tavis boloebiT aRweren sferul 
zedapirs. am veqtorebs Soris yvelaze meti iqneba  

veqtori. amrigad  funqciis gradienti veqtoria, romlis 

mimarTulebiT yvelaze swrafad izrdeba  funqcia, xolo 
gradientis sidide ganisazRvreba funqciis zrdis 
siCqariT manZilis erTeulze. 

gradienti aiReba mxolod skalaruli velis aRmweri 
skalaruli funqciidan, misi gradient gvaZlevs veqtors 

da aRwers veqtorul vels. marTlac vTqvaT , am 

SemTxvevaSi erTnairi donis zedapirebi sferoebia da 
normalis mimarTuleba nebismier wertilSi Tanxvdeba am 
wertilis radius veqtoris mimarTulebas, amitom -is 

     nax. 14 
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gradienti ganisazRvreba ase  sadac  

aris erTeulis sigrZis veqtori normalis _ radius 
veqtoris gaswvriv.  

miviRebT    da warmoadgens 

veqtors 
Tu  mxolod radius-veqtoris funqciaa, e.i. ar aris  

damokidebuli mimarTulebaze, maSin am funqciis 
gradienti, rogorc zemoT moyvanili formulebidan Cans, 

gamoiTvleba ase:   

radgan  koordinatebis funqciaa, amitom 

-is mdgenelebisaTvis gveqneba , 

, . 

radgan , ,  

, amitom  -s gamosaTvleli formula 

iqneba 

 anu 

 

veqtoruli  operatori , aris nabla 

operatori da  funqciis gradienti Caiwereba 

 

raime  veqtorTan  veqtoris skalarul namravls 
aRniSnaven Semdegnairad: 

 
da uwodeben  veqtoris divergencs. veqtoris 

divergenci skalaruli sididea.  
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veqtoris da  veqtoris veqtoruli namravli 
gvaZlevs veqtoris rotors (cirkulacias) da gamoisaxeba: 

 
 

 
 
 

5. cdomilebaTa Teoriis ZiriTadi debulebebi 
 
fizikuri sididis gazomva niSnavs mis Sedarebas 

imave gvaris fizikur sididesTan, specialuri gamzomi 
saSualebebis (xelsawyoebis) gamoyenebiT. 

gazomvas, romlis drosac fizikuri sididis 
mniSvnelobas uSualod vsazRvravT cdiT, pirdapiri 
gazomva ewodeba. aseTi gazomvis magaliTia temperaturis 
gazomva TermometriT, denis Zalis – ampermetriT da sxva. 
pirdapiri gazomvisas sidideebis mniSvnelobebi uSualod 
aiTvlebian xelsawyoebze. 

arapirdapiri gazomvebis SemTxvevaSi, saZiebeli 
sidideebis gansazRvrisas, eyrdnobian sxva fizikuri 
sidideebis pirdapiri gazomvis Sedegs, romlebTanac 
saZiebeli sidide funqcionalur kavSirSia. 

gazomvis cdomilebebi SeiZleba iyos sistematuri, 
SemTxveviTi da uxeSi. 

uxeSi cdomilebebi dakavSirebulia gamzomi 
xelsawyoebis dazianebasTan, eqsperimentatoris 
SecdomebTan anaTvlis aRebisas an gazomvis pirobebis 
mkveTr cvlilebasTan. 

sistemuri cdomileba ori saxisaa: meToduri da 
instrumentaluri. 

meToduri cdomileba gamowveulia movlenis 
fizikuri Teoriis, gazomvis meTodis da saZiebeli 
sididis saangariSo formulis naklovanebebiT. 

instrumentaluri cdomileba gamowveulia 
danadgaris konstruqciis da gamzomi xelsawyobis 
arasrulfasovnebiT. 

gazomvis SemxveviTi cdomilebebi iseTi 
cdomilebebia, romelTa absoluturi sidideebi da niSani 
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icvlebian erTi da igive fizikuri sididis  
mravaljeradi gazomvebisas. maTi gamomwvevi faqtorebi 
mravalia da ar eqvemdebarebian aRricxvas. SemTxveviT 
cdomilebebi Tan sdevs nebismier gazomvas, maTi Tavidan 
acileba SeuZlebelia. 

cdomilebaTa Teoriis saSualebiT SeiZleba 
gamoviTvaloTYmosalodneli cdomileba da davadginoT 
sazRvrebi, romelTa Sorisac unda iyos moTavsebuli 
gasazomi sididis WeSmariti mniSvneloba. cdomilebaTa 
sruli Teoriis ganxilva warmoadgens sakmarisad rTul 
amocanas. Cven gavecnobiT damuSavebis ZiriTad da 
gavrcelebul meTodebs. 

cdomilebis Semcirebis mizniT mizanSewonilia 
saZiebeli sididis mravaljeradi gazomva. mravali 
gazomvis saSualo ariTmetikuli, cxadia yvelaze axlos 
iqneba gasazomi sididis WeSmarit mniSvnelobasTan. 
davuSvaT Catarda  fizikuri sididis -jer gazomva da 

gazomvis Semdegad miRebuli iqna  
mniSvnelobebi. gasazomi fizikuri sididis saSualo 
mniSvneloba  iqneba 

 
calkeuli gazomvebis absoluturi cdomilebebi 

 

 
                        

 
 sididis saSualo absoluturi cdomileba iqneba: 

 
gasazomi  sididis WeSmariti mniSvneloba 

moTavsebuli iqneba   da  sidi-
deebs Soris, cdis pasuxi Caiwereba: 

  
romelsac xSirad ase warmoadgenen: 
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mxolod absoluturi cdomileba ver gansazRvravs 
gazomvis sizustes. erTi da igive absoluturi cdomileba 
SeiZleba mcired CaiTvalos erT SemTxvevaSi da piriqiT, 
Zalian uxeSad sxva SemTxvevisaTvis, es damokidebulia 
gasazomi fizikuri sididis mniSvnelobaze. gazomvis 
sizustis Sesafaseblad saWiroa ganisazRvros fardobiTi 
cdomileba. fardobiTi cdomileba aris absoluturi 
cdomilebis Sefardeba gasazomi fizikuri sididis 
WeSmarit mniSvnelobasTan, is gviCvenebs gasazomi sididis 
ra nawils Seadgens absoluturi cdomileba. Cveulebriv 
fardobiT cdomilebas procentebSi gamosaxaven. cdis 
sizuste ganisazRvreba saSualo fardobiTi cdomilebiT 

. 

Tu calkeul gazomvaTa SemTxvevaSi cdomilebebi ar 
aRemateba im Secdomas, rasac xelsawyo iZleva, sakmarisia 
Catardes erTjeradi gazomva. (magaliTad: temperaturis 
gazomva TermometriT). im SemTxvevaSi rodesac SeiZleba 
SemovifargloT erTi gazomviT, absoluturi cdomileba 
xelsawyos umciresi danayofis naxevris toli iqneba. 
magaliTad, Tu Termometris umciresi danayofi -ia, 

maSin absoluturi cdomileba aiReba . 
 
arapirdapiri gazomvebis SemTxveviTi cdomilebebis 

gamoTvla. 
sidideebis arapirdapiri gamoTvlebisas fizikuri  

sidide gamoiTvleba formuliT 
, sadac  fizikuri 

sididis pirdapiri gazomvis Sedegebia. arapirdapiri 
gazomvis absoluturi cdomileba  gamoiTvleba 

formuliT ,  (1)  

sadac ,  funqciis kerZo warmoebulia -iT;  

absoluturi cdomilebaa  sididis gazomvisas. 
arapirdapiri, (iribi) gazomvis Sedegs warmoadgenen: 

, sadac  - 

funqcia -is mniSvneloba Seesabameba -bis saSualo 
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mniSvnelobebs. fardobiTi cdomilebisTvis  

gveqneba 

 
sadac  

gamoviTvaloT cdomileba cilindruli formis 
sxeulis simkvrivis gansazRvrisas: 

 
sadac  - sxeulis simkvrivea,  - misi masa, - 

cilindris diamteria, - misi simaRlea. 
(1) formuliT gamoviTvaloT absoluturi 

cdomileba: 

; 

 

sadac , ,  - pirdapiri gazomvebis 
absoluturi cdomilebebia – masis, diametris da 
simaRlis. 

gamoTvlebis pasuxia  
cdomilebebis gamoTvla (2) formuliT 
gavalogariTmoT -s formula: 

.  

gansazRvroT warmoebulebi : 

 
fardobiTi cdomileba: 

  sadac -

sidideebis saSualo mniSvnelobebia, -pirdapiri 

gazomvebis cdomilebebia,  _ absoluturi 
cdomilebaa. 

gamoTvlebis pasuxia  
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absolutur cdomilebas da saSualo Sedegs 
amrgvaleben Semdegnairad:  

•  Tu pirveli ukusagdebi cifri metia 4-ze, maSin 
mis Semdeg cifrs emateba erTi. magaliTad, 18,6782 
damrgvalebisas measedamde gveqneba 18,68. 

• Tu pirveli ukusagdebi cifri naklebia an tolia 
4, maSin bolo cifri ar icvleba. magaliTad, Tu 
vamrgvalebT measemde 29,3531, gveqneba 29,35. 

•  Tu dasamrgvalebeli nawilis bolo ricxvSia 5, 
maSin mas amrgvaleben ise, rom  bolo ricxvi darCes 
luwi. magaliTad meaTemde damrgvalebisas 25,65 Caiwereba 
25,6, xolo 27,75 iqneba 27,8. 

 
saSualo ariTmetikuli meTodiT cdomilebaTa 

gamoTvlis wesi: 
1) erTi da igive ucvleli sididis gazomva xdeba 

mravaljeradad erTnair pirobebSi. 
2) yvela gazomva warmoebs erTnairi aTvlis 

cdomilebiT 
3) am meTods iyeneben im SemTxvevaSi, rodesac 

gansxvaveba calkeul gazomvebs Soris aRemateba 
TiToeuli gazomvis an dasaSveb instrumentalur 
cdomilebas. 

4) Tu saZiebeli sidide mniSvnelovania (didia) da 
damokidebulia gazomvebis mravaljeradobaze, maSin 
praqtikulad savsebiT sakmarisia gazomvebis imdenjer 
gameoreba, rom saSualo ariTmetikuli cdomileba 
miuaxlovdes dasaSveb instrumentalurs, an dayvanil 
iqnas aTvlis calkeuli gazomvis cdomilebaze. 

5) Tu ganmeorebiTi gazomvisas miiReba erTi da igive 
Sedegebi, maSin gazomvis cdomilebad miiReben gamzom 
xelsawyos, an instrumentalur cdomilebas. 

SeniSvnis saxiT aRvniSnavT, rom saSualo 
ariTmetikuli cdomileba dakavSirebulia saSualo 
kvadratul cdomilebasTan formuliT 

 sadac  
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Tu miviCnevT, rom  maSin wina 

formula SeiZleba CavweroT gamoTvlebisaTvis iol 

formaSi . 

 
qvemoT cxrilis saxiT mogvyavs absoluturi da 

fardobiTi cdomilebebis formulebi.  da  miaxloebiTi 

ricxvebia, -Sesabamisi absoluturi cdomilebebis 

sazRvrebi, . 

maqsimaluri cdomileba N algebruli 
gamosaxuleba absoluturi fardobiTi 

1   
 

2   
 

3    
4 

   

5   
 

6 
   

7   
 

8  
  

 

rogorc formulebi aCveneben, absoluturi cdo-
milebis moZebnis wesebi emTxveva gadiferencialebis 
wesebs, im gansxvavebiT rom absolutur cdomilebaTa 
formulebSi damoukidebeli cvladebis diferencialebi 
Secvlilia fizikur sidideTa gazomvis absoluturi 
cdomilebebiT da kerZo warmoebulebi aRebulia dadebiTi 
niSnebiT. fardobiTi cdomilebis wesebi ki emTxveva 
logariTmul gadiferencialebis Sesabamis wesebs. 
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