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leqcia 2 
 

2. kerZowarmoebuliani diferencialuri gantolebebis klasifikacia 
 

2.1. kerZowarmoebuliani diferencialuri gantolebis cneba 
 

bunebis movlenaTa maTematikuri modelebis agebas, rogorc  wesi, mivyavarT ker-

Zowarmoebuliani diferencialuri gantolebebis gamokvlevamde. 
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saxis veqtorul tolobas, sadac 
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mocemuli N  1 ganzomilebiani veqtor-funqciaa, 
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aq 0  k m  da m  1 ,  i -ebi iReben mTel arauaryofiT mniSvnelobebs, amasTan j , 

  da k -s mniSvnelobaTa simravleebi 

F  veqtoris sxvadasxva komponentebisTvis, 

sazogadod, erTmaneTs ar emTxvevian, 

 


u u uM: , , , 1  M  1, 

ewodeba kerZowarmoebulian N diferencialur gantolebaTa sistema (an kerZowar-
moebuliani veqtoruli gantoleba) M raodenobis u uM1, ,  ucnobis mimarT (an 


u  

saZiebeli veqtoris mimarT) n damoukidebeli cvladis SemTxvevaSi. Tu N M  1, 

maSin (2.1.1) gantoleba iqceva erTucnobian erT (skalarul) gantolebad. 

(2.1.1) sistemidan aRebul gantolebaSi warmoebulis maqsimalur rigs ewodeba am 

gantolebis rigi. 
Tu 


u -s aqvs klasikuri an ganzogadebuli azriT warmoebulebi saWiro rigamde 

da igi (2.1.1) gantolebas igiveobad aqcevs, maSin mas (2.1.1) gantolebis klasikuri 

an Sesabamisad ganzogadebuli amonaxsni ewodeba. ganzogadebuli amonaxsni SeiZleba 

sxva azriTac ganimartos [ix. qvemoT ganzogadebuli (susti) amonaxsni integra-

luri azriT]. 

Tu 

F  wrfivadaa damokidebuli yvela P j

k

 -ze, maSin (2.1.1) gantolebas wrfivi 

gantoleba ewodeba. 
 

 

2.2. tipebad dayofa. maxasiaTebeli zedapirebi 
 

Cven ar SevexebiT (2.1.1) gantolebis zogad SemTxvevaSi tipebad klasifikacias 

da ganvixilavT mxolod im SemTxvevas, roca N M  da (2.1.1) sistemaSi Semavali 

yvela gantolebis rigi m-is tolia. 
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vigulisxmoT, rom saWiro rigamde warmoebulebi arseboben da ganvixiloT N-u-

ri rigis 
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, , , 1 ,                     (2.2.1) 

matricebi, romelTa ricxvs gansazRvravs (2.1.1) sistemaSi Semavali m-uri rigis 

warmoebulebis Sesabamisi   multiindeqsebis raodenoba. maTi saSualebiT Sevadgi-

noT namdvili  1 , , n
 parametrebis mimarT Nm rigis 
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forma*) (erTgvarovani funqcia**)), sadac  

    : 1 1
1 n . 

vTqvaT, raime nRS   )1( n -ganzomilebiani hiperzedapiri C1 klasisaa da 

mocemulia 

( )x  0 

gantolebiT, sadac   iseTi namdvili funqciaa, rom S-ze 
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S hiperzedapirs ewodeba (2.1.1) sistebis maxasiaTebeli hiperzedapiri, Tu misi 

yvela wertilisTvis 
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sadac 
n

nx

 ,,,:, 21

21    

da mZimis Semdeg miTiTebuli ricxviTi indeqsi Sesabamisi cvladiT gawarmoebas 

niSnavs. 

 (2.2.2) gamosaxulebas ewodeba (2.1.1) sistebis maxasiaTebeli forma (determi-
nanti), xolo (2.2.3) gantolebas _ maxasiaTebeli gantoleba. wrfiv SemTxvevaSi 
(2.2.2) formis koeficientebi mxolod x wertilzea damokidebuli, xolo zogad 

SemTxvevaSi garda x wertilisa isini damokidebulia agreTve 

u  amonaxsnze da mis 

warmoebulebze, romelTa rigi m-s ar aRemateba. 

Tu   aris raime 0 qvesimravleze (2.2.1) saxis yvela matrici nulovania, ma-

Sin aRniSnul qvesimravleze (2.1.1) sistemaSi Semaval gantolebaTa rigi gvardeba, 

rac imas niSnavs, rom gantolebaTa rigi 0 qvesimravleze m-ze naklebi xdeba, ma-

Sin, rodesac maTi rigi  \ 0 simravleze m-is tolia. aseT sistemebs Cven singu-

                                                           
*) 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 

,),,...,,(),...,,( 1

2121 Rkxxxfccxcxcxf n

k

n   

yvela SesaZlo constc  -sTvis. 
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larul kerZowarmoebulian diferencialur gantolebaTa sistemebsac vuwodebT, 

radgan sistemaSi Semavali yoveli gantolebis gayofiT imave gantolebis m-uri 

rigis warmoebulebis Semcvel wevrTa koeficientebidan erT-erTze gamosavali sis-

tema dava iseT sistemaze, romelsac ar eqneba rigis gadagvareba, magram eqneba Se-

mousazRvravi, e. i., singularuli koeficientebi. davuSvaT, rom rigis gadagvarebas 

adgili ar aqvs. 

vTqvaT, (2.1.1) sistema wrfivia da x   fiqsirebuli wertilisTvis arsebobs 

cvladTa iseTi 

    i i n i n 1 1, , , , , 

afinuri gardaqmna*), rom misi (2.2.2) formaSi Casmis Sedegad is iqceva formad 

 1 , , l
, 0  l n , cvladebis mimarT, maSin amboben, rom (2.1.1) sistema x 

wertilSi parabolurad gvardeba. 
Tu davuSvebT, rom x wertilSi parabolur gadagvarebas adgili ar aqvs da 

amasTan erTad 

 K n 1 0, ,                          (2.2.4) 

konusur mravalsaxeobas garda  1 0 0 , , n
 wertilisa namdvili wertilebi 

ar gaaCnia, maSin (2.1.1) sistemas x wertilSi elifsuri sistema ewodeba. mas 

Zlier elifsuri ewodeba, Tu  




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m

m

  

matrica niSangansazRvrulia. es ganmarteba SemoRebulia m. viSikis mier. 

Tu davuSvebT, rom x wertilSi parabolur gadagvarebas adgili ar aqvs da 

amasTan erTad  1 , , n  cvladTa sivrceSi arsebobs iseTi wrfe, rom Tu mas sako-

ordinato RerZad miviRebT  1 , , n  cvladebis afinuri gardaqmnis Sedegad 

miRebul axal  1 , , n  cvladTa sivrceSi, maSin am RerZis gaswvriv cvladi ko-

ordinatis mimarT gardaqmnil (2.2.4) gantolebas, e. i.,  

 
~

, ,K n 1 0   

gantolebas eqneba zustad Nm raodenobis fesvi (jeradi fesvi imden fesvad unda 

CavTvaloT, ramdenicaa misi jeradoba), roca danarCeni koordinatebi nebismieradaa 

aRebuli, (2.1.1) sistemas x wertilSi hiperboluri ewodeba. 
analogiurad xdeba (2.1.1) sistemis tipebad klasifikacia arawrfiv SemTxvevaSic, 

mxolod amjerad, rogorc es (2.2.2) maxasiaTebeli formis mimarT adre SeniSnu-

                                                           
*) afinuri gardaqmna ewodeba sibrtyis an sivrcis wertilTa iseT urTierTcalsaxa 

gardaqmnas, roca erT wrfeze mdebare sam wertils gardaqmnis Semdeg Seesabameba 

kvlav erT wrfeze mdebare sami wertili. afinuri gardaqmnis dros paraleluri 

wrfeebi (sibrtyeebi) paralelur wrfeebSi (sibrtyeebSi) gadadis, gadamkveTi _ 

gadamkveTSi. nR -Si afinuri gardaqmna moicema 

ijiji dc    

saxiT, sadac ijc , id   nji ,1,   mudmivebia, 

0det ijc  

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

Tu 0id , ni ,1 , miviRebT wrfiv aragadagvarebul gardaqmnas nR -Si. 
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lidan gamomdinareobs, gantolebis tipi damokidebuli iqneba amonaxsnze, radgan 

maxasiaTebeli formis koeficientebia aseTi, da amdenad tipebad klasifikacia Se-

saZlebelia mxolod SerCeuli amonaxsnisTvis. 

Cven vityviT, rom   areSi (2.1.1) sistema paraboluria, elifsuria an hiperbo-

luria, Tu is am aris yovel x wertilSi parabolurad gvardeba, elifsuria an 

hiperboluri. (2.1.1) sistemas ewodeba   areSi Sereuli tipis sistema, Tu is 

aris sxvadasxva nawilSi sxvadasxva tips ganekuTvneba. 
 

 

2.3. meore rigis wrfivi kerZowarmoebuliani diferencialuri gantolebebis 

klasifikacia 
 

aRniSnuli gantolebebi SeiZleba CavweroT Semdegi saxiT 

)()(,)(,)(: xFuxCuxBuxALu l
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lm  ,                (2.3.1) 

sadac  x x x Rn

n: , ,  1   , A lm , B l , C da F mocemuli funqciebia, xolo u sa-

Ziebeli funqciaa, amasTan 
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amboben, rom (2.3.1) gantoleba Tavisi ganxilvis   areSi erTgvarovania anda 

araerTgvarovania imisda mixedviT F iq igivurad nulia Tu ara. 

lm

lm uxA ,)(  

gamosaxulebas ewodeba (2.3.1) gantolebis mTavari nawili, xolo lmAdet -s _ misi 

diskriminanti. im wertilebSi, sadac yvela A lm  nulia, rogorc es ukve aRvniSneT, 

amboben, rom gvardeba gantolebis rigi. Tu gantolebis rigi ar gvardeba, (2.3.1) 

gantolebis SemTxvevaSi (2.2.2) maxasiaTebeli forma miiRebs 
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             (2.3.2) 

saxes*). algebridan cnobilia, rom fiqsirebuli x-sTvis (2.3.2) kvadratuli forma 

garkveuli 

    i i n i n 1 1, , , , ,                    (2.3.3) 

aragadagvarebuli wrfivi gardaqmniT daiyvaneba e. w. kanonikur saxeze: 

   K Kn n i i     1 1

2, ,
~

, ,   ,                (2.3.4) 

sadac  i , i n 1, , mudmivebia, romlebic A xlm ( )  matricis sakuTriv (maxasiaTe-

bel) ricxvebs warmoadgenen. 

Tu erTi mainc  i -ebidan nulia, maSin 
~
K -is argumentTa ricxvi n-ze naklebi iq-

neba, rac ganmartebis Tanaxmad imas niSnavs, rom aRniSnul wertilSi (2.3.1) 

gantolebas paraboluri gadagvareba aqvs. SevniSnoT, rom aseT SemTxvevaSi (2.3.4) 

kvadratuli forma gadagvarebuli gaxdeba. 

                                                           

*) radgan gansaxilvel SemTxvevaSi lm

m
j uPP ,

2
1   , sadac 1: uu  , 1l , 1m , 

roca ml  , 2l , roca ml  , da 0i , roca mli , , xolo 
2

ukve niSnavs 

ajamvas l-isa da m-is mimarT 1-dan n-mde. 



leqcia 2                                                   maTematikuri fizikis gantolebebi 

 5 

Tu yvela  i
, ni ,1 , dadebiTia an yvela uaryofiTia da  i

-ebidan erTi mainc 

ar udris nuls, maSin (2.3.4)-Si arauaryofiTi (aradadebiTi) Sesakrebebidan erTi 

mainc iqneba mkacrad dadebiTi (uaryofiTi), e. i., jamic mkacrad dadebiTi (uaryo-

fiTi) iqneba, amdenad, 

  0,,
~

1 nK    )0( , 

roca 0i  raime erTi fiqsirebuli i-sTvis mainc, rac imas niSnavs, rom 

 
~

, ,K n 1 0                           (2.3.5) 

gantolebas, e. i., radgan aragadagvarebuli (2.3.3) gardaqmna wrfivia, 

 K n 1 0, ,   

gantolebas garda trivialurisa, namdvili amonaxsni ar aqvs. amdenad, ganmartebis 

Tanaxmad (2.3.1) elifsuria. SevniSnoT, rom am SemTxvevaSi (2.3.4) kvadratuli 

formaa, e. i., (2.3.2) kvadratuli forma niSangansazRvrulia. 

Tu  i
-ebidan nawili, magaliTad,  1 , l

 dadebiTia, xolo danarCeni nawili 

 l n1, ,  uaryofiTi, maSin (2.3.5) gantoleba, (2.3.4)-is gamo, miiRebs 
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
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saxes, saidanac 

     1 1

2 2
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2

0   
  

 i i

i l

n
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l

. 

am gantolebas ki 1 -is mimarT, roca  2 , , n  nebismier mniSvnelobebs iReben, 

ori namdvili amonaxsni aqvs. amdenad, wina paragrafSi moyvanili ganmartebis 

Tanaxmad, (2.3.1) gantoleba hiperboluria. SevniSnoT, rom am SemTxvevaSi kvadra-

tuli forma niSancvladia. 

amrigad, imisda mixedviT, mocemul wertilSi (2.3.2) kvadratuli forma niSan-

gansazRvrulia (dadebiTad an uaryofiTad), niSancvladia Tu gadagvarebuli, ambo-

ben, rom (2.3.2) gantoleba Sesabamisad aris elifsuri, hiperboluri an parabolu-
ri tipis. 

Tu )(x -T, )(x -T da )(x -T aRvniSnavT gansaxilvel x wertilSi A xlm ( )  

matricis dadebiTi, uaryofiTi da nulovani maxasiaTebeli ricxvebis raodenobas 

(jeradobis gaTvaliswinebiT), maSin amboben, rom (2.3.1) gantoleba am wertilSi 

( , , )   tipisaa. 
 

 

2.4. meore rigis wrfivi diferencialuri gantolebebi ori damoukidebeli 

cvladis SemTxvevaSi. maxasiaTebeli wirebi. kanonikuri saxe 
 

Tu n  2 , (2.3.1) gantoleba da (2.3.2) kvadratuli forma Sesabamisad 

FCuuBuBuAuAuA  2

2

1

1

22

22

12

12

11

11 ,,,,2,            (2.4.1) 

da 

A A A11

1

2 12

1 2

22

2

22                         (2.4.2) 

saxes miiRebs. (2.4.2) kvadratuli formis diskriminants aqvs 

 2122211

2221

1211

:: AAA
AA

AA
  
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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 yvela wertilSi), Tu iq Sesabamisad   0 ,   0 an   0 . es uSualod 

gamomdinareobs silvestris*) Teoremidan**). marTlac, silvestris Teoremis ZaliT, 

miuxedavad imisa, kvadratuli forma dadebiTad aris gansazRvruli Tu 

uaryofiTad (orive SemTxvevaSi, ganmartebis Tanaxmad, (2.4.1) gantoleba 

elifsuria), yvela luwi rigis minori da amdenad   mkacrad dadebiTia, xolo 

kenti rigis minori da amdenad 11A  mkacrad dadebiTia (roca kvadratuli forma 

dadebiTad gansazRvrulia) an mkacrad uaryofiTia (roca kvadratuli forma 

uaryofiTad gansazRvrulia). amrigad, Tu (2.4.1) elifsuri tipisaa, maSin 0 , e. 

i., 0  piroba (2.4.1) gantolebis elifsurobis da (2.4.2) kvadratuli formis 

niSangansazRvrulobis aucilebeli pirobaa. vaCvenoT misi sakmarisoba. vTqvaT, 

0 . maSin 011 A , radgan winaaRmdeg SemTxvevaSi, e. i., roca 011 A ,   an 

uaryofiTi iqneba (Tu 012 A ), an nuli iqneba (Tu 012 A ). aqedan gamomdinare an 

011 A  da amdenad (2.4.2) kvadratuli forma dadebiTad gansazRvrulia, an 

011 A  da amdenad (2.4.2) kvadratuli forma uaryofiTad gansazRvrulia sil-

vestris Teoremis ZaliT. amrigad, ganmartebis Tanaxmad (2.4.1) gantoleba elifsu-

ria. Tu 0 , maSin (2.4.2) kvadratuli forma gadagvarebulia, amitom (2.4.1) gan-

toleba paraboluria (am SemTxvevaSi (2.4.2) kvadratuli forma an arauaryofiTia, 

an aradadebiTi). Tu 0 , maSin (2.4.2) kvadratuli forma niSancvladia (Tu da-

vuSvebT, rom (2.4.1) niSangansazRvrulia, maSin, rogorc es zemoT vnaxeT,   

dadebiTi iqneba; Tu davuSvebT, rom (2.4.2) gadagvarebulia, maSin 0  da orive 

SemTxvevaSi miviRebT winaaRmdegobas 0  pirobasTan. amdenad, orive SemTxveva 

gamoricxulia), e. i., (2.4.1) gantoleba, ganmartebis Tanaxmad, hiperboluria. 

qvemoT davamtkicebT, rom 11A , A12 , A22  koeficientebis mimarT sakmaod zogad 

SezRudvebSi SeiZleba SevarCioT damoukidebeli cvladebis iseTi aragadagvarebuli 

x x x x y y x x ( , ), ( , )1 2 1 2                    (2.4.3) 

gardaqmna (e. i., gardaqmnis iakobiani 

  



 0,,,,:

,

),(
1221

21

yxyx
xxD

yxD
, 

rom mTel areSi, sadac an    0 , an   0 , an   0 , (2.4.1) gantoleba SeiZleba 

dayvanil iqnas erT-erT Semdeg saxeze: 
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yxfuyxc
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
















,          (2.4.4) 

Tu   0 ; 

),(),(),(),(
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yxfuyxc
y

u
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x

u
yxa

yx

u













            (2.4.5) 

an 

                                                           
*) j. j. silvestri (1814 _ 1897) _ ingliseli maTematikosi 
**) silvestris Teorema. imisTvis, rom namdvili kvadratuli forma iyos dadebiTad 

(Sesabamisad uaryofiTad) gansazRvruli, aucilebeli da sakmarisia, yvela mTavari 

minori iyos mkacrad dadebiTi (Sesabamisad yvela kenti rigis mTavari minori iyos 

mkacrad uaryofiTi, xolo yvela luwi rigis mTavari minori iyos mkacrad dadebi-

Ti). 
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),(),(),(),(
2

2

2

2

yxfuyxc
y

u
yxb

x

u
yxa

y

u

x

u

















,         (2.4.6) 

Tu   0 ; 

),(),(),(),(
2

2

yxfuyxc
y

u
yxb

x

u
yxa

y

u













           (2.4.7) 

an 

),(),(),(),(
2

2

yxfuyxc
y

u
yxb

x

u
yxa

x

u













,          (2.4.8) 

Tu   0 . 

 dx dx1 2,  veqtoriT, romelic 

   A dx A dx dx A dx11

2

2 12

2 1

22

1

2
2 0                 (2.4.9) 

maxasiaTebel gantolebas akmayofilebs, gansazRvrul mimarTulebas maxasiaTebeli 

mimarTuleba ewodeba. cxadia,  dx dx1 2,  emTxveva mxebs im maxasiaTebeli wirisa, 

romelic mocemulia 

  x x1 2 0,   

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

0,,,2, 2

2

22

21

122

1

11  AAA                 (2.4.10) 

gantolebas. advili misaxvedria, rom Tu   x x1 2,  akmayofilebs (2.4.10)-s, maSin 

dx

dx

2

1

 (Tu 011 A *)) an 
2

1

dx

dx
 (Tu 022 A ), radgan aracxadi funqciis gawarmoebis 

formulis Tanaxmad 

2

1

1

2

,

,






dx

dx
, 

1

2

2

1

,

,






dx

dx
, 

akmayofilebs (2.4.9)-s da piriqiT. 

roca A11 0 , (2.4.10) A11 -ze gamravlebis Semdeg SeiZleba Semdegi saxiT Cavwe-

roT 

      0,,,, 2

12

1

11

2

12

1

11   AAAA ,          (2.4.11) 

saidanac 

  0,, 2

12

1

11  AA .                  (2.4.12) 

cxadia, (2.4.9)-is, rogorc 
1

2

dx

dx
-is mimarT kvadratuli gantolebis, amonaxsns 

aqvs 

dx

dx

A

A

2

1

12

11


 
                       (2.4.13) 

saxe da amdenad elifsurobis aris arcerT wertilSi (2.4.1) gantolebas namdvili 

maxasiaTebeli mimarTuleba ar aqvs, hiperbolurobis wertilSi aqvs ori maxasiaTe-

                                                           
*) am SemTxvevaSi 0,2  , radgan winaaRmdeg SemTxvevaSi, e. i., Tu 0,2  , (2.4.10)-

dan gamomdinareobs, rom 0,2

1

11 A , saidanac 0,1  . es ki dauSvebelia, radgan 

0 . analogiurad damtkicdeba, rom 0,1  , roca 022 A . 
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beli mimarTuleba, xolo parabolurobis wertilSi _ mxolod erTi maxasiaTebe-

li mimarTuleba.  

SevniSnoT, rom (2.4.12) uSualod gamomdinareobs (2.4.13)-danac, Tu am ukanas-

knelis marcxena mxareSi CavsvamT 

2

1

1

2

,

,






dx

dx
 

gamosaxulebas da gamoviyenebT proporciis ZiriTad Tvisebas. 

vTqvaT, A C  2 ( ) ,  , , 12 , maSin, roca 0  an 0 , radganac 

 A x x11

1

0

2

0 0,  ,  x x1

0

2

0,  , (2.4.13)-is integrebis Semdeg, Sesabamisad, miviRebT 

      const,,, 21221121  Cxxxxxx  ,                (2.4.14) 

  const, 21  Cxx ,                                   (2.4.15) 

sadac marcxena mxareebi, romlebsac, rogorc cnobilia, eqnebaT meore rigis uwyve-

ti warmoebulebi  x x1

0

2

0, -is midamoSi, daakmayofileben (2.4.12) gantolebebs da 

(2.4.3) gardaqmnas, Sesabamisad, eqneba 

   x x x x x  1 1 2 2 1 2, , ,    y x x x x  1 1 2 2 1 2, ,  )0(  , 

x x 1
*),  21 , xxy   )0(  , 

saxe, xolo roca   0 , koSi-kovalevskaias**) Teoremis (ix. qvemoT) Tanaxmad, Tu 

moviTxovT A -s,  , , 12 , analizurobas, (2.4.13)-is integrebiT miviRebT 

      const,,, 21221121  Cxxixxxx  ,               (2.4.16) 

romlis marcxena mxare analizuri iqneba ),( 00 yx -is midamoSi     ]0,,[
2

2

2

1  , 

daakmayofilebs (2.4.10) gantolebas da (2.4.3) gardaqmnas eqneba 

 x x x  1 1 2, ,  y x x  2 1 2,  

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

FuC
y

u
B

x

u
B

y

u
A

yx

u
A

x

u
A 

 

















 21

2

2
22

2
12

2

2
11

2       (2.4.17) 

saxes, sadac 
1


B , 

2


B , 


C  da F  garkveuli funqciebia, xolo 

   22

22

21

122

1

1111
,,,2,: xAxxAxAA 


,                   (2.4.18) 

  22

22

1221

12

11

1112
,,,,,,,,: yxAyxyxAyxAA 


,             (2.4.19) 

   22

22

21

122

1

1122
,,,2,: yAyyAyAA 


.                   (2.4.20) 

amasTan uSualo CasmiT advilad davrwmundebiT, rom 

      21221

22112122211212
,,,, yxyxAAAAAA 


. 

                                                           
*) SevniSnoT, rom 1xx  -is nacvlad SegviZlia aviRoT nebismieri  21 , xxxx   

orjer uwyvetad diferencirebadi funqcia iseTi, rom gansaxilvel midamoSi 

(2.4.3) gardaqmna iyos aragadagvarebuli, e. i., gardaqmnis iakobiani 

 
0

,

),(

21


xxD

yxD
. 

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

publicisti 
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rac imas niSnavs, rom aragadagvarebuli gardaqmnis dros gantolebis tipi ar ic-

vleba. 

roca   0 , (2.4.16)-is Tanaxmad, 

      x x x x i x x1 2 1 1 2 2 1 2, , ,    

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

      A i A i i A i11

1 1 2 1

2 12

1 1 2 1 1 2 2 2

22

1 2 2 2

2

2 0       , , , , , , , ,       . 

Tu am ukanasknelis marcxena mxareSi nuls gavutolebT namdvil da warmosaxviT 

nawilebs, miviRebT, rom 

       A A A A A A11

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       , , , , , , , ,     , 

      2 2 2 011

1 1 2 1

12

1 1 2 2 2 1 1 2

22

1 2 2 2A A A       , , , , , , , , . 

rac, (2.4.3)-is, sadac 

   x x x x x1 2 1 1 2, ,  ,    y x x x x1 2 2 1 2, ,  , 

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

A A
 


11 22

, A



12

0 . 

amdenad, (2.4.17)-is orive mxaris A


11
-ze gayofiT (cxadia, 0

11



A , radgan winaaR-

mdeg SemTxvevaSi miviRebdiT, rom gantolebis rigi gvardeba) miviRebT (2.4.4)-s, 

sadac 

),(

),(
),(

11

1

yxA

yxB
yxa



 , 
),(

),(
),(

11

2

yxA

yxB
yxb



 , 
),(

),(
),(

11
yxA

yxC
yxc



 , 
),(

),(
),(

11
yxA

yxF
yxf



 . 

roca   0 , maSin (2.4.14)-is Tanaxmad, rogorc 

     x x x x x x x1 2 1 1 2 2 1 2, : , ,   , 

aseve 

     y x x x x x x1 2 1 1 2 2 1 2, : , ,    

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

navs, rom 

A



11

0  da A



22

0 . 

ase, rom (2.4.17)-is orive mxaris 2
12

A


-ze ( A



12

0 , radgan gantolebis rigi ar 

gvardeba) gayofis Semdeg miviRebT (2.4.5) kanonikur saxes. Tu movaxdenT 

yx  , yx  , 

aragadagvarebul cvladTa gardaqmnas, (1.4.5) dava (1.4.6) kanonikur saxeze. 

roca   0 , e. i., 

  2211212 AAA  ,                       (2.4.21) 

(2.4.11) da (2.4.12), Sesabamisad, SeiZleba Semdegi saxiT gadmovweroT 

  0,,
2

2

12

1

11  AA                     (2.4.22) 

da 

0,, 2

12

1

11  AA , 0,, 2

22

1

12  AA .            (2.4.23) 

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

Tlac, cxadia, 

        0,,,2,
2

2

212

21

12112

1

211  AAAA , 
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    0,,,,,,
2

2

2211

21

1211

2

12

1

11

1

11  AAAAAAA , 

  0,,, 2

22

1

12

2

11  AAA . 

am ukanasknelidan, tolobis orive mxaris 2

2

11 ,A -ze gayofiT, gamomdinareobs 

(2.4.23)-is meore toloba. radgan, (2.4.15)-is gamo,  21 , xxy   warmoadgens 

(2.4.10)-is, e. i., (2.4.11)-is an, 0 -is gamo, (2.4.22)-is amonaxsns 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, gamomdinareobs, rom 

0,,,2, 2

2

22

21

122

1

1122



AAAA  

da 

 

    .0,,,,,,

,,,,,,,,

2

22

1

12

22

12

1

11

1

22

22

1221

12

11

1112






AAxAAx

xAxxAxAA
 

amrigad, (2.4.17)-is orive mxaris 
11


A -ze gayofiT miviRebT (2.4.8)-s. 

SemTxvevas, roca 011 A , magram 022 A , analogiurad ganvixilavT. Tu 011 A , 

022 A , maSin 012 A , radgan winaaRmdeg SemTxvevaSi saqme gveqneba gantolebasTan 

rigis gadagvarebiT, rac Cven gamovricxeT. cxadia, am SemTxvevaSi gantoleba 

hiperboluria da (2.4.1) gantolebis orive mxaris 12A -ze gayofiT miviRebT (2.4.5) 

kanonikur saxes. 

roca cvladTa ricxvi 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 parabolu-

ri gadagvareba raime martiv (analizur)   wirze. Tu am wirze   x x1 2,  funqcia 

(diskriminanti) da misi yvela warmoebuli m1 rigamde CaTvliT nulis tolia, 

xolo m-uri rigis warmoebulebidan erTi mainc gansxvavebulia nulisgan, maSin   

wiris midamoSi 

      x x H x x G x xm

1 2 1 2 1 2, , , , 

sadac 

 H x x1 2 0,   

aris   wiris gantoleba, xolo am wiris gaswvriv 

 G x x1 2 0,  . 

aRvniSnoT   x x1 2, -iT umciresi kuTxe   wirisadmi  x x1 2,  wertilSi gavle-

bul mxebsa da am wertilidan gamomaval maxasiaTebels Soris (is erTaderTia, 

radgan  x x1 2,  wertilSi gantolebas aqvs paraboluri gadagvareba). amasTan vigu-

lisxmoT, rom   wiris raime  1 nawilze yvelgan an 

  x x1 2 0,  , 

e.i.,  1 aramaxasiaTebeli wiria, an 

  x x1 2 0,  , 

e.i.,  1 maxasiaTebeli wiria. 
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Tu davuSvebT, rom gantolebis koeficientebi analizuria, maSin  1
 wiris mom-

cvel 1
 areSi aragadagvarebuli (2.4.3) saxis*) gardaqmniT (2.4.1) gantoleba 

SeiZleba daviyvanoT erT-erT Semdeg saxeze 

),(),(),(),(
2

2

2

2

yxfuyxc
y

u
yxb

x

u
yxa

y

u

x

u
ym 
















, 0m , 0 , (2.4.24) 

an 

),(),(),(),(
2

2

2

2

yxfuyxc
y

u
yxb

x

u
yxa

y

u
y

x

u m 















, 0m , 0 . (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-

ravleze gadagvarebuli gardaqmniT, sadac gantolebis rigi gvardeba. Tu amgvarad 

gardaqmnili gantolebisTvis azri aqvs maxasiaTebel formas, maSin ukve SesaZlebe-

li xdeba tipis gansazRvra. aseT SemTxvevaSi zogjer SeiZleba SeirCes iseTi 

(2.4.3) gardaqmna, rom (2.4.1) gantoleba davides 

y
u

x
y

u

y
a x y

u

x
b x y

u

y
c x y u f x y m nm n















2

2

2

2
0     ( , ) ( , ) ( , ) ( , ), ,   (2.4.26) 

saxeze. amitom am SemTxvevaSi vambobT, rom gvardeba gantolebis rogorc tipi, ase-

ve rigi. 

                                                           
*) magaliTad, roca 0 , viRebT, rom 

  ),(, 21 yxHxxy  , 

xolo  21 , xxx  cvlads ise virCevT, rom Sesruldes 

    02,

22

1,

12

2,2,

12

1,

11

1,  HAHAxHAHAx  

toloba. 


