VIIK 517.9

3.U. Bnagumupckun, 6.U. UcmannoB, kaHanaaTbl TEXH. HayK
AszepbangkaHckas rocygapcTBeHHasi HedpTaHas akagemus
(AsepbangxaHckas pecnybnuka, AZ 1010, baky, np. Azaansir, 20,
Ten: (+994) 12 4651147, 12 4986220,

e-mail: Eduard.Vladimirsky@hotmail.com; ismbahram@mail.ru)

BosBparthl MyaHkape Kak KpUTepuit TONosiormyeckomn
CUHXPOHU3aLUMN U yNpaBrieHUs APOOHbLIMU cucTeMaMm

PaccMOTpeHbI IOCTAaHOBKY 3aad CHHXPOHHU3ALUH U YIPABICHUS HeTMHEHHBIMU (U3HUECKUMU
cucTeMaMu JIpoOHOTo mopsiaka. Kpurepuem peanusanuu 3a1adul SBISETCS MOHSATHE CPEIHETO
BpemeHH Bo3Bpara I[lyankape. [IpemioxkeHo 0000IICHHOE KOMIIAKTHOE METPUYECKOE MPOCT-
panctBo IlyaHkape ¢ pasMepHOCThIO <T>. [IpHBEICH alrOpUTM ONPEICIICHUS MTOTEPh MaMSITH
pu 00YYCHUHU CHCTEMBI.

Po3risiHyTO NMOCTAaHOBKM 3a/lau CUHXPOHI3allii Ta KepyBaHHS HENIHIMHUMU (QI3UYHUMH CHC-
Temamu JApoOoBOro nopsaky. Kpurepiem peanizaiiii 3a1a4i € MOHATTS CEPEIHBOTO Yacy MOBEp-
Henns [lyankape. 3anponoHOBaHO y3araJlbHEHUH KOMIAKTHUI MeTpuuHuii mpocTip Ilyankape 3
BUMIpHIiCTIO <T>. HaBeJieHO alrOpuTM BU3HAYEHHs BTpAT IaM SITi IIpY HABYaHHI CUCTEMHU.

Knwouegwvie cuo08a:cucmemvl ¢ namsamoio, 6ozepamel Ilyanxape, ppaxmansHocms, opoo-
HOCMb, BU3YATUSAYUSL.

Hayunoe nampaBiieHue (u3MKa OTKPBITBIX CHCTEM PAacCMAaTPUBAET €IMHBIN
MOJXOJ K ONMCAaHUIO Pa3HOOOpa3HBbIX HEIMHEHHBIX sABICHHUU. B Hacrosiee
BpeMs B OTKPBITBIX CHCTEMax HAOJIOAAI0TCS MPOIECCH] U SIBJICHUS, ISl KOTO-
PBIX XapaKTepHbI HEIOKAIBbHOCTb, 3PEIUTAPHOCTb, HEMAPKOBOCTh, (PpaKTallb-
HOCTb, HETaMUJIBbTOHOBOCTh. CyIlIeCTBEHHOE BHUMAHUE YEIISETCS UCCIIEA0Ba-
HUSAM CTENEHHOW HEJIOKAJIIbHOCTH M CTEIICHHOHM JOJIrOBPEMEHHOHN namsaTu. B
CBSI3U C 3TMM CTAHOBHTCS aKTyaJIbHOW IpoOseMa co3JaHMs MaTeMaTHYeCKUX
METOZOB OJHOIO U3 COBPEMEHHBIX HAIPaBICHUN TEOPETUYECKOH (PU3MKH —
npoOHo# nuHaMukH [1]. Mcrionp3oBanne MeTo10B APOOHOIN TUHAMUKU OTKPbI-
BaeT HOBbIE BO3MOKHOCTH JJIsl PELLICHUs TPOOJIEM IIPOTHO3a U IPUHSTHUS pelle-
HUN B OTKPBITBIX cuctemax [2, 3].

M3BecTHO, 4TO ypaBHEHUS B JIPOOHBIX IPOU3BOJIHBIX ONUCBIBAIOT BOJIIO-
IO HEKOTOPOH (PM3HUECKON CUCTEMBI C HOTEPSIMH, B KOTOPO# JPOOHBIN MOKa-
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3areiab MPOM3BOJHOM YKa3blBaE€T HA JIOJNIO COCTOSHHUN CUCTEMBI, COXPAHSIO-
IIMXCS 32 BCE BPEMS SBOJIONMHM /. Takue CHCTEeMbl HA3bIBAIOT CHUCTEMAMU C
0CTaTOYHOU namAThI0. OHM 3aHMMAIOT MPOMEKYTOUHOE IMOJIOKEHHUE MEXIY
MIaMSATBIO, C OHOM CTOPOHBI, U MAPKOBCKUMHU CUCTEMAMU — C JIpyrou [4].

B paborte [4, c. 354] ykazaHo, 9TO B CHCTEME C 3aIaHHOW MIPOCTPAHCTBEHHON
reOMETpHUEN B IIPOLIECCE IBOJIOLNH «BBIKUBAET» TOJIBKO YaCTh COCTOSTHUM, a Jpy-
ras 4acTb MX OOIIEro ymcia HeoOpaTUMO TepsieTcs, T.€. OHH CTAHOBSITCS He-
JOCTYIHBIMU 115 cUcTeMbl. ClielyeT 3aMEeTUTh, YTO OAHUM U3 (DyHJaMEHTaJIbHBIX
ACIIEeKTOB MCCJEOBAHUS PA3IMYHOIO poOJa SIBICHUI B OTKPBITBIX CHCTEMaXx sIB-
JsieTcsi HeOOXOMMMOCTh y4eTa HENOKaJbHBIX 3(P¢eKToB 1Mo BpeMeHH (d(dext
MaMATH), «(HU3NIECKOI» TPUUUHON KOTOPBIX €CTh MEIIEHHAs peJaKkcalys Koppe-
JISIUOHHBIX CBS3€H MEXKY 3JIEMEHTAMU CUCTEMBI.

MaremaTnyeckoil OCHOBOM IIPU MOZEIMPOBAHUU TAaKOTO POAA SIBJICHUI
SBIISICTCA amnmapar APoOHOTO HCUHCIICHHUS.

Omnpenenenue 1 [5]. Cnyualinblii mpoiiecc, CKOPOCTb U3MEHEHH s TNIOTHOC-
TH KOTOPOT'O 3aBUCUT OT 3HAYEHUH IJIOTHOCTH B IPEIIIECTBYIOIINE MOMEHTHI
BPEMEHH, HA3bIBACTCS SPEIUTAPHBIM. DTOT TEPMHUH SKBUBAJICHTEH MOHATHAM Ia-
MSITH, TOCENCUCTBHS, 3ana3/IbIBaHNsl, HACJIEICTBEHHOCTH, OCTATOYHOCTH.

[Tpu ucnonb30BaHUU JPOOHOM AMHAMUKH B 3a7a4ax Mccae10BaHus Gu3n-
YECKUX CUCTEM BO3HHKAeET npobiema Bo3BpaToB [lyankape — oaHa u3 Haubo-
Jiee BaXKHBIX 0COOEHHOCTEW JMHAMHUYECKUX MPOIIECCOB (CUCTEM) C OTpaHHYECH-
HBbIM THIIOM YCTaHOBUBIIMXCS JBMKeHUM [6—12]. Bpemena Bo3BpatoB Ilyankape
MPEICTABISIFOT COO0H OCHOBHBIE HHIMKATOPHI M XapaKTEPUCTUKHU, ITOKA3bIBAIO-
e, KaK OTMpeJeIeHHBIE COCTOSTHUSI TMHAMHUYIECKOW CHCTEMBI TIOBTOPSIOTCS BO
BpeMeHHU. B o0mieM ciydae mosHbIi aHaIu3 TIOBEICHNST BpEMEH BO3BPAIICHUS B
IIPOU3BOJIBHBIE HAYAJIbHBIE COCTOSHUS HepeasieH. TpaaulMOHHBIM SIBIIIETCS
MOJIXO/l, CBSA3aHHBIN C M3YYEHHEM CTATUCTHYECKHUX CBOMCTB BO3BpaToB IlyaH-
Kape U TUIMYHBIX OPOUT JUIsl HEKOTOPBIX MHBAapHaHTHBIX Mep [12, 13]. B cBs3u
C U3JIO’KEHHBIM BBI3BIBAIOT UHTEPEC CUCTEMBI C MAMSTHIO IPU PEIICHUH 3a/1a4
TOMOJIOTHYECKON CUHXPOHU3AIUH U YIPABICHHUS.

Cucrembl ¢ ocTaTouyHoii mamaATbl0. B pabGote [14] mano cnexmyromiee
oIpe/ieNIeHHE.

Onpenesenne 2. CucteMbl, 001a1al0NTNE OCTATOYHOW MAMSTHIO, OTIHCHI-
BaoTCsa mpeoOpazoBanuem Jlarutaca M (M) xz P, z =(1-§)At. 3nece D —
(pakTagbHas pa3MEpPHOCTh, SBJSIOLIAACS KOJIMYECTBEHHOHM MEpOMl MposiBICHUS
3¢ eKToB mamsT; & — mnapamerp MmoJo0us1, ONpeeNSIONINi, HACKOIBKO YMEHb-
[IaeTCsl BeJIMYMHA OJIOKa Ha KaXJIOM Iare MocTpoeHHs (ppakTaJbHOU pas-
meprocTr D =1Inj/In& ™", rue j — umcino GIOKOB, MPEICTABIAIONIMNX TEMEH-

TapHbBIA QparMeHT (pakrana.
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dopMabHO HAJIMYKE TTAMSATH 03HAYAET, YTO €CJIM B MOMEHT BPEMEHH ¢’ Ha
cucteMy jeictByet cuia f ('), To BO3HUKAET MOTOK .J, BEIMUMHA KOTOPOTO B
MOCJIC YOI MOMEHT ¢ —t' 3amaercs [14] B Buze

J(t):j M (t—1") f (') dt'. (D
0

Jlnst cucteMsl, He 00IaaroNnIel MaMsAThIO, BpEMEHHAs 3aBUCUMOCTD (DyHKIMN
namsta M(t—1t") umeet BUI

M (t—t")=y3(t-1t"), (2)

rie Y — TOJIOKUTENbHAs MOoCTOsTHHAs; O (¢ —¢') — O-ynkuus Jupaxa. ITox-
craBiag (2) B (1), monygaem dopmyiny J (¢)=7yf (¢), cOrlacHO KOTOPOH MpH
moTepe MaMsATH Ha MOTOK J (¢) BIWSET TOJBKO 3HadYeHWe CWibl [ (t), JeHcCT-
BYIOIIIEH B TOT e MOMEHT ¢. [Ipu upeansHolt mamsatu T — o, 1.€. J (¢) dop-
MHPYETCsI Ha BCEM IMPOTSDKEHUH JeiicTBust cuibl f (1) 10 MomeHTa t. Dop-
MaJIbHO CIIPaBeUTUBO paBeHCTBO [14, ¢. 12] M (t—t")=vy/t.

Tononornueckass CMHXpOHH3aNusl. B oTyinumMe OT TpaJUIIMOHHBIX METO-
JI0B cMHXpoHu3auuu B [11] npeasiaraercst MOHSATUE TOMOJIOTMYECKON CUHXPO-
HU3aLUU CBSA3aHHBIX Xa0THYECKUX CHCTEM.

Omnpenenenue 3 [11]. JIBe cucTeMbl TOMOIOTUYECKHA CHHXPOHU3UPOBAHBI,
ecJIii uX BpeMeHa Bo3BpaToB [lyaHkape BeayT ceOst MOX0KUM 00pa3oM.

NHaukaTopoM CX0XKEeCTH MOBEICHUSI CUCTEM SIBIISICTCS MOHSATHE, OCHOBAH-
HO€ Ha BpeMeHax Bo3BparoB [lyankape. CoBnajeHue pasMepHOCTEN JTaHHBIX
JBYX CHUCTEM — 3TO JIMIIb HEOOXOIMMOE YCIOBHE TOIOJOTMUECKOW CHHXPO-
HHU3AIMU: OHO YKa3bIBaET Ha «IOXO0XKeCTh B cpemnem» [11, ¢. 253]. Kpurepuit
TOTIOJIOTHYECKONH CHMHXPOHHU3AIMU MOXXHO MPUMEHSTh B CIy4asX CBS3aHHBIX
reTeporeHHbIX cucteM. Crenyer 3aMeTHTh, YTO OCOOCHHOCTBIO CHHXPOHH3a-
LM SIBJISIETCS. COXPAHEHHE HEKOTOPOI'0 YAaCTOTHOI'O COOTHOIIEHUS: B JAHHOM
cllydae — 3TO COOTHOILIEHUE MEXAy BpeMeHamu Bo3BpaToB Ilyankape. UH-
BapUAHTHOCTh TAKUX COOTHOIICHUN — CYTh PEeKHMa CUHXPOHHU3AIIHH.

Tomnosorus ppakTagabHOro npocTpancTea. Pazmeprocts Xaycaoppa—
besukoBuua — merpuyeckoe nonsarue [15]. Opnako cymectByer ee (yH-
JaMEeHTaJIbHasl CBSI3b C TOMOJIOTMYECKOM pazMepHOCcThIo dimE, ycraHOBIIEHHAs
JI.C. TlonTpsarunsiM u JI.C. [lIHupennbMaHOM, KOTOpPBIE BBEJIN IOHATHE METPHU-
4yeckoro nopsijika [16].

Onpenesienue 4. MeTpuueckuM MOPSIIKOM KOMITAKTa 4 HAa3bIBAETCS YUCIIO
k=lim(-InN ,(¢)/In¢), rne € — cdepa paauyca &; N (¢) — uucio chep B
KOHEYHOM TOATOKPBITUN MHOMKECTBA.

HuxHsist rpaHyiia METpUYECKUX MOPSAIKOB JJIsl BCEX METPUK KOMIIakTa A
(Ha3pIBaeMasi METPUIECKON pa3MEpHOCTHIO), paBHa ero Jlebera pasmepHOCTH.
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OnHako 0Ka3alloCh, YTO METPUUECKUH MOPSIJIOK, BBEACHHBIN B [ 16], coBmagaeT ¢
HIDKHEH rpaHbio QpakTanbHO pasmepHOcTH Xaycnopha—besnkoBuua, onpe-
nenseMoil B TepMuHax box-counding.

Teopema 1 [16]. [{ys1 m11000r0 KOMITAKTHOTO METPHUYECKOTO ITPOCTPAHCTBA X

loe N X
dimx =inf | tim 2&Ved (X

:d ecTh MeTpuKka Ha X |,
>0 —loge

rae N, ,(X)=min {{u|:u eCTh KOHEYHOE OTKPHITOE MOKPhITHE X} .

CnenosarensHo, (X,d,) — KOMIAKTHOE (paKTalbHOS METPUYECKOE
IPOCTPAHCTBO C Pa3sMEPHOCTBIO d ,. He0OX0MMO 3aMETHTB, YTO [IPU ONMCAHUH
CBOWMCTB CHCTEM C APOOHOH CTPYKTYypOHl HEBO3MOKHO HCIOIB30BaTh E€BKIIH-
JIOBY T€OMETPHIO. DTU MPOIIECCHI CIIEIyeT aHAIM3UPOBATh B TEPMUHAX T€OMET-
pum IpoOHON Pa3MEPHOCTH.

3ameuanue. B [17] npencrasiiensl pe3ybTaThl CBSI3U IPOOHOTO UHTEIPO-
muddepennrpoBanns (B TepMuHax Pumana—IJInyBwmis wiau ['proHBanbra—
JletnukoBa) ¢ kpuBbiMHU Koxa. YkazaHo, 4YTO B3aWMMHO OJTHO3HAYHOU CBSI3U
MeXIy (pakTaJaMu B JPOOHBIMH OIEpPaTOpaMy HE CYIIECTBYET: (ppakTajbl
MOTYT T€HEPHPOBATHCSI M OMHCHIBATHCS 0€3 HCIOJB30BaHUS JPOOHBIX OIle-
paryii, a onpeeIIeHHBIN TPOOHBIN OTIepaTOp HE 0053aTEIHHO MOPOKIALCT OIpe-
JIeJIEHHBIN (0JTHO3HAYHO C HUM CBSI3aHHBIN) (ppakTanbHbIi nmporece nin ppak-
TaJbHOE MHOTOOOpasue.

OpHaKo MCIIOJIb30BaHUE JPOOHBIX ONEpalrii MO3BOJIET TeHEPUPOBATH HA
OCHOBE 3aJaHHOTO (ppakTambHOTO Tporecca (MHOTOOOpas3us) npyrou (pak-
TalIbHBIN TIpoliece (MHOTOOOpasue), hpakTaabHas pa3MEpHOCTh KOTOPOTO CBSI-
3aHa C ToKa3aTesieM IPOOHOT0 HHTETrpoAr(PEpEeHITUPOBAHUS TUHEHHBIM COOT-
HOILICHUEM.

B [17] npoGubie nHTerpanbl Pumana—IJInyBWILIIS SABISIOTCS HHTETpaJIaMU
M0 TPOCTPAHCTBY ApoOHOI paszmepHocTH. IIpym 3TOM moOKa3aTelb HWHTErpHU-
pPOBaHUS CBSI3aH C Pa3MEPHOCTBHIO MPOCTPAHCTBA OJHO3HAYHBIM COOTHOIIIE-
HUEM. B CBSI3M ¢ 3THM BBI3BIBAET MHTEPEC PACCMOTPEHHUE PA3MEPHOCTH Xa0TH-
YeCKHX cHcTeM JpoOHoro mopsiaka. B [18] ykazaHo, 4To pa3MepHOCTh TaKHX
CHCTEM MOXKET OMPEJIeNAThCS CyMMOM IPOOHBIX MOKa3zaTesel X, Mpy 3TOM 3Hade-
HUe X < 3 — Haubomee 3 PeKTHBHO.

Paccmotpum xaotuyeckyro npobHyto cuctemy Jlopenmna [18, c. 1, 2]:

o p Y
d—xzc(y—x), d—ysz—y—xzr, d—z=xy—bz, 3)
dt* dt? dt’
rne 6 =10, p=28, h=8/3, O<a,B,y<1, »>1. Torma apoOHas pa3zMEepPHOCTh
CUCTeMBbI ypaBHeHHi (3) OyZeT uMeTh BUJ

a+B+y=2. 4)
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Tak, Hanpumep, ans cucremsl JlopeHna ¢ IpoOHBIMU MOKa3aTeIsIMUA oL =[3 =
=7 =099, s>pdexTuBHas pasmepHocTh X =297.

Ipenmnonoxnm X — MpOH3BOIEHOE MHOKECTBO HETHHEHHBIX (PH3MUECKIX
cucteM, A® — MOJMHOKECTBO MHOXECTBA X CHCTEM JIPOOHOTO MOPSIKA C
namsiteio A* = X. Torna Tpuajaa ()N( , A%, ¥) — KOMIAKTHOE JAPOOHOE METpPU-
4eCKOe IPOCTPAHCTBO C PA3MEPHOCTHIO X .

BBenem o6o3nauenue W e ()5, d ;). Ha ocHOBaHNHM JJaHHBIX paboTHI [4, C.
354] u ¢ yuerom 3ameuanus (X, 4% X)c W paccMoTpum TpaHc(hOpMAIIUEO
CUCTeMbI WV, yuuTbIBas CBA3M CpPEIHEr0 BpeMeHH Bosppara Ilyamkape (1) ¢
(dpakTaIbHON Pa3MEPHOCTHIO d ;¥ ocTato4Hoil mamsreio J (7). Ilpu sTom
g t)y=>dy, 1:d = J(1), % :(v)=(g,]). Torna U (X, (1)) — 00600wennoe
KOMIIaKTHOE METPHYECKOE IpocTpancTBo [lyankape ¢ pasMepHOCTEIO (T).

CunxpoHuszanusi 00beJMHEHHBIX XA0THYECKHX CHCTeM JAPOOHOro
NMOPS/IKA, MOCTAHOBKA 3a/1a4M. HYCTB

o
CX_ o, Lo,

rje o — ApoOHbIii okaszaress crenenu, o € (0,1], Beaymeit X € R" u Begomoit

YeR" cucrem; f:R" > R" ug:R" — R" — BEKTOpHBIC MOJIS BEYILCH U Be-

JIOMO¥ crcTeM. B 001iieM citydae ycaoBUe CHHXPOHU3AIMN CHCTEM OIPEIENIAETCS

xak U (£)=(u,, .., u,)", T.e. lim |X Y|, rne| - | — EBxmnosa nopma [19].
[TycTs Begymas CI/ICTCMatI/IICsICeT Buj [20]

ﬁ—(25a+10)(y —x)+k(x"—x),
dt®

a
”; =(28-35a) x —xz +(29a 1)y +k,(y' ), (5)
¢
dOt
——=xy—(84+a)z/3+ky(z' —2),
dt®
rac a — napamMeTp CUCTCMBI, 0< d, a B€aomasa CUCTeMa — CJ'IeIlyIOIJ_[I/Iﬁ BHU:
o_.r
X (25a+10)(y' ')+, (x—x"),
d%y’ (6)

e =(28-35a)x" —x'z'+(29a-1) y' +k,(y —»"),
t(l

o _r
d”z :x'y'—(a;g) z' +hky(z—-2"),

dt®
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rie ki, k,, ky — cBssanubie koopuumentss, e, =x —x',e, =y -y, e, =z—z'—
MHO’KeCTBO ommOoK. Toraa cucrema ¢ ommbOkaMu Mexy (5) u (6) uMeeT BUa

a
d’e,

dt*

=(25a+10) e, —(25a+10-2k, ) e,,

a

e, ,
e =(28-35a)e, —z'e, —xe, +(29a-1-2k,) e,

d%e

dt®

OI[HaKO AHAIIUTUYCCKHUEC MECTOAbI peanmaul/m aJ'IFOpI/ITMa CI/IHXpOHI/I3aHI/II/I
MIPEJICTaBIISIIOT HEKOTOPhIE HEY100CTBa.

ITycte cuctema U € (X (1)) HatsanyTa Ha S € U, rae S npejacTapisieT coboi
mmany S =(x, SC).3mecbx ={x,,} f;;o — Ha0JIF0/IaeMbIe TeTEPOTCHHBIC APOOHBIC;

Z=y'e, +xe, —[(8+a)/3+2k;]e,.

SC — anroput™ TOIOJOTMYECKON CMHXPOHU3ALKUU U YIPABJIEHUS CUCTEMOMN
APOOHOTO TOpsiaKa. AKCHOMaTHYeCcKas mofaepkka cuctemsl S =(x,SC)elU

BO3MOXHA TOI'/Ia ¥ TOJIBKO TOT/a, KOI/ia:

1) x :R;f’fjs =0 (g;llx; —x;[D/J(#), xeR", i,j=1,..,N[7,8];

2) X € J(t)— npoOHbIe HaOIIOIaEeMbIE C TTAMSTHIO;

3)H(E,F)=Ec F+euF c E+g — {pakranbHas meTpuka Xaycaopda;

4) (v)=-d ;Ine — cpennee Bpems Bosspara [lyankape, d , — ¢ppaxrainb-
Hasi pa3mepHocTh [13];

5) Al — ¢GyHKIMSA TOTOBHOCTH O0BEKTa K MPUHATHIO PEIICHHUS.

AJITOPUTM H MPUMEP €ro peajTu3anum.

[T ar 1. BemmoaHsieM onepanuyio MOACIMPOBAHUS TI0 AITOPUTMY BeyIIeH
1 BEJIOMOM cucTeM JIpoOHOTO Topsika [21].

Iar 2. IToxyuaem qpoOHbIe HaOMOKAaEMBIE X = , {X; } ;]quo ny=,{;} ,],VZO.

[T ar 3. IIpencraBnseM BenomMyr ApOOHYIO HaOIOaeMyrO B BHIE ) =
= o Widug HW o Tae Y = (.

I ar4. OrobpaxkaeM X U y +\ Ha Rl.’:’f:)? = RZ"J.S, P+ = RZ"jg.

Iar 5. [omygaem muarpammer Ilyankape apoOnoro nopsiaka D, u
oD i
Il ar 6. OnpenensiemM ppakranbHbie pa3MepHOCTH nuarpamMm [lyankape
dp udg.

I ar 7.Omnpenensem Bpemena Bo3Bpara [lyankape mo gpopmyie <r>172 =
=—d(ds)Ine.

Tar 8 OmnpenenseM 6IU30CTh MOTYYEHHBIX (PpaKTaTBHBIX pa3MepHOC-
Tei d sy nd ;, ¥ COOTBETCTBEHHO (T), U (T),, UCHIONB3Ys PPAKTAIBHYIO METPUKY
Xaycnopda [22].
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CrnpaBeasuBa Clleyoas Teopema.

Teopema 2 [22]. ITycts E u F — xommnakTHble oaMuoxkectBa R, & > 0. Pac-
crostane Xaycnopda H (E, F') ynosierBopsieT cootHomenmsiM H (E,F)<e <
& Ec F+e, Fc E+g, rnee >0— gormyctumslii mopor. Torzna Tonosornyeckas
CHHXPOHM3ALIUS BO3MOXKHA, €CIIH

(1), (x)c (1),(¥)+e, (1),(») (1), (x)+e. (7)

B ciygae, eciiu cootHomeHwust (7) He yIAOBIETBOPSIOTCS, TIPOBOIUTCS 00Y-
YeHHE BEJOMOM CHCTEMbI C MCIOIb30BaHUEM HMHTEJUICKTYaJbHOTO CABUTA IO
A Ay def .
kputeputo A (x,y)” =supinf/, rne Al — 00raacTb HUHTEPECOB.
sem
Jnist omnmcaHus TEOMETPUYECKUX M TUHAMUYECKHUX CBOMCTB aTTpakTopa
HCTIONB3YIOT HOBYIO (hpakTabHyto pazmepHocTs Kamnana— Hopxke [16]:

i=l

DkY =m+ N
A

rae A; — nokasarenu JIsmyHoBa; m — pa3mep (pa3zoBoro npocrTpaHcTsa. Toraa
BbIpakeHus (7) IPUMYT BH]

(O Dy () (1), (Diy (W) +8, (1),(Dhy (1) < (1), (Dyy (¥)) e

B pa6ote [11] ynomsinyTo, 4TO BpeMeHa Bo3Bpara [lyankape s xaotu-
YECKUX CHUCTEM OIPEAEISIOTCS NPU U3BECTHOM (hpakTalbHOH pazMepHOCTH
nporecca. OAHaKo, IPU HAJTMUUY CIIEKTPa BPEMEH BO3BPATa COBEPIIEHHO OYe-
BUJIHO, YTO cucTeMa oOpaTumMa. Ciie1oBaTeNIbHO, CYIIECTBYET SKBUBAIEHTHOCTD
MEK]y CIIEKTPOM BpPEMEH BO3BpaTa M pacipeeneHueM namaty. [loaromy norepu
HaMATU OIPEACIIIOTCS PA3HOCTBIO MEXIy ITI00AIbHOW M JIOKaJbHOM (hpax-
TaJbHBIMH Pa3MEPHOCTSIMH, YTO O3HA4YaeT COOTBETCTBEHHO OOpaTUMOCTh M
HeoOpaTUMOCTH Tpoliecca (CM. pUCYHOK Ha BKIICHKE).

OTHOCHUTENBHO TONOJIOTUYECKON CUHXPOHU3ALUU U yIIPaBJIEeHHsI JPOOHBIX
CHCTEM C MaMAThIO aKTyaJIbHOW sBJSIETCs MpoOjeMa peaau3aliy HEKOTOpOon
alaTUBHOM CHCTEMBI 10 KPUTEPUI0 MUHMMYMa MOTEPh (MUHUMYMa BPEMEHU
BO3BpaTa).

Onpenesienne S. J[Be cuCTEMBI TONOJIOTMYECKH YIPABJIEMbl TOIA M
TOJIBKO TOT/Ia, KOTJa OHU TOIOJIOTUYECKU CHHXPOHU3UPOBAHBL.

[Tpu 3TOM BakeH TOT (aKT, YTO MPOLECC PEATN3ANUN TAKOH CHCTEMbI
OyZeT CONpOBOXKIATbCS BU3yallbHBIM OTOOPaXKEHUEM B TEPMHUHAX HEIHUHEH-
HOT'0 pEKyppEeHTHOro aHainms3a [16].
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Taxum oOpazom, nMpobiieMa CHHXPOHHM3AIMN CBS3aHHBIX XaOTHUECKUX CHCTEM
JPOOHOTO MOpsIIKa PACCMOTPEHA B KOMIAKTHOM METPUYECKOM MPOCTPAHCTBE
ITyankape. Busyanuzanus BpeMeH Bo3Bparta IlyaHkape B BUIE HEIWHEHWHBIX
PEKYPPEHTHBIX UarpaMM IMO3BOJIUT TMPUHUMATh OOOCHOBaHHBIE PEIICHUS B
3a/1a4ax NporHo3a v ynpaBieHUs.
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E.I Viadimirskiy, B.1. Ismailov

POINCARE RECURRENCES AS A CRITERION OF TOPOLOGICAL
SYNCHRONIZATION AND CONTROL OF FRACTIONAL SYSTEMS

Statements of the synchronization and control problems for nonlinear physical systems of a frac-
tional order have been considered. The criterion of the problem realization is the concept of the
average time of Poincare recurrence. A generalized compact metrical space with Poincare
dimensionality <t> was proposed. The algorithm is provided for determination the memory
losses when training system.

Keywords: systems with memory, Poincare recurrences, fractality, fractionality, visualization.
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BJTAITUMUPCKHUH Doyapo Hocugosuy, kand. mexn. nayk, cmapuwuii nayy. comp. Kageopwr «Hu-
Gopmayuonno-usmepumenvhan u KOMILIOMEPHASL MeXHUKA» A3epoatiodncanckol 20cyoapcmeeHHol
Hegpmanou akademuu. Qb6racmv HAYUHBIX UCCTIEO08AHULL — CUHEP2EMUKA, Meopus Xaocd, usuka
OpOOHBIX cucmen.

HUCMAHNIIOB Baxpam Hcpaghun oenvl, Kano. mexH. HAYK, doyenm Kagheopvl «HUnpopmayuonno-
uUMepumenbHas i KOMIbIOMEPHAs MeXHUKa» A3epoaiioncanckoll 20cy0apcmeeHHoU Hepmanou aKa-
demuu. Obnacmov HAYUHBIX UCCTIE008AHUL — CUHEPLEMUKA, MEOPUsL XA0Cd, Pu3UKa OPOOHBIX CUCmEM.
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Tononornyeckasl CHHXPOHU3AINS CBSI3aHHBIX XaOTHUECKUX CUCTEM: d , 6 — APOOHBIE HAOIIO-
nmaemble cemeiictBa Lu — Chen; 6, 2 — auarpammsl [lyankape; 0 — rpauku MoTepy maMsiTi
HPU CHHXPOHU3ALMH; € — CHUHXPOHHU3HPOBAHHbIE CIIEKTPBI BPEMEH BO3Bpara T, T,
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