JIEKIIUS 18

BBIHY YK JIEHHBIE KOJIEBAHU Y
KOHCEPBATMUBHOM CUCTEMBEI.
BJINSHNE BHEIIITHMNX
NMEPUOJNYECKNX CUJI HA
MAJIBIE KOJIEBAHUSA
CKJIEPOHOMHOM CUCTEMBI.
AMIIJINTYIHO-PABOBA
XAPAKTEPUCTUKA

Ha npomnuibix jeknuax u3ydaanch KojebaHns KOHCEpBATUBHBIX cUCTeM. B yacTHOCTH, B TIPO-
ILJIBINA pa3 ObLIa pacCMOTpPEeHa 3a/iada O HOPMAaJIbHBIX, WJIN TJIABHBIX KOJEOAHUSAX KOHCEpBa-
TUBHOU cucTeMbl. Ternepb U3y4YnM IMOBeIeHNE KOHCEPBATUBHOW CUCTEMBI B CJIydae, KOrjaa Ha
HeE NefiCTBYIOT MEPUOIMIECKe BHENTHUE CUJIbI, 1 BBIYUCINM OTKJIMK CUCTEMBI Ha 3TO TepHU-
omudeckoe Bozjeficreue. [Ipu 3ToM oYeHb TOMOTaET BBEJICHUE HOPMAJIbHBIX KOOPIUHAT.

1. Kosiebanmnsi KOHCEPBATUBHOM CHCTEMBI 110, JelCTBUEM
BHEITHUX MePUOANIECKUX CHUJI

Paccmorpum KoncepBaTuBHYIO cucTeMy ¢ n crerieHsMu cBoOoabl. [lycTh 0600ménnbie KOop-
JUHATBl B IIOJIOXKEHUHM PaBHOBECHHA OOpAIAIOTCA B HOMb: ¢; = (¢ = -+ = ¢, = 0. BBe-
JEM HOPMAJIbHBIE KOOD/IMHATHI. DTO JIeJIAeTCs 3aMEHOit repeMenubix ¢ = U6, r/ie BBeIeHbI

q; 91
obo3HaUYeHUsT § = (), 0 = () Matpuna U cocTouT m3 n aMILIUTYJIHBIX BEKTOPOB:
qp 0

n
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= ||dy, ..., U,||. 3aMeHy ImepeMeHHBIX TaKXKe MOYKHO II TaBUTD CJI VMU 3aIIACAMHE:
U Ly oo s Uy |- Same epeme aKrKe MOXKHO IIPeJICTa. cIIesLyIo 3aIUC

n

7= Zejaj; (18.1)

J=1

j=1

VYpaBHuenusi kojebanuii B HOpMaJILHBIX KOOPIUHATAX UMEIOT BU/I
0,+w?0,=0, j=12,.,n. (18.3)

[Ipeamosoxkum, 9TO KpOME BHYTPEHHUX MOTEHIIUAIBHBIX CAJI HA CUCTEMY JIEHCTBYIOT TaK-
JKe mepuojimdeckre BHerHue cuyibl. OO00MEHHDBIE CUJIBI, COOTBETCTBYIONINE BHEITHUM BO3/IEH-
CTBHAM, paBHBI (), ().

Kax y2ke roBopusioch, ouerb 3(p@HEKTUBHO HCIOJIb30BATH HOPMAaJIbHbIE KOOPANHATHI. be3
9TOr0 HYKHO OBLIIO ObI HAITKCATD JIMHEHHbIE 0 ¢ Jaud depeHnuaibHble YPaBHEHUS ¢ TTPABBIMEI
JacTAMU, cofepxKamuMu (), 1 uckarb dacTHoe pentenue. OOree perrenue ObLIO ObI CyM-
MO pelreHns: OJHOPOIHON CUCTEeMbl YPaBHEHUN W JaCTHOIO pelnreHus HeogHopoanoi. Ho c
HCIIOJIb30BAHNEM HOPMAJIbHBIX KOOPIUHAT BCE CTAHOBUTCS HAMHOIO ITPOIIIE.

Q: (1)
Beeném BekTOp, cocTosdmuii u3 0OOOIIEHHBIX CHIT: () = ¥ BBIYUCJAM COOTBET-
@ (1)
R ©,(1)
CTBYIOIIUIT BEKTOP OOOOIIEHHBIX CHUJI B HOPMAaJbHBIX KOOpAWHATax © = . 3areM
©,,(t)

[OJICTABUM 3TOT BEKTOP B IPaByO0 YacTh ypasHeruii (18.3), u Oymem uckarhb obIiee perieHne
3TOU CUCTEMBI.

YT100bI TTOJIyIUTH BEKTOP (:), cpaBHUM pabOTy Ha BUPTYAJbHBIX IIEPEMENIEHUAX B UCXOIHBIX
U HOPMaJIBHBIX KOODJIMHATAX, UCIOJIL3Ysl paBeHCTBO (18.2).

SA= Qg =Y Q> u;60,=>" (Z uijQi) 30 (18.4)
=1 =1 7=1 Jj=1 =1

Bemmanna, crosimas B ckobkax B paBeHcTBe (18.4), u ecTb HOBasi 0000IIEHHAS CHJIA, TaK
Kak 370 Koaddurment npu §6;. Takum obpasom,

=1

I/IJII/I, €CJIK 3alliCaTb 3TO B MAaTPUYIHOM BHUJEC:
e =UTQ. (18.6)
YpaBHeHUs B HOPMAJIbHBIX KOOPJAMHATAX MTPUHUMAIOT TAKOU BUI:

. +u0,=0.(), j=12 .,n (18.7)
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[Iycts BHemHAS TIepuoimydecKas cuyia nMeeT nepuo 1 = ﬁﬁ Paznoxxum dpyukrun © ; B
psan Pypbe:
©,(t) =Y Ay sin(kQt + o). (18.8)
k=1

O6imee pererre oJHOPOIHON cucTembl ypasaenuii (18.3) umeer Bu 0, =c; sin(wjt + aj>.
HacTHoe perntenue HEOHOPOJIHOM cucTeMbl 0bosHaInM Kak §7(t). Byjaem uckath ero B Takom
Ke Bujie, Kak u O j (t). Beraucsenust mpocTeie, Jijisi KDATKOCTU CPa3y 3allWiIeM OTBET:

> Ajy, . .
03 (t) = ; W?_—szmsm(lﬁﬂt + ajk), j=1,2,....,n. (18.9)

Tenepb MOXKHO BbIIHCATh ObIIee perenne cucreMbl (18.7), mosnb3ysick dopmysoii (18.1):

qg= chﬁj sin(w,t + ;) —l—ZH}‘-(t)ﬁj. (18.10)
=1

=1

Bamerum, uro B dopmyie (18.9) sHaMeHATEb MOXKET OOPATUTHCSI B HOJIb, €CJIU JIJIsi KAKUX-
TO juk
w,; = k. (18.11)

Ecnu gast kakoro-immbo j u KaKoro-To k 9TO yCJIOBUE BBITIOJHSIETCSI, & COOTBETCTBY IO
YUCJATEIb OTJWMYEH OT HYyJIsI, TO UMEET MECTO PE30HAHC BBIHYK/IE€HHBIX KOJIeOaHWUIA.
WNMubivu ciioBamu, BBIHYKJIEHHBIH PE30HAHC UMEET MECTO, KOT/Ia OJIHA M3 JacTOT COOCTBEH-
HBIX KOJIEOAHWIT KOHCEPBATUBHON CUCTEMbBI KPATHA YaCTOTE BHEITHETO BO3MYIIEHUS.

[TousTre pe3oHaHCA JIOXKHO OBITH XOPOIIO U3BECTHO U3 Kypca obieit ¢pusuku. Hanmmaue
PE30HAHCOB yCJIOXKHAET HAXOXKJIEHNE YACTHOTO PEIeHusI, HO BCE K€ OHO MOXKeT ObITh HailJIeHo.

Paccmorpum takoit mpumep. IlycTh y KOHCEPBATHBHO# CHCTEMbBI IMEETCH OJIHA CTEIEHb
cBOOO/IbI, M ypaBHEHHE KOJIe0AHU B HOPMaJIbHBIX KOODJIUHATAX BBITJISIAT TaK:

0 + w?0 = asinwt, (18.12)
[JIe @ — TOJIOKUTEJIbHAST KOHCTAHTA.
« 7& -
oA 672(1) -7

P@[&._gﬂl\\
w

O__6Luee pemenne ypaphenust (18.12) — 310 cymMMa OBIIEro pereHus: OJJHOPOIHOTO ypaBHe-
Hus 0 + w?0 = 0 u yacrHoro pemenus ypasHenus (18.12). MoxHo ybeauTbes, 9To (DyHKIHS

a
0 = 50 t cost siBJIsIeTCsSI YACTHBIM PEIlleHreM 3TOro ypapHenusi. ['pacdux pemenust 6%(t)
w
a a
n300pakén Ha puc. 18.1. OH 3aKII0YEH MEXK/1y TPAMbIMU § = 2—t uf= —2—t. B kakwme-To
w w
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MOMEHTBI BpeMeHu f o0paInaercst B HOJIb, HO B II€JIOM ITPOUCXO/IUT YBEJIUIEHUE AMILIATY/IbI
KOJIEOAHW, M OTKJIOHEHHE MOYKET CTATh CKOJIb YT'OJIHO OOJIBIINM.

N3 sToro Hy>KHO ceaTh TAKO#l BBIBOM: B CJIydae PE30HAHCA B CHCTEME O MAJIOCTU Kojeba-
HUI TOBOPUTDH HeJIb3d. Ecim 1 Masiblx KosiebaHuii 1 MOYKHO HAIHUCATh JIMHEWHbIE YDaBHEHNU I,
TO 371eCh MOXKET OKa3aTbhCsl, YTO UJIEH BTOPOTO MOPsIKa O0Jiee CyIeCTBEHEH, YeM UJIeH IIepBO-
ro nopsaka. Hykno mpuberars yke K TeOPUU HeJMHENHBIX Kojaebanuii. Teopusa HeTMHETHBIX
YPaBHEHUI — 3TO OI'POMHBIN paszzes Teopun JudHepeHInaIbHbIX ypaBHEHUH, KOTOPBINA XO-
POIIIO Pa3BUT U BPsiJI JIU KOTJIA-HUOY/Ib Oy/eT m3ydeH MOJHOCThIO. 3-3a orpanmdennocTu
y4eOHOI TPOrpaMMBbl B JIAHHOM KyPCe 3TOT Pa3/iesl OCBEIAThCS He OyJIeT.

Tereps ocTanoBUMCS HAa cAMOM IOHATUM pe30HaHCa. B ecTecTBOZHAHUM 3TO MOHATHE WMeE-
€T HEeCKOJIbKO CMBICJIOB. B y4eOHBIX Kypcax U y4eOHMKaX OOBITHO MPUXOIUTCH UMETH JEJIO C
DPE30HAHCOM BBIHYKJIEHHBIX KOJIEOAHUI, KOT/Ia YacTOTa COOCTBEHHBIX KOJIeOaHUII KpaTHA da-
CTOTe BHEITHel nepuoimyeckoit crbl. Ho Kpome Toro o pezonance MOXKHO TOBOPHUTH, KOTIA
HUKAKOM BHEIIHEH CHUJIbI HET.

7,

4.2 cm
Paccmorpum 1Ba MaTeMaTHYeCKUX MasgTHUKA, KOJEOIIOMMXCA B moJje Tsxkectu. OHU CBsI-

3aHbl IpyKuHOH (puc. 18.2). Tpebyercs HaifiTu [BUKEHUE CHCTEMBI TIPK OTCYTCTBUYM BHEITHETO
IIEPUOTTIECCKOTO BO3MYIIIECHUS.

3a 06001IEHHbIE KOOPMHATHI IPUMEM YTJIbI UX OTKJIOHEHUS OT BEPTUKAJN ¢; U ¢,. OKa-
3bIBAETCH, YTO B TaKOW CHCTEME €CTh JIBE€ YaCTOThI KOJIeOAHU W, U w,y. MOXKeT CilydnTbes
Tak, 4To kyw; = kyw,, k; u k, — mesble uncia. Torga roBopgar, 9To B 9TON CUCTEME €CTh
PE30HAHC. DTO PE30HAHC BHYTPEHHU, HE 3aBUCAIINI OT BHEITHUX TPUIUH, OH O0yC/IaB/IU-
BaeTCsl TOJIBKO OTHOIIIEHHEeM COOCTBEHHBIX YacTOT KoJjebaHus cucTteMbl. FEciau Obl m1aHka, Ha
KOTOPOM TIOJBEIIEHBI MAATHUKN, TOXKE CTAJIa ABUTATHCA C HEKOTOPOW Y9aCTOTONU, TO B TAKOUN
cucTeMe MOTJI Obl BOBHUKHYTDH U BBIHYKJI€HHBIE PE30HAHCHI.

Yarre Bcero B mpupojie U TEXHUKE OTHOIIEHNE 9acTOT HE TOTHO PABHO HEKOTOPOMY PaIlio-
HAJbHOMY YHCJIY, & 9yTh-9yTb OOJIbIIE U UyTh-UyTh MEHBIIE 3TOTO 4uc/a. Torna curyarus
OIM3Ka K PEe30HAHCY, & WHOTJIA HEOTJIMIUMa OT PE30HAHCA, IOTOMY YTO B peaIbHBIX CHCTEMaxX
BCeI/Ia UMeeTCsl 3aTyXaHue KoJieOaHmii.

Bajaqmu ¢ pe3oHaAHCAMH BCTPEYAIOTCS BO MHOTHX o0JracTdaxX ¢pusuku. NHOTHA 110 pe30HaH-
caM MOXKHO KadeCTBEHHO OIPEJIeIUTh ITOBEeJIeHnEe CUCTeMbI. JIeKTop caM HaYWHAJ CBOIO Ha-
VYHYIO Kapbepy, paboTasg ¢ pe30HaHCAMM, BO3HUKAIOINIUMU B 33JIa4de JIBUYKEHUS CITyTHHUKA,
HaIpuMep, KOIr/Ia IIepPuol KoJaeOaH!s CIIyTHHUKA COBIAIAET C IIEPUOIOM OOPAINEHHS 110 Op-
oute. B obOrieit ciokuocTu oH paboTasi Ha HuMu okoJsio H0 sier. HeobxonuMocTh u3ydeHus
PE30HAHCOB CYIIECTBYET U IO CEil JIEHb.

B Cosreunoit cucreMme ToxKe eCTh pe3oHaHCHl. Karkpas mimaHeTa ABUXKETCs 110 CBOeil op-
OuTe U mMeeT CBOIO YacToTy oOparenus. Eciu ornocuts IlayToH K 4ucity miaHeT, TO 9THUX
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IIJIAHET — JIeBATh. Bce 1eBATH 9acToT 00pallleHns w; YCTaHOBJIEHBI C JIOCTATOYHOM TOYHOCTBIO.
9

CocraBum cymmy » | k;w;, tae k, — nemnbie anciaa. OKa3bBAETCs, 9TO MOXKHO 1000paTh Ta-
i=1
KHe 4ucia k;, 9To 3Ta CyMMa IPaKTUYecKH oOpalrnaercs B HOJb. Takum obpasom, CosrHevnas

CUCTEMa TIOYTU PE3OHAHCHA. DTO CO3AET CYIIECTBEHHBIE TPYHOCTHU IIPU BBIYUCICHUN OPOUT
IIJIAHET: BOSHUKAIOT MaJIbl€ 3HaMEHaTe/J I TUuIllia (JJJ — k292. TeOpI/Iﬁ MaJIbIX 3HaMeHaTeJell —
9TO KOJIOCCAJIbHAsSI TpobIeMa B HeOECHOI MeXaHUKe.

BamernmM, 4To 4ncaa k;, 0 KOTOPBIX IIIJIa pedb, MaJbl. KOHEYHO, MOXKHO CKa3aTh, YTO JIazKe

w
€CJIM OTHOIIIEHUE YacTOT UPPAaIMOHAJIbHO, HAIIpUMED, A 2, TO MOYKHO I10/100paTh palu-
Wo
OHAJIBHOE YHCJIO, CKOJIb YIOJHO MAJIO OT HEro oTjndarolieecsd. Hampumep, 1jist OTHOIIEHUsT
14 141 1414
9aCcTOT Vv 2 MOXKHO B34Tb OTHOIIECHUS [EJIbIX YUCEJI 10’ 100’ 1000° Ywucesa B yucanTesne

 3HaMeEHaTeJIE CTaHOBATCA 6OJIBH_H/IMI/I7 TaK 9TO CbH:SI/I“IeCKI/I 9TO y2Ke€ HE PE3OHAHCHI. A BOT
B CJlydae MaJIbIX duces pe3oHaHc BrosiHe omryTuM. [las Cosmuevnoit cucremsl yucia k; e
IIPEBOCXOAAT .

Bosuukaet Borpoc: moyemy ke CosrHeuHast cuctema pe3oHaHcHa? Bps au ona Oblia co-
3/1aHa TaK M3HAYAJLHO. BoJiee eCTeCTBEHHO JlyMaTh, YTO K PE30HAHCY IIPUBEJIN KAKHE-TO MPO-
1ecchl, mpoucxojsmue B Heir. [loka 1To peusp muta o mporeccax 6e3 JUCCUTIAIIUN SHEPTUHU, HO
B COJIHQ‘{HOI'?I cCucreMe JucCCuIianmud MO2KeT 6bITb, HallpuMep, COIIPOTUBJICHUEC ME2KIIJIaHETHOI'O
BeIlleCTBa, BHYTPEHHUE MPOIECCHl B caMuX IjiaHeTax. 3HadnT, CoJHeIHas CUCTeMa, CKOpee
BCEro, B IPOIECCE IBOJIONUN CKATUIACh B PE30HAHCHYIO CUTyaInio. Borpoc, modemMy 3To CiIy-
YUJIOChH, /IO CUX IOP OTKPBIT. TakzKe He PEIréH BOIPOC, YTO JAJbIIE OyAeT MPOUCXOINTH C
OTHOIIIEHNEM YACTOT, COXPAHUTCS JIM PE3OHAHCHAS CUTYAIUs WA HET, WIN K€ PEe30HAHC Oy-
JIET JOCTUTATHCS CO BCE OOJIBINEN CTEMEHBIO TOYHOCTH.

B 60-x romax sra mpobJyema oUeHb BOJIHOBaJIa HaydHOE coobimecTBo, ocobernrno B CCCP.
Cosercknmu yuénbiMu A. Koamvoroposeiv u B. Aprosibom Obita pazpaboTaHa TeOpusi MaJIbIx
3HaMeHaTeseil; 3a pybexkoM Hal 9Toi mpobsiemoit paboras FO. Mozep. Onm cozmasm T. H. Teo-
puto KAM, unu Teoputo Konmoroposa— Apnosibiaa—Mosepa. JIekTop, yuach B acmupaHType
MO®TU, guras ux paboThl, IOTOMY YUTO €0 KHUBO WHTEPecoBaJja 9Ta TeMa. EMy Ka3ajaoch, 9To
91a mpobsiema pe3oHaHncoB B COTHETHONM crcTeMe BOT-BOT Oy/EeT peIieHa, HO 3TO OKA3aJI0Ch
He Tak. HecMOoTps Ha ycuing MHOTMX COBETCKUX M MHOCTPAHHBIX YUEHBIX 33J[a4a BCE €Ié He
pemena. Ho #e jimmmamm OyieT BOIPOC O TOM, HYKHO JI BOOOIIE penraTh 3Ty 3aJady. DTOT
BOIIPOC UMeET TaKKe HPABCTBEHHBIM OTTEHOK, IIOTOMY YUTO OH KaCaeTCs TOTO, UTO CAYIUTCS C
CostnevHolt cucTeMoit, u 4T0 Oy/IeT MPOUCXOAUTD C APYTUMHU ILIAHETAPHBIMUA CUCTEMAMU Yepe3
BpEMEHA MOPSIIKA MUJLTHAP/IA JIET.

2. MaJjble KoJ1ebaHUsI CKJIEPOHOMHOI CHUCTEeMBI IO/, Jdei-
CTBHEM CWJI, HE 3aBUCIIINX OT BpeMeHU

BarwuineM BbIpaxKeHue JIjIsd KHHETUIECKOW SHEPTUN CKJIEPOHOMHON CUCTEMBbI:
1 n
T = b E i (q15 oy -+ 5 ) 43 (18.13)

ik=1

[TycTh 0GOBIIEHHBIE CHIIBI HEe 3aBUCAT OT BPEMEeHU. 3amuiieM ypaBHenus Jlarpamxka (Bro-
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pOro poja):
dor oT - .
735 a. =Q,(¢.4), i=12...n (18.14)
Hpe,HHOJIO}KI/IM, 9TO HaYaJI0 KOOpANHAT ABJIACTCA ITOJIOZKCHUMEM PaBHOBECHA, TO €CTb Cy—
IIIECTBYET PeIlleHue ¢; = ¢y = ...= ¢, = 0. YT100BI cucTeMa MOIIIa HAXOIUTHCA B COCTOSHUN

paBHoBecusi, Heobxoammo, 1Tobsr ), (0,0) = 0. Tpebyercsa y3narh, Kak Oymer BecTH cebs
CKJIEDOHOMHAsI CUCTEMA B TaKO#l 3ajate.

BoigennMm sinHeliHy10 9acTh U3 TpaBoil u JeBoit dacreil ypasaenus (20.33). s sToro,
IIpezK/Jie BCETo, Pa3JIoKuM a,; B pan Teiopa:

a’ik(Qla Q2a 7qn> = aik<07 07 7O> + ... (1815)

OCTaBI/IM B KMHETHUYECKON QHEPIruM TOJIBKO CJiaraeMbl€, KBaJpPaTUIHBIC II0 CKOPOCTAM. To
€CTh OCTABHMM TOJIBKO IIOCTOSTHHBIE cocTaBJsiomue B pasiaoxkennn (18.15). Torma

IR iy
T= 9 Z @ik ks (18.16)
ik=1

rJe a,;, — y2Ke 4ucjo, a He PYHKIIH.
Hautee, pazioxkuM 0000IIEHHBIE CUJIBI B psiJl Teitiopa:

Q= Q0,00+ (8@) G+ <ZQ> G, + ... (18.17)
k=1 U

8qk k=1

B pasnoxennn (18.17) npousBoaubie GepyTcs B Hadase KoopauHaT. BBeaém obo3HavdeHus

def an def 6@@ . o
cr=—|5—1 b =— . C yuéroM 3TuX 0003HAUEHUI

g, A4y,
Qi = Z Cirdr T Z birdy- (18.18)
k=1 k=1
[MToxcraBum Boipazkenus (18.16) u (18.18) B (20.33):
Z (@i y, + birdy, + ciar) = 0, 1=1,2,...,n. (18.19)
k=1
4y
Temneps ypasuenus Jlarpanxka jimHeapuzoBanbl. Beném Bektop ¢ = | ... | U MaTpuirs
4
Gy - Gy by, ... by, €11 - Cqp
= : o~ : |,B= oo, o= i+ i |. B BexTopnoit dopme
Ay e Qp, b,; - b, Cni -+ Cpn

oJiy4aeM CUCTEMY ypaBHEHUN

A¢+ B+ Cq=0. (18.20)

Bynem uckarb pemenue B Buge ¢ = u e, k = const. IloncraBum 310 B ypasuenue (18.20):

|Ax? + Br + C|uer = 0. (18.21)
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Herpusuasibaoe perienue ypasuenust (18.21) MoXKeT CyniecTBOBATH TOJBKO TOTJA, KOTJIA
OIIpe/IeTUTE/Ib MATPUIIBI IIePeJl BEKTOPOM U paBeH HYJII0. DTO yCJIOBUE JaéT ypaBHEHUE Ha
YUCJIO0 K:

det |Ak? + Bk + C|| = 0. (18.22)

VYpasuenne (18.22) Ha3biBaeTCs BEKOBBIM yPaBHEHHMEM. DTO ypaBHEHHE HA YUCTIO K.
Ero pemenuns — B obmeM ciydae 2n UHACEN Ky, Ky, ..., Kg,. 1IPEINOIOKAM JIT TPOCTOTHI,
9TO BCe 3TU YNC/Ia pa3iandHbl. Torjga KaxkJIoMy K, COOTBETCTBYET CBOM BEKTOD, U BCE TaKHe
BEKTODBI JINHEHHO He3aBucuMbl. [Ipu 3roM yacTHoe pemenue ypapuenus (18.20) umeer Bu

g =uemt,  1=1,2,..,2n. (18.23)

Obiree pertenre — 3TO JIMHEHAT KOMOMHAIINS STUX BEKTOPOB:

2n
G="> et (18.24)
=1
Ijle ¢, — IPOU3BOJIbHbIE KOHCTAHTHI. DTO ODIllee PeIlleHre U OIHMCHIBAET KOJIeDaHUs CKJIEePO-

HOMHOH CHCTEMBI B OKPDECTHOCTHU €€ II0JIOXKeHUs paBHOBecud. Ecim y Bcex k; BelleCTBEHHAsA
JacTh MEHbIIIE HYJIsI, TO IpU t — 00 § — 6, ¥ HA4YaJI0 KOOPAUHAT OyJ/IeT aCUMIITOTUYECKU
YCTOWYUBBIM IIOJIO2KEHUEM PABHOBECHUS. Y JIMHEHHON CUCTEMBI TIPU 3TOM BCE PEIEHUST
Oy/lyT CTPEMUTBHCS B HAYAJO KOOPIUHAT.

3. BausstHue BHeNIHUX MEPUOANYECKNX CHUJI HA MaJible KO-
JiebaHMs CKJIEPOHOMHOM CUCTeMbl. A MILJINTY/JHO-da30Bad
XapaKTEePUCTUKA

[Iycth moMuMO OOOOIIEHHBIX CHJT Qi((?, (7) Ha CHCTeMY JIeCTBYIOT HEPUOINIECKUE CHJIbI
@ (1)

Aty =1{ -
Q,(¢)

. C ux yuérom ypasuenue (18.20) npuHrMaeT Takoil BuI:

AG+ Bi+Ci=Q(t). (18.25)

Heob6xomuMo ncc/ie[oBaTh, KaK BIUSIOT IEPUOAMTIECKHAE CHJIBL HA MaJIble KOIeOAHMs CKIe-
POHOMHOI CHCTEMBI B OKPECTHOCTH IMOJIOZKEHUsI paBHOBecHs. Tak Kak cucrema JIMHeiHa, TO
[IPUMEHATEBHO K Hejl JefiCTBYeT MPUHIUI CYHePIIO3UIN BHeIHUX cuil. Ilosromy Gyaem cuau-
TaTh, 9TO BCE MIEPHOINYECKUE CUIIBI JefICTBYIOT TOJILKO IO 1epBoit Koopauuare: Q) (t) # 0,
Q5(t) =0, ..., Q,(t) = 0. Q,(t) moxxHO TpecTaBUTH B BHje psiga Pypre. B coorBercrBrn
C IPUHIUIIOM CYIEPIIO3UINN MOXKHO PACCMOTPETHh TOJIBKO OHY rapMOHHKY (), (f) = asinwt.
PesynprupyromuMm pertenueM OyeT cymMMa MO BCeM rapMOHUKaM. i maabHeRmx BbIIuc-
JIeHWi yI00HO IPEICTABUTH 9Ty FADMOHKKY B BHJIE 9KCIIOHEHTHI OT MHEMOIO apryMeHTa:

Q,(t) = ae™t. (18.26)
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Torna Q,(t) = JQ,(t). Bee Borumcsenus 6yieM IpOBOAUTH B KOMILIEKCHOM (opme, a aro-
OBl B KOHIIE IIOJIyIUTH PE3YIbTUPYIOMNIl OTKJINK, B PEIICHUH BBIIEJINM MHUMYIO 9acTb. Pac-
[UIIIEM [TOKOOPJIMHATHO cucreMmy ypasuenwii (18.25):

> (@G + b1iGy + c101) = @

k51 (18.27)
>

k=1

Ob1riee perrieHne 31O CUCTEMBI — 3TO CyMMa OOIIEro PeleHusi OJHOPOJIHON YacTH, OIpe-
JiesisieMoro paBeHcTBOM (18.24), m 9acTHOTO perreHus q *:

2n

G=> ciient +q*, (18.28)
=1

npuaéMm q* = ch . IIpeamosmoxkum, 910 BCe KOPHU BEKOBOTO ypaBHeHus (18.22) numeror oTpu-
raTe/bHbIe BellleCTBeHHbIE YaCTH. JHAYNUT, IPU ¢ — 00 00IIee perreHne OTHOPOTHON CUCTEMBI
YPABHEHUI CTPEMUTCSH K HYJII0. depe3 J0CTaTOYHO OOJIBINON MTPOMEXKYTOK BPEMEHU OCTAHYTCS
TOJIBKO BBIHY2KJIEHHbIE KOJlebaHus, 0OyCJIOBIEHHbIE BHEIITHEH [TePUOINIECKON CUJION.
Bynem nckathb BeKTOD c?* B BUJIE
—»k gi ~ ~ .
qg=1..1, ¢ =Bret, k=1,2,...,n. (18.29)
@

~ —»k
Hy>KHO BBIYHCIUTD, KAK 3aBUCHUT [3;, OT (v, HATH MHUMYIO 9acTbh OT ¢ , M TOI/Ia 3a/a4a
Oyner pemena. [loncrasum perenne (18.29) B cucremy ypasuenuii (18.27). Toraa sTo Gymer
cucTeMa JIMHENHBIX ypa.BHeHI/Iﬁ JJId HEN3BCCTHBIX ITOCTOAHHDBIX Bk:

kz_:l [ayy, (1w)? + by, (iw) + 4] Nk
’; [ajk(iw)2 + b (iw) + cjk] Nk

«,

(18.30)

0, 7=23,....n.

OTa cucreMa ypaBHEHUI HEOJHOPOIHA: B IIEPBOM M3 HUX CJIEBA OT 3HAKA PABEHCTBA CTOUT
a. IIpumenum nipasuio Kpamepa:

Ay (iw)

Ek = Wlk@w)a, Wy, = A(iw) )

k=1,2,....n, (18.31)
rie A, (iw) — onpesenuTesb aJIrebpanvaeckoro JMOMOTHEHNS JIEMEHTA, CTOSIIErO B IEPBOii
crpoke u k-toMm crosidie, A(iw) — onpeeuTe/ b BCeili MaTPUIbI CUCTEMbI. 3HAMEHATEJb B
9TOM PABEHCTBE HE PABEH HYJIIO, OCKOJIbKY BEIECTBEHHBIE YaCTU BCEX KOPHEH OJHOPOJIHOIM
CHCTeMBI He paBHBI Hym0. ['paduk KommniaekcHo3HaTHO# dyHKIUn Wi, OT w B IJIOCKOCTH KOM-
[JIEKCHOTO [IEPEMEHHOTO HA3bIBAETCsI aMILTUTYAHO-(PA30BOil XxapaKTepucTukoii. Hekc
1 B W,, yKa3blBaeT Ha TO, 9TO MMEPUOJUIECKAs CUJIA JEHCTBYET Ha MEPEMEHHYIO C HOMEPOM
1. Uunekc k coorBeTcTBYET KOOpJAMHATE, OTKJIUK IO KOTOPON HYKHO U3Y4UTh.

Beeném obosnauenune Ry, (w) £ |[Wy,(iw)|. Ry,(w) — 9T0 aMInTyqHasi XapakKTepuCTH-
ka. Torma

Wiy (iw) = Ryy(w) ™1t (18.32)
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ImW,,

e ¥V, (w) — da3soBas xapakTepucTuka.
Hapucyem rpaduk dyskuun Wy, B KOMILUIEKCHOI 11ockocTH (puc. 18.3). AMmummrypHas
dyHKIUS — 9TO0 JTMHA OTPe3Ka OT TOYKH, COOTBETCTBYoMIEi w, 10 Touku (0,0), a dazobas
PYHKIUA — YTOJI MEXKJy 3TUM OTPE3KOM U MOJIOXKUTETLHBIM HAITPABJIEHUEM JIEHCTBUTETbHOM
ocu. Hacrore w = () COOTBETCTBYET TOYKA Ha JIEUCTBUTELHON ocu. [Ipu w — 0o aMmuTyHO-
Ay (iw)
A(iw)

,ILpO6bZ CTCIICHb 3HaM€E€HaTeJId 110 W Ha €IUHHUILY 6OJ'II>IH6, YEeM CTEIICHb YMCJInTEeJIAd. .

dbazoBasa xapakrepucruka crpemurcs K Touke (0,0), moromy 9To — 3TO TpaBUJIbHAS

q; = 3G = IW,,(iw)ae™ = JaR,, (w) @V = qR , (w)sin (wt + ¥, (w)). (18.33)

Wrak, OTKJIMK CHCTEMbI HA BHEIITHEE CHHYCOUIAJIBHOE MTEPUOINIECKOe BO3IEHCTBIE TIPE/I-
CTaBJISETCS B BHUJIE CUHYCOHJIBI C Takoii ke dacroroil. [Ipu srom ammiurya Kosebanuii yMHO-
JKaeTCs Ha aMIUIUTY/IHYIO XapakTepucTuky R, (w), a daza capuraercs Ha dHa30ByIO0 Xapak-
repuctuky U, (w).

.
) P}I}Iz‘t 1&(A3 (U

Hapucyem rpacduk dyurnun R, (w). Ira GyHKIUS TPUHAMAET TOJBKO MOJOKUATETbHBIE
sHavenus. Buy rpacduka dyukimn 3asucut ot marpui, A, B u C. Hanpumep, oH MOKeT UMETb
BUJI, M300pasKEeHHbII Ha puc. 18.4. Benunnbl w, 1 w4 Ha PUCYHKE COOTBETCTBYIOT JIOKAJIBHBIM
MaKCHUMyMaM, a W, — JIOKaJbHOMY MUHHMyMY. IIpn w — oo amMmniurygHas xapaKTepUCTHKA
CTPEMUTCS K HYJIIO.

Mensist 9acTOTy W BHEITHEH MEPUOIUIECKON CUJIbI, MOKHO U3MEHATH CUJIy OTKJIUKA CHU-
cTeMbl. Ecim pr KakKux-To 9acToTax BOJM3M w; R, MMeeT spKO BBIPAKEHHBIII MaKCUMYyM,
TO NP 3TUX YACTOTAX ITPOUCXOIUT YCUJIEHHE OTKJINKA, & B TOYKAX JIOKAJIHHBIX MUHUMYMOB,
Ha00OPOT, IPOUCXO/IUT TallleHune Kojiebanuii. Kcu cieath 9acToTy JOCTATOYHO BBICOKOM, TO
CHUCTEMa TTPAKTUYIECKU TIEPECTAET PEarupoBaTh Ha 3TO BO3JIEUCTBUE.

B cnyuae, korma Bo3zeiicTBre mpejicTaBiigeT coboir cymmy rapMoHuK pana Pypbe, HA Ka-
YEeCTBEHHOM YPOBHE BCE TO K€ caMoe, Hy2KHO ITPOCTO MPOCYMMHUPOBATH OTKJIUKH OT KaXKI0#
n3 TapMOHUK. Ec/n BHeIHsAd cuia JIefiCTByeT He II0 IEePBOii, a 1o [-Toif 0000IMIEHHON KOOp-
JHATEe, TO BCE BBIYUCIIEHUS TPOU3BOAATCHA AHAJOTUIHO, TOJIHKO B IIPABOIl YacCTH CUCTEMBI
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(18.30) « ByzeT cTosITh B ypaBHEHUU C HOMEPOM j = [, & COOTBETCTBYIOIIME aMILIATYIHAS U
dbazoBas xapakrepucTukn OymyT 0603HaYATHCA KakK Ry (w) n W (w).
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