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IlocBamaeTcsa CBET/ION TaAMATH
moero apyra II. B. Kpaykiauca

B TOHKUX XMIKUX CIOAX, OKPYKEHHBIX C OJHOU WIX C ABYX CTOPOH
YOPYTCOU CPENoU, MOXKET PACIPOCTPAHATHCA BOJHA, MOJYIUBINAA HA3BA-
Hue “MeqeHHas” . DTa BOJIHA OOMATAET NUCIEPCUEH, U €8 CKOPOCTb P
HYJIEBOU 9aCTOTE OOpAIIaeTCsA B Hy/Jdb. BOJHA ABIAETCSA IOBEPXHOCTHON,
PACIPOCTPAHACTCA HA GOJIBIINE PACCTOSHIA U HECET CPABHUTEIBHO OOIb-
myto sHepruo. CyIecTBOBaHME STOU BOJIHBI ABMACTCA MPU3HAKOM HAJIU-
YU TPOTAKEHHOTO KUIKOTO CJAOA MEXKAY APYTUMU CJAOAMU.

Teoperuveckue nccieLOBaHAsA, YKA3ABIIKE BO3MOXKHOCTE CYIIECTBOBA-
HUsl TAKOU BOJIHBL, II0-BUAMMOMY, ObLIK BIEPBbIE IPUBELEHEL B padore [1].
ODKCIEPUMEHTAIBHBIE [TOJEBBIE UCCJAENOBAHNS, OOHADYKUBIIKE Ty BOJHY,
Opwu omucaHel B craThe [2]. HuskockopocTHasa BoHA HAOIIO JAIACh B 30He
CUAPOPA3PHIBA, B PE3yJbTaTe KOTOPOro 0O0pPAa30BLIBAIOTCS TOHKWE XKIUJ-
kue caou. B apdpekTuBHON MOLeNN, OMUCHIBAIOMIEN YepenyOumecs yIipy-
rue u XKUJKUe TOHKUE CJIOU, TaKas BOJIHA TakxKe cymecrsyer [3,4].

K HacTosimeMy BpeMHEN HU3KOCKOPOCTHAs BOJHA XODOIIO M3ydeHa B
crydae XKUIKAX ¥ YOPYTUX CIOEB C IIOCKO-ITAPALIETbHEIMA MPAHUIIAM.
B npempnaraemon paboTe 3Ta BOIHA UCCIEIYETCA B KPUBOJMHENHBIX K-
kux caosax. C 2TON HEeablo PACCMATPUBAIOTCS MWINHIPUIECKUE U chepu-
YeCKUe KU KUE CJIOH, PACIOIOKEHHBIE MeX [y yIpyruMu cpegamu. B aTux
CJIOSIX UCCIEAYIOTCS IWIMHAPAIECKIE BOJHBL BIOIb 06DA3YIOMIEHN 1 HALIPa-
BJIOLIECH, 8 TaK¥XKe MEpPUIMOHAJILHEIE BOIHLL. B pesyibrare BLLACHIETCS
BJIMSIHUE KPUBU3HBI TOHKOI'O XKUJKOI'O CJIOsI HA CKOPOCTH HU3KOCKODOCT-
HOU BOJIHEL.

Kaouesbie ca06a: MejIeHHAs BONHA, XKUAKUN CIOU, KDUBOJIMHENHBIE PPAHULIBL, LU~
JIUHIPUIECKUE IOBEPXHOCTH, CHEPUIECKas TOBEPXHOCTD.

Pabora Beimoanena npu GpuHAHCOBOU mOgAepxkke Poccuiickoro ¢ponga gpynmamen-
TanbHbIX uccregosanuu (PPDPU), rpant 08-01-00511 .
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68 JI. A. MOJIOTKOB

§1. MEIJEHHAA BOJIHA B »KHAKOM CJIOE
C MJIOCKO-IAPAJIEJbHBIMEA I'PAHAIIAME

[lycTs B ONWIMHIPUYECKOU CHCTEME KOOpPAWHAT r, §, z 3amaHa cpema,
cocToAm@as u3 yupyrux noxympoctpadcTts 1 (z < 0), 2 (z > h) u xun-
koro cmoa 0 (0 < z < h) (puc. 1). Cpena Bo30YXKIAETCA HEKOTOPHIM
TOYEYHBIM MCTOYHMKOM, TEACTBYIOIIUM ¢ MoMeHTa t = 0 u co3garommmm
BOJHOBOE IIOJIE, B KOTOPOM CMEIICHHNA He 3aBUCAT OT KOODIWHATEL 0 1 He
COAEpKAT COCTABIAIOIIMX BAOIL KoopauHATH! §. O6pasyommecs Ha Ipa-
HULAX cMemenus u; (i = r, z), Hanpsokenus T (i, k, = r,2) U JaBJIeHEE D
B XKMIKOCTH MPEACTABIAIOTCA PABEHCTBAMHI

e’} o+ico
kJo(kr)dk
Uy = / 7057;) / {ale ekzor 4 Ylekzﬂl}ekt" dn,
0 o—100
TR (krydk
Tral = — 1 / % / [QOlel ekzoq + glylekz,&}ektﬂ d”):
T
0 o—1i00 (11)
TR gkl
Tzz1 = M1 / % / {nglekwl + 231Y1€k261}6kt" dn;
0 o—100
T kdo(kr)de
Uz = / % / ag {Xgrekm‘) - Xo_e_km‘)}ekt" dn, (1.2)
0 o—100
TR do(krydk
—p= pO/ 02(7T:) / ,’)2 [Xg-ekzal + Xo—ekzao} ektn dﬂ,
0 o—100
e’} o+ico
Uy = / W / [~ Koo Hhos | yomHe-h] btn gy,
0 o—100
TR Gerydk
Tra2 Z—uz/# / [— 2a2Xge(z_h)a2+g2Yze_k(z_h)52}ekt" dn,
™
0 o—ico (1.3)
T2 do(krydk”
Top = Hl/% / [QZXze—k(z—h)OzQ_2ﬁ2Y2€—k(z—h)Bg}ektn dn:

0 o—1i00
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B KOTOPBIX

Qg = 1+:T’ Bi = 1+:T:
Pi Si
1.4
- 2 (1.4)
Qp = 1+T; gZ:2+T (Z:1a2)7
Upo Vs

Ai, i — Koa(ppunmentsr Jlame, vp;, Vs; — CKOPOCTHU MPOAOJBHBIX U [TOIIE-
PEYHBIX BOJH B Cpefe i; upp — CKOPOCTb B XUAKOM CJIoe, p; (i =0,1,2) —
IJIOTHOCTb.

—_

7

0 h\l’T
S AN

Ha rpanunax z = 0 u 2 = h BBIIOIHAIOTCA YCIOBUAS

Uz1 (0) =Uz0 = (0): Trzl (0) =0, T (0) = —p(O),

Uz0 (h) Z(h); TrzZ(h) = 0; _p(h) = Tzz2 (h); (15)

OTU PPAHUYHBIE YCIOBUs MPUBOIAT K OTHOPOJHOU CUCTEME yPABHEHUN
a X+ = onXO+ —apXy,
200 X7 + 11 =0,
(g1 X1 + 261 Y1) = por (X5 + X)),
(X efhoo — X emkhaoy = oy Xy + Vs,
— 205X + g2Y> =0,
pon? (X €0 + X e M) = 1y (go Xo — 282Y3).

(1.6)

Cucrema (1.6) umeeT HeHyJIeBOE DEIEHUE, €CAU €€ ONPEIeIUTenb 00pa-
o1aeTCsa B HYJIb.
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DTO YCJIOBUE ONPEAEISIET TUCIEPCUOHHOE YPABHEHUE

i 1 Qo —ap 0 0
201 g1 0 0 0 0
gL 2pB pon? pon? 0 0 _
0 0 agefhao  _qge~khao g, 1 =0. (L7
0 0 0 0 —2a g2
0 0 ponPelheo ponPemkheo yngy  —2pu90,

Bxogamuu B ypasuenue (1.7) onpememuTens NpeiCTaBUM B BUAE CyMMBI
YeThIPeX KBA3UAMArOHAILHBIX OlpeneauTenel, a ypasuerue (1.7) npea-
CTABJIAETCSI PABEHCTBOM

a1 por” ot 202 g2
20 o1 agelhao  —qgekhao 292  —2p2f2
4| @ 1 pon? pon® —ay 1
200 g1| | ponPelteo ponPemFheo || 20y gy 18)
" 20 9 Qo —ap —2a 92 .
pigr 2p1 B apelhao —qpehkhao H2g2  —2p2f
+ 2041 g1 ‘010 ‘—040 — Q2 1 :0
pigr 2p1 B ponPekhao pop?e=khao —2as  go '

YKa3aHHBIU [IPUEM IIPU BEIYUCICHUN Onpenemrenen 6 X 6 Oyger Takxke
KCIOJIB30BaH B OCTAJIbHBIX maparpadax. [Jucnepcuonnoe ypasuerue Oy-
IeM UCCJAeNOBATH HA MHUMOU OCH 1) = iT upu Maabix 7 u kh. IIpu Berau-
CIEHUN OMPEAEIUTENeN 2 X 2 MOJe3HO BBECTH (DYHKIUN

n 5T (I)yHKHI/II/I Ipu MaJbIX 7 OIpeaCTaBATCA COOTHOIICHUAMN

2 2(,.2 L 2 . 2 2 . )\ )
Ri — T (’UZPz 5 USz) [ T pl( ? + ll’l) (7/ — 1,2) (110)
Up;Us; pi(Ai + 2p0:)

Ucnoaw3ysa ycaoBue kh < 1, 3amenum
shkhag = kh, chkhag=1. (1.11)

IIpu MambIX T pAgUKAIBL (g, Q] U (2, HE BXOAdmue B paBeHCcTBa (1.9)—
(1.11), moryr 6biTh 3amenenbl 1. Ilocue 5TUX 3aMeH M COKpAILEHUs HA
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2741 po dopmyaa (1.8) mpemcTaBUTCA COOTHOMEHTEM
poT? A2 + 2 P%T4kh AL+ A+ e
M1 A2+ 2u Mipe A1 4201 Ao+ 2u0
A A . 2\
4 2kh 1t A2t p2 poT 1+ 1 _
A+2u0 Ao+ 2p H2 A1+ 20
IIpu maneix kh u 7 BTOpOE caaraemoe B pasercTse (1.12) oxaswiBaercs
MaJIbIM U MOXeT OblTh or6pomeHno. ITocre sroro us ypasmenus (1.12)
CIEeIyeT PABEHCTBO

(1.12)

Mt Aobps
o 2kh 3T M2 3 0em (1.13)

A1+p1 Aatps |’
Po |1 A1+2p1 + 12 A2+2pu2

KOTOpPOE OIpPeAeIsaeT CKOPOCThL MejIeHHor BOMHEL 7. IIpu kh = 0 ckopocTs
Boaubl T = 0, a npu kh < 1 BonHA AIBJAAETCS MEJIEHHOU.

B caydae 0auHAKOBBIX YIPYIHUX HOILYyNPOCTPAHCTB (A = Ap = Ao, pt =
p = p2)

Po A+ 2u

Uccnenys dpopmyast (1.13), mpuxoguMm K BBIBOLY, UTO HAMOOJBIIEE 3HA-
YEHME CKOPOCTH MEUIEHHOW BOJHBI OKA3BIBAETCS B CIydae OAUHAKOBBIX
yupyrux cpeg u gaercs seipaxesuem (1.14).

(1.14)

§2. MEIJEHHAA BOJIHA BJOJIb OBPA3YIOIIEN
MAJIAHAPUHECKOM TOBEPXHOCTH

[IlycTh B OWIMHIPUYECKOU CHCTEME KOOpPAWHAT 1, §, z 3amaHa cpema,
COCTOALIAA U3 YIPYTOro oA 1 r < 71, KUJAKOTO LNUIUHIPUIECKOTO CIOA
0 ry < r < ry ¥ BHEIIHOCTU UWIXHIPA I > To, 3AIOJHEHHOU YIPYLOU
cpegon 2 (puc. 2). Cpena Bo30yXKAAETCS HEKOTOPHIM TOYEYHBIM KCTOY-
HUKOM, PACIIOJOKEHHBEIM B HAYAIE KOOPAMHAT. B BOIHOBOM mose cmere-
HUA HE 3aBUCAT OT KOOPAMHATHL f M HE COAEPKAT COCTABIAIOMIEH BIOIbL
koopauHaThl §. O6pasyomuecs Ha CPAHULAX CMEILEHUS, HAIPAKEHUA U
JaBJICHUE [IPEACTABIAIOTCA PABEHCTBAME [5]

(e’ o+ioco
1 .
Up = o /ke_‘kzdk / [ialHl(l)(xl)Xl + Hl(l)(yl)Yl}ekt" dn,
0 o—100

oo o+ioco
1 . .
Tral = 5o /kz e~k qk / {i2a1H1(1)(:U1)X1 + g1H1(1)(y1)Y1}6kt77 dn,

0 o—1i00
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e’} o+ioco
o 12
Terl = u—l./kze_””dk / [91H51)(€U1) - ﬁ1L1[1(1)(€U1)Pf1
271 kr
o—100 (21)
. 2
+ [ — 28, HY (1) — Eﬂfl)(yﬂ] Yi }ekt" dn;
1 e’} o+ioco
Urg = g/ke_ikzdk / o {Hél)(fﬂo)XJ +Hé2)($0)Xo_}€km dn,
0 o—100 (22)
o) o+1ico
—p= %/k%_i’”dk / n? [Hél)(xo)Xg' + Héz) (:vo)XO_]ekt” dn;
s
0 o—100
1 [e%e) o+1ico
o = 5 / ke~ "= dk / {iazH{” (22) Xy + H? (yz)Yg]ekt" dn,
0 o—100
1 e’} o+ioco
Trao = —/k%"”dk / [i2a2H1(2) (x2) X2 +g2Hf2) (yz)}fgj| ekt dn,
2
0 o—100 (23)
oo o+1ico 9
2 2 _ikz 2 1202 2
Trr2 = %/kze = dk / {{92H(§ (w2) — 7H1( )(332)})@
o—100
. ‘ 2
[ 2 )~ B ] bk,
B KOTOPBIX
x; = —ikra; (i=0,1,2), yi = —ikrB; (i =1,2), (2.4)
a BEIMYVHBL (v; 1 [3; OUpeneasoTcs coorHomenuamu (1.4)
Ha rpanunax r = rqy u r = r BHIIOJIHAIOTCA YCIOBUSA
url(rl) Uro(Tl); Trz1(7”1) =0, Trr1(7”1) = —p(rl),
(2.5)
Urz(rz) = Uro(Tz); Trzz(Tz) =0, Trrz(Tz) = —p(rz )
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r=r,

..,
I
fln

)
)

I'panuunbie ycaosus (2.5) NPUBOAAT K OAHOPOLHOU CHUCTEME yDABHEHUN

ialHl(l)(:C11)X1 + Hl(l)(yll)yl
—iag [H{" (z01) X§ + H? (z01) X5 | =0,
i2a1H1(1)(x11)X1 + g1H(1)(y11)Y1 = 0:

12c
H [ngél)(fﬂl | P—

kry
—p1 [i261H(gl)(y11)+k_r1Hl( )(yn)bﬁ

—pon? [H(l)(a:ol)XO+ +H? (z01) Xy | =0,
iao [H{" (02) Xg +H,” (202) X |
[zazH( )(Cﬂzz)Xz +H1(2)(y22)Y2} =0,
z2a2H (:vzz)Xz + 92H1(2) (y22)Y2 =0,
po? [ (w02) X + H® (w02) Xg ]

— iz [92H(§2) (z22) —

H(l)(.’ljll)} X1

(2.6)

. 2
+p2 [Z2ﬁ2ﬂé2) (y22) + —H1(2) (yzz)} Ys,

k’f‘g

rage

11 = —tkrion, T = —ikraae, yn = —tkrif,
. . . (2.7)
Y22 = —ikr2f2, mo1 = —tkriag, o2 = —tkra0p.
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[ucrepCuoHHOE yPABHEHUE PACCMATPUBAEMOU CPEbI OJLY YaeTCs, €CIIN
oupegeurens cucreMsl (2.6) npupaBHAThL Hyaoo. B nosydensHom gucme-
PCUOHHOM YPABHEHWMU IIOJIE3HO PA3AEJUTH JJEMEHTHI IIEPBOI'0O, BTOPOTO,

1
ISITOTO U MIECTOIO CTOIOIOB ONPEAEINTENs COOTBETCTBEHHO Ha H. 1( ) (x11),
1 2 2 .
H1( )(yu), H1( )(:ng) u H1( )(ygz). Ilocre »Tux omepanui mECHIEPCUOHHOE
YPABHEHUE BBIPA3UTCA PABEHCTBOM

A10132 + A102Bl + AgCng + A2C4B1 = 0, (28)

B koropom Aj, As, By, Bs, C1, Cy, C3, Cy ABIAIOTCA OLPEIETUTEIIMA
BTOPOT'0 MOPSAIKA. BEIMuUCAsAA 5TU onpenenuTenn, IpuaeM K PaBeHCTBAM

2 2
A = —iOélTT; B, = —iazTT;
S1 Ugo
S HW (1 HWY 12042
Ay = —m {9%7?1)( 1) — 4o B ?1)(%1) o 12 } (2.9)
H, "V (x11) H)" (y11) "vs:
L H? (10, H? (15 i2am?
By = p2 [95# — 4z B2 ?2)(?!22) % 22 ]5
H ™ (w22) H ™ (y22) T2Ug2
Cy = ioopor® {H(()l)(ﬂlm)Hl(z) (wo2) — H(()Z) ($01)H1(1)(3302)},
Co = pon’ [H(gl)(3301)Hé2) (To2) — H(gz) (3301)H(§1)(3302)};
(2.10)

Cs = —aj |:H1(1)($01)H1(2) (02) — H{” ($01)Hfl)(3302)}7

Cy = iagpon” {Hfl)(%l)Hém (02) — HY ($01)H51)($02)]

[ManpHeninue npeobpa3oBaHusI AUCIEPCUOHHOIO yPABHEHU Oy 1M [IPO-
BOJUTD, IPEAIIONAras MAJIYI0 KPUBA3HY I'DaHMUIL

kry > 1, kro>1 (2.11)
n TOHKyIO TOJIH.H/IHy CJIOSA

k(?"z — 7”1) =kh < 1. (212)
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[Ipeanonoxenue (2.11) H03BOILET UCHOAB3OBATH ACUMITOTUKY (DYHKIUI
Xankess

(p+k+0.5)
K T(p—k+05)

(p=0,1). (2.13)

2
1.2 +(2—0.5p7—0.257
Hz() )(2) = 1/ — e P ) g

(DI
Tz
k=0

W3 acumnroruyaeckux gopmya (2.13) u pasercts (2.7) cregyor npubau-
JKEHHBIE COOTHOIICHUA

<z>:ﬂ(wi) Hé”(xu)_l( 1 )
H1(172)(Z) 2z )’ H1(1)(l'11) 2kriay )’

Hy ' (yn1) z<1+ ! ) Héz)(ng)_ z(l— 1 ) 2.14)
Hl(l)(yn) 2kr181 )’ H1(2)(x22) 2kraas )7
HY (y22) _ i<l_#>

H (y2) 2krafy )

B pesyabrare ¢ yueToM MaibIX T IPUXOIUM K BEIpaKeHUsM s Ay u By

i2p17‘2 M1
ST g+ ),
AL+ 2u ( LT kry

i2p2T2 125
By=—"2 (X, 4+pu— 2.
2 )\1 + 2,112 ( 2 H2 k’l‘g

IIpu npeobpasoBanuu Gopmya (2.10) nuas xkoapduumentos C1, Ca,Cs
u Cj uCnoab3yeM IepBble WIeHbl PAnoB Toumiopa u onpenenreau SIkobu
s pyHKIuy XaHKeIs

Ay =
(2.15)

. 14
HO () () = HP () Hy (2) = (2.16)
/ . 2)/ 14 '
HM (2)H P (2) — HV (2)HY (2) = —
U 1IoJay4IuM (POPMYJIbL
- i4207'27 Cy - _i4pgr4h7
TRT? Ty
4 Zh .4 2 (217)
1dag 14poT
03 = — = —
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ITocae mogcranoBku B (2.8) popmya (2.9), (2.10) u (2.17) u coxpainenus
Ha i8p1po7t/(7k) m mocae OTOpPACHLIBAHUA BTOPOrO “LIEHA MPUXOAEM K
paBeHCTBY

por’o1[Ae + pi2 — pio/(kr2)] | por?eaMi + p + pu/(kr1)]
+
pa (A2 + 2p2)72 pr2(Ar + 2p1)r
_ 2khag[M + g+ [ (kro)][Ae + p — po/ (k)]
(A1 + 2p1) (A2 + 2p2)r1

(2.18)
=0.

B nonyuennom coornomennu, cortacHo npeanoaokenuwsm (2.11) u (2.12),
BEJIMYMHEL I'] ¥ T’y OJHOI'O HOPALKA ¥ HA OTHU BEIMYMHEBL, CTOAIINE B 3HA-
MEHATEJAX, MOXKHO COKPATUTh. BCiencTBre MATOCTH T ONOXKUAM B DABEH-
crBe (2.18) ap = a1 = ay = 1. Ilocre »>TUX Onepanuil MOIyIUM BHIPAKE-
HUS

2khpy (A1+H1+L)H2 (A2+H2—£)
5 (kr1) (kr2)
2= s cormees e roemmeze s IS
po(A1 +2,u1)()\2+2u2)[ )\1+2H(1k”) + )\T,FZN(;TZ) ]

U KBAIPATA CKOPOCTH MEIJEHHOU BOJIHEBL. B CIydae 0 MHAKOBEIX yIpy-
rux cpeg (A = A\ = Ao, 4 = 1 = f2) ¥ OPU OPEAIONOKEHUU, UTO
KBAAPAT KPUBU3HBL MHOI'O MEHbIIE equHuusl, hopmy.aa (2.19) nepexogur
B (1.14). Ecim oba paguyca ycTpeMuThb K 00, TO BMecTo (2.19) momy-
qum (1.13).

§3. MEIJEHHAA BOJIHA B/JOJIb HAIIPABJAIOIIER
MAJIAHAPUHECKOM TOBEPXHOCTH

[Iycre B cpene, 3agadHOn B §2, MENCTBYET UCTOYHUK, PACIIOIOKEHHBIN
B HadJaJie KOOPAMHAT. B BOJHOBOM MOJIE CMEIIEHUS HE 3aBUCAT OT KOOPIU-
HATHL 2 U HE COAEPKAT COCTABIAIOLIECH BI0JIb DTOU KOOPAUHATHL (puc. 3).
O6pasyomuecs Ha FPAHUIAX CMENICHUA, HAIPSKEHNE U JTaBICHUE MPej-
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CTABJSIIOTCS PaBEHCTBAME [J]

o+ioco

TR ) ,
Ur1 = % Z C_lma / [%1H,g%) (.’,L'l)Xl + MH,S%)(yl)Yl}ektn dn,
m=-00 o—100
o+ioco
BN w’ ! g
Tro1 = 5 dooe 2 M sy Hyy? (1) — oo Hyy (1) | X3
m= o—100
~ 2 g ’
+ [&H,Si)(yl) - %H,(nl) (yl)]Yl}ekt” dn, (3.1)
k2 > —imé i n (1) 2,Uz1%1 (1)/
Trrl = %mz e / OLHy, (1) — ———Hy) (1) | X
= o—1i0c0
’ 1
+ 2//'1M|:51H7%) (y1) — HH,(,%)(yﬂ}Yl}ekt" dn;
k o o+ioco
Uro = 5 Z e~ iml / ) [H,(,p/(aro)Xg' + H,gf)/(aro)XO_}ekt" dn,
g m=-o0 o—100 (32)
o+ioco
Kp0 = _ims : 27 ¢7(1) + (2) 1 _ktn
P=5 - Z e n’ [H (w0) X + HyY (20) Xy | € dn;
= o—100
k o o+ioco
Ur2 = o Z e~ imY / (52 HD (w2) Xo + MHP (y2)Ya] " dn,
m=-00 o—100
k2 o - o+ico . 1 )
Tro2 = 5 m_z e / {2M2M [%zH,(n) (22) — EHT(n)(Cﬂz)] X
- o—100
~ 2 g ’
+ [02H£3) (y2) — %Hﬁf) (y2)} yg}ektﬂ dn, (3.3)
k2 0o o+1i00 5
—im ~ . Qe 9/
ma=ge e [ {[Bae) Y e
=T o—1i0c0

/ 1
+ 2ua M |:82HT(73) (y2) _ HH;'%) (y2):| Y2}ektn dn:
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B KOTOPBIX

z; = —ikrn/vp;, Yy = —ikrn/vs:, o = —ikrn/vpy, M = 0
= k_; = —ZT}/UPi, € = % = _”]/USi; o = —ZU/UPO,
0; = 2u:M? + pi® (i =1,2).
(3.4)
I=r, /
D))
Puc. 3.
Ha rpanunax r = rqy u r = ra BHIIOIHAIOTCS YCIOBUSA
url(Tl) = Uro(Tl), Tr61(T1) =0, Trr1(7“1) = —p(Tl), (3 5)
ur2(T2) = Uro(T2), Tr62(T2) =0, Trr2(7“2) = —p(T2), '

I'panuunbie ycaosus (3.5) NPUBOAAT K OAHOPOLHOU CUCTEME yDABHEHUN

%1Hr(nl)l (w11) X1 + MHY (yi)¥1

—%OHT(n%)/(ZL“Ol)XS_ - %OHT'%)/(ZL“(H)XO_ = 0,

' 1
21 M,y [%1H,(ﬁ) (x11) — FH&I)(IM)}Xl
1

2p1e
k

- [g1H7(711)(yl1) - T1

Hr(nl)/(yu)}yl =0,
~ 21 ¢ ’
[01H,(nl)(:n11)—l;+11[{,(nl) (5611):|X1

, 1
+2p1 My [81Hr(;p (y11) Hﬁ)(yn)}yl

"k,
—pon* H{Y (wo1) Xg — por HY ($01)Xo_} =0, (3.6)

%ZHg)l(wzz)Xz + M,H? (y22)Y5

(
—%OHT%)/(ZL“OQ)XS_ — %OH 2>/(£L“02)X0_ = 0,

m
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2p9 M, Xo

, 1
sy HY (222) — k_mH’(’f)(mm)

~ . 2/19€¢ Y
- [92H7(,f)(yzz) - %Hﬁ) (yzz)}Yz =0,
26

[§2H§f)($22)— -
2

HT(Tf)/ (3322)} X2

kT’Q
—pon? H{Y (w02) X — por? H (z02) Xg =0,

, 1
+2p2 M> [82Hr(nz) (y22)——H1(73)(l/22)}Y2

rie
r11 = —ikrin/vp, T2 = —ikran/vpz, Yy = —ikrin/vsi,
Yoo = —ikron/vse, ®o1 = —ikri/vpo,  Toz = —ikry/vpo, (3.7
My =m/(kry), Ms = m/(krs).

[ucrepCuoHHOE yPABHEHUE PACCMATPUBAEMOU CPEbI MOJLY YA€ TCs, €CIIN
oupegerurens cucrembl (3.6) mpupaBHATH Hyao. B nomydeHHoMm ypas-
HEHUM TOJIE3HO DPAa3AeIUTh DJIEMEHTHI IePBOr0, BTOPOro, IAATOrO U IIle-

(1)

1

CTOrO CTOMOLOB OIPENEIATENS COOTBETCTBEHHO HA, H,(n)(a:u), Hy' (y11),
2 2 ,
H1( )(1’22) u H1( )(ygz). ITocne >TUX onepamuil JUCIEPCUOHHOE yPABHEHME
BBIPA3UTCs, Kak U B §2, coornomenueM (2.8), B koropom Aj, Az, By, Bs,
Ci, Cy, C3, Cy ABIAIOTCA ONPENEIUTENAMA BTOPOrO MOpsaaka. IIpu BoI-
YUCIEHUN DTUX ONPENeJUTENIeN BOCIOAb3YEeMCSA aCUMITOTUKON (HYHKIIIN
XaHkemnsa

2 - - m
HI (2) = iiL exp [\/ m?2 — z2 — marcth —
/m2 — 22 z
) (3.8)
X144 — - ,
( 8vm? — 22 >
COpaBeIUBOY Ipy ycaoBusax m > 1 u m > z. Jlorapudmudeckas npous-
BogHas (PpyHKIMA XaHKe/s IPeICTABIIeTCsS PABEHCTBOM
H12)'(2) m? — 22 z

HOD(z) T 2 2mE_)

(3.9)

s malbHEUMuX OpeoOpa3sOBAHUN MUCICPCHOHHOI'O yPABHEHUA BBE-
zeM, Kak u B pabore [6], Beruauny

F=1/M, (3.10)
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KOTOpas 0603HAYAET CKOPOCTh PACIPOCTPAHEHUA BIOIb KPUBOJIMHETHON
nosepxuoctu. B coorsercrsuu ¢ (3.10) obpasyem pyHKUIMN

_ 2 2 7
@ =y[l—— Bi=y/l——5, §i=2-—,
Up1 Us1 Us1
(3.11)

T2

0; = piM*g; (i=1,2),80=/1— —.
UPo
W3 pasencrs (3.10), (3.11) caexyroT hopMyJst

=2

H) (x - T
TS A S
Hpy/ (z11) 2vp kriag
H(Z)/ _ ~2
P TZ) (x22) — 1\4'2a2 + %7
Hy (x22) 2upykraas
Hr(nl)l - =2
€1 (1) (yll) _ _Mlﬂl + ﬁ,
Hy' (y11) 2vg, kri By (3.12)
. HY (y22) My 7
2—7 = M2po + ————=,
H (y22) 202, kra 53
H,(,P’ x - T2
) ) _ Moo + 55—,
Hpy/ (zo1) 2upkriag
H(Z)/ _ ~2
s 002) iy
Hy, (3302) 2,UPOkT'ZCVO

Ilocae BEIMMCICHUA OHMpEIEeIUTeIel BTOPOro MOPALKA U UCIOIb30BAHUA
dopmy (3.12) npugeM K BBIPAXKEHUIM

~) o~ 2/11 ~ p17ﬂ:4
A =M} 2 1-— — =5 =5 |
! ! |:p1T oLt k’l‘lMl( alﬁl) 2k’l‘1’l}12:,1M104%
=272 [ @ B a+h
Azzu%M{l{R1+ < — I 1261”,
kri M, v%, 8 Up Qi UFN (3.13)
By = M3 | poPay - 2 (1~ By - LT |
! 2 P2 2 kT'QMQ 272 2kT2U%,2M2&§ ’

2 292 ~2 2
Vg9 62 Upy 3 Us2

2772 ( Qs By &2—0—52)}

B = HéMé |:E2 B kro Mo 2 B
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B KoTopeix R; = g7 — 4&; ;. [lna uccae1oBaHus CKOPOCTU Me[IeHHON
BOJIHBL HEOOXOAUMO BbIpa3uTh QpyHxumu (3.13) npu Maibx T, COXPAHUB B
STUX (PYHKIUAX <ICHH, IPOIOPIHOHAILHEIE T2. B pesyIpTaTe mOLyTmM

. 1 A
A1:M1p17'2[1 1+3M1],

+
k’l‘lMl )\1 + 2/1,1
A -
1+ 14 1
Al +2u1 L k’l"lMl_
1 )\2 +3[,L2
By = —Mspo7? |1 — ,
! 22 |: kT'QMQ AQ + 2#2
9 A2 + U2 -1 B 1
Ao+ 2uo L kT2M2_ ’

A2 = —2/1,1pr17'2

(3.14)

32 = —2/1/2M§p27'

Onpegenurenu C1,Cy,Cs u Cy BEMUCIAIOTCA, KAK U B §2, C UCIIOAB30-
BaHUEM IEPBBIX WIEHOB pAnoB Tamnopa u onpexerurenen fIkobu (2.16)

. 2 42 4
14poT 14psTkh
C, = p_o) Oy = — P07 BR
71']{}7'2 71']{}7'2
oy ) 5 (3.15)
i4M35kh i4poT
C'3 = 4 = — )
wkra wkry

Iocre mogcranosku dpopmya (3.14) u (3.15) B paBercTeo (2.8) or6pocum
BTOPOM 4IeH KaK MAIy0 BEINYNHY U COKDATUM YDABHEHUE Ha MHOXKUTEIb

i8T4p1p2M1M2/71'.

B moaytennom paBeHcTBe

poTZHZMZ |:1 1 /\1+3,U1:| /\2+,U2 |:1_ 1 :|
k’l‘g leMl )\1 + 2,111 )\2 + 2,112 szMg

2
poT~ 1 My 1 X+ 3/12} AL+ 1 [ }
+ 1-— + 3.16
k’l‘l [ kT2M2 )\2 + 2,112 )\1 + 2,LL1 leMl ( )
_2[1,1/1,2M1M23kh/ )\1 +H1 |: 1 :| )\2+[,L2 |: _ 1 :| -0
krs AL+ 201 kriMip| A + 210 kro Mo o

sesuauasl My [(kry), M/ (krs) m My /(kr1) npu Gonbluux pajgmycax Mo-
r'yT OBITH PACCMOTPEHBI KAK DKBIUBAICHTHEIE U HA HUX MOXKHO COKPATHUTD.
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ITocse aroro u3 pasercTBa (3.16) cregyoT COOTHOLIECHUSA

_,  2khG.
T = ,
poH>
AL+ 1 WL ( 1 )

Go=pm— (14 : 1— M,

2= AL+ 2u ( kT1M1>uZ Ao+ 2uo kro Mo

(3.17)

H, — /\1+M1 (1+ 1 )(1_ 1 /\2‘|‘3,U2)

2= )\1 + 2/11 leMl kT2M2 )\2 + 2,11,2

+u A2 + 12 (1_ 1 ><1+ 1 )\1+3/1,1)
2A2+2/I/2 k’l"zMQ k’l"lMl A1+2ll/1 ’

OLpeeIAIIIe CKOPOCTh T MELJICHHOU BoHbL. Ecau B paBencrsax (3.17)
HepelTy K IMIOCKUM TPAHMIAM U HOJOXKHUTb I'y = 00, s = 00, M =1
um = oo, to npugeMm kK dopmyae (1.13). Ecau B coornomenun (3.17)
yiaects M = m/(kr) u npere6peds KBaIpaTOM KPUBU3HBL [I0 CPABHEHUIO
¢ eguHULEN, TO cooTHOmenus (3.17) mepengyT B paBEHCTBO

2,&1/1/2 /\1 + M1 /\2 + M2 mh

22 _ po A1 +2u A2+ 2My 1

Artpn 1 Mo __Aotps 1 My
ul A1+2M1 (1 m )\2+2M2) + uz Ao+2Mo (1 + m )\1+2M1>

, (3.18)

U3 KOTOPOT'0 BUAHO, 9TO KBAAPAT CKOPOCTH MPOMOPIUOHAIEH IaCTOTE M
U OTHOIIEHUIO TOJIIMHBLL CJI0A h K cpemHeMy paauycy. Ecaum npegnomo-
KUTb, YTO APAMETPHL Y 00EUX YIPYTUX Cpen OAUHAKOBEIE (A = A\ = Ao,
W = p1 = p2), TO paBeHCTBa (3.18) 3aMEHATCA COOTHOIIEHUEM

;2_ﬁ Atp _h
o A+2u

(3.19)

7 KBaIPAaT CKOPOCTH MPOIOPIIMOHAJIEH OTHOIIEHUIO TOMIIWHLI K PAJIYyCy.

§4. MEIJIEHHAA BOJHA B CPEPUYECKOM KUIKOM CJIOE

[Iycts B cepuyueckon cucreme KOOpAMHAT T, 6, ¢ 3amaHa cpema, co-
crofmasa U3 ynpyroro mapa 1 r < rj, XHEAKOro cpeprIeckoro ciosa 2
ry < r < T2 U BHEMIHOCTH IIapa r > Iy, 3AI0JIHEHHOU YIPYLOU Cpenou 2
(puc. 4). Cpega Bo30yXK JAETCA HEKOTOPBIM TOYEUHBIM UCTOIYHUKOM, PAC-
[IOJIOXKEHHBIM B LIEHTPE Iapa. B BOJIHOBOM MOJE CMEIIEHUs HE 3ABUCAT
OT KOODAMHATHL (¢ U HE COAEPKAT COCTABIIONIEN BAOIb KOOP IUHATEL (.
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O6pasyromuecs Ha IPAHUIAX CMELIEHNA, HAIPAXKEHUA U JaBICHNE IPej-
CTABJIATCA PABEHCTBAMHU [5]

o+ioco

ko 1 1 1)’
unz%mzz:ox/NPm(cosG) / W{[—QH,E)(%)*‘MH,(,)(wl)}Xl

o—100
+ MHz()l)/ (y1)Y1 }e’”” dn,

o+ico

= 1 1y 3M
Tro1 = 27” Z P! (cos#) / 7{”1 [QM;{IH; (1) — WHl() >(x1)]X1
~ 2ue /
+ |:91HI(,1)(?J1) - %HE) (yl)}lﬁ}et’“" dn, (4.1)
0 o+ioco 1 _ 4
— — g, gWv P17 gy
Trrl 27” Z VN P, (cosb) / \/7_"{ _91Hp (1) — . —H," (z )] Xi
, M T
+ {2M61H£1) (1) — %Hél)(yl) 1”1}6““" dn;
o+ico 1 __
Uy VN P, (cosd / — L s HWY (o) — QHY (z0) | X
. 27”2 L. R
+ [%oH,§2) (o) — QHY (wo)}X_}ekt" dn),
k a+zoo
2”: Z\/—P (cos 6) / e [H(l)(:co)X++H( )z )Xo—}e’“ﬂ d;
i
00 o+ioco
Upy = i > VN P, (cosb) / i{ { — QH (2,) + %2H,()2)/(332)}X2
2mi A~ o NG
+ MH152)'(yz)1”z}e’“t" dn,
o+4ico M
:—ZP’ cosf) / \/—{uz[QM%zH()(CUz)—k—H()( )}Xz

2
# [t ) B2 ()| 12 et (19
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o+ico
2 = 1 ~ Aposts oy
_ N = (2) () — 2F27%2 (1(2)
Trr2 —2m.n;)\/NPm(cos0) / \/77{ 0:H,” (22) T Hy7 (22) | X
- o—100
/ 3M
+ o |2Mes HY (y2) — =—H( (yo) | Yo et d,
P kr P
B KOTOPBIX

%z':—m, Eiz—ﬂ; %0:_ﬂ7

vp; Usi Upo

ikr ikr ikr
Ii:——n, yi:_—n, 0= — n: (44)

vp; Usi Upo
- 1
0: = 2 M2 + p?, M =1 - (i=1,2

i 223 + pin”, Tr’ okr (Z ) )
o\
= @ =
r=r;
Puc. 4

Ha I'PDaHALAX " = 71 U T = Ty BBIIOJHAIOTCA yC/IOBUSIL

ur1(r1) = uro(r1), Tro1(r1) =0, Trpi(r1) = —p(ri),

Urz(rz) = Uro(rz); Tr02(r2) =0, Trrz(Tz) = —p(rz); (4.5)

I'panuvnsie ycaosus (4.5) NpuBOAAT, Kak U B IPEALIAYIIEM maparpade,
K OJHOPOTHOU cucTeMme ypaBHeHun. OupeneqnTens dTOU CUCTEMBI ABJIA-
eTCs JIEBOU YaCThIO AMCIEPCUOHHOIO ypaBHEeHMs. B aTom ompegennrene
[TOJIE3HO JIEMEHTHI [IEPBOr0, BTOPOr'0, IATOrO U IMIECTOr'O CTOJOIOB Pa3-
IEIUTH COOTBETCTBEHHO HA

Hg()l)(xl)a Hg()l)(yl)a Hggl)(l'?): Hg()l)(y2)

U IPEJCTABUTH AUCIEPCUOHHOE ypaBHeHue coorHomenueM (2.8). IIpu Bbi-
qucaeHun onpegeaureten 2 X 2 Ay, As, By u By nCnoab3yercsa acuMIITO-
Tuka QyHxinun XaHkemnd. JuHenHas CKOpOCTh PACIPOCTPAHEHUI MeIJIeH-
HOU BOJHBL T HIpeacTasmaeTca dopmyaon (3.10), u uepes 5Ty BermduHy
BbIpaxkarorcsa coorHomenus (3.11).
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[Toce BLIMUCICHNA ONPENeIUTENA BTOPOrO HOPAIKA U UCIOIb30BAHUA
dopmyu (3.12) mpugeMm Kk paBeHCTBAM

pT? 201 (1 — @1 B1) mT ]

A = M} pi7a - —
! ! |:p1T ot 2M1k7"1 kT’lMl 2kT'1M1’U123104%

AZZN%M{L|:E1— 272 (621+51_ a, By )_251(1_52151)}7

le M1 ’U%l U?‘Sl/g% - UI231 &% k’l‘l M1
72 2412(1 — @afa) paT
By = M3| — po7 % P21 - __
! 2 |: paT Q2 + 2M2k’l°2 k’l"zMQ 2]67'2M2’U1232Oé§ ’
(4.7)
~ 297 (s + B Qs Bs 265(1 — @af2)
By :'ungl [R2_ ( 2 T 9 22 2 a2 ) )
kro Mo Vg, 03,05 Vpa(3 kro M,

B Bripaxenusnx (4.7) caegyer COXpaHUTH TOIBKO WIEHBL, IPOLIOPLIUOHAL-
mele 72, B pesyabTare momyamm

1
A1 :M1p1T2 |:1+ 3>\1+8/l1 :|,

k’l"lMl 2(A1 + 2/1/1)

/j,lepsz [ 3\ + 5,u,1:|
Ay = BT Hoon, gy + 222220
2 o |+ = 18)
1 3)\2 +8/l,2 '
By = —M>ps7 |1 — :
! 2027 |: k’l"zMQ 2(A2 + 2/1/2):|
po M3 pat? [ 3\ + 5;12}
By = —H22P2T No(\ 4py) - 222002
2 /\1 + 2#2 ( ! ,U«1) kT'QMZ

Omnpegemureau Cip, Cy, C3 u Cy Takxke OpenCcTABIAIOTCA (HOPMyIaMu
(3.15). Iocre moxcranoeku opmya (4.8) u (3.18) B (2.8), orbpacsiBa-
HUsl BTOPOT'O “WIEHA ¥ COKDAIIEHUs YPABHEHUS HA

i8p1p2T4M1 M;/(Wkrz) (49)
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npunaeM K COOTHOIICHUAM

_, 2khG,
T = —7 >
poHy
1
Gy = A —2kr M
4 )\1+21<1+H1+ 3\ + 5 r1 1)
3o + LYID
x —2 (X + e M, 4.10
A2 + 2/1,2 ( 2= 2krs Mo > ( )
3)\1 + 5/11 1 3\ + 82
H, = AL+ + 1-—
/\1 -|— 2#1 2kT'1M1 2kT2M2 /\2 + 2#2
32 + LY 1 3\ + 81
A — 1 .
Az + 2/12 ( 2+ H2 2]477"2M2 > < + 2kT'1M1 Al + 2/1/1

Ecau B pasencrse (4.10), kak u B §3, mepenTH K INIOCKAM CPAHULAM, TO
npugeMm K opmyaam (1.13). Ecau yupyrue cpeger 1 u 2 umeroT oxuHa-
KOBBIE HapaMeTpsl (A = Ay = Ao, pt = {41 = f42), YI€CTh B COOTHOLICHUN
(4.10) M = m/(kr) u npereGpeyb KBAAPATOM KPUBU3HBI [I0 CPABHEHUIO
€ eAVHULEN, TO HPUIEM K DABEHCTBY

o _ M At+p mh
=

P (4.11)

KOTOpOe orimdaercs ot (popmydst (3.19) rem, uro B (4.11) 7 — cdepude-
CKum paguyc, a B (3.19) — uuiuHgpUYECKUN PAjUyC.
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Molotkov L. A. About the slow waves in curvilinear fluid layers.

The slow wave can propagate in thin fluid layers surrounded by elastic
media. This wave possesses dispersion and its velocity is equal to zero for
null frequency. In order to investigate this wave, we consider several fluid
layers between elastic media: (1) a plane layer, (2) cylindrical layer along
element of cylinder, (3) cylindrical layer along directrix, and (4) spherical
layer. In all cases we derive the expressions of velocities of the slow waves
and compare these expressions. The slow waves carry big energy and are
of great interest for investigation of waves propagating between holes.
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