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3.7. normaluri saxis pirveli rigis diferencialuri gantolebebi 

 

ganvixiloT erTi cvladis n ucnobi funqciis Semcveli pirveli rigis n diferen-

cialuri gantolebisgan Semdgari sistema, roca sistemis yoveli gantoleba Seicavs 

mxolod erT-erTi ucnobi funqciis warmoebuls da isini amoxsnilia am warmoebulebis 

mimarT, e. i., 

 ni
i xxxtF
dt

tdx
....,,,,

)(
21 , ni ,1 ,                (3.7.1) 

sistema, sadac t damoukidebeli cvladia, xolo )(txi
, ni ,1 , saZiebeli funqciebia. 

(3.7.1) gantolebebi arawrfivia, radgan 
iF  funqciebi )(txi , ni ,1 , ucnobebis mimarT, 

sazogadod, arawrfivi funqciebia. 

gansazRvra 3.7.1. (3.7.1) gantolebaTa sistemas ewodeba normaluri saxis pirveli 
rigis diferencialur gantolebaTa sistema. 

gansazRvra 3.7.2. (3.7.1) sistemis amonaxsni raime [,] 0 Tt  intervalze (
0t  da T fiq-

sirebulia) ewodeba diferencirebad (gawarmoebad) )(txi , ni ,1 , funqciebs, romlebic 

am intervalze akmayofileben (3.7.1.) sistemas, e. i., mas igiveobad aqceven. 

amocana 3.7.3. vipovoT (3.7.1) sistemis iseTi )(....,),(),( 21 txtxtx n
 amonaxsni, romelic 

akmayofilebs 

  ioi xtx 0
, ni ,1 ,                     (3.7.2) 

sawyis pirobebs, sadac 
ioxt ,0
, ni ,1 , mocemuli ricxvebia. 

gansazRvra 3.7.4. (3.7.1), (3.7.2) amocanas ewodeba koSis amocana normaluri saxis 
pirveli rigis diferencialur gantolebaTa sistemisTvis. 

Teorema 3.7.5. Tu iF , ni ,1 , funqciebi TavianTi argumentebis mimarT 1 nR  aris 

Caketvaze uwyveti funqciebia da, garda amisa, nxxx ,...,, 21  cvladebis mimarT 





n

i

iiinini xxAxxxtFxxxtF
1

2121

~~~)
~~,...,

~~,
~~,()~,...,~,~,(   (3.7.3) 

lipSicis pirobas akmayofileben, maSin (3.7.1), (3.7.2) koSis amocanas aqvs erTaderTi 

amonaxsni 
0t  wertilis Semcvel sakmarisad mcire  htht  00 ,  midamoSi. 

gansazRvra 3.7.6. Tu fiqsirebuli 
0tt  -sTvis davasaxelebT sxvadasxva sawyis iox , 

ni ,1 , mniSvnelobebs, miviRebT 1C , , nC  nebismier n mudmivze damokidebul 

 nii CCtxx ,,, 1  , ni ,1 ,                  (3.7.4) 

amonaxsns, romelsac (3.7.1) sistemis zogadi amonaxsni ewodeba. 
gansazRvra 3.7.7. (3.7.4) amonaxsns ewodeba mdgradi amonaxsni, Tu sawyisi pirobebis 

mcired cvlileba iwvevs amonaxsnis mcired cvlilebas. 

gansazRvra 3.7.8. (3.7.1) sistemas ewodeba avtonomiuri sistema, Tu iF , ni ,1 , fun-

qciebi uSualod araa damokidebuli t -ze, e. i., 

 nii xxxFF ,...,, 21 . 

gansazRvra 3.7.9. Tu (3.7.1) sistemis zogad (3.7.4) amonaxsns nebismieri mudmivebis 

mimarT amovxsniT, miviRebT, rom 

  ini Cxxxt ,,,, 21  , ni ,1 .                     (3.7.5) 

TiToeuls (3.7.5) gantolebebidan ewodeba pirveli integrali. pirveli integralebis 
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(3.7.5) erToblioba Seadgens zogad integrals. 
(3.7.1) sistemas SeiZleba hqondes uamravi pirveli integrali. imisTvis, rom miviRoT 

zogadi integrali, saWiroa, vipovoT n damoukidebeli pirveli integrali, e. i., iseTi, 

romelTa amoxsna SeiZleba 1x , 2x , , 
nx -is mimarT. amisTvis ki, aracxadi funqciis 

arsebobis Teoremis Tanaxmad, iakobiani 
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pirveli integralebis saSualebiT sistemis integreba gansakuTrebiT mosaxerxebelia, 

roca sistema simetriuli formiTaa Cawerili. 

gadavweroT (3.7.1) sistema Semdegi saxiT: 

1
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i  , ni ,1 , 

an gaSlili saxiT: 
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n  .                (3.7.6) 

Tu SemoviRebT 

txn  :1
 

aRniSvnas, maSin SeiZleba, (3.7.1) sistema Semdegi simetriuli formiT gadaiweros: 
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sadac, gansaxilvel SemTxvevaSi, 11 nF . 

pirveli integralebis mosaZebnad gamoiyeneba integrebad kombinaciaTa meTodi. mis 
arss gavecnoT konkretul magaliTze. 

magaliTi 3.7.10. ganvixiloT 
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sistema. proporciebis cnobili Tvisebis Tanaxmad, Tu proporciis pirvel wevrs gamo-

vaklebT meores da pirvels gamovaklebT mesames, miviRebT Semdeg tol sidideebs: 
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aqedan integrebiT gveqneba 

1lnlnln Czxyx  , 

saidanac 
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.                           (3.7.7) 

analogiurad, Tu meores gamovaklebT mesames, miviRebT 
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magram (3.7.7) da (3.7.8) pirveli integralebi damoukidebeli araa. marTlac, 
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roca zx  , zy  . maSasadame, (3.7.8) da (3.7.9) pirveli integralebi damokidebeli 

arian. 

SevniSnoT, rom meore pirveli integrali, romelic (3.7.8)-Tan erTad qmnis 

damoukidebel pirvel integralTa sistemas, aris 

2

2 )()( Czyxyx  .                      (3.7.10) 

amis dasamtkiceblad (3.7.7) toli usasrulod mcire sidideebi gavutoloT axali t  

damoukidebeli cvladis dt  diferencials 
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maSin, cxadia, 

dtzydx )(  , dtxzdy )(  , dtyxdz )(  .               (3.7.11) 

SevkriboT es tolobebi: 

dtzyxzyxd )(2)(  .                     (3.7.12) 

(3.7.11)-is pirvel tolobas gamovakloT meore toloba: 

dtyxyxd )()(  .                        (3.7.13) 

(3.7.12) da (3.7.13)-dan, Sesabamisad, miviRebT, rom 
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, e. i., dtyxd  ln . 

aqedan 

yxdzyxd  ln2ln . 

maSasadame, 

2lnln2ln Cyxzyx  . 

saidanac 

2

2 ln)ln( Czyxyx   

da, sabolood, miviRebT (3.7.10) pirvel integrals. 

axla davamtkicoT, rom (3.7.8) da (3.7.10) pirveli integralebi damokidebuli ar 

arian, marTlac, 

2

2

2

2

)(
1

))()((2
)(

),(

)()(,

yx
yx

yxzyxyx
yx

zx

zy

zyxyx
yx

zx



























 

0)(333)(2  zyyzyxzyxzx , 

roca zy  . 
 


