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HEJMHENHAS ITMHAMUKA U CEPJIEYHASA APUTMUSA
A.10. lockymos

Ceplegnbie apETMHEH — XOpOINO W3BECTHEIE H HOCTATOYHO PACIIPOCTPAHCHHALIC
ABJICHHAS. IICKOTO[IB]E 3 apmmﬁ. KaK TpejoNaraeTes, MOryT BO3HHKATE KakK CHENCTBHE
B3aHMOJICHCTBES! CHHYCHOrO (HIN HOPMANLHOTC) H CMemeHHOTO (WM IKTOIMYECKOro)
Y3]I0B, DAcTIONONKCHHBIX B NPABOM MHpefcepiul u Kedyjoukax, coorsercTsenno. Ilpu
anpefeneLiX YyCIOBHAX Takoe BEaHMOI[cﬁCTB]:[E MoMeT ObITE OTNICaHD XOpomo H3BECTHRIM
orofparkeHHeM OKpyxHocTH. B CrOO 0vepeib, 0TOOpAXKEHEE OKPYXHOCTH, B 3aBHCHMOCTH
OT HAYANLHLIX YCIOBHIl H 3HaYeHMil TNapaMeTpoB crnocofHO TPOSBISATH — camble
p33[1006p33ﬂb1l3 croOficrBa, B TOM 49HCIEe W XaoTwWdeckoe nopeniepwe. Ecmm otobpaxkenme
OKPYXRHOCTH KaYeCTBEHHO BEPHO orpaxacTt NFHAMHKY cepﬂemic)ﬁ TEaHd, THe
HYHKIHOHUPYIOT CHHYCHEII 1 CMCITICHALI Y3k, TO XdOTHICCKOE MOBEMENie OTOOPAKCHIS
SBIACTCS MaTEMATHYCCKHM 00pa3soM HeperyidpHbIX cepledHblX COEpPAIieniil — aAPHTMHM.
TlosToMy mnofasnenHe Xxaoca B OTOOpasKeHNHH OKDYXHOCTH B 9TOH CBA3H MOXHO
PACCMATPHBATE KAK CTACHIH3ANHIC NHHAMUKH cepiedHol mummnin, pegnaraercs npocroil
cnocol, HO3BOJSTONI cnabeiM MapaMeTpHYECKHM BUZNG, (CTBUEM BBRIBECTH OTOOpaXKemne
OKPYKHOCTH Ha peryispeeiil pesxum. IIpn 210M orpejlensieTcd MAIIMANBHBIA TOpOr
BHEITHAX [IYMOB, HHXE KOTOPOro L"[‘aflnm:mpoaaﬂﬂoe NOBEIEHAS COXPAHACTCA.

Beeacuue

B ocHOBE MHOIMX BaXXKHEHIIHNX HPOLECCOB B HENMHEHHBIX CHCTEMAX JexXar
ABTOBOIIHOBEIE MEXaHM3MLIL. PacipocTpaHenye BONH B TAKHX CHCTEMAX OCYHIECTBIIAETCS
IOCPEJICTBOM HCTOYHHKA SHEPrHH, pacnpefienenHoro B Hef. Tlpn nopavue UMIynLCa B
TAKYIO CUCTEMY OT MeCTa €ro NPWIOXEHHs B BO3OYMMOA Cpejie HAYAHAET
PACIIPOCTPAHATECSH BO3MYILEHHE — BONHA BO3OYXK/EHHA: NOCTYIMBIUHI HMITYTHLC HE
32TyXas OCJIEOBATENLHO NEPENASTCS OT DAEMEHTA K 3MeMEHTy cpefil. O0bHO nocne
BO30YXK/ICHHS KaXJbIi 3JEMEHT He crnocobeH cpady Xe BO30yAuThCH BHOBb, Kax
NPaBUIO, CYLIECTBYET ONPE[EleHHOE «BPEMS Pelakcalin», Ha3bIBAEMOE NHEPHOAOM
pechpakTEpPHOCTH, BO BpeMS KOTOPOrO 3MEMEHT Kak Obl BOCCTAHABIMBAETCH. ITO
TIPHBOJHT, C OfHOM  CTOPOHEL, K YIOPSJOYEHHOMY IPOCTPAHCTBEHHOMY
pacnpoCTPAaHEHHIO  BOJHBI BO30YXKJIEHWS, a C JAPYrod CTOPOHBI, NPH YacTOH nojaqe
MMIYJILCOB (WM NPH OONBIIOM NEpHojie pehpaKTEPHOCTH) YACTE U3 HUX OKA3bIBAETCH
610K POBAHHOT.

Ipu onucanuy BO3OYAUMEIX CPef 4acTO IPUOEralT K anipoOKCHMAITHE NCXOHOM
CHCTEMBI  COBOKYIHOCTBK)  OTJENBHBIX  BO3DYIHMBIX  37EMEHTOB,  JIOKANILHO
p3aumojieiicTByromux apyr ¢ apyrom [1-4]. Kaxpmpni Takod aneMeHT crocoOeH
HAXOMUTLCS B OJHOM M3 TPEX COCTOSHWIT — NOKOS, BO3OYXKIeHUS n pedppakTepHocTH. M3
COCTOSIHASL TIOKOsl 2JIEMEHT MOXKeT nepefiTH B BO30OYXK[IEHHOE COCTOSIHHE, B KOTOPOM
OyleT HaXONWUTHCH OUpejeseHHoe BpeMsi. 3aTeM OH MEePexXofiiT B COCTOSHHC
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pechpakTEpHOCTH H TONLKO MOTOM BHOBD B coctognie nokod. Takum 006pa3om, NEPEXon
B BO30YXJIEHHOE COCTOSNHME OKa3bIBACTCA BO3MOKHBIM JTHIIL M3 COCTOSIHHS TOKOH.
XOTs TaKas MOJIENE ABIIAETCS OLPE/eNIeHHRIM NpUOIXKEHIEM, OHA JIOCTATOYHO XOPOLIO
BOCTIPOH3BOJIUT OCHOBHBLIE SBICHHA B BO30YMMBIX CPEfiax, B TOM WHCIE M B TKAHIX
ceprua (cm. [4] n IUTAPOBAHHYIO TaM JIMTEPATYPY).

TIpeAnonoXiM, YTO MBI PACCMATPHBACM ONHOPOJHYIO  BO30YWMYIO CpEJy.
[onycTuM, 9TO B TAKOH Cpejie BCe ANEMERTHl  OOMAJAI0T MAEHTHYHBIMI CBONCTBAMIL
Torja wacTOTa BO30YXpeHHS BCEX TaKHX 3eMeHTOB OyJeT onmuaxosoit. Ecmn
HEKOTOpYI0 OOMacTs TAKOH CPEibl HAHATH NePHOJHYECKH BO3MYyLIIaTh, TO B Hell
BOHMKHET WCTOUHMK KOHIEHTPHYECKM PACXOJMINIXCS BonH BO30yxjeHus, Takoil
HCTOUHYK HASBIBAIOT 8eQYLLIM UEHNIPOM, HITH nericmexepom. Eciu B BO30YIMMON Cpefie
eCTh JIBA MM HECKOJBKO HEHCMEKEPOB, TO neiicMexep MeHbIIEH YaCTOThI TEHEpalH C
TeueHHEM BPEMEHH NOJABISETCS NeficMeXepoM gonpieft yacTorel. MHEIMH CIOBAMMH,
HMeeT MECTO KOHKYDEHIS MeXjly HeHCMEKepaMi. B uacaNBLHOM Clydae 4epes
olpeJieNieHHOe BPeMs BO BCEH CPE/12 OCTAHETCA TONMBLKO OJ[UH HEfiCMEKep.

TeopeTHUECKH, NOSBIEHIE TAKAX JONOMHITENEHBIX (mapa3’nTHLIX) HCTOYHNKOB B
cepieyHOll MbIImE B HACTOAIISE BPEMI CBS3LIBAETCH C OMACHBIMH HAPYIMEHUSMHU
HOPMAJILHOM [IEATENHHOCTH CEPa — apurvuedi [5-7].

TonycTuM, 4YT0 B HEKOTOpOil Cpefie MMEIOTCA  TONbKO OCHOBHOH 1
JONONMHATENLHBIE  BEJIyIIHE LEHTPBL Torja JjaKe Takas npocTas CHTyanua B
3aBHCHMOCTH OT 9ACTOTHI TIOCTYIUICHHS HMIYJIBCOB M ppemMeHn pedhpaKTepHOCTH
MOXET IpPMBECTH K OYeHb CIIOXHOMY MOBEJEHHIO cpenpl. B HACTHOCTH, MOXET
HAGNIONATHES  KBA3UIEPHOWHECKAd 1 xaoTHueckas [MHaMpka, Takmm O0Opa3’oM,
BO3HUKHOBEHHE TONLKO OJHOrO IapasuTHOro neficMekepa jyisi 5030yHMON CHCTEMBI
CIIOCOBHO NIPHBECTH K CIIOHTAHHOMY €€ IOBE/ICHIIO.

Iaxxas paboTa MOCBAICHA ONHCAHUIO aHOpMANIBHOI padoTHI CEPANA — apUTMHUH
~ PR NOMOLIM OTOOPAXKEHHS OKPYXHOCTH. TIpn 3TOM OCHOBHOE BHIMAHUE YAeNACTCA
BO3MOKHOCTH CTAOHTI3ALUH TAKOro MOBEACHUA (TO ecTb XaOTHUECKOH JIHHAMMKH
oTOGpaXeHNs) CnabeMil MApaMETPITECKuMit po3mymennsivit. CriejlopaTensHo, €ecin
OTOGpaXKeHHe OKPYXRHOCTH KAUCCTBEHHO BEPHO OTPAXKAeT BOSHUKHOBEHE HEKOTOPBIX
apuT™MHii, TO, B NpHHIJME, OT HAX MOKHO HBITATECS W30ABUTLCS HPH MOMOLIH
Olpe/ie/IeHHbIX YHCTO MAPAMETPHUICCKIX BO IMYLIEHUIL

1. Orofpaenine OKPYKHOCTH ¥ CEpAeHHAR APUTMUA

PacCMOTPHM, Kak MOXeT ObITb CMOJAyIMPORAHa ADATMHSL TPH  TOMOIIH
0TOGpAXKEHU st OKPYKHOCTH. TIpii 3TOM MbI Gy/iEM, B OCHOBHOM, CTIE[IOBATh PaGOTaM [
7]. OTmeTnM, 4TO XOTS HPEPIAracMoe ONHMCAHME ABTISETCA MOJIENLHBIM, HO ECIH
pACCMATPUBATH CEPACYHYIO TKAHE Kak [ PHOJMHECKH BO30YXjaeMplif OCIIIIATOP, TO
TaKoii momxop BrionHe onpasjas [7].

BO3IMOXKHOII NPHYHHOR HEKOTOPBIX HAPYIIEHHH HOpManbHOH PabOTRI CEPALA
MOKET CJ'Iy)KH'Tb B3RHMOI[eﬁCTBH8 H KOHKYpeHIHsA MEXKTTY HOpMaJ’inLIM
(«eCTeCTBEHHBIM») BEIIIM HEHTPOM M aHOpMANBLHBIM (TO €CTB JIOTIOTHATEILHBIM)
pentpom [8]. TTosBneHre GOMBIIOrO <HCIA QHOPMAJILHBIX BEJIyLLX NEHTPOB YPEBATO
HACTyILTeHHeM (prOpmLIsIIi (cm. [7] u uuTHPOBAHHYIO TAM nuTEpaTypy).

HopmanbHeli pejylil UEHTP HA3bIBLIRTCS CHHYCHBIM nearpom (y3mom), a
AHOPMATIBHBIN — CMEIICHHBIM. HopManbHbIi IEHTP HAXOJUTCS B IIPABOM npeficepmy, a
CMELIPHERT — B Xenylouke. JTH [Ba IEHTPA y4acTBYIOT B JeATEILHOCTH CEpiLa, u uX
B3AUMOJEHCTEHE TPHBOIMT K AHOPMANLHOMY PHTMY, KOTOPSIi Ha3LIBAETCS
weay0o4Koeas  napacucmoia [8-9]. CxemaTmuecku Taxas ApUTMHA ONHCEIBAETCH
CcrefyIomyM 00pasoM.

TlepHo/Hl HMIY/ILCOB OT CHEYCHOTO J CMELICHHOIO BEJIYLINX [EHTPOB SBIAIOTCA
NPUOTU3ATENLHO NOCTOSHHBIME, Toce Kaxjoro COKPpAIIEHNs!, BLI3BAHHOTO CHHYCHBIM
y3noM, B TEUYEHHE BpeMEHH PePpaKTEpHOCTH HE MOXKET TPOM30HTH HOBOrO
COKpAIICHNS, B TOM HHC/IE BLI3BAHHOTO H CMELUCHHbIM yanom. OJIHAKO, ECITH HMAYIEC OT
HETO NpPMXOJUT BHE OTOrO MPOMEXYTKA BPEMEHH, TO crieyrouee COKpALLeHHe,

15



BEI3BAHHOE YK€ CHHYCHBIM y37IOM, MOXKET OKa3aThCsl GMOKHPOBAHIBIM. DTO NPHBOIHT K
BO3NMKHOBEHHIO TAK HA3LIBAEMOH KOMIeHCATOpHOH mnaysel. Korja uMOoynecel OT
CHHYCHOTO M CMELIEHHBIX HNEHTPOB NOCTYNAIOT TIOYTH OJHOBPEMEHHO, NPOHCXOMMT
cMelmanHeni ynap. Ecnm jBa BEJyWMX IEHTPA TEHEPMPYIOT MMIYJIBCEI TOCTOSHHOM
YACTOTHI ¥ HE M3MEHsOT (Pa3kI IPYT NIPYTa, TO BO3HHKAET Hucman napacucmoaa [6-9].
Ho B cnyyae B3aHMHOTO BIHAHHA (ha3n! BElyLWX LEHTPOB MOIYT H3MEHSATECS H TOr/a
TOABIAETCS MOy THPOBAHHAS, WK Hasedennas napacucmoaa [10-11].

Takum 06pa30M, ONMHCAHAYK) CHTYAIMIO MOXHO IIPOMOJIENMPOBATE KAaK BHEILHEE
BO30YXKJIEHHE, JCHCTBYIOUIEE HA HEKOTOPYIO CHCTEMY, MMEIOLIYIO KOHEHHOE BPEMA
pecdbpakTepHoCTH M, B CBOIO OYepeib, NEPHONMIECKH BO30YXK[AEMyH0 «CBOUM»
(BHYTpEHHIM) HCTOYHHKOM. JIOTIYCTHM, YTO BHEIUHSS CIJIA MMEET NEPHOJ £y, & MEPHON
KOIEeOAHNS CHCTEMBbI paBeH [ ITOCKONBLKY BO3MYyNIaeMas CHCTEMA HMEET BpeMsA
pedpakteprocTn (0603HAUMM €r0 KaK f,), TO OHA MOXKET BO30YXK/ATECA HE B MOOLIE, a
TONBKO B OIPEJIE/IEHHbIE TPOMEXYTKH BpeMeHi. Bo3jieicTBiEe KaX/I0ro NpHXOIALIEro
HMITYJILCA COCTOMT B CABHIE COCTOSHHA @ CHCTEMbI K HOBOMY COCTOSHHIO ¢ ¢'=g(p).

Ecnn @, — 3HaYeHNe TIEPEMEHHON () TIOCTIE /1~ 0 BO3JISHCTBHA, TO @,.; ONPE/IENHTCS KaK

Q1= S({Pn) (l)

Ecm ¢, € [0, (1, = 1 Mto] (470 coOTBETCTBYET CIY¥alo, KOTAA CHHYCHBI MMIYILC
UpE/IeCTBYeT CMEIMEHHOMY), TO COOCTBEHHBIE KONEOAHHS CHCTEMBI MOryT ObITh
GIOKHPOBaHELI. B 5TOT MHTEPBAT BPEMEHH HET HEIOCPEACTBEHHOM CBA3H MEXK[Y Y3TaMH
(1o ecTs Her cmemenns ¢a3), n KonebaHUA KMEIOT XapakTep YMCTON mapacucTonel. B
31roM cnyuae ypasaenue (1) npamer sup [5-7,11] >

Pnsi = Qn + 1, llg,  mod 2. (2)

B cnyuae ¢, € [(t, - 1)/tg, 2r] asel munsioT Apyr Ha Apyra, u oGpasyercs
MOJIyTMPOBAHHAA TapacucTona. Torja

Ppi1 = g(lpn) x rp“(!s mod 2r. {3}
Taxum 06]33301\-{, MBI  HOpHIOUIH K KOHEYHO—PA3HOCTHBIM YPABHEHHAM,
Hpﬂﬁﬂ HZKEHHO OIHMCBIBAOIIINM e pHoIuYecK il BO 36}')‘(}.’,&61\-1}’!0 HBJ’IHH(‘}!DH-I)'I‘U

KonebaTenbHy0 cucTeMy. HecMOTps Ha OTHOCHTENHYIO HPOCTOTY, STH OJHOMEPHBIC
YpaBHEHH A Y/IOBIETBOPHTE1LHO MOATBEPKIAKOTCH JKCHEPUMEHTAMH M TTO3TOMY qacTo
PACCMATPHUBAIOTCS KAK YOOHBIE MOJIENH HEKOTOPLIX OHONOIHYECKHX OCUMILISTOPOE, B
TOM UHCJIE W CEpJieMHON TKaun [7]. B kavecTBe ypaBHEHHS, [EGMOHCTPHPYIOLIEro TY
ke OnypKAIIOHHYI0 CTPYKTYpY, WTO H pasHOCTHBIe ypashemus (2), (3), uacro
BLIGUPAIOT JIBYXMAPAMETPHUECKOE OTOGPaKeHNe OKPYKHOCTH. B aTOM cayyae (pyHKmus
g B cootHowennu (1) ecTs ¢ = @ +a + bsing 1 OTOOpaKeHHE 3AMICLIBACTCS B BUjIE

Qi1 = 0, + a + bsing,, mod 2. (4)

s 3nagennit b<1l 310 OTOOpAKEHUE ABIAETCS BIANMHOOHO3HATHBIM (puc. 1, a) u ero
MOBEJICHIE OCTATOMHO XOopouo u3ydeno [12-13]. B wacTrocTu, s mobOro Hadamk—

.1 g®(g) — 9o
HOTO 3HA4eHHs  (pp CYLIECTBYET UHCIO p = lim

k=t 21 k
YicnoM BpauleHus. Ecam p SBISETCS PAUMOHANEHBIM, TO OTOOpaXKeHHe (4) umeer
O[MHAKOBOE YMCIO YCTOHYMBLIX M HEYCTOMYHBBIX MEPHOMYECKHUX TPACKTOPHH, H JLd
MOYTH BCeX HAYANEHBIX YCJ'IOBHITI OCTANBHBIE TPAEKTOPHH C YBEIHUEHHEM 1 CTPEMHATCA K
omuON 13 Hux. [MHAMHKZ OTOOpAXXEHHA OKPYXHOCTH B 3TOM cnyvae Oyrer
nepuogmueckoil. Ecmm umcno  BpawleHHs p ABNAETCH HPPALMOHANEHBIM, TOTJA
TpaekTOpHu  oToOpaxkemus  OylyT  IUIOTHO MHOKPBIBATE OKPYXHOCTB, TaK HTO
NOBEJIEHHE OTOOpaXKeHud OyJeT KBasHIEPUOIHECKUM,

Ilpa b>1 otobpaxenie (4) yke He ABISETCA B3AUMHOOAHO3HAMHEM (puc.1, 6).

A HMEHHO, B 3ABHCHMOCTH OT 3HAUEHHS MAPAMETPOB H HAYANRHBIX YCIOBUI OHO MOXKET

, HA3LIBAEMOE
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Puc. 1. T'pauk oToOpaxenHs OKpPYXHOCTH (4) mpn =18, b=05 (a) u a=18, b=15 (6)

NOPOX/ATh ANEPHOIHIECKHE (unm  XaOTHUECKWE) . MOCNE[OBATENLHOCTH, — HE
CTPEMSIIECS C YBEIMHEHNEM /1 HU K KAKHM TPACKTOPHAM xoHeunoro mepuopa. Takoe
OBEjieHne OTOOPAKEHNS OKPYXHOCTH (4) mosiBnsieTcs uYepe3 XOpOIIO H3BECTHBIC
CHCHADHIL Y/BOEHHE MEPHONA, KPH3MC, WM MEPEMEXACMOCTE. Bonee ToOro, B
napaMeTpHYecKux  00NacTaX b>1  BO3MOXKHO COCYIIECTBOBAHHE Pa3NM4HBIX THIOB
XAOTHUECKOrO TIOBEJICHIS, ITH Xa0THIYECKOii U PEry/IApHOH THHAMIKIL.

Octanosumcss Ha  cnydae b>1.  Tlomp3ysck  MOKa3arelem JlamyHOBA,
onpeenIeMbIM 115t OTHOMEPHBIX OTOOpANKEHHIE KAK

1= dg
B o S (5)
nsea N oi=1 g

qHCJIEHHO HaijleM 061acTH MAapaMeTPUIECKOro MPOCTPAHCTBA (a, b), B koTOpEIX  A>0,
TO ecTh JAMHAMHKA OTOOPAXKEHHA ABIAETCH xaoTuyeckol., Torga monayuuM KapTHHY,

Npe/ICTABJIEHHYIO HAa PHC. 2. W3 3TOTO PUCYHKA JIErKO HOHATH, YTO XaOTHYECKOE H
pery/spHOe TOBE[IcHHe OTOOPAXKEHHUS OKPYXHOCTH B napaMeTpHYecKOM IIPOCTPAHCTBE

Puc. 2. OGmacTd XaOTHIHOCTH OTOOpasKeHHS OKPYXXKHOCTH (4) (cxema):a —oGIIASl KAPTHHA,
6 — yBeMUeHHABIH (hparMeHT
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TEeCHO TepeINeTeHkl, a 00/MaCTh Xa0THY—

HOCTH SIBISIETCH JOCTATOMHO CIOKHOIA.
Takum obpa3zom, JMHAMMKA
,\f CepevyHoll TKAaHH, IJie (QYHKIMOHHPYIOT
| CHHYCHBIA 1 CMELLUEHHBI BEIYLIHE LIEHTPbI,
. COrJIaCHO  COOTHOWIeHHEO (4), Moxker
——— NpOABIATh cambie pasHooOpa3sHbie
0.4} rpaa e CBOWMCTBA. B CBSI3M C 3THM OTMETHM, 4TO
; 3KCIIEPUMEHTEI, BBINIOTHE HHEIE B
. : IOCNEIJHeE BpPEMS 110  IEePHOJIMYECcKCei
: CTHMYNALMK  CepieuHod  TKaHm  (cM.,
: ; ’ HanpuMep, [14] u uuTHpoBamHHYIO  Tam
04 08 W JIATEPATYPY)  HO3BOJAIOT YTBEPKIATE,
9YTO COOTHOMIEHHE (4) HEOXUTAHHO
Prc. 3. OroSpaxerme Ilyankape, nonyuennoe u3  XOPOLIO BOCHPOHU3BOIUT PEANTEHYHO
06paGoTKH 3alHCel ANePHOMTIECKOTO NOBe e, kapriay (cp. puc. 1 u puc. 3). Tem mHe
"mmégxfgn.ﬁ‘}% pim;z;i‘;gr’:{fﬂgdi'ia CEPACTHON  \repee, CBAA3L APHTMIH, OOHAPY>XHBACMOI B
Cep/ieYHOll TKAHH M ONNMCAHHON BBILE, 1

IPECTABIEHHBIX YPABHEHMIT HEIOCTATOMHO sicHa [13].

qJ!'-}-I
0.8

0.0 :

2. CTadmmsaums Xxao THYECKOro NOBeeHAN
0TO0paKeHHsi OKPYKIIOCTH

,HOHYCTHM, 49710 Hecueagyemas CHCTEMA, OITHCEIBAEMAA HEKOTOPBIMH
0TOOpaXKeHUAMH WM IuhepeHINanbHBIME YPABHEHMAMH, BEET CeOS XaOTHYECKIL.
Kak MOXHO c1a0biM BIMSAHUEM HA TAKYKO CHCTEMY H30aBHTLCS OT 3TOIO HEPETYISPHOTO
NOBEJIeHUss M CTaOHIM3NpOBaTh €€ muHamuky? K jaHHON mpoGiieme CyluecTByeT
HECKONBKO  pasinuuHeix  moaxofos.  Ilepeelii  ®M3  HMX  3aKmovaeTcs B
MVALIMUNAUKAIMUGHOM (IIO OTHOINEHHKD K [HHAMHYECKHM ﬂf:pf:MeHHbIM) BOS,[LeﬁCTBHH.
Ecnun xe MYJbTHINIMKATHBHOE BKJIKYEHHE B YpaBHEHHSA HEBO3MOXKHO, TO YacTo
npHOEraloT K addumueromy BosfeiicTsmo. B 3ToM coctour Bropoit nojxos. Muorma
IOMYCTHM TPETUH IOXOJl, IPH KOTOPOM COOTBETCTBYIOUMM 0Opa30M nodbuparomcs
Ha'aaviibie yeaosud. T1pu MyneTHIITHKATHBHOM BO3AEHCTBIM KAK TPABWIO H3MEHSIOTCS
napaMeTpbl CHCTEMEI H [IO3ITOMY TakKoe BO3JIeHCTBHE HacTo Ha3BIBAKOT
napaMenipuecrim. AII,IIHTHBHO& BIMSAHUE NOAPA3YMEBAET BBEJCHHE B CHCTEMY
BHEIIHER Cuibl, 1o 3TOH OpUYHHE AJYINTHBHOE BO3ASHCTBHE HA3BLIBAETCH CLAOBLLM.
TpeTnii MyTh KOHTPONA Hajl TOBEJCHHEM CHCTEMBI HA3BLIBAETCA YRPaGACHUEM NO
HAYAABHBIM YCAOBUAM.

[TapameTpiyeckoe  BO3JEHCTBHE  HMMEET  ONPECNEHHbIE  NPEHMYLIECTBA
(ecrecTBenHO, 32 HCKITIOYEHHEM TEX CITY4aeB, KOT/A OHO HEBO3MOXKHO) TEPEJ] CHIIOBEIM
10 HenoMy psjy npuynH. Bo—nepsoix, OHO 03HAYaeT H3MEHEHHe BHYTPEHHUX PECYPCOB U
IO3TOMY HBIAETCHA ECTECTBEHHBIM [ CHCTEMBL BO—BTOPBIX, napaMeTpu4ecKoe
BO3JICHCTBIE, KAK MPABUIIO, He HAPYIIAET (ha30BYIO CTPYKTYPY [MHAMHYECKON CHCTEMDI,
H CIIE[IOBATE/ILHO, HEO0A3aTeNBEHO [OMKHO ObITh cnabbivM. HakoHeH, OTCHekKHBATL
MOBEiCHHE CHCTEMBI B  3aJlaHHON  o0JacTH MHOrO JlerYe Kak  BCIIEJCTBHE
SHEPreTHYECKHX 3aTPAT, TAK H [0 IPHYMHE BO3ZMOXKHOCTH KOHTPOIS,

BosjeiicTBe Ha JMHAMHYECKYIO CHCTEMY B OONACTH, OTBeHalOmEel ee
XA0THYECKOMY DEXKHMY H NPHBOJIALIEE K PETYIAPHOMY MOBEIEHHIO, HCCIEA0BANOCE
MHOTHMH  aBTOpaMm (CM., Hamnpumep, [16—2251). ITo—BHIMMOMY, BHIEPBBIE YHCTO
NapaMeTpHYIeCKOE BIHAHHE HA CHCTEMY CO CTPAHHBIM ATTPAKTOPOM OBLIO OIMCAHO B
paborax [16-17]. Bbuio noxasaHo, 4TO NPH ONPEJIE/IEHHOM H3MEHEHHH TAPAMETPOB B
npefenax oOO0NacTH CyIIeCTBOBAHWS CTPAHHOTO  ATTPAKTOPAa, HPOHCXOHT  €ro
BLIPOK[ICHHE B YCTOMYMBELY MpPEENbHEIT LUK, TO €CTH MMEET MECTO MHOAaBJIeHHe
XA0THYHOCTH. 3TO sBIEHHe ObIIO HA3BAHO NAPAMETPHYECKON [ECTOXACTH3AUMEH.
TTosTOMy MOXHO OXMJaTh, YTO HPH MOMOIUM ONPEJEeTeHHOr0 MAPaMETPHYECKOro
BO3MYIIEHHS XaOTHYECKOTO OTOOPAXKEHHS BO3MOXKHO CTaOMIM3HPOBATE €I0 IUHAMHKY.
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UYt06BI IPOBEPHTE 3TO, PACCMOTPHM UHMCTO NApAMETPHYECKOC BO3JICHCTEBIE Ha
0TO6paKeHne OKPYXHOCTH (4) ¢ TeM, YTOObI MEPEBECTH ITO O0TOOPAKEHHE U3 PeXHUMA
XAOTHYECKOrO MOBEAEHHS HA PErynspHbIl pexuMm. OTMETHM, 4TO 3TO oTobOpakeHne
JMeeT KAaK a/yIITHBHBIA, TAK M MyJILTHIUTHKATHBHLI MapaMeTphl, COOTBETCTBEHHO a 1 b.
ITycTh cHaYana g=const , a mapamMeTp b>1 MoxeT n3MeHsTLCs ¢ poctoM 1. OBO3HAMMM
MHOXKECTBO 3HAUEHMI mapameTpa b, COOTBETCTBYHOIINX XA0THUECKOH [UHAMHKE
orobpaxenns (4), kKak B, Cradunmm3aiys Xa0THIECKOro NOBECHNA 03HAYaeT, YTO HA
MHOXKECTBE B, HEOOXOJMMO OPraHW30BaThH TAKOE NEPEKIIOYCHHE NapaMeTpa bc
yBEIHYEHHEM HOMEpA 71, YTOOBI MPH 3TOM 0TOOpaKeHHE OKPYXKHOCTH (4) MOPOXKAANO
YCTOWYMBBIE MMKIBI KOHEYHOrO IEPHOJA. uage roBops, HEOOXOMHMO HAWTH
npeoGpa3oBaHue

F: b —f(b), (6a)

b, f(b) € B. Takoe, 9TOORI OTOOPAXKEHNE
®: ¢— @+ a+ bsin ¢, mod 2r, (60)

IPH  ONpEJIENIEHHBIX HAYATBHBIX YCIOBHSX TPOSBISIO  PErylApHbIe CBOIICTBA.
TTpocreiimee NpeoGpa3OBanme NAPaMeTpa b — 9TO ero UHKIMYECKOE MEPEKITIOICHIE C
nepuofioM T =2. B 3ToM cityyae OTOOpaXeHus (62.0) B ABHOM BHJIE 3aIHLLIYTCH KaK

Pani1 = cD](q)?.N’ a, bl) =0y, ta + b]Sin(p'Em

(7)
Pansn = (bi(%lwls a, bZ) =02n11 +a-+ b’lsm{pbn] ’

tje by, b, € B, . TIOCKONLKY Kak by TaK K b, OTBEYAIOT XAOTHUECKOMY IOBEIEHHIO, TO
MOKHO BLITO OBI OXWIATE, YTO OTOOpaxenne (7) Toxke OyAeT XAOTHYECKHM. Ho aT0
BepHO He I moOeIX by, b, € B. Oxa3pBaeTcsd, MHOXECTBO B, copepxur
TOJIMHOXKECTBO B, Takoe, uto ecnut by = bid € By€ B, by = byt € Bye B, (unpexc d
BRIOpAH OT NepBoil OyKBBI CIOBA «iecTOXacTH3AIMA» ), TO oToOpaxenue (7) Oyaer
[IOPOK/ATh YCTOMYHBBIE HKITb] KOHEYHOTO NEPHOJA.

Ias Toro, 4Tobbl yOEmUTHCS B CHPABEJUIHBOCTH ITOr0 YTBEPXKJICHHMS, MONKHO
OIMPATLCS HA YHCTEHHBIC HCCIEOBaHUs, BLIOPAB B KAUECTBE KPHTCPHS XAOTHUHOCTH
nokasarens Jlsmynosa (5). OfHAKO MBI HCHONbL3yeM IPYTOH HOAXOM, O 3BOJISIOLIIH
TAaKKe TOHSTh MPHYHHY NOJABIEHUS Xa0Ca B OTOOPAXKEHUH OKPYyKHOCTH.

PaccMoTpum  criefiylorpe (hyHKI{HH: G=P,(®,) 1 G,=0y(P,). Torna, 3amas
HAYANLHOE YCJIOBHE (g W OIPENIENHB ¢ = @, (o), OTOOpaKEHHE (7) MOXKHO 3amHCATHL B
BHJIE

Pone1 = Gl(q}Eu 1, @, bla bZ)? (83)

Pons2 = GQ(q}Zm a, bltb'Z)' (86)

TaxuM 06pasoM, otoOpaxenne (8a) MOPOXK/AET TOMLKO HEUETHBIE HOMEpA LOCHE~
JIOBATENLHOCTH, TEHEPUPYEMOIl IIEPBOHAYANILHBIM OTOOPaXEHHEM (7), a oToOpaxkeHue
(86) mopoXkpgaeT TONBKO YETHBIE €€ HOMEpa. Beneactere 9T0ro mo0oi  2k—1uki
oro6paxenus (7) GyAeT OHOBPEMEHHO HENO/BILKHOM TouKolt ;! oToGpaxkenns G, u
HETOJ[BIXKHOM Toukolt @2, j = 1, 2, ... k, 0TOOpaXeHus G.(t). ObpaTHOE YTBEPXKJICHUE,
BOOOILE [OBOPS, HE SBISETCS BEPHBIM, TIOCKOJNBKY HE TONBKO A—IMKN, HO TaKXKE H
Besikiit m—1mkda (tae m=kli, i=2, ..., k 1 4UCIO m 0OA3ATENLHO nenoe) oToopaKeHui
Gy, G, 9BISIOTCS HENOJIBIDKHBEIMHI TOUKAMH orobpaxennit G,(¥ n G,(®, [lns Toro, 4TOOBI
1IpH IAHHOM k MMEIOIITHECS TOUKH @/, ¢ oroopaxenuit G*®, G, dhopMApOBaTH TONEKO
2k—nukn orobpaxenns (7), HLOOXOMMMO HCKITKOUHTE «JIHLLIHHE» HEMOABHAHLIC TOYKH,

coorsercTeyiomme (2k/i)—npknam. DTO MOXHO CfeiaTh, PACCMOTPEB OTHOLUCHIS
TIOJIMHOMOB
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[G(@, a, by, bs) — @GNS, a, by, by) — 1], (9a)

[Go®) (92, @, by, by) — @V/[GoO(92, a, by, by) — 97, (96)

ns kaxgoro | = 1, 2, ..., k1. Ho mockoneKy 0TOOpaXKeHHe, HMEOIIEE XaOTHYECKYIO
JHHAMHKY, 00JafacT TONLKO HEYCTOHYHBBIMH IAKIAMA W TOYKAMHM, TO CYIIECTBOBAHNE
ycmotiuues!x HETIONBIKHBIX Touek y (yHkuuil G, G,(H npu paHHBIX 3HAYEHHSX
napameTpoB byd, bl HeMemJieHHO O3HauaeT, 4To oroOpaxenue (8) H, clieoBaTENLHO,
orobpakenue (7) AMEIOT IEPHOANNECKOE MOBEJIEHAE Ty,

Boamoxen ciyvail, KOrja CyIICCTBYIOUIME HENOMBHXKHBIC TOUKH @, @7
opMupYIOT HE OfIHH, @ HECKONLKO YCTOHYMBLIX UHKIOB. Torpa nepuoudeckoe
noBeieHue orobpaxkeHus (8) obecmeumBaeTcs YCTOAYMBLIM IHKJIOM OJHOrO W3
nepuonos 2k/j, j = 1, 2, ..., k. Jna toro, 9ro0bl OnpejenuTh, KaKue HMEHHO TOUKH
COOTBETCTBYIOT BBIOPAHHOMY IHKJIY, MOXHO aHAJOIMYHO MPENBIAYIIEMY PacCMOTPETh
oTHomicHAs mommHOoMOB (9a,6) s xaxgoro i =1, .., k—1.Torpa obume mns Bcex
i =1, ..., k=1 Touku @1. (p:@ (4TO COOTBETCTBYET MHHHMATLHOMY YHCITY HyJIEi MOTMHOMOB
(9)), obpauraronme orromenns (9) B Hyms, GyayT hopMEpPOBATSH UK TIeprozia 2K.

CnenoBatenbHO, HEOOXOMMO HalTH 3HaveHns b, = by e B, b, = by € B, , nna
KoToperx oTobpaxeHns G0 u Gy(X) GyayT HMETH YCTOHUMBBIE HEMOJABHKHBIE TOUKH, U
3areM yOeTUTRCA, 9TO OHM SIBISIOTCS OOLIMME IS BCeX [ =1, ..., k—1 B cOOTHOIDEHUX
(9a,6).

Takum 00pa3soM, MOXHO NPEJNOXKHATL ClEHAPHIl TIONCKA [ApamMeTpoB, NpH
KOTOPBIX HPOHCXOJMT IIOJ@BJICHHE Xaoca. A HMMEHHO, 3a(pUKCHPOBaB ONpENENEeHHOE
ancno k<K , HeoOXomumo IOCIHENOBATENBHO Iepeduparsh mapaMeTpsl by, b, u3
mHoxecTBa B.. 3arem, mocrpous dyakipn G0 1 G0, Hy:KHO HANTH HX HEIOIBIKHLIC
TOYKH M OTOOpaTh CPEji HUX YCTONMYHBLIE, CIEMys ONMCAHHOM BhIlle npoueiype. Ecnn
TPH JAHHOM K HET YCTOHYMBBIX HCMOIBIKHBIX TOYEK, TO BCC BBIYHC/IEHUS TOBTOPSIOTCS
IpH k, yBeuueHHOM Ha efunHuny. ITouck BemeTcs o Tex nop, noka 3Havenus by = byd e
€ B, b,= byd € B ue Gyayr Haiifiennl. [IpejiioXeHHnlii METOJ B YHCICHHOM OTHOIICHAN
NPENCTABIISICTCS. MEHEE TPYAOEMKHM, 4eM HENOCPE/ICTBEHHBIA pacueT nokasatend JIa—
nysosa (5) wm wrepmposamme orobpakenmst (7). Kpome TOro, mnpm HHC/IEHHBIX
HCCJIEIOBANNSX, Kak MPaBuiio, TPYIHO OTIPEACIATL HEOOXONUMOE UHCIIO UTEpAlil 1 B
COOTHOMWICHHH (5) 1151 IOMHOM YBEPEHHOCTH B MPABMILHOCTH MONYUCHHOI BEIHYUHBL A.

Ecmu muknuyeckoe m3MeHeHue mapamerpa b IPOHCXOMAT ¢ MEPHOAOM T >2, TO
orobpaxenns (6a,0) B IBHOM BHJIe 3aNHITYTCS KaK

Prps1 = (pl(‘p*rm da, b]),

Pryz = ¢’2(‘9’m+h a, bl)’

. (10)
Prppr = (Df(q)mﬂ—h a, b't)!
Prpsne1 = (b‘l(‘Pt!rrU a, bl)s

e P, =@ +a+b,sing, b, e B,m=1,2, ..., 1. B aToM ciyuyae HeOOXOIUMO IIOCTPOUTH

T hyHKImi

G = DDy (.. Po(Py).-- ),
Giy = ‘I’i(q’t(q’x—l(--- 'I’s(q’z)--- ))),

oF (11)
G1= Do y(Prof... Py(P)... ),

PaccMOTpeTh UX k—ble urepauun Gmt), m = 1, 2, ..., T i HCCIENOBATE MOTHHOMHAAILHBIC
OTHOILCHHS
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[Gc(k) i 6‘]”[61:("} - q-;tL
[Ges® — 1 J[Gra® — o], :

- (12)
[G,® - /(G0 - 9]

Tenephb, €Clu [Uis ONpPEfieICHHbIX b4, m = 1, 2, ..., T OTOOpaXEHMUA (11) nmeroT
YCTORUNBLIE HENOJBIDKHBIE TOYKI, YIOBIETBOPSIOMIE COOTHOMEHHAM (12) mns BCex
i =1, 2, .., k=1, TO 3TO rapaHTHpyeT, 4TO JAHHLIC TOUKH 6yayT (opMHPOBATEH
yCTOMHBBIH 2k — UKL,

OmMCAHHBYA CLEHAPUIT MO3BOMHN HPHITH K 3AKJIOYEHMIO, HWTO MHOXKeCTBO B.
COEPXKNUT ONpEJIETIEHHOe NOJMHOXECTBO B, cocrosimge H3 HabOPOB bdbd,..., bt
raxux, uro oroopaxenne (10) ¢ bi=bi4, ..., b=by! (u, B 9ACTHOCTH, OTOOPAXEHHE (M)
06naIAeT MePHOAMYECKUM NOBEJICHHEM. HexoTtopsle H3 NapaMeTpoB b,d H SNEMEHTEI
YCTOIYMBLIX IUKIIOB, COOTBETCTBYIOUIHX ITHM napaMeTpam, npusejiens! B TaGi. 1.

TakuM 00pa3oM, IHKIHYECKOE H3MEHEHHE MyJIbTHILTHKATHBHOTO MapameTpa
MOKET IIPHBECTH K TMO[ABIECHHIO Xa0Ca. OjHAKO, ECiN B OTOOPaXeHNH (4) mepexoarh
AUIMTHBHBNI TApaMETP a, b=const >1, TO pe3ynbTaT He H3MEHHTCS: TIPH ONpeieNeHHBIX
BeNMUMHAX d?, ..., A € Ay € A, (rjpe A. MHOXKECTBO 3HaYeHHil TapaMeTpa 4, b=const>1,
P KOTOPBIX OTOOPaXKEHue (4) mmeeT XaOTHYECKYIO mnamnky) orobpaxenne (10) ¢
®,, = @ + a, + bsing, m = 1, ..., T, OYIeT IOPOX/ATs YCTOMYHBBIE LIHK/IBI KOHE4YHOTO
nepuoja (Ta6n. 2 i puc. 4). OfuH 13 TAKHX LHKIIOB MOKA3aH Ha puC. 5.

OTMeTHM, 9TO TIOCKONEKY B OTOOPAKECHHH OKPYXHOCTH B 3aBHCUMOCTH OT
HAYATLHBIX YCJAOBHIl M 3HAYEHW NapameTpos MOCyT COCYIIECTBOBATE  PA3THYHBIC
THIIBI XAOTHUYECKOTO TMOBEeHud, TO YCTOIYHBBIE HKJIBI HPH aHHBIX a,duna b,d ,
m=1, ..., T BO3MOXHO Ha0/IO/1aT HE TPH BCEX (o

HHTepeceH BONPOC O BO3POXJIEHIH XA0THUECKOH misamuku B oroopaxemu (7)
¢ TIONABJIEHHBIM XAOCOM. ByjeM H3MEHATH NApaMETpel dj, @2 TaK, 4TOOBI TOYKH,
(hOpMHPYIOLIHE LK, TEPSIH yeroftunBocTe. TOra NETko BHIETE, HTO HCYE3HOBEHHE
NEPUOIMYECKOTO  NOBE/ICHUA IPOHCXOINT ~ NYTEM __oﬁpaTHof& TAHreHIMATLHOR
OucypKamun (prc.6): ycToWuMBas HETIOABIKHAA TOKA @,! CTHBAETCA C HEeyCTOHYMBOIM
TOYKOMN @ 1 HCYE3aeT. ITO JETKO oG BACHSIET SBJIEHAE TIEPEMeKaeMOCTH, KOTOpoe G110
omicapo B pabote [17], THe WNCTEHHO HCCIEJIOBANOCH TONAB/NEHNC xaoca B
mupbepeHIMATEHBIX YPABHEHHIX CHELHATEHOTO BHJIA NIPH NOCTENEHHOM YMEHLINECHHUH
AMIDTHTY/B] IAPAMETPHYECKOr0 BOSMYLIICHU.

2n

AN ‘

L
:m4~\\ LN
| 1 1 J

2.00 2.04 a,

~
N
k.t

Fid
0 27
Puc. 4 B B Puc. 5. Opum w©3 ycrofumppix —S—IHKJIOB
c. 4. DneMenTsl TOIMHOXeCTBA Ay oTOOpaxKe oToOpaKeHEA OKDYXE oha Bl =2 300,

= = = 4 1
s (10) mpm 1=2, b =2, &, = @ + @, + bsin® ayd=2313
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Ta6mmma 1

HekoTopsle 3 yeTOHuBLIX THKI0B oToOpaxenus (10), m=12, ..., 1,i=1,2, ... k

| &l = b4 o e 03 0i
213128 2.444 1.4811294 0.4440775 = 5
2.456 4.2940809 4.8498433
5.2288950 5.8932804
213128 2.447 0.4429594 1.4818465 - =
2.454 4.8516695 4.2917807
5.8938495 5.2283660
315128 2,511 0.4371332 0.4257008 0.4344779 =
2512 | 5.0970256 5.0961823 5.0948576
2.514 42918715 43014199 4.2626410
5.5643592 5.5667114 5.5678553
4.8004426 4.7968967 4.7995006
413128 2.438 1.5013996 0.4513436 1.4712884 0.4438943
2.439 5.2215370 5.8918994 5.2360619 5.8988027
2.458 4.4909169 4.8653594 43234617 4.8397809
2.468
Tabnuna 2
HexoTopsle H3 yCTOHUMBBIX LHKIOB 0TOGpaxenus (10) npu
b, =9 +a,d+bsing,m=12,..,1,i=1,2,..,
Tk amd b [E:'l Gr.i [ﬁj ‘31'4 a-'ﬁ 6{6
213 |2.832 ] 2.3 | 42610491 | 0.4430487 & 7 i i
2.833 5.5060536 | 0.8886927
5.6673852 | 5.0244363
214 | 2.837 | 2.3 | 0.6456350 | 0.3066119 - - - -
2.849 3.8378215 | 2.0185224
5.4472391 | 4.8785581
6.0296381 | 5.2117653
214 | 23091 2.0 0.1881688 | 0.6568658
2313 4.1871416 | 2.8752882 - - - -
5.0820300 | 4.7697418
5.7106242 | 5.5301161
215 |2175] 1.8 | 0.7520389 | 0.7507670 - s = =
2176 4.1537265 | 4.1576714
4.8025828 | 4.8033898
5.1858377 | 5.1858993
5.7589478 | 5.7598357
612 [2.281 | 2.0 | 6.1074458 | 1.7565879(6.0051686 | 1.4570851 | 5.7371687|0.7204091
2282 43207936 | 4.75419095.0389381 | 5.4286282 | 6.2130677]2.0947620
2.283
2.284
2.293
2.305
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3.833 o 3839 3.833 3.839

a 6 a8

Puc. 6. Dnement rpadwka dymkmm G npu b=23 n a19=2.837, a4=2849 (a); a;9=2.83698,
a,1=2.849 (6); a19=2.83694, a¢=2.849 (a)

CCTeiOBARNME TOTEPH YCTONMHBOCTH JIAET BO3MOKHOCTE U1 KAXKJIOr0 KOHKPETHOro
sHauenus a,d wi b4 , m = 1, 2, ..., T, OUEHATh TaKXKe MHHHMATEHEI TTOPOT
BO3MYLLEHNS, HE Pa3pyllaioLero [ePHOJMUECKOe TOBEIEHHe OTOOPAXKEHHS (10).
Hanpavep, i © =2, b=2.3, a;9=2.832 u @,4=2.833 10T MOpPOr paBeH ~ 5x10-6.
CrieloBaTeBHO, MA/IbIe BHEIIHIE BOIMYIICHHA, SCIIH HX ammuTyjia Menbie 5x10-6, Be
pa3pyILAT HABEEHHOTO U3 Xa0Ca MOPA/IKa.

Takum 00pasoM, XaoTWdyeckas —JHHAMHKA OTOOpaXKeHHs  OKPYXHOCTH,
NPHOMIDKEHHO OTHCHIBAIOIIErO ONPECIEHHOe B3AMMOJICHCTBHE JIBYX BEYLIUX HEHTPOB,
MOXET OLITH CTAOKITM3APOBAHA NPH MOMOMIH J[AXKE OHCHE cnaboro (mHorga  ay— a <
10-2 (1)) mapamMeTpHIECKOro BO3JCHCTBHS.

SakouyeHne

WTak, HEKOTOPbIE M3 APUTMUI, BO3HIKAIOMME Kak B3aUMOJIETICTBHIE JIBYX
BeyIIX [EHTPOB, PAaCHOJIOXEHHBIX B CEPAUS, MoryT OwITH B psjie Clydaes
KAYECTBEHHO OMMCAHET OTOOpAXKEHHEM OKPYXHOCTH. IIpn onpejieseHHbIX YCIOBHAX
rakoe B3AMMONEHCTBHE MOXET TNpPUBECTH K BO3HHKHOBCHMIO HEKEMATEIbHBIX
3phekTOB — XAOTHYECKUM COKPALLCHUSM, TO ecte aputMul, OfiHAKO, OMMCAHHOE
ABNEHIE MAPAMETPHYECKOrO MOAABNEHHS XAOTHUECKOro MOBENEHHs HA pHUMepe
OTOGpaXKEHHs. OKPYXKHOCTH TO3BONAET HAJLATHCA HA BO3MOXKHOCTL H30aBneHNd OT
TAaKMX ~COKDAINCHW ¥  CrabmiMsaiyi  JHHAMHAKH CepheuHoii TKaHW  ClabbiM
BO3MYIIEHUEM.

Spnenne cTAOHIH3ALNH (nonaanem&n) XA0THYECKOrO  IOBEJIEHNs SABNACTCH
YACTRIK pasfena, H3BeCTHOIO cefiuac Kak KoHmpoaupusanue xaoca (controlling chaos)
[18-24]. Opako, B NPOTMBONOIOXHOCTE TPAJILIHIOHHOMY METOJLy, HCIOMb3YIOLIEMY
OGpPATHYO CBSA3b, B AAHHOM CITy4ae peaansyercs KOHTpONE 083 OOpAaTHOI CBS3M, HTO
npoiie OCYMIECTBHTE HA MpPAaKTHKe. KpoMe TOro, ¢ TOYKH 3PEHiS SHEPreTHHICCKUX
3aTpAT IIPeJVIOXEHHEIHA CHOCOG 3HAYMTENLHO 3KOHOMUYHEE, MOCKONBKY aMILIATY)IA
BO3MYIIEHMIT MOXET OBITH JIOCTATOMHO maoil, CymecTed M TOT (PakT, 4TO MAlbIe
BO3MYILEHHS HE MOryT PaspyliHTh YCTAHOBMBLIETOCS TMEPHOAUIESCKOrO MOBEACHIA.
STO rapaHTHpYyeT, UTO HEeOOMLIIHE LIYMBI, BCErJA TPUCYTCTBYHOLIME B peanbHOM
CHTYAIlHH, HE NpPHUBEAYT CHCTEMY C NOJABJICHHBIM X20COM B PEXHM XaOTHYECKHX
KoneOaHui.

OTMeTnM, YTO s KBAPATHMHOrO OTOOPAXEHHsS BO3MOXHOCTE IIO/|aBJIEHHS
xaoca CrmabhIM TIAPAMETPHUECKHM BO3JEiCTBUEM HEJABHO Obula CTPOre [I0Ka3aHa B
padore [23].

TIpeoKEeHHBIH METON CTaGUIN3aiE XA0THYECKOrO IOBEJICHNS, OTHAKO, HMCET
1 Psijl HEJIOCTATKOB. OCHOBHO# COCTOUT B TOM, HTO CTPOTO MEePHOIMYECKHE COKPALICHHS
cepima (KaKOBBIMH OHH MOTYT OKa3aThCA HOCIE MapaMeTpHIECKOrO IOJIaBICHHUA xaoca)
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TOXe KpailHe HexenatensHel [26—27]. Jpyroit HepocTaTtok — mpoGrema IONCKa
NapaMeTpoB, NMPH KOTOPhIX HAOMEOJAETCH JiecToxacTusamus. Jlemo B TOM, 4YTO Mepa
MHOXKECTB A, 1 B, TO—BHIMMOMY, o4eHb Mana (cM. puc.4). C IpHKIATHON TOUKH 3PEeHHs
3TO O3HAYAET, YTO BEPOATHOCTE GLICTPOrO OOHAPY:KEHHS HEOOXOIMMBIX NAPaMeTpOB
HEBEJIHKA,

TakuM 0Opas’oM, TEODETHYECKHM BIOMHE BO3MOXHO  CTAOMITH3MPOBATH
Xa0THYECKHE COKpalleHHd cepana, OﬁyCHOBI{E‘,Hlﬂ;Iﬁ B3aHMOIl,Bf{CTBHeM JABYX BENYIIHX
nentpoB. C MpakTHYECKOH Ke TOYKH 3PEeHHs 3TO JIANeKO HE BCErjja MOXKEeT OKa3aThCs
IPUMEHHMBIM 1 JTIOIIYCTHMEIM.
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NONLINEAR DYNAMICS AND CARDIAC ARRHYTHMIA
A.Yu. Loskutov

A phenomenon appearing sometimes in the cardiac tissue — arrhythmia — caused
by two pacemakers is discussed. It is shown that such arrhythmia can be schematically
described by a circle map with chaotic dynamics. A simple method allowing one to sta—
bilize chaotic dynamics of this map is proposed. A perturbation threshold below of which
the stabilizing behaviour is not destroyed by external noises is determined.

Jockymos Anercanop pveeitt popics b 1959 r. Okonyun hu3mIecKHil
dakymreT MI'Y HM. M.B. Jlomonocosa B 1982 r. B 1987 r. xanpupar thu3. MaT.
nayk. B Hacrosmiee BpeMs pabotacT ma (hU3HIECKOM dakymprere MI'Y
. M.B. ToMonocosa. OGnacTs NpodeccHORANBHEIX HHTEPECOB: MaTCMATHIECKHE
nofXomM K OpoOieme  AETEPMHHHPOBAMNOrG Xaocd, NPHIOMAEHAs  METO0B
HemIHenofl THAaMEKH, HEHPOHHALIC CETH. OnyGIMKoBaHO OKOIO 30 crareii, OfHa
wonorpadms B nsparenserse Hnpanrep (cosmecrio ¢ A.C. MuxaiiToBEIM), OHO
yaeGroe nocolHe 1o TEOPHH HepaBHOBECHLIX apnermit (copmectro ¢ A.C. Mu—
XafinoBBIM).




