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G.R. Gulgazaryan
About the existence of the waves of Raylelghs type in semiinfinite closed ircular cylindrical shells

B pafoTe HCCASAYETCH BOOPOC DACHPOCTPARCHIN HAOCKIX BOAN Tima PaAes, HaTyXaioups or
cpofoanoro Topna no.i\}‘ﬁecl:one\moﬁ JAMEHYTOR HeXpyToBRofl MUAREApRYeckoll oBoAOYEID BADAL

ee afpasyloupx, Mco ME OPOBOAWTCH AAR TOHKON YUPYTOI MaoTponnod
oboAox OpE  WAANMEH  HOrHGHON  RecTROCTHL B 4ACTHOETH,  MCCABAYETCH  cAyMAl
OPCHMYLECTICHRD FRrHOHED KoAGANI I LPEmMYLICCTRENRO Tans ABHIX K i

Bompockl pacnpocTpaHeHHs NAOCKOH BOAHE! THNA Paaest, saTyxawlieil or
cROGOAHOTO TOPLA MOAYSECKOHEeUHOH 3aMKHYTOH OHAMHADHYECKOH oGOAOYKH,
AAl GeaMOMEHTHOH 3apauH paccMoTpeHbl B paborax  [1][2]. Anaaoruanas
3apaTa  AAM EpYyronolt noAyGecKoHeuHoH IHAMHAPHYeCKOH ob0AOUKH C©
YHETOM HAarHOHON MEeCTKocTH paccMoTpena B pabore |[3]. Hacrosmas paGota
ABASETCA AOTHUEBCKHM MPOACAKEHHEM paboThl [2] AAS MOMEHTHOH 3apauH.

MpeaioaaraeTcs, 9T0 PAAHYC KPHBH3HBI HANpaBAflolled KpHBOH HMeer
BHA,

R(B)=R,(1+ecos(2nf /5)), O<e<l, 0<B<s
rae Ry = const, - AAMHAa nepeMeHHOH AYTH HanpaBAsiomleH KPHBO
CPeAHHHOH NOBEPXHOCTH, 5- MOAHAA AAMHA. [TpHBEAEH YHCAGHHEIH aHAAHI,
MOKA3LIBAIOIIHE 3ABHCHMOCTE (PA30BOH CKOPOCTH OT € H OT BOAHOBOTO YHCAA
m.

1.06muii  caygaid. B Kauecrse HCXOAHBIX YPABHEHHH BO3bMeM
YPaBHEHHS, KOTODHIE COOTBETCTBYIOT TEXHHYECKOH TEOPHH IHMAHHADHYECKHX
oGoarouer [4],15] :
= &w  dw  20A ow I a'w o a'w 2\ ow

=0 e T 1—can T T i 1o B
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1
W TRAARW — M“R’waf(l—c) +7LAw+2(l+U) w-O(I 1)

d*'w
8’ 1-o

3aece U, u, 1, = Rw —npoexn,ux cmernenus, o,f —op'r‘oroumr-lhm
KOOpPAMHATEL TOYKH CpeAMHHOH momepxuoctn, R ' = R™ (B) —xpusuana
HANPaBAAIOIIEH KPHBOH,

J\.=(l—c"‘)u>1p/E (1.2)

TA€ P —YAGABHAs MAOTHOCTE MaTepHaAd oGOACUKH, [ —MOAyAs IOHTa, G —

kosthpunuent  Tlyaccona, ® —JacToTa, pt = A2 N12 (h —torumaa
o6GoroukH), A —oneparop Aanaaca, oneparop I umeer BHA
I=AA+(3-0)l-0)"AA+2(1-c)')? (1.3)

FpaHHuHbIE YCAOBHS npm-mma.ro'r BHA

&u, (a%f, u, ) &, ( i, H,]
+ + =0, —Lyo|=>-B| _
5 o ] 6{31 aﬁ( | a=0

2052 Ayl SR R g
o, 6::2 _,[I 031:3 1 8 H_-}
3 o T\ Rasp Raa( )
u, (o, B) = u (a, [3+s) i=13 (1.4)
OH
e U)aaaﬁ +(2- G)maﬁt_ﬁ)l“ﬂ 0, Z[u L:o

ﬂepucwﬂ:ecxoe petIenHe chereMel (1.1) mu,e\l B BHAS

= exp(xot)(i u, cosP B), u, = exp{xa)z:v sin P.f3
m=0 ( [5)
w =exp(yo)(w, /2 + Z w,, cos P, )

rae P = 2mum / 5. Moacrasum (1.5) B (1.1). M3 nepsrix ABYX ypasHeHH#H (1.1)
TOAYHHM -
=AW, v =B w . m=04m
4, =x(ox’ + P2 +2hs/(1-c))/ec,,
—P.(2-o)*-Pl2h/(1-c))/c, (L6)

¢ = = P2)’ +(B-0)1-0)"A(’ - P +2(1-0) X2
Mpum=0 B (1.6) W, 3aMeHFeTcd Ha W, [ 2. W3 Tpersero YPaBHEeHH:
(1.1), yuureipas, uro w_, = Wy, HOAYMHM DeCKOHEUYHYIO CHCTeMY YpaBHeHHi
(05a5” +&°52)w, +ebw, +e2Pw, =0

e’aPw,, +eaPw, | +(@® +&*(af

(23

+5)w, +ebPw . —  ap

+e2b®w_ =0, m=1+o
rae
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ay’ =0.25¢,((x* - Poy) 1' = A)al =0.5¢, (((* - P2,)? +
ol =T =)
a =c,((0° - Pt -M)+ (-0 )y /R + (1.8)
FA = PORS +2(1+0 ) M RE + 202 (1 -0)R2)
by =0.5¢, (((0° — P )?+(x* - Pa ) )u' —24)
BP = 025, ¢, (> =P = ), m=0rw
Hrober cucreMa (1.7) MMeAa HETPHBHAARHOE pelmeHHe, HeoDXOAHMO W

AOCTATOYHO, 4TODBI  ee DECKOHEUHBIH ONPEAEAHTEAL (OH  ABANErcs
ONMPEABAHTEAEM THIIA XHAAA) DARHAACH HYAID

D(x?e)=0 (1.9)
YpaeHeHHe (1.9) YCTAHABAHBAET (PYHEIHOHAABHYIO 3aBHCHMOCTE:
%= %(Ry, A, 0,m, L,€). B aBHON (hopMe 3Ty 3aBHCHMOCTE MOMKHO YCIAHOBHTE
caepyionmum obpasoM. Boasmem D w3z (1.9) npu KomeurnoM N H NpHpaBHAeM
K YA

2
D, ..x*e=0 (1.10)
Hawipem ¥, —pemienne aareGpauueckoro ypasHedus (1.10). Tounoe pelrenne
MOAYHHTCH H3 ), MPH Il —> 400, 3aMeTHM, UTO HpH N 2 2  ONpeseAHTeAln
Dn_,_l(xz,a) MOMHO TIPEACTABUTE B BHAE
= 1) 27 (2) 7! 2 (gl 4

D, =(a;” +e*(@;? +5,”)D, —e’aPb"\D, , +0@E*) (L1

CrpaBepAMBEL CACAYIOIIHE YTBEPXACHHA:

1) Tlpw ¢ukcuporanmoM |1, R, G cymecrsyer m = m, M
0<k, <O.S(I—0)P,i, YTO OpH BCeX M M A, YAOBAGTROPAIOMHX
HepaBeHCTBaM

m2=m, 0<i<iom?/m] (1.12)
ypabHene @y’ =0 HMeer ueTBIpe Y -KOPHA €  OTPHIATCABHHIMH

ABHCTBHTEABHEIMH TaCTHMH,
2) Tlpx AOCTATOYHO MAAOM 3HAYEHHH € M NPH  YCAOBHAX (1.12)

ypasuerHe (1.9) uMeer gersipe xz—d)op:-mzu,ume PemeHHst BrHAa
() = ™) + ale? +pMely | j=14 (1.13)

A€ 15"‘}. (j = 14)-xopuu ypasienus a' =0 ¢  orpumATeABHBIMHK
ACHCTOUTEABHEIMH 9acTAMY, a
aiﬂ) = (afﬂ) bﬁ’a“’_’, +a‘°’la‘”bm, _arun a(n)

m+l m m " m Y me 41 =]

a(z] +b(‘2]))[,r

(0) (0) (0}
Wapsassas e (1.14)
=25
3AECh ai,”} — [IPOHABOAHEIE aff’ o xz_
lMepBoe YTBEPKAGHHE AOKA3ILIBACTCH, HCXOAN H3 KpuTepua [ypeuoa.
Bropoe yTnepxaAeHHE AOKASEIBASTCS AHAAOIHUHEIM METOAOM, KAk B 12],
Henoasays (1.11).
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Myers (W, w2, wi ), (j=14) aBATioTCH  HETPUBHAABHBIMH

pelneHuaMy cHereMst (1.7) npu ¥ = %y U= 1-,2). KOTOpPEIE ONPEASAHIOTCA Ha

{1.13) H HMEIOT OTPHUATEARHEIE AEHCTBHTEALHEIE YACTH,
Pemende aapaqu (1.1), (1.4) npeacraBuM B BHAS

“ a4
= Duut T =1 2o =D WD {1.15)
=l =1

e (@2, 4 W), j=14-pemennsn wupa (1.5) cucremm (1.1) npw

w=%, U= ﬁ) COOTBETCTBEHHO. B AGARHEHIIEM OrpaHUIHMCH CABAYIOITHM
NpHOAHIKEHHEM!
R'(B)= R;'(1+05e* —scos(2nP / 5) + 05e* cos(4np / 5)) (1.16)

KOTOpOE He YMeHbImAeT oGLHOCTH ODOCHOBAHHA AAARHEHIINX pPesyARTATOB.
[Moacrapasa (1.15) B (1.4), TPHAEM K cHCTeMe YpPaBHeHHH

a 4 4

{00, 00 (105,000 — (03 G (0),, (1) (1350 —
ZRM W'+ Rifw =0, zRﬁJ wg'' =0, ERJ_J wo' + Riw” =0
P 7=

ZZR“"W“’ 0, ZR‘”"W‘” 0 (1.17)

J=1 b=m-2
4. m+2 mr2
R B0, Z D REWD =0, m=1+40
JEl k=2 J=1 k=m=2

rae
RO =0.5¢%, R =05ex%, RY =1,
R =92 —oP; +(1+&? /2)oP, Ry’ By’
R =y, 49 +oP,BY - (1.18)
R™=—P AP +y BYD +4u'y ((1+57 /2)R7?BY - P,)
R =%, - (2-0)P +(2-0)(l+¢* /2)P,R;*BY)
Am =1 | BU! ==
L m =1, i i L e
4 IHAYEHHA OCTAALHEIX Ko3ghuurenToB cHcreMbl (1.17) aasn Hamieil meas He
CYLECTBeHHE], NOITOMY He npusoaust. Mycrs m# 0 . OBoanauum

7 = 2M((1-0)P2), D = ]R“”’ : ! (1.19)
1=
Yrobm cHcreMa (1.17) HMeAa HeTPHBHAABHO® pelieHHe, HeoGXOAMMO H
ADCTATOUHO, 4robhl  ee OecKOHEYHLIH  ONpPEAGAHTEAR (OH  ABAfETCH
DIPEACARTEAEM HOPMAABHOTO THIIA) PABHAACA HYAID
M =M (nmg LR, ) =0 (1.20)

Hyan ypasrenus (1.20) OTHOCHTEABHO T| HIEM TaK, K4K MOCTYNHAH ¢

ypasHennenm (1.9). Packpoem onpepeanteas M u3 (1.20) npH KoHeuHoM
n=4m+3. Aerko 3aMeTHTh, 4TO

M, =M,, D™ +0(’) 1.21)
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ITycrs 5(0,'{}0) — SaMKHYTELE KpYr Ha KOMOAEKCHOH T)-HAOCKOCTH, TAG
M5 =24, f((]—G)P,:E). Tak kak B (1.21) AeBas 4aCTh W NEPHOE CAAraemMoe
NpaBoii YacTH — peryAspHbie GyHKiEy Ha S (0,1),), TO MOKHO YIBEDKAATE,
aro O-uAeH B (1.21) ects peryaspHas (yHKUHS Ha §{0, My). Moaromy B cuAy
Teopemel Pymie npH Aocratouno MaAeix & ynkums M, . oGpamjaerca B

HyAb AMUIb B OKDECTHOCTH nyaeii ypasaewna M, D" =0. Takum

oOpazoM, Mbl 3AKAIOYAEM, YTO NpPHOAMMeHHEIe 3HAYeHHA OeapasMepHod

XapaKTEPMCTHEH (haaonoi ckopocTH 1] 3apaud (1.1), (1.4) HAAD MCKATh cpesu
KOpHEH ypasHeHHs

D™ =0, m = m,,+o (1.22)

TTPOM3BOAA  SAEMEHTAPHBIE AGHCTBMA HAA CTOADHAMH ONPEASAMTEAsS

D™, ypanHeHHa (1.22] MOXHO NPHBECTH K 3KBHBAASHTHEIM YPaBHEHHIM

4 i ——
R’jmﬂ‘ = 0, m=my,+o (1.23)
L=

rae (i, j=1,4) AerKo BOCCTAHABAMBAIOTCH, MOITOMY HE IPHBOAHM, a

K== )= O = )G = X )= o) (1.24)
JaMerHM, HTO NPH ABYX sHaueHnsx 0 <N <T), (MAH A YAOBACTBODSIOLIHX

ycaoBHio (1.12)) KopHH ypaBHeHH: af’ =0 covnapaior [3]. Flpu e=0 amn
3HAYEHHA 1] HE ABASIOTCA XapaKTepPHCTHKAMH (PasoBOH CKOpOCTH 3aAa4uH

(1.1}, (1.4} [3]. Hcxoan H3 Teopembl Pymie, MoXeM 3aKAIONHTL, YTO OpH
ADCTATOMHO MAAOM € TOABKO T) —KOPHH YPABHEHHHA

d —_—
]mu| e 0, m=m,+o (1.25)
1.]=

ABAMIOTCA MPHOAMMKEHHEIMH 3HaYeHHAMH (eapaiMeplOH XapakTepHCTHKH
thazoBoH cropocTd 3aaauH (1.1), (1.4). 3amerum, uro ypaBHends (1.25) npH
€ =0 cosnapator ¢ ypasHeHHAMH (1.23) na [3].

2. TpemMymecTBeHHO  H3rHOHEle  KoAeGanus.  [lpenebperan
TAHI@HUHAABHEIMH CHAAMH WHEDPIHH, CcHCTeMa ypapHeHHH (1.1) npunumaer
BHA

dw  w 7w a'w
Ay, =c—————, AAu, =——+(2+ 2.1
VS0 aopt e o T ) S
G

1 AARAARW +(1 —GE)E— AAAR* W =0
TepHDAHYECKDE pelllenHe cHeTeMet (2.1) uiem B Buae (1.5). Ma nepnbix AByx
ypaBHeHHH (2.1) moAyuaam
_xlox® +PHw,, - _ _PA@toy’ -Bw, o
fox MO Ta e ¥ 4 eIk '
YUHTEIBAS BCE COTAACOBAHHOCTH B NMYHKTE 1, H3 Tpersero ypapHenus (2.1)
MOAYUHM GeCKOHEeYHYIO CHCTeMy ypaBHeHHH BHAa (1.7), B KOTOpO#H

ay’ =025(¢* =P (' (e* = Pr)* = 1)

u
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a =0.5(¢> = P22 (W' ((x* = PL)* + (> —P2)*)-21)
a9 = 4t~ P2)* + (=GR~ — P2’
by’ =0.50¢" —Po) (WA ((* - Pp)* + (0 = Pr.)*) - 24)
b® = 0250 = P2 (W' (¢} - PL,)? =A), m=0% @3)
CIpaBepARBEl CABAYIOIIHE YTBEDHKACSHHS:
1) TpH (hHKCHPOBAHHOM LJ.,RO,G,m arf Beex A(1), yAOBAETBOPAIONHX
HEPABEHCTBY
0<A <Pt (0<n® <2P3* [(1-0)) 2.4

ypasHeHHe ai?)-—-ﬂ HMEeT 4eThipe xﬁm-xoplm €  OTPHUOATEABHEIMH

ABHCTBHTEABHEIMH TacTaAMH.
2) B ycaoBun (2.4) onpepeanTeab cHcrembl (1.7) ¢ yuerom (2.3) umeer
qersipe (hOPMAARHEIX penieHus Bupa (1.13), B KOTOpOM x‘;"’ (j=14)-

0y _

KOpPHH YPaBHEHHA a ={0) s OTPHOATEARHBIMH ABHCTBHTEALHEIMH TaCTAMH.

o™ ompepeamiores  chopmyaoh  (1.14) ¢ ywetom Toro, uro
all b= E;E,f' =12k=m-1,m+2) onpepersiorca hopmyramu (2.3).
OcrasLHEIE paccmeﬂl{ﬂ AHAAOTHYHEL Oﬁme;\ly (‘J\}"‘im, TOABKO 3aMeTHM, 4TO
3A€CH

A = %, (ox] +P’). o Bal@ton; - P)
SR 2= P2)E St @ -Pry
H NpH peIleHHH AHCTepCHOHHOTO YpaBHeHHA (1.25) HeoGxopaumo B (opMyAax
my b= 14 seioay npupasasTs 1) = 0.

(2.5)

3. TpedMmylmecTBeHHO TAHTeHIHAALAHEe KoaeGaHud. [lpeneGperas
HOPMAARHOH CHAOH MHEpIHH, MNepBEe ABA YPaBHEHHA CcHereMmBl  (1.1)

COXPAHSIOTCH, @ B TPETheM YPABHEHHH HCUe3aeT TOABKO charaemoe: AR w .
[MepHopHueckoe peliedHe cHcTeMEl (1.1), ¢ yueToM HaMeHeHHH, HIUEM B BHAe
(1.5). Torpa chopmyant (1.6) coxpanfioTcd, a B cucreMe (1.7) RoadpunnenTs
MPHHHMAIOT BHA

w =0251, (¢ ~Pry)’, ap’ =0.5u'e, (¢ - Puy)* +(* —Pp)°)
al =wle, (" —Pp)" +(A-0 )R + AR ("~ P)+
+2(1+0)R 71 h + 2N /(R3 (1- ) (3.1)
B =0.50%c,, (¢ = P)* +(¢* —Pa))
b =0251%,, (x> —P2,)%, m=0+w
© yderom (3.1) cnpaBepAHBEL yTBepAeHHA 1) W 2) H3 nyHkTa 1, OCTaAkHEE
PACCYHARHHA AHAAOTHYHE] oﬁluemy CAY9AD. 3AECE: AHCHEPDCHOHHEIE

YPABHEHHA COXPaHAIOT CBOM BHA.
B taGa. 1, 2 1 3 npHBeAeHE! 3HadeHHA Ge3pasMepHOd XapakTepHCTHEH

(a3oBOH CKOPOCTH T) B 3aBHCHMOCTH OT m ¥ € npH 0 =1/3, pt =1/4800

COOTBETCTBEHHO  AAft  oflnerc  caydas, INpPeHMYL[ECTEeHHO  HarMOHEIX
KoAaeGaHUH M IPEeHMYINEeCTBEHHO TaHTeHIHAABHEIX KOAeGaHHH.
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'B KauecTBe HANPABAHIOMIER KPHBOH CAYMUT yAHMTKA [Mackaas:
p=l+ecosp, O=sp<2n, O<e<l (3.2)
B uHCAeHHBIX pacderax Bmecro (1.13) MCnoALAylOTCH UPHOAHKEHHEIE
hopMYyARl

x5 =) +ale?, j=14 (3.3)

AHaAH3 [OKaseiBaeT, YyTo B o0umjeM cAyuae nepphie dazoBne CKOPOCTH

COOTBETCTBYIOT TPEHMYLIECTBEHHO HArHOHEIM (KBaaHMOnepeYHEIM)

KoAeDaHHAM.
Tabauna 1
n
m e=0 e=1/10 e=1/5
2 0.04461 0.04461 0.04417
3 0.07091 0.07073 0.07022
4 0.09669 0.09641 0.09570
S 0.12211 0.12179 0.12090
6 0.14741 0.14702 0.14595
7 0.17259 0.17215 0.17089
8 0.19774 0.19723 0.19577
9 0.22282 0.22222 0.22063
10 0.24788 0.24724 0.24544
11 0.27295 0.27221 0.27023
12 0.29782 0.29716 0.29500
Tabaxna 2
4l

m e=0 e=1/10 s=l1/ES
2 0.04989 0.04975 0.04940
3 0.07476 0.07457 0.07403
4 0.09965 0.09938 0.09866
5 0.12455 0.12421 0.12331
6 0.14946 0.14906 0.14798
7 0.17438 0.17392 0.17265
8 0.19931 0.19878 0.19736
9 0.22423 0.22364 0.22201
10 0.24916 0.24849 . 0.24669
11 0.27409 0.27336 0.27137
12 0.29902 0.29822 0.29605
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TabGaua 3

n
m £=0 g=1/10 e=1/5
2 0.09950 0.09922 0.09851
3 0.22200 0.22156 0.21979
4 0.38695 0.38591 0.38324
il 0.57831 0.57693 0.57339
] 0.74408 0.74300 0.79010
7 0.83327 0.83268 0.83117
8 0.87314 0.87284 0.87204
9 0.89226 0.89208 0.89160
10 0.90236 0.90225 0.90197
11 0.90819 0.90812 0.90794
12 0.91173 0.91167 0.91156

Aprop Oaaropapur M. B. BeayGexaua aa 00CYXRAGHHE pe3yABTaTOR
crathH, a Takxke A. B. CaakaHa 3a 0oMolUlb npH pacuerax,
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