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BBeneHune

[TpoOnembl NpUHATHS pElICHHH, KOTOpBbIE B LIIMPOKOM IUIaHE MOXKHO pac-
CMaTpUBaTh Kak NMpoOJeMbl aHalu3a CIO0XKHBIX CHCTEM, 3aHHMAIOT Bce Oouibliee
MECTO B COBpeMeHHOM Hayke|[69]!

B Toli miu MHOM CTENEeHN CUCTEMBI TTOIIEPKKU IIPUHATHS PELICHUH MTPUCYT-
CTBYIOT B JIt00O¥ MH(DOpMaMOHHO-yTpaBistonieil cucreme. [1lo mMepe pa3BUTHS
MPEOIPUATHSA, YIOPSIIOUEHHUS CTPYKTYPhl OpTaHNW3alliN U HATKUBAHUSI MEXKKOP-
MTOPAaTHBHBIX CBS3EH, mpobiiemMa pa3padOTKH M BHEIPEHHS CHCTEMBI IOAICPKKU
npunsaTys pemennid (CITIIP) ctanoBHTCS 0COOCHHO aKTyallbHOM.

NYC npoMBIIIICHHOTO TPERIPUATHS J0JDKHA 00Ja1aTh BOSMOXKHOCTSMH U
MIS (Manager Information System — opueHTHpOBaHa Ha obOecriedeHne mporecca
yIpaBjeHuss HeoOXoauMoi nHdopmanueid 0 MpoIUIOM, HACTOSIIEM M OyxynieMm
ynpasisieMoii cuctemsl), 1 DSS (Decision Support System — opueHTHpOBaHa Ha
HHTEJJIEKTyalbHOE ofecredeHue npolecca NPUHATHS PEIICHHUS M CTaBUT CBOEH
LIEIBIO TTOJIEPKKY JAHHOT'O MPOLIecca) CUCTEM, TaK KaK PYKOBOAUTENIO PEINpH-
SATUSL He0OOXOIMMa HE TOJIbKO KOHKPETHasi HHPpOpMAaIHMs Uil IPUHSTUS yIIpaBieH-
YEeCKOro PelIeHUs], HO ¥ BO3MOXKHOCTh IOJJICPXKKH perieHus. Bo3MoxHoit peanu-
3anMeil Takoro MOJXo/a SBIAETCS pa3paldoTKa M BHEAPEHHE B CYNICCTBYIOIIYIO
NYC mpennpusitus CIIIIP kak ee moacuCTeMBI.

OpnauM 13 TIaBHBIX BompocoB pa3padotku CIIIIP sBiseTcst BBIOOp MaTeMa-
THYECKUX MOJEJEeH W METONOB NPHUHATHSA DPELICHHH, COCTABIAIOIINX OCHOBY €€
¢yaxkunonnpoBanus. [lpuHATHE perIeHnit B CUCTEME YIPaBJICHUS IPOMBIIUICH-
HBIMH TIPEIIPHUITUSIMU CBS3aHO CO CJIOXKHOCTBIO CHCTEMBI, PacIpeaeIeHHOCTHIO
ee IIOJICHCTEM, HEOIPEAEIEHHOCTBIO TEKYILEro COCTOSHMS, HEO00XOIUMOCTBIO
YUHUTHIBaTh OOJIBLIOE YHCIO PA3IMYHBIX (PAKTOPOB M KPUTEPUEB, XapaKTEPU3YIO-
mux BapuaHThl peuieHuil. [lostomy npu paspaborke CIIIIP mpombinuieHHOTO
NPEANIPUATHS. BOSHUKAET NMPo0diieMa BbIOOpa aJeKBaTHBIX MaTEeMaTHYECKUX METO-
JIOB, MO3BOJISIIOIINX OTPAXaTh CTPYKTYPY CJIOKHOH CHCTEMBI, JUIl KOTOPOW HpH-
HUMAETCSl PEIICHUE, ONEePUPOBATh CyOBEKTHBHBIMH OIICHKAMH AIKCIEPTOB, MpHU-
HUMAaTh BO BHIMAaHWE KadeCTBEHHBIN (BepOaIBHBIN) XapakTep OICHKH CIeHaU-
CTaMH{ BapHaHTOB PELICHHS MPOOJIEMBI, YUUTHIBATh HEICHOCTh, HETOYHOCTH JaH-
HBIX CPEICTBAMH HEUETKOU JIOTHKH.

BypHO pa3BmBaBmIasics B MOCIECTHEE BpeMs MaTeMaTH4eCKas TEOPHUS ONTHU-
MHU3aIA CO37ajla COBOKYIMHOCTh METOJIOB, ITOMOTAIONINX HPH KOMIBIOTEPHOM
nojyiepkke 3G PeKTHBHO IPUHUMATD PEIICHHs IPH (PUKCHPOBAHHBIX M U3BECTHBIX
rapameTpax, XapakTepH3YIOIMX HCCIIAYyEMBbIH MPOIECC, a TAKXKE B TOM Cilydae,
KOTZ1a HapaMeTphl — CilydaiHble BeTUYUHBL. OIHAKO OCHOBHBIC TPYAHOCTH BO3HH-
KaloT B TOM CiIydyae, KOTJa IlapaMeTphl OKa3bIBAIOTCSl HEOTPEICICHHBIMU U KOTAa
OHH B TO XK€ BPEMs CWIBHO BIMSIOT Ha pe3yibTaThl pemeHus. Takue cuTyauuu
MOTYT BO3HHKATh KaK BCIIEJICTBHE HEIOCTATOUYHOW M3YUYEHHOCTH IIPOLECCOB, IS
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KOTOPBIX IPUHUMACTCS PCIICHHE, TaK U M3-32 YYaCTHUs B YIPABICHUEC HECKOIBKHUX
JIUIL, TIPECICAYIONINX PA3THYHbBIC [ICITH.

[TpubnmxenHsle, HO B TO € BpeMs 3(QQEKTHBHBIE CHOCOOBI aHAIN3a CIIOXK-
HBIX, TUIOXO OIMPECICHHBIX CUCTEM, HE MOIAIOIINXCA TOYHOMY MaTeMAaTHYCCKOMY
OIMUCAHUIO, OMHPAIOTCS HA KCIOJIb30BAHUC JIMHTBUCTUYCCKUX TEPEMCHHBIX U He-
YeTKUX aaroputMoB. OCHOBHBIC MPHJIOKEHHS JAHHOTO MOJIXO0Ja OTHOCATCS K 00-
JIACTSM 3KOHOMHKH, YIPABJICHUS TPOM3BOJCTBOM, MCKYCCTBEHHOMY HHTEILUICKTY,
TICUXOJIOTUH, JTMHTBUCTUKH, 00pabOTKH HHPOPMAIINN, MEUIINHBI, OHOJIOTHH.

Kommerotepuzaiusi o0miecTBa BbI3Balla OBICTpoe pacmmmpeHue chepbl Hc-
MOJIb30BAHUSl KOJMYECTBEHHBIX METO/OB aHANM3a 33 CYET MX MPUMEHEHUs [Uis
aHanM3a SKOHOMHYECKHX, YPOAHHUCTHYECKHX, COLMUAJBbHBIX, OMOIOrHMYECKUX U
JIPYruX CHCTeM. BONBIIMHCTBO METO/IOB, UCIIOJIL3YEMBIX B HACTOSIICE BPeMs [UIs
aHanmu3a TYMaHUCTHYCCKUX CHCTEM, T.C. CUCTEM, B KOTOPBIX y4acCTBYET UCIIOBCK,
MPECTABISIIOT OO0 MOTU(DUKAIIMKA METOI0B, KOTOPBIC B TCUCHUC JITUTCIBHOTO
BPEMCHHU CO3[ABAIUCh JIUIsI MEXaHUCTHYCCKUX CUCTEM. 3aMeuaTelbHBIC YCICXH,
JOCTUTHYTBIC C TOMOIIbIO 3TUX METOJIOB, MO3BOJMIN OOBSICHUTH MHOTHC MpU-
pOIHbBIE SIBIICHHS U CO3IaBaTh Bce Oojiee M Oojiee coBeplIeHHBIC ycTpoiicTBa. Ho
9TH XK€ YCIEXHU BCEIWIN NIMPOKO PACIIPOCTPAHCHHOE YOCKIICHHE B TOM, YTO TEMHU
K€ METOJaMH WU MOJAOO0HBIMA UM MOKHO CPAaBHUTENIHHO d(P(HEKTUBHO HCCIEN0-
BaTh U I'YMaHHUCTHUYECKHE CUCTEMBbI. Tak, HalpuMmep, yCHexu, JOCTUTHYTbIE C M0-
MOIIBIO TEOPUH YIIPABJICHHUS B KOHCTPYHUPOBAHMU KOCMHYECKHX HABHTAIIMOHHBIX
CHCTEM BBICOKOW TOYHOCTHU, CTUMYJIUPOBAIN IPUMEHEHUE TOM TEOPUH JISI aHa-
JIM3a 3KOHOMHYECKHX M OMOJOrMYEeCKHMX CHUCTEM. YCIeXH MaKpOCKOIMHYECKOTO
aHanmu3a (PU3MYCCKUX CHUCTEM C IOMOIIBI0 MojaenupoBaHus Ha DBM mpusenn
K TOMY, YTO 3KOHOMETPHUYECKOES MOJCIUpPOBaHKE ¢ momoIinpio OBM cramu npu-
MEHSTB JUIS PEIICHHS 3a/1a4 MPOTHO3UPOBAHMS, YKOHOMUYECKOTO TUIAHHPOBAHUS
Y YIIPABICHUS POU3BOJICTBOM.

ITo rryOOKO YKOPEHHUBIICHCS TPaIuIMM HAYYHOTO MBIIUICHUS TOHUMAaHUC
SIBIICHUSI OTOXJICCTBIIIIOT C BO3MOXKHOCTBIO €ro KOJIMYECTBEHHOro aHanu3a. Oj-
HAaKo, 10 CBOCH CYTH OOBIYHbIC KOJHMYECTBEHHBIC METO/Ibl AaHATIHN3a CHCTEM HEMpH-
TOJIHBI JUJISI TYMaHUCTHYECKHX CUCTEM M BOOOIIE JFOOBIX CHUCTEM, CPAaBHUMbIX IO
CJIOKHOCTH C T'YMaHHCTHYECKHMHU CUCTeMaMHu. B OCHOBE 3TOro Te3uca JIeXKHUT TO,
YTO MOKHO ObLTO OBI HA3BAaTh NMPUHIMIIOM HECOBMECTUMOCTH. CyTh 3TOTO NPHH-
L{Ia MOXXHO BBIPA3UTh MPUMEPHO TaK: YeM CIIOKHEE CHUCTEeMa, TeM MEHEe MbI
CIIOCOOHBI ]aTh TOYHBIC M B TO )K€ BPEMsl UMEIOLIHE MPAKTHUECKOE 3HAUYCHHE CY-
KJICHUS O ec MoBeacHUH. YeM riay0ke Mbl aHATM3UPYEM PEalibHYIO 3a1ady, TeM
HEOIpEICICHHEEe CTAHOBUTCA e¢ pemieHue. J[is cucTeM, CIOKHOCTh KOTOPBIX
MIPEBOCXOIUT HEKOTOPBII OPOTOBBIA YPOBEHb, TOYHOCTh M MPAKTHYCCKHIA CMBICI
CTAHOBATCS IIOYTH HCKJIIOYAIOIIMMHU APYr Ipyra XapakTepuUcTHKamMu. VIMEeHHO
B 3TOM CMBICIIC TOYHBIA KOJHMYCCTBCHHBIN aHAIU3 MOBEICHHUS T'yMaHUCTUYCCKUX
CHCTEM HE UMEET, MO-BUIUMOMY, OOJIBILIOrO MPAaKTHYECKOTO 3HAYCHHUSI B peasib-
HBIX COLMAJIbHBIX, YJKOHOMHUYECKHX M JPYTHX 3a/adaX, CBSI3aHHBIX C y4acTHEM
OJTHOTO Y€JIOBEKA WIIU TPYIIIbI JIOACH.



[pencraBnennas paboTa OMUPACTCS HA MPEAMOCHUIKY O TOM, YTO JJICMCHTA-
MU MBIIJICHUS YEIOBEKA SBIISIOTCS HE YMCIIA, & DIEMCHTHI HEKOTOPBIX HEYCTKHX
MHOXXECTB MJIM KJIacCOB 00BEKTOB [61-64, 69], mis KOTOPBIX IEepexojl OT «IpH-
HA/IJICKHOCTH K KIIACCY» K «HEIPHHAICKHOCTHY HE CKAYK000pa3eH, a Helpephl-
BeH. I B caMoM Jerne, HEYETKOCTh, MPUCYINAs IMPOLECCY MBIIIJICHUS YEIOBEKa,
HABOJUT HA MBICJIb O TOM, YTO B OCHOBE 3TOTO MPOIECCa JCKHUT HE TPATUIUOHHASL
IBY3HAYHAs WM AK€ MHOTO3HAYHAs JIOTHKA, a JIOTMKAa C HEYETKOH HCTHHHO-
CTBI0, HCUSTKIMH CBS3SMH W HEUCTKUMH TIpaBIJIaMH BBIBOAA. VIMEHHO Takas He-
YeTKas JIOTMKAa WIPAaeT OCHOBHYIO POJb B TOM, YTO MOXKET OKa3aThCS OIHOU W3
HamboJee BaXKHBIX CTOPOH YEJIOBEYECKOTO MBIIUICHHS — CIIOCOOHOCTH OIICHUBATh
nH(pOPMAINIO, T.€. BRIOUPATh M3 pa3HOOOpa3ns CBENEHUH TE W TOJBKO TE, KOTO-
pBIE IMEIOT OTHOIIIEHUE K aHAIM3UpYyeMOH mpolieme.

ITo cBoeit mpupoe oLeHKa ABJISETCS MpUOTMKEHUEM. Bo MHOTHX Citydasx
JIOCTaTOYHA BeChMa MPUONIMKEHHAsI XapaKTepu3alus Habopa JaHHBIX, TOCKOJIBKY
B OOJIBIIIMHCTBE OCHOBHBIX 3a]1a4, PEIIACMBIX YCIOBEKOM, HE TPeOyeTCs BhICOKAs
TOYHOCTh. UENOBEK HMCHOJIb3YeT JOMYCTHMOCTh TAKOW HETOYHOCTHU, KOTUPYS HH-
(dopMaImio, «IOCTATOYHYIO JJIs PEIICHUS 33aJadn» 3JIEMCHTAMH HEYCTKUX MHO-
JKECTB, KOTOPBIC JIMIIb TPUOIMKEHHO OMUCHIBAIOT UCXOHBIC NaHHBIC. [I0TOK HH-
(opmanuu, MOCTYMAONIeH B MO3T Yepe3 OpraHbl 3peHHs, CIyXa, OCA3aHUSI U Jp.,
CY)KHBAeTCs, TAKUM 00pa3oM, B TOHKYIO CTPYHKYy WH(pOpManuu, HEOOX0IUMOit
JUIS pEIICHUS TIOCTABICHHOM 3a/aui C MUHUMAIBHOHN CTeneHpio TouHocTH. Cro-
COOHOCTh ONEPUPOBATH HEYETKHMH MHO)KECTBAMH W BBITEKAIONIast W3 HEe CIIO-
COOHOCTH OIICHWBATh MH(OPMAIMIO SBIAETCS OJHWM W3 Hamboliee IICHHBIX Ka-
YECTB 4YEJIOBEYECKOro pa3dyMmMa, KOTOpoe (yHIaMEHTaJbHbIM 00pa3oM OTJIMYaeT
YEIOBEYCCKHIA Pa3yM OT TaK HA3bIBAEMOTO MAIIMHHOTO pa3yMa, IPUIHCHEIBAEMOTO
BBIYUCIIUTEIIFHBIM MAITHHAM.

TpaauuuoHHBIE METOJIBI aHAIN3a CUCTEM HEJAOCTATOYHO MPUTOIHBI [T aHa-
JU3a TYMaHUCTUYCCKUX CUCTEM MMEHHO MOTOMY, YTO OHM HE B COCTOSIHUH OXBa-
TUTh HEYETKOCTh YEJIOBEYCCKOTO MBIIIJICHUS U TOBeACHUsA. [loaToMy ams aeicT-
BEHHOTO aHAJIM3a TYMAaHUCTUYECKUX CHCTEM HYXXHBI MTOIXOBI, s KOTOPBIX TOY-
HOCTB, CTPOTOCTh M MaTEMaTHUECKUI (OopMaT3M HE SBISIOTCS 9eM-TO abCOIIOT-
HO HEOOXOTUMBIM U B KOTOPHIX MCIIONB3YETCS METOMOIOTHYECKas cXeMa, JOIycC-
Karomlasi HEYEeTKOCTH U YaCTUYHBIE NCTHHBI. B paboTe, ¢ 0MHOW CTOPOHEI, IPOBO-
IUTCS CPAaBHUTEJBHBIA aHAJIH3 METOJOB MPUHITHS PEIICHUS B yCIOBUAX HEompe-
JENCHHOCTH; C APYTOi CTOPOHEI, pacCMaTpUBAECTCS BO3MOXKHOCTH CO3IAHUS €/IH-
HOTO TOAX0Ja K MPOLECCY MPUHATUS PCIICHUIA, YTO MO3BOJIUT CHCIUAIUACTY KOH-
KPETHOH MpeIMETHON 00JIaCTH HE BBHIOMPATh CPEIU UMCKOIIUXCS METOJOB aJicK-
BaTHBIN JUJIsl JAHHOW CHTYallMH, a MOJbh30BATHCS YHHUBEPCAIBHBIM aJITOPUTMOM,
3HAYHUTEJIBHO YIPOIIAOIIUM MPOLEAYPY MPUHATUS PEIICHUIA.



1. OCHOBHbI€ NMOHATUA TEOPUN NPUHATUA pPeLUeHUn

1.1. CucteMbl noaaepKK1 NPUHATUA PeLLEeHUA U UX MecTo
B UH(POPMaLIMOHHO-YNPABIAIOLWMUX CUCTEMAX

Bce mporeccsl (yHKIIMOHMPOBAHUS COBPEMEHHOT'O IPOMBIIIIEHHOTO Tpe.-
MPUATHUS, OT MPOCKTUPOBAHUS M3IENIHUSA JIO €r0 MPOJAKH, TECHO B3aMMOCBSI3aHBI
1 TpeOYIOT YETKOTO IIEHTPAIM30BaHHOTO ynpaBieHns. OCHOBHBIC peIIeHus, Ipu-
HUMaeMble Ha yPOBHE PYKOBOIWTENS MPEINPHUATHS, HEBO3ZMOXXHO PEaIM30BaTh
0e3 pasBuToii nHGopManroHHOW HHPpacTpykTypbl. KadecTBo mH)OpMAIIHOHHOTO
o0ecriedeHNs YIIPaBICHHUS — OJUH U3 BAXXHBIX (AKTOPOB, ONMPEACIAIOMNX IeicT-
BEHHOCTh IIPUHUMAEMBIX YIIPaBICHUYECKHX pemeHuil. OTcyTcTBHE ClakeHHOM
cucTeMbl HH)OPMAIIMOHHOTO 00eCTICUeHHS YIIPaBICHHUS IPUBOIUT K BEPOSITHOCT-
HOMY XapakTepy NPUHUMACMBIX YIPABICHYCCKUX pEIICHUH, IyOIUpOBaHUIO
B cOope uHpOopMAaIKK, TIOTEPSM HYKHOH MH(DOpMAaIUK 1, KaK CIEJCTBUE, K HCBbI-
cokoit 3ddexruBHOCcTH yrnpaBieHus. Coszmanne MYC npeanpusiTis MO3BOJSCT
ONTUMU3HPOBATH CIIOKHUBIIHNECS KaHAbI cOopa nHpopManuu u odecreyuTs boee
IIOJIHOE  YAOBJICTBOPEHHE HH(POPMAIMOHHBIX NOTpeOHOCTEH pyKOBOAWTEICH
1 KojuleKTuBa B 1eqoM. CyIecTBYIOIIME K€ B HACTOSIIEE BpPEMs CHCTEMHO-
TeXHUYECKHe HHPPACTPYKTYpPHI OONBIIUHCTBA MPEINPHSATHA 00eCIIeYnBalOT B TON
WM WHOW Mepe TOJBKO OTAENbHBIC BBl IPOU3BOACTBEHHO-X03IMCTBEHHOH, (HH-
HaHCOBO-YKOHOMHUYECKOH NEATEILHOCTH W YIpPAaBJICHUS; B meloM ypoBeHb MYC
HE COOTBETCTBYET COBPEMEHHOMY YPOBHIO HH(OPMAIIOHHBIX TEXHOJIOTHI U TEOo-
pETHUECKHX pa3pabOTOK 10 JAHHOH Tpodieme.

NYC npencrapiser coboi CI0KHYI0 MHOTOYPOBHEBYIO MH(POPMAIMOHHYIO
CHCTEMY, TapaHTHPYIOLIYI0 aBTOMATU3MPOBAHHOE YIPABICHUE BCEMU IOJCUCTE-
MaMU YIPaBISIONICH CHCTEMbl M BHIAMH JACATEILHOCTH mpennpustus. Harms-
HYI YKpymHEHHYI0 Mojienib UYC MOXXHO TpEACTaBUTh B BUJIC B3aUMOICHCTBUS
tpex noacucrem (puc. 1.1). Ilporpamma cozmanus MYC mnpenycmarpuBaer Tpu
sTana [84]: coBepIICHCTBOBAaHWE W Pa3BUTHE CYLIECTBYIOIIEH cucTeMbl cOopa
1 00paboTKH WH(GOPMALINU TI0 KPUTEPHIO MAKCUMAIILHOTO U OTIEPaTUBHOIO obec-
MIEYCHUS YIPABILIOMNX CTPYKTYP W PYKOBOJACTBA MPEANPHUATHS BCeH HE0OXOaH-
MOH M TOCTOBEpHOU MHGpopMaIueil B HeoOxoaumble cpoku; paspurre UYC B 1e-
JIIX aBTOMATH3AIHUU TOIIEPKKN TMPUHIATHS yIPAaBICHUYECKUX PEUICHUH; MOCTpoe-
HHE CTpaTerH4ecKol WH(POPMAINOHHO-YIPABIAIONICH CHCTEMBI HPEIANPHUITHS.
OcHOBHasl 1eNTb BTOPOTO 3Talla — CO3JaHWE CHCTEMBI MOIACP)KKH HPUHATHS pe-
meHuit kak nojcucremsl MY C, moBblaroneil Ka4ecTBO ONEPAaTUBHBIX, TAKTHYEC-
CKUX U CTPATEIMYCCKHUX PCIICHUIA.
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Puc 1.1. Mogens nHGOPMANHOHHO-YNIPABJIAIONIEH CHCTEMBbI
NPOMBIILJICHHOT0 IPeINPUSTHSA

[TepBeIii dTanm MOXKHO paccMaTpuBaTh Kak mnporecc pazButus MC, KOTopsIid
B HacTosAIIee BpeMs yXKe B KaKOW-TO Mepe pealn30BaH OOJBIINHCTBOM IIpENIpH-
atuii. B To ke Bpems, Borpockl pa3pabotku CIITIP 10 cux mop SBJISIOTCS OJHUMH
u3 Hauboee 00CYKIAeMbIX U aKTyaJbHBIX [52, 66, 101, 121], uTo cBsA3aHO CO BCE
OoJiee BO3pacTarolieil posbio KBAIM(GHUIMPOBAHHO NPHHATHIX PELICHUH B IpoLec-
C€ ONTUMAIBHOIO YIPABIEHUS, C OMHONW CTOPOHBI, U HEOCTATOUHO PA3BUTHIMH, pea-
JIM30BaHHBIMU Ha cerousiHuii ieHs, CIIIIP, ¢ apyroit cTopoHSL

Coznanne u BHenpenue CIIIIP B UYC npeanpusitus TpeOyeT Mo3TanmHON
pa3paboTKu ¥ pa3BUTUS COBOKYITHOCTH BCEX OOECIICUMBAIOLIMX IIOCUCTEM
CIITIP: TeXHUYECKOTO, MATeMAaTHYECKOTO, MPOTPaMMHOT0, HH(OPMAIMOHHOTO,
OpraHU3aIlOHHOTO ofecmedeHns. B MoHOTpadgum paccMaTpHUBAIOTCS BOMIPOCHI
pa3paboTKN MaTeMaTHYECKOTO M MPOTPaMMHOTO oOecredeHus] Kak COBOKYITHOCTH
MaTeMaTHYeCKUX METOJIOB, MOJAEJCH, alrOPUTMOB U MPOTPaMM ISl peaTn3aniui
nenen u 3a1a4 NoAAep kKU MPUHATHS PEIICHUM.

IlenTpanbHOE MECTO B CIIOKHOM, MHOTOTPAHHOW U TPYIOEMKOU J1€ATEIbHO-
CTH TI0 OPraHW3allMOHHOMY YTNPABJICHHUIO MPOMBILUICHHBIM MPEANPUsITHEM 3aHU-
MalOT MPOLECCHl MPUHATHUS pemieHuil. [lukn ynpasiieHus opraHu3anueil HaunHa-
eTcsl C dTamna noJyyenus N0 MHOOPMALMOHHBIM KaHallaM 3a0anusi OT BBILIECTOS-
LIETO 3BEHA, YSICHEHUsI ITOCTaBJICHHBIX 33Ja4 U OLIEHKM BO3MOXHOCTH UX BBINOJI-
HEHHs B COOTBETCTBUM C MMEIOLIMMHUCS pecypcamu U ycaosusimu [111]. Ha BTopom



9

JTamne MPOU3BOJIUTCS OeKOMNO3uyus obujel 3a0ayu ynpasieHus Ha 3aJadd IO0J-
YUHCHHBIX JJIEMCHTOB, T.C. PACIPEACISIOTCS PabOThI MEXIy IMOAPa3ACICHUIMU
OpraHu3allK COTJACHO UX (PYHKIMOHAIBHOMY IPEIHA3HAYCHHIO M BO3MOXKHO-
CTSIM. DTa JEATCIBHOCTh COCTABJISICT MPOLECC NPUHATHS PEHICHUH Ha BTOPOM
JTamne nuKia ynpasieHus. CleAyrolui 3Tal HAYMHACTCS C nepedayu no uHgop-
MAYUOHHBIM KAHALAM OP2AHU3AYUY NPUHAMbIX peuterutl. [10TMMHEHHBIM 3BEHBSIM
yIpaBiieHus TepeaaeTcs noapoOHoe 3aaHne, a BHIIIECTOSIIEMY 3BEHY cOooOIa-
ercsi 0000IeHHasT XapaKTepUCTUKA MPHHATOro peureHus. Jlanee ciexyer atamn
ONEpamu6HO20 YNpasienus U KOHMpOoJsi, 0 Pe3yabTaTaM KOTOPOTO MPUHUMAIOTCS
peurenus. VMcxons U3 onpenesieHHbIX TAKMM CIIOCOOOM 3TAaIlOB, YIPaBICHUE MPO-
MBIIIJICHHBIM TPEANPUITHEM MOXXHO TMPEICTaBUTh KaK LUKIHYECKHH MpoLecc
nH(pOPMAMOHHOT0 0OMEHA M IPUHSTHS PELICHHH B 3BEHbSIX HEPAPXHUH.

AHanu3 penieHuil B mpoIecce MPOMBIIUICHHOTO MPOU3BOJICTBA U XapaKTepa
JESITEIPHOCTYA IO MX MOJJICPKKE MO3BOJSIET BBIACIUTh 10 OCHOBHBIX oOnacteit
PEIICHN, MPUHUMAEMBIX Ha MPeInpusiTun (00bEINHCHNUN) B XO/IC BBIITyCKa U3e-
nui [66] — pazeumue: yCTaHOBJIEHUE KOJIMYECTBEHHBIX M KAU€CTBEHHBIX IMOKa3a-
Tener pa3BUTHA Npeanpusatus (0ObCAMHEHUs), BHIOOpP KANMUTAJIOBIOXKCHHN, pe-
KOHCTPYKIIUS ¥ HOBOE CTPOUTEIILCTBO, CHATHC U3ACIHSI C MPOMBIILICHHOTO MPO-
M3BOJICTBA; peopeanu3ayusi: CIVsIHAE C APYTUMH MPEINPHATHIMU, CO3[aHUE CO-
BMECTHBIX MPEINPHUATHIA, U3MEHEHHE BHYTPCHHEH OpPraHn3allMOHHON CTPYKTYPBI;
ynpasneHue: BbIOOP MPOU3BOJICTBEHHOI MPOrpaMMbl, PEryJIUPOBAHUE MPOU3BO/I-
CTBa, BHEJPEHHE HOBOW MPOAYKIHMH B MPOHM3BOJACTBO; NPOEKMUPOSAHUE: Pa3pa-
00TKa HOBOTO H3JETHs, pa3paboTka HOBOM pecypcocOeperaroneil TeXHOJIOTHH
MIPOU3BOJICTBA MPOAYKLHUU; MeXHOI02Us: TEXHIIECKOE H TEXHOJIOTHUECKOe mepe-
BOOPYKCHHUE MPOM3BOJCTBA, TEXHOJIOTUYECKAsl MMOJTOTOBKA BBHITYCKa HOBOTO W3-
JCNUsl; CHaOdceHue: OTIPEICIICHUE KPyra MOCTABIIUKOB CHIPhsI, MATEPHAIOB, KOM-
IUICKTYIOIIUX U3ACIHIA; peanusayus: BEIOOP MEPCICKTUBHBIX PHIHKOB COBITA IIPO-
JNYKIWH, OTPEACICHUE Kpyra MOTpeOUTeNed U3Ienus, 3aKa34uKOB; 00CIYHCUsa-
Hue: OTKPBITUE COOCTBEHHBIX OOCIIY)KHBAIOIIMX ICHTPOB, MEPECMOTP TEXHUYC-
CKHX YCIIOBHH W TpeOOBaHUH K HM3JCINIO;, KAOpbl: aTTecTalys, O0ydeHre, Co3IaHve
OMaronpuUsITHBIX MPOU3BOJICTBEHHBIX YCIIOBHIL; COYUATbHO-ObIMOGbIE YCAY2U: HKIIHLIL-
HOE CTPOMTENLCTBO, KYyJIbTYPHO-IIPOCBETHTENIbHBIE MEPONPHSTHS, OPraHu3alus
paboThI MOBEIOMCTBEHHBIX 03[J0POBUTEIBHBIX YUPEIHKACHHH.

Oxa3aHue MOMOLIM PYKOBOJHUTENO BO BCEX MEPEYHUCIICHHBIX HAIPABICHUIX
(GYHKIIMOHUPOBAHUS TIPEIIPHUITHS, OCYIIECTBIIEMOE CUCTEMATHYECKH, MO OTpe-
JICTICHHBIM TPOIIEypaM, B WHAUBUAYAILHOM TOPSIKE WM B YCIOBHSX KOJUICK-
TUBHOW pabOThI, HO KaXIblii pa3 OPUECHTHPOBAHHOE HA BBIPAOOTKY KOHKPETHBIX
U KOHCUYHBIX PCIICHUI CIOKHBIX HECTPYKTYPHUPOBAHHBIX MPOOJIEM, 332 MPUHATHE
KOTOPBIX OTBEYACT PYKOBOJHTENb, — 3T0 ocHOBHas (ynkiws CIIIIP, kotopas sB-
JISIETCS MOJICUCTEMON WH(POPMALIMOHHO-YIIPABIISIONICH CHCTEMBI IPOMBIIUICHHOTO
MPEATNPUATHS.

CIITIP — aT0 cucteMa, BKIIOYEHHAs B OPTaHU3alMOHHYIO CPEely M OKa3bl-
BAIOIasi TOMOIIb PYKOBOJUTENIO B TOJYYCHUH MPUEMJIEMBIX PELICHHH HECTPYK-
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TypUPOBaHHBIX NpoOJIeM, BKIIOYaomas B ceOs cIeqyIoIue dTanbl: aHaIU3 CH-
Tyalii U MOCTaHOBKA 1pobieM, GOopMUPOBaHUE M BHIOOp BapHAHTOB pEIICHUH,
OpraHM3aIys BHITIOJIHEHMS PEIICHUH, KOHTPOJIb BBINOJHEHUS peneHui (puc. 1.2).

#i Amnammu3

COCTOSIHU A

IIporuos
COCTOSHHUS

|Bwnmeﬂne MPOOIEMHOH CHTyaruH |

| dopmupoBaHue Lenei |

Ananuz cumyayuii u nocmanogka npoénem

Tocranoka
3a1a4H
IKonTpons
IBBITTOJIHCHUS CornacoBanue, | |[@opmynanpoBanne
Y Anmnapar YTBCpXKACHHE BAPHAHTOB
Y4eT BBINOJIHEHHBIX PyxoBoacTso PYKOBOJICTBA PCLLICHHH PELICHAI
[pemenuii. Anamms
Bsi6op pemrenus
Konmpons Dopmuposanue u 6v160p
BbINOIHEHUS petenuil sapuarmos pewenuii
Crenuanuctst OKcnepTh

BBIIIOJIHEHUA PELICHUA

1

| Yuer NpUHATBIX peleHuit |

| Pa3spaboTka HporpaMMsl |

Opeanusayus
BbINOIHEHUS peenuil

Puc 1.2. Cxema ¢pynxumnonuposanus CIIIIP

CymectBytoT pazauunbsie Tunsl CIIIIP. B 3aBucumMocTé 0T ypoBHS mporec-
COB YIIPaBJIEHUYECKUX PELICHUH — WHIUBHIYAJILHOTO, TPYIIIOBOIO, OpraHHU3alIly-
OHHOTO U MEXOPraHH3alMOHHOTO, — BBLAEIAIOT cooTBercTByromue Tumsl CIITIP.
Hnousuoyanvuas CIIIIP o6CiTy>)XMBaeT OTIENBHO B3SITOE JIUIO, MPUHHMAIOIISE
pemeHne — pyKOBOIHUTENS OObEIMHEHUS, TPEANPHATHS, OpraHu3anii. Bo3Mox-
HOCTH TaKOW CHCTEMBI 3aBHUCST OT JIMYHBIX KadeCTB PYKOBOIUTENS, €TO 3HAHUH,
HaBBIKOB, OMBITa. Ha CTPYKTYpY M KOHOHUTYpAINIO CHCTEMBI HETIOCPEICTBCHHOE
BIMSIHAE OKAa3BIBAIOT CTHWJIM MBIIUICHHS M PYKOBOACTBA KOHKPETHOTO JIMIIA —
nmoJyib3oBarens cucteMbl. [ pynnogas CIIIIP opueHTHpoBaHa Ha OOCITYy)XUBaHUE
IPYNIbI JIMI, B3aMMOJCHCTBYIOIIMX MEXAY COOOW NIpH pEIIeHHH KakoH-T1u0o
npoGemsl. [Tomueprxkka nporecca BoIpaOOTKU IPYIIIOBBIX PELICHUH OCYIIECTBIIS-
eTcsl 3a CYET YCTPaHEHHs KOMMYHHUKAIMOHHBIX 0apbepoB MEXIY WICHaMH TpyIl-
IIbl, PUMEHEHHSI KOJMYECTBEHHBIX METOZOB aHalKM3a PELICHHH TPYMIION JIuII,
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pauMoHaIbHOM opraHu3anueil caMmux npoueayp pabdots! rpymmnsl. OpraHu3anuoH-
Hble U MexopranuzauuoHusie CIITIP npuMeHsroTCs Mpy aHAIN3e CIO0XHBIX HPO-
6J1eM KOMIUIEKCHOTO, MEXIUCUHUIIMHAPHOTO XapakTepa, Ul PelIeHHs KOTOPbhIX
HY>KHBI 3HaHHUS U OIIBIT B CAMBIX Pa3HOOOpa3HbIX 001aCTsIX.

B 3aBucuMoOCTH OT THIIa IPUHUMAEMbIX PEIICHHUH TOAPA3JEISAIOT Pa3InyHbIC
yposuu CIIIIP: onepaTuBHEIN, TAKTHUECKUI U CTPATErHUECKUIL.

OmnepaTuBHBI ypOBEHb O0ECIIEUHMBAECT PEIICHHE MHOTOKPATHO IMOBTOPSIO-
IIKXCS 3a]a4d U OIepanuii Ha KOPOTKOM BPEMEHHOM MHTEpBase (HeIens, AeKaza,
Mecdn U T.1.). Ha 3ToM ypoBHE BenuKH Kak 00bEM BBINOIHIEMBIX ONEpaLuii, Tak
1 IUHAMHKA MPHUHATHS YIPaBICHUYECKUX pemeHnil. OnepaTuBHbIC PELICHUS, Kak
MIPaBUJIO, IPUHAMAIOTCS TIPH aHAJIN3€ NPOOJIEM HU30BBIX 3BCHBEB OPTaHHU3ALUM,
€€ yJacTKOB, pabounx MecT. TakTHIeCKuil ypoBEHb O0OCCIICUMBACT PELICHHUE 3a-
Ja4, TpeOyIOmuX MpeIBapUTeIbHOTO aHalu3a HH(QOpMAaLuy, ITOIrOTOBJICHHONW Ha
IepBOM ypoBHE. TakTHueckue peleHus MPUHUMAIOTCA Ha Oosiee JUIMTEIbHOM
IIPOMEXYTKE BpeMEHH (KBapTai, NoJyrojue u T.1.). Ha aTom ypoBHe 00beM pe-
IIaeMBIX 3aJjad YMEHBIIAETCs, HO BO3PACTAeT UX CIIOKHOCTh. TakTudyeckue pene-
HUsL XapaktepHbl U1 noacucreM UYC. Ctparerndyeckuil ypoBeHb oOecriednBact
BBIPa0OTKY PELICHUH, HANPaBICHHBIX Ha JOCTHXXEHHUE JOJITOCPOYHBIX CTPATETH-
YeCKHUX LIeJied OpraHu3anuu. Takoi THUN PEelIeHUH XapaKTepU3yeT TUTEIbHBIN
BpeMEHHOW MHTepBai (TObl, HECKOJIBKO JIET W T.JI.), U cdepa JISHCTBUS — BECh
YIpaBIsIeMbI OOBEKT B LETIOM (IPEANPHUITHE, MEKOPTaHN3AIMOHHBIN KOMILIIEKC
u T.1.). Kimaccupukanus CIITIP npuBenena Ha puc. 1.3.

=
=)
®©
Crtparermyeckum MexopraHunsaumoHHbleCMMNP
yposeHb CMMNP =
(CTpaTernyeckuii ypoBeHs § OpraHI/ISaLU/IOHHbIeCﬂnP
ynpaBneHus) £
o pynnosbie CMMP
TaKTM4eckuin ypoBeHb
cnnp > WHausuayaneHeleCIMP

(PYHKUMOHAMBHBIN (TaKTUYECKR)
YPOBEHb yNpaBneHus)

OnepaTuUBHbIN YPOBEHb
cnne

(OnepaTuBHbLIN ypoBEHb YNPaBNEHUs)

Puc 1.3. Knaccnpuxanusa CIIIIP

1.2. KomMmnbloTepHasa noaaep)kka NPUHATUS peLleHUin

Hon)lepmcn NMPUHATHUA peHIeHI/Iﬁ CYIIECTBYIOT AJIUTCIBbHOC BPEMs, HO C BO3-
HMKHOBCHHEM BBIYHCIUTEIBHON TEXHHUKH IOSBUIIACH I/IH(I)OpMaIlI/IOHHaH TCXHOJIO-
T NoAACPIKKA NPUHATUA peHIeHPlﬁ, IIaBHON 0COOEHHOCTHIO KOTOpOﬁ SABIIACTCA
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Ka4eCTBEHHO HOBBIII METOJl OpPraHM3allMi B3aUMOJICHCTBHS YEIOBEKa U KOMIIbIO-
tepa. [lepBoHaYaIbHO KOMIIBIOTEP pacCMaTPHUBAJICS JIMIIL KaK CPEJCTBO «MAlllH-
HHU3aLUI» METOJOB MPHUHATHS PEIICHUH, KaK CPEACTBO OBICTPOM peann3alyu Bbl-
yucieHUd. B Hacrosiee BpeMsl KOMIBIOTEp SBIJISIETCS IapTHEPOM YEJIOBEKa
B npunsTun peuienuit. CIIIIP co3nmaercst 00bIYHO TS ONpeIeIEHHOro Kilacca 3a-
na4 u obecrieunBaet noanepxky JIITP npu ananusze npo6aemsr. JITIP 3anpamusa-
€T HeoOXoIuMbIe TaHHBIE, U3ydaeT NpoOseMbl, oimydaeT coBeTsl CIITIP, oTHO-
CAIIMEcs K OMBITY PEIICHUs TOA00HBIX MPOoOIeM, MpoOyeT MPUMEHUTH IS pelie-
HUS pa3IMdHbIe METOJIbI, 3HAHUS dKCTIEpTOB [64]. Takoil riryOokwiA aHAIN3 3aBU-
CUT, TIPEXJIE BCETO, OT XOpoIlel npeasapurensHoii moarotopku CIITIP, ot BBoga
B HEe HY)KHBIX JaHHBIX M 3HaHUH, HEOOXOIUMBIX METOZ0B. DTOT aHAIN3 TOMOTAET
JITTP moHATH MpoOJeMy, YTOYHHTH CBOM NPEANOYTCHUS W BHIPA0OTATh HAMIIYY-
i BapuaHT ee pemieHus. bonpmmHacTBO cymecTByromux CIIIIP opuenTupona-
HBI HA CPAaBHUTENBHO Y3KUH Kpyr 3a1ad. B Hacrosmee Bpems CIIIIP pa3BuBarorcs
B CJIEIyIOLINX HANpPaBICHUIX:

— obbexnnenue CIITIP ¢ aBTOMaTM3MpOBAaHHBIMH HH(OPMALMOHHBIMU

CHCTEMaMH ¥ CUCTEMaMHU CBSI3H;
— commwkenne CIITP ¢ skcnepTHBIMM CHCTEMaM{ W TIOSIBJICHHUE «HHTEN-
nektyanbHbIX CIITIPy;

— COBEpIICHCTBOBaHHUE TexHOoJorudeckoi 6a3nr CIIIIP.

B OymymeM TOSBATCS CHCTEMBI, KOTOPBIE CMOTYT IOJCTPAaMBATBhCA MOJ
CTHJIb MBIIIUICHHUS YEIOBEKa, MMHTHPOBATH MPUEMEI €T0 PadOTHI, KOTOPBIE CTAHYT
Kak OBl mpojoipkeHneM «S1» pykoBomutens. Ho ecTs HeKOTOpbIe MPUHIHAITHAIE-
ubie rpanunbl — CIITIP cama mo cebe He MOXET MOPOAUTh KAaYECTBEHHO HOBBIN
BapuaHT pemenus. OfHaKO ecTh Ha/IeXK/a, YTO TAKOH BapHaHT MOXKET BO3HHKHYTh
mbo B mpouecce nuanora yenoseka ¢ CIIIIP, nnbo kak noragka, KOTOpoi cro-
COOCTBOBAJI 3TOT JTUAJIOT.

Brinensrorest pasnuyHble BUABI KOMIBIOTEPHOH MOIAEPKKH NPHUHSTHS pe-
wenwuit: CIIIIP, sxcniepTHbIE CUCTEMBI, COBETYIOIINE CUCTEMBI U T.1. [64].

Cogemytowue cucmemot [71] mpearnonararoT MOCIENOBATEIILHOE HHTEPAK-
THBHOE B3aMMOJEWCTBHE C OIEPATOPOM C IENBIO BBISBICHHS MapaMeTPOB TEKY-
el MpoOIEeMHON CUTYaIlMK 1 BBIIAauH MO3TAITHBIX PEKOMEHIAINI OTlepaTopy IMo pere-
HUIO BO3HHKIIICH MPOOIIEMBL.

Oxcnepmuvie cucmemut [63, 64, 101] pazpabaTeiBaroTcs 1Isi KOMITBIOTEPHO-
IO NPEJACTABICHUS M XPaHEHUS 3HAHUI BBICOKOKBAJIM()HUIIMPOBAHHBIX DKCIIEPTOB
C TeM, YTOObl MIMH MOIJIM B JJAJIbHEHIIEM BOCIIOJIb30BAThCS CHEIMAIUCTHI ¢ Ooee
HU3KOH KBaJM(UKalMeld. DKCIepTHbIE CHUCTEMbl HAlpaBJICHbl Ha KJacc 3aj1ad
C NOBTOPSIOIIMMHUCS PEIICHUSIMH, IIPU 3TOM OIBIT ¥ MHTYHUIMS 3KCIIepTa BO3pac-
Taer ¢ rogamu. [Ipeanosnaraercs, 4To NpoOJIEeMbl, HOAJIEKALINE PELICHHIO, SBIIS-
10TCsL cl1ab0 CTPYKTYPHPOBAHHBIMH. DKCIIEPTHBIE CHCTEMBI MOTYT HMPUMEHSTHCS
JUI pa3IMYHBIX BUIOB JESTEIHHOCTH, KOTOPBIE MOYKHO CTPYIIIHPOBATH IO CIIe-
IOYIOIIAM KaTeTOPHAM: HHTEPIPETaIHs, IPOTHO3, IUarHOCTHKA, TPOSKTHPOBAHNE,
IUTaHUPOBaHKE, HAOIIOACHUE, OTIagKa, PEMOHT, oOydeHue, ynpasieHne. ViIMeHHO
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IPU PEHICHUH CJ1a00 CTPYKTYPUPOBAHHBIX IMPOOJIEM YEIOBCUCCKAs HHTYUIUS
HUMeeT 0COOYIO IIEHHOCTh. Jloraiku SKCIepTa, OCHOBAaHHBIC HA €0 MPOILIOM OIIbI-
T, Ha YyThe, MO3BOJIAIOT €My peliaTh MPOOJIEMBbI HAa BHICOKOM YpOBHE. B cBsizu
C 3THM ¥ BO3HHKIIA UJEs O Tepelavye 3TUX YyMEHUM KoMmmbpoTepy. Juamna3on npu-
MeHeHnss DC 0YCHb HMIMPOK, HO KaXKJasi U3 TAKUX CUCTEM MOXKET paboTaTh TOJIBKO
B OJIHOW OrpaHu4eHHOW oOxactu. [IOMBITKM pacHIMpUTh HPEAMETHYIO 00JacTh,
JaKe B Tpenenax OgHON 0071acTH 3HAHU, B MOJABIIONIEM OOJBIIMHCTBE CIIyda-
€B HEYCIICIIIHEL.

Komnviomepnas CIITIP [64, 66, 101] — 3To MHTEpaKTUBHAS aBTOMATH3HPO-
BaHHAsl CHCTEMa, WCIIONB3YIOIIas MOJENH BEIPAOOTKH peIIeHui, obecnednBalo-
mas moyib3oBarensiM d(QPEeKTUBHBIA JOCTYN K pachpeneicHHONW 0a3e MaHHBIX
1 TIPEOCTABIAIONIAs UM pa3HOOOpa3HbIe BO3MOXKHOCTH IO OTOOpaXKEHWIO WH-
¢dopmarmu. B TakoM MOHUMaHWK CHCTEMA TMOAJEPKKU MPUHATHUS PEHICHUN Mpe/-
CTaBISCT COOOM COBOKYIHOCTH CICIYIOIIUX IOJCUCTEM: KOMIUIEKCA pacrpeje-
JICHHBIX TEXHHYCCKUX CPEJICTB; KOMIUICKCA MAaTEMATHYCCKUX MOJICNICH; aHann3a
COCTOSIHUI WM BBIPAOOTKHU pEIICHUI; 0a3bl NaHHBIX, CUCTEM YIPABICHUS MOJCIs-
MH, S3bIKOB MOJICTMPOBAHUs, 00paboTKu U oToOpakeHus nHopmarmu. B cocra
CIIIIP BXomsAT TpH INIaBHBIX KOMIIOHCHTa: 0a3a JaHHBIX, 0a3a MOJENEH M Ipo-
rpaMMHas rojacuctema (puc. 1.4).

WCTOYHMKM AaHHbIX MporpammHas noacucTema
ynpaBneHus
Basa meTtonoB n
MC onepaunoHHOro ypoBHs .
Ba3za gaHHbIX w
Cyb[l | CYBEM cTpaTernieckinx
[oKyMeHTbI _—
TaKTU4ecknx
BHeLLHWe NCTOYHUKM
Cucrema onepaTuBHbIX
ynpaBneHus
Mpoune BHYTPEHHME UCTOUHUKM nHTEpheiicom MaTemMaTU4ecKnx

I

Yenosek, NpuHMMarowmin
peLueHus

Puc 1.4. Apxurexrypa CIIIIP

Kommnsrorepnsie CIIIP, xak npaBuio, OpHEHTHPOBAHBl HA KOHKPETHBIE Ma-
TeMaTu4ecKue MeToAbl MpuHsaTHs perenuii [13, 32, 38, 52, 64, 71, 76, 87, 101,
106, 117, 121]. B cBsi3u ¢ 3TUM SIBJISIETCS aKTyaJIbHBIM aHAJIN3 MaTeMaTU4eCKOro
obecrieuenns CIITIP: 3amau, mMonesei, METOOB, CXeM M T.M. — C TEM, YTOOBI
CTPYIITUPOBATh MX, HAMETHTh MYTH K YIOPSJIOYCHHOMY, 000CHOBAaHHOMY HCCIIe-
JIOBaHWIO M UCIIOJIb30BaHHUIO [8].

1.3. Y4yacTHuMKM npouecca NpUHATUSA peLUeHUN

B NOATOTOBKC W TNPUHATUU PCHICHHA YYAaCTBYCT ILiCJias I'pyIlina cCrueuuain-
CTOB, OTBCUaromias 3a TOT WJIH HWHOM 3Tan mponecca NoAACPKKNU peUICHUsA, pyKo-
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BOJIUTEIIb, HA KOTOPOTO JIOKHUTCS 33aJjadya OKOHYATEIHHOTO BBHIOOPA HAMIYYIICTO
BapHaHTa, a TAaKXKE PsJi 3aWHTEPCCOBAHHBIX JIMI. B crmabo CcTpyKTypHpOBaHHBIX
3aga4dax npunatus pemenuid (3[IP) cama npobnema BbIOOpa TECHO cBs3aHa C 4e-
JIOBEKOM — €€ g1adenvyem [64]. BrnagenbieM mpoOieMbl SBISIETCS YETOBEK, KOTO-
phIii (110 MHEHHIO OKPYXKAIOIINX) JOJDKCH €€ PellaTh U HECET OTBETCTBEHHOCTh 32
MIPUHSTHIE PEIICHUs. DTH PELICHUs] MOTYT OKa3bIBaTh HEIIOCPEICTBEHHOE BO3/EH-
CTBHE Ha ero 01arococTostHre M 00IiecTBEHHOTo TonokeHue. Ho 3To manexo He
BCerJia 03Ha4yaeT, 9TO BIaeIel] MPOOIeMBI SBISIETCS TaKXKe U IUYOM, RPUHUMATO-
wum pewenue (JITIP). Koneuno, JITTP MoxeT OBITHh TAKOBBIM, HO OBIBAIOT CHUTYya-
UM, KOT/Ia BJIaJICTICT] IIPOOIIEMBI SIBIISICTCS JIMIIb OJHUM M3 HECKOJIBKUX UYEIOBEK,
MIPUHUMAIOIINX yJ9acTHe B ee pemeHnd. OH MOKeT OBITh MpPEeACTaBUTEIEM KOJI-
JIEKTHBHOTO OpraHa, MPUHUMAIONIETO PEIICHHs, WICHHI KOTOPOTO BBIHYXICHBI
UATH HA KOMIIPOMHCCHI, YTOOBI JOCTHYB COriacus. TpeTuii BO3MOXHBIN ClIy4and —
JITIP u Bnagenen npoOyieMsl — pa3Hbie JIt01u. M3BeCTHBI IPUMEPEI, KOTIa PYKOBO-
JUTEIH CTPEMSATCS MEPENIOKHUTh HA APYTrUX MPHUHATHE PCIICHUI: riaBa (QUpMBI
IOJIaracTCs Ha 3aMECTUTENIS, OIIICHIBACT TOATOTOBICHHBIC IPYrUME (KM UHOTIA
IIPOTUBOPEUMBEIE) pacnopsbkeHus. Takum oOpasom, Biazaener npodiemst u JIITP
MOTYT OBITh KaK OJTHOW, TaK W Pa3HBIMU JIMIYHOCTSIMHU. [IPOCKT pELICHUS TOTOBAT
CIIELUANUCThI, Kak roBopst, «amnmapat JIIIP». Ecau JIIIP mosepsier cBoum mo-
MOIITHIKAM, TO MOKET J1a)kKe He BHUKATh B pEIIeHHE, a MPOCTO moamucaTs ero. Ho
OTBETCTBEHHOCTbH Bce paBHO JiexuT Ha JIIIP, a He Ha TeX, KTO yyacTBOBaJ B MOJ-
TOTOBKE PEIICHHUS.

Ha npunsTHe pernennii BIUAIOT akmusHoie epynnst (B [93, 94] ux Ha3bIBAIOT
akmopamu) — TPYIIBL TIOJCH, UMCIOMUX OOINKME WHTEPECH MO OTHOIICHUIO K
npobneme, TpeOyromeil peuieHus. Tak, MpU NPUHATHUA PEIICHHS O IMOCTPOIKe
ADC akTopaMu SBISIIOTCS: COTPYAHUKHA MUHHCTEPCTBA DHEPIETUKH, 3aMHTEPECO-
BaHHBIC B MPHUPOCTE ICKTPOIHEPTHH, COTPYIHUKU CTPOUTEIBLHOW OpraHU3allvy,
OCYILECTBISIONICH MOCTPONKY; MPEICTABUTENS PSAOBBIX TPAXKIaH; MPEICTABUTE-
JIU 3alIUTHUKOB OKPYXAIICH cpeapl. B maHHOM ciy4ae BiajenbleM MpoOsieMbl
(n maorma JITIP) sBnstOTCS MECTHBIE BJIACTH, KOTOPBIE JOJHKHBI IaTh pa3peiieHue
Ha noctpoiiky ADC Ha cBOe€i#l TeppUTOpHUH.

Pazymuoe JIIIP Bcerga mpuHUMaeT BO BHHMaHWE HHTEPECHl AKTHUBHBIX
TPYII, YIUTHIBAS WX MO3UIMH U UX KPUTEPUH MPU OLIEHKE albTePHATHBHBIX Ba-
PHUAHTOB PEIICHHUIA.

[Ipu npakTryeckoit paboTe BaXKHO YETKO OTAEIATH dTAl JUCKYCCHH, KOrma
PaccMaTpUBAIOTCS PA3IUYHBIC BAPUAHTHI PEIICHUS, OT ITAIa MPUHSATUS PCIICHHUS,
IOCJIe KOTOPOTO HA0 PELICHUE BHIMOJIHATH, a He 00Cy)aath. [Ipu paccMoTpeHUU
BapUAHTOB PCIICHUI BaXKHYIO POJIb UTPAIOT IKCHnEepmbl — IIOIH, KOTOpbIe Tpodec-
cuoHanbHO (nyume, yeM JIIIP) 3Hai0T oTHENbHBIE ACHEKThI paccMaTpuBaeMoit
npo6nemel. [lo-aHrUiCKU expert — 3TO CICIHMAIKNCT, B PYCCKOM SI3bIKE 3TH J[Ba
CIIOBa MMEIOT HECKOJBKO Pa3IMYalOMNNACSH CMBICT: IMOJ SKCIIEPTOM MOHUMAIOT
OTIBITHOTO BBICOKOKBAJTH(HIMPOBAHHOTO CIEIHAINCTA, YMEIOIIETO MCIIOIB30BaTh
BCIO MHTYHIMIO JJs mpuHaTus pemeHuii [80]. K HUM 00bIYHO oOparmmaroTcs 3a
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OLICHKaMH, 3a MPOTHO3aMH MCXOJIOB T€X WJIM MHBIX pellicHuid. JlaBas Takue OICH-
KH, 3KCIIEPTHI BBICKA3bIBAIOT CBOC CyOBEKTHBHOE MHeHHME. Ho eciu skcmept Oec-
MPUCTPACTCH U SABJSICTCS MPO(PECCHOHAIOM B CBOEM JIENie, €ro OLCHKH OJIM3KU
K 00bEeKTUBHBIM. [Ipy MPUHATHU CHOKHBIX (OOBIYHO CTPATETMYCCKHUX) PELICHUI
B HMX IOJrOTOBKE NPUHUMACT YYACTHE KOHCYAbMAHM NO NPUHAMUIO pPeuleHUll.
Ero ponb cBOAMTCS K pa3yMHOW OpraHU3allMU MPOLECCa MPUHITUS PEIICHUIMA: T10-
mortpb JITIP u Baaxensily mpoOieMbl B IPABHIILHOM ITOCTAHOBKE 3a/1a4H; BBISBIIC-
HUE poJiel W TO3WIMHA aKTOPOB; OpraHU3alus padoThl ¢ 3kcnepTramMu. KoHCyib-
TaHT (WM aHAJUTHK) OOBIYHO HE JAaeT COOCTBEHHBIX OIICHOK NMPHU NMPUHATHH pe-
IICHWH, OH TIOMOTAeT APYTUM YSACHHUTD MPEAIOYTECHUS, B3BECUTh BCE «3a» U «IIPO-
THUB» U BBIPabOTaTh pa3yMHBIH KOMIIPOMHCC.

YacTto MOXXHO KOHCTaTHPOBATh KOHQIMKTHI MEXIY MEHEKEPaMH OIHOM
U TOM K€ OpraHU3alUH 110 TIOBOIY c(hep OTBETCTBEHHOCTH — KTO 3a YTO OTBEYACT,
KTO Kakue pelieHus mpuHumaeTr. [103ToMy OYeHb BaXKHBI PErIaMEHTHI, OIpejie-
JSIOIKE TOpsiIoK padotel. HegapoM moboe coOpaHue MPUHATO HAYMHATH C YT-
BEPXKICHHUS MPEICENATCIBCTBYIONICTO M MOBECTKU 3acelaHusi, a paboTy Jr00ro
MPEIIPUATHS WIH OOIIECTBCHHOTO 00BEINHEHHS — C YTBEPIKACHUS €r0 yCTaBa.

[pakTryecku ar000# pelicHHEe MOXKHO CYUTATh WHAUBUAYAIBHBIM (KpoMme
CITydaeB TPUHATHS PEUICHUN KIOPHM M KOMHUCCHEH, B KOTOPBIX BHIOOP OCYIIECTB-
JIIETCS ToJIocoBaHueM 0e3 oOcyxaeHus ). Tak kak maxe B ciiydae KOJUIEKTHBHOTO
opraHa, MPUHUMAIOIIETO Ba)KHBIE PEIICHHS, OOBIYHO HAOIIOACTCS CTPEMIICHHE
YJICHOB ATOT'0 OpraHa OOBsICHUTH CBOM IMO3HIINN, HAUTH OOIIYIO IMOJIMTHKY, 00IIee
pemrenue. B aTom ciydae Takoii oprad BeicTymaeT kak JIIIP, oGmagaromiee omnpe-
JIEJIEHHOM MOJTUTUKOM.

1.4. Uenu v pecypchl

[Ipu BBHINONHEHUU PA3TUYHBIX (QYHKIUHA MEHEIKMEHTa BO3ZHHKAeT HE00XO-
JTUMOCTh ipuHUMAaTh pemenns [80]. Hanmpumep, mporiece miaHUpOBaHUS TOJDKEH
3aBEPIIUTHCA PEUIICHHEM 00 YTBEp KICHHUH IUIaHa, IPOIIECC KOHTPOJISA — PEHICHUEM
0 TIOPS/IKE JTUKBUIAINH OTKJIOHEHUH WM O KOPPEKTHPOBKE IUIaHA.

Kaxmoe pemenne HampaBiIeHO Ha JOCTIDKEHHE OJHOM WM HECKOJIBKHX IIe-
nei. Hanpumep, nipu crpoutenbcTBe ADC KemaTeabHO BBIMOJHHUTH CIIEAYIONINE
3a[1a4i: NOJIYYHUTh MPUPOCT FICKTPOIHEPTHH; MOTYIUTh MAKCUMAIIBHYIO MPUOBLIH
or ¢ynkuuonupoBanuss ADC. DTH JABE LEIUM MOXHO JOCTHYb OJHOBPEMEHHO.
OpnHako Tak ObIBaeT He BCETaa.

Yacro BcTpeyaromascs GopMyITUpPOBKa «MAKCUMYM MPHUOBLTH MIPH MUHHMY-
Me 3aTpar» BHYyTpPEHHE NMpOTHBOpeurBa. MUHUMYM 3atpat paseH 0, korna padora
HE IIPOBOAUTCS, HO U NPUOBLIL Toraa Toxxe paBHa 0. Eciu xke npuObUIb BeslnKa, TO
1 3aTPaThl BEINKH, IIOCKOJIBKY M TO, M IPYyToe CBSI3aHO ¢ 00BEMOM IPOHU3BO/CTBA.
MoskHO OO0 MaKCUMHU3HPOBATh MPUOBIIL IPH (PUKCUPOBAHHBIX 3aTpaTax, JH00
MUHHMH3UPOBATH 3aTPAThI IPH 3aJaHHOH MPHUOBLIH.

Kaxmoe pemienne mpemmnoiaraeT HCIOIB30BAHMWE TEX WM WHBIX PECYPCOB.
Tak, MHHHCTEPCTBO PHEPTETUKH MCXOANT M3 CYIIECTBOBAHUS HEOOXOIMMOTO Ma-
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TEPHATBHOTO M KaJpoBoro obecmedeHus ans padotert ADC. Ecnm Ob1 Takoro
obecriedeHus: He OBUTO OBI, TO M JUCKYCCHsI HE MMea Obl CMBICTA.

B 00BIICHHO JKM3HU MBI Yalle BCETO MPUHIMAEM PEIICHHs, TIOKYIas TOBa-
pBl ¥ ycuyrd. M TYT COBEpIICHHO SICHO, YTO TaKOE PECYPCHI — TO KOJIHMYECTBO
HUMEIOIIUXCS JCHET. BhIcTymas kak moTpeOUTeNb, YSIIOBEK TOJDKCH PELINTh, KAaKUe
TOBaphI €My CIICAYET MOKYIATh U 10 KAKO IieHe. A BBICTYIAsi KaK MPOU3BOAUTEIh
— Ha YTO pa3yMHO NOTPATUTHh CBOM yCHIHUA. B 3amafHBIX cTpaHaxX TEOpHWs MPHHA-
THSI PEIICHUN CUMTAETCS Pa3fesioM 3KOHOMHKH. B pamkax 3KOHOMHYECKOU Teo-
puH 00CYXIAr0TCA TOTHATHIE BOIIPOCH O COOTHOLICHUH IOJIC3HOCTH ToBapa (st
MOTPEOUTENSI) U OTHOIICHHUS IOJIC3HOCTH K IEHE. Y KaXIOoro MpUoOpeTaeMoro
TOBapa €CTh CBOS IOJIE3HOCTH IS MOTpeOuTens. 3aKOH MpeaeTbHON ONe3HOCTH
TJIACHT, YTO IIpeJeNibHas I0JIE3HOCTh yObIBaeT. VHade TOBOpS, MOCIEXyIOIINE
MapTUU TOBapa MEHEEe IICHHBI IS MOTpeduTes yeM nepsbie. Eciu ecth HE00X0-
JMMOCTh TIOKYIIKM HECKOJBKUX TOBapOB, TO MOTPEOUTENb CTPEMHTCS paclpejie-
JIUTh CBOM JCHBI'H TaK, YTOOBI OTHOIICHUE MOJIC3HOCTH 3TOr0 TOBapa K oOmien
€IMHUIIC U3MEPCHUS OBUIO OCTOSIHHBIM. IHa4Ye TOBOPSI, €CIIH MOJIC3HOCTh TOBapa
OoJIbIIIe, TO CPEACTBA, 3aTPAuCHHBIC HA HETO, JOJDKHBI ObITh Ooubiie. TOYHO Tak
JKE BEJIET ccOsl YCIIOBEK MPU PEIICHUH 3a1a9H O KAIMTAJIOBIOXKECHUH: OH BKJIAJIbI-
BaeT OOJBIINE CPEeACTBAa B OoJiee MOJIE3HBIC HANPABICHHUS IESTEIHLHOCTH. JKOHO-
MHUCTBI CUHTAIOT, YTO TaKOE IOBEICHUE UYEJOBEKAa SIBISACTCA CAMHCTBEHHO Mpa-
BUJIBHBIM, W HA3bIBAIOT YEJIOBEKA, OCYIIECTBIIOMIETO TaKuM 00pa3oM CBOMl BBI-
60p, pallOHAIEHBIM YEJTOBEKOM.

Takum o0Opa3oM, pH MpakTHYECKOi paboTe HaJ MPOCKTOM PEIIeHHUs BaXKHO
IpoaHanu3upoBath: «Uero Mel XoTUM Joctuub? Kakue pecypchl Mbl TOTOBBI HC-
MOJIb30BATH JJIS 3TOT0?».

1.5. AnbTepHaTuBbI U KpUTEPUUN

Anvmepnamusamu [64] Ha3pIBAIOT BapuaHTHl MPUHUMAaEMbIX pemeHui. [Tox
npoOIeMHOM cHuTyalell MOHUMAIOT CUTYAIMI0, KOTOpask UMeeT He MEHee IBYX
BapuaHTOB perieHnid. B mpuMepe co crpoutenbcTBoM ADC Kak MUHAMYM MOYKHO
BBIJICIIUTh [[BE AJIbTEPHATHBBI: Pa3pelieHue CTPOUTENLCTBA U ero 3amnper. Cremo-
BaTeJbHO, [Vl CYLIECTBOBAHMS CaMOM 3aJayM MPHUHATHS PELICHH HEoOXOoANMO
HUMETh XOTsI OBl JIBe allbTCPHATUBEIL. Hesasucumvimu SABISFOTCS T¢ aTbTCPHATHBEI,
TMOOBIC IEHCTBUS ¢ KOTOPhIMHU (YIaJICHHE U3 PACCMOTPCHUS, BBIICICHUEC B Kave-
CTBE JyYIICH W T.I.) HC OKA3bIBAIOT BIMSIHUS HA KAYECTBO JNPYTUX ajIbTCPHATHUB.
[pu 3a6ucumplx aNbTEPHATHBAX PEUICHUS [0 OJJHUM M3 HUX OKa3bIBAOT BIHMSHUC
Ha Ka4ecTBO apyrux. [IpuMepoM sBisieTcs TPYIOBasi 3aBUCUMOCTh — €CJIH pellie-
HO PaccMaTpHUBaTh XOTs OBl OJHY ATBTCPHATHBY M3 IPYIIIBI, TO HAJI0 PACCMATPH-
BaTh BCIO rpymmy. J[pyruM THIIOM 3aBUCHMOCTH SIBJISIETCSI 3aBUCHMOCTH OT ajlb-
TEPHATUB, MCKIIOYaeMbIX M3 paccMoTrpeHus. Hampumep, 3aBUCHMOCTD BhIOUpae-
MBIX B pecTopaHe OJIO/ OT TeX, KOTOpbIe BKIOUEHBI MM UCKIIOYEHBI M3 MEHIO.
BpIIensioT Takke 3aBHCUMOCTh OT HECYIIECTBYIOLIMX anbTepHaTHB. Tak, oOpa3
H/icaNIbHOM aJbTepHATUBBI, CO3/1aBACMON YEJIOBEKOM BO BpeMsi BbIOOpA, MOMKET
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OKa3bIBaTh BJIMSHHE HA BHIOOP M3 PEAJIbHBIX AIbTEPHATHB, OCOOCHHO €CIIH €CTh
HaJIeXka Ha peaan3yeMoCTh UealbHOIO BapUaHTa.

3ajauy NPUHATHUS PELIEHUH MOTYT CYLIECTBEHHO OTJIMYAThLCS MO YUCIY allb-
TEPHATUB U UX HAJIMYHMIO HA MOMEHT BBIPAOOTKH MOJMUTUKU M NPUHSATHUS PEILICHUI.
BcerpeuatoTes 3aaun, Korjga Bce albTEPHATHBBI YK€ 3aJlaHbl M HEOOXOAUM JIMIIb
BBIOOP M3 3TOr0 MHOXECTBA. Tak, Mbl MOXEM HCKaTh IPaBUJIO BBIOOpA JIyUYIINX
M3NIETN U3 YK€ HMEIONTUXCS, OMpeneNaTh Hanboliee d(P(PEKTUBHYIO OpraHu3a-
LU0, JIYYIINHA yHHBEpPCUTET U T.1. OCOOCHHOCTBIO ATHX 3a4ad SIBIACTCSA 3aMKHY-
TOE ¥ HEPACUIMPSIONIEECs] MHOXKECTBO anbTepHaTuB. HO CymmecTByeT MHOKECTBO
3ajad ApPYroro THWIIA, TAE BCE albTEPHATHUBBl MM WX 3HAYWTENbHAs 4YacTb HE
copMUpOBaHBl Ha MOMEHT HMpPUHITHS pemieHuil. B Takux 3amadax, kKak BBIOOp
IUIaHa Pa3BUTHA ropojia, BEIOOP (hacoHa OAEkKABI U T.I. OCHOBHBIX aJIbTCPHATHB,
C PaccMOTpeHHs KOTOPHIX HaYMHAETCS BBIOOD, CpaBHHUTEIbHO HeMHoro. Ho onum
HE SIBJIIOTCS €IMHCTBEHHO BO3MOXHBIMH. HacTO Ha OCHOBE JTUX albTE€PHATHUB
B IpoIiecce BHIOOpA BO3HHUKAIOT JINOO HOBBIE aJbTEPHATUBBI, JINOO COBOKYITHOCTH
TpeOOBaHUIT K HEAOCTAIOIIUM ATbTEpPHATUBAM. DTOT KJIAcC 3a7a4 MOXKHO HA38aMmb
3a0ayamu ¢ KOHCmMpyupyemvimu daromepHamusamu. Vtak, anbTepHaTHBBI, NpU-
cyrcrBytomue B 3[IP, MOTyT OBITH ClleAYIOIIMMU:

— HE3aBUCHMBIMY;

— 3aBUCHMBIMU;

—3apaHee 3a/laHHBIMUY;

— HOSBJIAIOIIUMHUCS TI0CTIE BBIPAOOTKH MPaBHUIIa IPUHSITHS PEIICHUS;
— KOHCTPYHPYEMBIMH B TIPOIIECCE MIPUHSTUS PEIICHUH.

Kpurepun — 310 criocod onucaHusi albTepHATUBHBIX BApUAHTOB PEILCHHUH,
CII0CO0 BBIPAXEHUSI PasInuuil MEXy HUIMH C TOYKH 3peHus npeanoyrenuii JIIIP.
KonnuecTtBo KpUTEpHEB B pa3IMUYHBIX TEOPETUUECKUX MOCTPOCHMAX U Pa3HBIX
METO/laX IPUHATHUS PeUICHUH 00BIYHO NpeBbInIaeT equHuIy. COBpeMEHHBIE METO-
Jbl TIPUHATHS PELICHUH OPUEHTHPOBAHBI HAa YYET BCEX OTIMYHMTENIBHBIX OCOOCH-
HOCTEH KayecTB ajlbTEPHATUB, YTO CYLIECTBEHHO NpHONIMKaeT (hOpMaJbHBIE CXe-
MBI K peanbHoMy MupY. [lo3TOMy B HacTosiIee BpeMss MHOTOKPUTEPHAIBHOE OITH-
CaHHE albTEPHATHB CTAHOBHTCS Bce Oojee mpuHATHIM. Kak mpaBmio, Kputepuu
OLICHKH HE 3a[aHbl HA HAYaJbHOM JTaIle aHAJIN3a MPOOIEMBL, a JOJIKHBI OBITH BBI-
sBieHsl B quasore JINTP-skcnepr.

Kpurepun moryT ObITH 3aBUCHMBIMHU U HE3aBUCHMBIMH. KpuTepnu Ha3bIBa-
10T 3a6uUCUMbIMU, KOTAA OLIEHKA albTEPHATUBBI 10 OJHOMY M3 HUX OIpeIesseT
(neTepMUHHUPOBAHHO JHOO C OOJBLION CTENEHBIO BEPOSTHOCTH) OLIEHKY IO JIpY-
romy kpureputo. 3IIP u MeToas! UX pelIeHuit 3aBUCAT OT 4yucia Kpurepues. Ilpu
HeOOJIBIIOM KOJIMYECTBE KpUTEpHEB (2-5) 3a1aua comocTaBieHus IBYX ajbTepHa-
TUB nocratoyHo npocrta s JIIIP. Tlpu Gosbiiem uyucne kpurepues 3agada cra-
HOBUTCS Manoo003puMoil. B aToMm ciyuae kpuTepuu OOBEAMHSIOTCS B TPYIIIBI,
KOTOpBIE MOKHO CUHTaTh HE3aBUCHMBIMH — MOSABISIETCS HEPAPXUSI KPUTEPHEB.

TakuM 00pa3oM, BEIBICHHE NEPEYHS AIbTEPHATHB U CTPYKTYPHI KPUTCPHEB
SIBIISIETCSI HEOOXOIMMBIM U TIepBbIM 3Tarom 3I1P.
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1.6. Pucku n HeonpepeneHHOCTU

MHorue pelieHus NPUHUMAIOTCS B YCIOBHSIX PUCKA, T.€. NPU BO3MOXKHOM
ornacHocTH noteps [80]. CBsi3aHO 3TO ¢ Pa3HOOOPa3HBIMH HEOIPEICICHHOCTSIMH,
OKpYy’KaloImuMHU Hac. MHOTJja pOTHO3 OCHOBAaH Ha XOPOIIO M3YYEHHBIX 3aKOHO-
MEpPHOCTSIX M OCYIIECTBISICTCS HaBepHsAKa. Hampumep, METOABI IPOTHO3UPOBAHUS
JBIDKEHHST KOCMHYECKUX allapaToB pa3padO0TaHbl HACTOIBKO, YTO BO3MOXKHA aB-
TOMAaTH4eCKas CTBIKOBKAa KopaOmed. OmHako BCTAaroOIIUE Mepel MEHEHKEPOM
(bupMBI TIPOOIIEMBI TTPOTHO3UPOBAHKS OOBITHO HE MTO3BOJISIIOT JaTh OJHO3HAYHBIH
000CcHOBaHHBIHN nporao3. [Toa HeonpeaeneHHOCTRIO B [78] MOHUMAIOTCS SBICHHUS,
HE IOJIJIAI0IUECs aHAJIM3Y U U3MEPEHHUIO CO CKOJIb YTOJIHO OOJIBLION TOYHOCTBIO.

B [80] npuBoanTcs knaccuduKays pa3iIMyHbIX BUI0B HEONPEAEIEHHOCTEH,
4acTh M3 KOTOPBIX CBSI3aHa C HEJOCTATOYHOCTHIO 3HAHUH O MPHUPOAHBIX SBICHUSAX
U Ipoleccax, Harpumep:

- HEOIPE/ICIICHHOCTH, CBSI3aHHBIC C HEJOCTATOYHBIMM 3HAHHMSAMH O NPHPOAE
(mampuMep, HaM HEM3BECTCH TOYHBI 00BEM ITOJIE3HBIX MCKOIAEMBIX B KOHKpPET-
HOM MECTOPOKIACHUH, a IOTOMY MBI HE MO’KEM TOYHO TpE/ICKa3aTh pa3BUTHE HO-
ObIBaroIIei MPOMBIIUIEHHOCTH W 00BEM HAJIOTOBBIX IOCTYIUICHHH OT €€ Mpeanpu-
ATHN);

- HEOIPEAETICHHOCTH MPHUPOTHBIX SBICHHUH, TAaKWX, KaK MOTOJa, BIHAIOMIAS
Ha ypOXXaiHOCTh, Ha 3aTPaThl HA OTOILICHHE, HA TYpPHU3M, Ha 3arpy3Ky TPaHCIIOPT-
HBIX IyTeH U 1p.;

- HEOINpEJENCHHOCTH, CBSA3aHHbIE C OCYLICCTBJICHHEM JICHCTBYIOIIMX (He-
OXXMJaHHBIE aBapvM) W IMPOEKTUPYEMBIX (BO3MOXHBIE OIIMOKH pa3paboTUMKOB
win pu3nveckas HEBO3MOXKHOCTh OCYIIECTBIICHHUS IIpoliecca, KOTOPYIO 3apaHee
HE yJIaJIoCh NPEeCcKa3aTh) TEXHOJOIHYECKUX IPOLIECCOB.

MHorue BO3MOKHBIE HEONPEJEICHHOCTH CBSI3aHBI C ONMDKAWIIMM OKpYysKe-
HUEeM (QHUPMBI, MEHEIKep KOTOPOH 3aHIMMAETCs MPOTHO3UPOBAHUEM:

- HEOTIPEICIICHHOCTH, CBA3aHHBIC C ACATCIBHOCTHIO YYaCTHUKOB AKOHOMHYE-
CKOH XM3HH (IIPEXKIEe BCETO MapTHEPOB M KOHKYPEHTOB (PUPMBI), B YAaCTHOCTH,
C UX JEJIOBOW aKTHBHOCTHIO, (DMHAHCOBBIM IOJIOKEHHUEM, COONIOACHHEM 00s13a-
TEJBCTB;

- HEOIIPEJICNICHHOCTH, CBA3aHHBIC C COLMAIbHBIMU M aJMHUHHUCTPATUBHBIMU
(akTopaMM B KOHKPETHBIX pPErHMOHaX, B KOTOpBIX (UpMa HMeEeT JIeJOoBbIC
HHTEPECHI.

Bounbioe 3HaueHne MMEIOT M HEONPEEICHHOCTH Ha YPOBHE CTpaHBI, B 4a-
CTHOCTH:

- HEOIpEeeJICHHOCTh Oyylield ppIHOYHON CUTYallMd B CTpaHe, B TOM YHCIIe
OTCYTCTBHE JOCTOBEpHOH WH(pOpMAnIUU O OyIymHX ACHCTBUSIX ITOCTABIIHKOB
B CBSI3M C MEHSIOMIUMHUCS MPEINOYTSHUSIME TOTpeOnTeNeii;

- HEOIPEACICHHOCTH, CBA3aHHbBIC C KOJeOAHUSAMHU IEeH (ITUHAMHUKOW WHQIII-
IIUH), HOPMBI TIPOICHTA, BAIOTHBIX KYPCOB M APYTUX MaKPO’IKOHOMHYECKHUX II0-
Kazarenei;
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- HCONPE/ICIICHHOCTH, MOPOXKICHHBIC HECTAOWIBHOCTHIO 3aKOHONATEIBCTBA
U TEKYyIICH 3KOHOMHYECCKOM MOJTUTUKH (T.€. C IEATEILHOCTBIO PYKOBOJICTBA CTPAHBI,
MHUHHCTEPCTB U BEJOMCTB), CBSI3aHHBIC C MOJUTUYCCKOW CUTyalueH, NeHCTBUSIMU
TapTHiA, POQPCO30B, FKOJOTMICSCKUX U APYTHX OPTaHU3AIUIA B MACIITA0EC CTPAHBI.

YacTo MpUXOIMTCS YYUTHIBATH U BHEITHEIKOHOMHUYCCKUE HEOINPEICICHHO-
CTH, CBSI3aHHBIC C CHUTyalUeH B 3apyOEIKHBIX CTPaHAX M MEXIYHAPOIHBIX OpraHuU-
3aMusAX, C KOTOPBIMH BHI MOAICPKMBACTE IEIOBBIE OTHOIICHHUS.

Takum o0Opa3om, MEHEKEpY MPHUXOIUTCS MPOTHO3UPOBATh Oyaylnee, Impu-
HUMATh PEIICHUS U ACWCTBOBAThH, OYKBAJIFHO KYyTMAasACh B OKEaHE HEOIpeaesIcHHO-
creit. [Tone3no BBectn ux kiaccupukanuio Ha CTOII-pakTops! (10 epBbIM OYK-
BaM OT CJIOB - COLMANbHBIC, TEXHOJIOTHYECKUE, SKOHOMUYECKHE, OJUTHIECKIE)
1 (hakTopbl KOHKypeHTHOTO OKpykeHus. CTIII-pakTopsl AEHCTBYIOT HE3aBHCHUMO
OT MEHEIDKEpa, a BOT KOHKYPEHTHI OTHIOJb K HaM He Oe3pa3inudyHbl. Bo3MOxKHO,
OHHU OyayT OOpPOTHCS C HAMH, CTPEMUTHCS K BRITCCHCHHIO HAIICH (DUPMBI C PHIHKA.
Ho BO3MOKHBI ¥ IEPEroBOPHI, BEAYIIUE K 0000 I0BBITOTHON TOTOBOPCHHOCTH.

Kaxxiast u3 mepevrcIIeHHBIX BHIIOB HEONPEIEICHHOCTH MOXKET OBITh CTPYK-
TypupoBaHa nanee. Tak, UIMEIOTCS KpPYyIHBbIC pa3pabOTKU MO aHAIU3y HEompesae-
JICHHOCTEH MPH TEXHOJIOTUYCCKUX aBapUAX, B YACTHOCTH, HA XUMHUYCCKUX MPOU3-
BOJICTBaX M Ha aTOMHBIX AJIEKTPOCTAHITHIX.

VYuer pUCKOB U HEOIPEACICHHOCTEN B MPOLIECCEe MPUHSTHS PEIICHHI onpe-
JenseT BBIOOP MaTeMaTHYECKHX METOJOB, MO3BOJLIIONIMX YYHTHIBATH JaHHBIC
(hakTopsl.

1.7. dkcnepTHOe oUeHUBaHue

Jnst mpuHATHS 0OOCHOBAHHBIX PELICHUH HEOOXOIMMO OMMPAThCsS Ha OMBIT,
3HaHuA U uUHTyunuio crnenuanuctos [80]. Ilocne BTOpoit MUPOBOM BOMHEI B pam-
Kax TEOpHH ympaBieHUs (MEHEI)KMEHTA) CTajla Pa3BHBAThCS CaMOCTOSTENIbHAs
JVCIUTUINHA — SKCIIEPTHBIE OLICHKH.

MeToap! 3KCHEPTHBIX OLEHOK — 3TO METOJbl OPraHM3alllu pPaboThHl CO clie-
LUATMCTAMHU-IKCIIEPTaMH U 00pabOTKM MHEHHH HKCIIEPTOB, BHIPAKEHHBIX B KOIH-
YECTBEHHOW W/WIIM Ka4eCTBEHHOH (popMe ¢ IIeNTbl0 OATOTOBKH MH(POPMAITUH IS
npunATHs pemenuit JITTP. Jlns nmpoBeneHus paboThl IO METOY SKCIEPTHBIX OIle-
HOK co3z1atoT pabouyto rpymmy (PI'), koTopas u opranusyer no nopydenuto JIITP
JEATEeIbHOCTh SKCIEPTOB, 00bEIMHEHHBIX ((POPMATBHO MIIM MO CYLIECTBY) B IKC-
neptHyo komuccuio (9K).

Cy1ecTByeT pa3IuuHble METO/bI MOIyUYEHUs SKCIEPTHBIX OLEHOK. B ogHnx
C KaKIbIM 9KCIEPTOM paboTalOT OTAEJIBHO, OH Ja)Ke HE 3HACT, KTO eIIe SBISETCS
9KCHEPTOM, a MOTOMY BBICKA3bIBAET CBOE MHEHHE HE3aBHCHMO OT aBTOPHUTETOB.
B apyrux skcnepToB coOMparOT BMECTE Ui MOATOTOBKU MaTtepuaioB aius JIIIP,
IIPU 3TOM 3KCIHEPTHI 00CYKAAIOT MPOOIEMy APYT ¢ APYroM, ydaTcs APYT y Opyra,
1 HEBEPHBIC MHECHHUS OTOPACBHIBAIOTCSA. B OfHMX METOmax 4HCIO IKCHEPTOB (HK-
CHPOBAHO ¥ TaKOBO, YTOOBI CTATHCTHIECKNUE METOBI IPOBEPKH COTITACOBAHHOCTH
MHEHUH U 3aTE€M UX YCPETHEHHsI TO3BOJISUIA IPHHUMATh 0OOCHOBAHHBIE PELICHUS.
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B npyrux — 4mMcio SKCIEpTOB pacTeT B MPOLECCE NMPOBEACHMS HKCIEPTU3BI, Ha-
MpUMEp, MPH HCIOJIH30BAHUU METOIA «CHEKHOI0 KoMay (0 Hem — nmanbire). He
MEHBIIE CYIIECTBYET W METOJOB OOpPaOOTKH OTBETOB IKCIIEPTOB, B TOM YHCIIE
BEeChMa MaTEeMaTU3UPOBAHHBIX U KOMITBIOTCPU3UPOBAHHEIX.

Uro no/KHA MPEICTABUTH SKCIEPTHAS KOMUCCHUS B Pe3yJbTaTe CBOCH pabo-
ThI — uH(GOpManuio it npuHsaTus pemenus JIIIP wiu npoekt camoro pemieHus?
OT oTBeTa Ha ATOT METOIOJOTHYECKHHA BOIPOC 3aBHCHUT OPTaHM3AIMS PaOOTHI
KOMHCCHU.

Ecnm mens sxcnepTHOTO coBeTa — cOop uHdpopmaruu ais JITIP, To Torna pa-
0oyas rpymnmna JIoJDKHA coOpaTh BO3MOXKHO OOJBbIIIe OTHOCAIICHCS K ey HHGpOop-
MAIliH, apTYMEHTOB «3a» U «IIPOTHBY» OIPENEICHHBIX BapHaHTOB pemeHui. Ilo-
JIe3€H METOJ TIOCTETIEHHOTO YBEJIIMYCHHUS YHCIIa IKCIIEPTOB: CHavaja MepBhIA IKC-
HepT NPUBOJMUT CBOM COOOPAKEHMS TI0 pacCMaTpHBaEMOMY BOIIPOCY; COCTaBJICH-
HBIA UM MaTepHaj MepeaaeTcsi BTOPOMY JKCIEPTY, KOTOPHIA J00aBIsSeT CBOU ap-
TYMEHTBI; HAKOTJICHHBIA MaTEpUaN MOCTYHACT K CICAYIOUIEMY — TPETheMY — JKC-
nepty... [Iponienypa 3akaH4uBaeTCs, KOTAa UCCAKACT IIOTOK HOBBIX COOOPaKEHHH.

OTMeTUM, YTO IKCIEPTH B PACCMAaTPUBACMOM METOJC TOJBKO MOCTABIISIOT
HH(POPMALUIO, APTYMEHTBI «3a» U «IIPOTHB», HO HE BBIPA0ATHIBAIOT COTJIACOBAH-
HOTO TIpOeKTa pemieHus. boiee Toro, HamOOJIBIIYIO MOIB3Y MPUHOCAT IKCIIEPTHI
C MBIIUIEHHEM, OTKIOHSIOIIAMCS OT MacCOBOTO, TIOCKOJIBKY MMEHHO OT HUX ClIe-
IyeT 0KUAaTh HanOoJiee OPUTHHAIBHBIX apTyMEHTOB.

Ecnu nens — moaroroBka npoekra pemenus aig JIIIP, To npumenstorcs me-
TOJBI BEIPAOOTKH €MHOTO MHEHHS SKCIIEPTOB.

Hoema coenacosannocmu. Cuutaercsi, 4To pelICHUE MOXKET OBITh NPHUHSATO
JIUIIb HA OCHOBE COTJIACOBAHHBIX MHEHHHA IKCHEpPTOB. [103TOMY HCKIIOYAOT U3
9KCIEPTHOM TPYIIIBI TEX, Yb¢ MHCHUE OTJIMYACTCS OT MHCHUsI OONbIIMHCTBA. [Ipu
9TOM OTCEUBAIOTCS KaK HEKBAJU(HUIMPOBAHHBIC JHIA, MOMABIINE B COCTaB JKC-
MEPTHOW KOMHCCHUHM MO HEIOPa3yMEHHIO WM 0 COOOPaXKEHHSM, HE MMEIOLIUM
OTHOIICHHS K WX MPO(HEeCCHOHATFHOMY YPOBHIO, TaK U HanboJice OpPUrHHAJBHEIC
MBICTIHTEIH.

BriBaeT u Tak, YTO AKCHEPTHI AEIATCSA Ha IBE WIM OoJjiee TPYII, UMEIOIIHX
€IMHBIE TPYIIIOBBIC TOYKHU 3PECHUSL.

Mmuenus ouccuoenmog. C 1elIbI0 UCKYCCTBEHHO JOOUTHCS COTIIACOBAHHOCTH
CTapaloTCAd YMEHBUINTh BIUSHWE MHEHHH S3KCIEPTOB-IAUCCHICHTOB. JKecTkuit
croco6 60phOBI C AUCCHIEHTAMH COCTOUT B UX UCKIIOYEHHH M3 COCTaBa dKCIIEPT-
HoW komuccuu. OTOpaKOBKa IKCIEPTOB, KaK U OTOPAKOBKA PE3KO BBIICIISIOLIIXCS
Pe3yIbTaTOB HAOIIOACHUI, MPUBOJUT K MPOIEAYpaM, UMCIONIUM IUIOXUE WIH HE-
N3BECTHBIC CTATUCTUYECKUE CBONCTBA.

Msirkuii crioco® 60pbOBI ¢ TUCCHICHTAMHU COCTOUT B MPHMEHCHHU PodacT-
HBIX (YCTOHYMBBIX) CTaTHCTHYeCKHX mpouenyp. [Ipocreiimmii npumep: eciau oT-
BET DKCTEPTa — JCHCTBUTEIHHOE YHCIIO, TO PE3KO BBIACISAIONICECS MHEHHE TUCCHU-
JIeHTa CWIBHO BIHMSCT Ha CpeaHee apu(pMETHIECKOe OTBETOB JKCIIEPTOB M HE
BIHSIET Ha MX MeauaHy. IloaToMy pasyMHO B KauecCTBE COTIACOBAHHOTO MHEHUS
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paccmarpuBaTh Menuany. OHaKo IpH 3TOM UrHopupyotcs (He nocturator JIITP)
apTryMEHTHI TUCCHJICHTOB.

Ocnognvle cmaouu sxcnepmnozo onpoca. Kak 1moxaspiBaeT ONBIT MpoOBeJe-
HUS KCICPTHBIX HCCIEIOBAHUMN, [IEIeCO00Pa3HO BBIACIATH CICIYIONIUE CTaIuU
9KCHEPTHOTO OIpOca:

1) popmynuposka JIIIP nenu sxcriepTHOTrO OIpOCa;

2) monbop JITTP ocHoBHOTO cocTaBa PI', 0OBIYHO — PYKOBOAUTENS M CEKpe-
Taps;

3) pa3pabotka PI" u yrBepxknenue y JIIIP TexHHuecKoro 3aaHus Ha MPOBe-
JCHHE SKCIIEPTHOTO OTPOCa;

4) pazpabotka PI" mogpoOHOTo crieHapus poBeeHUs cOoOpa 1 aHajm3a KC-
TIEPTHBIX MHEHUH (OLIEHOK), BKJIIOYAsi KaK KOHKPETHBIA BHIl SKCIIEPTHOH WHGOP-
Maruu (CJI0Ba, YCIOBHBIC TPalalliy, YKCIa, PAHXKUPOBKU, Pa3OMCHHS I WHBIC
BUJIBI 00BCKTOB HEYHCIIOBOW MPUPOJIBI) U KOHKPETHBIC METObI aHAIN3a dTOW HH-
(dopmaruy;

5) noabop 3KCIEPTOB B COOTBETCTBUU C UX KOMIIETCHTHOCTHIO;

6) dbopMHpOBaHUE FKCIEPTHON KOMHUCCHHU (LIEIECOOOPA3HO 3aKIIOYCHUE JI0-
TOBOPOB C 3KCIEPTaMu 00 YCIOBUAX UX PabOTHI U e¢ OIuiaThl, yreepxkacaue JITTP
COCTaBa YKCHEPTHON KOMUCCHN);

7) mpoBeneHne cOopa IKCIEPTHOW HHOpMAITHH;

8) aHanmm3 sKcrepTHON MHPOPMAITUH;

9) npu IpUMEHEHNH MPOIEIYyPHl U3 HECKOIBKHUX TYPOB — IMOBTOPEHHE JBYX
MPEIBIAYIINX JTAIOB;

10) wHTepmpeTanys MOJYYCHHBIX PE3YNbTATOB U MOATOTOBKA 3aKIFOUCHUS
s JITIP;

11) odunmansHoe okoHuYaHue nesterapbHocTH PI' (B TOM umclie mMOArOTOBKA
U YTBEPXKICHHUC HAYYHOTO U ()MHAHCOBOI'O OTYCTOB O MPOBEACHUU IKCIIEPTHOTO
HCCIICIOBAHMS, OIlJIaTa TPy SKCICPTOB U COTPYAHUKOB PT).

Iloobop skcnepmos. Tlpobnema mombopa 3KCIEPTOB SBISCTCS OJHON U3
Hambosnee CIoXHBIX. OYEBHIHO, B KaUECTBE JKCIIEPTOB HEOOXOAWMO HCIIONB30-
BaTh TEX JIIOJCH, YbH CYXXACHUS HanOojee MOMOTYT MPHUHATHIO aIeKBaTHOTO pe-
menns. Ho kak BBIACTUTH, HAWTH, MOJ0OpaTh Takux Jionei? Hamo mpsMo cka-
3aTh, YTO HET METOJOB IMOJ00pa HKCIEPTOB, HABEPHIKA 00ECIEUNBAIOMINX YCIIEX
9KcHepTH3sl. YacTo mpemrararoT MCIOJIb30BaTh METOABI B3aMMOOIICHKH M CaMo-
OILIEHKH KOMITETEHTHOCTH 3KCTepToB. C OHOW CTOPOHBI, KTO JIydIlle MOKET 3HATh
BO3MOKHOCTH 3KcrepTa, yeM oH cam? C Ipyroi CTOPOHBI, P CAMOOIICHKE KOM-
METCHTHOCTH CKOpPEE OIICHUBACTCS CTEICHh CAMOYBEPCHHOCTH JKCIIEPTa, YEM €T
peaiibHasi KOMIIETCHTHOCTh. TeM 0ojiee, 4TO CaMO TOHITHE «KOMICTCHTHOCTHY
CTPOro He ompezeiacHo. MOXHO €ro yTOYHSTh, BBIACISISI COCTABJIAIONINE, HO TPH
9TOM YCJIOKHSCTCS MPEBAPUTEIILHAS YACTh JICSTEIBHOCTH YKCIIEPTHONH KOMHCCHU.

[Ipu rcrmonp30BaHUN METOIAa B3aMMOOIICHKH, TIOMAMO BO3MOYKHOCTH IIPOSIB-
JICHUSA JTUYHOCTHBIX M TPYHIIOBBIX CHMIATHH M aHTUIATHH, UTPaeT pojb HEOCBE-
JOMJIGHHOCTB 9KCIIEPTOB O BO3MOXHOCTSX JAPYT ApyTa. B COBpeMEHHBIX YCIOBHAX
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JIOCTAaTOYHO XOPOIIee 3HAKOMCTBO C pabOTaMU W BO3MOXKHOCTSAMH APYT Jpyra
MOJKET OBITH JIUIIb y CIICIHAIICTOB, MHOTO JIET padoTaromux coBMecTHO. OTHAKO
MIPUBJICUCHHUE TAKUX Map CIICIUAIUCTOB HE OYEHB-TO LIEIECO00PA3HO, MOCKOJIBKY
OHU CITUIIIKOM ITOXO0KH JIPYT HA JIpyTa.

Hcnonp3oBanue (opMalbHBIX TOKa3aTesed (IOJKHOCTh, YUCHBIC CTEIICHb
U 3BaHHUE, CTAXK, YUCIIO MYOJIUKAIHIL...), OYEBUIHO, MOXKET HOCHTh BCIIOMOTaTEIIb-
HBIN XapakTep. YCIEUIHOCTh y4acTUs B MPEIbIAYIIUX 3KCIEPTHU3aX — XOPOIIHUN
KPUTEPHH I IeSTETFHOCTH JIETyCTaTopa, Bpada, CyJbH B CIIOPTUBHBIX COPEBHO-
BaHUSX, T.€. TAKUX KCIIEPTOB, KOTOPHIE YUACTBYIOT B JUTMHHBIX CEPUAX OTHOTHII-
HBIX 9KCIIEPTH3.

EcTp mone3HbI METOA «CHEXHOTO KOMay, MPHU KOTOPOM OT KaXKIOTO CIie-
[UAIINCTA, TPUBICKAEMOT0 B Ka4eCTBE HKCIEPTa, MOIYyJalOT HECKOIBKO (haMIIHit
T€X, KTO MOXET OBITh 3KCIIEPTOM IO paccMarpuBaeMod Tematuke. OYEBHIHO,
HEKOTOPBIC U3 ATHX (paMUIIKMl BCTpEeUanuch paHee B AestensHOcTH PI, a HekoTo-
pwie — HOBBIC. [Iporiece pacimpeHus Cucka OCTAaHABIMBACTCS, KOT/Ia HOBBIC (a-
MWJIMU MEPECTA0T BCTpeUaThes. B pesynbraTe moydaeTcst JOCTATOYHO OOMIHMp-
HBI CIIMCOK BO3MOXHBIX 3KCIIEPTOB. SICHO, YTO €CJIM Ha MEPBOM 3Tale BCE IKC-
MEPTHI OBLIU U3 OJTHOTO «KJIAHa», TO U METOJ «CHEXKHOTO KOMay JIacT, CKOpee Bce-
ro, JIUI W3 3TOT0 «KJIaHa», MHECHHS H apryMEHTHl IPYTUX «KIAHOB» OyIyT
YIYIICHBL.

HeobOxonnMo mOgUepKHYTH, YTO MOAOOP SKCHEPTOB B KOHEYHOM CUETE —
GdbyHKIMsA pabodeld TPyNMbl, 1 HUKAKWE METOIUKH MOAOOpa HE CHHUMAIOT C Hee
OTBETCTBEHHOCTH. J[pyrUMH cJI0BaMHU, UMEHHO Ha paboueil rpymiie JeKUT OTBET-
CTBCHHOCTh 32 KOMIICTCHTHOCTh 3KCIIEPTOB, 32 WX MNPHHIUIHAIBHYIO CIOCO0-
HOCTh PEIIUTh MOCTABJICHHYIO 3a1a4y. BaxkubiM siBisicTcs TpeboBanue k JIIIP 06
YTBEPIKICHHUU CITHCKA YKCIICPTOB.



23

2. Marematuyeckui annapar,
MUcnonb3yeMbi B MeTOAAaX NPUHATUA peLleHUin

2.1. BbluucneHue rnaBHOro co6CcTBEHHOro BeKTOopa NPUMUTUBHbLIX MaTpuy

OCHOBBI METOJIa aHAJIM3a Hepapxuil 0a3UPYIOTCS Ha KIACCHYECKO# Teophu
MaTpHIl, U3JI0’KeHHOM B [9, 33, 60, 93, 94].

Martpuiibl apHbIx cpaBHeHHH MAW mpeacTaBistoT co0oi MoJI0KHUTETbHBIE
00paTHOCUMMETPHUYHbBIE HEINPHUBOIUMBIC MATPHIBI, K KOTOPHIM MPEAbSBISETCS
TpeOOoBaHUE COTJIACOBAHHOCTH.

Ksanpatuele matpuusl A = (a;), Aad KOTOpeIX a; > 0, i,j = 1,2,..n,
a;=1/ay,ij =1, 2, ..., n, HA3bIBAIOTCS NONONCUMETLHBIMU 0OPAMHOCUMMEMPUY-
HbLMU MAMpUyamu.

IMonoxurenpHble 0OPaTHOCUMMETPHYHBIE MATPHLBLl 4 = (a;), A7 dIEMEH-
TOB KOTOPBIX BBIMOJHAETCA COOTHOMICHUE Ay = Aydy, ij.k =1, 2, ..., n, ABIAIOT-
Csl CO2NACOBANHBIMU.

KBazgparHast MaTpuLa — Henpueooumdas, €Cii OHa He MOXKET ObITh IPECTaB-

A, 0
JeHa B Buge | e rne A; u A; — KBagpaTHBIE MaTpULb, () — HyleBas MaTpH-
2
1a. B npotuBHOM cityyae MaTpHuIly Ha3bIBaIOT APUBOOUMOL. 3aMETHM, YTO B HEKO-
TOPBIX PabOTaxX TaAKHE MAaTPUIIbI HA3BIBAIOT Hepasznodcumbimu [33].

3

-2 0 1
Ilpumep. Matpuia A=| I 3 4 |npuBoguma.
3 0 2

I'pad, cooTBeTCTBYIOMMIA ATOW MAaTpHIle, UMEET AYTy M3 NEPBOH B MEPBYIO
1 TPETHIO BEPIIWHBI M aHAJIOTUYHO — M3 TPEThEH B MEPBYIO M TPETHIO BEPIIUHEI,
HO TIepeX0]i BO BTOPYIO BEpIIMHY HEBO3MOXKeH (puc. 2.1). M3 BTOpO# BepIIMHBI
MOJKHO TIepeiTH BO BCE TP BEPIIUHEI.

3

Puc. 2.1. I'pa¢, naaocTpupyromuii MaTpuny

Takum oOpazoM, mepBas M TPEThsl BEPIIMHBI 00pasylOT HENPUBOJUMYIO
KOMIIOHEHTY, a BTOpas CBSI3aHa C HUMHU.



24

3aMeTuM, 4YTO KOMILJIEKCHAsl MaTpulla 4 HENPUBOJUMA B TOM U TOJBKO B TOM
clry4ae, ecliu ee HanpasJieHHbIH rpad D(A) — CHIIBHO CBSI3HBIM.

Teopema. KBanpaTHasi MaTpuia WiM HENPUBOJMMA, MM HE MOXET OBITh
IIPUBEJIEHA IyTeM NEPECTAaHOBOK MHIECKCOB K BUAY:

[ 4, 0 .. 0 0 ... 0]
0 4 .. 0 0 .. 0
0 0 ... 4 0 ... 0
Ak+1,1 Ak+1,2 Ak+1,k Ak+1 0
Aml AmZ cee Amk Am k+1 cee Am

cozepkanieMy OJIOK - THaroHaJbHYI0 MaTPHIly C HEMPHBOAUMBIMH MaTpPHLAMHU A;
Ha auaroHanu. [Ipu sToM, 1o KpaitHeil Mepe, oJlHa U3 MaTPHILl C JBOWHBIM MHIEK-
COM B Ka)XXJJOM CTPOKE, B KOTOPOH OHH HOSBIISIOTCS, HyJICBast.

MAU TI03BOJISIET BBIYHCIIATH TIPUOPHUTETHI JIBTEPHATHB
U = {uy, uy, ..., u,}. lIpuopureramu anpTepHATHB, IOJyYCHHFIMA HA OCHOBE Mart-
pPHUIBl WX MApHBIX CPaBHEHWH, CIyXKaT HOPMAaJM30BaHHBIC 3HAYEHUS TIABHOTO
COOCTBEHHOTO BEKTOPA MATPHIIHL.

Bekropsl x, gt kotopbix Ax = Ax (x # (), Ha3BIBAIOTCS COOCMBEHHbIMU
6€KMOpaMu, a COOTBETCTBYIOLIME UM 4YHCIA A — Xapakmepucmuyeckumu, WiIn
COOCMBEHHBIMU YUCIAMU MAmpuybl A.

CoOCTBEeHHBIE YHCITAa MATPHUIIBI 4 ABJISIOTCS KOPHAMH XapaKTEPUCTHUECKOTO
ypaBuenus Matpuusl |4 — A 1| = 0, rne | — eananunas marpuna. Kak nonuHomu-
IbHOE YpaBHEHHE OTHOCHTENBHO A, oHO uMeeT N kopHei. Kaxnomy coOcTBeH-
HOMY 3HAYECHHIO CTABHUTCS B COOTBETCTBHE COOCTBEHHBIN BEKTOD, ONPEICICHHBII
C TOYHOCTBIO 10 CKAJSIPHOTO MHOXKHTEIS.

B teopeme ®pobennyca [33] yrBepikaaeTcs, 4To HENPUBOJIMMAs HEOTpHUIIA-
TenbHas Matpuna A (B reopeme IleppoHa, uTo mojoxurenbHas MaTpuna A) Bcernaa
HMEeT NEHCTBUTEIHFHOE MOJOKUTEIHHOE HPOCTOC COOCTBEHHOE 3HAUCHHE Ay
[Iprdem Moy M BCeX OPYTHX XapaKTEPUCTHICCKUX YUCET HE MPEBOCXOIAT Ay

Teopema (Ileppon -@pobenuyca)

Ilycth 4 > 0 — HenpuBonUMas Matpuma. Toraa:

1. A uMeeT NCHWCTBUTEIBHOE IMOJIOKUTEIBHON MpocToe (T.e. HEKpaTHOE) coOCT-
BEHHOE 3HAYCHHE A,,,,, KOTOPOE MO0 MOIYJIIO HE MEHBIIE JII0OOTO JPYroro coo-
CTBEHHOT'O 3Ha4eHHs MaTpHibl A (HEKOTOPbIE U3 KOTOPBIX MOTYT OBITH KOM-
IUICKCHBIMHU YUCIIAMHU).
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2. CoOCTBeHHBIN BEKTOpP A, COOTBETCTBYIOIIMNA COOCTBEHHOMY 3HAYCHHUIO A4,
AMEET TOJIOKHUTEIbHbIE KOMIIOHEHTBI U, M0 CYIIECTBY (C TOYHOCTBIO JO TO-
CTOSIHHOTO MHOXKUTEIIS), CAMHCTBCHEH.

3. Yucno A, (nvHOTIA Ha3bIBacMoe KoHeM [leppoHa MaTpuIsl 4) yIOBIETBOPSIET
YCIIOBUIO

. (Ax); . (Ax);
A =maxmin———=minmax ——,

max x>0 I<i<n X. x>0 1<i<n X.
i i

x> (0 — mpoU3BOJLHO.

Cneocmsue. Ilycth A > () HEIpUBOIUMA U ITYCTh X = () IPOU3BOJIbHO. Torma Ko-
pesb [leppoHa yIOBIETBOPSET YCIOBHIO

. (Ax),

Ax ),
min—-=-=-=<24,. Smaxu .

1<i<n X. 1<i<n X.
i i

Aoy HA3BIBAIOT 21A6HLIM COOCMBEHHbIM 3HAYeHUuem (B HEKOTOPBIX UCTOYHU-
Kax xkopHem I[leppona) MaTpuubl A, a COOTBETCTBYIOIINH €My COOCTBEHHBIH BEK-
TOp W — 2IABHBIM COOCMBEHHBIM BEKIMOPOM.

Takum 00pa3oM, BBIYHCIATH MPUOPUTETHI 3JICMEHTOB (HAXOAUTh TIABHBIN
COOCTBEHHBIH BEKTOpP) BO3MOJXKHO CIIEIYIOLIMM 00pa30oM: COCTABISIETCS XapakTe-
PHCTHYECKOE YpaBHEHHE MaTPHUIBI A, CpeAr KOPHEH TaHHOTO ypaBHEHUS BHIOMpa-
eTcs HauboJIbIIee, BEIYMCIAETCS COOTBETCTBYIOIINI COOCTBEHHBIN BEKTOp W, 3HA-
YeHHs1 BeKTopa HopMaimm3yloTcs. CoCTaBleHNE W PEIIeHHe TaKOoTo poja ypaBHe-
HUAM JUISL KQXZA0W MaTpUIbl B METOJI€ aHAIIM3a HEePaAPXUil — JOCTATOYHO TPYAOEM-
KHUH ¥ CJIOXKHBIH mporecc.

B MAMU mnpennoxeHo HCIIOJIb30BaTh OPYTHE CIOCOOBI MOMyUEHHUs TIIABHOTO
COOCTBEHHOI'O BEKTOpa MATPHIBI, OJMH M3 KOTOPBIX OMUPAETCS HAa CICICTBHE
k Teopeme Ileppona-dpobeHnyca, MPU 3TOM MATPHUIBI JAOJDKHBI YIOBICTBOPATH
YCIIOBHIO TPUMUTHBHOCTH.

Ecnu HempuBoauMas HEOTpPHUIIATSIIbHAS MATPHIIA UMEET BCEro /i XapakTepH-
CTHYECKUX YUCET: A, A,..., Ay ¢ MAKCUMAIBHBIM MOyJIeM ¥ (A; = |Ay| = ... = |4 =
= r), TO Takasi MaTpHIa Ha3bIBaCTCA npuMuUmueHou npu h = I (rnaBHoe coOCTBEH-
HOE 3HAYCHHE 110 MOAYJIIO SBISACTCS €AMHCTBEHHBIM A; = A,..), IpU A > | MaTpu-
1[a HA3BIBACTCS UMAPUMUMUBHOU (CYIIECCTBYIOT XapaKTEPUCTHICCKHE KOPHU MaT-
PUIIBI, COBIAJAIOIIUE IO MOJAYJII C TJIABHBIM COOCTBCHHBIM 3HAYCHHUCM).
T. Caatu ucmions3yeT B KayecTBE OINMpEeNeHIs NPUMUTHBHON MaTpHUIIBI yTBEp-

KACHUE TCOPEMbI: HEIIPUBOAUMAA MaTpUlia AZ 0 sBIIEeTCS HpHMHTHBHOﬁ B TOM U

TONBKO B TOM cllydae, Koraa 3 m 2> I, Takoe, uto A" > () (HexoTopas CTeneHb
MaTpHIBI A MOJIOKHUTETHHA).
OcHoBHas Teopema MAU dopmysupyercs 11t IPUMUTHBHBIX MaTpHIL.

Teopema. JIyis npuMHTUBHON MaTpuilsl A [lim

e
T =W ”Ak" =e" ke,
k= 4]

IJie ¢ — TMOCTOsTHHAsI, & W — COOCTBEHHBIN BEKTOP, COOTBETCTBYIOIIUH A, = A; .
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Ucnone3ys crnencrsue Teopemsl [leppoHa, moiiyuaeM MeHee TPyHOEMKUN
(Ipu KOMITBIOTEPHOW MOJICPIKKE) CIIOCOO BBIYHCICHUS BEKTOpPA HPUOPUTETOB
MaTpUIBl MApPHBIX CPABHCHHW: MaTpHIla BO3BOJUTCS B IPOM3BOJBHO OOJbIINE
CTETNECHH, BBIYUCISIIOTCSI CYMMBI 3JIEMEHTOB CTPOK MaTpHILbI-pe3yibTara, MOdy-
YEHHbIE CYMMBI HOpMaNM3yloTcsa. Takoil MOAXOJ MpeloCTaBiIsIeT BO3MOXKHOCTb
HAXOJIUTh TJIABHBIA COOCTBCHHBII BEKTOpP MaTpHUIbl A 0€3 UCIOIBb30BaHUS XapakK-
TEPUCTHUYECKOTO YPaBHEHWUS, YTO HAMHOTO O0JIeT4aeT MPOLEAYpY €ro BBIYHCIE-
Hus. [IpuMep BBIUMCIICHUS TIaBHOTO COOCTBEHHOTO BEKTOpa M KIIACCHUECKUM
METOJIOM, U C HCIIOJb30BaHHEM OCHOBHOM TeopemMbl MAW, paccmoTpeH Hamu
B pabote [20].

2.2. WUepapxum v npuoputeThbl

ITepBbm sTannoMm MAU sBAsieTcs MOCTPOSHUE HEPAPXUU, OTpakaroIiel mpo-
necc npuHsATUA pemenuil. Mepapxun paccmarpuarorcs B [93] kak crenuanbHbII
THUII yNOPSIOYEHHOTO MHOXKECTBAa WIIM YacTHBIM ciyuyail rpada. Ilepsas unTep-

mpeTaiys BEIOpaHa B Ka4eCTBE OCHOBHI ()OPMAILHOTO OIPEICIICHUs, a BTOpas —
B KayecTBE WUIIOCTpauuu. V37M0KUM HEKOTOpble MaTeMaTHMYeCKHUE OCHOBBI He-
papxuil.

Yacmuyno ynopsaooyenHviM MHOJNICECBOM HA3bIBACTCS MHOXECTBO S ¢ Ou-
HapHBIM OTHOIICHHEM <, KOTOPOE yJIOBJIETBOPSET 3aKOHaM pedIeKCUBHOCTH, aH-
TUCUMMETPUYHOCTH U TPAH3UTHUBHOCTH:

Pecghnexcusnocmn: 0ns 6cex x, x < X.

Aumucummempuynocms. eciux<y u y<Xx, mo Xx=y.

Tpanzumusnocms: ectux<y u y <z, mo x=<z.

s mo60T0 OTHOMIEHHS X < y TAaKOTO THIA MOXHO OMPEACTHTh X < ), 4TO
O3HAYaeT X <y H X #).

T'oBopsT, 9TO ¥ nOKPBIGAem (TIOMUHHPYET) X, €CTU X < y M ecliu X < ¢ < y He-
BO3MO>KHO HU ISl KaKoro £.

YHopsIoueHHbIE MHOXKECTBA ¢ KOHCUHBIM YHUCIOM 3JIEMEHTOB MOTYT OBITh
yIoOHO TMpPENCTaBICHBl HAmpaBieHHbIM rpadom. Kaxplii 31IeMEHT CHCTEMBI
MPEJCTAaBICH BEPIINHON TaK, 4TO Jyra HalpaBiieHa OT a K b, ecim a > b.

Bnonne ynopsoouennoe muoscecmso (Takke Ha3bIBAEMOE Yenbi0) €CTh YIIO-
PAIOYEHHOE MHOXKECTBO CO CIEAYIOIIUM JONOJHUTENIbHBIM CBOWCTBOM: €CIld
x,yeS, Tomwmx<yumm y<x.

BBoaurcs obo3nauenue X = {y | X OKpBIBACT y} H xt= {y | y nokpsIBaer x}
JU1s II0OOT0 3JIEMEHTA X B YNOPSIOYEHHOM MHOXECTBE.

[Tycts H — KOHEYHOE YaCTHUYHO YIIOPSIOYEHHOE MHOXKECTBO C HanOOJBIIUM
aneMeHToM b. H eCTb uepapxus, €CIii BBIIOIHSIOTCS CIISIYIOIIIE YCIOBUSL:

1. CymectByer pazbuenue H Ha moamHOXkectBa L, , k = 1,2,...,h, Tne
L, = {b}.

2.3 xelL,caenyer,uto x <L, k=1..,h-1.
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3. U3 x € L, cnenyer, 4to xte L, k=2..h.

Jns kaxmoro x € H cymecTByeT BecoBas (GyHKIHUs (CYIIHOCTh ¢ 3aBUCUT
OT SIBJICHUS, [UTSI KOTOPOTO CTPOUTCS UEPAPXIIS)

w,:x = [0;1], uto T w (y)=1.

yex

MmuosxecTBa Ly, SBIAKOTCS YPOBHAMU Hepapxuu, a pyHkuus W, ecth QyHK-

IS IPUOPUTETA 3IEMEHTA OJHOTO YPOBHS OTHOCHTEIIBHO LIEIH X.

Ipumep. PaccMotpum uepapxuio H, IOCTPOSHHYIO AJIs 3aJa4u BIOOpa py-
KOBOJUTENS U3 TpeX KaHIUAATOB. DJIEMEHTaMM MHOXECTBa /1 B JaHHOM Cllyyae
SIBJISIFOTCS 1IeJIb 3a/1auu M (haKToOphl, Ha Hee BIHMSIOIIME, a TaKKe KaHAWAATHl Ha
JOJKHOCTh PYKOBOAUTEIIS.

PykoBoaurens

/A

/

2
15} =
g z g z | |3
£ g z £ 55
= ] a 8 Z -
S = 5 2 5 B
= E 5 2 'S Lz 55
5 S 3 S = g
= 3 = = Z =i} = £
S F 5] < m = = = a =
88 o z 2 z S = g5
S o FE S =) e =
8 =) =i g gE )
=} S R < B
=y g 2
[S)3) B g
[ I I I I |
K1 K2 K3

Puc. 2.2. Uepapxus 3ana4n «Bbi0op pykoBoguTe/is»

H = {pykoBomuTenb, OpraHU3alMOHHBIC CIIOCOOHOCTH, MPO(ECcCHOHAIN3M,
JINYHAS AaKTUBHOCTh, KOMMYHHKA0CIbHOCTh, BHUMAHUC K MOJYMHCHHBIM, aBTOPH-
TET Cpely MOAYMHCHHBIX, KAaHAUIAT |, KaHauaar 2, Kanauaar 3 }.

Jlyis mepapXuy BBIOJTHSIOTCS BCE YCIOBHS OIPEIACICHUS.

1. CymectByeT pa3ducHue MHOXXecTBa H Ha mogMHoxkecTBa L, Ly, L; (h = 3),
rae L; = {PykoBoautens}, L, = {opraHu3anMoHHbIE CIOCOOHOCTH, PO(EeCcCHOHA-
JU3M, JIM9HAS aKTUBHOCTh, KOMMYHHKa0EIbHOCTh, BHUIMAaHUE K ITOAYMHEHHBIM,
ABTOPUTET CPeAM MOMUMHEHHBIX }, L3;= {kanmunat 1, kanammaat 2, kKaHaumaat 3 }.

2. PaccmoTtpum x = PykoBoaurtens € L,;, B 3TOM ciiydae x = L. (aHAIOTH4-
HBIE BBIBOJIBI CITPABEIMBEI U IS BCEX OPYTHUX X).

3. PaccMoTpuM x = kKaHmu#at 1 € L, B 3ToM ciydae X = L. (aHAIOTHIHBIE
BBIBOJIBI CTIPABEUTHBEI M ISl BCEX APYTHX X).

OmnpenenyM BecoBYI (GYHKIHIO I dJIeMEHTa X = PykoBoauTens. DTa
(YHKIHS CTAaBUT B COOTBETCTBHE KAUeCTBAM PYKOBOAUTEINS (IIIEMEHTAM YPOBHS
L;) 3nauenus u3z orpeska [0, 1] u onpenensieT NpUOPUTET ITUX KaYECTB OTHOCH-
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TenbpHO 1ein — «PykoBoauTensy. BecoBast GpyHKIMs 3amaeTcs CyOBEKTHBHO JKC-
nepramu. K npumepy, oHa MOXKET OBITh TAaKOM:

Wpykosommes(OPT. €110€00.) = 0,35 Wyyopommen (podec.) = 0,2;

WpyKOB()lIHTeIIB(HHqH' aKTHB-) = 0719 Wpykosomires (KOMMyHHKa6eHI’HOCTI’) = 0,1,

Wykosomrens(BHUMaHUE K MO.) = 0,15 Wpyopommen (aBTOPHUTET) = 0,2.

VYcnosue wa( y) = 1 BBITIOJHSAETCS.

ver

OcHoBHas 3agaua MAMU 3akioyaercs B ClEAYIOIIEM: KaK ONPEAeSUuTh s

JM000ro 3aaHHOrO deMeHTa x € L, u noamuoxecra S L, (a<f) bynk-

o w0 S —>[0;1], 9T00BI OHa OTpakana CBOWCTBA (DYHKIMH IIPHOPHTETOB Wi
Ha YpOBHSX Ly, k=a,.,f—1. B 4yactHOCTH, 4YTO 3TO 3a (QYHKIHS
WIJ,L,, :Lh - [0,]] .

B [93, 94] npennaraeTrcsi cieqylOmUd METOJ PEIIEHUs OCHOBHOW 3aJayH.
IIpennonoxum, uro Y = Lk, X = Lk+1' IIycTe Taxke CyLIECTBYET 3JIE€MEHT

ze L, ,. PaccMoTpuM QyHKIIMU IPHOPUTETOB
w. Y > [0, w, : X —>[01],j=1,.,n,,

TJIC 1; — KOJIMYECTBO O0OBEKTOB Ha k-0M YPOBHE HEPapXHU.
O0603HaunM W(X;) GYHKIHUIO MPHUOPUTETA IEMEHTA X; OTHOCUTEIBHO ICIH Z.

sy

B [93] rakas ¢ynkmmsa 3amaercs B Buue w(x,) = wa (x)w.(y;),i=1,..,n

j=1

To ecTb, NPOUCXOAUT NPOLECC B3BEIIMBAHUSA II0KA3ATENs BIMSAHMA 2JIEMEHTA ); HA

MIPHOPHUTET 3JIEMEHTA X; ITyTEM YMHOXKEHHS 3TOTO MTOKA3aTelisl Ha Ba)KHOCTh 3JIEMEH-

Ta y; orHocutenbHo z. Ecmm w3 w, (x,) oOpasoBaTh Marpuiy B, M0JIOXKHB
Vi

b,=w, (x)), W=w(x;), W /:wz(yj), TO OKOHYaTejJbHast QopMysIa NPUMET BHI:

W = BW' . Takoe B3BEeLIMBAaHHE IPOU3BOIMTCS IS KAXKIOTO YPOBHS HEPAPXUH.

PaccmarpuBas mporiecc B3BEIIMBaHUS HAa BCeH HEpapXuH, MoIydaeM hopmy-
Jy BEKTOpa NPHOPUTETOB CAMOTO HH3KOTO YPOBHS OTHOCHUTENBHO IeNH b:
W = B,B).;...BW', rme h — xonu4ecTBO ypoBHEN B Mepapxuu, W' — npuopurer
9JIEMEHTOB TIEPBOTO YPOBHS HepapXxuu (B OONBIIMHCTBE CIyYaeB IEPBHIH YPOBEHB
COCTOHWT M3 OJHOTO 3JEMEHTa — IIeNH IpoIiecca MPUHATHS PEIICHHIH, B 9TOM CIIy-
yae W' — ckamsp).

2.3. Komnnektbl. HeueTkne mHoXecTBa. HeueTkne oTHoWweEeHUsA

YeTkne n HeveTkue MHOXeCTBa

JIroOb1e cutyamnuu, TpeOyromue MPUHATHS peIIeHUi, coaepXar, Kak MpaBu-
710, OOJIBIIIOE KOJMYECTBO HEONpeaeleHHoCcTelH. B aToMm ciaydae mHpopmanus, Ha
OCHOBE KOTOPOH MPUHUMAETCS PEIIeHNE, MOXET OBITh BEIpaXkeHa HedeTKo. Hadga-
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JIO Pa3BUTHSA MOHATUN HEYETKUX MHOXKECTB cBs3aHO ¢ uMeHeM JL.A. 3ane. CoBpemeH-
HbIC TTOHSTHS HEYETKOW JIOTHKHU IpescTaBieHsl B pabotax A.H. Memuxosa [70, 71],
A.H. Bopucosa [23, 24, 25, 26], C.A. Opnosckoro [81], X. Paiida [89], A. Kopmana
[56], B.b. Ky3smuna [57, 58], B pabotax [74, 78, 79, 87].

MHo)ecTBO A — YeTKOe MHOXECTBO, €Clii 4 — 4acTh HEKOTOPOTO YHHUBEp-
CaJILHOTO JIJIs TAaHHOM MPHUKIAIHON 3a1aun MHOXecTBa U, XapaKTepU3yHLIIerocs
YCIIOBHSIMH:

— BCE DJIEMEHTHI MHOJKECTBAa YETKO PA3JIMUYUMBI MEXIy COOOH, B MHOMKECTBE

HET HECKOJBKUX YK3EMIUIIPOB HEKOTOPHIX 3JIEMEHTOB;

— OTHOCHTEIBHO Ka)KJOT0 dJIeMeHTa ¢ € U MOXHO YeTKO OIPEeNUTh, IPHHA-
JISKUT OH TaHHOMY MHOKECTBY WJIH HET.

OTH yCIIOBHS MO3BOJSAIOT 0XapaKTEPH30BaTh YETKOE MHOXKECTBO €r0 Xapak-
TEPUCTUYCCKOW (DYHKIMEH, 3aaHHOW HA YHUBEPCAIbHOM MHOXeCTBe U W mpH-
HUMAOIICH 3HaYeHUs B MHOXKecTBe {0, [}:

(W)= 0,ueg A, cU
Xal)= LueAd ! '

Otka3 ot MEPBOro ycJoBUA MPUBOAUT K Ooiee 06H1€My, 4Y€M MHOXKCCTBO,
TIOHATHUIO KOMnjaeKkmd, NONyCKAaroUeTO0 HAJINYUC HECKOJIbBKUX DK3EMILISIPOB HEKO-
TOPBIX 3JIECMCHTOB. Kommiekr XapaKTepUu3yeTcsa (I)yHKHHeﬁ OK3CMIUIAPHOCTH, 3a-
)IaHHOﬁ Ha YHUBCPCAJIbHOM MHOXKCCTBC Un HpHHHMaIOHIeﬁ 3HAYCHHUA B MHOXKC-

CTBE HEOTPHUIATENbHBIX HeNbIX yncen: v, (u) €{0, I, 2, ....} — 9UCI0 IK3EMIIIS-

poB asieMeHTa u € U B KOMIUIEKTE A.

OTka3 OT BTOPOTO YCIOBHS HMPUBOIUT K Oosiee oOIIeMy, 4YeM MHOXECTBO,
MOHATHIO HeYemKo20 MHOXHCecmsd, NOIYCKAIOIIEro ONpeAeieHNe UMb HEKOTO-
PO CTENeHH MPHUHAIICKHOCTH YIIEMEHTOB TAKOMY MHOXECTBY.

Heuetkum nogmHoxkecTBOM A MHOXecCTBa X Ha3bIBAa€TCSI COBOKYIIHOCTh
nmap Buma A ={<x,u,(x)>}, tne x€X, a u,(x) — GyHKINUA IPUHAIECIKHOCTH,
CTaBsIIasi B COOTBETCTBUE MHOXKECTBY X oTpe3ok [0, 1].

X — 6a30BO€ MHOXECTBO, WM 0a30Bas IIKaja. B MHOXecTBO A He BKIIO-
YaloTCs NEMEHTEHI, 171 KOTopeiX Li(x) = 0. HedeTkoe MHOXKeECTBO - IIyCTOE,

ecmt Ho(x) = 0 s kaxporo x €X. HedeTkoe MHOXeCTBO X — yHHBEpPCAJIbHOE,

ecia Ly (x) = 1 s kaxzporo x €X.

OYHKIWS MPUHAIICKHOCTH BBIOUpAETCs CyOBEKTHBHO, 3aBUCUT OT CYOBEK-
Ta, €r0 HACTPOCHHUS, IICTTH IIOCTPOCHISI MHOKECTB, PEIIaeMOH 3aJauu | T.1I.

Ipumep.

ITycth X — MHOXECTBO OTeUeCTBEHHBIX MaliH. X = {«Boira», «Oxay, «Mo-
ckBrdy, «Kurymu»}. Torma MoKHO ONPEETUTh HEYETKOE MHOKECTBO A XOPO-
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mux MamumH Tak: A4 = {(«Boxray; 1), («3amoposxer; 0,4), («Mocksuay; 0,6),
(«XKurymnumy; 0,8)}.

Ilpumep.

OyHKINA TPUHAIICKHOCTH YeTKOMY MHOKecTBY B = {x| 0 < x < 2} mpunu-
maet 3HadeHue 1, ecmu 0 < x < 2 u 3nadenue 0 B mpoTuBHOM ciydae. Ee rpadux
MPUBEJICH HA PUCYHKE.

nx A

Puc. 2.3. I'paduk pynkuun npuHagiexaocTa muoxkectsy B = {x| 0 <x <2}

I'paduk xe GyHKIIUU MPUHAUICKHOCTH JIFOOOMY HEUYETKOMY MHOXKECTBY (3a
HCKITIOYEHNEM ITYCTOTO M YHHUBEPCAIBHOTO MHOXECTB) OyJeT NpEeACTaBIATH CO-
0oli HEKyl0 KpuByIO. PaccMoTpuM, HampuMep, HEYETKOE MHOMKECTBO
C = { x| «3nauenue x 6mm3Ko K 1»}. I'paduk ero pyHKIIMK MPUHAAICIKHOCTH MO-
JKET BBITJIAZIETh TaK, KaK HampuMep Ha puc. 2.4.

Llc(x)A

Puc. 2.4. I'padpuk ¢pyHKUMN NPUHALTEKHOCTH MHOKECTBY
C = { x| «3HayeHne x 0.1U3K0 K 1»}

Hocwurenem HeueTKoro MHOXKECTBa A HA3bIBAETCS MOIMHOXECTBO A MHO-
KecTBa X, cofaepikamiee Te DJIEeMEHTH M3 X, [UIT KOTOPHIX 3HAYCHHS (YHKINH

npuHaAne:xKHoCcTH Lly(x) > (. ChaeayeT 3aMeTHTh, YTO HOCUTENb HEYETKOr0 MHO-
JKECTBA — ITO MHOXKECTBO B OOBIYHOM CMBICIIC.

Tpumep.

HyCTB X — MHO’ECTBO HaTypaJbHBIX 4HMceld. Torga ero He4eTkoe MOJIMHO-

JKeCTBO M O4eHb MAIbIX 4HCEN MOXKET ObITb Takum: M = = {(1; 1), (2; 0,8),
(3;0.,7), (45 0,6), (5 0,5), (6; 0,3), (7; 0,1)}.
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Hocurenem HeueTkoro MuoxkecTBa M siBisieTcst MHOKecTBO M = {1, 2, 3, 4,
5,6, 7}. 310 0OBIYHOE YETKOE TOMHOXKECTBO MHOXKECTBA X.

HeueTkune BbiCKasbiBaHUS 1 onepauun Hag HUMKU

Onpe()efzenue. Heuemrxoe svickasviganue — TIPEIIOKECHUE, OTHOCUTCIIBHO KO-
TOPOTO MOXHO CYyOAUTHb O CTCIICHU €T0 MCTHUHHOCTU HJIK JIOKHOCTH B HACTOAIICC

Bpemst. CTerneHb UICTHHHOCTH WM JIOXKHOCTHU d( A ) mpuHuMaet 3HadeHus us3 [0; 1].

I'me 0, 1 — npenenbHbIC 3HAYCHHS CTCIIEHU MCTUHHOCTH M COBIIAJAIOT C TIO-
HATHSIMH <«JDKH» A «ACTHHBD) IS YeTKUX BBICKa3bIBAHHH.

HeueTkue BhICKa3bIBaHHS CO CTENEHBIO UCTHHBI 0,5 Ha3bIBAIOTCSA UHOUDDe-
PEeHmMHOCMbIO, TIOCKOJIBKY OHO HCTHHHO B TOW K€ Mepe, 94TO U JIOKHO.

Ilpumep.

«2 — MaJeHBKOE YHCIIO» — HEYETKOE BBICKA3BIBAHHUE, CTENCHb MCTHHHOCTH
xoroporo 0,9.

Onpeodenenue. OTpUIIAHNEM HEYETKOTO BBHICKA3BIBAHHS A SABIAETCS BBICKA-

3bIBAHHC —|Z, CTCIICHb HMCTUHHOCTH KOTOPOTO OHNPEACIACTCA BBIPAKCHUECM

d(—| 4)=1—d(4). VI3 5Toro onpeseenus cileayer, 4T0 CTENEHb JOKHOCTH —|Z
COBIIAJIACT CO CTEICHBIO HCTHHHOCTH IS A .
Onpedenenue. KORBIOHKINEH HEYETKNUX BBICKA3BIBAHUNA A W B , HA3BIBACTCS

HCYCTKOC BBLICKA3bIBAHUC Z & B , CTCICHb MCTUHHOCTU KOTOPOro coBHagacT CO
CTCIICHBIO HUCTUHHOCTH MCHECC HUCTHHHOTO BbICKa3bIBaHUA.

d(A & B) = min(d(4),d(B)) .
Onpeodenenue. JIN3bIOHKINEH HEUCTKUX BHICKA3bIBAHUM A4 u B, Ha3pIBacTCA

HEYEeTKOEe BBhICKa3piBanue A v B , CTCTIICHb UCTUHHOCTHU KOTOPOI'0 COBIIAAACT CO
CTCIICHBIO HUCTUHHOCTH Ooiee HUCTUHHOI'O BBICKA3bIBaHUA

d(A~ B) = max(d(4),d(B)). .
0npe()eﬂeHue. I/IMHHI/IKaHI/Ieﬁ HEYETKUX BBICKA3bIBAHUN Z U E , Ha3bIBACTCA

HEYETKOE BBICKa3biBaHUEe A — B CTENeHb HCTMHHOCTH KOTOporo d(4 — B) =

= max(/ — d( A ), d(B)). UcTuHHOCTb UMILTMKALIMM HE MEHbIIIE YEM CTENeHb
JIOKHOCTH €€ MOCBUTKH WK CTETICHb HCTUHHOCTH €€ CIIC/ICTBHS.

Tpumep.

[IycTh HevyeTKOE BHICKA3bIBAHHE A nMeeT cTeneHb HCTHHHOCTH 0,3; Heuer-
KO BbICKasblBaHHe B — 0,6. UMmuukamnusi 3TUX BBICKa3bIBAaHUN A—B Oyzmer
HMETh CTCIIEHb HCTUHHOCTH d (;f —B ) =max(0,7; 0,6) = 0,7.

CreneHb HMILIMKAIMKM TEM BBIIIC, YEM MCHBIIC CTCIICHb HMCTHUHHOCTHU IIO-
CHUIKH HJIH OOJIbIIIE CTEIICHh HCTHHHOCTH CICOCTBUA.



32

Onpedenenue. DKBUBAICHTHOCTbIO HCUETKHX BbICKA3bIBAHUNA A U B , Ha3bl-
BaeTCs HeYeTKoe BbICKasbiBanne 4 <7 B -

d(4 <> B)=min((max(I —d( A4 ), d(B)), (max(I —d(B), d(1))).

VICTHHHOCTb 3KBHBAJEHTHOCTH COBIIAJIAET CO CTENEHbI0 MCTHHHOCTH MEHEe
MCTHHHOM M3 uMIUTMKauit 4 —B u B — 1 .

Ecnu crenens HCTUHHOCTH BhICKa3biBaHUi 0 win 1, TO Bce ONpeneIeHHs CO-
OTBETCTBYIOT JIOTHYECKHM OTICPAITUAM HaJl YSTKUMHU BBICKA3bIBAHHUSIMHL.

Onpeodenenue. JIpa BHICKa3bIBaHUA A U B Ha3BIBAIOTCA HEYETKO OIM3KHMU,
ecyIi CcTereHb HCTUHHOCTH 4 <> B Gombine un pasna 0,5. B mocneanem criydae

Oy/eM Ha3bIBATh A U B B3aMMHO HEYETKO uHaUhepeHTHBIMHE.
ITopsAMOK BBITIONHEHHS ONIEPALMi Hal HEYETKUMH BBICKA3BIBAHHSMH

- CkoOkH.
- Otpuuanue.
- KonbroHkIus.
- JIu3broHKIMS.
- HWmnaukanms.
- DKBHUBaJCHTHOCTb.

Ilpumep.

BoIunciuM crenedb HCTUHHOCTU COCTABHOTO HEYETKOIO BLICKA3bIBAHUS
D=(1 &—|§ \/—| A &E)—)—| (41&C);ecmn 1=0,7; B =04; C =0,9.
D =max((1-d( 4 &l Ev]i & B)), d(—|(2 &C)))=
= max ((1 — max(d( 4 &—| E),d(—| A1&B)),d1-(1&C)))=
= max ((/ - max(min(d(A4), I — d(B)), min (I — d(A) d(B))))
1 —min (d( 4 ),d(C)))=
= max((/ — max(min 0,7; 0,6), min (0,3, 0,4))), I —min (0,7, 0,9))=
= max ((/ — max(0,6; 0,3)), 0,3)= max (0,4,0,3)= 0,4.

HeyeTkne nornyeckme opMynbl 1 MX CBONCTBA

Onpeoenenue. HedeTkas BbICKa3blBaTeIbHAs IEPEMEHHASL X, — 9TO HEYETKOE
BBICKa3bIBaHUE, CTCIICHh UCTHHHOCTH KOTOPOTO MOXKET IMPUHUMATH MPOU3BOJIBHOC
3HaueHue u3 orpeska [0; 1].

Onpedenenue. Heuerkoit moruueckoii popmynoit 4 (¥,,%,,%;, ..., ), n > 1
HA3bIBACTCS:

a) mro0ast HeueTKas BRICKa3bIBaTENIbHAS TIepeMEeHHas i KoHcTaHTa u3 [0; 1],

6) Beipaenne A (X,,X,, X;, ..., X, ), TOTY4eHHOE W3 HEYCTKUX OTHUCCKHX

bopmyn 4, (x,,xz,xj,, ...,xn) U 4, (xl, X,, X5, ...,xﬂ) IpUMEHEHHEeM K HUM JIt000-

TO KOHCYHOI'O YHCJIa JIOTHYCCKUX onepaunﬁ.
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B uvacTHOCTH coCcTaBHBIE HEUETKHE BBICKA3bIBAHUS TAKXKE SABISIOTCS HEUET-
KAMH JIOTHYECKUMHU (OpPMYJIaMH, €CIIM PacCMOTPETh 00pasylollne MX IMpOCThIC
HEYETKUE BBICKA3bIBAHUSA KaK HEUETKHE BbICKAa3bIBATENIbHBIE IEPEMEHHBIE.

Onpeoenenue. CTeneHb PaBHOCUIBHOCTH (GOPMYyT 4, (x,,x2,x3,...,xn) u

1,(%,%,%,,...%,) obosnauaercs (A4 ,4,) u onpenemsercs W(A,,4,)

I
&

A, (X, %,,%,,...%,)€> 4,(X,X,,X,,....X,
Ecnu  cremeHb  PaBHOCHJIBHOCTH — HEYETKHX  JIOTHYECKHX  (opmyd
4,(Xx,%,,%,,..,%X,) u 4,(X,X,,X,,..,X,) Ha BCEX OIpPEJCICHHBIX HabOpax

CTEIEHEeil NCTUHHOCTH BBICKA3bIBATENILHBIX MIEPEMEHHBIX OoJblie win paBua 0,5,
TO Takue GopMyIbl OyZeM Ha3bIBaTh HEYETKO OJM3KMMH Ha dTHX Habopax u 000-

3Ha4aTh A (X, X,,X;,...,X, )~ 4, (X, X,,X;,...,X, ).

Ecmu WW( 4, ,4,) <0,5, T0 hopMyIibl He SBISIOTCS HEYETKO OIM3KUMU:

A (R, 30 0¥ ) # (T, T T X)),

3ameruM, uro npu H(4,,4,) = 0,5 dopmynsr 4,(x,X,,X;,...,X,)
u 4,(X,X,,%,,....,X,) ONHOBPEMECHHO SBISIOTCS W HE SIBISIOTCS HEYESTKO ONH3-
kuMA. WX  Ha3pBalOT B3aMMHO WHAUPQPEpPEHTHHIMH W 0003HAYAIOT
A (XX, %,,.,X,)~ 4,(X,X,,X,,...,X,).

PaBHOCHIBHOCTD YETKUX JIOTHYECKHUX (POPMYIT SIBISIETCS YACTHBIM CITydaeM

HEYeTKO OJIM30CTH.

Ecnu 4, ¥ 4, Ha OJHHX U TeX e HabOpax CTeNeHell HCTHHHOCTH [ePEeMeH-
HBIX TIPUHUMAIOT OJIHU U T€ e 3HAUCHUS CTENEHU UCTUHHOCTH, TO 3HAUCHUE CTE-
MEHU MX PAaBHOCWILHOCTH Beerma Gonbliue Wik pasHo 0,5, 9TO SBISETCS YACTHBIM
CllyyaeM HeueTKo# 6m30cTu. TO €CTh, HEUETKHUE JIOTHYECKHE (POPMYJIBI, UMEIOLIUE
Ha OJIHUX M TEX XK€ HAGOpPax MEPEMEHHbBIX OJJUHAKOBBIE CTEMIEHH UCTUHHOCTH HE PaB-
HOCHWJIBHBI, & UMEIOT HEKOTOPYIO CTEIIEHh PABHOCHIIBHOCTH > 0,5, HO Beeraa > 1.

Ipumep.

OmnpenenuTs cTeneHs paBHocuabHoCTH hopMyn A, (X, ¥ ) u 4, (X, ), rae

4, ()7,;):—|)Nc—>i, 4, (X,y)=X&—y, X OpUHEMACT 3HAYCHUC CTCICHH

WCTHHHOCTA W3 MHOXECTBA JUCKPETHBIX 3Havenuit {0,8; 0,6; 0,7}, a y w3

{0,3; 0,4}.
Pemenne.

W4,,4,)= N&N (—| X5 7)< (X& [7)). Buibupas Bce BOSMOKHBIC Ha-

OOpbI CTEeNeHeNH HCTHHHOCTU X U ) , 3alUIIeM
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Wi, ,4,)= ((—|0,8—>0,3) > (08& | 03) & (To,s—>o,4) < (08& | 04))
& (—|0,6—)0,3) > (0,6&—| 0,3)) & (—|0,6—)0,4) > (0,6&—| 0,4)) & (—|0,7
—0,3) <> (0,7&—|0,3)) & (—|0,7—>0,4) > (0,7&—| 0,4)) & =(0,8¢>0,7) &
(0,8¢>0,6) & (0,6€>0,6) & (0,6¢>0,6) & (0,7¢>0,7) & (0,7¢>0,6) =0,7 &
0,6& 0,68 0,68 0,7& 0,6 = 0,6.

Otkyna cienyer, GopMynsl 4, , 4, HEUSTKO ONH3KH IIPH 3aJaHHBIX Habopax
CTeHeHeﬁ UCTUHHOCTH.

ECJ’II/I CACJIaTh TAaKYyIO K€ MNPOBCPKY, IoJjgaras, 4tro )? MPpUHHUMACT 3HAYCHUC
u3 Habopa {0,2; 0,4}, a y u3 {0,6; 0,7; 0,8}, To LL( 4,,4,) = 0,2. ¥ B 3TOM CIIy-

qae GOpPMYJIIBI HE ABISAIOTCS HEUETKO OJM3KUMHU.
Onpeoenenue. Eciv 1ipu Bcex OINpeeIeHHbIX 3HAYEHUX CTENEHN UCTUHHO-
CTH HEYCTKUX MEPEMEHHBIX X,, X,, X;,...,X,, 3HAYCHHE CTEICHN MCTUHHOCTH He-

n?d
ueTKoil noruueckoit Gpopmyist A (X, X,, X,,...,X,) Gonbe uiu pasuo 0,5, T0
(bopMyia sBISETCS HEYETKO UCTHHHOM Ha JaHHBIX HAbOpax MepeMEeHHbBIX U 060-

3HauaeTcs yepe3 M . Eciu 3HaueHHe CTENEHM MCTUHHOCTH MEHbIIE WM PaBHO
0,5, To Takyrw Qopmyny OymeM Ha3bIBaTh HEYCTKO JIOKHOM Ha JaHHBIX Habopax

TIePEeMEHHBIX U 0003HaYNM JI .
Ilycrs U,, H4,, JI,, JI, — HEKOTOpBIE HEYETKO UCTHHHBIE U HEYETKO JIOK-

HBIC (bOpMyHLI Ha OJHHUX M TCX XKC Ha60an MNEPEMCHHBIX, TOTAAa CHPABCAJIUBBI
CJICAYIOIINE COOTHOLICHUSA.

U NVH, ~H ~d,~H & I,
AN, = J, =], ~J, &I,
a & Jji, =,
a, N Jj, =i,

Ecnu 4, , 4, — NPOU3BOJIBHBIC HEYETKHE JIOTHYECKUE (POPMYIIBI, TO CIIpaBe/l-
JIMBBI COOTHOIICHHS:

A,V U R 1,VH,

& T ~1, &0
e 4,,4,, 1;11, 1;12, ﬁ“ ﬁz OTIpE/ICNIENBl Ha OJHMX M TEX Xe Habopax mepe-

MEHHBIX.
Ilpumep.
IlpuBenem mpocTeHIuii MpUMEP HEUETKO HCTHHHBIX M HEYETKO JIOKHBIX
dhopmyir.
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J=3&1%
H=3vIx.
D10 crenyeT U3 OnpeseeHus] ONepaliii OTPULAHUS, KOHBIOHKIIMH U JIU3b-
IOHKIMH, T.K. Y& |¥ <0,5, ¥V ¥ >0.5.
ToxaecTBa MO3BOJSIOT ONPECIUTh KIACC HEYETKO ONMM3KHX (opmyl, He
HMMEIOLINX aHAJIOTOB B HEYETKO JIOTHKE.
Coommuowenus, cnpageonusgvie 015 A0ObIX HADOPO8 3HAYEHUL UCTHUHHOCTHU
HeuemKux nepemeHHbIx.
IlycTh X, y,Z — HEYETKHE JOTHUECKHE (POPMYJIBL.
1(X)~%; (1)
X&X =X
-~ (2)
XVvX=X
X&Yy~y&X
-~~~ (3)
Xvy=yvx
X&(Y&Z)2(X&Y)&Z~rX &Y &7 @)
XV(YVE)=(Xvy)vZrivyvz
X&(YVZI)=(X&Y)V(X&Z) )
V(Y &Z)=(XVvY)&(XVZ) ~

l(x&7)=kvly
Twvy)~k&ly
X&(Xvy)=Xx .

YV(X&Y)=X ™

(6)

(IVY)V(I&Y)=XVY ; ®)
(¥vY)&(X&Y)=X &Y ; )
F&IT~ &7 ; (10)
VRV RIVITVvE ; an
(&%) & (yv Iy )= X& % a2)
(AVIE)v(7&IF )~ FVIE

¥yl ok ; (13)
o7~ 53~5vy ; (14)

X (Vi) ~(3&IF) > 7 ; (15)
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(3&IX)>(YVvZ)~(7&17)>FVvE. (16)
Kpowme toro, ycts 0, ¢, I — koHcTanThl 1 () < ¢ < [, TorOa
X&0=0, X&1~X
xvO0=X, xvixl
- X,eciux <c,
x&cx -
c,ecau x 2 c.
- c,ecmux <c,
Xvems -
X,ecau x =c.

Jlnst [oka3aTesbCTBA Ka)Or0 M3 BBIPAKEHHH HEOOXOJMMO IOKa3aTh, 4TO
CTENEHb paBHOCWIBHOCTH W(4,,A4,) oOpasyrommx ero gopmyn A4,,A4, Oonbiue
niu pasHo 0,5.

OTO BO3MOXHO TOTAa, Koraa Gopmynsl A,, A, NPUHUMAIOT OAHU U TE XKe

3HAa4YCHUA CTCIICHU HCTUHHOCTU Ha OJWHAKOBBIX Ha60an MCPEMECHHBIX 1160
HUMCIOT CTCNICHb UCTUHHOCTHU OJHOBPEMCEHHO MCHBIIC UJIM PABHO 0,5 i 00JIbIlIe
HJIK paBHO 0,5 Ha OJMHAKOBBIX Ha60an MEPEMCHHBIX.

Jlokaxxem hopmyiy (6) 1E&M)~Rkv Iy, 0003HaYUM
4, @y=1G&¥), 4, &»==kvIy.
d(Z,()?,)N/)):I—min(d(i),d(})), d(zz(f,f/)):max(]—d(}),]—d(})). Ecmmn
d(X)<d(¥), torma d(4, (,5)=1-dX) u d(4, (3,7))=1-d{X), Te.
IPU BCEX X CTENEHH MCTHHHOCTH (GOPMYJI Zl (X,y) u :4; (X,y) cosmapmaror,
OTKyJIa CJIEIyeT p(Z,,ZZ) >0,5.

Bemn d(X)>d(y), 10 d(4, (¥7))=1-d(¥), d(4, (¥.7)=1-d(),
OTKYJIa CJIEyeT u(Z,,ZZ) >0,5.

Eemn d(¥)=d(7), 10 d(4, (¥,5))=1-d(X), d(4, (¥.5))=1-d(),
OTKYJIa CJIEyeT u(Z,,ZZ) >0,5.

HeueTkue npeaukaTthl ¥ KBAHTOPbI

Onpeodenenue. Heuetkue normdeckue (HOpMyJbl, KOTOPHIC OMPEACICHBI Ha
KakoOM-JIM0O MHOXeCTBe X M NPHHUMAIOT CBOM 3HAYEHHS W3 3aMKHYTOTO HHTEp-
Bana [0, 1] Ha3BIBAIOT HEYSTKUM TIPEIUKATOM.

Hampumep, p, — GOYHKIUS NPHHAUISKHOCTH SBISAETCS OJXHOMECTHBIM He-

YCTKUM MPCAUKATOM.
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Tlpumep.

X =1{1,2,3, ..., 10}, Torna HEYCTKHIA MPEIUKAT «OBITh HECOONBIINM YHUC-
JIOM» MPHHUAMACT CIICAYIONINE 3HAYCHUS: Z(l) =1, 2(2) =0,9, 2(3) =0,7,
A(4)=05, A(5)=0,1, A4(6)=0, A(7)=0, A(8)=0, 4(9)=0, 4(10)=0u
(hakTHYECKH 3a/1aeT HEYETKOE MHOKECTBO A4 = {(1; 1), (2; 0,9), (3; 0,7), (4; 0,3),
(5; 0,1)} B MmHOXKECTBE X.

ITycTh 00J1aCTh ONPEAEICHNS HEYETKOTO peankata A SBISCTCS MHOMKECTBO
X = {x;, x5, X3, ...., X}, TOTJa ATl KaXAOT0 X € X MOXET ObITh BHIYHCICHO 3HA-

4yeHue W, (X) npenukara A (x).

Onpeodenenue. Bennunna u(Z) = u, (x,)& Wy (Xg)& Wy (X3)&... &yA
(x,) = :Xcg( (X ) Ha3BIBAaCTCS CTETIEHBIO OOIIHOCTH CBOMCTB A (x) mis sneMeH-
TOB MHOKECTBa X.

Ecmm p( A ) 20,5, To Ha JToTHYECKYIO (HOPMYITY A (X) MOKeT OBITh HaBEIIaH

KBaHTOP HEYCTKOM OOLIHOCTH V , KOTOPBIH YUTACTCS IS BCEX» WM «IJIS JIIO-
6oroy.

Onpeoenenue. Bennunna V(Z) =pu, DV u,x)V u,(x) V.. Vu,(x,) =
= v ,(X) HA3BIBACTCS CTENCHBIO CYIIECTBOBAHMS CBOHCTBA A (X) IS YIEMEH-

TOB MHOXecTBa X.

Eciun V(.Z) > 0,5, To Ha JOTHYECKYIO0 POpMYITy A (x) MoxeT OBITH HaBemaH
KBaHTOP HEYETKOTO CYIIECTBOBAHUS 3, KOTOPBII YUTACTCS «CYHICCTBYET TaKOW)
WU «UMEETCS TaKOM».

ITycTs A (x) — HedeTkas jorudeckas GopMylia OT OTHON MepeMEHHON, TPH-

HuMaroeil 3Hauenust u3 X. Boipaxenue (V xEX) 4 (x) gBiseTcs HEUETKO HC-

THHHOW (POpMyJIOi W YHTaeTcs «Juisl Moboro x €EX creneHb WCTUHHOCTH A (X)
Oombire wim pasHo 0,5».

Onepau,MM Haa HEYeTKMMUN MHOXeCTBaMW.
HeueTkoe BKMOYEHNE N HEYETKOE paBeHCTBO MHOXeCTB

Taxke xax HaJl YCTKUMH MHOXCCTBAMU OIPCACITIAIOTCA JIOTMYECKUE OIlCpa-
U1 BKJIIFOYCHUSA, PABCHCTBA, 06L€ILI/IHCHI/I${, nepeceyeHus, AOMOJHCHUA U T.A.,
OMPCACTIAIOTCA OHU U HaJd HCYCTKMMHU MHOXKECTBAMM, TOJBKO ACJIACTCA OTO IPHU
IIOMOIIHU (byHKIlI/II/I MPpUHAAJICIKHOCTHU.

Onpeoenenue. IlycTh 3a1aHbl HEYETKHE MOJAMHOXeCcTBa A, B MHOXecTBa X.

Crenenn BrimtoueHus V( A, B) HEYETKOTO MHOXKECTBA A B HEYETKOE MHOXKECTBO
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B maxomutcs no popmyne V(A,B) = & (1,(x)— puz(x)), tne u,(x),
xeX

Mg (x) TMOHUMAKTCA KaK HECYCTKHUC BbICKA3bIBATCIIbHBIC IEPEMCHHLIC, —> — UM-

IUTAKAIHS, & - orieparysi KOHbIOHKIINH, KOTOpast 6epeTcst 1o BeeM x E X,

Ecmu V( Z B )>0,5, To A HEYeTKO BKIIOUAETCS B MHOXKECTBO B H 0603HA-
yaetcs A = B . Ecmm V( Z B )<0,5, T0 A HedeTKo He BKIIOYAETCS B MHOKECT-
Bo B wu obosmauaercs A % B . D10 noHsATHE ABNSETCS 00001IEHNEM TTOHSATHS

BKJTFOUEHHMS 111 YETKUX MHOXKECTB. J[eCTBUTENBHO, MyCTh A U B — ueTkne MHOXe-

ctea u ACB, orcrona cinenyer V(4,B) = 1. Eciu xe AZB, 10 V(4,8) = 0.
Tpumep.
X ={x;, x5 ...,.X,}.
A = {(x30.3), (x330,6), (x5:04)}, B = {(x130,8), (x30,5), (x330,7), (x5:0,6)}, T0-

raa V(4, B ) = (0—0,8)& (0,3—>0,5)& (0,6—>0,7)& (0—>0)& (0,4—>0,6) =
= 1&0,7&0,7&1&0,6 = 0,6.

AHAJOTUYHO MOXKHO BBIYHCIUTEL V( E, A ) = 0,2, oTKyna ciemyeT A% B ,
wo B% A

Onpeodenenue. MHOXECTBO A BKmoYaeTcs BO MHOKECTBO B —

ACB ecm Vx € X, Ua(x) < Ug(x).

CrpaBeInBO CIEAyIOIIee YTBEPKICHUE: €CIIM HEYeTKOe MHOKECTBO A

BKJIFOYAETCSI B HEYETKOE MHOXKECTBO B , TO BBIMOJHSAETCS U HEUETKOE BKIIIOUCHHE
A% B.

JIeHCTBUTENLHO, TYCTh BBHITIOHSIETCS Vx € X, Ha(x) < Ug(x), nokaxem,
yT1o V( Z, B )=>0,5.

Ecnu
HAG) < Ma(x) 0,5, 10 V(4, B ) =(Ha(x1) = Ha(x1))& (Ha(xa) —>Hp(x2) & ...
(Ma(xa) —>Ha(x,) = (max(1 - Pa(x), Kax))& (max(1 - Pa(xa), Up(x2)&...
&(max(1 - Pa(xa), Hs(xa)) = (1 - s (0)& (1 - HaG)& .. & (1 - Ha(xy)).

W3 ompenenenus onepanud KOHBIOHKIIUU CIEAYET, YTO Pe3yJabTaT OyIeT MWHHU-
ManbHbIM 13 Beex (1 - MA(xi)), i = 1..n. A moCKONbKY AJist Vx € X Ha(x) 0,5,

10 V(A4, B)>0,5.



39

Ecnu 0,5 < Ha(x) < Up(x), To V( A4,B)= (Ma(xy) —)MB(XI))&

& (HA(Xz)_)HB(Xz))&~--(HA(Xn) —>Up(xy)) = (max(1-Ha(xy), HB(XI)))&
(max(1-JLa(x2), M ())& ... & (max(1-a(xy). M%) = (M) & (Up(x2))
& ..& (].,lB(xn)). Tak kak w1 Vx € X Us(x) > 0,5, To V( A4, B )>0,5.

To ecth, as moObIx V( A4, B ) > 0,5 st moOBIX 3HAYCHUN HYHKITUH TpH-

HaanexHocTn Wy (x) 1 Ug (x), Vx € X.

Ecmu xe BemomHsieTcs V( Z,E) > 0,5, To W3 3TOr0 HE CIEeAyeT, 4TO
Vx€EX, Ha(x) < HUp(x). HeiictBurensno, V( A4,B) = (Ma(x)) = IJB(XI))&

(Ha() = 5 ))& - (Ha(ke) =L 5 (%) = (max(1 - Ha(x)), Ha(x1)&
(max(l - Ha(x), MpCo))&... &(max(l - Ha(x), Mp(x,)), Tax xax

V(A,B) =2 0,5, To 10 ONpene’eHuI0 OIepanu KOHBIOHKIIMA MHHUMAJIbHOE,

a 3HAUUT U BCE OCTAIbHBIE 3HAYEHUS BhIpaxkeHui max(1 - Ha(xi), ].,lB(xi)) >0,5.
Onnako 3amerum, ecm, Hampumep Ma(xi)) = 0,3, a MUp(x) = 0,2, 1O

max(1 - Pa(x;), Up(x;)) 2 0,5, HO Ha(X;) = Hp(x;). To ecTb, BKIFOUECHHE MHOXKECT-

Ba 4 BO MHOXECTBO B He TapaHTUPYET HEYCTKOTO BKIIOYCHUA, a SABIIACTCA
JIMOIb TOCTATOYHBIM YCIIOBUEM HEYETKOT'O BKIIFOUCHUA.

Onpedenenue. CTeleHb PAaBEHCTBA [BYX HCUCTKUX MOIMHOXecTB A, B

MHOKeCTBa X ompezenserca kak LU ZZN?) = & (Ma(x) €U 5 (x)). Ecan

xeX

L 4, E) > 0,5, To MHOXKECTBa HEYETKO PaBHBI A~B. Ecm U 4, E) <0,5, o
MHO>KECTBAa HEYETKO HE PaBHBI A* B.Ecm L A,B ) = 0,5, To MHOXecTBa

B3aMMHO UHANPPEepeHTH 4 ~ B .

[ToHATHA HEYETKOTO PaBEHCTBA M HEPABEHCTBA, HHAN(P(PEPEHTHOCTH SBIISIOT-
sl 0000IIICHHEM TTOHATHUI PABEHCTBA M HEPABCHCTBA ISl YeTKUX MHOXKECTB. JleiicT-

BHUTENILHO, IIyCTh A U B — 4eTKHEe MHOKECTBA, Toraa B ciydae 4 = B, W4, B) = 1,

ecm ke A ZBu W4, B)=0.
Ipumep.
X =1{x), x5 X3, ..., X5,

A = {(x3; 0,8), (x3; 0,6), (xs; 0,1)},
B = {(x1; 0,3), (x2 0,6), (x3; 0,7), (x4; 0,2), (xs; 0,3)}.
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(4, B)=(0 <> 0,3)&(0,8 <> 0,6)&(0,6 <> 0,7)&(0 <> 0,2)&(0,1 <> 0,3) =
=0,7&0,680,680,880,7 = 0,6, otxyna cneayer A~ B.

ITIpeoGpasyem cremeHb paBeHcTa LU A4, B =& (Max) ©Usx) =

xeX

=& (Max) = MB(X))& (Us(x) = K A (X)), B BUIY KOMMYTaTHBHOCTH

xeX

KOHBIOHKIMH |L( ZE) = (&(MA(X) —> MB(X)))&(&(MB(X) —> Ha(x))),

xeX xeX

orcrona cnenyer W( A4, B)=V(A4,B )&V( B, A), 1.e. cTenieHb paBeHCTBA HEYET-
KHX MHOKECTB paBHa MUHUMAJIbHON U3 CTENEHEH UX B3AaUMHOTO BKITIOUEHHUS.

Ecm Y Z, E) > 0,5, T.e. MHOXecTBa A, B HeueTko paBHEI, TO V( Z, E) >0,5

1 V( E, Z) >05,= 4 SBuB= 4. OTtcrofa ciaenyeT METO.l T0Ka3aTelb-

CTBa HCUYCTKOT'O paBCHCTBA HECYCTKHUX MHOXKCCTB, OCHOBaHHBIA Ha JOKAa3aTeIbCTBE
B3aMMHOI'O HCUCTKOI'O BKIIFOUYCHUS.

Onpedenenue. HeueTkoe MHOKECTBO A PABHO HEYETKOMY MHOMKECTBY B
41=B,ecmn Vx € X, Ma(x) = Ka(x).
HeTpy/HO 3aMETHTB, €CITH BBIMOJHAETCS PABEHCTBO MHOKECTB A = B , TO 3TH

MHOKECTBA SIBIIAIOTCA M HEYETKO paBHbIMU A = B . [leiicTBUTeNbHO, ecn Lg(X) =

= Hax) Vx € X, 10 (4, B) = & (M) 1 5(x)) = V( A, BY&V(B, 4)>05.

TeopeTnKo-MHOXeCTBEHHbIE onepauum

ITycTh 3aaHbI HEYETKHE IOAMHOKECTBA A, B MHOXKecTBa X.

A4 = {<x, la(0>}, B={<x, s (x)>}, x €X.

Onpeoenenue. OObeIUHEHUEM HEYETKUX MHOXECTB A UB sBusercsa
mHO)KecTBO A \U B = {x, yo, (%)}, x € X, byHKIMSA TPUHALNEKHOCTH JJIEMEH-

TOB K KOTOpOMY onpezensercs Kak Uaug(x) = max{ f,(x), Up(x)} = Us(x) V Up(x)
(puc. 2.5).
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“AUB(X) A
| uA\(X) P 1e(x)
0 — >
X

Puc. 2.5. O6beanHeHne HEYETKUX MHOKECTB

Te. 4 UB — 310 HeweTkoe MHOXECTBO, Takoe, 4ro A S AUB u
BS 4 UB.

Onpeoenenue. TlepecedcHHEM HEYETKUX MHOXECTB 4 () B Ha3pIBACTCS MHO-
xectBo A M B = {x, la My (¥)}, x € X, byHKIMA NPUHAIIEKHOCTH 3JIEMEHTOB

K KoTopoMy ompegenserca kak Hang(x) = min{Ha(x), Us(x)} = MA(x)& Ms(x)
(puc. 2.6).

HAmB(X) 4
| uA\(X) - He(x)
0 - >
X

Puc. 2.6. IlepeceyeHue He4eTKUX MHOKECTB

T.e. 4 M B —5T0 HeueTKoe MHOXECTBO, TAKOE, YTO ANBS 4 u
ANBS B

Onpeoenenue. JIOTIOIHEHUEM HEYETKOTO MHOKECTBA A masbiBaeTCS MHO-
HKECTBO —|;f ={<x, L l\(x)>}, x € X, takoe, uto L 1y (x) =1 — Ha (x),x € X.

Ilpumep.
PaccmoTpuM HeueTKOe MHOKECTBO B umce, ropasno oonbeimx Hyis. Jo-
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MTOJTHEHHUEM K 3TOMY MHOXKECTBY OyZIET SIBIATHCS MHOXKECTBO A HHCE, TOpa3io

MeHbIIUX HyJs (puc. 2.7.).

A
o

v

Puc. 2.7. JlonoiHeHne HEYETKOT0 MHOKECTBA
Onpedenenue. Pa3HOCTBI0O HEYCTKMX MHOXCCTB HA3bIBACTCS MHOXKECTBO
ANB = {x, la g (X)}, x € X, QyHKIHUA NIPUHALIEKHOCTH IIEMEHTOB K KOTOPOMY

onpezensercs Kak a g (x) = Ko &—| Mi(x).
Onpeodenenue. CAMMETPHYECKOH pasHOCTEI0O A © B Ha3bIBaeTCd MHOMKECTBO

4 ©B-= {<x; Ua©, (X)}, ti1e ha O; (X) = Haip (X) V Up a(X).

Tpumep.
A =1 0.3), (x5 0,8), (x5 0.9}
B = {(x1; 0,9), (x2; 0,2), (x3; 0,4), (x4; 0,5)}.

A VB ={(x;09), (x 02), (x5, 0,4), (xs; 0,5), (xg; 0,4),}.
AAB = {(x;; 0.3), (x3; 0,4)}.
—|‘Z = {(xl; 0’ 7)’ (.Xz,' 1)’ (X3,' 012)’ (.X4,' ])’ (x5; 1)’ (x6; 016)’ (X7,' 1)}

A\NB = {(x;; 0,1), (x3; 0,6), (x4, 0,4)}.

AOB = {(x;; 0,7), (x>; 0,2), (x3; 0,2), (x4 0,5), (xg 0,6)}.

Onpedenenue. Beimykiioi KOMOMHAIMEH MHOXECTB A, A,, ... A, Ha3bpIBacTCA

HEYETKOE MHOXKECTBO A ¢ (hYHKIMEH MPUHAIIEKHOCTH
La(x) = 2A L(x), tae A= 0,i=1, 2,3, ..y 2A= 1,
Onpedenenue. MHOXecTBOM ypoBHs Ol HEUETKOTO MHOYKECTBA A8 X, Ha-

3BIBACTCS MHOYKECTBO B OOLIYHOM CMBICJIC, COCTAaBJICHHOC U3 3JICMCHTOB XEX,
CTCIICHU MMPUHAAJICIKHOCTU KOTOPBIX HCUECTKOMY MHOXKECTBY A 605bIIe WIH paB-

eI L. Aa= {X | x € X, Hax) =0},
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Onpedenenue. TIpsSIMBIM IPOU3BEJICHUEM HEYCTKUX MHOKCCTB A u B Ha-
3pIBacTCs M uepe3 A X B 0603HAYAeTCs HEUETKOE IOAMHOKECTBO XX Y, KOTOPOE
OIIpEAEIIETCS BBIpAXKEHUEM AxB= {<(x,y)pp5(x,y)>}, xeX,yeYl,
T flyp(X,y)=pA(x)&up(y).

Onpeoenenue. Komno3umuei HeYeTKUX MHOXKECTB 4 U B wuasbiBaercs
MHO€ECTBO

FoP={<(x,2) ftpp(x,2)>}(xxz)e XxZ,
Hrap(%,2)= v (e (% 9) & pip(3,2)).

OCHOBHbIE CBOMNCTBA HEYETKNUX MHOXECTB:

1. —|(—|Z)z A HMHBOJIOIHS.
2. AVARA,
ANA=A4 HAJEMIIOTEHTHOCTD.
3. AVB=BV A,
AANB=BAA KOMMYTaTHBHOCTb.
4. AV(BVC)R(AVB)NCRAVBVC,
Z/\(E/\é)z(z /\E)/\Gzz ABAC aCCOLIMAaTUBHOCTb.
5. AV (BACYR(AVBIN(A VC),
Z/\(E\/G)N(Z /\E)\/(Z /\5) JUCTPUOYTHBHOCTb.
6. ldvEy=|inlB,
—|(Z /\E) z—| A \/—| B 3aKoHbI e MopraHa.
7. dv]i~Bv]E,
inli=BAlE.
5. AvI]ivE~BEvVIEvi,
ANlANBREALE AT,
0. (Av]iw@EAlBrIv]i,
(A4 Al Z)/\(E\/—| By~ 4 NP
0. A B2AAlE.
11. A©B=BO 4.
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12. A9(BOC)=(4OB)OC =4 OBOC
13. AOB=(A\B)V(B\4).

14. (AS BYX(|BX | 4).

15. (—|~%§)z(—|§9v2).

6. (IS (BVIBE)(Anld)s B).

17. ((Z/\—|Z)§, (Evé))z((E/\TE)%(Zvé)
18. AvO~i4, 4 rnD~D.

19. AVXEX, ANX= A4

[epeuncicHHBIC BBINIC OCHOBHBIC CBOMCTBA HCUCTKUX MHOXECTB CIIIC HE SB-
JISIOTCST CUCTeMOM akcuoM. CTporast ’e CUCTeMa aKCHOM, aJIeKBaTHAs, B 4YaCTHO-
CTH, anreOpe HEYETKUX MHOXKECTB OblIa chopMynHpoBaHa 3a 7 JET J0 MX BO3-
HuKkHOBeHHUs. COOTBETCTBYIOMIasl aireOpamdeckasl CTPYKTypa OmpelenseTcs Ha
MHOXecTBe X C JByMsl cUCTeMaMu omepauui: <X, -+, *-| , 01> wumm
<X, v, 1, 01> tnex A y=(x+1»)%, xv y=(x*ly)+y (cumBomsI omepa-
Ui BEIOpaHBI IS IPOCTOTHI (POPMYITHPOBOK, UX HE CIEAyeT BOCTIPHHUMATH OYK-
BaJIbHO, KAK COOTBETCTBYIOIINE apH(PMETHIECKUE HITH JIOTHYECKUE OTIEPALIHN).

CucremMa akcuom

I. x+ty=y+x I'" x*y=y*x

2. x+t(ytz)=x+y)+z 2 x*¥(y*z)=(x*y)*z
3. x+ Ix=1 3. x*|x=0

4. x+1=1 4. x*0=0

5. x+0=x 5 x*1=x

6. (x+y)=Ix*Ty 6. (x*y)=1Ix+Ty

7. x:—|(—|x)

8. 0 =1 '

9. Xvy=yvx 9. XAYy=yAX

10. xv(yvz=(xvy)vz 10" xA(yAZ)=XAY)AZ

Il. x+(yAz)=x+y)A(X+2) I x*(yvz)=(x*y) v (x*2)

Ara cucTema akcuoM nonsa. [loganre6pa BX tex anementos u3 X, as xo-
TOpBIX X T X = X (Wim, 4TO PaBHOCHIIBHO X ¥X = X), siBysieTcs 6ys1eBoii anre6-
poii, B koTopoit X +y =Xx vy, Xx¥ =x A ).

CBsi3b C HEYETKUMU MHOKECTBAMHU CTAHOBUTCS SICHOM MOCJIE pacCCMOTPEHUS

KJlacca MPUMEPOB TaKuX airedp, oOpa3oBaHHOIO MHOKECTBaMU S NEHCTBUTEIb-
HBIX 9Hcel Mexny () U I, yIOBIETBOPSIONIMMY YCJIOBUAM (ABOWHBIE ++, -- 000-
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3HAYaIOT OOBIYHBIC APU(PMETHUECKHE OIEPALINH):
1.0eSules;

2.Ecimux,y €8, o min(l, x++y)e S;
3.Ecmx,y €8, 10 max(0, x++y - 1)e S;

4. Ecmux €S,101--x€8.

Omnepanuy B S onpeaessroTcs cIeayonuM o0pa3om:

x +y=min(l, x++y), x*y = max(0, x++y - 1), x=1-x,
x vy =max(x,y), x Ay = min(x,y).

be3 Tpy/aa npoBepsieTcs, 4TO TaK ONpeAeIeHHas CTPYKTYpa YJOBJIETBOPSET
MIPUBEICHHBIM aKCHOMaM, HO He akcroMmaM OyneBoi anreOpbl. ChopMyTnpoBaH-
HBIM YCJIOBUSM 1-4 YIOBJICTBOPSIOT pa3iMYHbIC KOHKPETHBIC MHOXECTBA, HAIPH-
Mmep, S = {0,1}; S = [0,1]; S = {Bce paumonanbuble ynucna mexay 0 u 1}; S(m) =
= {Bce paunoHaJIbHBIC YHCJIA BUJA /M JUIS HEKOTOPOro (PUKCHPOBAHHOTO HATY-
PaBHOTO m | LENbIX () <n <m}, C ONepanusIMu 1, +, *.

Heuerkoe mommHOXecTBO 4 yHUBEpCAJIbHOTO MHOXecTBa U MOXET OBITH
ompezeneHo GyHKIUEH MPUHAIISKHOCTH Ly(x) € X, Tne X yIOBJIETBOpPSET Tpe-
OyembIM akcromaM (TpazunmonHo X = § = [0,1]); uy(u) = 1. Onepauun Hag He-
YETKHMMHU MHOYKECTBAMH OTPEICISIIOTCA B TCPMUHAX MX (DYHKIUN TPUHAICHKHO-
CTH M CBOJATCS (IIOTOYEYHO») K ONEpaunusM HaJ 3HAUYCHHUSMH IOCIEIHUX, TO
€CTh K OIepanysiM B X.

Onepanun 1,+ *8 ciaydae X = S = [0,1] v SBISAIOTCSI UI3BECTHBIMU B TEOPUHU
HEYETKUX MHOXECTB JIOTOJHEHHEM, TPaHMYHBIMH CYMMOH M IIPOHM3BEICHUEM,
MeHee MOIMYJSIPHBIMH, YeM V, A, HO HaXOISUIMMHU CBO€ O0OCHOBaHHE B HOBOM
KOHTEKCTe. BHe 3TOro KoHTeKCTa (B 4YacTHOCTH, B paMKax OyneBoil anreOpsl) He-
[I0CPE/ICTBEHHYIO CBSI3b MEKIY ONEPALMAME A, V M | HAJl HEYETKUMH MHOXKECT-
BaMU YCTaHOBHTH 3aTPYIHUTEIHHO.

HeueTkne cooTBETCTBUS M OTHOLLEHUS

B Metone mpuHATHS peUIeHUH MpU HEYETKOW UCXOaHON mHpopmamuu [81]
Y B KQUE€CTBEHHBIX METOJIaX MPUHATHS peIleHuil [64] CYIECTBEHHO HUCIOIb3YIOT-
Cs TIOHATHS COOTBETCTBUM, OTHOIICHHMI, HEUCTKUX COOTBCTCTBHH M OTHOIICHHIA,
orepanuil HaJ HUMH.

Heuemxum coomeemcmeuem Mexay MHOKeCTBaMH X M Y Ha3bIBaeTCs U 4e-
pe3 I'= (X, Y, F) obo3Hauaercs Tpolika MHOXECTB, B KOTOpoi X, Y — mpowms-
BOJIBHBIE YETKHE MHOYKECTBA, I — HeueTkoe MHOkecTBO B XXY. [lomoOHO Ha3Ba-
HHUSIM 3JIEMEHTOB YETKOTO COOTBETCTBHUS MHOECTBO X Ha3bIBalOT 00JIACTHIO OT-
MIPaBJICHUS, MHOXKECTBO Y — 00JacThio MPHOBITHSA, a F — HEYETKUM TpaduKoM
HEYETKOTO COOTBETCTBHS.

HazoseMm Hocutenem HeyeTkoro coorBerctBust I = (X, Y, F') cooTBeTcTBUE

I"'= (X, Y, F), y koroporo rpadux F' sBIsIeTCS HOCUTEIEM HEUYETKOro rpapuxa F .
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Heuerkoe cooTBeTcTBHE MOXET OBITH 3aaHO TEOPETUKO-MHO>KECTBEHHO,
rpau4ecky 1 B MAaTpUYHOM BHIIE.

Jnst TeOpeTHKO-MHOXECTBEHHOI'O 3aJ]aHusl HEUYETKOTO COOTBETCTBUSI HEOO-
XOJMMO HEPEUUCITUTh IEMEHTBl MHOXKECTB X U Y U 3a7]aTh HEYETKOE MHOXKECTBO

F B XXY.

B MaTpuuHOM BHJE HEYETKOE COOTBETCTBUE I'= X Y, F ) 3ajaeTcs ¢ 1o-
MOIIBIO MaTPUIIBl MHUUICHIMA R , CTPOKM KOTOPOH IOMEYEHBI 3JEeMEHTaMHU
xie X(i el=1{l,2, .., n}), cronbusl — 3nementamu y;e ¥ (j € J= {1, 2, ...,m}),
a Ha NIePeCEeYEHUH CTPOKH X; M CTOJIOLA y; CTABUTCA BIEMEHT Fy= My < X; y;>, Tle
myp — (QYHKINS IPUHAICKHOCTH JIEMEHTOB U3 XX Y HedeTKoMy rpaduky.

HedeTkoe COOTBETCTBHE MOXHO 33/1aTh B BHAE OPHEHTHPOBAHHOTO Tpada
C MHOXECTBOM BepmMH XU/ Y, KaxJoh xyre <x; y; > KOTOPOTO NPHUIKMCAHO 3HA-
YEHUE Up<X;, }; > (YHKIIUY IPUHAICKHOCTH .

Tpumep.

3aaguM HEKOTOPOE HEYETKOE COOTBETCTBUE = X 7Y F ), onpenenuB X u
YKak X = {x}, X3 X5}, Y= {y, y2 ¥ vabs £ = {<(x1, 32); 02>, <(x3, y1); 1>,

<(X3, y3); 014>’ <()C4, yZ); 013>’ <(x51 yZ); 01 7>r <(X5, y3); 018>} .
Martpuila HHIIHASHITNN RT ¥ Tpad HEUYETKOTO COOTBETCTBUS M300pakeHbI Ha

puc. 2.8.
@ @ Vo V2 Vs W
%[0 02 0 o0
@K ;io 0.8 50 0 0 0
= 0.2 1 05 0.7 Ro=xl 0 04 0
x0 03 0 0
v ) ) G %[0 07 08 0

Puc. 2.8. I'paduueckoe u MaTpu4HOe 3a/1aHNe HEYETKOI0 COOTBETCTBUS
I'=(X,Y,F)

Heuemxum omnowenuem Ha HEMYCTOM MHOXeCTBe X Ha3bIBaeTCS U 4epe3
@( X, F ) obo3HayaeTcs mapa MHOKECTB, B KOTOPOH F SABIAETCA HEYETKHM IOJ-
MHOXECTBOM X °.

MHoxectBo X Ha3bIBacTCsl 007acThIO 3alaHusi, a F -HedeTKuM rpadukom
oTHOmeHHs. HedeTkne OTHOMICHUS MOXHO 33aJaBaTh TEOPETHKO-MHOKECTBEHHO,
rpa¢udecKkd ¥ B MaTPUIHOM BHUIE. B MeTome NpUHATHS peIIeHHH HCIOIb3yeTCs

MAaTpUYHOE 3aJaHWE HEYETKUX OTHOWIEHWH: oTHomenue @(X,F) 3amaercs

C TOMONIBIO MATPUIBI CMEXHOCTH R, HAa TEPECEYEHNH KaKIOW -0l CTPOKH
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H j-20 CTONOL@A CTABUTCS DIEMEHT 7y = [y < X;,X, >, TH€ [l — QYHKUMS NpUHAj-

JISKHOCTH SMEMEHTOB 13 X ° HeueTkoMy rpaduky F.

Cesoticmsa neyemkux omnowenuti [64, 81].

Peghnexcusnocms. HedeTrkoe oTHONIeHHEe R Ha MHOXeCTBe X Ha3bIBaeTCA
peduexcuBHEIM, ecoM gua  mo6oro X € X BHINONHAETCS  PaBEHCTBO
He(x.X)=1.

Aumupedghaexcuenocms. HedeTkoe oTHomIeHHe R Ha MHOXecTBe X Ha3bIBa-
eTcst aHTHPE(IICKCHBHBIM, €CIH Ui J060r0 X € X  BBHIOIHSETCS PaBEHCTBO
pa(x.X)=0.

Cessaznocmo. Heuetkoe oTHoLIeHre R HA MHOKECTBE X Ha3bIBaeTCs CBSI3HBIM,
ecnu Juii J000ro X,y € X BBINOJNHACTCS HEPABEHCTBO (i,(X,y)>0 wm

tp(y,x)>0.
Cummempuunocms. HedyeTkoe oTHomeHUEe R Ha MHOXeCTBE X Ha3blBaeTCA
CUMMETPHYHBIM, €CJIU JUIS1 JII000T0 X,y € X U3 Up(X,y)>0 = p,(y,x)>0.

Anmucummempuunocms. Ecmm  mnst mobbix  x,y€ X pp(x,y)>0
= Ug(y,x)=0,T0 TaKoe OTHOIICHHE OYyJET SIBJISATHCS AaHTUCUMMETPUYHBIM.
Tpansumusnocms. Ecmm mng moObIX x,y € X QYHKIUS NPHHAIIICKHOCTH

HEYETKOro OTHomeHus R Ha MHOxectBe X YAOBJICTBOPSACT HCPABCHCTBY

Up(X,y)2 sup min{,uR(x,z),/zR(z,y)} , TO TaKoe OTHOLIEHHE Ha3bIBAETCS TpPaH-
zeX

3UTHUBHBIM.
OtHoweHne R Ha3bIBACTCs TPAH3UTUBHBIM, €ClM VY,V ;,y, € ¥ Takux, 4ro

(vy;,)€ERu (y;,y,)€R, cuenyer (y,,y,)eR.

Keasunopsaoox. OTHOIIEHHE R Ha3BIBAIOT KBA3HWIIOPSIKOM, €CIIH OHO ped-
JICKCUBHO M TPAH3UTUBHO.

OtHolIeHHe R HA3bIBAIOT OMHOUIEHUEM CIPO2020 NPeONnoymenusi, €Ciii OHO
AHTUCHMMETPUYHO U TPAH3UTUBHO.

OtHotleHre R Ha3bIBAIOT OMmHoOweHuemM 6e3pasiuyusi, eCiii OHO CUMMETPUY-
HO Y TPAH3UTHBHO.

Jyis moirydeHHsT MATPHUIBI KOMIIO3MIMU OTHOIICHUHM HCIONB3YETCS Mak-
CMHMHHOE MPOM3BEAEHHE COOTBETCTBYIONMX Marpull. Ecin T u S — HeueTkue ot1-
HOIIICHHUS, TO UX MAKCMUHHOE MPOU3BEICHHE

M=ToS=[m,][m;]= m’ax{min(mk[,m,.j)} .

2.4. TMonHble anrebpanyeckue peLeTku

OO0mue cBOMCTBA peleToK paccMmaTpuBatotcs B pabotax JILA. CkopHsKOBa,
C.K. CarnaeBoii, M.I11. [lanenko, Yi-Jia Tan [79, 95, 110, 124].
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YacTUYHO yIOPAI0UEHHOE MHOXKECTBO L HA3BIBACTCS HudiCcHell [gepxnetl] no-
JypeuiemKoll, eClii Kax0€ JAByXJIEMEHTHOE €ro MOJMHOXECTBO UMEET TOUHYIO
HIDKHIOKO [BEPXHIO | rpab. Eciiu 9acTHYHO YHOPSIOYEHHOE MHOXECTBO SIBIISET-
CSl HIDKHEW M BEpXHEH MOJYPEIeTKONH OJHOBPEMEHHO, TO OHO HAa3bIBAETCS pe-
wemxotl.

Ecnu L — pemierka, TO JUis JTIOOBIX 3JIEMEHTOB @ U b MOKHO BBECTH Olepa-
uun ab =inf{a,b},a+b=sup{ab}.

PeureTka Ha3bIBACTCS MOJHOL, €CIIU B HEH CYIIECTBYIOT O0OBEIMHEHUS U T1e-
pecedeHus TO0bIX MHOKECTB 2JIEMEHTOB. BCsikasi KOHEUHast pelieTKa MojHa.

!
Otobpakenue (¢ pemerku L B pemerky L' HasbiBaeTcs eepxuum [Hudsicnum]

eomomopusmom, ecmu @(a+b)=@(a)+@e(b) [@(ab)=@(a)p(b)] nns mo-

6bix a, b € L. Fomomopusm pemerku L B pemerky L' ompemensiercs kak oto-
OpaxeHHe, SBITIONIEECS BEPXHIM W HIDKHAM TOMOMOpP(H3MOM OZHOBPEMEHHO.
B3anMHO-01HO3HAYHBIN TOMOMOPGU3M Ha3bIBaeTCs uzomopgusmom. Bepxuue
U HIDKHHE TOMOMOP(U3MBI SBISIFOTCS U30TOHHBIME OTOOPaKCHHSIMH.

Henycroe noamuokecTBO H pemieTku L Ha3bIBACTCS noodpeuiemKou, eCii 13

a,be H cnenyer a+be H, abe H .

Ilycts L — pemierka. a,b € L . Haubonpmuii snement x € L, Takoit, 4to

ax < b, Ha3BIBACTCA OMHOCUMENbHBIM NCE80000NONHEHUeM DIIEMEHTa d OTHOCHU-
TEJNBHO J7eMeHTa b B peuietke L. Ecim Takod 3JIeMEHT CYIIECTBYET, OH OIpeie-
JseTcs OJHO3HAYHO 3aJaHuMeM a ¥ b u oGo3Hauaerca uepes a U b. Pemerka,
B KOTOpOii 1 mobeix d,b € L onpenenena onepanus a \V b, naseiBaetcs pe-

WemKOU ¢ OMHOCUMENbHLIMU NCe80000noHenusMu (AT Opaysposoll peuient-
Koti).

HaumMenbmuii snemedt X € L | Takoi, 9to a + x > b, Ha3bIBaeTCA OyaIbHbIM
OMHOCUMENbHBIM NCEBO00ONOIHEHUEM JJleMeHmMA d OTHOCHUTENBHO JJIEMEHTa b.
PewnreTka, B KOTOpoi 1us m00bIX a,b € L onpenenena onepauus a (M b, Ha3biBa-
eTCS OYaIbHOU PeulemKkoi ¢ OMHOCUMENbHBIMU NCe80000NOIHeHUAMY (AT -
anbHOU OPAYIPOBOT peuiemKol).

Pemetka L Ha3wpIBaeTCSA OuCmMpubymueHol peuiemiotl, eClId B HEH BBIMOJ-
HAIOTCS TOXaecTBa: x(y +z) =xy + xz, x + yz = (x +y )(x + z), Ha3pIBaEMbIC IU-
CTpUOYTHBHBIMHU 3aKOHaMu. PerieTka OUCTPUOYTHBHA YK€ TOTAa, KOraa B HEH
HMMEET MECTO y)KE OJIUH U3 YKa3aHHBIX 3aKOHOB.

PemeTtka L Ha3BIBaeTCA OECKOHEYHO OUCmMpubymusHol perieTKon, eciy s
moboro x € L u moOOBIX ceMeHCTB 3nmeMeHToB {y; | i€l }, rme I — MHOXECTBO
HHJICKCOB 3JIEMEHTOB, BBIIIOJIHSICTCS:

x/\kz/]yi#l_\e/](x/\y,), a7
x\/k\]y,.Fé\](xvyi). (18)
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[Monnas pemerka sBIsAETCS  Opayspoeoli, €clu OHa  OECKOHEYHO
N-nucTpuOyTHBHA, T.€. BhinoiHseTcs (17). [lonHas pemeTka siBisieTcs: TyalbHON
Opay’poBOM PEIIETKOM, eciii OHAa OECKOHEYHO \U-IUCTPUOYTUBHA, T.C. BBIOJIHS-
ercst (18). CnenoBatenbHo, mojHas pemerka L — 3To OpayspoBa pemieTka U ay-
abHas OpayspoBa pelieTka, eciii L — OECKOHEYHO IUCTPUOYTHBHA OECKOHEYHO
M-TUCTPUOYTHUBHOM, a 3HAYUT, U OpaydpOBOH, PEUIETKU SABIAETCS JF00ass KOHEU-
Hast AUCTPUOYTUBHAS pelleTKa, oTpe3ok [0, 7].

Pemrerka L Ha3bIBaeTCS pewtemkoli ¢ OMmHOCUMENbHLIMU OONOTHEHUAMU, EC-
JIM JITSL BCSIKOTO DJIEMEHTA X M3 JII000ro ee MHTepBana [a,;b] Haiijnercst Takoi siie-
MeHT d,yTo c +d =b wu c¢d = a, ipu 3toM d € [a;b] . Pemerka L ¢ nHynem 0

1 eMHUIICH / HA3bIBACTCS PEUICTKON C TOTIOTHEHHUSIMHU, €CITH KaXIbIi e IIEMEHT
nMeeT aomnoyiHeHue B uHTepBane [0, 1]. Jlononnenus B uHTepBane [(; /] Ha3pIBa-
I0TCS IPOCTO AONOTHEHUSAMH.

bBynesoui pewsemkoii Ha3bpIBaeTCsl AMCTPUOYTHBHAS PEIIETKA C JOMOJIHEHUs-
MU, T.e. AMcTpuOyTHBHAs pemietka ¢ 0 u /. B OyneBoil pemerke B xakuplii aie-
MEHT X HMEET B TOYHOCTH OJHO JOTOIHEHHE X , TAKOE, 4TO X — X .



50

3. Mopenu v meToAabl NPUHATUSA PeLUEHUN,
OCHOBaHHbIE€ Ha MNapHOM CPaBHEHWUM anbTepHaTUB

[lpu npUHATHU YNPaBICHYCCKUX PEIICHUA PYKOBOAUTENh MPEIIPUATHS
JIOJDKEH HE TOJIBKO I0JIaraThCsl Ha CBOW OMBIT M WHTYUIMIO, HO U OOpaIiathcs
K XOpOIIO pa3pabOTaHHBIM B HACTOSIIEE BPEMs MAaTEMAaTHYCCKUM MOJCISIM IOJ-
JICPKKH TMPHHATUS PEIICHUH, TO3BOJSIONIMX KOPPEKTHO BBHIOMpaTh Haumboliee
Jy4dIIe albTepHATHBBI M3 HMeEMmuxcsa. OT TOTo, HACKOIBKO TPaMOTHO, KBaJIH-
(UIIMPOBAHHO OCYIIECTBISETCS TOMICPKKA MPUHATHS YIPaBICHUSCKHX pellle-
HUH, 3aBUCHUT YCTICITHOCTh Pa3BUTHS BCETO MpeaNpHUITHS B 1esioM [36, 39, 56, 65,
66, 75, 80, 84, 113].

MHOTOYHCICHHBIE HCCIEIOBAHUS IMOKa3bIBAIOT, YTO JIUIA, MPHHUMAIOIINE
penieHus: 6e3 JOMOJIHUTEIBHON aHATUTHYECKON MOANEPIKKH, UCTIONB3YIOT YIIPO-
LIEHHbIE, a HHOTJa U MPOTUBOPEYUBLIE pelatoiue npasuna [1, 2, 12, 14, 29, 53,
59, 67, 74, 92]. Iloanepkka NpUHATHS pelieHus TpeOyeTcs Bo Bcex 0e3 UCKITroUe-
HUs 00JIACTSIX MPUKIIAJIHON NesATeIbHOCTH YesoBeka [4, 13, 15, 19, 50, 56, 58, 59,
62, 64, 65, 68, 74, 85, 91, 101, 108, 115, 118], uTo cBsI3aHO C YBEIUYUBAIOIIUMCS
o0beMoM HH(OpPMAIIH, HEOOXOIUMOCTHIO YUYUTHIBATH OOJIBIIOE KOITUYECTBO MPO-
TUBOPEYUBBIX (HAKTOPOB, OOBCKTHBHBIX U CYOBEKTHBHBIX COCTABIIIIONIMX MpPU
MIPUHATHU PEIICHUM.

3.1. Knaccudwmkauusa mogenen n MeTofoB NPUHATUS peLUeHU

[IpuBenem knaccupuKanuio MoJeleil 1 METOI0B NPUHATHS perieHuid. Mo-
Jenb  3aJaud  OpuHATHS —peumleHui B [25] mpencraBisercs B BHJE!
<t, X, R, 4, F, G, D >, rnie t — mocTaHoOBKa 3aJa4u (Hampumep, BbIOPaTh OIHY
HAWIy4Ilyl0 B HEKOTOPOM CMBICIIE aIbT€PHATUBY WM YHNOPSAAOUYUTH BCE MHOXeE-
CTBO aJIbTEpHATHUB); X — MHOXECTBO JOIYCTUMBIX aJbTEPHATHUB; R — MHOXECTBO
KpPUTEPHEB OLICHKH CTENEHHU JOCTMXKEHUS MOCTABICHHBIX Lienei; 4 — MHOXECTBO
IIKaJd M3MEPEHHs MO KPUTEPHAM (IIKaIbl HAUMECHOBAHWH, IOPSAAKOBBIC, HHTEP-
BaJIbHBIC, OTHOIICHNH); F' — 0TOOpa)XeHHEe MHOKECTBA JOMYCTUMBIX albTEPHATHUB
B MHOKECTBO KPHUTEPHAIBHBIX OLEHOK; G — CHCTEMa MPEANOYTEHUH PEIIaoIero
yeMeHTa; D — pemiaromiee IMpaBWIO, OTPAXKAIOIIEe CHUCTEMY IPEAIOYTEHUIL.
Knaccudukanus Momeneit 3a1ad NpUHATHS PeIIeHUH B [25] pOBOAUTCS B COOT-
BETCTBHH CO CJIEAYIOIIMMU IpU3HAKAMHU:

1) no Buny oToOpaxkeHust F' — 1eTepMHUHUPOBAHHOE, BEPOSITHOCTHOE MIJIM He-
OTIpEeJIeJIEHHOE, MOXKHO BBIIENUTH coOTBeTcTBeHHO: 3IIP B ycnoBusix omnpeneneH-
Hocty, 3IIP B ycnoBusix pucka, 3[IP B ycnoBusax HeonpeneneHHOCTH. AHAIOrHY-
HBIM 00pa3oM, 10 MOJIHOTE ONMUCAHUS UCCIEAYeMOro 00beKTa KIacCH(PUIMPYIOT-
cs u 3I1P B [80];

2) 1Mo MOIIHOCTH MHOXKECTBa R — OJJHO3JIEMEHTHOE MHOXKECTBO WJIN COCTOSI-
Iee U3 HECKOJIBKUX KPHUTEPHUEB, BBIICIAIOTCSA cooTBeTcTBEHHO: 3IIP co ckamsp-
HbIM KpuTepuem, 3I1P ¢ BeKTOpHBIM KpuTepreM (MHOTOKPHUTEPHAILHBIC 3a/1a4H);

3) mo Turry cucteMbl G — OTpakaeT MPEATIOYTEHUSI OJTHOTO JIUIA YIIA KOJIIEKTH-
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Ba B LIEJIOM, BBIIEIAIOTCA 3a1auu uHauBuayansHoro [P, 3anaun rpynmosoro I1P.

B [27] nox mozenblo BeiOOpa moHuMaetcs napa (X, R), cocrosimas U3 MHO-
KECTBa aJbTepHaTUB X ¥ OMHapHOTO OoTHOLIEHUS R Ha HeM. B [8] npu onpenene-
Hun mojenu 1P mpennonaraercs, 4To paccMaTpUBAETCS HEKOTOPOE MHOXKECTBO
HCXOJHBIX CTPYKTYp IpeAnouTeHui u ucciaexyercs onpenenenHas 3I1P, mpouecc
peLIeHus] KOTOPOH MOHMMAETCs! KaK ONTUMaJIbHBIA BEIOOp MeToa 00paboTku Hc-
XOIHOHM CTPYKTYPHI M3 HEKOTOPOTO 0a30BOTO KJIacca METOAOB. [Ipu 3TOM MOKHO
CUMTATh, YTO Ha MHOXECTBE MCXOIHBIX CTPYKTYp 3a/JaHa MOJENb PEUICHHS II0-
craBiennoi 3I1P, ecnu yka3aH HEKHI MPUHIUIT WM MPABUJIO, COTJIACHO KOTOPO-
My TpPOM3BOJHHOMY OTHOIICHHIO CTaBUTCA B COOTBETCTBHE HEKOTOPHIH HaOOp
MeTo70B. KOHKpEeTHBIE MOJENT OPHEHTHPOBAHBI HAa COOTBETCTBHE TE€X WJIM MHBIX
METOJIOB IPUHATHS PEUICHUN ONPeNeICHHBIM 0a30BBIM CTPYKTYPaM.

B [25] npuBenena knaccudukanus MetogoB 1P 1o Takum mpusHakam, Kak
COZIepKaHue SKCIEPTHOH MH(POPMAIMU, THII NOIy4aeMOoi HH(POPMAIMU, Ha OCHO-
Be KOTOPOI MOXHO ompeaenuTts rpynmy Metogos [IP B ycnoBusx HeompeneneH-
HoctH (puc. 3.1).

B moHorpaduu paccmaTpuBaeTcsi BO3MOKHOCTh aHAM3a PA3IUYHBIX BOIIPO-
COB yINpaBJIEHUs] METOJaMH MPUHATHS PEIIEHUH B YCIOBHUAX HEONPEAEICHHOCTH.
3TO CBA3aHO C TEM, YTO IIPHU HCCIICIOBAHUN YIKOHOMHYECKIX, COIUATBHBIX U APY-
THX CHCTeM, B (YHKIMOHHPOBAHHH KOTOPBIX YYaCTBYET YENOBEK, 3HAUYMTEIHHOE
KOJIMYECTBO MH(POPMALUN MOXET OBITh IOJIy4EHO OT JIIOJeH, MMEIOUINX OIBIT
paboTHl ¢ JaHHOW CHUCTEMOW W 3HAIOIIUX €€ 0COOEHHOCTH, OT JIIOJEH, MMEIOIIHNX
TIpeCTaBIeHNE O NesIX (QYHKIMOHUPOBAHUS CUCTEMBl. JTa WHOOPMAIHSI HOCUT
CYOBEKTHBHBII XapakTep, U ee MPEeJCTaBICHUE B €CTECTBEHHOM SI3bIKE COJEPKUT
HEOIPEJeIEHHOCTH, KOTOpbIe HE UMEIOT aHaJIOroB B SI3bIKE TPAAMLMOHHON Mare-
Matukd. B 3TOM ciydae nyu4iie paccMaTpuBaTh 3aayd ONTHMAJIbHOTO YIIpaBiie-
HUS C MO3UIMHA METONOB, YYUTHIBAIOIIMX HEONPEENICHHOCTh ONMUCAHMUSA MOJEIU
ncciaeyeMoro oobeKTa.

Takum 00pa3oM, BO3HHUKAIOUIME B IPOLECCE YIPABICHUS NPEINPUITHEM
pob6IeMbl, KOTOpBIE 00aIaloT MpU3HAKaMHU HECTPYKTYpHpOBaHHBIX 3amad 1P,
BO3MOJKHO BCECTOPOHHE NMPOAHAIN3NPOBATh METOIaMH, YIHTHIBAIOIIUMH HEOpe-
neneHnocts [10, 25, 26, 31, 36, 37, 49, 51, 56, 57, 58, 68, 70, 77, 78, 81, 86, 89,
96, 113].
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CopepxaHue nigopmaumum Tun uHdopmaummn Fpynnel meToaoB

1. OkcnepTHas

MHOpMaums He 1.1.1. JomuHupoBaHue

» 1.1.2. MeTopael NP Ha ocHoBe

Tpebyerca rnoGanbHbIX KpUTEPUEB
2.1.1. lekcukorpachmnyeckoe
2.1. KauecTtBeHHas ynopsiaodvsaHue .
(nopsiakoBast) »| 2.1.2. CpaBHeHue pasHocTten
UHcbopMaLust KpUTEpUanbHbIX OLEHOK
2.1.3. MeToa "npunacoBbiBaHNs"
2. Nridpopmauns o 22 KorMaecTBeRRasT |
e eerne vowraayes) | olena o] 221 Meron
putep npeanoYTUTENLHOCTH "CTOMMOCTb-a(phEeKTUBHOCTL"
KpuTepues 2.2.2. MeToabl NMMHEAHOW U HENTUHENHOW
CBEpTKN
2.2.3. MeToabl NOPOros HECPaABHUMOCT!
2.3. KonvuecTBeHHas 2.2.4. MeToabl naeanbHON TOUKN
MHdopmMaums o
3aMeLLeHnsIX >

2.3.1. MeToppl KpuBbIX 6e3pasnuuns
2.3.2. MeTopbl TEOPUM LIeHHOCTEN

3. NHdbopmaums o
npeanoYTUTENBHOCTU b

OJIN4EeCTBEHHbIE OLEHKN

K
. NEEsE CPABHEHUAL ) 341, MeToabl MaT. nporpammump.
3.1

anbTepHaTuB

4.4.2. MeToabl AepeBbEB peLLeHniA
4.4.3. [lekoMNo3nLMOHHbIE MeToAbI
Teopun (0XXmaaemon nonesHocTu)

anbTepHaTuB .1.2. luHenHas n HennHenHas cBepTky
ST T T T T T hl
| Cyb6bEKTUBHbBIE OLIEHKN |
| 3.1.3. MeToabl NUHEHON CBEPTKU |
| MeToAbl NPUHATUA peLleHUI B YCIIOBUAX 3.1.4. MeToapl rpynnoBoro |
| HeonpeAeneHHOCTH yrnopsigoumBaHus !
| 3.1.5. MeToabl BbiAeNeHUs |
| NOAMHOXeCTBa O6bEKTOB :

|

4.1. OTcyTCcTBUE N :
4. Vindbopmaums o MHopmaumm o 4.1.1. MeTop NP ¢ anckpeTtHoOM |
npeanoYvTeHnsx Ha npeanoYTeHusx; — HeonpeneneHHoCcTbo |
MHOXeCTBe Kputepues KOnM4yecTBeHHast |
gnob:gT:f.:;Bmax “HpopMauns o nocnes. 4.2.1. CToxacTuyeckoe AOMUHMPOBaHNd |
P 4.2. KayecTBenHas o 4.2.2. MeTtogpl NP B ycrosusx pucka u :
| NPeanoYTEHNsX 1 Heogpe,qeneHHocm Ha ocHoBe |
| KOMVYECTBEHHAas O rnoGanbHbIX KpUTEPUEB |
: nocrneacTamsx |
|

| 43 K 4.3.1. MeTtoponorusi npaktnyeckoro MNP

.3. KayecTtBeHHas o

| 4.3.2. MeTopbl BbiGOpa CTaTUCTUYECKN !
| NPEAMNouTeHNAX n > HeHaAeXHbIX peLleHni !
| nocneAcTBusix |
| |
|
| v 4?5’\;(5&2:3;;'33*'“6” ° 4.4.1. MeToabl kKpuBbIX 6e3pasnuuns |
: KOMMYECTBEHHBIX —»  ans MNP B ycnosusax pucka n |
| nocneacTansx HeonpeAeneHHoCTH |
|
! |
| |
| |
a

Puc 3.1. Knaccupuxanus meronos I1P
HA OCHOBE CO/Iep:KaHMs IKCIePTHOH HHopManuu

IIpu 3TOM mOJ HEOMPEICICHHOCThIO OyIeM MOHUMATH SBJICHUS, HE IOJ-
JAIONIMecs] aHAIN3Y W U3MEPEHHUIO CO CKOJIb YIOJHO OOJBINON TOYHOCTHIO [78].
B [80] mpuBoauTcs kimaccupukanys HEONpeaeIeHHOCTeH, B KOTOPOH, B 4aCTHO-
CTH, BBIJCISIFOTCSI «HEOIPEACICHHOCTH, CBSI3aHHBIE C OJIMKAMIINM OKpYXEeHHEM
(bupMBI, MEHEKEpP KOTOPOi 3aHMMAeTCsl MPOTHO3UPOBAHHEM: HEOIpEIesICHHO-
CTH, CBSI3aHHbBIE C JICATEIbHOCTHIO YYACTHUKOB SKOHOMUYECKOW KU3HU (Tpexie
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BCCro NapTHEPOB U KOHKYPCHTOB (prMLI), B 4aCTHOCTH, C UX HCHOBOﬁ AKTHUBHO-
CTBIO, (I)I/IHaHCOBLIM IIOJIOKCHUEM, CO6J'HO)I€HI/I€M 06H3aT€J'H>CTB; HCONPEACICHHO-
CTH, CBA3AHHLIC C COLIMAJIBHBIMU U aIMUHUCTPATUBHBIMU (baKTOpaMI/I B KOHKPCT-
HBIX pETHUOHAX, B KOTOPbIX (I)I/IpMa HUMCCT JACJIOBLIC UHTEPECHI».

3.2. Mogenu nMHeWHOro ynopsifoYMBaHUsA

Hcnonp3yemble B PAKTUKE MOJIENN JTMHEHHOTO YIOPSII0YUBAHHS TPaIULIU-
OHHO pa3/IeNA0TCs Ha ABE OOJIbIINE IPYIIIbI, PA3IUYAIOIINECS CBOUM MOIX0I0M
K PEIICHUIO 3a/1a49¥ YIOPSI0UYNBaHUs 00BEKTOB [8].

B modensx nepsoii epynnvi, UCHOJB3YIOLUX CMAMUCMUYecKue Memoobl,
KaXJIOMY O0BEKTY X; COMOCTABISICTCS ONPECICHHBIN WHTETPaIbHBIA MOKa3aTelh
7;, OLICHUBAIOIMI MTOTH €r0 CPaBHEHUM C OCTallbHBIMH OOBEKTaMM, a Jalee

00BEKTHI POCTO YMOPSIOYUBAIOTCS MO YOBIBAHHMIO 3HAYCHUH 3TOTO PAHXKHUPYIO-
mero (akropa. B wmodenax emopoii epynnei, NCIONB3YIOMUX KOMOUHAMOPHO-
Jlo2udeckue u meopemuKo-epagosevie Memooul, OLUEHUBAIOTCA MOKa3aTeNH HE OT-
JETBHBIX OOBEKTOB, @ BCETO YMOPSIOYMBAHKA B LEJIOM U BBIOMpPAETCS yNOpsIo-
YMBaHHE, MAaKCUMU3HMPYIOIIee HEKOTOPhIH (QyHKIHMOHAN KadecTBa. OLEHOK Baxk-
HOCTH IIpH 9TOM He JiesiaeTcst. PaccMOTpUM HEKOTOpPBIE MOJIEIH TIEPBOM IPYIIIIEL.

Ilycte 3amaHo HEKOTOpOE€  (HUKCHPOBAaHHOE MHOMECTBO  OOBEKTOB
X={x}, x5, ..., X,}, KOTOpbIE CPAaBHUBAIOTCSI IONIAPHO C TOYKHU 3PEHUS X HPEANOY-
TUTEJIBHOCTH, JXEJIATEIIbHOCTH, BaXKHOCTH W T.II., @ PE3YJbTaThl 3aIHCHIBAIOTCS
B BUJIE MaTPHUIBl MAPHBIX CPaBHEHHH A = ||allnn, OTpaxarolieil Bo3HMKarOIEE
OWHAapHOE OTHOINEHWE TMpEeANnoYTeHUs/0e3pasnuins Ha MHOXkecTBe X. CHMMeT-
PUYHBIE 3JIEMEHTBI MAaTPULBI MAPHBIX CPAaBHEHMH a; M aj; NOJKHBI BbIOMPATHCS
PaBHBIMH, €CIIH COOTBETCTBYIOIIME OOBEKTHI PABHOLCHHBI WIM HECPaBHHUMBI
(>x; ~ X;); €cIu e X; > X;, TO JOJKHO OBITh a;; > a;. KpoMe Toro, Ha 3JIEMEHTHI MaT-
puibl 4 0OBIYHO HAKIAIBIBAIOTCS IOTONHHUTENbHBIE KaTHOPOBOUYHBIE OTpaHHUYE-
HHMS, OJJHO3HAYHO CBA3BIBAIOLINE MIOIIAPHO CUMMETPHUYHEIE DJIEMEHTHI ay;, ;. IIpu-
BEIEM OCHOBHBIE THITHI KAJTHOPOBOK.
1) IIpocras ctpykrypa (I1C).

1, ecnu x, > X

Vi, ji#j a;=10ecmux, >x; (19)

1/ 2, ecnu x, ~ X

WnTepnperanus: a; — MHAMKATOp (hakTa MPEBOCXOACTBA OJHOIO 0OBEKTa
HaJl IpYTUM WM UX PAaBHOLCHHOCTH (HECPAaBHUMOCTH).
2) Typuupnas kanuoposka (T).
Vi, j a; = 0; a;+a, =c. (20)
WuTepnperanus: a; — 4HUCIO OYKOB, HAOPAHHBIX MIPOKOM X; BO BCEX
BCTPEYAX C UTPOKOM Xj; YHCIO C = CONSt MPU 3TOM MOXKET MHTEPIPETUPOBATHCS
KaK KOJIMYECTBO TaKWX BCTped. Hepenko NOMONHUTENTBHO MOCTYIMPYETCS LENOo-
YHUCIIEHHOCTh MaTPHIIBI.
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3) Kococummerpuueckas kanuoposka (K).
Vi,j a,+a,=0. (21)

I/IHTepHpeTaHI/IﬂZ 00BEKT X; IPEBOCXOAUT B MIApHOM CpaBHCHUU 00BEKT X;

Ha a;.
4) Crenennas xanuoposka (C).
Vi, j a;>0a;-a,=1. (22)
Hnrepnperanus: 00bEKT X; IPEBOCXOAUT B MAPHOM CPABHEHMH OOBEKT X;
B a; pas.
5) BepostHocTHas kanubposka (B).
Vi, j OSaUSI;aU+aﬂ=l (23)

Hnrepnperanus: a; — BEPOATHOCTb IIPEBOCXOJCTBA X; HAM X;.

ITomumo kamubpoBok (19)-(23) mis MOTHOTH aHANIHM3a MOYKHO BBECTH €IIIE
Y TIPOM3BOJIBHYIO B3BemeHHYIO cTpyKTypy (BC), B paMkax KOTOpoH mpesmnoara-
eTcst 00BIYHO TOJBKO HEOTPHLATEIBHOCTh MATPHUIIBI A, CAMH JKe €€ IJIEMEHTBI MO-
I'YT HHTEPIPETHPOBATHCS MO-PA3HOMY.

ITepexon ot Matpuisl A, 3aJaHHON B HEKOTOPOH KAIHOPOBKE, K OTKAITUOPO-
BaHHOM MO-MHOMY MaTpHile B BO3MOXEH HE BCEr/a, HO JHIIb MPH COOIIOACHUN
HEKOTOPBIX JOMOJHHUTCIBHBIX COACPIKATCIHHBIX YCIOBUI U HEPEIKO COINPSDKEH
¢ moteper BaxkHoW MH(PopMaruu. Bompoc 0 BO3MOXKHOCTH mepexoia K MaTpUIle
C IPYro¥ KaTHOPOBKOW M O MyTAX TAKOTO MEPEX0/1a BCAKUU pa3 JOJDKCH paccMar-
PHUBATBCS C YUETOM COJICPHKATEIBHBIX 0COOCHHOCTEH 3anaun. CXeMbl U HalpaBJe-
HUS OI00HBIX IEPEX0/I0B MIPHUBECHEI B Ta0M. 3.1.

Tabauua 3.1
Peanuzanus npeobpazoBaHnii KaTHOPOBKU
Tun nepexoza Bo3MmoxkHBIE crIOCO0BI peaan3aliu
BC—>T b(/=ai/+(n?gxs(,—si/)/2;
b,-j Z(aij -Wﬂxsij)/sij ys; =aytag;
T—>K b;=a;—a;;b;=(a;—a;)/2;
K—>T bi/.zai/(signa(,.+1)/2+(rrfc]1_xa(,.—|ai/|)/2;
b; =c(ay; +n35;xaij);c >0;
K—>C by =r"r>1;
C—->K b; =log, a;; r>1;
B, T—>C b;=a;/a;;
C—>B,T b;=a;/(1+a;);
T—>B by =a; Na;+a;);
B->T b;=c-a;; ¢>0;
BC, T,B,K, C > IIC b; =[sign(a; —a;)+1]/2.
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Kaxnast u3 Mojesne IMHEHHOTO yHOpsSJ0YMBaHMs TpeOyeT JJIsi MaTpHIL rap-

HBIX CpaBHeHI/Iﬁ OIIPEACICHHBIX KaJ'H/I6pOB0‘IHLIX OI‘paHH‘IeHPlﬁ.

1) Mooenu cnopmusnozo muna: Ni=1n s, =3 a; .

i#j

Takoe Ha3BaHWEC UCTOPUYCCKH YKOPEHHIIOCH 3a IEJION TPYIIOW CXOIHBIX
MoJieNiel, B KOTOPHIX B Ka4yeCTBE pPaHXHUPYIOMIEro (haKTopa HCHOJIb3yeTCsl Ha-
OpaHHasi 00BEKTOM «cymMMa o4dkoBy». OOpabaTeiBacMmasi MaTpuiia A MOXKET UMETh
xanmnopoBky Tuma T, T1C wm K.

Ha3zBanwne Maremaruueckas IlonoxurenbHbIe Henocratku
mogenu [1P MOJIETh XapaKTEePUCTUKHU MOJEITH
Typuupnas | O0bekThl ynopsgounsatorcs |[Ipoctora noiyde- |Beruucnenue ko-

MOJICITh 110 YOIBAHHIO S, . HUS pe3yabTaTa.  |JIMYECTBEHHBIX
BreinonusroTcs OIICHOK MOJIEJIb HE
Monenb B kauectse nyumero (nmae-|CBOHCTBA «MHBA-  |jhenmonaraer.
MOCJIeZIOBa- |pa) BBIOMpaeTcss OOBEKT ¢|PHAHTHOCTH K
TEJIBHOTO maxs,, BbIUEPKHUBAETCS i-7|CABHIY» (HAC**),
BBIYJICHE- ! 3 «/HBapuaHTHOCTH
anst me-|CTPOKA M i-1i cTonber, BHOBB |k PACTSIKCHIION
poB BBIOMpaETCs TUAep U T.1I. (AP), «ITonoxu-
TEJBHAS PEAKIHS
(I1P).
Monens MmuoxectBo X paszousaercs|IIpocrora nomyue- |He obnanaer
MOCJICIOBA- |HA JIBAa CJIOS — CJIOW ¢ OOJIb-|HHUS pe3ybTara. cBoiicTBaMu «Yc-
TENbHOK IHME S, M CIOH C MCHb- TOHYUBOCTH B
JTIUXOTOMHH manom» (YM),
WMMHA  §; W T.J. JEIuTcs IIP.
KaXXIbIH CIION.

2) Mooenv ummezpanvHoU cmenenu npesocxo0cmea SBISETCS ONU3KON

K MOZCJISAM CIIOPTUBHOI'O THUIIA; TPUMECHACTCA A1 KOCOCUMMETPHUUICCKUX MATPHULI.
BBO)II/ITCﬂ IIOHATHUC HHTGFpaﬂLHOﬁ CTCIICHU NPEBOCXOACTBA

~ 4 pn
(D(xi,xj)zg,]it(ait —a; ), OUCHUBAIOLIEH MPEBOCXOACTBO X; HAJl X; B CPaBHe-

HUU C IPOUYUMHU 00BEKTaMU. Koraa HUHTETpaJibHass CTCICHb NPEBOCXOJCTBA 3a/ia-

Ha, €C MOXXHO TNPEACTAaBUTh B BUJC c?)(x,,xj):f(x,)—f(x‘/.), IpH 3TOM
n ~

Vi f(x;)=2XA;D(x;,x;), tae [ — QyHKUMS NONE3HOCTH HA X, U OOBEKTHI
j=1

MIpeUIaraeTcs yHopsI0unBaTh 10 YOBIBAHUIO €€ 3HAYCHUH.
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K HCOOoCTaTKaM MOJCIHM MOXHO OTHCCTH BBCIACHHUC K03(1)(1JI/IHI/ICHTOB ﬂ’t —

BECOB O0BEKTOB, OJIHAKO TAKMX BECOB 3apaHee 3aJaHo ObITh He MOXeT. Mojenb
CBOJUTCS K TYPHUPHOM U CAMOCTOSTENLHOTO HHTEPECA HE MMEET.

3) Moodenv @yHryuu OomuHupyemocmu OPUESHTHPOBaHA Ha 00pabOTKy He-
YETKUX OTHOWICHHWH MPENTOYTeHHs, T.e. d; € [0,'11 [pumensieTcst aust Kaaudpo-

Bok T, K.
OyHKIMA TOMUHHpYEMOCTH [(X; ) = nj_izl_x a; XapakTepU3yeT MAKCUMAbHYIO

CHITY, C KOTOPO# 0OBEKT X; IOMUHUPYETCS OCTATBHBIMH 00BEKTAMH MHOXECTBA X.
Ipu I/(x,)=0 — abconroTHO HE NOMHUHHUpPYETCs, pu [(x; ) =1 — abCOIIOTHO J1O-

muHupyercs, npu 0 <[(x, )< — cnabo momunupyercsi. OOBEKTHl yNOPITOUH-
BAIOTCs MO YOBIBAHUIO COOTBETCTBYIOLIMX 3HaueHU# ynkimu m(x; )=1-1(x, ).

B [81] ucnonb3yrotest apyrue crnocoosl momydeHus /(x;).
Bo3smooicno ucnonvsosanue 3snavenuti m(x;) 6 xauecmee KOIUUECBEHHBIX

oyenox eadxcrocmu 06vexkmos. Moenb o01aaaeT csorictBamu YM, I1P, UC**, UP.
4) Mooenv bp3onu-Teppu nipurogHa JUis TPOCTHIX CTPYKTYp 0€3 paBHOICH-
HBIX DJIEMEHTOB M 1I€JI0YNCICHHBIX TYPHUPHBIX MATpPHUIL.
KaxioMy 00BEKTY CONOCTABISIETCSI €0 «CHJIa» 77; , IPUYEM IpelIoJiaraer-

Csl, YTO BEPOATHOCTH MPEBOCXOJCTBA B NAPHOM CPaBHEHMH P(X; >X;) TpIMo
nponopuMonansua 7,: P(x, >x, )=, /(n,+x,)=1-P(x; >x,). Jlna kax-
noi mapsl (i,/) MPOBOIUTCS k HE3aBUCHMBIX aKTOB ITAPHBIX CpaBHEHHU#. OKOHYA-

n —

_ 17 .

s;/m =k (, +m,) " si=1n,

j=1
TCJIbHO IMOJYyYacCTCA: /

Cuctema MOXET OBITh pelleHa WTepanroHHO. [locie BBIYHMCIEHHS BCEX 77;

00BEKTHI YIOPSAOUNBAIOTCS 110 UX YOBIBAHUIO.

[Tonyyaemple KOMIIOHEHTBl HOPMAaJIM30BAaHHOTO BEKTOpPAa 7T MOTYT CIY>KHTh
KOJIMYECTBEHHBIMH OLICHKAMH BAXXHOCTH OOBEKTOB. BEITIONHAIOTCA CBOMCTBA
HUC** 1P.

5) Mooenv Baporca-bpyka-Bypkosa ipuMeHseTcss Ayt 00pabOTKH TPOCTHIX
CTPYKTYp, MAaTpUI] C TYPHUPHOH U CTENICHHOH KAJIMOPOBKAMH.

KaxnoMy 00beKTy X; CTAaBUTCS B COOTBETCTBHE IIETIOYKA TaK HA3bIBAEMBIX
MHTEIPUPOBAHHBIX CHII, B KOTOPOii CHIla k-ro mopsaka p; onpenensiercst Kak cym-
Ma 3JIEMEHTOB i-if CTPOKHU B MaTpuUIe A"

Ay

Tk K
Vi=lLn p, =Xa; ;
j=1

i

a =A"; k=12,.

nxn
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Ipu k — o wumeer mecro I{im(pf /Y pY)=nr, i=1n, rie HOpManu30-
—>® ]

BaHHBII cOOCTBEHHBIH BexTop 77 = (7,,..,7,) MaTpulbl A OTBEUaeT MaKCH-

MaJlbHOMY 10 MOZYJII0 COOCTBEHHOMY 4Hciy TeopeMbl [leppona-dpobenuyca.

Mogens obnamaer cBoiictBamu P, YM; T* (nipu a;; = 1). Ilonyyaemvie 3ua-
YeHUss KOMNOHEHM COOCMBEHHO20 BEKMOPA MO2YM CIYICUMb OYEHKOU BANCHOCU
06veKmos.

6) Cmoxacmuueckasn mooensb Yuiaxosa peajioxReHa st 00pabOTKH MaTpHiL,
3aJ]aHHBIX B CTEIICHHOM Y BEPOSITHOCTHOW KaIMOpOBKaX.

Martpuna A npeobpasyeTrcs B BEpOATHOCTHYIO MaTpully P, e p; — BeposT-
HOCTb TIPEBOCXOJICTBA X; HAJT X;.

Ipu kamu6poske (23) P = A",

Tpu kanubposke 22) p, =a; /(1+a,)", i#j.

CTpourtcs cToXacTUdeckas MaTpula P = ||l~7,,

ﬁii:]__Zﬁij: ij=1Ln, 5ijzpij/(n_1)’ i#J;
i#]

p, =4, /jZ::]Ajj, i=Ln ,

rae A, — MHUHOp noiy4aemblil U3 det(E—P) BbIYEPKUBAHHEM i-IO cTONOUA M
i-TOH1 CTPOKHU.

VYropsiiouuBaHue X; IPOU3BOAMUTCS 1O p;.

Obnanaer csoiictBamu YM, IIP. Ionyuaemble KOMIIOHEHTHI (DMHAIBHOTO
pacrpeseneHlss MOTYT HCIOJIb30BaThCsl B KauyecTBE KOJIMYECTBEHHBIX OLIEHOK
Ba)KHOCTH OOBEKTOB.

He o6mamaer cBoiictBamu MC** UP.

7) Moodens pasnomepHozo cenadicusanusi IPUMEHSIETCS TSI TOJIOKHUTEIbHBIX
Marpui ¢ kanuoposkoit T mmm C.

Io akcnome Jlbroca jyist kanubposku T umeer mecro: Vi, jz, /7, =a; /a,

(*) u npu 3TOM 7T, = ﬁi/ﬁ:ﬂ'j :(ﬁ:ﬂ'j/ﬂ'i)_] :(ibﬁ)" .
Jj=1 j=1 j=1

OGosuavast Vi,j z, =Inb,, nonysaem Vi, jz, =z, +z;=-z;+2z;, TaK

4yTO MaTpuua Z =

MOJKET OBITh BOCCTAHOBIICHA IO JF000# CTpOKe.

z.
¥ nxn

B nanHO# MOJeNu OT UCXOMHOM MaTPHUIBI 4 HEOOXOIUMO MEPEUTH K MaTpu-

e Z ¥ IOCTPOUTH /1 PA3NTMIHBIX MATPHIL Z(”, . Z("), roJiarasi, YTo MaTpuIa Z(k),

k=1n TOpOXpaaercs k-ot CcTpokoi wmarpuupl Z 1o  ¢dopmyne  (¥).
Z = (I/n)ZZI.(") , mpudeM Vi, j z, :(I/n)ﬁ‘,(z,k +z,, ). llponenas npeobpaso-
i k=1

n —

Banua Vi, j b, =expz;, a;, =cb,;(1+bj )™, B uTOTE MOMTYYNM T, :(Zbﬁ)’].
j=I
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O6mnanaer coiicteamu WP, T, YM, IIP. [lomy4aembie KO3(QPHUIUEHTH MOXK-
HO HCIIOJIb30BaTh JJIsl KOJIMUYECTBEHHOM OLIEHKH BaKHOCTH OOBEKTOB.

Bribop Mojenu ynopsaodrMBaHMs ¢ TEMH CBOMCTBaMM, KOTOPHIE OCOOECHHO
JKeJaTeIbHbl B JAHHOM KOHKPETHOM cllydae, MPEJCTaBIseTCs BeChbMa IOJE3HBIM
B CHCTEMax IOJICPXKKH MPUHSTUS pereHnd [8]. Monenu Tvna: Monens GyHKIUNA
Jomunupyemocty, bpaanu-Teppu, bepxa-bpyka-bypkoBa, croxactudeckas Mo-
Jenb YIIakoBa, MOJEIb PABHOMEPHOTO CIIIaKMBAHUS TIPEIIaraloT ropaszio Ooiee
yOennTenbpHbIE JOBOIBI B OSB3y COOTBETCTBYIOIIMX ONTHMANBHBIX YIOPAIOYH-
BaHuil. Mogens bpannu-Teppu npuroana st MPOCTHIX CTPYKTYP U IEJIOYUCIICH-
HBIX TYPHHUPHBIX MaTpHIl, KOTOPBIE HE YYHUTHIBAIOT HETOYHOCTH, HEONPEICIICH-
HOCTh B OIIGHKaX 3KcrepToB. CToxacTHUecKas MOJENb YIIAKOBA CKOPEE OpHEH-
THPOBaHA HA BEPOSATHOCTHBIM KIIACC HEONPEIEICHHOCTEH, B OTIIMYHE OT HEe MO-
nenb bepxka-bpyka-BypkoBa n Mozenbs (QyHKIMM JTOMHUHHPYEMOCTH ITO3BOJISIOT
YUUTHIBATh HEONPEEICHHOCTD SIBJICHUI, HE MOAJAIOIIUXCA U3MEPEHHIO CO CKOJIb
YroaHo OOJBLION TOYHOCTBIO M C YYETOM HEYETKOCTH COOTBETCTBEHHO. Mojenb
PaBHOMEpPHOTO CriaXuBaHUs He obOnanaer cBoiictBoM MC**, uyro He mo3BonseT
JKCIepTaM MPOU3BOAUTE HEMONHbIE cpaBHeHUs. B [8] yTBepikaaercs, 4To Moaenb
Bepxa-bpyka-bypkosa Taxke He obnanaer cBoitctBom UC**, onnako B [93] yka-
3aH MOAXOA K BBISBICHHIO IPHOPUTETOB AJISI HETIOJIHOM MaTpPHUIIBl HA OCHOBE JaH-
HO# Mopenu. Takum oOpa3om, Ui THHEWHOTO YIIOPSIOYMBAHKS B YCIOBHUSIX HE-
OIIPEAEIEHHOCTH MPEANOYTUTEIbHEE TOJIB30BATHCA MOJCIIIMH (DYHKIHMH IOMH-
HupyemocTH u bepxa-bpyka-bypkosa. Paccmotpum metonast [1P, opuenTupoBan-
HBIC Ha BbIJENICHHBIE Mojenu. Kpome HUX, B MOHOTrpaduu paccMaTpHBAIOTCA
TaKKe KauecTBeHHble MeToabl [IP, mpouenypsl cpaBHEHUsI OOBEKTOB B KOTOPBIX
OPHEHTHPOBAHBI Ha KAYECTBEHHBIE OLIEHKH DKCIIEPTOB, YTO OOJIEryaer ornpoc sKc-
MePTOB, MO3BOJISISL ONEPUPOBATh TEPMHUHAMHE, CBOMCTBEHHBIMU KOHKPETHOHN Npen-
MeTHO# obnactu (puc. 3.2).



Mopenb NpuHATUA peLleHni B yCNoBuAX HeonpeaeneHHoCTH

McxoaHble AaHHbIe:
GUHapHble OTHOLLEHUS!

VAde A— Opt(A)c O

MeToabl NpuUHATUA
pewenun Q

Opt(A)=0

[Opt(A)>=1

KoHKpeTHble moaenu oueHKu 06BbeKToB

v

v

I=(i1,...,in), I* -

Monenm NUHEeHoro ynopsao4vmsaHusa
MHOXeCTBO NepecTaHOBOK
A-sI*opt(A)

D=(1,...
Ue =X;Vi=l,...m ¢, #@;(i

i=1

Mopenu rpynnoBoro ynopsiaounBaHus
,im), ji- cTpaThl

=N, =0

v

v

!

v

Mopenb dyHKLUK Mopenb Bepxa- EpyKa EypKOBa Mopenb BEKTOPHOW OLeHKM anbTepHaTuB
[IOMUHMPYEMOCTH A={a;)—anomepuamugnoli=1,..,n;Y = X, x X, x...x X , — mnoocecmso
m(x;)=1-maxay; Visl..n p, Zal/ g )
e sexmopnbix oyenok A={a;(y; )} —>{(k; )}
ai/.(/” A k=12,. ( 6eKMOpHbLE OYEHKU, YHUMbLEAIOUUE NPUOPUMEN KPUMePUsL )
nxn ‘ ‘
Y v v Y
MeToabl npuHsaTMS MAU (MeTop MeTon 3AMNPOC (3AmKHYyTbIE MeTton MAPK MeTon OPKITACC
pelueHni Ha 6ase AHanusa MPoueaypbl y OnopHbIx (MAPHas (OPauHanbHas
HEeYyeTKoN NOorvku Wepapxuin) Cutyauuit) KomneHcauwsi) KNACCudukaums)
KayecTBeHHbIe METOAbI MPUHATUS PeLLeHi

S

KoMBUHMpOBaHHbIN MeToA BUHAPHBIX OTHOLLIEHWUI

Puc. 3.2. Knaccuduxanus Mopesieii H MeTo10B NPHATHS PelIeHUii B YCJIOBHSIX HeoNpeaeJeHHOCTH
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MeTopn aHanu3a nepapxui [93, 94]

[Ipu nmpuHATHN yIpaBIeHYECKUX PEIICHHH W NMPOTHO3UPOBAHUH BO3MOXK-
HBIX PE3YyJIbTAaTOB JIUIO, MPUHUMAIOIIEE PEHICHHEe, OOBIYHO CTaNKHBACTCS CO
CIIO’KHOW CHCTEMOM B3aMMO3aBUCHMBIX KOMIIOHEHT (PECYpCHI, JKeIaeMbIe NCXO-
JIbl WK TIeTH, JIMIA WIK TPYIIa JIUI ¥ T.J.), KOTOPYIO HYKHO MPOaHAIU3UPO-
Bath [93,94]. MAU pa3BuBaet mojnens bepxka-bpyka-bypxosa [8].

IIpuHuMas pemieHuWe, TpyMIa 3KCIEPTOB MPOU3BOAUT JIEKOMIIO3UIIHIO
CJIOKHOW TIPOOJIEMBI — ONPEIEIIICT €€ KOMIIOHCHThI U OTHOIICHHS MEXy HUMHU.
[Momyyaercs MOJIENb peabHOM IEHCTBUTENBHOCTH, IOCTPOCHHAS B BUIC HEpap-
xun. Bepminnaa uepapxuu — 00Inas elib, Jajiee PacroaraloTcs MOANCTH, 3aTeM
CHJIBI, KOTOPBIE BIMSAIOT HAa ATH IMOIIEINH, JIOAU, UX IEeJH, NOJUTHKH, CTpaTe-
THH, W, HAKOHEII, HCXObI, SBIIOIINECS pe3yibTaTaMu cTparteruil. Ha crmemyto-
IIeM dTalre PEUICHUS CPAaBHUBAIOTCA YK€ OTICNbHBIE KOMIIOHEHTHI HEpapXuu
MexIy coboil. B pesympraTe MokeT OBITH BBIpa’k€Ha OTHOCHTENbHAsI CTEIICHb
MHTCHCUBHOCTH B3aUMOJICHCTBUS 3JIEMEHTOB B HEPAPXHUH. 3aT€M STH CYXKICHUI
BBIPA)KAIOTCSL YUCIICHHO. B 3aBepuicHnu ananmsa npobiembl MAU BrIrodaeT
MPOIETyphl CHHTE3a MHOKECTBECHHBIX CYXXICHUH, MOTYYCHUS MPUOPUTETHOCTH
KPUTEPHEB M HAXOXICHUS ANbTCPHATHBHBIX pelieHui. Takum oOpa3oM, OCHOB-
HBIC ITAIBl IPUHATHS PeLIcHus ¢ momonibio MAU cienyromue:

— TIOCTPOCHUE UEPAPXUU PACCMATPUBAECMON TIPOOIIEMBI,
— MapHOE CPaBHCHUE KOMITOHCHT HEPAPXUH;
— MaTemMaTtHdeckas oOpadboTKa MOTydEeHHBIX CYXKICHUH.

B Hamboiee 3neMeHTapHOM BUJIE HEPapXHs CTPOUTCS C BEPIIUHBI (TIeTeH —
C TOYKHM 3pEHUs YIPaBICHUS), Yepe3 MPOMEKYTOYHbIE YPOBHH (KPUTEPHH, OT
KOTOPBIX 3aBHCAT MOCIEAYIOIINE YPOBHH) K CAMOMY HHU3KOMY YPOBHIO (KOTO-
pBIN OOBIYHO SABJSETCS TepedHeM aiabTepHaTHB). CyIIeCTBYIOT HECKOJIbKO BH-
JIOB MepapXvii: TOMHUHAHTHBIC, XOJJIAPXUH, KATAHCKUH smuk u T.1. HanGomee
4acTO MPUMEHSCTCS ICPBBINA THIT USPAPXUIA.

[TapHbie cpaBHEHUS MPOBOJATCS B TSPMHUHAX JOMHUHHPOBAHUS OJIHOTO W3
9JIEMEHTOB HaJ JAPYTrUM. DTH CYKACHHUS 3aTEM BBIPAKAIOTCS B IEIBIX YHCIIAX.
Eciu anemMeHT A TOMHHUpYET HaJ 3JIeMEHTOM b, TO siueiika MaTpHUIbI, COOTBET-
CTBYIOIIAst CTPOKEe A W cronbOuy b, 3amoHSeTCS LeNbIM YHCIOM, a siueiika, co-
OTBETCTBYIOMIIas CTpoke b m croynbity A, 3amonHseTcsl OOpaTHBIM K HEMY YHC-
noMm (mpo6rio). B MAW mpennokeHa MIKaida OTHOCHTEIHHOW Ba)KHOCTH dJie-
MEHTOB Hepapxuu (Tadm. 3.2).

Bce marpunst B MAW momkHBI OBITH OOpaTHO CHMMETPHYHBI, T.€.
a; =1/a; Ilo rnaBHOW IMAroHalud MaTPHLbI 3apPaHEE CTABATCA EOMHMUBI, T.K.
anbTepHATHBA PABHOIICHHA camMoil ceOe. [ 3amoimHEHHs] KaKIOW MAaTpHIlbI
pa3MepoM nXn TOCTATOYHO MPOU3BECTH TOJBKO n1(n-1)/2 CyKICHUS.

CocTaBieHHE TAKMX MATPUI] POBOAUTCS ISl BCEX YPOBHEH U TPy B Ue-
papxuun. [Ipuuem mosrydeHHbIC MATPUIBI JOJDKHBI OBITH COTJIACOBAHBI JIIS JIOC-
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TOBCPHOT'O pCHICHUA. CoriacoBaHHOCTh MPOSABIACTCA B YHCIIOBOM (KapILHHaHL-
HOH COIrJ1aCOBaHHOCTH aij -a Jk = aik ) " TPaH3UTUBHOU (HOpH)J,KOBOI/I corjiaCoBaH-

HocTH). COrTacOBaHHOCTh MaTPHITHI MOYKHO TIPOBEPHUTH.
Tab6auua 3.2
IlIkana oTHOCUTENHHOMN Ba)KHOCTH

NnurencuBHOCTD

N Omnpenenenue
OTHOCHTEJIbHOI BaXKHOCTH

1 paBHast BAXKHOCTb

3 YMEpEHHOE MPEBOCXOJCTBO OJHOIO HAJA JAPY-
UM

CYHIECTBEHHOC NJIN CUJIIBHOC MMPEBOCXOJACTBO

SHAYUTCIIBHOC IMTPEBOCXOACTBO

5
7
9 OYE€Hb CHIIBHOE IPEBOCXOJCTBO
2

,4,6,8 IIPOMEXXYTOUHBIE PEIICHUS MEXAY ABYMS CO-
CEIIHUMU CYXICHUIMH

OOpaTHble BENMYMHBI IPH- | €CIM IIPU CPaBHEHHHM OJHOTO Iapamerpa
BEJICHHBIX BBILIE YHCEIl C OPYTUM IOJIYYECHO OJJHO U3 BBILICYKa3aHHBIX
YHCeJI, TO IIPH CPaBHEHUH BTOPOTO Mapamerpa
C IIEPBBIM IIOJYYUM O0PATHYIO BEIHYHHY

Brruucnsare BekTop npuopuTera (COOCTBEHHBIH BEKTOP) JUIS KaXkKAOH Mart-
PHILIBI HAPHBIX CPABHEHUH MOXKHO pa3HbIMU criocobamu [94]. B 3aBucumoctu ot
BBIOpaHHOTrO crioco0a B 3ajade MOKET HaOJIogaThcsi OOJbIIas MM MEHbIIAs
norpemrHocTs. Hanbosiee 000CHOBaHHBIN pE3yJbTAT MOJy4aeTcsl MpU MpHUMe-
HeHuu Teopemsl [leppona-dpobernyca.

Ha nocnenaem stane 06pabOTKH MOTy<IEHHBIE BEKTOPHI IIPHOPUTETOB CHH-
TE3UPYIOTCSI, HAYMHAs CO BTOPOTO ypPOBHS BHM3. JIOKalbHBIC MPHOPUTETHI Iic-
PEMHOXKAIOTCA HAa NMPHOPHUTET COOTBETCTBYIOLIETO KPUTEPHS HA BBHIIECTOSIIEM
YPOBHE B CYMMHPYIOTCS 10 K&KAOMY 3JIEMEHTY B COOTBETCTBHH C KPUTEPHAMH,
Ha KOTOpBIE BO3JAEHCTBYET 3TOT DJIEMEHT (Ka)KAbIH 3JIEMEHT BTOPOTO YPOBHS
YMHOXKAeTCsl Ha €IUHMIY, T.€. HAa BEC €AMHCTBEHHOI LEIM CaMOro BEPXHEro
YPOBHs.) DTO HaeT COCTaBHOW, WM TJIOOANbHBIN, MPUOPHUTET TOTO JJIEMEHTA,
KOTOPBII 3aTeéM MCHONb3YeTCS [l B3BEIIMBAHMS JIOKAJIbHBIX IPUOPUTETOB
9JIEMEHTOB, CPABHUBAEMBIX 110 OTHOIICHUIO K HEMY KaK K KpUTEPHUIO U paclo-
JIOXKEHHBIX YpoBHeM Hmxke. IIpouenypa mpomokaercs 10 caMOro HUXKHEro
YPOBHSL.

MeTopbl MPUHATMSA PELLEHWI NPU HEYETKOM UCXOOHOW MHopmaumm [81, 8, 48]

B pa6ore C.A. OpnoBckoro [81] paccMaTpHBarOTCS METOMBI MPUHSATHUS
pelIeHnid, OCHOBaHHbIC HA MAPHBIX CPaBHEHUSX allbTEPHATUB, KOTOpHIE BBIpa-
JKAKOTCS B BHJIC HCYCTKUX OTHOIICHUNA. METOIbI HCHIONB3YIOTCS B MO (DYHKIMA
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HenoMuHupyemoctH [8]. B pabore [48] mpousBeneHa CTpyKTypH3alusi JaHHBIX
METOJIOB, B pe3yJIbTaTe KOTOPOM BBIIEIUM CIEAYIOUINE METOIbl TEOPUU MPUHS-
THSI pELICHUH IPU HEYETKOM nCX0qHO# nHdpopMaunu:
— METOAbI MPUHATHUS PELICHUH C OJHUM 3KCIIEPTOM;
— METOAbI MIPUHATHS PELICHUN ¢ TPYINON 3KCIEePTOB, XapaKTepusye-
MBIX BECOBBIMH KO3 (HLIUECHTAMH;
— METOABI NPUHATHS PEIICHUH C TPYNIONH 3KCIEPTOB, XapaKTepu3ye-
MBIX HEYETKAM OTHOILIEHHUEM HECTPOTOTO MPEATIOYTECHUS.

3aoaua npunsamus pewenus ¢ OOHUM SKCNEPMOM

3a7aH0  MHOXECTBO  BO3MOXKHBIX  PEIICHWH WM  albTEPHATHUB
U = {uy, uy..., u, } ¥ HEIETKOE OTHOIICHHE HECTPOTOTO MPEAMOUTEHHUS (H.0.11.)
R na muOx)ectBe U ¢ QyHKUMEH NPUHAMIEKHOCTH Lig(U;, uj)e [0, 1] — mo6oe

peduekcuBHOE HeueTKoe oTHoLIeHUe Ha U, Tak 4yTo ,uR(ul-, u)=I, u;e U

H.o.1. 3anaercs o6bruno JIIIP B pesynbprare onpoca sKcnepToB, o0nanaro-
IIMX 3HAHUSMU WJIM TPEJICTABICHUSIMU O COAEP’KaHWM WM CYIIECTBE 3aJayH,
KOTOpble HE OblIM (hOPMAIM30BaHBl B CHIIy YPE3MEPHOW CIOKHOCTH TaKoW
(dhopMau3anK WIK 10 APYTUM MPUIHHAM.

Hns mo6oii napel anbTepHaTuB u;, u;U 3HaueHue Lp(u; 1;) TOHUMAETCS
KaK CTeleHb NPEINOYTEHHs «u;, He XyXKe u» B 3alMCH u; > u;. PaBeHCTBO
Mp(u;, u;) = 0 MOXKET 03HAYATh KaK TO, 4TO Lp(u;, u;) > (0, TO €CThb C IOJIOXKH-
TEIBHOM CTENEHBIO BBINOJIHEHO «0OpaTHOE» NPEINOYTEHHE U; > U; TaK U TO,
uTo M tp(u; u;) = 0, TO €CTh aNbTEPHATHBBI U; U U; HECPAaBHUMBI. Pedexcus-
HOCTh H.O.II. OTpa)kaeT TOT €CTECTBEHHBIH (DaKT, 4TO JNr00as ajJbTepHATHBA HE
XyXe caMoH cedsl.

3aja4ya NPUHATHS PELICHUS 3aKII0YaeTcs B PaliOHAJIbHOM BbIOOpE Hau-
OoJiee MPEANIOYTUTEIBHBIX aTbTEPHATUB U3 MHOXKeCTBa U, Ha KOTOPOM 33/1aHO
HEYeTKOE OTHOLICHHE IpeNnoYTeHHs R.

Aneopumm pewrenust 3a0auu

s
1. Ctpoutcs HEYETKOE OTHOIIEHUE CTPOTOTO MPENNOYTEHUS R , acCOIUH-

PpOBaHHOE C R, orpeaciiseMoc (l)yHKuI/IeI?'[ MPUHAAJICIKHOCTU
,UR(U,',Uj)f,UR(u]',u,‘),/JR(ui,u]')>/JR(Uj,l/li),

5
U, u;)=
Ml 0, p(uu; )< pag(u;,u;).

s T T
DTO OTHOIIEHUE MOXKET OBITh MPEICTaBIcHO B Buae R = R\R , rme R —
T

«obpaTHOE» OTHOIIEHHE (MAaTpHUIa OTHOMICHHH R TIONydaeTcs TPaHCIOHHPO-

BaHHMEM MaTpPHIIBI OTHOMIEHUH R).
nd
2. Ctpoutcs HEYETKOE TOIAMHOXKECTBO UR < U HENOMHMHUPYEMBIX ajlb-

TEepPHATHUB, aCCOIIMMPOBAHHOE ¢ R W BKIIOYAIOIIEE T€ aJbTEPHATHUBHI, KOTOPHIE
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HE JIOMUHHUPYIOTCS. HUKaKHMMHU APYTHMHU, ompelelisieMoe (pyHKINEH TpHHAIIeK-
HOCTHU

nd I R g s
Hp (ui)_umjél’}{l #R(uj'ui)}_l ’:Zlg[]x{#R(uj’ui)}' u; eU.

Hns mo6Goii anbrepHaTuBbl u;€ U 3HaueHue 1y (u,) ToHMMaeTCs Kak
CTEIIeHb HEJOMHHUPYEMOCTH JTO aJbTepHATHUBBI, TO €CTh CTEIEHb, ¢ KOTOPOI
u; He JOMMHHUpYETCS HH OJIHOH W3 anbTepHaTHB MHOkecTBa U, 44 (u,)=a
03HAYaeT, YTO HUKAaKas albTePHATHBA i; HE MOXKET OBITh JyYIIE i; CO CTEHEHBIO
JOMHHHUPOBaHMsI OOJNbLICH ¢; MHAYE TOBOPS, U; MOKET JOMHUHUPOBATHCS JIPYTH-
MU aJIbTEPHATHBAMH, HO CO CTENEHBIO HE BbIe 1 - ¢ PanuonaibHBIM ecTecT-
BEHHO CYHTATh BHIOOP alNbTEPHATHB, UMEIOIIMX II0 BO3MOXHOCTH OOJBIIYIO

CTeTIeHb TIPHHAUTEKHOCTH MHOXKeCTBY U s’ .

* o *
3. BeiOupaercs Ta anpTepHaTHBA U , JUIS KOTOPOW 3HAYCHUE y;d (u), max-
CHUMAJIbHO:

+ d
u = arg max uy' (u, ).
ujelU

Ona u naer peureHue 3anauy. Ecim HanOonblnyro cTeneHs HeIOMUHHpYe-
MOCTH MMEET HE OJIHa, a HECKOJIbKO anbTrepHaruB, To JIIIP moxer nubo cam
BBIOPATh OJHY M3 HHUX, HCXOJS U3 KaKUX-JIHOO JOIOIHUTENBHBIX COOOpaXKEHUH,
00 PaCHIMPUTH KPYT SKCHEPTOB NPH (POPMUPOBAHUU HCXOAHBIX JIAHHBIX 3a-
Jla4¥ ¥ IOBTOPHUTH €€ PEIICHHUE.

3aoaua npunamus pewenus ¢ epynnoi SKCNepmos, XapaKmepusyemoix ee-
co8bIMU KO Puyuenmamu

Ha MHOXeCcTBe BCEBO3MOXHBIX perreHui (ambrepHatuB) U = {u,, u;,...,u,}
3aJaHO HECKOJIBKO H.O0.I. HedeTkwne OTHOMICHWS HECTPOTOrO MPEANOYTEeHUS R
MIONYyYCHBI B PE3yJIbTATE OMpoca KaKIOTo JKCIepTa M 3aNOTHEHWH MAaTPHIIBI
HEYETKOTO OTHOIIEHHUS HECTPOTOTO MPEAOYTCHUS (H.0.11.) Ry, KaXIbIi 3JI€MEHT
KOTOpO# ecTh 3Ha4YeHHE (QYHKIMM IIPUHANICKHOCTH Lp(1;, 1), BhIpaXaroliee
CTENeHb NPEANOYTHTENILHOCTH albTEPHATHBBI i; 0 CPaBHEHHIO ¢ u;. Ilpu
Mr(u;, u;) > 0 u; NpeAnodTHTENbHEE, 4eM u;; eCiu ke p(u;, u;) = 0, To 1ubo
mepBasi aJbTePHATHBA XYXE BTOPOH, NHOO OHM HECpaBHUMEL. JIWIO, MpHWHH-
Maloliee pemeHne, Mo-pasHoMy OTHOCHTCS K IKCIIepTaM, YTO HAXOIUT OTpake-
HHUE B BECOBBIX Ko3(dunuenrax A, (rae 0 < 4, <1, > 4, =1), COOTBETCTBYIO-
[IUX KOKJIOMY U3 HUX.

Ienbro naHHOM 332Uy SBISCTCS YHOPSIIOYCHHE COBOKYITHOCTH aIbTEPHA-
tuB U = {uy, ..., u,}.

Aneopumm peutenus 3a0avu

1. Crpourcst cBepTka P OTHOILICHUN KaK MEPECCUCHHE HEYSTKUX OTHOIIC-
HMH HECTPOTOro MPENOYTeHHs IKCIEPTOB P = M Ry (u;, u;) = min { pri(u;, uy)};
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TakuM 00pa3oM, MOJYYaeTCs HOBOC HEUYETKOE OTHOIICHHE HECTPOTOro Ipej-
mouTeHus. Jlanee ¢ H.0.M. aCCOIUUPYETCS OTHOIICHUE CTPOTOro MPeAOYTCHUs
P’ = P\P" ¢ pyHKIHCH IPHHALICKHOCTH L.

/UP(M;':M]')_/UPT (ui:uj): eciu /up(uiruj)>/uPT (ui’uj);

N
u,u; )=
Hp(upu) 0,ecnu prp(ug,u; )< p,m(u,u;).

Jlanee onpesenseTcs MHOKECTBO HeJOMHHUPYEMBIX anbTepHatnB UL’ ¢ QyHK-

UeH MPUHAJIC)KHOCTH
d N
My ;)= I—Tg;c{yp(uj,ui)}, u,eU.
J

2. Ctpoutcs BBINyKJas cBepTka () OTHOIICHUU R, KOTOpas ONMpeneisieTcst
kak Q=Y R, , py(u,u;)= Ek:lk,uk(u,.,uj). Ona sBIsIETCS HOBBIM H.O.IL,

S
C KOTOpBIM aCCOLMUPYIOTCA €ro OTHOLICHUE CTPOTOoro mnpeaAnovYTCHU Q u

MHOKECTBO HEJOMHUHUPYEMBIX aibTepHAaTUB U g’ . MuoxectBa U ;i" u U gd He-

CYT JIOTIOJHSIOIIYIO IPYT Apyra HHGOPMALHUIO O HEJOMHUHUPYEMOCTH albTepHa-
TUB.

3. PaccmarpuBaeTcsl mepecedeHue MOTY4YEHHBIX MHOXKECTB Up u UQ"d:
U= UM N UQ”d ¢ dyHkmmedl npuHamIeRHocTH (1) =min{ " (),
4" ()}

4. Boibupaercs Ta albTepPHATHBA U , JUIS KOTOPOil 3Hauenue 4/(u”) Mak-
cuManbHO: u =arg max ('"(u;), u; € U.

3aoaua npunamus pewenus ¢ epynnou IKCNePmos, XapaKmepuzyemvix He-
YemKUM OMHOUWEHUEM HECMPO20 NPEONOYMEHUs MENCOY HUMU.

MoXHO paccMOTpeTh 3a/auy IPHUHATHS PELICHUI C TPYIIION SKCHEPTOB,
XapaKTepU3yeMbIX HE BECOBBIMH KO3(h(UIMEHTAMH, a IPU TIOMOILH €IIe OJHOTO
H.0.I. N, 33IaHHOTO Ha MHOXKECTBE E KCTIepTOB ¢ (YHKITUEH NPHHAIC)KHOCTH
Uy (ex, ), e, e; € E, 3HaueHns1 KOTOPOH 03HAYAIOT CTENEHb IPEIIOYTECHUS IKC-
TIepTa e, 110 CPABHEHUIO C IKCIIEPTOM e, .

Aneopumm peuwtenus 3a0avu

1. C xaxabpIM R; accOLMHUPYIOTCS R wu U ,’;d, BBOJAUTCS 00O3HAYCHUE

,u,;'d (u) = poley, u)), i =1, .., n, k=1, .., m. Tem caMbIM 3a1acTCs HEYCTKOE
cootBeTcTBUE @D MexXay MHOKecTBamMu E u U.

2. Ctpoutcs cBepTka /' B BUE€ KOMIIO3ULUU COOTBETCTBUH [ = @' N @.
[Ipuuem, pesynbTupyroulee oTHOLIEHHE [ ONpeaenseTcss Kak MaKCMUHHOE Tpo-
WU3BEJCHUE MaTpHI] @', N, @. To ecs, MIOJIY4aeTCsl €AMHOE PE3YJIbTUPYIOLIEe
OTHOIIICHHE, OJIYYCHHOE ¢ Y4eTOM HH(OpMAIu 00 OTHOCUTEIHHON BaXKHOCTH

H.0.IL Ry. C oTHOMmEHHEM I acCOMUUpPYeTest oTHOMmEH e [ 1 MHOXKecTBO U 1'1‘1 .
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3. Koppektupyercs muoxkectBo U™ mo muoxectsa U'™ ¢ byukuuei
r r

npunagexnocta ) (u)= min { 1 (), pr (s, )}

4. BoiOupaercsi Ta anbTepHATHBA, IJISI KOTOPOH 3HaYeHHE (PYHKIMU TPU-
HAJIE)KHOCTH CKOPPEKTUPOBAHHOTO HEYETKOTo ToaMHoxecTBa U Hemomu-
HUPYEMBIX aJbTePHATHB MAKCHMAJbHO.

KayecTBeHHble MeToabl MPUHATUSA pelueHuit [61-64]

KauecTBeHnHble MeTOIbI NpUHSTHS perieHuid paspabdoranst O.U. Jlapuue-
BBIM U OITUCHIBAIOTCS B pabote [64]. MeTo bl MOTYT MCIIONB30BATHCS B MOJICIIAX
JIMHEIHOTO yNOpsI0YMBaHUs OOBEKTOB Ha OCHOBE MX BEKTOPOB IPEIIOYTCHUH.
B kauecTBEHHBIX METOAAX MPUHATHS PEIICHUIl HCIOJB3YIOTCA TOJIBKO TaKue
CIIOCOOBI NOTyYeHHsI HHYOPMALMH OT SKCIIEPTOB M JIOTHYECKUE MTPOLEIYPhI ISt
MIOCTPOCHUS BBIBOAOB, KOTOPBIE, COTTACHO JAHHBIM IICHUXOJIOTHYECKUX HCCIIe-
JOBaHHI{, COOTBETCTBYIOT BO3MOKHOCTSIM UEIOBEUECKON CHCTEMBI IIepepaboTK
nHpopmanuu. OTHUM U3 TaKUX CIIOCOOOB, KOTOPHIH MOXET OBITH C yCIIEXOM
MPUMEHEH ISl PeIIeHUs] HECTPYKTYPHUPOBAHHBIX MPOOJIEM C KadeCTBEHHBIMHU
MIEpEeMEHHBIMH — IDTAHWPOBAHMS HAYYHBIX MCCIIEOBAaHUN, KOHKYPCHOTO 0TOOpa
MIPOEKTOB, MPOOIEM JIMIHOTO BEIOOPA — SBIAETCS METOJ YHOPSIOUYNBAHIS MHO-
rokpurepuanbHbix anbTepHaTuB 3AIIPOC (3aMKHYTBIE IPOLELYPBl Y OTMOPHBIX
CUTYalui).

PaccmoTpuM mprMeEHEHHe 3TOro METOJa Ha MpUMEpEe PaHKUPOBAHUS Ke-
J1e300€TOHHBIX M3AEINH, a UMEHHO, HEKOTOPBIX BHIOB TPOTYapHBIX IUTUTOK,
C TOYKHM 3peHHs MoTpeduresbckoro crpoca. IIpeanonaoxum, 4To YuCIO BHIOB
n3nenuid — Tpu: I11 (mutka «Jlenmectoky), 12 (rumrka «Karymxkay), I13 (Ilant-
ka «babouka»). BeimenuM KpuTepwH WX OICHWBAHWSA: BHEIIHWUH BHI, CTOH-
MOCTb, YTIOOHOCTh YKJIAaJIKH (KOJUYECTBO albTEPHATHB M KPUTEPHEB B OOIIEM
cilydae MOXKET OBITh IIPOM3BOJIBHEIM). KpuTepnansHoe ommcaHue alnbTepHATHB-
HBIX U3JIEITHA MOXKET OBITh CBEJICHO B TaOIHITY:

TporyapHas Brenranii B CTonMOCTD Y nobuocTs
IJINTKA VEJIAIKH

I11 HpUBIEKATENbHBIN | JOpOXKE, YEM TpyaHa
BHEITHUH BUT XOTEJIOCH OBI B VKJIaJIKe

112 OTCYTCTBYET OpH- | CIIUIIKOM JIOPOTO | ONTHMAJIbHA JIJISt
THHAJIHLHOCTD M3, YKIIQJIKH

113 MPUBJIEKATEIbHBIA | CIIMIIKOM JIOPOTO | HE COBCEM ONTH-
BHEIIHUM BHU]T MaJIbHA JUTS YKJIAIKH

B cooTBeTCTBHM C KpUTEpHAJIbHBIMHU OLIEHKaMH BepOaibHas IIKajla Ka-
JIOTO KPHUTEPHs CONOCTaBiIseTcs ¢ 0a30BOHM (KOJIMYECTBEHHOM) IIKaJIOW, NpH
9TOM caMasl BBICOKAasl OLIEHKA KpUTEpHUs YCIOBHO INPUHHMAETCS 3a €IUHHILY,
cleAyromas 3a Hell oueHuBaercs kak 2 u T.4. Hampumep, no kputepuro «cTou-
MOCTb» 0a30Bas LIKajla MOXET OBbITh NIPEACTAaBICHA B BUJE!
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1 2 3
| | |

npuemiieMas CTOMMOCTb U3-
Jenus

JOPOKE, YEM XOTEJIOCh OBl CJIMIIKOM 10pOro

Vcxons U3 3TUX JaHHBIX, HAM HY)KHO CPaBHHUTh BEKTOpHI a; = (I, 2, 3),
a,=(2,3,1),a;=(1, 3, 2), xotopsie coorBercTByoT I11, I12, I13.

1. ChopmupyeM CIHCOK BEKTOPHBIX OIICHOK y TIEPBON OMOPHON CHTYaITUH
L,. OnopHble cHTyaluyl — 3TO BEKTOPHBIE OIEHKH, MMEIOIINE TONBKO JyYIIHe
WA XyAIIHEe 3HAYCHHS 10 BCEM KPHUTEPHSAM (COOTBETCTBEHHO IepBas M BTOpas
oropHas cutyarmu). CIiMCcoK BEKTOPHBIX OIICHOK Y OIIOPHBIX CHUTYaIlHMH — MOMHO-
YKECTBO BEKTOPHBIX OLICHOK, NMEIOIIHX TI0 BCEM KPUTEPHSM, KPOME OJHOTO, TE JKE
3HAYCHUS, YTO U y TAaHHOU onopHo# curyarwmu. L; = {211, 311, 121, 131, 112, 113.

2. CpaBHHM TOJYYCHHBIC BEKTOPHBIC OIICHKH MEPBOIl OMOPHOM CUTYaIHH
Mexk Ly co00ii. st 9TOro cOCTaBUM MATPHIly MAPHBIX CPABHEHUH A, =// a;; /1,

IJIe 7 — KOJMYECTBO BEKTOPOB ONOPHOW CHTYauuH, @ = f(X;,X;) — CTCICHb

IpeaAIoOYTCHUA X; OUCHKU IIEPEd X; . Ecmn o :1, TO DJJIEMCHT X; IIPCANIOYTH-
J ij

i

TCJIBHEC 3JICMCHTA X, C(-j =2 — X; PaBHOLCHCH X, 0!1-]- =3- X; IpCANOYTHUTCIIb-

HEC X;, IIpU aij = ( 3JI€MEHTHI B CTPOKE U CTOH6H€ HE CpaBHCHBI.

B mcxoxHO# MaTpuIile B HEKOTOPBIX S9eHKax YK€ UMEIOTCS eIUHUIIBI, TI0-
CTaBJICHHBIC TaM Ha OCHOBE 0a30Boii mkaisl (Tabmn. 3.3). [Janee B Tabmure npu-
BeJICHa Ta K€ MaTpHlia, HO Iocie TOTo, Kak ObUIO yKa3aHO, 4TO oueHka (211)
ayqme, 9eM (121). 3amerum, uto cpaBHenue (211) ¢ (131) caenano Ha ocHOBE
TpaH3uTUBHOCTH ((211) myume (121), a (121) myume, yem (131) B ucxoaHoi
MaTtpuiie). ITodHOCTBIO 3amoNHEHHAst KCIIEpTaMH MaTpHlia IIpUBEeHA B Ta0JIu-
1€ TPEThEH.

Tao6auna 3.3

211 311 121 131 112 113 211 311 121 131 112 113
211 |2 1 0 0 0 0 211 |2 1 1 1 0 0
311 2 0 0 0 0 311 2 0 0 0 0
121 2 1 0 0 121 2 1 0 0
131 2 0 0 131 2 0 0
112 2 1 112 2 1
113 2 113 2

211 311 121 131 112 113 211 311 121 131 112 113
211 |2 1 1 1 1 1 211 |2 1 1 1 1 1
311 2 1 1 3 1 311 |3 2 1 1 3 1
121 2 1 1 1 121 |3 3 2 1 1 1
131 2 3 1 131 |3 3 3 2 3 1
112 2 1 112 |3 1 3 1 2 1
113 2 113 |3 3 3 3 3 2
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ITo Hel cTaHOBHUTCS BO3MOXHBIM BOCCTAHOBHUTBH BCE 3HAUCHMS 3JICMEHTOB
(tabm. 3.3, yerBepTas MaTPHULA).

3. B coorBercTBHU ¢ nocieaHei Matpuiel B Tadi. 3.3. ynopsgouuM Bek-
TOpHBIE olleHKH u3 criucka Ly: (211), (311), (121), (112), (131), (113). Ecin no
HEKOTOPHIM BEKTOpaM HMMEIOTCS paBHBIE OLEHKH, TO JIMIY, NPHHUMAIOIIEMY
pelIeHue, 3a/1al0TCsl IOTIOJHUTEIbHbIE BOIIPOCH! ISl CPABHEHHMS CIIOPHBIX OLie-
HOK OTMIOPHOW CHUTYallUH.

4. Ucnonp3ys equHyro mopsinkoByto mkamy (EITII) (211), (311), (121),
(112), (131), (113), ynopsmoumm I11, I12, T13 mo crneayromemMy IpHHIAITY: TIEp-
BOE 3HAYCHHUE II0 JIOOOMY KPHUTEPHIO MMEET paHr 1, BTopoe 3Ha4yeHHe IO Iep-
BoMy kputepuio (211) — panr 2 u T.1.

Tpory- Brem-  |Crou- V106H0CTS Bekropnas |BektopHas oneH-
apHas HHI BHA |MOCTD — OLIEHKA 10  |Ka I10 BO3pacTa-
TJTUTKA EITII HUIO PaHTOB

111 1 2 3 147 147

112 3 1 261 126

113 1 3 2 165 156

5. Ha ocHOBe TaOuuIbl clieiacM BBIBOZ: BEKTOpPHAsl OLCHKA, OMHCHIBAIO-
mas [12, nyume, yem ouenku 11 u [13, nanee MOXHO mpeanoNoXuTh, uto 111
nyunte [13. Msr ynopsimounnu uznenust 112, I11, 113 n onpenenuinu, 4ro Han6o-
Jiee IpeAnoYTUTENbHBIM U3 HUX siBisieTcs I12. B xoHie npouenyps! skcnepram
HEOOX0AMMO TPEIOCTABUTH COOTBETCTBYIOLINE OOBSICHEHHUSI.

Taxum o6pazom, meroq 3AIIPOC no3BossieT paH)XUpOBaTh ajlbTEPHATHUBBI
10 CyOBEKTHBHBIM BepOaJbHBIM OLIEHKAM C YYETOM 3HAYUMOCTH KPHUTCPHUEB,
9YTO 0COOEHHO Ba)KHO ISl MHOTOKPUTEPHAIBHBIX 3a1a4. KpoMe IpeokeHHOro
METO0/1a, BO3MOXKHO IPUMEHEHUE U APYTHX, COOTBETCTBYIOMINX JAHHOMY KIIaccy
3amau [64]: TTAPK (ITAPnas Kommnencamus), OPKJIACC (OPmgunanbHas
KIIACCudukanus).
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4. CpaBHUTeNnbHOE UccriegoBaHWe METOAOB NMPUHATUS peLueHU
B YCIIOBUSIX HEONpeaAeneHHOCTU

Mogenu NpUHATHS PEHICHUI MIMPOKO HUCIONB3YIOTCS B HH(OPMAIMOHHO-
YIPaBISIONINX CHCTEMaX, B MHTEIUICKTyaJbHBIX CHCTEMax o0paboTKu mMHpopmMa-
LIUY, B CHCTEMAaX UCKYCCTBEHHOTO MHTEIUIeKTa. B paborax [8, 25, 42, 45, 63, 100]
MIPOU3BOIUTCS KIACCUPUKAIMS PA3THYHBIX MOJCICH U METOIOB MPUHSTHS pellie-
HUH, U3JI0)KEHHE WX OCHOB, HAMEYAIOTCS MOIXOIBl TEOPETHYECKOTO CPaBHEHUS,
HO aHaJM3 MOJEJCH M METOJOB C TOYKH 3PCHHUS MPAKTHICCKUX PE3yNbTaTOB, KaK
MIpaBUIIO, HE paccMaTpuBaeTcs. B riaBe 4 mpomsBeneM cpaBHEHUE MPAKTHIECKUX
Pe3yIbTaTOB aHANN3a MPOOJIEMHBIX CUTYalluii Ha OCHOBE MOJENH (PYHKIMH TOMU-
Hupyemoctr (Metomamu [IP mpu HedeTkoH MCXOMHOW WH(POpPMAIMKM) U MOJACTH
Bepxa-bpyka-bypkoBa (MeTOIOM aHanm3a Hepapxuii), MOJEIH JUHEHHOTO YIO-
PAAOYMBaHUS HA OCHOBE BEKTOPHBIX OIICHOK albTEPHATUB (KAYCCTBCHHBIMHU ME-
TOJIaMU NPUHATHS PEIICHUH) C LENbIO0 BBISBICHHUS HAN00JIEE ONTHMATIBHBIX U 3(-
(hEKTUBHBIX MOJXOIOB KAXJOT0 U3 METOJIOB K TAKOMY aHAJH3Y.

B pasnene 4.1 paccMaTpuBaOTCs OCHOBHBIC TCOPETHYCCKHE CBOMCTBA 00B-
€KTOB BBIJICIICHHBIX Mojenel. Vcronb3ys NaHHBIC CBOWCTBA, HMPOHU3BOJUTCS BbI-
YHUCICHUE NIPUOPUTETOB OOBEKTOB, MAPHOEC CPABHEHUE KOTOPBIX OCYIICCTBIISACTCS
Ha OCHOBE KOJIMYECTBEHHOH IIKAaJHI U 1O MpaBmiaM (GOPMHUPOBAHUS OTHOIICHUI
B MAU, MeTO10M NIPUHATHS pEIeHNi Ha 0a3e HEYeTKOW JIOTHUKH, 1 HA000POT.

PaccmartpuBaeTcst BOIIPOC BOCCTAHOBICHHUS OTHOIICHUH IO BEKTOPY MPHOPH-
TETOB albTepHATHB. Takas BO3MOXKHOCTh pealln30BaHa JJIS BEKTOpa HEJOMUHH-
PYEMBIX abTepHATUB, IO KOTOPOMY, KaK MOKa3aHO, MOYKHO BOCCTAaHOBHUTH 00part-
HOocUMMeTpHuUHYyI0 Matpuily MAW. BoccraHOBICHHE K€ HEYETKOTO OTHOIICHUS
HECTPOroro MpelnoyTeHUs 0 BEKTOpy npuopuretoB MAW ¢ TOUHOCTBIO 0 TO-
CTOSIHHOM OCYILIECTBUTH HEBO3MOKHO.

Kak m3BecTHO, MpU OCYINECTBICHIUH ONTHMAIBHOTO BHIOOpA BHaYajae HE0O-
XOJIMMO BBISIBUTH (PAKTOPBI, OKA3BIBAIOIIUE BIUSHUEC HA XOJ| HCCICIYyEMOTro IMpo-
[ecca WK ero pe3ynbratbl. HekoTopsie (hakTophl Ipu 3TOM MOATAr0TCs Gopma-
JN30BAaHHOMY TPEACTaBICHUIO (T.€. MOTYT OBITH BBIPAKEHBI KOJMYECTBEHHO),
a HEKOTOpBIC HET, M MOTYT OBITh BBIPA)KEHBI TOJIBKO MPH IMIOMOIIH CYOBEKTUBHBIX
OIICHOK 3KCIEepToB. BBUIY 3TOr0 Ba)KHOW XapaKTEPUCTHKON METOJ0B MPHUHATHUS
PEMICHUH SBISETCS MX BO3MOXHOCTH YYUTHIBATh OOBEKTHBHYIO COCTaBIIIOIIYIO
MHOTOKPUTEPHAIHHOHN MPOOJIEMBI, BEIPAXKEHHYIO B BHJIE KOJMYECTBEHHBIX Xapak-
TepucTHK. B pa3gene 4.2 KOMTMYECTBEHHBIE TaHHBIE OBUIH BKIIOYEHBI B TIPOIIECCHI
MPUHATHUS PEHICHUN C IeTbI0 MPOBEPKH OCTOBEPHOCTH JIMHEHHOTO YIOPSI0YH-
BaHUs aJbTCPHATUB HA OCHOBE PA3IMYHBIX MOJICIICH MIPUHSATHUS PCIICHUIA.

Kax ormeuaercs B [91], ogHuM U3 HaydHbBIX HampaBieHui passutus MAU
SIBIIICTCS OI[CHKA METO/1a COOCTBEHHOTO BEKTOPA B PSIy METOMOB MOCTPOCHHUS 110
3aJJaHHOM MaTpHIle MAPHBIX CPABHCHUI OOBEKTOB ONTUMAIILHOI'O JIMHEWHOTO HMX
ynopsinounBanus. B pasmene 4.3 HamMu OBUIO TPOBEACHO WCCIEIOBaHUE, IETh
KOTOPOTO 3aKII0Yaiach B ONPEAEICHUH HanOolee MPEeANOYTHTEIBHBIX METOIOB
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MPUHATUA peHIeHI/Iﬁ B YCJIOBHUAX HCOIMPCACICHHOCTH. CpaBHeHI/Ie MMPOU3BOANJIOCH
y4aCcTHUKaMU npouecca npruHiATUs pemeﬂnﬁ 110 MHOI'MM KpUTEPpUAM, MPEAJIO0KCH-
HbIM Ha OCHOBC PE3YJIbTATOB NPAKTUYCCKOTO MMIPUMEHCHUSA METOAOB U TCOPETUYC-
CKOI'0O U3Yy4YCHHS UX OCHOB. B kauectBe Cpe€acCTBa aHajin3a ObLI BLI6paH MAMN.

4.1. CpaBHeHMe pe3yNibTaToB PaHXUPOBAaHUA aNbTepHATUB Pa3fINYHbIMU

MeToZAaMu NPUHATUA peLleHUI B YCNOBUAX HeonpeaeneHHOCTH

Mopenu NpUHATHS PEIICHUH B YCIOBHSIX HEONPEIEICHHOCTH TPUMEHSIIOTCS
JUIs BBIOOpa HanboJee ONTHMAaIbHBIX allbTePHATHB M3 MMEIOUTNXCS B CHUTYAIlHX,
XapaKTepU3yeMbIX HETOYHOCTHIO, HEMONHOTOW wH(popMmarmu. OCyIIecTBICHHE
PAHXHPOBAHUS ATBTCPHATHB B ATOM CIydae BO3MOXKHO MPOU3BOIUTH Pa3IHYHBI-
MH TipsiMbIMU MeTogamu. J{is JITIP BakHO, 9TOOBI pe3yabTaThl IPUMEHEHUS Me-
TOAOB NMPEAOCTABISUIA OAUHAKOBOE PAaH)KUPOBAaHUE allbTEpHATUB. BO3MOXKHBI paz-
JIMYHBIE TPUOPUTETHI ANbTEPHATHUB, ONPEEIIIEMbIE PA3HBIMU METOAAMHU, HO YIO-
PAAOYMBAaHUC UX OJDKHO OBITh OJMHAKOBHIM. [IpoBe/ieM CpaBHEHHE PE3yJIbTAaTOB
pamxupoBaHus anbTepHaTUB MAU 1 METOOM NPUHATHA PELICHUN IPU HEUETKOU
HCXOJIHOW MHPOPMALIUY.

[Tyctp nmeercst MHOXecTBO X = {X;, X3, ..., X,} — ajubrepHartuB, XxX — Ou-
HapHOE OTHOIIICHHE Ha MHOXKECTBE aJIbTepHATHB. TpedyeTcs A KaXaoi ampTep-
HaTHUBBI ONPEIEIUTh €€ OLUEHKY — (&,,Q,,....a, ). B MAU (B X0z manbHelIero

wsnoxenus — (1)) (a,,a,,...,&,) — BEKTOp NPHOPHUTETOB, B METOJAX TPUHSITHS
pelueHuit IpH HeyeTKoi ucxoaHon nudopmanuu (cnocod (2)) («a,,a,,...a,
BEKTOpP CTENEHEel HeJOMUHHMpyeMocTH anbTepHaTus. llpmuem, B (1) O0<¢a, <1,
B(2)0<a, <1.

bunapHoe oTHOmIEHUE TTpearnouTeHus aapTepHaTB U B (1), u B (2) 3amaercs
B BHJIC KBaJIpaTHOW MaTpHUbl A4,,,= // a; //, toe o i= )78 X, X; ) — CTENeHb Npej-
[OYTEHHUS X; AIbTEPHATHBBI Nepen x;. Marpuusl 4,.,= /@, //, chopMupoBaHHbIE

B K&XIOM CI0c00e B COOTBETCTBUH CO MIKaMaMy (LIKagol (pyHKIHN TIPHHAIIIEK-
HOCTH (2) WK mIKanol oTHOcHTENbHOM BaxknocTu (1)) u npasunamu popMUpoBa-
HUSI OTHOIIEHUH B KQ)XKIOM M3 METOJOB, OyIyT 00JafaTh psAAOM OOMIMX M «HHIH-
BUTyaJIbHBIX)» CBOMCTB.

B cnocobe (2) A,, npencraBiser co00i HEYETKOE OTHOIIEHHE HECTPOTOTO
npeanoYTeHus ansrepHatus: XxX — [0,1], r.e.a; = pu(x;,x;) € [0;1] — 3Hade-

HUsl QYHKUMA NIPUHAUIEKHOCTH H.0.11. Matpuusl /@ // HEOTpHLATENbHBI, T.K.
0<a, <I. a;=1 raei=j,T.e. HO.IL PePICKCHBHO.

bazoBas mkama crocoba (2) mpeacrabineHa Ha puc. 4.1. OyHKIUA npuUHAI-
JEKHOCTH L X;,X, ) 0OIAnaeT CIenyIOMUME CBOUCTBAMU:
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— 4(X;,X;) BO3pAacTaeT C BO3PACTAHUEM CTCIICHH NPEBOCXOJCTBA (CHIIbI, HHTEH-

CHBHOCTH) OIICHKHU MPEBOCXOICTBA AbTEPHATUBHI,
— p(x;,x; )= 1 o3Ha4aeT 6e3yCIOBHOE NPEBOCXOACTBO AlLTEPHATHBBI X; HAJl X;;

— 4(x;,x; )= 0 03Ha4aeT MO0 MOIHOE OTCYTCTBHE NPEBOCXOACTBA ANILTEPHATHBbI

X; HaJl X;, THOO TO, UTO i-/mas aNbTEPHATHBA XYy¥Ke j-moil.

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 038 0,9 1

| | | | | | | | | |
T T T T T T T T T 1

HECKOJIBKO CYIIECTBCHHO O4YCHBb CHUIIBHO
NPEeANOYTUTENLHEE NPEANOYTUTENIbHEE OpeAnOYTUTEIbHEE

Puc. 4.1. Ba3oBas mxkajna meroga IIP npu HedeTkoli ucxoaHoii nHdpopmanun

B cnioco6e (1) 4,x, npeactasiser coOoi MOJIOKUTETLHYI0 00paTHOCHMMET-
PUYHYI0 MaTpHIly, KOTOPYI0 MOXHO CYHTaTh OTHOLICHHEM IMPEANOYTCHHUS allb-
tepHatuB. XxX — [1/9;9], re.a; = u(x,,x;) € [1/9;9] — 3uauenust pyHKuuu

NPUHA/IEKHOCTH OTHOLICHUIO NPEANIOYTEHHUS AJIbTEPHATUB, IPH 3TOM 4 X;,X ;)

MIPUHUMACT 3HAYCHUS B COOTBETCTBUM C 0a30BOH IIKAJIOH OTHOCHUTEILHOW BaXKHO-
CTH, TIpeICTaBIeHHON Ha puc. 4.2.
B (1) /&, // amnsrores:

—  IOJIOKHUTEIbHBIMHU;
—  OOpaTHOCHMMETPHUYHBIMHU (€CIM a; = a, T0 & ;= l/a);

—  HENpPUBOJMMBIMU;

—  HMIPUMHTHBHBIMH;

—  TaK ke, Kak ¥ B (2), OunapHsle otHomeHus (1) sBistoTcs pedaeKCHBHBIMH,
TK. o; =1, roe i=j.

19 18 17 e U5 U4 13 12 1 5 3 4 5 6 1 8 9

| | ] | I | | I I | | I | | ) ),
T T T T T T T T T T T T T I I 1

ropasjio Xyxe CYIIIECTBEHHO MEHEE HECKOJIBKO MeHee paBHas HECKOJILKO MPEANOY- CYIIECTBEHHO NPEJ- OUYEHb CUILHO
NPENOYTHTEILHEE  MPEANOYTHTEIbHEE BaXHOCTh ~ THTEJIbHEE TOYTUTENbHEE NPENOYTHTETLHEE

Puc. 4.2. bazopas mkana MAU
DyHKIHMS TPUHAIIEKHOCTH £4(X,,X,) 00JaNaeT CIEAYIOIMMHA CBOHCTBAMM:

- ,u(x‘,x/) BO3pacTacT C BO3pAaCTaHUEM HAJACKHOCTHU OLUCHKHU IMPEBOCXOACTBA aJlb-

TEPHATHUBHI;
— u(x,,x,) = I 03HAYAET PaBHYIO BaXKHOCTh AIbTCPHATHUB.

CpaBHEHHE PE3yJILTATOB PAHXMPOBAHHUS ATBTCPHATHB MOYKHO IPOU3BECTH
HECKOJBKHMH CITOCOOAMHM.
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1). Coomnecenue oyenounwix wikai. YToObl CPaBHUTH PE3YIBTAThl PAHKHUPO-
BaHUs anbTepHaTUB X = {X;, X, ..., X,}, MIOJIy4CHHBIC B Pe3yJbTaTe MPUMCHECHUS
MmetonoB (1) u (2), HeoOxoanMo BHaualle chOpMUPOBATH COOTBETCTBYIOIINE STHM
crioco0am H.0.I. Juist (2) ¥ MaTpully NMapHbIX cpaBHeHHH Ui (1) B COOTBETCTBUU
¢ ux 0a30BbIMH MIKanaMH. O4YEBUIHO, YTO IKCIEPT HE CMOXKET 3aIOJHUTH JUIS
OJTHOW W TOH K€ TPYIIIbI aJbTEPHATUB IBE MATPHUILBI, COOTBETCTBYIOIINE CIIOCO-
6am (1) m (2), cormacoBaHHbIe MeXAy c00O0#, Tak, YTOOBI AIEMEHTHI MATPHIL
YAOBJIETBOPSUIA TIEPEUYHUCICHHBIM BEIIIE CBOWCTBaM. TakuM 00pa3oM, Ipoueaype
cpaBHeHHS pe3ynbTaToB (1) u (2) mopKHA TPEIIIecTBOBaTh MPOoIeIypa COOTHECE-
Hus mkan (1) u (2). [Iponemypa cCOOTHECEHHS MIKA TO3BOJUT IO KaXKIOMY «Be-
cy» Kputepus mkaibl (1) MomydnTh «Becy KpuTepus mkansl (2). s cooTHece-
HUS IIKaJl pacCMaTPUBAEMbIX METOJOB HEOOXOIMMO OTIPENEIUTh JIEMEHTHI IIIKaJ
KaK roMOMOp(]HBIE anredOpandeckue CTPYKTYphL, 4T0 OyJEeT CACTaHO B IJIaBe 5.

2). Ilpumenenue ancopummos (1) u (2) k cpopmuposannvim 6GuHapHLIM OM-
HOWEHUAM 011 OOHUX U MeX JHce ANbMEePHAMUE HA OCHO8e DA308bIX WKAL OAHHbIX
memodos. JITIP popMupyeT OTHOLIEHUsSI HA MHOXKECTBE OJJHHUX U TeX )K€ allbTep-
HaTHB U s merona (1), u anst merona (2), CyObeKTUBHO (MMEETCS B BHITY, YTO OH
HE CTaBUT LIEJIbI0 TOYHOE COOTHECEHHE OLICHOK METOZOB). 3aTeM K KaKIAOMY OT-
HOIIIEHUIo TpuMensieTcs anroput™ (1) u (2).

PaccMoTpuM Bo3MOXHOCTH npuMeHeHus MAW kx H.o.m. (2), T.e. BO3MOX-
HOCTh HpI/IMeHI/ITL K H.0.1. Teopemy Ileppona-dpobeHunyca: I MPUMHTHBHON

Matpuubl 4 lzm | =cw, "AA” =e Are , TJIe ¢ — MIOCTOsIHHAsA, a W — COOCTBEH-

]

HBII BEKTOP, COOTBETCTBYIOIUI A, =4, .

Marpuupt H.0.1L A= //@j; // (2) ABIsAIOTCA HeoTpULATENbHBIMA (@ > (),
KaK U MaTpuLbl NapHbix cpasHeHnid B MAU (1). Eciin Ha KOMIIOHEHTBI @; Hajo-
KUTb JOTIOJIHUTEIBHOE YCIOBHE ¢ # () (C TOYKM 3pEHUS CPABHEHHUS AJbTEPHATUB

9TO O3HAYACT, YTO aJBTEPHATUBBI HE MOTYT OBITH OE3pa3JIMYHBI IO OTHOIICHHIO
JpYT K Ipyry), Wik, HHAYe, MOTPeOOBAaTh TOJIEPAHTHOCTH H.O.I. (HEYETKOE OTHO-
IICHUE TOJEPAHTHO, CCIU OHO PE(ICKCMBHO M CUMMETPHYHO), TO MATPHUIBI R
3aBEIOMO yIOBJIETBOPSIOT YCIOBUSM TeopeMbl [leppoHa-DpobeHuyca — SBISIOT-
sl IPUMUTHBHBIMHU. B 3TOM ciiydae Bo3MO)kHA 00paboTKa MaTpPHIl HEYETKOrO OT-
HOIIIEHUSI HECTPOTOTO MPEANOYTEHUsI HE TOJBKO MeToaoM (2), HO W Ha OCHOBE
teopembl [leppona-Dpobennyca (meromom (1)). Onnako, aaxke caMmblii mpoCTOR
nmpuMep yOexIaeT Hac B Pa3IMYHBIX Pe3ysibTaTax MPUMEHSeMBIX MeTonoB. Ha-
MpUMeEp, Ha OCHOBE MATPHUIIBI H.O.II.
1 0,2 0,5
0,3 1 0,9
0,4 0,6 1
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d
C MCIOJNb30BaHueM Meroza (2) nomyunm Bektop i, = (0,9; 0,9; 0,7), Torna kak
npuMenuB Teopemy Ileppona — w = (0,268; 0,373; 0,358).

TIpoBepUM BBIBOJ O HECOBIANCHUA W M L' B OBILIEM Ciydae Ha BEIGOPKE
CITydaiHBIX H.O.II. TIPH MIOMOIIX BEIYUCIUTEIFHOTO SKCIIEpUMEHTa. [t 3Toro s
MaTpuIl Bcex pasMmepHocTed A0 9 coszmaamm mo 50 BBHIOOpOK (Kaxkaas BBIOOpKa
cocrout u3 400 mMarpuil) U 3arMoJHUM CIy4allHBIMH 00pa3oM HX JIEMEHTHI YHUC-
namu u3 wkaisl (0;7] ak, uro @, =1 npu i = j. [[puMeHnM K Kax10My U3 10I1y-

YEHHBIX OTHOLICHUU anropuTMel (2) u (1) U moacunuTaeM KOJIMYECTBO OTHOLICHUH
KaXJ0i pa3MEpHOCTH, JUISI KOTOPBIX BEKTOP MPHOPUTETOB U (QYHKIHSI HEAOMHUHH-
PYEMOCTH TIPEAOCTABISAIOT OJMHAKOBOE PAaHXUPOBaHWE anbTepHATHB (Tadm. 4.1).
W3 npuBeqeHHON TaOJMIbl BHIHO, YTO C YBEJIUYEHHEM Pa3MEPHOCTH MaTPHIIbI
KOJIMYECTBO CIIy4yaeB OJMHAKOBOTO YMOPSIOYMBAHHS AalbTEPHATHB 3aMETHO
YMEHbBILACTCS.

Ta6auna 4.1

Pe3ynbTaThl COOTBETCTBHUS YIOPSAOUMBAHNUS aJbTEPHATUB
meronamu (1) u (2) mo H.0.1L.

PaszmepHocTh Cpenanii % OIWHAKOBOTO YIIOPS-
MaTpHIbI JIOYMBAHMUS 110 BCEM BBIOOpKaM

Az 51,90

Ay 20,94

ASXS 6,25

Agxs 1,59

A 0,36

Agxg 0,07

Agyo 0,01

PaccMoTprM BO3MOXKHOCTh MPUMEHEHHUS METOJA IMPHHATHUS PEUICHHS IPU
HEYETKOW MCXOMHON MH(OPMAIMK C OJHUM 3KCIEPTOM K 0OpaTHOCHMMETPHIHBIM
matpunam mMetona (1).

Matpuuy 4,.,= // a;/l, a; €[1/9; 9] (1) MoxkeM NPEACTaBATL B BUAE H.O.IL
(2). Mnst otoro ot otHOwenust 4,,,= // @, // nepeiinem k otHouenuio B,,= /1 B, //,
e fB; =a,;/maxa;. Taknm o0pa3oMm, MbI TOJy4aeM HEYETKOE OTHOIIECHHE

L
XxX = [0,1].

Ymeepocoenue. Jlenenne kaxaoro saeMeHTa Matpuilsl (1) Ha MakcUMallb-

HBIA 37eMeHT (YMHOXEHHE Ha JTF000€ MOJIOKUTEIBHOE YHCIIO B OOIIeM BHIIE) HE

MEHSET € BEKTOpa NpuopuTeTa (TJIABHOTO COOCTBEHHOT'O BekTopa). JlewcTBh-
TenbHO, TO0 Teopeme Ileppona-®dpobeHnyca Iss NPUMUTHUBHOW MaTpuibl A4
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A'e k
lim — =W, "A ”—e A*e, rie ¢ - mocTosHHAA, A W — COOCTBEHHBIIl BEKTOD,
]

COOTBETCTBYIOIIUHN A, (A4). Tlomydaem
Bfe (m)e ,mkA"e ,mAe ,Ae

] H ] ] ]

e m=maxa,; .
ij 7

OTcrona cnexyer, 9To Ui OJHOTO Habopa 3HaueHHWH BEKTOpa MPHOPHTETOB
anprepHaTHB B (1) cymecTByeT OECKOHEYHO MHOTO OTHOIICHHWH A,,, OTINYAI0-
IIUXCS APYT OT APYyTa Ha IIOCTOSHHYIO.

AHAIIOTHYHOE YTBEPKICHNE MOKHO C(HOPMYIHPOBATE M U H.O.IL.

Ymeepocoenue. YMHOXKeHNE oTHOIIEHUS (2) HAa ¢ = const, ¢ > (), HE MEHSET
€T0 BEKTOp CTETIeHEeH HEeTOMHHHUPYEMOCTH aTbTEPHATHB.

[elicTBuTenbHO, MycTh UMeeTcs oTHomieHue R. PaccmoTpum oTHOUIeHue
R'— pip : XxX > [0,m], t0€ fip=m iy .

Ilpy MOCTPOEHMM HEYETKOrO OTHOINEHUS CTPOrOro MpeArnodTeHus R° 1o
H.O.IL flp —

/u('xi"xj)_/u(xj’xi)’ ecau /u('xi"xj)> /u('xj’xi);
0,ecnu p(x;,x; )< pu(x;,x;)

HpI/I MOCTPOCHNHU HEYCTKOI'0 OTHOLICHUSA CTPOroro mnpeamnovYTCHUs Ré 10

,U;:(xirxj):

H.OIL. [l —
“(x,x;)—p(x;,x; ) ecnu p(x;,x;)> pu(x;,x;);

S
(x;,x,;)=
He (X X;) 0,ecnu p(x;,x;)< p(x;,x;).

Eemn pu(x;,x,)>(S)u(x;,x,), to m mu(x,,x;)>(<)mu(x;,x;), r.e., ec-
m (x;,x;) € Rs, Tou (x,,x;)€R;.
BropeiM dTanoM B anroputMme (2) GopMHUpPYETCS] MHOKECTBO HEAOMUHU-

PYeMBIX anbTepHatuB ) (Xx;) = 1 — max {pg’ (x; x)}. dns Ry chopmupyem ero
J
cnesyromm obpasom: i (x;) = m — max { uy. (x;, x))}. U3 onpenenenus py
J
CIEIyeT, YTO W JUI1 OTHOLICHHS [l , U UL [l OyIET IIPOU3BENCHO OJUHAKOBOE

pamKupoBaHHE ajbTepHATHB. Kpome Toro, ecim y;d (x;) HOpMamu3yetcs (4TO

B MeToJe (2) B IpHHIMIE He TpebyeTcs), TO M A Ay, U 1 L, BEKTOPHI CTe-

MeHen HEJOMUHUPYECMOCTH AJIbTCPHATHUB 6yZ(yT COBIIAAATh.
OTCI()Ha CJICAYyCT, YTO (I)I/IKCI/IPOBaHHOMy HOPpMAJIN30BAHHOMY BCKTOpPY
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Wy (x), i = 1,..,n B (2) COOTBETCTBYeT GECKOHEYHO MHOTO H.O.TL. A XXX,

C TOYHOCTBIO JI0 TOCTOSHHOH. [lo TaHHOMY YTBEpPXKICHUIO, IPUMEHSIS aarOpUTM
(2) x obparHOocMMMETPUYHON Matpuue A.,= //@;//, nepexon K OTHOLICHHUIO

By =1 B;/l,tne B; =a; / rrfcjl_xaij , B IPUHITAIIC HEOOsI3aTEIICH.

Ho npumenenne merozna (2) k matpunam (1) He IPUBOIUT K pe3yibTary, Ko-
TOphlH nonydaercs B MAUL.
Hanpumep, 11t 00paTHOCUMMETPHUYHOI MaTPHILIBI

1 1/3 1/6
3 1 6
6 1/6 1

no teopeme Ileppona-®pobenuyca Oyzner choOpMHUPOBaH BEKTOP NPHOPUTETOB
(0,095; 0,654; 0,249).

Eciu npuMeHuTh K JaHHOW Matpuile crnocod (2), To OyIeT MOoIy4eH BEKTOp
crenieHeid HemomuHUpyemoctn ambTepHatuB (0,045; 0,909; 0,045), koropsbrit
MIPECTaBIIET PAHKUPOBAHUE aJbTEPHATHB, OTINYHOE OT MeToxa (1).

AHAIIOTHYHO, KaK U B IIEPBOM CIIydae, IPOBEPUM BBIBOJI O HECOBIAICHUN W

u g Ha BHIGOPKE CIydaifHBIX OOPATHOCHMMETPHYHBIX MATPHI HMPH MOMOIIH

BBIYHCIIMTEIBHOTO SKCIIepUMeHTa. [l 5TOro A MaTpHI] BceX pasMepHOCTed 10
9 coznmanum o 50 BeIOOpOK (Kakaas BeIOOpKa coctout u3 400 marpui) u 3amosn-
HUM CIy4alHBIMH 00pa3oM HX 3JIEMEHTHl yuciaMu M3 mKansl MAU tak, uto
a; =1, npu i=jn a;=1/a,. lIpuMEHAM K K&X/OMy M3 MOJYYECHHBIX OTHO-

meHui anroputmsl (2) u (1) 1 moacurTaeM KOJTUYECTBO OTHOIICHHMA KaXI0H pa3-
MEPHOCTH, IUISI KOTOPBIX BEKTOP MPUOPUTETOB M (DYHKIHS HEIOMHUHHPYEMOCTH
MIPEIOCTABIIAIOT OJMHAKOBOE paH)KUpOoBaHWe aibTepHaTHB (Tabi. 4.2). V3 npuse-
JCHHOW TaONIUIIBI BUAHO, YTO C YBEJIMYCHHEM Pa3MEPHOCTH MATPHUIIBI KOJIHIECTBO
CITyJaeB OAMHAKOBOTO YIIOPSAAOYNBAHUS aJbTEPHATHB 3aMETHO YMEHBIIIACTCSL.
Taoanna 4.2
Pe3ynbraThl COOTBETCTBHS YIIOPSAOYMBAHUS alIbTCPHATHB
meronamu (1) u (2) mo oOpaTHOCUMMETPUYHOI MaTpuLe

PasmepHOCTB Cpenuuii % 0IUHAKOBOTO YHOPSIO-
MaTpHLBI YMBaHMS 110 BCEM BBIOOpKaM
Asys 61,12
Asa 29,14
Asys 8,11
Agxo 2,51
Azyg 0,20
Agys 0,06
Agyo 0,00

To €CTb, OTHOLICHHSA CPABHCHHA AJIbTCPHATUB IPU HAJIOKCHHUU HEKOTOPBLIX
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JIOTIOJTHUTEIBHBIX OTPAHUYCHUH YOBICTBOPSIFOT CBOMCTBaM, HEOOXOMIMMBIM IS
MPUMEHECHHUS JPYTOr0 METOJIA, HO MOMBITKH MPUMEHEHHS 3TUX METOJIOB MOKa3alu
HECOCTOSITEIbHOCTh TaKoro noaxona (puc. 4.3).

70 1

61,12
60 M
51,9
= 50 1
=
o
G 40
® OH.0.M.
o
'g 30 29.14 Mmatpuusl MAU
° 20,94
3 20 =
10 6.258.11
2,51
|_| |_| 159—'— 0,369.2 0,070.06 0,01 0
0 . r r .

A3x3 Adx4  A5x5  A6x6 A7X7 A8x8  A9x9

pasMepHoCTb MaTpuLy

Puc. 4.3. 3aBHCHMOCTBH 0JHHAKOBBIX YIIOPSAA0YHBAHHIA AJbTEPHATHB
Pa3sHBIMH METO/IaMH OT pa3MepHOCTeil MaTpuIL

Ha ocHOBe mpoBeieHHBIX PacCYKAEHHH MOKHO C(OPMYIHPOBATH CIEAYIO-
IIMEe CBOWCTBA PACCMOTPEHHBIX MOJIENEH JTMHEHHOTO YIOPSIJ0YNBAHMS:

Csoticmeo 1. YMHOXeHHE OMHApHOTO OTHOIIEHHS 4 Ha IOJIOKHUTEIBHYIO
MIOCTOSTHHYIO HE N3MEHSICT JIMHEHHOTO YIOPSA0YNBaHUS MOJICIIH.

Csoticmeo 2. PamxnupoBaHUE aIbTEPHATHB HAa OCHOBE OMHAPHBIX OTHOILCHUH
OJTHOM MOJENN METOAaMH JPYrHX MOJelNeil B 00IIeM ciydae pasziudHo, [pUYeM
C YBEJIMYEHHEM Pa3MEPHOCTH MATPHIIBI CTETIEHb PA3JInYHOrO PAHXXUPOBAHHS BO3-
pacraer.

Cesoticmeo 3. Mopeny JHHEHHOTO YIOPSIOUYNBAHUS JOIMYCKAIOT BRIYHCICHUE
BEKTOpa MPHOPUTETOB MO PAa3IMYHBIM OWHAPHBIM PE(ICKCUBHBIM OTHOIICHHSIM
[IPY HAJIOKEHNUHU HA HUX Psifia IOTIOJHUTEIbHBIX YCIOBHUI.

3). Boccmanosnenue omnowenus (1) Ha ocHose eexmopa cmeneneil Hedo-
MUHUPYEMOCTU  ATbMEPHAMUS, BblYUCIeHH020 015 omuowenus (2). Paccmorpum
H.0.IL. Up: XxX — [0, 1] Ha MHOXeCTBE allbTepHATUB X = {X,, X3, ..., X,,}. MeTomom

(2) MOTYdHM MHOXECTBO HEJOMHHHDPYEMBIX ambTepHaTHB S = {<x; up (X, )>},

rae u)(x,) TpeicTaBIAeT cobOH «BECY», MIH ONEHKY, KakIOi albTepPHATHBBL.

[Tpn >TOM A HaNbHEWIIMX paccyKAEHHH HEOOXOAMMO, YTOOBI BBIIOJIHSIIOCH
yemoBue Vx;, i=1,..,n|pug(x;)#0 (B IPOTUBHOM Cily4yae, IpU MOIYyYEHHU
00paTHOCMMMETPUYHON MaTpHUIbl OyIeT BHINIOJIHATLCS JefieHne Ha HyJb). [ToTpe-
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Oyem, 4TOOBI 2. L (x; )=1 (HOpMaM3yeM IOJy4eHHBI BexTop). CTeneHs npu-

HaJUIEKHOCTH DJIEMEHTOB OTHOWICHUIO A,.,,= //;// (1) Oynem onpenensrts 1o-
CPCICTBOM IMAPHBIX CPABHCHHH O, = L (x;)/ pg(x;) (B BuLy ITOr0 ycioBue

2 Hs(x;)=1 MOXHO cunTaTh U3OBITOYHBIM). B pesynpraTe momydnm mpUMHUTHB-
i

HYI0 OOpPaTHOCUMMETPHUYIHYIO MATPHILY, 00JIaIal0NIyI0 CBOMCTBOM PedIEKCHBHO-
ctu (@, = I, mpu i = j), KOTOpast yIOBIETBOPAET yciaoBusM Teopemsl [leppona-
O®pobennyca. Bpruumcnum i1 JaHHOW  MATPHIBI  BEKTOP  IPUOPHTETOB
(W, W,,..,w, ) 1 ydegumcsa B TOM, YTO OH COBIAJaeT C HOPMAJIU30BAHHBIM BEK-

TOPOM CTeTIeHEeH HETOMIHUPYEMOCTH aTbTEPHATHB.
JlelicTBUTENBHO, TIyCTh J1aH BEKTOp CTENEHEW HEIOMHUHHUPYEMOCTH alIbTep-

HaTUB Kak pe3yisTar Metona (2) pe=( (X, ), ts(X, ),y tg(X, ), TAKOH, UTO
Xus(x;)=1.

O603Haunm uepes ¢ ; 4HCII0, COOTBETCTBYIOIIEE 3HAYMMOCTH aIbTCPHATHBBI
X; TIO CPABHEHHIO C X;. MaTpHIly, COCTOSIIYIO U3 3TUX YUCell, 0003HAYNM UYepe3

A = (ay). Buawem cnyvae @ ;= pug(x; )/ psg(x;), i,j=1,...n.
,Us(xj)_

Hootomy a ;= wg(x;)/pug(x;)= 1/ay. Torma o =
Hs(x;)

1, i,j=1...n.

n
CrnenmoBarenbHO, Zja,j,us (x;) n, i=1..n
=

] pa—
Us(x;)
IMomy4yaem ia,/.,us(xf):n,us(x,), i=1..,n Wmn Aupg =nug. To ects,

Jj=l ‘

Mg — COOCTBEHHBIN BEKTOP MaTpHIpl A ¢ cCOOCTBEHHBIM 3HaueHueM #n. C apyroi

cToponbl, o TeopeMe Ileppona-Opodbennyca (B metome MAW) nmo marpure A
OyZeT BBIYHCIECH BEKTOpP MPHOPUTETOB (W;,W,,...,W, ), KOTOPBIHA, KaK IOKa3aHO,

n Oyner SBIATBCS  BEKTOPOM CTENCHEH HEJOMHUHHPYEMOCTH albTEPHATHB

Hs= (/US (X)) g (X3 ), thg( X, ) -
HamnpumMep, 1715 paHee PacCMOTPEHHOTO H.O.IL.

H.O.II. ,U;d — w=
1 0,2 0,5 0,9 (0,36) 0,268
0,3 1 0,9 0,9 (0,36) 0,373
0,4 0,6 1 0,7 (0,28) 0,358
COOTBETCTBYIOIIAs JaHHBIM pPeE3yJIbTaTaM ,u,';d = wmatpunia MAW Oymer umertsh

BHU/:
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I'maBHbI c06.  BexTop

BEKTOD pUOp. W
0,9/0,9=1 0,9/0,9 =1 0,9/0,7~1,29 1,09 0,360
0,9/0,9 =1 0,9/0,9=1 0,9/0,7=1,29 1,09 0,360
0,7/0,9~ 0,78 0,7/0,9~0,78 0,7/0,7=1 0,85 0,280

Boccranosnenue mo BekTopy npuoputeToB (1) H.0.I. (2) ¢ TOYHOCTBIO JIO
MOCTOSTHHOW HEBO3MOJXKHO, TaK KaK OJIHOMY W MOTYT COOTBETCTBOBaTh HECKOJIBKO
Pa3IMYHBIX H.O.1I.

Takum obGpazom, B pasneine 4.1 MokazaHo, 4YTO PUMEHEHHE K IPONU3BOJILHO-
My H.0.Il. MOZENIH (QYHKIHMH TOMHHUPYEMOCTH criocoba oOpaboTku maHHbIX (1)
MIPEOCTABIISIET PE3yIbTAThl, OTIIMYHBIE OT T€X, KOTOPhIE MOTYT OBITH MOJYYEHBI
Ha ocHoBe MozenH (2). Takoii >xe BBIBOJ ObLI cA€NaH U Uil 00paTHOCUMMETPHY-
HBIX MaTpur (1).

B aToM ciyuae npencTaBiseT HHTEPEC BOIPOC O TOM, Kak 110 BEKTOPY HpH-
OPHUTETOB, MOJYYECHHOMY TPH TOMOIIM OJHOTO M3 METO/I0B, BOCCTAHOBUTH OUHAp-
HOE OTHOIICHHE, YJOBJIETBOPSIOIICE YCIOBHIM Jpyroro merona. Hamu mpemio-
JKeH crmoco0 BOCCTaHOBJICHHS MaTpHIbI (1) IO BEKTOPY CTETNeHEH HEJOMHUHHUPYe-
MOCTH abTepHATHB (2).

4.2. NMpumMmeHeHMe MeTOAOB NPUHATUSA peLleHUN
ANA aHanu3a KoNM4YecTBeHHbIX AaHHbIX

Jlis cpaBHEHUs pe3yJIbTaTOB PAa3JIMUYHBIX METOIOB MPHHATUS PELICHUH C Lie-
JIbIO BBISIBJICHHS MX JJOCTOBEPHOCTH U OOBEKTUBHOCTH HEOOXOJIMMO BOCHOJIB30-
BaThCsl KAXIBIM U3 HUX IIPH aHAJM3€ OJHOM M TOH e NPOOJEeMHON CUTyaluH.
B kauectBe Takoii 3a1aun OyeM paccMaTpUBAaTh 3aady paH>KUPOBaHHS 0OBEKTOB
Ha OCHOBE WX OTHOIIEHUs mpeamnodteHus, chopmuposanHoro JIIIP. Ecmu mpu
9TOM HCIIONIB30BaTh CYOBEKTHUBHBIC OLECHKH KCIEPTOB MPU MApHBIX CPABHEHHAX
00BEKTOB, TO PE3yJIbTATHI, 3aBUCSIINEC OT WCXOAHBIX JAaHHBIX KaXIOTO METOJA,
3aBeJOMO OyAyT pa3iIHyHbI, TAK KaK B KaXXIOM METOJIE UCIOIb3YETCsI CBOW MPHH-
LU TapHBIX CPaBHEHWH OOBEKTOB W KOJHMYECTBEHHas mKana. I[losTomy B pomu
«ATAJIOHHOW» 33a4M MOXET BBICTYIATh TOJIBKO Ta 3a/1a4a, HCXOJAHBIMH TaHHBIMH
KOTOPOH SIBJISIIOTCS TIapHBIE CPaBHEHHS 00OBEKTOB, OCHOBAHHBIC HA MX KOJIWYECT-
BEHHBIX XapaKTEpUCTHUKAX (2 HE HAa OL[EHKAX 3KCIIEPTOB).

Takoit moaxon ObuT peanm3oBad B [91] s WILTIOCTpalUK aJeKBaTHOCTHU
MAMW peanbHOMY JTMHEHHOMY yIOPSIOYMBAaHHIO 0OBEKTOB.

B MoHorpadun paccMaTpuBaeTcs IMHEHHOE YHOPAI04YNBaHUE OOBEKTOB TIPH
MOMOIIY Pa3lIUYHBIX MOJENEeH NPUHATHS PEUICHUN Ha OCHOBE KOJHMUYECTBEHHBIX
JAHHBIX C IIETHI0 BBIBICHUS MOJENH M METOAA, pe3yabTaThl KOTOPOTO Hamboiee
TOYHO COOTBETCTBYIOT HCXOTHOMY PAHKUPOBAHHUIO OOBEKTOB M MX KOJIMYECTBEH-
HBIM XapaKTepPHCTHUKAM.
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YnopsgoumsaHne 06 bEKTOB HA OCHOBE OTHOLLIEHUS NPeAnoYTeHNS rno oa-
HOMY KpUTEPUIO

ITycth mMeeT MHOXKECTBO X = {X,, ..., X,,} OOBEKTOB.

W= {wjy, ..., w,} — KOTUYECTBEHHBIC OIICHKH OOBEKTOB IO KPUTEPHIO (.

H€06XO)II/IMO C(l)OpMHpOBaTL HCYCTKHUEC IIOJMHOXKECTBA A,., COOTBETCTBYIO-

[IMe Pa3IMYHOMY YIOPSIOYMBAHUIO HaNOOJEe MPEAMOYTHTEIBHBIX 0 KPUTCPUIO
¢ 00BEKTOB pa3IUYHbIMU MeToamu [1P.

B xadecTBe peaibHBIX OOBEKTOB U MX KOJMYCCTBCHHBIX XapaKTEPUCTHK pac-
CMOTPUM (PAaKTHYCCKYIO CPEIHETOJI0OBYI0 Ce0ECTOMMOCTh OCHOBHBIX BHIOB IIPO-
nyknun OAO «K3 KBy 3a 1998 r. (Tabn. 4.3). Ha ocHOBe Mojeneii npuHSATUSL
pelIeHni He0OX0AUMO B ATOM CIIy4ae OCYIICCTBUTh PAHKUPOBAHHE U3JCIUI 110
BO3paCTaHMIO (PAKTUIECKUX 3aTpaT Ha UX MPOU3BOJICTRO.

Ta6anma 4.3
CpenneronoBas GpakTuieckas ce0eCTOMMOCTS JK/0 IPOAYKIIHH
3a 1998 r. mo «K3 XXBW»

Haspanue Cpenneron. gakruy. cedbectoum. (MIH. pyo.)
COopHblii xKene300eToH 17489
CreHoBbIE MaTepHAaIbL 4042
Kepamsur ToBapHslil 1132
Berox ToBapHsIil 4387
PacTtBop TOBapHBIi 1321
CocTaBUM OTHOIICHUE MPEIIOYTCHUS 00BEKTOB 4 = "a,.j " ,iL,j=1,..,5.

Hpu stom, ecim w, — abCONOTHAs XapAaKTEPUCTHKA (BeC) i-20 00BEKTa, TO

a; = % BEIPA)KaeT CTENICHDb MPEIIIOYTEHHS i-20 00BeKTa TIepe j-m (Tabi. 4.4).
J

Tak cocTraBiIeHHOE OTHOIIEHHE COOTBETCTBYET JIOTHKE IOCTPOCHUS OTHOIIIE-
HU B METOJIe aHAM3a uepapxui (1) U B MeTonax MPUHATHS PEUICHUH PH HEYeT-
KOW ucXomHoW nHpopmanuu (2) U yIOBICTBOPSAET CTEIICHHON KaaunOpoBKe, TPH-
eMIIeMoi Kak i1 Mojesn bapxka-bpyka-bypkoBa, Tak u Mojenu QyHKIMH JTOMU-
HUpyeMocTH. KauecTBEeHHBIC METO bl IPUHATHS PSUICHUN TIO3BOJISIFOT CPABHUBATH
OOBEKTHI JIUIIb [0 HECKOJEKUM KPUTEPHSIM; CPABHCHUEC OOBEKTOB Ha OCHOBE UX
MPEIIOYTCHUS] OTHOCUTEIBHO KAKOW-THOO0 OHOW IENM B 3THX METOJAX HE NpU-
MeHseTcs (B 3TOM ciiydae OyJeT MoJyueH MPOCTEHIIUi ciiydail — MOJENb CIop-
TUBHOTO THIIA), TIOATOMY Ha UX OCHOBE JIMHCHHOE YIOPSAAOYHBAHUEC OOBEKTOB TI0
OJIHOMY KPUTEPHUIO HE MPOU3BOAMIOCD.
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Ta6auna 4.4
OTHolueHue npeanoYTeHus 4 = "0’1}' " , COOTBETCTBYIOIEe Tabi. 4.3
Mponykuus | CO. xen/6 | CTeH. mar. Keg?fm beron ToB. [PactBOp TOB.
C6. wen/6 1 17489/4042| 17489/1132 |17489/4387| 17489/1321
Cren. Mar. | 4042/17489 1 4042/1132 | 4042/4387 | 4042/1321
f::amm 1132/17489 | 1132/4042 1 1132/4387 | 1132/1321
Beron ToB. | 4387/17489 | 4387/4042 | 4387/1132 | 4387/4387 | 4387/1321
fgg“"p 1321/17489 | 1321/4042 | 1321/1132 | 1321/4387 1

ITomydeHHOE OTHOIICHME MPEATIOYTECHUS SIBISETCA IHOJIOKUTENBHON 00part-
HOCUMMETPHYHOI MaTpHLEei, K KOTOPOH MOXKHO IIPHUMEHHTH JII000i U3 crioco0oB
BBIYKCIICHUS TJIaBHOTO COOCTBEHHOI'O BEKTOpa W. B naHHOM npumMepe npumeHsuI-

csl crocod, naroruii Haubosee TouHoe npudmwkenue y, =4la, , j =1,..,n. Bek-

TOp TPHUOPHUTETOB IIOJlydaeM HOPMAH3allHei TIIaBHOTO COOCTBEHHOTO BEKTODA.

ManI/IHa A= ||aij || 1 €€ BCKTOP NPUOPUTETOB UMCIOT BUA:

1,000| 4,327| 15,450| 3,987| 13,239| y,= | 0,616
0,231| 1,000{ 3,571| 0,921| 3,060| y,= | 0,142
0,065 0,280 1,000{ 0,258 0,857| y;=| 0,040
0,251| 1,085 3,875| 1,000| 3,321| y,= | 0,155
0,076( 0,327\ 1,167| 0,301| 1,000| ys= | 0,047

UT0o0BI CpaBHUTH pe3yabTaThl, HodydeHHble MAW, u peanpHbIe «Becay 00b-
€KTOB, NPOU3BEAEM HOPMAJIM3ALMI0 UCXOIHBIX KOJMYECTBEHHBIX NaHHBIX. Hop-
MaJI30BaHHbIE KOJMYECTBEHHbIC XapaKTEPUCTHKH OOBEKTOB, Kak yOexmaemcs,
COBIIA/IAIOT C BEKTOPOM MPHOPUTETOB:

O6beKT KommuecTs. xa- | HopmanuzoBaHHBIEC KOJIH- | 3HAUEHUS BEKTOpa
PaKTepUCTHKA | YECTB. XapaKTHPUCTHKH PHOPUTETOB
C6. xen/6 17489 0,616 0,616
Cren. Mart. 4042 0,142 0,142
Kepamsur ToB. 1132 0,040 0,040
Beron toB. 4387 0,155 0,155
PactBop TOB. 1321 0,047 0,047

[Moxyunm npuopuretsl 00bekTOB MeToi0M [1P Ha 6a3e HeueTKo# JoTuKy.
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I/ICXOIIHOC 6I/IHapHOC OTHOIIEHUE HECTPOTOr'o MPpEeANOYTCHUA UMECT BUM:

1,000( 4,327| 15,450| 3,987 13,239
0,231| 1,000{ 3,571| 0,921| 3,060
R =1 0,065 0,280, 1,000 0,258 0,857
0,251| 1,085 3,875| 1,000| 3,321
0,076( 0,327 1,167| 0,301| 1,000

MaxkcuMabHBIH 3JIEMEHT OTHomeHus max = 15,450, B manpHelmeM 3TO
R

3HadeHHe OyIeT WCIOJNb30BAaHO KaK «eAWHHIA» (HAuOoIbIllee 3HAYCHHE)
OTHOIICHHSL.
buHapHOe OTHOIIEHHE CTPOrOro IMPEANOYTeHUs, ACCOLUHPOBAHHOE C R,

RS =R\R":

0,000( 4,096| 15,385| 3,736| 13,164
0,000{ 0,000| 3,291| 0,000, 2,733
R*= | 0,000 0,000{ 0,000/ 0,000{ 0,000
0,000{ 0,164 3,617| 0,000| 3,020
0,000{ 0,000{ 0,310{ 0,000| 0,000

MHOXeCcTBO HEIOMHHUPYEMBIX aJbTEPHATHUB CTPOUTCA B JAHHOM CIIydae I10

npaBuy £ (u, ) = max —max{,u;(uj;ui)}.
R u;jet

Hanpumep, ' (u,)=15450-0=15450.

B urore IMOJIYYHUM BCKTOP CTeIeHeH HEJOMUHUPYECMOCTHU AJIbTCPHATHB

ui= {15,450, 11,354; 0,065; 11,714; 2,286}.

HopMau3oBaHHbIE 3HAUECHUS L/}’ HE COBIIAJAIOT C BEKTOPOM TIPHOPUTETOB,

MOJyYCHHBIM HOPMAJIHM3alieH TJIABHOI'O COOCTBEHHOT'O BEKTOpA MaTpPHUIBl 4, HO
MPEOCTABIIAIOT TAKOE XKE PAHKHUPOBAaHUE albTepHATHB. HecoBmazeHne 3HaYCHUH
o0BsicHseTCS TeM, uTo MAU omnpenenseT B pe3ybTaTe UCXOMHBIA «BEC» KaXIOTO
o0BekTa, a MeTon (2) — CTeneHb HEJOMUHUPYEMOCTH. JleiicTBuTeNbHO, (DakTHUe-
cKas ce0ecTOMMOCTh COOPHOTO XKelle300eTOHA He JTOMHHHUPYETCS HUKAKHMH JIPY-

TMMH M3JIETIMSAME CO CTENIEHbI0 HEOMUHUpYeMOCTH 4 (u,) = 15,450, koTopas

CCMaHTHYCCKU BBIPAXKACT TO, YTO OOBEKT MOXKET JOMHUHHPOBATHCS APYTHUMH, HO

CO CTENEHbIO JIOMUHHUPOBAHUS HE BBILIE, YEM MAX — ,u;" (u,)= 0. 11 CTeHOBBIX
R

Matepuanos )’ (u,) = 11,354, T.e. cTeneHb TOMHHUPYEMOCTH
it (u,) < mRax—,u;"(uz) =4,096

(0 GMHAPHOMY OTHOIIIEHUIO HECTPOTOTO MPEATIOYTEHHUS B TOM JIETKO YOSTUTHCS).
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CpaBHUM M0JIyY€HHBIE IPUOPUTETHI (CTENEHb HETOMUHUPYEMOCTH B METOJIE
(2) MOXKHO paccMaTpUBaTh KaK MPUOPHUTET OOBEKTa, TAK KAK Ha OCHOBE BEKTOpa
CTETICHCH HEIOMUHHPYEMOCTH JEJaeTCs BBIBOJA O PAHXKHUPOBAHUU OOBEKTOB)
(tabm. 4.5).
Taoaununa 4.5
[IpuopuTeThl 00BEKTOB,
[I0JIyY€HHbIE PA3HBIMU METOJAaMHU MPUHSITUS PEILICHUN

3HaueHUs BEKTOpa MPUOPUTETOB,

0,378 10,278 10,002 10,287 |0,056
NIOJIYYEHHBIX criocoboMm (2)

3HaueHUs BEKTOpa MPUOPUTETOB,

0,616 0,142 {0,040 |0,155 |0,047
TIOJIY9CHHBIX crtocoOoM (1)

[Tomy4yeHHBIE HOPMAJM30BaHHBIE NPHOPHUTETHI OOBEKTOB Ka)IOTO METOIa
MOXHO paccMaTpUBATh KaK HEYETKUE TOIMHOXKECTBA Zl u ZZ MHOXeECTBa X,
cooTBeTcTByOIUEe MeToaaM (1) u (2) cOOTBETCTBEHHO, Tie

Z, ={<x,y(x)>}xeX, Zz ={<x,ul(x)>}xeX.

Hopmann3oBaHHBIC KOJIMYECTBCHHBIC XapaKTEPUCTUKUA OOBEKTOB OyleM HH-
TEPIPETUPOBATh KAK HEYETKOE IMOAMHOXKECTBO A= {<xwx)>}hxeX.

B 3TOM ciiygae CTaHOBHTCS BO3MOKHBIM OIPEACTHTH CTENECHb PaBEHCTBA

HCYCTKHUX IMOIAMHOXKCCTB AI u AZ «OTAJIOHHOMY>» MHOXCCTBY A . Crenensb pa-

BEHCTBA OMPEICIUM PAa3IHYHBIMHU CIIOCOOAMHU.
CremneHp paBeHCTBA JBYX HEUYETKUX MOJMHOXECTB, paccMarpuBaemas A.H.
MenuxoBsiM [69], onpeaensercs mo Gopmyie

(A, 3)= & (y(x) € w(x)) = & (max(1=y(x)w(x)); max(1=w(x),y(x)).

(A, A)=(0616<>0616)& (0,142 <> 0,142) &
& (0,040 <> 0,040) & (0,155 <> 0,155) & (0,047 <> 0,047 ) =
=0,616 & 0,858 & 0,96 & 0,845 & 0,953 = 0,616.

a4, 4)= & (17 (x) &> w(x)).

(A, A)=(0378 <>0,616)& (0,278 <> 0,142) &
& (0,002 <> 0,040) & (0,287 <> 0,155) & (0,056 <> 0,047 ) =
=0,384&0,722& 0,960 & 0,713 & 0,944 = 0,384.
Tak kak g Z,Z ) > 0,5, 10 A~ Z, (cpaBHMBaeMble MHOECTBA HEYETKO
PaBHBI).

Tak kak y(A,,A) <0,5, ToO cpaBHUBacMbIe MHOKECTBA HEUYETKO HE PaBHBI —

A= A,. Crenenp paBeHCTBa L Z,Z )>u( ZZZ ), 9TO CBHUACTEILCTBYET O
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IpeAnOYTUTCIIBHOCTU PE3yJIbTaTOB METOAA (1), pacCcMaTpuBaACMbIX KaK KOJIMYECT-
BCHHBIC OLICHKH BA’)KHOCTHU 00BEKTOB.
X3MMUHTOBO paccTosiHue.

R(A, ;)= £§|w(x,)—y(x, ) xeX.
B atom ciyuae R(Z,Z,) =0.
wix,) = (x,)
EBximaoBo paccrosinue

Re(A.4,) =2 [ (wix )= y(x ) . wie X

IIpu sTom RE(Z,Z,) =0.

. x,eX, R(4,4,)= ! (0.553)=0,11.

~ o~ ]l n
R(4,4,)==% -
ni=1 5

~ 1 [= . ~ ~
RE(A,AZ)=;\/;(w(x,.)—y;(x,.))z, xjeX, Ry(A,4,)=0,02.

Takum o0pa3om, pHOPUTETHI, TosTydaeMble B MAU, npakTH4ecKu coBIa-
JAI0T C «ITAJOHHBIMH» 3HAYCHUSIMH OOBEKTOB IO BHIOpaHHOMY KpHTepuro. Me-
Tox (2) maer OJM3KHE 3HAYCHUS K «ITAJOHY», HO MEHEE IPEANOYTHTEIIbHbIC
C TOYKH 3PEHHUS PABEHCTBA HCXOJHBIM KOJHUECTBEHHBIM XapaKTEPUCTUKAM.

B otnmune ot paszene 4.1., pe3ynbTaThl AByX PaCCMOTPEHHBIX METOMOB IS
KOJINYECTBEHHBIX J@HHBIX MPEJOCTABILIIOT KaK OAWHAKOBOE PAHKUPOBAHUE allb-
TEpHATUB, TaK U ONN30CTh PE3yIHTATOB K MCXOAHBIM JaHHBIM. Takoe IOCTOBEp-
HOE YHOPSJO4YHBaHUE METOJOM (2) KOJIMYECTBEHHBIX JAHHBIX M PACX0XKICHUE €TI0
pe3ysbTaToB ¢ pe3yiabraTamu Meronaa (1) B pazmene 4.1. MoxeT OBITH OOBSICHEHO
HECOTJIACOBAHHOCTHIO IPOM3BOJIBHO BBIOPAHHBIX MaTpHil. UYem coriacoBaHHee
Mmarpuua (1), rem Omwke OyayT pesyibrarsl MeTonoB (1) u (2) no ee oO6paboTke.
Takoe yTBepkIeHHE WILIIOCTPUPYET CIEAYIOIIMN BBIYMCIMTENBHBIM 3KcHepu-
MEHT: cilydaiHeIM 00pazom ¢opmupyrorcst 50 Bei6opok o 100 oOpaTHOCMMMET-
PHYHBIX MaTpUL 44, KaXas (Bce 2JIEMEHThI MaTPHUIIbl — CIIy4ailHbIe YKCia, COOT-
BeTcTBylomye mkaie MAW), npudeMm riaBHOE COOCTBEHHOE 3HAYCHUE KaXKIOW
MaTpHLBl OTIANYAETCS OT 4 (IJIaBHOTO COOCTBEHHOTO 3HAUEHHMS MTOJTHOCTBIO COTJla-
COBaHHOW MaTpHIBl A 44) Ha & C yMEHBIICHHEM & IPOLEHT OJUHAKOBOTO YHOPS-
JIOYNBAHUS ATbTEPHATHB Pa3IUIHBIMU METOAAMK Bo3pacTaeT (Tabi. 4.6, puc. 4.4).

Tabamnua 4.6
PesynbraThl ynopspounBanus ansrepHatu Metoaamu (1) u (2)

10 00PaTHOCUMMETPHYHBIM MATPULAM A 4y, JUI KOTOPBIX A, —N<E, n=4

P 0,1 | 0,05 0,04 ] 0,03]0,02] 0,010,009 ]0,000001

0
/o OIMHAKOBOTO 582 | 62,4 63,00 | 64,8 | 64,1 | 68,6 | 71,3 | 100
YIIOPSIAOYNBAHUS
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Puc 4.4. 3aBUCMMOCTH OITHHAKOBOI'0 yYuopsaaoiuMBaHud ajlbTepHATUB
PasINYHBIMU METOAAMHU 110 OﬁpaTHOCI/IMMeTpl/l'{HLIM MaTpuuamM
OT IJIABHOT'0 COOCTBEHHOT0 3HAYEHUS MaTpUUbI

[Ipuyem, Kak MOKa3bIBACT aHAIM3 CIIy4aeB HEOIMHAKOBOTO YIOPSAOYMBA-
HUsSl, BCE OHU XapaKTEpHU3YIOTCS TEM, YTO BEKTOpP CTENEHEH HEJOMHUPYEMOCTH
QIBTCPHATHB MMEET HECKOJIbKO PABHBIX 3HAYCHUI, B TO BPeMs KaK BEKTOp HpU-
OpUTETOB TAKUX 3HAUCHHI HE UMEET.

yl'lOpFlﬂ,O‘-IMBaHI/Ie 0ObEKTOB HA OCHOBE OTHOLLIEHUS npeanovYTeHna
NO HECKOJ1bKMM KpUutepuam

Bce paccMoTpeHHBIE METOIBI MPHUHATHS PEIICHUN MO3BOJIIOT MPOU3BOINUTH
YIOPSI0YMBAHNE OOBEKTOB HA OCHOBE KCIEPTHBIX OLCHOK 10 HECKOJBKUM KpPH-
tepusM. [IpousBeneM cpaBHEHHE MOTYYCHHBIX MPH 3TOM pe3ynbraToB. s «3Ta-
JIOHHOW» 3a/1a4M UCIIOJIb3yeM 3aJjauy, KOTOpas MOXKET, C OJIHOW CTOPOHBI, PEIICHA
KJIACCHYCCKUMHU METOJIaMU ONTHMU3AIUH, C APYrOd CTOPOHBI, METOJAMH MPHHS-
THUS PEIICHUH B YCIOBHUAX HEONPEICICHHOCTH.

PaccmoTpuM maHMpoOBaHHE NPOM3BOICTBA OETOHHBIX CMECEH DPa3THIHBIX
BHIOB HECKOJIEKIMHU OETOHOCMECHUTEIISIMH, TIPUHAICKALTIM ABYM OETOHOCMECH-
TeIbHBIM y3i1aM oxHoro 3aBoja JXbU. MHdopMmaius o miiaHe IpOU3BOICTBA JKe-
JIe300€TOHHBIX U3JIEJIMH U HOpMax pacxoj]ia OETOHHOM cMecH Ha Kele300eTOHHbBIE
W3NS TIPEICTABIICHA B CIEAYIOMINX TaOJIAIax:
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IInan npoussoocmea sc/6 uzdenuti no popmosounomy yexy Ne 1

3as00a JKBU na gespans
TexHONOMMHYecKas IInan npown3sBojcTBa MeC.,
Mapxka )KBU Kon T10 IEPHOJAM, INIT.
JIHUS I > 3
CrengoBas CK 2-1A 16 10 12
CK 2-15H 15 13 11
CK3-3T 16 14 13
CK 6-1 15 12 11
ArperatHo-norou- | CB 2-59 10 10 10
Has CB 3-6 10 10 10
CB 3-8 10 10 10
CB 11-6A 10 10 10
CB 11-20 10 10 10

Inan npoussoocmea /6 uzdenuii no popmogounomy yexy Ne2
3as00a JKBU na ¢hespanv

IInan npown3sBojcTBa MeC.,
Mapka
TexHomornyeckas JIMHUS Kon TI0 TIEPHOAM, TIIT.
KBU I > 3
CrengoBas H-115 5 6 8
H-148 5 2 4
H-159 3 3 3
H-163 4 3 3
Beoomocmvb Hopm pacxoda bemonnou cmecu Ha sHcene300emonnvle uzoenus
Mapka EZT;:c};EzIHaCMeCL, HOp- Mapka EZT;:CI;E?H:MGCL, HOp-
XBU b B [T XBU b E G
CK2-1A 1,3 0,55 CB 11-6A 0,8 2,1
CK 2-15H 1,9 0,50 CB 11-20 0,44 0,9
CK3-3T 1,575 0,55 H-115 4,12 0,8
CK 6-1 1,9 0,66 H-148 3,24 0,72
CB 2-59 0,57 0,9 H-159 5 1,04
CB 3-6 0,84 1,67 H-163 3,3 0,57
CB 3-8 0,79 1,35

Heobxonumo onpenennts NOTPEOHOCTh 3aBOJA B PA3IMYHBIX BHAAX OCTOH-
HOM CMeCH Ha MEepBYIO JieKaly Mecsa.

PesynbraToM 00BIYHOTO pacuera OyAyT CICAYIOIIUe MOKa3aTeln: CTeHI0Bas
nuanst mexa Ne 1 — 103 M (nerkast GeToHHAst cMech) M 35 M° (pacTBOp); arperar-
HO-TIOTOYHast THHEs 1exa Ne 1 — 69 M (Tsmkenast GetoHHas cMeck), 34,40 M° (pac-
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TBOP); CTeH0Bast JuHuA 1exa Ne 2 — 65 M° (JIerkas GeToHHas cMech), 13 M (pac-
TBOP). Beero HeoOXO0MMO BEITYCTHTS JIErKoii 6eToHHOi cMecu 168 M°, pacTBopa
82,4 M°, TsKen0it GeTOHHOI cMecH — 69 M.

[Mpumensis MAU k nocraBieHHOW 3aaue, MPoOJIeMy MOXHO HPEACTABUTH
B BUJIC YETHIPEXyPOBHEBOH HepapXuu:

I'InanposaHme npoussoacTea
6eToHHbIX CMeceit

l Crengosas JM[HMR uexa Ne 1 l lArperaTHo-noTquIaﬂ nuHus Lexa Net l CreHposas nmlﬂml uexa Ne 2 l
[ | I | 1 [ | % | 1 [ | I | 1
[ck2-1a ] [cx2-tsm] [ckaar | [ cke-1 | [cB 259 ] [ cB a6 | [ cBas | [cBi16a] [cB1120] [ W15 | [ H-1ds | [ W50 | [ met63 |

; I I I

Jlerkas GetoHHas cMmech | | PactBop | | Tsoxenast GeToHHas cMech

Ha kaxxaoM u3 ypoBHEH GOpPMHUPYIOTCS MATPHUIIBI MAPHBIX CPaBHEHUH 00BEK-
TOB TI0 OTHOIIEHHIO K KaXKAOMY M3 OOBEKTOB BBIMIECTOAIIETO YPOBHA, KaK 3TO
JeNanoch Ui 3a0a4H PAHKUPOBAHNS O0BEKTOB II0 OJHOMY KPHTEPHIO.
[To xaxmoi M3 TMOJNyYEHHBIX MATPHI[ BBIUHCICTCS BEKTOP IIPHOPUTETOB.
Kak ObuTO TIOKa3aHO B MEPBOM MPUMEpPE, HOPMATH30BAHHBIN TIaBHBIH COOCTBEH-
HBI BEKTOP KaXJOW U3 MATPHI[ OYIET COCTOSITh U3 HOPMATH30BAHHBIX KOJIHYECT-
BEHHBIX 3HAYCHHUN OOBEKTOB. [[JIsi BEIYMCIICHUS 0OOOIICHHBIX TPUOPUTETOB 00B-
€KTOB MPUMEHSETCS MPOoLEeaypa B3BEIIMBAHUS, B MPOLIECCEe KOTOPOH MaTpula Be-
COB BHJIOB OCTOHHOW CMECH OTHOCHUTEIILHO M3JICIHNA YMHOKACTCS Ha BEKTOP MpU-
OpPUTETOB U3JIEIHIA: MaTpHLla
CK CK CK CK CB CB CCB CBI11-CB11-H-115 H-148 H-159 H-163
2-1A 2-15H 3-3T 6-1 2-59 3-6 3-8  6A 20
JI 0,703 0,792 1,000 0,742 0,000 0,000 0,000 0,000 0,000 0,837 0,818 0,828 0,853
P 0,297 0,208 0,000 0,258 0,388 0,335 0,369 0,276 0,328 0,163 0,182 0,172 0,147
T 0,000 0,000 0,000 0,000 0,612 0,665 0,631 0,724 0,672 0,000 0,000 0,000 0,000

YMHOKACTCA Ha BeKTOp-CTOH6€H BC€COB I/I3IleHI/Iﬁ

CK CK CK CK CB CB CB CB CB  H-115 H-148 H-159 H-163
2-1A  2-15H 3-3T 6-1 2-59  3-6 3-8 11-6A 11-20

0,124 0,116 0,124 0,116 0,078 0,078 0,078 0,078 0,078 0,039 0,039 0,023 0,031

B pesynpTaTe momyunMm oOoOmIeHHbIe (TI00aNbHBIE) Beca BHIOB OCTOHHON
cMecH:
Bun 6eronnoit cmecu  Ilpunopurer MAM  Hopmanu3oBaHHBEIE KONHYECTB. OLEHKU

b 0,467 (1) 0,526 (1)
p 0,277 (2) 0,258 (2)
T 0,256 (3) 0,217 (3)

PaH)KPIpOBaHI/Ie 00BEKTOB HHKHETO YPOBHS UCPAPXUU OKA3aJIOCh TAKUM IKE,
KakK " I1pu 00BIYHOM CIIOCO0OE BEIYMCIICHHMS.



86

[IpuMeHss K BBIYUCICHUIO TPUOPUTETOB OOBEKTOB METO] IPUHSTHS pellie-
HUIl npu HeyeTKoW wH(popMarmu, OyneM paccMaTpuUBaTh MPOOJIEMY Kak 3a1ady
C HECKOJIBKMMU 33aJJaHHBIMH OMHAPHBIMU OTHOLICHHUSMHU KOJMYECTBECHHOTO Mpe-
BOCXOJICTBA BHOB OETOHHO# cMecH R;, ..., R;; IO OTHOLICHHIO K H3ICIUIM
U ell¢ OJHUM OMHAPHBIM OTHOIICHHEM N KOJHMYECTBEHHOTO IPEBOCXOJCTBA
HU3ICTUH.

Jlist Kaxnoro OTHOIIECHHS R;, ..., R;3 BRIUMCISIEM (QYHKIHMIO MPUHAIIEHKHO-

ctu u)? ..., y;’f (xoTopyro OyJeM paccMaTpUBATh KaK HOPMAIM30BAHHBIC UCXOJ-

HBIE KOJIMYECTBCHHBIC 3HAYCHNUS ), IO KOTOPEIM (popMupyem MaTpuiy .
Ceptky I ompesernsieM Kak MAKCMHAHHOE MponsBeneHie Matpu I = O NO.

1,00 039 072
I'=1039 039 039
072 039 072

MHoxkecTBO HEIOMUHHUPYEMBIX aJIbTCPHATUB Und OIIPEACIIACTCA BEKTOPOM:
nd

v = {5,39; 5,39; 5,39}, a cKOPpEeKTHPOBaHHOE MHOKECTBO U"d {1,00; 0,39;

0,72}, KOTOpOE MPEACTABISACT PAHKUPOBAHKE ANBTCPHATHB, HE COOTBETCTBYIOIICE
JIEUCTBUTEILHOMY.

MOo>HO TpoaHAIM3UPOBATh 33aady ¥ METOIOM TIPHHATHS PEIICHUH IpH He-
YeTKOH HMCXOMHOW WH(POPMAWU B CIy4ae, KOTJIa KPUTEPHU XapaKTePH3YIOTCS
BecoBbIMH Kod(pdunpeHTamMu. COCTaBUM OTHOIIEHHUS KOJMYECTBEHHOTO MPEBOC-
XOZCTBAa M3ICTHUH MO TpyHmaM, KOTOPBIE COOTBETCTBYIOT HCIIOJIB3YEMBIM Mate-
puasnam. B mepByro rpynmy BrimounM m3aenus: CK 2-1A, CK 2-15H, CK 3-3 T,
CK 6-1, H-115, H-148, H-159, H-163, ny1st U3roToBi€HUsS KOTOPBIX UCIOIB3YETCS
JieTKasi OCTOHHAsE cMeCh W pacTBOp. s KaKAOr0 U3 HUX COCTABUM OTHOIICHHE
KOJIMYECTBEHHOTO PEBOCXOJICTBA BHJIOB HCIOJb3yeMoOi OCTOHHOH cMecu. B ka-
YEeCTBE BECOB M3JICIHU OyJIeM HCIIOJIB30BAaTh MX HOPMAJIM30BaHHBIC KOJIUYCCTBA!
A;=0,203; 1,= 0,190; 13=0,203; 4 ,=0,190; 1 5= 0,063; 1 4= 0,063; 1 ;= 0,038;
Ag=0,051.

Ceptku P 1 Q OTHOIICHHH R, ... ,Rg ONPENEIAIOTCS MaTPUIIAMU:
(100 236 0- 5,39 2234
0,17 1,00 142 540

nd

MmnuoxectBa U," , U, 5‘1 OTIPENIETISIOTCS] BEKTOPAMH:

Jlerkas Oet. cMech PacTtBop
vy ={22,34 ; 20,14}
vp ={22,34 5 1,42}
Orkyna u,, = {22,335; 1,416}.

Bo BTOpyto rpymmy Brimounm usgenus: CB 2-59, CB 3-6, CB 3-8, CB 11-6,
CB 11-20, mis u3roToBJICHUSI KOTOPBIX HCTIOIB3YeTCs TsDKelas OETOHHAs CMech
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u pactBop. B atom cnyqae 11 =1,=A3=14=45=0,2. [IpousBeas aHaJOru4HbIC
BBIYUCIICHU, KaK U AJA IepBOU TPpyNIbl U3fenui, nomyuum: u,,={1,427;2,625}.

O0600mast oMydYeHHbIE Pe3yJbTaThl, TOJIYIUM: JieTkas OeToHHas cmech — 22,335;
pactBop — 2,843; Tspkenas 6eToHHas cMech — 2,625, Tlocne HopMaTu3aIuu: JJerkas
6eronnas cmech — 0,803; pactBop — 0,102; Tspkenas 6eTonHas cmech — 0,094,

[Ipu Takom crocoOe BEIYMCIIEHHS JIHHEHHOE YIIOPAI0YHBaHAE 0OBEKTOB CO-
OTBETCTBYET PEATHHOMY.

[IpuMeHUTh Ka4eCTBCHHBIC METOIBI MPUHSATHUS PEIICHUHA I aHAIM3a KOJIHU-
YECTBEHHBIX JAHHBIX HE TPEACTABISICTCS BO3MOXKHBIM TI0 I[EIOMY Py MPUYUH.

Hanpumep, npu ucnonb3oBanuu B 3TuxX Heisix merona 3AITPOC 3anaua Oy-
JIET TTOCTaBJICHA CJIEIYIOLINM 00pa3oM:

Hano: K = {q;}, i=1,...,0 (Q = 13) — MHOXKeCTBO KpUTepueB (B TaHHOMN
3agade w3zpenuit). K = {11, ..., U13}.

g — YUCJIO OLIEHOK II0 KPUTEPHIO g M KaXaoro obbekra (Buga GETOHHON
CMECH), n; =ny=nz; = 3.

X, = {xi;} — mkana xpurepus g. Hanpumep X; = {1,3; 0,55; 0}.

X, = ng 1] = X = 1X5] = 3.

0
Y = XxXoxX; — MHOXECTBO BEKTOPHBIX OIICHOK y;€ Y. N = |Y|= [In, .
q=1

B ciyuae paccMotpenHoit 3agaun N = 3.

B merone 3AIIPOC JIIIP mpou3BOOUT CpaBHEHHE BEKTOPHBIX OLEHOK M3
OTIOPHBIX CHUTYAaIlWif; TAKHE BEKTOPHBIC OLEHKU OyIOyT SBIATHCS HOAMHOXKECTBOM
MHOXecTBa Y. BHauane GpopMHUpyeTcst CITUCOK OIEHOK Y IMEepPBOI OMOPHOM CUTya-
uH L;, COCTOAMMI M3 BCEBO3MOXHBIX BEKTOPHBIX OICHOK albTEPHATHB, CPEAU
KOTOPBIX BCE, KPOME OIHOMW, HamIydmine. To ecT, IKCIepTy Heobxoanmo Oyner
CPaBHMBAaTh BEKTOPHBIC OIIEHKH, YTO HAMHOTO IICHXOJIOTHYECKH TPYAHEE, Kak
MOKa3bIBA€T HAlll ONBIT INPUMEHEHUS JAaHHOTO METOJa, YeéM CpaBHUBATbh HEMO-
CPE/ICTBEHHO OOBEKTHI (IIPH TAKOM CPAaBHEHUH IKCIIEPTY MPUXOIUTCS HESBHO €Ie
U CpPaBHUBATh CaMH KPUTEPHH).

Kpome Toro, MeTos OpMEHTHPOBAH HAa Ka4ECTBEHHbIE OLEHKH M KaueCTBEH-
HBIE OTEpaL CPaBHEHUs, KOTOPbIE K ()OPMabHBIM KOJIMYECTBEHHBIM KPUTEPH-
SIM MOTYT ¥ HE OBITH IPaBUIBHO NPUMEHEHBI.

4.3. OueHka npeanoYTUTENIbHOCTU METOAO0B NPUHATUS PeLIeHUN

C TOUYKU 3pEeHUs YHaCTHUKOB NMpoLecca NPUHATUA peLueHUi

VYxke cam (akT HaJW4dus 4pe3BbIYAHO OOJIBIIOro KoJmdecTBa MeTonoB [1P
YKa3bIBaeT Ha 3HAYMMOCTH IPABIIIFHOT'O BBIOOpa METOIA AJISl PEIICHUS] KOHKPET-
Ho#t 3amaum IIP. IIpu 3TOM mpobiieMa COOTBETCTBHSI METOJA PEIlaeMOou 3amade
JIOJKHA pacCMaTpUBaThHCS B ABYX IIOCKOCTSIX:

— C OJIHOW CTOPOHBI, JOJKHO OBITH JOCTHUTHYTO COOTBETCTBHUE METOJA 00b-
CKTUBHBIM XapaKTePUCTUKAM PeIIacMol 3a7auu, K KOTOPBIM MOTYT OBITH OTHECe-
HBI YCJIOBHSI BBIOOPA (OMPENIEIICHHOCTD, PUCK, HEOPEICICHHOCTD ), TUII MHOXKECT-
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Ba aNbTEPHATUB (AMCKPETHOC WU HEIPEPBIBHOE), KOJIMYECTBO Kputepues IIP,
THUII IOCTAHOBKH 33]1a4M U T.IL.;

— ¢ JPYroi CTOPOHBI, HAa BEIOOP METOJa CYIICCTBCHHOE BIIMSHUC OKA3bIBAIOT
CyOBEKTUBHBIC XapPaKTCPUCTHUKH 3a]1aud, 00YCIOBICHHBIC BO3MOXKXHOCTSIMH M Jia-
JKE TPUBBIYKAMH COBCPUICHHO KOHKPETHOTO JHIa, oTBevaromero 3a I[IP.
K Takum XapakTepUCTHKaM MOTYT OBITh OTHECCHBI: JKCJIAHUC WJIM HEKCITAHUC
JIIIP monp30BaTbesi CyOBEKTUBHBIMU KPUTEPUSAMH, UMEIOMIMMH B OONBITHHCTBE
Cly4aeB TOPSIKOBBIC HIKaJbl WU3MEpeHui; BpemeHHble orpanuuenus JIIIP; ero
CIOCOOHOCTP JJaBaTh TOJIBKO KaYECTBEHHBIC OLCHKH HIIM KaK Ka4eCTBCHHBIC, TAK U
KOJIMYECTBEHHEIE.

[TosTOMy TIpencTaBIAIOT MHTEPEC MHEHHUS SKCIEPTOB MO MPEATIOYTUTEIHHO-
CTH pa3nuvHbIX MeToaoB [1P. Hamu ObuTO MpoBeIeHO CpaBHEHHE paccMaTpHBac-
MBbIX B JAHHOW KHUT€ METOJI0B, OCYILECTBICHHOE pu oMo MAU.

K y4yacTHMKaM mporiecca MPUHATHS PEIICHUH OTHOCSATCS: BIIaJeiel mpooiie-
MBI, JIAIO, TPUHUMAIONICE PEIICHHUE, aKTOPhI (WM aKTUBHBIC TPYIIBI) — 3aUHTE-
pECOBaHHBIC B PEHICHUU MPOOJICMBI M BIHSIONINE HA €€ PCIICHHUE JIUIIA, SKCICPTHI
— KOMIICTEHTHBIC CIICIUANUCTHI, IPOPECCUOHATBHO BIAICIONINE BOIIPOCAMH, CBSI-
3aHHBIMU C pELICHHEM IMpoOiieMbl. Ecnu paccMaTpuBaTh IMEPEYUCICHHBIX JIUI]
C TOYKHU 3pEHUS MPOBEACHUS MPOIEIypHl MPUHATHS PEIICHUH, TO MX MOXXHO pas-
JEeTUTh Ha TeX, KTO y4acTBYET B CTPYKTYpH3alMK WHPOPMALNH, XapaKTepHU3yIo-
meil mpobnemMy, U CyOBEeKTUBHOM OlleHKe ee mapaMeTpoB (OyaeM CUHMTaTh, 4TO
AMU SBJIIOTCS DKCIEPTHI) M TeX, KTO 3aHUMAETCS BOMpPOCaMU OOpaOOTKH TOIy-
YeHHOW WH(pOpPMANMK C IEeTbI0 KIACCU(PUKAINH, YIOPANOYMBAHUSA WIA ONTHU-
MaJIBHOTO BbIOOpA BapUaHTOB (TPYIIa CICIHATKCTOB M0 MPHHATUIO PEIICHUI).
Taxk omnpe/eneHHbBIC BE TPYIIBI YYaCTHHKOB MPOIecca IPUHATHS PSUICHUNA MOTYT
OLICHHUTH €r0 C PA3HBIX TOYCK 3PCHUS, OTPAKAIOIINX CICIUPUKY UX NEATCIbHOCTH
B PEIICHUU MHOTOKPUTEPHAIBHBIX 3a7a4. B TPOBEICHHOM HCCIICIOBAHHUHU 110 BbI-
SIBIICHUIO HanOoJee MpearnoYTuTeNIbHOro Mertoa [1P npuHsun yyacTue u crerua-
JIUCTHI TI0 MPUHSATHIO PEHICHUH, W SKCIEPThl. B poJM CHEIMANTUCTOB BBICTYIAIA
CTYAEHTH (U3NKO-MAaTEeMAaTHIECKOTO (PaKyIbTeTa, BBHIMOJIHSABIINE KYpCOBBIE pa-
00THI 1O MH(POPMATHKE, CBSA3aHHBIC C Pa3pabOTKOW MPOTPAMMHBIX TPOIYKTOB
MIPUHATHS penieHuil. B pomu skcrepToB — wieHsl gadoparopun «MOHHTOPHHT
KadecTBa yIpaBlieHUs Tegarorudeckumu cucremamm» YMII r. Jluneuka u cimy-
x)amme OAO «K3 XXBU» 1. Kypcka, npuHUMaBIINe y4acTHe B MPUMEHEHUH Me-
TOJIOB MIPUHATHUS PEIICHUI K aHAIN3Y IESTEIFHOCTH 3THX CTPYKTYP.

BceMm yuacTHHKaM uccienoBaHUs ObLIO MPEATIOKECHO cHOPMUPOBATH KPHUTE-
UM OLICHOK MPSIMBIX METOOB IPUHATHS PELIICHUH.

Oxcnepmui.

1. BO3MOHOCTb OLICHUBAHUS AIbTEPHATHB 10 KPUTEPHSIM BepOaIbHO.

2. CpaBHHTEIHHO HEOOIBIIOE KOIUIECTBO TPEOYEMbIX CPAaBHEHHUIA.

3. BO3MOKHOCTb TIPOM3BO/IMTH HEIIOJIHBIE MAPHBIC CPABHEHHMS B CIy4asx, KO-
rJia ONPEIeIUTh HAWITYUIINI 00BEKT U3 ABYX 3aTPYAHUTEIBHO WUIIK HEBO3MOXKHO.
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Cneyuanucmul no nPUHAMUIO peueHU.

1. YyeT cTpyKTypbl CUCTEMBI B IPOLIECCE MPUHATUS PEILICHUSI.

2. IIpengocraBiaeHue JOCTOBEPHBIX PE3YILTATOB.

3. BO3MOXHOCTh YUUTHIBaTh HEYETKOCTb, HESICHOCTh, HETOYHOCTh B Tapa-
METpax, XapaKTePU3YIOUINX 00BEKT UCCICIOBAHUS.

4. IlpenocTaBiieHuE METOAOM CPEACTB, MO3BOJISIOLIMX MPOBEPSATH COTIIACO-
BaHHOCTH SKCIIEPTHBIX OIICHOK.

5. BO3MOXHOCTH BKIIIOYATh B UCCIEAOBAaHUE KOJMICCTBCHHBIC OICHKH 00B-
€KTOB.

6. Meto mOATBEP KICH €T MPAKTHIECKIM NPIMEHEHHEM K aHAIN3Y PeaTbHBIX
po0OJIeM, TeOPETHYECKHE OCHOBBI METO/Ia HAYYHO PAa3BUBAIOTCS.

AHanmM3 METOIOB NPHHATHS PELICHUH C TOUKU 3pCHUSI CPOPMHUPOBAHHBIX KpPH-
TepUEB MPOBOAMICA HaMU ¢ moMolsio MAU.

IIpu sToM ObLTa chopMHpPOBaHA HYETHIPEXYPOBHEBAs HEpapXus Ipolecca
MIPUHSATHSI PEIICHUS

HavGonee
NpeAnouTATENbHEIA
MnP

SKcneprhi CrieuvanvicTs! no NpUHATUIO peLLeHMii

T T T T 1
Vaer H Mposepka Konuecrsenmast | | Mpaktndeckast

BepGansHsie
oueHku

[locrosepocts
peaynbratos

napHsie xonuuecrso cTpykTypsI
cpasrens cpasHeHi cncTems! meroga

\ \
v y v

MeTogp! MNP npu
HEYETKOW UCXoaHOM
nHbopmaLmm (2)

I
HeGonbLuoe H Orpaxetme

‘ Henorsie ‘

KayecTtBeHHble MeToabl
nP (3)

MeTop aHanu3a
nepapxwii (1)

JloroBopuMcst, YTO SKCMEPTHI U CMIEIUAITUCTHI 110 MPUHATHIO PeLIEHHH ToJTy4a-
10T paBHyIO 3HauUMocTh (A ; = 0,5; A, = 0,5), Tak KaK 11 onpejeneHust Hanbosee
NPEATIOYTHTENIHHOTO METOa BaXKHA M €ro aJalTHPOBAHHOCTH JUISA IIPaKTHYECKOTO
HCIOJIB30BaHMUS, M €r0 TeOpeTHIeCKas 0OOCHOBAHHOCTb, M JIOTIOJHUTEIBHBIE YCIIYTH,
UM IIPEIOCTaBIsIEMBbIE.

JUtst moaTBepIKAeHNsT OOBEKTUBHOCTH OLEHOK JKCHEPTOB IPUBEIEM H3BECTHBIC
HaM CBEJICHUS 10 KaXKIOMY KPUTEPHIO JUIS pacCMaTPUBAEMbIX METOIOB.

Bosmosrcnocms oyenusanua aremepramus no Kpumepuam 8epoaibHo

(1)  KonwdecTBeHHas MIKaJla OTHOCUTEIIHLHON Ba)KHOCTH WJLTIOCTPUPYETCS COOT-
BETCTBYIOICH BepOATBbHOM IIKAIO; SKCIEPThl OPUEHTUPOBAHLI HAa KOJHMYE-
CTBEHHBIC OLICHKH.

(2)  Crenens npennourenus i, ( U;,u;) BBIPAKACTCS YUCIECHHO.

(3) Ucnone3yeTcs TOJBKO KAUYECTBCHHOE ONMKCAHHE OCHOBHBIX (DAKTOPOB H

Ka4eCTBEHHOE BBIPAXKEHHE PEIIAIOUINX MpaBWJI AN OLEHKH BapHaHTOB
peleHui.
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Cpasnumenvho HebObULIOE KOTULECTNEO MpeDyemMblX CPAGHeHUll

IIpu dpopMUpOBaHUN OTHOIICHHS MPEANIOYTEHUS UII 7 0OBEKTOB TpeOy-
ercst n(n - 1)/2 cpaBHEHHMIA, OCTAIbHBIE OICHKU SBJISIOTCS OOpPaTHOCUM-
METPUYHBIMU K TOJYYCHHBIM W 3amoiHsroTcs (opmanbro. Illkama muc-
KkpetHa. OT KOMYEeCTBA OIEHOK AWCKPETHOM IIKAJBl KOMTMIECTBO CpaBHE-
HUH HE 3aBUCHT.

IIpu hopMupoBaHHM OTHOIICHUS NPEANOYTCHHS JUII 1 OOBEKTOB TPeOy-
ercst n(n - 1) cpaBHeHUH. 3apaHee W3BECTHBIME SIBISIOTCS TOJNBKO JUATO-
HaIlbHBIC AJIEMEHTHI, B BUAY pediekcuBHOCTH oTHOmeHus. [lIkana Henpe-
pbiBHA. OT BEIOPAHHOTO KOJMYECTBA OICHOK IIKAJBI KOJUYECTBO CpaBHE-
HUU HE 3aBUCHT.

IIpu cpaBHEHHMH BEKTOPHBIX OICHOK Y OIOPHBIX CHUTyaluid TpeOyercs
3aMOJIHUTh MAaTPUIly MapHBIX cpaBHEHWH A  pasmepHoctu NxN, rae

o
N = Zl(nq —1), ny = m — KOIMYECTBO OLECHOK 10 KPUTEPHIO ¢. B nenom,
=

Kak OTMEYaloT aBTOPHI MeToja, yucio obpamennit k JIIIP B xynmem ciy-
yae Oyzet paBHo C = 0,250(Q - I)m(m - 1). (lononHUTEILHBIE BOIPOCHI
HOSIBJISIIOTCS P HETPAH3UTHUBHOCTH JIEMEHTOB MaTpHIb). [JIs KaXkaoro
KpHUTEpHs CBOSI JUCKpETHas OLEHOYHas Mkana. KomuuecTBo cpaBHEHUH
3aBUCHUT U OT KOJIUUECTBA KPUTEPUEB, U OT KOJIMYECTBA OLIEHOK IIKAJbI MO
KPHUTEPHSIM, HO HE 3aBUCHUT OT KOJINYECTBA PACCMATPUBAEMbIX OOBEKTOB.

Bozmooicnocms npouzeo0ums nenoanvie napHuvle CPAGHEHUsl 6 CLYYasix, K020d
onpeoenums HAUAYYWULL 006veKm u3z 08yxX 3ampyOHUMeNbHO UTU HeBO3MONCHO
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Onenkn GopMUPYIOTCS TONBKO B TEPMUHAX «ITydlIe-xyxkey». HemoiHsie
CpaBHEHHS HENPEAYCMOTPEHBI.
Mosxer ObITh HCHONB30BaHA OLEHKA Ly (u;,u;)=0 B ciydae, eciu

i-mas aTbTePHATHBA XYKE YEM j-mds albTCPHATHBA WM OHU HECPABHUMEIL.
CnoBecHble orieHkn «He 3Hat0», «3aTpyHIIOCH OTBETUTHY» TCOPETHICCKH
NpeyCMOTPEHbI, HO B NPUBEICHHBIX MPUMEpPax MPU CPABHEHUH BEKTOP-
HBIX OIIEHOK HCITOJIb3YETCSl TOJIbKO TpexOalutbHasi mikama, rae o(i, j) =
= [ — i-moli MEMEHT MPEArouTUTeNbHee, o(i, j)) = 3 — j-mbiil DIEMEHT
MpeanouTUTeNbHee, 0(i,j) = 2 — i-mbiil YNIEMEHT H j-mblll PABHOIIEHHBI.
Yuem cmpyxmypui cucmemul 6 npoyecce npuHsmus peuienus
CrpykTypusaiiysi po0JIeMbl B BHIC HEPAPXUM — OJMH U3 TJIaBHBIX JTAIOB B
npolecce MPUHATHS penieHus. Mepapxus MOXET UMETh OT JIBYX YPOBHEH 10
JIFOOOTO UX KOJIMYECTBA.
Bo3MokHA CTPYKTYpH3alus CUCTEMBI B BHJIC JBYX- M TPEXYPOBHEBOH He-
papxwu.
CrpykTypu3alys CUCTEMbI BO3MOXHA TOJHKO B BUJC TPEXYPOBHEBOW He-
papxwu.
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Ilpeoocmasnenue docmogepHvix pe3yibmamos
[Iprumenerne Meronma UId aHAIM3a KONWYCCTBEHHBIX MAHHBIX ITOKA3aJIo
MPaKTUYECKH TIOJIHOE COBMAJICHUE PE3YNIbTAaTOB ¢ MCXOJHBIMH XapaKTepH-
CTHKaMH OOBEKTOB B CITydae ABYXYPOBHEBOW HepapXuu W OJIM30CTH K MC-
XOJHBIM XapaKTEPUCTHKAM B CIIydae TPEXypPOBHEBOH HEPaPXUML.
MeTton MpHHATHS pEIICHUI ¢ HECKOIBKUMH JKCIIEpTaMH (KPUTEPHUSIMH),
XapaKTePU3yEMBIMH BECOBBIMH KO3 (QHIMEHTaMHU, MPEIOCTaBISICT pe-
3yJIbTaThl, COOTBETCTBYIOIINE PEATFHOMY JIMHCHHOMY YIOPSIOYUBAHHIO
00BEKTOB.
IIpoBeputs METOABI HE TPEACTABISICTCS BO3MOXKHBIM, TaK KaK OHH OPHCH-
TUPOBAHBI HCKITIOYUTEIEHO HA KAYECTBCHHBIC OLICHKU 00BEKTOB.
Bozmoorcnocmo yuumoieams neuemxocmo, HeACHOCMb, HEMOYHOCHb
8 NApamMempax, Xxapaxmepusyruux oo6vekm ucciedo8anus
O1eHKH 9KCIEPTOB HE MOTYT OTPaXKaTh HETOYHOCTH ITAPaMETPOB B BHZE He-
YETKHX YHCEIL.
VcxomHbIMH TaHHBIMH SIBIIIOTCS HEYETKHE OIEHKH SKCTepToB. Omeparmm
BBEJICHBI TAKMM 00pa3oM, 4TOObI Hanboliee KOPPEKTHO TNepepabaThIBaTh He-
YEeTKYIO HHPOPMAIHIO.
HeTo4YHOCTh NaHHBIX HAXOHUT BHIPAKCHHE B CIIOBECHBIX OIICHKAX dKCIEp-
TOB.
Ilpedocmasnenue memooom cpedcms,

N03BOAAOUUX NPOGEPSAMb CO2NACOBAHHOCTb IKCNEPTNHBIX OYEHOK
CornacoBaHHOCTh MPOBEPSCTCS HAa OCHOBE KOJIMYCCTBEHHBIX OICPALUH.
IIpu stom Beucisiercs OC (OTHOIIEHHE COTIACOBAHHOCTH), MO 3Hade-
HUIO KOTOPOTO MOXHO CYIUTHh O KEJAaTeIbHOCTH WM HEXEIaTeIbHOCTH
MIEPECMOTPETh CY)KICHHS.

IIpoBepka Ha COTTIACOBAaHHOCTH HE MPEIyCMOTPEHA.

HMeeTcs BO3MOXKHOCTH BBISBICHHS BO3MOXHBIX OIMMOOK (HapyIIeHHe
TPAH3UTUBHOCTH) B OTBETaX SKCIIEPTOB W HCIIPABICHHUA MX Ha OCHOBE TIO-
BropHOro npenbseieHus JIIIP. CormacoBaHHOCTB, TakuM 00pa3oM, IMpo-
BEPSIETCS] KAYECTBCHHO.

Bosmoorcnocmo éxkaiouams 8 ucciedosanue KoaudecnmeeHHble OYEHKU 00beKmos

(M

@)

©)

Kak moka3ano B pazzene 4.2., Takas BO3SMOKHOCTbh UMEETCSL U MOXKET OBITh
C YCIIEXOM HCHOJB30BaHA IMPH HEOOXOIMMOCTH (HAampuMep, Hapsiay C
CyOBEKTHBHBIMU OIICHKAMU W3JCIHI M0 OTHOUICHUIO K BO3MOXHOCTU HX
OCBOCHHSI JJIsI BBIMYyCKa MHPEANPHUSITHEM, MOXHO BKJIIOYHTh B Ka4yeCTBE
OIICHOK peallbHyI0 Ce0ECTOMMOCTD U3CIN).

Meron He mpemycMaTpuBaeT oOpabOTKy OOBEKTHBHBIX JAaHHBIX, HO, KaK
crenyer u3 pazaenie 4.2., BKIIOYUTh KOJMYECTBEHHYIO COCTABJISIONIYIO B
aHaJIM3 BO3MOXKHO.

KonuyecTBeHHBIC OLIEHKU MOTYT OBITh MHTEPIIPETUPOBAHBI CHAYaIa Kave-
CTBCHHO (KaX/I0¥ OIICHKE MPUCBANBACTCS OMPEICICHHBIN 0allI 0 Ka4ecT-
BEHHOH IIIKaJe), a 3aT€M yXKE MPOU3BOAMUTCS CPABHCHHE BEKTOPHBIX OIlC-
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HOK. [Ipm 3TOM OOBEKTHBHBIE XapaKTEPUCTUKH KPUTEPHEB HEBO3MOXKHO
y9ecTh HHM KadeCTBEHHO, HH KOJHYECTBEHHO (CpaBHMBAaHHME KpPUTEPHUEB
TIPOMCXOINUT HESIBHO TIPU CPAaBHEHUU BEKTOPHBIX OLEHOK).
Memoo noomeeparcoen npakmuieckum npUMeHeHUem e20 K aHAIU3)y PeanbHbIX Npo-
O1em, meopemudecKue 0CHO8bL Memood HaYYHO PA3BUBAIOMCS

JlaHHasg xapakTepucTHKa €1Ba JIM HE SBISAETCA CamMOil TJIaBHOM, TaK Kak
HMEHHO OHa 3a4acTylo ompenenseT Beibop merona [1P B cimywae, ecnn k maTeMa-
THYECKOH TOJCpKKE MPUHATHS PEIIeHUH 00pamiaroTcs BrepBbie. B aToM cirydae
BJIa/IeNTbIA TIPOOIEMBI TS KaXXI0TO U3 BO3MOXKHBIX MeTonoB [IP mHTEpecyer kpyr
3ama4 u Te¢ 00JacTH MPUKIAJTHOW JEATEIHHOCTH, KOTOPbIE MOTYT OBITh HamOojee
3¢ (PEeKTHBHO UM MIPOAHATU3UPOBAHEL. VI3T0KMM OCHOBHBIC CBEICHHS O KOHKPETHBIX
(y>Ke OCYLIECTBIISIBIIMXCS ¥ XOPOILO 3apEKOMEH/IOBABIIHX Ce0s1) MPUMEHEHHSIX KaXkK-
noro Merona (tabm. 4.7). B tabmune non kadectBeHHbIMU Metoaamu [1P moxpasyme-
Barorcst metosibl SAITPOC, ITAPK u OPKJIACC.

Meron ITAPK (ITAPnas KomneHcamust) paccMaTpuBaeTcs aBTOpaMH Kak Me-
TOJA TPHUHATUS PEUICHUH B 3a/Jla4ax CTPATETHYECKOTO BBHIOOPA, MO3BOJSIOIIMI
CTPYKTYpHpOBaTh NpobiieMy BbIOOpa U 00ecieuuTh TpeOyeMbli aHali3 U OLEHKY
BO3MOJKHBIX BapHAHTOB aTbTEPHATHUB IS pEIICHIS TOCTABICHHON 3aqaun. MeTtos
OCHOBAaH Ha TIAPHOM CPABHEHUH albTEPHATHB: CHAadalla CPaBHHUBAIOTCS JIBE allb-
TEepPHATHUBHI, U3 HUX BHIOMPAETCS HAWITyUIIas, 3aTeM BHIOpaHHAs CPaBHUBACTCS CO
cnenyromiei u T.a1. Takoe cpaBHeHHE 0€3 KOMIBIOTEPHON IMOAECPKKU OYCHb JIITH-
TENBHO M TPYJOEeMKO. B 3TOM MeToze oT 3kcmepra TpedyeTcs OCYIIeCTBIATh paH-
KHUPOBAHUE IJIOXUX, C TOYKU 3PEHUS DKCIEPTa, OLEHOK Ka)JOro KpUTEpHs IO
KaXJIOMY W3 JIByX paccMaTpuBacMbIX oObekToB. [Ipu manpHeHIIeM cpaBHEHUU
MPEJUI0KECHHBIX TUIIOTCTUYCCKUX BAPUAHTOB, BBIOMPAs OJIUH M3 HUX KaK JIy4IIHH,
SKCHEPT HESIBHO BHIHYXKJECH OLEHHBATH KPUTEPHUH, T.€. COCTABIATH OTHOIICHUE
MIPEANIOYTEHHUS KPUTEPUEB, HO O3 JOMOIHUTEIBHON TIOMOIIU METO/A.

Meron OPKJIACC (OPnunanbnas KIIACCudukanms) npenHasHadyeH s
KJIacCH(UKAITUN PacCMaTPUBACMBIX OOBEKTOB, T.C. ONPEACICHUS IPUHAICHKHO-
CTH 00BEKTa TOMY WM HHOMY KJIaccy.
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Ta6auma 4.7

Bunsl 3agay [1P B pa3nmuyuHbIX MPEIMETHBIX 00JIACTSIX,
KOTOpBIC OBLIH MPOaHATHM3UPOBAHEI CPABHUBAaEMbIMU MeToqamu [1P

[IpeameTHas 06iacTh — JKOHOMHKA

MAU 1. TlepcrmeKTHBBI HCIOJIB30BaHUS CHHTETHUYECKOTO TOIUIMBA JUIS
TpaHcnopra [92].
2. DxoHOMHYECKOoe IuIaHupoBanue pa3Butusa Cynana [91].
Hcnonb3oBanue 1. MUKpO3KOHOMHYECKHI IpoLecc MHBECTHLUH [55].
He4eTKOii JJOTHKH
KauecTBeHHbIE 1. Pazpaborka CIIIIP B KpeaWTHON AESATENPHOCTH KOMMEPUYECKOTO

METOABI MPUHATHSA
pemeHuii

OaHKa, KOTOpas OCYIIECTBISIET KJIACCH(HKALHMIO MOTCHIMAIBHBIX
CCY/I03aeMIIHKOB MO MX KPEAUTOCIOCOOHOCTH Ha OCHOBE MOKa3aTe-
neit ¢puH.-oK0HOM. nesTensHocTH ccypo3aemmmka (OPKJIACC) [63].

IIpousBoacTBo

MAH 1. OnTHManbeHbIH BEIOOP SHEPTOYCTAHOBKH, HCIIONB3YIOIIEH YTrob.
2. IlmannpoBanme pa3BUTUS (UPMEI-TIPOM3BOIUTEINS MOTPEOUTEIH-
CKOM MPOJYKIMH.
Hcnoan3oBanue 1. BeectoponHnit aHamM3 ASSTENLHOCTH HPEANPHATHS: COCTaBICHHE
HeYeTKoil Oro[KeTa, OLIEHKA COCTOSHHSA U T.11. [55].
JIOTHKH
HoauTHKa
MAU 1. Ompenenenye KaHAUAATa, HAHOOJIEE MOMYJISIPHOTO Cpeau n30upa-
Tenel B mpeansepun Beioopos [92, 115].
Oopa3oBanue
MAH 1. Ananu3 pa3sutus Beiciiero oopasosanus CIIIA , B xoze KoToporo
OBLT OmpesieNieH HanboJsiee BEpOSITHBIN CLIIEHAPHii ero pa3BUTHs Ha
nepuon 1985-2000 rr. [91, 92].
2. Atrecranus npenogasatenel B Boiciei mxose (JIF'TY).
3. Onpenenenne ypoBHs pa3BHTHs KowlekTHBa [118].
KauecTBenHbIe 1. OmeHka KOHKYPCHBIX MHICBMEHHBIX paboT 10 MaTeMaTHKe (OIeHH-

METOAbI MPUHATHUHA
peumeHui

BAJIKCh IKOJIBHBIE OJNMMITAAIHbIE pabOTHI); CTOCOO MO3BOJIKIT BhIIE-
JSIT JTydiire paboThl U3 TeX, KOTOpble Ha0paiu OJMHAKOBOE KOJIH-
4ecTBO 0AIIOB, yUHUTHIBAsI KAUeCTBEHHbIE KPUTEPUH, PEIbsBIsICMbIC
9KCIepTaMH K onuMIl. pabotam [117].

2. Ouenka HUP [63].

Meanuuna

MAH 1. Onerka 3 GeKTHBHOCTH JIEKAPCTBEHHBIX CpeACTB [91].
2. Vupasnenue Men.oocmyxuBanueM [91] (ompenenenue (akTopos,
BIIMSIONIMX Ha CAEPXKHUBAHUE POCTAa CTOMM. COAEpKaHMS B OOJBHU-
1e).

Hcnouab3oBanue 1. JInanoroBeie CHCTEMBI METUIIMHCKON UArHOCTHKH [69)].

HEUYETKO JJOTHKH

2. IlpunATHE penreHHil NPH OLEHKE (YHKIHMOHAIFHOTO COCTOSHHS
YeIoBeKa.

KauecTBeHHbIE
MeTOJbI IPUHATHSA
peleHunii

1. ®opmupoBanue 6a3 3HAHUN JUTT MEAUIMHCKAX IUATHOCTHYECKUX
cuctem [62].
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I[anLHeI‘/imee HAay4YHOC pa3BUTHUC MCTOJAOB IPCAINOJIAracTcsa B CICAYIOUINX

HalpaBJICHUAX.

1)

2)

3)

— Yd4eT HeONpeaeIeHHOCTEH B CYKICHIX KCIIEPTOB B BUIE HEUETKUX
YHCe.

— HccnenoBaHus 1O HETPEPHIBHBIM, a HE TUCKPETHBIM IIKajlaM. DKC-
MIEPTHBIE CY)KICHHUS B BUAE HHTEPBATBHBIX YHCEI.

— OreHkKa MeTo/ia COOCTBEHHOTO BEKTOPA B PsILy METOJIOB ITOCTPOCHHS
[0 3aJaHHOM MAaTpUIE MapHBIX CPABHEHHH OOBEKTOB ONTHMAJIBEHOTO
JIMHEHHOTO UX yNOPAJOYHBAHUS.

— Pa3paboTka TeOpeTHUECKHX OCHOB MOJEIUPOBAHUS NPOOJEM IpHU-
HSTHS PEILICHUH B BUJIC HEPAPXHH.

— BO3MOXHOCTP HENOIIHOTO CpPaBHEHHS JKCHEPTAMH OOBEKTOB, 3a-
KIIOYAIOLIET0Cs B AONYCTUMOCTH OLeHKH «; =0 . Ilpn Takom nomyuie-

HUW HEOOXOJMMO MOIU(PHUIIMPOBATH METOJ MOJYyYEHHUs TIABHOTO cOOCT-
BEHHOT'O BEKTOPA MaTPHIIBL.

WzBectna pabota [123] mo BbeimonmHeHuro TeopeMmbl Tuna Ileppona-
®pobennyca Ha OECKOHEYHO-UCTPUOYTUBHBIX PEIIETKax (4TO MMO3BOJIA-
€T B KAueCTBE KOJUYCCTBCHHOW INKAJbl MPHU MPUHITHU PCIICHUNA HC-
MOJIb30BaTh NPOU3BOJIBHYIO alreOpandecKylo CTPYKTYpY, SBISIOIIYIOCS
Opay’poBoOii pELIETKOI).

[IpumMeHeHnEe METOIa ABTOPOM OTPAaHWIHIIOCH YICOHBIMU TIPHMEPaMH.

W3BectHa pabota [122] mo mpumeHeHHIO MeTO0B OpPIIOBCKOTO IJIs
HEYEeTKOro BBIOOpa. B 1emom HampaBieHue, CBsA3aHHOE ¢ 00pabOTKOMH
HEeYeTKOW MH(OpPMAINH, IIUPOKO MPEACTABICHO Pa3HBIMU aBTOPaMH, HO
MMEHHO TPUMEHEHHE C 3TOH IIeNbi0 MeTomoB OpJIOBCKOTO HaM HEU3-
BECTHO.

Pa3zBuTne MeTona CBSI3aHO C MCIIOJB30BAHHMEM IIKaJl, ITO3BOJISIOLIMX
OIICHUBATh OOBEKTHI KaK M0 KAYECTBEHHBIM, TaK U MO0 KOJIMYCCTBEHHBIM
KPHUTEPUSIM B Mpejeiax OIHOMW IIKaJbl (4aCTh COCTABJIAIOUIMX BEKTOpa
OLICHKH — KQUECTBEHHbIE YTBEPIKJICHUS, YACTh — KOJIMYECTBCHHBIE).

Ilo OLICHKaM KPpUTCPUCB MCETOHOB IIPUHATUA peHIeHI/Iﬁ C TOYKU 3PCHUA

OKCIICPTOB OBLIO C(l)OpMPIpOBaHO OTHOIICHUEC TMPCANOYTCHUA R] U BBIYHUCJICH
BCKTOP MMPUOPUTECTOB!

Kpurepun MITP Bep6anbueie  Kon-Bo |HemosHbie Bekrtop
LIKAJIbI CpaBHEHHH CpaBH. | IPUOPHUTETOB
BepOaJibHble MIKabl 1 2 4 0,5584
Kon-Bo cpaBHeHuit 1/2 1 3 0,3196
Henonnble cpasH. 1/4 1/3 1 0,1220

"3 TIOJTYYCHHBIX IMPHUOPUTETOB CTAHOBUTCA OYCBUIHBIM, YTO IJISA SKCIIEP-

TOB HanOoJiee MPEAMOYTUTEIIPHON XapaKTEePUCTUKON aHKeT (BOMIPOCOB) SIBIISAET-
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Cs HaJIM4yue Bep63HLHLIX 1IKaJ, MO3BOJIAIOIIHNX OaBaTb OTBCThI B CJIOBCCHBIX

OLICHKaX.

CneumanicraMy 10 MPHUHATHIO PELIEHUH ObLIO CHOPMUPOBAHO aHAJIOTHY-
HOE OTHOIIEHHE R, 10 KOTOPOMY BBIUUCIIEH BEKTOP NPUOPUTETOB:

Kpurepun | Ctpyk-| Jocto- |Hedwer-| Corma- | O6bexT. |[IpakTuy.| Bekrop
MIIP Typa |BEpHOCTH| KOCTb COB. | COCTaBll. | BHEHp. |NPUOPHT.

CtpykTypa 1 1/5 7 1/3 1/4 1/4 0,0731
Jloctosep- | 1 7 5 4 5| 04532
HOCTB
Heuerkocts| 1/7 1/7 1 1/7 1/3 1/6 0,0311
Coruaco- 3 1/5 4 1 1/3 13| 0,0942
BaHHOCTh
Obmexr. 4 1/4 3 3 1 12 | 0,1508
COCTaBII
Mpawma. | 1/5 6 3 2 1| 0,1976
BHEJPEHUE

Jis cnenuanucToB 1O MPHUHSATHIO PEHICHHH, Kak yOexxmaemcs, Hanboiee
Ba)XHA JOCTOBEPHOCThH PE3YJITATOB METOJIOB, IPOBEPEHHAS KOIMICCTBEHHBIMHI
JAHHBIMH, Jajiee CIIeAyeT MPaKTHIecKoe ampoOHpoBaHHE METOIOB M BO3MOXK-

HOCTB UCIIOJIB30BAaTh KOJITMYCCTBEHHYIO COCTABIIAIOIIYIO.

MeTop! IPUHATHS PELICHUH ¢ TOYKH 3pEHUsI CHOPMUPOBAHHBIX KPUTEPH-
€B MOXHO JIOCTaTOYHO OOBEKTUBHO CPAaBHHUTH HA OCHOBE paHee C/IEIaHHbIX Xa-

PaKTEpUCTHUK.

HpI/IBe)IeM Cpa3y BEKTOPbI MPUOPUTECTOB METOJOB MO OTHOLICHUIO K KaK-

)IOﬁ 13 Ha3BAHHBIX XaPAKTCPUCTHUK:

Dxcnepmol

o MeToap! NIPUHSTUS PELICHUI
Kpurepuii 0 7)) )
BepOasibHbIe MIKaIBI 0,1669 0,0634 0,7697
MuHNMaTbHO BO3MOKHOE KOJIMYe- 0,8000 0.1333 0.0667
CTBO BOIIPOCOB
B03M0>XHOCTb HEMOIHBIX CPaBHE- 0.1085 0.6300 02614
HI/Iﬁ > > >

Cneuuaﬂucmbl no npuxnamuio pemenuﬁ

Metoapl IPUHATHS pelICHUN

Kpurepuii 0 Q) 3)

OTtpaxkeHue CTPYKTYPbl CUCTEMBI 0,7838 0,1349 0,0813
Jl0CTOBEPHOCTh pe3yIbTaTOB 0,5470 0,3445 0,1085
z;feTHHeTquocm B BHJIC HCUCTKHX 00752 0,7418 0.1830
ITpoBepka Ha COTIACOBAaHHOCTD 0,6939 0,0528 0,2533
KonuuecTBenHas cocTaBisiomas 0,7504 0,1713 0,0782
[pakTryeckas anpoOaius 0,7223 0,0727 0,2050
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OO6o6menHbIe (T00aIbHBIC) TTPHOPUTETHI METOJOB NPHUHATHS pPELICHUN

BBIYHCIIAIOTCS] PU ITOMOIIH IPOLEAYPhl HEPAPXUUYECKOTO B3BEIINBAHMUS, HAUH-
Hasi CO BTOPOTO YPOBHS BHH3:
MAMU = (0,5584x0,5)x0,1669+(0,3196x0,5)x0,8000+(0,1220x0,5)x0,1085 +
+(0,0731x0,5)x0,7838+(0,4532x0,5)x0,5470 + (0,0311x0,5)x0,0752+
+(0,0942x0,5)x0,6939 + (0,1508x0,5)x0,7504 + (0,1976x0,5)x0,7223 = 0,4955.

AHaJOTUYHO BBIYUCIIIEM 00001IeHHBIC TPHOPHUTETHI Apyrux MITP:

—  KadecTBEHHBIC METOJbI MPUHATH pemennid — 0,3100,
—  METOJbI MPUHSATHUS pEIICHNH Ha 0a3e HeueTkol oruku — 0,1945.

Takum 06pa3oM, C TOYKH 3pCHUS YIACTHHKOB MpOIlecca IMPUHIATHS perie-
HUll, HanboJee MPEeNNOYTHTENEHBIM U aHAN3a HECTPYKTYPHPOBAHHBIX MHO-
TOKPUTEPHAIBHBIX MPOOJIEM OKa3bIBACTCS METOJ aHATIHM3a HEepPapXuil, BTOPHIMHU
10 MPEANOYTUTEILHOCTU — KAU€CTBEHHBIE METO bl PUHSTHUS PELICHHM.
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5. KomMOGMHMpOBaHHbLIV anropuTm NOAAEPXKKU MPUHATUA peLUeHUN

CoBpeMeHHBIH NEepHOJ Pa3BUTHS CHCTEM YIPABJICHUs MPOU3BOACTBOM Xa-
paKTepu3yeTcst BHICOKUM POCTOM 00beMa MH()OPMAIMOHHBIX IOTOKOB, IPHYEM
HanOonbIIKi 00beM MH(GOPMALMK HAOIIOAAETCs B MPOMBILIIEHHOCTH, TOPTOBIIE,
(rHAHCOBO-0aHKOBCKOH JESTENBHOCTH. B NMPOMBIIIIEHHOCTH POCT 0O0beMa HWH-
(opmaru 00ycIIOBJIEH yBelMueHneM o0beMa MPOU3BOJICTBA, YCIOXKHEHUEM BbI-
ITyCKaeMOW MPOTYKIIMH, UCHOIB3YEMBIX MaTEpPHaJIOB, TEXHOJIOTHIECKOTO 000py-
JOBaHUS, PAaCIIMPEHUEM B pe3yNbTaTe KOHIEHTPAIWH M CHCHUAIN3AalUU MPOU3-
BOJICTBA BHEUTHUX M BHYTPCHHUX CBS3EH YKOHOMHYECKHX O0O0BEKTOB. TONBKO Ha
OCHOBE CBOEBPEMEHHOTO IOMOJHEHHUS, HAKOIUICHHUS, NepepadoTKu WHOopManu-
OHHOTO pecypca, T.e. BIaJeHHS JOCTOBEpHOW MH(OpMAaIel, BO3MOXKHO paIfHo-
HAJIBHOE YIpPaBJICHUE JIO00W NEATETHHOCTRIO M d¢hhekmusHoe npunamue peuie-
Hutl. B TakuxX yCIOBUSX JUIS KBAJTU(HUIIMPOBAHHOTO BEIOOpA ONTUMAIBHBIX YIIPaB-
JSIFOLIMX peleHui Tpedyercs camasi pazHooOpa3Has nH(opMmanus, B TOM YHUCIe, 1
9KCIIEPTHO-COBETYIOLIET0 XapaKkTepa.

B riaBe 5 paccmaTpuBaroTcs aclekThl pa3pabOTKH KOMOWHHPOBAHHOTO al-
rOpUTMa NPUHATHS PEIICHUH B YCIOBUSX HEONPEEICHHOCTH, NPU3BAHHOTO I10-
MOYb CIELUAINCTY B KOMIUIEKCHOM aHaJIM3¢ MHOTO(aKTOPHON HPOOJIEMHON CH-
Tyalliu Pa3lTUYHBIMA 0a30BBIMH METOJAMH MPUHATHSA penieHnil. Taxkoi komMOuHM-
POBAHHBIN aITOPUTM 00ECTIEYUT 0OOCHOBAHHOCTH ONITHMAJILHOTO BBIOOPA, TTO3BO-
JUT CHEIMAJHNCTy HE TOJNBKO TOJNaraTtbCs Ha KaKOW-TO OTUH BAPHAHT PEUICHUS
(kak 3TO 9acTo OBIBAET B MOJJICPIKKE MPUHATHS PEHICHHUI), a CAMOMY OIEHUTHh
BCEBO3MOXKHBIE BapHaHTHI, IIPEIOCTABIsIEMbIC Pa3HBIMI METOJaMH, M CACTaTh Ha
UX OCHOBE ITOJTHOBECHBIN I'PaMOTHBIN BBIBOJ.

[Ipu pa3paboTke KOMOWHMPOBAHHOTO aIrOPUTMa MPUHATHS PEUICHHH 0CO-
0oe BHUMaHHE YJEJISUIOCh YUeTy CrieliM(UKHI YIpaBICHYECKUX PELICHUI, KoTopas
MIPOSIBUJIACH B CJICAYIOLIUX BOIIPOCAX:

—KaK OTpasuTh B MpoOLECcCe NPHUHATHS PEIICHHI BCe B3aMMOAEHCTBYIOLIHE
9JIEMEHTBI CUCTEMBI, U1l KOTOPOH IPUHUMAETCS PELICHHE;

—KaK COCTaBUTh BOMPOCHI IKCIIEPTaM, YTOOBI OTBETHI MOKHO ObLIO (HhOPMYITH-
poBaTh B BepOAIbHBIX, @ HE KOJMIECTBCHHBIX KATETOPUAX, YIUTHIBAS IICHXOJIOTH-
YecKre 0COOEHHOCTH YETIOBEKa;

— KakuM 00pa3oM MOKHO ITPOBEPUTH COTIACOBAHHOCTD CYXICHHUI SKCIIEPTOB;

—KaKhe METOMBI JIydIlle WCIONb30BaTh NMPH BBIYHCICHUN MPHUOPUTETOB pac-
CMAaTpPUBAEMBIX 0OBEKTOB.

W3BecTHO, 4TO MCHOJIB30BaHUE JIIOOBIX METOJIOB U BBIYMCIHMTEILHBIX MTPOLIe-
Jyp B Tpolecce yIpaBieHus, CKOJIb Obl NOJIE3HBI OHM HU OBbUIN, KaK MPaBUIIO, HE
HaXOJMT JIOJDKHOTO IIPUMEHEHHs CHEHHaTNCTaMM, €CIM HE OCYLIECTBIEHA HX
KOMITbIOTEepHas peanusauus. B pasuene 5.4. onuceiBaercs CIIIIP "Bribop”, npen-
HA3HAUCHHAs UIS AHAIKW3a W IUTAHUPOBAHHS JCATCIBHOCTH IMPOMBIILICHHOTO
MpeanpusATHA, 0a30BBIM METOIOM KOTOPOH SIBISETCS KOMOMHHUPOBAHHBIA airo-
PUTM OWHAPHBIX OTHOIICHUH.
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5.1. Tomomopdcuam wkan MAU n metoga NPUHATUSA peLUeHU NPU HeYEeTKON
ncxopHow uHdgopmauum

BbazoBas mkana merona aHanusza uepapxui (1) Moxer ObITh (pOpMaIn30BaHA
B Buje MHoxectBa S(m)={1/n,...,1,n,..., tne n=1,...m}. llpu m=1 S(1)={1}, npn
m=2 8(2)={1/2, 1, 2} u 1.0. B yactoctu, 8 MAU m=9, S(m)={1/9, 1/8, 1/7, 1/6,
1/5,1/4,1/3,1/2,1,2,3,4,5,6, 7,8, 9}.

bazoBas mikana Meroga MpUHATHS PEIICHUN MPU HEYETKONW MCXOIHOW HH-
(dhopmanuu (2) mpeacTaBisgeT coOO0H 0TPe30K MeHCTBUTENBHBIX Yrcen S=[0;1].

B kadecTBeHHBIX METOAAX MPHUHATH pemieHui (3) A HymMepaluu OIEHOK
Ha TIOPAIKOBOH mIKane X, KPHUTEpHs ¢ MCIONb3YeTCs PAA HATypadbHBEIX YHCETL.
KonruecTBEHHYIO 1Ky, B 9TOM Cily4ae, MOKHO (OpMalIM30BaTh KaK KOMILICKT
Z(m)={Bce nensie uncma 0 SN M},

Otpesok [0, 1], muoxectBo {1/9, 1/8, 1/7, 1/6, 1/5, 1/4, 1/3, 1/2 1, 2, 3,4, 5, 6, 7,8, 9},
KOMIUIEKT (0a30Bble mikansl MeTooB (1), (2), (3)) ABIAIOTCS peleTKaMu 1, B 4a-
CTHOCTH, uemsMH. Bo wMmHoxectBax S u S(m) HMEIOT MeCTO OIlepaluu
a+b=sup.{a;b} [a+b=sup, {a;b} ],ab=inf {a;b} [ab=inf,, {a;b}].

MHoxecTBO S(m) SIBISAETCS TUCKPETHBIM B COCTOUT U3 2m-1 dJIEMEHTOB.

MHoXecTBO S — MHOXKECTBO MOITHOCTH KOHTHHUYM (KaK HETPEpBIBHBIN OT-
PE30K JeHCTBUTEIBHBIX THCEN).

Pemrerka siBisieTcsl MOJIHOM, eciy J1I000€ MHOKECTBO €€ JJIEMEHTOB HMEET
KaK TOYHYIO BEPXHIOIO, TaK M TOYHYIO HIDKHIOIO rpaHd. OTpe3ok AeHCTBUTENb-
HbIX urcen [0, 1] ABisieTcsl OJHOM PelIeTKOM.

Tak Kak BCsKas KOHCUHAs PEIICTKA MOJHA, TO MHOXKECTBO S(71) Kak KOHEY-
HAasl pEIeTKA SBJIACTCS MOTHON PEIICTKOM.

Jlyist BO3MOXKHOCTH (POPMHUPOBAHUS KOJIUYCCTBCHHBIX IIKAJl, COOTBETCTBYIO-
IIUX Pa3IMIHBIM METOAAM IPHUHSITHS PeIIeHUi, He0OXOIUMO YCTAHOBUTH MPaBU-
JIO TIepexojia OT OJHOW M3 HUX K Apyroil. B aTom cimydae skcmepty OyneT mocrta-
TOYHO OIWH pa3 BepOAIBbHO OICHHUTH MPEIANOYTHTEIFHOCTh OOBEKTOB; MPHU ITOM
KOJIMYECTBEHHBIE INKAJbl, COOTBETCTBYIOIINE Ka)XXIIOMy M3 METOIOB IPHHATHSI
penieHuit, OyayT copMUpOBaHbI ABTOMATHICCKH.

Ilepexon Mexny HIKajJaMHd BO3MOXKEH Ha OCHOBE MX IOMOMOpP(HOro oro-
OpakeHus npyr B apyra. Takoii ToMmoMophU3M BO3MOXKHO YCTAHOBUTH HECKOIIb-
KuMHU criocobamu. He kaxapiii ToMOMOpP(GU3M TO3BOJIUT MOJTy4aTh KOPPEKTHBIC
Pe3yIbTAaThl IPYTUM METOJOM Ha OCHOBE MOJYYCHHOW HIKanbl. [IpuBememM HEko-
TOPBIC U3 TAKHUX CIy4acB.

YcranoBuM romomop¢usm pemietku S B pemerky S(m) u Haobopor. Oto-
OpakeHue ¢ peuieTkd L B peuierky L' Ha3bIBaeTCSA 6epXHUM [HUMNCHUM] 20MO-

mopusmom, ecim  @(a+b)=p(a)+eb) [@(ab)=p(a)p(b)] nna nmOOBIX

a, b € L. Tomomopdusm pemtetkn L B peuierky L' ompenensiercst kKak oTobpa-
KEHHE, SBIISIONMEECS] BEDXHUM U HIDKHIM TOMOMOP()HU3MOM OIHOBPEMEHHO.
Onpenenum otoOpakenue @ : S(m)—>S Takum oOpa3om, 94To
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m+1—n m+1—n

,ecau a <1, ——,ecmua<l,
2m— 2m—
p(a) = , u @(a) =
2m—(m+1—n) m+n—1
-~ eciua>=1. ——,ecmua>=]1.
2m—1 2m—1
Ilpumep. Ilycts a € S(m), m=9, Torna
9+1-9 1 9+1-2 8 9+1-1 9
119=""" =" pl/)=——"2=" p(l)=———=—,
= =17 D=5 = D=5 0,
9+2-1 10 9+9-1 17
2 ==, 9 :—:—:]
#(2) 2-9-1 17 ) 2:9-1 17

JlokaxkeM, 9TO Tak oOmpenelieHHoe oToOpaxkeHue @ : S(m)—>S sBisgercs
BEPXHHM FOMOMOP()H3MOM.

m+1—-n
2—, ecau a <1,
m—
Ilyctb a, b € S(m), Torna ¢(a) = ,
m+n—1
5 7 ecmua>=1.
m—
m+1-n'
2—, ecmua<l,
m—
o(b) = 'y ,Tae n ¥ n' COOTBETCTBYIOT MPEICTABICHUIO
m+n'—
—,eciua>=1.
2m—

yuces a v b B Buze I/n v n, e n=1,...,m (1 snementa a), 1/n', n', roe
n' =1,...,m (0 snemMenTa b).

Tpebyetcs nokazath, uto @(a +b) = @(a)+ @(b).

JleHCTBUTENBHO, IO ONpENEEeHHI0 onepanud + B  pemetke  S(m)
p(a+b) = p(sups,,, {a;b})

IycTh a<=b<l] (a=1/n, b=1/n", n>=n'") , Torj;a
¢(a +b) = go(supS(m){a;b}) = (0(17) .
o(a)= Lj_n, ob) = M Tak kak n>=n', 0 @(a) <= @(b), T.c.
2m—1 2m—1
sup {@(a); p(b)} = @(b) = ¢(a +b) = @(a) +¢(b).
IycTh 1<a<=b (a=n, b=n", n<=n"), Torj;a

¢(a +b) = go(supS(m){a;b}) = (0(17) .
m+n—1 m+n'—1
= ()=
p(a) ] @(b) P
sup;{p(a);p(b)} = p(b) = @(a+b) =p(a)+p(b).
[ycts a<=b, e a<=1, b>=1 (a=1/n, b=n").
B stom ciiywae ¢(a +b) = p(supy,,,1a;b}) = p(b) ,

. Tak kak n<=n', 10 @(a) <= @(b), T.c.
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o(a) zm, o(b) = Ln—], T.K. [-n<=n'—1 npu moOsIx n=1,...,m,
2m—1 2m—1
n'=1,..m, 0 p(a) <= @(b), T.e. sup{p(a);p(b)} = p(b) =

p(a+b)=gp(a)+ o).

To ectb oToOpaxkenue @ : S(m)—>S ABIIETCS BEPXHUM TOMOMOP(HHUIMOM.

AHaNOTHYHO MOXXHO [OKa3aTb, YTO Ui BCeX @ W b BBINONHACTCS
o(ab) = p(a)p(b) . Takum 0Opazom, oToOpakeHne ¢ pemeTku S(m) B pemerky S
SIBIIICTCS M BEPXHUM, H HHOKHUM TOMOMOP(GU3MOM OJTHOBPEMEHHO, T.C. PElIeTKa
S(m) romomopdHa pemierke S.

Onpenenurs orobpaxenue @' : S —»S(m) MOKHO pa3IUYHBIME CIIOCOOAMH.
Hampumep, otpesok [0;]] pa3dbuTs Ha 2m—] WHTEPBAIOB, KOKIOMY HHTEPBATY
ITOCTAaBUTH B COOTBETCTBHUE AIEMEHT MHOXKECTBa S(/) MO CIEAYIOMEeMY IPABHITY:

1
Ecm 0<x< , TO X—> — , €CJIH 4 <x< 2 , TO X—> " T.JI.
2m—1 n 2m—1 2m—1 n—1
Jus mHOXecTBa S(m), Tae m=9, orobpaxenue @ ’: S —S(m) npeacraBicHoO
Ha pUCYHKE:
0 1 2 1
2m—-1 2m-1
I ] 1 | ] | ] | 1 ]
I T | T T 1 1 1 | | 1
H_JH_}
oz
n n

B sToM cityyae otoOpakenue @' : S —S(m) onpenenuM Tax:

k<a<
2m—1 2m—1

, 1/(m—k),ecmu k < m,
¢'(a) =

Va Takoro, 4To (k+1D),tne0<k<2m-2

(k+2—-m),ectu k > m.

Hampumep, B ciryaae S—S(9):

npu k=0, ac [0;1/17) -1/9;

npu k=8, ac [8/17,9/17) —>1.

JoroBopumcst ipu k=2m- 1 BKJIIOYATH IIPAaBbIH KOHEIl OTPE3Ka B IPOMEKY-
TOK, TOTAa Ipu k=16, ac [16/17; 1] —9.

OueBHIHO, YTO U30TOHHOE OTOOpaxkeHue @' : S —>S(m) ABIsIETCA TOMOMOP-
¢buzmom.

IIpoBepuM, IEHCTBUTEIHHO JIM YCTAHOBJICHHBIH TOMOMOP(H3M IIKAT TI03BO-
JAT TONY9aTh OAMHAKOBBIC PE3yIbTATHl PAH)KHPOBAHHS AIbTEPHATHB HpHU IEpe-
X0JIe OT OJHOM LIKaJIbl K JPYTOM.
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IIpumep. Ob6parHocumMMeTpuyHas Marpua MAW umeer HOpMalM30BaHHBIN
raBHBINA coocTBeHHBIN BekTop (0,095; 0,654; 0,249).

1 1/3 1/6
3 1 6
6 1/6 1

[Tonb3ysich yCTAaHOBICHHBIM TOMOMOphU3MOM @ : S(m)—S, onpenenum Jyis
KaXJIOTO 2JIEMEHTA MaTPHUIIBI COOTBETCTBYIOIIHMI €My 3JICMEHT B S.

mil-n o a<]
2m—1" ’ 9+1-1 9
Tak kak @(a) = ,10 o(I)= =,
v(a) m+n—1 o) 17 17
—,ecaua>=1.
2m—
9+3-1 11 9+1-3 7 9+6-1 14
=" =" p/3)= =, p(6)=—""—=""_,
() 17 17 w(1/3) 17 17 v(0) 17 17
9+1-6 4
1/6)=———=—.
o(1/6) 17 17

B pesynbrare nmpeobpazoBaHuii MaTpulia OyJIeT UMETh BUJT
9/17 7117 4/17 0,5294 0,4118 0,2353
11/17 9717 14/17 |=|0,6471 0,5294 0,8235
14/17 4/17 9717 0,8235 0,2353 0,5294

HpI/IMeHﬂﬂ K HOJ'Iy‘IeHHLIfI MaTpuue METOA NPUHATHA pemeHI/n‘/i Ipyu HCYCT-
KOl HCXOZ[HOﬁ I/IH(I)OpMaHI/II/I, IMOJYYHUM BEKTOD cTeneHen HEJOMUHUPYEMOCTU
AJIbTCPHATUB

0,4118; 1,0000; 0,4118).
HOpMaJ’II/ByH 9TOT BEKTOP, NOJYIUM
(0,2258; 0,5484; 0,2258)

ITomyuaem OTIMUHBIN OT UCXOAHOTO PE3ybTaT.

[Ipumennm k marpune teopemy [leppona-®pobdennyca. Iomyunm Hopmanu-
30BaHHBIN COOCTBEHHBIH BEKTOP, HE COBIA/IAIOIINI C HCXOIHBIM.

(0,3716; 0,6559; 0,4681)

3HAYUT, YTO NP TAK YCTAHOBIEHHOM roMOMOp(HU3ME MATPHUIIA TEPSET CBOU
CBOMCTBA C TOYKH 3PEHUS JOCTOBEPHOCTH MMEIOILEHcs B Heil MHOPMAaIK OTHO-
CHUTEJIbHO HCXOIHBIX OIICHOK.

Ilpumep. Hectporoe OTHOIIEHNE HEUYETKOTO MIPEATIOYTEHHS UMEET BU:

1 0,2 0,5
0,3 1 0,9
0,4 0,6 1

BeKTOp HEJOMHHHPYEMBIX albTEPHATHB, COOTBETCTBYIOMIMI  H.O.II.,
1" = (0,9;0,9; 0,7) (wm, ¢ yaerom Hopmammsauuu, (0,36;0,36;0,28)). IIpeod-
pasyeM Ha OCHOBE yCTaHOBJIEHHOTO TOMOMOP(H3Ma MATPHUILy K BULY
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9 1/6 1
1/4 9 8
1/3 3 9

ITpumensis k Taxoit marpuile Teopemy Ileppona-OpobdeHnyca, MOTydIUM BeK-

TOp IPUOPHUTETOB:
(0,1958; 0,4483; 0,3558),
HE COBMAJAIOMINI C BEKTOPOM CTEIEHEH HEJJOMUHUPYEMOCTH alIbTEPHATHUB.

Ecnu npousBecTH BbIUUCIIEHHE BEKTOpA CTENEHENH HEJOMUHUPYEMOCTHU allb-
TEepHATUB 10 JaHHOI MaTpule, TO MOJy4YUM BEKTOp, TaKKe HE COBIAJAIOILUI C
HCXOJHBIM —

(0,4958; 0,5042; 0).

Takum 06pa3oM, Tak yCTaHOBJIEHHbIE TOMOMOP()U3MBI HE MO3BOJISIOT IOJIY-
4yaTh OAMHAKOBBIC PE3YNbTAaThl PAHXKUPOBAHUS albTEPHATUB MPU MEPEBOAE OJHOM
KOJIMYECTBEHHOH LKAl B JPYTYIO.

B kKOMOMHHPOBaHHOM aNTOPUTME MOJACPKKH NMPHHATHA PEIICHUI Hpea-
raeTcs HCIIONIb30BaTh Uil CPAaBHEHHSA OOBEKTOB Ka4EeCTBEHHYIO KAy, BepOaib-
HBIE OIICHKN KOTOPOH 3aBHUCSIT OT KOHKPETHOTO KPUTEPHS, IO KOTOPOMY HMPOHUCXO-
JUT cpaBHeHHUE. M3 JBYX NpeNIOKEHHBIX OOBEKTOB 1;, U; CHAYala BHIOMpaeTCs
TOT, KOTOPBIH, C TOYKH 3PEHUS HKCIEPTa, UMEET OOJBIIYI0 3HAYUMOCTh. 3aTeM
OLICHNBAETCS €r0 MPEANOYTHTENBHOCTh 10 BepbanbpHON mikane. [Ilkana opueHTH-
poBaHa Ha § JUCKPETHBIX OLEHOK MPEJNOYTUTENBHOCTU 110 aHAJIOTUH CO IIKAION
MAMW 1 MeTo1oM NpUHATHS pelieHuil Ha 0a3e HeYeTKoH JIoruKH. B Meronax npu-
HSTHS pEeLIeHUI Npu HedeTKoH ncxoaHoi nudopmanuu, xors C.A.OpioBckuM u
npeaiaraeTcss HenpepbiBHas Iukana [0;/], HO (aKTUUECKH B PacCMOTPEHHBIX
IIpUMEpPax OCYLIECTBISAETCA NMPHEM JUCKPETH3ALMHM U HCHOIB3YHOTCA 9 OLIEHOK
npeanourutenprocta — 0,1; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9.

ITpumep Bo3MOXHOW BepOaIbHON MIKAIBI IPUBEJEH HA pUC.5.1.

=
o cimaboe S
] MIPEBOCXOJICTBO | YMEPEHHOE 3HAYUTEJILHOE 2
S o &
=i = o % g
o 8 =] o 9
g g F o =g
S 1 2 11 2 1 2 2 H 33
2 3 g 0

Puc 5.1. Bep6anbHas mikana cpapHeHUi 00beKTOB

Jist cnaboro nmpeBOCX0ACTBA, YMEPECHHOTO M 3HAYUTEIFHOT'O YKa3bIBACTCS
CTENEeHb TAKOT'O MPEBOCXO/ICTBA.

ITo BEIOpaHHOMY 3HAUCHUIO JICKCHUECKOW IEPEMEHHOM U3 BepOaIbHOM IIKa-
JIbl B COOTBETCTBUE eMy cTaBuTcs ouienka MAU — 1,...,9 cootBercTBenHo. Ecnu
puu)=a,10 w(u,u)=1/a.
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T'omomopdmzm @ : S(m) —>S ycTanaBIuBaeTcs CIeIyIOIIHM 00pa3oMm:
pla)=alm.
B stom ciiywae @ (max(S(m)))=@(m) =1, @ (min S(m))=@(1/m)=1/m’>0,

TO €CThb i;m —")(0;1].
m

Taxk omnpeneneHHbIH TOMOMOP(HU3M JIHMIICH CaMBIX CYIIECTBCHHBIX HEIOCTAT-
KOB paHee MPHUBOAMBIIMXCS OTOOPaKCHUN — HECOBIAICHUS PE3yJIbTATOB PaHKU-
POBaHUS N0 OTHOIICHHIO MPEANOYTCHUS 0 TOMOMOP(HOT0 OTOOpaXKCHUS U TO-
CJIe HEr0 OJHMM U TEM K€ CIIOCOOOM BBIYHCICHHUS BEKTOPA MPUOPUTETOB. DTO
CJIelyeT U3 TOro, YTO, YMHOXKEHHE MAaTpPHULbl Ha MMOCTOSIHHYIO HE MEHSET ee HOp-
MaJIM30BaHHOTO IIABHOTO COOCTBEHHOTO BEKTOPA.

IIpu Tak ompeneneHHOM roMoMopdu3Me OOpaTHOCHMMETpPHUYHAS MaTpHIla

(048

A= |

;
INSCHHUC yﬂOBHeTBOpﬂeT MeTO}Iy HpI/IHﬂTI/IH peHIeHI/Iﬁ Ha 6336 He‘leTKOﬁ JIOTUKHU,
XOTsA U HEC SABJISICTCA peq).HCKCI/IBHBIM.

Pednexcusrocts B onpeneneaun C.A.OproBckoro — g, (u,,u,) =1 ; Takomy

otoOpakaeTcsi B HeueTkoe oTHomeHne R( 4, ). Takoe HedeTKoe OTHO-

YCIIOBHIO MOJIyUY€HHbIE HEUETKUE OTHOLICHMS He yAoBaeTBopsAoT. Ho, kak cieny-
€T U3 METO/Ia IPUHATHUS PELIEHNs Ha 6a3ze HedeTKoit oruku, R° = R\ R . B sTom
caysae 41, (1) = f,(4,1) = 1, (1) = 0 TpH MOGOM 41, (14,14) , T.e. TIOMY-
YEHHOE OTHOILIEHHE SBISACTCS KOPPEKTHBIM ISl BHIYMUCIEHUS II0 HEMY BEKTOpa
HEJIOMHHUPYEMBIX albTEPHATHB.

OOpaTHOCUMMETpHUYHAsT MaTpHUlla MPU TaKOM OTOOPaKCHWHM CTaHET ToJle-
PaHTHBIM HEYETKHM OTHOILICHHEM HECTPOroro mpenmodteHus. HegocraTtkom Ta-
KOTO TOMOMOpP(U3Ma SABIAETCS JINIIb HEBO3MOXHOCTb OCYILECTBICHHUSI HETIOMHBIX
CpPaBHEHHMI, YTO, BIPOYEM, CIEAYET YK€ U3 paHee OMNpeeIeHHOH BepOabHOM
IIKaJIbI.

1 .
Cnez[yeT OTMETHUTD, YTO IMMOJIYYCHHOC H.O.II. - -JIMHCUHOC, TaK KaK €ro
m

(GYHKIMS OPUHAJICKHOCTH YAOBIECTBOPSET YCIOBHIO
max { g, (u,,u,), p, (u,;,u,)} > I/m’ pist moGbIX u;, u;.

5.2. OTpaxeHue CTPYKTYpPbl CITOXXHOMN pacnpeneneHHoOM CUCTEMbI B MeToAax
NPUHATUA peLUeHUI AN 3TOW CUCTEMbI

CrpykTypa mpoliecca HpPUHSATHA PEUICHHS BKIOYAaeT B ce0S CTPYKTypy
CJIO)KHOM pacIipeieIeHHOW CUCTEMBI, i1 KOTOpOW mpuHUMaeTcsi peuieHue. Ilof
CJIOKHOH CHUCTEMOW MOHUMAETCSI UEPAPXUUYECKU OpraHU30BaHHAsl U LEJIEeHaIIpaB-
JICHHO (DYHKIMOHUPYIOIIAS COBOKYITHOCTh OOJBIIOTO YHUCIa HHOOPMAIMOHHO
CBSI3aHHBIX M B3aMMOJECHCTBYIOIIUX AJIEMEHTOB. [IprMepoM CIOXKHOW CHCTEMBI
SIBJISIETCSL CHCTEMa YIpaBlieHUs] MPOou3BOJACTBOM. OT TOro, HACKOJIBKO IOJHO U
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TOYHO OYyJeT OMHMCaHa MOJENb CUCTEMBI Ha OMPEICICHHOM YPOBHE €¢ (PYHKIIHO-
HUPOBAHMS, 3aBUCUT KaYECTBO MPUHUMACMBIX PCIICHUH, a 3HAYHT, U 3)deKTus-
HOCTH YIpaBJICHUS CHCTeMOW. B mpomecce pyHKIMOHUPOBAHUS CIIOKHBIX CHCTEM
yIpaBieHUs MpoOeMa MPUHATUS PEIICHUs pealnu3yeTcs Kak mpodiieMa BeiOopa
yIpaBJICHUS, IEPEBOIAIICTO CUCTEMY U3 33JJaHHOTO COCTOSIHUS B JKEJIAeMOE.

IIpo6iemMa onTUMALHOTO BBIOOPA B ATOM CIy4ae MOXKET OBITh peIIcHA Me-
TOAAMH TIPUHATHS PEUICHUH, IMO3BOJSIONIMMHA W3 HUMEIONINXCS aJbTePHATUB
U={u,, uy,..., u,} onpeaenuts Hanbojee npeanoutuTenbubie. OMHON U3 podIeM
(OYHKITMOHHPOBAHUS CIIOKHBIX CHCTEM SIBISIETCS HEOINPENEICHHOCTh €€ COCTOS-
Hust. Takas HeonmpeaeIeHHOCTh MPOSBISAETCS B CISAYIOMIEM:

—  HEBO3MOXXHOCTh TOYHO M ITOJIHO OMUCATh TEKYIee COCTOSHUE CUCTEMBI;

—  HEBO3MOXXHOCTh TOYHOT'O ydYeTa PEaKIMi CHCTEMbI Ha YIPABISIONIAE BO3-
JIEACTBHS;

—  Heo0XOJMMOCTh y4eTa OOJBIIOr0 KOJMYECTBA (PaKTOPOB (YHKIIMOHHUPOBA-
HUS CUCTEMBI;

—  OICHKA psja HapaMeTPOB CHCTEMBI HOCUT KadeCTBEHHBIN (BepOasbHBIN)
XapakTep.

B Takux ycrnoBHWsX MPUHUMATH pElIeHHEe HEOOXOAMMO OoJiee ajeKBaTHBIMH
PEATBHOCTH METOJIaMH, YYUTHIBAIOIIMMH HEYETKOCTh B ONMHUCAaHWUHU MpoOJeMbl. B
ATOM CJIydae, U3 UMEIOIIMXCS METOJOB MPUHATHS PelleHuH Hanbojee Mpearnod-
TUTEIBHBIMU OyIyT METOIBI PUHATHS PEIICHUN Ha 0a3e HEYETKOW JIOTUKH U Me-
TOABI TIPUHATHS PEUICHUH B YCIOBHSAX HEONPEISICHHOCTH, MPEI0CTaBIIONINE
BO3MOXHOCTh OIEPUPOBAHUS CYObEKTUBHBIMU OIICHKAMH YKCIIEPTOB.

OCOOCHHOCTBIO OpTaHU3aIUH JIFOOBIX CJIOKHBIX CUCTEM YIIPABJICHUS SBJISICT-
Csl HepapXUIHOCTh. VepapXus SBIseTCS HEKOTOPOU aOCTpaKIUeH CTPYKTYPhI CHC-
TEMBI, MPEIHA3HAYCHHOW IS M3Y4CHHUs ()YHKIIMOHAJIBHBIX B3aMMOJCHCTBHI ee
KOMIIOHCHT M WX BO3JACHCTBHs Ha CUCTeMy B IiesioM. OUYeBUIHO, YTO HEPapPXUs
CTPYKTYPHI CJIOXHOM CHCTEMBI JTOJDKHA HANTH OTpaKCHHE B MPOIECCE MPUHATHS
peuieHus. B pa3nu4HBIX MeTOIaX MPUHATHS PELICHUN Ha 6a3e HEOMpPEICICHHOCTU
9TO JOCTUTAETCS MO-Pa3HOMY.

B MAU (1) mnocTpoeHue MHOTOYPOBHEBOH HEpapXHH OO0 CIOKHOCTH
SIBIISIETCSl TIEPBBIM JTAIlOM TIPOIIEIYPhl IPUHATHS pellieHHus. B Metome mpuHATHS
pElIeHUs] TIPW HEYETKON HMCXOMHON HWHPOpPMAIMU Ha MHOXECTBE aJbTEPHATHB
U={u,, uy,..., u,} MOXET OBITHb 33JJaHO HECKOJIbKO HEUYETKHX OTHOIIECHUN HECTPO-
rOro MPEANOYTeHHs (H.0.11.) Pa3IMYHBIX KCHEPTOB Ry, k=1,...,m, TAe m — KOJIH-
YEeCTBO IKCHEPTOB. [IpeqnOYTUTENIFHOCTh CAMHUX SKCIEPTOB OIMPEICIACTCS IPU
ITOMOIIH €II[¢ OJHOTO H.0.I. N, 3aIaHHOTO HAa MHOXECTBE £ 3KCIEpPTOB ¢ (yHKIIHU-
eif puHaIeKHOCTH L, (e,,e,), e,,e, € E , 3HaueHust KOTOpOi 03HAYAIOT CTEIICHD

NpeAnoOYTCHUA IKCIICPTA €; MO0 CPABHCHHUIO C DKCIEPTOM e¢; . Taxum 06p330M, B
JaHHOM METOAEC HCABHO NPUCYTCTBYCT TPCXYPOBHECBAA UCPAPXUA «IICJIb — IKCIICP-
Thbl — AJIBTCPHATUBLI», KOTOPYIO MOXXHO pacCMaTpuBaTh KaK HUEPAPXUI0 «UCJIb —
KPUTCPUU OLCHKU aJIbTCPHATUB — aAJIbTCPHATUBLI». B kxadecTBeHHBIX METo4ax
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NIPUHSTHUS pelleHnH, B yacTHOocTH, B Metoge 3AIIPOC, Ha nepBom atane Gpopmu-

pyroTcsa Ta6III/ILIa Ka4€CTBCHHBIX OIICHOK aJIbTCPHATHUB IO KPUTCPHUAM, TAC Olj -

[j-KaQueCTBCHHASl OILICHKA JKCIIEPTOM [-Ui AIBTCPHATHBBHI 110 j-y KPUTCPHIO, TIC
i=1,...,n,j=1,...,m.

Kpumepuu
Anvmepnamugul LITCE
S; S, .. S

u

! O Opp O
U

0y

Un Onl Onm

Kaxk Bugum, B Metone 3ATTPOC Takxe B HESIBHOM BHJIE IPUCYTCTBYET TPEX-
YpOBHEBast Hepapxus "eiab — KpUTEPUH (IKCTIEPTHI) — aJIbTePHATHBEI".

Takum 00pa3oM, CTPYKTypa CIIOKHOW CUCTEMBI 00s3aT€IbHO HAXOJUT CBOC
OTpaKeHHE B MpOLecce MPUHATHS pemieHus. B meronax (2) u (3) ucmons3yroTes
MPOCTEUIINE UePAPXHH, KOTOPBIC, KPOME LIENIU U aJbTEPHATUB, MOTYT OTOOpaKaTh
MO0 KPUTEPUH, TUOO IKCIEPTOB, YIACTBYIOIIUX B MPOLECCE MPUHATUS PCIICHHUS.
CJ0XHOCTh K€ CHCTEMBI XapaKTePU3yeTcs OOJBIIMM YHUCIOM B3aUMOICHUCTBUIMA
MEXAYy MHOTUMH CYOBEKTHBHBIMH U OOBEKTUBHBIMU (PAKTOPaMHU Pa3IHYHOIO TH-
Ia W CTENEHH BaXKHOCTH, a TAKXKE TPYMIAMHU JIOACH C Pa3IMYHBIMU LEIAMHU U
MIPOTHUBOIIOJIOXHBIMHI HHTEpecamMu. Bce HazBaHHbIC (DAKTOPBI BIUSIOT HA BO3MOXK-
HOCTh WJIM HEBO3MOXKHOCTh BbIOOpA JIydllIel anbTepHATUBBL. J[jis OoTpaxkeHHs Ta-
KO# CIIOKHOCTH 4aIlle BCEro HEOOXOAMMO HCIOJIb30BaTh KOJIHYECTBO YPOBHEHH,
OoJpIee Tpex.

Haubounee pactpocTpaHeHHBIMU BUIaAMU UCPAPXUIA SIBISIOTCS JOMHUHAHTHBIC
HepapXuH, BEPIIMHBI KOTOPBIX COICPIKAT OJUH IJIEMEHT — IIeJIb Mpoliecca MpHHs-
THUS PEIICHUS, a HIDKEJICKANIUEC YPOBHH BKIIOYAIOT B ceOsl pa3nudHbie (HAKTOPHI,
OT KOTOPBIX 3aBHCUT JOCTI)KCHHE Iend. JJOMUHAHTHBIC MEpapXuM MOApa3eIis-
FOTCS Ha J[Ba TUIA:

— HWepapXuM NpsIMOro Hpolecca, MPOeHUpPYIONIie CYLIIECTBYIOIEE COCTOs-
HHUE Ha HanboJiee BEposiTHOE Oyaymiee;

— HWepapxuu 00paTHOrO Mpolecca, ONPeIeISIOIINe TOTUTHKH YIIPABICHUS
JUTSL TOCTHIKEHUSI KEITaeMOro OyayIero.

Hepapxust IpsiMOTO IMPOIIEcca COCTOUT U3 CICAYIOIINX ypOBHEH: 1eib ((ho-
KyC HepapXuH); mapamMerpbl, XapaKTepH3YIOIIUe Lelb, aKTOpbl (AeHCTBYOLIHE
CHIIBI); LICJIH aKTOPOB; BO3MOKHBIC aJbTEPHATUBBI, U3 KOTOPHIX BBIOMPACTCS HAU-
Jy4Inas.

Hepapxust 06paTHOTO mpoIiecca COCTOUT U3 TAKUX YPOBHEH, KaK CIICHApUi
KeIaeMoro Oyaymiero; mpooJIeMbl, IPOTHBOICHCTBYIONIUE €ro JOCTHKCHHUIO; aK-
TOPBI; ST aKTOPOB; MEPBI, KOTOPBIC HEOOXOIUMO MPEANPHUHATh IS PEUICHUS
npoOiieMm.
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Hepapxuu mpsmMoro u 00OpaTHOTO MPOLECCa MOXKHO HCIOJIB30BATh U B APY-
TUX METOJaxX MPHUHSATHSA pelicHui. PaccMOTpUM 3TO Ha mpuUMepe METOAa MPHHS-
THUS PEIICHUS MPH HEYETKOM UCXOAHOM HHPOPMALIUH.

PaccmoTpuMm noMuHaHTHYIO Mepapxuto H ¢ k ypoBuamu: L, ..., L;.

Kaxxmplit i-11 ypOBEHBb BKIIOYACT B ce0s m; 00EKTOB (CM. puc. 5.2).

Li={a;, ai ... ,Qm} — i-ll ypOBEHb Hepapxun, i=1, ..., k.

st mepBoro ypoBus m;=1, L={b}.

Hepapxuto H MOXHO paCCManI/IBaTL KaK COBOKYITHOCTb YPOBHEH L;:
H= UL UUa
i=l j=1

Ha BTOpOM ypoBHE HepapXuu 3aJaHO HEYETKOE OTHOIICHHE HECTPOTOTo
npeanouTeHus Ry, (H.0.11. 00BEKTOB BTOPOTO YPOBHS IO OTHOIICHHIO K TIEPBOMY
00BEKTY BBINIECTOSIIETO YPOBHS) HA MHOXeCTBe L,={a;;, dz, ..., Azu2} € QYHK-
uyMel NPUHAIEKHOCTH L, (a,;,a

L,={b}
1eTh HePApXuH |
a.

/ Y.
e
O O
a; a;, .
g é Ly ypoBeHb —
a

nepeveHb
akm P

O L. ypoBeHb

2m,

O L; ypoBeHs

aIbTEPHATUB

Puc 5.2. lomuHaHTHAs1 HepapxXus NPoLecca IPUHATUS PellleHus]

Ha xaxpom i-om ypoBHe L ={a;, @ ... @i} 3aJAa€TCA CTOJBKO H.O.IIL.,
CKOJIBKO 3JIEMEHTOB Ha BBILIECTOALIEM YPOBHE — 711;.p), THE i= 2,...,k.
Rij, Rigy...,Rim(i.ry — H.0.Il. OOBEKTOB 7-20 YPOBHS 110 OTHOLIEHHIO K KaKIOMY
00BEKTY BBIMIECTOSIIETO i-/ YPOBHSL.
1 /u(amafz) /u(amaim(i))
N ] .

/u(aim(i)’au) 1
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rne p,, (a,.a,) €[0:1], =2, .k, j=1,..m(-1), Lr=1, ..., m(i).

OcHOBHasl LeJb 33J]aui MPUHATUS PEIICHUIN — MONyYeHHE BEKTOpa MPHOPH-
TETOB 3JIEMEHTOB HM)KHETO YPOBHS MEPAPXUU MO OTHOIICHHUIO K IICITH — 3JICMCHTY
MEPBOTO YpoBHs. PemieHre 0CHOBHO# 3alauy BO3MOXHO HECKOJIBKHUMH CIOCO0a-
MHU.

1 cnoco6. (Ha ocHoBe mpoueaypsl B3BemmBanus MAN).

Jns kaxkzaoro H.0.I. Ry, rae i=2,...,h, k=1,...,m_;), onpenensercs Hed4eTKoe
TI0JIMHOECTBO HEIOMHHHUPYEMBIX 00BEKTOB L'’ OTHOCHTENBHO k-20 3neMeHTa
(i-1) ypoBHSL.

Kaxnprid 00beKT Py TOM XapaKTepu3yeTcsl PyHKIMEH MPUHAIC)KHOCTH

" (a,) €[0:11, =2, . h k=1, .ompy, =1, ..., m.
nd . s
ﬂle (a,j) = 1)12{(1 - /’lle (y’ al/ ))7 a,j e L,‘ 2 I/IHI/I

nd N

Hy, (alj,') =1- Sup Ay, (yz a,-j)a a; € Li .

yeL;

B »Tom cnyuae uepapxust H mpencraBiieHa B BUAE COBOKYITHOCTH HEUETKHUX
MTOJIMHOYKECTB, TZI€ BEKTOPHI MPHUOPUTETOB OWHAPHBIX OTHOIICHWH — (YHKITUH
MIPUHAICKHOCTA HEYETKUM TIOJIMHOXKECTBAM 3JIEMEHTOB HUEePAPXUH.

2 YPOBEHb [ 574y eees M 206 M 20(m2) THe /L ;; — IPHOPHUTET i-20 00BEKTA 2-

TO YPOBHS 110 OTHOIIEHHIO K /-y 00b-
€KTY BBIIICCTOSIIETO YPOBHSI.
3 YPOBEHb L 310,y M 3050 M 31(m3) BekTopbl mpHOPUTETOB 00B-
€KTOB TpPETHEr0 YPOBHS II0
OTHOIICHHIO KO BCEM OOBEK-
TaM BTOPOTO YPOBHSL.

o320 s M 03205 M 32(m3)

H 3m2)1 o0 M 3(m2)is ..o M 3(m2)(m3)
k-ypoBeHb L yip oo s M oktis.s M kiGmk) Bekropbl TmpHOPUTETOB 00B-
€KTOB Kk-ypOBHS TIO OTHOIIIE-
HUI0O KO BCceM OOBEKTaM
(k-1)- ypoBHs

M2t s Hok2io.o M k2mk)
M k(mk-1)1 -5 M k(mk-1)i> ..o M k(mk-1)(mk)
Takum oOpa3om, CBsI3b COCEIHUX YpoBHE# nepapxuu L, ; =X, L,=Y onpene-
JISICTCS HEYETKHM COOTBETCTBHEM X o ¥ —> [0;] ] , KOTOpOE MOXKHO MPEACTABUTH B

BHUJIe MaTPUIbl QYHKUMH NPUHAIIICKHOCTH 3JIEMEHTOB X OTHOCUTEIBHO KaXK0T0
n3 00BEKTOB y €Y .

,u(imll 1u(i+l)21 e :u(i+/)<mi)/
W _ ,u(i+1)12 /u(/mzz s /u(/’+1)(mi)2
WX) = : . . .
Hiniom.y a7 i,

Hosa Ly, Wiy(Ly) = g4, (L2) =4 2115 0ver M 2000 M 20(m2)} -
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K Tak ompejencHHON MepapXuu, JIEMEHTBI KOTOPOH SIBJISIOTCS HEYETKUMU
MMOMHOKECTBAMH, MPUMEHHMA TeopeMa, JiokaszaHHas B pabore [37] u mpezacras-
JsroImas coO0OM IMpHMEHCHHE HepapXWYecKoro CHUHTe3a K MaTtpuiam  Wy(x):
(YHKIHS TPUHAIICKHOCTH 3JICMEHTOB HIDKHETO k-20 YPOBHSI HEpapXHUu OTHOCHU-
TEJBHO LENH b OTPENEeNIeTCs CICIYOIUM 00pa3oM:

,uh(Lk) = Bk *Bk—l *"'*B3 *:ub(Lz) .

Teopema gokasbiBaeT crpaBeanuBOCTh perieHus MAW mMHorokpurepuans-
HBIX 33J1a4 C HEYETKO BBHIPAKCHHBIMU AJIbTCPHATHBAMHU M KPUTCPHSIMH C IOJIyYe-
HUEM (YHKIUU MOJE3HOCTH. [Ipu 3ToM (QYHKIHS MOJE3HOCTH paccMaTPHBACTCS
KaK (QYHKIIHsI IPUHAIIIC)KHOCTH II100aIbHOM 1M HA MHOXKECTBE aIbTCPHATHB.

2 cnoco6. Tak Kak UCXOJAHBIMH JIaHHBIMHU B CIIOCOOC NMPUHATHS PEIICHUN Ha
0a3ec HCUCTKOW JIOTMKU SIBJISIOTCS HEYCTKHE OTHOLICHHS, TO K HUM KOPpPEKTHEE
MIPUMEHUTH aJTOPUTMBI CBEPTKH HEYCTKHUX OTHOIICHUH. Kak ObUIO mOKa3aHO Hau-
Ooiee TOCTOBEPHBIM M3 HUX ABISETCA aNTOPHTM CBEPTKH H.O.II., KAXKI0E U3 KO-
TOPBIX XapaKTEPU3YETCsI BECOBBIMU K0P PHUIIEeHTaMHU.

1 ,u(aznazz) :u(aznamm)

: 1 :
Ha ocHoBe H.0.I. R,, = METOZIOM

/u(am(zpan) 1
MPUHATHUS PeHICHUN Ha 0a3e HEYCTKOH JIOTHKH C OJHUM JKCIEPTOM CHOpPMHUPYEM
MHOKECTBO HEJOMHHHPYEMBIX albTEPHATHB L'‘:; BTOPOro ypoOBHS IO OTHOLIE-
HUIO K IIETIN UePAPXUU.
COOTBETCTBYIOIIMH BEKTOP CTEICHEH HEAOMHUHHPYEMOCTH ANbTCPHATHB
,uR”"’/(az/) €[0;1],j=1,...,m HOpManu3yeMm, B pe3yJbTaTe 4ero OyAyT HOIyUYEHbI

Beca 0OBEKTOB BTOPOTO YPOBHS OTHOCUTEINILHO IeNu uepapxuu: { A ;,..., 4 o}
Ha tpeTtbem ypoBHE nepapxuu copMHpoBaHbl H.0.IL. R;, Rs,... R,z (MX KO-
JIMYECTBO COBIMAMACT C KOJMYECTBOM 3JICMECHTOB Ha BTOPOM YPOBHE — m;) TPEJ-
MMOYTHTEIBHOCTH OOBEKTOB TPETHETO YPOBHS MO OTHOUICHUIO K KAXIOMY H3 dJIe-
MEHTOB BTOPOT'O YPOBHS:
#(ul’ul) :u(ulvu(m.?))
R = : : : R, =
ﬂ(uunn’u/) /’t(u(nd)’u(mi)) /u(u(ms)’ul) /u(u(mj)’u(mj))
Crpoum cBeptky P H.0.Il. R}, ...,R;2) B BUIIE
P=nR(u,u,)=min{gu(u,u,)}, =1,..m,.

/u(”[:uz) /U(”/su(mz))

C nosyueHHBIM H.0.11. accouuupyercs P° = P\ P" .
Onpeensercs MHOKECTBO HeOMHHUPYEMbIX anbTepHaTis Up™ .

Ctpourtcs BeITyKIIas cBepTka Q = 2/1112, ,I=1, .. m.
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Jlnst CBEPTKH ONPENENISIETCS MHOKECTBO HEIOMHHUPYEMBIX aJbTEPHATHB
UQ"d. PaccmatpuBaem nepeceveHme MHOJKECTB UQ"dﬂUp"d,

nd . nd . nd
p () =min{p, () 4y (u)} .
HOJ’Iy‘IeHHLIfI BCKTOP CTeHeHeﬁ HCAOMUHHUPYEMOCTHU aJIbTECPHATUB HOpMaAJIH-

3yeM, B pe3yjbTaTe Yero HoJlydyuM 000OIIeHHbIE Beca OOBEKTOB { A ;,..., A 3}
TPETHEr0 YPOBHS 110 OTHOLICHUIO K LIEJIH [EPBOrO YPOBHs (IIPH 3TOM yXKE OKa3bl-
BaeTCs YUTEHHBIM BTOPOU MPOMEXYTOUHBIH ypoBeHb). Jamee k {4 ..., 4,2} U

H.O.II. HIDKEJICXKAIETO YPOBHS MPUMEHSEM TOT )K€ alTOPUTM, MOJy4ast 0000ImeH-
Hble Beca 4-ro ypoBHS H T.1. B KOHeYHOM uTore OyIeT IoJly4eH BEKTOp CTerneHel
HEJOMHHHPYEMOCTH aJbTEPHATHB CaMOTO IIOCIEIHEr0 YPOBHS HEpapXHH:
" =, (1)) pt, (1, )} . BeKTOp rIOGATBHBIX IPHOPUTETOB PACCMATPHBACMBIX
anbTepHaTUB  W={Ww; .., Wy} OyAeT moiydeH HOpMauu3alueil BekTOopa
" = {u, (), g, (1)} . Takum 06pa3zom, MOKHO c)OPMYIIMPOBATH CIIELYIOILYIO
TEeopemy.

Teopema.

V Ilycts H — nonmuas wepapxus. L, L, Ly, — (i-1)-u, i-u, (i+1)-t1 ypoBHU
nepapxu COOTBETCTBEHHO, i=3, ...,k-1.

W= {/1(,7,),,...,/1“7,)(,”“7,))} — BEKTOP NPUOPUTETOB 00BEKTOB (i-/)-20 ypOBHS

otHocutensHo uemu L;={b}, i=3,... k-1. Ilpu i=3 W, = W= {/121,...,/12(,"2)} -
HOPMAJIM30BAHHBIC CTCICHU HEJOMUHUPYEMOCTH QIBTCPHATHB OTHOIICHUS
@y, - LxL, > [();1].

@, 1 LxL, —>[0;1], i=3,...,k-1, j=1,....m(i-1) — oTHOUICHUS OOBEKTOB i-20

YPOBHS 110 OTHOIIEHHIO K j-My 00BEKTY (i-1) YpOBHSL.

P, :LH,xLM—>[0;1], i=3,...,k-1, j=1,...m(i) — oTHOIEHUA OOBEKTOB
(i+1)-20 ypOBHS IO OTHOLICHHUIO K j-M) OOBEKTY i-20 YPOBHSL.
Bekrop mpuopureTos {xlw),,...,/1(‘.”)(,"(‘.”))} 00BEKTOB L, ; ypOBHS OTHOCH-

TeJILHO 1enu {b} onpexnenseTcs clieyomnuM oopa3om:
LAy = min{u s, ) 1 0, )Y minde s u)); 10 ()}, j=1, ecom(i).
J

2. /1(”1)/ = min{,und’?ﬂ(uj);/uﬂdgu (uj)}/Zmin{,und”f”(uj);,undin(uj)}:

j=1,...m(i+1).V

TakuM 0Opa3om, B METOJbI MPUHSITHS PEIICHUsT Ha 0a3e HEYETKOH JIOTUKH B
KadecTBE ITEPBOTO dTama Ierecoo0pa3Ho BKIIIOYATh MOCTPOSHUE HEPAPXHUH IMPO-
mecca BbIOOpa anbrepHaTHB. CpaBHEHHE OOBEKTOB Ha KaXKIOM YPOBHE MOYKHO
MIPOBOJUTH JIIOOBIM M3 METOOB. [lyTeM manmpHEHIe HOpMaTH3aIuH TMOTyYeHHBIX
OIICHOK AQJIbTEPHATHB KAXIOTO YPOBHS, MPUMEHSS MPOLEAYpPY B3BEIIMBAHUSI
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MAW nnu aaroputM "cBepTkU" APYruX METOJOB, MOXHO MOJYYUTHb HNPUOPHUTET
aJIbTEPHAaTUB HIXKHETO YPOBHS 110 OTHOIIEHUIO K LIETH EPBOTO YPOBHSL.

5.3. BbisiBneHue HecornacoBaHHOCTHU cquqel-mﬁ JKCnepToB

IIpoBepka Ha COTNIACOBAHHOCTH (HEMPOTHBOPEUYHE) OTBETOB IKCIIEPTOB — HE-
OTheMJIeMasi 4YacTh MOYTH BCEX METOAOB NpUHATHUS perieHuid. OmubKky B 0TBETax
MOTYT OBITh KaK CIIy4allHbIMH, TaK U U3-32 HEKOPPEKTHO MMOCTABICHHBIX BOIIPOCOB
(Hampumep, IpH CPaBHEHUH OYEHb OJIM3KUX IO BOXKHOCTH OOBEKTOB WIIM TPYIIHO
CPaBHHMBAeMbIX MEXay co00ii). [Ipu CIOKHBIX HEpapXHsiX CBOCBPEMEHHO BbISIB-
JICHHAsl HECOTJIACOBAHHOCTh OLIEHOK JKCIIEPTOB MO3BOJHUT M30EKaTh HEKOPPEKT-
HBIX PE3YJITATOB PAHXKUPOBAHUS AITCPHATHB, OOCCIICUYMB BHICOKHI YPOBCHBb
JIOCTOBEPHOCTH aHaU3a MPOOJIIEMHON CUTyallUH.

CoriacoBaHHOCTh OTHOIICHUS, B OOIEM Cilydae, MOHUMACTCS KaK YHCIICH-
Has (Kap/iMHAJIbHAS .4, =@, ) U TPAH3UTHBHAS (IOPS/IKOBAS COTJIACOBAHHOCTD).

CoBepIlIeHHOH COTTIACOBAaHHOCTH AOCTHYH TPYAHO, MOITOMY CYIIECTBYIOT pas-
JIUYHBIE TIOAXOBI K OIIEHKE CTEIICHH HECOTJIACOBAHHOCTH.

B meTozne ananmza mepapxuii onpenessieTcss TOMbKO KapAWHAIBHAs COTIIAco-
BaHHOCTH. J[OKa3bIBaeTCs, YTO IMOJIOKUTEIbHAS O0OpAaTHOCHMMETPHUYHAS MaTpHIa
COTJIACOBAaHHA TOTJIA ¥ TOJBKO TOTJa, Koraa A, =n. A BBIYHCISAETCSA U3 PAaBEH-

‘'max X

ctBa Aw=A__w, TIle W — TJaBHbBII COOCTBEHHBIN BekTOp. B [94] mpennmaraercs

‘max

CIIEIYIOIIMHA aNTOPUTM JJISi BBIYHCICHUS A, c=4Aw; ¢, =c/w, i=1,..,n;

‘max *

A = Zc‘. /n (yMHOXHTb MaTpuIy A Ha BEKTOp W, 3aT€M IIOJYYCHHBIH BEK-
TOp HOAENIUTh HA COOTBETCTBYIOLIME KOMIOHEHTHl w. Cpennee apudmeruueckoe
HOJIy4EeHHBIX 3HAYEHUN U JAacT NPUOIU3UTENBHO A ).

B obmem cimydae A

e <>n. JI7s OLEHKH COTNAaCOBAHHOCTH BBIYHMCIAECTCS
OTKIIOHEHHE OT cornacoBanHoctH — MC*  (MHAEKC COTIacOBaHHOCTH).
UC*=(4_ —n)/(n—1), rne A__ — TIaBHOE COOCTBCHHOC 3HAYCHHE OOpATHO-

CUMMETPHYHOM MaTpuibl. IHIEKC COTacoBaHHOCTH, CTEHEPUPOBAHHBIN CiTydaii-
HBIM 00pa3oM, HasbiBaloT ciaydaiiHbiM uHAgekcoMm (CH). Ortnomenne WC*/CH,
rae CU — cpegnuii cny4aHbIi MHIEKC MaTPHULBI TOTO XKe MOPSIKa, 4YTO U UCXOJ-
Has, Ha3bIBaloT oTHOIIeHHEeM cornacoBanHocTu OC. 3nauenne OC, menbinee 10%
(B MpakTHYECKOM NMPHUMEHEHHH JAOIyCKaeTcs 3HaueHue, He mpesbiniaomee 20%)
CUUTACTCS IIPUEMIIEMBIM.

B [93, 94] yTBepkaaeTcs, 4TO HETPAH3UTHUBHOCTH TPEATNIOYTCHUNH MOXET
OBITh ECTECTBEHHBIM SBICHHEM, a HE CICICTBHEM OIIMOKU B CYXICHHAX WIH 3a-
OmyxaeHusx. B psige ciyyaeB HETpaH3UTUBHOCTH HE yIaeTcs H30€XKaTh.

Crenyer OTMETHTb, YTO OTHOIIEHHE COTJIACOBAHHOCTH XOTS U IIO3BOJISET
BBIABUTH IIPOTHBOPEUMBOCTh B CYXKICHHUSX 3KCIIEPTOB, HO SIBIISICTCS JIMIIbL KOJH-
YECTBEHHBIM ITOKa3aTeNIeM TaKOW MPOTHBOPEUMBOCTH. B MeTone anammsa mepap-

‘max
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xuil mpu OC>20% pexkomeHayeTcsl MepecMOTPeTh CyxkaeHus. CyliecTBEHHBIM
HenoctatkoM MAM sBisieTcst B 9TOM IUTaHE HEBO3MOXKHOCTH 0OpaTHTh BHUMaHHE
9KCIIEPTOB Ha TE€ BONPOCHI, KOTOPBIC BBI3BAIM TAKyI0 HECOTJIACOBAHHOCTb.

B xoMOuHMpOBaHHOM MeToJie MPUHATHS penenuid Beraucisiercst OC, u eciu
OHO HEyIOBJIETBOpPHUTENLHO ¢ Touku 3penus JIIIP, To mpemiaraercs momos B
MIOCTPOEHHUH OTHOLIECHNUS KaK TPAaH3UTUBHO, TaK M KapAWHAJILHO COTJIACOBAHHOTO.

B [81] oTHOmEeHHe R Ha3bIBAaETCS TPAH3UTHBHBIM, €Cii Ro R — R . B 3aBu-
CHMOCTH OT BBEACHHOI ONepaiuy NpOU3BEICHNS HEYETKHNX OTHOLICHUH BBIACIS-
eTCsl MUHMaKCHas! TPaH3UTUBHOCTh, MAKCMHHHAs, MaKCMYJIbTHIUIMKaTHBHasL. [lon
TPaH3UTUBHOCTBHIO B METO/IaX MPUHSITHUS PeIICHUH Ha 6a3e HEUYETKOM JIOTHKH MO~
pasymeBaeTcss MAaKCMHHHAs TpPaH3UTUBHOCT. MaKCMHMHHHAs TPaH3UTHBHOCTD
HaKJI/IBIBACT CJICAYIOLIEE YCJIOBHE Ha (DYHKIMIO NPUHAJISKHOCTH HEYETKOTI'O
otHomeHus R: p,(x,y)>=supmin{x,(x,z),u,(z,y)} . Kax BugHo, nansoe ycio-

zeX

BUC paBHO3HAYHO TOMY, 4YTO Ka)KZ[LIﬁ QJICMCHT HCUCTKOI'O OTHOIICHHUA HC MCHBIIC
COOTBCTCTBYIOLICTO €MY DJJIEMCHTA MAKCMHUHHOI'O MNPOU3BCACHUA HCYCTKOI'O0 OT-
HOIIEHUS CaMOI'0 Ha ceOsl.

Ecmu paccMaTpuBaTh TaKOC OMPEACJICHUEC HAa KOHKPETHOM HNPUMEPEC HCUCT-

1 033 025
koro otHoueHus: | 0,/ 1 0,77 |, To JOTMKa €ro JOCTATOYHO OYEBHU[HA.
0,95 0,2 1

Hanpuwmep,

2-ii BJEMEHT NpeAnoYTHTENIbHEe -1 a71eMeHT NpeAnoYTHTEIbHEE
1-ro co crenenbto ay;= 0,1. 3-ro co crenenpro a;3=0,235.

3HauuT, 2-i SIEMEHT OJKEH OBITh MPEANOYTHTEIbHEE 3-T0 XOTsI OBl C HaH-
MEHBIIEH CTeNeHbI0 U3 ay;= 0,1 n a;3=0,25, T.e. O CTENeHbIO, HE MEHBIIIEH, YEM
0,1.

2- BJEMEHT TpeATroYTHTEIbHEE 2-1i 2JIEeMEHT MPEeATIOYTHTEIhHES
2-T0 CO CTENEHBIO d= 1. 3-ro co cTenenso ay;=0,77.

3HayuT, 2-i NIEMEHT JOJDKEH OBITh IMPEANOYTUTEIbHEE 3-T0 XOTs OBl C HaU-
MCHBIIICH CTENEHbIO U3 dy=I1 U a,;3=0,77, T.e. CO CTCNCHBIO, HE MEHbBIICH, YeM
0,77.

2-i BJEMEHT MNpeAnoYTHTENbHEe 3-ii BJeMeHT NpeArnoYTHTEbHEe
3-ro co crenenbo ay;= 0,77. 3-ro co creneHpr0 as;=I.

3HauuT, 2-i AIEMEHT OJKEH OBITh MPEANOYTHTEIbHEE 3-T0 XOTsI OBl C HaH-
MEHBIIEH CTENEHbIO U3 d3=0,77 W a3;=1, T.€. CO CTENEHBIO, HE MEHBIIEH, YeEM
0,77.

Tak KaK Bce TIEPEYUCIICHHBIC YCIOBUS OJKHBI BBITIOJHATHCS OJHOBPEMEH-
HO, TO d; JOJDKHO OBITH HE MeHbIe, yeM Haubombiuee u3 {0,1; 0,77; 0,77}, T.e.
ay; 2 0,77. Takoe COOTHOIIIECHHUE BBITTOJHACTCS IS ;. AHAJIOTHYHAS TPOBEPKA
HPOM3BOAUTCSI TS BCCX a1, j = 1,..,n.
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I[J'Iﬂ HpHBeHeHHOﬁ MaTpulbl €€ MAKCMHUHHOC IIPOU3BEACHUC A2 paBHO

1 0,33 0,33
0,77 1 0,77
0,95 0,33 1

CepbIM IIBETOM BBIJICJICHBI TE€ 3JIEMEHTHI, KOTOPBIE HE MEHBIIE UM COOTBET-
CTBYIOIIMX B HMCXOAHOW MaTpuie. Takum oOpa3om, B 3TOM ciydae HaOirogaeM
TPH HAPYIICHUS TPAH3UTUBHOCTH OMHAPHOTO OTHOIICHUS.

Ho Ttakoif cnoco0 NMpoOBEpKH MOPSIKOBON COTJIACOBAHHOCTH HE SIBJISCTCS
npuemiieMbiM. Tak, OMHAPHOE OTHOIICHHUE MPEIIIOYTEHHS, COCTABICHHOE Ha 0C-
HOBE KOJIMYECTBCHHBIX JAaHHBIX, OKAa3aJI0OCh HETPAH3UTUBHBIM COTJIACHO PAcCMOT-
PEHHOMY OIPEJCIICHUIO C IIECThIO HAPYIICHUSIMH TPAH3UTHBHOCTH.

B kauecTBEHHBIX METOIAX NPUHSITUSA PEUICHUH PAaCCMAaTPHUBAIOTCS HEKOTO-
PBI€ TIOIXOIBI K TOTYYEHHUIO TPAaH3UTHBHBIX OTHOIIEHMH. OIWH U3 HUX MpEACTaB-
nseT coboit mpouenypy NPOBEPKH M KOPPEKTUPOBKH OTBETOB HKCIEPTa B MPOIIEC-
ce MpOBEACHHUS MapHBIX CpaBHEHHWU. [lociie KakIoro MPOBENEHHOTO SKCIEPTOM
CpaBHEHHS Haphl OOBEKTOB MPOBOAWTCS PACIPOCTPAHEHUE IMOTydeHHOH HWHGOp-
MaIli{ O CPaBHEHUH OOBEKTOB 10 TPAH3UTHUBHOCTH (TPAH3UTHBHOE 3aMBIKAHHE).

Ecnu skcnepTy npeabaBisioTcs o0beKTsl X; € X, X; € X ¥ dKCHEPT OTBEYAET,
9TO X; TIPEIOYTHTENBHEE X), T.€. (X,,X,) € P (CBA3aHBI OTHONIEHWEM TIPEIIOYTE-

HUs1), TOTJA JUIs VX, Takux, 4to (X,,x,) € P umu (x;,x,) € (CBA3aHBI OTHOLIE-
HHUEM 0e3pa3iaudus, T.€. IMEIOT PaBHYIO BaXKHOCTB), cleayeT (X, x,) € P.

Ecnm skcnept oTBedaer, 4To X; paBHOLEHHA Xj, T.€. (X,,X,)€ [, TOrma mis
Vx, Takux, 4ro (x,x,)el cmemyer (x,x,)el, a aua Vx, Takux, 4O
(x;,x,) € P crenyer (x,,x,)eP.

Janee skcnepTy HpeAbsBISCTCS Cleayomas mapa 00beKTOB, IS KOTOPBIX
OTHOIIICHHE eIl He onpeaencHo. [locie momydeHus: OTBeTa CTPOUTCS TPAH3UTHUB-
HOE 3aMBIKAHUC M T.I. IO TEX MOp, MOKa OTHOIICHUE HE OyIEeT YCTAHOBICHO IS
Bcex map o0bekToB U3 X. [Ipu Takoi mpoueaype onpoca HapyIICHUH TPaH3UTUB-
HOCTH B OTBETaX HE BO3HHUKAET.

B KkauecTBEHHBIX METOJAX MPUHSITHS PELICHHH MpH 3TOM (KaK cielayeT u3
MPUBEICHHBIX TPHUMEPOB) KOJIMYECTBEHHAS IIKAJAa HATYPaIbHBIX YHUCEN COCTOHUT
BCETO M3 TPeX BO3MOXKHBIX OIICHOK CpaBHEHHWs ajbTepHaTuB 'myume", "Xyxe",
"paBHO3HAYHEI". [I0ATOMY B JaHHBIX METOJaX MPOBEPSAETCS TOJIBKO TPAH3UTHBHAS
COIJIACOBAaHHOCTh. B KOMOMHUPOBAaHHOM METOJC PUHSITHS PEIICHUI OyaeM cuu-

1 1
Tath, 4T0 (X,,Xx,) € P, ecin a,«je{Z,...,9}, €clu a; € PRIk T0 (x,X)€P,

ecmm a;=1, 10 (x,,x;) €I . Tak onpeneneHnble OTHOMIEHHS IPEANIOYTERNS U 6€3-

pasinuus 00bEKTOB, KOHEYHO, He obecredar KapJUHAIBHYIO COTJIACOBAaHHOCTD
OTHOIICHUH ¢ 0a30BOH KOJIMYECTBEHHOM IIKaysoWd S(7), HO MOMOTYT 3KCIEpPTY
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n30eKaTh MOPSIIKOBBIX MIPOTHBOPEUHiA B OllcHKax. J{Jis obecrieueHus KapIuHalb-
HOW COTJIACOBAHHOCTH TMPOLEAYPY MPOBEPKH TPAH3UTUBHOCTH MOXXKHO MOAH(DU-
LIUPOBATh TAKHUM 00pa3oM, YTOOBI OJTHOBPEMECHHO C TPAH3UTHBHOCTBIO MPOBEPATH
Y YUCJIEHHYIO COTJIACOBAHHOCTS, T.€. OCYLIECTBIIATh MPOBEPKY ;A =aj.

IIpuBenem mpuMep MPOLEAYPHI MOMOIIX 3KCIEPTY NpU (GopMUpoBaHUH OH-
HAPHOTO OTHOILICHUS CpPaBHCHUS OOBCKTOB. Il OMPENENIEHHOCTH B KavyeCTBE
00BEKTOB {X;, X, X3 X4} PACCMOTPHUM JCKOPATHBHBIE CTEHOBBIE MaTEPHAIBI (CM.
npunoxkenue 1-A, m3nemus 20, 22, 24, 26).

Hcxonnas matpuna peduexkcuBna (a;=1).

CHauvana sKcrepTy (HarmpuMep, MOTPEOUTENI0) peiaraeTcs I CpaBHEHUS
POM3BOJIbHAsS TTapa 00bekTOB. Hanpumep:

1) Kakoe uzgenue ayis Bac Gosee mpeanodtutenbHo. Onpenennure 1o mpe-
JIOXKCHHOM IIKAJIC CTENCHB MPEIIOYTCHUS.

[pennonaoxuM, 9To FIKCHEPT OTBETUII HA BOIIPOC CICTYIOLIUM 00pa3oM:

Kamens crenosoii Ne 20 Kamens o6muioBounslii No 22
[+<]
; ciaboe ]
« IIPEBOCXOZCTBO yMEpEHHOE 3HAYUTEIbHOE 2 o
o = 38 4
<= T ol @ 8
S o Z 2| 898
v E 1 8E| EE

S 1 2 v 2 1 2 = g

Takas olieHKa 1Mo KoJMdecTBEeHHOU mikane S(m) coorBercTByet 4. T.e. a;,=4
= ay;=1/4. Takum obpazom, (x,x,)€P.

I[J'ISI NOCTPOCHUA TPAH3UTUBHOI'O 3aMbIKaHUA HCO6XOL[I/IMa €lIC oaHa OLCHKa
OKCIICPTA. )KeHaTeJ'II)HO, yTOOBI TaKas OLICHKA CBsA3bIBalia OBl BTOpOﬁ O00BEKT ¢

KakuM-JI100 IpyruM, OTHOIICHHEM IPEANOoYTeHus win Oe3paznuuus (x,,x,) € P

wm (x,,x,)el.

Taoaunna 5.1
HcxonHas Matpuiia CpaBHCHHUH 00BEKTOB

Kamens Kamenb Kamenb Kamens

Ne 20 No 22 No 24 No 26
Kamens cren. Ne 20 1 4
Kamens o6, No 22 1/4 1 5
Kamens o0, Ne 24 1/5 1
Kamens o6mui. Ne 26 1

IosToMy crienyronuii BOMpoc SKCnepty GopMupyeTcs TakuM 00pa3oM, 4To-
OBl YCTAHOBUTH IMPEANOYTUTEIHPHOCTh BTOPOTO OOBEKTa MO OTHOIICHHIO K 3-My
W 4-My.

2) Kakoe n3 m3menwii mpearnouTUTENIbHEE — X, HITH X3.

3areM IpeasiaraeTcst OLEHUTh CTENeHb TAKOT0 MPEANOYTEHHsI, KaK 3TO ObLIO
caenaHo B 1-oM Bompoce.
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IIpeanonoxum, skcrepT ompenenmn (X,,x,)€P W 1O €ro OTBETy ax;=J)

(oleHKa a,; W COOTBETCTBYIOIIASI €1 @3, BBIJIEIICHBI CEphIM IIBETOM B Tab. 3.1.).

B oromM ciydae MOXHO YCTaHOBUTH TPAH3UTHUBHOE 3aMBIKaHUE: W3
(x,x,)eP u (x,,x,) € P cnenyer (x,,x,) < P . Ilpuduem, o KapIuHAIBHOH CO-
TNIACOBAHHOCTH d;;*a,; MOJDKHO OBITH PaBHO a;3. Tak Kak a;;=4, a,;=5, To a;;
JIOJDKHO OBITH paBHO 20, HO Tak Kak IKaia 9-0alibHas, TO OT SKCHEpTa Ui XO-
pOIIICH COrNIaCOBAaHHOCTH CIICAYET OKHUAATh OLCHKY XOTs Obl Onm3Kyro K 9. dop-
MaJIBHO PacHpOCTpaHeHUE MH(POPMAIUN MPOUCXOJUTh HE JOJDKHO, TAK KaK OHO
MIPEIOIpeaeIsuio ObI OTCYTCTBHE OIMIMOOK B OTBETaX HKCIEPTA, B CBSAZH C YEM BO3-
HUKaNX OBl 3aTPyAHEHHS B OLIEHKE MPEIIIOYTUTEIFHOCTH. B KaueCTBEeHHBIX METO-
Jlax 3aTPyAHEHUH B KOJTMYECTBEHHBIX OIEHKAX MPH TPAH3UTUBHOM 3aMBIKAaHUN HE
MIPOUCXOIUT, TAK KaK MX BCETO HUCIIONB3YETCS TPH.

Js n36exxanus (opMabHOTO TPAH3UTHUBHOTO 3aMBIKAHHS SKCIEPTY Mpea-
JlaraeTcs BOTIPOC: KaKoe U3 W3JENNi MPEeIMOYTHTENbHEE — X ; FITH X;.

Ecmu  momyueHHBIT OTBET COBMAJaeT C TPAH3UTHUBHBIM 3aMBIKAHUEM
(x,,x,) € P, TO cuuTaercs, 4TOo NpOBEpKa MOATBEpHIIa NMPABUWILHOCTD MOIyYCH-

HOH OT 9kcrepTa nHPopMaruu. Ecinu uMeeTcst pacxokaeHue, TO PEKOMEHIYETCs
MEPECMOTPETh MPEABIAYIIHE OTBETHI WIIM UCTIPABUTDH TOJIHKO UTO TIOTYICHHBIH.

TIpuBenemM nanpHEMIINI OMPOC FKCIEPTA C yKa3aHWEM OIEHKHU 10 KOJIMYECTBEHHOM
KA.

3) Kakoe u3 m3menuii npeanouTuTesbaee — x; Wik x3. OTBeT: x;, a;3=6. (Ce-
pBIM IBeTOM B TaOmuile 3.2. MOMEYCHBI TPAH3UTHBHBIC TPOWKH OLEHOK). Takas
OILICHKA yIIOBIICTBOPSCT KaK TPAH3UTUBHOW COTJIACOBAHHOCTH, TaK U KapJIWHAIb-
HOM.

YroObl ONIPENCTUTE a4, IEPEOUPAOTCS BCE BOBMOXKHBIC YK€ BKIFOUCHHBIC B
OTHOIIICHHE Tapbl 00BEKTOB, U3 OLICHKU CPABHCHHSI KOTOPBIX MOYKHO 3apaHee clie-
JIaTh BBIBOJ 00 OTIEHKE a4 — (a7 azy), (a;3; az4). Kak yOekmaemcs, Takue ONeHKH
elIe IMOJIHOCThI0 He C(HOPMHPOBAHBI, T.€. IJISI OTBETA d;; MPEABIAYIIHE OTBETHI
eIIe He MPeIoTPeeIIHIN KaKoe-JIMO0 OTHOIIeHHE. [109TOMy OTBET MpeyiaraeTcst camo-
CTOSITEJTHHO BBIOPATh CAMOMY DKCTIEPTY.

Tabauna 5.2
3anogHeHHOE OMHAPHOE OTHOIICHHE CPABHEHMSI AJIbTEPHATHB
Kamenps Ne 20 | Kamens Ne 22 | Kamens Ne 24 | Kamens Ne 26
Kamenn Ne 20 | 1 4 6 7
Kamens Ne 22 | 1/4 1 5 3
Kamens Ne 24 | 1/6 1/5 1 3
Kamens Ne 26 | 1/7 1/3 1/3 1

4) Kakoe u3 u3genuit nmpeanoyTuTensuee — x; uim xy. OTBET: X, a;4=7.
5) Kakoe u3 uzgenuii mpemouTUTENbHEE — X; WITH Xy .
Jliist onipeienieHus JIEMEHTa d,; HE0OXOIMMO PACCMOTPETh Maphl JIEMEHTOB
ay M ayy, sy M azy. Tak Kak 3JIEMEHT a3, elle He ONPEICICH, TO YIYUTHIBAEM TOJIb-
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KO ay;=1/4 v a;;=7. Ilo JaHHBIM 3HAYCHUSAM TPAH3UTUBHOEC 3aMBIKAHHE OCYIICCT-
BUTh HEBO3MOXHO, HO MPHUOJIM3UTEIBHO, YIYUTHIBAsE CTPEMIICHUE K KapIUHATBHOMN
COTJIACOBAHHOCTH, MOYKHO OTIPENCIIUTD 3HAYCHUE a1 =ay; *a;4/=7/4, T.e. 1<a,,<2.

IIpennonaoxuM, 4TO IKCIEPT OTBETHI dy,=3; Takas OLCHKA OJM3Ka K TOW,
KOTOpast 0’)KUIAIACh.

6) Kakoe u3 usnenuii npeanoYTuTeabHee — X3 Wil X.

OnpenenuTh JIEMEHT ¢34 BO3MOXKHO M3 KOMOWHAIIUN dJIEMEHTOB: (d3;, d14),
(aszs az). Obe KOMOMHAIIMM HE TOMOTAIOT OMPEICIIUTh MOPSIKOBYIO COTIACO-
BAaHHOCTh, HO OTHOCHUTEIILHO KapJUHAIBHON COTJIACOBAHHOCTH MOXHO CJHelaTh
BBIBOJI O MPUOIU3UTEIHLHOM PaBEHCTBE DJIEMEHTA d3; CPEIHEMY apUPMETHIECKO-
My (asz;*atasz*az)/2=((1/6)*7+0,5*3)/2= 1,91.

OTBeT 3KCTepTa @3,=3 SBISACTCS MIPUEMIIEMBIM.

OTHOLIIEHUE COTIACOBAHHOCTH HaHHOM Marpuipl paBHO 12%. YtoObl ero
YMEHBIIINUTH CIEIYeT 00JIee CTPOTO MPUACPKUBATHCS COBETOB MO (POPMHUPOBAHUIO
COTrJIaCOBAaHHOTO OTHOIIEHUSI.

IIpoBeaeM Takyro HpoUEAYypY €lle pa3 ¢ LEbI0 MONIydeHHs 00Jee Coriaco-
BAaHHOTO OTHOILEHUS.

Mycte a;;=4, ay;=5. Torma a;; nomwkHo ObITH OnM3KO K 9. Pexomenmyercs
orerka 8, 9. [IpeArnmonox M dKCIepT He CUUTAET HYXHBIM OTPEACIIATh MPeaod-
THTEIBHOCTh OICHKOW 9 WM TpuaepKuBaeTCsl MHEHHS, 4To «;;=8. Jamee a;,=9
3aMOHIETCS CAMHUM JKCTIEpTOM. J[JIs1 ONTHManbHOTO ONPENEICHHS d,, YCTAHOBUM
BCE€ BO3MOJKHBIC KOMOWHAIIMH, BIHWSIONIME HAa JAHHYIO ONCHKY: (az;,; a4), (a3,
asy). ay;*a;,=1/4*9<2. Ecnu dKCnepT mpejiaraeT omneHkKy 3, Kak 3To ObUIO B TIep-
BBl pa3, TO eMy OyIeT PEeKOMEHIOBAHO ONCHUTH dy,=2. [y ONpenencHus dzy
paccMoTpuM (az; dyy), (asy az). az=1/8*9+1/5*%2<2. DxcnepTy peKOMEHIYeTCs
BEIOpaTh oueHKyY 1 win 2. [Ipeamnonoum, 4To IKCIEPT OLIEHUBACT MPEUMYIIIECTBO
X3 TI0 CPaBHEHUIO C X, OLeHKOW 2. Tak 3amoHeHHAs MAaTPHIA KUMEET OTHOILICHHE
cornacoBanHoctd OC=9%.

Xy X7 X3 X4
X; 1 4 8 9
X, 1/4 1 5 2
X3 1/8 1/5 1 2
Xy 1/9 Y2 1/2 1

dopMau3yem MpoIeaypy MOCTPOEHHS COTIACOBAHHOIO OTHOIICHHUS C yue-
TOM MOPSIIKOBOM M TPAH3UTHBHOW COTJIACOBAHHOCTH M ONTHMAIIbHOM OpraHm3a-
[UCH 3aMoJHCHHUST OMHAPHOTO OTHOIICHHS OLICHKAMH 3KCIICPTOB.

Tpebyercs cdopmupoBaTh OWHapHOE OTHOIIEHHWE R  Takoe, 4TO
Uy XXX — S(m) . X ={x,,...,x,}. a;, =,(x,,x,) — OLEHKA MPEINOYTUTEILHO-
CTH 00BEKTA X; [0 OTHOLICHHUIO K OOBEKTY X;.

WcxoaHass MaTpuna ISl TIOCTPOSHUSI TAKOTO OTHOIIEHUS — A, Takas, 4To
a,=1,Vi=1I,.,n.

1. 9KCHepTOM CPaBHMBAIOTCA X; U X,, ACJIACTCA BBIBOJ O IPCAIIOYTUTECIBHO-
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cTn 00BEKTOB U (hopMmHpyeTcs OLeHKa a;;: (X,,x,) € P (a;»>1), mmm (x,,x,) € P
(app<l),mmm (x,,x,) el (a;=1).

2. AHaAJIOTHYHO M. 1. 9KCIEPTOM CPaBHUBAIOTCS X, U X3 .

3. [Ipenonpenensercs oleHKa a';;.

Eciu Bo3MOXXHO, TO BBINIOJIHSETCS TPaH3UTUBHOE 3ambikanue (cM. (1), (2)) —
JieNaeTcs BBIBOJ O TOM, 4TO (X,,X,) € P unu (x,x,) e[ .

Omnpenensercs ONEHKa a';3 COTJIACHO TPeOOBaHUSAM KapAHHAIHLHOW COTIIAco-
BAHHOCTH: a';3=a;>*a,;3.

4. DKCIIepTOM CPaBHHUBAIOTCS X; M X3; EIAETCSI BBIBOJ O MPEAIIOYTUTEIBHO-
cTn 00BEeKTOB U (hopmupyeTcs oneHka a3 (X,,x,) € P (a;3>1), mm (x,,x,) € P
(a13<1), 501058 (x,,xj) S [ ( 013:1).

IIpu 3TOM CpaBHUBAETCS MPEAMOYTHTEIBHOCTE OOBEKTOB X; U X3, HOCTPOCH-
Has Ha OCHOBE TPaH3UTHUBHOTO 3aMbBIKAHUS M ONpPEICICHHAs KCICPTOM. 3aTeM
CpaBHUBAcCTCA a';; W a;3. B cilyyae HapyIIeHUS TPAaH3UTHBHOW MM KapAWHAIBHOM
COTJIACOBAHHOCTH 3KCIEPTY NPEABSBILCTCA TPEOOBAHUE MEPECMOTPaA CYKICHUH.
[pu 3tom, eciu a';3>9 wimn a';; <1/9, TO 3KCHEPTy MpeIaraeTcs OLCHUTH MPe-
MMOYTHTEIBHOCTh 00BEKTA X; OTHOCHTEIBHO X3 TAKMM 00pa3oM, 4ToObI ¢;3; OBLIO
6mu3K0 K 9 mimn 1/9 cooTBETCTBEHHO.

5. DKCTIepTOM CpaBHUBAIOTCS X3 U X, (CM. 1. 1).

6. Ecmu BO3MOXXHO, TO BBITIOJHSETCS TPAH3UTHBHOE 3aMbBIKaHWE OTHOCH-
TEJILHO Mapsl (X, X4) u mapel (x; x,). Onpenensierca oueHka a’y =a,, *a,, (cM.

n.3)uouenkaa'y =(a, *a, +a,; *a, )/ 2. U T.1., aHaIOruuHO 1.4.

CxeMaTHIHO MOCIIeIOBATEIBHOCTD OIIPOCa HKCIIEPTa MOKHO MIPEACTaBUThH Ha
puc. 5.3. CTpenkaMu Ha cXeMe yKa3aHa IOCIIeI0BaTEeIbHOCTD MPEIbIBICHUS IKC-
MIEPTy BOIIPOCOB MAapHOTO cpaBHEHUA. CephIM I[BETOM MOMEUEHBI SUCHKHU, OLIEHKH
B KOTOPBIX (POPMHUPYET dKcIepT. B npyrux siueiikax oneHKH MOTYT OBITh CHOpMU-
POBaHbBI HA OCHOBE TPAH3UTHBHOTO 3aMbIKaHHMs (cTpenku ¢ noanuceio Tp.). Takas
MIOCJIEI0BATENILHOCTE OIpoca SBIsieTCs Haubojee ONTHMAJLHOM MO KOJIMYECTBY
BO3MOJKHBIX [IPOBEPOK OTBETOB AKCIIEPTOB HA OCHOBE TPAH3UTUBHOI'O 3aMBIKAHUSI.
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X1 X2 X3 X4 ... Xj ... Xn

xi| 1]\ AL 4[4 N
x2| | 1[4 Tr ™

X3 1] 4]\

X4 1 v \ Tp.
. 1 *

Xi 1

1

Xn 1

Puc 5.3. Cxema nocJjie10BaTeJIbHOCTH NPEAbABJICHHS NAPHBIX CPAaBHEHUN IKCIIEPTY

TakuM 00pa3oMm, IKCTIEPT CAMOCTOATENBHO POPMUPYET OICHKU (OHH HE MO-
TyT OBITh NPENONPENENEHb) a,,The j=i+1 Vi=1,..,n.

[Nocne kax0i OLIEHKK @; MPOBOJUTCA TPAH3UTHBHOE 3aMBIKAHUE — PACIpPO-
CTpaHCHHE WHPOPMALKMU O MPEANOYTUTCIBHOCTH OOBEKTOB HA  OICHKH
a,l=i-1i-2,.,l;s=j. Ha ocHOBe cTpemiieHHS K KapAMHAJIbHOH coriaco-

*
Z a’p aw

=1

BaHHOCTH @, ompeneisiercs no dopmyie a, =-———— p<s,p#[, roe m —
m

KOJINYECTBO CYyMMHUPYEMBIX Hap OLEHOK (yYHTHIBAIOTCS TOJIBKO T€ MAPbl Ay, Ay,

KOTOpBIE yKE cHOPMUPOBAHBI — a,,,a, # (). YCIOBHE p<s ONPENENEHO MOCIENO-

BaTEIbHOCTHIO OMPOCa dKCIEPTa.

Janee nHpOpManus O MPEAMOYTHUTECIBHOCTH U CHOPMHUPOBAHHBIC OLCHKU
CPaBHUBAIOTCS C MOJIYYCHHBIMH OT JKCHEPTa, U MPH HEOOXOIUMOCTH CHOBA IPO-
HCXOJUT OOpalleHne K dKCIEePTY IS IepecMOoTpa OICHOK.

AJNTOPUTM MOCTPOEHUS COTJIACOBAHHOTO OTHOILICHHUS MIPUBEAEH Ha puc. 5.4.
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Hauano

¢4

dopMUpoOBaHME UCXO[HOMN OLIEHKN

a2 (i=1, j=2), i=i+1, j=i+1.
€

&

OTBeT 3kcnepTa (HenpegonpeaeneHHbIi) -
hopMUPOBAHME OLIEHKM &ij

i)

Mpoueaypa TPaH3UTUBHOIO 3aMbIKaHUA
BbiBoA - (X1,Xs)eP unu (x,xs)eP unu (xi,xs) el
WM HEBO3MOXHOCTb BbIBOAa |=i-1; s=j

|

MocTpoeHne
npeAnoYTeHun n

(o] MUpoBaHne OUueHKU
%
falp A ps
1 _ p=l
a, = ,p<s,p#l
m I=i-1; s5j

cdopmupoBaHue

OLEHOK 3KCMepToM
viI=i-1,i-2,..,1; s=5j

Het

OTBeT 3kcnepTa (X,Xs)eP nnun (x,xs)eP unn
(x1,xs) el
dopmMUpoBaH1e 3KCMEPTOM OLIEHKM ais
|=i-1; s=j

OueHkn ctonbua s
cchopMUpOBaHbI

Mposepka
BbIBO,D, 3KcnepTa coBnagaet
C BbIBOAOM MO TPAH3UTUBHOMY
3aMblkaHUIo U ais=a's
I=i-1; s5f

OTtHoweHune Anxn
NocTpoeHo

MepexoA k crieaytoLLen oLIeHKe, koTopasi He
MOXeT GbITb MOMy4YeHa Ha OCHOBe
TPaH3UTUBHOTO 3amblkaHus (i=i+1; j=j+1)

T

MepecmoTp
OLIEHKM 3KCMEPTOM

T

PekomeHpauumn
KCnepTy

Bbiuncnenve OC

OC sBnsieTca AonycTuMbIM (<209
1 yAoBneTBopsieT akcnepTa

Oa

KoHey

MepecmoTp
OLIEHOK 3KCNepToM

Puc 5.4. AIroput™M nocTpoeHHUs COIrJIACOBAHHOIO OTHOLICHUS
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5.4. Paspa6oTka CIIMP "Bbi6op™" Ha ocHOBe KOMOMHUPOBaHHOIro MeToaa 6u-
HapHbIX OTHOLUEHWUN

CIIITP "Beibop" mo3BossieT Ha OCHOBE MH(OpManuy, I0Jy4aeMOM OT JKC-
neproB u JIIIP, momy4uTs KONMYECTBEHHBIE XapAKTEPUCTUKU MPEANOYTUTEIbHO-
CTH pacCcMaTpHUBacMBIX AIbTEPHATHB W OINpPENCIUTh CPEAM HUX Hamboliee ONTH-
MaJIbHbIE C YU4ETOM OOJBIIOrO YHCIia KPUTEPUEB, IO KOTOPHIM OHU CPABHUBAIOTCSL.

MaTtemaTtunyeckoe obecneyenune CIIP "Bbidop”

Bri6op Hambosiee mMpenOYTHTENBHBIX aJbTEPHATUB HA OCHOBE KOMOUHHPO-
BaHHOI'O METOJia OMHAPHBIX OTHOIICHHWH MPOM3BOJUTCS MO AITOPHUTMY, H300pa-
KEHHOMY Ha puc.5.5.

IepBbIit 3Tanm npuHATHA PEUICHHUS — MOCTpOcHHUE uepapxun. Haubomee pac-
MPOCTPAHEHHBIA BUJ UEPAPXUN B NMPHUHATHU YIPABICHUYECKUX PEIICHUH — JOMH-
HaHTHBIC. MCcXOOHbIMU OaHHbIMU B KOMOWMHHPOBAHHOM METOZE HPUHATHS pelie-
HUM JIJIS1 TAKOTO BHUJIa UEPAPXUM SIBIISIOTCS:

— 1 — KOJIMYECTBO YPOBHEH B MepapXuu (CamMblii BEpXHHUH YpOBEHBL OY-
JIEM CUUTaTh 1-M);

— [[i] — xonu4ecTBO OOBEKTOB I-I'0 YPOBHS, i=I,...,n; mpudem [[/]=1—
LIEJIb UCPAPXUH;

— nas[i;j] — Ha3BaHUE j-TO O0OBEKTA i-TO YPOBHSA, i=1,...,n, j=1,... I[i];

— ali; j; k; m] — cTenieHp NPEeINOYTEeHUsS k-0 3JIEMEHTA [-F0 YPOBHS Iie-
pen m-M 3JEMEHTOM 3TOTO K€ YPOBHS MO OTHOIICHHIO K j-MY JJIEMCHTY BbI-
LIECTOSMICrO YPOBHSA, i=2,..,.n-1; j=1,..l[i-1], k=1,...,1[i], m=1,...,[[i]. U3 ame-
MEHTOB al[i, j; k; m] hbopMHUpYIOTCS KBaIpaTHbIE MATPHUIIBI, KOJIMIECTBO KOTO-
PBIX Ha KaXXKJOM YPOBHE OTIPENENIeTCS KOJMYECTBOM albTCPHATHB HA BBIIIE-
CTOSIIIEM YPOBHE, a KOJHYECTBO CTPOK M CTOJIOIIOB — KOJIMYECTBOM aJIbTepHA-

n—1
THB Ha TEKyIIeM ypoBHE. Beero Takux MaTpur O0yaeT chopMUpOBaHO Zl [4].
i=1

Marpuns! GOpMHUPYIOTCSE HA OCHOBE ITapHBIX CPaBHEHHUI HKCIIEPTOM 00BEK-
TOB KQ)XJOT'O YPOBHS MEPapXUH 10 OTHOIICHHIO K KaKAOMY OOBEKTY BBILIECTOS-
mero ypoBHs. OIEeHKH MPOU3BOIATCS 10 BepOanbHOM mmKane (cM. puc. 5.1). Bep-
OalbHBIC OICHKH 3aMEHSIOTCS KOJIMYECTBEHHBIMH Ha OCHOBE IIKAIBI S(m), Tpu
9TOM OyIyT HOJTY4EeHBI 0OPaTHOCHMMETPUYHBIE MATPHIIBL.

OcymiecTBisIeTcsl MPOBEpKa COTIACOBAHHOCTH CYXIEHHUH 3KCIEepTOB (BHI-
gucisiercss OC), u ipu HeyaoBJIeTBOpUTEIbHOM 3HadeHNH OC MPOU3BOIUTCS, 11O
JKEJAaHUIO JKCIIepTa TOIIaroBOE IMOCTPOSHHE COTIIACOBAHHOTO OTHOIIEHHS HA OC-
HOBE aJITOPUTMa, OIIMCAHHOTO B pazzene 5.2. (cM. puc. 5.4.)

ITo oxoH4aTenbHO CHOPMUPOBAHHOW OOPATHOCUMMETPHYHONW MAaTpHLE A,
MIPOUCXOIUT (HOPMHUPOBAHHME HEYETKOTO OTHOLICHUS HECTPOTOro HPEeNNOYTCHHUS
Ha OCHOBE TOMOMOP(HOro 0TOOpaXKeHUs penieTkn S(m) B pemeTky S, KoTopoe
omrcaHo B paszene 5.1. [Ipouenypa nporcxoaut 6e3 yyacTust SKcrepra.
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JanpHeimas 3aada 3aKIt04aeTcss B 00paOb0TKE MOyYCHHBIX TAHHBIX JIBY-
Ms MeTofamMu: MAW 1 MeTOI0M NMpPHHATHS pEHICHUI Ha 0a3e HEYETKOW JIOTHKU
P HECKOJBKKUX H.0.II., XapaKTEPU3yEMbIX BECOBBIMH K03 unueHTamu.

Anroput™ 00paboTKH H.0.II. IPUBEJICH B paszaene 5.2.

AnroputM 00pabOTKH 00PaTHOCUMMETPHYHBIX MATPHI[ OCYIICCTBISCTCS Ha
ocHOBe Mozenu bapxa-bpyka-BypkoBa U MeToa aHanm3a Uepapxuii, OMUCAHHBIX
B r7aBe 3.

Pezynomamom xombunuposannoeo memooa I1P spnsercs:

1) Bektop 00001meHHBIX (TJI00ATBHBIX) MPHOPUTETOB ANBTEPHATHB CaMOTO
HIDKHETO 71-TO YPOBHS, YKa3bIBAIONINI Ha CTETIEHb NMPEINOYTCHUS CPAaBHIBAEMBIX
00BEKTOB W=(W/, ..., W)

2) BexTop creneHelf HEIOMHHUPYEMOCTH albTEpHATHB #-TO YPOBHA, YUH-
THIBAIOIIHH BCE IPOMEXKYTOUYHBIE YPOBHH A" (U)oU) -

JKcHepry MpezjiaracTcsi caMoOMy CPaBHHUTH Pe3yJIbTaThl YIOPSAOUMBAHUS U
KOJINYECTBEHHBIE TI0KA3aTeN I BAXKHOCTH PAaCCMaTPUBAEMbIX BApUAHTOB PEIICHHH.

Ecnu Bce OnHapHble oTHOLIECHUS, (POPMHUPYEMbIE SKCIEPTOM, UMEIH BBICO-
KHH YpPOBEHb COTJIACOBAaHHOCTH, TO W IEPBBIM METOAOM, U BTOPBIM OyneT mpen-
JIOKEHA OJTHA U Ta )K€ aJIbTEPHATHBA B KAUYECTBE HAaH0OJIee ONTUMAIBHOM.

Ecnm HEKOTOpbIE OTHOIICHHMSI IMENIN HEBBICOKYIO CTETIEHb COTIIACOBAaHHOCTH,
TO ONTHMAIIbHbIC allbTEPHATHUBBI, PEKOMEHAYEMBIE TIEPBBIM M BTOPBIM METOIAMH,
OyIyT pasJMuHBI, U B 3TOM CIy4ae 3KCIEPTYy PEKOMEHAYETCSl BOCIIOIb30BATHCS
JomoTHATEIbHBIM MeTotoM [TP — ITAPK, anroputm xoToporo nmpuBoguTcs B [63].

Merton ITAPK nozsonur JIITP ocyimiecTBUTh CTpaTern4eckuil BEIOOp OJHOM
n3 AByX (MM HECKOJIBKHX) QJIbTEPHATHB HA OCHOBE BCECTOPOHHETO KayeCTBEHHO-
T'O MX aHaJIKM3a 10 JII0OOMY KOJIMUECTBY KpUTEpHUeEB, onpeaeneHHbix JITTP.
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dopMmmporaHue mepapxum H

!

N - xoJmuygecTBO
ypoBHel, 1[1] - xommuecTBO
aJlbTepHATMB Ha YpPOBHe 1i.

i=1,...,n, rme 1[1]=1.

&
DOpMMPOBAHME [APHEX CPaBHEHMUN
albTepHATUB 10 BepOasIbHOM WKaJje

ali; 37 ki m], 3=1,...,1[i-1],
k:l,---,l[i],‘m:l,---,l[i]-
TMonyueHune
oOpaTHOCYMME TPUYHEIX
MaTpPuL,
A:Haii a; eS(m)

IIpoBepka Ha
HENPOTMBOPEUYNBOCTE CYXIEHMI
SKCHepTa
(Borumcgyienue OC)

QC ynosnersopseT JIIIP

2 o ()

lojlyyeHre HEeUYeTKUX
OTHOWEHW) HECTPOTOTO
NpennoYyTeHus (Hp)

ANTOPUTMEL OOPabOTKM OMHaPHEIX
OTHOWEHUN

I

llosTanHoe QopMupOBaHME
CyXIleHUil C KoppeKuuen
KapOMHAaJbHOM 1
TPaH3UTUBHON
HeCOTJIaCOBAHHOCTU

OBpaTHOCHMME TPUYHEIE
mMaTpule MAV

IlonyueHne BEKTOPOB

A ODUQODUTETOR

W={wi,..

e
—=cw, A‘H:ETA‘E >

L
=BW'

koo

., Wi (n)} ‘

HeueTknre oOTHOWEHMUA >

[

|
L7

|

nd
My = {lun(ul)""hun(u/(n))}

Hec’rporgro NpenrnodTeHus [

n
Hpa1 —{11,‘”,1/(2)} Meron IIAPK
nd ;. - . nd ;. nd , . P .
b (ul)=mm{,up (ul),‘/IQ (ul) ¥ |u* = arg max( w(u, Jj= BHIBOPA
=argmax( 1" (u,)) He™ HamTygmes
aJIb TePHATNBEL
Ja
v
u** —
u* - Hauydmas
Haujydiias
anbTepHaTMBA
anbTepHATUBA

Puc 5.5. Cxema KOMOMHIPOBAHHOIO AJITOPUTMA OMHAPHBIX OTHOLICHU
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HasHayeHune n ocHoBHble doyHKumm CITMP "Beibop”

CIITIP "Beibop" mpenHa3sHadeHa Uil pelieHrs] MIMPOKOTO Kiacca 3aadv, BO3HH-
KaroIIMX B TPOLIECCE TNTAHAPOBAHKS 1 YIIPABIICHHS TIPOMBIIIIICHHBIM TIPEITPHSTHEM.

Cucmema noseonaem pewiums, Hanpumep, credyioujue 3a0a4u:

AHanmm3 peIHKa cOBITa TPOTYKITUI

OcymiecTBiIsIeTCsl aHANKU3 [EHOBOW CUTyallMM Ha PHIHKE NMPO(UIBHOM IIpo-
JOYKIWU TPEANPUITHS, OTPEICIIICTCS e¢ BIUSIHUEC Ha 00bEMBI BBO3a aHAJOTHIHOMN
MPOAYKIUH B PETUOHBI KOHKYPHUPYIOMUMHU TPEIAIPUITHIMU.

3amada BKIFOYAET B ceOsl MPOTHO3 MOCTABOK MPOAYKIUU MPEAIPUATHS B LIC-
JICBBIC PETHOHBI U JIOJH MPEIIPUATUSI HA MECTHBIX PBIHKAX, a TAKXKE IPOTHO3 IICH
HA MPOJYKTHI HA OCHOBE OTITYCKHBIX LICH MPEAIPHUATUS U JICHCTBYIOIINX TapUQOB.
Kpome Toro, mpenmycmaTtpuBaercs (popMHUpOBaHHE NPOU3BOJIBHBIX OTYETOB IO
TEeKyIIUM (HaKTHIECKUM ITOKA3aTeNsIM: ITOCTaBKa MPOIYKIINHA B PETUOHBI, CPAaBHH-
TeNbHAs XapaKTePHUCTHKA IIEH 10 PETHOHAM, TUHAMUKA M3MEHEHUS OTIIYCKHBIX U
PETHOHABHBIX IIEH.

OrieHKa NpHUBIEKATEILHOCTH TIOKyTIaTene. PeHTHHT mokymareneit

OrneHka MPUBJICKATEILHOCTHA TOKyTaTeNeil mo3BoseT 6osiee 000CHOBAHHO
COCTABIIATh TEKYIINH U MEPCIEKTUBHBIH IJIaH MOCTABOK MPO(HIHHOM MPOIYKINH.
Kpome TOro, MCIoib30BaHHE XapaKTEPUCTUK MPHUBICKATCIBHOCTH MOKYyMaTeIeH
(mnmarexHass NUCHMIUIMHA, (UHAHCOBOE IOJIOKEHHE) IMOBBIIIACT OCTOBEPHOCTH
MIPOTHO3UPOBAHUS 00BEMOB IMOCTYIUICHHS (DMHAHCOBBIX PECYPCOB B PA3IUYHBIX
(dopmax (IEHEeKHBIC CPEIICTBA, BEKCEIS, B3aUMO3a4eThl H T.1I.).

OnpezencHre ONTUMATHHON MPOU3BOACTBEHHOMN MPOrPaMMBbI
M LIEHOBOH ITOJIMTHUKHU

Ha ocHoBe mHpOpMaIuu, mosydyaeMoi U3 3amadu “AHanu3 pelHKa cObITA”,
XapaKTePUCTHK IIPOU3BOACTBEHHBIX MOIIHOCTEH M BO3MOKHBIX TEXHOIOTHICCKIX
cXeM, 00beMOB TUTAHUPYEMOTO K IepepadoTKe CHIPhS Ha JaHHOM 3Tare, GOopMHu-
PYIOTCSI PEKOMEHIAINH TI0 TIPOU3BOACTBEHHOHN MporpaMMe M [IEHOBOM MOJHUTHKE.
B kadecTBe 11eneBON YCTAaHOBKM MPUHIMAETCS MAKCHMHU3ALHUS JOXOHOB TPEIIpH-
SITUS (BO3MOJXKHBI IPYTHE IEJICBbIC YCTAHOBKH).

OHHAHCOBO-IKOHOMHYECKAs OI[CHKA HHBECTUIUOHHBIX TPOCKTOB

Ha ocHoBe 3aauu MOKHO TPOHM3BOJUTH BapUAHTHBIC PACUCTHI XapaKTCPH-
CTHK WHBECTUIIMOHHBIX IPOCKTOB MPU PA3IUYHBIX COYCTAHUAX (PAKTOPOB H
YIPaBISIONINX BO3ICHCTBUHN (LIEHBI, PHIHKH, HAJIOTOOOI0KEHUE H T.II.).

Cucrema obecrieunBaeT:

— JIOCTYTI K TaHHBIM OIIEPaTUBHON OTYETHOCTH MPEIIPUATHS,

— pemeHue KaleHaapHo-moBTopstomuxcs 3I1P;

— BBOJ ¥ XpaHEHHUE IKCIEPTHON HH(OPMAIH, ONMMCHIBAIOIIEH CTPYKTYPY
MIPEAIOYTEHUH JIHIIa, IPHHUMAIOIIETO PELICHNE;

— pelIeHHe 3a7a4 BRIOOPa HAMIYYIINX BAPHAHTOB HA OCHOBE KOMOMHUPO-
BaHHOI'O METO/Ia IPUHATHS PEUICHUN, OPUCHTHPOBAHHOT'O Ha KAYECTBEHHYIO UH-
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(hopMaImio IKCIEePTOB;

— BO3MOJXKHOCTH JIOTIOJIHEHUsI 6a3bl MoJieneit 1 MeTo10B MeTonamu [1P;

— odopMIIcHHE Pe3yIbTaTOB PACYCTOB B BHJC HAOOPa Pa3HOOOPAa3HBIX Ta0-
JIUYHBIX U TPAQUUCCKUX OTYCTOB, POTPAMMHBIC CPEICTBA 00CCIICYNBAIOT BO3-
MOJXKHOCTh BH3YaJbHOTO CPAaBHEHUS PE3yJbTATOB, MOMYYCHHBIX TIPU PA3HBIX CIIE-
HaApPUAX.

Cucrema 001a1a€T CBOMCTBOM YHUBEPCATBHOCTH — OHAa MOXKET OBITh aJIarl-
TUPOBaHA K PEILICHHUIO PA3IMYHBIX 3324 YIpPaBICHUs. Y CIOBHIMH TAKOW ajanTa-
LUK ABJISIOTCS 00eCleueHne JOCTyIa K IaHHBIM, a TakxKe pa3paboTka U BBOJ B
CHCTEMY METOJIOB CPAaBHEHUsI abTEPHATHB.

TIporpammuslii npoaykT "Beibop" paboTaeT moj yrpaBiIeHUEM OrepaioH-
Hoii cucteMbsl Windows95.

MporpammHoe o6ecneyeHne CITP "Buibop"

IIporpaMMHbIii TPOAYKT BKIOYAET B ceOsi MOAYJIH, H300pakeHHbIE HA PHC.
puc.5.6.

ba3za maHHBIX COCTOWT M3 0a3bl JAHHBIX SKCTIEPTHOW MH(pOpMANUH, 6a3bl
JIAHHBIX KOHKPETHBIX CLIEHAPHEB 3a/1a4 PUHATHS PelleHUi, 0a3bl JAaHHBIX pe-
3yJIBTaTOB.

Basa maHHBIX 3KCTIEpTHO#M MH(DOPMAIMHK MTPEeIHA3SHAYCHA [T XPAHCHHS OTBE-
TOB DKCIEPTOB, MOJYYCHHBIX MPH aHAIHU3E MPOOIEMHBIX CUTYallUi YIPABICHUS U
IUTAHUPOBAHUS JCITEIBHOCTU MPOMBIIUICHHOTO MpeAnpusaTusi. ba3a TaHHBIX pe-
3ynbraToB 3P mo3BosseT monydaTh KOMIUIEKCHBIE OTYETHI 00 yMOPSI0YMBAHUU
QIBTCPHATHB 32 MPOIICAIINE IePUOAb BpeMeHU. ba3a JaHHBIX CIIEHAPUEB KOH-
kpeTHbIX 3[IP XxpaHuT HE0OXOIUMBI HAOOp KPUTEPHUEB W albTCPHATUB IS aHA-
JI3a TIOBTOPSIOIIMXCS NPOOJIEMHBIX CHTYaI[Hii; Takas 6a3a ClieHapHueB MO3BOJISET
n3bexaTb  PYTHHHOW  pabOThl  DKCHEPTOB IO  aHAIM3y  KaJeHIapHO-
noBTopsitortuxcs 3I1P. Bosamoxxao B3amMopeiicTBue 6a3bl maHuHbix CIIIIP "Bwi-
0op" ¢ XpaHWIWIIEM NaHHBIX OTEPATUBHON OTYETHOCTH MPEANPUATHSA. XpaHH-
JIMIIE JAHHBIX COCTOMT W3 JAaHHBIX TPAH3aKIMOHHBIX CHCTEM, OCHOBAaHHBIX Ha
pasmuunbix CYBJ], naHHBIX TaONHYHBIX M TEKCTOBBIX IPOIIECCOPOB, OyXrairep-
CKHUX, TIPABOBBIX CHCTEM.

Monynb MHTEPAKTUBHOTO B3aMMOJACUCTBUSI C IOJIb30BATEIICM OPraHU30BBI-
BaeT paboTy olepaTopa B TUAJIOTOBOM, COBETYIOLIEM pexuMe. ViMeeTcss BO3MOX-
HOCTh HACTPOMKHU BepOaJIbHOM MIKANBI, TMHIBUCTUYCCKUAC TEPMBI KOTOPOM JOJIK-
HBI COOTBETCTBOBATH CIICIIU(PHUKE PEIIACMOM 3a1a4H.

DKcHepThl, OTBEYAIOIINE B MPOIIECCE JUAIOra Ha BOMPOCH CHCTEMbI, MOTYT,
B CHJIy Pa3HBIX NPHYUH, (GOpMYIHPOBATH MPOTHBOPEYMBLIC CyxzeHus. [lomoub
9KCIEpTaM MOJYYHTh COTJIACOBAHHbIE OTBETHI — 3ajia4a MOAYJS HOAICPIKKU
(bopMHPOBaHUS HEPOTHBOPEUUBBIX CYKICHUI.
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Basa mopgenei n
METOZO0B NPUHATH
pelueHun

Mogaynb rpacpuyeckon
MHTepnpeTauum
NOMyYeHHbIX pe3ynbTaToB

OnepaTop

>

MO,ElyJ'II:- WHTEPaKTUBHOIoO
B3aVMOAeNcTBmA C
nonb3oBaTenem
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B cueHapues B pesynbtatos
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A 3M1P) hopMMpoBaHms
HENpPOTUBOPEYMBBIX

Basa gaHHbIX
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XpaHmnmu.le AaHHbIX 0I'ISpaTVIBHOl7I OTHYETHOCTU NpeanpuaTua

C EeHui

Puc 5.6. Ctpykrypa nporpammuoro obecniedenusi CIIIIP "Bsioop"

O0paboTKy MOTYyYCHHON MH(GOPMAIMH OCYIICCTBIISIOT AITOPUTMBI U3 0a3bl
MoJieNield 1 METOZOB NMPUHATHS penieHuil. B 6a3y BXoIsT cocraBisiomue KoMOu-
HUPOBAHHOTO AJITOPUTMA: AITOPUTM TMONyYCHHS 00PaTHOCUMMETPHUYHBIX MaTPHUI]
U H.O.IL. TI0 KQYECTBCHHBIM CYXKICHUSM 3KCIICPTOB, aJITOPUTM BBIYUCIICHHS TJIAB-
HOTO COOCTBEHHOTO BEKTOpPa MOJIOKUTENBHONW Marpuipbl 1o teopeme Ileppona-
®pobennyca, anroOpuTM HEPAPXUIECKOTO CHHTE3a, aJTOPUTM BBIYHCIICHUS BEKTO-
pa cTemneHeil HeAOMHHHUPYEMOCTH H.O.I1., alTOPUTM CBEPTKH H.O.II. B MHOTOYPOB-
HeBOM uepapxu, anroput™m merona [TAPK.

Pe3ynbrarhl, Momy4eHHbIE MPU aHATW3E MPOOJIEMHON CUTYaIuH, (GOPMUPYIOTCS B
BHUJIE OTYETA, a CPEICTBAMH MOYI TpadidecKoil HHTEPIPETalii pe3ybTaToB MpeIoc-
TaBISFOTCS B TPaMIecKOM BUIIE U BBIJAIOTCS omepartopy. JJaHHBIe OTdeTa MOCTYIIAloT B
BJ1 pe3ynbraros 3I1P.

YKkasaHusi No MCNONb30BaHNIO CUCTEMDI

Ocnosnvimu smanamu pabomwt JITIP ¢ cucmemou a6110mcsi:

- ompesieNieHne e paboThl ¢ CUCTEMOU (pelieHne HOBOW, ele He
CTPYKTYPHPOBAHHON 3a/Ja4d, PEUICHHE THIIOBOW 3a/Ja4H, IPOCMOTP OTYETOB IO
npeapiaymum 3I1P);

— OIpeJeNieHUe CYIIECTBEHHBIX JaHHbIX (KaKhe UMEHHO JAaHHbIE U3 XpaHU-
JIUIA WCIIOJIb30BATh PU PEIICHUH JaHHOH 33a/a4n);
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—  OINpe/IeCHIe BAPUAHTOB PCICHHH (AIETCPHATHB) M KPUTCPUCB CPABHCHHS AlTb-
TCPHATHBE;

— 3aJlaHuMe KayeCTBEHHBIX IIKal mMokazarenei (s kxaxaod 3IIP moryr
OBITh C(OPMUPOBAHBI KAYCCTBEHHBIC IIKAJBI B COOTBETCTBHU CO CICHUDUKON
3I1P);

— BBIABICHHC MPEINOYTCHUN OKCIEPTaMH albTCPHATUB HAa MHOYKECTBE
KPUTEPHEB B XOJE OIPOca;

— aHaJW3 PE3yNbTAaTOB PEIICHUS W BO3MOXKHBIH IEPEXOA K BHITIOTHECHHUIO
OJTHOTO M3 TMPEIBITYIINX ITAIOB.

Pa3zoenenue mpyoa mesncoy JIIIP u sxcnepmamu. TlepBble qBa dTama u omnpe-
nenenue nepedds anprepHatus JIIIP mpoBoauT camMocTOsATENBHO, MPU OIpEeIie-
HUU KPUTEPHEB CPABHCHHS allbTCPHATHUB BO3MOYKHO OOpAIICHUE 32 MOMOIIBIO K
skcnepram. POpMHUPOBAHUE KAYECTBCHHBIX IIKAN MPOU3BOIUTCS 3KCIICPTAMHU U
JIITP coBMecTHO. BhIsiBiIeHHE NpeanoyYTeHU SKCIIEPTOB HE JIOJDKHO COMPOBOXK-
JIaThCsl HUKAKUMU BMemaTenbcTBaMu JITIP. AHanu3 pe3ynbTaToB peIICHHUS IPoO-
Boautcs cHavana JI[IP, 3arem BO3MOXXHO OOpamieHHE K MOMOIIY JKCICPTOB 3a
000CHOBAaHHUEM TOJTyYEHHBIX PE3yJIbTaTOB.

Bszaumooeticmsue nonvzoeamens ¢ CIIIIP "Bvibop" OpraHM30BaHO TaKUM
00pa3om, 9TOOBI AUAJIOT C OTIEPATOPOM IPOXOAWI B HanOoJiee YIOOHOW M ITOHST-
HO¥ opme.

Peanm3oBaHbI ClIeAYIOMNUX BO3MOKHOCTH:

— KOHTPOJIb BXOJHOW WH(POPMALINY HA BRISIBICHHIE MPOCTEHIINX OIIHNOO0K;

— IIepexo]] U3 TUAIOTOBOTO peXrMa B MMAKETHBIH (BO3MOXKHOCTH PaboTHI ¢
¢aiinoBoii BXoqHOH nH(OpManueii);

— JIMaJIOrOBOC B3aMMOJICHCTBHE JJIsl H3MCHCHUS OTPAHUYCHUH (CHATHS
win "ciBura" 4acTH OrpaHuuCHHN);

— paboTa c pa3nuyHoil nHopManuei o cpaBHUBAEMbIX 00BbEKTaX (KO-
YECTBEHHOM, KAYCCTBCHHON);

— COXpaHEHHE MPOMEKYTOUYHON MH(pOpMaIn;

— BCTPOGHHBIE CPENICTBA 0OYUEHIS MTOJIb30BaTENeH PaboTe C CHCTEMO;

— KOPPEKIHs MepeyHs aJbTePHATHUB, KPUTEPUEB, N3MEHEHHS IIKAJIHPOBA-
HUS U T.1T.;

— BO3BpaT Ha HEOOXOIMMOE YHUCIIO ATAIIOB HA3al, IEPECMOTP MPEKHUX
OILIEHOK, U3MEHEHNE TTOCIICAOBATEIFHOCTH OTACIIFHBIX ITAIlOB PEIICHHUS H T.JI.

Cuctema TpeOyeT MpeIBapUTEIBHOT0 00YUYCHHS W aIalTAllUU MOJIb30BATEIS
K CHUCTEME, 3aBHCUT OT 3HAHUs ITOJIb30BATEIS XaPAKTCPUCTHK U CIICIU(UKH IIPO-
EKTUPYEMOTO O0BEKTA, a TAKKE BOSMOKHOCTEH CHCTEMBI C YUETOM 3AJI0XKCHHBIX B HEE lro-
PUTMOB ONTUMM3ALH.

Onucanue pabomul npoepammu.

PaccmoTpuM mocieoBaTenbHOCTh JEHCTBUE oreparopa mpu pabote ¢
CIITIP "Bwibop" ¢ nenpto ananmza 3[IP, xoTopoii Hetr B BJl cuenapueB. Takoit
3aJ1aue COOTBETCTBYET MyHKT MeHo [louck penienns —CpaBHEHHE allbTCPHATHUB.
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Pabora mporpaMMbl OpraHM30BaHa B BHJIE MacTepa, IMOMOTAIOIIEro ONepaTopy
BBIMOJIHATh ATanbl KOMOWHHUPOBAHHOTO METOJA MPUHATUS PCIICHHNA B YCIOBHIX
HEOIPEEIEHHOCTH B HYKHOH MOCIeA0BaTeIbHOCTH (CM.puc.5.7).

Buavyane gmanora omepaTopy ~— pPEKOMCHIYETCS  COXPaHUTh  (aiii
@aiin—CoXpaHuTh; B TMPOLECCE HATOTa OCYIIECCTBILITE MPOMEKYTOUHBIC COXPAHCHIS
aiina.

IlepBbIil 3Tan — MOCTPOCHUE HEpapXHM MpoIecca NMPUHSATHS PEIICHUMA, Ha
9TOM JTale MOJbh30BATENb YKA3bIBACT KOJIMYECTBO YpOBHEH B mepapxuu (1), Ko-
JIMYECTBO aJbTEPHATUB Ha Ka)XJIOM YpOBHE (2), BBOAUT Ha3BaHUSI 0OBEKTOB KakK-
noro yposHs uepapxuu (3). ITocie 3Toro MaTeMaTHIeCKOE TOCTPOCHUE HEPapXUHU
MIPOU3BOIUTCS ABTOMAaTHYECKH.

Bropoii stan — QopmMupoBaHUE CYXIACHHH DKCIIEPTOB 1O KauyeCTBEHHBIM
mkanam. [lo xaxxaoi mape cpaBHHBA€MBIX OOBEKTOB Ka)kK[OT'O YPOBHS HEPapXUHU
MpeJyIaraeTcs ONPECIUTh CTCICHD MPEIMOYTHTEIEHOCTH TOTO WM HHOTO 00BEK-
Ta (4).

B03MOXHO M HENOCPEICTBEHHOE 3alOJIHCHHE MATPUI[ MapHBIX CPaBHCHUI
KOJIMYCCTBEHHBIMU JaHHBIMH. MaTpuibl MapHBIX CPaBHECHUI aBTOMATHYCCKU
(dopMupyIOTCS KaK pedIICKCUBHBIE OTHOLIEHUS, KOTOPHIC YIOBJIETBOPSIOT CTeE-
nenHoi kanubposke (5). IIpexycMoTpeHa KOPpEKIHs OTBETOB COIVIACHO OTPaHU-
YEHUSAM Kb

ITocne dopmupoBaHUsS MATPHUIBEI MAPHBIX CPaBHEHUH (Kak Ha OCHOBE Kade-
CTBEHHBIX, TaK ¥ KOJIMYECTBEHHBIX TAHHBIX) MOXET OBITh aBTOMAaTHIECKH BBIYHC-
JICHO OTHOIICHWE COTJIACOBAHHOCTH, MHJIEKC COTJIACOBAaHHOCTH, TJIABHOE COOCT-
BeHHOe 3HaueHue (6). Bricokoe oTHOMmIEHNE coraacoBanHOCTH (60mee 20%) moka-
3BIBACT HA HEOOXOIUMOCTH IIEPECMOTPETh CYKICHUSA. B 3TOM cirydae BO3MOXKHO
BOCIIOJIb30BATHCS TOMOITHUKOM IOCTPOEHHMS COTIIACOBAHHBIX CY>KICHHH.

J Buiop oI 4 Bustop o
o r— o T T
BBeNTE KOMMUECTBO YpOBHEH KOMMUECTBO anbTepHATUB Ha KaK1I0M YpoBHe
[upoeere Kn/l«ezrm‘
—
g
g
- T ‘ ‘ = ‘
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0,369491

(M

Puc 5.7. llonab3oBartennckuii unrepgeiic CIIIP "Brioop"

[To oxoHUYaHMU qHUaNora ¢ ONEPaToOpoM IIPOU3BOIUTCS BEIYHCICHHE 3HAYE-
HUH IPUOPUTETOB PacCMaTPHBAEMBIX alIbTEPHATHB U UX paHxuposaHue (7) MeTo-
oM MAW n MeTo10M NPUHATHS pelIeHus Ha 0a3e He4eTKO! JIOTHKH. Pe3ynbrars
paboThI IPOrpaMMBbl MOTYT OBITh MOJYYEHBI TAKXKE B BHJIE OTYETa (TEKCTOBOTI'O
¢aiina) u B rpaduueckoit popme. [Ipu mosrydeHnu pa3indHbIX pe3yIbTaTOB paH-
JKHPOBAHMS MJIM HEOTHO3HAYHBIX IS TIOJIb30BATEIS BOSMOXKHO CPaBHEHHE JIBYX
HanboJiee MPeANnOYTHTENbHBIX anbTepHaTuB MetogoM [TAPK (mapHas kommeHca-
LU aTTbTEPHATHUB).
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3akno4yeHune

BaxxHOl cocTaBisfOIIEH IKOHOMHYECKOW CTAOMIBHOCTH IPOMBIINUICHHBIX
MPEINPUSATHNA SBISCTCS COBEPIICHCTBOBAHUE YIPABJICHHUSA, B TOM YHCIIE MIPUME-
HEHHWE U1 pEHICHHsA 3a7ay  YIpPaBICHHS COBPEMCHHBIX  YKOHOMHKO-
MAaTEeMAaTHYCCKUX METOJOB M BBIYUCIUTEIHHON TEXHUKH. Jlaxke TiepeoBbie mpe-
MPUATHUS, UMEIONIIE HanOoJee KBATU(UIIMPOBAHHBIA YIPABICHYCCKHUN TEPCOHA,
B HacTosImee BpeMs 0e3 pa3BUTOW HWH(OPMAIMOHHO-YIPABIIIONEH CHCTEMBI U
BCEX €€ IIOJICHCTEM HE B COCTOSHHH YyJOBIETBOPSATH COBPEMEHHBIM PBHIHOYHBIM
OTHOIICHHUSM .

Pa3paboTka u BHEIpEHNE KOMIBIOTEPHOW TIOIICPIKKA TPUHSATHS PEIICHUN B
HHPOPMAINOHHO-YTIPABIISIONINE CHCTEMBI IPOMBIIIJICHHBIX MPEINPUATHN TPHBO-
JIUT K HEOOXOIMMOCTH CO3JJaHUST MAaTEMAaTHYCCKUX MOJEICH MPUHATHS PEUICHUH,
MO3BOJISIOIIUX KOMIUIEKCHO M BCECTOPOHHE aHAIM3MPOBATh MPOOJIEMHBIC CHUTYa-
LUU KOHKPETHOM MPEAMETHON 00JIaCTH, XapaKTEPHBIC IS CIIOXKHBIX IPOU3BOICT-
BEHHBIX cUcTeM. PerieHue mpoOieMbl ONTHMU3UPOBAHUS MIPOIIECCOB YIIPABICHUS
MIPOU3BOJICTBOM TpeOyeT pa3pabOTKH MOJENEH, aJeKBaTHO YYHTHIBAIOUINX COBO-
KYITHOE BIIUSTHHE OOJIBIIOrO KOJUYECTBA (DAKTOPOB HA YIPABICHUCCKUC PCILICHHUS.

AHanu3, pa3BuTHE W paszpaboTka Mmojeneld mpuHsITHS pemeHuil s MY C
MIPOMBINUICHHBIX TPEANPHUATHI IMO3BOIUT 0Oo0Jee YCIEIHO pemarh MpodieMy
YIpaBJICHUS TaKUMHU OOBEKTAMHM JJIS YIIYUYIICHUS MX MPON3BOACTBEHHBIX MOKa3a-
Teneil. B MoHoTpaduu ObUTH PACCMOTPEHBI CIIEAYIONTNE BOTIPOCH:

1. [Ipon3BeneHO BCECTOPOHHEE CPAaBHUTEIHHOE HCCICIOBAHUE MPSAMBIX Me-
To70B [IP B ycnoBusiX HEONpPEneNeHHOCTH: METO/Ia aHallh3a UepapXHid, METO/I0B
[P Ha 6a3e HEYETKOI JTOTHKH, KAYECTBCHHBIX METOIOB IPUHSITHS PEIICHUI.

2. IlpenyioxkeH METOJ BBIYHCICHUS BEKTOpa CTENeHeH HeIOMUHUPYEMOCTH
QIBTCPHATHB CPABHHUBAEMBIX OOBEKTOB B MHOTOYPOBHCBOU HepapXuu, Oa3upyro-
LIUHACS HA ONepanusaXx 00paOOTKH HEYCTKUX MCXOMHBIX NAHHBIX C MCIOJIh30BAHU-
€M MpOoLEAYyp NOJYyUYEHHUsI CBEPTKU HECKOJIbKUX HEUETKUX OTHOLICHH HECTPOroro
MIPEIIOYTEHH, XapaKTePHU3yEeMbIX BECOBBIMU KO3 (HUITCHTAMH.

3. Pa3paboTana mporienypa MOCTPOSHHUS COTIACOBAHHOTO OMHAPHOTO OTHO-
IICHUSI CPAaBHMBAEMBIX OOBEKTOB Ha OCHOBE KaK KapJMHAJIBHOM, TaKk W TPaH3HU-
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TUBHOW COTJIACOBAaHHOCTH, 3aJada KOTOPOH 3aKI0YaeTCs B OKAa3aHWU ITOMOIIN
9KCIEPTY MPHU MOJIYYCHUU TPOTUBOPEUUBBIX CYXKACHUMN.

4. Peanu3oBaHa BO3MOXXHOCTh (DOPMHUPOBAHHS 00OPAaTHOCHMMETPHYHBIX MaT-
putt MAU u hopMupoBaHHe HEUSTKUX OTHOIICHHI HECTPOTOrO MPEAIOYTCHUS 110
KAueCTBEHHBIM CYXJIEHHUSM ODKCIEPTOB O MPEANOYTUTEIHLHOCTH CPaBHUBAEMBIX
00BEKTOB Ha OCHOBE TOMOMOP(H3MAa KOJIUYESCTBCHHBIX KA.

5. Ha ocHOBE IPOBEIEHHOTO UCCIICIOBAHUS MPEJIOKEH KOMOUMHUPOBAHHBIN
QITOPUTM TPHHATHS PEIICHUH B YCIOBUSAX HEONPEAEICHHOCTH, IpeIHA3HAYCH-
s 111 1Y C pOMBIIIIIIEHHOTO MPEANPUATHS, OTPaXKAIOIINK CIICITUPUKY yIpaB-
JICHYECKHUX PEelICHUH.

6. IlpomsBeneHa mporpaMMHAsl peanu3alisl W TpaKTHYecKas ampoOarus
KOMIBIOTEPHOH MOJAEPKKH IMPUHITHS PEIICHUI B YCIOBUSIX HEOIPEACICHHOCTH,
0a30BBIM METOIOM KOTOPOW SIBJISCTCS KOMOMHHPOBAHHBIA METOJ NMPHHATHUS pe-
LICHUH.
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