MABA3
Teopus xaoca: HoBasi napagurma Aansi TOproBnu

U3eecmHo, ymo om pummuyHol pabomel cepoua 3ag8ucum XU3Hb YE/108eKa.
Ho paboma mo3z2a domkHa bbimb rpedesibHo HecmabusbHol. B npomusHom
crnydae, ebl bydeme cmpadamep anunercueld. 3mo 0okadblgeaem, 4mo
HepezynsipHOCMb, Xaoc 8edem K CII0XHbIM cucmemam. Omo He 6ecriops0ok.
Hanpomus, s ckasan 6bl, Ymo xaoc - amo mo, byiazo0apsi YeMy 803MOXHa
buosioeu4yeckas Xu3Hb U yMcmeeHHasi dessmesibHocmb. Mo3sz obnadaem
makol u3bupamesibHOCMbIO U HecmabusibHOCMbIO, 4YMO 00CMamoYHO
Manedwezo ycunusi 0511 ycmaHosneHus rnopsioka.

Nnba MpuroxuH.

LENb: NONY4YUTb BOJIEE TOYHOE MOHUMAHWE XAOCA U
®PAKTAJIbHOU FTEOMETPUA

CnoBo napagurma npoucxoauT OT rpedyecKoro cnosa paradeigma, o3HavaroLero
‘“momens” unn “obpasey”’. Agam Cmut B cBoeln kHure “Cunbl Pasyma” (1975)
onpegenun napagurmy Kak “pacnpegeneHHsin Habop npegnonoxeHun”. “Napagurma
- NYyTb, KOTOPbLIM Mbl UAEM MPU BOCNPUATUN OKPY>KaKOLLEro Hac M1pa, - NpogosrmkaeT
CmuT, - 3TO KaK Boga Anga pbibbl. [Mapagurma nomoraet Ham OBBACHUTL MUP U
NPOrHo3npoBaTh ero nosegeHne”.

CoumanbHble napagurmMbl ONpPeaensitoT Halle NoBegeHne N CUCTEMY LIEHHOCTEN.
MeguunHckue napagurMbl ONpeaensioT To, YTO Mbl yMaeM O HaLuen (pusnonorum.
[Mapagurmbl pblHKa Kak onpeaenstoT, Tak U orpaHnYMBalOT B3anMOLENCTBUE C
PBIHKOM.

[Mapagurma ato hunbTp, CKBO3b KOTOPbLIN Mbl CMOTPUM Ha MUP. DTO Halle BUAEHWE
“peanbHocTi”. [NockonbKy Napagurma onpeaenseT peanbHOCTb, Mbl peaKo 3amedyaem
ee U ele bonee penko sagaemMcs BONPOCOM OTHOCUTENbHO Hee. Hawm nn4yHble
napagurMmbl onpeaensaioT Hawle coOCTBEHHOE BOCMPUATME pearibHOCTU U HaLuun
NpeanosioKeHNA OTHOCUTENBHO OKPYKatoLLero Hac Mupa. Mbl He iymaeMm O HUX, Mbl
AyMaem C Nx no3nuuin.

Mbl HUKOrga He BUAUM HenocpeacTBeHHO Mup. Mbl Bcerja CMOTPUM Ha HEro CKBO3b
GuNbTpbl Hawux napagurm. Mbl HUKOrga He BOCMPUHUMAEM MUP BO BCEW ero
nonHoTe, BUAA NuLb doparMeHTbl. To XXe camoe BEPHO 1 B OTHOLLEHUN pbiHKA. Mbl
HWKOrga He BUAMM ero B NOMHOCTbLIO, Mbl BUAUM TOMbKO ero oparmeHThl. W Hawwm
MbICI €CTEeCTBEHHbLIM 06pa30M CMeLLAOT Hac K HabrnoAEeHWIO TONbLKO TeX YacTen
MUpa (PbIHKA), KOTOPbIE NOAAEPXKUBAIOTCS HALLMMK napaarmamu’

Mapagurmbl Tak unbTPYOT NOCTYNAOLLYIO MHGOPMaLUIO, YTO OHa UMEET TEHAEHLUMIO
YKPENNAThb Y>Ke paHee cyLlecTBOBaBLUNE yaoOHbIe napaanrMmbl (Habop ybexaeHun u
YMCTBEHHbIX YCTAaHOBOK). IMEHHO NO3TOMY pbIHOK NoaobeH bonbLuomy KaHbOHYy.
Ecnun Bbl KpUkHUTE B HEro: “TeXHUYECKUI aHann3”, 3X0 OTKIMKHETCA BaM TEM Xe:
“TexHnyecknin aHanus!” Ecnu Bbl KpukHUTE: “AcTponorunal”, To ycnbilnTe:
“Actponorua!”. Ecnu Bbl kpukHUTE: “Xaoc”, To n ycnbiwmte: “Xaoc!”

T“MHorune BeLLm Ham HENOHATHbLI HE MOTOMY, YTO HaLLMW NOHATWSA criabbl, @ NOTOMY, YTO 3TU BELLUU HE

~ )

BXOAAT B KPYr Hawmx noHatuin”. K. MNpyTtkos
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Takas cutyaums nogsepraeT COMHEHWIO MOHATUSA, YCTaHOBMNEHHbIE AN onpeaeneHus
0ObeKTUBHONM peanbHOCTN BCeNeHHON (pblHKA). Takxke Kak nwbon obbekT
NposiBNsieTCA No-pa3HoOMy B MHEpakKpacHOM cBeTe, 0ObIMHOM OHEBHOM UNU B
PEHTIEHOBCKNX fy4ax, Tak U pearnbHOCTb (PbIHOK) NMOKa3bIBAET HAM 3HAYMTENBHO
MeHbLLE, Y4EM eCTb Ha CaMOM Aene, YTo, PaKTUYECKM, COBEPLLEHHO HE 3aBUCUT OT
TOro, Kak Mbl BOCMPUHUMAEM AENCTBUTENBHOCTD.

Apam Cmut oTmevaeT: “Korga Mbl 0xBaveHbl OQHOM NapagurMmon, TpyAHO BoobpasuTb
nobyto apyryto napagurmy”. Hanpumep, npegnonoXxmm, 4To Ml B 1968 rogy 1 Ham
npeanaratoT npeackasaTe MMPOBOro nNuaepa B nponssoacTae Yacos B 1980-x rogax.
Ckopee Bcero, Bbl ckaxeTte, YTo 310 bygeT LlBenuapus, nocKonbKy OHa
AOMWHUPOBAara Ha pblHKe B TedeHne MHornx net. OgHako, NponcxoauT CMeLLeHne
napagurMbl OT MEXaHUYECKNX K 3NeKTPOHHbIM YacaMm. Tak Kak snoHubl bbicTpee
ApYrux npusHany HOBYIO NapagurMmy, OHU 3axBaTbIBalOT OOMbLUYIO YacTb MUPOBOro
pblHKa Yacos. LLBenuapubl, uennarowmeca 3a cTapyo napagurmy, ninaHoMepHo
notepsnu bonee yem 90 NPOLEHTOB pbIHKA, KOTOPbLIM OHU Bnagenu B 1968 roay, u
nopasunu scex B 1980-x rogax Tem, 4yTo obnagann K TOMy MOMEHTY [ONewn,
coctasnsowen meHee 10 NpoueHTOB pbiHKa. Kak HM cTpaHHO, LWBeLapLbl nepBbiMy
n3obpenu keapueBble Yackl. Bcakuii pas, korga nponucxoanT UsSMEHeEHME napaanrmel,
npoucxoaaT nameHeHus npasun. Npun HeBepHOW napagurme gaxke npaBunbHbIE
AEeNCTBUSA HE NPUBOOAT K XXenaeMoMy pesyrnbsrary.

Balum nuyHble napagmrmbl ynpaensioT Xog0oM 00paboTkv MHopMaLmm 1 peakumm
Ha Hee. Balum yyBcTBa M NapagnrmMbl BOCNPUATUAA PbIHKOB BCErAa pasnuyHbl nocne
TOro, Kak BaM yganocb cobpaTtb nHdopmaunto oT AeCSATU PErynsipHo
NpOUrpbIBaOLLMX UK, HAOOOPOT, AECSATU NOCTOSIHHO BbIMIPbIBAOLLMX TPENAEPOB.
CnepytoLwias UCTopusi UNNIOCTPUPYET, HACKONBKO pagauKkanbHO U BbICTPO MOryT
N3MEHATLCS HALLM Napagurmbl.

B lNonnueyge Obin akTep, Kaxabli BbIXO4HON fOOUBLLMIA YEANHATLCA B CBOEM
KoTTemke B ropax. OH oTnpaBnsanca Ty4a Ha MallnHE No KPYTOWN, M3BUTUCTON U
rpssHomn gopore. OBbI4HO OH e3aun Ha “Tlopwe - kabpuonem” v nonyyan 6onbLuoe
YyAOBONbCTBME OT TOrO, Kak ObICTPO ero MaLlMHa NpeogoneBaeT KpyThle BUPaXM.
OuyeHb peako MOXHO 6bINn0 BCTPETUTb KOro-nnbo no nyTu, NOTOMY YTO KOTTEKEN B
3TOM parioHe ObINI0 HEMHOTO, a NI0AEN U TOTO MEHbLLE.

OpHaxabl B NSTHULY AHEM, KOFAa HaLL akTep OTNpaBMIICA NO 3TOW AOpOore B CBOW
KOTTE[K, HABCTPEYY eMY BbICKOYMIIa MaLLMHA, OKa3aBLUasiCsi NMPSIMO Ha ero noroce.
CnpaBa BO3BbILLANCSt OFPOMHbI YTEC, MO3TOMY aKTEPY NPULLIIOCH CO BCEW CUIbI
3aTOPMO3UTb, YTOObI NpeaoTBPaTUTL NTOGOBOE CTONKHOBEHNE.

Bropas malumHa Takke okasanack kabpuonetom. 3a pynem cugena XeHLmHa, oHa
CyMerna BbIBEPHYTb CBOM aBTOMODOUIb M 06be3xas Hallero repos KpukHyna: “bopos!”
AkTep npuLLen B 3aMeLLaTenbCTBO. 3a HAM He ObIfio BMHbI, Tak Kak OH BEN MaLUnHY
no ceoei nonoce. Korga oHa yesxana, NogHAB Lernbliin cTonb nbLum, OH obepHynca n
KpuKHYnN: “CBuHbA!"

B npvinagke pasgpakeHust aktep ¢ CMIon HagaBun Ha nedarnb rasa, pesko Habpan
CKOPOCTb 1 Ha criefytoLLeM NoBopoTe Bpesarcs B 340poBoro 6oposa, CToABLUIEro
Ha cepeauHe goporu. Tenepb ero MHTepnpeTauus MOTUBOB MOBEAEHUS APYroro
BOAMTENS pe3ko n3aMeHunack. MNepeas peakuus Halero aktepa bbina BbisaBaHa He

Bunn Bunssmc “TOPIOBLIVI XAOC” 3-2



Maea 3 : Teopusi xaoca: Hoeasi napaduama 0119 mopaoenu

TeM, 4To coobLLMna emMy Ta XKEHLLMHA, a OT ero JIMYHOW Napagurvbi.

|/|H,D,I/IBVI,D,yaJ'IbHaFI napagnurMma, CKBO3b KOTOPYKHO Mbl pacCMaTpuBaeM pPbIHOK,
onpeaendeTt Hawum 4yBsCcTBa U noBeaeHne. HayKa 0 Xaoce npeanaraet Ham HOBYHO
napagurmy (KapTy MbILIJJ'IeHI/IFl), Oonee afeKkBaTHYHO ANENCTBUTENTBHOCTU U
COOTBeTCTBYIOLLleI7I TOMY, 4TOObI no-MHOMY yBUOETb 0|<py>|<arou4|/||7| MUpP, PbIHKA U HaLLIE
JINYHOE noBeaeHNE.

[asaiiTe nogpobHee paccmoTpum 3Ty napagurmy. Nocrapaemcs ny4yile noHsTb ee
N HA4YHEM HaXOAMWTb Takue CBA3W, KOTOpblE Mbl MOXEM MCMONb30oBaTh AN TOro,
4TOObI NONY4YMTL Honee TOYHYI KapTUHY NOBEAEHMWS PbIHKA.

XAOC U HALU NMNYHBLIA MUP

Mbl MMeeM NpUBbLIYKY HENPaBUIbHO Ha3blBaTb 0OBLEKTLI U AENCTBUSA, ABNAOLLMECS
Hanbonee BaxHbiMM AnNA Hac. Hanpumep, TO, YTO Mbl Ha3blBaeM HalunM
“cosHaTtenbHbIM” pasymMoM (NneBoe nonylwapue) - eAUHCTBEHHAsA YacTb MO3ra,
KOTopasi MOXXET HaxXo4MTbCA B “Oecco3HaTenbHOM” COCTOSIHUM BO BpeMS cHa. [dpyrue
YyacTu Hallero mosra paboTaloT HenpepbIBHO, 6€3 KaknX-NMMHBo 0CTaHOBOK. TOYHO
TakK e (PU3MKM HasBanu HOBYIO TEOPUIO HAYKOW O Xaoce - TEPMUHOM, KOTOpPbIN
onpegeneHHo BBOAMT B 3abnyxaeHue.

Xaoc He oTHocuTcsa K paspsagy 6ecnopsgoyHblix CTpykTyp. Ckopee, UCTUHHO
obpaTHoe. Xaoc - 6onee Bbicokaa cdopma nopsaaka, rge cry4yamHoOCTb U
BeccuctemMHble MMMYbCbl CTAHOBATCA OPraHU3YHOLLIMM MPUHLIMNOM CKOpee, HeXenu
Bonee TpagUUMOHHbBIE NPUYNHHO-CEACTBEHHbIE OTHOLLEHUS B TEOpUAX HbloToHa 1
EBknuaa. lNMockonbky npupoga YyenoBeka U ero MO3r XaoTWUYHbI, PbIHKU, ABASACH
NPOAYKTOM NpMpoAbl 1 oTpaXkatoLLme MblLUIeHNe YenoBeka, Takke NpeacTaBnsawoT
cobon xaoTU4HbIe npoueccsl. [puLno BpemMs Npu3HaThb, YTO Halle TpaauLUMOHHOE
obyyeHune gaeT Tpenaepam HeBepHoe NpeacTasneHne 1 HenpasBuibHbIE NTorMyeckue
KapTocxembl. He3aBMCUMMO OT TOro, Kakoro YpOBHS CNOXHOCTU NPUMEHSETCH
nuHenHaa maTemaTuka, ¢ ee npeobpasoBaHnamMu dPypbe, OpTOroHanbHbIMM
dyHKUNAMK, METOAAMU PETPECCUM, UNN 3a-AENCTBYETCA NCKYCCTBEHHbIA MHTENEKT,
HENPOHHbIE CETU, FEeHETUYECKME anropuUTMbl U Tak Aanee. Bce 3To HensbexxHo BBoanT
B 3abnyxaeHust TpengepoB Ha KapAWHaNbHO HENMUHENHbIX pbiHKaX. PbIHKKU -
nopoxageHusa Xaoca.

Hop-
MarbHoe
pacnpegeneHe
cnegyet U3 onbiTa
YyenoseyecTBa Kak O4HO U3
CaMbIX LUMPOKNX 0000LLEHMI
ecTecTBo3HaHusA. HopmanbHoe pac-
npeaeneHne Ncnornb3yeTcs B Ka4ecTBe UHCT-
PyMEHTa BeAEHUSA TOProBbIX onepawmm Ha pblH-
Kax, B (pM3M4eCKnx n coumanbHbIX Haykax, B Mean
LUWHE, CeNbCKOM XO3ANCTBE U MaLLMHOCTPOEHUN. JTO - HEOb-

XOANMBIN MHCTPYMEHT OJ14 aHanun3a n nHTepnpeTaunm OCHOBHbIX AaHHbIX, C06paHHbIX
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nyTem HabnoaeHns. KoHyc, KoTopblin 06pasytoT 3T NpeanoXeHus, npeacrasnseT
coboit pacnpenenexune Faycca? unu Kpusyo HopMmanbHoro pacnpeaeneHus®. OH
onpenenseT xapakTep XxaoTu4HocTh. Ho, kak MeTog onpegeneHns npasuiibHOro NyTu
yepes AXKYHITM pblHKa, 3TOT CTaHA4ApT OCTaBNSAET XenaTb Nyywero. Kak Beipasuncs
Bacunuin JleoHTbeB, naypeat Hobenesckon npemun: “Hu B kakon obnactu
SMMNNPUYECKNX NCCNEAOBAHUIN HE UMEETCS HAaCTOMbKO MaCCUBHOIO U U30LLPEHHOTO
CTaTUCTUYECKOro annapaTta, UCNOMb3yeMOro ¢ TakKMMU HUMTOXHBIMU pe3yrsTatamu’
(Gleick, 1987, cTp.84) .

ToBapHbIe LiEHbI ONPEAENsIOTCS HE NPOCTO B BUAE kornokonoobpasHon mogenu. OHu,
Kak NpaBuno, Co3natoT Takne KoHGUrypauumn, KoTopble CMOTPATCH yANBUTENbHbLIM
0Bpa3oM, Kak pUCYHOK UHbIX BeperoBbIX MUHWMIA U pycna peku. beHya Manaens6pot*
paboTan B uccrnegosartenbckom LeHTpe IBM ¢ maccnBamu LEHOBLIX AAHHbIX O
Heo4unweHHOM xnonke-coipue. OH nckan obuwume napamMeTpbl, CBOMCTBEHHbIE
Xapaktepy npmpogpl 1 noBegeHuto Yenoseka. OH HaLlern, YTo Yncrno HabngaemMbx
OTKITOHEHUI C TOYKM 3PEHMSA HOPMAarbHOro pacnpeneneHns, Bocnpon3BoamTCS
CUMMETPUYHBLIM 06Pa30M NP OLEHKE C TOYKN 3PEHMS CUCTEMbI CHUCTIEHUS, UMNN -
MacLTaba nsmepeHus. “Kaxxgoe cneymndmyeckoe nsmeHeHne LieH ObIno criyqyanHo u
Henpeackasyemo. Ho nocnepoBaTenbHOCTb M3MEHEHUI Oblna He3aBucuma oT
MacLuTaba: KpuBble OHEBHbIX N MECAYHbIX U3SMEHEHWI LIEH COrnacyrTCs Mexay
coboi coBepLUeHHbIM 06pa3oM. HeBepoATHO, HO NoBeAEHME NPOaHANN3NPOBAHHOMO
MaHgoenbbpoToM LWECTUAECATUNETHEINO Nepmnoga, oCTaBanoCb MNOCTOSHHbIM,
HECMOTPS Ha TO, YTO BO BPEMS HErO Cny4yunock aAse MunpoBsbie BOVHbI 1 Aenpeccust”.
(Gleick, 1987, p. 86)

Xaoc - He HOB, OH cyllecTBOBasn NOBCIOAY elle A0 MNOABNEHUA BPEMEHU U
yenoseyvecTBa. Mbl - IPOAYKT Xaoca, a He n3obpetatenu ero. Xaoc cosgar Hac u
Xaoc byaeT BNusTbL U onpeaenaTb Halle cyllecTBoBaHue B byayLuem. [laxe B Hallem
MO3ry ogHa 4acTb (NleBoe nonyLapue) uwet ctabuneHoCcTH, a Apyras nonosuHa
(npaBoe nonywapue) HaxoguTca B nouckax xaoca. Mbl camu, Hawe Teno,
nHOonBMAyanbHOCTbL U BCE Npo4vee, pa3BMBanNuUCb B pesynbTaTe XUTPbIX
B3aMMOAENCTBUIN Mexay CTabuUnbHOCTLIO U XaoCOoM, MOPAAKOM U BecnopsaKoM.

Xaoc - MecTo BCTpeun UHb/AHb, YepHoe/benoe, 3geck/Tam, Tenepb/noTOM, UNK
Hawlero pa3suTuda. Yto-To Bpoge WamaHCTBa, rae ogHu YyBcTBa. Ha pbiHKax - 31o
ABWKEHWE LIEH NPU OTCYTCTBUM ONpeaeneHHoro HanpaeneHns B NpOTUBOMOSTOXHOCTb
TPEHOOBOMY Pa3BUTUIO®. B noBeaeHnn Tpenaepa - 370 BuIUIPbILLM UK noTepu. 3To
- COH 1 npobyxaeHue, noces 1 cbop ypoxas.

2 Gaussian distribution

® Normal Distribution - HopmanbHoe pacnpeaeneHve: pacnpeaeneHme BEPOSTHOCTEN CryYainHoi
BENMYMHLI X, BO3HMKatoLLee 0BbIYHO, korga X npeactaenseT coboi cymm BonbLIoro Yynucna
He3aBMCUMBbIX CIy4alHbIX BEMNUYWH, Kaxaas 13 KOTOpbIX UrpaeT B o6pa3oBaHumn BCEN CYMMbI
He3HauMTenbHyto ponb. HopmansHoe pacnpeaeneHne yHUMogarnbHo, onuckiBaeTcs
KONoKO00BpasHOoI KpUBOWA; ero cpefHsst (MaTtemMmaTmyeckoe oxugaHme) cosnagaet ¢ mogoi. H.p.
LLIMPOKO MCNOMb3yeTCs B MaTemMaTn4eckon ctaTuctuke. Npeanockinka H.p. yuuteiBaeTcs B
BONbLUMHCTBE KPUTEPUEB CTAaTUCTUYECKOW NPOBEPKM rMnoTes. MaremaTtuku cumTatot, 4to H.p. B
3KOHOMMKE BO MHOIMX Cry4Yasix HENMPUMEHNMO: Hanpumep, BPSA N MOXHO cebe npeacTaButb ero
B Mogenu LeHoobpas3oBaHus, Toraa B Hee BOLLMM Bbl Takke oTpuuaTenbHble LeHb.

4 Benoit Mandelbrot

® Choppy versus trending
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PucyHok 3-1 npencraensetr npeobpasoBaHue
CTPYKTYpbl MOTOKA OT FIMHENHOTO A0 HEMNHENHOIO,
unu TypbyneHTHOro notoka. Ha pucyHke 3-1 (a)
MOTOK BOAbI NepemeLlaeTca cTabunbHO u BecbMa
npegckasyem. PucyHok 3-1 (b) aemMoHcTpupyet
fbonbwnin Temn TeYeHUs BOAbl; NO3aAn KaMHS
Ha4ynHatloT 0bpa3oBbIBaTLCA HEDOMbLUME BYpPYHbI.
YBenuyeHune obbema BoAbl (3HEprvsa B Buae
AoXAs u BeTpa) Bneyer 3a cobon pocT
TypOyneHTHOCTK, a NoBeAeHNe NOTOKa CTaHOBUTCSA
BCE MeHee npeackasyembiM (pucyHok 3-1 (c) n (d)).

Puc. 3-1 OT nopsaka - k xaocy

MoBegeHne Hallero mosra Takke 3aBUCUT OT
BEMNYUHBI NOTOKA aHeprun. IHorga oHo yCTONYMBO,
nogobHo noToky Ha pucyHke 3-1 (a). B nepuopg
TOProBSIN Ha PbIHKE, AEATENbHOCTb HALLEro Mo3ra
O4Y€Hb 4YacTo BypnuUT, CNOBHO NOTOK HA pUCyHKe 3-

I(d).

HauuHaa co BpemeH ApucToTens, Mbl TpaTUM MHOIO BpeMeHU Ha oby4veHune u
ncnorb3oBaHne CTabunbHON (NeBoe NIMHENHOE NnonyLlapue) YacTu HaLero Mos3ra,
HeXenu Ha XxaoTu4eckyto (NpaBoe HeNnuHenHoe nonyLwapue) ero Yactb. CornacHo
HaLLemy NIMHENHOMY NOrMYeCKOMY MbILLMEHUIO, “UCTUHA” CTabunbHa N He n3MeHsema.
OTO faeT HaMm NpenmyLLecTBa OT MPUMEHEHUS CTpaTernin, OCHOBaHHbIX Ha Xaoce.
HenunHenHasa normka nokasbiBaeT O4EBUAHOCTb TOrO, YTO CTAOUIBHOCTL ABNAETCA
BPEMEHHbLIM SIBNEHNEM, B TO BPEMS Kak Xaoc nocTtosiHeH. 3a nocnegHue 10 ner,
MUITIIMOHBI 40NapOoB ObINK “OpoLUeHb!” B KOHLIENLMIO Xaoca, C Lenbo ero nsyyeHus,
4YTOObI, BO-NEPBLIX, NOMbITAaTbCA HAWTU CYLLHOCTb PbIHKOB, @ BO-BTOPbIX, - MOMY4YUTb
NpuObINb OT TaKoro 3HaHus. iccnegoBaHUsa KOHUEHTPUPOBANUCL HA TOM, YTOObI
nyywe MnoHATb XaoC U B3auMOOeWNCTBUE MeXOy Maccon Tpenaepos U
HenocpeaCcTBEHHO CaMOro pbIiHKa. Halum nccnegosaHus NPUBENK HAC K BbIBOAY, YTO
Xa0C HaLLEero CO3HaHMs HaXOAUT OTpaXkeHne Ha pbiHKe. Oba OHUM ABNAIOTCA COXKHOM
CMecCbio Xaoca u ctabunbHocTh. MpuroxknH nucan: “Moar - nopoXXaeHue xaoca,
Aanekoe OT COCTOSHUS paBHOBECUS, BYNKaHUPYHOLMIA HA HEPOBHOM MflaMeHu
€)XE[IHEBHOIO TEYEHUS KN3HW".

PocT, nponsBoacTBO, BOCNPON3BOACTBO U CaM MPOLECC MbILUNEHMS - pe3ynbTar
B3aNMOAENCTBUS CTabUNbHOCTU U Xaoca, MIMHENHOM N HENMNHENHOM akTUBHOCTU. Ecnn
Obl Mbl AOMKHbI ObINN COTBOPUTL MUP, UCNOMb3Ys ANA 3TOro TOSbKO NeBoe
nonyLiapue, y Hac nony4unmcb Obl NPSMbIE PeKK, Kpyrible obnaka n KOHyCoBUAHbIE
ropbl. OgHako, npupoga MMeeT MHOW BUA. Halw eCTeCTBEHHbLIN MUP BO3HUK M3
HENUHENHbIX NCTOYHNKOB. CKyCCTBEHHbIE MPOAYKTbI, CO3AAHHbIE YENOBEKOM,
Hanpumep, A3blkn 0bLLEHNSA, pe3yrnbTaT NPoLEeCcCOoB B IEBOM NoOsyLLapMmM MO3ra, a,
crnepoBaTenbHO, NpeacTaBnsalT cobon nuHelrHble u undposble cuctembl. Mebl
cosfanu CBou TOprosble CUCTEMbI TaKXKe, Kak 1 co3gaBanu B CBOE BPEMS A3bIKU
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obLeHus. Tak Kak B onucaHny NpUpoAabl A3blk YacTo 6eCnoMOLLEH, TO U NIMHENHbIe
CUCTEMbI TOPrOBMMN HE ONpPaBAbIBaAOT HALLMX OXUAAHWIA NPU aHanNM3e pblHKa C LENbo
nonyyeHus npuodbinu. NMoMHNUTE, xaoc 3axBaTuI Hac 34eck 1 xaoc OyaeT oBnagesaTtb
HaMmu Be3ae, Kyaa Obl Mbl H/ OTNPABUNUCS.

OPAKTAJIbHAA TEOMETPUA

Hayka o Xaoce siBnsietcs 60nbLUMM, YeM NPOCTO HOBasi TEXHMKA TOProBnn. JTO -
HaLL HOBbIV NOAX0A K BOCIPUSITUIO OKpY»KatoLLero mupa. Moao6HbIi B3rnsg Ha Mup
3HaYNTENbLHO CTapLUe Hallel neTonnucHom nctopum. o cepeamHol 1970-x rogos y
Hac He OblNo 4OCTATOMHO MOLUHBLIX KOMMbLIOTEPOB MMM ApYyroro obopyaoBaHus,
HeobXoaMMbIX AN MaTeMaTMYECKOro U yHKLUMOHANbLHOro aHanusa Hallero
MUPOBO33peHus. Teopus Xaoca - 9T0 NepBblii Noaxod, YCneLwHO MoAENUPY LI
CNOXHble hOPMbI (KMBbIE U HEXMBBIE) U TYPOYNEHTHbIE MOTOKM, B COOTBETCTBUN CO
CTPOrIMM KaHOHaAMM MaTeMaTUYECKO METOL0NOMMN.

dpakTanbHasa reoMeTpusi, O4UH U3 UHCTPYMEHTOB TEOPUN Xaoca, UCMNONb3YeTCs ANng
n3y4eHnsa eHOMEHOB, KOTOPbIE SIBISOTCA XaOTUYECKMMM TOSBbKO C TOYKM 3PEHUS
€BKITMA0BOW reOMETPUM N IMHENHOW MaTeEMaTUKK.

dpakTanbHbIA aHanu3 NpPous3Ben PEeBOMIOLUMIO B XapakKTepe UccnenoBaHun,
BEAYLLNXCA B HECMETHOM KONMMYECTBE pa3nu4YHbIX obracten Hayku: METEOPOOriu,
MeguunHe, reonorun, 3KOHOMuKe, metadusmke. JTa HoBas NepcnekTuBHasa
cTpaTterusa obnagaet noteHumanom rnyboKoro BO34enCTBUSA Ha BCEX U3 HAC, CUSTbHO
N3MEHUB HaLLy XW3Hb. PpakTanbHbIN aHanus - HoBas MoLLHas napagurma. Bmecte
C KBAHTOBOW MEXaHUKOW N Teopuein OTHOCUTENBHOCTU, 3TO HOBbIN HaY4YHbIA MUP,
HeKorga NpuoTKpbIBLUMIACA [anuneto.

XoTs Knaccuyeckas omsmka MoXeT cMoaennpoBaTh npouecc cosgaHns BeceneHHon
OT NepBOW HaHOCEKyHAbI “O0NbLUIOro B3pbiBa” 40 HACTOSLLIErO BPEMEHMN, OHA HE B
COCTOSIHMM CO34aTb MOAENb NOTOKA KPOBU, MPOTEKAIOLLEN MO JIEBOMY XENYA0UKY
yenoBeYyeckoro cepgua 3a oaHy cekyHay. Knaccmnyeckasa dusnka moxeT
MoAennpoBaTb CTPYKTYpYy BellecTBa OT KBApKOB B COCTaBe aTOMOB A0
ranakTu4ecKmnx ckonseHni. Ho oHa He B COCTOsIHUM co3faTh Mogenb hopMbl 0bnaka,
CTPYKTYpPbl paCTEHUSA, PEYHOrO NOTOKA NN MaxXMHALMIA pbIHKA.

Hayka npencraenseTcs BnonHe ygobHom ¢ ee cnocoBHOCTLIO Co3faHnst Mogenen,
NCNONb3YOLLMX NIMHENHYIO MaTEMaTUKY U eBKNUAOBY reomeTpuio. Ho ee ycnexu He
BMEYaTnNAoT, Korga Aeno npuxoanTca UMeTb C HENMUHENHBbIMWU TYpOYNeHTHbIMU 1
XusbiMu cuctemamm. O4yeHb NPOCTO onpeaensieMblil, HENMUHENHbIA 3 dhekT
BO3HUKAET, KOr4a sHeprus crneacTsms MHOroKpaTHO CUMbHEe SHEPrun NpuYdnHbIL. B
HBbIOTOHOBOM MUpE CyLLeCcTByeT abCcontoTHasA CBA3yoLasa Uernb Mexay NpUyYnHom n
3hbpekToMm, a B EBKNNOOBOWN reoMeTpumn - Bce hopmMbl ragku u perynapHel. H1 oaunH
13 3TUX NOAXOQ0B HE MOXET OOBbACHUTL NOBEAEHNE TaKOW CUCTEMBI, KaK PbIHOK.

Mapkve oTnonnpoBaHHbIe NOBEPXHOCTU, NYCTOE NPOCTPAHCTBO, COBEPLLEHHbIE MO
cdhopme chepbl, KOHYCbI 1 NPaBUIbHbIE YITbl EBKINAOBO FEOMETPUN 3CTETUYECKHN
npuBnekaTenbHbl U Aaxe aneraHTHbl. OAHaKO, OHU COBEPLLEHHO HE ONUCHIBAIOT TOT
rpyOblIii M ePLUNCTBIA MUP, B KOTOPOM Mbl KUBEM U TOPTYEM.
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OTTankuBascb OT 3TOro0 €BKMNAOBO/HBIOTOHOBA MUpa, Mbl pa3BuBany Hally
NNHENHY0 MaTeEMaTUKy, BKNoYasa napaMeTpUYecKyto CTaTucTuky, Hambonee 4acto
CYMBOSIU3NPYEMYHO “HOPMArbHOW”, NN KONOKON00Opa3HOW KpMBOW. ATOT NOAXOL,
obrneryaeTt NoHMMaHue, ynpoLLas 1 BbIYNEHSA aneMeHTbl abcTpakumm, KoTopble, Kak
Mbl lyMaeM, SBMAITCA HECYLLECTBEHHbLIMU C HaLLEen TOYKM 3peHNs ANa CUCTEMBI.
KrtoueBoe cnoBo 3ech - HecywecmeeHHbIU. B peanibHOM Mupe 3Tu OTBEPrHYThle
“‘npegmeTbl He NepBon HEOBXOOMMOCTU” BOBCE He ABMSAKTCHA OTKIIOHEHUAMU,
XapakTepusyLmecsa Kak HesHadnTernbHble, OT HOPM €BKNMAOBaA NPOCTPaHCTBA;
cKkopee, OHU NpeacTaBnsaloT coboi CyLeCTBEHHbIE XapakTEPUCTUKN pearibHbIX
cucTteM. BbluneHssa 3Ty HecylleCTBEHHbIE OTKNOHEHUSA (Tenepb U3BECTHbIE Kak
dpakTanbl) U3 HOPMbI, Mbl CMOXEM YBUAETb peasibHyt0 OCHOBHYIO CTPYKTYpPY SHeprum
1 NnoBeAeHuS.

To, kak onpegenun dpaktansl beHya MaHgens0poT, KOTOPbIN NEPBLIN
cchopmynumpoBan onpegeneHue gpakrana, 4OBOMbHO TOYHO OMUCLIBAET €ro:

“INo4emy reomMeTpuIo YacTo Ha3bIBAKOT XONOAHON U cyxon? OgHa U3 NPU4YKH B ee
HecrnocobHocTU onucaTb hopmy obraka, ropbl, Aepesa unu bepera mops.
O6naka - 310 He cdhepsbl, ropbl - HE KOHYCbI, bepera - He OKPY>XHOCTK 1 Kopa
AepeBa He ABNAeTcs rnaakon, n MosTHUA He ABMXKETCS no npamon.... [Mpupoga
AEeMOHCTPUPYET HaM He NPOCTO Doree BbICOKYH CTeMeHb, a COBCEM OpYrou
ypoBeHb crnoxHoctu. Habop macwTtaboB usmepeHns gnnH oObLEKTOB
HeorpaHU4YeHHO BeNUK N cnocobeH obecnevynTb DECKOHEYHOEe 4YnUcno
notpebHocTen. CyulecTBoBaHNE 3TUX OOBLEKTOB BpoCcaeT HaM BbI30B, CKIOHSAS K
n3y4eHunto nx popm. 3Toro nsdexan EBknnag, octaBuB B CTOPOHE BONPOC O TOM,
Kak OblTb ¢ 6ecdhopMeHHbIM, Kak uccregosatb MOpPdOMNOrnD XUBOTFO.
MaTemaTuku npeHebperanu 3TUM BbI3OBOM, Honee Toro -xotenu ybexaTb oT
npupoabl, n3obpeTas Teopum, He CBA3AHHbIE HU C YeM, YTO Dbl Mbl MO YBUAETD
unu nodyscteoBaTth’ (LiutaTta ns Gleick, 1987, ctp.98).

MaHaensbpoT 1 apyrue ydeHble, Takue Kak MNpuroxxuH, ®aimkeHbaym, BapHenu, Cmanin
1 XEHOH, HaLLNN OTKPbITUE 3TOr0 HOBOIO NOAX0AA K U3yYEeHWNIO MOBEAEHUS XKNBOTO U
HEXMNBOro HeBepOoATHLIM. OHM OOHaPYXMIK, YTO Ha rpaHuLEe MeXay KOHKTaMu
NPOTUBOMNOSIOXHbIX CUIT CTOUT HE POXAEHNE XaoTUYECKNX, DECNOPAA0UHbIX CTPYKTYP,
Kak cuMTanoch paHee, a NpomcxoauT CNOHTaHHOE BO3HUKHOBEHWE CaMOOopraHn3auum
nopsaka bonee BbICOKOro ypoBHs. bornee Toro, CTpyKTypa 3To camoopraHusaumm
He CTPYKTypupoBaHa cornacHo cxemam Esknunpa/HbloToHa, a aBnseTca HOBbIM
BMAOM opraHmsaumu. OHa He cTaThyHa, a HaXOAUTCHA BHYTPU ABMXEHUSA N pocTa.
Cyasa no scemy, opraHu3aumns 3Toro nopsaka npuMeHnma Ko BCEM: OT 3acTexek
MOJSTHUW 0 SKOHOMUYECKOIO PbIHKA.

OTa HOBas BHYTPEHHSAS CTPYKTypa NPOSBSETCA B ONpeAeneHHbIX MecTax, paHee
OTMEYEHHbIX MccnegoBaTensaMn Kak HeECyLeCTBEHHbIE CNny4YauHOCTU W,
cnepoBaTernbHO, OTBEPrHyThIX. Pasbl, OTMeYatoLLme 3apoxaeHne TypbyneHTHOCTH,
onpeaerneHne nx BpeMeHHbIX XapaKTepUCTUK U MUHTEHCUBHOCTb, TENepb MOryT ObITb
npenckasaHbl ¢ bonee BbICOKOM MaTeMaTUYECKON TOYHOCTLIO.

Kak cnegcteue, nosBnstoTCs cneayoLme Tembl, KOTopble HeobXoanmo oocyanTb:
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CyLLIeCTBOBaHME Nopsifka B Xaoce v poXaeHve nopsiaka us xaoca. Ans 6onee To4Horo
MOHUMaHMS BbiLLECKa3aHHOrO, JaBaliTe pacCMOTPUM TUMMYHYO Npobnemy B criyyae
NMPUMEHEHUs NUMHeHoro aHanusa. ocne 3Toro Mbl CMOXeEM MPUCTYNUTb K
NPYMEHEHIO MPUHLMMOB 3TOr0 HOBOTO NOAX0Aa K TOProBse.

Kak mMbI Moxxem usmepums OnuHy bepezosol nuHUU?

AHMNACKU yyeHblii Jbtonc ®.PuuapacoH® nepebiM cdhopmynuposan sagady
BbIYMCNEHNS ONTMHBI 6eperoBon MMHUK Unmn Ntoboin HauMoHanbHoOM rpaHuLbl. PelueHne
3TON 3aga4m ObINo NpeanoxeHo nosxe MaHaensbporom. Ha nepsbivi B3rMs4, 3agaya
KaXXeTCs He UMeEeT Hay4yHOW LIEHHOCTWU, HO OHa NOAHMMAET OYEHb CEpbEe3Hble
npobnemsbl, cTaBsLMe Mo BOMPOC XU3HECNOCOOHOCTb EBKMNLOBON reOMETPUMN,
NCNonb3yemon Npyu N3MepeHnn HEKOTOPLIX KNAacCoB OOBHLEKTOB, B TOM YNCIIE PbIHKN.

[MpencraBbTe, YTO BaM NOCTaBneHa 3agadva namepeHnst beperoson nuHumn dGnopuasbi.
Baw 6occ xoTen 66l NoNy4YnTb OT BAC MaKCMMarbHO TOYHbI pe3ynbTaTt 1 JaeT Bam
NNHENKY ANUHON AecaTb pyToB. Bbl ngete Boonb nonyoctposa. 3aKOHYNB CBOKO
paboTy, Bbl NpOM3BOANTE pacyeTbI U faeTe pesynbrart. Toraa Baw 60cc peLlaeT, 4To
AecatudpytoBas nMHeKa nponyckaeT CANLWKOM MHOro feTtanein. Bam gatoT nuHenky
B OOWH ApA W NPOCAT NOBTOPUTb BbINOSHEHWE 3apaHus. [locne BTOPUYHOrO
n3mMepeHus AnmHa okasbiBaeTcs HaMHoro 6onblue npeabiayLiero. icnonesosaHne
0OHOPYTOBOW NMHENKN Bblano 6ol eLLe Oonee 3aBbILLEHHbIV pe3ynbTarT, a ecnmv bbl
Bbl MOITIM UCNOMNb30BaTb OAHOAONMOBYIO JTMHEIKY U BCE ELLIE COXPAHATb PacCyoK,
TO BaLLIe U3MepeHne NoBbICUNock 6bl 40 6eckoHeYyHOCTU. Yem Kopoye nsmepsitoLas
NnHenka, Tem 6onbluee KONNMYECTBO AeTarnen 3axsaTbiBaeTcs. beperosas nuHus -
npeactaBuTeNb krnacca o6bekToB, UMELMX BECKOHEYHYIO OMNHY B KOHEYHOM
NPOCTPaHCTBeE.

[nnHa 6eperoBon NIMHUN HEM3MEPUMA NPY EBKNMAOBOM Nogxonae K usmepeHuto. Ecnu
6bl y nobepexba dnopuabl bbina rnagkaa eBknuagosa opmMa, To OTBET Ha BONPOC
OTHOCUTESNBHO e€e AnuHbI bbin Obl n3BecTeH. Ho, hakTnyeckun, Bce ecTeCTBEHHbIE
dopmMbl HenpasunbHbl. OHM 6pocaloT BbiI30OB abOCONMITHBIM LEHHOCTAM
TPaANLMNOHHOIO N3MEPEHUS.

MaHaens6poT npeanoXnn HOBbIN METOA, U3MEPEHMS TaKNX eCTECTBEHHbLIX OOBHEKTOB.
OH HasBan ero gpaktanbHbIM unu, 6onee TO4HO, PPaKUNOHHBIM U3MEPEHMEM.
®dpakynoHHOEe usmepeHue - cteneHb rpydbocTn NNM HenpasBUNbHOCTH,
HeperynsapHoCcTU, CTPYKTYpbl Unu cuctemol. MaHgensbpoT obHapyXun, 4To
pe3ynbTaTbhl PPaKLUMOHHOIO N3MEPEHUS OCTaOTCA NOCTOAHHBIM AN Pa3fUYHbIX
cTeneHen ycuneHns HenpasunbHoOCTN obbekTa. [pyrumn cnosamu, cyLlecTsyeT
perynsipHoCTb (MpaBUibHOCTb, YNOPAAOYEHHOCTL) ANS N0 HeperynapHOCTy.
Korga mMbl OTHOCUMCS K 4eMy-nubo, Kak K BO3HUKatoLeMy crnyyainHbiM o6pasoM, To
3TO YKa3bIBaET Ha TO, YTO Mbl HE MOHUMAEM NPUPOAY 3TON XaOTUYHOCTU. B TepMuHax
pbIHKa 3TO O3HA4aeT, YTO POPMUPOBAHNE OAHUX U TEX XKe TUMNYHBIX bopMaumii
AOMMKHbI MPOMCXOAUTL B Pa3fyHbIX BpEeMeEHHbIX pamkax. O4HOMUHYTHbIN rpaduk
Oynet onucbiBaTh hpakTanbHy hopMaLMIo TaK XKe, Kak 1 MeCAYHbIV rpadouk. Takoe
“camo-ynogobneHue”, HaxogmMmoe Ha rpadukax ToBapHbIX U OHAOBbLIX PbIHKOB,
noKasbIBaeT BCe NPU3HAKN TOTo, YTO AENCTBUSA pbiHKa Brivbke K napagurme noBeaeHus
“npupoabl”, HEXENN NOBEAEHNA 3KOHOMWUYECKOro, dyHAaMEHTaNbHOrOo,

8Lewis F. Richardson.
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MeXaHNYECKOro i TeXHMYECKOro Xxapakrepa.

Mangens0bpoT 0bHapyxun Takke brnmnskoe poacTBo MexXay hpakmaribHbIM YUCTIOM
pekn Muccmncunm n LeHaMm Ha XrornoK Ha BCEM BPEMEHHOM MHTEpBarie, KOTOPbIA OH
n3yyan. B 310 Bpems nporcxoamnm pasnmnyHble cobbITUS, KOTOpble Mornu bbl okasaTb
BMUSHWUSA Ha LeHY XJ10MKa, @ UMEHHO MUPOBbIE BOVHbLI, HABOOAHEHUS, 3aCyXU N MpoYne
noaobHble 6eacTens. 3Ha4eHne 3Toro HabnraeHN HEBO3MOXKHO HeQooLEHUTL. OHO
O3Ha4aEeT, YTO PbIHKM €CTb “KMBasa” HenuHenHas PyHKUUS, a He “knaccuyeckas”
ABNAIOLAACH NMMHENHOM PyHKUMEN. DTO YaCTUYHO 0bbsAcHAET nodemy 90 NpoLEeHTOB
TPEeNaepOoB, UCNOMb3YIOLLMX ODObIYHBIA TEXHUYECKUIA aHanu3, NOCTOAHHO NPOUIPbLIBAIOT.
Mano Toro, 4To TEXHUYECKNIA aHaNN3 OCHOBAH Ha JTOXXHOM NPEANOSIOXKeHNM 0 Nogobum
OyayLuero NpoLLIoMy, HO 1 MOTOMY, YTO UCMNOMb3YET HECOOTBETCTBYOLLNE NMNHENHbIE
METOAbI UCCNEAOBAHUNA.

MeToabl €BKNMAOBOW reOMETPUN HE roaaTca Ans namepeHna 6eperoBomn NmMHUU
dnopuabl, Takke Kak n Ana onpegeneHma noBegeHus polHka. B Hawem aHanuse
Toproenun Ha Bropom YpoBHe (B [NaBe 7) Mbl NpoBEPUM, Kak UCNOMb30BaTh HaLle
noeseneHus ans paboTbl Ha pbiHke. B [MaBe 12 mbl onpefenum BaLly COOCTBEHHYHO
BHYTPEHHIOK dopaKkTanbHYy0 CTPYKTYpPY. [lencTBUTENBHO, CaMo YerioBevecKkoe Teno
npeacTaBnsaeT cobom camblin GoraTbIn UCTOYHUK YKe CYLLECTBYHOLLMX opaKkTanbHbIX
CTPYKTYp. OneKTpuyeckas akTMBHOCTb ceppua - PEKYPCUBHbIN (hpakTasnbHbINA)
npouecc. To e MOXHO ckasaTb U 00 UMMYHHOW cucTeme, BpoHXManbHbIX TpybKax,
nerkux, nevyeHu, noykax, BectubynapHomMm annaparte - Bce 3TO ppakTarbHble
CTPYKTYpbl. B 4eNCTBUTENBHOCTN, BCA hn3nYeckas CTpyKTypa YeroBe4ecKkoro Tena
nmeet dpakTanbHyo npupody. OCobeHHO BaXKHO TO, YTO YeroBevYeCKUin Mo3r
PEKYPCUBEH MO CTPYKTYpE.

TeopeTtnyeckn, pabota Mosra BoobLle, MblLNIEHNE, NaMATb fO4en, npouecc
06ayMbIBaHNSI 1 CAMOCO3HAHWNSA - BCE [OIMKHO ObITb opakTanbHO B CTPYKTYpe U
hYHKLIMOHMPOBAHUN.

YuuTbiBas BbllleckasaHHoe, Obino Obl pasyMHO BbIABUHYTb TeOpeTudeckoe
npegnosioXKeHne o ToM, 4To NMobon NPOAYKT B3aNMOAENCTBUSA Ntoaen (Hanpumep,
PbIHKW) AomkeH ObITb hpakTanom no ceoei CTpyKType. PbIHOK ABNAETCA NPOAYKTOM
MacCOBOM NCMXOMNorMn n obbeanHeHnem ppakTanbHbIX CTPYKTYP NHAMBUAYANbHbIX
TpenaepoB. ATO O3HAYAET, YTO PbIHOK co3gaeTca TypOyNeHTHOM KOMMEeKTUBHOWN
AEATENbHOCTLIO U ABMAETCA HENMUHENHBIM SBIEHNEM.

Kaxxabii Tpengep, Nony4ymB HEMHOIO OMbITa, Y3HAET, YTO PbIHKN 3TO HENpocToe
MeXaHn4Yeckoe CMeLLeHue cnpoca v npegnoxeHns. Ecnu 6bl nogm 61N maumHamu,
TO LUeHoBoe ABmxeHue BbIrio bl NPOCTO NepekaymBatoLenn CUCTEMON cnpoca u
npeanoXxeHus, kak gBa baccenHa, B KOTOpbIX Boda nepetekaeT n3 bacceriHa B
BbaccenH. MaaTHUK, nogBeLUEeHHbIN MeXay ABYMS MarHuTamm - npoctas cuctema c
AByms 6accenHamu (cMm. PucyHok 3-2). [IByXxBoLOEMHbIE aTTPaKTOPbI - MPOCThI,
NNHENHbI N HeycTon4mBbl. PEIHOK ¢ ABYMSA BacceiHamu (cnpoc, npeanoXeHue) He
nmen 6bl HUKAKOW CIIOXHOCTW, HENMHENHOCTN, TYPOYNEHTHOCTU, UNN BONATUITLHOCTU
(MI3MEHYMBOCTM).
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Ecnn nomectuTb pagom ¢ ynpaBnsgemMbiM ABYMSA MarHATAMU MasTHUKOM TpeTUin
MarHuT, TO B CUCTEME MOSABUTCA Xaoc, Unu dpaktanbHas cTpykTypa. B Hawem
COOCTBEHHOM MOLENUPOBAHUN Mbl ONpeaenunn NaTb pasfnyHbiX BapuaHTOB
pa3MeLLeHna MarHUTOB B CUCTEME, YTO 3aTparnsarno LEeHOBOE nepeTekaHue oT
ogHoro baccewHa B gpyron. Cuctema ctaHoBUNacb HENUHENHOWN, AMHAMNYECKON 1
xaoTuyeckon. Ul Takas cuctema cyHKLUMOHMpoBana.

[MOCKONbKY PbIHKW - 3TO HENUHENHble, TypOyneHTHblE CUCTEMbI, CO3AaHHbIE
B3aMMOAENCTBUEM NIOAEN, LIEH N BPEMEHU AENCTBUSA, TO OHU NPEeACTaBnAaoT cobon
naeanbHOE MeCTO, rae HYXXHO UcKkaTb Hanmnume dpakTanbHbiX CTPykTyp. CHOBa 1
CHOBa, TypOyneHTHbIE NPOLECCHI B NPMPOAE BOCMNPOU3BOAAT haHTaCTMYECKME NO
CINOXHOCTW CTPYKTYpPbl, 6€3 BCAKON XaOTUYHOCTM, B KOTOPbIX MOXHO HabnogaTb
B3aNMHY0 cxoxecTb. OnpeaeneHne pakTanbHOM CTPYKTYPbI PbiHKa NO3BONSET
HaNnTKU cnoco® NoHMMaHUSA NoBeAEeHUs CUCTEMbI, T. €. MOBEAEHNE LEHbI
onpeneneHHoro ToBapHoOro aktTnea. 1o cnocob yBnAeTb CUCTEMY, MOPALOK U, YTO
camoe BaxxkHoe, NpefcKkasyeMoCTb TaMm, rae Apyrne BuaaT TONbKO Hepasbepuxy.

OcHoBHasi Liernb 3TOW KHUMM COCTOMT B TOM, YTOObI NokasaTb BaM, Kak TOproBartb,
ncnonb3ysa Ans 3Toro dpaktanbHyo reomeTputo. [eHaauaTbe NeT MUHTEHCUBHBbIX
nccrnenoBaHuii Obinm NoCBsLLEHbI paKkTaribHON reOMETPUN PbIHKOB.

YT0ObI HE NeperpyaTtb Bac AeTansiMn 3TUX UCCnefoBaHUn, nyylle pacCMoTpUM
TONIbKO OAUH M3 MPUMEPOB TOrO, KaK PEKYPCUBHbI aHanNM3 BHOCUT CBOW BKNag, B
nyyiiee NoHMMaHNE MHCTPYMEHTOB TOPrOBM Ha PbIHKE.

®pakTansl NOABNAIOTCA Ha 3KpaHe KOMMbIoTEPA MOAENUPOBAHMEM, NOMy4YaeMbIM C
nomoulblo utepaunin. AKkpeuma -aTo HecuctematTuyeckas ntepauyma. OgHo
npubaensaeTca K gpyromy, pesynsraT npnbaBnaeTca K TpeTbeMy M Tak ganee.
[MpocTenwen Mogenso utTepaunn SBRSETCH NocneaoBaTenbHOCTb CYMMUPOBAHNS,
N3BeCTHas Kak Yncna duboHavun. NocneposatenbHOCTb Ha4YMHaeTes ¢ 0 1 nepeble
ABa 4ncna, Kotopble cknagbiBatoTcs - 310 0 u 1. [lobaBbTe 1 K HAYanbHOMBENUYNHE
- 0 u nony4ute B pesynerate 1. JobaBbTe BTOPYO 1 1 nony4nte 2. C 3TOro MOMEHTAa,
4TOOLI MONY4YNTHL NOCNeayoLLlee YNCNOo NocneaoBaTeribHOCTU, HaA0 CTOXUTL ABa
npeaLwecTeyowmx yucna. Ntak, cnoxute 1 1 2. Torga nony4dunte 3. CnoxeHne 2 n 3
Aaet B pesynetate 5. [lobasneHue 3 k 5 - B pesynstaTte nonyymum 8. Cknagbisas
Tenepb 5 1 8. nonyyaem 13. BblumucneHne 4ucen nocnegosaTenbHOCTU MO
npeacTaBfeHHbIM npasunamM npogosmkaetca Ao 6eckoHedHocTu. JliobonbiTHada
OCOBEHHOCTb, NpUcyLLiast 3TOMY UTEPATUBHO-W MPOLIECCY, 3aKNO4YaETCH B TOM, YTO
OTHOLUEHWe npeablaylero yncna K nocrnegyrowemy ctpemutca Kk 0.618, BHe
3aBUCMMOCTM OT TOro, Kakoe MecCTO B psagy 3aHMMalT 3TU 4vucna
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I'IOCJ'IeJJ,OBaTeJ'IbHOCTI/I7. CooTHowueHune 0.618 sensietcst MHBaAPWaHTHbLIM PE3yJ1bTaTOM
cucTeMaTnyeckom aKkpeuunn.

Mup 6ykBanbHO HaBogHeH cooTHoweHuem 0,618. PasmelleHne ceMsaH B LBETKaX
npeacraensAT cobon yncna PuboHaqun. CepaevHas mbila cokpallaetces go 0,618
OT CBOEWN M3HayanbHOW AnuHbl. COBEPLUEHHYID CTPYKTYpY, onpenensaemyto
cooTHowweHnem 0.618, neMOHCTpUpyeT pakoBmHa monntocka Haytunyc. bonee
WHTUMHbIN NPUMEp - NYMNOK Y YerioBeka pacnonoXxeH Ha yposHe 0.618 oT ero nonHoro
pocTa. HanucaHbl Lensie Toma, NpeAcTaBnaoLLme n CUCTEMaTU3npyoLme criyyam
Hanuumsa cootHoweHust 0.618 B npupoae.

Puc. 3-3 Mogenb MaHgenb6poTa

OneraHTHbIM 3aneMeHTOM dpaKkTanbHON reomeTpun apnaetTcs Habop
MaHgenbbpoTa, npeactaBneHHbln Ha pucyHke 3-3. Habop MaHgenbbpoTa
npeacTaenset cobon nageanbHbli hpakTan u CTponUTenbHbIA BNok hbpakTanbHoM
reomMeTpun, Co3faBaeMbI MyTEM PacronoXeHUS YCEN, NOoNyYatoLLMXCA B pe3yrnbsraTe
nTepaummn NonNnMHoMa BTOPOro nopsigka Ha CroXHOM NOBEPXHOCTU.

Habop MaHpenbbpoTa cTpykTypupoBaH BenuymnHon 0.618, cooTHOLEHUEM
®nboHayun. OH cocTaBnNEH UCKIIOYMTENBHO C MOMOLLbHO BUHTOBbIX hOpM 1 cnpanei.
MpnBnnsnTenbHO Tak BbIMMAAMT CH3Y PaKoOBUHA MOSIIOCKA, O4EHb NOXOXas Ha Habop
MaHngenbbpoTta. BoamoxxHo, ata hopma SABNseTCS KNOYEBON ANS COEQUHEHMS Yncen

7 Ha camom fene 3To He CoBCEM TOYHO. B peanbHOCTM, OTHOLLIEHWE YMCeN CTPEMUTCS aCMMMTOTUYECKN
K BenuynHe 0.618, npuyem ogHOBPEMEHHO C ABYX CTOPOH. OHa NOMNOBMHA OTHOLLEHWUA CTPEMUTCA
CHM3y, BTopas - cBepxy. [NpaBaa, 3ToT NpoLecc A0CTaTO4HO ObICTPbI, NO3TOMY BOMbHOCTb aBTOPA,
JonylwleHHas Ana HarngaHocTu, npocTutensHa. Npumep pacyeToB AaeT MOMHOE NOHUMaHue
OTHOCUTENBHO u3noxeHHoro: 2:3=0.(6); 3:5=0.6; 5:8=0.625; 8:13=0.61538; 13:21=0.61905;
21:34=0.61765; 34:55=0.61818; 55:89=0.61798.
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®nboHayum, BONH AnnmoTta n opakTasnos B O4HY COrMacoBaHHy0 napagurmy.

B Hawem cobctBeHHom mnccneposaHum PTG (Profitunity Trading Group), mbl
OBHapY>XMUNMN HECKOMNbKO NMOBTOPSAIOLLMXCA MOAENEN, NO3BONSAIOLMNX NOBLICUTb
CTENeHb MPOrHo3Mpye-mMmocTu Byaywnx OBMKEHUI PbIHKA, KOTOpble paboTatoT
3HaYUTENLHO DbICTPEE, YEM OBLLENPUHATHIE MHCTPYMEHTbLI TEXHUYECKOIo aHanmsa.
OT10 byaeT nogpobHee obcyxaaTbecs B NOCNeayoLnX rnasax.

®pakmanbHas [eomempusi u PbIHKU

Bcrogy, rae BcTpeyvaroTes xaoc, TypOyneHTHOCTb, XuBble cucteMbl U 6ecnopsaok
npuMeHnMa dpaktanbHaa reomeTpuda. Kak oTMeyeHo Bbiwe, ppakTasnbHbIn
drakTMYeCcKn o3HavaeT ppakunoHHoe namepenue. lNpeacraebre, YTO Bbl CMOTPUTE
Ha TpeXAMOBbLIN MOTOK LUNarata ¢ pacctosaHus B 200 spaos. OH ByaeT BbIrMsaeTb
TOYKOW, a y TOYKU - HyneBoe usmMepeHue. Tenepb BooOpasuTe, YTO Bbl
npubnuxaeTtecb K MOTKY LUNarata. Bbl 3amevaeTe, 4TO B 4ENCTBUTENBHOCTMU 3TO
MOTOK, 1Y HEFO eCTb TpY N3MepeHus. Ecnm Bel npubnmxkaeTtecs Bce brnvke n bnmxke,
TO BUAMWTE, YTO OH HA CaMOM Jerne COCTOUT U3 O HOWN ASIMHHOW HUTK, KOTopas UMeeT
TONbKO OAHO n3MepeHue. Ncnonb3ya nyny n paccmatpusasa ¢ 6onee BbICOKAM
paspelleHnemM, Bbl yBUAUTE, YTO HEMOCPEACTBEHHO CamMa HUTb (hakTU4ecku
TpexmepHas. Takum obpasoM, B 3aBUCMMOCTU OT pacCTOAHUA OO ODObekTa, Bbl
BUAENWN HyNeBoe U3MepeHue, 3aTem Tpy USMEpPEHNs, NOTOM - OHO, a 3aTeM - ONATb
Tpu. To, YTO Bbl BUANTE HA PbIHKE, TOYHO TaK >Xe 3aBMCUT OT BaLUel NepCcneKkTuBbI
nnu saLLen Tekywen napagurmbl. PakTn4ecku, Balla NnepcnekTMea B HaCToALWMN
MOMEHT BpeMeHU - Balla napagurma. Ecnu Bbl oTTankmeaeTechb OT JIMHENHOMN
nepcneKkTuBbI, Bbl HAKOrAA He ByaeTe BUAETD “peanbHOro” pbiHka, puckysi npebbisaTtb
B AUCKOMAOpPTE U HECTWN NOTEPU, BMECTO TOTO, YTOOLI YCMELLHO TOproBaTh U nornyvaTb
nNpuobLINb.

Puc. 3-4 ®pakranbHoe AepeBO, cCMOAESNIMPOBaHHOE Ha KOMMbIOTEpe

®pakTanbHOCTb - 3TO Mepa HenpasunbHOCTU. Yem bonee GecnopsiaoyeH U 3SMeHYMB
PbIHOK, TEM GorbLLE €ro hpaKTanbHOE YnCHo. PpakTanbHOe YMCIO MaKCMMarbHO B
TOYKE Nepexofa U3 04HOro COCTosIHUSA B Apyroe. [MoaTomy Bce M3MeHEeHUS! PbIHOYHOM
TEHAEHLMM CONPOBOXAAOTCA HAMBBICLLMM (paKTasibHbIM YMCHOM, KOTOPOE NPUCYLLE
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pa3BopOoTHLIM Bapam, B cpaBHeHUN ¢ Bapamu, NULLb NpMONUXaroLme pbIHOK K 3TOM
NOBOPOTHOM TOYKE.

Ha pucyHke 3-4 npeacrtaBneHo cpakranbHoe AepeBo, CO3A4AaHHOE C MOMOLLbIO
KoMnbloTepa aHrnumnckum yvyeHoiM Marnknom bBattn. Kaxpgas BeTodka gepesa
pasgenseTcs Ha ABe, 4Tobbl B UTore cosgatb ppakTanbHblv Kynon. Annoctpauns
crneBa NpeacTaBnseT WeCTb uTepauun unv BeTeneHnin. Ha TpuHaguaton utepauum
(vnniocTpauma cnpaea) gepeBo NnpuobpeTaeT yxe bonee peanuctTmyeckue YepTsbl.
PekypcrBHOE MogenmpoBaHMe MOXET reHepMpoBaThb pasfNyHbIe Pa3HOBUAHOCTU
AepeBbEB C MOMOLLBIO U3SMEHEHUSA dopaKkTanbHOro Ynucna. dpakransHbele oepeBbs
UNIOCTPUPYIOT TOT hakT, YTO (ppakTanbHas reoMmeTpus - Mepa nsmeHeHuin. Kaxxgoe
pas3BeTBMNeHne AepeBa, Kaxablin n3rnb Ha peke, Kaxxaoe nsMeHeHe HanpasneHns
PbIHKA - TOYKa NPUHATUSA OMepedHOro peLLeHUs. OTOT NOChIN ABNAETCH peLLaoLLnm
dhakTopom B 0BHapyxeHUn “dppakTanbHOCTU” BOMH JnnuoTa.

3AKIIOYEHUE

Hayka o xaoce cHab>xaeT Hac HOBOW NapaanrMmoin npu uccnegosaHum pbiHkos. OHa
obecneuymBaeT Oonee TOYHbIM M Npeackasyembidi cnocob aHanusa TekyLlero u
Oygyliero noBegeHna CpoOYHOro ToBapHoro pbiHka. OHa paeTt Ham Gonee
achbbekTnBHYIO cxeMy nosefeHus npu Toproene. OHa He 3aBUCUT OT MOAENEN
MPOLLINIOro U UX MPUNOXEHUS K HacTosALweMy 1 ByayLiemy, 4To aBnseTca 6ecrnonesHbIM.
OTa napagurma KOHLUEHTPUPYETCS Ha TEKYLLIEM COCTOSIHUM PbIHKA, KOTOPOE ABMAETCA
NPOCTbIM 00beANHEHNEM (M BECbMA MOXOXWUM) UHOUBUAYANbHOIO hpakTanbHOro
noBefeHna Macchl TperaepoB. [nsa 6onee rnyboKkoro ndydeHns Hayku o xaoce ¢
akageMuyeckon 1 nccnegoBaTernbCKON TOYMKM 3peHus, 9 npegnarato cnegyowme
6ubnuorpaduu: Metepca (1991 n 1993 rr.), Auboeka (1994), Yopadaca (1994)8.
BonbLUMHCTBO METOAOB UCCNEfOBaHUNA, -NMPUMEHSAEMbIX B HACTOSALLMA MOMEHT,
NpeACcTaBeHO B XXypHanax no msunke n matemaTuke.

®pakTan - OCHOBHasA CTPYKTypa KaK Afs ONUcaHus pbiHKa, Tak U Ans onucaHus
nosegeHNa oTaenbHbIX Tpengepos. B cnegyrowen rnase Mbl pacCMoOTpuM ABa
6a30BbIX TMMNa OCHOBOMOMAralwLMX CTPYKTYP M TO, KaK OHW OOMNOJSTHAKT Hally
PbIHOYHYIO Mapagurmy.

8 Peters (1991,1993), Deboeck (1994), Chorafas (1994).
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