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C. A. TYKALIEBUY, A. H. KYIIO, E. 5. LIEPIIITHEB
benapycs, 'omens, YO «I'TY umenu @. CkopuHbD)

METO/bI OITPEAEJEHUSA CKOPOCTHU JTUCCUITALIUN
IJHEPI'NMA 3ATYXAIOHIET'O TAPMOHHNYECKOI'O
OCIIMJUIATOPA

I[J'IH pacdcTa OonpeaAcCJICHUA CKOPOCTH AWCCUIIAINH SHCPTHUU 3aTyXaroMIEEO Fap-

MOHHMYECKOT0 OCHMIUISITOPA PACCMOTPUM ciyyai ciadoro 3aTyxanusi. O0ufyro sHepruro
2

KA
KOJIEOJIOLIErocss OCUMIUIATOPA 3anuuieM B Buje E = —, > T/Ie TPH 3aTyXakQIIuX KoJie-

Ganusax ammnTyga A = Ayje %L,

Onpenenum CKOPOCTb U3MEHEHUSI DHEPTUU:

dE _

—=- %KA(Z)e‘Z‘St(w sin2wt + 6 cos? wt). 1)

Cpennee 3HaU€HHE CKOPOCTU SHEPTUU 32 MEPUOJ] €CTh HEKOTOpas BEIMYMHA!

dE 1 (t+T dE
<E>_;ft Edt (2)

26

[Ipu cnaboM 3aTyXaHWM MHOKHUTENH e “°f MEHSeTCs MEIJIEHHO M €r0 MOYXKHO

BBIHCCTH 3a 3HAK I/IHTeraJ'Ia. HaXO)II/IM
dE 1 _
< —»=—-K5A%e2%, (3)
dt 4 0

[Ipy u3ydyeHUH BBIHYKACHHBIX KOJEOAHMM TOJ JEeWCTBUEM TapMOHHYECKON
cunsl F = F coswt ypaBHEHHE [BUKCHUS UMEET BUJL:

&+ 26x + wix = f coswt, (4)

F,
rae f = ZO YcranoBuBLIeecs KoiaeOaHUs POUCXOIAT 110 3aKOHY:

x = B cos(wt + @), (5)
e
B= ! , (6)
\/(w%—wz)+4w262
2wé
¢ = arctg =0 (7)

Ecnu Ha oclmuiATOp IEMCTBYET BHEIIHSSA CUJIa MHOTO BUJIA, TO MOJIXO/I K pelie-
HUIO 33J]a4M 3aBUCHUT OT XapaKTepa JCHCTBYIOIIECH CUIIBI.

Korna mMbl paccmaTpuBaeM ypaBHEHHUE 3aTyXaHUsl KOJeOaHUid, KOTOPOe 0OBIYHO
MPUBOJUTCS K KAHOHUYECKOMY BUJTY:

¥+ 26x + wix =0, (8)
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rae 6 > 0 — koapdunmeHT 3aryxanusi, w, — COOCTBEHHAs YaCTOTA, TO B TAKOM ypaBHe-
HUM IIpaBasl 4acTh, HE 3aBUCHIAs OT UCKOMOW (YHKIMH M €€ MPOU3BOJHBIX, paBHA
HYJIIO, 1 OHO Ha3bIBAETCs OJHOPOIHBIM YpaBHEHHEM. Y paBHeHuUE Tuma (4) ¢ OTIIMYHOU
OT HyJIA PABOM YaCThIO HA3bIBACTCS HEOHOPOAHBIM ypaBHeHHEM. JIF060e KOHKPETHOE,
HOJHOCTBIO OIPEJIEIEHHOE PEIlIeHUE YPAaBHEHNSI HA3bIBACTCS YaCTHBIM PELLICHUEM.

[Ipu moucke pemieHusi ypaBHeHUs: (4) cleayeT HCIOIb30BATh CIEAYOIIYIO
MaTeMaTUYECKYIO TEOpeMY: O0IIee pelIeHre HEOJHOPOJHOTO YPaBHEHHS paBHO CYMMe
OOIIEero pemeHus COOTBETCTBYIOIIETO OJHOPOJHOTO YpaBHEHHS U JFOQOTO, YacT-
HOTO pelleHUs] HEOJHOPOJIHOTO YPABHEHUS.

B 3amavax Ha u3yuyeHue JMHEWHBIX KoyieOaHM oOliee perieHue QQHOPOIHOTO
yYpaBHEHMS 3alIUChIBaeTCs cpasy. Tak, pemeHue ypaBHeHus (8):

x = Ae % sin(wt + ¢,) 9)

CYIIECTBYET NPH § < Wy, 9ACTOTA KOJIEOaHUH W = / wé — §2.

TpynHOCTh MOXET NPEACTABIIATH JUIIb HAXOXKACHHE YaCTHOIO PEIICHUs HEO-
HOpPOAHOrO ypaBHeHMs. OJIHAKO B ypaBHEHUH (4) 4aCTHBIE,PEIICHHUS] HEOAHOPOIHOTO
ypaBHEHUS HAXOMATCS JIETKO, TaK KaK B TIPAaBOM YaCcTH CEOUT MO0 JIMHEHHAs PyHKIHS
OT BPEMEHH, JINOO rapMOHUYEcKast, 1100 SIKCIIOHEHIMANIbHAsA. B 3TuX ciyvasx yactHoe
peleHne HaxOJUTCs B BUJE (PYHKIIUU TOTO e BUAA ecliu

¥+ 26%x + wix=at+b, (10)
b-2a->
TO X = At + B ecTb yacTHOE pewenme mpn A = wi(z) B = w—%wo, ecnu
% F26x + wix = ae®, (11)
riae
x = Ael? (12)

a

b2+2bS+wd’

B citymae rapmoHuueckod mpaBod dYacTh ypaBHeHHE (4) HMeEEeT 4YacTHOE
perieHue (S)q

Ecnu Ha ocnmmisTop BO3ICHCTBYET MepuUOIMYEcKas HETapMOHHYECKas CHUIIa,
TO HamOoOJIee YacTO MCMOJb3yeTCsl ee MpeacTaBieHue B Buiae psaa dypbe — psibl
o rapmonunyeckuM pyukmusim. Mcnonp3zoBanue psjia Oypbe sSBISETCS OMHUM U3 PyH-
JTAMEHTAIBHBIX METOJIOB TCOPETUYECKOTO aHAIIN3a U MPAKTUYECKUX pacueToB. OCHOBY
MOJIX0[a COCTaBISIET MaTEMaTHUECKOE YTBEPXKACHUE, YTO JIIOOYI0 TEPUOTUIECKYIO
KyCOUYHO-HETpephIBHYI0 (GYHKIHUIO f(X) MOXHO MpEACTaBUTh B BHUAEC OECKOHEU-
HON CyMMBI:

CCThb YaCTHOC PCUICHUC, ITPUICM A=

f(x) =ag+ Xp=qia, cosnwt + Yo, b, sinnwt, (13)
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21
rae W =, T — nepuon ¢ysHkmuu, a kodpPuuUeHTsl a,, a,, b, BBYUCISIOTCSI

no Gopmynam:

a, = J, FOt, (14)
a, = %fOTf(t) cos nwt dt, (15)
by = =[] f(t) sinnwt dt. (16)

B Toukax paspeiBa Qynkuus psga Dypee maeT cpemHee apHPMETHUECKOE
U3 €€ 3HaYEHUH CrpaBa U CJeBa.

HIupokoe ucnons3zoBaHue psajga Oypre CBSI3aHO C TEM OOCTOATEILCTBOM, UYTO
Cpa3y HaXOAMTCS YACTHOE PEIICHNE JIMHEHHBIX HEOAHOPOIHBIX YpaBHEHU, €CIIM Mpa-
BYIO 4acCTh NPEJCTABUTh B BUJE PsAJla U UCIOJIB30BaTh (GopMylibl THMra (5)—(7) mus
NOCJIEIOBATENIbHBIX cllaraeMblx. OCOOEHHO JIETKO BBIMOIHUTH PACUETHI, €CIu KO3 hu-
ueHThl psga Oypbe ObICTpO YOBIBAIOT C POCTOM MX HOMepa. Toraa MOXHO y4ecTb
JIMILIb HECKOJIBKO MEPBBIX YJIEHOB psia U MOJYYNUTh PELIEHHE C XOPOLIEH TOYHOCTBIO.
Bnpouem, npu UCHIOJIB30BaHUN COBPEMEHHBIX BEIUYUCHUTEIbHBIX CPEICTB HEPENIKH CITY-
Yau, Korja Jyulsi JOCTaATOYHO TOYHOIO pacueTa KakoU=11M0o KOHKPETHOH 3a1a4i CyMMHU-
PYIOT HECKOJIBKO COTEH U ThICSY 4jieHOB paAandypbe. BaxHo, 4yTO pemieHUe MOKHO
TIOJTYYHUTh C JTF000# Harepe 3aJaHHON CTeNEHBIO TOYHOCTH.
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BECOBASI 3AJJAYA THUIIA KOIIN AJ151 HEJTUHEMHOTI'O
TUPPEPEHIIMAJIBHOI'O YPABHEHMUS C IPOBHON
ITPOU3BOTHON

B teopun npoGHoro unrerpo-auddepeHupoBanus 0co00e 3HAYCHHE UMEIOT
BOTMPOCHI CYIIIECTBOBAHUS PEILICHUI KPaeBbIX 3a4a4 JJIs1 TUHEWHBIX U HETMHEUHBIX U }-
(depeHInanbHbIX YpaBHEHHH C JAPOOHBIMHA TPOM3BOJHBIMH B Pa3IMYHBIX (PYyHK-
UOHAJIBHBIX MPOCTPAHCTBAX.

Hacrosmas pabora nmocpsiiieHa BOpocaM CyIECTBOBAHUS U €IUHCTBEHHOCTH
penieHust BecoBoii 3aaun tumna Kommu nist Henuueinoro qud depeHmanbHoro ypaBHe-
HUs ¢ 1poOHOM npousBogHON Pumana — JInyBuss [1]

(Dggy)(x): f[x,y(X)] (¢ €C,0<Re(x) <1) (1)





