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PaccmoTpeHa cuctema cdheprHeckn-CUMMETPRYHbIX BaKYYMHbIX YpaBHEHUI OOLLEl Teopur OTHOCHTENBbHOCTN.
Mony4ero obuee pewerune, npeacTaBneHHOe ABYMsI KNaccamMmn METPUK C NMPOU3BOAbHBIMI (DYHKLUSMU ¢oo W
g22. [poanann3npoBaHbl CBOACTBA HAAEHHbBIX PeLLEeHN.

Ussecrro (cm. [1]), uro obumil Kiaace crarudecKux
ceprnueckn-CHMMETPUYHBIX — DEIeHnii  BaKyyMHBIX
ypasHennit obmieit Teopnn ornocurensHoctn (OTO)
ompeiesiercs BbipazkeHueM (CKopocTb cgera ¢ = 1)

ds® = — (1 - r—g) At + 2 dt dr +
X

+ (2" — a?) (1 - r_g)—l dr® + 22d0?, (1)
T )

rie ry — TPABHTAIMOHHBLIN Pajmyc O0beKTa, LITPUX
oznauaer auddepennuposanue mo 7, a Gyuxuuu z(r)
u a(r) ABISIOTCSA TPOU3BOIHLHBIMU.

IIpu a = 0 u 2 = r merpuka (1) cBogurcsa K pe-
mennto Isapmmuasga. [Ipu Beibope ycmopuit a = 1,
x = r Boipazxkenue (1) coorBercrByer merpuke -
puarrona— @uukenpinreiina [2, 3]. O4ueBugHO, OAHAKO,
YTO I TOJHOTO <«MOKDPBITHA» TPOCTPAHCTBA-BPEMe-
HI MeTPUKOif (1) MOIYKHO OBITH BBIMOIHEHO TPeOOBAHNE
z(0) = 0 (3a uckioYeHueM Ciiydas IPOCTPAHCTBA-BPe-
MEHU, COIEPIKAIMErO «IeeKThl», HAMPUMED, BAKYYM-
Hble uepBorounHbl Mopprnca—Topwra [4]). B pesyabrare
Hen30e:KHO IPUCYTCTBHE HeHYIeBOMH TOUKH T, 71T KOTO-
poit z(F) = r,. Taxum 06pa30oM, CYIIECTBYeT IpodIeMa
ropusoHTa coObITHil. Ee m3pectHbe «perenusi» [5, 6]
bakTHUECKH CBOAATCA K II€PEHOCY «UCTHHHOIO Hada-
ma» xoopauuar r = 0 B Touxky r = r,. CiegoBarenn-
HO, OHM HE MOTYT B MOJTHONW Mepe OMHUCATH MPOCTPAH-
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crBo-Bpemsi. [Io9ToMy HHTEpPeCHO PacCMOTPETh BaKyyM-
woie ypapaerus OTO mrs obmieit HecTaTuueckoit cde-
PUYECKN-CUMMETPUYHON MEeTPUKHU:

ds® = —e’dt® + 2a dt dr + e dr? + e7dQ2?,  (2)

e a, ¥, A, v — OyHKnun oT t u r.

Cucrema Bakyymubix ypasueruit OTO gusa merpu-
ku (2) umeer Buj (Touxa oboznagaer auddepeHuupo-
BaHue 10 )

1
+ 3e2u+)\,y/2 + 462'/+>"y” . 262u+}\,yl)\l +
+ 4" T2 30 4+ 4e"TAad + 4e?Ta'd — 2" A ady! —
—2e" A AN — 22\ — era?5? +
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—4e’aa’y' +4a* (3 +4)) —e 7 =0, (3a)

Gg — (_el/+2)\;y2 _ 26V+2A;YA +
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Gl = m (’}/(6 a’\N'—2eraa —e” v )+
+9' (" TraN —era?A+2a2a' —e" A A+e’ T ar')) -
a,yll a,yIZ e)\,;yl
Certh a2 2(evtr 4 a?) | et 4 a2
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e b
2(er*tX 4+ a2) 0, (3b)
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1 ( 4 v4+2N
A(ev + a2)?
+ 2ell+2)\;yl'/ + 2e2l/+)\,yly + 62V+A,yl2
+ 4" a4+ 4" ay' + 4eV TP ad —
—2e" P apy’ — 2eV A a\y + derada —
A252 4 a2 4
7 =0.

36V+2A 2 +

Gl = g -

—2e*a? w\ 4er a5 — 3e

+2ea®V'y +4a® (Y +4')) —e (3¢c)

B paccmarpuBaeMoMm ciiydae OTIHIHBI OT HYJIs KOM-
TOHEeHTH! Ten3opa Ditnmreiina G5 = G5 u G. Onnako
kommonenTsr G3 u G5 BBIpakatorces gepes GY, GY u G
BCJIEJICTBUE TOXKJIECTBA G’fm. = 0, a G} — Beneacrsue
coorromenns Gy = gigor G¥.

IToncranoskoit

-V

y=e 271/)1

z = (e +a’e
cBouM opmys (3) K cucreme

(5 —) (——'—)

2a't 2ai’ Zaxaf,‘ azy' a/:
+zy + +

(4)

7= (fﬁr/?7

2xll

0 _
Gog==z2

az'yi  2aazy’c  a’zyyd
v, vy, vy +a zyx——:O, (5a)
T T 2
2 y'r 2z
=y =+ +— -
4 <zx yr x
zy'a’ Zlat 2z2" N
—a
yr x x
il 2eud! i 2yl
L ( YT i’ Zyx 2y x) N
T T x T
ar' a't
+ 2azy (— - —>) =0, (5b)
x x
.. . -2 ! ! !
1Ty 2¢  x za' (@ Y
oi=-Fon () T (5-0)
azx'y ayx'z 'z 3 2azyx
v +2azy (—2+—> + 22
x x x

2a2zyiy  a’ylii ai  ai  ai?
+ Yy + Y + 2azy? < +— —2) -
T T r x 2z
1
— ﬁ = 0 (5C)

Beipazkas Z/z u3 (5b) u noxcrasnssg B (5a), momy-

gYum ypaBHeHHe
(az) + 6 =4,

rae
2.2 2

a = za'? xy+xyaz

(7b)

B = 2azyxx's.
Ero permenne nmeer Bum

B yi? +1+ f/x
GECT o

rae f — npoussonbHas Gyukuys or t. Ilogcrapiss re-

neph Beiparkenne (8) B (5b) u (5¢), momyanm

GY = {wy’a®f(t)ia' +y*a®f(8)*aa" +
+ 222 f()i2a' — 22%y3aliia’ —
— 2223 f(t)iia' + 2Pya’ya’ + 22%ya® f(t)gx’ +
+ zya® 2 (g’ + 223y aax’ +
yiaf(t)az' + 2zy?af?(t)ax' + 22°y*ai’axr’ +
+yaf?(t)a" +

+ 422

+ 22 af(t)i*ax’ + xyaf(t)z'?
+ 207y af (t)ia" — zy af( ) i2x'? — 203y aix’? —
—22%yaf(t)iz'? + 22%y3ai’ia’® — 250 yaa'cyx'2 -
—22%yaf(t)iga'? — 223y dan’? — 22%y? f(t)dax'?

—2x3y35'c3dx'2+x2yf(t)x'3—xyf(t)xx'3+2x yrida? 4
+x3ya'/:2ya/:'3—xBax'y'—ZxZaf( ) 'y'—a/:afZ( ) [
— 23yai’z'y’ — 2®yaf(t)itx'y' + 23ia?y’ +

+ 22 f(t)ia"?y + 2dyita"?y'} x
-1

(t) + 2(1 + yi®))(yaz + 2')*} =0, (9a)

x {z%(
Gl = {ggy3a2f(t);'c+xy2af(t)jcx'—2x2y3a9'céc'x' +

2y aa’ 422y f (t)ax' +
2 _

+2yaya +ryaf (t)ya' 42
+ 2%y ax’ + yf(t)a'

Pty —af(t)ay — yx?x'y'}

=0.

— 2%y %%
— 22yiya’
x {2y (yai + x')2}_ (9b)

Byunem pacemarpusars cayuait f(t) = C, rue C —
NpOM3BOJIbHAS KOHCTaHTa. Torma ypasuenusi (9a) u
(9b) mpumyT ciepyommii Bu:

G = ((C + v)a — zia")2' {22°y*i(da — ad) +
+y?(Cai + 22((C + x)a — 2iz’)) — 2(C + )y +
+ y(Ca' + 2y((C + z)a — viz’) — 2%i%y') } x

x {2*(C + z(1 + yi?))(yai + 2')?} ' - 0, (10a)

Gi =2’ {22°y*i(a — ai) + y*(Cad +
+22((C + z)a — zix")) —z(C + 2)y' +
+ y(C2' + zy((C + x)a — zix") — x2x2y' }x
x {2y (yai + 2')? } =0. (10b)
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Jlerko ybeauTbCsi, 9TO, €Ciu CHOPABEITUBO PABEH-
cro (10b), To m (10a) rak:ke BBITOMHsIeTCsT. Bremem
obo3HaAYTeHW ST

F=yi* +1+CJz, (11a)
¢ ="+ ady. (11b)

Torya ypasHenue (8) mepenuinercs B BUIE
z=F/¢. (12)

[Ipumenss Boipazkenus (11) B 3anucu Gpopmysst (10a),
TTOTTY T M

o' (Fza' — (C + x)€) {—CFfa'c + Cz(EF — 2F€) +
22 (EF(1 - 2F) + F(a'F — F'é + 2(F — 1)5))} x
2 2} ) )

OuerngHo, yacTHOE perenne ypapHenus (13) 3amuch-
BaeTCsT Kak

x {F2*(—C + (1 + F)x

Fax'
1+C/x’

B (12) n ucnonw3yst Beipaskenns (11),

= (14)

IMoncrapmsis (14)
HaXOAUM COOTBETCTBYIOUIMNA KJIACC PEelIeHu

1 !
ds? = —=d* + —— _qdtdr +
Yy 1+C/x
12
———dr® + 2%dQ*. (15
+ 150z T+ (15)
Crangaprabivu  npeobpasoBanusiMu  (CM.,  Hampu-
mep, [7], perenne 3amaqn 16.3)
Jo1
dr = dt + —dx (16)

|900|

7 BLIOOPOM T B Kad9eCTBe HOBOW PaJuaIbHON KOOPINHa-
ThI MOKeM cBecTr MeTpuKky (15) K crarudeckoit popme:

c dx?
o (14— L R 2an2. 1
ds <+x>dT —l—l_l_c,/x—i—xd (17)

JIpyroit Kjtacce perenuii COOTBETCTBYET YPABHEHUIO

: F F + Ci/2?
5—5<ﬁ+m> *

' F — &F'
wr-1-cm W
Nurerpupys (18), naxogum
€= L(t,r)(F(F —1-C/x))'/?, (19)

rae dyukuusa L(t,r) oupenensercs ycioBuem

. o' F — iF'
L=- . 20
2F2(F —1— CJz)3/2 (20)
13 sripazkennit (11), (19) n (20) momxyanm coOTBETCTRY-
IOLIMHA KJIacC pereHunii
1
ds® = ——dt* +
Y
L(yi2 1+C 1/2 '
+2( (yd” + 1+ /) —.x—> dt dr +
/2 Ty
20" L 1 1/2
+(—L2 <1+€> 2’ L(yi? +1/;|—C/x N
x Ty

12

n x,2> dr? + z2d0%. (21)
yr

Cnenosarenbuo, MeTpuku Buga (21) comep:kar B Kaue-
CTBE HE3aBUCHUMBIX (PYHKIIAU (oo U (22. lIpemcTaBiisi-
eTCA aKTyaJbHBIM WCCICTOBAHUE BO3MOKHOCTH CyTIe-
CTBOBAHWS CTATHIECKOTO CIAyYas B JAHHOM KJIACCE Pe-
MIEeHUI.

ITpeobpazosanusmu (16) npusenem (21) K Bumy

=2 2
d32:_<1_|_€) Lidr2+ dr
X

2 192
i T30/ + 2%dQ*. (22)

OueBuzHo, uro Merpuka (22) B 0bUIEM Ciydae HE MO-
JKeT OBITH CBeJeHa K CTaTudecKoii. JIst Takoro mpeoo-
pasoBaHus HOYHKIWS

Li?

12

¥ = (23)

xr

JOMKHA ObITa OBI 3aBUCETH TOMBKO OT T, T.€. yIOBIIe-
TBOPSATH TPEOOBAHHIIO

o

5 =0. (24)

ITokaxkem, 9T0 ycmoBue (24) B 001IIEM CITyUae He BHITION-
HAeTCd.
Monmuwiii muddepentman dyuxuyu (7, ) pasen

1/1 oY
e+ 5. (25)

0
dip =
Ucnonb3ys npeobpasosanue (16) u yuurbiBasi, 410

dr = &dt + z'dr, (26)

nepeiineM B (25) OT MePEMEHHBIX & W T K I 1 t:

0
d = ( iﬁ + 8—¢> dt+ (a—fx’jt a—wygm> dr, (27)

rze cormacuo (21)
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Lyi® +1+C/x)'? '

(28)

go1r = —.
y1/2 &y

C apyroii cropoHbl, UCOb3Ys (23), MOKHO 3a0UCATDH
La 2 -2 -/ "
dp = d=— = = ((L’+2L (x——x—,» dr +
x T

x ; (L+2L (g—i—)) dt). (29)

[MpupaBuuBas KO3HGUIMEHTHI TTPU OAUHAKOBBIX -
depennmanax B (27) u (29), noxydum cucremy

o). o @ (. i@

o, o @[ PO

(30)

Pemrast ee anrebpanieckn OTHOCHTENBHO O/ n yuu-
teiBast (20) u (28), Haxomum

8¢ _ 13 . o
e {x (2y& + y&) +

/ C
+ 21302 Jya? + 14+ —a' (£ L' + 4Li")da'? x
X

C
X <4L\/y3 yi2 4+ 1+ ;éc' + 2y + 2y5'c'> +

/ C
+ 4L\/y3@3 Jyi? + 1+ —x"} X
xr

c
X {2\/y3 yc'c2+1+z X

—1
X (L\/ﬂgb\/yi”? +1+ % — 250') x's} . (31)

OuernHO, 9TO TPW MPOM3BOIBHBIX (GyHKIUAX 2(t,7)
u y(t,r) seipaxenne (31) ne coorsercrByer (24). Cie-
JIOBATEIHLHO, METpUKa, (22) He MOXKeT ObITh CBEICHA K
CTATUIECKOM.

IIpescraBiaser wWHTEpEC WCCTEIOBAHHE BO3MOIKHO-
cru npumeHenus penterus (21) s onucaHus BHEII-
HEro TOJIsi YepHBIX JIIP, BAKYYMHBIX KDOTOBBIX HOD,
HOKMCKA TPABHTAIMOHHBIX BOTH U T.J. IIpm sTOM BCe
M3BECTHBIE METPUKH, yAOBIeTBOpsifoine chepuyaec-
Ku-ciMMerpraHbIM ypasHernsiM OTO «B mycrores co-
JIepYKATCS B OJTHOM M3 HAMIEHHBIX HAMM KJIACCOB.

3 ZKSOT®, Bem. 2 (8)

TakzKke cieyeT OTMETUTD, 9TO JI0KA3ATETbCTBO TEO-
pembl Bupkroda ocHOBBIBAeTCS HaA MPEITOTIOKEHU,
910 Og2n /0t = 0 m a = 0, mpuBomsmeM cucremy (3)
K crarudeckoii. Takum oOpa3oM, UMeeT MeCTO TePexos
K COBepITNIeHHo WHoi mpobieme. B kawgecTBe mpumepa
pPacCMOTPUM ypaBHEHWe

Pu 0%

Kak m3BecTHO, ero odimee pereHne nMeeT BUT
u(z,t) = ui(x — at) + uz(x + at), (33)

TIe U1 U Uz — TPOU3BOILHBIE (byHKINU. [Tpeodbpa3oBsi-
Bast BeIparkeHne (33) K CTATHYIECKOMY, TIOIYIUM

u(z) = uy () + us (). (34)

Ho eciiu cuurarb, uro u = u(z) HEMOCPEACTBEHHO B
ypasuenuu (32), TO MPUXOAUM K PEIICHUIO

u(z) = Crax + Oy, (35)

rne C; u Cy — KoHcTaHThl nHTErpuposanust. Ciaenoba-
TEJILHO, TIPV TAKOM TIPEINOJIOKEHUNA MBI HE MOIydaeM
00IIero Kaacca perernii. AHATOTUYHAST CUTYAIIAST TMe-
€T MeCTO B HAIleM CIIydae.

B macrosimee BpeMs aKTyaJbHBIM SBISETCS WCCIIe-
noBanue cucrembl (9) ¢ pasnudHbiMU BUgaMu (DYHK-

i f(t).
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B nameii crarbe 6buia gonyieHa HeToIHOCTh. B Merpuke (15) dyuxius y(t, ) He ABJgeTCS TPOU3BOJIBHOI.
Vreepkiennue nepe); obosnavdernsivMu (11) BepHO B ciydae, ecm HyJIH0 PaBHO Bbipakenue u3 dpopmya (10):

207y’ i (da—ai) +y° (Cai+2x (CHa)a—ziz’)) — x(C+a)y' +y (Ca'+ay (CHa)a—ziz’) —2i?y') .

Onnaxo mpu yenosuu (C' + z)a — zda’ = 0 pasencrso (10b) y2Ke He BBLIIOJIHAETCS aBTOMATHYIECKH. DTO
o3Hagaer, 4To Kjacc perrernii (15) neobxoaumo yrounurs, ucciaemys (10b).

Honcrapsis (14) B (10b) 1 ucnonssyst (11), moayunm ypasHeHne
{@[¢F'(C +2)*+ CF2' (3C + (3 — 2F))] 4+ 2Fzi' (C + 2)(C + « — Fx)} [Fa’ia'(C + z + Fz)] oo
Ero pemienne umeer Bu,

B (C—i—ac)2
P = (G0 1 i)

re 1) — Ipou3BOJIbHAS (DYHKIINS BPEMEHHN.
Ioncrasus naitnennoe 3uadenue F u (14) B (11) u (12), oupenesnum dyukuuu y, z, a:

Yx(C + x) (C + z)? + Ypa?i? xix!

yz*(C—i—x)Q—i—wacQabQ’ 0T xx'2(C+xz) “TCra

Torza cooTBeTCTBYIONHMI KIace peneHnii, ¢ yaeToMm o6o3HaueHui (4), mpuMer Bu

9 (1 + C/J;)2 + wa'cQ 9 2’ z'? 9 2 12
= — - R — R — Q .
ds ( 1/1(1 C’/) dt +1 C’/ dtdr—i—l C’/ dr® + z°d

TIpu 3TOM BBIBOJI, C/I€TIAHHBIH B CTATHE, O TOM, 9TO MeTpuKa (15) MoKeT GBITH CBeJIeHa K CTATHIECKOM, OCTAeTCsI

B cuJjie 1 B JJAaHHOM CJIy4dae.
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