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CTPYKTYPHBIE CTATUCTUYECKHME MOJEJIN:
HNHCTPYMEHT ITIO3HAHUA 1 MOAEJIMPOBAHUA

®.1. AHIOH, A.C. BAJIABAHOB

JlaHbl BBeZieHNE U KpaTKUi 0030p MEPCIEKTHBHOTO Kiacca MOAENei — BEpOsTHO-
CTHBIX MOJieJIell 3aBHCHMOCTEN Ha OCHOBE AIMKIMYECKHX OPUEHTHPOBAHHBIX Ipa-
¢oB (AOT'), mpexae Bcero — OaitecoBckux cereil. [IpuBeaeHbI XapaKTepHCTHKA
BBIPA3UTENBHBIX M TO3HABAaTENbHBIX BO3MOXKkHOcTeH AOI-mozeneld, ux crmocoOHO-
cTH 0oTOOpakaTh NMPUYMHHO-CIEACTBEHHBIE CBSI3U. B comocraBieHWM C ApyruMu
MOJIXOAaMH K BHIBOJLY 3HAHUH M HAESHTHU(HKAINN MoJelel OKa3aHbl POJIb U MECTO
0alieCOBCKHX ceTell Kak MHCTpyMEHTa aHajiu3a M 00OOIIeHUS SMIMPUYECKUX HaH-
HBIX, CBSI3b C JIOTHKON M IPOOIEMOIT MHIYKIINL.

BBEJAEHUE

BeposiTHOCTHBIE MOJENTN CUCTEM 3aBHCUMOCTEH Ha OCHOBE I'pa)OB BOSHHUKIHM Ha
CTBIKE MHOTOMEPHOI'O CTATUCTHYECKOTO aHAJIN3a, TEOPUU BEPOATHOCTEH, TEOPHUU
rpa¢oB, Teopuu MHGOPMALMU U HUCKYCCTBEHHOIO HMHTENIeKTa. [laHHBIA Kilacc
MOJIeJIel UTPaeT PojIb CTPOTOTro SI3bIKa MPECTABICHHS 3HAaHUM B YCIOBHAX HEOII-
peAeIeHHOCTH (B YaCTHOCTH, B OKCIEPTHBIX CHCTEMaxX HOBOTO IMOKOJICHHSA) U 3-
(eKTUBHOTO amnmapara peIIeHHs pPa3HOOOpa3HbIX AaHAINTHYECKUX 3a7ad.
Haunbonee npuBnekarensHbl MOJENN Ha 0a3e alUKINYECKUX OPUEHTHPOBAHHBIX
rpagoB (AOI), t.e. AOI'-mogenu. [JoctomncrBa AOI'-mMoneneii: HariIsiTHOCTD,
CIOCOOHOCTh OTOOpaXKaTh NMPHUYUHHO-CIICJCTBEHHBIE CBSI3M M IMPOTHO3UPOBATH
MOCJICNICTBUSA TEUCTBHUMA (PEIICHMI), KOMIIAKTHOE TPEICTABICHUE CHUCTEM 3aBH-
CHUMOCTEH, BEIYUCIUTENbHAS 3Q(PEKTHBHOCTH BEPOSTHOCTHOTO BBIBOJIA MO CBHIE-
tenbcTBaM [1-4]. Dt cBoiicTBa oOecrneunBaroT 3QPEKTUBHOES MPUMCHEHHE Ta-
KX MOJICTIe B caMbIX pa3HBIX cdepax, BKIFOYas MEIUIMHCKYIO H TEXHHYECKYIO
JUAarHOCTHKY, COLMOMETPUYECKUH, IKOHOMETPUUECKUHA U SMUAEMUOIOTHYECKHH
aHaJIN3, MOJAEJNPOBAaHNE T€HETHYECKHMX MEXaHH3MOB, paclo3HaBaHHE PEUHU
U T.1. MOXHO CKa3aTh, YTO TAKHUE MOJICIH MPOHU3BIBAIOT MH()OPMAIIHOHHBIEC TEX-
HOJOTMK (QOpMUpYIOIIErocs HbIHE KOMIUIEKca AWCLHUIUIMH e-Science. B pabote
[5] nmokazano, uto popmanuzm AOI'-mMozenei 3aBUCUMOCTEH aeKBaTHO OTOOpa-
JKaeT KOTHUTHUBHBIE MEXaHU3MBbl OOYYalOUIMXCs JeTed MpH WHIYKIHW Kay3aib-
HBIX OTHOILIIEHUN U3 OTIbITA.

IIpocroii nmmoctpatuBHbii npumep AOI'-Monenu naH Ha puc. 1. Crpenku
MEXIy y37IaMu (BEpIIMHAMH) MOJCIHA OTOOPaKalOT HEMOCPEACTBEHHOE BIIHMSIHHC
OJTHUX TIEpEMEHHBIX (COOBITHI) Ha Apyrue. B 4acTHOCTH, MOKa3aHO, YTO MOCTO-
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Basi MOXET CTaTh MOKPOW B Pe3yJbTaTe TOTO, YTO IMPOIIEI JA0XKIb WM JIOMHYJIA
TpyOa Bomonporosa. [lpumepom peansHoro npuiokenus AOI-Monenu sBisieTcs
HOopMatmBHas Mojenb «Hailfinder», wmc-

Wner noxnap .HOHHyJ'Ia pr6a nojb3yemMas i1 Hpe)_'[CKaBaHI/If;I CHJIBHOI'O
JIETHETO Ipaja Ha ceBepo-BocToke Komopa-
\ / no. Mogaenb conepxuT 56 TUCKPETHBIX Tie-

PEMEHHBIX, CBSI3aHHBIX C TIOMOIIBIO 66 AyT.
BriBox mogoOHBIX MOZAEIEH U3 OaH-
* HBIX CIIOCOOCTBYET TOJIYYCHHIO MHCANTA O
CBSI3SIX TIPOIIECCOB B MPEIMETHOM O0IACTH.
Hanpumep, Ob11 IpoBeicH aHAIN3 PUINH
u cnenctsuit OemHoctu B 80 pa3BUBaIO-
Puc. 1. AOT-mozeis IIUXCSl CTPaHAaX MUPA, UCXOIS WX JAHHBIX
MupoBoro banka [6]. B pesymprare mo-
CTpoeHa MoJIeNb (puc. 2), KOTopas oKa3bIBaeT (DaKToOphl poxkaaeMocTd. B gacT-
HOCTH, BUIIHO, 4T0 GDP — BenuumHa moxoma pomarrHero xo3sicTea (Ha qymnry
HAaCeJICHUS) — HETOCPEICTBCHHO HE BIISIET Ha POXKIAEMOCTh, HO CBSI3aHA C HEll
H“HIEKCOM HecBoOoas! 1 Gini-Index.

MOKpa}I MOCTOBas

IIxoapHHAK
TOCKOJIB3HYJICS

= TIpuObUIBHOCTE
YpoBeHb YpoBeHb JieTcKon Unnexc p
— CEIIbCKOr0
HErpaMOTHOCTH CMEPTHOCTH HECBOOOIBI o
XO03sMCTBa

Gini Index \ /
POX1aeMOoCTh / GDP

Puc. 2. CtpykTypa (HakTOpOB POXKIACMOCTH B OCIHBIX CTpaHAX

[IpuBeaeM Takke MPUMEP U3 METUKO-OMOIOTHUECKON 00macTu. beinu co-
OpaHbl JTaHHBIC DKCIPECCUU TE€HOB O0pa3IOB KJIETOK MPOCTATHI — PAKOBBIX H
KOHTPOJIBHBIX 00pa3noB. M3 3THX JaHHBIX BBIBEACHA MOJIENb [7], IOKa3bIBAO-
1iasi, 4TO MPH MATOJIOTUH MEXaHW3MBl TCHHOW PETYISIUH IEPecTPanBaroTCs
(puc. 3). B wactHocTH, ipu naronoruu (puc. 3,0) onkoreH ERG nHaunHaet Biu-
atb Ha koitareH COL2A1 wu, kpome Toro, ren TGFP (daxrop pocra) mpsimo
Biausetr Ha a—methylacyl-CoA racemase (u3BecTHBIN Kak Mapkep auddepeH-
[IMAIMX OIyXOJIH), @ B HOpMEe — HeT. [Ipy 1maTojgoruu reH UMMYHHON CHCTEMBI

] Epsin COL2A1 / Epsin COL2A1
AMACR T AMACR T T
TCRy [«— ERG 1 TCRy ERG
TGF ¢ i -
TCQEG <— Adipsin A HEG Adipsin
a o
Puc. 3. B3anmopelcTBUE TI'€HOB KIIETKM NPOCTAaThl. @ — HOPMa; 6 — OIyXOJb;

AMACR — a-methylacyl-CoA racemase; HEG — Human enkephalin gene
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Adipsin HemocpencTBeHHo BiusieT Ha Epsin (ren pocrta), a B HOpME — HET.
(B HOpME oHH accommupoBaHbI TONIBKO depe3 TCR y— reH KIeToYHON 3alTuThI. )

KPATKASI PETPOCIIEKTUBA CTPYKTYPHBIX MOJIEJIEA

[Ipob6nembl TO3HAHHS TPAJUIIMOHHO pacCMaTPUBAIUCH Ha PHIocohckoM ypoBHE.
Bonpocamu sMmupuyeckoil METOIOIOTHH 3aHUMANIACh QUIIOCODUS HAYKH, TPH-
BJIEKasl PH 3TOM armnapar JIOTHKH U TeoprH BeposiTHOcTel. C MosBIeHHEM MOIII-
HBIX MH()OPMAIIMOHHO-aHAIUTHYECKHX WHCTPYMEHTOB Ha 0aze KOMIBIOTEPHBIX
TEXHOJIOTHHA (B TOM YHCJIC MHTEIDICKTYIBHBIX) 3TH BOMIPOCHI IIPHOOPETAIOT HE-
MOCPEICTBEHHO MPAKTUUECKOE 3HaYeHNHE. B moMoIs 1 Ha cMEHY TpaJULUOHHBIM
npoleaypaM U cxeMaM MO3HaHMsA, T1ie OJHAa M3 LEHTPAIbHBIX POJiell OTBOIUTCS
nporeaypaM 0O0CYXIEHUs, KOJUIEKTHBHOTO KOHTPOJSI M COTJIACOBAHHS TEOPHH,
NPUXOJAT aBTOMATH3UPOBAaHHBIE TEXHOJOTUU «YCKOpeHHOTo mo3Hauus». Cdop-
MHUpOBajiach HOBas 00JIaCTh HAYYHBIX UCCIICAOBAHUNA — OTKPBITHE 3HAHUH B JaH-
HBIX, JIeXalas Ha TepeceueHUr Pa3HbIX JAHCIUIUIMH. B Hacrosiee BpeMmsi 00-
JacTh NPWIOKEHUH JTHX HMCCIEOBAHHH B OCHOBHOM COCPEJAOTOYMBACTCS TaM,
rae gyHnameHnranpHas Hayka (B YHCTOM BHZE) HE JaeT HYXHOTO pe3ysbTaTa
[8, 9] (nanpumep, B Gu3Hece), HO cdepa TaKUX NPHIOKEHHUI pacuiupsiercs. Ha
CMEHY IIEPBBIM MTPOCTHIM MOJIEIISIM (TIPaBUiIaM KIIacCU(PHUKAIIMU U PACTIO3HABAHMS,
NPONO3UIHOHATBHBIM (HOpMyIaM H T.N.) UAYT OoJee CIOKHBIE MOJENU U CHC-
TEeMHBIE TpencTaBieHns. OHUM U3 TaKUX KJIACCOB MOJEIIEH ABISIOTCS rpadoBbie
BEPOSITHOCTHBIC MOJIETIH 3aBUCIMOCTEH.

3aMeTHM, 9TO K M3BECTHBIM Pa3IMUUSIM MEXKIy TPAJUIMOHHOW W KOMIIBIO-
TEPHON METOMOJIOTHSIMH HAYYHOTO OTKPHITHS HEOOXOAMMO JOOABHTH pa3lInyme
cpenpl OTKpbITHs. [Ipekae ueM crienaTh OTKpHITHE, YeTI0BEK JOJITHE TOAbI YUUTCS,
TOTOBUTCS, CHEIUAINZUPYETCS U aKKyMYyJIUPYeT JOCTHKCHUS HAayKd B JaHHOH
obmactu. KomnbploTepHbIe k€ TEXHOJIOTHU TOJararoTcsi Ha YCKOPEHHBIE aBTOMa-
THYECKUE TPOLEAYPHl «(PEHOMEHOJOTHYECKOT0» MO3HAHUS, KOTOPbIE 3a OIHMH
«IIPOXO0J1» OXBATHIBAIOT (YCBAaUBAIOT) OTPOMHBIA MAacCHB TAaHHBIX U TPaHCHOPMH-
PYIOT UX B MOAEJb, IPUTOAHYIO A5l 00bsicHeHus. [losTomy B padote [8] mpu co-
MOCTABJICHUH PAa3JIMYHBIX MapaJurM U METOJOJIOTHIA OTKPBITHS B KAUeCTBE OJTHON
M3 OCeW JuarpaMMBl B3sITa XapaKTEPUCTHKA «OOBEM HCIOIB3YEMBIX 3HAHUI.
A, BooO11Ie, IpaBUIIbHEE HE MPOTHBOIOCTABIATH STH JIBE METOAOJOTHH, a TOBO-
pHUTh 00 MX B3aMMHOM IIPOHUKHOBEHHUH U mononHennn [8—10].

Armmmapat QopManbHOW JIOTMKH W ammapar BEPOSTHOCTHBIX (CTATHCTHYC-
CKHMX) MOJIEeH 3aBUCUMOCTEH Ha TPOTSHKEHUH CBOEH MCTOPHH JIOJITO pa3BHBa-
JUCh TOYTH CaMOCTOSITeNbHO. HO MOMBITKM YHMCTO JOTMYECKHMMH CpEACTBAMHU
OMKCaTh peajbHbIC CUTYAlMH W 3a7adll UCKYCCTBEHHOTO MHTEJIJIEKTa HATOJIKHY-
JIUCh HA Cephe3HBIE TPYTHOCTH M CTHMYJIHMPOBAIN Pa3pabOTKy pazIHYHBIX pac-
MMpEeHUH W 0000IICHUH JIOTUKU W A3BIKOB NpeacTaBieHus 3HaHuil. TpyaHocTtn
BO3HMKAJIU M HA ITyTH MPAMON MHTETPALUH JIOTHKH 1 BEpOATHOCTH. B To ke Bpe-
Ml 32 TIOCJIETHHE JIeCATh—IIATHAIATE JIeT ObUIa MOKa3aHa BaKHASI POJIb U TUIOJIO-
TBOPHOCTH TIOHATHUS YCIIOBHON HE3aBHCHMOCTH. Y CIIEIIHO Pa3BUBAINCH TEOPHUS U
NPaKTUUYEeCKOE MPUMEHEHUE CTAaTUCTHMYECKHX MoJieNieil Ha OCHOBE rpadoB, 0CO-
OeHHO, MOJIeTIel 3aBUCMMOCTEH Ha OCHOBE alMKIN4ecKuXx oprpados. Takue mo-
JIeNTA UTPAIOT BAXKHYIO POJb B METOIOJIOTHU OTKPBITHSI 3HAHUK B 0a3ax JaHHBIX
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(BM1). B cBsi31 ¢ 5THM CTaHOBSITCA aKTyaJbHBIMH BOTIPOCHI IEPEOCMBICIICHUS TIPO-
0JieMbI 0000IICHYSI ¥ UHAYKITUY.

ITorpeGHOCTH BBECTH ammapar BEPOSITHOCTU B SIMCTEMOJIOTUIO U IIO3HaBa-
TEJbHBIA MHCTPYMEHTAPHI 0CO3HABAIX JaBHO. DUI0COPCKUE KOHIICIIINN CO3/a-
Baiu, B yacTHocTH, K. [Tonmep, P. Kapuan u X. Ilytnam. IIpeanpuanmanuce mo-
NIBITKU CUHTE3a BepoATHOCTU U jnoruku. Hampumep, II. Iaiiek, T. ['aBpanek [11]
MIPEIOKIITN YaCTOTHBIE Tpalalliil KBaHTopa BceoOmHocTH. Ho TmaBHOE Hampas-
JIeHHE Pa3BUTHA MOLUIO MYTEM BBEICHHS BEPOSTHOCTHONH MEPbl HICTUHHOCTH YT-
BEPXKACHUM M TEOPUH, B COUECTAHNH C XapaKTEPUCTUKOW TOUHOCTH KOJINYECTBEH-
HBIX onucanuii [12, 13].

HenpuMennmocTh KiaccH4ecKod JIOTUKHA K PEIIeHHI0 OOJBIIMHCTBA IMPaK-
THYECKUX 3aJ1a4, a TakkKe MOTPEOHOCTh BEPOATHOCTHBIX PACcUIMPEHHN CHOCOOOB
paccyXIeHUH MOKHO MPOWJLIIOCTPHUPOBATH OYEHb MPOCTOi cxemoi. IlycTh MbI
3HaeM, 4To UCTHHHO npaBuio «Eciau A, To B». IlycTh Temepbs Mbl Homydmiu
¢daxt B. B knaccuueckoii Ioruke Kakoi-muOo BBIBOI U3 3TOTO (haKkTa OTCYTCTBY-
€T. A BOT 37JpaBbIil CMBICII, UCIIONB3YS «CIa0bIi cHTOTu3My [ 14], TO3BOJISAET BBI-
BECTH, 4TO HacTyIwieHue (akta B nemaer yrBepkmenne A Goree TpaBaoIomno0-
HeIM. (B Oosiee mMMpPOKOH TPaKTOBKE TaKOW CHOCOO pacCyKICHUS — JIOTHKA
NOATBEPXKICHUS THUIOTE3bl WM TeopuH.) Ho B Kakol CTENEHM MOBBIMIAETCS
MPaBIONOA00HOCTs yTBepxkaAeHus A? Jlis oTBeTa Ha 3TOT BOMPOC HEoOXomnMma
BEPOSITHOCTHAsI MOJIEJIb.

WnnykTHBHAsS JOrMKa HE MOXET paboTarh 0e3 BEpOATHOCTHOM MoJenu
peaMeTHON 007acTh. J[aBHO CIIOKHIIACh TPAIUIINS pa3IudaTh YaCTOTHBIA U Oaii-
€COBCKUH MOAXObI K BEpOsATHOCTH. FIMeHHO GaliecOBCKHMi anmapaT 0OBIYHO MPHU-
BJIEKAETCS K OCTPOCHUIO pacCcykaeHuil. Psaa aBTopos, B yactHoctH, E. JkeitHec
[14], paccmarpuBaroT OaifecoBCKUi ammapaT TEOPUHM BEPOSTHOCTEH Kak JIOTHKY
paccyxaeHuii B HayuHoM mo3HaHuM. (Bonpinas 4acTh mMpyMepoB B yKa3aHHOW
MOHOTrpaduy B3ATa U3 MaTEMaTHKH WM CUTyaluil OOBIICHHOW XH3HM, TaK YTO
OHHU HE PENpPE3CHTYIOT MOJTHOMACIITA0OHBIX MPOOJIeM Hay4YHOTO 1Mo3HaHus.) baiie-
COBCKHUI BBIBOJ] M3 MHOYKECTBA CBHUJIETENBCTB (UIMHHAS IETI0YKAa PACCYKICHHUI)
MOPOXKIACT pa3pacTaHue TPOMO3IKHUX YCIOBHH. JTO (Cpedu MPOYero) MOsSCHSET
Ba)XHOCTb CBOMCTBA yCIOBHON HE3aBUCUMOCTH.

AmnmapaT yclIOBHOM HE3aBUCHMOCTH, ()OPMaIM30BaHHON B Teopuu rpadou-
J0B 1 moxyrpadounnoB [1], iMeeT HECKOIBKO SKCIUTMKALWH. JTO MpexkIe BCEro:
BEPOSITHOCTHAs YCJIOBHAs HE3aBUCHMOCThH, HEPEJICBAHTHOCTH B JIOTHUECKOW CHC-
teme [15] u HepeneBaHTHOCTh B PENAMOHHBIX 0a3ax maHHBIX (multivalued
dependency). MIx o0beanHSAIOT 0OIIME aKCHOMBI. 3aMETHUM, YTO MOJICIH 3aBHCHU-
MOCTEH Ha OCHOBE alMKJIMYECKHX OprpadoB MOTYT paccMaTpUBATHCS WU Kak
UHCTPYMEHT paboThl ¢ CyObEKTHBHBIMU BEPOSTHOCTSIMU, U KaK CTATUCTUYECKUE
MOJENIM Ha OCHOBE YaCTOTHBIX BeposiTHOCTEH. Mozenu, HCHoib3yemble ISt
CyOBEKTHUBHBIX paccykIeHui, 00biyHO HazwiBatoTcs belief networks [1] u cTpo-
ATCSI HA OCHOBE JKCIIEPTHBIX 3HaHUH. Ammapat rpad)oBbIX BEPOSTHOCTHBIX MOJE-
neit 3aBUCUMOCTEN 00beTMHIIT B ce0e HECKOIBKO HANpPaBICHHUN, Pa3BUBABIINXCS
paHee aBTOHOMHO — CTaTUCTHYECKHE MOJIENIH, CUCTEMBI CTPYKTYpPaJIbHBIX ypaB-
HEHUH (B 5KOHOMETPHKE), CETH BEPOATHOCTHBIX PAcCyKAEHHUH (B HCKYCCTBEHHOM
MHTEJUIEKTE). 3apOKACHUE ITOTO ammapara MOXKHO YCMOTPETb B IyTEBBIX IHUa-
rpammax C.Paiita (Hayano 20-ro Beka).
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He mpetennyst Ha BCECTOpOHHHMI aHANW3, PACCMOTPUM YCIOBHYIO HE3aBU-
CUMOCTh U MOJICIM 3aBUCHUMOCTEH Ha OCHOBE aIMKINYECKHX Oprpad)oB C TOYKU
3peHus TOTUYECKON U MO3HABATEIFHON TEPCIEKTHB, a TAK)KE B3aMOOTHOIICHHE
WHIYKTABHOTO BBIBOJIA U UJCHTH(DHUKAIIMKA CTPYKTYPHI CTATHCTUYCCKUX MOJICIICH,
HEKOTOPBIC BO3MOXKHBIC BapUaHTHI «CILIABa» JIOTUKH M ammapara rpadoBbIX Be-
POSITHOCTHBIX MOJIeJIe 3aBUCUMOCTEH.

OBOBIIEHUE U UHAYKIUS

0O06001IeHne — 3TO MPOIECC MONy4YeHUs (BbIBOA) Oosiee oOIMMX onmucaHuit (abd-
CTPaKTHBIX, YHHBEPCAJbHBIX M KOMIIAKTHBIX CHENU(UKALNI) ONpeAeIeHHOrO
00BeKTa (CUCTEMBI, IPEAMETHON 001acTh, cephbl Wi MHUpa) Ha OCHOBE YaCTHBIX
OIMCaHUM.

[lonsTHe MHAYKUNYU ynoTpebsieTcs: rIaBHBIM 00pa3oM B JIOTHKE (XOTA ele
@. BoKOH NpUMEHST €ro B KOHTEKCTE SMIHMPHUYECKOro mo3Hanus). Ho B mocnen-
HEe BpPEeMsI CMBICII 3TOTO TEPMHHA CTAaHOBHUTCA Oojiee cBOOOMHBIM. [loaTomy Oy-
A€M pasjindyaTtb MHAYKOWIO B Y3KOM U IIWPOKOM CMBICJIAX. B INUPOKOM CMBIC-
Jie — 3TO BBIBOJ] TEOPUH MM OOIIET0 YTBEPXKICHHUS HA OCHOBE YaCTHBIX CIIy4YaeB.
B y3koM cMbicie oHa ompenenseTcs B paMKax (pOpMabHO-JIOTHYECKUX SI3BIKOB.
B pabote [16] mokazaHO ceMaHTHUECKOE Pa3iudre MEXIY 3ajadaMu JeTyKITUH,
a0yKIMU W WHAYKIHMH, KOTOPHIE BCTPEYAIOTCS B JIOTHYECKOM MPOTrPaMMHUPOBa-
HUU U UCKYCCTBEHHOM HHTEJUIeKTe. MHAyKuMs ompeneieHa TaMm Kak BBIBOX
MOJIEIH HEM3BECTHOH TEOPHH, COTJIACYIOUICHCS CO BCEMH 33JaHHBIMHU IOJIOMKH-
TENBHBIMA M OTPUIATEILHBIMU WHTEPIPETalusIMU. B TPOMO3UIIMOHANIEHOM HC-
YHUCJIEHUH WHAYKIUIO MOYKHO IIOHMMAaTh Kak OOOCHOBAaHHBIM IEpexo] OT
MHOECTBA BBIPOKEHHI ¢ KOHCTAHTAMHU K BBIPAXKCHUIO, TJIe KOHCTAHTA 3aMEHEHA
Ha NIEPEMECHHYIO. B WHAYKTABHOM JIOTUYCCKOM MPOrpaMMHPOBAHHUU BBIBOJUTCIA
(opMyIa, cocTaBlIeHHAs B 3aJJaHHOM 0a3uice U OOBSICHAIOMAs («ITOKPHIBAIOIIA)))
3aJJaHHOE MHOXECTBO (hakToB [17].

J1s Hammx 1eei onpenaenuM JOKAThHYI0 HHAYKIHIO (B TEOPHUAX MEPBOTO
Mops/iKa) Kak 000CHOBaHHBIM NEepexo]l OT MHOXKECTBA JIOTUYECKUX BBIPAKCHUH C
KOHCTAaHTAMH Ha MECTEe IMPEIMETHBIX MEPEMEHHBIX B HEKOTOPBIX MO3MIHUAX K
CXOJHOMY TIO (hOpMe JIOTHUECKOMY BBIPaKCHHUIO, B KOTOPOM Ha STHX TO3UIHMSIX
CTOSAT TepeMeHHbIe (HE CBs3aHHBbIE KBAaHTOpaMH CYIIECTBOBaHHUA). MOXKHO cKa-
3aTh, YTO MPH STOM BBOJIMTCS HOBBIA KBAHTOP BCEOOIIHOCTH.

UucTo Jornveckass HHAYKIHS 3QPEKTHBHA, MO-BUIAUMOMY, TOJBKO B TpH-
JIO)KEHUU K MCKYCCTBEHHBIM CHCTEMaM WJIH «MUpam» (Hampumep, IpHU BepHU-
¢uKanuu MporpaMMm) WM B O4YeHb aOCTPaKTHBIX OTOOpPaKECHUSX peaNbHBIX
MpeIMETHBIX oOnacteli. M3BecTHhIC MPUMEPHI YCIEIIHOTO MPUIIOKEHUS HHIYK-
TUBHOTO Jloru4eckoro mporpammupoBanns (ILP) MOXXHO OOBACHWUTH TeM, UYTO
ObLT BBIOpaH W30JIMPOBAHHBIN YYaCTOK MPEAMETHON 001aCTH, MOIYUHSFOIIANCS
JIETEPMUHUCTHYECKUM CBSI3sIM (HAIlpuMep, KJIeTKa), U yaadyHo copmymupoBaHa
3amava. (B mocnmemnme romel paspabaTeIBaroTCs BeposATHOCTHBIE Bepcuu ILP.)
[IIupoko M3BECTHO, YTO AJSl pEeaIbHOTO OECKOHEUHOro MHpa CTPOTHX M Halex-
HBIX TIPaBWJI WHAYKIHUH HE CYLIECTBYET, T.€. HUKAKO€ KOHEUHOE MHOKECTBO MPH-
MepoB ((PaKToB, HACTHBIX YTBEPKIEHHUI) HE MOKET 000CHOBATH aOCOIIOTHO BEP-
Hoe 00001IeHHoe yTBepxkaeHue. [IpuHImn MateMaTHdeckoi (aprudmMeTndeckoit)
WHIYKIUA — 3TO MPOCTO MPaBUIIO CBOPAYMBAHUS PEKYPCHBHOM CXEMBI JTOKa3a-
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TEJIbCTBA, OH HE MMEET IMpPSMOr0 OTHOIICHHUS K MpoOieMe HayYyHOH WHAYKIHH.
B peanbHbIX OECKOHEUYHBIX JOMEHAX He paboTaeT MpaBWJIO MepeHoca YTBEpKIe-
HUS ¢ OJHOTO O0BheKTa (MHAWBHUAA) HA CISAYIOMMNA (M HET JaXKe €CTECTBEHHOTO
yrnopsgoueHuss 00bekToB). [loaToMy HaydHOE COOOIIECTBO (Tpexae Bcero, (u-
nocodbl U TeopeTHku computer science) mpunuin Kk kouneniuun PAC-learning,
T.€., BEPOSTHO MPHUOIU3UTEIHLHO KOPPEKTHOTO BBIBOAA OOOOIIEHHBIX yTBEpIKIe-
HHI M3 MHOXKECTBA 4acTHbIX [12].

B aHrnosseluHON JUTEpaType MOHATHE 0000ujeHue 9acTo CBSA3aHO C TMOHS-
THeM learning. B pyccKOsS3bIMHON U yKPaWHOS3BIYHOW TPaJULMK TaKOW accolua-
UM HET, BEPOSITHO TIOTOMY, YTO CJIIOBO 0OyueHue OXBAThIBAET 0Ojee HIMPOKYIO
cemaHTuKy. ([loHsiTHE camoobyuenue HECKONBKO ONMXKe, HO TOXKE HE SIBISETCS
TOYHBIM SKBHUBAJICHTOM. Hayuenue — Jydle.)

HedopmanbHo, B IIUPOKOM KOHTEKCTE, 00001meHne — 3T0 mepexof (oboc-
HOBAHHBI WM apryMCHTUPOBAHHBIM) OT YaCTHBIX CIIy4aeB (MPUMEPOB) K 00-
MM, 0oJiee YHUBEPCAIBHBIM YTBEPKACHUSAM (3HAHUSM) O HEKOTOPOM OOBEKTE,
cUcCTeMe, mpenMeTHOH obnactu, chepe win Mupe B 1enoM. Hampumep, B comm-
ANBHBIX U MEIUKO-OMOJIOTHYECKUX HCCIEOBaHUIX 3TO MMeeT (GopMy BBIBOIA
3HAHWI O MOMYJISIMY B IIEJIOM Ha OCHOBE (PaKTOB, KaCAIOIIUXCS OTJENbHBIX UJIe-
HOB oy sy, Korma takoit mporiecc BbIBoa (3HAHWH) HOCUT CKa4KO00pa3HbIH
xapaktep (MOMYyYeHHBIH pe3yNbTaT CYMIECTBEHHO OTIMYAETCS OT MCXOTHOW HWH-
¢dopmanuu no rayonHe, KOMIAKTHOCTH, CTEIICHH YHUBEPCAIBHOCTH) U KacaeTcs
IIMPOKOH chephl WK 1aXKe BCETO YHHUBEPCYMa, TO TOBOPAT O HAYYHOM OTKPBITHHU.
B GonmpmmHCTBE CitydaeB Hay4dHBIE OTKPHITHS OBLIH CIENaHbl Oiaromaps WHTYH-
TUBHOMY aKTy MOCTH)KEHHS MCTUHBI (03apeHuIo). boree Toro, onbIT 4eaoBevecT-
Ba TOBOPUT, YTO COBEPIIUTH OTKPHITHE (IO KpalHEeH Mepe, B eCTCCTBEHHBIX Hay-
Kax) myTeM (OpMabHOM MPOIEAYpPHl, KOTOpas rapaHTHpOBayia OB OT OIIHMOOK,
HEBO3MOXKHO. W make eciu OTpaHWYUTHCS YTBEPXKICHHUSIMH B CTPOTOM JIOTHYE-
CKOM $3bIKe (HampuMep, B JIOTUKE MEPBOTO MOPSIIKA), TO BCE PAaBHO HEBO3MOXKHO
BBITIOJTHATh WHAYKTUBHBIA BBIBOJ M3 KOHEYHOT'O YHCIIA MTPUMEPOB C ITOJHOH ra-
panTHeit oT omuoOku. [103TOMYy TEOPETHKY MPUHSIIN KOHIETIUIO BEPOITHOCTHO-
0 arpPOKCUMAIIMOHHOTO O0YYESHHs Ha SMITUPUUECKOM orbite [12, 13].

BBISIBJIEHME CTPYKTYPBI BEPOSSTHOCTHOM MOJEJN KAK
WHIYKIASA

Hayka B mepBylo ouepens m3ydaeT cBs3u. OTHOCHTENHFHO HOBBIM aImapaToM,
HO3BOJISIFOIIMM SIBHO OITMCHIBATh CBS3M MEXKY IPOLECCAMH, SBISIIOTCS rpadOBbIC
BEPOSATHOCTHBIC Mojenu 3aBucumoctei [1-4,18,19]. Paccmorpum Hambonee mo-
IyJIIPHBIN KJIACC — MOJIENIM Ha 0a3e alMKINYeCKHX OPHEHTHPOBAHHBIX rpadoB
(AOI'-mMopenu). ITocKOIBKY HIMEHHO AMCKPETHBIC MOJICIH MTO3BOJISIOT «IIepedpo-
CUTb MOCTHK» K JIOTHKE, COCpeIoTOYMM BHUMaHue Ha AOI-moxensx ¢ auc-
KPETHBIMHA TIEPEMEHHBIMH, T.€. Ha TaK Ha3bIBAEMBIX O0aileCOBCKHX CETSX.
CootBercTBeHHO, ToBOpsi 0 BJI, Oynem mmerb B BUIy 0a3bl C JUCKPETHBIMU
aTpubyTamu.

Baiiecosckas cets (bC) onpenensercs:

1) cTpykrypoii ammkiamdeckoro oprpadga G (rae kaxkmod BepiimHe rpada
COOTBETCTBYET IIEPEMEHHAs) U
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2) COBOKYITHOCTBIO MapaMeTpoB ¢, T.e. JIOKAJbHO 3aJaHHBIX YCIOBHBIX
pacnpeselieHuii BepOSTHOCTEH 3HAYCHUN TIEPEMEHHBIX p(R| 7(R)), rne 7(R) —

rpadoBbie «poauTenu» i R (BEpUIMHBL, U3 KOTOPBIX BBIXOISAT AyTH, BXOISIINE
B R).
MoJienb OMUCHIBAETCS COBMECTHBIM PacipeeieHHEM

p(RlvRZ""’Rn):Hp(Ri | 7(R;)) - (1)

®opmyna (1) moapaszyMeBaeT BBITIOJIHCHHE Kay3aJlbHOTO MapKOBCKOTO J0-
MyIIEHUS, KOTOPoe B TpadOBBIX TEPMHHAX BBIpaKaeTCsd (POpPMYJIaMH yCIOBHOMN
HE3aBUCUMOCTHU BUIA

p (R| BCE aTPHOYTHI, 32 HCKIIIOYEHHEM ITIOTOMKOB R) = p (R| poxutenu R).

(OTHOMIEHNE TOTOMKH—TIPEIKH OIpPEIeNIeTCs] TPAH3UTUBHBIM 3aMBIKAaHHEM
OoTHOWeEHHUs1 AeTu—poautenu.) ['padgoBeie Momenu 3aBUCHMMOCTEl MHOTAA Ha3bI-
BAIOT CETSIMU BEPOSATHOCTHOM yCIIOBHOM HE3aBUCUMOCTH.

B gem ke 3akmtodaeTcs 0000IIEHHE B NpoIlecce WACHTHU(GHKAINU CTPYKTY-
pbl BeposiTHOCTHOU AOI'-Mozenu Ha OCHOBE AaHHBIX? MOXKHO JM CUUTAaTh WUH-
OYKTUBHBIM BBIBOJOM IIPOLIECC BOCCTAHOBIICHHSI MOJENH 3aBUCHUMOCTEH B BUIE
aIUKIIMIECKOTo oprpada (MCXoIs U3 TaHHBIX )?

Kpartko obprcyem 3aiaqy uieHTUPHUKANNN (BOCCTAHOBIICHHS) OaiiecOBCKOI
CETH TI0 JaHHBIM HAOMIOACHUN (IPUYEM PACCMOTPHUM «CEHapaIlMOHHBIIN» MOIXO0]]
K peureHuto 3a1aun) [3,19]. 3agaHo: a) cTaTHCTHYECKUE TaHHBIC HAOIOACHUN 3a
cucTeMoii (00bEKTOM), JUIst KOTOPOH MBI HMILEM MOJE/b; 0) MPEaooKEeHUE, YTO
aZieKBaTHasl MOJIeNIb OTHOCHUTCA K Kiaccy AOI'-mozeneii; B) HECKOIBKO KOHIIETI-
TyaJbHBIX METOJOJOTHYECKUX TIOCTYJATOB, HEOOXOAMMBIX [UIsI WHIYKTHBHOTO
BBIBO/Ia (B YaCTHOCTH, MPEIIONI0KEHINE HEOOMAHUYMBOCTH paclpe/ielieHUsT Bepo-
SATHOCTEH MOJIENIA U CTAHJAPTHOE MPEIIOI0KEHUE JIF000T0 CTATUCTUIECKOTO MO-
JenupoBaHus — i.i.d.-xapakrep BIOOPKHU JaHHBIX). Pe3ynbraTroM naeHTHDHKAIUH
JIOJDKHA CTaTh crenuuKkanus cTpyKTyphl rpada G U COBOKYIHOCTH THapameT-
poB 9.

Ha mepBbIit B3rmsin MoKeT OBITh JaJIeKO HE OYEBHIHO, B YEM )K€ 3aKITI0YaeT-
Cs B JAaHHOM CiIydae 0000IIeHIe WM HHAYKITHA, T.€. Kakoe o0Iee 3HaHUE TOITy-
4yeHo. MOXeT MoKa3aThesl, YTO IPOCTO BBIMOJIHEH CHHTE3 KOMIIAKTHOTO OMKCAHMS
WCXOJHBIX JaHHBIX. MOZeNs BhIBEIEHA, HO B YeM COCTOUT 00001IeHune?

HamomanwM, 9TO Kaskaas 3armch UCXOIHBIX JAHHBIX COOTBETCTBYET CIIyYarlo,
MpeLeeHTy, T.€. MOBEACHYECKOMY aKTy OOBEKTa, K KOTOPOMY OTHOCATCS HaH-
HbICe. B pa3sHBIX MpeMETHBIX 001aCTAX TaAKUE CIy4Yau OMUCHIBAIOTCS KaK KOPTEIKHU
COCTOSIHUI TIEPEMEHHBIX, Pa3HBIX 10 TPUPOJIE, XaPaKTepy, IUIHTEIHLHOCTH U
ypoBHIo. Harpumep, 3anucsm (cirydasm) MOTYT COOTBETCTBOBATH!

® HHAWBUJBI YEIOBEYECKOW MOMYJISIIUN (B MEIMKO-3MUIEMHUOIOTHIECKUX
3a/1a49ax);

® TpaH3aKLUUU WM 3alpocChl, MPOXOISIINE Yepe3 Hpoueccop (B KOMIIbIO-
TEPHBIX CUCTEMAX);

e cooOmIeHNs (B TENEKOMMYHUKALIUSAX );

® CHTHAJBI WIA UMITYJIECHI (B DIEKTPOHHBIX WM 3JIEKTPOTEXHUYECKUX YCT-
POMCTBAX);
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® U3JeNUs HA BBIXOJIE MTPOU3BOJCTBEHHON JMHUMU (HampuMep, OTIMBKU Me-
Taja, INTAaMIIOBAaHHBIC IETATN, SK3EMIUISIPbI HHTETPAIBHBIX CXEM H T.1I.).

Hns mocneanero npumepa (mpoussoactso bUC) 3amuch gaHHBIX OyAeT co-
CTOATh U3 pe3yibTaToB KoHTpousis BUC, napaMeTpoB T€XHOJOIMUYECKOTO MpoLec-
ca M JpYIruxX U3MEpPEeHUH U IOKazaTelel, MPeaIoNoKUTeIbHO PEIeBAHTHBIX UL
aHanu3a. B nanHOM mpuMepe 3amucsM COOTBETCTBYIOT 3K3EMILISIPBI OHOTUITHBIX
u3genuii. B apyrux nmpuiokeHUsX Bce JaHHBIE MOTYT OTHOCHTHCS K OJHOMY U
TOMY K€ YCTPOHCTBY (OOBIYHO — CJIOKHOMY W JIOJITOBEYHOMY), M TOTJa CIydan
OINMCHIBAIOT pa3HbIE IMKIIBI, HHTEPBAIbI, aKThl (JYHKIMOHHWPOBAHMS ATOTO YCT-
po¥icTBa. A 3JeMEHTaMu 3alucH (aTpuOyTaMu Cilydasi) BBICTYNAIOT 3HAUCHUS H3-
MepSIEMbIX BETMYUH B COOTBETCTBYIOIINE MOMEHTHI (MHTEPBAJIBI) BPEMEHHU.

PaccMmoTpuM cuHTaKcHueckyro (GopMy BBIpa)KCHHUs MOTYYCHHBIX 3HAHUH.
[IycTe MBI XOTHM 3amucath pe3ysbTar 0000eHus B GopMe JOTHYECKOTO (UM-
IUIMKaTUBHOT'O) TpaBHJja, MPEJCKa3bIBAIOLIET0 3HAYCHUE OJHOI0 aTpudyTa, uc-
X0/ u3 3HaueHuil apyrux. CopeprkaTeiabHO TaKOe BBIpaAKEHHUE — KOHBIOHKITHS
OTHOMECTHBIX MPEANKATOB PABEHCTBA, IPUYEM BO BCE MPEAUKATHI BXOIUT OJHA
U Ta K€ MpeIMETHAs MepeMeHHas X, a mepel] BCEM BBIPaKEHUEM CTOUT (Hoapa-
3yMeBaeTCs) KBAaHTOP BCEOOIIHOCTH. B momHO# joruko-nogooHoi dhopme ¢par-
MeHT 0alflecOBCKOM ceTH ciieoBano Obl 3alucaTh B BUJIE KOMIUIEKTA KBa3HIIpa-
BWJI BU/IA

(A(x)=a; &B(x) =b, &...& F(x) = f;) = Pacnpenenenue atpudyra R(X) . (2)

UroObl MpHUIATh MPaBUIIaM, OMUCHIBAIOIINM OaHEeCOBCKYIO CETbh, elle 0Oib-
€€ CXOJCTBO C IMPHUBBIYHBIMH JIOTHYECKUMH BBIPAKEHUSIMH, MOXHO BBECTH B
JIEBYIO YacCTh MpaBUjIa JOMOJIHUTEIBHYIO IEPEMEHHYI0 H , IMEIOIIYIO0 BEPOSTHO-
CTHYIO TIPHUPOJY U OOECIICUMBAIONIYIO OJHO3HAYHOE 3HAUCHUE B IMPABON YACTH.
Torma nmomydaroTcs MpaBuiia, B KOTOPBIX HET paclpeieIeHnd BEpOATHOCTEH, Ha-
npumep:

(A=2;)&(B=b,)&(H =h;)=R=r,.

(ITepemennass H wumeet Oosbiie 3HaueHui, yem R.) Takas dopma mpen-
CTaBJICHHS HE TOJBKO BHEIHE MPHUBIEKATEIbHA, HO U OTPAXKACT MEXaHH3M BO3-
HUKHOBCHUSI BEPOSTHOCTHON MIPUPOJIBI OTHOIICHHUS — CYIIECTBOBAHUE HEHAOIIO-
JTAeMBIX apryMeHTOB ((pakTopoB).

Jlro0ast 3anvich TaHHBIX B TIOJHOW ()OpME BBITIISIUT KaK

(A =2, &B(X)=b; &...&F(X)=f,...). 3)

(UtoObI crmenath 3amuch erie 0ojiee MPUBBIYHON IS JIOTHMKOB, HAIO 3aMe-
HUTH PaBEHCTBA HA JBYMECTHBIC MPEIUKATHI C ApTYMEHTAMH TUTIA 00beKm U 3HA-
yenue ampubyma.) Ho 3anmceIBaTh JaHHBIC B JIOTHMKO-TIOA00HOU (opme (3) He-
1enecoo0pa3Ho, U Ha MPAKTHKE 3aMTUCHIBAIOT MIPOCTO KOPTEXK 3HAUCHUH.

Takum 00pa3oM, pe3ylbTaToM HIeHTU(GUKAIMH (BOCCTAHOBIICHHS) SIBIISICTCS
MOJIeJb, OMUCHIBAIOMIAS (B BEPOSTHOCTHOM CMBICIIC) MOBEACHHUE 8CEX IK3EMILISI-
poB monyismu. EcTecTBEHHO, SKCTPANOJIAIMs ONMCAaHUS HAa HOBBIE (€IlIe He Ha-
OIroJIaBINMEeCs) CITydad MOJPa3yMEBaeT CTATUCTUYECKYI0 3HAYNMOCTh yTBEPIKIe-
HUM, HA OCHOBE KOTOPBHIX CKOHCTPYHpPOBaHa MOJIENb, a TAKXKE OIPEACICHHYIO
CTETICHb CTAIIMOHAPHOCTU U CTAOMIILHOCTH CUCTEMBI (MICTOYHMKA JIaHHBIX). MTak,
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MOKHO CKa3aTh, YTO NPU HISHTHU(PUKAIIMA MOJEIH aKkm 0600weHus, W1 WHAYK-
IIUH, TIPOU3OIIICIT.

SIcHO, YTO KOHCTPYKIINH, MOAOOHBIE (2), OMrke K MPOMO3UITMOHATEHOMY
HCYHCJICHHIO, YeM K BBIPaXKCHHSIM JIOTHKH TiepBoro mopsaka [20]. Cumsoi npen-
METHOW TIEpPEMEHHON OOBIYHO HHMKOT/Ia HE BIHCHIBAIOT HU B TEKCT JAHHBIX, HA B
pe3ynbrat BeiBosa. (Bee ciydam cumtarorcs Oe3biMsHHBIME.) Jlaxke ecnu B BJI
MPHUCYTCTBYIOT YHUKAJIbHBIC HICHTU(PHUKATOPHI CiIydaeB (MHIWBUIOB IOIYJIs-
W), MOJIENb X UTHOpUpYyeT. [lepeMeHHBIME B TaKUX MOJENSIX OOBIYHO Ha3bl-
BaroT arpuOyThl. OTHAKO HA3BaTh TAKYIO 3aIMCh YHCTO MPOIMO3UIIMOHAIBEHON TO-
JKe Helb3s, MO0 TOrJja MOXHO TOTEPSATH CBS3YIOIIYI0 OChb, T.€. OTCBHUIKY BCEX
KOMITOHEHTOB NIPaBWJIa K OHOMY H TOMY K€ CIIydaro (3K3eMIUISIPY MOMYJISIIH).

3aKJII0OYeHHOE B YTBEPXKACHHUHM YCIOBHOW HE3aBUCHMOCTH o00oOmiaromiee
CBOMCTBO MOXHO SIBHO BBEIPa3HTh (hOPMalbHO-TOTUYECKH KBAHTOPAaMH BCEOOIII-
HOCTH IO 3K3EMIUISIpaM TOMYJISALUHN, KOTOPhIE OTPa)KaroT BO3MOXKHOCTB JIeJaTh
MPOTHO3 IIENEBOr0 aTpuOyTa Uil HEU3BECTHOTO (HOBOTO) DK3EMILISpa TOMYJIs-
uu. (SIcHO, 4TO I AK3eMIUSIpOB W3 mMeroteicss bJl Takol mporHo3 sBisercs
orpy6ieHreM, H00 KaXKIbIii N3BECTHBIM IK3EMIUISP UMEET OJJHO3HAYHOE 3HAUCHHE
BCceX aTpUOyTOB, a HE pacmpeiesieHue BeposTHocTed. Ho KBa3WIIpaBHIIO M TYT
paboTaeT KOPPEKTHO: OHO JaeT Ty 4acTh MH(OPMAIUU O IEJIEBOM aTpudyTe K-
3eMILISIPa, KOTOPYIO MOXKHO OOBSCHUTB. )

[MomMumo 3TOrO0 KBaHTOpa BCEOOITHOCTH, Tepea (OpPMYIIOH yTBEPIKICHUS
MOYKHO TIOCTaBHTh TaK)K€ KBAHTOPHI BCEOOIIHOCTH TI0 3HAUYEHUSIM aTpUOYTOB, KaK
3TO TOKa3aHO B BapHaHTE BEPOSITHOCTHON JIOTHKHU repBoro mopsinka ®. baxyca
[21]. UubIMu crioBamu, AU 3aITaHHOTO IEJICBOr0 atpudyra R BCe JeBble yacTH
KOMIUICKTa KBa3WIIpaBWiI Buja (2) MMEIOT OAMHAKOBBIM (opmar. (Pasymeercs,
BEIBE/ICHHOE OITMCAaHHNE TAKOTO BHJA COJIEPIKUT DIIEMEHT OTKPBITHS TOJIBKO TOTAA,
KOTJla B JIEBBIC YaCTH KBa3WUIIPAaBHUJ BXOMAT HE Bce HE-TOTOMKH artpubyta R. T.e.
MHO>KECTBO POJUTENIEH HE COBMAaeT C MHOXKECTBOM HE-TIOTOMKOB. )

U popmyna (1) Toxxe nMeeT HeM3MEHHBINA QopMaT Uil BCEX COCTOSIHUH Y3-
JIOB ceTW. 3HaHU, 3aKIIOUEeHHBIE B 0ailleCOBCKON CETH, MOXXHO TPEJCTaBHTH B
amnmapaTte XOpHOBCKHX TpeiokeHnil. [lonartue npeomemuas nepemennas B am-
napare bC tpeOyeT nosicienus, 00 He BCETa COOTBETCTBYET OOBIYHOMY B JIOTH-
Ke IMpeJCTaBiIeHuIo (Kak 0 HeKOM oObekTe). Hampumep, MoxkeT OBITH BbhIBEICHA
MOJIeJTb, CO/IepIKaIasi, B YaCTHOCTH, TaKyl0 3aBUCHMOCTB: €CIIA WUIET IOXKIb, TO
BBIPYYKa MarasuHa najgact. B 5ToM yTBepkIeHHM HEHa3BaHHOW MPEIMETHOM IIe-
PEMEHHOW BBICTYMAIOT MPOCTPAHCTBECHHO-BPEMEHHBIC KOOPAMHATHI (TOPOI U
JICHB ).

VYxe mo camomy Qopmary (3) 3amuceil JaHHBIX MOHATHO, YTO 3/1€Ch HEIb3S
NEPEHOCUTh YTBEPXKIEHHUsI C OJHOTO O0bEKTa Ha cIeqylouInid (paBHO Kak W Ha
n1000i1 Apyroii), T.e. He paboTaeT MPUHIMII MaTeMaTHIECKOW HHAYKIUH. AHAIO-
TUYHO TIPHUHITUIY MaTeMaTHIeCKON MHIYKITUH MOXKHO ObLTO 661 0pOpMHUTEH MPUH-
IMIT CTATUCTUIECKON MHAYKIUH (puc. 4).

MBI paccMOTpeny BHEITHIO GopMy Mporecca, Ha3BaHHOTO 0000IEeHHEM.
[Ipoananusupyem MoOJenb MO CYHIECTBY, Kak pe3yibTaT 000O0IIeHHs. DTUM pe-
3yJIbTATOM B HalleM ciydae siisiercss rpad G, aHHOTUPOBAHHBIA COOTBETCT-
BYIOIIMMHU NapaMeTpamu &. Takas momens — ¢opma MpeAcTaBICHUSI COBMECT-
HOT'O pacrpeneneHus BeposTHocTeld. MoxkHO Obl10 OBl OIIMCATH 3TO COBMECTHOE
pacmpezneneHie BEpOSITHOCTEN MTPOCTO B BHUIE TaOIUIIBI. MOXKET 1MOKa3aThes, 9To
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MBI BBIIOJHWIN TPOCTO KOMITHJISIIHOHHYIO OOpa0OTKy MaHHBIX (M CTEICHb
0000meHus oueHb ciabas). HamoMHuM, 4to OaliecOBCKasi CETh BRIPAXKAET COBO-
KYITHOCTh OTHOIIIEHWH YCJIOBHOM HE3aBHCHMOCTH. Eciu momydeHHsIi rpad moi-
HOCBSI3HBIMA, TO MOKHO KOHCTAaTUPOBAaTh, YTO OTHOIICHWH YCIOBHOM HE3aBUCH-
MOCTU HE BBHISBJIICHO. T.e. OTKPBITHS HE MPOU3O0ILIO0, U OOJIee TOro, IMOKa3aHo,
YTO COOTBETCTBYIOIIMX 3aKOHOMEPHOCTEH B mpenMeTHOH oOmactu Her. (Mmu
OHHM HAMHOTO CJIOXHEE, JIPYToTo XapakTepa W TPEOYIOT IPYroro THIA BhIpaXKe-
Hus.) Ecim ke OTHOMIEHWS YCIIOBHOW HE3aBUCHUMOCTH OOHApyXeHbI, 3HAUYUT,
MOJTy4YeHbI orpeneicHable 3HaHus. CyTh OOHapy>KEHHBIX 3HAHUN (CEMaHTHKY
BBISIBJICHHBIX OTHOIIECHWH YCIIOBHOM HE3aBHMCHMOCTH) pACCMOTPHM HIDKE.
A celiuac KOHCTaTUpPyeM, YTO MHAYKIUU B KIACCHUYECKOM CMBICIIE HE MPOU3OIII-
JI0, HET CTaHJAPTHOM CXEMbI MHAYKIHMU (HET BBEACHUS B JIOTUYECKOE BBIpAXKe-
HUE KBaHTOpa BCEOOIIHOCTH MO OOBIYHOI mepeMeHHOH). bonee Toro, BbIBecTH
OTHOIIIEHUE (HE)3aBUCUMOCTH 10 CXEME MaTEMaTHIECKOW MHAYKITMH HEBO3MOXK-
HO, TaK KaK 3TO OTHOLICHUE HEBO3MOKHO BBIPA3UTh HA YPOBHE OJHOTO 3K3EMII-
nsipa (cmydas).

o © i Beckoncunnii Morens
O o : UCTOYHUK < - - | MHpa
O O : (Mup)
CTraTHCTHYCCKU
. ] PenpesenratuBHas R
Q(x(1)) = Q(x(i +1)) BhIGOpKa > 3HauUMbIE
COOTHOILIEHUS
a 6

Puc. 4. Cxembl WHAYKIUU: a — MaTeMaTU4CCKasl UHAYKI U, 6 — cTaTUCTHYECKas

Krnaccuyeckas cxemMa WHAYKIMH CpabOTaeT MPU JACTCPMUHUCTHUCCKUX
OTHOIEHUsX. Torma omHa 3aMUCh MOXET BBICTYMATh MPUMEPOM OOIIEro OTHO-
menus. Ho B 3Tom ciIydya€ HE SACHO, YTO HAA0 BBIBOJUTE. )Ianee JJId KPpaTKOCTHU
BMecTo A=a; Oynem mucath mnpocro A;. Hampumep, mycTs uMeeM 3amuch
<A1,BZ,C3>. be3 3amanms ompeneneHHBIX MpeaBaPUTEIBHBIX OTpaHUYCHHUN (ar-

PUOPHBIX 3HaHPII>i) Ha 0ase 3TOMH 3aIIUCH KaK apumMepa MOKHO OBLIO OBI IMOCTPOUTH
MHOT'O TUITOTCTUYCCKUX IPaBUJI, B YaCTHOCTHU:

A =B, Bb=A, A=B, C;=B,,
A &B,=C;, AA&C;=B,, B, &C;=> A ur.n.

YMeCTHO rOBOPUTH O PAa3IUMYUM NPUMEPOB U TMIIOTE3, HO Ul HAc Ba)KHEe
ceifuac apyrue (METomoIorHuecKue) acekTsl. Keraru, 1iist mpuMepa <A1v|32 ,C3>

caMoii eCTeCTBEHHOW rumnore3oit Oyzner «sBcerna Ay & B, & C;». Ho Takum 00-

paszoM TuIoTe3y He (GOpPMHUPYIOT BBUIY OUYCBUAHON HauBHOCTHU. [Ipu kaHOHMuUe-
CKOW cxeMe WHIYKIHU (hopMma YTBEpKIEHHS IMPEIONpEesaeTCs HAIIUMH 3Ha-
HUSMH. B HMHIYKTMBHOM JIOTHYECKOM MPOTPaMMHPOBAHHHM CXeMa HECKOJIbKO
JIpyTas: TUIOTe3a SBHO HE 3a/1aHa, HO 3aJaHbl KCTPOUTEIbHBIC OJOKM» JJIS KOH-
CTpyHUpOBaHUs MOJIeN (MHAYKTUBHOTO yTBepxKAcHHS). [Ipy 3TOM MaHHBIE pacia-
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JTAIOTCSl Ha TIOJIOKHUTEIBHBIE U OTPHUIATEIBHEIC IPUMEPHI, YTO MPEAONPEICIICHO
YHUCTO JIOTUYECKOW (hOPMOU yTBEPIKICHUS U ICTCPMUHUCTUIHOCTHIO OTHOIIICHUH.

[Ipu nnenrndukanmuu (BOCCTAHOBJICHUM) 0alieCOBCKOM CETH U3 JaHHBIX CH-
Tyarus apyras. Ha Bxoae He 3agaeTcs HUKAKOW KOHKPETHON WMHGOpMamuu 00
OTHOIICHUSAX MEXIYy 3JIEMEHTaMU, 32 UCKIIOYCHHEM «PaMOYHBIX» OTpaHUYCHUN
(aIMKJIMYHOCTH CXEMBI, OTCYTCTBUE TyONMHUPYOIMUX AYT U T.1.). s Oonee sicHO-
ro TIOHUMAaHHSI CYyTH BOTIpOCa IIeJIeCO00pa3HO PaCCMOTPETh €T0 B KOHTEKCTE POJI-
CTBEHHBIX 33]1a4.

OT JOKA3ATEJIBCTBA K OTKPBITHIO. CXEMbBI ®OPMUPOBAHUSA
3HAHUM «CHU3Y-BBEPX>»

ComnocraBieHre pa3HBIX MOCTAHOBOK 3aJad W «CXEM BBIBOJa» 3HaHHWU B Qop-
MaJIbHOM CHCTEME MOKHO BBIPAa3UTh cxeMoi (puc. 5). PesynpTar noka3arenscrTsa
10 YPOBHIO OOIIHOCTH HE BBINIE, YeM AaKCHOMBI Ha BXOJE, U 3TO €CTh BBIBOJ
«CBepXy-BHU3». Takol pe3ynbTaT B MIPUHIMIIE TOTEHINAIBHO YK€ CONEPIKUTCS B

akcuomax Ha BXxoze. [lokazaTenbcTBO

LleneBas Jlokasateberso JUIIb Pa3BOpauMBaeT CXXaTyi HH(OpP-
(bopmyna Manuoo. B sMmmmpuyeckux wuccieaoBa-
* HUSIX TPOCMATPUBAETCS BHEIIHE I10XO-

AKCHOMBI JKasi CXeMa, HO COJIepIKaHue OJIOKOB TaM
ITpaBmna HoxasanHoe JPYroe, a MECTO J0Ka3aTeNbCcTBa B HEM
BBIBOJIA YTBEPKACHHE 3aHUMAaCT SKCIICPUMCHTAIbLHAS MPOBEP-
~ | ka (Bepudukanms). s Hac 3mech Ba-

’KEH BOIIPOC: OTKyzAa Oepercst runoresa’?
B nayuHoM ¢orbkiiope moJa MHAYKTHB-
HBIM MO3HAaHKWEM YacTO MOHMMAIOT KaK pa3 GOpMHUPOBaHHE MPaBIONOA00HON TH-
IIOTE3bI HA OCHOBE JAHHBIX, a HE €€ IIPOBEPKY MM JOKA3aTEIbCTBO.
dopmupoBanne mnpaBuin (dpopmyn winu koHuennuii) B ILP mokasano Ha
puc. 6. @opmyina npasuia (MM KOHLENIMK) HA BXOJE HE 3a7aHa, HO yKa3aH Co-
OTBETCTBYIOIIMI aTpuOyT B MpUMepax WIHM pa3MeTKa NpuUMepoB (LiesieBasi mepe-
MeHHas). Pa3Orenune Ha MONIOXKUTEIbHBIE U OTPHUIIATEIbHBIE TPUMEPHI COOTBETCT-
ByeT cly4yaro, Korga (opMHUpyeTcsi MMIUIMKaTUBHOE MPAaBHIO C JIOTHYECKON
(hopMmyIoii B paBoii YacTH WIIH KOT/Ia CTPOUTCSI OMHAPHBINA KIIacCU(PHUKATOP.

Puc. 5. lenyxumst

Her > Brisox
hopmyITbI (nouck) >| IIpaBuio
TpasuIa > GopMyIEI
A S~
ATOMEI ’
TIpumepsnt
CRs3KH (TI0JIOKUTENBHBIC
OTPHIIATEIILHBIC)

Puc. 6. Beison B ILP
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OOHapyeHHe MHOXKECTBa (PYHKIIMOHANBHBIX 3aBUcuMocTedl B BJ[ ¢ muc-
KPETHBIMU aTpUOYTaMU BBIMONHSIETCS MO cxeme puc. 7. HecMoTps Ha merepmu-
HUCTUYCCKUN XapakTep, 3Ta 3amada sBisieTcsi NP-clioHOW (MHOTHA OHA Jake
CJIOXHEE aHAJIOTUYHOM 33/1a4i B BEPOSITHOCTHBIX YCIIOBHSX ).

AnpuopHbIe
3HaHUS
0OBITHO

HE 3aJIAI0TCS

ITouck Kommnekc
> (HYHKIIMOHAIBHBIX >| QyHKIIMOHATBHBIX
OTHOUIEHUH OTHOUIEHUH

\

Moryt
3amaBaThCs BJ1
OTpaHUYCHUS

Puc. 7. BeiBo1 GyHKIIMOHATBHBIX OTHOIIEHUH B B/]

IIpu unentudukaiuu AOI-Momenu rumnore3sl GOPMUPYIOTCS aBTOMaTHUE-
CKH B XOJIe TTOMCKa, IPUYEM MBI HE YKa3bIBaeM 3aBHUCHMYIO (IIEJIEBYIO) ITEPEMEH-
HYIO, T.. HE IMpeoIpeaessieM, YTo ecTh (QakTop, a yTo — 3¢pdekr (OTKIHK).
(Kcratu, nuckpuMuHUPOBaTh (GakTopbl U 3PEKTH YacTo HE yJaeTcsi IMEHHO B
CUTyaIliH, KOT/Ia CBA3H JIETEPMHUHUCTHYECKHE. AHAJOTH4YHAs MpobjemMa MOXKET
BO3HHMKHYTH NpH (opMHpOBaHMM 0a30BOro Habopa (QyHKIHMOHAJIBHBIX OTHOLIE-
Huil. Beap cynepnio3unus GpyHKOuNA TOXe GYHKIUSL.)

Jns mpakTuku Oonee CyImIeCcTBEHHa CIEAYIOIas OCOOCHHOCTh 3aladu.
OOBIYHO OKa3bIBaeTcs, YTO B HaOmogaemon dactu mupa (B bJl) HeT Hu ogHOTO
cTporo pyHKIHMOHAIBHOTO OTHOIIEHHs. Hampumep, B TOH yacTu cpensl, KOTOpas
JIOCTyIHAa POOOTy WJIM MPOrpaMMHOMY areHTy, He HaOJiomaeTcs HH OJHOH Jie-
TepMUHHUCTUYECKON cBsi3u. bomnee Toro, B B/l (IMCKpEeTHBIX) MOTYT HPUCYTCTBO-
BaTh BCE MBICIMMbIE KOMOMHAIIMY 3HAYEHUH (XOTA U C Pa3HOH MOBTOPSAEMOCTBIO).
HMeHHO ¢ Takol cuTyaluei padoTaeT METOAOJIOrUS uAcHTH(GHUKAIMKU IpadOBBIX
BEpPOSITHOCTHBIX MoOJenel 3aBucuMocTeil. [IpakThuecku B KaKIoM mpeaMeTHOU
0o0JacTH MOXHO JIETKO BBISBUTH CBSI3H, HO HE JETEPMHHHCTHYECKHE, a Ooiee
TOHKHE, TaKWe, KaKIMH OHH BBITIISIAT IIOCIE BBHIWICHEHHS MOJICUCTEMBI U3 CHC-
TeMbl. YacTo 3TH CBS3M MOXKHO BBIPa3UTh OTHOLICHUSIMH BEPOSTHOCTHOW YCIJIOB-

HOM HE3aBUCHUMOCTHU. BBIsSBICHHE TAKMX OTHOIICHHH TpeOyeT HAMHOTO OOJIBIIMX
00BEMOB JJAHHBIX, HO 3aTO 3TU OTHOIICHHS 3HAYUTEIHHO podacTHee, MO0 UMEIOT
CTATUCTUYECKYIO 3HAYMMOCTb. Jlaxke OJMH HOBBIM MPUMEP MOXKET ONPOBEPTHYThH
BEIBenieHHOE B ILP nMmimmmkaruBrOe nipaBmino. [ moxenu bC 3To HCKITIOYEHO.

Boccranosnenne AOI'-Monened M3 CTaTHCTUYECKUX JAaHHBIX MOKAa3aHO Ha
puc. 8. M0XXHO 3aMETUTh BHEIIHIOK aHAJIOTHIO MEXIy 3ajadei UIeHTH(QUKAIIH
BC u BeiBosmOM Habopa 6a30BEIX TeopeM B (popmanbHON cucteme. Hanbomnee uz-
BECTHBIE AJITOPUTMEI BEIBOMIA CTPYKTYpHI AOI'-Moieny u3 JaHHBIX — aJTOPUTMBI
PC, FCI, TPDA [2,3]. Umenno PC ucnonp30BaH Jjs MOCTPOCHUS YIIOMSHY-
TOW BO BBEJCHHH MOJCIH NMPHYUH U CICICTBUN OCTHOCTH B Pa3BUBAIOLTHXCS
cTpaHax [6].

BC MoxHO Ha3BaTh KBa3UTEOpHUEH MPEAMETHOM 00JIaCTH, ONMUCHIBAIOIIEH 3a-
KOHOMEPHOCTH IOBEJICHUS OOBEKTOB (MHAMBHIIOB) B (pOpMe BIHMSHUS OJHUX
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CBOMCTB 00BEKTa (IIpolecca) Ha JApyTue, IPUYeM BCEM CBI3IM U 3aKOHOMEPHO-
CTSIM MIPUIHUCHIBACTCS HEMPEPBIBHASI Mepa UCTUHHOCTU. AOI'-Mozens sIBisieTcs He
Hay9HOH, a (DEHOMEHOJIOTHMYECKOW Teopuei. Ee MoXHO paccMaTpuBaTh Kak
MHOXKECTBO KJIaCCU(DUKAIMOHHBIX M PErPECCHOHHBIX MOJIENEH, eCTECTBEHHBIM
00pa3oM UWHTETPUPOBAHBIX B CHUCTEMY. OTO THOKHI WHCTPYMEHT BBIBOJA,
CBSI3BIBAIOIINIT MHOXKECTBO CBHJIETENILCTB M CIEACTBUN (B POJIM KOTOPBIX MOXKET
BBICTYTIATh KaXXIIBIH aTpuOyT).

ATPHOPHBIE 3HAHUS BoccTaHOBIICHNME CrpykTypa u
. .
(MOTYT OTCYTCTBOBATH) > AOI'-monenu > napaMeTpsl
MOJIENH

[Ipennoxxenus:
THII U CBOMCTBA MOJEIIN CraTHcTHYECKHUC
HEOOMaHYHUBOCTh JTaHHBIC
YPOBEHb 3HAUHMOCTH

Puc. 8. PexoHcTpyKIHs rpadoBOii BEpOITHOCTHON MOJICIH 3aBHCUMOCTEH

[IpakTdeckn yTBEp>KACHHUS YCIOBHOM HE3aBHCHMOCTH MOXXKHO paccMaTpu-
BaTh KaK MpaBuia il YIPOLICHUS BhIMONHEHH 3anpoca K bJl (cokpatienus yc-
noBus noucka). Ilpu 3TomM oTBeTOM Ha 3ampoc OyJeT pacipeleieHrne 3HaYeHHUH
JUTSL YKa3aHHOHM nepeMeHHON (0JJHO3HAYHOIO JIETEPMHUHUCTUYECKOTO OTBETA HET).
BC obecnieunBaeT BBIYMCIUTENbHBIE NPEUMYIIECTBA MPU OTPaOOTKE 3ampoca K
0aze. CMBbICH ATOH 3a/1a4y — MACCHBHOE WHTEPIONAIUOHHOE TpeiCKa3aHue HO-
BOW 3aIlMCH JaHHBIX, T.€. 3aII0JIHEHHUE MTPOITYCKOB B 3alIPOCE 110 COMYTCTBYIOIINM
KOMITOHEHTaM 3aripoca (¢ ucnosib3oBanreM ¢popmyisl baiieca). 1o 06001mIeHHBIN
3anpoc K b/l. Beinoinenue Takoro 3anpoca MOXHO ObUTO OBl JenaTh U 10 Ta0Ju-
[[e COBMECTHOTO pacIpe/ieNIeHHs] BEPOSTHOCTEH, HO 3TO TOBJICKIO OBl U30BITOY-
HO€ PAacX0/I0BaHNE BBIYHCIUTEIBHBIX PECYPCOB.

Brrmie gopmymnoit (2) ommcan ¢parmenT moaenu. Kommosunus Becex ¢par-
MeHTOB B (hopmyie (1) ompaBasiBacTCs OTHOIICEHUEM YCIOBHOH HE3aBUCHMOCTH.
Pebpa mMozenu sIBASIOTCS KaHajlaMu nepenadyn nHpopManuu. BeIBog B COOTBET-
CTBHM CO CTPYKTYpPOH MOJENM COKpallaeT BBIYUCICHUS Onaromapsi paBeHCTBY
COOTBETCTBYIOIIUX YCIIOBHBIX BEPOSTHOCTEH. 3aMeTUM, UTO KBa3WUIpaBUIIa BUJIA
(2) Henp3s cuUTaTh MONHBIMU IPAaBUJIAMH NIPeJICKa3aHus (BBIBO/IA) 110 CBHIACTENb-
ctBaM. OHU 00ecTIeYnBalOT BBIUUCIIEHHE 0€3yCIOBHONH COBMECTHOM BEPOSTHOCTH
BCEX IIEPEMEHHBIX B IIPOIIECCE MEPEMEIIEHHs [0 JyraM OT KOPHEBBIX BEPLIMH K
notomkaM. Ho 3 dekTrr (crieacTBust), Koraa 3TH NpaBuiia BEICTYNAIOT KaK CBHUIE-
TEJIbCTBA, TAKXKe HecyT MH(popMamuio o cBoux npuunHax. [lostomy, koraa pema-
eTcs 3a/laua BbIBOJA 110 CBHIETEIbCTBAM (T.€. BBIBOJA YCJIOBHOI BEPOSTHOCTH),
uHQOpMAaIHs NepeaaeTcst OT CBUACTENBCTB K MEPEMEHHON 3ampoca B J1I000M Ha-
MIpaBJIeHUH, B TOM YHCJIE W MPOTHB cTpenok oprpada G . (B mmarnoctuueckux
3aJadax BbIBOJ UJET KaK pa3 OT CIECACTBUIN K IPUUUHAM. )

Takum oOpa3om, A BbIBOJA 3HA4YEHUS NEPEMEHHOM 3ampoca R cienyer
VYIHUTHIBATh HE TOIBKO «POIUTEIICH» IMepeMeHHOl R , HO m ee «meTei». 3ameTuMm,
YTO UH(POPMAIHSI MOJKET TIepelaBaThCsl TAKKe OT OJHOTO KOPHS K IPYromy, eCiu
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MMEETCS] CBUAETEIILCTBO 00 O0IIEM UX MOTOMKE. DTO (PEHOMEH «IIPOBOLUPOBAH-
Hoil 3aBuUcuMocTu» [19]. B obmem cimyuae Bompoc WH(GOPMATHBHOCTH CBHUJC-
TEIBCTB OIPE/ENSIETCs OTHOIIEHNEM YCIIOBHON HE3aBUCUMOCTH, COTJIACHO KpUTe-
puto d -cemapanuu [1,4,19]. 3ameTuM, YTO MPOIECC BBIBOJA OT CBHCTEILCTB
MIPOJIBUTAETCST HE TIO OTACIBHBIM pedpam rpada, a 1mo ero ceueHusM, GPOHTOM.
st atoro rpad mpeoOpasyercs B 1epeBO IOHKLUH.

[IpocnexxuBaeTcs aHATOTUS MEXY POJILIO YCIOBHOW HE3aBHCUMOCTH IS
BEPOSITHOCTHOTO BBIBOJIAa M DPOJIBIO OTHOIICHHUS YCJIOBHOW HEPENICBAaHTHOCTH B
CTpOTO JIOTHYECKOM BeiBOIE [15].

YcnoBHas HE3aBHCHMOCTH (HEPENeBaHTHOCTh) B JIOTHUYECKOM cHcTeMe oTpe-
nensiercst Tak [15].

B nmomene () MHOXECTBO YTBEepXICHHH Y YCIOBHO HE3aBUCHMO OT
MHOJKECTBA YTBEpKAcHHI X TMPU CHPaBEUIMBOCTH U3BECTHBIX YTBEpKACHUN Z
€CJIA ¥ TOJIBKO €CJIU BHITTOJIHSAETCS

Q,Z,X=|Y=Q,Z|=Y.

UToOBl YBUAETH aHAJIOTHIO, MOXKHO BBEIPA3HUTh BEPOSITHOCTHYIO YCIOBHYIO
HE3aBUCUMOCTb p(Y | Z,X )= p(Y | Z) yepe3 LIIeHHOHOBCKYIO B3aUMHYIO HMH(}OP-
Maiuio, a uMenHo, kak Inf (Y,(Z X)) =Inf (Y,Z) . Takum oOpa3om, B 000HX CIIy-
YasiX BhIpakeHa M30BITOYHOCTh MH(popMaruu X (jorudeckoit muodo IlleHHOHOB-
CKOH).

Tabmuma coBMECTHOTO pacIpeieleHrs] BEpOATHOCTEH MPUTOAHA IS pellie-
HUS 33/1a4 TOJBKO IEPBOTO pojia (BBIBOJ] HEU3BECTHBIX 3HAUCHUM B «IIACCUBHOI»
IIOCTaHOBKE). 3aa4a GopMyIUpyeTCs TakK: KaKuM IMPaBI0NOJ00HO TOJKHO OBITh
3HadyeHue arpudyra C y 3K3eMIuIsipa NOMYJSIUK X, €CJIM U3BECTHO, UTO 3HAYe-
HUsA aTpuOyToB A m B y aToro sk3emiunipa X W3BeCTHBL CMBICT 3agadud —
paBIoNo00HOe 3amnonHeHue mnpomyckoB B BJl. Ecnu ke wnentuduimpyercs
CTPYKTypa BEpOSTHOCTHOW MOJIENH 3aBHCHMOCTEH C TOYHOCTHIO JI0 OPHUEHTALINU
IyT (HampaBJIEHHOCTH CTPENOK) rpada, TO MoSBIseTCS BO3SMOXHOCT PEIIaTh Ka-
YeCTBEHHO MHYIO 3ajiauy.

[IpurIMTIMANBEHO ApyTas 3afada — MpeacKa3aHrue akTHBHOTO THTIA, KOTOPOe
CTaHOBUTCS BO3MOKHBIM OJjlaromapsi BOCCTAHOBIIEHHBIM CTPOTO OpPHMEHTHPOBAH-
HBIM ITyTSIM B Tpade Moaenu. BeIBoa B «aKTHBHOI MMOCTAaHOBKE (3a/1a4a BTOPOTO
POJ1a) COOTBETCTBYET PACCYKJCHHUIO: UYTO OBUTO OBI, €Ciu OBl B TEX )K€ CTATHUCTH-
YECKUX YCJIOBUSAX CPEIbl arcHT Npujayi Obl (IPUHYIUTEIHLHO YCTAaHOBUI U3BHE)
yKa3aHHOMY aTpHOYTY 3K3eMIuisipa momysiiun K -e 3Hauenue? [Ipu 5TOM Hamm
CY)KIICHUS BRIXOAAT 32 mpenensl b/l m oTHOcATCS K Mupy (cpene, u3 KOTOPOH ITo-
JTydeHbl JaHHBIE). boilee TOro, MBI IPOTHO3UPYEM COOBITHS B YACTUIHO (JIOKATh-
HO) M3MEHECHHOM MHpE: KaKUM OH OYyJIEeT MOCIIe BBIIOIHEHUS IIAHUPYEMOTO BO3-
nedictBust Ha 0OBekT. (HamomHMM, 4TO camMa MOJENbh OOBIYHO BBIBOAMTCS W3
JTAHHBIX, COOPAHHBIX KaK MMACCUBHBIC HAOIIOACHHUS 32 O0BHEKTOM.)

IIporHo3 nocneAcTBU AEUCTBUN MpeanoaaraeT 3HaHue Kay3ajJbHOI0 Xapak-
Tepa cBsi3eil. JlefcTBUTENBHO, ITyCTh B PE3ybTaTe BHIBOJA MBI TIOIYUYHIIA MO/IENb,
rae BepuimHel A U B HemocpencTBEHHO acCOLMMPOBAHEI, T.€. COCTUHEHBI Peo-
POM, HO MCTUHHAS OPHEHTAIMs 3TOTr0 pedpa HEM3BECTHA. JTOT HEJAOCTATOK 3Ha-
HUIl He MeIIaeT HaM pelaTh 3a/ady MacCHBHOTO MpEACKa3aHMs 3HAYCHUH Tmepe-

92 ISSN 1681-6048 System Research & Information Technologies, 2007, Ne 1



Cmpyxkmypuosie cmamucmuyeckue MoOenu: UHCMPYMeHm NO3HAHUA U MOOEUPOBAHU

MeHHOU A, UCXOJs U3 3HAYCHUs nepeMeHHoi B . Jlpyroe aeno, koraa Mbl XOTUM
CIIPOTHO3MPOBAaTh 3HaUYeHUE B mocne akTMBHOTO BO3IEHCTBHUS Ha OOBEKT, KOTO-
pO€E ONMCBHIBACTCS YCTAHOBKOW NEpeMeHHOM A B 3HaueHue ag. Ecnm xaysanpHas

CBsI3b B OOBEKTE aJCKBaTHO OMMCHIBaeTCS nyroii A— B Mopmenu, To mporHo3
BO37e¥icTBAA Oy/IeT TOYHO TaKOH, KaKk NMPH TACCHMBHOM MPOTHO3€, a UMEHHO

p(B|A:a0). Ecim ke xay3anmbHas CBS3b BRITISAAUT Kak A< B, To akTuBHOE

BO3/ICiCTBHE HA A HE U3MEHHUT 3HAYCHUS MIEPEMEHHOU B (T. €. OHO MO-TIPEKHEMY
OyJIeT OMUCBIBATHCS TEM KE CaMBIM MapTHHAIBLHBIM pacrpezencHueM). TexHude-
CKH MOXXHO TIPEJICTABHUTH, YTO KOTJIAa MBI M3BHE YCTaHABIMBACM 3HAYCHUE ITIepe-
MEHHON A, TO BCE IyTH MOMAECIH, BXOJAIIUe B y3en A, ynamstorcs [4]. Bo3spa-
H[asch K mpumMepy (cM. puc. 1), MOKHO MpPEJACTABUTh CHUTYAlMIO, YTO TEPe.
HIKOJION BBUTWIIM IIMCTEPHY BOZBI. SICHO, YTO TMOCJIE TaKOTO BHENIHEro BMeIla-
TEJIbCTBA CJIEAYET MPOUTHOPHUPOBATH CBS3b MEXITYy MOKPOH MOCTOBOH U JOXKIEM,
U HE HY)KHO HCKaTh MPUYUHY TOTO, YTO IIKOJBHUK IMOCKOJB3HYJICS CPEIH MPe-
MISCTBYIONIMX Y3JIOB MOZCITH.

ITocne ypanenust nyr, BXOASIIMAX B MaHUITYJMPOBAHHBIA y3€J], BBIBOJ IIO-
CJIEJICTBUI BMEIIATENLCTBA JUIS IPYTHX MEPEMEHHBIX (€CM HEeT CBUICTEIHCTB)
BBITIOJTHSIETCS B COOTBETCTBUM C KBA3UITPaBIIIaMU BHUA (2).

C 1nenbio OObIICH HArISAHOCTH MHOTHE aBTOPBI NpPEAJaralOT SBHO
BKJIIOYaTh B Tpad MoJenu MepeMeHHBbIe, 0TOOpa)kalolye BHEIIHWUE BMeIIa-
TENbCTBA WX PEIIeHUs YejoBeka. [lomydeHHy0 MOiellb Ha3bIBAOT AWMArpaMMOi
BITUSTHHSL.

CYIIHOCTH 3HAHUM, OTKPBITHIX B ®OPME BC

JlokanepHeiid Gparment BC (cemelicTBo BepimmH rpada) COmEep KUT JBa THIIA WH-
¢opmanuu: 1) KauecTBEeHHBIC 3HAHMS, BhIpakaeMble ITyramu Buaa A— B, u 2)
KoJm4ecTBeHHas nHMopManwus (TTapaMeTpsl), MPUBS3aHHAS K CEMEHCTBY BEPIIIHH.
ITockonmbky Ha BXoje anroputma uiaeHTH(UKamu bC He 3agaBaloch HUYETO
KOHKPETHOTO O CBSI35X W OTHOLIEHHSX, TO YMECTHO TOBOPHUTH 00 OTKpHITHH. [lo-
Jy4eHbl Ba)KHBIE 3HAHHS O MpeAMeTe, KOTOPBHIX B SIBHOM BHJE HET HU B OJTHOM
OTJICNIBHO B3SITOM citydae. 1 3HaHUS 3TU MOTYT KacaThCsl JIake Kay3albHBIX OT-
HOIIICHUM.

Hwu B xakoM OT/AETBHO B3ATOM IpUMEpE (CIydae) HE COACPIKUTCA sIBHAS WH-
(hopMarus o0 CBS3SAX W BIMSIHUAX (pa3yMeeTCs, UCKIII0Yasi ByJIbrapHOE MOHMMaHUE
CBSI3HM KaK BUAUMOTO Ha (hoTorpaduu MEXaHWYECKOr0 KOHHEKTOpa, pbryara). MH-
(dopmarysi 0 BIUSHHN MPOSIBIISIETCS TOJNBKO uepe3 mnopenenue. [1o ofHONH MrHO-
BeHHOW (oTorpaduu Henb3si BOCCTAHOBHTH 3HAHHUS O BJIUSHUU OJHUX OOBEKTOB
Ha Apyrue. A BOT OOINBIIIOE WX YUCIIO JeNIaeT 3TO BO3MOXKHBIM. O BIIMSHUU OJTHO-
ro o0beKTa Ha JPYrol MOXKHO OBUIO OBl CYyJUTH 10 MajoMy YHCIy MPHUMEPOB,
MOJYYEHHBIX B X0JIe aKTUBHOTO 3KcriepuMenTa. Ho U B 3Toii cuTyanuu onHa 3a-
MUCHh COMEPKUT HACTOJIBKO MaJI0 WH(OPMAIUH, YTO €€ HEJb3s BEIPAa3HTh CIIOBEC-
HO wiu oToOpa3uTh hopmynoil. Hama moctanoBka 3a1auu 0000IIEHUS CIOXKHEE,
100 MbI OTTAJKHMBAaEMCs OT JAHHBIX NMACCUBHBIX HaOmrogeHui. Bo3mpamasck k
COTIOCTABIICHUIO C JIOTUKOH, BUIUM, 4T0 BC maer BepHbIe KOHGUTYpAIlUU TTPABHIT
Buga A=a; & B=Db, = nenesoii atpubyr C . IIpu 5ToMm A n B nomxHbI OBITH

HETOCPEeICTBEHHBIMU nprurHaMu it C, T.e. pomutensimu B rpade. OgHako
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NpPaByl0 4acTh BMECTO JIOTMYECKOTO BBIPAKECHUSI COCTABIISIET paclpeacicHUue Be-
POSITHOCTEH.

OTHOIIeHNE yCIOBHON HE3aBUCHMOCTH COAEP)KHUT 3HAHUE, MaKe KOrla HaM
HE YJaeTCsl JIOBECTU MPOIeCC HJCHTU(GUKAIMA MOJETU 10 OPUCHTAIMH IYT.
C ToukH 3peHus 00padOTKH 3aMpOCOB K JAaHHBIM 3TO €CTh 3HaHWE 00 HHpoOpMa-
HUOHHOH HEpEeJeBaHTHOCTH (M30BITOYHOCTH) OJHHX aTpHOYTOB OTHOCHUTEIBHO
JPYTUX NpHU 3a7aHuu TpeTbuX. C TOYKHU 3peHUs] OTOOpakeHUs] 00beKTa (UICTOUHU-
Ka JaHHBIX) — 3TO 3HaHHE 00 OTCYTCTBHM HEMOCPEICTBEHHOU CBSI3H COOTBETCT-
BYIOIIMX MPOLIECCOB U SBICHUM.

Kakne mpuHnunuansHele cooOpakeHnss 0OOCHOBBIBAIOT BO3MOXKHOCTB pac-
CYXKICHHIA TIO CXeMe: KakuM Obl1o Obl 3HaueHue atpubyra C , ecru Obl B 3a1aH-
HBIX YCIIOBHSIX areHT mpupaan atpubyram A u B ykazansbeie 3Hauenus? OTBer
KpOeTCcsi B 00OCHOBAaHHOCTH HIEHTH(HUKAIMU CTPYKTYpel BC m oOmeHaydHOM
MIPUHIIMTIE TIPEITOYTEHNS CAMOW ITPOCTOW MOJETH CPEAr PAaBHO aJIeKBATHBIX allb-
TepHatuB [4, 18, 22]. DTOT NpUHIMII MHHUMAIBHOCTH MOJCIU — MPOSBICHHUC
obmmero npuHImna «bputeel OKKamMa», MMPOKO W3BECTHOTO B OYEHB OTBIICYEH-
HOU (OPMYJIUPOBKE, U TIOATOMY TPEeOYIOLIETO aKKypaTHOW MHTeprperanuu [22].
Hdpyrum ¢yHAaMEHTaIbHBIM IOJIOKEHUEM JISi BOCCTAHOBIICHHSI CTPYKTYPBI U3
JMAHHBIX CIYKUT TPEANOI0KEeHHEe HEOOMaHUYMBOCTH PACIpPEENICHUsI BEPOSITHO-
cteii mepemennbix AOI-momenu [3, 22], KOTOpOe MOXKHO BBIPA3UTh Kak CIEAYIO-
IIYI0 UMIUIMKAIMIO: U3 BEPOSITHOCTHOM YCJIOBHOM HE3aBHCHMOCTH MEXAY Iepe-
MEHHBIMHU CIleAyeT oTcyTrcTBue myteid B AOI-Monmenw, moOAmep:KUBAOIINX
ACCOIMAIIMIO STHX MEPEMEHHBIX, YTO B 0003HauYeHusx [19] 3amuceiBaetcs (depes
KpuTepuii d -cemapanuu) Kak

Pr(ALSLB)=Ds(ALSLB).

OTo oOpaTHas UMIUTUKALMA 110 CPABHEHHIO C Kay3aJbHBIM MapKOBCKHM JOIYIIe-
aueM st AOI'-monenn [2—4]. Ilpu mycToM yCIIoBUHM S TIONIyYaeM YIPOIICHHYIO
(6e3ycnoBHY0) (hopMy TPEANOIOKEHHSI HEOOMaHYNBOCTH: OTCYTCTBUE aCCOIIHH-
POBAHHOCTH TIEPEMEHHBIX O3HAa4daeT OTCYTCTBHE IEMH Iepenaddl 3aBUCHUMOCTH
MEXIy 3TUMHU IepeMeHHbIMH B oprpade moaenu [19]. INpeanosnoxkeHue He0O-
MaHYUBOCTH M Kay3aJlbHOE MAapKOBCKOE [OIMyIIEeHHE O0eClevrBalOT B3aUMHO-
OJTHO3HAYHOE COOTBETCTBHE CTPYKTYpPHl W CBOHCTB MOAEIH (CTPYKTYpHO-
MOBEICHYECCKHUI H30MOPHHU3M).

Iponecc unentudukanuum AOI-Momenu W3 JaHHBIX 3aKIOYAETCS B TIO-
CTPOEHHUH CaMO MPOCTOM MOJENH Cpey aJeKBaTHBIX. Takas MoJelb KOMIIAKTHO
NpeACTaBiIsIeT U 00bICHSET Bce naHHble. OOOCHOBAaHHOCTH YTBEPKACHUI yCIIOB-
HOW HE3aBHCHMOCTH 3aKIFOYaeTCsl B CTATHCTHYECKONW 3HAYMMOCTH COOTBETCT-
Byromux TectoB [3, 19]. KoncTpyupoBaHue Moaenu mo pe3yiabTaTaM TECTOB
BBITJISLAUT OoJiee apryMEHTUPOBAHHBIM BBIBOJIOM, YeM MAKCUMH3aLKs MIPaBIoOIo-
no6ust (korma HeoOXOAMMO KOPPEKTUPOBATh MPABAONOA00HEe C MOMOIIBIO MITpa-
(a 3a cnoxxkHOCTB). Ecin mpornece reHepanuu paccMaTpUBaeMbIX JTAHHBIX MPOIIE
BCETO omucaTh UMeHHO Takoi AOI'-Monensio, TO €CTECTBEHHO MPEATOI0XKHTD,
YTO B peajbHOM MHpE, OTKYJa B3ATHl JAHHBIE, MEKIY COOTBETCTBYIOIUMHU
SBJICHUSIMH (CYIIIHOCTSIMH) JICHCTBYET CHCTEMa MEXaHW3MOB, M30MOp(QHas 3TOU
Monenu. Takol THOCEOJOTWYECKUI MPHUHIUI MPUHAT BO BCEX €CTECTBEHHBIX
HayKax. SICHO, 94TO W B APYTUX CIydasX dKCTPAMOJISIIAS TPOTHO30B, IMOITy4eH-
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HBIX U3 MOJENH, Ha Oynymiee (Ha HOBBIE CIlyyad) MpeArosiaraeT cTabuibHOCTh
CUCTEMBI B TE€X ACNEKTaX, KOTOPBIE OTPAYKEHBI MOJIENBIO.

W3 naHHBIX MACHTH(UIMPYIOTCS OPHEHTALMHM HE BCEX Iyr. A Bce MHIYK-
THBHO OPHUEHTHUPOBAHHBIC TYTH MOKHO pa3fe/uTh Ha nBa (Wim Oolee) copTa co-
IJIACHO CTETNIeHH 0OOCHOBAaHHOCTH UX opueHTauuu. B pabote [18] atu copta ayr
YCIOBHO Ha3BaHBl Kay3aJbHBIMU U CyOKay3aJbHBIMH. DTO pasielieHHEe MOKHO
MOSICHATh C TIOMOIIBIO CKPBITBIX IEpeMEeHHBIX. (COOTBETCTBEHHO COPTY IyT
MEHSIOTCS. OCHOBaHHsI Uil BBIIIOJHEHHWS 3a/Jad BHIBOAA MO CBUAETEIBCTBAM.
WnentuduuupoBats Kay3anbHbIE CBA3H B MOJIENH, BBIBEACHHON M3 HAOMIOACHUH,
B CIIy4ae CKPBITHIX MEPEMEHHBIX MOXHO TOJBKO MPH CIIEIHAIBHOM MaTTepHE CO-
ceaHux cBs3edl B monenu [4, 18]. DToT marrepH oToOpaxkaercs rpadUIecKu Kak
Y -o0Opasnas koHpurypanus. [Ipu 3ToM TOBOPSAT, 4TO MOKpas MOCTOBasi — MpH-
YMHA TOTO0, YTO MKOJIBHUK MOCKOIB3HYICS (CM. puc. 1).

JJOTHYECKHUE PACHINMPEHUS AIIITAPATA BC

OnHO U3 CYIIECTBEHHBIX OTpaHUYECHUN Bo3MOkHOCTEH AOI-Monenelt cnenyer us3
TPEMOIOKEHHS, YTO AaHHBIE — 3TO 1.1.0.-BpIOOpKa. TeM caMbIM TpeomnpeIes-
eTcsi: Bcsl MH(GOPMAIUS O CBS3AX 3aKII0YEHA BHYTPU OJHOW M TOH K€ 3allHCH.
Pacompenne AOI'-mozaenelt myTeM MpsIMOIMHENHOTO BBEAECHUS BPEMEHU MTOPOXK-
JaET Pe3Koe BO3pACTaHHE Pa3MEPHOCTH, YTO AETAET BBIBOJ CTPYKTYPHI M3 AaH-
HBIX TIPAaKTUYECKU Hepearm3yeMbiM. [lodToMy Juisi fMHAMUYEeCKHX OalecOBCKUX
cereli [23] 0OBIYHO 3aJIAOTCS CTPYKTYpHBIE OIpaHMUYCHHS, HAPUMED, Yepe3 or-
paHUYEHUE Jlara BpeMeHH (ITH JKe CTPYKTYpa 3a/1aeTCsl apruopH).

BC 4dacto xapakTepu3yroTcsl B IUTEpaType Kak aHAJIOr MPOMO3UIIMOHAIBHO-
r0 MCYHUCIIEHHUS (XOTS 3TO HE COBCEM TOYHO). DTHM MOAYEPKUBAIOT OTPaHUYEH-
HOCTh uX Bo3MokHOCTed. Kctatn, BC MOXHO mpeacTaBuTh Kak TOYHYIO TEOPHIO
B HEONPECIIEHHOM KOHTEKCTe [24], T.e. KaK JIOKAILHBIA CBSI3HBIN (hparMeHT MOJ-
HOW (PYHKIMOHAJIBLHOW MOJE/IH, OTOOpaXKAIOIINNA 3aBUCUMOCTH IPEICTABICHHBIX
3JIEMEHTOB.

[Tocnennee Bpemsi aKTUBHO HCCIEIYIOTCS BapwaHThl pacuuperus bC mo
YPOBHS, COOTBETCTBYIOIIETO JIOTHKE MEPBOro nopsiaka. JIoruka sBIseTcs OAHUM
W3 CaMbIX YHUBEPCAJIHHBIX SA3BIKOB OIMMCAHUS MPEIMETHBIX 00JACTeH M MPUTOIHA
K pacmypeHuto u nononHenuto. [loaromy mrodyro BC, B mpuHImne, MoKHO pac-
IIUPUTH U TIONIOJTHUTH JI0 OIIMCAHUs, B KOTOPOM OyJIeT UCTIONB30BATHCS HE TOIHKO
JIOTHKa TIEpBOTO MOpsaKa, HO U OoJiee OoraThie S3bIKM (HapUMep, OTpaXKatoLIie
BpeMs U CKOPOCTb IPOLIECCOB).

Yacro cMexHble BepmHbI bC COOTBETCTBYIOT XapaKTEpUCTHKaM OJHOTO U
TOTO XK€ peaabHOr0 00BeKTa (MPEeIMETHOW TIEPEMEHHOI ), B JaCTHOCTH, TIAIlCHTA
B MeaunuHCKO# bJ[. B apyrux Moaensx cMeXHbIe BEPIIUHBI (M KOMIIOHEHTHI OJ1-
HOM 3amucH JaHHBIX) MOTYT COOTBETCTBOBATh Pa3HBIM HHIWBHAAM, HAIpUMED,
POICTBEHHUKAM B MOJEJSAX HACIEACTBEHHOCTH M I'€HEAIOIMYECKUX IIPOLIECCOB.
Bo MHOrux Mozemnsix CBA3YIOIIEH OChIO KaKIOr0 PACCYKACHUSI BBICTYIIAE€T BpeMs
1 MecTo (KaK B MPUBEACHHOM BBIIIE TIPUMEPE C JI0KAEM). A B IpUMEPE C UCTO-
pueii 6ole3HU ManueHTa BpeMs U MECTO M3MEHsIoTcA (cornacHo Ouorpadun mna-
LUEHTA), U 9TO HE SBJISETCS CYIECTBEHHBIM MPEMSITCTBUEM JUIS BBIBOJA 0000111e-
Huil. B moOoM ciyuae Bce 3amMCH AaHHBIX JOJDKHBI OBITH MOJYYEHBI COTIACHO
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€MHON CXeMe M3MEPEHUs, KOTrla MEXy NMepeMEHHBIMU (M3MEPSIEMBIMU BEJINYH-
HaMM) JEUCTBYIOT OIHU M T€ K€ MEXaHU3MBI U 3akoHOMepHocTH. [Ipu 3TOM naH-
HbIE, TIOaBaeMble Ha BXOJ aJrOPUTMa BBIBOAA MOJEIH 3aBUCUMOCTEH, SBISIOTCS
pe3yabTaTOM pEAYHHPOBAHMS TOJIHOTO MUCXOJHOTO ONucaHus. V3MUIHssS U He-
HYXHas U1 MHIYKTUBHOTO BbIBOJA MH(popManus yOupaercs, 1 UCXOAHbIE JaH-
HbIE PEAYLHPYIOTCS 1O IPOIO3HLMOHAIBHOIO HpEeAcTaBiIeHUs (OJHOH IIOCKON
Tabmmiel). Ha camMoM Jierre aHanWTHK MOMHHUT | MOApPa3yMeBaeT BCIO MHQpOpMa-
LU0, KOTOpast 3a)MKCUPOBaHa B CXEME M3MEPEHUs], CeU(PUIUPYIOLIEH TOUKH U
OTCYETHl BpeMeHH (PUKcay JaHHBIX. (JTa cxeMa MOXKeT OBITh M3MEHEeHa 3HA4H-
TEJIBHO TMO3KEe MPOBEACHUS (PAKTUUECKHX HM3MEPEHUH MyTeM MpeaoOpaboTKH U
nepeopMaTHpOBaHNUs JaHHBIX.)

HcxonHyto MoJenp OTHOLIEHWH, ONMHUCAHHYIO C NMOMOIIBIO MPEIUKATOB, BO
MHOTHUX CITy4asix JIETKO MPEJCTaBUTh (BIOXKHUTH) B opMe 0OBIUHOM OaliecOBCKOMH
CETH C TIOMOUIBIO CXeMbl n3MepeHus. Hampumep, Korga npeankaT uMeeT J1Ba ap-
TYMEHTa, IPUYeM OJTUH U3 HUX — OOBEKT, a IPYroil — XapaKTepucTHka 00beKTa,
TO OOBEKTHYIO TEPEMEHHYIO BBIHOCST B CXEMy H3MEPCHUS, 8 XapaKTePHCTHUKY
SIBHO TIPEACTaBISIOT Kak BepmuHy bC. OgHako B mpeaMeTHOH 00IacTH MOTYT
CYLIECTBOBAThH OOJIeE CIIOKHBIC OTHOIIEHUS, KOTOPBIE HE yIAaeTCs TaKUM 00pa3oM
penyuupoBarb. Torna mpuberaror K JorudeckuM pactmpenusm BC. [Motpe6-
HOCTb Tepexoia K MOJEISIM ¢ OoJiee MOHBIM JIOTHUYECKUM ONMCAaHHEM BO3HUKAET,
MIPEKIe BCETO, B CBS3M C HAMEPEHUAMHU (HEOOXOIUMOCTHIO):

1) aBTOMaTH3MPOBATh HHTEPIPETAIIMIO MOJICIIH;

2) aBTOMATU3MPOBATh KOMIMILILMIO MOJENTH M3 0a3bl 3HaHWH (OMOYb B
3TOM TI0JIb30BATEIIO WK KcTepty) [21];

3) moBTOPSITH MOACIMPOBAaHUE, MoJOUpas Haubosee FPPEKTHBHYIO CXEMy
HA3MEpEHUS.

Kpome Toro, mombITKa «3arHaTh» JaHHBIE B CTaHAAPTHOE IPEICTABICHUE
(mockyto Tabnwily) s anropuTMoB BeIBoa bC MoOXKeT mpuBeCTH K paspacrta-
HUIO MacCUBOB JaHHbIX. Enie ojHa npobiemMa BO3HUKACT MPU HAIMYUU JACTCPMHU-
HUCTUYECKUX OTHOIICHUMN MEKAY NECPEMCHHBIMH. HeTCpMI/IHI/ICTI/I‘lCCKI/IC OTHO-
LIEHUS] [TOPOXKAAIOT TPYIHOCTH AJIsi OOJBIIMHCTBA METOAOB BBIBOAA CTPYKTYPHI
AOI'-monenm.

Haunbonee momynsipHBIM paciIdpeHHEeM CTAaHOBATCS pemsiunoHHble bC mmu
BEPOSITHOCTHBIC persiiuoHHbIe Monenu [25]. Tlpu aTtom mHbOpMaKsI 0 KaKIOM
THUIIE CYIIHOCTEH XPaHUTCSA B CBOEM COOTBETCTBYIOIEM OTHOIIEHUH MOAEIH, TaK
YTO OAHO OTHOIIEHHE OIMCHIBAET BCE CYLIHOCTH AAHHOTO Tuma. JlomyckaroTcs
3aBUCUMOCTH MEXIYy aTpuOyTaMu OJHOHM CYIIHOCTH, a Takke (apyras ¢opma)
MeXIy aTpuOyTaMu pa3HBIX CYITHOCTEH (dYepe3 «enodukn»). MccnemoBarenu ot-
MEYaIOT OTPaHUYCHHOCTh BBIPA3UTEIbHBIX CIOCOOHOCTEH BEPOSTHOCTHBIX PEIs-
IUOHHBIX Mojeneil [27]. V3BecTHBI NanbHEHIIME paclIMpeHHs STHX MOJEINCH.
HenaBuo Obutn mpeioxens! siorudeckue bC [27]. B Hux ompeneneHs! joruye-
CKHE€ M BEPOSTHOCTHBIE IPEAMKATHI, YTO OOECIEYMBAET Pa3HOE IPEICTaBICHHUE
JETEPMUHUCTUYECKUX U BEPOATHOCTHBIX OTHOIMICHHUH. J{J1s1 peNsIMOHHBIX TaHHBIX
MPEAJIOKECHBl TaKXe BEPOSTHOCTHBIC MapKOBCKue ceTu [28]. OmHako cieayer
3aMETUTh, YTO OHHM COOTBETCTBYIOT JIOI-IMHEHHBIM CTaTHCTHUYECKUM MOJEIISAM,
T.e. Apyromy (He rpadoBOMy) NMPHUHIMIY MPEACTABICHUS COBMECTHOTO pacipe-
JIeJIEHHsI BEPOSITHOCTEH.
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3AK/IIOYEHHUE

e Kiacc BEpOSITHOCTHBIX MOJEJIEH 3aBUCUMOCTEN HA OCHOBE aLIMKIIMYECKHUX
OpHUEHTHPOBAHHBIX TpadoB (M ero pacmupeHus) OepeT Ha cedsl poib S3bIKA H
CpelCTBAa KOMMYHHKAIIMM AHAJIWTUKOB M CIICIUAIMCTOB PA3JIMYHBIX JTUCITHUII-
JIUH — MaTeMaTHUKOB, CTATUCTHKOB, 3KOHOMECTOB, COIFOJIOTOB, IICHXOJIOTOB,
OMOJI0TOB, METUKOB, HH)KEHEPOB H T.7.

e Kak cTatucTHYecKHe MOJENH, KOTOPhIe UICHTHU(UIMPYIOTCS Ha OCHOBE
SMIUPUYCCKUX JAHHBIX, TPpa(OBbIE BEPOSTHOCTHBIC MOJICIH BBIMOJHSIOT POJIb
WHCTPYMEHTa IO3HAHMS, T.€. CIIOCOOHBI JaTh MCCICAOBATEII0 HMHCAUT s
MOHMMAaHUS MEXaHM3MOB B3aWMOJIEUCTBUA B paccMaTpUBaeMOW MpPeIMETHOU
oOmacti win B M000H cHCTEME, Ybe MOBEACHUE IMOJYUHSETCS HEU3BECTHOMY
KOMILJIEKCY 3aKOHOMEPHOCTEN Pa3IMYHON IPUPOJIBL.

e BeposTHOCTHBIE MOJENH CHCTEM 3aBHCHMOCTEH Ha OCHOBE alllKJIHYe-
CKUX OPHUEHTHPOBAHHBIX TpadoB B KOMIBIOTEPHOM BHUE CIyXaT 3P(EeKTHBHBIM
NpeJICTaBIeHUEM 3HAHUHN B YCIIOBUSX HEONPEACICHHOCTH 1 00eCIeUnBaIOT Cpeji-
CTBO DEILIEHUS MPOTHO3HO-aHATUTUYECKUX 33/1a4 U MEXaHU3M aBTOMATHYECKUX
paccyKIeHUl Ui SKCIEPTHBIX CHCTEM, areéHTOB M POOOTOB B Pa3HBIX cdepax
MIPUWIOKEHU.

e B 1enoM ONHCaHHBIM KjIacCc MojeNed M METOJOB MOANEPKUBACT
3aKOHYEHHBIH LUK KOMIBIOTEPHBIX TEXHOJOTHN {M3MEpeHUs, HaOIIOJCHMS,
JaHHble} — MOJENb —> {aHaJn3, IPOTHO3, yNpaBicHHE}.
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