
1 
 

moZraobis gantoleba gamrudebul 
minkovskis sivrceSi 

 

aleqsandre RurWumelia 

 

 geodeziuri wiri 

wiris mimarT tangencialuri veqtoris gansamartad masze 
aviRoT raime wertili da misi mezobeli meore wertili 
romelsac mivaswrafebT pirvelTan. am wertilebis 

damakavSirebeli veqtori aRvniSnoT 𝑑𝑋𝜈-iT. 

 

 

maSin tangencialuri veqtori iqneba 𝑑𝑋𝜈-is fardoba 
wertilebs Soris usasrulod mcire manZilTan, rac 

minkovskis sivrceSi aris sakuTari dro 𝑑𝜏. 

𝑇𝜈 =
𝑑𝑋𝜈

𝑑𝜏
 

 

(1) 
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SevniSnoT rom radgan 𝑑𝑋𝜈 igive sigrZisaa rac 𝑑𝜏, 𝑇𝜈 
gamodis erTeulovani veqtori. geodeziuri wiris aRmweri 
gantolebis misaRebad unda moviTxovoT, rom masze 
aRebul or maxlobel wertilebSi tangencialuri 
veqtorebi erTmaneTis paraleluria, anu tangencialuri 
veqtoris kovariantuli diferenciali unda iyos nolis 
toli 

𝐷𝑡𝜈 = 𝑑𝑡𝜈 + Γ𝜇𝜌
𝜈 𝑇𝜌𝑑𝑋𝜇 = 0 

risi 𝑑𝜏-sTan SefardebiTac miviRebT 

𝑑𝑇𝜈

𝑑𝜏
= −Γ𝜇𝜌

𝜈 𝑇𝜇𝑇𝜌 

Tu am gantolebaSi SevitanT (1)-s miviRebT meore rigis 

diferencialur gantolebaTa sistemas 𝑋𝜈-s mimarT 

𝑑2𝑋𝜈

𝑑𝜏2
= −Γ𝜇𝜌

𝜈
𝑑𝑋𝜇

𝑑𝜏

𝑑𝑋𝜌

𝑑𝜏
 

 

(2) 

radgan gamrudebul sivrceSi Tavisufali nawilaki 

moZraobs geodeziur wirze, (2) gamosaxuleba agreTve 
warmoadgens misi moZraobis gantolebas. 

 

 umciresi qmedebis principi 

imis gamo, rom xSirad xelsayrelia lagranJis 
formalizmis gamoyeneba moZraobis gantolebis 

gamosayvanad, sainteresoa (2) gantoleba miviRoT umciresi 
qmedebis principiT. amisTvis unda ganvmartoT qmedeba. 
davweroT usasrulod mcire intervalis formula 

𝑑𝜏2 = 𝑔𝜇𝜈𝑑𝑋𝜇𝑑𝑋𝜈 = 𝑔𝜇𝜈

𝑑𝑋𝜇

𝑑𝑡

𝑑𝑋𝜈

𝑑𝑡
𝑑𝑡2 

gadavweroT Semdegnairad 
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𝑑𝜏 = 𝑑𝑡√𝑔𝜇𝜈

𝑑𝑋𝜇

𝑑𝑡

𝑑𝑋𝜈

𝑑𝑡
 

imisTvis rom miviRoT geodeziuri wiri saWiroa rom 𝑑𝜏-s 
integrebiT miviRoT umoklesi manZili or werTils Soris 
(ufro zogadad rom vTqvaT, wiri unda warmoadgendes 
funqcionalis eqstremums). maSin SeiZleba daiweros rom 

𝛿𝜏 = 𝛿 ∫ 𝑑𝑡√𝑔𝜇𝜈

𝑑𝑋𝜇

𝑑𝑡

𝑑𝑋𝜈

𝑑𝑡

𝑡2

𝑡1

= 0 

saidanac qmedeba sinaTlis siCqaris gaTvaliswinebiT aris 

𝐴 = −𝑚𝑐2𝜏 

Tu aviRebT 𝑐 = 1 maSin lagranJiani iqneba 

ℒ = −𝑚√𝑔𝜇𝜈

𝑑𝑋𝜇

𝑑𝑡

𝑑𝑋𝜈

𝑑𝑡
 

saidanac eiler-lagranJis gantolebebis gamoyenebiT 

SegviZlia miviRoT (2) gantoleba mocemuli 𝑔𝜇𝜈 

metrikisTvis. 

 

 moZraobis gantoleba ara-relativistur zRvarSi 

ganvixiloT Semdegi saxis metrika 

𝑔𝜇𝜈 =

[
 
 
 
 1 +

2𝑈(𝐗)

𝑐2
0 0 0

0 −1 0 0
0 0 −1 0
0 0 0 −1]
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sadac 𝑈(𝐗) aris raime gravitaciuli potenciali. 
lagranJiani warmovadginoT 3-veqtorebis saSualebiT 

ℒ = −𝑚𝑐2√(1 +
2𝑈(𝐗)

𝑐2
)

𝑑𝑋0

𝑑𝑡
−

1

𝑐2
𝐗̇2  

ararelativistur zRvarSi 𝑐2-Tan Sefardebuli wevrebi 

gacilebiT mcirea 1-ze. rodesac |𝜀| ≪ 1, viciT rom 

√1 + 𝜀~1 + 𝜀/2 

amitom miviRebT 

ℒ = 𝑚𝑐2 +
𝑚𝐗̇2

2
− 𝑚𝑈(𝐫) 

mudmiv 𝑚𝑐2 sidides ar eqneba gavlena moZraobis 
gantolebaze radgan misi warmoebuli nulia. 


