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ITokaszano, 10 omKMC €BOIIONIT CTATUCTUIHUX MOMEHTIB, AKI 3BOAATHCA N0 MapaMeTpa MOpAIKY,
aBTOKOpeadATopa Ta (pYHKIIN BIANYKY, IMPUBOAUTH 10 OOUYMCJIEHHA CEPEIHBOTO Bl CTeleHeBol dhyH-
KINi 3 OpoGOBMM MOKA3HUKOM, IO JTOCATAETHCA BHUKOPHCTAHHAM BJIACTHBOCTH CaMOIIOMIGHOCTH. Y
IIbOMY BHUITAIKY peBepcuBHUI dpasoBuil rmepexin “Gesnan—maan—6e3san’ CIOCTEPITAETHCA TIPHA 3MIHI
Temreparypu. Po3BUHYTa CXeMa 3aCTOCOBYETHCA 3 BUKOPHUCTAHHAM ApoboBux piBHAHL Jlopenra 3
AIUTUBHUMHY [ITyMAaMU [0 PO3TJIANY 3a/1adi PO KPUTUIHICTh, AKAa CAMOOPTaHi30BY€eThCA. SHalineni
YMOBH (pOPMYBAHHA JTAaBUHU ITOKa3yIOTh, WO ii MOBEMIHKAa KPUTHYHO 3aJIEXKUTH B IHTEHCHBHOC-
Tell dparoKTyalii KepyBaJIbHOTO HapaMeTpa. 3TITHO 3 (a30BOI0 HIArpaMoro, MepepuBYacTuii pe-
KUM KPUTHIHOCTH, AKa CaMOOPTaHI30BYETBCH, Peasi3yeThbCcd, AKIO IHTEHCHBHOCTI hIOKTYyarmi
eHepriif JJaBMH Ta CKJIAIHOCTH IXHBOTO aHCAMOJIIO MEepEeBUILYIOTh KPUTUYHI 3HaYeHHd. BigTBopeHo
crereHeBy pOpMY PO3MOMITY 3a PO3MipaMH JIaBUH, IJId MMOKA3HUKA AKOrO 3HAWIEHO 3B’A3KH 3
AVHAMIYHUM TIOKAa3HUKOM, (bpaKTaIbHOI BUMIPHICTIO (pa30BOTO MPOCTOPY, MOKA3ZHUKOM MYJIbTH-
IUTIKATUBHOTO NIYMY Ta TapaMeTpOM HeaTuTUBHOCTH.

Kaio4oBi cJioBa: caMonombHICTh, MyJIbTUILIKATUBHUI 1yM, Gliuii/KosbopoBuil 1mym, mo-
aboru Jlesl, cy6audysis, dppakTaabHa BAMIPHICT, HEaIUTUBHICTD, MapaMeTp MOPAIKY, KEPYBaJIb-

HUIi TapaMeTp, KpUTHYHICTD, AKa CAMOOPTaHI30ByEThCA, ApoboBHil mudepertis /inTerpal.

PACS number(s): 02.50.-r, 47.53.4n, 64.60.Cn, 64.60.Lx, 72.70.4+m.

BCTVII

XapakTepHa 0COOJIUBICTE MOJBOBOTO MIIXOIY, BUK/Ta~
nenoro B wacTuui I [1], mosdrae B ToMy, 110 BiH J03BOJIsE
MOKa3aTh TMOBEAIHKY HafiMOBIPHININX BeJIMYInH. Posmi
I mpucBadennii HOC/TIZKEHHIO OCHOBHUX CTATHCTHIHUX
MOMEHTIB — TapaMeTpa MOPAIKY, aBTOKODPEeJIdTopa Ta
nBovacopoi dyukmii Ipina. Y pesysbrari BoaeThed mo-
JIaTH EBOJIIOMII0 CTOXACTUYIHOI CHCTEMHU HE TIIBKH MPH
mepexofax, 1HIYKOBAHUX IIyMOM, a TaKOX TpH ¢daso-
BUX TEPETBOPEHHAX. Y TAKOMY BHKJIAII MU CIHOYATKY
JOCTIKYeMo TpocTimufi Bumagok 6isoro mymy (pos-
min 1LA), a moTiM posIagaeMo KOJbOPOBHH MyM (pos-
min 1.B). Tlpu omep:anui BUpasiB gy MBHIKOCTEH ma-
paMeTpa mopanky Ta ¢byHKii Ipina omepamis ycepel-
HEHHs He BUKJIMKAe OOTAMKEHBb, TOMl AK DPIBHAHHSA 1A
3MIHE aBTOKOPEAATOPA MICTHTB CEPEIHE BIJ CTEIeHe-
BOl PYHKIII 3 IpoBOBHM MOKa3HIKOM. Voro oG4aucIeH IO
npucsadero po3ait [LA.1. BaactusicTh caMomomibHoCTH
JIO3BOJIAE BUPA3UTH APOOOBE CEPENHE YePe3 MOMEHTH TTi-
JIOTO MOPANKY. AK HACIIIOK OIEPKYEMO 3aMKHEHY CHC-
TeMy DIBHAHB [IJid HapaMerpa MOPAIKY, aBTOKOPEJIdA-
topa Ta dbyukuii Ipina. ¥ migposmiai I.A.2 posrngnyTo
HEBIOPAIKOBAHY CHCTEMY, IO Mae (ppakTaabHy BEMIP-
HicTs D < 1. YcraHOBIEHO, MO TPH MAJIOMY 9Yacl aBTO-
KOPEIATOD 3MIHIOETHCA CTEEHEBUM YWHOM, a TPH Be-
JIMKOMY — €KCIOHEHIIIHO TPAMY€E [0 CTAIOHAPHOTO
crany. Hoc/mmKeHHd BIOPAIKOBAHOTO CTAHY B PO3MILIIL
[.A.3 mokasye, 10 MyJIBTHILTIKATUBHAN 1IIyM TpaHchop-
MY€ Iepexif apyroro poay B mepiimii. Hemimifiamit xa-
paKTep eBOJIIOINI CHCTEMHT TOOJIIM3Y CTaIllOHAPHOL TOUKH,
dAKa BIJIMOBIJIE HEBIOPAIKOBAHOMY CTaHy, IPUBOIUTD IO

TOTO, MO eKchnonenTa JlamyHnosa nabupae dopmu [an-
Jica. 3 1HIIOTO 6OKY, BJIACTUBICTH CAMOTIOIIOHOCTH B1I0-
6parkaeThcd BUKOPUCTAHHAM TlepeTBopeHb Mestmina g
OTIHCY CTAI[IOHAPHOTO BIOPAIKOBAHOTO CTaHy. B pe3ynb-
TaTl 3’d4COBYEThCA, MO TMOBJIM3Y IMBOTO CTAHY CHCTEMa
MOBOAUTHCA AHOMAJBHO — edeKTUBHUN TeKpEeMEeHT 3a-
racaHHg JorapudMITHO 3MIHIOETHCA 3 dacoM. fAx 1 B
miaposaia 11.B.2 (nus. [1]), AocaimKeHHA KOTBOPOBOTO
mymy (posmin I.B) mocaraethea MeTomoM yHibIKOBaHOI
AIPOKCHMAITL. Moro BUKOpPHCTaHHA B miaposmia [LA.1
MOKa3ye, 1O XapaKTep MOBEIIHKH CUCTEMU B HEBIOPA/I-
KOBAHOMY CTaHl AKICHO He 3MiHOeThCA. Omaak 3adap-
OOBYBaHHA IIIYMY IPUBOINTDH IO AKICHOL 3MIHN KapTHHI
BIOPAAKYBaHA — 3 MIIBUIIEHHAM TeMIIEpaTypU CHCTEMa
CHOOYATKY BHOPAIKOBYETHCHA, a MOTIM PO3YIOPAIKOBY-
€ThCdA. 3asHaYeHWH PEBepCUBHUN Hepexif crocTepirae-
ThCd JIUIIE 33 YMOBH, IO YaC KOPEJAIlil He TepEeBHIIye
meBHOTO KpuTHaHOTO 3HadeHud. [I[o cTocyeThes eBodto-
mi cucteMu, To 3adapboBYBaHHA LIYyMy He 3MIHIOE 1i
XapakTepy, 30KpeMa KJac yHIBEPCAJbHOCTH CUCTEMU He
3aJIEKATD Bl 9acCy KOPEJIAIl.

Ha Bimminy Bim dasoBoro mepexomy, dKmii sabesme-
YyE€ThCd 3aKPUTUIHUM 3HAYECHHAM KEPYBaJBHOTO mapa-
MeTpa, B posaim Il mocaimKeHo peKUM caMOOpraHi3o-
BYBAHOI KPUTHIHOCTH, AKa He MOTPeDYy€E 30BHILNTHHOTO
BIJIUBY. Y TAKOMY BUKJA[l MU BHXOIUMO 3 HaifmrpocTi-
1ol Moe i popMyBaHHA JaBUHHE IIPH PycCl MCKY HaXM-
Jieroio mosepxHeto (posaia I1.A). Bualineno cramionapHi
3HAYEHHA IMBUIKOCTH Tedll MCKY Ta HaxmWiIy ioro mo-
BepxHi. BpaxyBanua QUIokTyaliil 3a3HaYeHUX BEJTUIHH
y posoii I1.B mpuBoantsh 1o dpazoBol migarpamMu, Mo BH-
3Ha4Yae MIAHKE GOPMYBaHHA JABWHU, PIBHOBAXKHUH Ta
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sMimannit ctanun. OcTaHHIl BIAIOBIAAE TEPEPBHOMY De-
JKUMY KPUTHIHOCTH, AKa CAMOOPTaHI30BYEThCH | BU3HA-
JaEThCA 1HTEHCUBHOCTAME (BJIOKTYalllili BepTHKaAILHOL
KOMIIOHEHTH MIBUAKOCTH Ta HAXIJTY MOBEPXHI. Y PO3ILIL
I1.C moxazamo, 1Mo agekBaTHe 300pazKeHHs CaMOIOII0-
HOl TOBEIIHKH CHCTEME TMOTPebye BUKOPUCTAHHS Ipobo-
BOTO 0OEPHEHOT0 3B A3KY, AKHH CYTTEBO MOAMMPIKYE CHC-
temy Jlopenra. Ilyig momadi po3nomisty 3a posMipaMu Jda-
BUH y po3miii [1.D BukopucTano nceBIoTepMOAMHAMITHY
kaptuny Exsap/ca, B Mexax KOl caMoopraHizallis mpu-
BOAMTH IO HETATWBHOI TeMieparypu. [Ipu mboMy 3HOBY
BUKOPUCTAHO ApoboBY cucTeMy JlopeHIia, e poJib mapa-
MeTpa HOPAIKY BIIIrpae po3Mip JaBUHHU, CIIPAKEHE MOJIe
3BOANTHCA O HEAIUTUBHOI cKIagHoCTH (complexity), a
eHeprid, dKa He 30epiraeThCs, € KepyBaJabHUM MapaMeT-
pom. 3Haiimeno ¢hazoBy miarpamy, WO BH3HAYAE PI3HI
OIJIAHKY TOBEIIHKHA CACTEMH 3aJIe’KHO Bl IHTEHCUBHOC-
Tell MIyMIB 3a3HAYEHUX BEJTUIUH. Y PE3YJIBTATI 3’ ACOBY-
€ThCdA, 10 CAaMOTOMOHMI PO3IOMII, BJJACTHBHA KPHTHY-
HOCTI, AKa CaMOOPTaHI30BYEThC s, 3a0e3MedyeThes (hITro-
KTyamlaMi eHepril MIMUHOK, AKl pyxaioThbeda. Hocti-
KEeHHA CToXacTHIHOl cucteMu B posaiil IILE mokasye,
0 CaMOTOMIOHIN PO3IOMII OAAETHCA, 3 OMHOTO HOKY,
AK po3B’ga30K HesHiiiHoro piHanna Poxkepa—Iltanka,
dKe OMUCYE MOBEMIHKY HeaJUTHBHOI CHCTEMHE, a 3 1HIIIOTO
— Biamosigae apobosomy piBHAHHIO Pokkepa—Ilianka
JJ14 MOoJThOTIB JleBl. 3icTaB/IeHHS pO3B’A3KIB 3a3HATEHIX
PIBHAHD IPUBOINTD O CIIIBBIIHOIIEHD MIZK MOKA3HHKOM
PO3IOAIITY 3a po3MipaMu JaBuH, ppakTaaIbHOI BUMIP-
HicTIO azoBOrO MPOCTOPY, MOKA3ZHUKOM MYJIbTHILTIKA-
THUBHOTO HIYMY, KIJIbKICTIO PIBHAHDL, HEOOXITHIX 15 300-
PazKeHHs caMOy3TOIZKEHOI MOBEIIHKN CUCTEME B PEKUMI
KPUTUIHOCTH, AKa CAMOOPTAHIZ30BYETHCH, AMHAMITHUM
MOKa3HUKOM Ta HapaMeTpoM HeaguTuBHOCTH [lammica.

I crarta MICTUTB APYTY YacTHHY OTJIAMLY, OYaTOTO
B momnepemaboMy HoMmepl. 1lo6 yHWKHYTH TOBTOpeHHA
MaTepiaay, MI BHKODUCTOBYEMO DIBHAHHA YacTWHEH I,
3aCTOCOBYIOUN CYIIJIBHY HYMEDPAIIIO.

I. EBOJIIOIISI CTATUCTUYHHUX MOMEHTIB

VY posaini IT (mus. [1]) Mu mocsianim HoBemiHKY Haifi-
MOBIPHIIINX 3HAYEHb CTOXACTUYIHOl 3MIHHOI, IO TpEe-
CTaBJIAE€ TMepexin, 1HAyKoBaHmix mrymom. Ha Bigmimy
BiJ T[OTO, HABEIEHWH HIZKYE DO3IJsAM MPUCBAYCHO BHU-
BYEHHIO CTATUCTUIHUX MOMEHTIB, AKi XapaKTepH3yIOTh
He JIMIe eKCTpeMyMu (DYHKINI PO3MOALIY, ajde CHJIb-
HININ 3MIHK 11 BUIJISAY, HAOIPUKJIa, MOPYUIEHHS CHMET-
pii. Byzde mokasaHo, Mo TpH IHOMY 3aJeKHICTH MOMEH-
TiB Bl IHTEHCHBHOCTH IIyMY MPOABIIE AaHOMAJBHY TIOBE-
IiHKY, BaacTuBy dazopomy nepersopentio [2]. Takumu
MOMEHTaMN € TapaMeTp nopanky 7(t) = (x(t)), aBToko-
penarop S(t) = ((6z)?), Sz(t) = z(t) — («(t)) Ta nBo-
qacosa dbyuxmia [pina G(t,') = (z(t)z(t')). Iaa cipo-
HnieHHA MU OynemMo posrigngaru 0-BEMIpHUE TpocTip, ¥
AKOMY BIJICYTHHA 3aJI€KHICTD Bl KoopauaaTu. Crovarky
(posmin I.A) 6yne mocnimkeno 6innit urym [3], a B posaimi
I.B — xomboposuii mym [4].

A. Binuii mym

BasBuyaii, 6ymeMo BUXOAUTH 3 piBHAHHA JlamkeBena
(137), y AKOMYy MyJBTHILTIKATHBHA DYHKIIA Mae cTere-
HeBuli Buraan (160), a Gianii nyM 3a0aeThed KOPeTATO-
pom (136). BinmoBinHO 10 1MBOTO, KOPEIATOD aMILIITYIN
MyJIBTHILTIKATHBHOTO MyMy ¢(x(t)) Ta mouaTkoBoi dyH-
K1ii ¢(t') mamopagKoByeThCA yMOBI
t+1t. (229)
Ycepenniooun piBHaHHA JlaHKeBeHA, A TEPIIOTO MO-
MeHTY omepkyemo 1 = (f(x)), ne (f(x)) # f(n). Cuna
f(x) = —9F (x)/0x samaethea BinbHOIO eHeprieo Jlan-
nay (165), me mapamerp € Bimirpae posb Ge3po3sMipHOL
TeMIIepaTypH, BIIPAXOBAHOI Bl KPUTHIHOTO 3HAUEHHS.
YcepenHenns Takol cuu nae ckaajgoy (x), dxa 3Bo-
IuThed 0 posKaagy 3a kKymynaantamu n(z?) = n(n? +
S). Ak Hac/AIOK, eBOONIiHe PDIBHAHHA MapaMeTpa Io-
pAIKy HabUpae BUTIIAILY

n=mn(e—n") =35, (230)
e 1, S € dpyHKIMAME dacy t.
Binnosinao mo (136) Ta (229) maemo

Toml pIBHAHHA OJIA HBOYACOBOTO KOPEJATOpAa Ma€e
dbopmy

L6011 = (e — b7 + UG 1).

(231)

Orxke, mpobsieMa TOJIATAE V 3HAXOMKEHH] DIBHAHHA
O Baplidamil S = <x2> — 7]2. BukopucroByfoun cmiBBiI-
womrenns dx? = (z + dar:)2 — 22, ne da BUsHAYACTBCA
CTOXACTUIHUM THdEPEHTIANBHIM piBHARHEAM (131), mra
(z?) omepkyemo

d

(&% = 2ef(2)) + (g (x)). (232)

[MigcraBigoun cloar BW3HAYEHHS MYJBTUILTIKATHBHOL
dYHKINI Ta HEeTEpMIHICTHIHOL CHJIH, IPUXOANMO IO Ce-
peanboro (x2%) 3 ApoboBUM cTeleHeM, sKe CJij po3-
KJIACTHU 3a CTAHIAPDTHUME KYMYJIAHTAMHE.

1. Obnucaernns dpobosoeo cepedrvoeo

HotnoanMo BuXimHEN postomin P(z) momomimeaIM
P,(z), 0 < ¢ < 1 Ha ocHOBI 3B’A3KYy

2P (z)dz = yPy(y)dy. (233)
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Toni HOpMOBaHuUil posmonin P,(y) Hoeol croxacTHYHOL
aMiHHOL i = x7 € TakKmM:

P,(y) = q—ly(l—q)/qp(yl/q). (234)

YBomAun mosHatYeHHH (. . ) O/ CepeaHBOTO 3a Py (y) Ta
(...y sa P(x), omepxkyemo

(@) = (Y, (235)

(x?) = /a:qP(x)dx,
(¥)g = q7* /yy(l—q)/qp(yl/q)dy.

TaknM YHHOM, BUKOPUCTaHH#A po3mominy (234) nossomde
3HAlTH cepemHe BiA cTemneHeBol GyHKIN £? 3 IpoboBuM
MOKa3HUKOM ¢ < 1.

Onnopigaa GyHKIIA PO3MOALIY CaMOIOAIOHO01 CTOXAC-
TUYHOI CHCTEMU Ma€ acUMIOTOTUKY [5]:

P(z)~ Az~ A= -|1—2q bl (236)

1
2

Jle crajla HOpMYBaHHA A 3agaeTbcd mapaMeTpoM obpi-
3aHHd b — 0:

1/b
2 / Ple)de = 1. (237)
b
Bacrocypanusa (236) mna misoro n > 0 mae
(") = A/x”qx_zadx
= A(1 — 2a + ng) " ta!72etna, (238)
Toni 3 (235) BumInBae
(x") = an(q)(x")P"19, (239)

1€ TIOKA3HUK Pp () Ta MHOKHHK &y, (¢) 33JaI0ThCs BUDa-
3aMIH:

(q) = 1—2a+ ng
Pnld) = 1—2a+n

bl

on(g) = AT p=1(q) (1 2a + n)P @=L (240)

Tenep Mmu MoxkeMo cpopMyJIIOBATH PIBHAHHA JJ14 aB-
TokopesnaTopa S = (x?) —n?, ake rpyHTyeThed Ha (232),
(239), (240). 3rinHo 3 PO3TIAIOM, MPOBEIEHUM Y PO
I.B wactunm I, moBeminka cucTeM# 3 MYJIBTHILIIKATHB-
HUM IIyMOM BH3HAYa€ThCA MOKASHUKOM @, TIOB A3aHIM 3
dparTaIbHO BEUMIPHICTIO (pasoBOT0O MpocTopy ) CIiB-
Bigromenuam (55). Ipu 1/2 < a < 1, konu dparraabHa

BuMIipHICTE D < 1, cucreMa 3aBXK AU HEBIOPAIKOBAHA, 1
ii moBeminka samaeThea Juie bynkmieto G(t,1) Ta aB-
ToropesnaTropom S(t). Tlepunit BusHavaeThCa PIBHAHHAM
(231), a ma npyroro 3 ypaxysanuam (232), (239), (240)
MaeMOo

S =28(c — 35) + 572, (241)

g = ag(a) = Az(l_a)pﬂoz_p2

bl

p2 = pa(a) = (3 — 2a)_1,

Je mokaajgeHo ¢ = a, n = 2. B minauni 0 < a < 1/2,
ne dpakTagbHa BUMIpHICTS 1) > 1, cucreMa Moxe 6yTu
BIOPANKOBAHOW, 1 3aMicTh (241) omepxyemo

S=25[c—3(n" +9)] + i, (242)
a1 = a1(2a) = A(l_za)plpl_pl,

pr=pi(a) =[2(1—-a)]",

ne g =2a,n=1.

2. Hesnopadxosana cucmema

Ieii BumamoK peasizyerbes s MOKasHuKa a > 1/2
KoJu ppakTadbHa BUMIPDHICTE 1) < 1 1 eBOMJIOIIA CHC-
TeMn 3ajaeThed piBHaAHHAME (241), (231), mo BuUsHA-
YaloTh 9acoBl 3aJIEZKHOCTI OJHO- Ta ABOYACOBOTO KOpe-
agTopis S(t), G(t,t'). Popmy mepiuiol 3 HIX TMOJAHO HAa
puc. la, 3 axoro 6aunmo, mo S(t) MOHOTOHHO 3pOCTAE O
CTaIlloHApHOTO 3HAYeHH:A .S, BASHAYEHOTO PIBHAHHAM

£ — 3504 (a2/2)S827 1 = 0. (243)
Y rpanuni S < 1, koau SP? 3> S>> 5% pipuanuns (241)
nIae cTereHeBy (bopMy 9acoBol 3a/1eKHOCTH:

S(t) — Btl/(l—Pz)’

|: Az(l_a) :|p2/(1—p2)

B=|— ,
p2(1 — p2)
P2 = (3 —2a)7 !, (244)
ne moknazgeno S(t = 0) = 0. Y npormiaexHOMy pasi

Sp — S &« Sy MaeMo eKCHOHEHIHHY 3aMekHICTh (S —
Sp) o< eMI X = 6(2 — p2)So — 2(1 — pa)e. Brimmo 3
(243), spocTaHHA TeMIepaTypH € MOHOTOHHO 301IbIIye
CTAIIOHAPHY BEJIUYUHY Sg Bl MIHIMAJIBHOIO 3HAYEHHHA
(a2/6)1/(2_p2) (muB. puc. 1b).

YacoBy sanekHicTh Kopenaropa (/(t, 0), o BusHava-
€ThCsA pO3B A3KoM piBHAHHA (231), momaHo Ha puc. 2 mpn
PISHEX MOKA3HUKAX @, TEMIIEPATYPaX € Ta OMHAKOBUX MO~
YaTKOBUX YMOBax. XapakTepHo, 1o Kopeaatop G(i,0)



0. 1. OJIEMCKOI1, 11. 0. XAPYEHKO

CIIOYATKY JOCATAE MAKCHMYMY, a MOTIM MOHOTOHHO CIIa-
Ja€ 10 HyJid. 3pOCTaHHA € Ta ¢ MACHIIOE 3a3HaUeHNH
MaKCUMYM.

€

0.0 0.4 0.8

Puc. 1. TloBenitka aBTOKOpesnsitopa mpu a > 1/2: a) ga-
coBa sastexuicts S(t) (xpusi 1, 2, 3 sinnosinators a = 0.6,
e =02 a =06 ¢ =04 a =09, ¢ =0.2); b) cramio-
HapHa TOYKa Sy 3aJI€XKHO BiJl TeMIIepaTypH € IS JEKIIBKOX
3Ha9eHb TIOKa3HHUKA a.

G (1.0)

0.8 —

0.6 —

0.4 —
7 1
0.2 4

W0 T T 1

0 10 20 30 40 50 60 t

Puc. 2. Hacosa 3asiexHicTb I'piHIBCBKOl (DYHKINI B IOMEH]
a > 1/2 ana mexiTbKox 3HaYeHb MOKA3HWKA ¢ Ta TeMIlepa-
typu ¢ (kpusi 1, 2, 3 Binnosinatore a = 0.6, ¢ = 0.4; a = 0.6,
e =0.2;a=0.9, e =04.

8. Vnopadxosana cucmema

Tenep posrigubMO BUNaLoK a < 1/2; akuii Bignosimgae
dpakTaabHiil BEMIpHOCTI (basoporo mpoctopy [ > 1.
[Tpu oMy TOBEMIHKA CHCTEME 33Ta€ThCH TudEPEHTIiA-
abHEME piBHAHHAME (230), (231), (242), mnia ananisy
AKHX JOMIJIBHO CKOPHCTATHCA MeTomoM (hazoBOl ILIO-
mwHE. AK BUIHO 3 das0BOrO MOPTpPETA HA PHC. 3a, IpH
MaJIiX TeMIIepaTypax £ € JHUIle OfHa MPUTATYBAJIbHA
Touka 79 = 0, Sp = ¢£/3. 3pocraHHd £ UPUBOAUTH

1o Gidypkamii B Touni 7. = [(2 — p1)(4 — p1) " teo]'?,
Se = (2/3)(4 — p1)~leg, mo Bimnosigae Temuneparypi
4 — 7 3 2/(4-p1)
= —(2 — . 245
2= 52 32— (245)
a
N
0.2 —
0.1 —
o
0-0 ‘ ‘ T ‘ ‘ T
0.0 0.2 0.4 0.6 o M
b
S
0.2 —
Gy P
0.1 —
| C
0.0 \ \ \ -
0.0 0.2 0.4 0.6 o M

Puc. 3. @azosi noprperu npu a > 1/2: a) a = 0.3, e = 0.2;
b)a=0.3,e=0.4.
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Ax cBigunTh puc. 4, 3HAUEHHA £) HECKIHIEHHO 3POCTAE
3 HaOIIKEHHAM TOKAa3HUKA ¢ 0 KPUTUYHOI BETUIUHU
a = 1/2. Koopaunaru cifjia Ta By3Ja, U0 CTBOPIOIOTHC
BHACJIIOK 61chbypKalill, BH3HAYAIOTHCA PIBHAHHAMMT:

=3 = (3/4)any ™" =0,

So = (4ay) " (e — 35)Pr/2)=1) (246)

gkl BumImBaoTh 3 (230), (242) npu 1 = 0, S = 0. Tem-
mepaTypHl 3aJIEKHOCT] CTAIIOHAPHUX 3HAYEHD 7)g, Sg MO~
JAHO Ha PHUC. H, Ie MITPUXOBa JIHIA BIAMOBIIAE ClII0BIM
Tour S, a cymiabHa — By3Ji0BlH C.

&

0.8 —
0.6 —
n Order
0.4 —

0.2 —
- Disorder

0.0 ‘ ‘ ‘ ‘ \
0.0 0.1 0.2 0.3 04 d

Puc. 4. ®azoBa misirpaMa cEUCTEMU.

XapakrTepHo, IO MOJaHWl Tepexi HAJIEKUTh IO Hep-
HIOTO POy, TONI AK BUXimHmil x'-moTeHnian Binmosimae
HEIepepBHOMY TiepeTBopeHHIo. TakuM duHOM, TIPH Ma-
JINX 3HAYEHHAX TMOKA3HUKA MYJIbTHILIIKATHBHOTO TIYMY
(a < 1/2) duokryarii TpaHchOpMYIOTE i TEepexomy,
Toml AK mpu a > 1/2 mwym ysarasi OpurHiuye mporec
yhnopankysaHua (ams. [2]).

PoaryigabMO 9acoBi 3aJI6KHOCTI OCHOBHUX CTATHCTHY-
HEX MoMeHTIB. CnodaTky mpoaHa i3yiMo HEBIOPIAIKO-
BaHMil cTaH, 1o Biamoeigae Toumi Cy Ha puc. 3, y Mexax
BEJIMKUX YacOBUX IHTEPBaJIB t — 00. HagBHICTEH cepen-
HIX apoboBOro MopAAKy B PiBHAHHI (242) He mosBosde
BUKOPHUCTOBYBATH 3BUYAlHUN MeTO MOKa3sHUKIB JIdamy-
HOBA, IO BIAMOBIAAE eKCIOHEHIIHHIM 9aCOBUM 3aJI€K-
Hoctam. lle MokHaA OOITH, BUKOPUCTABIIN Y3aTaJ bHEHY
excronenty Hasmmica [6]:

el = equ(t) =[14(1- q)t]l/l—q’ (247)

Jle mapaMeTp ¢ BIAIrpae PoJb MOKasHHKa JIAImyHOBA.
Bona miamopaakoByeThca MpaBuiy audepeHIOBaHHA

%equ(t) = (equ(t))q = expi(t). (248)

vy I'PpaHUIAX MAJUX Ta BEJIMKNX 9aCOBUX iHTepBa.HiB Ma-
€MO aCHUMIITOTUKH:

tlg%equ(t) =141,

lim exp, (1) = [(1 - ¢/, (249)

mepry 3 gKuX 6yae 3acTOCOBAHO JJid BUSHAYEHHA MHOK-
HuKiB JlanyHoBa, a 3a TOTIOMOTO0 APYTOl BCTAHOBJIIOEMO
1HIeKC ¢. XapaKTepHO, 10 TPHU 3HAYEHHAX MapaMeTpa
q # 1 excronenta ammica sMiHIOETHCA 38 CTETTEHEBUM
3aKOHOM y TPAHUI { — CO.

0.2 — o

s a=04

0.1 —

0.0 ] ] ] T [
0.0 0.2 0.4 0.6

Puc. 5. Cramjonapsi cranu cucremu upu a > 1/2: a) ma-
paMerp TOPANKY 1) 3aJIeXKHO Bill TeMIEpaTypH € MPU PI3HUX
3HAYEHHAX a@; b) aBTOKOpendATop S 3aje’KHO Bin TeMiepa-
TYPU & TIPU PI3HUX 3HAYEHHAX .
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Bynemo mykarn poss’asku piBaanb (230), (242) y Bu-
TJIAIL
S(t) = So + nexp, (1),

n(t) = mexp,,(1), (250)

ne So = ¢/3 Bignosinae Touni Cp, IHIEKCH [, V Iif-
JIATAlOTh BusHadeHHo. OCKITbKN MHOXKHUK N BH3HAYAE
BEIWIWHY HOTpaBKN B poskai (250), To BiH miamopa-
KOBYETbCS YMOBI 1 & 1, To/l gK 3HaYEHHA €INHO1 CKJIa-
JIOBO1 M MOXKe OyTH JOBLIBHUM. 3 (DISUYHOTO MOTVIALY,
e o3Havae, MO HapaMeTp MOPAIKY MOBOIUTHCA HEJTi-
HIfiHO, TOAl AK aBTOKopeaaTop — JlHiiHo. [limcTapisd-
foun (250) y (230) Ta BpaxoByOUN CKJIaI0BI HE BUIIE Bij
MEPIIOTo MOPAAKY 3a aMILTiTydaMu m, n < 1, Maemo

3n expt_“(t) exp, (1) = —1. (251)

Tomi, BuKopucTOBYIoUH (249), y TpaHnii BeJIHKOTO Jaco-
BOTO IHTEPBAJY OJIEPIKYEMO

nl=31-p), v=2 (252)

MMincrasnaoan (250) B (242), 11a m Ta (& SHAXOTUMO
expl 7Y (t) [2677, — aymP exph? (?) exp;l(t)] =—n. (253)

Buiie 3asnagasiocs, 1o y TpaHUIl MAaJOrO 9aCcOBOTO 1H-
tepBasty byHKIig expl =¥ (1) sBoauThCsd 10 11 A8 MHOK-

HUKa JIdmyHOBA OHEPEKYEMO
3aymPr = —(1 4 2¢). (254)

Biamosigmo, y rpaHnIl BeJIUKIX MacUITabiB gacy MaeMo
exph! (t) exp; '(t) = const = py ', sBinkm
p=1l+p=1+2(1-a)] " (255)

Taxmm auHOM, Y TpaHuIll { — 00 aBTOKOPEJIATOP MPAMY€E
JI0 CTIfiKOTO 3HAYEHHA Sg 3a TmepOoJITHIM 3aKOHOM

Sty =So+(2/3)(1 —a)t™!,  t—o0. (256)
HapaMeTp HOpSII[Ky CllaJa€ CTCIIcHeBUM YMHOM
n(t) = no — [2(1 — @)= |m|t =20, t — oo, (257)

Je aMILTITyHa 1M MOJAEThCA PIBHAHHAM (254).

Orxe, Ipy MaJIUX BIAXUIEHHAX TEMIIEPATY DU BIT KPH-
THYHOI TOUKN (£ < £p) CHOCTEPITa€TBCA MOHOTOHHMM
cran mapaMeTpa Hopsanky 7(t), Toml AK aBTOKOPEIATOP
HOBOANTHCA HEMOHOTOHHO (MWB. hasoBHil HOPTpeT Ha
puc. 3a). CrIagHila TOBEAIHKA CTATHCTHIHNX MOMEH-
TIB Y OIAHIN € > €g, Ae OidypKallid TpUBOAUTH IO BIIO-
pankyBaHud. JK BumHO 3 puc. 3b, basopa maoNIMHA PO3-
MIJIAETHCA Ha OBl DIAHKH, IO BIAMOBLIAIOTH MaJIUM Ta

BEJIMKUM 3HAYEHHAM MapaMeTpa MopAnKy. ¥ Heplriii mo-
BEIIHKa CUCTEMH aHAJIOIIYHA 0 HOIEPEIHBOIO BUIIAIKY
€ < gg. fAKio MOYATKOBI 3HAYUEHHA BEJIMINH 3abe3medy-
OTh TOTPAIIAHHA $PA30BOI TOUKM A0 TIIAHKH, IO Jie-
JKUTH IPAaBOPYY CEapaTPUCH, TO CHCTEMA EBOJIIOIIOHYE
0 TpUTATYBaJbHOTO By3jaa C'. BiamosigHa dacoBa 3a-
JIEKHICTH Ha puc. 6 (AuB. KpUBY 2) MoKasye KPUTHIHE
ynoBuIbHEHHA 0bau3y cenaparpucu CySC wHa puc. 3b,
dKe IPOABJIACTLCA 1 B ALIAHII HEBIOPAAKOBAHOIO CTAHY
(kpuBa 1).

0.0 T \\HH‘ T \\\HH‘ T T \\\\H‘ T T T TTTTT
0 1 10 lg (1)
b
N
0.15 —
1
0.10 —
0.05 —
_ 3
0-00 T \\\\H‘ T T \\HH‘ T T \\\H\‘ T T T TTTTT
0 1 10 lg (1)

Puc. 6. Hacosi sasexxHocTl pisHEUX TpaeKTopiii ¢dpasoBoro
mopTpeTa pHC.3: a) YacoBl 3aJeXKHOCTI IMapaMeTpa HOPAIKY
sobpaxeno npu ¢ = 0.3, ¢ = 0.2 ta S(0) = 0 (xpusi 1, 2,
3 sinnosinators n(0) = 0.057, n(0) = 0.066, n(0) = 1.0); b)
YacoBl 3aJIeXXHOCT] aBrokopesaropa mpum a = 0.3, e = 0.4
ra S(0) = O (kpmsi 1, 2, 3 sinmosimarore n(0) = 0.057,
n(0) = 0.066, n(0) = 1.0).
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IIpoBenennii po3ryigl CBIAYNTD PO Te, Mo HeJdlHIHA
MOBEMIHKA CHCTEMHU MOOJIM3Y HEBIOPAIKOBAHOTO CTAHY,
akuit BigmoBimae Toum Cp, moTpebye ysaraJibHEHHA
ekcroHeHTH JldamyHoBa BiamosimamM Bupasom llammica
(247). Tobnusy Bysna C, akuil BiANOBIIaE BHOPAIKO-
BAHOMY CTAHOBI, TApaMeETP MOPAIKY Ta ABTOKOPEJIATOD
HaOyBaIOTh CKIHYEHHIX 3HAUEHD, 1O JO3BOJIAE BUKOPHUC-
TOBYBaTH JIHIfiHE HaOJWKeEHHA. Y pE3YJAbTaTl B €KC-
nonenTi (247) crae CyTTEBOW JIMINE IpyTa CKJIaI0Ba,
1o mogae aapo neperBopenna Mesmina. OnHak AKIIO
excronenTa [lanmica xapakTepusyeThcs OTHUM 3HAYEH-
HAM TapaMeTpa ¢, TO mepeTBopeHHa MeJsuTiHA MICTHTH
iX CIEeKTp:

oty =m+ [ mtds, (258)

S() :,804—j/7%tqdq. (259)

Iligcrapagfoun 1l BW3HAUYeHHsS B JIHEAPW3OBaHI PiB-
mauHa (230), (242), ogoa ammwmtyn mg,ng <€ 1 omep-
KYEMO

(a/t + 2u5) mq — 3nong = 0, (260)

{4770(6 ) — Oflﬁgl_lpl} my

+ [a/t+2(e + n3)] ng = 0. (261)
s crmcrema Mae po3B’d30K 3a YMOBH

8n2(2e — n) — 3aanh'p
2 0 0 0
= (e T4 4/1— . (262

c=(e+mn) P (262)
Iie BBEIIEHO cTaay ¢ = —q/t. B pesyabrari napamerp mo-

pangky (258) Ta aBToKOpesATOP (259) SMIHIOIOTHCA TO-
63y BHOpAIKOBaHOI Touku C' Tak:

n(t) = no + mexp (—ctInt), (263)
S(t) = Sg+ nexp (—ctint), (264)
Je aMILTITYOa 1M, N BIATOBLOAOThH IHIEKCOBl ¢ = —ct.

Yacosi sanexuocti ¢ynkimi G(t,0) sobpakeno Ha
puc. 7. Koo € < £¢, mo Bignosigae ¢pasoBoMy MOPTPETY
Ha pHUC. 3a, IPH BEJUKUX MOYATKOBUX 3HAUEHHAX Mapa-
MeTpa mopanky 7(0) cmocTepiraeTbcs MOHOTOHHE CIia-
MaHHd, a 3 Horo 3MeHIIEHHAM 3 ABJIAETHCA MaKCHMYM
(muB. puc. 7a). Taka MoBeIIHKA 3a/UIIACTHCA TP TTEPe-
XOIl 10 yMOPAIKOBAaHOl HIMAHKE € > £ (puc. 7b), mo
BiAIIOBIAae (pa30BOMY MOPTPETOBR] Ha puc. 3b.

G(1,0) a

0.10 —

0.05 — !

0.00 T T T T T

G(1,0) | b
0.25 —|
0.20 —|
0.15 —
0.10 —

0.05 —

L
0.00

Puc. 7. YacoBa s3asexsicts Kopeaatopa G(t,0): a)
a = 03, e = 02, S(0) = 0 (xpusi 1, 2, 3 sinuosina-
rore n(0) = 0.098, n(0) = 0.4, n(0) = 0.97); b) a = 0.3,
e =0.4, S(0) =0 (xpusi 1, 2, 3 Bignosinators n(0) = 0.057,
1(0) = 0.066, n(0) = 1.0).

t

o
N
=3
N
S
=N
=3
=3
=3

B. KoabopoBuii mym

Onucytoun mepexoan, IHAYKOBAHI KOJTBOPOBUM IIYMOM
(HiI[pOiSI[i.H 11.B.2 gactuun I), MU MTOKa3aJiu, Mo CUCTEMA,
peaJtisye peBepPCUBHUI MePEXIT — YIOPATKYBAHHA MPO-
TiKae JIWIle TpU 3HAYEHHAX MMOKa3HWKA MYJIBTHILTIKA-
THUBHOTO IIYMy, OOMEKEHHX BEPXHIM 1 HIKHIM 3HATEH-
Hamu. TyT mMu mobadeMo, 1O NP BKIYEHHI KOPEesd-
i MyMy cTaTHCTHYHA KapTHHA, omncaHa B posaial LA,
TaKOXK MPUBOLIUTH /10 PEBEPCHBHOTO MEPETBOPEHHS, AKE,
ONHAK, BIAMOBIZaE OOMERKEHOMY 1HTEpPBAJIOBI TEeMIIEpa-
TYpH, a He TMoKas3HWKa. Ha BIAMIHY Bl CTaIloHAPHOTO
BUNIAJKY d-BUMIDHOTO [IPOCTOPY, PO3IJIAHYTOro B [2,7-9]
OyIeMo OOCJIMKYBATH €BOJIIONII0 (-BEMIPDHOI CHCTEMH
[4].

fK 1 paHille, oNMUIIEMO CTOXACTUIHY CHCTEMY PIBHAH-
HaMm JlamkeBena (137), y AKOMY CHJIa 3aJa€ThCA Blab-
HOTo eHeprieto (165), MynbTUITIKATHBHA DYHKINA Mae
Buraan (160), a urym momaerhea nporecoMm OpHinraiina—
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Vnenbeka (189). Bukopncropyroun HabMKeHHA YHIDI-
KOBaHOI AlPOKCUMAIlil KOJTBOPOBOTO IIYMY, OIEPKYEMO
no pisaanHA (192), ycepenHeHHs AKOTO Iae

(265)

Mincrapnaoun cionn Bupas (191) mra o(z) Ta BUHO-
cd4M 3HaK MOXIJHOL 3a YacoM 3a yCepelHeHHd, HicJjd
PO3KJIaIy 3a KyMyJdHTaMU OTPUMYEMO

e+ x(n” + S+ wnS = n(e —n°) = 39S, (266)
Jle BBEIeHO HO3HAYCHHA:
e=1—er(l—a), k=1(3—a). (267)

s KOHCTPYIOBaHHSA DIBHAHHA aBTOKODEIATODA BUKO-
PHCTOBYEMO NOTOMIKHMI cToxacTmanuii mponec dy =
odz, naa AKOro BpaxyBaHHS CKJIAJOBAX OMHOTO IO-
panky sa dt mae dy? = (y + dy)? — y* = €e*da? +
(2er/3)da* + (k/3)?dz®. Hexrytoum BHeckom z° < 1,
OJIEPIKYEMO DIBHAHHH

1 .
2¢n [e + 4k <§772 + S)] 0+ e[e + 4r(n? 4+ 5)])S

=2 [66(7]2 +95) - (6 - %6) (n* 4+ 672S + 35%)

+{z2%), (268)

Jie OCTaHHIN WIeH 3aJaeThCA BUPA30M (239).

1. Hesnopadkosana cucmema

Ak 1 ma 610ro MyMy, HEBIOPAIKOBaHA CICTEMa pea-
Ji3yeThCd B HLIAHI TOKA3HUKIB a > 1/2, o Bignosimgae
dpakransHiit BuMipHocT D < 1. EBosomia takoi cuc-
TEMU 3aA€ThCs PIBHAHHAM

S (% +265) =5 (-5 (3~ %“)) FasSP, (269

po3B’A3aHHA AKOTO MOJaHO Ha puc. 8. Baummo, mo aB-
TOKOPETATOP MOHOTOHHO JOCATAE CTAIIOHAPHOTO CTaHY,
BU3HAYEHOTO DIBHAHHAM

ek .
e (3 - ?) So 4+ xSt = 0, (270)

ne So # —¢/4k. Ha puc. 9 HaBeeHO 3a/IeKHICTD CTallio-
HapHUX CTAHIB BIJI TEMIIEPATYPH £ Ta Yacy KOPEJdIll T.
Baummo, 1m0 3pocranid 060x mapaMeTpiB €, T 30LIBIIYE
cTalloHapHe 3HaYeHHa Sp.

0.4

0.2

0.1+

0.0

t

Puc. 8 UYacoBa 3sajexHicTh aBTOKOpesadaTOopa S IpH
e =0.6, 7=0.5,a =0.8.

0.8 1

0.6

0.2 4

0.0 T T T T T T T T
0.0 0.2 0.4 0.6 0.8

0.8

0.6

0 0.4-

0.2+

Puc. 9. Cranjonapni cranu cucremu npu a = 0.8: a) 3a-
JIEKHICTB Sp BII KepyBaJbHOTO MHapaMeTpa MpH PI3HUX T;
b) sanexHicts Sp Bin Yacy Kopendidi UryMy IpU pDiSHEX €.

ITpu mamomy gaci ¢ < 1 peamisyeTbcd rparumg S <
1, y akiit SP2 > S > S? i piBuanna (269) npusoauTh
JIO CTEMeHEBOl 3aJIeKHOCTH

1 2(1 — =
S = Bt™m, B:[w] .t 0. (271)

€
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Y mpormnexuoMy pasi S — Sy & Sy MaeMO eKCIOHEH-
MIAHY TOBEMIHKY

S — Sy ox e M,

—e+4 So(3 —ek/€) — aaps

A=
€/2 4 2kSy

. t—oo.  (272)

2. Vnopadxosana cucmema

MMepeitaivmo g0 Bunagky a¢ < 1/2, xonu dpakraabHa
BuMIipHICTE D > 1 1 cucreMa ymopaakoByeTbed. Toml 1
IWHAMIKA OMUCYETHCA PIBHAHHAMM:

v(n, Sy = nle = n° = 35[e + 4k (n* + 5)]

1- &

—2k7) {6(772 +5) - ( "

) " + 6175 +35%)]

—K?GOzﬂ]pl-H’

(273)

B,5)8 = [s? +5) = (1= =) (1" + 605 + 357)]
x[e + r(n* + S)] —»* |:€—|—4K? (72))—2—1—5)] [e —n? — 35]
+e+ w0 + S)an™,

(274)

LIO BU3HAYAIOTh HapaMeTp MOPAIKy Ta aBTOKOPEJIATOP.
TyT MHOXHUKH, AKl 330al0Th IIBHAKICTDH 3MIHH BEJIH-
YUH, MalOTh BUIJIA;

(0, 8) = [e + k(n” + S)]le + 4w (n* + 5]

— 7k [e + 4% (773—2 + S)] : (275)
B(0.5) = |5+ 260" + )] [e+ w(n” + )]
— k)’ [e + 4k (773—2 + S)] . (276)

Onepxana cucrema muepeHINAIbHAX PIBHAHD PO3-
B’ A3YE€ThCA MeTOMOM has30BOl IJIONNHN, BUKOPUCTAHHA
AKOTO TOKa3ye, 1o 3adapbOBYBaHHA MIYMY HECYTTEBO
3MIHIOE BHLIAL (asoBOro TOPTPeTa, HABEIEHOTO Ha
puc. 3. PosriAanbMo cmodaTKy cCTallioHapHH cTaH, y
akomy 11 = 0, S = 0. Maaum 3HaUYeHHAM TapameTpa
€ BIIMOBI/Ia€ €IMHA OCODIMBA TOUKA 3 KOOPIUHATAMHI

l—er(l—a)

S, = 2
T 11— 2r(1-2a/3) 3

o =0, (277)

[0 XapaKTepu3yoTh HeBNOpAAKoBaHuit cran. [lomibro
10 OLIoTO IIyMy MIOBHUINEHHS MapaMeTpa € TPUBOMUTH

110 GidpypKaliil B To4IN € = €. ¥ Pe3yJabTaTl BAHUKAIOTh
CIZIJTO Ta BY30JT 3 KOOPIUHATAMH, 10 3aJal0ThCA PIBHAH-
HAMU:

[e — 5 — 3S0]le + 4k (n5 + So)]

KE
=20 [e(o + 50) =~ (1= 50) (0 + 6 +35%)
+rearnht, (278)
KE
[0 + 50) = (1= 5) (0 + 630 +353)|
-
x[e + K02 + So)] = n2 |:€—|—4K? (go + SO)]
x[e =15 — 350] — [e + &(ng + So)]arny" (279)

Srinao 3 daszoBoto marpamorn Ha puc. 10, mpm Besu-
KUX TOKA3HUKAX ¢ 3POCTAHHA dacy KODEeJdliil mymy 7
MOHOTOHHO 3BYJKY€ OUIAHKY BIOPAIKYBAHHHA. 3 IHIIOTO
6OKY, 3MeHIIIeHHA 3HadYeHHs a 3abe3nevdye HEMOHOTOHHE
pO3NIMpeHHs MJIAHKE BIOPAIKYBAHHA, TaK IO TPH CTa-
JIOMY 9aci T 3pOCTaHHHA £g IPUBOAUTDH CIOYATKY IO BITO-
PAIKYBaHHSA, a MOTIM IO po3ynopsakyBanud. Takum qu-
HOM, TIpH 3HAYEeHHAX MapaMeTpa KOpeJsdrll T, obmexe-
HUX 3BEPXY 1 3HU3Y, YIOPAIKOBAHUI CTaH BUHUKAE Ta-
KO Ha CKIHYEHOMY BIAPI3KY 3HaYeHb TEMIEPATYPH E.
Inakire Kaxyqu, dpasoBuii Mepexi MPOABJIAE PEBEPCUB-
HEUH XapaKTep, ogHaK, Ha BIAMIHY Bl MEepPEeXOLy, 1HIY-
KOBAHOTO TIYMOM, oOMeXkKeHa AiATHKA MapaMeTpiB CUcC-
TEeMH BIAIOBITa¢ BIOpAIKoBaHOMY cTaHoBl. Haiiblabire
e MPOABIAETHCA HA TEMIIEPaTy PHUX 3aJEKHOCTAX CTa-
IOHAPHUX 3HAYeHb MapaMeTpa nopanky (puc. 1la) Ta
aBTOKopesaTopa (puc. 12a), Toal AK Ha BiINOBITHIX 3a-
JIEZKHOCTAX Bl dacy Kopesamnil (aus. puc. 11b, 12b) pe-
BEPCUBHUHI XapakKTep Mepexoly He MPOABJIAETHCA.

O : ——a=0.1
08498
S . ----a=02
; N EERE a=0.3
0.64. o
(2]
2

Puc. 10. ®asosa miarpama cucTeMmu.

HocmaKeHHa eBOJIIONI] CHCTEME TOOJIN3Y CTalloHap-
HHX TOYOK JOCATAETHCA BUKOPUCTAHHAM EKCITOHEHTH
Mammica (250) Ta meperBopens Mesnina (258), (259),
yBemennx y miaposmia 1.A.3. Tlobmmsy cramonapHoi
TOYKH, IO BIAMOBIIAE HEBIOPAAKOBaHIH (hasl, Jad aMII-
gityn sanexuocteli (250) omepkyemo
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(e + kSp) (e + 4kSp)

mPr = ,

Keaq

1 (e4+kS5)(ec +4kSp)
 kepr €/2—c+26Sy

(280)

TOAl K TOKa3HWKH BH3HAYAIOTHCA BHpPa3aMH (252)
(255), mo BiAMOBITAIOTH aCHMITOTHKAM 7)() {=20-a),
S(t) o< t=1, Bnacrusum 6iomy mymy. Is dasosoro nopr-
pera, HaBeIeHOTO Ha pHc. 3b, BUAHO, IO BIOPAAKYBaHHA
cucTeMu MoTpedye IEepeBUINEHHA IOYATKOBUM 3HAYEH-
HAM MapaMeTpa MOPAIKY KPUTUIHOI BEJWIUHU 7)., AKa
BIAMOBIIAE TMEPETHHAHHIO CeapaTPUCH 3 BICCIO abCITHC.
3rigso 3 puc. 13 3pocTaHHd 9acy KOpeadrl TPUBOIATE
JIMIEe 10 cJabKoro 30L/IbIIeHHd KPUTHYHOIO 3HAaYeHH:A
Ne. HocmimKkerra eBOJONI CHCTEME MTOOJIU3Y BIOPAJ-
KOBAaHOIO CTaHy [OKa3ye, 110, He3BayKalodyl Ha 3HadHe
ycKAamgHeHHA dopMasiamy, 3adpapboByBaHHA IIyMy He
3MiHIO€ BUNIALY 3aexHocTeli (263), (264).

Takum gnsoM, 3adapboByBaHHA IYMY TPHBOIUTH IO
AKICHOI 3MIHI XapaKTepy $ha30BOro Mepexony, aKuii cTae
peBepcuBHuM. OOHAK OCKILIBKE KJIAC YHIBEPCAJIBHOCTH
HE 3MIHIOETHCH, TO JUHAMIKA CUCTEMHU HE 3a3HAE AKIC-
HHUX 3MIH.

0.8 1

0.6

M 0.4+

0.2 1

0.8

0.6

0.4 4

024"

T

Puc. 11. Craujonapsi cramu cucremu upu a = 0.2; a) ma-
paMeTp NOpANKY 3aJIeXXHO Bln TeMmmeparypu; b) mapamerp
HOPANKY 3aJIEXKHO Bif Jacy KopeJAuil uryMy (ToHKi Jiinil Bin-
MOBIHAIOTH CIIJIOBIM cTaIlloHAPHIA TOYIN, TOBCTI — IIPATATY-
BaJIBHOMY BY3J1y).

10

a
1=0.0
0.4 -=-=--1=0.2 B
----- 1=0.4 ) B
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Puc. 12. Craujonaphi cranu cucremu mpu a = 0.2; a) as-
TOKOPEJIATOP 3aJIe3KHO Bl TeMilepaTypH; b) aBTOKOpPeIATOp
3aJIeXKHO B dacy Kopessnjl mymy (roHki sinii Bimmosina-
FOTh CIIJIOBI# cralfioHapHiii TOYIl, TOBCTI — HNPHUTATYBAJIb-
HOMY BY3JIy).

0.154
—a=025
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Puc. 13. Kpuruune sHaveHHa TTapamMerpa MOPAIKY 7 3a-
JIEZKHO BlI dacy KopeJdril mymy 7 mnpu € = 0.5 Ta pisHEX
MOKAa3HUKAX MYJIbTUILTIKATUBHOTO LIYMY .

II. KPUTNYHICTD, SAKA
CAMOOPTAHI3OBYETDBLCSI

OnHuM 13 OCHOBHUX YABJEHb Cy9YacHOl (DISUKU € KOH-
mentia $pasoBoOro Mepexoay, 3TAHO 3 AKOI MaJja 3MIHA



TEOPI{T CAMOIIOAIBHUX CTOXACTUYHNUX CUCTEM. HACTUHA I

KePYBaJBHOTO HapaMeTpa (HAIPUKJIAL, TeMIepaTypH)
MOXKe TMPUBECTH 0 AKICHOI mepebyIoBH CHCTEMH, TKINO
30BHIINIHIHT BILINB 3abe3Medye KpUTHIHE 3HATEHH [[HOTO
mapaMeTrpa. OcHOBHA 0CODIUBICTE (HasOBOTO TMEPEXOIY
MOJIATae B TOMY, WO BIH PO3BUBAETHCA KPUTHIHO —
VTBOpPEHHA HOBOl (pasu MIPHUBOINTL OO CaMOIOMIOHOL
CTPYKTYpH, yV 4Kl BIACYTHIR XapaKTepHuii macirrad
[10]. ®opMaabHO BAACTHBICTH CAMOMOMIOHOCTH BHpaxkKa-
eTheA ofHOPiaHICTIO byHKII posnoniay P(z) 3a aMmmii-
TYI0I0 ¥ TIAPOANHAMITHOL MOIH, IO BIAIOBIIAE 3a BIO-
PAIKYBAHHS:

P(z/x.) = 2l P(x). (281)

3rigro 3 (281), sMmina MacuTaby %, BHIAIAKOBOI BeJIH-
9UHE & TPUBOAATH IO MYJbTHILIIKATHBHOI 3MIHH #MO-
BIPHOCTH i1 peaJsiizalil P, dKa XapaKTepu3yeThca MoKa3-
HUKOM 7. YBOIAYM MacIuTabHY 3MIHHY Y z/x. Ta
dbyuxmio posnopiny P(y) = y” P(y), MOKHA MEPENHCATH
(281) y Burami

P(x) = 277 P(y). (282)

3 4KOTO BHILIMBAE OCHOBHA BJIACTHBICTH CAMOIOMIOHUX
CHCTEM: y MeXK1 BEJUMKHUX Ta MAJIMX 3Ha9eHb CTOXACTUY-
HOl 3MiHHOI #, Ko dyHKI0 P(y) MOKHA TOKIACTH
cTasom, posnomin P(x) Habupae CTENEHEBOTO BUTJIALY.

fAx 1 Bcl dasoBl mepexomm, Mpolec caMoopraHi3alii
moTpebye ITHTEHCHBHOTO 30BHINIHBOTO BILIUBY. OCcTaHHIM
qacoM, OHAK, BHABJIEHO OE3JIY CUCTEM, y AKHX CaMO-
opraHizallisi MpoTIKAE CHOHTAHHO. SICKpaBUM TPOTBOM
TaKol TMOBETIHKH, BIIOMHM fAK KPUTHIHICTH, dKa CAMO-
oprauizsoByetbea (COK), € semyerpycn Ta cHIToBI J1a-
suau. OxpiM Toro, pexum COK mpoaBideThcda Ipu Te-
vii CHIIKNX MaTepifsiB HaXWJIEHOIO MOBEpXHEO (BimoMa
mozenb sandpile) [11-14], npuponromy Binbopy B 6io-
Joriunux cucremax [15], JicoBUX moxexkax, NpOTIKAHHI
PIAMHE B HOPUCTHX cepeqoBumax i T. in. (aus. [16]). Cy1-
teBa ocobausicTs COK mosdrae B mepepuByacToMy Xa-
pakTepl TpoIecy, MO BIAMOBIAAE PEKUMOBI MEPEMINIY-
BaHHA: OCHOBHHU 9ac AUCHIIAIIA TPOTUIIE CIOHTAHHOMY
HaKOIMYIEHHIO eHepril, 1 cucTeMa mepedyBae B IepeaKph-
TUYHOMY CTaHi; CIOHTAHHO MOXKe BUHUKHYTH HEKOMITEH-
coBaHe HaKa4dyBaHHd eHepril, ke TPUBOIUTL IO CAMO-
opramizaiiil; mcJid IMbOro IMPOTATOM dacy § BLIDYBAETHC
pO3psaKa HAKOMWYEHOI eHeprii, Mpo Ky TOBOPATH AK
Mpo JIaBUHY po3MipoM s. Taka MOBeIMIHKA CHCTEMH, IO
CaMOOPIraHi30BYETHCA, BU3HAYAECTHCA (DYHKITIEIO PO3IO-
miny tamy (282)

P(s) = s7"P(x),

(283)

T =s/sec.

TyT KpUTHIHHII PO3MIP S. OB’ A3aHIMIT 13 POSMIPOM CHC-
TemMu L Ta XapaKTepHHM dacoM t. ~ L? CHIBBIIHOIIEH-
D/z . .
HAM 5, ~ LP c/ , D — ¢dpakTasbHa BEMIPHICTS,

z — nuHaMmivHuil nokasHuk. 3rigao 3 [17], TunOBI 3HA-

YeHHd 3a3HAYEHUX NOKA3HUKIB CTAHOBJIATL T = 3/2
D =4, z = 2. 3 iamoro 60Ky, CKERTIHIOBl CITIBBIIHO-
HIeHH, JOMOBHEH] PIBHAHHAM CHPUAHATIMBOCTH Ta Ce-
PEOHBOTO PO3MIpPY JIABUHE, HalOTh BUpasu [17]

z
=14+ —
T —|—D,

1
21— —=

5 (284)

\]
l

OnHuM 3 HalIbLIBIIT PO3BHHY TUX METOMIIB, AK1 JO3BOJIA-
0Th ogaTn ocHoBHI ocobmBoctl COK, € mostboBa cxeMa
[17,18], vy Mezkax dKOI poJib mapaMeTpa NOpAAKY Biairpae
IYCTHHA aKTUBHUX BY3JIB g, & KEPYBAJBHUI TapaMeTp
3BOOMUTLCS IO TMOJIA TYCTHHH eHepril (, aKe 36epiracThed.
Pezkum COK momaeThbea aK pesyabTaT KOHKYPEHIT MIZK
IHTeHCHUBHOCTAMNI HaKadyBaHHsA eHeprii A Ta AucHIAIl
€. Ha moBemHI cucTeMU KPUTHIHO 3yMOBJIIOETHCA Ha-
ABHICTH 3aKOHY 30epeKeHHdA: eHeprid He 3HUKAE, KOJH
h = € = 0, a B Mozmeni sandpile HakadyeThcsa B cuc-
TemMy, 3abe3Medyioun cTaIllOHAPHUI peKuM mpu € > h,
h — 40, ¢ = 40. [lepurmit BumagoKk xapakTepu3ye Kpu-
tudnuii cran [17,18], y AKOMY HEOQHODIAHICTH HOYAT-
KOBOTO POS3IOMIJIY €Heprili TIPUBOAUTH IO HEMapPKOBCH-
KOl CKJIaJOBOI Ta MPOCTOPOBOl 3aJIEKHOCTH MapaMeTpPIB
sagadl. [Ipy BUMIpHOCTI, 1[0 TIEPEBUILYE KPUTHIHE 3Ha-
venHd d. = 4, 1eil BUMaJg0K 3BOAUTHCA IO KapTUHHU (ha-
30BOTO Tepexony Jlaugay, y Memkax akol p, ~ (( — ()
g akTusHoro crany (¢ > () 1a pg = 0 — misa norsu-
Hato9oro (¢ < (). [IpuHIHUIOBO iHILY KapTHHY CHOCTe-
piraeMo B cmcTeMax, IO BIAMOBLIaOThH Momel sandpile,
dKa MPUIIyCcKae TaKe HaKadyBaHHdA eHepril b — 40, mo ii
TYCTHHA JOCATAE KPUTHIHOTO 3SHAYEHHT (.. ¥ IHOMY pasi
cepemHd TYCTHHA AKTUBHUX BY3J/1B HabWpae BUJIALY
(pa) = h/e, Tak mo COpUHHATINBICTH Xo I pa)/Oh
nopiBHIOE Yo = € 1. Y pesyabTaTi GYHKIIA BIITYKYy Ha
BEIWKWX BIACTAHAX 7 € Takomo: X(r) ~ p2de=r/E e
d — BumipnicTs mpoctopy, £ ~ ¢~ /2 — kopeaguifina
JIOBKWHA, AKa HE 3BOIUTHCA O XaPaKTEPHOTO PO3MIPY
L~ te, IloBeminka cucTeMu, MO BH3HATAECTHCA YMO-
BaMH CTaIlOHAPHOCTH 1 TPAHCJAANIITHOI 1HBAPIAHTHOCTH
[18], xapakTepusyeTbcs HAGOPOM KPUTUYHUX MOKA3HU-
KiB f=~v=40=1,pup=2v=1/2 n=0, BnactuBux
Teopii cepenrboro mosis [17].

Topkafounck 1HIINX MIXOMIB, 3a3HAYUMO, L0 OlIb-
IMCTh 13 HUX OyJia 3acTocoBaHa IO HARMOMYJIAPHIIIOL
Ta MpocTol Modes sandpile, AKy TOCTIIKEHO AK aHaJIl-
trano [19,20], Tak i uncensro [21-23]. AnasmiTudane 306-
pasKeHHd 3BOAUTHCH, AK MPABUIO, 0 MOJBOBHX METO-
IiB, nepuiuit 3 akux [24] rpyHTyeThCA Ha HeJiHIfHOMY
piBHgHH Audy3il. OnHak BUKOPUCTAHHA OTHOMADAMET-
PUYHOTO TAXOMY HE MTO3BOJIAE BPAXyBATH OCHOBHY OCOD-
JIMBICTH CHCTEM, Kl CAMOOPTaHI30BYIOTHCA, — CAMOY3-
TOJUKEHWI XapakTep OMHAMIKE JaBUH, 3yMOBJEHHIT 3BO-
POTHUM 3B’A3KOM MIXK BIIKPHUTOIO CHCTEMOIO Ta HaBKO-
JIMIIHIM CEPEIOBUIIEM. 3MICTOBHINTY KAPTUHY a€ BH-
KOpHCTaHHd ABonapaMeTpudnux cxem [12,13,25]. Le no-
CATAETBCA 33 JOMOMOTOI0 KaTibpyBa bHUX MOJIB (THITY
HIBHIKOCTH PYXy HICKY Ta BHCOTH Horo moBepxHi) abo
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0. 1. OJIEMCKOI1, 11. 0. XAPYEHKO

MaTEePIAJIbHAX TOJIB, MO 3BOAATHCA A0 KIABKOCTH IIi-
IMHOK, 10 PyXaroThed (posMipy JaBuan) i 1. iH. Buko-
PUCTaHHS TeOpli CEPEIHbOrO MOJIA MOKA3YeE, 10 CaMOIIO-
MIOHWIT pekuM IUHAMIKH CHIIKOTO CEpeIOBMINa BIAIOBI-
nae amiabaTuIHIi TOBEIIHI, TPH AKi# XapakKTepHHiT dac
3MIHE IIapaMeTpa HOpHAAKY 3HAYHO [EpPEBUINYE BIIIO-
BigHuil MacuiTab KepyBaJibHOrO mapamerpa. [loBHa Kap-
THHA caMoopraHizallil morpebye BHKOPHCTAHHA TPHIIa-
PaMeTPUYHOIO MIAXOAY.

io gacTwHYy TPHCBAYEHO MOJHOBOMY 300paKeHHIO
COK y Mekax cTaHIZapTHOTO HlI[XOI[y [26] AKU BUKO-
PHCTOBYE K KaJalbpyBaJIbHI, TaK 1 MaTepldIbHl KOMIIO-
HEHTH.

[Mokazano, 1o, mocaimKyodn GOpMyBaHHA OIMHOY-
HOl JIAaBHHH, CJIIJ, BUKOPUCTOBYBATH TEPIIl 3 IIHX KOM-
MOHEHT, pOJib AKHX BIAITPalOTh CKJIAI0BI MIBHIKOCTI Ta
HAXUJ CHIKOI ToBepxHi (muB. posmianm IT.A I1.C).
fAxmo nmac mikaBuTh mosBHa KaprtumHa COK, mo sBomm-
ThCA 710 PO3MOALIY 3a PO3MIPOM JIABHH, TO IOTPIOHO
PO3TIANATHA MaTePidJIbHE MOJIE, AKe ABIAE CODOK KlTb-
KicTh pyxomux mimuaoK (posmiim I1.D ra ILE). Ha oc-
HOB1 HAOYHHUX 300pakeHnb y posmu II.A possuayTO ca-
MOY3TOIZKEHY TEOPIID CTAIIOHAPHOTO TOTOKOBOTO CTAHY,
AKa 3BOANTH 3a/1a9y (POPMYBAHHA OMMHOYHOI JABUHU O
eneprii, gaka 36epiraerbca B migxomi [18]. Posuin I1.B
MPUCBAYIEHO BPAXYBAHHIO aUTHBHUX IIIYMIB JIJId KOMITO-
HEHT IIBUIKOCTH Ta Haxmiy micky. [lokasano, 1o 3poc-
TaHHA IHTEHCUBHOCTHU (DIIIOKTYAII{l TPUBOAUTE OO TOABH
JIaBUHHE HaBITH IPH BIACYTHOCTI HaKadyBaHHA e€HeEprii,
MPUYOMY HIYM KEPYBAJBHOTO MapaMeTpa BIOIrpae Kpu-
TUIHY poJib. Takmit daokTyamiiHmii pexkxuM xapakTe-
pusye Bunagok h — +0 [18], npu gakoMy posmomii ma-
paMeTpa TMOpAIKy Habupae CTENEHEBOTO BUTVIALY 3 ITi-
JIOYHCJIOBUM TTOKasHuKOM. OCKIABKE HACIPABIl Mel mo-
KasHUK Apobosuit, To B posmii I1.C mposeneno yzaraans-
HeHHsA cucTeMmu JlopeHra, dKe Ha€ 3MOTY MPUPOIHUM
NIJTAXOM ONKUCATH PeaibHy KapTUHY CTBODEHHA JIABUHU.
Srigao 3 posmiioMm I1.D, Take ysaraabHEHHS TO3BOJAE
300pa3uTu MOBEMIHKY aHcaMmburio taBuH. Lle mocaraeTbea
Ha ocHoBi miaxony Exsapaca [27,28], akuii, 3a anaJorieio
13 3BUIAiiHOIO TEPMOINHAMIKOIO, OIMCYE POSITOMIJT MK~
HOK 3a eHeprigMm HeaanTuBHOI cucremu [29]. Take mo-
JIaHHA CTa€ MOXKJIMBUM DU BUKOPHUCTaHHI JpoOOBOl CHC-
Temu JlopeHnia, me poJib mapaMeTpa MOPAIKY BIIIrpae
PO3MIp JIABWHM, CIPAKEHE MOJE 3BOAUTHCH 10 HEAM-
THBHOI cKJIagHOCTH (complexity), a eHeprid, aKa He 36e-
piraeThes, € KEPYBaJbHUM TapaMeTpoM. JHalimeHo da-
30BY OiATrpaMy, M0 BU3HAYAE PI3HI TIIAHKA TOBEIIHKH
CHCTEMH 3aJIEKHO BlJ IHTEHCHUBHOCTHU NIYMIB 3a3HATE-
HUX BEJIMYWH. ¥ Pe3yJibTaTl 3’ dCOBYETBCA, 1O PO3IMO-
min (283), snactusuii COK, sabesnedyernes HaokTy-
aligaMy eHepril PYXOMHX MIIHOK. BUKOpHCTAHHA CTO-
xacTuaHol cuctemn B posaiil IILE mokasye, mo meit pos-
OMJI €, 3 OHHOTO OOKY, PO3B’d3KOM HEJIHIHHOTO piB-
uanuaa Poxkepa-Ilnanka, akuii omUCye MOBEMIHKY Hea-
auTUBHOI cucteMu [29], a 3 gpyroro — Bianosigae apo-
6oBomy piBaaHH Porkepa—Ilmanka i nporecis Jlesi,
AK] XapaKTePU3YIOThCA NTUHAMITHIM TOKA3HUKOM 2z 7% 2
[30]. BicTaBiaenHsa po3B’d3KiB 3a3HAYEHUX DIBHAHDL IIPHU-
BOIUTH /IO HETPUBIAIBHUX 3B A3KIB MK MOKA3SHUKOM T ¥
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posnomnii (283), dbpakTanbhoo BuMipHicTiO D dhasoBoro
MPOCTOPY, XapaKTEPUCTHIHUM TTOKAZHUKOM MYJIBTHILITI-
KaTUBHOTO IMYMY, KLJIBKICTIO PIBHIHD, HEOOXITHUX [IIs
300paXkeHHsd CaMOIMOTOIXKEHOI TTOBEIIHKH CUCTEMH B pe-
xkumi COK| quHaMIYHIM TTOKAa3HUKOM Z Ta MapaMeTpPOM
neagurusrocTu asmica.

A. ®opmyBaHHA cTALIOHAPHOL JIABHHU

Hexait y moBinbHuit MoMeHT dacy ¢ moBepXHsd HAXUITY
MCKY 3amaeTheda sanexkuicTio y = y:(¢). Tom morik
MICKY OIMUCYEThCS TOPU3OHTATBHOIO Ta BEPTHKAJIBHOTO
KOMIIOHEHTaMU WBHAKOcTH & = Jda/0t, y = Jy/Ol Ta
HaxwusoM moBepxHi ¥y = Jy/dx. ¥ npunyuenni mucuma-
TUBHOTO XapaKTepy eBOJIONId 3a3HAUYCeHUX CTEMEHIB Bi-
JBHOCTH OMHUCYETHCA Ae0alBChKUMMI PIBHAHHAMHE

dz z

_— = 285

d¢ To (285)

dy y

- = —— (286)

dt 0

dy _v.—v

—_ = = 287

dt Ts ’ ( )
ae Ty, 7'350) 1 Tg — dacH peJslakcallll KOMIIOHEHT IIBHI-
KOCTH Ta HaxwiIy Bimmosimmo. 3rimmo 3 (285)—(287), y
CTaHl CIOKOIO CKJIAIOBI MBHAKocTH € & = y = 0, a

piBHOBasKHMIT Haxwa Y y. # 0 Bigirpae poJib Kepy-
BAJIBHOTO TapaMeTpa, 3HAYeHHA AKOrO 3aJa€ThCd 30B-
HINTHIMA YMOBaMM.

OcKITBKE PYX MIIHHOK Y3M0BK PISHUX HAIPAMKIB HeE
€ He3aJIEZKHUM, PIBHAHHA (285) CJILI JIOIIOBHUTH BEJIMYU-
Hoto f = y/'y, IO CTAHOBUTH CIJTY PLIKOTO TEPTHA BIMOBK
oci y (y — xiHernuHnit KoedimienTt). Y pesynabrari omep-
KYEMO

Tei = —1 4+ a”ly, (288)
ne a = ~/7,. 3rigHo 3 piBaannam qudysii y = Dy’ mo
XapaKTepu3yeThcd KoedImMenToM D, cuiia TepTd BU3HA-
9a€ThCA KPUBU3IHOK CHUIIKOl MTOBEPXHI:

f=(D/)y (289)

Y cramoHapHOMY TMOTOKOBOMY CTaHl & 0 posB’azok
piBaaHHA (288) BH3HAYae MOTHYHY ¥ = ax + const, Tak
1O CHJTA TepTa f = 77 '& mponopmiiina FOpI/I3OHTa.HI>H1]/I
KOMIIOHEHT] NIBUAKOCTH MCKY. BpaxoByodn 3aeHICTD
(289) Ta BHKODPHCTOBYIOUH HPABUIO ANMEPEHIIIOBAHHA
dy'/dt = ¢ + y'#, 3 (287) orpuMyeMo piBHAHHA I
SMIHI HAXUIY:

(5/D) &y.

sy = (. —y') — (290)

Ilomi6mo MokHa 3HAWTH PIBHAHHSA I/ BEPTHKAJILHOIL



TEOPI{T CAMOIIOAIBHUX CTOXACTUYHNUX CUCTEM. HACTUHA I

KOMIIOHEHTH IIBUIOKOCTH:

. . T .
i =-y+ 2Ly,
T
v

a Ty

(291)

Tyt wMu 3HEXTyBaJd BHECKAMH BHIIUX MOPAIKIB
MPOCTOPOBO-9aCOBUX MOXITHUX Ta BBEJU MEPEHOPMOBa-
Huil Yac penaxcamil 7, sasgekHu{l Bin Haxmiy y., axuit
3aJA€THhCS 30BHINIHIMEA YMOBAM.

Pipnanng (288), (290), (291) cranoB/I4TH OCHOBY HJif
CaMOY3TOIXKEHOTO OIMUCY MOTOKY MICKY. IxHa BimMinHA
OCOOJIMBICTh IMOJIATAE B TOMY, IO Iepel HeJIHIAHUMI
wienamu B (290), (291) croaTh pisHi 3HaKH, TOHI fAK
(288) minifine. OcTanHe o3HAYAE, O Ha MOYATKOBIH cTa-
[ii JTaBHHA TOYHHAE HONIMPIOBATUCH Y3IOBXK TOTHIHOL
Yy = ax + const. 3HaK “-” mepem ocTaHHIM YJIEHOM Y PiB-
HaAHAl (290) MOKHA POSIIADATH AK BHAB HpUHITAILY Jle-
[Taresbe — OCKIJIBKE 3pOCTaHHS HAXWIY crpusde dhop-
MYBaHHIO JABWHU, TO KOMIOHEHTH HIBUIKOCTH & Ta
OPOTHAIOTE fforo 361abineHHI0. [losnTuBHIE 3B’A30K T
Ta y' 3y y piBaanHi (291) € mpuunHOO caMoopraHisari,
10 TPUBOIUTL 10 BUHUKHEHHS JABHH.

Y Gesposwmipromy Buriasami pisHaxuHA (288), (290),
(291) sBomaThea o cuctemu Jlopenia

U=—u-+wv, (292)

v = —v + us, (293)

55 = (S. — ) —uw, (294)

Ie BBEOEHO NapaMeTpH € = T,/Ty, 0 = 75/Ts,

macmtabopani  peqmumam = (1, /1) (15 /D) %,
v=(1y /) (15/ D)%y /a ra S=(r,/7)y [a e Kom-
MOHEHTAMH MIBUAKOCTH Ta HAXWJIOM, TOYKa O3HAYAE
noxigny 3a 6e3po3MipHuM dacoM 1/7;. Y 3arajabHOMY
BUNAAml cucrema (292)—(294) He Mae aHAJITHIHOTO
po3B’dA3Ky, aJse upu € < 1, § < 1 MoXKHa BUKOPHCTATH
amigbaTmaHe HaAOJAMKEHH, ¥ MeKax AKOro JIiBl YaCTHHH
piBagnEb (293), (294) mokmamalThCA PIBHUMH HYyJIEBI.
Y pesyabTari TpUXOAMMO 0 3aJIEXKHOCTH S Ta v BII
TOPU30HTAIBHOL NIBUAKOCTH U:

Se St
v= .
14 u?

(295)

3i spocTaHHaM u B iIHTepBaJl Big 0 mo 1 Haxma S MoHO-
TOHHO CTIajia€, a MBHIKICT v 30LIbIIyeThed (mpn u > 1
maemo dv/du < 0, 1 moTik micKy crae TypOyJIEHTHIM).
MMincranoBka apyroro piBHAHHA (295) B (292) mae pis-
HaaHd Jlargay—XaaaTHUKOBA

_or
ou

U=

(296)

3 KIHETHIHOIO €HEPrieio

FE = ln(1+u2).

u? S,
5 (297)

5 -

TMpu S. < 1 sanexnicts F(u) € MOHOTOHHO 3pOCTa-
foda, TakK IO CTalloHapHa IMBUIKICTH uy = 0, 1 JaBHHA
He YTBOpIOEThcd. Takuii cTan BIANOBIAAE MOTIHHAIBHIN
CTPYKTYpi, mocaimkeniit y [18]. dximo naxun S, nepe-
BUINye KPUTUYHE 3HadeHHdA S, = |, KiHeTHIHA eHeprid
Ma€ MIHIMYM, IO BIATOBIAa€ KOMIOHEHTAM IIBHIKOCTH
ug = vg = (Se — 1)1/2 Ta Haxuay So = 1.

Ilogaunnii crienapiii 3amae HAOKPUTHUIHEA peRmM dpop-
MYBaHH#A JIABWH, AKWi BiAmOBImae dhasoBOMY MEPEXOLY
apyroro pony [25]. e BumsiuBae 3 po3BUHEHHA KiHETHY-
Hol eneprii (297) sa crenenamu u?, sKe NPUBOIUTH 1O
dopmynu Jlawnmay. B pesyabrari mad KpUTHIHHX IO-
Ka3HUKIB OJIepKYEMO 3HadeHHd v = 1, § = 3, v = 1/2
AK1 36ITaloThCA 3 pe3y IbTaTaMi TEopll CEPeaHbOTO MO
[17]. Onmak mokasuuk § = 1/2 y apa pasu MeHIIWIi,
auiK y [17], ocKIJIbKY BUKOPUCTAHUI apaMeTp HOPAIKY
(MBUIKICTB) HE 3BOIUTHCH 0 KIMTBKOCTH aKTHBHIX BY3-
JTIB.

PopMyBaHHA JIABUH CTAHOBUTH CyOKPUTHIHII peKUM
camMoopraHizalli, dKoMy BiAmoBimae ¢asoBuii mepexim
mepiuioro poxny. jia BpaxyBaHHA i€l oOCTaBWHHU MpH-
mycTHMO, o edeKTUBHEN wac penakcariii 7, (u) 36116
uryeThest Bij sHavennd 7, (1 +m)~1, m > 0 no 7, srinHo
3 PIBHAHHAM

Ty m
— =14 — 298
T (1) + 14+ u?/u2’ (298)
ge 0 < u; < 1. Toxi xinernuna enepria (297) e criano-
BOIO

mu? u?
AE =3I <1+—2), (299)

T

a CTaHiOHapHi 3HaYeHHA HNIBUAKOCTHU MAalOTh BUTLJIALL

1/2
up' = ugo [1 F \/1 + uzu&f(Se — Sc)] , (300)

2 _ 2 _
2ugy = (Se — 1) — SeuZ, Se=14+m,
Jie BepXHiil 3HaK BIAMOBLAAE HECTIRKOMY cTaHoBl ¢, IpH
AKOMY KiHeTH4Ha eHeprig F + A F Mae MaKCUMyM, HIZK-
HIl — cTifikoMy ug. BiAmoBiaHI 3HAYEHH CTAIIOHAPHOTO
HAXUJIY JOPIBHIOIOTD

a1t ud) - (1—u2) s,

2
1—u2

Sy (301)

CriiikoMy CTaHOB1 BIANOBIIAE€ MeHIe 3HAUYEHHA S_, dKe
IJTaBHO cIalac Bl BeJIMYNHEA

SO =14 u,/m/(1 — u2)

(302)

13
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npu

Se=S0, ST=(1-wd) (%)% (303)
JIO TPaHUYIHOTO 3HadYeHHA S_ = | mpu S, — 0o. 3asiex-
HOCTI ug, 4" Ta Sy BiA S momaHo Ha puc. 14.

3riiHo 3 OMHCAHOI KapTHHOIO, POPMYBaHHA JaBUH
Mojlae ACKPaBO BHpaiKeHe TICTepesucHe ABUINE: Cepeno-
BUIIE, AKe CMoYaTKy mepebyBae y cTaHi CIOKOI, TOYH-
Hae PyX TIIBKH TMPH HAXHIL, [0 MEPEBUILYE KPUTHIHE
sHadeHHda S, = 1+ m, Tom AK HaxXWJI, IO BIATOBLIAE 3Y-
MUHI JABUHU, XapaKTEePU3YEThCA MEHIINM 3HAYCHHAM
SO (mms. (302), (303)). MakcuMasIbHO ricTepesuc mpo-
ABJIAEThCA B rpanunl 75 /7, — 0, a 31 36lablueHHaM Ta-
paMeTpa amigbaTudHOCTH § = Tg /T, HeTsd TicTepesucy
3ByxyeThbed. [lo cTocyeTbesa BUKOpUCTaHOl BUIIE YMOBH
MaJIOCTH BIIHOLIEHHS Ty /Ty = €, TO #Oro 3pocTaHHe IpH-
BOOWUTL 10 3MIHH pa3oBOTO MOpTpeTa JIHIIe Ha CcTamll
IIIBUIKOL 3MIHH BEJIMYINH, TOAl AK YHIBEpCcaabHa ILIAHKA
He 3MIHIOETBCH.

a
u,
ou: e
MOO
04 |~~~
0.0 —
1.6

Puc. 14. Banexsicts Sy Big (a) wBunkocrell u., u™, (b)
PIBHOBazKHOTO HAXmIy Se. CTPIIKM MTOKa3yOTh METJIIO TicTe-
pesucy.

14

B. ®uokryaniline ¢popMmyBanHa JJABUHUA

PosrnsHBMO BILIMB aJAWTHBHAX IIyMiB Ha CKJIAJ0BI
IMIBHAKOCTH U, v Ta Haxma S. 3 IE MeTolo BBe-
IJeMo B TpaBi YacTHHEU piBHAHL (292)—(294) croxac-
TUYHI CKJIaT0B1 15/25, 17}/25, Ié/zg (TyT iHTEHCHBHOCTI
I,, I,, Is BuMipoooTbca B OOUHHNAX (Ty/7y)(D/Ts),
a*(re/7y)(D/7s), a*(rs/7y) Blomosimmo, &(t) — 6-
KopenboBaHa croxacTudna 3minua) [31]. Tomi B mMexkax
amigbaTuaroro HabMmKeHHA piBHanHA (293), (294) npw-
BOIATH JIO YaCOBUX 3aJI€ZKHOCTE

S(t) = 5+ SE):;

U= Seud(u), =1y + Isu? d(u), (304)
S=S.d), S=+Is+ Lu? d(u),

dlu)=(1+ uz)_l.

TyT meTepMIHICTHYHI CKJIaI0Bl 3BOAATHCA 1O PIBHIHD
(295), a daorTyamniital BUMIKBAIOTH 13 BigoMOl BJyiac-
TUBOCTHU aAUTHBHOCTH JUCIEPCIi IayCCIBCHKIX BUIIAIKO-
Bux BesiuwuwH [31]. Takum gunoM, cunepreTudHuii NpuH-
AT T ATOPAIKYBAHHA TEPETBOPIOE AINTHBHI IIyMH BEP-
TUKAJIBHOI CKJIAIOBOL MBIIKOCTH ¥ Ta HAXWITY S B MyJIb-
TumTikaTuBHI. B pesyawbrari Bupasu (292), (304), (304)
alOTh PIBHAHHA JlaHKeBeHA

OF

fE__a

o= fw) + /T €00, o (309)

nme cuina [ 3amaeTbed eHeprieio I, 1o BU3HAYAETHCH
dbopmyitoro (297), a epeKTUBHA IHTEHCHBHICTD IIYMY 3a-
a€Thed PIBHAHHAM
_ 2\ 12
I(u):[u—l—(fv—l—fg u )d (u), (306)
dKe BUIJINBAE 13 3a3HAYEHOI BJIACTHBOCTH aIUTUBHOCTH
iHTencuBHOCTEHR mymiB. [lob yHUKHYTH HETOPO3YMIHHS,

cain BigsHaunTH, mo mizcranoBka (304), (304) y (292)
HPHUBOAUTH J0 CTOXACTUYHOL 106aBKU

{1;/2 + (13/2 + 1§/2u) d(u)} £(t), (307)

KBaapaT aMILIITyON AKOl BIAPISHAECTHCA BiA eeKTHB-
HOl iHTeHcHBHOCTH 1yMy (306). IloGinbure, Hesmoce-
penHe BUKOPUCTAHHA adia0aTHIHOTO HaOJIMKEHHA B PiB-
HAaHAAX (293), (294) mae daokTyaniitai nobaBku 3a-
nexkuoctelt (304) y Bunaam ¢ = (Ivl/2 + Ié/zu)d(u),
S = (Ié/2 — Ivl/zu)d(u), mo BiapisHaATbed Big (304).
OctanHda 3 nux 106aBoK ABHO Hedi3WUHA, OCKi.HI)KAIfI BHU-
KJIMKA€ MOBHY KOMITEHCAINO (DIIIOKTYyaIit Haxuwiry S npu
rOpU3OHTANBHIN cRIagoBill mBuakocTu u = +/Is/I,.
DopMAaSBHOK TPUITHOK 3a3HATEHOI CYTEPETHOCTH € He-
MOXKJIUBICTE 3aCTOCYBATH 3BUYAUHI METOAM aHAJI3Y [0
piBaganb Jlanmesena (mus. [31]).
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Pipuanua Jlamkesena (305) mae nHabip poss’as-
KIB, PO3MOILT AKHX 3aJa€ThCA BIAMOBIIHUM PIBHAHHAM
Pokkepa-Ilinanka

% _ 5% {_f(u)P(u,t) + 5% [I(U)P(u,t)]} :

(308)

VY cramionapHoMy cTaHi #iMoBipHiCTH posmominy P(u,t)
He 3aJeXKUTh Bl 9acy, 1 BEpas3, MO CTOITh V (PITYPHHUX
nyxkax npasoi dactunu (308), sBomnTheca mo Hynda. B
Pe3yabTaTl IPUXOLUMO A0 CTAIMIOHAPHOTO POSIOILITY

P(u) = Z7exp{=U(u)}, (309)

e 7 — HOopMyBaJbHa cTasda. EdekTuBHa eHepria

Ulu) = InI(u) — / jI:EZ; d,

_ 0E
=5 (310)

BIU3HAYAETHCA MOYATKOBUM 3HadeHHAM (297) Ta iHTeH-
cuBHicTIO Tymy (306). Kom6Ginyioun i BEpasu, MOKHA
sHallTH ABHUH BurIAn sajgekHocTH U(u), onHAK BOHA
HaITO BeJIMKa, mob 11 HaBoauTH TYT. PIBHAHHA, 10 BU-
3HaYa€ MOJIOKEHHA EKCTPEMYMIB INEl 3aJIEZKHOCTH Ta
posmominy P(u), Mae BUTIAL

2® — Sex? —2[gx +4(Is — 1,) = 0,

z=1+u’ (311)

TaknM 9IWHOM, BUTIAL posmominy P(u) He 3a/JeKnTh
Bl 1IHTEHCUBHOCTH HIyMY [, TOPH3OHTAJIBHOI CKJIAI0BOIL
HMIBUAKOCTH ¢ 1 BU3HAYAETHCA BEJIMIUHOIO HAXUITY S, Ta
IHTEHCHUBHOCTAMU IIyMIB I, /¢ BEpTUKaIbHOl CKJIAI0BOI
v Ta Haxmwiay S. Tomy Ge3 yTpaTu 3araJbHOCTH MOXKHA
noksactu [, = 0, 1 piBaannaa (297), (310), (306) npuso-
IATh 10 BUPa3y g ebeKTUBHOI eHeprii

1 4
Ulw) = 5 %+(2—Se—i)u2

(312)
+ (1 =) (1 — S — i) In(i + u?)]
+1s Infg§ (u) + gy (u)],
i=1,/1Is.

3rigro 3 (311), edertusna enepria (312) madysae MiHi-

MaJIBHOI'O 3Ha4Y€HHA B TO‘H_[i u = 0, AKINO HaXMJI Se He
nepeBullye KpUTUIHOTI'O 3HAYCHHA

Se =142 — 41, (313)

AKe 3pocTa€ 31 30L/IbIIEHHAM 1HTEHCHBHOCTH (PJIIOKTYa-
Ml HAXUAY Ta 3MEHIIYEThCS 31 3pOCTAaHHAM 1HTEHCHBHO-
ctu BUTIOKTYaINil BepTHKaabHOl MBHAKOCTH. [Ipn mpomy
micoK mepebyBae B CHOKOl. YMOBH CTBODEHHA JIABHHI
JIETKO 3HaliTm y mpoctomy Bumanky [, = 0, Koqam ro-
pU30HTAIbHA MBUIAKICTD € TAKOI:

2
U:t—

[Se 34+ /(B 8.2 +4(25. — 3+ 215) |,

N | —

(314)

Akuii BuuBae 3 (311) micasg Bunyvenns kopend u? = 0.
MinimaabHe 3HaYEHHA 1€l IIBAIKOCTH

2 _

Ue

[(Se —3) = /(5 1) (8 — 1)} (315)

N | —

nJocaraeTbed Ha mpamiit (313), ne I, = 0. Ipu Se < 4/3
KOPEHI U, CTAIOTh KOMILJIEKCHUME, a npu Se > 4/3 —
mificHUMET, TpUIOMy %y = —u_. Takum dmHOM, y TpH-
KPUTHYIHII TOUIT

S, = 4/3,

Is = 1/6 (316)

BIIOYBAEThCA CTBOPEHHA JaBuHu. [Ipu BUKOHAHH] yMOBH
(313) ®opiab v = 0 Bigmoimae MiHIMYyMY ebeKTHBHOI
eneprii (312) mma S, < 4/3, toni ax mpu S, > 4/3 Bin
BIAMOBIAAE MAKCHMyMY, a KOPEHl U4+ — CHMETPHIHIM
MIHIMYMaM.

SuafinemMo yMoBHU ICHYBaHHA KOpeHIB u+. llokmaBuim
JUCKpUMIHAHT piBHAHHA (311) pIBHUM HyJeBi, OMepiKY-
€MO BHDa3u

2 3
I§—15[§<1—%)—S—6]+S—€:0,

OCTaHHII 3 AKX Ja€ 3aJeKHICTD

27 S, 52
=7 (1-5) -

AE(-5) 5] e o

Bona Bimnosigae n3poHonomibuiit kpmsiit Se(lg), Axa
MepeTHHAE TOPHU30HTAJIBHY Bich ¥y Toukax Ig = 0 Ta
Is = 27/2 i nabyBae MaKCUMAJIBHOTO 3HAUYEHHA S, = 2
npu

Is = 2. (319)

15
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Ipu I, = 0 ma kpuBa TopKaeThea mpamoi (313) y roumi
(316).

PosrnsabMo Temep sarasbHU BUMAIOK, KOJH 1CHY-
0T obUIBa MYJbTUILTIKATUBHI mymu [, [¢ # 0. lpn
uboMy BesmanHE [, Se, u?, U 3aMIHIOIOTBCA epeHOP-
MoBanuMu 3Hadennamu [ = Ig/a?, S, = S./a, u? =
(1+u?)a—1,U/[,nea=1—ii=1L/Is <1V
pe3yabTaTi Mid HIYMY BEPTHUKAJJIBHOI MBUIKOCTH ¥ 3BO-
IUTHCA 0 MEPEHOPMYBaHHA €KCTPEMAJIBHOTO 3HAYEHHA
rOpU3OHTAIBLHOI CKIaI0BOI u BesuauHow (a™! — 1)1/2,
Tak 10 AIIAHKA PO3XOMKEHHA U & () cTae HEOOCAKHOIO.

I3 ypaxyBaHHAM 3a3HAYEeHHX 3aMIH YMOBa €KCTpe-
MyMy 3arajbHOl eHeprii (312) mpmBOmUTH MO PIBHAHHA
u = 0 ma (311). Moro amamis noxasye, mo yMmoBa ic-
HYBaHHA HYJBOBOTO DO3B’A3KY BH3HAYAETHCA BUPAIOM
(313), a TpUKpPUTHYHA TOUKA Ma€ KOOPIHHATH:

Se

S| = O

(1 - Iv)a

Is = = (1481,). (320)

IIpu dikcopanmx 3HaUEeHHAX 1HTEeHCHBHOCTH [, ¢dasoBa
miarpama Habupae Buraamy (puc. 15), me minmii 1, 2 Bin-
HOBIIAIOTH yTpaTi CTIHKOCTH cHcTeMH (BHUIlE Bim Tps-
Mol 1 e cTiiikuii moTOKOBMIT cTaH, HIZKYE Bl KpHBOI
2 — PIBHOBazKHMIA, a MIK HEMH PO3MIILYETHCA a IBO-
dbasua minanka). [pw I, < 1/4 curyania momibHa Bu-
nagky [, = 0 — JiaBWHA BUHUKAE TIABKH mpH PJTiO-
KTyamax Haxuwiay g, dKl MepeBUIYIOTh KPUTHYIHE 3HA-
qeHnd (auB. puc. 15a). 3i spocTanHaAM hIOKTYaIiil Bep-
TUKaabHOl mBuakoctu no I, > 1/4 curyania sminioe-
ThCA HOKOPIHHO — HaBITh HPH BIACYTHOCTI PJIOKTYa-
mih Haxway [g cTae MOXKJIUBAM CIOHTAHHE BUHUKHEHHA
smapuan (auB. puc. 15b). Brigro 3 (320), TpukpuTndHa
To4YKa MOTpaIlige€ Ha Bich [g mpu mHTeHCHBHOCTI [, = 1,
a 3 IEPEBUIIEHHAM KPUTUIHOTO 3HaUYeHHd [, = 2 cTalli-
OHApHWI CTaH piBHOBArW B3arasi sHukae (puc. 15¢).
Hagenenuit posragan mokasye, Mo JNCATATHBHA TAHA-
MiKa TMOTOKY TCKY Ha MOBEDPXHI MOAaeThca cxemomw Jlo-
peHlla, B MeKaX KOl TOPH30HTAJbHA Ta BEPTUKAJIBHA
CKJIAJIOBl NIBUAKOCTH BIAITPAIOTH POJIb TapaMerpa IMo-
PAOKY Ta COPAKEHOTO MOJsd, 4 HAXWUJ TMOBEPXHI € KEPY-
BaJIbHUM TapamMeTrpoM. [locamKkennd, TpoBeneHe B pO3-
gt LA, memoncTpye, 1o 01a GopMyBaHHs JIABHHA 3
BIICYTHOCTH NIyMYy HAXWJI Y., 1O 3a0a€ThCA SOBHINIHIMU
YMOBaMU, Ma€ MEPEBUIYBATH KPUTUIHE 3HAUCHHA

ve = (o). (321)

Y pesysbraTi HalbLIBII 3TATHUMHE IO CTBODEHHA CTa-
IIOHAPHO] JIABHHY € CHUIIKI CEPEIOBUINA 3 MAJUME 3Ha-
YEeHHAME KIHETHYHOTO KOedImeHTa Y Ta BEJUKUMH Ta-
caMW peJslakcalii 7., T, mBHAKocTH Tedii. IIpm BiacyT-
HOCTI MyMy (pOpMyBaHHSA JIABUHH CTAHOBUTH (dasoBUii
mepexij, 3yMOBJIEHII 30BHIIIHIM BIINBOM, AKUi 3abe3-
Hedye HAXWI, 1O MePEBUINye KPUTHIHe 3HadeHH# (321).

IIpu BKJITOYEHH] AIMTHBHUX NUIYMIB CTOXACTHIHUI

16

BILTMB TOPU30HTAJIBHOI MBUAKOCTH CTAE HECYTTEBUM, &
dToKTyaIl BepTHKAJBHOI MBHIKOCTH Ta HAXWIAY Ha-
OyBalOTh MYJbTHILIIKATHBHOIO XapakTepy. ma Ges-
PO3MIPHUX 1HTEHCUBHOCTEH IYMIB MeXKa IIIAHKH CTBO-
DEHHA JIABUH 3aJa€ThCA PIBHAHHAM

1

Is = —5 +21, (322)

mo umauBae 3 (311) mpu # = 1 (v = 0) Ta S, = 0.
Taxmm 9mHOM, 3a BIACYTHOCTH (DJIIOKTYAITi HAXUITY JIa-
BUHA CTBOPIOETHCH, AKIIO 1HTEHCHUBHICTD IIYMY BEPTH-
KaJbHOI IBUIKOCTH TIEPEBUIYE 3HATECHHA

D'y2

1
Tyo = - ——,
4 1,7yTs

(323)

dxe Blgmosimae Toum O na puc. 16. 3aramom dopmy-
BaHHA JaBUHU 3abe3medyeThesd (DIIOKTYAIIIME dK Bep-
THUKAJIBHOI MBUAKOCTH, TaK 1 HAXMUJIY TMOBEPXHI MICKY, 1H-
TEHCUBHOCTI AKNX 0OMexKeHO yMoBoo (322). Smimranmit
cTaH BUHUKAE TPU JOCATAHHI 3HAUEHD

D~?
Ivl — 7 3

TeTyTs

3 42
Iy = = 324
o1 271y’ (324)

0 BIAMOBLAAIOTH TPUKPHUTHUUHIE Toum T Ha puc. 16.
SARuo IHTEHCHBHICTH LIYMY BEPTUKAJABLHOI LIBUIKOCTH
TepeBUIILY€E Iie OLIbINe 3HAUCHHA

(325)

dKe BlAmoBigae PIIIOKTyaIllaM HaXmiIy lgs = 672/Txry
(rouka C' wa puc. 16), To cTifikuii cTan piBHOBAru cTae
HEMOKJTUBUM.

Baznaunmo, mo pexkum COK BusHavaeThCa pajilie He
MOTOKOBUM CTAHOM JIABUHH, a TIEPEPUBUACTHM PEKAMOM
i1 dopMmyBaHHdA, AKW BIAMOBIAAE OIIAHKAM CIIBICHY-
BaHHA dasz A Ta N (JaBUHOYTBOPEHHA Ta BIICYTHOCTH
smaBuHn) Ha puc. 15, 16. 3rigao 3 mpoBemeHNM aHaJi-
30M, 3a3HAYEHUH MEpPepUBYACTUN PEKUM pPeasTi3yeThcd
B JiIAHIN, oOMexReH] it mpamMoio (322) Ta KybidHoO mapa-
601010

9\ /2
1— (=

Iy =1s 27

Vis|,

(326)

Jie BUKOPHCTaHO GesposmipHl Besmmauun [, Ig. Biamo-
BigHa ¢dazoBa gidrpama, 1O MOKaszaHa Ha puc. 16, mae
HeTpUBiAAbHIE BurIan (ocobnmso B minanti Iy, < I, <

La).
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2 A+N

4!0

o
w
(o]
[{e]
H
N
m_

Puc. 15. ®asoBa misirpama mpu dpiKcoBaHNX 3HAYEHHAX [, :
a) I, =0;b) I, = 1; ¢) I, = 2. Kpusi 1 ta 2 BU3Ha4aIOTH
Mexy dasz crabinsrol sasurn (A) ta i Bincyrroctn (N).

0.0 0.5 1.0 1.5 2.0 25 VW

Puc. 16.
I, I, # 0 (T — tpukpurnana Touka; C' — KpUTHYHA TOYKA).

®asoBa miarpama cuctemu mnpum So = 0 Ta

C. IIpoboBa cucrema Jlopeniia

Jyiga MOHATBIIOro JOCHIIKEHHA CHCTEME, AKa CaMO-
OPraHI30BY€ETbCA, CJILH SHATH PO3MOALT 1IMOBIPHOCTH
(309), BUNAAD AKOTO BU3HAYACTHCA ePEKTHBHOIO €HED-
rieto (310). Mpwu I, Is < I, omepKyeMo BHpas

P(u)zIv_l(l—I-uz)zexp{Iv_l/f(u)(1+u2)2du},

St
14 u?’

flu) = —u+ (327)

IO CYTTEBO BIAPISHACTHCA Bl onHOpigaol dbyHKil (283)
camornomibrol cuctemu. OaoxTyamii Haxway lg > Iy, I
HPUBOAATH IO PO3IOMLILY:

14 a2\’
P(u)zIS—l( +“)

U

X exp {15—1 / Mdu} ~u? (328)

w2

TaxmM 9UHOM, 3pOCTaHHA 1HTEHCHBHOCTH (DJIFOKTYAIli
HaXWJAy 3yYMOBJIIOE BCTAHOBJIEHHA CaMOTOMIOHOTO pe-
KUMY, AKOMY BLATOBIAAae OmHOpIAHA (DYHKINA 3 ILINM
TTOKa3HUKOM 2.

Onnak y 3arajibHOMY BHNAIKY Ieil MOKa3HWK TOBH-
HeH OyTH He TIINM, a TpoOOBHM (Tak, y posmomiii (283)
MaeMo T &~ 3/2). o6 BuayuInTH Take OOMEKEHHH, 3a-
MIHEMO MapaMeTp MOPAAKY ¢ B HEJIHIAHUX CKJIaJOBUX
piBaAHB (292)—(294) cremeHeBNM MHOKHHKOM 4% 3 TO-
kasamkoM 0 < a < 1. Tomi 3 ypaxyBaHHAM CTOXACTHY-
HUX J06aBOK OCHOBHI PIBHAHHA HAOMPAIOTh BUTJIALY

= —u+v+ T £(1),
€v = —v—i—uaS—i—\/Eé’(t),
65 = (S. — S) —uv+ /Is £(1),

(329)

e BHKoOpHCTaHo OesposmipHl 3minnl. Piswanmii cenc
MPOBEIEHOI 3aMIHU MTOJATAE B TOMY, 1[0 BUMOTa CaMOMO-
JIOHOCTH TOCATAETHCA B MEXKaX MPUITYIEHHA PO APOHo-
BUII XapaKTep MO3UTUBHOTO Ta HEI'ATHBHOTO 3BOPOTHHUX
3B #3KiB. Toml yMoBa amigbarudaHocTH €, < 1 mpuso-
IUTH J10 piBHAHHA Jlamkesena (mop. 3 (305))

= folu) + /Ta(w)é(t), (330)

ne cuna fq(u) Ta iHTeHCHBHICTE MyMy [, (u) BusHawato-
Thed AK

17
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fa(u) = —u+ Seudg(u),
Io(u) = L + (L + Isu®®) d2(u),

-1

dg(u) = (1 + uza) (331)
Binnosinuuit posnonin (mop. 3 (309))
Po(u) = Z— exp {—Eu(u)}, (332)

I, (u)

ae Z — CTATUCTHYIHA CyMa, 33JacThCd e(i)eKTI/IBHI/IM 110~

TEHIAJIOM
_/fa(U/)dul.
I, (w)
0

Toukn eKCTPeMYMY IIBOTO POIIOILITY BUSHAYAIOTHCA PIB-
HAHHAM

Eq(u)

(333)

2algu?® + (1 + u2a)2 ul=? [Se — e (1 + uza)]

= 2a(ls — 21,), (334)

3TIOHO 3 AKUM yMoBa ¢ = ( BIATOBLAAE MeXK1 MIJITHKN
CTBOPEHHS JIABHH

Is = 2I,. (335)

Kpurtuuni sHavenHd mapaMeTpiB CTaHY BUIHAYAIOTHCA

YMOBOIO |§T“| = 00, IO MPUBOIUTH 10 PIBHAHHA

y2-a) (1 + u2a>2 [<2 + a—l) + (a_l . 1) u—Za]

L (1) [(34a) + (o = 1)

= 2als. (336)

Bupasu (334)-(336) ysaranpriOlOTH piBHAHHA (311),
(322), (326), wio BiAmOBIHAIOTH BUMAIKY & = 1.

AHasi3 HaBEIEHNX BUPa3iB MOKA3y€, MO PE3yJIbTaTH
posmity II.B Manao 3MIHIOIOTBCA TpH MEPEXOdl 0 3a-
ragbroro Bumanky 0 < a < 1. HaificyrreBima 3mina
CHOCTEPITAETBCA s 3aJIeKHOCTH CTAIlOHAPHOI TBUI-
KOCTH g BII HAXWIY S, — 31 3MEHIIEHHAM MOKA3HUKA
a < | 3sHaYeHHd ug CTa€ BIAMIHHUM B HYJIA Y BCHOMY
inTepBami sminu S, (muB. puc. 17). 36iablIeHHA IHTEH-
CHUBHOCTH IIYMY BEPTHKAJIBLHOI MBUIKOCTH [, BUKJIHKAE
MOHOTOHHE 3pOCTaHHA Ug, TOMl AK 31 30LAbIIEHHAM [g
cTBOpIOEThCA bap’ep mobansy Touku u = 0. [Ipu nmpomy
3aMeKHICTh Ug(S.) BTpadae MOHOTOHHWIT BUTJIAL TPH
3HaYEeHHAX [g, IO BIAMOBIAAIOTH ILAAHIN BHINE B MpdA-
Mol (335) (mms. puc. 18). fk 1 3a BigcyTHOCTH TIymy
(puc. 14), HIZKHI TLIKN KPUBUX BiANOBITAIOTH HECTIHKIM
3HAYEHHAM MapaMeTpa MOPAIKY, a BepxHi — CTIHKUM.

18

3rigso 3 puc. 19, miadHKa BIACYTHOCTH JIABUH PO3MIILY-
€ThCH MPU MPOMIKHAX 3HAYEHHAX MapaMeTplB cTaHy Se,
I,, Is. ®asoBa miarpama, 110 BH3HATAE CTAHU CHCTEMH
3aJIEZKHO BlJ IHTEHCHBHOCTENR myMiB I, Is, HabyBae BU-
DALy, TTomibHOTO Mo BUMAAKy a = 1, ogHak mpu a # 1
upama (322) tpancdopmyersea B (335) (mop. pme. 20
Ta 16). 3rizHo 3 puc. 21 3pocTaHH# IyMy BEPTHKAIBHOI
MIBUAKOCTH [, 30LABIIYE MIIAHKY CTBOPEHHS JaBHH.

0.8 —

0.4 —

0.0 — —

0.0 0.5 1.0 1.5 So

Puc. 17. 3anexHicTh cTamioHapHOl IMBUIKOCTH U Bif Ha-
xuay So mpu a = 0, 0.5, 0.7, 0.9, 1.0 3Bepxy OOHHU3Y.

Puc. 18. 3amexHicThb cTamlioHapHOl IMBUIKOCTH U Bif Ha-
xuny So: a) nupu a = 0.75, [, =1 (xpusi 1 — 4 Binnosinarors
Is=1,2, 3, 5);b)opu [, =1, Is =5 (xpusi 1 — 4 signo-
Bimarorh ¢ = 0.25, 0.5, 0.75, 1.0.
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1.2

0.8

0.4

0.0

Puc. 19. Tpusumipra daszosa miarpama (momen sincyr-
HOCTH JIABUHU PO3TALIOBY€ETHCH 1Ml IIOBEPXHELO).

D. CamononiGHui po3ronis gaBuH

Buiiie mMu mocsimmnu mporec hbOPMYBAHHA OIMHOY-
mol Jiapuau. [lepeiimiMo Temep Ho po3IAmy CaMoOMoOmio-
HOTO aHCaMOJIIO JaBUH, IO XapaKTEPUIYETHCA POIMOMII-
sioM (283). HomepKyoInch METOLY, BUKJIAIEHOTO B PO3-
gt 11.B, 6ymemMo BpaxoByBaTH HIYMH BCIX CTEINEHIB Bi-
JIBHOCTH, & TaKOX ApODOBWIT 3BOPOTHHI 3B 30K, yBe-
nmenmnit y posmim 11.C.OcHoBoro Haloro anaJisy € cuc-
Tema JlopeHna, omHAK Temep CHHEPTEeTHIHI MapaMeTpu
XapaKTepU3yIOTh HE CUITKE CEPEIOBUIIE, & aHCAMDJIb J1a-
BUH, KUl y Mexax ninxony Ensapaca [27,28], ysarasab-
HEHOTO Ha HEAIUTHBHY CUCTEMY, 300paKeHWil 3a aHa-
JIOTIEI0 3 TepMoamHaMiuHoto cucTemoto. lle mossosae
OMHUCATH 3MIHY PO3MIDY JIABUHE, HEATUTHBHOL CKJIAI-
HocTn (complexity) Ta KimeTwdaHOI eHepril CHIIKOTO ce-
pemoBuia. Y MexkKax CHHEPIETHYHOTO MIAXOAY 3a3Ha-
JeHl cTeleH] BLIBHOCTH BIOITPaloTh POJIb TapaMeTpa Mo-
PAIKY, COPAZKEHOTO TOJA Ta KEPYBAJIBHOTO TapaMeTpa
BIIIOBITHO.

Ilomepenmiit posridan MToOKa3sye, WO CHHEPTeTHIHITI
MPUHIAT M ATOPAIKYBAHHA Ta IpoboBHit XapaKkTep 3BO-
POTHOTO 3B 43Ky 3YMOBJIOE MYJIbTHILTIKATHBHUHN Xapak-
Tep mymy. Hasmi mMu mobadumo, 1o Te € MPUIHHOK Hea-
JUTUBHOCTH TEPMOIMHAMIYHOI CHCTEMHE, Tak 1110, 3a [las-
JicoM [29], HeOBXIIHO POBECTH yCepeLHEHHd 31 cTere-
HeM ¢ # 1. Tak, KiHeTWdYHA €HEPTid PYXY CEPEIOBUINA
3aJA€ThCA BUPA30OM

Cq = ZCZ p?a

(337)

ne p; — IMOBIPHICTBH PYXY ?-01 YaCTHHKH 3 €HEPIi€io
¢i. Mipoto Gesnany e ckaagHicTh (complexity) cucremm,
dKa, 3a aHajoriero 3 earporieio LHastica [29], sanaerbes
PIBHAHHAM

_Zipg_l

b
q q_l

(338)

OcrarHIM TTapaMeTpOM MOBHOTO HAbOPY CTENEHIB Blib-
HOCTH CHHEPI'ETUIHOl CHCTEMH € PO3MID JIABUHH §.

[nyuu 3a HEOMHOPA30BO BHKOPHCTAHOIO cxemot Jlo-
peHIa, 306pa3suMO CaMOY3TO/IKEHY TMOBEIIHKY CHCTEMHU
HabOpOM piBHAHB (mOp. 3 (329)):

T§ = —s5+ asXq + \/Eé’(t),

' 2
Yy = =Yg+ axs™2¢, + Iz £(1), (339)
: 2
Qe = (C° =) — aCST/ Yg+ V1 £(1).
Tyt 75, 72, 7¢ — Yacm pesaxcalii BIATIOBITHWX BeJIH-
YHMH, dg, 0%, G¢ — LO3UTHBHI IapaMeTpPH 3BOPOTHOLO
3B’A3KY, Is, Iz, I — BiANOBINHI IHTEHCHBHOCTI MIyMy,
T — TO3UTHBHUN MOKa3HUK, (¢ — KIHETHYHA eHeprid,

AKa 3aa€ThCA 30BHIIIHIM BIJIMBOM. XapaKTepHa 0cob-
JIMBICTH TMEPHIOTO 3 MHX PIBHAHBL TOJIATAE B TOMY, IO
BOHO TPHUBOIHTL M0 JIHIAHOTO 3B’A3KY MIZK PO3MIPpOM
JIABWHU § Ta CKJIAJHICTIO X, TPW BIICYTHOCTI mymy. 3
iHmoro 60Ky, ABa ocTaHHl piBHAHHA (339) MicTATEH HeJTi-
HiffHl 3B’A3KN MK TepMOAMHAMITHIMHA BEJIMINHAME (g,
Y4 Ta po3MIpoM JIaBHHM S. 3 BigJajeHHAM BiI cTaTlio-
HapHOTO CTaHy HETATUBHUI 3BOPOTHWI 3B A30K PO3MIPY
JIABUHEU Ta CKJIAJHOCTH 3 €HEPri€l0 MPUBOAUTH, BIIMO-
Biguo mo mpuniuny Jle-Illarenbe, mo 3menIeHHa eHep-
rii. 3 iHnIoro 6oKy, MOSUTUBHUI 3BOPOTHUI 3B’ A30K pO3-
MIpy JIABHHH Ta €Hepril 31 CKJIAIHICTIO 3YMOBJIIOE 3POC-
TaHHA OCTAHHBOI, IO, CBOEIO 4€PTOI0, € TPUIUHOIO CAMO-
opramizaiii aHcaM6I10 JIABIH.

TMepexonaun mo anagisy cuctemu (339), spydHO
BBeCTH 6€3pO3MIpHI BEJTHTIHHNI, BITHOCATHN dac { IO Mac-
mraby T, a 3MIHHI 8, X4, (g, [s, I, I; — mo 3HaYenHb

s = (agac)™ 7, N = aytaxac)”7,

_1
C(}s’c Ea—l _(%‘l'%) _(%_%)
I = (agag)_%, L = a; *(asac)” 7,

5

Igc = as—Zag(%‘l'l)aZ(%_l) (340)

BigmosigHo. Y pesymbrari cucrema (339) nabyBae BH-
TSy

é:—s—l—Eq—i—\/Eg(t),

7ng =X+ ST/ZCq + \/E £(1), (341)
00y = (¢° = Cg) = 7/ + /I £(1),
Jie BBEIEHO BLIHONIEHHA YaciB peslaKcailill
V=1/1, 0=7c/Ts. (342)

Pipuanua (341) mators Buryian (329) mpu saMiHi Besn-
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9uH §, Xq, G, 7/2, 9, 8 Ha u, v, 5, a, €, § BianmOBiTHO.

Ak Bimomo [17], cucremu, IO TPOABIAAIOTL PEKUM
COK, momiagioTh Ha ABa KJAACH: JeTEPMIHICTHYHI, K1
MIABJIAIHI BILITBY 30BHINIHBOTO CEPENOBHINA ([0 HBOTO
HaJIeZKaTh MOIE T PYXY MiEKda3HOl MeXK] Y BUIaIKOBOMY
CepeNoBHI, Mofenb eBomonii Beka-Crenmnena Ta iH.);
CUCTEMU 31 CTOXACTHIHO TWHAMIKOIO (3eMJIeTpycH, Jii-
coBl moxkexki Ta iH.) Bukopucramnsa pisHanb (341) mo-
3BOJIAE TPUPOMHUM ILIAXOM 300pasuTh oOHIBa 3a3Ha-
genl kJacu. Ilepmmit 3 HEX peai3yeTbCcd HpH BIACYT-
HocTl urokTyatiit (I, Iy, I = 0) sa yMmoBH, mo Hac
pestakcariii KepyBaJIbHOTO TTapaMmeTpa (eHeprii) mepeBn-
IIye BiAMOBIAHI 9ach IHIIMX CTENEHIB BIIBHOCTH (CKJIa-
HOCTH Ta POSMIPY JIaBHHH): T¢ > Ty, Ts; OKPIM TOTO,
mapaMeTp 30BHINIHBOTO BILTUBY (° TMOBWHEH MEPEBUIILY-
BaTh Kputwdhe sHadeHuda . = 1. Tomi cucrema (341)
moJae IUBHUIE aTpakTop, 1o BiAmosigae pexnmonl COK
epiIoro Kaacy. BraoodeHHa dIoOKTyaliii 3 1HTEHCHB-
wocramu I, I, I # 0 3abesnedye cToxacTHYHy IIOBe-
MIHKY, gKa HaBITH 3a BIJICYTHOCTH 30BHINIHLOTO BILINBY
(¢¢ = 0) mMoxke BUKIWKATH caMoopraHisario. Takum qn-
HOM, Teii Bumamok Bigmosimae pexkumonl COK mpyroro
KJIacy.

YpaxoBytoun, 1mo npobgaemMy OUBHOTO aTpakTopa Jlo-
petiia gobpe mocaimKeno [32], obMeRUMOCH PO3IIIALOM
CTOXACTUYHOl CUCTEMH, [IJId AKOl CIIPABEIJINBUMUI € a[Ti-
abatuanl ymoeu ¥, 60 < 1. Toml aBa ocTaHHI PIBHAHHA
(341) mpuBomaAThH 10 3anexHoCTelR (HOp. 3 (304))

Set) =Ty + 50 £(),  C(t) =Cg+ G E(1), (343)

Je OeTepMIHICTUYHI Ta (PAOKTYaIliHl cKIagoBl BU3HA-
qafoThCA piBHAHHAMI THIy (304):

iqz Vs + Ies™ d(s);
(o=Cdo(s), (=Tt + Ins™ dr(s),

d-(s)=(1+ 57)_1.

Y, = CesT/sz(s),

(344)

SaBagKM 1l CHHEPIeTHIHOTO MPHHIIANY IMATOPAIKY-
BaHH#A, (JIOKTyaIlll CKJIAIHOCTH Ta eHepril, dAKl CIo-
YaTKy HaIlJIeH] aJUTHBHUM XapaKTePOM, CTAIOTh MYJb-
TUILTIKATABHAME. BUKOPHCTOBYIOUH IeTEpMIHICTHYHI
CKJIAJOBl CKJIQIHOCTH Ta €eHepril, JIErKko OaduTH, MO
edexTuBHA Temueparypa Ensapaca T = 3@/321 Ha-
OyBae HEraTHBHUX 3HAYEHD.

Ilomannit pexxmM caMoopraHisalill BLATOBIdae 3BUIaii-
HOMY (ba30BOMY HEPEXOIY CHCTEMH, MABIAIHIA 30BHIII-
aboMy BILIUBY (¢ > (.. g nomamnna pexumy COK mig-
ctaBmo Bupasn (343), (344) y nepuwre pisuanng (341), mo
OpUBOANTH 10 piBHAHHA Jlamkesena Tuny (305). Tomi,
3a MOBHOIO aHAJIOTIEO 3 posrianoM y posaiai I1.C, mpu-
XOIMMO IO CTOXACTUIHOTO PIBHAHHSI (330), ne edex-
TUBHA CHJIA Ta IHTEHCUBHICTD MIYMY 3aal0ThCd DIBHAH-
Hamu (331) 3 ToUHICTIO 1O 3aMiHHU, OMICAHOI MCIA CITiB-
BimHOWeHE (342), T06TO BeHINHE S, L4, (g, T/2 cuin
3aMIHUTH Ha U, v, S, a BIAMOBIAHO. AK pesyabTar, BiI-
moBigHO A0 pozmury 11.C, BIANB BHIAIKOBOTO PO3KMUIY
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PO3MIPIB JIABHHM HE € CYTTEBHM, TOMAl AK IMyM e€Hepril
Ta CKJIAIHOCTH CIpUInHAe KpuTnannii edpext. Hapemeny
KapTuHy 3006paxeno Ha puc. 20 y IJIONIWHI, dKa CTBO-
peHa BIONOBIIHUMM IHTeHCHBHOCTAME TIyMmy [¢, Iy aH-
cambi0 JTaBuH. 3Mimany mageky A+N, gka mos’a3ye-
THCA 3 MEPEPBHUM PERUMOM, 0OMeKeHO mpamMoio (335)
Ta J3BOHOMOMIOHOIO KPUBOIO, 1O ONUCYETHCA PIBHAHHAM
tumy (326). 3riaHo 3 puc. 21, 1e HOKasHNK ¢ Mae Oy TH 3a-
MiHeHMIl Ha 7/2, 3pocTaHHs BUOAZKOBOTO PO3KUIY 3Ha-
JeHb ckaamHocTH posmupioe magaky COK ysmorxk oci
MOKA3HUKA T.

| 5|
s i
50 — 34
™~ 2
\\ 14
40 \\ 0 T T T
00 05 1.0 15
30 «»1 02 \\
20 - ) A+N
. //
10
N .3 . / A
- — 4‘
0 \ + \ \ \ \
o 1 2 3 4 5 &6l
Puc. 20. ®asoBa miarpama gma cucremm 3 So = 0 Ta

I, I, # 0 mpu a = 0.5, 0.75, 1.0 (uyHKTHpHI, CyIIbHI Ta
mrpuxosl JiiHil BiAnoBinHO). 3HAYKM BiNNOBINAIOTH KPUBUM
1-4 ma puc. 22.

30

20

10

0 I I I I
00 02 04 06 08 QA

Puc. 21. ®azoBa misirpama y maommHl [s — a mpnm
I, = 2,3,4,5,6 3uusy noesepxy (OUIAHKY BicyTHOCTH Jia-
BUHU DO3TAlIOBAHO BCEPENVHI KPUBUX ).

PosryisgabMo Temep posmomisl po3MIpiB JIABHHH, 1O BHU-
mnBae 3 piBH#AHb (331)—(333):
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e arome
P(s)_mexp /I(s’)ds :

f(s) = —s+5s7/2d, (s), (345)

I(s) =1, + (Is + Ics7) d2(s), dr(s)=(14s)"".

Y pexumi COK xapakTepHa eHepris HabyBae HYJIHOBOTO
snavenns (¢ = 0,1 posnoni (345) noBoauTheA, 4K MOKa-
3aHO Ha puc. 22 /14 PISHAX 1HTEHCHBHOCTEI ITyMy eHep-
ril Ta cKJAaZHOCTH. BumHo, 1Mo cTemeHeBa 3aeKHICTD,
gaxa BiaactuBa pexnmy COK, criocTepiraeThcd B MeKax
s € 1 ra I, Ir <« I. Tyt posmozin (345) sBomuTbca
10 KQHOHITHOTO BHTJISILY (283), He ApyTuilt MHOXKHUK €
TaAKUM:

s
d7%(s _ d72(s’
P(s) = TZ( )exp —I 1/(5’)5—1)d8/ ,

dr(s)=(1+57)"". (346)

Jlerxko 6adnTH, U0 BIAXUAECHHA IHOTO MHOXKHHUKA BIJ, CTa-
JIOL OIIHIOETbCA YIeHOM ~ s27 7 akuii 361blIyeThea 31
SMEHIIEHHAM T Ta 3POCTAHHAM PO3MIPY JIABHHH 110 Tpa-
HUYHUX 3Ha9eHb § ~ 1, ToO6TO 3 BIOXWJIEHHAM BlO Ii-
nauakn COK. lle migTBepmkyerbea puc. 23, me BLIXH-
JIEHHA 0T HAXWIy sanekHocTH P(s), 10 BU3HAYAETHCA
(345) B yiHifHIK DlTIAHT, B 3aJaHOTO 3HAYEHHA T MO-
JMAHO 3aJeKHO Bl caMoTo mapaMeTpa 7. BimmosigHo g0
HaBeIEeHOl OIIHKMK, BiAXHJIeHHs 07 HabyBae MaKCHMaJlb-
HOTO 3HadeHHA 07 < 10717 HpH HEBEJUKNX 3HAYEHHAX
7 < 1 abo IpH BeJUKHX IHTeHCHBHOCTAX WyMy I ~ 103,

P
10t
10° =
. 1
102 =
10 = 2
. 4
10t 5
2 T F
10 I \HHH‘ I \HHH‘ I \HHH‘ [T TTTI
0.0 10 102 10t S

Puc. 22. ®Oynkuiz posuominy (345) upu 7 = 1.5 ta pexu-
Max, yKasaHUX Toukamu Ha puc. 20: 1) I, = 0, Is = 50
(COK); 2) I, = 0.5, Is =30 (A+N);3) I, =1, Is =5 (N);
4) I, =2, Is =05 (A).

ot

0.08
0.06
0.04

0.02

[ [ [ [
04 08 12 16 U

Puc. 23.
3 puc. 22 Bim IapaMeTpa T 3aJIEXXHO Bl IIOKasHHKa T

Binxmnennss d7 onHifiHOoro Haxmay Kpumsol 1

(Is = 10,50, 10° 3Bepxy mommsy).

E. HeanuTuBHBIA aHCcaMOJIb JIABUH

BinminrHoto ocobupicTio Bupasy (346) e Ta obcraBuna,
mo B Mexkax s < 1, [y, Iy <« I, 9Kl BiATOBiNAaOTH
pexumonrl COK, BoHO BUpamKaeThcd Uepe3 CTaHAAPTHY
ramva—bynkmio T'(z) ta apobosuit inrerpan 277 mo-
panky 2 — r (nuB. momaTtok B B [1]):

P = e (- LE=D o}

3 immoro 6Goky, simomo [30], w0 BUpasu TAKOrO
TUIY ONEPKYIOTH K PO3B’A3KH IpoOOBOTO PIBHAHHA
Pokkepa-Ilinanka

DPP(s,t) = DI {sP(s,1)

4t par [d? P(s,t)]} ,

I(a/2) —° (348)

ne npoboa noxinHa DY 3amaeThcd BUPA3OM (B.4). Axmo
HOMHOKWTH piBHAHHA (348) Ha s¥ Ta ycepemnHnTH 3a S,
BLANOBIIIHO IO BU3HAYCHDb

|s| = (s7)=, <5w>5/5w7?(5,t)d5, w >0, (349)
OIEPIKYEMO
«
s ~t, z=—, 350
|5 3 (350)
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Je z — IWHAMIYHANE mokasHuk. lle cmiBBigHONUIEHHA
BIAMOBIZAE TPaHUIll BEJIMKOrO dYacy, He CYTTEBUM €
suiiie gudpysiitauit BHecok. CyMicHUR pO3B 430K PIBHAHD
(347), (350) Ta (B.3) mae cuiBBigHOIIEHHA 2— T = /2 =
z3/2, 3 AKUX BUILIUBAE

(351)

IlopiBHIOIOUN Ie#t BHpa3 3 BIAOMHUM CIIBBIIHONIEHHIM
(284), omepkyemo

4
z=—. 352
pe=1 (352)
Cepennbonosibopl Beqmauau § = 1 ta D = 4 npuso-
I4Th 0 AWHAMIYHOTO MOKasHWKa z = 1, dKuii, Biamo-

BigHo 10 (350), HaMEKNTH mo GaJicTHIHOI MOBEMIHKH,
o mporuiexna mo pexnmy COK. 3 immoro 60Ky, npo-
Gose pisnanua Pokkepa-Tlnanka (348) Bignosigae 3Bu-

qajimoMy audy3iiHOMY pEeKHMOBL 3 z = 2 JIMIIE TOl,
koo 3 = 1/2.
Odepnana MpUYWHA TaKol HEBIAMOBIAHOCTH — B He-

Y3TOIZKEHOMY BHUKODHCTaHHI 3BHYAfHNX piBHAHBL (284)
g cuctemu Jlopenna (341). Y niff cuctemi croxacTuyHi
CTeTleHl BIIBHOCTH S, Y, Ta (; UNCAOM N = 3 CJIyKaTh
AK PI3HI TpocTOpoBl HampaMku. OMHAK CTOXACTHIHUI
MPOTIEC PEATI3YEThCA /1A KOKHOI 3 IAX 3MIHHUX ¥ TLJIO-
IIAHI, O 3aJAa€ThCA CaAMOIO 3MIHHOIO Ta 11 CIPIKEHIM
momenToM. [lobinbire, My IbBTHILUIIKATHBHII XapakTep
NIyMy, AKWI BH3HAYAETBCA MOKA3HWKOM ¢ Yy BHUpa3ax
(331), upuBoauTh dbpakTaIbHY BUMIPHICTE KOKHOI MJI0-
uwHE 10 sHadenHa 2(1 — a) [5]. Takum amnom, dbpak-
TaJIbHA BEMIPHICTH (pa30BOT0 MPOCTOPY, V AKOMY BIIOY-
BAEThCH €BOJIOINIA CTOXaCTUIHOI CUCTEMHU, JOPIBHIOE!

D =2n(1 — a), (353)

ae n = 3 aad BUKopucTaHol cuctemnu Jlopenma. Ilig-
CTaHOBKa ITi€l BUMIpHOCTH y Bupas (352) npuBoanTh 10
3B’4a3Ky Bz = 2, AKuii, Ha BIAMIHY Bl OJ€pKAaHOTO BHIIE
CHIBBIOHOINEHHA (32 = 1, cupaBenauBmii y HaiimpocTi-
nioMmy Bumagky [ = 1, z = 2, mo Mae BIAHOIIEHHA IO
OJIHOTO CTOXaCTWIHOTO CTeleHdA BiibHOCTH (R = 1) 3
aanTHBHBEIM 1yMoM (¢ = 0). YV 3araabHOMY BHIAIKY
piBagnHa (351)—(353) maroTh

TZQP— (354)

Biamosigmi 3a/1exKHOCT1 306 pakeHo Ha puc. 24a,b, 3 axkux
BHUIHO, IO MOKA3HUK T MOHOTOHHO 301ABITYETHCA Bl Mi-
HIMAJILHOTO 3HaueHHsd 7 = 1 IpM KPUTUYHOMY YHUCJIL
(1- a)_1 10 MaKCHMAJIBHOTO T = 2 y TPaHUIl n — o0;
[P THOMY 361IBIIEHHS ¢ 3MINY€E 3aJeKHICTD T(n) B Ii-
JIAHKY BEJIMKUX 77, TOOTO 3MEHIIYE [MOKA3HUK T.

Jlerko GaunTu, wo cripigHomennsa (354) BimTBOpIOE
B1IOMI pe3yJIbTaTH PISHUX MIAXOMIB 111 BU3HAUEHHA BU-
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mipHoctn D (amB. [33]). Teopia cepenmboro mosa mae
T = 3/2 i (354) Bupaxkae UHCJIO CAMOY3TONKEHUX CTO-
XaCTUIHUX DPIBHAHB, Heobximumx muia onmcy COK| 3a-
JIEZKHO Bl MOKA3HUKA MYJIbTHILIIKATHBHOTO MIyMY:

(355)

1.4 +
1.2 +

1.0 i i i i i
16 19N

[EE
AN
~
[EEY
o
[EEN
w

1.4

1.2 +

1.0 I I I I
00 02 04 06 08 4

6 MF

4 NE

2 I I I I
00 02 04 06 08 QA

Puc. 24. BasexsicTb NOKa3HUKaA T: a) Bl KiIBKOCTH piB-
_ gl 12 . .

maAnb 1 (@ = 0, 3, 3, # 3BepXy OoHmsy); b) Bim moxasmmka a

(n=2,3,4,6,8,10 3Bepxy mouusy); c) dasosa migrpama 1y

CEPeTHBOTO MOJTA Ta JIJIAHKA Hea ATHBHOCTH.
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3rigHo 3 puc. 24c, posrIAn y MexRax Teopil caMoysro-
JIZKEHOTO CEpeIHBOTO MOJd MOKJIUBH, AKIIO KIJIBKICTD
HeOOX1THNX PIBHAHD OlIbIIa Bl MIHIMAJILHOTO N, = 2.
Taxl mpukIagm mafoTh MMIIXOAW, BHKOPUCTAHI B IIpa-
nax [12-14,17,25], ne uryM HpUOyCKaeTbCd aJUTUBHUM
(a = 0). HagBHicTH MyJBTHILTIKATHBHOTO HIYMY CIPH-
YUHSE 3POCTAHHA @, 1 HeCyNepednBa Mofada KapTHHA
COK moTpebye 301/IbIIEHHA KIIBKOCTH CAMOY3TOJIKE-
HUX PIBHAHB: HAIPUKJIAL, ¥ MeKax MoJIboBol cxemu [18],
WO HAJERKATH [0 HalpaBjeHol mepkosdanii (¢ = 1/2),
HabJIMKEHHs CEePeIHbOro TOJIA 3aCTOCOBYETHCS 10 BHU-
MipHOCTel, OIIBIINX 3a KpUTHUHE 3HadeHHA d. = 4; B
nifi mpani ta B [34,35] Bukopucrano cucremy Jlopenia
(n = 3), aka morpebye BKJIIOUEHHA MYJBTHILTIKATHB-
HOTO HIYMY 3 MOKa3sHWKOM a = 1/3 (omB. HIzKUe).

PoarnigabMo Temep 3B’d430K HaBelIeHUX MOKA3HUKIB 3
mapaMeTpoM HEaIuTHBHOCTH ¢, AKWH 3a/Ja€ eHepriio Ta
crTaTHICTE (337), (338) BimnosiaHo mo BusHavenna [Tan-
gica [29]. EBoJtollid HeaJU TUBHOI CUCTEMH OMUCYEThCH
HediHITHIM piBHAHEAM Porkepa—Ilianka

DY P(s,t) = D2, P(s, 1), (356)

e Df — 1poboBa TOXiAHA, OOWHUII BUMIPY BHOpaHO
TaK, 1mob 6yB BIACYTHIM edeKTUBHINE KoediIleHT audy-
3ii, nokasuuku S > 0, ¢ > 0 [36], [3]. [Ipunyckarouu
HOPMYBaHH (pYHKIII PO3MOALIY, AKa Mae CaMOIOIIOHMI
BuraAn (mop. 3 (283))

P(s,t) = s 'P(x); Se = S¢(t), (357)

T =s/se,
OIIEPIKYEMO
ST~ tP,

Pt~ g (358)

3 iHmI0ro 60Ky, MOKHA BUKOPHCTATH IpoOOBE DIBHAHHA
®okrepa-TLianka (348):

DY P(s,t) = D2, P(s,1). (359)

IligcTapagoun ciogm po3B’dA30K (357), 3HAXOJIUMO 3a-
JIEZKHOCTI

s¥ et Pl v g, (360)
HopiBHAHHA AKUX 3 (358) mae
g=a—1. (361)

VY BumaaKy caMONOAIGHUX CHCTEM Cepe/iHd BeJIUInHa |s|
B (349) sBomuThCA 1o MacmITaby S¢, i 3amexkuocTi (350),

(358) Ta (360) maroTh
qg=z208-1. (362)

Cywmicunii posrnazn nboro piBHaHHA 3 (352), (353) mae

BHUpa3 OJid mapaMeTpa HEaAJUTUBHOCTH!

2

1=t (363)

MakcuMaJsibHa BesinduHa ¢ = 2/n — | HAJIEXKUTH 10 CUC-
TEM 3 aANTHBHEM urymMoM (a = 0), o BiAmoBimae Kap-
TUHI CEPETHBOTO MO 3 TUCTIOM TOJIOBHUX PIBHAHD 12 < 2
(n = 1). HagBHICTH MyJIBTHIIIKATHBHOTO IIYMY 31 3poc-
TAYUM MOKA3HUKOM a > ( 30LIbIIye ¢, 1 cCIcTeMa CTae
HeamuTuBHOW (¢ > 1) B rpamumi ¢ < 1/(1 — a) cdepn
3aCTOCYBaHHA Teopll CepegHbOro MoJsd. BiamorigHo m0
OmiHKN HApoboBa cucrema JlopeHIla HeagWTHBHA, AKIIO
HOKasHUK a > 2/3.

fAx sasmadasioca B dacturl I, mpomec cymepandysil
OB’ sA3aHmii 3 mosiboTamu JIeBl, aKl 3OIHCHIOIOTHCA B
MUCKPETHI MOMEHTH 9acy 3 MOBLABHUME 3MIMIEHHAMHE,
BKJTIOYAI0UN Ge3MerkHO BenKi [37]. 3rimHo 3 piBHAHHAM
®okrepa-Tlnanka (348), Takuii nporec xapakTepusye-
Thed ToKasHumKaMu § = 1 1 a < 2, mepummit 3 gaKux €
KOHCTaHTOIO, TOMl AK IPYTHil pO3KpuBae IpobOBY 4aCOBY
MOCJTLAOBHICTD MOJIBOTIB JIeBl Ta TpUBOANTE A0 THHAMIYU-
HOTO TIOKasHuKa z = «/f < 2 (auB. ocTaHHE 3 DIBHAHD
(350)). ImoBipHicHWI posmomisi 3MilleHHA X, MO 3aJIe-
JKUTh Bl MIKPOCKOIIYHUX YMOB, BU3HAYAETHCH ACHMII-
TOTHKOIO

p(x) ~ x—(D+v)’

(364)
o 3aJa€Thcd PppakTaIbHOI BHMIPHICTIO [) Ta MIKpO-
CKOTYHIM TOKa3HUKOM <. OUeBUIHO, 10 IJId PLAKICHHX
momifi, Koo ¥ < 2, IUHAMIYHUN MOKA3HUK Z 3BOAUTHCA
10 MiKpocKomigHoro (z = v < 2), Tomi AK mpwu y > 2
Maemo z = 2 [38].

Y pexumi cybmmdys3il MOBEMIHKA CHCTEME BH3HAYTAE-
ThCA BUMaIKoBuME OGuiykauHaMu (random walk) sa mme-
KPETHUMH TacTKaMH’, 1 MoKas3HuK [ < 1 ommcye mpobosi
BaacTuBocTI dacy. Ilpu mbomy 3BudaiiHa cTaTHCTHKA
Bonbmvana—1'i66ca crae HeammTupHOW© [29], i cy6mmdy-
sifinuit nporec nogaerbes posnomgiiom Hammica [39)

p(x) o< [14 B8(q — 1)z?] 7T , [ =const >0, (365)

ne Biaxuiennda (¢ — 1) mapamerpa HeaTUTHBHOCTH 3Y-
MOBJIEHO (DPaKTAJTBHOIO TPUPOIOI0 (Pas0BOro MPOCTOPY
CHCTEMHU, OB’ A3aHOI 3 MOKA3HUKOM Y TaK:

2
=14 5—

. 366
D+y ( )

PopmasibHa HepeBara posnodiiy (365) mosdarae B ToMmy,
0 BIAMOBIIHE CEPETHE

(x*), = /xzpq(x)dDaj, (367)

Je mimiHTerpaJibHa (DYHKINA SMIHIOETBCA 338 3aKOHOM
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=1+ 36iraeTnca IpH DOBLIBHEX MOKA3HAKAX v > 0.
Y pesyabTaTi PIBHAHHA PYXy HabWpae BUTJIALY

<X2><1 ~ tﬁ’

mpu 7y, q < 2,

_Ja—-1
ﬁ_{l—(q—l)% mpn 7y > 2, ¢ > 1. (368)

Ha sinminy Biz (360), ne nokasankn o < 2, f = 1 Bigmo-
BlOaioTh cymepanudys3ii, TyT Maemo a = 2, 3 < 1, 1 BigO-
TOBLAHO Ho cybamdys3ifiHnx BJIACTUBOCTER OCTAHHE PiB-
Hauad (350) mae nuHaMiYHUMIE TOKAsHUK 2 > 2.

Y saranbHOMY BHUTAIKY « # 2, [ # 1, miacTanoBKa
(368) y cmiBBignomenHua (362) mae pesyabTar

— g+l 1 <
= 1;1%@—1) by <4¢=4p, (369)
=y mpu  g¢p < ¢ <2,

A€ BBECICHO T'PaHWYHE 3HAYCHHA IMapaMeTpa HECaAUTHUB-
HOCTH

g =— (370)

[Mlo6 yHUKHYTH HEZOPO3YMiHBb, 3BEpHEMO yBary Ha Te,
o, Ha BigMiHy Bim piBHaAHB (284), (351), (352), axi Mo-
KYTh HAJEXKATH K 0 PEAbHOTO (hazoBOro mpocTopy,
Tak 1 g0 Koudirypamniitnoro [40], omepxkaHni Bulle CIiB-
BigHomenuA (368)—(370) HaexRaTh JIHIIE N0 PEATHHOTO
dazoBoro mpocTopy. 3a aHAJIOTIEI 3 PEHOPMTPYTIO, Tie
BiIoOpamaeThes B TOMY, 10 edbekTnBHE 3HadeHHA (353)
OHA€ BJIACTHUBOCT] KOHMITYpalliiHoro mpocTopy, a He
peasibHEI mmdysiiiamit mpotec.

Hapemiti BiamoBiMo Ha HHUTAHHA: TOMY BHKOPHCTO-
ByeThca cucteMma Jlopenna, a He wMomesb Prhocaepa
abo 6ynb-axa 1nma’ Ilokaxkemo, mo piBHaHHA JloO-
peHTia BIAMOBIAAIOTEH HAWIIPOCTINIH MIKPOCKOMITHIHE MO-
nedi aBopiBHeBoi 6ozonHo-pepMiontol cuctemu [41]. By-
JIeMO OTHMCYBAaTH DO30HU OMEPATOPAME MOPOIKEHHA Ta
SHUUICHHSA bl‘", by, MO BIATOBIOAIOTH 3BHYARHOMY KO-

MyTamiiiHoMy cmiBBimHOmeHHO [b, bT] = &1, me [;m
— r'paTKoBl gmcia. BopiBHeBa (bepMIoHHA MIACHCTEMA
OTmMCyeThedA OmepaTopaMu a;f , ajy, o = 1, 2, axi mia-

HOPAOKOBYIOTHCA aHTHKOMY TAIliiHUM CIIBBLIHOIIEHHAM
{agq, a:'w} = Jim0ap. Hncsia samoBHEHHA bli' by BU3HAYA-
0T po3moAlI 6030HIB ¥ k-306pazkenHl, 1o BIATOBLIAE
neperBopenHo Pyp’e 3a I'PATKOBUMH IOJOKEHHAME [.
IIigcucTema dpepMiOHIB MOTAECTHC TUCTAME 3ATOBHEHH ST
Nie = al"(;ala Ta omeparopoM d; = Cll-lialz, 1o BH3HA-
Jae TOJAPW3AIiio IOA0 HacHIeHHda piBHIB o = 1, 2.
Ilopeminka cucTeMn BU3HAYAETHCA TaMiIbToHIAHOM Jl1Ke

(h=1)

H= Z {(E1nk1 + Eonies) + wichy b
k

+ %w(bfgdk - dfgbk)} : (371)
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ne Fq o — piBHI eHeprii, wy BHU3HaYae 3aKOH IHUCHepCii
0030HIB, YABHA OAMHIIA Tepell TapaMeTpoM B3aeMOIll w
Blmobpazkae BJAACTHBICTH €PMITOBOCTH.

Pisuauuga pyxy lalizenbepra MaroTh BUTJIAL

b = —iwichi + %dk; (372)
de = —iAdy + %bk(nkz — nk1),

A=Ey— By (373)
i = %(bfgdk + diby),

Pz = — %(bfgdk +dfby). (374)

Y pesonaHCl mepin CKJIaJ0Bl y MpPaBUX YaCTHHAX PIB-
HAHb (372), (373), aKi MicTaTh 9acToTn wi Ta A, Mo-
KYTh Oy TH BUJTYyUeH] BBEAEHHAM MHOKHUKIB eXp(—iwkt),
exp(—iAt) mna sanexuoctell by(t), di(t) Bignosigo.
SaBagKM AUCHTAIl TaKl YacTOTH HabyBaiOTh JOIATKO-
BUX YABHUX CKJIQJOBUX —1/7,, —1/7y, 4Kl XapaKTepHsy-
IOTBCA dacaMi pesakcarii 7,, 7y (TyT yMoBH S wi < 0,
S A < 0 BimobpaxkaroTh MPUHIUI TPHIHHHOCTH). Y pe-
syabTari piHganHA (372), (373) OTPUMYIOTH INCHTIATHBHI
qnenn —by /7y, —di/7,. [lna BUsHadUeHHHA BIONMOBIIHOTO
BHECKY B PIBHAHHSA /1A PO3NOILTY (PepMIOHIB CJALI ypa-
XYBATH, MIO CTAIlOHAPHI BEJUIMHW YHUCEJT 3allOBHEHHHA
piBHIB BimpisHAOTbCA Bim Hyna (ny, # 0), saBoakm
YoMy peslakcalifini ckiaamosi B piBHaAHHI (374) craoTh
CKAAIHIIMME —(Nko — Ny, )/Ts, lé Ts — 9ac pesakca-
i1 pepMIOHHOTO PO3MOALAY 3a piBHAMIT o = 1, 2.
YBememo, HApPENITl, MAKPOCKOIIYHI BEAUIUHI

b= () = (), g = (di) = (dyf),

Yo = (Niea — N1 (375)

y{{ = <nk2 - nk1>,

Je KyTOBl HyXKKH 3aJaloTh ycepenHeHHA. Tomi, HEXTY-
1091 KOPEJIANIAME B PO3MOALII 9aCTHHOK 32 KBAHTOBAMHI
cranami, piBHAHH« [aiisenbepra (372)—(374), nonosrewi
JUCHIATHBHUME CKJIQJOBUMHE, IIPUBOAATH IO CHCTEMH
Jlopenna (288), (290), (291). TIpu mpomMy cJiig BUKOPUC-
TaTH OJTHOMOJIOBE HaOIMKEHHHA, AKE JTO3BOJIAE OIyCTHTH
3aJIEKHICTD Bl XBHJILOBOrO BeKTopa K Ta BBECTH KOHC-
TaHTH T, = 2/w, a = 1, D = (2w)~L.

BUCHOBKMU

Tpusannii 9ac BBazKaJ0CHd, IO TaKl CKJIAIHI SBHINA,
4k 3emserpycu [16], pyX TpaHCHOPTHHUX IIOTOKIB Ta
cunkux cepemopull, [42—44], eBosionid cycniibcTBa Ta
BUHUKHeHHA Bifin [45], exomomiuni mpomecn [46-48],
IpaKTUYIHO He MIIAaioThCs KIIbKICHOMY ommncy. Kapan-
HaJIbHO 3MIHWJIACh CHTYAIlld OCTAHHIMH POKaMM, KOJIN



TEOPI{T CAMOIIOAIBHUX CTOXACTUYHNUX CUCTEM. HACTUHA I

3aKOHHM CTATHCTHIHOL (PI3UKM OyJIM 3acCTOCOBaHI IO TO-
SICHEHHA MOBEIIHKY [UX CKJIAIHIX cucTeM (complex sys-
tems) [49,50]. OcHoBHA 0COBMMBICTH TAKUX CHCTEM MO
ra€ B TOMY, 1[0 BOHH ABJIAIOTH cOHOI0 caMOIOMIOH] CTO-
XacTHIHI o0 €KTH, AKl XapaKTepum3yloThcd (ppaKkTaIb-
HUMH BJIACTUBOCTAME, MYJIbTHILTIKATHBHUM XapaKTe-
POM HIYMY, aHOMAJBHUME SBUIIAME TIEPEHOCY , YITOBLITb-
HEHOIO PETAKCAIEI0, HeaIUTHBHICTIO, KPUTHIHICTIO, AKa
caMoopraHizoByeTbed, Ta iHumM [29,51].

Y cBoeMmy BHKJAII MU COPOOYBAJIU OXOMHUTH €JH-
HUM TOTJISAOM 3a3HadeHe pO3MalTTd CKIAATHUX CUC-
TeM, COUPaloYNCh Ha MaclITabHy 1HBapldHTHICTL da-
30BOTO TPOCTOPY. 3PO3YMLIO, WO HABEMeHA B OIVIAIl
KapTHHa He MoOXKe OYTH MOBHOIO — obcar myOsmKkariii
3 JOCJIIKEHHs CKJIAJHUX CHCTEM HACTLABKH BEJUKUiL,
o 1M IJIKOM TPHUCBAYEHO TaKl XKypHauau, ak Physi-
cal Review E, Physica A, D, Chaos Ta immi (gus. Ta-
Kok xxx.lanl.gov/arXiv:cond-mat). Tomy mu crasmim
CKPOMHIIIIe 3aBJaHHd — TOAATH TAKUl BCTYI y Teopito

CKJTQJIHUX CUCTEM, KW T03BOJIUB OU, HE 3BEPTATUCH
0 1HIMUX IZKepesi, 3pO3yMITH OCHOBHI OCOOJIMBOCTI ca-
MOTIOMIOHNX CTOXACTUIHUX 00 €KTiB. Un BIOpaanca Mu
3 UM 3aBIAHHAM — CYJAUTH YUTadeBi, CKOPIille MOJO-
JOMY, OCKLABKH HE B YCIX 1HIMUX BUCTAYUTDH CHJI JOYH-
TaTH JI0 MHOTO MICIIA.

HOISIKU

YBaxkaeMo 3a NpueMHEN 000B’A30K MOAAKYBATH MPO-
decopori 1. BakapuykoBsl 3a 100 43HY TPOMO3UIIIO Ha-
nucatu teit ornian. CoiakyBanaa 3 npodecopom FO. To-
JIOBaYeM He TIJIbKH JOTOMAaraso 3’d4cyBaTH BJACTHBOCTI
dpakTaabHIX 00’€KTIB, ajJe TaKOoXK CJYTYyBaJIO IKepe-
JoMm HaTxHeHHdA. Ilparl 3 ApobOBUX MOXITHUX, AK1 JIIO-
6’ asHo Hagicaas mpodecop P. Tinsdep (R. Hilfer), cnpu-
AN HAINIOMY PO3YMIHHIO 1IXHBOI MPUPOIN IIPH OTIMC] aHO-
MaJIbHOL Iudy3il.
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THEORY OF SELF-SIMILAR STOCHASTIC SYSTEMS. PART II

A. I. Olemskoi, D. O. Kharchenko
Sumy State University
2, Rimskiy-Korsakov Str., Sumy, UA-40007, Ukraine

We show that the description of the evolution of statistical moments, which are reduced to the order pa-
rameter, autocorrelator and response function yield to calculation of the average of the power-law function with

a fractional exponent. Such a kind of calculation can be performed due to using of the self-similar properties
of the system. In such a case the reversible transition “disorder—order—disorder” is observed when temperature
is changed. Using the fractional Lorenz system with additive noises above mentioned scheme is applied to the
problem of self-organized criticality. Conditions of the avalanche formation show that its behaviour depends on
intensities of control parameter fluctuations in a critical manner. According to the phase diagram, a discontinues

regime of self-organized criticality is realized if intensities of fluctuations of energy of avalanches and complexity of
their ensemble pass to the critical magnitudes. The power-law distribution over the avalanche size is reproduced.
Relations between the exponent of the size distribution, fractal dimension of phase space, characteristic exponent

of multiplicative noise, dynamical exponents, and nonextensivity parameter are found.
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