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O01mas xapakTepucTUKAa PadoThI

AKTyaJ'lLHOCTL TEMBbI

JIns onMcaHus MOBEACHUS JUHAMUYECKOW CHCTEMBI CO CIIOXKHBIM XapaKTepoOM
TPAeKTOPUN MOXKHO HUCIOJB30BaTh T€OMETPHUIO TMpPENETbHBIX MHOXECTB B (Pa30BOM
IPOCTPAHCTBE WJIM 3BOMIIOIMIO (ha30BbIX TpaeKTopuil Bo BpeMeHu. OqHoi u3 pyHaa-
MEHTAJbHO BaXXHBIX 0COOCHHOCTEN TMHAMUYECKUX CUCTEM C OIpPaHUYEHHBIM B (a3o-
BOM NPOCTPAHCTBE TUIIOM yCTAHOBHBIIMXCS JBUKEHHU sBIIsIeTCS BO3Bpar llyankape.
Bosppamaemocts 1o IlyaHkape o3HadaeT, 4To B CHUCTEMAxX € 3aJaHHOW MEpOM Ipak-
TU4YecKu Jt00as ¢azoBas TPACKTOPHsI, UCXOIIAs U3 3aJaHHOW HAYadbHOW TOYKH,
OECKOHEYHOE YMCIIO Pa3 BO BPEMEHH MPOUJET B CKOJb YTOJHO MajiO OKPECTHOCTH
UCXOTHOTO COCTOSIHUSA. OCHOBHOM XapaKTEpUCTUKOM, HEOOXOJUMOM IJi OLIEHKH CO-
CTOSIHUSI JUHAMUYECKON CHUCTEMBI, @ TAK)KE MMPOTHO3UPOBAHUS €€ MOBEACHUS BO Bpe-
MEHHU fABIIsIETC BpeMs Bo3Bpara [lyankape. /IBHKeHHs B TMHAMMYECKHX CUCTEMAX,
JUIsL KOTOPBIX CYIIECTBYIOT BO3Bparhl, Ilyankape Ha3pas ycronuussiMu 110 [lyaccony.

AHanu3 cucteM, ycTouuBbix no IlyaccoHy, siBIsSIETCS OAHOM M3 KJIACCUYECKUX
npobiieM Teopun auHamuyeckux cucteM. Camas nepBas pabora Ilyankape B aTom
HampaBjieHuu Obula onmyOnukoBaHa eile B XIX Beke, rie Obuia chopmyaupoBaHa T€o-
pema Ilyankape o Bo3BpamiaemocTu. Pabotel XX Beka ObUIM B OCHOBHOM IOCBSIIE-
HbI UCCJIEIOBAaHUIO TEOPETUUYECKUX OCOOCHHOCTEN BBINMONHEHHS TeopeMbl [lyaHkape
1 BO3BparoB IlyaHkape Ui pa3snuyHBIX TUIIOB MHOXKECTB. TeM He MeHee, HECMOT-
P Ha MHOXECTBO MCCJIEAOBAHMM U MHOTOJIETHIOK HCTOPHUIO, UAES BO3BPAIIAEMOCTH
CJIIOKHBIX CHCTEM B OKPECTHOCTh HEKOTOPOT'O COCTOSHUSI OCTAaeTCsl OAHOW W3 pyHOa-
MEHTAJIBHBIX KOHLIENIUNA COBPEMEHHON HayKu. C YKPEIUIEHUEM KOMIIBIOTEPHBIX TEX-
HOJIOTMM TOSIBUJICS HOBBIM METOJ MCCIIEIOBAaHMs CTAaTUCTUKHM BO3BparToB llyaHkape,
OCHOBAHHBI Ha YUCJIEHHOM MojenupoBaHuu. [locimeanue paboOThl B OCHOBHOM IIO-
CBSILLIEHBI UCCIIEJOBAHUIO OCOOEHHOCTEN B COINIACOBAHUH YK€ IPOBEIEHHBIX TEOpe-
TUYECKUX MCCIIEIOBAHUN U PE3yJIbTaTOB YUCIEHHOIO MOACIUPOBAHUS.

Wnes Boszparos [lyankape 1o3Bosiser ¢ eQUHBIX TO3UIMN PacCMaTpUBaTh TaKUe
IIPOLIECCHI KaK M3MEHEHUE KJIMMara, COJTHEYHOM aKTUBHOCTH, JUHAMUKH MOITYJISILUH,
M3MEHEHHUs Ha (DMHAHCOBBIX PBIHKAX, pacnpocTpaHeHue snuaemuil, nosenenue JHK,
HaxO0XJCHUE TOJE3HOIO CUTHAJIA U3 3alIyMJIEHHOTO U MHOTHE Apyrue. MHOroigeTHu-
MU HaOJTIOIEHHUAMH YCTAHOBIIEHO, YTO MHOTHE 3BOJIFOLIMOHHBIE MPOLIECCHI B IPUPOJIE
U OOIIEeCTBE XapaKTEPHU3YyIOTCS CBOMCTBOM BoO3BpamaeMocTH. MccnenoBanue cTaTH-
CTUKU MOAOOHBIX BO3BPATOB HAMPABICHO Ha PEIICHHE 3aJ1aui MPOrHO3UPOBAHUS.

Teopust BO3BparoB MOXET ObITh MPUMEHEHA /I PELICHUs psiAa MPUKIATHBIX
3aa4 AuarHocTuku. HemaBHue paboThl MOKA3bIBAIOT, YTO HAa OCHOBE CTaTHCTHUYe-
CKHUX XapaKTEpPHUCTHK MOCIIEJOBATEIbHOCTH BPEMEH BO3BpaTa MOXKET ObITh HailleHa
¢pakranpHas pa3MEPHOCTb XAOTHMUECKHX CHCTEM, CTApIIMHA JISIITYHOBCKUM IOKa3a-
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Tenb. KpoMe TOro, HemaBHUE HCCIENOBAaHUS NMOKA3aJIM, YTO HA OCHOBE JIOKAJIBHOU
Y T7100aJTbHOM TEOPUHU BO3BPATOB MOXKET OBITh JUATHOCTUPOBAH YPPEKT Xa0TUIECKOM
CUHXPOHM3ALIHH.

K Hacrosimemy BpeMeHHM co3aHa MareMaruyeckas Teopus Bo3BparoB IlyaH-
Kape, OMMUCHIBAIOIIAs CTAaTHUCTUKY IOCJEN0BATEIBHOCTEN BPEMEH BO3BPAaTOB Kak B
OKPECTHOCTb 33JJaHHOTO COCTOSIHUS (JIOKaJIbHAsl TEOPUs WM JOKAJIbHBIN MOJXO0/), TaK
1 BO BCE PacCMaTpUBAEMOE MHOXKECTBO (Pa30BBIX TPACKTOPUM CHUCTEMBI (INI0OaNIbHAs
teopusi). [Ipu nokansHOM Tonx0A€ BO3Bparhl IlyaHKape pacCuMTHIBAIOTCS B OKPECT-
HOCTH HEKOTOPOTO BBIOPAHHOTO HAYAJIBHOTO cOCTOsiHUSA. [Ipu mobambHOM momxome
UCCJIEIOBAaHUS MPOBOASTCS JJII BCETO PacCMaTpUBaeMOr0 MHOXKECTBA, KOTOpOE pas-
OuBaeTCs Ha STYCHKU OJIMHAKOBOTO pa3Mepa, JAJIs KaKI0M pacCUMTBHIBAETCS CTAaTUCTUKA
B03BparoB llyankape u 3areM MpOBOAUTCS yCPEIHEHUE.

DOproauyeckre CUCTEMbl UMEIOT OCOOCHHYIO JMHAMMKY MOBEIEHUS, XapaKTe-
PHU3YIOILYIOCS TE€M, YTO IIOYTH Ka)XJAO0€ COCTOSHHUE C ONPENEIICHHOW BEPOATHOCTBIO
HAXOJUTCA BOJM3MU JIFOOOTO APYroro COCTOSIHUSI CUCTeMbl. Ha JaHHBI MOMEHT HC-
CJIEIOBAaHME CTAaTUCTUKHU BO3BparoB llyaHkape B cucrtemax ¢ nepemeuiusanuem (B
XA0TUYECKUX CHCTEMax) SIBISIETCSl MPOOIEeMOi JOCTAaTOYHO XOPOIIO M3YYEHHOW Kak
TEOPETUYECKH, TAK U YUCIEHHO. [[pUMEHUTENBHO K DPrOJANYECKUM CUCTEMAM fe3 ne-
pemeuiuéanus N3BECTEH PAL TEOPETUUECKUX pesynLTaTOEB MOJIYYEHHBIX ISl 0TOO-
Pa)XE€HUS JTMHEWHOTO CIBUTA HA OKPYXHOCTH. JIMHEHHBIM CABUAT HA OKPYKHOCTH OT-
BEYACT JIUHAMHKE KBA3UTIEPHOAMYECKUX KOJCOAHHMI B CEYECHUU IJIAJKOTO JBYMEPHO-
ro topa. IIpocTeiimuM npumepom sBISIETCS TUHaMUKa reHeparopa Ban nep I[lons c
BHEUIHUM MEPUOIMYECKUM BO3JeicTBUEM. Eciiu mapamerp Bo30yKIeHUsI reHeparopa
0CcTaro4yHo Mai (o << 1) U aMIIMTy/1a BHELIHETO BO3JEHCTBUS TaK K€ SBIIAETCS Ma-
JIOW, TO 00pa30M BO3HHUKAIOLIUX JBYXYACTOTHBIX KBA3UIEPUOAMUECKUX KOJIEOAHUI B
TpexMepHOM (a30BOM MIPOCTPAHCTBE CHCTEMBI Oy/IeT IaJKuid TByMEepHbIN Top. B ce-
YEHUH JBYMEPHOTO TOPa MbI MOJTYYUM WHBAPUAHTHYIO 3aMKHYTYIO KPUBYIO, OJTU3KYIO
K OKPYKHOCTH, KoTopas (opMHUpYyeTCs TOYKaMu TepeceueHus (a3oBOM TPaeKTOPHUH
c cekymeit [lyankape. Takum oOpa3oM, 0TOOpakeHHE JIMHEHHOTO CIBUTA HA OKPYX-
HOCTH SIBJIAETCS IPOCTEUIIEN NUCKPETHON MOJEIIBIO, ONMCHIBAIOIEH JIBYX4aCTOTHbIE
KBa3UMNEPUOAUYECKUE KOJIeOaHUs B MPENOI0KEHUN, YTO HETMHEUHBIMU 3P eKTaMu
npeHebperaercsa. C y4eToM HEIMHEWHOCTH, KOTNa, K MpUMeEpy, TapameTp Bo30yxKe-
HUS ¥ aMIUTUTY/la BHEIIHEW CUJIbI HE SBIAIOTCS MajibiMu, oToOpaxkeHue Ilyankape
JBYMEPHOTO TOpa CTAHOBUTCA HEIMHEHHBIM. BO3HHKaeT BONPOC O MPUMEHUMOCTHU
TEOPETUUECKUX PE3YIbTaTOB, MOJYUYEHHBIX JJIs1 JIMHEMHOIO CABUTa HA OKPY’KHOCTH, B
o011ieM cityyae, Korja 0TOOpakKeHUE OKPY>KHOCTH SIBIsieTCsl HeJTuHEHHbIM. OCHOBHBIM

! B. Adpaiivosuy, J. Vraneae, X. Ypuac. ®pakranbHble pasMepHOCTH 11 BpeMeH Bo3Bpaienuii [lyankape // M.-
Nxesck: PX]I, 2011. — C. 290. V. Afraimovich, E. Ugalde, J. Urias. Fractal Dimension for Poincaré Recurrences //
Elsevier, 2006. — P. 258.



BBIBOJIOM JIMHEHHOUM TEOpHUM SBISIETCS TO, UTO pa3MepHOCTh AdpalimoBuua—Ilecuna
st Bo3BparoB [lyankape paBHa eaunuune. Ymo npousoiioem 6 ciyuae, koeoa omoo-
pasiceHue OKpys#CHOCmu 6yoem NPpUHYUnuaibHo Henuneinvim? Kax nosnusem na cma-
mucmuxy 8ozepamos Ilyankape yuem uiyMogvlx 03myujeHuti? Imu 60npocvl 00 Ha-
cmoswe2o0 8pemMeny A6IANUCh OMKPbIMbIMU, U 8 NPeOCmAasIeHHOl Ouccepmayuy Ha
HUX O0aemcsi omeem.

Bce BhIlIeckazanHOE MOATBEPKIAET aKTyaIbHOCTh UCCIIEIOBAHUI B BRIOpAHHOM
00TacTH ¥ CITYXKUT OCHOBaHUEM JUTsl JOPMYITHPOBKH IIETTH U 3a7a4 TUCCEPTAMOHHOTO
UCCJIEI0BAHMUSL.

Heabro auccepTaiioHHON pabOTHI SABISETCS paclIMpeHue 00JIacTh MPUMEHHU-
MOCTHU T€OpHH BpeMeH Bo3Bpara [lyankape, pazpaboTaHHOM 1Jis1 0OTOOpakeHUSs JIMHEH-
HOTO CJIBUTa Ha OKPY>KHOCTHU, K PTOJAMUYECKUM CUCTeMaM 0e3 mepemeninBanus. B ka-
YEeCTBE MPUMEPOB PACCMOTPEHBI TUHEUHOE U HETMHEHHOE OTOOPAKEHUS OKPYKHOCTH,
CTPOOOCKOIIMYECKOE CEYCHHE HEaBTOHOMHOTO TeHepatopa Bau mep Ilons mpu pas-
JUYHBIX aMIUTUTY/AaX BHEIIHEW CUJIbI, @ TAKKE CTPAHHBIM HEXAaOTUYECKUW aTTPAKTOP.
Kpome toro, npeacraBisieT MHTEpeC pacCMOTPETh OCOOEHHOCTH CTaTUCTUKH BPEMEH
Bo3Bpara Ilyankape B OIHOM W3 MPUMEPOB FAMUIBTOHOBBIX CUCTEM — HEABTOHOMHOM
KOHCEPBAaTUBHOM OCHMJLISATOpE. [ BCeX paccMaTpuBAEMbIX MHOXECTB IUIAHUPYET-
Csl KICCJIEIOBaHNE MYJIbTU(PAKTANIBHBIX XapaKTEPUCTUK MOCIE0BATEILHOCTH BPEMEH
BO3BpaTa IyTeM pacuera pasmepHoctu AdparimoBuua—Ilecuna.

JIJis JOCTHKEHUS TTOCTaBICHHOU 1€ HE0OX0MUMO OBLIIO PEHIUTh CIEAYIONINe

3a1a4M:
1. UccnenoBath NPUMEHUMOCTh pa3paboTaHHON Teopuu BpeMeH Bo3Bpara [lyanka-

pe€ K HEJIMHEHHOMY OTOOPa)KEHUIO OKPY>KHOCTH. BBISIBUTH BO3ZMOXKHBIE HECOOT-
BETCTBHSI.

2. V3yunTh BIMSIHUE YMCIIa BpallEHUsI HA CTaTUCTUKY BpeMeH Bo3Bpara [lyaHkape
B OTOOpaXEHUH OKPY>KHOCTH KaK B JINHEWHOM, TaK U B HEJIMHEHHOM CIIydasiX.

3. Pazpaborarh MeTo1 HaXOXKACHUSI KaTMOPOBOYHON (DYHKUHUHU U BBIYUCIICHUS Pa3-
MepHocTH AdpaiimoBrua—IlecuHa B 0TOOpakeHUN OKPY>KHOCTH IS Pa3IMYHBIX
YyCeJ BpalleHUs, TIMHEHHOTO U HEJTMHEHHOTO CIIy4yaeB, a TakKe MpH 100aBIeHuN
0€eJ10ro TayCCOBCKOro IIyMa.

4. Ha ocHOBe MONy4YEHHBIX PE3YIbTATOB ISl OTOOPAKEHHSI OKPYKHOCTH BBISIBUTH
YCJIOBHSI IPUMEHUMOCTH MOJTYUYEHHBIX PE3YJIbTATOB K MHOXECTBY, IOJY4YEHHOM
B CTPOOOCKONTUYECKOM CEUEHUH HEaBTOHOMHOTro reneparopa Ban aep Ilosns.

5. IlpoBecTr aHamM3 U3MEHEHHUM CTAaTUCTUKK BO3BparoB llyaHkape B HEaBTOHOM-
HOM reHeparope Ban nep Ilons B 3aBUCMMOCTH OT aMIUIMTYbl BHEIIHETO BO3-
EVCTBUSL.

6. IlpoBecTn aHaaM3 BO3BPAaTOB B MHOXKECTBA, MTOJYYECHHBIE B CTPOOOCKOITMYECKOM

CEUYCHUHN TaMUJIBTOHOBOM CHUCTEMBI — KOHCEPBATUBHOIO MaT€MaTUYE€CKOTO MasiT-
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HUKa TOJ BHEIITHUM TapMOHUYECKUM BO3JICUCTBUEM. YCTAHOBUTH THUI KaJTuOpPO-
BOUYHBIX (QYHKIIHI U pazmepHocTei AdpaiimoBrua—Ilecrna mjis STHX MHOKECTB.

7. IlpoBecTr pacdyeThl CTATUCTUYECKUX XapaKTEPUCTUK BO3BparoB llyankape u BbI-
YUCIUTh Pa3MepPHOCTh AdpaiimoBuua—Ilecuna Ha CTpaHHOM HE XaOTHYECKOM
aTTPaKkToOpe B JIOTHCTMYECKOM OTOOPaKEHWU BOJIM3U KPUTHUUYECKOW TOUKH POXK-
JI€HHS] TMHAMHUYECKOTO Xaoca.

OcHOBHBIE 0JIOKEHUS] U Pe3yJIbTAThl, BBIHOCUMbIC HA 3AIUTY:
1. B sprogudeckux MHOXKeCTBax 0€3 MepeMelInBaHus, MOPOKIAEMBIX OTOOpaXKe-

HUEM OKPYXKHOCTH, 3aBUCUMOCTh MHUHUMAaJIbLHOTO BPEMEHH BO3Bpara OT pa3Mme-
pOB 00JIacTU BO3BpaTa MpU MPPaAlMOHATIBHBIX YHUCIIaX BPAIICHUS MPEACTaBIsSCT
co0oli cTyrneHuyaTyro (pyHKIMIO, KOTOpas IJis YUCell BpallleHUs, OTBEYAIOIIUX 30-
JOTOMY M cepeOpsHOMY cedyeHusM, Obuta Ha3BaHa «JlecTHureir duboHAUUN.
UucneHHO YCTAaHOBJICHBI M aHAJIMTHYECKU JOKa3aHbl YHUBEPCAJIbHBIE CBOMCTBA
«JIecTHuIbl ®UOOHAYYWY: IITUPHHA U BBICOTA CTYIIEHEK JICCTHHUIIBI COOTBETCTBY-
foT BenmmumHe | In p|, TIe p — 4mcio BpaeHusl.

2. BausiHue HenMHEHHOCTU U JOOABJICHUE aTUTUBHOTO IIIyMa B CUCTEMBI, TTIOPOXK-
JAIOIIIUE IPTOAMUECKUEe MHOXKECTBA 0€3 MepeMelInuBaHus, BEAET K Pa3pyIICHUIO
cTyneH4aroro xapaxkrepa «JlectHuibl @uboHauym». I1a 3aBUCUMOCTb CTPEMUT-
Csl K JIMHEHHOM, HO Belu4KrHa pazMmepHocTy AdpaiimoBuua—Ilecuna ocraercs no
BEJIMYUHE OJIU3KON K €IMHHUIIE.

3. Jlas sproguueckux MHOXKECTB 0€3 MepeMellnBaHus, pealn3yeMblX B 0ToOpaske-
HUU OKPY>KHOCTH, B CTPOOOCKOTIMYECKUX CEYCHHUSIX HEAaBTOHOMHOTO TeHepaTopa
Ban nep Ilosnst 1 KOHCEPBATUBHOIO OCLWILISITOPA, & TAKXKE HA CTPAHHOM HEXAo-
TUYECKOM arTtpakTope DelirenOayma ctaTucTuka Bo3BpaTtoB IlyaHkape xapakre-
pu3yercsi BenuuruHou pasmepHoctu AdpaiiMoBruya—Ilecuna, paBHOW enUHHULIE.

Hay4ynast HoBM3Ha: pe3ylIbTaTOB JAMCCEPTAMOHHOW pabOThl oOmpenesnsercs

CHEAYIOLINAM:

1. BniepBble ycTaHOBJIEHO, YTO B IPrOAMYECKUX MHOXKECTBAX 0€3 MepeMeninBaHus
3aBUCUMOCTh CPETHETO MUHHUMAJIbHOTO BpeMEHH Bo3Bpara IlyaHkape ot pasmepa
OKPECTHOCTH BO3BpaTa SBIISICTCS CTyNeHYaTon (yHKIMEH, Ha3BaHHOU «JlecTHu-
et ®ubonayun». KomndyecTBeHHBIE CBOWCTBA ATOM (PYHKITMU 3aBHCAT OT YHCIa
BpaIlleHUs U MOAXOAIINX K YUCIY BpaIlleHHs TPOOeH.

2. ChopmynupoBaHbl OCHOBHBIE cBoMCTBa «JlecTHuisl dubonayun». [IpuBenena
aHaJUTUYEeCcKas arMmpOKCUMAIIHS 3aBUCUMOCTH CTYNEHYATON (QyHKIIMHU OT pa3me-
pa o0acT Bo3Bpara Jijisl pa3JIMuHbIX TUIIOB YKMCJIA BPAICHUS.

3. PaccMOTpeHO BIMSHHME TUIIA YMCa BpalleHus (AMO0(aHTOBO WM JIMYBUIIEBO,
anredpanyecKkoe WIM TPAHCLEHACHTHOE) Ha 3aBUCHMOCTh CPEHEr0 MUHUMAJIb-
HOTO BpeMeHHu Bo3Bpata IlyaHkape oT pasmepa o0nacTé BO3Bpara, a TakKe Ha

BO3MOKHOCTb BBIYHCIICHUS pa3MepHocTH AdpaiimoBuya—Ilecuna.
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4. JIns oToOpaxeHUsI OKPYKHOCTHU IMOKa3aHO BIIMSAHHME HEJIMHEMHOCTH M IIyMa Ha
«JlectHuiy ®uboHauum».

5. Paccmotpensl ycnoBust nonyuenus: «JlectHuipl @uboHAUYM» 711 MHOXKECTB,
MOJIYYEHHBIX B CTPOOOCKOIMMYECKUX CEUCHUSIX HEAaBTOHOMHOIO TreHeparopa Bau
nep [lons 1 HeaBTOHOMHOTO KOHCEPBATUBHOIO OCHMJUISITOpPA (IpUMeEpa raMullb-
TOHOBOW CHUCTEMBI).

6. [Ipu moMouM YKUCIEHHOTO MOJEIUPOBAHUSL MOATBEPKIACH TEOPETUUECKHU JTOKa-
3aHHBIN IS IMHEWHOTO CABUTA HA OKPY>KHOCTHU (DaKT, 9YTO B OOIIIEM CITydae pro-
JIMYECKUX MHOXKECTB 0€3 mepeMennBaHus pazMmepHocTh Adpaiimosuua—Ilecuna
UMEET 3HAYEHUE, PABHOE €UHULIE.

Hayuynas u npakTnuyeckasi 3Ha4MMOCTh. Jlucceprammonnas paboTra paciiu-

pAE€T BO3MOXXHOCTH MPUMEHEHUS CTAaTUCTUKU BpeMeH Bo3Bpara llyaHkape mpu wuc-
CJI€OBAaHUM XAapPAKTEPUCTUK JUHAMUYECKUX CUCTEM. B Xoe mcciienoBaHus BIEpPBbIC
MIOKA3aHO, YTO 3aBUCUMOCTh CPEIHET0 MHHUMAJILHOTO BpeMeHHM Bo3Bpara I[lyanka-
pe OT pa3Mepa OKPECTHOCTH BO3BpaTa SIBJIAECTCS CTYNMEHYATON (yHKIMEH, Ha3BaHHOU
«Jlectauneirt ®uboHaYYN». YCTAHOBICHO BIMSHUE YKCIIa BpAIIEHHS HAa XapaKTep dTOM
3aBUCUMOCTH, IIPECTABIICHA €€ aHAIMTHYECKas anpoKCUMaIysa. AHaJIoruyHas 3aBu-
CUMOCTh MOXKET OBITh MOJTyueHa B CTPOOOCKOITMUECKUX CEUYEHUSIX HEAaBTOHOMHOTO Te-
Hepatopa Ban aep I[1onsi ¥ HEaBTOHOMHOTO KOHCEPBATUBHOTO OCIUJUIATOpPA. YCTAHOB-
JICHO, YTO JUISl PTOAMYECKUX MHOXECTB pazMepHOCTh AdpaiimoBuua-Ilecuna umeer
3HAUE€HUE, PaBHOE eIMHUIEC. Marepruaibl JUCCEPTALUHA UCTIIOJIB3YIOTCS B Kypcax JIEK-
UM 110 TEOPHUH KoJeOaHMil.

HayuHble pe3ynbTaThbl OJy4YeHbl B paMKaxX BbINOJIHEHUS TpaHTOB PODU Ne 13-
02-00216 u 14-52-12002.

JIOCTOBEPHOCTH HAYYHBIX BBIBOJAOB PA0OTHI MOJITBEPIKIAETCS COOTBETCTBUEM

PE3YJIBTATOB, MOJIYYEHHBIX B YUCIEHHOM 3KCIIEPUMEHTE, C TAaHHBIMU CTPOTOM TEOPHUH,
KOI7Ia TAaKOBbIE CYLIECTBYIOT. Pa3paboTraHHOe mporpamMmmHoOe OOecCleYeHHe TEeCTHPO-
BaJIOCh HAa paHee MOJYYEHHBIX M OIyOJIMKOBAHHBIX pe3ylibTaTax. Bce moiydeHHbIe
pe3ybTaThl YUCICHHBIX YKCIIEPUMEHTOB BOCIIPOU3BOJAUMBI U HE 3aBUCAT OT KOHKPET-
HBIX CXEM YHUCJIIEHHOTO aHaJIn3a.

Anpobanus pa6orel. OCHOBHBIE PE3ylbTaThl HAYYHBIX HMCCIEIOBAaHUN ObLIN

MpEACTaBJICHBI HA MCXKIYHAPOIHbIX KOH(i)epeHHI/ISIXI

e MexayHapoaHas koHdepennus, nocssmennas namaru JLII. [wipaukoBa, 1-5
utong 2013, Huwxuauit HoBropon

e Mexnaynaponnas koHpepenmus “Nonlinear Dynamics of Deterministic and
Stochastic systems: Unraveling Complexity”, 19-21 mas 2014, Capatos

e MexayHapoaHas koHpepennus “International Symposium Topical Problems of
Nonlinear Wave Physics (NWP-2014)”, 17-23 utons 2014, Huwxkuuit HoBropon
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e Mexnaynaponnas koHpepennus “Saratov Fall Meeting”, 23-26 centsiops 2014,
CaparoB

JInunblii Bkaaa. Bece pesynbrarsl, NpeAcTaBlIeHHbIE B TaHHON pabore, ObuIH

MOJY4YEHBI JJUYHO ABTOPOM. Bce YHCIIEHHBIE SKCIIEPUMEHTHI POBOAMIINCH MPU TTOMO-
M TTPOTPAMMHOTO OOecIeueHusl, pa3paboTaHHOTO aBTOpOM. Takke aBTOp MPUHUMAIT
AKTHUBHOE y4YacTHE B OCTAHOBKE 3a/]1a4 U MHTEPIPETALNU MMOTYUYEHHBIX SKCIIEPUMEH-
TaJIbHBIX JTaHHBIX.

Iy6aukanuu. OCHOBHBIE PE3YybTaThl 10 TEME AUCCEPTAlMU M3JI0XKEHBI B 10

NevaTHbIX U3aHudx (7 crareil B )KypHanax, pekomeHaoBanHbix BAK [[1H7] u 3 pabo-
ThI B COOpHHKax Te3ucoB KoHpepeHui [8-10]).
O06beM u cTpykTypa padortbl. [{uccepranusi COCTOUT U3 BBEAEHUSA, TPEX IIIaB,

3aKJTIOUYCHUS, TIPIIIOKCHUS U CIIUCKA IIUTUPYyeMou muTeparyphl. [1omHbI 00beM muc-
ceprauuu 132 crpanunsl Tekcra ¢ 55 pucyHkaMu. CHUCOK JINTEPATYpPbl CONEPHKUT
130 HauMeHOBaHMUII.

Conep:xxanue padoThbI

Bo BBegeHnu 000CHOBBIBACTCS aKTYaIbHOCTh BEIOPAHHOMN TEMBI JUCCEPTAIINH,
MIPOBOAUTCS KPATKHI 0030p MMEIOIIUXCS B HAYYHOM JINTEpaType pe3yabTaroB MO TeMe
IIPOBOJIUMOTI'0 UCCIICIOBAHUS, ONPEACISIIOTCS 1IEIM U 3a/1a4u ucclieoBaHus, Gpopmy-
JUPYIOTCS TIOJIOKEHUSI U pPe3yJIbTaThl, BLIHOCUMBIE HA 3aIIIUTY.

IlepBasi m1aBa quccepTallMOHHONW pabOTHI MOCBAIIEHA UCCIEIOBAHUIO BO3Bpa-

ToB [lyaHkape B 0oToOOpakKeHHH OKPYKHOCTH TPH TII00aTFHOM TIOJXO0/IE, HAX0XKICHUIO
pasmepHocTH AdpaiimoBruua—Ilecnna misi wicciieyeMbIX MHOXXECTB M BBISIBICHUIO
BO3MOKHBIX HECOOTBETCTBUH C TEOpHEH, MOITYYEHHOU JIsi OTOOpakKeHUs JTUHEHHO-
rO CIBUTa HA OKPY>KHOCTH.

J1ist oToOpakeHus TMHEHHOTO CABUTa Ha OKPYKHOCTH pa3zpaboTaHa TeOpHs BO3-
BparoB [lyaHkape, OCHOBHBIM BBIBOJIOM KOTOPOM SIBIISIETCS TO, YTO JJIsI CPEAHETO MH-
HHUMaJbHOTO BpeMeHHU Bo3Bpara llyaHkape cnpaBeninBo BmpameHH:

1n<7_inf> ~ —ill’l& (1)

oo
rie d — eMKOCTHasi pa3MEepHOCTh HCCIEAYEeMOTO MHOXKECTBA, (v¢' — Pa3MEpPHOCTH
AdpaiimoBuua-Ilecuna, € — pa3mMep OKpeCTHOCTEH, Ha KOTOpbIe pa3OMBAETCS MHO-
JKECTBO, (Tinf) — ATO CpeHEe MHHMMAIbHOE BpeMsi Bo3Bpara [lyaHKape, KOTOPOe BbI-
YUCIISIEeTCs CIEAyIomMM o0pa3oM. Bce paccmarpuBaeMoe MHOXKECTBO MOKPHIBACTCS

sUeKaMHU JIEMEHTApHOTO 00beMa pa3mepa £ (ITOOAIBHBIM TMOIXOM), JJIS KaXKJI0TO

’B. Adpaiimosuu, D. Yramsae, X. Vpuac. ®@pakranbHele pasMepHOCTH Ul BpeMeH Bo3Bpaienuii [Tyankape // M.-
Mxenck: PX], 2011. — C. 290.



AJIEMEHTA MOKPHITUS BBIUUCIAECTCS MUHUMAaIbHOE BpeMst Bo3Bpara. [lonyueHHble 1aH-
HBIE YCPEAHSIOTCS 1O BCEeM diieMeHTaM NoKpeITus. @opmyna (1)) Opuia momydyeHa st
0TOOpaXeHMsI TUHEHHOTO CABUTA HA OKPY)KHOCTH (ITPOCTEUIIIETO MpUMepa dprogude-
CKOM cucTeMbl Oe3 nepemeninBanus). B oOmiem ciydae 3Ta 3aBUCUMOCTh UMEET BUI:

(ins()) ~ 67" (7). @

rIe (vc — Pa3MEpPHOCTH IMOCIIEAOBATEIIFHOCTH BPEMEH BO3BpaTa, BBeACHHAs Adpaii-
moBu4eM u [lecunbiM, d — pa3MepHOCTh paccMaTpUBaeMOro MHOXectBa. DyHKIuUs ¢
MOXKeT HMeTh BUI: () ~ 1,  ¢(t) ~ ™!, B(t) ~ e, m na. B sproguaeckux
MHO)KECTBax 0Oe3 repemerinnBanus QyHKIUs ¢ BeiOMpaercs B Bume ¢(t) ~ 1/t. U3
(2) cnenyet, uto mns cpenHero BpeMenu Bo3Bpara IlyaHkape B 3TOM citydae Oyaer
crpaBe o Boipaxkenue ((1)). Takum oGpazom Utsi OTOOpaXeHHs JTMHEHHOTO CABHUIa
Ha OKPYXKHOCTH 3aBUCHMOCTh CPEITHETO MUHUMAIILHOTO BpeMeHH Bo3Bpara [lyankape
OT pa3mMepa OKPECTHOCTH BO3BpATa MOXKET OBITh allPOKCUMHUPOBAHA JIMHEHHOW (YHK-
nueit (1)) ¢ kosdduientom yra vakinona —d/ac. st atoro orobpaxenns d = 1.

B 001ieM cirydae oToOpaskeHHe OKPYXXHOCTH 3allUCHIBAETCH B BUJIE:
©,1=06,+A+ Ksin©, mod 27, (3)

rae A — mapamerp JIMHEHHOIO CIBUIa Ha OKPYXKHOCTH, X — mapameTp HeJMHEHHO-
ctu, ©, — nepeMeHHas, 3aaaromas yroia Ha okpyxuHoctu. I[Ipu K = 0 cucrema (3))
TpaHchopMUpyeTcs B 0OTOOpaKeHHE JIMHEWMHOTO CIIBUTa Ha OKPY>KHOCTH:

©,11 =6, +A mod 27. 4)

OnHOM W3 OCHOBHBIX XapaKTEPUCTUK, MO3BOJISIONIMX PA3TUYUTh MEPHOIANYC-
CKHE JBMKEHUS M KBa3HIEPUOAUYECKHE SIBISIETCS uncio BpamieHusi. OHo ompenens-
€TCsl KaK CpeJiHee MpUpaIlEeHUe yIjla 3a OJHY UTEPALMIO.

[TepuoguveckuM IBMKEHUSM OTBEUACT pPAIMOHATIBLHOE YHCJIO BpAIICHUS, TO
€CTh YMCIIO, IPEICTABUMOE B BUJIC OTHOIICHUS JIBYX HATYPAIbHBIX Yucel p/q, p € Z,
q € N. KazumepnonndeckuM ABUKCHHUSAM OTBEUAIOT MPPAIMOHAIBHBIC YUCIIA Bpa-
miernsi. CymecTByeT ABe KiacCU(UKAINKI UPPAITMOHAIBHBIX YHCEII, OTHA U3 KOTOPHIX
3aKJII0YaeTca B JEJIEHWHM Ha anreOpamdeckue (YUCIa, KOTOPBIC SIBISIOTCS KOPHAMH
MHOTO4JIEHA, TOXKJIECTBEHHO PABHOTO HYJIIO) M TPAHCLEHJIEHTHBIE (BCE OCTAJIbHBIE).
Bropas kiaccudukaius ocHOBaHa Ha CKOPOCTH CXOAUMOCTHU MPUOJIMKEHUS] Uppallv-
OHAJILHOTO YHCNIA p palMoHaNbHBIMU V(p). B pamkax 3Toil KiaccupuKamuu 9ucia
nensTca Ha AMo(paHTOBbI U JuyBUIUIEBbl. [Ipu s3ToM r000€ anredpamdyeckoe 4mcIiio
ABIACTCS TUO(GAHTOBBIM, JIFOOOE JHMYBHIJIEBO — TPAHCIEHACHTHBIM, HO OOpaTHOE B
obmem ciaydae He BepHO. [lompoOHOE omucanue KiaccupuUKaIui UppalMoOHaTbHBIX
qucel, NOAXOIAUINX U LEMHbIX ApoOei mpuBeneHo B 1. 1.3 nepBoi 1iaBbl.
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Takum 00pa3oM, OJHUM W3 OCHOBHBIX HAIIPaBICHUN MEPBOW IJIAaBHI SIBISETCS
WCCJIEIOBAHUE BIIMSTHUS TUIIA YKCJIA BPAILLICHUS HA 3aBUCUMOCTD CPEITHETO MUHUMAJIb-
HOTO BPEMEHH BO3BpaTa OT pa3smepa obiactu Bo3ppara (mm. 1.5-1.8).

B mm. 1.5-1.8 nmokazano, 4To HE3aBUCUMO OT THIIA YMCJa BpaLIEHUs AJisi 0TOO-
paXeHHsl JMHEHHOTO CIBUTA Ha OKPY)KHOCTH 3aBHCHMOCTDB (Tinf(€)) SIBISETCS CTY-
neHyatoi pyHkiuei. B oToOpakeHUU JIMHEHHOTO CIBUTA HA OKPY>KHOCTH MapameTp
HEJIMHEWHOCTH PaBeH HYJIIO, & IUNIOTHOCTh pactpezeneuus p(©) cucrems (4) sBisier-
sl paBHOMEPHOU (pyHKIIHE, T0O3TOMY pacueThl Bo3BpaToB [lyaHkape ¢ mocieayrommum
YCPEIHEHUEM [0 KOJIMYECTBY 3JIEMEHTOB MOKPBITHUSI MOKHO 3aMEHUTh Pacuye€TaMHu MU-
HUMAJIbHOTO BPEMEHH BO3BpaTa B OKPECTHOCTH OJTHOM TOYKH.

OpHuM U3 0COOBIX MPUMEPOB AITeOPANYECKUX YUCEN BpPAIEHUS SBISETCA 30-
JIOTOE€ CEYEHHE, KOTOPOMY COOTBETCTBYET YUCIIO BPALIEHUs, PABHOE p = (\/5 —1)/2.
Oco00eHHOCTh ATOrO YKMCJIa BPALICHUS 3aKJIFOYAETCA B TOM, YTO MOAXOASIIEH K HEMY
IpoObIO ABISIETCSL OTHOIICHHUE ABYX 4ncen u3 psga Oubonauwun: F;/F .

Jliist 30;moToro cedeHust ObUT0 MOKa3aHo (M. 1.5), 94TO 3aBHCHMOCTB Tiyf(€) sB-
nsieTes crynenydaroit ¢pynkuueit (Puc. [1)), kotopast Obuta Ha3BaHa «JlectHuieir OuUGO-
Hauy4un». BpUTIO yCTaHOBIIEHO, YTO OHA XapaKTepU3yeTcs PSAOM CBOWCTB:

1n<7’inf(€))

Puc. 1: 3aBHCHMOCTh MUHUMAIILHOTO BPEMEHH BO3BPATa Tiyg(€) JUISL 30JI0TOTO CEUCHHS
p = (v/5—1)/2 B otobpaxennu (3) npu K = 0 u A = 27p. KoddduuuenT yrina HakIoHa

3aBUCUMOCTH, PaB€H MHUHYC CANHUIIC

1. Bospacraromiasi ¢ yMeHbIICHHEM In& MOCIEI0BATEIBHOCTh 3HAYCHUN Tint(€)
CTpPOro OTBEYAET IMOCJICIOBATEILHOCTH YHCeNl OCHOBHOTO psjna dubonayun (...,
8, 13, 21, 34, 55, 89, 144, ...). Kaxaoe mocrienyrolinee 4UCIO ONpeaeisieTcs
CYMMOH JIByX TpPEABIYIIUX. 3HAYEHUS {Tinf;} COOTBETCTBYIOIIME CTYIEHBKAM
«JIecTHnpl @UOOHAYUM» yKa3aHbl HA PUCYHKE
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2. Tlpu u3MeHeHUU BEJIMYUHEI € B Mpejenax Jo0oi u3 cryneHek «Jlectaunbr Ou-
OOHa4YuM» PETHCTPUPYIOTCS TPU BPEMEHH BO3Bpata 74 < To < T73. [Ipudyem
T3 = T1+To U 71 = Tint. OTMEUEHHOE CBOMCTBO CJIEAYET U3 TEOPEMBI CneﬁTepaE
Bce Tpu BpeMeHH BO3Bpara OTBEYAIOT YMCIaM OCHOBHOTO psja duboHaqqH.

3. YCTaHOBIEHO, YTO MPH 30JI0TOM CEYEHWH JJIWHBI [); W BBICOTHI H; CTyIIeHEK
«JlectHunpl ®uboHauun» 00NaAAI0T YHUBEPCATbHBIMU CBOMCTBAMH, TO €CTh HE
3aBUCAT OT HOMEpa CTYICHBKH, a OMPEIACIAIOTCS TOJIBKO YHCJIOM BpAICHHMS:
D; = H; = |Ilnp|, i > 1. Ananutuueckoe 060CHOBaHHE 3TOTO (peHOMEHa
npuBeneHo B . 1.9.2-1.9.4.

Annpokcumanus «JlectHuisl @udoHauuM» JaeT npsmMyro ¢ kosdduimeH-
TOM yIJla HaKJIOHa, paBHbIM MHUHYC efauHuie. OTcroa CieayeT, 4To pa3MEpHOCTh
AdpaiimoBuua-Ilecuna nis «Jlectauipl @ubonauyum» paBHa oo = 1.

AHanornyHasi 3aBUCUMOCTD ObLJIa TOJTy4YeHa U JUIsl cepeOpstHOro cedeHus (p =
V2 — 1), HO mOCIIeI0BATEILHOCTD 3HAYECHUM Tiyfj, COOTBETCTBYIOIIUX ¢-M CTYIIEHbKaM
«JlectHuiel ®uboOHAYYMY, COBNAJAET ¢ MOCienoBaTeIbHOCThI0 yncen [lemns. 3omo-
TOE€ U cepeOpsiHOE CeUeHUs SIBISAIOTCS OCOOBIMU anredpanyecKuMu U0(aHTOBBIMU
YUCJIaMH, Y KOTOPBIX YHUCIUTEIN M 3HAMEHATEISIMU MOAXOISAIIUX IpoOel SBISIOTCS
YHUCJIaMU OJHOM M TOM K€ IMOCJeI0BaTeIbHOCTH. [[JIs1 30J10TOr0 CeUeHHUs 3TO IOCe-
noBarenbHOCTh DubOOHAYYM, a B ciydae cepebpsiHoro ceueHus: — llemnsa. CBOHCTBO
YHUBEPCAIBHOCTU BHICOT U JUIUH «JlecTHUIbI PUOOHAYYN» UMEET MECTO TOIBKO IS
ATUX YHUCET.

Jlist apyrux AMo(aHTOBBIX YKCEIT BPAIIEHHS OBbLIO MOKa3aHO, YTO 3aBUCUMOCTh
Tinf(€) ABISIETCS CTyEHYATON (DYHKIMEH, HO CBOWCTBA YHUBEPCAIBHOCTH JUTHH U BbI-
COT «CTYNEHEK» HE BBIMOJHAETCS, a 3HAYEHUS Tinf; COOTBETCTBYIOT 3HAMEHATEIIIMU
1-BIX TIOIXONSAIINX K YHCITy BpaIIeHUsl IpoOei.

Ha ocHoBe mocieqHero cBoicTBa M CTYNEHYATOro BUJA 3aBUCUMOCTH ObLIa
MpeIOKEeHa anmpOKCUMAITHsT 3aBUCUMOCTEHN (Tine(€)) MCXOMS M3 YMCIMTENeH U 3Ha-
MeHaTenel noaxoasmux apobeit (m. 1.9). B wactHocTH, OblIa mpeaiokeHa anmpok-
CUMalIMsl 3HAUCHUM €: €;, KOTOPbIE€ COOTBETCTBYIOT JIEBBIM I'PAHUIIAM %-bIX CTYIEHEK:

g; = 27|pg; — pil, Tinti = i, (5)

TJe p — YHCIIO BpAIICHUS, p; U ¢; — YACITUTENIb M 3HAMCHATEIhb -0M TOIXOISAIIEH K
YHCITy BpAIICHHs p IPOOH. YUUTHIBAs CTYIEHYATHIM XapaKTep 3aBHCHMOCTH, 3Ha4e-
HHUE €; OJIHOBPEMEHHO COOTBETCTBYET U MPaBoii rpanmuiie (i + 1)-oif CTyIEHbKH.

B kauectBe mpumepoB anreOpandecKux AUO(PAHTOBBIX YUCET OBLIM PaccMOT-
peHbl uncia Bpamenus 2 u v/7 (Puc. a,6), a B Ka4eCTBE TPAHCIICHICHTHBIX JIH-

3N.B. Slater. Gaps and steps for the sequence nf mod 1 // Proc. Cambridge Philos. Soc. — 1967. — Vol. 63, no. 4. —
Pp. 1115-1123
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odanToBBIX — uncna e, lg5 (Puc. [2[B,r). Ha puc. 2] npuBeneHs! He TONBKO 3aBHCH-
MOCTH Tip(€), HO U MX allPOKCHMAIINH [IPU TOMOIIH BBIPAKCHHUS . [TpoBeneHHbIE
YHUCJICHHBIE SKCIIEPUMEHTHI TIOKAa3alii, YTO JIJISi BCEX PACCMOTPEHHBIX AUO(AHTOBBIX
urcen B BeIpaxkenuu (2)) cripaBemmnBa KanuOpoBodyHas QyHKmus ¢ ~ 1/t, a pasmep-
HOCTh AdpaitmoBuua—Ilecuna 61M3Kka K eIUHULIE.

a) p=2 6) p=T

10 T T T T T T T T T T T T T
YucieHHbIN SKCIIepUMEHT YucieHHbII 9KCIIEPUMEHT
N Arnmpokcnmariust (5) @ Anmpokcnmartust (5) @
w 6 ¢
\:_'/ e
=
E g
= e e .
S I
0
B) p=E¢€ F) p=Ilgh
10 T T T T T T T T T T T T T T
YucJieHHbIN SKCIIEPUMEHT YucieHHbBIN 9KCIIEPUMEHT
8 Annpoxcumarust (5) e | | Anmpokcnmvariust (5) @
—~
/N
O
B
Ot
5
2c & =T

ST 5 4 3 2 0 08 7 % 5 4 3 3 a0
In(e); In(g;) In(e); In(g;)

Puc. 2: CruTonIHsle JTMHUH — 3aBUCAMOCTH In Ty (In €) ans (a) umcna Bpamenus p = /2, (6) uucia
Bpamenus p = /7, (B) 4icia BpalleHus p = e, (T) 4ncia Bpamenus p = 1g(5), MyHKTHpHAs THHUSA

C TOYKaMH — COOTBCTCTBYIOIIAA aIlllIpOKCHUMAlHA IIPH ITIOMOIIN BLIpa)KCHI/II\/'I ‘D

Jyist TMyBUILIEBBIX YUCEN BpalleHUs: ObUIO MOKa3aHO, YTO 3aBUCUMOCTh CPE/IHE-
ro MUHMMAaJIbHOTO BpeMeHH Bo3Bpara IlyaHkape oT pa3smepa OKpeCTHOCTH BO3Bpara
TaKke SIBIsieTCs cTyneHyaTtor gpyHkuuen. OHako OBICTPBINA POCT JIEMEHTOB IMOCIIe-
JIOBATeIbHOCTU {Tinf;} JIENIA€T HEBO3MOXKHBIM pacdeT pasmepHocTd AdpaiiMoBHua—
Ilecuna nisg NTMYBUIUIEBBIX YKMCEN BPAILLEHUS] B YUCIEHHOM SKCHEPUMEHTE. ITO TOBO-
PUT O HENPHUMEHUMOCTH KaTHOPOBOUHOM QYyHKIUH ¢ ~ 1/t st 9THX dmcel.
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B pazpenax 1.10 u 1.11 npoBoauTcst uccieqOBaHUE BIMSIHUE HEJIMHEHMHOCTH U
Oemoro rayccoBoro mryma Ha «JlectHuiyy ®ubonayum». [lokazano, 4T0 ¥ HETMHEH-
HOCTb, U IIIYM NPUBOJAT K pa3pylieHuto «JlectHuipl ®MOOHAYYM», HO MO-PAa3HOMY.
O6a BO3IEHCTBUSL MPUBOAAT K HEPABHOMEPHOCTH BEPOSTHOCTHBIX pacipeeieHu,
nostoMy B paszzgenax 1.10 m 1.11 paccmarpuBaercs craructuka Bo3BparoB IlyaHka-
pe Ul BCETO MHOXECTBA B 1eJIoM (3HaueHue (Tine(€)) HeNlb3sl 3aMEHUTh pacueTaMu
BO3BPATOB B OKPECTHOCTH OIHOM TOUKHU Tint(€)). B pasmene 1.10 ucciemyercst 0T00-
paxenue okpyxkHoctH (3)) mpu K > 0. Jlannbie pacueToB st Tpex 3HaueHuit K = 0,
0.1 n 0.6 npencrasieHsl Ha puc. [3a.

AHani3 TaHHBIX PUCYHKa [3}a CBUACTENBCTBYET O TOM, YTO C POCTOM BEIUYHHBI
K «Jlectnunia ®uboHauy4ym» MOCTETNICHHO CIVIaKWBaeTcs, U mpu K — 1 cTpemurcs
K TpsiMoii. PacueTsl cpeqHero HakjIoHa rpadMKoB pUCyHKa [3la mokasaim, 4To s
sHaueHuit K = 0, 0.1 u 0.6 on paBeH MuHyc eauHuiie. To €CTh U B HEIHMHEWHOM
ciydae pasMmepHocTh AdpaitmoBuua-Ilecnna paBaa equamie oo = 1.

B Paznene 1.11 paccmarpuBaeTcst BIMSHHE IITYMOBOT'O BO3ACHCTBHS HAa 0TOOpa-
KEHUE JINHEMHOTO CIBUIa Ha OKPYKHOCTH:

On1 =0, +A+V2DE(n)  mod 2w, (6)

rie £(n) — MCTOYHUK rayccoBa Imyma, [) — WHTEHCHBHOCTH Iiyma. lIpw Haaumduu
LIyMOBOTO BO3JEHUCTBUS YMCJIO BPALEHUS 33a1a€TCsI C HEKOTOPOM MOrPEMIHOCTBIO, KO-
TOpasi BO3pAcTaeT IMpH yBEIMYeHHH HHTEHCHUBHOCTH myma . Ha Puc. 3[6 mokasano
BIIMSHKE IIyMa ¢ MHTeHCUBHOCTBIO D = 107° nHa «Jlectruiy ®ubonaqdmy.

7 4 T T T T
34
26" ~ 21
2 5t N 13
o =]

E 4 = 8

= = 20 g 1
3" nj
2 1 1 1 1 1

In(e)

Puc. 3: BnusHue HenuHeHOoCTH () M 6enoro myma (0) Ha «JlectHuiy ®ubonaduny. Pesynbrarsl
pacueroB (In Ty, (¢)) ams orobpaxkenus (3) mpu p = (v/5 — 1)/2 U pasnmuuHbIX 3HAYEHHAX K :
K=0,K=0.1, K =0.6 (a) u s oTobpaskeHus @ mpu A = 7/(v/5 — 1), D = 107° (6).

BO3BpaTBI PaCCUUTHIBAIMCH JJIs1 BCETO MHOXKECTBA C MOCICAYIONIUM YCPEAHCHUEM

OcHoBHOM 3 HEKT, K KOTOPOMY NMPUBOIUT IIyMOBOE BO3JCUCTBHE, — 3TO BO3-

HUKHOBEHHE MOPOTOBOTO 3HAYEHUS €, HAUMHAS C KOTOPOTO MPOUCXOIUT pa3pylIeHHE
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«JlectHunpl ®uOoHaYUN». ITO MOXKHO OOBACHUTH TEM, YTO IIYM JOOABISIET OUIUOKY

B 3a/aHue yucia BpanieHusd. Eme oquH 3pdexT — 3T0 mosBiIeHHE MPOMEKYTOUHBIX

TOYEK MEXKY cTyneHbkaMu «JlecTHuipl @uboHaqum». ITOT 3P GEKT aHaTOTUYEH BO3-

JEHUCTBUIO HEIMHEWHOCTH, U OOBACHSETCS POCTOM HEIMHEHHOCTH MpPU BO3PACTAHUU

UHTEHCUBHOCTH IIIyMa.

Pesynbrarhl, npeacTaBiIeHHbIE B IEPBOM INIaBe, OTpa)KeHbl B MyOnukanusax [2-4,7-9].
Bo Bropoii rimaBe paccMaTpHuBaeTCsi MHOXKECTBO, MTOJIyYEHHOE B CTPOOOCKOIH-

YECKOM CEYEHHMHM HEaBTOHOMHOIO reHeparopa Ban nep Ilons. MaTepec npencrasisiino
PaccMOTpETh pealbHYI0 JUHAMHYECKYIO CUCTEMY, KOTOpas MO3BOJIMIIA Obl MONTYYUThH
HProMveckoe MHOXKECTBO TUMa (3)) ¥ mpoBepHUTh SKCIEPUMEHTATBHO 3aKOHOMEPHO-
CTH, YCTaHOBJICHHBIE /I OTOOpa)keHus okpyxHOCTH. B ImaBe 2 paccmarpuBaercs
reaeparop Ban nep Ilosst ¢ BHEIIHUM rapMOHUYECKUM BO3JIEUCTBHUEM. MHOXKECTBO
TUIA OTOOPAKEHUSI OKPYKHOCTH B JAHHOW CHUCTEME MOKHO PEaJn30BaTh MyTEM
pacdera CTpOOOCKOMUYECKOTO ceueHUs (a30BBIX TPACKTOPUN CHCTEMBI Yepe3 IMepu-
0]l BHEIIIHETO BO3/IecTBUs. Pemraercs 3agada noctpoeHus «JlectHuibl @uOoHaIIN,
pacuera pasMmepHocTH AdpariMmoBuua—Ilecuna nnsi pa3jauMyHbIX 3HAYEHUW WPpPALUO-
HaJIbHBIX YHKCEJI BPAIICHUS] M PA3JIMYHBIX 3HAUYCHUN aMIUIMTY/Abl BHEUIHETO BO3JECH-
ctBusl. [IpoBOOUTCS CpaBHEHHUE TEOPETUUYECKUX PE3YJIBTATOB, MOJIYYECHHBIX IJIs JIH-
HEHHOTro caBura Ha okpykHoCTH (4) ¥ nmpeacraBieHHbIX B [1aBe 1, ¢ JaHHBIMU YHC-
JIEHHBIX 3KCIIEPUMEHTOB C HEABTOHOMHBIM reHeparopoM Ban nep Ilons:

=y
y=(a— 2%y —wir+ Asin© (7)
0=,

rJe (v — mapaMeTp BO30YKICHUS TeHepaTopa, Wy — 4acToTa aBTOKOJIeOaHHT aBTOHOM-
HOrO reHeparopa, A — aMIUTUTyJa BHEIIHEro BosacicTBus, © = (f — ¢aza, () —
4acTOTa BHEIIHETO BO3JACHUCTBUS.

B ciiyyae qoctaToyHO MasbIX 3HAYEHUN aMIUIMTYJIbI BHEIIHETO BO3ACHCTBUS B
cucreme (7)) mpu @ << 1 MHOKECTBO B CTPOOOCKOIIMYECKOM CEUYEHUHU Ha IUIOCKOCTH
MIEPEeMEHHBIX (s, Ys) SABISETCS OKPYKHOCTBIO pajauyca a. [Ipu 3HaueHHH mapamerpa
a = (.01 paguyc 3T0i1 OKpYKHOCTH @ ~ ().2 MOCTOSHEH, YTO MO3BOJISET aHATU3UPO-
BaTh HE MOCJIEN0BATEIBHOCTh KOOPAUHAT {T g, } U {Ysy }, TOMYUIEHHBIX B CTPOOOCKO-
MIUYECKOM CEYCHHH, & MOCIIE0BATEILHOCTD CABUTOB (hasbl {1/, } B MONSIPHON crcTeMe
KOOpJIMHAT.

B pasnene 2.3 onuceiBaioTCsi 0COOCHHOCTH BIMSIHUS TapaMeTpoB cucTeMsl ((7)
Ha yuciio Bpamienus. [TokaspiBaetcs, uto npu A < 1 4UCIIO BpaIlleHNsT MOXKHO OTpe-
JIEIUTh CIICTYIOMUM 00pa3oM:

P = wO/Q. (8)
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N3 BeIpaxkeHus @j BUJIHO, YTO 30JIOTOMY CEUYCHHUIO p = (\/3 —1)/2 mpr wy = 1
cootBercTByeT Hactora Qyoq = 2/(v/5 — 1).

Pe3ynbrarsl 4MCIEHHOTO MOAEIUPOBaHus mokaszanu, uro npu A < 0.01 gucno
BpAILICHUSI MOXHO 33JaTh ¢ TOYHOCTHIO A0 6 WM 8 3HaKa MOCIIE 3aIATON. YBEIUUEHUE
aMILTUTYbl A MPUBOANUT K POCTY MOIPEIIHOCTH, HEBBIMOJHCHHUIO BhIpakeHHs () u
CJIO’)KHOCTSIM, CBSI3aHHBIM C TOYHOCTBIO 33JIaHus yucia BpauieHus. [1o atoit mpuuune
UMEJI0 CMBICT PACCMOTPETh CTAaTUCTHKY BO3BparoB IlyaHkape mjis MajibIX 3HAYCHHI
aMITHTYyIBI BHemmHero BosaeiicTsus (107° < A < 107%) u 6onpmmx (A > 1073).

B paznene 2.4 paccmarpuBaroTcsi 0cCOOCHHOCTH monyudeHus «JlectHuipl ®Ou-
OoHauuW» MJid 3HAYCHH aMIUTMTYAbl BHEIIHETO BO3JCHCTBUS 1078 < A < 1073,
Jlns stux 3HaueHuil A pacmpenesieHne BEpOSTHOCTH OJM3KO K paBHOMepHOMY. Ha
Puc. 4la npuBeneHbl 3aBUCHMOCTH MHHHMAaJbHOTO BpEeMEHH Bo3Bpara IlyaHkape oT
pa3Mepa OKPEeCTHOCTH BO3BpaTa, PACCUMTAHHBIC TSI OKPECTHOCTEH ToueK vy = 5 /4
u 1y = /3. Pe3yabTaThl BEIYUCICHHN CPEAHETO MUHUMAILHOTO BPEMEHH BO3BpaTa
[Tyankape ¢ mpEMeHEHHeM I00aIbHOTO MOaXo/a mpuBeneHsl Ha Puc. [4]6.

a)

8 T T T T T T T 6-1
T o = 5m/4 —— ;
—~ 6+ w():?T/S ----- 1 5:
O | Oy
=4 1z
= £ 3¢
= = I
2| 1= 5
0 - - - 1t

-8 -6 -4 -2 0 -5 -4 -3 -2 -1 0

Ine Ine

Puc. 4: «Jlectarup @uboHauIM» IS CTPOOOCKOIMMUYECKOTO CeUeHHs (a30BbIX TPAEKTOPHIA
CUCTEMBI npu 3HaueHusx napamerpos o = 0.01, wy =1, A = 1073,
Q = Qgora — 1.02646 - 1073, 4T0 OTBEUAET CITYYAIO 30JI0TOrO CEYEHHS p = (v/5 — 1)/2. BosBpars!
Tinf(€) OBLIM PAaCcCCUUTAHBI B TOUKH 1)y = /3 U 1)y = H7/4 (a) 1 BO BCe MHOXKECTBO B LIEJIOM

(Tint(€)) (). Pasmepnocth AdpaiimoBuua-Ilecuna B untepBaie —4 < Ine < 0 paBHa o = 1

N3 cpaBHeHus rpadukoB puc. 1| u puc. 4| MOXHO 3aKIIIOYUTH, YTO TIPU OOJIBIINX
€ (A0 CTYNEHBbKU C YUCIOM Tips = 89) 3aBUCUMOCTH JI€MOHCTPUPYIOT HE TOJBKO Ka-
YECTBEHHOE, HO M KOJIMYECTBEHHOE CXO/ICTBO. [locnenoBareibHOCTh 3HAUEHUH Tinf HA
crynenbkax «JlectHunpl Gubonauum» puc. 4 CTporo COOTBETCTBYIOT YUCIaM OCHOB-
HOTO psima PuboHauun. Bricota m mmpuHa crynerek B uHTepBasie —4 < Ine < 0
cocrasisier |In p|. PasmepHocts AdpaiimoBuua-Ilecuna pasua o = 1. C ymeHblire-
HueM € (Ine < —4) «JlectHunia ®uOOHAYYN» MOCTENIEHHO Pa3pyIIACTCs, YTO MOYKHO
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00OBSACHATh HETOUHOCTBIO 3aaHus ymcia Bpamenus. Ilpm A = 107 oTknoHeHnme
cocrasmster npumepro 1077 — 107°. TIpeamonokurensHo 3ToT 3¢GheKT aHaTorndeH
3alIyMIEHHOMY OTOOpaXkeHHI0 okpyxHocTH (6). Hannuue 1yma puBOAUT K HETOY-
HOCTHM B 33JIaHMM 4ucia BpauieHus, a «Jlectauiia ®uboHayun» mpu Majbix € pas-
pyIIaeTcss U TepseT YHUBEPCATBHOCTh reoMeTpuu. [Ipu 3TOM BIUsSHHE OTKIOHEHUS B
3aJaHMU YKCia BpalieHus B cucteme (7)) aHaTornyHo BAMSHUIO GEIOro rayCCOBCKOTO
myma B otobpaxenun (6)) ¢ HHTEHCHBHOCTBIO, OTM3KOI K 9TOMY OTKJIOHEHHIO.

Ecnau B oToOpaxkeHnu okpyXHOCTH (pHC. |l)) TOUKM MpUHAIIEKATH TOIBKO OJI-
HOM M3 CTYIIEHEK, TO B CIIy4ae MHOKECTBA, MOJTYYEHHOTO B CTPOOOCKOTUYECKOM Cede-
HUW HEaBTOHOMHOTO reHeparopa Ban nep [lons, mosiBIsI0TCS TPOMEKYTOUHBIE TOUKH
(Puc/4]6). YBenuueHne aMIUTUTY/IbI BHEIITHETO BO3ICHCTBHUS IPHBOIHUT K YBEIUYCHHIO
qyucia NpoMeXyTOUHbIX Touek. Paspymienue «Jlectauipl ®uboHauum» Mpu MayblX €
(Ine < —4) nmpoucxoauT HaUWHAS C TOW K€ CTYNEHBKHU Tiyf = 89. DTOT pesynbrar
MOJITBEPKIAaET TOT (DAKT, UTO HA pa3pylIeHHE CTyNMeHdYaTod (GyHKIUU B WHTEPBAJC
MaJIbIX € BJIUSIET TOYHOCTh 3aJIaHUs YMCiIa BpalieHus p = ( V5 — 1)/2, xoropast mst
1078 < A < 1073 npuMepHO OMHAKOBAsA. AHAJIOTHYHBIE PE3yIbTaThl OBLIM TIONyYe-
Hel st A = 1078, 107 u 1073,

B paznene 2.5 paccmarpuBaroTcsl Ciiydyad OTHOCHUTENIBHO OOJNBIIMX 3HAYEHUU
ammtutyasl BHemHero BosaeiictBus A = 0.01 u A = 0.1. M3-3a BIuAHUS HETUHEH-
HOCTU BO3BPATHI Tiyf JOJKHBI PACCUUTHIBATHCA BO BCE MHOXKECTBO C IMOCIEAYIOIUM
ycpenHenrueM. Hanmnane HenmHEHHOCTH MPUBOAUT paspymieHuio «JlectHurpl dubdo-
HAY4YM» U YBEITUYCHHUIO YHCIIA TOUEK MEXKIY «CTyNeHbKaMm». ITOT 3PQeKT aHaIOoTH-
YeH BJIMSIHUIO HEJTMHEHHOCTH B OTOOPAXKEHUH OKPY>KHOCTH (cMm. Puc. [3la).

VBenuyeHne aMIUIMTYAbl BHelHero BoszaeictBus A = 0.1 npuBomuT K yBe-
JUYEHUIO TOTPEUTHOCTHU 3aJ]JaHUsI TOYHOTO YHUCJIa BPAILCHUS U TIOJTHOMY Pa3pyIICHHUIO
«Jlectauiel ®uboHauun». 3HaUCHUE aMIUIUTY/IbI BHEIITHETO Bo3eHcTBUA, paBHOE (.1,
COM3MEPHUMO C aMIUIUTYI0N COOCTBEHHBIX KOJeOaHWH aBTOHOMHOTO reHeparopa Ban
nep Ilosnst, 4TO TOBOPUT O MPUCYTCTBUU CUIIBHOW HEJIMHEMHOCTU B CUCTEME. ATIIPOK-
CHUMAIIMS 3aBUCUMOCTH JaeT MPAMYIO ¢ KO3(PGUIIMEHTOM yIvia HaKJIOHA, OTIMYHBIM OT
—1, 4T0 MOXHO OOBSACHUTH HAIMYUEM CUIILHOW HEJIMHEHHOCTU B CUCTEME.

B pa3nene 2.6 ObuM MOCTPOEHBI CTYNEHYATHIE 3aBUCUMOCTH JJIS IPYTUX YHCEI
BpalleHust. BbUIO yCTaHOBIIEHO, YTO 3aBUCHMOCTH Tipt (€ ), paCCUMTAHHBIE IS CTPOGO-
CKOIIMYECKOT0 CEYEHUsI HEaBTOHOMHOTO reneparopa Bau nep Ilons, u aHanoruyHeie
3aBUCUMOCTH, MOJYYEHHBIC JUIsI OTOOpaKeHUS JTMHEHHOTO CIBUTa, UMEIOT HE TOJIHKO
Ka4eCTBEHHOE, HO M KOJIMYECTBEHHOE COOTBeTCTBHE. KpoMe 30510TOT0 ceueHus ObLin
PACCMOTPEHbI YHCIa BpameHust p = V2 — 1, p = V2 u p = e. Jlas HuX ObUIH
YCTAHOBJICHBI BCE T€ K€ 3aKOHOMEPHOCTH.

Pesynbrarel, pencTraBieHHbIE B BTOPOW TlIaBe, OTpakeHbl B myOmmkarusx [|1,2, 4,5,
8-10].
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B Tpernei r1aBe UCCIEIyIOTCS MHOXECTBA, KOTOPbIE MOTYT OBITh MOJYYEHBI

B CTPOOOCKOIUYECKOM CEYEHUH HEAaBTOHOMHOTO KOHCEPBATUBHOIO OCHMILIATOpA (Ta-
MUJIBTOHOBOW CHCTEMBI):

T =1
Y= —wisinz + bsin O 9)
&=Q.

rae wy = 1 — yactoTa aBTOHOMHOTO MasiTHUKA. BHelllHee BO3/ieHCTBUE UMEET aMILIU-
Tyny b u gactoty ).

B paznene 3.2 npuBoaMTCS ONKMCAaHUE UCCIEAYEMOU CUCTEMBbI U 0COOCHHOCTEN
¢$a30BOTO MPOCTPAHCTBA TAMUIIBTOHOBOM CUCTeMbI. [l0Ka3bIBaeTCs, 4TO MPHU HYJIEBBIX
3HAYCHUSX aMIUTUTY/IbI BHEITHETO Bo3ecTBUsA b = () mpoeKInu Ha (ha30BbIi MOPTPET
(7,y) UMEIOT BUJ OKPY>XKHOCTEH M DIIIUIICOB C IIEHTpoM B Havase koopauHat (0,0).
YBenMYeHUEe aMIUTUTY/bI b TIPUBOAMT K MOSBICHUIO IBYMEPHBIX TOpoB. 1o 3T0# mpu-
YUHE B TPEThEH I71aBe, KaKk U BO BTOPOM, paCCMaTPUBAIOTCS MHOXKECTBA, MOJTYYEHHbIE
B CTPOOOCKOMTUYECKOM CEUCHUU MCCIICyEMON CHCTEMBI.

Hanee (m. 3.2.4) npuBOAMUTCS OINKUCAHUE BBIYMCIICHUSI 4YMCIIa BpAILCHUS IS
CTPOOOCKOIUYECKOTO CEYeHHs] HEaBTOHOMHOTO KOHCEPBATUBHOTO ocuuiuistopa. Ilo-
Ka3bIBACTCsI, YTO TOYHOE 3HAaUCHHe 4Kclia BpameHus B cucreme (9) ompenensercs He
TOJIBKO MapamMeTpaMu CUCTEMBI (KaK 3TO ObLJIO B HEABTOHOMHOM TeHeparope Baun nep
[Tonst), HO W 3aBUCUT OT HaualbHBIX yclioBUM. [Ipu 3TOM yem Onuxke HavalbHbBIE YCIIO-
BUS K Hadally KOOPJIWHAT, TEM TOYHEE MOXHO 3a7aTh YHCIIO BpAIICHUA 1O (hopmyre
(8). CoorBeTcTBEHHO, /I pa3HBIX HAYAIBHBIX YCIOBHH OyayT pasHbie 3HaueHHs §2,
COOTBETCTBYIOLIUE, K IPUMEPY, 30JI0TOMY CEYEHUIO.

B paznene 3.3 npoBoaAWTCS TOCTPOEHNE 3aBUCUMOCTH CPEIHET0 MUHHUMAJIBHO-
ro BpemeHu Bo3Bpara [lyaHkape juisi pa3iWyHbIX 3HAYECHUW AMIUIUTYAbl BHEITHETO
Bo3zaeucTBus. [lokazaHo, 4YTO MpHU 3aJJaHUU HAYAJBHBIX YCIIOBUM, COOTBETCTBYIOIINX
OJTHOM M TOM XK€ MHBAPUAHTHOM KPUBOW, M BBHIOOPE 3HAYEHUS YACTOTHI BHEIIHETO
BO3/ICHCTBUS, KOTOpasi OTBEYAET CIy4ar0 30JI0TOTO CEYCHHS B CHCTEME, MOXKET OBITh
nonydeHa «Jlectnuna ®ubonayun». Takke kak u B [7aBe 2, 3aBUCUMOCTh TepseT
YHUBEPCAJIBHOCTh U Pa3pyIlIaeTcsl MPU MAJIBIX 3HAYEHUAX €. YMEHBIIICHUE 3HAYCHUS
b TPUBOIUT K CIABUTY TIOpOTA Pa3pylleHUs B 00JacTh MEHbIIUX €. Hampumep, mpu
b = 103 paspymenue «JlecTHnIp GUOOHAYYIN» MPOMCXOTUT HAUYMHAS CO CTYHEHBKH
¢ Tinf = 13 (Ine < —1.5), ampu b = 107> — co CTYNMEHBKH C Ty = 34 (Ine < —2.5).
Opnnako Bapuanus Ha4aJdbHBIX YCJIOBUM MPHU OJHUX U TEX K€ MapameTpax MPUBOJUT
K TIOJTHOMY pa3pyuieHuto «JlectHuiibr @uboHaqumy.

B . 3.3.2 uccnenyercss MHOKECTBO TOUYEK, IMOJTYUYEHHOE B CTPOOOCKOITUYECKOM
ceuennn cuctemsl (9) npu b = 0.1, HavaneHeX ycioBusx ro = —2.1, yop = —0.6
M 9acTOTe BHEIHIHero BoszeiicTust ) = 27 /3. Bribop Takoro mapamerpa ) mpuso-
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JUT K POXKIEHUIO TPEX HEMOABMKHBIX MEPUOIUUECKUX TOYEK ABIKEHHs. B okpecT-
HOCTH 3TUX TOYEK CYIIECTBYET MHOKECTBO WHBAPUAHTHHIX KPUBBIX. OIHO U3 TaKuUX
MHOXECTB NpHBeeHO Ha puc. [Sla. Ha puc. [5|0 npusenena coorBeTcTBYIOmIAs 3aBHU-
cuMOCTh (Tiye(€)). B HEKOTOpOM HHTEpBaJE €. < € 3aBUCHMOCTH MOJKHO aIlpPOKCH-
MHPOBATh MPSIMON ¢ KOO(P(PUIMEHTOM yIvia HAKJIOHA, PABHLIM MUHYC €IMHHIE, YTO
TOBOPHUT O TOM, YTO B DTOM MHTepBalle pasMepHOcTh AdpaiimoBuya-Ilecuna pasHa
ennnnne. Ecin ke € < €., TO 3HAYCHUS (Tinf(£)) MPAKTUUCCKH HE M3MEHSIOTCS, U
M3-32 HETMHEHHOCTH pacdeT pasmepHoctu AdpaiimoBrua—Ilecuna He mpencTaBiseT-
Csl BO3BMOYKHBIMHU.

2 T T T T T 6 ~S T T T T 1
sl f(z) = —x 4+ 1.27917]
e 5l . ]
1 B 1T
O
0 ] % 3¢
Ys p E ;
= i
10 1 =
\ 1t
_2 I I L L L O ! | | |
3 -2 -1 0 1 2 3 -5 -4 -3 -2 -1 0
Ts Ine

Puc. 5: MHOXeCTBO, MOy4eHHOE B CTPOOOCKOMUYECKOM CEUEHUU CHUCTEMBI (]2') mpu b = 0.1,
HaYaIbHBIX YCIOBUSX Tg = —2.1, yo = —0.6 u yacToTe BHemIHero Bo3nencTus (2 = 27/3 (a) u

3aBUCUMOCTS In(7in¢(€)), paccunTanHast Juisi 9TOro0 MHOKeCTBa, (0)

AHasornYHbIe Pe3yJIbTaThl ObUTM MOTYUYEHBI U JUIS APYrOr0 MHOXECTBA, IOJTY-
YeHHOTO TIPH YacTOTe BHENTHero Bosaeiictaus ) = 2/(v/5 — 1) n HavambHBIX ycro-
Busix o = 0, yo = —1.72 (cm. Puc. [6)).

Pe3ysbrarsl, NpeCTaBICHHbIE B TPEThEH IIaBe, OTPaXKeHbl B myOaukarmu [6].

B nmpuiiokeHHH A TIPUBOIMTCS HCCIENOBAHWE CTATHCTHUKK BO3BparoB IlyaH-

Kape I CTPAHHOTO HEXaOTHYECKOIO aTTpAaKToOpa Ha mnpumepe arrpakropa deiren-
Oayma, KOTOpBI MOXET ObITh MOJY4YeH B JIOTUCTHUYECKOM OTOOpaXeHUU B KPUTH-
YECKOW TOUYKE POXKACHUS IWHAMUYECKOro xaoca. [lepBbie mcciaenoBaHus MO ompe-
nenennto pasmepHoctu AdpaiimoBuua—Ilecuna ObUM TIpeICTABIEHBI B JUCCEPTALIMH
SN BoeBaE, B KOTOPOW OBLIO BBISBJIEHO, YTO B KPUTHYECKOW TOYKE, KOTJAa MHOXKE-
CTBO YTPAYMBAET CBOMCTBO MEPEMEIINBAHUS U OCTAETCS SPrOAUYECKUM, Pa3MEPHOCTh
AdpaiimoBuua-Ilecuna nperepneBaeT ckayek, U3MEHSASACh OT BEIWYMHBI, OJIM3KOM K

4BOCB, S.UM. Craructuueckue XapaKTCPpUCTUKU BPEMCH BO3BpaTa HyaHKape B Xa0THUYCCKHUX CHUCTEMAX B YCJIIOBUAX
ITYMOBBIX U TApMOHUYCCKUX BHCIIHUX BO3[L€ﬁCTBHﬁZ JUC. KaH/. (1)1/13.-MaT. HayK. — CapaTOBCKI/Iﬁ TOC. YHUBCPCUTET UM.

H.T". Yepnsimesckoro, Caparos, 2016.
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2 6 . : - :
(o) = —z + 0.74197
5F ]
1 .
W
Ys 0t 1 E 3
= 2
1L 1 =
1
-2 0 . . !
-3 3 -4 -3 -2 -1 0

Ine

Puc. 6: MHOXecTBO, MOJIy4eHHOE B CTPOOOCKOIIMYECKOM CEYCHHH CHCTEMBI (]2') mpu b = 0.1,
HayagbHBIX YCIOBHSX Lo = 0, yo = —1.72 U yacToTe BHENIHETO BO3AeHCTBHsA () = 2/ (\/5 —1) (a)

¥ 3aBHCUMOCTB In(Tine(£)), paccanTanHas it 3TOro MHOXeCTBa, (6)

HYJIO, 0 BEJIMYUHBI MOpsSAKa eAUHUIBI. OTBET Ha BONPOC MOYEMY 3TO MPOUCXOAUT
OCTaJICSl OTKPBITBIM.

B cBsi3u ¢ Tem, 4TO CTpaHHBIA HEXAOTUYECKUU aTTPAKTOP MPEACTABIISIETCS €IE
OJTHUM TIPUMEPOM IPrOAMYECKOTO MHOXKECTBAa 03 MepeMenIuBaHus, ObLJIO ClIeIaHo
IPEIONIOKEHNEe, YTO pa3MepHoCcTh AdpaiimoBuua—IlecuHa ajis Takoro MHOXKECTBa
J0JbKHA OBITh paBHa eAuHuIle. M 3To mpenmnoiokenue NoATBEPAUIOCS.

B npunoxkeHun A Ha npuMepe JOTMCTHYECKOrOo OTOOpaKeHHsI B KpPUTHUE-
CKOM TOYKE POXKJIEHHSA JMHAMHYECKOIO Xaoca ObUIO MOKa3aHO, YTO Pa3MEPHOCTH
AdpaitmoBuaa-IlecruHa uist CTpaHHOTO HE XaOTHYECKOTO aTTpakTopa (r ~ r*) 6muska
K eIMHULIe (v¢ ~ 1. 3aBUCUMOCTh CPEHET0 MUHUMAJILHOTO BpeMeHHU Bo3Bparta [lyan-
Kape B 3TOM CJIy4ae MOXET OBbITh anmpOKCUMHUpPOBaHA Mpu moMomd Bbeipaxenus ((1)).
B xaotnyeckoMm pexxume npu r > 7 3aBUCMMOCTbH alllIPOKCUMUPYETCS MPU TTOMOIIH
apyroit pyHkuuu, a pazmepHoctb AdpaiitmoBuua-llecuna umeer 3Hauenne oo < 1 u
COBMAJAET C BEIMYMHON TOJOKHUTENBHOIO MoKaszaress JlsamyHoBa.

B 3akiaw4yeHuu cpopMylIHpOBaHbl BbIBOAbI U TPUBEJICHBl OCHOBHBIE

pe3yJbTaTbl padOThl, KOTOPHIE COCTOAT B CIEAYIOIIEM:

1. BniepBble yCcTaHOBJIEHO, YTO JUIsl 30JIOTOTO U CEPEOPSHOrO CEYeHU B O0TOOpa-
KEHUHM OKPY>KHOCTH MMEET MECTO CTyneH4Yaras (QyHKIMsS 3aBUCUMOCTH MUHHU-
MaJbHOTO BPEMEHHU BO3BpaTa OT BEIMYMHBI OKPECTHOCTH BO3Bpata, «JlectHua
OuboHaTIN.

2. Jlns nro0bIX UppalMOHATBHBIX YUCEN BpAlleHHWs] TOKa3aHO, YTO 3aBUCHUMOCTH
Tint(€) MIMEET CTyIIEHYATHIN XapakTep, IPHYEM 3HAYCHUS Tint;, KOTOPbIE COOTBET-
CTBYIOT 2-bIM CTYHEHbKAM 3aBHCUMOCTH, PaBHbI 3HAMEHATEISIM ¢-bIX MOIXOAS-
IMX K YKUCIY BpAIleHus p apoleid p;/q;. Onpenenensl pasMepsl OKPECTHOCTEH
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Bo3Bpara [lyankape, KOTOpbIe COOTBETCTBYIOT TpanuiaM crymenek (5). CripaBen-
JMBOCTH JTOM alpOKCHMAINK OblIa TIOATBEPKACHA JJIsi TMO(DAHTOBBIX YHCEI
BpallleHus (Kak aJre0panyeckux, Tak U TPAHCIECHCHTHBIX).

. Ilokazano, 9To st TUOGAHTOBBIX YUCET C MEPOM MPPANMOHATBHOCTH [ = 2
pasMepHOCTh AdpaitmoBuda-Ilecnna v coBmagaer co CKOPOCThIO AUOGAHTO-
BBIX MPUOMIKEHU# (p) U paBHa eqUHHIEC. DTOT BBIBOJ CIPABEIINB B OTHOIIIC-
HUU OTOOpPaKEHUSI OKPY>KHOCTHU Kak B JIMHEHHOM (/K = (), Tak U B HEJIMHEHHOM
(K > 0) coyyasx.

. IlonTBepxkaeH TEOpeTHUYECKUH BBIBOA O TOM, YTO KanuOpOBOUHAs (QyHKLUS
¢(t) ~ 1t mo3BosIeT TOMYYUTH pasMepHOCTh AdpaiimoBrya-Tlecuna s
MHUHHMMAJIBHBIX MHOXECTB Ha OKPY>KHOCTH NpU AMO(MAHTOBBIX YHCIAX Bpallie-
HUs. B OTHOIIEHNM JIMYBHIUIEBBIX YMCEJ BpAIlEHUs KATMOPOBOUHYIO (PYHKLIHIO
¢(t) ~ 1/t ucronp30BaTh HEIB3S.

. Iloka3zaHo, 4TO HEJIMHEHHOCTD U IIYM IPUBOAAT K paspylIeHuo «JlectHuisl Ou-
o6onauun». PazmepHocTs AdpaiimoBuua—IlecuHa mpu 3ToM ocTaeTcs OIM3KOM K
EAVHULIE.

. B HeaBroHOMHOM reHeparope Ban nep 1ot mpu OTHOCUTENBHO MAJIBIX aMIUIU-
TyJaxX BHCIIHETO Boszaericteua A < 1 MHOXkeCTBO B CTpOGOCKOHI/I%CKOM ceue-
HUU ONM3KO K JUHEHHOMY CIBUTY Ha OKPY>KHOCTH . Ipu 1078 < A <1073
IyTEeM BapHallMH YaCTOTHI BO3ACHCTBHS () MOXKHO C BBICOKOW TOYHOCTBHIO 3a/1aTh
MI060€ Yo BpaleHus (IopsAaoK oTkIoHeHus coctapnser 10~%). ITonyueHnble
JUIS PA3HBIX YMCEJ BPALCHUS 3aBUCHUMOCTH CXO0XHW C aHAJOTUYHBIMU CTyIICHYA-
TBIMU (DYHKIUSMH, TIOTy4eHHBIMA B [1aBe 1 mst otoOpaskenust okpyxuocTH (4)).
Nmeercst HE TOMBKO KaUECTBEHHOE, HO M KOJIMYECTBEHHOE COOTBETCTBUE PE3YJIb-
TaToB.

. C yBeTMYCHHEM aMIUTUTYIbl TApMOHHYECKOTO BO3ICUCTBUS A B HEABTOHOMHOM
reHeparope Ban nep [lons nabmronaercs paspyuienue «Jlectauibr @uboHaqum»
IpH MaJbIX pa3Mepax okpecTHocred Bo3Bpara (Ine < —4). D10 o0yciosie-
HO HAJIMYMEM HETMHEHWHOCTH U, KaK CJIEJCTBUE, MOTPEIIHOCTH B 3aJlaHUU YHUC-
Ja BpamieHus. IToT 3(PPEeKT aHaJOTUYEH BIUSHUIO IIIyMOBOTO BO3IECUCTBHS Ha
0TOOpaXKeHUe OKPYKHOCTH.

. JlanpHeiiniee yBenuyeHne aMIUIATYAbl A BeleT K pocTy HEJIMHEHHOCTH B CH-
CTeME U HEPABHOMEPHOCTH BEPOSITHOCTHOTO pactpenaenenus. [locnennee npu-
BOJIUT K HEOOXOIMMOCTH pacdyeTra BPEMEH BO3BpaTa Ha BCEM MHOXECTBE B Iie-
oM (Tine(€)), @ HE B OKPECTHOCTH OTAEIBHBIX TOYEK Tinf(£, Up). B rmobampHOM
ITOJIXOJI€ 3TO MPUBOAUT K MOSBIECHUIO TONOJHUTENBHBIX TOUEK MEXKAY «CTYIEHb-
kammy». [Ipu yBennuennn A 4uCIio 3TUX TOYEK pacTeT.
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9. Ipu ammuryne A, cousmMepumoi ¢ aMIUTUTYI0# KoJebaHuii aBTOHOMHOT'O I'eHe-
paropa Ban mep Ilomsi, 3aBuCHMOCTD (Tinf(€)) CTAHOBHUTCS MPAKTHIECKU JIMHEH-
HOM. JIMHelHas anmpoKcuMaIs J1aeT NpIMyro ¢ KodDPHUIIMEHTOM yTIia HaKJIo-
Ha, OTVINYHBIM OT 3HaueHusi —1, To ecTb pa3MepHocTh AdpaiimoBuua—Ilecuna
B 3TOM clly4yae ¢ < 1. DTO SBIAETCS CIEICTBUEM CUJIBHOW HEJIMHEUHOCTH. B
OCTaJbHBIX CIy4asix pazMepHocTh AdpaiimoBuua-Ilecuna cocrasmsia ac = 1.

10. Pe3ynbrarsl, MOIy4YEHHbIE 111 HEABTOHOMHOTO reHeparopa Ban nep Iloins, ume-
0T MECTO U JIJI1 UHBAPUAHTHBIX KPUBBIX HEABTOHOMHOIO KOHCEPBATUBHOIO OC-
nWATopa. Bapuanuysg HayajdbHBIX YCIOBUM HPU 3TOM MOXKET MNPUBOAUTH K
HETOYHOCTH 3aJIaHUsl YWCJIAa BPALICHUS IPU OJHUX W TEX XK€ MapameTpax CH-
CTEMBI U pa3pyuieHuto «Jlectauipl @uboHauYNY.

11. HccnenoBanue CTaTUCTUKU BPEMEH BO3BpaTa Ha MHBAPUAHTHBIX KPUBBIX U PE30-
HAaHCHBIX TOPaxX HEaBTOHOMHOI'O KOHCEPBATUBHOIO OCHMWJIIATOPA MOKA3aJlo, 4TO
3aBUCHUMOCTB (Tinf(€)) MOXKHO Pa3genuTh Ha JABAa y4acTKa: o0JacTh MajbIX £ U
obOmacth GonbmMx €. Ha mepBoM ydacTke 3aBUCHMMOCTh ONM3Ka K JIMHEWHOM,
3HAYCHUS (Tinf) MPAKTHYECKH HE M3MECHSIOTCS C YMCHBIICHUEM £, U OIICHKA Pa3-
MepHocTH AdpaiimoBuua—IlecuHa cTaHOBUTCS HEBO3MOXKHOU. B cimydae mHBa-
PUAHTHBIX KPUBBIX B 00JACTH OONBIIUX € MOXET ObITh MojydeHa «JlecTHuia
®uboHauym», a B CIy4yae PE30HAHCHBIX TOPOB 3aBUCUMOCTD SABIISIETCS TUHEHHOM.
JluneitHas anmpoKcuMaIiis 00erx 3aBUCUMOCTENH nMeeT KodpUIIMEHT yIa Ha-
KJIOHA, paBHbI MUHYC €IUHMIIE, YTO TOBOPUT O TOM, YTO B OOJACTH OOJIBIIUX €
pa3mepHoCcTh AdpaiiMoBuua-llecuna paBHa enquHuUIE.

12. Tloka3ano, 4To B ciy4ae arrpakropa deiiren6ayma B JTOTHCTHIECKOM OTOOpake-
Hun 3aBucuMocth In(m(Ine)) sapasercs nuHeiHON, KanMOpOBOUHAS (BYHKIHUS
umeet BuI (1) ~ 1/t, a pasmepHocTh AdpaiiMmoBrua-ITlecuHa paBHa equHUIIE.
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