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IIpenucnosue

Haubonee pacnpocrpaneHHBIM cnoco00M NPHHSITHS KOJICKTHBHOTO pe-
ICHHsI SIBJISIETCS] TOJIOCOBaHHE, B KOTOPOM HECKOJIbKO HHIMBHAYAJIbHLIX
arenToB (u3bupaTeneit) AONKHBI COBMECTHO BLIOpATH OZMH H3 HeECKOJIb-
KHX HCXOJ0B, OTHOCHTEJIbHO KOTOPLIX HX MHCHHsI pacxogsitesi. [Ipasuso
roJIoCOBaHHUsl MOXKeT OLITh onpejesieno ajsi Jobol MbicAUMON KoH(H-
rypalui [peAloYTeHHl, 4To BhipaxkaeT (yHAaMeHTalbHLIN NPUHIAL
cBo0O bl MHEHUH: KaxK ALl u3bupaTenb HMECT NPABO PAHXKUDOBATH KaH-
AUAATOB JII00bIM 06pa3zoM.

TlepBasi monkITKa CPaBHUTEJILHOIO H KPUTHYECKOr0 aHAIN3a HpOLie-
Ayp rojiocoBanusi Obuia npexupuusita B KoHne XVIII seka Bo @pan-
I|HH, [HepeKHUBaBUIEl B TOT NEPHOZ PEBOJIIOIMOHHLIC H KOHTPPEBOJIIO-
IHOHHEIe MpeobpazoBanusi: cBepyKeHHe MoHapXxuH, rogsl Opaniysckoit
pecnyOiuKH, mepexof K HAMOJIEOHOBCKOM MMIepHH, pectaBpanuu Byp-
GoHoB, ux BropudHoe cBepxenre. CrnopHOCTb TPaJHIIAOHHOTO MeTOAA
«pemiaer DONBIIHHCTEO rOJI0OCOB» CTAJIA SICHA IMPOKOMY KPYTY YYEHHIX,
nocjie TOro, Kak somnpoc o Ka3uu Jliogosuka XVI1 0uut npunst Kousen-
TOM HEMHOTOYHCJIEHHBLIM DONBUIMHCTBOM T'OJIOCOB.

B sTo#t 06cranoske Bo @ paHiinu BLEIZICIIWIACE ABa aKajeMuKa — 2Kan-
Illapns ge Bopaa u Mapu Aunryan Hukona Kapura, mapkus ae Kon-
AOpCe, KOTOPhIEe BllepBhble HAYAIH 3aHHMaThCSI BOII POCAMH ['0JI0COBaHUS
KaK Hay4yHOH AMCIMIUIMHOM, NpHMBIIEKAs IJIs1 aHallu3a 3Tol mpobieMbl
Hay4Hble METOAbLl — aHANN3 MOZEJIbHEIX CHTYallHil, HCIIOJIb30BaHHe Ma-
TEMATHYECKOIO allapara.

ViMeHHO 3TH /B2 YUeHBIX [0 IPaBy CYHTAITCS OCHOBOIOJIOXKHHNKAMH
TeopuH rosiocoBannsi. Konzopce BiepBrie BBOAUT B HayKy IIpeiCTaBlie-

HHs O NapHbIX CPaBHEHHAX KaK OCHOBC TCODHH H METOLOB arpermpo-



BaHHUsl NpeanodTeHut uzbupatcneit. MoKHO NpPEANONOXKUTE, YTO HICH
Bopaa u Konzaopce okazanu cuibHOC BIMsSIHHE HA «OTIOB KOHCTHTYIHH
CIIA» Hxetimca Magucona u Tomaca xedepcona. Meroa napHbx
cpaBHeHH, IpUMeHsieMbiit Jjo cux mop B Kourpecce CIITA npu pentennn
Ba)KHEHIIMX [OCYAAPCTBEHHBLIX BOIPOCOB, TAKHX, HAIDHMED, KAK IPH-
HSITHE TONPABOK K AEHCTBYIOIEMY 3aKOHOAATC/ILCTBY, BhpabaThiBamncs
TaKkXke U nox BozzelicteueM pabor Konmopce.

O pocronHCTBaX, HEAOCTATKAX, HOBLIX NIPOI6yPaX rOJIOCOBAHUS M HX
Pa3HOBHAHOCTSIX PAcCcKa3aHo B HacTosilie#t pabore. Muorue nponeaypui
roJIOCOBaHHs HE 3AlHIICHE OT MAHUIYJIHDOBAHHS CO CTOPOHEI OpPraHu-
3aTOpOB, KaHAUARTOB U u3buparenelt. B paboTe onncanbl ocHOBHBIE Me-
TOJbl MAHHIYJIHUPOBAHHS]  KOHTPMAHUIYJIHPOBAHHUS IPH I'OJIOCOBAHHH.

AsTop Bhipaxaer Gnaromaprocres acnupantke T.E. Kyapsimogoit, ¢
KOTOPO# COTPyZHMYAN B HCCle0BaHMM mpobiieM TeopHH rojioCOBaHUS.
Ocoby1o npH3HATEILHOCTL aBTOP BhipaXKaeT BLiyCKHHKY Kadeapbl Ma-
TeMaTH4ecKol TeopuH aKoHoMHueckux peicHult Cankr-Ilerepbypreko-
ro rocygapcrentoro yuusepcurera I.O. ATpaxuMoBudy, B3siBUIEMY Ha

cebst Tpy/; obopMIleH sl PYKOIIMCH KHUTH.



Beeaenue

B nocneguue rozawl Bee Donbiiul Kpyr 3amad peuiaeTcsi KOJIEKTHBHO.
Haubonee pacnpocTpanéHubiM cnocoboM NPHHSITHS KOJICKTHBHOTO pe-
LIeHHSI SIBJISICTCS TojlocoBaHue. [oocoBanue XapakTepuayeTcs cieayo-
H{MMH 0COOEHHOCTAMH:

a) kakum-11u60 obpazoM dopMupyercss Habop BapuanToB (HanpuMep,
KaH/JHAATOB Ha BLIOODHYIO JOJI)KHOCTD), B OTHOLIEHUH KOTOPBLIX JI0JIK-
HO OBITH NPHHSITO pelleHHE; 3TOT CIKCOK BapUAHTOB BHOCHTCS B Oiou-
JIeTEHb;

0) Kanll U3 yYacTHHKOB NpoNeAyphl Bhibupaer cBoé MHeHHe 00
3THX BapHaHTaX M OTpaXkaeT ero B OwoJieTeHe B COOTBETCTBHH C HH-
CTPYKLHel;

B) B COOTBETCTBHMH ¢ Tolt M HHOM hopManbHolt npouexypolt mo arol
nHOpPMAlMH, IOCTYNHBIIEH oT H30H paTesisi, onpeaessieTcs: KOJUIEKTHB-
HOE pelIcHHC.

QopManbHO NPABWIIO TOJIOCOBAHHS pellaeT 3aZiady KOJUIEKTHBHOTO
NPHHSATHS PElIeHHsl, B KOTOPOH HECKONbKO MHAMBHAYAILHEIX Ar€HTOB
(uzbuparenett) AOMKHLI COBMECTHO BLIODATL 0ZJUH M3 HECKOJILKAX HCXO-
ZOB, OTHOCHTCJIBHO KOTOPHIX HX MHEHHsI pacxoasitcsi. IlpaBuiio romoco-
BaHHUsI PeACTaBIsieT coboll cucTeMAaTHYeCKOoe pelleH e, BO BCel OIHOTe
onupawlleccss Ha WHAMBHAyanbHele MHcHUsI. O6o3nauum uepes L(X)
MHOXKECTBO JIMHEUHBIX NMOPAAKOB HAa X, TOTZa NPABHIIO TOJIOCOBAHHS
ecthb orobpaxenne L(X)N B X, rae N — Koneunoe MHOXKecTBO H3bHpa-
tenett. To, 4TO NPABHMIIO rOJIOCOBAHUS MOXKET OLIThL ONpeAeNICHO AJist JIi0-
Goit MuicnuMolt KoHUIypalHH NpeANoYTeHnl, BulpaxKaeT (DyHAaMEH-
TanbHbil npuHnUn cBo00EI MEEHMHA: Kax/ Ll H3bhparesnb UMecT

I paBoO PaHXKHPOBATh KaHAHAATOB JiI0OLIM oOpazoM. OgHako B HeKOTO-



PHIX MOAEISX TOJOCOBAHUS, COAEPIKALMX IKOHOMHYECKHE MCPEMCHHBIC
HJIH HEONPeAeIEHH bie MCXOAI, MOXKHO 000CHOBAHHO MOJIATATh, 4TO Hped-
noyrtcHusi u3abuparesnell yA0BIETBOPSIIOT HCKOTOPOMY 00IIEMY YCIIOBHIO.
T0 ocobeHHO y100HO NpH arperipoBaHuy NpenoYTeHuHH.

Boobuie rogopsi, HHTEpeC K arperupoBaHUI0 NPEANOYTCHH I KaK K CIIO-
co0y NpUMHSITHS pelleHHs] KOJUICKTHBOM BO3HMK €IIE B aHTHYHEIE BpE-
MeHa, Koraa y4éHblie NbliTaiuch Ha «(uiocod)cCKOM ypOBHE» H3Y4HTb
npobiieMsl, cBsi3aHHbIe ¢ NPOIEAYpolt rosocoBanusi. Takue MBICIHTCEIH
JApeBHocTH, Kak Ilnuuu#t — muammuit, Apxumen, ApucToTeNbL B CBO-
ux paboTax ymessiii BHHMaHHe npobieMaM Bribopa, KoToprle obocTpsi-
JIMCh B [EPHOALI CMEH «CNOCODOB NpaBJeHHs», Nepexoia OT aHTHYHbIX
¢dopM AHKTATYD K aHTHYHLIM ¢opMaM JieMoKpaThHH. I10aToMy HIHPOKO
AMCKYTHPOBAJIOCh TO, YTO Mbl CE4aC HA3LIBAEM KOHCTHTY [(HOHHLIMH 3a-
JadaMu rojsiocoanusi. B nenTpe auckyccuit okaznisanuch dusocodekue
MHPOBO33PEHYCCKHE BOMPOCH], TAKHC KAK, HAIIDUMED, «4mo caedyem ra-
3016aMb H0ABWUHCTNEOM TS, (TOYEMY HYIHCHO CHUMATMBCA C TEM, MO
dymaem boavwuncmeos. Haseproe moatomy Hanbosiee ApeBHUM SIBISI-
eTcst BLIOOp Mo npocToMy 6oJIbUIHHCTBY rojl0coB. DTOT METOH H €ro Mo-
AudHKanUE paccMATPHBAIOTCH HHXKE.

IlepBast monbLITKa CPABHUTENLHONO U KPUTHYECKOTO aHANH3a Ipole-
ayp rosiocosanusi Obiia npexaupuusTa juimb B Konne XVIII Beka Bo
®@pannun. B saror nepuoa @ panius nepeKupania oCTPOTY PEBOJIIOIHOH-
HEIX M KOHTPDPEBOJIIOIHOHHLIX Npcobpa3oBaHuil: CBepyKeHHE MOHADXHH,
roanl @ pannysckolt pecnybnuku, nepexos K HANOJICOHOBCKOM HMIEPHH,
pectaBpanun BypboHoB, X BTOpHYHOE CBepKEHHE.

CrnopHocTh TpajuI{HOHHOTO MeToja <peuwdem Goavbutuncmeo 20.0-
€06» cTana siCHA IIHPOKOMY KDYTy YH€HBIX, IMOCJIE TOro, KaK BOINPOC

o ka3ud JlogoBuka XVI 0Ll NPHHAT KOHLEHTOM HEMHOroYHCJIeHHLIM
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60JILIIMHCTBOM 'OJIOCOB.

B aTolt 0bcranoske Bo @ paninu BLIZIEIWIACE ABa aKajeMuKa — 2Kan-
IMlapns ae Bopaa (1733-1799) u Mapu »Kak Autyan Hukona Kapura,
mapkuz ge Kongopce (1743-1794), — KoTophie BuepBLie HaYany 3aHu-
MAThCS BOPOCAMH T'OJIOCOBAHHS KAK Hay4HOH 3ajadell, IPHBIICKAS 1151
aHanu3a 3TOH npolieMbl Hay4YHBIE METOZbl — AHAIM3 MOACILHEIX CH-
Tyalu#i, HCIOJIL30BAHHE MATeMaTHYECKOro annapata. VIMeHHo sTu fBa
Y4EHBLIX [0 NpaBy CYMTAIOTCS OCHOBOIOJIOKHMKAMH TEGOPHH T'OJIOCOBA-
HHSI.

HoBrle npoueaypul arperupoBanusi, NpeJIoXKCHHbIC 3THMH YIEHBIMH,
NoMelleHbl Jasee. ITH NPoLeAyPhl 10 celf AeHb YaCTO MCIOJb3YITCs H
uzyyqatorces. Kondopce nocmasua 3adany: He uzobperast HOBOH mporney-
PHI TOJIOCOBaHHSI, & HCIOJIL3YSI MATEMATHYCCKHE METOAbI, AHAIIH THYECKH
CHHTC3MPOBAThH NpoLeAypy Bbibopa. DTa 3a/jaua Ha ceroHsIIHUN JieHb
cuHTaeTCA A0 KOHIa He peliicHHol. B croelt pabore «Jcce no npumene-
HUN GEPOATHOCTNNHOZ0 GHAAU3E NPUHAMUL PEWEHUA N0 HoavUUNCEY
2040c06» KoHziopce BuepBbie BEOAUT B HAyKy NMPEACTABICHHS O APHBIX
CpaBHEHHUSIX KAK OCHOBE TEODHH H METOZAOB arperipoBaHMsl MpeoyTe-
Hull u3buparcnelt.

B 370 Ke BpeMsi KOJLIEKTHBHEIM BLIOODOM 3aHHUMAIOTCS ¢0MYbL KO-
cmumyuuus Jxetimc Magncon 1 Tomac xxeddepcon. Beposito npe-
nosnoxenusi Bopaa u Kongopce okazanu cuiibHOe BIHSIHHC HA €006
xoncmumyyuus. Meros monapHbIX CpaBHeHHH NPUMEHSIEMBIH [0 CHX
nop B Kourpecce CIITA npu peienuu BaxKHERIIUX rocyAapCTBEHHBLIX BO-
NPOCOB, TAKHX, HANPHMED, KaK NPHHSITHE NMONPABOK K AeHCTBYyIOIeMy
3aKOHOZATE&IILCTBY, BhpabaTniBasics Takxke nog geiicreuem pabor Kon-
zopce. O AOCTOMHCTBAX M HEJOCTATKAX METOAA M €ro PasHOBHAHOCTSIX

Oyzer ckazaHo HHXKe.
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Kpyr uzbuparenett HOBLIX mpoueAyp rojiocoBaHUsl paciuupsuics Oia-
rogapsi paboram Yapnbza Jlatynaxka Iakcona (1IMpoKo H3BECTHOTO
HaM nog ncesgonuMoM Jlbionc Kapposut kak aBrop kuur «Aunuca B 3a-
3epKaiibe», «Anuca B crpane uyzec»), Jbkefimca Mapmanna, Tomaca
Xapu, Kapna Ixopaxa Anzpe, rae npeajaraercs HOBasi CHCTEMa ar-
PEerupoBaHHs C OMOUILI0 KBOTHI.

B konne XIX Beka, riaBHEIM 00pa3oM B CBSI3H C 9KOHOMHYECKHMH,
COLMANBHEIMH M [ICHXOJIOTMYCCKUMH MCCIICAOBAHUSIMH, B OCHOBY TEOPHH
BhIDOpa M arperupoBaHusi NpeANoYTeHHH OLUT I0JI0XKEeH 3KCTPEM H3ALHOH-
HO-KPHTEDPHANbHLIN NPUHIMO U ObUIa NOHSTA €CTeCTBEHHOCTh BO3HHK-
HOBEHHsI MHOTOKPHTCPHAJILHOMN CUTYAlHH NPH OLEHKE KaYecTBa Mpolie-
Ayp ronocoBanusi. Hanbonbuine goctukenusi B arolt obnactu cBszanbl
¢ HMeHeM HTalbsiHCKaro skoHoMucta Bunndpezno INapero (1848-1929),
KOTOPBI# 00LSICHUII CMBIC 3KCTPEMANLHOIO ArPETHPOBAHHUSI B MHOIO-
KPHTCPHANILHON CUTYALHH U BBEN «mHosicecmeo Ilapemos, KoTopoe mu-
POKO HCIOJIL3YETCsl B 001aCTH arperda poBaHusl HHAMBHAYAIbHBIX Hped-
nouTeHHH. JTo NOKA3bIBAETCS Ha PHMeEPaX, NOMEIEHHbIX B IepBOH Ya-
CTH AaHHOH paboTHhl.

Cmuicn muoxkecrsa Ilapero zakmodaercs B clexywomeMm. Eenu
0ZiHa aNbTEPHATHBA JIydllle BTOPOH IO BCeM MJIH XOTs Obl MO ofHOMY
KPHTEPHIO (a [0 OCTANBHEIM HE YCTYNAET), TO 3Ty BTOPYIO albTepHATH-
BY MOXHO MCKJIIOUHThL M3 JANLHEHIEro PACCMOTPCHHUS, U B MHOXKCCTBC
Ilapero ocranercst nuuIb NEepPBasi albTePHATHBA, KOTOpas Ha3bIBAETCS
nHeagomuaupyemoii. Ozunako, yacro ObiBacT Tak, 4TO BCe paccMaTp-
BaeMbic 00BEKTH MONazZa0T B MHOXKecTBO [lapero. U aro Bnonwe ecre-
crBenHo. Kto ke, HanpuMep, 0yAeT NpOM3BOAMTH NPOAYKIMIO 10 BCEM
napamMeTrpaM yCTYHAKIIYl NPOAYKIHH KOHKYPCHTOB.

YrobBl MOMYyYHTh AOCTATOYHO Y3KOE€ MHOXKECTBO HEIOMHHHDYEMKBIX
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anbTCpHATHB, HeoOxoaHMo HMeTb HHGOPMAIMIO O HPCANOY THTCILHOCTH
KpuTepueB. [ljisi BoisiBJieHHsi Takol uHopManuu HeoGXomumo mpose-
CTH psifi onapHbLIX cpaBHenull anvrepuarus. C uMmenem Iapero cesizana
Takxe (opMyJIMpOBKa ofiHOro M3 obsizaTenbHbIX TpeboBaHuil K mpore-
Aype rojocosanusi — npuHnun [lapero u ontuMansaocts no Ilapero.

IIpunnun ITapero. BapuanT, 3a KoTopkIit nporoyiocosanu Bce u3bu-
paTeid, BKI04aeTcs (COOTBETCTBEHHO, BADHAHT, 32 KOTOPLIA He IpOro-
Jl0cOBas HH OAMH H30MpaTesb He BKIIOYACTCS) B KOJUIEKTUBHBLIA BLIGOD.

OnrumansHocTs no ITapero. Eciu kanauzar e aisi Beex Jiyd-
me Kauauzara b, To b He Moxker OuiTh u3bpan. CymecTByoT emé aBa
HOPMATHBHEIX CBOMCTBA AJISI IPABHJI rOJIOCOBAHMUS.

AnoumHOCTB. UMeHa nzbuparwielt He HMEIOT 3HAYEHHS: €CIH ABA
u30u paTesisi HOMEHSIIOTCS TOJI0OCAMH, TO Pe3YJIbTAT BEIDODOB He H3MEHHT-
csl.

HeillrpansHocTh. VMena KanauaaToB He MMEOT 3Ha4dcHHs. Ecnu
MBI IOMEHSICM MeCTaMH KAHJMAATOB @ ¥ b B NpeAnovTeHHH KaXKAOoTro
u3buparessi, To HCXOA roOJIOCOBaHHSI M3MEHHTCS] COOTBETCTBCHHO (eciu
panbuie Buibnpacs a, To Teneps Gyaer uzbpan b u naobopor).

AHOHHMHOCTbL H HEHTPANTBLHOCTD AOJKHBI OLITh BLINOJIHEHE], €CJIH M
rpebyem paBHONpaBus uzbupareieht u Kauaunaros. ONTHMaNILHOCTE 0
IMapero ananorudna rpebosanuio adyheKTHBHOCTH.

Obunmre HAKOMUBIIKXCSI 1 POLICAYP ArperipoBaHusi U TPYAHOCTH, CBsi-
3aHHBIC C BHIAEIEHHEM CPeiH HUX eaydwetd npoyedypsis, NPHBEIH K
MOCTAHOBKC 3a/1a4H CHHTC3a ¢PA3yMusirs npoueayp. B nagane 50-x ro-
noB XX-ro Beka aMmepuKaHcKul yuénnili Kenner Dppoy Bnepsuie uéTKo
U 110-HOBOMY c(bOpMYJIH pOBa 3ajlady CHHTC3a NPONEAYP rojocoBaHMs,
oudaniyocesa ot cunresa Kouzopce. Ecnin Kongopce cunresuposan

nponeAypel, B KOTOPBIX KaXXAbllt u3bupaTenb BLIAEISET W3 NCPEHHC-
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JIcHHEIX B 0l0JUleTeHC BApHAHTOB TC, KOTOPbi€ OH CUMTACT JIy4YIUIHMH
(unu mpaBMNLHEIME), a 3aTeM NPABHJIO ArPETHPOBAHHS MHJHBHAYallb-
HEIX MHeHHH To 3Tolt MH(OPMALHK CTPOUT KoJJcKTHBHLIN Bribop. To
B OTJIHYHE OT 3TOr0 JPPOy PacCMATPHBAET NPOLCAYPLI, IPH KOTOPLIX
u3bupareny He BLIOHPAIOT, a YIOPAA0YHBAIOT BCe BapHaHTHI U3 OoJuie-
TeHsl, H 10 3To# HH(OpPMalHH CTPOHTCS KOJUIEKTHBHOE YIOPSA0uYCHHE
{(uTobnI MO HeMy, HCOJB3YS KakKoe-IHDO NMpPABHIIO arpernpoBaHusi, IPo-
BecTH cOOCTBEHHO KOJUICKTHBHLIM BLIOOD).

Dppoy BlepBLIc pa3BHBaeT aKCHOMATHYeCKHH 10X0/| K CHHTe3Y Mpo-
nenyp rosocoanusi. Ou cpopMmynuposan nabop yciiosuit, KoTopbili Bo-
wéNn KaK KAHOHHYEeCKH I BO BCe MOC/eAy0lIHe HCCIeA0BaHUs U, JOKa3aB
HX HECOBMECTHMOCTh, ONpPEACIHI LCHTPANLHOE HANDABICHHE B Pa3BH-
THH 3324 CUHTE32 CHCTEM T'OJIOCOBAHMS.

OnybnuKoBaHHEIE A0 CHX [ODP PE3YJILTATH OKa3LIBAIOT, UTO HH O HA
M3 M3BCCTHHIX NPOIieAYDP TOJIOCOBAHHUS HC YAOBJIETBOPSIET BCCM BBOJH-
MEIM KDHTEDHSIM TOJIOCOBaHMs, M NpH BhIbOpe MpoLeAypHl arperupo-
BaHHsI BO3HHKAET Ta K¢ NpobieMa, ¢ KOTOPOH HCXOAHO CTAJIKHBAIHChH
HCCJIEZOBATENIH B MHOTOKDHTEDHAIBLHON CHTYALMH.

AxcuoMBl Dppoy M03BOJSIIOT 3a/ady arperipoBaHHsi NpeANoYTeHH i
paccMaTpPHBATh KaK 3a/jady HEYETKOr0 MaTCMATHYECKOTO MPOrpaMMHu-
poBaHHsi. 3ajiadui He4ETKOro MATEMATHYCCKOTO MPOrpaMMHPOBAHHS CO-
CTABJSIOT BaKHBIM MOZKIACC 3afad palnnoHanbHOro Bhibopa. B ceow
ouepenn 3TH 3a4a4du CBOASITCS, Boobie rosopsi, k Gonee mpocrolt 3aza-
4e BuIDOpa YHCeNn U3 HEKOTOPOTO NMOAMHOXKECTBA CCTECTBEHHO YIOPSAO-
yenHol yuciosolt ocu. O6 aTom Hosee moapoduo Oyzer paccMoTpeHno B
nepBol yacTH. A Takke OyAyT npuBefeHbl IpHMepbl HEKOTODLIX BHIOB
JAaHHBIX 3a/a4.

Ouens yacTo B npouecce roJiocCOBaHHsA BO3HHKaeT BOIIPOC O 3aMeHe
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arperupyoiero npasuia, Korga 3to BoaMokHo. OTseT Ha 3TOT Bompoc
MOMeMIEH BO BTOPO# HaCTH.

Arperupyoiue npasuiia, KOTophlie IpeAcTaBasiioTes HesyciosHo xo-
POILIMMH [PH OAHHUX YCJIOBHSX, MOTYT OKa3aThCsl MAJIONPUTOAHEIMH HJIs1
APYTHX, XOTSI pa3JIMYHsl B YCJIOBHSIX Ha NEPBLIY B3IJISA MOTYT OKA3ATh-
csl Hecy IeCTBEHHBLIMH. 3aTPOHEM BCEro JIKINbL OJHY CTOPOHY KaxKyIielics
«UECYULECTRGENNO CTTIY 5,

Ilpexae Becero, npu noadope arperupyouiero npaBuia rojoCoBaHUs
AOJKHEI OLITH YYTEHEI TaK Ha3biBaeMble IODHAMYECKHE OrPAHHYEHHS.
Mon 3THM TepMMHOM MOHMMAIOT YCTABHLIC HJIH 32KOHOAATEILHLIE HOD-
MEI, KOTOPbI€ HCXOAHO HAKJIAALIBAIOT TC WIH MHLIE OIDAHHYEHHS HA BhI-
6op npasuna arperuposanusi. Tak, HaIpHMeEpP, 3aKOHOATEILHLIC AKTEI
MOTYT HCXOAHO NMPCANHCLIBATL KaKhe-JIH00 yCJIOBHsI, KOTOPEIM JOJIZKCH
VAOBJIETBOPATL M30paHHLIM KOJUIEKTHBHO KaHauzar. Eciu tpebyercs,
4ToOB! KAaHAMJAT JIOJKCH OLITL «odofpen Boavwuncmeoms, To YTOUHSA-
€TCs1, KaKoli CMBIC BKaALIBaeTCsl B 9TH cJioBa (Hanpumep, 75% rojaocos
uzbuparenett). FOpuauueckue orpanuucHust MOTyT HCXOZHO MpeJNUCHL-
BaTh HJIM He NPeANHChLIBATh, B Kakolf (hopMe [0JI2KeH BLICKA3LIBAThL CBOE
MHcHMe H30uparenn. Ecid Takux 10pHAHYeCKHX OTpaHHYeHHH HET, To
OpraHM3aTOp rOJIOCOBAHHS CaM pellaeT BONpoc 0 Bhibope arperupyio-
I1ero NpaBujia IoJI0COBAHHS.

Wuoraa opuaMyecKHe OrpaHHYCHHS CBSI3aHEI C MOHSITHCM O PaBEH-
CTBe WJIH HepaBeHcTBe u3bupareneit. Tak, HanpuMep, 3aKOH HJIH YCTaB
MOKET IPeANHUCLIBATE, YTO MPOLEAY Pa I0JIOCOBaH Ul JOJIXKHA PABHO Y YH-
TEIBATL MHCHHS BeeX M30upaTesell 1, HeCMOTPSI Ha KayKy LIy I0Cs1 IIPOCTO-
TY 9TOr0 YCJIOBHsI, OHa TpedyeT BHHMaHHS CO CTODOHBLI OpraHH3aTOpa
rojiocoBaHHf, TaK Kak Ta WiH uHas (opMma HepaseHcTBa uz3buparescit

MoxKeT (DaKTHYECKH BO3HHKHYTh B pe3yjibTare AeHCTBHSI NpPOLEAYPhI,
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XOTsl OHO SIBHO B Nponeiype He oroBapuBaercs. EcTh Kiacchl mpolie-
Jlyp ToJIocOBaHHsI, B KOTOPBLIX pe3yJIbTAT KOJUIeKTHBHOro Bhibopa Bce-
rZia CoBIajaeT C TOYKOH 3PCHHSI OJHOrO KOHKpeTHoro uabuparessi, Xo-
Ts1 B fiBHOY (hpopMe B mpolieiype He NPEAIHCAHO NPUAABATL pellamliee
3HAYCHHE TOYKe 3PeHHs Kakoro-inbo KonkperHoro suua. Tak Bo3Hu-
KaeT (peHOMEH, KOTODLIH NOJyYHJl HAa3BaHHE «CKPMozo JuKMaAmMopas
(c aruM cBsi3an M3BecTHLI Nmapajokc DPpPoy B TEOPHH TOJIOCOBAHHS).
EcTb u Knacchl npoliefyp rojlocoBaHHsi, B KOTOPLIX TAKOTO «CKPBIM020
duxmamopas Het, HO CyIIeCTBYeT rpynna uzbuparenelt — eé HaskIBaOT
«CKPHIMOt 0Auzapzuetts, TAKOH 4TO KOJUJIEKTHBHO MOXKeT OLITL BLIOpaH
TOJILKO BADHAHT, C KOTOPLIM COTNacHLl Bce (MJIH NPOTHB KOTOPOTO He
BO3payKaeT HHKTO) U3 3TOM IPyIIEL.

TakuM o6pazomM, B cuily 3THX (PaKTOPOB, KOTOPbIE BLISICHSIOTCS JIHLIb
TCOPETHYECKHM AHAIH30M IPOLeAypP rOJIOCOBAHHSI C HCIOJIb30BAHHEM
TeX WM HHBLIX Arperdpyol{HX NpaBuil, peallu3aljis 0PHAHIECKOro Tpe-
GoBaHusi paBHONpaBHsi H30HpaTesell MoXKeT OKa3aThCsl HA CaMOM felie
3aziadclt He IpoCTOH.

C apyroi#t cTopoHbI, IOpHAHYCCKHE OrpaHM4YeHHsi MoryT, Haobopor,
npeAnUcLIBATL HepaBHoNpaBHe u3bupareneit. Tak o6cTouT Aesio, HaNPH-
Mep, ¢ IpaBoM BeTo nocToAHHLIX 4ieHoB Cosera 6ezonacnoctn OOH.

Ananorudso o6cTOUT AEJIO0 C IOPHANYECKHMH OTPAHHYCHHSIMH Ha PaB-
HOIpaBHC WJIH HepaBHONDaBHe KAHAMWAATOB, BIHCAHHBLIX B OlJuUieTeHb
(nanpumep, o BO3PACTHLIM OrPAHUYEHHSIM).

ITpuXxoAHTCs CHUTATLCA H C T€M, 4TO IOMHMO OTrDAHHYEHHH, 3aKpen-
JEHHBIX OPHAMYCCKUMH aKTaMu M Ge3yciioBHO obsizaTesbHBLIX st Op-
ranusaropa, Beiupaloiiero arperupyioiiee NIpaBUio rOJ0COBAHHS, €My
I PHXOAHUTCS CYUTATHCH HHOTAA H C YCTAHOBMUBLUIMMHCH TPaJUIIUSIMH, KO-

TOpLIE XOTsI M He 3aKpellleHbl IPHAMYECKUMHE aKTaMHi, HO paccMaTpH-
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BaloTCs Kak obsizarenbubie. Tak 00cTOMT Aesi0, HAIpUMED, ¢ podeMol
NpeACTABHTE]LCTBa B H30HpaeMOM opraHe pasHbIX rpynn uzbupareset.
Hanpumep, xoTs1 370 OpuAMYECKH KaK-Tu00 He 3aKPEIJICHO, HO HpEd-
cTaBJisiercsi 04eBHAHON HepasyMHOCTh CHTYAl[Md, IPH KOTOPOH NpH u3-
OpaHuH coBeTa TPY/|0BOTO KOJUIEKTHBa BCce MecTa OyiyT 3aHSITHI Mpea-
CTABUTEJISIMH TOJILKO 0J{HOTO, ObIThH MOXkKeT M 60JIbIIOTro 10 YHCIIGHHOCTH,
nozpa3fesieHus1.

A nosToMy He CyHIECTBYET CTaHAAPTHLIX NPHEMOB, AJITOPUTMOB, 1103~
BOJISIIONTUX it J1000# cHTyalul, JeficTBysl HEKOTOPBIM (DOpPMalibHBIM
obpasoM, nozobpaTh NpPaBMJIO arperdipoBaHMsi, KOTOpPOe HpPH JaHHBIX
yciioBusix Obuio Gbl Jiydilie BceX ocTalbHBLIX. I103TOMY B 3aBHCHMOCTH
OT KOHKPETHOM CHTyallii IPHXOAUTCS pellaTh Bonpoc o nogbope mpolie-
AypHI rojsiocoBanus TBopyeckd. ObocHoBanHLI MoAbODP arperupyouero
npaBHiia — KaXKJblll pa3 3aiada, KoTopasi J0JKHA PellaThesl ¢ y4ETOM
Bcex ocobenHocrell paccmarpHBaeMol cuTyanuu. I[isi pellieHHsi 3TOro
BoOIlpoca HepeKo NpHXoAuTcsi Nepepaborars Gonbinue 06sémul HHOD-
Malii{, PACCMOTPETh MHOXKCCTBO allbTEPHATHB, H IIPH 3TOM BECbMa I0-
JIe3HBIMH OKA3LIBAIOTCS YKC HMEIOIHEcs IPHKIIaHbIC IPOrpaMMbl, 103-
BOJISIIONHE NIPOBOAMThL AHAIM3 H BLIOOP 10 MHOIMM KOJIHYECTBEHHBLIM H
KadecTBeHHLIM KpHTepusiM. CobcTBeHHO cpaBHUTENIbH bIl aHATH3 00beK-
TOB COCTOMT M3 ABYX BTAIOB; IOCTPOEHHE TAK HA3LIBAEMOTIO MHOXKECTBA
Tapero u nocTpoeHHe MHOXECTBA HEJOMHHHPYCMbIX allbTepHATHB.

YemM nosnHee cobpannas uHdopManus o NpeAnoITHTE]LHOCTH KPH-
Tepues, TeM OoJibllle IIAHCOB MOJYYHTh OrPaHHYEHHOE MHOMXKECTBO HAH-
JIYHIIUX JJisl AAHHOTO NOJIb30BaTelIsl allbTepPHATHB.

Crienyer paznnyarb rojiocoBaHHe JBYX THIOB, [OJIO)KMB B OCHOBY
3TOT0 Pa3IHYMs U0 yuiacHHKoB. KOHCTHTY mHOHHBIM (BCEOGmuM)

roJIOCOBaHHEM HA3BLIBAIOT TAKHe, B KOTOPLIX YHCI0 yYACHUKOE (u30upa-
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TeqICH) «1e0603pumo» BCIUMKO (HanpuMep, MAJUIMOHBI). [[pHHATO Hasbl-
B4Th TOJIOCOBA4HHCM B MaJibix (CPCJHKX) IPynmax, cciid usbuparenci
JICCATKA (COTHH) YCIOBCK.

B KOCTHTYIIHOHHBIX 'OJIOCOBAHUAX YIACTBYIOT H3OMPATCIIH, CyLIeCTBeH-
HO PA3IMYAIOLIMCCS [0 CBOCMY COLHATBHOMY MOJIOKCHUIO, 06PA30BAHUIO
H MHOTHM JpYruM mpusHakaM. [Ipu 3ToM KadKAapri uzbupaTenb, BooO-
LIC TOBOPA, HC HMCCT CKOJIBKO-HUOYAB AOCTOBRCPHOTO NPCACTABJICHHS O
NPCANOUTCHUAX APYroro H3buparcssa. Takoro THIS roONOCOBAHHA MPO-
BOASITCA Ha MOCYAAPCTBCHHOM WJIH PCTHOHAJIBHOM ypoBHe. IIpu BbiGope
HPONCAYP HPCHMYIICCTBOM MONB3YITCA MEPOBO33PCHUCCKUC COOBparKe-
HHS: KTO MOXCT YYaCTBOBATDH B BHIOOPaAX, K&K MOHUMATH GOJMBIIHHCTBO,
KaKuM 00pa3soM 3alMIICHbl HHTCPCCHl MCHBIIMHCTBA, IPOBOAUTD JIU BhI-
HOpbI IPAMBIM MIIH ABYXCTYNICHYATBHIM TOJNOCOBaHMCM. B manoit rpynmne
JICJIO TIPW TOJIOCOBAHUH OOCTOHT coBceM HHade. CpaBHATCIBHO HCOONb-
LIOC YHUCJIO YI4CTHUKOB TOJIOCOBAHUS M4CTO JCJACT KOJJICKTHB U3bupa-
Tench Gostee OAHOPOMHBIM, AOMYCKACT HCHOJB30BSHHC OJICC CIIOXKHBIX
HPOLCAYP FOJIOCOBAHNS, IPCACTABJICHNS H30MPATCIICH O ICPCYHCIICHHBIX
B BI0NACTCHAX KAHANAATAX ABAsACTCS Oomee qeTanbHbIM. Bee 3T0 nosso-
JISICT H3GHPpATCIAM YIOPSIAOYHTD CIHCOK KAHIHJAATOB B COOTBCTCTBHH C
cobcTBeHHEIM MECHHCM. TIpH ro/locoBaHME B MAJIBIX (CPCAHMX) IO YAC-
JICHHOCTH TPYNIAaX, HAPALY ¢ MHPOBO33PCHUCCKHME BOTIPOCAMHE, BO3HH-
KaI0T TCXHHUYCCKHC BOHMPOCH: B Kako#, GopMe MoydaTh HHOOPMAIHIO
{BB16Op MM ynOpsgoUcHHE) OT H3OUPATENs O BADHAHTAX, IPCACTABIICH-
HbIX B GlosuteTcHe. Kakum o6pasoM 1o 370l HHPOPMAITHE TPHHATH KOJI-
sickrueHOC peticHuc? Kak n30cKaTh BOZMOXHOTO MAHUILYJIHDOBAHUS CO
CTOPOHBI OPraHU3ATOPA ronocosanus unu usbuparcencit? Ha stu u apy-

THC BOIIPOCHI YHTATCI/Ib HaHUJCT OTBCTHI HHXKC.
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Yacre 1

ITapubie 3kcneprusie onenku (II190)

1 JIunelinas monens

1.1 OcHOBHBIE MOLEIH
1.11 Beaenenue

WUmMeercst n 00beKTOB gq,¢s, . .., ;, KOTOPLIC CPABHHBAKTCA NOMADHO

KaXKAbLIM H3 71 3KCIEPTOB, H 3KCIEPT ¢ HOMEpPoM { HejlaeT Ty MOBTOP-

n
HbIX CpaBHeHHH 151 KaXKJol u3 = C'z BO3MOXKHOCTeH.
2

Nycte agyu; 4,7 =1,2,...,n, i £ 5 t=12,....m; {=1,2,...,n,
THNHYHASA clydaliHas BelM4YHHA, N pUHUMalomias 3Hadenue 1 wiu 0 B
3aBHCHMOCTH OT TOTO, IIPCANOYHTACT JIH SKCICDPT ¢ a; WIH aj B I-M
cpaBHeHHH ABYX 00bekroB. [anbHeline BLIBOALI AeIaI0TCS MPH YCIIO-
BHH, 4TO BCE CPABHEHHSI CTATHCTHYCCKH HE3ABHCHMBI, TAK 4TO G;jy B3a-
HMHO HC3aBHCHMEI M Qijy + Gy = 1. Ilycth BeposiTHOCTL COOBITHSI:
P(asju = 1) = miju. Ectb numb Takue orpanudennsi Ham : 0 < iy < 1

H Tjiy = 1—7ju. TIpeacTaBIsIOT HHTEPEC CICAYOLIMC YaCTHBIC CIIydan:
Tijel = Wije (1.1.1)
(ner addekra o nosTopennutt),
‘Il'i_-,'u = 7(,']‘ (112)

(ner adpdexra ot nosropennit u or skcnepros). Ecnu, kak aTo OniBa-
eT, a¢hheKT NOBTOPEHHI He3BHAYNTEIIEH, YTO He OTHOCHTCS K PassIHtdHsIM
MeXy 3KCIepTaMH, TO IOCJCAHSIS MOZCIbL BCE elle CJAMIIKOM obmero
BHZa JJ151 ONHCAHUS eAMHAYHOTO npeanonoxkennst (£ — 1). BoaMoxubiit

s ek, obyciioBneHHBI! MOPSAKOM I pejcTaBlieHusi 00LeKToB B nape,
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aaech urHopupyercs. Ecnn npumenuma mogens (1.1.2), obbekThl Mo-
ryT ORITH NPOPAHXKHUPOBAHEI B COOTBETCTBHM CO 3HAHCHUSIMH CDEAHHX

BEPOSITHOCTEM I peAIoYTeHHUs

1
i = mz‘ﬂ‘ﬁ, (1.13)
2

HpUyYeM CyMMHDOBaHHE DAClpOCTDPAHSICTCS] HA BCe 3Ha4YeHHS j, KpoMe
J = i. 3mech w3 m; > m; He cleAyeT mi; > :l,; daxruyeckn 7;; Moker
I pUHUMaThL Bee 3HadeHusi or 0 mo 1.

Jpyrott ciocod paHK¥poBaHHSI BO3MOXKEH, €CJIH JJIs1 KaXKA0H TPORKH
pa3HbIX 00bEKTOB g;, gj, ¢k BBIIOIHSIIOTCS ClIeAYIOIIHE YCIOBHS CMOTa-

cmuneckot mpar3umMuGcMHoCu:

Tij 2 %; Tjk = % = Mg 2 % (1.1.4)

VYenosusi (1.1.4) BeZy T K BrioJIHE Ol peZiclleH HOMY YO DAAOYEHHIO KAXK-
Aol TpOHMKH H, cllefoBaTeNbHO, BeeX 7t 00bekToB. Jlerko BHzeTh, 4TO
3Ta paHXKMPOBKa He 00s3aTeIbHO COBNAAAET C TE€M, UTO MOJIyYaAETCs U3

(1.1.3). Bonee crporot, uem (1.1.4), siBisieTcsi MoAieNb Ycuaennot cmo-

racmuvecxotl MmparH3uMuGMHoCMU:

1
Mij = 5; Tk = 3 = Mip > ma.x('rr,-j,frjk). (1.1.5)
Ecnn k (1.1.5) Mu1 gobaBum:

1
Mij = 3 => ¢; ~ ¢j (g; SKBUBAJEHT ;), (1.1.6)

TO T = 7rjk npu q; ~ q] H Ty = 7[',"-.,‘, eclId q ~ q] TOF,I{E. 00n-
eKTHI G, §j, gk MOXKHO NPEACTABHTH TOYKAMH HA NPIMOM, HA KOTODOH
BEPOSITHOCTD 1 PeATIOYTEHHs], COOTBETCTBY I0last uHTepBaty (g, ¢;), Oy-
zer Gonbie, 1eM BePOSITHOCTH, COOTBETCTBY IoLKe ToAuHTe pBanaM (cob-
crBeHHBIM) (g, q;), (¢j,@), a (1.1.6) oTHOCHTCSI K COBNAmalOmUM TO4Y-

KaM. JTOo NpefcTaBleH e JIErKo Pacll pOoCTPAHUTh Ha Bce 72 00bEeKTOB Ha
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ozHOU npsimMoti. PaBHEIe paccTosiHHS He 00532 TEILHO COOTHOCATCS € PaB-
HbIMH BEPOSITHOCTSIMH, HO MX MOXKHO CAJaTh PABHLIMH IOAXOASIIAM

PaACTSIKCHHEM NPSAMOH, 4TO BeAeT K aunetinot modeau.

1.1.2 JIunelinas mozenn

TpeanosnoxuM, 4To 06bEKTY g; IPUNIHCAH «BEC» U; NIPH OLleHKe 110 HEKO-
TopoMy napaMerpy. MoXKHO I peJCTaBUTh N BECOB U1, Uy, . . . , Uy TOYKa-
MH Ha mKane Becos. Habarwodaeman (sMnupryeckas) neHHOCTL obbeKTa
g; Oyzer MeHATLCS OT HaOIIOAEHHS K HAOJIIOAGHHIO H MOXKeT OBLITh 1pea-
cTaBjieHa Ha HEKOTOPOH IllIKalle KakK HellpcpbiBHAs cilydaliHasi BeJIH4HHA
yi(—oo < y; € 00). B napHoM cpaBHeHHH @; C ¢j NepPBbI U3 00beK-
ToB OyZer npeanouHTATLCSI BTOPOMY, €CIIH Y > ¥;, BTOPO# — IepBOMY,
ecid Y; < y;. Ecnu MO2KHO MOCTPOMTDL LIKaNy BeCcOB Tak, 4TobLI Bepo-
SITHOCTb Ipegnodtennst m;; = P(y; — y; > 0) Bhipaxkanack mist Bcex
i,j xak H(v; — v;), rae H(a) Bospacraer Monoronno or H(—o0) = 0
g0 H(oo) =1u H(—a) =1 — H(a), To MOXXHO rOBODHTb, 9TO Bepo-
SITHOCTH T pPeANOYTeHHH YAOBJICTBOPSIOT YCIIOBHSIM auketnot modeat.
Ouesnguo, H(a) — dbyukuus pacnpegencuusi ciayqaitHoll BeJIMYMHBL
CHMMMET DHYHOH OTHOCHTCJILHO HYJISI.

Hockonexy (ynkuusi H(a) penaer m;; 3aBHCAIMME JIHIIb OT pa3-
HoOCTell V; — vy, BCE 7ij MOTYT OLITh BhipaxeHh! Kak (ynkuun (n — 1)
He3aBHCHMBIX pasHocTel V; C Tri]é% COOTBETCTBYIOLIHMH Véuj. B cuny
3TOr0 1eHHOCTH yZ00HO NpeACTaBIsATh 72 TOYKAMH Ha JIHHeHHOHN IiKase
C NPOM3BOJILHLEIM HAYalloM OTCYeTa, OTCIfja TepMHH «JIMHeHHasi». Mul
MOMKCM TAaKXKe TOBOPHTb, YTO H3y4aeMblll 70%a3aMead YAOBIETBOPSIET
JIHHelHON MOZesId MJIH NOCTPOCH B COOTBETCTBHH C JIHHEeHHON 1IKaso,
€CJIH 1eHHOCTDb 4100020 00bekTa (a He ToabKo L 0OLEKTOB ;) MOXKCT

OLIThL mpeacTaBNeHa Ha 3TOH IKAaUe.
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Jluneltuast Mogess — ato 0bobmenue Mmogenu Tepcroyua-MocTenicepa.

11.3 O6mue croiicrea sunuelinolt moxenn

Huxxe OyayT onucanbl HEKOTODBIE Pe3yNIbTATH AJisl JIMHEHHOH MOZesn.
Paccmarpusaem Beca v, i = 1,...,7n. [Ipeanonoxkum, 4To

n
Y vi =0. Ilycrs

i=1

6,‘j=l/,'—l/j, i,j=1,...,n, ]#’L,
mi; = H(dy),

TOr AR

n
2 %
J=Lj#i

n

INonoxum py; = %, TAC (v;; — YMCII0 CIIy YaeB, KOTAa 3KCIepT NpeAaro-
qel ¢ > g, 05+ Qg = m. (OtcyTcTBHE CBSiZCH: CBABAMH HA3LIBAIOTCA
cily4aH, KOrAa 9KCIepT nodemy-jiubo 3aTpyaHsieTrcss B Bhibope 0ZHOTO
H3 BapHaHTOB NpeJnoYTCHHM ¢; > q;, q; > g;. Cssiab oboznauaercs

¢ ~ gj.) Onpenenum dj; :
H(dij) = pij, dij = —dji.

3amenuM p;; = 0, pij = 1 3HaueHusIMH py; = %, pij=1— ﬁ €OoO0T-
BercTBenHo. Cucrema ypaeHenndt v; — v; = dgj, i # j, 4,7 =1,...,n
uMeer Oosbliie ypaBHEHHN, YeM HEM3BECTHHIX, TO €CTh CHCTEMa Mepe-
ol peAesicHHAS.

Ecnu MuHHMH3HPOBATH

S =Y ldy— (i —v)?

i#j
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mo v, ¢ = 1,...,n, TO €CTh N0 METOZY HAHMEHLIIHX KBaApPaTOB, TO
HOJIy4HM

> i

=L
Hnsi Burancnennst d;; Heobxozumul Tabmunsl d; = H=1(py;).

Insa mogmenn Tepcroyna-Mocreniepa 3To uzBectHhle Tabnuunr [9].
Hns momenu Bpagnu-Teppu

(dij) = %

pij=H
npu d;; = log (p "_) taxxke tabynuposantt pacnpeaencuus [9]. Iocmex-
Hee npcobpa3oBanuce MPHBOJMT K:

o I 2]
J=Lj#i (m - a,] )
1 BBIDaXKeHHIO 7;; Mogenn Bpannu-Teppn
i

T+ ’ﬂ'j.

iy =

1151 Gyskuuy pacupegenennst H(a) = a + 1 (paBHOMepHOe pacupe-
y pacup 53 \P p pacmnp
AelieHHe Ha [—%; %]) MOXKHO MOKA3aTh, YTO

n—1 1
7 (‘”i—‘”j)"*'ia

TI','J' =

rae

1 n
W = E i
n—1 &= Y
J=Lj#i
HexkoTopbiM pazBuTHeM MOAX0AA METOAa HAHMEHBIINX KB3ADATOB SIB-

JisileTcsi MMHMMHA3ALHS BripaykeHnust (1o v;)

z Wildy; — (v — VJ)]2’

1<i<y<t

rae Wi; = D7Y(dy;), D(€) — aucnepcus cnyuainolt Bennuune: €.
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1.1.4 Mogens TepcToyHa

1. Jannoe MHOXKeECTBO 00LEKTOB MOXKHO YNODPSIAOYHTH B KOHTHHYYM
1o Kakomy-nubo uz napamerpos. IlpuueM sToT napamerp He obsiza-
TesbHO HMeeT (puzndecKyo Mepy. O6o3HauuM psifi napaMeTpoB Kak

2. Kaxkaplit mapaMeTp TCOPETHHCCKH BLI3LIBACT Y 3KCIEPTA TOJILKO
ozuH, cBolt nponecc paznuicnusi (oboznauum ero Gyksol S). Ilpo-
riecchl pa3MYeHHs] COCTABIAIOT KOHTHHYYM DasludeHHsi
(Dy...D;...D,). Ognako jaHHLI NapaMeTp MOXKCT BLI3BAThL He
TOJILKO CBOll Tpoliecc pa3jiHueHHs, HO W KaKue-To cocemuue. Ilo-
3TOMY, €CJIM OZMH H TOT JKe NapaMeTp NpPCAbABIATL MHOTO pas,
TO Ha KOHTHHYYMe eMy OyZeT cOOTBCTCTBOBAThH HEKOTODOC paclpe-
ZeJicHHC TIpolieccoB pasnudenus. Ilpu 3ToMm mpeAmosaraeTcsi, 4To

dopMa pacipejiesieHusi HOpMalbHa.

3. B kauecTBe 3HaUeHHsI -0 IapaMeTpPa Ha LIKAJle IPHHHMACTCS Cpes-
nee (S;) pacnpezenenne NpoleccoB pa3iHyYeHUs], & JUCICPCUS pac-

npefciieHAs] PACCMATPHBAETCS KK AUCIepCHsl pasiuyenusi (o;).

4. TlpeabsiBiienre OAHOBPEMEHHO Naphl IAPAMETPOB BLI3LIBACT ABa
npouecca paznndenns d; u d;. Pasnocts (d; —d;) HasniBaeTcst pasnu-
4HTE]LHON pasHocThbio. IIpu GosbllloM 4YHclle NpeAbSABICHHH ABYX
napaMeTpoB pasjiMdUTelbHbIe Pa3HOCTH Takxe (POPMHPYIT CBOe
HopMalibHoe pacnpezesienne. [loaTomy cpenHee pacnpezeiicHie pas-
Hocrell pasnuyenus (d; — d;) Oyzer paBHO pa3HOCTH CpeJHHX pac-
npezesieHuit caMux npotiecco paanudenusi — (S;—S;), a aucnepcust

pacupeaesicHusI pa3jIHyuTe]bHBIX pa3HocTell paBHa:

s(d; — di) = (-‘3? + 8; — 27‘;’13;8,')1[2, (1.1.7)

24



rae S; u S; — AMCICPCHU MPOLICCCOB PA3/IMYCHMUS i-T0 H j-T0 mapa-
METPOB, COOTBETCTBEHHO, @ T'j; — €CTh KOPPEJSIL{Hs] MEXKAY MTHO-

BEHHEIMH 3HAYCHHSIMH NIPOLECCOB Pa3IMYeHHs] IaPAMEeTPOB ¢ U J.

PaccmorpuM reneps cnegymoinyo cutyanuo. Ilycrs aKenepTy npeabsie-
JISIIOTCS MONAPHO MapPaMeTpPhl 1 M J U OT Hero Tpedyercs peUInTh, KAKOH
M3 NapaMETPOB AANbIle OTCTOMT OT HYJIsl Ha KOHTHHYYMe.

Ilpeanonaraercsi, 4TO €C/IM pazIHYUTENLHEIH IPOLECC AJIsI IapaMeTpa
J OKa)KeTcsl HA KOHTHHYYME BBIIIC, 4CM ISl IADAMETPa i, TO €CTh CCJIH
pasnuunTenbHas pasHocts (d; — d;) > 0, To mocneayer MHeHHe, 4TO
napamerp j Oonbuie, uem napaMetp i. ¥ cooTBeTcTBEHHO pH
(d;j — di) < 0 — yBuzuM obpaTHoe MHeHHC.

Opanako, eciiu pacupee/ieHusl Pa3jind HTeIbHEIX IPOIECCOB ePeKPhl-
BAIOTCS, TO MHCHHE, YTO NAPAMETP j MeHbIe, YeM MapaMeTp i MOXKCT
NpOHM30iTH AaXke TOrza, Korja BennuuHa S; Ha KoHTHHyyMe bosbme,
yeM BeJH4MHA ;.

Cpennec pacnpe/iejieHie PABHO Pa3JIHYHI0 IIKaILHLIX BeJHYHH JBYX
napaMerpoB — (S;—.S;). Do paznuunce MoKHO HallTh U3 TabiK b 0012
cTell moZ eAMHHYHON HOpDManbHON KPpHBOH, 3Hasl MPONOPLHIO CY>KACHH |
110 JaHHOM nape napaMeTpoB (TO ecTh, celaB cTaHAapTHoe npcobpazo-
BaHUE <P — 2»).

B epunnnax mucnepeun o(d; — d;) 3To MOXKHO 3anncaTh TakK:
S_-,' - S,' hd zj,-a(dj - d,), (1.1.8)

rae zj; — obo3HauacT MCKOMOE pa3jndie.

MozacTasnss aTo Bhipaskenuc B ypasrende (1.1.2), nomyqum:

S] e St' = Zji(a? + 0'? = 2Tij6iaj)1/2' (119)
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115 IIponeaypa m3amepeHus

IMNHpHYICCKHM MAaTepHaloM, Ha KOTOPOM OcHOBaH 3akoH TepcroyHa,
CIIy3KAaT CyXACHHS: «IapaMeTp i OoJiee ... TsXKeNbilf, HHTEPECHBIN, Kpa-
CHBLI} U T.Z., 4eM napamerp j». [IpsMbIM MeToZOM ZJisi OJIyYeHHs Ta-
KHMX OIIeHOK SIBJISICTCS METOJ, TMADHBLIX CpPaBHEHHM. DKCHCDPT OCYMICCTE-
JisieT ToTapHoe CPaBHEGHME BCeX mapaMeTpoB. Kaxk/joe cpaBHEHHE NPO-
M3BOAMTCA MHOTO pa3. Ha ocHoBanMH 3THX cpaBHeHHH AJiA KaxKiol ma-
Pl OTpeJieNisieTcsl 4acTOTAa MPeANOYTCHHS OJHOTO MapaMeTpa ADYTOMY.
Ksazparnas marpuna (n X n) srux dacror (oboznauum ee Gyksolt A)
NpeACTABIACT HCXOJHLIC JaHHLIE. [[MATOHANLHEIC 3JIeMEHThl 3TOH MaT-
pHIE! OyAyT MyCTHIMH, TOCKOJILKY HAEH THUHEIE Naphbl 0OLIMHO He Ipeab-
siBisiiorest. O4eBHAHO, 9TO CyMMa 3JIeMEHTOB @i M @j B cyMMe Oyzer
paBHa obieMy 4HCITy CDaBHeHHH.

Tocneayomull aHaNTK3 3aKII0YaCTCS B IEPEX0E OT MATPHI{hl 4aCTOT
(A) x MmaTpune BeposirHocTet (06o3nauum ee Gyksolt P). Dnement aroit
MATPHIBI P;; €CTh IPONOPIHS YHC/IA IIPEANOYTEHHN i-ro napaMerpa j-
My B ofmieM dnciie cpaBHeHHH 3THX ABYX NapaMeTpoB. JlHaroHaih MaT-
punul P rakike He 3amoiHeHa, & CyMMa CHMMCTPHYHEIX 3JIEMGHTOB OT-
HOCHTeJIbHO 3TOIf AMaroHaiu paBHa ejuHune (To ecThb pij +pj; = 1). Us
MAaTPHIIbl BEPOSITHOCTEH yXKe JIerKo ONpeACTUTh MATPHIY paziuduit Z,
NaMsATysl 0 TOM, YTO pa3fHYie BLIDAXKAETCS B eAHHHIAX HOPMAJBLHOTO
OTKJIOHeHHsI. 3HAYCHHE Z;; AJIsi COOTBETCTBYIOLIEH BEPOSITHOCTH MOXKHO
onpeneauTh mo Tabmune obnacrel mox esMHMYHON HOPMAlLHOM KpH-
Bott. Jlnst Bcex p;; > 0,5 Benuuuna 2z Oyzer nonoKuTenbHa, a 4151 BceX
pij < 0,5 — orpunarenwnan. Onsa p;; = 1 unn p;; = 0 245 He cyme-
creyer. [Ipeanonaras, 4ro p; = p;; = 0,5, AUaroHanbHbIC 3JIEMEHThI

MaTpuubl Z npupaBHuBalTCs Hymo. I10CKONBKY 2i; = —2ji, TO MaTpu-
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na Oyzmer kococummerpuuHa. Takum obpazoM ompezensieTcsi MATpHLA
Z, aneMeHT KoTopolf z;; siBisiercsi oneHKol pasmuunst (S; — ;) Mexay
M KATbHLIME 3HaYeHHsIMH ABYX IlapaMeTDOB, H3MEDEHHOH B eAMHHIAaX
CTaHZAPTHOTO OTKJIOHEHHs! B paclpedelleHHH Da3sNHUYHMTCIbHBIX pa3Ho-
cret. KaxKanii He3aBHCHMEIN 3JIeMEHT MATPHILI Z (a HX, 0YeBHIHO,

Gyner "("2_1)) JiaeT OLEHKY pa3ju4usi Zyisi ofHoro u3 ypasuenul (1.1.4)

— KaK TeopeTH4YecKoll MOJeJIM 3aKOHA CPABHUTEJIbHLIX OLCHOK.
PaccMoTpuM Tenmepnh, KAK COOTHOCSITCSI HCXOZHLIC AaHHLIE C Teope-
THuueckolt ¢ropMolt UX BhipakeHnusi. UHcJI0 He3aBUCHMBLIX BJICMEHTOB B

, Ie n — 4uciio napamerpoB. Torga Kak 3aKoH

n{n—1)
Matpune A pasHo ——5—

CPaBHHUTCILHBLIX OLEHOK, BhipaskeHHLIH B ¢opmyne (1.1.4), umeer s

TEX JKe N NapaMeTPOB W 7. HEH3BCCTHLIX IIKAIbHLIX 3HAYEHH, 7T HEeH3-
~1

BECTHLIX AUCHEPCHI PAa3IMYUTENbHEIX 11 POLIECCOB U % HEM3BECTHbIX

Koppessinutt. CoBepllieHHO 04eBHHO, 4TO IIPH TAKOM COOTHOIEHHH YHC-

-1
H 4HC/Ia HCH3BECTHRIX — 27 + "("2 ) pemuTs

n{n—1)
J1a ypaBHeHUl — —5—

ASHHYIO CHCTeMy HeBo3MOXKHO. [loaToMy HeoOxomuMo BBECTH yCIIOBHS,
ynpomaoiiue cTpyKrypy Bripaskenusi (1.1.4).

YnpouieHHBIE BADHAHTHI 32KOHA CPABHUTEJIBHBIX CYy>KaeHuM

Ilepsniit 1 BrOpOlt BapuanTel Tepcroyna. Tepcroyn paccmar-
pHBaJl O BADHAHTOB pHMeHeHHUs1 3Toro 3akoHa. [lepsriil Bapuant — aTto
Ta HcxogHas obmias dopMa 3akoHa, 0 KoTopol y»Ke rosopusiock. Bro-
poit BapHaHT paccMaTpHBaeT H3MeHeHHe HKCIeDHMEHTATLHON MeTomu-
KH, o0paiasch 0T BCCOB, IPOM3BOAMMEIX OAHHM 3KCIIEPTOM, K IPYIIIO-
BhIM olieHKaM. KaKznill HCHBITYeMblit B 9TOM Cilydae I POU3BOJUT TOJIb-
KO 0fiHO cpaBHeHHe. Y TolbKO TperHil, 4eTBepTHI H NATHIH BapHAHTLI
BBOJSAT AONOJIHAUTC/IbHBIE AONYIeHHsI, KOTopble MeHsiioT obigyo dopMy
Buipaxenusi (1.1.4).

ToprepcoH npeAsioKuiI pasBecTH 3TH BapHaHTHI Ha JBa Kiacca. K
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NCPBOMY KIIACCY OTHOCSITCSI M3MEHCHHSI B METOZMKE NMPOBCAEHHS IKCIIE-
pHMeHTa. JTO NepBbLiffl H BTOpPol BapHaHTHl TepcToyHa, H KpoMme Toro,
TopreHcoH NPEANOKHUII OTHECTH CIOJa M CMelIaHHLIH 3KCICPUMEHT, KO-
IZia HECKOJILKO 3KCIIEDPTOE CPABHHBAIOT M0 HECKOJILKO Nap U BCe OLEHKH
cBozsiTes B 00ty to Marpuny dactor. Ko BTopoMy Knaccy OTHOCSTCS U3-
MeHeHHs! B (popMe 3aKoHa cpaBHH T&IbHBLIX oneHoK. Coza orHocsTes 3,
4 u 5 Bapuantn Tepcroyna uinu, coorBercrBenHo, ycnosust A, B, u C,
KOTOpHIC npeaiioxKui ToprencoH.

Tperuit BapuanT Tepcroyna. Ilpegnonaraercsi, 470 KoppeJsitusi
MEXZAy Pa3siIMYHBIMH IIPOLiecCaMH T3; B BeipaxkeHnn (1.1.4) paBHa Hyutio.

B TakoM cily4ae 3aKoH CPaBHHTENLHLIX OLEHOK NMpHHUMacT (opMy:
Sj — Si = zji(a? + oaB)'/2. (1.1.10)

TopreHcoH mpejJiaraeT 34ech MEHEe JKeCTKOoe OrpaHHYeHHe, C YCiIo-
BueM (yciosue @), uro KoBapuanusi B Buipaxkenuu (1.1.4) — pasna no-

crosinnoit Benuunne (d). Toraa:
S; = 8i = zji(0? + o7 — d)'/2. (1.1.11)

Ho npakTtuuecku Buipaxenust (1.1.5) u (1.1.6) ugenruunsl, nockosn-
Ky KOBapHAI|sl SIBJISIETCS IOCTOSTHHOM TOJILKO TOTZA, KOTAA KOPPEeJIsiIus
CTPEMHTCS K HYJIO.

Yerpeprrillt BapuanT Tepcroyna. OcHoBLIBaeTcs Ha ZIONYHICHHH,
410 73; = 0 M 4TO AMCIEPCHH DPa3iHdYeHHsI Mo OTIHYAKTCS APYT OT
ApyTa, TO €CTh

8 = 8; +d, (1.1.12)
rae d Mano no cpasHenuio ¢ s;. Toraa Bripakenne (1.1.4) npeobpasyercst
S; — Si = zjic(o; + 03), (1.1.13)

IZie C-TOCTOSHHBI MHOXKHTEND.
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Bosce cnaboe gonymenue Toprencona (ycnosue B) o koHcTanTHOCTH

KOPpeJIsiMi NPHBOAUT K BhIpayKeHHIO:

1
Sj et S,‘ = zji 2(1 — T)I/Q(a‘j —}—0‘1-)] . (1114)

Bripaxenns: (1.1.8) u (1.1.9) oTauuaoTcst TONLKO NOCTOSTHHLIMH Jle-
Hamu, noatomy BapuanT TopreHcoHa HMeeT onpeZe/ieHHbIC NPCHMYILie-
CTBa.

IlsaTeilff BapHaHT 3aKOHa CPaBHHTEJBHBIX ONEHOK Tepcroy-
Ha. Hamen nauGosnbluiee npuMeHeHye BeleACTBHE POCTOTH cBock dop-
MBI DTOT BapHaHT OCHOBLIBAETCSl Ha [IONYIIeHHH HyJIeBoH Koppeyisiuu
MeXy ABYMs npoueccamu pasnudenusi (r = () u paBeHCTBa pasindu-
TeJbHBIX AucHepcHit aTux npoueccos (0; = 0; = o). Toraa BeipaxKeHne

(1.1.5) npeobpa3zycres B
Sj — 8 = zji0. (1.1.15)
O603H24HB KOHCTAHTHLINR 4icH YpaBHeHHs1 OYKBO} «C», MOJIy4HM:
S; — Si = czji. (1.1.16)

VYpasuenne (1.1.11) conazaer no ceoett obuett hopme ¢ paznuuHbI-
Mu Moz H(UKALKAMHA AAHHOTO BADHAHTA, KOTOPbIE PEAJIATATH BIIOCE -
CTBHH HeKoTOophic aBTophl. Haubonee unrepecuas Mopudmkanusi npei-
noxena MocTeniepoM U COCTOMT B JIONMYIIEHHH PABEHCTBA JHCIEPCHY |
KOHCTaHTHON Koppensinuu. B aToM ciyuac BelnuMHA «C» B yDABHEHMH
(1.1.11) 6yzer pasna [2(1 — r)]"/2 a ypasnenue npnobperaer cneayio-
Hiut BUO:

S;— 8 = zu[2(1 — )|V (1.1.17)

Cpasunusas ynpomennnie BapuanTtsi (1.1.5), (1.1.8), (1.1.11) ¢ ucxoa-

Hoit opmynott (1.1.4), nerko BuzeTh, uTo Aaxke Hauboiee CIOKHLIN
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U3 ynpoleHHEX BapHanToB (1.1.5) yxe umeer, no kKpaitueit Mepe Tco-
peTHuecKH, pelieHne, Koraa 4ucio napamerpos (n) pasuo 5. Ocrane-
HEIe BapHaHTHI eme npoue. Ho npakTudeckas npouezypa Beeraa Oyaer
TPYAOEMKa H MeHec H3siHA, YeM 3TOo obcliaeT TeopeTudecKasi MoJelb.
IIpuuuna 3TOro B OCHOBHOM JIEZKMT B 3MIHPHYECKON I1PHPOAE HCXOLHBIX
OL|CHOK, B HX 3alllyMJICHHOCTH MHOKCCTBOM CJIydalHLIX (DaKTOPOB, OT
KOTOPRIX HEBO3MOXKHO OrpaiuThb skcmeprta. Jlist ycrpaHeHus ciyuab-
HEIX OomHuOOK NpeajiaracTcsi cliedyoliasi TAKTHKa. UHCIIO mapaMeTpoB
YBGJIHYUTh TakK, 4TODRI cHCcTeMa ypaBHCHHH Ohula 3HAYHTENBHO mepe-
onpeaenena. HanpuMep, gnst BapuanTta TpeThero dparb He 5 CTHMYIIOB,
a 10 — 15. JIns oKOHYATEIBLHOIO pelleHHs] HCIOJIE30BATh HTEPATHBHY IO
BLIYHCIIHTENILHY IO IIPOLeAY Py, KoTopas YuHThIBaeT TOT (akT, 4To cily-
yallHble OIHOKH MMEIT TCHAECHIMIO B3aHMOY DABHOBCIIMBATLCS.

ANropuTM Hcmosib3yeT pellicHHe MeTOA0M HAHMEHBUIHX KBaJpaToB.
On nozBossier nony4uTh Oosnee TOYHBIE OLCHKH UIKAJIBHBLIX 3HAYCHHH
H3 MATPHIEI B CiIy4ae, ecJIi OHa He HMeeT IyCThIX 3JICMEeHTOB.

IIpoueaypa pemeHHs BaApHAHTA CPABHHMTEJIBLHBIX CyxKzaeHulk
JJ1 MOJTHON MaTpHIIbI

IIseit BapuanT Tepcroyna. Pemenne. B nsitoM Bapuanre 3a-
KoHa, 3anncanHoM B obmeM Buze (1.1.10), eanHU LI HBMEPCHUST IKANL-
HEIX 3Ha4YeHM# Bcerja MOXKHO NoZobparb Tak, 4TODRI KOHCTAHTA «C»
6nuta pasna 1. Torga:

Sj - Sg = Zji. (1.1.18)

B cinyuae orcyrcTBusi omuboK B OLCHKAX HCKOMoOe paznuune Oyzer
paeHo Habmogaemomy (o6osnaunm ero zj;). Ho B pesynerare omubok
MeXAy z}i H 2;; OyZeT HeKoTOpoe pacXOKJZeHHE ¢v. 3ajada 3aK/II0YaeT-
csl B IOJIy4YEHHH TAKOr0 MHOXKECTB2 BCCOB NApaMeTPOB, IUisi KOTOPhIX

CyMMa KBaJpPaTOB BCeX PacXOXKIeHHH sIBJIsieTcs MEHHMANBLHOMN, TO ecThb
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HCO6XOJ.],I/I MO MUHUMH3HUDOBATH BeJIHYHHY

a,J_EE 2 — 2i5)2. (1.1.19)

i=1 j=1
IoxcTaBuB BMeCTo 2;; Beca, MOy 4HM:
n n
_ r 2
= E E (zij =85+ 8;)°. (1.1.20)
i=1 j=1
Bee a;; anst Beex z;; Marpunsl Z gagyT marpuny omnbok a. Urobwi
MHHHMH3HPOBATh KAXKAYI0 (jj, HEOOX0AUMO B35ITh YACTHYIO NPOH3BOL-
Hylo ¢;; no S; u ;. Kaxzoe uactHoe 3HaucHue S; B MaTpuue omunbok
& NOSABISIETCS TOIBKO B i-TOlt CTPOKe M 3-TOM cTonbIie, HO MOCKOJIBKY
MaTpuna onboK Tak ke KOCOCHMMeTpHYHa [2; = —2j u (S; — Sj) =
= —(S; — §;)]. Anddepennnpys snementrr kaxzgoro cronbua mo S,

MOJIYHYHM

da" = -22 (= Si+8;), (1.1.21)

raei=1,2,...,n
IIpupaBHsicM HacTHY® MPOM3BOAHYIO K HYIIO H IOCJE NMEpeHoca Io-
JYyHHM:

Ez,,+zsj zﬂ:si. (1.1.22)
i=1

j=1
Paznenum BhIpaxcHHe (1.1.17) Ha 7 H BO3bMeM HadalbHoe 3HadeHHe
n

1 i
LIKAIIbI, PABHOE = ZIS,-. B pesynbrare mosydaum:
i=

1 n
S = sz,-j, (1.1.23)
i=1
rnrei=1,2,...,n
TakuM obpazoM, 411 MUHEMH3aNMH OIKHOKH HeoOXoauMO MpoCTO

B3SITh cpefiHec apudMeTHIecKoe 1o cTo01ty MaTpHIibl Z H MBI IIOJIy UM

ONnTHMANbHOE 3HAYeHH e KalIbHOU BeJIMYHHEI Si.
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Paccmorpum npakTuueckuif npumep pelueHusi nsiToro BapuaH-
Ta 3aKOHA CPABHHTEJIbHBIX OLICHOK MeToJ0M HaHMEHLIUIMX KBaAPATOB.
HcnwiryeMoMy B ciiyualiHoM HopsifiKe HpegbsiBIsiioTcs 6 LBETHLIX KapT
M [POCSAT B KaxKzAo# nape Buibparn nanbonee kpacusnili. Kaxkaas napa
npeabssasiercs no 50 pas. B urore giisi oAHOro M3 HCHEITYeMBIX Obina

noiydena ciezylomas MaTpuua sactor A (cnenywomas tabauna):

Marpuna yacror A

Napamerpui |1 2 3 4 5 6
1 — 29 35 42 46 49
2 21 — 26 33 42 45
3 15 24 — 26 32 43
4 8 17 24 — 28 34
5 4 8 18 22 — 28
6 1 5 7 16 22 -

ITpumenanue: saeMeNmoMm MAMPUY B G;j ACAAEMCA UYACTOMA, C
xomopot 6 nape j,i napamemp i oyenusarcs boaee

NPEMOUMUMEALHBIM, YEM NAPAMEMD J.

IMonyuyennasn Marpuna 1actor A npeobpasyercst B MaTpHIly

BeposiTHocTelt P fenenneM 4acToThl @i Ha YHCIIO NpeAbsiBIeHHHA

(N = 50).
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Marpuna sBepositHocTel P

Mapamerpm | 1 2 3 4 5 6

1 - 0,5 0,70 0,84 0,92 0,98

2 0,42 - 0,52 0,66 0,94 0,90

3 0,30 0,48 - 0,52 0,64 0,86

4 0,16 0,34 0,48 - 0,58 0,68

5 0,08 0,16 0,36 0,44 — 0,56

6 0,02 0,10 0,14 0,32 0,44 —

zn:lpj, 0,98 1,66 2,20 2,78 3,40 3,98
i=

Ilpumenanus: aneMeNMOM MAMPUYDL P;i; AGAICTCA GEPOAMHOCTY, C
xomopotl napememp i 6 nape j,i oyenucarcs boaee

NPEMOUMUMEALUBIM, YEM TLAPAMEMD j.

Kaxznoe 3nadenne BepOSITHOCTH P;j W3 MaTpuubl P nepeBoaurces na-
Jiee ¢ NOMOIMIBLI0 TAOJNHILI B eHHHUILI CTAHAADTHOIO OTKJIOHEHHSI HOP-
MAaNbHON KPHBOR — Z;;j, 10 KOTOPBIM H BHIYHCISIOTCS ITKANBHEBIE 3HAYE-

HHUs1 S; KaXK7|0ro napamerpa.

Marpuna Z — OHEHOK

IMapaMerpul 1 2 3 4 5 6
1 0 0,20 052 09 1,42 205
2 ~0,20 0 005 046 0,99 1,28
3 ~0,52 —0,05 0 0,05 0,36 1,08
4 ~0,99 0,41 —0,05 0 0,15 0,47
5 ~1,41 0,99 —0,36 —0,15 0 0,47
6 ~2,05 —1,28 —1,08 —0,47 —0,15 0
i)l zi  |-5,17 —2,53 —0,92 0,83 2,76 5,03
P
5%1 2i| 0,86 —0,42 —0,15 0,14 0,46 0,84
£
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IIpumenanui: IACMERTOM MAMPUYLL Z;; ACAAETCA GEPOAMHOCTIL Pj;

npeodipa3oearntiat 6 €UNUYB CMAHIGPMHOZ0 0TMKACHEHUR.

PaccMoTpennas npoleaypa JaeT BO3MOMKHOCTD JJIsi KaXKIOro Iapa-
MeTpa S; MOJYYHThL Cro 3HAYCHHC HA LIKATE HHTEDBAIOE.

IIponesypa peieHnsi BADMAHTA 32aKOHA CPABHUTEIBHBIX OLE-
HOK JiJ1sl HEMOJHON MaTpHpbl HCXOAHBIX JAHHBIX

PeanbHule sKCIepHMEHTANLHBIC JAHHEIE 0Y€Hb YACTO OTJIHYAIOTCS OT
TOI KJIACCH4ECKOR MaTPHIILI AAHHLIX, KOTOPAS aHAIH3H POBATACh BHIIIC.
Hau6onee pacnpocrpanennniit apredakt B nponesype NapHOro cpaBHe-
HHS1, KOTODLIH CBSI3aH C OTpaHMYeHHEM Ha BO3MOXKHOE YHCJIO IIPebsiB-
JeHull, — CTONDOLiEHTHOE IPEANOYTECHHE OJHOTO MapaMeTpa ApPYyromy,
4TO NIPHBOAHUT K MOSIBJIEHHIO B MATPHIIE BEPOSTHOCTE! Hyslel M eauHHII,
Honnb u exuunna B TepMuHax Mogenn TepcToyHa He HecyT CpDaBHHTEJIb-
Ho#t uH(OpPMALMH 0 Pa3TUYHH MADPAMETPOB, IO3TOMY He MOTYT OLITH
HCIONIb30BAHKL JJIl PACYETOB IIKATbHLIX 3HAYCHHH NapaMeTpos.

Il MaTpuL ¢ HYNSIMH M eMHMUAMH (HETOJHBIMH MATDHIAMHE) Cy-
HiecTBYIOT ocobbie anroputMmbl aHanunsa. Hanbosee pacnpocTpaneHHBIH
cniocob cocrout B cneayomenm [13].

WUz suipaxenusi (1.1.13) ans napamerpa j ciemyer, uro mapamerp

j + 1 6yzmer onuchIBaThCH CIIEAYIONMM BLIDAyKEHHEM
Sj+e - Si = Zji + €. (1124)

Briuutas u3 ypasuenusi (1.1.19) ypasuenne (1.1.13), MBI nomyuum
CPaBHHTC/IbHOE PazliudHe Il HHTEPeCYIOIero Hac NapaMeTpa KOCBeH-
HBEIM nyTeM. B TepMHHAX MHHHUMH3HpOBaHHOH omubKM 3Ta BeIHYMHA

MOXKeT OLITh BLIYMCIICHA H3 BhIDaXKeHHS:
g
dijte = Sjve — 55 = ™ E(Zi.ﬂe + 2i5), (1.1.25)
7 =1
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rJe nj — 6CTh HHAEKC CyMMHDOBaHHUsI.

Jnst npakTudeckoro ymobersa marpuny Z cliegyer NepecTPOHTh Ta-
KuM 00pa3oM, 4To0k! cTosIbnE! ObUIH yHOpsigoYeHE! 0 BenuynHe. [Topsi-
0K cTosIO110B B MaTpuIe Z onpezelisieTes cyMMol 1o cTonbiny MaTpHIibl
P. Inst Takolt ynopsifodeHHolt Marpunsl Z paznuune Sji — S; MOXKHO
NPSIMO BLIMHCIHTL W3 Buipaxenusi (1.1.20). Ecnu Mul mkanbHoe 3nate-
HHe nepBoro napaMerpa (S;) npupaBHsieM K HyJO, TO LIKalbHOe 3Ha-
yeHHe J000ro napaMeTpa ecTh CyMMa HIKAILHOTO 3HAYCHHS CTHMYNa H

PACCTOSIHUS MEXKAy AAHHBLIM IAPAMeTPOM H NpeAllecTBYIONIHM:
S51=0, Sy =di3, 53 =82+ ds3,...,8 = Sa-1+du_1n-

PaccmoTpum mpumep pelieHust Ajsi HEMOJHON MaTpPHIBI HacCTOT.
Ilycrn HaM gaHa MaTpUla BeposiTHOCTEH IpeAlouTeHus i-ro napaMerpa
J-My C HEKOTOPLIMH BLIPOXKICHHEIME (IlyCTHLIMH ) 3JIeMEHTaMH, PABHLIMH

0 unn 1.

Marpuna sepositHocTell P

NMapamerpur | 1 2 3 4 5

1 - 1,00 0,93 1,00 0,98
2 0,00 - 0,00 0,16 0,03
3 0,07 1,00 - 0,94 0,69
4 0,00 0,84 0,06 — 0,16
3 0,02 0,97 0,31 0,84 -

Y Py 0,09 3,81 1,30 2,94 1,86
j=1

ITpusmenanud: IMeMENTOM MAMPULDL Dij ACAAEMCA GEPOAMHOCTY, C
xomopotl napememp i 6 nape j,i oyenucarcs boaee

nPEFNONMUMEALHBIM, YEM TLaPAMEMD j.

TIpeobpasyeM BepOSTHOCTH p;j B €AHHULIL CTAHAAPTHOTO OTKJIOHCH HSl

HOPMAJILHOTO PacIpEAeICHHA — Zj;.
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Marpuna Z — OneHOK

INMapamerpui | 1 2 3 4 5
1 0 - 1,48 - 2,05
2 - 0 - -0,99 —1,88
3 |-1,48 - 0 1,55 0,50
4 -~ 0,99 -1,55 0 —0,99
5  [-2,05 1,88 —0,50 0,99 0
21 i |-3,53 2,87 —0,57 1,55 —0,32
£

IIpusmenanui: SaeMENTNOM MATNPUYLL Zi; ACAACTNCA BEPOAMHOCTNG Djj,

npeobpasoeantail 6 edunuys CMARIEPMI020 OMKAOHEHUA.

Marpuna Z' — oneHok

Iapamerpul 1 2 3 4 )

1 — 1,48 205 - -

2 -~ 1,88 -0,99 -

3 |-1,48 - 050 1,5 -

4 ~ 1,5 —0,99 —0,99 -

5  |-2,05 -0,50 - 0,99 1,88

21 zi | =3,53 —0,57 0,32 1,55 2,87
P

IIpumenanui: JemMenmom Mampuys Z;; A6AAEMCA GEPOAMHOCTD p;-i,

npeodipa3oeantat 6 eUNUYB CMAHIEPMHOZ0 0TMKAOHEHUR.

Cronbus! ynopsizodeHs! 10 BO3pacTaHHIo » Pji-
IMepecraBuM cronbnuel B Marpune Z B TaKoM IOpsiAKe, 4ToOLI mep-
Bulll cTonben HMesl HAHMEHBUIYID CyMMY 3JIeMEHTOB, a NOCTeZHHH —

Haubonbiyio.
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Marpuna pa3ssocrell mexxay croabnamu

Stfd;i dy1  ds3 dgs  dy

1 1,48 0,57 - —
2 0,8 0,9
3 1,48 0,50 1,05 —
4 ~ 0,5 0,99 0,99
5 1,55 0,50 0,99 0,89
_z"jl i1 4,51 2,13 3,02 2,87
=

Yucno an-oB| 3 4 4 3
23 djies1 1,50 0,53 0,98 0,96
i

H3 mampuys Z Mm02cH0 NOAYHUMD MAMPUYY pasaunutt mencdy
cocednumu napemu cmoabyos, 6uNUMAR UL NOIAEMERMNO 0dun U3

dpyzozo. B xaocdott j-it cmpoxe saemenm omot mampuywm bydem
pasen (zji1 — Zji).
Monnaysick Bripaskenuem (1.1.21), BuiuHcisicM M3 MOJNYYEHHBIX pas-
JIHYHH IKaNbHEIE 3Ha4eHHsI CTHMYJIOB, IIPHHSB, YTO
S1=0,
S3=0+1,5=1,5,
S5 =1,54+0,53 = 2,03,
S4=2,0340,98 = 3,01,
S2 =3,0140,5 = 3,97.

B Mogmenu npeznonaraercsi, 4TO §; — HOPMAJILHO DPaclpefclieHHEIe
1
ciyyatinbie Benmuuunbl N (v;,0%), pasno Koppenuposannbie ¢ koaddu-

[MEHTOM NapHOK KOPPEIsIUU p. DTO NPUBOAUT K HHTErPAIy

[a 5]

m; = H(y; — vj) = / 2(z)dr, (1.1.26)
—(vi-v))
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rae
4 Vi 1 _L,2
V= —————— i 2(2) = ——e" 2%, 1.1.27
i [20_2(1 _ p)]l/z ( ) ,_27[' ( )
Onenusanue B monemu Bpazmm-Teppu
Jnst ouenkn m;, ¢ = 1,...,n HCOOJB3YeTCS METOH, MAKCHMAIILHOTO

npasaononobusi. OyHKIHMA MaKCHMAILHOIO NMPaBAonoaodust

I+

L=C (1.1.28)
I (m+m)m
1<i<j<n
m
rae C = H He 3aBHCHT OT 7T;; (¥j; — YHCJIO CJIy4acB, KOTraa

1<i<j<t (s 711
qi > qj, Qj + Qi = m,

3aech ¢; ABISsIETCS AOCTATOYHON CTATHCTHKOM AJisi T; (10 KPHTEpHIO
cakropuzanuu).

O603Ha4nM OLIEHKY MaKCHMaJILHOTO [ paBaononobust s w; yepes p;,
TOrAa HOJIyYHM YDaBHCHHSA

- = mZ(PI +pj)” =

n
zpi =1
i=1

3aech olicHKa P; 3ABHCHT JIMIIL OT BEIHYHHEI ; = 2;';1 o4, aj; =0,
a He OT OTAENBHBIX (vj. BhluncieHne p; H3 ypaBHeHHH IPOM3BOAUTCS C
MOMONbI0 HTepaTHBHOH mpoueayphi [13].

Ecnu uncio cpaBHeHHE Wit map ¢;, ¢; Pa3jHYHO H DaBHO M, TO

BbipaXkeHHe
qi

n
m 3 (pi+pi)!
j=Ti#i

Di =
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M3 MPHBEJEHHLIX BhIlIE ypaBHEHHN 3aMeHUTCH Ha
qi

- .
Y. my(p+py)?
J=1g#

pi =

YyTb HHXKE PACCMOTPHM CXOAMMOCTH I POLCAYPH! [Jisl MOJIydeHHs Py
(60mee moapobuo @opx [13]).

DKCIEPUMMEHTAILHAS NPOBEPKa Moaeel
Tepcroyna-Mocremnepa u Bpagnau-Teppu

JL7isi IPOBEPKH COOTBETCTBHSI OLICHOK H TEOPETHYECKHX BEJIHYHH B
MOZEJIH HCIOJIL3YOTCS KPUTEPHH comiacusi. PaccMOTpHM HEKOTOpHIE H3
HHX.

Ins v; Tepcroyn [13] npeanoxun moguduxanumo:
py; = H(vi —vy),
otkyzna pj; = 1 — pj;.
1. Kpurepu#t Mocrensepa Takos. Ilonoxum
d;j = Silfl(QP:j - 1),

XP=n Y (dj—dy),
1<i<j<t

rae dj; momy4aTcs U3
H(dij) = pij, dji = —dyy,
pij — w3 HabmogeHni.
INpu runorese Hy (npurogunoctn nunettnolt Mogenn) X2 acumnrorn-

qecku pacnpezeser Kak x2 ¢ (n— 1)(n— 2)/2 crenensimu cobozapi,

(aTo He coBceM cTpormit pesynbTart).

2. Kpurepu#t Bpaann [9] ucnonsayercss npu rumnorese
UL

Hy: my=—"1
0F Ty (mi +m5)

Li=1,...,n, i#],
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rae HCNOoJIb3YKTCA OLEHKH MaKCHMaJlIbHOI'0 HpaBII,OHO,T.{O6HH, H alb-

TePHATHBC
i
H1 M T 7£ _—
¢ T
(mi + ;)
¢ bynxnucit npasaononobust C [ I<i<j<n ﬂ;u’,r;;j:.

[onoxuM p;; — OLEHKH MaKCHMallbHOTO mnpapzononobus m;; mpu

H,, torpa kpuTepuilt orHomICHAY npaBaononobust ans nposepku Hy

npotus Hy
n .
H pi‘ 1
)= i=1
0, 2 ?
II m+p) I »piph
i<i<j<n 1<i<j<n

e p;, KaK H NIPeXe, OeHKa MAKCHMAILHOTO NPaBAoNono0ust 1ist
m; no dynkuuu L (cm. Brime) ans Mogenu Bpagnn-Teppu. Ucnons-
ayercst popma —2log \.

Hj orBepraercst Ha ypoBHe &, ecin —2 log A Gonbie o-nponenTHOH
KpuTHUecKo#t Toukn X2 — pacnpezenennsi ¢ (n — 1)(n — 2)/2 cre-

HeHsIMH cBODOOIEL.

1.2 MHOroMepHsi€ NapHLI€ CPpaBHEHHUS
122 MHoOromepHsi€ napHBIE€ CPABHEHUS

MHoroMepHbLIMH NADHLIMH CPABHEHHSIMH DyZieM Ha3bIBaATh NapHLIE CPAaB-
HeHHsl, IPOU3BOAHMEIE 10 HCCKOJILKHM IapaMeTpaM.

CriesyeT oTMETHTD, 4TO HMEIOTCS JiBe [IOCTAHOBKH 3a7a4i MHOTOKDH-
TEPHAIILHOIO cpaBHeHHsi. IlepBasi — Korpa mapaMmeTphbl, [0 KOTODbIM
HPOHCXOAUT CPaBHEHHsl, 3apaHee olpefelieHbl H OHHO3HAYHO 3aJaHbL
Ha npakruke 4acrto mofo0HBIM mMOAX0R HMEET MECTO B 3afjadaX KBa-

aumerpun [11]. Bropas nocranoBKa 3a/ja4 MHOTOMEPHOTO CPABHEHHS
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CBsI32Ha C HAJIMYHCM HEOIpPEAEIeHHOCTH B OTHOLIEHHH He TOJIbKO Ka-
JeCTBEHHON MHTepIpEeTALMH, HO H Jja)Ke KOJINYeCTBAa KOMIIOHEHTOB BEK-
TOPHOTO KPHUTEPHs], 10 KOTOPEIM AOJKHO OLITH OCYIIECTBIIEHO CpaBHe-
HHe aHATTM3NUPY eMBIX 00beKTOB. B aTOM ciiydae dalie Bcero ot 3KCIEepPTOB
TPeDy 0T KOMIJIEKCHOM OLleHKH OHOMEPHOr0 NPEANO4TeHHs1 00heKTOB ¢
HCIOJbL30BAHKEM CTAHAAPTHLIX (NapHble cpaBHEHHs, HEMOCPEACTBEHHOE
pamKupoBaHhe U T.7A.) nubo cnenmannubix (HanmpuMep, TpolHLIe cpas-
Hennsi) MerooB. I1pn o6paoTke K€ pE3YALTATOB 3KCICPHUMCHTA Tia-
PaJUIeNbHO C olleHKOH 060011IeHHOr0 MHEHH 51 3KCII€P TOB 0CY IeCTBIISETCS
NOHCK Pa3MEPHOCTH KPHTEPHS (1ACTO TOBOPAT — IIKANLI) H CTAPAKTCS
AaTh KaXKAOH U3 KOOPAHHAT MHOTOMEDHOrO NPOCTPAHCTBA NpeANoYTe-
HHsl, COZEpPIKATEJILHOE TOJIKOBaHHE B TCPMHHAX KOHKDETHO peliaeMolt
3anadu. Takasi MoCTaHOBKa WMeeT MHOro obmiero ¢ Metozamu dakrop-
HOro ¥ KOMIIOHEHTHOro aHanuza. JacTo 3a/ja4id MHOIOKPUTEPHAIILHOIO
CPaBHCHHSI 3TOr0 THIA CBOANT K IpobiieMe MHOrOMEPHOro IIKAIHPOBa-
HHUSL.

B ynpoueHHOM BapHaHTe 3TH JBC [OCTAHOBKH 337ja4H MOXKHO CHH-
tarh obparHeiMu. B nepBoM ciydae HeoOX0AMMO CHHTE3MPOBATH KOM-
IJIEKCHOE OZHOMEPHOE NPEeANoYTeHHE, MCHOJIL3Ysl pPe3y/bTaThl MHOro-
KPHTEPHAIILHOTO ONpOCca, BO BTOPOM, Hao0O0poT, o pe3ynbraraM Kom-
IJICKCHEIX OZHOMEPHBIX [PCANOYTCHAH (3a4aHHLIX B TOM WJIM HHOM BH-
Zic B 3aBHCHMOCTH OT BLIOpaHHOH nponeiypEl onpoca) Ae1aeTcs MOMEIT-
K2 BOCCTAHOBHTb Pa3MEPHOCTb NPOCTPAHCTBA NPEANOUTEHHI, AATh CO-
AepaKaTebHble TOJIKOBAHHE €ro KOODAHHAT U ONpPEeHe/IiTh OJHOMEPHLIE
HPEeANOYTCHHSI 10 KAKAOH U3 HUX.

Ipeanonoxum, uro Habop 00LEKTOB Gy, . . . , g, TOZJIEKUT MONAPHOMY

CPABHCHHIO 10 p mapaMeTpaM. JIns Kaxjolt naphl g;, ¢; MOXHO 3alACaTh
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BEKTOP NpPeANoYTCHUN, TaK 4TO

_ i, ecn g; > gj,

Sp =

j9 ecliu g; = qi,
eciii BbIOOp NPOU3BOAKTCS 110 NapaMeTpy &, a = 1,...,p.

Hanee onpegnennm p(S|i,j) — BepositHocTs BhiGopa Bekropa S anst
1,j mapel obmexkToB. Ananoruuno Momenn Bpaznu-Teppu (cM. Bhime)
BBeJicM Habop nmapaMeTpoB « IPEANOYTEHHSI» Mg, - - - , Nan,
a=1,...,p,i=1,...,n, Ta >0, Zﬂ'm' = 1. Nycts Xai, ..., Xaj

t
— OTKJIMKH ISl Iaphl gj, g, TO CCTh CGIydallHEIC BeJHYHHBI, KOTOPLIE
sIKOOBI Ha0ITI0ZaeT SKCIEPT BMECTO «BECOB» Vai, Voj (aHanor y;, y;). By-
JeM MHTEpPIPETHPOBaATh HepaBeHCTBO Xo; > Xo; Kak Beifop obmekra
g; 3 mapHl g;, q; M0 Npu3Haky o. AHanoruuno mogenu Bpaamu-Teppu

I PeJIoK UM

P(Xai > Xoj) = —28 a=1...,p,
SO Maitm, qi=1,...,m, i 4]

Ob6o3naunm »
Trﬂau
( | ’]) Tai + “ﬂj,
p={pas; @< B, a,8=1,...,p} — Hexkult napaMerp «CHIbI CBSZH>.

_ Ot 8a)
2

S(i,80)
L TMos Ta; ]
WMol i) =1+ Y 8lsa 5ol f) (—) x (i) ,

1<a<8<p Taj i
sﬂziij; cx:l?"‘?p?

+1, ecniu a = b,

—1, ecnu a # b,

d(a,b) =

IpHYeM pog BEOHpaeTcs Tak, 4100wl fi(s|i, §) > 0 anst Beex 2P kierodek

n
H nap 00LCeKTOB.
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Mogens J3suzacona-Bpagnu ¢dopMmynupyerca cienyromumM obpasom:

anst moboro 7,5, 1 <i< j<mn,
p(sli, 7) = pO(sli, H)h(sli, 5)-

Pagencreo p = () Bile4eT HE3aBHCHMOCTD [IPH3HAKA. JTO U €CTb MHO-
roMcpHasi Mmogesib Bpaznu-Teppu.

HexkoTopsie npeacrasienus moaenedt Bpsanu-Teppu

Opanomepuasi BT-mozens MoxeT OBITh onncaHa pa3iHYHBEIME CIOCO-
6amu [9]. Ilycts vij =Inm; — Inmj, wy; =Y - Yj,
F(u,v;) = 1/[1 + exp{—(u — ;)}] — norudeckas dyHKuusi pacnpe-

JeJIcHHsl CTyudalfHo} BeJHYHHB U;; ¢ mapaMeTpoM 7;;. Toraa

-
F(Oa'Yij):P(ui:i<O)=P(Yi—¥}<0):ﬂ»._:7r.'
it

OuennBanne mapaMeTpoOB M NMpPOBEpPKa rumores. B ynomsny-
tolt pabore [13] obcykaacTes oneHHBAHME O METOY MAKCHMATBLHOTO
npasaonofobus U cuTyanuu, Korga t o6beKTOB CPDABHHBAIOTCS MOMAap-
HO; C 7;; He3ABHCHMBbIMH HaOII0I€HUSIMH, 101y JEHHEIMH [IDH CPABHEHHH
(3, j) napul. Kaxnoe nabniofenue npeacTasisier BeKTOD NpeAoYTeHUH
s = (s1,...,8p), Ile KOMIIOHEHTA S, MOKA3bIBaeT IJIsi KAXKAOH Mapbl
(i,7) npeanoyTennc no mapaMeTpy @, TAK HTO S = i WIH 8o = J
npu g » ¢j, WIA ¢; < (j COOTBCTCTBCHHO (To ecte X; > Xj HITH
X; < X;, X;,X; — nabmiogenns (orkinku)). OTkiankn mis Kaxzgol
naphi (i, j) He3aBHCHMEI OT OTKIMKOE J0boit apyro#t napwi (k,!). Ilycrs
f(s]i,J) — 4ucno cnydaes, Korza HMeer MeCTO BEKTOP IPEANOITEHHSI §
CpefH T; OTKIHKOB 1yist naphl (4, j), fai; — YacTHast uacTOTa mpeAmo-
YTEHUs! G; > gj 110 NapaMeTpy &, faij + faji=1, Vai = Y faij-

=Li#i

3aech Uy — YHCIO NpeAnouTeHnlt 00beKTa ¢; 0 MPH3HAKY O M3 BCEX

n—1 cpaBHenu# ¢ octanbHbIME o0bekTaMu. Jlorapudm dyHKiuE npas-
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Aononobust

InL= > Y f(sli,5)np(sli, j). (1.2.1)

1<i<j<n 8

MerosHKa NPOBEPKH IHNOTESLI
Hy: p=0, 7 — HeusBecrHo,
I POTHB aJlbTePHATHBHOMN
Hi: pag#0, 1 <a< f <p, ®#— HeusBecTHo, rze

p={pap, 1<a< B <p},
7= {fm, a=1,...,p, i=1,...,n},

u ranoteant Hy : 74 = 1/n, ¢ = 1,...,n, & = 1,...,p nporus
Hy: 7ai # maj Anst HekoTOPHIX 1,7 € {1,...,n}, a=1,...,p.
Cornacue MHOroMepHOH MoaeIM NapHLIX cpaBHeHmBt J[sBuzacona u
Bpannu [9] npeanaraioT BLISCHMTHL cleAyomiuM obpa3oMm: mpoBepsier-
sl rUnoTe3a o paBeHcTEe (PAKTHYECKOR 4acTOTHI MOJTydeHHS] BCKTODA §

TeopeTHYecKoH, MOy YeHHON W3 MOZENH, ¢ TOMOIIBIO KPHTEPHST X 2.

122 CBA3M B METOZE NAapHBLIX CpaBHEHUN

B paununx paborax no MeToay napHbIX CPaBHCHHH PACCMATPHBAJICS CIIy-
yall, Korga 3KCIEPThl MOTYT ONpeA&IeHHbIM 00pa3oM BLICKA3aTh CBOH
NpeAnoYTeHHsI B NOJL3Y 0fHOro u3 0bbekToB ¢; wiu g;. Ha mpakruke
JAaNeKo He BCerja MOXKHO HODHThCS TAKHX OTBETOB OT 3KCIEPTOB, KO-
TOpPLIE MOTYT 3aTPYAHATECS B BhIbope 0AHOrO U3 00LEKTOB, CYUTAS] HX
9KBH BAJICHTHEIMH.

PazpaboTanbl HEKOTOpPLIE MOZE/IH NMAPHLIX CPABHCHUH, AOMYCKAIOUIHNE

3KBHBAJICHTHBIC 00heKThl (CBs3aHHbIC 00beKTHI).



O600mennem mogenu Tepecroyna-Mocresuiepa sisisiercst Mogenb [Uien-
ua u JIssuza [9], o6obmennem monenu Bpagnmu-Teppu — mozaens Pao-
Kynmnepa [9]. B ro#t u gpyro#t Mozenu npeAnonaracrcs, 4To CBSI3aHHLIC
00bexThl (HepaznuueHHe WX ) NOSABISIIOTCH, KOTAA PA3HOCTDb ONpe/iesieH-
Holt KoHcTaHThl. Pacnpepenenue sToit pasHoctd y [nenna u [IsBupa
HopManbHoe, nopobuo Momenu Tepcroyna-Mocrensepa, u norudeckoe
y Pao, Kynnepa anst mogenu Bpagnu-Teppu. Unrepecubie pesynbrars
1o obpaboTke cBsizelt B napHbiX cpaBHeHul nostydensl Cunxom u Tomn-
conom [9], [13].

Mogens Pao-Kynnepa

Kak uzsectHo, B Mogenu Bpagnu-Teppu BeposiTHOCTE NpeAN oY TEHHUS
i-ro ofmekTa j-My ecThb

M= — (1.2.2)
T+ T

rage m; — «MCTHHHOE» 3Ha1e€HHC, CBsI3aHHOE C I/ TaK!:

t

y; =logm; m 2> 0, Z‘rr,- =1.

i=1

Beezem cnywalinyio BeauunHy d;; — OLEHKY SKCIEPTOM ¥ — Vj C

pacipeaenreHHeM
o
Pdy; > d)=1/4 / sech?(y/2)dy. (1.2.3)
—(vi—yy)
Torza
+a
m; = P(di; > 0) =1/4 / sech®(y/2)dy. (1.2.4)

“("i“yg)
B paunolt Mogerne npeanonaraercs CyLUeCTBOBaH)e IapaMerpa 1), Ta-
KOTO, 4TO NpH d;; > 7} 3KCHEPT pa3nuyaer 00beKT g;; q;; a npH d;; < 7

OH 00'bsiBIIsieT MX CBSI3aHHEIMH («3KBHBAICHTHBIMUY ).
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Obo3naunm BeposiTHOCTh BEIGOpa ¢; IPH CpPaBHCHUH ¢; U ¢; Ycpe3

[4]

iy = 1/4 / sech’(y/2)dy,

—(vi—v;)—
BEPOSITHOCTD CBsI3H
—(1—vy)+n
mo.qj = 1/4 / sech®(y/2)dy.
—(r—vy)—n

ITapamerp 7 B Takolt MOZACIH HHTEPIPETHPYETCSI KaK «IOPOT 4yB-
CTBUTEJILHOCTH BOCIIPHSITHSIY.

Ionoxum © = exp7n, 7 =Inn u no-npexxuemy @; = exp v;,

i=1,...,n, rorga
Tiij = :ieﬂ] P(di; > ),
iij = #in, = P(d;j < —),
iy = S = Pllds] <)

Pao u Kynnepom npeasioxeHa METOJHKA OTLICKAHHS OIIGHOK MAaKCH-
MaJbHOro npasgonogebdust © u p; Ans napamerpoB S um, i=1,...,n

H KPHUTEPHH AJIsI IPOBECPKH TI'HIIOTES:

1.Hy: 7=1/ngnai=1,...,n NIpOTHB albTCPHATHBLI

Hy : m # m; anst Hekotopex 1 < i< j <n.

2. Hy : © = ©g nporus anvreprarusul Hy : © # O, a Takxke
KpHTepHll aeKBATHOCTH MOJeJH

x2_ L DS (miij — 1P

" (k=044 1<i<j<n Phij

TA€ Diij> Pjij> Poj — OLEHKH COOTBCTCTBYIOIMX BepOsiTHOCTEH, a

Mmi.ij, Mj.i5, Q. — COOTBETCTBYIOIIHE YaCTOTHI.
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Jlnist mosy4eHusi p — OLEHOK HCHOJIB3YIOTCH OLCHKH MaKCHMANBLHO-
ro npaezomnofobust p;,p; u é, x? — kpurepult pacnpezesncn Kak X2 ¢
n{n—2) crenensiMu cBoOOABI, 4TO NOKA3aHO JJisi AaHHOrO ciydasi [nen-
nom u JIasuzom [13]. B pabore Pao u Kynnepa paccMaTpuacTces Takxe
ciydaill cepHH SKCIEPUMEHTOB MAPHOTO CPABHEHHS, KaXKAbLIH aKcHepH-
MEHT UMEET CBOC KOJIMYeCTBO CPABHEHHIM.

Mogens /I3suacona

JlaBuzcon ucnoneayer akcuoMy BhiGopa Jlnioca [13]. O6oznauum
p(l]i,7) BeposiTHOCTL NpeanouTeHKS 06BEKTA NPH PACCMOTPEHHH MADHI

(2,7); I =1, j. AKcuOMa COCTOHT B TOM, 4TO

p(ili,j) _m (1.2.5)

p(jli,5) =
Korga cBsizu 3anpemensl, p(ili, 7) + p(jli, j) = 1 u (1.2.5) Beaer
mozenu Bpaanu-Teppu. O6oznauum p(0|z, j) BepositHOCTS cBsizn. Jomy-

micHue J[aBHACOHA TAKOBO:

p(0li, j) = vv/plili, 5)p(ili, ), (1.2.6)

rae v > 0 ecTb nocTosiHHAS PONOPLHOHATILHOCTH ISl FEOMETPHIECKO-
ro cpeasnero. Ucnoneays (1.2.5), (1.2.6) u ycnosue p(i|i, 7) + p(jlz, 7))+
+p(0]7, 7) = 1, nony4um

R,

(6, 1) = smregmm

p(0)i,5) = srs M;.-—,,J—

Mogenn Bpagnu-Teppu nonyuaercs uz mozenu Pao, Kynnepa mpu
O =1 u u3 mogmenu Jesuacona (1.2.7) npuv =0.

Jnst nony4enust ouenku (p,v) napamerpa (m, v), rae
= (m,.--,7), p=(P1,.--,Pt), HCIIOILIYETCH METOA MAKCHMAILHOTO

npaszaononobust.
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Obo3naunm: r;; — 4ucio cpaBHenu#t gy, gj; Wij, Wii, nyj — uncno cy-
4aeB ¢; > 4,4 > ¢i,¢i ~ qj COOTBETCTBEHHO.

fAcHo, uto rij=w;; + wy; + nyj. Obimee 4ncio npesnoYTeHHR A5 g

n
w; = E Wiy,
Jj=1

n
ofwee YnciIO CBSI3eH MIst Gi, T; = P Myj, NPUHEM NOJNATAETCs]
j=t
Tii = wy = ny;. [onoxum s; = 2w;+n;, N= 5 ny;. Toraasanaua
1<i<j<n
MI1 — onenuBaHust CBOAUTCA K MaKCUMH3ALUH

n

In L(m,v) = %Esilnm+ Nlnv - z i In(m; + 75 + vy /i)

i=1 1<i<j<n

n
DM OTpaHUYeHusx Y m; = 1.

Wcnonwv3osanne m'(;})xnfrenen Jlarpanxa NpHBOAHT K CHCTEME YpaB-
HeHult, KOTOpasi pellaeTcsi HTCPATHBHLIM METOZOM.

Cy1iecTBoBan e H eJHHCTBEHHOCTh PellleHHsl 0Ka3LIBAETCS IPH ycJlo-
susix @opaa [13]:

«Jlnsi moboro pazOucHusi 00LEKTOB ¢, . .., g, Ha ABa HellepeceKaw-
HIMXCS MHOXKECTBa HEKOTOpble 00beKThl K3 BTOPOro MHOXKECTBA IIPeBoc-
X0AAT X0TsA OBl 07MH 00LEKT M3 NEePBOro MHOXKECTBAa», H NPH YCIOBHH
Hanuuus csizelt N > (. Just aTolt curyanuu J[9BHACOH peaiaraeT ure-
PATHBHBI METOJ MOKCKA OTIEHOK MaKCHMAaNLHOTOo npasaonoaobus [9].

CaoticTea oneHok JIaBuAcoHa cieayomue. Y nopsjodeHle 110 OleH-
KaM p;, ..., P, B Monenu Bpagyu-Teppu takoe, ato g; > g;, eciu p; > py,
COBIIaZaeT C yNOpsiioYeHHeM IO CyMMaM OLEHOK (BCCOB) g; @ ¢; > g;
BiIedeT ¢; > ¢;. BBogst s; = 2w;+n;, noiyuaeM TOT 2Ke pPe3yJILTAT AJISI S
H p; AJisl paHAKHPOBaHMsl, eCJIM HCHOJIb3yeTcsi cOananch poBaHHLIN IJaH
napuuix cpasaenuit [9]. Onuako a1s mosenu Pao-Kynnepa sto, Boobme

rOBOPSi, HE BEPHO, 4TO MOXKHO 00bsicHuTE cnenyomum obpazom. Jocra-
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ToYHON cTaTHCTHKON Ansi (7, v) Mogenn [[ssuacona sibnsiercs (S, N), a
anst (m,0) mogenn Pao-Kynnepa — b = b;(i # 4, 4,5 =1,...,n). B
IEPBOM Clydae AOCTATOYHAS CTATHCTHKA 3ABHCHT JIHIIbL OT XapaKTCPH-
CTHK 00'bCKTOB 8, ..., Sy, & BO BTOPOM — OT XapaKTeDHCTHK BCCX Iap
i, j, 103TOMY-TO A5t Mogeiau Pao-Kynnepa pankuposanue 1o sy, . . ., S
He HeceT Beelt HHopManni o HaboaeHHsIX.

AcuMnroTnyeckoe pacnpezesicHre (p,T) MoMy4aeTcsi ¢ HCHOIbL30Ba-

HHeM pesyibraToB Bpaanu, Taprta [9]. Umenno
v M("U\_v)) Vv M(pl - 7r1)a---a \ M(pn—l - 7rn—l)

HMEIOT NpPeAeIbHOE MHOIOMEPHOE HOPMAJILHOE pacipejesicHiE C H3BeCT-
HBIMH BEKTOPOM CpeJHHX W KoBapHannoHHOHN maTpunelt. s runoresnt

Hy: m;y=1/n, i=1,...,n 1 N1pou3BoJIbLHOIO U
1 d;
H:n= ; + \/_M

npeJiaraeTcsi CTATHCTHKA
S =2InL(p,7) — (M — N)In(M — N) — NIn2N + M In2M, pac
npenenennas npn Hy kak x2 ¢ n — 1 crenensimu cBobozml, a mpu H;
— KaK HeleHTpaJbHOe X2 ¢ BHITHCAHHEIM y J[3BHACOHA mapaMeTpoM
HEIeH TPAIbHOCTH /\%’. Jnsi ananoruynolt craructuku Pao-Kynnepa Sy
(npepnaznasennolt ansi runoresn, cM. Brime) npu Hy Bepuo pacnpeze-
nenne X2 ¢ £ — 1 cremensimu ceoboaml, a mpu Hy — HenenTpansHoe Y2 ¢
MapaMeTPOM HeIlCHTDATLHOCTH A2,

Hasuacon uccneayer adypeKTHBHOCTL KPHTCPUEE, OCHOBAHHLIX Ha S
u Sy, H, MCIIONL3YSl PeayNbTaTH XcHHaHa [13], ykaspiBaer, uTo acuMmnTo-
tHuiecKd 3)EeKTHBHOCTh PABHA OTHOIIEHHIO ABYX NAPaMETPOB HEIeH-
rpaneHocTH. Mogenu Pao-Kynmepa u [Issuza waentuunnl npu Hy u
v = © — 1. lpu ansrepuaruse m; = 1/t + 8/vVM, A2 = X}, uro cau-

JAeTelbCTByeT 00 acCHMITOTHYECKON SKBHBaNeHTHOCTH S 1 Sy npu H;.
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CoorBercTBHC MOAEIH ACHCTBUTENLHOCTH NpoBepsieTcsi B hopMe ru-
nores
Hy: p(kli, j) = p(kli,j), 1L<i<j<n,
Hy : p(kli, 5) = p(kli, 5) (1.2.7)
AJis1 HeKoTophil 7, j. 3zeck P(k|i, j) — oneHKa MakcHManbHOrO NpaBjo-
nonobusi, p(kl, j) = f(k|i,7)/ri;, k =1,7,0,p(k|i, j) us (1.2.7).
CrarncTiKa AJsi IPOBEPKH COTNIACHS
f(kli, 5)
-2 3 5 sty { K2
1<i<j<n k (k'l )

rae
pasusiercs p(kli, j), rae (7, v) 3amcneno na (p, 7). U pacnpenenena npu

H, acumnroruuecku x? ¢ n(n — 2) crenensimu cBoboael. Ona skBuBa-

{£(kli, ) — F(kli, s
2 2 F(kl3, 5)

1<i<j<n k

JIeHTa

Jlpyroit BaxKHBI! YacTHBIN ciy4ail 3aaaeTcsi Mofenbio Bpagnu-Teppu,

IJ1s1 KoTopoi
oo

1
Hy, —y;) = 1 / sech® ydy, (1.2.8)
—(n—v;)
rae
v; = log mi(m; > 0, Zm =1);
1 2

sechr= — = ———,
chx e*+e*

™

OTCIOAa Cleayer, 4To T;; = el
1+

WUrak Mbl onpegenunu juHelinyio Mogenb. Ilpexze ueM perannHo
PaccMOTpeTh HEKOTOpHIE ee BaKHble MoAu(HKaIMH, MBI OCTAHOBHMCS

Ha obmem nomxoze [13]. Tlepso#t pemennott 3aadett Guio onennBanuc



BecoB v, (i = 1,2,...,n). Tak Kak Hauano KOOpAMHAT Ha JIMHeHHOH

HIKaJic BLIOHpaeTcsi NPOU3BOJILHO, Y00HO BBECTH OrpaHHYeHHE
n
> wui=0, (1.2.9)
i=]1

KOTOpOE J0NYyCKAET e/JHHCTBEHHY IO OLIeHKY V; (ApyTasi BO3MOXKHOCTD CO-
CTOHMT B TOM, 4TODBLI IOJIOKHTD V(1) — HAHMEHBIIYIO EHHOCTh — DABHOM
Hymio, Ho (1.2.9) uMceT HekoTOpLIe I peuMy HiccTBa Grarogapsi cuMMeT-
pun). [lycrn

5,']' =V —Vy (]= 1,2,...,11; J:,éi), (1210)
TaK YTO BEPOSITHOCTh IIPEANOUTEHHS TT;; PABHA:

Tig = H((S,-,-), (1211)

a H — dbyukuusi pacnpe/iesieHusi, COOTBETCTBYOILas BLiOpanHol nuHel-

Hott Mogenu. CyMMHUpys 10 BceM j, OTJIMYHBIM OT 7 = %, MBI HMeeM

253 =(n— 1)y ZV] WM v; = 26'7' (1.2.12)
J

To NPUBOAHT K ClieAyIOMIEMY MeTO[y HAXOXAeHHsi BecoB V; B cba-
JIaHCHPOBAHHOM 3KCIICPHMEHTE MAPHLIX CPABHEHHH C 771 OBTOPAMH.
a
Mycts p;; = -2 — pons npeanoutennit obwexra g; 06bekty g;. Ilomobro

Tomy, Kak B (1.2.11) onpegensiercs d;;, onpegennm dy; :

H(dij) = pij. (1.2.13)

ToraA
dij = —d;;. (1.2.14)
Mycrs —F(z) — dynkuus pacnpegesenus ciy4aht Holt BeuanHbl —E,

a F(r) — dyukuus pacupesenenns ciyqaitnott senuuunnl €. Torma B

TOYKAaX HeIPEepLIBHOCTH:
—F(z) =1- F(-z).
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Hnst cumMerpuusoro pacnpegenenus F(z) = —F(z) u noromy
F(z) =1- F(-z).
B namemM cnyuae, Tak kKak H — cHMMeTpH4YHOe pacipezencHue,
H(dy) =1 - H(—dy).
Kpome Toro,
H(dy) + H(dj) = 1.
Hockonbky H — B3anmuoonHo3HauHast dyHRuws, dj; = —d;j.
TpyaHocTH BO3HHKAIOT TOTHYAC 2Ke, ecnd pi; = 0 win p;; = 1 u ecn
H — dynxkuus pacnpeje/icHHs HeorpaHHYEHHON clyualtHol BeJMYHHLI
IpH NOJTy4eHHH KOHeYHON BeHYMHBI A5t d;; HMCETCST BO3MOXKHOCTD 3a-
MeHHTh Habmogaembie 3Hadenusi p;j (0 nin 1) Ha 5 win l— 3y COOTBET-
cTBeHHO. BooOiie roBopsi, HEBO3MOXKHO YAOBJICTBOPUTH COOTHOIIEHH SIM
v; — v; = d;j, orBevaromunm (1.2.12), Tak Kak ypaBHeHult Goibiue, yeMm

HCH3BCCTHEIX. O}],HEKO 3TH COOTHOILICHHSA MOTYT BBINNOJHATHLCHA «B Cpen-

HeM>» B cMbicie (1.2.10), B npeanosoxenuu

1 !
v = T-lzj:dﬁ. (1.2.15)

Beca v;, nony4eHnbie 3THM c0cO0OM, CCTh OIEHKH [0 METOHY HAMMEHb-

HMIUX KBaAPATOB, TO €CTh MUHHMH3UPYIOT

S = Z(dJ v +v;)? s

i,y i#j

gf 22((1” — U +l/J +2Z(d_7, v; +U, = ~4;(dij -

npu (1.2.10), (1.2.14)

z dij —ny; | npm (1.2.12),
J



aro gaer (1.2.15) kak peuicune ypaBHenut g—i =0.

IousiTHO, YTO BO3MOXKHBLI APYTHC OLICHKH V;, HO NPOCTHIC OLEHKH
(1.2.15) uMer0T Te NperMylIECTBA, YTO METOZ BLIYMCIICHHS OIHH H TOT
e npu nwbolt ¢pyuxkuun pacnpesencuus H. Dto ceolicrso, Boobmie ro-
BOpsl, HE COXPaHsIeTcsl JJisi cliydasl OICHOK, OCHOBaHHBLIX Ha METOHAAX
MaKCHMAalbHOTO NpaBaoNoAobus, MuHMMyMa Xu-KBaapar (x2) # T.A.
Jnsi paccmoTpenHoro Boinie crnocoba HyxHa (opMyna wil Tabnuibl
dbynxkuun H, win nysme H™!, urobnl mo manHOMy pij noay4arb dij
u3 (1.2.13) kak

di; = H\(py).

Mogeans Tepcroyna-Mocrennepa

3aece d;; 1, cleoBaTeNbHO, V; HEMEAJIEHHO ToJTydaloTes u3 Tabmum,
AA0IMX HOPMHPOBAHHYID HOPMAJILHYIO CJyYalHYI BEeJIM4HHY, NpeBbl-
2eMYI0 ¢ BEPOSITHOCTBIO gi; = 1 — pjj.

Euie npoiuie Hcnosnb3oBaHie PAaHKUTOB, KaK NpeajioKeHo BiuccoM u
Zp., IPEBPATHBIINMH P;; B 0XKHAAeMOe 3HadeHne (M — aj; + 1)-ro Hau-
Honbuero uinena ciyyalinolt Beibopku obbema m + 1 U3 coBOKymHO-
CTH HOPMHMPOBAHHBLIX HOPMAJILHEIX CJIydalHLIX BeJIMYHH. DTH PAHKHTHI
(um HOpManMzOBaHHBIE «04KH» ) npubmmKenno pasunl H 1 (p;;) n mo-
ryt 6niTh Halizienn cpazy ans n < 50 u3 tabnun cM. [9]. Temeps mns
sHadeHnll p;; = O unu 1 Her TpyzHocrelt. Bosee mogpobubie Tabmuibl
nanbt B [9].

Mogens Bpagnu-Teppu

W3z (1.2.8) naxonum, uro

1 1
Pij = H(dij) = 5 [1 + tanh (Ed”)]

H, CJICHOBATEJILHO, YTO
Dij
dij = lOg (—
iz
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— ynpomaertcst 6naromaps Tabnunam cuM. [9].

B 00biqHOM 3anHCcH MBI IO3TOMY HMECM

y = logH [ma——qa] . (1.2.16)
j Y

OpaHako Hano 3aMeTHTh, YTO V;, AJIA KOTOPLIX

ZV£= ZIOgT(:—"—-O,

TO €CTh MapaMeTphl 7, He YAOBIETBOPSIOT OrPAHHYeHHIO Y 7y = 1, Ko-
Topoe ucnonb3osaiock Bpagnu u Teppu, Ho wi@h ... 7, = 1. [Tlapamer-
PHI 7} HAZO UL HODMUPOBATH JJIst IOJTYYEHHSI P; € TOMOMILI0 (hopMysbl
= Z%’ KOTOpasi 10Ka3LIBacT, 4TO

m 7r£
pPij = = .
w+w; 7w+ 1r;-

PasHoMepHOe pacnpeaeneHue

SToT BaxKHLIN ciy4uali BO3HHKaeT, ecd Mul nonoxum H(z) =z + %
Toraa

1
dij=pij‘§ H

w=25 () = [ tme -] 2

TO €cTh V; — NuHelHble QYHKIME 04KOB (CTPOUHEIX CyMM) H DAHKH PO-
BaHHC 00'bCKTOB M0 3HAYCHUSIM ¢; TO 3Ke, 4TO H N0 ;. Base MareMaru-

YeCKHe OXKHAaHHHA, Mbl NOJIY YTHM

n—1 1 1 «
V= n (Tri—i), roe 7ri=mz7rij.

Takum 0Opa30oM, ¢ TOUKH 3PEHHUS OLIEHHBAHUS [IEHHOCTH ¥; P EATI0II0-

JKCHHE 0 DABHOMEDHOM DACIPCAETICHHH 3KBHBAIICHTHO paboTe ¢ 0uKaMHu.

Koneuno, npeanigyniue npeanosnoKenusi Hosee CUIbHBIE M ONPEAENISIIOT



Tij KaK (DYHKLMH OT 7;, IOCKOJIBKY

1 -1 1
Tij = H(Vz' - Vj) =V —Uj + § = n n (1ri bt 1r,-) + 5 (1218)

Hosaep [9] yreepxaaer, uTo B Tolt cTemenu, B Kako#t Bce hynxuuu
H(z) npubnuxenno nuHelinbl B okpectHocTH T = (), MoXKeT 0XKHIATh,
4TO A7l MHOXKECTBA V;, KOTODLIE He CIIHIIKOM OTIHYAKTCS APYT OT ADY-
ra, OneHKH v;, OymayT npubnuKeHHO SKBHBATEHTHHI OllEHKaM, MOy CH-
HBLIM JJIs1 PABHOME@DHOTO paclpeje/ieHusl, He3aBHCHMO OT TOTO, HCIOJIb-
ayercss nu (axtuueckn ynknus H(z). [elicrurtensho, ecnu m He

CITMIKOM MAJO0, MBI KMeeM TpUOIIKeHHOo

pij — mi; = H(dy;) — H(8i;) = (dij — 6;)h(63;),
rac h(z) = H'(z). Otciona cneayer, uro, ecnu V; He cHIIKOM pasiu-
4alTCcsl, XOpoumuM npubnuKenneM Oyner obbiuHO

Dij —
h(0)

BOl =

dij =

HIIH
v = m [q,- - %m(n - 1)] , (1.2.19)
aTo paBuo (1.2.17) ¢ TOYHOCTDHIO A0 MOCTOSIHHOTO COMHOKHTEJISI.
IIposepka rHNOTE3BI V] = Yy = -+ - = Iy
IIpex/ie 4eM HCIOJIL30BATH H3BECTHBIH HAOOD BECOB U;, 110JIE3HO yCTa-
HOBHTb, 9T0 COOTBETCTBYIOLIHE V; HE PABHEL DTO MOXKHO CJeNIaTh Ipo-

Bepkoll (i oT6pacLiBanHeM) IHNOTE3L V] = Vg = - -+ = Uy, € [IOMOI[LIO

CTATHCTHKH

By = 4mnh*(0) Y _ 12, (1.2.20)
i=1

rJie MOACTPOYHLIN HHAEKC h yKa3uiBaeT, 9To v; BuiHcisiercst u3 (1.2.15)

¢ ucnons3opanueM dynkuuu h(r). Mockonvky (1.2.19) Brinonusiercs



aCHMITOTHYCCKH, €C/IH BEpHA HYJb-THIIOTE3a, TO

4 & 1 2

TaK uro B) pacupezeneno Kak x> ¢ n — 1 cremensimu cBobozbi. DTo

3HAYHUT. HHTEpPeCCH JIHIIb aCHMIOTOTHYCCKHU NI KpnTepnﬁ HYJIb-THIIOTE3 I

Vi=Vo=...=1V,, uro genaer GespaznuunbLiM BLIOOP 3aKoHa pacmpe-

pencuust H(x).

123 Meroauka Illedpde

IMedde 6but npeasioxeH MeTos aHAIM3a SKCIIEPUMCHTOB IAPHBIX CPaB-

HeHHH, BKIYAKMUX JBe 0cODeHHOCTH:
1. npumenenne 7- unu 9-rouedyHol WKaNK! HpeANOY TEHHH;

2. BBeJieHME CHelMalibHBEIX [peANoJioXKeHHH o BoaMokHOM 3ddekre

NOPSKA NPeJCTABIICHHUS 3KCIepTy 00hLeKTOB B mapax.

Bropas ocobennocts Tpebyer nosicienutt. 3Hasi, 4To NopsiziKoBLie 3¢h-
¢eKTEI MOI'Y T BLI3BATDH CMellleHHe Pe3yJIbTATOB, Mbl HMeeM BO3MOXKHOCTh
cbanancupoBaTh X Ha CTAJUM NJAHHPOBAHUS KCHepHMeHTa. Eciau ux
BJIMsIHHE HEBEJIMKO WIIH He [PeJCTaBIIsieT HHTepeca, TO 3TOro JOoCTATOY-
Ho. PaccMoTpum, Hanpumep, ciy4aill yacTHoro yucna cpapHennit A u B
o %m B Ka)KJOM H3 MODPSAKOB npexbssienus. Illyctb w1 + 8 u w — &
03HAYAIOT BEPOSITHOCTH, ¢ KoTopkiMu A — B, xorsa A npesbssisercs
IepPBLIM H BTOPLIM COOTBETCTBEHHO, H NycTh @', a” — cooTBeTCTBY I0IIHE

7 "
yncia npegnoyrenult gust A. Torpa p = % €CTh HECMeILCHHASI OLieH-

Ka cpefHell BepOSITHOCTH T peANouTeHus. JIMCIepcHsi p paBHa:
1
E—[(w +0)(l—-m=8)+(n—-8)(1—n+4) = E[ﬂ(l i 52],

4TO AEMOHCTPUPYeT 00LIYHO yMeHbIIeHHe, 00yCII0BIEHO HEOLHOPOLHO-

cThi0. BuzHo, 9T0 § momkHO OmITH BecbMa Oonbimum, 4TOOH yMeHblIe-
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HHe cTaJlo 3aMeTHLIM. Bosee Toro, Hey4eT HCOZHOPOAHOCTH NPHUBOJMT K
3aTPYAHEHHSAM IIPH YCTRHOBJICHHH pa3nuuus Mexay A u B.

B meroanke Illedde pomKHLI paznuvaThLCs YHOPAJOYCHHLIC Naphl
(gi,q9;) u (gj,4:). Nycts sy (k= 1,2,...,7) — Beca g; B k-M cpasHe-
HUH NepBolt mapul. Mul HcHonb3yeM 371eCh TCPMHH «OLEHKH» B HCCKOJIb-
KO M3MEHCHHOM CMbicie: Sijr = 3,2,1,0,—1,—2, -3 ana —7-roueunolt
LIKANBl. 3aTeM —S;;jk — Beca g;, IPHIEM Sjix — OYKH g; B k-M CDaBHEHHH
(gj, ¢;). OBwas cymma BecoB (OLICHOK) A1s1 g; 110 BCEM CPABHEHUSIM C gj

CCTh
r

> (siji = siie).

k=1
IIpeanonaraercsi, 4To Bce Sij; HE3ABUCHMBI H 4YTO Ay (PUKCHPOBAHHOMN

ynopsaodeHHol maphl (q,-,q]-) BCE T CIYyYaWHBIX BEJIHYHH Sijp HMEIOT
OZIHO MAaTEeMATHYeCKOe OXKHAAHME [i;; H AUCIEPCHIO 0%, Koropas He 3a-
BHCHT OT (qi,q]-). Jlist KpuTepueB 3HAYUMOCTH H ZOBEPHTEJLHEIX I'pa-
uull gobapisieTcst JONYMICHHE 0 HOPMAJILHOCTH OYKOB. JTO MoCiciHEe
N peANoNioKeHH e MOXKeT ObITh B JiydiieM ciiydae npuOIHKeHHO BeDHBIM;
TO, YTO AUCIEPCHS OAMHAKOBa JJIsl BCeX IIap, TaKXKe COMHHTeNnbHo. Bee
2Ke MOXKeT CJIYHHUThCsl, 4YTO 3TH NPeAIoJI0XKeHHsI OIIPOBCPralTcs NOJIHO-
CThIO NOCIEAY MMM AU CIEPCHOHHEIM aHATH30M € TOYKH 3peHHs obuel
YCTOMYHBOCTH aHANu3a A5l cOanaHCcHpOBaHHBLIX 3KCIEPUMEHTOB. Tak-
e NpeanonaraeTcsi, YTo KaxXkjloe CpaBHCHHE BhLINOJHSETCS Da3/IMiHbl-
MH 3KcmepraMu, Bcero Tpebyercst rn (n — 1) sKcnepTos, mpu4YeM OHH
BLIOHpalOTCs cilydaliHeM 00pa3oM U3 HHTepecylolled Hac reHepaibHON
COBOKYIHOCTH.

Tlycts MareMaTuuecKoe OXKHUA@HHE OYKOB MPEANOYTCHHSI HJIsI ¢; B

ynopsizodeHHbIX napax (gi,q;), (¢j, i) €CTb fij — fiji COOTBETCTBCHHO.



Obo3naunM cpezHec U3 HHX KakK Tyj
1
Tij = 5 (pij = i), (1.2.21)
a HX pasHOCTb depe3 24;;
1
& = 5 ks + pgi)- (1.2.22)
Tak, 20;; ecTb pa3HOCTb «OT IOPSIAKA NPEACTABICHHSI» B MATEMATH-
4eCKOM OXKHAAHHH NPEANOYTeHHH HJIsi ¢; NPOTHB (;, B TO BPEMS KaK
T;j — CPE€AHee MPEANOYTEHHE JJIsi ¢; IPOTHB (;, YCPEHEHHOE MO JBYM
yIOpAAO4YeHHLIM NapaM. Mul 3aMeuaeM, 4To
Tij = —Tij, 0ji = ij.

MEl MoXKeM TakKe olpeleluTh cpejuutt addexr nopsigkaéd :

%n(n -1)é = z ;. (1.2.23)

i<y
Illede BBOAUT Teneph rHnoTE3y O «Pa3HOCHOCTH», KOTOpas €CThb
HPOCTO I'HIIOTe3a JIMHEHHOCTH, & HMCHHO, YTO CYIIECTBYIOT IapaMeTphl

a1, 02, . ..,Q, 4751 KOTOPHIX
Ty = 0y — @yj BJsi Beex 4,7 (2 # 7). (1.2.24)

OTkioHeHHE OT Pa3sHOCTH H3MeEPSIETCs] ApaMeTPOM 7Yij, TaK 4TO B

O6mCM cily4ae Mbl MOXKeM HalHCATb:
Ty =0 —aj+ Yij» (1.2.25)

rie 7¥j, 04CBHAHO, YZOBJIETBOPSIET COOTHOMEHHAM Yji = —ij;
!

Z'}’ij = 0.
E]

C zpyroit cTOpoHEI, 0; MOXKHO BHIPa3HTh 4epe3 Ty; TaK:

Tij
o = Z# (1.2.26)
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OueHKE N0 METOAY HAMM CHBIINX KBaAPATOB oNy4anTcs cpasy. Hau-

~ N Tijk
Hij = r

k

HeM B

Tij, 0ij, & M O MOXKHO OLeHHTH 10 oqepexn u3 (1.2.21), (1.2.22), (1.2.23)
n (1.2.26).

Beca (ouenku) sijx MOXKHO BRIPA3UTD TaK:
sijk = (0u — @) + vij + 0 + (85 — 8) + eijk,

rae omuOKM B MpaBoO#t YaCTH € €CTh ciy4daliHble BennunHbl. Hecme-

IICHHas OLICHKa AUCIIeDCHH 0'2 paBHa:

~p _ Se
n(n—1)(r —1)

CyMMa KkBajziparoB oluOku S, onpenessiercsi no Tabiuie, KoTopas

6ruta pacemorpena B [[9], cTp. 102].

1.3 Metron Caatu
131 Bsenenue

Hcnonb3ys napubie cpaBHeHHsI Ha BX0Je, Ml MOYKCM CIIPABUTHCS ¢ (hak-
TOpaMH, KOTOphIC 00LIMHO B NPHJIOKEHHSX He noiianTces 3G deKTHBHO
KOJIHYeCTBeHHOM oleHKe. EcrecTBeHHO, Y HEKOTODLIX JI0Ael BLI3LIBaET
COMHEHHC HEeolpeAe/IeHHOCTh, 3aK/II0YAIIAasicsl B TOM, 4TO YHCIIa aCco-
LUHDPYIOTCS C CYKACHHSIMH.

Paznuynble NpUII0>KeHHS] TEOPUH OCY IIECTBIISLIACE HPH YYACTHH IOPH-
CTOB, HHXKGHEPOB, YYeHbIX, paboranimux B 00JaCTH NOTHTHYECKHX H
colHallbHLIX HayK, (DM3MKOB, MaTeMaTHKOB M jaxKe gereli. Bce omury-
wany y/00cTBa Jerkoro U eCTeCTBCHHOTO crnocoba NpoBeAeHHs] NapHBIX

CpaBHeHHﬁ B npenenax HHAHNBUAYAJIBHOI'O ONBbITA H JIETKO BOCIIPDUHHMAa-



JIH M3JI0XKeHHe MeTofa, KoTopoce obbIiHO Besioch Ge3 TeXHH4ecKHX Mo-
apobHocTei.

Ob6LiyHo mpoliecc NPUHATHS pellleHHH BKIIOYaeT B cels cieaywomue
cocTaBJIsiiolijie; IJlaHHpoBaHKe, FeHepHPOBaHHUe Psijia allbTePHATHB, YCTa-
HOBJICHHE [IPHOPUTETOB, BLIOOpP HaWydllel IMHHH IOBCACHHS OCIIe Ha-
XOXKICHHSI Psifia allbTePHATHB, paclpeic/ieHHe PecypcoB, oIl pejelieHHe
norpebHocTel, NpeACKa3aHie HCXOAOB, IOCTPOEHHE CHCTEM, H3MEDEHHE
XapaKTepHCTHK, obecriedeHre yCTORYHBOCTH CHCTCME], ONTHMH3ALMS H
paspeiienne KoH(IHKTOB.

B zagauax, rge HeT WKaJbl, 10 KOTOpo# (DHKCHPYeTCS KOJIMYCCTBEH-
Hasl XapaKTePHCTHKA Pe3yJIbTATOB, IIPOLECC NONAPHBLIX CPABHEHHH, KaK
MOXKHO IOKa3aTh, obsiafiaer TeM LEHHBLIM KaiecTBOM, YTO HECMOTPSI Ha
GoJiblIoe YHCIIO BTANOB, KaXK/(bili M3 3TANOB [pOIle, YeM [pH MepBOM
cnocobe B3pemuBanusi. OTMeTHM, 4TO NpH Ji0boM crocobe uamepenu i
HX COIIACOBAHHOCTbH — 3TO He HEYTO camo cobolt pasyMemwiieecsi. BeeM
M3MepeHHUsIM, BKIII0Uasl H3MepPeHHsI ¢ KCIloJIb3oBanieM npubopoB, npucy-
IIH KaK 3KCIlepHUMEHTalbHbIC OlHOKH, TaK W omHOKH H3MEpHUTEILHOIO
npubopa. CepbeanbiM cilescTBHeM OIMOKH FIBJISIETCS TO, YTO OHA MO-
JKeT NPUBECTH M YacTO NPHBOAUT K HecorjlacoBaHHbLIM BhiBogaM. Ipo-
CTHIM NPHMEPOM CJIeJICTBHsI OIIMOOK MpH B3BCLUIHBAHHH TPCIMETOB MO-
JKET CIy>KHTh cilefyoiasa cutyanus: A tsxenee B, B taxenee C, on-
nako C 1sikesee A. DTo MOXKeT NPOH3ONUTH, B 4ACTHOCTH, B TOM cliy4ae,
Korga Beca npeaMeroB A, B u C 6nu3kH, a usMepuTesbHbLIH npubop
HemocraTo4Ho ToueH. OTcyTCTBHE COIIACOBAHHOCTH MOXKeT OBITh cymie-
CTBEHHBIM AJIsl OJ{HHX 3ajad H He CTOJIb CYIIeCTBEHHBLIM ISl JPYTHX.

PaccMoTpUM HepapXHio, HHXKHHE yPOBCHb KOTOPOH MOXKET COCTOSITh
M3 PasJIHYHbLIX MapUIPYTOB ABHXKEHHS TPAHCIOPTA MEXKIY ABYMSI Iy HK-

TaMHi, & YPOBEHb XaPAKTEPUCTHK MOXKeT BKJIIOYaTh BpeMsl CJIeJOBaHHUs,
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cyKaeHusi, BbibouHbl, 6ezonacuocTs 1 1.4, HyKHO 0oTMeTHTB, 4TO JIHIIO,
¢dopMysHpyIolliee yPOBHH HCPapXHH, J0JKHO OLITL YBEDEHHLIM B TOM,
4TO YPOBHH €CTECTBEHHO CBsI3aHb! ApyT ¢ ApyroM. IIpu HeoGxomuMocTH
YPOBeHb MOXKeT OLITE pasduT Ha ABa ypoBHs 4 DOosiee HJIH COBEpIICHHO
yZaJieH.

B rakom Buae Hepapxus siBiisiercsi Goliee HIIM MeHee 3acily KH Baolel
ZloBepsisi MOAEJIbI0 pealibHol curyanuu. OHa oTpa)kaeT NpoBeAeHHBIN
HaMH aHaiH3 HauboJsiee Ba’KHBIX 3JIEMEHTOB H MX B3aHMOOTHOLICHHH,
0/{HAKO OHa — He JOCTATOYHO MOI{HOE CPEeACTBO B Ipoliecce IPHAHATHS
pelieHu#t Wiu IWianupoBanusi. HeoOxoguM MeTon onpeziesicHUsi CHIILI, C
KOTOpOH pasjiiiHLIe 3JICMEHThI OHOTO YDPOBHSI BJIHSIIOT Ha 3JIEMEHTHI
N pEALIeCTBYOIIEro YPOBHs, 4T00LI MOXKHO ObLUIO BLIYMCIATEL BEIHYHHY
I peALIeCTBYIIIEro ypoBHsi Ha obiyo neib.

CucreMaTuzupysi Bce cKazaHHoe, AaHHLIN METOM MOXKHO IIPe/ICTABHTh
cieayomuM obpazom. IlycTh 3azaHbl 3ieMeHTHl O/{HOTO yPOBHs (4et-
BEPTOro) MepapXMH H OZMUH 3EMEHT e clicAylolero Gojiee BLICOKOTO
ypoBHsi. Hy>KHO cpaBHHTL 31eMEHTBI HeTBEPTOro yPOBHsI MONAPHO IO
cuJic MX BJIHSIHMSI Ha €, IOMECTHTb YHcJla, OTpa’Kaloll[ie JAOCTHIHYToe
IIDH CP2BHEHHH COIJIacHe BO MHEHHSIX, B MATPHIYY M HalTH cobcTBeHHbIH
BeKTOp c Haubonbmum cobcTeennniM 3HavenneM. CobcTBeHHLBIN BeKTOp
obecrieyuBaeT ynopsiioueHHe IPHOPUTETOB, a coDCTBEH HOe 3Ha4YeHHe SIB-

JIsIeTcsl MEPOR COrNMacoBaHHOCTH CyXKACHHUH.

132 O6ocmoBanue meTona

Honyctum, 94T0 12 00EKTOB paccMaTPUBAIOTCS IPYNION 3KCIEPTOB.

TpeanonokuM, 4T0 LEaH IPYHIEI CJICAYIOLIUC:

1. BricKazaTh CyKAeHHs 00 OTHOCHTENBLHO! BaXKHOCTH 3THX 00heKTOB;
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2. rapaHTHPOBAThH TAKOH MPOLECC HOJIY YeHHsI CYKACHHM, KOTOP I 1M03-
BOJIUT KOJIMYECTBEHHO MHTEPIPETHPOBATH CyXKJAEHHs M0 BeeM 00b-

eKTaM.

OueBuaHO, 4TO /1A JOCTHXKEHHSI BTopolt Lienu norpebyercsi paspa-
60TKa COOTBCTCTBYIOIIET0 METOAR.

Hame#t uennio siBisieTcsi ONMCAHME METOAa MOJYHEHHS H3 KoiHde-
CTBEHHBIX CY>XAEHHI IPyNMbl (TO eCTh W3 OTHOCHTEILHLIX BeJIHYHH, ac-
COLHHPYEMBIX C NapaMy 00beKTOB) MHOXKECTBA BECOB, ACCOIMHPYEMBIX
¢ omdeavvmu 00bEKTaMH; B TOM CMBICTIE, KOTODLIH ONpejesicH HUXKeE,
3TH Beca JOJIKHbLI OTPAXKaTh KOJMYeCTBCHHEIC CY>K/IeHHS rpy bl Bia-
rogapsi TakoMy nozxozny nonyqennyio u3 ueieit (1) u (2) (cM. Boime)
nadopManuio NIpHBoAHM B ya0bHYy10 hopMy Oez uH(OpPMALMOHHEIX MO-
Teph, CBOMCTBEHHBLIX Ka4eCTBEHHLIM CYXKACHHUSIM.

IycTs q1,4, . . . ,§n — COBOKYNHOCTL 00beKTOB (BO3MOXKHBIX
aeitcreuit). KonnuecTBenHble cy:KAeHus1 0 napax o0bekToB (g;, ¢;) npea-

CTABJISIIOTCA MaTpHulielt pasMepa n X n
A= (aij)r (11.7 = 1:21 v an)'

OneMeHTH @;j OnpeAeicHBI N0 CIACAYIOIMEM MPABHIIAM:

IIpasuso 1. Ecnn a;; = a, 10 a;; = %, a#0.

IIpaBuno 2. Ecnu cyXaeHusi TAKOBLI, 4TO ¢; HMECT OQHHAKOBYIO C
¢j OTHOCHTENIbHYIO Ba’XXHOCTh, TO @; = 1, aj = 1; B 4acTHOCTH, 0 = 1

aust Beex i. Urak, MaTpuna A umeer Buz

1 ayg ... Qin
1
A= e 1 . Qon
1 1
| 2in G2n ) 1 _
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Mocne npeacraBicHust KOJIHYCCTBEHHBIX CYKJAcHHR o napax (g, g;)

B YHCJIOBOM BLIDA)KCHHH 4epe3 a;; 3a7a4a CBOAHUTCS K TOMY, 4T00bI 12

BO3MOXKHBLIM AEHCTBHSIM 1,2, - - ., §y IPHCBOUTHL YHCIIOBLIE BECA
wy,Wws, . . . ,Wn, KOTOPLIE COOTBCTCTBOBaIH Obl 3ahMKCHPOBAHHLIM CYXK-
AEHUSIM.

Jnst 3TOrO, BO-NEPBLIX, HeobXonuMo HedeTKo copMyHpoBanHol 3a-
Jlaic NpHAATh CTPOTYI0 MaTeMaTHdecKylo (opmy. DTOT cyliecTBeHHbIN
mar sipjisiercst Haubosiee BaxKHLIM B J10001 3anade, B KoTopolt Tpebyercs
NpeACTABHThL KH3HEHHYIO CHTYAlHI0 B TEPMHHaX abcTpakTHOH MaTeMa-
TH4ecKolt cTpyKTyphl. OcobeHHO BayKeH OH B paccMaTpHBaeMol 3ajade,
IIOCKOJILKY B Hell mpoliecc MareMaTHdecKod (hOpMyIHPOBKH BKIIOYa-
er B cchsi psizi HesIBHO BHIMMbLIX MepexojioB. IloaToMy B AaHHOH 3a1a-
qe JKeJIaTeJIbHO YeTKO ONpeAeIHTh OCHOBHEIC 3Tallkl mporecca ee dhop-
MYJMPOBaHHS H KaK MOXKHO MozApoOHec ONHCATh KaxKJbLl# aTal, 4To0bI
MOTeH{HATbHLIA M0JIb30BATENL MO COCTABHTbL cOOCTBEHHOE MHEHHE O
3HAUUMOCTNY U LYEKNOCTY DTOTO METOAA JAJisl PellleHHs] ero KOHKPeTHOH
3anadu.

OcHOBHBIM SIBJISIeTCs BOIIPOC, CBSI3AHHBLIN CO CMbIcJIOM HedeTKo cop-
MYJIMPOBAHHOT0 YCJIOBHS B H3J10XKEHHH Halllel [1eJIH: < ... 3TH Beca J0JIK-
Hbl OTpayKaTh KOJMYCCTBEHHEBIE CY>KAEHHS IPYNNbl». ITO BLI3LIBACT
HeoOXoAMMOCTh ONMCAHHSl B TOYHBIX, MATEMATHYECKHX TEPMHHAX, Ka-
KuM o0pa3’oM 3aBHCAT Beca Wwj OT CyXKAeHHH a;;. JIpyruMu cioBam,
3aziada onpeiesieHHs] YCIOBHH, KOTOPhIE HAKIaJALIBAIOTC] Ha HCKOMbIE
Beca, pellaeTcsi OTHOCHTEJLHO MoJlydeHHbIX cyxzaenuli. Heobxomumoe
ol HcaHKe TPOBOJUTCS. B TPH 3Tala, Ha4MHasl OT MPOCTCHINCro 4acTHOro
cllydasi M KOHYasi o0muM.

Aran 1. MpeanonokuM, 4To «CyKACHHSI» — NPOCTO Pe3yJILTAT TOH-

HbIX (puzHueckux H3Mepenuit. IlycTb 3KcnepraM AaHbl HCCKOJILKO Ka-
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MEIIKOB §1, 3, . . ., {n ¥ TOYHEIE Bechl. UT0OLI CPABHUTL ¢ H (2 HA BECHl
KJIamgyT g, H CHHTLIBAIOT BhiCKa3biBaHMsl, cKaxeM, wy = 305 r. 3arem
B3BELIMBAIOT (g H MOJy4alT wy = 244 r. [enenue wy Ha we gaet 1,25.
ITociie 3Toro akcmepThl BLICKa3LIBAIOT CyXKIcHHE: «g; B 1,25 paza Ts-
XKelee (a» M 3ANMCHIBAIT 3T0 B BHAe a1z = 1,25. Takum obpazom B
HICaJIbHOM CJIy4ae TOYHOrO H3MEDEeHHSI OTHOIICHHS MEXKIy BecaMH w

H CYXKAEeHHSIMH @;; BbIDaXKalTcsd B BHAE

Wy ..
—=ua; (@msi,j=12,...,n) (1.3.1)
Wy
wiow w
o2
w wp  wy
A — wh o wp Towy
Wp W Wn
th o,

TeMm He MeHee HepealbHLIM ObLUIo OLI TpeboBaHHE BLIMOSHEHHS] ITHX
yciioBH# B o6mieM ciyqae. B GonbuiMHCTBe NpAKTHYECKHX CI1y4aeB 3TO
caenano Obl 33124y HaxoXKAeHus1 w; (IpH 3a4aHHBIX @;;) Hepas3pell HMOH.
Bo-nepsuix, gaxe ¢uznyecKkue H3MepeHHUsi HUKorAa He ObiBaloT TOYHbL
MH B MaTeMaTHYeCKOM CMbICIIe, H, CJIeZI0BATEILHO, OTKJIOHeHHS! ZIOJIXKHEI
OLITL NPHHSITLI BO BHHMaHHC; BO-BTOPLIX, 3TH OTKJIOHCHHS HOCTATOYHO
BEeJIMKH M3-32a OLIHOOK B HCNOBEYECKHX CYXKACHHSIX.

Dran 2. Yrobbl MoHATHL, KaK YyCTAHOBHTb JONYCKH Ha OTKJIOHEHHS,
PAcCMOTPHM 1-10 CTPOKY MaTpuibl A. DileMeHTaMH 3TOH CTPOKH SIBJisA-
10TCsA

@i1y @32y . - ., Qij,y . - -5 Qip.

B nzeanbioMm (ToyHOM) cliydae aTH BENMYHHEI HE YTO HHOE, KaK OT-

HOIIEHHS
Wi Wi Wi Wy

T L)

wl’wg’“"wj Wn



CrienoBaresibHO, B HACAIBLHOM Cilydae IPH YMHOXKCHHH [ePBOro aJie-

MEHTa 3TOI CTPOKH Ha Wi, BIOPOIr0 — Ha We U T.A. MOIYIHM

Wi Wi Wi Wi
—W =W, —Wy =W, ..., —Cdj =Wy .., —Wy = Wy
wh Wy Wy Wy
B urore umeem CTPOKY HAEHTHYHBIX 3JICMEHTOB W;, W;, ..., Wi, TOrga

Kak B oDIieM ciiydae Mbl MOJIy4HJIH OBl CTPOKY 3JIeMEHTOB, [PEHCTAB-
JISIOIMIMX CTATHCTHYECKOE paccedBaHWe 3Ha4eHHH BOKpyr w;. IlosroMy
uMesio Onl cMuicn TpeboBaHMe DaBEHCTBa w; CpeAHEMY H3 3THX 3HAUYC-

uuit. Cnegosarenbho, BMecto Bripaxkenus (1.3.1) B ujgeanbrom ciyuae
Wi = AWy (?'7.7 = 172: LR )n’):

Hosee peanMcTHUHBLIC BRIpaXKeHUs1 Anst ob1ero ciydasi IPUHEMAIOT BU,

{ansa kaxzoro dukcuposannoro )
w; = cpexHee u3 (ajnwi, Aigs, - - - , Ainy)-

WNnave 3170 MOXKHO 3anucarb B BHIE
1 n
W = H E Ay (2 = 1,2, N ,TL). (132)
j=1

Hecmorpsi Ha To, 4TO yciioBus AJisi Buipaykenusi (1.3.2) sipnstioTest Me-
Hee CTPOTHMHM, HeM zisi Buipaxkenusi (1.3.1) Bce eme ocTaercst Bonpoc:
JOCTATOYHEI JIM 3TH YCIIOBHS AJISl CYLIECTBOBAHHS PELIEHUST; TO €CTh T'a-
PAHTHPYETCS JIH PellaeMOCTDb 3afadd 10 ONpPeJCIeHHI0 eJHHCTBEHHBIX
BECOB w; IIPH 3aJAHHBIX €;;!

Oran 3. Yrobbl HaliTH OTBET Ha 3a/jaHHBLIN BLIlIE CYI[CCTBEHHO MaTe-
MaTHYccKul Bonpoc, HeoOxoaumMo 3anucats (1.3.2) B cie ogHoM, Gosee
3HAKOMOM BHZe. nsi 3To HeoOX0AMMO MOABLITOXKHUTEL LENb PACCYKAE-
Hul n0 AaHHOMY Bompocy. Ilpu momcke ycioBull, ONHCHIBAIOI{HX 3ABH-

CHMOCTb BCKTOP& BE€COB W OT KOJIHYeCTBeHHBIX Cy)K,D,CHI/Iﬁ, MBI BHaYale
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paccMOTpesId HAeallbHbIl (Tqubm) cay4datt atan 1 # mony4unu BeIpa-
xkenue (1.3.1). 3aTtem, sicHo noHMMasi, 4TO B PealibHOM ciiydae NMOTPe-
Oyercs na stane 2 u npuunu K dopmynuposke (1.3.2). Oxazanocs, aTo
BCE 3TO elic HeZOCTATOYHO DEANHCTHYHO, TO €CTh TO, YTO BhiparKeHHe
(1.3.2), umeromee cuily B HAeanLHOM CIlydae, BCE el CIMIIKOM CTPOTo
AJis1 TapaHTHPOBaHHsl CYLIGCTBOBaHHSl TaKOro BCKTODa BeCOB W, KOTO-
puilt ynosnersopsit Oui (1.3.2). OTMeTHM, 4TO NPH XOPOLIHX OLEHKaX
a;; npubauxkaercst K :JT; H, Clef0BaTelbHO, SIBJISIETCS MallbiM BO3MYIIe-
HHeM 3TOoro oTHoumcHus1. Tenepb BLIXOAHT, UTO MOCKOJILKY @;; H3MEHSICT-
cs1, cooTBercTByomiee pemenne (1.3.2) nomyuum (To ecTb w; U wj MOryT
H3MeHsIThes1, YToOBI IPUCIOCOOHThCST K OTKJIOHEHHIO @y OT HAEATbHOIO

ciy4as), ecnu uaMenuTcsi . OGo3HadHM 3T0 3HAUEHHE N Hepe3 Apuax-

CrenoBarenbHo, 3aiada

1 n
—Eaijw_.,- (z= 1,2}...,71) (133)

A'I'Ill].'l,' ]=l

wp =

MMeeT pellleHHe, KOTOPOe TaKXKe HOJIKHO ObITh eJMHCTBEHHLIM. ITO —
XOPOIIIO M3BCCTHAS 3aja4va 0 cOOCTBCHHOM 3HAYEHHH, KOTOPOH MEI 3all-
MeMcs B AalibHeHIeM.

B ofmem ciy4yae OTKIOHEHHS B Gij MOTYT BEI3bIBaTh Oosbuime or-
KJIOHEHHS] KaK B Apmay, T8K H B wj, 7 = 1,2,...,n. OgHako B ciyuae
obpaTHO CUMMETPHYHEIX MATPHI, YA OBIETBOPAIMMX HpaBuiaM 1 u 2,
3TOr0 He HabIIAACTCSs, TO €CTh MMEETCS] YCTOMYHMBOE PelleHHe.

Wrak, Tonbko uTo 6buT0 MpeAcTaBneno obocHOBaHHE HAIIEr0 METOAA.
Maremaruieckas (opMysiHpoBKa ero Oyaer npejcrasieHa 4y Th 03Ke.
Waznaras ero 8 MaTpu4HbIX 0003HAYCHHUSIX, HAYHEM C TOTO, YTO HA30BEM
HIealbHbIM ciydaeM Aw = nw, rae A — comlacoBaHHasi MaTpUna,
paccMoTpaM obpaTHo cHMMeTpHUHYH MaTpuiy A’ (sBasiouyocs Boz-

MyIICHHEM MaTPHIbl A), BLISIBIEHHYIO H3 CyXK/I€HHH 0 MAPHLIX CpaBHe-
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HUSIX, & TakKe pemuM 3anaqy A'w’ = A, T€ Ajpar — Hanbonpmee
cobcTBenHOE 3Ha4eHne A,

WHorga uHTEpec NpeACcTaBIsieT NIPEeBOCX0ACTEO, 00paTHOE OTHOCHTENb-
HO JaHHOM XapakTepucTHKH. HazoBeM ero peneccuBHOCTBHIO OZJHOTO BHAA
AelCTBHSI IPH CPABHEHHH C APYTHM OTHOCHTENILHO 3TOH XapaKTepHCTH-
Ki. B 3ToM ciyuae pemaercs 3afada HaXoXKAeHHs JeBOro cobcTBeHHOTO
BeKTOpa v B UA = A, v. KoMnonenTn v 1 w B 001meM city4ae siBasiioTcest
B3aMMO000paTHEIMY BeTHYHHAMH TOJNBKO TOrZa, Koraa A cornacosanHa.
Korzaa Her corjiacoBaHHOCTH, OHH B3aMMO0oOpaTHEl Jisin =24 n = 3.
B obmieM, oxugarb, 4T0 MeXKAY HUMH OyZeT CyIIECTBOBATH ompeze-
JieHHAasl B3aMM03aBHCHMOCTD, He cnenyeT. DakTu4ecKH 3TH ABa BEKTOPA
COOTBETCTBYIOT JBYM CTOpOHaM JiuKa FlHyca — cBeTJsiol U TeMHOH.

TakuM o6pazom, ecnu JITIP (nuuo npuHuMalolee peleHue) CTONKHY-
JIOCh C HCKOTODHIM KOJIMYECTBOM AEHUCTBUH, CpeAl KOTOPLIX HYKHO CHe-
naTh BHIOOP M y HEro ecTh COMHEHHsI B KDUTCPHUSIX, 10 KOTOPLIM OH MPO-
BOJHUT OIICHKY, He0OX0AHMO CPABHUTDH MOMAPHO KPUTEDPHH OTHOCHTEILHO
KPATKOCPOUYHBIX H AOJITOCPOYHBIX AHCTBHH, IOHCKA H MPEHMYIIECTB, a
TaKXKe MOCTPOHTh MATPHILY NONAPHBEIX CPABHEHHN OTHOCHT&IbHO 3(h-
dexruBHOCTH M ycnexa. HakoHel, Ha caMOM HM>KHEM YDPOBHe CPaBHHTh
BhIDMpacMEle [eHCTBHSI OTHOCHTEILHO KaXKAOT0 KPHTCPHS, COCTABHUTH
B€ca HepapXUuCCKH U BLIOpaTh AeHCTBHE ¢ BRICIINM NpHopUTeToM. Ecnu
JITIP pazobpan moctaTo4Ho Cy»KACHUH U YBEDCH B TOM, 9TO PACCMOTPEI
Bce cyliecTBeHHEBIC (JaKTODH! M NpaBHibHLIC cyKAeHHusi, To JITIP coenan

Bce, 4T0 OBLJIO B YeJIOBeYECKHX CHJIaX ZJisi Toro, 4Tobnl caenars BLIOOP.

1.3.3 Aaropurm

Ioaxox K mapHEIM CpaBHEHMsI, OCHOBAHHBIN Ha pPellleHHH 3a7a4d o cob-

CTBeHHOM 3HaveHHH, obecneunBaer cnocob mWKanuposanusi, ocobeHHo B
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Tex cdepax, rje He CyIIecTBYeT H3MePEeHHH H KOJIMYECTBCHHBIX CPaBHE-
Hull. Mepa coriiacoBaHHOCTH IO3BOJISICT BO3BPATHTHCS K CYXKACHHSIM,
Moz HIHPYs HX JJisl yiaydileHusi oOiicll corsiacoBaHHOCTH. YdacTHe
HECKOJILKHX 4eJIOBeK [O03BOJISICT NPHXOAUTh K KOMIPOMHCCAM MEXAY
pPazxNYHEIMH 3JICMEHTAMH, & TaK)Ke MOXKET BhI3BATh JUAJIOT O TOM, Ka-
KHM clefyeT ObITh JelCTBUTEILHOMY OTHOUIEHHIO - KOMIPOMHCCY MeX-
AY Pa3siH4YHEIMH CYXKJEHHUSIMH, [HPeJCTABISIIONIMMHE Pa3HLI} ONLIT.

SrTanml npoluecca NPOMCXOAAT cleAyoiMM obpasom:
1. Copmynupyitte 3azaqy.

2. TocraBnre 3ana4y B obmeM mWiane — BeTaBbTe ee (eciu ecTh Heobxo-
AHMOCTE B GoJIbly10 cHCTeMy, BKIIOYADINYI0 JpyTHe AelcTByONIHe

JIMNA, MX 1IeJH U Pe3YJbTATHI).
3. Unentudunnpyiite KpaTCpHH, BIMSONIHE Ha 3a4a4y.

4. TlocTpotiTe nepapxuo ob0IUX KPHTEPHEB, YACTHLIX KPHUTEPHER

CBOHCTB allbTEPHATHB H CaAaMHX allbTePDHATHB.

5. B 3aga4ye ¢ MHOrHMH y4YacTHHKaMHM YDOBHH MOIYT OTHOCHThCS K
OKpY2Kalolllell cpese, aKkTepaM, UX LEeJIsIM, HOJIHTHKE H Pe3yJibTaTaM,
M3 KOTOPBIX noiy4acm obobmienubilt pesynbrar (coctosinme ccepbi

AelcTBHs ).

6. YTobbI ycTpaHUTh HESICHOCTD, TIATEILHO ONPEAeSINTe KaXK AR 3i1e-

MEHT B HepapXuHu.

7. YcraHoBHTE IPHOPHUTETH IEPBUYHEIX KPHTEPHEB OTHOCHTENIBHO HX

BO3/leRCcTBHS Ha o0IIy10 Ielib, HazkiBaeMy1o PoKycoM.

8. Acuo copmynupyliTe Bonpoc sl NApHLIX CPaABHCHHH B KaxKaol

maTtpune. ObparnTe BHHMAaHHe HA OPHEHTALHI0 KaXKAOr0 BOIPOCA,

68



10.

11.

12.

13.

14.

15.

HANpHMCpP, CTOMMOCTh AOJIKHA yMecHbHIAThesd, a 3¢ eKTHBHOCTh

YBCIHYHBATHCH.

. YcTanoBuTe NPHOPHTETH! YaCTHBIX KPHTEPHCB OTHOCHTEJIbBHO CBOHX

obIIHX KpUTEpHEB.

BBeauTe cyKAeHHsI 0 NONapPHLIX CPABHEHUSIX H HX oDpaTHLIE Beiu-

YHHEI.

BoiuHciiHTE IPHOPHTET b Iy TeM CyMMHPOBAHHS 3JIEMEHTOB KaXKl0-
ro cTojlua u ZleJieHHsT KayKA0ro 3jieMeHTa Ha o0y cyMMy cTojb-
na. YcpeHHTE 10 CTPOKaM Pe3yJibTHPYIOLY0 MATPHIY, H Bbl MHO-

JIy4HTe BeKTOp IPHOPHTETOB.

B ciy4ae cueHapucB npopaHKupyHTe HX NepeMeHHbLIe COCTOSIHHSI
o mKaje oT -8 7o +8 B 3aBHCHMOCTH OT TOr0, HACKOJILKO OHH OT-

JINYAKOTCS OT CyIIECTBYIOIIEro cOCTOsiHUS, obozHadeHHorO0 0.

Cocrasbre Beca B MepapXuH Ajlsi HOJydeHHst oOIUX IPHOPUTCTOR, a
TaKXKE COCTABHLIX 3HAYEHHH ITePeMeHHLIX COCTOSIHHsI, KOTOpLIE BMe-

cTe onpeAensioT obuwit pesynnTar.

B ciyuae Buibopa cpesu annTepHaTHB BhibepHTE albTCPHATHBY C

HaubONIbIINM [IPHOPUTETOM.

B ciyyae pasmerieHusi pecypcoB OLeHHTe CTOMMOCTb allbTepHATH-
Bbl, BEIYHCJIUTE OTHOIIeHHe 3¢ eKTHBHOCTH K CTOMMOCTH H pac-
NpeAeuTe Pecypchl COOTBETCTBYIOMMM 00pazoM: HIIM MOJHOCTBIO,
HWJIM nponopuHoHancHo. B 3azade onpenenenusi npuOpHTETOB CTOU-

MOCTH PacHpele/IiTe PEeCyPChl MPOHOPLHOHAIILHO NIPHOPHTETAM.
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TecTbl HA TOYHOCTH, CPEAHEKBAAPATHYHOE OTKJIOHEHHE H ME-
nuaHHOE abCcosII0THOE OTKJIOHEHHE.

BaykHbIM npejicTaBisieTcsi BONPOC 0 6IM30CTH BEKTOPa IPHOPHTETOB,
MOJIy4eHHOr0 HAIMM MeTOAOM, K «HeHCTBUTEILHOMY» BEKTODY NpPHO-
pureros. OauuM u3 cnocoboB ycTaHoBIeHHs1 3TOH OnuzocTu siBysieTcst
NpHMEHEHHE METOAA K CHTYalliH, B KOTODOH BO3MOXKHO OIpeAeicHHE
dakTudecknx unces. st TakKMX ciiydacB IpoBepHM, HACKOJIbLKO TO4eH
BEKTOD IPHOPHTETOB.

Jlnsi npoBepKH TOYHOCTH HEOOXOAMMO CPDABHHThL OLIEHKH B 3KCIIEpH-
MEHTaX C JeHCTBHTEeJ]bHEIMH OTBETAMH, KoTophie u3BecTHbl. CpaBHenue
4HceN BKJIOYAET HCHOJIb30BAHHE CTATHCTHYeCKHX Mep. s moarsep-
JKACHHSI TEOPETHYECKHX PE3YJIbTATOB B CDAaBHEHHH C PeallbHOCThLIO HMe-
eTcsi HeMHOro Mep. J[Be M3 HMX — CpeiHEKBaAPATHYHOC OTKJIOHEHHE H
MenuaHHoe abcooTHOE OTKIOHeHHe oT MeguaHbl. OOLITHO OHH HCIOMb-
3Y0TCA AJ151 CpaBHEHHsI BoIbopa cpesii HeCKoJIbKMX BEIOOPOYHBIX OLCHOK
Onuxkaliiedl K AeHCTBUTEILHOCTH OLICHKH, a He abconoTHol Mepnl. Obe
OLICHKH SIBJISIIOTCS CPEeJHAMH H3MepeHHsiMH pa30dpoca MHOXKECTBA H3Me-
peHHil OT H3BECTHOIO MHOXKECTBA OCHOBHEIX BEJIHYHH.

OTKiloOHeHHS] MeXKAY MalbIMH 4HCJIaMH, BEPOsiTHO, OyayT HesHadH-
redbHbIME. UTOOBI 3TO NOKazaTh, HeOOXOAMMO pazfNeNHTh Ha cpejHee
3HAaYeHHe HHCJIa, OT KOTOPOro OHHM NoJjiydeHbl. B Hamem ciiyiae aro
Oyner }l, rge n — 4HcIo cpaBHMBacMbIX obbekroB. Kcraru, oguy us
Mep omuOKH MOXKHO TONY4HTh, eCiH B3siTh pasHoctd (wnu abcomot-
HBle Pa3HOCTH), B3BECHTL HX NPHOPHTCTAMH, B3SITh X CpefHCce, 3aTeM

pa3fenuTh Ha }1, TO €CThb

n
E wi|lw; — ;|, TA€ w; — NPHOPHTETHI, & T; — HX OLEHKH.
i=1

CpeanekBaapaTidHoe OTKJIOHCHHC ABYX HabopoB uHcen aj,...,ay H
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by,..., b, ectp

Meanuana nabopa n 4ucen MOJIydYacTCsl PACHOIOKEHHEM YHCEN B BO3-
pacramoiieM nopsake H BLIOODOM ciieBa, HAXOASAIErocs IocepeauHe, ec-
1M 7 — HEYETHOE, U CPEJHEro U3 ABYX CEPEJMHHLIX 4UJICHOB, €CJIH 72 —
yerHoe. Meanannoe aBcosOTHOE OTKIIOHGHHE OT MeAuaHbl Habopa uu-
cen ay,...,a, u by,...,b, naercs Buipaxenuem: Meauana {|(a; — b;) —
mennana (a; —b;)|}. B kauccTBe wiocTpannu MoXKeT CIyKHThL OPHAMED
HHTCHCUBHOCTH OCBEILICHHSI.

IIpumep. Ouenka paccrosiHuit

Beio Beibpano mecrs ropogos: Monpeans, Yukaro, Can-® pannucko,
Jlonnon, Kaup u Tokuo. Paccrosinus ot nHux so0 Qunazennduu nonap-
HO CPaBHMBaJ YeI0BEK, MMEIOUMH BONbIION ONBIT BO3AYUIHBIX NMyTe-
IecTBUH, KOTOPEIH BCIOMHHAN CKYKY B caMoJieTe, a He aymal o ¢ak-
THYECKOM BPCMEHM IOJIeTa HJIM O paccTOosiHMH. Ero cykaeHusi AaHsl B

npescTaBIeHHO! MAaTpHIe CPaAaBHEHHUST PaCCTOSTHHH .

Cpasnenue Kanp Tokwo “uxaro Can- Jongon Monpeann
Q@pannucko
Kanp 1 1/3 8 3 3 7
Toxno 3 1 9 3 3 9
Yuxaro 1/8 1/9 1 1/6 1/5 2
Can-@panpucko  1/3 1/3 6 1 1/3 6
Jloxnan 1/3 1/3 5 3 1 6
Monpeasms 1/7 1/9 1/2 1/6 1/6 1
Amazr = 6,45: HC= 0,09 oc = 0,07
Fopoma PaccTosmme 10 Hopua Cob oJY
Duna genasim n soansx PaACCTOSMIE nexTop
Kanp 5729 0,278 0,263
Toxwo 7449 0,361 0,307
roxaro 660 0,032 0,033
Can-® parmmwcxo 2732 0,132 0,116
Jlongon 3858 0,177 0,164
Monpeam 400 0,019 0,027
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1.3.4 MaTeMarH4ecKoe OInHUCAHHE

PaccMoTpuM anemeHTH q1,...,¢, HEKOTOPOIO ypOBHSI Hepapxuu. Mul
XOTHM ONPEACIHTD BECA Wy, - - . , Wy, HX BIUSHHE HA HEKOTOPHKIH 3JIeMEHT
cienyomero yposusi. Kak onucaHo paHee, OCHOBHLIM MHCTDYMEHTOM
Oyzer MaTpHlia 4Hcesl, NPeACTABJISIIOMAX CYXAEeHHs O NapHBLIX CpaB-
Henusix. IlokaxkeM, nodeMy JJisi NpejCTaBIEHHs PHOPHTETOB BLIOpaH
coOCTBEHHLIN BEKTOp, COOTBETCTBYIOMUN HanboibmeMy cobcTBeHHOMY
3HAYCHHIO.

O6o3naunM 4Yepes a;; HHCI0, COOTBETCTBYIOLIEE 3HAYUMOCTH 3IeMeH-
Ta g; 10 CPABHEHHIO ¢ ¢;. MaTpuity, cocTosimyo U3 aTHX YHcel, 0bo3Ha-

4uM 4depes A, To ecThb

A = (a,-j).
Kak ormeuanoch paHee, a;; = -, To ecrb marpuna A — ofpammo
p y Qi a puL pa

cummempunnas. Eciau Hame cyXXAaeHHe COBEpIIeHHO NMPH BCEX CpPaBHE-
HHUSX, TO Qi = @;;@; A Beex i, j, k u MaTpuny A HasmiBaeM coryaco-
BaHHOM.

OueBHAHBLIM AJISI COTNIACOBAHHOM MATDHILI SBISICTCS CIIydal, Korga
CpaBHEHHs] OCHOBaHHI HA TOYHHIX M3MCPEHHSIX, TO €CTh BCCA Wi, . . ., Wy

u3sectHnl. Toraa

Wy L
@ =—, i,j=1,...,n, (1.3.4)
Wy
H MO3TOMY
Wi LUJ' Wi
a‘l'ja'jk = ee—— = — = a‘ik' (1.3.5)
Wi W We
Takke
a1 _1
i T wy :
wi ;; Qij

PaccmoTrpuM nozipo6uee sToT ciiyualt. Marpuunoe ypasuenue [12] A.

z=y,rae T = (T1,...,Zpn) B Y = (Y1,-..,Yn) COOTBETCTBYET KPATKOH
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3allCH CHCTCMbI YpaBHCHHM

n
E Q5T = Yi, i=1,...,n
Jj=1

Teneps u3 (1.3.4) nonyyaem

Wy ..
a“—=1, ,j=1,...,n,

£

H, CJICAOBATCIILHO,

a 1
E ajwi—=m, 1=1,...,n,
- Wi
j=1
HJIH
n
E ajw; =nwy, 1=1,...,n,
j=
YTO 9KBHBAICHTHO BLIPAXKEHHIO

Aw = nw. (1.3.6)

B reopur marpun ata dropMyiia oTpaxKkaeT To, 4TO W — cobCcTBeHHBIN
BeKTOop Marpunbl A ¢ cobcTBenHbIM 3HaYennem 1. ¥Ypasnende (1.3.6),

paclucaHHOE 103JIeMeHTHO, BHITJISIAUT CIeAY0mnM o0pasoM:

Al Ay ..o Al T T F

Ay w1 w1
Wi W Wi
" e 2

A2 1 W n Wy Wy

A= Wy Wy w2 =n

= o o

4 : : : : " "

n _— wy | Wn | | Wn |

wy  wp 77wy

ObpaTumMcst K KOHKPETHOMY CJIy4alo, B KOTODOM @;; OCHOBaHbI He Ha
TOYHBIX U3MEPEHHSIX, & Ha cyObLeKTHBHEIX cyxkAcHUAX. B gannoM ciy-
dae a;; OyZeT OTK/IOHSTHCS OT «HACAILHBIX» OTHOIICHHH :’TJ‘ H I03TOMY
ypasrenue (1.3.6) 6onee ne 6yaer umers Mecra. IToneansiMu MOryT oKa-

3aThes clleyoliue ABa (hakra 3 TeOpHUH MATpPHIL.
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Mepawiit bakr: ccnu Ay, . . ., A, YHCIA, YA0BIETBOPSIOIEC YDABHEHH IO
Az = Az,

TO eCTh SIBASIIOTCH COOCTBCHHLIMHM 3Ha4deHHSIMH A, H ecnu a; = 1 gns

BCeX ¢, TO
n
E Ai=n.
i=1

MoaTomy, ecu uMeet mecto (1.3.6), To Bee cobeTBennbIe 3HAYEHAS —
HyJIH, 32 HCKIIO4YeHHEeM OXHOro, paBHoro n. flcHo, 4To B clydae cora-
CcOBaHHOCTH 7. ecTh Haubonbiice cobecTBeHHOE 3HAYeHHe A.

Bropoit nosesnsiit hakT 3aKI04AETCS B TOM, 4TO €CJIH NIEMEHTHI Q;j
noJoXKHTelbHo! o0paTHO cUMMeTpHYHON MaTpunbl A He3HadMTENbLHO
H3MEHHUTh, TO CODCTBEHHBIC 3HAYCHH A TAKXKC H3M €HSATCH HEBHAYHTCILHO.

Ob6benuHssi 3TH PE3yJLTATH], HAXOAHM, YTO eCJIM AHATOHANL MATPH-
nnt A cocrout u3 egunnn (a; = 1) ¥ A — coriacoBanHasi MaTpHLa,
TO NPH MAlLIX H3MePEHHsIX B a;; Haubosblee cobcTBeHHOC 3HAYEHHE
Amar OCTaeTcsi OIM3KHM K 7, a oCTajlbHble COOCTBeHHbLIC 3HAYEHHUS —
OJIM3KHMH K HYJIIO.

ITostoMy MoxkHO copMyIHpOBaTh CIeAYIOILYI0 3ajiady: ecin A —
MAaTpHLia 3HA4YeHHH NapPHEIX CPaBHEHHM, TO AJisl HaXoXICHHS BEKTOpa

IPHOPHTETOB HY*KHO HallTH BEKTOP w, KOTOPLIN yZ0BIeTBOpPSART
Aw = Aoz,

Tak Kak >KelaTelbHO HMeTh HOPDMATH3OBAHHOC PelIeHHe, CIerka ua-
n
MEHHM w, Nonarasi & = Y w; U 3aMensisi w Ha (1/a)w. Do obecneun-
i=1
n

BaeT eJMHCTBEHHOCTD, & TAKIKE TO, HTO Y wj = 1.
i=1
BameTuM, 4TO TAaK KaK Maible H3MCHEHHS B @j; BLIBLIBAIOT Masloe
M3MEHEHHE Apmgy, OTKJIOHEHHE TOCJICAHETO OT N SIBJISICTCS MepO#t cora-

cosanHoctd. OHo nmo3BossieT OLIEHUTHh 6nuz0CcTh l'IO.TIy‘-IeHHOﬁ KAl K
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OCHOBHOH IIKANC OTHOUIEHHH, KOTOPYIO MEI XOTHM OLeHHTh. [loaToMy
HHAEKC COITACOBAHHOCTH
Amaz — N
n—1
paccMaTpHBaeT Kak mokazaresb «0nmzocTH K cornacoBaHHocTHy. B 06-
meM ciydae, ecnd 310 4uciio < 0,1, MBI MoKeM OBITH YAOBIETBOPCHBI
CYXKIEHUSIMH.

Ilose3Ho NOBTOPUTH, YTO ONMCAHHLIE CYXKAEHHSI MOTYT He TOJILKO Ha-
PYIUIHTb OTHOIIEHHE COTJIACOBAHHOCTH, HO H OLITH HeTPAH3UTHBHBIMH,
TO €CTb eCJIH OTHOCHTeNIbHAsi BaKHOCTL ¢ Ooiiblle, 4eM ¢ H OTHOCH-
TeJbHAasl BaXKHOCTh @y OoJiblle, 4eM g3, TO OTHOCHTENIbHAS! BayKHOCTD ¢
MoxeT He ObiTe Oosiblle, YeM g3 — OOBIYHEIN ciiy4all B 4esloBeYeCKHX
cykenusix. UHTepecHy0 WIMIOCTPALMI0 OTHOCHTEILHO HECOrNIacOBaH-
HOCTH HJIH OTCYTCTBHSI TPAH3UTHBHOCTH MPEANOYTEHHH NPEACTABISIIOT
paznuunbie Typuuphl. KoManzaa ¢ MoxKer mpoHrpaTh KOMaHZe gz, KOTO-
past IPOUrpaTh KOMaHJE g3; OZHAKO ¢ MOXET BEINIpaTh y ¢3. [loaromy
HeCcOrJIaCOBAHHOCTb B BHICTYIJIEHHSAX KoMaHA — (DaKT, C KOTOPLIM HYXK-
HO cunTaThesl. KoHeuHo, Hamie# Mogenu npucyiie TpeboBanne TpaHzu-
THBHOCTH, OZJHAKO NPOILEAYPa <«OMNHCAHHSI> MOMXKET BLI3BATH 3aTPyAHE-
HHSI.

B [12] onupatores ma npeanosnioKenue, 4ToO HETPAH3UTHBHOCTh TIPeI-
NOYTEHHH MOXKET OLITh €CTETCTBEHHLIM SIBJICHHEM, a He CJeJCTBHEM
omuOKH B cyXeHusix uiu 3abnyxaenndem. Chenano sakiodeHue, 94To
B psifie Cly4aeB HCTPAH3UTHBHOCTL SIBJISICTCS €CTECTBEHHON U ee Hesh3si
u3bexars.

Brln npoBeZeH 3KCIEPUMEHT, B KOTOPoM 62 cTyzeHTa KoJuTeaKa Ao K-
HEl OBUIM caenarh BEIDOP OZHOrO W3 TPeX THIOTCTHYECKMX OpauHbIX
naprHepoB I,y u 2. [lo uHTeNNeKTY MX paHKupoBaHue Obuio Tyz, MO

BHELIHOCTH — Y2T, 10 UMYIIECTBCHHOMY nosioxeHHi0 — 2zy. CTpyk-
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Typa 3KcIepUMeHTa He 00bsicHsiiack. O0beKTEl CPABHHBAIIMCEL HEOLHO-
BPEMEHHO M [ONapHo ciy4aiHuiM obpazom. B kaxkzaom ciayuae x onu-
CHIBANICS] KAK O0YE€Hb YMHBLI, HEKDACHBBIM H C XODOILIMM AOCTATKOM; Y
— KaK YMHBI#, ¢ 0O4eHb NPHUSTHOM BHEMIHOCTBLIO M DeAHbIll; z — ¢ mo-
CPEACTBEHHEIM HHTE/UIEKTOM, MPUATHON BHEMHOCTHIO U Oorarwill. Bee
MOTCHIHATLHEIC MADPTHEPE! OMMCHIBANIMCEH HE CTONL DeHBEIMH, HEKpACH-
BEIMH WJIM [JIYNEIMH, 4TOOEI ORITH ABTOMATHYECKM HCKIOYEHHBIMH H3
PACCMOTPCHHS.

Ilpu onpesmesnenuH rpyNnoBLIX NpeAnovYTeHHH OONBUIMHCTBOM roJio-
coB 0003HAYMIICS] KPYTOBOH XapaKTep, TaK KaK I MPEB30IIE Y C COOTHO-
menueM 39 kK 23; y npes3oliesn z ¢ cooTHoleHHeM 57 K 5 M 2 MpeB3o1e
Z ¢ coorHomeHneM 33 K 29.

Bribopsl 6bun: Tyz — 21; Tyzr — 17; yzz —12; yzz — T,
zyr — 4; zzy — 1; 2y — 0; zzyx — 0.

HeTpanzuTuBHBIN XapakTep Jerko o0 bsCHeTes KK Pe3yNIbTAT BhI0O-
pa albTepHATHBEI, KOTOPasl BhILIE 110 ABYM M3 TPEX KpHUTEepHeB. Y mops-
JOYeHHS] TYZ U Y2Z, NO-BUAUMOMY, MOJYUHIINCh H3-32 NPUAAHHS O0Jb-
LIOr0 Beca MHTEJLIEKTY M BHEUIHOCTH COOTBETCTBeHHO. YeTBepo cry-
JAEHTOB, KOTOPHIC CAEJali NMPOTHEOMOJOXKHEIM BHIOOP 0 OTHOLIEHHIO
K HHTE/UICKTY (2yz), 6bUlH MyKYHHEI M, BO3MOXKHO, BHIPa3HJIH CTENeHb
MycKol Gosi3HH HHTeJUIeKTyalbHLIX »KeHIuH. CeMephIX CTYAEHTOB,
KOTOPHBIC GHEJIANH NPOTHBOMONOXKHEIM BLIOOD 10 OTHOLICHHIO K Dorat-
crBy (yzz), He ciefyer cuMTaTh JIOAbMH, OeccMmEicicHHO npeHebpera-
oM geHbraMu. OHM MOTJIH OTAATH 3HAYMTEILHOE MPEANOYTEHHE Y
nepes  u3-3a DONBINIOH HECOPA3MEPHOCTH BO BHEUIHOCTH, I MEpPeH 2
u3-3a Oonbioll HECOPa3MEPHOCTH B HHTEJUIEKTE M  Iepe, 2 U3-3a code-
TaHHsI BHEIIHOCTH U HHTe/UIcKTa. Korga TpeboBanoch paHKupoBaTh BCe

TPH ANLTEPHATHBEI, T, YbH BHIOODHI HOCHJIM HCTPAH3UTHUBHBLIN Xapak-
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Tep, Aand pa3po3HeHHBLIe OTBeThl, B GonbmuncrBe BhiGopoB yzz (9) u
yzz (4). CryzenTEl, HMeBIIHe TPAH3HTUBHbIE YIIOPSIAOIeH sl AJisi Ounap-
HEIX BEIOODOEB, B OONBIIMHCTEE NPOU3BEIH OYEBHAHEIE YIODSA0YEHHS.

BBenem HekoTOpHIE ONpeJeICHHUS.

Onpepenenne 1.3.1. Ynopadouennom MHoHCECTNGOM HAIDEAEMCA
atoboe msoocecmeo S ¢ bunaprom omuowenuem <, xomopoe ydoG.ae-
MGOPAEM 3aK0HAM PEPAEXTNIUGHOCTY, CHTMUCUMMEMPUYHOCTRY U MPAH-
aumuenocmu. Peduexcusrocms: das 6cex T,z < x. Awmucummem-
punnocme: ecav T < Yy u Yy < z, mo z = y. Tpansumuenocms: ecau
r<yuy<z, moz<x<z.

s nioboro orHomenust £ < y (cYuTAETCS: X MpEALIECTBYET ¥) Ta-
KOr'0 THIIZ MOXKHO ONPEHEIHTb T < ¥, 4TO O3Ha4YaeT £ < Yy U T # ¥.
ToBopsit, uTo Yy NOKpLIBaeT (ZOMUHUDPYET) T, cCllM T < Y H CCIIH
T <t < y HeBO3MOXKHO HH AJIs1 Kakoro £.

YopsizjoueHHBIE MHOXKECTBA C KOHEYHBLIM YHMCJIOM 3JIEMEHTOB MOTYT
ObIThL y00HO NpeacTaBienEl HanpasieHHbIM rpadoM. Kax abiit aneMenT
CHCTEMBI MPEACTABIEH BEePUIMHON TakK, 4TO Ayra HalpaBJeHa OT @ K b,
ecnn b < a.

Onpegenenne 1.3.2. Mpocmo vau 6noane ynopadouennoe mrodce-
€MeEo (Maxsice HAFBGAEMOE YENDBIO) ECMB YNOPAJOUENHOE MHOICECTIGO
co caedyrouum JonoAKUMEALHBM CB0TcMBeoM: ecau T,y € S, Mo uau
<Ly, vau y < .

Onpegenenue 1.3.3. Hodmnooscecmeo E ynopadonensozo muogice-
cmea S HA3BEAM 02PAHUNEN HBLM CGEPTY, ECAU CYULECTNGYEN IAEMENT
s € S maxotl, ymo T < s das arwbozo T € E. Daemenm s nasviearom
eepxhett zpanuyet F. Toeopam, wmo E umeem cynpemym vau nau-
MERBWYI GEPTHIOW 2panuyy 6 S, ecau K umeem eeprnue epanuys u

Y MHodcecmea GeprHur zpanuy U umeemca saemenm uy maxod, wmo
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1y < u dad 6cex u € U. aemenm uy; — edurncmeennnd u naswsaemea
cynpemymom F 6 S.

CuMBon sup scnonsayerest fisi oboznavenusi cynpemyma. (st ko-
HEUHBLIX MHOXKECTB HamOONbIIMe 3JICMEHTHl H BeDXHHE I'DAHHILI OAHHA-
KOBLL. )

Ananoruunbie onpeJeieHAsI MOTYT OLITh AaHbI AJIsl MHOXKECTBA OT pa-
HHYEHHBIX CHU3Y, — NUNCHAA 2panuya i un@umym. 31ech HCIONL3YIOT
cuMBo inf .

Cymtectsyer MHoro ciocoboB onpeaenenus nepapxuit. Hamum remsim
Haubosee COOTBETCTBYCT CleAy IOLHL.

Bocnonnayemest oboznauennem - = {y|r nokpriBaer y} u
zt = {yly nokpuiBacr z} ans nwboro anemenTa T B ynopajoYeHHOM
MHOXECTBE.

Onpenenenue 1.3.4. Hycmvy H — xoneunoe wacmunmo ynopado-
uenHoe MHOJCECTBO ¢ nauboavwum saemenmomb. H ecmv uepaprua,

€CAU GHINOANAIOMCA CACIYIOULUE YCAOBUR.

1. Cywecmeyem pasbuenue H na nodmmosicecmea Ly, k= 1,... k,

ede Ly = {b}.
2 Hsz x € Ly caedyem, wmo x~ C Ly, k=1,...,h - 1.
8. Hz x € Ly caedyem, wmo x+ C Ly, k=2,... h.

Hasr xancdozo x € H cywecmeyem maxas eco6as Pymnxyus

wp: 0 —[0,1], wmo z we(y) = 1.

yexr—

MuoxecrBa L; siBisiloTcsi ypOBHSIMH HepapXuH, a (hyHKIMS Wy ecTh
dynxyusa npuopumema aneMeHTa OGHOTO Y POBHSI OTHOCHTE/ILHO LIEJIH Z.

3ameruM, uto paxe ecnu T # Liyq (4015 Hekoroporo yposusi L), To
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W, MOXKeT OLITh onpeaesieHa Ajisi Bcex Lg, cclid T pAPaBHSITH e¢ K HyJII0
JUJIS1 BCeX BJIEMCHTOB B Lgy 1, He N pHHAIJIEKAMHX L.

Onpegenenne 1.3.5. Hepaprus nazvieaemcs noawot, ecauv 0aa 6¢cex
z € Ly, u nodmnooicecmsa S C Lg, (a < B) dynryurw wyg
S — [0,1], wmobw ona ompasicara ceoticmea Pynxyut npuopumemos
wy Ha ypoenax Ly, k=a,...,f — 1.

B uacrrocry, uTo sTo 3a dynkums wyr,: ,0,1’

Jannyio 3agady MoxHo nepedopMysinpoBaTh HECKOJILKO HHade.

PaccMoTpuM conpanbHylo (HJIH 3KOHOMHYECKYI0) CHCTEMY C TIaBHOH
Leibio b ¥ MHOXCCTBOM OCHOBHBLIX BHJ0B zlelicTBHl Ly. IlycTh 3ty cu-
CTeMY MOKHO I peZICTABHTb KaK He PapXHI0 ¢ MAKCHMAJIbHLIM 3JICMEHTOM
b v uuxuuM yposHem L;. KakoBLl npHOpHTETEl 1eMeHTOB yPOBHA Lj
10 OTHOILIEHHIO K b7

C TouKM 3peHHsI ONTHMH3ALMH ISl PACIIpejie/ieHHs] Pecy PCOB MexK-
Ay BJleMeHTaMH HeoOXoAHMO YYHTEIBATD TAKXKE BCE B3AHM OCBSI3H MK Y
HUMH. AHAJIHTHYECKH B3aHMOCBSI3b MOXKeT IIPHHSITh BHJ, OTHOIICHHHN TH-
na BX0A — BBIXOJ, HAIDHMeEP, HMEIIMX MEeCTo IpH B3aMMHOM obMeHe
npoAyKuuel MexKzy oTpacisiMi npoMbinuienHoctd. Orpacib ¢ Gosee
BLICOKHM NPHOPUTETOM MOYKET 3aBHCETh OT MOTOKA I POAYKI{MH, BhINYC-
KaeMoll oTpaciibio ¢ Goslee HH3KMM N pHOpHTETOM. B paMkax onTHMHu3a-
[{MH [IPHOPHTET 3JICMEHTOB MI03BOJISICT Ol PeJleJIATh LeJ1eBy 10 Py HKIHIO,
KOTODYIO 3aTeM CJIe/lycT MAKCHMH3HPOBATh, a APyTrHe HepapXHH 03BO-
JISIOT MOJyduTh HHopMaIHIo, Kacalollylocs cBsizel, HApUMep OTHO-
IeHHH THOA BXOH — BLIXOA,.

Tenepb H3J0KUM HAll METOZ pellleHHsi oCHOBHOM 3aja4u. I1peanoso-
xuM, 9o Y = {y1,..., Y} C Ly u X = {r1,...,Zm,} C Liy1.
(Beuay 3ameuanusi, Kotopoe ciezyeT 3a onpenenendem (1.4), MoxkHo

I PeAnoaoKuTh, 4to ¥ = Ly, X = L;yy.) Ilycrs Takke cymecrByer
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aseMcHT z € Ly ;3 Takolt, uro y € 2~. Paccmorpum reneps dyHkunu

IIPHOPHTETOB
w,: Y= [0,1] uw wj: X—>[0,1], j=1,...,n.

O6oznaunB uepes w, w : X — [0,1] «byHkuuio npuoputera ae-
MeHTOB U3 X OTHOCHTCJILHO 2», 3a7iaflHM ee CJIeAYIOIHM 00pasoM:
i
w(zi) = wy,(@w(y), i=1,..., k0.
j=1
O4eBHaHO, 4TO 3TO He 4TO HHOE, KaK 11 poliecc B3BCLIHBAHHUSI [lOKa3aTe-
JIs1 BJIMSIHHS BJIEMCHTA J/; HA IPHOPHTET 3JIEMEHTA Z; yTeM Y MHOMKCHHSI
3TOro IOKa3aTessl Ha BAXKHOCThL 3JICMEHTA Y; OTHOCHTEJILHO 2.
CootBercrByiolie anropuTMbl YIPOCTST, ecinn U3 wy (z;) obpa3zo-
Barb MaTpuny B, nonoxkue b;; = wy,(x;). Ecnu obosnaunm zanee
W; = w(z;) 1 W] = w,(y;), To npuseacunasn seime dopMyna npuMer
BUI

n
7 .
M[,:E bijo: 1=1,...,nk+1.
=1

Wtak, MOXKHO rOBOPHTH O BEKTOPE MPHOPHUTETOR W H 0 MATPUIIE NPH-
opurcroB B(k + 1)-ro yposusi. B peaynbrare MMeeM OKOHYATCILHYIO
dbopuyay

W = BW’.

AU THBHOCTH B3BENIMBaHUSA

Janee paccMoTpuM ABa KoHedHEIX MHOxkecTBa S u T. Ilyete S —
MHOXKECTBO He3aBHCUMBIX CBOHCTB U T — MHOXkecTBO 00heKTOB, KOTO-
phle B KadecTBe XapaKTepHCTHK obiaznaior atumu ceoiictBamu. Ilpea-
MOJIOKHM, YTO YHCIEHHBLIH BCC, IPHOPHUTET, HIIH HHAEKC OTHOCHTEIbHON
BaxkHocTH, w; > 0, j = 1,...,n, acconuupyercst ¢ KaXAbIM §; € S,

n

TaK 9T0 »_ w; = 1. [lytb wi; > 0, i = 1,...,m, yAoBneTBopsioouue
i=1
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m

ycnouo ) wi; = 1, ecrb Beca, acconmupyemsie ¢ t; € , i =1,...,m,
i=1
orHocHTeIbHO S;. Torma Beinykinas KoMbunanust wij, j =1,...,n,

n
Zwijw_.,-, 1= 1,...,m
j=1
npezacTasisier cobol YHCICHHEIN NPHOPUTET HIIH OTHOCHTEJLHYIO BaXK-
HOCThb t; OTHOCHTEJLHO S. 3aMeruM, YTo NPHHIMI PaclPOCTPaHSeTCs
Ha Ielb MHOXKeCTB. AKCHOMaTH3aldsl NPHHIMIZ HEPAPXHYECKOH KOM-
no3unuu 6nuia 61 monesHol.

3ameuanue 1.3.1. «Hepaprunecroe uamepenuves ecms nPoyecc 636e-
WUEAHUA CAUHETHBITS TEPEMENNBIT, accoyuupyrousut xasicdwil ypo-
Gerv ¢ neaunetdnomu woofduyuenmamu. Komopwe seastomes npo-
U3GCOEHUAMY U CYMMAMY TIEPEMENDBLT, COAIAHNBT C GEPTHUMY YPOG-
nAMY. SaMemum, 4Mo AuNEEHOCMd 30dECh MPOCTNO 03NAYAET TPAMOE
yMuoicente wucea 0e3 6036edenuA UL 6 CMENENU Uy 00paszocanu
Pdynryuit om nux. B detfcmeumeavnocmu 3ma 6eAunuHa AGAAEMCA
caogicrott (neaunetinotd) mepott npuopumema.

Hance ciefyer nepBbiil ar K NoATBEPKAEHHIO 1IPHBEAEHHOr0 BhIlIe
NpHHIMNA 0KA3LIBAIONIHHA, 4TO NMOPSAKOBbIE NPEANOYTEeHHSI COXPaHS-
I0TCSL IPH KOMIIO3HIHH.

Onpenenenue 1.3.6. IIpednonosicum, wmo das xascdoit nodyeau
uau cuda deameavrnocnu €; 6 Ly cyujecmsyem nopadkosas wxanra o;
nad eudamu deameavocmu eq (@ = 1,...,141) 6 Lgi1. Onpedeaum
wacmuuHud nopadox wa muosncecmee Ly 1 caedyrousum obpasom:
€y > €3 mozda u Moavko Mmozda, ecau dax j = 1,...,Mk, 045 > 0g,.

Jlnst cy Kz cHHH O NAPHBIX CPDABHCHHUSIX MOYKHO NONBITATLCS 0A0THATE
ozHy u3 yHKUHH NpejCcTABIEHHBLIX B cieAyoiiel Tabiule K u3MeHsIo-
H{HMCS Cy»KAeHUsIM. DTH (PyHKIHH NpPeACTaBIeHbl B IapaMeTPHIecKOM

BHJE TaK, YTO NapaMeTp MOXKHO YCTaHOBHTL JJIsl ONIpeAesIeHHOI'0 CPaB-
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HCHHUSl B HaEXkKJC Ha COXPaHCHHE rpaHMl] mKainkl 1 — 9, KoTopyo Ml
NpHMeEHsIeM B JHCKPETHOM cilydae B KadecTBe Npejeia AHala3oHa 3Ha-
denuit (unu mwobolt Apyroit ynobHON IIKaNkl, HCIOABE3YeMON B AUCKPET-
HOM ciy4ae). DT (DyHKIHH OTPAXKalOoT HAIlH HHTYMTHBHLIE HyBCTBa
00 M3MeHeHHMH B TPEHAE: [OCTOSIHHOM, JIMHeHHOM, JorapudMudeckoM H
BKCNOHEHI{HAILHOM, BO3PACTAIONIEM 10 MaKCHMyMa M yOblBaomeM, i
OIYCKaIOIIEMCsI /10 MMHEMYMa H Bo3pacTaolieM, KonebaTeabHoM H, Ha-

KOHel, AoNycKalomeM KatacTpoduueckoe H3MEHEHHE.

HurencustocTs
BaXKHOCTH, Onucanne O6bsicHenne
3ABMCHMO oT
BpEMEHH
a TlocTosttoe st Beex ¢ OTHOCHTEILHED! Bec
yncino, e <a <9 HE MIMEHSETCH
JI oT mo | Iocr yBe.
t, yBEIMMMB AIOMEECH OJHOro BUa JeATEILHOCTH
a(t) +a; WIH YMEHR o cp © ApyruM
[0 HEKOTOPO# TOVKH.
Ormersm, uTo obpaTHas
BeJMuYMHAa — runepGona
Jlorapugmpuecknit poct BricTpoe yBemsvuenne
bilog(t+1) + b2 | mo onpeae. Touku, | (y ),32 KOTOPKIM
a 3aTeM [OCTOAHCTEO CIIefYeT MeIeHHoe
yBeswueHne (yMeHhmeHue)
9 meHLd poct | Meg yBe.
(o y6 ecnn | (3 ),32 KOTOPRIM
€z — OTPHIATEILHO) J0 ciegyer GuicTpoe
onpefesieHHO) TOMKM M | yBenwdenne(yMeHhmeHue)
€1t 4¢3 3aTeM MOCTOSHCTBO
(oTMmernB, uTo 06paTHAR
BelIHYMHA B CIIyae,
€CI C; OTPANATEILHO —
JICrACTHYECKAS
S-o6pa3nas KpuBas)
Iapabosa ¢ MakcumymonM | Yeemmuenue(yMeHbmEHMe)
I MUHMMYMOM B 0 MaKkcHMyMa(MEHMMYMa )
dit? + dat + da 3ABHCHMOCTH OT TOTO, M 3aTeM YMeHhIeHHe
OTPFI{ATENILHO MM ( yBemmruerme)
TDJIOYRATENEHO d) ¥
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3aTeM DOCTOAHCTBO
(mooker 6hITH
MogMGHIMpPOBaHa s
ACHMMETPUYHOCTH BIPABO
WIH RIEBO)
Kone6amns KoneGanne ¢
YBeJIMuMBaOmetcs
et sin({t + ea) + ea (ysmennmaromeiics)
AMIUTHT YR O
3EBMCHMOCTH OT
n>0(n<0)
Karactpo dut ¥Yxasnsaorcs “Ipe3BnrMafiHO CHIIRHAKIE
MIMEHEHNS B
FMHTEHCHBHOCTH

Marpuna 2 x 2. [Ins atoro cnydast Apes(t) = 2 4 Hama zaBucuMast

OT BpCMEHH 3ajada 0 cOOCTBEHHOM 3HaveHHH I PEeACTABISAETCS B BHAE

1 a(t) wh (t) 9 wh (t)

Rlﬁ 1 wo (t) wo (t)

OTKYyZda HuMeeM
wi(t) + a(t)wa(t) = 2un(t),

wl(t)

a(t)

W3 nepBoro ypaBHeHus mony4aeMm

+ o = 2w2(t).

wy(t) = a(t)ws(?),

4TO TaKXKe MOXeT OBITb MOJIy4CHO H3 BTOPOrO ypaBHEHHs. JTH JBa
yPaBHEHHS] He MOTYT OBITh He3aBHCHMBLIMH, B NPOTHBHOM ciydae je-
trepmunar A(t) ne 6ui1 OBl paBen HynO U MBI He MMenH Oul HeHyseBoro
peutennsi. [loaToMy MoxkHo 3aduKcHpoBaTS wWs(t) MPOK3BOILHEIM 00pa-
30M, HANpHMED NOJNOKHTL wy(t) = 1, orcioaa nonyuum wy(t) = a(t).

HopManuzoBauublil npaBniit cOOCTBCHHBIN BEKTOP HMCET BHJ,
a(t) 1
alt) +17a(t)+1f"
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HopManuzoBaunniit jieBuilt cobcTBeHHLIN BeKTOp Oyzer oOpaTHEIM 3ie-

MEHTOM, TO €CTh

1 1
a(t)|a(t) +a]’ a(t) +a
¥V Caaru paccmoTpennl Bapuansl Matpun [3 X 3] u [4 x 4]. Y1 B urore

BCero MoXKHO c)OpPMYJIHPOBaTh 3aMedanue.

3ameuanue 1.3.2. Ecau awboit xosfduyuenm yeeauvusaemes
{ymenvwaemea) 6 dannott cmpoxe Mampuys NAPHBT CpaGrenud, mo
BEAUNUNG KOMTONEHMB COOCNEENN020 6EKMOPA, COOMGEMCMEYIOULCT
oMot CMPoKe, YGEAUNUGAEMCH (YMENBWAETNCA) OMHOCUMEALHO OCTAND-
HOT KoMnouenm. 3mo ceoticmeo npucywe u obuemy cayuaro das ob-

PAMHO CUMMEMPUYHOT MAMPULDL.



2 Meroapl napHbIX 3KCHEpTHHIX oneHoK (I190)

2.1 ApsuruBHBIR M MynbpTHIIMKATUBHEIR Meroawr IS0

CyTh MeTOHOB 3KCIEPTHLIX OLEHOK COCTOHT B TOM, 4TO K paboTe mpH-
BJIEKAIOTCS JIIOAH. DTH JIIOAH AEJATCS KaK MEHHMYM Ha TPH TPYIIEL
IlepBasi — sTO0 JI0ZM, KOTOpHIE 3aKa3uiBalT pabory, nubo B cuiy To-
ro, 4TO OHH HMEIOT CPEACTBa Ha 3TO0, JUDO MOTOMY, 4TO OHH HAZEJIEHEK!
ZOCTATOYHBIMH BJIACTHBLIMH MOJIHOMOYHSIMHA . DTy rpynmy Jozed Mbl Ha-
3oBeMm JuniaMu, npuumaomumu pemenusi (JITIP). JITIP uaswisaior de-
JIOBEKa HMCIOIICTO 1eJIb, KOTOPAs! CIIy>KUT MOTHBOM IIOCTAHOBKH 3a4a4H
i noucka ee peutenusi. JIIIP sipisieTcst KOMIETEHTHLIM CHELHATHCTOM B
cBoeit obnacTu U 06MafAIMM ONEITOM AESITENILHOCTH B Helt, HafelieHo
HeoDX0oAUMEIMH OJTHOMOYHSIMH M HECCT OTBETCTBEHHOCTD 32 MPHHSITHIE
pelIeHHsI.

Bropasi — aro n0aHu, KOTOpEIC HaAeleHbl AOBEPHEM MEPBLIX H I0-
MOTamT MepBLIM MPHHUMAThL PelleHHs], B ICPBYIO 049epelb B CHIIy CBOeH
KBanu(]HKaIMK B Ka4ecTBe yIPABJICHICB. DTy IPYIIy Jojel MBI YCII0B-
HO HA30BeM KOHCyIbTaHTaMHu. KOHCYILTAHTOM Ha3LIBAIOT CIELHATHCTA
no Teopuu Bribopa u npuusitusi pemenult. KoncynbranTt paspabarnisa-
er pabory JIIIP u skcnepros npu nmoucke peuenusi. KoHcy/bTauTh Ha-
3LIBAIOTCS TAKXKe HCCIIEJOBATEIsIMU, AHATMTHKAMH, WieHamMu paboucH
IPyNILl H APYTOe.

Tperbio rpy Ny COCTABISIIOT CIELHATHCTLI-9KCIePThI, KOTOPhIe H IPO-
BOAAT, cOOCTBCHHO, IKCNEPTH3Y. DKCICPTOM HA3LIBAIOT CICIHAIHCTA,
uMmeomero uHgopManuio o paccMaTpHBaeMoll 3ajiaue, HO He Hecylle-
r0 HEMOCPEACTBEHHON OTBETCTBEHHOCTH 3a PE3YJbTAT €€ PellleHHsl.

Hanuune Mexxay akcnepTaMu M JIMLAMH, IPUHUMAOIUIAME PeLICHHS,

KOHCYJIBT2aHTOB obbsicHsAETCS TEM, YTO IIOHSITHE CHCLHAITHUCTa CBA3aHO C
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BeChbMa OTDAHM4CHHON 00MACTLIO ACATCILHOCTH. A pelicHUs, KakK Ipa-
BHJIO, IPUXOJUTCSA TPHHMMATD 10 BEChMa NIHPOKOMY KpYT mpobieM, u
M03TOMY HY>KHO MDHBJICKATD CIICIIHATHCTOR H3 Pa3IMuHLIX obnacTelt ge-
SITeJILHOCTH ¥ Tocjie 00pabaTLiBaTh pe3yNbTaThl HX JelcTBHIL.

B arott rnase paccMmarpusaercs pabora KoncynbTanTa B obnactu pac-
CTAHOBKH BCCOB, IPHIMCLIBAEMBLIX HEKOTOPOMY KOJIHYECTBY KIACCOB 00b-
€KTOB HAa OCHOBAHHHM TaK Ha3LIBAEMOT0 METOJA NMADHLIX 3KCIEPTHLIX
CpaBHCHHM, H KpPYI CBeACHHH M 3HaHMH, HeoOXOZMMEIN KOHCYJILTAHTY
B 31Ol obnacTu.

Pemenne ncxosHolt 3a4a91 CBOANTCA K OTHLICKAHMIO HEOTPHLATEILHO-
ro cobCTBEHHOTO BeKTOD2 MATDPHIILI C HEOTPHIATEIbHEIMH 3JICMEHTAMH,
COOTBETCTBYIOIEro HEOTPHLATATLHOMY MAKCHMATLHOMY cOOCTBCHHOMY
4HCITY.

3aech moka3niBaeTcs, 4TO JMobas KBajpaTHas MaTPHIIa C HEOTDHIA-
TeJLHBLIMH 3JIGMCHTAMH MMCET YKAa3aHHBIE COOCTBCHHLIN BeKTOD H coD-
crBenHoe 1ncio (reopema @pobennyca-Ileppona), Aaercst MeToA X BhI-
aucncnus. U3yqaloTcs Takxke CBOHCTBa 3TOTO HMCJIa M COOTBETCTBYIO-
1niero eMy cobCTBEHHOr0 BEKTODA B 3ABHCHMOCTH OT YCJIOBHMI HaKIambl-
BaeMbIX Ha MaTpPHILY.

Takum o6pazoM paccMaTPHBAIOTCH KBaJDATHLIC MATDHIL C HEOTDH-
uaTebHEIME aneMeHTaMu. Ilycts A = @;; — MaTpuua pasmepHOCTH
nxnu X€ER" A 0=0a;>0,A20=>4;; >0, A>0=
ai;; > 0V A # 0; z[X]; — j-tasn KoMnoHeHTa (KOOpAUHATA, AIEMEHT)
BeKTOpa X.

TockonbKy Hac HHTEpecyeT 3ajada OThiCKaHHs cobCTBEHHOTO BEKTO-
pa ¥ coDCTBEHHOTO YHCa MATPHIL A, TO €CTh pellieHHe yPaBHEHUS BHA2
(AE — A)X =0, To MBI HayHeM ¢ H3y4eHHs! ypaBHcHHM Gonce obmiero

BHJA, YACTHRIM CJIy4YaeM KOTODOIO SIBJISICTCSI HCKOMOE YpaBHEHHC.
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Wtak, paccMOTpHM clleZiy01L{He Y paBHCHHS, KOTOPLIE, OYCBHAHO, JICr-

KO ICPeBOAsITCS APYT B APYTa

(pE — A)X =C >0, (2.1.1)
DX =C >0, (2.1.2)
dij <0, i # j. (2.1.3)

Vcn0Busi CymEeCTBOBAHHS HEOTPHLATEILHOTO PEIIEHHS sl
cucremsbi (2.1.2), (2.1.3). Cnenyougue nsats yenosult anst cucreMul (2.1.2),

(2.1.3), a, cnenoBarenbHo, U ansi cucteMbl (2.1.1) sKBHBaneHTHHI.

1. ¥Ypasnenus: (2.1.2) c ycnosuem (2.1.3) umeoT HeoTpHLATEILHOE Pe-

menue X > 0 anasa nexoroporo C > 0, R" € C.
2. Hns mwoboro C' > 0 cymecteyer X > 0.

3. 'maBubie MmuHope! Dy Marpunnl D takue, 4To

din ... du
Di=|... ... ...|>0,rmek=1,...,n.
din ... d
4.
diy ... di
gk= >0
dei ... die

agisnk=1,...,n, 1<) <ig <+ <ip.
5. Marpuua D npu ycnosuu (2.1.3) unu coorBercrByomas cit MaTpu-
ua pE — A ueorpunarensno obparuma (D! > 0 wn
(PE — A)1 > 0).
PaccMOTpHM MHOKECTBO BEI|ECTBEHHBLIX YHCEI
M(A)={p: (pE-A)"' >0}
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JIemma 2.1.1. Muooicecmeo M(A) Acasemes omxpumovss smuooice-
cmeom, npedcmasairowum cobott noayocs, mounece
M(A) = (\a), A>0.

Joxazameavemeo: Pacemorpum npouasosibroe X > 0. Jus atoro X
cymecteyet p > 0 takoe, yto pX > AX, cnenoBatenbHo,

(pE — A)X > 0. Ilycrs X dukcuposan, toraa (pE — A)X =C > 0,
T.e. BLINOJIHsIETCs1 yclloBhe 1), a cilefoBaTesbHO, H yC/loBHE D), 3HAYUT
(pE—A)1>0=pe M(A)=> M(A) + @.

Mycrs p € M(A), n > p,Torgauz (pE—A)X >0= (nE-A)X =
= (n—p)X +(pE—A)X > 0, nonyqaem n € M(A) = M(A) orkpniToe
MHOXecTBO cipaBa (— +oc). Ua onpenenennst muoxkecrsa M(A) u
yenosust 4) anst Mmarpunsl pE — A cnenyer, ato p > 0.

Oboznauum: A = peii{;(fA)p (rounas mmxuss rpannna). Ilokaxkem or
npoTHBHOro, 4To jesast rpannna A ¢ M(A). Ilycts A € M(A), torga
Aist Hekoroporo C > 0 3X > 0 rakoit, uro (AE — A)_ X =
= C > 0. Ilocnexnee coorHowenne, o4eBRAHO, OyseT BepHO H Ajisl p
JOCTATOYHO OJIM3KHX K A M MEHBIIMX A, 9T0 IPOTHBOPEYHT TOMY, 4TO
A= pEiJ\li’fA) p. Buaaut A ¢ M(A). Jlemma (2.1.1) nokasaHa HONHOCTHIO.

Jdemma 2.1.2. Jas X u3 aemmw (2.1.1) 3 > 0, maxot, wmo
AX = )X

Hoxazameascmeo: Paccmorpum p,n € M(A), nycrs 5 > p.

BosbMeM npousBosibHEI BekTOp C' > 0.

Ob6oznaunm y(p) = (pE — A)71C = (pE — A)y(p) =C n
(nE — A)y(n) =C.

Ipupasnusaem (nE — A)y(n) = (pE — A)y(p), 3areM BhuuTaeM u3
obenx uacreit senuuuny (pFE — A)y(n).

YMHuoKaem obe wacTn paseHcTBa Ha (pFE — A) 7L

TNony4aem y(p) — y(n) = (1 - p)(pE — A)'y(n).

88



Ipu caenaHHbIX TPEANIONIOKCHASIX BCC COMHOKHTEIIH B IPABOH HacTH
OC/EAHEr0 PABEeHCTBA HCOTPULATENIbHEI, CeJ0BATEIbHO,
y(p) — y(p) > 0, 10 ccrb y(p) He yObIBaeT NpH yMeHbIIEHUH .
PaccMoTpuM mocsieZoBaTC/IbHOCTD P1L> P2 > > Py >t > A
(cTpemienue cnpasa) u MOCIIEA0BATENLHOCTh BEKTOPOB
Y(pm) < ylp2) <o~ <ylpw) < ...

O6o3nauum 4Yepes 0x = ), H PaCCMOTPHM ABA BO3MOMKHLIX CJIydas:
i=1

1. Bce o orpanutenkl, To ecTh B%im Ok (xoneunniit).
i
2. He cymecTByeT KOHEHHOT0 Mpejefia O, TO eCTh O HeOTDAHHYCHHO

Bo3pacTaeT npu k — +a.

B nepsom ciyuae cymiecTByeT ,,l,cil?,\ y(pr) = y. Paccmorpum
,Eijl;(pE—A)y(pk) = C. Monyuum, aro (AE— A)y = C, cnegosarensHo,
XA € M(A). Ho sro nporuBopeuT ToMy, uto A ¢ M(A). Takum obpazom
nepsrilt ciyudall HeBoaMoxkeH. [lepelizeM Ko BTopoMy ciydalo, KOTAa He
cyllecTByeT Ipexejia, To ecTh 0y — +a npu k — +a. PaceMorpum
sextops X (%) = y%‘). fAcno, uTo zn: J:Ek) = 1. Obo3HauuM KOMIAKTHOE

i=1
MHOXKECTBO:

P — {p: dopi=1,p> 1}, Xk) € Pla).
i=1

X(x) — mocyesoBaTeNbHOCT KoMnaKTa P(n), 3Ha4uT MOXKHO BhIZACTHTD
H3 Hee cXoIsilyocsl oAnociefoBarenbrocts. Iycrs cama X 5) u Gyzer

3TON cXoasimiedcs MoANoCIefoBaTIbLHOCTLI. [lyers lim = ,
k—a

X € P™ torpa

lim (o E — A)X* = lim c_ 0,

k—a O

re. (AE — A)X = 0. Orkyna AX = AX, uro u TpeboBanoch fAoKa3arh.
Teopema 2.1.1. (PpobGenuyca-Ileppona) Jas aobott xeadpam-

HOll HEOMPULAMEALHOT MAMPUYH. UMEIOM MECTO CAedyrouiue Ymeep-
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sicdenud:

1L.V>03X>0uX >0 maxue, wmo u \ boavwe atobozo ceuse-

cmeennozo cobcmeennozo wucaa mampuyn A.
2. Mampuua (pE — A) neompuyameanno obpamumsa < p > A.
3 Ecav Ay > py daay > 0u p >0, mo A > p.

4. Jas ar0bozo xopHuA TAPAKMEPUCTNUNECKOZ0 YPACHENUA

f(t) =|tE — A =0, mo ecmo das Vw : f(w) =0 6ydem X > |w|.

Hoxazameavemeo: YrBepxkzaenusi 1 u 2 Buitekalor u3 jnemm 2.1.1 u
2.1.2. JlokakeM yTBepKACHHE 3 OT IIPOTHBHOIO.

Nycrs Ay > py,y > 0, > 0, A < p. Toraa
uy — Ay = (uE — A)y < 0. Tak kak A < u, To p € M(A), a B
3TOM ciiydae MaTpuna uF — A — HeoTpunartenabHo obpaTnma. Y MHOXKHB
ncpasercrso (uE — A)~! cnea, Bugum, uto y < 0, a 3TO 1POTHBEOPEUHT
ToMy, uro y > 0. CnenoBareinnno, A > 4.

Hoxaocem ymeepocdenve 4: PaccMoTpuM 4Maio w Takoe, 4TO
f(w) = 0. Toraa cymecrsyer, Boobiie roBopsi, KOMIJIEKCHLIH BEKTOP 2,
TaKolil 4To

n
Az=wz=>za,-jzj=wz,-, i=1,...,n=>
j=1

n
I3 | = sl 3 alzgl > ol
j=1

O603naunM 1epes |z| BeKTOD, MOCT pOEH HBIH U3 MOAYJIeH KOMITOHEHT BEK-
topa z. Torzia nocyieHOIO CHCTEMY HCPABCHCTB MOXKHO 3allHCATh B MaT-
puutom Buge A|z| > |w||z| = A > |w|, 4T0 u TpeGoBanocy AokaszaTh.
CobcrBennoe uncsoAd cobcrBennbilt BekTop X U3 yTBe pxKacHus 1 Oy-
ZleM B JajlbHelllleM Ha3biBaTh YHciioM H BeKTopoM @ pobenunyca-Tleppo-

Ha coorBercTBeHHo. [1puuem Oyzem oboznaqars 3To uncno Kak A(A).
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211 Yucao @pobenuyca-Ileppona u ero csoificrsa

MepeitaeM Kk paccMorpenuio coberBentoro yucna A = A(A), coorsert-
crBylomero codcrsennomy Bektopy X, A > 0.

Ceoiicrsa uncia @pobennyca-Ileppona A = A(A) :

1. M(A) = A(A*), x — TpancnonupoBanue

2. MeA)=aA(A), a>0

3. MA%) = (M(A))F, k> 0 — neoe

4. MA) > X(B),ecnu A>B >0

5. Ecnu C maBHas nogmarpaua Matpunbl A, o A(C) < A(A)
6. \(A)=0« Juenoce k>0: A*=0

Joxazameascmeo ceoticmea 1: cileflyeT W3 TOro, 4TO XapaKTCPHCTH-
YeCKHC MHOrOYJIeHkl MaTpunkl A u A* coBnazaor:

(AE — Ay = (AE — A%).

Joxasameascmeo ceolicmea 2: ciefyer U3 TOro, 4To ecyid y — cob-
CTBCHHOE 4YHCJI0 Marpuibl A, To @y — cobcTBCHHOE YHCIIO MAT PHILbI
aA.

Hoxazameavcmeo ceoticmea 3: llycrs a(A) = X Iz > 0 raxoit, aTo
Az = Az u, cnegoBarensno, A¥z = Mz, 1.e. Kopens xapaxrepucruuc
ckoro ypasuenusi [tE — A¥| = 0. Cnegosarensno M < A\(AY) = p* =
A< p.EBamm A < p, 10 ((pPA+A)E—A)z = (p—A)E > 0, r.e. Az < pz,

P’z > pAz = Alpy) > A(Az) = A’z

PPz > pPAz = A(p’y) > A(A%z) = A3z

iz > A¥z = (pFE — AF)z > 0 = (M(AM)E — A%z > 0.
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Crenosarensno, A(A¥) € M(AY), no uncno @.-I1. ne npunasTexUT
M(A¥*), nonyuaem nporusopeune. TeM caMbiM Mbl OKa3aJH, 4TO
p =M= pF = X umm A(AF) = (A(A))* = X¥(A). CroiterBo 3 aokaza-
Ho.

Hoxka3arennctso cvolicrea 4: Ilokaxkem, uto M(B) O M(A).
Buibepem Vp € M(A), ans nero cywecrsyer y > 0 Takoit, 4to
(pE — A)y > 0. PaccMoTpum

(pE — A)y = (pE —a)y+ (A - B)y > 0 = p € M(B),
BHIMM:

MA)CcM(B)= inf p> inf p= A(A) > A(B),
() MB)=> inf p> inf p=X4)>\B)

4.T.7,
Jloka3arenncTBO cBOlcTBa 5: PaccMorpum niolyio miaBHywo nog-
marpuiy C marpunst A. C noMolbsio ofMHAKOBOR epecTaHOBKH CTPOK
u cTonb110B MoXkHO MaTpHiy C OMecTHTD B JieBLilt Bepxuuilt yron. Ilpe-
obpazosaunnasi Matpuua: A' = A’ = T* AT, raue T — maTpuua nepecra-
HOBKH. JT0 npeobpazosanue — npeobpazoBanne nomobusi = f(t) =

=tE—A|=| E—-A'|= A(A) =A(A'). CnegoBarennho, B foKazaTelb-

C Ay
ctBe MaTpuny A MoxHo 3amenuTs Marpunelt A'. Iycts A’ = .
Az Ay
3aMenum nogMarpunnl Ay, Az, Ay HyneBbiMu nogMarpunaMu. Iloinyden-
co
HyI0 nmoaMarpuily oboznauuM uepes B, rae B = . Iockoneky
00

A > Bu MA) > XB), a \(B) = XC), o A\(A) > XC), 9.t
Joka3arenscTBo cBolicTBa 6: Ilyctn cymecrByer

k: A¥ =0(A > 0) = 0 = A(A*) = M(A) = M (4) =0=> A(A4) =0.
Obpatno: A(A) = 0, paccMoTpuM mHoXecTBa A® ansi V > 0 u

N, = {j : [A*r;] > 0} u nokaxewm, uro N, = 0. [lnst atoro pac-
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cmorpuM Ny, Ny, ..., N,. Moxuo nokaszars, ato Ng D Ny D --- D N,,.
HeticrBurensro, nycts N; # 0 u nycts
[As+a1. ] R
: pLN] s+1 8
= min ——— >0)= A"z > pA'z,
H=min (k>0) 2 p
A(A%z) > pAz = AMA) > .

Ho AMA) =0, p >0, 0=A(A) > 4 > 0= p = 0. Takum obpa-
30M, YHCJIO HYJIEBLIX BJeMeHTOB B BekTope A**lz mo kpaitme#t mepe na
1 6onbe, yem B A*z, TO ecTh MOXKHO 3alHCATE:

Ny D Ny D :-- D N,,. fcHo, uro momHocTs MHOXKECTBa N, He mpesoc-

XoAuT N — § TakuM obpazom N, = ©. OTkyza ciezyer, 4To CyIIeCTBYET

0 < k < n takoe, yro A¥ =0, u.r.1.

2.1.2 Paznoxkumeie u HEPAa3J0KHMbIE MATPpHObI

Iycts nana marpuna A > 0 pasMmepHocTd 12 X n u nycrb J cobersennoe
noAMHOXKecTBO MHoXecTBa {1,...,n}, o ects J C {1,...,n}, J# @
uJ#{1,...,n}.
Onpegenenue 2.1.1. Mampuya A > 0 na3weaemca pasaoscumot,
ecau cyuecmeyem maxoe nodmmuosicecmeo J, wmo a;; = 0 npu
i¢J, jed
Onpegenenue 2.1.2. Mampuya A > 0 na3weaemca pasaoncumot,
€CAU € NOMOULHI0 0JUNAKOGOU MEPECTNANOGKU CMPOX U cMoabyos ona
Mooicem Gwms npedemasaena 6 6ude:
A B
0 D

A=

Onpenenenue 2.1.3. Mampuua, xomopas ne AGAREMCA PA3AOAHCU-
MOl U He AGagemcs nyaecold mampuuell 1-20 nopadra, Hazweaemcs

HePasaoHcuMmot.
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Jlemma 2.1.3. Mampuya A[n x n] > 0 pasaooicuma & mampuya
A* pasaooicuma.

Hoxazameavemeo: Ilycre B = A*, b;; = a;;. Hapsiay ¢

J C{1,2,...,n/J} BBemeM B paccMOTpeHHE HOMOIHEHHE
J = {1,2,...,n/J}, ecnu J cobcrBenHOe MOAMHOXKECTBO MHOXECTBA
{1,2,...,n}, To J Takxke cobcTBCHHOE MOAMHOXECTBO TOTO JKC MHOXKC-

crea {1,2,...,n},roects J C {1,2,...,n}, J# @, J # {1,2,...,n}.
Mycts maTpuna A pasioXuMma, clieloBaTelbHO, cyliecTByeT J, MOXKHO
paccMorpers J. U3 Toro, uTo ai; =0, ¢ ¢ J, j € J crenyer, uro
bji =0, i € J, j ¢ J. Takum obpazoM, marpuna B = A* paznoxu-
ma. Eciu marpuna A* pasioxuMa, ToO M3 J0Ka3aHHOTO BLITEKAET, 4TO
marpuua (A*)* = A paznoxuma.

JIemma 2.1.4. Mampuye A > 0 pasaoocume < IX > 0, ne as-
AAOUUECA YUCTO NoA0AHCUMEALHBM Gexmopom u Fu > 0 maxue, wmo
AX < pX(*).

Hoxazameasvcmeo:

Hocrarounocrs: Obosnainm J = {j : z; > 0}. Uz yciosus
cienyet, 4to J siisieTcsi coOCTBEHHBIM TOAMHOXKECTBOM MHOXKECTBa
{1,2,...,n}. Nycrs ¢ ¢ J. V13 (%) cnegyer, 4To Aisi 3THX i UMEIOT

MECTO clieAyIiie COOTHOIICHHUSA!
n
Za,-j:cj S HIL; = 0.
j=1

Tak xak a;;, z; > 0, j € J, r0 = a;; =0, i € J, i ¢ J, 3nauur,
Marpuua A paznoxuma.
HeobxogumocTs: IlycTs MaTpuna A pasnoXKuma, TOrJa oHa Mpej-
CTaBHMa C TIOMONBIO ONpeeicHHOro npeobpa3oBanusi B BHAE:
By B
0 By

B=T*AT =



Mycts y — Bektop @.-I1. gnst marpuust By @ By = A(Buy),

y
y > 0. PaccMoTpum Bektop T = , BUAHM, 4TO

0
Bz = A(By)z, £ > 0. Bekrop £ > 0 u g = A(By1) yaosiersopsier

HCKOMBIM ycsioBusIM fjist MaTpuisl B. Ouesuzno, 4To To 3Ke caMoe
i = X(Byy) 1 Bekrop T'T ynoBnerBopsieT HCKOMEIM YCTIOBHSIM JJIsl MAT-
pulbl A, 4.T.A.

CaoficTBa HEOTPHIATEIBHEIX HEPA3I0KUMBIX MATPHIL

JIemma 2.1.5. Ecau mampuya A > 0 nepasaosicuma, mozda:
1. Bexmop @.-II. X > 0 u wucao @.-I1. A\(A) > 0.

2. Bexmop @.-II. onpedeasemca eduncmeenuom 00pazom ¢ momno-

cmb10 00 NOAOHCUMEABHO20 TLOCTIIOANH020 MHONCUTNEAA.

Hoxazameascmeo: MaTpuna A — HeoTpHIATENLHAS HEPA3NOXKHUMAR
MaTpHL@, clemoBaTesibHo, mo TeopeMe @ -I1. 3 Bektop = > 0,
AMA) > 0: Az = A(A)z. Uz Jlemmn (2.1.4) = = > 0 (B npoTuBHOM
ciydae mMarpuua pazioxuma). [lonoxarensuocrs gncia @.-I1. Gyzem
JoKasbiBaTh or nporusHoro. Ilycrs A(A) = 0 = Az = 0. Tak kak
matpuua A Hepaznoxkuma, To A > 0 pasencrBo Ax =0 npu A >0 u
z > 0 nesoaMoxno. Crnegosarensro, A(A) > 0. Ilycre A(A) — ancio
@ .-I1., £ > 0 — Bektop @.-I1. IlycTh Takke st HEKOTOPOroO
y > 0 Buinonusiercst Ay = A(A)y. Oboznaunm © = jE?HEn} %. Beeaem
BeKTOp 4 = Yy — Oz > (. Y Bekropa u ecThb, MO KpaiiHell Mepe, ofHA
HyJleBas KoopAHHaTa. [l/isi BeKTOpa 1 BLINOIHSIETCS COOTHOICHHE
Au = M A)u. Uz nepaznoxumoctu mMarpunsl A u nemmsl (2.1.4) cie-
Ayer, 4To BeKTop u Jinbo Hysesol, 1ubo nonoxurensubi. Ilociennero,

Kak Oblio 3aMedcHo Bhimie, He MoxeT OuiTh. CnemoBatennho, u = 0, To

ectb y = Oz, u.T.A4.
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Teopema 2.1.2. (0 nepaznoxxumolt marpune) Tycms A > 0

HEPAIA0NHCUMAR MamPpuya, mozda:

1. Ecau 3z > 0, daa xomopozo (pE — A)x > 0, mo mampuyae pE— A

neompuyameavo obpamumra.
2. (pE-A)'>0= (pE-A)'>0.
3. Bcau A > B > 0= AA) > A(B).

4. Bce zaaenvie munopo mampuys (A(A)E — A) noaoscumeavno, 3a

UCKANOUEHUEM CAMO20 onpe()e./w mead.

5. MA) asasemca npocmuim KopHEM TAPAKMEPUCTIUYECKO20 YPAGHE-

nus [tE — A] = 0.
Hoxazameavcmeo:

1. Hycts 3z > 0, ansa koroporo (pE — A)r > 0. Tak xak Marpuna
A > 0 HepaznoxuMa, To cymecTByeT cTpoka P* > ( rtakas, 1To
P* = \A)P*. Yumuoxaum: (pE — A)x > 0 ua P*, nonyqum
P*(pE — A)x > 0 unu pP* > A\(A)P*. Cokparum obe qacTu Hepa-
BEeHCTBa Ha NOJIOXKHTeNbHoe yuciao P*z, nonyaum p > A(A). Cre-

foBarenbHo, Marpuna (pE — A) Heorpunarensuo obparumMa.

2. MNycrs Marpuna (pE — A) neorpunarensuo obparuma. Hazmo noka-
3ath, uto (pE — A)~! > 0. Bozsmem npouzsonbubilt Bektop C > 0
u paccmorpum = = (pE — A)~!C. Us onpenenenus: cnezmyert, 4To
z > 0. Iokaxewm, uto z > 0. Tak kak (pF — A)z = C > 0,
oz > 0u pr = Az + C > Az, orkyza Az < pz. U3 neMmul
(2.1.5) cnegyer, uto £ > 0 (ecnu Obl y BekTopa T ObumH HyseBLie

KOMIOHeHTHI, To MaTpuna A Gbina 6ul paznoxuma).

Ecnu B kauectse Bekropa C' nocnegosatensHo 6paTh cTonbinl Mar-
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puisl F, To B Ka4ecTBe M0J10KUTEILHEIX BEKTOPOB T NOJIIyYHM CTOJO-

e Marpunsl (pE — A)~l. TeMm caMbiM yTBepxKaeHue 2 A0Ka3aHO.

. Honoxum C = %(A + B). Toraa A > C > B. Tak kak A Hepa3-
noxuma, to u C Hepaznoxkuma. Ilycrs £ — Bektop @.-I1. MmaTpu-
uel A, A(A) = A\, Az = Az. Mul nokasanu B nemme (2.1.5), 1ro
A(A) > 0u £ > 0. YMuoxuMm obe gactu nepasenctsa A > C Ha
BekTOp T, nony4uM Az > Cz = Az > Cz unn (AE — A)z > 0. Us
yrBepxzenutt 1 u 2 cneayer, uto (AE —C)™ ! > 0=

AMA) > MC) > A(B) = AMA) > A(B).

. Ecnu A = A(A), C — masunas noamarpuua Marpunst A, To

(AE—C) rnaBuas nogmarpuua Marpuus (AE— A). Hazo nokasars,
uro |AE — C| > 0. Jnst atoro gocrarouno nokasars, 4to (AE — C)
— HeoTpunaTensHo obpaTuMa ik uro A > A(C). MoxHo cuurars,
4To rnaBHas moamarpuna C pacnosioXKeHa B JIGBOM BepXHEM yTJIy

MaTpHuIbl A, OHa He coBIagaeT co Bcelf MATpUIeH H, clleJoBaTelILHO,

C Ap
marpuna A umeer Buj: A = . Obpazyem Marpuiy
Ay Ap
CcC o0
B= , roraa A > B = A(A) > A(B) (no yrBepxkzaenuo
00

3). Tak xak [tE — B| = |tE — C|t" %, ro A(B) = A(C) u A(A) >
MC), oTkyaa cnenyet yrBepxaenue 4.

. f@) = [tE — A|, A = M4), f(A) = 0. Iokaxewm, aro f'(A) # 0.
Aro u byner o3HauaTh, 4TO A OyJeT mpocTLIM KOpHEM XapaKTepH-

crHYeckoro MHorowiena f(¢). Buouucnum npouzBoanyo oT xapak-
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TepucTHYeCKOro MHorodwieHa f(t) :

t—ap; —ap —Qip
£(t) = d| —an t—ay —Gm |
== =
—any —Qn2 t— Qpn
1 0 0 t—a‘ll -1y ... —Qip
—ag t-*(lgg e —aop 0 1 0
= +
—Qp1 —0an2 . t—ap, —Qn1 —Qp2 ... t—apy
t—an —ap —ain
—an t—axp —agn
+ot
0 0 ... 1

[oacTaBuM A B IPaByIo 4acTh PABEHCTBA BMECTO ¢, IOy YMM 3HAHeE-
Hue Mpou3BoAHOH B Touke A. IlocKoJbKY B 3TOM ciydae cilaraeMble
B IpaBOH 4aCTH eCTh IJIaBHBLIE MHHODEI MaTpHIibl AE — A nopsizka
n — 1, To N0 JJ0Ka3aHHOMY BhINIC BCE OHHM MOJOKHUTEILHEL. To ecTh
f(A)>0,9rna

A(

Teopema 2.1.3 (o mpexmese 5 npu t — +a) ITyems A > 0

nepazaosicuman mampuya, A(A) = A, mozda:
1. lim (%)t cyusecmeyem &> 3k > 0 maxoe, wmo A* > 0.

2. Ecau npedea cyujecmeyem u lim (%) t = B, mo 6ce cmoabyw mam-
t—a

puyst B aeastomea cobcmeennvmu 6exmopamu, 0MGENAIOUUMY

cobcmeennomy wucay A u 6ce cmpoxu mampuyws B aeaaomes cob-

CMGENHBIMYU CTPOKAMY, OMGEHAIOULUMY CODCTNEERNOMY “UCAY A.
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Hoxazameavcmeo: TlocKonbKy Hac HHTepecyeT Hpejesl MaTpPHIibL %,
al (%) =1, To aanec 6yacM CYHTATH, 4TO PACCMATPHBAIOTCH MATPHIThI
A, ans koropeix A(A) = 1. PaccMoTpuM HeoTpHIATeNLHYIO MATPHLY
A: MA) =1 Tycrs

3 limA' = B.

t—a

IMokaxkem, uto A-B=Bu B-A=B.

B-A=(limAYA=1lmA"*"'=B=B-A=B

t—a

A-B=A-limA"" =B= A-B=B.

t—a

S0 o3nauaer, 4TO Bee cTONONEI (cTpoKU) MaTpuLkl B sBastoTcst cob-
CTBEHHLIMH BEKTOpaMHU (CTPOKAMHU), COOTBETCTBY IOIHMH COOCTBEHHOMY
yucny A = 1, nubo nyneswiMu. IlokaxkeMm, 4T0 OHM He MOTYT OBITH Hy-

nesuiMu. Ilyers £ > 0 Bektop @.-I1. Torga

lim A’z =z,
t—a

rak kak Az = z, (A*z = z). C apyro#t cropouw, lim A’z = Br =
Bz = z. Eciu B marpune B byzaer oaun Hynesolt cronbern, To Bee cob-
CTBEHHBIC CTPOKH, KOTOPBIC MOTYT OBITE J1M00 MOJIOXKHTENLHEIMH, JTHOO
HyJICBEIMH, OyayT HyJcBbiMH, TO ecThb B = (. A 3T0 HEBO3MOXKHO B CH-
ny pasecrBa Bz = z. Cnegosarensho, B > 0, To ectb Bce cToabIb!
(ctpoku) 6yxyT BekTopamu (cTpoxamu) @.-I1.

HeobxoaumocTe: Ilyctn
i 4 = B
cymiecTByer. Tak Kak mo gokazanHoMmy Beimie B > (), To HaunHas c
HEKOTOporo Mecta, Hanpumep, t = k byzer A* > 0, u.r.z,
JocraTounocrs: JokakeM BHaUase yTBePKACHHE JJIs1 IOJIOKHUTCIIb-

noit Marpunnl (k = 1). IlycTs nponsBoibHAS TMONOXKHUTEILHAS MATPH-

ua ¢ A(A) = 1. TokaxemM, 4To BeKTOpHasi nocinenoBarenvHocTs {Aly}
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cxomurest npu Jobom y > 0. Ilyers y(t) = A'y npu npoussonsrOM
¢ukcuposanuoM y = yo > 0. Toraa y(t) nupeacrasnsier cobolt pemenue

Pa3sHOCTHOIO ypaBHeHHsI

y(t + 1) = Ay(t), y(0) =

Mycre BektOop £ > 0 ¢ KoMnonenramu x; — Bekrop @.-I1.) To ecrb

Az = z. llonoxum
O;(t) = ult
I;
at) = m;;ine,-(t), 3l(t) : Oy = a(t),
B(t) = max 0i(t), 3k(t) : Oy = B(2).

Jlis1 Kaxkoro i uMeeM

S—

n
w(t+1) =) aiyi(t) = aupalt)oy + ) ai8jz; <

=1 )
< auga(t)ziy + B(t) Y ayz; =
J#()
n
= agp)(a(t) — B(t))zy + (z aijl'j) B(t) =
=1

= ayq)(a(t) — B(t))zyy) + B() .

TTonoxum

Z
d= mma,J, € = min —.
iz

nO,T.{C.TII/IM obe yacTH BBIMHCAHHOrO BHINIE HCpaBe€HCTBa Ha I; H BOC-

MOJIb3YeMCsl BBEACHHBLIMH 0, M TOJIYy 4HM

y(t+1) _

X

< (aft) — B(t))ed + B(t), (i=1,...,n);
oTCIOAA

Bt +1) < (alt) — B(t))ed + B(1),
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4TO MOXKHO NPeoOpa3oBaTh K BHAY

ed(B(t) — a(t)) < B(t) - Bt +1).

AnanoruunbiM o6pazom nosydaeMm
e6(B(t) — a(t)) < alt +1) — aft).

W3 aByx nociegHux ciexyer, 4To mHocienoBarensHocts {a(t)} ue
yObiBaeT i orpanudeHa cBepxy, a nociegosarenbHocTs {3(f)} He Bo3-
pacraeT i orpaHudeHa cHu3y. [loaToMy cymecTBYIOT npenensl
lime(t) = o u limB(t) = B. Hocieanne HepaBeHCTBa NOKA3LIBAKT
TakKe, 4To o = . Benomunas onpezenenue senuuun a(t) u 5(t) no-
ay4aeM, yto lim y(t) = ax. Ecnu B kauecTBe BekTOpa Yy GpaTs mocie-
J0BaT&1bHO CTONOLBl eAMHHYHON MaTPHLbI, TO NOMYYHM CXOLHMOCTb
MarpuuHolt mocnenosarenbHoctn {A'}. Tem cambiM st conywas k = 1
yTBepKAeHHe HOoKa3aHo MoHocThI0. Ilyers A¥ > 0 gust HekoToporo k >
1. Ua noxazaunoro Buime cieayer, aro lim(AX) = B > 0 cymecrsyer,
tak Kak a(A*) = a(A)* = 1. Kaxaoe nonoxurensHoe nesoe ¢ Mox-
HO eauHCTBeHHLIM o0pa3oM npexcrasuTh B Buze t = p(t)k + r(t), rae
p(t) u r(t) HeoTpunarenbunie nensie aucina, npudeM 0 < r(t) < k. llpu
t = 400 umeenm lim p(t) = +oo u (A*)P) = B+ R(t), rae lim R(t) = 0.
TMostomy At = AW (AR = A" (B 4 R(t)) = A"OB + A"OR(t) -
—+ B.

213 AAAUTUBHEIA METOA NAPHBIX 3KCNEPTHBIX OLEHOK

B aroit yacTu paccMaTpHuBaeTcs cienyomas 3agada. UMeercs n 06bek-
TOB (1,2, .. ., {n, KOTOPEIE HYXKHO PaH’KHPOBATL, TO €CTh ONPEENHTh
HX OTHOCHTEJILHY 10 BaxkHOCTE. [1peamonaraercsi, 4To akcnept Moxer Oo-

Jiee WM MeHee yAa4HO CPAaBHHThL MeXAy co0olt Kaxkayio napy o0meKTos
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gug (i#7 1,7=12,...,n), 10 ectb on MoxkeT 0boHM aeMeHTAM
napsl {g;,q;} TPHCBONTL «Becas @;; H @j;, COOTBETCTBEHHO, TAKHE 4TO

a,-jZO, a]-,-ZOH
ajta;i=1, (i#74; 4j=12,...,n). (2.1.4)

Ilpu 5THX NpeANOoXKEeHUSIX PACCMATPHBAEMYIO 33724y MOXKHO cop-
MYJIHpOBaTh TaK: 3Has Beca a;;(i # j; i, = 1,2,...,n) npunucars
KaXKAoMy q; «Bec» v; > 0, tak 9To0nl vy + 5+ --- + v, = 1 1 4T0ORBI
Beca v; OLIIN «COrIacoBaHbl» C BeCAMH 4.

Jnst pemtennst aTo#t 3a1a4H MOCTPOHM H3 3JIEMCHTOB @,; KBaJPATHY IO
MaTpHIly A pasMCpHOCTH 7, ONPEEIHB B Hell HeZJoCTAK IIjHe JHATOHAT b-
Hble 3JIEMCHTHI clieAyoniaM obpa3om:

n
aj; = E Qg4 = 1,2,. N (2.1.5)
J=1(#4)

Mony4ennyo neorpunarensuyio Matpuny A(A > 0) Gyzem nazbiBaTh
MaTpHLcH MapHbLIX 3KCICPTHLIX CPaBHCHUMH.

3aberas BHoepes, OTMETHM, YTO eIHHCTECHHLIM pelleHHeM 3TOoH 3a-
[ a4M SIBASIeTCS] HeOTPHLATEN bHbI! HOPMHDOBaHHLI! (CyMMa KOODAUHAT
paBHa eguuune) cobcTBeHHBI! BeKTOp MaTpuibl A, oTBedanomull cob-
CTBEHHOMY YHCIy, paBHOMY 7 — 1.

PaccMorpum mpocretimne ceotictea 3To#t MaTpuubl. OOo3HauuM de-
pes A, A,, ..., A, cronbusl Marpunsl A W BBezieM B paccMOTpeHHe
cronben I, Bce anemenTHl Koroporo pasuml 1, To ects I' = (1,1,...,1)
(3meck u manee ' ozHayaer TpaHcnonuposanue). HcHo, HTO

n n
I'A; zzaij = E a;j + aji =
i=1

i=1(i#j)

n

= z au+ z Qji = z (ﬂq'\"aﬂ)—n—l

i=}i#j) i=1{i#j) i=1{izj)
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Anst Bcex = 1,2,...,n, To ecThb

I'A=(n-1TI. (2.1.6)
Hanee gnst nwboro cronbua X, (X' = (z1,29,...,Zn)]
I'AX =(n-1))_ = (2.1.7)
i=1

ByzaeM HazniBath cronber; X OTHOCHTENILHEIM BECOBLIM BEKTOPOM, CC-
n
au s Beex i r; > 0w 2 x; = 1. [lockonbKy APYTHX BECOBLIX BEKTOPOB
i=1
KPOMe OTHOCHTEIbHBEIX paccMaTpHBaThcsi B 3ToM naparpade ne byzer,
TO CJIOBO OTHOCHTENIbHLIA B AanbHelineM OyaeMm onycKath.
_ 1
Beezem B paccMorpenne marpuny B = ——5A (B > 0). Uz (2.1.6)
cnepyer B'I = I, to ecre marpuna B’ croxacruueckasi. Oneparop,
onpezensieMbit MaTpunelt B, nepesogut BecoBolt Bekrop X B BecoBoH
BeKTOp Y, TO ecTh
n
14
Bx=Y7Y=(yl:"'$yn)ZOH E yizl-
i=1
HelictBuTensio, HeoTpunarensHocts ¥; (2 = 1,2,...,n) cregyer us
HeOTpULATENbHOCTH MaTpunkl B u BecoBoro Bekropa X. Takxke serko
HpoBepsieTcsl M MocjiesHee PaBeHCTERO.
n n
E yu=1IY=I'BX)=(IB)X=I'X = E ;= 1.
i=1 i=1

ByzeM rosoputhb, uTo BecoBoli BekTop X cOINacoBaH C BECaMH Gy,
ecii BX = X. Takolt BekTOp cymiecTByeT, HocKoibKy Marpuua B’
cTOXacTHYecKasi. DTHM BCCOBLIM BEKTOPOM siBJisieTcsi COOCTBCHHBIN BeK-
TOp MaTpHIibl B, orBedaouuit cobcTBeHHOMY HHCIly pABHOMY eAHHHIIE,
YMHOKeHHBIH Ha OUHHILY JeJIeHHYI0 Ha CyMMy KoopauHat cobcTBenHo-
ro BEKTOpa.

Buinte 6bu1a onyiiiena apryMeHTanus Boibopa AHaroHal bHbLIX 3JleMeH-

ToB MaTpunbl A, To ecTh Ta AyXoBHas paboTa cnelMalHCTOB, KOTopasi
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u npusena k ycnosusiM (2.1.5). Ognako Gbulo KoHCTATHDOBaHO cief-
CTBHC Takoro Buibopa — omeparop B nepeBoguT BecoBoit BEKTOD CHOBa
B BecoBolt BeKTOpP. TakuM 06pa3oM yKazaHa BO3ZMOKHOCTD « KODPEKI{HH»
NepBOHAYANILHO BEIDPAHHOr0 BeCOBOro BeKTOpa X ¢ IMOMOLIBIO ONEPATO-

pa B, To ecTnh onpaBaana npoueaypa NocieA0BATEILHON KOPPCKIHH
Xy =BX;1, Xo=X, k=1,2,... (2.1.8)

HIIH

X =B*Xg, k=1,2,... (2.1.9)

B kauecTBe ke apryMmenToB BriGopa yciosutt (2.1.5) paccMoTpuM ABa
NpHMEpa, KOTJja BeCOBOM BeKTOp M3BecTeH 3apaHee. [lokaxkem, 4To 7151
MAaTpHL, IOCTPOEHHLIX ¢ ydeToM ycnobuit (2.1.5), sTo BecoBolt BekTOp
OyaeT coDCTBCHHEIM BCKTOPOM, OTBEYAIUIMM COOCTBCHHOMY YHCILY, PaB-
oMy (n — 1).

I1pu n = 2 uckoMbie Beca 04eBHAHO COBNAAAIOT C djg H g1, TO €CTh
V1 = aj2 B Vs = ag;. B cuny ycnosutt (2.1.5) MLl ZOJKHEI HOJOXKHTD

@y = Gq3 " Gy = ay;. Torga Marpuua A u Bektop V uMeror Bua;

an a2 14! a1z
A= , V=

agy Gz 1 2] a1

W peltcrBiTENIBHO € 3TOM Cllydae

ap a2 a2
AV = =
az Qa2 as
a1z(a12 + az) a2
= == == V"
az; (a12 + a21) az
to ectb AV = (2-1)V.
Ilycte B KauecTBe 00'LEKTOB @y, qs, ..., G, BLIOPAHL I'HDH C BecaMmH
my, M, ..., m, cobcrBenno. Ix oTHOCHTENLHEIE Beca vy, Vs, . . ., Uy
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ONPCAENISIIOTCSA 0YCBHAHBLIM 00pa3zoM:

m; .
y; = : ;i=1,2,...,n.
my+mg+ -+ my

[lapHbie OTHOCHTENbHEIE BECa, TO €CTh JIEMEHTH Qjj, ONP 6 ENSIOTCSI

TaK)Ke 04eBHAHLIM 0bpazom:
m; m;
a,-j = — aj,- = —

m; + m; m; + m;

ITpoeepuM, 4T0 MaTpHLa A, IOCTPOEHHAS W3 BIEMEHTOB Q;;
(i # j), onpeseCHHBIX BRINIC, M 3JIEMEHTOR @y, ONPEAETEHHBIX YCII0-
BueM (2.1.5), u BekTOp V, KOMIOHEHTAMH KOTODOTO SIBJISIIOTCS OTHOCH-
TeNBHEIC BeCa Uy, Uy, . . . , Uy CBa3aHbl paeacTBoM AV = (n — 1)V.

Briuncinm -y10 KOMIOHEHTY HPOH3BEZIeHHUs], CTOSILICTO B JICBOH 4acTH

PaBeHCTBa.
n

n n
a,,-]-v,; = E (l,'jl/i + E aijuj =
(

n
E ai]'l/j =auV; +
i=1

J=1(j#i) J=10j#i) J=1(j#i)
n l n m
¢
= E aij(vi +vj) = ————— z ———(mi +m;) =
my+ - m; + m;
J=104) L Gy
n — 1)m;
__(—Ym _ (n — .
my + “ee _|.. my
Mocneauue BLYKCIeHHs, BepHbIe fus1 Beex ¢ (1 = 1,2,...,n), noka-

3LIBAIOT, 4TO V AEHCTBUTENILHO SIBJISIETCS HCKOMBIM COOCTBEHHBIM BEK-
TOPOM.

BepueMcst BHOBL K uTepanuonHoMy nporneccy (2.1.8). Ecnu
uTepannonnnilt nponecc (2.1.8) nocnegoBarenbHON KOPPEKIIMH CXOAUT-
csl, TO OH JAAeT Of|MH H3 BO3MOXKHLIX ANTOPHTMOB pelleHHs! HCXOXHOH
3azaun. JlelicrBuTensHo, nycts lim X, cymecrsyer u pasen V. Ouesug-
Ho, uto V' = (v,...,vp) 2 0u 11 +--- + v, = 1. OueBugno Takxe,
qTO U leIEOXk_l =V, rorna kl:rgo Xi = klingo BX._1 = Bklil'go X1,
to ectb V = BV. Cnenosarensho, V — pemenne.

105



Ecnu K ToMy 3Ke HTepanHoHHEIN MPOIECC HE 3ABUCHT OT HAYAIBHOTO
BhIDOpa BecoBoro BekTopa Xy, TO 3TO 3HAYMUT, YTO CYUECTBYET MPEAEIIh-
Hasi MATPHLA P = kl:rgo B*.y koTopolt Bce cTONOLEI 0AMHAKOBLI H PABHBI
V.

WUz (2.1.9) cneayer, uto lim X; = lim B*X,. U3 cymecrBoBanus

k—oc k—oc
eIH HCTBEHHOT'0 kl—lflc‘:lo X =V anst moboro HayalLHOrO BECOBOT'O BEKTOpaA
clleAyeT cyliecTBOBaHHe KOTOphIH u obozHauuM yepes P, 1o ecth V =
PXy. Beps B kauectBe X j-# cronben eaunnynoit marpuun E(PE =
P), nonyuum, uato j-# cronben marpunnl P pasen V, u ato Bepuo nist
Beex 1 =1,2,...,n.

HUasecrHo, 4To eciiu croxacTudecKasi MATPUIA peryiasipHas (eAMHHILI
SIBJISIeTCS] MPOCTLIM KOPHEM XapaKTEPHCTHYECKOTO yPaBHEHHsI) H Ipa-
BUJIbHAas (BCe ocTanbHble KOPHH [0 MOJYJII0 MEHbIIE eAHHHIL), TO AJIsi
Hee CYHIECTBYET yKa3aHHas BhILIE NpeACIbHAS MaTPHIA.

IMokaxkeMm, uro Marpuna B/ = ﬁA’ SIBJII€TCST PEryJisipHOlt M mpa-
BHJIbHOM. YYHTHIBasi CBS3b MexXAy Marpunamu B u A, 3aMerumM, 4To
MaTpuusl B u A UMeloT ogHH ¥ Te 3Ke codcTBeHHBIC BeKTopa. U3 BX =
AX cnegyer anlAX = AX uiu AX = A(n—1)X, 10 ectb cobcTBeHHLIE
yueia MATpULEl B, yMHOXKCHHBIE HA 2 — 1, SIBJISIOTCS cODCTBEHHBIMH
yncsiaMu Matpunsl A. [TosToMy ZoKazaTe/ibCTBO peryjisipHOCTH M Ipa-
BUJILHOCTH MATpPHILI B’ paBHOCHILHO JOKA3ATENLCTBY, HTO Y MATDHIIEI
A 4ucno (n — 1) siBisiercst IPOCTHIM XaPAKTePHCTHYECKHM KODHEM, a
BCe OCTaJIbHLIC KOPHH 10 Mozy/io Menbine. CdopMmynupyem nocieguee
YTBCPXKAEHHE B BHAE TCOPEMEL.

Teopema 2.1.4. Mampuuae A, onpedeaennas ycaocusmu (2.1.4) u
(2.1.5), umeem npocmott TapaxmepucmunecKutt KOPEHD, PAGH it
(n—1).

Hoxazameavcmeo: Ilycts Ay — npousBosnbHoe cobcTBeHHOE HHCIIO
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marpunitl A 1 X coorBercTBywmul eMy coGcTBeHHBIH BEKTOp, TO €CTh
AX = XX. YMHOXKHM YyIOMSIHYTOC PABEHCTBO ciieBa Ha [', momy4um

I'AX = MI'X, unu, c yuerom (2.1.7),

n n
(=1 zi=X) (2.1.10)
i=1 i=1

Jl1s1 IpoH3BOJILHON HEOTPHIATELHON MATPHILI CIpaBeIHBO Y TBep-
xkaende (reopema @pobenuyca-Ileppona), 4To oHAa MMeeT HeOTpPHLA-
TeJibHOE coOCTBEHHOE YHCIIO, TaKoe, YTO BCE APYTHe XapaKTepHCTHHE-
CKHC KODHH 3TOM MAaTpHIbi He IPEBOCXOJASIT €ro 10 MOAYJI, H ITOMY
YHCJIy COOTBETCTBYET HEOTPHIAT&ILHLIH cobcTBennLt Bekrop. Obozna-
YHM 3TO COOCTBEHHOE YHCIIO 4Y€Pe3 Apgy M MOACTABHM €r0 BMECTO Ag
B (2.1.10), monyuum, 4T0 Apex = 1 — 1, HOCKOJBKY B 3TOM Ciydae
n n
> z; # 0. Ecnimt 3xe Ag # Amax, T0 oBsizatensho Y z; = 0.
t=IIIpc,zmo.nox(m,(, yTo Marpuna A Hepaanox(an:;ll, rorga n — 1 npo-
cTolt XapakTepucTHieckulil Kopedb. Eciu maTpuna A paznokuMa, To ¢
NOMOLILI0 EePCCTAHOBKH PsifioB (IlepecTaHOBKH CTPOK H TAKOH JKe mepe-

CTAHOBKH CTOJIOLOB) OHA MOXKeT OLITh NpHBEJCHA K BHAY

o L (2.1.11)
Hy Hy

rae Hiy u Hyo — kBagpaTHbie MaTpuisl pasmepHocted k 1 (n — k) co-
oreeTcTBenHo, 0 — MaTpuna u3 Hyselt. He Hapymas obuHocTH paccyx-
Acuutt, 6ynem cuutarh, uro mMarpuna Hyy — Hepaznoxumasn. Herpyano
BHJETh, YTO NEPeCTAHOBKa JIOOLIX JBYX PSAOB, HANpHMEp, i-# u j-H
CTPOK H, COOTBETCTBEHHO, i-T0 M j-T0 cTOJIOIOB coXpaHsieT cBOHCTBa
(2.1.4) u (2.1.5) y usmenennott marpunsl. Cresosarensuo, 3TH cBOMCTBa
COXpPaHSIIOTCS H IPH TIPOM3BoJILHON nepecTaHoBKe psifoB. C yueroM arTo-
ro 3aMe4aHHus] y>Ke HeTPYAHO BHAETh, 4T0 y MaTpunsl Hy; Bce aneMeHTHI

paBHbI 1.
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Paccy>xzaenusi, cBsi3aHHbIE C ICPECTAHOBKON PSIAOB, NO3BOJISIIOT YTO4-
HHTh TAKXKE M CBOMCTBA HCPasIoXKUMOH MaTpuusl A.

Jlemma 2.1.6. Hepasaoorcumas mampuya A, ydosaemeoparouian
ceoticmeanm (2.1.4) u (2.1.5), npumumuena.

Hoxazameavcmeo: HepaznoxuMasi marpuiia A He MOXKET MMeThb 4H-
cro HyneByio crpoky. Cnenosarenso, B cuny (2.1.5) y nee Bce quaro-
HANbHBIE 3JIEMEHTHI MONoXKHUTeabHLL. IIpn mepectaHoBke psiAoB AnAaro-
HANBHBIC 3JIEMEHTHI ICPEMEIAI0TCs JINIIEL BAoib auaronanu. Toraa ona
He MoKeT OLITh MMIPHMHUTHBHOMN, TAK KAK He MOXeT ObITh mpHBemeHa
NepPecTaHOBKOH PSIAOB K « IUKIHYECKOMY BHAY » C HYJIEBLIMH AUAT OHANb-
HbeiME Gnokamu. Crnengosarensno, Marpuna A IPUMHTHBHA, TO €CThb s
Hee 72— 1 He TOJIBKO POCTOH KOPEHb XAPAKTEPHCTHUCCKOTO Y PABHEHHS,
HO U NMPEBOCXOAMT MOAY/IH BCEX APYTHX KOpHel.

ITpomosizKEM paccMOTpeHHe Pa3jioKUMol MaTpunbl A, TodHee ee
npeacrasicuusi B Buge (2.1.11). Herpyano sugers, uto nogmatpuna Hyy
Matpuusl H, nonydennoit u3s A nepecraHoskolt psizioB, obiasaer cBolt-
creami (2.1.4) u (2.1.5); Tam TonbKo Hy»KHO 3aMenuTh 1 Ha k. Cnezo-
BATeJILHO, BCE XapaKTepUCTHYecKue KOopHH MaTpunkl Hy; no Mogysio He
npesocxoasaT k — 1. Tlockonbky 1 < k < n (Marpuna A paznoxuma),
BCE OHH 110 MOZYJIO MeHblIe 12 — 1.

Marpuna Hsp 1o npeanoioKeHHI0 Hepas3ioXKUMasl, CJIe0BATENILHO,
B KaxKJI0ll ee CTpOKe HMeeTcsl HeaHaroHalnbHbll OTJIHYHEIN OT HYJISA 3jle-
MeHT (B IPOTHBHOM cily4ae oHa paasiokuMa). [losToMy Bce auaronans-
HBle 3ieMeHTH Marpaubl Hyy crporo Gonbwe k (k — cymma anemen-
ToB nwbo#t crpokn Martpunnl Hy ). Herpyamo Buzern, uro Marpuna
F = Hjyy — kFE yposnersopsier csoticrBam (2.1.4) u (2.1.5) u nepas-
noxkumasi. [lo teMmMe MaTpuna F uMeeT ofMH NPOCTOH KOPCHb, PABHLIH

(n—k—1), u Momynu Bcex ocTanbHEIX KopHel MeHblie, Yem (n—k—1).
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CrnepoBarenbio, Marpuna Hys MMeeT onuH mpocTodfl KopeHb, paBHbIH
n — 1, npeBocxomsiminii MOZY/IH BCEX OCTAJILHEIX KOpHel.

Tak Kak crekTp (noaubi#t Habop XapaKTepHCTHIECKHX KOpHEl) Mart-
punbl A coBnagaer co ceKTpoMm Marpunbl H, a nocieuull coCTOMT 3
cnektpoB matpun, Hyy u Hyy, To TeM caMbIM TcopeMa moKazaHa H AJisi
paznoKuMolt MaTpuiibl A H, clleloBaTellbHO, J0Ka3aHa MOJHOCThIO.

3ameuanue 2.1.1. Buute, ccomadcy na ceoticmea pesyadphot u
NPAGUABLHOT CTOTACTNUNECKOT MAMPUYH, YMBEEPHCIAAOCH, MO KAHC-
duitt cmoabey, mMampuys

P = lim B*

k—o0

pacen V. Hpu smom V onpedeasaca u3 coomnowenut: BY =V u

n
ZV,' =1
i=1

Hoxazameasvcmeo: IlockonbKy y MaTpunkl B egunnua sipisiercs npo-
CTBIM KODHEM ¢€ XapaKTepUCTHYECKOI'0 YPABHEHHs], IPCBOCXOASIIIIUM MO-
JAYJIH OCTANBHBIX €¢ XapaKTepHCTHYeCKHX KOpHel, To npeobpazoBanneM

nomobusi matpuna B Moxer OnITh npuBeneHa K >KopjaHoBol dopme

BHOA:
1 0 ... 0
B 0 J, ... 0
S BS=JB= E]
0 0 « Jrn,

rae Js, ..., J;m KOpJAHOBEI KII€TKH, OTBEYAIOIHE KOPHAM OTJIHYHLIM OT
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enuHULL, U T < 1. AcHo, 4TO

1 0 0

0 limJ¥ ... 0
lim JE = k300 =
k—oo

0 0 lim J&

k—ro00
1 0 0
0 0 0
= =J
0 0 0

Mostomy P = lim B* = lim §JES~! = SJS.
k—o0 k—oc

PaccMorpuM Gosiee BHMMaTesbHO NMPaBYI0 YacTh MOCJIEJHEr0 PaBeH-
crBa. Hanomuum, 4to cronbusl marpuust S = (S, Sz, ..., S,) sBiasiior-
csl BEKTOpaMH KaHoHH4YecKoro Oazuca. Ilpu sTom M3 Buaa marpunsl Jg
ciienyert, 4ro S) siBjisieTcsi cOOCTBCHHBLIM BeKTOpoM MaTpHibl B, oTse-
qaouEM cobcTBeHHOMY YH1y paBHOMY efuHHIe. IloaToMy Mbl byzer
nonarars, 4to ¥ marpuua S = (V, Ss, ..., Sy), rae S1, . . ., Sy npunazme-
JKaT KOPHEBbLIM IOANPOCTPAHCTBAM , OTBCYAIOIIHM XaPaKTCPHCTHYECKH M
KODHSIM MATpHIbl B, OIHYHLIM OT eZMHHIbL.

Hanee nepetineM K coorHowenuio (B — AjE)kX = (0, onpegensomee
KOpDHEBOE MOANPOCTPAHCTBO, COOTBETCTBYIOIIEMY XapaKTCPHCTHYCCKO-
MY KODHIO MaTpHuLl B, paBHoe Aj, A; # 1. YMHOXKHEM 3T0 COOTHOLIEHHE
cnesa Ha I, ucnonsayst npu arom (2.1.6) anst marpunsl B, nonydum:
I'(B—MEYX = (1-X)*I'X =0. Tak kak Aj # 1, 10 (1 — X,;)¥ #0
U U3 mociegHero paBeHcTBa ciexpyer, uto I'X = 0, ans moboro X us
51106010 KOPHEBOTO MOANPOCTPAHCTBA, OTJIHYHOTO OT KOPHEBOTO MOZIIPO-
CTPaHCTBa, COOTBETCTBYIONEro coOCTBCHHOMY 4HCJy, DABHOMY eAHHHUIIE.

Orcoaa caenyer, uro I'S =0,...,I'S, = 0. D11 paBencTsa, ¢ y4eroM
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toro, uro I'V = 1, n103BONIAIOT yTBEPAKAATE, HTO IEPBasi CTPOKA MATDH-
1kl S_; paBHa I’, Toraa npousseacuue JS 1 6yzer npeacTaBasTh H3 ce-
051 MaTpHIly, y KOTOpoli mepBasi CTPOKa ecTh ', a Bce ocTaNbHbLIE CTPOKH
PaBHBI HYJIO. DTO Ke caMoe MOXKHO CKa3aTh I0-IPYroMy: y MaTpHIbI
JS_1 Bce cTonbrbl 0AMHAKOBLI H NPEACTABJISIOT BCKTOPa, ¥ KOTOPBIX
nepBast KOMIIOHEHTa paBHa elMHHIIE, a BCE OCTallbHbIe paBHbI HyJ0. Te-
nepsb yxe sicHo, 4to P = S(JS_;) = (V,V,..., V), 4ro u rpebosanocs
JlOKa3aTh.

Hetpyano takxke Bugers, uto PX = V aas moboro BecoBoro BekTo-
pa X.

3ameuanue 2.1.2. Fcau mampuuya A pasacoicuma u npucedena %
6udy (2.1.11), mo cobecmeennntt eexmop mampuywn H, coomeemcmey-
touyuti cobemeennomy Hucay, pasnomy n— 1, umeem nepevie k Hyac6uT
aaemenmos (|Hyy — (n — 1)E| # 0).

Ob6parHo, ccain X cobcTBeHHBIN BeKTOp MaTpuikl A, cOOTBeTCTBY-
omiuit cobcTBenHoMy uHcny 1 — 1, UMeer k HyNneBLIX a1eMEHTOB, TO
C [OMOIILIO [EPecTaHOBKH 3JleMeHTOB BeKTopa X HyJleBble 3JIeMEeHThI
MOXKHO IePECTaBUTh TaK, 4Tobbl oM 6buik mepBbiMi. C momolbio Tok
JKe caMolf lepecTaHOBKH, HO y e psiioB, Marpuna A Oyzer npuBeaena
K Bugy (2.1.11).

3ameuanue 2.1.3. ITycmv X — npouscoavtioe HeMpueuasvHoe pe-

WENHUE CUCTEMDBL ypaanenm‘l
LX =[(n-1)E - A]X =0.

Tozda ucxomuitli Geco6oti 6exmop
1

=—X.
Ty + -+ Ty

3ameuanue 2.1.4. Ecau A — nepasaosicumas mampuya u
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Li,,..., Ly — aazebpaunecxue donoarenud saemenmos i-ti cmpoxu
smampuywt L = (n — 1)E — A, mo eexmop X;[X! = (La, ..., Lin),
(1=1,2,...,n)] 6ydem nempueuasvnom PEWEHLEM YPAGHEHUA
LX =0.

3ameuanue 2.1.5. B xauecmae eecocozo eexmopa V' mosicho 63ams
1060t cmoabey mampuys B* npu wexomopom k, onpedeasemvim ¢
MONNOCBIO GuivuCAENUA 6exmopa V.

3ameuanue 2.1.6. Ha sude mampuys F nuxax ne ompasicaem-
cA, cKoAbKe aKcnepmos pabomano nwad ee nocmpoenuem. Mooicno daoice
NPUGAERATNS PAIHHIT IKCTLEPMOE Ok CPAGHENUR Pasauyunux nap {q;, ¢;}
das pagaunwnnx i u j. Modsicno maxoce npocums xascdozo u3 Ixcnep-
MO6 NOCMPOUNML CE010 MAMPUYY NAPHHT IKCREPMHBIT CPAGHEHUT 3a-
MEM G3AMD UL t636ewentytos cymmy. To ecmov, ecat mov nepenyme-
pyem axcnepmos wucaamu 1,2, ...,k u obo3navum nocmpoenrvie My
smampuywe AV AP AK) | zamem npunuwem sxcnepmam 6 coom-
GEMCMGUY ¢ UL JOCTNOUNCMEAMY GECA A1, Ay, - . . , Ak
(a; > 0; ay+---+a, =1) u nocmpoum mempuyy
A=AV 4+ g, AP ... 40, AR mo noayennas mampuya A maroice

bydem ydoeaemaopams ycaocuam (2.1.4) u (2.1.5).

2.1.4 MyasTHIIIMKATUBHEI METO/ NMapHBIX 3KCHEPTHBIX OIe-

HOK

B sroM pazzesie paccMaTpHBaeTCsl TaK Ha3biBaeMbIll MYJIbTHIUIHKATHB-
HbIH METOH NApHBLIX 3KCIEPTHLIX olieHoK. CyTh ero cocTOHT B cllefyio-
mieM. JKCIepT paccMaTPHBAET BCEBO3MOXKHbIE aphbl, KOHKPETHOH Nape
OH NPHUIHCLIBACT YHCJIO, B35ITOC H3 HEKOTOporo (hMHKCHPOBAHHOIO MHO-
JKeCTBa MONOKHUTCIABHLIX 4Hcel. IIpuueM yKazaHHble 4ucia noabupa-

10TCs1 TaKHM 00pazoM, 4ToObLI M3 OTHOIIEHHE ONPEAEIISIo «BAaXKHOCTh»
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oaHOro of’beKTa 1O OTHOWICHHIO K ApyroMmy. Hampumep, paccMaTpu-
BalOTCsl 00bEKTH ¢; M ¢j, KOTOPHIM NPUIHCHIBAIOTCS MOJNOKHTEIbHbIE
YHCII0Bble 3HAYEHUs U; U U; COOTBETCTBEHHO. TOrAa Ba’KHOCTD NepPBO-
I0 OTHOCHTEJILHO BTOPOTO OLCHHBAETCSI OTHOLIEHHEM U;/Uj, & BAXKHOCTD
BTOPOT0 OTHOCHTEJIBHO NIePBOro — oTHoLIeHHeM u;/u;. OGoznaunm ot-
HOCHTeJIbHEIC BAasKHOCTH (CJIOBOM <«OTHOCHTCJIBLHBIC» MOAHEPKHBACTCH,
4TO BAXKHOCTH OTHOCATCH K KOHKpeTHOH mape BHIGpaHHLIX 06heKTOB)
qepes a;j M @j COOTBETCTBEHHO, TO €CThb Qi = U;/uj, Qj = Uj/u;.
ToHsATHO, 4TO MOXKHO IPOCHTh 3KCIEPTA CPa3y NPHIHCHLIBATEL 00beKTaM
¢i 1 g; HX OTHOCHTEJIbHbIC BAXKHOCTH @G;j U Qj;, NOGYMHSIIOLINECS YCII0-
BHIO @4;aj; = 1. Jloonpenenus aneMeHTHl G;; CCTECTBEHHBIM yClIOBHEM

a; = 1, nonyunm n?

YHCell, B3 KOTOPEIX MOCTPOUM MaTpuiy A = {a,-j}.
ATy Marpuuy OyaeM HasbiBaTh MyJIbLTHIUIMKATHBHON MaTpuLel NapHbLIX
akcnepTHbix cpaBienult ([19C). MaTpuinl, a7eMeHTE KOTOPLIX Y/0BJIe-
TBOPSIIOT YCJIOBHIO a;jaj; = 1 (i, = 1,...,n), Bciex 3a Caaru Oyzem
Ha3LIBaTh 00PATHO CHMMETPHYHBLIMH.

YacTHbil cydalt MynbTHIDIHKATHBHON MaTpuusl [19C (06paTHo CHM-
METPHYHOM MATDHILI), YAOBJICTEOPSIOLIEH HONONHHTENLHOMY YCIOBHIO
;0 = Qi sIBJIsieTcs: MATPHIla obMeHa, BekTop IleppoHa, KoTopoit uMe-
€T HHTEepPIPEeTAlUIo BeKTopa LieH. Takasi MHTepnpeTanusi 4 psif Apyrux
cooOpaykeHHil MO3BOJIMIIN PACCMATPUBATEL HOPMHUPOBaHHEIH BeKTOp Ilep-
pOHa POH3BOJIbHOM MyNIbTHILUIMKaTHBHOH MaTpuiibl [I1DC B KavecTBe Be-
COBOro BeKTOpa, PCHIAMIero HCXOAHYIO 3afady 3KCIepTHOH OICHKH T
00beKTOB (331a1y ONpPCAEICHHS «BeCa» KaXKAOT0 U3 PACCMATPHBACM bIX
006beKTOB).

Pemenue 3amaun sKcHepTHOM OLIEHKH paccMaTpPHBaeMBIX 00heKTOB
HAYHCM C MCCJICAOBaHHUsI MATPHILI o0MeHa, 3aTeM HCCliefiyeM CBOMCTBa

obpaTHo cuMMeTpuiHOH MaTpuikl. Kak ye orMeuanocsk, BekTop Ilep-
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pOHa 3TOlt MaTpHIL, paccMaTpuBacMolt B KadectBe MaTpunsl I13C, u
ecTb pellleHue HckoMol 3asaun. Hucso Ileppona Oyzer xapakrepuso-
BaTh oTKioHeHHe MaTpulLl II9C oT mMaTpuibl o6MeHa, H cTeneHb 3TOro
OTKJIOHEHHS] MOXKHO DACCMATDHBATEL KaK KOJHYCCTBEHHYIO XapaKTepH-
CTHKY KadecTBa paloThbl 3KCIIepTOB.

IIpocretimasi mozens 06mena

O6men — ozHo U3 PyHAAMEHTANLHEIX NOHATHI B 0bmiecTse ¢ pa3Bu-
THIM pa3AeieHHeM TPyAa. PaccMOTDHM HCATH3HPOBAHHYIO CHTYALHIO,
KOTZIa MMEETCsl 7L BHJOB 00heKToB (ToBaphl, yolyrd B ToMy TofobHoe) 1
KaXk/bilt W3 BHJ0B 00eKTOB HMCET CBOK e/JuHHIly H3MepeHusi. [Ipearmo-
JI0XKHM, 9TO yCTaHOBJeH obMeH 00beKTaMy pa3jMyYHLIX BHOB, TO €CTh
ol pefe/ieHHOe KOJHYECTBO eAMHHII OJHOTO BHJAA MEHSCTCH Ha CTPOTO
oI pee/ICHHOC KOJIM4ecTBO eAMHMUIL APYTOTo BHAA. ByzaeM Takxke mpea-
nosaraTh, 4To 00OMeH yCTaHOBJIEH MeXJy BCeMH BHAaMH ob6LeKToB H
4TO 0OMCH FBJSIETCS «OTHONICHHEM 3KBHBATIECHTHOCTH», 110 AHAJIOTHH C

TaKOBbIM B MaTeMaTHKe. To ecTh:
1.  eguuuL KaKoro-nubo BHAA MeHsieTCsl Ha 1T eAMHHI] TOTO YK€ BHAA.

2. Eciu m eguHuI; 0HOTO BHAA MeHsieTCsl Ha ¢ e JMHHUI] APYTOro BHAA,

TO ¢ eJUHHI} BTOPOTO BHJA MEHSIETCS Ha 77t eZJHHHUIL IEPBOTO BHAA.

3. Eciu m egunuL nepBoro BUAa MCHACTCS Ha ¢ eAHHHUI] BTOPOTo BHAA,
a d eIMHUI] BTODOTO BHAA MeHsETCs Ha h eIHHHI] TpeThero BUAg, TO
md eagMHHI IepBOro BUAA MeEHsIeTCs Ha gh CAMHHI TpeThero BHAA.

IepenymepyeM BUALI 00eKTOB, NPUCBOMB UM HOMepa oT 1 7o 7.

Obo3naunmM Yepe3 a;; — KONHYECTBO j-Io BHAa 00bEeKTOB, KOTOpOE
MEHSICTCSl Ha CAMHHIY I-r0 BHAA 00LeKToB (Tak, ecnu m ejuHHL
Jj-ro BHZa MeHsieTcsl Ha ¢ eUHHL] -I0 BHAA, TO 4;; = Mm/q

(¢<i,j<n)).
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W3 Benn4MH G;; MOXKHO MOCTPOUTEL MATPHILY

ailr a2z ... Qin

a9y as2 ... Q92n
A= ,

Qpl Gn2 ... Onp

KoTopyio OyaeM HasnlBaTh MaTpulell oOMeHa.

4. Marpuna A, kKak MmaTemarndeckui 00bekr, obnagaeT psiioM CBOHCTE.

Tak u3 onpeae/ieHus: 3IEMCHTOB i CIEAYET, YTO:

(@) ai;; >0,
(b) Ay = lv
1

() aij=—,
Ay

(d) aijaji=an (1<1i,j<n).
W3 3THX >Ke CBOMCTB JICTKO MOIYYAKTCS Clleay IOLe.

5. Panr marpuunl A paBeH eZjUHHLE, TO €CTh cTONOLLI (CTPOKH) MaT-

pHIibl A nponoprHoHanbHLL MexXKAy coboit.

Heicreurensto, obo3nauum depes A; u Ap j-bit u k-biit cTonbupl
MaTpunbl A u paccMoTpuM npoussegenue Aja;i. Ilo ceoitctBy (4)
Aja; = Ay, anst mobrix j u k, 4TO ¥ 03HAYACT MPONOPIHOHAND-

HOCTb cTOJIOI0B.

6. Marpuua A uMeeT JBa pa3IMYHBEIX XAaPAKTEPUCTHUECKUX YHCIIA: T2 U
0, npu4eM 7 sIBJISICTCS NPOCTHIM KOPHEM XapaKTePHCTHIECKOI'0 MHO-
rounena Matpunsl A, a 0 siBnsiercst kopHem KpatHocTd . — 1. I1pu
3TOM 3JICMEHTAPHLIC AEJIHTEIH COOTBETCTBYIOLHE HYJIEBOMY KOPHIO

— I pOCTHIE.
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n
Mo croitcrny (4) Y a0, = nay, (n=1,2,...,n), 10

=
A-A=nAgu nJCO6CTBeHHO(-3 yncno. C apyroit cTopoHbl, cHcTeMa
N JIHHeMHBLIX OJHOPOJHLIX ypaBHeHHH ¢ 1. HeuzBecTHRIMH Az =
CBOZHUTCS K 0AHOMY ypaBHcHHIO (panr Marpunbl A pasen 1) u, cie-
ZoBaTenbHo. Meer n — 1 nuHeltHO He3aBMCHMBLIX penleHHit. Jto,

BMeCTe C BhILIECKa3aHHLIM, H o3HadaeT, 4To 0 KopeHb KpaTHOCTH

7 — 1 1 €My COOTBETCTBYIOT NPOCTHIC 3JIEMEHTADHLIE AEJIHTelIH.

7. Tlo TeopeMe TleppoHa 0 MaTpHIaX C MOJNOKHTEJILHLIMH 3JIEMEHTa-
MH coOCTBeHHOMY YHCJIy 7@ COOTBETCTBYET COOCTBEHHBIH BCKTOP C
NOJIOKHUTEILHLIMHA 3JIeMEHTaMH. B 4acTHOCTH B KaiecTBe TAKOBOr'o
coOCTBEHHOI0 BEKTOPa MOXKET CIYXKHThL Jiobolt cronber; MaTpHIibl
A.

OcranoBuMcst oz pobHee Ha mociieHeM CBOHCTBe M MOKaXKeM, 4TO

OHO MOXKeT IpeiCcTaBJIATh HHTEpeCc H 4jis1 SKOHOMHCTOB.

8. OboznauuM uepes v cobcTBeHHBIN BeKTOp MaTpHLLl A, oTBedanmu

cobcTBeHHOMY YHCIY T2, TO €cTh Av = nv.

Mycts V' = (14,...,v), (' 34eck ¥ Aance o3HavaeT TPAHCIOHUMPO-
Banue). ByaeM B gannuefinieM npejnonarath, 4To Bee
v; > 0,7 = 1,...,n. Bekrop-cronber, v, Oyzer mpomopiinoHaiex
nmobomy cronbny Marpuubl A. 3ToT (aKT MOXKHO 3aNKCaTh CIeAy-
oM obpasom: A; = a;v, rae A; — j-nit cronben maTpunnl A, a
a; — KoahGHIHeHT IPONOPLIHOHAILHOCTH.

9. Pagencrro 13 cBolicTBa (8) MOXKHO 3aNHCATh MO3JIEMEHTHO
a; = aju, t=1,...,n.

10. Uz ornowennit (4) u (9) cneayer, uro

Qi gy Y
a,-j——

@k OpVg vy
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YucnoByo XapaKTepHcTHKY U (1 = 1,...,71) MOXKHO Ha3BaTh <Iie-
HoOli» eAMHHILILI 00beKTOB i-ro BHAa. Takoe Ha3BaHHe HHCIIOBON Xa-

PAKTCPHCTHKH V; COrJlacyeTcsi ¢ 0OLIYHOM NMpaKTHKOH.

11. Tak ecnu v; — LieHa eAUHMILIBI i-TO BUAA, & ¥j — eAMHALEI j-T0 BHJA 1
M eJUHUL i-I'0 B2 MEHSICTCS Ha ¢ eAHHUL] J-I'0 BUZA, TO O4eBHAHO,
41O

my; = qu;.

12. Otcioza y>Ke HenocpeACTBEHHO CJIGAYET, YTO

v q —a
P '
vj

10 M OIIpaBAblB2¢T BBeACHHC TaAKOI'0O Ha3BaHHA.

Monoxutenwusie Bemuauns v; (i =1,...,7n) onpenencHnl Kak KoM-
NOHEHThLI cOOCTBEHHOr0 BEKTOPA C TOYHOCTHIO 10 NIOCTOSIHHOT'O TOJIOXKH-
TeNbLHOTO MHOXHTeNs. VX Becerma MOXHO «MaciTabMpoBaTh», (DUKCH-
POBaB IPOM3BOJILHLIM 00pa3om M00yI0 U3 BeJIHYHH Vj, OCTAILHEIC Be-
JMYMHBL V; OyAyT TOrAa ONpeieNsThCs eAHHCTEEHHEIM 00pa3oM.

Ecnn uncna a;; siBNsiOTCS palMoHANbHBIMA (eAUHCTBEHHOE IIPEAIIO-
NIOXKeHHeE), TO BeJHUHHEI U; MOXKHO BLIGpaTh nenbivu. Exunune xe, ne-
JLIMH 9HCTAMH KOTODOH SIBJSIOTCS BeJIMYHHBI U, MOXHO NpPHCBOHTE
Has3BaHMe, HAlpUMep, KolleliKa, LIeHT H ToMy Iozo0Hoe, IpEeBpaTHE TeM
caMbIM ce B JeHeXKHyI0 eguHuny. IIpu aroMm GespaziuuHo ABIsieTCS OHA
HasBaHHWEM KaKol-To eauuuntl --ro Buga (i = 1,...,n), ro ecrs Yero-To
peanbHOro uiH e opMATLHEIM HAZBAHHCM YHCIIOBON CAMHMIILL.

ObpaTuM Tenepbh BHUMaHHE Ha TO, YTO IiCHA SIBJISETCS YHCTO 3KOHO-
MUYecKol KaTeropuel, ocKoJjbKy He ONpezesicTcss BHe obMeHa.

IpouzsonbHOCTh e MacTabupoBanusi M BeifOpa BeEIECTBCHHOTO

uiau gaxke OpMATLHOTO HOCHTeNsl JAeHEXHON eIMHHILI MOKa3biBaer,
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4YTO ACHBIM HE MOTYT OBITH ONpPEZEJICHEI TONIBKO YKOHOMHYECKHMH OT-
HoweHusiMH. Y cyIHOCTDb JIGKHT BHE 9KOHOM HKH.

ObpaTuM BHHMaHHE TaKXKe Ha TO, YTO CCJIM Ha 72 BHAOB 00bCKTOB
YCTaHOBJICHA LieHa, TO MOXKHO BBCCTH MATPHLy 00MeHa, KOTOpasi MOXCT
CJIy>XHTh HEIJIOXMM MHCTPYMEHTOM Zjisi M3y4eHHsI mpoliecca oOMeHa.

OOpaTHO CMMMETPHYHBIE MATPHIIBLI

Onpepenenue 2.1.4. Mampuyy A pasmeprocmu n c saemenma-
smu Ay; bydem nasvieams 06pamuo cCuMMEMPUNNOY, ECAU EE INEMEH B!
CEA3AHB COOMHOUWLENUEM Aij = a;jl (,7=1,2,...,n).

Mui Byzem paccMaTpuBaTh MOJIOKHTEIbHBIC 00PATHO CHMMETPUYHEIC
marpuusl. U3 onpegesiciusi 0bpaTHO cMMMCTDUYHON MATPHILI TOTYAC
XKe CJIeAyeT, 4To Gy = ai‘il =1 ans Beex 1. Eciin y obparno cumMeTpuy-
HOlt MaTpuubl A aeMeHTHl a;; 06/1a8al0T JONOMHHTEIBHEIM CBORCTBOM
;a5 = aik, To, ciemyst Caarn, Takyo Marpuuy OyzeM HashIBaTh Co-
rjlacoBaHHOH.

Cornacosannasi o6paTHo cUMMeTpHYHAsl MATPUIA eCTh HE YTO HHOE,
KaK BBeZieHHasi paHee Marpuia obMena. [lonoxurensuas matpuna (apy-
rux Mbl He GyZeM paccMaTpuBarh) corsiacoBanHasi ob6paTHO CHMMETPHY-
Hasi MaTpula 1o TeopeMe Ileppona uMeer nonoxurensHoe cobcTBeHHOE
YHCIIO0 TMPEBOCXOASIIEe MOAYJIH BCEX KODHEH ee XapaKTepHCTHYeCKOro
muorowiena (aucio Ileppona) u 3ToMy cobcTBeHHOMY 4HCIY COOTBeT-
CTBYeT MOJIOXKHUTEIbHLIM cobcTeennnill Bektop (BekTop Ileppona). dto
colCcTBCHHOE YHCIIO, KAK MBI y7Ke 3HaeM, paBHo 7t (pa3MepHOCTH MaTpH-
Lnl).

Cgrofictea 06parHo cuMMeTpuaHOH MaTpUIIbLI

CgroiicTro 2.1.1. Maxcumaasnoe cobcmeennoe wucao obpamno cum-
Mempuunott mampuyw A boavuie aubo pasno n.

Hoxazameavemeo: Illycte W = {:"T‘} — cornacoBanHas 0bpaTHO CUM-
2
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MeTpHYHAs MAaTPHIa, IOCTPOEHHAsl U3 3JIcMeHToB BeKTopa Ileppona w
marpunbl A. FcHo, 4TO @i MOXKHO MPEJCTaBUTL B BUAE @i = “ig;;
2
(4,7 = 1,2,...,n). AcHo TakxKe, 4TO BeNHYHHEHI £;; OymyT yHoBierBo-
-1 .o
PATH COOTHOILUEHHSIM Eij = £j; (i,7 = 1,2,...,n). U3 coorHomenus

Aw = \w (N, 3aecs u nanee, — uncio Ileppona) cnegyer, ato

n
1
A= (Ea,-jwj) o ansi scex i =1,2,...,n

j=1
TMonoxum
1 n
= - Al'.
n—1 z
=2
IMockonbky
n n
A=Y ai=n=3"X,
i=1 i=1
TO pt = ’:1‘_“1” Tak Kak
A1—1= Eai]-wj i (z'=1,2,...,n),
i i

TO HAXOAHM
i 1 w w
TI./\ —_n = il d — = a‘._j_*,_a.._' .
' z Z:.at] 7w E ( Y wi ]i‘*"j
i=1 \ j#i 1<i<j<n
ITostoMy, ¢ yueToM onpejefeHusi Eij, MOy 4HM, 4TO
/\1 —-n /\1 -1
= —————— ]. = —]. [ .
I R | n(n — ) z i+
1<i<j<n
Tockoneky €5 > 0, To nubo £;; > 0, nubo ; > 1. B a0boM cinygae
ij
1 _ .. 1 .
JOMyCTHMO HPEACTABIEHHE E5j + W = 14465 + 73, TAe 4; > 0.C

y4eTOM 3TOro IpeAcTaBiicHus Aysi i Oyzem uMers

1 1
'Ll,=—‘1+m E (1+51]+1+6”)

1<i<j<n
=1+ ——x z 2+6~+i =
)1 Y144y
<i<j<n
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82
_¥ 1>
n(n—~1) z 1+5,'j 20=

1<i<j<n

=>/\1——;120¢/\12n,

4T0 M TpeboBaloCch JOKA3ATE.

Csoiictro 2.1.2. Ofpamuo cummempunnas mampuye A > 0 co-
2aacoéana mozda u moavko moada, xozda Ay = 1.

Hoxazameavemeo: Ecniu A cornacosana, o A — Marpuna oOMena
u torga nyctb A > 0 — obpaTHo cHMMeTpHYHasi MaTpHLia H A} = N.

Torna uz
/\1—n _ 1 6‘2]
n—1 nn-1) 1+ 0y

(*)

1<i<j

Oyzer ciemoBaTh, 4TO

— coracoBaHa.

Cgroficteo 2.1.3. Marvie 603MYUeNUA INEMEHTIOBC TOAONCUTNEND-
1ot 00pPaAmMI0 CUMMEMPUNHOT MATMPUUD GHIVEAIOTM MAL0E GOIMYULE-
HUE \1.

Hoxazameascmeo: Ilycts § = max J;; no Beem i, j, Torga us (*) cie-
zyer,aro Aj—n < L 3" 6% < 1142, Yro u TpeGoBanocs foKa3aTh.

1<i<j<n

3ameuanue 2.1.7. Obpamno cuMMEMPUTHAIL MATMPUYLE UCTLOABIY-
emca Caamu xax MaMPULAE NAPH BT IKCNEPMNBIT CPAGHENUT 6 MEOPUY
nPpUNAMUA pewenud.

3ameuanue 2.1.8. Obpamiio cuMMempuumuylo MAMPUYY MOICHO
paccmampueams xKax mampuyy bapmeprnozo obmena. Jeticmeumeasho,

npedcmasum cumyayuto, xozda vmeemca n 6udoe obsexmos, 6aadeas-
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Yol KOTROPBLT YCMaroeury mMedcdy cobot bapmeprnwie obmenw. Tozda uc-
noavays obosnavenus npedudyuiezo napazpada (Mampuya obmena) u
ecmecmeentoe npednoaosicenve az =1 (1 =1,2,...,n), mo noaywum
MAMpuYyy, xomopas onesudno 6ydem obpammo cummempuunot. Ee mo
Mbl U HA306eM Mampuyed bapmepnozo obmena. IIpu omom ommaone-
nue Ilepponosa wucaa om n bydem unmezpaavnolt Tapaxmepucmuxotl

omxaonenus dannot Mampuys om é6edennot paree Mampuys obmena.

2.1.5 CpaBHEHHE aJAUTHBHOrO M MyJLTHIUTMHKaTHBHOro MIID

OIIEHOK

Ipu mMynbTHIIHKATHBHOM MeToze mo 4uciay @.-I1., a Tounee mo To-
My HACKOJbLKO OHO IpeBhimaeT N (pa3MepHOCTb MyJNbTHIUIHKATHBHOM
matpunbl [19C), MoxkHO roBopHTL 0 KadecTBe aKkcnepTuabl. Yem Gmuke
3TO 4YHcIo K N, TeM Giuxe MynbrunnukatusHasi (obparHo cuMMeTpud-
Hasl) MaTPHLA NapHbLIX SKCIEPTHLIX cpaBHeHHR K MaTpuue obmena. Ec-
1 MylbTHILIMKaTHBHas Marpuna [19C coBnamaer ¢ Marpurnel obMena,
TO MOXXHO NOBODPHTH, YTO HAlAEHHBIH BeCOBOH BEKTOD, YKa3biBAET HaM
«I|€HEl» CPABHHBaEMbIX 00HLeKTOB.

Kak npu MyJIbTHIUIHKATHBHOM, TaK W IPH aiJUTHBHOM MeTOZe Hap-
HBIX 3KCNEPTHLIX OICHOK MLl MOXKET NPHBJIEKATh Hjisl pa3jIidHbIX Nap-
HbIX CPaBHEHHH Da3/lIHYHLIX 3KCIEDPTOB.

Ilpu yBenudenun 4ucia cpaBHHBAEMBIX 00HLEKTOB MYJIbTHILIHKATHB-
nas marpuna [I9C yBenuuuBaercs 3a c4eT oKaliMJIEHHS YKE IOCTPOEH-
HOH MaTpHIibl, KOTOpas OCTAETCs] HEH3MCHHOMN.

AjMTHBHAS MATpHI2 TAKXKe YBCJIHYHBAETCH 32 CHeT OKAaMMIIeHHs,
HO y Hee IIPH 3TOM H3MEHSIIOTCSI M JHaroHalbHEIC 3JIEMCHTHI Y Tol 4acTH
MATPHIEI, KOTOpasi y»Ke Obisia mocTpocHa.

Mynprunnukarusias Marpuie [19C, no kpaiine Mepe, B HzcalibHOM
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cllydac OAHO3HAYHO OINpeE/ENsieTcs] CBOMM BECOBLIM BeKTODOM (BEKTOp
Ileppona). B anauTusnoM ciiyqae ato, BooDie roBopsi, He Tax.

Ilpu agauTHBHOM MeToZe AJisl PELIeHHs] HCXOAHOH 3ahadH J0CTATOY-
HO HaiTi TojbKo BeKTop B.-II. mocrpoennott marpunst I19C, tak Kak
cooreercrByomiee yncio O .-I1. zapanee uzsecrro (n — 1).

I1pu MyJIBTHIIIMKATHBHOM METOZAE IPUXOAMUTCS HCKATh Kak 4uciio [lep-
poHa, Tak u cooTBeTcTByIOUMi eMy BekTop Ileppona. Ilosromy BEIUHC-
JIMTEIbHEIE METOALI PeIIeHHs] HCXOAHOM 3amauu, BooDie roBopsi, MOTyT
pazu4aThes.

I1pu MyJIBTHIIHKATHBHOM METOAE BECOBOH BEKTOP MO3BOJISIET YN OPS-
AOYHTDb BCC CPABHHBaeMEIe 00LeKTHI B COOTBETCTBHH ¢ UX BecaMu. IIpu
afJANTHBHOM METOAE 3TO BCPHO TOJLKO B ClyYae HepaslioKHMOH MaT-
PHIEL

B ciyuae paznoxuMoin agaurusHo#t marpunsl [19C Becosolt BekTOp
COHEPXKHUT HYJIEBBIE 3JIeMEHThI, COOTBETCTBYIOLHE HEKOTOPHLIM CPaBHHU-
BaeMbIM 00bekTaM. UToORl yHIOPSAA0YHTE HOC/IeHHE 00LEKTEI, cpaBHe-

HHe HY?>KHO IIPOBOAUTH MeXXAY HUHMH OTHAEJIBHO.

2.1.6 Ananu3 paborel npu aggurusaom MIISD onenok

B pamkax amguTHBHOH MOfeJHM NMApHEIX 3KCHEPTHLIX CPaBHEHHH pac-
CMOTpPHM, KaK Biusier paboTa sKciepTa Ha NoJlyueHHe pellleHHs 3aja-
4H, TO €CTh BJHSICT JIH HA PACCTAHOBKY NDHODHTETOB (Ha MOCTPOEHHC
KOHEYHOTO BECOBOTO BEKTOPA V), HHCJICHHOE 3HAH CHHUC BECOB, IPHCBOCH-
HBIX SKCICPTAMH KaXKAOMY ajleMeHTy napsi {g;, g;}.

HonycruM, B pesysibraTe CpaBHCHHS ap 3KCIepTaMH OBUIM IpHCBO-

€HEl BecoBbie KO3(WpHIMEHTEI clleAy oMM 0bpa3oM:

ajp > ag, G13 > Gzp, Qg3 > a3.

122



Marpuna napHbIX 3KCHEPTHBIX CpaBHeHHH:

a2 a2 a3
l-a2 1-az+ag a3
l-ai3 a—ay 2—a;3—ay

Haitnem cobcTBeHHBIN BeKTOD I, COOTBeTCTBYIOHME cobcTBeHHOMY
4Hciay A = 2, HOpMHPYeM, OH DyAET UCKOMEIM BECOBLIM BEKTOPOM.

B kaudecTBe BeKTOpa T MOXKHO B3siTh airedpandecKue AONOJNHCHHS
ajieMeHTOB Jioboit crpoku Marpuusl B = A — 2F. 9t0 BOo3MOXKHO
10 CBOMCTBaM onpejenuTtensi d anrebpaudeckoro gononHenusi. Becosoit
BeKTOp Oyzer siBnsiThest pemenueM cucteMbl Bx = (, npu atoMm Bce ero

KOMIIOHEHTHI He JOJI?)KHbl OZHOBPDEMEHHO PaBHATHCHA HYJIIO.

apg + a3 — 2 as a3
B= 1—ap a3 —1—ajg a
1—ay 1—ay —aj3 — as3

TakumM oOpazoM, mosyduMm:
71 = (a13 + az3)(1 + a12 — ags) + ags(ass — 1),
Ty = (a13 + a3)(1 — az) — ags(l — as),
73 = (1 —as3)(1 — a1z) + (1 — az3)(1 + a1z — ag3).
Halinem pasHocTH KOMIOHEHT BEKTOPA I :
I — Ty = (112((113 + ag3) — as3,

Ty — 73 = a3(1 — a) + an(2 - a) — L.

Tlo Tak¥M BbIpa’kKeHHSIM AOCTATOYHO CJIOKHO CYAHTb O PACCTAHOBKE
npuopuTeToB. [103TOMY /151 HAJISIAHOCTH PACCMOTPHM HHCJIEHHBIE 3HA-
yeHHs BecoBhIX KoadduumenTos: ajg = 0.9;a13 = 0.7;
azs = 0.6, torza Bektop z = (1.45;0.31;0.43), a BecoBofi BekTOp
v = (0.66210; 0.14155; 0.19635).
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TaxkuM ofpazom, npu ycioBuu ajp > ag1, aig > @31, Q3 > gz ANs
BECOBOI'o BCKTOpa HC Bcerja 6y,acT BLIIIOJIHGHO V1 > V9 > V3, TO €CTh
KauiecTBeHHbIC NIPHOPHTETHl He BCErAa COBNANAIT C OKHAACMBIMH Ka-
4eCTBEHHLIMH BCCOBLIMH oTHOLIeHHsIMH. IloaToMy Ayisi Hac BaXKHBI He
TOJILKO MpPEANOYTeHHS, PACCTABJICHHBIE 3KCIEDTaMH, HO H YHCJICHHBIC
3Ha4cHHS BecoBLIX Koad)(punneHToB. AHATTUTH YecKasi 3aBHCHMOCTD 3Jie-
MEHTOB BECOBOI'0 BEKTOPa OT IIapHBLIX BECOB 0KA3bIBAET, 4TO IOCTPOHTD
marpuny II9C ¢ 3apaHee H3BecTHLIM BecoBhIM BekTopoM (momobpars
napHuie KoadhdHUIHEHTEI @i ¢ LEeJbl0 HCKasKeHHs! peanbHoll HH(opMa-
LMK 10 CBOEMY YCMOTPEHHIO) 3KcnepTy Oyzer gocratouno Tpyaso. Ta-
KUM 00pa3oM, ajAMTHBHAS MOAEIb NPAKTHYCCKH HCKJIIOYACT BO3MOXK-
HOThb Cy0'beKTHBHOTO OTHOLIEHHSI 3KCIIEPTa K paccMaTpuBaMol npobiie-
Me H KaKol-n1u6o nopracosku (akros.

Tak Kak OTCYTCTByeT KpUTEDHH OLeHKH KadecTBa paboThl 3KcnepTa
(rak xak uucino Ileppona Bcerga 3apaHce u3BecTHO M pasHo (n — 1), a
TAKXKe A7s1 Toro, 4Tobnl u3bexkaTh BO3MOXKHOCTH HeoOHLEKTHBHOrO OT-
HOILIGHHS] KaKOro-TO 3KclepTa K cBoell paboTe, MOXKHO HCIOJIL30BATh
cieayomuit npaeM. isi cpaBHeHHs] pPa3iHYHBLIX Nap 00LEKTOB MOX-
HO NPHBJIEKATh HECKOJILKO Pa3HbIX 3KcnepToB. Takyke MOXKHO IPOCHTD
Ka)KJI0ro M3 3KCIepToB NocTpouTh cBoo Marpuny I19C, a zareM B3sThb
MX B3BELICHHYIO CYMMY.

U 1ak, y Hac ectn k akcnepros. OHH MOCTPOMIIM MATpHIILI
AW A@ AWK TIpunuureM sKkcnepTaM, B COOTBETCTBHHE C HX AOCTO-
MHCTBaMH M HalIMM AOBeDHEM K HHM, Beca (v,Qs,...,0%, IPH 3TOM
o; <0, ay+ -+ +a; = 1 1 nocrpoum marpuny A=y AN 4o, A@ 4 .
-+ axA®). S1a marpuna Gyzer matpuneit I19C.

Marpuiua A — B3BellleHHAs CyMMa HCXOAHBIX MATPHIL, HMECT BECOBOK

BEKTOD, YHCJICHHbIC 3Ha4CHHSA KOMIIOHEHT KOTOpPOro 61M3KH K 3HadYe-
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HHSIM KOMIIOHEHT BECOBOI'O BEKTOpa TOM MaTPHILI, ¥ KOoTopoi bonbuie
KoapduHeHT HOBEpHS, H COBNANAIOT BEKTOpa YNOPSAAOHYCHHOCTH HC-
xozHbX o6bekToB. Koaddunuent nosepusi npejiaracrcsi IpoCTaBHTh
JIMLY, NPHHEMAUEMy pelieHusi. [IpH 3TOM MOXKHO IPEAJIOKHThL €My
CPaBHUTb SKCIEPTOB MONADHO M HPHMEHHTh aJNMTHBHBLIA MeTOx map-
HBIX 3KCIEPTHLIX OLCHOK ISl T0JIy4eHHsl KOHeYHBIX BeCOBLIX Koaddu-

I{HEHTOB.

2.2 KomOuHATOpPHEIE METOAHI
2.21 Buzasl MmeTonos

Ilepsbifi METO/L HACTHYHOTO NADPHOTO CPABHCHHSL (MATPHYHbLIN METOZ).

Kaxabilt sKciepT nosiydaer HeloJIHYI0 MaTpHIy, Ha ocsax abcruce H
Op/IHHAT KOTOPO# PacnosioxKeHkLl CpaBHHBaeMble napaMerphl (cM. Tabmnu-
1y HHXKe). 3aNOJNHSIOTCS TOJILKO T€ KJIETKH MATPHI(L, KOTOpbLE Haxo-
JSATCS cIipaBa OT HHCXOAsIiel AuaroHanu. B Kaxkaoll KieTKe MaTpHIibI
9KCIEPTa [MPOCSIT NOCTABHTL HOMEP TOTO M3 JBYX CDABHHBaeMbLIX Mapa-
MeTpoB (ONpenensioliuX KOOPAUHATHLI 3TON KIeTKH), KOTOPLIH, ¢ ToY-
KM 3peHusi sKcnepTa, sipisiercsi Oonbmum (nanbonee Baxunim). Oxun
M3 HEeJOCTATKOB 3TOr0 MeTOo/a 3aK/0YaeTcss B TOM, 4TO B HeM He Jo-
ILyCKAKTCsl CBS3AHHbLIE PaHTH, TO €CcTh 3KclepT Bceraa obsizaH onpexe-
JIHTh [1PCBOCXOACTBO OAHOTO M3 JBYX NapaMeTpoB, YTO He BCerja ocy-
I{eCTBUMO. 3al0JHEHHYI 3KCICPTOM MaTpHily obpabaThiBaloT TexXHH-
qecku. IlopcuuTEIBaCTC W 3aHOCHTCS B KpakHuit cronber; MaTpHIibl
BeJIHYHHA e_,li. — YaCTOTa NPEBOCXOACTBA -I'0 MapaMeTpa, YKa3aHHOro
B CTPOKe, HaJi NapaMeTpaMH, yKa3aHHLIMH B MEPCCEKAINIMXCA C 3TOH

cTpoKo# cronbiax, a TakKe BeJTHYHHY e?j — YacTOTY NPEBOCXOACTBA -

ro napameTpa, yKa3aHHoro B cTonbue, Hax napaMeTpaMu, yKa3zaHHLIMH



B IlepeceKaliuxcsi ¢ 3TUM cTosbuoM crpokax (BenuduHa e?j 3aHOCHT-

csl B HUXKHIOIO CTPOKY MAaTPHIibLl). 3aTeM AJisi KaXKAO0ro i-To napaMerpa
ONpefeNsieTcsl BeJIHUHHA €;; = e}j + e?j, TO €CThb CyMMapHasi AJisl j-TO
3KCICPTA YACTOTa IPEBOCXOACTBA i-I'0 NAPAMCTPa [0f, BCCMH OCTANbHEI-

mu (n —1).

e:, — wACTOTE NpPenoCx0aCTRA
M napawerpa 1 2 3 4 5 NAPAMETPA n CTPOXE Maj
nAPAMErpiuu » Cranbuax
1 T I 2
2 - I 3 2 5 1
3 - [mm| s |3 2
4 = = e 11111 0
5 - = = = |t -
B crpoxe — ) 2 [ 3 —

st npuMepa B cegyromiclt Tabnnlle NoKa3aHbl YaCTOTHI €;;.

e
=

Mapamerpes | e
1

m
g
<

B oW
W o |
W AeE NN

2
3
5

3Hasi cyMMapHEIC YACTOTHI €;j, MOKHO ONpPEJENHTh CPEAHION HJIsi
BceX BKCIEPTOB CyMMapHYK HacTOTy €;
N
2 €ij
j=1
€ = T (22.1)
Wcnone3ys 4acToTHI €;, MOXKHO PENIAThL BTOPYI0 H TPEThIO 3a/a4H.
3anaua onpegenenus k03 dunuenTos secomoctu. Obmee unc-
J10 IPOBeACHHBIX KAaXKAbIM 3KCIIEPTOB NaDHLIX CPaBHCHHH paBHO

_ n(n —1)

I 2

(2.2.2)

Torza a5 Bcelt COBOKYNHOCTH 3KCIEPTOB Ko3(D(DHIIMCHT BECOMOCTH

n

M; (npu ycnosuu, uro »_ M; = 1) MmoxHo noacautath 1m0 dbopmyne
i=1

€;

I

1,2
Brosine Bo3MOXKHA CHTyalHsi, KOrZa BeJIHYHMHbI €, €ij, €ij M AAXKC

M; = (2.2.3)

Kakasi-To €; Oyayr pasunl 0. IlousitHo, 4To B 3TOM ciiyuae ¢ropmyJia
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(2.2.3) nenpumenuma u kospduuuent secomoctn M; HazHadaeTes 3Kc-
NepTHLIM MEeTOJIOM.
3anauya onenku noka3darenelt kauecrsa K;. Ilycrs ans Tpex

HapaMeTpoB CYLECTBYeT HEPABCHCTBO
€1 > €3 > €3. (2.2.4)

Tak kak Haubosnbuielt BeMunHOM 00NazacT €1, IPHHUMAaEM ce 32 3Ta-

JIOH H noJiyvdaeM

K= = 1.00;
€1

Ky =3 < Ky (2.2.5)
e

K2 = 6—2 < K3,
€1

rae 0 < K; <1, B ciyuae, ccn e; = 0, K; HasHauaeTCs1 SKCIEPTHRIM
METOHAOM.

Bropo#t MeTox yacTHuHOro mapHoro cpaBHeHHsl (CHHCOYHLIH Me-
Toz1). B ominune or nepeoro Merona Bce cpaBHHBaeMbie Maphl Npeib-
SIBJISIIOTCS] 3KCIIEPTY He B BHZE MaTpHIb {(CM. BLIllle), a B BUAE CIHCKA:
napamerp 1 — napamerp 2, napamerp 1 — nmapamMerp 3, napamerp p —
napamerp m 4 T.7. B Kaxkzolt nape skcnepT oTMmedaer Haubonee BaxK-
HBI} apamMeTp, 4YTO JaeT BO3MOXKHOCTh TEXHHYECKH MOJCYHUTAThL BeJIH-
YHHHI €i5.

Peienue 3ama4 no onpegeiienuo ko3 pUIMeHTOB BECOMOCTH H OLEH-
Ke [l0Ka3aTesel KauecTBa IPOU3BOAUTCS AHATIOTHYHO NPCALIAYIIEMY Me-
Tozy c ucnonnzoBanneM dropmyn (2.2.1), (2.2.2), (2.2.3), (2.2.5).

Ilonnoe napHoe cpasHEHuE. B pesynbrare skcnepumenTa [8] 6bi-
JIO YCTAHOBJIEHO, YTO NPH NAPHOM CPABHEHHM ABYX ApAMETPOB Mapa-
MeTp, HAXOASIM Hcsl BTOPLIM B Nape, NPeAN0YHTACTCS 3KCIEPTOM 4Yalle,

YeM KOrZa OH paclojiaraercsi B napc nepBuiM. YeMm MeHbuie 00LeKTHB-
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Hasi pa3HUla B BeIMUHHE ABYX CPABHHBAEMEIX IAPAMETPOEB, TeM Domnblie
NPOSIBIISIeTCS] TaKoe MpeZIoYTeHue.

YHrobul HeHTPANH30BATbL BO3MOXKHY 0 OIIKHOKY 3KCmepTa, IPH MOJTHOM
NapPHOM CPaBHEHHH KaKALIM 3KCIepPT aHAJM3HPYET HE TOJILKO Mapy ma-
pamerp A — nmapaMerp B, Ho u napy napamerp B — napamerp A, uMe-
Iy [POTHBONOIOXKHEIH MOPsAAOK. Takue naphl, cogeprKaliiuc oguHa-
KOBBIE MAPaMeTPhl, HE JOJDKHBI PACCMATPUBATHCS 9KCIIEPTOM HENOCpPea-
CTBEHHO OJ[HA 3a APYToH, NpHUYEM NpolieAypa MoXKeT OuITh 1ub0 Takoi,
KaK M IIPU [ePBOM MCTOJIe HACTHYHOrO NapHOro cpaBHEHHs (B 3TOM CI1y-
Yae 3aMO0JIHATCS BCE, PACIIONIOXKCHHBIE H CIPABa, H CJICBA OT AHATOHAIH
KJIETKH MATDHIL! - CM. Bhillle), 100 COOTBETCTBOBATL BTOPOMY METOLY
YACTHYHOrO NAPHOrO CPABHEHHSI C TeM OTIIHYMEM, YTO CIHCOK nap Oyaer
B 2 pasza JJiHHHee.

B 00paboTKke peayinTaToB TAKXKe HET KaKuX-IH00 OTIHYHE 0T MeTo-
JOB YACTHYHOIO HADHOrO CPABHCHHSI 32 MCK/IKYEHHEM TOTO, 4TO IJIs
onpenenenust Benuannbl I BMecto dopmynnl (2.2.2) ucnonwayercs dop-
Myna

I=n(n-1). (2.2.6)

Wz dopmyn (2.2.2) u (2.2.6) cnexmyer, 4To TPYAOCMKOCTL METOAR Nap-
HBIX CpABHCHHH O0Y€HbL PE3KO BO3PACTACT M0 MEPE YBCIMYEHHS YHCIa
YYHTEIBaeMbIX napaMerpoB. Tak, npu monHoM napHoM cpaBHenun 30
napaMeTpPOB KayKAOMY 3KCIEPTy HY:KHO mpoBecTd okoiio 900 mapHbxX
cpaBHeHuit. B peannubix ke 3a71a4ax He Tak peaKo BeTpedaercs d 6oib-
mree, 1eM 30 napamerpos. Ho zieno He Tonbko B Hosnbiioit TpygoeMKocTH
nono0uol paboThl A1a ogHOro 3KcnepTa. MHoraa ObiBaeTr npocTo TpyAHO
MOALICKATL 3KCIEPTOB, KOTOPHIE OLUIH OBl JOCTATOYHO KOMICTCHTHHI B
aHalu3e Takoro 00JIbLIIOro YHcia NapaMeTpoB. ITHMH 00CTOsITESILCTBA-

MH 00BLSICHSIIOTCS MONBLITKH CO3AAHUS TAKOM MPOleAyphl NAPHOr0 CPaB-
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HCHHSI, KOTAA KaXXbIll 3KCICPT pPaccMaTPHBAET HC BCE 1 1apaMETpOB, a
TOJIBKO Te, KOTOphIe eMy Hanbonee uzsectHbl. ONMHCAHHE COOTBETCTBY-
IOI[HX ATOPHTMOB, TO3BOJISIIOIINX COTIACOBLIBATh Pe3YJIbTATHI 1APHBIX
CpaBHEeHHI, TPOBEACHHBIX PA3IHYHLIMH 9KCIEPTAMH COAEPAKHTCS B Pa-
6ore B.H. Bpyka u B.H. Bypxosa [7].

Jlns1 yMeHbIIeHHS] TPYZOEMKOCTH MeTOAa MADHLIX CPABHEHH I HHOTa
IIPHMEHSIETCS ero pa3sHOBHAHOCThL — TAK HA3LIBAEMEIH MeTOoZ NpeAnoyTe-
HHUS cyX7neHu#t [8], mpH KOTOPOM 3KCIepTy HYXHO MPOBOAHMTH MCHBIIC

napHeix conocrasnenutt | = 2(n — 1)2n.

2.2.2 IlsaHupoBaHMe 3KCIEPHMEHTA

ITonHOCTHIO cOAIAHCMPOBAHHDBIE MJIAHBI

CbhanancipoBaHHbIe 9KCIlePHMEHTHI IAPHLIX cpaBHeHUH Wid «cOanan-
cHpOBaHHLIE HemolHoOMoYHEIe I1aHk» ¢ Oi1okoM pasmepom asa (BIB).

Henossbie miiansl

IlpakTuYecKue TPYAHOCTH B HCIOJNb30BAHHH YKCIEPHMEHTOB NapHBIX
CpPaBHCHHY BO3HHKAIOT NpH OonbuioM 4ucie oOBCKTOB, AJisT KOTOPBIX
rpebyercsi bonbiioe yncio cpasenuit. HanpuMep: HeKoTOpbIM 3Kcmep-
TaM NpeACTaBHIM Kosony B 1225 kapTouek, Kaxkaasi U3 KOTOPBIX cogep-
JKana HeKoTopy1o napy u3 40 paboraniux moa uX HAYAIOM JIHIY, U IS
KaxkZio#t naphl TpeboBanock BeIpa3uTh npeanodyrenue. [lpu ucnonnzosa-
HHH BIIHSIHUSI NPOIYCKa Pa3iMYHLIX Hojiell cpaBHeHul, obpamaeMcs K
HEMOJIHbIM MJIAHAM [MK/IHYeCKOro THIA.

SToT npuMep cooTBeTCTBYET Nponycky 3/7 obmero uncna cpasHenuil.
Wnorga, ccnu y sKkcmepTa Xopoliasi NaMsiTh, HHAMBHAYAIbHEIE CYXKAeE-
HHs1 He BIIOJIHC HE3ABHCHMBI, HO IIPH CTOJIL BOMBIIOM YHCIIC COTPYAHUKOB
3TO HC TaK YK BayKHO IPH NPABWILHON DaHAOMH3AIMH MODPSAKA CPAB-

HeHust nap. IloueMy He IPOM3BECTH HENOCPEACTBCHHOE PaHKHPOBaHHe!
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Ilpu GonbuioM 4ynciie 00LEKTOB 3TO HEMPaKTHYHO M B JboM ciydae
He gaer 00bsCHeH s cIOCOOHOCTH FKCIEePTOB BLIHOCHTE cyKaeHusn. Oa-

HAKO MOXKHO pa30uThL cpaBHeHHsS] Ha IDYNNE], HANIDHMep, MO OAThH, a

50

He 110 ABa. Cuosa BblACIIHM BO3MOXKHBEIX 6JI0KOB 1O nAThb, UITO

5

npuBoguT K BIB-nnanam. Bouto 0wl omubo4YHBEIM 3aMEHHTL PaHKHPO-
BaHnHe BHyTpH OnoKa H Ha AccsiTh (HeNpPOTHBOpeYAIUX TPAHIUTHBHLIX )
HapHLIX CpPaBHEHHM, NMOJy4YaeMbIX W3 DPaHXKHPOBaHHsI, KAK 3T0 HHOIJa
npeanaraot. [loaxoasnm#t Meros ananuza nan Hap6uu [11], xoropwiit
HPeAIOKHI UCIOJIL30BATh IUIAH C HENOJNHBLIMH JIATHHCKHMH KBaJpaTa-
mu (kBanpatsl HOzena), nockoneKy atu koMmnaktarie BIB-mnann anu-
MHUHUPYIOT 3 deKT Nopsifika NpejcTaBiieHusi BHy TpH OJioKa.

Korza pazMep 6110koB He 00si3aTeNbHO OrpaHdieH JBYMS], BOSHHKAET
Hosee onpezeneHHast CHTyalUsl Jisl HENOJIHLIX IJIAHOB MapHBIX CpaBHE-
HHUH.

3aziaua 0 TOM YTO COCTABJISIET YAOBJICTBOPHTCILHOE IOJMHOXKECTBO

cpasHenutt [11], oTKyz#a BHIABHHYTHI ABA MUHUMATBHBIX TpeGoBanus:
1. KaxkpIl 00bEeKT AONIKeH MOSIBISITHCS OAHHAKOBO 4acTo;

2. npeamnovuTeHUsA HC OJOJI2KHbI ZAEJIHThCS, B TOM CMBLICJIE YTO Mhbl He
MOXKCM pPAaCHICIHTDb 0bbeKTHl Ha ABa MHOXKEGCTBa H He CPaBHHUBATb

MexK Ay co0olt 00beKTEI H3 pasHbIX MHOXECTE.

IMukianyecKkue miIaHbl
PaccMmorpum ciyyalt £ = 5. fcHo, 4TO HauMeHblllee TOAMHOXKECTBO,
yzosieTBopstiomiee 1) u 2), cocTouT U3 5 cpaBHenuit, KoTophie NpH y00-

HEIX 0003HAaYEHHSIX HOMEPOB 00'beKTOB MEI Beerga MoxkeM BhIOpaTh Tak:

(A): 12 23 34 45 51.
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Euge ocraercst MHOXecTBO
(B): 13 24 35 41 52.

W MBI 3aMeuaeM, 9TO MOPAAOK N PEACTaBIeHHs cOanancupoBan B 3THX
JABYX LHKIM9eCKHX MiaHaX. Mbl MoxeM MoaToMy paccMaTpuBarhb (A)
10 cylecTBy Kak skBrBaieHT (A’), mony4yennoro cmeHol nopsizika npes-
crapienusi Kaxkaoh napel B (A). Her nukaxolt pazununl B BuiGope (A) B
(B), tak kak nepenyMepanust (12345) 8 (12324) npespamaer (A) 8 (B)
u (B) B (A'). Ecnu, nanpumep, Tpu 3KCIepTa He MOTYT JIaTh UM JioGbie
Tpu u3 mnanos (A), (B), (A’) unu (B’). Ilpu sToM npeanonaractcsi, 4T0
M3MepeHHe COrJIacHsl MeXy SKCIepTaMH He HHTEPECHO.

Husi t = 6 curyanusi HecKosibKo gpyrasi. Mul MoXKeM Bce Ke HAIHCATD

2 UMKIMYeCKUX YIOPSiAOYeHHUSI:
(A): 12 23 34 45 56 61,

(B): 13 24 35 46 51 62,

HO TOrZa OCTaeTCH «IOJIYYIOPAZOYEHHUC»
(C): 14 25 36.

(A—(C) yrosnersopsirorest yenosuw 1), Ho nuws (A) yaosnersopsier
2). (B) He cBs;3ano ¥ pacnazaeTcs Ha fBa moaMHOKecTBa 13 35 51 u 24
46 62, mpruMHON 3TOMY CIIYKHT TO, 4To 6 menutes ma 2. Ozanako (1)
MOxKHO 06beauusath ¢ (B) unn naxe (C), ecin npenebpedn nopsiakom
00'beKTOB B mapax.

OuceBUAHBI HEKOTOPLIE BLIBOARL.

t
Zlns1t HedeTHOrO ¢ IAPHI YHCIIOM MOXKHO Pa3fieJIuTh Ha %(t-— 1)

2

MHOXecTBa u3 i; anst 4erHoro t — Ha %t — 1 MHOXKecTB U3 t U3 %t nap.

Benymiee MHOXeCTBO, KoTopoe MoKHO oboznauuth {j,7 + 1}, Bcerma

131



Oyzer yaosnersopsith 1) u 2) Tak e, Kak U s-e MHoXecTBo {j, j + s},
IDH YCIIOBHH, 4T0 $ H ¢ B3aUMHO npocThl (8 < %t) Ecnu s u t umcior
Haubonbmuit MHOXKHTAIEL f, TO 5-¢ MHOXKecTBO paszbusaior Ha f moa-
mHOXxecTB. Ilepsoe unu moboe Apyroe cCBsi3aHHOE MHOXKECTBO MOXKHO
00beMHATD ¢ IPYTHMH MHOKCCTBAMH B ILTaH, yAoBIeTBOpsionit 1) u
2). Ilns 3ajannoro 4Kcia nap, oLeHMBacMLIX 3KCICpTaMH, Mul Oyzer un-
TYHTHBHO NMpPeANOYHTATEL «boslee CBS3aHHLINY IJIaH H3 TEX, YTO MOXKHO
MOCTPOUTEL C MUHHMYMOM HOBTOPCHHIL.

Tpu t = 7. Muoxecrea (A) — (C) MoxHoO caenars chanancuposaH-
HBbIMH U CBSI3aHHLIMH. SICHO, YTO B OTAGILHOCTH OHH OAMHAKOBO XOPO-
M, HO ec/id BLIOMpaThL fBa W3 HHUX, To Oyzer M Kakasa-HHOyaL mapa
npeanouTuTe bHee Apyrux? UTobLl yBHAETh, 4TO OTBET OTPHIATENEH,
PACIOJIOKHMM TPH MHOXKCCTBa, BMecTe ¢ MHoxecrBamu (D) — (G), mo

Kpyry. Muoxecrso (D) ects npocro
15 26 37 41 52 63 74

M ero MOYKHO Ha3BaTh 3epKaibHLIM oTobpaskenueM (C) [9]. Ananoruuuno
(E) u (G) ecrb 3epkanbirie oTobpakenusi (B) u (A) coorBercTBeHHO.
Mui Gyziem npenebperars adextom nopsiaka, rak uro (i) u (t — ) ak-
BuBanentHnl (i = A, B,...,3(t — 1); ¢ neuernoe). PaccMoTpuu Tenepsb
nepenyMepanuio R obnekros (1234567) B (1257246). Ona npespainaer
(A) B (B),(B) B (C) u (C) B (A), kak nerko nposepursb. Tak, naps
(A, B) aamensiorest Ha (B,C) u (B, () samensiiorest Ha (C, A), dem
ZleMOHCTDHPYIOT 9KBHBAEHTHOCTE BCEX Tpex map.

Hawmn coobpaxennsi B nons3y Beeacuusi muoxectsa (D) — (G) co-
crosit B 0000IeHny Ha Apyrue, HedeTHLIe 3HadeHus t. s
i=AMB,..., %(t — 1) npeobpazosanue R mact addexr 3amennl MHo-

xKectBa (i) Ha (21), rie nocneHee MHOXKECTBO JOJKHO ObITH AeIHMO 1O
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Mozymo t u ansi skeusanentHocrell. Tak, gnsit = 7 (A, B, C) zaMmens-
ercst Ha (B, D, G), uro sksuanentro (B, C, A). Ansa t = 9 cszannbie
muoxecrsa ecth (A, B, D); R npeobpazyer ux 8 (B, D, A), Tak uro Bce
Naphl CBSI3aHHLIX MHOXKECTB 3KBHBAJleHTHBL. [leftcTBys TakuM obpa3zom,
MOXKHO BLIOpaTh nmpHeMieMblc KOMOMHAIMH MOAMHOXKECTB AJis Joboro
t; nos106HbIe PACCMOTPCHHSI IPOBOASATCA | Ajisi yerHoro t [9].
Yactuuno cOantaHCHMpOBaHHEIE HENOIHOOIOYHBIE NUTAHEL
OTHOMmeHNE HUKIHYECKHX IUIAHOB K 9acCTHYHO cOanaHCHDOBaHHBLIM
HemoaHOOJIOYHLIM MIaHAM C ABYMSI 2CCONHATHBHLIMH KjaccaM H Ipej-
CTaBJIsIeT HEKOTOPLIlt HHTEpec. B HameM chiydae, Korga Kaxamllt 610K
cocTOUT M3 ABYX o0bekToB, PBIB cxeMBl onpepensiioTcst ciieayromum

obpazom:
1. cymectByer t 06bekToB U b Gi10KOE;
2. kakAbl U3 t 00bekToB Berpedaercs:  pas (tr = 2b);

3. kakas napa obbexkToB BeTpedaercs ubo Ay, 1160 A paz (u 06b-
eKThl Ha3LIBAIOT COOTBCTCTBEHHO HJIM MEePBHYHO CBA3AHHLIMH, HJIH

BTODHYHO CBSI3aHHLIMH);

4. cymiecTByeT COOTHOLIEHHE ACCOLMATHBHOCTH MEXKAY KaxKaol mapoi
00BeKTOB, YAOBIETBOPAIOIIEE CIEAYIOMUM YCIOBUSIM:
KasKAbIH 00 eKT UMeeT 71 NePBUYHLIX U 7ig BTOPHYHBIX CBsi3el;

2o 100X ABYX 00bEKTOB, KOTOPbIE -CBA3aHBI, YHCII0 00LEKTOB,
j-CBSI3aHHEIX C IEPBLIM M k-CBSI3aHHBIX CO BTOPLIM, 0003HavaeTCst
T, H 9TO 4HC/IO He 3aBHCHT OT NapHl 00bEKTOB, C KOTOPOH MBI

naqanu. Bosee Toro, p;k = p};j (3,7, k=1,2).

Moxuo Pa3IH4YUuTh 4 OCHOBHBIX THII& IJIaHOB, OOHH U3 KOTOPbLIX LIHK-

nudeckult Tun. st t = 5 nerko npoBepuTh, 4TO KaXKao0e H3 MHOXKECTB
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(1) (2), Buinucannbix Boime, U J0OLie KOMOMHAIME M3 HHX, KOTOphIC
He NOJIHOCTLIO cOanancupoBankl, obpasyoT PBIB-unan ¢ asyms acco-
nuaTHBHLIMH Kiaccamu. Tak, anst (1) u (2) Mu1 umeem t = 5,b = 5,
r=2MX=0,n—2,1=2; 8 (1) y obbexra 1 coorBercTBenHO 2 ¥ 5
— TepBMYHO CBA3aHHEIC, 3 U 4 — BTODHYHO CBSI3aHHLIE O0BEKTHI H T.7I.

Takxe
01 11

p}k = ’ p?lc = -
11 10

Oznako 3To AL 9acTHEIN ciyqall (omiuaHEl ot = 3), Koraa Aan-
HOe MHOXCCTBO B TaKOH BhIcOKoM cTenenu cbanancuposano. Heckonbko
APpYrie HUKIHYeCKHE IUIaHbl SIBJISIIOTCH KoMOHHAIMAMH MHOXKecTB (2, 5,
6) mns t = 13 u mMuoxectB (3, 5, 6, 7) ans t = 17. Koneuno, sksusa-
JIGHTHBIC KOMOMHAIIMM MOXKHO NOJIYYHTh, MCHSIST HOMCPa 00'beKTOB.

Janee OyayT paccMOTpPEHE! [IAHKI C ABYACCOLMATH BHLIMH KIIACCAMH:

IInansl ¢ geI€eHHEM HA rPyINbI

Ecnu t Buipazumo Kak npomsBeicHHe ABYX Oonbmux, dem 1, yucen
m,n', To 00'beKTH MOKHO pa3fenuTh Ha T rpynn pasMepa n'. Ilapnl
BCTPEYaloTCsl A1 WIH Az pa3, B 3aBHCHMOCTH OT TOTO, PHHAJIEXKAT JIH
OHM OZHOH M TOMH 2Ke rpymnne. Crucok Becex Takux miaHos gusir < 10
u A1 = 0, A\2 = 1 npusegen B [11] (Tabn. 5.1 crp. 69). lIpu nocrpoennu
nJjaHa 2, HanpuMep, Mbl MOXKeM B3SITh 00beKThI 1, 2, 3 B KauecTBe ofHON
rpynnel, a 4, 5, 6 — Kak zpyryw. Tak Kak napsl BHYTpPH TpyIN He

00pa3syTest, SKCIEPUMCHT COCTOUT W3 JIOTKOB
14 15 16 24 25 26 34 35 36.

I1naHk! ¢ pa3nUYHEIME 3HAYEHHAMH )\ MOXKHO MTOCTPOUTE U3 Ha3HCHEIX
(M + A2 = 1) noBTOpeHHeM NpHBEACHHBLIX CIyYacB WM KoMOuHaLmcH ¢

MOJIHEIMH IIJI2aHaMH.
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TpeyrosiibHBIE JI3HBI
Ecnn t = in'(n’— 1) accoquaTuBHas cxeMa, TO MOXKHO TOJMYHHTb Tab-
JHLY, pasMelasi 00beKTH 10 NOPSAKY M CHMMETPHYHO OTHOCHTCIBHO

BLIYEpKHYTOl rinasHolt auaronanu. Hanpumep, gnsit = 6,n' = 4 cxema

TaKoBa:

* 1 2 3

1 %435

24 %6

356 #

Tlnan M | O6patorics | Baown Hucno Fpynms | Ysmcno ofnexton
(obnexr) t b nosropenss 1 m = rpynoe n’

1 4 4 2 2 2
2 6 9 3 2 2
3 6 12 4 3 2
4 1 16 4 2 4
5 2 24 6 4 2
6 9 27 6 3 3
7 o 25 5 2 5
8 0 40 B 5 2
9 12 36 6 2 6
10 12 43 8 3 4
11 12 54 9 4 3
12 12 60 12 6 2
13 14 49 7 2 7
H 15 75 10 3 5
15 16 64 1 2 2
16 18 81 9 2 9
17 20 100 10 2 10

IBa obnekra, Haxomsumxcsi B oAHOM cTpoKe (unu cronbue), nepsuy-
HO CBSI3aHEI, TOrZa 00beKTHI, HC JIeXKAIHe B OZHOM CTPOKE, CBSI3aHKI

rpouuHo. Just Ay = 1, Ag = 0 MBI nosnyyaeM mian
12 13 23 14 15 45

24 26 46 35 36 56,

KoTophuilt, Oyay4du «mnepeBepHyT», skBusanenTcH mnany C. Jpyrue ba-
3HCHBIE TPEYTOJbHEIC IIAHK! AaHKl B HUXKe NpPUBeAeHHON Tabnuue u co-

CTOSAIT H3 BCEX PA3JIHYHBIX I'DYNN C ACII€HHEM.
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Tpeyronpabie mnanel g r < 10, A+ =1

flnan M | O6paborxs | Baoxn Usncon Pazmep A1 | Az
(obnexre] t b nonropensm r | raGnsmas 0’
3 6 12 4 4 1 ]
18 10 15 5 o 1
19 10 30 6 5 1 ]
20 15 45 6 6 i} 1
21 15 60 1 6 1 i}
22 21 108 10 7 1 i}
23 21 108 10 7 i} 1

KsazpaTHbie miiaHbl
Ecnu t kBagpar nesoro uucia s > 1, Torga acconMaTHBHYIO CXeMY
MOKHO IOJIYYHTh, pacioyiaras o0beKThl 110 NOPSAKY B KBaapaTte S X 5.

Tak, anst { = 9 MBI HMeeM
123

456

7809
3aech 06beKTHI, HaXoASITAeCs B O/JHOM CTPOKe WJIM B OffHOM cTonbme,
CBA3aHLI MEPBHYHO, ocTalbHEle — BropudHo. Ilpu Ay = 1, A2 = 0 Mul

nonyyaem mwiad (tabnuua HuxKe), a UMCHHO
12 13 14 17 23 25 28 36 39

45 46 47 56 58 69 78 79 89.

Ksagparusie naasel gg r < 10, A\j+ =1

flnan M | O6paBoriae | Baoxn Ican Pazuep A1 | Az
(obnexru) t b nonropesys r | raGumqa 7'
1 4 d 2 2 1 o
24 a 18 4 3 1 o
25 16 48 6 4 1 0
26 16 72 9 4 o 1
27 25 100 8 5 1 0
28 36 180 10 6 1 0

2.2.3 Il;anel napubix cpaBHeHull €O CBs3sMH (LEMHEIE)

Ecnu ecth HecKoJILKO 3KCIIePTOB U OZHa H3 nesnch 3KCIIEPUMEHTa NNapHbIX
CpaBHCHHﬁ COCTOHT B H3MEPCHHHU COrJIaCHA MeXXAy HHMH, TO €eCTCCTBEH-

HO TpeboBaTh, 4T0OLI 3KcepUMeHT ObLI cOanaHcHpOBaH IO FKCIEpPTaM
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B HEKOTOPOM CMBbICJIE TaK K€ XOpolllo, Kak H 1o ofbekram. A 3T0 3Ha-
YHT, 4TO Ka)KJAas Napa SKCIEPTOB HOJKHA MMETh HEKOTOphIe o0miue
cpasHenusi. PaccMoTpum, HanpuMep, ciydal 4 oOnLeKTOB, Korja Tpya-
HO fenaTh cpaBHeHHsi. Mbl MoxkeM B3siTh wiad | u3 mepBoit Tabmuibl
B 3TOM [JIaBC M 3aMeTHTh, 4To A4Jis1 PBIB-nnana uyxuul 4 cpaBHenus c
ABYMSI aCCOIMATHBHBIME KiiaccaMu. [lisi nony4enusi 6ananca HaMm Hamgo
NoJ0KATb 2 = 3 (HJIH KPATHLIM TPeM ) 3KCIePTaM H MOYKHO Pa3MECTHTD

CpaBHCHHS cllefyoiuM obpazom:

akcnepr e 13 14 23 24,
skcnepT b 12 14 23 34,
akenepr ¢ 12 13 24 34,

4TO HeMeAJIeHHO [0JIy4aeTcsl i3 TpeX IPynin pazMepoM 2 X 2;
12,34 13,24 14,23.

B pesysbrare nosydaercsi SKCIepUMEHT, B KOTODOM KaXKAbl#f 3KCIepT
HMEeT A0 ¢ BhicOKocOanaHCHPOBaHHBIM MHOXKCCTBOM H KaXKiasi napa
3KCIIEPTOB HMeET Mo ABa obmux cpasnenusi. Oxnuako TpeboBanus K na-
paM, cpaBHHBAaeMbIM O HHM 3KCIEPTOM, CMsIrdaloTcsi B obiieM ciyuae
pajii AOCTH KeHHs! nosiHoro banaHnca.

Iycts ' — umcno nap o0bLEKTOB, CpaBHHBAEMBIX KaXKALIM 3KCIep-
toMm. Jysi obecnedeHusi cHMMETPHH MeXAY o0beKTaMM M 3KcHepTaMH
HepBOHAYalILHO OLLIH BBeACHEI IUTAHBI CO CBSA3sIMH, Tpedyomue, 4ToOLL:

e cpead 7’ map, cCpaBHHBACMBIX KaXKAbLIM M3 70 3KCIEPTOB, KaXKI|bil
00 EKT MOSIBIISITICS OAMHAKOBO YACTO, CKAXKEM, (x Pas;

® Ka)kZjas napa cpaBHMBaNach k akcnepramu, k > 1;

® s J100OLIX ABYX AAHHBIX 9KCIEPTOB OLUIO B TOYHOCTH A Hap, Ko-
TOpbIE CPABHHBAIOTC HMH 060MMH.

Tak, mis1t aKcnepHMeHTa, KOTOPhIfl Mbl NPEACTABHIIN B Hadalle napa-
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rpada, MBI KMeeM:

rae b= Jt(t — 1) ectb 4MCII0 BOIMOXKHBIX Nap.

B obmemM ciygae sicHO, 4TO

1
r = Fte (2.2.7)

EcTb, BUAHMO, HEKOTOPOE HeyJIOBHMOE COOTBETCTBHE MeXKIy IJIaHaMH
apHOTO CpaBHEHHSI CO CBS3SIMH M cOanaHcHpoBaHHLIMH HemosIHOGI0Y-
HbIMH 1aHaMi. MoXKHO paccMaTpHBATh COOTBETCTBHS MEXKAY SKCIep-
TaMd 4 00paboTkamu, Mexkay napaMu o0bekToB M Giiokamu. Eciu napa
CpaBHHBAETCs ¢ 3KCIepPToM, TO 6JIOK, COOTBETCTBYIOIMH Tape, MOXKHO
paccMaTpHBaTh KaK cofepamuil o6paboTKy, COOTBETCTBYIOLIYIO 3KC-
nepry. Cieaywomias Tabnuna HUIIOCTPHPYET COOTBETCTBHE JJISI IpeJ-

cTaBjieHHOro B Hayase naparpada 4.3 cooTBeTcTBHS.

12 13 14 23 24 34,

bl a a a a |b,
c ¢l b b |c e

Ortciofa, esiu MIaH NAPHBLIX CPABHEHHH PACCMOTPEHHOro THIA CyIIie-
CTBYET, AOJIXKEH CyIIeCTBOBaTh U cooTBeTcTByuit BIB-mnaun ¢ n obpa-
6orkamu u b Gmokamu, Tak 4To KaxAwkl 6ok cogepxut k obpaborok;
Kaxkaas obpaboTka BcTpeuaercst B 1 Oilokax u aBe gaHHble 0OpaboTku

BcTpedalorest B A Giiokax. W3 aroro cnexyer, 1ro
bk =mnr', AMn-1)=7(k-1). (2.2.8)

INoacrasnss b u ', MBI MOXKEM HamHCATb EPBOE U3 ITHX YPaBHEHHH

Kak

k(t —1) = na.
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Hano noMuuTs, uto cymecrsoanue BIB-miana ¢ napamerpamu
n,b= %t(t —1),7', k, A He obecnieuuBaer cyiecTBOBaHHE COOTBETCTBY-
I0lIero IMiaHa MADHLIX cpaBHEHUH co csasimMu [9].

IIpumep. Cuayana npeanosioXKMM, 4To 4HCII0 00'bEKTOB YeTHO, CKa-
xKeM, t = 2i. Torza Mbl MoXKeM pa3gfenuTsb i(2 — 1) naph Ha 2i — 1
MHOKECTBa 110 { ap B KaXKJOM, TaK 4TO KaXK/blll 00bLeKT BcTpedaeTcs
B TOYHOCTH OZHH Pa3 CPeJiH Nap H3 HeKOTOPOro MHOXKECTBA.

Ecnu t = 6, MBI MOXKeM B3ATh B KadecTBa obwektos 0,1,2, 3,4, co.

Toraa 5 nabopoB TaKoBLL

I 14 23 0 o
I 20 34 1 o©
IIT 31 40 2 oo
IV 42 10 3 oo
V 53 12 4 oo.

B obuiem ciyuae (2i—1) HaGopa MoryT GLITE MOy eHbl PA3IOXKCHHEM

nmo mod (2i — 1) nasanbHoro Habopa
1,2%i—2 2,2i—3 ... i—1,i 0,00,

00beKT 00 ocTaercs HeH3MeHHBIM.

Bozbmenm ceityac BIB-nnan ¢ ny obpaborkamu, by = 27—1 biokamu, 1y
noBropeHusiMu, 650k pazmepa ki, B KOTopoM Kaxkjjas napa obpadorok
BCTpe4aeTcsi BMecTe B J1000M Oi0Ke Ay pa3; MOCTaBUM B COOTBETCTBHE
KaxkaoMy 0J0ky ozud Habop M Kaxkzaolt obpaboTke ozHOro skcmepra.
MEI MOXKeM TorAa NOJyYHTh IUIaH NMAPHBIX CD2BHEHHN CO CBI3SIMH, Ha-
3HaYast KaXKJoMy 3KclepTy Habop nap, CooTBETCTBYIOIIMX BeeM OJioKaM,

B KOTOpHIX 00pafoTka cooTBeTCTBYeT 3KCIepTy. Mbl IOy 4HM 3THM CIIO-
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co0oM maH napHLIX CPABHCHHM C mapaMcTpaMu:

t=2i, n=m, b=1i(2i-1), v =1ir
’ 1: ( )a 1, (229)
k=k1, /\=i/\1, a=T].
Ecnu uncno obbekToB HeueTHo, ckaxkeM, t = 2i + 1, to i(2¢ + 1)
nap MoryT OhITh pa3zeseHbl Ha i HMKIMYECKUX MHOXKecTB 1o 2i + 1 map

Kaxkgoe. st £ = 7 3TH MHOXKECTBa TAKOBHI:

(I) 12 23 34 45 56 67 71

(IT) 13 24 35 46 57 61 72

(I11) 14 25 36 47 51 62 73.
Bozbmenm tenepes BIB-nnan ¢ napamerpamu ng, by = 1,79, kg, Ag. Io-
CTynasi Kak npekzie, Mbl oy 1M IU1aH NAPHBLIX CPABHEHHH cO CBS3SIMH

C mapaMerpaMH:
t=2i+1, n=ny, b=14(2i+1), v =(2i + 1)ry,
’ » @+1) (2 + 1z (2.2.10)
k= kQ, A= (21 -+ I)Ag, a = 2ry.
IMonsoasn utor, Mul BUAMM, 4T0 KaxKaui# BIB-nian Moxer OuiTh npe-
BpallleH B IJIaH IaPHLIX CPABHEHHMY CO CBSI3SIMH: €CJIH 4YHCJIO OJ0KoB

B NEPBOM HeTHOe, Mbl MaXKeM Hcrnonb3oBarh (2.2.10); ecnu aro wuwio

HedeTHoe, Mbl MOXKeM BhiOupaTh Mexay (2.2.9) u (2.2.10).

Yacre 11

Mozenu conuansHOro seibopa

1 ArperupoBaHue HHAMBHAYAJBHBIX NpeanoureHui

Jluny, npuHHMaOleMy pelleHHe, 00LIYHO NPHXOAUTCS HMETh B BHAY
BO3MOXKHbBIE IOCJIGACTBHSI ero selcTBul anst Apyrux Jjwogel. Morusul
IpPH 3TOM MOTYT OBLITL KaK albTPYHCTHYECKMMH, TaK H 3TOMCTHYECKH-

MH, HO IIOCKOJIBKY MBI IPeAIIOYHTaeM pacCMaTpHBaTh JIHIIIb NO3HTHBHEIE
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no0yK7ieHus1, TO B HallleM MOHHMAHHH JIMIIO, IPHHUMAIIIEE PELICHHE,
— 3TO 4YeJloBeK, DYKOBOACTBY IOIIHICSI BLICOKMMH MOpPalbHbLIMH I DHHIH-
naMu, 700poxKesaTe/bHEIH i HCIOJHH TEILHEIH.

C onucarenbHolt TOUKH 3peHHsi, HOJILIIHHCTBO JelCTBUY NpeATpH-
HHMACMBIX JIH[@MH, NIPHHEMAIIMMMHE PCIIEHHs], MOXKeT OnITh 00bsicHe-
HO JIHIIb KaK Pe3yJIbTAT NPOsIBJIEHHs] Pa3lM4YHbIX B3aMMOAel CTBY I0IIMX
CHII ¥ JeltcTBul, NpegIpHHUMaeMbIX MHOTHMH ADYTHMMH JHLIAMH, PYKO-
BOJCTBYIOUAMHCS Pa3Ho00pa3sHbLIMH MoTHBaMH. THOHYHBIM ODPHMEDPOM
MOMKCT CIYXKHTh npornecc paccMorpenusi kKourpeccom CIIIA Buiguny-
ThIX 32KOHONIDOCKTOB.

Cpenu dunocodos cyimecTByeT MHEHHe, UTO HM OAHO pelleHHEe HH-
Kora He siisieTcs cyrybo HHAMBHAYANTBLHBIM, XOTS BO MHOTHX CIIy4asix
OHO MOXKET NPeJCTABISITCS KMEHHO TaKMM (BO BCSIKOM Cilydae B IEPBOM
npubnuxenun). Oanaxo, ecnu nocMoTpets riydike, To MOXKHO YBHAETh,
KaK B3aHMOAEHCTBYIOT BCC PEIICHHS APYT ¢ ApyroM, u 4rto jwboe pe-
IIEHHC SIBJSETCH Pe3y/bTATOM IpyNnoBux B3anuMozelicteult. C apyroit
CTOPOHBI, MOCKOJBKY NpoLiecC MPHHATHS PCLICHHST CHHTE3HPYeTcsl B CO-
3HaHHH COBePIICHHO KOHKDCTHHIX JIofell, a 3HAYUT KaXXAbLI#l rpynno-
BOl BLIOOD peleHHs1 onpeAessieTcs JUYHBIM pelleHHeM HHAWBHAYYMOB
{BO3MOKHO, 04eHb MHOTHX ) H, CJICIOBATELHO, TPYNIOBLIX PelleHHH KaK
TakoBbIX HeT. Ho BesiKHe MONBLITKH paspenidTh 3TOT (DHIOCOBCKHE BO-
Npoc NMokKa He NMPHBEIH K MJI0JOTBOPHLIM pe3yNbTaTaM € TOYKH 3PCHHUA
yilydllleHHsl polecca NPUHSITHST pellleHHH.

B aroit rnase paccMoTpuM aHanM3HpyceMhule NpPobiieMEl arperupoBa-
HHsl OIpeAnoYTeHHH ¢ NO3UIIHH OTHENbHO B3SITOrO JHLA, NIPHHUMAIOIIEI 0

peLIeH sl
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1.1 ArperupoBaHM€ MHAMBHAYAJIBHBLIX NPEeANOYTeHHN B yci0-

BHAX ONPEAEIEHHOCTH

111 Mogens npuHaTHA pemieHHN B yciioBMAX onpenenéHHO-

CTH

Jnst Beibopa <Jiyunicli» albTepHATHBLI B YCJIOBHSIX OIpeAeJIEHHOCTH
HaM JOCTATOYHO MOCTPOMTH (PyHKIMIO I{EHHOCTH JIHLA, NPHHHMAIONIe-
ro penienue, obozHauaeMyo v, sl NOCJIEACTBHN T NPHHEMAEMOTO pe-
IICHHS, OCKOJILKY OCHOBHOM L@JIbIO JIHIA, NPHHHMAIOIIEro pelleHHs,
siBJisieTcsl «yJlydinenue Onarococrosinusi N MHAHBHAYYMOB», TO KeJsa-
TeJIbHO H3Yy4UTh (PYHKIMOHANbHbLIE OTHOIIEHHS, CBsi3biBaoHe (yHK-
I[{MH [{eHHOCTH HHAMBHAOB C (PyHKI{MCH [IeHHOCTH JIH1{a, IPHHEMAIOIIEro
pemenne. Nunimu cinoBamu, eciu qepes Vi, Vs, ..., Vv MBI 06oznauum
N KpHTepHeB, OLCHKH [0 KOTOPLIM BLIPAXKAIOTCs € MOMOILI0 (hyHKIH H
[1eHHOCTH WHAUBHIOB H 14, Uy, . . . , Uy, TO HAM XOT&J10Ch OBl HCCJIe0BATD
BuJ pyaKnHH

v(z) = vpl(z), (z),...,vNn(z)], (1.1.1)
rge ¥ U Vp — QYHKIHH LCHHOCTH JIHIa, IPHHHMAMOIICIO PEICHHS, B
YCIIOBHSIX olpefcnénHocTd. JlaHHoe NpejicTaBieHHe OCHOBAHO Ha ps-
Ae ponymenutt. Bo-nepsbix, npeamnodrenne JMLa, IPHHUMAIONIET0 pe-
IICHHS, AJ1s1 MOCJIeACTBHH T, MOJIHOCTLID XapaKTEpH3yITCs PH MOMO-
miH yHKIEH V4, IPH COOTBETCTBY IOIHM 00pa3oM BEIOpaHHBIX IIKalax.
(Tax kak Kaxaas u3 Qyuknul v; onpeaensiesicsi ¢ TOYHOCTHIO A0 MOJIO-
JKUTEJILHOTO MOHOTOHHOTO Npeobpa3zoBaHusi, TO NMpeXkze, 4eM NpPHCTY-
narh K CPABHCHHSIM HHAHBHAYAIbHBLIX LeHHOCTel, HeobxoguMo HopMa-
JIM30BaTh WIKaLl, HCIOIbL3yeMble JUisi HX u3MepeHnsi.) Bo-Bropbix, ans
BCEX { CTPYKTypa NeANOYTEHHH OTAebHBLIX HHAMBHIOB i MOJIHOCTHIO

onpegensiercst pynknuelt v;. B-tpetnux, v(z) comepkuT B cebe nonymre-
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HHe, 4TO JIMI0, IPHHUMAIICE pelleHne, 3HaeT (DYHKIKH V;, IOCKOJIBKY,

ecyi OLI OHO MX He 3HaJIO0, TO 3ajaya crajia Oul He onmpeaeséHHON.

1.1.2 ArperupoBaHHe MHAMBHAYAJBHBIX NpEeANOYTEeHul B ycio-

BHUAX ONpPEAEJIEHHOCTH

Bonbmuncreo pabor, nocBsméHHEIX pazpaboTke Mozelielt arperupoBa-
HHUSl NPEANOYTCHHN HECKOJbKHX JIMI[, OrDAHHYHBAIOTCH PACCMOTPEHH-
eM NPHUHSITHS] PelleHHH B yCJIOBMSIX ONpese]éHHOCTH, ONycKast cirydal
Heol peAeIeHHOCTH MOCT eI CTBHH.

Cuagana kpatko copMmynupyeMm TeopeMy Dppoy 0 HEBO3MOXKHOCTH,
KoTopasi, MoXKailyH, sIBJISIeTCS CaMbIM H3BECTHLIM pe3yJibTaToM B obia-
CTH TPYIINOBLIX NpeanouTeHd . PeaynbraTh, nojy4eHnbie Ippoy, cyliie-
CTBEHHO MOBJIMSUIH NPAKTHYCCKH Ha Bce pabOTHI [0 IPYNNOBLIM Mpe-
MOYTEHHSIM B MOCJIeAHHE [Ba HeCATHIIETHSI.

Teopema dppoy 0 HEBO3IMOKHOCTH. IIpobnema, cdropmynupo-
BaHHas JPPOY, COCTOHT B 00I{HX YepTax B CJeJyIOINeM: €CJIH H3BECT-
Hbl DAHXKHPOBAH HSI MHOXKECTBA allbTEPHATHB, IPOM3BEAEHHBIE KaXKABIM
4JIEHOM TPYIIbl, TO KAKHM JOJI’KHO OLITH IpyINNOBoe paHXKHPOBaHHe
3THX ajlbTepHATHE! DPpPOy BLIIBHHYJI AOILy MICHHSI, KACAIOIIHECS AT PCrH-
pOBaHHsI HHAMBHAYAIbHLIX DAHKHDOBAHHH, & 3aTeM M3YHHJI DS cliel-
CTBHMH, BhITEKaIOIIMX U3 3THX AONYIICHHHI [18].

TH JoNyIeHHs] TAKOBHI.

Honymenue A (yuusepcanbnocts). I'pynna cocrour no menbuielt
Mepe M3 ABYX WIEHOB, YHCJIO allbTCPHATHB OoJibllle WJIH PABHO TPEM,
rpyInnoBoe ynopsiiounBanue (PamXHPOBAHKC) ANTLTEPHATHE JOJXKHO
OLIThL OlpeesieHo Jjisl BCeX BO3MOXKHBIX YIOPSA0YCHHH , TPOU3BOIMM bIX
pazNMYHBIMH YeHaMH IPYIIEL.

Honymenue B (nonoxurenbHasi cBsi3b TPYNINOBOT0 W HHIMBH Y-
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anbLHLIX ynopszodenuit). Ecnu rpynnosoe ynopsizouenue ceuieresnib-
CTBYET O TOM, 4YTO ILTePHATHBA @ I PEANOYTHTENbHEE AlbTePHATHBEI
b npu onpeaenénnolt COBOKYNHOCTH HHAMBUAYANBHEIX NPEANOYTCHUM, U

€CJIH 3TH HHAUBHAYyaJIbHEIC YIIOPDAZOYE€HHA H3MEeHAKTCA Tak, 4TO:

1. mnst BceX MHAWBHAOB Pe3yJbTAThl HONAPHBLIX CPABHEHHH BCeX allb-

TEPHATHB, 32 HCKJIIOYEHHEM @&, OCTAIOTCS HCH3MCHHBLIMH,

2. pe3ynbTaThl NONADHBIX CDaBHeHHM MexXAy a u mobolt apyroit ansb-
TepHaTHBOY b0 MEHSIITCs B MONb3Y 4, 1ubo ocTalTes HEH3MEH-
HbIMH, — TO TOrJa rpynnoBoe yHopsiAo4deHHe OOJIXKHO YKa3aTh, YTO

a mo-NpeKHeMy NpeAnoYTHTeIbHee b.

Honymenue C (He3aBHCHMOCThL HECBS3AHHLIX ANbTePHATHE). Bemu
HeKOTopas aJIbTePHATH Ba HCKIII04aeTCsl U3 PACCMOTPECH ST, 8 OTHOIIEHUSI
HPeANOYTEHHS AJISI OCTAIOIIMXCS AlbTePHATHE 110 MHEHHIO BCEX YJICHOB
IPYIILl COXPAHSIOTCS HEH3MCHHLIMH, TO HOBOE IPYIIOBOE yIOpPsiZiode-
HHE 3THX OCTAIOIINXCS ANbTePHATHB JOJKHO OLITL HAEHTHYHEIM NEPBO-
Ha4yaJbHOMY I'DYIIIOBOMY YIODSIAOYEHHIO 3THX K€ AllbTePHATHB.

Honymenue D (cyBepennocTs uienoB rpynnsl). s nobolt napui
aNbLTCPHATHB @ U b CyLIeCTByeT TaKasi COBOKYNHOCTh HHAHBHAYATBHEIX
HpeANoYTeHHH, YTO, COIJIACHO I'DYIIIOBOMY YIODSIZOYEHHIO, albTepHa-
THBEA @ MPEJNOYTHTENbHEE allbTePHATHBEI b.

Honymenue E (orcyTcrBue aukraropa). B rpynne ne gomxuo 6nirs
TAKOI'O 4YJI€Ha, YTO KOrja OH NPeANOYHTACT ALTePHATHBY 4 AlbTepHa-
THBEE b, TO W Tpynna npejnoYUTACT a4 AlbTePHATHBE b, He3ABUCHMO OT
HPEIIIOKCHHI BCEX OCTANbHEIX YJICHOB I'PYIIILI.

Dppoy B 51-M rosy B cBoelt pabore JjoKazas, 4To He Cy ICCTBYCT TAKOC
NpaBuiio 00beAMHEHUS] MHAM BHAYATILHLIX YIOPSAOYCHHH, KOTOpOe YA0-

BiieTBOpsuio Obl monymenusiMm A — K. VupiMH ciioBaMH, cnpaBeijiuBa
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cresyomas Teopema [18].

Teopema 1.1.1. (Teopema Dppoy 0 HEBO3IMOXKHOCTH ) Jonyue-
nui A, B,C, D, E — necoemecmuot.

Orcoaa ciezyer, 94To Hallle JIALO, IPAHAMAIOIIee pellleHHe, He MOXKET
paccYHThIBATh Ha TAKyW Iponeaypy, KoTopas nossoisiuia Obl o6bemu-
HHUTb HHAMBHAYalbHble DAHXKHPOBAHHS B OHO HTOrOBOC PAHXKH POBAHHC
caMoro JiMIa, IPHHMMAIOINEro pellieHye, IPH 3TOM YZOBJIeTBOpsiia Obl
ITHM [STH JONY IEHHsIM.

O/11H 3 BLIBOZOB M3 TEOPEMbI COCTOHT B TOM, 4TO B 001IeM cily4ae He
CyICCTBYCT TaKol Mpoliefyphbl arperipoBaHusi HHAMBHAYaJbHbLIX PaH-
KHPOBAHU U, HCIOJIL3YSI KOTOPYIO MOXKHO Obwio Onl oboliTHch Oe3 siBHOrO
cpaBHeHHsI TPe/IIOY TeH Uit PAa3JId YHLIX YICHOB [PYIHbL. DTOT Pe3yJbTaT
06061én B pabore Cena, rae nokasaHo, 4To HET TaKolt mponeayphl Npe-
obpazoBaHus CTPYKTYPEI IPYINOBLIX NMpeANOoYTeHHH, KoTopas Onuia Obl
corjacoBaHa KakK C JOIyMCHHSIMM Dppoy, TaK M ¢ JwobuiM (opmas-
HEIM npezctasicareM Tana (1.1.1) u npu 3ToM He Brimoyana 6wl B cebst
cpaBHeHHe HHIHBHyalbHbLIX IPeJIodTeHH .

A nuruBHbBIE rpynOBLIE PyHKIMH HEeHHOCTH. [TycTh HaM Heol-
XOJMMO MOJIyYHTh (PyHKIHIO LIEHHOCTH V Ajisl JIALA, NPHHHMAOIIEro
pellleHHe, HMCIOLIYI0 B KadeCcTBE CBOMX apryMEHTOB HHAMBHAyallbHBIC
¢dbynkuuu nennoctu v, I = 1,2,...,N, roe N > 3. Caenaem cienyio-
mue aonymenus [7].

Honymenue 1.1.1. (He3aBUCHMMOCTHL MO MpPeaNOYTEHMIO) Kpu-
mepuu {V;, V;} nesasucumn no npednoumenuro om ecex ceouz donoa-
nenutt V; 4, daa ecexi # j, N > 3.

Honymenue 1.1.2. (nonoxkurennHas CBg3b ynopsaodenmuil)
Hyems nexomopwe arvmepramuen a u b 6ydym das epynnw odunaxo-

6%t 1o npe()noumume./z‘bnocmu. Eeauva YMEHDWUMCA U NPECPATNMUMCA 6
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asvmepramuey a' maxum obpazom, wmo xaxoti-aubo undueud ¢ nped-
ROYUMAEM GALMEPHAMUGCY &' AABMEPHATIUEGE A, 6 MO GPEMA KAK GCE
O0CTNAABHBIE AUYAE CHUMAIOM UL PAGHOYENHBLMYU, M0 Mmozda a npedno-
yumaemca aarvmepramuce b ecett zpynnod.

WuriMu cioBaMu, gonymenue 1.1.1 aist AByX UHAMBUAOBI U J, © # 7,
03Ha4YaeT, 4TO eciH ocTanbHble N — 2 HHAHBHAOB Oe3paznuyHbl K Bbi-
Hopy Mexkay mapoit mocieACTBHUM, TO NPEANOYTCHUS JIMLA, IPHHHMAIO-
1[I0 PelleHHsl, OTHOCHTEILHO 3THX NOCI CACTBH H AOJKHBI OIPEACIISITCS
TOJILKO NPEANOYTEHUSIMH MHAMBHUZOB i H J, U HE 3ABHCETh OT CTENEHH
NPEANOYTEHHH OCTANBHEIX MHAMBHOB.

W3 nonymennsi 1.1.2 BbuiTekaet, 94To eciu hyHKIHS [[€HHOCTH V;, HH-
AuBHAOB %, © = 1,2,..., N Bo3pacraer, B TO BpeMsi Kak 3HaYEHHS
Vi, T # J OCTa0TCs HCH3MEHHBIMH, TO (DYHKIMSI LEHHOCTH Vp JIHLA,
NPHHUMAIOIICTO pelleHue, TaKXKe Bo3pacTtaer. U 310 momyuienue corna-
cyercsi ¢ gonyiearneM B Dppoy o nosnoxuTeabHON CBSI3H IPYNIIOBOTO H
MHAMBHAyalbHOro ynopsisodenutt. Cnpaseyinpa ciegyomas TeopeMa
[7].

Teopema 1.1.2. IIpu N > 3 donywenue 1.1.1 (nezacucumocms no
npednoymenuto) u donywenuve 1.1.2 (noaoscumeavnas c623v ynopado-

wenut) cnpacedauen mozda u moavko moezda, xozda

N N
v(z) = Y vilu@)] = Y v ), (11.2)

2de, dad 6cex i :

1. v;, ecms Pynxyus yennwocmu dad undueuda i, co wxarot usmepe-

nua om 0 do 1,

2. dynxyus v}, npedcmasasiousas cobott noaosicumeasioe MOHOMON-

noe mpeobpasoeanue apeymenma v;, Keaiemes Pynxyued yemmno-
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CMU AUVYE, NPURUMAIOUEZ0 Peutente, V; u omobpasicaem pesyan-
mamost CPAGHENUR CO CTNOPOHBL AUYUG, TPUHUMAIOULE20 PEieH UE,

npednovmenut undusudos,

3. v} onpedeanemar max v}(v;), ecmv dpyear Pynxyus yewnocmu
das undueuda i, wraALPoGaunal max, wmobu ona ompaxncaaa pe-
3YADMAMBL CPAGHENUA CO CTOPOHDBL AUYA, NPUNHUMGIOUEE0 PEWE-

nut, npednoumenutt undueudos.

B srott ¢popmynupoBKe B oTinH4He 0T JOPMYIHPOBKH Dppoy Jobas-
JleHOo cpaBHeHHE NpENoYTeHH ! HHANBHAOB, KOTopoe OLUIO BBeAEeHO NpH
nomomy ¢yskuun v} B (1.1.2).

Crenens npeAnodTeHHs MOMydaeT B AaHHON Mogeu dopMaibHOE Bhl-
pakeHHe B Pe3YJIbTATE COBMECTHOTO KA HPOBaHHS, KOTOPOE BhLINOJHSI-
eTCsl JIMTIOM, IPHHUMAIONTMM pemenre. JIUily, IpHHMMAIOIIEMY pellleHHe,
N PUXOAUTCSA 3AHUMATBCS HE TOJLKO M0AOOPOM COOTBETCTBYIOIMX HIKAI
ZJIs1 H3MEPEHHs CTeNeHH NPeANOYTCHAN KaXKA0ro HHANBHAA, HO TaKiKe
NpPOM3BOJIUTEL M cornacoBanre 3THX wKan. OTcioaa Bo3HHKaeT Heobxo-
JAHMOCTb (BHCLIHHX) CP2BHEHHH NPEANOYTEHAN Pa3NHYHLIX HHAHBUIOB.
Wcxozs U3 BLIlle CKa3aHHOTO MOXHO MOMYYHTh pa3jMiHLIe CIOCOOL! ar-
pernpoBaHHs NpeANOYTCHHH OTAENbLHLIX JIHL,

rum BonpocoM zanuManuck P.JI. JInoc u X. Patida [20].

1.2 ArperupoBaHMe MHAMBHAYAJIBHBLIX NpPEeANOYTEeHHN B yci0-

BHSAX HEONPEREITICHHOCTH

121 Moaens NpUMHATHS PEHICHUS B YCJIOBHSX HEONpPEHeaEHHO-

CTH

nsi Buibopa nydiunel#l anbTepHATHELI B YCJIOBHSIX HEONpPEAENEHHOCTH

HaM norpebyercst PyHKIHs 10JIC3HOCTH JIMLA, I PHHHMAEMOTO pellieHHe,
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oboznaunuM eé uepes u ais nocuaencTeuit . OboznaunM depes

Uy, Us,...,Un KpuTepuH, 10 KOTOPLIM BhIpasKaercsi ¢ noMoibio (yHk-
1M} MOJIC3HOCTH MHAMBHUAOB Uy, Us, . .., Uy. Korga paccMaTpuBacrcsi
«4YHUCTasi» MOAElb NPHHSTHS PelICHHs] B YCJIOBHSIX HEONPEIeIeHHOCTH,

TO CTABHTCH 3a/iada HAUTH MOAXOAAIHN BHI (byHKLmn up Takol, 4To
u(z) = upluy, ug, ..., un(x)), (1.2.1)

rac u, up — yHKIHH N0JICBHOCTH JIMIA, TPHHHMAIOIIETO PCIIeHHE.

JTa Mogenbh ocHoBaHa Ha psfe Jonymenuli. Camoe BaxkHOe — OHa
npeAnosaraeT, 4TO 3aHHTEPECOBAHHOCTL JIMIa, TPHHMMAIOINETO pelle-
HHMe, B T MOXeT OniTh oxapakTepuszosaHa uepe3 dynknuu u;. Takxke
npeAnoJaraeTcs, YTo CTPYKTYpa NpeAnoYTeHuit HHAUBHAA i TIPe/CTAB-
nena dynkuuell u; A Beex i. B ornuune ot Mozenu (1.1.1), 8 Mogenu
(1.2.1) coBcem He obsBarenbHo, 4TOOL! JHIO, IPHHMMAIOLICE DelICHHUE,
TO4YHO 3HaNo Bce ;. B Bripaskcuuu (1.2.1) uy(z) sipasierca dynkiuett
noJic3HOCTH MHAMBHA2 | /71 onlpeAeNéHHOro NMOCTeACTBHA T, H Ha AaH-
HOM 3Tallc ero MpeANOYTCHHS OTHOCHTEJLHO I MOTYT BKIIOYATh Kak
ZoOpoxKenaTeNnbHOCTh, TaK H HeJ0DpoXKeIaTelILHOCTh M0 OTHOINEHHIO K
ZADYTHM HHIMBHAAM.

Bripaxennsi (1.1.1) u (1.2.1) B sanHolt mOCTAHOBKE COOTBETCTBYIOT
NoCTaHOBKe MHOTOKDHTEDHANbLHON TpobjeMbl NDHHATHA pelUICHAN o7
HHUM JIHIIOM.

JorogopuMcsi 0 crieAyioleM: OycTh % — (DYHKIJHS TIOJE3HOCTH JIH-
a, NIPHHUMAIOINIEro pelleHne, a u; — (PYHKIMH MOJNe3HOCTH JIML, MJIH
rpyIn, MHEHHE KOTODPLIX JIKI0, TPHHUMAIOINeC pelleHne, CIMTaAeT Heob-
XOJJUMEIM TPMHHMATEL BO BHHMaHHe NpH (h)OPMHDOBAHHH CBOETO pelle-
HusA. Besi MOHOTA OTBETCTBCHHOCTH 32 BLIGOD ANbTCPHATHBEI JIOXKH TCS

Ha JIMLI0, IPDHHHMapIlliee peuicHie, # HMCHHO OHO AOJI2KHO YCTaHOBHTbHb
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paznuyHbe BO3MOXHEIE 3aMcieHus1 [6] MexK/y pasnuYHLIMA 3HAYEHH-
simu QyHKUHH nosie3HocTH HHAMBHAOB ¢ = 1,2,..., N. Camu no cebe
3TH JIKLa HE YYacTBYIOT B Tpoliecce NPHHATHS peuteHnit. Jlumb auno,
N pHHUMAIOIIee pellicHHe, OyZieT B3BENINBATE Te TIPEUMY IIECTBA, KOTOPbIe
MOMY4aloT Te WM HHLIE HHANBHALI B pe3yJibTaTe BRIOOpa UM ompeenén-

HOI anbTCpPHATHBLIL.

1.2.2 ArperupoBaHHEe HHAMBHAYAJBHBIX NpesnouTeHull B ycio-

BHAX HEONPEAEJIEHHOCTH

B arom naparpade Gyaer paccMoTpeHa cTpPyKTypHuzalusi GyHKIHH [o-
JIC3HOCTH JIHLA, IPHHHUMAIOIIEr0 pPelleHue, H 4Yepe3 eé KOMIOHEHTHI —
¢dyHukuny nojesHocTH Uz, i = 1,2,..., N Bblpaxkaomiie npenodTeH s
3alHTepPecoBaHH bIX JIHII.

ApauTHBHBIE IPpYNNOBLIE PYHKUMH MOJIE3HOCTH. XapliaHbh
JIx.K. chopMmynuposan coBOKyNHOCTb HeoOXOAHMBLIX M IOCTATOYHBLIX
YCJI0BH# Jyisi TOro, 4To6bl rpynnosas ¢byHKuus nosesHocTH Moriia 6bITh
BbIpayKCHa B BHZE B3BELICHHON cyMMBbl (DYHKIHH IOJIEBHOCTH OT 3 J0

Upn, T.€.

N

u(z) = E A ().

i=1
IpuanMOEANEHYI0 PONib B PACCYKAEHHUSIX XapIIaHbH HIPaeT CleAyIo-
Iiee AOMYIICHHUC.

Jonymenne H. Ecnu zsc anbrepHaTHBHI, onpefensicMbie pacupe-

JAeTeHUSIMH BePOSITHOCTCH peanu3alMi NOCIEACTBHY T, OANHAKOBHI 110
HX NPEANOYTHTEILHOCTH ISl Ka)KAOT0 HHAWBHAA, TO OHH OAHHAKOBHI

110 NpeAnoY THTeJbHOCTH H Jisi Beel rpynnel. Cdopmynupye emg asa

ponymenust [18].
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Honymenue 1.2.1. (anauTHBHAS HE3ABUCUMOCTE) Muosicecmao
xpumepuee Uy, Uy, . ..,Uy addumueno nesasucumo.

Honymenue 1.2.2. (cTpareru4eckas 3KBHBAJIEHTHOCTS)
Yeaoenaa Pynxyust noaeanocmu auya, NPUNUMAIOULEZ0 PEWENUE, U]
das xpumepua U;, npedemasasarousezo cobott noaesrocms das undueuda
i, CIpamMezuNEcKy IKGUBRIENMHEG PYNKYLUY noaesnocmu undueuda i
[7].

Jonyuienue 1.2.2 MOXKHO paccMaTpHBaThb KaK AONYIIEHHE «4eCTHO-
ctu». Tonarasi, 4T0 HHAHBH/ 1 YECTHO BbIPA3HJI CBOH Il PEANOYTEHHSI,
JIML0, IPHHEMAIEE PellicHHe, fallee HCIoJb3yeT ero Py HKIMIO 1oJies-
HOCTH U;, KaK CBOI0 coOcTBeHHYI0 (PyHKIHIO NOJIE3HOCTH JJisi OLEHKH
CBOMX pellleHHH C TOYKH 3PeHHs] HX >KeJIATeJIbHOCTH JJisl 3TOr0 HHAUBH-
Aa.

Cupasesnusa cnefyiomnias TeopeMa [7].

Teopema 1.2.1. N > 2 donyusenue 1.2.1 (addumuenas nesacu-
cumocmv) u donyugenue 1.2.2 (cmpamezutiecxan IKGUGAAENMHOCTD )

cnpasedaucsl mozda u moavko mozda, xozda

N
u(z) = z Aiwi(z), (1.2.2)
i=1

edeu;, 1=1,2,..., N — dynxyus noreanocmu undueuda i co wxarot
om 0 do 1, \; — noaosicumeavhnie wrarupyemve xosdduyuenmo u T
— nocaedematue.

Ara TeopeMa NoKasbiBaeT, uTo monymiennsi A, 1.2.1 u 1.2.2 Bmecre
akBHBaJicHTHEL. CpaBHeHHEe CO CTODOHBI JIHNA, NPHHHMAIOLIErO pelie-
HHe, IPEeNoY TeH NI HHAMBUAOE HeoDXOANMO AJIsl HAXO0XK AeHHS 3HAY eH Hi
MKaTHpyeMbiX KoadDHIHeHTOB A;.

Tor akr, uTo A; NOJOKHUTEILHE], obecnedyHBaeT MOJIOKHUTCILHYO

CBSI3b NPEANOYTEHHH JIHNA, IPUHEMAIOIIEro pelleHHe,  WHAMBHIOB B
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cMuicie gonymenust 1.1.2 [18].

Honymenue 1.2.3. (nonoxkurenvHas CcBa3b npeanodrenmuii)
Hycmov nexomopuie aarsmepramues a u b 6ydym das epynnv odunaxo-
6b no npednoumumeaviocmy. Fcau a usMenumea u npespamumsci 6
aavmepnamucy a* maxum obpasom, wmo xaxoit-aubo undueud c nped-
noumMEM GALMEPHAMUCY A* AABMEPHATNUGE A, 6 MO GPEMA, KAK GCE
OCTAALHBIE AUYAE CYUNAIOM UT PAGHOLEHKBLMY, Mo Mozda a* npedno-
yumaemca aavmepnamuce b cett epynnod.

Paccmorpum Gonee cnaboe momymienue, qem momymenue 1.2.1 [21].

Honymenue 1.2.4 (He3aBuCHMOCTH N0 none3noctu) Kascdwi
u3 xpumepues U;, 7 # 14, 3=1,2,..., N, ne 3asucum no noaeanocmu
om ocmaavnwz xpumepues U;.

Cornacno aromy mony menuo dbyHKuus noneanoctd u(z) Oyaer uMers

cnemytonit Bug [21]:
u(z) = up(uy, ..., u;,...,un) = gi(W) + fil@)uj (w;)  (1.2.3)

A5t Beex 1, rae T = (uq,. .., i1, %it1,. -, UN), BCe f; — NOJOKHTENDb-
HBl, & U} — ycioBHast QYHKUHUS! MOJICBHOCTH JIHL@, IPHHAMAIOIIETO pe-
menue, ;ist Kputepus Uj.

Takoro poaa npezncrasicHust (hDyHKIMH I0JIC3HOCTH, 3aBHCSIICH KaK
OT ABYX, TaK M OT DoJblero Yucia NepeMeHHbIX, ObUTH oMy 4eHbl A5
onpezenensoro Habopa monymenutt Mattepom P.®. [22], Kunu P.J1. [15],
[16], [17].

Cupaseanusa cneayomnias Teopema [21].

Teopema 1.2.2. ITpu N > 2 ua donyusenus 1.2.2 (cmpamezuneckas

oxeueaaenmuocms) u donywenus 1.2.4 (nesacucumocms om noaesno-
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cmu) caedyem, wmo

N N
u(z) = up(ur, uz, ..., un) = Y dwi(z) + A D Mdjui(z)u;(z)+

i=1 i=1, j>i
+oF AT D L Avu (T)us(T) - - un (),

2de WKGAB 0AA UIMEDPEHUA U U Uy, GuOPAHB MaK, 4Mobb 3naUeHUA
smuzx Gynxyull aexcaru 6 duanazone om 0 do 1, A — wxaaupyrousue
xooffuyuenmu v 0 < X < 1 dax 6cex i.

PaccMorpum emié ogHo monyiienue.

Honymenue 1.2.5. (Bceobmee cornacue) Ecau 6ce waern 2pyn-
not uMeom odny u my gce Gyuryuw noacanocmu, mozda 2pYnNnocan
Pyrryua noaesmocmu doasicha bwmv obuett Gynwyuet noaesnocmu
0af GCET “A€NOG.

Bech aToT annapar mo3BoJisieT HaM PacCMaTpPHBATh arperipoBaHHe
HHAMBHAYabHEIX [1PEANOYTEeHHH KaK HEKOTOPYIO 3a/ia1y He1eTKOro Ma-
TeMaTHYccKoro nporpammuposanusi. O6 aTom noapobHee MOXKHO y3HATE
u3 TpeThbero naparpada ganHolt rnasbl. Boille uanoXkeHHBLIH annapar
II03BOJIUT HAM CTPOMTH HEKOTOPYI IpyNNnoByw (DYHKIHIO MOJIe3HOCTH,
H, arperupysi Kakble HHAMBHAyalbHbIE PEANOYTCHHS, CTPOHTh IPyI-
IOBbIE NPEANOYTEHHS.

Onrumansaocts no ITapero. KpacyronbabiM kKaMHeM 6osibiid H-
CTBa TEOPHH TPYNNOBLIX pellieHHH siBJisiercsl MPHAHIMI ONTHMaNbHOCTH
Mapero [19].

Onpeaenenne 1.2.1. (Ilpuanun onrumansHoctu no Ilapero)
Aavmepnamuea cuumaemca onmumaastiodt no Ilapemo, ecau ecaxad
dpyzan aavmepnamuea, Acadtouiaica boaee npednovmumennvnott oA
00NUT MAEHO6 2PYNNB, 6 MO JCE 6Ppema bydem menee npednovumumens-

Hotl dad 0CNAGWULCA LACHOG.
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Ipunnun ontumMansHocTH no IlapeTo rnacuT, 4To HUKOrJa He clicAyeT
BLIOMpaTL anbTepHATHBY, KOTopasi He siBjisieTcs IlapeTo-onTHManbHOM,
nHaye npu nogobuom BLibope He Beerga MOXKHO yBEIHYHTh CTENCHD Y0-
BIIETEOPCHHSI 10 KpaliHell Mepe HeKOTOpPLIX MHAMBHOB, He YIIeMJIsis
IpPH 3TOM HHTEPECh! OCTATbHLIX.

B npuiioxkeHuu K Teopuu BLIbopoB onTuManbHocTh 1o Ilapero Gyaer
BLIMISAZAETE cllefylomuM obpazom [24].

Onrtumansrocte no Iapero. Ecnu kanaunar a ans Bcex dyduie
Kanaugara b, To b He Moer OuITEL H30pan.

Bo Bcex ciyuasx panuoHanbHEIM OyzeT cuuTaThea Buibop anbrepHa-

TUBBl (KaHauzAaTa) ontumansHo# no Ilapero.

1.3 IIpunsTHe pemieHull npu HEYETKOM OTHOUIEHWH IIPEIIO-

yreHull HA MHOXKECTBeE aJIbTEPHATHB

Bo MHOrux cnydasix 3afjada NPHHSITHS pelieHu# B o0mem Buae Mare-
MATHYECKH MOXeT OLITb omMcaHa MHOXXE€CTBOM JOIMYCTHMBLIX BLIOOpOB
{(anbTepHATHB) M 3afaHHLIM Ha 3TOM MHOXKECTBE OTHOIICHHEM MpeATo-
YTEeHHsl, KOTOPOC OTPayKaeT MHTEPeCH! JINLA, IPHHUMAIIET0 PellcHHs.
Kak mnpaBuno, aro orHomenue OuHapHOe, T.e. MO3BOJISIET CPABHHBATH
ApPYT € APYIOM JIMIIb ABe AIbTEPHATHBLI, XOTS BO3MOXKHLI IIOCT2HOB-
KM 33Jlai ¢ TCPHADHLIMH OTHOIIEHHSIMH. Jajada NPHHATHS pelleHus]
NPH 3TOM 3aKJII0YaeTcs B BRIDODE AONyCTHMOH anbTCpHATHBEI, KOTOPasi
JIydllle HIIH He XyKe BCEX OCTAIILHBLIX aJIbTEPHATHB B CMEICIIE 330aHHOI'0
OTHOUIECHHS] NPEATIOYTCHHUS.

BunapHuble oTHOLIEHHS] HNPEANOYTEHHS] HA MHOMXKECTBC AllbTePHATHB
MOXCT OLITL omucaHo AByMsi crnocobaMu: B BHAC MOAMHOMXKCECTBA AeKap-
TOBa IPOH3BEACHHSI MHOXKECTBA aJlbTePHATHB caMo Ha cebst unu B popme

TaK HasbiBaeMol (yHKIHH nosiesHocTH. DyHKUHs nose3HoCcTH 06bIYHO
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MMeeT BHZ OTOOpaskeHHsT MHOMKECTBa ANLTEPHATHE Ha YHCIOBYIO OCh
[5]. NubiMu croBamu, Kaxzo#t anerepHaTHBe 3Ta (DYHKIHUS CTABHT B
COOTBETCTBHE YHCI0 (ONEHKY ANLTCPHATHBELI), NPHYEM TaK, 4TO IKBH-
BaJleH THBIM (OZMHAKOBO BaXKHbLIM ) ANl bTEDHATHBAM COOTBETCTBYIOT OZH-
HaKoBble 4ncia (3Hauennst GYyHKIUH MONE3HOCTH), 3 M3 KAXIBIX ABYX
HEIKBHBAJICHTHLIX ATTLTEPHATHB Jy4llelt MpHIHCHIBaeTcs Gombinee HHc-
Jo0.

OzHako, He BCSIKOE OTHONICHHE NMPEAMOYTEHHs] H HC HA BCSTKOM MHO-
MKecTBe AlbTePHATHE MOXKHO onicaTh (PyHKIHel nonesnocTu. B HexoTo-
PBIX CJIy4asX OTHOINICHHE YAAETCs OMHCATEL He OJHOM, a JIMIIb KOHETHBIM
HabopoM (pyHKIIHH MONE3HOCTH, IPHIEM COOTBETCTBYIOLINE 3aJaTH IPH-
HATHS pellcHHs oOLIYHO HA3LIBAIOT MHOTOKPHTEPHAJBHEIMH. s
ONMHCAHHS DTHX 33724 H HAXOXCACHHS PAIMOHAILHOTO BRIOOpA annTep-
HATHB MbI OyieM MOJIL30BaTLCS Pe3yNIbTATAMH, OJTydeHHEIMHE B paborax
Bepezosckoro B.A., Bopzenko B.U., Kemnnepa JI.M. [5], Kazauckott
T.A.

Onpenenenne 1.3.1. [14] 3adavu npunamus pewenutd, 6 xomopuz
omuowenue npednoumenus onucano 6 dopme Pynxyuu noaesnocmu,
NA3WEAM 300a4aAMYU MATNEMATUYECKOZ0 TPOZPAMMUPOCANUA.

PanuoHanbHLIM pellleHHeM B TaKHX 3afadax siBIsieTcsl BLIOOD JOmy-
CTHMOR ATbTEPHATHBEIL, Ha KOTOpOH (DYHKITHS IOJIC3HOCTH MPHHHMAET
110 BO3MOXKHOCTH boJbllee 3HAYeHHeE.

HeueTHoCTh B MOCTAHOBKE 3aJa4H MATEMATHYECKOTO MPOTpPaMMHPO-
BaHHS MOXET COACPKATLCS KaK B OMHCAHHH MHOXKECTBA ANbTCPHATHE,
TaK M B OMHCAHHH (DYHKITHH TOJIE3HOCTH.

3aza4H, B KOTOPBLIX HEYeTKO OMHCAHO MHOXKECTBO AlTbTEPHATHB H HeT-
Ko (bYHKIHs ToJie3HocTH, 6L paccMoTpennl B pabore Bennmana P. u

3aze JI. [3], B KoTopoll BIepBBHIE AHANH3MPOBATMCE MHOTOITANHLIE 3a-
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Jaui MPHHATHS DCIIEHHs MPH HEHUCTKUX HCXOAHLIX YCJIOBHSAX METOOM
JHHAMUMYECKOTO 1 POrPAMMHPOBAHHUSI, 8 TAKIKE PACCMATD HBACTCS AHAIIH3
U [OAX0J, K DelleHHIo 3aa4 He4éTKOro MaTeMaTHYecKOro MporpaMMu-
poBanusi. AHaJorM4HbIC 337249 aHAIU3MPOBaiuchk B paborax HeroTn
K., Munay C., Crana W. [25].

Ho MBI 0cTaHOBHMCS Ha HEKOTOPLIX THIAX 33724, B KOTOPLIX HEYETKO
onuchiBaeTcst (OyHKIHA TOJIC3HOCTH.

Boobmie rosopsi, 3aa4 MaTeMaTHHeCKOrO NMPOTPaMMHPOBAHHSA CO-
CTABJISIIOT BAaXKHLIl MOAKIACC 3324 PAlMOHATILHOTO BEIDOpa albLTepHa-
tuB. C nomompio (pyHKIMH M0JIe3HOCTH HCXOAHASA 3aa4a CBOAUTCS K o-
Jlee mpocTol 3aja4e BLIOOpa YMceN M3 HEKOTOPOTO TMOAMHOXKECTBA €CTe-
CTBEHHO ymopsizioueHHo# uucrnosolt ocu [9]. Snauenus dbysknuu nenu
(nonesnoctu) onucuiaT addrekT ot BLibopa Toro MK MHOro cnocoba
nettcreutt (anwrepuarusn) [14]. Ilo cyTu gena anexsarHocTh Takolt Mo-
Jenu peanbHOCTH B Gosbielt Mepe onpeeNsieTcss TeM, HACKOILKO Mpa-
BHJILHO OT paXkeHEI B 3Tol Dy HKIIMH B3aHMOCBSI3H Pa3NHYHLIX PakTopoB
pealbHOTo Npoliecca Ml CHCTEMHI.

Tpu MaTeMaTHYCCKOM MOeJIHPOBAHHUH CJIOXKHON CHCTEeM bl HEBO3MOXK-
HO y4ecThb A0CTaTO4HO DOJbIII0e YHCIO0 PealbHEIX (PaKTOPOB, MOCKOILKY
3TO MpHBeJo Ol K Ype3sMepHOMY YCIOXKHEHHIO Mojeu. [losTomMy B Mo-
Jleb TIPUXOAMTCS BBOAMTHL JIMIIL OrPaHMYEHHOE YHMC/I0 (PAaKTOPOB, KO-
TOpLIC 10 TEM WM MHBIM COODpaXKCHHSAM CYMTAlOTCs Haulonee cylie-
cTBeHHBIMH. [IpH 3TOM BO3MOXHBI ABa Moaxoza. HeyuTrennbie B onuca-
HUH MoK (PAKTOPE! MOXKHO CYHTATE aDCONIOTHO HeCYIIeCTBEHHBIMA H
MOJHOCTBIO HX U2ZHOPUPOGATD IPH TIPHHSITHH PElIeHH  C HCTIONb30BAHH-
eM stolt Mogenu. C Apyrolt CTOPOHLI, IPH BTOPOM MOAX0JE MOXKHO SIBHO
HC BEOAHThL <HECyIIeCTBeHHLIE (DAKTOPLI» B MATCMATHYIECKYIO MOJCIb,

HO HYYUumusiéamsd uUX GAUAHUE, AONMYCTHB, YTO OTKJIHK MOACGJIH Ha TO HIIH
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uHoe Bo3zelcTBHe (BLIOOp anbTepHATHBELI) MoXKeT OLITh H3BECTEH JIHLIb
npubIN3UTENBHO, HCYETKO.

st onucaHusi HEYETKOro OTKJIMKa MOXKHO NpuberHyTh K IOMOIIH
IKCnepmoe (COGEMMUKOE), KOTOPLIE TPEACTABISIOT cobolt GauAnUue Ha
Pynryuonuposanve cucmems B Mogesd daxmopos. Crenenns xe Hever-
KOCTH ONHCAHHUST OTKJIMKOB CHCTEMbI Ha BO34elCTBHSI TEM MEHbIIC, YeM
Gosbure yKcsio haKTOPOB SIBHO YHACTBYIOT B ONMCAHHM MaTeMaTHIecKoH
MOZEeJIH.

Takum obpa3zoM, IpH BTOPOM MOAXOAE CIIOXKHAS CUCTEME OMUCHIBA-
eTcsi HeKOTopol nexvemxott pynryuet: yeau, KOTopasi KaXKAoH albTepHa-
THBe (BO3AEHCTBHIO HA CHCTEMY) CTAGUM 6 COOMBEMCMEUE HEKOTOPLIN
HEUEMKUT 0OMXAUK CUCTREMBL HA BLIOOD albTCPHATHEHI.

ITpu ncenepoBanuu nponecca ¢ LEJIbIO NPUHSITHS PALIHOHAILHOTO pe-
UIEHHs] JIydllle HA4YaTh ¢ MHOMXKCCTBA BCEX JONYCMUMBE PEWEHUT HIH
anbrepHaTdB. B 3aBHcHMocTH oT MMewmelicss HH(oOpMaLHE 3TO MHO-
JKeCTBO YJAA€TCsl ONUCATH ¢ TON WM MHON CTemeHbio 4YeTKocTH. [lycrsb,
HanpuMep, X — HEKOTOPOE YHUGEP CALBHOE MHONCECTLEO GALMEPHANUG
u () — HedeTKoe omucaHHe ero MOAMHOMXKECTBA JOMYCTHMbLIX Allb-
TepHATUB. SHaueHHs] YHKIUH f, ONHCHIBAIOT CTENEHH AOIYCTHMOCTH
COOTBETCTBYOIMX AJILTCPHATHB B AaHHON 3azade. Ecnu kpome aroit
¢dbynkuuu Her apyro#t undopmanuu ob HcciegyeMmoll peanbHOl CHTY-
aljii, PAMOHAJILHBIM cuHTacTcsi BbIOOp n1060# anbrepHaTuBLl U3

MHOXXCCTB2&

P =3z |z€X, plz)=supp.ly)},
yeX

T.¢. 1000l anbTePHATHBEI, MMEKIIel MAKCHMAIILHYIO CTeeHb HOMYyCTH-
MOCTH, [OCKOJILKY HET OCHOBaHHWH MpeAnodYecTb Kakyw-1ubo U3 3THX

alIbTCPHATHB OCTAJIbHBIM.
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Nudopmanusi o nponecce NPHHSITHSI pelicHHM, Ha OCHOBC KOTOPOH
OJ{HH aJIbTCPHATHBLI MOXKHO IIpe/Ilo4ecTh JPYTHM, MoXKeT ObiTh 3aiana
paznuuHbIMHU cnocobamu [6], [7]. Bonee yuusepcanbubiM cuuTaeTcst onu-
canne nadopmannu B ¢popMe OTHOLIEHHS PEATIOYTCHHS HA MHOXKECTBE
aJlbTepHATHE.

OzuH 43 cnocoboB BLISIBIEHHSI OTHOIIEGHHSI MPEATIOYTEHHsI NPH T0-
CTPOEHHH MaTeMaTH4YeCKOH MojleJii — KOHCYJIbTALMH C JIHIIOM, [IPHHH-
MAIOHMIMM pelieHne, uin skcnepramu [7]. Ilpu sroM umMeercss B BUAy,
4TO JIHIO, NPHHEMAWIIEC pellleHHe, WK 3KCIepThl obiajaoT 3HAHHUS-
MH WIH IpeJCTaBieHHsIMHE 00 HcceayeMoM o0beKTe, KoTophie He OLuTH
¢dopMann30BaHbLl B MOJieIM B CHJly 4Ype3MepHol cioKHocTH Takol dop-
MaJH3allMH WIH [0 JAPYTHM [PHYHHAM.

JonycTuM, 4T0 ¢ HOMOIIBIO JIKLA, IPHHHMAIOIIEro PellcHHe, HIIH 3KC-
IepTOB BLISIBJICHO YETKOEC OTHOLIEHHe HECTPOororo npejnodrenusi R B
MHOXCCTBE JONYCTHMBIX allbTepHATHB X. DT0 3HAYHUT, 4TO OTHOCHTEIb-
Ho 11000l napr! anbTepHaTUB T,y € X BLICKA32HO OAHO U3 CJIEAYIOUIHX
YTBep>XKaeHul.

Yrsepxkpaenne 1.3.1. z ne zyoice y, me. £ > y uau (z,y) € R.

Yreepxkaenne 1.3.2. y ne zyoce T, me. y > 1 uau (y,z) € R.

VYreepxaenue 1.3.3. ¢ u y ne cpasnumn mencdy cobot,

m.e. (z,y), (y,z) ¢ R.

Undopmanus B Takolt (opMe M03BOJSIOT Cy3HTh KJIACC PAIHOHAIb-
HEIX BELIOOpDOB, BKJIOYHB B HEro JIMIIbL Te, KOTOPbie He JOMHHHPYIOTCS
HU OZHON anbTepHaTHBoOl MHOokecTBa X [15].

Ju1st Toro 4To6bl NOSICHA T, KAKH € AlIbTEPHATHBLI CYHTAIOTCS HeLOMH-
HHPYEMbIMH, BLIZIEJIHM COOTBETCTBYIOLHE OTHOIICHHIO NpeAnoYTeHnst R

oTHomeHHe cTpororo npeanourenns RS u orHomenue Geapazmuunst R’
[5].

157



Onpenenenune 1.3.2. Bydem zosopums, wmo arbmepHamMuea T cmpo-
20 AYMUIE ALMEPHATNUCH Y, ECAY O0NOGPEMENHO T > Y U Y # T, M.€.
(r,y) € R u (y,z) ¢ R. Cosorynnocms maxux nap (T,y) nazoeém
omuowenuem cmpozozo npednoumenua RS wa muooicecmee X.

CootsercrByomiee oTHomenune Oespaznuuuss R’ 8 X omnpegensiercs
caexywomuM obpazom [16].

Onpeaenenne 1.3.3. Iape (z,y) € R’ mozda u moavxo moeda,
x020a aubo we 6wnoaneno wy npednowymenve T > Y, KU npednovmenue
Yy >, aubo 060 npednoumenus 6bnoANCH b 0 OGPEMENNO.

Uubimu crnosamu, (z,y) € R’ xorma, uMewmasicss undopmanus B
¢opMe oTHOUICHHS MPEANOYTEHHS] HEAOCTATOYHA [JIs TOTO, 4TOOHI ce-
naTh BLIOOD MeXAy albTEeDHATHBAMH T U Y.

Onpenenenue 1.3.4. [16] Ecau (z,y) € RS, mo 6ydem 2060pums,
umo aavmepHamuea T Jomunupyem aasmepramuey y (T > y). Aao-
mepramuey T € X nazoeém nedomunupyemot 6 muoocecmae (X, R),
ecau (y,z) ¢ RS das mwobott arvmepnamuen y € X.

WUHLIMH clOBaMH, €CIH T — HCAOMMHHDyeMas albTeDHATHBA, TO B
MHOXecTBe X HeT HH OZHOl ANbTEePHATHBEI, KOTopas Onl JOMHHHpOBATa
. HeoMuHH pyeMEle albTepHATHBLI SIBJISIIOTCA B ONPEAeIEHHOM CMBICTIe
Hey/lydumaeMbIMi Ha MHEoxkecTBe (X, R), # ux Buibop B 3azade NPHHSATHS
pellieHu#l IO NPABYy CHHTAETCS DAIIMOHALHLIM.

Takum obpazom, uaopManusi B popMe OTHOIICHHA HpefnodTenus: R
M03BOJISIeT Cy3MTh KJIAacC PallMOHANbLHLIX BhIOopoB B X 10 MHOXKeCTBa

HEJIOMMHHDYEMbIX albTepHaTHB Buaa [17]
X*={z|z€X, (y,z) ¢ R® Vye X}

Yem Gosbiie uMeeTcss HHGOPMALMHE 0 PCAILHON CHTYalHH, TeM yiKe

oTHouIcHHe beapaznut4us, yxke MHOXKecTBO X ™ U, CJleZ|0BATEILHO, MEHD-
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LIC HCONPCAEICHHOCTh B PAIMOHAILHOM BhIbOpE anbTepHATHE.

Bosiee rubkumM cnocoboM opManuzanii HMEIOUIHXCs y 3KCIEPTOB
3HaHHUN 0 peasbHOW CHTyallHH NPEACTABIsIETC TaKOH, INpPH KOTOPOM
OHHM HMEKT BO3MOXKHOCThL ONHKCHIBATL CTENeHb cBoel ybOexKAEHHOCTH B
NPEANOYTEHHAX MEXKY allbTePHATHBAMH YuciaMu u3 uaTepsana [0,1].
B peaynbrare ¢ noMOLILI0 3KCNEPTOB BBISIBISIETCS HEYETKOC OTHOIIe-
HHe NpeANnodTeHHs] B MHOXKeCTBe albTeDHATHB, B KOTOPOM KaXXJol na-
pe (,y) cooTBeTCTBYCT YHCII0, ONUCLIBAIOIIEE CTENEHD BHINOJIHEHUS
NPENOYUTEHUA T > Y.

DToT crnocob onrcaHHsi OTHOLICHHS To3BoJisieT B Gosiee mosHOH Mepe
BBECTH B MATGMaTHYCCKYI0 MoZeslb 3HaHUsl U IIPeACTaBJIeHHs] IKCIIEPTOB
M TEM CaMbLIM CAENIATh MOAENb B ON PEAEJICHHOM cMEIicie Donee azeksart-
HOH peanbHOCTH.

PaccMorpuM aBa THIa 3aaaM.

131 PanuonaneHbilt BEIOOpD anbkTEpHATMB € y48TOM CBEPTKH

KPUTEPHUEB

PaccmotpuM crneaywomyo 3agaqy [18]. IlycTs 3aaH0 MHOXECTBO Allb-
TepHATHB T M KaXKAasl albTePHATHBA XapaKTepPH3YCTCH HECKOJIbKHMH
npusHakamu ¢ HoMepamu j = 1, ..., m. Uucdopmanusi o nonapHoM cpas-
HCHHMH aJIbTCPHATHB 110 KaXKZI0My H3 DH3HAKOB NpeficTaBiiena B popme
orHouenus npeanoydrtenuit R;. Takum obpazom, nMeeTcs m OTHOMIEHHH
npeanourennsi R; na muoxkecrse X. Ilycts orHomenust R; onuchiBa-
oTcst 3azannbMH Qynknusimu nonesnoctn f; © X — R', rae R —
qncioBast ocb. JHadenue QyHKuuH f;(Z) MOXKHO IOHUMATH KAK 4HCIIO-
BYIO OLIEHKY aJlbTepPHATHBLI T 110 NPH3HAKY j. AnbTepHaTHBa ¢ Gonbiel
ouenkoit fj(z) monaraercst Gonee npesnOYTHTEILHOMN 10 NPH3HAKY j. 3a-

JAada 3aKI04aeTcsi B TOM, 4To0R! o uMeromelicss mH(OpMalMi CAENATh
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palHoHaNbHLIH BLIDOp anbTepHaTuB Ha MHOXKecTBe X, Ry, ..., Ry, Te.
BLIOpaThL annTepHATHBY, HMEIOIIYI0 10 BO3MOXKHOCTH Bosnbline oLeHKH
[0 BCEM IIPU3HAKAM.

PanuoHanbHbiM B 3TOM cilydae CHUHTaeTcsi BLIOOp anbTepHATHBEI

zg € X, obnazaome# ceolictBamu [26]

W) 2 fiao) 5= 1,...,m = ) = o), i=1,...,m. (13.1)

Torza, kaxzast u3 GyHKUuY noNe3HOCTH f;, onnckIBaeT obLItHOC OT-

HomeHue npeanoyTenus Ha X cresymwomniero suga [6].

Rj=A{(z,y) | z,y € X, fi(z) 2 fi(y)}- (1.3.2)

B aanbuefimeM Bocmosib3yeMmcst pe3y/bTATAMH H BLIBOZAMH CeJaH-
ubiMi B paborax: [9], [10] Tepmettepa FO.B.

Cornacno [19] umeem:
Q=R (1.3.3)
=1

MHOKECTBO BCEX HeHOMHHHPYyeMBIX allbTepDHATHB B MHOXeCTBe I, (1,
KoTopoe coBlajaeT ¢ HabopoM HeJOMHHHPYCMBIX allbTCPHATHB JJIsl Ha-
Gopa dynxkunit f;,j = 1,...,m. IlpeacraeuM Teneps nepecedenue ot-

Howenu#t R; [9] B Heckonbko uHott (popme. ITycrs

1 npu (z,y € R;),
pi(z,y) = ’ (1.3.4)
0 npu (z,y ¢ R;)

— &dyHsRuus npusayexkuoctd orHowmenust R;. Toraa (1 cooreercrByer

byHKUHS [ PHHALIIEKHOCTH

#Q,(z,y) = min{p(z,y), .. ., pm(z,y) }, (1.3.5)
aHasnorudHasi cBepTke Kpurepues f; [10] Buga

F(z) = min X;f;, (1.3.6)

j=lm
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IpHMeHsieMOl B MHOTOKPHTEPHANBHEIX 3aga4ax. Uncna ), B aTolt cBEpT-
Ke UrpanT poiib Ko3(pHIHeHTOB OTHOCHTEILHON BayKHOCTH pPaccMart-
pHBacMEX (yHKIHH.

B cBéprke otHomenutt (1.3.6) \; =1, = 1,...,m; 310 COOTBETCTBY-
€T TOMY, 4TO BCe 3aJlaHHble OTHOLICHHS 0Z[HHAKOBO BAXKHO Y YHTHLIBAIOTCS
npu Buibope anbrepHATHB.

Ecnu 3azanubie orHowennst R; pasnn4alorcst 10 BayKHOCTH, T.e. Pa3-
JIHYAKTCS 110 BAXKHOCTH COOTBCTCTBYIONAC IPH3HAKH , 110 KOTOPBIM HY K-
HO CPaBHHBAThH allbTCPHATHBLL, TO B cBEpTKe (1.3.6) HcnonbayioTes pas-
JIHYHEIC 10 BesiH4nHe Ko3DULHEHTEI ).

B peaynbrare cBEpTKHE HCxOZHEIX oTHOmeHuM R; ¢ Koaddunuenramu

Aj, TAKHMH, 4TO

m

doA=1, 420, j=1,...,m, (1.3.7)
j=1
noy4aem (hYHKIHMIO IPHHALIEIKHOCTH BUAa [14]

l"’Ql(I‘! y) = mjn{’\lﬂ'l(x1 y)1 s ,Am/.Lm(I, y)}a (138)

T.e. (PYHKIMIO NPHHAATEAKHOCTH He4ETKOr0 OTHOLIEGHHUS TIPeANOYTeHHS.

BsenéM Tenepn cBEPTKY ApYyroro BHAa

m

1T, y) = D Nipj(z, ). (1.3.9)

j=1
Takasi cépTka no Habopy (yHKUMH NPHHALTEKHOCTH MO3BOJISIET
NOJy4HTh AOMOJHATENbHYI0 HHGOPMALHIO 06 OTHOCHTENLHON CTemeHu
HEZOMHHHDYeMOCTH ATLTEPHATHB H TeM CaMbiM CY3HTh KJacc palio-
HalbHLIX BLIGOPOB 70 MHOXKeCTBa
XA =4 | ze X, py'(xr)= sup pgr(a)p, (1.3.10)
reXyA
rae pg, (r) = 1 — suplug,(y, T) — piQ,(%,y)] — Heuérroe moammuoxe-

CTBO HeJOMHHHDYEMBIX albTepHATHB Ha MHOXecTBe (X, p1g,). X5™ —
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IIOAMH0XKeCTBO HEJOMHHHA DYCMEIX albTepHATHB Ha MHOXKecTBe (X, 110, ).
PanuonansuniM Gyzner Buifop anbTepHATHBLI, HMEOINEH MAKCHMAlb-
HYIO CTelleHb HeAOMHHHDYEMOCTH, T.e. HMewoiell Hanbonbinee 3HAYCHHE
dyuknun p**,
B TpeTneit rnase OyzieT paccMOTpeHO ABa MpHMepa M AaH alropUTM
MOCTPOCHHS PAIMOHALHOTO BLIOODa albTCPHATHEEI [0 AAHHOMY KAaccy

3a4a.

132 Panuonanesubiit BoI60p ankrepHaTUB ¢ yuerom HaGopa npu-

3HAKOB

Ilycts 3amano MmHoxecTBo anbrepHaTuB (unu obwekroB) X u 3ana-
HO MHOXeCTBO Npu3HakoB (unu skcneproB) P. Kaxzo#t ansbrepnaru-
Be £ € X B TOH WIM HHOM CTENEHH NPHUCYI[ KaXKALIH M3 NPHU3HAKOB
mHoxKectBa P. Jlns kaxzoro ¢pukcupoBaHHOro npusHaka p € P usz-
BECTHO HEe4YETKOE OTHOLICHHE NPCANOYTEHHS (¢ Ha MHOXKECTBE ajbTep-
HaTHB X WJIH, HHLIMH CJIOBaMH, H3BeCTHa (PyHKIHSI NPHHAIEKHOCTH
v : X x X x = [0,1], snaucuue (z;,zq,p) KoTopoit MOHHMaCT-
csl Kak cTeleHb IpeloYTHTeJbHOCTH allbTepHATHBELI Z1 albTepHATHBC
T9 mo npusHaky p. Ecnu P — Muoxectso akcnepros, To @(Ty, T3, D)
— OTHOIICHHE NPEANOYTeHHsI HA MHOXKECTBC allbTePHATHB, Ipezjiarac-
Moe akcneproM p. Takum obpasom, dbyHKUus ¢ onuchIBacT ceMeHCTBO
He4ETKUX OTHOLICHHH NMpeANOYTCHHS] Ha MHOXKecTBe X 10 mapaMmeTpy
p.
DiieMeHTH MHOXKecTBa P, pa3iiuHbl [0 BayKHOCTH.

HOycts p: P x P = [0,1] —3ananHoe Hed€TKoe OTHOLIEHHE BAXKHOCTH
npu3HakoB (3KCHEPTORB); BenuduHa (P, P2) TIOHUMAETCS] KaK CTeNeHb,
C KOTODOH NpPH3HAK P; CYUTACTCS MCHee BayKHLIM, 9CM MpH3HAK Pg.

3asaua 3aki04aeTcs B paljioHalbHOM Bbifope albTepHATHB U3 MHO-
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xkecrBa X c yu€rom onucanuo#t uHdopMauuu. OnuuieM ofuH U3 BO3-
MOXKHBLIX BADHAHTOB PElLIeHHs] 3TOH 3a7a4du, OMUPAIMICS HA TOHSTHE
HCYETKOro MHOXKECTBA HCAOMHHHPYCMEIX ANLTCPHATHB.

Mycts "™ (z, p) — HeuéTKOE NOAMHOXKECTBO HEAOMHHHPYEMbIX Allb-
TEPHATHB, COOTBETCTBYIOIIEe HEYETKOMY OTHOUIEHHIO NMPEANOYTCHHS
@(z1,z2,p) npu dukcuposanioM p € P, r.e. cnpaseanusa cilepyomas

3allHiCh:

¢**(z, p) = 1 — sup[p(y, z,p) — ¥(z,y,p)]- (1.3.11)

Ecnu 611 Brifop ocyinecTBucs MHIIbL ¢ y4ETOM OHOTO MPU3HAKA P,
TO pPallMOHANLHLIM CEAOBATO OBl CUMTATL BLIOOD AlbTEepHATHB, AOCTH-
raolux M0 BO3MOXKHOCTH Oosbinee 3Havenue (PYHKIIHH MPHHAAJIENKHO-
cru @**(z,p) (crenenn HemomuHHpyemocTH) Ha MHOxkectBe X [1]. B
JaHHOM e CJIyd4ae Hy’KHO OCYIIeCTBHThL BLIOOD ¢ y48TOM COBOKYIHO-
CTH NPH3HAKOB, Pa3/IHYalolUXCsl 10 Ba>KHOCTH.

Ipu bukcuposanuom g € X dbynkuust @™ (xg, p) onuckuBaer Hed -
Koe M0JIMHOKECTBO IPHU3HAKOB, 10 KOTOPLIM AllkTePHATHBA T SIBJISACTCS
nenomurupyemoft [7]. Eciu aist AByx ansTepHATHE Z1, T He48TKOE MHO-
JKECTBO NPH3HAKOB (™™ (Z1,p) «He MeHece BaXKHO», 1eM HeuETKoe MHO-
JKeCTBO NMPH3HAKOB "™ (IT2,p), TO albTCPHATHBY I; CJIGAYeT CYHTATDH
He MeHee MPeANOYTHTEILHOR, UeM ajkTepHATHBA Ty.

B mannoM ciyuae Hy»kHO 0000IMTEL 3a7aHHOE HEYETKOE OTHOLIEHHE
1(p1, p2) Ha MHOXKecTBe NpU3HaKoB P Ha Knacc He1ETKHX NOAMHOXKECTB
MHOXecTBa P M cuMTaTh mosydeHHOe HedETKOe OTHOLIEHHE Pe3YJIbTH-
PYIOIIAM He4€TKHM OTHOIIEeHHEeM NPE/ANOuTEHHsT Ha MHOXKECTBE ajlbTep-
Hatu X.

Takoe 060bmicnue 6o nonygaeno Opnosckum C.A. Ionwzysics 3TH-

MH pe3yibTaTaMH HMeeM, 4TO cieAylolnee HeYéTKoe OTHOLIeHHe Npei-
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HO4YTCHHUSI Ha MHOXKecTBe X, unzaynuposanHoe ¢bynkuuelt ¢™"*(z,p) u
HeuéTKUM OTHOIIeHHeM i, OyzeT uMeTh BUA;

(1, x2) = S‘lppmjnﬁpﬁ'ﬂ‘(xhpl)a‘PH'A'(Izam)a#(Pl,Pz)}- (1.3.12)
m.p2€

9T0 HeuéTKOE OTHOLIEHHE IPEANOYTEHHS] MOXKHO PAcCMATPHBATh KaK
pe3ynbTaT «cBEPTKH» ceMclicTBa Heuérkux oTHomenu#t ¢(zy,Ts,p) B
eaMHOe HeYETKOe OTHOLIEHHE NpeANOuTeHust ¢ yuérom undopmanuu ob
OTHOCHTEILHON BaXKHOCTH NPH3HAKOB, 3aiaHHO# B ¢dopMe HeuéTKoro
oTHomenus |7].

[ocTpoenueM HEYETKOro OTHOLICHHS NMPEANOYTEHHS T} HCXOAHAS 3a-
naya Bribopa cBeaeHa K 3amauc BLIGOPa ¢ €AMHCTBCHHLIM OTHOLIEHHEM
npeanouTennust. st € pemennst ZOCTATOYHO ONPEACTHTL COOTBETCTBY-
1olliee OTHOIIEHHE 7}, CKOPPCKTHPOBAHHOE HeYETKOe MHOXKECTBO HEeJ0MH-

HHUDYyeMbIX ansrepHarus 28]

7= = min{ (1- supl@,) -z, ) supple) | (1319)
ye

z'eX
¥ BLIOpATh anbTCPHATHBLI, AOCTABIsIIONIINE MaKCAMY M by HKuud 7™ ().
B Tpernelt riase OyaeT paccMOTPEHO HECKOJILKO IIPUMEPOB, TAE OTHO-
HIEHHE MPEANOY TeHHS 3a42ETCSI C MOMOIIBLIO MATPHI] OTHOIICHHY HECTPO-
roro mpeAno4TcHusl (4€TKHE OTHOMIEHHS) M C MOMOIIbID MATPHI] HEYET-
KOro OTHOUIEeHHH HPEANOYTEHHSI, OMUCAHHLIX ¢ YYETOM MHEHHSI dKCIep-

ToB. TaM ke Oyzer JaH alropuTM peLIeHHSI TAKOrO poja 3ajad.

2 ArpernpoBaHu€e KOJUIEKTHBHBIX Hpeano4TeHuil

ITpaBuiio rosiocoBaHHsl HAXOAUT KOMIPOMHCC MEXAY KOH(IHKTYOmH-
MH NpeTeH3usiMH H3bupaTesncii o BLIOOPY CAHHCTBCHHOTO MCXOAA NMPH
Kaxk oM npoduiie npenodTenuit. ppoy nocrasuii Gosee TPyAHYIO Helb

nepes o0uieCTBEHHLIM OCPEAHHKOM — CarperdpoBarh npoduib npea-
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MOYTCHHH B MOJHBLIH MOPAHOK HA MHOMXECTBE HCXOAOB. ITOT INOPSAZOK
J0JIKEH OTPaXKaTh YPOBEHb KOJUIEKTHBHOTO Onarococtosinusi Ajist obo-
ro ucxoga. Ecnu BHeulHHe orpaHutuCHEs HE M03BOJISIIOT NOCPEAHUKY pea-
JIH30BaTh MaKCHMalbHBIN HCX0Z, 110 nopsiziKy 6iarococtosinust, To (uK-
calMsi KOJUIEKTHBHOTO NOPSIAKA [O3BOJISIET €My OTJIHYHUTh M3MEHEHHS,
NPHBOZSIIIME K YIy4IIeHHIO O1arococTosinusi, 0T U3MEHEHHH, KOTOphIe
NPHBOAST K CHHKEHHIO KOJUIEKTHBHOTO Bi1arococTosiuusi.

OcHoBoll noaxoaa Jppoy SIBJISIETCSI Cro aKCHOMa O He3aBHCHMOCTH
0T mocTOPOHHMX anbrepHaTHB. OHa YTBepXKZAET, YTO KOJUIEKTHBHEIE
cpaBHeHHs BarococTosinus B mpegesiax 3aJaHHOrO MOAMHOXKCCTBA HC-
XOZOB HE AOJDKHEI 3aBHCETh OT MHAWBHAYAILHLIX YNOPSAOYEHHH BHE
3TOTO MOJMHOXKECTBA. JTa aKCHOMa orpaHMdYMBaeT HH(OpPMANHIO, KOTO-
past MoxKeT OBLITH HCIONB30BaHA DU CPABHCHU M HCX0HOE a u b. Konnek-
THBHOE NpeANoYTeH e Jisl Naphl a U b fokHo PpopMHpOBaTLCS TONIBKO
no npeanoydTendsiM uabuparesne#t Ha sro#t mape (g Koro a ny4me b,
Z7ist Koro b nyume a, a g5 koro oun Geapaznuunn). CMBICH akcHOMBbI
COCTOHT B TOM, YTOOLI CBECTH NOCTPOCHHE NOPSAKA A5l BCEX HCXOAOB K
pelIeHHI0 BceX NapTHi cpaBHCHUMH.

Ho napunie cpaBHenusi jerko noggmawnTcs pemenu. Eciu notpebo-
BAThb BLINOJIHEHHE CBONCTB AHOHMMHOCTH M HEHTDANLHOCTH, TO €AUH-
CTBEHHBIM «Da3yMHEIM» MCTOZOM ArDeripPOBAHHSI OKA3LIBACTCS IPABU-
s0 bonpmuncrea. Ecnu Tpebyem, 4TobnLl napHuie cpaBHeHHs1 00pa30BLI-
BaJI¥ TOJIHEIY MOPSIO0K, TO TOTAA GAUHCTBEHHBIM METOAOM arperuposa-
HUSI SIBJISICTCSI AMKTATOpCKuM MeTton. Ecnu norpebosats, 4Tobul oTHO-
HICHHE KOJUIEKTHBHOrO Oiarococtosinusi 0610 KBa3UNOPSIAKOM, TO «pa-
3yMHBIE» METOALI ATPETHPOBAHUS MOTYT OLITH OXapaKTepH30BaHbI KaK
OJINTAPXHYCCKHE.

Ilog npaBuiioM rosocoBaHHsi BO BeeX ciiydasix OyzaeM moHUMATH cie-
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ayiomee [24]. Tlycts a,b — nBa kanaugara u N = {1,2,...,n} — ko-
HedHoe MHOXKecTBO u3bupareneit. Kaxxnpiit uabuparens crporo npegio-
quTAET OAMH M3 McxonoB (Bespaznuuus zanpementl). Torma npoduns
NpeANouTe Ml SBISACTCA BeMeHTOM U = (Up, U, ..., u,) u3 {a,b}V.
Tne u; = a o3nayaer, 4To H30MpaTeb i CYNTAET KAHAMAATA @ Jydiie b.

Onpenenenue 2.1.1. [24] Hpacuaom zoaococanus acatemca awo-
6oe omobpasicenue S u3 {a,b}" 6 {a,b}, cmasawee 6 coomeememesue
xacdomy npodiuaro u nenycmoe nodmmnasicecmeo S(u) ua {a,b}. Toeda
S(u) — mnooicecmeo ewbopa das npofuas u. Hoomomy S(u) = {a, b}
oanaxaem, wmo npu npoduae u embupaemca b, a S(u) = {a,b} osna-
YAEM HUMDIO.

Konnexruensie 6eapaziuuns AONMycKAalOTCS, XOTS HHANBHAYalbHbIE
Geapaznnyust HeJONYCTHMEL.

A Tenepn nepefiiéM K pacCMOTPEHHIO HEKOTOPBIX KJIACCOB arperupy-

IOIIMX NPOLCAYP-

2.1 IIpouenypsl, HCHOJAB3YIOIGME B KAa4E€CTBE BCIOMOraTelb-

HOM KOJIJIEKTHBHON CTPYKTYpHI HMIKAJIY

IIpu onucanuu npouesyp, paccMaTpHBAEMOI0 THIIA, OCHOBHOE BHUMaHHE
byaeTr yaenstbesi cnocoly moctpoeHusi KoyuieKTHBHOM wmKanwl. [locie
TOr0 KaK LIKaNa N0CTPoeHa, AJis Bhidopa o Hell BADHAHTOB MOXKET OLITh

HCTIONE30BaHO Joboe arperupyiommec npasuio [21].

2.11 Ilponenypa Bopaa

Dta nponexypa Ouuia npeanioxena B 1781 rogy dpaHiysckuM akaje-
mukoM XKan-1llapns ne Bopaa (1733-1799) — oanuM K3 0CHOBONONOXK-

HHKOB TeOpHH roiocosanus [19].
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B gaunolt mpoueaype mHcTpyKuusa Tpedyer or uzbupartensi crporo
YHODPSIAOYHTL BCe BapHaHThl B NpeAbsiBIEHHOM eMy OmoereHe, T.e.
NpOHyMepoBaTh Bce BapHaHThl yuciaMu ot 1 0 N (rme N — uucno
BapHaHTOB B blo/uieTeHe) B COOTBETCTBHH CO CBOMMH MpPEATIOYTEHUSIMH
(paBHO3HAYHLIX BapHAHTOB He Aonyckaercsi). Homep, npunucannbiit uz-
bupareneM ganHoMy BapuaHTy T € X, TPAKTYeTCsl KAK PAHTOBOC MECTO
Ty BADMAHTA T B yIOPsAAO4Y€eHUH i-r0 u3buparesns.

BcenoMorartenbHasi KoJUIEKTHBHAsI IIKANA CTPOUTCH CIeAYIOIUM 00-
pasoM: KaxkaoMmy BapuaHTy T € X npunucbiBaeTcsi 4HCIO 7, paBHOe
CyMMe PaHTOBLIX MECT 3TOr0 BapHaHTa B HHAWBUAYANBLHEIX yIOpsifode-

HusIX Beex u3buparenedt [19]:

=3, .11

N
i=1
T.€. CTPOHTCS] BCIIOMOTATE/IbHAS LIKAJIA «CyMMa PAHTOBLIX MECT».

Onpenenenne 2.1.2. [24] Kascdui usbupameav obzacasem c6ou
npednovmenud, pansicupya p xandudamos om aynwezo x xydwemy (0es-
pasauvus sanpeusatomes). Kandudam noaywaem oduo ouxo 3a nocaed-
nee mecmo, déa — 3a npednocaedree u max daree, noayvaem N ouxoe
3a nepeoe mecmo. Hobescdaem xandudam ¢ vauboavwiet cymmott ov-
x06. On nasweaemed nobedumenem no Bopda.

PaccMoTpHM HEKOTOpLIC MOHSATHS.

Onpenenenne 2.1.3. [24] (OnTumansrocts no Ilapero) Ecau
xandudam a das 6eex aywwe b, mo b ne moscem bvims 6uibpan.

Onpeanenenne 2.1.4. [8] (AnoHuMHOCTE) S — ecmb cummempu-
weckoe 0molpadcente, 3GGUCAULEE O Tt CEOUT TLEPEMEHNBIT.

WubiMu ciioBaMu, iMeHa u3bMpaTesiell He KMEIOT 3HAYCHHUS: €CJIH JBa
u30HM paTes MOMEHSIIOTCH roJI0CaMH, TO pe3yJibTaT BLIOOPOB He H3MEHHT-

Csl.
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Onpenenenne 2.1.5. [24] (Helirpansuocts) Iepecmanosra 6
MHENUY %acdoz0 a2eHMa NPUE0JUM K NEPECMANOGKE MHOICECTNEA Gbi-

bopa: ecau o nepecmasaiem a u b, mo

S(o(w),...,o(un)) = o(S(ug,- .., un)). (2.1.2)

Vreepxkaenue 2.1.1. [6] IIpacuro Bopda onmumaavso no lapemo,
aHOHUMNO, HETMPaaslo.

BBeaémM cneayiomee nousitne [24].

Onpeaenenne 2.1.6. (Monoronnocrts) Hoeutt npueepaceney ne
npunocum epeda. Ecau dea npofuas u u v maxoew, wmo u; = v; (npu

j#iJuui=a, v;="5, mo

{beS(u)=be S(v)} u {a€ S(v)=ac Su)} (2.1.3)

WHBIME cloBaMH, ecIH MOJIOXKHM, 4To a BrOnpaeTes (cpean mobenu-
Teset) npyu ganHoM npoduie u H npodHIL MEHSIETCS] TAK, 9TO NOJI0XKe-
HHE @ YIy4IIAeTcsl, & OTHOCHTEJILHOE CPABHEHHE MaPHl JIOORIX APYTrHX
KaHAWAATOB AJisi jaoboro n3buparens octaercsi HeuzMeHHEIM. Toraa a
no-npexkxuemy Oyzner Bribpan (BHOBL cpenu mobeguTesneit) asisi HOBOro
npodmist u*.

Cupaseanusa cnemywomas nemma [24].

Jlemma 2.1.1. IIpacuao 20r0co6anuda S anonummo, Hetdmparsho mo-

2da u moavxo mozda, xozda cYuULECMBYEM YEAOE (,
1
0<g< i(n +1), (2.1.4)
das womopozo npu ecex T € {a,b} u npu 6cex u € {a,b}" cunoaneno

zeSu)e{ieN|u=z}>q. (2.1.5)
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Boiiee ecrecTBeHHLIM M JIOTHYHBIM OLUI0 OB 0CN20HTEL yeiloBHE aHO-
HHMHOCTH, T2K KaK CyHICCTBYIOT NpolieAyphl (B 4aCTHOCTH, NpOLEAYpa
Bopaa), cornacio KoTOphIM B BLIOOD MOTYT BKJIIOYATLCSl BADHAHTHI, Ha-
Opasune HanboJblIee YHCIIO rOJIOCOB, YTO HAPYIACT YCIOBHE MOHOTOH-
HOCTH.

BeeaémM cnexmyiomee onpeaeienue [8].

Onpenenenne 2.1.7. (Cnabas monoronHOCTH) Hosud npusep-
JHCENEY MENZEM omHowENUE UHIUGUIYAALHHT npednoumenut 6 c6or
noav3y. Ecau dea npoduas u u v maxosw, wmo u; =v; (npu j #1i) u

u; =a, v;="b, mo

(be S =>b¢ S}, {acSw) =a¢Sw)} u {S) > Sw)}
(2.1.6)

WHbiMu ciloBaMH, TycTh MMeeTcsi npodiiib HHAMBHAYalbHLIX BbiOO-

poB uabuparenett {u;}, ¥ OycTb coriacHo HEKOTOPOH MpoLeAypE roso-
COBaHHS BADHAHT T NDPHHANJIEXKHT KOJJIeKTHBHOMY BhiGopy S'(u)
(z € S(u)). Nycts npodune uHANBHAYaNbLELIX BhibOpoB H3bHpaTesncit
M3MeHWIcs TaKuM oOpa3oM, 4To MHOXKecTBO H3OHpaTesicl, BKIOYHBIINX
B CBOM BLIOOD BapHaHT T, pacUIHPHIIOCh, & BO BCEM ocTallbHOM Npoduiib
ocralicst Ipe:KHUM. Yciioue cnabolt MoHoToHHOCTH Tpebyert, 4ToOHI Ba-
PHAHT T IPH 3TOM ocTaBasicsi Obl B KOJUICKTHBHOM BhiOope.

31ech, B OTJIMYHE OT YCJIOBHSI MOHOTOHHOCTH, Npoduiib HHAHBHILY-
allbHbIX BLIOOPOB H30HpaTesielt MeHsieTesl TOJILKO B [10J1b3y BapDHAHTA I,
a [0 OTHOLICHHIO KO BCeM OCTallbHLIM BapHaHTaM OH OCTAETCs HeH3MCH-
HBIM.

Yreepxaenue 2.1.2. pouedypa Bopda ne ydosaemeopsem ycao-
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GUI0 MOHOONHOCTY, HO YOO6AEMBOPAEM YCA06uto caabott mornomon-
Hocmu.

Joka3zarenscTBo Nel. ITokaxkem, uto npouexsypa Bopaa He yao-
BJIETBODSICT YCJIOBHIO MOHOTOHHOCTH. IlycTh MMeeTcsi MAThL BADHAHTOB
(xanznaaros) X = {z,y,2,v,w}, u Tpu n3buparens a,b, ¢, npodunn

HHAMBHAYANBHEIX PAHKHMPOBAHHH KOTOPBIX CJIEAYIOU{HI:

panr [a | b | c
1 |(z|lz|y
2 |v|v|=z
3 |w|lwl|w
4 |zl|lz|v
5 |lylyl|=z

Cornacno nponexype Bopaa MHHHMANBHYIO CYMMY DaHIOBBIX MeCT
uMmeer BapuaHT z, T.c. S(u) = {z}. [lycrs Teneps npodpuns nuauBHAY-
aNbHBIX YHOPAZOYEeHHH H3MeHHJICS creAylomum obpazom: n3buparens ¢
YIIyHIIH CBOE MHEHHE OTHOCHTEJILHO I M TOCTAaBHJI €ro Ha 4eTBEpToe
MecTo B CBO&M yHopsiioueHHH, a n3bupaTenn a n b NoCTABHIN BapHaHT

7 Ha BTOpOC MECTO, COXPaHHB IICPBOC 38 BADHAHTOM I, T.€.

panr [a | b | ¢
1 [z|z|y
2 |yly|=
3 |v|v|w
4 |\wlw|z
5 |z|z|v

B atoMm npodmiie yxe BapHaHT Yy HMEET MHHHMAILHYIO CyMMY paH-
roeuix Mect u noaromy S(u) = {y}, T.e. yc/ioBHe MOHOTOHHOCTH Hapy-

HIaeTcs.
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Joka3arenscTBo N¥2. Ilokaxkem, uto mponenypa Bopaa ymosne-
TBOpsieT ycioBuo ciabolt Momoromnoctu. CornacHo ycnoBHio ciaboit
MOHOTOHHOCTH, eciid BapuauT £ € S(u) npu ogHoM npodune HHAUBE-
JyalbHBIX ynopsiaodenuft usbupareneti {n;}, To B ciydae, ecnn Xorst
Obl B 0HOM YHOPSIAOYEHHH TOJIOKCHHE BapHaHTa T yJydllHJIoCh, & BO
BCEM OCTalIbHOM Npoduib octasicsi 63 U3MeHeHHH, BADHAHT I JOJIXKCH
ocTaThesl B KoJUleKTHBHOM Bhibope. [delicteuTensno, eciu £ € S(u), To
Ty4ry Ans Beex y € X. Ilpu ynmydmenun nosoxKeHusi BapHaHTa T B
OZHOM W3 YNODSZi04UeHH N 3HAYEHHE T} YMEHBIIMIOCh, & OCTAJIbHLIE 3Ha-
qenust vy anst Beex y € X ne ymensmaiorcsi. CriezfoBaTesnbHo, COOTHO-
mcHue 7,47, Anst Beex y € X coxpansiiores. Tem caMbIM yTBepXKzAeHHe
ZlOKa3aHo.

IMpouexypa Bopaa ucnonbayercsi, B 4aCTHOCTH, IPH ONPCAEICHHH T10-
GeauTenelt u Mpu3EPOB B copeBHOoBaHMsX N0 (urypHoMy Katanuio [12].
Pont uzbupatesneit HrpaoT cyAbH, a POSib ANLTEPHATHE (KAHAUAATOB) —
¢urypuctul. Cyapn BhCTaBNAKT (DUTYPHCTAM YHCIOBLIEC OIIEHKH, HO B
KOHEYHOM HTOTre [1PH ONPEAEICHHH KOJJIEKTHBHOTO PaHXKHpOBaHH s (DH-
IyPHCTOB YYHTBLIBAETCSI CyMMa MecT (DHIYPHCTOB B MHAHBHIYyallbHBLIX

ynopsifodeHusix, T.e. npouesypa Bopaa.

2.1.2 Hp&BHJ’lO OTHOCHTENABLHOr0 BOaBIIMHCTBA

Ecnu kanpuparos (anwrepuarus) Gonee aByx, To Haubonee momynsip-
HBIM METOZOM TOJIOCOBAHHSI CHHTAETCS NMPABUIIO OTHOCHTEIbHOTO Gob-
muncTBa [7].

IIpasuio oTHOCHTEALHOrO GonbmuucTea [24]. Kaxawit uzbu-
paTens orAact cBolt ronoc HanGosee NpeANOYTHTENLHOMY 51 cebst KaH-
aupary. Uabupaercst KanauaaT ynoMsiHyThIlt B Haubonbiem KonuuecTse

6ronnerenett.

171



9To npaBWiio yBaXKaeT BoJII0 OOJNBIIMHCTBA B TOM CMBIC/e, HTO €CJH
GonpmMHCTEO H30H paTesielt CYMTAET KAKOTO-TO KAHAMATA HAHJY HIITHM,
TO OH U nobexzaer.

Yreepxkaeune 2.1.4. |8] Mpascuao ommocumeavnozo boavwurcmea
yJoGAEMGOPAET YCA0CULM AHONUMHOCTIUY, Nedmparvrocmu, caaboti mo-
HomoNNOCTIY U onmumarvrocmu no Ilapemo.

Bostee ry6okuit ananus noxkaselBaer, 4To IPABHJIO OTHOCHTEILHOIO
GoNBIIMHCTEA MOXKET IPOTHBOPCYHTL MHEHH 0 GonbmuncTBa. [lokaxkem
3TO MpOTHBOpEYHE Ha mpumepe [8].

IIpumep. IlycTs rpynna, cocrosinias U3 BOCEMHAALATH YesnoBeK (u3-
Gupareseit), 10KHa BHIGPAT U3 TPEX KAHANAATOB, KOTOPHIX MBI yCJIOB-
Ho oboznaunM Oykeamu A, B, B, onHOro Ha HEKOTOpPYIO AOJKHOCTE.
Kaxxapiit u3buparens goyKcH yKazaTh B OoJljIeTeHe, coepKalleM KaH-
augarypul A, B, u B, nyumero c ero Touku apenust KaHAHATA.

VY Kaxxzoro u3bupaTessi ecTh CBOSI TOYKa 3DEHHS 0 TOM, KTO H3 3THX
TPEX KaHAMAATOB CaMbiit JTy4IIuii, KOTO OH CYHTAET HECKOJILKO Xy¥Ke, a
Koro He kenan Obl BuzeTs u3bpannbiM. IIpuBenéM Bo3MOXKHBIN CIHCOK

TaKHX TOYCK 3PEHHA.

mueHus udbuparenedt | yncao uabupareneh
0 KaHAMAATAX 716 5
caMbIl JIy4inu i A|B B
HOXYyKe B|B B
HeXXeJlaTelbHbIH B|A A

B sro cnyuac 3a kanauzara A Oyzer nmogano 7,3a B —6,3a B —5
rosiocoB. Torga npu rojiocOBaHMH C arperupyIolidM MPaBUJIOM OTHOCH-
renbHOro OonbmuHCTBa OyAer BeIOpan Kanauzar A, XoTsi 3 3TOlH XKe
Tabnunsl cinezyer, 4To Gonabuie nojoBHHLI W3bupaTenell (ogMHHARLATD

M3 BOCCMHAJLIATH) CYHTAIOT €r0 BLIOp HEXKeNATelbHbIM.
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AnanoruyHbilf IpEMEp paccMaTpPHBACTCH B TPeTheH IJlaBe, e pelie-

HHE 337244 11 PDOBOAUTCS 110 APYTrOMY arperupyiomieMy IpaBuily.

2.1.3 Ilmopanurapuasi npoueaypa [12]

Ot uabuparcineit TakxKe, Kak u B nponeaype Bopaa, Tpefyercs cTporoe
yIopsifioueHHe BADHAHTOB. IIpH MOCTPOEHHH BCIOMOraTelbHOH KOJICK-
THBHON IIKaNbl KaXKZIOMy BADHAHTY IPHIHCHLIBAETCS YHCJIO, PABHOE KO-
nuvecTBy H3bHparesel, I0CTABUBLUIKX 3TOT BADHAHT HA EPBOE MECTO B
CBOMX MHIMBHAYalbHLIX YIODSAA0YEHHSIX, T.€. CTPDOUTCS IIKalla «CyMMa
IepPBLIX MECT>.

Onpenenenue 2.1.8. [8] Kancdwii uzbupamenas obzacaiem ceou
npednoumenus, pansicupya p xandudamos om ayuwezo x rydwemy (0es-
pazauvus sanpeusatomes). Kandudam noayvaem odno owuxo 3a nocaed-
nee mecmo, 06a 3a npednocaednee u max daaee, nocaednut noayvaem
N ouxoe (pasnoe woauvecmey usbupameaett) sa nepeoe mecmo. Io-
besicdaem xandudam ¢ nauboavurett cymmott 0uK0G 34 NEPEOE MECTNO.
On naawvisaemea nobedumenem naroparumaphott npoyedypol.

VYreepxaenue 2.1.5. [7] Haroparumapnas npoyedypa ydosaemao-
PAEM YCAOBUAM AHONUMNOCTRY, Hattmpaavrocmu, caabot monomonno-
cmu u onmumaavtocmu no Iapemo.

JlokaxkeM nocjieAiHeE yCII0OBHE Y TBCPXKAEHHS, YTO IUI0PaIUTAp HAs IIPO-
nefaypa yHoBJeTBoOpsieT YCJIOBHIO onTHMalbHocTH 1o Ilapero. Ilpeano-
JIOXKHM, 4TO 9TO YCJIOBHE He BBINOJIHSETCSH, T.€. 4TO ILUIIOpalUTApPHAS
npoueaypa He sibisiercsi Ilapero-ontuManbHo#t. Torma ansi BapuanTa
T, NpPHHAJJIEXKAIero KOoJUIeKTHBHOMY BbIOODY, JOJIXKeH CyIecTBOBATD
BapHaHT ¥, GoJiee npeANOYTHTENLHBIN, YeM BApHAHT I JJisl BeeX H30H-

pareneit. Ho Torza BapuaHT ¢ HONI>KeH I PHHAAI€XKATh KOJJIEKTH BHOMY
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BrIOODY, a £ — Her, T.e.
y€ S(u) =z ¢ Su). (2.1.7)

DTo NpoTHBOpEYHe JOKA3LIBACT yTBEPXKCHHE.

2.2 Ilpouenypsl, yYHTHIBAIOIGUE MHAMBHMAYAJIBHBIE IOJIE3HO-

CTH BAPpHUAHTOB

B npeabiayux npoueAypax B KadecTBe HHAMBHAYAIbHLIX MHCHHH H3-
OuparTesiell HcHoJb30BANHCH yIOpsiAoYeHusi BapuanToB. MHoraa Tpeby-
eT, 4T06bLl H30H paTesih He TOJILKO YIOPSOYHS BADHAHTHI, HO M Jall UM
KOJIMYEeCTBeHHELIE OIIeHKH, T.€. IOCTPOMJI HHANBHAYAILHY IO IIKAY Ipej-
no4TCHHH Ha BapHaHTaX M3 X, HHTEPIPCTHPYEMYIO KaK KAy HHIH-
BUAyallbHOM M0JIe3HOCTH. B 3THX cllydasix MHCTPYKUHsi TpeOyoT npH-
NHcaTh BapDHAHTAM YHCJIOBBIE OLICHKH.

Ha 3TH oneHKH MOTyT 6LITH HANOXKeHBI Pa3THYHbIC OTpaHuYenus [4].
Hanpumep, TakuM orpanddenneM MoxeT OLITE TpeboBanue, 4TOOLI OLleH-
Ka BapHaHTa He peBblllala HeKoToporo (puKcHpoBaHHoro 4Kcia. B -
oM cilyyae uzbuparesn BLIOHpaeT CBOIO YHCIOBYIO HIKAIY.

BcnomorarenbHasi KoJUIeKTHBHas IIKala CTPOMTCS MYTEM arperupo-
BaHUS MHAMBUAYATBHLIX mKan [2] (Hanpumep, CyMMUpDOBaHHEM HHJH-
BUAYaIbLHLIX MOJ€3HOCTeH BADHAHTOB M3 NpeAbsiBIeHHs] X).

Jnst panbHeiiero M3JoXKeHHs HaM NMOHaA00HTCs cllefyomiee MOHs-
tue [8].

Onpenenenue 2.2.1. Bunaprnoe omuowenue G na muoscecmee X
npedcmacatem cobot nabop ynopadouernnwr nap (T,y) u3 saeMenmos
37020 MIH0ICECTEA.

B nameM ciydae muoxectso X npezcrasisier coboit MHOXKECTBO Ba-

puanToB B u3buparenbHom Gmoierene (MHOXKeCTBO KaHauAaTos). Bu-
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HapHoe oTHoIIeHHE (G MOXKET HMCTDb COACPIKATEIbHBIH CMEICI <«IPEAIO-
4YTHTeNbHee, YeM», a 3aNuch T(GY 03HAYaET, YTO «BADHAHT T IPeAINo-
YTHTEJIbHEe, YeM BapHAHT Y.

K nponegypaM maHHoOro BuAa OTHOCSITCS CleAYIOIIHE MPOLCAY Phl.

2.22 IIpasuno Kongopce

Obpamasice K 3azade BeIbopa HEKOTOPOro KOJIJIEKTHBHOIO MpPEAIoYTe-
nusi, Kongopce Bceraa npegnosiarai, 4To cyliecTBYeT HEKOTOpoe 00bek-
THBHOE PAHKHPOBAHHE KaHAHJATOB, KOTOPOE MOXKeT ObITh H3BJIEYEHO U3
npoduiiell HHAUBHAYaATbHEIX Npegnoutenutt. OH npeaioXKui nNpoctyio
OuHOMHMANILHY10 Mogelib omubok u3bdbuparens. Jns mwoboro bunaphoro
cpaBHCHHsI Jyisl KaxKzioro u3buparTessi 3aiaHa HeKOTOpasi BEPOSITHOCTh
TOro, 4TO KaHAMAATH OyAyT ynopsjodeHbl npasuibHO. Ilpeamosnara-
ercsi, 4ro M3bMpaTesM MMEIOT paBHbie BO3MOXKHOCTH, H HE CyH[eCTBY-
€T KOppeJsilid MeXK]ly CpaBHCHHSIMM B DamllHYHbLIX Napax. B ciyuae
Oounapuoro Buibopa BuiOOp 10 HaubonbieMy npaBaonoaobHIO sBIsIETCH
npasuiiom 6onpmuncrsa [6]. Uz atoro nabmogenns Kongopee BuiTekaer
rnasHoe obocHoBaHuMe npuHIMNa GonbmuHcTBa [24].

Ecnu paznuunble u3buparesin HMeOT Pa3Hy 10 KOMICTEHTHOCTD B CPaB-
HeHHH HCXOZOB, TO NPaBWIbHbLIN BhIOOp no HaubosblIeMy NpaBAONOAO-
Ouio He croib ouesueH. OkasbiBaeTcsi, YTO HYKHO ONpeJeUTh B3Be-
meHHoe GOJILIIMHCTBO MHEHHH AreHToB, IIPH KOTOPOM Beca 3KCIEPTOB
uaMmensiioTest Kak log(pi/(1 — p;)], ecnu p; — BeposiTHOCTDL NPABUILHOTO
orBeTta ajs uzbuparens i [1].

st ciyqasi, Koraa Bece H30HpATe I HMEIOT PABHY 10 KOMIIETE@HTHOCTD,
onuineM uien KoHmopce obbesuHeHHs] pa3iHuHLIX MHCHHN u3bupaTe-
nielt, ecyid Kanauaatos Tpu M Gosee. Wexoms uz 6GunapHoro ciydan o

3aKJIKYHJI, 4TO BC€ OTHOCAIHEeCs K ey JaHHble COdep>KaTciad B MarKo-
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PHTAPHOM TYDHHPE, KOTOPLIH MOJyYaeTcsi NpH BCeX MapHBLIX [oJI0COBa-
HusiX ¢ puKcanucell noaHALIX rosiocos [24]. 3aTem on NpeATOKUI, ITO-
6Ll KAaHANAATE DAHIKHDOBAIKCh B COOTBETCTBHH C « Hanbosiee BeposiTHOM
KoMOuHanuelt MHeHHH». B TepMHHOJIOTHH COBPEMEHHOH CTATHCTHKH —
3TO KPUTCPH# MaKCHMAlLHOTO mpagjononobus [4].

Ecnu MaxkopuTapHoe OTHOIIEHHE TPAH3UTHBHO JJIsI HEKOTOPOI'O IPO-
¢unsi, To ono siBnsiercs nanbosnee BeposATHLHIM MOpsiAKOM [6)].

Ilpu ucnonb30BaHMH B KAYECTBE BCIOMOTATCIBLHON CTPYKTYDHI Ma-
JKopHTapHoro rpada npeacrasiicHHE 0 JiydllleM BADHAHTE €CTECTBEHHO
CBSI32TH C BAPDMAHTOM <«JIyYIIHH B MAPHEIX CPABHEHHSIX», T.C. C BapHaH-
TOM, KOTOpPHI#t DoJibille moJIOBMHEI H3bupartesnelt cuMTaer Jy4mie Jwoboro

apyroro uz X [8]:
S(u) = {zr € X, tako#t, uto Gy aas Beex y € X, y # x}. (2.2.1)

Takolt BapuanT HazLiBaeTcs: nobegutenem no Konmopee.

Onpenenenne 2.2.2. [24] Jas 3adannozo npoduas npednoumenud
nobedumenem no Kondopce nazveaemesa xandudam a (c neobxodumo-
cmwio eduncmeennnid), xomopuwitt nobescdaem at0bozo dpyeozo wandu-
dama npu napHoMm CPAGHENUYL N0 NPAUAY boavuunemaea:

das 6caxozo b # a usbupamenett, cvumarouux a ayvwwe b, boavwe,
nNeM MET, KMo cuumaem, wmo b ayvwe a.

Cocrositenbroe no Konjopce npasusio Buibupacr nobeguresnst no Kon-
Jopce, eclii TakKolt CyIecTBYyCT.

Ha maxkopurapuoM rpade nobeaureno no Konzopce coorBercrByeTt
BEPIIKHA, OT KOTOPOH OTXOJAT AYT'H KO BCEM OCTalbHLIM BCPIIHHAM Ma-
xopuTtaproro rpada [26]. Uacto Maxopurapubilt rpad Takux BepHmIMH
HC cozepXkHuT, H Bribop mobeauTenst mo Kongopee nycr.

3ameTuM, uro npaBusio Bopaa siBjisieTcst arperdpyoiaM IpaBHIIOM
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roJlocoBaHHs IIPH 3afaHHON Npolieaype Buibopa KanguzaTa st Jioboro
npoduiisi NpeAnodITeHHH IPH paBeHCTBE 04KOB. B To e BpeMsi cocTo-
sarenbHocTh Mo Kongopce onpegesnsier u3bupacMoro KaHAuAaTa TONbLKO
AJist yacTH npocuielt, a MMeHHO Ais Tex npoduiel, 171 KOTOPLIX MHo-
6eaurens no Kongopce cymecrsyer. Eciu nobeaurenss no Konzopce
HeT, T.. Mbl HMeeM KOH(HIYpPALMIO 1peIoYTeHH:, Ha3biBaeMylo Ma-
pazokcom Kongopce, To napHble cpaBHeHHsI 10 NpaBHily GoJbUIMHCTBA
obpazyior LMKiI.

Cupasesnusa crnefyonias TeopeMa [24].

Teopema 2.2.1. (Pumbepn) Cyuecmeyrom npofuau, npu xomo-
pwx nobedumeas no Kondopce se mooicem boumo uzbpan wu npu xaxom
memode nodcuéma 2040c06.

B o6uweM ciyuae BepositHocTh 7(p, 1) Toro, 9ro nobegurens no Kon-
Jlopce He CYIIECTBYeT NPH P KaHAMAATaX H 1. u3buparessix Bo3pacTaer
0 p W Bo3pacTaeT 1o 4Hcy u3buparteset or n o n + 2. Eciau aucio
uzbuparesel cTaHOBHTCH AOCTATOYHO GosbuIMM NpPH (PHKCHPOBAHHOMY,
TO IpejesbHasi BePOTHOCTb T(p) Moxer ObiTh oneHeHa no Oumbepn

[1984]:
(p) = p+0.2
P = 01953

KOTOpas clipaBedjiiBa C TOYHOCTHIO 40 IIOJIOBHHABI NPOLIEHTa IIPDH

—(0.63)"7, (2.2.2)

p < 50. Ecnu nobemutens mo Kongopce He cymectsyer, To npasuio
arperupoBanust (cM. 2.2.4) BribupacT paBHyl0 eMy 3aMeHy (HampuMcp,
npasuio Koymienga, npasuino CuMicona win jobbie nociiefosarelib-
HEle CDaBHEHHSI 110 NPABWIY OOJILIIMHCTEA).

TTonpobyem ycTanoBuTh, KOTAA XKe cyliecTByeT nobegurens no Kou-
nopce. 3abukcupyeM nopsinok Ha A, A = {ay,as, ..., ay}, u obozHauUM
1epes SP(A) coorsercTBylomyio obnacTh yHUMOAATLHLIX NpeAIoYTe-

HHM.
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Onpenenenue 2.2.3. [24] Hpednoumenue u na A acasemecs ynu-
ModanvHuM, ecau cyuiecmeyem marot ucrod a*, nasweaemmd ITunom

dad u, vmo u cmpozo codpacmaem do a* u cmpozo ybweaEM Nocae Hezo:

{a <b<a*= u(a) < u(b) (2.23)
a* > a < b= u(a) > u(b) dan ecex a,b}.

3aMeTHM, 4TO BHYTPH HMKA MOXKHO JIONYCTHThL beapaznnynsi.

WMeoT MecTo cieayonme JeMMbl [23].

Jlemma 2.2.1. Hycmo 3adanst nopadox va ucxodax u3 A u coomeem-
cmeyrousan obaacms ynumodarvnox npednowmenutt S(A). Ecau wucao
u3bupameneii nenémuo, mo dan ar0bozo npoduas u uz SP(AYN cy-
wecmeyem edurcmeennwvitl nobedumeav no Kondopce. On asasemca
cpednum nuxom unducudyeavnur npednovmenut.

Jlemma 2.2.2. Craxncem, umo ucxod Aeasemca caabvm nobedume-
aem no Kondopce, ecau we cyusecmeyem dpyzozo ucxoda, xomopwul
b 6w mpednoumumensriee Oai cmpozozo boavwuncmea. [Jar obaa-
cmu yrnumodarvnur npednovmenutt SP(A) paccmompum npofuav us
SP(A)N npu newémmom wucae azenmos 6 N. Paworcupyem nuxu azem-
M06 N0 603PACTANUIO;

G <al
Tozda 6ce ucxodw mencdy a;/z u a;/2+1 (6maronan obe spanuywm) Acan-
1omca caabomy nobedumensmu no Kondopce.

Cornacio AByM OpeAbiAyl{dM JieMMaM, B yHHMojalbHoH obnacru
Becerga cylecrByer nobeaurens no Konpopce, 4To NpHBOAHT K HeMa-
HUNYITHPYEeMOCTH NpaBui ronocosanust (cM. 2.2.5).

ITokaxkeM, uTo B aTolt obnacru napagoke Konzopce He MoxKeT 1 posiB-
JISAThCS, TOYHEE, YTO NPaBWJI0 OOJILIIHHCTBA OPOXKAAET MOPSIZIOK KOJI-

JleKTHBHOro BiarococTosiHusl.
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Onpenenenue 2.2.4. [24] Jas dannozo npouas u u das coobuse-
cmea N obosnanwum wepes M (u) mascopumapnoe omuowenue: aM (u)b
mozda u moavxo mozda, xo2da|N(u,a,b)| > |N(u,b,a)|, a wepes M*(u)
€20 acummempuveckyro xomnonenmy: aM*(u)b moeda u moavxo mo-
2da, xoeda |N(u,a,b)| > |N(u,b,a)|. Cxaxncem, wmo uczod aeasemca
{caaboim) nobedumenem no Kondopce npu npoduae u, sadanmnom na A,
€CAU 0N AGAREMCA MAKCUMALHHM daemermonm no M (u).

Jlemma 2.2.3. [24] Ecau wucro azenmoc 6 N neuemno, mo masico-
PUMAPHOE OMHOUWLEHUE ACAACTICA TOPATKOM KOALEXKMUGH020 Oaazoco-
cmoanuA, YyloeAEMEOPAIOULUM CGOTCTNEAM GKCUOMB FPPOY 0 NEIAGUCU-
MOCTRU 0T NOCTNOPOHNUT AALMEPHAMUG U Moromonnocmu na SP(AN.
Boaee mozo, dasg ar0b020 ynumodaavnozo npoduas
u € SP(A)N coomeememeyrousee masicopumaproe ommowenue M (u)
A6agemca ynumodaavium, a €20 nux — (eduncmeennwtt) nobedumens
no Kondopce das u.

Ecinu ke uncno arenToB B coobiiecrse 4éTHOE, TO MAXKOPHTAPHOE OT-
HOlleHHE He 00A3aTeNbHO sABisieTcs TpaH3uTUBHEM [6]. Jnst Toro, uTo-
Obl 00HADYKHTH MOPSIAOK KOJJIEKTHBHOTO OJ1ArococTosIHUS IIPH YETHOM
71, HeoOXOAMMO NPH PABEHCTBE T'OJIOCOB IOCTYNATh HEKOTOPLIM CHCTE-
marudecKkuM obpazoM. Hanpumep, Beersa oTaaBaTh NpeANoYTeHHE HAR-
MeHbIlleMy HCXOZy OTHOCHTEJLHO 3afaHHoro nopsizika Ha A. Drto npu-
BOAMT K JIEBOMY MayKODHTAPHOMY NpPaBHILY:

aM;(u)p < {|N(u,a,b)| > |N(u,b,a)| nn (2.2.4)
|N(u,a,b)| = [N(u,b,a)] u a nepen b}. o

STo oTHOWIEHHE SIBIsieTCS YHHMOAANbHEIM TlopsifiKoM, a M;(u) — no-
PSiI0K KoJLleKTuBHOTO barococrosinust na S P(A)N, yaosnersopsiontnit
YCJIOBHSIM aKCHOMbI JPPOY O HE3aBHCHMOCTH OT MOCTOPOHHHMX allbTep-

HaTHB H MOHOTOHHOCTH.
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Vreepxnenune 2.2.1. [6] Mascopumapuoe omuouterue acaiemeca
Memodom azpe2uPo6anUA CO CACOYIOUSUMY CCOTECTNGAMY.

(a) Omno azpezupyem arbott npoduav yrnumodaasnox npednowmenuti
6 YHUMOJIADHOE KOAREKMUGHOE TPEIN ONMENUE.

(6) Owno monomonro u ydocaemaopaem axcuome Ippoy o ne3acucu-
MOCTU 0T NOCTMOPOHKUT GALMEPHAMUG, U CAeJ06AMENLHO, UKIYYUPY-
€M HEMAN UYAUPYEMDBLE TPAGUAR 2040C06aNUR O Kadcdoz0 npedmema
cnopa.

{6) Ono anonummno u ydocaemeopaem ceoticmey edunozaacus (ecau
dad 6eexr azenmoé a aywwe b npu u, mo amo ce cnpacedauéo u no

3aMeTuM, 4TO HeHTpaibHOCTb OeccMbicJiCHHA B PAMKAX yHHMOallb-
HOCTH, IIOCKOJILKY TOPSIZIOK Ha MCXOJjaX y¥Ke 3ajAaH.

Vreepxkaenne 2.2.2. [7] Hpoyedypa azpezuposanus no Kondopce
6 arobott obaacmu, 2de cyurecmeyem nobedumenw no Kondopce, ydocae-
MGOPACT CE0UCTNEAM AHOHUMNHOCTNY, HEUMPAALHOCTIY, ONMUMAALHO-
cmu no Hapemo u caabolt monomonrocmu, a 6 obaacmu ynumodaas-
N npednoumenutt npouedypa azpezuposanus no Kowndopce ydoeae-

meopAem ewé u c6otcmaey MoNOMOHHOCTNY.

2.22 Ilpasuna arperuposanus Koynnenaa u Cumncona

Hanum nsa naubosiee ecrecTBCHHLIX 0000menus nobegutensn mo Kon-
zopce.

Onpeapenenne 2.2.5. [24] (IIpasuno Koynnenna) Cpacnum xan-
dudama a ¢ aw0bom dpyeum xandudamom b. Havucaum emy +1, ecau
das boavwurcmea a ayuwwe b (aGh), —1, ecau dasa boavwuncmea b
aywuwe a (bGa) u 0 npu pasencmee (ecau 6vnoansemes {aGb = bGa}.

Cymmupys obusee wucao 0uxo6 no ecem b, b # a, noayuaem oyenxy Ko-
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ynaenda das a. Habupaemca xandudam, nasweaemuitt nobedumenem no
Koynaendy, c nauevicwett u3 Maxux oyeHox.

Onpenenenne 2.2.6. [24] (Ilpasuno Cumncona) Pacemompum
xandudama a, atobozo dpyezozo wandudama b u 0603na~um wepes N(a,b)
wucao uzbupamenett, das xomopux a ayqwe b aGb. Ouyenxott Cumncona
das a waaweaemea munumaavnoe us wucer N(a,b) no ecem b, b # a.
Hsbupaemea xandudam, nasweaemuitt nobedumenrem no Cumncony, c
Hauswvicwetd maxold oyenrod.

OTH npaBuia BLIOHpaOT 475l KaxKoro npodyisisi MHOXKecTBO mobeu-
Tesel, KOTOPOEe MOXKeT COCTOSITh M3 HECKOJIbKHX KaHAMAATOB, MOJIyYHB-
IHX OFMHAKOBYIO OI|CHKY.

Vreepxkaenue 2.2.3. [7] IIpacura Koynaenda u Cumncona co-
cmoameavnwot no Kondopce, ydo6aemeopA10om ycao6uAM aHOHUMHKOCTU,
nedmpaavnocmy, onmumaavriocmu no Ilapemo u monomonrnocmu.

B camom aesne, nobegurens no Kongopce ogun nosiydaer HauBbiculy 1o
onenky Koynnenaa p — 1 (p — 4uciio KaHAHAATOR), a TaKXKe OLCHKY
Cumncona Buime in (n — 4ucno uabupareneit) [24].

Jnst npasun arperuposanusi Koymienga u Cumicona cnpasesjiuBbl

npenbiayue yreepxkaenust 2.1.2.

2.3 IIpoueaypsl ¢ MCKJIIOYEHHEM H3 PACCMOTPEHUHA 4aCTH Ba-

PHAHTOB

Bo Bcex nponezypax atoro Tuna no uzbuparensbHuiM OonsieTeHsM cTpo-
HTCS Ta WIM HHAsT BCIOMOTATeNl bHAas KOJLJIEKTHBHAs! Kana. IIponeayphl
OTJIMYAKTCS APYr OT Apyra NPHHIMIAMH, Ha OCHOBAHHH KOTOPHIX IIPO-
MCXOZIUT TO3TANHOE CyXCHHE MHOXCCTBa BapuanToB [4]. PaccMoTpum

HECKOJILKO TaKHX HPOLeAyP.
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2.3.1 IIponeaypa rosiocoBaHusl € NOCJIEH0BATEIbHBIM MCKJIIO-

YEeHHEM

STa nponeaypa B MHPOBOH MpaKTHKe H3BECTHA KaK IPOIECC MONpaBoK
[12]. Ona ucnonsayeres B CIIIA, korza Kourpecc ronocyer 3a (npoTus)
npeJioKeHHe W BHECEHHE TMON PABOK.

Tonocosanue ¢ MOCAEAOBATENBHBIM HCKIIOueHMEM. CHagana
no npasuily OoJbUIMHCTBA HCeKIo4aeres Jiubo a, aubo b, zarem no mpa-
BHILy OONBIIMHCTBA IPOBOAMTCS CPABHCHHE MoDeaUTeIIs IePBOTo pay HAA
U C M TaK ganee. B ciyuae paBcHCTEa NPOUTPHIBAET KAHAUAAT, KOTOPHIH
HaxXoJWJICs Ha HHKHEM PayHZE CPaBHEHHsl. ITOT METO| YAOBJETBOPSICT
cocrositenibHocTH o Kongopcee [24]: ecniu @ — nobeaurens no Kongopce,

TO OH H BBIMI'DBLIBACT.

2.3.2 IIponeaypa momapHoro cpasHeHHs CO status quo

B Tex cayuasx, Korja BapHAHTAMH T1, I3, . . . , Tn ABJIAITCS Pa3IHYHbIE
NPEeAJIOXKCHHS 10 H3MEHCHHIO CYIIeCTBYIOIel CHTYAIHH, YaCTO K MHO-
YeCTBY TaKMX BO3MOXXHLIX BADHAHTOB AobaBisieTcs emé oAuH BADHAHT,
KoTopoMy npHjaercs ocoboe anauenue. Ha comepkaresannoM ypoBHe
OH TpaKTyercsl, Kak status quo, T.e. Kak «oTcyTcTBHe TmepeMcH» [8].
Tak, HanpuMep, €clii T; — BapDHAHTLI H3MEHEHHS HEKOTOPOrO 3aKOHa
(e I=(1,2,...,N)), ro status quo — dopmynuposka 3akona be3
uamenenut [12]. B takux ciayuasx nobesuTens, BLIBJACHHBIN MDH TO-
NapHBIX CDABHEHH 5IX, IPeAbABIISACTCS H30MPATENAM Ha MOCTI¢IHEM 3Tale
ZJIsl cpaBHeHHsl ¢ BapHaHToM status quo, ¥ TOJBKO pellleHHe, IPUHATOE
Ha TIOCJIe/IHEM 3Talle, CYMTACTCS OKOHYATEJILHLIM KOJIJIEKTHBHLIM pellle-
uuem [24].

B sToM u mpeabigyiieM MeToAe MOPSIAOK MCKIIOYCHHH BIIHSIET Ha HC-
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X0/, IpHHHMaeMOro pelieHHsi. IIpeAnonoKuM, 4To NpeaceiaTeslh H3-
OHpaTeIbHOro KOMHTETA MMeeT [paBo ONpeJeSHTh MOBCCTKY AHS, T.€.
YCTaHOBHTE TIOPSIAOK TMOCJGAOBATENLHOTO CPaBHeHHs! KaHauzaTos [12].
A moatoMmy oH B cocTosiniu obecneunTs n3bpanue Moboro KanauAaTa Mo
CBOEMY >KeJIaHHIO [pH JitoboM npoduse npeanodTeHull, Ajsi KOTOPOro
ner nobeaurens: no Konzopcee [24].

DTH ABe arperupyIolijie Mpolie/lyphbl roJI0COBAHHSI CYUTAIOTCS 110 Cy-
IIeCTBY HecNpaBeAMBLIMH (B HMUX HC BBINOJIHSETCH YCJIOBHC HEHTpalib-
nocru) [7]. Kanauaar, npeacTaBnsieMbill MOCHeIHAM, HMEET O4eBHHOE
I PEMMYHICCTBO, IOCKOJIbKY €My HaJl0 BLIHTDATH TOJILKO Y OJHOTO CBOCTO

OINIMOHEHTa.

233 Hp&BHJ‘lO Napanji€JibHOro MHCKJII4YEHHHA

PaccMoTpHM 3T0 IPABMIIO AJIst YeTHIPEX KAHAMIATOB: a, b, ¢, d [24].

IIpasuii0 napanaenbHOro Mckauenus. Cuagana no npaBuiy
GosbIIKMHCTBA cpaBHHBaOTCA Naphl @ ¢ b u ¢ ¢ d. Ilobeautenu Berpeya-
10TCs B (puHase, rie cpaBHHBAIOTCS 10 npaBwily GonbmuncTBa. B ciyuae
paBcHCTBa BhiOMpaeTcs KaHAMAAT, HAYIMH paHblle 1o andaBuTy.

Vreepxkaenue 2.3.1. [19] Azpezupyrousee npasu.ao napaareaviozo
uckaronenuf cocmogmennro no Kondopce.

Bosee Toro, ans uzdpanusi KAXXA0My KaHAMAATY T HY»KHO nobegutn
B JIByX CPaBHEHHSIX 110 paBuily GosbUIMHCTBA. 3aMETHM, 4TO 3TOT Me-
TOJ, HHOTZ2 He YAOBJIETBOPSIET YCIOBHKO ONTHMAaNILHOCTH 1o [lapero npu

paBencrie GunapubIx BEIGODOB |7].
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2.3.4 Ilpounenypa ucxknoyenusi no GecnoBTOpHOMY ZEpEBY

Ipu arperupoBaHiy NpeANoYTeHHH METOAOM Napa/lIeIbHOTO HCKIII0Ye-
HHS BO3HHKAET BONPOC: MOMKHO JIM IIOCTPOHThL CXECMY IOCIIEHA0BATEIbHO-
ro HCKJIIOHeHHsI Ha OCHOBE COOTBETCTBYIOIIEro JAcpeBa Tak, 4Tobbl npH
I POH3BOJILHOM KOJIHHeCTBE KaHAWAATOB u3Oupascst Obl onTHMalbHbIH
no Ilapero ucxoxn npH BesikoM npodousie npennodtenuit? s Toro, 4To-
Obl OTBETHTL Ha BOIPOC, IOCTABMM B COOTBETCTBHE KaXKzoMy mpoduio
NpeanoYTeHH Ma>KOpHUTapHLIH Ty DHHD.

Onpeapenenne 2.3.1. [8] Maxopurapubif Typaup — 5mo 6u-
naproe omuowenue G, KOMOPOE NOAYHAEMCA 6 PEIYALMANE CPAGHEHUT
no npasuay boavwurcmea: aGb o3navaem, wmo Goavwurncmeo cuuma-
em a ayvwe b,

Hnst npocrorbl GymeM npeAnosiaraTb, 4TO NPH NADHBIX CPABHEHHSIX
Her paBeHcTBa rosiocos. Obo3naynM yepez X MHOXKECTBO KaH7HATOB.

Onpeanenenne 2.3.2. [24] Bunapuoe nepeso na X ecms maxoe
xoneunoe depeco, 6 xomopom xascdott neunaavrot cepwune (exaro-
nad Havaavhylo) coomeememeyem posno dee caedyrouue, a xaxicdot
unaavnott eepuiune (y womopott nem caedyrousett) npunucan wandu-
dam (anemenm u3 X), npuxém masicdmd xandudam noaeasemcs no
xpatinett mepe 6 odnoti Punaavmott 6epwune.

C 6unapabiM acpesoM Ha X Mbl CBSIZLIBACM cllezyioliiee IPaBHIIO ro-
nocopanus [24].

Tonocosanue ¢ noMombi0 GHHAPHOrO nEpEBa

(a) BoifepeM B HeTepMHHANLHYIO BEPUIHHY 1, Y KoTopol obe cie-
Jyolljie BCPUIHHEI TN, m* sABisiioTcst (DHHATLHBIMH.

(6) Ecnu x,z* — Kanguaarsbl, NpUNHCAHHLIC BEPUIHHAM T, TN*, TO
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HazoBeM Y nobeauTesieM mo npaBuiy OonbIKHCTBA:

z, npu zGzr*
y= P . (2.3.1)

r*, npu r*Gzx

(B) VYpanum zyru nm u nm*, caenaB n ¢uHANLHON BepIIMHOH,
KOTOpOH NpHIHCAH KaHAUZAT Y.

(r) Byzem noBTOpPSITH 3Ty ONEpAlHMIO A0 TEX MOP, OKa HE MOy 1HM
Z€PEeBo W3 OAHON BeplIHHEI (HauanbHasl BepmuHa). Eif Gyaer npunucan
n30MpaeMEIll KaHAMIAT.

Vreepxaenune 2.3.2. [19] Jwboe 6urapnoe depeco noposcdaem
cocmoameavunitt no Kondopce memod zoaocosanud.

Cpenn OHHapHLIX AepeBLEB NPOCTEHINMMH SIBJISIIOTCH TC, B KOTOPbIX
KaXKAbllt KaHAMJAT TPHIHUCAH POBHO ofHolt Bepmuue [7]. Hazosem ux
nepeBbiMH 0€3 NOBTOPHBIX MCKJIIOYeHHIH.

Jlemma 2.3.1. [24]

(a) Ecau X cocmoum uz mpéx xandudamos, mo depeéo nocae-
Jdo6aMeasH020 UCKAIOUEHUR ACAREMCA CIUHCTEEN NBM OECTIOGTOPHBLM
depecom. Coomeemcmeyiousee npacuao 2040C06GHUA ONTNUMAEALHO TO
Hapemo npu ycao6uu, wmo 6ce cPasHenus 1o HOABUWUNCMEY CTRPOZUE.

(6) Ecau X cocmoum u3 uemwpéz wandudamos, mo ecmv moavko
dea becnoemophnnx depea: nocacdoGamensbHOE UCKANOYEHUE U NAPAA-
aeavhoe uckaroveriue. Ilepeoe U3 HUT HAPYWLAEM ONTMUMEABHOCTD 1O
Hapemo, a nocaeduee — sem.

() Ecau X codepymcum namv u boaee wandudamos, mo awboe
uckarovenue no becnoemopromy depesy npucodum x usbparuto domu-
nupyemozo no Hapemo xandudama das nexomopwzr npoduaet.

3ameTuM, uro 6UHADHOE AEPEBO MOXKET JATh ONTHMalbHoe 1o IlapeTro
IPaBHJIO roJIOCOBaHH S TOJILKO B GoJiee clloxKHOM cilydae, 1em GecroBTop-

Hoe aepeso. Ho eciin MBI pazMHoXKaeMm (DHHANILHbIE BEPUIHHE], KOTOPBIM
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NpPHIHCAH HEKOTODHIl KAHAMIAT, TO MOXET HADYUIHTCS OCHOBHOE Tpe-
GoBaHue — ycI0BHE MOHOTOHHOCTH.

Oanako cymecTByeT OMHapHOe JiepeBo, ONpeAeéHHOe AJisfi MPOU3-
BOJILHOTO KOJIHYGCTBA YYACTHHKOB, B KOTODOM COOTBETCTBYIOIIHE HC-
KJIIOUCHHS TOPOXKAAIT oNTHManbHoe Mo Ilapero, aHOHHMHOE H MOHO-
TOHHOE IPABHJIO TOJI0COBAHHS — 3TO MPABHJIO TOJIOCOBAHHUS C TIOMOIILIO
TaK Ha3LIBAEMOTO AEPEBA MHOTO3TANHOTO MCKJIIO4YEHus [24].

Cy1iecTByer M0 OZJHOMY TAKOMY ACPEBY AJisl KaXKJ0T0 KOHKDETHOTO
ynopsinodennsi kanaunaros. Oboznaunm uepes I'y(1,2,...,p) Aepeso,
coorsercrBylomee nopsiaky A = {1,2,...,p}. Onpenenum ero unAyK-
THBHO Mo pa3Mepy A :

1 2 E_l(l,...,p—l) l",,(l,...,p—?,pl.
T2(1.2) Tp(1,....p)

Ipu p Kananzgarax momyHaiTcs 2P~ (pHHANLHLIC BePUIMHLI, KaHIH-
nar 1 npumucan 2P~2 (pUHANBHBLIM BepIIMHAM, a KaHAWAAT P TOJbKO
oJ(HOH, TeM He MeHee fJisi M3OpaHusi Aa’Ke KaHAHAATY P Hy>KHO mobe-
AATb B p—1 paynzax (Bo3aMOXKHBI CDABHEHHSI 110 HECKOJILKO Pa3 ¢ OJHUM
M TEM KC ONNOHEHTOM).

AJIropuTM pelicHHsi MHOTO3TAIIHOTO HCKJIIOYEHHS OIIH ChIBAETCS B CJle-
aywoieit Teopeme [24].

Teopema 2.3.1. (Illencn u Be#turacr [1984]) Janw depeco mmo-
zoamannozo uckaronenua I'p(1,2,. .., p) u npoduas npednoumenua, co-
omeemcmeyrowut mMasrcopumapromy mypnupy G. Habupaemwuit xandu-
dam a* mooicem bums natiden no caedyrousemy aszopummy:

o) = 1
i npu ’iGC!,‘_l, iGai_g, Ve ,iGC!]

das ecer o =
oy pu ajGoy daa j: 1<j<i—1,i=2,...,p

(2.3.2)
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*
a, =a’.

Cnencreue teopemnr 2.3.1. [24] Kandudam a, ewbupaemuiii no
Jepecy mrozosmannozo uckarouenus ¢ mypnupom G, ydocaecmeopaem

YCA06UL0;

dasa arwbozo b e X, b#a:
{aGb u/uau { daa nexomopozo c,aGb u cGb}}.

B wacmuocmu a onmumaaen no Hapemo.

Bosee Toro, cnpaBesiuBo cieywomiee yTBepxaenuce [21].

VYrBepxkaenue 2.3.3. Jepeso M10209maniozo uckaroenus noposic-
daem monomonnwsiti Memod 2020c06aKUA.

VYreepxkaenue 2.3.4. [23] Mrooicecmeo xandudamos, ydosaemeo-
parowee (2.2.6), odnomonenno moeda u moavko mozda, xozda G ume-
em nobedumeas no Kondopce, 6 npomuenom cay4ae oro codepacum no
xpatinelt Mepe Mpu Iaemenma.

B rperbett miaBe Gyaer paccMOTPEHO HECKOJIBKO NPHMEPOB sl IPO-

LeAyp ¢ HCKIIIOYEHHEM W3 PACCMOTPCHHS HaCTH BapHAHTOB.

2.4 IIpouenypsl ¢ M©3MEHEHHMEM Arperupy IOMIEro NpaBuiIa

WzMeHeHHe arperupymoInero NpaBuia MOXKCT NPHMEHSIThCH B TeX CIy-
4asx, KOT4a Ha NepBo# HTepaluu BhiAessieTcs Donblie BADHAHTOB, YeM
3TO Hy»KHO (HanpuMep, B CHJIy BO3HMKIIe}# paBHO3Ha4HOCTH ), 1ubo co-
IJIaCHO HCIOJIb3yeMOMY Ha MEPBOM HTEpallii NPABUIY ArDerdpPOBaAHHS
KOJIJIEKTHBHBIN BLIOOD OKazancsi MyCThiM, & [0 YCJIOBHK KOJUIEKTHBHBIN
BLI6Op AoMmKeH OLITh pesynnraTusen [8].

TosicHuM BO3HHKHOBCHHE TAKuX cuTyanutt Ha npuMepe [12]. Ilycts Ha

IEpBOM 3Tale IPHMEHSIeTCS arperupyiolliee NpaBuiio, HMeliee HeKOTo-

187



pHilt IOPOT 10 WIKAlle «YHCII0 [0JI0COB» (Hanpumep, BLIOOp o mpaBuiy
GonpmuncTBa ¢ noporoM — 50% ronocos uzabuparencit),  mycTh Kol-
JIGKTHBHO Jl0Ji’KeH ObiTh BLIOpaH poBHO ozuH Kanaupar. Ilyctn manee
nociie MOCTPOEHHS! BCIOMOTATENILHOM HIKANbl OK23aJl0Ch, YTO HH ONHH
M3 KAHAHMJATOB He MOJIyYHJl YUCIIO rosiocoB, Gonblie nopora, T.e. (yHK-
nusl KoJuleKTHBHOro Beibopa S(u) = ©. B stom ciyuae moxer OwiTh
M3MeEHeHo NpaBuio arperuposanusi. HanpuMep, Ha BropoM aTane yMeHb-
IaeTcsi MOpPoOr B NpaBHJie OTHOCHTENLHOTO DOJILIIMHCTBA, HIIH IPABHJIO
OTHOCHTEJbHOTO boJIbIIHHCTBA MeHsieTesl Ha Jiioboe pyToc MpaBuiio Bhi-
Gopa nydunx Mo aTol Ke 3KCTpeMabHol lKane (HanpuMmep, Ha NPABH-
1o Kouzgopce). Ecnu npu npuMeHenuy 3Toro npasuia B KOJUIEKTHBHbIN
BbIOOp NMonazaeT POBHO OAMH KAHAMAAT, TO NPOLieAypa 3aKaHYHBAETCS,
M 3TOT BapHaHT 00bsIBJIsSIeTCs KOJUIEKTHBHLIM pelieHueM. Eciu e Ha
3TOM BTOPOM 3Talle B KOJIJICKTHBHLIH BLIOOD NoNafaeT HECKOJILKO BapH-
aHTOB, TO BO3HMKACT HeoOX0MMOCTL B OpraHM3aliii TPEThEro aTana H
T.4. A0 TeX IOp, MOKa KOJUJICKTHBHBIN BLibop He Oyzer cocTosiThb pOBHO
M3 0JHOTO KaHAHAATA.

IIpu npHMeHEHHH TAKHX NpOLeAYP Ha Pa3HBIX STANaX MOTYT NpHMe-
HATLCS pasHoobpa3HLle coueTaHus npasui [8], B yacTHOCTH, coucTaHus

H3 TeX IpaBHJl, KOTODEIe ObiIM oNMHCaHBl B 3TOH TiaBe.

2.5 ArperupoBaHue KOJUIEKTHBHBIX NpesnovreHuil

Korzaa uMeercst TOJILKO ABa KaHIUAATA IOJI0COBaHHE [0 NPaBHIY 0OJb-
IIMHCTBA SIBSICTCS eAMHCTBEHHEIM cpaBefiuBeiM Metosom [24]. Ouo
YAOBJIETBOPSieT TPEM TpeDoBaHHsIM: aHOHHMHOCTH, HeHTPAILHOCTH, MO-
HOTOHHOCTH.

BakHbIM cileacTBHEM MOHOTOHHOCTH SIBJISIETCS HEMAHHIYJIHPYE-

MOCTH [24]: y arenra Her nolyauTenbHLIX (CTpaTerd4ecKHX) MOTHBOB
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JIraTh, T.¢. coo0IMAaTh MHEHHE NPOTHBOIOJIOXKHOE HCTHHHOMY.
Onpeanenenne 2.5.1. [8] ITod manunyauposanuem nowumaemes
npedramepernoe 6030eticmeue co CTNOPOTH. 0P2ANUIATNOPE YAY CO CTNO-

porst u3bupamenet! ¢ YEABI USMEHENUA PESYALTNATNA 2040COGAHUA.

B no6oit npouesype rojsiocoBaHHs Ha «BXOA» INPOLEAYpPHI MOCTyNa-
€T MHOXeCTBO BADHAHTOB, cozepKamuxcs B Oiomnerene, X (unade aro
MHOXKECTBO HA3LIBAIOT NpeAbsiBIeHHEM), a B peayJsibTare JeHCTBHS ar-
PErHPYIOIIEro NpaBuiia BhIpabaThiBaeTCsl KOJIeKTHBHHIM BbiOOp S(u),
NpH MOCTYJIEHHH Ha «BXOA» PasnudHbix npenbseicaud X C A (amecn
A — MHOXKeCTBO UMEIOIIKXCS KAHAUAATOB) Ha <«BLIXOZe» Bhipabarbipa-
I0TCS1 COOTBETCTBY0lHe AanHbIM X KoJleKTHBHbIe BhiGoput S(u) C X.
Tak Bo3HHKaeT KoJuleKTHBHAs (hyHnKkuusi Bribopa [19] S*(u) = C*(X).

B03M0KHOCTH MaHHIYJIMPOBAHHS CO CTOPOHLI OPraHU3ATOPA I0JI0CO-
BaHus H, Hao00pOT, 3AIUIIEHHOCTh 1 POLieAyPhl I'OJIOCOBAHHS OT TAKOIO
MaHHIYJMPOBaHHs, [IEJIHKOM olipeelisieTcsi cBoicTBaMH (PYHKIMH Bbl-
Gopa [8].

VYreepxkaenue 2.5.1. [8] @ynxyus ewbopa nemanunyaupyema, ec-
au dobacasemoie x X capuarmot Z, 6 6uibop 13 Pacuiupentiozo Muogrce-
cmea X UZ, ve nonadatom, u 3a cHém JobAGAENUR CAOHCHBILS GAPUGH-
moe Z, x X cocmae6 eapuanmos, nonadarowur 6 nabop usa X = XUZ

HE USMENAETMNCA N0 CPAGHENU ¢ Guifopom u3 X, m.e.

ecan X <X uCX)NZ =0, mo C*(X)=C*X). (251)

Jliis1 3alMIEHHOCTH OT MaHHMYJIHDPYEMOCTH CO CTOPOHEI M3bupare-
Jisl TIPH HCIOJIb30BAHMM ANNAPATA TEOPHH HTP AOCTATOYHBLIM YCIOBHEM
siBsieTcst paBHOBecuc o Hama [34]. B npunoxenuu k Teopuu romnoco-

BaHHUSI 3TO YCJIOBHE COCTOMUT B TOM, 4YTO HPOLieAypa OJI0COBAHUST HOJIXK-
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HA Y/IOBJIETBODPATh XaPaKTCPHCTHHCCKOMY yCJIO0BHIO MOHOTOHHOCTH [19].
9TH pe3sybTATH H BLIBOAKLI OLIJIH M0JTy4YeHbl H N0APOOHO PACCMOTPCHEI
B paborax [1], [2], [3].

CaenaeM cneayone obobmenus.

Onpenenenne 2.5.2. [24] Cxasicem, wmo npasuao zoaocosanus S
3QUUULENO 0T MANUNYAUPYEMOCTY, €cat 0ar a10b020 npoduns

u € L(A)N u 6carozo azenma i swnoaneno das cex

v; € L(A) : w;(S(u)) > wi(S(vi, v5-1)). (2.5.2)

Wmeer MecTo cremyiomias TeopeMa [24].

Teopema 2.5.1. (Bmaitiep u Miwnnep [1983]) Puxcupyem rro-
sicecmeo ucrodos A, muoocecmeo azenmoé N u obaacmoy npednoume-
nutt D C L(A). Jan nopadox woarexmuenozo baazococmoanus R, xo-
mopwtt cmasum 6 coomeemcmeue xavicdomy npoduaro u € DV nopa-
dox R(u) € L(A) (6e3pazaunus ucxarouaromes). Jar xaoicdozo nped-
mema cnopa B (nodmmnooicecmeo us A) paccmompum npacu.ao 2040co-
6anuA, ewbuparousee (eduncmeennutl) mancumaavhnitl no R onemenm
u3 B.

Torza ciemyole ABa y TBEePXKACHHS] 3K BUBAJIGHTHEL

() R MOHOTOHHO M YAOBJIETBODSIET AKCHOME O HE3ABUCHMOCTH OT
IOCTOPOHHHUX ANbTePHATHE,

(I1)  mns mwboro ¢rukcuposanHoro npeaMera copa B € A npasuno
rosiocopanusi S(-, B) zamumeno or Manumynuposanusi na DV,

Ira TeopeMa maér obObsicHeHHe ToMy, modeMy Ha Jwboli obmactu
NpeANoYTeHHH aKCHOMa O HE3ABUCHMOCTH OT IIOCTODOHHHX ajbTepHa-
tuB [23] no Hamy skeupanenTHa HeMaHUTMyIHpyeMocTH (DYyHKIMH Bbl-

Gopa mns moboro npeamera cropa [24].
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OCHOBHEIM IpeiMETOM OrpaH HYeHHOM 06s1acTH, I CY mecTBYI0T yaad-
HEIE arperupoBainsi Jppoy, siBisieTcs: paccMaTpPHBaeMasi HaMH obJiacThb
YHUMOZAATBHEIX TIpenouTenutt [6].

Ipocreitmnm cnocobom nocrpoenusi PpyHKuun Buibopa siBiisieTcsi BBe-
JleHHe TOpsiKa Ha 3jeMeHTax mMHoxecrsa X [24]. Ilyers R — nops-
JoK Ha X, T.e. HoJHOe, acCHMMETPHYHOE H TPaH3UTHBHOe GuHapHOe OT-
Homenune Ha X. ITopsiziok NpUBOZHUT K paHXKUPOBaHHK KAHAHAATOB U3
X. Cooreercryomast ¢hyHKuus BLibopa BhiZeNlsicT U3 NpeaMeTa clopa
B cauncTBeHHBIM Hcxof ¢ HauBbiciuM paHroM. OzaHako HeoOsizaTesb-
Ho, 4T00bl R ObUl NOPSiAKOM, KOTOPBI# MOXKHO MHTEPIPETHPOBATH Kak
npezanourenne B OuHapHBIX cpaBHeHusiX. JlocTarouHo, 4To0bl AJist Beex
npeameros cnopa B noaMHokecTBo MakcuManbHbiXx no R anemeHTOB
6b10 OBI He MycTO.

3aMerum, 4TO NpaBHJia rOJIOCOBaHHs! Ayisi TPEX u Bosee HcxXozno0B Ho-
nyckaior Ge3pasnuuusi B KoleKTHBHOM Bhibope [2], Ho HckmouaoT X
JJisl MHAMBHAYAILHLIX NPeANOYTCHAN, T.K. JONYCTATh Oe3pasinu4usi B
MHAMBUAYAILHEIX NPEANOYTEHUSIX — BCE PaBHO, YTO CY3HTb «pa3yM-
Hble» NpaBHIia rojocosanus [6].

Onpenenenne 2.5.3. [6] Ynopadouenue xoanrexmusnozo 6aazoco-
CMoANUA ECB Hexomopoe omobdpadicenve R us muoocecmea npofuaet
npednouymenut 6o muosicecmeo ynopadonenut A (ynopadouenuve ecmo
noAnoe, Mpan3umuenoe omuowenue donycrarousee be3pazavu).

Ornowenne R arperupyer npoduib NpeAlodTeHUS] KaXKAOr0 areHTa
u;(i=1,2,...,N) B konnekrusHoe npexnoyrenue R(u).

Yreepxaenue 2.5.2. [21] Komexmuenoe npednoumenue R(u)
ecms obsexm mott sice npupodu, wmo u awboe undusudyaavroe nped-
noumenue (moavxo donycxaromes beapazauvus).

Hukakoit peanbHhuIll areHT He HagessieTCs] HPEANOYTCHHEM, B TOYHO-
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cri coBnaganoumm ¢ K(u), Bo3aMoKHO, 4TO NPOHHLATENBHEIN NOJIHTHK
CyMeeT MPOBECTH CBOIO MPOrpaMMy B COOTBETCTBHE C 3THM MpeANOYTe-
uuem [12].

Ecnu KosneKTHBHBIC pellleHHs BCEra OCHOBLIBAIOTCS Ha KOJLIEKTHB-
HoM nopsiike R(u), To coobuiecTBo MoXKeT HMETL He OZJHO MHOYKECTBO
sribopa [24]. TIpeaMerom cmopa MoxeT GLITH MCHbIICE TOAMHOXECTBO
B, r.e. nogmuoxectso B uz A(B C A) nonyctuMuix ucxonos. Bribupa-

IOTCHA T€é HCX04bl, KOTOPBIC SABJIAKTCA HAHJIYYIIHMH H B COOTBETCTBHH C

R(u) [24]:
max R(u) = {a € B | gns Bcex b € B,aR(u)b}. (2.5.3)

HWcxoan Bue B (Tak Kak Buibop ocymiectsisiercs: BuyTpH B) He momnx-
HBl OKa3LIBaTh HMKAKOro BJIHsIHMSI Ha Bbibop u3 B. U kosuiekruBHoe
npeAnodTeHHe AJIsl 3J1eMEHTOB MHOXKecTBa B 3aBHCHT TOJILKO OT HHIH-
BHZyallbHBIX NPEANOYTCHHH AJIsl 3THX 3JIEMEHTOB.

OnpenenuM noHsiTHE eMHOTTacUs [24].

Onpenenenune 2.5.4. Eguuornacue: dad ecexr npoduqet u u uc-
z0do6 a, b :

{N(u,a,b) = N} = aP(u)b. (2.5.4)

WHEIMEH clloBaMH, 3TO emé ogHO TpeboBaHHe «Pa3yMHOCTH» arperh-
pylomelt nponexypsi roiiocosanusi [19]. Ecnu Bapuant T sipnsiercs ca-
MBIM NpPeAMOYTHTENLHEIM N0 CPABHEHHIO C APYTHMH BaDHAHTAMH IS
Ka)K70ro u3 u3bupareseit, To arperupylomas npomeiypa roJoCOBaHHS
JOJI’KH2 HA3BATh €ro CaMbIM NpPEANOYTHTEILHEIM BADHAHTOM C TOYKH
3PeHH ST KOJUICKTHBA. JTO yCJIOBHE H CCTh yCJIOoBHe eAuHOMIacus [8].

Teopema 2.5.2. (Dppoy [1951, 1963]) ITycms A cocmoum no

xpatined mepe u3 mpéx uczrodoe. IIycmv R — ynopadovenue xonnex-
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mu6ro20 baazococmonnud, cosmecmumoe ¢ omuowenuvem lHapemo, m.e.
ydosaemaeopatouee ycaosuto edurozaacus. Toeda R ydosaemeopsaem ax-
CUOME 0 HE3AGUCUMOCTIU O NOCTOPONHUL GALMEPHATIUG 6 TMOM U
MOABLKO MOM CAYHAE, ECAY 0HO AGAAETCA FUKMAMOPCKUM.

cywecmeyem azenm i € N (duxmamop) maxolt, wmo R(u) = u;,
das 6cex u.

WubiME ciioBamu, eciin Mbl TpebyeM, 4To0Obl napHble cpaBHEHHs KOJI-
JICKTHBHOTO DyarococTosiHus 00pa3oBLIBAN MOJHBIN MOpsAoK (Kak oT-
HOLIIEHHE CTPOTOro NPeANoYTeH s, TAK H OTHOIIeH He be3pasinyust JoJxK-
Hbl OLITL TP2HZUTHBHLIME), TO TOTJA €AMHCTBEHHLIM ONTHMANLHLIM 10
IMapero MeTosoM arperdipoBaHHsi NPEANOYTEHHN SIBJSICTCA HHKTATOD-
CKH I MeToZ.

ITorpebyeM, 4uToOLI OTHOILIEHHE KOJUICKTHBHOTO OiarococTosinusi Oni-
JI0 KBa3HIOPSIAKOM, T.e. 4T00bI 6HHApHOE OTHOIIEHHe CTPOroro Npeamno-
YTeHHus1 OBLLJIO TPAH3UTHBHLIM, a OMHapHoe oTHoulcHHC De3paznuuus —
Heobsi3aTeNbHO.

Onpenenenne 2.5.5. [24] Keasunopadxom nasweaemes noanoe 6u-
naproe omuowenue A ¢ mpansumuenol cmpozod xomnonenmot. Kaea-
3UNoPAJo® KOLIEKMUGHG20 OAG20COCTIOANUA ECLL 0MOOPANCERUE, CMaA-
sauee 6 coomsemcmeue xavicdomy npoduato u € L(A)N xoasexmus-
nott xeasunopador R(u).

Onpenenenue 2.5.6. [19] Memodw azpezuposanus ¢ mpanzumue-
Ho cmpozuM Bunapusm omuowentem npadnovmenus, ydo6aemeopa-
10UUE ARCUOME FPPOY 0 HEFAGUCUMOCTU 0T TNOCTROPOHNUL GALMEPHA-
mMu6, Mozym 6omsd 0TAPAKMEPUI0EAND. KAK 0AUZAPTUYECKUE:

cyuiecmeyem maxoe nodmuoncecmaeo usbupameaett (oauzaprua),
wmo xandudam a das coobujecmea aywuwe b mozda u moavxe mozda,

x02da daf GCET 0AU2APT06 a AYwwe b.
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Teopema 2.5.3. [24] Qurcupyem xoaaunyuro T* C N — oauzapzuro
— u xazcdomy npoduato npednoumenutt NOCMAGUM 6 COOMEEMCMGUE
xoanexmuennt xeasunopadox Rr«(u), onpedeaénnwmi caedyrousum ob-

Pa3om:

aRp(w)b < N(u,b,a) ¢ T*. (2.5.5)

OksupanenTHbiM o6pasom orHomenne R+ (u) onpexensiercsi cBoeit

TPaH3UTHBHON cTporolt KoMmnonenTolt Pr. :
aPr.(u)b < {nns Beex i € T*, u;(a) > ui(b)}. (2.5.6)

KBazunopsizjok KosutekraBHOro biarococtosinust Ry ymosierBopsier
CBOMCTBAM AKCHOMbI DPpOy O He3aBHCHMOCTH OT MOCTOPOHHHX allbTep-
HaTHB H efuHorIacusi. BepHo u obparHoe yTBepXKAeHHe.

Onpeanenenne 2.5.7. [8] Jas dannozo npofuas u worresmuenoe
npednoumenue 1a3biGAENMCA OMHOWEHLEM JOMUNUPOGAHUA: 4 JOMUNY-
pyem b moada u moavxo mozda, Kozda azenmut, 0ARL KOMOPHIL A AYMULE
b obpazyrom evuzpuiGatouLy0 KoGAUYLIO.

Vreepxkaenue 2.5.3. [23] Jaa sadannozo npouas npednoumenus
u npedmem cnope B ecmv muosicecmeo ucrodos us B, nedomunupye-
Moz 6 B, uau maxcumaavnoir no R(u) ucrodos uz B.

U Bce 3asauu BLbopa A/151 JaHHOTO THNA NPEANOYTEHHH MOXKHO pac-
CMaTpHBAThL He TOJIbKO KaK HIDOBbie 3a/iadl, HO M KaK 3aja4i HecTpo-
roro MaTeMaTH4ecKoro NporpaMMHDOBAHHS, CBOASI MX CPABHUTEJbHLIH
aHaJIu3 K I0CcTpoeHH 10 MHOKecTBa [lapeTo H MocTpoeHH 10 HeJOM HHHDYe-
MLIX albTepHaTHB (3aaa4a MakcHMH3auud GyHKUuE BLibopa), nonyyas
IIpH JIaHHOM arperupyioiiem npasuie Ilapero-onTHMalibHOE MHOXKECTBO
HEJIOMMHHDYEMbIX anbrepHarus [28] (cM. nepByio rnasy). B sakmouenue

3TOM TNaBHI eliE U el pa3 HoZYepKHEM, 4TO He CyuiecTByeT abcoioT-
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HO JIydIllero arperupylomicro npaBuiia rojoCcoBaHHs, T.C. KaXKAas Ipo-
Hefypa rojlocoBaHHs y0BJIeTBOPsieT HeKoTopoMy Habopy yciloBul u He
yZloBJleTBOpsieT ocTalbHEIM. [1oaToMy noaBop npoliedyphl rojlocoBaHusi
C KOHKPETHbLIM NPABHJIOM arperupoBaHHsi B KOHKPETHOH NpaKTH4YecKOoH
caTyanun Tpebyer yéTKoro npeacrapiienusi 06 ocobeHHOCTIX KaxK 0l U3

BO3MOXKHBIX NPOLEAYP.
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3 IIpumepsl ¥ aJrOpMTMEI arpErHpPOBAaHUA NPEANOYTEHH N

B aroit rnase OyayT JaHbl AITOPH TMEI AT PErHPOBaHUST HHANBHAYATBHEIX
HpeANOYTCHHHM, a TAKXKC NPHBEAEHE! Pa3iHyHbIe HPHMEPhLl C KOMMEH-
TApUSIMH Pe3yJIbTaroB. J[Jisi NIPHMEPOB KOJIJIEKTHBHOI'O arperdpoBaHusl
npegnouTeHu#t OyAyT AaHBI cCpAaBHEHHS] Pe3YJILTATOB, MONYYe€HHLIX IDH
HCILOJIb30BaHHH PA3HbIX arperi pyoIliiX NPaBuil NPH AaHHbIX 1P ohuIsix

npeano4TeHuit.

3.1 Ilpumepsl M aJropuMTM arperupoBaHus npesnodreHuil c

y4€TOM CBEPTKH KPHTEPHEB

PaccMoTpuM ciemyoiiy 3aaady.

Iycrb 3amano MHoXecTBo anbrepHaTtuB X. IlycTh Ha aToM MHOXe-
CTBe abTePHATHE 3aJaHEl /M HEYETKUX OTHOLIEHHH mpeanouTeHust R;,
j=1,2,...,m usanaun ko3pPULHEHTH \; OTHOCHTEILHON BAXKHOCTH
arux orHouweHu#t. ([lanubit Tun saga4 Obut onucan B 1.3.1.)

Takoro pojia 3aza4y MOXKHO pelllaTh ciey oM crocoboM.

1. Crpourcst neuéTKoe oTHomEeHHe ()1 — mepecedeHHe HCXOAHBIX OT-
HOLICHHUH:

poi(z,y) = min{pi(z,y), ..., m(z, y)}- (3.1.1)

2. Omnpegensiercsi HeuéTKoe MOJMHOKECTBO HeJOMHHHPYCMbIX allb-

TepHATHB B MHOXccTBe (X, _qu) :
HGy (@) =1 - suplug, (,y) — o, (v, 7)) (3.1.2)
y

3. Crpourcst HedéTKoe oTHOleHHE (9 — CBePTKA KpHUTEPHEE:

1, y) = D Nipj(z, ). (3.1.3)

j=1
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4. Onmnpenensiercss HEYETKOE MOAMHOMXCCTBO HEJOMHHHPYCMBIX Allb-

TepHATHB Ha MHoXecTBe (X, 1, ).
Hgy (@) =1 = suplugy(,y) = oy (. 7)) (3.1.4)
ye

5. Haxoputesi pesynbrupymoliee MHOXKECTBO HEZOMHUHHPYEMBIX allb-

TEDPHATHB NCPECEICHHEM MHOXKCCTB 150 H [ .

B (@) = (@) N g (2) = min{iir () kg (@) (3.19)

6. PanuoHanbHBIM CYHTAETCS BHIOOD &ILTCPHATHB M3 MHOXKECTBA:
X" =Sz |zeX, g™ (x) = sup p"*(z) } . (3.1.6)

r'eX
3nech ceayer OTMETHTb, YTO B 3ABMCHMOCTH OT THIa 3ajaqd pa-
I{HOHANILHBIMH MOTYT CYHTAThLCS BHIOOPHI HC TOJNBLKO AJLTCPHATHE H3
MHOXKecTBa X™ HO M B TOM MJIH HHOM CMEICJIe c/1abo JOMMHHEPyeMbIX
annrepHaTHB (WIH He O4eHb CHIILHO JOMHHHDPYEMbIX), T.€. AJILTEPHATHB,
KOTOpHIC IPHHAMJICIKAT MHOXKECTBY {1 €O CTCHEHBIO HE HHIXKC HCKOTO-
polt 3azaHHON.

PaccMoTpuM HECKONBKO MPHMEDOB MPHMEHUTEILHO K TeOPHH BhiDOpa.
IIpumep 3.1.1. IlycTh MMeeTcss MHOXECTBO OrpaHHYeHHH, COCTOSI-
1Ice U3 TPEX 3JICMEHTOB M 6MY CONOCTABJICHBI HEKOTOPLIE ArPErupy oIue
npaBuiia, KOTOPLIE onuchiBaloTcss MHOoKectBoM X = {z1,Zg,73}. Ha-
KJaALIBaeMble OrPaHHYeHHs] OJMHAKOBO BAaXKHBI B IPOLlECCE NPHHATHS
peliennsi, a NOToMy OyAyT ¥ OJMHAKOBO BaXKHbI OTHOLICHHS MPeANoYTe-
HHUs1 Ha MHOXKeCTBe X, KOTOphIe ONMHCLIBAITCS [0 HEKOTOPLIM coobparke-
HusiM (npu3HaKam, OMHADHLIM CDABHCHHSIM) CJIEAYIOIUMH MATDHLIAMH

HEYETKOrIo OTHOWICHHA NPpeANOoYTEHHS:
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0 OorpaHu4YcHuO 1:

Iy |2 (X3
;110
9|1 (1|0
3001
[0 OrpaHHYeHHIO 2:
1| zg [ z3
(111
T2 | 0|1 | 1
zz3(0 (0|1
[0 OrpaHHYeHHIO 3:
Ty |z |23
;011110
20110
3| 1[0 |1

I1pu 3azaunkBIX yoioBusix BEIOpaTh Haunbosiee yaauHoe NPaBUIIO arpe-
IEPOBaHUS AJisl IPUHSITHS PEIIEHHsI.
B srom npumepe mocsie NpHMEHEHHS aJIFOPHTMa B PC3YJIbTHPYIOIICE

MHOXXCCTBO HEAOMHHHDPYCMBIX aJIbTEDHATHB BOLILIH allbTePDHATHBLI

allbTCpHATHBaA | CTeNEHb HEAOMHUHHDYEMOCTH

Iy 1

I3 1

Orcioga 3akim0YacM, 4TO B JAHHOM NPUMEPE DALMOHANLHEIM cClie-
AYET CHMTATh BLIOOD anbTepHATHB, HMeWIel MAKCHMAIBLHYID CTeleHb
HEIOMHHHDYEMOCTH, B HallleM cilydae TakuX anbrepHatus ase. Cortac-
HO MaTpHLaM, ONHUCHLIBAION{MM OTHOLIEHHS] NPeAIOYTEeHHs, 11 PEHIOTH-
TeJIbHEee CHMTAETCsl albTepHaTHBA T1. [103TOMY arperupymoliiee npaBu-

10 1 cuuraercsi Hanbolnee yaaqHEIM B IPUMCHEHHH K AAHHOMY IpoLeccy
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NPHHSATHS PCIICHHSI.

IIpumep 3.1.2. Yciosue 3axa4u ocTaéTcsi NPEKHUM, TOJILKO Orpa-
HHUYEHHS Telephb He SBJISIOTCH 0 HHAKOBO Ba’KHBIMH, a 3afanTcs Ko3d-
¢dunHeHTAMH Ba’KHOCTH, KOTOpPbie B CyMMe 00s13aTesIbHO A0JIKHBI OLITh
paBubiMu egunune. Ilycth atu kosdduuuentn OyayT cliefyomiuMu:
A =(0.5,0.3,0.2). 3azanue ocraercsi NpeKHAM.

B aToMm mpuMepe mociie NpHMEHEHHSI AITOPHTMa B Pe3ylbTHPYIOIIee

MHOXCCTBO BORAYT CJIeAYIOUIHE AlbTCPHATHBHL

allbTepHATHBA | CTeIeHb HEAOMHUHHDYEMOCTH

I 1

T3 0.9

PanuoHnanbHbiM B JaHHOM NpUMeEpe CYUTAETCS BLIOOD anbTepHATHBEI
T1, HMCIOUICH MAKCHMANbHYIO CTENEHb HEJOMHUHHDYEMOCTH.

3aMerum, uTo MeHssi Koah(pUIMEHTLI BaXKHOCTH, Mbl Beeraa Oyzem
NOJIy4aTh B MHOXKECTBC PAIjMOHANBLHOrO BhI0Opa NEPBYI0 ANbTePHATHBY
NpPH AAHHBIX OTHOIICHUSIX NPEANOYTeHHS.

ITpumep 3.1.3. [TokaxkeM, 4TO cCKazaHHOE B 3aMe4aH MM BCPHO. YCJI0-
BHE OCTaBJIsieM Heu3MeHHbIM. [lycTh u3MeHHIHCh TosIbKO Koadunuen-
THI BasKHOCTH W cTanu cnegyloummma: A = (0.1,0.4,0.5).

Toraa pesynbTHPYOIIEe MHOXKECTBO OyzeT UMeTh clemyomuil BUI:

allbTepHATHBA | CTeIeHb HEAOMHUHHDYEMOCTH

I 1

X3 1

W onsTe MBI IpHXOAMM K BLIBOAY, 4TO NepBasi anbTepHaTHBa Oyaer co-

CTAaBJISITH PAlHOHANLHEIN BLIOOP.
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3.2 IIpumepnl M aJIrOPUTM ArperupoBaHuS HpexnoduTeHuit c

y4yerom HabOpa npu3HAKOB

PaccMoTpum ciegymouiyo 3azady.

IlycTb 3anaH0 MHOXKeCTBO abrepHaTus X U 3a7aH0 MHOXKCCTBO IpH-
3HakoB (unu skcnepros) P. Kaxpolt anprepHaTuBe npucym KaxAbil
U3 NpusHakoB MHoxecTBa P. Jlyist kaxkoro GUKCHPOBaHHOrO NPH3HAKA
p € P uzsBecrHo Hedérkoe oTHOILIeHHe NpexnodTeHnsi (p Ha MHOXKecTBe
anbrepHaTus X, T.c. u3BecTHa (yHKIHUsI IPHHALIEKHOCTH  TaKasi, 4TO
w: XxXxP—[0,1]). Oyets £ : P x P — |0, 1] — neuérkoe orHo-
IleHHe BAYKHOCTH MPU3HAKOB (3KCIepToB).

3aza4a 3aK/1049aETCH B PALHOHAILHOM BLIOODE aJlbTepHATHBLI U3 MHO-
xkecrBa X ¢ yderoM onucanHol Briuc undopmauun. ([annni Tun 3a-
fa4 Ot paccmorpen B 1.3.2.)

AnroputM pelueHnsi Takoro poza 3ajad Oyzer BRIMIsyieTb cllemyio-
mum obpazom.

1. Onpezennth MHOXKECTBO HEAOMHHUPYEMEIX AILTCPHATHB 10 KaX-

AOMY M3 IPH3HAKOB:

¢ (z,p) =1~ igg[w(y, z,p) — ¢(z,y,p)]- (3.21)

2. Halttn HeuéTKoe OTHOLIEHHe NPEANOYTEHUS i, HHAYIHDOBaHHOEC

Ha MHOXKecTBe QyHKUusIME " U HeYETKMM OTHOIIEHHEM L

(21, 72) = sup min{p™* (21, 2), " (22, 9), (2, 9)}.  (3.2.2)

zxelP
3. HatiTu HeueTHoe (HECKOPPEKTHDPOBAHHOE) OAMHOXKCECTEO HC/[OMH-

HHDYEMBbIX aJIbTePHATHB, COOTBETCTBYIOIIEE OTHOIICHHIO 7]

(@) =1 = sup[y(z',z) — n(z, =), (3:23)

4. Haxozum cKOppeKTHPOBaHHOE MHOXKECTBO HEZOMHHHPYEMbIX &llb-

200



TepHaTHB:
™ () = 9™ () N ™ (24, 7)) = min{nf™ (i), n(zi, 7:)}.  (3.2.4)

5. PanuonannHeIM cyuTacTcsi BLIOOD anhTCpHATHB, HMCIOMIUX HaH-
Gonpliyio creneHb NPHHAIJIEKHOCTH HEHYETKOMY MHOXKecTBYy 71 (T.e.
MMeuX Haubolbllyo cTeneHb HeAOMUHHDYEMOCTH ).

PaccMOTpHM HECKOJIBKO IIPHMEPOB.

321 Yerxue OTHOMEHHS npeanoYTeHus

IIpumep 3.2.1. llycte X = {z3,Z9, 23,74} — MHOXKECTBO KaHAUAA-
ToB, M3bHpaeMbIX Ha HekoTophil nocT. IlycTs KanaRAATH MeXKAY cobol
CPaBHUBAIOTCA 10 TPeM MpU3HaKaM: 00pazoBaHHe, BO3DPACT, OJ0XKEHHE
B obmectse. Obo3naunm ux coorBercTBenHo depes A, B, C. Ilycts pe-
3YJNLTATHI CDABHEHHS ONMHCLIBAIOTCS OTAEIBLHO M0 KAaXKAOMY M3 NpH3Ha-
KOB MaTpHIIAMH OTHOLICHHS HECTPOTOTO MpPEANOYTCHHUSI.

ITo npusnaky A :

T1|Ty| X3 | X4

;|10 (1]1
2| 1|11 (1
rz3(0]0]1]0
4|10 (11

ITo npuznaky B :

1|1 |1]0]1
2| 0|11 |0
rz3(0]0]1]0
| 0111
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ITo npusnaky C :

Ty | T2 | T3 |Ty
71| 1|10]1]1
2| 0|10 |1
3| 1|01 (1
240001

OrHouleHNe OTHOCH TeIbHON BAaXKHOCTH [IPH3HAKOB ONHCHIBAETCS] MAT-
puLel:
A|B|C

All]|1]|1

Bl1]|1(1

clofo|1

3aziaua 3aK/04aeTcsl B HAX0XK/|eHHH PaliiOHaAlbHOro BLIOOpa U3 MHO-
JKECTBa KaHIAHIATOB.

W3 MaTpHIibl OTHOCH TGILHON BayKHOCTH [IPH3HAKOB CJIe/yeT, 4TO IpH-
3Hakd A 1 B 3KBHBaJIeH THbI APYT APYTY, T.€. OZJHHAKOBO BayKHbI H KarK-
ABI M3 HUX BaKHee npu3Haka C.

B cooTBeTcTBHH C ONMCAHHBIM BhILIE MOAXOHOM HEHOMHHHDYEMbLIMH
10 NpH3HAKaM albTePHATHBAMH SIBJISIIOTCS albTePHATHBLIL:

a) mo npusHaKy A — annTepHATHBA To;

6) no npusnaky B — anbrepHaruBa Ip;

B) mo npuzHaky C' — anbTepHATHBLI T1;T2; T3.

B cKoppeKkTHpoBaHHOE HEYETKOC MHOYKECTBO HEJOMHHHPYEMbIX allb-

TEPHATHB BOHAYT ClIeyIOIIHe AlbTepPHATHBL:

aJIbTepHATHBaA | CTeIeHb HEAOMHUHHDYEMOCTH

I 1

r 1
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Takum obpazoM, NPUXOJUM K BEIBOAY O TOM, 4TO DAIMOHANLHEIM B
JaHHON 3ajade clielyeT CHHTATh BbIOOpD albTCPHATHB T, WIH Tg. 3a-
METHM, YTO 3TH albTePHATHBLI HEAOMHHHDYeMEI 10 npu3Hakam A u B,
KoTophble siBIsiioTest Haubosee (0AMHAKOBO) BasKHBLIMH.

IIpumep 3.2.2. Y cynoxoaHoit KOMIaHHH €CTb BO3MOXKHOCTD OCYIIie-
CTBATh MHBECTHLHH Ha paclliMpeHHe NpPou3BoAcTBa (npHobpecTH HoBoe
cyauno). llyets X = {x1, T3, T3, T4} — 3a7aHHOE MHOXKECTBO AThTEPHA-
THB (Mozenu npuobpeTacMbIX Cy/|0B), 3TH albTePHATHBLI CPABHHBAIOT-
Cs1 10 TPCM IOKA3aTesIsIM: NOKa3aTellh CPOK2 OKYIaeMOCTH, II0Ka3aTelb
PHCKa, MoJIyueHHEe YUCTOH NpUOLUTH NPH BCeX MPOYMX PABHEIX YCIOBH-
six. Kakoe cyziHo BoiroziHee Kynuth Komnanuu? IlycTs npu aToM pesysin-
TATHI CDABHCHHUSI ATTbTEPHATHE 110 KAXKAOMY M3 [I0Ka3aTesel B OTAEILHO-
CTH ONHKCHIBAIOTCSH MATPULAMH OTHOILIEHHs HECTPOTOro NpeAIouTeHHs .

ITo nokazartesnio cpoka OKyHaeMOCTH:

Ty |9 |23 | 24
|1]0(0 (1
2|11 (1|1
30010
Tg| 1 (0|1 (|1

TTo nokazaTenio pucka:

Ty |xo |23 | T4
ry[1]1(0]|1
2|0 [1]1]0
z3(0(0[1]0
e | 0|11 ] 1
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ITo nonyyenuo yucToll npudLLIM:

Ty |T9|x3 | T4
|1]0(1]|1
| 0|1 (0|1
rz( 1[0 |1]1
z4( 00|01
OrHocuTesbHAS BAXKHOCTD [10K23aTesell ONHChIBAETCS CJ16AY0lell MaT-
puLei:
A|B|C
All]|1]|1
B{o|1(1
clofof1

B sToM npEMepe HET OAHHAKOBO BayKHLIX (9KBMBAJIGHTHLIX) MOKa3a-
tenett. Ilo Ba>KHOCTH OHM cocTaBNSIIOT chexyroumit nopagok: A, B, C.
MHoXecTBO HeAOMHHHPYEMBIX allbTCPHATHB 110 KaXKZ0OMy NoKasaTescH
B oTAeJIbHOCTH OyzeT uMeTh BU A

a) N0 NoKa3aTesio CPOKa OKyNaeMoCTH HeJoMHHUpyeMol Oyzer anb-
TepHATHBa — ZTg,

6) mno nokazaTeiio pUcKa — I7,

B) IO MoJy4eHHI0 ducTod npubLiiu — Ty, T, T3.

PannonanbHeIM BLIOOpOM B 3Tol 3ajade cieyeT c4HTATh BbIOOD allb-
TepHaTuBbl £1. OHa oflHA BOLLIA B CKOPPEKTHPOBAHHOC HEYeTKOC MHO-
JKECTBO HEHOMHHHPYEMBIX albTepPHATHB. 3a2MCTHM, YTO 3Ta allbTepHa-
THBa HeHOMHHHpyeMa 1o npu3Hakam A u B. B nannoM ciydac panuo-
HaJbHbIH BLIOOD anbTepHATHBLI OZ{HO3HAYEH.

IIpumep 3.2.3. T'pyuna TypucToB oTHpaBisieTcsi Ha 3KCKYDPCHIO B
ropog, M. TypucruyecKoe areHTCTBO NPEAJIOKHIO HA BLIOOp OHileTHI

Ha caMOJIeT, KOTOphIe OTJIHYaJHCh 10 TPpeM NPH3HaKaM: KJIacC caMoJie-
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Ta, KOJIH9eCTBO MPOMEXKYTO4HEIX M0caAo0K i BpeMs Boijieta. O6oznagum
aTu npusHakd depes A, B,C. Ilyctb pesynbraThl cpaBHeHHs [0 KaXK-
ZOMYy W3 MPU3HAKOB OMHCLIBAIOTCH MATPHIIAMH HECTDOTOTO OTHOMICHHSI
N peANoYTeHHUS.

ITo knaccy camonera:

Iy |Tg|Z3| Ty

| 1]1(1(0
2 (01|11
3| 0|0 (11
4|1 (0|01

ITo KonuyecTBY NpOMEXYTOYHBIX MOCAIOK:

Iy (T2 | X3 |4

|1]0(0 (1
2| 1|10 |1
3| 0|1 (11
e 11101
ITo BpeMenu BhuteTa:

Ty |9 |23 | 24
Ty 1(1(1]0
(0(1([0]|0
3|01 (1]|1
Te|1 (1[0 (1

OTHollleHHe OTHOCHTENILHON BaXKHOCTH NPH3HAKOB ONHChLIBAETCH CJie-
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Ayloielt Marpuie:

A|B|C
All(0|1
Blo|1]0
cli1|1]|1

B naunHoll 3anade SKBHBAJICHTHLIX IPU3HAKOB HET, HO [0 CBOEH BaK-
HOCTH OHH MMeT cileayomice ynopsigoucuue: C, A, B. B panunoit 3a-
JAade MHOXKECTBO HeOMHHHPYeMbIX AlbTEPHATHB 0 KaXKAOMY M3 IpH-
3HAKOB B OTZEJILHOCTH MYCTO. A MOTOMY M CKOPPEKTHPOBaHHOE MHO-
KeCTBO HeAOMHHHPYEMBIX AJIbTEDHATHB NYCTO, H CHEJIATH DALHOHANbL-
HEIll BLIOOD He NpeAcTaBNsIieTCs BO3MOXKHEIM. [l1151 pemienusi aTolt 3anauu
0OLIYHO PEKOMEeHAYeTCs IEPECMOTPETh MATPHILY OTHOCHTENbH O} BaXKHO-
CTH HPU3HAKOB HJIH MATPHIILI OTHOLIEHHSI HECTPOIOro NPeANOYTEeH S 110

KaXX 10MYy H3 NPDH3HAKOB B OTAEJIbHOCTH.

3.2.2 Heuerkue oTHOMIEHHMS NnpeanoYTeHud

IIpumep 3.2.4. Hekotophilt oprannsarop npouecca rojioCOBaHus A0J1-
JKCH OCTAHOBHTHL CBOH BLIOOP HA OAHOM M3 YeThIPeX [ PABHII arPEerHPOBa-
nusi A, B,C, D. He nonarasic Ha cBoe MHEHHe OH BBLICJIyIIHBAET COBET-
1nkoB (3kcneproB). Ilycrs ux Oyzer Takoke 4eThipe, IpHYeM K MHEHHIO
Pa3jIHYHLIX COBETYHKOB OPraHM3aTOP OTHOCHTCS I0- PA3HOMY: K MHEHHIO
OZHOTO COBETYHMKa MpPUCIyIIuBaeTcs Donblne, 4eM K MHEHHKD APYroro.
U nycTb oTHOCHTEJIBHBIE BaXKHOCTH MHEHHH COBETYMKOB OMHCHLIBAKTCS

C NOMOIIbBID MATPHIIbI HE YCTKOI'O0 OTHOIIEHHS NPEeaNOYTEHHA «He MCHee
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BaykKHO» CJIeZYIOIIero BUAA:

S1|S2 | 53|54
S1|1({04|0.6
Sa(1]1(08
5310211 |1
S54108(0 |1

= =] =] o

rae S1, 82,83, 94 — coBerunKH. Ilo MHEHHIO COBETYHMKOB, HeYeTKHE OT-
HOIIEHHSI NIPEANOYTEHHs] MEXK/Y arperupy oMy [ PaBHIaMH ONHCLIBA-
I0TCS CJIeyIOIIMMH MAaTPHIIAME:

anst S :

08| 1

081

DI ||
oclo|lo|l~=|n
[y
=
)
-lo|=|lo|lD

anst Sy :

RN
>3]
Q
o

0810808
05|03 1|0
08001

DIQ|®| >

anst Sy :

[y

- lo|-=|lo|l
(=]
e
o]

O|Q|(W| >
=
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st Sy

A|B|(C|D
Al 11]1]|09]0
B{0o|1]|1]1
Cc|04|0]|1 (0
D{0]|0|O0 |1

B sroM npumepe MHCHHSI COBETYHKOB II0 BAYKHOCTH HMEKIT CIIERYIO-
uice ynopsigodenue: Sy, S3, 84, S;. [IpuMeHuB Briue onncaHHBIN anro-
PUTM, HallZieM, YTO B CKOPPEKTHPOBAHHOE NOAMHOXKECTBO HEZJOMHHUDY-
€MBIX ANbTePHATHB BOMAYT allbTePHATHBEI CO CICAYIOU{MMH CTENCHSIMH

I PHHAJJIEKHOCTH 3TOMY MHOXKeCTBY (CTerneHsIMH HeJIOMHHMDYEMOCTH):

aJlbTepHATHBa | CTENeHb HeJOMHHHPYEMOCTH
A 1
B 1
c 0.5
D 1

Haubonbmyo cremnesb HGAOMHHHPYEMOCTH B AAHHOM Cliydae HMeEKOT
cpasy Tpd anbrepHarHBbl A, B, D. B coorBeTcTBHM ¢ HpesjiaraeMbiM
MOAX0AOM, BLIDOp cpa3y Tpex albTCPHATHB AOJIKeH OLLT COCTABHTL pa-
[HOHANBHLIH BhIOOp. B Takux cuTyauusix mpeasaraeTcsi JHIY, NPHHH-
MalolleMy pellleHHe, CAMOMY BLIOpATH 0Z{HY U3 Al bTEPHATHB CKOPPEKTH-
POBaHHOTO MOAMHOXKECTBA HEJOMHHHDYEMEIX AllbTEDHATHB, HCXOZS M3
KaKuX-1100 cBouX coobpakenult, 1100 paclIHpHTE KPYT' CBOMX COBETYH-
KOB H BHOBb HalTH CKOPPCKTHPOBAHHOE MHOXECTBO HCAOMHHHDYEMBIX
aNbLTCPHATHB [0 TOMY JKe alropuTMy, Ho yxe bonee y3koe.

IIpumep 3.2.5. HekoTopnilt abuTypHeHT KejlaeT MOCTYIMTEL B BhbIC-
mee yuebHoe 3aBeaenne, 4TOOB! Oy 4HTL KBaTH(MHUKALHIO HHXKeHepa —

9KOHOMHMCTA, HO ISl 3TOT'0 OH AOJIXKEH OCTAHOBHTEL CBOH BEIOOD Ha oiHOM
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u3 Tpex yuebunx 3aBeaenutt A, B, C. He nonarasic Ha cBoe MHCHHe OH
NPHCIYLIMBAETCH K MHEHHIO OKpyxXawomux ero mwogelt. Haubonee uen-
HEIMH Ha ero B3IVIsIZ SIBJSIIOTCS MHEHHS 4eThipex desiosek B, P, B3, By,
JAa 4 K HUM aDHTypHeHT oTHOCHTCs 10-pa3HoMy. [lycTs oTHomenne BaxK-
HOCTH MHCHHH ONMCHLIBAIOTCS clledyoliell MaTrpuliefl HecTpororo oTHo-

LHIeH U NpeanoYTeHHs !

By | Do | B3 | By
;|1 (08(07(04
®| 0 1(07(08
®: (06041 |1
b1 (1 (11

ITo MueHHIO NM104€H, K KOTOPHIM a0HTYPHEHT NPHCIIYIIHBACTCS, HEHeT-
KHe OTHOUIGHHUSI NMPEANOYTEHHS] MEXKAY BLICIIHMH y4eOHRIMU 3aBefieHu-
SIMM ONIHCHIBAETCS CIIEAYIOUMMH MATPUIMMH:

no MHeHHIO Py :

Al B|C
Al1]08]1
B|0]| 1|02
cl0]0]|1

no MHeHHIO P :

A|B|C
Al1 (0105
B|03|1 (1
C(09]07| 1
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no MHenuo Py :

A|lB|C
All (031
B|04]1 (09
Cl|08]07|1

no MHeHHIO P4 :

A|B|C
Al1l (0706
B{05]| 1 0.7
C[05(05] 1

B kakoM BricuieM yueOHoM 3aBenenun Oyzer Haubosice panHoHaNbHO
JlepKaTh BCTYNHTEJIbHLIC 3K3aMEHbI!

B manHol cHTyalnud MHEHHSI COBETYHKOB Jjisi abMTypHeHTa HMecT
cieaywmuit nopsgok: @4, Py, P53, Py. CroppekrHpoBanHoe NOAMHOMKC-

CTBO HEAOMHHHPYEMbIX allbTEDHATHB B aHHON 3anade Oyner HMeTh BUA:

aJlbTepHATHBa | CTCIeHb HeJOMHHHPYEMOCTH
A 1
B 0.2
C 0.8

B sTot#t 3aza4ye HanbONLIUIYIO CTENeHb NMPHHAZIEIKHOCTH CKOPPEKTH-
POBaHHOMY MHOXKECTBY HEJIOMHHHDYeMLIX anbTepHaTHB (T.e. Haubonb-
Y10 CTeNeHb HeAOMHMHHPYEMOCTH) HMECT eAMHCTBeHHAS AL TP HATHBA
A, 103TOMy, B COOTBETCTBHM C NPEAJIAraéMbIM MMOAX0ZO0M, 3TOT BHIOOD
albTePHATHBLl M CJIEAYET CUHTATH palMoHAaNbHEIM. [lanHasi curyanus
MMeeT eAMHCTBEHHLIN palHOHaNbHBIM Bhifop (MHOXccTBo Ilapero co-
CTOUT 3 OFHOTO 3JIEMEHTa).

IIpumep 3.2.6. Hekoropas ¢upma KenaeT paculMpHTh CBOC IoJie

JAeATeJILHOCTH — OTKPBITh HOBLIH (businan B HoBoM palione. [lnst co3za-
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nus unnana HeobxoguMo nomemicHue, © GHPMa pellaeTcsl KYIHUTh [0-
MemieHue B Doslee BLITOZHOM MeCTe AJIs AesiTeJbHOCTH. XOpollo He 3Has
HOBOrO paltoHa, (pupMa coracuiach BOCIOJb30BAThCS COBETAMH KOMIIa-
nufi no neapumxkumoctu Ky, K3, KoTophic IpeAsioKMiIn eThipe BapHaHTa
nomemienuit: A, B,C, D. Ilo MHeHHI0O KOoMNaHHH, HeHeTKHE OTHOIIEHHS
NpeANOYTEHHS] MEXKAY NPEJIOKCHHLIMHE TOMEMICHHSIMH OMHCLIBAIOTCS
CleAYOMUMH MATPHIIAMHE:

mo MHeHHIO Komnanuu K :

A|B|C|D
1(01(02]0.3
08(11]02|0.1
09(07] 1|02
08(08]08]| 1

DIQ|o|»

mo MHeHHIO KomnaHuu Ko :

A|B|C|D
1102|0102
0.7/ 10304
06/0.8| 1 (0.1
D|08(09]05] 1

QW

nyCTI: OTHOCHTENbHLIC BAXKHOCTH MHCHH I KOMIIaHUH-COBETYH KOB OIH-
CBhIBAKTCHA C NOMOIIBKD MaTPHLBl HEYCTKOIO OTHOWIEHHA NPEANOYTCHHA

«He MeHee BaXKHO» CJIeAYIOIIero BUAA:

K | K,
Ki|1]0
K| 0

B ganHolt cuTyanuu ofHHAKOBO BaKHEIX MHeHull Her. QupmMma, xKe-

naouiasl npuobpecTH HeJBHXKHMOCTb, OJMHAKOBO He HOBepsieT obeuM
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KOMIaHHAM. B zaHHON CHTyallid CKODPEKTHDOBaHHOE HEYETKOE MOJ-
MHOKECTBO HCAOMHHHDYEMBIX allbTCPHATHB IyCTO, & 3HAYHT CHEJIATDb
panHoHanbHBIH BIOOp He npeacTaBisieTcss BO3MOXKHBLIM. PekoMenanuu
B 110H00HON cHTyanuu MOryT OBITH ClleAy OLIMMH:

a) ofparuThesi 3a MOMOIBIO B ADYyTHE KOMIAHHH, CCJIH TaKHE HMe-
10TCS;

0) pacUIHPHTDL CCTb COBETYHMKOB, €CIH 3TO BO3MOYKHO;

B) ICPECMOTPETH MATPHILY HEHETKOTO OTHOIICHHSI <HE MEHee BAYKHO»,
C [OMOII[bI0 KOTOPO} ONHCHIBAIOTCH OTHOCHTEJIbHble BAXKHOCTH MHeHHH
COBETYHMKOB;

r) IepecMOTPeTb MATPHIIbl HCYETKOTO OTHOIIEHHS NPEANOYTEHHS, C
OMOHIbI0 KOTOPLIX C Yy4€TOM MHEHHH COBETYMKOB ONHUCLIBAIOTCS IpeJ-
JlaraeMble BADHAHTHI HEZABHKHMOCTH;

Zl) HalTH ApYTHC albTCPHATHBEI (BADHAHTEI HeJJBHXXUMOCTH HIIH pali-

oH).

3.3 Ilpumepnsl C HCHNOJIL30BAHMEM Arperupylmux MNpPaBHil B
NpOLECCe NPHHATHS KOIJIEKTMBHOrO pemeHusi (npasuna

roJIOCOBAHUSA )

PaccMoTpum ciegymouiyo 3azady.

Iycts umeetcst MHOXKecTBo n3bupatenet Y = {y1,ys, ..., Ym}. lycts
MM HeoOX0ZMMO 110 HEKOTOPOMY arperupymolieMy NpaBhJly rojocoBaHHsl
BLIGpaTh W3 MHOXecTBa Kanzunatos X = {xy,Ts,...,ZTn} 0aHOrO Ha
HEKOTOPLIH IOCT.

Takoro poaa 3ajiadd paccMaTpHBalkCh BO BTOPOH riiaBe AaHHON pa-
6orul. TlpuBeseM HeECKOJILKO NPHMCPOB, CBSIZaHHBLIX C arperupymoleH
nponeAypoll HCKIIOYEHHS] H3 PACCMOTPEHHS] YaCTH BADHAHTOB, H CPaB-

HUM I0JIy4eHHbIE Pe3YJbTATEHI C PE3YJIbTATAMH IPOLEAYDP I'OJIOCOBAaHHUS,
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HCILOJIE3YIONIHX APYTHE arPErupyolijie NpaBuia, IPH Tex e np oduisix
npeanouTeHusi. PesynbrarThl cpaBHeHusi o)OPMHM AJisl HAISIAHOCTH B
BHJe Tabnummbl.

IIpumep 3.3.1. IlycTe B HekoTopolt HebGonbuiolt ¢upme, cocTosimett
u3 37 4esoBeK, M3 ABYX KaHJWAATOB BLIOMpaeTCsl OAWH Ha NOCT reHe-
pajbHOro AupekTopa. TalHbIM roiocoBanneM ObLI MOy YeH CICAYIOMIH
npoduiib NpeAnodYTeHHH: Jy4NIHM BLIOOPOM Ha MOCT IJIABHOTO JHPEK-
Topa Kanguzata A cunrtaer 19 yesnosek, Kaugupara B — 18 genosek.
Kro nobeaur na suibopax?

Korza uMeercsi TonbKo Ba KaHAMJATA FOJIOCOBAHHE 0 NMPABHILY
O0/ILIIMHCTBA SBJISICTCS €JMHCTBCHHEIM chpaBefiuBLIM MeTogoM. OHo
YZAOBIICTBOPSIET TPEM TpeDOBaHHSIM: AHOHHMHOCTH, HeHTPANBLHOCTH H MO-

HoroHHocTH. CpaBHHM pe3ylbTaThl HECKOJbKHX NPaBHJI arperupoBa-

HHSL.
npaBuiia arperipoBanusi | nobexurenn

OTHOCHTEJIbHO GosiblIHHCTBA A

Konaopce A

Bopaa A

no GecioBTOpHOMY JlepeBy A

Cumncona A

Koymnenna A

MHOT03TAN HOT'O HCKJIIOY CH Hsl A

Januwit npodunsb npeanodTeHul sBJsIETCS YHAMOAabHLIM. MeTox
MONPABOK HH NPH KAKOM MOBECTKC AHS Pe3yJibTATa OJIOCOBAHUS HC Me-
HSIET.

IIpumep 3.3.2. IlycTe HekoTopas npod)colo3Hasi TpyIina, COCTOSIAsA
u3 18 genosek, HOMKHA BHIOPATh U3 TpeX KAHAHAATOB, KOTOPLIX YCJIOB-

Ho oboznaunm A, B, B, ognoro menerarta na Koudepennuio. Kaxani
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4ileH rpynnel B Gioiuterene, cogepxaimiem Kanaugatypol A, B, B, non-
JKeH YKa3arh JIy4IIero ¢ ero TOYKH 3peHHsi. MHeHUs WIEHOB Ipy Nkl

paclpeAcIMINCh CleayomnM odpa3oM:

MHeHHsI yucsio uabupareneit
4JIeHOB IPYIMIkI 716 5
nocTonH OuITL generatom A | B B
MoxKeT ObiTh meneratom (B | B B
HexkenaTenbHo uzbpanune |B | A A

Boobuie roeopsi, 4yisi Tpex KaHAMZATOB AEPEBO IOCIEAOBATENBHOTO
HCKJIIOUEHHs] SIBJIsieTcsi elMHCTBeHHbIM OecnoBTopHBIM zepeBoM. Coort-
BETCTBYIOIleE PABHJIO I'OJIOCOBaHUsI onTHMalbHO no Ilapero. B atom
ciyuae nobeauresiem byner kangugar B. CpaBHuM ¢ pesysibraram, mo-

JIy4eHHLIMH IIDH I'OJIOCOBAHHH 110 APYTHM HPABHIIAM arperHpOBaHMSI.

NpaBuiia arperupoBanusi | nobegurenn
OTHOCHTEJILHO DoNbIIHHCTBA A
Kongopce B
Bopaa B
no HecnoBTOpHOMY JiepeBy B
Cumncona B
Koymienna B
MHOTO3TANHOI'0 HCKIIKY eHHsl B

Hannnit npoduns npeanouTenuit sipnsiercss yauMoaanbubiM. Hu Ka-
KoMl Tpoliecc MONpaBoK He NPUBOAUT K APYToMy YJy4IIeHHOMY pe3yib-
Tary. JInlub arpernpoBatye 0 NPABHILY OTHOCHTENbHOro GoNbII HHCTBA
cuHTaeTCsl HeCIPaBeJIUBLIM, T.K. obexaaeT Kanauat, Koroporo 6onb-
munctio (13 uz 18) He xorenu 6u1 Bugers u3bpanHbIM.

IIpumep 3.3.3. B Hekoropolt yueOHolt rpynne yuedHoro 3apenenust
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N Bribupaercs crapocra rpyminsl. Yyammuxcs B rpyiime 25 dyenosek. Kan-
AMJATaMH Ha JOJKHOCTH CTAPOCTHI OLLIH BLIABHHYTH HeTBepo: VBa-
noB H., Pribauxkos JI., Crenanos I1., Onennnk C. Beex ronocywoiux B
rpylne TMONPOCHIH 3alNOJHHTL AHKETY roslocoBaHHs (IpeTeHAeHTH! Ha
JLOJIKHOCTL CTAPOCTLI B TOJIOCOBaHMH He y4acTBYIOT). PeaynnraTn an-

KeTHPOBaHUs OLUIH cllefyomuMu:

MHEHHS] 4JIEHOB yucsio uzbuparenci
IpYIILI 0 KaHAHJATE 10(6 5
MOAXOAMUT O BCCM MAapaMeTpaM C (0]
He BCErAa HaXOAMT KOHTaKT c mogemu | P |O C
MeaJIuTeNneH W He Beerga HaxonuT KoHtakt | C | U n
C JTI0AbMH
He XoTeJioch Obl BHZETEL B posiM cTapoctel | U | P P

3aece U, O, P, C — nepsule 6ykerl haMunuit KaHARAATOB.

Jlnst 4eThIpeX KaHIMAATOB €CTh ABa HECTIOBTOPHLIX JepeBa; mocseao-
BaTeJIbHOC HCKIIOYCHHE H MapalieibHoe HCKIodeHne. [lepsoe 3 HHX
HapylllaeT ONTHMaNbLHOCTL 1o IlapeTo, a nocneanee — Het. [losTomy ro-
JocoBaHMe 1o OecnoBTOpHOMY AepeBy Oy/ieM MPOBOJMTEL KaK JJIs Aepe-
Ba MapajlileJIbHOTO HCKIo4eHHsi. B aToM ciydae mobexknaeT KaHAWAAT
Omnennuk C. CpaBHEM Oy 4eHHLIN PE3YNbLTAT C PE3YJILTATAMHU [PH IPH-
MeHCHHH APYTHX arperupyloliuxX Npasuil K JaHHOMY npoduio npeamno-

qTeHUuH.
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npaBuia arperipoBanusi | nobeaurenn
OTHOCHTEJILHO DosbIIHHCTBA (0]
Kongopce (0]
Bopaa (0]

1o HecnoBTOpHOMY JiepeBY (0]
Cumncona (0]
Koymienaa (0]

MHOT'03Tall HOI'0 HCKJIIOY CHHSl 0]

Janupit npodusb npeanodTeHHl sBJsieTcsl yHHUMOAanbHLEIM. U Ha
PEAKOCTh BCe NpaBWJIa arperipoBaHHsl HAC NPHBEIH K OZJHOMY H TOMY
xe pesynbrary. Kanpgunar Onennuk siisiercss OeccopabiM nobeaure-
JieM [0 BCEM arperipyomijM IpaBhjiaM NpoIeAyphl FOJIOCOBAHHSI.

IIpumep 3.3.4. B mexoropyw ¢upMmy «CuaM» Ha 3aMemieHHe Ba-
KAHTHON JOJDKHOCTH IJIABHOTO SKOHOMHCTa IUIAHOBOTO OTA&IA MOCTY-
W0 NATh 3asBienutt. KanauaaToB Ha 3Ty AOJKHOCThL MONPOCHIIH 3a-
MOJIHUTh AHKETLI-TECThl, KOTOPblE PACCMATPHBAJIMCh COBETOM [0 MpH-
HATHIO paboTHHKA Ha 3Ty JOJKHOCTh B cocTtaBe 9 uenosek. Kaxabiit
4JleH coBeTa JoJIKeH Oblll MoJaTh yNopsiioYeHHbIe CIIHCKH KaHAUAATY P
10 cBoeMy MHeHHIO oT Hauboliee yadHoOl K MeHee yAauHOH JUPEKTOpY

¢upMbl. MHenHs1 4icHOB coBeTa pa3Ae/HIHCh clie/y0l{uM o0pa3oM:

2133
bla

o | R
Qo=

[
||
<)

d|e
flr]d]e

3xech nmoa KaxKaolt bykBoit 3aIJ.II/I(prBaH KOHKpeTHhIl Kauguzar. Kto
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Oyzner u3bpan Ha ZOJKHOCTE [JIABHOTO 3KOHOMHCTA?

Jnst matu u 6onee kauguaaros moboe HckIoyenne no becnoBTopHO-
My AcpeBy NPHBOAUT K M30panuio moMunupyemoro no Ilapero kauzu-
JAata Jyjisi HekoTopbix npodunett. ByaeM uckars nobegurens no Gecro-
BTOPHOMY AGPCBY 110 AJITOPUTMY, OnHcaHHOMY B 2.3.4.

B nannoM cnyyae nobezuTenem B npoueaype rojiocosanusi no decmo-
BTOpHOMY JepeBy Oyner kanmupar a. CpaBHHM 3TOT pe3yjbTaT ¢ pe-
3yJbTATAMHM, NOJYYCHHHLIMH [DH HPHMCHEHMH APYTHX ArPerupyolmX

IpaBMJI IIPH 3TOM »Ke npocuiie npeanoYTCHHH.

NpaBuiia arperuposanusi | mobegurenn
OTHOCHTEJILHO DoNbIIHHCTBA a
Kongopce a
Bopaa a
no HecnoBTOPHOMY ZiepeBY a
Cumncona a
Koymienaa a
MHOTO3TANHOI'O HCKIIKY €HHsI a

TIpuMensisi npouecc nonpaBok Mel OyzieM mosiydarb Bce TOT XKe pe-
ayaeraT. OHaK0, H3MEHUB MOPSAZOK roJIocOBaHusi XoTs Obl Asist BTOpOH
KOAJIHIMH B [OJIOCOBAHHH 110 NpaBuiy Bopaa, Mbl Hosly4uM Apyroro mo-
Oepurenst — Kanauaata b. Janusiit npodusis npesnodyTeHus siBjsieTcs
YHHEM OZANbHEIM.

IIpumep 3.3.5. B ropoackoit onuMnuane no MareMaTHKe IIPHHHMA-
JIM y4acTHe 10 OAHOMY NPEeACTABHTENI0 OT KaxKAol mkoiaul. Ha BTopot
Typ npouuio 6 y4acTHMKOB ouMnuaam a, b, ¢, d, f, e. Ilpeacrosimue ve-
THIPE Typa AOJIXKHBI ObLLJIM ONpEAeIuTh CHIbHEHIIEro y4acTHHKA, KOTO-

phIlt mpuMeT ydacTde B obnactHolt onumnuaze. Krto ke nobegur? Pe-
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3YJILTATHI 110 NOCACAHUM PCUIAIIMM TypaMm ObutH ciefywoiiue:

2 typ |3 1yp |4 TYD | 5 TYD

1 Mecro| a b d
2 mecto| b c a f
3 Mecro| d € c a
4 mecto | ¢ a b

5 Mecto | f f e d
6 MecTo | € d f

B aToM ciiydae npu npolecce rojiocoBaHus no becnoBTopHOMY AepeBy
nobegurenem byzer kanauzar ¢. OAHAKO, €CIIM NPOBOAUTH NMPOLECAYPY
roJjiocoBanus npH o6bsiBieHHH c-status quo, To B mpoliecce rojaocoBaHus
¢ mocliefloBaTebHBIM HCKJYeHHeM nobeauTesieM CTaHET KaHIWJAT Q.
Teneps cpaBHUM MMEOIIHHCA Pe3yJILTAT C APYTHMH, IOy YeHHEIMH IIPH

HpHMEHEHHH APYTHX arperupyomiux MpaBuil.

NpaBuiia arperuposanusi | mobegurenn
OoTHOCHTEILHO DonbmuucTBa | @,b,c,d

Konzopce a,c

Bopaa a,c
no ecnoBTOpHOMY JiepeBy ¢
Cumncona a
Koynnenzga a

MHOTO3TANHOI'O HCKIIKOY €H HsI a,c

B nanHoM ciydyae Mbl BUAMM HACKOJIBKO Pa3JIMYHEI Pe3yJIbTATHl IPH
MCIIOJIb30BaHHH Pa3/IMYHBIX arperupyoiux npasui. Jauusii npoduib
NpPeANOYTEHUH HE SIBJISICTCS YHUMOZanbHbIM . Bribupas pasunie npasuna
arperupoBaHusi, MOXKHO IOJIYYUTD 3apaHee [HPeLyCMOTPEHHbI! BapHaHT

a WIH C.
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IIpumep 3.3.6. Hexotopas ¢dupMma Hayana BeIIycK HOBOTO TOBapa.
Y100kl BLICTABHTEL 3TOT TOBap Ha NOTPe0HTeILCKOM PLIHKE, HeoOXonuMo
YCTaHOBHTH Ha Hero LeHy. B KoMuTeTe no 11eHoobpa3oBaHuio, B KOTOPLIH
Bouwio 12 4esioBek, ObLIO NPeJI0XKCHO TPH BEDHAHTA YCTAHOBJICHHUS 1ie-
HEI PACHYCT LICHEI Ha OCHOBe aHanu3a 0e3ybnITOYHOCTH, ycTaHOBIEHHE
IleHBl HA OCHOBE OIIyIaeMOl [OJIe3HOCTH TOBapa, YCTAHOBJICHHE LIEHI
Ha OCHOBE YPOBHSI TEKyIMX LieH. MHeHHs 4eHOB KOMHTETa pa3zieiiu-

JIKCh clleAyomuM obpazom:

blc|a

cla|b

Byksamu a, b, ¢ 0603HaUeHEI COOTBETCTBYOIIHE METOAL! 1ieHO0Dpazo-
panusi. Kakumu ke OyayT peaysibTaThl roJiocOBaHHsI PH HCIOJBL30Ba-
HUH pa3/iMYHbIX arperupymoliiX NpaBWil JJisi HAXOXKIEHHS OIHOIrO W3

TPEX yKasaHHLIX MeTOHOB?

NpaBuiia arperuposanusi | mobegurenn

OTHOCHTEJILHO DosbIIHHCTBA HeT
Kongopce HeT

Bopaa HeT

no becnoBTOPHOMY JiepeBy c

Cumncona HeT
Koymienna HeT
MHOTO3TANHOI'0 HCKIIKY €HHsl Her

Meroa nonpasok npu Jioboit moBecTke A mobeauTeneM Bcerga Oy-
aer c. Jlanuuit npoduns npeanodrenuli obpasyer LUK, 9TO TOBOPUT
HaM o ToM, uTo nobeauTens no Konnopce ne cymecreyer. Takoro poaa

npeanoiuTeHHsA He ABJIAKTCA YHUHMOAaIbHBIMH.
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IIpumep 3.3.7. B nekotopoit ¢upMme coBeT M0 peKiaMe peuIMs Ha
paHee He PEKJIaMHPYeMEIll TOBAD Y€Pe3 MOMYJISIPHEIN KYPHAN NPOBECTH
SMOLMOHANLHO BO3Z el CTBYIIee PCKiIaMHPOBaHNe. BTN 11peZi0KeHkl
clleAyolHe KOHIeM [(HH:

a) AeMoHCTpalusi cnocoba MCNONL30BAHHS NPOAYKTA,

6) pexknamMupoBaHHe Hepe3 OKa3 KOHEYHOTO NPOAYKTA;

B) peK/laMa 4Cpe3 rapaHTHDOBaHHE KA4ecTBa;

r) peKiamMupoBaHHe 4epe3 abCcTPaKTHOE NPEACTABICHHE O MapKe.

MHeHHUsI 4/ICHOB COBETA Pa3ZeSIUIINCh CleAy UM obpa3oM:

41414

a|B|T

Halinem nobeanrensi npu ganHoM npoduie npennodTeHut st mpo-

IleAyDP T'OJIOCOBaHHUSI C PA3HLIMH ArperupywninuMH HPaBHIaMHU.

NpaBuiia arperupoBanusi | mobegurenn
OTHOCHTCJILHO DOJNBIIMHCTBA a
Kongopce a
Bopaa a
1o GecnoBTOpHOMY ZiepeBy a
Cumncona a
Koymienzaa a
MHOTO3TANHOI'0 HCKIIIOY €H sl a

Janubit npoduiib NpeANoYTCHHN SIBJISIeTCS YHHMOAAIbHEIM.
IIpumep 3.3.8. I'pynna koHkypcanToB B coctase 18 4enoBek BhI-

e3akana B ropog Z, 10 KOTOPOro MOXKHO DObUIO J0eXaTh TemoXoAO0M,
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camosietoM ¥ aBroOycom. Ilpoduns npeanouTenull B JaHHON CHTyallH

clenyommi:

7 6 5

Temioxon | camoner | asrobyc

camosieT | aBrobyc |Teroxon,

aBToOyc |Temnoxoz | camoser

Kakoe pemenue Oyner npunsito?
PaccMoTpUM BapHaHThLI IPHHSTHS PellleHHsI IPH IPHMEHeHHH Pa3HbIX

arperupyouUx pasuil.

NpaBuiia arperuposanusi | nobegurenn

OTHOCHTEJILHO DOJIBIIMHCTBA | TCIJIOXOH,
Konzopce HeT

Bopaa TEIJ10XO0Z,

1o ecnoBTOpHOMY ZiE€pEBY aBTODYyC
Cumncona HeT
Koymienaa HeT
MHOTO3TANHOI'O HCKJIKY CHHS HeET

Janusit npoduns npeanouTenull He sIBIsETCS YHHMOAAN bHBLIM . I1pu-
MeHSISI MeTOH, IONPABOK M MEHSISI IOBECTKY HHSI, MOXKHO BBISIBUTb, 4TO
KaHAMAAT BLIMTPaJl TEIJIOXOH B NPOLCCCE IPHHATHS pelleHHsl. ITO BO3-

MOXKHO, ecJid 00bSIBHTh TEIUIOX0H HJIM caMolier status quo.
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4 MaHnunyaupoBaHHE

MHorue pacnpocTpaHeHHEIe NPOLEAYPH [0JI0COBaHus, B 00mielt Teopun

rOJIOCOBaHH S, HE 3allHIIeHbl OT MAHHNYJITHDOBaHHA.

4.1 TIloauTuka mukTaTta

3aMeTHM, 4TO IpaBHUJIa roJlocoBaHus Jyisi TPEX W Gosiee MCX0ZOB Aomyc-
KaloT 0e3paznuuusi B KOJIIEKTHBHOM BhLIDOpDE, HO MCKIKYAKT HUX s
HHAMBHAYANbLHLIX NPEANOYTCHHH, T.K. JONYCTHTh De3paznu4usi B HH-
AUBHAYANBHEIX HPCANOYTCHHSIX — BCE PABHO, YTO CY3HTh «pasyMHEIE»

IIpaBuJia roJloCOBaHHA.

411 ArperupoBaHHe KOIUIEKTHBHBIX NPEANOYTEeHuil

IIpeanonoxnM, 4To A — KoHEYHOEC MHOXKCCTBO HCX0J0B (KaHIHAATOE),
u oboznauum uepea L(A) mHOXKeCTBO NMHEHHLIX MOPSAKOB (MOJNHEIX,
TPaH3UTHBHLIX, aCCHMCTPHYHBIX oTHouicHuM Ha A). Ilyts N — Koneu-
HOE MHOXKCCTBO arcHToB (Bbi0OpIINKOB) ¢ TCKYIOUM eMcHTOM ¢. MHe-
Hue BoibopuiuKa ¢ onuckiBacTest aneMentoM u u3 L(A), o ects nHa A
{6capaznuuns ucknoyaoTes). Kak obuiano, aTor nopsizok Oyzer 3anu-
CHIBATHCS € NOMOLIBI0 (DYHKIUHA N0JIE3HOCTH, HApHMep,

u;(a) > u;i(h) > wui(c) > u;(d) obosnagaer, uro a nyuwe Beex b, b Ha
BTOPOM MecTe H TaK JaJlec.

Ipaemio rosocoBanus ecth ogHO3HAwHOe oTobpaxenue S nz L(A)N
Ha A, craBsiiee B cooTBeTcTBHE KaxkjoMy npodmmio u = (u;, ¢ € N)
ucxon Bribopor S(u).

Teopema 4.1.1. (Carrepryaifir [1975]) Ecau A codepoicum no
xpatined Mepe mpu uczoda, MO NPACUA0 2040C06AKUR S Jausuweno om

MAHURYAUP0GaKUAL Mo2da ¥ Mmoavko mozda, K02da oMo A6aAeMCA Jux-
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" .
mamopexum S = S8 das nexomopozo azenma i* — duxmamopa, 2de

daaYu € L(AY): 8" = top us-. (4.1.1)

Onpenenenue 4.1.1. IIpacuno zoaocoeanud S na3meaemea cmpozo
MOHOMOUNBM, ecat O0ar 6eex npoduaett u,v u daa awebozo ucxoda a

GHNOANENO

{v noayuen u nodsemom a} = {S(v) = S(u) u/uau S(v) = S(a)}.
(4.1.2)

Jlemma 4.1.1. IIpascuao zonocosanus S fKeAAEMCA CMP0O20 MOHO-
monnweiM mozda u moavko mozda, xozda O0as awbwx u,v U arwbozo a
ewnoaneno {a = S(u) u a coxpansem uay ycuaueacm cGo10 omMHOCU-
meavnyro no3uyuto npu nepexode omu x v} = {a = S(v)}.

Jlemma 4.1.2. (Mrwosnep u Carreprysiit) pednorooicum, wmo
A cocmoum ne metee wem u3 mpex ucxrodos. Tozda npacuac 2oaococa-
nut S cmpozo monomonno mozde u Mmoavxo mozda, x0zda 0HO AGAA-
emcA FUKMAMoPCrUM.

IpeanosnoxuM, 4To NpocTasi Hrpa SIBJISIETCs CTPOroH, TO €CTh U3 JI0-

Goit napnt koanuuuit (7', N\T') poBHO ofiHa siBNIsieTCS BLIMTPLIBAIOLIEH:
T ewe N\T ¢ w ans eex T. (4.1.3)

JIemma 4.1.3. Ecau N cocmoum u3 mpex azenmos uau boaee, mo
u3 ({.1.1) caedyem, wmo uzpa w duxmamopcraa (cywecmeyem i* € N
maxodt, wmo T € w moeda u moavro moeda, xoeda T codepocum i*),
aubo cyuecmeyem pazbuenue na mpu wacmu N = T3 U Ty U T3 maxoe,
uwmo xasicdas u3 mpex xoaruyud T; U T;, acasemcs evuzpuiearoused.

Onpenenenue 4.1.2. ¥nopadouenue xorrexmuenozo baazococmon-

nuf ecms nexomopoe omobpasicenue R us mmnoscecmea npoduaet nped-
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noumenut 60 Muozcecmeo ynopadovenutt A (ynopadowenue ecms noa-
noe, mpanzumuenoe omuowenue donycrarousee beapazaunus).

Ornomenue R arperupyer npoduib NpeouTeHHs] KAXA0r0 areHTa
u;(i =1,2,...,N) B konektusHoe npegnodrcane R(u).

VYreepxkaenue 4.1.1. Koarexmuenoe npednowmenue R(u) ecms
obsexm mot sice npupodu, wmo u arboe undueudyaavroe npednoume-
nue (moavxo donycxaromea beapasaunud).

Hukakolt peanbHbIll areHT He HaJeJisieTcsl IPEANOYTEHHEM, B TOYHO-
cTH coBnajaomuM ¢ R(u), BO3M0OKHO, 9TO NPOHHNATENbHEIN NOTHTHK
cyMeeT [POBECTH CBOIO IPOrpaMMy B COOTBETCTBHE C 3THM IpEAIoYTe-
HHEM.

Eciiu KoJUleKTHBHBIE pellleHHs] BCerja OCHOBLIBAIOTCH Ha KOJUUIEKTHB-
HoM nopsiake R(u), To coobuiecTBo MoKeT HMETh HE OZJHO MHOXKECTBO
BriOopa. IlpeaMeroM cnopa MoxeT ObLITL McHbIIee NOAMHOXeCTBO B,
T.e. noaMHOXKecTBo B u3 A(B C A) fonycTHMBIX HCX0J0B.

BuibupaoTcst Te HCXOfbl, KOTOPbIE SIBJISIIOTCH HAWIy4lIIHMH HAa B U B

coorsercTeuu ¢ R(u) :
mng(u) = {a € B/ Vb€ B, aR(u)b}. (4.1.4)

Ucxoan Bae B (Tak Kak Bribop ocymectaisieTcst BHyTpU B) He fomK-
HBl OKa3hlBaTh HMKAKOIro BJIHsIHMS Ha Bhibop u3 B. W kosuekruBsHoe
NpeANouTeHHE AJIs1 3JIeMEHTOB MHOXKecTBa B 3aBHCHT TOJILKO OT HHIH-
BUAyallbHBIX NPEANOYTCHHH [JIsS 3THX 3JIEMEHTOB.

Onpenenenne 4.1.3. (Egunornacue:) das ecex npofuaed u u
uczodoe a, b :

{N(u,a,b) = N} = aP(u)b. (4.1.5)

DTo emé ogHo TpeboBaHKHe «pa3syMHOCTH» arperapyoineli mpoieiy-
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pbi rosiocoBan Hsi. Eciin BapHaHT Z siBJIsieTcsl caM bIM NPeAoYTH TCIbHEIM
10 CPABHEHHIO C APYTMMH BapHaHTaMH [Jif KaXKioro u3 uzbuparenef,
TO arperupymolias INpolieaypa rojocoBaHHsl AOJKHA Ha3BaTh €ro Ca-
MbIM PEANOYTHTCIbHLIM BADHAHTOM C TOYKH 3DEHHS KOJUIEKTHBA. JTO
YCJIOBHE H €CTh YCJIOBHE €AHHOIJIACHS.

Teopema 4.1.2. (Appoy [1951,1963)) ITycms A cocmoum no spaii-
ned mepe u3 mpéx ucxodos. ITyems R — ynopadovenue xoraexmusnozo
baazococmoanud, cosmecmumoe ¢ ommuoutenvem Iapemo, m.e. ydoeae-
meopArouee Yycao6ur edunoeaacud. Tozda R ydocaemsopaem axcuome
0 HE3ABUCUMOCTIY 0T NOCTOPOHHUTL GALMEPHATNUG 6 MOM U MOABKO
MOM CAYYAE, ECAL 00 AGAREMCA JUKMAMOPCKUM.:

cywecmeyem azenm i € N (duxmamop) maxolt, wmo R(u) = u;,
das 6cex u.

WHbiMu ciioBaMH, ecyid Mbl TpeOyem, 4ToOLI IapHble CPaBHEHHs1 KoJl-
JICKTHBHOTO DyarococTosiHus 00pa30BLIBAN MOJHBIN MOpAA0K (Kak oT-
HOLIIEHHE CTPOToro NpeANoYTeH s, TAK H OTHOIIeH He beapasinyust 05K-
Hbl OBITL TPRHZUTHBHLIME), TO TOTJA €AMHCTBEHHLIM ONTHMANLHBIM M0
IMapero MeTosoM arperipoBaHHsi NPEANOYTEHHN SIBJSICTCS HHKTATOD-
CKH It MeToZ.

ITorpebyeM, 4yToOLI OTHOILIEHHE KOJUICKTHBHOrO OiarococTosinusi Onl-
JI0 KBa3HIOPSAKOM, T.e. 4T00bI 6HHApHOE OTHOIIEHHe CTPOroro Npeamno-
yTeHHs1 OLIJIO TPAH3UTHBHLIM, a OMHapHOe oTHoueHHe Oe3paznuuus —
HeobsizaTeNbHO.

Onpeaenenne 4.1.4. (Ksazunopaakom) nazweaemes noaroe bu-
naproe omuowenue A c mpansumuenol cmpozod xomnonenmod. Kaea-
3UnoPAJoT KOLIEKMUGHG20 OAA20COCTIOANUA ECb omolpadicenue, cma-
GAULEE 6 coomBemcemaeue xaxcdomy npoduaro u € L(A)‘,"r KOAAEKMUG-

nott xeasunopador R(u).



Onpeaenenne 4.1.5. Memodw azpezuposanua ¢ mpansumueHsim
cmpozum OUNEPHBIM OMHOWENUEM NPECNONMENUR, YJ06AEMBOPAIOULUE
axcuome IPpoy 0 NE3AGUCUMOCTRY O TOCTROPOHNUT GALMEPHAMUE,
Mo2ym Oomb 0TAPAKMEPUI0GAND. KAK 0AUZAPIUHECKUE:

cywecmeyem maxoe nodmmuoncecmaeo uabupameaet: (oauzaprus),
wmo xandudam a, das coobusecmea, aywwe b mozda u moavxo moada,
x02da 0af GCEX 0AU2APLO6 a Ay~uie b.

Teopema 4.1.3. Qurcupyem xoaauyurwo T* C N — oauzapruro u
xasicdomy npoduaro npednoumenuti nOCMAGUM 6 COOMBEMCMBUE KOA-
aexkmuenwnt xeasunopadox Rp(u), onpedeaénnwt caedyroujum obpa-

30M.

aRp(u)b < N(u,b,a) ¢ T*. (4.1.6)

OksuBanenTHbiM 06pazom orHomenne Ry»(u) onpegensiercsi csoeit

TPaH3UTHBHON cTporolf KoMmnonenTolt Pr.
aPr(u) & {Vi € T*, ui(a) > ui(b)}. (4.1.7)

KBazunopsinok KosiektusHoro Gnarococrosinusi Ry-(u) yzosnerso-
psieT cBoHCTBaM aKCHOMbI DPPOY O HE3ABUCHMOCTH OT [10CTOP OHHHX allb-
TepHATHB H efuHorIacusi. BepHo u obparHoe yTBepXKaeHHE.

Onpenenenue 4.1.6. Jaa dannozo npoduas u xoarexmuesoe nped-
ROYMENUE HAIBEAEMCA oMHoulenuem domuruposanua: b domunupyem
b moeda u moavxo moeda, woeda azenmu, 0 xomopwux b aywwe b,
00pa3yIoMm 6HULP HEAIOWYIO KOGAUYLIO.

Vreepxkaenue 4.1.2. Jaa sadanrozo npoduas npednoumenus u
npedmem cnopa B ecmv mmosncecmeo ucxrodos us B, nedomunupyemvix
6 B, uau maxcumarvnwx no R(u) ucxrodos uz B.

W Bce 3azauu Bribopa 4181 JAHHOrO THIIA MPEANOYTEHHH MOXKHO pac-
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CMATPHBAThL HC TOJILKO KaK HIPOBLIC 3a7a4H, HO H KaK 3aAadd HeCTPO-
roro MaTeMaTHYCCKOTO MPOrpaMMHUPOBAHHS, CBOAS HX CPABHHTEJIbHBIN
aHalu3 K MOCTPOCHUIO MHOXKecTBa [lapeTo u mocTpocHHUIO HEAOMHHHDY-
eMbIX albTcpHATHB (3afaia MakcuMuzanuu Gyunknuu Buibopa), momy-
Yasi Ipd AaHHOM arperudpywomem npasuie IlapeTo-ontTumanbHoe MHO-
KeCTBO HELOMHHHPYEMbIX ajlbTepHATHB. B 3akiodenun emé u e pas
MOAYEPKHEM, YTO He CYIECTByeT abCONIOTHO JIy4Illero arpernpyoiero
NpaBUIIA TOJIOCOBaHHS, T.C. KaXKias NpoleAypa roj0COBaHMs yAOBIe-
TBOPSIET HCKOTOPOMY Habopy yciioBUH M He YAOBIIETBOPSIET OCTAIILHBIM.
ToaroMy noabop npoueaypsl ron0CoBaH sl C KOHKPETHLIM IPABUIIOM ar-
perupoBaHusi B KOHKPETHOH NpaKTH4YecKol curyanuu Tpebyer yérkoro

N PEACTABICHUS 00 0CODEHHOCTSAX KAXKAOM M3 BO3MOXKHLIX NPOLEHYP.

4.1.2 HpﬂHqu‘l MEHBHIHHCTBA

Bero-@yuknus cocroareneanix no Kongopce nmpasua rosoco-
BaHUS

s moboro cocrositensioro no Konzopece npasuia rosnocosanust
(uzbupaercst mobeaurens no Kongopce, ecnu oH cymecTsyer) crporoe
GonbmuHcTBO BhibOpuiMKoB (Takas koanunust T : |T| > 1/2 % n) umeer
IOJIHEI KOHTPOJIb HaJ| HCXOHOM BLIOOpPOB. A MeHBIIHHCTBO
(IT) < 1/2 * n) ne umeer nukakoro. CnenosarensHo, Bero-¢yHKIHS

TOBOPDHT HaM POBHO TO >Ke, YTO # MHHHMaJIbHbIe KOAJIHIIHH:

0, t<1/2%n,
u(t) = (4.1.8)
p—1 t>1/2%n
Bero-pyuxknus nna meroaa Bopna
®uxcupyem A npu |A| =pu N npu |N| = n. Lns awboro npoduist

u € L(A)"N o6oanaunm vepes B(u) C A. Muoxkecrso nobeauTeneit no

227



Bopaa, To ecTh KaHAHAATOB, HMeMUX Haubonbiylo ouenky Bopza.
CkaxkeM, uTo Koanunuus 7' MoXeT oTBecTH NoAMHoxKecTBo C HCX0Z0B,

ecn cymecrsyer coobmenne ur € L(A)T, takoe uto
B(UT, 'LLN\T) NC = @® ans Beex UN\T € L(A)N\T.

IMockonbKy B HelTpajibHO H AaHOHHMHO, TO BaKeH TOJIbKO pasmep t
koanunuu T' u pazmep C. 3uaunt, mis sesikoro £, 1 < ¢ < n, cymecrsy-
er Takoc uncio v(t), 0 < v(t) < p—1, 4ro mobast Koanuuust pasmepa t
MOXCT OTBecTH Jiloboe moaMHOKecTBO pa3mepa v(t) U He MOXKET OTBeCTH
noaMHOXKecTBo pa3Mepa v(t) + 1. B meticteuTtensnoctu v(¢) ¢ omubkolt

He Gonee 1 onpezensieTcsi HepaBeHCTBAMH:
v(t)=0,t>1/2%n,
[2(8) = 1/t] < w(t) < [2(t)], 1/2*xn<t<2/3xm, (4.1.9)
v(t)=p—1, 2/3xn <,
rae z(t) = 2(2 — n/t)(p — 1), [r] — HauMeHbIIeE LeTOe HHCIIO, OTPAHH-
qeHHOe cHU3Y T (T, okpyriienHoe ¢ u3bniTKoM). CTporoe MeHbIIKHCTBO
MMeeT HyJNEeBYyK CyMMY, a cTporoe GoJbIIMHCTBO B ABe TperH obiajaer
MOJIHOM BeTO-CHJION.
B urore, Ansi KOHTPOJIMPOBaHKsl IPHHIIMIE MCHBIIHHCTBa Heolxoau-
MO: €c/li KOAJIHLKsl COCTOMT M3 T HponcHToB Bhibopumkos. To oHa He

A0JI?2DKHa HMETh BOBMOXKHOCTh OTBECTH nwoboe noaM HOXKEeCTBO, COACPXKa-

miee MeHee I MPOLEHTOB KaHIHAATOB.

4.2 Cnocobsl MAHMOYJIMPOBAHHS TPyNIaMHu

Onpeaenenne 4.2.1. ITod manunyauvposanuvem nonuvmaemcs npedna-
MEPENNOE G030etCTNGUE CO CTNROPOHDL 0P2AHUIAMOPA 2020C0BAHUR UAY €O

CMoporHsl usﬁupamcnet‘l C YEADIO USMEHENUA PEIYADMAMA 20A0CO0GCAHUA.
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B n1060it npolieiype rojlocoBaHusi Ha «BXOA» NpPOLEAY Phbl HOCTYAET
npeabsiieHie X, a Ha BLIXOZe BhipabaTbiBaeTcsi KOJUIeKTHBHBLIH Bbl-
6op Y*. Ilpu mocTymicHHH Ha «BXOA» MPOLEAYDPbl Pa3IHYHBLIX IIpedb-
sipnennit X C A, A — MHOXeCTBO BceX KaHAHJATOB, HA «BbIXOZE» BhI-
pabarhIBaloTCs COOTBETCTBYOMME AAHHBLIM X KOJUJIGCKTHBHBLIC BLIOOpEI

Y* C X. Tax Bosuukaer kosuekrusHasi QyHKuus Boibopa Y* = C*(X).

421 MaHHNyJIHPOBaHHE CO CTOPOHBLI OPraHM3aTOpPa roJiocoBa-

HUHA

OpranuzaTop rojiocoBaHHsi MOXeT Bo3/eHcTBOBATb Ha MPOLECC BLIpa-
00TKH KOJUIEKTHBHOIO pellleHHsi pa3iu4HbiMu criocobamu. [Tepeuncnum
HEKOTOpble H3 HHX:

® nyTeMm pa3bHeHHs] HCXOAHOr0 MHOXKECTBA BADHAHTOB, BKJIIOYeHH bIX
B u3buparenbHbil Go/UleTeHb, Ha MOAMHOMXKECTBA, NpeAbsBIsieMble H3-
buparesnsiM nopo3Hb. KossleKTHBHLIN BLIOOD NpH HCIOJIL30BAHMH HEKO-
TOPBIX NPOLeAYP roJI0COBaHHSI MOXKET 3aBHCETh OT TOr'0, KAKMM 00pazoM
I POH3BECHO 3T0 pa3bHcHHe, a TaKXKe OT TOro, B KAKOH Mociie/loBaTelb-
HOCTH [OJMHOXKECTBa NPeAbSBISOTCS uabuparensiM (MaHHIyIMpOBa-
HHE C TIOMOII[BIO ATeHAbI).

PaccMOTpHM OfHMH M3 CJIyYacB MaHHIYJIHPOBAH HSL:

IlycTb npH NOCTYIUIGHHH Ha «BXOA» IPOLEAYPbl HCXOMHOIO I peib-
sipienHsi X Ha «BbIX0oJe» MpoLiely bl BhlpabaThiBaeTcsl KoJUjleK THBHLIMN
Buibop Y*, KoTophill He ycTpaWBaeT opranusaropa rojiocosanusi. Torga
OpraHu3aTOp MOXKET pa30uThL npeabsiBieHue X Ha MOAMHOMKECTBA H, H3-
MeHsIs I0CJIel0BATe/IbHOCTh NPeAbSABIeHHH 3THX IOAMHOXKECTB BApHaH-
TOB H30HpaTessM, opranu3aTrop MoxeT BobuTLCs1 Dosee JKeaTeILHOro
Jist cebst KoJuleKTHBHOrO BeIOOpa.

B atom ciyuae ucxogHoe npeabsisnenne X pazbusaercs opraHuzaro-
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POM ToJIOCOBaHHS Ha mogMHoXkecTBa X1, Xa, ..., Xi. Kaxzpoe nogMHuo-
JKECTBO NpeAbsIBIsicTes H30MpaTENsiM NOPO3Hb, U U3 KaXK0ro MOAMHO-
xecTBa Xi,...,X; Ha OCHOBAHMH TOrO K€ arperdpyomiero IpaBuia
OCyLIeCTBIIsICTCS KOJLUIeKTHBHbI Bhibop Y7, .. .| Y. Bribpaunbie tak us
BCEX MOAMHOXKECTB BaAPHAHTHI 00LeAUHSIIOTCS M BHOBL MPEAbSBIISIIOT-
cs1 u3buparensM gJia Buibopa. BapuanTel, BuiOpannbie Ha 3TOM BTOPOM
arane, O0bLABISIIOTCH OKOHYATELHEIM KOJUIGKTHBHLIM BhIDOpoM Y'*:

® [yTCM BBEACHHS B HCXOAHOE MHOXKECTBO BADHAHTOB AONOJIHUTEINb-
HEIX BADHAHTOB, KOTOPLIC caMHi, OLITh MOXKeT, B KOJJIEKTUBHLIH BLIOOD
HC NONajaloT, OAHAKO NPHCYTCTBHC MX B u3buparennHoM Owosuierene
«OTTATMBaET» Ha cebsi 4acTh ronocos u3bupareneil, H3MCHSA TeM ca-
MBEIM KOJUIEKTHBHEIH BhIOOD;

® nyteM o0beauHenust u3buparesnell B rpyNNbl U NOCTIEAYIOLMX Aei-
CTBHI ¢ BapuaHTaMH, BLIOpaHHbIME rpynnamMu u3buparencii.

Ilononnenne (OaHO3HAYHEBIE TPABMIIA rO10COBaHus ). JIBe Heme-
peceKkawoliecs: rpynnnl uabuparesnet Ny, Ny uMeror gesio ¢ ogHuM 1 TeM
xe MHOXKecTBOM A Kauauaaros. Ilyers Beibopuuku Ny u Ny BriOupa-
I0T OZHOIr0 H TOro xe¢ Kanauzpara. Toraa Bribopmuku Ny U Ny Takke
uzbepyT a uz A.

3To cBoMcTBO siBJIsieTcsl BecbMa 000CHOBAHHBLIM, KOTJa eJ{MHbIH H30H-
paTefbHLI opraH pa3bur Ha Donblnoe KOJMYECTBO MOAMHOXECTB, KaK
B cillydac PerHOHAJbHEIX accaMOiclt u mogkoMureros. IIpezmomoxkum,
4ro A — MHOXKecTBO (HOPMYJIMPOBOK 3aKOHONPOEKTa, & COOTBETCTBY-
I0l{He KOMHUTETHI B NaiaTe MNPEACTABICHHH H B CEHATE HE3ABHCHMbIM
roJiocOBaHHeM NPEIJIoKHI OAHY H Ty Ke anbrepHaTHBy a € A. Akcu-
OoMa TONOJIHEHHS] TOBOPUT O ToM. UTO HAa COBMECTHOM 3acefaHUH OHH

TakKe u3bepyr a.
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422 MaHunyJIMpOBaHHME CO CTOPOHBI u3buparenei

BumecTe TeM u3bupaTenu TaK:Ke MOrYT BJIHATB Ha mpoliecc BhpaboTku
KOJIJIEKTHBHOTO DCIIEHHs] PasiMYHLIMH crocobamu:

® IyTeM HCKaXKeHHs! CBOEro MCTHHHOTO MHAMBHAYATLHOTO YHOPSIHO-
4CHHS WM CBOEr0 MHAMBH AyallbHoro BeiGopa ¢ nesbio nosty4cHus 6osee
I pHEMJIEMOT0 ISl AaHHOTO H30H paTesst KOJUIeKTHBHOTO PCLICHHS;

© C IOMOINBIO PacHIMPCHHST cocTaBa u3buparenett (u36uparens MoxeT
11 DHBJIEKATh K T'OJIOCOBAHHIO JONOJHHTEIbHEX H3bupaTencl, HHEANBHAY-
aNbHLIE MPEANOYTEHHS KOTOPLIX COBNAAAIOT C €ro MPEANOUTeHHSIMH);

® B HEKOTOPBIX CITy4asiX BO3HHKAET TaKast apafoKcalbHasi CHTYaIHs],
Korza u3buparenio BhIrogHee He MPHHHUMATh YYacTHS B I'OJIOCOBAHHH,
TaK KaK OTKa3 OT roJlocoBaHHMs BeieT K u3bpanmio Gosce mpeanodTw-
TeJILHOTO jjisi Hero BapuanTra. Takolf crocof HasbiBaeTcst MAHMIYJIHPO-
BaHHCM C TIOMOIILIO0 HESIBKH.

TycTh npoueypa rosloCoBaHHs Pealn3yeT KOJUICKTHBHYI0 (QYHKIIHIO
C*(X). Nlpu pazbuennu X na nopmuoxkecrBa Xj,...,X; BO3HHKaET

¢yukuus suibopa

k
cxy=c(lJcxy), (4.2.1)
j=1
KoTopasi MoxkeT oTiauuarbest ot dynkuuu Buibopa C*(X). 3zecs Boz-
MOXKHBI ZJB€ CHTYaLHH.
1. CymectByer Takoc uucio k u takoe pasbuenne Xy, ..., Xi, 4ro
BO3HHKAIOIIas Ko/leKTHBHas (pynkuust Beibopa C* ornuuaercs ot C*.
2. Ilpu mwobom k u mobom pazbuenun (GpyHKIHN KONJICKTHBHOTO Bhl-

6opa C* u C* coBnanaer:

k
cxy=c{lJex) |- (4.2.2)
j=1
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IMocneanee yciioBHe W 03HAYAET, YTO MAHHUIYJIHPOBAHHE ON HCAHHBIM
crnocoboM HeBO3MOXKHO. DTO yCIIOBHE HA3LIBAGTCS] CBOMCTBOM He3aBHCH-
MOCTH OT IyTH, TO €CTh OT cnocoba pazOuenusi npeabsiBicuuss X Ha

MMOOMHOXKCCTBA.

4.3 Mannny.nnponanne CXeMaMH roJioCoBaHHus

Janbine pedb HAET 0 TOM, 4TO Jobasi cxeMa He AUKTATOPCKOTO NpPaBHJIA
roJIOCOBaHHs, KOTOpasi HMeeT, HapHMep, TPH BO3MOXKHBLIX pe3yJ/ibTaTa
sIBJIsieTcs peAMeToM HHAMBHAYyallbHOro ManunyiupoBanus. Ilox «cxe-
MOH TroJIOCOBaHHSI» MOHHMaeM HEKOTODYIO CXeMY, KOTOpasi BhlpayKaeT
obuiecTBeHHBIH BLIOOD BOJIHE HC3ABMCHMO OT TeX allbTepDHATHB, KOTO-
pble HMEIOT OTKPBIThIe, MHHMbIC JIHYHbIE IPEHMY I{ECTBA 110 OTHOLIEHHIO
K HHAMBHAYalbHBEIM PEHMYIIECTBAM CPEJH OCTABLUIMXCS ajlbTePHATHB.
IMoa YacTHLIM MaHHIyJHpoBaHHeM OyZeM NMOHHMATh: HCKAYKCHHE CBOMX
npenno4TeHuit.

Iyctsb urposoit (hopMott Gyaer HekoTopasi cxeMa, KOTopasi IOKa3biBa-
€T pe3syJibTaT, He3aBMCHMBIH OT yNOpsiA0YMBaHHs 4acTHOM JesiTesbHO-
CTH, KOTOpPYI0 MhI Oy/ieM HazbiBaTh crpaTerusiMd. Cxema rosjocoBaHust
— cTaHOBHTCs HrpoBoit ¢hopMmolt, B KoTopoit crpaTerusi — cepa ze-
ATEJLHOCTH NPEAIOYTeHHH, HO MHOTHe MUIpoBhie GopMbl He SIBJISIIOTCH
cxeMaMH ToJlocoBaHMsi. ByaeM HasblBaThb CTpaTeruio JOMHHHDYIOMeH,
ecjlM OHa JIOCTHTaeT LieJM TaK ObicTpo, KaK HHM OfHa JpyTras aibTep-
HaTHBHas crparerusi. TolbKo npocThie HrpoBbie (POPMBI FapaHTHPY IOT,
4TO KaXKAbIH MHAMBHAYYM, HE3aBHCHMO OT ero npeanodrenuit, bymer
MMETh AOCTYNHYI AOMHHHpYyOIIylo crparerdio. Orcioga ciemyer, 4To
HeT He TPHBHAJIbHOM CXeMBl roJIoCOBaHHsSI, KOTOpasli He rapaHTHpOBala
Obl, 4TO YecTHOe BLICKAa3biBaHH e TPEIOYTCHH i IPHBEICT K JOMHHHDY-

ouelt crparerun. MHOrHe cxeMbl roJIOCOBaHHSI MCHONL3YIOT cybOnhekTa
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AJisT MHAMBHAYAlbLHOro MaHHOyldHpoBaHus. CHHTAIOT cXeMy roJjocoBa-
HHUS YIOPSAZOYCHHON ecii: KaxKabllt u3buparenb coobiiaer cBou mpen-

MOYTCHHA IO OTHOWICHHUID K NPeIdCTaBJICHHBIM albTeépDHATHBaAMH.

431 OOmee noHSTHE MAHMNYIHPYEMOCTH

Crniocob TpakToBKH pelieHHi MoxKeT OLITH NpeJCTABICH B MaTeMaTH4e-
ckoM BHge. [Janee TeopeMbl OyiyT sloKazanbl B JByX BHaax. Koropbie
Ha3bIBAIOTCS «HIPOBLIC (hOPMbI» H «CXEMBI rOJIOCOBAHMS ».

Onpenenenue 4.3.1. Crema 2oaocosanus — 3mo opmyaa, ¢ nomo-
wbto xomopott cpedu aavmepramué unducudyaavuvie npednovmenui
onpedeastom obuecmeennnl 6wbop uaY «Pe3ysbmams.

CxeMma rosiocoBanusi siBjisicrest (pyHKIMeH ciiefyoliero Biaa: MycTh
cyuiectByeT 1 — H3bhparesicit, z — HEKOTOpoe MHOYKeCTBO allbTepHa-
TuB (M3 KoToporo cinenyer Bribupars). Heobxogumo ynopsaouuTs MHo-
JKeCTBO Z YIOpsAA04HBaHHs NpPeANoYTeHH n — BapruaHToB. TakuM o6-
pa3oM, ynopsiiloiHBaHKe NPeANoYTeHHE — HHAMBHAYAIbHbIN y4eT npe-
MMYIICCTB CPEJAH CYLIECTBYIOMHX (HMCIOUTUXCH B PACIHOPSIYKCHHH allb-
TCPHATHB), H CIIACOK M3 7. — BADHAHTOB NPEANOYTEHHH COCTOHT U3 Psi-
Ja JNH4HBIX npeanourenuit. ClefoBaTe/IbHO cXeMa roJocoBaHHsl — 3TO
¢byHKuHs, KOTopasi 3a/|aeT 3JleMeHT MHOXKCCTBa Z fJisi KaXK/0ro Bo3-
MOXKHOT'O BapHAHTA U3 7, IZle MHOXKECTBO Z M YHCJIO 7 3ajaHbl.

CxeMa rosiocoBaHusi siBJIsI€TCS] HACTHLIM CJIy4aeM TOro, 4To MbI Oyzem
Ha3bLIBATh «MrpoBasi (hopMa», H TEOpPEMa O CXCMaX roJIOCOBAHHS SIBJIS-
eTcsl 4acTHBIM cilydaeM obiero pesysibTara HrpoBhix (hopM, KoTophic
Oy yT npeacTaBiieHbl Aajec.

Urposas opMa — 3To cxXema, KoTopasi YYHTHLIBAET HHAMBHAYYMA,
ero BLIOOD cpeiiH MHOXKECTBA CTPATErHi U ZieiaeT BLIBOJ, 3aBUCSAIIME OT

onpesenentoro cnocoba (cTparteruit, Koropble HHAHBUAYYM BLIOHpaer).
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3aech «cTpaTerisi» — 3TO TO K€ CaMoe, YTO YUCTasi CTPATErHsi B TCOPHH
Urp.

U rak urposas dopMa — 310 yHKIHEs ¢ ¢ obnacTbO ciepyomie-
ro BHJa: AJisl BceX MIPOKOB OT 1 70 m onpejesisieM He IycToe MHO-
xectBO Si,...,95,, cooTBeTcTBeHHO cTpareruil. [nsi sicHoro ompege-
JIeHHs1 IicJiel, He MMeeT 3Ha4deHHsl, KaKasi W3 CTPATCTHH y Hac ecTb.
Obnacte dyuknuu g cocTodT U3 Beex n BapuantoB (Si,...,Sy,), rae
81 € S1,...,8, € S,. Benuuuna GyHKIMHE g HA3LIBAETCS PE3YJILTATOM.
B utore cxeMa rosiocoBanusi — 3T0 HrpoBas (opMa BHAA: IJA KaxK-
JlOT0 HT'POKa CYHICCTBYCT €ro MHOMCCTBO CTpPATErHi — 3TO MHOXKECTBO
BCEX YNOPSHAOYEHHBIX AlIbTCPHATHE H3 MHOXKECTBa Z, IJle MHOXKeCTBO Z
BKJI04aeT B cebst MHOXKecTBO HcexozoB X.

MauunynapyeMocTs — 3To cBolicTBo urpoBo#t dopMul g(si,- - ., Sn)
wioc . GyHKIu# 01, . . . , Oy, TAe AJ18 KaxKaoro k U nopsiika npeanouTe-
uutt P, 6;(P) ecth crparerusi ajist uHAuBUAR k, KOTOpasi 4eCTHO MpeJ-
crasisier P. QopManbio Z — MHOXKeCTBO BCeX allbTePHATHB, OTKPLIThIX
A5t KoMOHHHpOBanusi, KaxKas oy (YHKIHs, aprYMCHTHI KOTOPOH paH-
JKUPOBaHbl 10 Z, H YbH BeJIHYHHbLI CTPATErH4ecKd OTKpLITHI ajist k. Ma-
HHUIYJIHUPYCMOCTh SIBJISIETCS] CBOKCTBOM HIPOBOH (DOPMBI B CONPSIKEHHH C
n Bapuantamu (01,...,0x) GyHKkuun ok. [ne cucreMa npuHsiTHsi peme-
HHUS XapaKTepusyercs (GyHKIHMAMH g, 071, ..., 0k, KAK Mbl OIpeAeIHIIH,

M XapaKTepH3yeTcsl cXeMol rojocoBaHust
V(Pl,...,Pn) =g(0‘1(P1),...,0‘n(P")). (431)

st kaxporo u3 n sapuantos (P, ..., B,),v(P,..., P,) — arto pe-
3YJILTAT, ec/IH HHAMBHAYYMEI H€CTHO BLIPA3HIIH MOPSAAOK NPEAIOH TeH Hl
P, ..., P,. Toraa Kak MaHHIYJIHPYeMOCTh HC SIBJISIETCS CBOMCTBOM OZH-

Ho4HOlt urpoBotlt )opMEl, 3TO CBOHCTBO OJHHOYHON CXeMbl FOJIOCOBaHHS.
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Cxema rostiocosanusi V Manunysupyema, eciid st HeKkoroporo k u n Bu-
n08 npegnoutennst (Py,...,P) u (P},...,P,), xpome P; = P! i = k,
a Takxe

v(P,...,P)Pw(P,..., P). (4.3.2)

Ecnu P, siBnsieTcst peanbHEIM MOPAAKOM NPEANOYTeHHEM k-TO HHIH-
BHAyyMa, Aalolias NyTh APYruM u3buparessiM, npegnourenue k-oro —
PE3YJILTAT ICHO BHIPRKEHHBIX MOPAAKOE npeanoutenult Py. CxeMbl ro-
JI0COBaHHsI MAHHIYJIHPYEMBl B TOM CJIy4ae, ec/ii CTPYKTYpa He FapaHTH-
pyer, 4To He HMeeT 3HaYeHHs!, KAKHM 00pazom Kaxkamullt uzbuparens ro-
nocyer. ManunyupyeMocTh B GOJIBIIMHCTBE CJIy4acB ABJISIETCS YCTKHM
CBOMCTBOM CXeM Tr'oJIOCOBaHHS, HO MHOrHe JAefCTBYWOIHe CHCTEMBI Io-
JI0COBaHHsSI YeTKO He XapaKTEePH3YIOTCS! HH OZHOH cXeMoll rojlocoBaHusl.
ManunyaupyeMocTs cKopee cBolicTBo urpoBoti hopMul Ioc PyHKIHH
01,...,0p, KOTOpDEIE XapaKTepH3yIOT decTHoe rosiocosanue. C gpyrolt
CTOPOHBI, MAHHIYJIHPYEMOCTh — 3TO CBOHCTBO CXCM r'OJIOCOBAHHS, Bhl-
ZernenHoe u3 urposolt (opMmbl g # a4, ..., 0y. Bee He TpHBHANLHEIE cXe-
MBI T'OJIOCOBAH HSl MAHHIYJIHPYeMEl, CJI€0BATe]LHO, He HMeeT 3HAYEeHHUS,
KaKyI0 CXCMY TOJIOCOBAaHHsl MBI BhiOepeM, Jijist XapaKTepHCTHKH CHCTEM.
Bee dyuknuu gy, . .., 0, Mbl BRIOpanu mjist onpezeeH sl YeCTHBIX BhiOo-
POB, HO 4eCTHOCTL — He BCCIAa SBJsieTcs HamTydure#t monutuxoit. Hc-
KJIIOYeHHE JIHIIbL COCTABJISIIOT TPHBHAILHEIC CHCTEMBl — JMKTATOPCKHE
CHCTCMBI H CHCTEMBI ¢ He Gosice em nByMs peaynbratamu. PaccMorpum
pEe3yJILTAT B TCPMHHAX HIPOBBLIX (hopM.

MycTs s* JOMUHMpYIOIIAN CTPAaTerust i HIPoKa k U MopsiiKa npea-
nouTennit P MHOXecCTBa HCXOOB, eC/IH 151 KaXj0ro (PMKCHPOBAHHOTO
pa3sMelieHusl cTparerufi, /sl OCTANbHLIX HIDOKOB, CTpATerusi s* gaer
pesysbTaT Takol: BLICOKHH NOpsiiok mpeanodrenull P, kak Hu oaHa

M3 JPYIHX AOCTYNHHIX anbrepHaTuB Ans k. Jnsi urpoka 1 ¢ mopsia-
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KOM mpeAnodTcHull P, ecnu Her HH OfHOW CTpaTeruu U3 7. BADHAHTOB

(Sly .. -aSﬂ)) TO

g(slr'--:Sn)Pg(stvsb'--aSn)' (433)

432 Teopembl MAHHNYJIMPOBAaHHS U AO0KA3aTEJIbLCTBA
Urposas dopma xapakTepusyercsi cilefy OMHME Y TBEPXKACHHIMH:

1. MHOXKecTBO X, 4JIeHBI KOTOPOT'O HA3LIBAIOTCS BO3MOXKHBIMH PE3YIib-
TAaTaMH WIM NPOCTHIMH pe3yibTaTaMH. Kciu NpeiBapHTelLHO HE

OroBapHBANOCH, IEPEMCHHEIE T, Y, 2 OyAyT pesynbTaraMu.

2. mOJI0XKMTeJIbHOE, 1IEJI0e YHCIIO 72 HA3LIBaeTCsl KOJIN1eCTBOM HIPOKOB,
7. urpokoB OyayT obozHadeHnl LeTbLIME YHCIaMi OT 1 7o 12 u nepe-

MEHHEIE i, J, kK pAHXXHPOBaTh Bce JAHHEIE YU CIIA.

3. cymecrByeT n wTyK S;, M0 omHoM mnsi Kaxmoro i. «Crparerusi»
34€Chb TO, YTO B TEOPHH HIpD HA3LIBAETCS «4YHCTOH cTpareruei».
Crparerust n BajoB byzier onpeaesisiTcsi ¢ MOMOILI0 0003HAYEHUH

cieayomero Buga s = (8y,...,8,),8 = (s},...,s,).

4. dbyukuus g onpenensuiach Al KaXKAOM cTpaTeruu 7 — BHZIa, I0-
przioK KoTopoi Haxozautest B X. Crporo rosopsi, urposas yHKIHS

g, KoTopasi MoKeT OLITh oXapakTepu3oBaHa Kak ObLIo 4o 3TOro.

Mul MoXKeM onpemeluTh HrpoBylo dopMmy, Kak yHKNMI0, 001acTh
KOTOpPOH AEKapTOBO Npou3BeneHue Si,...,S,, OrpaHHYCHHAS KOJIHYe-
CTBOM OTPaHHYEHHLIX He MyCTHIX MHOXECTB. JTH Pe3yJbTAThl Ha3biBa-
10TCSl BEIXOAaMH. A apryMeHTHl HasblBAlOTCS CTPaTerdsiMH n BHAOB, a
TaKXKe 4JIeH MHOXKCCTBa S; Ha3bLIBaeTCH CTpaTeruedl Ajs 1. Celtuac na-

JUM HEIOCPeACTBeHHOe ompeneneHue urposo#i dopme g. Ilopsizok Ha
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MHOXecTBe Z SIBJISIeTCs] JBOMCTBEHHBLIM onpeziesicnueM P Mexay wie-

HaM¥ MHOXecTBa Z Kak, HalPHMCp AJjisl BeeX &,Y, 2 N3 MHOXKecTBa Z.
—(zPy & yPxz), (4.3.4)

zPy — (zPy V yPz). (4.3.5)

IMopsiioK npeanoYTeHUt — 3TO NOPsAOK MHOXKecTBa X, IZle 3TO MHO-
JKECTBO SIBJISIETCS MHOMCCTBOM pe3ylnbTaroB. B Takom ciydae nepemcH-
Hasi P «siBasiercs npegnodrenuems. QnpezcieHHbic TOYHO 3aaHHble T
U Y MOTYT He 3aBHCHT 0T P; ecnu T2k, 1o He Py u ne yPz. Bo-nepsbix,
AJisl HEKOTOPOTO /| BOHCTBeHHOTO onpeneteHust P Mexxay uieHaMu MHO-
xectBa X, xRy Oyayr osmavare ~ yPr, u zly Gymer obozmauarn
~ (zPyd&yPxz). TakuM obpaszoM ecnu P siBnsiercsi nopsiikoM npezio-
yrenuit, P npencrasisier crporoe npeanourtenne, I Ocapaznuune u R,
Geapaznuuue uau npeanouTenuc. Io Tolt xe cxeme: zR'y byzer obozua-
qath ~ yP'z, 2Ry byaer oboznauars ~ yP.x. Ananoruuno zl'y Gyzner
oboznauars ~ (zP'y&yP't), zl;y 6yner oboznauats ~ (zPydyPz) u
1.4, Bo-BTopbIX, /jisi HEKOTOPOro N-BHAA NPEACTABIEHHOTO C OMOII{LIO
JKUpHOro WpHTa, pe3yibTaT H3MeHeHHsI MecTonosoXKeH s k-oro Oyzer

0603HAYATLCS C IOMOMILIO CHMBOJIOB Cllefylolero Buza. e
s =(81,...,8n), (4.3.6)

MBI HMECM

Sk/t= (51,...,8k_1,t,3k+1,...,Sn), (437)

ApyrumH cioBaMu, s' = sk/t, s, =tn
(Vi)[i # k — s} = s4]. (4.3.8)

Tne P nopsimok npegnoutcuult, crparerusi ¢ sisnsiercst P — noMuHu-

pyomas a5t k ecnu 4151 Kaxx ol cTpaTernn n — BiAa, s, g(sk/t)Rg(s).
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Jpyrumu cnosamu, t — aro P — gomunupywomas ais k, eciu He cy mie-
CTByeT TaKMX CTpPaTerdi, KoTopble ONpeAelsiioTcs sl Kakoro-HuOy b
ellle MrpoKa, crpaTerusi t ajisi k onpezeisieTcss HaMMeHbIIHM Pe3yJibTa-
TOM, T.K. BLICOKHH B NopsifiKe npejnoudtenutt P onpeaensiercss mjisi Apy-
rux. Urposasi opma Gyaer HenmocpeacTBeHHON HIIM NPAMOM, CCIM st
KaxKJI0ro nopsifika npeanoutenuit P u urpoka k cymecrsyer crparerus,
KoTopasi siBisiercss P — nomunupymomelt ans k.

Wrpok k siBisiercst JHKTATOpPOM Ajisi urpoBolt dopMbl g, eciu ajs
mwboro pesynbrarta T, cymiecTByer crpaTerusi s(T) Anst k Takasi, uTo:
g(s) = z, xots1 s = s(z). Urposasi popma g siBiisieTcst AUKTATOPCKOM,
€cJIM CYHIecTBYCT JUKTATOP st g.

Teopema 4.3.1. IIpamas uzpoéas opma, XoMOPEA UMEEM MUNYU-
MYM MPU 60IMONCHHT PE3YALMAMA, AGAAEMCA FUKMAMOpCKott.

CHauana paccMoTpHM CBOMCTBa.

CxeMa rosiocoBanusi — 3To urposas (popMa v/, TaKas, 4TO AJIs HeKo-
roporo MmuoxkectBa Z, X C Z MmHoXkecTBO cTpaTerulf S; OTKpEITO IJist
nwboro Hrpoka i W siBisieTcss MHoXKecTBoM NopsifikoB Ha Z. CxeMbl
roJIOCOBAHHSI MAHMIYJHPYeMbl, eclld fJisi HeKOToporo kK ¥ HeKOoTopo-
ro n — Buga P nopsizkos Ha Z W [jisl HeKoTOporo mopsiika P* ua
Z,v(P)P*v(Pk/P*).

Caencreue 4.3.1. /Tobasa crema 2040C06aHUR, KOMOPAR UMEENTT MU-
HUMYM TPYU GOIMONCHHT PEFYALINAME, AGAAEMCA UAY FuKmMamopcrot,
UAY MEHUNYAUPYEeMOL.

Joka3aTensCTBO: (U3 0cHo6H0T MeopeMpby): IYCTh V He ZUKTATOD-
cKoe HMeeT 10 KpaliHell Mepe TpH pe3y/ibTaTa, 3aTeM ¥ urposas (opMa,
V HeNoCpeACTBeHHas M TakuM obpasoM amnsi Hekoroporo k u P ue cy-
mectByer P — nomuuupywomel crpareruu aiasi k. P — ectn nopsizok

Ha X, MHOXXECTBO Pe3yJIbTATOB, H CTPATErUsl SIBJIsieTcsl mopsiakoM P* na
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MHoXxecTBe anbrepHatuB Z, rae X C Z. Ilyere P* pacnpocrpausier P
Ha Z ansi z,y € X,
zP'y — zPy. (4.3.9)

TMycrs P* sensiercs P — pomunupyromet nas k. CnenosarensHo,
AJisl HeKOoTOpol crpareruu n — BuAa P nopsiakoB Ha Z, aTo He TOT
cnyuatt, xorga v(Pk/P*)Rv(P) u takam obpasom v(P)Pv(Pk/P*).
Ho ¢ toro Momenta, korga v(P) € X u v(PkP*) € X ann (4.3.9),
v(P)P*v(Pk/P*), u v siBisicrcst MaHHILYJHpYyeMoli. Y 4HThIBas IJIaBHY 10
TCOPEMY MEI OKa3alli CBOHCTBO.

Bepuemcst k ocHoBHO# Teopeme. Mbl loKa3biBaeM ee Ha OCHOBC TCOpe-
Mbl Dppoy o HeBo3MoxKHOCTH. [lpeanodTenne n — BUAA HA MHOMKeCTBC
X sipnsiercsi n — Buga (P, ..., P,), 4To 03Ha4aeT NOpsi/IKM NPEANOYTE-
uuit Ha X. [Ipegnourcuust n — Buga Oyzer npejcrasieHa BhlAeJICHHEIM
wpudrom B Buge P = (P,...,B,),P' = (P,...,P,). Oyuxknus o6-
miecTBeHHoro Gnarononydusi — 3o (PYHKIHs, APrYMEHTEl KOTOPOH st
HEKOTOPbIX (DHKCHPOBaHHLIX 7 H X, BCe SIBJISIIOTCS MOPSIAKOM 72 — BHAA
P ua X, 3HaueHusi KOTOPBLIX 3TO NOPSAKH mpeanourcHusi Ha X. Dppoy
nokasan, uto awbasa ¢pyuknus obigecTBenHoro Hnaronosyynsi Hapyua-
eT 110 KpallHelt Mepe O4HO M3 ClleAYIOIIMX YCJIO0BHH.

I'pannynocts: X cocTouT mo KpaliHelt Mep M3 TpeX WICHOB.

Epunopyune: eciu P = f(P), VzPy, ro zPy.

TTonapHoe cpasuenue: ccnu

(Vi)lzPy ¢ 2Ply], (Vi)lyPa ¢ yPla), (43.10)
P=f(P), P' = (P, (4.3.11)

3aTeM
zPy + zPly. (4.3.12)
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OTcyTcTBHE ZUKTATYDHL HC CYIICCTBYCT AMKTATOPA AJis f, [Ae JUK-
tarop gisi f siensiercst kK TakMMH, Y KoToporo ansi Kaxzoro Pz u y,
ecin zPyy u P = f(P), To zPy.

Tycth g — 3TO OTKpLITast urpoBasi hopMa, y KOoTopo# ecTh 1o Kpali-
Hell Mepe TpH pe3yibrara. Mbl ZOJIKHBLI ZOKa3aTh, YTO 3Ta MIpOBas
dopmMa siBisieTcsi AUKTATOPCKOH.

Takum obpazom, g siBiIsieTcsi OTKPHITON Anst Kaxkgoro i1 1 P u cyme-
CTBYCT CTpaTCrHsl 8, KoTopas siBisiercst P — noMunupylomet ans i. Jns
KaxKk0ro ¢, nycTh 0; Oyaer dyHKuuel, Kotopas s Kaxzaoro P, crpa-
terusi 0;(P) P — goMunupyoowe#t gnsi 1. J[1s1 KaXKA0ro npesnouTeHust

n — Buga P nycrs Oyzer:
J(P) = (UI(PI))---:UH(PYL))- (4313)

DyHKUMH 0 U 01,...,0, OyAyT onpefeneHbl Ha NPOTSIKEHHH BCETO
ZoKazaTenncrBa; v Oyzner nabopom g u o, ans scex P,v(P) = g(o(P)).

Ceiltuac MBI ucnonbayem (YHKUMIO ¥ JJIsl KAXKZOTO IpeAllodTeHHs]
n — Buga P paoiicreenno onpezmenentoit f(P), koropast crpemuTcst
ObiTh nopsiikoM. TakuM obpazom onpezenenna dhynkuus f, ananorud-
Hast pyHKuuM obmecrBentoro Guaronosny4dust Ippoy. Mul JOIKHEI 1o
Ka3aTb, 94T0 g YJ0BJIETBOPSICT BceM cBoHcTBaM Dppoy. 3a HCKIIIOYeHHEM
HEeJIUKTATOPCKOro i HECMOTPs1 Ha 3T0 sIBJIsieTcsi AUKTaTopckoil. Y3 atoro
Oyzer ciegoBarh, uro QyHKUEs g AuKraTopckas. CnesosaresnbHo, Jio-
Gast oTKphITasi Hrposasi hopMa Kak MEHHMYM ¢ TpeMsi Kcxozamu Oyaer
MaHHUILyJIHpyeMa.

ITeno4uka NOpsiAKOB sIBJIsieTCs MOPSIAKOM, B KOTOPOM SICHO BhIDasKeH-
HEIE OTZAEJIbHEIC NpeAMeThl Oe3pasnuunbt P sinsiercst nenodxoit nopsiz:-
KOB, CCJIH

(Vi)(Vy)[zly = = =y]. (4.3.14)
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Ilycts Q 6yamer nenoukoit nopsiakos Ha X, JHKCHPOBaHHOE Ha IPO-
TSKEHHH BCETo JoKazaTesbeTBa. MEl onpenenum n BuzioB P asolicTBen-
HEIM crniocoboM MexKay dieHaMH MHoXecTBa X CIEIYIOIMIMM crocoboM.

TMycre Z € X. Hnst KaxKAoro ¢ Mbl HOJIy4aeM LCHOYKY IOPSIAKOB
P}Z nwa X pnst nopsigkoB P nyTeM nepesBHKeHHSI YWIEHOB MHOXECTB2
Z Ha BepLIHHY, COXPaHsisl OPSilOK, KOTOPLIH npeacTaBied asi jiioboro
ZAPpyroro onpejesieHusi, B cJly4ae B3aHMOCBS3H. JIpyruMu ciloBaMH, ZJisi

n1000# naphLI ANBTCPHATHB T U ¥ !

e T € Z,y € Z, 1o (P’ Z)y, ecnu nubo Py, nubo oba zl;y, zQy,

(4.3.15)
ecnu z € Z,y ¢ Z, 1o (P! Z)y, (4.3.16)
ennz ¢ Z,y ¢ Z, 1o (P! Z)y, cann zQy. (4.3.17)

Juist Kaxkzoro ¢ Mbl faeM ABolicTBeHHoe onpegencuue (PZ) Mexzay

yneHamu mHoxKectBa X. [lycts
P*Z=(PZ,... ,PZ). (4.3.18)

Cregmylonise BO3MOXKHOCTH M3 omepaTopa * BhiTekaioT u3 (4.3.15) —
(4.3.17). 1o xapakTrepucrike urposoit dopMel (1): ans Kaxaoroi cyme-
cTByer Lenouka nopsigkos (P Z). Ilo xapakrepucruke (2): ecnu Y C Z,
to (P*Z)*Y = P*Y. A 1o (3) npeanonaraem, aro P, P’ copnanair Ha
Z:

(Vi)(Vy)(Vz)[(z € Z,y € Z) — (zPiy + zPly)). (4.3.19)
Torpa P*Z = P"*Z. Tlyctw x Py onpencnena B Buze
z # vy, =v(P*{z,y}). (4.3.20)

Mui ganu aBoiicreenHoe onpeaesienne P, kak ¢yuknuu ot P, u QpyHk-

uusi f rakasi, aro P = f(P). Jlanciie Mbl AOMKHEI NOKa3aTh, 4TO
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dyukuus f sisnsiercsi yuxunelt ppoy obmecrsentoro Giaronosyyusi,
KOTOpasi y/I0BJIeTBOPSiET BCeM CBOMCTBAM, KDOMC HEJHKTATOPCKOIO.
P oznauaer f(P), P’ oznasaer f(P’). A taxke rRy oznavacr — zPy

H TaKuM obpazom:
ZRy & [z =y Vy #v(P{z,y})] (4.3.21)

Cregosarennho (4), ecnu Py, to zRy.
Ha nepeoM ware 3Toro AoKa3aTelbCTBa 3aMETHM, 4T0 f yAOBIETBO-
psieT yCIIOBHIO NIADHOTO CPaBHEHHSI.

(Cneaylomasn xapakTepucTuka HrpoBo#t (YOpMEL):

Ipeanonoxum

(Vi)[(zPy > zPy)}, (4.3.22)
(V)P ¢ yPlz)]. (43.23)
Torga z Py ++ «Ply.
Toraa ansi xapaktepuctuku (3) P*{z,y} = P*{z,y}, u cneaosa-

TeJILHO,
z € v(P*{z,y}) & z € v(P*{z,y}), 1c. zPy & zPly. (4.3.24)

VrBepxzenne 1, HCIONBL30BAN0 BCe BO3MOXKHBIE CIOCODLI, KOTOpEHIE
0CTATCS B JOKA3ATCILCTBE TCOPEMbL. DTO TOBOPHT O TOM, 9TO eciH
yRz u nuuto Gonee He onpezesieHo MeXIy T U Y, Aajiee 3aaJUM CTPa-
TErHH, KOTOpbie NPEANOYHTAIOT Y, T, & TeX CTPATErHH, KOTOphIe IPefo-
4HTAIOT T, Y BooDllle HeT, HO TeM He MeHee, 10 3THM CTpaTeruu H3bupaoT
T.

Vreepxaenue 4.3.1. IIycms s = o(P). IIpednoacscenue deaaem

dast cmpamezuu n — 6uda S U GABMEPNAMUC L U Y, T F Y U
(Vi)[yPiz — s} = si), (4.3.25)
(Vi) ~ =Ly, (4.3.26)
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yRz, mozda z # g(s). (4.3.27)

Hoxasameavcmeo: Tlpeanonoxum r = g(s’). Ml gomxHbl noka-
3aThb AJs Hekotoporo k, o, (Py) He siBnsietess P — nomunupylomeit ans
k, nporusononoxuoe onpegenennio aist 0. llycrs P* = P*{z,y}, u

nycrs crparerusi n — suga t = (P*). Toraa yRz o3nauaer
z=yVz#v(P, (4.3.28)

U ciefoBaTensHo, a1 T # y u v(P*) = g(o(P*)) = g(t), Mbl umeeM
z # g(t). Tlycts Temeps s°,...,s" siBAsIeTCS MOC/TEAOBATEIbLHOCTBIO,
KOTOpasl HauMHAETCsI ¢ 8’ | AJIsl KaXKAO0ro ara k 3aMcHsiowas s}, ¢ ty.
TakumM obpazom

s'=4,

s* = sk /ty, u Tak manee (4.3.29)
st = skk/s).

Jpyrumu cioBamu, ajsi Kaxgoro k,s* siensiercst crparterneli n —

Buga (s¥, ..., S%) ans kaxzgoro 4
i<k sk=t, (4.3.30)
i>k— sk =s, (4.3.31)
rakuMm obpazom
¥ =(s,...,s),
st = (t1,8h,...,8,), (4.3.32)
s% = (t1,t2, 8}, ..., 5,), u TaK nanee.

C Toro Momenra, Korga T = g(s'), Ho T # g(t), Mbl umeem T = g(s°),
Ho z = g(s"). Myrs k Gymer MunumyM, takoit Kak: g(s*) # z. Mm

JAOJIKHEI MOKa3aTh, 4TO JH0O t; u He siBisiercss P — moMuHHpyoOmeH
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nasi k, mubo s, He sBisieress P — nomunupyromelt gnst k. Tak kak
tx = ox(P}) u sp = ox(Pk), To B moboM ApyroM ciydae HadanbHOMN
TPaKTOBKH 0, Gyaer napymennott. Ilpegnonoxenue r = g(s') srnsiercs
JI0XKHBIM.

PaccmoTpuM fBa ocobuix ciyuast.

Cnyuait 1: g(s') =y, yPex.

C tex nop kak g(s*~1) = z, mb umeem g(s*¥)Prg(s*~1), u ¢ Toro
momenta s¥71 = s¥k/s), no aro me ciyuait, xorma g(s*k/s})Rrg(s*)
u Takum obpazom sj, He P — momunupywomet anst k. Ho xoraa y Pz,
no cpeacream (1.3.25), sj, = sy, u s; He P — nomunupyomas mis k.
Ho korga si = or(FPr), sk ectb P — aoMunupyomell ais1 k, npuuum K
I POTHBOPEHHIO.

Coyuait 2: g(s*) # y wn zPy.

O6wruno y Hac ecth 2P} g(s*). Ecnu g(s*) = y, To z By, u nio (4.3.15)
u onpezenenust P*, zPty. Ecnu Boabmem g(s*) # y, To kak Tonbko
g(s*) # z. Mut 6yaem umers g(s*) ¢ {z,y} n no (4.3.16) monyuaem
zPtg(s*). Cettuac = g(s¥~1) u s¥~! = s*k/t;. Korna
g(s* 1) Pt g(s*1/ty) u t; ue siBnsierca Py — nomunupyromett anst k. Ho
Korza ty = ox(Py), tx siBnsiercst P; — noMunupyomeit gsi k u cnenosa-
TeNbHO, NPUIUIH K npotuBopeduio. Ecnu (4.3.26), ~ zly, aBa cnyuas
ocnabstiorcst BeposiTHocTwio. Bosiee Toro z # g(s*), 4ro u Tpebosanocs
ZOKA3aTh.

Caencreue 4.3.1. ecau (Vi)z Py, mo zPy.

Joxazameascmeo: ¢ TOro MOMEHTa, KaK T CTall pe3yJbTATOM, s
HeKoTopoll crparerud n — Buga s,z = g(s'). Ecnn s = o(P), 1o Bce
rUNOTe3Hl Y TBepXKAeHHst | BhImonHsioTes, 3a ucKmioueHueM (4.3.27) u
npeanonoxenue Y reepxkacuusi 1 nesepuo. Bone Toro (4.3.27) nesepuoe

u zPy.
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Caencreue 4.3.2. ecau (Vi) ~ =Ly, yRx, mo v(P) # z.
Caencreue 4.3.3. ecau (Vi) ~ Ly, v(P) = z, mo zPy.
Vreepxaeuue 4.3.2. P nopadox npednoumenus, P ydocaemeopa-

em YcAo6Uw

(Vz)(Vy) ~ (z Py, yPxz), (4.3.33)
das TPy osnaxaem
z#y &  =v(P{z,y}), (4.3.34)
u das yPzx oanavaem
y#z & z=v(P{z,y}). (4.3.35)

Crnezyer HanoMHHTD, 4To P y0BIeTBODPSICT YCIOBHIO 15 BCeX T, Y, 2,
zPy — (Vy)(zPy V yPz). (4.3.36)

Nycrs P’ = P*{z,y,2}. Us (2), P*{z,z} = P*{z,z}, c Toro mo-
MEeHTa KOTa

zPz & [z # z,z = v(P*{z, 2})],

tP'z & [z # z,z = v(P*{z, 2}))], (4.3.37)
MBI HMeeM
zP'y & =Py,
zP'z ¢ zPz. (4.3.38)

OcTanocs paccMOTPETh TOJBLKO CTyualt AJist BCEX T, ¥, 2,
zP'z = (zP'y vV yP'z). (4.3.39)
Ipeanonoxum Pz, Torna z, z onpeaenensl, u TP’z oznauaer

T # z & T =v(P™*{z,2}). (4.3.40)
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Ecnu y = z, 1o yP’'z, u ccnn y = z, to £ Py. Ocranocy paccmot-
perb ciy4alt, Koraa ¥ # T U Yy # 2. [anee no xapakrepucruke (3) u

onpezenenuio P'| kaxzoe P/ Gyner nenoukoit npeanouTenutt, u
(Vz)[~ zlly & ~ zllz ~ yllz]. (4.3.41)

Cayuatt 1: = v(P').

Cayuati 2: z # v(P').

INockonbky TPz, no Cneacreuio 4.3.2 x Yreepxcacauio 4.3.1,
z # v(P'). Benu w ¢ {z,y,2}. To no xapakrepucruke (3) u onpezesne-
uuio P, (Vi)z Plw. Uz Cnencrust 4.3.1 xk Yreepxkaenuwo 4.3.1, Piw, u
no Cneacreuio 4.3.2, w # v(P'). Torna y nac x # v(P'), z # v(P') u ec-
mw ¢ {z,y,2}, Tow # v(P’). llo cpeacream uckmodenns, y = v(P’),
u no Crnegcreuwo 4.3.3 Yreepxacuuo 4.3.1, yP'z. Uz 2Pz, Mn yxe
nokazanu B Cinyuae 1, zP'y, n 8 Cinyuae 2, yP'z. 310 foKasbiBaeT TOT
¢akr, uto P sBisieTcs NOPSAKOM, H YTBEpKACHHE AOKa3aHO.

Yreepkaenue 4.3.3. ecau g umeem no xpatined mepe mpu 603-
MOJCHWT peayavmama, mo [ wapywaem ycaosue Ippoy o neduxma-
mopcmee.

VYreepxknenue 4.3.4. duxmamop das f seasemes duxmamopom
dna g.

Mycts k gukrartop ausi f. Torga k siBnsiercst qukTaTopoM st f, eciiu

AJIsl KAXKZ0TO Pe3YNILTAT Y cyliecTByeT crparerust s(y) ans k Takas, 4ro:

(Y8")[sk = s() > (") = 1. (43.42)
Mycre PY Oyaer kakuM-1u00 NOpSiAKOM, HApHMep BHAA
(Vz)[z # y — yP¥z] u nycrs s(y) = o(PY). Mbl onupaeMcsi Ha yTBep-
xkaende 1 asst roro, urobul nokazats s(y) dbopmyIbL
Nycrts s' umeer s’ = s(y), u npeanonoxum T # y. 3arem no crnocoby,

KOTOpHIM Obuia oxapaktepuzosana PY, yPY. Ml #o/KHBI I0Ka3aTh, 4TO
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g(s') # . llycts P nopsimox n — Bupa:
P.= P, (4.3.43)

(Vi)li # k — zPy), (4.3.44)

u nycteb 8 = o(P). Barem s, = 0x(Py) = o (PY) = s(y) = s}. Ecnu Bbi-
nonusiercsi (4.3.44), To ronwko k npeanounraer y—z, (4.3.25) gokazano,
M HauuHas c yTBepxieHusi, YPYz, u cinenosarensho, no (4.3.43) y Pz,
(4.3.26) siBnsieTcs Takke BepHLIM. BBuay Toro, uto yPix u k mukra-
top ans f, y nac yPr, u (4.3.24) Bepuo. Bonee Toro no yreepxcuuio,
z # g(s'). Mul nokasanu, 4ro ecnu  # y 1o T # g(s'). Cnenosarenso,
y = g(s).

Mur nokazanu, uto eciu s(y) = ox(P¥), To (4.3.42) Bepno. Takum

o0paszoM, k AUKTATOD AJ1s1 g M g SIBJISIETCS] AUKTATOPOM.
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3axkaroueHune

B ocHoBe Teopuu roji0coBaHUs JIEXKAT METO (bl NapPHbLIX 3KCIePTHLIX Ole-
nok (I190), xoTopriM yzeneHo BHMMaHHe B NepBolt dacTh paborul B
KHHTI'e OIHCAHBI MHOTOYH (JIEHHbIe CXCMbI ['0JIOCOBaHHUS, IPHBEACHBI IPH-
Mephl H JaHbl O HCAHHSI METOJ0B MaHHIYJIHPOBAHHSI CO CTOPOHLI Opra-
HH3ATOpa roJjocoBaHusl, n30uparenell ¥ KaHJUAATOB.

B Teopuu rosgocosanusi ocTaTCS NPoOIEMEI, KOTOPEIC KAYT CBOCIO

HCCIIeJOBaHHSA.
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