YcioBue

3amaua 2. 'mrapHasi cTpyHa.

B ,HaHHOfI 3a/la49€ pacCMaTpUBalOTCA MaJibl€ IIOIIEpEeYHbIC KOJIe0aHud FHTapHOfI CTPYHBI C 3aKpP€II-
JICHHBIMM KOHIIaMMH.

Ocnoprast Mojia (Tur, dopma) KosebaHus STOH CTPYHBI TOKA3aHA Ha PUCYHKE (JKUpHAs JIMHUS —
dopma cTPYHBI B HAYAJIbHBI MOMEHT BpEMEHH, TOHKUE JIMTHUU ee (popMa B JIPYTHE ITOCIEI0BATE /b
HbIE MOMEHTBHI BDEMEHH).

g onmcanus KojaeOaHUN CTPYHBI BBEJIEM OCh

T, KOTOpas COBIQJIAET C IIOJOXKEHUEM CTPYHbBI u
B COCTOSHMU paBHOBecusl. KKOODAMHATBI TOUEK
KpeIUIeHnsl CTPyHbl +a (J/IMHa CTPYHBI paBHA
2a). Koyiebanus cTpyHbI OMUCBIBAIOTCST (DYHKITU-
eit u(x,t) - 3aBUCUMOCTBIO OTKJIOHEHUSI TOYKU
CTPYHBI C KOOPJIMHATOW & OT BPEMEHHU.

B cocrosinuu paBHOBecusi CTpyHa HATAHYTA, CHU-
Jla HaTsizKeHus paHa 1. Ilpu masbix KosjebaHu-
sIX CTPYHBI U3MEHEHUEM CHJIbI HATsI>KEeHUsI CTPYHBI MOXKHO ITpEHEOPEeUb.

JluHeiiHas MJIOTHOCTD (Macca eJMHUIBL JUIHHBI) CTPYHBI pABHA p.

Yactp 1. Berymne n CTOod4YMe BOJIHBI Ha CTPYHeE.

B namnoit qactu paccMOTpuM OECKOHEYHYIO CTPYHY, CHJIa HaTsKeHUsi KOTopoil pasHa 1', a ju-
Heiinag ioTHOCTH p. [lo crpyHe mnpoberaroT rapMoOHUYECKHE BOJHBI ¢ MaJjoil amintyiaoit Uy.
Kpyrosas gacrora 3Tux BOJH W, JJINHA BOJTHBI .

1.1 Bamumure Gyskmn ug(z,t) u uy(z,t), ONUCHIBAIONINE BOJTHBI, PACIIPOCTPAHSIONINECT B MTOJIO-
JKUTEJIBHOM M OTPHUIATEIbHOM HallpaBJIeHUU ochl T, cooTBeTcTBeHHO. 1.2 Ilokazkute, uTo 11pu Ha-
JIOXKEHWUN ITUX BOJH BO3HUKAET crostuas BoJiHA. [lomyumre dbyHKImO u(x,t), ONUCHIBAIOILYIO 9Ty
crosayio BosHy. 1.3 BeIpasure ckopocTh pacipocTpaneHns 6eryImx BOJIH Yepe3 XapaKTePUCTUKI
BOJIHBI W U A.

Yactb 2. KojiebaHus 3aKperieHHON CTPYHBI.

Paccmorpum kosebanmst 3aKperieHHO CTPYHBI, TOKa3Hble Ha pucyake. OO03HAYNM KPYTOBYIO Ta-
CTOTY M300parKeHHOTO THUITa KOJIeOaHWil w, B 3TOI YacTU BaM HEOOXOIMMO BBIPA3UTH ITY HaCTOTY
yepe3 XapaKTEPUCTUKU CTPYHBIL: ee JJINHY 2a, CUIy HaTsyKeHus 1 u JIMHEeIHYI0 IJI0THOCTD p.

2.1 Banummmre GyHKIwo u(x, t), ONUCHIBAIIILYIO PACCMATPUBAECMbI TUII KOJICOAHUN CTPYHBIL.

O603HAYNM OTKJIOHEHHUE TEHTPAJIBHON TOYKN CTPYHBI OT MOJIOKEHUsT paBHOBecus Ug(t), a ee CKo-
pocTh vg(t).
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2.2 Bpr&SI/ITe KHHETUYICCKYIO SHEPI'UIO E(t) JABUKCHUA BCEl CTPYHBI Yepe3 CKOPOCTh €€ IeHTPa
Uo(t).

2.3 Beipasure moreHnuaabHyo sHepruto Jgedbopmalun ctpyHbl W (t) depes KoopamHATY IEHTpA
cTpyHbI Ug(t). 2.4 Beipasure KpyroByo 4acToTy pacCMaTpUBAEMbIX KOJIEOAHUIT w Yepes3 mapaMeT-
pbl cTpyHBI a, p, 1. 2.5 Tloxyuure popmyry Jj1si CKOPOCTH pacipoCTpaHeHUs OerymmuxX BOJH I10
OeCKOHEYHOI CTpYHE.

Mamemamuueckue nodckasku. 1. cosa + cos f = 2cos a—;ﬂ - cos # 2. cos?a = %(1 + cos2a).
3. sin?a = %(1 — ¢082a). 4. Jlauna uzoenymotl cmpynovl, noka3aGHHOT HA PUCYHKE, ONUCHIBAEMCA
npubAUHCEHHOT HOPMY.A0T

1 /mug\2
=21+ (52) ),
a( +4 2a )

rjae up - OTKJIOHEHUE NEHTPa CTPYHBI.

Pentenue
3amaua 2. 'mrapHasi cTpyHa.

Yactp 1. Berymue u crosgyme BOJIHbI Ha CTPYyHE.

1.1 Oynknnu uy (,t) u ug(z,t), ONNCHIBAIONIE BOIHDI, PACIPOCTPAHSIONINECH B ITOJIOKUTETHHOM
U OTPUIIATEILHOM HallpaBJICHUU OCU T, UMEIOT BUJL

uy(z,t) = Uy cos(wt — ka)ug(x,t) = Uy cos(wt + kx) (1)

riae k = 27” — BOJIHOBOE YHCJIO.

1.2 Pe3yﬂbTaTOM CJIOZKCHU A 9TUX BOJIH fABJIAE€TCA BOJIHA, OIIMChIBacMad (byHKHI/Ieﬁ

2
u(z,t) = Uy cos(wt — kx) + Up cos(wt + kx) = 2U, cos(wt) cos (%m) : (2)

OTa QYHKIUSA ONUCHIBAET CTOATYIO BOJIHY.

1.3 CropocThb BOJIHBI MOXKET OBbITH IIPEJICTaB/IEHa B BUJIE

Yactb 2. KojsiebaHus 3aKperieHHON CTPYHBI.
2.1 OyHKIWs, OMUCHIBAIONIAA JAHHBIA TUIT KOJIeOAHUN UMeeT BT
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u(z,t) = Uy cos(wt) cos (;—ax> : (4)

2.2 Ecm 3aBUCHMOCTB CMEIIEHUsT TOYEK CTPYHBI OT BpeMeHu umeeT BuJL (4), TO 3aBUCHMOCTDb UX
CKOpOCTEll OT BpeMeHU 3ajiaeTcsd (hyHKIeil

. m T

v(z,t) = —Upw sin(wt) cos (—x) = ¥ COS (—x) . (5)
2a 2a

Beiesinm Ha cTpyHe HEOOBINON yIAaCTOK JAIHHON AX, TOJIOXKEHNE KOTOPOTO OIPEIEISIeTC KOOP-
juHaToi x. Kunerndeckas sHeprus 9Toi MaJjioil 9acTu CTPYHBI paBHA

pAx 4 pAx
—

AE = 5 (x) = Tvg cos? (%x) . (6)

Kunerndeckas sneprust Bceil CTPYHBI PACCUUTHIBACTCH KaK CyMMa KMHETUYECKUX SHEPIUil BCEX ee
y4aCTKOB:

pAx T pv2 1 T U
E = Z 7113 cos® <%xz> = 70 Z 5 (1 + cos (Z%xl)) Az TOa. (7)

IIpu BBIMHC/IEHUH CYyMMBI yITEHO, ITO CyMMa JIINH BCEX YIaCTKOB PaBHA JJIHMHE CTPYHBI y . Azr =
2a. Bropoe ciaraemoe obpalaercss B HOJIb, TaK KaK B paccMaTpUBAEMOM HHTEpPBAJIE T KOCHHYC
IPUHUMAET KaK IMOJIOKUTEbHbIE, TAK U OTPUIIATE/bHbIE 3HAUEHUSI.

2.3 Tak Kak cuja U3MEHEHUEM CUJIbI HATAYKEHUS CTPYHBI PEKOMEHJIOBAHO MpeHedpedb, TO IOTEH-
IuaJjbHas SHEPIUd M30THYTONH CTPYHBI paBHA padOTe 10 PACTAXKEHUIO CTPYHBI:

W=TAl=T. (8)

Ucnonw3yst dpopmyity st JIIMHBI CTPYHBI, TIPUBEJIeHHYI0 B «MaTtemMarudaeckoil mojicKaskey, moJIy-
JaeM BbIpaKeHUe JJId ITOTEHIINAJIbHON SHEPIrUN CTPYHBI

2
i S

2.4 3ammmnieM ypaBHEHHUsI 3aKOHA COXPAHEHUs] MEXaHUIeCKONH SHEPrun JJisi BCeil CTPYHBI

2T

S—ug = const. (10)
a

pa
ot
DTO ypaBHEHME €CThb ypPaBHEHUE TapMOHUYECKUX KOJIe0aHuii ¢ 1acToTon

A
2a\ p’
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2.5 PaccmarpuBaemoe Kosiebanme MOKHO PACCMATPUBATE KAK CTOSTIYIO BOJIHY, OIUCHIBAEMYIO (DyHK-
et (4). CpasruBast 51y dyHKImMO ¢ GyHKIMed (2), HAX0UM, 9TO JaHHOEe KoIebaHne eCTh CyMMa,
JIBYX OEryImux BOJH C JJTAHON BOJTHBI

A = 4a. (12)

[TosroMy MOXKHO HCHOJIB30BaTh GopMy Ly (3) /st CKOPOCTH OeryIneii BOJHBI, B PE3YJIbTATE YEro

[IOJIYYUM
s T
\w 4q - %\/; T (13)
C=E———= ——— = —_
2 2m p
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