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B Hen~He~Ho~ 3neKTpOA~HaM~Ke 60pHa HH$enbAa / 11 B Ka4eCTBe 
ypaBHeH~~ nonR np~HHMa~T ypaBHeH~R 

àycPa{3 + à cPf3y +à{3cP,ya =0, a,{3,'y l;; 10,1,ooo,NI, /1/a 

peWeH~RM~ KOTOP~X RBnReTCR BHeWHRR npO~3BoAHaR 

cPa{3 = àa cP {3 -af3cP a	 /2/ 
KOBeKTopHoro nonR cPao YpaBHeH~R /1/ coBnaAa~T C COOTBeTcTay~e~ 

rpynho~ ypaBHeHH~ n~He~HO~ 3neKTpOA~HaM~K~ MaKCBenna ~ AnR 6~
BeKTopa /2/ BMnonHR~TCR TO~AeCTBeHHO. 

BTopaR rpynna ypaBH~H~~ Hen~He~HO~ 3neKTpOA~HaM~K~ 60pHa 
HH$enbAa 111 COBnaAaeT C ypaBHeH~RM~ narpaH~a-3~nepa AnR $YHK
4HO Hana AeHCTB~R 

s = .r y -g <Ix Odx 1 ••• dx N ,	 /3/ 
rAe 

g '" det(g'al3 ), ga{3 '% h a f3 + cP a{3 , 

1 . 1 
h a f3 = 2" (gaf3+ gf3a ), cP af3 "" '2 (g af3 - g f3a ) o 

B AeKapTOBblX KOOPAHHaTax Ix 0, X 1, ••• X N I B IlnOCKOM npOCTpaHCTBe
BpeMeH~ C~MMeTp~4H~~ TeH30p h {3 coenaAaeT C TeH30pOM M~HKOBa
c-cor-o TI af3 : 

TI af3 = díag l-I, 1 '0.0' 11.	 /4/ 

C nOM~b~ TeH30pa h a f3 ~ 06paTHoro K HeMY ha{3 6YAeM onYCKaTb ~
 
nOA~HMaTb HHAeKcbI.
 
TaK,
 

a h ay,J. cP IlY co h ua h Y f3 cP a f3 •cP {3 = 'fi yf3 ' /5/ 
BapbHpYR /3/ no nepeMeHHblM cPaB ~ Y4~TblBaR /2/, nonY4aeM 

BTOPY~ rpynny ypaBHeH~~ 60pHa - ~H~enbAa AnR Hen~He~Ho~ 3neKTpo
AHHaM~Kj.of /1,5,61 

a 
-r-t-_(y_g;af3 )ax a 

rAe 

'iJ .0, 

OÓ'hC.BhíieUHWÜ ImcTUTyJ I 
Il~B~L HCc~lOBaUml 

/6/ 

1 

6I1SJl~-iCTEHA 



~af3 1 ~af3 ~f3a -.4(3a· a <ao /7/
f/J = -(g - g ), g g f3 = Ô = g '\KI' g2 y Y r-

IJ.V -.4IJ.V
nOA4epKHeM, 4TO cP I: f/J • YpaBHeHI-1T1 /6/ 06bl4HO Ha3blBalOTCTI ypaB
HeHI-1T1MI-1 oopHa - ~Hct>enbAa. OHI-1 SaMeHTlIOT .B.HenI-1H~~Holll 3neKTpOAI-1
HaMIIlKe cnenyounae ypaBHeHI-1T1 MaKCBenna: a/ax Y (cP PY) = o. 

nYCTb x o••••• x N - IlI06afl a4>ct>I-1HHaR xapr a B Ml-1pe Ilyauxape - MI-1H':' 
KOBCKoro, T.e. KapTa, 8 KOTOPOIll 8ce h a f3 He 3aBI-1CRT oT KOOPAI-1
HaT. nanee 6YAeM 0603Ha4aTb ~enwe 41-1Cna OT O AO k 6YKBaMI-1 a 
1-1 11 VI b , a uenue 41-1cna OT' k + 1 AO N - 6YK8aMVI P VlnVl q. Bbl6epeM 
TaKYIO a~$IIlHHYIO KapTY, B «oropoü h ap = h p a -=0, 1-1 6YAeM VlCKaTb pe
weHlIle ypaBHeHVlIIl 3neKTpOAVlHaMI-1KVI B BI-1~e 

o k /8/f/J a = O, f/Jp = f/J p (x ••••• x ). 

B TaKOM cnY4ae 

f/Jab =0, rP a q =aaePq' cPp b = -ab<p p' cPp q =0. 

CneAOBaTeI1bHO, g ab = , g aq = f/J aq » g pb = -cPbp' gpq = h pq thab 
nOAC4vITblBaeM onpenerurrens MaTplt1l..(bl (gaf3)' AnR a ror c Vl3 Ka>K

AOH CTpOKVI g a = (gao ••••• gaN) 3TOH MaTplt14bl Bbl4TeM KOM6V1Ha41t11O 
CTPOK f/Jaq h qp gp' npVl 3TOM onoenerurrens g He Vl3MeHIt1TCTI, a MaTplt1
4a (ga(3) TpaHC~OpMI-1PyeTCTI cneAYlOl.I.l lt1 M 96pa30M: 

g ab .... + f/Jqa. h qp f/J bp' g ap -+ O , h a b 

g pa .... gpa • gpq -+ gpq • 

CneAoBaTe.nbHo, 

g = f det (g pq ). /9/ 

rAe f"- onpeAenl-1Tenb MaTpVl4 W (f ab ) c 3neMeHTaMIt1 

f b = h b + if; h pq cf; b • /10 /
a a ap q 

3Ta MaTplt1~a RBnTleTCR MaTpl-1~eH rpaMMa /2.3/ AnR (k + 1) -
MepHolll nOBepXHOCTI-1 B (N+l)-MepHoM Mlt1pe nyaHKape - MVlHKOBCKoro. 
3aAaSaeMOlll B BIt1Ae rpaq,Vlt<a ct>YHK~1t11t1 /3/ 

N pq O k p' ·0 k
 
xP = I h cP q (x •...• X .) = cP (x •••• , X ).
 /11/

q =k+ 1 

OHa 3aAaeT Ha 3TOlll nOBepXHOCTIt1 Mepy 06DeMa 

.1- O k /12/V -f dx "0 dx • 

CXOAHYIO C MepoH, 3aAaBaeMolll i3/.
 
HalllAeM Tenep'b' MaTpl-14Y «: . nnR aroro B03bMeM CTPOKY (ya) lt1
 

cTon6"e~ (8 a) 4V1cen y a· 1-1 8 a VI B cooTBeTCTBlt11-1 c onpeAeneHl-1eM
 f3/7/ peWIt1M CVlCTeMY nlt1HeHHblX ypaBHeHVlH v"gaf3 = S f3 B BIt1Ae ya=ga 8tr 
3anVlweM CHcTeMY nOAPo6HO: 

y a h a b - Y P <Pbp = S b ' Ya cP aq + Y P h p ~ = S q 

2. 

~3 BToporo ypaBHeHI-1T1 HaXOAIt1M 

= _ y a,/... h qp + h pq BY p 
• 'f'a.q q 

nOACTaBI1T1R 3TQ 8 nepBoe ypaBHeHlt1e, n0I1Y4aeM 
a qp 

y f ab = S b + f/J bq h B P 

BBOAR fab 1-13 ycnoBVlR 

k + 1 as a /13/I f f sb = Ô b ' 
8=0 

a f ab .1. aqnonyuaest y = a b + ~ Sq ,rAe 

I/; ap = f ab f/Jbq h qp = f ab a b 'f/J P • /14/ 

3aTeM HaXOAIt1M 

p bp pq ap bq) 
Y = -t/J S b + (h - t/J f ab I/; S q 

CI1eAOBaTenbHo, 

ga b = f ab , g aq.= I/; aq gpq = -I/; bp • /15/ 

g pq = (h pq - t/J ~p f a b t/J bq l , 

OTclOAa HaXOAIt1M 

q,~ ab = 0, ~ aq = t/J a hab = f ab • haq = O , 

-.4 pq ~ pq~ p b bp ~ p q ~ p b /16/
cP =-t/J ,cP =0, h =0, h =: g 

~aCCMOTpVlM Tenepb ypaBHeHIt1R oopHa - ~Hct>enbAa /6/. B AaHHOM 
cnY4ae OHI-1 03Ha4alOT 

p /17/
(]x 
a

a (J 
-
If I' t/J a ) = O • 

Ho HeTpYAHO nOAC4I-1TaTb, 4TO BWpa>KeHlt1e /14/ paBHO 

ap 1 a --- /18/!/J = -- ---v IfI
JT1T acPab 

CneAosaTenbHo, M~ n~nY4l-1nl-1 AI-1ct>ct>epeH4~anbH~e ypaBHeHI-1A MI-1HI-1Manb
H~X OTHOCI-1TeI1bHO Mep~ 06beMa /12/ nOBepxHocTe~ SIt1Aa /11/. Cor
naCHO /1/, /2/ I-1X MO>KHO np~BeCTI-1 K cneAYIO~eMY BI-1AY: 

2 
ab a cP p 

f ----~---- = ° 
axaax b /19/ 

4TO 03Ha4aeT 

3 



/20/
1 a - ab
=-.-(v\f[f )=0,

V\f\ dX b 

B 4eM, KOHe4HO, MomHO y6eA~TbCR ~ HenocpeAcTBeHHO. 
B c~ny 3Toro Bce a$$~HH~e KoopA~HaT~ RBnR~TcR rapMOH~4ecK~MH 

TO 

gClf3 = (hal! + x" ~ Il) (8 f3 
, . P. 
af3 • . JL '(1 fJ 

_ ~ K (3) 
Il 

Cl' f3 f3 . a 
$YHK~~RM~/4/ Ha M~H~ManbHO~ nOBepXHocT~. Bce pac4eT~ ynpo~a~T = h - (cP IJ. cP ) K K + K cP. - K cP • 

rne Y xoaek ropaor-o nona cPv OTnl-14Hbl OT Hynfl KOMnOHeHTbl cP , 
v a p{ IP .ç; {k + 1, ... Nl, a y ~30TponHoro ae xropaor-o nona K - K , a.ç; O,... k s, 

B c~ny ycnoB~f1 /21/ peWeH~f1 ypaBHeH~~ 60pHa - HH$enbAa /8/ Mom

/21/ 

CR, e cna nonox-rr s h a l3== TI Of3 ' . rAe Tl af3 - TeH30p M~HKOBCKoro /4/. 
PeweH~R /8/ ypaBHeH~~ 60pHa - ~H$enbAa, npeACTaB~M~e MHM~

ManbHWM~ nOBepXHOCTRM~ /11/, YAOBneTBopR~T ycnoB~RM 

v 11 
K cP v =0, K K v =0, l 

'l 

I',;. 

I," 

;af3 = cP af3== K a ~ f3 _ K ~.~ a • 
/22/ 

Aanee, npl-1 J == 1 ~3 paBeHCTBa g == Jh B a$$~HHo~ «apr e , rAe h = 
= const, cneAyeT, 4TO g = consto n03TOMY ypaBHeH~f1 bopHa - HH
$enbAa /6/ c Y4eTOM /22/ 3an~WYTCfI B B~Ae 

CneAOBaTenbHO, 

haf3 = h af3 _ (cP' IJ. ~ JL ) K a K fJ 
'\ 

HO ~HTepnpeT~pOBaTb 

6eryut~e sonau /5/ . 
KaK BonHOB~e. nOKameM, 4TO cpeA~ H~X eCTb _a_ cP af3 ~ O 

dx a /23/ 

6YAeM ~CKaTb peweH~e Y2aBHeH~~ 3neKTpoA~HaM~K~ B B~Ae cPa = 
= cPa(ç) , rAe ç =haf3Kaxf:S, K a nOCTORHHbl~ seKTOp, 4TO COOTBeT
c r ayer 6eryute~ sonue c BonHoBblM BeKTopOM K

a 
• HMeeM 

ypaeHeH~~ MaKceenna. 

cP a = rP a (çr, 

CneAOBaTenbHO, «oaexrooaue nona 

/24/ 
rAe 

cP af3 = Ka 

rAe 

cP f3 - K f3 cP a ' e == ha f3 
a

K 
f3 x , v flK K TI VJL == O, 

v.,.#. OK 'fi v' == , /25/ 

a-.-cP =Kaxll va fl 

f3
K a = ha f3 K , 

3aTeM 

(I{ A. v 'fi a 

cP a == 

-K A. 
a 'fi v 

d-dê cP a 

) • 

OAHOBpeMeHHO YAOBneTBopfl~T KaK ypaBHeH~f1M Jl~He~HO~ 3neKTpoA~

HaM~K~, TaK III ypaBHeH~f1M Hen~He~HO~ 3neKTpoA~HaM~K~. 

PeWeH~f1 /8/ ypaBHeHH~ 60pHa - ~H$enbAa, ecn~ nonom~Tb. B H~X 

cPa==O, cPp == cPp(Ç), rAe ç= habKax b , Ka,Kbhab=O, B c~ny CKa3aH
Horo Bblwe npencr a anmor õeryurae BonHbl/5,6/. 

Aanee paCCMOTp~M peWeH~f1 ypaBHeH~~ 60pHa - HH$enbAa /6/ B 
B~Ae 

cP a ==cP (xa. 
k+l , N ... ,x), O<k<N. 6/2/ 

YpaBHeH~R n~He~HO~ 3neKTpOA~HaM~K~ 6YAYT YAosneTBopeHbl, 
np~HflTb ycnoaua KVKv=O,Kv<pv=O, coananaouure c /21/. 

AOKameM, 4TO np~ 3T~X ycnoB~f1x 6YAYT YAoeneTBopeH~ ~ 

HHfI Hen~He~Ho~ 3neKTpoA~HaM~KI-1. 

ecn~ 

ybaBHe

nOBTOpflR npeA~AYl!\~e paccymAeHHR OT $opMyn~ /8/ AO /20/, nonY4~M, 
4TO ~x MomHO npeACTaB~Tb B B~Ae rpa$~KoB M~H~Ma.nbHWX nOBepXHOC
Te~ /2,3/ BIIlAa 

C 3TO~ ueris o Ha~AeM cxanap J = ~-, h = det(h j
h af:J

V 
Jler xo B~AeTb, 4TO B cuny ycnoaan KvK = ° 

p. p. p. 'f.I.' Il Il • /L V 
Ôa - cP a = 8 a - Ka cP + cPa K r:: (8 v - Kv cP )(8 a 

~ TeH30p gaf3 • 

• V 
+ cPa K ), 

a a b a k+1 N)
X == h cP b = cP ex ,.... X. •. 

PeweH~R /26/ YAOBneTBopfl~T ycnos~~ 
v v

cPv K = O, K K v> o. 
B c~ny ycnoBI-1f1 /28/ peweH~R /26/ MomHO ~HTepnpeT~pOBaTb 

/27/ 

/28/ 

KaK 
'fl /lO'rAe cP = h cP(J' TaK KaK ace M~HOpbl s r opor-o ~ õonee BbICOK~X no-

PflAKOB MaTp1-14~ KvcPll paBH~ Hyn~, TO ee xapaKTepHCT~4eCK~~ MHO-
Il • IL n 0-1 • v n . 

r-ounea paaeu det(.~.8 - K cP ) = À - À K v cP =À • T04HO TaK ~ 
v . v v v 

det(Àô~ + cPa K ) = À • CneAOBaTenbHO, J = 1. ,Uanee, r ax KaK 

!' 

r
[., 

'~ 
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1. 

2. 

3. 
4. 

5. 

6. 

7. 
8. 

9. 

10. 

11. 
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14. 

15. 

16. 

17. 
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AaHH~X 
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XHM\.1R 
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HET JU1 nPOEEJIOB B BAWEA EHEJ1110TEKE? 

Bbl MoJKeTe nony'IIITb no not~Te nepeliiiCJieHHble HIIJKe KHIIrH, 

eCJIH OHM He. 6biJIH 33K333Hbl paHee. 

A2-82:-568 

A9-82-661t 

AJ,It-82-70it 

A11-83-511 

A7-83-61jlt 

A2,13-83-689 

A13-Bit-63 

A2-81j-366 

- "'· ... """ ~~ ,L-w-. ""-'-' 

• A17-Bit-850 

AI o, 11-8'1-BIB 

Alj-85-.851 

A11-85-791 

A13-85-793 

TPYAW coae~aHHA no HccneAOBaHHA~ B o5nacTM 
penATHBHCTCKOH AAePHOH ~H3HKH. AY5Ha, 1982. 

TPYAY coae~aHHR no KonneKTHBHWM MeToAaM 
ycKopeHHA, AY5Ha, 1982. 

TPYAW IV lleli!AyHapoAHOH WKonw no HeHTPOHHOH 
~H3HKe. AY5Ha, 1982. 

TPYAW cooe~aHHA no CHCTeMaH H MeTOAaH 

aHaflHTH4eCKHX BW4HCneHHH Ha 38H H HX npHMeHeHHO 
a reopeTH4eCKOH ~H3HKe. AY5Ha, 1982~ 

TPYAW Meli!AyHapoAHOH WKOni>I-CeMHHapa no ~H3HKe 
TR*enwx HOHOB, AfiywTa, 1983. 

TPYAW pa5o4ero coae~aHHR no npo5neHaM H3ny4eHHA 
H AeTeKTHpoaaHHR rpaBHTa~HOHHwx aonH. ·AY5Ha, 1983. 

TPYAW XI He*AYHapOAHOro CHHno3HyHa no 
RAepHOH 3neKTpOHHKe. 6parHcnaaa, 
~exocnoaaKHA, 1983. 

TPYAW 7 Meli!AyHapoAHoro coae~atoHR no npo5neMaM 
K83HTOBoH TeOpHH nonA, AnywTa, 1981j, 

;;:,-M:...: ~'!! !"'.:::--~:.···::~~~ ............ - ....... .._. ... :-• ......... ~ ... ,::;:,....,..,~.., 
~H3HKH awcoKHX 3HeprHu. AY6Ha, 1981t. 

TPYAW m Meli!AyHapOAHOro CHMn03HyHa no H35paHHWM 
npo5neMaM cTaTHCTH4ecKoH MexaHHKH. AY5Ha,1981j. 
/2 TOMB/ 

TPYAW V He*AYHapoAHoro coae~aHHR no npo-
5neMaM HaTeH3TH4eCKOro HOAenHpOB3HHA

0 
npo

rpaHHHpoaaHHO H H3TeM3TH4eCKHM HeTOA~M pewe
HHR ~H3H4eCKHX 33Aa4. AYGHa, 1983 

TPYAW IX Bceco~3Haro coae~aHHR no ycxopMrenAM 
3apR*eHHwx 4aCTH~. AY5Ha, 1981j /2 TOMa/ 

TPYAW He*AYHapOAHOH wxonw no crpyKrype 
RApa, Anywra, 1985. 

TPYAW He*AYHapoAHoro coee~aHHR no aHaflHTH~eCKHM 
BW4HcneHHRM Ha 38M H HX npHMeHeHHO B TeOpeTH4e
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H~naterthcKHA oTnen 05benHHeHHO~o HHcTHT1ta RnepH~~ HctnenosaHH' 

DlaBoxnna H.C. 
PemeHHH ypaBHenHA Bopna - UH~enbAa 

B BHAe MHHHManbHbiX noBepXHOCTeA 

P4-86-485 

B npoCTpanCTBe-BpeMeHH MHHKOBCKoro nponsBonbnoA pasMep
HOCTH naAAen Knacc Toqnwx pemeHHA ypaBnenHA Bopna - HH~bAa, 

npeACTaBnseMWX MHHHManb~ noBepxnocTHMH, Cpe~ HHX HMe~cs 
KaK BOnHOBble, TaK H CTaTHqeCKHe pemeHHK, 

Pa6oTa B~nonnena B na6opaTOPHH HAepHbiX npo6neM OHHH, 

Coo6UleHHC 06J.CJliiHCHHOfO HHClHT)'TS ~epH~X HCCJICAOBIHd.lly&u. 1986 

llepeBoA T.~.nYM6paAc 

Shavokhina N.S. 
Solutions of the Born-Infeld Equations 
as Minimal Surfaces 

P4-86-485 

In a Minkowski space-time of arbitrary dimension a class 
is found of exact solutions to the Born-Infeld equations that 
can be represented by minimal surfaces. They include both 
wave and static solutions. 

The investi~ation has ~een performed at the Laboratory 
of Nuclear Problems, ·JINR. 
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