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maTematikuri fizikis gantolebebi
leqcia 2                                                   maTematikuri fizikis gantolebebi


leqcia 2

2. kerZowarmoebuliani diferencialuri gantolebebis klasifikacia
2.1. kerZowarmoebuliani diferencialuri gantolebis cneba
bunebis movlenaTa maTematikuri modelebis agebas, rogorc  wesi, mivyavarT ker​Zo​​warmoebuliani diferencialuri gantolebebis gamokvlevamde.
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saxis veqtorul tolobas, sadac
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2.2. tipebad dayofa. maxasiaTebeli zedapirebi
Cven ar SevexebiT (2.1.1) gantolebis zogad SemTxvevaSi tipebad klasi​fi​kacias da ganvixilavT mxolod im SemTxvevas, roca 
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vigulisxmoT, rom saWiro rigamde warmoebulebi arseboben da ganvixiloT N-u​ri rigis
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matricebi, romelTa ricxvs gansazRvravs (2.1.1) sistemaSi Semavali m-uri rigis war​​moebulebis Sesabamisi 
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forma*) (erTgvarovani funqcia**)), sadac 
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sadac
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da mZimis Semdeg miTiTebuli ricxviTi indeqsi Sesabamisi cvladiT ga​war​mo​e​bas niS​navs.
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Tu davuSvebT, rom x wertilSi parabolur gadagvarebas adgili ar aqvs da amasTan erTad
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Tu davuSvebT, rom x wertilSi parabolur gadagvarebas adgili ar aqvs da amasTan erTad 
[image: image52.wmf]l

l

1

,

,

K

n

 cvladTa sivrceSi arsebobs iseTi wrfe, rom Tu mas sa​ko​or​dinato RerZad miviRebT 
[image: image53.wmf]l

l

1

,

,

K

n

 cvladebis afinuri gardaqmnis Sedegad miRebul axal 
[image: image54.wmf]m

m

1

,

,

K

n

 cvladTa sivrceSi, maSin am RerZis gaswvriv cvladi ko​or​​dinatis mimarT gardaqmnil (2.2.4) gantolebas, e. i., 

[image: image55.wmf](

)

~

,

,

K

n

m

m

1

0

K

=
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2.3. meore rigis wrfivi kerZowarmoebuliani diferencialuri gantolebebis klasifikacia
aRniSnuli gantolebebi SeiZleba CavweroT Semdegi saxiT
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sadac 
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saxes*). algebridan cnobilia, rom fiqsirebuli x-sTvis (2.3.2) kvadratuli forma gar​kve​u​li
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aragadagvarebuli wrfivi gardaqmniT daiyvaneba e. w. kanonikur saxeze:
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sadac 
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gantolebas, e. i., radgan aragadagvarebuli (2.3.3) gardaqmna wrfivia,
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saxes miiRebs. (2.4.2) kvadratuli formis diskriminants aqvs
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saxe. radgan gantolebis rigi ar gvardeba, zemoT moyvanili ganmartebis Sesabamisad (2.4.1) gantoleba elifsuria, hiperboluri an paraboluri (wertilSi an aris yve​la wertilSi), Tu iq Sesabamisad 
[image: image100.wmf]d

>

0

, 
[image: image101.wmf]d

<

0

 an 
[image: image102.wmf]d

=

0

. es uSualod gamomdinareobs silvestris*) Teoremidan**). marTlac, silvestris Teoremis ZaliT, miuxedavad imisa, kvadratuli forma dadebiTad aris gansazRvruli Tu uaryofiTad (orive SemTxvevaSi, gan​martebis Tanaxmad, (2.4.1) gantoleba elifsuria), yvela luwi rigis minori da am​de​nad 
[image: image103.wmf]d

 mkacrad dadebiTia, xolo kenti rigis minori da amdenad 
[image: image104.wmf]11

A

 mkacrad dade​bi​Tia (roca kvadratuli forma dadebiTad gansazRvrulia) an mkacrad uaryofiTia (roca kvadratuli forma uaryofiTad gansazRvrulia). amrigad, Tu (2.4.1) elifsuri ti​pisaa, maSin 
[image: image105.wmf]0

>

d

, e. i., 
[image: image106.wmf]0

>

d

 piroba (2.4.1) gantolebis elifsurobis da (2.4.2) kvadra​tu​li formis niSangansazRvrulobis aucilebeli pirobaa. vaCvenoT misi sakma​ri​soba. vTqvaT, 
[image: image107.wmf]0

>

d

. maSin 
[image: image108.wmf]0

11

¹

A

, radgan winaaRmdeg SemTxvevaSi, e. i., ro​ca 
[image: image109.wmf]0

11

=

A

, 
[image: image110.wmf]d

 an uaryofiTi iqneba (Tu 
[image: image111.wmf]0

12

¹

A

), an nuli iqneba (Tu 
[image: image112.wmf]0

12

=

A

). aqedan ga​​​momdinare an 
[image: image113.wmf]0

11

>

A

 da amdenad (2.4.2) kvadra​tu​li forma dadebiTad gansazR​vru​lia, an 
[image: image114.wmf]0

11

<

A

 da amdenad (2.4.2) kvadra​tu​li forma uaryofiTad gansazRvrulia sil​vestris Teo​re​mis ZaliT. amrigad, ganmartebis Tanaxmad (2.4.1) gantoleba elif​su​ria. Tu 
[image: image115.wmf]0

=

d

, maSin (2.4.2) kvadra​tu​li forma gadagvarebulia, amitom (2.4.1) gan​to​leba parabo​lu​ria (am SemTxvevaSi (2.4.2) kvadra​tu​li forma an arauaryofiTia, an ara​dadebiTi). Tu 
[image: image116.wmf]0

<

d

, maSin (2.4.2) kvadra​tu​li forma niSancvladia (Tu da​vuS​vebT, rom (2.4.1) ni​San​gansazRvrulia, maSin, rogorc es zemoT vnaxeT, 
[image: image117.wmf]d

 dadebiTi iq​neba; Tu davuSvebT, rom (2.4.2) gadagvarebulia, maSin 
[image: image118.wmf]0

=

d

 da orive SemTxvevaSi miviRebT winaaRmdegobas 
[image: image119.wmf]0

<

d

 pirobasTan. amdenad, orive SemTxveva gamoricxulia), e. i., (2.4.1) gantoleba, ganmartebis Ta​nax​mad, hiperbo​lu​ria.

qvemoT davamtkicebT, rom 
[image: image120.wmf]11

A

, 
[image: image121.wmf]A

12

, 
[image: image122.wmf]A

22

 koeficientebis mimarT sakmaod zo​gad Se​zR​udvebSi SeiZleba SevarCioT damoukidebeli cvladebis iseTi araga​dag​va​re​buli


[image: image123.wmf]x

x

x

x

y

y

x

x

=

=

(

,

),

(

,

)

1

2

1

2

                   (2.4.3)

gardaqmna (e. i., gardaqmnis iakobiani


[image: image124.wmf](

)

÷

÷

ø

ö

¹

-

=

0

,

,

,

,

:

,

)

,

(

1

2

2

1

2

1

y

x

y

x

x

x

D

y

x

D

,

rom mTel areSi, sadac an  
[image: image125.wmf]d

>

0

, an 
[image: image126.wmf]d

<

0

, an 
[image: image127.wmf]d

=

0

, (2.4.1) gantoleba SeiZleba day​va​nil iqnas erT-erT Semdeg saxeze:


[image: image128.wmf])

,

(

)

,

(

)

,

(

)

,

(

2

2

2

2

y

x

f

u

y

x

c

y

u

y

x

b

x

u

y

x

a

y

u

x

u

=

+

+

+

+

¶

¶

¶

¶

¶

¶

¶

¶

,          (2.4.4)

Tu 
[image: image129.wmf]d

>

0

;


[image: image130.wmf])

,

(

)

,

(

)

,

(

)

,

(

2

y

x

f

u

y

x

c

y

u

y

x

b

x

u

y

x

a

y

x

u

=

+

+

+

¶

¶

¶

¶

¶

¶

¶

            (2.4.5)

an


[image: image131.wmf])

,

(

)

,

(

)

,

(

)

,

(

2

2

2

2

y

x

f

u

y

x

c

y

u

y

x

b

x

u

y

x

a

y

u

x

u

=

+

+

+

-

¶

¶

¶

¶

¶

¶

¶

¶

,         (2.4.6)

Tu 
[image: image132.wmf]d

<

0

;


[image: image133.wmf])

,

(

)

,

(

)

,

(

)

,

(

2

2

y

x

f

u

y

x

c

y

u

y

x

b

x

u

y

x

a

y

u

=

+

+

+

¶

¶

¶

¶

¶

¶

           (2.4.7)

an


[image: image134.wmf])

,

(

)

,

(

)

,

(

)

,

(

2

2

y

x

f

u

y

x

c

y

u

y

x

b

x

u

y

x

a

x

u

=

+

+

+

¶

¶

¶

¶

¶

¶

,          (2.4.8)

Tu 
[image: image135.wmf]d

=

0

.

[image: image136.wmf](

)

dx

dx

1

2

,

 veqtoriT, romelic


[image: image137.wmf](

)

(

)

A

dx

A

dx

dx

A

dx

11

2

2

12

2

1

22

1

2

2

0

-

+

=

              (2.4.9)

maxasiaTebel gantolebas akmayofi​lebs, gansazRvrul mimarTulebas maxasiaTebeli mi​​mar​Tuleba ewodeba. cxadia, 
[image: image138.wmf](

)

dx

dx

1

2

,

 em​Txve​va mxebs im maxasiaTebeli wirisa, romelic mocemulia


[image: image139.wmf](

)

F

x

x

1

2

0

,

=


gantolebiT, romlis marcxena mxare akmayofilebs (ix. (2.2.3))


[image: image140.wmf]0

,

,

,

2

,

2

2

22

2

1

12

2

1

11

=

F

+

F

F

+

F

A

A

A

                (2.4.10)

gantolebas. advili misaxvedria, rom Tu 
[image: image141.wmf](

)

F

x

x

1

2

,

 akmayofilebs (2.4.10)-s, maSin 
[image: image142.wmf]dx

dx

2

1

 (Tu 
[image: image143.wmf]0

11

¹

A

*)) an 
[image: image144.wmf]2

1

dx

dx

 (Tu 
[image: image145.wmf]0

22

¹

A

), radgan aracxadi funqciis gawarmoebis for​mulis Tanaxmad


[image: image146.wmf]2

1

1

2

,

,

F

F

-

=

dx

dx

, 
[image: image147.wmf]1

2

2

1

,

,

F

F

-

=

dx

dx

,

akmayofilebs (2.4.9)-s da piriqiT.
roca 
[image: image148.wmf]A

11

0

¹

, (2.4.10) 
[image: image149.wmf]A

11

-ze gamravlebis Semdeg SeiZleba Semdegi saxiT Cavwe​roT


[image: image150.wmf](

)

[

]

(

)

[

]

0

,

,

,

,

2

12

1

11

2

12

1

11

=

F

-

-

+

F

F

-

+

+

F

d

d

A

A

A

A

,          (2.4.11)

saidanac


[image: image151.wmf](

)

0

,

,

2

12

1

11

=

F

-

±

+

F

d

A

A

.                  (2.4.12)

cxadia, (2.4.9)-is, rogorc 
[image: image152.wmf]1

2

dx

dx

-is mimarT kvadratuli gantolebis, amonaxsns aqvs


[image: image153.wmf]dx

dx

A

A

2

1

12

11

=

±

-

d

                       (2.4.13)

saxe da amdenad elifsurobis aris arcerT wertilSi (2.4.1) gantolebas nam​​dvi​li maxasiaTebeli mimarTuleba ar aqvs, hiperbolurobis wertilSi aqvs ori maxa​si​a​Te​be​li mimarTuleba, xolo parabolurobis wertilSi _ mxolod erTi maxasi​a​Te​be​li mimarTuleba. 
SevniSnoT, rom (2.4.12) uSualod gamomdinareobs (2.4.13)-danac, Tu am ukanas​kne​lis marcxena mxareSi CavsvamT


[image: image154.wmf]2

1

1

2

,

,

F

F

-

=

dx

dx


gamosaxulebas da gamoviyenebT proporciis ZiriTad Tvisebas.

vTqvaT, 
[image: image155.wmf]A

C

ab

Î

2

(

)

W

, 
[image: image156.wmf]a

b

,

,

=

1

2

, maSin, roca 
[image: image157.wmf]0

<

d

 an 
[image: image158.wmf]0

=

d

, rad​ga​nac 
[image: image159.wmf](

)

A

x

x

11

1

0

2

0

0

,

¹

, 
[image: image160.wmf](

)

x

x

1

0

2

0

,

Î

W

, (2.4.13)-is integrebis Semdeg, Sesabamisad, mivi​RebT


[image: image161.wmf](

)

(

)

(

)

const

,

,

,

2

1

2

2

1

1

2

1

=

=

±

=

F

C

x

x

x

x

x

x

y

y

,                (2.4.14)


[image: image162.wmf](

)

const

,

2

1

=

=

F

C

x

x

,                                   (2.4.15)

sadac marcxena mxareebi, romlebsac, rogorc cnobilia, eqnebaT meore rigis uw​yve​ti warmoebulebi 
[image: image163.wmf](

)

x

x

1

0

2

0

,

-is midamoSi, daakmayofileben (2.4.12) ganto​le​​bebs da (2.4.3) gardaqmnas, Sesabamisad, eqneba


[image: image164.wmf](

)

(

)

x

x

x

x

x

=

+

y

y

1

1

2

2

1

2

,

,

, 
[image: image165.wmf](

)

(

)

y

x

x

x

x

=

-

y

y

1

1

2

2

1

2

,

,

 
[image: image166.wmf])

0

(

>

d

,

[image: image167.wmf]x

x

=

1

*), 
[image: image168.wmf](

)

2

1

,

x

x

y

F

=

 
[image: image169.wmf])

0

(

=

d

,
saxe, xolo roca 
[image: image170.wmf]d

>

0

, koSi-kovalevskaias**) Teoremis (ix. qvemoT) Tanaxmad, Tu mo​​viTxovT 
[image: image171.wmf]A

ab

-s, 
[image: image172.wmf]a

b

,

,

=

1

2

, analizurobas, (2.4.13)-is integrebiT mivi​RebT


[image: image173.wmf](

)

(

)

(

)

const

,

,

,

2

1

2

2

1

1

2

1

=

=

±

=

F

C

x

x

i

x

x

x

x

j

j

,               (2.4.16)
romlis marcxena mxare analizuri iqneba 
[image: image174.wmf])

,

(

0

0

y

x

-is midamoSi 
[image: image175.wmf](

)

(

)

]

0

,

,

[

2

2

2

1

¹

F

+

F

, da​akmayofilebs (2.4.10) gantolebas da (2.4.3) gardaqmnas eqneba

[image: image176.wmf](

)

x

x

x

=

j

1

1

2

,

, 
[image: image177.wmf](

)

y

x

x

=

j

2

1

2

,


saxe. marTlac, Tu movaxdenT (2.4.3) gardaqmnas, maSin (2.4.1) miiRebs


[image: image178.wmf]F

u

C

y

u

B

x

u

B

y

u

A

y

x

u

A

x

u

A

=

+

+

+

+

+

-

-

-

-

-

-

¶

¶

¶

¶

¶

¶

¶

¶

¶

¶

¶

2

1

2

2

22

2

12

2

2

11

2

      (2.4.17)

saxes, sadac 
[image: image179.wmf]1

-

B

, 
[image: image180.wmf]2

-

B

, 
[image: image181.wmf]-

C

 da 
[image: image182.wmf]F

 garkveuli funqciebia, xolo

[image: image183.wmf](

)

(

)

2

2

22

2

1

12

2

1

11

11

,

,

,

2

,

:

x

A

x

x

A

x

A

A

+

+

=

-

,                   (2.4.18)


[image: image184.wmf](

)

2

2

22

1

2

2

1

12

1

1

11

12

,

,

,

,

,

,

,

,

:

y

x

A

y

x

y

x

A

y

x

A

A

+

+

+

=

-

,             (2.4.19)


[image: image185.wmf](

)

(

)

2

2

22

2

1

12

2

1

11

22

,

,

,

2

,

:

y

A

y

y

A

y

A

A

+

+

=

-

.                   (2.4.20)

amasTan uSualo CasmiT advilad davrwmundebiT, rom

[image: image186.wmf](

)

(

)

[

]

(

)

2

1

2

2

1

22

11

2

12

22

11

2

12

,

,

,

,

y

x

y

x

A

A

A

A

A

A

-

-

=

-

-

-

-

.

rac imas niSnavs, rom aragadagvarebuli gardaqmnis dros gantolebis tipi ar ic​vle​ba.

roca 
[image: image187.wmf]d

>

0

, (2.4.16)-is Tanaxmad,


[image: image188.wmf](

)

(

)

(

)

F

x

x

x

x

i

x

x

1

2

1

1

2

2

1

2

,

,

,

=

±

j

j


funqcia akmayofilebs (2.4.10) gantolebas, e. i.,


[image: image189.wmf](

)

(

)

(

)

(

)

A

i

A

i

i

A

i

11

1

1

2

1

2

12

1

1

2

1

1

2

2

2

22

1

2

2

2

2

2

0

j

j

j

j

j

j

j

j

,

,

,

,

,

,

,

,

±

+

±

±

+

±

=

.

Tu am ukanasknelis marcxena mxareSi nuls gavutolebT namdvil da warmosaxviT na​wilebs, miviRebT, rom


[image: image190.wmf](

)

(

)

(

)

(

)

A

A

A

A

A

A

11

1

1

2

12

1

1

1

2

22

1

2

2

11

2

1

2

12

2

1

2

2

22

2

2

2

2

2

j

j

j

j

j

j

j

j

,

,

,

,

,

,

,

,

+

+

=

+

+

,


[image: image191.wmf](

)

±

+

±

±

±

=

2

2

2

0

11

1

1

2

1

12

1

1

2

2

2

1

1

2

22

1

2

2

2

A

A

A

j

j

j

j

j

j

j

j

,

,

,

,

,

,

,

,

.

rac, (2.4.3)-is, sadac


[image: image192.wmf](

)

(

)

x

x

x

x

x

1

2

1

1

2

,

,

=

j

, 
[image: image193.wmf](

)

(

)

y

x

x

x

x

1

2

2

1

2

,

,

=

j

,

da (2.4.18) _ (2.4.20)-is ZaliT, niSnavs imas, rom


[image: image194.wmf]A

A

-

-

=

11

22

, 
[image: image195.wmf]A

-

=

12

0

.

amdenad, (2.4.17)-is orive mxaris 
[image: image196.wmf]A

-

11

-ze gayofiT (cxadia, 
[image: image197.wmf]0

11

¹

-

A

, radgan wina​aR​mdeg SemTxvevaSi miviRebdiT, rom gantolebis rigi gvardeba) miviRebT (2.4.4)-s, sa​dac


[image: image198.wmf])

,

(

)

,

(

)

,

(

11

1

y

x

A

y

x

B

y

x

a

-

-

=

, 
[image: image199.wmf])

,

(

)

,

(

)

,

(

11

2

y

x

A

y

x

B

y

x

b

-

-

=

, 
[image: image200.wmf])

,

(

)

,

(

)

,

(

11

y

x

A

y

x

C

y

x

c

-

=

, 
[image: image201.wmf])

,

(

)

,

(

)

,

(

11

y

x

A

y

x

F

y

x

f

-

=

.

roca 
[image: image202.wmf]d

<

0

, maSin (2.4.14)-is Tanaxmad, rogorc


[image: image203.wmf](

)

(

)

(

)

x

x

x

x

x

x

x

1

2

1

1

2

2

1

2

,

:

,

,

=

+

y

y

,

aseve


[image: image204.wmf](

)

(

)

(

)

y

x

x

x

x

x

x

1

2

1

1

2

2

1

2

,

:

,

,

=

-

y

y


akmayofilebs (2.4.10)-s, rac, (2.4.18)-is da (2.4.20)-is gaTvaliswinebiT, imas niS​navs, rom


[image: image205.wmf]A

-

=

11

0

 da 
[image: image206.wmf]A

-

=

22

0

.

ase, rom (2.4.17)-is orive mxaris 
[image: image207.wmf]2

12

A

-

-ze (
[image: image208.wmf]A

-

¹

12

0

, radgan gantolebis rigi ar gvar​​deba) gayofis Semdeg miviRebT (2.4.5) kanonikur saxes. Tu movaxdenT


[image: image209.wmf]y

x

+

=

x

, 
[image: image210.wmf]y

x

-

=

h

,

aragadagvarebul cvladTa gardaqmnas, (1.4.5) dava (1.4.6) kanonikur saxeze.
roca 
[image: image211.wmf]d

=

0

, e. i.,


[image: image212.wmf](

)

22

11

2

12

A

A

A

=

,                       (2.4.21)

(2.4.11) da (2.4.12), Sesabamisad, SeiZleba Sem​de​​gi saxiT gadmovweroT


[image: image213.wmf](

)

0

,

,

2

2

12

1

11

=

F

+

F

A

A

                    (2.4.22)
da


[image: image214.wmf]0

,

,

2

12

1

11

=

F

+

F

A

A

, 
[image: image215.wmf]0

,

,

2

22

1

12

=

F

+

F

A

A

.            (2.4.23)

es ukanaskneli wina oridan gamomdinareobs, Tu gaviTvaliswinebT (2.4.21)-s. mar​Tlac, cxadia,


[image: image216.wmf](

)

(

)

(

)

(

)

0

,

,

,

2

,

2

2

2

12

2

1

12

11

2

1

2

11

=

F

+

F

F

+

F

A

A

A

A

,


[image: image217.wmf](

)

(

)

0

,

,

,

,

,

,

2

2

22

11

2

1

12

11

2

12

1

11

1

11

=

F

+

F

F

+

F

+

F

F

A

A

A

A

A

A

A

,


[image: image218.wmf](

)

0

,

,

,

2

22

1

12

2

11

=

F

+

F

F

A

A

A

.

am ukanasknelidan, tolobis orive mxaris 
[image: image219.wmf]2

2

11

,

F

A

-ze gayofiT, gamomdinareobs (2.4.23)-is meore toloba. radgan, (2.4.15)-is gamo, 
[image: image220.wmf](

)

2

1

,

x

x

y

F

=

 warmoadgens (2.4.10)-is, e. i., (2.4.11)-is an, 
[image: image221.wmf]0

=

d

-is gamo, (2.4.22)-is amo​naxsns da amdenad (2.4.23)-is amonaxsnsac, amitom (2.4.20)-dan da (2.4.19)-dan, Sesabamisad (2.4.10)-isa da (2.4.23)-is Tanaxmad, gamom​di​na​reobs, rom


[image: image222.wmf]0

,

,

,

2

,

2

2

22

2

1

12

2

1

11

22

=

F

+

F

F

+

F

=

-

A

A

A

A


da


[image: image223.wmf](

)

(

)

(

)

.

0

,

,

,

,

,

,

,

,

,

,

,

,

,

,

2

22

1

12

2

2

12

1

11

1

2

2

22

1

2

2

1

12

1

1

11

12

=

F

+

F

+

F

+

F

=

F

+

F

+

F

+

F

=

-

A

A

x

A

A

x

x

A

x

x

A

x

A

A


amrigad, (2.4.17)-is orive mxaris 
[image: image224.wmf]11

-

A

-ze gayofiT miviRebT (2.4.8)-s.
SemTxvevas, ro​ca 
[image: image225.wmf]0

11

=

A

, magram 
[image: image226.wmf]0

22

¹

A

, analogiurad ganvixilavT. Tu 
[image: image227.wmf]0

11

=

A

, 
[image: image228.wmf]0

22

=

A

, maSin 
[image: image229.wmf]0

12

¹

A

, radgan winaaRmdeg SemTxvevaSi saqme gveqneba gantolebasTan rigis gadag​va​re​​biT, rac Cven gamovricxeT. cxadia, am SemTxvevaSi gantoleba hiperboluria da (2.4.1) gantolebis orive mxaris 
[image: image230.wmf]12

A

-ze gayofiT miviRebT (2.4.5) kanonikur saxes.
roca cvladTa ricxvi 
[image: image231.wmf]n

>

2

, gantolebis kanonikur saxeze dayvana gantolebis ganxilvis mTel areSi, garda mudmivkoeficientian gantolebaTa SemTxvevisa, sazogadod, ver xerxdeba.

axla ganvixiloT is SemTxveva, roca Ω aris SigniT gantolebas aqvs para​bolu​ri gadagvareba raime martiv (analizur) 
[image: image232.wmf]s

 wirze. Tu am wirze 
[image: image233.wmf](

)

d

x

x

1

2

,

 funqcia (dis​kri​minanti) da misi yvela warmoebuli 
[image: image234.wmf]m

-

1

 rigamde CaTvliT nulis tolia, xolo m-uri ri​gis war​moebulebidan erTi mainc gansxvavebulia nulisgan, maSin 
[image: image235.wmf]s

 wiris midamoSi


[image: image236.wmf](

)

(

)

(

)

d

x

x

H

x

x

G

x

x

m

1

2

1

2

1

2

,

,

,

=

,

sadac


[image: image237.wmf](

)

H

x

x

1

2

0

,

=


aris 
[image: image238.wmf]s

 wiris gantoleba, xolo am wiris gaswvriv


[image: image239.wmf](

)

G

x

x

1

2

0

,

/

º

.

aRvniSnoT 
[image: image240.wmf](

)

a

x

x

1

2

,

-iT umciresi kuTxe 
[image: image241.wmf]s

 wirisadmi 
[image: image242.wmf](

)

x

x

1

2

,

 wertilSi gav​le​bul mxebsa da am wertilidan gamomaval maxasiaTebels Soris (is erTaderTia, rad​gan 
[image: image243.wmf](

)

x

x

1

2

,

 wertilSi gantolebas aqvs paraboluri gadagvareba). amasTan vi​gu​lis​xmoT, rom 
[image: image244.wmf]s

 wiris raime 
[image: image245.wmf]s

1

 nawilze yvelgan an


[image: image246.wmf](

)

a

x

x

1

2

0

,

¹

,

e.i., 
[image: image247.wmf]s

1

 aramaxasiaTebeli wiria, an


[image: image248.wmf](

)

a

x

x

1

2

0

,

=

,

e.i., 
[image: image249.wmf]s

1

 maxasiaTebeli wiria.

Tu davuSvebT, rom gantolebis koeficientebi analizuria, maSin 
[image: image250.wmf]s

1

 wiris mom​cvel 
[image: image251.wmf]D

1

 areSi aragadagvarebuli (2.4.3) saxis*) gardaqmniT (2.4.1) gantoleba SeiZleba da​​​viy​vanoT erT-erT Semdeg saxeze


[image: image252.wmf])

,

(

)

,

(

)

,

(

)

,

(

2

2

2

2

y

x

f

u

y

x

c

y

u

y

x

b

x

u

y

x

a

y

u

x

u

y

m

=

+

+

+

+

¶

¶

¶

¶

¶

¶

¶

¶

, 
[image: image253.wmf]0

>

m

, 
[image: image254.wmf]0

¹

a

, (2.4.24)

an


[image: image255.wmf])

,

(

)

,

(

)

,

(

)

,

(

2

2

2

2

y

x

f

u

y

x

c

y

u

y

x

b

x

u

y

x

a

y

u

y

x

u

m

=

+

+

+

+

¶

¶

¶

¶

¶

¶

¶

¶

, 
[image: image256.wmf]0

>

m

, 
[image: image257.wmf]0

=

a

. (2.4.25)

(2.4.24) gantolebas ewodeba gantoleba aramaxasiaTebeli gadagvarebiT, xolo (2.4.25) gantolebas - gantoleba maxasiaTebeli gadagvarebiT.
im SemTxvevaSi, roca raime simravleze gvardeba gantolebis rigi, maxasiaTebeli forma, rogorc ukve aRniSnuli iyo, am simravleze igivurad nulia da amitom azrs ver mivcemT tipebad dayofas, Tu gantoleba winaswar ar gardavqmeniT im sim​rav​leze gadagvarebuli gardaqmniT, sadac gantolebis rigi gvardeba. Tu amgvarad gardaqmnili gantolebisTvis azri aqvs maxasiaTebel formas, maSin ukve SesaZ​le​be​li xdeba tipis gansazRvra. aseT SemTxvevaSi zogjer SeiZleba SeirCes iseTi (2.4.3) gardaqmna, rom (2.4.1) gantoleba davides
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  (2.4.26)

saxeze. amitom am SemTxvevaSi vambobT, rom gvardeba gantolebis rogorc tipi, ase​ve rigi.
*) raime k rigis forma ewodeba mravali cvladis polinoms, romlis TiToeuli wevris rigi erTobliobaSi yvela cvladis mimarT k-s tolia. forma erTgvarovani funqciis kerZo SemTxvevaa.


**) k rigis erTgvarovani funqcia ewodeba funqcias, Tu


� EMBED Equation.3  ���


yvela SesaZlo � EMBED Equation.3  ���-sTvis.


*) afinuri gardaqmna ewodeba sibrtyis an sivrcis wertilTa iseT urTierTcalsaxa gardaqmnas, roca erT wrfeze mde�bare sam wertils gardaqmnis Semdeg Seesabameba kvlav erT wrfeze mdebare sami wertili. afi�nu�ri gardaqmnis dros paraleluri wrfeebi (sibrtyeebi) pa��ralelur wrfeebSi (sibrtyeebSi) gadadis, g�adamkveTi _ gadamkveTSi. � EMBED Equation.3  ���-Si afi�nu�ri gardaqmna moicema


� EMBED Equation.3  ���


saxiT, sadac �EMBED Equation.3���, �EMBED Equation.3��� �EMBED Equation.3��� mudmivebia,


� EMBED Equation.3  ���


da erTwevrSi gameorebuli indeqsis mimarT igulisxmeba ajamva 1-.dan n-mde. 


Tu � EMBED Equation.3  ���, � EMBED Equation.3  ���, miviRebT wrfiv aragadagvarebul gardaqmnas � EMBED Equation.3  ���-Si.


*) radgan gansaxilvel SemTxvevaSi � EMBED Equation.3  ���, sadac � EMBED Equation.3  ���, � EMBED Equation.3  ���, � EMBED Equation.3  ���, roca � EMBED Equation.3  ���, � EMBED Equation.3  ���, roca � EMBED Equation.3  ���, da � EMBED Equation.3  ���, roca � EMBED Equation.3  ���, xolo � EMBED Equation.3  ���ukve niSnavs ajamvas l-isa da m-is mimarT 1-dan n-mde.


*) j. j. silvestri (1814 _ 1897) _ ingliseli maTematikosi


**) silvestris Teorema. imisTvis, rom namdvili kvadratuli forma iyos dadebiTad (Sesabamisad uaryofiTad) gansazRvruli, aucilebeli da sakmarisia, yvela mTavari mi��nori iyos mkacrad dadebiTi (Sesabamisad yvela kenti rigis mTavari minori iyos mkac���rad uar�yo�fiTi, xolo yvela luwi rigis mTavari minori iyos mkacrad da�de�bi�Ti).


*) am SemTxvevaSi � EMBED Equation.3  ���, radgan winaaRmdeg SemTxvevaSi, e. i., Tu � EMBED Equation.3  ���, (2.4.10)-dan ga�momdinareobs, rom � EMBED Equation.3  ���, saidanac � EMBED Equation.3  ���. es ki dauSvebelia, radgan � EMBED Equation.3  ���. analogiurad damtkicdeba, rom � EMBED Equation.3  ���, roca �EMBED Equation.3���.


*) SevniSnoT, rom � EMBED Equation.3  ���-is nacvlad SegviZlia aviRoT nebismieri � EMBED Equation.3  ��� orjer uw�yve��tad diferencirebadi funqcia iseTi, rom gansaxilvel midamoSi (2.4.3) gardaqmna iyos aragadagvarebuli, e. i., gardaqmnis iakobiani


� EMBED Equation.3  ���.


**) s. v. kovalevskaia (1850 _ 1891) _ rusi maTematikosi qali, agreTve mwerali da pub�li�cisti


*) magaliTad, roca � EMBED Equation.3  ���, viRebT, rom


�EMBED Equation.3���,


xolo �EMBED Equation.3��� cvlads ise virCevT, rom Sesruldes


�EMBED Equation.3���


toloba.





8

[image: image259.wmf],

),

,...,

,

(

)

,...,

,

(

1

2

1

2

1

R

k

x

x

x

f

c

cx

cx

cx

f

n

k

n

Î

=

[image: image260.wmf]const

c

=

[image: image261.wmf]n

R

[image: image262.wmf]i

j

ij

i

d

c

+

=

m

l

[image: image263.wmf]ij

c

[image: image264.wmf]i

d

[image: image265.wmf](

)

n

j

i

,

1

,

=

[image: image266.wmf]0

det

¹

ij

c

[image: image267.wmf]0

=

i

d

[image: image268.wmf]n

i

,

1

=

[image: image269.wmf]n

R

[image: image270.wmf]lm

m

j

u

P

P

,

2

1

=

=

a

a

[image: image271.wmf]1

:

u

u

=

[image: image272.wmf]1

=

l

a

[image: image273.wmf]1

=

m

a

[image: image274.wmf]m

l

¹

[image: image275.wmf]2

=

l

a

[image: image276.wmf]m

l

=

[image: image277.wmf]0

=

i

a

[image: image278.wmf]m

l

i

,

¹

[image: image279.wmf]å

=

2

a

[image: image280.wmf]0

,

2

¹

F

[image: image281.wmf]0

,

2

=

F

[image: image282.wmf]0

,

2

1

11

=

F

A

[image: image283.wmf]0

,

1

=

F

[image: image284.wmf]0

¹

F

Ñ

[image: image285.wmf]0

,

1

¹

F

[image: image286.wmf]0

22

¹

A

[image: image287.wmf]1

x

x

=

[image: image288.wmf](

)

2

1

,

x

x

x

x

=

[image: image289.wmf](

)

0

,

)

,

(

2

1

¹

x

x

D

y

x

D

[image: image290.wmf]0

¹

a

[image: image291.wmf](

)

)

,

(

,

2

1

y

x

H

x

x

y

=

[image: image292.wmf](

)

2

1

,

x

x

x

[image: image293.wmf](

)

(

)

0

2

,

22

1

,

12

2

,

2

,

12

1

,

11

1

,

=

+

+

+

H

A

H

A

x

H

A

H

A

x

_1222773115.unknown

_1267016298.unknown

_1286876591.unknown

_1286888823.unknown

_1286889044.unknown

_1286889196.unknown

_1286889352.unknown

_1287232539.unknown

_1292154664.unknown

_1292154545.unknown

_1287232520.unknown

_1287232529.unknown

_1287232505.unknown

_1286889351.unknown

_1286889258.unknown

_1286889087.unknown

_1286889114.unknown

_1286889154.unknown

_1286889071.unknown

_1286888884.unknown

_1286888968.unknown

_1286888998.unknown

_1286889009.unknown

_1286888990.unknown

_1286888912.unknown

_1286888852.unknown

_1286888869.unknown

_1286888837.unknown

_1286888485.unknown

_1286888611.unknown

_1286888699.unknown

_1286888760.unknown

_1286888803.unknown

_1286888707.unknown

_1286888680.unknown

_1286888688.unknown

_1286888650.unknown

_1286888668.unknown

_1286888549.unknown

_1286888580.unknown

_1286888497.unknown

_1286878247.unknown

_1286888418.unknown

_1286888458.unknown

_1286888090.unknown

_1286888149.unknown

_1286888376.unknown

_1286888110.unknown

_1286888024.unknown

_1286888052.unknown

_1286887855.unknown

_1286877307.unknown

_1286877317.unknown

_1286877254.unknown

_1286714205.unknown

_1286715550.unknown

_1286717250.unknown

_1286779204.unknown

_1286780573.unknown

_1286780614.unknown

_1286780890.unknown

_1286780506.unknown

_1286718368.unknown

_1286716977.unknown

_1286717115.unknown

_1286715789.unknown

_1286715144.unknown

_1286715278.unknown

_1286715425.unknown

_1286715200.unknown

_1286715095.unknown

_1286715115.unknown

_1286715029.unknown

_1267966438.unknown

_1286712196.unknown

_1286712377.unknown

_1286713868.unknown

_1286714147.unknown

_1286712443.unknown

_1286713818.unknown

_1286712393.unknown

_1286712275.unknown

_1286712308.unknown

_1286712233.unknown

_1286711476.unknown

_1286712143.unknown

_1286712165.unknown

_1286712102.unknown

_1267966511.unknown

_1267967479.unknown

_1286711136.unknown

_1286711187.unknown

_1267966512.unknown

_1267966439.unknown

_1267437945.unknown

_1267438164.unknown

_1267966362.unknown

_1267966363.unknown

_1267438183.unknown

_1267966361.unknown

_1267438117.unknown

_1267438156.unknown

_1267438089.unknown

_1267437753.unknown

_1267437792.unknown

_1267016677.unknown

_1222773178.unknown

_1237725589.unknown

_1237727419.unknown

_1237829514.unknown

_1242824437.unknown

_1260877554.unknown

_1260877601.unknown

_1260877536.unknown

_1260877451.unknown

_1237829778.unknown

_1237829802.unknown

_1237829771.unknown

_1237829733.unknown

_1237728386.unknown

_1237729312.unknown

_1237729406.unknown

_1237729606.unknown

_1237729627.unknown

_1237729409.unknown

_1237729339.unknown

_1237729205.unknown

_1237728056.unknown

_1237728069.unknown

_1237727590.unknown

_1237727818.unknown

_1237727524.unknown

_1237726200.unknown

_1237726938.unknown

_1237726953.unknown

_1237726837.unknown

_1237725808.unknown

_1237725845.unknown

_1237725732.unknown

_1222773205.unknown

_1222773231.unknown

_1222773239.unknown

_1222773242.unknown

_1222773245.unknown

_1222773249.unknown

_1235906453.unknown

_1237725010.unknown

_1237725178.unknown

_1235906549.unknown

_1223218309.unknown

_1222773246.unknown

_1222773243.unknown

_1222773244.unknown

_1222773241.unknown

_1222773240.unknown

_1222773235.unknown

_1222773237.unknown

_1222773238.unknown

_1222773236.unknown

_1222773233.unknown

_1222773234.unknown

_1222773232.unknown

_1222773209.unknown

_1222773229.unknown

_1222773230.unknown

_1222773228.unknown

_1222773207.unknown

_1222773208.unknown

_1222773206.unknown

_1222773194.unknown

_1222773199.unknown

_1222773203.unknown

_1222773204.unknown

_1222773202.unknown

_1222773196.unknown

_1222773198.unknown

_1222773195.unknown

_1222773190.unknown

_1222773192.unknown

_1222773193.unknown

_1222773191.unknown

_1222773182.unknown

_1222773189.unknown

_1222773179.unknown

_1222773153.unknown

_1222773165.unknown

_1222773173.unknown

_1222773175.unknown

_1222773176.unknown

_1222773177.unknown

_1222773174.unknown

_1222773168.unknown

_1222773172.unknown

_1222773167.unknown

_1222773158.unknown

_1222773163.unknown

_1222773164.unknown

_1222773160.unknown

_1222773156.unknown

_1222773157.unknown

_1222773154.unknown

_1222773129.unknown

_1222773142.unknown

_1222773147.unknown

_1222773150.unknown

_1222773144.unknown

_1222773139.unknown

_1222773140.unknown

_1222773131.unknown

_1222773135.unknown

_1222773136.unknown

_1222773137.unknown

_1222773133.unknown

_1222773130.unknown

_1222773121.unknown

_1222773124.unknown

_1222773125.unknown

_1222773122.unknown

_1222773117.unknown

_1222773120.unknown

_1222773116.unknown

_1222773074.unknown

_1222773093.unknown

_1222773106.unknown

_1222773110.unknown

_1222773112.unknown

_1222773113.unknown

_1222773111.unknown

_1222773108.unknown

_1222773109.unknown

_1222773107.unknown

_1222773098.unknown

_1222773101.unknown

_1222773104.unknown

_1222773099.unknown

_1222773095.unknown

_1222773097.unknown

_1222773094.unknown

_1222773085.unknown

_1222773089.unknown

_1222773091.unknown

_1222773092.unknown

_1222773090.unknown

_1222773087.unknown

_1222773088.unknown

_1222773086.unknown

_1222773081.unknown

_1222773083.unknown

_1222773084.unknown

_1222773082.unknown

_1222773079.unknown

_1222773080.unknown

_1222773078.unknown

_1222773056.unknown

_1222773064.unknown

_1222773069.unknown

_1222773072.unknown

_1222773073.unknown

_1222773071.unknown

_1222773066.unknown

_1222773068.unknown

_1222773065.unknown

_1222773060.unknown

_1222773062.unknown

_1222773063.unknown

_1222773061.unknown

_1222773058.unknown

_1222773059.unknown

_1222773057.unknown

_1222773046.unknown

_1222773050.unknown

_1222773054.unknown

_1222773055.unknown

_1222773051.unknown

_1222773053.unknown

_1222773048.unknown

_1222773049.unknown

_1222773047.unknown

_1222773041.unknown

_1222773043.unknown

_1222773045.unknown

_1222773042.unknown

_1222773039.unknown

_1222773040.unknown

_1222773038.unknown

