-2 CobcTBEeHHBIE KOJIeOaHUA

VYciioBue

3agada 11-2 CobcTBeHHBIE KOJIeOaHMsI.

B zasiave paccMaTpuBatoTCst COOCTBEHHbBIE KOJIeOaH sl CHMMETPHYIHOM 1enoIKu, cocrosimeii u3 (2N +
1) O/IMHAKOBBIX MIAPUKOB, COCAMHEHHBIX OJMHAKOBBLIMU IpyKuHamu. Macca KayKJioro Imapuka 1,
JKECTKOCTh KarKJ IOl MPYKUHBI 7, MACCa IIPYKUH [IPpeHeOpe:KUMO MaJia. BHeIHne CuIbl Ha IeIoYKYy
He JICHCTBYIOT.
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Mpg1 OyzieM paccMaTpuBaTh TOJIBKO CUMMETPUIHBIE TPOA0JIbHBIE KosiebaHus. [loaTomy mocraTodno
OTINCATH JBMKEHNE TTOJIOBUHBI IIEIIOYKH, TT0J1arasi IIPU 9TOM, YTO IEHTPAJIbHBII IIAPUK HEITOIBUKEH.
st onvcanust nBuzKenus: OyjieM HUCIOIB30BaTh (MYHKIMU Tk (t) - 3aBUCHMOCTD CMereHusi k-Toro
[apuKa OT ero IOJIOXKEHUsI PABHOBECHSI.

CobcTBeHHBIM KOJIEOAHMEM Ha3bIBAETCsl TaKoe KojebaHue, Ipu KOTOPOM BCe IAapUKU KOJIEOIIOT-
¢ 110 TAPMOHMYECKOMY 3aKOHY C OJIHOM 9aCTOTOMH, B OAHOI (hase, HO ¢ pa3sHBIMHU AMILIATYIAMHU.
YacToTh!l TakKnX KOJI€OaHUI HA3BIBAIOTCS COOCTBEHHBIMU TaCTOTAMMU.

Yactb 1. OauH ABUKYIIUCS IapUK.

1.1 Haiiiure cOOCTBEHHYIO KPYTOBYIO YaCTOTY Wq KOJIEOAHUI IIEITOYKH, B KOTOPOIl JIBUKETCS TOJIHKO
OJINH IIaPUK.

Yactp 2. /IBa ABMKYIIUXCS IIapUKAa.

PaccMorpum menodky, B KOTOPOil JIBUKYTCA JBa IapUKa.

2.1 Banuimure ypaBHEHUs, ONUCHIBAIOIINE JIBUKECHUS [TAPUKOB.
B xavecTBe e IMHCTBEHHOrO TTapaMeTpa STUX YPaBHEHUI UCTIO/Thb-
3yHTe 49acToTy Wy, HAMJCHHYIO B IIEPBO 4YacTu 3a/1a4u.

11 xnacc. Teoperuueckuit Typ. 1



2.2 Onpesiesinte COOCTBEHHBIE YACTOTHI KOJICOAHWIT MAPUKOB Wy
n wy. Haiiure mpu KakoMm OTHOIIEHUU aMILIUTY KOJieOaHuit
KasKJIOTO MapuKa NX KOJebaHus OYIyT MPOXOINTh C OJHOM JacTOTOM.

YHacts 3. JdauHHasa nenovka.

Paccmorpum cobcTBeHHBIE KOJIEOAHUS TIETIOYKH, CO-
crosieit u3 N JABUKYIIUXCA MMAPUKOB.

e

1000001

3.1 BanummTe B 00ITIEM BUJIe YpaBHEHUs, OIICHIBA-
IOIUe JIBU2KEHNE MapuKa HOMeD k. YKa)KuTe Kakue
JIOTIOJTHUTE/IbHBIE YCJIOBHUS CJIEJIyeT HAJOXKUTDH Ha Kpaiinue mapuku k =0 u k = N.

3.2 OmnpegiesuTe Bee COOCTBEHHBIC TACTOTHI W; MTPOJIOIBHBIX KoJiebanuii JaHHoi 1ermoukn. CKOIbKO
CcODCTBEHHBIX JaCTOT MMeeT IEeNoIKa’

Tymarumapras nomown! Jis pewenus nocmasiennoti 3adauu cAedyem 6binoAHUMD CAEYI0-
wyro nocaedosamensvHocmy deticmeut:

3.2.1 IlpeacraBbTe perreHne CUCTEMbl YyPAaBHEHWI JBUZKEHUsI B BUJE T = Ag coswt u moaydanTte
CHCTEeMY YpaBHEHUN JjId aMILINTY/L KojeOaHuil mapukos Ay.

3.2.2 3aBuCHMOCTH aMILTUTY/] KOJIebaHwii OT HOMepa IapuKa MOXKET ObITh 3amucaHa B Buje Ay =
Asin(ky). [lpueaure kauecTBeHHBIE OOOCHOBAHMUSI JIJIsI TIOUCKA pelieHuii B TakoM Buje. [loyaure
ypaBHEHUeE JIJIs OTPEJIeJICHUs ¢ B 3aBUCUMOCTH OT YACTOTHI KOJIeOaHUN W.

3.2.3 Ucnonib3ys ypaBHEHUE I TOCJIEHEro mapuka k = N olpejenTe BO3MOKHbBIC 3HAUECHUS
napamMeTpa @, Ipu KOTOPOM 9TO ypPaBHEHHE BBIITOTHSIETCH.

3.2.4 CpaBHuBas pe3y/ibTaThl, OJIyUeHHbIE B 11.3.2.2 u 3.2.3, noytyunte hOpMYILy JIJisi COOCTBEHHBIX
JacTOT KoJieOaHMil.

Pertenne
Samada 11-2 CobcTBeHHBIE KOJIeOaHUs.

Yactb 1. OuH ABUM>KYyHIUiCs IMapUK.

ypaBHeHI/Ie JABH2KEHUA IIapUuKa MMeeT BUJL

ma = —yx (1)

[ne x - cMernenne mapuka OT IOJIOKEHUsT PABHOBECHSI, @ - €r0 YCKOPeHne. DTO YpaBHEHUE SBJIAeTCs
ypaBHEHUEM TapMOHUYECKUX KOJIEOaHUI ¢ 4acTOTOI

wo =1/ (2)
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YHactp 2. /IBa aBmKyniuxcs Imapuka.

2.1 YpaBuenus JIBUKEHUS IIAPUKOB CJICAYIOT U3 BTOporo 3akona HbioTona m 3akona ['yka

may; = —yrp + ’Y({EQ — 1‘1) (3)
may = —y (22 — 11)
N
a; = —2w§x1 + w%mg

(4)

a9 = wgazl — ngg

Yro6bl HAiTH YacTOTHl COOCTBEHHBIX KOJIOAHUIT IIPeJIcTaBUM pellleHne ypasHeHuii (4) B Buje

r1 = A coswt

()

Ty = Ay coswt

Tne Ay, Ay - ammunryapl KosiebaHuii iepBoro u Broporo mapukos. [logcranoska dyukmumit (5) B
ypaBuenus (4) jaer ypaBHEHUs JIJIsl AMILIATY/]

—w2A1 = —2(,03141 + CUSAQ

_CL)ZAQ = W(Q)Al — ngQ

(6)

Boipasum u3 obonx ypasHenuii (6) oTHOIIEHHE aMILIATY/I

Ay g Ay wh—W? (7)
Ay 2w -w? Ay W

Yrob6bl cucTema ypasHeHuit (6) 6bL1a coBMecTHA HEOOXOUMO, ITOOBI HaliieHHble oTHOIEHUA (7)
OB PABHBIL, YTO JaeT YPABHEHHUE JIJIs OlPeIeJieHns] COOCTBEHHBIX YaCTOT KoJleOaHuii

2 2 2 1

= =1-2z. 8
2w — w? W 2—z : (8)

N

3nech oboznadeHo z = % . Permmast 310 ypaBHEeHUE, Oy INM

e
0
2-2)(1-2)=1 = 22-32+1=0 =

3+£0-1 _3+45 3-5 (9)
== _ 2T Vo S Vo

21 221 =
2 ’ 2

21,2

Takum obpazom, coOCTBEHHBIE YaCTOThI COOCTBEHHBIX KOJIeOaHU JTAHHOW CHCTEMbI PABHBI

(10)
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OrHotreHnsd AMILJIATY I KoJieOanmii HIapUKOB IIPU 9TUX KOJIeOaHUAX 6y,H‘yT COOTBETCTBEHHO DaBHBI

ézﬂzl_z. N (é) __1+v5 (é) _ V61 (11)
) A2 .

2 - ’ -
AQ Wy 1 2 AQ 2 2
YHacts 3. JdauHHasa menovka.

3.1 YpaBHenue JIBUKEHUS TPOU3BOJILHOTO IIAPUKA, UMEET BH]L

may =y (Trr1 — ) — 7 (Tk — Tp—1) - (12)

N

ar = wp (Tpy1 — 2 + 1) - (13)

Hna k = 0 cneayer nooxkuthb xg = 0. [I71g KpaitHero mapuka MOXKHO OTOPOCUTD IIEPBOE CJIaracMoe
B ypasaerun (12). Ho nporie u kpacuBee pacnpocrpanuth ypasaenue (13) na dukrusubiii (N + 1)
IAPUK, IIPUYEM CUUTATh, 9YTO TN 41 = TN

3.2 Tlocieryem 10 1myTH, MOJICKA3AHHOMY «T'yMaHUTApPHO# rmomorbioy. [logctaBum mpobHoe pere-
Hre r, = Ag coswt B ypasuenue (13). [Tocse cokparenust moyanM ypaBHEHHE [JIsT AMIUIATY/T

—LUQAk = W(Z) (Ak+1 — 2Ak + Ak_1> s (14)
KOTOpOG nepenumeM B CUMMETPUYIHOM BUIE

WZ

wWo

Teneps mojicraBuM TpobHOE perienne Jjiist 3Toro ypasHenus Ay = Asin(kp). ObocHOBaHIE TAKOTO
Hpe/cKa3aHud 3aK/II09aeTcd B TOM, 9TO (PaKTUIeCKn CBOOO/HBbIE KOJIEOAHUS SIBJISIIOTCS CTOSIUM-
MM BOJIHAMH Ha Tiernodke. Kpome Toro, cuayc BBIOpaH, 9TOOBI YJIOBJIETBOPUTHL YCJIOBUIO T = 0.
YKazaHHas MOJACTAHOBKA JTAET:

sin((k + 1)) + sin((k — 1)) = (2 - %g) sin(k). (16)

Ucnonns3yst M3BECTHYIO TPUTOHOMETPUUIECKYIO (DOPMYITY I CyMMBI CHHYCOB, ITOJTYIHM
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2sin (k+ Dy + (k= 1)p cos (k+ Dy — (k= 1)¢ = <2 W2) sin(ky)

2 2 w2
w2
2sin(kp) cos p = (2 — —2> sin(kyp). (17)
wo
2
w
— 11—
Ccos 27

Tenepsr mozmcTaBuM TPOOHOE pEITIeHNe BO BTOPOe T'PAHUYHOE YCJIOBHE Tyy1 = Ty U IIpeodpasyeMm
ero

sin((N +1)p) =sin(Ny) = sin((N +1)¢) —sin(Ng) =0 =
251n<(N—|—%) gp) Cosgzo = (18>

Tax cos § ormden or mynda (MHade IenovdKa He Kosebaerca!), To

sin ((N + %) g&) —0 = (@N+1p; =21 (j=123...) (19)

Nrak, mapameTp ¢ MOXKET IMPUHUMATH TOJBKO JIUCKPETHBIN PsiJi 3HAYCHUI

B 2
2N +1

©; J (20)

Haxkowerr, ¢ omormpio dopmyiier (17) HaX0IuM 9acTOTBl COOCTBEHHBIX KOJI€OaHMIt

2 2

cosy 22 22

= 1—cos<p:2sin2§ = W :2wgsin%,

[Tocste mojcranoBku Bbipazkenus (20), oy daeM OKOHYATEIbHYO (DOPMYJLY JJIsl 9aCTOT KOJIeOaHMii

wj = 2wp sin% = 2wy sin (2N7r+ 1j)

B sroit popmyiie j usmensercd B mpejesnax ot 1 1o N, T.K. JaJibHeiiIee yBeJndeHrne 3Toro napaMer-

pa IpuBe/IeT K MOBTOPEHUIO 9acTOT. [109TOMY 9mC/I0 COOCTBEHHBIX YACTOT PABHO YHCJTY ITOABUZKHBIX
MapuKkoB, T.e. N
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