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FEOMETPUA U3SMEHEHWU: OB bEKTUBHbIN AHAJIN3 OUHAMUYECKNX CUCTEM

BeepeHue

B coBpeMeHHOM Mupe 4yenoBeK MOCTOAHHO CTaNKMBaeTCcs C HEOOXOANMMOCTbLIO MPUHUMATL
peweHna B ycnoBudax BbICOKOM HeonpeneneHHoCTn. ®unHaHcoBble PbIHKN, 9KOHOMUWYECKNe
CUCTEMbI, MPON3BOACTBEHHbIE MPOLECCHI, JaXe NOBCeAHEBHblIe 3aa4n — BCe 3TN chepbl
o6beauHseT OLHO: C/I0XHaa UHaAMMKKa, KOTOPYIO KpaHHe TPYyAOHO npenckasatb NpPoOCTbiIMU
MeTogamMu. JIMHeMHble MOenu U  Krnaccuyeckue MHOWKATOPbl, nNpuMeHdaeMble B
OOMbLWMHCTBE MONYNAPHbIX aHanuTUYeCKMX CUCTEM, [aloT JfiMWb MNOBEPXHOCTHOE
npepcTtasneHne o nponcxoadwem, 3a4acTtyro UrHopupyda MHOrorns1aHOBOCTb U B3aMMOCBAS3b
3JIEMEHTOB CUCTEMDbI.

B 1O Xe Bpewmsg, peaanbM MUP BCerga MHOroMepeH: Kaxgoe pABuXeHune oObekTa
NPOUCXOANUT B OKPYXEHUN MHOXeCTBa PpakToOpOB, KOTOPble OKa3blBatOT HA HEro BNUSHME.
[MonbiTKa pasnoXuTb 3TY CIIOXHOCTb Ha OTAESNbHblE NTMHENHble 3aBUCUMOCTHU npmnBoauT K
NCKa>XeHUIo KapTUHbl — 4YTO BUOHO Ha npuMepe HeygadHblX MPOrH030B Aa>ke NMpu3HaHHbIX
aHaJIMTUKOB U CTpaTeFMVI, «CNnomMaBLInXca» npun pe3kom nsmeHeHun ycnosvuh PblHKa unnun
cpefpl. OTO roBOPUT O TOM, YTO HEOOXOLANUMbI MUHCTPYMEHTbI, CMOCO6HbIE YUYMUTbIBATb Cpasy
HECKOJIbKO V|3mepeHvu7| npoucxogduiero, ¢opmMupoBaTb LENOCTHOe npefcTtaBneHne o
pas3BnUTUN COGbITUNA U Mpu 3TOM OCTaBaTbCs 0O bEKTUBHBIMU N BOCMNPOU3BOONUMbBIMMU.

OAHMM 13 Nogxo[0B, CNOCOOHBLIM PeLnTb 3Ty 3aauvy, ABNdAeTcqa aHalns N3MEeHeHumn yepes
NOCTPOEeHME KNKYEBbIX TOUEK, QUKCUPYIOLMUX IKCTPEMasbHble COCTOSAHUA CUCTEMbI, U UX
NPOCTPaHCTBEHHOE B3auMmMopacrnofnoxeHne. B ocCHoBe Takoro metoga Nnexut cTporas
MaTemMaTunyeckaa naes: nodoe CrI0XXHOE N3MEHEHNE MOXET ObITb ONMMUCAHO Yepes CUCTeEMY
9KCTPEMYMOB, BbIABJ/IEHHbIX B onpe,qeneHHon nocnenoBaTesibHOCTU U NoATBeEPXAEHHbIX
CTaTUCTUYECKU 3HAYNMbIMUK NpuU3Hakamu. bnarogaps aTtomy, I'eOMeTle-IeCKMVI aHann3 He
TOJIbKO TMO3BOJIAET MOHATb TEKYLUYHO CTPYKTYpy AUMHaMUKN, HO WU Oae€T BO3MOXHOCTb
NMPOrHo3npoBaTb BEPOATHOE pa3BUTHUE COGbITUIN C BbICOKOM CTEMEHbIO TOYHOCTM.

B oTninume oOT MeTogoB, OCHOBaAHHbIX Ha MPegnosioXXeHUsxX Wu Cy6'beKTVIBHOIZ
NMHTEpnpeTaunn, aTot noaxod MUHUMUINPYET BIIMAHNE HENOBEYECKOIo ¢dakTopa. OcHoBHas
LeNb 3aK/o4yaeTcsa B TOM, 4YTOObl MOCTPOUTb MaTeMaTUYeCKU KOPPEKTHYKO MOLEJb
M3MEHEHUN Ha OCHOBE OOBLEKTMBHbLIX OaHHbIX. lNpuHUMNManbHO BaXHO, YTO MOLOOHbLIE
Moaesim OCTakoTCA yCTOﬁ‘JMBbIMM npn MU3IMEHEHUU MaclwTaba HabnrneHus: 6yﬂ,b TO
I'IFITMMMHyTHbIﬁ I'pa(pMK nnn paHHble 3a HEeCKOJIbKO JieT, — pe3ynbTaT aHalina3a,
BbIMOJIHEHHOIO NO OAHMM U TEM >Xe MNpaBunam, 6yp,eT CpaBHUM K COMOCTaBUM. aT10
CBOMCTBO ¢paKTaan017| yCTOVI‘-IVIBOCTVI NO3BOJIAET MPUMEHATb METO[, B JIHOObIX BPEMEHHbIX
M LeHOBbIX ANana3oHax, He Tepdada Haae>XHOCTU NMPorHo308B.

Ewe oOoHO NpenMyLLecTBO 3aK/to4YaeTcsl B TOM, YTO METOA CTPOUTCH Ha GUKCUPOBAHHbIX
npaBunax Bbl6opa Touyek AN aHanusa. Hanpumep, 4Tobbl 3adUKCUPOBaTb IKCTPEMYM,
HY>XHO, 4TOGbl OH MOATBEPAMUSICA OMNPeAeneHHbIM KOMMYEeCTBOM Mpeablaywmnx W
NocneayroLmMX AaHHbIX, YTO UCKIHOYAET BO3MOXHOCTb C/yYalHbIX BbIGPOCOB U NTOXHbIX
CUrHanoB. B coyeTaHUM C UCMONb30BaHMEM HECKOMbKUX B3aMMOCBSI3aHHbIX MPOEKLMI
[aHHbIX (MnaHoB), 3TO MO3BOMSIET OXBaTbiBaTb MAKCUMYM MHPOPMaLMU O COCTOSIHUM

1



C GUSINSKI™

CUCTEMbl 0©€e3 UCKaXXeHUA UCXOoAHbIX ¢akToB. Lpyrumu crioBammu, Kaxpgasd npoekumsa
OoTpa)xaeT /Wb YacTb MpaBgbl, HO B COBOKYMHOCTU OHU (GOPMUPYIOT LIENOCTHOE
NOHUMaHUE UHaAMUKN OObeKTa.

MpMeHeHWe faHHOro noaxo4a YMeCTHO He TONbKO A5l PUHAHCOBbLIX PbIHKOB, rae Moaenu
Ha 6a3e 3KCTPEMYMOB A0Ka3ann CBOK 3PpPEKTUBHOCTb B MPOrHO3NPOBaAHUU TPEHOOB U
pa3BOPOTOB, HO U 4151 aHanmn3a No6bIX NPOLECCOB, NOABEPXEHHbLIX (pa30BbIM Nepexoiam,
PE3KNM WM3MEHEHUAM WU UMKIMYHOCTU. Hanpumep, FeOMeTpVILIeCKVIVI aHalin3d MOXeT
MCnosib3oBaTtbCA B 3KOHOMETPUKE ONA BbIABIEHUA KNKOYEBbIX MOMEHTOB CMEHbI
KOHBIOHKTYPbI, B MPON3BOACTBEHHOM MNAaHNPOBAHUN AN9 NPOrHO3UPOBaHNA COOEB U TOYEK
neperpys3kun, a TakXke B CouUMallbHbIX HayKaX AONd OUEeHKU BEPOATHOCTU KapAuHalbHbIX
N3MEHEHUN B NOBEAEHUM 6OMbLUNX rpynn nogen.

Ba)>kHO OTMETUTb, YTO, HECMOTPS Ha BCHO CJTIOXHOCTb MPUpoabl N3yyaeMbliX NpOoLEeCcCoB, cam
MEeTO[, OCTaeTCad MaKCUManbHO anropuTMWYHbIM: ON9 NPOBeLEeHUs aHanu3a TpebyeTtcs
NNWb KOPPEKTHO ONpeaenuTb penepHble TOYKN N NOCTPOUTb HEOOXOAUMbIE NIMHUN — 6e3
NPUMEHEHNA 3BPUCTUK WM WUHTYUTUBHBIX OLEHOK. 3TO pAenaeTr ero yAo6HbIM Ans
aBToOMaTM3auUnm N MHTerpauum ¢ NporpaMmMHbIMN CUCTEMaMM 06PabOTKN JaHHbIX, NO3BONAA
MCNONb30BaTb €ro Kak B MHANBUAYaNbHOW aHaNnUTUYECKOM paboTe, Tak U B MPOMBbILAEHHbIX
mMaclwTabax.

BmecTte ¢ TeMm, p[AaHHbIM noaxon MNPUHUMNMANbHO OTAMYaeTca OT  6OoNblIMHCTBA
pacnpoCTPaHEHHbIX CcTpaTerum TeM, 4YTO MUCKIYaeT <«MNOAMOHKY» pe3ynbTaToB Mof
Xenaemoe 3aknrodeHune. icnonbdyemasa MmaTeMaTnka He NO3BONAET NOACTPanBaTb Mogenu
Nnof KOHKPEeTHble OXWOAHUA aHanuTUKa, a HAaobopOT — 3acTaBnseT clefoBaTb TOJbKO
daKkTam, NnoATBEPXAEHHBIM Ha rpaduke unm B AaHHbIX. ATO OCOBEHHO BaXXHO B TeX chepax,
rae OWWOOYHOEe pelleHMe MOXET MPUBECTU K 3HauuUTeNlbHbIM MOTepsiM, Harnpumep, B
TOProsJsie, UHBECTULMAX U YNPaBIEHUU NPON3BOACTBEHHbLIMU NpOLeCCaMMU.

Takum o6pa3oM, Lenb 3TON CTaTbM 3aK/IOYaeTCa He B TOM, YTOBbl PacKpbiTb CeKpeTbl
KOHKPETHON MeTOAMKM MOCTPOEHUs Momenen Unu yrnybuTtbca B AeTanu GpopMUpOBaHUA
NMHUN U TOYeK, a B TOM, 4YTOGbl MO3HAKOMUTb uuTaTena Cc 6a3oBbIMU UOEAMMU
reoMeTpUYeCcKoro aHanusa M3MeHeHWN U O6BACHUTb, NoyeMy MOAXOA, OCHOBAaHHbLIN Ha
dMKCauMn IaKCTPEMYMOB U UX B3aMMHOM PacrnofioXXeHUK, No3BonseT f4OCTUraTb BbICOKOW
TOYHOCTU NPOrHO3a B NFOGOM ANHAMUYECKOM cucTeMe. 3HaHMe STUX MPUHLMINOB OTKpbIBaeT
NyTb K 6051ee rNy6oKOMY MOHUMAHUIO NPOUCXOAALMX NPOLLECCOB M GOPMUPYET OCHOBY AJ1A
nocnenytollero CaMoCTOATENbHOMO M3y4YeHUss UM MPUMEHeHUa MeToda B COGCTBEHHOM
npakTukKe.

Hawa 3agaya — nokasaTtb, YTO CKpPbITble 3aKOHOMEPHOCTHU AEeNCTBUTENBHO CyLWeCTBYHOT, U
4YTO OHM NogpJarTCA TOYHOMY OMUCaHUKO, eCsin UCNOJIb30BaTb I'IpaBVIJ'IbeIIZ MHCTPYMEHT.
OcBoeHMe 6a30BblX MOHATUM NMPOCTPaAHCTBEHHOIN0O aHalJin3a TMOMOXEeT KaXAOMY, KTO
CTpeMuTcd BbINTU 3a PaMKun NPpUMUTUBHBIX WMHOWKATOPOB U HaWTM Crnoco6 MNOHMMaTb
N3MEeHEeHUs1 Ha 0Oosiee TrNMy6oKOM YPOBHE, COXpaHAa MNpu 3TOM OOBEKTUBHOCTb U
MaTeMaTU4eCKyro CTPOroCctb CBOMUX BbIBOOB.

MaTtemaTnuyeckas 6asa
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Jlto6on npouecc Ha GU3UYECKOM MNIaHe MOXHO OonucaTb Yepe3 B3auMOLENCTBUE TpeX
obsa3aTenbHbIX 3aneMeHToB: O6bekTa, Cpeabl U Habnogatenda. Takaa Tpuaga ¢opmupyet
ANHAMWYECKYIO CUCTEMY, B KOTOpOM Kaxpoe u3dMeHeHne OObekTa ¢uUKcupyeTca w
UHTepnpeTupyeTcs Habniogatenem B KOHTekCcTe Bo3gencTteus Cpepgpl. VIMEHHO 3TO
B3aMMOLENCTBME 3afaeT OCHOBY [N MaTeMaTU4yecKoro aHanumsa npouCxXoasaLmx
M3MEHEHUA W TMO3BONSET NEepPenTM OT CYObEKTUBHbIX MNPEAMNONIOXEHNUN K CTPOrum
KOJIMYECTBEHHbIM OLIeHKaM.

C mMaTtemMaTMyecKonm TOYKM 3peHus AMHaAMWYecKass CUCTeMa pacCcMaTpuBaeTcsa 4vepes
MHOXeCTBO [1naHOB — MNPOEKUMA [JaHHbIX O COCTOSIHUM CUCTEMBbI Ha pasnyHble
namepeHus. Kaxgpin lNnaH — aTto cBoeob6pasHbin cpe3 MHpopmMaumm, GUKCUPYHOLWNIN OO UH
M3 acnekToB cocTosiHust O6bekTa B oOnpefeneHHblt MOMEHT BpPEeMEHU WM Ha
ornpefeneHHOM uHTepBane. BaxHeuwee CBOMCTBO MHOXecTBa [1naHOB 3aknoyaeTcs B
TOM, YTO HU OAMH U3 HUX HE MOXET CUUTATbCS rMaBHEe UMM UCTUHHEE OCTallbHbIX: Ntobast
OTAEeNbHas NpPoeKuus OoTpa)kaeT TOMbKO YacTb O6LWEN KapTUHbI, U NUWb COBOKYMHOCTb
TaKuUX NpoeKLUMn AaeT BO3MOXHOCTb NOCTPOUTb LeSIOCTHOE MOHUMaHWe npouecca.

3TO KNHOYEBOe MONOXEHNE OBBACHAET, MoYeMy Kaccuyeckue MeToAbl aHanMsa 4acTo
TepnAT Heyaauy: 60MbWLMHCTBO MONYNAPHbLIX MOAEeNeN NbiTaloTca onucaTh Npoucxoaslliee
yepes oAauvH-OBa MHAMKATOpa, YTO 3KBUBANEHTHO PACCMOTPEHMIO TONMbKO OAHOW-ABYX
npoekumin. Takon Noaxon B KOPHe OrpaHNyeH, Bedb CUCTEMA BCeraa pa3BMBaeTcs cpasy B
HECKONbKUX U3MepeHusXx. Hanpumep, B (UHAHCOBOM pblHKE 3TO MOryT O6biTb
OOHOBPEMEHHO LieHa, 06beM, BONaTUIbHOCTb U CKOPOCTb U3MEHEHMS LieHbl, Kaxaas u3
KOTOPbIX TPeBYeT CBOEMN OTAENbHON NPOeKLMN.

OcHOBHas 3ajaya MaTeMaTM4ecKoro aHanmsa B [OaHHOM nogxoge — 3adpUKCUpPOBaTb
penepHble TOYKM Ha KaXAoh M3 BbiIGpPaHHbIX MNPOEKUM. PenepHble TOYKM — 3TO
3KCTPEMYMbl (MaKCUMyMbl WU  MUHUMYMbI), KOTOpble 061agaloT CTaTUCTUYECKOM
3HaUYMMOCTbIO, TO €CTb MOATBEPXKAAOTCA HEO6XOAMMbIM KONTMYECTBOM AaHHbIX [0 U nocne
TOYKM 3KCTpeMyMa. Takaa npouegypa MNoO3BONAAET MWHUMU3UPOBATb BEPOSATHOCTb
GMKcCauMM NOXHbIX KoneGaHWM UNM  ClyyaiHbIX LWYMOB, XapaKTepHbIX AN NH6bIX
BPEMEHHbIX PAA0B. Hanpumep, ecnu aKCTpeMyM NoATBepXA4aeTcs MUHUMYM 3 6apamMu Ao
n 3 nocrne, BEPOATHOCTb C/ly4YalHOro COBMAaAEHUS 3HAUUTENIbHO CHUXAETCs, YTo Aenaet
BbIGOPKY HaAEeXHON OCHOBOM ANsA AanbHelLero aHanmsa.

dopmanbHO, ecnM  0603HauYUTb MOCNe[oBaTeNlbHOCTb LEHOBbIX AaHHbIX Kak X =
{x1,%5, ..., X}, TO 9KCTPEMYM B TOUKE X), CYMTAETCA NOATBEPXKOEHHBIM, ECNUN BbIMOMHSOTCSA
ycnoBusi:

Vi € [k —m, k — 1]: x; < x; AN MaKCUMyMa, NN Vi € [k —m, k — 1]: x; > x; AN MUHUMYMa,
Vj € [k + 1,k + m]:x; < x AN MAaKCUMyMa, Un vj € [k + 1,k + m]: x; > x; A3 MUHUMYMa,

roe m — 4yucno 6apoB, 3afatollee MUHUMANbHYH ANUHY NOATBEPXKAAtOLLEero uHTepeana
(Hanpumep, 3 nnn 7).

Mocne ¢uKcauum aKCTpeMyMoB Ha KaXkaom npoekunn cnepyet onpepenntb B3anMHoe
pacnono)XeHne 3TUX TouyeK. [pOoCTpaHCTBEHHble COOTHOWEHNA MeXay penepHbIMU
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ToYKaMu GOPMUPYIOT TEOMETPUYECKYHD CTPYKTYpPY AUMHAMUKKM, KOTopas W sABnaeTcs
OCHOBHbIM UCTOYHMKOM MHPOPMaLUK ANs NPOrHO3NPOBaHUA GYAYLLEro Pa3BUTUS CUCTEMDI.
Takaa CTpyKTypa CTPOUTCS 4Yepes NIMHUKU, COeAMHAILME IKCTPEMYMbI, U YIIbl MeXAay
3TUMU NIUHUAMMK, YTO TMO3BONSAET KOMMYECTBEHHO OLEHUTb CWUIY W HanpaBieHHOCTb
ABUXEHWSA, a Tak)Ke BEPOATHOCTb CMeHbl TeKYLLLero TpeHaa.

Eule ofgHOM BaxHeWllen OCOBEHHOCTbIO MeToJa SABNAeTCA NPUHUMN  ppaKTanbHOM
MHBapPWaHTHOCTU: reoMeTpuYeckasa CTPYKTypa, NOCTPOEHHaa Ha 3KCTpeMyMax, CoXpaHsaeT
CBOM CBOWCTBa NPU M3MeEHeHWM MacwTaba HabnogeHusa. WHbiMU croBaMu, ecnu Ha
GONMbLIOM BPEMEHHOM WHTepBane MoCTPOeHWe MOoAenn Mokasano onpeaeneHHyo
KOHGUIypaLmMio, TO Ha MeHblLEeM UHTepBane MOXHO YBUAETb aHanornyHble CTPYKTYpbl B
MUHMaTIOpe. OTO CBOWCTBO MO3BONAET NMPUMEHATb MeTof, Kak Ha AaHHbIX C BbICOKOW
4YacTOTOW, TaK WM Ha [ONrOCPOYHbIX TPeHJax, Mony4yas COomnocTaBUMble pesynbTaTbl U
MPOrHO3bI.

MaTemaTuyeckn ¢pakTanbHass MHBapUMaHTHOCTb BblpaXkaeTcs B TOM, YTO MOCTPOEHHble
JIMHUK N UX NepeceydeHmnss MHBapUaHTHbI K apGUHHBIM Npeobpa3oBaHUAM BPEMEHHOM OCH:

f(t) =at+b

roe a u b — napamMmeTpbl MaclWwTabupoBaHUA N caBUra no BPEMEHU, He U3MeHsALWMe
B3aUMHOI0 PacrofioXXeHUs1 SKCTPEMYMOB Ha LIEHOBOW LUKane.

ANropuT™M aHanMsa OCHOBaH Ha MUWHWMaNbHOM HEOB6XOAMMOM Habope Tovyek: And
60O/NbLUMHCTBA 6a30BbIX MoAenei AOCTaTOYHO YeTblpex 3KCTPeMYMOB, MocneaoBaTeNbHO
YyepenyroLWmUXca No HanpasneHuto (HanpuMep, MUHUMYM-MaKCUMYM-MUHUMYM-MaKCUMYM
AN BOCXOJALLEro TPeHAa WM Hao6opoT ANnA Hucxoasuwlero). Takoe MNOCTpoeHue
MUHUMU3UPYET  U3BLITOYHOCTb [AaHHbIX, HO COXPaHAET BO3MOXHOCTb TOYHOMO
MOLENUPOBaHUA fOaxe CHNOXHbIX [OBUMXEHWA 3a CYeT CTPOoron ¢OuKcauumu Ko4veBblX
U3MEHEHWUI HanpaBneHus.

C TO4YKM 3peHunsa CTaTUCTUKKU, UCMNOSb30BaHue AKCTpEMYMOB MNO3BONAET 3afencTeoBaTb
MeTo4 MOMEHTHbIX OUEeHOK: J3KCTpeMYMbl ABNAKOTCA TOYKaMhn C MaKCUMaJlbHbIM
N3IMEHEHNEM I'IepBOVI I'IpOVI3BOJJ,HOI;1 pana (CKOpOCTM), a 3HA4YUT, KOHUEHTpauuna aHanni3a Ha
HMUX MO3BOSIAET MaKCMMalbHO 3GPEKTUBHO BbIIBNATL TPEHAbl U KOppeKkuun. B oTnnumne ot
MeToOo0B, OCHOBaHHbIX Ha CKOJIb3AWNUX CpegHUX Wnn cCcrina>KeHHbiXx WHAUKaTopax,
3KCTpeMaﬂbeIVI aHanus3 He CTpafaeT OT 3anasfgblBaHUA CUrHana, NOCKOSbKY ¢uUKcauus
3KCTpemMymMa NpoucxoamT BOIN3N KNHOYEBOro Nnepenoma TeHaeHuumn.

KnioyeBoe MaTemMaTnyeckoe [AOCTOMHCTBO MNoAxofa 3ako4yaeTca B TOM, 4YTO aHanus
npoBognUTCA HE Ha CaMnX OaHHbIX, @ Ha OTHOWEHUAX MeXAY aKCTpeMyMaMu, 4Tto AesiaeT
MeTof He3aBUCUMbIM OT abBCONOTHbIX ypOBHeVI LEeH UM 3HaYeHUn ob6bekTa aHanusa. 310
CBOWCTBO MO3BONSET MPUMEHATb €ro B CaMblX pa3HbIX 06/1aCTAX: OT aHasin3a KOTUPOBOK Ha
BaJIlOTHOM pPblHKE OO0 OLUEeHKU KonebaHumn Nnpon3BOACTBEHHbIX nokasaTtenem unm
coumnanbHbIX MTHOWMKATOPOB.

Takum ob6pa3omM, MaTeMaTnyeckasl 6a3a MeToa OCHOBbIBAETCS Ha Tpex NpuHUmMnax:
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1. BblaeneHue noaTBepPXXAEHHbIX 3KCTPEMYMOB A1 (UMKCaUUM KNHOYEBBIX TOYek
N3MEHEHUN.

2. WccnepoBaHMe B3aUMHOIMoO pPacnosfioXXeHUa perepHbIX TOYeK 4yepes MNoCTpoeHue
NMHUM N onpeaeneHne Nx NPOCTPaAHCTBEHHbLIX XapaKTePUCTUK.

3. CoxpaHeHue o¢pakTanbHOM CTPYKTYpbl MOCTPOEHMIA MNPU U3IMEHEHUW MacluTaba
HabMOEHMUSs, YTO o6GecneymBaeT YHMBEPCANIbHOCTb METOAA Ha NO6GbIX BPEMEHHbIX
WHTepBanax.

ATV NPUHUMNBLI CO3Aal0T CTPOrUA GpyHAAMEHT AN MOcNeaytollero NocTpoeHUs Moaenen
AVHAaMWKK, KOTOpble MO3BONAKT He TONbKO OMNWCbIBaTb MNPOLUIOe [OBUXEHWE, HO U
NporHo3upoBaTb  [JanbHeillee  pasBUTUE COGbITUA C  Y4eTOM  OBbEKTUBHBIX
3aKOHOMEpPHOCTEeN npoLecca.

FeomeTpuyeckasn nges

Korga gaHHble 0 COCTOSIHMM CUCTEeMbI NPeAcTaB/eHbl B BUAe BPEMEHHOro psaga, NpocToe
oTCNeXunBaH1e YpoBHEWN LeH UK Apyrux nokasatesiei He No3BONAET YyBUAETb CTPYKTYPY
npoucxoasuiero. Hactosiliee MOHMMaHWe OMHAMUKU BO3HMKAeT TONMbKO Torga, Korga
AaHHble HaYMHaOT pacCMaTPUBaTbCA Kak YacTb NPOCTPaHCTBEHHOrO NpoLecca, rae BaXHa
He TONbKO BEe/IMUYMHA U3MEHEHUs,, HO U B3aMMHOE PaCMOIOXEHUe KHUYEBbIX TOYEeK —
3KCTPEMYMOB. VIMEHHO reoMeTpust 3TUX TOYEK MO3BONAET BbIABUTb CKPbITble 3aBUCUMOCTM
W NpeAcKasaTb nocneaytolme cobbiTUs C BbICOKON CTENEeHb 4OCTOBEPHOCTH.

OCcHOBHaa wnaesa MeToga 3aK/4yaeTca B TOM, UYTO 3KCTPeMyMbl 06pasytoT Kapkac
ABUXeHUs. FeomeTpuyeckne MNOCTPOEHUS — NUHUM U YINbl, COeAMHSAIOLWME pernepHble
TOUKM, — NPEACcTaBNAOT COBOM OObLEKTMBHbIE W HEU3MEHHble 3/IeMEeHTbl, KOoTopble
OCTaloTCHA YCTONYMBBLIMU Aaxke Mpu PE3KOM U3MEHEHUN BHELIHUX YCNOoBUIN. Takon noaxos
NMO3BOJIAAET HE MPOCTO PerncTpupoBaTb GpaKT TPeHaa U Pa3BopoTa, a 3apaHee onpenensaTb
ero noTeHuUMan u BeposATHOE HanpaBfeHne pasBUTHUS.

MaTeMaTU4eckn Kaxpasi NIMHUS, NpoBefAEéHHas 4epe3 MNOoATBEPXAEHHbIe 3KCTPEMYMb,
3a0a€T IoKalnbHY0 OCb ABMXEHUS. Hanpumep, ecnvm Ha BPEMEHHOM psiay LieHbl MOCTPOUTb
JIMHUIO Yepe3 NepByHo N TPETbIO PenepHble TOUYKK, OHa ByAeT NpeacTaBnATb CO60N NNHUIO
TpeHaa, GUKCUPYHOLLYO OCHOBHOE HanpaBfieHMe OUHAMUKW. AHaANOrMYHO JIMHUS Jepes
BTOPYHO M YETBEPTYHO PENepHble TOUYKU OTpakaeT LUenn ABUXKEHUS U MOXET CNYXWUTb
MHOMKATOPOM  MOTEHUMaNbHbIX 30H OCTAHOBKM uMnM pas3Bopota. Wx B3aMMHoe
pacnonoXxeHve — napannenbHOCTb, NepeceyeHne B NPOLWIOM UK B ByayLemM — 3adaéT
6a30BYyl0 Knaccudukaumo Momenen, onpenenss BeposiTHOCTb NMPOOOIKEHUS MU CMEHbI
TpeHpa.

KnoyeBbIM MOMEHTOM SABNAETCA TO, YTO JIMHWUM CTPOATCA CTPOro yepes 3KCTPeMyMbl,
NOATBEPXKAEHHbIE CTAaTUCTUUYECKMMM NpaBuiaMm, 4To UCKOYaeT NOAroHKY rpaduKoB nog,
Xenaemblii pesynbTaT. ATO AAET BO3MOXHOCTb MPOrHO3MPOBaTh PasBUTUE COBLITUIA Ha
OCHOBE HEeM3MEHHbIX 3aKOHOMEPHOCTEN, a He Ha OCHOBE CYGbLEKTUBHOMO MHEHMUS
aHanuTMKa. JIMHUM He 3aBUCAT OT TOro, Kakol MaclTaé unu Tanmopenm BbiGPaH: ecnu
MOCTPOEHUS BbLINONIHEHbI KOPPEKTHO, TO WX B3aMMHOE pPacrnofioXeHue OcCTaHeTcA
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OAVHaKOBbIM U Ha 5-MWHYTHOM rpaduke, U Ha OHEBHOM. OTO CBOMCTBO M3BECTHO Kak
MaclTabHasa nnn ¢ppaktanbHast UHBapPUAHTHOCTb FEOMETPUYECKUX MOCTPOEHUMN.

Ona wnnrocTpauum: ecnu rnocTPOEHHbIE NIMHUKM pacxodaTca B Oyayuiee, 3TO FOBOPUT O
pacwunpeHnn naOuana3oHa pOBuMXKeHUA — Takue Mopgenn cCBunaeTenbCTtBYKOT O pPOCTe
BOMATUIbBHOCTU U BbICOKUX LWAHCaX Ha I'IpO6OVI ypOBHeVI. Ecnn e nuHUM cxopatca B
oyaylwem, HaobopoT, 3TO YKasblBaeT Ha CXaTue guanasoHa U BEpPOATHOCTb pa3BoOpoTa
TpeHOa Unn ANNTENbHOM KOHconuaaumn. Korga nmHum NPaKTU4YeCKU NMapansiesibHbl, FOBOPAT
O COCTOAHUM [OUHaMMNYEeCKOro paBHOBECUA, MPU KOTOPOM LeHa OBUXETCA B Y3KOM
Ouana3oHe 6e3 ABHOro 4OMUHUpOBaHUA OfHOW 13 CTOpPOH.

OTpenbHoe BHUMaHue yoendetca yrnam, Kotopble GOpMUPYHOTCA NIMHUAMWU TPeHda u
uenamMmu. Yron mexgagy HMUMU oTpaxkaeT cTerneHb gucbanaHca B CUCTEME: YEM OH MeHblLue,
TEM CWIbHee BbIpaXeH TpeHn; 4YemM Oosfblle Yrosi, TeM Bbllle BEpPOATHOCTb CKOpOVI
KOppeKLUum unm passopoTa. OTO CBA3AHO C TEM, YTO OCprIVI yron Mexay nIiMHMAMun o3Ha4vyaeT
KOHUEHTpaUUO ISKCTpEMYMOB Ha MajioM BpeMeHHOM W LUeHOBOM OTpe3Ke, 4TO
cBnpoeTenbCTByeT O PE3KOM U CUIIbHOM ABUXEHUN, HO N O CKOPOM €ro UCTOoLEHNN.

C MaTemMaTMyecKom TOUKHK 3peHnda, eCnn NIMHNUN 3adaHbl KaK ypaBHEHUA NPAMbIX
Ll:y = klt + bll Lz:y = kzt + bz
TO YroN MeXay HUMM BblUMCIIAETCH Yepes KOIGPULMEHTbI HaKMoHa No popmyne:

ky — k4 )

1+ kiky
OTO NMO3BONAET He NPOCTO BU3YyaJibHO OUEHMBATb CXOXAEHUNE UJTN pacCXoXaeHne J'IVIHVII‘/JI, d
KOJIMYECTBEHHO U3MEPATb CUNy TpeHaa U1 Harnpa>XeHHOCTb COCTOAHUNA CUCTEMBbI. Ba)KHO,
4YTO Bbl4UCNIEHME Yyrna BbINONHAETCA He3aBUCUMO OT MacluTaba I'pa(DVIKa, YTto U"
obecneymBaeTt YHUBEPCalbHOCTb MeToAa.

a = arctan(

Eweé oOHOM BaXXHOM 4YacTblo reoOMeTpUYEcKoM uaeun sBAseTcs NPUHLMN HEU3MEHHOCTM
MoOAeNen Npu U3MeHEeHUN BHELUHMX YCNOoBWUA. Hanpumep, ecnv B npouecce NoCTPOoeHus
pernepHble TOUYKN OCTalOTCA HEM3MEHHbIMM, a LieHa KonebneTcs BOKPYF JIMHUM Lenu, To
MOZeNb NPOAOXaeT AeNCTBOBaTb BHE 3aBUCUMOCTU OT MYBUHBbI 3TUX KonebaHui. ToNbKo
npo6on nnnu GopMmMpoBaHME HOBOM MOATBEPXKAEHHOM TOUKU MPUBOAMT K OTMEHE MWNn
nepecMoTpy Mogenu. Takon Noaxon UCKOYAET IOXHbIE CUrHasbl, YaCTO BO3HMKaKOLWME B
KNacCuYecKnx MHAMKATopax Npu LWYMOBbIX KOnebaHUsX.

Cne,u,yeT noayvYepKHyTb: BCA reoMeTpuyeckasn nged CTpoutca Ha GUKCUpoBaHHOM nopsake
NnoCTpoeHnda Todek. Hanpumep, B 6a30BbiX MOAeNAX nocfiefoBaTe/lbHOCTb 3KCTPEMYMOB
JOMKHa OblTb CTPOro qepe,u,yromeﬂcq: MWHUMYM-MaKCUMYyM-MUHUMYM-MakKCUMyM AO1A
BOCXoAasLLemn TeHOeHUUN nnu MakKCUMyM-MUHUMYM-MaKCUMYM-MUHUMYM ana
HUCXoAALLEN. HapyweHune 3TOM NnocnefoBaTeNbHOCTU He OonyckaeTCd, TaK Kak I'IpVIBeJJ,éT
K HEKOPPEKTHOMY onpenenieHNo HanpasneHna n CUibl ABUXEHUA.

MIMeHHO 3a CYET couyeTaHus CTpororo nopaaka noCctpoeHna U MatemMaTudyeCkn TOYHbIX
I'IOCTpOGHVIVI JIMHUAN MeTOof, NO3BONSAET AOCTUraTb BbICOKOM OOBbEKTMBHOCTM aHanusa. B
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OTNIYMEe OT METOAOB, KOTOpble WHTEPNPEeTUPYT NUllb Tekyllee MOoNIoXEeHUe LeHbl
OTHOCUTENBbHO CKOMb3ALlIEN CpedHer UK OpYyrux MHAMKATOPOB, reomeTpuyeckas uaes
OCHOBaHa Ha aHanuse BCcel NpeaLecTBYOLLEN CTPYKTYPbI ABUXEHUS, YTO AenaeT NporHo3
6onee HafeXHbIM U 060CHOBAHHbIM.

N HakoHeL, eLé 0fHO BaXXHOE AOCTOMHCTBO 3aK/H04YaeTCa B TOM, YTO NMOCTPOEHHbIE MOAENM
MOryT CYLECTBOBaTb OAHOBPEMEHHO Ha HECKONbKUX BPEMEHHbIX MacliTabax, o6pasys
Mepapxuio Mogenen pasHoro yposHsA. Mnagwune mogenn MoryT GopMMUPOBaTbCA BHYTPU
CTaplmx, MokasbiBaa floKafbHble KOoppeKuun Ha ¢oHe rnobanbHOro TpeHga. ATo OaéT
BO3MOXHOCTb aHaNM3npoBaTb ABUXKEHNE C HECKOMbKMUX YPOBHEN rMy6UHbI OOHOBPEMEHHO,
YTO KpaiiHe BaXKHO Npw paboTe C AMHAMUYECKMMU CUCTEMAMU, Tae Kaxaaa dasa passutus
MOXEeT cofepaTb COBCTBEHHYH CTPYKTYpY.

Takum o06pa3oM, TreomMeTpuyeckass Wuaes 3akN4yaeTca He ToMbko B ¢uKcaumu
9KCTPEMYMOB, HO U B CO3[0aHUUN 06bEKTUBHOM ﬂpOCTpaHCTBeHHOVI Mopenn, KoTopasd
onucbiBaeT JIOTUKY N3MEHEHUN B cuUcTeMe. IATa MoAeflb MO3BOMSET MOHATb, B KaKOM
COCTOSIHMM HaXOQMTCHA CUCTEMA cenyac, U ¢ 60bLUOM BEPOATHOCTbIO MPOrHO3npoBaTb eé
nosegeHne, He nojlaradCb Ha Aoragky, a Ucnonb3yda CTporne n Bocnpoun3soaMMble
MaTemMaTuyeckune npasuna. MiMeHHO 3TO genaeT nogxof, UeHHbIM MHCTPYMEHTOM aHanmsaa
CMOXHbIX MPOLECcCOB, CMOCOOHbIM 3HAYUTENbHO MOBbLICUTb TOYHOCTb peLIJeHVIﬂ B NtO6OM
cdepe, roe BaXkHa AMHaMKUKa U CBOEBPEMEHHOE NOHUMaHWe TOYEK rnepenoma.

MpUHUMNBI HAAEe)XXHOCTH

OpfHOM 13 KHYEBbIX npo6siem 60JIbLLUMHCTBA METOL0B aHann3a gMHaMN4YeCKUX CUCTEM —
OT (PUHAHCOBbBIX PbIHKOB 00 CJOXHbIX WMHXEHEPHbIX MPOLECCOB — 4ABJISIETCH BbICOKas
YyBCTBUTEJIbHOCTb K WYMY, JNOXHbIM CUIHanam M« Cy6'beKTMBHbIM oueHkam. B
TPaAUUMOHHBLIX noaxodax aHalnUuTUK MOXKeET UHTepnpeTnpoBaTb OAHU U Te >XXe AaHHble MNo-
pa3HomMy B 3aBUCUMOCTU OT OXWAAHUM UNN 3IMOLMOHANIbHOIoO COCTOAHMA, 4YTO penaet
pe3yibTaTbl HeCTabW/bHbIMW W TM/I0XO BOCNPOM3BOAUMMbBIMWU. B oTnanume OT 3TOro,
FeOMeTpVIl-IeCKVIVI aHal/In3 Ha OCHOBE 3KCTPEMYMOB U HOCTpOGHMVI yepes pernepHble TOYKU
M3Ha4vallbHO NPOEKTUPOBAJZICA C aKUEHTOM Ha HafeXHOCTb, NPoBepAEeMOCTb U CTPOroCTb
anropuTMos.

I'IepBbM NPUHUMN HaAeXHOCTU 3aK/lio4YaeTCAa B XEeCTKUX TpaBWlax noarBepXAeHUd
3KCTpemMyMoB. /Icnonb3oBaHWe CTaTUCTUYECKOro NOATBEPXAEHUA 4depe3 onpefeneHHoe
KONMM4YecTBO 6apoB [0 M Nocne TOUYKU OUKCUPYET TONMbKO Te 3KCTPEMYMbI, KOTOpble
ob6nagatoT BbICOKOM BEPOATHOCTbIO ObITb WUCTUHHbIMWU. [Na 60NbLUMHCTBA Mozaeneu
6a30BbIM cuuTaeTca npaBwno 3-X unuM 7-Mn 6apoB: Hanpumep, MUHUMYM CuUUTaeTcsA
noaTBep>XAeHHbIM TOJIBKO €CJZin ero 3Ha4deHue Huxe MUHUMYMOB He MeHee TpeX
npegbigyLwmx U Tpex nocnegyrowmx 6apos. OTa npoBepka No3BOSSAET OTCEATb CﬂyanIHble
Koneb6aHud, Bbl3BaHHble PbIHOYHbIM LLYMOM WU pefKUMKU HexapaKTepHbIMU BCrisieckamu
3Ha4yeHun, KOTOpble MOryT BBECTU aHa/IMTUKa B 3a6/yXAeHue.

BTopol BaXHbI MPUHUMN — HEU3MEHHOCTb BblGopa penepHblix Toyek. C MOMEeHTa Ux
NOATBEPXAEHNA IKCTPEMYyMbl QUKCUPYHOTCS KaK perepHble, U HUKakue nocnepyrowme
[aHHble He MOryT WM3MEHUTb MX MECTOMOJSIOXKEHME B MOAENU. STO rapaHTUpyeT, 4To
MOCTPOEHUsI Mofenen U aHanma Ux CTPYKTYpbl He 6yayT U3MEHATbCA B 3aBUCMMOCTU OT
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HOBbIX [aHHbIX, €CNin OHN He CcOOPMUPYHOT HOBYHO MOCNEAO0BaTE/IbHOCTb 3KCTPEMYMOB,
YOOBNETBOPAOLWYO MpaBWaM MNOCTPOEHUA. Takon nogxopn MCK/YaeT BO3MOXHOCTb
«NoAroHKun» Mopaenn nop >enaHune aHalnTtuka M genaet aHain3 BOCnpon3BoAMMbIM B
nto60o MOMEHT BpeMeHun npun ycnosnm MaoeHTU4YHbIX gaHHbIX.

TpeTnn NpUHUMN HaZEeXHOCTU CBSI3aH C Mepapxuen Mogenen: Kaxgas Moaenb gencresyer
B paMKax CBOEW BPEMEHHOW CTPYKTypbl, 1 OpMUPOBaAHME HOBOWM MOAENN HE OTMEHSET
npegbioyLwyro, ecnv ToNbKo HOBasi He chopmMupoBanacb Ha TEX Xe 3KCTpeMyMax U He
COOTBETCTBYeT npaBuiaM CMeHbl TpeHga. OTO OCO6EHHO BaXHO npu paboTe C
MHOromMaclTabHbIMWU CUCTEMaMU, rae TPeHAbl U KOpPEeKUMM MNagwnux YyPoBHEN MOryT
CylwecTBoBaTb BHYTpuM 6onee rnobanbHblx Mopenen. [logobHas MHOroypoBHeBas
CTPYKTypa no3BOfsSeT OAHOBPEMEHHO BWAETb KaK JioKasnbHble, Tak W rnobanbHble
TEHOEHUMU, a FNaBHOE — He nyTaTb UX MeXAy CO60M, YTO 4YacTo CTaHOBUTCS MPUYMHOMU
OLUMOOK B KNaccu4yeckom aHanuse.

YeTBepTbl MPUHLMN HAOEXXHOCTU 3aKtoyaeTcs B abBCONOTHON OO bEKTUBHOCTU PaCcyeToB.
Bce nocTpoeHus BbINOMHAKTCS NO anropuTMy, B KOTOPOM KaXXAbli LWar CTPOro onpeaeneH:
HauyMHas OT NpaBun BblIGOpa 3KCTPEMYMOB, Yepe3 NOCTPOEHNE NMUHUN N PacCYeT UX YINoB,
3akaH4ymMBas onpefeneHueM MNPOrHo3HbIX Luenen. B meToge HeET aTanos, rge AonyckaeTcs
CYyObeKTMBHas TpaKToBKa: €Cfv [AaHHble COBMafatoT, pe3ynbTaT aHanui3a Bcerga oyper
OAVHaKOBbIM, HE3aBMCUMO OT TOro, KTO ero npoBoAuT. ITO CBOUCTBO fAenlaeT MeTos
npgeanbHOM OCHOBOW /11 aBTOMaTU3NPOBAHHbLIX CUCTEM MPUHATUS PeLleHUn Unu aHanusa
60MbLWNUX OO BEMOB OaHHbIX.

MaTbin NPUHUMN — UCMNOSb30BaHNE MaTeMaTU4YeCKM O6OCHOBAHHOIO NOpsaAKa NOCTPOEHUS:
AKCTPEMYMbI A0J/IKHbI HepenoBaTbCA B CTPOIro 3aaHHOM nNocnenoBaTelbHOCTHU (HaanMep,
MVIHVIMyM-MaKCVIMyM-MVIHVIMyM-MaKCVIMyM). HapyleHue 3TOM nocnefoBaTeNbHOCTH
NPUBOOMUT K HEKOPPEKTHOMY GOPMUPOBAHUIO MOLENN N cpasy CUrHanNnM3npyeT o TOM, 4YTO
aHanusnpyemasa [fpuMHamMuMka He COOTBETCTBYeT YCMNOoBUAM [NA MNpUMeHeHUs 6a30BblX
Moaenen. ATo 3awmaeT aHanUTUKa OT JIOXKHbIX I'IOCTpOGHMﬂ N OWNBOK MHTepnpeTaunu,
4YTO KPUTUYECKM BaXXHO B cpefax, rae peweHne HY>XHO NPpUHUMaTb GbICTPO U C BbICOKOWN
TOYHOCTbHO.

Lecton npuvHUMN HaAEXHOCTU CBfA3aH C ¢QpakTanbHOM WMHBAPWAHTHOCTbIO: MOAenw,
NOCTPOEHHbIE Ha BblIGPaHHbIX 3KCTPEMYMaX, COXPaHAKT CBOM CBOMCTBA HE3aBUCUMMO OT
MacwTaba JaHHbIX. OTO 3HAUYMT, YTO aHaNN3 ABMXEHMUS Ha rpaduke C Nepmoaom B 5 MUHYT
N Ha rpaduke c nepuoaomM B 1 AeHb OaCT OAHOTUMHbIE MOCTPOEHUS U BbiBOAObI, €Cnu
ANHaAMWKa COXPaHSIET Ty Xe CTPYKTYpy. Takoe CBOMCTBO OCOBEHHO LEHHO 418 TpenguHra
M aHanu3a NpPoLecCcoB C pa3HOM YaCTOTOM M3MEHEHUN, TaK KakK No3BOsieT UCNOMb30BaTb
eAuHble npaBuia W anropuTMbl Ha BCEX YPOBHAX [OaHHbIX 6e3 Heo6Xo4MMOCTH
aganTupoBaTb MOAenNb NOA KaXabl TauMdpenm.

CelbMOM NPUHUMM KacaeTcs YeTKUX KpuTepueB OTMeHbl Mogenu. B meTtoge cTporo
onpepeneHbl YCNoBUA, MNpU KOTOpbIX COOPMUPOBaAHHaAs MOAENb TepseT CBOK
aKTyanbHOCTb: Hanpumep, GopMUMpOBaHME HOBOW MOAENMN Ha TeX Xe 3KCTpeMymax Miu
NMPOGON KPUTUYECKMX YPOBHEN, PAaCCUUTAHHBIX MO UCXOOHON MOAenu. ATo u3baBnseT oT
ABYCMbICNIEHHbIX CUTyauuil, Korga aHanuTMK He 3HaeT, NpoAdo/KaeT nuM Moaesb
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AEeNCTBOBaTb WM HET, N CHMXKAEeT PUCK HEMNPaBUIbHOMO MOHMMAaHUS TEKYLLEro COCTOSAHUS
CUCTEMDbI.

Bocbmown NPUHUMN Hage>XXHOCTU 3aKro4aeTcqa B MOJIHOM OTCYTCTBUU 3aBUCUMOCTUN aHaNU3a
OT BHELWHUX @PaKTOpOB, TakKMX KaK HOBOCTW, MHEHUS 3IKCMEPTOB WAN COObITUA, He
OTPaXKeHHble HaMpPAMYHO B JaHHbLIX O LleHe uin oobekTe. MeTof paboTaeT NCKITHYUTENBHO
Ha OCHOBE OOBLEKTMBHO 3adMKCUPOBAHHbLIX OaHHbIX, YTO MO3BOMAET UCK/IOUYUTL BIINAHUE
aMoLmMn nUnu MHPOPMaLMOHHOrO WyMma. OTO OCOBEHHO BaXHO B YyCNoBugX, Korga obicTpble
U3MeHeHUs cpefbl MOryT co3faBaTb WAMHO3UKO HEOOXOAMMOCTU MepecMoTpa MpPOorHosa,
XOTA B peajibHOCTU AaHHblIE OCTAOTCA B paMKax MOLeEJIN.

HakoHeL, AeBATbIA MPUHUMM HAOEXHOCTM — YHUBEPCANIbHOCTb MPUMEHEHUSA: NMOCKOMbKY
MEeTO/[ OnupaeTca UCKIHOUYMTENIbHO Ha MaTeMaTUKy U FreoMeTpuio SKCTPEMYMOB, OH He
NPUBA3aH K Kakon-nnéo ogHoin chepe NnpumMeHeHus. FleomMmeTpuyeckmne noCTPoOeHUs C TEMU
e npasuiamMu MOryT 6biTb UCMOMIb30BaHbl Kak Afa aHanusa LeH Ha GUHAHCOBBIX PbIHKAX,
Tak U AN OUEHKM AMHaMMKM SKOHOMMYECKUX MNokasaTenei, ¢pusmMyeckux npoLeccoB B
MHXXEHEPHbIX CUCTEMAx WM paxe GUONOrMYECKUX OaHHbIX. OTO OTKpPbIBaeT LWUPOKUe
BO3MOXHOCTU A1 MPUMEHEHUS OAHOr0 M TOro € MHCTPYMEHTapus B CaMbIX Pa3HbIX
o6nacTax, 6e3 He06X0AMMOCTM pa3pabaTbiBaTb HOBble MEeTObl MOA KaXayto 3aaavy.

Taknum 06pa3om, MPUHLKMNBI HAOEXXHOCTU, 3a5I0XKEHHbIe B OCHOBE MeToAa, OenatoT ero He
NPOCTO MHCTPYMEHTOM [J19 Pa30BOro MporHo3a, a MOSIHOLEHHOW CUCTEMOM aHanusa
ANHAMWKN, CNOCOBHOW BOCMPON3BOAMMO paboTaTb B IFOOLIX YCIOBUSX U Ha NOObIX AaHHbIX.
OTO NO3BONSET NPUMEHATb €ro Kak B py4YHOM pexume s aHanu3a otaeNbHbIX KENCOB, Tak
N MHTErpMpoBaTb B aBTOMaTM4yeCKue CUCTEMbl MOHUTOPUHIa U yrnpasreHus, rae BbiCOKa
LeHa OWmnbKn n TpebyeTcsa cTabubHbIM U 06 BbEKTUBHBIN pe3yrbTarT.

Mouemy aTo pa6oTaeTt?

OCHOBHasi MpWYMHa BbICOKOM 3PHEKTUBHOCTM MOAXOLA, OCHOBAHHOrO Ha aHanuse
9KCTPEMYMOB M UX FrEOMETPUYECKOrO PaCcMoiOXEHWs!, 3aK/ItoYaeTCsl B ero CrocoBGHOCTH
06bEKTUBHO 3adUKCUPOBATbL KIHOYEBble M3MEHEHUS AMHAMWKU CUCTeMbl. B oTnmume ot
GONbLUIMHCTBA MHOMKATOPOB, KOTOpble o6pabaTbliBaloT [AaHHble 4Yepe3 GUIbTpaLmio,
CrnaxvBaHue Unn ycpegHeHue, aKCTpeMarbHbl aHanmM3 poKycupyeTcs MUMEHHO Ha ToYKax,
roe npoucXoouT CMEeHa HanpaBfeHUss WM  3HauuTeNlbHoe YCKOpeHue/3amMepnsieHune
ABUXEHUS — TO €CTb Ha peanbHbIX «COGbITUAX» BHYTPU OaHHbIX. OTO MO3BONSAET Cpasy
BblAENNTb MOMEHTbI, KOrga CUCTeMa HauMHaeT BecTu cebBs MHaye, U CBOEBPEMEHHO
OLUEHUTb CUNY M NPOAOSXUTENbHOCTb HOBOM TEHAEHLMM.

CDpr,alvleHTaano MeTo[, paboTaeT NOTOMY, YTO Nt06as ANHaMUYecKasi CucTema, Kotopas
pas3BuBaeTcA Ha OU3MYECKOM [MNnaHe, MOAUYMHSETCA MNPUHUKUNY 4YepeoBaHus ¢aas:
YCKOpPEHME M 3amMepsieHue, poCT W NafeHue, TpeHn U Koppekumda. ITn ¢asbl Bcerga
NPOABAAOTCA Yepes3 aKCTpeMyMbl. [laxke ecnu KonebaHWa LieHbl N NOKasaTens KaXyTcs
XaOTUYHbIMHU, NMpPpUN BHUMATENIbHOM PaCCMOTPEHNUN OHU CleayroT onpe,qeneHHon CTPYKTYype
CMeHbl MakKCUMYMOB U MWHUMYMOB. MeTon UCMOoMb3yeT MMEHHO 3Ty YHWBEepCalbHYHO
3aKOHOMEPHOCTb — OQUKCUPYA 4YepefoBaHMe 3KCTPEMYMOB, OH MNO3BONSEeT MOCTPOUTb
Kapkac guHaMWKN CUCTEMBbI.
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[pyroi BaxxHbIl MOMEHT — CTporas mMatemaTuyeckas popmanusaums npasun Gukcaumm
SKCTPEMYMOB. JTO AenaeT aHanmn3 yCTOMUMBBLIM K KOPOTKMM BCMIeCKaM BOMATUNbHOCTH
WAN PLIHOYHOrO LWymMa W Mo3BoNAeT ¢OKyCcUpoBaTbCA Ha [EWCTBUTENBHO 3HAYMMbIX
M3MeHeHUAX. 3a CYET 3TOro MoJenu, NOCTPOeHHbIe Ha aKCTpeMyMmax, 06n1afatoT BbICOKOM
POGACTHOCTBIO U He Aak0T NTOXHbBIX CUrHANMOB NPU HECYLLLECTBEHHbIX KONeGaHUAX.

Cnepaytolien NpUYMHoON, o6bACHAILLEN paBboTOCNOCOBHOCTb MeToAa, ABNAETCA aHaNu3 He
OTAENbHbIX TOYEK, a WX B3aUMHOIO PacnosioXeHua. Hanpumep, nMHMA TpeHaa,
npoBeAegHHana Yepes NepByt M TPETbIO penepHbie TOUKM, POPMUPYETCA HE Ha OCHOBaHUU
MHTYMUMU WM CYGBEKTUBHbIX OXWAAHUM, a Ha OGBbEeKTUBHOM COOTHOLUEHUM YKe
CBEPLUMBLUUXCA 3KCTPEeMYMOB. JIMHUA Lenein yepes BTOPYHO U YeTBEepTy TOYKM 3agaeT
MPOTrHO3HYIO PaMKy ONA AanbHeNlero ABUXEHUsA. OTU NMHUU 0Bpa3syroT nepeceydeHue,
KOTOpOe YKasblBaeT Ha K4YeBble YPOBHM U BPEMEHHble TOYKW, Tae C BbICOKOM
BEPOATHOCTbIO NMPOU30NAYT COBbLITUA, HanpPUMep, Pa3BoOPOT UM YCKOPEHUE OBUXEHUS.
MaTemMaTuyeckun Takme NMHUK BblpakatoTca Kak NpsaMble C YpaBHEeHUAMM BUa

L:y=kt+b
a UX nepeceyeHuns Unu yribl 4aroT KOIMYECTBEHHYHO OCHOBY /151 MPOrHO30B.

MouyemMy aHanu3 yrnos paéoTtaeT? MOTOMY UTO Yron MexXay JUHUAMMU TpeHda u uenen
0GBEKTUBHO OTPaXkaeT CUTY U CKOPOCTb Pas3BUTUA OBMXEHUS. Yem ocTpee yron, Tem
GbICTpEe U MOLUHee TeKyllee ABUXEHUE, HO TeM BbiICTpee OHO MOXET ucuyepnaTb CBOW
noTeHuman. LLUnpokuin yron, HanpoTuB, yKasblBaeT Ha MeANeHHOe U YCTOMYMBOE pa3BUTHE
TpeHaa. 3TO CBOWCTBO MO3BONSAET KOMMUYECTBEHHO OLIEHWTb XapaKTep ABUXeHus 6e3
MCMNONb30BaHMA CNOXHbIX MHAMKATOPOB M 6€3 Heo6XOAUMOCTU MOArOHATb MapameTpsbl
aHanM3a noj, Ka<ayt KOHKPETHYI CUTyaLuIo.

Oco60e 3Ha4yeHne s paboTOCNOCOBHOCTM MeTOAa MMEET NPUHLMMI Nepapxun Moaenen n
NX BNOXEHHOCTU. [IMHaMumKa Nto6on CUCTEMbI HOCUT PpaKTanbHbIM XapakKTep: Ha 60NbLUMX
BPEMEHHbIX UHTepBanax TpeHAbl COCTOAT M3 MeHbLUMX TPEeHAOB U Koppekuun. Mopgerns,
NOCTPOEHHas Ha CTaplleM Tanmopenme, onpegenseT rnobanbHoe HanpasneHue, Toraa Kak
Mogenu Ha Mnagwmx Taumepenmmax Mno3BONAKOT YTOUYHUTb JIOKallbHble TOYKW BXO4a M
BbIXO4a, 30Hbl pucka un uenu. MNpu 3ToM, YTO OCOBEHHO BaXXHO, MpaBuia NOCTPOEHUs
Mofenen OAuHaKoBbl Ha Bcex MacwTabax, YTo rapaHTMpyeT COBMECTUMOCTb aHanuaa
rno6anbHOro 1 NOKanbHOro YPOBHEN.

BakHbIM (paKTOPOM HafAeXXHOCTM MPOrHo3a ABnsfeTcsa TO, YTO Mofeflb He pearupyeT Ha
HOBble [aHHble, eC/IM OHWU He HapyLLalT CTPYKTYPY NOATBEPXAEHHbIX 3KCTPEMYMOB. JTO
03HayaeT, YTo KonebaHusa BHYTPU AnanasoHa MoJenu He NpUBOAAT K OTMeHe NporHosa unm
Heo6X0AMMOCTM NepecTpanBaTb aHanu3, Noka He NosABUTCA HOBas MOCNeAoBaTeNbHOCTb
SKCTPEMYMOB, COOTBETCTBYHOLLAA NPaBuIaM CMeHbl TpeHga. Takol noaxon 3almuaeT ot
«MNepepuCcoBKN» MoaeNien — pacnpocTpaHeHHoN Npo6eMbl MHAMKATOPOB, KOTopble MOryT
paguKanbHO M3MEHWUTb CUrHasbl Mocne MOsABEHUA Ka)Aoro HOBOro 6apa, Aenas aHanus
HEeCTabU/IbHbIM Y HEMPUIOAHBLIM AN UCNOJIb30BaHNA B peanbHOM BPEMEHM!.

Moyemy MeTog paboTaeT Ha n60M Tanmppenme? [MOTOMY 4YTO OH CTPOMUTCHA Ha
byHAaMeHTanbHOM reoMeTpPMYECKOM 3aBUCMMOCTH, HE 3aBUCALLEN OT MacluTaba BpeMEHMU:
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B3aMMHOE pPacrnofioXeHue MOATBEPXAEHHbIX 3KCTPEeMYMOB OCTaeTCA HeU3MEHHbIM Mpu
M3MEHEHUN BPEMEHHOr0 paspelleHna [fOaHHbIX. Ecnv  [OBMXKEHWe COXpaHAeT CBOH
CTPYKTYpPY, TO aHanu3, BbINOMHEHHbIA Ha 5-MWHYTHbIX JaHHbIX, 6YOeT MOEHTUUYEH aHanuay
Ha 4-4acoBblX WM OHEBHbIX rpadukax. ATO CBOWCTBO ¢paKTarbHOW MHBaPUAHTHOCTM
genaeTr MeTof YHMBEPCalbHbIM MHCTPYMEHTOM AN aHanu3a Jo6oM AMHaMUYeCcKon
CUCTEMbI, HE3aBMCUMO OT YacTOTbl MPOUCXOOALLMNX U3MEHEHUIA.

Ewe opHoun I'IpVIl-IVIHOVI BbICOKOM TOYHOCTMU NPorHo3a ABMAETCA OObeKTUBHasA MeXxaHuKa
OTMeHbl Mogenu. B MeTofe 4eTko onpefeneHo: ecnu popmMmpyeTca HoBas Moferb Ha Tex
e 3KCTpeMyMax Uim ecnu ueHa npobuBaeT Ko4veBble YPOBHU, pacCYnTaHHble Ha OCHOBE
MCXOAHOM MOAeNn, To npepgbigyuaa Mmoaesib aBToMaTU4EeCKU nepectaeT aencrteoBaTb. 3TO
UCKJTtoYaeT OBYCMBbIC/IEHHbIE CUTYaLMN N N30aBNAET aHaINMTUKa OT HEOBXOAUMOCTUN ragaTb,
aKTyaneH nun elle CAENaHHbIN paHee NporHoas.

Kpome TOro, 3a¢¢pektMBHoCTb MeTofa oOycnoBfieHa OTCYyTCTBMEM 3aBUCUMMOCTU OT
CYObeKTUBHbIX GaKTOpOB, TakKMX KakK HOBOCTW, CIYyXW WM 3MOLMOHANIbHOE COCTOSIHME
Tpeﬁlp,epa. Mogenb yuntbiBaeT TOMbKO OO6bEKTUBHble OaHHble, NpefcTaBneHHble B BUAe
AKCTPEMYMOB U UX B3aUMHOIO0 pPacnofioXXeHUA, 4TO UCKIIKYaeT BINAHUNE 4YernoBeYeCKUX
3MOLNM N KOTHUTUBHbBIX MCKaXXEeHNN Ha pe3ynbTaT aHanns3a. OTO 0COBEHHO BaXXHO B cpefax,
rge BblICOKaA CKOPOCTb NMPUHATUA peLIJeHVIVI M 0OBEKTUBHOCTb aHaiM3a KPUTUYECKM BaXKHbl.

HakoHeu, meTop paboTaeT MNoToMy, 4TO Nro6asd AMHaMUYecKasa CUCTeMa, CTPEMACb K
yCTOVI‘-IVIBOCTVI nnn nepexonda B HoOBoe COCTOAHUE, OCTaBNIAET B OaHHbIX «Cnefgbl» B BUAE
3aKOHOMepHOCTeVI AKCTpPEMYMOB N UX NMPOCTPaAHCTBEHHbLIX OTHOLLEHUN. FEOMeTle-IeCKMﬁ
aHanus o¢ukcupyeT 3T cnegbl M MO3BONSAET CTPOUTb MPOrHO3bl, OCHOBAaHHblE Ha
OOBEKTUBHbIX MPU3HaAKax U3MEHEHNA CTPYKTYPbl CUCTEMBbI. Takon nogxopn obecrnevnBaeT
TOYHOCTb U HafeXHOCTb aHanu3a, HegoCTynHble 60NbLIMHCTBY METOL0B, nonaratowmxcs
Ha Crna)xeHHble AaHHble UN CYObEKTUBHYIO MHTEPNpPeTaLnto CUrHanosB.

Takum ob6pa3omM, MeTof aHanunsa depes AKCTPEMYMbI U UX TeoOMeTpnu4eckunue rnocCTpoeHunq
paboTaerT, NOTOMY 4YTO OH CTPOUTCA Ha (DyH,D,aMeHTaJ'IbeIX CBOMCTBax OMHAMWYECKUX
cucTem: 4depepoBaHuu ¢as, 06bEKTUBHOM PUKCauMn KIHOYEBBIX TOYEK N COXpPaHEHUH
B3aMMHbIX reomeTpunyecKunx OTHOLIJeHVIIZ, KOTOpble OCTarOTCA WHBApPUaAHTHbIMU MPU
N3MeHeHUN MacluTaba BpeMeHu. OTn cBoUCcTBa AenaroT MeToL MOLLHbIM MHCTPYMEHTOM
ONA aHaln3a U NPorHo3a C/I0>XKHbIX NpoueccoB B NHOOBbIX Cd)ean.

3aknoyeHue

MeTogd aHanusa AMHaMUYECKUX CUCTEM 4Yepe3 GUKCaLMo 3KCTPEeMYMOB M MOCTPOeHue
MoAenen Ha WX OCHOBe MNpeAcTaBnAeT CO6GOM YHWUKaNbHbIA MOAXOA, COYeTaroLUi
MaTeMaTUYeCKyt0 CTPOroCTb, MPOCTOTY MPUMEHEHUS U UCKMOYUTENbHYIO TMBKOCTb. B
OT/IMYMe OT OGONbLUMHCTBA KJlaCCMYEeCKMX MeTOAO0B, KOTOpble OCHOBbLIBAOTCA Ha
yCpeOHeHUM JaHHbIX, CrIaXXMBaHUM UMK CyGbEKTUBHON MHTEpPMpeTaLmmn rpapuKos, AaHHbI
MOAXO/ MO3BOMSET CTPOUTb MPOrHO3bl UCKIOYMTENBHO Ha OBGBEKTUBHON WMHPOPMaLUK,
MONYyYEHHOW U3 CTPYKTYPbl CaMUX AaHHbIX. ATO AenaeT ero HageXKHbIM MHCTPYMEHTOM Kak
ANS PYYHOrO, Tak U AN aBTOMaTU3MPOBaHHOIo aHanmsa.
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OCHOBHOE nNpPeuMMyLecTBO MeToda — CMOCOOHOCTb TOYHO OGUKCUPOBATb KIHOYEBbIE
MOMEHTbI CMEHbI HanpaBfieHUsT OBUXEHUS CUCTEMBI, YTO KPUTUYECKN BaXKHO NMpu padoTe B
yCnoBuUAx BbICOKOW BONATUMLHOCTU WIN ObICTPO MeEHSALWMXCA TEHOEHUMNN. Bnarogaps
CTpOrMMm npasunam Bbibopa penepHbIX TOYEK U NOCTPOEHUSA Mogenewn, pe3ysibTaTbl aHaJln3a
OCTakoTCd BOCnpon3soaAnMMbiMU N HE 3aBUCAT OT YENNOBEYECKUX 3MOLUUNM UNKn oXXngaHmn. 3To
KauyeCTBO OCOOEHHO BaXHO ANnA npo¢dpeccuoHanbHOro NpUMeHeHud, Korga LeHa OWWWnoKu
MOXET 6bITb OYEHb BbICOKOM.

KpomMe Toro, MeTof yHUBeEpCasneH: ero MOXHO MCMoNb30BaTh AN1A aHanu3a BpPeMeHHbIX
pAOoOB  NO6GOM  MNpupoAbl — OT  KOTMPOBOK  GUHAHCOBLIX WHCTPYMEHTOB MU
MaKpPO3KOHOMUYECKUX MHOMKATOPOB A0 AaHHbIX MPOM3BOACTBEHHbLIX MPOLECCOB M Aaxe
GUONOrNYECKUX WU  COoUManbHbIX CUCTEM. [EeOMETPUYECKUA aHaniu3 3KCTPeMyMoB
MPUMEHNM B NOGOM MacluTabe BPeMeHU U COXPaHAET CBOK CTPYKTYPY MPU U3MEHEHMUU
TauMPpPeinmoB, UYTO OTKPblBAET BO3MOXHOCTM [/ MHOroMaclTa6HOro aHanusa Mu
MHTerpaumm ¢ Apyrumm MeToaamu.

Ewe ogHUM BaXKHbIM UTOrOM NMPUMEHEHUSA MeTo4a SABNAETCA MpPOo3pPayvyHOCTb pe3ynbTaToB:
KaXXabln MPOrHO3 MOXHO OOOCHOBATb, NOKa3aB MOCTPOEHHbIE JIMHUN, yrnbl 1 B3anMHOe
pacnonoXXeHne aKCTpeMymoB, 4TO NO3BOJIAET TOYHO NMOHATb, Ha YeM OCHOBaH aHalJ113. o910
CBOMWCTBO fenaeT MeTo[, y,EI,O6HbIM He TOJIbKO AJid JIMYHOIro npuMeHeHund, HO U [N
KOMaHAHOM pa6OTbI, noAroToBKM OTYETHOCTU UK 3alllUTbl aHaNNUTUHYECKUX BbIBOOOB nepen
KINMMeHTaMn nnn Konneramu.

B utore, MeTof aHanmsa 4yepes 3KCTPEMYMbl U UX FeOMeTPUYeCcKoe pacronoxXeHne pgaet
BO3MO>XHOCTb CyWeCTBEHHO NOBbLICUTb Ka4eCTBO peLLIeHVIl;1 B Nt060M coepe, roe KPUTUYHO
cBoeBpeMeHHO onpepenAaTb U oueHnBaTb USMEHEHUA TeHgeHunn. OH no3BonseT nepeMTM
OT WMHTYWUTUBHOrO U CYOBEKTUBHOrO aHanm3a K CTporo ¢opmannsoBaHHOMY nogxoay,
KOTOprVI obecneymBaeT CTabUIbHOCTb, 06 EKTUBHOCTb U BbICOKYH) TOYHOCTb NPOrHO30B —
M UMEHHO 3TO pfenaetr ero uUeHHbIM WHCTPYMEeHTOM And BCeX, KTO CTpeMUTCA K
npo¢deccmoHanbHOMY U CUCTEMHOMY MOHUMaHWIO AMHAaMUKUK NPOLLECCOB.
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