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ITPUMEHEHUWE AJII'EBPANYECKOI'O ITOAXOIA
B KBAJIMUMETPUHM MOJEJIEM U IOJJUMOJIEJBbHBIX KOMILITEKCOB

C.B. Muxkonu, b.B. CokoJios, P.M. FOcynos (Cankr-Ilerep0ypr)

BBenenue

AHanu3 MHOTOYHMCIIEHHBIX TEXHOTEHHBIX aBapuil M KaTacTpod, MPOUCXOISAIINX B COBpE-
MEHHOM MUDpE, MOKa3bIBACT, YTO OJHA U3 IJIaBHBIX MPUYHUH BOSHUKHOBEHHUS TIEPEUNCIICHHBIX SIB-
JICHUH CBs3aHa C yCHJIEHUEM poJid (PaKTOPOB CIOKHOCTH B CYHIECTBYIOLIUX U MPOEKTUPYEMBIX
OpPTraHU3AIIMOHHO-TEXHUUYECKUX CUCTEMaX, MCIIOIb3yEeMbIX B PA3TUYHBIX MPEIMETHBIX 00IaCTsIX.
[Ipu 3TOM, TOBOPSI O MTPOOIEMaxX CIOKHOCTH COBPEMEHHBIX 00BEKTOB-OPUTHHAJIOB (PEATbHBIX H
a0CTPaKTHBIX), IPUHSTO BBIIEIATH CISAYIONIME OCHOBHBIC aCTIEKThI CIIOKHOCTHU: CHPYKMYPHYIO
CILONCHOCMb, CLONCHOCb (DYHKYUOHUPOBAHUS, CILONCHOCb NPUHAMUSA peuleHUll U 8blbopa cye-
Hapueg nosedeHuUsl, CI0HCHOCIb PA3BUMUS, CIOHCHOCTL UX POPMATLHO2O0 ONUCAHUSL U MOOeU-
posanus [1]. K HacTosiieMy BpeMeHH HayKa co3ana O0raThlii METOIOJIOTHIECKUNA U METOIUYe-
CKUU amnmapar, MO3BOJISIONINKA YCIEIIHO MPEO0I0JIeBaTh TPYAHOCTH, CBSI3aHHBIE C BO3/ICHCTBUEM
(hakTOpOB CIIOKHOCTH B COBPEMEHHOM MHpe. B 0CHOBY 3TOro ammapara Moyio)keHa CHCTeMHast
OTpacib HAyYHbIX 3HAHUU [ 1], OAHON U3 KOMIIOHEHT KOTOPOH SBISIETCA KBAJTUMETPUS MOJIENIeH U
MOJINMO/IETIFHBIX KOMIUIEKCOB, MPEACTABIISIONIas U3 ce0sl MPUKIAJIHYI0 HAayKy, OPUEHTHUPOBaH-
HYI0 Ha pa3pabOTKy METOJIOJIOTMH U TEXHOJOTUH OIEHUBAHUS KadecTBa yKa3aHHBIX MOJENCH u
KoMIuiekcoB [2-8]. CrmemyeT OTMETUTh, YTO B OOJACTH OIICHMBAHHWs KadyecTBa MoJeNeld K Ha-
CTOSAIIEMY BPEMEHH IMOJIy4€HO MHOTO HHTEPECHBIX HAYYHBIX M MPAKTHUECKUX PE3yIbTaTOB, CBS-
3aHHBIX KaK C KOJMYECTBEHHBIM M KaU€CTBEHHBIM OLICHHBAHHUEM U aHAJIM30M TaKHX CBOMCTB MO-
JieJIel, KaK aJeKBaTHOCTb, CII0)KHOCTh, HEONPEEIEHHOCTh [2-4,6-8], Tak U C yHOpsSA0OYEHUEM U
BBIOOPOM (CHHTE30M) MOJICTIEH JJIs PEIICHUs 3aJaHHbIX KJIacCOB 3aaa4 [6-9].

[Tpu 3TOM TSI pa3NMUYHBIX TPEIMETHBIX 001acTel CO3aBATNCh CBOU TEOPUH U TEXHOIIO-
TUU MOJICTTUPOBaHUS, pa3padaThIBaIOCh U pa3pabaThIBAETCS OTPOMHOE KOJMYECTBO OAHKOB MO-
Jeneld U TOJMMOJIENBHBIX KOMIUIEKCOB, KOTOpbIE IIMPOKO HCMOJB3YIOTCS Ha MpakTuke [6-9].
Bwmecte ¢ Tem nipu Hanmuuuu OOJIBIIOTO Pa3HOOOpPA3Msl MOJIETICH OCTAIOTCSI OTKPBITHIMU BOIIPOCHI
000CHOBAaHHOTO MX BBIOOpA, CPaBHEHUS Pa3NUYHBIX TEXHOJOTHH MoaenupoBanus [6-9]. Ilpu
pEIICHUN TIEPEUYNCIICHHBIX 3a7ad BAXHYIO POJIb WTPAIOT, BO-TIEPBBIX, 3a/J1a4d BBIOOpA YHUBEp-
CaJIbHBIX (POPMANBHBIX CPEJCTB, MO3BOJSAIONIMX HA €IMHOM METas3bIKE OIMUCHIBATH PAa3IUYHbIC
KJIACCHI ¥ BUJIBI MOJIETICH U TTOJIMMO/IEIBHBIX KOMILUIEKCOB, M, BO-BTOPBIX, 33/1a4l 000CHOBAHUS U
BbIOOpA CHUCTEMBI TIOKa3aTeNel KauyecTBa U COOTBETCTBYIOIIMX METOJUK MHOTOKPUTEPUAIBHOTO
OIICHUBAHUS, aHAJIN3a U YIOPSATOYCHHS UCCIIETYEMbIX MOJIEJIEH U MOTMMO/IETbHBIX KOMIIEKCOB.

Panee yka3pIBanock, 4To BeCbMa MEPCIEKTUBHBIM B 3TOM OTHOIICHHUH SIBISETCS MOAX0] K
OMMCAaHUIO MOojelel, 0a3upyIOIIMiics Ha MOHATHUM MaTeMaTtudeckoi cTpykrypsl [1,7,8]. B nok-
Jajie TpoBeJeHa KOHKPETH3aIUs JaHHOTO MOJX0Ja Ha OCHOBE HCIIOJIb30BAHHUS MHOTOCOPTHOM
anredpandeckoi CUCTEMBI B sI3bIKE IIpeIuKaToB nepBoro nopsaka [10]. Ilondarue coptHocTH ain-
reOpandecKoi CUCTEMbI UCIIOJIF30BAHO JJISl OLICHUBAHUS TaKMX CBOMCTB MOJIEeH, KaK UX CTPYK-
TypHasi U GyHKIMOHAJIbHAS CJIIOKHOCTh, @ TAK)KE CBOMCTBA JOCTOBEPHOCTH PE3yjIbTaTa MOJICIIH-
pPOBaHUS, KOHKPETHU3UPYEMOTO 110 OTHOIIEHHUIO K KJIaccaM peliaeMbIX 3a/1a4.

1. Moaeab o0beKTa, METOAA, 32124

B kauecTBe MaTeMaTHUeCKON OCHOBBI ONTMCAHMSI pacCCMaTPUBAEMbIX B JJOKJIaJ[e 00BHEKTOB-
OpUTHHAJIOB (B TOM YMCIIE U CAMHUX MOJIEJICH, OMMCHIBAIOIINX yKa3aHHBIE O0BEKTHI, KOTOPHIE MO-
TYT UMETh PEAIbHYIO M BUPTYaIbHYIO MPUPOAY) BBIOEpEM anreOpandecKyro cucTeMy (CTpyKTY-
py). OHna npencrasiser co00il MHOXKECTBO 4 (HOCUTEND) C 3aJJaHHBIM Ha HEM HaOOpOM orepa-
IMI U OTHOLICHHH (CUTHATYpOW) U yIOBJIETBOPSIOUIMM HEKOTOPOU cucTeMe akcuoM [9]. Anre6-
paudeckas cucTeMa IpeCTaBisieTcs CIeyoe YeTBEpKO CUMBOJIOB:

<4,C, P, F>. (1)
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OTH CUMBOJIBI TIPEJICTABIISIOT COO0N MHOXKECTBa: A — MPEAMETHBIX MEPEMEHHBIX (HOCH-
Tenb); C — KOHCTaHT; F — QyHKUMH; P — MpeIuKaToB.

MHuorocopTHast anredpandeckasi CucTeMa SBIISIETCS MOJENbIO A3bIKa MEPBOro mnopsiaka 2
[9]. Ee anemMeHTBI — cyTh pe3yJbTaThl MHTEPIIPETALIMU STOTO SI3bIKa C MPpUMEHEeHHEeM (YHKIH D,
Cnst, Fn, Pr: D: n—>A, , neSrt, Cnst. cnst— c; Fn: fu — f;, Pr: pr = p.

DneMeHT T MHOXecCTBa Srf Ha3bIBaeTcsl copmom 00bekTa. EMy cooTBeTCTBYeT mun te-
pEeMEeHHON B mporpaMMupoBaHud. [t kaxxaoro copra GUKCUPYETCS MHOXKECTBO MPEAMETHBIX
IEPEMEHHBIX a™,....a"n€ A (HOCUTEND') M KOHCTAHT C™,...,c"€ Cr. MHOXeCTBO KOHCTAaHT Cyy Xa-
paKTepu3yeT OuanazoH 3Havenuli COOTBETCTBYIOIICH NEpeMEHHOW (JoMeH B 0a3e JaHHBIX).
MHoxecTBa GyHKIMIA F 1 TpenukaToB P o0pa3yloT curHarypy mozenu. Kaxapiii npeaukar p u3
MHO>KECTBa MPEeIUKAaTOB P MOXKET ObITh BhIpaXKEH uepe3 oTHoleHue 7. [loaToMy B qpyroit 3amu-
cu yeTBepKka cuMBoJIOB (1) nmpeacrasinsercs yepes oTHomeHus: <4, C, R, F>.

Anrebpanyeckast cucrema wieHntes (mo AWM. ManbieBy) Ha Monensb (PEensSIUOHHYIO
cucremy) <4, C, R> u anrebpy <4, C, F>. Mogens <4, C, R> npeacraBiseT co00il COBOKYTI-
HOCTb OTHONICHWI Ha HOCUTENE A, OTpaxas CTPYKTYpy oOwvekma-opueurana. JIrobast onepauus
feF anrebpsl <4, C,F> peanu3yercs ¢ MOMOIILI0 HEKOTOPOTO aJITOPUTMA, SIBIISIOMIETOCS MOJIe-
JBI0 Memooa BeraHucIeHni. TakuM 00pa3om, MOJIEh TOJHKHA OTPAXKaTh KaK CTPYKTYpy O0OBbeKTa-
OpUTHHAJA, TaK U Pealu3yeMBbIii €10 METO]I BEIYUCICHHIA.

JIro6oe MaTeMaTHYECKOE BBIPAXXEHUE C MEPEMEHHBIMU CJEIyeT paccMaTpUBaTh Kak MO-
NeNb-NPOMOmun, UMEIOIIYI0 MHOXKECTBO PEIICHUNH MOJele-9K3emMniapos B TEPMUHOIOTUN HC-
KYCCTBEHHOT'O MHTEIJICKTA. DTH PEIICHUSI MOTYT OBITh MONYYCHBI pA3HbIMU METOJAMH, B TO JKE
BpeMs MPUMEHUMBIMH K Pa3HbIM MOJENISIM-IIPOTOTUIIAM.

MHOXeCTBEHHOCTh 3aJ7]a4 Ha OJTHOM MOJETU-IIPOTOTHUIIE MOKHO MPOUJUTIOCTPUPOBATEH HA
TaKOM MPOCTON 3aKOHOMEPHOCTH, B CHIIy BCEOOIITHOCTH HA3bIBAEMOW 3aKOHOM, Kak 3akoH Owma.
JIrobast 3 Tpex CBSI3aHHBIX UM MEPEMEHHBIX MOXKET OBITh MOJy4YeHA uepe3 ABE Apyrue. A 3To
3HAYUT, YTO HA OCHOBE TPeX MEPEMEHHBIX MOKHO C(OPMYIHNPOBATh TPH 3aa4yu. MIHbIMU cil0Ba-
MU, CYIIECTBYIOT TpU Moaudukanuu Gopmynsl. OnHa U3 TMEPEMEHHBIX BBIYUCIACTCS C MOMO-
HIbIO OIlEepalli YMHOXKEHUS, a IBE OCTAIbHBIX — C IOMOIIBIO OTIEpalluy AETICHUS.

Takum o0Opa3om, MOJAENBIO, OOBEAUHSIOMIEH MOJETb-IIPOTOTHII U MOJAETh-3K3EMIUISP,
SBIISICTCS M0Oeb 3a0auu. VIX COOTHOIIEHUE MOXKHO BBIPA3HUTh CIICAYIONIEH (HOpMYJIOi:

MOJIeJIb 3a1a41 = MO/1eJIb-IPOTOTHI + MO/Ie]Ib METOAa —> MO/IeJIb-IK3eMILISP.

W3BecTHO, YTO MOZENb U METOJ PEIICHUs 3a/1a4u 63aUMO3ABUCUMbL, YTO HATJSAHO Je-
MOHCTPHUPYETCS Ha JIOTMKO-KOMOMHATOPHBIX 3aAadax. [IpocTedmm nmpuMepoM TakoW B3auMO-
3aBUCHUMOCTH SBJIIETCS ONpPENIETCHHUE ETUMOCTHU Lienoro uucia Ha 4. Ilpu necaruynom npen-
CTaBJICHUH YWCJIa HEOOXOIMMO BBIMIONHATH JIEJICHHUE M-PAa3PSIHOTO ACCITHYHOTO YHCIa Mopas-
panHO njo pa3. CIoXXHOCTb ATOTO MPOIEcca MPONMOpLIHMOHAIbHA YUCTy paspsanoB O (n). [pu
JBOMYHOM TPECTABICHUU YHCIa JOCTATOYHO MPOAHAIM3UPOBATh ABa MIIAIIINX pa3psaa Ha 0.
CnoxHOCTB 3TOTO Tpotiecca paBHa 1ByM O(2). Hanuiio yMeHbIlIEeHHE CIIOKHOCTH Ha 711g—2.

OpHako yCIIOBHEM YMEHBIICHUS CIOXKHOCTH SIBISIETCS HEOOXOIUMOCTh TPeoOpa3oBaHus
yKclia U3 yJoOHOU JIJIs 4esoBeKa JECITUUHON CUCTEMBI B yI00HYIO JIJIsl KOMIIBIOTEPA IBOUYHYIO
CUCTEMY, YTO MOXET PacCMaTPUBATHCS KaK HePeeood C OTHOTO SI3bIKa MPEICTaBICHHsS 00BEKTa
(uucna) B apyroil. C TOYKM 3peHUs] KOMIIBIOTEPHOM HayKH, — 3TO preprocessing. Yucio maros
nepeBoja U3 JAECSITUYHOTO YHCIa C Mg pa3pslaMu B ABOMYHOE YMCIIO C 1y pa3psiaMH PaBHO:
ny=10g>10-n,0=3,32:n10. DTa BeTUUMHA U ONPEAETSAET CIOKHOCTh MPEOOPa30BaHMUS, T.C. IEPEBOIA
C s3bIKA JIECATUYHON CUCTEMBI CUMCIICHHUS Ha S3BIK JIBOWYHOW CHUCTEMBI CUMCICHUA. B xadect-
BEHHOM CMBICJIE MIMEET MECTO 3aKOH COXPAaHEHUS CI0XKHOCTU — YEM MEHee CJI0KEH METOJ pelie-
HUS, TeM OoJiee CII0KEH MPOIlecC MOMyUeHHUs MOAXOASIIESH i1 dToro Merona moaenu. Komuye-

! Hocurens MOKHO CUMTaTh BBIPOXKJIEHHOHN aJIreOpandecKoi CHCTEMOH € IyCThIM Ha0OpOM oliepanuii u
OTHOUICHUH.
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CTBEHHO MOJIHbIU TIEPEBOJT IECITUYHOIO YHCIIA B JBOMYHOE YHCIIO, UCXOJS U3 COOTHOLIEHUS BBI-
paxeHuit njo—2 u 3,32:n19, HEBBITOJEH. DTO COOTBETCTBYET HE3HAHHUIO TOTO, YTO JIJISl PEIICHUS
3a/1a4d JOCTATOYHO MEPEBECTH TOJBKO MIIAIINN pa3psij ACCITHUYHOTO YUCa B 2 pa3psiaa ABO-
WYHOTO YMCJIa, KOTOPBIE ¥ HYKHBI JIs1 PEIICHUS TOCTABICHHON 3a/1a4u.

PaccMoTpenune 3Toro mpocreiiiero npumepa rnokasblBaeT, YTO PELICHHUE MOCTABICHHOMN
3a/1a4yl «B JI0O», 0€3 MpeABapUTEIHHOTO UCCIEIOBAHUS €€ 0COOEHHOCTEH, SKBUBAJIIEHTHO TMOJ-
HOMY Tiepebopy. BrisiBieHIE 3aKOHOMEPHOCTH, IPUCYIIEH perraeMoit 3aade, Mo3BOJISIET TIEpei-
TH OT TOJHOTO mepedopa K COKpalleHHOMY mepebopy. 34ech BaXKHO y4ecTh (PakTop BPEeMEHH.
[Ipu pemennu 3amaun «B 100» 3aTpaunBaECTCsI MUHUMAJILHOE BpeMsl Ui CO3/aHUs MOJCIIH, a Ha
BBISIBJICHHE 3aKOHOMEPHOCTH, CIIOCOOCTBYIOIIEH YCKOPEHHUIO PElIeHUs 3ajauu, Tpedyercs I0-
TIOJTHUTENIBHOE BPEMSI, KOTOPOE MOXET OBbITh OMPaBJaHO MACCOBBIM PEIICHUEM 3a/aud, JIM0O e
YHUKAJIBHOCTBIO.

N3 paccmoTpeHHOro mpumepa cleAyeT, 9TO BpeMsl MOJCITHPOBAHHS BKIIOYACT B CeOs
BpeMs, 3aTpauuBaeMOe Ha NPOeKmuposanue Mooenu, N epems peuieHus 3a1aqu BbIOpaHHBIM Me-
TOJOM. DTH TOKa3aTeld MPOTHBOPEUHBHL. UeM OombIlle BpEMEHH yXOAUT Ha MPOSKTUPOBAHHE
MOJIEJIM C IIEJIbIO BBISIBICHUS 3aKOHOMEPHOCTEM, TEM MEHBIIE BPEMEHH MOXKET 3aHATh PELICHUE
3a/1auu.

Hpyrum npumMepoM yIpoIleHus: METO1a pEelIeHHs 3a1auu siBisieTcst meroq MonTe-Kapiio.
DaKTUYECKN OH HUKAK HE OTPaKaeT OCOOEHHOCTH MOJIENIA B CUIy CBOCH yHHMBepcaibHOCTH. Ha
ero peanuzanuio TpeOyercs MUHUMYM BpeMmeHu. Ho 3ato mpoliecc perieHus XxapakTepusyercs
9KCNOHEHYUANbHOU CII0KHOCThIO U B CHIJIY 3TOrO JUISI CJIOKHBIX CUCTEM HE YJAeTCsl MOJYYUTb
MpUEMJIEMYIO0 TOUYHOCTh pe3yjibTaTa pelieHHs 3a7jaud 3a mpueMiieMoe BpeMs. JTa mpodiema B
pa3HOM CTENEHM CBOMCTBEHHA BCEM CTOXACTHYECKUM MeTonam. [1o3ToMy OHH, Kak IMpaBuIIO,
MIPUMEHSIFOTCS 17151 IPUOIMKEHHOTO PEIlIeHuUs 3a1ay.

[ToBBIIIIEHUST TOYHOCTH PEIICHUS MOKHO TOOUTHCS 3a cueT OoJyiee AeTaaTbHOTO W3YYCHHUS
CBOMCTB 00BEKTA, UYTO BO MHOTUX CIy4asX JOCTUTAETCA C MPUMEHEHHEM JIE€TEPMUHUPOBAHHOTO
moaxo/ia. 3aKOHOMEPHOCTH, HalJIeHHBbIE B IMPOIECCe M3YUYCHHS CBOWCTB OOBEKTA, MO3BOJSIOT
TaK)K€ COKpPATUTh BPEMS pEIICHMs 3aJauyM 3a CUET COKPAIIEHHOro rnepedopa, MPUMEHSs ajiro-
PUTMBI HOAUHOMUATLHOU CITOKHOCTH.

W3BecTHO, YTO METOA peLICHUs 3a/ladyll MOKET OBITh peajn30BaH C MPUMEHEHHEM pas3-
JUYHBIX aIrOpUTMOB. VX KauecTBO OLEHMBAETCS] BHIUUCIUTEIBHON CIOXKHOCTHIO, TIOJI KOTOPO
MMOHUMAaETCS MaKCUMAaJIbHOE YHUCIIO 11aroB, HEOOXOUMBIX JIJISl pEeLICHHs 3a1a4u.

W3 u310%eHHOT0 ClIeAYIOT /IBa MyTH YBEJIWYEHUsI TOUHOCTH PEIICHUS 3aa4M: YCIOXKHE-
HUE MOJIEJIM Ha OCHOBE Y4eTa BBISBICHHBIX 3aKOHOMEPHOCTEH, 100 yCI0KHEHHE MeToa (aj-
TOpUTMa) pelieHus 3a1auu. BeiOupaercs TOT MyTh, KOTOPBIM yAOBIETBOPUT TPeOOBAHUS K TOU-
HOCTH pe3yJbTaTOB U BPEMEHU MOJeNupoBaHusa. B camom olriem Buae METO/bI pelieHus 3a1a4
MOJKHO Pa3/IelNTh Ha Cieayouue rpynmsl (Tadm. 1).

Tabauya 1
OO0uue MeTOAbI pelIeHUs 32124
HaumenoBanue merosa TpynoeMKkocTh JlocToBepHOCTH YHUBEpCaJIbHOCTh
IceBnocmyuaiinasa nocneno- Omnpepnensiercst 00be- | [IponopuuoHanbsHa VYHuBepcaneH
BaTEJILHOCTh MOM BBIOOpPKH 00beMy BBIOOPKH
[Tonueli nepedop OKCNIOHEHIUAJIbHAS [Tonnas YHuBepcaneH
CokpallieHHBIH niepedop [TonuHOMUAaNBHAs [Tonnas CrenuanusupoBaH

2.0neHnBaHHeE CJO0KHOCTH MOJeJIeil H MOJIUMOAeTIbHBIX KOMILIEKCOB
2.1. Cnoscrnocnmob 00HOPOOHBIX MOOeel

Ha ocHoBanuu anreOpanueckoi CUCTEMBbI KaK MOJENHU s3bIKa MEPBOTO MOPSIKA MOYKHO
OLIEHUTD CJI0)KHOCTh KOHKPETHBIX MaTEMAaTUYECKUX MO/IeJIel 0€30THOCUTENIBHO UX CHEIU(UKH.
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IIpencraBum MHO)kECTBO KOHCTAHT C Kak JIOMEH 3HAYEHUM NMEPEMEHHON ‘D | =N. Ilapa-
MeTp N XapakTepusyeT uH@opmayuoHHylo CIOXKHOCTH MepeMeHHOoW. B mopsake Bo3pacTanus
WH(POPMAITMOHHON CIIO)KHOCTH OH JICTTUTCS Ha 4 KaTerOpWH: JiBa 3Ha4eHU (2), KOHEYHOE YHCIIO0
3HaueHuH (k), caueTHOE (k) 1 OECKOHEUHOE MHOXKECTBO 3HAUCHUH (0).

[IpencraBum HOCUTENb A KOHEYHBIM MHOKECTBOM X MOIIIHOCTH |X ‘ =m. Torma npsimoe
(mexapToBo) mpomsBeaeHHEe XXXX...xX =X" ymopsiio9eHHbIX HAOOPOB WU 1-OK (X1, X2,...,X)
3a/1aeT n—apHbii yHUBepCcyM. [Ipu n=2 yHuBepcym XxX mpencraBisercs OJHBIM TpadoM ¢ meT-
JSIMU.

B n-mectHOe oTHOmIEHHE R'CX" BXOIAT 4acTh 7-OK (B YaCTHOM CJIydYae BCE 1-KH) W3 7i-
MECTHOTO JIEKapTOBOTO Tpou3BeacHUs (yHUBepcyMa) X', BaKHBIM 4aCTHBIM CIIydacM SIBIISIETCSI
OMHapHOE OTHOIICHHE R*=R, cocrosimee u3 P YHOPSIOYEHHBIX Map BuAa (x;, x;). OHO mpeacTas-
nsiercst rpadomM G, YUCIIO CBsI3ed p B KOTOPOM UM XapaKTEPU3YET CMPYKMYPHYIO CI0KHOCTb MO-
nenu. Hyne-rpad R=C, B KOTOPOM OTCYTCTBYIOT YIOPSAOYECHHBIC Taphl (JyTH) MEXIy BEpILIu-
HaMH, IMEET HYJIEBYIO CI0XHOCTh p=0. [lomHbIi rpad, comepkamuii Bce CBSI3U MEXIy BEpIIH-
HaMU («Kaxaas COeIMHEHA C KaXJ0h U ¢ co00»), IMEeT MaKCUMAaJIbHYI0 CTPYKTYPHYIO CJIOXK-
HOCTH 2-TO mopsaKa p=mxm=m". CTPYKTypHas CIOXHOCTb N-TO MOPSAKA (/1-MECTHOE OTHOIIIC-
Hre R") HHTEPIPETUPYETCS MHOXKECTBOM ITyTEH JJIMHBI 71, COSMHSIONIMX BepIIUHbI Tpada. Ta-
KAM 00pa3oM, CTPYKTypHasi CIIOKHOCTb MOJEIN MOXET OBITh OXapaKTepH30BaHA BEKTOPOM
c.o=(m, p, p"). Eciiu Mogens ComepKuT / OTHOIIEHHI, TO CTPYKTYpHAsk CII0OKHOCTh XapaKTepPH3y-
eTCcsl MaTpUILeH pa3MepHOCThIO / X 3.

[Tycth noMeHn D 3Ha4YCHHI TIEPEMEHHOW MPEICTABISCT 00JIACTH ONPEISIICHUS W 3Hade-
Hull GyHKmn [ Dx...xD—D. Toraa ¢yukyuonanibHas CIoxKHOCTb MOJIETH ONPeAesSeTCs] BUAOM
(GyHKIMH, ee apHOCTBIO (YMCIOM apryMEHTOB) 7 M yucioM (pyHKIui k£ B Moaenu. ClOKHOCTh
aneebopaudeckou PyHKINN ONPEAeseTCs MaKCUMaIbHON CTETIEHbIO €€ MEPEMEHHBIX Smax-

CHOXHOCTD HeanemeHmapHou (QYHKUUU ONPEAETSAeTCS MAKCHUMAJIbHON CTEHEHBIO Smax
YJIeHa pslia, B KOTOPBIM pa3iaraercs 3Ta QyHKIMs B 00JaCTH CXOJUMOCTH. DTO YUCIIO OIpee-
JSIET ¥ TOYHOCTh anMpOKCUMAIUH (DYyHKITHH.

[Tockonbky KOMIbIOTEpHasi 0Opa0OTKa BBIMOIHSIETCS B YUCICHHOM PEKUME, YUCIO Smax
Bcerna koneuyro. CleyeT TOJbKO NOMHHTbH, YTO YHCIO Smax 3ABUCUT OT YHCIEHHOIO METOJA
peanu3anuy QyHKIUN ¥ HE MOXKET OBITH ONPENIEICHO 110 €€ BHIY. DTO JUIIHUI pa3 MOKa3bIBaET,
YTO A7 KOMITIBIOTEPHOTO MOJETUPOBAHUS HEIOCTATOUYHO MPEACTABICHUS MOJEIN B aHAIUTHYE-
ckoit hopme 3ammcu. HeoOxommmo ee paccMaTpuBaTh BMECTE C METOAOM pealIn3alliil MOIEIIH.
Torma mpu YHMCIEHHBIX XapaKTEPUCTUKAX OTHOIICHUH U (DYHKUIUN CYIIECTBYET BO3MOXHOCTH
YHUCJIEHHO OLIEHUTh CJIOXKHOCTh MOJEIU B COBOKYIHOCTH C PEATU3YIOIMIMM €€ MeToAoM. Paz-
JIENBHO CJIOXKHOCTh MOJIENIM U METOJ[a OLICHUBAIOTCS COOTBETCTBEHHO MO 00BEMY UCTIOIB3yEeMOU
NaMsATH KOMIIbIOTEPA U YMCITY IIaroB alrOPUTMa (BBIYUCIUTENbHAS CI0KHOCTB).

Torna gyHKUMOHANBHAS CIOKHOCTb MOJEIH XapaKTEPU3yeTCs BEKTOPOM €/ ~(Smax, /), &
CJIO)KHOCTD k-(DyHKITMOHAIBHOW MOJIEIIA — MaTPHUIICH Pa3MEPHOCTHIO k X 2.

OO0r111ast CII0KHOCTb MOJIEITH XapaKTepu3yeTcst BEKTOpoM ¢= (N, m, p, p", Smax, 7). ITO TIO-
3BOJISICT MO BEKTOPHBIM OILIEHKAM CII0)KHOCTH MOJIeJIel HaXOAUTh MHOKECTBO HEJJOMUHUPYEMBIX
MeTos10B (MHOXkecTBO [lapeTo). OnHako Mpu MajoM 4YHciie COMOCTaBISIEMbIX METOAOB U IMpea-
JIO)KEHHBIX IIECTH MPU3HAKaX BEJMKa BEPOSTHOCTh TOTO, YTO BCE OHU BOMAYT B MHOXecTBO [la-
perTo.

Jl5is monmyuyeHust TMHEHHOTo TOpsiKa Ha MHOXKECTBE Mojeliel TpeOyeTcsi CHHTE3UpPOBaTh
0000MIEHHYIO OIEHKY Pa3MEPHOCTH MOJIEIH KaK KOJIMYECTBEHHYIO XapaKTEPUCTUKY €€ CII0KHO-
cti. OJIHAKO TIPU MEPEeBOJIe BEKTOPHON OIIEHKU MOJIEIH B CKAISIPHYIO OLIEHKY BO3HHKAET IPO-
OsieMa OIleHMBaHMs BaXXKHOCTU MoOKa3aTenei pa3MepHocTH. OHa MOMKET OBbITh pEIleHa TOJIBKO
9KCIIEPTHBIM CTIIOCOOOM.
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31ecy MOryT OBITh YYTEHBI cleayromue coodpaxenus. Kaxkaas nepemMeHHas OTpa)aer
00HO W3 3JEMEHTApHBIX c60licmé OOBEKTa-OopuruHana. Yucio 3HaYCHUH XapaKTepU3yeT mou-
HOCMb TPEJCTABICHUS 3TOT0 CBONCTBA. bUHApHOE OTHOIIEHUE XapaKTepu3yeT cmpykmypy o0b-
€KTa, a n-apHOE OTHOLICHUE — @3aumoolelicmaue ero 31eMeHTOB. DYHKIUS OJHOTO apryMeHTa
OTPAXKACT IIEMEHMAPHYIO 3AKOHOMEPHOCMb, BBIABICHHYIO B OOBEKTE-OpUTMHANE, a n-apHas
(GYHKIMS OTPAXKACT 1 21eMEHMAPHLIX 3aKOHOMEPHOCELL.

C Touku 3peHHus PECTABICHNS 3HAHUS, IEPEMEHHBIE COOTBETCTBYIOT 0a30BbIM MOHATHU-
SIM TIPeIMETHOM 00JIaCTH, a OTHOIIECHUS U (YHKIHU OTPAKAIOT MPUCYIIUE e CTPYKTYPHI U MPO-
neccsl. [Ipy TakoM UCTOJIKOBaHUH S3bIKa MOAEIN MOKHO SKCIIEPTHBIM CIIOCOOOM HalTH KOJIHYe-
CTBEHHBIE OLICHKH Ba)XKHOCTH IIOKa3aTesiel ee pa3sMEepHOCTH, HallpUMep, ¢ MOMOLIbIO amnmapara
MaTpHUll NapHbIX cpaBHEHUH. OCTaeTcsi OTKPHITHIM BOIPOC O 3aBUCUMOCTH BaXHOCTHU TOKa3aTe-
Jei pa3MEpHOCTH MOJIEIM OTHOCUTENIBHO pelraeMoil 3agaun. MoKHO NPEenonIoKUTh, YTO 3TOM
3aBHCUMOCTBIO BO MHOTHX CIIy4asx MOXXHO NpeHeOpeub. Toraa mpeiaraeMelii cnoco0 oneHu-
BaHMs CJIO)KHOCTH MOXHO CUMTaTh HE3aBUCHUMBIM OT pemraeMoi 3anaud. [lomydeHHast oleHka
CJIO)KHOCTH MOYKET OBbITh BKJIIOYEHA B KOMIUJIEKCHYIO OLIEHKY KayecTBa MOJENIU U IOJUIEKATh
MUHHMM3ALUH IPH €70 OLIEHUBAHHH.

2.2. Cnosxtcnocmsp noaumooenvbHo20 KOmMniekca

[Ipu onpeneneHnn CI0KHOCTH MOJMMOIETBHOTO KOMITJIEKCA, B KOTOPBINA BXOJAT MOJIENH,
MpEACTaBICHHbIE HA SI3bIKE OJJHOTO COPTa, CIEAYeT YUUThIBaTh UX B3auMojeicTBue. B pamkax
SI3BIKOB OJIHOTO COpTa (YpOBHS1) OLIEHUBAETCS CII0)KHOCTh ONEPALIUU HOOCHAHOBKU.

[Ipu oueHMBaHUM MOJUMOJEIIBHOTO KOMIUIEKCA, BKIIFOYAIOIIETO M0 TEPMHUHOJIOTUHA MHOTO-
COPTHOM anreOpanyecKkoll CHCTEMbI MOAETH pa3HO20 COPTA, HEOOXOIUMO YYHUTHIBATH TTOMHUMO
CJIO)KHOCTH CaMUX MOJEJIEH CII0KHOCTh MEPEBO/A C SI3bIKA OJHOIO COpPTA Ha Ipyroil. J{is oueHuBa-
HUSL €TO CIIOKHOCTH OYIeM UCTIOIBh30BaTh MOAEIH C HEPAPXUUECKOM CTPYKTYPOH COPTOB MOJETICH.

[Tpu mepexoae oT Gosee MPOCTOro s3bIKa K 0O0Jiee CIOKHOMY SI3BIKY MPHUMEHSIETCS OIle-
pauus epynnuposku, a Ipu OOpaTHOM Iepexoje — omnepauusi ceepmku. IlosicHuM 3TO Ha cie-
nytoumx npumepax. [lpu nepexone oT CKadspHBIX OLEHOK K BEKTOPHOM OLIEHKE MCHOJIb3YETCs
orepanusi TpynnupoBKH (KoHKarteHarmu). [Ipu oOpaTHOM mepexone BEKTOp CBEPTHIBACTCS B
CKaJsip C MOMOIIbIO cuHTe3upyromed Gynkuuu. [Ipu mepexone oT BEKTOPHBIX OIEHOK K Mart-
PUYHOI OIICHKE BBIMIOJHACTCS OOBEAMHEHHE BEKTOPOB B MaTpHIly. [IpM YMHOKEHUH MaTpHIIBI
Ha BEKTOp IMOJIy4aeM BEKTOP.

Takum 00pazom, Py OLIEHUBAHUN JBYXCOPTHOM MOJENH K OI[CHKaM CIIOKHOCTH MOJICITH
KaXJIOTO COpTa JOJDKHBI JOOABIATHCS (PYHKIMM MEPeBOJa C sA3bIKa OJHOTO COpPTa MOJETH Ha
Jpyroi Kak npsiMble, Tak U 0OpaTHbIE NIPU JBYCTOPOHHEM B3aUMOJEHCTBUHU. JTOH Uaee OTBeYa-
eT Gpopmyna:

CnoHOCTb IByXCOPTHOM MOJENH = CI0KHOCTb MOJENN copTa 1 + CIOKHOCTh MOJENIN
copTta 2 + cnoxHocTh nepeBoaa (1, 2) + ciaoxHocTs iepeBoga (2, 1).

AHaNOrMuHbIM 00pa30M OLIEHHUBAETCS CIIO)KHOCTh MOJENIN C OOJILIMM YHCJIOM COPTOB
KakK MOJMMOJEIBHOr0 KoMIUiekca. [Ipu 3TOM O4eHb Ba)KHO MPOBEPSATh KAXIbI pa3 KOPPEKT-
HOCTB IIEpeX0/1a OT MOJENIN K MoJenu. B noknane mis BaKHOM NMPUKIIATHON 3a1a4d, CBA3AHHOU
C YIpaBJI€HHEM aKTUBHBIMU MOJABMKHBIMU oObekTaMu (AIIO), mpennoxen npumep GpyHKTOpHU-
aNbHOTO Mepexoja u3 kareropuu oprpados Kat @, 3anaronieil CTpyKTypHbIE (CTaATUHYECKHE) MO-
JIeTM TEXHOJIOTUH BBITIOJIHEHHS paboT (omepanus) ¢ AIIO, B kareropuro TMHAMUYECKAX MOJIE-
neit Kat D, onuchIBaOIIUX COOCTBEHHO MPOILIECCHI BBIMOJIHEHHUS B3aUMOCBSI3aHHBIX OIEpalui,
CBs3aHHBIX ¢ (PyHKIIMOHUpoBaHKe cucteMbl AIIO. B 3ToM ciydae KOHCTpyHPYIONTUI KOBapH-
auTHeIi ¢QyHKTOp G: @ — D ycCTaHaBIMBAeT COOTBETCTBHE KaK MEXIy BepLIIMHaMU rpada
x; € Ob ® u puHamudeckuMu ™MoxemsiMu d; € Ob D, tak u Mexay pebpamu rTpada <x;
x> € More(X,X) n oToOpakeHUsIMH JUHAMHYECKHX Mopenen yj; € Morp(G(<x;, x;>)), Ha3BaH-
HbIMH B [8] 0TOOpakeHHUSMH COMPSDKEHHOCTH. B pamkax mpenioxeHHON (Gopmanuzanuu mpo-
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BEpKa ycJIOBUI GyHKTOPHAIBHOCTH MpeoOpa3zoBaHus oprpada B TMHAMHUYECKYIO MOJENIb MOXKET,
HanpuMep, 0a3upoBaThCA HA aHANIU3E PE3yJIbTATOB TPAH3UTHBHOTO 3aMBIKAHHUS OWHAPHBIX OT-
HONIEHWM, 3aJJal0IIUX B KaXKI0H U3 MOJENEl ouepeaHOCTh ciienoBaHus onepanuii B CY AlIO.
Jns rpadoBoil (ctaTMueckoi) MOAETH NMPOBEPKA JAaHHBIX YCIOBHH HE BBI3BIBAET OCOOBIX 3a-
TPYAHEHUN U CBOJUTCS K BBINOJHEHUIO MPOCTEUIINX AEHCTBUI C MAaTpHUIEH CMEKHOCTH. Jljist
TUHAMHUYECKON MOJIENH JaHHAs MPOBepKa TpeOyeT MpOBEIACHHsI CIICIUATBHBIX MTPeoOpa3oBaHU
ee CTpYKTypbl [7-8]. [IpoBeieHHBIE UCCIETOBAHMS MTOKA3aJIM, YTO B paMKaxX MPEAJIOKEHHOTO Ba-
puaHTa moiumojenbHoro onucanus QyHkunuoHupoBaHusi CY AIIO BBIMONHSAIOTCS HE TOJBKO
yCIIOBUSL (PYHKTOPUATIBHOCTH, HO M YCIOBUS OOLIHOCTH IMOJIOKEHHSI OTOOpaKEHU COMPSKEHHO-
ctu [7-8].

3. Iloka3aTe i OlleHMBAHHUS KAYeCTBA MOJIeJIH

PaccmotpuM mokazarenu, KOTOpbIE YMCIEHHO XapaKTepU3ylOT cBoiicTBa mojaenu. Oc-
HOBHBIM CBOWCTBOM MOJETH-TIPOTOTHUIA SBISAETCS adek8amHocms (COOTBETCTBHE) OOBEKTY-
opurunany [3-4]. Cama no cebe MaTeMaTH4ecKasi MOJENb HE 3aBHCHUT OT 00JIaCTH IPUMEHEHUS U
B 3TOM CMBICIIC SIBJIIETCSI YHUBEpCaTbHOU. [109TOMYy €e COOTBETCTBHE OPUTHHAIIY CJIEIyeT pac-
CMaTpuBaTh MO OTHOUIEHUIO K MOCTABJICHHOW 3agade. OTHOCUTENBHO KOHKPETHOHM 3aJaud Mo-
JIeJTb MOYKET OBITh HEMOJIHOW, H30BITOYHOW M TIOJTHOCTHIO COOTBETCTBYIOMICH IMOCTABJICHHOM 3a-
nade. O4eBUAHO, YTO MOJIETb, U30BITOUHAS 110 OTHOIICHUIO K HEKOTOPOM 3a7aue, MOKET MOJIHO-
CTBIO COOTBETCTBOBAThH 00JIee CIOXKHOM 3amaue. Ecnu npuHATE MO/IEIb MAaKCUMAJIBHON CIIOKHO-
CTH 3a 1IeJIoe, TO €€ KOJIMYECTBEHHbI SKBUBAJIECHT MOKET MCIOJb30BAaThCs ISl HOPMUPOBAHUS
OIICHOK 0O0JIee MPOCTHIX MOJICIICH.

Mogenb MeToa NPUHATO OLEHUBATH BBIYUCIUTEIBHON CII0KHOCTBIO, KOTOpas Xapakre-
pU3yeT TPYIOEMKOCTh MojenupoBaHus. [lokazaTenemM TpyJaOE€MKOCTH TOIY4YEHHUs pe3yibTaTa
ABJISIETCSI ACUMIITOTHUYECKAsi CIOKHOCTh aITOpPUTMa, OMPEAEIAIONIasl pOCT YKClia €ro LIaroB C
POCTOM pa3MEPHOCTH 3a/1auu.

Monenb-3K3eMIUISIp cleyeT OLIEHUBATh M0 docmoseprocmu. OHa ONPEAENAeTCS YHUCIOM
3HAKOB TOCJIE 3amsToi. JlIOCTOBEPHOCTh pe3ybTaTa KOHKPETU3UPYETCS OTHOCUTEIBHO THIIA Pe-
[1aeMOM 3aJaui: TOYHOCTh JJIS YMCIEHHBIX 33]a4; OTHOIIEHUE K II00ATbHOMY ONTHMYMY JJIS
ONTHMHU3AIMOHHBIX 33J1a4; BEPOSTHOCTh MPH PEIICHUM CTATUCTHUYSCKHUX 3anad; KodhduimeHt
YBEPEHHOCTH MPHU PELICHUH JIOTHUYECKUX 3aa4.

DTOM cucTeMaTu3alliy OTBEYaeT Taliuila 2, COCTaBICHHAs JAJI TPEX MOJIEeH.

Tabauya 2
Mopaeab 3aga4m
Monens A 1eKBaTHOCTb Pasmepnocts | Mogens | TpynoemkocTs | JlocTOBEpHOCTH
o0beKTa MoJeNu MeToja
Ce-BOl | ....... Cs-Bo N n m O(n, m)
MO1 MMI
MO2 MM2
MO3 MM3

31ech n — 4UCIIo BepIIKH rpada, a m — 9ucio cszel (ayr, pedep).

Hauboiee ciioxHO OnpeenuTh OTHOLICHHE JIOKAJHHOTO ONITUMYMa K riio0amsHoMy. s
3TOT0 HAOO 3Hams TI00ATBHBIN ONTUMYM. TOYHOCTH pEIIeHUs] CTATUCTUYECKUX 3a/1a4 OLIEHUBa-
€TCsl IOBEPUTEIHHON BEPOSTHOCTHIO. KOApHUIIMEHT yBEpEeHHOCTH B JIOTHYECKHUX 3ajjadax IpH-
Haanexut uHrepBany [0, 1]. KoadduiueHT yBepeHHOCTH k JIOTMYECKOTO BHIBOJA B ABOUYHOU
CUCTEME paBeH k=1, a B MHOTO3HAYHOM JIOTHYECKOM BbIBOJIe k<1. Ho OyJeBbI JJOrHYeCcKue Orne-
palnyy HENMPUMEHUMBI B YCJIOBUSX HEONPEAECICHHOCTH. VIHBIMM Cll0BaMM, MHOTO3HAYHBIH JIOTH-
YEeCKHi BBIBOJ] MMEET OOJBIIYI0 00JIACTh MPUMEHEHHSI, YeM JABOWYHBIN, OCKOJIBKY CBOIUTCA K
JIBOUYHOMY BBIBOJLy B OTCYTCTBUE HEOIPEJEIEHHOCTH. [ MOJIMMOEIBHOTO KOMIUIEKCA YUCIIO
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TaOJIUI OTpEeAeNAeTCS YUCIOM MOJeNeH, BXOAsImuX B koMmiieke. K HuM goGaBisieTcst Tabnuia
peoOpa3oBaHUs JaHHBIX MEKIY B3aMMOJICHCTBYIOIIUMHU MOJIEIISIMH.

4. MHOTroOKpuUTEepHAIbHOE OLIECHUBAHHE KA4YeCTBa MOIEIU

Haubonee yHuBepcallbHBIM METOJOM MHOTOKPUTEPUATHHOTO OICHUBAHUS SBISETCS Me-
TOA OTKJIOHEHUs OT 1ienu [11]. Ilenr onmuchIBaeTCsl BEKTOPOM UYHCIECHHBIX OIEHOK TPeOOBaHMIA.
Kaxxnas koMmoHeHTa BEKTOpa MpeCTaBiIsieT COO0M YaCTHYIO [ETb.

[IpeacraBuM 1enb B 7-MEPHOM IPOCTPAHCTBE MPU3HAKOB BEKTOPOM C€=(Ci,...,Cj,...,Cn).
HazoBem ee obpaszyom. BBegem mepy 00OOIIIEHHOTO OTKJIOHEHUS OT IEIH, KOTOpasi MO3BOJISIET
HE TOJbKO HAaWTH BapuaHT, OMIKaWIINil K 00pasily, HO U yHOPSAOYUTh OOBEKTHI M0 YaJIeHHO-
CTH OT Hero. /[ mpocToThl BHauajae paccMOTpuM obOpaszell, YbH CBOWCTBA (POPMUPYIOTCS OTpa-
HUYEHHUAMU IO PaBEHCTBY (1;=¢;). O4eBUIHO, YTO OTKIOHEHHE j-IO IPU3HAKA OOBEKTA X; B JIIO-
Oy10 CTOpOHY OT TOUKH ¢; (c;=Ay;) onpeaenser Mepy yIaleHHOCTH IO 3TOMY NPHU3HAKy 00beKTa
OT LEJIH.

[TockonbKy 3HaK BEIMYMHBI OTKJIOHEHUS 00beKTa X;€X MO j-My MPU3HAKY OT YaCTHOM
LENU ¢; HE UMEET 3HAYCHUS, ONPENEeIUM OTHOCHUTEIBHOE OTKJIOHEHHE j-TO MPH3HAKa OT LENU
KaK:

‘yif —¢
Yy e M7Y o)
,max
Ily;' — i i
yi-el
s Yy <¢
c_j - y_j,min

[Tpu ucnonp30BaHUM MHTEPBAILHOIO OIPAHUYEHUS ) E€[Cyj, Cyj] OTHOCUTEIBHOE OTKIIO-
Henue pasHo 0 (8y";=0), ecnu Bce TOYKM HHTEpBaja paBHOLEHHBI [Ipy BeIXOzE 3HAUCHUS Y 38
M00yI0 TpaHMIly MHTEpBAla [Cyj, Cqj] OTHOCUTEIBHOE OTKIOHEHUE OHpeAeisercs no Gopmyiie
(2), rme BMecTO ¢; HOACTaBAETCA ONMoKaiilas rpaHULa UHTEPBANA [Cyj, C ]

B oTimnune oT TOYESUHOTO U HWHTCPBAJILHOI'O KPUTCPUCB IIPHU UCIIOJIb30BAHNU IMOJTYHUHTCP-
BAJIbHBIX OIPAHUYUTENBHBIX KPUTEPUEB );>C; U V;<c; OTKJIOHECHHUE OT MOPOTrOBOr0 3HAYEHHS C;
MOXET TPAaKTOBaThCs ABOSKO: U KaK Mepa HapylIeHUs! TpeOOBaHUs ¢j, U KaK Mepa ero IpeBblIlie-
Hus. Ha puc. 1 30Ha HapymieHus 1J1s OrpaHUYEHHsl CHU3Y ();>cj) HAXOQUTCS clieBa OT TpeboBa-
HUS ¢j, @ 30HA IPEBBIIICHNS — CIIPaBa OT HETO.

L "

[ i [ V.
I | i | —»
l..’.mll‘l " ( ) (:' -‘.Jl(“r) -‘I max

Puc. 1. 30HpI HApYLICHN W NPEBBIIICHAA TPeOOBaHNA C; ISl OTPAHHYCHHUSA CHHU3Y (Vi >C))

B 30He napywenus [yjmin, ¢;] HEBBIIIOJHEHUE TPEOOBAHHUS C; OLICHUBAETCS PA3HOCTBIO Cj —
Vi(xx), KOTOPOH CTaBUTCS B COOTBETCTBUE mITpadHas caHKIMA. HampoTus, ecnu 3HaueHue mpu-
3HaKa yj(X;) MPEBOCXOMUT OXKUAAEMOE 3HAYECHHE Cj, Pa3HOCTb ¢; — Yj(X;) C IPOTHBOINOIOKHBIM
3HAKOM JOJDKHA OTpPaKaTh BEJIUUUHY noowpenus. s orpaHudeHust cBepxy (),<c;) 30HbI Hapy-
IICHUA U TOOIIPCHUA MCHAKOTCSA MCCTaMU.

Hopmupys oTkiIOHEHHE 0T TpeOOBaHUS ¢; COOTBETCTBYIOIIUMHU OTPE3KaMU IIKAJIbI, OJTY-
qacMm (bOpMy.]'H:I OTHOCHUTCIIBHOI'O OTKJIOHCHUSA JIS1 OTPAHUYCHHA CHU3Y:
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c, -y,
——=1 y.>c,
_ g J
H _ yj,max cj (3)
Pi=Y e -y
? i J
c_,‘ - yj,min

u (1)OpMy.]'[I)I OTHOCHUTCIIBHOTO OTKJIOHCHHA JIA OTPpaHUYCHUA CBCPXY:

Y, —c,
y J
B __ y/,max _C/' (4)
i = y. —c
i J_ .
’ yi/' < C./
cj _yj,min

[Tpn nonafaHuy 3HAYECHUS Yj; B 30HY HAPYIIEHHsS OTHOCUTENIbHOE OTKIOHEHHE 0);; OKa3blBa-
€TCsl MOJIOXKUTEIBHBIM, a IIPU MONAJaHUHU B 30HY IPEBBIIIECHNS — OTPULIATEIbHBIM (pHUC.2).

0y

I
I
|
s
I
I

}_';'.min Jf}',l

Puc. 2. llIkana oTKI0OHEHUH 1JI151 OTPAHMYECHUIA «CHU3Y» M «CBEPXy»

Tak, Harmpumep, 3HaYEHUE j-TO MPHU3HAKA ;| IPH OTPAHUYEHUN CHU3Y IIONANAET B 30HY
wtpados (+0);,1), a IpU OrpaHUYEHUH CBEPXY — B 30HY MooLpeHui (—0y; 1).

Takum 06pa3oM, OTHOCHTENIBHBIC OTKIOHEHNUS 8)";; M 8" M3MEPSIIOTCS B MOJLIPHOM IIIKa-
ne [-1, +1], rae 3HaYeHHUs] OTHOCUTEIIBHBIX OTKJIOHEHUM B mikane [0, +1] paccMarpuBaroTcst Kak
mrpadsl, a B mkaiue [—1, 0] — kak moouipeHus.

[Tpu mogdope QyHKIMH, CUHTE3UPYIOIIEH OTKIOHEHUS [0 BCEM OTPaHUYUTENIbHBIM KpH-
TepHsIM, CIieAyeT YUYUTHIBATh 3HAKU OTKIIOHEHH, OTpa)karomiye mrpadHble CAaHKIIUU U TOOIIpe-
HUS. DTOMY YCJIOBHIO OTBEYACT aJIMTUBHAS 0000Imaromas (QyHKIUS, MMPEACTABISAIONMAs COO0M
anredpanvecKyro CyMMy OTKJIOHEHUH MO OTPaHUYUTENBHBIM KPUTEPUSM BCEX TUTIOB:

_ Ny H ns B ny u np p 5
é/i_jgleéfg+jzleé’g+gleé/g+jz::le‘§/y" ®)

BepxHue nHIEKChl cyMM 0003HAYalOT KOJUYECTBO OTPAHUYUTENBHBIX KPUTEPUEB CO-

OTBETCTBYIOLIETO TUIA, MPUYEM ny+ng+n,+tny,=n, rae n — oOILIEe YUCIO KPUTEPHUEB, & W, —

. n
BaXHOCTH (BEC) j-ro IpHU3HAKA, =1 Ecnu Bce kxpuTepuu UMEIOT PaBHYIO BaKHOCTB, UX
J=1

Beca paBHbl w=1/n, j=1,n.
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Bennuuna dy; npeacraBisier coboll ancedpauyeckylo CyMMY OTHOCHUTEIIBHBIX OTKJIOHE-
Hull. 3HaueHne QyHKUuH (5) CKIabIBaeTCs U3 MOJI0XKUTENBHOM YacTu (CymMmMa 1mTpadoB) u OT-
pHIIATENBHON (CyMMa OTKIOHEHUH ). DyHKIHS TTOJIOXKUATENbHA, €CITH CyMMa MITpadoB MpeBkIIa-
€T CyMMY IMOOLIPEHUI U OoTpHULaTeIbHA — B NMPOTUBHOM ciydae. PyHKuus Oy; AOCTUraeT rpa-
HUYHOTO 3HaYCHUS —1, €CIIM 6ce OTKIOHEHHUS OT JIOKAIbHBIX IIefieil OTpUIaTeIbHbI U IPAHUYHOTO
3Ha4yeHus +1, eciu 6ce OTHOCUTEINIbHBIE OTKJIIOHEHUS MOJI0XKHUTENbHbI. DYHKIMS IPUHUMAET 3Ha-
yenue (0 1100 B ciiyyae TOUYHOTO JOCTHXKEHHUS BCEX JIOKAIBHBIX IieNiel, THO0 Koraa HeHyJeBas
CyMMa OTHOCHUTEIBHBIX MTpadoB paBHA CyMME OTHOCHUTEIBHBIX MOOMpeHnid (3(PeKT KOMITeH-
carum).

VY4uThIBas MOOLIPUTENBHBIA XapaKTep OTPULATEIbHBIX OTKJIOHEHHH, OOBEKThI yIOPSI0-
YHMBAIOTCS B HANpPaBJICHUH OT MAaKCUMAJIBHOTO OTPUIATEIBHOIO OTKIOHEHUS OVmin<O K Makcu-
MaJIEHOMY TOJIOKUTEITBHOMY OTKJIOHEHHIO +0Vmax. [IOCKONBKY OTpUIIaTEIbHAS BEIMYMHA O); HE
OTBEYAET aKCHOMAaM METPHKH, B CIIy4ae 0Vmin<O BCE OLIEHKU MOKHO CBECTHU K IOJIO0XKHUTEIbHBIM,
NePEeCUYUTHIBAs UX MO (hopMmyJIe:

By i ':6)/ 1_8)7 ‘min-

* ~
Haunydmum cauraercss o0beKT x , oOgagaronuii MUHIMaIbHBIM 3HaUY€HHEM O00O0OIIeH-
HOI'O OTKJIOHCHMUS OT LICJIN:

* .
y =arg(min( §,)). (6)
xeX
OCTaJ'ILHBIe 06’beKTbI yHOpH,Z[OIII/IBaIOTC}I B HaHpaBJ'IeHI/II/I B03paCTaHI/I}I (l)yHKI_[I/II/I OTKJIO-

. . T .
HEeHHst 0T 0000mmeHHo# nenn Oy, =1, N. Or6opy mOmIeKUT 0OBEKT X U, €ciu TpedyerTcs,

3aJJaHHOE KOJIMYECTBO CIEAYIOMINX 32 HUM 00BEKTOB.

B Tex ciywasx, korga Bce OrpaHUYUTENbHbBIE KPUTEPUU OTHOCSTCS TONBKO K MHTEPBAJIb-
HOMY WJIM TOUYEYHOMY THITY, YEMY OTBEUAIOT 2 MOCIEAHUX ciaraeMbiX ¢popmydsl (5), mubo Hac
HMHTEPECYIOT TOJBKO MITpadbl WIH TOJBKO MOOLIPEHMSI, 3HAK OTKIOHEHHUS MOXKET OBITh TOJIHKO
MOJIOKUTETIBHBIM. JTO TO3BOJISIET MCIIOIB30BaTh B KauecTBe 0000IIaonmx (pyHKIUI Kak aaau-
THUBHBIC, TAK U MYJIbTHUIUIMKATUBHBIE 00001Iaromue (yHKITUH.

MeTtoa OTKIIOHEHHUSI OT ILEJH IO3BOJSIET OIICHWBATh OOBEKTHI, HE YIOBIECTBOPSIOIINE
MPeIbABICHHBIM TPEOOBAHUSAM, U PAHXKUPOBATH MX MO CTENEHU NMPUOIMKEHHS K 3TUM TpeOoBa-
HUsAM. B yacTHOM ciydae, Korga KOMIIOHEHTBI BEKTOpA L€ COBMAJAIOT C IPaHMIIAMM LKAl
MoKazaresei, MeToJl OTKJIIOHEHHSI OT LIeJTU CBOJUTCS K OOBIYHOM CKaJIIPHOW ONTUMU3AIINH.

5. Ilpumep oueHUBAHHUSA Ka4ecTBA MOJEJIH

B kadectBe mpuMepa paccMOTpUM CIIOCOOBI pEIICHUs 3a7aul HAXOXKACHUS PAaCCTOSIHUS
OT i-¥ BepIIuHBI rpada 10 BCEX OCTAIBHBIX BEPIIHH.

I. Mopeab o6bexTa — MaTpuLia paccTosHui D.

[Ipumep maTpuubl pacctossHun D:

A=
1l
8 8 o © o
8 »h © 8 o
8 © 8 8 8
S 8 8 8 w

A O 8§ © ©

I1. MeToamb! (aIrOpUTMBI) pelieHus
1. YMHOXeHue i-ii cTpoku rpada pacCTOSIHUN Ha MaTPHUILLy PacCTOSIHUHN 1O opMmyIie:

dj = min{d;min(d; "+l )} i j=Tn (0

2. ANropuT™M JIUMHAMHYECKOrO MporpaMmMupoBaHus JleHKcTpa ¢ MOCIen0BaTEeIbHBIM
YMEHBIICHUEM PACCTOSHHS MEX]ly BEPIIMHAMH V; U Vi TIO0 (hopMyIIe:
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= min{d;}c_l,rlljjnd;_l +dy }; t= arg(mjindg-_lj . (8)
3. HaxoxneHue Bcex BapUaHTOB IyTEH OT - BEPIIMHBI 1O BCEX OCTaJbHBIX Ha OCHOBE

MOIU(UIIMPOBAHHON MaTPHIIBI CMEKHOCTH C MOCIHEAYIOIUM BBIYMCIEHUEM MUHHUMAJbHBIX pac-

crostnuit [11-12].

II1. Pacyer acMMITOTHYECKOM CJI0KHOCTH METOI0B PeLIeHHSI

1. Ymnoorcenue i-n cmpoxu na mampuuy no gpopmyne (7)

Uwucno oneparuii: yMHOKEHHE CTPOKH Ha CTOJOCI] — #7; HAXOXKJICHUE MUHUMAIBHOU CyM-
MBI — n—1; cpaBHEHHE C MpEeabIAYIIMM paccTosHueM — 1. OOmiee 4uciao onepauuii yMHOXKCHHS
CTPOKH Ha CTOJIOEI paBHO: ntn—1+1=2-n. YMHOXEHHE CTPOKHU HA 1 CTOJIOIIOB: 2-n-n=2-n"; duc-
JI0O YMHOKEHUH i-i1 CTPOKHM Ha MaTpUILy 0 AOCTHKEHUS BceX BepIInH — n—1. OO01iee yncio ome-
paumii pao 2-n*(n—1).

2. Aneopumm ounamuueckozo npozpammuposanus /leiukcmpa

Uucno onepanuii: Haxoxnenre BepIIMHBI ¢ MUHUMAJIbHBIM PACCTOSIHHEM OT IPEIbIAY-
nieit — n—1; nobaBieHne pacCTOSIHUS MEXAY 3TUMU BEpIIMHAMU K OOIIEMY PacCTOSIHUIO OT Ha-
YaJIbHOU BEPIIMHBI — |; UCKITIOYCHHE IOMEYCHHOM BEPIIMHBI U3 paccMoTpenus — 1. Ob1iee yuc-
JI0 OoTepaIuii HaXOXKJeHUs OivbKaiimei BepIIMHbl paBHO: n+1. 3a cUET UCKITIOYCHUS TTOMEYCH-
HOMW BEpIIMHBI 00IIee YHCIIO ONepanuii MpH MOUCKE KaXI0H ClIeAyIolIel BepIInHbl paBHO n+1—

n—1
i; i =1,n—1. OGmiee 4yuCIIO ONEpalnii 32 7 UTEPAINil paBHO: Zn +1—-i=n-(n-1).
i=1

3. Haxootcoenue paccmoanuit no ecem nymam om i-il 6epuiunbl 00 6cex 0CMAIbHbBIX
HA OCHO8E MOOUPUUUPOCAHHOU MAMPUUBL CMENCHOCIU

Uucno onepanuii: yMHOKEHHE CTPOKU Ha CTOJIOCI] — 77; BBISIBJICHHE W MCKITIOUYCHUE ITHK-
JUYECKUX MapiipyToB — 1. OO6Iee 9uciio onepanuil yMHOKEHHUSI CTPOKU Ha cTojoerr: nt+ 1. Ym-
HOKEHUE CTPOKHU Ha n CcTONONOB: (nt+ 1)-n. Uncno yMHOXKEHUH i-i CTPOKK HA MATPHILy IO JTOC-
TIDKCHHS BCeX BepInH — n—1. Obee 9iciio onepanmii Ha 1-M stame pasuo (n+1)-n-(n—1)=n-(n"—
1). Beraucnenue pacctossHUN IJ1s My Tel JII000H ImuHbl — n-(n—1)/2. O61iee yuciio oneparuii Ha
JIByX 3TaIax paBHO n-(n2—1)+n-(n—1)/2.

[TepBeie ABa MeTOAa UMEIOT OOIIYIO MOJENIb OOBEKTAa M OPHUEHTUPOBAHBI TOIHKO Ha BbI-
ymciieHne paccrosiHuil. [103ToMy OHM CpaBHMBAIOTCS TOJBKO MO TPyJOoeMKOCTH. B oTiuuue ot
HAXOXK/JICHUS PACCTOSHUIM NEPEMHOKEHUEM CTPOKH Ha MaTpPHUILy, PEaTUu3yIOILIEero Ipoueaypy mna-
pajIeNbHOTO MOKCKA, aJlTOPUTM JTUHAMHYECKOIO MPOrpaMMUPOBAHMS peain3yeT METOJl COKpa-
W{eHHO20 TIOCIIEJ0BATEIBHOTO MTOMCKA, B CUIIY YEro €ro TpyAOEeMKOCTh B 2-n pa3 MeHbuie. Cre-
JI0BaTENbHO, MPU OJIMHAKOBBIX pe3yJibTaTax, OH Oojiee MPEeANOYTUTENCH AJIs PEIICHUs MOCTaB-
JeHHOHU 3amauyn. TpeTuili MeToa uMeeT OoJiee CIOKHYI0 MOJAENb (MaTpUIlbl CMEKHOCTEH U pac-
CTOSIHUI ), KOTOPAsl TO3BOJISIET HAXOUTh HE TOJIBKO KpaT4yallIie, HO BCEBO3MOKHBIE PACCTOSHUS
OT i-i BEpIIMHBI IO BCeX OcTalubHBIX. [[0ATOMYy OH OoJee yHUBepcalieH IO OTHOIICHHIO K TIpe-
JBITYIIMM METOJ[aM, HO BMECTE C TeM U 0oJiee TPyA0eMOK, YeM 3TU MeToAbl. /st cpaBHEHUS ¢
HUMU HEOOXOAMMO MPUMEHSATH ABYXKPUTEPUATIHHYIO OIIEHKY KauecTBa Mojeneit (Tabi. 3).

Tabnuya 3
MeTOI[l)I BbBIYUCJICHUA paCCTOﬂHI/Iﬁ BO B3BCHICHHOM I a(])e
NoNo HanmvenoBanue metoaa (airopurma) YHuBepcalIbHOCTh TpynoeMkocThb
n/n (1o umciy nmyreit)
1 YMHOXEHHE Ha MAaTPHILy PACCTOSHUI (n-1) 2-n*(n—1)
2 Anroputm [leiikcTpa (n-1) n-(n—1)
3 Ha ocHoBe MoauduIHpOBaHHON MAaTPHIIBI (n—1)-(n-1) n-(n*-1) +n-(n-1)/2
CMEXHOCTH
[Ipennourenne max min
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B nocnenneli crpoke Tabm. 3 mpuBeACHBI MPEANIOYTEHUS HA MHOKECTBE 3HAUCHUI IMOKa3a-
teneit. [ ykasaHHBIX TpeANouTeHUH MHOXeCTBO [lapeto oOpasyroT 2-if u 3-i anropuTMBI.
Jyis BEIOOpa OHOTO M3 HUX CIEIyeT arperupoBaTh YMCICHHBIE OIEHKU, TPUBEIS UX K SIUHON
mkajne. B kauecTBe HOPMHUPYIOIIUX BEJIWYUH HMCHOJIB3YIOTCS OLEHKH 3-TO aJITOPUTMA, IPEBBI-
LIAIOIIME OLEHKH APYruX aaropuTMoB. Ha nByXkpuTepuanabHbIE OLIEHKH aJTOPUTMOB BIIUSET
BKHOCTH TTOKa3aTeNIei, Ha3HaYaeMas 3aKa34uKoM (PKCIIEPTOM).

3aki04eHne

B noxnane npeasnioskeHo MpH pelIeHnd NPUKIaJHBIX 33a4 KBAJIMMETPUN MOJENel U Mo-
JUMOJENBHBIX KOMIUIEKCOB MCIOJIBb30BaTh ajireOpandeckuil moaxoa. B ocHOBY maHHOro moaxo-
Jla TIOJIOXKEHA MOJIeJIb MHOTOCOPTHOM aireOpandeckoil CUCTEMBI B sI3bIKE MPEIUKATOB IEPBOTO
nopsika. Pa3neneHne curHaTypbl MOJENM Ha OTHOIICHUS M (DYHKIIMU TTO3BOJIMIIO c(hopMyITupo-
BaTh MOHATHS MOJEIU-NPOTOTUIIA M MOJIENIN MeToa. B COBOKYITHOCTH OHM COCTaBIISIIOT MOJEIb
3agaun MojenupoBaHus. KauecTBo MoJenu HpeuIoKeHO U3MEpSITh OTHOCUTEIBHO pPELIaeMOil
3aJa4i MOAEIUPOBaHUSA. MOAEIb-IIPOTOTUI UCHONB3YETCS Il (POPMYIUPOBAHUS CBOUCTB aje-
KBaTHOCTH, CJIOHOCTU U YHUBEPCAIbHOCTH, @ MOJENIb METOAa — Ul ONPEAEIICHUs] TPYI0EMKO-
cTH MozaenupoBaHus. [ToHsATHE cOPTHOCTH anredpanyecKoi CUCTEMbI UCTIOJIb30BAHO ISl OLICHH-
BaHUS CIIO)KHOCTH TIpeoOpa3oBaHMsi MHOOPMAIMH MEXIy B3aMMOACHUCTBYIOIIUMH MOICIISIMH
MOJIMMOJIENIBHOTO KoMILIeKkca. Ha ocHOBe MOHATHS MOAEIHM-3K3eMIuIIpa GopMyIupyeTcst CBOM-
CTBO JTOCTOBEPHOCTH pe3yJIbTaTa MOJAEIUPOBAHUSA, KOHKPETU3UPYEMOM 10 OTHOILEHUIO K Kiac-
caM peuraeMbIx 3a1ad. J{as u3MepeHus nepeyrcieHHbIX CBOMCTB MOJIENIH MPEATIOKEH NepedyeHb
MOKa3aTesei, KOTOphle MOMAJNEKAT arperupOBaHUIO JJIsS BBIUMCIEHMS OOIEH OLIEHKH KauyecTBa
mozenu. [IpennoxeH MeTo MHOTOKPUTEPHAILHOTO OLEHUBAHUS MOJeNell U NPUBEACH IpuMep
MIPUMEHEHHUS 3TOTO METO/1a.

JlanHas pa0Gota Oblia BbIOSHEHA NMpH (uHaHcoBoU noanepxke PODU (rpantsr Ne Ne
11-08-01016, 11-08-00767, 12-07-13119-o¢pu-m-PXKJI, 12-07-00302, 13-07-00279, 13-08-
00702, 13-08-01250, 13-01-00912), IIporpammsl (yHaaMeHTanbHBIX HcciaepoBanuii OHUT
PAH (mpoext Ne 2.11), npoekra ESTLATRUS 2.1/ELRI —184/2011/14 «Integrated Intelligent
Platform for Monitoring the Cross-Border Natural-Technological Systems» (2012-2013 rr.),
npoekta ESTLATRUS/1.2./ELRI-121/2011/13 «Baltic ICT Platformy.
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