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I'masa 3

YpaBHeHUd rutiepb0oJImIecKoro TUura

YpaBHEHUS C YaCTHBIMH ITPOU3BOIHBIMYU BTOPOT'O TIOPSIKA THIIEPOO-
JIMYECKOT0 TUIa HarmboJIee 4acTo BCTPEJIatoTCsa B (DU3NUECKHX 3a7a49aX,
CBSIBAHHBIX C IporeccaMu Kosiebanuii. Ilpocreiiniee ypaBHeHne rumep-
0OJIMYIECKOTO THUIIA

Uy — Uyy = 0

OOBIYHO HA3BIBAIOT YpasHEHUEM KoAebarull CMpPYHbi.

§9. YpaBHeHUs MaJbIX MOMEPEYHBIX KOJ€OAHUI CTPYHBI

Pacemorpum crpyny gauabl [, pacnosoxkennyio Ha ocu Ox. Bymem
apeaiogararb, 9TO BbIIIOJIHEHbI CJAE€AYIOIIHe YCJIOBUA:

1.
2.

Kosrebanust cTpYHBI MPOUCXOAAT B IIOCKOCTH (T, ).

BekTop cMelennd nepleHiuKyJaaped B J000# MOMEHT K OCH
Ozx. B cuy sroro mponece MOXKHO onmcath (ynkmmeit u(x,t),
PABHOI OTKJIOHEHHWIO OT MOJIOXKCHUS PABHOBECHS TOYKH C abc-
IACCOI © B MOMEHT BPEMEHN .

. Crpyna paccMarpuBaercss Kak ruOKas, a0COMIOTHO YIpyras

HUTBH. DTO 03HAYAET, YTO, BO-IEPBLIX, HANPAKCHUS, BOZHUKAIO-
II7e B CTPYHE, HAIIPABJICHBI 10 KACATEIbHBIM K €€ MTHOBEHHOMY
npoduato (cTpyHa He comporuisiercss u3rudy) (puc. 1). Bo-
BTOPBIX, a0COTIOTHAS YIPYIOCTh O3HAYAET CIIPABEJINBOCTD 3a-
KoHa ['yKa, T.e. HATsAKEeHHe CTPYHBI IPOIOPIMOHAIBHO €€ YIIJIi-
HEHUIO.

. CrpyHa gBjIseTcs OTHOPOIHOM, T.e. ©UMeeT IMOCTOSHHYIO JuHe-

HYIO ILIOTHOCTD .
PaccmaTpuBaiorcs TOJBKO MaJjble KOJIeDaHWs, T.e. BEJIUINHBI
NOpsAJIKa U2 U BBIIE OTOPACHIBAIOTCSL.

. [Ipennosnaraercs, 4To Ha CTPYHY JAefiCTBYeT HEKOTOpPas BHEIII-

HslsI CUJIa, HATIPaBJIeHHAs TePIeHINKYIsIpHO ocu O, ¢ MIOTHO-
CTBIO

. AF
o) = Jim, 5o

2
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e AF — cuta, JeificTBy01as Ha y4aCTOK CTPYHBI JUIUHONR Ax.
Hampumep, rakoBa cua tsizkectn, st uee AF = gAm = gpAx

u g(z,t) = gp,
U
F
15
_—a

T,

/
O T, To x

Puc. 1

[Ipu caeanHbIX TPeInoI0KeHuIX MOXKHO IpeHedpedsb Y THHEeHTeM
cTpyHHI. [leiicTBUTEIBHO, T.K.

1
VItu2 =14 —ud,

a BeJIMYMHON 42 MOYKHO IpeHeOpeyb, TO JIJTst JIJIHHBI CTPYHBI HMeeM

T2
L(t):/ \/1+u%dx%x2—x1.

Orcrona (3akon ['yka) ciiefyer, 9T0 HaTSZKeHHe CTPYHBI HE 3aBUCAT OT
BpeMeHN. I_IOKa}KeM7 YTO HaTAKeHHe BO BCEX TOYKaX CTPYHbBI MOXKHO
CHUTATHh MOCTOAHHBIM.

Boiesium yuacTok ¢TpyHbI X1, o). Ha Hero geficTByror cuiabl Ha-
TSKeHMd, BHeNIHAA cuta F u cuinl unepuuu. CyMMa CHUI HATAMKCHUS
U BHEITHeH CHJIBI JOJIZKHA PABHATLCH CHJIC HHEPITUN

(9.1) Ty + 15 + F = ma.

Cywmma mpoekiuit Bcex cuit Ha ocb O n0/KHA OBITH paBHA HYJIIO, T.K.
paccMaTpuBAIOTCS TTONMEpevTHble KoaebaHusd,

(T1)e + (T2), = 0.

Jlns mpoeknuit cu HaTsxKeHud HA och Ox uMeeM

= —T(x1)cosa = _ ) ~ —T(x
(Tl)w - T( 1) 1 m T( 1)7
(T3), = —T'(z2) cos ag = AN ~ T (xg).
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CaenoBarenbno, T(x1) = T'(x) = Ty, T.€. CHJIA HATSIXKEHUST OJIMHAKOBA
IpU BCEX .
Paccmorpum teneph npoekiuio paBercTsa (9.1) Ha ock Ou

(9.2) —Tysinag + Ty sinag + F = ma.
Ydarem, 9TO U3 NPEIIOJ0KEHU D CJIeIyeT
sina ~ tga = ug.

Kpowme toro, F' =~ g(z,t)(z2 — 1), m = p(xa — 1) 1 a = uy. [ogoxum
xr1 =z, a rg = x+ Ax. Torga paBerctso (9.2) MOXKHO 3amucaTh B BUje

(9.3) —Toug(z,t) + Tou,(x + Az, t) + gz, t) Ax = pAxuy.
[To Teopeme Jlarpam:ka
Up (T + A, t) — up(2,1) = Upge(x + 0Az, ) Az, 0<0 <1

YuauThiBasi MOCJAEIHEE PABEHCTBO W Iepexons K upemeny npu Ax — 0
B paBencTre (9.3), Oyaem uMerh

Touzx + g(l’, t) = Pl

Beenga obo3nauennsa

Ty
a = > f([E,t) __g(xvt)a
P
HOJIy4aeM ypaBHEHHE
(9.4) Uy = Uy + f(2,1).
[Ipu orcyTcTBUM BHEITHEH CHJIbI TOJYYIUM OJHOPOIHOE YpaBHEHHE
(9.5) Ut = AUy

Ecau nas miockoii miaeHkn (MeMOpaHbI) CYUTATH BBIIOJTHEHHBIMHE
YCJIOBUS, aHAJIOTHIHBIE yCJA0BUAM 1.—6., TO ypaBHEHHE TTOTIEPEIHBIX KO-
Jiebanuit MeMOpaHbl 3AIUIIETCA B BUJIE

(96) U = CLQ(U:E:E + uyy) + f(ilj',y,t),

31mech u(x,y,t) — OTKJIOHEHWe TOYeK MeMOpaHbI.
VYpasuenust (9.4)—(9.6) Ha3BIBAOTCSI BOJHOBBIMH ypaBHEHHsSMH. B
TPEXMEPHOM CJIYUae OJHOPOTHOE BOJTHOBOE YPABHEHUE MMEET BT

U = a2((umm + Uygyy + uzz)

I, UCTIOJb3Yd TpeXMepHBIi onepaTop Jlamnaca

0* 0* 9
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D10 ypaBHEHHE OLUCHIBAET KOJeDaHue rasa, pacipoCTPAHEHHE 3BYKO-
BBIX BOJIH (ypaBHEHUE aKyCTHKH).

§10. Hauanbubie n rpannynbie yciaoBusa. Kpaesbie 3agaun

JTuddepennuaibibie ypaBHEeHUS ¢ YACTHBIMEU TPOU3BOJHBIMU HUMEIOT,
BOOOIIE rOBOPsI, DECKOHEYHOE MHOYXKECTBO pemntenunii. [loaromy it of-
HO3HAYHON XapaKTEePUCTUKHU ITPOIECCA, ONMUCHIBAEMOIO yPaBHEHUEM C
YACTHBIMH MPOU3BOTHBIMHU, HEOOXOINMO HAJIOXKHUTH ellle HEKOTOPbIe JI0-
MOJTHUTETbHBIE YCIOBHS.

PaceMoTpuM 3371a9y 0 TONEPETHBIX KOJIEOAHUSAX CTPYHBI. DTOT MPO-
Iecc, OMUCHIBAEMBIH, KaK ObLIO MOKa3aHo, ypasHeHueM (9.4), 3aBucut
OT HAYAJIBHOM (DOPMBI CTPYHBI U PACTpeeeHus CKOPOCTell BIOIb Hee.
YcsoBus HadaJIbHON (GOPMBI M pacHpeiesIeHnsl CKOPOCTeH HOCAT Ha3Ba-
HUE HAYANDHHET YCA08UL:

u(z, to) = p(x),

u(z,to) = ().
STI/I YCaoBud aHaJIOTUYHBL YCJOBUAM, 3a/JaBa€MbIM B 3aJa4e KOH_H/I
(em. §2).

[Ipomecc KoJiebaHmsi 3aBUCUT TaKyKe OT MOBEJAEHUs CTPYHBI Ha ee
kourax. [losroMmy, KpoMme HAYATBHBIX YCJIOBHUI, 33/IAI0T €IIE 2PaAHUYHbLE
yeaosus. TUIBI TPAHUYHBIX YCJIOBUM JOBOJIBHO Pa3HOOOpAa3HbI. 3/1eCh
OYIyT paccCMOTPEHbl TPU THIA TaKUX YCJIOBUIA.

1. 'paruunoe ycaoBue 1-ro poaa. 3a/1aH 3aKOH JIBHKEHUS KOH-
[a CIpyHbl (HALPEMED, JIEBOIO):

u(0,t) = u(t).
B uacraoctu, mpu p(t) = 0 KOHEI 3aKpeILieH.
2. I'paamuynoe ycaoBue 2-ro poga. lIpeamosoxkum, 910 JIeBBIT
KOHeIl cTpyHbI cBoGosen. Torma ayis yaacrka crpysbl ot 0 10 Ax (puc.
2) ypasuenue (9.1) 3anummercs B Buje

To + F'=ma.
Paccmorpum mpoexImo 9Toro paBeHcTBa Ha och Ou
Tosina + F = ma.

B cuny Toro, uro sina & tga = u,, F' ~ ¢(0,t)Ax, m = pAx u
a = Uy, UMEEM
Touz + g(0,t) Az = pAxuy.

Orcioga npu Azr — 0 nosryuaem
u.(0,t) = 0.
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u

Puc. 2

B obmem ciyuae, Korjia Ha KOHeIl JefCTBYeT HEKOTOpas CUJa, TPaHnd-
HOe ycjoBue 2-1o poja Oyjer uMeTb BHI

u.(0,1) = v(t).

3. I'paruynoe ycaoBue 3-ro poaa. Ecin Ha KOHEIl CTPYHBI J1eii-
CTBYeT ylIpyrad cuja, TO OHA, COIJIACHO 3aKOHY ['yKa, MpomopnuoHa/b-
Ha cMemnenno u(0,t). 'paHndHOE yCI0BHE B 9TOM CJIydae UMeeT BHUJL

uw(O,t) = hlu(O,tL hy > 0.
B ciyuae mpaBoro KoHia
Ux(l,t) = _hQU(Z,t>, hg > 0.

ECJII/I KOHIIBI CTPYHBI IIepeMeNialoTCd U UX OTKJIOHEHHA OT HavaJIbHOT'O
HoJIoKeHus 3ajatorcs Gynkuuamu 01(t) Ha geBom KoHie u 65(t) Ha
[IPABOM KOHIIE, TO IDAHUYHbBIE YCJIOBHsI IPUHUMAIOT BUL

uz(0,t) = hy(u(0,t) — 01(¢)),
uz(l,t) = —ho(u(l,t) — 02(1)).
B0O3MOXKHBI pa3iauyHble KOMOMHAIME IIEPEYHMCICHHBIX THIIOB I'pa-
HUYHBIX YCJIOBUH.
Ecan dyukunu p(t), v(t), 61(t) wiu 05(t) paBHB HYII0, TO COOTBET-
CTBYIOUIME TPAHUYHBIC YCIOBHA HA3BLIBAIOTCA 00HOPOOH LM
Cdopmymupyem Tenepb nepsyio kpaesyto sadauy. Tpebyercs HafiTn
dbynkmumo u(z,t), yrosrersopsirortyto 1ist 0 < x < [, ¢ > 0 ypaBHeHHIO

(101) Ut = azua}x + f(mat)a
Ha4vaJIbHBIM yCﬂOBI/IﬂM

u(z,0) = p(z),

(10.2) @),

Il
<

u(x,0)
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U I'PAaHUYHBIM YCJIOBUAM

Ecmm BMecTO rpaHMYHBIX 3HaUYeHUN 1-ro poja paccMaTpuUBAIOTCH
TpaHUYHBIE YCJOBUS 2-TO WJIN 3-T'O POJA, TO COOTBETCTBYIOIINE 33,/Ia4UH
Ha3bIBAIOTCS 6mopoti Win mpemovetl kpaesoti sadavamu. Kpaepas 3a-
Javda Ha3bIBAETCI CMeULaHHOM, eClu TPaHuIHbIe yeaoud npu © = 0 u
x = | UMEIOT Pa3JINYHbIE TUIIDI.

Boripoc o cymiecTBoBanny pelieHnii KpaeBbIX 3a/a4 pelraercs, Kak
[PABIJIO, YKAa3aHUEM METO/Ia HAXOKJEHUS PEeIIeHUi, 4To U OyJIeT cie-
JlaHo H¥Ke. UTO KacaeTcsd eJIMHCTBEHHOCTU PEIIeHUs, TO UMEET MEeCTO
CJIeJIyIONIast TeopeMa, KOTOPYIO MpUBeeM 0e3 JI0Ka3aTe/IbCTRA.

TeEOPEMA 10.1. Cywecmseyem moavko 00HG GYHKUUA, ABAANOULG-
ACA pewenuem nepeoti, 6mopoti usu mpemoel Kpacsur 3aday, cpedu
scex Ppynryut u(x,t), HENPEPLEHLLT BMECME C NPOU3BOOHBMU Uy, U,
Uz Ha ompesxe 0 < x <[ nput > 0.

Eciu BanstHRe TpaHuI] HOCYIIECTBEHHO, CTPYHY CYHTAIOT HEOPAHH-
YEHHOMH, N MOYKHO PACCMOTPeTh 3adauy ¢ HAYAADHBLMU YCAOSUAMU NS
HE02PaHUMERHOT CMPYHYL, KOTOPas (DOPMYIUPYETCA TaK: HAWTH perre-
mue ypapuenus (10.1) qia —oo < z < 0o, t > 0, ¢ HAYATBHBIMH
yeaopusivu (10.2).

Ecin ke BAUSHEE JIMIIL OJHOTO U3 KOHIOB HECYIIECTBEHHO, TO PaC-
CMATPHUBACTCA 3a0aua OAA NOAYO2PaHUNeHnot cmpyno. B caydae, Ko-
I3 BJINSHEE IIPABOTO KOHIA HECYIECTBEHHO, OHA (POPMYIUPYETCS TaK:
najitu permenne ypasaenus (10.1) qist 0 < x < 0o, t > 0, ¢ HAYAJIbHBI-
mu yeaosusamu (10.2) u TpaHUYHBIM YCIOBHEM

u(0,) = p(l).

§11. MeTon pacmpocTpaugioiuxcsa BoJH. Popmyna la-
aambepa

Paccmorpum 3a/1a4y ¢ Ha4aIbHBIMU YCJIOBUAMU JIjIs HEOTPAHUYEHHON
CTPYHBI:

(11.1) Uy — A Uyy = 0,

U(ZU, O) = go(a:),

(11.2) ui(z,0) = ¥(2).
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[Ipusegem ypashenue (11.1) k kanonumdeckomy Buy (cm. §87,8). Xa-
pakTepucTuYeckoe ypapHeHue (8.2) umeer B 5TOM CJIydae BUJL

N —a?=0.
CreoBaTeIbHO, TIPSIMBIE

r=at+Cy, x=—at+ Cs,
ABJIAIOTCA XapaKTePUCTHKAMHU. BBOJIS HOBbIE TIEPEMEHHBIE
=z —at, n=2x+at,
ypasuenue (11.1) npeobpasyercs K By
ugy = 0.

OG1ee pernenne 9TOrO ypaBHEHHST 3aIMCBIBACTCS B BHIE (CM. IpH-
mep 1.3)

u(&,n) = f1(&) + f2(n).

Takum obpazom, HyHKITHSA
(11.3) u(z,t) = fi(x —at) + fo(z + at)

apJisiercsi 06muM pererneM ypasraenns (11.1).
Onpenennm dpyHKIIN fi 0 fo TaK, 9T0OBI YIOBJAETBOPSINCH HAYAIb-
ubte yeaosust (11.2)

u(z,0) = fi(z) + fo(z) = p(@),
u(z,0) = —afi(z) + afy(x) = P(z).

Nurerpupys Bropoe paBeHCTBO, OJIy4YaeM

hio) = ) =~ [ vy

rjie Ty — HEKOTOpas HOCTOAHHAs. YUYUTHIBASA II€PBOE DPABEHCTBO B
(11.4), vaxonum

(11.4)

fita) = 50(0) — o= [ vw)dy,
fla) = 50@) 45 [ @)y

xo
[Moacrasiss Hafinennsie Gynknun B (11.3), nuveem

o(x —at) +plx+at) 1 [T
5 + %/x ¥ (y) dy.

[Tonydennas popmysia Hocut naszsauue gopmyav, larambepa. Herpy-
HO MPOBepHTh, 9T0 byHKIus u(x,t), onpeaenentas dhopmynoi Tlanram-
Gepa, yaoBiaeTBopsier (ecau noTpeboBaTh 0T (DYHKIMH ¢ JIBYKPATHOI,

(11.5) u(z,t) =

—at
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a or dyuknum 1 ogHOKparHON ubbOEPEHIUPYEeMOCTH) yDPaBHEHHUIO
(11.1) u naganbabiM yeaoBusm (11.2). Tem caMbiM perier BOIpoc o €y-
IIECTBOBAHUM PENeHnsl. FIMHCTBEHHOCTh PEIeHus CJAEAYeT B JAHHOM
caydae, HaIIPUMEP, U3 TOTO, UTO, KaK OBLIO JOKA3aHO, BCAKOE PENICHUe
3aJ1a9d JIOJZKHO YIOBJETBOPATH paBeHcTBy (11.5).

PacemorpuM dbusudeckyro (BOJTHOBYI0) HHTEPIPETAIIUIO 00IIEro pe-
menus (11.3). @yuknuio f(x—at) MOKHO HHTEPIIPETUPOBATDH KAK BOJI-
HY, PACHpOCTPAHAIONLYIOCS BIPABO CO CKOPOCTHIO a. JleficTBUTEIBHO,
mpu t = 1 rpacduk dyuknun f(zr — a) moaydaercs u3 rpadpuka GyHK-
muu f(x), coorBercrytomero ¢ = 0, CABUIOM HA G €JMHUI] BIPABO
(puc. 3).

Y () f(z—a)

Ol x; ri1t+a T2 Tota T

Puc. 3

Awnayiornuno, byuknus f(x+at) upeacrasiser BoJHy, pacipocTpa-
HAOILYIOCS BJIEBO CO CKOPOCThIO a. Takum obpazom, obiiee perieHue
(11.3) ecth cyneprnosunust (HaJIOXKeHHe) ABYX BOJH, OJHA U3 KOTOPBIX
PaCIpOCTPAHSIETCST HATIPABO CO CKOPOCTHIO @, & JIpyTas — HAJEBO C TOM
7K€ CKOPOCTBIO.

PacemorpuM hazoByio MIOCKOCTh — ILIOCKOCTD TI€PEMEHHBIX (1, )
" HEKOTOpYIo TOuky M (zg,to) na meit. [lpoBemem u3 sToit ToUKkM Xa-
PAKTEepUCTUKU & — at = T — aly, T + at = xg + aty, KOTOPbIE ePeceKyT
ocb Oz B Toukax P(xg — aty,0) u Q(zo + ato,0) (puc. 4).

Bamurirem renepb dbopmyny lanambepa (11.5) B Buge

uyr) = PP LTy ay
a Jpg

Orcroa BHAHO, YTO HAadYaIbHBIE JaHHBIE, 3a/aHHbIEe BHE OTpe3ka P()
He OKa3bIBAIOT BJIMAHHS Ha 3Ha4YeHUs PYHKIUU v B Touke M. D10
3HaYeHHe 3aBHCUT JIUIIb OT 3HadeHWiH GyHKIUH © B TouKax P u ) u
3HadeHuit pyHknum 1) Ha orpeske PQ).
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t

M(.I(), to)

P(SEO—CLto,O) O Q(.To‘i‘(lto,()) V.CE
Puc. 4

Pemenne (11.5) moxkno mpeacrasuth B Bume u(z,t) = up(x,t) +
ug(x,t), roe
(p(x —at) + p(z + at)),
us(z,t) = ¢(x + at) — ¢(z — at),

() /¢ ) dy.

Oynkuusa uy(z,t) npegcraBiaser BO3MYIIEHHE CTPYHBI, CO3/aBaeMOe
HAYAThHBIM OTKJIOHEHWEeM, a Us(,t) — HAYAILHONW CKOPOCTHIO TOYEK
CTPYHBI.

uy(z,t) =

l\DIr—t

ITpumep 11.1. IlycTh HaYaThHAST CKOPOCTH paBHa Hyq0 (V(r) =
0), a rpaduK HAYAIBHOTO OTKJIOHEHHs ©(I) 3aaeTCsi B BUJE PABHO-
GeIpeHHOrO TPeyrobHUKA Ha OTpeske [r1, xs|. Torma

1
(1) = w(2,1) = S(plx — at) + ola + ab)),
r.e. orkiaoHenue u(x,t) ectb cymma “sieBoit” u “npasoii”’ Gerymmx
BOJIH, HaudaJbHasd (HopMa KaxKJI0i U3 KOTOPBLIX ompejaeasdercd (hyHK-

nue §go(x) Ha puc. 5 mansl nocaesoBaTebHbIE MOJTOKEHAS CTPYHBI
To — T
S8a

ITpumep 11.2. [lycTs nagaabuoe orkaonenue ¢(z) = 0, a HAIATb-
Hasl CKOPOCTh OTJIMYHA OT HYJIsl TOJBKO Ha OTPe3Ke [rq,Xs], TJe paBHA
MOCTOSTHHOMY 3HAYEHUIO 1)y (T.e. K YUACTKY [Z1,Ts] MPUKIAIBIBACTCS
UMILYJIBC, HALPUMED, C MOMOIIbIO OBICTPOrO yjaapa 110 CTpyHe MOJIOTOY-
koM). B arom ciyuae

qepes MPpOMEXKYTKH BpeMeHn At =

u(z,t) = ug(z,t) = ¢(x + at) — ¢(x — at).
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b
t=20 R
T ) x
Puc. 5
[Tostoxkum xg = 0, Toraa
0, T < X,
1 T r — I
®(z) = %/ (y) dy = 7 Yo, a1 < <@g,
0 T — X1

w(b T > Ta.
2a
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YKJIOHEHHE TOYeK CTPYHbI u(x,t) ecrb pasHocTb “ieBoil” u “upapoii’

BostH ¢ npodusiem P(x) B Havaabubli MomenT. [TocenoBaresbHble MO~
Ty — X1
JIOZKEHHUsI CTPYHBI depe3 MpOMeKyTKH BpemeHn At = e JTaHBI HA
a
puc. 6

T ) T

Puc. 6

[Ipocbuasb crpyssr npu t > 4At umeer GOpMy TpaleI, PACIInps-
o1Ielicsd paBHOMEPHO ¢ TeUeHWeM BPEMEHH.



12. TOJIYOTPAHUYEHHA A CTPYHA. METO/I, TTPOIOIZKEHNN 13

Bamerum, uro Gyukiuu u(x,t), nzobpazxkenube Ha puc. 5, 6 He Mo-
IyT SIBJASTHCS DeleHreM B OObIYHOM cMbiciae ypasaenusi (11.1), T.x.
OHM HE Be3Jie SIBASIOTCH ABAXKIB auddepermupyembiMu. CTporo ro-
BOps, HAJ0 OBLIO paccMaTPUBATHL (DYHKINHU, Y KOTOPBIX “Cr/IayKeHbl yT-
Jbl”. OJIHAKO MBI IIPEHEOPEriu STUM 00CTOATE/ILCTBOM JI/Isl YIPOIICHHS
PUCYHKOB.

§12. TlonyorpanumvueHHas cTpyHa. MeToa mpoaosizKeHmi

PacemorpuMm cieayronyo 3a7ady g MOJIYOIPDAHWIEHHON CTPYHBI:
Hajitu pemenune ypasaenus (11.1) npu x > 0, t > 0, yjaoBieTBopsi-
[o1ee HadaIbHbIM yea0BusaM (11.2) u rpaHHYHOMY YCIOBHIO

(12.1) u(0,t) = 0.

Oyukuun (x) u YP(r) B HAYaIbHBIX yeaoBusax (11.2) 3aganbl Te-
nepb auiihb npu = > 0. IIpogo/aKuM HX HEYETHBIM 00PA30M, MOTOKAM

o e, 220,
o(z) {—go(—x), r <0,

L [pw wz0
V(@) = {—1[)(—@, x <0.

Byjem cuurarb, 9T0 HOJLYYeHHAs MOC/Ie ITOr0 IPOMOJIZKeHUs (DYHKIA

O (z) aBasercss aBykparHo audddepeniupyemoit, a byuxmus V(z) —

omHOKpaTHO audpdepeHnupyemMoii Ha Bcell umcyoBoit ocu. /list sToro,

KPOMe COOTBETCTBYIONUX CBOIicTB byHKImi ¢(x) n ¢(x), mocrarod-

HO moTpeboBaTh BhIOMHeHnsT paseHcTB p(0) = ¥ (0) = 0, ¢”(0) = 0

(3amernm, arto ycaosue ¢(0) = ¥(0) = 0 BerTexkaer u3 (12.1)).
PacemorpuMm dbyHKIUIO

O(z—at)+ P(z+at) 1 /Hat

(12.2) u(z,t) = 5 + %

U(y) dy.

r—at

B cuny Toro, uro dyukius u(zx,t) npegcrasaena dhopmytoi Jamrambe-
pa, oHa yjaosijerBopsier ypasaenuto (11.1) npu —oo <z < 0o, t > 0, a
no3dTomy, B yactuoctu, u nupu x > 0, ¢ > 0. Herpyguo ybemaurnes, 4o
upu & = 0 BBIIOJTHEHbI HadasbHbIe yeaoBust (12.2).

[Ipu z = 0 umeem

0,t) = il

O(—at) + (at) 1 /“t
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U3 roro, uro ®(x) — nevernas dpyukius, ciepyer paseactso O(—at) =
—®(at). [TockonbKyY HHTErpaJ OT HEUYETHOMH (DYHKITHU B IPEEIAX, CHM-
METPUIHBIX OTHOCUTENBHO HAYAIA KOOPJAWHAT, PABEH HYJIIO, NUMEeM

/_at U(y)dy = 0.

at

Orcrona cieayer, uto s byHKIuE u(x, t), OUpeneeHHON pABEHCTBOM
(12.2), Bormonasiercst rpanudroe yeaosue (12.1). Tem caMbIiM 10Ka3aHO,
a0 byHKIUA U(T, 1) ABISETCS PEHIEHeM OCTABJIECHHON 3a/1a4H.

PaccMOTpUM aHAJIOIMYHY IO 33121y JJIsi CBOOOJIHOTO KOHIA CTPYHBbI,
pacmooxkennoro B rouke x = 0, T.e. rpannunoe yciaosue (12.1) 3ame-
HUM Ha YCJIOBHE

(12.3) u,(0,1) = 0.

B srom caydae mpomo/KkuM Ha BCIO npsMyto byskimun ¢(x) n (x)
9eTHBIM 00pa30oM

oo o), 220,
(I)( ) (10(_3:)7 T < 07
_ o), x>0,

Uz) = Y(—z), z<0.

Oynknus u(x,t), oupenesnennas dhopmynoit Jasmambepa (12.2), Gyaer
pelleHreM OCTAB/IEHHON 3312491, €C/IU JOKA3aTh BBIIIOJIHEHUE TDAHIY-
Horo ycsosus (12.3).

[eiicTBUTE/IHHO,
' (—at) +d'(at) 1

5 + 2a(\11(at) U(—at)).

13 gernoctu V(z) caeayer, uro V(at) = V(—at). Kpome Toro, reo-
METPUYIECKH OYEBHJIHO, YTO HPOM3BOJAHAA UYETHOW (DYHKIMH SABJISET-
csl HeveTHOH dyHKIMed (3To Takxke BHIHO u3 paeHcTB /(1) =
(®(—x)) = —d'(—x)), u cnegosarenvuo, &' (at) = —P'(—at). Tem ca-
MbIM byHKnus u(x,t) yaoBaeTBopsier rpaHndHoMy yegaosuio (12.3).

Urax, ajis pernenus 3a1a49u 0 KOjieOaHUY MOIYOIDAHUYEHHOIT CTPY-
HbI ¢ rpaHudHbIME yeaoBusamu (12.2) win (12.3) HaZO TPOAOIKUTH
HAYaJbHBIE JAHHBIE HA BCIO TPAMYIO HEYETHBIM HJIN YETHBIM 00pPa30M,
COOTBETCTBEHHO, U BOCIIOJIb30BaThcs (popMmystoi /lamambepa.

u.(0,t) =

ITpumep 12.1. Pacemorpum 331249y 0 KOJIeOAHUH TIOJIYOTPAHUYEH-
HO¥i cTpyHBI ¢ TpaHudHbiM yesaoueM u(0,1) = 0 (T.e. 3aKpeIUieHHOil B
touke x = () ¥ HadaIbHBIME yesaopuamu: P(x) = 0, a ¢(x) oraudna OT
HYJISI B TIPOMEKYTKE [T1, Ta|, To > x1 > 0, u ee rpaduk uMeeT TaM BHUJIL
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paBHOOEJAPEHHOIO TpeyroJbHuka (cM. 3amedanue B koure § 11). s
pereHuAd 3TON 3aa491 HaJ0 Ha4vaJIbHble JaHHbIEC IIPOAOJI?KUTHL HEYETHO
HA BCIO TpsaMYy0. [Iporecc pacnpocTpaHeHus BOJH BHAYAJIE HTPOUCXO-
JINT TaK K€ , KaK W Ha HEOTPDAHWIEHHON MpsSMOii. 3aJaHHOE OTKJIO-
HeHue pa30uBaeTCs Ha JIBE BOJIHBI, JBUZKYIIHECSI B MPOTHUBOIOJIOKHBIE
CTOPOHBI € MOCTOSIHHO¥ CKOPOCThIO (cM. pumep 11.1). Ho 310 mpomuc-
XOIUT JIMIIB 10 TeX I0p, IIOKa II0IyBOJIHA, YA HAJIEeBO, He JOiIeT
10 Touku x = 0. B 3T70T MOMEHT ¢ J1eBOii CTOPOHBI, Ha, KOTOPOH IIPOHC-
XOIWIN aHAJOTHYHBIE IPOIECCH, K ToUKke r = () TOIXOAUT MOJIYBOJIHA
¢ “obparnoit dazoit”. [lasbHeitmuii uponecc m3o00paxkeH Ha puc. 7 ¢

To — T
At — 271
8a
ITpumep 12.2. Ilycts B npumepe 12.1 B Touke x = 0 ¢BOOOIHBIN
KOHEII, T.e. 33JIaH0 Jpyroe rpaunmdnoe yciaosue: u,(0,t) = 0. Torma

HavaJbHBIE JAHHBIE HAJIO MPOJOJIKHUTH YeTHBIM 00pa30M Ha BCIO Ips-
Myto. JIo MOMeHTa BpeMeHH, HaUuHas ¢ KOTOPOTO JAaHbl M300ParKeHns
Ha pHC. 7, MPOIECCHI B PACCMATPUBAEMBIX IIPUMEPAX OYyT IPOXOAUTH
OIMHAKOBO. 3aTeM KapTHHA /I CIydas CBOOOIHOTO KOHIIA OyIeT OT/Iu-
9aThCs OT TMOBEJAEHHUsI CTPYHBI C 3aKPEILIEHHBIM KOHIIOM. DTH OTJIANYNASA
Ty — X1
8a

[Tocie MoOMeHTa BpeMeHH ts paBas IIOJIYBOJIHA IPOI0IZKAET JIBHKE-
HU€e BIPABO, a JeBas MOJIyBOJIHA MPHHUMAET T€ Ke MOC/Ie0BaTeIbHbIe
MOJIOZKEHU S, YTO U B MOMEHTHI 4, t3, T2, £1, 8 3aTE€M HAUNHAET JIBUKEHUE
BITPABO.

MOXKHO IIPOCJEIUTDH Ha puc. 8, TIe Mo-IpexHeMy At =

Bamada 12.1 (juisa camocTosTebHOTO perennst). Hapucosars pu-
CYHKH, aHAJIOTUYHBIe PUCYHKAM 7, 8, JIJIs MOJTyOrPaHUYeHHO CTPYHBI
¢ HaYaJIbHBIME yeaoBusMu: o(x) = 0,

6 -
1[)(1’) - w[)’ v [thEQ]’ 0<r <29

07 IE¢ [xlwa]a

Paccmorpers citydan ¢cBoHGOTHOrO M 3aKPEILIEHHOIO KOHIIOB.

§13. OrpanuyenHnas crpyua. Meroan ®@ypbe

Oguum w3 HanboJsiee paCIpPOCTPAHEHHBIX TOYHBIX METOJOB DEIeHUs]
yPaBHEHHIT ¢ YACTHBIME TPOU3BOIHBIMU SIBJISETCS MeMod pasdeschus
nepementvir uan memod Qypve. Mbl paccCMOTPHM 9TOT METOJT Ha IIPHU-
Mepe pellieHusl 33/1a9h O KOJeOaHUH CTPYHBI, 3aKPEIIeHHO Ha 000uX
KOHIIAX.
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b u
t
x
to
t3
t4 &
ls

Puc. 8

Bynem nckaTh perieHne ypaBHEHUsI
(13.1) U = @ Ugy,
VJIOBJIETBOPSAIONTEe HAYATbHBIM YCIOBUHIM

u(z,0) = ¢(x),
{uxx, 0) = U(z),
U OJIHOPOJHBIM T'DAHUYHBIM YCIOBHIM

(13.3) {“(O’ )

u(l,t) =

(13.2)

0,

[TonbiTaemest cHadasia HailTh pertienne ypabHenus (13.1), He paBHOe
TOXKIECTBEHHO HYJIIO, YIOBJIETBOPSIIOIIee TPAHUIHBIM yeaoBusaM (13.3)

U IpeIcTaBUMOE B BHUIIE

(13.4) u(z,t) = X(x)T(t).
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[ogcrasass dyuxnuo u(z,t), npejacrapumyio B Bujge (13.4), B ypas-
uenwe (13.1), mveem juia dbyukuumit X (x) u T(t) ypaBHeHue

X(2)T"(t) = a* X" (2)T(t).
Paznenus na a’X (x)T(t), noayuaem
17T"(t)  X"(x)
a2 T(t)  X(x)°
Dukcupyst HEKOTOPOe 3HavYeHWe T W MeHsst ¢ (nau HaobopoT), mo-
JYYIUM, 9TO TIpaBble W JieBble 4acTu paBeHCTBa (13.5) COXpaHSIIOT MO-

CTOSIHHOE 3HAYeHWe, KOTOpoe 0003HaunM Jjist yao6cTBa depe3 —A (or-
HOCHTEJIHHO 3HAKA A MOKA HUYEro He MPeJImosiaraeTcs)

iT//(t) B X//(:U)
a2 T(t)  X(x)

(13.5)

Y

Takum obpaszom, jst X (z) u T'(t) noaydaem oObIKHOBEHHBIE i~
depeHIuabubIe yPaBHEHU S

(13.6) X"(x) + AX(z) =0,
(13.7) T"(t) + a®* T'(t) = 0.
['panmansie yeaosus (13.3) mator
u(0,t) = X(0)T'(t) =0,
u(l,t) = X(DT'(t) = 0.
)

Orcrona crenyer, uro dbyukiusg X (r) T0MKHA YIOBIETBOPSITD YCIOBA-

AM
(13.8) X(0) = X(I) =0,
T.K. uHade 1'(t) = 0, u, 3uaunt, u(xr,t) = 0, a MBI HIIEM pelIeHue,

OTJIMYHOE OT TOZKIECTBEHHOTO HYJIS.
Tem camMbIM MBI IPUXOIUM K CIEAYIONed 3amade (KpaeBoil 3a1aue
JIs1 OOBIKHOBEHHOTO DD EPEHINATBHOIO yPABHEHHS )

{X”(m) + AX(x) =0,

(13.9) X(0) = X(1) = 0.

3uadeHns mapamMeTpa A, IPU KOTOPHIX 33Jjiada WMeeT HEeTPUBHATHLHOE
pernenne, HA3bIBAIOTCH COOCMBEHHHMU 3HAYEHUAMU, 8 CAMHU PEITCHU
— cobemsernvimu Pynkyuamu. 3anada (13.9) Hocur HazBaHUe 300a4U
HImypma—/Iuysusna.

PaceMoTpuM Teneph ciaeayoonue TPU CIydast:
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1. Ilycte A < 0. Torma obiee pemenune ypashenusi (13.6) mmeer
BUI

X(z) = C1eV ™ 4 Che VA7,
Yeaosue (13.8) maer
Ci+Cy=0,
C’leml + C’ge_ml =0,

nm
Cl — _027
@ (e‘/jl - e_*/j’\l) =0.

Iockombky eV N #£ e VA 10 C) = Oy = 0 u X () = 0. Tem caMbIM B
9TOM CJIydae He CYIIECTBYeT HeTPUBUATBHBIX perneHuil 3agaqu (13.9).

2. Ilycte A = 0. Torma obmmee perenne ypasuenus (13.6) umeer
BUJT

X(z) = Ciz + Cs.
['panuvnbie yCa0BUS JA0T
X(0)=Cy =0,
X()y=Cil=0.
Takum 00pa3oM, ¥ B 9TOM cJIydae pelleHus JUITh TPUBHAJbHBIE.

3. Ilycte Temepb A > 0. O6miee pemenne ypasuenusi (13.6) Torma
AMeeT BU/I

X(z) = Cy cos VAz + Cysin Vz.
['panuvnbie yCa0BUS JAOT
X(0)=C, =0,
X(l) = Cysin VAL = 0.

Ecan dynkuua X (z) He paBHA TOXK/IeCTBeHHO Hy/0, T0 Cy # 0, 10-

sromy sin VA = 0, orkyga VA = 7n, rae n = 1,2, ... . rak, zerpu-
BHAJIbHbIE perrenus 3a1a9n (13.9) BO3MOYKHEI JINIB TIPH
T2

HqueM COOTBETCTBYIOIIIME pEIIeHUAd UMEIOT BHI

Xp(x) = sin ?as
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U OUPEJEJAIOTCA ¢ TOYHOCTBIO JI0 ITOCTOSAHHOIO MHOYKUTEJISA, KOTOPbIH
BO3bMEM PABHBIM eJuHHIE. Pemas 1id 9TuX Ke 3HaveHuii \,, ypaBHe-
mre (13.7), nosyanm

T, (t) = A, cos WZ—nat + B, sin ?at,

e A, u B,, — Ipou3BOJIbHDBIE TOCTOSTHHBIE.
Takum oOpazoM, Mbl HOJIYyYUIU, YTO PYHKIUU

n n n
up(z,t) = X, ()T, (t) = <An Cos 7rTat + B, sin 7rTozt) sin WTx
yioBseTBopsitor ypasHenuto (13.1) u rpanngaabiv yeaosusiv (13.3). B

CUJIYy JIMHEHHOCTH W OJHOpOaHOCTH ypaBHenus (13.1) psin

(13.10)
t) = ;un(x,t) = ; (A cos Tat + B, sin lnat> sin ?x,

€CJIM OH JIOIYCKAEeT JBYKPATHOE NouIeHHoe JuddepeHiupoBanue, Tak-
Ke ynosaerBopsiior ypaHeruio (13.1) (ycaosusim (13.3) o yaoBieTBo-
psier Becerga). g asykparnoii auddepenmupyemoctn paga (13.10)
JIOCTATOYHO MOTPEOOBATH PABHOMEPHYIO CXOUMOCTDL IpoinddepeHIu-
POBAHHBIX PAJIOB, & JIJIsl TOIO 10 IPU3HAKY BeliepmTpacca 10¢TaToqHO
TpeboBATH CXOAMMOCTD PSR

(13.11) > ([ Au] + |Bal).

B Beipaxennu g dbyskumn u(z,t), onpeeSeHHON DaBEHCTBOM
(13.10), mbl eme He onpefenuan seaunanabl A, u B,. [logbepem stu
3HAYEHHUS TaK, YTOOBI YJAOBJICTBOPSIACH HAYAIbHBIE yeaoBus (13.2)

0) = ZA" sin ?m = (),
n=1

(13.12) -
Z ﬂOLB sin lnzv = (x).

[Iycts dyukmun ¢(x) u ¥(x) MOryT GbITH pas3ioKeHbl B psijibl Dypbe
ma orpeske [0, (]

:Zgonsin?x, apn:—/go( )sm?xdw
n=1

zzmlsin%x, /¢ sm—xdaz
n=1

(13.13)
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I3 pasencrs (13.13) caeayer, uro eciu nonoxuth A, = ¢,, a B, =

——1),,, TO GyIyT BBIMOJTHEHB paBeHcTBa (13.12).
™ma

Yeaosue (13.11), rapaHTupYyOIiee BOSMOKHOCTb MOYJIEHHOTO Tu-
dbepennuposanust psiaa (13.10), mepexoaut npu TakoM Beibope A, u B,
B YCJIOBHE CXOJIMMOCTH PSJIOB

o o0
> nPleal, Y nfil.
n=1 n=1

,ZLJIH CXOOUMOCTU 3TUX PAI0B, KaK MO2KHO ITOKa3aThb, JOCTATOYHO IOTPeE-
6oBaThb 0T GYHKIUE ¢(2) HEMPEPBIBHOCTH BTOPOIi IPOU3BOTHOM, KyCOU-
HOU HENMPEPBIBHOCTHA TPETbEH ITPOU3BOAHONW W BHIITOJHEHUA PABCHCTB

p(0) = @(l) = ¢"(0) = " () = 0,
a ot dyHKnuu () HEIPEPHIBHOCTH TEPBOH MPOU3BOIHOMN, KyCOIHOM
HEIIPEPbIBHOCTH BTOPOH IIPOU3BOAHON M BBINOJIHEHUA PABEHCTBA

$(0) = ¢(l) = 0.

Nrak, pemennem 3anaun (13.1)-(13.3) asisercsa Gynkius

- l
(1314) u(x, t) = Z (Qpn COS ﬂ.l_nat + % sin ?at) sin ﬂ—l—nl’,

n=1

rae @, " 1, onpejenaeHsl papercTeamu (13.13).

cnonb3ys Apyroif MeTo/| HOCTPOEHHs PelIeH s, MOXKHO [10Ka3aTh,
aro dyukus u(zx,t), onpenenennas paperctoM (13.14), Gynet perire-
HEEM PacCMaTpPUBAEMON 3aJa4M U B CJIydae , eCIH OTOPOCUTD YCJIOBHUS
KYCOYHOH HEIPEPBIBHOCTH COOTBETCTBYIOMIMX IIPOU3BOAHBIX (DYHKIIMIA
o) n ().

Bosee Toro, Mbi MOzkeM 1OCTPouTH byHKIHIO u(z,t), onpeneneH-
Hyto pasercTBoM (13.14), no dyukmuam ¢(x) u (x), He obraamato-
M Tpebyemoii rraKocThio. B arom corydae dbynkuus u(z,t), He sB-
JSAICh OOBIYHBIM perieHreM ypasaerust (13.1), aBiasercs mpenenbHOil
JII PeIleHui 9TOr0 ypaBHEeHHs ¢ HEMHOIO CIVIAYKEHHBIMU HAYaJIbHBI-
MU yCJI0BASAMEA. [To/1ydeHHbIe TAKKM HPeIebHBIM IIePeX010M (DYHKIUHI
HA3BIBAIOTCH 0000WeHHbMYU PeueHuAmu. B JaabHeilmeM Mbl He Gyiem
IPUHUMATH BO BHUMAaHUE PA3HUILY MEXKIY ITUMHU PENICHUAMEA U pelre-
HUSAMHU B OOBIYHOM CMBICJIE.

IMpumep 13.1. Onpegesnnrh orkaoHeHne u(x,t) CTPYHBI, 3aKper-
JeaHoil Ha KoHmax r = 0 u x = [, uMemoIIeil B HAYAJbHBI MOMEHT
BpeMenu dopmy mapabossl ¢(r) = ax(l — x) U HyJIeBYIO HAYAIHHYIO
ckopocTh (x) = 0.
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Orkionenne u(x,t) apisiercs pemenuem 3aga4au (13.1)-(13.3) u na-
ercst, Kak ObLI0 moKazano, (opmytoii (13.14). Ocraercs HafiTi KO-
dbunmenter Pypoe @, u ,. [ockoabky ¥ (x) = 0, To ¢, = 0. dns ¢,
nMeeM

2 [ 2a (!
po=2 [ aci=apsin Tade = =22 [0 -yaeos T
l 0 l ™ Jo !

l l
—/ (I — 2z) cos ?:p dx)
o Jo

2al [ . TN 20l . TN
= W/o (I — 2x)dsm7x = W((l — 21) sin —-

L' B 4al? ™
+2 i sin de:v = _(7rn)3 CoS T:z:

2
- (:zz(l — ) cos 7Tl—n:1:

™

l

0

b4l .
- (7T7L)3 (1 - <_1) )

0, n = 2k,
=< 8al?
(mn)?’
[TojcraBiisist 9T0 BhIpazkeHue st ¢, B dopmyay (13.14), moayyaem

8al? 1 7(2k+1) . w(2k+1)
u(z,t) = = e cos ; at sin i x.

k=0

0

n=2k+ 1.

ITpumep 13.2. CrpyHa, 3aKkpelieHHasd HA KOHIAX ¢ = 0 u x = [,
HAXOJIUTCS B HAYAJIbHBI MOMEHT BPEMEHH B ITOJIOKEHUN PABHOBECHUSI U
IPUBOIUTCS B ABUKEHUE BO3IEHCTBHEM, TAIOMUIM €l HAYAJIbHYIO CKO-
pOCTh

Ompenenuts oTrkaonenue u(x,t).
13 ycaosust 3agaan u dopmyast (13.14) caemyer, 410 HEOOXOIUMO
HafiTu jgunb kKosddurpenter ypbe 1, s Gynknuu (). Nveem

2 (! 2 [h 2 "
U, = 7/ ¥(x)sin WZ—nx dr = 7/ 1o sin ?x dr = _2% cos WZ—nx
0 0

™n 0

21bo ™m 4y . 5 2mnh
= — (1—cos—h> = ——sin
™ [ ™ 21
Tem caMbIM
o 2mnh

Abal & sin
u(z,t) = Yo Z 21 T ot sin 2

sin —at sin —x.
n? l l
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Samaga 13.1 (juisa camocrositeabHoro pentenns ). [Tpumenurs me-
Toa, Dypbe K 3a71a4e 0 KojaebaHuu CTPYHbI CO CBOOOIHBIMHU KOHITAMHU.

§14. Crosiume BOJIHBI

Dyuknun u,(z, t), 13 KOTOPBHIX cOCTOUT pernenue u(z, t) (13.10), MoxKmHO
IPEJICTABATD B BHJIE

™ ™ ™
Up(z,t) = (An cos Tat + B,, sin —at) sin —x

! [

. ™™ . TN
= Q, SIn (Tat + <pn> Sin T:p,
e

An
a, =/ A2+ B2, ¢, = arctg B

Pernenne u, (x,t) OnuchBaeT IBUKEHHE CTPYHBI, IPH KOTOPOM KarK-
Jlag TOYKa CTPYHBI T( COBepIIaeT TapMOHAYECKHe KOJIeOaHUsd C 9acTOo-
™

TOR W, = —a W aMILJIUTYJI0I

[
.
Qpy, S111 Tﬁ[}o.
JIBuzkeHne CTPyHBI TAKOI'O THIIA HA3BIBaeTCA cmoavel soanotd. [lpn
TaKOM KoJie0aHWM CTPyHA HM3/aeT 3BYK, BHICOTAa KOTOPOTO 3aBUCHT OT

qacTOTHl KoJIeOaHN Wy, a CUJIa OT HAMOOJIBITEH aMILINTYIBI ().

l ™
Toukm * = —m, m = 1,2,...,n — 1, B KOTOPHIX Sin Tm = 0,
n
HA3BIBAIOTCH Y3AAMU CTOSICH BOIHBI Uy, (T, 1), & TOUKE T = 2—(2m+ 1),
n
. TN
m=20,1,...,n—1, BKOTOpPHIX sin Tm = =41, coBepiaioT KojiebaHusd ¢

MaKCUMaJbHOW aMILIATYIAON (v, W HA3BIBAIOTCA NYUYHOCMAMY CTOAIECH
BOJTHBI.

N3 dbopmyssr mias pemenust u(x,t) (13.10) caeayer, 9To 3ByK, n3-
JaBaeMblii CTPYHOH, ABAIETCA HAJOKEHUEM TPOCTHIX TOHOB, COOTBET-
CTBYIOIINX CTOTYNM BoHaM. CaMblil HU3KWI TOH, 3a/1aBaeMbIil CTPY-

m
HOWM, OIIpeIesigeTcd caMOil HU3KOW 9aCTOTOH wi = Ta (mpu ycaoBun

a1 # 0) 1 Ha3BIBACTCA OCHOBHHIM MOHOM CTPYHBI. OCTagbHBIE TOHA
COOTBETCTBYIOT YaCcTOTaM, KPATHBIM Wi, W HA3BIBAIOTCS 00EPTMOHAMU.
OHu BIUAIOT HA TEeMOD 3BYyKa.

OcCHOBHOU TOH CTPYHBI H €€ TeMOP 3aBUCUT OT cIocoba BO30OYkKIe-
Hust Kosebanuit. Ecau dynkuun ¢(x) u () B HAYaJIbHBIX YCIOBHIX
TakoBbl, uT0 A; = By = 0, a A3 + B3 # 0, T0o 0CHOBHO{i TOH GyeT
COOTBETCTBOBATH TACTOTE Ws.
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