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2.7. ZiriTadi sasazRvro amocanebi elifsuri gantolebebisTvis, maTi 

amoxsnadoba, erTaderToba, mdgradoba. koSi-kovalevskaias Teorema 
 

vTqvaT, axla (2.3.1) elifsuri gantolebaa   R n  areSi. 

amocana 2.7.1. vipovoT  u C C 2 ( )  , romelic akmayofilebs (2.3.1) gan-

tolebas   areSi da, Tu C1  da )(xu -s   sazRvris yovel wertilSi 

aqvs warmoebuli l mimarTulebiT,  


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u
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u   

pirobas  -ze, sadac  ,  ,    -ze mocemuli funqciebia da  

0  . 

kerZo SemTxvevebs ewodeba: 

a) Tu 0 , 1 , _ dirixles*) an pirveli sasazRvro amocana (cxadia, 

am SemTxvevaSi   aris sazRvris sigluvis moTxovna aucilebeli ar aris); 

b) Tu 1 , 0  da l mimarTuleba emTxveva 
~  konormalis mimarTule-

bas, romlis mimmarTveli kosinusebia l

kl

k vAav 1:~  ,  nvvv ,,: 1   Siga erTeu-

lovani normalia, e. i., 
~  a A1

, sadac 
ijAA : ,  


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22 : , _ noima-

nis**) an meore sasazRvro amocana; 

g) Tu   0 , cos( , )l c   0 , c  const ,   -ze _ daxril warmoebuliani, an 

mesame sasazRvro amocana; 

d) Tu am pirobaTagan sazRvris sxvadasxva nawilze sxvadasxvaa mocemuli, _ 

Sereuli sasazRvro amocana. 

ganvixiloT ufro zogadi amocana. 

amocana 2.7.2. vipovoT u C 2 ( ) , romelic akmayofilebs (2.3.1) gantolebas 

da Semdeg sasazRvro pirobas 
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am amocanas uwodeben zogad sasazRvro amocanas an kidev V amocanas. 
SevniSnoT, rom pikaris***) Teoremis Tanaxmad analizurkoeficientiani elif-

suri gantolebis amonaxsni C 2
 klasidan analizuric aris da amdenad zemoaR-

niSnul sasazRvro pirobas azri aqvs. 

Teorema 2.7.3. Tu (2.3.1) gantolebis koeficientebi SemosazRvrulia  -Si 

da ijAdet  diskriminants   aris SigniT aqvs dadebiTi qveda zRvari, 

  CCu )(2
 da C  0 , maSin dirixles amocanas erTaderTi amonaxsni 

                                                           
*) p. g. l. dirixle (1805 _ 1859) _ germaneli maTematikosi 
**) f. e. noimani (1798 _ 1895) _ germaneli fizikosi 
***) S. e. pikari (1856 _ 1941) _ frangi maTematikosi 
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aqvs. 

damtkiceba. marTlac, Tu 1u  da 2u  dirixles amocanis ori SesaZlo amo-

naxsnia, maSin maTi sxvaoba   CCuuu )(: 2

21
 da  

Lu  0 , x , 

u  0 , x  .    (2.7.1) 

radgan am SemTxvevaSi, (2.3.1) gantolebis siwrfivis gamo, amonaxsnTa sxvaobis-

Tvis 0f , hopfis Teoremis Tanaxmad, |)(|max)( xuxu
x 

   -Si da amdenad, Tu 

gaviTvaliswinebT (2.7.1)-s, 0u   -Si. 

Teorema 2.7.4. Tu (2.3.1) gantolebis koeficientebi SemosazRvrulia Semosa-

zRvrul ),1( A  aris Caketvaze,   12 )( CCu  , ijAdet  diskriminants 

aris   Caketvaze aqvs dadebiTi qveda zRvari da 0C , 0 , amasTan 

C   0 , maSin meore (b) da mesame (g) sasazRvro amocanebs aqvT erTaderTi 

amonaxsni. 

damtkiceba. u sxvaobisTvis adgili eqneba 

Lu  0 , x  , 





u

l
u  0 , x  ,      (2.7.2) 

tolobebs, radgan  u C  , amitom, Tu u  const , amonaxsni uaryofiT mini-

mums (dadebiT maqsimums), hopfis Teoremis ZaliT, mxolod sazRvarze*) miaR-

wevs; magram maSin, zaremba-Jiros Teoremis Tanaxmad, 





u

l
 0 0( ) 

da aqedan gamomdinare 







u

l
u  0 0( ) , 

rac (2.7.2) sasazRvro pirobas ewinaaRmdegeba. amrigad, u const  0 , radgan 

aranulovani mudmivi ar daakmayofilebs sasazRvro pirobas, Tu 0 , an 

gantolebas, Tu C  0 . SevniSnoT, rom, Tu C  0 , 0 , maSin meore da mesame 

sasazRvro amocanebis amonaxsnebi ganisazRvrebian mudmivi Sesakrebis sizustiT. 

SeniSvna 2.7.5. wina Teoremebi ZalaSi rCeba SemousazRvravi arisTvis, Tu 

damatebiT sruldeba 

0)(lim 


xu
x

. 

adgili aqvs arsebobis Semdeg Teoremas (is mtkicdeba e. w. fundamenturi 

amonaxsnebis gamoyenebiT integralur gantolebebze dayvaniT): 

Teorema 2.7.6. Tu L elifsuri operatoria  C ( , )1   areSi, 

)(),1(  CAij , )(, ),0(  CCB i ; 

garda amisa, )()(),0(  CCf 
, )(   C  da C  0  -Si, maSin dirixles 

amocanas aqvs erTaderTi amonaxsni. Tu ukanaskneli piroba darRveulia da 

                                                           
*) radgan u  const , amitom sazRvarze erT-erT maTgans mainc miaRwevs. 
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0 , maSin samarTliania fredholmis*) alternativa, e. i., Tu amocanas, roca 

f  0 , aqvs mxolod trivialuri (nulovani) amonaxsni, maSin, roca f  0 , 

amocana calsaxad amoxsnadi iqneba. 

ganvixiloT is SemTxveva, roca (2.1.1) sistemas SeiZleba mieces Semdegi saxe 
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, Ni ,1  ( k  0 1, , , Nj ,1 )         (2.7.3) 

sadac 

k
jP , ,1,Nj   gamosaxulebaSi jn m , jmk    (Tu ganmeorebul 

indeqsebidan erT-erTs xazi aqvs qvemodan gasmuli, maSin mis mimarT ajamva ar 

xdeba) **). 

davsvaT Semdegi amocana: vipovoT )(,,)(1 xuxu N  funqciebi, romlebic 
0
nx -

Tan sakmarisad axlo nx -ebisTvis akmyofileben (2.7.3) sistemas, xolo roca 

0
nn xx  , Semdeg sawyis pirobebs 

  1,0   ,,1   ,,, 11   inill
n

i
l

mlNixx
x

u





.               (2.7.4) 

am amocanas koSis amocanas uwodeben. 

koSi-kovalevskaias Teorema 2.7.7. vTqvaT, il  sawyisi monacemebi analizu-

ria raime  0
1

0
1 ,, nxx   wertilis midamoSi, xolo f i

 funqciebi analizuria  
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argumentebis mniSvnelobaTa midamoSi. maSin arsebobs (2.7.3), (2.7.4) koSis amo-

canis erTaderTi amonaxsni ),...,(: 00

1

0

nxxx  -is raime midamoSi, sadac is anali-

zuria x-is mimarT. 

rogorc vxedavT, amocanis da Teoremis formulirebaSi arsad ar figuri-

rebs sistemis tipi, e. i., koSi-kovalevskaias Teorema samarTliania (2.7.3) sis-

temis tipis miuxedavad. xazi gavusvaT im faqtsac, rom aRniSnul SemTxvevaSi 

amocana lokaluradaa amoxsnili ( 0

nn xx   hipersibrtyis sakmarisad mcire mi-

damoSi). 

koSi-kovalevskaias Teorema amtkicebs mxolod lokaluri analizuri amonax-

snis arsebobas da erTaderTobas da ar iZleva pasuxs imaze, aqvs Tu ara das-

mul amocanas araanalizuri amonaxsnic, rac amonaxsnebis ufro farTo klasSi 

                                                           
*) e. i. fredholmi (1866 _ 1927) _ Svedi maTematikosi 
**) sxva sityvebiT, 

if , ,1,Ni   namdvili funqciebi, sazogadod, damokidebulia 

nxx ,,1   damoukidebel cvladebze, ucnob 
ju , ,1,Nj   funqciebze da maT 

warmoebulebze 
nxx ,,1   cvladebis mimarT 

jm  rigamde, amasTan 
nx -is mimarT 

warmoebulis rigi ar unda aRematebodes )1( jm -s 
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erTaderTobis darRvevis tolfasi iqneboda. amaze pasuxs iZleva holmgrenis 
Teorema, romelic, sazogadod, araanalizuri monacemebis pirobebSi amtkicebs, 
sazogadod araanalizuri amonaxsnis lokalurad arsebobas da erTaderTobas. 

yvela sasazRvro, sawyisi Tu Sereuli amocana zogadad operatorulad Se-

iZleba Semdegi saxiT CavweroT: raime X funqcionalur klasSi (sivrceSi) 
veZebT 

gEu                              (2.7.5) 

gantolebis raime azriT u amonaxsns   areSi, romelic   aris sazRvarze an 
mis nawilze raime azriT akmayofilebs 

fBu 


                          (2.7.6) 

damatebiT pirobas. 
(2.7.5), (2.7.6) amocanas koreqtuls vuwodebT, Tu arsebobs misi amonaxsni, 

igi erTaderTia da Sesabamisi sivrceebis azriT uwyvetad aris damokidebuli 

g-sa da f-ze. es ukanaskneli, rasac amonaxsnis mdgradobas uwodeben, imas niS-

navs, rom   0 -sTvis    iseTi, rom raime normiT 


*

~uu , 

roca raime normebiT 


**

~gg  da 
***

~
ff , 

sadac ~u -iT aRniSnulia (2.7.5), (2.7.6) amocanis amonaxsni, roca g da f Sec-

vlilia g~ -iTa da 
~
f -iT. 

moviyvanoT arakoreqtulad dasmuli amocanis magaliTi. 

adamaris*) magaliTi. ganvixiloT [,,0],
2

,
2


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
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
 yx


 naxevarzolSi 

u uxx yy  0                        (2.7.7) 

laplasis gantoleba Semdegi sasazRvro da sawyisi pirobebiT: 
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  .     (2.7.8) 

uSualod SeiZleba Semowmdes, rom am Sereul amocanis amonaxsns aqvs 

nynxe
n

u n shcos
1

                        (2.7.9) 

saxe, sadac n kentia. marTlac, radgan 
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gveqneba, rom 

nynxneu n

xx shcos   , nynxneu n

yy shcos   , 

0)0(sh n , 1)0(ch n ; 

garda amisa, 

                                                           
*) J. s. adamari (1865 _ 1963) _ frangi maTematikosi 
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0
2
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
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, roca n kentia. 

aqedan cxadia, rom (2.7.9) daakmayofilebs (2.7.7) gantolebas da (2.7.8) sasa-

zRvro pirobebs. 

mtkicdeba, rom (2.7.9) amonaxsni erTaderTia. magram sakmarisad didi n-ebis-

Tvis 

nxe n cos  

ragind mcirea, maSin, rodesac (2.7.9) sidide shny -is xarjze ragind didi 

xdeba. marTlac, 
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amrigad, amocanis amonaxsni uwyvetad ar aris damokidebuli sawyis monacem-

ze, e. i., amonaxsni ar aris mdgradi da amdenad arc koreqtuladaa dasmuli. 


