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MOJAE/INPOBAHME ITPOLECCOB PEAJIM3ALIMU NTAMATH U CAMOOPTAHU3ALIMHA
UH®OPMAILIUHU ITPU MTPOTHO3UPOBAHHUU HOBOCTHBIX COBBITHM C
UCII0JIb30BAHUEM MACCHUBOB ECTECTBEHHO-f3bIKOBbIX TEKCTOB*

AHHOTALUA

B pabome npedcmassieHa pa3pabomaHHasi Modesib NPoeHO3UPO8AHUS HOBOCMHbBIX COObIMUT HA
OCHOBe cmoxacmuyeckoli OUHAMUKU U3MEHEeHUsl KJAacmepog HOB0CMHbIX 06pa3o8 u
peaausayuu namsmu 8 UHPOPMAYUOHHOM NPOCMPAHCMBE NpPU  CAMOOP2AHU3AYUU
caabocmpykmypupogsaHHoli  uHgopmayuu. IlpoeedéHHbill asmopamu pabomvl aHAAU3
cmoxacmuveckoli OJuHamuku docmuixceHuss nopoza peaausayuu HOBOCMHO20 CO6bIMuUs
noKasbleaem 803MOMCHOCMb POCMA 8ePOSIMHOCMU hepexoda 4epe3 Hez0 NPAKmu4ecku cpasy
noc/ie Ha4aaa npoyecca UsMeHeHUsl CMpPYKmMypbl HOBOCMHbIX K/JAACMepos8, YMmo C8513aHO C
yuemom namsmu 0 hpedbldywux COCMOSIHUSX 8 UHPOPMAYUOHHOU cucmeme U 803MOXCHOCMU
ONnucaHus camoopzavu3ayuu ecsaedcmeue yvyema 8 JduddepeHyuaavHoli Mmodeau
UHEPOPMAYUOHHBIX NpOYecco8 8Mopoll npou3sodHoli no epemeru. Kpome mozo, npedaazaemas
Modesb NOKA3bl8aem 803MOXCHOCMb PE3KUX U3MEHEHUll 8epOosimHOCMU nepexodda uepe3 nopoz
cobbimutl, U yuumolgdem HaJjudue 8 eé nogedeHuu ocyuaisyuil. Ha ocHose paspabomaHHoU
Modeau c030aH aA20pUmM aHAAU3A 83AUMOCESA3U HOBOCMHbIX KAACMepPo8 8 UHPOPMAYUOHHOM
npocMpaHcmee ¢ 803MOHCHOCMbI0 03HUKHOBEHUSI NPO2HO3UPYeM020 CoObimusi, U onpedeseHust
803 MON}CHO20 BPEMEHU e20 peanu3ayuul.
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MODELLING OF MEMORY REALIZATION PROCESSES AND THE IMPLEMENTATION
OF INFORMATION SELF-ORGANIZATION IN FORECASTING THE NEW'S EVENTS
USING ARRAYS OF NATURAL LANGUAGE TEXTS

ANNOTATION

The paper presents a developed model of forecasting of news events on the basis of the stochastic
dynamics of the news clusters and realization of memory in the information space with the self-
organization of semistructured information. The stochastic dynamics of achieving the threshold
of realization of the news event analysis, carried out by the authors, shows the possibility of
growth of probabilities of transition through the realization threshold probabilities almost
immediately after the beginning of the process of modification in the structure of the news cluster,
the probability of transition is determined by previous states in the information space memory
consideration and the possibility of self-organization description, resulting from information
processes, the second time derivative, in the differential equation consideration. In addition, the
proposed model shows the possibility of sudden changes in the probability of passing the events
threshold, and takes into account the presence of oscillation in its behavior. On the basis of the
developed model the algorithm of analysis of connection between news clusters in the
information field and the possibility of occurrence of the predicted event as well as determining
the possible time of its implementation has been created.
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BheICTpBIA pOCT 06'bEMOB 6a3 JaHHBIX BO Bcex chepax yes0BeYeCKOW JesiTeTbHOCTH IMPUBE K
Ype3BbIYaWHON BOCTPe6OBAaHHOCTH 3PQPEKTUBHBIX HMHCTPYMEHTOB MO NpPeo6pa30BaHUIO JAHHBIX B
LeHHy10 uH$opManuio. O6GIHpPHbIE 06'bEMbBI TEKCTOBOM MH(OpPMaLIUH, JOCTYITHON B 3JIEKTPOHHOM BHU/IE,
MPOJIOJIKAIOT PAaCTH C olIeJoMJsolIeld ckopocThio. [1o oneHkaM 3kcnepToB K 2020 roxy o61eMHpoBoM
00'beM pa3JIMYHBIX JaHHBIX 6yAeT 0koJi0 35000 Ik306aiT (Ik30=1018), 4TO COCTABUT POCT IO OTHOIIEHUIO
k 2010 roxy B 44 pasa. Ilpuuem go 90% OyAyT cOCTaBJATb He CTPYKTypUPOBaHHbIE WJIU IJIOXO
CTPYKTYpHUpPOBaHHbIe AaHHbIe, a 10 80% JaHHBIX He OYYT UCI0/b30BaHbl TOBTOPHO.

[IpeacraBieHHass pa6oTa MOCBsilleHa pPa3paboTKe NPUHIMIOB W HAyYHbIX MeTOJI0B
MPOTHO3UPOBAHHUS PeJIKUX aHTPONOreHHBIX COOBITUH, CIOCOGHBIX OKa3bIBaTh CYILIECTBEHHOE BJIMSHUE HA
conaJbHOe M 3KOHOMUYECKOe pa3BUTHE 00I1lecTBa.

B HacTosi1lee BpeMs CyliecTByeT BblABUHYTast Haccumom Hukosnacom Tase6oM Teopus, B KOTOpOH
paccMaTpUBaeTCsl NMPUPOJA BO3HWKHOBEHHS M peajiu3alluM TaKUX COOBITHHM. CoOrJIacHO ero TeopuH,
JlaHHbI€ SIBJIEHUS 10/LKHBI Y0BJIETBOPSTh CJEYIOIUM KpUTepusam [1]:

1. Co6bITHE SIBJISIETCS HEOXKUJAHHBIM (/151 9KCIIEPTOB);
2. Co6bITHE HMEET 3HAaYUTE/bHbIE MOC/AEeCTBUS;
3. [locsie HacTynsieHus], B PeTPOCIEKTUBE, COOBITUI0 MOXXHO JaTh PaLMOHAJIUCTHYECKOE

06'bSICHEHME, KaK eCJIM Obl OHO GbLJIO 03KHUJAEMBIM.

Haccum Huxonac Tasie6 /151 Takux siBJieHUN BBeJ NoHsATHE: «YépHbIN ebeab» («Black swany). C
ero TOYKM 3peHUsl MPAKTUYECKH BCe 3HAUMMble Hay4YHble OTKPBITHS, UCTOPUYECKHE U MOJUTHYECKHE
COOBITHSA, AOCTHKEHUS UCKYCCTBA U KYJIbTYypbl — 3T0 «YépHble Jiebean». B cBoedt Teopun Haccum Tase6
npeJoJaraeT, YTO YeJI0BeYeCTBO He CIIOCOOHO YCIEelIHO NPOrHO3UPOBATh CBOE OYAYIIee, 2 yBEPEHHOCTh
B CBOMX 3HAHMUSIX ONlepeKaeT CaMU 3HAHUs U MOPOKJaeT GeHOMEH «CBepXyBepeHHOCTH» [1].

[TocKkosIbKY B peajsibHOM MUpE CYLIeCTBYIOT NIPUYUHHO-C/IeICTBEHHbIE CBSI3H, TO HAa HAlll B3IJISA/
HeJsb3s1 OJHO3HAYHO yTBEPXK/JAThb, UTO JaHHAs 33/jaya He MMeeT pelleHUs], U B NpeJCTaBJIeHHON HaMU
paboTe Mbl 0603Ha4aeM HEKOTOpPble BO3MOXHbIe MTyTH eé pelieHus. Co3gaHue Moziesiell BOSBHUKHOBEHUS
«YépHBIX Jebefel», MO3BOJISIOIMX MpPeACKa3blBaTh BO3MOXHOCTb MOAOGHOTO pPOJAa COOBITHH,
npeJCTaBJIseT Ha HAL B3IVISA/, 3HAYUTEJbHBIN KaK HAyYHbIH, TaK U NPAKTUUYEeCKUH HHTEpEeC.

YacTu4HOe pelieHHe 33auyd TNPOrHO3UPOBAHUS COOBITMH JOCTUTHYTO B 3KOHOMHUYECKHX
06J1aCcTsX, HAIPUMED, [JIs1 TEXHUYEeCKOTo aHaJi3a NoBeJeHUs1 $bloYepCHBbIX PbIHKOB [2]. [is aToro B
YAaCTHOCTH MOXXHO HCII0JIb30BaTh MHOIOMEPHBIM CTAaTUCTUYECKHMH aHaJW3 U BpeMeHHble psaAbl [3].
O6cyxJast TeMy MaTeMaTH4YeCKOro MOJEJUPOBAaHUS U IMPOTHO3WPOBAHUS PA3BUTHUS 3KOHOMHYECKHUX
MPOIeCCOB HEOOXOJUMO OOPATUTh BHHUMaHKUE Ha PAaGOThl POCCUHCKON HAy4YHOM LIKOJIBI aKaJleMuKa A.A.
[lerpoBa u 4. — kopp. WU.I. [locnienoBa [4-6], pa6oTel npodeccopa PT. Aneckeposa [7,8], mocBsieHHbIE
TeopuH BbiGopa (Mojesb MHTEPBAJLHOIO BbI6OpA, MOJe/b KOJIJIEKTUBHOTO BbIOOpPA, OCHOBAaHHbIE HA
pacCMOTpPEeHUHU KJIacCOB GMHAPHBIX OTHOLIEHUH, TAKUX KaK cJabble GUNOPSKH, IPOCThIE U IpOCTelIne
MOJIYTIOPSI/IKK ), HA OCHOBE KOTOPOU MOXKET ObITh IIOCTPOEHA MOBe/[eHUYeCKast MOZe/Ib OUPXKU.

B HacTosimiee BpeMsi OCHOBHble paboTbl B 006JIaCTH NPOrHO3UPOBAHUS COLMAJIBHBIX
MHOOPMAIMOHHBIX IPOLIECCOB HANpaBJieHbl Ha ONMCAaHHUE MOBeJeHHUs M0Jb30BaTeseld B COLMAJbHBIX
CeTsX U CETU UHTEPHET. B yacTHOCTH, MOXKHO yNIOMSAHYTb paboTsl [9,10].

Mogesy, 6/1M3KHe 0 po6JieMaTHKe K pejJiaraeMoil HAMHU TeMe IIPOrHO3WPOBaHHS HOBOCTHBIX
COGBITHH, 6BLIM paccMOTpPeHbI B paboTax [11,12]. B [11] aJis pelieHrs 33141 NIPOrHO3MPOBAHUS aBTOPEI
M3y4aloT BpeMeHHble 3aBUCUMOCTH B IOTOKAX COOBITUH U BBOASIT KyCOYHO-ITOCTOSIHHYIO alllIPOKCUMALUI0
X UHTEHCUBHOCTH, NpuMeHss balecoBckuil noaxof U pacrnpe/esienue [lyaccoHa K OnMcaHUIO BbIGOPKU
Ba)KHOCTH OYAYIIUX COOBITUM. ITO MO3BOJISET NOCTPOUTh HeJMHEHHble BpeMeHHble 3aBUCUMOCTH ISl
npeAcKasaHUsi OYAYIIUX COOBITUHA C HCIOJb30BaHUEM JepeBbeB pelneHUd. OJHAKO, aBTOPHI He
paccMaTpUBalOT HaJW4yMe MNaMATH WHPOPMALMOHHOTO TNPOCTPAHCTBA U  BO3MOXXHOCTb  €ro
CaMOOpraHU3alMH, UTO SBJISIETCS Ha HAlll B3IJIsL/, O4eHb BaXKHbIM /Il IPOTHO3UPOBAHUSA PEJIKUX COOBITUH.
B pa6orte [12] mss omucaHHUsA CTPYKTYPbl HOBOCTHOrO MHQPOPMAIMOHHOrO MPOCTPAHCTBA BBOJHUTCS
MOHSITHE JAUPEKTOpPA - YCJIOBHOM OCH, MOJIOKEHHE KOTOPOU olpejiesisieTcs ycpeJHeHUeM HalpaBJeHUuH
BEKTOPOB, 33/1aI0I X [10JIOXKEHHE LIEHTPOB BCEX HOBOCTHBIX KJIACTEPOB. ABTOPbI NPeAJaraloT IPOBOAUTD
aHa/IM3 CaMomoJo6Usl B MOBEJEHUHU JUPEKTOPOB HAa OCHOBe Mojesau XEPCTa U HAa OCHOBAHUHU 3TOrO
BBISIBJISATh HAJIMYME NePUOAUYHOCTH B UX TOBEJIEHUH, U IPOrHO3UPOBATh IOBTOPSIEMOCTb.

OTMeuasi CyLeCTBEHHbIE YCIIEXH, JOCTUTHYThle B IPOTHO3WPOBAHUU MOBEJEHUS NPOLECCOB AJIS
TEXHUYECKUX U S3KOHOMHUYECKHX CHUCTeM, Heslb3sl He 06paTUTh BHUMaHHUE Ha TO, YTO /JJIsl COLMaJbHBIX
CUCTEM CyIeCTBEHHBIN IMporpecc B JAaHHOW 06J1aCTH OTCYTCTBYeT, a MeXaHUCTHYECKOoe NepeHeceHUe
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METO/I0B U [TO/IXO/I0B TEXHUYECKUX M 3KOHOMUYECKUX HAyK He JIaeT JKeJlaeMbIX pe3y/IbTaTOB.
[IporHo3vpoBaHue MOSBJEHUS B COLMAJNBbHBIX CUCTEMAX HOBOCTHBIX COOBITUM TUNa «YEpHBIN
Jiebe/ib» OCJIOKHSIETCS HeO0OXOJAMMOCTbIO IOMCKA CKPBITBIX 3aKOHOMEPHOCTEeW B GOJIbUIMX 06'beMax
C1a6OCTPYKTYPUPOBAaHHONW TreTeporeHHoM WHGOpPMaLUM M pelleHHeM Mpo6JeMbl HU3MEPHUMOCTU
napaMeTpOB Pa3IMYHbIX IPOTEKAIOLIUX TPOLeCCOB. APUOPH BCe JaHHbIE IBJISIOTCS [10 CBOEMY XapaKTepy
reTeporeHHbIMU (UMeT pa3Hblid GopMaT NpejCcTaBIeHUS U eIUHULbI U3MepeHUs1). BaxkHbIM sIBJIseTCS
TO, YTO UCII0JIb30BaHHE CYLIECTBYIOIINX METO/I0B U M0/IX0/I0B UHTEJ/JIEKTYaJbHOT0 aHa/In3a JaHHbIX (Big
Data) He NPHUHOCHUT OLIYTHMBIX PE3Y/NbTATOB, MOCKOJbKY NpPHMEHEHHEe HMEIIIUXCS HHCTPYMEHTOB
OYMCTKH, HU3BJIEYEHHUS W aHa/JM3a [JAHHbIX, CKOpee BCEro He MO3BOJISIIOT W3BJIEKaTb CaMH 3HAHUS,
YHUUTOXAsi UX CKPbIThble (JIaTeHTHble) CBA3U ([J1s M3y4eHHs HeJMHEWHbIX MPOLEeCCOB MPUMEHSIOTCS

JINHEWHbIE MEeTO/IbI).

[losiBneHHEe peIKOr0 HOBOCTHOTO COOBITUS THIA «{EpHBIH JiIebejb» MOXKET 3aBUCETh OT PaKTOPOB
JII060¥ NpUpoAb! (MPUPOAHBIX, KINMAaTHUYECKUX, aCTPOHOMHUYECKUX, [€0JI0rHYeCKHUX, COLIUAIbHBIX U T.J.).
Hanpumep, ycCTaHOBJIEHO BJIMSIHHME COJIHEYHOM aKTHUBHOCTU (11 sieTHud U 60 JIeTHUH IMKJIBI) Ha
couuabHble (BOMHBI, PEBOJIIOIMY, BOJIHBI NlepecejieHUs] HapoJAoB U T.J.) U S9KOHOMHUYeCKHe MPOLEeCcChI
(Heyporkaii, rosiosi, naZieHue GUPXKEBBIX UHEKCOB U T.A.). KnMMaTHu4yeckue yca0BUS U UX U3MEHEHUS TaKXKe
BJIUSIIOT B UCTOPHUYECKON NepCreKTHBE Ha COLfMAJIbHO — 3KOHOMHUYECKHE MTPOLECCHL

[Ipu co3gaHUU MOAENN NMPOrHO3UPOBAHUS HOBOCTHBIX COOBITUM HEOOXOAUM MaTeMaTU4eCKUU
anmapat, KOTOPbIM M03BOJIUJI 6b1 $OpPMaJN30BaTh XapaKTep JAAaHHBIX U NMPUBECTU UX K €IUHOM IlKaJe
rn3MepeHU . O4eBU/IHO, YTO HEJIb351 B OHON MO/Ie/IM IPOBOJUTD BBIYUCIUTE/NIbHbIE ONlepaliuy, HapuMep,
Ha/i, IMHI'BUCTUYECKUMHU OLleHKaMH Y BeJIMYMHAMU MeTPUYECKOU LIKabl, 6€3 UCI0JIb30BaHUS IPOLeAYD
oToOpakeHUss Ha GpopMasibHOe He3pa3MepHOe MHOXKECTBO.

CyTb mnpepasaraeMblx HaM{ HPUHLMIOB /[iJIT BO3MOXXHOCTH MPOTHO3UPOBAHHUS HOBOCTHBIX
COOBITUH 3aKJII0YAETCS B C/eAYIOIIEM:

1. Ha ocHOBe cyllecTBYIOIIMX METOJ0B MaTeMaTHYECKOW JIMHIBUCTHKH HE06xX0JWMO GpopMaiu30BaTh
onucaHue WHPOPMAILMOHHOI'O0 MPOCTPAHCTBA, NPECTABJSIONIET0 HAO0P TEKCTOB Ha eCTeCTBEHHBIX
sA3bIKaxX. TakuM o6pa3oM, NpeAnoJaraeTcs peluTb Npo6jaeMy Pa3HOPOJHOCTH JAHHBIX U eJUHMUI]
M3MepeHHUs MapaMeTPOB Pas/IMYHBIX NPOLEeccOB (IIKajJbl M3MepeHUU 3aBeJOMO OTpPYyOJISIOTCS U
CTAHOBSITCS IMHTBUCTUYECKUMH, HO IIPH 3TOM BCe JlaHHble GOPMaIU3yIOTCs eJUHBIM 06pa3oM).

2. Ha ecTecTBEHHOM $I3bIKE€ MOXXHO J]aThb ONHCAaHUE HHTepecymwollero (MnpejnoJjaraeMoro) HOBOCTHOIO
COOBITHS, AJIs1 KOTOPOro OyAeT HMPOBOAUTHLCSA MPOrHO3UPOBAaHHE ero peanusauuu. M1 Ha ocHoBe
MEeTOJI0B MaTeMaTU4eCKOH JIMHIBUCTUKHU OCYIIEeCTBJseTCS ero ¢$opMajvM30BaHHOE OIMCAaHHE B
“HbOPMAIMOHHOM IIPOCTPAHCTBE.

3. YyuTeiBas, 4yTo MHPOPMAIMOHHOE NPOCTPAHCTBO SIBJSETCS OTOOpaKEHWEM peasbHOr0 MHpa, B
KOTOPOM CYLIeCTBYIOT IPUYMHHO-CJIe/JICTBEHHbIE CBSI3U MEX/1Y COOBITUSIMU, TO MOKHO IIPEATIOJI0KUTD
BBINOJIHEHHE 3aKOHA UX COXpPaHEeHUs1 B UHPOPMAIMOHHOM NPOCTPAHCTBe. A B KayeCTBe TUIOTE3bI JJ1s
MPOBEPKH MOXKHO BbIJIBUHYTb H/I€I0 O TOM, YTO CyLIeCTBYIOLIMe B MHPOPMAIMOHHOM NMPOCTPAHCTBE
¢dopMasn30BaHHble  TEKCTOBble 3HAaHUA MOryT GOpMHpPOBaTb 006pa3  HMHTEPECYIOLEro
NpOTHO3UpyeMoro cob6biTUsd. Ecau JaHHas TrunoTe3a BepHa, TO MOXeT ObITh IOCTpPOEHA
MaTeMaTH4yecKass MoJesb INPOrHO3UPOBAaHUSI HOBOCTHOTO COOBITHS, OMNHUCHIBAaIOIlas BpeMeHHbIe
3aBUCHUMOCTH BEPOSITHOCTH €T0 peau3alLUH.

[IpeasiaraeMasi HAMM MeTOJMKA Pa3pabOTKU MOJENU NMPOTHO3UPOBAHUS HOBOCTHBIX COOBITHH,
BKJIIOYAET cjefyolye 3Tanbl. CHayaa He06X0MMO BbIEJIUTh OCHOBHbIE XapaKTEPUCTUKU HOBOCTHBIX
COOBITHH, KOTOpbIE HA Hall B3IV HEOOXOAUMO y4eCTb IIPU NOCTPOEHUH MaTeMaTU4ecKOH MoJesnd UX
MPOTHO3UPOBAaHHUSA. 3aTeM BbIOpPATh METO/Ibl MaTeMaTUUYeCKOM JIMHI'BUCTUKU (HanpuMep, NIpe/cTaBleH e
JIOKYMeHTa BEKTOPHOM CEMaHTHYeCKOW MO/IeJbl0), 03BoJIsAILe GOpMaTn30BaTh OMMCAHUE IPOLECCOB
peajbHOrO MHpa C HCHOJb30BAaHUEM TEKCTOB Ha EeCTEeCTBEHHBIX fA3bIKaxX /JJA CO3JaHUS HUX
MHOOPMAIMOHHBIX 00pa30B, a [Js aHaJM3a BO3MOXHOCTH MPOrHO3UPOBAHUS HOBOCTHOI'O COGBITHSA
HeoO0X0JUMO  pa3paboTaTb  MoOJieJib,  YYHUTBHIBAKOILYKD  CTOXaCTHYECKYI0  CaMOOPraHU3alUIo
C1a6OCTPYKTYPUPOBAaHHONM MHGOPMAIMKU U peasM3al{i0 MaMsATH B MacCHBAaX eCTECTBEHHO-SI3bIKOBBIX
TEKCTOBBIX JAHHBIX. Pe3ynbTaThl e€ aHaM3a, Ha Hall B3MVIAJ, MO3BOJAT NPEAJIOXKUTb aJrOPUTM
NPOTHO3UPOBAHHUS, KOTOPbIM MOXHO HCIOJb30BaTh COBMECTHO C MeTOJaMM MaTeMaTH4YeCKOU
JINHI'BUCTHKH, KAK UHCTPYMEHTA /1/151 IPOBEPKHU pa3paboTaHHON HaMU MPOrHOCTUYECKON MOJeJIH.

OcHOBHbIE XdPAKTEPUCTUKH HOBOCTHbBIX COGBITUH U NpeAInoJIOKEHUA, MPUHATHIEC AJIA CO3AAHUA
MoOJ€e/IF NIPOTrHO3UPOBAHUA

Jns co3pgaHus Mojeqd NPOTHO3HPOBAHHUS HOBOCTHBIX COOBITUM HaMH OBbLIU BblJEJIEHbI
cJieIyIoliye UX OCHOBHbIE XapaKTePUCTHUKU U TPUHSAT PAJ IPe/I0JI0KEHUH:
1. B xapakTepe, BpeMeHH U MeCTe peasM3aluyd COObITHN MMeeTCs W3HavyaJibHasg HeonpedeseHHOCMb U
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Heuemkocmu;

2. Peanusylomuecsi co6bITHEe SIBJASETCS IPOSBJEHHUEM CMOXACMU4YecKUX Nnpoyecco8 ¢ U3HA4YA/bHO
Heu3eecCmHbIMU 3aKOHAMM paclpefie/ieHus 1 UX XapaKTepUCTUKaMH (MaTeMaTH4YecKoe OXKH/JaHUE,
JMcrepcus U T.2.);

3. CobbiTHe sABJseTCS CJIEACTBUEM TOrO, YTO B CHUCTEME, IJle OHO HabJl0JaeTcs, umeemcst xomsl Obl
“yacmuyHass” namMsams 0 HEKOTOPBIX paHee MPOUCXOSIIMX IPOoIleccaX U UX COCTOSHUSAX. B peasibHOM
MHUpe CylueCTBYIOT MHOMXECTBEHHbIe MNPHUYHUNHHO-CJIeACTBEHHbIEe CBA3H, XOTA Obl YaCTHYHO
COXPaHSIOIHMECS [TPU 0TOGPaKEHUU COOBITUN B MHGOPMAI[MOHHOE IPOCTPAHCTBO 60Jiee YeM Ha OZJHOM
mare (MpaBUJIO COXpaHEHUsI IPUIUHHO-CJIeICTBEHHBIX CBSI3€H MPU JIIOObIX 0TOOpaKEHUX);

4. CobOblTHEe SBJSETCA CJEJCTBMEM TOrO, YTO CHCTEMa, B KOTOPOH OHO MPOUCXOAUT, 06JafaeT
BO3MOXKHOCTBIO K XOT$1 6bI HACTUYHOHN camMoopaaHu3ayuu;

5. ITlpoueccel, MPUBOASAIIYE K OSIBJEHUIO COOBITUS MOTYT UMeMb Xapakmep camonodobus. Y Ka/10ro us
TaKUX COOBITHUH, KaK MPaBUJIO0, HA6JII0/1al0TCsA €/1a60 BbIpaXKeHHbIe NpeLIeCTBYOLMe eMY aHa/IOrH, Ha
OCHOBE KOTOPBIX, B PETPOCIEKTUBE, JaeTCs PallMOHAJINCTUYECKOE 06'bsICHEHHE TPOU30LIE/IIEMY;

6. HWcxonHble JaHHbIE JJI1 UCIOJIb30BAaHUS B MPOTHOCTUYECKON MoJesu TpebyT dopMaiu3aluuu U
npUBeJieHUs1 K eJUHOMYy GopMaTy, OCKOJIbKY SIBJISIIOTCS He U3MEepPUMbIMHU (HET METOJUK OIIEHKHU B
e/JMHOM IlKaJe) W TeTeporeHHbIMHU (COLMAIBbHO - 3KOHOMHYECKHE NapaMeTphl, reoJIOTHYECKHE,
KJMMaTH4YecKHe, acTpoHoMUYeckue). MHCTpyMeHTOM peasid3aliiy JAHHOTO Ipolecca U NMPOBEPKU
dJJ€eKBATHOCTH MOJeJIU MOryT OBbITh CylmeCTBywlre MeTOoAbl MaTeMaTU4YeCKOM JIMHTBUCTHUKHM.
Hanpumep, Ha OCHOBe METOJAMK, NPUMEHsSeMbIX IPU OTHECEHHWH TEeKCTOBOH HHPOpMALMU K
ompe/ieJIeHHOU rpyIie HOBOCTHBIX COOOIEHUH;

7. Jllo60oe mNpPOrHo3upyeMoe COOLITHE MOXEeT OBbIThb ONHCAHO B HWHQPOPMAIMOHHOM IPOCTPAHCTBE
HEKOTOPBbIM TEKCTOBbIM JOKYMEHTOM, KOTOprfI MOX>XHO OTHECTH K onpeaeneHHoﬁ CMBICJIOBOM rpymnme
(kn1acTepy), UMeroIel CBOU COOCTBEHHBIE XapaKTEPUCTHUKU (Npasu.10 kaacmepusayuu uHgdopmayuu).
B /1106011 MOMEHT BpEMEHHM CyIeCTBYeT MHOXECTBO pPa3JUYHbIX MHPOPMALMOHHBIX KJIaCTEpOB
[OHI/ICbIBa}OHLI/IX pa3JindHbIe INPUPOAHBbIE, COLHAJIbHbIE W 3KOHOMHYECKHE IIpOLeCChbl, ABJIEHHA
Nnpyupoabl, HAy4YHble 3HaHHA, KYyJIbTYPHbIE, IIOJIMTHUYEeCKHEe, ClIOPTHBHbIE, BOEHHbIE U HHbIe HOBOCTHbIE
COOBITHSI) OTOOGpaXKAIOIIMX OCHOBHBbIE CBONCTBA GU3WYECKOr0 MHpa M B3aUMOCBSI3M COOBITHUH. C
Te4eHHWEeM BPpeMeHH HOBOCTHbBIE KJIaCTepPbl MOT'YT U3BMEHATBLCA UJIU UCYe3dThb, U 3TU U3BMEHEHUA MOTYT
OBbITh ONTMCAaHbI B paMKaxX JUHAMHWYECKHUX MOAGJIGI:I;

8. TlporHosupoBaHHEe HOBOCTHOI'O COOBITHS JOJKHO OBITh OCHOBAaHO HA MO/IeJIM, B KOTOPOH HCXOAHAsI
TekcToBasi MHGOpPMALMs Ha eCTeCTBEHHOM f3blke Mmocje ¢opMasM3aldd C MOMOIbI0 METO/0B
MaTeMaTHU4YeCKOH JIMHTBUCTUKHU (Hampumep, MpeACcTaBJeHUH TEKCTOBBIX JOKYMEHTOB BEKTOPHOMU
CEMaHTHUYeCKOW MO/IesIblo) IpeBpallaeTcs B 6e3pa3MepHble YHCJIOBbIE JaHHbIE, C KOTOPbIMU MOXXHO
MMPOU3BOAUTH MaTeMAaTHYECKHE OllepalihH;

9. HecMoTps Ha TO, 4TO MPOrHO3MpPyeEMOe COOBITHE SABJISETCS ellé HEM3BECTHBIM, MOXKHO UCKYCCTBEHHO
onucaTh ero B MUHGOPMALMOHHOM IPOCTPAHCTBE, CO3/laBasi HEKOTOPbIM HOBOCTHOW 06pas, a 3aTeM
MOCTPOUTh JAUHAMHUYECKYIO MOJeJb BO3MOXHOHM TpaHCPOpMalMU YKe CYILEeCTBYIOIMX TEKCTOBBIX
06pa30B K 33/JaHHOMY 00pa3y COOBITHS.

OnucaHnue MeTOJ0B OPMAJIN3AIIUN TEKCTOB €CTECTBEHHbIX A3bIKOB JIA WCIIOJIb30BAHUA B
npegﬂaraemoﬁ MOJAE/IN

Bcio COBOKYITHOCTb €CTECTBEHHO — SI3bIKOBBIX TEKCTOB, OIMCHIBAOIUX Pa3/IMYHble IPUPO/JHBIE,
colMajJbHble M 3KOHOMHYECKHEe IIPOLlecChl, SIBJEHUs MNPUPOAbl, HaydHble 3HAHUS, KYJbTYPHBIE,
MOJIMTUYECKHE, CIOPTUBHbIE, BOEHHbIE U HUHble HOBOCTHbIE COOBITUS U T.J., MOXKHO OIpPeJeJUThb, KaK
KOJIJIEKLIUIO JIOKYMEHTOB.

Juis  dopMasn30BaHHOIO MpEACTaBJIEHHUS] TEKCTOBBIX JOKYMEHTOB HeEOOXOJMMO CO3/aHHe
CJI0Baps KOJIJIEKLUU NTPY TPOBe/ieHH e JIMHIBUCTUYEeCKO 06paboTKH, KoTopas BK/o4aeT [13, 14]:

e PasMeTKa TekcTa (/iuHeapusanus). Heo6xoaruma Jiisi pacrio3HaBaHUS U U3BJIEYEHHUS CJIOB — TEPMUHOB
(TepMOB) M COCTaBHBIX TEPMHHOB (TEPMOB) M3 MCXOJHOr0 TeKcTa. [Ipu pasMeTKe YIUTbIBAETCS
MYHKTYalusl ¥ IEPEHOCHI CJI0B, U KPOMe TOT0 UTHOPUPYIOTCS CTOII — CJI0Ba (MaJIoMHGOpPMaTHBHbBIE, HO
4acTO BCTpeyarllrecss B TEKCTAaX CJI0BA, HAaPUMep, NMPEJIOTH, COI03bl, IPUYACTUS, MEXKIOMETHUS U
T.A.);

e Hopmanusanus Tekcrta. [Ipy HOpManau3auuu MPOBOAUTCS yAaJeHHE M3 HCXOJHOTO TeKCTa
rpaMMaTiyeckod nHbopManuu (Mafexy, Yucaa, rjaarojibHble BU/bI U BpeMeHa, 30T IPUYaCTHUH,
poa U Tak Aasee). CioBa B pa3HbIX PErUCTPax, a TaKXKe UX a66peBHUaTypbl IPUBOAATCS K 0AHOU popMe.
Hopmanuszauusi Tpe6yeT Mop¢dOJIOTMYECKOT0 aHaJji3a, PACHO3HAIOUIEr0 YacTH peyd C YIEeTOM
KOHTEKCTa M MHOTOYMCJEHHBbIX NpaBUJ COrJiacoBaHUs (6e3 Hero HopMaJusalus OyJeT JAaBaTb
3HAYUTEJbHOE KOJUYECTBO OLUIMOOYHBIX pe3yabTaToB). B psjie ciyyaeB HopMaiu3alus MOXKeT ObITh
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3aMeHeHa CTEMMMHI'OM WJIM JIeMMaTHU3aluel;

e KomMeHTHpOBaHHe TeKcTa. KOMMEHTHpPOBaHHE B YAaCTHOCTH HEO6XOJUMO TOTOMY 4YTO, OJIHO U TO Ke
CJIOBO B TEKCTE MOXKET OBbITh yIOTPE6/IEHO B Pa3JIMYHbIX 3Ha4YeHUsAX. KOMMeHTHPOBaHUA 3aK/II0YA0TCS
B /106aBJIEeHUH B IOKYMEHT MeTaJaHHbIX ¢ MHOPMaIMel 0 4aCTH pedH, 0 HaJUYUU Yy CJI0Ba JPYTrUX
3HAYEeHUH U CUHTAaKCU4YeCKUi pa36op npeasoxeHus. CHHTaKCHYeCKOoe KOMMEHTHPOBaHKE BKJIOYaeT
CerMeHTalMI0 U pa3MeTKy 4dacTed pedyu. ITO MCHOJb3YyeTcs [Js YCTPaHEeHUsI HeOJHO3HAaYHOCTH B
COKpalleHHUsIX U IOUCK accouualui cpeld KJIOYEBBIX CJ0B. KOMMeHTHUpOBaHHEe IMOJIE3HO [JIs
HM3MepeHHs CEeMaHTUYECKOM CX0XKeCTH CJIOB M OHATUH (/11 Mo/ieJiel, OCHOBaHHbBIX Ha MaTPHUILE CJI0BO-
KoHTeKCT) [15].

[locsie pa3MeTKH, HOpMaJHU3aLUM U KOMMEHTHPOBAaHUHU TEKCTOB KaXK/JbIH JJOKYMEHT KOJLJIEKI[UU
npeJCcTaBJseTcss HA6OPOM TepMOB (TEPMHHOB), KOTOpPbIE B HEI'0 BXOASAT, U UX YaCTOTAMU BXOXK/JE€HHUS, UYTO
M03BOJIIET CO3JaThb BEKTOPHYI MOJejb [JOKyMeHTa. [Ipu 3TOM HOpPSJOK CJeJ0OBaHUs CJIOB,
COOTBETCTBYIOIUX TEPMAM, B IPe/ICTaBJEeHUHN JOKyMEHTA He yUUTbIBaeTcs. TepMbl KOJLJIEKI[UU (CJI0Baphb
TEPMHHOB) MOTYT COPTHPOBATbCS B COOTBETCTBUU C HEKMMH KpUTepuUsMU (Hampumep, no andaBuTy
CJIOBa, NpPEJCTAaBJAKILEr0 TEPM, WM HA OCHOBe KpuUTepusi MOpQoJOoruyeckod 3KBUBAJEHTHOCTH).
BekTopHas Mozesb OCHOBbIBaeTcs Ha rumoTe3e (statistical semantics hypothesis) o Tom, uTo:
CTaTUCTUYECKHE 3aBUCUMOCTH YNOTPe6JeHUsI CJIOB U TEPMUHOB (TEPMOB) MOTYT ObITh HCIIOJIb30BAHBI
JUIs1 HAXOX/IeHUs1 3aJI0KEHHOT0 B TeKCT cMbicaa [13, 14]. CorslacHO runoTe3e 0 CKPbIThIX CBA35X, Haphbl
CJIOB, KOTOpble BCTPEYAIOTCSI B IMOXOXKHUX MOJENSAX, CTPEMSATCS HMeTb OJIM3KYI CeMaHTHYeCKYIo
3aBUCUMOCTH [16].

CyTb BeKTOpHOH Mozenu JokyMeHTa (Mozesb “bag of terms”) 3aksouaeTcs B caeaytomieM [13,
14]. TlycTh o6llee KOJUYECTBO UMEIOUIMXCSA PAa3/JIMYHBIX YHUKAJIbHBIX TEPMOB paBHO M (TepPMbI MOTYT
ObITh MPOHYMEPOBaHbI OT 1 0 M), a YHUCJIO UMEIIUXCS B KOJUIEKIIMU TEKCTOBBIX JOKYMEHTOB PaBHO N
(AOKyMeHTBI MOTYT O6bITh IPOHYMepoBaHbl OT 1 f0 n). [IycTh MMeeTcsl JOKyMeHT (0603Ha4uM ero Xi, i -
MpUHUMAaeT 3Ha4eHUs OT 1 710 n), KOTOPbIA COAEPKUT HEKOTOPOE YHUCJI0 TEPMOB (TEPMUHOB) (UX MOPAL0K
B Habope He BaxkeH). Torja [JaHHOMY [JOKYMEHTY MOXXHO IIOCTaBUTb B COOTBETCTBUE BEKTOD
Xi={w;, Wy, W3, W}, Wy}, TA€ NEPBbIA 3JEMEHT COOTBETCTBYET YHMCJYy (YacTOTE) BXOKAECHUU B
AOKYMEHT I1€pBOr0 TEPMHUHA, BTOPOX ~BTOPOTO, TPETUH ~ TPeThero u T.J. Kaxaasa w; MoxeT IpuHUMaTh
J06oe moJsiokuTeqbHOe 3HadeHue oT 0. Bce Xi o6pa3syroT MaTpully, KOTOPYI0 Ha3bIBAalOT [AJs BCeH
KOJIJIEKLIMM: TEPMUH - JOKYMeHT (CTOJIGLaMU MaTpHULbl SIBJISAIOTCH BeKTopa Xi, @ CTPOKU ONpPeessioT
YaCTOTbl BXOXK/JEHUS OTJe/NbHbIX TEPMHUHOB B JJOKYMEHThI KoJuleKuuH). Kak mpaBusio, 60JbLIMHCTBO
3HA4YeHUH 3JIeMEeHTOB 3TON MaTpUIibl paBHbI 0 (MaTpHULa AB/ISETCS pa3peKeHHOM). ITO CBA3AHO C TeM, YTO
JIOKYMEHTBI COJIEPXKHUT JIMIIb MaJIyIO ZI0JII0 TEpPMHUHOB U3 BCETO CJIOBApS.

[J1aBHas u/iess BEKTOPHON MOJe/IM CEMAaHTHUKH (vector space model, VSM) - aTo npexacTaB/ieHue
Ka)k/I0T0 IOKYMeHTa KOJIJIEKI[MH B KaueCTBe TOYKU B MHOIOMEPHOM IIPOCTPAHCTBE (BEKTOpPA B BEKTOPHOM
MPOCTPaHCTBe, pa3aMepHocTH RM). Biiusko Jsiexalnue Jpyr K Apyry TOYKU COOTBETCTBYIOT CEMaHTHYECKU
CXOXXHUM JJOKYMEHTaM.

BekTopHass Mojiesib [JOKYMEHTa IOJIYYWUJHU CBOE pa3BUTHE B OCHOBHOM /Jsl pellleHus 3aJad
MHOOPMAIMOHHOI'O0 MOWCKAa: IOWUCK JOKyMeHTa Mo 3ampocy (M onpejejeHHe peeBaHTHOCTH),
kJaccudUKauus JOKYMEHTOB, KJacTepu3alys JOKYMeHTOB.

WHpopMaliMOHHBIA MMOWCK C MCIOJIb30BaHUEM MaTpPUIbl TEPMHH-JOKyMeHT (term-document
matrix) OCHOBBIBA€TCsS Ha CJeAylolLled TUIoTe3e: OLleHUBAHUE PEeJeBAaHTHOCTH JOKYMEHTa 3ampocy
MOXXHO MPOU3BOJUTH NMyTeM NpPeACTaBJIeHUs JOKYMeHTa U 3allpoca B BUJe Habopa TepmuHoB (bag of
terms).

['mnoresa, HCMOIb30BaHHASA B Halllel MOJIeJd, 3aKJ/II0YAETCs B TOM, YTO IIPOTHO3UPyeMOe COOBITHE
TOXK€ MOXXHO pacCMaTpUMBaTb B OINpeJeJIeHHON CTelMeHW KaK MOMCKOBBIA 3alpoc, B KOTOPOM €ro
npejojiaraeMoe TEKCTOBOE ONMCaHHE MOXeT ObIThb $GOpMajM30BaHO B BH/Ie BEKTOpPAa B BEKTOPHOM
MPOCTPAHCTBE, UMeIero paaMepHocTb R™. OHaKo, B OTJIMYKHU OT 33ja4¥ UHGOPMALMOHHOT0 TOMCKA U
COTIOCTABJIEHHUs] BEKTOpPA 3alpoca BEKTOpPaM K3 MPOoCcTpaHCTBa RM, B Halell Mozie/ik Mbl 6yieM HA060pPOT
HMCKaTh 3aBUCUMOCTH, OIMCHIBAIOIIME 3BOJIIOLMI0 BEKTOPOB M3 RM™ u omnpejesneHue BpeMeHHOU
3aBUCHUMOCTH BEPOSITHOCTH GOPMHUPOBAHUSA Ha €€ OCHOBE BEKTOpPA MPOrHO3UPYEMOT0 COOBITHS.

[Ipexxae yeM nepelTH K [JeTaJbHOMY ONUCAHUIO MpejAJaraeMoid HaMU MOJEIN Heo6XOAUMO
CKa3aTb O TOM, YTO NpeJCTaBJISETCS 1|eJlecO06pa3HbIM BbIJIEJUTh BO BCEH KOJIIEKIMU JOKYMEHTOB
OTJle/IbHble CMBICJIOBbIe I'PYIIbI TEKCTOB ([IPOBECTH TeMaTUYecKoe pas/ie/ieHue, WK KJacTepU3aLuio
TekcToB). [Ipy 3TOM KakJasi Takas rpymnna (KJacTep) TEKCTOBBIX JOKYMEHTOB MOXET ObITb ONHCaHa
BEKTOPOM, 33/Jlal0IUM I0JIO)KeHHe ILeHTpa. /[laHHbIA MOJAX0J HCIOJIb3yeTCsl, HalpuMep, B 3ajayax
KJaccupUKaMM U OTHeCeHHe COOOIeHHWH HOBOCTHOH JIEHThbl K OIpeJleJIeHHON TIpynrne U BecbMa
3ddeKTHBEH C TOYKU 3PEHUS 3KOHOMHUHU BbIYUCIUTENbHBIX PECYPCOB.
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Mogem; CTOXaCTUYECKOU ANHAMHUKH HOBOCTHBIX oﬁpasoB IPpU MPOrHO3UPOBAHUHU PEAKUX COGBITUIA
B HHQOQMHHHOHHOM IMPOCTPAHCTBE

Bzaumocssizb 06pazo8 HOBOCMHbBIX KAACMEPO8 8 UHPOPMAYUOHHOM NPOCMPAHCMEE € NOsI8/AEHUEM
Nnpo2HO3UPYEeMO20 COObIMUS

Bo3bMéM KOJIJIEKIIMI0O TEKCTOBBIX JOKYMeHTOB. HMcrosb3ya MeToAbl MaTeMaTH4YeCKOH
JIMHTBUCTHUKH, CO3/a/IMM HX BEKTOpPHOEe Ipe/cTaBjJeHue B HWHPOPMAIMOHHOM MPOCTPAHCTBE C
pasMepHocThio R™. [IpoBeieM B KaKOM-TO MOMEHT BPEMEHHU t MX KJlacTepU3alMI0 10 CMbICJOBBIM FPyIIaM.
OnpegenuM BekTopa (z1, Z2, Z3, Zk, Zj,), 3a/lalolre M0JI0XKeHHe [EHTPOB 3TUX KJIACTEPOB B JJAHHBIA MOMEHT
BpeMeHU. /lasiee IpoBesieM TEKCTOBOE OMKMCAaHUE TPOrHO3UPYEMOT0 HOBOCTHOI'O COOBITUSA U 3a/ja/IUM €ro
BeKTOP Xbs B MUHPOPMAI[MOHHOM NPOCTPAHCTBE C pa3MepHOCTbIO Rm,

[Tocko/1bKY MBI IpeAroiaraeM, YTo B MHPOPMAIMOHHOM IPOCTPAHCTBE y3Ke UMEIOTCS HEKOTOpbIe
JlaHHbI€ O IPEe/CTOSsALEM HOBOCTHOM COOBITHH, TO [JOJKHA CYI[€CTBOBATD, U 9BOJIIOL[US HMEIOIIUXCS [Py
HOBOCTHBIX COOBITHH, Ha COOBITHE KOTOPOE Mbl IIbITAEMCS IPOrHO3UPOBaTh. [Ipy onucaHUM 3BOJIIOLUU Ha
Halll B3IJIsJ sBJseTCS Haubosiee MNpHEeMJIEMBIM HCIO0Jb30BaHUE MApaMeTPOB, IPUMEHSEMBIX B
“HPOPMAIMOHHOM [TOMCKE NTPU OIpe/ieJIeHUH PeJIeBAHTHOCTH 3aNPOCOB: HAX0X/IeHH e PACCTOSTHUS MEX 1y
BEKTOpaMHU U oNpejesieHUd KOCHUHYCa yIJla MeXy HUMHU.

BribepeM B KauecTBe 3BOJIIOIMOHHOIO IMapaMeTpa - HaXOX/eHHe MPOeKLHUH X; BEKTOpPOB,
3a/IaI0NIHX MTOJIOKEHHE LIeHTPOB UH(POPMAIMOHHBIX KJIACTEPOB B JAHHBI MOMEHT BPEMEHU Z1, Z2, Z3, Zk, Zj,
Ha HamnpaBJ/ieHHe BeKTopa Xbs, ONpEJeJIsSIOIIero nospjeHre MPOrHo3upyeMoro co6nitTusd. Kakzaas us
NPOEKLUH Xk ONpesiesIieTCsl KaK NpoU3BeJleHHe BeJIMYMHBI COOTBETCTBYIOILEr0 BEKTOpPa Zk U KOCHMHYyCa
yrja Mex/]y HalpaBJeHUSMH BeKTOPOB Zk U Xbs (Xk=Zk*COS(ak), T.e. 10 CYTHU Jiejla Mbl MCIOJb3yeM
KOCHUHYCHYI0 Mepy, IPUHATYIO B UHPOPMALIMOHHOM ITOHCKE.

CmycTss HEKOTOpBbI HMHTEpPBa/ BpeMeHHU (Ha30BEM ero HWHTepBaJl U3MEepPEeHUs To) BEJUYUHBI
BEKTOPOB, 3a/lalolye T0JI0KEHUs [[eHTPOB MHGOPMALMOHHBIX KJACTEPOB MU3MEHSIIOTCS Ha KaKue-TO
cayvaliHble 3HadyeHus Aj (j - 0603HavYaeT paccMaTpuBaeMblii BeKTop). [l/is1 HosiCHeHH s, HallpUMep, BEKTopa
Zo1 U Zo2 OTIPE/IeJISAIOT T0JI0KEeHHe LIeHTPOB HOBOCTHBIX KJIACTEPOB B MHPOPMAL[MOHHOM ITPOCTPAHCTBE B
MOMEHT BpPEMEHHU t, a BEKTOpPA Z1 U Z2 CIYCTS MHTepPBaJ BpeMeHHU To (MOMEHT BpeMeHH t+To). B JaHHBIX
cayvanx A1=z1-Zo1 U A2=72-Zoz. AHAJIOTUYHBIM 00PA30M OIpeieNIII0TCS U3MEHEHUs MOJI0XKEHUS [IEHTPOB
JUJIs1 BCeX KJIacTepoB B MHGOPMAaIMOHHOM NPOCTPAHCTBE 3a BpeMs 11ara To.

BesMuMHBI Xo1, X0z, X1 U X2 OYAYT 3a/jaBaTh 3HA4€HHs] COOTBETCTBYIOUIMX NMPOEKLUH BEKTOPOB,
onpefle/IOIUX I0JOKEHUEe LEeHTPOB HOBOCTHBIX KJacTepoB 1 M 2, Ha HamnpaBJieHHWe BeKTOopa
MPOTHO3UPYEMOT'0 COOBITHS, B MOMEHTHI BpeMeHH t U t+To. C/ielyeT OTMETUTD, YTO HEKOTOPhIE BEJTMYHHBI
MPOEKIMHA Xk MOTYT OKasaTbCs OOJIbllle MPEeAbIAYIIMX 3HAaYeHWUM Xok (AJS OJHOH U TOH ’Ke T'PYIIbI
HOBOCTHBIX JJaHHBIX), @ HEKOTOpblE MeHblle, T.e. B MHPOPMAIMOHHOM IPOCTPAHCTBE OJHOBPEMEHHO
COCYILECTBYIOT JBa TpeHJa mnoBeAeHUs. OAWMH Ha yBeJM4YeHHe 3HAYeHUM NPOEKLMUH, APYrol Ha HX
yMeHbIlIeHUE, YTO HEe0oOXOJUMO Y4eCcTh B paMKaxX paspabaTbhiBaeMOW Mojeau. Benem s Jro6oro
MOMEHTa BpPEMEHU MOHSTHE CPeJHEero 3Ha4eHWs X; BCEX BEJMYMH MPOEKLHUH BEKTOPOB, 3aJlal0IIMX
M0JIOXKEHHE I[EHTPOB HOBOCTHBIX KJIACTEPOB B MHPOPMAIMOHHOM IPOCTPAHCTBE HA HAIlpaBJIEHUE OCU
nporuosupyemMoro co6biTus. Jss rpynnsl 3 K HOBOCTHBIX KJIacTepoB B MOMEHT BpeMeHHU t cpejHee

K
Zj:lxt,j

3HaYEHHE X, OTPEJesieTCs CAEAYIOUUM 00pa3oM: X; = , T/le X;j 0603HAYal0T COOTBETCTBYIOIIHE

3HaYeHUs IPOEKIMH BEKTOPOB, 33/Ial0LIKX MOJIOKEHHE [IEHTPOB HOBOCTHBIX KJIACTEPOB, Ha HaNlpaBJIeHUe
OCH POTHO3UPYEMOTr0 COBBITUSA, B JAHHbIA MOMEHT BpeMeHH t. CIyCTst HHTepBal BDEMEHH T0: X(r1r,) =
K
M YTO6bI y4eCcTb TPEH/Ibl YBEJIMYEHUS U YMEHbLIEHHs 3HAaYeHU N BeJIMYUH MPOEKIUI BEKTOPOB,
K
3a/IAI0IMX MT0JIOKEHHE [IEHTPOB HOBOCTHBIX KJIACTEPOB, HA HANpaBJIEHUE OCH POTHO3UPYEMOTO COGBITHS
MOXHO IOCTYIUTb CJAeAyIIMM o06pa3oM. Ha ocHOBaHMM aHanM3a 3HAYEHUH Xij U Xwrj Pa3/esUM
MHOXECTBO Xtj Ha JiBe MOJArPYIIIbI, B OAHOMN (X:)1 OyAyT BCe HOBOCTHBbIE KJacTephl, AJis KOTOPBIX 3a
HWHTEPBaJ BpEMEHHU To MPOU3OILJIO YMeHbIIeHHe 3HAaYeHUH BEJUYUH NMPOEKUUH Xtrrj (0603HAUMM YHCIIO
TaKUX KJacTepoB Kak R), a Bo BTopo# (x:j)u — yBesinueHre (0603HAYUM YMCJIO TaKUX KJy1acTepoB Kak K-R),

St ——  ESfeepn y
== (x;;), = ——-—~) npoeKuui

BEKTOpOB, 33/a0LMX MOJIOKEHHWE LEeHTPOB 3THUX HOBOCTHBIX KJacTepoB. Jlajee, Mbl IpejsaraeM
cJlelylouMi NMoAXoJ K y4eTy TPeHJOB yBeJWYeHUS U YMeHbUIeHUS 3HAaYeHUM BeJUMYHUH MPOeKLUH
BEKTOpPOB, 33JalIIUX [0JIOXKEHHEe LEeHTPOB HOBOCTHBIX KJACTEPOB, Ha HalpaBJieHHe OCHU
MpPOTHO3UpyeMoro co6bITUs. [[0CKOIBKY NpU y4eTe TPEH/0B UMeeT CMbICJ FOBOPUTh 00 YCpeJHEHHbIX

Y HaljeM A/ KaXJO0H U3 HUX CpeJHUe 3HA4YeHUA [(xt,j)’ =

BeJIMYMHAX, TO 6y/ileM pacCMaTPUBATh [IEPEXO/ 3a HHTEPBAJl BPEMEHH T0 B TOUKY X(;47,) U3 TOYKH (xt'j)l'

KOTOpasi HAXOJMTCs HA OCH NMPOrHO3WPOBAHHUS COOBITHUS PABEE TOUKHU X(¢47,)H TOUKH (xt,j)" KOTOpas
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HaXOJUTCsl JIEBEEX ;4 ). CaMU 10 cebe mepexoAbl ABJISIOTCS CIyYalHbIMU COOGBITUSMH, & X BEJMYHHbI
MOXXHO OINpeJeJUTh clefyriuM obpasoMm: &, = (xt,j)l —X(trrg) M & = X(tygy) — (xt,j)". [locsie
CJIEAAYIOIEro 1ara To ONpPeJAessieM HOBble 3HAYEHUS §ppr M Erirl Spygy = (xt+ro,j), — X(t+219) YU Et4ry =

X(t+219) — (xt+ro,j)" U T.A.

Ha sir060M 1mare n BeJUYUHBI &tnt U Et+nt MOTYT UMETb PA3JIMYHbIE CIydaiiHble (MJIM MOYTH
ciydaiiHble) 3Ha4yeHHs. [103TOMy BO3HHKAaeT HeO6XOAUMOCTb JIU6O BbISBJEHHUS B HMX MOBeJeHUU
XapaKTepPHbIX OCOOEHHOCTeH (HampuMep, 3aBUCUMOCTH &wkr M Ewke OT BPEMEHH, MOTYT 06J1aJaThb
camonodobuem npu He caAyvaiiHoM nogedeHuu), Ju6GO, €CJW OHH OOJIAAAIT XapaKTEePHCTHKAMHU
PaBHOMEPHOTO paclpejie/ieHHs, TO BO3MOXXHO MX yCpeJHEHHe 3a JOCTATOYHO GOJIbIION HHTepBaJ

. . pr
BpeMeHU HabJII0JeHUsI U UCII0JIb30BaHHE B MOJIEJIN 3TUX CPEJHUX CAYYaWHbIX 3HAaYeHUH & = % 24

N
_ Zk=1fttke

€ , rae N - 4yuciio waroB (MHTepBaJOB BpeMeHH To) HabJtoeHHs1).0TMeTHM, YTO 3aBUCUMOCTH

BEJIMYMH ke M Et+ke OT BPEMEHHU MOTYT MOAYUHATHCS HEKOTOPOMY 3aKOHY pacipefie/ieHUsl U TOr/a ero
napaMeTpbl MOTYT GbITh YCTaHOBJIEHBI 110 MOJy4eHHbBIM JaHHBIM.

Camonodobue xapakmepucmuk npoyecco8 8 UHPOPMAYUOHHOM npocmpaHcmee. MedieHHO u
6bicmpo MeHsIrOUWUecst nodcucmembl

[Ipy HaAM4YMKM BO BPEMEHHOM 3aBUCUMOCTH NOBEJEHUH BEJUYUH &kt M Etrkr IJEMEHTOB
caMoIo/106us, I/ ero ONKCAHKS MOXET GbITh IPUMEHeHa TeOPUs], CYTh KOTOPOH 3aKJ/IH0YAETCs B TOM, YTO
HelpepbIBHbINA cTOXacTHYeCKUi mporecc Y(t), cYuTaeTcs CTATUCTUYECKH CAMONOA0OHBIM C TApaMeTpoOM
Xapcra (Hurst) H (0,5<H<1), eciu AJ1s iF060T0 MOJIOXKUTENBHOTO YK CJ/IA A, CAydaliHble mporecchl Y(t) u a
HY(at) 6yayT MMeTb OAMHAKOBbIE CTAaTUCTUYeCKHe CBoicTBa. 3HaueHMe H=0.5 nmokasbiBaeT oTCyTCTBUE
caMonoJjo6HOCTH, a 3HayeHUs H 6/iM3Kue K eAMHHUIIE TOKA3bIBAIOT €€ 60JIbIIYI0 CTENEHb.

CiepyeT OTMETHTb, YTO TEOpHs CaMOINOAOOHS LIMPOKO MPUMEHSIETCS [JJis HCCJe[oBaHUs
MH)OPMAIMOHHbBIX IPOLIECCOB, B YaCTHOCTH NOBeleHUU TpaduKa Npu nepejade JaHHbIX [17].

Camomnofo6Hble TpoOLiecChl MPUHATO pas3fiefiATh Ha /JBa KJjacca: TOYHO CaMOIOAOOHbIE U
ACUMIITOTHYECKH CAMONOA0GHbIE. Pa3inune Mex/ay STUMU ABYMs KJIACCAMU 3aKJIIOYAETCS B TOM, UTO JIJIsA
GyHKIMK aBTOKOPPEJIALUA TOYHO CAaMOIOJOOHbIX NPOLECCOB BbIMOJIHsAETCA ycnoBue: R(Yy) = R(Yy), a
AJI aCUMIITOTHYECKU caMonofio6HbIX: R (Y, ) >R (Y,), npu k—q. lucnepcus /1/is1 060MX KJIaCCOB MPOIIECCOB

D(Y,
omnpezensieTcss oAuHaKoBbIM o6pasom: D(Y) = (q)/kﬁ, rae B - nmapamerp camonogobus (0<B<1),

CBSI3aHHBIM C mapaMeTpoM XapcTa ciaefymluM cooTHoulenueM: B=2(1-H), a k - BesuyuHa 6Jioka
pa36reHust UCXOHbIX JaHHBIX.

KoaddunuenT Xapcta HaX0AUTCS 110 3aBUCUMOCTH JlorapudMa cpeZiHero 3HaueHus JUCIEPCUH OT
JlorapudMa BeJIMYUHBI 6JIOKOB M pa3bUeHHs] HCXOJHOU BbIOOPKHU JAaHHBIX. [Ipy Ha/M4uKu caMonoo6us,
noJiy4eHHasi 3aBUCUMOCTb JI0JDKHA MMeThb JIMHEeHHbIH BUA, TakuM 06pasoM, ecjiv annpoKCUMHPOBAThb
JlorapupMUUecKre 3aBUCMMOCTH JIMHEHHON QYHKIHEH, TO C MOMOLbI0 METO/Aa HAUMEHBIIHNX KBaJpaTOB
MOXXHO BBIYUCIUTb KO3QPUIMEHThl AAHHOTO JMHEWHOr0o YpaBHEHHUsI U K03QPUIMEeHT Koppessiuu
JaHHBIX C JIMHEMHOW 3aBHCHUMOCTBIO. TaHreHC yrja HaKJ/JOHA JIMHEMHOW 3aBHCHUMOCTH CBf3aH C
napameTtpoM Xapcra (Hurst) H.

BaXxHbIM BONpPOCOM SIBJISIETCSl pelleHHe 3aJayd BbIOOpa NapaMeTpoB HHGOPMALMOHHBIX
MPOIECCOB, B NOBEJEHUH KOTOPBIX MOXXHO ONpPEAESUTh caMonofobue. AHAIN3 JaHHBIX, OMMChIBAOIIUX
MHOOPMAIMOHHOEe TPOCTPAHCTBO IOKAa3blBa€T, YTO MOXHO BbIJIeJIUTh /[IBE B3aHUMOCBsI3aHHbIE
MO/ICUCTEMBI:

e ‘“MemyieHHYI0”, B KOTOpOW 06pabaThiBaeTcss MHPOpPMalis, Me/lJIeHHO U3MEeHSIOILYOCS UM IIOYTH

He U3MEHSWLascsd ¢ TeyeHUeM BpeMeHU (HayuyHble, KYJbTYpPHblE, peJUTHO3HbIE,

XyZ,0’KeCTBEHHBIE U T.J. 3HAHUA);

e “ObICTPyI0”, K KOTOPOM MOXXHO OTHeCTH HHQOpMalUI0 MOJUTHYECKOr0, 3KOHOMHYECKOTO,

CIOPTHUBHOTO U T.JI. XapaKTepa.

Kaxkgast U3 MmoJCUCTEM COAEPXKUT OINpeieJleHHble Ha6ophbl KJIacTEPOB HHGOPMAILIUH, CO CBOUMU
BEKTOpPaMH, 33JIal0IUMHU UX MoJoXeHUe. BBegeM noHsTue gupekTtop. Jupekmopom 6yneM Ha3bIBaTb
YCJIOBHOE HampaBjeHWe B HHGOPMALMOHHOM HPOCTPAHCTBE, KOTOpPOE OMpejeseTcss B3aUMHBIM
yCpeJHEHUEM HallpaBJeHUH BceX pacCcMaTpHBaeMbIX BEKTOPOB. HampaBJsieHue AupeKTopa MOXKeT ObITh
paccyYUTaHO C MOMOLIbI0 METO/]a HAMMEHbIINX KBaAPaTOB /Jisi OTKJIOHEHHUS YIJIOB BEKTOPOB, 33Jal0IHUX
MOJIOXKEHHE IIEHTPOB UH(GOPMALIMOHHBIX KJIAaCTEPOB OT YCJIOBHOIO HallPaBJeHHs], KOTOPOe NPUHHUMAETCs
3a AupekTop. Ucnoap3ys JaHHYI0 METOAUKY MOXXHO NMOJYYUTh “MeJAJIeHHbIN” U “ObICTPbIH” JUPEKTOpP U
NpPU UCCJIEJOBAaHUM CAaMOIIOA06HS ONpesessiTh 3aBUCHMOCTb OT BPEMEHH yrIja MeXAy ABYMs 3TUMU
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JUPEKTOpaMHU. B yacTHOCTH, TaKUM 06pa30M MOXKHO ONPEAEUTbh HHTEPBAJ WM MEePHOJ caMonofobusi
HHPOPMAIMOHHOTO NpocTpaHcTBa. [y ompejesieHUs CaMONOAOGHS MNPOLECCOB, NPUBOASIIUX K
peasM3alMd HHTEPECYIlero WHGOPMAIMOHHOIO COOBITHS MOXXHO MCCJIe0BaTh 3aBUCUMOCTb OT
BpEMEHH YIJIOB MEXAY KaX/AbIM H3 JUPEKTOPOB M BEKTOPOM, ONMCHIBAKOLIUM B MHPOPMALHOHHOM
NPOCTPAHCTBE JJAHHOE TPOTHO3UPyeMOe COBBITHE.

IlocmpoeHue pasHOCMHbIX cXeM 8epOSIMHOCMHbLIX Nepexo008 Mexcdy COCMOSHUAMU 8
UHPOPMAYUOHHOM NpocmpaHcmeae

B paspabaTbiBaeMOW HaMHU MOJieJIM MPOLIECCOB, NPOTEKAWLUUX B HHGOPMALKOHHOM
NPOCTPAaHCTBE, BeJUYMHA CpEeJHEro 3Ha4yeHWUs TEeKYLIero COCTOSIHUS NPOEeKIUH BEKTOPOB Xi,
XapaKTepPHU3YIIHX ITOJIOXKEHHWEe HEHTPOB HOBOCTHBLIX KJIaCTEPOB B I/IH(l)OpMaILI/IOHHOM MMPOCTPAaHCTBE Ha
OCb ITPOTHO3UPYEMOT' 0 CO6I)ITI/IH, MOXKeT CJIy‘iBfIHbIM 06p330M YBEJIMYUBATBLCA 3a CHET TOI'0, YTO BEJIMIUHA
€ OoJibllle BEJIMYMHBI § Ha KaX/A0M Liare (MM HECKOJIbKUX MOCJ/Iel0BATeNbHbIX LIarax), UM cay4alHbIM
06pa3oM yMeHbIIAThCs], EC/IM BEJIMYMHA € MEHbILIe BEJIMYHUHBI §. B KOHEYHOM CueTe, COCTOSIHUE Xi OKAXKETCS
B6JIM3U NOp0O2a NPO2HO3UPYeMO20 COObIMUS, PAaBHOTO BeJIMUKHEe BeKTOpa Xbs.

0603Ha4YMM BCe MHOXECTBO COCTOSIHUM, KOTOpbIE OIKCHIBAIOT BO3MOXKHOCTb MOSIBJIEHUS
HEKOTOPOTr0 COOLITHS HAa OCH MPOrHO3UPOBaHUs, Kak X. CoCcTosiHMe, HAabJ/II0/JaeMO€e B MOMEHT BpeMEHH t
MOX>XHO 0603HA4YMTh, KaK Xi (xi€X). UHTepBas BpeMeHH, 32 KOTOPbIH BO3MOXKHO U3MEHEHHE COCTOSHUSA Xi
0603Ha4YMUM Kak To. B 1aHHOM ciy4dae jito60e 3HaUeHUe TeKyliero BpeMeHu t=h o, rae h — Homep wara
nepexoZila MeXJy COCTOSHUSIMM (mpouecc Iepexojla MeEXJY COCTOSIHUSIMH  CTaHOBUTCS
KBa3WHeNpPePbIBHBIM C OECKOHEeYHO MaJIbIM BpeMeHHbIM HHTepBasioM 7o), h=0,1,2,3, N. Tekyee
cocTosiHMe Xi Ha ware h, nocsie nepexoga Ha mare h+1 MoXeT yBeJIMUUBATbCS HA HEKOTOPYIO BEJIMUUHY &,
WJIM YMEHBLIATbCS Ha BEJIMUUHY &, 1 COOTBETCTBEHHO 0Ka3aThCsl PaBHbBIM Xi+g, WM Xi-&. BeIMUUHbI € U &
MpUHAZJIeXKaT 006/1aCTU ONpeJiesIeHUs Xi U SABJISIIOTCS [TapaMeTpaMU MoZie/IMpyeMbIx npoueccoB. Kpome
TOrO, Ha Xi+€, U Xi-§ HE0O6X0AMMO HaJIOXKUTh OrpaHuyeHUst: Xi+e<L1 (L1 — BepxHsisA rpaHUIja MHOXKeCTBa X)
U xi-&E>L2(L2 — HkHAS rpaHuia MHoKecTBa X). B caMmoM npocToM cityvae € U & IBASI0TCS AJ151 JIFD60ro 1ara
h mocToIHHBIMU BeJIMYUHAMH.

BBeAeM IMOHATHE BEePOATHOCTH HAXO0XKJEHUA I/IHCIDOpMaL[I/IOHHOI‘O IMPOCTPAaHCTBA B TOM UJIK HHOM
coctosHuUs. [1ycTh, ocjie HEKOTOPOro YKCJIa HIAaroB h Npo onuchIBaeEMYI0 CUCTEMY MOXKHO CKa3aTh, YTO:

. P(x-&h) - BepOSITHOCTB TOI'0, YTO OHA HAXOAUTCS B COCTOSIHUU (X-€);
. P(x,h) - BepOAATHOCTb TOI'0, YTO OHA HAXOJUTCS B COCTOSIHUU X;
. P(x+&h) - BEepOSTHOCTb TOT0, YTO OHA HAXOJUTCS B COCTOSIHUM (x+E).

[locsie Kax/oro Liara, COCTOsSIHUE Xi (Aajiee UHJEKC i /i1 KPaTKOCTH MOKHO ONYCTHTB), MOXET
HU3MEHATbCA Ha BeJIMYHNHY € NN E_,
BeposiTHOCTB P(X,h+1)- ToOro, 4uTO Ha caenyoueM (h+1) mare cucreMa (MU IPOLLECC) OKAXKETCS B
COCTOSIHUM X 6y/ieT paBHa (cM. puc. 1):
P(x,h+1)= P(x-gh)+ P(x+&h)- P(x,h) . (1)

Puc. 1. Cxema 803MOMCHbIX Nepex0do8 Mexcdy COCMOSIHUSIMU cucmembl (Uuau npoyecca) Ha h+1 waze

[TosicHuM BeIpaxkeHue (1) U nmpeAcTaB/eHHYI0 Ha pucyHKe 1 cxemy. BeposiTHOCTb nepexoja B
cocTtosiHUe X Ha mare h P(xh+1) onpegesnsieTcss CyMMOM BEPOSITHOCTEHN IEPEXOJI0B B 3TO COCTOSIHHE U3
cocTossHUM (x-€) - P(x-gh) u (x+&) - P(x+§h) B KOTOpBIX HaxoAuJach cUcTeMa Ha ware h 3a BelueTOM
BeposITHOCTH nepexofa (P(x,h)) cucTeMbl U3 COCTOSIHUSA X (B KOTOPOM OHa Haxo/uJach Ha ware h) B 1t060e
Zipyroe coctosinve Ha h+1 mare. B fJaHHOM ciay4ae 6y/ieM CUUTATh, YTO CAMU IEPEXO/b] OCYILECTBIISIOTCS
C BEepOATHOCTBIO paBHOM 1.

B faHHOM cJyiydae MBI paccMaTpuBaeM MapKOBCKHM HelpepbIBHBIM NIPOLIECC, B KOTOPOM CUCTeMa
He 00J1a/laeT NaMsTbIO COCTOSIHUM, 0ZJHAKO B PeaJIbHOCTH B CUCTEME, KOTOPOU SABJISIETCS 0611eCTBO, BCETrAa
ocmaemcsa Hekomopas namsime O NpejblaylieM cocTodHuU. CiefoBaTesbHO, NpejJjaraeMas MoJelb
JIOJDKHA 3TO YYUTHIBATh. /I 3TOTO ompe/iesiuM BepOATHOCTH P(x-gh), P(x+&h) u P(x,h) 4yepe3 coCTOSAHUA
Ha h-1 mare. AHaJIOTHYHO CxeMe, Ipe/ICTaBJIeHHON Ha PUCYHKe 1, U306pa3uM CXeMbl COOTBETCTBYIOIIUX
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nepexoioB (CM. PHUC. 2), U YYUTBIBAs, YTO € U § ABJAITCSI HEKOTOPBIMHU IMOCTOTHHBIMU BEJTMYUHAMU VIS
Jwboro 1ara h anuiiem:

P(x-g,h)=P(x-2¢,h-1)+P(x-e+& h-1)-P(x-¢,h-1), )
P(x+Eh)=P(x+&-g,h-1)+P(x+2E h-1)-P(x+Eh-1), 3)
P(x,h)=P(x-¢,h-1)+P(x+&h-1)-P(x,h-1). 4)

[loactaBus (2), (3) u (4) B ypaBHeHue (1) nosyunm:
P, h+1)={P(x-2¢,h-1)+P(x-¢+& h-1)-P(x-¢,h-1)} +{P(x+&-¢,h-1)+
+P(x+2&E h-1)-P(x+& h-1)}-P(x-¢,h-1)-P(x+& h-1)+P(x,h-1). 5)
Ha waze h-1:

yxod e niboe
cocmosHue
+&
' "\’ 1 gn 1
+ + +
X §h X fh En-1 % ‘fh X+§h+§h-1
yx0d e nwoboe yx0d e nwboe

cocmosHue cocmosHue

yxod e noboe
cocmonHue

Puc. 2. Cxema 803M031cHbIX nepexodos Ha h-1 waze 0415 onpedeneHus eeposimHocmetl P(x-gh), P(x+&h) u P(x,h)

3aMeTHUM, UTO B JIEBOM 4acCTH ypaBHeHUs (5) Mbl uMeeM uucJo waroB (h+1), a B npaso#i (h-1). Jnasa
TOrO YTOOBI He MPOBOAUTH PA3JIOXKeHHe MPaBoi 4acTu ypaBHeHus (5) B psax Telsopa B OKPeCTHOCTHU
yucsa waroB h (Mn o BpeMeHH), a TOJIbKO B OKPECTHOCTH TOUYKH X, Tpeo6pa3yeM (5) K BUAY:
Px,h+2)={P(x—2,h)+P(x—+&h)-P(x— N} +{P(x+&—¢h)+
+P(x+&h)—P(x+&h)}—Px—eh)—P(x+&h—1)+P(x,h). (6)
Janee yauTbiBasi, 4TO t=h-Ty, rJle t - BpeMs Ipoliecca, h - HoMep 11ara, To - JJIUTEJbHOCTb OJHOT0
miara nepeizieM ot h x t 1 mpoBeZieM COOTBETCTBYIOIIKE Pa3JoXkeHUs B psaf Teiyopa:

dP(x,t 27)2 d?P(x,t
P(x,h+2)=P(x’t)+2T0 C(lt )+( TO) d(;: )

2
P(x —2¢,h) = P(x,t) — zgdpc(;, 0, (22) d I;SZ, )
P(x —e+¢&,h) =P(x,t)—(g_g)dp(x't)+(£_f) d P(x't)+

2 dx?

dP(x,t) N 2d?P(x,t)

dx 2 dx? .
dP(x,t —&)“d“P(x,t
( )_l_(s‘ ) ( )+

dx?

P(x —&,h) =P(x,t) —¢

Px+&—h)=Px,t)+(E—¢) . >
P(x +2&,h) =P(x,t) + zadp(i' t) (222;) d I;SZ, t)
dP(x,t) &2d?P(x,t)

dx 2 dx?
dP(x,t) £2d?P(x,t)
céx ) 22 dez
dP(x,t) &“d“P(x,t)
P(x+¢&h) =P(x,t)+¢ ix 5 T dx?
[logcTaBUB NOJIy4YeHHbIE pa3J10>1<eHI/1H B ypaBHeHUe (6) HaXOAI/IM
dP(x,t) , (219)? d?P(x,t) 2 242 42P(x,t)
2T, 2 dt? ={f+ (-7 + 87 dx?
Wnu B 06061IeHHOM BU/IE:

P(x+&h) =P(x,t)+¢&

P(x —¢&,h) =P(x,t)— ¢

dP(x,t)
dx

+2(&—-¢)

50



dP(x,t) _ a d?P(x,t) dP(x,t) CdzP(x,t)

P epre? . dt dx2 b dx datz '’ (7)
rae:a=T; b=?; c=T1
YsieH ypaBHeHUA BUJA @ - OIIMCBIBAaeT yIOPsA04eHHbIH nepexo/; 1u60 B COCTOsIHUE, KOTJa OHO
* d?P(x,t)

yBesnuuBaeTcs (& > &), aubo, koraa oHOo yMeHbluaeTcs (& < §); 4ieH ypaBHeHUs BH/A T2

OMUCBHIBAET CJy4YallHOe U3MeHEeHHEe COCTOSHUS (HeonpedeﬂeHHocmb u3M€H€Huﬂ). YsieH ypaBHeHHUS BUAA
dP(x,t)

dt — MOXXHO oInpeJeJINTb, KAK CKOPOCTb O6I.[LeI‘O HW3MEHEHHUA COCTOAHHA CUCTEMbI C TE4HEHUEM BPEMEHHU;

d?P(x,t)
dt?
HCTOYHHWKAMHU BO3SHUKHOBEHHS JPYTUX COCTOSTHUH (camoopaaHu3ayusi ¥ yCKOpeHHe KaK yrnopsi/Jo4eHHbIX

dP(x,t) . d?P(x,t)
[—dx ) ¥ cay4yalHBIX (—dx2 ) nepexo/ioB).

YJIeH ypaBHEHUA BHJA OIIMCbIBAET IIpoLecC, MpH KOTOPOM COCTOAHHUA CaMHU CTAHOBATCA

C TouKkHU 3peHHs 06JIaCTU NPUMEHUMOCTU MOJIeJIU B ypaBHeHUAX (7) U (8) Heo6x0AUMO y4yecTb
OorpaHUYeHMe, HaK/aJplBaeMoe Ha K03bouuueHT a=(gz-£§+&2)/To Mmepes BTOPOM NPOU3BOAHOM IO X,
KOTOpasi yYUTHIBAET BO3MOXKHOCTb CJYYalHOr0 U3MEHEHHUs COCTOSIHUSA. [JO/DKHO BBINOJIHATBCS YCIOBHE
(e2-€€+82)2(1-x0)?, CMBICJI KOTOPOTO 3aKJIIOYAETCS B TOM, YTO IE€PEX0/; U3 HAYaJIbHOI'0 COCTOSTHUSA Xo Yepe3
MOPOT AOCTHXKEHUsI COObITHS He MOXKET IIPOU30UTH ObICTpee, YeM 3a BpeMs ofHOro Iara To. Eciu (€2-
€&6+82)<(I-x0)?, TO cucTeMa NepexoAUT Yepes MOPOor JOCTHKEHUS COOBITHSA 3a OJ[MH IIar.

dopmyauposka u peweHue kpaesoli 3adaqu Npu NPO2HO3UPOB8AHUU HOBOCMHbBIX COObIMULL 8
UH@OopMayuoHHOM npocmpaHcmae

CyuTag pyHkuuio P(x,t) HempepbIBHOM, MOXKHO IepPeXTH OT BepossTHOCTU P(x,t) (ypaBHeHue (7)) K

MJIOTHOCTH BepOSITHOCTHU p(x,t)=dP(x,t)/dx v cdopMynrpoBaTh rpaHUYHYIO0 334y, pelleHre KOTOPOu U
6y/leT OIMChIBATh MPOIIECC IIEPEX0/IA MEXKAY COCTOSTHUSIMU B MHPOPMAI[MOHHOM NIPOCTPAHCTBE.

2 2
®
Ilepsoe zpaHuuHoe ycsaosue. IlepBoe I'paHUYHOE YCJIOBUE BbIGEpEM HCXOJs U3 CJeAYIOIINX

coobpakeHuM: coctosiHue x=0 onpezessieT MOJHOE OTCYTCTBUE KaKUX Obl TO HU OBLIO, MPOTEKAIOIIUX B
MHPOPMAIMOHHOM IPOCTPAHCTBE, MPOLECCOB, C COOTBETCTBYIOIMMH UM U3MepPsieMbIMU IapaMeTpaMHU.
Cama BepOSITHOCTh OOHAPYKHUTb TaKOe COCTOSHHE MOXKeT ObITh OTIMYHA OT 0 (XOTS M AO/DKHA OBITh
6JIM3Ka K HYJII0), OIHAKO MJIOTHOCTb BEPOSITHOCTH, ONIPe/e/ISIOILYI0 TOTOK B COCTOSIHUM x=0, HE06X0JUMO
IMOJIOXKHUTDH paBHOﬁ 0 [COCTOHHI/IH CHCTEeMbl HEe MOI'yT BBIXOJAWUTH B o06J1acThb OTpHLATEJIbHBIX 3Ha4YeHU
(peanusyeTcs ycJ0BHE OTPAKEHHUSA)), T.€.:

P(X, )y =0 . (a)

Bmopoe epanuunoe ycsaoeue. PaccMOTpuUM cocTossHMe HHQOPMALMOHHOIO IpPOCTPaHCTBa C
3HaYeHUEM BeJIMYHHb]I BEKTOpPA HAXOASIErocsi B6JIU3U I'PaHUIbl BO3MOXKHbBIX 3HAYEHUH ero COCTOSSHUU
00603HaYMM 3TY Npeie/IbHYI0 BEJIMYUHY BO3MOXHBIX COCTOSIHUN Kak L). CaMa BeposATHOCTb OGHAPY>KUTh
Takoe cocTosgHue 6ygeT oTMyHa oT 0. OfHAKO IJVIOTHOCTb BepPOATHOCTH, onpejeJsdmollas NOTOK B
COCTOSSHUM x=L He0o6X0AMMO MOJIOKUTh paBHOM 0 (COCTOSHUS CUCTEMbl HE MOTYT BBIXOAUTH B 00J1aCTh
3HAaYyeHUH 6oJiblile, YeM MaKCHMaJbHO BO3MO)XKHas BeJMYMHA (peasu3yeTcs YCJOBHE OTpaXK€HWUs OT
rpaHUIbl)), T.€.:

P(x, ), =0 . (b)

[Tocko/IbKy B MOMeHT BpeMeHH t=0 COCTOsIHHME CUCTEMBI yKe MOXKeT ObITb PAaBHO HEKOTOPOMY
3HA4Y€HMUIO Xo, TO Ha4a/IbHOE YCJIOBHE 33JaIMM B BH/i€:
1,x =x,

p(x,t =0) =6(x—x0)={0 X % xy

Tak Kak Ha4aJIbHOE YCJIOBHE COJIEPXKUT JiesibTa QYHKIIMIO, TO pellieHue A4 p(x,t) pasbuBaeTcs Ha
JIBe 00JIaCTU NPHU X>Xo U MPHU Xx<Xo. [loCcKo/JbKY HcxXonHOoe AuddepeHIMalbHOe YpPaBHEHHE COAEPKUT
BTOPYI0 IPOM3BO/IHYIO 10 BpeMeHH, TO HEOOX0JMMO BTOPOe HauasbHoe ycaoBue. OHO sIB/IsIeTCS He CTOJIb
OYEeBH/IHBbIM, KaK [epBOe, HO B JJAHHOM CJIydyae MOXHO MCI0JIb30BaTb HENPEpPbIBHOCTb QYHKUUHU AJIS
Jo60oro MoMeHTa BpeMeHU. Hasmuyue O-QyHKIMH NOPUBOAUT K TOMY, YTO pelleHHe, OCTaBasiCh
HeNpepbIBHBIM B TOYKE X=Xo, UCIIBITHIBAET B Hel pa3phIB Npou3BoAHOM. [Ipy pelieHUH 33124 C TOMOIbIO
METOZ0OB  ONEPALMOHHOTO MCYMCJIEeHUs BO3HUKAeT HeoOXO0JAMMOCTb BBbIYMCJIEHUSI HHTerpasa

7] Xo+0

E{fx;’_o G(x,p)dx} ‘tzo, rae G(x,p) - usobpaxenue p(xt). [IoCKOJIbKY H306paskeHHe TaKKe Kak |

OpPUTHHAJ fABJAIOTCA HeNpepbIBHBIMHM, TO [JAaHHBIM HHTerpas paseH 0, 4TO no3BoJigeT He 3aJaBaTh
3G (x,0)

HavyaJIbHOe yCJI0BHe AJ1 +=0 B AIBHOM BH/le.

at
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HWcnonb3yst MeTOAbl ONEPALMOHHOTO UCYUCIEHUS AJIsl IVIOTHOCTH BEPOSTHOCTHU p1(x,t) u pz(x,t)
0OHapyKeHHUsI COCTOSIHUSI CHUCTEeMbl B OJHOM M3 3HaueHUW Ha oTpe3ke oT 0 Jo0 L MOXHO MOJYYUTb
cJIelyIoUlyI0 CUCTEMY YPaBHEHUN:

[Ipu x = x,
t (x=x0)(e=9 i X0); L—x

L 2 o o) e sm(nn 1 )sm(nnT) t €& _ n2n2(e2—gé+£2)
pl(x, t) Le Toe Zn:l cos(rtn) ch T | 4(e2—e£+£2) 1.2 .
[pn x < x,

2 o e e S(mTsin(m) (¢ [ e R (e +E?)

—— _ 2 z — e - —

p2(x,t) L€ 0e L cos(mn) ch 7o\ 4(e2—£8+£2) L2 '

Eciy peanusanusi MporH03UpPyeMoro COObITHS CBs3aHA C yBeJWYEHHEM BeJUYUHbI UCXOJHOTO
COCTOSIHUS CUCTEMBI Xo, TO UHTerpaJs P(1t):

P(lt) = foxo po(x, t)dx + fxlo p1(x, t)dx. 9)

OyJleT 3a/JaBaTh BEPOSTHOCTb TOT'0, YTO COCTOSIHUE CUCTEMbI K MOMEHTY BpeEMEHU t HAXOJUTCS Ha OTpe3Ke
ot 0 no I (I=Xbs), T.e. nopoe cobbimusi [ He OYAET JOCTUTHYT.
CoOTBeTCTBEHHO, BEPOSATHOCTH Qi(t) TOro, 4T0 nopoz cob6bimusi | OKaXKETCsI K MOMEHTY BpeMeHU t
JIOCTUTHYTBIM UJIM IIPEB30H/I€HHBIM, MOXKHO ONPEJEIUTD CIEYIOLUIUM 06pa3oM:
Q(,t) =1—-P(,¢). (10)
Ananus nokaseiBaeT, 4To p;(x,t) U p,(x,t) npu JHO6OLIX 3HAYEHUAX t U X He SBJSAIOTCA
oTpULaTebHBIMU, 4151 GyHKIHH Q (I, t) nmpu t—oo BeimosHsieTcss yeaosue Q(I, t)—1 (P(L, t)—0).
Ecsiu peanvsanusi MporHO3UPyeMOro COOBITHS CBSI3aHA C YMEHbIIEHHEM BeJIMYHMHbI UCXOAHOTO
COCTOSIHUS CUCTEMBI Xo TO UHTerpaJ P(L,t):
P(,t) = flx" po(x, t)dx + f:: p,(x, t)dx (11)
OyJleT 33/laBaTb BEPOSITHOCTb TOTO, YTO COCTOSIHHME CUCTEMBI K MOMEHTY BpeMeHM t HaxOJUTCS Ha
YHCJIOBOH MPSIMOU OT [<X0<00, T.e. nopoe cobbimusi | He 6yAeT AOCTUTHYT. BepossTHOCTB Qi(t) TOro, YTO nopoz
co6bimust | oKaXKeTCs1 K MOMEHTY BpEMEHH t JOCTUTHYTBHIM TakK:ke onpegensieTcs no ¢opmyse (10).
CoryiacHO Halled MoJiesi, CTOXaCTHYeCKasi JUHAMUKA ONUCHIBAETCS U3MEHEHHEM COCTOSIHHUSA 32
CYEeT IapaMeTPOB € U §, BEJIMYUHBI KOTOPBIX ONPEENS0TCA MHOXKECTBOM PA3/IMYHbIX paKTOPOB.

AHanu3z peweHusi kpaegotl 3a0a4u Npu NPo2HO3UPOBAHUU pedKUX cobbimuli 8 UHPHOPMAYUOHHOM
npocmpaHcmae. Peaauzayust namsimu u camoop2aHu3ayus

[IpoaHanusupyeM noJiydeHHble pe3yabTaThl. s Moie IMpoBaHus npolecca 6y/ieM CUUTaTh, 4YTO
HayasbHOe (B MOMEHT Hadasa HabJilo[eHHs1) 3HaueHUe BeJMYMHbl BEKTOpa COCTOSIHUSI CHUCTEMBI
(uHPOpMaLIMOHHOrO MPOCTPAHCTBA) PaBHO X, (x0=0,05 -yc/I0BHO MpUHATAs BeJHUYHUHA), BEJUUYUHY To
nprvMeM paBHOH 1 ycioBHOM efnHuLe BpeMeHH, €=0,02 u £§=0,01, [=2-ycs0BHO NpUHSATAs BeJUYHUHA.

PesysnbraThl peiiienusi ypaBHenusi (10) ¢ ucnosb3oBanuem (9), oyukuuii p;(x,t), p,(x,t) u
33/IaHHBIM BbIIlIE HAOOPOM NApaMeTPOB W PA3JUYHBIMU hopozamu cobbimuti (OTMETHM, YTO B AAHHOM
cJy4yae NMPOrHO3UpPyeMoe COOBbITHE HAGJII0JAeTCsl IPU POCTe BEJMYMHBI BEKTOPA COCTOSIHUSI CUCTEMBbI),
BbIOpaHHBIX IIPU MOJIeJIMPOBAHUM, NpeJCcTaBaeHbl B rpadruyeckoM Buze Ha pucyHke 3. KpuBas 1 Ha
pUCYHKe 3 mocTpoeHa /s mopora co6eiTuss paBHoro 0,1; kpuBasi 2 JJis BEeJHYHHBI [1OPOra COObITHSA
paBHo#1 0,2, a KpuBas 3 Ji/1 BeJIMYMHbBI Topora co6bITHs paBHo# 0,3.

Xo/ KpPUBBIX Ha PUCYHKe 3, MOKa3blBaeT BO3MOXKHOCTb POCTa BEPOSTHOCTH Iepexofa hopozd
co6bIMUS TPAKTUYECKU Cpa3y MocJ/ie Hayasia MpoIecca, YTO CBSI3aHO C HAJIMYMEM NaMSTH O MPeJbIAYLIIUX
COCTOSIHUSIX CHCTEMbl B pPa3pabOTaHHOW HaMM MOJENH, U BO3MOXKHOCTH OINMCAHUS 3HAYUTEJbHOU

CaMOOpraHU3ali CHUCTeMbl BCJeACTBUE ydeTa B AuddepeHLUaTbHOW MOJeNH 4YJeHa ypaBHEHHH,

d?P(x,t)

UMEILEro BUJ, . KpuBble 1 1 2 Ha pUCyHKe 3 JIeMOHCTPUPYIOT, UYTO YeM 6JIMKe 3HaYeHHe BeJIMYUHbI
dt? y

COCTOSIHUSI CUCTEMBI X0 B MOMEHT HavaJla HalJIloZleHus K nopogy cobbimusi, TeM ObICTpee BO3pacTaeT
BEPOSATHOCTH Nepexofa (KpuBas 1 mocTpoeHa AJs nopoza cobbimus paBHoro 0,1, a kpuBad 2 ajs 0,2, mpu
O/IMHAKOBOM Haya/JIbHOM BeJIMYHMHE BEKTOPa cocTossHUs cucteMbl 0,05).

BTopoil 0C0GEHHOCTBIO, MpeAJaraeMod HaMU MOJIENH, SBJISETCS BO3MOXXHOCTb HECKOJBbKUX
CKa4K00Opa3HbIX U3MEeHEHUN BEPOSITHOCTHU Iepexo/ia Yepes3 nopoa cobbimusl.

TpeTbell 0COGEHHOCTBIO, MpeJJaraeMoll HaMU MOJeNH, fABJSETCS HaJUu4ue BOJHOOOPA3HBIX
SIBJIEHUY B NTOBEJIeHNH BEJIMYHNHBI IOCTHKEHUS NOpo2a co6bimusl.
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Puc. 3. 'pagpuueckoe npedcmassieHue pe3y1mamos ModeauposaHus npeodosieHuUs1 nopoaa cobbimull, npu pocme
8€/IUMUHbI COCMOSIHUS

PaspaboTaHHasi MoJieJib yYUTbIBA€T MHOTME OCHOBHblE CBOMCTBA peJKHUX COOBITHUI:
Heomnpe/ieJIeHHOCTb BO BpeMEHH HX MPOSIBJIEHHUS, CTOXaCTUYHOCTh C HEM3BECTHBIMHU XapaKTePUCTHKAMH,
Ha/IM4Me MaMATH B CUCTEME B KOTOPOH NMPOHCXOAUT COObITHE, CAMOOPraHU3alMi0 HHpOopManuu.

PazpaboTaHHas HAMU MOJEJ/Ib 03BOJIsIET POAHAJM3UPOBATh BO3MOXKHOCTb IIPOrHO3MPOBAHUSA
peAKOro HOBOCTHOT'O COOBITUS TUNA «YEpHbIH Jiebeib» BO B3aUMOCBS3M C Pas/IMYHbIMU KJacTEPaMHU B
MHQOPMAIMOHHOM MPOCTPAHCTBe. AHA/IM3 3HAYEHUH BpeMeH JOCTIKEHUS PeAKUX COOBITHUU MOXEeT
MO3BOJIMTh JIeJIaTh UX JJOCTATOYHO TOYHBIM MPOTHO3, NPU 33/JaHHOM YPOBHE BEPOSTHOCTHU peasu3aluu
(nanmpumep, 0,90 uiwm 0,95).

Heo6x0AMMO OTMETUTD, UYTO KaXK/J0€ PeIKOe HOBOCTHOE COObITHE TUIA «YEpHBIN Jiebeb» UMeeT
IJIOXO CTPYKTYPHUPOBAHHBIX M CJA60 BhIPAKEHHBIX MPeAIeCTBEHHUKOB, OSIBJIEHHE KOTOPBIX He OBLIO
00HaPYKEHO, HO OHM SIBJISIIOTCSA 3HAYMMbIMU UHANKATOPAMH, HA OCHOBE KOTOPBIX B PETPOCIEKTUBE, KaK
NpaBUJIO, JaeTcsl palMoOHAJHUCTUYecKoe OObsICHEHHe MpOM30lleslIeMy sBJeHUI0. MccienoBaHue
caMonojo6uss MHPOPMAIMOHHBIX MPOILECCOB MOXET I03BOJIMTb ONpEAeJUTb NMepHuoJ, WJIM HHTEepBaJ
CaMoIo006Hs, YTO SABJISETCS BaXKHBIM C POTHOCTUYECKON TOYKU 3PEHUS.

MeTognKa 3KCIIepI/lMeHTaJIl:HOI7[ IIPOBEPKH npeajgaraemMbix MOAeJIeﬁ. Pecy PCOEMKOCTb
PICCJIeAOBaHPIﬁ U AJITOPUTM peanu3aiiuu

JKcnepuMeHTa/bHasi MpOBepKa pa3pabOTaHHbIX HAMU Mojesell MOXeT ObITh NpOBeJleHa Ha
60J/Ib1IIOM MacCHBe TeKCTOBbIX JIOKYMEHTOB C UCII0/Ib30BaHUEM CJIeyIOIero aJropuTMa:

a) [lpoBoauM mpezacTaBieHUe TEKCTOBBIX JOKYMEHTOB B MHGOPMAIMOHHOM MPOCTPAHCTBE C MOMOLIbIO
MEeTO/I0B MaTeMaTU4eCKOH JIMHIBUCTUKU K BEKTOPHOU PpopMe, U OCYLIeCTB/IsIEM B KAKOH-TO MOMEHT
BpeMeHH t=0 KJIacTepHU3aLUI0 110 PA3JIMYHBIM CMbICJIOBBIM IPYINIaM, UCI0Jb3Ys aJIFOPUTM K-CpesiHuUX,
Scatter-Gather, BIRCH wiu anropuTMbl uepapxdyecKol KJjacTepusauuu. Beigensiem 6bICTpo U
Me/IJIEHHO U3MeHsolecs NOACUCTEMbI JAHHBIX B MHPOPMALlMOHHOM NPOCTPAHCTBE, U OINpeesisieM
JUISl HUX HallpaBJIeHUs JUPEKTOPOB;

b) 3apmaem BekTOp COOLITUSA B UHGOPMALMOHHOM NIPOCTPAHCTBE MOCPECTBOM €r0 TEKCTOBOI'0 OMUCAHMUSI.
BesinurHa BeKTOpa MNPOrHO3UPYEMOro COOBITHS 33/1a€T Ha OCH 3TOI'0 COOBITHSA MOPOT €ro AOCTIKEHUS
(D). OnpenesisieM yriibl MeXAY AUPEKTOPAMU U BEKTOPOM IPOTHO3UPYEMOTO COOBITHS;

c) IlpoBoauM oToGpakeHUEe BEKTOPOB, ONpe/e/soIlUX 0J0XKEeHHE LIeHTPOB HOBOCTHBIX KJIACTEPOB Ha
HamnpaBJ/ieHHe OCH, 33/aBaeMOil BEKTOPOM IPOrHO3UPYeMOro COOBITHSI MOMEHT BpeMeHHM t=0 u
HaXO0/IUM UX Cpe/iHee 3HaYeHHe Xo;

d) CmycTsi HEKOTOpBIN WHTEpPBaJ BpeMeHU H3MepeHHUs (HAa30BeM ero 7o) OlpejiesisieM HOBble BEKTOPa,
3ajialollMe [10JI0XKeHNe LIeHTPOB HOBOCTHBIX KJIAaCTEPOB U UX OTOOpaXkeHUsl Ha 0Cb IPOTHO3UPYyeMOoro
cobbiTusA. Pa3zensieM oToGpaXkeHHsl Ha [iBe Tpynnbl. B mepBoi 6yAyT Bce BEKTOpPa, A/ KOTOPBIX
3HAYeHUs1 OTOOPaKEHUH YBEJMYUJIMCh, BO BTOPOM /[Jisi KOTOPBIX YMEHBbIIUIUCh, 0 CPAaBHEHHIO C
npejbIAyLIIMMY 3HaYeHUsIMU. HaxoauM cpefHue 3Ha4YeHHs IO IPyINIaM M omlpejessieM 3HauyeHUs
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BEJIMYUH TPEH/I0B yBeJMyeHUs (€) U yMeHblleHUs (§) M0 OTHOLIEHUIO K Ha4aJIbHOMY COCTOSIHHUIO Xo.
BesIM4MHBI € U § ONIpeiesISIIOTCS pa3HOCTBIO TEKYIEro CPeIHEr0 3HAYEH U 110 TPYTIE U HpeJbIAYIILEro
0011ero cocTosiHUS Xo. BblesnseM OGBICTPO M MeJJIEHHO W3MEHSIOLIMECS MOJACUCTEMBI JAaHHBIX B
MHOOPMAIMOHHOM NPOCTPAHCTBE, ONpejiesisieM /Jisi HUX HOBble HalpaBJeHUs] AUPEKTOPOB U YTJIbl
MeX/y AUPEKTOPAMHU U BEKTOPOM IPOTHO3UPYEMOT0 COOBITHS;

e) Ucnosb3ys BeJUYUHBI Xo, € & To, [ M BbIpaKeHHUs [Ji IJIOTHOCTH BePOSTHOCTH p1(x,t) U pz(x,t)
0OHaApyXEeHHUs1 COCTOSHUS CHUCTEeMbl B OJJHOM M3 3HAaYeHUH Ha otpeske oT 0 go [ Mojenupyem
JIOCTHPKeHUE 1opora CoObITHS, U OlpeiesisieM BpeMsi ero JAOCTHKeHHUs (MpU 3aJJaHHOM BEPOSITHOCTH
peanuzanuy, Hanpumep 0,9 wiu 0,8);

f) Yepes HOBbIN MHTEPBAJ BpeMeHH U3MePEHH S To IOBTOPsIEM MIPOLIeIyPhl, ONMMCaHHbIe B MIYHKTax b) - e).
[lo nosiy4eHHOM 3aBUCUMOCTH OT BPEMEHH YTJIOB MEXY AUPEKTOPAaMU U BEKTOPOM POTHO3UPYEMBbIX
COOBITUH oOmpefessieM HajlW4yMe WJIM OTCYTCTBHE CaMOIOA0OMS B IpolieccaX, MPOTEeKaIIIUX B
MHOOPMAIMOHHOM MNPOCTPAHCTBE, W INPU €ro HaJWYUU OlpeJelissieM NapaMeTpbl CaMoONoo6us
(mepuon MM UHTEPBAJI, YTO BAXKHO /151 MPOrHO3UPOBAHUS HHTEPECYIOLEro COObITHS).

[IpeacTaB/ieHHe TEKCTOBBIX JAHHBIX B BEKTOPHOU popMe € MOMOIIbI0 METOL0B MaTeMaTUYeCKOU

JINHI'BUCTHUKH CO3/jaeT BEKTOPHOE IIPOCTPAHCTBO pa3MepHOCTH R™, rie m - MOXKeT JOCTUTaTh BEJTUUYHUHBI

HECKOJIbKUX [JIeCTKOB MUJIJIMOHOB. MHcmosb3oBaHWe [/ TNPOBEAEHHUS MCCJAeJOBAaHUN OGOJIbIINX

KOJIJIEKLIMH TEKCTOBBIX JOKYMEHTOB SIBJSETCS B TEXHHUYECKOM IlJIaHE 4pe3BbIYalHO pecypcoeMKOM

3a/lauei, pelreHre KOTOPOW CBSI3aHO C 06pabOTKONM IK300aUTHBIX 00'bEMOB TEKCTOBOW MHQOpPMAIUH, U

TpebyeT NpUBJIeYeHUs] BbIYHUCIUTENBHBIX KJacTepoB ¢ [leTadionHON NporM3BOgUTENBHOCTIO. [loaToMy

JUIs TIpe/iBapUTEJIbHOW IPOBEPKHU MOJEIN MOXKHO OrPAaHUYMUTHCS MeHblLIed BBIOGOPKON [JJaHHBIX.

Hanpumep, UCnoJib30BaTh CyIeCTBYIOIIHME OOLIEeNOCTYHbIE 6a3bl TEKCTOBOM HAay4YHOW MHPOPMALMH, U

KaK OJIMH M3 BO3MOXXHBIX BApUaHTOB B3sTh UHPopManuio u3 Wikipedia, Hay4yHbIX 1 HOBOCTHBIX [IOPTAJIOB,

Ny6JMKYIOIIUX HOBOCTH HAayKH U TEXHUKU. B KayecTBe pesKOro COOGBITHS MOXKHO ONHCATh, HAlpHUMep,

MHOOPMAIMOHHYI0 KapTy J1060ro U3 GyTypUCTUYECKUX HAYYHBIX IPOTHO30B, C/eJaHHbIX TEXHUUYECKUM

JupekTopoM kKoMnaHuu Google Psem KypuBeiisioMm (HanpuMep, nepcoHasbHble KOMIBIOTEPHI JOCTUTHYT

BBIYMCJIATEJbHOM MOIIHOCTH MO3ra 4eJIOBeKa, KOMIBIOTEp CMOXeT NPOWTH TecT TrroopuHra, 3D -

NPUHTEPbl HAYHYT NevyaTaTh yeJoBeyeCKHe OpraHbl, NOSIBUTCS HEGHMOJOrHYeCKUN WHTE/UIEKT U T.J.) U

OLIEHUTb BpeMsl ero peau3aliy IpU pa3HOH BEpOSITHOCTH.
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