AEKLIHA #06
ABYMEPHBIE HHTETPHPYEMBIE CHCTEMBI - 2
ABYMEPHBIE CHCTEMbI C IMPEJEAbHBIMH LIHKAAMH

§ 6.01 Yacrora maarpix xoreGanni

€ Daccvmorpum yactoty mManbix korebanui (£ <<1) ara ocumarsropa Jydpgunra Dy
F+x+x>=0. (D

[ TockoAbKy aMmAMTYZbI Bcex rapMOHHK, KpOMe OCHOBHOH, B 3ToM cAydae Maabl (cm. LLO1),
TPaJMUMOHHBIM M yJZOGHBIM CHOCO6OM OIMMCAHMsI SBASETCS Bblpa:keHHe XapaKTepPUCTHK
JBI:KEHHs] He 4epes DHEPTHI0, a 4depe3 AMIMITUTYAY OCHOBHOH (ypbe-KOMIIOHEHTDI /[BH-
xenust A4 = a.

€ Paccvmotpum MeTos onTHMaAbHOH AHHeapH3amHH. ANNPOKCUMUPYEM ypaBHEHHeE

ABHUKEHUA (1) YpaBHEHHUEM JABUHKEHHA IFapMOHHYECKOI'O OCIIMAAATOPA
F+0% =0 (2)

C no.qne)Kau.teFl onpeaneneHno yactotod Q. l_IOTpe6yeM, 4TOOBI cpeaHee 3HAaYeHHeE

KBaJZpaTa pasHOCTH A(Q) CHA, BXOZSIUUX B HeAMHeHHoe ypasHenue (1) u Auneiinoe ypas-

nenue (2), 6pin0 MuUHMMaAbHO. DBbipaxenue ansa A(Q) HMeeT BHUJL

(Q% —x - x%) =A(Q) = B2x2 - 2Bx" +x° 3)

rae B:QZ —1, a ropusonTarbHasi yepTa o603HauYaeT ycpejHeHHe MO BpeMeHH (HAH IO

nepuozy). Munumymy A(Q) cootsetcTByeT 3HauEHHE

szuqﬁmﬁ) (4)
ByaeM CUUTATb JABH:KE€HHE X(f) FapMOHI/I‘{eCKI/IM KOJ\€6aHI/ICM C aMHJ\I/ITYZI,Oﬁ AZ
x(t) = Asinwx (5)
Toraa ars cpeaunx sHauenuit, Bxogsamux B Gopmyry (3), morydaem
- 1 — 3
2= 42 4 _ 4
=— x'==4 6
54, - (6)
M OKOHYAaTeAbHO IOAyYaeM Bblpa:KeHHe /Al 4acTOTbl KoAeb6aHMH Kak (yHKuuM (Manok)
aMl'U\I/ITYZI,bI:
3
Q=1+ 4’ (7)

y‘{I/ITbIBaﬂ, YTO IIpH MAAbIX 3HAQUYE€HHUAX IHEPTHHU OCLHAASITOP Ay@q)I/IHFa MaAO OTAHYaAETCA
OT TapMOHHYECKOI'O OCIIHAASATOPA, MOZKHO IIOAOXKHUTD E = A2/2 H IIOAYYHUTDb 3aBUCHMOCTD

JaCTOTbI OT HOJ\HOITI 9HEPIHH B BHU/JE

Q=1+%E (8)
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2
Puc. 06.1
o 'x > 3aBUCHMOCTb YacTOTbl KoAeGaHHH oOcC-
n murnatopa  Jypgunra Dii. or ero
w/yn> 1 N sneprun. [lltpuxoBoii Aunuein moka-
\ 3aHa aCHMIITOTHKAa yMepeHHbIX Koaeba-
aui (8).
0 | |
0 2 4

Xn’yn
€ DPaccmorpum apyroii moaxos k BbiBogy (Popmyabl (8), ocHoBaHHbII Ha mMeroge Hc-
Kalouennsa pesonanca. |lpeacrasum ypaBhenue apuikenus ocumarsTopa Jlydgpuuara
F+x+x3=0 (9)
B BHJIE
E+ Q% =(Q —1)x —x? (10)

rae Q ~ JaCToTa KOJ\e6aHI/II¢/;I, nozAexkalgasi OrpeaeA€HnIO. ByaeM CUHTaTb /JBH:KEHHE X(f)

rapMOHHYECKHM KoAebaHHeM ¢ HeGOAbLIOH ammAautyaon A < 1:

x(¢) = AsinQt. (11)
[loacraBasias aTo Bbipazkenue B npasyio dacTb ypasHenus (10), noayuyaem ypabuenue
5c‘+sz:A(QZ —1—%A2jsin9t—%A3sin3Qt (12)

/lBu:KeHre rapMOHHYECKOTO OCLMAAATOpa € cobcTBeHHOH uyacToTod (Q Moz BoszeHCTBHEM
rapMOHHUYECKOH CHAbI C TOH ?K€ YacTOTOH OIHMChIBAeTCSl KBA3UTAPMOHHYECKUM JIBUKEHHEM
c auneitHo pactymen amnautygon (em. LO1, gpopmyay (25)). /leuxenue asymepnon un-
terpupyemoii cuctembl (9) Bceraa nepuoguuno. Ypasuenue (12) 6yzer umerp npu A06bIx
HayaAbHbIX YCAOBHSIX pPeIlleHHEM I1epHOJUYECKYIO (DYHKIIMIO TOADKO B TOM CAy4ae, Kor/a
Bblpa:keHHe JASl BbIHYzK/aloOlleH CHAbI He 6yzeT cojepxsaTb NMepBod rapMoHMKH. | lpupas-
HuBasi KoaQ@uuueHT npu SINQf HyAl0, MOAyYaeM JAAST HACTOTbl y2ke HU3BECTHOE BbIpazke-

HHE

Q=1+%A2 (13)

ypaBHeHI/Ie (12) I[IO3BOALAET TaKzKe€ YTOYHHTb 3aKOH [JIBH:KEHHA X(f), Y4UTsd B HEM KOMIIO~

HEHTY TpeTbeﬁ rapMOHHKH:

(1) = AsinQi + 3i2A3 5in3Q (14)
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Takum ob6pasom, Mpu MaAbIX aMIAUTYZaX Koaebanuil (Maabix sHaueHusix sHepruum FE <<1)

KO3(P(PUIIHEHT aHrapMOHH3Ma (CM. PopMyAy (01.8)) KoAeHaHUH OCLIMAASITOPA qu)q)HHFa,

D
~1024A " 256

pPacCTET IIPOIIOPIIMOHAADHO ‘{ETBepTOﬁ CTE€IIEHHU aMIIAUTY/JbI KOAe6aHHﬁ, HAH KBaJpaTy

Vv E? (15)

SHEPTHUH.

§ 6.02 Jsuienne B6anusu cemaparpucor

€ s yerpipex onmcaHHbIX Bblle CTaHAAPTHBIX MojeAeH TpH (MasTHHK H OCLHMAASTOPDI
Ayppuura Dy u D;) umeror cearosble Touku u cemapaTpucbl. JTH cesiAa COOTBETCTBY-
10T HEYCTOMYMBBIM IOAO:KEHHSIM PABHOBECHST YaCTHIbl B TOYKE MaKCHMyMa IOTEHIIHaAbHOH
sHepruM. PaccMoTpuM agBMzKeHHME cHCTeMbl NMPH SHEPTHH, GAMSKOH K CEJAAOBOMY 3Haue-
0. CoBMecTuM Havaao KOOPAMHAT C TOYKOH MaKCHMyMa, a MAKCHMyM IIOTEHIIHaAbHOH

SHEPrHH TpuMeM 3a Hayaro orcuera sHepruw; maxU(x)=0. DByaem paccmarpusatnh
aBuKenne B obaactd X >0 ¢ maron OTpUUATENbHOW sHepruen € <() (‘8‘ <<1).

B OKPECTHOCTH MaKCHMyMa IIOTEHIIHAAbHYIO 9HEPIHIO MOXKHO pPA3A0KHUTb A0 KBajpa-

~ 2.2
THYHOI'O YA€Ha (U(X) =—K"x /2) H OIIMCaTb JABH:KEHHE€ CHCTEMbI MOJAEADIO FI/II'Iep60J\I/I"Ie~

CKOTI'O aKceJ\epaTopa (FapMOHH‘{eCKOFO OCgHAAHTOPa C MHHMOﬁ LIaCTOTOIg/’I)Z
-k =0. (16)

BOBbMeM MOMEHT OCTAaHOBKH YaCTHIIbI BOAM3H CéZAa 3a HavYaAaO OTCUE€Ta BPEMEHH. COOT-

BeTcTByloIee pelnenre ypaBHenusi asuzkenusi (30) 6yzer umersp Buz

x(2) :%ch Kt. (17)

Boibepem Touky A Tak, uTo6bl B Hell MOxsHO 6bIAO IMOAb30BaTbcsi ypaBHenueM (16), mo

YTOOBI ‘U (A)‘ >> ‘8‘ Bpemsi goctmxenus touku A mozxuo nautu us (17):

1, 2k?
T{(A) = Rln

Jas onmcanus gBuzkenusi cripaBa oT Touku A MoxHO (B CHAy ycAOBHs ‘U (A)‘ >>‘8‘)

+%lnA (18)

BOCIIOAb30BaTbCsl 3aKOHOM BH2keHHsl Ha cerapatpuce. |lyctb x,(f) - 3akoH Takoro asu-
»KE€HHsl, BbIOPaHHbIA TaK, 4yToObl B MoMeHT ! = () 4acTuila NPOXOAUT MHHHUMYM IIOTEHIIHAAA.
[lockoabky mpu t — —00 wyacTHlla ZOAXKHA OCTAaHOBHUTbCS B CEJAOBOH TOYKE, STOT 3aKOH

ABHUKEHUA 6yZI,eT HMETb aCHUMIITOTHKY BH/la
x,(t) = Me¥, (19)

rage M - KOHCTaHTa, 3aBHCsIlasd OT KOHKPETHOI'O BHJa IIOTEHIIHAAAQ. I/IB (19) MOZKET

6bITb Haﬁ[l,eH HHTEPBAA BPEMEHHU /JIBHUXKEHHA OT TOYKH A A0 MUHHMYMa IIOTEHIIHaAa:

1, M
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Cxragpisas Bbipazkenusa (18) u (20), moayuaem yxxe He saBucsiee oT Bbl6opa A Bbipa-

’KeHHe JASl MHTepBaAa BpEMEHH JBH:KEHMsl OT TOUKH [OBOPOTA /I0 MHHMMyMa IOTEHIIMaAa:
2902

2K M

1
~2Kln

STOT HHTEPBAA ~ a BMECTE€ C HHUM H II€epHOJ JBHUKEHHA -~ J\OFapI/Iq)MI/I"IECKI/I pacTeT ¢

(21)

YMeHbLIIEHHEM OTKAOHEHHSI 9HEPIHH OT CE€JAAOBOIO 3Ha4YeHHsI.

CoBepilleHHO aHAAOTMYHO MOZKHO TIOKa3aTb, YTO Ty 2K€ BEAWYMHY HMeeT HHTepBaA Bpe-
MeHH /JBH:KeHHs] OT MakcumyMa roTeHuuara (x =0) g0 MMHMMyMma mMoTeHIMaAa JAAsl CAydas,
KOrZla 4acTHlla uMeeT MaAyio MOFIOXKUTENbHYH suepruio 1 >>€ > 0. Takum obpasoM, AAs
CHCTEM C KBaZpaTHYHbIM MaKCHMYMOM IIOTE€HLHaAa YacToTa JABH:KEHHS KaK (PYHKLIHsSI MaAOro

OTKAOHEHHSI SHEPTHH OT CEJAAOBOIO 3Ha4YeHHs1 oOpallaercss B HOAb o JlIorapudMmmyeckomy
3aKOHY:

Q(e) ~ ln‘lé (22)

L4 npnmep 1. A}\ﬂ MasiTHHKa 3HadyeHHe K = 1 3aKOH [ABH:KEHUSI MasiTHHKa Ha cellapaTpHUCe MOZKeT

6bITb Haﬁﬂ,eH 9AEMEHTAPHO!
o(r) = 4arctg(e’ )~ Tt (23)

Ha‘{aJ\bHOC YCAOBHE 3/€Cb BbI6paHO TakK, YTOOBI q)(O) - 0 I/IB CpPpaBHEHHUsA C (19) HaXO0JUM BEAUYHNHY

M =4. Ws (21) naxoaum acumnrotHKy nepuoja korebanuit (€ <0)

T = 21n32 (24)

¢
(uHTEpBAA OT TOYKM MOBOPOTA /10 MHHHMyMa IOTEHLMAAA TPOXOAHUTCS YETbIPEXKAbl) U aCHUMIITOTHKY II€-
puoza Bpauenuit (€>0)
32

T =In>=. (25)
€

(unTepBar OT MakcMMyMa /0 MMHHMyMa IOTEHIIMaAa MPOXOAMTCS ABaXAbl).

€& A\ ABYMEPHOV aBTOHOMHOV MHTEIPUPYEMOI CUCTEMBI OCHOBHOM 3aAa4eit
SIBASIETCSI OIIPEACACHME 3aBUCUMOCTI YaCTOTHI ABUSKEHMSI OT HAYAAbHBIX YCAOBMIA
M IIaPaMeTpOB.

Ncnoassosanne kBaaparypor (LO5S/17) peaxo Gpizaer aydmmm criocobom ee
pereHmsL.

AAsT mccaepOBaHMST ABMSKEHMI BOAM3W eHTpa 3PPEeKTMBHO MCIIOAH30BAHWUE
MOAEAU €AA00 AaHTaPMOHMYECKOTO ABVSKEHMUSI.

AAsT MccaAeAOBaHMS ABMSKEHWUI, ITPOXOASIINX BOAM3U ceasra, adPerTnBHa arl-
ITPOKCUMALIMST 3aKOHOM ABUSKEHMSI Ha Ceraparpuce.
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PaccMmoTpeHHble B NpeAblaywiux naparpadax Mmoaenu MHTErpUpyemMbiX CUCTEM ObININ KOHCep-
BaTUBHbl. PaccMoOTpeHue ABYMEpHbIX MHTETPUPYEMbLIX CUCTEM 3aKOHYUMM PEeAKUM, HO BaXHbIM
NpPUMepoOM UHTerpupyemMon duccunamueHol CUCTEMbI.

$ 6.03 Mogerp Norku - Boabreppa

€ Mogerp Notku - Boabreppa 3zazaerca ypaBHeHHAMH ABH:keHHs

dt dt

rZle Kak JuHaMuuecKue repemennble X M Y, Tak u Bce mapaMeTpbl TIOAO:KHTEAbHDI.

¢ Ora mozeab 6bira BBegena A. Notkon [L20] aas ommcanus Bosmo:kHOH XuMHUecKOH
pEaKIMH, B KOTOPOH KOHILIEHTPALIMH BEIIeCTB HCIbITbIBAIOT He3aTyXalollue KoAebaHusl.
[los:xe B. Boabreppa [V31] unrepnpernposar ee kak MogeAb 3BOAIOLMH YHCAEHHOCTH
ABYX B3aMMO/IEHCTBYIOMUX 6HOAOTMYeCKHX BUAOB - xvinHMKOB (1) u xeptB (X). Hexo-

Topble cBoHcTBa MogeAu paccMotpenbl B [A97, c¢. 38-39, 89-90].

L20 - Lotka A.J. Undamped oscillations derived from the law of mass action. ]. Amer.
Chem. Soc., 1920, v.42, no.8, pp.1595-1599.

V31 - Volterra V. Lecons sur la Theorie Mathematique de la Lutte pour la Vie. - Paris,
Gauthier-Villars, 1931.

Boi6opom eaunuin usmepenus nepemennbix X u Y u maciraba Bpemenu cuctema (1)

MO2KeT ObITb IpuBeJ€Ha K BUAY

x=x(1-y), y=—w(l-x). (27)
rae U - 6e3pasmMepHbId YIIPaBASIIOIIHHA [1apameTp. MNokanbHas JUCCHITIAIMSI DTOU CHCTEMbI
A(x,y)=1-y-p(1-x) (28)

B 06LECM CAy4dYa€e OTAHMYHa OT HYAS U 3HaKOIIEpEMEHHA. CI/ICTeMa (27) HMEET ABE HEIIOJ -

suzknbIx Touk, 0; ={0,0} u 0, ={1,1}. Touka 0, sBAseTcs cearom; ee xapakTepHcTHIe-
ckue nokasatean A; =1, A, =—ll. Touka 0, siBAsIeTCst 1eHTPOM; ee XapaKTepHCTHYECKHE

nokasatean A, = i /lL.

YpaBuenue ars pas3oBbIX TpaeKTOPHH Ha (Pa3OBOH MAOCKOCTH HMEET BHJ,

dy =— gu (29)

dx x(l
STO YpaBHEHHE [JOITYyCKAET pa3JE€AE€HUE IIEPEMEHHDIX H IAEMEHTAPHO HHTETPUPYETCA:
Hx—1-Inx)+(y—1-Iny)=E (30)
(KOHCTaHTbI Bbl6paHbI Tak, 4yTOODBI B Hel'lOJLBI/IHiHOf;I TOYKE 02 :{1,1} 3HAa4Y€HHE HHTETpPaAA
apuzkenuss £ =0 npu atobom snavenuu [). Takum o6pasoM, HHTerpaabHble KPHBbIE CHC-

TEMbI [PE/ICTaBASIIOT COOOH AMHHHM YPOBHsST (DYHKIIHH E(x, ¥;1) - 3aMKHyTble KpHBble, OK-

pyzKarollive HEeNoJABHKHYIO TOYKY - LIEHTp.
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[loacranoskont ¢ =Iny, p =Inx cucrema ypasuenuni (27) cBoguMTCS K KaHOHHYECKO-

My BI/IZI,y C TAaMHUADTOHHAHOM
H(p,q)=u(e” 1= p)+(e? —1-q). (31)

B 9THUX IIEPEMEHHDbIX CHCTEMA (KaK H BCsKasAd FaMI/IAbTOHOBa) ABASIETCA KOHCCpBaTHBHOﬁ; €e

9HEPTHA YHCAE€HHO paBHA HMHTEr'paAy ABHKEHHU E.

2 Puc. 06.2

n,2

.2 (Dazosbie TpaekTopuu cuctembr Notku - Boabreppa

n2 npuy W =1 A1 3SHaueHMH WHTerpaia JBHKEHHs

E =01, 03 u 10.

t
0 05 1 15 2 25 3 35
A Zn.l'vn.l‘xn.l

€  AnanuTHuecKoe oIlpesieAeHHE 3aBUCHMOCTH YacTOTbl JBH:keHUs MozeAn JNoTku -
BoabTeppa ot mapamerpa E mnpeacraBasieT coboii crozkHyio sagzady. Owa 6bira peliieHa
MDpetivom [F74], kotoppiii BMecTe ¢ TOYHbIM BblpazkeHHEM, UMEIOIIUM (GOPMY psizia, TOAY-

YUA PUOAMZKEHHYIO (POPMYAY AAS IepHOJ A

(1) = 2 Ju I, HﬁTE , (32)

rae IO(Z) ecTb MoZU(HILIMpoBaHHas (yHKUMs1 Decceas mepsoro poza.

F74 - Frame ].S. Explicit solutions in two species Volterra system. - J. Theor. Biol. 1974, v.43,

A

m,1 05 T

no.1, p.73-81.

BaBI/ICI/IMOCTb JaCTOTbl ABHU:KEHHA Q OT INapaMeTpa E mozxer 6bITb HaﬁAEHa YHUCAEHHO.

1 -1
\ pHC' 06.3

BaBI/ICI/IMOCTb YacCTOTbl JABH:KEHHUA Q CHCTEMDbI ]\OTKI/I -

—_— Boabreppa mpu [l =1 or BeAuumHbl uHTerpana JBHzKe-

nusa E .

OTM@TI/IM, YTO 3aBHCHMOCTb YaCTOTbl OT HadaAbHDbIX YCJ\OBI/Iﬁ ABAAETCA AOBOADHO cz\a60f71,
XOTs IIPpU 3Ha4Y€HHUH E :2 q)aBOBaﬂ TPAEKTOPHUSI CHABHO OTAHYAE€TCA OT IAAHUIICA, a4 3aKOH

JBH2KEHHs1 IBAsIeTCs] CUAbHO aHrapMmonudeckum (cm. puc. 06.4)

6 T

Puc. 06.4
47T 3aKoH IBHKEHUS x(t ) OZHOH M3 JAMHAMHYECKHX Iepe-
X
n.1 mennbix cuctembl Notku - Boabreppa mpu P =1 u

E =2 na oanom nepuoge.
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B AByMepHbIX MHTerpupyembix cuctemax a3oBble TpaekTopuu nepuoauye-
CKMUX OBUXEHUN - 3aMKHYTble KpMBbIe Ha (pa30BOW NSIOCKOCTU - OOpa3yloT cemen-
CTBa, CMJIOWb 3anoJIHAKOLUME HEKOTOPYIO YacTb ¢ha30BOMN MNSIOCKOCTU. AnbTepHa-
TUBHbLIM KNaccoM SIBNSIIOTCA CUCTEMbl C U3OSIMPOBAHHLIMM 3aMKHYTbIMM Tpaek-
TOPUSIMU - NpeaesibHbIMUA LUKIaMHK.

$ 6.04 Ilpeservnpie uuranr

L 4 IbeaeAbeIM HOHKAOM HasbiBaeTcsa U3OJIMPOBAHHANA 3aMKHyTasi (paszoBasi TPAEKTO-
pHsi aBTOHOMHOH JIMHAMHYECKOH CHCTEMBI. l_[epuozmqecxoe JBHKEHHE [10 TaKOH TPAEKTO-

PHUH Ha3bIBAETCA ABTOKOAEOAHHAMH ZIHHaMquCKOﬁ CHCTEMBI.

< Tlonarue mpeseapnoro muraa (le cycle limite) BBeseno A. I'lyankape (H. Poincare’, 1892). Tep-
muH "aBroxoaebannsa' seesen A.A. Augponosbiv (1928) ars obosnHauenus aBuzceHus yCTPOHCTB, MoO-
IYIIMX TeHepUpOBaTb HesaTyXalollHe KoAeGaHHMsi 3a cHeT HellepHOJHYecKHX HCTOYHHMKOB 3Hepruu [AD6,
c.32]. Tepmun nepeBosuarcs ero aBTopoM Ha (paHILy3ckuil BHadare Kak les oscillations autoentretenues
(1929), satem xak les autooscillations (1930). (axTuuecku B MupoBoit (a 3HAYUT - aHIAOSBBIYHOH) AM-
TepaType TepMHH B (popmax auto-oscillations uau self-oscillations ne sakpenmaca. B wactmoctu, on orcyt-

CTBYET B CTATbsX BpHTaHCKOﬁ SHgHK]\OHeﬂ,I/II/I.

Hannuue B ({a30BOM IIPOCTPAHCTBE yCTOVI‘IMBorO IIpeAeAbHOIO IIMKAAa IIPUBOJHUT K TOMY,
4TO MPH HAYAAbHBIX YCAOBHSIX, MPUHAJAEKAIIUX OacCeHHy IMPUTSKEHHS] DTOrO aTTPAKTOPA,
B CHCTEME CO BPEMEHEM YCTaHABAMBAETCs IMepHOJZHUYECKOe /JBH:KEHHE, (popMa KOTOPOTO He
3aBHUCUT OT HAaYaAbHbIX YCAOBHH.

[ lepuoauueckue aBTOKOAEGaHHMS GAMSKH MO CBOHCTBAM K YCTOMYHBBIM I€PHOZHIECKUM
JABH:KeHHsIM B HEGABTOHOMHbLIX cucTeMaX C IMEPUOJUYECKON 3aBHUCHMOCTbIO IapaMeTPOB
OT BpeMeHH. B auTepaType MO:KHO BCTPETUTb NPHUMEHEHHE TepMHHA aBTOKOAGAHHS H K
takum apukenusm [PT184, ¢.229-230]. Ognako mexay HUMHM eCTb M OTAHUYME: AAS aB-

TOHOMHDIX CHCTEM 3aKOH /JBH:KE€HHA HWHBApPUAHTEH IIpH CJABUT'€ II0O BPEMEHHN: €CAU X(l‘) -
3aKOH JBH:KE€HHsI Ha IPEAEADHOM IINKAE, TO )?(t + T) TOzKE€ €CTb 3aKOH /JBHU:KE€HH:A Ha IIpe-

ZleADHOM 1IMKAe TIpH Alo6bIx 3HadeHusx 1. Iubimu croBamm, asa aBTokoAe6anumi aBTO-
HOMHBIX CHCTEM IIDOM3BOAbHA; OHA OIpeJeAsieTcsl HadaAbHbIMM ycAoBuUsiMH. [Hamporus,
Al YCTOMYMBBIX IMEPUOAMYECKUX JBUKEHHH B HEABTOHOMHBIX CHCTEMAxX C IEPUOAUYECKOU
3aBHCHMOCTDbIO [TapaMeTPOB OT BpeMeHH (pasa ollpejeAeHa OJHO3HAUHO.
OcHoBHBIMH 3a1a4aMH TEOPUM CHUCTEM C TPEJEAbHBIMH LIMKAAMH SIBASIOTCS:

- ompejiereHHe o6AACTEH MAPAMETPOB, B KOTOPBIX IIMKAbI CYILECTBYIOT, U XapakTepa Ou-
(ypKauuH, MPUBOJSIIEN K BOSHUKHOBEHHIO IPEJEABHOTO 1IMKAQ;

- HCCAeZlOBaHHE (POPMbI MPEJEABHOIO IIMKAA M 3aBUCHMOCTH YaCTOTbI aBTOKOAEOGAHHH OT

IapaMeTpOB.

’ B Ka4iecTBe IIEPBOro IIpuMepa MOJEAH, 06J\aaa}0Lgef71 npeaeAbHbIM ITHKAOM, PaCCMOTPHM

OCgHAAﬂTOP p3./l€ﬂ ~ MOJEADb C ypaBHeHI/IeM ABHUZKEHHUA
#-o(1-%7)+x =0 (33)

(ZI,I/IHaMI/I"IeCKI/IMI/I I[IEPEMEHHDbIMH SBAAIOTCA X H X) H OJAHHUM YIIPpABAAIOILIHUM IIapaME€TPOM
a>0.
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¢ Ora mogerb 6bira noctpoena Jx.B. Crperrom, ropaom Pareem (J.W. Strutt, third Baron Rayleigh)
B 1877 r. [C55, c.101] ara zemoHcTpalMy BO3MO2KHOCTH CyIIECTBOBaHHMS B aBTOHOMHOH CHCTeMe He3aTy-
XaloIUX KoAeGaHHMH, (JopMa KOTOPbIX He BaBHCHT OT HadaAbHbIX YCAOBUH. P3arell mocTpoua mnpubimzseH-
HbIH BU/ npederbHoro mukAa cuctembl (33) mpu O <<1. /lokasaTeAbcTBO CyIECTBOBaHMS Y OCIHAASTO-
pa Panest npegerbnoro nukaa npu Aobbix O 6piro moayueno A.I'. Maitepom B 1935 r. [M35].

C55 Crperr J:x. B. (Aopa Paneit) Teopus ssyka. T.1. M.: ['TTH, 1955. - 503 c.
M35 Maiiep A.I. "/lokasaTeabcTBo cyiecTBoBaHMsS MpeAeAbHbIX LIMKAOB y ypaBHeHHH Pares u

BaH 4€ep l_[OJ\ﬂ." yqu. 3aIllMCKH FW, 1935, BBbIII. 2

HaH60Aee pPacCIIpoCTPpaHEHHAsA B COBpeMCHHOﬁ AUTEPATypPE€ MOJEAD OCLIMAAATOPA C IIPEJEAD~

HbIM gHK]\OM ~- OCgHAMTOP BHH ,aep ”0./1}1 C ypaBHeHI/IeM ABHUZKEHHUA
2—0(2'(1—22)+Z=0 (34)

SKBHUBAAeHTHa ocLUAAATOpY Panes, Tak kak ypasHenue (34) moayuaercs us (33) audde-

PEHIMPOBAHHUEM 10 BPEMEHH U TOCAEJYIOUIEH 3aMEHOHN T€PEMEHHBIX Z = x/ \/§ .

¢ Ora MojaeAb 6bina BBegena D. Bau aep [Torem B 1920 r. [VdPZO, Ball35, c.11] JAsI OIMCaHHs
DAEKTPUUECKUX KOAeOAHMH B TPHOZHOM IeHEpaTope C KOHTYPOM B AHOJHOH IIEIH. Beanunna Z umeer B
(PM3HUECKOH MO/IEAH-TIPOTOTUIIE CMbICA TIepeMEHHOH YacTH aHOJAHOTO HarpsizkeHHsi. B cBoux paborax Ban

AEP l_[OJ\b HE CCbIAAETCA Ha pBJ\eﬂ.

VdP20 - Van der Pol B. A theory of the amplitude of free and forced vibrations. Radio Review,
1920, vol. 1, pp. 701-754.

ngn35 BaH-,ZI,ep-l_[OJ\b B HeAHHeﬁHaH TEOPpHsA IAEKTPUUYECKUX KOAeOaHHH. M FOC. H34~BO IIO

TEXHHKE CBA3H. - 1935 - 42 C.

€ [lepenumem ypasuenne (33) B Buae cucTeMbl ypaBHEHHH I1€pBOTO MOPsi/KA
x=y, y=ay(l-y*)-x. (35)

3Ta CHUCTéMa HHBapHWaHTHa IIPpH 3aM€He II€pEMEHHbIX X — —X,) — —). l_IOSTOMy BcCe q)a—
30Bbl€ TPAEKTOPHUHU HHBapHaHTHDbI IIPHU HHBEPCHU KOOPAHHAT. EZI,I/IHCTBCHHaH HeItoZBH:KHasA

Touka cuctemnt (35) - (0,0) - meycroitumpa mpu An06bix O >0. PaccmoTpum 3BoAIOLIHIO

BeAHUMHbI R = x” + y2 - paccTosiHMsA ()a3OBOH TOYKM OT Hadaia koopauHatT. Is ypas-

Henuit (35) caeayer

2
R =2ay(1-y?). (36)

l_[paBaﬂ 4aCTb IMOAOXKHTEAbDHA BHYTPH IIOAOCHI ‘y‘ < 1 CJ\CZI,OBaTeJ\bHO, €CAH B Ha‘IaAbeIﬁ

MOMEHT (pa3oBasi TOUKa HaxXOJHAACb OT HadaAa KOOPAWHAT Ha paccTogHUH R <1 - To c Te-
YeHHeM BpPEMEHH pPacCTOsIHHE 6yaeT YBEAHYHUBATbCSI, H TOYKA IIOKHHET OKPY:KHOCTb €eJu-
HHUYHOro pazauyca HaBcerga. Takum o6pa30M, €CAH Yy CHCTEMbI €CTb npeaeJ\beIffl KA,

TO OH HE€ HUMEET TOYEK BHYTPH OKPYKHOCTH €JHMHHYHOTI'O paJuyca.

EOL @



