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maTematikuri fizikis gantolebebi 
 

Sesavali 
 

Tanamedrove moTxovnebis pirobebSi farTo profiliT maTematikuri ganaT-

lebis mqone specialistebis momzadebis umTavres mizans warmoadgens maTTvis 

myari maTematikuri codnis micema bunebriv (fizikur) da socialur-ekonomi-

kur procesebTan kavSirSi. ramdenadac aRniSnuli procesebi umTavresad dife-

rencialuri gantolebebiT aRiwereba, maTematikosis CamoyalibebaSi RerZuli 

mniSvneloba maTematikuri fizikis gantolebebis safuZvlian Seswavlas eniWeba. 

kerZod, isini unda icnobdnen maTematikuri fizikis ZiriTad gantolebebs, unda 

icodnen maTi momcveli zogadi saxis kerZowarmoebuliani diferencialuri gan-

tolebebis klasifikacia, amonaxsnebis Tvisebebi, Sesabamisi sawyisi da sasazR-

vro amocanebis koreqtulad dasma da maTi gamokvlevis ZiriTadi meTodebi. 

saswavlo kursis SinaarsSi miTiTebuli Temebis nawili studentebma damouki-

deblad unda moamzadon saseminaro muSaobisTvis. 
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Cven ganvixilavT materialur obieqtebs, romelTa qveS gvesmis yovelgvari 

sxeuli, romelsac Seswavlis procesSi SeuZlia nebismierad icvalos forma 

da mdebareoba sivrceSi. aseTebs ganekuTvnebian gazebi, siTxeebi an myari sxeu-

lebi, romelTac sivrceSi garkveuli moculoba ukaviaT. dakvirvebebidan cnobi-

lia, rom materialur obieqtebs molekuluri agebuleba aqvT. meore mxriv, ra-

gind mcire ar unda aviRoT sxeulis moculobis elementi, is uamrav moleku-

las Seicavs. magaliTad, haeris kubi, romlis wibo 0,001 mm-ia, Seicavs 

2 7 107,   molekulas. Tu vigulisxmebT, rom sxeuli dayofilia amgvar elemen-

tebad, isini SeiZleba praqtikulad usasrulo mcireebad CavTvaloT da davaxa-

siaToT siCqaris, aCqarebis da molekulebze moqmedi Zalebis saSualo mniSvne-

lobebiT. amgvarad SeiZleba miviRoT warmodgena uwyvet garemoze, rogoradac 
Cven qvemoT ganvixilavT sxeulebs. materialuri obieqtebis uwyvet garemod 

miReba gvaZlevs maTematikuri analizis meTodebis gamoyenebis saSualebas. 

meqanika aris mecniereba, romelic Seiswavlis materialuri obieqtebis moZ-

raobasa da wonasworobas sivrcesa da droSi. meqanikis is nawili, romelic 

Teoriuli meqanikis saxeliTaa cnobili, moicavs materialuri obieqtebis meqa-

nikuri moZraobis maTematikuri aRweris meTodebs. meqanikuri moZraoba ki sxe-
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ulebis fardobiT gadaadgilebas ewodeba. materialuri obieqtebis meqanikuri 

moZraobis ZiriTadi kanonebia niutonis*) kanonebi: 

1. inerciis kanoni. sxeuli imyofeba mosvenebul (uZrav) mdgomareobaSi an 

moZraobs Tanabrad da wrfivad, Tu gare Zalebis moqmedebis Sedegad igi  ar 

icvlis Tavis mdgomareobas, e. i. misi siCqare (erTeuli sm / m/wm)**) mudmivia 

.constv


 

2. Zalisa da aCqarebis proporciulobis kanoni. moZrav sxeulze moqmedi F


 

Zala (erTeuli N  niutoni***)) misi m masisa (erTeuli kg  kg)****) da a


 

aCqarebis (erTeuli  m s/ 2 =m/wm 2 ) namravlis tolia: 
 
F ma . 

3. qmedebisa da ukuqmedebis kanoni. ori sxeulis erTmaneTze zemoqmedebis 

Zalebi sididiT tolia da urTierTsawinaaRmdegod arian mimarTuli. 

raime wertilis mimarT Zalis momenti ewodeba veqtors, romelic am werti-

lis Zalis modebis wertilTan SemaerTebeli veqtoris (mis sawyis wertilad 

miRebulia wertili, romlis mimarTac iTvleba momenti) da Zalis veqtoris 

veqtoruli namravlis tolia. 

sxeulze moqmedi Zalebis, rogorc sriala veqtorebis, jams ewodeba sxeul-

ze moqmed ZalTa nakrebi (mTavari) veqtori, xolo maTi momentebis jams – nak-
rebi (mTavari) momenti. 

amboben, rom sxeuli wonasworobis mdgomareobaSia, Tu masze moqmedi Zale-

bia wonasworobaSi, xolo ZalTa sistema wonasworobaSia,ETu misi nakrebi veq-
tori da nakrebi momenti nulis tolia. 

amdenad, wonasworobaSi myof sxeulze moqmedi yvela gare Zalis nakrebi 

veqtori da nakrebi momenti nulis tolia. 

 

                                                           
*) i. niutoni (1643-1727) _ ingliseli fizikosi da maTematikosi 
**) metri (m) _ sinaTlis mier vakuumSi 1/299 792 458 wamSi gavlili manZili. 

wami (wm) _ ceziumis ( 133 Cs ) atomis ZiriTadi mdgomareobis or zenaz dones 

Soris gadasvlis Sesabamisi gamosxivebis 9 192 631 770 periodis toli dro. 

aq da SemdgomSi miTiTebulia erTeulebi saerTaSoriso erTeulTa SI sistema-

Si. am sistemaSi ZiriTad sidideebad (erTeulebad) miRebulia sigrZe (L), dro 

(T), masa, Termodinamikuri temperatura, nivTierebis raodenoba, eleqtruli 

denis Zala da sinaTlis Zala. warmoebuli erTeuli (magaliTad, siCqaris er-

Teuli) gamoisaxeba ZiriTadi erTeulebis saSualebiT Sesabamisi maTematikuri 

formuliT. fizikuri sidideebis ZiriTad sidideebad miRebul sidideebze da-

mokidebulebis formas ganzomileba ewodeba (magaliTad, 1:vdim  LT


 ). 
***)  1 niutoni (N, n) _ Zala, romelic 1 kg masis mqone sxeuls 1 m/wm 2  aCqare-

bas aniWebs Zalis moqmedebis mimarTulebiT. 1 n 510  dini = 0,102 kgZ (kilo-

gramZala). 
****) 1 kg masa kilogramis saerTaSoriso prototipis masis tolia. 



leqcia 1                                              maTematikuri fizikis gantolebebi 

 3 

dalamberis*) principis Tanaxmad moZrav sxeulze moqmedi gare Zalebi wo-

naswordeba inerciis ZaliT. 

inerciis Zala fiqtiuri Zalaa, romelic niutonis meore kanonis Tanax-

madQ ( )ma

-s tolia. 

Teoriuli meqanikis gantolebebi srulad aRweren materialur wertilTa 

sistemebisa da absoluturad myari sxeulebis (e. i. iseTi myari sxeule-

bis,BromelTa nebismier or wertils Soris manZili ucvlelia, miuxedavad imi-

sa, Tu rogori Zalebi moqmedeben maTze) moZraobas. Tu myari sxeulis ganxil-

vis procesSi masze modebuli gare Zalebis moqmedebis Sedegad mis wertilebs 

Soris manZili droebiT an mudmivad icvleba, maSin maT deformad myar sxeu-
lebs, xolo sxeulis wertilTa mdebareobis aseT cvlilebas deformacias vu-
wodebT. deformadi myari sxeulebis an gazebis da siTxeebis moZraobis dasaxa-

siaTeblad Teoriuli meqanikis gantolebebi ukve aRar gamodgeba. meqanikis im 

dargs, romelic deformad myar sxeulebs, gazebs da siTxeebs Seiswavlis, uw-
yvet garemoTa (sxeulTa) meqanika ewodeba. 

uwyvet garemoTa meqanikaSi miRebulia e. w. gamyarebis principi, romelic 

SemdegSi mdgomareobs: 

deformadi sxeulis wonasworobisTvis masze moqmedma gare Zalebma unda da-

akmayofilon imave formis absoluturad myari sxeulis wonasworobis pirobe-

bi. 

gamyarebis principis Tanaxmad, deformadi sxeulis wonasworobis qveS Cven 

gvesmis is mdgomareoba, roca misi da misgan azrobrivad gamoyofili nebismie-

ri nawilis formis mqone absoluturad myari sxeuli wonasworobaSia defor-

mad sxeulze da Sesabamisad mis nebismier nawilze modebuli gare Zalebis 

moqmedebis pirobebSi. 

meqanikaSi arCeven ori saxis Zalebs: moculobiTs da zedapiruls, imisda mi-
xedviT, Tu raze moqmedeben isini: moculobiT Tu zedapirul elementze. mo-

culobiTi Zalis tipuri magaliTia simZimis da inerciis Zalebi, xolo zedapi-

ruli Zalisa ki _ wneva. 

moculobiTi Zalebi moqmedeben garemos sxvadasxva elementis moculobaze, 

ufro sworad, masaze. miRebulia, rom moculobis dV usasrulod mcire ele-

mentze (ix. nax. 1) moqmed moculobiT Zalas aqvs 

dV  saxe, sadac 


  raime 

sasruli veqtoria, romlis modebis wertilad SeiZleba miRebul iqnes 

dV elementis nebismieri Siga x x x x ( , , )1 2 3 **) wertili. 

 -s ewodeba mocu-

lobis erTeulze gaTvlili moculobiTi Zala. e.i. misi erTeulia 

N m/ 3  niutoni/m 3 =((kg•m)/wm 2 )/m 3 =(( kg m s m kg m s ) / ) /2 3 2 2 . 

                                                           
*) J. l. dalamberi (1717-1783) _ frangi maTematikosi da filosofosi. 
**) qvemoT, Tu sawinaaRmdego ar iqneba Tqmuli, Cven ganvixilavT dekartis 

marTkuTxa koordinatTa marjvena x x x1 2 3 sistemas, romlis bazisia )0,0,1(1 e


, 

)0,1,0(2 e


, )1,0,0(3 e


. 
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Tu   garemos simkvrives, e. i. moculobis erTeulSi moTavsebul masas aR-

niSnavs, maSin masis erTeulze gaTvlili moculobiTi Zala, romelsac masob-

riv Zalas uwodeben, 

 /  -s tolia. 


 damokidebulia elementis mdebareoba-

ze garemoSi, e. i. x wertilis koordinatebze, xolo dinamikur SemTxvevaSi _ 

drozec. mTel V moculobaze moqmedi moculobiTi Zala gamoisaxeba Semdegi 

samjeradi integraliTà(misi erTeulia Nï_ niutoni) 


V

dV , 

xolo mTavari momenti _ integraliT (misi erTeulia N m  niutoni  m) 

).,,(],[ 321 xxxxdVxM
V

 


   ,  

( 


 ,x  da [ , ]
 
x   veqtorebi qmnian marjvena sameuls). am ukanasknelis gegmilebi 

sakoordinato RerZebze maT mimarT mTavar momentebs mogvcemen. 

miRebulia, rom 

n  normalis mqone zedapiris dS usasrulod mcire elementze 

(ix. nax. 1) moqmed zedapirul Zalas aqvs 

X dSn

 saxe, sadac 

X n

 raime sas-

ruli veqtoria, romlis modebis wertilad SeiZleba miRebul iqnes dS ele-

mentis nebismieri x Siga wertili. 

X n

-s ewodeba farTis erTeulze gaTvlili 

zedapiruli Zala (misi erTeulia paskali*) Pa N m / 2 ). mTel S ze nax. 1 

dapirze moqmedi zedapiruli Zala (misi erTeulia NmPa  2 ) gamoisaxeba  

Semdegi zedapiruli integraliT  


S

ndSXF ,  

xolo mTavari momenti (misi erTeulia 

mNmPam  2 ) _ integraliT 


S

n dSXxX .],[  

                                                           
*) paskali (pa, Pa) _ wnevisa da meqanikuri daZabulobis erTeuli. 1 pa tolia 

wnevisa, romelsac 1 m 2  farTobis zedapirze Tanabrad ganawilebuli 1 n Zala 

qmnis. 

b. paskali (1623 _ 1662) _ frangi filosofosi, mwerali, maTematikosi da 

fizikosi 

nax. 1 
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aradeformirebul sxeulSi nawilakebis ganlageba Seesabameba sxeulis siTbur 

wonasworobas. Tu sxeulidan azrobrivad gamovyofT raime moculobas, maSin 

yvela Zala, romelic masze moqmedebs sxeulis sxva nawilebis mxridan, gawo-

nasworebuli iqneba; gare Zalebis moqmedebis Sedegad ki nawilakebis ganlageba 

sxeulSi icvleba, e. i. sxeuli ganicdis deformacias, ris Sedegadac warmoi-

Soba Sinagani Zalebi, romlebic cdiloben, sxeuli pirvandel mdgomareobas da-

ubrunon. maTi  gansazRvrisTvis gamoiyeneba e. w. kveTis meTodi. vTqvaT, gare 
Zalebis moqmedebiT deformirebuli sxeuli wonasworobaSia. azrobrivad gav-

kveToT is raime zedapiriT  (ix. nax. 2) or, A da B nawilebad. azrobrivad 

CamovaSoroT B nawili da misi moqmedeba A nawilze SevcvaloT kveTis gas-

wvriv modebuli iseTi Zalebis moqmedebiT, romlebic ar gamoiwveven A nawi-

lis deformirebuli mdgomareobis Secvlas. es ukanaskneli Zalebi axla SeiZ-

leba gavigoT, rogorc A nawilze modebuli gare zedapiruli Zalebi. 

Tu vigulisxmebT, rom nax. 1-ze gamosaxuli sxeuli raime sxva sxeulebidan 

azrobrivad gamoyofili nawilia, maSin 

X dSn

-s uwodeben daZabulobis Zalas 

an Zabvas, xolo 

X n

-s _ farTis erTeulze gaangariSebul Zabvas an Zabvis veq-

tors, e. i. misi erTeulia paskali _ Pa N m / .2  

Cven vigulisxmebT, rom 

X dSn

 gamoxatavs im zedapirul Zalas, romliTac 

dS-is saSualebiT S zedapiris gareT mdebare garemos nawili moqmedebs mis 

SigniT mdebare nawilze. maSin, niutonis mesame kanonis Tanaxmad, Siga nawili 

dS-is saSualebiT gare nawilze 
 
X dS X dSn n    zedapiruli ZaliT imoqme-

debs. indeqsi n aRniSnavs, rom 

X X X Xn n n n ( , , )1 2 3

 Zabvis veqtori moqmedebs 

),,( 321 nnnn 


 normalis mqone farTze. mis gegmils 

n  normalis mimarTulebaze 

ewodeba Zabvis veqtoris  n normaluri mdgeneli, xolo modebis wertilSi 

gamaval mxeb sibrtyeze gegmils _  n mxebi mdgeneli. 

Zabvis tenzoris komponentebis aRsaniSnavad gamoiyeneba sxvadasxva aRniSvna, 

romlebzec naTel warmodgenas gvaZleven Semdegi matriculi tolobebi:  

X X X

X X X

X X X

X Y Z

X Y Z

X Y Z

x x x

y y y

z z z

x xy xz

yx y yz

zx zy z

11 12 13

21 22 23

31 32 33



















































  

  

  

. 

nax. 2 
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ingliselma mecnierma robert hukma*) 1678 wels gamoaqveyna mis mier Cata-

rebuli eqsperimentidan gamomdinare daskvna, rom Reroze moqmedi gamWimavi 

(zedapiruli) Zalis T  cvlilebasa da Reros wagrZelebis L  cvlilebas 

Soris arsebobs wrfivi damokidebuleba, roca gamWimavi Zala garkveul sazR-

vrebSi icvleba. 

 

 

1. maTematikuri fizikis ZiriTadi gantolebebi 
 

1.1. simis mcire ganivi rxevis gantoleba 
 

simi ewodeba daWimul Zafs, romelic Runvas ar ewinaaRmdegeba. vTqvaT, simi 

irxeva ( , )x u  sibrtyeSi. wonasworobis mdgomareobidan simis mcire ganivi ga-

daxra aRvniSnoT u x t( , ) -Ti. x sivrculi koordinatia, xolo t droa; T x t( , )  

simis daWimulobis Zalaa;   simis simkvrivea; F x t( , )  simze moqmedi gare Zale-

bis intensivobaa. Tu T da   mudmivia, maSin simis rxevis gantolebas aqvs 

Semdegi saxe 









2

2

2
2

2

u

t
a

u

x
f  ,                     (1.1.1) 

sadac a
T2 :

, f

F
:


. (1.1.1) gantolebas erTganzomilebiani talRis gantole-

bac ewodeba. 
gamoviyvanoT (1.1.1) gantoleba. vTqvaT, wonasworobis mdgomareobaSi, 0t  

momentSi, simi mimarTulia 

x RerZis gaswvriv (ix. nax. 

1.1.1). radgan mcire ganiv 

rxevebs vixilavT, Cav-

TvliT, rom ),( txu  ga-

daadgileba da 
x

u




 imdenad 

mcire sidideebia, rom maTi 

ugulebelyofa dasaSvebia 

TviT maTTan da miT ufro 

1-Tan SedarebiT. gamovyoT 

simis nebismieri  21 , xx  

nawili (ix. nax. 1.1.1), ro-

melic deformacias ganic-

dis da drois 0t  momen-

tSi 21MM  rkalSi gada-

                                                           
*) r. huki (1635-1702) _ ingliseli bunebismetyveli 

nax. 1.1.1 

t>0 M2 

M1 

x O 

u 

(x1) 
(x2) 

T(x2) 

T(x1) 

x1

1 

x2

1 
L 

t=0 
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dis. cxadia, 21MM  rkalis 'l  sigrZe daiTvleba Semdegi formuliT (wiriTi 

integralis gamoyenebiT) 

lxxdxdx
x

u
dxdudll

x

x

M

M

x

x

M

M

:1)()( 12

2

22
2

1

2

1

2

1

2

1













   . 

saidanac vaskvniT, rom mcire rxevebis dros SeiZleba CavTvaloT, rom simis 

sigrZe drois cvlilebasTan erTad ar icvleba. maSin hukis 

lET   

kanonis, sadac proporciulobis E koeficients iungis*) moduli ewodeba, Ta-

naxmad 0T , radgan 0l . amdenad, drois cvlilebasTan erTad arc daWi-

mulobis Zala icvleba, e. i., )(xTT  . 

dalamberis principis Tanaxmad rxevad simze moqmedi aqtiuri da inerciis 

Zalebis nakrebi veqtori da amdenad misi gegmilebi Ox da Ou RerZebze 0-is 

tolia. CavweroT es pirobebi imis gaTvaliswinebiT, rom, ramdenadac simis ga-

niv rxevebs vixilavT, inerciisa da gare Zalebi Ou RerZis paraleluria. gveq-

neba 

        0coscos 1122  xxTxxT  ,                       (1.1.2) 

        0)(),(sinsin
2

1

2

1

2

2

1122 



 

x

x

x

x

dx
t

u
xdxtxFxxTxxT  .  (1.1.3) 

Cvens daSvebebSi 

1
1

1

1

1

)(tg1

1
)(cos

22





















x

ux
x


 ,          (1.1.4) 

x

ux

u

x

u

x

u

x

x
x


































1

1
)(tg1

)(tg
)(sin

22


 .         (1.1.5) 

(1.1.4)-is gamo (1.1.2)-dan gamomdinareobs, rom 

    const012  TxTxT ,                    (1.1.6) 

e. i., daWimulobis Zala arc mis modebis wertilzea damokidebuli. (1.1.6)-isa 

da (1.1.5)-is ZaliT, (1.1.3)-is pirveli ori wevri Semdeg saxes miiRebs 

       
   

 






















2

1

2

2

0
12

01122

),(,,
sinsin

x

x

dx
x

txu
T

x

txu

x

txu
TxxTxxT  . (1.1.7) 

(1.1.7) CavsvaT (1.1.3)-Si 

 
















2

1

0),(
),(

)(
),(

2

2

2

2

0

x

x

dxtxF
t

txu
x

x

txu
T  .         (1.1.8) 

                                                           
*)

 T. iungi (1773-1829) _ ingliseli fizikosi, eqimi da astronomi 
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(1.1.8) sruldeba nebismieri 1x -isa da 2x -isTvis. es ki mxolod maSin moxdeba, 

roca integralqveSa gamosaxuleba nulia drois nebismier t momentSi 

),(
),(),(

)(
2

2

02

2

txF
x

txu
T

t

txu
x 









 , ],0[ Lx .             (1.1.9) 

aqedan, Tu   mudmivia, gamomdinareobs (1.1.1). 

Tu simze gare Zala ar moqmedebs, e. i., 0),( txF , maSin (1.1.8)-dan gamomdi-

nareobs simis Tavisufali rxevebis 

2

2

02

2

)(
x

u
T

t

u
x









  

gantoleba. 

(1.1.8) gantolebas uamravi amonaxsni aqvs. amitom saWiroa fizikuri mosazre-

bebidan gamomdinare damatebiTi pirobebi. saxeldobr, sawyis 0t  momentSi sa-

Wiroa simis mdebareobisa da misi yvela wertilis siCqaris dasaxeleba: 

)()0,( xxu  , )(
)0,(

x
t

xu





,                     (1.1.10) 

sadac )(x  da )(x  mocemuli funqciebia. 

(1.1.10) pirobebs sawyisi pirobebi ewodeba. 

radgan simi sasrulia, mis boloebSi raime pirobebi unda gvqondes. magali-

Tad, Tu boloebi Camagrebulia, maSin 

0),0( tu , 0),( tLu , roca 0t .                  (1.1.11) 

(1.1.11) pirobebs sasazRvro pirobebi ewodeba. 

amrigad, boloebiT damagrebuli simis mcire ganivi rxevebis fizikuri amoca-

na miviyvaneT Semdeg mis Sesabamis maTematikur modelze _ maTematikur amoca-

naze: 

vipovoT ),( txu  funqcia, romelsac aqvs meore rigamde CaTvliT uwyveti 

warmoebulebi x-isa da t-s mimarT, roca ],0[ Lx , 0t , da romelic akmayofi-

lebs (1.1.8) gantolebas, (1.1.10) sawyis da (1.1.11) sasazRvro pirobebs. 
 

 

1.2. membranis mcire ganivi rxevis gantoleba 
 

Txel daWimul firs, romelic Runvas ar ewinaaRmdegeba, membrana ewodeba. 
membranis mcire rxevis gantolebas aqvs Semdegi saxe 













2

2

2
2

1

2

2

2

2

u

t
a

u

x

u

x
f 









  ,                   (1.2.1) 

sadac koeficientebi simis analogiuradaa ganmartebuli. 
 

 

1.3. drekadi Reros rxevis gantoleba 
 

Reros dinamikis gantolebas aqvs 
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          
 

E x I x w q x t x S x
w x t

t
1 2 1 11 11 1 1 1 1

2

1

2, ,
,

,
  




 

saxe, sadac mZime aRniSnavs gawarmoebas mis Semdeg miTiTebuli cvladis (indeq-

si ,1 niSnavs 1x -iT gawarmoebas, xolo ,11 – meore rigis warmoebuls 1x -is mi-

marT) mimarT, E iungis modulia, 

I x dF
F

2 3

2   

warmoadgens e. w. inerciis moments x2
 RerZis mimarT,   x1  Reros simkvrivea, 

 S x1  Reros ganivi kveTis farTia,  q x t1 1 ,  ganivi ( x3
 RerZis paraleluri) 

datvirTvis intensivobaa,  w x t1 ,  CaRunvaa. 
 

 

1.4. kirxhof*)-liavis**) da raisner***)-mindlinis gantolebebi 
 

cvladi sixistis firfitis Runvis kirxhof-liavis gantolebas aqvs 

         Du Du v Du v Du v Du q3 11 11 3 22 22 3 22 11 3 11 22 3 12 12
2 1, , , , , , , , , ,

( )       

saxe, sadac 

 
 

D x x
Eh

v
1 2

2

2

2

3 1
, 


 

e. w. cilindruli sixistea, v puasonis****) koeficientia,  u x x3 1 2,  CaRunvaa, 

 2 1 2h x x,  firfitis sisqea. 

mudmivi sisqis firfitis Runvis raisner-mindlinis gantolebas aqvs 

D u q
h

q q 3 3

2

3

4

3 2
 






( )

( )
,

 

 
  , 

saxe, sadac qi , i  1 2 3, , , gare datvirTvis komponentebia, ,)(:)(  , berZnuli 

indeqsis gameoreba niSnavs ajamvas 1-dan 2-mde,   0 da   0 lames*****) 

mudmivebia. 
 

 

1.5. wrfivi drekadobis Teoriis gantolebebi 
 

deformadi sxeulis drekadi wonasworoba ganisazRvreba wonasworobis  

0,  ijijX , i  1 2 3, , ,                         (1.5.1) 

gantolebebiT, sadac X ij  Zabvis tenzoria,  i  moculobiTi Zalis komponente-

bia, xolo laTinuri indeqsis gameoreba niSnavs ajamvas 1-dan 3-mde, da hukis 

                                                           
*) g. r. kirxhofi (1824 _ 1887) _ germaneli fizikosi 
**) a. liavi (lavi, Love) (1863 _ 1940) _ ingliseli mecnieri 
***) e. raisneri (1913 _ 1996) _ amerikeli meqanikosi 
****) s. d. puasoni (1781 _ 1840) _ frangi mecnieri 
*****) g. lame (1795 _ 1870) _ frangi maTematikosi da inJineri 
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 X u u uij k k ij i j j i    , , , , i j, , , 1 2 3 ,               (1.5.2) 

ganzogadebuli kanoniT (izotropul SemTxvevaSi), sadac 









ji

ji
ij

 roca 

 roca 

,0

,1
  

kronekeris*) simboloa ui
, i  1 2 3, , , gadaadgilebis veqtoris komponentebia. 

SevniSnoT, rom  

 e u uij i j j i 
1

2
, ,  

deformaciis tenzoria. (1.5.2) gamosaxuleba CavsvaT (1.5.1)-Si, miviRebT 

   , , , , , ,j ij i jj i iu i     0 12 3 . 

aqedan 

    u ii i i    ( ) , , , ,, 0 12 3                   (1.5.3) 

sadac jj,)(:)(  , : , uk k , laTinuri indeqsis gameoreba niSnavs ajamvas 1-dan 

3-mde. (1.5.3) sistemas ewodeba lames gantolebebi. im SemTxvevaSi, roca   , 

is miRebuli iyo navies**) mier. 

vTqvaT, sxeulze moculobiTi Zalebi ar moqmedeben, maSin (1.5.3)-is xi
-s mi-

marT gawarmoebis da i-s mimarT ajamvis Semdeg miviRebT, rom 

( )   2 0 , e. i.   0 ,                   (1.5.4) 

radgan   2 0 . 

Tu davuSvebT, rom gadaadgilebis veqtoris komponentebs meoTxe rigamde 

CaTvliT uwyveti warmoebulebi aqvT da (1.5.3)-ze vimoqmedebT   operatoriT, 

(1.5.4)-is gaTvaliswinebis Semdeg miviRebT, rom 

      u ui i i   ( )( ) , 0 . 

amrigad, Tu sxeulze mxolod zedapiruli Zalebi moqmedeben, maSin mocu-

lobiTi gafarToeba   harmoniuli funqciaa, xolo gadaadgilebis veqtoris 

ui  komponentebi biharmoniuli funqciebia. 
 

 

1.6. ierarqiuli modelebi 
 

prizmuli garsebis i. vekuas ierarqiuli modelebi. kirxhof-liavis hipoTe-

zebze dafuZnebul firfitebis Teorias aqvs is Sinagani winaaRmdegoba, rom Zi-

riTad gantolebaTa sistema ar aris Tavsebadi fizikur sasazRvro pirobebTan. 

am winaaRmdegobis Tavidan acilebis erTi varianti wina paragrafSi ganvixileT. 

axla gavecnobiT kidev erT variants, romelic SemogvTavaza i. vekuam. amasTan 

ganvixilavT prizmul garsebs, romlebic cvladi sisqis firfitebs, rogorc 

kerZo SemTxvevas, moicaven. 

sxeuls, romelic zemodan da qvemodan SemosazRvrulia  z h x x
( )

,1 2
 da 

                                                           
*) l. kronekeri (1823 _ 1891) _ germaneli maTematikosi 
**) l. m. a. navie (1785 _ 1836) _ frangi inJineri da mecnieri 
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 z h x x
( )

,1 2
 zedapirebiT, xolo gverdidan _   cilindruli zedapiriT (ix. 

nax. 1.6.1), romlis msaxveli vertikaluri Ox3
 RerZis paraleluria, ewodeba 

prizmuli garsi. simetriul SemTxvevaSi, e. i. roca 

),(),( 21

)(

21

)(

xxhxxh


  

prizmuli garsi cvladi sisqis firfitas warmoadgens.  

     2 01 2 1 2 1 2h x x h x x h x x, , ,
( ) ( )

  
 

 

sidides prizmuli garsis sisqe ewodeba. 

nax. 1.6.1 

prizmuli garsis gegmili Ox x1 2
 sibrtyeze aRvniSnoT  -Ti, mis sazRvars 

garsis sazRvari ewodeba. 
jer kidev koSim*) gamoiyena firfitebis Seswavlis dros gadaadgilebis, de-

formaciebis da Zabvebis xarisxovan mwkrivad gaSlis meTodi. es midgoma aqvT 

sxva avtorebsac. erT-erTi varianti, romelic leJandris**) polinomebis mi-

marT mwkrivad gaSlas eyrdnoba da romelzec Cven SevCerdebiT, i. vekuas 

ekuTvnis. 

cnobilia, rom nebismieri  f x C( ) [ , ]  2 1 1  funqcia SeiZleba gaiSalos 

mwkrivad leJandris polinomebis mimarT: 

f x r f P xr r

r

( ) ( ) 















1

20

, 

sadac 

 
P x

r

d x

dx
r r

r
r

r
( ):

!


1

2

12

  

                                                           
*) o. l. koSi (1789 _ 1857) _ frangi maTematikosi 
**) a. m. leJandri (1752 _ 1833) _ frangi maTematikosi 

),( 21

)(

3 xxhx




),( 21

)(

3 xxhx





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
















 





rllr dxxPxPr 
1

1

)()(
2

1
 

leJandris polinomia, 






















 ,,1,0),(

2

1 2

1

rxPr r  orTonormirebuli sistemaa, 

xolo 

f f x P x dxr r: ( ) ( )





1

1

 

da mas ewodeba f-is r rigis momenti leJandris polinomebis mimarT. 

roca [-1,+1]-is nacvlad gvaqvs 






  )()(

, hh  da  f x x x1 2 3, , -s fiqsirebuli 

 x x1 2, -sTvis x3
-is mimarT aqvs meore rigamde uwyveti warmoebulebi, e. i. 

f C h hx
















 

3

2
( ) ( )

, , cxadia 

     f x x x a r f x x P ax b
r

r r1 2 3

0

1 2 3

1

2
, , , 









 





   

   
 

 

























 





kl

xxh

xxh

lr dxbaxPbaxPra 
21

)(

21

)(

,

,

333
2

1
, 

sadac mwkrivi Tanabrad krebadia h h
( ) ( )

,
 





 segmentze da 

h
a

1
: , 

h

hh
b

2
:

)()( 


 ,      







)(

)(

3332121 ,,:,

h

h

rr dxbaxPxxxfxxf .      (1.6.1) 

Tu veqtori  u X e C h hi ij ij x, , ,
( ) ( )


















 

3

2 , maSin is SeiZleba h h
( ) ( )

,
 





 segmentze 

Tanabrad krebad Semdeg mwkrivad gavSaloT 

     u X e a r u X e P ax bi ij ij

r

ir i j r i j r r, , , , 








 






0

3

1

2
. 

vaierStrasis*) Teoremis Tanaxmad 
3x -is nebismier uwyvet funqcias SeiZleba 

nebismieri sizustiT mivuaxlovdeT 3x -is mimarT polinomebiT. amitom N-is 

SerCeviT  u X ei ij ij, , -s SeiZleba nebismieri sizustiT mivuaxlovdeT 3x -is mi-

marT leJandris polinomebis Semdegi jamiT: 

     u X e a r u X e P ax bi ij ij

r

N

ir ijr ijr r, , , , 








 




0

3

1

2
.   (1.6.2) 

                                                           
*) k. T. v. vaierStrasi (1815-1897) _ germaneli maTematikosi 
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Tu hukis ganzogadebuli kanonis orive mxares gavamravlebT  P ax br 3  -ze 

da vaintegrebT h
( )

-dan h
( )

-mde x3
-is mimarT, miviRebT, rom 

      ,...1,0,,2,, 212121  rxxexxxxX ijrijrijr   ,  (1.6.3) 

rac warmoadgens hukis kanons, gadawerils momentebisTvis. 

analogiurad SeiZleba miviRoT wonasworobis Semdegi gantolebebi momente-

bisTvis 

,3,2,1,...,1,0,
2

2
   

0

 

, 




jr
t

u
XXaX

jr
j

r

s

ijsis

r

jr



         (1.6.4) 

sadac 

h

hh
sa

sr

s

r

2

)1(
)12(:

,,

)(

,

)(

  










 , rs  , 

h

hh
ra r

r

2
:

,

)(

,

)(
  








 ,  

h
sa

sr

s

r

2

)1(1
)12(:3

  
 , 

rjjj

r

jjj

r

hXXhXXX 











 ,

)()(

3

)(

,

)()(

3

)(   

)1(  

jr
jn

r

jn

hhQhhQ 








































2

2,

)(
2

1,

)(
2

2,

)(
2

1,

)(

1)1(1 )()( , 

jn

Q )( , 
jn

Q )(  Sesabamisad zeda da qveda piriT zedapirebze moqmedi zedapiruli 

Zalebia. 
)(

n  da 
)(

n  Sesabamisad zeda da qveda piriTi zedapirebis gare (garsis 

mimarT) normalebia.  jr  moculobiTi Zalis komponentebis r rigis momentebia. 

deformaciis tenzoris r rigis momentebi ase Caiwereba: 

3,2,1,    ,...,2,1,0 ,
2

1

2

1     

 








jirEubube
r

ij

rs

isis

r

rs

jsis

r

ijr ,     (1.6.5) 

sadac 

 

















.  ,

,  ,0
   ,0,

2
)1(,

2

1
3

,

)(

,

)(

,,

)(

rsa

rs
bb

h

hh
rbuuE

js

rjs

r

r

r

r

r

ijrjirij

r


  

(1.6.5) CavsvaT (1.6.3)-Si, xolo miRebuli _ (1.6.4)-Si. maSin miviRebT, rom 

 
2

2

)(
t

u
XuM

x

E
u

jr
j

r

irj

r

j

r

jr








 

  
  

, sadac r  01, ,... , i  1 2 3, , , (1.6.6) 

,)(:)(  , ii

rr

EE 
    

. 

j

r

M
   

 wrfivi operatorebi damokidebulia firfitis sisqeze da mxolod pirve-

li rigis warmoebulebs Seicaven. 

(1.6.6) faqtobrivad warmoadgens lames gantolebebs, Cawerils momentebis-

Tvis. 



leqcia 1                                              maTematikuri fizikis gantolebebi 

 14 

vigulisxmoT, rom 

uir  0 , roca r N ,             (1.6.7) 

da (1.6.6) sistemaSi davtovoT mxolod pirveli 1N  gantoleba. miRebul 

gantolebaTa sistemaSi u jr
, sazogadod, ukve ar warmoadgens ju -s r rigis mo-

ments, gansazRvruls (1.6.1) tolobiT. miRebuli sistema Seesabameba N-ur miax-

loebas. 

Tu garsis gverdiT zedapirze mocemulia an X fni i  Zabvebi an u fni i  ga-

daadgilebebi, cxadia, maTi  P ax br 3  -ze gamravlebiTa da  h
( )

-dan h
( )

-mde in-

tegrebiT advilad vipoviT Sesabamis momentebs: 

X fnir r , i 1 2 3, , , r N 0, ,              (1.6.8) 

u fir r  i 1 2 3, , , r N 0, ,               (1.6.9) 

sadac n gverdiTi zedapiris gare normalia. 

dinamikis ZiriTadi sasazRvro amocanebi Semdegnairad daismis: vipovoT 

)(2 Cu jr  , ,...0r , 3,2,1j , romlebic akmayofileben (1.6.6) gantolebas  -

Si, drois nebismier 
0tt   momentSi, (1.6.8) an (1.6.9) pirobebs garsis sazRvar-

ze da 

   2121 ,  ,,
00

xx
t

u
xxu rjtt

rj

rjttrj 



   , ),( 21 xx , Nr ,0 , 3,2,1j , 

sawyis pirobebs. 

am gziT miRebuli sistemis RirsSesaniSnavi Tviseba imaSi mdgomareobs, rom 

igi gantolebaTa or jgufad iyofa. erTi jgufis mTavari wevrebi emTxveva 

brtyeli drekadobis Teoriis ZiriTad gantolebaTa sistemis operators, xo-

lo meore jgufis mTavari wevrebi _ laplasis*) operators. es imis saSuale-

bas iZleva, rom prizmuli garsebis gaTvlisTvis drekadobis brtyeli Teorii-

sTvis da laplasis operatorisTvis arsebuli maTematikuri aparati gamoviye-

noT. cxadia, amonaxsnis sizuste izrdeba N-is zrdasTan erTad. Tumca amasTan 

erTad izrdeba sistemaSi Semaval gantolebaTa ricxvic, rac mis amoxsnas ar-

Tulebs, magram praqtikuli mosazrebidan gamomdinare SeiZleba nulovani 

)0( N  da pirveli )1( N  miaxloebiT davkmayofildeT. 

nulovan miaxloebaSi (1.6.6) sistema miiRebs Semdeg saxes  

          ,),(ln,),(ln,)(  0

1

0

1

0

1

0

1
 uhhuhhuhuh    

 
2

0

1
0 

0

1 ,),(ln  

t

uh

h

X
uhh












  , 2,1 , 

   
2

30

1
0

3

30

1

03

1 ,),(ln
t

uh

h

X
uhhuh














   , 

sadac 

                                                           
*) p. s. laplasi (1749 _ 1827) _ frangi astronomi, maTematikosi da fizikosi 
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,,,1,,1 0

2

2

)(
2

1

)(
2

2

)(
2

1

)(0

)()( j
jnjn

j hhQhhQX 














































  





















 iij
jn

xnthxxXQ ,cos,,,
)(

 

)(

21)( , 



















 iij
jn

xnthxxXQ ,cos,,,
)(

 

)(

21)( . 

SevniSnoT, rom am SemTxvevaSi gadaadgilebis veqtori  

   txxu
h

txxxu ,,
2

1
,,, 210321


 . 

pirvel miaxloebaSi, Tu h h h
( ) ( ) 

    , gadaadgilebis veqtori 

     txxxtxxutxxxU ,,v
2

3
,,

2

1
,,, 21321321


 , 

sadac 

       ,,,,,v,,,,, 211

2

21210

1

21 txxuhtxxtxxuhtxxu 
     

    v:,,v,:,, 2131

2

32130

1

3   txxuhutxxuhu   . 

am miaxloebaSi (1.6.6) sistema statikis SemTxvevaSi miiRebs Semdeg saxes  

,0
v

6)()(24 











 X
z

h
h

zz

u
h

z 
















               (1.6.10) 

,0
vv

3   2 










































  X
z

h

z

h

z

u
h

zz

u
h

z 























              (1.6.11) 

,0v32   )()(2
v

4 33 











 Yh
z

u
hh

zz
h

z



















     (1.6.12) 

,0v)2(3   
vv

2 33 
































Yhh

z
h

zz
h

z

















       (1.6.13) 

sadac 

21 iuuu  , 21 vvv i , 







  u

z

u

z
, 























z x
i

y z x
i

y
 









  











1

2

1

2
, . 

X  da X damokidebulia moculobiTi Zalebis nulovan momentebze da piriT 

zedapirze moqmed gare zedapirul Zalebze, xolo Y  da Y _ moculobiTi Za-

lebis pirvel momentebze da piriT zedapirze moqmed gare zedapiruli Zaleb-

ze. 

(1.6.10)-(1.6.13) gantolebaTa sistema or jgufad iyofa: (1.6.10) da (1.6.13) 

damokidebulia mxolod u -ze da v-ze da amdenad axasiaTebs garsis gaWimva-

kumSvas, xolo (1.6.11) da (1.6.12) damokidebulia mxolod u-ze da v -ze da am-

denad axasiaTebs garsis Runvas. 

drekadi Reros ierarqiuli modelebi. vTqvaT, Reros ukavia R 3 sivrcis V  

nawili, 
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     V x x x x L h x x h x i L consti i i: , , : , , , ,
( ) ( )

      








 

1 2 3 1 1 10 2 3 , 

     2 0 0 0 2 31

1h x h h h C L C L ii i i i: , [ , ] ] , [ , ,
( ) ( )

     
 

, 

sadac 2 3h  da 2 2h  marTkuTxa ganivi kveTis mqone Reros, Sesabamisad, sisqe da 

siganea, romelTa maqsimumebi arsebiTad naklebia Reros L sigrZeze. davuSvaT, 

rom 

 f x x x C V1 2 3

1, , ( ) , 

da x1
 wertilSi, sadac arc sisqe da arc sigane nuli ar xdeba, Semdegnairad 

ganvsazRvroT funqciis momenti: 

       f x f x x x P a x b P a x b dx dxn n n n

h

h

h

h

3 2 2 2

3

3

2

2

1 1 2 3 2 2 2 3 3 3 2 3: , ,
( )

( )

( )

( )

  








 , 

ni  0 1, ,, i  2 3, , j  1 2 3, , , 

sadac 

a
h

i

i

:
1
, b

h

h
i

i

i

:

~

 , 2
~

:
( ) ( )

h h hi i i 
 

, i  2 3, , 

Pni
, i  2 3,  leJandris polinomebia. cnobilia, rom 

P t P t dt
k

k i kl( ) ( ) 







2

2 1
1

1

 , 

e. i., Tu t a x bi i i  , i  2 3, , 

   k P a x b P a x b a dxk i i i l i i i i i

h

h

kl

i

i










   






1

2 ( )

( )

 , i  2 3, . 

( , )0 0  miaxloebaSi sistemas aqvs Semdegi saxe: 

 
 

h h x t Y h h
x t

t
j j j

j

2 3 1 1 1

0 0
1

2 3

2

1

2
v

v
, ,

,

( , )
,

   



, j  1 2 3, , , 

sadac 

 j

j

j
:

, ,

, , ,


 







 



2 1

2 3
 

 
 

   
v j

j
x t

u x t

h x h x
1

00 1

2 1 3 1

, :
,

 , Y
X

1

0 0
1

0
0 0

2

,

,

:
 

, Y
X

i

i
0 0 0

0 0

,

,

:


, i  2 3, , 

sadac 

X h X x x h h xj

n n

i
v j

i i i i

h

h

i i

i

i

0

5 1

2

1 2 2 3 2 3 3 3 3

2

33 2

5

1
,

,

( )

( )

( ) ( )

: ,
( )

( )

 








  
























 

 



      
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





































33

)(

33

)(

23221)(

2
)(

1,5 ,1)1(
5

5 xhhxxXh iiii
jv

i

n

i

i   

   P a x b dx Xn i i i i jn ni 3 2
, j  1 2 3, , , n n3 2 01 , , ,  

X x h x x h X v
v j

i i i i kj ik

i

( )

( ) ( ) ( )

,

  

 








 1 2 2 3 2 2 3 3 3    , i  2 3, , j  1 2 3, , ,  

X x h x x h
v j

i i i i

i

( )

( ) ( )

,

 

 








1 2 2 3 2 2 3 3 3    , i  2 3, , j  1 2 3, , , 

warmoadgenen  x h xi i
( )

1
, i  2 3, , zedapirze Reros garedan moqmed zedapirul 

ZalTa komponentebs, vi

( )

, i  2 3, , Sesabamisi gare normalebia. simetriuli Re-

roebis SemTxvevaSi, e. i. roca 
~
hi  0 , i  2 3, , ( . )10  miaxloebaSi sistemas aqvs 

Semdegi saxe: 

   ( ) , , ,

,

     2 3 02 3 100 1 1 2 3 310 1 1

0
0 0

h h h h Xv v , 

    h h h h h h h X2 3

3

310 1 1 2 3 310 2 3 100 1 3 3

0
1 0

3 2 0v v v, , ,

,

( )     , 

  h h X2 3 200 1 1 2

0
0 0

0v , ,

,

  , 

  h h h h h X2 3

3

210 1 1 2 3 210 3 2

0
1 0

3 0v v, ,

,

   , 

    h h h h h X2 3 300 1 1 2 3 110 1 3 3

0
0 0

3 0v v, , ,

,

   , 

 ( ) , , ,

,

       2 3 02 3

3

110 1 1 2 3 300 1 2 3 110 3 1

0
1 0

h h h h h h h Xv v v . 

 

 

1.7. hidrogazodinamikis gantolebebi 
 

vTqvaT,  V x t v v v( , ) , , 1 2 3  siTxis moZraobis siCqaris veqtoria, ( , )x t  misi 

simkvrivea, p x t( , )  wnevaa, f x t( , )  wyaroebis intensivobaa,  F x t F F F( , ) , , 1 2 3  

masobrivi Zalebis intensivobaa, maSin es sidideebi akmayofileben 






t
V f div( ) , 



 

V

t
V V p F  ( , )grad grad

1
, 

gantolebaTa (arawrfiv) sistemas, sadac pirvels ewodeba uwyvetobis ganto-
leba, meores _ idealuri siTxis moZraobis eileris*) gantoleba. am ganto-
lebebs emateba agreTve mdgomareobis 

                                                           
*) l. eileri (1707 _ 1783) _ maTematikosi, meqanikosi da fizikosi 
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( , )p   0 

gantoleba. 
 

 

 

 

1.8. siTbos gavrcelebis (difuziis) gantolebebi  
 

garemoSi siTbos gavrcelebisa da nawilakebis difuziis procesebi aRiwere-

ba difuziis zogadi gantolebiT 






u

t
p u qu F x t  div grad( ) ( , ) , 

sadac u x t( , ) garemos temperaturaa (nawilakebis simkvrivea) x R n  wertilSi 

drois t momentSi, xolo p da q garemos damaxasiaTebeli fizikuri sidideebia. 

Tu   simkvrive, c xvedriTi siTbotevadoba, k siTbogamtarobis koeficientebi 

mudmivia, xolo F x t( , )  siTbos wyaros intensivobaa x wertilSi t momentSi, 

maSin siTbogamtarobis gantolebas aqvs 





u

t
a u f 2  

saxe, sadac 

: 








2

1

2

2

2

2x x
 

laplasis operatoria, xolo 

a
k

c

2 

, f

F

c



. 

stacionaruli gantolebebi. stacionaruli procesebisTvis, e. i., roca 

F x t F x( , ) ( ) , u x t u x( , ) ( ) , rxevisa da difuziis gantolebebs aqvT 

-div grad( ) ( )p u qu F x                       (1.8.1) 

saxe. roca p  const  da q  0 , (1.8.1) gantolebas puasonis gantoleba ewodeba: 

u f  , f
F

p
 , 

roca f  0 , 

u  0 .                            (1.8.2) 

(1.8.2) gantolebas laplasis gantoleba ewodeba. 
vTqvaT, talRis (1.2.1) gantolebaSi gare SeSfoTeba periodulia   sixSi-

riT da a f x2 ( )  amplitudiT, maSin 

f x t a f x ei t( , ) ( ) 2  . 

veZeboT perioduli u x t( , ) CaRunva imave sixSiriT da ucnobi u x( )  amplitu-

diT, e. i. 

u x t u x ei t( , ) ( )   

saxiT. maSin (1.2.1) gantoleba miiRebs 
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u x u x f x( ) ( ) ( )   2 , 
2

2

2


a
, 

saxes. am gantolebas helmholcis*) an metaharmoniuli gantoleba ewodeba, xo-

lo Sesabamis rxevebs _ harmoniuli rxevebi. 
 

 

1.9. gadatanis gantoleba 
 

vTqvaT, yvela nawilakis siCqare erTnairia da v-s tolia; nawilakebis urTi-

erTSejaxebebi imdenad iSviaTia, rom maT ugulebelvyofT; nawilakebi ejaxebian 

uZrav birTvs; l x( )  maTi Tavisufali garbenis saSualo sigrZea x wertilSi; 

n x t( , , )s  im nawilakebis simkvrivea, romlebic  s  s s s1 2 3, , , s  1 , mimar-

TulebiT mifrinaven x wertilSi t drois momentSi; Sejaxebisas an p1
 albaTo-

biT nawilaki ganibneva birTvze, amasTan drekad burTulasaviT xteba misgan; an 

birTvi nawilaks p2
 albaTobiT itacebs, an nawilaki p p p3 1 21:    albaTo-

biT xleCs birTvs; F x s t( , , )  wyaroebis simkvrivea. maSin nawilakebis  : vn  na-

kadi akmayofilebs 

 
1

4
1

v t

h
x s t ds F

S




 




   ( , ) , ' , 's grad            (1.9.1) 

integro-diferencialuri gantolebas, sadac  
1

l
, h p vp 1 3 . (1.9.1) gadata-

nis erTsiCqariani gantolebaa procesebisTvis izotropuli (Tanabari) p3
 ga-

fantviT. 
 

 

1.10. maqsvelis**) gantolebebi 
 

vTqvaT,  E x t E E E( , ) , , 1 2 3  eleqtruli velis daZabulobaa, 

 H x t H H H( , ) , , 1 2 3  magnituri velis daZabulobaa, ( )x  muxtebis simkvrivea, 

  garemos dieleqtrikuli mudmivaa,   garemos magnituri SeRwevadobis koe-

ficientia,  I x t I I I( , ) , , 1 2 3  gamtarobis denia. maSin es sidideebi akmayofile-

ben 

div( E)  4 , div( H) = 0 , 

rot E
c

H

t
 

1  



( )
, 

rot H
c

H

t c
I 

1 4 



( )
, 

                                                           
*) g. l. f. helmholci (1821 _ 1894) _ germaneli fizikosi, maTematikosi, fi-

ziologi da fsiqologi. 
**) j. k. maqsveli (1831 _ 1879) _ ingliseli fizikosi 
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gantolebaTa (wrfiv) sistemas, sadac c  3 1010  sm/wm sinaTlis siCqarea sica-

rieleSi. meore gantoleba gamosaxavs faradeis*) kanons, mesame _ amperis**) 

kanons. 
 

 

1.11. Sredingeris***) gantoleba 
 

vTqvaT, m qvanturi nawilakis masaa, V x( ) gare Zalovani velis, romelSic 

es nawilaki moZraobs, potenciali, xolo  ( , )x t  am nawilakis talRuri fun-

qciaa, maSin 

i
t m

V



   

2

2
 , 

sadac    1 054 10 27,  ergiwm plankis****) mudmivaa. 
 

 

1.12. klain*****)-gordon-fokis******) da dirakis*******) gantolebebi 
 

   x x0 ,      3210 ,,:, xxxxcctx  siCqarea sinaTlis  talRuri funqcia, 

romelic m0
 masis mqone Tavisufal relativistur (fsevdo) skalarul nawi-

laks aRwers, akmayofilebs klain-gordon-fokis 

 

(a 0)2  m  

gantolebas, sadac  

















2
3

2

2
2

2

2
1

2
2

2

2

::
xxx

a
t

a















 

talRuri operatoria (dalamberis operatori). 

m masis mqone Tavisufali relativisturi nawilaki, romlis spini 
1

2
-ia 

(mag., eleqtroni ganixileba, rogorc “mbrunavi bzriala”, xolo misi spini _ 

rogorc aseTi brunvis maxasiaTebeli), aRiwereba 4-komponentiani talRuri 

funqciiT (spinoriT) 

    x x0 1 2 3 4, , , ,     . 

is akmayofilebs 4 gantolebisgan Semdgar Semdeg wrfiv pirveli rigis dife-

rencialur gantolebaTa sistemas, romelsac dirakis gantoleba ewodeba: 

                                                           
*) m. faradei (1791 _ 1867) _ ingliseli fizikosi, qimikosi da fizikos-qimikosi 
**) a. m. amperi ((1775 _ 1836) _ frangi fizikosi da maTematikosi 
***) e. Sredingeri (1887 _ 1961) _ avstrieli fizikosi 
****) m. k. e. l. planki (1858 _ 1947) _ germaneli fizikos-Teoretikosi 
*****) f. klaini (1849 _ 1925) _ germaneli maTematikosi 
******) v. a. foki (1898 _ 1974) _ rusi fizikosi 
*******) p. a. m. diraki (1902 _ 1984) _ ingliseli fizikos-Teoretikosi 
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i
x

m I x x
kk





 








 

0

3

0 0 0( , ) , 

sadac I erTeulovani matricaa, xolo  k , k  0 1 2 3, , , , dirakis Semdegi matri-

cebia 

 0

1 0 0 0

0 1 0 0

0 0 1 0

0 0 0 1
























,  1

0 0 0 1

0 0 1 0

0 1 0 0

1 0 0 0
























, 

 2

0 0 0

0 0 0

0 0 0

0 0 0

























i

i

i

i

,  3

0 0 1 0

0 0 0 1

1 0 0 0

0 1 0 0
























. 

dirakis gantoleba warmoadgens klain-gordon-fokis matricul faqtorizaci-

as, ramdenadac 

(
3

0

0

3

0

0 




















 

 k k

k

k k

k Im
x

iIm
x

i








  Im )2

0  

 

 

1.13. Capliginis*) gantoleba 
 

Capliginis gantolebas aqvs Semdegi saxe 

k y
u

x

u

y
( )









2

2

2

2
0  , 

sadac k( )0 0 , k y' ( )  0 , k y k y( ) ( )   . 
 

 

davaleba studentebisTvis 
 

saseminaro muSaobisTvis, leqtorTan SeTanxmebiT, unda SearCioT Temad ma-

Tematikuri fizikis ZiriTadi gantolebebidan erT-erTi maTgani da moamzadoT 

moxseneba werilobiT zepiri prezentaciis mizniT. gamoiyeneT silabusSi miTi-

Tebuli da sxva Sesabamisi literatura. 

                                                           
*) s. a. Capligini (1869 _ 1942) _ rusi meqanikosi 


