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Bragumup JImurpuesud CelXI0THH, 3d8e0)1ouyuii Kageopoii anzeopbl U Mamemamuseckux
Memoooe 8 akornomure OPRoBCKo20 20CY0APCMBeHH020 YHueepcumemda,

00KMOp nedazoeUteckux Hayx.

Buxrop Huxonaesud Y0mun, npogeccop kagedpor usuru Akaoemus Pedepansrotl o

oxpamsl Poccutt, KaHouoam neoazo2uyeckux Hayx

CTATUCTUYECKWE 3AKOHOMEPHOCTU
B AMHAMWYECKUX CUCTEMAX

Knaccuueckaa nayka, npemenoya na npeoensnyto HoIHONY ONUCAHUA AGIeHNUI, HePeoKo
OMPBIBANACH OM HCUSHU C €€ ZUOKOCINBIO U HeOOHO3HAUHOCMbIO. Boimue uenogexa 6 mupe
eewyell u AaneHuli npeocmaanaem 3aKOHOMePHbIL NOPAIOK, 603HUKAIOWUI U3 XA0Ca Cryuaii-
HBLX COOBIMUTL. DMOm PPaxm Hawén ompagicenue 6 COBPeMEHHOI Hayke Ha YPoeHe eé 2100a.1b-
HBLX MUPOB033Penueckux ycmanoeok. IIpousomén nepexoo K Ho6ol Kapmune mupa, xapax-
mepu3ytouielica OmKa3omn om 0emePMUHUIMG 1 adCoTIOMuU3auuY, nPpusHanuem uoet camo-
opzanusauuu, KOHCMPYKIMUEHOI PO XA0CA. IMO NOCYIHCULO OCHOBOU ONA POPMUPOBAnUA
6ePOAMHOCMHO-CUHEPzemuuecKoi napaouzmol, mamemamuyeckum A0Pom Komopoii aenaem-
CA CMOXACMUKA KAK KOMICKCHOE Y4eHue 0 CLyuainoCmax.

YpOBeHb 06PA30BAHHOCTH BBITYCKHUKA By3a
OIIPEAETAETCA CIIOCOOHOCTBIO PEMIATH IPOOIEMBL
Pa3NMUYHON CIOKHOCTH HA OCHOBE MMEIOIMXCA
3HAHUI B COCTOSIHMAX C HEOJHO3HAYHO OIIpefie-
JIEHHBIMU YCIOBUAMMU. Besib cama npupoza coaep-
KUT CJIOKHOOPTAHU30BAHHBIE CUCTEMBI, M3yde-
HHE KOTOPBIX TOMOT4€T (POPMUPOBATH IMYHOCTD,
CIIOCOOHYIO IPUHNAMATD PEMIEHUS, IEHICTBOBATD B
MEHAIOMNXCA YCTOBUAX.

BBICTPBIH pOCT HAY4HOM UH(POPMALIUK U BCE
6osee yCHIMBAIOMAACA MHTETPALUA HAYYHBIX
UCCIIEJOBAHNH CTABAT IPOOIEMBI METO/JOJIOTYE-
CKOTO XapaKTePa, KOTOPbIE HEOOXOAUMO PEMATh
B TIPOLIECCE PA3PAOOTKU METOJAUKH OOYYEHUA
COOTBETCTBYIOIIEH JUCIUATUIVHEL

B KauecTBe OIHOTO U3 MPUMEPOB TPAHC(OP-
MAIIH IOCTYKEHNI COBPEMEHHOM HAYKH B y4€6-

HBIE JUCLUIUIMHBL PACCMOTPUM JIEMEHTHL METO-
JVKU (POPMUPOBAHNUA 3HAHUI OOYUaEMBIX B Kyp-
Cax (PU3MKHU U MATEMATUKU 0O OZHOM U3 (pyHAA-
MEHTATLHBIX OTKPBITUA COBPEMEHHOU HAYKU —
CTOXACTUYHOCTH JUHAMUYECKUX CUCTEM.
QOpMUPOBAHNE 3HAHUH O CTOXACTUYHOCTU
JIUHAMUYECKUX CUCTEM IIPEAIONAraeT HeOOXO-
JUMOCTD BBE/ICHUA 1IEJIOT0 PAZIA HOBBIX IOHATHUM:
0 ()230BOM IPOCTPAHCTBE, TOKAIBHOH HEYCTOH-
YUBOCTH, 3PIOAUYHOCTA U II€PEMELINBAHUY,
KPUTEPUH CTOXACTUYHOCTH, CTPAHHOM ATTPAK-
TOpE, CLIEHAPUH IIEPEXO/A K XA0CY, (PPAKTAIBHBIM
crpykrypaml. OfMH U3 BO3MOKHBIX BAPHAHTOB
TEXHOIOTUH (POPMUPOBAHUSA 3HAHUH O TUHAMHU-

1 3acnascxuii I M. CTOXaCTUYHOCTD JUHAMUYECKIX
cucreM. /I M. 3acmascknit // M. Hayka. I'masHas pe-
JIAKIUA (PUBUKO-MATEMATUIECKOM IMTEPATYPBI, 1984.
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YECKOM Xa0C€E B BY30BCKOM Kypce OOMIEN (PU3UKU
TpE/IIOKEH B PaboTe?,

PaccMoTpyM, KaK B KypCax (DM3HKHA U TEOPUN
BEPOATHOCTEN MOXHO BBECTU IIOHATHE O TOPU-
30HTE IIPEJCKA3YEMOCTH IIOBEICHUA HEIUHEN-
HBIX JUHAMUYECKUX CHCTEM.

[Ipucrynas K U3MOKEHUIO YIEOHOTO MATe-
pHaita, TOBOPUM O TOM, YTO JJO HEIJABHETO BpEME-
HU B HAYKE T'OCHOJCTBOBAIO IIPEJACTABICHUE O
IIOJIHOM IIPEJICKA3YEMOCTH IOBEACHUA JIIOOBIX
JIMHAMUAYECKUX CUCTEM. TPAIUIIMOHHOE XK€ NPEf-
CTaBJIeHUE 00 OOMACTAX, I7ie ACUCTBYIOT 3dKOHDI
CTATUCTUYECKON (DU3UKH, 3aKIOYATIOCh B TOM,
YTO KOJMYECTBO B3AUMOJEHCTBYIOMIMUX YaCTHUL]
JIOJDKHO OBITh JOCTATOYHO BEUKO (CTATUCTHYE-
CKue Teopuu Makcsesuta 1 bosbimMana, pagnoak-
TUBHBII PaCnaj, IMyMbl B PaUOIEKTPOHHBIX
YCTPOWCTBAX U T. [I.) WK JKE Ha CUCTEMY JICHCTBY-
I0T CJIyYaiHBIE CHIBI (OPOYHOBCKOE JBHKEHUE).
Me:x/y TeM U3BECTHO, YTO B CKOJIb YTOAHO 6OJB-
IIOM YHUCJIE CJIOKHO B3aUMOJEUCTBYIOIMX YACTHUL
Xa0Ca MOXET U HE OBITh 1, HA060POT, XA0C BO3-
HUKAET B CUCTEME BCET'0 JIUIID U3 IBYX CBA3AHHBIX
HEJMHENHBIX OCHUIATOPOB.

O6pamaeM BHUMaHHUE HA TO, YTO UCCIIEN0BA-
HUA HEJIMHENHBIX IMHAMUYECKUX CUCTEM YKA3bl-
BAJIO H4 OIPAHUYEHHOCTb IPEACKA3ATEIbHBIX
BO3MOXKHOCTEHN KIIACCUYECKON (PUBUKU. B pesyiib-
TaTe OOBEAMHEHHBIX YCWIMHA MaTEMaTHKOB,
(pr3MKOB M MEXAHUKOB B Havyaie 1970-X rojos
C(POPMHUPOBATIOCH KAUECTBEHHO HOBOE MPE/ICTAB-
JIEHHE O XaPAKTEPE AMHAMUYIECKUX IIPOLIECCOB, O
JIOKIbHON HEYCTOMUMBOCTH IIOBEJICHUS OOIb-
HMIMHCTBA HEJIMHENHBIX (1)1/131/1‘—ICCKI/IX CHUCTEM U O
pPOIU XA0TUYECKUX U CTOXACTUYECKUX JIBIDKE-

2 Mapmuirios M.C,/lonomun FO.I, FOuwurn BH . YI3yaenne
JIMHAMMYECKOTO Xa0C€a B 06mmeM Kypee (pusuku. / M. C.
Mapreinos, 10. I Jonotun, B. H. 0mmn // ®usuyeckoe
o6pasoBanue B By3ax. T. 13, Ne 3, 2007. C.83-94.

SV

HUI, KOTOPBIE HE JOMYCKAIOT TPECKA3AHNAN Ha
JUTUTE/IbHBIE IPOMEKYTKH BDEMEHI.

[71aBHAs 9€pPTA XAO0TUUECKUX CHUCTEM B TOM,
YTO MaJIO€ BO3MYICHUE HAYAIbHBIX YCTIOBUI IS
JUHAMMYECKON IIEPEMEHHON WU JKE MAJIOE U3ME-
HEHUE NTAPAMETPOB CAMOM JUHAMUYECKON CUCTE-
MBI TIPUBOJUT K HEMPEACKA3YEMOCTH PE3YIBIH-
PYIOIIETO TOBEICHNS 31 KOHEYHOE BPEMs, KOTO-
POE Ha3BIBAIOT TOPU30HTOM IIPEICKA3YEMOCTH.

BBecTu MOHATHE O TOPU3OHTE NPEICKA3ye-
MOCTH MOKHO, PACCMOTPEB COOTHOMEHUE MEKIY
HCCTIElyEMBbIM, HAOMIOIAEMBIM M MOJIC/IHBIM ITPO-
tieccamu’. B3auMOCBA3b MEAJTY STUMH MPOILIECCa-
MU [TOKa3aHa Ha puc. 1, Ha koTopoM: a(t) - peab-
HBI TIporiecc (wmrTpuxosas juuus);, b(f) —
HaO/OAEMBIH IPOIECC (KUPHAA TUHUA); ¢(t) —
MOJENBHBIN NPOLECC (TOHKaA HuA). [1pu cpas-
HUTEIbHO HEOONBIINX ITOMEXAX HAOMIOAAEMbIN
nporecc b(t) c1a6o OTINYAETCA OT PEATBHOTO
nporiecca a(t) npu MOObIX 3HAYECHUSIX ¢, TIPU
KOTOPBIX PETUCTPUPYIONIUE TIPUOOPHI HUCIIPaB-
HbL B 10 e Bpemst porHo3 ¢(f) 6:1m3ok k b(t)
TOJIBKO HA OIPAHUYECHHOM HMHTEPBAIE, KOTOPBIH
MOXKHO HA3BaThb BPEMEHEM IPEACKA3YEMOTO
MOBE/ICHUSA WK, €CTA OTOAKIECTBUTD IPEJICKA3Ye-
MOCTb C JICTEPMUHHPOBAHHOCTBIO, BPEMEHEM
JIeTePMUHUPOBAHHOTO NoBesiekns vdet .

a(0),b(1),c(t)

Puc. 1

5 Kpasyose FO. A. CydaltHOCTb, JJETEPMUHUPOBAH-
HOCTB, IIpeACcKa3yeMocTb. / 0. A. Kpasuos //YPH. T.
158.B1.1989. C.93-122.
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Haubonee pacripoCTpaHEHHOU MEPOH Ka-
YeCTBA IPOTHO3Q CIYKUT CPENHWUN KBAgpaT
omoin 6> =<|b(t) - c(t) >.

W3 HAYQIBHBIX YCJIOBUM CIIEAYET, YTO AUC-
nepcus 6’ B HAYAIBHBIN MOMEHT BPEMEHU
t =1y pasHa HymO. Ha JOCTaTOUHO G6OJBIIKX
WMHTEPBAIAX BPEMEHH, KOITIA IOJOXUTENbHbBIE
WU OTPULATENBHBIE 3HAYEHUA IPOU3BEACHUA
bc BCTPEUAIOTCS OJMHAKOBO YaCTO, IIPOLECCHI
b(t) u c(t) CTAHOBATCA CTATMCTUYECKU HE3a-
BucuMbIMu: < be >=0, py 3TOM JUCIIEPCUS
BBIPAKAETCA 4€PE3 CYMMY CPENHUX KBA/JPATOB:
0’ =<b’>+<c*>.
< |b - c|2 >

<b’>+<c’>

10T OTHOCUTENIBHOM OMMOKOIL. [Ipu § —> o° oHa
CTPEMUTCA K 1.

KoppenuoHHas Mepa KadecTsa IPOTHO32
BBOJIUTCS KAK HODMUPOBAHHAS KOPPEALIMOHHAS

<b()c(t) >
<) ><(1)>

rie L =1, +T.

o moaymto D(T) BCeraa MEHbIIE eUHUITHL,
[1py UCTIONBb30BAHUH TOXK/IECTBA

Bemmuuny € = Ha3bIBA-

dynxus: D(T) =

1 2
<bc>:5<b2 >+<c?>—<[b—d >
koapduument koppesiun D(T) MOXHO
2
BBIPA3HTD Yepe3 o’ =< |b(t) - c(t)| > nue-
pes €.

<b*>+<c? >-o’

2\<B2 (1) >< (1) >

<b*>+<c’>
2\/< b2 (1) >< (1) >
V13 TOCTICAHETO BBIPKEHILT CIICAYCT, YTO BCE
2 .

Tpu BemunHbl O, D(T) 1 € B paBHOIA CTENeHN
MOTYT GbITh MCTIONB30BAHBL /IS OIMICAHMS KA4e-

(1-¢)

CTBA POTHO32. BCe 3TH BEJIMUMHBI MOKHO OIIpe-
JEMATh HEMTOCPEACTBEHHO U3 IKCIIEPUMEHTA, Ha-
6paB HEOOXOAUMOE KOJMYECTBO JIAHHBIX U IIPO-
13BE/I OOBIYHOE IMIUPUYECKOE YCPETHEHHE.

KauecTBo NPeACKa3yeMOCTH MOKHO OXapaK-
TEPU30BATh TAKKE (DYHKIUEH KOHIIEHTPALUU
(BEPOSTHOCTD MOMAAAHUS D B 33[AHHBIA HHTEP-
B A BO37IE MPOTHO32 C ).

KoapuuuenT xoppemnun Mexay Habmo-
JIEHAEM U ITIPOTHO30M MOXET CIYXKHUTh XapaK-
TEPUCTUKOM CTENEHU CTOXACTUYHOCTH WU Ha-
HPOTUB JIETEPMUHUPOBAHHOCTU HAOMIOAAEMOTO
IpoIecca.

Ha manpix BpeMeHax T, KOIfjd MOJEIbHBIN
nporecce ¢(£) emg He cumbHO otmmyaercs ot b(%),
BemanHa D 61m3Ka K eunuie (puc. 2). B atom
CITy4a€ MOXKHO FOBOPUTD O MOJIHOCTBIO JICTEPMU-
HHPOBAHHOM MOBE/ICHIH nTporiecca b (1) oTHOCH-
TenbHO C(F). B IPOTHBOIOMOKHOCTD STOMY IPH
JocTaTouHO Gonpmux T BeurHA D cTpeMutcs
K HYJIO, 9TO CBHJETEIBLCTBYET O CIaOOH IMpeEi-
CKazyeMocTH Habmogaemoro nporecca H(f) no
orHOmeHHIO K Mozienu C(f). Ha puc. 2 okasaHa
34BUCUMOCTb CTENEHU JETEPMUHUPOBAHHOCTH
OT BPEMEHH: | — OOJIACTb MONTHOCTBIO JJETEPMU-
HUPOBAHHOTO NOBE/ICHUS, /] — 06/1ACTh YACTUUHO
JETEPMUHUAPOBAHHOIO 10BeAeHUs, [I] — 061acTh
CTOXACTUYECKOTO MOBE/ICHMUSL

} D(7)

1,0

(1]

e —— -

<_

v

0 Tget
Puc. 2

Bpemsd, B Te4eHHE KOTOPOro BelMMduHa D
IPEBBINACT HEKOTOPOE 3HAYECHHE, HATIPUMEP
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1/2, BBICTYIIA€T KAK BpEMsA ICTEPMUHUPOBAHHOIO
MOBE/ICHUA.

HarsgueiM mpuMepoM, WUTIOCTPUPYIOMINUM
NPUBEAEHHBIE BBIIE PACCYAIEHUA, MOKET OBITh
paccka3 O JOCTOBEPHOCTH MYOIHUKYEMBIX B CPEI-
CTBAX MA4CCOBOM MH(OPMAIIUM TE€OMATHUTHBIX
NPOTHO3aX HEOMATONPUATHBIX JHEN HA MECAL C
TOYHOCTBIO JI0 HECKOBKUX 4acoB. CrielMaicThl
VIBEPA/AIOT, YTO 3TO A0COMIOTHO HCKIIOYEHO.
CHenyanbHO CO3AAHHBIE IPOTHOCTUYECKUE LIEH-
TPBI B IPO(PECCUOHANBHBIX YIPEKACHUAX HAUOO-
JIEE€ PA3BUTBIX CTPAH, UCTIONb3Ys OTPOMHEIN O0b-
€M JIAHHBIX, 4 TAKKE CUIOMUHYTHbIE JAHHbIE TEJIE-
CKOIIOB U CITYTHUKOB, UM€A OTIEPATUBHYIO HH(OP-
MAIIMIO O BCIBIIKAX ¥ KOPOHAPHBIX BEIOPOCAX Ha
ComHuie, MOTYT JiaTb IIPOTHO3 HE OOJIeE YeM Ha
CYTKH BIEPER C KOI(D(MUIUEHTOM KOPPETALUN
0,7. Ha TpeTby CyTKH KO3(P(PUIIUEHT KOPPENALIUN
nagaet 1o 0,3. OOBICHEHHE TAKOTO MOIOKEHHS C
IPOTHO30M crIeaytomiee. laxe HabmoAast BLIOPOC
w1a3Mbl Ha COJHLE, HEb3s TOYHO MIPECKA3ATD,
nonajér M OH Ha 3emmo. HEBO3MOXKHO TaKKe
TOYHO OIIPEAEIUTD BPEMs, 31 KOTOPOE IIA3MAa J0-
CTUTHET 3eMJIN. B j1yuieM ciyyae porto3 3By4ut
TAK: «3aBTPA, CKOPEE BCETO BO BTOPOH IMONOBU-
HE CYTOK, BO3MOXKHA Oyps CO CPEHEN W BBbIIIE
CpEAHEN MOIHOCTBIO>. YTO e KACAETCA IPOTHO-
34 Ha MECAL] BIIEPE]T, TO CIIELIUATUCTBI OPUEHTHDY-
IOTCA TOJIbKO Ha TAK HA3bIBAEMYIO 27-IHEBHYIO pe-
KYPEHTHOCTD, CBA3AHHYIO C IIEPHUO/OM BPALIEHUA
ComnHIla BOKPYT' CBOE OCU. ECTECTBEHHO, TAKOM
IPOTHO3 HE MOXKET IPETEH/IOBATH HA BBICOKYIO
TOYHOCTB, TOCKOJIBKY CUTyarus Ha COJHIIE MHO-
I7[a MEHAETCA 32 MUHYTHI, 4 CPEIHEE BPEMS CYIIe-
CTBOBAHIS AKTHBHBIX [ICHTPOB cocTasisier 6-10
JHed. TIporHossl, yO/IMKyeMbIE B Pa3HBIX M3/1a-

4 O6puoro B. H. O Tak Ha3bIBAEMBIX T€OMATHUTHBIX
[IPOTHO3aX HEOIAronpuATHLIX qHer / B.H. O6pua-
KO g B zamury Haykm. brom Ne 2. M. : Hayka, 2007.
C.66-70.

HUSAX, COJEPAKAT IPyOble OMUOKH. OHU HE UMEIOT
HHUKAKOT'O OTHOMIEHUA K IIPOTHO3aM, KOTODBIE
JAI0T CEPLE3HBIE HAYYHbIE LIEHTPDI.

[Ipy U3NMOKEHUHU YUEOHOTO MATEPUANA BAXK-
HO OTMETUTB, YTO HOSABIEHUE CTOXACTUYHOCTH
(xa0ca) — BHYTPEHHEE CBOMCTBO AUHAMUYECKOM
CHUCTEMBI U HE CBA3AHO C JICUCTBUEM KAKUX-TTHOO
CIy4aiiHBIX CWI. [IpUMHIMNHUATBLHO BAKHO, UTO
Xa0C (KAK BHYTPEHHEE CBOWCTBO CUCTEMBI) BO3-
HUKA€ET MOYTH BCET/A U TIOUTH Be3fIE. 1 ecu Mbl
€r0 HE BCEI/Ia OOHAPYKUBAEM, TO JIUIIb [IOTOMY,
YTO OH JIMOO BO3HUKAET B OUEHD Y3KOU 001aCTH
[IaPAMETPOB, TUOO MPOSIBIAETCA HA OYEHb OOMb-
MIUX BPEMEHAX, IMOO BYAIUPYETCA APYTUMH, 60-
JIe€ CWIbHBIMH ITPOLIECCAMHU.

WTaK, CTATUCTUYECKHUE 3aKOHBI, 4 BMECTE C
HUMH U CTATUCTUYECKOE OIMHMCAHUE OTHOCATCH
HE TOJBKO K OYEHDb CJIOKHBIM CUCTEMAM C 6OJIb-
MM YUCTIOM CTETIEHEN CBOOO/DI, HO U K JMHA-
MHYECKMM CHCTEMAM, Y KOTOPBIX ITPA HEKOTOPBIX
3HAYEHHAX [TAPAMETPOB HAOMIONAETCA SKCTIOHEH-
[IMAJIbHAA HEYCTONYUBOCTD JBIKEHNA. [I0CKOMD-
KY TAKHAX CUCTEM OYEHb MHOIO, TO OOIACTD NIPHU-
JIOKEHUN SABJIEHUA CTOXACTUYHOCTH OKa3a714Ch
HEOOBIYANHO MUPOKOU. OHA OXBATHIBAET IPAK-
TUYECKU BCE OCHOBHBIE PA3/IENbl COBPEMEHHON
(pusnku.

Taxum 06pa30M, AKIICHTUPYS BHUMAHHUE CTY-
JEHTOB Ha PA3IMYHBIX CTOPOHAX CTOXACTHYHO-
CTU JIMHAMUYECKUX CHUCTEM, MBI JOOMBAEMCH
MOBBIIEHUSA KA9€CTBA 3HAHUI 110 (DUBHKE U MaTe-
MATHKE, OTPAKAIOIMUX YAUBUTENBHO Pa3HOOOPA3-
HBIH U CJIOKHBIN XAPAKTEDP YEPEAOBAHMA JUHAMU-
YECKUX U XAOTHUYECKUX PEKMMOB. A 3TO COLEN-
CTBYET (POPMUPOBAHUIO HOBOTO CTUJIA HAYYHOTO
MBIIIEHUA — HETMHENHOTO MBIIUIEHNS, KOTOPOE
ABJIAETCA OCHOBOH YHUBEPCAIbHOYM CUHEPIeTHYE-
CKOM METOOJIOTMU U3Y4EHHS IIPOLIECCOB B CIIOXK-
HBIX CUCTEMAX PA3NMUYHON IPUPOJIBL





