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Pobora rpyHTyeThCA Ha BUKOPHUCTAHHI CTEIlEHEBUX ACUMIITOTHK PO3IOMIIY CAMOIOMIOHUX CHC-
tem. Ha migcraBl Hao9HUX TpeIcTaBiIeHb PO3TJIAHYTO AHOMAJIbHY MPUPONY OJIyKaHb YaCTHHKH,
MOJIbOBE TMOHAHHA CTOXACTUYHOTO ITPOIECY, a TaKOXK YacCoBl 3aJIeKHOCTI HAIMOBIPHIIIUX BeJTUIUH
Ta MOMEHTIB CTOXAaCTHYHOI 3MIHHOI. 3riHO 3 HeHOMEHOIOTIYHIM PIBHAHHAM A (PYHKINI PO3IIO-
IUTY 3’SCOBAHO PISHUIIO MIXK OCHOBHUMM THUIaMU OJIYKaHb YaCTHHKN — OpOYHIBCHKOIO AU y3i€ro,
nosboramu JleBl Ta cybmmudysicro. [lokasaHo, mo THUII pyXy BH3HAYAETHCA IIPOCTOPOBO-YACOBUM
PO3IOMIIOM IHTEHCUBHOCTH CTPMOKa YaCTUHKM: IIPHU aHaJITUYHIA dpopMi MaeMo 3Buuaiiny mudy-
3110, HeaHAJITUYHICTh Y MPOCTOPl BIONOBIIa€e moaboTaM JIeBi, a qacoBa — cybaudysil. Y mepiiomy
BUMAIKY (hYHKIA PO3MOMIy HabyBa€ CTEMeHeBOr0 MHOXKHHWKA 3a KOOPAMHATOK, Yy JIPYIOMY —
3a JacoM. 3HalilleHo 3B’A3KHW JIMHAMIYHOIO IMOKa3HMKa 3 1Hmekcamu JIeBl ta cybmudysii, a TaKoxk
dppakTaabHOIO BUMIPHICTIO (pa30BOTO HPOCTOPY # IMOKa3HUKOM MYJIbTHILIIKATHBHOTO mymy. I[Ipo-
JHEMOHCTPOBAHO, 1o audy3id B yAbTPAMETPUYHOMY IPOCTOPI BU3HAYAEThCA PiBHAHHAM (DoKKepa—
[Imamka, Buraan akoro 3amacThbed moximHoo [xekcorna. BerarnoBieHo, mo HaABHICTH MYJTBTHILITI-
KaTUBHOTO IMyMY MOPYIIY€E He TIIbKK aIuTUBHICTD 1€papXidHol CHCTeMH, a i BJIaCTUBICTh MYJIbTH-
ITIKATUBHOCTH HiMoBIpHOCTel. 3HaliIeHo 3araJIbHUi BUTIIAL IpoboBo-audepeHIIATBHOTO PIBHAHHA
DPYXy, AKe y TPaHMYHUX BUMAKaX 3BOOUTHLCA 10 XBUIbOBOTO, OCIUIAIIAHOTO Ta TPaHCIOPTHO-
XBUJIBOBOTO, piBHAHHA J]aHmay—XaJjaTHIKOBa [IjIs ITapaMerpa HMOpdnKy, dAKuil 3bepiraeTbed it He
3bepiraeThbesd, piBHAHHA [IyaccoHa, a Takoxk mebalBCbKOTO PIBHAHHA eKpaHyBaHHs. Y HeJIHIiHOMY
BUITAJIKY IpoboBo-mudepeHInsaabHe PIBHAHHA Habupae BUDIAMY piBHAHHA KopreBera ge Bpisa,
piBHsHHA cunyc-lopmona Ta HesiHifiHoro piBmsaxuga lllpenunrepa. Hobemero, mo AMOBIpHICTE PO3-
MO/IiJIy Ma€ eKCIIOHEHINAIbHAY BUTJIAL 3 MOKA3HUKOM, AKWH 3 TOYHICTIO 10 3HAKA 3BOAUTHLCA 10
Il eBKJIIoBO1 Teopil mojs. s 6171010 Ta KOJbOPOBOTO MYJIBTHILIIKATUBHUX IIYMIB JOCIIIKEHO
eBOJIIOINI0 HAIMOBIPHININX 3HAaYeHb CTOXACTHYHOI 3MIHHOI Ta CIPAXKEHOTO IMIyJIbCy. 3 sdCOBAHO,
1O TPY 3MIiHI MOKa3HUKAa MYJIbTUILTIKATUBHOI (DYHKINI CHCTeMa BIIYyBae PeBEPCUBHUN ITepexis 13
YIIOPAIKOBAHOIO CTaHy B HEBIOPANKOBAHWIA, a MOTIM HaBIMaKW. |3 jarpamxkigHa Ta IMCUTIATHAB-
HOI (pYHKIII, IO IHBAPIAHTHI CTOCOBHO IT€PETBOPEHD MOMIGHOCTH, OIePXKAaHO MTOJTHOBI PIBHAHHSA, AKI
OpuBOOATEH Ao posmomiay asrica.
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dpakTambHa BUMIPHICTH, HEaAUTUBHICTH, ApoGoBHil mudepentis /inTerpal.

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

CaiTiif mam’aTi
HAIIOTO APYTra Ta KOJIETH
2Keni ToporoBa IpHCBAIYEMO

BCTVII

Hobpe BlHoMO, IO CUMETPIA TMOAaE ONHY 3 HalBazK -
BIIIMX BJIACTHBOCTENR PI3sHIHIX 06 €KTIB, AKa MPUBOINTH
JT0 IPUHIIUITOBIX OOMeKeHb 1XHIX KapTiH. BoHa Bupaka-
€ThCA B HAABHOCTI 3aKOHIB 30epeKeHHdA, BUKOPUCTAHHA
AKUX JO3BOJSE CYTTEBO JIETAJI3YBATH OMUC CHMETPUY-
Horo ob’ekta. HallBa:K/IMBIIINM TaKuUM TPHKIATOM BU-
CTYHAIOTh BJIACTUBOCTI OMHOPIAHOCTH Ta 130TPOMHOCTH
MPOCTOPY—9acy, HACTIIKOM dKUX € 3aKOHU 30epekeHHd
eHeprll, IMIIYAbCY Ta MOMEHTY IMIyabcy. [Tombrae BuKo-
pHCTaHHs BJIACTUBOCTER CHMETpil IMPOCTOPY CTaHIB di-
3UYIHOI CHCTEME TPUBOIUTD [I0 3aKOHIB 30epeKeHHd y3a-
raJibHeHUX 3apaaiB. BuBueHna cucteM, y 4KUX BiIOyBae-
Thed hazoBuil Tepexij, BUABUIIN, 1O BOHU MTPOABIAIOTE
IIJIKOM HOBI THIIHM CHMETpPll — OO 3MIHH MacIiTady.

Takl caMoInomOH]l CHCTEMH € OCHOBHUM 00 €KTOM HALIOTO
HOCJLIZKEHHS.

PopMaJIbHO BJIACTHBICTH CAMOIOLIOHOCTH MIPOSBJIsE-
ThCcA B OTHOPLAHOCTI PYHKINI POSMOMLIY CTOXACTHIHOL
3MIHHOI, IKa 300pakaeThCsa CTEIMEHEBIM MHOKHHUKOM 13
npoboBuM mokasHuKoM. lle osHadae, mo Taka QyHKINA
HEe Ma€ MOXIIHMX LIJI0r0 MOPAIKY, ¥ 3B 43Ky 3 UMM OIHUC
caMoIomibHOl cucTeMnu TOTpebye BBEICHHA abCoOTIOTHO
HOBOTO (bopMaJsIiaMy ApoboBHX MOXITHAX. [XHIE mOpamoK
BU3HAYAECTHCA KPUTHYHUM [IOKA3HUKOM (DYHKINI PO3IIO-
LTy, OOCJIIKEHHA sAKOl HpeicTaBIdeThCcd CTaHAapT-
HOIO IIOJILOBOIO CXEMOIO, SIKIIO 3aMIiCTh 3BHYaliHOl IOXi-
HOI BUKOPUCTOBYBaTH HoxigHy /JKeKcoHa, 110 BU3HAYaE
IIBUAKICTE 3MIHE MIOI0 MEPETBOPEHL CAMOTIOIIOHOCTH.

Hamra pobora e cnpobofo momaTh 3 €IHHUX TO3MINT
HaBelIeH] 0cobJIMBOCTI CAMOTIOIIOHNX CTOXAaCTUIHIAX CUC-
TeM. Mu mokaxemo, 1o HaimpocTiine popMaIi3M apo-
60BOTO IH(EPEHINIOBAHHA BIIOOPaKAEThCA HAABHICTIO
MYJABTHILIIKATHBHOTO HIYMY, IHTEHCHBHICTH AKOTO 3Mi-
HIOETHCA CTEMEHEBUM YHHOM. 3 (PI3WYHOI TOYKH 30DY,
TaKa 3aJIeKHICTh O3Hadae, mo (HasoBuil MpocTip cHc-
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0. 1. OJIEMCKOI1, 11. 0. XAPYEHKO

TeMnu € camoadIHHIM 06’ €KTOM, (ppakTaTbHa BUMIPHICTD
AKOTO BH3HAYAETHCS MOKA3HUKOM CTEMeHd MYJIbTHILTI-
KaTUBHOI (DYHKINI. 3 1HIIOTO OOKY, HAABHICTH MYJIBTH-
ILAIKATHBHOTO LIYMY TPHBOANTL IO HACTLIBKH 1CTOTHOIL
mepebyIoBr CTOXACTUIHOl CHCTEMH, IO BOHA BTpavae
He JIniie aIuTHBHICTH MaKpPOCKOMIYHUX BJIACTHBOCTEH
(tumy entponii Hasmica), ane if BIacTHBICTH MyIbTH-
ILIIKATHBHOCTH — (BYHKINA PO3MOALIY CKJIAIEHOI CHC-
TeEMH He OOPIBHIOE TOOYTKOBI (BYHKINE posmomury ii
CKJTAJIOBUX.

Oxkpim 3Buvafinux Beryny na BucHoBKIB, oryidam cria-
JAEThCA 3 JOTUPHoX po3alais. Ilepimmit 3 HEX MICTHTH
dEeHOMEHOIOTIYHY Teopito, O TO03BOJIAE MOKA3aTH Ca-
MoTmomibHM cToxacTuaHmil mpotec. dpyruii po3mi mpu-
CBAYEHUH PO3BUTKY aKCIOMATHYIHOTO MIXOAY, AKUi Jae
3MOTY 300pasuTH CTATUCTUYIHUN PO3MOIIT Y BHUTJIAI]
KOHTHHYAJIBHOTO HAbOpY CTOXACTHYHUX TOJIB, 10 3a-
JOBOJIBLHAIOTH MpUHINI HaijiMenmrol mil. Tperiit ommcye
JacoBY MOBEAIHKY CIIOCTEPERKYBAHUX BEJHWUNH, AKI TO-
JaHO CTATUCTUIHUME MOMEHTAMHU JTOBLIBHOTO MOPAIKY .
OctanHiil 3 HaBeAeHUX PO3ILIIB MICTHTD PO3LJIA CaAMO-
TOMIOHOI CTOXACTUIHOlI CHCTEMH Ha TIPHKJIAIL CaMOoOp-
raHi30BaHOl KPUTUIHOCTH, AKa ABJIAE CODOIO CIIOHTAHHY
mepebyaoBY CTOXACTHYIHOI CHUCTEMH, JAJIEKOl Bl PIBHO-
Barm.

[Momanuii MaTepisa orIgay HACTIIBKE BEJUKHH, 110
Mu Oy BUMYIIE€H] PO3MIMTH HOro Ha OBl YacTHHU. Y
mepliiif 3 HEX MOJaHO KOHIEMIIIo aHOMaJIbHOl Audy3il,
AKa y3araJbHIOE 3BUYaliHe YABJACHHA MPO OPOYHIBCHKUH
PyX 9aCTHHKU B PE3yJIbTaTi BUMAIKOBOTO BILJIUBY cepe-
JOBHINA, a TAKOXK MOJbOBY TEOPIIO CaAMOIOIIOHOI cCTOXac-
THUYIHOl CHCTEMH 3 HEOJTHOPITHICTIO Ta MYJAbTHILIIKATHB-
HUM HIyMoM (AK 6lauM, Tak i KoabopouM). [Ipyra dac-
THA MICTHTh MaTepiaa posauts I, IV ta Bucroskn.
Jlist 3py9HOCTH COpPUHHATTS Ta 36epekeHHs MJTICHOCTH
OTVIAIY MU 3aJIUIIAEMO HACKPI3HY HYMepalliio pO3IliiB,
dopmyst Ta pucyHki. JliTepaTypHl mocuIaHHA 316paHO
OKpEeMO IJIs TIepIIol Ta ApyTol YacTHH.

[Mepma wacTura mounHAETHCA 3 pozmiay LA, axuit
mojae (PeHOMEHOJIOTIYHY KapTUHY, OCHOBAHY Ha pO3-
sl AMOBIPHOCTER TepeMillleHHsT YacTUHKH 3aJIeZKHO
Bl dYacy Ta BeJUYUHHN 3MilleHHA. Y Mekax yp’e-
JIATITACIBCHKOTO 300pakeHHd TMOKA3aHO, MO 3arajioM I
3aJIEKHOCTI MOXKYTh HabUpaTH HEaHAJITHIHOTO Xapak-
Tepy: AKIO BIH BIANOBIAAE 3aJIEZKHOCTI Bl XBHJIHOBOTO
BEKTOpa, TO peasi3ye€Thbcsd Tpoliec cynepandysil, aKmii
mpoTikae HabaraTo MIBHAIIE, HIXK OPOYHIBCHKHH pPYyX;
AHOMAJIBHUI XapaKTep 9acTOTHOl 3aJIeKHOCTH YITOBLIThb-
HIo€ 3BHIalHy mudysio mo cybamudysii. [Ipn mepexomi
JI0 TPOCTOPOBO-YACOBOTO PO3MOMLILY 3a3HadeHl aHOMaJIll
IPUBOAATE O MOXIIHUX IPOoOOBOTO MOPAAKY. B posmiii
[.B posrasgmaemo cynepaudy3iifiauii pekuM, mpu aKOMY
aHOMAaJIbHA TIOBEIIHKA BUABIACTHCA TIABKH B3ITOBK KO-
opmuHaTHOl ocr. Ha 0CHOBI KIHETHYIHOTO PIBHAHHSA MOKa-
3aHO, 1O PO3MOIII 33 KOOPANHATOK BU3HATAETHCA PIB-
HAHHAM 13 ApoboBOIO TMOXIAHOIO, MOPAIOK Kol « > 1.
SuafineHo saraJabHUT PO3B’A30K IMBOTO PIBHAHHA, AKUI
spoguThcd 0 dyukmii Poxrca ta Mirrara—Jledbdaepa.
BusHaueHO acHMOTOTHKE B MeKaxX BEJIUKUX Ta MaJiux
3HadYeHb KoopauHaTu. [lokasano, 1mo BUIAIOK o < 2 Bifl-
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OB1Aa€ moIboTaM JIeBl, IpH AKNX OAUCIEPCia 3MIEHHT
YACTUHKU € HEeCKIHYEeHHO BEJMKOK; BUIAJOK « > 2
3BOOUTLCA 10 3BHIaiiHOl Audy3il. Posrmian croxacTtmd-
HOTO mpolecy B 300paxkenH] Kpamepca—Mosia Ta cro-
XaCTHIHOTO PIBHAHHA J]aHKeBeHa J03BOJIAE 3HAWTH da-
COBI 3aJIEZKHOCT] MOMEHTIB HUXKTOTO MOPAIKY, AKI I1a-
OTh 3B 430K 1HAeKkcy JIeBl o 3 AUHAMIYHEM TOKa3HN-
KoM, ppakTaIbHOIO BEMIPHICTIO (ha30BOTO MIPOCTOPY Ta
MOKa3HUKOM edeKTuBHoro KoedimenTta mudysii. Jose-
JIeHO, 10 OfepKaHl aHa ITHYIHI 3a/Ie2KHOCT] fobpe 361ra-
IOTHCA 3 PE3yJIbTaTaMK YUCEIbHOIO MOLEIOBaHHA. Po3-
i 1.C mictuts crucHy THIE posriian cyoaudysiiiHoro pe-
JKUMY, IpH dKOMY 4acoBa HOXiIHa Mae IpoboBUil mopsd-
nok [ < 1. 3maiigeno po3B’a30K BIAMOBIIHOTO KIHETHI-
HOT'O PIBHSHHS, KUl 3BOIMTLCA OO HeHaeBChbKOL €KCIIO-
wenTu mpu § — 1 1 10 rinepbosiigaHol 3a/I€KHOCTH TTPH
5 — 0. HocaimKeHHS 9acoBOl MOBEIIHKN IBOX MEPIINX
MOMEHTIB MOKa3ye, MO BIAXHACHHA MMOKasHUKa [ Bl
ONMHHWIIl 3MIHIOE BU3HAYEHHs: AUHAMIYHOIO IIOKa3HHKA,
3aJIAIIAIOYH HE3MIHHOI (bpaKTaabHy BEMIPHICTH (haso-
BOIO IIPOCTOPY.

YucenbHe MOAETIOBAHHSA MOJBOTIB JI€Bl BUABHIO, 110
MTOCJTITOBHI MOJTOZKEHH OJIYKAI0Y0l JaCTHHKU CTBOPIO-
0Th KJIACTEPHY CTPYKTYPY: Ha ME30CKOMIYHHX dacax
JacTHHKA 3MINLYEThCA BCEPEIWHI KJIACTEpiB, a Ha Mak-
POCKOIIYHAX BIADYBAEThCA 1X 00 ’eMHAHHA, AKe BIAMOBI-
Jae yHooBLAbHEHIH cTami cynepamdysii. Posmii I.D mo-
Jla€ CTATUCTUIHWH OMUC OCTAHHBOL 3 HaBeJeHUN cTaIii,
o BIATOBlZae OJYKAHHIO MO PIBHAX 1€papXidHOTO Ie-
peBa, BY3JTH AKOTO ABJIAIOTH OO0 KJIACTEPH MOJIOKEHD
cucremu. JloctiizKeHHs KIHETHIHOTO PIBHAHHS TIOKA3YE,
110, OKPIM 3BHIalHIX ApeiichoBol Ta Andy3iitHol cKIam0-
BUX, l€papxidaa Audy3id MOJaEThCsa aHOMAaJIBHIM BHEC-
KOM, 3YMOBJIEHUM HEOIHOPIIHICTIO BIAMOBLIHOTO IIPOC-
Topy. lleft BHecok 3BomuTbeda Mo moximgHOl [IXKekcona,
AKa BH3HAYAE MBUIAKICTD 3MIHI PYHKINI POSTOMIIY CTO-
COBHO IO OHMJaTallll camononlonol cucremn. Poss’ asanna
KIHETUIHOTO DIBHAHHA JO3BOJIAE BUIIINTH TPH PEKUME
iepapxiunol audysii: (i) apefidopuii, mpn KoMy Xapak-
TepHI MacHITad Ta PYHKINA CHCTEMI 3MIHIOETBCS aHO-
MaJIbHO; (i1) mudysifinuii, mpu KoMy XapakTepHuil Mac-
mTabd 3MIHIOETHCA 3BUYAWHUM KOPEHEBUM YHHOM, a da-
COBa 3aJIEXKHICTL (DYHKIT PO3MOALTY 3aJIHINAETHCA aHO-
MaJIpHOW0; (iil) cramionapHuii peKuM, MO XapaKTepu3y-
eTbca posmomioMm Hammica 3a piBaamu iepapxii. [Toka-
3aHO, IO BKJIIOUEHHA 30BHINIHBOl CHJIH Ta MYJIbTUILTI-
KATWBHOTO MIyMY MNPUBOAUTH J0 OAJICTUIHOTO PEKUMY
it rimepbosTiIHOl 3aIeKHOCTH PYHKIN PO3MOILITY 3a da-
com. Ilpw mpomy cucrTema BTpadae He JUIIE ATUTHBHI
BJIACTHBOCTI WIOIO EHTPOIIl, a i BJacTUBICTH MYJIbTH-
ILIIKATHBHOCTH (PYHKIN1 PO3IMOILIY.

Axmo momepenni posaian I.A-1.D rpyHTyoTbhca Ha
JOCHIIZKEHH] KIHETHIHOTO PIBHAHHA I (PYHKINL pO3-
momuty, To posaia ILE micTtuth gocimkeHHA ApoboBO-
NpepeHINAIBHOIO PIBHAHHA PYXY IId MOMEHTIB CTO-
XaCTHIHOlL 3MIHHOI THUIY TapaMeTpa mopanky. Ha mim-
CTaBl PO3IVIALY MPUIHHHO-HACTIIKOBOTO 3B A3KY MIK
CHJTIOIO Ta 3yMOBJIEHUM HEIO TIOTOKOM MOKA3aHO, O [T
CcaMOIOMIOHUX cUcTeM (bYHKINA maM sTl, dKa BH3IHATAE
el 3B’ 430K, Ma€ JalllaciBChbKuit obpas 13 1poboBHM 0~



TEOPIA CAMOIIOOIBHUX CTOXACTUYHUX CUCTEM (HACTHUHA 1)

Ka3HUKOM, 3HAYEHHs AKOTO 3aaae (ppakTaJabHy BHMID-
HICTH $az30BOro MPOoCTOpyY. BIAMOBIAHO YacoBa MOXITHA
B piBHfAHHI HerepepBHOCTH HabyBae JpobOBOro Xapak-
Tepy. Il TOKa3HUK BU3HAYAE CIHIBBITHOUIEHHA MIZK KlJIb-
KICTIO MEXaHIIHUX Ta JUCHIATUBHUX KaHAJIB, MEpI 3
AKUX € 1HBapIAHTHUMH, & APYTl HEIHBAPIAHTHI IIOJ0
obepHeHOCTH Yacy. BcTaHOBIIEHO, 10 TOPALOK Ipobo-
Bol MOX1AHOI 33 KOOPAMHATOIO BH3HATAE TOJIIO KaHAJIB,
y AKX Peasi3yeThbcd Mpoliec, 1Mo 3bepirae mapameTp
mopanky. TakmMm 9ImHOM, BHIIJIEHO OCHOBHI THIIH PiB-
HAHb PYXY, IO BIAMOBIIAIOTH PEAKTUBHOMY Ta IHCHITA-
TUBHOMY PEXHMMAaM MTapaMeTpa MOPAAKY, AKUH 4aCTKOBO
3bepiraetbca. OKpeMuME € XBUJIBOBE, TPAHCIOPTHO-
XBHJIBOBE Ta OCIUAAIIHE DIBHAHHA, PIBHAHHA Jlanmay—
XaJstarHikoBa, Hebaa ta Ilyaccona, a TakKoX TepMoman-
HaMIgHe piBHAHHA piBHOBaru. [lokasamo, aK Moxe 6yTH
IPOBENECHO y3araJbHEeHHA Ha HEJIHIHI PIBHAHHA THIY
Kopresera me Bpisa, Illpenunnrepa ta cunyc-lopmoHa.
Ha npukiam xondopMmHOl 1HBAPIAHTHOCTH 3’dACOBAHO,
AKUM TIHHOM MPUXOBaHA CUMETPIA HEJIHIAHOTO PIBHIHHS
OB’ A3y€e HOTO MOKA3HUKH.

Posmin 11 npucBadennii moaboBlid Teopll caMomomit-
HOI CTOXaCTHYHOl CHCTEME 3 HEOMHOPOIHICTIO Ta MYJIh-
TUITIKATABHUM IIYMOM — 4K OlJINM, TaK 1 KOJbOPO-
BuM. Halll po3migi ocHOBYETbCs Ha KOHIEMIi CTOXac-
THYHOTO 1HTerpaja [To, BUKOpUCTAHHSA SAKOTO TMOKA3YE,
10 J-KOpEeJIbOBAHUN 1yM TPUBOAUTEH J0O JOAATKOBOTO
BHECKY, 3yMOBJIEHOTO MYJIBTUILTIKATHBHIM XapaKTePOM
mrymy. B posmim IILA Ha ocHOBI I'paTKoBOl Moaesdl BU-
3HAYEHO ABHUI BUTJIAM IHTErpaJia 3a TpaekTopigmu. Ha
miacTaBl JUCKPETHOTO piBHAHHA JlamKeBeHa MU BH3HA-
TaEMO 3B’I30K MIK aMILIITYHOI0 TIIPOINHAMITHOL MOIN
Ta BIHEPIBCBKHUM TIPOIECOM. Y DPe3yabTaTl MOBIPHOCTH
peastizalil HaBeIeHNX BEJIWYHH TIOB A3aHl MHOKHIKOM,
LIO MICTHTH AKOOIdAH iX B3a€MHOIO IEepEeTBOPEHHHA Ta 0-
dyHKINO, gKa BpaxoBY€ 3B’dA30K MK HEMH. besmoce-
penHi obuncaeHHs aKobigHa Ta Pyp e-IpeacTaBIeHHd 0-
dYHKINI TPpUBOAATE J0 €KCITOHEHIIAIBHO1 (hopMu (DYHK-
IMOHAaJIa PO3MOALTY CTOXACTUIHOl 3MIHHOI, e TMOKa3HIK
3 TOYHICTIO OO 3HaKa 3BOANTHLCA IO M1l €BKJILIIOBOl Te-
opii mosga. EderTupunii garpamKia 300pakae TaMiab-
TOHOBY (PYHKITIIO Bl aMILIITYIH T1APOINHAMITHOL MOIN
Ta CIPAKEHOTO IMIYJIbCy, AKHI TMomae HaklMOBIpHIIIE
3HAYEeHHA aMILTITyau GayKTyamit. 3ualineno apauil Bu-
ran piaanb Oifinepa, M0 BU3HAYAIOTH HaliMOBIPHIIII
3HaYeHHdA HaBemeHnX sMiHHux. OmepxKaHo Mo, dKa BlI-
HOBiae UM 3HaYeHHAM (y KBaHTOBI Teopil mosa g
Iif piBHOSHAYHA KJIACHIHI Mexi).

KigeTuuHy KapTUHY IEpPexoay, IHIYKOBAHOIO HUIYMOM,
y caMOTOAIOHIi cTOXacTHIHIH CHCTEM] TOJAHO B PO3ILIIL
I1.B. Cmouarky Mu mOCHIKYyeMO HalmpocTiuimil Buma-
oK Gimoro mymy (migposazia I1.B.1), a moTiM Koabo-
posoro (migposmin 11.B.2). Ha sinMminy Bin ssuuaiinol
TOJIHOBOl CXEMH, BPaXOBYEMO MUCHIIAIN0. Buriaam Bimo-
MOBLAHOI AUCHIIATHBHOI (PYHKINI 3aTaEMO TTEPEXOIOM 10
JIOIOMIZKHOTO IIPOIECY 3 aIUTUBHEM InyMoM. I3 ypa-
XYBaHHAM HEOLHOPIIHOCTH OHEPXKAHO PIBHAHHA €BOJIIO-
il CUCTEMH, ¥ AKHX CHJIY 3aJaHo poskjaamgoM Jlammay.
HocaiaKeHHsA CTAIllOHAPHOIO CTaHy MOKa3ye, IO IIPH
MaJoMy MaciiTabl HeogHOPIAHOCTH IIYKTyaliii cuc-

TeMa HaOJIMKYETHCA 10 PIBHOBAXKHOTO CTaHy, TOMl dAK
13 fioro 3pocTaHHAM CTa€ MOKJIUBAM HECTIHKHI cTaH.
BuBdeHHa cTAMOHAPHOTO PO3MOMLIY HailMOBIPHIIIOTO
3HAYEHHA CTOXACTHYIHOl 3MIHHOI MOKAa3y€, MIO TPHU 3Ha-
qJeHHAX (PpakKTaJIbHOI BUMIPHOCTH (ha3soBOTO MPOCTOPY
D > 1 peamisyerbcd 3BHYaiiHuil crnagaodnii po3momi,
a mpu ) < 1 — IMOBIpHICTH cTae HE3IMEKHO MAJIOIO
mobIM3y MoYaTKy KoopamHaT. Taka KapTHHA TOACHIO-
€ThCHA TOCIIIKEHHAM JaCOBHUX 3aJIEKHOCTEN CTOXACTHY-
HOl 3MIHHOI Ta CIHPAKEHOTO IMIYJILCY, AKI MOKa3yIOTh,
mo npu ) < 1 B movaTKy KOOpPIWHAT 3’ ABJIAETHCA MO-
rauHaognit cran. OKpiM TOTO, BIaeThcd 3HANTH 3B’ A30K
MK (GpakTaJIbHOIO BHMIPHICTIO Ta MOKA3HHKOM MYJIb-
TUILTIKATUBHOL GyHKII1. BpaxoBaHo HeOTHOPOIHICTD AK
IJIA PISHEX MacHITablB 3MIHK aMILIITYIN T1LAPOIHHAMIYI-
Hol Moau Ta JIYKTYalliii, Tak 1 mpn 1X 36irosi. Bussieno,
IO B OCTAHHBOMY BUIIAJKY HEBNOPAAKOBAHUN CTaH BiI-
MOBITa€ MaJIMM 3HAYEHHAM MaciiTaly HEOTHOPIIHOCTH,
a ymopaaKoBaHUN — BequkuM. JIoc/mimKeHHS KOTBOPO-
BOTO IIYMY CTOXaCTHYHOI 3MIHHOI OCHOBYEThCH Ha Horo
300pazkenHl ak mporecy OpHinraitHa—Yaenbeka, IyMm
AKoro € 61uM. BuaydeHHA KOJBOPOBOTO IIYMY 3 BlI-
TMOBLAHUX PIBHAHB €BOJIIOIII MPHBOANTE IO HEMAaPKIBCH-
Koro HeJlHIiiHOTO Tpotiecy. Bif HabyBae 3pmUaiiHoro Bu-
UIALY, AKII0 CKOPUCTATHCA AMiAdATHIHUM HabJINKeEH-
HAM Ta MPUIIYCKATH, 1O €BOJIOIIA CUCTEME € YIIOBLIb-
uwenoto. Toml edexTupHe piBHAHHA J]aHKeBeHA MICTUTH
MYJIbTHILTIKATHBHANR NIYM, AKUA CYTTEBO 3MIHIOE Kap-
TUHY MEPEXOHY. 3'ACOBAHO, MO CUCTEMA 3a3HAE ITepe-
X0y, AKNIO Yac KOPEeJdIll KOJTBOPOBOIrO IIyMy MEPEBH-
nrye rpaHuvHe sHadeHHA. OCOOJUBICTE IBOTO TMEPEXOLY
moJIATaE B TOMY, IO MPH MaJoMy dYacl KOpeJidlll BiH
Mae PEBEPCUBHUII XapaKTep — IIPHU 3POCTAHHI TMOKa3-
HUKa MYJABTUILIIKATHBHOTO IIYMY CHCTEMa DPO3YMOPAI-
KOBYETBCH, & MOTIM 3HOBY BIOPAIKOBYETHCH.

Y pozmimi I1.C mokasano, 1mo creneneBa ¢popMa MyJIb-
TUILTIKATUBHOL (DYHKIT BUIJIMBAE 3 JIal pAHKEBOTO (hop-
MaJl3My, e CaMOMOMIOHICTh BH3HAYAETHCA 1HBAPIAHT-
HICTIO CHCTEMHE o0 auiaTarii. PopMaTbHOI OCHOBOIO
BUKOPHUCTAHOTO MAXOMy € moximna /lekcoHa, dKka BH-
3HaYa€ Bapidlliio (pyHKIIl He CTOCOBHO [0 3MIIIEHH ap-
TYMeHTy, a monao foro mmmararii. [lokazano, mo yMoBa
IHBApIAHTHOCTH JIalpaHXKigHa Ta AWCHIATHBHOI (pYyHK-
mii MoTpebye BHAOBKEHHS 9TacoBOl IMOXITHOI 3a paxy-
HOK 0bepHEHOro dacy peJsiakcalill, 3yMOBJIEHOTO 30BHIIII-
HIM BILIMBOM, TOIOl dAK MoXimHa JIZKeKcoHa BHIOBKYE-
Thea epeKTHBHEM KaJi6pyBaJbHUM MoJIeM. AHaIl3 Bl-
moBInHUX piBHAHB Ofisiepa I1d KOHCEPBATHBHOL CHCTEMHE
MOKa3ye, MO CTAllOHAPHWH CTaH peaslisyeThesd TpH BU-
KOHAHHI YMOBHM KaJIiOpyBaHHA, 3TLOHO 3 AKHM IOXITHA
IKeKcoHa Bl KaaibpyBaJIbHOTO MOJIA JOPIBHIOE HYIEBI.
B mpomy BumaiKy cucTeMa TONalae B CaMONOMOHUHI
cTamioHapHUH CTaH, 10 XapaKTepU3yEThCA PO3MOILIOM
Hanmica. I1pr mepeBuiienni 9acy pesakcaiil, aKui Bu-
3HAYAEThCA HEATUTUBHICTIO CUCTEMH, BIIOYBAETHCA Te-
pexio B aIUTHBHUN cTaH, IPpH AKOMY yMOBa CaMOIOII0-
HOCTH TOPYIIYEThCA 3TITHO 3 €KCMOHEHIISIBHIUM 3aKO0-
HOM.

Ina 3abesnedenHs 3aMKHEHOTO BUKJIamy B lomaTtky
ME 316paan HeoOX1aHI BimoMocTi mpo ¢gpyHKml MiTTara—
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0. 1. OJIEMCKOI1, 11. 0. XAPYEHKO

Jledaepa ta Pokca, ApobOBI 1HTEI DA 1 TOXITHY, a Ta-
KoK moximay Ilkekcona Ta 11 ysaraJibHEHHS Ha IpobO-
BUI MOPAIOK.

o=

5 B=1

W

C W

o

2000+ o<
1500 p=1
1000

X 500

-500

§

04

100 200 300 400 500
t

Puc. 1. 3akonu pyxy B3MIOBXK oCH & TpH 3BHUYAWHIA m1-
dysii (o = 2, 8 = 1), nonvorax Jlesl (a < 2, § = 1) 1a
cybmudysil (o =2, 3 < 1).

I. AHOMAJIBHA ITHU®Y3I51

Hobpe BimoMo, 1o mporec Audy3il 3BOAUTHCA 10 BH-
MaJKoBUX OJIYKaHb YACTWHKU, TIPH AKX CEPEIHE 3HAa-
YeHHdA i1 KOOPAWHATH 3aJIUIMIACThCA HE3MIHHUM, a [IHUC-
nepcig MOHOTOHHO 3pocTae i3 wacom: (z(t)) = 0, (x?)
t*H  TIpu 6poyHiBehKilt nudysii moxasuux 'epcra Haby-
Bae 3BuYaiinoro sHadennd H = 1/2, dake Bignosimae mi-
HIFHOMY 3POCTaHHIO AUCIepCil. Y mporeci cynepaundysii
JacTHHKA MOXKe 3I1HCHIOBATH CTPHOKH JOBLABLHOL TOB-
KUHN (Tak 3BaHl HoaboTH JIeBl), HAABHICTH AKX Mij-
Bullye mokasHuk Lepcra go 3uavens H > 1/2 [1]. TIpo-
TWICKHAA BUIAI0K cyoamdysil 3abes3medyeThbes HasdB-
HICTIO TTACTOK, 3aBIAKH AKUM TaCTHHKA MOXKe 3MIificHIO-
BaTH CTpUOKW TIBKK B ANCKPETHI MoMeHTH dacy. lle
BUKJIMKA€E YIOBLABHEHH Mpolecy audys3ii, ke Blaobpa-
JKAEThCsd 3HIDKEHHAM TToKasHuka Lepera mo H < 1/2 [2].
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PisHy npumponoy moBEOIHKHM CHCTEMH TIpH OPOYHIBCHKOMY
pycl, a TaKOXK IpH MpoIecax cymep- Ta cyoandys31l BUIHO
3 puc. 1, Ha AKOMY MHOmaHl 3aKOHU PYyXy #(1) B3HOBK
OCH ¥, MO OEPKAHO YHCETHHUM MOIEJTIOBAHHAM: AKIIO
npu sBudaiiniil qudysii kpusa x(f) HemepepBHa (x04a
Iy¥Ke JaMaHa), TO IpH cynepandysii BoHa Mae PO3pUBH
B3HOBXK OCH KOOPIMHAT ¥, a TIpu cybampysii — B3TOBK
ocu 4qacy .

\ 4

X

Puc. 2. Tpaekropii gBoBuMipHUX OJyKaHB NP 3BUYaiiHIli
mudysii (o = 2, 8 = 1), nonvorax Jlesl (o < 2, 8 = 1) 12
cybmudysil (o =2, g < 1).

Bigmosimml HIBOBWMIpHI TpaeKTopll, HaBeIeHl Ha
pucC. 2, TMOKa3yIoTh, IO OpH OPOYHIBCHKUX OJYKAHHAX
JacTHHKA T'YCTO MOKPUBAE MPOCTIP, HAABHICTL MOJIBO-
1iB JleBl mpu cynepamdys3il TPUBOINTE 10 KJAaCTEPU3AIil
TpaekTopii, a npu cybamudysii BoHa Mae BUTJIAL 30171b-
IIeHoTo (bparmMenTa HPOYHIBCHKOI TPaeKTOPIl.



TEOPIA CAMOIIOOIBHUX CTOXACTUYHUX CUCTEM (HACTHUHA 1)

Y posaim LA Mu mokaxkemo, Mo HaABHICTD IIHX 0COO-
JUBOCTER TPUBOOUTH J0 APpOOOBUX MOKA3HUKIB y (yp’e-
JAILTaciBChbKUX obpasax (byHKINl PO3MOALTY MOJIOKEHD
JacTHHKU. 3riaHo 3 posaiiaoMm 1.B moaworm JleBl mpwm-
BOIATEL 10 ApoHOBOI MOXIAHOI 38 KOOPAMHATOI, TOMI AK
HAagBHICTH MACTOK 3HUKYE MOPAIOK MOXITHOI 338 4acoM
(posmin 1.C). BukopucraHHusa BIACTHBOCTER caMornomif-
HOCTH JO3BOJIFAE BCTAHOBUTH 3B’S3KH MK MOPATKAMHE
IUX TOXITHUX , ToKa3HuKoM [epcta Ta ppakTaabHOO BU-
MipHICTIO dasoBoro nmpoctopy cucremu. OCKIABKE HOTo
dparTasbHa CTPYKTYpa MOJATA€ B 3JATHOCTI CTBOPIO-
BaTH KJAaCTEepH PI3HUX 1€papXidHUX PIBHIB, TO MPOIEC
mudysil cknamaeTbea i3 nBox cramiit: (i) Mesockormid-
HOl, IpH #AK1ii JacTHHKa 3O1HCHIOE MepEeMIIEeHHsT BCepe-
IouHi KaacTepa (10 cTamiio posnIgaHyTo B posmitax LA
— 1.C); (ii) MaKpOCKOTIIHOI, IO BiANOBITae 06 € THAHHIO
kaactepis. Posmia [.D mprucBadeno onmcoBl 1€papxXigHOTO
npotecy audysil Ha ocTaHHlil crami. ¥ posau [LE mpo-
aHAJI30BAHO TOBEMIHKY CHCTEMHE TP PI3HUX CIOJTYYeH-
HAX TOPAIKIB MOXITHIX 33 KOOPAMHATOK Ta 9acOM.

A. 4k nepeiiTu Big HOpMaNbLHOI 10 AHOMAJILHOL
oudysil

HatimomyigapuiimmuM  Ta HaBTIPOCTINNIM  TIPUKJIATOM
CTOXACTUIHOTO TPOIECY € BHUMAJKOBe OJIYKAHHA Tac-
THUHKH, IO IEeMOHCTPYE Ipoliec OPOyHIBCHKO1 Andy3il.
HapemeMo oCHOBHI BIIOMOCTI, K1 JO3BOJIAIOTH YABUTH
spuvaitnnii audysiiianii mporec, a MOTIM y3araJbHIMO
Ha aHOMAaJIbHY IH(Y31I0.

Hexait y mouarkoBuit MomenT dacy ¢t = (0 4acTWHKa
sHaxomuThed B Toumnl r = 0. Toxil ryctuna fiMoBipHOCTH
P(r,t) nonmagaHHsa B TOUKY ' Y MOMEHT dacy ¢ BU3HaYa-
€ThCA PIBHAHHAME

P(r,t) =DV?P(r,t), P(r,0)=4(r), (1)

ne D — roedimient nudysii. Jlimitauit xapakTep m03BO-

JIs€ OHepKaTH PO3B’A30K 33 HONOMOIOI IEPETBOPEHH
dyp’e

P(r,t) = % Z Py(t)el™, (2)

k
me N — 00 — KIJIBKICTh MOXKJIMBUX IOJIOXKEHB Yac-
tuakn; k — xBuaboBwmit BekTOp. Esemenrtaphe inTer-

pyBaHHS MOPUBOAUTH H0 Je6aiBChKOI 6KCHOHEHTH JJTd
dyp’e-obpasy rycTHHE AMOBIPHOCTM]:

Plt) = exp (—i) S o=KL ()

Tk

Pos6izxHICTh gacy pestakcalil 7y ¥ KOHTHHYaJIbHIE Ipa-
uuil k — 0 o3Havae ynoBlAbHEHHA HIy31l HA BEJUKHX
macirabax. ligcrasasgioun (3) y nomepentio dbopMyTy
Ta BUKOPUCTOBYIOUH TIEPEXi

Zk:zv/%, (4)

me V. — ob’em d-BumipnHOro mamdysiiHOTO TPOCTOPY,
OIEPKYEMO T'ayCCIBCHKHIT pO3MOMLI

Plet) = —_ <_‘"—22) o =D, (5)

(2mo2)d/2 xp 20

Jle CepeIHbOKBaApATUIHE 3MINIEHHSA 0 KOPEHEBUM THHOM
30LIBIIYETHCA 31 3poCTaHHAM dvacy f. Burianm sasiex-
HoctH (B), HaBemeHol Ha pHC. 3, MOKA3ye, MO 31 361IbIIeH-
HAM 9Yacy MOYaTKoBa TycTHHa fimoBiproctu P(r,0) =
J(r) posUMPIOETHCA HAa BCHOMY TTPOCTODI.

Puc. 3. TIpocropoBo-dyacoBa 3ajieXHICTH T'YCTHHEM HMOBIp-
HOCTH IIPH I'ayCCIBCBKOMY PO3IIOMIII.

Hudysiitanii nponec (1) MokHa MogaTH B iHTErDAIB-
HIi# dpopmi

P(r,t) = d(r) —|—D/V2P(r,t’)dt’. (6)

Posp’sazanns ObOI'O piBH?{HH?{ AJocdracMo BUKOPHUCTaH-
HAM IIEpEeTBOPECHHA Jlamnaca

s+loco
1
Pk(t):% / Pi(u)e"tdu, (7)

e KOHTYp IHTerpyBaHHA BHOMpaeMo Tak, mob yci mo-
JIIOCH pO3MINIyBaJucd JiBinie Big mpamoi s = const.
IIigcTamoBKa po3B’A3Ky

1

Pi(u) = W1 DK? (8)

B (7) mpuBoguTH 10 AebaiBchKol 3amexHOCTH (3).
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0. 1. OJIEMCKOI1, 11. 0. XAPYEHKO

OcobumBicTh 3BWUaiiHOTO Tporiecy audysil mosiarae
B TOMY, 1[0 YacTHHKa 3a Ge3MekHO Majuil iHTepBas
Jacy 3IifCHIOE BHIIAIKOBl 3MINIEHHA B Oe3MeKHO OJIm-
3bKY TOYKY (mmB. puc.l). 3arajgoM HagBHICTH HACTOK
MOXKe TPUBOAWTH O TOTO, MO CTPUOKH 3MIHACHIOIOTHCH
TIJIBKU B JUCKPeTHI MOMeHTH dacy. Takuii mpotiec Ha3u-
BaeThcA cybandysieio Ta momaeThed fiMosipricTio W()
s3miicauTE cTpUOOK 3a 1HTepBaJ acy t. Okpim Toro, yac-
THHKa MOXKE 3MIICHIOBATH CTPHOKHN HOBLABHOI JOBKUHI
(moborm JleBi), mo cupuumHAE NPUCKOPEHUI mpolec
cymepandys3ii. Il IHTEHCHBHICTD 3aTaeThCA HMOBIPHICTIO
W(r —r') crpubka i3 v/ B r. ¥ pesy/brari iHTerpajbHe
piBaAHHA (6) € TakuM:

P(r,t) = 1—/\Il(t’)dt’ 5(r)

+ /\I!(t —t/)/W(I‘—I‘/)P(I‘/,t/)dt/dr/. (9)

0 0

[epexonaun no tpancdopmant Pyp’e—Jlammaca, omgep-
JKYEMO PO3B’A30K

1—T(u)
Iz = — 1
k(W) = WA (10)
axuft Habypae dopmu (8) 3a ymMoBn
- Wi 11— ¥(u) o )
= = const =1
Dk? u¥(u) ’

OCKIJIbKY TEepIInii Bupas 3a/exuTh Big k, a npyrmii —
BiI . ¥ pe3yJibTaTl IJid IHTEHCHBHOCTEN CTPUOKIB OT-
pPUMY€EMO

We =1—D7k?,

T () =14+ ru. (12)

Taxmm dumHOM, 3BHYaiiHWi mTpomec mmdysil xapakTe-
PU3YEThCA KBAAPATHIHOK 3aJIEKHICTIO Bl XBUJIBLOBOIO
BeKTOpa k Ta JHHIIHOIO Bl KOMIIEKCHOI 9acTOTH U.

Baragom sanexHocTi (12) MaoTh HeaHATITHIHIH BH-
TJIAL

szl—(\/D_r|k|)a, %:1—1—(7’11)@, (13)

e a < 2, § < 1 — HedKl MOKa3HUKH. ¥ ITPOCTOPOBO-
JacOBOMY BHpasKeHHI sasexuocTaM (13) BignosimaoTs
ACHUMIITOTHKH

Wi(s) ~ [s| (),

U(t) ~t~ 8 st 00, (14)

oe s = r —r — BekTop 3MilleHHd, d — BUMIPHICTD
upoctopy. Is ypaxysanuam (13) posmomin (10) mabysae
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BUTJIAO0Y
a a_ o _pg1—1
Pi(u) = [u+ (PErE=P) K| ! =7 (15)

Mincrasnatouan (15) y (7) Ta BuKopucToBy0o4qn hbopMyTy
T(z)T(1 — z) = wese(nwz), 2 = —Pn, onepikyemo dyp’e-
obpas

Pi(t) = Bpa[~(DFr377)[k|*t7], (16)
BUpaxeHnii depes ynkiio Mitrara—Jleddaepa (A.2).
3rigro 3 nepumM pisaAuHAM (A.3) mpu § = 1 maemo
POBITOmLIT

Pi(t) = exp[—(DE 7371 [Kk| 1], (17)

axuft 3somuTheda 1o (3) npm o = 2. 3 iHmoro 60Ky, pis-
uaunad (A.4), (A.5) maoTh acHMITOTHKN

1 o a

Be(t) ~ m[l—ﬁ‘l(m T K, K| =0,
(18)

Pi(t) o [k[72%t72, B=1, |k|* — co. (19)

I mapemrri, npoBogaun (yp’e-mepeTBOPEHHS, IJIA O/~
HOBUMIPHOTO BUIAIKY 3HAXOIUMO

(20)

e BBEIECHO MMO3HaYeHHd 2 = x/tﬁ/o‘. IlopiBHAHHA omep-
JKaHOTO BHpa3y 3 PO3IOmiaoM laycca (5) mokasye, mo
mepexifl 10 3araJbHOTO BUMAAKY COPUINHIAE 3aMIHy da-
coBol sasexnocTn /1 Ha 10/, Y TpaHuIll & > 1P/ omep-
KYEMO aCHMITOTHKY

1T(1 .
Pz, t) ~ ;ﬁ sin (B) g (+all (21)

AKa 3HUKae IIpun o = 2.

YpaxoByroun cKIaIHICTH 3araabroro Bupasy (20), mo-
[LIBHO POSIVIAHYTH OKPEMO BUNIAIKH cymepandysii (3 =

1, o # 2) 1a cybandysii (6 £ 1, a = 2).

B. Cynepaudysiiinuii pexxum

Bynemo BuxoanT 3 OCHOBHOTO KIHETHIHOTO DIBHAHHA
(master equation) g/ rycTHHE HMOBIPHOCTH B OTHOBH-



TEOPIA CAMOIIOOIBHUX CTOXACTUYHUX CUCTEM (HACTHUHA 1)

MIPHOMY BHIAIKY

OP(xz,t
T% = /[W(y, )Py, t) — W(z,y)P(x,t)]dy,
(22)
e T — "ac pesakcarii, a rycTuHa posmoniay Wz, y)

IHTEHCHBHOCTH TEPEXOMIB 13 & B Y 3aJ0BOJBHAE yMOBY
napuoctn Wz, y) = W(y, z). Ue nosBosse mepenucaru
inTer ponndepentigabe piBHARAA (22) Tak:

OP(xz,t
T# - /[P(lur s,1) — Pz, )] W(s)ds, (23)
e s = y — ¢ — 3MIeHAd YacTUHKN. 3BlAcu y pyp’e—

MIPOCTOP1 OIEPKYEMO

by,
o1

e BpaxoBaHO YMOBY HOPMYyBaHHHA

+oo
/ Wi(s)ds = 1. (25)

Pipuanua (24) upusonuth no yp’e-ramnaciBcbKoro 06-
pasy (10), AKIO IHTEHCHBHOCTI MEPEXOMiB 3aJAl0ThCH
Bupasamu (13) 3 8 = 1 Ta acumnroTuko (14).
HagBHICTB HEIIJIOT0o MOKA3HUKA (¢ XBHIALOBOTO UHCJIA
k B piBHAHHAX (24), (13) 03HAYaE B IPAMOMY £-TIPOCTOPL
HOXimHy ApoboBOro MOPANKY o (IuB. HoAaTok B)

= (Wi — 1) P, (24)

DEf() = S == [ AT e, (20

ne f(x) — moBiabHA QYHKINA Ta IPOBEIEHE aHATITHIHE
MPOIOBKEHHA YABHOTO YHCa ik Ha KOMILJIEKCHY ILJIO-
umHy k. Tomi anrebpaiune piBHaAHH#A (24) mepeTBOpIOE-
Thed y ApoboBo—mmpepeHInaIbHE:

0
—P(a,t
at ( ) )
daKe 3BoaNThCH 10 (1) mpn o = 2.

Posp’asky piBHAHHA (27) D0CATAEMO B MEKAX METOLY
®Pyp’e, He TycTUHY AMOBIPHOCTH 3aIMCYEMO AK

=DEri7IDIP(x,1), (27)

Pz, t) = ¢(e)y(t). (28)

YacoBa 3a/1eKHICTh HAbUpae eKCIOHEHIT ATBHOTO XapaK-
Tepy
(1) = ¢(0) exp(=t/7). (29)

Toni g dbyHKIil ¢(2) onepKyeMo PiBHAHHA

Dé(x) = —0"%¢(x), (=+Dr. (30)

Woro posB’asKy mOCATAEMO 3aBAAKH IE€PETBOPEHHAM
JTamnaca ta Mestina [3]

é(u) = u) = /qb(x)e_“xdx, (31)
é(s) = )= /qb yetlde. (32)

3B’A30K MIZK HIMH 33aJa€MO PIBHAHHAM

M(8(x),5) = ——— M(L(H(x),

m u), 1 —s). (33)

s omHOpIAHOL (bYHKII OTepKYEMO

1

M(g(Ax?),5) = — AT M(g(x), 5/a),

A, a = const > 0. (34)

BacrocyBanua meperBopenns Jlammaca (31) mae Ta-
Kuit po3B’a30K piBHAHHA (30):

¢(0)

¢(u) = s (35)

Is ypaxysamuam 3B’askis (34), (33) tpancdopmant

Mestiaa Habupae popMn

pla—1)+s F(l;s)r( 1;5)
o ra-s) ’

o(s) = ¢(0) (36)

ge « > 1, v > 0. Taepryroun (36), Biamosiano mo Bu-
sHavdeHns (A.8), OMepKYEMO 3aEKHICTD, IO 3BOIUTHCA
1o ¢yukmi Porca (auB. HoTaATOK A):

o(2) = ol0) — 1} ( ) (37)
0.1

3rigro 3 (A.6) BoHa MOKe OyTH ToJaHA PANTOM

(1=22)

& 1 Z x/ﬁ (38)

na+a

o(z) =

oTe, ipu & — 0 MaeMo cKeilTiHT
$(x) ~ 7t (39)

Binnosinzo o (A.2) cymy B (38) momaemo AK y3araib-
Heny ¢yuknito Mirrara—Jlepdaepa E, o(z), oe apry-
MeHTOM € —(2/¢)%.
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Taxmm arHOM, 3araJabHHR po3B’da30K ApoboBO-audeE-
pentmigaabaoro piBHdaHHA Pokkepa—Ilianka € TakuM:

Pz, t)= 27 e " e By o [~ (2/0)°], (40)

e Z = [¥(0)¢(0)]”! — crama wmopmysamH#, MO Bimi-
Ipae poJb CTATUCTUYIHOI CYME CTAIIOHAPHOTO PO3MOIILITY,
AKHUIA peasisyeTbes mpu t 3> 7. BigmosigHo 1o mepiioro
pipaanHa (A.3) Bupas (40) y rpanuni o — 1 mepeTBo-
pIoeThbea B NebaiBChbKy €KCIIOHEHTY 3a KOOPIWHATOWIO &.
Iaui Mmu moBefeMo, Mo B IMbOMY BHMAJAKY TOKasHUK [ep-
cra H = 1 Ta peasisyeThbcda OaJICTHIHIR PEXUM, TIPH
AKOMY CepeIHbOKBaJApaTHIHE 3MINIEHH JIHIKHO 3pOc-
Tae 13 gacoM. [Ipu Maaux Ta BEJTUKHUX 3HAUYECHHAX KOOD-
auHaTH rpanudHl Bupasm gyHKI Mitrara—Jleddaepa
(A.4), (A.5) maroTh ACUMITOTHIHI POIOALIN

-
P, t) ~ me_tﬁxo‘_l, r — 0;
(41)

P(x,t) ~ e~ T (14, r — 0.

OmepzKaHl BUpas3y MOKa3yIOTh, IO TYCTHHA HMOBIPHOCTH
36iraeThcd Mo HyJd y TpamHum = — 0, a8 2%~ a > 1.
BaxusimmM € moBemiHKa Ha BEJMKUX BIICTAHAX &, OC-

KIJIbKM BOHA& BU3HAYAE BEJIMIMHY AUCIEPCil

(x?) /l‘zp(l‘) de ~ L2, (42)

ne L — oo — mapaMeTp oOpi3yBaHHA, AKAH BUSHATAEMO
JAJbHICTIO MaKCHMaJbHOTO HoJaboTy Jlepl. 3Biacum Bu-
IIJINBA€ OCHOBHA BJIACTUBICTH Cymepmudysii: mpn o < 2
aucrepcia crae 6e3MeRHOI, a B IPOTHACKHOMY BH-
magKy aHOMaJIbHII XapakTep Audy3il He TPUBOIATD 10
il po36IKHOCTH.

Benmamny mokasumKa o« Ta #oro piswdHe 3HAUTCHHS
MOXKHa 3’dACyBaTH 13 TaCOBOl 3aJIEZKHOCTH KOODPIH-
HaTu #(t). I3 1M€o MeTOI 3pYyYHO 3alNCaTH DIBHAHHA
Pokkepa-Ilnanka gk pan Kpamepca—Moda

e =2 1 (gp) wepen. o

AKUH OepKYEMO PO3BHHEHHAM iMoBipHOCTH P2 + 5, %)
B (23) 3a 3MIMEHHAM §. MOMEHT n-To MOPAIKY Ma€ BHU-
LA,

M, = /S"W(s) ds. (44)

VYpaxosyroun acumnrotuxy (14), maa cumm f = My ta
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KoedimenTa gudysili D = Ms omepxKyeMo
D~ a?e (45)

Bupasu (45) mO3BOJIAIOTH OTPUMATH 9YacOBl 3aserk-
HOCTI cepefHiX BeJIMYNH Ha MMACTaBl piBHAHHA JlaHKe-
BEHA

&= fz) + VD (x)E(1), (46)

ne £(t) — Ginmii myMm i3 cTaHJAPTHUMHI BJIACTHBOCTAME

(€)=0, (@) =6(t—1). (47)

TTpoBonsa«4n ycepentenns pipaanHaA (46), Maemo

d l—a
(%) = @) ~ (@77 (48)

Pyuxmia posmominy P(z,t), Mo XapaKTepH3yeThCA CTe-
MEHEBOIO ACUMIITOTHKOIO (41) Ipn & — 00, HO3BOJIAE BH-
KOPHUCTATH TPOCTHil 3B A30K

(%) = (&) (49)

IpH OOYUHMCJIEHH] HpoOOBOTO MOMEHTY [ITOBLJIBHOTO IIO-
panky w > 0. Toxi piBuauna (48) HabyBae MmpoCTOrO
BUIVIANY, AKUH TPUBOIUTL 10 ekcrmonentw llammica

t

(z(t)) = (1 —a _) ; . (50)

T

Y rpamunmi a — 0 BoHa Mae nebalBChKHI BUTVIAM, 3 AKOTO
BUILJIUBAE, 1O CTaJia IHTEI pyBaHHA T BLOICPa€ POJIb 4acy
pesakcamii. g o = 2 npu ¢t 5> T 0IepKYEMO KOPEHEBY
3aJIEXKHICTD, 10 BJIACTHBA 3BHYaliHiil nudysii. 3araiom
sanexHicTs (50) BuNIAgae AK cHiBBigHOMIEHHA ['epeTa,
(z(t)) o<t ne H — nokasuuk, mos’asanuil i3 BHYTpinI-
HBOIO (PpakTaJIbHOIO BUMIPHICTIO 1) (pa30oBOToO MpoCTOpyY
],
1

H= Il (51)
Y pesyabTaTl IPUXOINMO A0 BUpa3y MOKa3HuKa pYHKINI
PO3IOALTY « 9epe3 BHYTPINIHIO (ppaKTaJ bHy BUMIPHICTD
D MHOXKWHE TOYOK pasoBOro MpocTopy, AKMit BlIoOpa-
JKae 3aKOH pyxy z(t) [5]:

a=D. (52)

Mpu sBuaaiiniii gudysii (o = 2) xkpusa z(t) xoua € na-
MaHOIO, aJe HellepepBHOW, Tak Mo ¢da3oBa TPpaeKTOpid
3alOBHIOE BCl TOYKH TPOCTOPY, 1 HoTo BHYTPINIHA BU-
mipaicts D = 2. Iloswsoru JleBl npm o < 2 mpuso-
IATh IO CTPUOKIB Y3I0BK KOOPIUHATH &, KI 3YMOBJTIO-
I0Th YTBOPEHHA KJIACTEPIB MOCTIAOBHUX MOJIOKEHDb Tac-
THUHKH, IO 3MEHNIYIOTh BHYTPINIHIO PPakTaIbHy BUMIP-
HICTB 110 3HadeHHA «. | Hapeurri, mpu « > 2 KpuBa z(t)
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PO3MIINBAETHCA B MyY0K, HAABHICTD AKOTO, OTHAK, HE 3Y-
MOBJIFOETHCA TIpolecoM andy3il, OCKLIBKH B X0l CBOEL
€BOJTIOTNI] CHCTEMa MOXKE Peasli3yBaTh JINIe eIuHuil 3a-
KOH #(t). Y so6pazkenti ¢pasoBoro mpoctopy Tie Bimobpa-
JKAE€ThCA Ha TOMY, IO fioro BUMIPHICTE HE MOYKE TEPEBU-
nryBaTw 3HaYeHHA Dinax = 2. Y pesyabraTi JuHaMIvHTi
HoKasHuK z = H ™! nop’asanuii 3 innexcom Jlesi o pis-
HAHHAMT (AUB. puc. 4)

a npu « < 2,

S
P=HT = 2 mpn o« > 2.

(53)

2.04---mmmmemmmmeaa

[ Y

a

Puc. 4. BanexHicTs OMHAMIYHOTO MOKAa3HUKA z Ta obepHe-
Horo mokasuuka L'epcra H ! Bix immekcy Jlesi a.

IIpu cuMeTprIHOMY PO3MOILIl IHTEHCUBHOCTH CTPHO-
kiB W(xz,y) = W(y, x) Henapui momentn (44) 10T0KHO
JOPIBHIOIOTH HYJIEB], 1 TOBEIIHKA CUCTEMHE 300pakKacThC
DPIBHAHHAM PYXY s MOMEHTY JAPYTOro MOPSAKY:

d 2 2—a
) ~ (@), (54)

Bowo BuminBae 3 Bupasy (46) Ta BUSHAUEHHA CTOXACTHY-
noro mucepentidany [6] de ~ VD dt i monanma dz? =
(x + dz)? — 2 = 2zdx + (dz)?. Iosropiotouu pos-
pPaxXyHKH, IIPOBeIEHl IJd MOMEHTY IIEpPLIOrO HOPAAKY,
3HOBY HMPUXOANMO 10 pesynbrary (52). Oxpim Toro, 3HA-
XOIINMO 3B 30K

D=2(1-a) (55)

dparTaabHOl BUMIPHOCTH [ 3 MOKA3HUKOM @, IO BH3HA-
Jae KOOPIMHATHY 3aJIeZKHICTD KoedimienTa audysii

D = g% (56)

fK Bim3HAYEHO Y BCTYIN, CTEMEHEBUit XapakTep el 3a-
JIEXKHOCTH Blaobpazkae caMOMOAIOHICTL CHCTEMH, a BII-
MIHHICTH MOKa3HUKa @ BII HYJIA O3HAYAE MYJIbTHILIIKA-
TUBHUN XapakTep HIyMy.

SayBaKmMoO, IO CTAllOHAPHWN PO3B’A30K PIBHAHHA
Kpamepca-Mosana (43), axuii y mudysitinomy nabin-
JKEHHI BPAXOBY€ JBa MEPIINX YJICHH DALY, MA€ BUTIIA,

z~1 f(z)

P(z) = Do) exp /D(a:) dz. (57)
[eit Bupas MICTUTH MEepPEAEKCIOHEHISIbHINT MHOKHIK
D=1 = ¢~2% akuit BusHauaeThCA creneneM (a — 2), mo
He 36iraeThea 3 acumnToTHKOW (39). OmHak Taka cyie-
PEUHICTD € HeIlCHOIO, OCKIIBKH /1A CAMOITOMIOHIX CHC-
TeM, e cuna f(z) Ta Koedimient audysii D(x) samaio-
Theda Bupasamu (45), 6oabIMaHIBCbKa eKCIOHEHTA 3BO-
OATHCA O JIHITHOTO MHOKHHUKA L.

Ounepikane Buie crisBiaHoutenna (55) Bimirpae mpus-
IMUTIOBO BaXKJUBY POJIb, OCKLIBKH TIOB’SI3Y€ T[EOMET-
PHUYHY XapaKTEepUCTHKY — (dppakTaabHy BHMIpHICTD )
— 31 CTOXACTUYIHOK — MOKA3HUKOM MYJIbTUILTIKATHB-
Horo 1ymy a. [IpoBemiMo ducesbHe TECTYBAHHS 3a/1€K-
HocTH (D), BUKOpHcTOBYI0UH 3B’ A30K (51) 3 MOKa3sHHKOM
Tepcra H. Bynemo BuxonnTu 3 pisHaAHH#A (46), 1e Ha Ta-
coBomy iHTepBasi 7 cuaa f = 0, a xkoedimient nudy-
3ii BusHaueHo BupasoM (56). Posp’asytoun me piBHAHHA,
3HAXOMUMO 3aKoH Audysii z(t), I1d AKOTO BCTAHOBJIIO-
€MO CepeHIO KOOPAMHATY Ha 1HTepBaJIl T Ta BlAXUJIEHH
B Hel Ha MEHITOMY 1HTepBaJl t:

Puc. 5. BanexHicts nokasuuka ['epcra H Bim mokKasHHUKa
MYJIbTHILTIKATUBHOl (DYHKIT a.

IToTiM BI3HATAEMO PO3KHI, BIIXUICHHA

R = 1r£1tasx‘r (M‘(i, T) — 1ISI1tlélT 5l’(ta T)a (59)

HOpMOBaHI/Iﬁ Ha cepeIHbOKBalpaTHIHe 3Mi]_L[eHHﬂ
1/2
t=1

Iloxasuuk FepCTa ODYUCTIOEMO 3I‘i,HHO 3 BUSHaYCHHAM

[4]

g o~ 7. (61)
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Y pesyabTari oHepKYEMO 3AJIEKHICTD, MOJaHy Ha PHC.
5, e ananitnuna sanexuicts H = [2(1—a)]~! nokasana
cyniabuowo miniero. [pu a > 1/2) konu dpakranbHa Bu-
MipHicTh (b)) He mepeBmiLye sHaveHnda D = 1, cnocrepi-
raeMo TOBHHUl 36ir YUCETBHUX JAHUX 3 AHAJITUIHUMHE.
Ommax mpu @ < 1/2, D > 1 dbopmyna (55) mormkye
dpakTaIbHy BUMIPHICTD.

C. Cy6nudysiiinuii pexum

Y 1boMy BHTIAIKY HasgBHICTH MacTOK MPUBOIUTH IO
SHIZKEHHSA CTelleHd 9acoBOl MOX1IHOI A0 3HadeHHd § < 1,
TaK 10 KiHeTn4He piBHAHHA (22) HabyBae BUIIALY

35131‘15
g
Qv /Wy,

y,t)dy — P(z,t). (62)
MMincrapnaoan cioan poss’a3ok Pyp’e (28), ana namna-
ciBcbKOTO 06pasy (31) gacoBoro MHOKHEUKA (1) 3HAXO-
JIIMO

v(0)r

Y(u) = T (ra) (63)

Buxopucrosyioun 38 a3ku (33), (34), mpuxoammo 10 Bid-
moBiAHOI TpaHcdopmanTn Mesaina

Sl G Rl G RS

B r(l—s)

(s) = 4(0)

Y pesyabTaTi 9acoBa 3aJeKHICTh (DYHKII PO3MOMLITY BH-
rdnae gax [7]

), (65)
(0,1)

Je 3 TOYHICTIO 10 3aMium « Ha [ dyurmia Pokca Mae
dbopmy, gk y (37). Bukopucrosyioun possutenHs (A.6),
ofepkyeMo pan (nop. 3 (38))

" & —(t/7)"]
s v ()

axult, BiAnoBigHO M0 (A.2), IPUBOANTEH IO BUPA3Y, IO
mictuth dyukmio Mitrara—Jledpdaepa:

-(1-8)
W(t) = 6(0) (—) Bop[-t/7)°].  (67)

3rigro 3 mepmnm piBHAnEAM (A.3) dbynkuia (67) mepe-
XOImuTh y nebaiBebKy ekcronenTy (1) = ¢(0) exp(—t/7)
y tpanuni 3 — 1. Ipyre pisaanna (A.3) mokasye, 1o
upu f — 0 dynkmia (67) npamye mo mynd, ak 3. lpn
MaJMX Ta BeJWKHX 3HAYeHHAX 4Yacy ! MeKOBl BHpasH
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(A.4), (A.5) dbynkuil Mirrara—Jleddrepa naoTs acum-
OTOTHYHI 3aJIEZKHOCTI:

_w t -(1-5) ~
" 1 <T) o (68)

1\ ()
¥(t) ~ ¢(0) (;) , t> T
BaraabHuil BULIAL 3adexHOCTH (1) TMoKasaHWil Ha
puc. 6, aKuii CBIZYUTH, 10 TpU Maaux [ hyHKINA pos-
MOJIIJIY TIOBOAUTHCHA CTEIMEHEBAM YMHOM, a MPU BEJHUKUX
— EKCHOHEHI SJIbHUM.

Iny 4

7.38906

]
0.36788
0.01832]

0.00091 4

o

In Vo b
7.38906
Ei 3
0.367884
0.01832 1
0.00091 4

T T T T T
0.050 0.368 2.718

Int

Puc. 6. Hacosa sasexHicTb (BYHKINI PO3MOMIIY &) s
cyuepnudysii B HamiBiaorapudmiunnx (a) Ta sgorapudmiu-
uux (b) ocax (xpusi 1, 2, 3 BinmoBimaroTh MNOKa3HUKaM
8=0.1,0.5,1.0

HagBHicTb MacTOK 3HUKYE MOPATOK TaCOBOI MOXITHOIL
He TIIbKY B KiHETHIHOMY piBHAHHI (62), a TakokK y Bid-
noBinHuxX Bupasax (48), (54) mra MOMeHTIB:

d° d° y
g\ = @), 3ple) =(DP).  (69)

AHadl3 pIBHAHB, OJep:KaHUX MICAA MIACTAHOBKH B Il
criBBigHOmEeHHA acumnroTuk (45), (56), mpuBoIUTH MO
crefiminry (%) ~ 7% 10 y3araJbHIOE €KCIOHEHTY
Hammica (50) y rparnmi ¢ — oo. Ilpu 1mMpoMy TOKa3HUK
I'epcra H BupaxKaeThCsd Yepe3 MOPSAKH HOXITHUX a,
Ta HOKA3HUK MYJILTHILIIKATUBHOIO IIYMY ¢ PiBHAHHAMHE
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B B
M= =50 (70)

[0 Y3aTaJbHIOIOTh PE3yJIbTATH MOMEPEIHBOTO PO3ALITY
g § # 1. Opnax crissinsomenn# (52), (55), AKi maoTh
3B 30K MOKa3HUKIB ¢, @ 3 PpakTaaIbHOI BUMIPHICTIO D,
BATUIIAIOTHCA HE3MIHHUMH.

Il moBelieHHsT MPOBEIIMO y3araJbHEHHSA PIBHAHHA
(51) mna moBinbHOTO MOKasHuUKa [ # 1. 3 mielo MeTO0
BUMIPSAINMO TOBKUHY L KPHUBOI, IO 3a1a€e rpadIik 3a1ekK-
HOCTH (1), TOKPHBaIOYH ii BiApIsSKaMI MaJIol TOBKHUHHE [.
fAximo mit DoBXWHI BIAIOBIIAE eJIeMeHTapHUI 1HTepBaJI
T B3IOBK 4YacoBOi ocu , a KOOpAWHATA ¥ BUMIPIOETHCHA
B MacmTabl a — 0, 1o, 3a Teopemoro [lidaropa, maemo
l=+/7?+4 (x/a)?. 3inmm0ro 60Ky, 3TiIHO 3 BUSHAYCHHAM
[4], MakpocKomiuHa HOBXKHHA L MOB’d3aHa 3 MIKPOCKO-
miganM MacirraboM ! cmiBeimHomenuaMm L o {17P ) axe,
BHACJIIOK caMoadinHocTn KpuBoi #(t), 3bepirae cury
npu 3MiHl Macitady T — £7, £ > 1. YpaxoByoodn ckeli-
minrose cmipBimmomenna x(E7) = ¥ x(r), sazmauene
EepETBOPEHHA 3MIHIOE MIKPOCKOIMYHMNE Macuitab Tak:
= 1(&) = /€22 + E2H (z/a)? = /268 (x/a) < €2 ne
IpyTe pIBHAHHSA 3abe3MedyeThcs TaKuM BHOOPOM Mac-
mraby a, aKwil MopiBHIOE BHeCKH oceli t Ta x. fAximo 6
KpuBa #(t) He Maja TOPH3OHTAJBHUX IUIAHOK, 1O 3y-
MOBJTIOIOTHCS TOMAJAHHAME YACTHHKHU B MACTKH, TO JIJId
il HOKPHUTTH eJIeMeHTapHIMHI BIAPI3KaMi BIMaraJjach Ou
Taka ix KLIbKicTh, o gopisaioe N = ¢ /7. 3apngku ca-
MoadIHHOCTI Hid TMAaCTOK, 10 3HIMKYE MOPAIOK MOXITHOL
3a gacoM 70 [ < 1, 3MeHIIye KIJBKICTH MOKPUBHIX BiJI-
piskip o snavenna N = (t/£1)P oc £7P. Y pesymbrati
[OBHA JOBXKHHA KpHBOL ckiaamae L = NI x 7960
ll—D

_£ .
1= # . Topisniotoun ii 3 BU3HAYCHHAM L X
MO 3B 430K MOKa3HWKa l'epcTa 3 BHYTPINIHBOIO (bpak-
TaJILHOIO BEMIPHICTIO:

, 3HAXO-

H= (71)

Ea
o ysarasibHioe pisaannga (51) mpu 8 # 1. Tligcrasna-
fo4n cionn criBBigHomeHHA (70), TPUXOIUMO 10 THX Ca-
mux 3B’ a3KkiB (52), (55), wo nagsui npu 7 = 1. Heit pe-
3yJAbTAT € 3BUYARHIM, OCKIJIBKH CHHTYJIAPHICTD 9aCOBOI
MOBEIIHKN HEe MOXKE 3YMOBJIIOBATHCH PPaKTAJIHHOIO BHU-
MIPHOCTIO, 1O OMUCYE TEOMETPUIHUN TPOCTIp.

D. Iepapxiuna kaptuna cynepaudys3ii

Bunarkosa ocobauBicTh mpoliecy cynepandy3il mosas-
ra€ B TOMY, IO TOCIIIOBHI MOJTOKEHH OJIYKaiodol Jac-
TWHKHU BiATBOPIOIOTH KJIACTEPHY CTPYKTYDY, AKa TOLAE-
ThCA AK (ppaKkTasbHa MHOKIHA 3 BEMIpHicTO (52), 110
3BOANTHCA 10 MOKAa3HWKa aHOMaJsbHOI audysii o (auBs.
puc. 2). Ockinbku dpakTal € pe3yabTaToM i€papxid-
HOI TpOIEAYypH, TO MOXKHA MTPHUIIYCTUTH, IO MOBEAIHKA
CTOXACTUIHOI CUCTEMU BU3HAYAECTHCS HE JIUIIE 3MIIIeH-

HAM TaCTUHKH B MPAMOMY IIPOCTOPl, ajie i MOBILIbHI-
III0I0 E€BOJIIONIEI0 KJIACTEPIB 11 MOCJIIOBHAX MOJIOKEHb.
fAx BimOMO, ocTaHHSA 3BOOUTHCA A0 AUy3ll Mo By3JIax
1€papXi9HOTO JepeBa, dKe 300pakye yIbTpaMeTpUuIHu
MPOCTIP.

Posryisan, npoeemennit y posminax I.A ta LB, mosBo-
JIMB TOJATH CTaHlio aHOMaJIbHOI audys3il, moB’d3aHy 3
MepeMINEHHAM YaCTHHKN Yy HOpAMOMY TpocTopi. Byso
MOKA3aHO, 10 Ha ME30CKOMIYHIX IHTEPBAJIaX Jacy, KON
He BUHUKAE MOMITHUX 3MIH KJIACTEPHOI CTPYKTYPH, MO-
JIOXKEHHA JacTWHKN posmomisieni 3a sakoHoM Jlesi (17).
TyT Mu PO3rIAHEMO HACTYIIHY CTaJli0, KA 3yMOBJEHA
BUMAIKOBUME OJIYKAHHAMHE B YJIBTPAMETPHIHOMY MTPOC-
Topi [8]. Ha ocrosi y3arajabhenoro piBusauusa Pokkepa—
ILtanka 6yme mokasaHO, IO MOMIOHO YIOBLIBHEHIH pe-
JlaKcalill CIHOBIX CTEKOJI Ha MaKPOCKOMYIHIX 1HTEepBa-
JaxX 4Yacy KJacTepHa CTPYKTypa MOMITHO 3MIHIOETHCH.
e mpuBOAMTH A0 ACHMITOTHYIHOTO PO3MOMLIY 3a PIB-
HAME 1€Papx1dHOTO JepeBa, AKe 3BOAUTHCH 0 (HOpMH

Masrica [9].

m>n

Puc. 7. HalimpocTtimi iepapxidti jgepeBa: a — HapaMeTpH-
3allis JgepeBa 3 MMoKa3sHuKoM s = 3, b — 6idypkailiiiite gepeBo

(s =2).

3a yMOBH BpaxyBaHHs KJIACTEPHOI CTPYKTYPH B KiHe-
THYHOMY piBHAHHI (22) rycTuna fiMmosiprocT Py(r, 1) Ta
iHTeHCHBHICTE epexois Wy (r, 1) cTafoTh 3aleKHIMI
Big ysabrpamerpuunol koopmuuatu u [10]. Hua 3’gcy-
BaHHA II€l 3aJIeXKHOCTH PO3IITHBMO PeryiaspHe iepap-
XITHE JepeBo, MO XapaKTepH3yeTheda (BbiKCOBAHUM 3HA-
YeHHAM MOKa3HWKa § > |, akuii 3a/7ae KIIbKICTD TLJIOK,
IO TMPOPOCTAIOTh 3 IHOTO By3Jia, Ta KILABKICTIO PIBHIB
lepapxii n > 1. Toml yabTpaMeTpumdHa KOOpaWHATa U
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IIOJAE€THCA N-3HAYHUM YHUCJIOM Y CHCTEeMI YHCJIEHHS 3 OC-
HOBOIO s:

US g g ...t ... Up_1, Un=0,1,....s—1 (72)
(mwB. mpuKaanm Ha puc.7a). Bigmosigro, iHTEHCHBHICTS
epPexodiB 3alUCyeMO AK CTEIleHeBUil pan

Waw = Z W (um — up,)s™ ™™, (73)
m=0

ne mepinit nogarok m = ( BIAIOBIIZaE BEPXHHOMY PiB-
HeBl lepapxil, dKuil 3amae MOBEOIHKY BCI€l CUCTEMH, a
OCTaHHI M = n — HUKHLBOMY, IO BIAMOBIIAE 3a Haii-
JAPIOHINN KJIACTEPH. 34 BU3IHAYEHHAM, BIICTAHEB MIXK TOY-
kamn u, u' cknamae | € [0,n] sa y™MOBH un, = ul,
oia m = 0, 1,....n — ({ + 1), ane u, # u, naa
m=n—I0ln—1+1,...,n[11]. Tomy npu dikcoaniit
Bigcrani [ mepuii (n — ) momaHKIB HaBEIEHOTO PALY, 3a
BU3HAYEHHAM, JTOPIBHIOIOTh HYJIEBl, a OCTaHHI | MICTATH
MHOXKHUK s"~ ™ BeJUYWHA 4KOrO B KOHTHHYAJIBHIN Ipa-
Humi s 3> 1 HabaraTto MeHIlIa, HIK MHOKHEK s , AKIi Mic-
TUTbCA B TEPIIOMY 3 TOMAHKIB, M0 3aJUMAIUCA. Y De-
3yJbTAT] 3’ ACOBYETHCH, IO B CTEIIEHOBOMY PAJIl TOJIOBHY
POJIB BIIiTpae €AMHII JOIAHOK, IO BiATOBIAae m = n—I:
Wy ~ & = s"~ ™ Tloni6uo MoxHA MOKa3aTH, IO Tyc-
THHa fiMOBipHOCTH cKJIamae P, ~ s"~! = s™. IIpu mepe-
X0l BIIl peryJigapHOro IepeBa 0 JOBIJILHOTO TOKA3HUK
$ CTa€ 3MIHHOIO BEJIMINHOIO, 1, BIAMOBIIHO 10 HABEIEHNX
OIIHOK, 1HTeHCHBHICTH TepexoniB Wy = W(n — m) ta
rycruna fimoBiprocT Pyy = Px(m) nabysators dbopmu
nepeTBoperb Mesutina:

W(n—m) = /OOW(S)sn—m ds,

Pi(m)

/Oopk(s)sm ds, (74)

e W(s), Px(s) — simmosinmi Barosi ¢yHKITI.
KineTudne piBHAHHA, 1[0 BPaXOBY€E KJacTepHy CTPYK-
TYpY, 3aIlUCYEMO dK

nP(n,t) = > W(m = n)Pe(n,1)

m>n

— Z Wi(n—m)Pgc(m,t), 7

m<n

(vorikl) . (75)

Tyt mepmmit momaHOK y THpapiii dacTWHI BpaxoBY€E le-
papxiuHmii 3B’A30K MK BYy3/JaMH HIZKHIX PIBHIB 1M > N
depes 3adaHuil n, a BLI €MHUK — 3B 430K IIOTO PIBHA
n depes BepxHi m < n (muB. puc.7b). Tlpm omep-
JKaHHl piBHAHHA (75) BUKOPUCTAHO amiabaTudre HaOH-
JKeHHdA, B MeXax AKoro OJIYKaHHA JacTHHKH BIIOyBa-
eThca Habararo MIBUAIIE 3a 3MIHY KJIACTEPHOI CTPYK-
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TypH, dKa XapaKTEPHU3YEThCA MAaKPOCKOMIYHUM YacOM
Tm (OuB. HIKYe). PosBuBatoun B psAx rycTuHy HMOBIp-
HOCTH 33 CTeMeHdAMN (N — 1m), B KOHTHHYa bHIf TpaHuii
n > 1 3 TOYHICTIO A0 YJIeHa APYTOTO MOPAIKY OIEPIKY-
€MO

TP (n,t) + D2 Pi(n,t)

0

= 5 [F(n)Pe(n,1) - iD(n)Pk(n,lt) : (76)

on

e BBeOAeHO MOMEHTH

D(n) = % S (0= m)?W(n — m) (77)

Ta BEJIMIUHY

0 3a71a€ PIHUITIO MiK MIBUIKOCTIMHI BCTAHOBJICHH 1€~
PapXidHOTO 3B A3Ky Yepe3 BepXHl Ta HUKHI piBHIl. dami
Gyle noKasaHo, 1o oneparop D, 3BonuTbCA 10 MOXITHOL
Ixekcona 3 mokasHnkoM « = (¢— 1) In P/In¢ (nuB. mo-
natok C). Ha Bimminy Bim 3Buvaiinol moximHol, AKa Bij-
moBigae rpaunil ¢ — 1, moxigua IKekcoHa 3amae MIBHI-
KicTh 3Mian yHKIi P(n) He mpu 3MilleHH] apryMenTy
dn — 0, a mpn iforo mgmiaaTaiiii gn 1 TOMY € OCHOBOIO
aHaJ3y caMonoaibHux cucrem [12].

Yzaramd opu miacyMOBYBAaHHI 3a CTAHAME CHCTEMHA 00-
MeReHHA m > n, m < n, mwo dirypyiors y (78), €
BiICYyTHIMH, Tak 1mo Dy = 0 [13]. OnHak HeMae HIAKUX
miACTaB TpUiiMaTH Takl YMOBH A1 1€papXITHUX CUCTEM,
Jle MBUAKICTH YCTAHOBJIEHHS 3B’ 43Ky CYTTEBO 3aJI€KUTH
Bl TOTO, AKNMW DIBHAME (HUKHIMI 91 BEPXHIMH) BOHA
sabesneuyeThed. lle 3yMOBIEHO HEOMHOPIIHICTIO YJIBT-
pPaMETPUIHOTO MPOCTOPY, AKa € OYEBHIHOI HaBITh 3
fforo reomerpruHuX 00pasiB, HaBemeHux Ha puc. 7. [lpu-
iiMeMo aH3aIj

(79)

AKU o3HAaYAE, MO 3a3HAYEHa HEOTHOPITHICTD MTPUBOIUTH
JI0 HEJIHIFHOTO BHECKY EPIZ(H, t) no npeiicdoBoi cramo-
BOl TIOTOKY HMOBIpHOCTH OJIYKAHD IO 1€papX1IHOMY Ie-
peBy (¢, € — momaTHi mapamerpu). 3 iHIIOro HOKY, TOMH
dakxT, 1o PISHUIA IIBHAKOCTER yCTaHOBACHHA 1€papXitd-
HOTO 3B 3Ky Dg 3aJIEKNTh Bl TYCTHHU HMOBIPHOCTH
P, osHavae HadABHICTDH HEJIHIITHOTO 3BOPOTHOTO 3B A3KY.
MMincranoBka Bupasy (79) y pisaantg (76) TpUBOIUTE 10
TAKOTO BHTJISAAY KIHETHUIHOTO PIBHAHHSA CyIepaudy3ii:
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neP(n, 1) = a% [F(n) Pe(n, t) — eP{(n, )]
9
— 8_nD(n)Pk(n’t) . (80)

TMopiBugAHO 31 sBHualinuMn cucremamu [13] 3BepTaoTh
Ha cebe yBary MpOTHJIEKHI 3HAKH Teper audy31iiHoio Ta
JHIAHOIO IpeitdoBoo CKAaTOBIMHE, IO 3yMOBJIECHO 06ep-
HeHUM BuOOpOM 3HaKiB y BuximHoMmy pisaanHI (75). Tpu-
YHHOIO TaKol 06epHEHOCTH € T€, 10 aBTOHOMHI 1€papXivHl
cucTeMn (HAIPUKJIaI, OI0POKpaTHdHA) He PYHHYIOTHCH,
a caMOCTIHO BIITBOPIOIOThCA. HaromocuMo Takox, 1o
HeJTiHIfHICT piBHAHHA (80) He ITO3BOJIAE BUKOPHCTOBY-
BaTH TepeTBopenta Mennina (74) moxpibHo no Toro, AK
Iie BLOOyBaJIoCh IpH BU3HaUeHH] hyp e-00pasy pIBHIHHI

(22).
TepeitaimMo mo amanisy piBHanHA (80) maa F(n) = 0,
D(n) = const, y aKOMy OCHOBHY pOJIb Bimirpae He-

JiHlliHa OpeiidoBa ckiamoBa. BiamoBimHmii cTamioHap-
HEH pO3MOmLI

2—g

aze-ofZ+u-n} (31)

MOHOTOHHO 30LIBITYEThCH 31 3MEHIIEHHAM 7. (3017TbIIeH-
HAM KJacTepa MOJOKEHb YacTHHKH) Ta MEPEXONUTH Y
posmomut Hammica Ha BepxabOMY piBHI 7 = 0, 110 Xapak-
TEPU3YE BCIO CHCTEMY. 3 I[LOTO BUILIINBAE, MO ¢ < | BiJ-
MOBiZIae¢ HEOOMEKEHO 3POCTAIOYHM ACHMITOTHKAM TYC-
TUHU WMOBIPHOCTH, TOMY [IaJli TIPUITYCTUMO, 110 ¢ > 1.

Y HecTamoHapHOMY BHIAIKY aHAJITHIHE IOCJIi-
JIKEHHS CTa€ MOKJHUBUM B aBTOMOJECJBHOMY DPEKUMI,
KOJIM TOBEIHKA CHCTEMH 3aJa€ThCs TacCOBOIO 3aJIeiK-
HICTIO N¢(t) XapaKTepHOTO MaciTaby iepapxii, a posmo-
JI1JT IMOBIPHOCTH TIOAAETHCA OJTHOPITHOI (PYHKIEIO

P(n,t) = [n.()]"*P(v), v=n/ne. (82)

Ko BUKOHYETHCA YMOBA HOPMYBAHHSA

/P(n,t)dn: 1, (83)

To HaliCyTTEBINNi BHECOK Ha€ apeiidoBuil m1ogaHOK, IO
3YMOBJIECHIH HEOTHOPIIHICTIO YJIBTPAMETPHIHOTO IIPOC-
Topy. Tomi o = 1, 1 aBTOMOIENBHAN PERUM BCTAHOBJIIO-
E€ThCA 3a YMOB:

n¢ln. = const = — (84)

Tk

Ta

(egP?™t — Cv)P' — CP = 0. (85)

Tyt Ta HIKYe MITPUX O3HAYAE TUdEPEHIIIOBAHH 32 Bil-
TOBLAHUM apryMmenToM, (' — mogaTHa cTajda. Po3B’da30k
piBHgaHHA (85) Mae Buraan P4~ = (C/e)v npu ¢ < 7y,
ne 74 = (€972/D9=nin. Tlpu cymipuocti npeiidosoi
Ta audysiitHol ckIamoBux (¢ ~ T4) PO3MOILT 3a iepap-
XIYHUMU DIBHAME CTa€ HEHOpMOBaHHUM [14], Tomy muis
3abesnevueHHd aBTOMOIEIBHOTO PEKUMY HEOOXITHO BH-
KOHATH YMOBH:

neie = & (86)

—-1)-1=
a(q ) 0, .y

Ta
DP" + (eqP?™! — Cv)P' — aCP = 0. (87)

Po3B’A30K OCTaHHBOTO PIBHAHHA XapaKTepU3yEThCs
acumnrorukamu P41 — (¢ — 1)~ D/e)v=! npu v — 0
ta P41 — (2C/qe)v npu v — co. Ilepma peasisye-
ThCA Ha BEJIMKWX 9acOBMX Maciitabax t >» Tm, Tm =
(n?/C) 1, npyra — Ha Maux t <& Tp, .

Takum uusoM, npn F(n) = 0, D(n) = const Ha mo-
JaTKOBI# cTami t & 74 BHecCKOM andys31iiHOl CKJIaI0BO1
MOKHA 3HEXTYBATH, 1 PO3IOILI 328 PIBHAMKM HOPMYETHCHA
sBUYaitHoro ymMoBot. IIpn mpoMy xapakTepHnii Mmacurtab
lepapxil 3pocTa€ 3 YaCOM 3a CTEINEHEBUM 3aKOHOM

t
n=Cqg—, (88)

Tk

TakK IO CYTTEBHMH CTAIOThL yce HIKYI piBHI. BiamosigHo
TYCTHHA HMOBIPHOCTH 3MEHIIYETHCA 3a TINmepOOoITHIM
3aKOHOM

n Tk
-1
P (n,t) = — — (89)
ge 1
TUM UIBWIIIE, 9UM HIDKYIE DIBEHB (3BIACH BHILINBAE Ta-
KoK ¢ > 1). Tlepexin wa nudysifiny cramio, aknii npu-
CKOPIOETHCA 3 MIIBUIEHHAM DIBHSA, CIPUINHAE IPU Ty ~
t € T, TpancdopMalio 4acoBoi sasmekHocTH (88) mo
3BUIARHOTO KOPEHEBOTO BUTJIALY

i
ne = 1/2C — (90)

a TycTHHA HMOBIPpHOCTH, fK 1 paHille, SMEHIIYETbCA 3a
rinepbosmiaHIM 3aK0HOM (89). 3 MOmAIBIINM 3POCTAHHAM
qacy /10 MaKpPOCKOMIYHUX 3HAYEHDL ¢ 3 T, 3aJEKHICTH
ne(t) 3annmaeTbea HESMIHHOO, & PO3MOILT IMOBIPHOCTH
BUXOJUTL HA ACUMITOTUKY

P~ {05} T @y

o BiAmoOBiZae cramioHapHOMY posmnomiiosi (81) mpu

n> D/e.
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3a HagBHOCTH 30BHIIHBOL cuyim F(n) = const Ta
MyJIBTHILTIKATHBHOTO IIYMY, IHTEHCUBHICTE Akoro D(n)
3aJIeKUTh BlJl HOMepa PIBHsA, 3a3HadueHa HMOBEHIHKA pe-
anisyeTbes Jmme Ha Masomy 4aci ¢ < n(F — D') "1,
SAK1U0 BUKOHYEThCA NPOTUJIEIKHA YMOBA

1
€ a-1

o) -

t
n (F-D) —>
k

TO XapaKTepHuit MaciTab 3pocTae 3a JIHIHHIM 3aKOHOM

[
c = C -, 93
ne=0 L (93
a WMOBIPHICTH CIIaga€, dK
!
Pn,t)=sn+(F-D) — (94)
Tk

CrarmioHapauii posmomall HabyBae eKCHOHEHIIAAbHOL
dopmu

P(n) < D™ texp /% dn;, (95)

AKa TMOPYUIYE aauTUBHICTE. [li#icHO, OCKIIbKT ofHa i Ta
caMa sasexkHIcTh D(n) Busnadae mporiec qudysii Ak ara

BCl€l cHCTeMH, Tak 1 AJid 11 9acTuH A 1 B, To mopyirye-
ThCd YMOBa MYJIBTUILTIIKATHBHOCTH AMOBIpHOCTER

PA’B(n) = D(n)PA(n)PB(n). (96)

Tomy HaBITH IpM BHU3HAYEHHI eHTpoImil 3a BosbiiManoM
cucTeMa 3 MyJbTHILIIKATHBHUM LIIYMOM HE € AU THBHOIO.

3 HaBeIeHOrO BHUILIMBAE, IO TPOIec cymepaudysil
1epapxIdHOl CHUCTEMH, fAKa He MIIJIATAE 30BHIITHBOMY
BBy (F = 0), BiaOyBaeThca HeaanTHBHO. Y MeKax
BUKJIAIEHOTO TMIAXOAY AK HEJIHIHHICTD, TaK 1 3yMOBJICHA,
Helo HeaJuTHBHICTH € HaCJIIKOM lepapxidHol OyIOBH.
3BiICH BUILINBAE, IO BLIBHI 1€papXidHl CHCTEMH 3aBK I1
Hea TN TUBHI.

E. Ipobopo-nudepeHiiisiiibHe piBHAHHA pyXy

OcrarHIM 9acoM MOCHIEHY yBary HpPUBEPTAOTH ¢i-
3UYHI CHCTEME, Y dKUX NPUHIUIIOBY POJb BiirpaioTh
edexTn mam’aTi. Taka cuTyallia BHHAKAE MPH OIMC] KOH-
JEHCOBAHOTO CTaHy, JAJIEKOTO Bl TEPMOINHAMITHOL PiB-
HoBarm: aMopdHUX MaTepidsiiB, IpH CTPYKTYPHI# pe-
JaKcalll BUCOKOTEMIIEpATYPHUX OKCUIIB HaIIpPOBIIHI-
KIB, TIpH IUIACTUYHIA medopmaliil Ta pyiiHyBaHHI TBEp-
IUX PO3YHMHIB I MAPTEHCUTHUX MaKpPOCTPYKTYP Ta 1HIIE
[11]. HagBHicTb mam’gaTi npunyckae, mo cuia f, dka mie
Ha cucteMmy B 4ac ' > (0, IpUBOAMTH 10 MOTOKY J, aM-
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H.HiTy,Ha AKOI'0 BUBHAYAETHCA 3TOPTKOIO

J(t) = /Ot M@ —=t)f")dt. (97)

s MapKIBCBKHX CHCTEM, Y AKHX BIACYTHS MaM ATh,
JacoBa 3aJekHICTh GyHKi mam’ati M(t — ¢') mae o-
nonloHmit BATITAL:

M@t —t)=~6(t -1, (98)

Ie vy — mnosuTuBHa ctana. Iligcrasnaoun (98) B (97),
OIIePIKYEMO 3B 430K

J(t) =7f(1), (99)

3TIIHO 3 AKHM, 33 BIACYTHOCTH TaM’aTi, Ha TOTIK J (1) B
MOMEHT ¢ BILTMB Ma€ TLABKH CHJIa, 10 i€ B Toil cammuii
MoMeHT 4acy t. Ilpu BpaxyBanHI mam’aTi d-pyHKIISA B
(98) posMHBaEThCA HA IMMPUHY T, TPOTATOM AKOI CHIIA
f smatmHa migarm Ha moTik J. aa cucTeM 3 1AeaJibHOIO
maM’ATTIO MaeMo T — 00, To6To moTiK J(t) dopmyerhea
BIPOIOBK iHTepBasy ' < t mil cum f(t') no gacy t.
dopMaJIbHO 116 BUPAKAETHCA B 3aCTOCYBaHHI sapa iHTe-
rpaJibHOTO piBHAHHA (97) y BuUrIAI
T E— (100)
Ile BIACYTHS 3aJIeZKHICTD Hil cuil [ y MOMeHT 4acy t', a
bYHKINA maM 4Tl 3aJ0BOJbHIE YMOBY HOPMYBaHHSA

/tM(t —t)dt' = . (101)

3B’asok (97), sanucanuii y dacoBoMy 300parkeHHl, €
HE3PYYHUM 3aBIgAKH HAABHOCTI 3ropTKM (iHTerpasa 3a
t'). Bin Hel MokHA TO30ABHTHCA 3aCTOCYBAHHAM TIEpe-
TBOpeHHdA Jlammaca, gKke mMO3BoJIdE TepeliTu BiO dacy it
0 KOoMILTIeKcHO1 dacToTu u. Ilicoda mboro mmdepeHiid-
JbHe piBHaARHA (97) HabyBae anrebpaiunoi dopmu

(102)

JlamnaciBepkuii 06pas MapKiBcbKoro aapa (98), wo Bia-
TMOBLAA€ BIACYTHOCTI MaM ATi, 3BOAUTLCS IO KOHCTAHTM:

M (u) = . (103)

Huoia imeansroi mam’aTi 3 piBHawH# (100) y rpamwmi
|ult > 1 orpumyemo
M (u) = ~v/ut. (104)

TakuMm 9uHOM, BKIIOUEHHS TaM 4TI CHPUYHHAE TPAHC-
dbopmariito cramoro anpa (103) mo rimepbostiaroi dhopmu
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(104).

Y 3B’43Ky 13 UM BUHWKAE MUTAHHA: AKY DOJIb BlIi-
rpae bynkuig M (u), 4Kmo0 maM’4Th € MOBHOW, aJle He
11eaJIbHOI0, TOOTO BOHA MPOABIAETHCA HA BCBOMY 9aco-
Bomy iHTepBasi (0,1), momepenHboMy 110 t, ajie He TpH
Bcix MoMeHTax gacy t'. OCKIJIBKH CTOXacTHIHA CHCTEMa
€ caMOTIOMIOHOI0, TO MOKHa OYIKYBATH, IO MaM ATh I~
TPUMYETBbCA B TOUKax 1/, AKl TeX CKJIAJaf0Th CaMOIIO-
mibny muoxkwmHy. Ilokaxkemo, 1o ¢pakTajgbHa BHMIP-
HICTH A TaKol MHOKHHH € MIPOO 30eperKeHHs TaM gaTi.

Besnocepenni poszpaxyuku [15], mo rpyHTyIOTBCA Ha
BUKOPUCTAHHI KAHTOPIBCHKOTO Iy, AKWI € HalilpocTi-
MM TPUKJIAI0M CaMOTIOMIOHO1 MHOKWHY, TPUBOAATH 1O
pesyabTary

Ins
M(u) = Apz™", A:lngﬁ, z=(1—=¢&)ut.
(105)
Tyr s — IHAEeKC TaayKeHHd BIAMTOBIAHOTO 1€PapXidHOTO
nmepeBa; £ < 1 — mapamerp momibHocTH, cTada Ax =

2-A/2 g KaHTOPIBCHKOI MHOXKHWHE 3 KIIBKICTIO €JIe-
MeHTapHHX OJIOKIB § = 2.

®yuxmia mam’ari (105) 3am0BoIbHAE YMOBY CaMOIO-
mibrocTn M (£u) = €72 M (u) 3 mokasamkom A. Bymy«an
dpakTaIbHOO BHMIPHICTIO MHOXKNHE KaHTopa, y ToU-
Kax AKol BKJIOYEHO MaM ATh, IMell MOKasHUK Momae Ki-
JbKICHY MIpy edeKTiB BUABJIeHHA mam aTi. ificHo, m1s
nopoxHbol MHOKIHK (§ = 0) Maemo A = 0, i 3ayex-
HicTh (105) sBomuThea mo cramol (103), wo Bimmosimae
BIACYTHOCTI TamM aTi. 31 30L/IbIIEHHAM MapaMeTpa momio-
moctu ¢ > ( mokasHHK A TaKOXK 3pOCTae, 1 JialIaciB-
cpka Tpancdopmanta (105) crae dbyHKIIEW, 1O MBIIKO
spoctae. I'panmyne 3nadenna £ = s~ mapaMeTpa nomit-
HOCTH TPHUBOAUTH 10 MaKCHMAaJabHOl BUMIpHOCTH A = 1,
dKa BIATOBIIae 1deasbHIil mam’aTl, BUsHadeHOl (DPyHK-
mieto (104).

TakuM YUHOM, CHCTEMH 13 3aJUIIKOBOIO MaM dTTIO
OIWCYIOThCs HepeTBopenHam Jlammaca (105), me sHa-
gennda mokasuauka 0 < A < 1 BusHadae BeJHUIUHY 30e-
pexkeHHda maMm’g4Ti. BukopucroByooun iHBepCHE MEepPETBO-
peHHs, IJId IBoYacoBOl (PYHKINI TaM’ 4Tl KaHTOPIBChKOI
MHOKUHE 3 § = 2 3HaxomuMmo (muB. [11], [15])

M—t) =1 [ﬁu - 5)15} T r—A) -2, (106)

T

e T'(1 — A) — rama-dbysruia. [lincrapnaroqan (106) B
piBaganHA (97), omepKyeMO

s =2[van-g) “zArw,  on

Ile 3acTocoBaHo BusHadeHHa (B.3) npobosoro inTerpaa
Big cmnw f(t) [16].

Hoci MI BUKOPHCTOBYBAJIH 1HTEI paJibHE 300pazKeHHA
edekTiB mam’a1i. [TokazkeMo Tenep, Ik Moxke Oy TH 3a1u-
caHe eKBiBaJIeHTHe OudepeHIidaibHe PIBHAHHA. 3 IIEI0

METOI0 POIVIAHBMO IYCTHHY po3toaiay n(r,t), mo 36epi-
raeThCd 3TIMHO 3 PIBHAHHAM HEIIEPEPBHOCTH

on

— =V
ot ’

(108)
e noTik J momaxo piHaHAM (97). 3a BigcyTHOCTH
edekTiB TaM’ATI 3a0BONBHAECTHCA piBHAHHA (99), me
cuny f momamo gk

f=-Vyu, (109)
p — xeMmiunuit notennis, a (108) npusomnts mo audy-
31HOTO PIBHAHHST

on

== V(). (110)

ITpu BrITIOUeHH] Tam’aTi y mpasifi gacturi (110) 3’aBia-
eThesi ApoboBUil IHTEI'DaJI, IO 3HAYHO YCKJIALHIOE PO3-
B’A3aHH4A 3a1ad4l.

Opnak 1o 1€l mpobJieMu MOXKHA MIIITH 3 I1HIIOTO
GoKy, AKIIO BpaxyBaTH, o yHKma nam’ a1l M (¢ —t')
HabyBae HyJIbLOBHX 3HadeHL y IIeBHI MOMEHTH dacy t'.
3rigro 3 pisaganHAM (97) e npuBoaAnNTh 10 dikcamnii mo-
TOKy J B (108), LIO BIANOBlOAa€ 3HUKHEHHIO HIBUIKOCTH
On/0t. Tomy MOXKHA NPUOYCTUTH, IO BTpaTa maM dTi
MoOxKe Oy TH BpaxOBaHa He TLIbKH DpaKTaalbHOK BJAaCTH-
BicTio iHTerpana moToky (107), a Takox apoboBuM mO-
pamgkoM vacoBoi noxinHoi B (108). Bymgemo Buxomntu 3
TOTO TOJIOKEHHd, 1o piBHAHHA (108) Bigmosimae moB-
Hiil BiACYTHOCTI mam’aTi, npu gaKiif dppakTaabia BUMIp-
micte A = 0. i BpaxyBaHHA NPUBOIUTH 0 3POCTAHHA
MoKasHuKa A, Toml 4K IIBUAKICTH 3MIHM BEJTUTHHI 1 MaE
3MeHUIyBaTcd. 1le 703BoJId€ IPHUILYCTUTH, 110 PIBHAHHS
PYXy MoKe OyTH 3almncane y apoboBo-amdepeHInaIbHIi
dbopmi (muB. HIKYE):

Din=V(yVn), (111)

Jle 3pOCTaHHs TMapaMeTpa maM aTi A 3MeHIIye TOPAI0K
¢ TIOXI1JTHOIL 3a FacOM. ¥ cHCTeMax 3 1/eaabHOIO TaM AT TIO
(A = 1) gacopa moxigna B (111) 3HUKaE, 1O TPUBOINTH
1o noToky (99).

s maorBepaKeHna 3B’43Ky ¢ = 1 — A Oyaemo Bu-
XOIWTH 13 9acoBol 3asexxHocTH HOTOKy J o t~2) gKka
BumnBae 3 pisaannga (107) ta usnavenns (B.3), axiio
B OCTaHHBOMY TIpoBecTH 3aMiny ¢’ — 7. [ligcTaBastoan
Taky sajgexHicTh y (108), 3HAXOAMMO PO3B’A30K

no<t1_A,

(112)

IO 3aI0BOJLHAE TECTOBAHE PIBHIHHI (111). e min-
TBEPIZKY€E BIATOBIAHICTD KOHIIEMIT TpoO0oBOTo IHTET pasia
(107) Ta apobopo-mudepenmuigansuoro pipagaana (111).
3acJAyroBye Ha yBary aHaJoTisd OIeP:KaHOTO 3aKOHY
(112) 3 reomerpuannm crisBigHomennam L oc (174 axe
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BUpaiKa€e MOBKHUHY OeperoBoil JiHIl L depes eJdeMeHTap-
ol Macimtab (. 3BiacH BUILIMBaE, IO dac t BLOITpae
POJTb TOBKUHE €JIEMEHTaAPHOTO CerMeHTa [, AKUi TOKpH-
Bae A-BuMIipHY (ppakTaJbHy MHOKHUHY B IPOCTOPl cTa-
HIB CHCTEMH 3 TaM ATTIO.

Ipu ¢dpakraneriii Bumiprocti A = (0 mgpoboBo-
mudepentianbie piBHanua (111) onmcye HeobopoTHmMIt
nportec aucysii, y AKOMY AUCHIAINA MOBHICTIO TMOIaB-
JII0€ MIKPOCKOIMYHY TaM 4Th IOA0 oOEepHEHOCTH dacy
t —» —t. la nam’aTh 3'4BJIA€THCA TPH 3OLIBIIEHH]
BUMIPpHOCTH A, BeJUYWHA KOl 3aJa€ JacTKy KaHaJIlB
MEXaHITHOTO PYXY, CUMETPHUYHUX IIO[0 HEPETBOPEHH
t — —t. Takum YWHOM, 3MEHIIEHHA MOPAAKY MTOXITHOL
q = 1— A B (111) BigmoBigae BKIOUEHHIO KaHAJIIB Ta-
M’4Ti, 9acTHHA AKUX BH3HAYAETHCH (DPAKTATHHOIO BH-
mipaicTio A. Basumok ¢ = 1 — A xanadiB 3abesnedye
HeODEPHEHICTh CICTEMH, 10 OB’ A3aHa 3 JUCHIAINIEo. Y
MIKPOCKOIIYHOMY BHUIVIAAl HAIIUIIOK KaHAJIB, IO BlI-
MOBIAAIOTE OOEPHEHOMY PYXY, MOJAEMO APOOOBUM Olle-
patopom Jliysimng [15]

ih 02

787_—£=[H,P], (113)
ne h — cramna [lnamka; H — raMuJibTOHIAH; p — HEPIB-
HOBAXKHUH CTATHCTHYHUA omepartop, { — Yac eBOJIo-
il Makpockomiuuol cucremu; T = U’/ — o0b6e3pos-
MipeHnii gac, obmexenuit ymopoo 7 < 1. Ipoboso-
mudepentianbie piBaanaa Jliysimna (113) e npuitaar-
HINIAM, HIZK (peHOMEHOIOTITHE BpaxXyBaHHd IUCHIIAII] 32
paxyHOK YBeIeHHs pesakcalifinol ckyiamopoi [17] abo x
BKJIIOUeHHd Ge3MexHo ciaabkux mKrepen [18].

Oxkpemo Bl piBHAHHA AUMY3IiIHOTO THITY MOXKHA OUi-
KYBaTH TOABH IpOOOBOI MOXIAHOI B OMKHCI YacTHHOK 3
HEMPYKHOIO B3aeMoieo. BukoHyooun obducieHHsd, mo-
OiGHI 10 THX, MO TPHBOAATH Ho moToky (107), mMoxHa
nokazaru [15]; 1o Kooy npu KoKHOMY 3ITKHEHH] Ha dac-
TUHKY Macolo m fi€ cuia F', To 3MiHa MBUIKOCTH 3a/1a-
€ThCA BHPA30OM

m(Av) = [Va(1 - ¢)] rrr, ()

BU3HAYEHUM 32 JIOMOMOTOI0 1poboBoro inTerpasta (B.3).
AHaJoTI9HO 10 Audy31iTHOTO PIBHAHHS MePEXOAY J0 BlI-
TMOBLAHOI Apo6oBO-IndepeHITIAIbHOI (POPMH TOCATAEMO
mieto Ha Bupas (114) omepatopa DTA, AK€ 1HBEPCHUM
0 IpobOBOTO 1HTEIpaJa ITA. Tom ang npy:RHOI CHAN
F = —)\QV?r, mo 3amaeTbca crasoio A, e  — aToM-
HEl 06’eM, y3araJabHeHe TPAHCIOPTHE PIBHAHHS I KO-
OpAUMHATH YacTUHKHU T HabyBae Bursany [15]

DIFAe 4 (ct)*Vir = 0, (115)
Jle BUKOpHCTaHO 0be3posMipenuii vac 7 = ¢/t < 1 1a
XapaKTepHY MIBHAKICTH

(116)
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Pipuganua (115) BusHavae HOBUI THI XBUIBOBOTO PYXY,
MO € MPOMIKHIM MiXK 3Bu9aiinon mudysieo (A = 0)
Ta KaacmaHoo xuieo (A = 1). Bignosigao dopmya
(116) sanae nudysiinuii koedinient D = ¢?t B nepumomy
BUMAJKY Ta XBHJILOBY HIBUIAKICTH ¢ — Y APYTOMY.

XapakTepHa 0COOJIUBICTD APoOOBO-TH(EPEHITAALHITX
piBaganb (111) Ta (115) mondrae B ToMy, 1O BOHH 3a/1a-
FOTH €BOJIIOIIIO BEJIMYNHN, YMOBA 30epeKeHHA AKOI MPH-
BOIAUTH JIO MOXITHOl IPYTOTO MOPAMKY 33 KOOPIUHATOI.
Inia BesimawHY 1), dKa He 30epiraeThCd, Il MOXIIHI 3HU-
KaloTh, Tak 1o audysiiine pisaanna (111) meperBopio-
€ThCd B y3araJbHeHe peJiakcariiiie piBHaAHHA Jlanmay—
XasaTHiKOBa

D;%n = —(yat)n, (117)
a XBHJIbOBe piBHAHHA (115) — B ysarajbHeHe DiBHAHHA
TapMOHIYHOTO OCIIAIAATOPA

D20 + (wat)’n = 0; (118)

ne, dK i pamime, 7 = t'/t — sHepoaMipenuii dac, na-

paMeTpy YA, WA X [\/5(1 - 5)]
Jlakcaril 'ygl Ta 9acTOTy ocmuagTopa wa . Ppakraabaa
BUMIPHICTE A 3a7ae MIpY 3aJUIIKOBOI mam’ sATi. 3a il Bi-
cyrHoctu (A = 0) ax (117), Tak i (118) 3BogaTses Mo
HafimpocTinoro piBHAHHA TebaiBchbKol penakcaii (yo =
wit). Tlpu ipeanbniit mam’ati (A = 1) pisaanna (117)
BUPOIKYEThCA 10 YMOBH (Dpa30BOl PIBHOBATH 1] = 7o, a
(118) — 10 3BUYA#HOrO pIBHAHHA OCIUIATOPA.

BU3HAYAKOTHL 9acC pe-

TaxmMm 9rHOM, MOXKHA BHUILINTH OCHOBHI THIIM PiB-
HAHb PYXY, 4Kl BLATOBIIAOTHL PISHAM pPeKHMaM II0-
BeIiHKE cucTeMu. [lepemycim 1ie € pIBHAHHA HEIEPEPBHO-
cTH, gKe Blmobpaxkae yMOBY 30epeKeHHs KIJTbKOCTH Tac-
TuHOK. JaJi MoKHa BUIIINTH OCIHIIOTY TOBEIIHKY,
1[0 MICTHTH JPYTY MOXITHY 3a 9acOM, Ta XBHJIBOBHI pe-
JKUM, AKUH 3aTa€Thcsd MOXITHUME JIPYTOTO TOPAIKY 3a
JacoM Ta KoopamHaTo. TepMoanHaMidHa cucTeMa BH-
3HAYAETHCA TIAPOIMHAMITHOIO MOIOIO, aMILIITYIa AKOl
3BOJIUTHCS IO TapaMeTpa MopaaKy . [Ipu oMy peak THB-
HUll PEKUM MOJAETHCA IACOBOIO TOXITHOIO IPYTOTO TO-
PAIKY, a mucunaTuBHUl — mepinoro. OcumagaropHe pis-
HAHHA PYXY OIUCYE PEaKTUBHY MOBEIIHKY TapamMeTpa
MOPAIKY, 1O He 30epiraeThed, a XBUJIbOBE — TOTO, IO
3bepiraeTbed. [lokazkemo, 1o pO3BHHEHUH METOJ T03BO-
JIfg€ aHAJITHIHUM CITOCOOOM 3B’A3aTH HABEHEH] PEKUMI
3a paxyHOK 3MiHN MOp#AIKiB moxigaux [15], [19].

Maroun Ha yBasl HOCIIIKEHHA TEPMOITHAMITHOl CHC-
TeMW, TOYHEMO 3 PIBHAHHA HemepeppHocTu 1) + Vj = 0
U1 TOJIA TapaMeTpa Topaaky 7(r,?), mo xapakTepn-
syeThed mortokoM j(r,t). Ha BimMminy Bim Mexaniuxoro
noTokry (97), TepMommHaMiuHUil MoB’AsaHuil He i3 cH-
JIOIO, a3 XeMITHIM MOTeHIIAIoM p(x, 1). Y Mexax dbyp’e-
JIAILTaciBCHKOTO 300paykeHHdA Tiel 3B 30K JaeThCd JIi-
HiliHOIO 3a/ekHICTIO Ji (1) = My (u) ik (1), 1e k — xBu-
JILOBHH BEKTOD; 4 — KOMIIJIEKCHA 9acToTa.

s 3HAXOMKEHHA 3aJeXKHOCTH (YHKINL TaM a1l
Mk (u) Bin k posriaubMo HafimpocTinmit onHOBIMIpHUI
BUMaI0K cepenoBuina y dpopmi cermenTa 0 < x < [. Tom
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MOTIK 9epe3 MPaBy TPAHUIIO 33Ja€ThCAd BUPA30OM

Jj() :/0 Ml — z)p(x) de. (119)

Mpunycrumo, mo dbynknia M (x) nHabyBae HeHYJIHOBHX
3HadYeHb ¥ Toukax MuHoxuHN Kantopa. Toml momibHo mo
(105) omepkyemo

M(k) = e ™2 k=ikl(1-¢). (120)

Tyt KoHcTaHTa o = 271 In2 = 0.347; A, € ta | — dpak-
TaJIbHA BUMIPHICTD, HapaMeTp MOMIOHOCTH Ta MacHITad
Bigmosigno. Bukopucranna (120) Ta piBHAHHA Hemepep-
BHOCTHU MPUBOIUTH J0 3aKOHY JTUCTepCii

In2

= Bak?; = —
U A ) hlg_l’

g=1-A, A (121)

d
Ba = i8¢ (1 - g)—All—Aﬁ.

IMpu ¢ = 1/2 dparTanbia MHOKUHA 3BOAUTHCH JIO KOH-
tuayymy (A = 1) i 38’asok (121) Bignosigae piBHAHHIO
Jlangay—XamaTHiKoBa [JId MapaMeTpa MOPAIKY, AKWH
He 30epiraeTbcd. 3MEHIIEHHA MapaMeTpa MOIIOHOCTH
¢ < 1/2 3abesneuye cnaganns GpakTaaIbHOI BUMIPHOCTH
A < 1 To90K, Jie CIIOCTEPITagMO MPOTIEC YITOPAIKYBAHHS,
i IPUBOAUTH IO 3HWKHEHHHA JOBTOXBUJIBOBUX TapMOHIK,
110 BJIACTUBI MapaMeTPOBl MOPAIKY, AKHH 306epiracThes.
Opaak HaBITH MaKCHMaJIbHE 3HAUYEHHS TOKa3HUKa ¢ = 1,
o Bianosimae nopoxHiit Muoxkuui (£ = 0, A = 0), BU-
ABJSETHCA Y JIBA a3yl MEHIIUM, HiK TMOKA3HUK 2, BJac-
TUBHH 7714 TapaMeTpa MopaiKy, aKuil 36epiracThed.

s HeoOX1THOTO MOBHUINEHHS MOKAa3HUMKa B 3aKOHI
mucnepcii (121) mpoBemiMo ysaraabHEHH IPOIETYPH MO~
OymoBH dpakTaaa, gdKa IPYHTYETbCA HA CTHCKAHHI, IO
3ajaeThed napaMerpoM noaibaoctu & € [s71,0). 3 miero
MeTOIO IOTIOBHUMO i1 PO3TATYBAHHAM, AK€ BUZHAYAETHCA
mapaMeTpoM £ € [s,00) i3 3HAUEHHAM, 1O MEPEBHILYE
onuuuIio. Toml BU3HAYEHHIA (105) MPUBOIUTE IO MO3U-
THBHOI (bpakTasbHol BuMipHocTH A mpH ¢ < s Ta
HEraTWBHOTO 3HadeHHdA A mpu & > s. Taxwuii posmomiia
3HaKIB (ppaKkTaJbHOl BEMIPHOCTH BH3HATAETHCA (DYHK-
nionasbauM piBHanuam M (k/€) = s~ M (k), ake sanae
mepeTBopeHHd (PYHKIN TaM ATl A4 CAaMOMOMIOHIX CHC-
Tem. OHAK TIe TIEPeTBOPEHHA MOXKE OYTH MOJAHO TAKOK
sakoHoM M (€k) = sM(k), aKuii BiOpisHAETHCA BiI TO-
HepemHboro mepexomamu & — 71, s — s~ 1. [Ipu mpomy
dbpaxranpra BuUMipHiCTS y dyHKIi mam’ari (120) 3mi-
HIOE 3HAK, Tak 1o 11 BusHaueHHA (105) HabyBae BurIALy

_lns

= e (122)

BinnosinHo myia sakony aucrtepcii (121) maemor:

u=Bak?;  D=14A, (123)
BA — il-I—AeocA(g _ 1)A11+Ad_/’t
= "

TakuM YUHOM, CTaOTh MOXKJHWBUME JBa €KBiBaJeH-
THUX TIAXOMN, OIUH 3 AKUX 0asyeThcd Ha BU3HAYEHHI
dbpaxraaproi BuMipHocTn (105), a npyrufi — Ha (122).
Boun BiapisHAIOTLCA 1HBEPCIEO MapaMeTpa ToAIOHOCTH
§ = ¢! Ta obepHeHicTIo 3HaKa (paKTaabHOI BHMIp-
moctu A. Biggamo mepeBary ocTaHHBOMY 3 HHX, OC-
KIJIBKHW BIH IPHBOIUTD IO 3BHIARHOIO PIBHAHHA

D=1+A, (124)

o OB’ a3y€e ppakTaJbHy BUMIPHICTH A 3 TOKa3HUKOM
D, sHadeHHdA AKOTO BHU3HAYaE€ YaCTKy KaHAJIB, He Ta-
paMeTp mopanky sbepiractbea. Ipu ¢ = s~ maemo
A = —1, mo mae nmoxkasuuk [ = 0, Ak BIAIOBIIAE TOB-
HOMY He3DepeKeHHIO mapaMeTpa MOPAIKY. 3MEHIIEeHHA
¢ B imTepBami 0 < € < s~! mpUBOOUTL A0 36LIbIICHHLT
dbpaxranproi BumipHoctn A € (—1,0) Ta moKasHHKA
(124), mo gacTROBO HOPyIIye YMOBY Hesbepexennd. [1pu
& = 0, Ko camoronibHa MHOKHHA € MOPOKHBOIO (A =
0), BinbyBaeThCcA Iepexin Bia mapaMeTpa MOPAIKY, 110
He 30epiraethea (6 — 0), mo Toro, Aruii 36epiraeThea
(& — 00). 3MeHIIEHHA TapaMeTpa MOIIOHOCTH B CEIMEHTI
s < & < 00, e bpakTasbHA BUMIPHICTE HaOyBa€ MO3MW-
TuBHuX 3Ha9eHb 0 < A < 1, 3abe3medye 301/IbITEHHA Ki-
JBKOCTHU KaHaJ B 30epekennd. | HapelTi, mpu 3HaTEHH]
¢ = s dpaxTaabHa BEUMIPHICTH HaOyBae MaKCHMAaJILHOTO
sHadeHHa A = 1, 9Ke BIAMOBIAAE MOBHOMY 30epekKeHHIO
mapameTpa mopanky (D = 2).

XapakTepHa OCOOJMBICTDH TMOOYIOBAHOI KapTHHH IO-
JIdra€ B HAABHOCTI HEAHAJITUIHOTO MEPEXOAY Bl TMapa-
MeTpa, Mo He 36epiracThed, 0 MmapaMeTpa, 1o 36epira-
€ThCH, 33 PAXyHOK 3IIWBaHHA rpaHuis { — 0, £ — oo B
TO4IN, AKa BIANOBITae MOpoxKHIT MHOXKUHI. Taky ocob-
JIMBICTH MOXKHA BPaxXyBaTU 3aBAAKHU BBEIEHHIO y3arajlb-
HEHOTO MapaMeTpa MePeTBOPEHH A

& mpm €<,
1 ¢! opn €3> 1.

Bin yzaranbiioe BuzHaueHHd abCOTIOTHOTO 3HAYEHHH ||
AIUTUBHOI BeJINIMHY & Ha MYJIbTUILTIKATHBHY BEJTUIUHY
¢. Toni BusHaueHHsA dpakTaabHol BuMmipHocTH (122) Ha-
OyBae BUTJISAILY

[

(125)

A = —sign(Ing) 25

ay 126
In |§| (126)

AUl 3abe3nedye MIaBHUN Mepexin Bif cTuCKaHHA (& <
1) mo postarysanna (£ > 1). Bingmosigna 3a/eKHICTD,
IO HaBeJeHa Ha pPUC. 8, BUABIAE MOHOTOHHE CHATaHHHA
dpakTaabHOl BUMIPpHOCTH A 31 3pOCTaHHAM y3araJibHe-
HOTO TOKa3HUKA HOIIGHOCTH & 3 JorapudMidHO0 0cob-

JIUBICTIO B TOYIIL E =0,A=0.
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0. 1. OJIEMCKOI1, 11. 0. XAPYEHKO

Hasenena kapTuHa TPOCTOPOBOI MOBEIIHKH CUCTEMU
MozKe OyTH ToUMpeHa Ha 9acoBy Bich. [lificHo, 3rigHOo 3
[15] BK/IOYEHHS maM’gTi om0 iHBepcii ¢ — —¢ cupuyun-
Hae moaBy B (123) mokasuuka (1+Ag) npu gacToTi u, e
Ay — BUMIpHICTH PpakTaIbHOI MHOKHHE Ha OCl 9acy, B
ToYKax ¢ AKOl BKJIIOYAETHCA MeXaHIdHa mam aTh. Taka
MHOXKHUHA, CKJIAJAETHCA 3 JBOX MIJIAHOK: TIEPINa BiIMOBI-
nae Tpancdopmarii M (z/&) = sy M (2) z = ut(1 — &)
pu napaMetpi mogibuoctn & € (0, sy ]; Apyra mae 3a-
KoH meperBopenna M (pz) = soM (2), z = ut(&o—1) npn
o € [s0,00). Tlepexin Bin minankn cruckanns & < s5 '
B OLIAHKY PO3TATYBaHHA &y > $p 3OICHIOETHCA Ha TO-
poxHif MaoxuHI (Ag = 0) Ta BiANOBINAE MEPETBOPEHHIO
KOPIYCKYJIAPHOL MaM gTl Y XBHJIBLOBY.

0.5 —

<)
<)

-0.5 H

\ w -
-0.25 0.00 0.25 &

Puc. 8. Burmsan sasnexnoctu (126) dpaxranpaol BuMip-
HOoCTH A Bil y3araJibHEHOTO MapaMeTpa lepeTBopeHHd & mpu
IHIeKCl s = 2.

TakuMm 9uHOM, 3araJbHUH BUIAIOK acTKOBOTO 30e-
pEeKeHHA TapaMeTpa MOPAAKY Ta HelleaJbHOl maMm dTi
YACTUHKY /XBUJIl BU3HAYAETHCH 3AKOHOM AUCIEPCil

1+A

D= ——
14+ A’

u = et/ A2 ()P (127)

eocA|€_ 1|A11+A d/i
e@0bo|gy — [|Aorl+A0 dp’

c= ag,a~1,

ne | Ta T — XapaKTepHI IPOCTOPORO-IaCOBl MacuITabm, a
3aJIEKHICTD BUMIPHOCTH Ag Bl mapaMeTpa £y BU3HaTa-
eThed piBHAHHAM (126), mwo sHafigeHo 14 TPOCTOPOBOI
komioreHTH A(£). Tomi nmpoboBo-mudepenIianbai pis-
HAHHA pyXy 3anucyemo Tak: [20]

D D
d¥en 4P d” (en)
dtPo dz?

Y niHifiHOMY HabJIMKEHH] 4 X 1) BEJIUYHHA ¢ CTA€ KOHC-

TAHTOIO Ta MOXKe OYTHU BHHECeHa 3 omeparopa audepeH-
MIIOBaHHA.

=0. (128)
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Y rpaHUYHUX BHUMAIKAX IIJIOYNCJIOBUX 3HAYEHB IO-
Ka3HHKIB IPOCTOPOBO-YACOBUX MOXITHUX [y Ta [ Jii-
HeapusoBaHe piBHAHHA (128) OXOMIIIOE OCHOBHI pERUMNI
epoJTionil cepefosuia. Hanpukaam, naa Dy = 2 MmaeMo
XBIJILOBE PIBHAHHA TIpH [ = 2, 3BWYaiifl OCHIIAIII TIpH
D = 0 1 mokam3zosani ipu D = 1. Crasa ¢ mopiBHIOE
KBaJpaToBl Bl XBIJILOBOI MIBHIKOCTH, KBAIPATOB] Tac-
TOTH OCIIJIAINI Ta J0OYTKOBI po3MIpy ILAAHKH JOKa-
Jisarmil # 9acToTH ocHuIdIii Biamosiano. Haa Dy = 1
MaeMo piBHAHHS Jlanmay—XadaTHIKOBA IJid MapaMeTpa
Hop4AnKy, mo 3bepiractbes (D = 2), Ta mapameTpa mo-
pAnKy, mo He 36epiraetbea (D = 0), ampu D = 1 —
TPAHCIOPTHO-XBUIABOBE DIBHAHHSA. Y MEPIIOMY BUIAIKY
KOHCTAHTa ¢ 3BOAUTHCA Ho audys3iiitHoro KoediiieHTa, y

APYTOMY — IO IHBEpPCHOTO €acy peJsakcalil 1 g0 Jac-
TOTH XBWJII — B TpPeTboMy. | HapemTi, y cTaTmIHOMY
Bunanky Dy = 0 omepxkyemo piBHanH# llyaccoma mpum

D = 2, ymoBy piBaOoBaru npu D = ( Ta mebaiBchbKe PiB-
HAHHA eKpaHyBaung mpu 1) = 1. Tomdl ¢ 3BoauThcs Bi-
MOBLAHO 10 KBaJpaTa palyca eKpaHyBaHH:dA, 1HBEPCHOI
cupufingraupoctu dp/dn ta pagiyca ekpanyBaHHd.

3 HaBeIEeHOTO BUINE BUIJIMBAE, 10 PO3BUHEHMIT (bop-
MaJIl3M JI03BOJIAE MOJATH HE TLABKHW JIHIWHI PIBHIHHI
pPyXy, ajie ii MoxKe y3araJbHUTH 1X Ha HeJIHIHHI BH-
MaJKl Ta BPaAXOBYBATH BUCOKO-IUCIEDPCIHI CKJIATOBI.
Tak, anaJioriuno 10 Teopii cositonis [21] MoxkHa mpu-
MYyCTHTH, 1O Ha AOMATOK JI0 3HARIEHUX CKIaJI0BUX HIZK-
voro mopanky k° D = 14+ A noTix omepiye qucrepciity
kommonenty k°T21 3 moxasmmrom —1 < Ay < 1. Heui-
HIfHICTH BimOOpamKaeThea 3aJIeKHICTIO (1) XeMidHOTO
MOTEHINIATY Bl mapamMerpa mopaaky. CJng Takok ypa-
XyBaTH, IO BUMIPHICTE § HeJIIHITHOrO KaHaJLy He 3BOMM-
ThCA IO BIAMOBIAHOI BeJTUIIHT [) TIpH JIHITHOMY KaHaTl.
VY pesynbrari piBaanua (128) nabysae Bursamy

dPoy . APy ARy dOf(p)
b ot T e =0
esd g5 — 1118 dfi
fln) = | |4 di (129)

e@Do |¢; — 1|7° 7D dp’

ne ctaJgia ¢g Bignosigae = 0; f > 0 — mapaMeTp muc-
nepcii; f(n) — HeniHiiiHUE BHECOK y XeMidHmii moTEH-
misit. e piBHAHEA 3BOANTHCA 10 BUTIALy KopTesera e
Bpisampu Dy = D =6 =1, A; = 0 ta f « n?, piBHAHHA
MIpemunrepa mpu Dy = 1, D = 0, Ay = =1, = 0,
f = n® ra no piBaanna cunyc-lopnona npu Dy = D = 2,
G =0,6 =0, f =siny. Bimomo, mo B Mexax obephe-
HOI 3aJaql Teopil po3ciioBaHHd, MO 3abe3Medye cOMITOH-
Hulli posB’a30k [21], Ui pIBHAHHYA 3aJ0BOJBHAIOTH BaikK-
JIUBI BJIACTUBOCTI anrebpaidnol cumerpii [22]. ¥V 3B a3ky
3 UM BUHUKAE MUTAHHA: 9U OyIe TaKa CHMETpis Tpo-
ABJATUCS TPH 1HIIAX 3HAYEHHAX MTOPAIKIB MoXigaux 1,
Dy, Ay 1a § abo inmomy Bubopi f ta f(n)? Hna sia-
MOBAl Ha Ie MUTAHHA CJILL JOCTIIATH CHMeTpifo Hara-
TOBUMIPHIX (bpaKTaJIbHUX MHOKWH, aJie I MpobjaeMa
3AJTUIIAETHCA BIIKPUTOIO.

Brigno 3 [23] kondopMHA CUMETDid NPUBOAUTHL JIO
3B’A3KYy MiK 3a3HAYEHUMH TMOKA3HUKAMU:
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2ln—1)—=94¢
D=Dy= ——"— 130
0 2n—4 (130)
e n BusHauae HeTiHifiHuit Buecok f(n) oc n?" =1 (noa nt-

Momesl Jlanmay 3 aguTHBHEM IIyMOM 12 = 2). ITpu BKTIO-
YeHHl MYJbTUILTIKATHBHOTO IMyMY, aMILTITyZa AKOrO
nponopiiiiaa n, 0 < @ < 1, cTym#b 7 A4 BCIX CKJIAI0-
Bux y (129), okpim mepiioi, sMeHUIyeThCs Ha 2a.

II1. ITIOJIbOBA TEOPIsI

3a aHasoriero 10 KBaHTOBOI Teopii nond [24], g vac-
THHA TPYHTYETHCA Ha MOJIHOBIA cxemi, B MekKaX KOl
dYHKITIOHA IMOBIPHOCTH PO3MOILAY CTOXACTUIHOl CHC-
TEMHU Ma€ eKCIOHEHIANBHY (POPMY 3 MOKA3HUKOM, IO 3
TOYHICTIO IO 3HaKa 36Ira€Thcd 3 PYHKINOHAIOM mil. Y
pe3yJIbTaTi MakcuMaJ IbHa HMOBIPHICTD BIAIOBIIAE MiHI-
MaJbHI 11, Tak 1o BIAMOBIIHO m0 posmury IILA maiiil-
MOBIPHIII 3HATEHHA aMILIITYIR T1LAPOIWHAMITHOl MOIN
Ta CIHPAKEHOTO IMIYABCY BUILIUBAIOTH 3 TPUHITUITY Haii-
Memrtrol aii. ¥ posmoiii I1.B 6yme mokasano, 1110 moaboBmi
MOX1T O3BOJIAE€ BUKOPUCTOBYBATH CTaHIAPTHUI MeTOT
CaMOY3IOKEHOTO MOJIA JJId ONHUCY CTOXACTHYHUX CHC-
TeM i3 MyabTHILUIIKATUBHUM lrymoMm [25]. Tlpu mbomy
BaZKJIMBY POJIb BIAIIpAa€ HEOTHOPLAHICTD, AKAa BH3IHAYTAE
THUI CTAllOHAPHOTO CTaHy: 3 ACYBaJOCd, IO 3aJIEKHO
Bl CHIBBIZHOUIEHHA XapaKTEepHUX MacuITabiB HaifiMo-
BIPHINI 3HAaYeHHsS MOXKYTH 306IiraTmcd K IO PIBHOBaXK-
HUX, TakK 1 g0 HecTifikmx cramip [26]. fIk i B moIe-
PEOHBOMY PO3JLII, MU MOIETIOEMO MYJIBTHILTIKATHBHE
HIYM TIOKa3HUKOBOIO (byHKIiew |2|?, dKa BianoBigae ca-
Morromibmiit cuctemi. ¥ posaiai I1.C mokasano, 1o cre-
meHeBa popMa MyJIbTHILIIKATHBHOL (DYHKIT BHILINBAE 3
Jar paHKeBOro GpopMaJIlsMy, e caMOMOIIOHICTh BH3HA-
9aeThCd IHBAPIAHTHICTIO CHCTEME MO0 AumaTalii [27].

[Tpunnun HaiiMenol aii, Ha AKOMY IPYHTYETBHC HAI
pPO3IJIAL, ONNCYE MOBEMIHKY Ha#IMOBIPHIIINX 3HadeHDb
KaHOHIYHUX 3MIHHHX, AKl 3aJal0Th (OpMY PO3IOMIILY
iiMoBipHOCTH v da30BOMY HMpocTopl. fAK Bimomo, 3MiHA
IHTEHCUBHOCTH IIYMY MOYKE€ TPUBOAWTHU HO AKICHOI ITe-
pebymoBr HABEIEHOTO PO3MOILITY, IO € MEPEXOIOM, 1H-
nyxosanuM mymom [6]. Came Taxi mepexonn mu 6ynemo
JOCAIKYBATH Yy THOMY PO3aiil. IX ciiim BIApI3HATH Bl
dazoBUX MEPETBOPEHD, MO XAPAKTEPU3YIOTHCH CHIIBHI-
11010 3MI1HOIO (DYHKITI PO3MOILIY, IpH AK1i BOHA BTpadae
cBoto cumeTpio. [lpu mpoMy mpodaBAgeThCA aHOMAIBHA
MOBEMIHKA CTATHCTHIHUX MOMEHTIB, AKY OMUCAHO B PO3-
mum 111,

Y miit 9acTUHI HAI PO3IIA I DYHTYBATUMETHCA HA BH-
Kopucranni piBHaHHA Jlamkesena (137). 3 dbopmanbroi
TOYKH 30DPY, OT0 CAI MoIaBaTH AK CTOXACTHYIHE Mude-
pPeHIAIbHE PIBHAHHA

de = f(z)dt + g(x)dw, (131)

ne BiHepiBchbKuit mporec dw = (dt BusHagaeTbea Gop-
myaoto dw ~ v/di 1 g copoleHH PO3TAAIAEThCA O/~

HopigHa cuctema. OnHak d-KopesiboBaHul xapakrep 6i-
Jioro myMmy ((t) He T03BOJIAE MOBOANTHCH 3 PIBHAHHAM
(131) sBuuaiino, HampukIam, AmTH doro Ha g(x) Hada
BU3HaUeHHA Beanmauan dw. 3 1M€o MeTolo CJIij YBECTH
JOTOMUKHY 3MIHHY ¥, TOB d3aHy 3 BHXIJZHOIO & CIIIB-
BigHomenuam dy = da/g(x). 3 immoro Goky, pisamii
TMOPAIOK AETEPMIHICTHIHOL Ta CTOXACTUIHOl CKJIAIOBAX
moTpebye BUKOPUCTAHHSA CTOXACTUIHOTO mudepeHIiidia

Ito [6]:
(132)

AKUH JO3BOJISIE BCTAHOBUTH 3B 430K MUK 3MIHHUME & Ta
y. Hincrapagtoun ciomu dz, (dz)? 3 (131) ta 36epira-
fO9H CKJAA0B] MOPAAKY He BHIle Bl di, IpUXoanMo 1o
Bupasy dw depes dx Ta dt, y gKoMy HeTepMIHICTHIHA
cuita HabyBae ePeKTUBHOTO 3HATEHHHA
/

feao =F—99'/2. (133)

Taxmm gmHOM, HagBHICTH OLJIOTO IIYyMY HPHBOIUTDL M0

MepeHOPMYBaHHA CHJIM 334 PaXyHOK HOro MyJIBTHILTIKA-
THUBHOI'O XapaKTepy.

A. BuznaueHH# iHTerpajia 3a TPAEKTOPIsIMU

[TpocTopoBo-yacoBa 3aIeKHICTh AMIUITYIA T1APOIU-
HaMigHOl Momu z(r,?), AKa OMNCYE CHCTEMY, 3aJa€ThCA
piBHAHHAM JlaHKeBEHA

0F

&(r,t) = —'ym

+ g(x)¢(x, ). (134)

Tyt xpanka ozHadae TuEPEHITIIOBAHHA 38 9acCOM {, T —
MPOCTOPOBA KOOpAWHATA, ¥ — KIHETUIHUN KOeDIIMIEHT,
JETEPMIHICTHYHA CHJIA BU3HAYAETHCA (PYHKIIOHATIOM

D
]—":/ Pla)+ Vel dr, (135)

ne F(x) — nuromuit TepMonuHaMidHuil noTeHmiAT; D >
0 — crana weopnopignoctu; V = 9/0r. Buecok dhaykry-
aIiiimoro cepemopuina BU3HaUeHO (IIYKTYyaliiiHoo (yH-
kuieto ((r,t) 3 KOpeaaTopoM BLIIOTo 1y My
{C(r,1)¢(0,0)) = o*3(x)d(t). (136)

Il mpoBeNeHHsA PO3paXyHKIB 3pYUHO 3MicHUTH Te-
pexif o0 AUCKPETHOTO MPOCTOPY. 3 IIE0 METOK pOo3i-
6’eMo cucTteMy Ha N JIOMEHIB po3MipoMm lg, MO AKIM
MOXKHA PO3YMITH BeJUYUHY BiibHOro mpobiry [28]. Tle-
peiimiMo 10 6e3po3MIpHIX BEIHYHH, BIIHOCATH KOOPIH-
nary r 1o lg, wac ¢ mo 12/yD, sequuuny F po D/IZ,
dbaykryamiio ¢ 1o yD/I12. Y pesyabrati epostoniiite pip-
a4 (134) nHabysae BurIALY

i = fx)+ V& 4 g(x)¢,

f=—0F/0x.  (137)
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Bacrocypanna mabmmkenma lims6ypra—Jlanmay (135)
JIO3BOJIAE TOKJIAacTH Macimitab [y Habarato MeHIIEM Bin
Kopenaniiitol gosxutn 1. = DV/?|0>F/0x> ;:162 [29].

s KIIBKICHOTO OICY CUCTEMH TepeiiiMo Bl KOH-
THHYAJBHOTO TPOCTOPY 0 JUCKPETHOTO 33 PAXyHOK 306-
paxkeHHd TpaTKoBol Modesl 3 KpokoM h = 1. Tom cramn
cucTeMu 6yIyTh OMUCYBATUCA HADOPOM CKAJITPHUX 3MiH-
mnx {z;}, k = 1,..., L% BusHadenwx Ha TimepKy6idu-
HIl TpaTIll JOBKUHOK L Ta BUMIPHICTIO d. ¥ pe3ysibraTl
aMmina {2g} 3 gacom t Gyne 3aJaBaTHCH CUCTEMOIO CTO-
XaCTHIHUX AMpepeHINAIbHAX PIBHAHD

b= flox) + 35 3 Dugs 4ol (139

Tyt mu Beestu nuckpernuit oneparop Jlamnaca Dy;:

Vz = Zﬁk? = Z((Sm(km — 2d6kj), (139)
)

J

ge nn(k) Busnadae Hablp Halbmmkumx cycimis [30]
By3aa k. OKpiM TOro, po3bWBaYM 9acoBUl 1HTEpPBAJI
t € [0,7] na N sinpiskis mosxkunu At = T/N, BBe-
JeMO AUCKPETHHH ©Fac, 10 MPUBOAUTDL PIBHIHHI (138)
JI0 BULJIAILY

1 N
Tip—Ticik = |ficik+ g Dyjei_1;
2d £
j

X A+ g1 1 Wi i, (140)

Tik — Ti-1k

A 1 e /
fz—L’@"‘dejDkﬂ’J Ji-1k

ae fix = flxig), gix = g(2ig) (TyT 1 mam inmexc ¢ BU-
sHavae dac, a k — Koopamuary). OcranHiii TomaHOK y
MBEOMY PIBHAHHI TTOJa€ BiHEePIBCHKHI MPOIeC wj i, PO3MO-
ninennit 3a [ayccom:

1
N > wigwig |, (141)

1,4’

Plwi i} = (2m) N2 exp

3 inTercuBHICTIO 02 = 1. 3 bopMaJIbHOI TOTKH 30pY, PiB-
uanasg (140) BusHauae mepeTBOPEHH Wik —> Tk, dKE
To3BOJIAE 3HAWTH PO3MOALT 3a %; ) BLATIOBIIHO 110 Bimo-
MOTO PO3MOALITY IJT Wy k'

Pla; n} = JP{w; i}, (142)
e J — AKODBIAH BIAMOBLAHOTO TEPEXOMY:
3wi k
J = det | |——]|. 143
ot [t (143)

Ax zaznaveno y Berym mo gactunu 11, croxactwarmit xa-
paxTep piBHAHHA (140) He TO3BOIAE BUSHAUNTH W; i Oe3-
HOCEPeNHbO — CJIiJ BUKopucTaTh andepentisan (132). Y
pe3yabTaTl 3HAXOIUMO

Wy = —
Ji-1k

— 5| AL (144)

Jle IpyTa CKJIaIoBa B AYKKaX 3yMOBJIEHA BIHEPIBCHKUM XapaKTEPOM MpOTecy. I3 ypaxyBaHHAM 3HARIEHOTO 3B A3KY

T ) Ta w; , Bupas (142) nabysae BHIMIALY

P{l‘zyk} = /HdwiykJP{wiyk}
i,k

1

Ji-1k

X 6 Wi kg —

1 N
Tip—Ticig— | ficip+ & g Dyjxi_1j —
2d £
j

/ (145)
Ji-1,kY5-1

At
2

s BU3HAUEHHA ABHOTO BUIVIAAY AKODIAHA BHIUINIMO OCHOBHI €JIEMEHTH BlIMOBLIHOI MaTPHIIL:
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3wiyk _ 1
Jxinr Gioik

6kk’a

Owip 0 Tik T Ti-1k Jicik + Zl_d Zj Dyjri-1,4 _ gg—lyk At (146)
Oxi_1 g Oxi_ip Fi-1,k Fi-1,k 2 ’
Jw;

=0 npu i #ii—1.
axi’,k"

Toml gerepMmiHaHT, KUk € TOOYTKOM OIATOHAJIBHAX €JIEMEHTIB, HabyBae BUTVIALY

7 = det |[20ir

=11 L (147)

ik Ji-1k

8l‘i7k

BukopucroByioun BaacTuBicTh genbra-byakmii §(y/a) = ad(y), mepenumrimo pipaganua (145) Tax:

Pla;p} = /Hdwi,kjp{wi,k}ngi—l,k

(148)
1 -~ gi_ucgé_m
XO0S GicipWip — | ik — Ticip— | ficip + 2 Zijl‘z’—l,j -y At
J
IligcTapagaoun cioanm Bupa3 g AKoDIdHA, OTEePKYEMO
Plaip} = /Hdwi,kp{wi,k}
ik
(149)
1 ~ gi—l,kg{_l A
XOR GicipWip — |Tig— Ticip— | ficip + 2 Zj:ijl‘z’—l,j T = At
Hauti ckopucTaeMoch Gyp’e-TpanchopMaHTOO
(o)
1 .
o(z) = — e dp. 150
(=5 [ e ap (150)
—00
Tomi, 3acTOCOBYIOUN IHTEIDyBaHHHA 3a HaOOPOM 3MIHHHX {p; ; }, OTPHMYEMO BHDas3
Pla;p} = Hdwik H%P{wik}
s ' s ' 271' s
i,k i,k
. 1 -~ gi—l,kg{_l k
X €xXp IZPi,k Tik — Li—1k — fi—1,k + ﬁ Zijl‘i—Lj - + At — 9i—1 kWi k
ik j

BukopucTosytoun ans posmonliy P{w; x} rayccian (141), micos inTerpyBanHa 3a {w;  } ONEPEKYEMO
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77!

dpi,k At
P{l‘zk}I/H o eXP{—T Zpi,kpi’,kgi—l,kgi’—l,k}
ik
(151)

/
Ji-1,k9i—1k
2

. 1 ~
X exXp lzpi,k Tik — Ti—1k — fi—l,k + ﬁ Zijxi_l’j — At
ik J

Y xouTunyasbHil rpanumi At — 0 sHaiigeHwil Bupas 3amgae WMOBIPHICTH peasii3alill PISHUX TPAEKTOPI# 3TITHO 3
MePexXoIaMu:

Pla; p} = P{z(r, 1)},

dp; (152)
Hdl‘i,k = Dux(r,1), H % = Dp(r,t).
i,k ik
Y pesyabTari itMoBipHIcHAN DYHKIOHAT HAOYBAE BUTJIALY
. T
Plz(r,t)} = /Dp(r,t) exp —§/dtp2(r,t)g2(x(r,t)) (153)
0

+ i/Tdtp(r,t) [i‘(r,t) - (f(l’(r’t)) +Via(r,t) - g(x(r’t))gl(x(r’t)))]

Ilepexonsauan mo 1HTEI pyBaHHA IO YABHI oCl, OIepKy-
€MO KaHOHIYHUN BUpa3

P{z(r,t)} = /e_S Dp(r,t), (154)

ne pyuKIionas mii S = fOT dtL(z(r,t), p(r, 1)) sanaeTbea
JIar paHKIAHOM

Lz, p) = pli — f(2) = Ve + g(2)g' () /2] = p*9° (2) /2.

(155)
[Tpuanun majiMerimrol maill TpUBOANTL m0 piBHAHHA Oii-
Jepa

oL d dL oL _, oL

_____ =0 =
0z dta: oV gvz, — 0 s=lerh
(156)
dKe BU3HaTa€ ONTHMaJIbHI TPAEKTOPil TakK:
&=V +f—g9 /244D, (157)
p=—V’p—p|f' —(99") /24 99'p|- (158)
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OckinbkE ocHOBHEI BHecoK B iHTerpan (154) pobuts
ONTUMAJIbHA TPAEKTOPIA, TO IJd HOro OIHKH MOKHA
3HEXTYBATH BHECKOM MEHII IMOBIpHEX HLaaxinB. Toml mia-
cranoBka # i3 (157) B (155) copouye dynkmionan mii
TaK:

S~ (159)

N | —

/gz(x(r,t))pz(r,t)dt,

ae z(r,t), p(r,t) GepyThcs B3IOBK ONTHMAJIBHOI TPAEK-
Topil. Ilpu cupaMyBaHHI BepXHBOI TPAHUII 1HTET pasIa 10
OE3MEKHOCTI OJIEPKYEMO CTAINIOHAPHII PO3ITOMLI.

B. KineTuka iHIyKOBAHOTO IIIyMOM IM€PEXOay

1. Biaudi wym

HocmiaiMo KIHETHIHY KapTHHY 1HIYKOBAHOTO MYJIb-
TUIJTIKATABHUM IIYMOM TEPEXOIY, IPYHTYIOUNCH HA Me-
Toni dazopoi maomuuu [26]. Bymemo BuxomuTu 3 pin-
HaHad Jlamkesena (134), ne aMmmiTyny My bTHILTIKa-
THUBHOTO IIYMy TPHWHATO ¥ cTeleHeBli (opmi:

g(x) =[], (160)
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@ — TO3UTHBHUN MOKA3HUK, BEJWYHHA AKOTO 3MIHIOE-
Tbhed B iuTepBadi Big 0 go 1 [31]. Croxactuuny ckJa-
JOBY BU3HaunMo AK Olauit urym (136), me iHTeHCHBHICTE
o? spomuThCA o Temmeparypu 1. Iad TepMommHAMIT-
HOTO bYHKITIOHATA 3acTOoCOBYeMo dopmyaty (135).

Y mexax popMasiisMy IHTEIDYBaHHA 3a TPAEKTOPI-
AMI OTPUMY€EMO JlarpamKian y surasam (155). Taa o1-
pUMaHHA AUCHTATHBHOI (PYHKINI BpaxyeMo, WO LIyM Yy
pipaganHi Jlamkeserna (134) HabyBae aInTHBHOTO Xapak-
Tepy TpH 3aMiHl CTOXaCTHIHOI 3MIHHOI & Ha ¥, dKa I0-
B’a3ana ymosoio dy = dx/g(z). Toni, BusHaanBmN TUCH-
natuBHy dyHKIi0 cTaHnapTHEM BupasoMm R(y) = y?/2
Vv BHXLIHII 3MIHHIA, 3HAXOMIMO

R(z) = #?/2¢*. (161)

TTpu npomy B mpasiii wactuni pisaauna Ofinepa (156)
3’aBngerbed noxigna OR/0Z 1 BoHo HaOyBae BUTVIsLY

i =Y+ f—g9/2+ D, (162)
p=-Vp—p|l+f —(99)/2+99p
~(V?x+ f)/g* +4' /2. (163)

OcCKLIbKM Hac MIKAaBUTH JINIIE XapaKTep YacOBHX 3a-
JEXHOCTER, CKOpHUCcTaiiMoch HaOAMKEHHAM I T'paml-
E€HTHHUX CKJIAIOBUX:

2 -2 2 -2
Vie — £ %, Vip = A" 7p, (164)
Je KopeJidiiiHa JoBXKMHa & Ta mapaMeTp A BI3HAYAOTh
MacuITabu TpoCTOPOBUX HEOTHOPLAHOCTEH aMILIITY I, T/~
POLMHAMIYHOI MOJIH & Ta CIPAZKEHOTO IMITYJIbcy p. OKpiM

TOT'O, BUKOPHUCTOBYEMO $4—MO,H6.HI)

€ 1 T. =T
F - _- 2 -4 C—
(%) 5% —1—41‘ , € T

(165)

Ockinbru narpamkian (155) € cuMeTpUYHIM IMOTO O
HOYACHOI 3aMIHK 3HAKIB £, p, TO (Pa3s0BHM MOPTPETAM
BJIACTHBA MEHTPaJbHA CUMETPid CTOCOBHO MOYATKY KO-
opamHar ¢ = p = 0. 3 inmoro Goky, srizHo 3 (160)
Bick © = 0, Ha #AKilf IHTEHCUBHICTH IIyMy HabyBa€ HY-
JIbOBOTO 3HAYEHHs, € CHHTYJIAPHOIO. ¥ DEe3yJIbTaTi CUc-
TemMa MOMIIAEThCA Ha Bl TOTOXKHI MACHCTEMH, 1 HaJl
JOCTATHBO OODMEKUTUCA TOCJIIIZKEHHAM JIHIIE BEPXHBOI
qactuan dpasosoi womunan & > 0. Tomi pisuanna (162),
(163) sanucyemo Tak:

g=z (€ +e) — 2] — (a/2)2”* " +2%p,  (166)
p=p{-[(1+A7?) +¢] + 327

+(a/2)(2a — 1)@= — axza_lp}

—2!72 (672 4 ¢) — 27 + (a/2)2x 7L (167)

Y cramionaproMy ctaHl & = p = 0 MaeMo

p= —(5_2—1—6) w72 BT (a)2) (168)
PV = ag™ + (1 - a)e] = (3 - a)z?)
+(a(1 = a)/2) 2?0V} =0, (169)

3BiJcu BUILIMBAE, MO MPU TEMIEpATypax, dKl MepeBU-
HYIOTH BenndauHy 7Tp, BUSHAUeHY yMOBOWo (IuB. puc. 9),

Disordered

Puc. 9. BanexnicTh mokasHuKa ¢ Bifg 6e3po3MIpHOI TeMITe-
paTypu €;, Ipu gKiii 3auBatoThcd cimgo S ta By3soa C. Kpusi
1, 2, 3 BignoBlmaoTh 3HadYeHHAM HapaMmeTpa A = 0.9; 1.1; oo.
Kpusa 3 Biamosizmae Temieparypi o, pHU AKii BiIOyBaeThCs
GicbypKaliid 31 CTBOpeHHAM cimma Sy Tta By3aa C.

€7 e = (a/D (1 —a)” (2~ ),

Eo = (Tc — To)/Tc, (170)

BUIAA as0BOTO MOPTPETA XapaKTEPU3IYETHCA HAaAB-
HICTIO OIHIE]l CIAJIOBOI TOYKH S, TMOJOKEHHA AKOI 3aIa6-
THCA KOPEHeM MHOXKHUKA, 1o ¢ToiTh B (169), mpn p # 0.
Ax cBimunts puc. 10, npu Temueparypi 1y BiaOyBaeTbCca
OidpypKaliid B TOUIN, BI3HATEHI KOOpIMHATAME:

po=0, a0=][a(l—a)/27T= . (171)

[Ipu nboMy 3’ABAAIOTBCA HOAATKOBE CIIJI0 Sy Ta MpH-
TATYBaJbHII By30J1 ', MOJTOKEHHA AKUX BH3HATAETHC
ymoBoio p = 0 1 3agaeThca KOOpAMHATAMH T . 3 IIO-
JAJBIINM OXOJOMKEHHAM cucTeMu cigiio S Ta Bysoa C
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3JIUBalOTHCA B TO‘H_[i

1_
pi =0, x§:2_;‘(g—2+e)+

/\—2 _€—2
2(2—a)’

(172)

1o BIATIOBIZae TeMiepaTypl iHBepcil 15, dKa 3aJaeThCs
YMOBOIO

€24 =2l + ()22 Y o = (T.—T))/T.. (173)

X a
S\
12 —
i .
0.8 —| ¢
*o
0.4 —| 5,
x_
&
T T | T
-1.0 0.8 0.6 -€
X b
1.0 —
_\
0.8 — S
xi
7 c
0.6 —|
ED)
0.4 —
e
[
0.2 [ I e I % .
-1.0 0.8 -0.6 -€

Puc. 10. TemmeparypHa 3aje:KHICTH CTaIllOHAPHUX 3Ha-
4YeHb HmapaMeTpa Hopanky npu a = 0.2 u A = 0.5 (Bepxuiii
rpadik), A = 1.1 (mmkHil rpadik).

IIpu T < 7T1; Touka S, BH3HaUeHa KOPEHEM IPYTOTO
MHOKHUKAa B (169), crTae MpUTATYBAaJBLHUM BY3JIOM, a
Touka C'| mo JgexuTh Ha oci p = 0, TpancdopMyeThca
B cigyto. fAk 6aunmo 3 puc. 11, 3a3Haduena 1HBepcid 6y-
Ba€ JIMINE 33 YMOBH, KOJIM MaciiTab A 3MIHH aMILIITYIH
diyKkTyaril IepeBullye KpUTUIHE 3HAUEHHA Ao, BEJIH-
YMHA AKOTO 3adaeThes piBHaAHHAME (172), (173) mpn
¢; = 1. 3ajlexXHICTh BEJIMUMHA A, Bl IOKa3HHKaA ¢ Ha-
Bemerno Ha puc. 11. Ilpu a = 01 a = 1 omepxyeMo Bif-
noBimHo Ao = (24 3¢72)"12 i\, = (14 3¢~ 1/2

Hapenemne Buiiie cBITYUTDH, IO B CHCTEMAX 3 A > A,
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npu Temmepatypax 1 < T; crallioHapHHUI cTaH CHCTEMH
BIAMOBIZAE TOUIM S, KOOPAMHATH AKOl 33dal0ThCA PiB-
HAHHAMUA:

—fl9®+4' /29— 97V,

f==p""V?—gg'p+(99) /2.

p
(174)

YmoBa (174) o3HAYaE, MO IJId OTHOPIAHMX CHCTEM Haii-
IMOBIpHIIIle 3HAYEHHA P aMILITyAn (JIYKTyamii cropsa-
JKEHOI CHJIM TPOTUJIEKHE 3a 3HAKOM BEJWYWHI cuind f;
npu nbomy crpmitHaTausicts Y = (F”)~1 = —1/f' crae
besmMekHO0. TakuM IMHOM, BYy30J S BIAMOBIZAE CTAIIO-
HapHOMY CTAHOBI TEPMOAMHAMITHOL CHCTEMM, HECTIHKOIL
JI0 TepexoAy 0 ymnopsakoBanol ¢dasu. [Ipnm mbomy da-
30BUil MOPTPET BUIIALAE, 9K Ha puc. 12a.

1.0 —

unstable

0.8 — equilibrium

0.6 \ \ \ 1
0.0 0.2 0.4 0.6 0g @

Puc. 11. ®asosa niarpama A(a), o NOKa3ye OUIAHKY, IpU
AKUX peasi3yloThbcd HeCTIKM Ta pIBHOBasKHUI CTaHM.

ITpu Temueparypax T > T; peasnisyeTbcsd cranioHap-
ouii ctan y Touni C' 3 KoopauHATaAMH:

p=Vp=Vz=0,

f=yd"/2

(175)

B aguTupHI# rpaHUIll 4 ToYKa BIOIOBIIAE OTHOPIIHOMY
cTaHoBl TepMonnHaMivHol piBHOBaru (f = 0). Ak BumHO
3 puc. 12, BignoBiaunii ¢pasoBmii TOPTPET MOKHA OIEp-
JKATH He JIWIIE 3a PaxyHOK IABHIEHHA TeMIepaTypu
(puc. 12b), ajte # saBnAKN 3MeHIIeHHIO MaciiTaby HeO-
HOpigHOCTH A (puc. 12¢), a TakoX Opu 36iJIbIIEHH] TO0-
KasHWKa ¢ MyJIbTHILTIKaTHBHOI ByHKII (puc. 12d).
Bigomo, 1o B mpotieci cBo€l eBoJIomnil peajbHa Tep-
MOIMHAMIYHA CHCTEMA TIPAMYE IO PIBHOBAXKHOTO CTAHY
(175), a He mo Hectifikoro (174). OckinbKu mepiie Bim-
MOBIa€ MAJIMM 3HAYEHHAM MapaMeTpa HeOTHOPITHOCTH
A, a Ipyre — BEJIMKHUM, TO MOXKHA JIOBECTH, IO B PIBHO-
BazKHOMY CTaHl po3HoalI PJIYKTYalliil cIpaKeHOTO MO
p(r) € cunbHO HeomHOpimEUM. ITpu meomy dasosi mop-
TPEeTH BUIJIAIAIOTH, dK Ha puc. 12b—d. ¥ mopiBHAHHI
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3 puc. 12a IXHA XapaKTepHa OCODJHBICTL MOJIATAE B
TOMY, TIO NPUTATYBAJBHUNE BY30J PO3MIIYETHCS Ha OC
p = 0. Baraabauil Bursian GHaszoBUX MOPTPETIB, HaBe-
JeHuX Ha puc. 12, XapaKTepusyeThcs HAgBHICTIO JBOX
cemaparpuc 13 ruikamu PQ ta M SgN. Bonn posbusa-
0Thb (pa30By IJIOIIMHY Ha TPH 130JIbOBAHI JLAAHKH, K1
BIAMOBIIAIOTH BEJTUKUM, MPOMIKHIM Ta MAaJUM 3HAadeH-
HAM TapaMeTpa Hopaiky «. [lepira i3 3asnadenux misd-
HOK XapaKTEepU3ye€Thcd HECKIHUYEHHUM 3POCTAHHIM Be-
JIMYWH &, p 31 CIIHBAHHAM dacy ¢ — oo. Hacmpasm Taka
MIAHKA peaJi3yeThcd 3 HeCKIHYEHHO MaJiolo HMOBIp-
mictio. HaffakTyaabHIIO € OIAgHKa TPOMIZKHHX 3Ha-
9eHb ¥, V AKI# 13 9acoM cHCcTeMa TOoMagae B CTaIloHap-
uuit ynopankosanuit cran. CaMe Tig IiAsgHKA BU3HAYAE
KIHETHKY Tepexony. [lodaBa miTaHKH, Mo BIATOBIIaE 3HA-
qeHHAM & & 1, 3yMOBJIeHA MYJIBTUILTIKATHBHIM XapaK-
TepoM mymy. TyT 31 30LAbIIEHHAM Yacy mapaMeTp Io-
panky x(t) npamye no sHadenHa « = 0.

PosryisgabMo TOBEIIHKY CHCTEME B KOXKHIM TLAAHIN. 3
€0 METOIO TMPoaHaI3yiMO pO3ITOMIT IMOBIPHOCTH pea-
Jizarii pa3oBol TpaeKTopil, MO BIAIOBIIAE MOTATKOBIM
sHadeHHAM 2 = 2(t = 0). BoHa momaeThed y BUTIAIL

(176)

P () o< exp (—% /gzpzdt),

Lo

ne Bpaxopano Bupasu (166), (167), iHTerpyBanHa mpo-
BOAMMO B3IOBXK BIAMOBIAHOI TpacKkTopii. OmepxKaHy 3a-
JmekHICTh P(2g) mia mokasanmka ¢ < 1/2 HaBemeHo
uHa puc. 13a. OKpiM TPUBIAIBHOTO 301ABIIEHHS T'yCTHHE
fimosiproCcTH (176) 3 HAGIMKEHHAM 10 MOYATKY KOOD-
JIWHAT, TPU 3HAYEHHAX X, IO BIATOBIIATE CeMapaTpH-
caM, crocTepiraeMo cTpubKH, mobansy aknx P(q) Moxke
He3HAYHO 301IbIIYBaTuCh. [lo3a mIAgHKOIO, 0OMEKEHOIO
(30BHIIIHBOW) cemaparpucoio, MaeMo P = 0, ocKiIbKH
TyT #(t), p(t) = foo npn t — oco.

Hageneny moBeninky posmnoziny P(xg) MOACHIOEMO Xa-
pakTepOM 4YacoBHX 3asemHocTel (1), p(t) mapamerpa
MOPAIKY Ta aMITiTYyan GAyKTyamit y mporect pestak-
callll ITo49aTKOBOrO 3HAYeHHH (pI/Ic 14) Hastexo Big mi-
ngakn SoC'S (nus. puc. 12d) BenuduHn p, & UIBHIKO 3Mi-
HIOIOTH CBOl 3HAUEHH, a 3 HabJIMKEHHAM [0 Hel BLIOyBa-
€ThCA YIOBLIbHEHHSA. Taky MOBEMIHKY MOACHIOEMO TUM,
o mobnsy HasBaHol minanku mia S{z(r,t), p(r,t)} ami-
HIOEThCs HabaraTo MOBLIbHIIIE, HIXK JaJIeKO Bl HEl.

IMpu sHaueHHAX MOKA3HUKA a > 1/2 migiHTerpasbHa
(byHKLuﬂ y Bupasi (176) Mae posbixHICTE, TOMY HMOBIp-
HicTh P HabyBae Hy/IbOBOTO 3HAUEHHA MpH &g < | (1uB.
puc. 13b). XapakTepHo, 110 3a3HaUeHy PO30IKHICTE CIO-
CTEPITaEMO JIHIIE B 30H1 (pa30BOTO MOPTPETa, OOMEKEHI i
rIKOIO cemepatpucu So0 Ha puc. 12d.

— T
-1.0 0.0 L0 p 10
Puc. 12. Ocuosai tunu ¢a3oBHX HOpTpeTiB B ymopsAnkoBaHoMy crati: a) e = —0.9, A = 1, a = 0.2; b) ¢ = —0.6; ¢)

A =0.5;d) a =0.7 (nna puc. b, ¢, d Bkasano sulle mapaMeTpH, 3HaYeHHA AKAX 3MIHEHO B IOpiBHAHHI 3 puc.a). [losHavenun

CTAIIOHApPHUX TOYOK Take, AK 1 Ha puc. 10.
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Jloia MoACHEeHHs BUTVIALY 3asekHocTH P(xg) posria-
HBMO TOBeNiHKY Besmand #(t), p(t) mpw pisHUX 3HaUEH-
HAX MOKa3HUKA . 3 IME METOIO MOKAaMIMO B PIBHAHHI
(167) p = 0. OnmepxaHe B pe3ynbTaTi KBajpaTHE DiB-
HAHHA Ja€ CTAIllOHapHEe 3HAUYEHHS CIPIKEHOTO IMITYJIbCY
B rpanumi ¢ — 0:

a) pt=2e a<g, (177)

N U1
=la—- )= a>—.
p 9 ’ 9

Takum gunoM, npu a < 1/2 cucreMa npgaMye 3 MJIXHOM
Jacy [0 modaTky KoopamHaT £ = p = 0, a 3 mepeBu-
HMIEHHAM KPUTUYHOIO 3HadeHHd ¢ = 1/2 npurdaryBasb-
HI BY30JI CTPHOKOM TIEPEMIIIYE€ThC Ha HECKIHIEHHICTD
(p = o0, # = 0). Bianosiana miginrerpaabia GYHKIA B
posmonii (176)

(178)

(180)

XapaKTePU3yeThCd 1HBEPCIEIO 3HAKA MOKA3HUKA MPU TIe-
pexomi 4epes KpuTuuHe 3HadeHHna a = 1/2. Tligcras-
nasoun (177) B piBuaAnHA pyxy (166) Ta samumao4dn B
HBOMY TOJIOBHI wienu, npu a < 1/2 omepxyemo pis-
HAHHA 2% = —az’%"!, gKe Jae TacoBY 3aJIeKHICTE Ha-
pameTpa MOPAIKY

22079 = q(1 —a)(to —t), t<ty, a<1/2,
(181)
Ie g — KOHCTaHTa IHTEIPYBAHHA, 10O 33146 9ac, TPOTH-
TOM SKOTO TOYKa ToTpaiide ua Bick ¢ = (. [TizcTanoka
sanexuoctn (181) B (179), a pesyabrary — B iHTErpas
(176) mokasye, mo npu a < 1/2 iMosipricTs P(2g) pea-
Jisariit TpaekTopiit y miagniml daszoporo moprpeta & <& 1
BiApisHAETHCA Big Hyaa (nuB. puc. 13a).
30BCIM IHIITY CATYAIIO CIOCTEPITAEMO TIPH TOKAZHUKY
a > 1/2. Y upomy Bunagky piBHanua (166) 3BoguThCA
no surnany 2¢ = —(1—a)z?*~1 mo nae (181), ne MHOK-
nuk a(l — a) samineno na (1 — a)?. Onnax npu @ > 1/2
Bupas ¢?p? BE3HAYACTHCA MOKASHUKOM 3 IPOTHJICKHIM
3HAKOM, TaK Mo OpH t — ty g°p’ HabyBaec HeCKiHTEH-
HOTO 3HadeHHdA. Y pesysbrari dMoBipHicTs (176) crae
sHnKaode Mason (puc. 13b). ®iswuna npudanHa Takoi
MOBEIIHKH MOJIATAE B TOMY, 1O 38 CKIHYeHHUH MTPOMIZKOK
qacy tp < 0O CHCTeMa TOTpallisge Ha Bick ¥ = 0, 1o 3a-
besedye HeCKIHUEHHE 3HAYEHHH CIPAKEHOTO IMITYJIbCY
poc ™t o (to —t)~/20=9) Haouno ne Moxma ysaBuTH
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K BUHaJaHHA KoHaeHcaTy (absorbing state) komdiry-
pammifHuX TOYOK 3 OLIAHKE (paszoBoro moprpera ¥ & 1
Ha Bich abcruc mpum p — oo. Harostocumo, 1o ymoBa
ty < 0O BUKOHYETBCA JIWIE HUMKYE BIJ TJIKHA Cemapat-
pucu SpO Ha puc. 12¢, a B maarm N.SyO Maemo tg = 0o
1 posGiKHICTE mmiHTerpasbHOTO BUpasy B (176) He mpo-
apageTbed. Tomy P = (0 cTae MOXKJIUBUM JIUIIE HUKTE
Bl suil Sp0.

0.0 0.1 0.2 0.3

0.16

0.00 ——"— \ \ \ \
0.0 0.1 0.2 03 0.4 0.5 Xo

Puc. 13. Basex#icTh IMOBIpHOCTH peaJizariii pi3sHUX Tpa-
€KTopili P Bim moYaTKOBOTO 3HAYEHHZA MMapaMeTpa MOPAIKY
zo mpt € = —0.9, A = 1 1a: a) a = 0.2; b) a = 0.7. Bunanox
(a) Bimmosinae dasoBomy mopTperToBi Ha puc. 12a, BUIAIOK
(b) — puc. 12c. ITouaTkoBe 3HAYEHHHA CIPAKEHOLO IMILYIbCY
Po = 1.
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1.6 F
1.2F 3:'__..-'
0.8

0.4

0.0

1.6

1.2

0.8

0.4

0.0
0

Puc. 14. 3amexHicTh IMOBIpHOCTH peaJizariil pi3HUX Tpa-
€KTopili P Bim MOYaTKOBOrO 3HaYEHHZ MTapaMeTpa MOPAIKY
zo mpt € = —0.9, A =1 1a: a) a = 0.2; b) a = 0.7. Bunanox
(a) Bimmosinae dasoBomy moprperosi Ha puc. 12a, BUIAIOK
(b) — puc. 12c. IlouaTKoBe 3HAUEHHS CIPAKEHOTO IMILYJIbCY
Po = 1.

TMonatoun sanexuicTs #(t) cmiBBigHomeHHAM ['epcra
z(t) o [to — t|*, orpumyemo mokasEEK

H™ ' =2(1-a). (182)

fAx 6yso 3’dcopaHo B dacTHHI I, Ile 3HaYeHHd BH3HA-
Jae BHYTPINIHIO (ppakKTaJbHY BHUMIPHICTH yV (dasoBOMYy
mpoctopi D = 2(1 — a). BaoYeHHA MyJIBTHILTIKATAB-
HOTO IIyMY 31 3DOCTAI0YNM MOKA3HUKOM ¢ MTPUBOIUTH O
aMmentrertda D Big 2 mpu a = 0 gmo 0 mpm a = 1. Ilo-
Ii6HO 1o 1Boro 3 piBHAHL (166), (167) B rpanumi z < 1
3HAXOMMMO 3AJIEKHICTH KOOPAUHATH Bl IMITYJIBCY:
A=D-1=1-2a.

x o< [po — p['/14], (183)

OueBunaHo, mo dpakraibHa BUMIpHICTE |A|, BesuduHa
AKOI obMeKeHa 3HAYeHHAM |, XapaKTepu3ye THIT TPAEK-
Topii (muB. posmin I.E).

a. Cymipri macwmabu neodrnopidnocmu. Buie vu
PO3IJIAHYJIN HECYMIpHI MacIITaby 3MIHE TapaMeTpa Io-
PAIKY Ta COpAKeHOro iMmymabcy (ame. (164)). Posrua-
HBMO Telep BUIATOK, KOJIH OOUIBA TOJIA MAIOTh OTHA-
KOBI MacHITabu HEOTHOPIAHOCTH TA MJIABHO 3MIHIOIOTHCA
B npoctopi [32]. Toui Mmoxua nepefitu 10 dyp’e-obpasis,
A AKUX JIATJIACiaH 3aMIHIOEThCH KBAJIPATOM XBHIBO-
BOTO BEKTOpA:

V’z = -kK’z,  V’p— —-Kk’p. (184)
KpiMm Toro, My IbTHILTIKATHBHY (DYHKINO, 3aJI€KHO Bl
dyp’e-obpasy xy, bymeMo 6paTh y cTeITeHEBOMY BHTJISAIIL
(160). Tomi Bcl HaBeIeH] CIBBLIHOMEHHA 3aINITAIOTHCA
B CIWJI, ajie y CKJIAJOBUX, MO BPAXOBYIOTH HEOTHOPII-
HICTH MPOCTOPY, CJOII 3MIHUTH 3HAK.

Y koporkoxsuiaboomy pexumi [k| > ko dbazosuii nop-
TpeT XapaKTepHU3yEThCdA OIHIEID CIIIOBOIO TOYKOI S,
dAKa JIEKUTh Ha ocl p = 0. I'paHuvHe 3HAYCHHA XBUJIHO-
BOTO YHCJa ko BUSHAYAETHCA DIBHAHHIM

k2=c—(a/2)77(1—a)" 7 (2 —a). (185)

IMpu |k| = ko BinbyBaeThea GidbypKalliga B TOUI 3 KOOP-
muHaTaMn (ouB. puc. 15):

po=0, a0=][a(l—a)/27T= . (186)

0.4 —

02—\,

0.0 I T T T
0.0 0.2 0.4 0.6 0.8 a

Puc. 15. [lisrpama ymopankysamus; Kpusi 1, 2, 3 BigmoBi-
narork € = 1; 0.7; 0.4.

361abllIeHHA MacIITady HEOTHOPLIHOCTH B JOBIOXBIIIHO-
Biit rpanuni |k| < kp npuBoguts no Tpatcdopmariii cigaa
y BY30JI, MOOJAN3Y AKOTO BHHHUKAIOTH 1Bl HOBI ClIJIOBI
TOYKU. 3CIIHO 3 (185) TpaHWYHEe 3HAYEHHA XBUJIHOBOTO
qHcJIa BU3HAYAETHCA JOMaHKAMI, MEPIIHi 3 AKUX 3aJIe-
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KUTH JIAIIE BII TeMIepaTypu, a APYTHil — Bl mMoKas-
HUKa MYJbTHILIIKATHBHOTO HIyMy. B aanTuBHIi rpammii
a = 0 MaeMo 3BHYAliHy 3aJIEKHICTD CEPETHBOIO IOJIS
k% = &; HanpaMJIeHill nepromdiil ¢ = 1/2 Bignosimae
MaKcHUMaJbHe 3HaYeHHA kg =&—3/2, a gna a = 1 ma-
emo k2 = ¢ — 1/2. Jliarpama BrnopsjiKyBaHH# Ha puc. 15
MOKa3ye, 1o (pasoBOMY IMEPEXOOy CHpHAE 301LAbIICHHA
MacuTaby HeOTHOPLIHOCTH IIPOCTOPY Ta MIACHICHH aM-
ILIITYAR TIyMY.

SajexHo Bl MOapaMeTpa HEOIHOPIIHOCTH CTallio-
HapHa TYyCTHHa HMOBIPHOCTH Ma€ BHULVIAM, MOKa3aHMi
Ha puc. 16. PHcyHOK CBIOYNTE, 10 MIACHICHHA HEOTHO-
PIIHOCTH MPUBOAUTE HO PO3MINPEHHA TUITHKE Pa30BOrO
mopTpera, e TPAEKTOpil MOTPAIIAIOTh ¥ BY30JI.

0.2 —

0.1 —

0.0 I T T
0.0 0.1 0.2 03 X

Puc. 16. ImosipHicTh peaJstisalfi TpacKTopiii Ha ¢a30Biii
nnomuHi (¢ = 0.5): sanexuicts P(z) npu a = 0.8 (xkpusi 1,
2, 3 xapakTepusyroorhca sHadenHamu k| = 0.2, 0.4, 0.6).

2. Vpaxyeanns xopeasyti wymy

Xova B baraTbox BHIaKax OLImil 1rym mobpe momae
TMOBEIIHKY CHCTEMH, IILJAKOM 3pO3yMLIO, IO BIH € ime-
aJIl30BaHOI0 MomesIIo (baykryarmit. ificHo, AKIMO IJ1s1
HBOTO BCl 9acTOTH (PIYKTyaliii 300pakeHo PIBHOIpPaB-
HUM 9WHOM, TO PEAJIbHUI CIEKTP OOMEKEHO CKIHIEHOO
30HOI0 YacTOT, MUPUHA AKOl 3aa€ThCA IacOM KOPEeJsd-
nii 7 < co. Ilpu HeBenmkux sHauenHax 7 < 70 ge
macirab 7(9) samae xapakrepHuil yac pestakcarii napa-
MeTpa TMOPAIKY, KOJBOPOBICTE IIyMYy MOYKHA BPaXyBaTH
PO3KJIaJaHHAM 33 MapaMeTPOM CIEKTPAJIbHOl MHPUHE
\/7/70) gaxe nae siuie mompaBKH, IO HECYTTEBO 3Mi-
HIOIOTH KapTuny duykryamniii [6]. Y nporunexsomy pasi
3 7@ 3aCTOCOBYETHCA METO AMHAMITHOI peJiaKcarii,
AKHHE TOKa3ye, 1O IIyM MOMKe TPUBOAUTH IO AKICHUX
amin [33-35]. Onmak Hacnpasmi 7 > (9 peasnisyerses
JIMIE JJIA BY3BKOTO KJIACY CTOXACTHYHUX cHCTeM. Ta-
KHM YHHOM, OCHOBHHUI 1HTEpPEC CTAHOBJAATH CHCTEMH 13
CYMIPHUMHE 3HAUEeHHAMHI JaclB KOpeadIni payKTyariii Ta
Jacy pesiakcarii camoi cucteMu (7 ~ T(O)). it rpammmi
BIAMOBIAAE MeTO I, YHIPIKOBAHOL allPOKCHMAIIll KOJIbOpO-
Boro mymy [36-38]. ¥V iforo mexax Mu HOCTIAUMO OII-
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HOPIAHY CHCTEMY, dKa 3a3Hae BIIUBY (PJIYKTyalliiHOro
cepenoBHia 3 gacoM Kopesduil 7 ~ 7(°) [39].

Bynemo, gk 1 paniiiie, BUXOOUTH 3 PIBHAHHA J]aHmKe-
BeHa

&= fx) + g(x)C(t) (187)

O aMILUTITYIu TigpoanHaMigaol Momm #(t), eBoJIio-
mid AKOl 3aJa€Thcsd AeTEPMIHICTHIHOI cuioo Jlanmay
f(z) = ez — 23 rta ammaiTyno0 MYJIBTHILTIKATUBHOIO
mymy g(x) = |#|* Ha BinMminy Bixg 6imoro mymy, BBaxKa-
THUMEMO, 10 IHTEHCUBHICTh KOJILOPOBOI'O BH3HAYAETHLCHA
HOPMYBaHHAM

(C)C(t)) = (1/27) exp(—[t — ' /), (188)
dKe BlamoBigae mporeconl OpHInTalima—YaeHbeka
¢ = —(+E(1), (189)

ne £(t) — Ginmii urym.

Jlng BHJIy9IeHHST KOJIBOPOBOTO MIYMYy ¢ BI3BMEMO IIO-
ximay sa gacom Bim (187), Bupasumo ¢ 3 (189), a ¢ 3
(187). Y pesynbTari olepKyeMo HEMapKIiBChKE CTOXAC-
THuIHe OudepeHTiaabHe PIBHIHHI

T(i _ g-jzg/(gg)/g(x)) = —o(w)t + f(x) +g(x)/(t), (190)

Jle MTPUX O3Hadae Ou(EPEHIIOBAHHSA 3a £ Ta BBEIEHO
napaMeTp nepeHOpMYBaHHA

f(x)]/. (191)

olx)=1—r1f(x) [ln
9(x)
Homepxyoodnch MeToAy YHI(DIKOBAHOI ampOKCHMAIIil
KOJIbOPOBOTO TIyMy, AKuil Hamae piBHAHHL (190) BUac-
TUBOCTH MapKOBOCTH, BHKOPUCTOBYEMO aIigbaTHIHE Ha-
OJIMKEHHA, 1O HO3BOJIAE 3SHEXTYBATH NPUCKOPEHHAM
£, Ta 3aJUIIAEMO CKJIALOBL & > &2, 4Ki 3a1aioTh
VIOBLIBHEHINTY €BOJIIONI0. Y Mekax TaKoTro IMIXOLY
CHCTEMY OIHUCYEMO 3BHYAliHUM piBHAHHAM POKKepa—
IMnanka [40,41], gke BignoBimae JiHEAPU3OBAHOMY 3a &
PIBHAHHIO €BOJIIOII1
o(z)i = f(z) + g(x)E(t). (192)
Bupas y Jisiii wactusi (192) MoxHa PO3YMITH AK 9acoBY
HOXIMHY Bif rimoreTwdHOTO Mpotiecy y(t), AKuii moB’a3a-
Huit 3 BuxigauM z(t) ymosoro dy = o(x)dz. 3actocoBy-
foun croxacTudHmit mudepentian Ito (132), moseprae-
MOCh 110 Tpotiecy (1), 1o ga€ piBHAHHA

i = [F@)+ h(@)] + 3 (193)

3 mepeHopMoOBaHOIO cmion Jlammay Ta aMIuITymo0
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MYJIBTHILIIKATHBHOTO Iy MY

h(r) = 4" ()" () /20 (),

(194)

F(#) = f(a) /o),
9(x) = g(x)/o(x).

Honanok h(x) nomae iHmykoBaumii nrymom apelid, 3y-
MOBJIEHUH KOTBOPOBicTIO boryKTyamiii ¢ (t).

STigHO 3 MOJIBOBUM METOIOM, BHKJIAICHUM Y PO3ILIL
I1.A| edexTuBHe piBHAHEA Jlanxesena (193) Binnosinae
TaKUM BHpa3aM Jiar pamKidHa Ta INCHTATHBHOl (pyHKIIII:

Liz,p) = p (& = F(2) = h(@) + §(2)7 (2)/2)

—1°5°(2)/2, (195)

R =2%/25% (196)

3BigcH B MeXax METOIY, BHKOPUCTAHOTO A OLIOTO
nrymy, s3Haxonmmo pisHarHA Ofiepa, 3rigHO 3 AKUMEI
CTaIlOHApHUI cTaH CHCTEMU BU3HAYAEThCA BHDA3AMHU:

p=—0cf/g"+4'/29, (197)

O'f f ! 10_/g/ g//
pl—{In=
g g

to— | =0.

1
2 og 2q (198)

1.0

0.8 1

0.6

(&Y order 2
0.4

0.2

disorder

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

a

Puc. 17. ®Maszoba jgigrpaMa BHHUKHEHHS BIOPAIKOBAHOTO
crany (z # 0) (xpusi 1, 2 Binnosinarors ¢ = 0.65, 0.7).

fAK 1 3a BIACYTHOCTH KOpEJAIlil, cUcTeMa BHIIPOOO-
Bye OidypKaliio B YIOPATKOBAHUI cTaH, AKY, OTHAK,
CHOCTEpITAEMO He JIHIEe TPH 3MEHIIEHH] TeMIepaTypH
—¢, aje 1 mpu 301LABIIEHH] 9acy KOPeJdll MyMy: TIpH

T > Tg JOJATKOBO IO CIIJIOBOI TOYKH S, OJIA AKOl
p # 0, BUHUKae HOBe cimmo Sy Ta TPUTATYBAJIBHUI By-
som C, 4Kl posMminyoThca Ha ocl p = (. PaszoBa mid-
rpaMa Ha puc. 17 BusHavae MJIAHKY TPAHUTHIX 3HATCHD
To 9acy KOpesdlil Ta MOKa3sHHKa ¢ MYJIbTHUILIIKATHB-
Hol (byHKIII, AK1 BIATOBIIAOTEH pisHuM dazam. Baammo,
LIO 3POCTaHHs @ NPUBOIUTH [0 PEBEPCHBHOIO IEPEXOLY
“MOPATOK—OE3MOPATOK—TIOPAIOK” , TOAl AK 30LIBIIECHHST
To — JIUIIEe 0 BIHOPANKYBaHHA. TeMIepaTypHa 3a/1exK-
HICTH MapriHAJbHOTO 3HAUYEHHI T., AK€ BIAIOBIIAE MaK-
CUMYMY 3aJIeKHOCTH T(a), ToKa3ye, 10 MPOTeEC YIOPA-
KyBaHHS JOCATAEThCHA JIUIIE IPH 30LIbLIEHH] 4acy KOpe-
sgnii (mms. puc. 18).

1.0

0.8

0.6 4

order

0.4 -

disorder

0.2

0.0 \ \ T T
0.5 0.6 0.7 0.8 0.9 1.0

&

Puc. 18.
qacy KOpessAljl IIyMy, IpH AKOMY CTa€ MOMKJIMBHAM CTBO-

®a3zoBa niﬂrpaMa MaKCHUMaJIBHOI'O 3Ha4Y¢HHA

PE€HHA BIIOPANTKOBAHOTO CTaHY.

0.7

Puc. 19. Banexuicts cramonapHoro posmomiay P Bim mo-
YaTKOBOTO 3HAYEHHdA TapaMeTpa HopAnKy o npu & = 0.7

(xpusi 1, 2 Binnosimators @ = 0.2 npu 7 = 0.4, 0.6; kpusi
3,4 Bignosinarors a = 0.8 mpu 7 = 0.4, 0.6). [TouarkoBe 3Ha-
YeHHdA CIPAREHOTO IMIyJIbCy po = 0.5.
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Xoua gac KopeJidrii IyMy CyTTEBO BILIMBAE Ha CTa-
IMOHAapHI CTAaHW CHCTEMH, BIH HECYTTEBO 3MIHIOE 9acOBI
3aJIEZKHOCTI MapaMeTpa MopAIKy #(t) Ta CIpaKeHoTo iM-
nysabey p(t). Ha rpanmmax maaux sHadeHb #(1) < 1,
p(t) < 1 mMaeMo Taki caMi acCHMIOTOTHKH, 7K 1 [IJI4
61/I0T0 IIyMy, IO O3HaYa€ HE3MIHHICTH (ppaKTabHUX
BJIACTHBOCTEl dasoBoro nmpoctopy npu “sacdhapboByBaH-
H1” myMy. 3rigHo 3 puc. 19 sMiHa 7 TAKOK € HECYTTEBOIO
JIJIA CTAIIOHAPHOTO PO3ITOMLILY.

TaxmMm 4mHOM, HagBHICTH KOPOTKOYACOBOI TaM’ ATi
dutorTYaIilf TPUBOAWTEL IO PEBEPCUBHOTO IEPEXOIY,
Mpu AKOMY HEBIOPAAKOBaHA MIJIAHKA PeaslizyeThesd
JIie B OOMEKEHOMY TIPOMIKKY MOKA3HUKIB @ Ta BUCOKO-
JacTOTHOMY CIeKTpl pIyKTyamiii 7 < T.. XapaKTepHO,
1[0 HaBeleHa KapTHHA BH3HAYAE MOBEIIHKY HailiMOBIp-
mimux Beauuud. Y posmim II1.B 6yme nokazano, mo pe-
BEPCUBHUHI TIepexifl CIOCTEPIra€Mo TaKOXK JJid CTATHC-
TuaHnx MomenTis (z), ((z — (z))?).

C. KaaibpyBajsibHa Teopist caMONoOaibHUX CUCTEM

PoarsigabMo OutyKaody 9acTHHKY, 10 37ifcCHIOE Of-
HOBUMIPHI TO/T0TH JI€Bl. ¥ TaKOMY BHNIAIKy CHCTEMA €
caMoIomibHOI0, Tak 1o 11 MYHKINA PO3MOILIY 3a KOOp-
JUHATOIO & B 9ac t OZHOpIIHA:

Ple,t) = a Py, y=zfa,  (199)
ge a = at) — dvacosanexuuii mMacurrad, y — Oes-
po3MipHa KoopauHaTa, (¢ — MOKA3HUK CaMOIOIIOHOCTH.
Iig aHaJ i3y TaKol CHCTEMH 3DYYHO BHUKODHCTATH Me-
TOnH, WO 'PYHTYIOTECA Ha noxinHil Ixekcona D, (nus.
nonarok C). OcHoBHa mHepeBara Iiel MoximHOl mpH aHa-
JI131 CAaMOITOMIOHUX CHCTEM TIOJIATAE B TOMY, 10 BOHA BU-
sHadae Bapidmifo MYHKIIL momo gumaTamii ¢ # 1, a He
sMimendsd de — 0, 9K y 3Bu4aiiHOMy BHIAIKy. B npoMy
O3/l Take MOJAHHA BUKOPHCTOBYEMO IJIA IIOJIBLOBOIO
HOCJILIZKEeHHA CaMOIOIIOHOl CTOXaCTUYIHOl CHCTEMH.

Ha Biaminy Bif mpocToro BHOAAKY, Je MacuTab a He
3aJIeKUTh Bl 4acy {, pO3IJIAHBMO HECTAllOHAPHY CHC-
TeMy, I Kol BeJnmumHa a Ta dpakTop ¢ € HyHKII-
amu . Sdx Bigomo 3 Teopil KamibpyBaabHUX moMiB [24],
y TaKOMy pasl cucTeMa IHBapidHTHa IIOA0 IePEeTBOPEHD
r = qr, P = Q.P, Q4 ~ ¢, aKmo TPaIicHTHI CKJa-
noBi Dy P, OP/0l 3aMiHIOIOTbCA Ha HMOJOBKEHI IMOXiAHI
(Dy + €)P, (0/0t + E)P, me napamerpu ¢, £ — xom-
HOHEHTN KaJibpyBaabHOTO MOTEHINANY (TYyT Ta HHUMKTe
Jac 1 BEMIPIOEThCA B OQWHUIIAX dacy peJsakcaril imo-
BiprocT®). Biamosiano mo (C.6) merko Sauntn, mo Taki
BUIOBKEH]I MOXITHI 1HBApPIAHTHI CTOCOBHO HECTAIlloHAp-
HOl amnatanii ¢ = ¢(t), BUSHAUEHOI epETBOPEHHAMI:

xr = qu, P — Q4P

(200)

DyQq
o

D,Qq Dy P

€— €— ) E_>E_Qa
Qs P

—(¢—1)
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Jle Kparka O3Ha4a€ TMOXITHY 32 JacOM.
HaidimpocTimmmii  xkamibpyBaabHO-IHBApIAHTHHN  JIar-
PaHKIAH eBKJIA0BOL Teopil MOJad € TaKIM:

L= 51D+ PP+ 5D, (20)

1
2
Jle Ieplnii 4jeH ypaxoBye KaJibpyBaJibHY OUJIATAIIO,
OpYTHI — BHECOK Mo, BiAmoBiaHo A4 IUCHIATHRHOL
dYHKITNT MaeMo

1 S .
2+EP+ 2+Ee,

=51\ 2 [\t

(202)

Je  — BIOHOIIEHHS 9TaciB pesrakcalill KaaibpyBaJbHOTO
moJid Ta fiMoBipHOCTH. ¥ pesyibTari piBEanna Oiimepa

ac oL OR
Dygim v~ 5 = a5

0(Dyz) Oz 2= (Pe)

(203)

IPUBOANTEL 10 ANpEepeHIAAbHIX PIBHAHL 13 YaCTHH-
HAMHU MOXIITHUMH Ta HeJIHIHHUMHA CKJIaTOBUMMU:

P+D2P=—EP+éP, (204)

0¢+Dic— PDyP = —0EP + cP?. (205)

[Mepun ckmamoBl y mpaBuX YacTHHAX OMUCYIOTH THCH-
MaTUBHUI BIJIMB 30BHIIIHBOTO cepemopmina. Jlami pos-
TJIAHEMO JIATIE KOHCEPBATHUBHI CHCTEMU, ¥ AKX TPHUITYC-
TUMO, IO YacOoBa KOMIOHEHTa KaJdlOpPyBaIbHOIO TTOTEH-
ATy, AKHi obepHEHO MPOMOPIIAHII 10 BIOIOBIIHOTO
Jacy pesakcarii, JopisHioBaTnMe Hyaesi (F = 0).

Tpucrymaoun 10 aHaIi3y OCHOBHWUX DiBHAHB (204),
(205), posrngHbMO HafinpocTimmii Bumamok € — 0,
'DSE — 0, y akOoMy BoHEU HaOyBarOTh popMu

P=-D!P, (206)

0é = PD,P. (207)

[epure 3 aux Mae audpy31dHUNE BUTTIAT, ajde TPOTHIIERK-
HUif 3HAK y TpaBlif 4acTWHI BKa3ye Ha Te, IO CaMOIO-
mibHa cucTeMa BHABJIAE PO3OIKHY KIHETHKY, BJIACTHUBY
iepapxiuaum cucremam [42]. OmgHak Taka moBemiHKa pe-
aMI3yE€ThCA JIMIIE TPOTATOM KOPOTKOTO 9acOBOTO 1HTEP-
Baay t ~ 6 <« 1. Ilpu sBuuaiinomy 4aci t > 1, axmit
Oyie PO3NIAHYTO HIZKYE, CTA€ MOKJINBOK aalabaTmIHa
amporcuMaria 6 < 1, 1mo J03BoOJIAE 3HEXTYBATH JIi-
Boto gacTrHO© (207). Y pesybraTi BUKOHYETHCA YMOBA
Dy P ~ 01 cucreMa moTpalide A0 CTAIIOHAPHOTO OTHO-
PILOHOTO CTaHY

P(x,t) = const = Py (208)
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Y crnagmimomy Bumanky €(t) — const # 0 piBHAHHA
(205) 3BOAUTBCA 1O BULJIALY

D,P = —cP, (209)

AKHUI TaKOXK TPUBOANTE JO CTATUIHOTO PO3MOILITY (208).
Huia nomaseiroro anasisy moMHoKEMO (204) Ha Dy P,
a (205) Ha Dge. Tomi sHaxonnMo mepinmit iHTeT paust

1 1 1 1
§(qu)2 + §(qu)2 = §(€P)2 + 502, (210)

Ae MU IIOKJIaJ Il

(P = PDye)D,P =0 (211)

Ta BUKOpUCTaJN cTajy interpysanug C2/2. Toxi micas
MPUITYIEHH A

Dye=—-C, C>0 (212)

ta ymoBu D, P # 0 pisuamng (211) mpuonuTs 00 eKc-
MTOHEHIIIATBHOI 3aJTEZKHOCTH

Poce™ (213)

a (210) sBomuThea mo surrAmy (209).

Sk BigoMO, caMOTTOMIOHIM CHCTEMAaM BJIACTHUBA CTEITe-
HeBa, a He eKCIOHEHIidIbHA HoBeminka [12], Tak mo B
(210), (212) caim nokaactn C' = 0. Y pesyabTari IpHXO-
MO IO BaXKJIHBOI YMOBH KaJIOPyBaHH

Dye =0, (214)

BIAMOBIAHO A0 AKOl MOTEHINA] € He Moxe OyTH (HpyHK-
mieto mapaMeTpa anaatarii ¢. TakuM unHOM, PIBHAHHA
(204) IpUBOANTE 10 yMoBH P = (), 3rigHO 3 KOO CTalli-
OHAPHUH CTaH CHCTEMH BU3HAYAEThCA PIBHAHHAM (209).
HonopHo0YN {loro BH3HAYEHHAM TOX1THOI JIKekcoHa
(C.3), mpuxonumMo Jo chiBBlaHOMeHHH [o], = —e. A mo-
kasaHo B fomatky C, ¢-umcio IzkekcoHa [o], 3BomUTBCA
no g-yorapudma lasmmica, aximo cTalioHapHUA po3ITo-
a1 Psy Ta mapaMeTp mmiaTaliil ¢ 3B’A3aHI YMOBOIO

Pt =2, (215)
Tom omep:kaHe BHINE CHIBBIIHONIEHHS TPUBOIUTH 0
posnominy asmrica [12]

Py =[1—(q—1)d7T. (216)

3 mopyuieHHAM yMoBH KaJibpysamnua (214) camorno-
JibHA cUcTeMa TePeXONTh Y HeCTAIIOHAPHUH PEKUM, Y
AKOMY 11 TTOBeiHKa BH3HadaeThcs piBHAHHAM (204). I3
ypaxyBanHaMm BusHadeHHdA (C.7) 3HAXOINMO

(217)

Toni Bukopmucranu#a posmominy (199) pasom si cmisin-
HomenHaAM [a], = —¢ Ta 3B’@sKoM P = —a~ () (0P +
yP')a mae

a~ta(aP + yP') = [JalyP, (218)
Je IITPUX 03HaYa€ MTUQepPeHIIIOBaHHS 33 apl' yMEHTOM Y,
a MHOXKHEK [d¢r]4q o3HaueHO B (C.7).

Moxkna GaanTh, Mo 3 ypaxyBaHHaM acuMiToTrK (C.8)
y TPaHWIl ¢ — OO CHCTEMa MEPEXOAUTH B ABTOMOIE T hb-
HUI peKuM Hpu

3a—4 1

aq = const, a a = const = 1

(219)
yP' = (10 — a)P.

Posp’a30k octanuboro pisHaHHA P < §7°”Y mae gacoBl
3aJIEKHOCTI XapaKTePUCTHIHOTO MACIITady Ta TYyCTHHE
#MOBIPpHOCTH:

i Ti
3(a—1) — To—Q 4—T - _ "0
a o Pxax t ’T_3(oz—1)
npu ¢>1, t<T (220)

VY nporuiiekHOMY BHIAAKY ¢ — | Besqmunna ¢ B (218)
He 3aJIEXKUTD BiI 1, 1 B JOBrOIacoBlii TPaHUIN OIEPKYEMO

-1
axexp(t/m), P 2T " Y exp (=Aot), Ao = “ 1
q—
mpu g — 1, 3> A5 . (221)

OTOTOXKHEHHA 4YacOBUX MaclITablB T Ta /\51 B 3aJIeXK-
HOCT#AX (220), (221) npuBOOUTE MO 3B’A3KY

T=3(¢g—1), (222)
BriIHO 3 AKUM XapaKTepHuil yacopuit MaciiTab BUsHada-
eThCA CTelleHeM HeaINTHBHOCTH CHCTEM.

PosryigubmMo  masl  BHTAZOK HEHYJIBOBOI  ITOX1AHOL
IKeKcoHa APYToro MOPAAKY Dge = [g]gq€, BE3HATEHOL
eanarHOWo £. TyT piBHAnHE«A (205) mae KanibpyBa bHUR
MMOTEHITI AT

—[a]q

(= ———— 2L
1 —[elgg P2

(223)

AKHI cTae caMoMOIIOHNM, KOJTH [E]qu_2 cIraae 31 3poc-
TaHHAM ¢. Ilpunyckatodn e cHalaHHs ¥ CTEIeHEBOMY
Buraani ¢~ 7 3 vy — 0%, is piBaanrna (220) Ta ymoBm
(219) omepikyemo sasexkuicTh P(1) o ¢7 (1), me moras-
HUKW 3B’#3aHO CIiBBIAHOmEHHAM ¥ = 27 — 3(¢ — 1) > 0.
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Y pesyabTari iHIEKC KaaOpyBaJIbHOTO MOTEHITIATY € 00-
MEeKEHO YMOBOIO

6<1—|—§T21—|—2(q—1), (224)
Ile Ipyre piBHAHHA BHILTHBae 3 (222). 3a nnx yMoB piB-
uauHA (204), DomoBHEHEe alpOKCHMAILIE € ~ —[a],, 1o
BumnBae 3 (223), 3abesneuye ofepiKaHi BUIIE 9acoBi 3a-
sezkHOCTI (220).

ABTOMOIENLHIH PEXKUM TOPYIUIYETHCS, AKIIO MHOXK-
HWK y Tpasiii wactuui (217)

¢ —laly = [O‘]S [(1 = [l P )™ = 1] = [0a]yq = =X

(225)
cTae He3aJICKHUM Bif gacy (TyT TycTHHA HMOBIpHOCTH
CTAI[lOHAPHOIO cTaHy FPst BU3HAYAETbCA PO3IOILIOM
Mammica (216) 3 ederrupnoo enepricio (223)). Tlpn
[BOMY JEKPEMEHT EKCIOHEHIIAMBHOL 3amekHoCTH (221)
saMIHIOEThCA Ha A. OCKLIBKH Teit pezKuM BIAMOBIIAE Ma-
JIMM 3HAYEHHAM ¢, TO MOXKHA B3ATH IPaHUI0 ¢ — 1, mjisd
AKOl1

-2
X=Xy —a? [1—(62+6_1)e26] — 1>,
qg—1

a—1

Ao = .
0 —1

(226)

Hapemwri, npu ¢ — 1, €2 + (¢ — 1) /(¢ — 1) < e?® maemo
a = [a]; = —¢, mo nae

A= \o [1—2a2u <52+6_1)e—2°<].
a—1 qg—1

PossunyTuit popmasiiam IpyHTYeTbCA Ha AUJIaTaIllii-
Hili iHBapigHTHOCTH narpamxkigua (201) Ta gucnmarus-
HOl bymkmii (202), Aka mo3BOMAE ONHCATH EBOJIIONIIO
KOHCEpBaTUBHOI caMomoaibnHol cucteMu. 11 moBedinKa BI-
sHavYaeThCA byHKIieo posnominy (199) ta kamépysans-
HUM TOTEHIATOM € (/14 3BHYaitHOl TepMOTMHAMIYHOL
CHUCTEMH OCTaHHII 3BOINTHCH bile BIIHOIIEHHA €eHepril
MIKDOCTAHY [0 TeMIeparypu). IX dacoBa 3aseKHICTH
ommcyeThed HediHifHUME piBHaHHEAME (204), (205) ¥y
JacTHHHUX moxiguumx. IIpm BUKoHAHHI yMOBH KaJibpy-
BaHHA (214) eHepria MIKpOCTaHy He 3aJI€KNTH Bl IH-
JaTalil, 1 CucTeMa 3HaAXOANThCA ¥ CTAIllOHaAPHOMY CTaHi,
axrult 3agaeTbes posnomgiaom Hammica (216). Taky kap-
THHY CIIOCTEPITaEMO B aBTOMOmeNbHOMY pemumi (220),
AKHI peasisyeThcd B dacl, OOMEKEHOMY 3HaUeHHAM
(222), mo 3agaeThed HeaquTUBHICTIO cuctemu (¢—1). Ha
BEJIUKUX IHTEPBAJIAX 9acy AUIATaIld CTa€ KOHCTAHTOIO,
KaaibpyBaJibHa IHBAPIAHTHICTD MOPYIIYETHCH, 1 CHCTEMA,

(227)
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MEPEXOIUTD 0 3BUIARHOTO eKCIOHEHTI ANBHOTO PEKUMY
(221).

[MpoBenenuit posryign MPUITycKae, WO CHCTEMA € KOH-
CEepBATHBHOK — BILIUB 30BHINIHBOTO CEPEIOBHIIA 3BO-
OUTHCA 10 HyJd, Tak o B piBHAHHAX (204), (205)
E = 0. Y posmm [.D mokasawo, mo BpaxyBaHHA Ta-
KOTO BILIUBY JIJIs I€pAPXIIHUX CHCTEM MPUBOANTE IO da-
COBOl KOMIIOHEHTH KaJlOpyBaJIbHOTO MOTEHIATY F =
—(8/0x)F(x)+(0%/0%x)D(x), ne F(x) — cuna npeiidy,
D(z) — woedinient mudysii [9,8]. Ockinbku qudysifina
CKJIAJIOBA B34Ta 3 MO3UTUBHUM 3HAKOM, TO €KCIOHEH-
MIATBHANR PEXRUM TOTABIIOETHCA, 1 caMOMOmibHa CHC-
TeMa 3HAXOIUThCA B aBTOMOIEIBHOMY PEKUMI TIPOTATOM
YCHOTO IaCOBOTO 1HTEPBAJY.

JOOATOK
A. ®yuknii Mirrara—Jleddaepa i Pokca

Hapememo wiHiMaabHIIE Hablp cHEMAJIbHAX (DYHK-
ifi, MO JO3BOAAIOTL MepeiiTH Bl IMBUIKOl €KCIIOHEHTH
exp(z) 1o YHOBIIBHEHOI CTENEHEBOI 3aJMeKHOCTH 2% z
— KOMILJIEKCHUH apryMenT. BygeMo BUXOAUTH 3 PO3BH-
HEHHA B P

k

Xz
exp(z) = Z ik
k=0

HMoro ysaraabHeHHS 3a paxyHOK 3aMimm dgaxTopidia k!
rama-ynkrieo I'(ak + b) 3 miniitno gedopmoBanuM ap-
I'YMEHTOM MPUBOANTE 110 BIAMOBIIHOTO PALY st DbYHK-
mii Mitrara—J/ledbdaepa:

(A.1)

Eoplz) = ;;) m, a>0, >0 (A.2)

IIpu rpaHMYHEX 3HAYEHHAX TapaMeTpiB «, 3 1nd HyHK-
A MEePEXOANTh B €KCIIOHEHTY Ta Tinepboay:

Bua(s) = exp(s), tim 2ol -2 (A

a—0 [0

SAxuio nepie plBHAHHSA BHUILINBAE OE3IOCEPEIHLO 3 BH-
sHadeHns (A.3), To IIA ONepiKaHHA APYTOTo CJM Mpo-
mudepeHTioBaTH 33 # PO3BHHEHHA B pan Bupasy (1 —
z)~! a Takox BUKOpHCTATH acUMTITOTHKY rama-byHKIIi
lim,_,o '(x) — =1 ra Busnavenna (A.2). HaBenemo Ta-
KOZK HEOOXIJTH] aCHMIITOTHKM:

e ] L,
Eop(z) ~ o) [1 + o+ ) ] , 2 —0; (A4)
Euyo(z) x 272 25 0. (A.5)
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Aximo medopmysarn B (A.1) He apryMmenT dakrTopifnia, a MOKasHUK k, TO MPUXOINMO JIO PO3BUHEHHHA B P
ysaraJjbHeHol ¢pyuKIil Pokca;:

-
. _H lF(b —(bl+k)B_J)ﬁ
=my ST Q_
k=0i=L ] 1“( (bl—l—k’)%) 1;[

(al’Al) : "(aP’AP))
(bl’Bl) : "(bQ’BQ)

' A
((1 —a;)+ (b + k’)B,) (_1)kz(bz+k)/Bz

A.
B, : (A.6)

r(=b)+ b+ 0 5)

e Bp(bj+¢) £ Bjlbs+d)gnaj£k j>1, k<nrmacd=01,.. . Ilpr z — 0 ta 2 - 00 OOEPKYEMO CTEEHEB]
acumuroruky H ~ z0/Bt 1o 0 ~ z=(1=a)/A BIAMOBIAHO, fe | BIANOBIAAa€ MIHIMAJIBHIM MOKa3HUKAM. ¥Y3araJbHeHa

dyurmia Pokca sBoguThbea g0 dyukmi Mitrara—Jleddiiepa Bim 0bepHEHOTO apryMeHTY:

(0,1)
Eop(—2)=His| 2 . AT
yﬁ( Z) 12( (0’1) (1—&,0[) ( )
3arajoMm BoHa BU3HAYAEThCA AK iHBepcHa TpaHcdopmanta Memnmina [43]:
8 I'(b; + B;s 1 I'(l —a; — A;s
o | (a1, A1) ---(ap, Ap) 1 jl;[1 (b ! )21;11 ( ) s
Hpg | = = — 27 %ds. (A.8)
(bl,Bl)~~~(bQ,BQ) 2m P Q
¢ I Tlai+Ais) ]I
Jg=m

F(l — bj — Bjs)
i=n+1 1

Kontyp iHTerpyBanua § BubupaeMo Tax, mob posmimuru nooch I'(1— a; — A;s) ta T'(b; + B;s). Ilyctuit 1o6yTox
iTeprperyemo gk 1. Himouncmosi smiaal m, n, P, Q) 3agoBoabaaoTs ymoBu: 0 < m < P, 0 < n < @, KoedimienTn
Ai, Bj € momaTHUMHE, apaMeTph a;,b; 3amobiraloTh iMeHTHIHOCTI HOJIOCIB y HMMIHTeI paabHill dynaKmii. InTerpan
(A.8) sbiracThea 3a yMOBH

E:(ZA—ZA) ZB—ZB >0 (A.9)

i=m+1 j=n+1

Tak 1o dbyHknio [ BusHadaeMo B cekTopi |arg z| < (7/2)2. ®ynkiio Pokca 0GUNCTIOEMO TAKOK TPH

Q P
A:ZBJ_ZAi>O’ KOJIH 0 < |z| < o0, (A.10)

j=1 i=1

abo
P Q
A=0 ta  O0<|:]<R R=[[a7*]] B (A.11)
Pospunenna dyuknii Pokca B pan (A.6) crae MoxauBnM 3a yMoBr A > 0.

B. [IpobGosi inTerpaJs Ta noxigHa

Bymemo BuxomuTn 3 piBHIHH

jdxl 7@19;2 flas) = ](1‘ — &Y f (') de, (B.1)
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OmpepeHINIoBaHHA AKOTO 3a & MPUBOANTDH A0 TOTOXRHOCTH. Toml MeTomoM MaTeMaTHIHOL IHAYKINI MOKHA JTOBECTH,
LIO N-KpaTHUI IHTerpaJl 31 3MIHHOI BEPXHBOIO MPAHUIEIO 3BOAUTHLCA A0 OJHOKPATHOIO 3rLAHO 3 POPMYJIOI0

Tn—2 LTn—1

/xdm]ldx2~~ / dan 4 / dl‘nf(l‘n):ﬁ/x(x—x/)"_lf(x')dx’,

a a

ne f(x) — mosineaa dynkmia. [Tpu mepexomi Bif mioro
qrcaa N 10 JOBLIBHOTO w dakTopidan (n—1)! sBomurbes
no rama-yHKIii, 1 dopmyna (B.2) mae BusHaueHHA 1H-
Terpasia gpobosoro nopsaaky [16], [44]

w > 0.

17 f(a) = F(lw) / C _f(;))l_w da’, (B.3)

ImBepcne meperBopenHa mpoboBoro inrerpana DY =
I, % nopanky w > 0 Bu3sHauaeMo AK JApoOOBY HOXIIHY:

N S B IR
D f(z) = F(_w)/(x_x,)de . (B.4)

0

Y mnaam 0 < w < 1 ZomiABHO 3aCTOCOBYBATH BHPA3

[ @)= @)

DT f(w) = o)) G da’, (B.5)

Ile BpaxoBaHo BimoMe crisBimHontennd ' (z) = T'(x + 1)
ond r = —o.

C. IMoxigna xekcoua

Ileperara ¢-moximgHol I7KeKcoHa MOJIATAE Y 3pYIHOCTI
il 3acToCyBaHHA s aHAJII3y CAMOMOMIOHMX CHCTEM,
OCKIJIBKW Tisl TMOXiZHa BU3Hadae mpupict dbynkmil f(z)
mono auaaraiii ¢ # 1, a He cTocoBHO 3Mmimenua dz — 0,
4K y 3BUYalinomy Bumagky ¢ = 1. BigmosigHo mo Takoro
BU3HaUYEHHA ¢-ToXigHa J[XKeKcoHa 3a1aeThed 9K

flgz) — f(z)

, q>0. (C.1)

s BazKJIMBOTO BUMAAKY OMHOPLAHOI (DYHKIII, 11O 3410~
BOJIBHSAE YMOBY
flgz) = ¢* f(x), (C.2)

e q > 0 — mapaMeTp mmiaaTaiil, a > 0 — MOKa3HHUK OI-
HOPLAHOCTH, ¢-HOoXiaHa /IKeKCOHa 3BOAUTHCS 10 ¢-4UCa

JKekcoHa:
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(B.2)

a

(C.3)

Jlerko Gauntm, mwo [a], — « Opu ¢ — 1, npudomy [a]
sMiHIOEThCA, AK ¢“ ' mpHm ¢ — co. 3 omHOro BOKY, ¢-
gorapudmiuny dyukmifo Hamrtica

2z~ -1

Y (C.4)

Ingz =

MOJKHA BUpasnuTH Ak ¢-duciao Txkekcona (C.3) 3 mokas-
HnkoM o = (¢ — 1)(Inz/ In¢). Pasom i3 piBaanuam (C.3)
el 3B’430K Ta PIBHAHHA

Ing(zy) =Ingz+Ingy+ (¢ — D(Ing ) (Ingy)  (C.5)

IafoTh BayXKJINBE MPaBMJIO IJid moxigmol /Ikekcona:

Dy [f(2)g(x)] = [Dyf(x)] g(2) + [(2) [Deg(@)]

(g = 1) [Py f(2)] [Dyg ()] (C.6)

MMoxigay lkekcona npyroro mopaaky BH3HATAEMO TakK:

DpDyf(x) = Dpilalof(2)} = [alpef(2),

(C.7)
[a]pg = [o]plalg + [0alpg, [al, = ppa__lla
o = st

IIpu o > 1 BenmunHa [, Mae Taki aCHMITOTHKH:

[6a]pg — ;.;_;11 npu  p,q — 1,

(C.8)

[6a]pg — p*l@ a1 mpu p g — oo

Hia ysaraiasrenna supasis (B.5), (C.1) Bememo apo-
OBy CO-TIOXIHY:



TEOPIA CAMOIIOOIBHUX CTOXACTUYHUX CUCTEM (HACTHUHA 1)

D7 f(=)

wr™ % / flx) — flqx)
r<1—w>0/ (T=gb=

0<w< 1. (C.9)

Huta camononibuol cuctemn dynkiia f(z) € omHopiz-
HOTO, ToOTO 33an0BOIbHAE Bupas (C.2). Tonl BusHadeHH
(C.9) cupouryerbes:

DTf(z) ={a}, e 7 f(x), 0<w<l, (C.10)
Jie TpoOOBUM TU-UUCIIOM €
/ 1
__ = —q°
{a}w = T (1 _ w) / (1 _ q)l-l—w dqa
0
0<a, 0<w<l (C.11)

Boro moxe 6yTn BupazkeHe B TepMiHax TamMa-pyHKIII:

[a+1) 1

e =roiice To-a

(C.12)

Ile gmcio 3pocTae MOHOTOHHO 31 3pOCTaHHAM & Ta 7,
HabyBae HyJILOBOIO 3HaueHHsd npu w = 0, @ = 0 Ta xa-
A

paKTepHUX 3HadeHb {5}, = Yo — o=~ 0322, {1}, = 1.

Taka HOBeHiHKa XapaKTepU3yeEThbCAd TaKUMU 3aJICZKHOC-
TAMHI

«@ npu w =1,
{a}_ = Il+a)-— —F(ll_a) opn  w = a, (C.13)
% mpu o = 1.

Tomy, akio g-duciao (C.3) 3BOOUTHCHA O MOKA3HUKA o
y rpamuri ¢ — 1, c-uncao (C.11), mo Binnosinae mpo-
Gosomy iHTerpasiosi (C.9), 3BOOUTHCHA 1O MHOKHHUKA o
npu w = 1.
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THEORY OF SELF-SIMILAR STOCHASTIC SYSTEMS (PART 1)

A. I. Olemskoi, D. O. Kharchenko
Sumy State University

2 Rimskiy-Korsakouv Str.,

Sumy, UA-40007, Ukraine

The work is based on the use of the power-law asymptotics for the distribution function of self-similar systems.

Starting from the obvious presentations we consider an anomalous nature of the particle walks, field representation

of the stochastic process and time dependencies of most probable values and moments of stochastic variable.
According to the equation for the distribution function a difference between main types of the particle walks
(Brownian diffusion, Levy flights, subdiffusion) is explained. It is shown that the type of the motion is defined
by the spatio—temporal distribution of intensity of the particle jump: if it takes an analytical form we have
the ordinary diffusion in the case of nonanalytical dependence in the space we come to the Levy flights and
nonanalitycal temporal dependence means the subdiffusion process. In the first case the distribution function
acquires a power-law multiplier with respect to the coordinate, and power-law multiplier with respect to time in
the second one. The relations between the dynamical exponent and indexes of the Levy flight and the subdiffusion
as well as between fractal dimension and multiplicative noise exponent are defined. We show that the diffusion in
the ultrametric space is defined with the help of the Fokker—Planck equation defined through the Jekson derivative.
It is explained that the multiplicative noise breaks an additivity of the hierarchical system and mupltiplicativity
of the probabilities. We find the general type of the fractional order motion equation, which in the limited
cases are reduced to the wave equation, oscillating and transporting equation, Landau-Khalatnikov equation for
conserved and nonconserved order parameter, Poisson equation and Debye’s screening equation. In the nonlinear

case it reduced to the Korteweg—de Wrize, sin-Gordon and a nonlinear Schrodinger equations. We show that
the distribution function is defined by the exponential dependence with the exponent which is reduced to the
standard action in the Euclidean field theory. For the white and coloured multiplicative noises the evolution of the
more probable values of the stochastic variable and conjugate momentum is explored. We found that changing of
the multiplicative noise exponent the system tests the reversible transition from the ordered state to disordered
one and back. Form the Lagrangian and dissipative function, which are invariant with respect to the similarity

transformations, the field equations are obtained.
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