['b. Knennep C.A. CMoOAAK

BABnchocm

MpHHLANBI 1 METOabI
NOCTPOCHHA

— T LY KA



Admin
Штамп


POCCHUVICKASL AKATTEMUS HAYK
LEHTPATILHBIN S5KOHOMUKO-MATEMATUYECKHU UHCTUTYT

I b. Knennep C. A. Cmomnsk

NMpNHUNNDbI 1 METOADI
NOCTPOGHNS

\!!y

MOCKBA
«HAYKA»
2800



YIOK 519.2
BBK 22.172
K 48

H30anue ocyuwecmeneno npu ghunancosoll nodoepicke
Pocculickozo zymanumaprozo Hay4Hozo ¢ponda (PrHP)
npoexm Ne 99-02-16042

Kiueiinep I''B., Cmonsak C.A.

OKOHOMETPHUYECKHE 3aBUCHMOCTH: NIPHHLMIBI 1 METOJBI IOCTPOE-
Hust. — M.: Hayka, 2000. — 104 c.

ISBN 5-02-008348-8

Kak ycTanoBHTh 3aBUCHMOCTb MeXAY NMOKa3aTeNsMH 3KOHOMHYECKHX 0GEKTOB,
HCTIONBb3YS TEOPETHYECKYIO HHOPMALKMIO H JaHHble 06 X HaGMIOgaeMbiX 3HAUeHHAX?
MOXHO CKa3aThk, YTO JUIS ITOTO CYIIECTBYIOT METON HAMMEHBIUKX KBAafIpaTOB H Apyrue
METOMIbI, O KOTOPBIX FOBOPUTCS BO Beex yueGHHKaAX MO CTAaTHCTHKe. MeXay TeM Bce He
TaK Npocro.

ABTOpbI KHHIH — M3BECTHbIE CMELMANnUCTbl B 061aCTH MaTeMaTHYECKOTO Mofe-
JIMPOBaHUA 3KOHOMUYECKHX OGBEKTOB — NPEANaraloT UCNONb30BATh JJIS TOCTPOEHHUS
9KOHOMHMKO-CTATHCTHYECKHX 3aBHCHMOCTEN NPUHIYUN MAKCUMANLHOL CO2AACOBAHHOCIL.
OH No3BONSET NMOJHEE YYeCTb Pa3HOPOAHYIO MCXOAHYIO WHGOPMALMIO O BHAE 3aBH-
CHMOCTH, pe3y/ibTaTax HaGIONEHHI U XapaKTepe UX OLUGOK M JaeT BO3MOXHOCTb pe-
1IaTh MHOTHE 33[a4H, HEJOCTYMIible OGbIYHBIM CTATHCTHYECKMM METONAM.

JIns IIKPOKOTo Kpyra 3KOHOMHUCTOB, MATEMAaTHKOB, CTATHCTHKOB.

ITo cetu AK

HayuHoe u3nanue

Knenxep Meopruit Bopucosuy
Cmonsik Ceprevi AbpamoBud

OKOHOMETPUHECKUE 3ABUCUMOCTU:
NPUHUKNbI ¥ METOAbI NOCTPOCHUS

- 3as. pepakuueit P.C. l'onoeuna. Pepakrop B.C. Bakoeeyxan

Xynoxuuk I'"M. Kopoeuna. XymoxecrsenHblit pegaktop B.10. Sxkoeaeas
Texnuunuecknit pepakrop E.H. Jlapxuna. Koppekrop B.M. Pakxumuna

Ha6op u BepcTKa BLINONHEHb] B M3[ATENbCTBE Ha KOMMBIOTEPHOI TEXHUKE
JIP Ne 020297 ot 23.06.1997

IMopnucano x nevaru 02.12.99
dopmat 60 X 90 1/16. Tapuurypa Taiimc. ITeyaTs ogeeTHas
Ycennmewa. 6,5. Yen.kp.-orT. 6,9. Yu.-u3p.a. 6,6. Tupax 700 3k3. Tun. 3ak. 690

H3narenscrso "Hayka"
117864 I'CIT-7, Mocksa B-485, ITpogcorosnas yar., 90

Canxr-Tlerepbyprckas Tunorpacdus "Hayka"
199034, Caukr-IleTep6ypr B-34, 9-1 nunus, 12

ISBN 5-02-008348-8 © H3parenncrBo "Hayka!", 2000



Buiuucaenun venoeexa cmaau Oeaamvca 6éce 6oaee akpoba-
Mu4ecKUMu, MaAmemMamuKa nepewna 2PAHUUbL C80€20 NepEOHa-
YaAbHOZO COCMOAHUA U paKkmu4vecKku npeepamuaacb 8 ec-
MecmeeHHYI0 4acme Mupa, K KOmopomy OHA NepP8OHA4AAbHO 6biaa
Auwb npuaoxuma. Bmecmo mozo, umobbvt wucaa ocHo8bl8aAUCH Ha
onpedeneHHbIX ABAEHUAX, KOMOPbIM OHU cOOmeemcmeosaau, ubo
camu mbl COOMBEMCMBOBAAU NOHAMHOIL HAM CUCMeEMe, 8ECb MUD
nOCMeENneHHO CMaa OCHOBbLIBAMbCA HA HUCAAX, U, KAXEMCR, HUKO20
He youseaaem mom ghakm, wmo cemb, HeK020ad NOKPbIBABWAR MUD
CHapyXcu, npeepamuaace 6 cKkeaem, 3aKAIO4HeHHbLE 8HYmMpuU.

B.B. Habokos

OO0Ha u3 npuenexamenbHbix 0COOCHHOCMERD IKOHOMUHECKOL
meopuu cocmoum 6 mom, Ymo C €e¢ NOMOUbIO 6Ce20a MONHO
c02aac08amb He MOALKO 08¢, HO U MPU PA3AUHHBIX MOYKU 3PEHUR.

P. Bpetiau, C. Maiiepc

BBE/JIEHUE

Aemop, pasymeemcs, He Y8epeH, Ym0 U 3ma KHUa He Co-
depacum Kakoz0-HubyoOwb abeypoa.

B. Tymy6aaun

3ajgaya NMOCTPOEHMST MaTEMaTHYECKOH MOMENTH 3aBHCHMOCTH MEXIY
3KOHOMHUYECKHUMH MOKa3aTeIIMH OJHOr0 00'beKTa MIIM IPYNNbl 06 bEKTOB
paccMaTpPHUBAETCs B paMKaX TaKHX HayYHbIX HalpaBIeHUH, KaK PErpeCcCHOH-
Hbl aHanus [1, 2], neTepMUHHPOBaHHBINA aHaNU3 MokasaTenei [3], Teopus
NPOM3BOACTBEHHBIX pyHKuMi [4, 5] n ap. Peus uaeT o nocrpoennu ("orbic-
KaHuu", "OlleHHBaHUH", "BOCCTAHOBJIEHHHU ", "HAEHTH(HUKALMHA" U T.II. — TEP-
MUHBI MEHSIIOTCS B 3aBUCHMMOCTHY OT JAMCLHUIIIMHBI, B KOTOPO# CTaBUTCS J1aH-
Has 3afa4al) ¢pynkunu ¥ = f(X;, ..., X,)), OTpaxaromeit 3aBUCHMOCTb "06bsiC-
HAeMOro" (pe3yIbLTHPYIOLIETO, 3aBUCUMOr0) I0Ka3aTeJs ¥ HEKOTOporo 3Ko-
HOMMYECKOTO rnpolecca P, NpOTEKaEero Ha JaHHOM 00 beKTe, OT "06bsacC-
HAoWHMX" (HE3aBHCHMBIX, 3K30T€HHBIX, NPEJUKTOPHBIX) NOKa3aTeled
X,..., X, 3TOroO mpotiiecca, COrjlacOBaHHON C UCXONHO# MHGpOpMaumen u
OTBEYAIOUIEH LENAM HCCIENOBaHusA 00 beKTa. XKeas NONYEPKHYTh, YTO HC-
XofHasi MHQOpPMaLusA BKIIOYAET B Ce6s HE TONBKO TEOPETHUYECKHUE Npef-
CTaBJIEHHs O MPOTEKAHUH UCCIEAYEMOTO Npoliecca, HO 1 "(paKTHYeCKHe JaH-
Hble" O HaGMIOEHNAX 3a ITUM MPOLECCOM, TAKHE 3aBUCHMOCTH MOXHO Ha3-
BaTh "CTAaTHCTHYECKUMHU", @ TPUMEHUTENBHO K 3KOHOMHYECKIM MPOLECCAM —
9KOHOMETPHUYECKUMHU. JI/Is1 KaXKAOro U3 NEpEeYUCICHHBIX HaNpaBJIeHUH Xa-
PaKTEpPHBbI CBOM NMOJXOMAbI U chepbl NPEANONaraeMoro UCNojab30Banus, 6a-

! TepMUH "NMOCTPOEHHME" HeNb3 CUMTATh OJHO3HAUHBIM, HGO MOR "MOCTPOEHHEM 3a-
BUCHMOCTH" HepeaKo NMOHMMAETCs NPOoLeRypa, B KOTOPO# B 3aBUCHMOCTH MEXAY NepeMeH-
HBIMH BbIBOJMTCS U3 HEKOTOPbIX Gonee oBWMX TeOpeTHYECKHX MPERNOCHINOK. TUIHYHBIM
NPUMEPOM SBNSETCA NOCTPOEHHE KBaAPATHYHON 3aBUCHMOCTH NPOWIEHHOrO NyTH OT Bpeueuu B
NPEANoNOXeH!H! NOCTOSTHCTBA YCKOPEHHA.



3UpPYIOLIMECST Ha ONPENEIEHHBIX MPENNOChIIKaX OTHOCHTENBHO npouecca P,
XapakTepa U3MEpeHus WM HabawofeHus nokasarenew Y, X,...,.X, U cBa3ei
Mexny HuMH [6]. PasnnyHa Takke M TPAaKTOBKa CaMOil IOCTPOEHHON TeM
HJTH HHBIM CNIOCO60M 3aBHCHMOCTH f(X ..., X,,).

Hacrosmas pa6oTra nocesieHa B OCHOBHOM TEOPETHYECKNM NpoGie-
MaM IOCTPOEHHs1 3KOHOMHYECKHX 3aBUCHMOCTEH, JOCTATOYHO XOPOLLIO COrJia-
COBaHHBIX C MUCXOHON MH(pOpPMaIMeH (C YIETOM €€ XapakTepa M CTENEHH
HeomnpeaeneHHocTH). IIpy 3ToM HEOMHOPOOHOCTh UCXORHOH MH(OpMaIHU
006yCnOBIKUBAET U MHOr0OGpa3ne MOCTaHOBOK 3a/la4 NOCTPOEHHUs 3aBHCHMOC-
Ted. B manHOi paboTe MblI NMbITaeMCA CHCTEMATH3UPOBATh M3BECTHBIE M
KJTacCU(UUMPOBATh BO3MOXHbIE (HETPAaIMLIMOHHbIE) BADUAHTBI TAKUX MIOCTa-
HOBOK, a TaKX€ COMNOCTaBUTb PE3yIbTaThl PEIIECHNS CXONHBIX 3afad B pa3-
HBIX MOCTaHOBKaX. DTO MO3BOJSET HE TOJBKO pPacCMOTPEThb Pa3HYHbIE
TPaKTOBKH CaMOro MOHATHSA O 3aBUCMMOCTH MEXAY XapaKTEepHUCTHKAMH 06b-
€KTOB, HO ¥ CpOpMYINPOBATh HEKOTOPbIE OOLIME NPUHLMIIBI UX IPaKTHYEC-
Koro oneHuBaHus. Oco60e BHUMAaHUE Mbl yeJseM NpoGieMe IoydeHUs Ofl-
THMaJIbHbIX (MaKCHMAaJIbHO COIJIaCOBAaHHBIX C MMelolelics NHpopMaunei)
OILEHOK 3aBHUCHMOCTH, YTO Ha MPAKTHKE CBOJMTCA K ONTHMHU3AIMNM HEKO-
TOpBIX "KpUTEpHEB KadecTBa Moaenu". bonee mupokye NocTaHOBKH 3ajayun
IIPH 3TOM B OJHHX CJIy4asix NPOUBOMAT K HOBbIM KPHUTEPUSM, a B APYIHX — K
HOBBIM MHTEPNPETALUAM HU3BECTHBIX KDUTEPHEB OLEHNBAHUS MapaMETPOB
Mopenei. IIpia 3TOM HHOTAA BBISACHAETCS, YTO Pa3MYHble CUCTEMBI NpeN-
MIOCBIJIOK, PHHUMAEMBIE [IPH UCCIIEJOBAaHMM NPOLECCOB, IPUBOAAT K ONH-
HAXOBLIM WX CXOAHBIM KPUTEPHSIM OLECHUBAHHA.

YeTnipe pa3fena KHATH MOCBAIIEHb! COOTBETCTBEHHO ONPENENICHUIM HC-
XOIHBIX JIOHATUM, IPHHIIMIIAM OLICHUBaHUs 3aBUCHMOCTEH, Pa3IMYHbIM TPaK-
TOBKaM MOHSATHUS HEONPENEJIEHHOCTH M HEKOTOPBHIM MOJEJNSM OLICHKH Ia-
paMeTPHYECKHX U HEMTapaMETPUYECKUX 3aBUCHUMOCTEH, BBIXOAALIMX 32 PaMKHU
HPOCTBIX HUTIOCTPaTUBHBIX IPHMEPOB.

O606111a51 HAKOIUTEHHbBIN aBTOPaMHU OMNBIT, KHUra TEM HE MEHEE HE Npej-
Ha3Ha4yeHa K MCIOJIb30BaHUIO B KayecTBe yue6Horo nocobus. s npaBuib-
HOr'o IIOHMMaHHs HM3JlaraeMbIX BONPOCOB TpeOyeTcs onpejeieHHas MaTe-
MaTH4ecKas NMOArOTOBKAa, BKIIIOYass TEOPHIO BEPOATHOCTEH (OAHAKO IO-
BEPXHOCTHO® 3HAKOMCTBO C €€ OCHOBAaMH 3[I€Ch MOXKET TOJbKO IIOMEIIATD).
Ho rnaBHbIM TpeOGOBaHMEM K HallUM OYAYLIAM YUTATENSIM SIBISETCS HUX
CNOCOGHOCTh ¥ FOTOBHOCTb M3MEHUTh CBOM YCTOSIBIIMECS NPEACTABIEHUS O
TeX 3aBUCHMOCTAX, C KOTOPbIMM OHM HMEIOT JI€JIO, U O TeX METOAaxX, KO-
TOPBIMH OHM NOJB3YIOTCA NpH UX nmocTtpoeHuu. IlpepgcraBasercsd, 4TO
HajJM4ue TaKUX Ka4eCTB HE 3aBHCUT HU OT cepbl AEATEIbHOCTH, HH OT
YPOBHsI MMOATOTOBKH CHEIHATNCTA, HA OT HAJIMYHUS Y HETO YYEHO! CTENEHH.
IToaToMy, ecnu monbITaThCA ONPENENUTh, KOMY XK€ NpefHa3HauYeHa 3Ta
KHHMra, Jyd4ulM OTBEeTOM OyHeT: "TeM, KTO BCEpPbE3 HHTEpECyeTCs
Ipo6JIeMOM NTOCTPOEHUS CTATUCTUIECKUX 3aBUCUMOCTEM "

Psap nonoxkeHnit faHHOM paboThI MbI OOGCYKIAJIM C HAIUMMH KOJIIEraMU
no lleHTpanbHOMYy 9KOHOMHKO-MaTeMaTHyeckoMy HHCTHTYTY PAH. Bcem
UM, a B ocobenHocTH akajgemuky B.JI. MakapoBy u QOKTOpPY (H3HUKO-
MaTeMaTH4eckux Hayk C.A. AjiBa3sHy — Hallla HCKPEHHSs 6J1arogapHOCTb.



1. OCHOBHbIE MOHATUSA

Ecau 6am HenoHAMHO Kakoe-mo CA060 8 MEXHUHECKOM MeKC-
me, He obpawaiime Ha He:0 8HumaHusa. Texcm noaHocmuio
coxpaHaem cmbica u 6e3 Hezo.

3akon Kynepa

1.1. O6BbEKTbI U UX XapaKTePUCTUKH

B npakTHke 5KOHOMHYECKHX HCCIENOBaHMi Npo6ieMa NOCTPOEHUS MO-
AeJey 3aBUCMMOCTEH BO3HHMKAET OOBIYHO B crnefyrouieM Kourekcre (1,7, 8 u
ap.]. iMeeTcs HekoTOpasi rpynna 3KOHOMUYECKHX 06bekmoe WIH COBO-
KYNMHOCTb COCMOAHUI OJHOI'O M TOTO e 00bEKTa — "reHepalbHas COBO-
KYNHOCTB" (HHOTAa OHa UMEHYETCs "NpeAMETHOH 06NacThi0", a B TEOpUHU
n3MepeHui [9] ang 0603HaYeHHsE MHOXKECTBA MCCIIEAYEMBIX OGBEKTOB C yue-
MmoMm UMEUelicA Ha Hem CIMPYKMYpPbl OMHOULEHUL UCTIONB3YETCS TEPMHUH
"aMnupuyeckas o6nacTte”). OTHOCUTEIBHO KaXHOro o6’beKTa IpyNbl
MMeeTCs OnpefelieHHas uUH@GopMmayus, XapaKTepu3yolas B pa3IMUYHbIX
acleKTax ero Ha3Ha4yeHHWe, COCTOsIHME, CTPYKTypy unu ¢yHkuuu. B gacr-
HOCTH, MMeeTca ¥ MHGOPMaIysi, NO3BOJIION[As CYUTATh HEKOTOPBIE U3 Xa-
PaKkTepUCTUK OObeKkTa 3aBucHMMbIMH. CTaBHTCs 3ajjlauya: Ha OCHOBE BCEM
uMmerolieiics nHpopMaluu oyeHums (MOCTPOUTb, BOCCTAHOBUTD) TOYHO MITA
npuOIHXKEHHO 3Ty 3aBUCMMOCTD. IIpouecce (M pe3ynbTaT) TaKOi OLUEHKH MbI
OyneM Ha3bIBaTh MO0EAUPOBAHUEM WITH OUEHKOU.

KoppekTHas nocTaHOBKa 3aja4 OLEHKM 3aBUCHMOCTEN TpeOYeT TOYHOTO
onpepeneHus NOHATHH "06beKT", "MoKa3aTenb," HabmogeHne", "TOYHOCTL"
1 Ap. ONHAaKO 3TO MOXHO C/ENaThb, B31B 32 OCHOBY KaKHe-TO Apyrue nep-
BUYHbIE NOHATHA. Mbl OGBSIBIIIEM NEPBUYHBIMHU (HE ONPENENIEMbIMU Yepe3
Apyrue) B MEPBYIO O4Yepelb NOHATHA "2eHepanbHoli co8OKynHocmu'" %
"ceolicmea". Onpepnenenus NOHATHI "06bEKT", "XxapakTepucTHKa", "NOKa-
3aTenp" faroTcd HUXKe, "HaGmonenue” U " TOYHOCTh" — B m. 1.2.

I'enepanbhas coBokynHocTh (I'C)  paccMaTpuBaeTcs fanee Kak MHO-
3KECTBO, JIEMEHTAMH KOTOPOTO SABISIOTCS 06 bEKTHI (0, B KAKOM-TO CMbICIIE
OHOPOJHbIE (HanpuMep, NpeANnpUATHs, OTPACITH, PbIHKH, XKUTEJIH ropofa,
TexHonorudeckue npoueccol). Iloxg ®, Kak rOBOpHIOCh, MOXET paccMaTpU-
BaThCH M ONpEJEeIEHHOE COCTOSIHHE pealbHOro o6bekra. OOBIYHO UMEIOT
aeno ¢ xoneuHnoit I'C, HaGnrofgas ee oTAebHbIe 06 BEKThI W, (06BIYHO ! —
HOMep 06beKTa MJIM MOMEHTAa BpeMeHH, B KOTOPbIi 00 BEKT HabniogaeTcs).
"[IpaBunbHOe", afekBaTHOE UeisaM HcciaefoBaHus onpepeneHue I'C (Tou-
Hee, pellleHue BOnpoca 00 OTHECEHMH KOHKpeTHoro o6bekTa K I'C) saB-
NseTCsd CaMOCTOATENbHOM U He BCerfa TpHBUAJbHOM 3afaueit. Tak, ObLIO
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6b1 OUIMOOYHBIM OTHECTH 3aBOJ K YHCIIy MAIIMHOCTPOHTEIBHBIX TOJIBKO
NOTOMY, YTO 3TO CJIOBO MNPHCYTCTBYET B €ro Ha3paHuu. IlosToMmy B
CHTyaUHH, KOTAa BO3MOXHBI IpyOble OIIMOKH HU3-3a HEBEPHOIO
¢opmuposanus I'C (cM. 1. 1.3), BO3HHKAET 3a[]a4ya BbIABICHHA U y4eTa
Takux owmbOK, paccMaTpUBaeMas B II. 4.3.

O6BbekTbl MOTYT 06/1alaTh Pa3M4YHBIMH ceolicmeamu. Ilpumepamu
CBOMCTB sIBJISIFOTCS "MOIIHOCTR", "Bo3pacT”, "crabunbHOCTh" ¥ Ap. O6bIYHO
UCCNEYIOTCS KaKHe-TO ONpEEIEHHbIE CBOKCTBA OO'BEKTOB, NO3ITOMY IPYIl-
nupoBKa 00HEKTOB N0 OAMHAKOBBLIM MM OJIM3KMM CBOMCTBAM BO MHOI'OM
3aBHCHT OT LeNielf HCcefoBaHus. B 3TOM yacTH aBTOpPH!I YaCTHYHO pasfe-
AAKOT, XOTS ¥ CYATAIOT "3KCTPEMHUCTCKOM", TOUKY 3PEHHS, BbICKA3aHHYIO
ele B KOHLE MPOIIOro BeKa, O TOM, YTO "0OGbeAUHEHNE OTAE/IbHBIX SIB-
JIEHH! B COBOKYNHOCTH AMKTYETCs HE OCOGEHHOCTSIMH MaTepuaa, a HeassMu
H3Y4YEHHsl — TEMH TOYKAMM 3PEHHS, C KOTOPbIMU CTaTHUCTHK IMOACTYNAET K
uccnenyembiM sBnenuam” [10. C. 77-78]. KpoMme ueneBbIX acnekToB B
OCHOBE KaX[0ro HaOJIIOAEHHUs JIEXUT ele U HEKOTOpPOe allpHOPHOE Mpef-
craBieHne 06 06bEeKTE U BO3MOXKHBIX €r0 CBOHCTBAX (MHaye NpocTo 6blIO
Gbl HESICHO, "3a 4eM cIefyeT HabmogaTh" MM K KaKOMY O6'EKTY OTHOCHTh
NONYYEeHHYIO0 B Xoie HaGmiopeHus mHpopmaunio). [ToaTomy yetkoe om-
pepenerue I'C nopo# 3aTpyAHUTENBHO.

HekoTopbIM CBOWCTBaM [aHbl TaKHe OMNpeJNeNeHNs, B COOTBETCTBUH C
KOTOPbIMH CBOMICTBO MOXKET OBbITh OXapaKTEPH30BaHO (MPEACTABIEHO) YHC-
JIOM WJIM APYTHM Mamemamu4ecKum 06 vekmom (Mamemamueckoli KoHCm-
PyKuyueil) — napou uuce, 6yneBoi nepeMeHHol, dyukuuei u T.0. Ilogo6Hbie
coficTBa OyjieM Ha3bIBaTh XapaKTePHCTHKaAMH.

XapakTepucTHKa 06 BEKTOB U3 {2, BhIpakaeMas C IOMOLIbIO 3IEMEHTOB
HEKOTOpPOro MHOXeCTBa V, TeM caMbIM, aBiIgeTcI oTrobpaxenueM Q — V
unu QyHKUMEH, 3aJaHHON Ha MHOXKecCTBe {2 ¥ NPHUHUMAIOLIEH 3HAYCHUS U3
MHOXecTBa V (pmanee MBI HECKOJNBKO YTOYHMM 3TO OMNpeJesieHHue).
IIpocTpaHcTBO Beex NOAOOHBIX XapaKTEPUCTHK (M3MEPHUMBIX OTOOpasKEHHIH
Q2 — V) 6ynem o603Hauyath yepe3 M(V). Ecniu V =R — ynucnosas npsmas,
TO TakKue (YUCIOBBIE) XapaKTEPHUCTHMKH OOBEKTOB OyneM Ha3bIBaTh
MOKa3aTeJIsMM.

O61eKThI, HMEIOINE XOTS Obl OHY HECOBMNAAAIOLIYIO XapaKTEPUCTHKY,
CleflyeT CYNTATh PA3INYHBIMU. Te€M caMbIM Pa3iIMYHBIMA O6'bEKTaMu OyRyT
HE TOJIBKO 3aBOJ M CTOJIOBasi, HO ¥ "3aBox B 1995 r." u "3aBop B 1996 r.".
OpnHako BO MHOTHX Cilyd4asX 3aBOJ M CTOJIOBasi MOTYT ObITb OTHECEHBI K
pa3ubiM I'C, Torna xax "3asog B 1995 r." u "3aBop B 1996 r." — k onnout I'C
(XOTS HESICHO, MOXXHO JTH OTHECTH K 3Toit ke I'C 1 "3aBog B 1896 r.").

AHanu3upys 3Ha4YeHus (PUKCHPOBAHHON XapaKTePUCTHKH AJISi Pa3HbIX
06exToB I'C, ucciegoBaTeb 4acTO [ejaeT BbIBOJ 06 MX GJIM30CTH MIH,
Hao60pOT, oTAaNeHHOCTH. B mogo6ubIx ciyvasx V ABiseTCs TONOMOTrAYe-
CKMM npOCTpaHCTBOM. IIpH 3TOM nosBASETCA BO3MOXXHOCTb TOBOPUTHL O
CXOIUMOCTH HEKOTOPOH NOCIEeAOBATENbHOCTH XapaKTEPUCTHK K ONpefesIeH-
HoMy npepeny. OHako OFHOTrO TONBKO HAJTMYHUS TOMOJNOTUH B IIPOCTPAHCTBE
V, KaKk NpaBuio, HEOCTATO4HO. B psafie ciyyaes HCCIENOBATENIO HYXKHO KO-
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JHUYECTBEHHO OLEHUTh Pa3jNyHs MEXNY XapaKTePHCTHKAMH Pa3IMYHBIX
06BeKTOB (MITH MEXJY HCTHHHBIM M PaCCYMTAHHbIM 3Ha4YEHHEM XapaKTe-
pUCTHKM 06bekTa). [l 3TOro Ha MHOXECTBE 3HAYEHHH XapaKTEPUCTUK V
4acTO BBOAMTCA MOHATHE paccmosHus. Torna Mbl Ha30BEM MHOXeECTBO V
METPHU3YEMBIM U GyIEM CUHTATh €ro NOAMHOXECTBOM HEKOTOPOTrO METpUYE-
CKOT0 NPOCTPAHCTBA, a PaCCTOsIHAE MEXAY ToukaMu X 1 Y u3 V o603Ha4aThb
yepes p(X, Y).

MeTpHKa Ha MHOXeCTBE Y €CTECTBEHHO NOPOXMAaeT "PaBHOMEPHYIO"
MeTpUKY U B nmpocTtpaHcTBe M(V) COOTBETCTBYIOIIMX XapaKTEPUCTUK — NIPH
3TOM paccTostHHe (Mbl OyaeM o603HauaTh ero TOU ke OYKBOH P) MeXAy
XxapakTepucTHKaMu X(e) u Y(e) onpenenseTcss KaK MaKCHMaIbHO BO3MOXHOE
st 06bexToB I'C paccTosinne? Mexy 3Ha4eHUSIMA STHX XapaKTEPUCTHK O

BceM o6 bekTaM Q: p((X, Y) = sup p(X(®w), Y(®)). Bin3kumu B 3TOM cMbICTe
we

(no xpaiHed Mepe [JIs COBOKYMHOCTH CTaOMIbHO paboTaloumMx npej-
NpUATHH) ABIAIOTCA IOKa3aTENH CPEJHErOfOBOH M CPEAHECHHCOYHOH
YHCIIEHHOCTH PaGOTHUKOB NPENIIPUATHS.

1.2. HabnogeHuns, UsMepeHus, OLEHKH

B ocHoBe ¢hopmupoBaHNs HHGOPMAUUOHHOH 6a3bl MOCTPOEHHS CTa-
THCTHYCCKHX 3aBUCHMOCTEH JIEXKAT TaKHE KIIFOYEBbIE [TOHATHS NPUKIAHON
CTaTHCTHKM, KaK HabaroldeHue, usmeperue U oyenka. B pa3nnunbix paboTax
HaroTCA pa3HbIe ONpPENEICHUS 3THX NOHATHH. {11 yTouHeHHs u hopMynu-
POBKH HCIOJIb3YEMbIX B faHHOR paboTe OnpefesIeHui NpUMEM HEKOTOPOe
COIIAaIIEHHE: YCIOBUMCS, YTO IOA CJIOBaMH "pEajibHO BBINOJHMMAsl NpoLe-
Aypa" OyneM NOHMMaTb HEKOTOpbIE AEHCTBHs, BbINOJHEHHE KOTOPbIX al-
PHOPHO He KaXeTCs HIKOMY HEBO3MOXXHbIM. Ecin peunb uper 06 uccnenosa-
HuM ¢opMbl noeepxHocTd IOnuTepa, To 6yAeM CYMTATh, YTO 3TO PEATBHHO
BBINIOJIHMMas NPOLEAypa.

Ilon nadnronennem Tenepb 6yneM NMOHUMATb PEANbHO BBINOJIHUMYIO
npouenypy co6opa u puxcauuu nagopMmauuu o6 o6vekre. H3mepenue (xa-
PaKTEPHUCTHKH) — 3TO TAKKE PEabHO BBINOJHUMas NPOLEAYpa, N03BOJSIO-
wast 0OHO3HAYHO ¥ MOYHO ONPENENUTh 3HAUEHNE 3TOH XapaKTEPUCTUKH B
3aflaHHBIX yCJIOBUAX. XapaKTEPUCTHKA, AONYyCKaloujas M3MEpPEHHE, Ha3bl-
BaeTCs u3Mepumoii. OUEeHKOil XapaKTEPUCTHKM® O0'bEKTA HAa3bIBAETCA HEKO-
TOpOe 3HaYeHHe (ApYyroi MM TOM K€ caMO¥) U3MEPUMOMN XapaKTepUCTHKH
aToro o6bvekTa. IIpy 3TOM OlEHKA MOXET NPUHAIJIEXaTb TOMY Xe

2 Unbie MeTpuKkH B npoctpaicTse M(V), OpeHTHPOBaHHbIE HE HA MAaKCUMANBLHOE, a Ha
"cpenHee" paccTOsiHME, NO-BUXUMOMY, B 06L1eM ciyyae 6ylyT HeecTecTBEHHBI, TOCKONBKY Ha
(a 3TO MHOXecTBO O6bIYHO NHO6O KOHEYHO, NHGO CYETHO) aMPHOPHO He MpeanonaraeTcs
CYl(ECTBOBaHHE KAKOMH-THG0 Mepbl, HEOOXOMUMON NS UCYMCNEHHS "CPEfHero paccTOAHHSA"
MeXpy ero o6bekTaMH ([a U BBECTH TaKylo Mepy HOBOJIHO 3aTPYAHMTENBHO).

3 Tpasunbhee 66110 661 FOBOPHTL 06 OLEHKE HE CAMOW XapaKTEPUCTHKH, & €€ 3HAYEHUA.
OpHako TaM, rae 3TO He UCKAaXaeT COfePXaHHs BbICKa3biBaHMs, Mbl GyieM rOBOPHTb NPOCTO
"XapakTepucTHka".



MHOXECTBY V, 4TO 1 OllcHHBaeMas XapaKTEepHUCTHKa (Haee Mbl B OCHOBHOM
paccMaTpmBaeM HMEHHO TaKHe, moueuHbie OLUCHKH), HO MOXET U He
NpHHaaIexXaTb eMy.

Taknm o6pa3oM, B OTIHYHE OT HAGIIOACHUSA, Pe3yIbTATOM KOTOPOrO
MOXET ObITb t06asa UROpPMAaLUA O XapaKTEPUCTUKE 00'BEKTA, PEYTbTATOM
H3MepeHus JOKHa ObITb mouHas uHdopMalus 06 3TOH XapaKTEPHCTHKE.
Ilpu 3TOM caMa XapakTEPHUCTHKA PacCMaTpMBaeTCd KaK OO bEKTHBHO MpH-
cyuiast OObEKTY, HE3aBUCUMO OT TOTO, MOXKHO JIH KaK-HHOYIb €€ H3MEPHUTb.
OTO No3BOJIAET TPAKTOBATh 3HAUEHHUS XapaKTEPUCTHK KaK "MCTHHHbBIE", pa-
3yMEETCs, MMesl B BUAY, YTO HCTHHHOE [UIs ONHUX YCJIOBUM 3HaYEHHE MOXET
CTaThb OIUKOOYHBIM IS APYTHX.

ITo oTHoOwIEeHNIO K HAOMIONEHHIO MOXKHO FOBOPHTb O LIENSX U pe3yilb-
TaTax. Henplo HabmofeHus B o01eM cllydae sBISeTcs NoNy4eHne HHgop-
Maly OTHOCUTENILHO HEKOTOpPOro Habopa X, ..., X, XapaKTEpUCTHUK OO0 BEK-
Ta. Mbl OyAeM CUMTATh, YTO 3TOT HaOOP KOHEYEH, U B OTAENIbHBIX CIIyvYasx
paccMaTpHUBaTh €ro Kak OgHy (BEKTOPHYO, 0603HaYaeMyO XXUPHbBIM LIpHQ-
TOM) XapaKTEPUCTHKY X.

Pe3synasrarom nabnrogenus H Taxke sBnseTcsd HeKOTopas (M3MepHuMas)
XapaKTEpUCTHKA 00bekTa. B cTaTucTHKE OOBIYHO CUMTAETCSH, YTO PE3YJb-
TaTOM HalnIofeHus MOKa3aTeNs fABISETCA TOYHOE MIH NPHOIMKEHHOE
3Ha4YCHUE 3MO20 Xe noka3amens, a IOTOMy CaMO HaOJNIOEHNUE ECThb NpO-
ueaypa ero (TOYHOIro MJIM HETOYHOro) u3MepeHus. Takast TpaKTOBKa Npef-
CTaBNSETCS CIUIIKOM y3KOH. Bo-mepBeIx, npoueayps M3MepeHHus leie-
co06pa3HO pacCMaTpHUBaTh KaK TOYHBIE, HCIONb3ys [JIsl HETOUHBIX H3MeE-
peHuil TepMEH "oyenka". BO-BTOPbIX, pe3yNbTaThl HAOIIONEHHS MOTYT U HE
SIBIATHCS N3MEPEHUSIMU KaKHX-TM60 xapakrepucTuk. HakoHen, ecnu Habiro-
AeHHEe NMPOBOJUTCA C LEJbIO OLCHKH 3HAYEHUsI KaKOH-TN00 XapaKTEepUCTHKHI
n3 M(V), To pe3ynbTaToOM HaGIIOAEHHS] MOXET M HE ObITh IJIEMEHT MHO-
xectBa V (cMm. Hike npuMmepbl 1.5-1.11). C atux no3uuuii HaGmrofeHNE
yno6HO TpakTOBaTh 60Jie€ IMPOKO — KaK NMpOoueAypy NONy4eHHs U puKca-
unH kaxoli-aubo nagopmauun o6 o6nbekre. I[lpn aTom nonyvaeMas uHdoOp-
Malus — pe3yNbTaT HaOGNMIONEeHUs — ABIAETCA U3MEPUMOH YHKIMEH Ha MHO-
)ecTBe 06bekTOB 2 = {®}. B yacTHOCTH, HaGMIONEHHEM XapaKTEPUCTHKHU
aBnsieTcs ee oyenxa. Ecam pe3ynbTaToM HaGNIONEHHS ABJIAETCA MCTHHHOE
3HaYEHUE XapaKTEPHUCTHKH, TAKOE HaGJIONEHNE HA30BEM MOYHbIM.

H3MepuMOCTb XapaKTEPUCTUKH MbI CBSI3bIBAEM C PEAJNIbHOH BbINOJ-
HUMOCTbIO Npoueaypel u3MepeHus. IIpy 3TOM noHsTHe "pealbHOH
BBINOJTHUMOCTH" Mbl CUHTA€M MEPBUYHBIM, ONPEAENAEMBIM B KaXK0# KOHK-
PETHOM 3aja4e Ha COAEP>KaTEJIbHOM YPOBHE (3TO HE HCKIIIOYAET, pasyMeeT-
csl, MIOCTPOEHHsI KaKUX-TM60 TeopHii "npakTudeckoi usmMepumoctu'”). Bonpoc
O TOM, KakKHe NpOoLEeAypbl CYUTATh U3MEPEHUAMH, a KaKHe — HET (KaKHe
3HAYEHHs] XapaKTePHUCTHKH, NOJYYEHHbIE NyTEM NPUMEHEHHUS 3TOM NpO-
HeNypbl, CYNTAaTh TOYHBIMHU, & KAKNE — HETOYHBIMH), HeTpUBHaneH. OTBET
Ha HEro 3aBHUCHUT M OT CTPYKTYpbl MHOXecTBa V, 1 OT pOpMbI NpeAcTaB-
JIEHUs pe3yNbTAaTOB U3MEPEHUS, M OT 3HaHMH U ONbITa UccaegoBaTens. I1pu-
BEJIEM HECKOJIBKO NPHUMEPOB.
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Ipunmep 1.1. OcHOBHBIE (POHABI THOGOr0 NPENNPUATHA NOAPA3ENAIOTCS
Ha aKTHUBHbIE M NacCHBHbIE. "AKTHBHOCTBH" KOHKPETHOI'O CpPECTBA TPyAa,
OTHOCSILLETOCS K OCHOBHBIM (QOH/1aM, ONPEAEISIETCI TEM CaMbIM NPUHAJIEXK-
HOCTBIO €ro K OAHOMY U3 JIByX yKa3aHHbIX BUAOB. 3MepenneM 6yneT Tomb-
KO Takas Ipouefypa, KOTopas "NpaBHJIbHO" OTHECET HAaOMIOAaEMbIl OGBEKT
OCHOBHBIX (DOHJIOB K TOMY WIH HHOMY BHAY. B

Ilpumep 1.2. [Ins onpeneneHus CTOUMOCTH CTPOMTENLCTBa 0OBEKTA
CTPOMTENbHBIMA NMPEANPUATUAMHU cocTaBigeTcs cMeTa. CulbHO orpy6inss
MOPsAJOK CMETHOrO LIEHOOOpa30oBaHMA, MOXHO CKa3aTh, YTO B CMETeE
ONpeJENAETCs COCTaB M 06bEM BCEX HEOOXOAMMBIX PabOT U PaCCUNTHIBAETCS
(c noMoIBIO CrieHaIbHbIX HOPMAaTHBOB) CMETHAs CTOMMOCTb KaXK[10# U3 HHUX
B OTJEJIbHOCTH, a 3aTEM — Bcex BMecTe. TOYHO ONpejesieHHEe CMETHOM
CTOMMOCTH O3HA4Ya€eT, YTO B CMETE OTPaKEHbI BCE HEOOXOAUMBIE paboThlI,
npuyeM o6bEM M CTOMMOCTb KaXXJOM M3 HHUX yKa3aHbl TOYHO. OpHako
OOBIYHO B IIPOIECCE CTPOUTEILCTBA C YYETOM BBISCHAEMBIX Ha MeCTe
KOHKDETHbBIX YCIOBHI CTPOMTEIBCTBA OO BEMBI YKa3aHHBIX B CMeTe paboT
YTOUYHSAIOTCS, OJHOBPEMEHHO BBISABISAETCS HEOOGXOAMMOCTDb BbINOJHEHHUS
AONOJHUTENbHBIX ("MponymeHHblx B cMeTe") paboT. ITosTtoMy TouyHO
ONPEAENNTh CMETHYIO CTOMMOCTb CTPOMTEJIbCTBA Ha 3Tane pa3paboTKH
NpOEKTa HEBO3MOXKHO (paBHO Kak M BooOuie n060e U3MEpEHHe MoKa3a-
Tened, OTHOCALIMXCS K HEONpeJeleHHOMY OyAayuieMy), OQHaKO 3TO CTa-
HOBHTCSI HEBO3MOXHBIM NOCJIE 3aBEPIICHUs CTPOMTEILCTBA Ha 6a3e Tak
Ha3bIBaeMOM "HUCMOJHUTEIBLHON CMEThI", Kyla BHECEHBI BCE [ONOJTHEHUA U
yTOUHEHHS. W

Taxum 06pa3oM, IOHATHE pEaIbHON BBINONHMMOCTH NPOLEAYPHI H3Me-
pEeHUs SIBISIETCS ONPENEICHHON HleaTn3alue, ONPaBAaHHOM U IPAKTHYECKA
NOJIe3HOH B CUTyalHsAIX, KOrAa OMIMOKH M3MEpPEeHHs JOCTAaTOYHO Mabl. C
ApYro# CTOPOHBI, €CTb U "MPHHUMIHANILHO HEM3MEPUMBIE" (XOTH U fomyc-
KaloIMe OLIEHKY) XapaKTepucTHKH. K HUM B NEpBYIO o4Yepeab OTHOCATCA
BEPOATHOCTH TEX MM HHBIX COObITHII (HalIpUMEp, CTUXUIHBIX GECTBUI WK
0TKa30B 060opyaoBanus). HeusMepuMsl, 110 HamIeMy MHEHHIO, (PYHKIHH NO-
JI€3HOCTH SKOHOMHYECKUX CYO'BEKTOB, MIATEXECIOCOOHBII CIPOC Ha MPOAYK-
LU0, NpefeabHbIE 3aTPaThl U PAA APYIMX XapaKTEPHCTHK 3KOHOMUYECKHUX
NpPOLECCOB U SIBJIEHHH, ABHO (DUI'YPUPYIOIIMX B Pa3HbIX 3KOHOMHMKO-Ma-
TeMaTHUECKUX MOfiensnx. Hen3aMepHMbIME B OonpeieIEeHHOM CMBICIIE MOXXHO
CUHTATb M TaKue (PU3MYECKHE XaPaKTEPUCTHKH O6BEKTOB, TOUHOE U3MeEpe-
HHE KOTOPBIX OCYIECTBIAETCS METOAaMH pa3pyLIAIOLIErO0 KOHTPOJIS
(cKaxkeM, TOYHO U3MEPHTD NPENENbHYIO HarPy3Ky, KOTOPYIO MOXET BbIep-
XKaTh AaHHBIA MOCT, MOXHO TOJIbKO, Pa3pyLUHB €ro), IOCKOJIbKY MOCJe Npo-
BEIEHHOr0 U3MepeHUsl OO'bEKT H3MEPEHHUS NEPECTAET CyliecTBOBaTh. Hens-
MepHUMble MOKa3aTelMd YMECTHO Ha3bIBaTh MapaMeTpaMH. DTO He IpoO-
THBOpEUUT OOBIYHOM TPAKTOBKE IIapaMETPOB KaK K03 (HUUMEHTOB B OAIE-
KalUX ONpeJesIeHHIO 3aBUCHMOCTSX: NIOJOOHbIE 3a1a4/ NPEICTABNISIOT HH-
Tepec TOJNbKO TOrMa, KOrfla BXOAAIME B HUX apaMETPbl HEM3MEPHMBI, T.€.
He MOryT GbITh OJHO3HAYHO ¥ TOYHO OINIPENETIEHBI.

Heu3MepuMOCTb XapaKTEPUCTHKH, KOHEYHO, 3aTPYNHACT NOJTy4YEHHE UH-
¢opManun 0 Hell, HO HE MEILIAET €€ OLEHUBATh, HANPUMED, U3MEPSS BMECTO
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HEe 3aMEHAIOINE, B KAKOM-TO CMbICiIe OIu3KHe XxapaKTepucTHRY. Takas
npoueaypa, NpxM KOTOPOH HENMOCPENCTBEHHO He H3MEPHMasl XapaKTePUCTHKA
3aMeHAETCs APYro# (MHAMKAaTOPOM), 3HaYEHHUsI KOTOPOI MOXXHO HENOCPEACT-
BEHHO M3MEDHUTDb, Ha3biBaeTca HHAMKauued [11]. IHbIMH cioBaMu, np# 3TOM
€rnoco6e OUEHKH BMECTO U3MEPEHHA TOrO, YTO HYXHO U3MEPATD, H3MEPIETCS
TO, 4TO PEAJILHO MOMHO U3MEPHUTD (3TO aHAJIOTHYHO NTOMCKY YTEPSHHON Be-
UM HE B TOM MECTE, I'ic OHa NMOTEpsAHa, a NOA GnmxkaiuM doHapem). Y
OIHOH XapaKTEPUCTHKU MOXKET ObITh HECKOJNBKO MHAMKATOPOB. Tak, HHAH-
KaTOpaMu H3MEHEeHHUs (pU3MYECKHX OG'bEMOB OM3BOACTBA MNPOMBIIIIEHHOM
NPOAYKUMH MOXET ObITh HE TONBKO OGbEM NPOJaX, CKOPPEKTHPOBAHHBII Ha
HHIEKC LIEH, HO ¥ 06bEM NOTPEGNEHHs 3TEKTPOIHEPTHH — 3TO JBa "MpHH-
UMITHAJIBHO Pa3HbIX" MHAMKATOPa, AAOLIMX OObIYHO pa3Hble OUeHKH. [Ipyroi
crnoco6 OLEHKH COCTOMT B MCHNOJb30BAHUM MHBIX METONOB H NpPOLEAYp
H3MEPEHMS, T.€. B IEPEXOJE OT PEANLHO HEBBINOJIHUMBIX K PEATBHO BBINOJ-
HUMBIM NpoNeAypaM. B aToM ciyyae pe3ybTaT OLEHKH MOXKET OTJIMYAThCS
OT UCTHHHOIO 3HAYCHHS XapaKTEPUCTHKHU 3a CYET "HECOBEPLIEHCTBA H3Me-
pUTeNbHbIX Npu6opoB (mau MeTonoB)". Heo6xonMMoCTh B OLIEHMBAaHUN MO-
KET BO3HMKHYTb M NPH HCMNOJb30BaHMM, Ka3aJoCh Obl, TOYHBIX JaHHBIX
CTaTHUCTHUYECKOH! OTYETHOCTH NIPU aHAJIM3E PANOB JHHAMHMKHY, HallpUMeEp, ECITH
B aHAJIU3HPYEMOM NEPHOME U3MEHSIOTCA npaBuia ('TeXHONIOrus'") cocras-
JIEHUs1 CTaTHCTHYECKO# oT4eTHOCTH. [IpH 3TOM "CTBIKOBKA" JaHHBIX Pa3HbBIX
JIET OCYIIECTBIAETCS NyTEM BBEACHUS. COOTBETCTBYALUUX KOPPEKTHUPYHOLIMX
K03 (PHUIHEHTOB, OLIEHUBAIOUINX BIMssHUE (haKTOpa CMEHbI METOJNOJNOTHH.
JpyruM npuMepoM M3MEHEHUs "TEXHOJIOTHH' U3MEPEHMI MOXET OBITh pOCT
YHCJIa 3apErMCTPUPOBAHHBIX HapyLIEHUH TPYJOBOH MUCUMIUIMHBI Ha Ipef-
NPUSTHH C IPHXOAOM HOBOTO AMPEKTOPA U COOTBETCTBEHHBIM Y3KECTOUEHHUEM
Tpe6oBaHuit K aucummianne [11]. IIpusenem npuMepbl OLEHOK psijia NOKa3a-
Tenel.

Ipumep 1.3. MHOTHE JUCKPETHBIE H HENPEPbIBHbIE MOJEIM COAEPKAT
TaKyH0 XapaKTEPHUCTUKY NPENNPUATHS, KaK CPEHAS 32 NEPHOJ| YHCIEHHOCTh
nepconana. ITo ceoeMy cMbiciy 3a nepuop T (HanpuMep, 3a rof) OHa AOJKHA
ONpefeNnsaTbCA KaK CpeJHEE U3 YUCIEHHOCTH PaGOTHMKOB MO JHAM OTYETHOrO
nepuoaa. B oT4ETHOCTH TaKOro noKa3aTeJs HET, HO XOPOILUEH €ro OLEHKOH
MOKeT ObITb HHIMKATOP CPeOHeCNUCO4HOU YACIEHHOCTH (AN Mecsua —
NoJycyMMa 4YNCIIEHHOCTEH Ha Ha4yalo M KOHEI Mecsla, AN Fofa — CpefHee
apu(pMETHYECKOE U3 CPEIHECTTHCOYHBIX YUCIEHHOCTEH MO MecsauaMm). B

Ilpumep 1.4. Tlo Goapwoi rpynne npepnpustuit 3a 1980-1995 rr.
HabJrofaeTcs psj nokasaresel, B TOM YHCIE CTOMMOCTb OCHOBHBIX CPE[ICTB
Ha KOHEL| rofja, Cofiepkamascsa B rofoBoM GanaHce. BoIscHunOCh, 4TO MO
OIHOMY M3 NpPEANpPHATHH NaHHbIe 06 3TOM nokasaTeine 3a 1989 r. orcyrer-
BytoT. OHaKO, KaK BHIHO M3 NOKa3aTeJell APyrux NpefnpusiTHi TpynbI,
CTOMMOCTb OCHOBHBIX CPEJCTB Ha KoHen 1989 r. 6i1mM3ka K monycyMme 3Ha-
4yeHuit aTo¥ crouMoctH 3a 1988 u 1990 r. IIpumeHnB 3TOT cmocob K JaHHOMY
NPERNPHUATHIO, MOJYyYMM Ppa3yMHYIO OIIEHKY "NpONyIIEeHHOH" Xapak-
TEpUCTHKY. W

ITpoBefeHHOE B HAIIMX ONPENEJICHUAX pa3rpaHMYECHUE NOHATHH "Ha-
6moneHus” 1 "n3MepeHus" 06yciaoBiIeHO pa3HOoOpa3neM dopM mHGpOpMa-
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1Y, NnojyyaeMoll B pe3ynbTaTe HabmofgeHuil. Kak yxe roBopunocs, npu
HaGmiofneHnn xapakrepuctukua u3 M(V) pesynbTat HaGNIOAEeHHS MOXET
BbIPaXkaTbCs 3JIEMEHTOM HE MHOXeECTBa V, a HEKOTOpOro 6oJiee MHIPOKOTo
"nmpoctpaHcTBa HabmogeHnin" W (MHOTIa B TaKMX CIIy4dasiX FOBOPAT 00 OLEH-
K€ OJHMX XapaKTEPUCTHK IO PE3yIbTaTaM M3MEPEHMs NPYTHX; 3afiadaMy
TaKOro pojia 3aHUMAEeTCs FeOMETPHA — TaK, 3agada 46 B [12] ceoauTcs K
OLIEHKE N.10u4adu BBINYKIIOH DUTYPEI 0 0AUHAM ee npOoeKyuli Ha YeThIpe
npsimbrie). [IpuBeneM psj npuMepos.

Ipumep 1.5. YeTbipe 3kcnepTa AalOT O06G0CHOBaHHbIE IKCHEPTHbIE
OLIEHKM 3HAa4EeHHUIO HEKOTOPOToO noka3aTens. 3[eck HaOIIONEHHEM CIEAyeT
CYHTaATh BCIO NMpoUeAypy c6opa u puKcauun 3KCNepTHONH HHMOPMaLH, Off-
HAKO 3TO — HEOOHO3HA4HOe HabaldeHue, U160 €ro pe3yabTaTOM SBISIOTCA
4eThbIPE YMCIA, a HE OAHO. AHAJIOrHYHas CUTyalus BO3HHMKAaET, KOraa Ans
OJITHOI'O M TOTO K€ MOKa3aTeJs B pa3HbIX ()OpMaxX OTYETHOCTH NPEANPHATHS
NMpUBOJAATCS pa3Hble (XOTs U Onu3KUe) 3HaYeHUs1, TMOO KOrfia pe3yabTaThl
HaGIIONEeHNH JalOTCA HE YUCIIaMM, a MHTEPBaJlaMH UX U3MEHEHHs. Die-
MEHTaMH npocTpaHcTBa W 3gech y106HO CYUTAThH NIPOM3BONTbHBIE (KOHEUHBIE
i 6eCKOHEYHbIE) TOAMHOXKECTBA YHCIOBOK OcH. M

ITpumep 1.6. IlycTb N0 JaHHBIM U3MEPHTENBHOrO NMpuGOpa BBICOTA
06beKTa (M3MepuMas XapakTEePUCTHKA, NOKA3aTeNb) ONpefeNieHa B 25 cM ¢
TOYHOCTBIO 10 1 cM. Pe3ynbsTaToM Takoro HaGaIOeHNs ABNAETCA yXKe He
YHCIO, a mapa yucen 25u 1). W

Ipumep 1.7. KonnuecTBo L XuTeENei ropofa, NPeANOYUTAIOUNX ICKH-
MO APYrMM BHIaM MOPOKEHOTO, OLEHUBAJIOCH IO JAHHBIM BBIOOPOYHBIX
onpocoB. C y4eTOM BO3MOKHBIX OIIHOOK TaKOrO METOJA COLMOJIOTH I'OBO-
PAT, YTO YNCI0 L NeXuT B TaKHUX-TO Npefenax ¢ BeposaTHOCTbio 90%, B
TaKHX-TO Npefenax — ¢ BepoaTHOCTbIO 80% u T.;. (B MaTeMaTHYECKOH CTa-
THCTHKE B 3TO CHTYallHd BMECTO BEPOSTHOCTU FOBOPAT O CTENEHH HIIU
ypOBHe IOBEpHs, OfHAKO pa3JIMYHe B JaHHOM ciydyae HecylecTBeHHO). [Ipn
3TOM pe3yJIbTaTOM HabNIONEHUS OKa3bIBa€TCs HE YHMCIO, a pacnpefesieHue
BEPOATHOCTEI (CTeNEeHU JOBEPHs). M

1.3. Ownbku HabnogexHnmn

SIcHO, 4TO HaGMIONEHMS XapaKTEePHCTUKH NPOU3BONSTCS C LENbIO €€
OLleHKH, U 0O6paTHO — ni00ast OLIEHKA ABNSIETCA PE3yJIbTaTOM KaKOro-TO
HaGmogeHns. OHaKO NPOU3BOJIbHASA OLIEHKAa MOKET HECTH Maio MHGOp-
MalM{ O HY>XHOH XapaKTEPHCTHKE MM BOOOLIe HE HECTH HHKaKON MH(POp-
Mauyuu o Hel. B 3To# cBI3M MOXHO roBOPUTh 00 OMIMOKAX HaOJIOREHMUA,
NOHMMas MOJ HUMH HECOOTBETCTBMs MEKAY HabGJIONaeMbIMH 3HAYCHHSIMH
XapaKTEPHCTHK M UX MCTHHHbIMM 3HadeHusaMH. [Tox naHHyrO TpaKTOBKY
noAnagalT U OWHOKU pezucmpayuu, BO3HUKAIOWMUE NPHU HCKaXECHUHU
(YMBILIIEHHOM WJIM HEyMBIULIEHHOM) pe3yiabTaTa HaOlIIOfeHHs NpHU ero
¢ukcanuu. [TpuMepaMu 30€Ch MOTYT CIYXHTb HEBEPHOE CYMTbIBAaHHME IO-
Ka3aHUi pEruCTPUPYIOIEro Npu6opa, 3aNKCh YHUCNIa HE B Ty KJIETKY aHaJu-
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THYECKOM} TaGIMLbI MM HENPABHIbHAS YCTAHOBKA ECATHYHOM 3aNsITON NpU
3alUCH 3TOTO YHCIa.

Ecnu HekoTopas npoueaypa HaGIIFoeHUst IO3BOISIET JOCTATOYHO TOYHO
OULEHHUTb XapaKTEPUCTHKY TI060ro 06 bEKTa COBOKYINHOCTH, TAaKyIO IPOLE-
AYPY €CTECTBEHHO pacCMaTPHUBATh KAaK AOCTATOYHO TOYHYIO0. OTMETHM, YTO
TOYHOCTB NPOLENYPbI 3aBUCHT:

1) or cocraBa I'C. Ecnu paccMaTpuBaTh OfHM M Te >Xe HaGniofgaeMble
06BEKTBI KaK 3JEMEHTHI pa3HbIx ['C, TO OfMH U TOT Xe METOA HaGNrofeHus
6yaeT OxapaKTEpHU30BaH pa3HOM TOYHOCTHIO. Tak, METOX yCTaHOBJIEHHS
CPEHErOl0BON CTOMMOCTH OCHOBHBIX CPEACTB KaK IOJYCYMMbI 3HaYEHHUI
3TOW CTOMMOCTHM Ha Hadajo M KOHel rofa OyfeT JOCTaTOYHO TOYHBIM B
rofpl, KOrga TEMNbl HHQIIALUMN HEBBICOKH, HO MOXET [1aBaTb GoJsbluHe
OLIMOKH B IIEPHORI BLICOKOW MH(ISALUY;

2) oT cocTaBa HaGniofaeMbIX OGBEKTOB (ecnu HaGIIOfaeTCs JHIIb
yacTb 00bekTOB I'C). IToaToMmy, HanpuMmep, HeNb3si 1aTh OJNHO3HAYHYIO
OLEHKY TOYHOCTH METONOB BbIGOPOUYHBIX COLMOJOTHYECKNX OOCIEA0OBaHMI
HaCEJICHUs — B JIYYUIEM CIy4ae MOXKHO JIMIIb CKa3aTh, B CKOJIBKHX IpO-
LEHTAaxX Cly4aeB 3TH 06CIe0BaHNS NaBaJId TaKyIO-TO OLIHOKY.

HexkoTopble xapakTepUCTHKH OG'BEKTOB, HapUMep, AJIMHY MIH Maccy,
HENb3si M3MEPUTh aGCOIOTHO TOYHO, XOTS HMEETCS BO3MOXHOCTb MOBbI-
LIaTh TOYHOCTh U3MepeHUN. [In1 uneanu3upoBaHHOro ONNUCAaHUS NMOROGHBIX
XapaKTEPHUCTHK YROOHO BBECTH CIEAYIOlIee Onpefiesienne. XapakTepuCcTUKa
X Ha3bIBAECTCSA ACUMNIMOMUYECKU USMEPUMOILL, ECITH CYLIECTBYET CXOAAIIAsICS
K Heil B Tonosorun npoctpacrea M(W) nocmegoBaTenbHOCTb OLEHOK
H* — X npu k — oo. BRIIIOYeHEe B PaCCMOTPEHHE ACHMIITOTHYECKH H3Me-
PMMBIX XapakKTEpHCTHK pacCIIUPAET KpYr KaKk HHCTPYMEHTOB, Tak H
06bEKTOB 3KOHOMHUYECKUX UCCIIEOBaHMIA.

OcHOBHas NpUYMHA OMHOOK HaGMIOAEHHs — HEBO3MOXHOCTD (TEOPETH-
yecKast WM NPaKTUYECKas) N3MEPEHUS XapaKTEPHUCTHUKH, T.€. IPUMEHEHHs
"NPUIIOKEHHON K €€ onpepeeHuto” MeToqukn usMepenus. I[Ipu Takom
nopxoae OWMOKM pacCMaTpPHBAKOTCA Kak "Hem3GeXHOe 370", a BO riaBy
yria cTaBHTCs He "60pb6a” c HUMHU U HE CTPEMIIEHHE MX 3JTMMMHHUPOBATh, a
MaKCHMaJIbHOE HCNOJb30BAaHME MOJYYEHHOH B pE3yNbTaTe HaOIIONECHUMH
nHOPMaLMK IS pean3aluy OCTaBIEHHbIX NpU U3MepeHny nenei. Heko-
TOPbIE TEXHUYECKHUE U NICHXOJOTHYECKHME aCNeKThbI NPOOJIEeMbl BOSHUKHOBEHHUS
omubok ¥ OopbObl C HHUMH, OCTAaBIIMECS 3a MpejesaMH Hallero
HCcleJOBaHMs, MPOSCHAIOTCA B OpUrHHaILHOM pabore [13].

B 3aBucumocTu OT ¢OpMBI NPOSABIECHHUS MOXHO BBIAEJIUTH [Ba THIIA
omn6ok. OmubKu nepeozo THUNa BO3HMKAIOT, KOTa M CaMa XapakTe-
PUCTHKA, U PE3yNbTaT €& HaOMIONEHNs NPHUHAJJIEXXAT ONHOMY M TOMY e
MHOXxecTBY V (cM. HanpuMep 1.3). B ToM cnydae, Korga pe3ynbTaT peanb-
HOro HaGJIofieHNs NPHHAMJIEXXUT He MHOXecTBy V, a 6ojee HIMPOKOMY
npocrpaHcTBy W, MOXXHO roBoputh 06 omnbkax emopozo tuna. [Ilpumepom
SABJIAETCA CUTyalysl, KOTia pe3ylbTaTOM HabrofeHus MOKa3aTeNs OKa3bl-
BAETCA HE YMCIIO, a MHTEPBAJ Ha YHMCJIOBOH NPAMON MJIM BEPOATHOCTHOE
pacnpepenenne (cM. npumep 1.7).

BBuay ¥x BaXXHOCTH M pacIHpOCTPAHEHHOCTH CIEAYET yKa3aTh TPU HE
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NOAMNafaroIIKX O] IPUBEEHHOE ONpeNEICHNE BIAa OINOOK, YaCTO BCTpe-
YaloIyecs B NPaKTHKE 3KOHOMETPHYECKHUX HCCIIENOBaHMI: OIIHOKH KIIaCCH-
¢uKanmy, olMOKH crieM(pHKaLMK U OIIHOKH MOJIEIH.

Owubku kaaccugpurkayuu BOZHAKAIOT, KOrAa B cocTaB I'C He BKIIIOUEHBI
06BeKThI, KOTOpbIE Ha CaMOM fiese (T.€. B COOTBETCTBHH C MMEIOLIEHCs
nHdopMaumein) K Heli oTHocaTca. HanpuMep, HccnenyeTcss COBOKYNHOCTh
IPOMBIIIIEHHBIX NpeAnpusTui, ogHako B I'C u B 4HciI0 06'bEKTOB HabIIIO-
[eHHs He BKIIIOYEHBI NPEANPUATHSA NPOMBILIJIEHHOCTH CTPOUTENBHBIX KOH-
CTPYKUMH M AcTajneidf, KOTOpble OObIYHO YYHTBIBAIOTCA HE MO OTpaciu
"I[IpomsiiteHHOCTB", a no orpaciau "CrpourenbcrBo”. Ta xe npobreMa
BO3HMKACT NpH (POPMHUPOBAHMUM UHMCTBIX OTpACNell B MEXOTpacieBoM ba-
JIaHCe.

Owubku cneyugurxayuu UMEOT MECTO IPH HENPABHILHOM OT6O-
pe o6bekToB (BkatoueHuH B I'C Takux 06BEKTOB, KOTOPBIE HAa CaMOM Je-
jJle X Hel He OTHOCATCA) WM (pakTOpOB, BIMAIOLIUX Ha Hccaefye-
MYIO0 XapaKTEepUCTHKY (OOBICHAIOLMX NEpEMEHHbIX). Takue OMMOGKHU
(HanpuMep, UCHOIb30BaHHE CBOJHBIX AAHHBIX MO KPYMHOH CTPOMTENbHOMN
OpraHM3aluH, BKIIOYalOmEH KHPNHUYHBIA 3aBOoj M aBTOo6a3y) dvacTo
06YCNOBIEHbI HEJOCTATKAMHU B TEOPETHYECKOM aHAJIU3€ PacCCMaTPHUBAEMbIX
SIBJICHUH.

Owubicu moOeau NPOSBIAIOTCI B HENPaBUIBHOM BbIOOpE BHIa HCKOMOM
3aBHCHMMOCTH (HanpuMep, OTbICKUBAETCA JIMHEHHAs 3aBHCHMOCTb MeX-
0y XapaKTEepHCTHKaMH B TO BpeMs, KaK Ha CaMOM Jieli€é OHM CBSI3aHbI
cTeneHHOU 3aBUCHMMOCTBIO). Ilo cymecTBy, 3h€ch TakXe HMAET pedb 00
ownbkax cneuugUKaluiy, OfHAKO cneuUIHMPYeTCs 3[eCh HE COCTaB apry-
MEHTOB, a Buf Mofeny. YacTo 3Tu ABa BHa OIIMOOK TECHO CBA3aHbl MEXAY
coGoii. B pamkax Hamlero moAxofa yKa3aHHble OIUMOKM HE SABJIAIOTCH
omu6KaMu HaGIIONEeHNs], a BOBHUKAIOT Ha CTafAMH, NpequIecTBYyOmEel 06-
pa6oTke pe3ynbTaToB HabGnropeHuit (npu Bei6ope I'C, coBOKynmHOCTH HC-
ClefyeMbIX XapaKTEPUCTUK, TEOPETHIECKOM aHAIM3€ 3aBUCHMOCTENH MeX-
AY HUMH).

HaGmonenus, Kak IPaBUIIO, XapaKTEPU3YIOTCI HeOnpedeaeHHOCmbio,
0] KOTOPOX Mbl IOHHUMAEM HENOAHOMY WM HEMOKHOCMb UHGOpMayuu
0 3Hauvenuax HabaroOaemol xapakmepucmuku. IIpu 3TOM HemosHOTa
onpefesseTcs MO OTHOIIEHHIO K TOMY (IOPO# HEM3BECTHOMY) 00BEMY
MHGOpPMaUMK, KOTOPBIH MO3BOJNSET MONHOCTBIO ONPENENUTh MCTHHHOE
3HaYeHME XapaKTEPUCTHKH, a HETOYHOCTh TPAKTYETCS KaK PacXOXJEHHUE
MeXNy HCTHHHBIMH M MOJYYEHHBIMH B XOJ€ HaGIIONECHHS NaHHBIMH.
HeonpeneneHHOCTb NpUCYyLa MPAKTHYECKH JIFOOBIM HaOIONEHHAM, HO MEpa,
CTENEHb ¥ KOHKPETHbIE (DOPMBI €€ NMPOSABJICHUS MOTYT ObITh Pa3NUYHBIMU.
B TO ke BpeMs TaM, I'lé HEONPEAEICHHOCTh HE3HAYUTENIbHA, OKa3blBa-
eTcs MOJIe3HO Takasd abcTpakuus, KakK "OTCYTCTBHE HEOINpPENEIEHHOC-
™" — demepmunuposannocms. Tak, ecliu U3MEPEHHE JJIMHbI NMPEAMETA
MPOU3BOAMTCS KaKHM-TO M3MEPHUTENILHBIM IIPUOGOPOM, MbI HE MOXEM 3apaHee
CKa3aTh, YTO PE3yJIbTAaTOM H3MEPEHMs OyaeT HCTHHHas [JIHHA 3TOro
npeaMeTa. 34ech MOXHO YTBEPXKMATh JIHIIb, YTO OWIMOKA B H3MEPEHHUHU
IIMHBI OyeT JIeXaTh B TaKUX-TO Npefenax. PesynbTaT nuaMepenns Oyner

13



AETEPMMHHMPOBAH, €CIM H3MEPEHHE NPOM3BOZUTCA TOYHBIM NPHOOPOM
(cKaxkeM, AE€TEPMHUHHPOBAHHBIM MOXET ObITh M3MEpPEHHME KOJMYECTBA
KPYHHBIX NPEAMETOB, HaXOAAIIMXCA B HEKOTOpPOM noMeueHum). Ilpn
HCNONb30BAHMM O3KCHEPTHBIX OLEHOK JJIf HM3MEPEHHS NOKa3aTens
HEONpeeIeHHOCTb NPOSIBUTCS B HECOBIAJEHNM 3THX OLEHOK. 3]1eCh TPYAHO
FOBOPHTb O JETEPMHHHDOBAHHOM DE3YJIbTAaTE HM3MEDPEHHSA, XOTA HEUTO
6aM3KOe K HEMY BO3MOXKHO, KOIla MHOTHE HE3aBHCHMbIE aCNEKThl AAIOT
OJIHY M TY XK€ OLEHKY 4eMy-TH60.

Mpb!I onpefenuau HEONPENEIEHHOCTh KaK HENOJHOTY M HETOYHOCTH
nagopmanun. C aTux no3uuui uHGOPMaIHIO 0 HabMIOAAaEMbIX XapaKTe-
pHUCTHKaxX 06G'BEKTOB MOXHO pa3fe/UTh Ha YETbIpE BUNA: NOAHAR U MOYHAA;
HEeNOAHAA U MOYHAA, NOAHAA U HEMOYHAR; HENOAHAA U HemoyHaA. Pa3nu-
Yype MEXJy 3TUMH BuUAaMHM HHGOpPMalMHM NPOMJIIIOCTPHUPYEM Ha IpH-
Mepe HabalopeHHss oO0beMa peaJu30BaHHON NPOMHIBHON NPOAYKIHH
xyne603aBoja:

® noanas u moyxas. Tak GyNeT NPH TOYHOM M3MEPEHHH (PH3NYECKUX
0GBbEMOB PEaNN30BaHHOIO KONHYECTBA GyXaHOK XxJ1e0a pa3INdHbIX COPTOB;

® Henoaxasa u moyuHas. ITOT CIydail UIMEET MECTO NPH TOYHOM H3Me-
PEHNH TONBKO 00O1ero o6 seMa pealn3oBaHHOro xyeba (6e3 pa3buBku no
copTaM);

® NoAHAA U Hemo4HAas. DTOT Cnydali MMEET MEeCTO, KOrna o6 BbeMbl
peann3anuy pa3HbIX COPTOB Xxie6a H3MEPSIINCh, HO U3MEPEHUS IPOU3BENICHBI
HETOYHO;

® HenoaHas u HemoO4HGA. DTOT Clly4all HMEET MECTO IPH HETOYHOM
n3MepeHun oduero o6’beMa peanusanun xaedonpoaykiun (6e3 paz6GMBKHU MO
copTam).

3aMeTHM Tenepb, YTO UCTHHHOE 3HAYEHHE XapaKTEPUCTHKH, B OTIINYHE
OT pe3yJibTaTa ero HaONIONEHHUs, UCCIENOBATENI0 OOBIYHO HEU3BECTHO U
MOTOMY TPaKTyeTCs KaK HeoNpefieseHHas (M 9acTO HeM3MepUMas B CMbICIIE
n. 1.2) pennumHa. Mexay TeM MOJENMPOBaHHE B3aHMMOCBI3H MEXNAY
XapaKTEePUCTHKaMHU 06'bEKTa 1 pe3yJibTaTaMU HaGJIIOJEHMII OCYIUECTBIIETC
C HHBIX INO3MIUMIA: INepBble CYMTAIOTCA ONpEAEeSIEHHBIMH (XOTH U
HEM3BECTHBIMM) BEJIMYMHAMM, TOTAA KaK BTOPbIE — HEOINpENEICHHBIMH,
3HaYEHUA KOTOPBIX MOTYT ObITh Pa3IUYHBIMU B 3aBUCHMOCTH OT YCJIOBHI U
MeTOMKHM HabmoneHui. [IpyruMu ciosaMu, pe3yIbTaT HaGIIOAEHHS TPaK-
TyeTcs KaK peaju3auys HEONpPEJEIECHHON BEeJIMYMHBbI, OJHO U3 BO3MOXK-
HbIX ee 3HaueHud. CylmHOCTh MOJEIMPOBaHHS COCTOMT NpH 3TOM B ¢op-
Majau3aluu M Y4YyeTe HEONPENECIEHHOr0 XapaKTepa pe3yibTaTOB
HabmoneHui.

TakuM 06pa3oM, NEePBUYHBIM SIBISETCI HeonpeoeaeHHbLll xapakmep
pe3ynbpTaTOB HaOMIOAEHMS, a BTOPHYHBIM — NPEACTAaBIEHNE 3TUX PE3yib-
TaTOB B BHJE HEKOTOPOH (PYHKUMH (HaNpUMEDP, CYMMbI HJIM NIPOM3BECHHUS)
OT UCMUHHOZ2O 3HAaYEHUS H3MEPIEMOH XapaKTEPHCTHKH M owubru
Habmogennss. C 3THX NO3UUMH 1Eeaecoo6pa3HO roBOpUTh 006 omubke
HaOIIONEeHHsT TOJNBKO TOTrHa, KOrfa M3 XapaKTepa HEONpENeNIEHHOCTH
BBITEKAET BO3MOXHOCTb COOTBETCTBYIOLIErO NpeACTaBleHUsA. Tak, eciau
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pe3ynbTaT HaGMIONEHHd — ciy4YalHas BEJIMYMHA, UMEIOL[As HOPMaJbHOE
pacnpefieienue, 1 €€ CPEJHHUM ABNIAE€TCA UCTHHHOE 3HaYeHHe HabIonaeMoi
BEJIMYHMHBI, BIIOJIHE KOPPEKTHO FOBOPHTDL O HAJMYNY aiiUTHBHON HOPMaJTb-
HO pacnpee/leHHO#! OIUOKH C HylEBbIM cpefHMM. C Apyro# cropoHsl, ec-
JM pe3ynbTaT HaGIIONEHHS MMEET IKCIOHEHUHATBHOE pacnpenelieHue U
€ro cpefHee 3HAYEHHE COBNAJaeT C MCTHHHBIM 3Ha4YeHHEM Habmiofa-
€MOJ BEJIMYHHBI, Pa3fieIEHHE Ha "HCTHHHYIO 4acTh" M OLIKUOGKY CTaHOBHUT-
Csl MCKYCCTBEHHBbIM M HE yNpolaeT aHanu3a. OTMETHM, 4YTO B CIPaBOY-

Huke [14] perpeccus BenMYUHBI Y NO OTHOWEHHUIO K dakTopam X, ... , X,
onpeaensercs kKak yukmma Y =g(X,, ..., X,) + h(Y, X,, ..., X)), rne
WY, X,, ..., X,) paccMaTpuBaeTCs Kak NONPABOYHBIA WIEH, TAK YTO U 3[€Ch

pasfiesieHre MOJCTUPYEMOi BEJMYUHEI HAa "MCTUHHYIO YacTh" M "OHNOKY"
BBITJISUT NPOHU3BOJBHBIM. IT03TOMY MBI GylneM.HCONB30BaTh IOHATHE
"ommn6Ka HaGIONEHNUs" TOMBKO TaM, Iie pe3yibTaT HaGIIONEHUs JOMYCKaeT
€CTECTBEHHOE, T.€. 00 bEKTHUBHO OOYCIOBIEHHOE CUTYalMEH, Pa3IOKEHNE Ha
"HCTHHHYIO 4acTb" M OUIMOKY.

OG6paTuM BHMMaHHE TaKXKe Ha TO, YTO CaMo Mo ceGe NpU3HAHUE KaKOro-
nu60 pe3ynbTaTa HaGJIIOAEHUS HEONpPEENEeHHBIM HE HECET HHUKaKOH
MHGOPMAIMA U MOXET ObITh NPUIIOXKEHO K THO60U CHTyauuu (IIOCKOJIBKY
faxe TOYHO H3MEPEHHBIE, AETEPMUHUPOBAHHBIE NTOKA3aTENH MOTYT ObITh
pPacCMOTpPEHbI KaK YacCTHBIA ClIydail HEONpERENEeHHbIX). YTOMUHAHHE O
HEONPENETEHHOCTH CTAHOBUTCA COAEPKATENbHBIM M TPeGyrOMM ydeTa
JIHIb TOTNa, KOrla KOHKPETU3NPOBaH ee Bl (xapakTep). IHbIMU cioBaMH,
HeonpeodeaeHHOCMb OOANHA PACCMAMPUBAMBCA He KAK CUHOHUM OMmcCym-
cmeus uHgopmayuu, a KaKk yKkaanue Ha cneyuguyeckuii 6ud umerowjelics
uHgopmayuu, He C800AUUICA K YKA3AHUIO KOHKPEMHO0 4UCAEHHOZ0
3HaaueHus mou uau uHoi xapaxmepucmuxu. CaMa no ce6e KOHCTaTalus
(haxTa HaJNYMs HEONPENENEHHOCTH, HETOYHOCTH MJIM HEMOJIHOTBb! HHGOP-
Manuy o6 yCIOBHAX M pe3yibTaTax HaGNIONEHUH He SIBISETCA OCHOBaAaHHEM
IJIsL IPUHATHA KaKHUX-THOO MOMENbHBIX pELICHUM, MONOGHbIE OCHOBaHHUsA
NOABJIAIOTCS JHIIb IOCJTE ¥ Ha OCHOBE KOHKPETH3alMM BH[la HEONpefe-
JIEHHOCTH M XapaKTepa BO3MOXHbIX ee npossieHnit. C 3THX NO3ULHUI
NPENCTaBNAKOTCA HEKOPPEKTHBIMH, HAalIpMMED, MOCTAHOBKY 3alayi HAMJIY4-
e OLEHKM MapaMeTpa B NapaMETPHYECKOH 3aBUCHMOCTH B yCJIOBHSAX,
KOT/ia pe3ybTaThl HaOIIOACHUM ABJISIOTCA HEONPENEIEHHbIMH, HO O "BHUje"
3TOI HEONPENECIEHHOCTH HUYETO HE U3BECTHO.

1.4. 3aBUCUMMOCTH MeXAY XapaKTepPUCTUKaMu o6beKToB

Bce o6bexTnl I'C npepnonararoTcs yeaocmribimu, NIO3TOMY €CTECTBEH-
HO, YTO JIO6GblE UX XapPaKTEPHCTHKH B OOLIEM CIIy4yae NOJIKHbI OBITh
B3aNMO3aBHCUMBIMH — M3MEHEHHE OJHHMX NOJIKHO KaK-TO CKa3bIBaThCs
Ha M3MeHeHMH [pyrux. OQHakKO B KaXJbIil JaHHbII MOMEHT BpeMme-
HM XapaKTEPUCTHKH JaHHOTO 00bEKTa (PMKCHPOBaHbI, U FOBOPUTH 06
UX M3MEHEHMH M O BJIMAHMM 3THX M3MEHECHHH HA JPYrue XapakTepHCTH-
KH O6BbEKTa MOXHO TOJNBKO, paccMaTpuBas oObeKT KakK NpeACTaBH-
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Tens coorBercrBytowed I'C, TONBKO B paMKax KOTOPOU U UMEET CMBICI
COOTBETCTBYIOLAs 3aBUCUMOCTE?,

3aBUCHMOCTH MEX]ly XapaKTepHcTHKaMH Y 1 X 06 beKTa MOJIENTUPYIOTCS
06b19HO B BuAe ¢yHkuuH Y = f(X). "CraHgapTHas" TpakTOBKa 3TOro pa-
BEHCTBa O3HAYaET, YTO KaXXAOMYy BO3MOXHOMY 3Ha4€HHIO X OTBEYaET
eMHCTBEHHOE omnpepneneHHoe 3HaueHue Y. Ilpm Takoi TpakTOoBKE Cama
MOCTPOEHHasl 3aBUCHMOCTb, T.€. PYHKIHA f, TAKXKE MOKET pacCCMaTPHUBAThLC
KaK xapakmepucmuka, HO yXe He o0bekTa, a Bceit ['C. CnepgoBaTenbHO, K
3aBHCHMMOCTSM NPHMEHHMBI BCE NMOHATHUS M ONPENEIEHHUs, BBECHHbIE U
o6¢cyxpnaBmecs B 0. 1.2. B yacTHOCTH, MOXHO rOBOPHTE O reHepabHOH
COBOKYIMHOCTH 3aBUCHUMOCTe# {f}, noHmMas nop 3TuM Kiracc QyHKUMH,
00G'bEAMHEHHBIX KaKUMHU-IN60 OOIUMH CBOMCTBaMH (HallpUMED, CBOMCTBOM
6GBbITh MOJIENISIMH OJTHOT'O M TOTO € OG'beKTa MJIN CBOHCTBOM JIMHEHHOCTH).
Ecnu ¢yHkuus f— noimHOM, TO ero Ko3a(pHIUHEHTbI B CBOIO OvYepefb
[OJI>KHBI TPAKTOBAaThCA KakK napamempbt, xapakrepusytoume I'C (a ecnn
npeioXeHa NpolUeAypa UX U3MEpeHus, TO U KakK nokazameau 3toit I'C). C
3THX MO3ULMI MbI UMEEM [IEJIO C 3ajjlauyeil BO3MOXHO 0oJiee TOYHON OLIEHKH
Takux xapakTepucTuk I'C, Kak ¢yHKUMs f MK ee napaMeTpsl, Mo (06bIYHO
HEIMOJNHBbIM M HETOYHBLIM) aHHBIM HaOIIONEHHI OTHENbHbIX 06 bekTOB I'C.
CoOOTBETCTBEHHO MBI MOXEM TOBOPUTb 00 "ucmuHHOU" 3aBUCHMOCTH (B
Ipolecce OLEHKM OHa PacCMaTPHMBAETCA €MIE M KaK UCKOMAA) MEXAY
MoKa3aTesIMU OOBEKTA U O paccHumaHHol 3aBUCHMOCTH, HaliICHHOM B XOJie
pelueHus 3aga4y (OLEHKY, NOJYUYEHHYIO IPH HCNOIb30BaHMM HAaMJIYYIIMX B
KaKOM-JIN00 CMbICIIE METONOB, OyJieM Ha3bIBaTh TaKXKe "ONTUMANBHOM").

Mpg1 OygmeM cYHTaTh, YTO TEOPETHYECKMH aHAIM3, NMO3BOJSIOLIUN
BbLISSBUTb CaM (DAaKT HAJHU4YUSA 3aBUCHMMOCTH, a B OTAEJIBHBIX Clydyasx —
YCTAaHOBUTh €€ XapakTep (BHA, CBOWCTBA), yxke BbInosHeH. I[Ipumepsr
TAaKOTO aHajH3a [AaeT TEOpHs NPOM3BOACTBEHHbIX YHKuui [4, 6] uan
Mofilenu pa3BUTHA npou3sojcTBa [15, 16]. TeM caMbIM He cTaBUTCA NOJ
COMHeHNe HU OTOOp OGBICHAEMOH H OOBACHAIOIUX NMEPEMEHHBIX, HU
CYLIECTBOBAHHE MCKOMOMW 3aBHCHMOCTH, HM XapakTep (BUA) 3TOH 3aBHCH-
MOCTH, €CJIH OH JOJIXXKHBIM O0Opa3oM TeOpeTHYEeCKH 060cHOBaH. OgHaKo
O6BIYHO YCTAaHOBJIEHHE 3aBUCUMOCTEH 3aTPYAHAECTCA!

® GOJIBLIMM YHCIIOM OGBICHSIOUIMX [IEPEMEHHBIX ("'NPOKIISITHE pa3Mep-
HocTu");

e omn6KaMu HaONMOEHHUS! IEPEMEHHBIX;

® HeNoJHOM MH(OpMalKeil O BHAE 3asucumoct® (cM. npumep 1.8);

4 [ToMHMO paccMaTpHBaEeMbIX B KHUTE 3aBHCHMOCTEH MEXMy XapaKTepPUCTHKAMH 00HO20
06BEKTA €CTh M TaKHe, KOTOPbIE CBA3bIBAIOT XapaKTEPHCTHKH 00HO20 0OBexma B pa3Hble MO-
MEHTbI BPEMEHH WU pa3Hblx 00Bekmod. TIpuMepoM SBNSETCS 3aBHCHMOCTb CTOMMOCTH aKLHi
RaHHOM (UMPMBI OT MONOXKEHH Ha PUHAHCOBOM PhIHKE CTPaHbl, H3MEPAEMOTO OXHIAEMOit OT-
paveif Bcero poIHOYHOTO NopTgens akiHit. MeTonbl OUEHKH TaKMX 3aBUCHMOCTEH aHAJIOTHYHBI.

5 O6BI4HO ComepaTeNbHBII AaHANH3 3KOHOMHYECKHMX NPOLIECCOB MO3BONAET YCTAaHOBHTS,
4YTO COOTBETCTBYIOLIMM 3aBHCHMOCTAM MEXAY MOKa3aTeNAMH MPHUCYIH KaKue-NTu6o u3
CeyIOUHX CBOMCTB: IMHEHHOCTD (MpsiMast MPONMOPLHUOHANBHOCTb), MOHOTOHHOCTb, YHHMO-
RaNnbHOCTDb, BbINYKNAOCTh WIM BOrHYTOCTH M T.M. Hepenko Teopust yka3biBaeT Ha cema-
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® OIPaHUYEHHOCTBIO KOJNIECTBA HAOMIONCHU.

IToaToMy OOBIYHO pE€3yIbTAaThl OLEHKH 3aBUCHMOCTEH HOCAT Npu6Iu-
SKEHHBIN XapaKTep.

HiMeroTcs pa3nuyHble NMOCTAHOBKM 3ajay OLEHKH 3aBUCHMOCTEH, H
HEKOTOpBIM M3 HHX, Ka3aJocb Obl, OTBEYalOT HHbIE, HECTaHJapTHbIE
TPaKTOBKHM INOHATHA 3aBHCMMOCTH. HMxe Mbl paccMOTpHMM psi TakKuX
NMOCTAHOBOK U yOeUMCs, YTO 3TO HE TaK.

1.5. Pa3anuyHbie TUMNbl CTaTUCTUHECKUX 3aBUCUMOCTEN

1.5.1. "To4Hble" 3aBUCUMOCTK. 3aga4a UHTepnonAyumn

OO6BI4HO, FOBOPSI O HETOYHOCTH OLIEHKH CTaTHCTUYECKOi 3aBHCHMOCTH,
HMEIOT B BUJy BIMsHuEe omMOOK HabmoaeHui. Bo MHOrux ciydasx 3To
AEHCTBUTEIBHO TaK, OHAKO HEKOTOpbIE NMPOGIEMBbI NPUHUMUINAIBHOTO
XapakTepa BBISIBISAIOTCA YK€ Ha NpUMEpe 3aAa4y MHTEPNOIALUMH — OLEHKH
Hen3BecTHOM yHkuuu Y = f(X) no T 3aganubiM (6e3 ominGOK) TOYKAM €€
rpacduka (X, Y)), ..., (X7, Y7). OTa nocraHoBKa 3agau# MOXET paccMmar-
pUBaThCs KaK B ONPEJECICHHOM CMBICIE "MUHUMAaJbHas" — HCXOHas MHGOp-
Manusa o6 00bEKTE NMPEACTABIEHA 3[€Chb TOJIbKO 3HAYCHUAMHU (PYHKUHH B
Ha6II0aBLINXCS TOYKaX, HaOMIOAEHH KOTOPBIX NPEANoNaraloTcsi TOUHbI-
mu. HckoMas 3asucuMocTb Y = f(X) npu atoMm "TouHasg", oTpaxaert
ONHO3HAYHOE COOTBETCTBME MeXAY Y M X M noTOMy TpakTyeTcs CTaH-
papTHo. OTMETHM, YTO XOTA 3afa4d MHTEPHONALMH 4aCTO BCTPEYAOTCs B
HHXEHEpHO! MNpaKTHKE, B NMPUKIAAHOM CTaTHCTHKE WM BHUMAaHHUS He
yaensiercs. O6bIYHO 3TO OOBICHAETC TEM, YTO BBISIBHTH (DYHKIMOHAIBHYIO
3aBHCHMOCTb MEXX/1y IEPEMEHHBIMHA MOXKHO, HCIIOJIb3Yst METObI "€ TEPMUHHU-
pOBaHHOro aHanu3a". Mexny TeEM HMKakMX OOLIMX, YHUBEpPCAJIbHBIX Me-
TOAOB BBISBJICHNS NETEPMUHHPOBAHHBIX 3aBHCHMOCTEH HE CYILECTBYET.
ITpuseneM gBa npumepa.

IMpumep 1.8. HecMOTps Ha OrPOMHOE KOJMYECTBO TOYHBIX NAHHBIX, 10
CHX IOp HEM3BECTHO, KaKOBa 3aBUCHMOCTb IPOCTOrO YHCJA OT €ro Mopsa-
KOBOro Homepa.l

Mpunep 1.9. DbHeXTUBHOCTb MHBECTHIMOHHOT'O MPOEKTA YACTO PacCcyu-
TBIBAETCA MO "3aKpBITHIM" KOMINBIOTEpHbIM nporpamMmam ("KOM®PAP" u
Ap.). 3aBUCHMOCTH NOKa3aTesei 3pPEeKTUBHOCTH OT HOPMbI IUCKOHTA MJIN
TeMmIna HHQISAUUKE NIPU 3TOM YCTaHABIUBAKOTCS BApHAHTHBIMH PacyeTaMH —
aHAJIMTHYECKUE UX BbIPA’KEHUS 3AE€Ch HEU3BECTHBI. M

Oco6eHHOCTD 3aJjayyl HHTEPNOJALMH B TOM, UTO €€ PEIIEHUEM MOXKET

pa6eNbHOCTb 3aBUCHMOCTH, YTO CBOAMT 3ajayy K OLEHKE HECKONbKHX (PYHKUHII OT MeHbLUEro
YHcna MK Aaxe OT OpHON nepeMeHHON. HakoHel, JOBONBLHO 4acTO BAMSHHE BCEX MIH
HEKOTOpbIX OGLACHAIOLMX IEPEMEHHBIX ONUCHIBAETCS IMHEHHBIMH 3aBUCHMOCTAMH, XOTS 3TO
He Bcerfa JOMKHbIM 06pa3oM 060CHOBBIBAETCS, @ HHOTAA M MPOTHBOPEYHUT pe3ybTaTaM OpYTHX
uccnenoBanuii. BooGue, BonpocaM TeopeTHyeckoro OGOCHOBAaHMS BHMAA M XapakrTepa
3aBHCUMOCTEI MeX1y 3KOHOMHYECKHMH XapaKTepPUCTHKAMH MOCBSALIEHO HE TaK YXX MHOro
pabor, ¥ 3TH BONPOCH] 3aC/y>KUBAIOT CAMOCTOSTENLHOrO M Gollee NeTanhHOrOPACCMOTREHMSL



6bITh M106asg (pyHKUMSA, rpaduK KOTOPBIX NMPOXOJUT 4Yepe3 BCE TOUKH
(X;, Y,), T.e. Takas, [ KOTOPO¥ OTKJIOHEHHA 3alaHHBIX (TPAKTYEMBIX KaK
HalJofaeMble) 3HAUEHHMH OT "paCCYMTAHHBIX 10 PE3yIbTaTaM OLEHKH' paB-
HbI Hymo. Takoe pelrenne 3afayy, ONHAKO, MAJIONPUTOJHO B NPAKTHYECKIX
nenax. bonee conepkaTenbHBIMM M HMEIOUMMHU "pa3yMHbIE" pEIICHUS
OKa3bIBAlOTCA NOCTAHOBKH, B KOTOPBIX "MHHHMMAaJbHas" MCXOQHas HHOp-
Malys JONOJHAETCA TPeOOBaHMAMHU K (PYHKIUHH, BLITEKAOIIMMHI U3 Npef-
MOJIOXXEHUN O ee xapakrepe (cM. nm. 2.4 u 2.8). Mbl BHAMM, YTO JaXe B
CHTyalH, KOTJla U3BECTHO O "TOYHOM" XapaKTepe 3aBUCHMOCTH MEXIY
NepeMEHHbIMH, "TOYHO" BOCCTAHOBUTHL €€ He ypaeTcs. MIHbIMH cnoBamu,
"TOYHBINA" XapaKTep UCKOMOU 3a8UCUMOCMU HE IPOTHBOPEYNT NPUGIUKEH-
HOMY XapaKTepy €€ OYeHKLU.

1.5.2. ANNPoOKCHUMHUpPOBaHHbIe 3aBUCHMOCTH

B psape cnydaeB 3aBHCUMOCTD Y = f(X) u3BecTHa (HanpuMep, B pe3yJb-
TaTe paHee NMPOBEAECHHBIX HCCIEAOBaHMIA), OAHAKO H3-3a CIOXHOCTH BOC-
NpUATUS WIH 1O MHBIM NPUYHMHAM HE OTBEYAET B NOJHOH MEpE NOCTaB-
JIEHHBIM HesisM. B mopo6HbIx curyanusx dyHkuuio f(X) Hepeako co3Ha-
TENbHO 3aMEHSIOT, annpOoKCUMUpPyrom Kakou-to Apyrou ¢yukuuen g(X),
yalle BCEro — rnapaMeTpu4yeckoi. ANNPOKCUMHUPOBAHHAs 3aBHCHMOCTb,
CTPOro roBoOps, YK€ He OTpa’KaeT BIUAHUA X H Y, HJIH, TOYHEE, OTPAXKaET
ee HuckaxeHHO. IIpu aToM OGnu3OCTb f ¥ g B KaKOH-TMOO METpPHKE He
rapaHTHpyeT OT omM60ok (HanmpuMep, GIM3KHE B PABHOMEPHOM METPHKE
¢ YHKUMM MOTYT CHJIBHO OTJIMYAaThCS 3HAYEHUSAMH TOYEK 3KCTPEMyMa WM
neperu6a). IToaTtomy 3amMeHa f Ha g AONyCTUMA TOJBKO, €CIH (PYHKIHUS g
o6yaflaeT HYXKHBIMU JUISl aNNPOKCHMAalLMH CBOMCTBAaMHU M ONpENEIECHHBIM
06pa30oM coriacoBaHa C UMeloLeNcs UCXonHoi uHgopMauuei. Tak, ecnu
TOYHO M3BECTHO, 4TO Y =Y, npu X =X,, TO NpH annpoKCHMaLUy JOJXKHO
co6moaaThcs paBeHCTBO Y, = g(X,). Celfyac annpoxcuManys 3aBUCHMOCTEH
UCIIONB3YETCd B OCHOBHOM IIPH TEOPETHYECKHX HCCIENOBAHMAX (CKaXkeM,
3aMeHa e¥ Ha 1 + x npH ManbIxX X CTaja 3[€Cb YK€ OObIYHOM), NOCKOJBKY C
LIMPOKHUM BHEJPEHHEM KOMIbIOTEPOB HEOOXONUMOCTb YNPOIUEHNS pacyeT-
HbIX (POPMYJT CTAHOBUTCS BCE MEHEE aKTyaldbHo#. B aToit cBa3u ciepa
NPaKTUYECKOro NMPUMEHEHHUs aNNpOKCHMHPOBaHHBIX 3aBUCUMOCTE npep-
CTaBJAETCS HAM OTPAaHNYEHHON M MbI He 6y[IEM Jlaliee X pacCMaTpHBATh.

1.5.3. HopmanusoBaHHble U perpecCUOHHble 3aBUCUMOCTH

INpu otbickaHuu 3aBucuMoctu Y = f(X,, ... , X,) OOGBIYHO HESABHO
NPUHUMAETCS, YTO XapaKTEepUCTHKa OOGBEKTa Y 3aBUCHUT moabko OT
xapakTepHucTHK (¢akTopoB) X, ..., X,. OnHako BBUAY NPERNONOXEHUSI O

LEJIOCTHOCTH HM3y4aeMbIX OObEKTOB CIEAYET CUYUTATh, YTO 6Ce xapaKme-
pucmuku akoHomuseckux 06veKmoe 63auMoCeA3arbL, 1 IOTOMY aNlpHOPH Ha
mo60if 3KOHOMUYECKHH MOKa3aTeNb BINAET OOBIYHO ropasfo Gosbiue
¢aKTOpOB, 4YEM MOXKET ObITb YyUYTEHO B MaTEMAaTHYECKUX Mofesax. TakuM
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0o6pa3oM, BO3HHKAET HEOOXOAMMOCTb pa3fieIEHHs NOJHOI0O MHOXECTBA
¢akTOpOB Ha "cymecTBeHHble" X, ... , X, IPAMO yUUTbIBaeMbie B MOJEIIH,
n "HecymecTBeHHble", "npoune” — X1, X,42, ..., BIMSIHHE KOTOPBIX NpH-
XOANTCS UTHOPHPOBaTb (ECJIM CPEflM HUX OKaXeTcsd (pakTop, AOCTAaTOYHO
CHJILHO BJIMAIOIIUH HA Y, MOXXHO IOBOPHTB O HENPaBUIBHOH cneyugpukayuu
monenu). Ho paxke eciam BausiHME Kaxkporo u3 "mpouux” ¢akToOpoB Malo,
COB80KynHOe WX BIHSHHE Ha Y MOXeT ObITh 3HAaYUTEJIbHBIM — OLIHOKaA
cneyuguUKaUy Npu 3TOM JHUINbL CHHUXKAETCd, HO He HMcuye3aeT. Kak xe
TPaKTOBAThb B 3TOM CIIy4a€ YCTaHOBJIEHHYIO JIHOOBIM CIOCOOOM 3aBUCHMOCTh
Y =fX,, ..., X,;)? OObIYHO rOBOpPAT, YTO TaKas 3aBUCHMOCTb He "TOuHas'", a
npubnuxenHas. Ha nam B3rnsap, Takue 3aBECHMOCTH IIPaBHIbHEE GbIO GbI
Ha3bIBaTb HEeNOAHbIMU, HOO OHH YUUTBIBAIOT He HOAHYIO, @ COKPAULEHHYIO,
OrpaHMYEHHYIO COBOKYMHOCTBb BIHMsIOUMX Ha Y ¢dakropos. Ha npakTuke
HCIOJIb3YIOTCA ABa THIIAa HEIOJNHBIX 3aBUCHMOCTEH: HODMAaJIM30BaHHbIE U
PETrPECCHOHHBIE.

HopMmanu3oBaHHBbIE 3aBHCMMOCTH OTPAXalOT BIUSHAE "CYIIECTBEHHBIX"
¢akTOpOB Ha Y "NpOYNX paBHBIX YCIOBHUAX', T.€. IPU CTaOUIbHBIX 3HaYe-
HUsX "mpounx pakTopos”. Ho K KaKMM UMEHHO 3HAYEHUSAM "Npounx GakTo-
poB" O6yAyT OTHOCUTbCS NOJydYeHHble pe3yabTaThbl? IIpu Mcnonb3oBaHHM
CTaTUCTHYECKNX METONOB OOBIYHO NMOCTYIMPYETCS, YTO TAKMMH 3HAYEHUSMHU
ROJXKHBI OBITh "CpefHHME" B TOM WJIH HHOM CMBICJIE 3TOro ciioBa. Takum
06pa3oM, OO'BbACHAEMOl NEPEMEHHON CTAaHOBUTCA HE UCTUHHBIH (OH Xe —
HabmonaeMbIii) OKa3aTelNb, a "UAEATbHBIA" — TOT, KOTOPBIH MOT Obl GbITH
IOCTHUTHYT IPHU NaHHBIX 3HAYEHHUAX YIUTHIBAEMBIX (PAKTOPOB M cpedHuUx (NN
"HopmanbHbix") 3HaUYeHUAX npouux. [lomyyaemas npu 3TOM 3aBUCHMOCTD
"upeanbHoro" Y ot "peanbHeix" X, ..., X,, MOXeT ObITh Ha3BaHa "HopMa-
nu3oBaHHON". KOHEYHO, 1 €€ NPaKTHYECKOro NOCTPOEHMS XOTEIOCh Obl U
HabmronaTh 3TH "HaeanbHbie" 3HaYeHHa Y. OQHAKO TaKOH BO3MOXKHOCTH
HET, 1 HCCNIE0BATE b BbIHYXXKACH 3aMEHUTh N3MEPEHHUE UHNKALHEH, "0Um-
was" HaGmoaaeMble 3HaYeHUs Y OT BIMAHHUA "NpPoYnx pakTOpoB" (Criaxu-
BaHHe, BBOJ KOPPEKTHPYIOWMX KO3((DHUMEHTOB M T.I.; CM. TakXe II. 4.5),
IIpu 3TOM BO3HHUKAET cCepbe3Has MpoGieMa NPUMEHEHUSA MOCTPOEHHOM
3aBUCHMOCTH, HaNpUMEDP, KOrja IpH NporHo3e 3HaueHus Y GyaeT cpeiaHa
OroBOpKa "NpH NPOUYNX CPENHUX YCIOBUSX", CTPOTO rOBOPs, 06ECIEHNBAO-
lasi BeCb NPOTHO3 B LEJOM (IIOCKOJIbKY MPOrHO3HbIE 3HAYEHUS "NPOUMX
¢akTOpOB" HEN3BECTHBI U HE 003aHbI COBNAJATh CO CPEXHUMM).

Mb1 BUAKM, YTO MCKOMYIO 3aBHCHMMOCTb MOXHO PacCMaTpHBaTh KakK
"06bI4HyIO", TaKyto 3aBHCUMOCTb ¥’ =f(X], ..., X,;), B KOTOpO# HaGIIOAEHUS
Y "upeanbHoro" mokasaTens Y’ comepxkaT NONOJHHUTENbHYI "OWIMOKY
KoppekTupoBkHu". [ToguepkHeM €1e pa3, 4To 3TOT BbIBOJL OTHOCHTCS K TOH,
O6bIYHO HMEIOIEH MECTO Ha NPAKTHKE CUTyallMH, KOrfa BIHSAHUEM
COBOKYNHOCTH NPOYMX (DaKTOPOB Ha Y Hesb3s npeHebpeyb.

B o6weM cnyyae "HOpMaNbHble" 3HA4YEHUS NPOYNX (PAKTOPOB MOTYT
OTnMYaTbcAd OT cpefHuX. Tak, NpH aHaau3e 3aBHCHMOCTH BBINyCKa INpPO-
AYKUHM OT NMapaMeTPOB TEXHOJOTHYECKOro OOOpyAOBaHHS €CTECTBEHHO
MICKJTIOYMTD BIIUSIHHE BO3MOKHBIX HAPYLIECHHH B TEXHOJIOTMH ¥ OPraHMU3aluu
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NIPOU3BOACTBA. HOSTOMy B HOCTpOCHHOl:I 3aBHCHMOCTH HJI€aJIbHbIN NIOKa3a-

U]

Teb Y’ [OMKeH OTPa3uTh 06'beM BhINyCKa NIPU "HOPMAJBHOM", 2 OTHIO[b HE
"cpeqHei” TEXHOJNOrMM U OpPraHM3alUyd NPOM3BOACTBA, YTO NpEeAnojaraeT
HCIIOJIb30BAHUE CNELHANBHBIX Npoueayp "HopManu3auuu" ("NpuBeNeHHs K
HOPMAJIbHBbIM YCIOBHAM", "OYHUCTKM OT BIIMSHHSA BO3MOXKHBIX HapyLIEHUH
TEXHOJIOIMU M OpraHM3alMy MPOU3BOACTBA") HaOIIOAaEMbIX 3HaUEHUH 06 be-
MOB BBINTYCKa.

Eme oaun cnoco6 "HopMann3auuu" NMPHUBOAUT HAC K pezZpecCUOHHbIM
3aBUCHMOCTSIM.

PerpeccuoHnnbie 3aBucumMocTH. B psane cnydaes BiugHue "npoynx ¢ax-
TOpPOB" Ha OOBACHAEMYIO IEPEMEHHYIO (POPMaIU3yETCS YTEM €€ NPENCTaB-
JIeHNs. KaK HeonpefeJeHHON BeauuuHbl. IlpH 3TOM BCS COBOKYNHOCTH
"npouyux ¢akTopoB” X,.1, X,;2, ... aATPETHPYETCA B ONMH HEONPENECIECHHBIN
daxrop & ("ownbky HaGmoneHus"), a 3ajaya CBOAMTCA K YCTAHOBJIEHHIO
byukuun Y =f(X,, ..., X,, §) uam BXOAAMX B Hee MapaMETpPOB OT
HaGnofaemMblx nepeMeHHbix X; U HeHaGilofaeModl nepeMeHHo# &.
EcTecTBEHHO, 4YTO NpPH 3TOM MNPUXOJUTCA BBOJUTH NOMOIHHUTEIbHbIE
NPEANOJIOXEHHS HE TOJNBLKO O BHJIE 3aBUCMMOCTH Y OT &, HO 1 O XapakTepe
HeonpepenenHoctu &. HambGonee pacnpocTpaHEeHHOM SBISAETCH BEPOST-
HOCTHas popMau3aums, KOrna HeonpeaeIeHHbli hakTop & TpakTyeTcs Kak
cny4aiiHas BenuunHa (CB) c HekuM cTaHRapTHBIM (0OBIYHO — HOPMAbHbBIM)
pacnpeneneHueM. Hauje Bcero 3jech ucnonbsyercad [1,2 u Ap.] mMoOenn
addumuenoii Hopmaabroli owubku:Y =f(X,, ..., X,) +&, rae &
HMEET HOPMANIbHOE paclpefesieHHe C HYJEBbIM CPENHMM M JUCHEpCHEl
o%(X,, ... , X,), koTopas B OOGLUEM Clly4ae HEM3BECTHA M OTOMY NMOMJIEXUT
OlleHKe HapaBHe c 'cHcTeMaTHyeckou" cocraBaswomen f(X,, ..., X,):
NOCHEJHAs. MOXET TPAaKTOBATbC KAaK MaTEMaTUYECKOE OKHJaHUE Y npu
3agaHHbBIX X, ..., X,,. B "npenensHoM" ciyyae n = 0 Mogens ¥ =a + §
OTBEYAET XOpPOLIO HM3YEHHOH 3afade onpedeseHus CpeOHe20 3HAYEHUS
(uenTpa pacnpepencHus). Heckonbko pexxe NMpHUMEHSETCH aHaJOTHYHAs
MOOeNb MYAbMUNAUKAMUSHOL Hopmaabrol owubku Y =f(X,, ..., X,)e,
KOTOpas CBOAMTCS K NpefbIayiell sorapuMupoBaHneM. 3aMETUM, YTO B
o6Goux cinydasx pyHkuuu f(X,, ..., X,) MOXHO NpHaTb HHOH M B YEM-TO
GoJiee MPOCTOM CMBICH — 3TO 3HA4YEHHUE Y, OTBEYalOLee HYJIEBBIM (M B TO Xe
BpeMsi CPEIHNM) 3HaYEHHUsIM HeOonpefelieHHOro ¢akTopa &. MHbIMH cioBamu,
¢yukuus f(X,, ..., X,) orpaxaer 3jecb 3HauyeHHe Y, "nmpuBefgeHHOE" K
"HopManbHBIM" ycinoBusaM, orsedaromuM & = 0. C 3THX no3uumii ykasaHHbIe
THIIbI PErPECCHOHHBIX 3aBHCHMOCTEHl MOXHO OJJHOBPEMEHHO CYUTATb M
HOpMaJIN30BaHHBIMH.

B TO e BpeMs HOpManu3alus MyTeM NpHUBEJEHUS K caydaio & =0
MO3KET HHOTJ|a BCTYNaTh B IPOTHBOPEYHE C IKOHOMHYECKHUM COJIEPKAHUEM
paccMaTpuBaeMOl xapakTepucTHKH o6bekTa. IlycTh, Hanpumep, Hccie-

6 IMpu craHRapTHOM MaTeMaTHKO-CTaTHCTHYECKON NOCTAHOBKE 3a/lauyu ClyyaiiHbli (ak-
Top & He BhigenseTcs, a Y paccMaTpusaetcs kak CB, pacnpepneneHue KOTOpOii 3aBHCHT OT

l. sy Xn.
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AyeTcs 3aBHCHMMOCTb MPOJOJIXKMTENbHOCTH MOHTaXHbIX paboT npu CTpou-
TENBCTBE HEGONIBIUMX MPOMBIIIJICHHbIX O6'BEKTOB OT 06'bEMOB 3THX paboT.
Ha nogo6GHOM CTPOUTENBCTBE MOKHO HCHOJNIb30BATh X OOBIYHO UCNOJIB3YIOT
GalleHHbIE HMJIM CaMOXO[Hble CTpenoBbie KpaHbl. IIpm "oGbruHOH"
HOpMaJM3aluy CleAoBano Obl BbIOpaTh KaKOHW-TO THN KpaHa (CKaXeM,
Haubonee 3¢dexTHBHBIN MK Hanbosee pacnpOCTPaHEHHbIH) U "PUBECTH" K
HeMy Bce HabniofaeMble CPOKM BbINOJNHeHHs pabGot. Ecnu ke 3Toro He
nenaTh, OTHECS THN KpaHa K YHCIY CIy4YaiHbIX (paKTOPOB, MOJydYEHHas
3aBHCHMOCTb O6YAET OTBEYAaTh KaKOMY-TO CPEAHEMY MEXAY OallleHHbIMHU 1
CTpPENIOBBIMHU THIly KpaHa, HE CYLIECTBYIOLEMY B NMPHPOAE, U060 ONHO-
BPEMEHHOMY MCIOJIB30BAaHUIO TEX U APYTHX KPAHOB Ha OJHOM OO'BEKTE, YTO
HepalMOHAJIbHO U OOBIYHO HE eJIaeTcs.

W3noxkeHHas TPaKTOBKa PErPECCHOHHOM 3aBUCUMOCTH HECKOJIBKO IINpe
O6GLIENPUHATON: B CTATHCTHKE IOJ HEl NMOMHUHAIOT "TOJBKO OMHY 4acTh'"
MOJIENH afAMTHBHOM CIIy4alHOM OLIHOKH, OTpaxXKarollyio 3aBUCHMOCTb MaTe-
MaTH4Y€CKOro OXupaaHuus Y ot X\, ..., X,,. IIpu HamreM ke nogxope coCTaBHOM
YacThlO PpPErpecCHOHHON 3aBHCHMOCTH CTAHOBHUTCA M (QYHKUHSA
o(Xy, ..., X,), oTpaxaromias "pa3bpoc omn6oOK", U, KPOME TOro, JOnyc-
KalTCS MHbIE BUMIbI HEOIMPEJEIEHHOCTH, HE ONUChIBAEMbIE B TEPMUHAX CITy-
YalHbIX BEJIUYUH (3TO 0OCTOATENLCTBO OYAET paccMOTpeEHO B 1. 3.3). Mbr
BHJIMM, YTO PErPeCCHOHHBbIE 3aBUCHUMOCTH BIOJHE YKJaJbIBalOTCI B 00IIe-
NPHHATYIO TPAaKTOBKY (PYHKLMOHAIBHBIX 3aBUCHMOCTEH, €CIIH TOJNILKO CUH-
TaTh, YTO OOBSICHSIEMON NEPEMEHHOM 3/1€Ch ABJIAETCS HE NCTUHHOE, a onpe-
HeNEeHHbIM 06pa3oM HOPMaNnu30BaHHOE (NpuBefeHHOe K & = 0) 3HaueHme
OGBACHIEMOI XapaKTEPUCTHKH.

1.5.4. CTpyKTypHble 3aBUCUMOCTH

Bele oTMeyanoch, uTo 3navyeHue f(X) B perpecCHOHHOM 3aBUCUMOCTH
Y =f(X) + £ oTpaxaeT onpefieIeHHbIM 06pa30M HOpMaJIN30BaHHOE 3HAaYe-
Hue Y. ECTeCTBEHHO, YTO 3TO 3HaYeHHE HEM3MEPHMO, a €ro OLIEHKa MOXKET
OCYILIECTBIISIThCS TOJIBKO Ha OCHOBE HabmrofaeMbIx 3HaueHnit X u Y. B aTo#
CBfA3M YIOOHO pa3feuTh U 0G03HAYHUTD I10-Pa3HOMY U3MEDPSEMBIE H HEM3-
MepHMbIe NlepeMEHHbIE MOJIENTH, IOCNE YErO OHAa MPHUMET CIIEYIOIUMA BUL.

Kaxpprit 06bekT I'C xapakTepu3yeTcs BEKTOPHON M3MEPHMON XapaKTe-
pUCTHKOI X U CKaNSIpHON HEU3IMEPHMOM XapaKTepPUCTHKOM V, 0 KOTOpO#
H3BECTHO, YTO OHa 3aBUCHUT OT X U moavko oT X. TpebyeTcss OUEeHHTD 3Ty
3aBUCHMOCTb, HCXOAS M3 pe3ynbTaToB (X, Y,) HabGmIOOeHHH HEKOTOPBIX
o6bexToB I'C. Ilpn 3TOM HaGronaeMble 3Ha4YEHHMs Y, ABIAIOTCI U3MEPEH-
HBIMH C OLINOKOM 3HaYEeHUSAMH V,, NpUYEM XapaKTep OLIUNOKH ONHChIBAETCA
Mmopenbto: ¥, =V, + £, IIpu Takoil TPaKTOBKE HEM3MEPHMOH SIBISETCA TOIb-
KO OflHa XapaKTepUCTHKa V, Toraa Kak X npefnoyaraeTca U3MEpUMOM.
Mesxny TeM BO3MOXHOCTb Ha6IIOAAaTh TOYHbIE 3HAYEHUS MCCIIENYEMBIX Xa-
PaKTEpUCTHK MMEETCS OTHIOAb HE Beerpa. ['opasyo yamie BCTpeyaeTcs CH-
Tyauusi, KOria HabJIogaeMble NOKa3aTEH HE BIIOJIHE aIEKBaTHO OTPaXaloT
HyXHble XapakTepucTHKY. IIpn 3TOM BO3HMKAET 60Jiee CIOXKHbIA TUI 3aBH-
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CHUMOCTH — CmpyKmypHasa 3aBUCUMOCTb. THIIHYHON 3[1eCh ABNSETS CIEAYIO-
mas MOCTaHOBKaA 3afja4yH.

Kaxnbrit o6bexT I'C xapakTepu3yeTcs ByMs BEKTOPHBIMH M OIHOM
ckansapHoit xapakTepuctukaMu X, U u V. Xapakrepuctuka X u3Mepuma,
T.¢. HabmofaeTca TOYHO, TorAa Kak U u V HEM3MEPUMBI, T.€. pe3yIbTaThl
Y nZ nx HaOmofgeHns cOpepXkaT OWuOKH, HalpuMep, ciyyaiHble: Y, =
=U,+AX,U)E,Z =V, + b(X, U)e§, rue A — HekOTOpass MaTpHua, b —
BEKTOp, £, — BEKTOP C He3aBUCUMbIMU KOMIIOHEHTAMHU, UMEIOLIMUMH CTaH-
AapTHOE HOPMAaJIbHOE PACNpEAENIEHNE, ® — 3HAK CKAJIPHOTO NIPOU3BENEHUS.
B sTo# cuTyanuu Heo6XONMMO OUEHUTH 3aBHUcHMOCTb V =f(X, U) no pe-
syabpTaTaM Habmopenuit X, Y, u Z,. EcTrecTBEHHO, YTO NPOMEXYTOYHBIM
3TalOM B PELIEHUH TaKOW 3ajadu OyHEeT M OLEHKa HEM3BECTHBIX 3aBHUCH-
mocreit A(X,, U)u b(X,, U)).

Hnes 3aMeHb! MHOXECTBa "Npoynx (akTOpoOB" OOHUM "aKTOpPOM He-
ONpEJENEHHOCTN ", NONIOKEHHAsl B OCHOBY perPECCMOHHOTO aHaIu3a, onyc-
KaeT pa3BUTHE B Pa3IMYHBbIX HanpaBlIeHUsX. B wacTHOCTH, B NOfO6HOM cH-
Tyaluuu He 0043aTeIbHO OTPaHNYMBATLCS aHAIM30M 3aBUCIMOCTH MaTEMaTH-
YECKOTO OXHAHHUS 00 BACHIEMON NIepEMEHHOMN ¥ OT 0OBACHAIOUINX, MOKHO
HCCIEAOBaTh U AaHAJIOTUYHbIE 3aBUCHMOCTH U NUCIEPCHHU Y WM MHBIX ee
BEpPOSITHOCTHBIX XapaKTEPHUCTUK. Pa3BuBasg 3Ty UAEIO Najblle, MbI NPUXO-
I¥M K 3ajiaye yCTAaHOBJIEHHS 3aBHCHMOCTH 3aKOHa BEPOSTHOCTHOIO pacipe-
AeNeHUss OOBSICHAEMONH MEPEMEHHON Y OT OOBACHAIOIUX NMEPEMEHHBIX
X1, ..., X,. Takoro popa 3aBHCHMOCTb TaKXX€ MOXKHO Ha3BaTh '"'CTPYKTYyp-
HOM", XOTA 3TOT TEPMHMH MCIOJIb3yeTCs B MNPUKIAJHON CTAaTHCTHKE AJIA
6JIM3KHX, HO HECKOIBKO MHBIX MOfienell. 3ajayy OLEHKHN TaKUX 3aBUCHMOC-
Tel HaMHOrO CJIOXHEE, NMOCKOJbKY OOBEKTOM OHEHKH 3[€Ch SBISIOTCS
BEPOSITHOCTHBIE pacrpefeNeHus.

ITo cymecTBy, paccMaTpUBaeMbl€ B CTATHCTHKE 3aBUCUMOCTH SIBJISIOTCS
B OOJIBIIKHCTBE CBOEM CTPYKTYPHBbIMHU. Tak, 061ast TeOpHs CTaTHCTHKY pac-
CMaTpHBAET 3aBUCHMOCTb KaK "CTOXaCTHYECKYIO (BEPOSTHOCTHYIO) CBSA3b,
Npu KOTOPOH C M3MEHEHHEM (paKTOPHOrO NpH3HAKa MEHSETCS pacnpepe-
JIEHHE €JUHMI] COBOKYNHOCTH IO pe3ynbTaTUBHOMY npu3Haky" [17. C. 197].
Ha 3TOM OCHOBaHMM NpEACTABIAAETCH, YTO CTPYKTYPHbIE 3aBHCHMOCTH
AOJXHBI LUIMPE MCNOIb30BATHCA B 3KOHOMUYECKHX HCCIIEI0BAHUIX.



2. 1PUHUUNDbI OI'ITMMAJ'II:H_OVI OLEHKU
3ABUCUMOCTEM

Yacmo nezue omcmausamb NPpUHYUnNbL, 4em xHumbv
RO HUM.

Soaaii Cmusencon

OO6BIYHO "Ka4ecTBO" NOCTPOEHHOM CTATHCTHYECKOM 3aBUCUMOCTH OLIEHH-
BAaETCA 110 TEM WM MHBIM KPUTEPUSAM. B KOHEUHOM cueTe BCE 3TH KPUTEPUH
3a/1al0TCS ANIPHOPHO, OIHAKO MEX/Y Pa3HbIMU KPHTEPHIMHU €CTh MPUHLH-
nuanbHble pa3nuunsd. ONHU U3 HHX, KaK CyMMa KBaJpaTOB OTKJIOHEHHMIA,
AENCTBUTENBHO, 3aAal0TCS APHOPHO M HEMOCPENCTBEHHO — 3TO XapaKTEPHO
JJIA pasfena NPUKJIagHON CTaTUCTHKH, M3BECTHOTO NOJ Ha3BaHUEM "aHaJu3
panHbix" [18, 19]. C npyro#i cTOpOHBI, TaKHE KPHTEPHH, KaK MaKCHMYM
NpaBoONoOAo6Hs, BBIBOAATCS M3 CYLIECTBAa PaCCMaTpUBAEMbIX 3afay, XOTH
NoAoGHBIN BBIBOJ M HEJNb3s CUMTATh MAaTEMAaTHYECKH CTporuM. B paHHOM
pasjesie Mbl paCCMOTPHM Pa3IMYHbIE KPUTEPHH M MOKAXEM, YTO B LIETOM
BTOPOM, MHAYKTHBHBIHA NMyTh IOCTPOEHHUS KPUTEPUEB Gollee IIIONOTBOPEH, a
cdepa ero NpUMEHEHHsI MOXET GbITh CYIIECTBEHHO PACIUHPEHA.

2.1, MpUHUKUN MMHUMANIbHOIO PacCTOAHUA
2.1.1. NapameTpuyeckun cny4au

JJOBOJIBHO YacTO TEOPETHUECKHI aHAIM3 NOKa3bIBAET, YTO MCKOMBIE
3aBUCUMOCTH — IIaPAMETPUYECKHE, T.€. UMEIOT BHUJ( U36€CMHOU (PYHKUMH
Y = ®(X, a) ot (BeKTOPHOI) OGBACHAIOWEHR EPEMEHHOI X M KOHEYHOMEp-
HOr'O BEKTOpa HEM3BECTHBIX NapaMeTpoB a. [IpuMepoM TaKoi 3aBHCHMOCTH
apngercs mofeneb Keinca-T'onacMura 3aBUCHMMOCTH cOepexeHuit S oT
noxona Y: S = c(Y — b), rue ¢ — npefeNbHas CKIOHHOCTb K cOepexeHusIM, b
— JIOXONi, OTBEYAIOIMA HyJIEBbIM COepeXeHusaM. BecbMa HHTEpECHBIN npH-
Mep COfepKaTeIbHOrO aHaIM3a, NPUBOMALIErO K ITapaMeTPUIECKOMY BUIY
3aBUCHMOCTEI, MOKHO HaliTH B TEOPUH NPOU3BOJCTBEHHbIX (DYHKIMIA [4-6].

IMpocTeiimasg 3ajadya OLEHKM OTBeYaeT CHUTyallMH, KOrja OLMOKH
HaGumrofeHnit oTcyrcTByloT 1 ® — nonmuHoM ot X ¢ koapPpuuuenTamu, o6-
pa3yrommMH BEKTOP a (3aia4ya NOJIMHOMHAaIbHOM HHTepnonauuy). Ee peme-
HHE [Ja€TCd HHTEPNONAMOHHOM dopmynoit HetoTona. "Tloaronka" napamer-
POB IOA pPe3yJIbTaThl HAGIIONEHUI U3laBHA IPUMEHSIACh B ACTPOHOMHH IIPH
onucanuu aBuxeHus mianer. Co BpemeneM IlTonemes npepnomnaranoces u
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CYHMTAIOCh 3aKOHOM, YTO IIJIAHEThI PAaBHOMEPHO BPalAIOTCS IO OKPYKHOC-
TaM BOKpYr 3emiu. Korga 3To NpHIUIO B NPOTHBOPEYHE C HaGIIONE HUAMM,
3aKOH yTOYHMJIM — NPHHAIH, 9TO MIAHEThI PABHOMEPHO BPAIAIOTCH IO
OKPYKHOCTAM (3MMIMKIIAM) BOKPYT HEKOTOPBIX TOYEK, KOTOpbIE, B CBOIO
o4epefib, PABHOMEPHO BpalaroTCA MO OKPYKHOCTAM BOKpYr 3emid. 3afaya
[IPH 3TOM CBOAMJIACH K OTBICKAHHIO PAfiMyCOB yKa3aHHbBIX OKPYXHOCTEH M
CKOpPOCTEH BpALUEHHs MO HUM Ha OCHOBE GOJIBIIOrO YHMCIA IKCNEPUMEH-
TaJbHBIX AaHHbIX. Hakonnexnue acTpoHOMHU4eCcKNX HaOMIONCHUH U MOBBITIIE-
HHME UX TOYHOCTH, OJHAKO, NOKa3aJH, YTO MOAEIH TAKOr'0 pofa PacXofsaTcs C
AEHACTBHTENBHOCTBIO, B CBA3M C 4YeM ObLIO BBEIEHO (MEXAYy NPOYUM, J0-
BOJIbHO €CTECTBEHHOE JIsi 3KOHOMETPHUKOB H MHXKEHEPOB) YTOUHEHHME —
NPENJIOXKHUIIN YBETMIUTDL KOINYECTBO AMUIHUKIOB. C MaTEMaTHYECKOH TOUYKH
3peHHs 3TO ObIH MONBITKH NPHUONIU3UTL (POPMYITY SNIUNTHYECKOrO (Ken-
JIEpOBCKOI0) ABMXKEHHA IUTaHeThl BOKpYr CONHILa NePBbIMU YIeHaMH psja
Pypbe — TPUTOHOMETPUYECKHMM NOIHHOMOM. M3 aTOrO npumepa BUAHO, YTO
HEyAauHbIA BLIOOP BHAA 3aBUCHMOCTH MOPOH HE TOJIbKO NPUBONHUT K 3HAUM-
TEJBLHBIM BBIYHCIUTEIBHBIM TPYRHOCTAM, HO M CNOCOGEH Ha JONTOe BpeMs
3aTOPMO3HUTh Pa3BUTHE HAYKH.

Bo MHOrmx cny4asix ueib HCCIIeJOBaHHsi COCTOUT B OLIEHKE BCEX WIIH
HauboJsee BaXXHbBIX TapaMeTPOB UCKOMOIT 3aBiucuMocTH. Tak, paccunTas pa-
AMYChb] 3MUUMKIIOB ¥ CKOPOCTH 0OpaleHHs N0 HUM, CPEHEBEKOBBI acTpo-
HOM MOT CIOKOHHO "NOCTaBUTb TOYKY" M CKa3aTh, YTO XapaKTep ABIKEHUSA
IUTAHET UM YCTaHOBJIEH M [EJIO OCTaeTCs JIHIIb 32 TeM, YTOOhI NOBBICUTH
TOYHOCTb Hal[IEHHbIX UM BEJIMYMH, BKIIIOYMB B PACYETh] MOCIEAYIOLIME Ha-
6oneHus.

AHaJOruYHas CUTyaluus MMEET MECTO U B 9KOHOMUYECKHUX UCCIEl0Ba-
HUSX, HalpUMeEp, IPH OLEHKE 3aBUCHMOCTH AOXOJHOCTH aKUMil NaHHOH ¢up-
MBI OT MOJIOXEHHS B 9KOHOMHKE B 1IEJIOM, XapaKTEPHU3yeMOTO JOXOXHOCThIO
BCEro pbIHOYHOrO nopTdens akuuid. Mcnonbdyemas 3pech mogens CAPM
[20] yuuTbIBacT cnenuduKy 3aMUTEHTa ABYMs NapaMETpPaMH, a €€ TOYHOCTh
onpenenseTcs TOYHOCTbIO OLIEHKH 3THX NapaMeTpoB. OHaKO 3eCh OUEHH-
BaeMbIX TapaMEeTPOB HECKOJIBKO, 1 NOUCK ONTHMAJIbHBIX OLIEHOK CTAHOBHUTCS
MHOT'OKpHUTEPHAJIbHOM 3afadell. C [pyroit CTOpOHBI, 4aCTO 3HAYUMOCTb pa3-
HBIX NMapaMeTpOB /I HcClenoBaTeNs He ofuMHakoBa. Tak, mpH mocrpoe-
HuM npousBoacTBeHHON ¢yHkuun Ko66a-[yrimaca InZ, =aln X, +
+(1—a) InY, + P uenbto 4acTo ABIAETCA OUEHKA NapaMeTpa O, OTpaxalo-
LIETO 31aCTUYHOCTb HALMOHAJIbHOTO J0XOAa Z OT KallUTalbHbIX pecypcoB X,
1 "Kad4ecTBO' pelLIeHUus ONPEAENSIETCd TOYHOCTbIO OLEHKH HMMEHHO 3TOro
napameTpa.

CnepyeT, OfHaKO, MMETb B BHAY, YTO []a3K€ B 3ajadye OLECHHBAHMS Ia-
paMEeTPOB B JIMHEHHOM! PErpeCCHOHHON MOJENH HEb3s1 OTBETUTD Ha BOIPOC,
KaKOBa € TOYHOCTb INOJYYEHHOTrO pelleHus (B yKa3aHHOM cMbicie). B
Jy4dlIEM Cly4yae 3[eCb MOXHO yKa3aTb HEKOTOPYIO, Hanpumep, 95%-Hyro
NOBEPHUTENbHYIO 06JIACTh [t BEKTOpPA OLEHHBAaEMBIX NTapaMETPOB, OTHAKO
U B 3TOM ciydae 5% wucciefoBaTele, UCOIB3YIOUX JaHHBIA METON,
6yayT nony4aTh JOBEpHTEJbHbIE O0JAaCTH, HE COAEpXKaIUe UCTHHHOIO
BEKTOpa [apaMeTpOB.
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2.1.2. HenapameTpuyeckuit cnydan

Ilpu ouenke HemapaMeTpHYecKoii 3aBUcMMOCTH Y = f{(X) cunrarorcs us-
BECTHBIMH HEKOTODPbIE CBOMCTBA MCKOMOI (DYHKIINH, onpeaesiomue Gecko-
HEYHOMEPHBIH KJIacC QYHKUMIA F B METPHYECKOM NPOCTPAHCTBE, KOTOPOMY
oHa npuHajyiexuT. Ho HM 3TH cBOMCTBa, HM pe3yabTaThl HaGMIONEHUH He
MOTYT [1aTh MOJHYIO ¥ TOYHYIO HH(OPMALHMIO O 3aBICUMOCTH MEX[y Xapak-
TEpUCTUKAaMH 00BbeKTa. ITo3TOMY TPyRHO OXMAATh, YTOGB! (PYHKUMA f, CO-
riacoBaHHas NyCTh faXe cO BCeH MMeromencs nHopMauuen, oka3anach
€IMHCTBEHHOM — Takux ¢yHkuui (6ygeM Ha3biBaTh UX "NOMYCTHMBIMHA'")
O6yneT AOCTaTOYHO MHOTO, H OHM OOpa3yIOT HEKOTOPOE MHOXeCTBO &, B
KOTOpPOM MCC/IEAOBATENb JOIDKEH yKa3aThb OINpe[e/IeHHbIH (KaKoi MIMEHHO,
3aBHCHUT OT MPUMEHAEMBIX METOJJOB OLICHKH) 3J1eMeHT g. Eciu 661 pyHkums f
CTaJla N3BECTHOH, TOYHOCTBb TAKOI'O PELIEHUSI MOXHO GbUIO ObI OLEHUThH pac-
crostaueM p(f, g) ot f no g. OpHako uckoMast GyHKUUs [ Heu3BeCcTHa. B aToi
CBSI3M TOYHOCTDL PELUEHHMS 3a/1a4i MOXET OLlEHMBATbCs MAaKCHMANbHbIM "pac-
crosiuneM" p(g, D) = supp(g, f) Mexay g U anementamn P, T.e. Xaycaop-

fed
doBbIM paccrosiune oT g fo D’. OTciofa BbITEKAET NMOCTAHOBKA 3afayu
ONTHMHU3aLMM OLEHKH, T.€. BbIOOPa TAKOTO PELIEHNs g, KOTOPOMY OTBEYaeT
MHUHHMMaJbHOE paccTtosinne p(g, D). TeM caMbIM ONTHMaJbHAas OLEHKA 3[€Ch
6a3upyeTcs Ha npuUHyune MUKUMANbHOZO PACCINOAHUSA.

B pspe cnyyaeB KOHKPETHYIO 3ajaqyy OLIEHKH 3aBHCHMOCTH MOXHO
pPacCMOTPETh KaK 3JIEMEHT HEKOTOPOMH NOCNENOBATENLHOCTH TaK4X 3a/[ay C
pa3HbIM 06 EMOM MCXOIHOH HH(OPMaLH (TaK, 3aady OLUEHKH NapaMeTpOB
3apucuMocTty Y = f{X) no ussecTHbIM 3HaueHusM (Y,, X,) MOKHO "BIOXHUTL" B
NoCJIef0BaTENbHOCTh TAKUX 3aflad C BO3PACTAIOLIMM KOJIMYECTBOM Y3JIOB
uHTepnonsauyy X,). Ecau TOYHOCTb OLEHKH 3aBUCMMOCTH CTPEMHUTCS K HYJIIO
C YBEJIMYEHNEM HOMEpPA 3aa4H, TAKyH OLUEHKY (METOR OLEHKH) OObIYHO Ha-
3bIBAOT COCMOAMEAbHOLL, 2 UCKOMast 3aBUCUMOCTb CTAHOBUTCS ACUMNMOMU-
yecku uamepumoii. OqHaKO NpY MAJIOM KONUYECTBE HAGIIONEHMI CBEEHHS O
COCTOSITETbHOCTH OLIEHKH MOTYT NPHUHECTH MCCIENOBATEIO CKOPEE MOpalb-
Hoe yaoBieTBopenue. B nonoGHoi cutyauuu 6o1ee HHPOpPMaTHBHOM 6yIeT
NpOBEPKA MCHONB3YEMOTrO METOAA OLIEHKH Ha PAJie CTAHAAPTHBIX TECTOBBIX
3ajja4, aHaJIOTMYHO NpoBepPKe 3(PHEKTHBHOCTH YUCIEHHBIX aITOPUTMOB OII-
TaMHu3auuy [21].

IIpumeneHune npuHUMNAa MUHUMAJIBHOIO PAacCTOSHIS 0Ka3aJioCh MIIONO-
TBOPHBIM B NpUOMIXKEHHOM aHanu3e. CylleCTBEHHYIO POJIb 3[€Ch ChIFPaJIu
upneu A.H. KonmoropoBa [22] u OCHOBaHHblE Ha HUX ONTHUMAJIbHbIE METOJbI
YUCJIEHHOr O MHTErPHPOBaHNUs, NpeIoxkeHHbIe B [23]. OKa3anoch, 4To Te XKe
HJeH MOryT ObITh MCIONB30BaHbI [ PEIIEHUs 3afady¥ MHTEPINOISLUN —
nepebie pe3yiabTaThl TAKOro poja noaydeHel B [24-27]. 3pechb
NPEeANoaraeTcs, YTO MHOXECTBO JONMYCTUMbIX yHKUMI — KOMNakT P B He-

7 Pasymuo BBeECTH ""cpenHee paccrosinue” B (PyHKLIMOHANIBHbBIX MPOCTPAHCTBAX HE YNAETCH,
H60 TaM HeT NogXonseH BEpOATHOCTHO! Mepbl, HA KOTOPOit MOXHO 6b110 6b1 6a3upoBaTh
HCYHCITEHHE NOJOOHbIX CPEIHUX.
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KOTOPOM METPHYECKOM NPOCTPAHCTBE, METPUKA B KOTOPOM XapaKTEpH3yeT
"TounocTp" (ommbKy) HHTepnonsuuy. Torga uMeromasics nHGopMauus — B
HNaHHOM cnydae orpaHmuenus Y, =f(X)),t=1, ..., T, — cyXaeT MHOX€eCTBO
ROMYCTHUMBIX (COrJIaCOBaHHBIX C HCXORHON HHdopManuei) ¢pyukuuni no R —
HEKOTOPOro KOMINAaKTHOTrO NogMHoxecTBa 9. Torga B kauecTBe MCKOMOM
GyHKIUY f MOXHO B34Th LIEHTP IIapa MUHAMAJIbHOI'O paguyca, OMMCAaHHOTO
BOKpYr B — npu 3TOM pajguyc mwapa GyaeT XapakKTEPHCTHUKON BO3MOXKHOU
omn6ku. OTCIOAa €CTECTBEHHO BBITEKAET MOCTaHOBKA 3afauyu 06 onmu-
ManbHOM 6bibope "y3noe unmepnoaayuu” X, ob6ecnevnBaromux Hanbomb-
IIYIO TOYHOCTb MHTEPNONSLHKH TOObIX PyHKUMI H3 D (MIIeTCd MUHMMAIIb-
Hoe R Takoe, yro npu mo6bix Y, Bce Touku u3 D, nis koropsix f(X,)=Y,,
cofepKaTcs B HEKOTOPOM Liape paauyca R).

B nurepatype, HauuHag c [21, 24, 25, 26], uccnegoBaH IMPOKMI Kiacc
nono6HbIx 3afay. B yacTHOCTH, paccCMOTpPEHbI (PYHKIMHM KaK OJHOIO, TaK 1
HECKOJIbKHX MEPEMEHHBIX, B TOM YHCJIE ¥ KOMIUIEKCHBIX, Pa3JIMYHbIE THIIBI
MHOECTB IoNyCTUMBbIX yHKIHUI U MeTpHKH (B yactHocTH, C 1 L,). ITpn
3TOM MOCTPOEHO MHOTO ONTHMAJIbHBIX HJIN GIIM3KHUX K HUM MHTEPIONSLHOH-
HbIX (OPMYJ U NIOKa3aHa UX COCTOATEIBHOCTD (C YBEIMUYEHHUEM YHCIIA Y3II0OB
MHTEPIONSALHMY DY HE OYEHb INIOXOM HX BbIOOpEe OIIMOKa OLIEHKH CTPEMHUTCS
K HyJ10). YCTaHOBJIEHa M CBSI3b ONTHMH3AaLMOHHLIX 3alad TEOPHUHU OLEHKH
¢ yHKUMI C NONEepeYHHKAaMH MHOXECTB B (OyHKIHOHAIbHBIX MPOCTPAHCTBAX
[24, 28]. OgHako BCce pe3yabTaTbl TaKOrO pPOfa NOJIy4eHbl NPHU BeCbMa
cneunIECKNX OTPAaHMYEHHUSX — NPEANONaraloTCs U3BECTHBIMU NpPEEIbl H3-
MeHEeHUs MPOU3BOAHBIX MCKOMOH (PYHKIMH (OrPaHHYCHUAM Ha NPOU3BOJHbBIE
6oJiee BBICOKOIO NMOPSAAKA OTBEYAIOT 6OJIee TOUYHbIE MHTEPIOJIAIMOHHBIE
¢opMyibl). DTH pe3ynbTaThl HALUIM IPEMEHEHHE B 3ajja4ax TaGyIMpOBaHHs
u npu pa3paboTke cTaHgapTHbIX nporpamm nius 3BM [21], opgnako ux
NPUMEHUMOCTh B 3KOHOMHKE COMHHUTEJbHA, H60 HCXOfHass MHGOpManus
3[1€Ch OTHOCHTCS K OTHOCHTEIbHO HEGONBILIOMY YHCTy OO BEKTOB 1 HE BCErAa
MIO3BOJIAET ONPENENNTh I'PAHMULbI POU3BOJHBIX HCKOMOM pyHuun. Hannune
OrpaHMYeHMi Ha "TNMagKocTh" (PYHKUMH 3[ech NpHHUMNuanbHO. Ecnu He-
M3BECTHO, HACKOJIbKO T'NIaJKOH sABNSAETCS (YHKIMA, CKOJNb BEJIMKHM MOTYT
ObITh €€ NPOM3BOAHbIE, KAKOBA €€ "aHaJIUTHYECKas CTPyKTypa", Kiacc fo-
NyCTUMBIX (PYHKUMIA PENENbHO PACIIUPSIETCs, a ONOKa PEIIeH)s, HallpH-
MeEp, 3a CYET HETOYHOI'O ONPENENIEHNs TOYEK pa3pbiBa UM Pe3KOro pocTa,
MOXET OKa3aThCs KaKO# yrofHOS.

B TO Xe BpeMs JaHHbBIA NMONXO[ NPUMEHMM M IPH HAJIUYHM OLIHOOK
Habmonenns. Tak, ecii BMECTO HCTHHHBIX 3HayeHui Y, n X, HaGmroparorcs
sHavyeHus U, u V, ¥ omunbKM 3THX HAGIIONCHUHA HE NIPEBOCXOASIT COOTBETCT-
BEHHO € 1 O, TO Ha MHOXeCTBO 9D J0nycTHMbIX (YHKUHUIA HaKIaAbIBalOTCS
AONOJHUTENbHbIE OrPAaHUYEHHUS: |X, -U,| <39, |ﬂX,) - V,| < g£. OgHako,
€CIM OIMOKHM — ClydaliHble, TAKOH NOAXON YK€ HENpUMEHNUM (1. 2.7).

$ Hanpumep, €CJIM HLETCA 3aBUCHMOCTDb 3aTPAT HA U3rOTOBJIEHHE MALUHWHBI OT KaKoro-
NH60 TEXHHYECKOro napameTpa, TO 06bIYHO anpHOpPH HEHU3BECTHO, HE BO3HHUKAIOT JIU PE3KHE
U3MEHEHHA 3aTpaT B KaKOM-J1M60 Iuana3oHe 3HaYEHHIt 3TOro napamMeTpa.
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HHTepecHble cHTyanuy BO3HHMKAIOT, KOTAa Kjacc "JONyCTUMBIX" YHK-
uuit He sBnsieTca koMnakToM. IlycTe, Hanpumep, Y — ney6bisarowyan pyHk-
st oT X 1A =X, <.. <Xy =B. OueBupno, uro npu X, < x < X,,; 6ymer
Y, =< f(x) <Y,,,, npu4eM 3TH I'PaHUIpb] HeyayduraeMbl. [I03TOMy HaUMEHB-
uast (B paBHOMEPHOH METPHKE) OLIMOKa HHTEPIONSIUMN OCTUTAETCs, €CIIN
B3STh B KauecTBe f(xX) MOHOTOHHYIO Pa3pbIBHYIO (PYHKIHIO, MPHHAMAIOLIYO
3Havyenus Y, B Toukax X, u (Y, + Y,;1)/2 — B unTepBanax X, <x < X,,;. B To
>KE€ BPEMsl YKa3aTb 3apaHee, CKOJBKO y3J10B MHTEPNOIAUUN notpebyercs
AJIg JOCTMXXEHHS 3aJ]JaHHOM TOYHOCTH, HEBO3MOXKHO, KaK HeJb3sl yKa3aTh U
KaKHe-TH60 08ycmopoHHue TPAHALbI IS HCKOMOH (PYHKIMY BHE "MHTEpBana
Habmonennit” [A, B]°. ToT Xe NoAXo[ MOXHO MCHOJNb30BaTh, ECJIH U3BECTHO,
YTO UCKOMas PYHKIMs 6binykaa uau eoznyma. CkaxeM, 1y BOTHYTO# f(x)
Ha oTpe3ke X, < x < X,,; npu 1 <t <T - 1 UMEIOT MECTO HEPABEHCTBA

o=t o)< f< =
X:+l —Xl

=minY, +u(x_xt); Y. +_)_/'_+.2._—__}:':l_(x_xt+l)
1-1 _Xr X1+2 _X1+]

(mput=1mnt=T — 1 U3 ABYX BENMYHH, CTOSLUUX 3[€Chb O] 3HAKOM MH-
HHUMyMa, OCTaeTcs TOJbKO ofHa). [loaToMy Hamnmydiiei oueHKol Ans f(x)
6yneT BorHyras ¢yHkuus, pasHas (f*(x) + f(x))/2 Ha oTpe3ke (X,, X,,1).
Pa36usas orpe3ok [A, B] y3naMu HHTEPNOJNSLMU Ha BCe GOJNbLIEE YUCIO
PaBHBIX YacTeH, MOXKHO IOJY4YHTh, 4TO J100ast BOrHyTas Ha [A, B] (HO He Ha
Bcel yucnoBoit ocu!) yHkuus GyHeT aCHMITOTHYIECKH H3MEPHUMOI.

[danubiii nogxopx (OH NMPUMEHMM M B MHOTOMEPHOM Clly4Yae, OJHaKO
pacueTHble (pOPMYJNBI CTAHOBSATCS CJOXHEE) IBHO OPHEHTHPOBaH He Ha
SKOHOMETPHUYECKHE, 3 HA TEXHUYECKHE UITH BbIYHCIUTENbHBIE 3ala4yH, OTJIH-
YaloUMecs XapakKTepoM UCXOAHOH nHdopMaluun. BeposaTHO, OH MOXeT 3g-
(heKTHBHO HCNONL30BATHCA B CTAHAAPTU3ALMA M TEXHUUYECKOM HOPMHUPOBa-
Hyn. OJHaKO B 9KOHOMETPHUKE cepa ero NpUMEeHEeHUs1 OrPaHUIMBAETCs, O
HalleMy MHEHHUIO, 3aBHCUMOCTSIMH MEXY 9KOHOMHUYECKUMH U (PU3HIECKUMH
WM TEXHUYECKMMH NoKa3aTensaMu oObekToB. ITo-BHAMMOMY, OH NpUMEHUM
IIpH YCTAHOBJIEHHH 3aBHCMMOCTH 3aTpaT Ha JJOObIYY NOJIE3HOTO HCKOMAEMOro
OT rnyOMHbI 3aJIEraHusl M CE6ECTOMMOCTH U3[IENHUST OT CEpUIHOCTH BbINyCKa
(Mopo6HbIX 3aBHCMMOCTEI Ha IPAKTHKE AOBOJIBHO MHOI'O, HO TEOPETHYECKHUX
Mojenei 1yist GONbUINHCTBA U3 HUX He padpaboTaHo). OgHAaKO 31eCh BaXXHO
y4ecTb, YTO TaKHe TPajULMOHHBIE [N MAaTEMaTHKN METPHMKH, Kak
paBHOMepHas MM MHTErpajibHas, Ajis pacCMaTpUBAaeMOro Kjacca 3agadq
006b14HO HeyRoOHbl. HanpuMmep, B pABHOMEPHON METPHKE PAaCCTOSTHUE MEXAY
¢yuxkunamu Y =2X nY =2,01X, ecnu ux paccMaTpuBaTh Ha BCeil mONO-
SKUTEJbHON NMOJNIyOCH, 6ECKOHEYHO BEJIMKO, B TO BPEMs KaK JIFOOOMY 3KOHO-

9 Takne rpaHHibl MOXHO YKa3aTb B IPYFHX CUTYaUMsX, HANPHMED, KOTAA HIBECTHO, YTO
In f(x) — BornyTas hyHKUUSA, CTPEMSLLASCSH K —oo IPH | X | —> oo, :
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MUCTY-NIPaKTHKy TaKue (PYHKUMH NokaxyTca 6nuskumu. HaoGopor, B TO#
’Ke MeTpHuKe 3aBHCMMOCTH ¥ =X u Y =X + 0,1 61u3ku, XOTs B KOHKPETHOI
CUTyalluM 3TH (PYHKLHH [JI1 IKOHOMHCTa MOTYT IIOKa3aThCsl COBEPLIEHHO
pa3sNIMYHBIMU (HaNpHMMEp, B CUTyaluH, Korga X — INIaHUpyeMasi MOIIHOCTb
NpeNnpuATHs, ¥ — 3aTPaThl Ha €r0 CTPOMTENLCTBO, TO [JIs1 3KOHOMHCTA OYe-
BHJIHO, YTO Ha CTPOUTENLCTBO 3aBOJla HyJIEBO! MOLHOCTH HYXHbI HyJIEBblE
3aTpaThl, ¥ IOTOMY BTOpas 3aBHCHMOCTb AOJXKHA ObIThb OTBEPTHYTa H He
MOKET CYUTaThcs GJIM3KOM K NEPBOH).

Taxum 06pa3oM, XOTs1 NOAXON, CBA3aHHBIN C BBEACHHUEM "TPaiHIIMOHHbIX
MaTEMaTHYECKUX" PaCCTOSTHUM MEXXy 3aBUCUMOCTSMH M ABJIsIeTCs hOpMab-
HO KOPPEKTHBIM, €r0 NPaKTHYECKOe NPUMEHEHHE TpebyeT 60nbIIoi 0CTO-
poxxocTu. Ilpu BBEEHMH METPUKH B NPOCTPaHCTBE (YHKUMI HEOOXONUMO
yYMTLIBATb ¥ Uenn uccaenobanusd. Hanpumep, B [6, 29] paccMoTpeHa cuTya-
1131, KOTAA LENBIO MCCNIElOBAaHMs SBJIAETCSI BO3MOXHO Gojiee TOYHOE onpe-
AejeHne "MOBEPXHOCTH YPOBHS" HMCKOMOW 3aBHCHMOCTH, T.€. MHOXKECTBa
TaKMX 3HAYEHHH apryMeHTa X, KOTOpbIM OTBEYaeT laHHOe 3HaueHue Y. OT-
CIOJa BBITEKAET lieN1IecOOOpa3HOCTb U3MEPEHUS PACCTOSHUA MEXAY yHK-
LUAMH Yepe3 XxaycAopdOBO PacCTOSHUE MEXNY UX "NMOBEPXHOCTAMHM YpPOBHS"
(cM. Takxe 1. 2.3).

2.2. MpuHUUN MMHUManNbHbIX NOTEPb

YacTo KOHEYHOH LEeNbI0 NOCTPOEHHUs! 3aBUCUMOCTEH MEeXIy XapakTe-
PUCTHMKAMH 3KOHOMUYECKHX OOBEKTOB SIBJIAETCA MCCIEAOBAHUE H ONTHMHU-
3alUs XO34HCTBEHHbIX pelIeHHi. B 3TOM ciyyae ommbka npu oLeHKe 3aBU-
CHAMOCTH CONPSKEHA C BO3MOXKHBIMHM (DMHAHCOBBIMU MJIM HMHBIMH NOTEPSAMHI
(ymep6boM), KOTOpbIE XOTENOCh 6b1 MUHUMH3HMPOBATh. DTO O3HAYAET, YTO B
OCHOBY MOJIYYEHHsT ONTHMAJBHON OLEHKH 3aBUCHMOCTH MOXET ObITh
NOJIOXKEH NPUHINN MUHUMUIAUUU nomepb T(f, g§) om npumeHeHus g emecmo f.
CoOOTBETCTBEHHO TOYHOTb pelleHus g OyNeT XapaKTepH30BaThCd MaKCH-
MYMOM BEJHYHHBI T(f, g) MO BCEM JONYCTUMbIM (PYHKUMM f, 2 ONTHMANIbHbIM
pewreHneM OyneT GYHKUMS g, MUHHMU3IHPYIOLAst 3TH MaKCHMaJbHblE
notepu. IMEHHO TaKoO# MOAXON UCNONB30BaH, HanpuMep B [1], npu onucanuu
MIOCTPOEHHUS. PErpECCHOHHON (DYHKIMM KaK pEelLICHHUs 3ajauiy ONTUMH3ALHH.
OTMeTHM, OHAKO, YTO (PyHKLHS NOTePh N(f, g) HE 06A3aTenbHO O6GnagaeT
CBOMCTBaMHU PacCTOsIHUS (HalIpHMMEP, MOKET HE BBINONHATHCA HEPAaBEHCTBO
TPEYroNIbHUKA), TaK 4YTO paccMaTpHMBAEMbli NPHHIUI HE COBNAJaET C
MPUHIMIOM MHUHHUMATbHOI'O PaCCTOSTHUSL.

Onupasick Ha M3JIOXKEHHbIA MOAXOMA M HCMNOJIb3ysl CTOMMOCTHBIE MITH
HaTypaJibHbIE OLICHKHU NOTEPb, MOXKHO yY3HaTh, HACKOJIBKO BbIPACTYT NOTEPH
N0/Ib30BaTENsI NCKOMOM 3aBUCHMOCTH (3axka3uuka), EClu OH OyJET ONUpaThCs
Ha JpYTyio, HETOYHYIO 3aBUCUMOCTb. DTO, 6€3yYCIOBHO, SABJISETCS NPEUMY-
LWECTBOM [JaHHOI'O NOAXORa. B TO ke BpeMs NpHUCymMii €eMy HEJOCTaTOK
€CTb IIPOAOIKEHHNE €0 JOCTOUHCTB: I NOCTPOEHUSI 3KOHOMUYECKH HHTEP-
NpeTUpyeMOoi pyHKINH IOTEPh HEOOXOAUMBI ClIEIMaIbHbIE 3KOHOMUYECKHE
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UcCIeNoBanus (BKITIOYast 1 9KOHOMHKO-MaTEMAaTHIeCKOE MOAETMPOBaHUE M0~
TEPB) — 3TO CYLUECTBEHHO MOBbILIaeT TPEOOBAHUS K MCXOXHON HHOPMALHH.
K TOMy Xe BEIMYMHA NMOTEPb BCETAa 3aBHCUT OT LEH M APYruX OBICTPO-
MEHSIOLIMXCS XaPAaKTEPUCTHK 3KOHOMHYECKOTO OKPYKEHHs, YTO BbIHYXKJAeT
1iepecMaTpUBaTh OLCHKHU 3aBUCHUMOCTEN IIPH H3MEHEHUHN BHEIHEH CHTYaLMH.

2.3. MpuHUKUN MMHUMYMa UHTErpasibHOro
OTKNOHEHUA

To4HOCTb OLIEHKHM HEM3BECTHBIX 3aBHCHUMOCTEH HEPEKO OLEHNUBAETCS
cnepyiouum o6pa3oM. IlycTs ucTHHHBIE 3HaYeHHUs noka3arenen ¥ u X cBsi-
3aHbI 3aBHCUMOCTBIO Y = f(X), a no HaGatofeHHbIM 3HauenusmM (Y, X,) oue-
HeHa (nocrpoeHa) 3aBucHMOCTb Y = ®(X). I1pu aToM paseHcTBa Y, = ®(X,)
MOTYT HE BBINOJHATBCSI. TOYHOCTb BOCCTAHOBJIEHNS MCTHMHHOI'O 3HAYEHHUS
®(X,) ("nokanbHas" TOMHOCTb HAMJEHHON 3aBUCHMOCTH) MOKET ObITh OXa-
pakTepHU30BaHa MOKa3aTeleM (10KAAbHO20) OMKAOHEHUA — HEKOTOPOU
dyukumeit u, = ¢(X,, Y,), o6pawmaroieiics B Hy1b npu Y, = ®(X,)1°.

Bonpoc o pauvonanbHOM BbIGOpe (hyHIMI () HETPUBHAJIEH M 3aCITyKHU-
BaeT Gosee nogpo6HOro paccMoTperus. OObIYHO B 3TOM KaueCTBE BBICTY-
narT ab6COMIOTHOE OTKIOHEHHE U, = | Y,-dX ,)| M OTHOCHUTEJIBHBIE OTKJIO-
HEHMS U, = |Y,/<I>(X,) -1l = u = | dX)YY, -1 l. Opnako cneuuguka KO-
HOMHMYECKHX HCCIENOBaHMA 00YCIOBIMBAET IPUMEHEHHUE B HEKOTOPBIX CITy-
YafgX M MHbIX, HEJOCTATOYHO XOPOIIO MUCCIEJOBAHHbIX B MaTEMAaTHYECKOM
acHeKTe METOJOB U3MEPEHUSA OTKIOHEHMH (MbI HE OCTaHaBNMBaeMCH 3[IECh
Ha Ba>XHOM BOIIPOCE, B KAKUX MMEHHO CHTyalUsAX L[eJecoo6pa3HO UCIONIb30-
BaTh TOT WIM MHOH MeTop). Tak, ucrnonb3oBaHue aGCONMIOTHBIX U OTHOCH-
TEJIbHBIX OTKJIOHEHUH ONpaBOaHO, KOTAa OOBACHAEMAas XapaKTEpUCTHKa Y
Hab6aropaeTcs ¢ omMOKaMHu, OJHAKO 3TO NepecTaeT ObITh €CTECTBEHHBIM,
ecqy OLHUOGKU NPUCYIUHM HAaGMIONEHUAM OO BACHIIOWHNX NIePEMEHHbIX. B mo-
HBOGHBIX CHTYaIMAX OTKJIOHEHHUE U, TOJIE3HO U3MEPSATh PACCTOSHUEM OT TOY-
ku X, no usoksanThl Isoq(Y,) = {XI®(X) =Y,} [6]. OgHako paccTosiHue OT
TOYKH [I0 MHOKECTBA MOXET BBOAMTBLCS NO-pa3sHoMy. Tak, u, MOXHO onpe-
HOEJHTh KaK €BKJIHAOBO PAacCTOSHHE OT TOYKHU X, 00 Omuxkaduieid X Hel

Touku X, € Isoq(Y,). DTOT cnoco6 He yUUTBIBAET "OTHOCHTEIBHOH BeECO-

MOCTH" OTHeNbHbIX XapaKTEPUCTHK (KOMIIOHEHT BeKTOpa X), OJHAKO yKa-
3aHHBIA HEJOCTATOK MOXET OBbITb YCTPaHEH, €CIM 3TH XapaKTEePHUCTHUKH
NpeABapUTEIbHO HOPMUPOBATh MJIH, YTO TO K€, HCIONB30BaTh IS ONpefe-
JIEHHUs] PACCTOSIHUA HE MPOCTYIO, a B3BELIEHHYIO CYMMY KBaJpaTOB pPa3HOC-

Te# (X;, — X;,). Mexny TeM MOXXHO y4€CTb, YTO IKOHOMHUYECKOE COiEp>XKaHUE

nepeMeHHbIX X NO3BOJAET BBECTH B MPOCTPAHCTBE XapaKTEPHCTHK JOMOJI-
HHTEJbHOE OTHOWeHMe "cxopcTBa”. Tak, ecinu KOMNOHEHThI BEKTOpa X OT-
paxkaroT 06bEMBI PECYPCOB, IPOU3BOAMMBIX MM 3aTPaYMBAEMbIX HaGII0-

10 Inst perpeccHOHHBIX 3aBUCHMOCTE OTKJIOHEHHS U, YACTO TPAKTYIOTCA KaK "NoTepH OT
HETOYHOCTH BOCCTRHOB/EHUsI 3HAUEHUST" MATEMATHYECKOrO OXHMIaHus Y npu X = X,. .
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naeMbIM 06'b€KTOM, BO3HUKAIOT JIBa €CTECTBEHHBIX OTHOIIEHUS "“"cxo0cmea”
("obmHOCcTH"):

1) cxonsbIME ¢ BEKTOPOM X cuMTaloTCa BeKTopa X' Buna AX, nMeroue
TY XXe cmpyKkmypy, TO € COOTHOLIEHHE MEX]y PECypcaMu;

2) cXOOHBIMHU C BEKTOPOM X CUHTAIOTCA BEKTOpa X', MMEIOIHE Ty XKe
YeHHOCMb, T.€. CTOUMOCTHYIO OLEHKY pecypcoB. Ecnu 0603HaunTh uepes
P BEKTOp IIEH Ha PECypchbl, TO yciaoBHeM "cxopcTBa" OyHET paBEHCTBO
peX’' = peX, rlie ® — 3HaK CKaJIAPHOrO NPOU3BEACHUSL.

B nopoGHbIX cuTyauusix 60jiee NOJIHBIA y4YeT "Kad4eCTBEHHOM" MHOPp-
Manun 06 o6sekTax I'C U 3KOHOMHYECKOM COJI€P>KaHHM UCCIENYEMBIX Xa-
PaKTEPUCTHK 3THX OG'BEKTOB MOXET ObIThb OOGECIEUEH, €CIH ONPENEINTD
OTKJIOHEHHE U, KaK €BKIINJIOBO PacCTOsiHUE (NPHU HEOOXONUMOCTH — C BECAMH)

oT TO4KHM X, 10 GIcKalieH K Heil cXOfHoM TOYKH N30KBaHThI X, € Isoq(Y,).
Bobruncienne TakKNX OTKJIOHEHHH YacTO HE COCTABNAET OCOGOMH CIIOKHOCTH.
ITyctb, Hanpumep, dykHuUA P(X) — OfHOpOAHAs CTENEHH A IO COBOKYIHOC-

TH BXOJSLIHX B HEE NIEPEMEHHBIX, @ CXONHBIMU CUNUTAOTCA NPONOPUHOHAb-
Hble BeKTOpa. Torga eqMHCTBEHHOM TOUKO¥# U30KBaHThI Isoq(Y,), "cxopHoi" ¢

1/h
Y

—Xi—| . JtoMy oTBeuaeT

o(X,)

OTHOCHUTEJIBHOEC OTKJIOHCHHEC |}\.,— 1| 1 abCoNIIOTHOE OTKJIOHEHHE’

Touykoi X, Oymer X', =AX, roe A, =

X/ - X, || = ||X,|] |l, -1, rne "X,“ — PacCTOsiHHE OT TOYKHM X, [0 Hayana

u = |
KOOpJMHAT.

Ipu npaBUTEHOM M3MEPEHNH JIOKAJIbHbIX OTKJIOHEHHH OHM, 6€3yCIIOBHO,
XapakTEePH3YIOT TOYHOCTb COOTBETCTBYIOLIEH 3aBHcuMocTH. Tak, ecnu Bce
OHH MaJibl, COOTBETCTBYIOLUYIO 3aBUCUMOCTb OOBIYHO CYUTAIOT JOCTATOYHO
TOuHO#. OAHAaKO 4Yallle UMEET MECTO CHTYyalus, KOTa [JIs OfHHUX ! OTKJO-
HEHMS U, MaJbl, NI APYTHUX — BeJMKU. B 3TOH cBA3M HEOGXOUMO BBECTH
HOMONHUTENBHYIO XapaKTEPUCTHKY — UHMEZPANbHOE OMKAOHEHUE, aTPer-
pyoiyo HH(GOPMaUUIO O BEJIMYUHE OTHEIBHBIX JIOKAJTbHBIX OTKJIOHEHHH.
Ee ecTeCTBEHHO NPENCTABIATh KaK HEKOTOPYIO dyHKIMIO Q(Uy, ..., Ur) OT
HEe3aBHCUMBIX JIOKAJIbHbIX OTKIIOHEHHH Uy, ..., U ¥ UCIIOTIb30BATh B KAYECTBE
KPUTEPHs ONTHUMAIBHOIO OLEHUBAHMS (OTMETHM, YTO B Ka4€CTBE KPUTEPUEB
ONTHUMANbHON OLIEHKH 3aBUCHMOCTed ¢yHKUMA QO M mobass MOHOTOHHas
¢yHKuusA oT Q S3KBUBAJICHTHBI).

Arperupyromas ¢yHKuus Q NpU AAHHOM METO[€e OOBIYHO 3ajaeTcs
alpHOPHO, OJHAKO pPa3yMHbIE CIIOCO6BI arperupOBaHuUsl JJOKAJIbHBIX OTKJIO-
HeHu# (MM "noTtepp") 06513aTENBHO NOMKHB] YAOBIETBOPATD JBYM YCIOBUAM
"HopmanbHOCMU'":

® ecau 6ce NOKANbHbIE OMKAOHEHUR PABHbL HYAIO, MO U UHME2PANbHOE
omxkaoHerue moxce pasro vyato: Q(0, ..., 0) = 0;

® npu yseauxeHuu a106020 10KAAbHOZO OMKAOHEHUA UHME2ZPANbHOE”
OMmKAOHeHUe 603pacmaem.

Huorpa or arperupyiomeir ¢yHkuunm TpeGyeTcs eme M CHM-
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METFPHIHOCTDb: UHMEZPALbHOE OMKAOHEHUE OOANHO 3A8UCEMb AUWb OM
8 €A UYUHDBL AOKANLHBIX OMKAOHEHULL, HO HE OM MO020, 6 KAKOM NOPAOKe
OHU 3aHymepOBaHbl. ITO TpeGOBaHHE, ONHAKO, MOXKET ObITh HEONpaB-
HaHHBIM NPUMEHUTENBHO K 06paboTKe BpPEMEHHBIX PAOB MM, B Gojee
0o61IEeM ciydae, HECHHXPOHHBIX HaOMIOfEeHNH SKOHOMHYECKNX 00 BEKTOB.

OOG6bIYHO 11 arperHpOBaHHs NPUMEHSIOTCA TaKHe HOPMaJsibHble (DYHK-
LM, KaK:CyMMa KBaJipaTOB OTKJIOHEHMH, CyMMa MOJlyJIEH, MAaKCUMAJIbHBIN U3
MOJyJIell OTKIIOHEHUH 1 T.Jl. BbI6GOp MexX1y HUMM HIH OOpaIeHne K ApyraM
¢pyHKIMAM HEOYEeBUAHBI. B 3TOM cBA3M npeAcTaBageTCs LEenecoo6pa3sHbIM
MCIIOJIb30BaHNE aKCMOMATHYECKOrO MOAXOMa K MOCTPOEHHIO NOKa3aTens
HHTErpajlbHOrO OTKJIOHEHHUs, KOTfa BHJ arperupyromen QyHKIUNA BbIBO-
nuTcs U3 TpeGyeMbIx ee cBOMCTB "nuddepeHunanbHOro” xapakrepa. s ux
00(uy,...,u,)

9

du,

(t=1,...,T), Bolpaxaromue "dyBCTBUTEIBHOCTH" HHTErPAJIBHOIO OTKJO-
HEHHs 10 OTHOLUEHHIO K M3MEHEHMIO JIOKaIbHbIX. Creayromee yTBepxie-
Hue [15] (6nu3kue pe3ynbTaThl, BbIpa’kKeHHbIE B TEPMHHAX 371aCTHYHOCTEMH
3amelueHus ogHux ¢akTOpPOB ApyruMmu, nokasaHe! B [30, 31, 32]) paert
aKCHOMAaTHYECKOE OMMCaHMEe IMPOKOI0O KJIacCa arperupyoix HOpMatbHbIX
pyHKUHH.

YrBepxkaenue. Ilycte konuuecrBo HaGmoaenui Gonbwe 2. Ecnn
¢yHkuus Q HOpMaJbHAas M YYBCTBUTEIbHOCTh HHTEIPATIbHOI'O OTKJIOHEHHS
[0 OTHOIIEHHUIO K M3MEHEHHUIO KaX/[OTO M3 JOKAJIbHBIX 3aBUCUT TOJIBKO OT
[OJIM NOCIEAHErO B HHTETPAIbHOM OTKJIOHEHUH, TO

Q=[(b1u|)B+~--+(brur)ﬁ]llﬂ, 2.1

rae B #0, by,..., by — MIONOXUTeNbHbIE KOHCTAHTHI.
Hokazameabcmeo. TOT ¢akT, 4TO BENUYHUHA ¢, 3aBUCHT TOJBKO OT
OTHOUIeHus U,/Q, MOXET ObITh BbIPAKEH COOTHOIIEHUAMHU:

00, ur) _ [ _
=t f,(Q), t=1...7), 2.2)

e f, — HEKOTOpbIe HEU3BECTHBIE (PYHKINHM ORHOrO NEPEMEHHOTO.
L[mbq.)epenunpya (2.2) mo gpyroi nepeMeHHOH U, MOMYYHM:

ke A3l
Judu, au ( )‘ sz'[Q]auf Q2f’ o /"0

3TO paBEHCTBO HOJKHO COXpaHPITbCﬂ, €CIIH HoMepa HaGIIIONEHNH s U ¢

[IOMEHATb MECTAMH, IO3TOMY — 0’ f( 0 ]f:( 0 ) = —-Q—f'( 0 ]f,( Q)

Kyna ciefyeT, 4To
u fu 1 Q) _ u flu 1Q)
Of(u 19)  Of(us/Q)

¢OpMYyJTHPOBKM BBEefeM nokasatenu gq,(u,...,ur)=

H (u /10)= = H (u;/ Q).
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ITockonsky T > 2, BO3bMeM Kakoe nubo k € [1, T], oTINYHOE OT s U 1.
MeHsis1 noaxonsamM 06pa3oM Uy, MOXKHO AOOHMTHCS, YTOOBI NIPH H3MEHEHNI
ug 1 u, BenuunHa Q He MeHs1ach. I103TOMy IpH BCEX BO3MOXKHBIX 3HaYEHUSIX
apryMmenTa ¢yHkuusa M, a 3HauuT u H,, OyAeT NpUHUMATb OHO M TO Xe
MOCTOSIHHOE 3HaYeHHe, KOTOpOoe Mbl 0603HauuM uepe3 B — 1. ITockonbky
HOMepa HaGNIofeHMH § U ¢ MOryT ObITh BbIOpaHbI NPOU3BOJIBHO, CIERYET,

2,
4TOo Hs(z)=5fi(2=ﬁ—-l npu Bcex s. Pemas 3To ypaBHeHMe, HalfeM

fs(2)

];(z)=ajz'3", rae a;, — HekoTopasi kKoHcraHTa. Ho Torma B cuny (2.2)
HMEeM:

0 _ (u)"
o, '\Q

ITony4ennas cucrema auddepeHunanbHbIX ypPaBHEHHM UMEET [1Ba THIIA
pELICHUHA.

, t=1,...,T). (2.3)

1) ecnu B =0, 70 @Q=u;"...ur". Takas GyHKUMS He HOPMAJIbHA: ECITH
uy; = 0, To np# ay,..., ar > 0 1 MOOBIX 3HAYECHUAX APYTUX U; HHTETPAIBHOE
OTKJIOHEHME GYJET OCTAaBaThCs PaBHBIM HYJIIO;

2) ecnu B#0, T0 Q =(alu{3 +...+aru? +b)“B. JT1a ¢pynkuusa Oyner
HOPMaJIbHOM TONBKO, ecnu b = 0, a Bce a, — nonoxureabHbl. Ho Torga oHa
umMmeeT Bup (2.1). W

IToTpe6oBaB JONOMHATEILHO, YTOOB! PyHKIMS O ObliIa CHMMETPHYHOM,

M3 NOKAa3aHHOI'O YTBEPXKNEHUA JIEFKO INOJYYHTHb, YTO (C TOYHOCTBIKO 1O
NOCTOSTHHOI'O MHO)KPIT&JDI)

0=l +...+ub)B. (2.4)

Ilpu B = 1 nauu 2 nony4YeHHbIR KPUTEPHI NPUBOAHUT K METOAM HAUMEHb-
KX MOAyJeldl MJIN HaUMEHBIINX KBajJpaToB. B nmepBoM ciy4yae 4yBCTB-
HTEJbHOCTh MHTErPAJbHOTO OTKJIOHEHHMS MO OTHOIUIEHHIO K M3MEHEHHUIO
KaX[Ooro U3 u, — MOCTOSTHHas BEJIMYHMHA, BO BTOPOM — IPONOpUHOHAaIbHA
AOJie U; B HHTErPaJIbHOM OTKJIOHeHnH. IIpH 3TOM B 060MX Cly4asx MOTYT
HCIOJIb30BATbCA HE TOJNIBKO aGCONIOTHbIE, HO OTHOCHTENbHBIE OTKJIOHEHUS
(3To npepnaranocs B [6, 33]) WM OTKIIOHEHHUS OT M30KBAHTHI.

Mpepenpubivu 1st GyHRumit (2.1) npu B — oo, ABASAIOTCS DYHKUMH BHLA
QO = max{bjuy,..., brur}, ¥3 KOTOPBIX CHMMETPHYHOH GYJET TONBLKO OfHAa (C
TOYHOCTBIO 10 NMOCTOSIHHOrO MHOXHUTEeNd): Q = max{uy,..., ur}. 31 PyHK-
IIMM He sABASIOTCS HOPMAJIbHBIMU: €CIIH, HAI[PUMED, OTKJIOHEHHUE Uy MAaJIO MO
CPaBHEHHMIO C OTKJIOHEHMAMH ODYrMX HaONIONEHUH, €ro yBEIMYECHHUE HE
CKa3bIBAETCHA Ha BEJIMYMHE HHTErPANbHOrO OTKIOHEHUs 0. TeM He MeHee B
psAje cily4aeB TaKde arperupyromue (yHKUMM TaKXKe HMCIOJIb3yHTCHd B
39KOHOMETPHYECKHX pacyeTax (MOCIENHAS OTBEYAET MHUHUMAKCHOMY METOAY
OUEHKH 3aBUCUMOCTEN).
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Hcnons30BaHUE MOKA3aTeNs MHTEPAIBLHOTO OTKIIOHEHHS KaK KPUTEPHS
ONTHMANILHOM OLIEHKH 3aBHCHMOCTEH LITHPOKO PaCIpOCTPAHEHO M YacTO laeT
[PAKTHYECKH NOJIE3HBIE PE3YIbTAThI, OfHAKO TAKOH METOJ| HEJIb3s CUNTATh
YHHBEPCAJILHBIM 10 CIIEAYIOLMM NPHIMHAM.

1. Cnoco6 m3MepeHHus JTOKaJIbHbIX OTKJIOHEHHH M BHJ arperdpyromen
¢ynkunn Q, KaK NPaBUIIO, 3aIal0TCS 9K302€HHO, 2 HE BBIBOAATCS JIOTHYECKH
13 uMeroeiics MHpopMmauun. B pesyiabTate O He MOXET TPAKTOBATLCA KaK
OlIEHKA COBOKYIHBIX IOTEPb OT HETOYHOI'O BOCCTAHOBJIEHUS (DYHKLMH, ITO
npennoxeno B [1. C. 168] (Tak, 63 cneunanbHOro 3KOHOMHYECKOrO pacyeTa
TPYAHO NPEACTAaBUTD, YTOObI B peaNbHOM CUTyalu! NOJOOGHbIE NOTEPH ObIIN
NpONOPILHMOHATbHEI CyMME KBaJipaTOB JIOKANbHBIX OTKJIOHEHHI! I XOTh KaK-
TO CKOPPENHPOBaHbI C HEH).

2. Munrumu3zauus  He MO3BONSET ydecTb MH(OPMALHIO O CTENEHH
BIMAHMA "npouux ¢akTopoB". Tak, TPyOHO CYUTATb JOCTATOYHO TOYHOM
pacCYMTaHHYIO 3TUM METOJOM 3aBHCHMOCTb YPOXKaNHOCTH OT KOJHMYECTBA
BHOCHMBIX yAOOpEHHH, €CTH U3BECTHO, YTO OHA BO MHOTOM ONpeAenseTcs
MOTOAHBIMH YCIOBUSAMH. AHAJIOTHYHO HEJIB3S CUNTATh JOCTATOYHO TOYHOIA
3aBHCHMOCTb, 00€CNEYNBAIOIYIO CPEAHEKBAipaTHYHOE OTKJIOHEHHE 2, €CIH
MBI 3HaeM, YTO ciy4yaiHas omnOKa HaOJIONEHHS MMEET JUCHEPCHIO He
meHee 100.

3. IIpu nocTpoenny arperupyroueil GyHKUUHM €€ apryMeHTsI (4,) npef-
noJyiaraloTcs He3aBUCHMbIMH. IT03TOMY KpHTE pHil HHTEIPATBHOTO OTKJIOHEHUS
HE YYHUTBIBAET NMEIOIIYIOCI HH(MOPMALHKIO O 3aBUCHMOCTH MEX]Y OITHGKaMHU
HaOMIONEHUH pa3HbIX OO'BEKTOB (MJIM OJHOTO M TOro Xe OOBEKTA B Pa3Hble
MOMEHTBI BDEMEHH), HalIPUMED, O TOM, UTO Uy = Uy WIH Uy = Uy + U3,

IIpu oueHKe napaMeTpH4eCcKUX 3aBUCHMOCTEH METOOM MHHUMH3ALUA
HHTErpalbHOrO OTKJIOHEHHs OOBIYHO HE y[aeTCs NMPaBUILHO YYECTh YacTO
BCTpEyYaloUecs B 3KOHOMHKE OTPAaHHYEHHS! Ha BHJL OLEHNBAEMOH 3aBH-
cuMocTH (HanpuMep, o6ecneduTh MOHOTOHHOCTE ®(X) no nepemerHoi X;
ee BBINYKJIOCTb MO mepeMeHHbIM X, ¥ X3). IIbITasice mpeoponeTh 3Ty
TPYAHOCTD, Ha NPAaKTHKE HEPEJKO BapbHPYIOT COCTABOM OOBSCHAIOIIHUX Me-
PEMEHHBIX U KOJINYECTBOM BBOJMMBIX NapaMETPOB, 3aMEHSs COlep>KaTelb-
HbIil aHAJIM3 MAaTEMAaTHYECKUMH CNEKyNsauusaMu. B 3Tol cBsi3u npukiaguas
CTaTUCTHKA M3y4aeT MpobieMy obecnedyeHus "KOMIPOMHUCCa MEXAY CTe-
NeHblo OGUIHOCTH NMPHBJIEKAEMOro Kiacca JONYCTHMBIX pELUeHHHA U TOY-
HOCTBIO OLEHUBAHNS, KOTOPO# BO3MOXHO NPH 3TOM JOOUTHCS", M CTaBHUT BO-
[IpOChI THMNA "HY>XXHO JIU J7151 JOCTHKEHUS MaKCHMAaJIbHOM TOYHOCTH B 3ajiadye
BOCCTAaHOBJICHHs 3HAYEHHUH PE3yJIbTHPYIOUIEro NMOKa3aTeNls N0 3HaUYCHUIM
IpEegUKTOPOB BKJIIOYaTh B MOJIENb 6C€ NIPEAMKTOPHBIE NEPEMEHHBIE, & ECITH
He Bce, TO ckoabko U kakue umenno?" [1. C. 190-191]. Bonpock! Takoro po-
lla onpaBfiaHbl, [0 HalleMy MHEHHIO, TOJBKO B Cly4asX, KOrfa pedb HAET
06 yCTaHOBJICHHM KAaKMX-THOO 3aBHCHMOCTEH JIMIIAMH, HE SABIAIOIUMHCS
CrneunaTucTaMi B COOTBETCTBYIONIEH 00/1acTH, KOTOPbIE MOTYT 1O CBOEMY
NpOX3BOJY MEHATh COCTaB YYMThIBaeMbIX ¢akTopoB. B kBammduuupo-
BaHHBIX X€ MCCIENOBAHUAX KaK COCTaB OOBACHAIOINX NOKa3aTeNeH, TaK
BHJ 3aBHCHMOCTHM YCTaHAaBJIMBAIOTCS MCXOAS M3 CYLIECTBA MCCIEAyEMOH
npo6neMbl.
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Takum 06pa3oM, METOJ, MUHMMHU3ALMH UHTETPATbHBIX OTKJIOHEHHH OT-
HIO/Ib HE YHHBEDCAJIEH, @ TOYHOCTh OLIEHEHHOH 3THM CIIOCOGOM 3aBUCHMOCTH
He Bcerfa XapaKTepU3yeTCs BEINYMHON OTKIIOHEHHUH.

2.4. MpuHUMN MakcUManbHOMW rnNagKocTu
B 3ajja4ye uHTepnonsiyuu

Kak orMmewanoch B n. 2.1.2, peuwienue 3aga4e MHTEpPHOAAUMY (B Haluei
TEPMHUHOJIOTHH — OLUEHKH) MOXHO NOJYYUTb, UCNOJIb3ys NPHUHIKAN MUHH-
MaJIbHOI'O paccTosiHusA. [y 3TOro, ofiHako, He06XOAMMbI 3K30T€HHO 3aJIaH-
Hass METpPHMKa B NPOCTPaHCTBE (PYHKUHMH M KOMIAKTHOCTb MHOXECTBA
AONMYyCTHMBIX (PYHKUMIA B 3TON MeTpuke. K TOMy e mocTpoeHue onTu-
MaJIbHbIX MHTEPHOJIALHOHHBIX (HOPMYJ OOGBIYHO NMPEACTABISIET TPYAHYIO
MaTeMaTH4YeCKylo NnpobieMy. B aToii cBA3M npeacTaBiseT HHTEpeC pac-
cMOTpeThb 6oJiee MPOCTOH NMOAXOA K PELISHUIO 3ajayuH, MMEIHi u 6osee
LIHPOKYIO cepy NPHMEHEHH.

PaccmoTpuM 3afauy unrepnonsiuuy GyHKIMHA OJHOTO NiepeMeHHOro f(X)
O €€ 3HAaYCHHUSIM B HEKOTOpbIX Toukax. IIpm aToM m3sectHO, uTO f(X)
HEeNpepbIBHA, OHAKO NpEAebl €€ U3MEHEHUsI He N3BeCTHbI. OYEBHAHO, YTO
pELIEHNEM TAaKOM 3afiau MOryT ObIThb Nt0ObIE riafikue (YHKIHUH, TpaduK
KOTOPBIX NPOXOAUT 4epe3 3ajaHHble TOYKH. Cpelm HUX, €CTeCTBEHHO,
MOryT GbITh U CKOJb YTOJHO CHIIBHO KodeOmtoummecs. Tak, ecnu Habmope-
HYS IIPOM3BOJMIMCH NpH UeNbix X, To BMecTe ¢ f(X) noanocmbio cornaco-
BaHHON c ucxopHOW MHOpMauuen Oyaet u mobas ¢pyHkuus Buga f(X) +
Asin(2nnX). OaHako Ha NpaKTHKE NONO6HBIE PYHKIMHU OTBEPraloT, CUNTAs
HX "HEeCTECTBEHHBIMU", I3MEHSAIOIMMUCS "HEJOCTATOYHO IUTaBHO". DTO IO-
3BOJISIET BBIABHHYTh TMIIOTE3Y O TOM, 4TO CYLIECTBYET HEKOTOPBIil H3Me-
putenb "raagkocTu” (mIaBHOCTH'"), IO KOTOPOMY HCCIIEOBATENb OTINYAET
"xopouue" ("raagkue’) GyHKUMH OT "MIIOXHX" ¥ OTOMpAET JNyyIlyO U3 HUX.

YTO MOKET CIyKUTb U3MEPHUTENEM riIafkocTH? O4YeBUAHO, KaKOU-TO
HHTETPAJIbHBIA [OKA3aTENbh BEJINYMH NPOU3BOAHBIX MCKOMON (DYHKUMH.
Oxa3bIBaeTCs, YTO €CNIHM B KaYeCTBE H3MEPHUTENS I'TTafIKOCTH HUCIOIb3YETCs
dyskunonan Q = [l £/(X) 1 dX, To Hambonee "rmagKoi" (MHHEMH3HPYIO-
wei 3ToT ¢yHKIUOHAN) DYHKUMEH OKaXXeTCs KYyCOYHO-JIMHEeHHas, MoJy-
qalomasacs NpU COeJUHEHNH OTpPe3KaMH cocegHHX Touyek (“o6bIyHas"
nMHeliHas MHTeprnoaauus). OfHAKO TaKOe pelIeHHe YacTO HE yJOBJeT-
BOpsieT uccinepoBareneil. [I09TOMy KOHCTpYKTOpa peliaroT nogobHyo 3aja-
4y, COEJUHAS COOTBETCTBYIOLIUE TOUYKHA OOBIYHO TOHKOH JTMHEHKOMH, NONIH-
pas ee ynopamu ("Kpuuamu') B 3THX TOYKaX C TOU HIIM APYroi cropoust'!. B
pe3ynbTaTe nonydaercs crniaiH [34, 35, 36], MUHUMU3UDPYIOHHA (PYHK-
nuoHan Q, =j|f"(X) 12 dx 12, OO6paTuM BHUMAaHHE, YTO MHTErPANbI 31ECh
MoryT GpaTbca no Bee# uucnoBoi ocu. [Ipu aToM BHE OTpe3ka, Ha KOTOPOM

"' B CIUA nons3osanuce ru6kumu peiikamu (spline), K KOTOpPbIM MOABELIHBAIOTCS CBHH-
LOBbIE IPy3Mna.

12 0n NMOCTPOEH MyTeM "CKNEeHBAHMS" MHOTOUNEHOB TPEThEero MOpsAKa, NPOXOMSIHX
yepe3 HaHHble TOYKHM rpaduka.
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COCpENOTOYEHbI HabmofaeMble 3HaueHus X, "onTUManbHas" yHKIUS OKa-
KeTcd ansg 0 — KOHCTaHTOMH, Ang O, — nuHeiHoi. TeM caMbiM oGecre-
YUBAETCS HE TOJNBKO HHTEPINOJALMUA, HO U IKCTPANOIALUA HaGIr0ogaeMbIX
3Ha4eHUH GyHKUUM (B MHOTOMEDHOM CIIy4ae 3TO OJHO M TO 3Ke: NpO TpH
NPOM3BOJIbHBIE TOYKH NMPOCTPAHCTBA YK€ HENb3s CKa3aTh, YTO OffHA U3 HUX
JIEXKUT MEXAY ABYMS ADYTHMH).

MeToj cnnaifHOB IPAMEHHMM M B Clly4dae, KOrja 3HadeHus ¢pyHKuuu Y,
Ha6nOfaoTCs HETOYHO. Tak, eCliM U3BECTHO, YTO OMMGKYM HaGIIONEHI He
NPEBOCXOAAT d, TO 3a{aya CBOXUTCA K MHUHHMH3alUN (yHKunHOHana 0, npu
orpannuenusx | Y, — (X))l < d, V.

P yHKIHMOHANBI MTaAKOCTH MPUMEHHUMBI U JUIS OUEHKH (DYHKIMI MHOTHX
nepemeHHbix. Tak, B AByMEDHOM clydae XOpOLINEe pPe3yNbTaThl JaeT

+o0 oo
npumenenue dynkuponana Q3= | | 1Af 1> dxdy, te A — 3uak oneparopa

o0 oo
JTannaca. Kak 1 B OMHOMEPHOM Cily4ae, pEIIEHHE 3a/{add 31eCh CBEAETCH K
PELICHHUIO CHCTEMBI JIMHEHHBIX YPaBHEHMIA, HO "ONTHMaNbHas" PYHKLUS yKe
He OyfeT KyCOYHO-NOJMHOMHABHOM.

Bonee npoctble pe3ynbTaThl MOXKHO NOJYYHTh B CHTyalUHH, KOrja
M3BECTHBI KaKHe-M00 NOMOITHUTENbHbIE CBOMCTBA OLEHUBAEMOH (DYHKIIUH.
ITpuBenem aBa npumepa.

Hpumep 2.1. IlycTb oueHnBaeTcs cenapabeavhasa pynkuud ¥ = fi(X;) +
+... + f,(X,) no nabmopaembiM 3nauenuaM (Y, Xy,..., X,,;). 3necs yno6Ho

o o
MCIONB30BaTh GyHKUMOHan Q=Y | | £//(X;)1* dX; , m onTUManbHBIE
i=l e
¢yHKIMN, MUHUMH3MPYIOIIME 3TOT (PYHKLUMOHAJ, OKa3bIBAIOTCI OAHOMED-
HbIMM crnaiinamu. IlpaBna, peuleHue 3hech He €eAMHCTBEHHO (K MOGOM U3
¢yHKUMHA f; MOXHO NO6GaBUTH NMPOU3BOJILHYIO KOHCTAHTY, a U3 M060M Apy-
rOif — BBIYECTh 3Ty KOHCTAHTY), HO Ha 3HaYEHHUE Y 3TO HE BIUAET, a s
NOJy4YeHUss OJHO3HAYHOrO PEIICHNUA ROCTATOYHO HAJNOXKHUTh, HANPUMED,

orpannyenue fH,(0) =f3(0)=... =£,(0)=0. =

ITpumep 2.2. IlycTb TpeGyETCS OLUEHUTb OOHOPOOHYIO (DYHKUHUIO H3-
BECTHOM CTENEeHH O OT AByX nepeMeHHnix Z = F(X, Y) no ee 3HauyeHHUsIM B
Toukax (X, Y,). Takas ¢yHKUUs onpenenseTcs CBOMMH 3HAaYEHUSIMH Ha
eMHUYHON OKpyxkHOcTH. IlepeiineM NoaToMy K NOJIAPHBIM KOOPAMHATaM U
o603unauuM: X, = RcosQ; Y, = R;sinQ,; Z, = R‘,‘U,; U, = f(¢,). Teneps 3agaua
CBOJHUTCA K OTBICKAHMIO NEPHOAMYECKOH (YHKUMU f no ee 3Hade-

HHSIM B TOYKax ¢, NI UEro MOXHO HCNOJb30BaTh (PYHKLHOHAI
2n
Q=] 1f"(o) 2 d¢. OnTUManbHBIM pelIeHHEM NpPU 3TOM OYyIET nepuo-
0
AWYeCcKUH crtaiiH. |
DyHKIMOHAN TNIafIKOCTH, OJHAKO, NOMKEH YYUTBIBATh M HHYIO HCXOf-
Hyio uHopMaurio o6 oneHuBaeMol ¢yukuuu. Tak, NpU MHTEPNOIALHUU
MOHOTOHHOM (PYHKIMM C NOMOWBIO (hYHKIHMOHANA () NONYYESHHBIN CINaiH
MOXKET OKa3aTbCA HE MOHOTOHHBIM. 3ieCb HEOOXOOUMO NPUMEHAThL MHBIE
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(YHKUMOHAJIbI, HAIIPHUMED,

0, = [{f"X)! f/(X)VdX, @2.5)

YTO, OfIHAKO, NPUBONUT K PEILIECHUIO CHCTEMBI HEIMHEHHBIX YDaBHEHHUH.

Kas3anoch 6bl, HCNIOIb30BaHUE (PYHKLUMOHAJIOB ITIaJKOCTH AOJIKHO IMPUBO-
AUTH K 60Jiee CyO'BEKTHBHBIM PELIEHHAM [0 CPAaBHEHHIO C NPUMEHEHUEM
¢yukuuit notepe. Ha fgene sToro He mpoucxopur, u6o caMu QyHKIMU
noTeph OOBIYHO 3afalOTCA BECbMa NPHOJIN3UTENBHO U C BBICOKOM JOneH
cy6'bEKTHBH3MA, B TO BpeMA KaK NPEACTABICHHUS O "CTENEHM IIagKOCTH"
3aBHCHMOCTEH Y Pa3HbIX CIIELMANIUCTOB 6/HM3KH (B 9KCIIEPUMEHTAX YCTaHOB-
JIEHO, HaNpHUMEP, YTO pa3Hble MATEMATHKH, rpapu4ECKH pelas OgHY U Ty
Xe 3ajja4y MHTEPNOIALMH, NOJYyYaloT JOBOIBHO 6M3KHe pe3yiabTaThl). K
TOMY Xe (PYHKUMOHAJ IIafKOCTH BO MHOTHX CIy4dasgX TaKXe€ AONYCKaeT
TPaKTOBKY Kak cBocoOpa3Hasg (yHKUMS NOTEPb, TaK Kak BbIGOp
"HernagKoi" 3aBUCUMOCTH MOXKET YCIIOXXHUTb POU3BOICTBEHHBDII NPOLIECC U
4acTO CO3[aeT TPYAHOCTH BO B3aHMOOTHOLIEHHAX C 3aKa34YMKOM HIH
onnoxentamu!'3, [ToaToMy MCNONb30BaHKE (PYHKUHUOHANIOB [NIAAKOCTH IS
OLEHKH HENapaMETPUYECKHUX 3aBUCHMOCTEH B 9KOHOMHMKE MOXET OKa3aThCs
BECbMa NOJIE3HbIM, H laJiee ITOT NOAXOA OYAET pa3BUT.

2.5. MpuHyun makcumanbHOro npasgonogoétus

KaxkoB 6bI HH 6bIT CIIOCOO OLEHKH HEM3BECTHOM 3aBHCUMOCTH, HCClle-
NOBATENI0 MPUXOAUTCS YYUTHIBATh 00lee TpeOOBaHME COTIACOBAaHHOCTH
MOJy4aeMOoi 3aBUCHMOCTH C uMeroweiics nugopmauueii. Ho kak nonnMars
TAKYO COTJIACOBAHHOCTD NPHU HANMYUM CIydalHbIX omIM60K? O61mas TeopHus
cratuctukya [17, 37] Ha 3TOT BONIpPOC OTBETa HE JacT, CChbLIASICh Ha
"oOmenpuHATBIR" METON HaMMEHBIUMX KBaJApaTOB, KOTOPbIH, KaK HaM
KaXeTcs, KaX/blil pa3 HY>XIAaeTCs B COlepKaTeJIbHOM O60CHOBaHUM HCXOMAs
U3 YCJIOBHi MOCTaBleHHOM 3afgaun. OQMH U3 MyTei TaKoro 060CHOBaHMS
HIUTIOCTPUPYETCH CIEAYIOLHMM NIPIMEPOM.

Ipumep 2.3. IlycTb OLleHUBaETCA JUHENHHAs 3aBUCUMOCTbh MEXAY nepe-
MeHHbIME X H Y, npudeM X HaGmOfaeTcs TOYHO, a ¥ — CO CTOXaCTHYECKOH
OomK6KOI, UMEIOIIEe! HOPMaJIbHOE paclpeiesICHHE C HEOOIbILIOH JUCIIEPCHEH.
IMycte mMerorcs Tpd HaGmrogeHus napel 3HaueHnid X u Y: (0; -0,01),
(1; 1,02) u (2; 1,99). Hago nonarath, 4TO JH060# METON CTaTUCTUYECKOU
06pa6GoOTKN MOKaXeT HalM4de 3aBHCUMOCTH, 6nu3koit K Y = X. OpHako
Ha6MIOfeHUIM "He IPOTUBOPEUNT" U 3aBHCUMOCTD Y =4 — X, IOCKOJIbKY Te-
OpHsA BEPOSATHOCTEH He Uckato4aem BO3ZHUKHOBEHHUS COOTBETCTBYIOLUMX Ta-
KOMY BbIBOJY OLIHOOK npu n3Mepenun Y. OQHako TaKylo 3aBUCUMOCTD CTa-
THUCTHKHM OTOpAchbIBAalOT: OHa Moria Obl HMETb MECTO TOJIBKO NpPH OYEHb
GOoNBIIMX U MAJIOBEPOSATHBIX OLINOKaX HaGJIONEHHs, K IOTOMY IOpasfio Xy-
3Ke COTJIacyeTcs C JaHHbIMM HaGIrOeHNi, 4eM "pacCYUTaHHas" 3aBUCUMOCTh

13g NOCNERHEM Cllydyae UCCNef0BaTeNb JOIKEH OPHEHTHPOBATELCSA HE CTOJIBKO Ha "cBOM"
¢yHKUMOHAN rMaaKOCTH, CKOJNILKO Ha (PyHKLMOHA, KOTOPBIM NMONB3YIOTCA €r0 NpeanonaraeMbie
ONNOHEHTHI. :
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Y = X. ®opManusyeTca 3TO creayromuM o6pa3oM. BeposTHocTH coGbiTHiA,
KOTOpble (PaKTHYECKH NMPOM3OLUIM (XOTsA NPH HAHHBIX YCIOBHSIX MOTIH
OCYWIECTBUTBLCS M APYTrH€ COOBITHS), B TEODHMHM BEPOATHOCTEH XapakTe-
PH3YIOTCS TEPMHUHOM "npaBfionofo6ue”. B 3THx TepMHHaX 3aBHCHMOCTD Y =
4 — X onMChIBaE€TCS KAaK B NMPUHIMIE BO3MOXKHAS, HO 3HAYUMEABHO MeHee
npasdonooobnana MO CpPaBHEHHIO C 3aBUCHMOCTBIO Y = X. Tem caMbim
nofpa3yMeBaeTcss BO3MOXKHOCTb, MYCTb 3KCHEPTHO, OTHAEIHTE "HOCTaTOYHO
npaBAoONOfO6HbIE" 3aBUCMMOCTH OT "MPAaKTHYECKH HENMPaBAONONOOHBIX" M
TEM CaMbIM DYKOBOJACTBOBAaTb HEKOTOPBIM OrPaHMYEHHMEM Ha BEJIMYHHY
"AONyCTUMOTO NpaBAONOfoGHA" (3THM LENSIM CIyXaT M KPHUTEpPUH
MaTEMaTHYECKON CTAaTHUCTHKHM, BbIesdmomue 06gacTb B NPOCTPaHCTBE
OLEHHBAEMbIX NapaMETPOB, INE€ 3HaueHME (PYHKUMHM NpaBaomnogobus
HOCTAaTOYHO BeaMKO). TakuMm 06pa3oM, 31uech TpeGOBaHUE COrIaCOBAHHOCTH C
nMeroueics nHgopMaurei TpancopMUpyeTCs B TpeOGoBaHuE "[OCTATOYHO-
ro npasfgonogo6us’ MICKOMOM 3aBUCMMOCTH. B

PaccMoTpeHne COOTBETCTBYIOIIUX METONOB HAYHEM C CHTYaIMH, KOrga
cly4aiHblil BEKTOp X MMEET JUCKPETHOE paclpefeieHHe M BepOATHOCTh
cobbiTuss X =Y — m3BecrHas ¢yHkuus P(Y,©) or Y u HeU3BECTHOro
napaMerpa O. IIpousseneno HaGmofeHue, nokasaemee, 4o X = H. Tpe-
GyeTcst OLlEHUTDb 3HaYeHUE O.

Benuuuna P(H, ©) 3aech nokasbiBaeT, C KaKOH BEpPOSTHOCTHIO
NOBTOpEHME HabnmiofeHn# GyAEeT NPUBOANTL K TOMY XE pe3yJNbTaTy Npd
nanHoM O. Ecnu oHa Mana, To HabGmofeHHOe 3HaueHne H MaloBeposiTHO U
TUIOXO COTJIAaCyeTCs C M3BECTHBIM pacnpefeneHueM. B [38] npeanoxeno, no
CyLEeCTBY, OGPaTUTb 3TO YTBEPKAECHUE M CUHUTATh, YTO 3HAYEeHUe napa-
sempa © npu Manom P(H, ©®) nioxo coriacyeTcs ¢ pe3ylbTaTOM
HaGmrofeHus, a npu 6osabiioM P(H, ©) — xopoio ¢ HUM cornacyercs. s
OMMCaHUs TAKOW COrJIaCOBAaHHOCTH MPEANIOKEH TEPMUH ''nmpaBaonogooue”,
Tak 4To P(H, ©), paccmaTpuBaeMas npu ¢pukcuposaHHoM H xak yHKuus
oT O, uMeHyeTcs (pyHKuMel npaBRonoao6us. COOTBETCTBEHHO ONTHMAJlb-
HOJM OLIEHKOW mnpejiiaraeTcsi CYUTAThb Takoi O, npu koropom P(H, O)
MAKCUMAALHO: B 3TOM CyTh NPHHIMNA MAKCUMAIBHOTO npaBxonoxo6us (MI1-
MpPHHLKIA) 1 OCHOBAHHOI'O Ha HEM METO/a MaKCHMAaJIbHOT'O NMpaBonogo6us
(MIT-MeTopa), LIMPOKO NMPUMEHAEMOMY B MaTEMAaTH4E€CKON CTaTHCTHKE CO
BpeMeH mnosBienus paborer [38]. Yame, ogHako, MII-npuHuun
HCMONb3YyeTCs 11 HENUCKPETHBIX pacnpefeneHuif. 31ech BEpOATHOCTH
co6biTuit THna X = H 0OOGbIYHO HyneBble, OQHAKO MOXHO T'OBOPHTb O
BEPOSITHOCTAX NMOMNafaHus ciaydadHOro BekTopa X B MaJlyl0 OKPECTHOCTb
TO# HHOI TOUKM H, KOTOPBI OGBIYHO ONUCHIBAIOTCS C IOMOIUBIO INIOTHOCTH
pacnpepenenus p(H, ©). IloaToMy 3nech pyHKIHEH NpaBRONOROOUS MMEHY-
10T yxe maorHocTs p(H, ©), paccMaTpuBaeMylo npy ¢puKcHpoBaHHOM H Kak
¢yHkumio ot ©. CooTBeTcTBeHHO Mogudunupyercs u MII-merop [2]. Hanee
MBI YBHJMM, YTO NOXOGHBIN NEPEXOJ OT BEPOSATHOCTEH K INIOTHOCTAM HHOTAA
MOXET CO3AaTh cepbe3Hble TpyaHocTH. Mcnonb3oBanue MII-MeTona nos-
BOJIET YYECTb U "HEPABHOLECHHOCTb" HAGMIONEHHA (Pa3sHyIO AMCHEPCHIO
ournGoK pa3HbIX HAOTIONEHUH, FETEPOCKEAACTUYHOCTb).
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IlIpumep 2.4. OuennBaeTcs yuenbHbIN pacxof pecypca (a) npu npous-
BOJCTBE HEKOTOPO# NpOAYKUMH. [N 3TOro MCnonn3yrorcs (akTHYeCKue
nanubie (X, Y;) 06 o6'beMax BbINycKa MPOAYKUUM ¥ MOTPe6IeHUst pecypcea 1o
rofaM (MM MecsLaM) oT4yeTHOro nepuopa. Kasamock GObl, I ONUCaHMsA
COOTBETCTBYIOUIEH DPErpEeCCHOHHONM 3aBUCHMOCTH MOXXHO ObLIO Obl
Hcnonb3oBaTh Mopenb Y, = aX, + &, rae §, — He3aBHCHMblE HOpMallb-
HO pacnpefeeHHble OWMOKM C HYJNEBBIM CPEJHMM M OJMHAKOBOM MHC-
nepcueit S. 3nech MIOTHOCTb COBMECTHOI'O pacmpefieieHus Y, uMmeeTr

1 2
BH exp{- (¥, —aX,)" /2S}. MakcuMMyM 3TOro BbIPa*KEHHs 110 S
n I;[ -\/_Z?S p{-( ' ) } y P

U a JOCTHraeTcs Npu a=y, X,Y,/Z X2 S=%Z (Y, -aX,)* u pasen
1 t t
[2meS]-72. B TO ke Bpems Gosiee ONpaBaHHbIM GYIET HHOE MPEMNONOXKeE-
Hue. Pacxop pecypca onpefesnseTcss 06bIYHO CyYMMHPOBAHHEM AaHHBIX O pac-
XOJie OTAENbHBIX €r0 NOPLUMIA, IPUYEM UIMEPEHUA 00'beMa KaXKJON NOpUHA
NPOU3BOASATCA C HE3aBUCHMBIMHU OLINGKaMU. EcTecTBEHHO CYNTATh, YTO KO-
JIMYECTBO TAaKUX NOPUMI NPONOPLHOHANLHO 006 beMy npoussopcta. ITo-
CKOJIbKY NPH CYMMHPOBAHHM HE3aBHCHMbIX OIIMGOK MX HMCIEPCUU CyM-
MHUDYIOTCS, M3 3TOro CIeAyeT, 4TO Aucnepcus &, NpoOmOpUUOHANbHA
X,. O603naunB K03¢PHUUMEHT NMPONOPUHOHATBHOCTH 4Yepe3 R, moayumm

(Y, -aX,)’

E
2RX, ¢

t

1
HOBYVIO HKIHIO IIpaBaonopoous ——X
y1o OyHKI P )t H m

-1/2
‘AKCHMaJIbHOEe 3HaueHune | (2meR T X JNOCTHUTracTCs IpH
t
t

1« (¥, -aX,)?
a=y Y/z X;; R= ==Y ~t—t
t ! t ! Tt X;

B ornuumne OT npeAbiaylnei, JaHHas OLIEHKAa a UMeeT Goyiee NMpPOCTOM
9KOHOMHUYECKHH CMbICT ¥ OOBIYHO NpPHUMEHSAETCS Ha INpak-
Tuke. B

Kaxk BUHO M3 npuMepa, NPU OLEHKE 3aBUCHMOCTH HY>XXHa HE TOJILKO
TEOpEeTHYECKass MOJENb 3TOH 3aBHCHMOCTH, HO M TE€OpHs, ONHUChIBAOWIas
XapakTep OLIMO0K HaONnIOfAEHUH.

Ilpumep 2.5. OuenuBaeTcs mapaMeTp a 3aBucuMoctu Y = (X, a),
CBA3BIBAOLICH HCTHHHBIE 3HAYEHHUs NOoKa3aTeneit HekoTopoi I'C 06 bekToB,
nNpHUYeM HCTHHHbIE 3Ha4eHHMs X, M3MEPSIOTCS TOYHO, & BMECTO MCTHHHBIX
3HaueHu# Y, HaGmoparorcs 3Havenus CB V,, umeromye HOpMaibHbIE
pacnpefenenus co cpegHuMHu Y, u gucnepcueii S (HEBaXHO, H3BECTHOH WK
HeT). PyHKuUA npaBRonogo6us (IIOTHOCTb BEPOATHOCTEM BCEX Habuio-

1 2
ACHHBIX 3HAYEeHU#) 31eChb paBHA [] expi-[V, - ®(X,,a)]" /2S}, a
) sneer pasma T1 s oxpl-1V, ~ 00X, }
Haubosee MpaBHONOAOGHBINA, MaKCHMHU3MPYIOIIUA 3Ty (PYHKUMIO BEK-
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TOp TMapaMeTpOB a@ MOXET ObITb HalAeH MO KpPUTEPHIO

>, —<i[>(X,,a)]2 = min (METOJ HaMMEHbIIWX KBajpaToB). MIMeHHO B
t

TakoW MoOAMMHUKAUUM RAHHBIA METOJ] 4Yalle BCEro NpUMEHSETCI B
3KOHOMMYECKMX McCiIefoBaHuax. Ecnu Xe B pacCMOTPEHHOH CHTyaluu
orn6KH B Y pacnpefciieHbl pa6HOMEPHO HA HEKOTODOM HEU3BECTHOM
CMMMETPHYHOM HHTepBaje [-§, S], To dyHKuus npaBronogo6ust NpMHUMAET

sun [T x5V, - P(X,,a)]/(2S), rne ys(-) — XxapakTepucTHyecKas QyHKLHS
!

yKa3aHHOTO mMHTepBana. B atom cimydae MII-ouenku napaMeTpoB S n a
[alOTCA pEIEHHEM ONTHMHU3ALMOHHOM 3alay C MUHUMAaKCHBIM KPUTEpHEM

S=max|V, -®(X,,a)| = min. B (2.6)
t

Ha npakTuke pacnpefeneHne Cay4yaiHbIX OIIM60K HaGMOAEHH OOBIYHO
CYMTAETCd HOPMAJbHBIM. JTO, OJHAKO, MOXET MHOI[a NMPOTHBOPEYHUTH
39KOHOMHYECKOMY COJEP>KaHMIO NepeMEHHbIX. B 3TO¥ CBS3M nmpeacTaBiseT
HHTEpPEC pacCMOTPETh CHTYaliMiO, KOTa pachnpefielieHne omnboK KadyecT-
BEHHO OTJIMYAETCs OT HOPMAJIbHOTO.

ITpumep 2.6. MaKpO3IKOHOMHUYECKas IPOU3BOACTBEHHAS (DYHKLMS NMEET
Bup: D =aK®L'"%e", rae D — Banosoii BHYTpeHHuit npofaykt (BBII), K -
OCHOBHO¥M KanuTaj, L — 3aTpaTel TpyAa (0TpaGOTaHHBIE YETOBEKO-4acChI).
Heo6x0oauMO OLEHHUThL NMapaMeTpbl a, Ol U Y 3TOH 3aBUCHMOCTH (Y 4acTo
MHTEPNpPETHPYETCS KaK TEMI aBTOHOMHOTO TEXHMYECKOro nporpecca). C
y4eToM BIHMsAHHA npouux ¢akTopoB Ha BBII pesynbraThl HabGmrogeHHi
MOTYT GbITh ONMCAHb] PErPECCHOHHOM 3aBUCUMOCTBIO Y, = aX e"E,, rue ¥ =
= D/L — npou3BoguTenbHOCTh Tpyaa, X = K/L — OHAOBOOPYXEHHOCTH
Tpyna, a £, — ownbka. ByneM cuuTaTh, YTO NPOU3BOACTBEHHAS (DYHKIMs
BbIpaxkaeT He (PaKTHUECKHH, a MAKCUMANbHO 603MOXHbLI O00BEM
NpOM3BOACTBa HALMOHAJBLHOIO [OXOJa NPH [aHHBIX TPYAOBBIX M
KanMTalbHBIX pecypcax. MexXay TeM BIHSHHE Cly4aiHbIX (paKTOpOB
NPUBOAMT K HENOUCHONB30BAHMIO PECYpPCOB, T.€. K yMeHbuieHuio BBII
IPOTHMB PAaCCYHTAHHOTO MO MOJENH. DTO 3HAYMT, YTO OWHMOKH &, MeHble
€IMHHIIbI U OTPaXKalOT CTENEHb HCMNONb30BAHHUS "MOIIHOCTEH HAPOJHOI'O
xo3sitcra". IIpumeM noatoMy, 4to &, HE3aBUCHMBI M paclpeesienbl Ha

orpeske [0, 1], npuueM pyHKIMA UX pacnpefesICHUsI UMEET BHA PE) = é”’.
m

Torpa Y, 6ynyt umeTsb Ha [0, aX(,xeY’] ¢yHKUHMIO pacnpceaeHus !

aX’e"
m
m Y, .
W MIOTHOCTh —|————| . Ilpu oTOM KpHTEpHi MaKCHMaJIbHOIO
Y, {aX/ e
NpaBRoONOf06Hs NPUMET BUJ:
Y m
m
n'— ———a’-—:ﬂ— = max, (27)
r Y aXe
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OAHAKO BEIHYHHBI, CTOSLIME B KBaJPAaTHBIX CKOOKAX, MPH 3TOM [OJKHBI
6bITh MEHbIIIE equHULBI. OTCIO[a JIETKO HAXONUTCA ONTHMAJIbHOE 3HAYEHHE

a: a = max Y, X;%e”". Tenepn, norapucdmupys (2.7), noyyaem creayrouee
t
ycIoBHE ONTUMANBHOCTH I OL U ¥
0= Z{max[ln Y,—olnX, —y]-[InY, -aln X, —yt]} = min.
s t

Tenepp u3 (2.7) MOXHO HAaHTH U ONTHUMANBHOE 3HaYeHue m: m = T/Q.

B cnepyroweit Tabnune npuseneHs! nanuble no CIIA 3a nepuop 1946—
1960 rr., paccuutaHnHble no [4]:

Tome1 1946 1947 1948 1949 1950 1951 1952 1953
In(Y) 0,372 0,350 0,392 0,419 0,489 0,504 0,522 0,534
In(X)) 1,024 1,028 1,057 1,140 1,143 1,148 1,175 1,183

Tonp! 1954 1955 1956 1957 1958 1959 1960
In(Y,) 0,563 0,593 0,596 0,610 0,598 0,637 0,654
In(X;) 1,258 1,246 1,253 1,278 1,304 1,275 1,281

Pacuer no npuseaeHHoit Mmopenu pmaet: o = 0,568, v = 0,00829,
m=502. .

Ecnu nmeeTcs Heckoabko meopemuyeckux modeaeli ICKOMOU 3aBHCHUMOC-
TH, MII-MeTO NO3BOJSAET HE TONBKO ONTUMANBHO OLEHUTb UX NapaMeTphI,
HO U 6btbpamb ayqwyro u3 Hux (MpA ITOM BaXHO, YTOOb! (YHKIMH
IpaBRONOAOGHs B Pa3HBIX MOJEAX OTPaXkalH IUIOTHOCTH pacnpefeIeHus
OOHUX U meX Xce IEPEMEHHBIX).

Hpumep 2.7. IMeroTcs ABE MOJENH 3aBUCHUMOCTH Mexay Y u X:Y, =
=aX, + &, rae £, — He3aBUCHMbIE HOPMaJIbHO paclpefelieHHble OLIMOKH C
HyJIeBbIM CpeHUM (cM. npuMep 2.4). B Monenu 1 gucnepcus &, nocrosinHa, B
MoJeay 2 — NpoNnoOpLUMOHaNbHa X,, COOTBETCTBEHHO OYAyT pa3iu4yaThcd U
¢ yHKUMHK NpaBAONOAOOHS M ONTUMaJNbHbIe 3HaYeHud a. Ilpu aToM nyuirei
Mopenu OyneT OTBedaThb GObliee 3Ha4CHHE PYHKIUH NpaBronogoous (no
CyLIECTBY, 3TO 3KBHBAJEHTHO nonaydeHuto MII-OUeHKH JHCKpeTHOro
napaMmeTpa i — HOMEpa MOJEJIH; NI03TOMY ONIM3KNM 3HAYEHHIM NapaMeTpa
He 00s3aTebHO JOJIKHBI OTBe4aTh GiM3Kue 3aBUCUMOCTH). Mcnons-
3ys ¢opMynbl npuMmepa 2.4, NMONydYuM, YTO JuIf ITOrO HaAO CPaBHUTH

o -T/2 Ie -T/2 -1/2
[—}EZ(Y; _aXr)z] n I:TZ(Yt —aX,)2 ,Xt:I I:HXI] : H03TOMy
t t !

NpH cpaBHEHUH Mofienel 1 u 2 (c onTUManbHbIMU i1 HUX NTapaMETPaMu a)
6b1I0 6bI HEBEPHO CONOCTABIATH CYMMY KBaipaToB OOBIYHBIX" OTKJIOHE Huit
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> (Y, -aX, )2 B Mojienu 1 ¢ cyMMOIlt KBajpaTOB B3BELIEHHBIX OTKIOHEHHH
t

XY, —aX,)2 /X, BMonenn 2. W
1

MII-MeTOon MOXKET MCNOJIb30BaTbCS M NPHU HEOJHOPOJHOCTH HCCIE-
AyeMOil COBOKYITHOCTH.

IIpumep 2.8. MccnenyeTcs 3aBUCHMOCTb MEXJy NPON3BOACTBEHHOM
MouHocThIo (P) npennpustus u 3atpatamu (C) Ha ero co3pnanue. Teope-
THYECKMH aHanu3 [15] noka3eIBaeT, YTO 3Ta 3aBHCUMOCTb CTENEHHAas:
C =cP% rpe o — nopgnexamuil oueHke ¢GakTop KOHIUEHTPALMH, OTpa-
>KAIOUMH MPOUEHTHBINA NPUPOCT 3aTPAT NPH YBEJINYEHUH MOIHOCTH Ha 1%.
O6o3unauus InC =Y, InP =X, Inc| = b 1 yurs BnusHue "npouux” ¢akTOpOB,
NpEeNCTaBUM 3Ty 3aBUCHMOCTb KaK perpeccHMoHHyto: Y =oX +b +&.
Ownbku & GyneM MpeAnonaraTh He3aBUCHMBIME U HIMEIOLIIMMHA HOPMaJIbHOE
pacnpejeaeHue ¢ HyJeBbIM CpelHUM. [IJ1st onpefeieHnst 0. MOXHO ObIIIO Obl
NPMMEHATb METO[ HAaMMEHbIIUX KBaApaTOB (CM. mpuMep 2.5), Mcrnonb3ys
maHHble Y, u X, A QeHCTBYIOUMX NpeanpusaTiii. OfHaKO MOXHO NMONY4YHUTDb
1 GoJyiee TOYHbIE PE3YIILTAThI, ECITH YYECTh, YTO BIUSAHUE (PAKTOPa KOHUEHT-
PaLMH JOJIKHO OTPa’kaThCs M NPH NPOEKTHPOBAHMM HOBBIX NPENNPHUSATHI.
C y4eTOM BO3MOXHBIX IPOCYETOB B ONpENEIEHUH CMETHOH CTOMMOCTH
06BEKTOB IIPH UX NPOEKTUPOBAaHUH U BIIMSHUS Ha 3Ty CTOMMOCTEL (haKTOpOB,
He CBSI32aHHBIX C MOLJHOCTBIO OGBEKTOB, COOTBETCTBYIOLIIAsl MOJIENb NOXKHA
ObITh 3anucaHa B Buae V, =alU; +d + 1y, rae V, — norapudm cMeTHOI
CTOMMOCTH NPEANPUATHS 1O r-My npoekty (k = 1,...,K), U, — norapucdm ero
npoexTHOH MOHOCTH. CyliecTBEHHO, YTO 3HaYeHHe Ot B 06EHX MONeNIx
O[IHO M TO Xe€, XOTs CBOOOJHbIE WIeHbI M fucnepcun S 1 R omubGok nepe-
MEHHBIX &, ¥ T pa3INYHEI.

Kpurepuit npaBgonogo6us B JaHHOM Cly4ae OTHOCHTCS KO BCEH COBO-
KYNHOCTH (haKTHYECKOM M IPOEKTHOM! HH(OPMaLMU X UMEET BUA:

T —aX — b2
I I At )
=1 V2TS 28
K _ 2
I 1 exp - ol —d] => max.
k=|\/2ﬂ:R 2R

I oNTHMaNBEHOTO O OTCIOAA MONYyYaeTCs HeIMHEHHOe ypaBHEHHUE, pe-
IaeMoe 4YMCJIeHHbIMM MeTofaMH. Takoi noaxop 6bln npuMeHeH B [15] k
pacueTy BAHSHUS (PaKTOpa KOHUEHTpAlMH NMPOU3BOJCTBA HAa NMOKAa3aTeNn
ApeanpusiTHil COOpHOro Xene306eToHa. i

Ipu ucnonp3oBannu MII-MeTona BO3MOXKEH M bailecoeckuli nodxoo,
nofpo6HO paccMoTpeHHBIH B [1, 39]. 3neck npegnonaraeTcs, 4TO OLCHUBAE-
MbIii TapaMeTp a SBJSAETCA peann3aliell HEKOTOPOro CIy4aifHOro BEKTOPa C
N3BECTHBIM allpUOPHBIM Paclpefe/ICHUEM.

Mpumep 2.9. OuennBaeTcs napameTp a B 3aBucuMocty Y, = aX, + &,
rae owHOKM §, HE3aBMCHMBI M MMEIOT HODMaJIbHOE pacNpefesieHHe C
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HYNEBLIM CPElHMM M aucnepcueii bX,, nponopuuonansHoi X, Ilpepno-
J1araeTcs, 4YTO alpMOPHOE paclpefesieHHe BEINYHUHBI 4 — [IOKa3aTeIbHOE
CO cpe[HuM 3HaueHHeM m. PyHKUUS NpaBRONOROGHUS 3[eCb UMEET BHUJ:

T 1 2
Y, -aX
nrleam I1 e Hi=aX)T 12X |y e makcummsanus npuBORAT K ¢dop-
f=|1'21tbx,
MyJaMm:

- >

’

vl TS X,

2 2 T _vy2
4 mT+ (m_T_) +(V) W1 (aX,-Y,)

T T T y?
me U=3YX,; V=YY, W=3Y-L nm
=1 t=1 =14,
ITpumep 2.10. PaccMOTpUM Ty e NPOU3BOACTBEHHYIO (PYHKUHIO, UTO
B npuMmepe 2.6, NpeJCTaBUB ee B BUJE JUHEHHONM 3aBUCUMOCTH Y = oX + B,
rae Y — norapucdM Npou3BOAMTENLHOCTH Tpyna, X — nmorapudmM ¢GOoHL0BO-
OopyKXeHHOCTH Tpyaa. C y4eTOM BIHAHHUS NMPOYUX (PAKTOPOB Pe3yabTaThl
HaGIoleHnit MOTYT GbITh ONMUCaHbl MOENbIO ¥, = oX, + B + &, rne ownbxu
&, MMEIOT HOpMaJIbHOE PaClpefieieHne C HEU3BECTHOM nucnepcuei S. Cra-
BUTCs 3ajjlaya OLEHKM IapaMeTpa O B 3Toi 3aBucuMocTd. Ilo 3xkoHoO-
MudeckoMy cofepxkanmio 0 £ oo < 1, mpuyeM MMeIOLUeECs JaHHbIE 10 APY-
MM CTpaHaM NO3BOJSAIOT CUHTATh allPHOPHOE paclpefesIeHHe 3TOro napa-

T'(u+v -1 v
MeTpa GeTa-pacnpefieIEeHHEM C IIOTHOCTBIO ——(E-———)—(l —o*'a¥"! u Ha-
T(WI(v)
v_
n6oiee BepOATHBIM 3HaueHneM —————. Torga MII-kpurepuii npuHu-

(H+Vv=-2)

Ma€T BUNO:

C(p+v) nt vt 1 e, -2 /28
—((-0) o e
rrv) ( ) rl;Il \2nS

=> max. (2.8)

T
MakcuMu3upys no S, Haigem: S = —;— Y (oX, -Y - B)z, rocje 4ero Kpu-
1=1

r -T/2
Tepuit (2.8) ynpomaercs: (1-o)H-1ov-! —;:[Z(Y, -oX, - B)Z] = max.
=1

OTctofa Jy1st ONpeieNIEHUs Ol NOJy4aeTCs YypaHEHHE 4-i CTENEeHH, UMeloIee
€AMHCTBEHHBIN KopeHb 0 << 1. W

2.6. [1Ba npasgonofo6bus

B xmaccuueckoM perpecCHOHHOM aHaju3e MPEANOoJIaraeTcs, 4YTo o06bic-
HsAeMas IepeMeHHas HabioaeTcs ¢ OMMOKOH, B TO BpeMs KaK OO BICHsAI0-
LUMEe NepeMEHHbIE NMPEIOoNaraloTcsd U3MEPEHHbBIMI TOYHO. B 310 cuTyauu
yHKUEs NpaBRONOAOGHUs B PABHON MEPE XapaKTepHU3yeT U NMpaBaonofotue
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HICTHHHOT'O 3HA4YE€HHUs [EPEMEHHOH M NpaBfonogobme ourmOKH HaGIIIo-
HEeHUSA.

Me:xny Tem MII-mMeTon Hcnonb3yeTcs ¥ TOrga, KOrfa OMNOKY NPUCYIIN
HaOMIOEHUAM HECKOJIBKIX NIEPEMEHHBIX MIJIM KOTa KOJIUYECTBO CIYYaiHbIX
omn6OK MpeBbIMAeT KOJIN4YecTBO HabmiopeHuit. Ilpu 3TOM BO3HHKaeT
ABYCMBICJIEHHOCTb, Ha KOTOPYIO B JINTEPATypE, IO-BHAMMOMY, IO CHX NOp HE
06palanoce JOKHOrO BHUMaHUA. [I€J10 B TOM, YTO B NOAOGHOM CHTyaluu
HesICHO, NIPaBONoOA06He 1ve20 NOMKHA OTPaXaTh (PYHKIUS NPaBIONOROOH.

ITycTe oueHmBaeTcs 3aBHCHMOCTD Y = f(X,a) MO M3BECTHBIM pe3yib-
tatam HaGmiofenust U, =X, +& unV,=Y,+n,. B Takom cinyyae own6GKu
HaGIIOlEHUH CBA3aHb] COOTHOLIEHHEM

nr"'ﬂut"én a)-V,=0. (2.9)

3pecb HEACHO, AOJIKHA M (YHKUUA NPaBRONoOAoOHs OTPaXKaThb CO6-
MeCMHYI0 NOTHOCTh pacnpefeneHus omunbok &, u 1, (T.e. MIOTHOCTh Be-
POATHOCTH TOTO, YTO OfiHA U3 OWKMOOK GyaeT pasHa &, a [pyras — 1,), 1m0
OHa [IOJI)KHa OTpa)KaTh IJOTHOCTb pacHpelesieHHs 0OHOU CIydailHOH
BennuHbl M, + (U, -, a) — V, (1.€. INIOTHOCTb BEPOATHOCTH BBINOJIHEHHS
paBencTBa (2.9)). B nepBoM cnydyae MIT-MEeTOR NO3BOJIMT HaM YCTaHOBUTH
HauGosee nMpaBAONONO6HbIe 3HaueHHs &, U 1, (M COOTBETCTBEHHO — UCTUH-
HBbIX 3HauYe€HUH HaGII0JaeMbIX XapaKTEPUCTHK), BO BTOPOM e — TOJBKO
Haubosee npaBponogo6Hoe muomecmeo nap (§,, 1,) yAOBIETBOPSIOLIMX OF-
pannudenuio (2.9). Takum o6pa3oM, Mbl UMeEM ABa pa3HbIX NpPaBRonofotus u
coOoTBeTCTBEHHO ABa MII-MeTOAa. YCIOBHO MOKHO Ha3BaThb NEPBbIl N3 HUX
METOAOM MaKCHMaJIbHOro npasponopo6us omu6ox (MITO-meTon), a BTOpoi
— METOJOM MaKCHMAaJIbHOTO nmpasponopo6us 3asucumocreit (MII3-meTon).
PaccMoTpuM pa3nnyus 3THX METOROB Ha MpUMEpPaAXx.

Ilpumep 2.11. Cnyyaiinas BeM4YMHA HMEET PaBHOMEPHOE paclnpefee-
Hue Ha oTpeske [0, b], T.e. IMeeT MIOTHOCTb pacnpepenenus b=y (x/b), rue
X (x) — xapakrepucTuueckas pyHkius orpeska [0, 1]. [Ins oueHkH HenspecT-
HOro mapamerpa b npousBopsarcs T HaGnoneHuii. Pe3ynbraToM 1-ro Habmto-
neHus siBaserca cymMMa U, ABYX He3aBHCHMbIX peanusauuit (§, 1 1,) ykaszaH-
HOH cny4yaiiHoi BenuuuHbl. MITO-meTon Mcnonb3yeT ¢yHKUHIO MPaBAO-
nofo6us COBMECTHOIO pacnpepenenus &, 1 1),, 4T0o NPpMBOAKT K 3afaye

[1672%(E, / b)y(n, / b) = max (2.10)
t

npu orpanuyennsx &, + 1, = U,
1
JIerko BUAETH, YTO €€ pelleHneM OyaeT b = Emax U,. OntumaneHbie
t

E MM, 31eCh HE €UHCTBEHHbI, ONHAKO OJHOIl U3 ONTHUMAJbLHBIX SABJISAETCS
KoMOuHanus &, =1, = U, /2.

ITpu ucnonn3zopanuu MII3-MeToga HEO6XOAMMO BHa4ane YCTaHOBUTh
pacnpenenennde pesyabraToB Habmwopenuin U, =&, + n,. Jlerko mpo-
BEpAETCH, 4TO MX PacCNpefesiEeHHE TPEYrOJbHOE C IUIOTHOCThIO p(Xx) =
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= b !max {0; 1-ib-'x-1l}. IToaToMy onTHMaAbLHOE b 3[0ECH MOIKHO HAXO-
muthes U3 yenosusi: [[ b~'max {0; 1 - Ib7'U~11} = max. Herpynuo yGe-
t

OUTBCS, YTO TeNepb ONTHUMalbHOe b Bcerfa GyneT GOJNbIE MOJOBHUHBI
MakcuMmansHoro u3 U, B

Ilpumep 2.12. OueHunBarTCAd mNapaMeTpbl 3aBHCHUMOCTH Y =
=® (X, Xy, ..., X,,, @) 10 nauueiM Habmonenuit Y, u U;, = X;, + &;,, rne & —
HE3aBUCHMBIE HOPMAJILHO PACIIpPEAEIIEHHbIE OMNOKHY C HYJIeBBIMH CPEIHIMH H
00HOIi U moli xe HeU3BECTHOM nucnepcueit S. [Ing npumenerus MII3-me-
TOJla HEO6XO-UMO ONPENETUTh IUIOTHOCTD paclipefeieHus Cay4aiHON BETH-
aunbl ®(U~—-E&;, ...,Un — &1, @). DTa 3a1a4a CBONUTCA K BHIYHUCIEHHIO N-
KpaTHBIX MHTErpaloB N0 06IacTsAM, 3aBUCALIMM OT Bupa pynkuun . Ecnu
& He NUHEHHA, 3TO MOXKET NPECTABUTb 3HAYUTENBHYIO CJIOXKHOCTb.

B 10 xe BpeMsa npu ucnonb3oBaHuu MITO-MeTopa MOJOGHBIX CIIOXK-
HOCTEel He BO3HMKaeT. [[eifCTBUTENBHO, MIOTHOCTh COBMECTHOTO pac-
npepenenus HabmopeHu#n (¢pyHKuMs npasaonofobusa) 3AeCh paBHA

1 2
ex U, -X,) /2S}, noatoMy peuicHne 3agadu obGiafaet cie-
g-\/—Z-Tt_S P{_( it t) } Y A

AYIOLIHMMH CBOMCTaMMU:

1) Ona moGoro ¢ touka (X4, ..., X,,) dBAsgeTca OaMXadlIed K
Wy, -.., Uy) TOUKOM H30KBaHThI ¥, = O (X, Xy, ..., X, @) B €BKINAOBOMH
METpHKE.

1 N T ., )

2)S=—3% X(X,-X;,)".

i=l r=1

OnTuManbHas OUEHKA @ HAXONUTCA U3 yclnoBus S = min, T.e. O npef-
JIOXXEHHOMY B [6] U3 Apyrux cooGpakeHHii KPUTEPHIO MUHHMAIbHOIO CPEN-
HEKBAJPATUYHOrO PACCTOAHMS OT HabmopgaeMeix Todek (U, ...,U™) go
COOTBETCTBYIOLMX H30KBAHT pyHKUuH . W

Ipumep 2.13. OuenuBaeTcs mapaMeTp a 3aBHcHMMOCTH Y, =X, + a,
npuyeMm X, u Y, HaGmopgaeTcs C aAgUTHBHBIMH OIIMOKaMH, T.€. PE3yJib-
TaTaMH Ha6mopeHuii ABasioTca BenmuuHbl U, =X, +§ uV, =Y, + 1,
Tenepb HCKOMYIO 3aBHCHMOCTb MOXHO TpefcTaButh Tak: W, =a-§,+n,
rae W,=V,— U, IlpumeM, 4yto omu6ku &, N 1), MMEIOT INIOTHOCTH pacmpe-
penenus p(€, R) u g(n, R), 3aBUCsLMEe OT HEM3BECTHOrO NapaMeTpa Macii-
Taba R.

IIpn MITO-MeTORE mapameTpbl a ¥ R BMecTe ¢ &, 1 1), HaXONATCA my-
TEM PEILCHUS 3afayH:

L, = [1p&,, Rg(n,, R) = max; n,-§W, -avr.
1

ITpu MIT3-MeToae pyHKUHUA NPAaBAONOAOOHs OTpaXkaeT MIOTHOCTh pac-
npenenenns s(§, R) = Ig(n, R)p(n—E,R)dn pasnocrn ¢, =n, - &, Tak uTo
3agaya ONTHMM3allUd NapaMeTPOB a u R mnpuHumaeT BUN: L, =
=II s(W,--a,R)=>max. R

t
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B npumepe 2.13 o6e omubGKM HMeJM ONMHAKOBBIA "MacmTa6" (R).
Mexny TeM BeaudKHa U "pa36poc” pa3HbIX XapaKTEPUCTHK IKOHOMHUYECKUX
006'bEKTOB 3aBHCAT OT pa3HbIX (pakTopoB. IToaToMy XoTenoce 661 Ucnonb-
3oBaTh MII-MeTOp 1 TOrAA, KOrAa PaBEHCTBO (MM NMPONOPLHUOHAIBLHOCTE)
HEM3BECTHBIX JUCIEPCHii OIINGOK Pa3HbIX IEPEMEHHBIX HE NPENOIaraeTcs.
OpHako B aToit cutyauun MII-meTon He Bcerna "paboTtaet”.

IIpumep 2.14. OueHnBaeTcs 3aBUCUMOCTD Y, = aX, B yCIOBHAX, KOTAa
smecTo X, n Y, HaGmopatores U, =X, +§,uV, =Y, + 1, npudem omubkn
&, 11, HE3ABHCUMBI M UMEIOT HOPMAJIbHBIE PACIPENENIEHHs C HYJIEBBIMH
Cpe{HUMH M Heu3BecTHbIMHU AucnepcusiMu Q u R. Jlerko BUAeTh, 4TO 31€Ch
V,=alU, +a§, -

PemnM 3ty 3apauy BHauane MII3-metopoM. [Ins 3TOro 0603HaYuM
€, = af, —n, u 3aMeTuM, 4TO 3Ta Ciy4aiiHast BENMYMHA UMEET HOPMAJbHOE
pacnpefesieHne ¢ HyJIeBbIM CPEeJHUM U aucnepcueit a*Q + R. Tenepb 3aBu-
cumocTb npunHuMmaet Buf V, = aU, + {,, u eit oTBeyaeT ¢yHKuHs NpaBjo-

_ 2
nopobus L = H——]———— exp {—(—Y'—z—aq’-)—}. OTcroga JIErKO BbITE-
1 y2n(a’Q+R) 2(a”Q+R)

T
KaeT, 4YTO ONTHMAJbHOE a onpefensercsa us ycnosua S= Y, (V,—alU)? =
1=1
= min, ¥ NPy 3TOM ONTUMAJbHOM OueHKO# s a’Q + R 6ynet S/T. Oue-
uuth &, 1M, 4, TeM Gonee, Q ¥ R 6 omdeabrocmu, K COXANEHHUIO, 3AECh HE

ynaeTcs.

Cnenya [2, 40}, npumenum Ttenepe MIIO-meTon. ITockonbky
N, =aU,+ a§, -V, o 3uech:

1 §: _Th “5: ("Ut‘Vt+“§r)2
L=l——e 2 R = 2R = max. (2.11
,I;Il 2n QR =1 21r1/ ¢ )

[IpupaBHuBas K Hyto norapugpmudeckue npoussonusie L no &, a, Q u

R, HaxomnM:

& _ a@U -V +ak,)

:’ﬂ

5= = , (2.12)

X(al, -V, +a§,)(U, +§t) =0, (2.13)

t

--T-+-12-2 £2=0; - T, 2 (aU, -V, +ak,)* =0. (2.14)
0 ‘ R '

Kak BBIACHHTCS [ajiee, cliefyouee npeobpa3oBaHue UMEET pellaro-
wyto ponb. I'oBops cnoBamu [2. I1. 29. 14], "ypaBuenus (2.14) parot™:

D R S | B 2
Q—TE,: & —Tg (aU, -V, +a§,)". | (2.15)
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2
YureM Tenepb, 4To B cuiy (2.12) éz g = %72 (aU, -V, +a€)2.
t r
T _a’T )
Orcropa u u3 (2.15) nonyuaem E=T Tak 4T0 R = a*Q - 3TO CcOoOT-

HOILIIeHHE BrepBbie nonydeHo B [40]. OgHaKO COOTHOIIEHNE UCTHHHBIX 3Ha-
yeHH#t Q 1 R MOXeT ObITh MHBIM, TaK 4YTO NAAHHBIA METON MOXET [1aBaTh
HecocmoameabHble OLIEHKH, UTO BbIICHeHo ee B [41]. TeMm He MeHee fuis
MaJbiX BBIGOPOK HECOCTOSATEIBHOCTh OUEHOK HE CIMINKOM OMNacHa, 0co-
GEHHO, €CJIM Y4ECTh, YTO JUCIEPCHH OMMOOK — HE caMbl€ BaXKHbIe MNapa-
METPbI OLIEHUBAEMBIX 3aBUCHMOCTEN.

IToncraBuB R = a2Q B (2.12), Haitpem: &, = —2‘—/'——%, nocie
a
v
yero (2.13) paet: Y (&%—'—)(g—u—’—y—’) = 0. OTcroga HaxoauM: a2 =
t 2 2a 2 2

= zv,z /{ZU,Z} Jlerko npoBEpHTh, YTO M3 ABYX 3HAYECHHH a,
t t

YHOBJIETBOPAIOUIMX 3TOMY YCIOBHIO, MAKCHMAJbHOE 3HaY€HHE (PYHKIMU
npasfonogo6us GyHeT HOCTHraThCs, €CIM 3HAK @ COBNAfaeT CO 3HAKOM

2 UV,
t

ITonyyeHHas oueHKa a 06GnajaeT AByMs Ba>XKHBIMHM CBOHCTBaMHU:

1) ona sABAsAETCS CPEHMM r€OMETPUYECKHM U3 oueHku » U,V, / p U,2 ,
t t

OTBeYalowen ypasHenuto perpeccuu V, = al,—1,, 1 OUEHKH ), V,Z/Z uyv,,
t t
oTBeualoleil "o6paTHoMy" ypaBHenuto perpeccun U, = a 1V, +&;

2) OHa MHHMMH3MPYET KpUTepHi lal-! E (V—aU,)2.
1=l

Ka3zanocek 6bl, Takoe pelICHHEe BIOJHE yNOBIETBOpUTENbHO. ONHaKO
3To He Tak! [[es10 B TOM, YTO NNPOBEACHHbBIE PEOGPa30BaHUsA HEKOPPEKTHBI,
(2.14) otHions He Bcerna "maet” (2.15), a HalinenHoe couertanue &, a, Q R
He o6ecnewusaem makcumyma Gyunkyuu npasoonodobus (2.11). esicrau-
TEbHO, MOJNOXHMM Bee &, paBHbIMH Hyto ¥ ycTpemuM Q K Hymo. HeTpynuo
yOenUThCS, YTO B 3TOM ciydae L — oo, TOrna KaK Nnpy HalleHHBIX BbIwe &,
a, Q n R Bennmumna L u3 (2.11) kxorneuna. TakuM o6pa3oM, MakCUMyM
(yHKIME MpaBAONORO6Hs B NaHHOM 3afaye 6ecKOHeuHbill N JOCTUTaeTcs
COBCEM MNpH Apyrux coderauusx &, O u R. K ToMy xe Tenepb CTaHOBUTCA
HESICHBIM, KaKO€ 3HaY€HUE a SIBJAETCS ONTUMAIbHBIM — JIIOOOMY a OTBEYaET
OJIHO M TO Xe 6eCKOHeuHOe 3HaYeHne yHKIuHU npasponogobus. Ho, moxeTr
OBITh HAalIEHHOE COYETaHUE §,, a, Q u R obGecneunBaeT He ri1o6aNbHBIN, a
JIOKaNbHbIA MakCHMyM (PYHKIMHE npaBpononobus? OKa3bIiBaeTCs, YTO U 3TO
HE Tak: MOXHO I10Ka3aTh, YTO OHO OTBEYAET ce0n080i moyke DYHKIUA
npaBRonogo6us — NpH OTKJIOHEHMSAX OT Hee B OJHMX HAaNpaBIEHHUAX 3Ta
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(yHKUHUA yObIBAET, HO NPU OTKJIOHEHUAX B APYIHMX HANpaBIeHUAX (HANPH-
Mep, NpH yMeHblUeHnH Q U yBenudeHnu R) — pacrer. HexoppekTHOCTE €
NPOBEJIEHHBIX NpeoOpa30BaHuil OGBICHAETCS NPOCTO: paBeHcTBa (2.15)
ABJAIOTCS CleACTBHAMH (2.14) Tonbko ecnu Q ¥ R OTIHYHEI OT Hyst! W

Kak Buano u3 nocnepnero npumepa, MITO-MeTon okasniBaeTcs Hepa-
60TOCNOCOGHBIM B HEKOTOPBIX CUTyauusx. IIpu aToM ofHOro Toro ¢gaxra,
YTO YHUCJIO OWHKOGOK NPEBBIMIAET YUCIO HAaGNIOACHHUI, HENOCTATOYHO: B
PacCMOTPEHHOM NPUMEPE 3TOT METOJ NIPUBEN Obl K KOPPEKTHOMY PELLIEHHUIO,
eciu 6bI GbLIO U3BECTHO omHoweHue nucnepcuit Q ¥ R, HO He N03BOJIHI Gbl
OLICHHUTB a, €CIH Obl O6blyIa H3BECTHA CyMMA STUX AUCTIEPCHI.

2.7. OCHOBHbIe HE4OCTaTKM
MeToza MakcumanbHoOro npasgonogobus

Mb1 Bupenu, uto MII-MeTON MAEHHO NPOCT, MMEET LIMPOKYIO chepy
NPUMEHEHHs U 4acTO JAET XOPOLIKeE NPaKTHYECKUE pe3ynbTaThl. OHAKO OH
HUMEET U PSIJ{ HEAOCTATKOB.

1. Beibpate MII-MeTOROM Ny4IIyIO M3 albTEPHATHBHBIX MOAENEH
3aBHCHMOCTH, KaKk B npuMmepe 2.7, ynaetca He Bceraa. PaccmMorpum ase
MOJeNIN 3aBHCHMOCTH MEXJYy XapaKTepHUCTUKaMH Y, u X, o6beKkTa B
puHamuke. B coorBeTcTBHHE C nepBoit Y, = aX, + b + &, npuuem &, — He3aBu-
CHMbIE HOPMAJIbHO pacpefleieHHbIE CITy4aiHblE BENMYMHBI C HYJIEBBIM CPEN-
HHM U HEM3BECTHOM Aucnepcuei. Bo Bropoit Mogemn ¥, - Y, =a(X, - X,;) +
+ 1, THE N, yCTpOeHb! aHanorn4yHo. Jnsa kaxpoi u3 mopeneir MIT-mMeTon
NPUMEHHM, O[THAKO CPABHUMb 3HAYEHUA NPABOono00buUs Henb3s, n6o B nep-
BOM CJIydYae BEJH4MHa Y, cnydaiiHas (M €if OTBEYaeT HEKOTOpas IIIOTHOCTh
pacnpefeneHus), TOraa Kak BO BTOPOM Y, CUHTaeTCss AETEPMHHHPOBAHHOM
(v oTBeualomas el IIOTHOCTb 6ecKoHeHa). AHATOTMYHAs CUTyalysl 4acToO
MMeEeT MECTO IPH OLIEHKE NapaMETPOB NPOU3BOJCTBEHHbBIX (DYHKIUIA.

2. Ha npaktuke MII-MeTO[ OGBIYHO NPUMEHSAETCA NS OLEHKHU Mapa-
METPHYECKHX 3aBHCHMOCTEM, KOrjga (pyHKUHUs NpaBAONOAOOHS 3aBUCHT OT
KOHe4HO20 4YHCNIa napaMeTpoB. "B umcToM Buae" npuUMeHUTHL €ro B
Henapamempu4eckom ciydae, o-BUJUMOMY, HENIb3sl (HEKOTOpbIE CHTYALHH,
rie 3TO yAaeTcs, paCCMAaTPUBAIOTCA B 1. 4.2, OIHAKO OHM HOCAT HCKIIIO-
YUTENbHBIA XapaKTeP, H K TOMY X€ 3[€Cb HE YA€TCS OLEHUTb MCKOMYIO
3aBHCHMOCTb BO Bcel o6macTu ee onpepenenus). Jlamee, kak yxe OT-
MeYaJoCh, MHOTA NMapaMeTPhbl OLIEHHBAaEMOMH 3aBHCHMOCTH MOXHO pac-
CMaTpHMBATh KaK peaju3alMi0 HEKOTOPOrO CIy4alHOIrO BEKTOPA C M3BECT-
HBbIM aNpHOPHBIM pacnpepnenenneM, npumeHsass MII-MeTon B coueTanun ¢
GaitecoBckuM oneHnBaHueM. OHAKO J/I1 HelapaMETPUYECKHUX 3aBUCUMOCTE M
TakOf MOAXOX peaju30BaTh HE YAAETCs, MOCKOJbKY B NPOCTPAHCTBaXx
¢yHKUNHA Heab3ss BBECTHM "XOpomyio" BEPOATHOCTHYIO Mepy,
COCPEJOTOUEHHYIO Ha (PYHKUMAX, 06IaJar0IMX NPUBBIYHBIME [JISI 9KOHO-
MHMYECKHUX Mojeyeil cBoiicTBaMH (HanpuMep, JOCTATOYHO IJIaAKHUX M
BBIMYKIBIX).
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3. ITycTb HaOMONEHNS BEIMYMHB] Y IMEIOT HOPMAJIbHOE pacnpefieieHne
C HEM3BECTHBIM CPEAHUM a. 3[iech Hanboree NpaBAONOROOHOM U K TOMY Xe
HECMELEHHOH OlLIEHKOM NapaMeTpa a SBISIETCS cpefHee apugMeTHIEeCKOe
Ha6moAeHHbIX 3Ha4eHni noka3atens. OQHaKo eciau PyHKIMS pacnpegesne-
Hus HaOIIOfeHMH JaXe HE3HaYUTEJIbHO OTJIMYAETCd OT (QYHKIHH
HOPMAJIBHOTO paclpefieyieHus: (HanpuMep, B paBHOMEPHO! METPUKE), Cpefi-
Hee apuMETHIECKOE NiepecTaeT ObITh Hanboee NPaBIONOAOGHON OLEHKOM.
Bonee Toro, 3Ta OlleHKa CTAHET CMEUIEHHOM, U 3TO CMEILIEHNE MOXET ObITh
CKOJb yrogHo GonbmuM. Ha npakTuke 3TO BbIpaxaeTcs B TOM, 4TO
HaJM4yde ONHOrO-ABYX PE3KO BhIAENSAIONINXCA HaOGmiofeHu# B 6ONbIIOH
BbIGOpPKE NMPHUBOJUT K CYIECTBEHHOMY HCKAaXXEHHIO CPEJHEro 3HadeHUs.
TpynHOCTH yCHIMBAIOTCA B 3ajja4ye IIOCTPOEHNS perpeccuu — B [42] npusenex
NpUMeED, KOTa B BhIGOPKE MMEIOTCS Ba "COMHHMTENbHBIX" HaGNIONCHHUS,
npu4YeM BHUJ JIMHMM PETPECCHH CYLIECTBEHHO pa3jM4eH B 3aBUCHMOCTH OT
pelIeHs UCCIeAOBaTEN COXpPaHUTh 06a HaGmoOfAeHus1, OTOPOCHUTh NEpPBOE
M3 HUX UJIN OTOPOCHTH BTOPOE.

IIpnuyuHy HEeyCTOMYMBOCTY MbI BHHUM B TOM, UTO UCXONHOI HHPOpMa-
uuei g MIT-MeTopa siBnsieTcs BHA IUIOTHOCTH BEPOSTHOCTHOTO pacrnpe-
HejieHusl, B TO BpeMs KaK 3TOT METO] CIHIIKOM CHJIBHO pearupyer Ha
U3MEHEHHUS 3TOM IJIOTHOCTH, OCOOEHHO B TOH 00JacTH, rie OHa Mala.
Mexpay TeM faxke TOrjga, KOrja COBMECTHOE BIMSHHE GONBLIOro 4mcia
MaJblX clly4aiHblx (PaKTOpOB OOYCIOBIMBAET ONM3KOE K HOPMaJbHOMY
COBOKYIIHOE pachpejesieHue OTKJIOHEHHMH, TaKasg 6lu30CTh GyaeT MMEThb
MeCTO JHUIIb BONM3M LEHTpPa pachnpefelieHnsd, TOorga Kak Ha "xBocrax"
pacnpepneneHne ganeko ot HopmanbHoro [43. I'm. XVI]. OpHako nosegeHne
"xBocToB" gy MII-MeTOa CyIleCTBEHHO: OH NPUAAET YPE3MEPHO OOIBIIOH
"Bec" GonbmuM omubkaM, MHpOpMaUUsd O pacnpefeeHHH KOTOPBIX
HauMeHee HafjeXHa. DTH M [Jpyrue nogoOHble TPYAHOCTH 3aCTaBISIOT
NpeqbABHTh K METOAY OLEHKM TapaMETPOB BEPOSATHOCTHBIX pacnpeacIeHni
HNONOJHUTENbHOE TpeGoBaHue ycmotiuusocmu (po6acTHOCTH, robustness),
T.€. MAAOU 4YBCMBUMENLHOCMU K MAAbIM OMKAOHEHUAM OM UCXOOHbIX
npeonoaoxceruii [42]. ChopMyInpoOBaHHOE B TAKOM OOLIEM BHAE, 3TO Tpe-
GOBaHHE €CTECTBEHHO MHTEPNPETUPYETCH AJIS MOOBIX THIOB 3aay OLIEHKH
3aBMCUMOCTEH U MOGBIX THIOB HEONPEAECIEHHOCTH.

ITo namreMy MHEHHIO, COPMYTHPOBAB TE MIIM UHbIE MPEIINOIOXEHHS O
XapaKTepe HEONpeAeIEHHOCTH HabIIoNeH!H 1 BbIOpaB MOAXOASIIIMIE METON
OLICHKH, KaXAbIi pa3 HEOGXOAMMO 3a1aThCs BONPOCOM: HE MOXET JIM 3TOT
METOJ, NPUBECTHU K CEPbE3HBIM OLINOKAM, €CIIM CAETAHHbIE MPENNOIOXKEHUS
6ynyT "HeMHOro" HapywaTbca? JIs noiy4eHns Ha 3TOM MyTH NPUEMIIEMBIX
METOJIOB OLIEHKH NPUXOAUTCSA BBOAUTD TPU THIIA OTPAaHUYEHHUI:

e ¢popManu30BaTh NOHATHSA "HEOGONBIIMX OTKJIOHEHHMH" OT HMCXOOHBIX
NpPEANoONOXEeHNH (HapuMep, BBOJA PACCTOSHUE MEX/Y BEPOATHOCTHBIMH
pacnpefeseHUsIMIA ¥ OTPaHHYUBAs BEIMYMHY 3TOTO PAaCCTOSTHUS) U "HEUyBCT-
BUTEILHOCTH" K HUM;

e orpaHu4yuBaTh kijacc MetofoB. Tak, MII-ouenkoit mapamerpa 6
BEPOSITHOCTHOTO pacnpefiefieHHs C INIOTHOCTBIO p(x, 6) mo Ha6GmogeHuIM
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X1,y X, OyA€eT pelieHue ypaBHEHHS ,pg.(X,,0)/ p(x,,0)=0. Opnako
t

60Jiee yCTONYMBBIE OLEHKM MONy4aroTcs [42], eclii OpHEHTHPOBATLCA Ha
peleHue ypaBHeHmi Bua , Y(x,,0) =0 c noaxoasmuMu hyHKIUIME \J;
t

® BbIGMpATh JIyYIIMI METOJ B PaCCMaTPUBAEMOM KJIacce, BBOJA OMOJ-
HHUTEJIbHbIE KPUTEPUM KaYeCTBA OLEHKH (HanpuMep, MUHUMYM MaKCHMAJbHO
BO3MOXHOI'O CMEIEHMA NPHU "HaMXyAIIEM' OTKJIOHEHMH 3aKOHa paclpe-
AeJIeHUs OT HOopMalbHOro). Ilpu aToM Bo3HMKaeT npobiema COBMELEHUS
Kpumepues mo+HOCMuU U yCMou14usocmu OUEHOK.

4. MbI yxxe OTMeYau IPUHIUNHATBHOE PA3IMuie MEX/Y AUCKPETHBIMU
U HeNpepbIBHBIMHU pacnpe/leIEHNsMH: B IEPBOM ClIy4dae (pyHKUMs MPaBo-
NMOA0GuUs BbIPAXAET 66pOAMHOCMb HAOTIONEHs TEX WIM MHbIX 3HAYEHHUI 1e-
PEMEHHBIX, TOTNa KaK BO BTOPOM — HAOMHOCMb pacnpedeneHus ITUX BEPO-
ATHOCTe#. PaccMOTpUM NMOApO6GHEE, K YEMY MOXKET IPHUBECTH TAKOE HECO-
OTBETCTBME B 3alaye OLICHKH HEM3BECTHOTO IIapaMeTpa pacrpefie/icHus.

ITycTe cnydaiinasg BeauunHa X NPUHUMAET TOJIBKO LETOYHCIEHHbIE
3HavyeHusd, a p(n, ©) — BepoITHOCTb cobbiTus X = n. UMeroTca HabmogeHus
ny, ..., iy, O KOTOPbIX M3BECTHO, YTO HEKOTOPBIE U3 HUX SBISIOTCS peaju-
3aUUsAMH CJIyYaiHOM BEIMYMHBI X, TOTla KaK OCTaNbHbIE SABIAIOTCS "Tpy-
6p1Mu omrm6kaMu” (PE3KO BBIAENSAOMMMUCA HaGmoneHusmu). M3BecTHa,
KpOME TOTO, BEPOSATHOCTb € NOABIEHHsA rpy6oii ownbku. Tpebyercs
OLIEHHTh MapameTp O.

HonycTuM, 4TO rpyOble OMMOKK ABIAIOTCS PeaNn3alusiMi HEKOTOPOK
Cily4yafiHO# BENUYHMHBI Y, npu yeM cobbiTie Y = n MMeeT (HEH3BECTHYIO)
BEPOATHOCTb ¢(n). O603HaynM yepe3 I MHOXECTBO HOMEPOB rpy6bIx
omn60k B BeIGOpKE (N, ..., N7), @ UEPE3 k — KOJMYECTBO TAKMX OLIMOOK.
BepoaTHOCTB TOrO, YTO HOMepa rpy6bix oMKMGOK 06pa3yroT MHOXECTBO X,
a pe3yiabTaTaMu Bcex ('NMpaBHIBHBIX" K "rpy6o OLIMGOYHBIX") HAGMIONEHIH
OGynyT COOTBETCTBYIOIME 3HAYEHMA n;, T.€. NpaBlONOfOGHe BHIGOPKH, B
3TOM CJly4a€ COCTaBHUT L=€"(1—£)T’k [Ta(n) 1 p(n,,0). Mockonsky

te¥ reX
3. q(n,)<1, Benuunna L GygeT MakcuManbHOM npu q(n,) = 1/k gns Bcex
el
te X. Torma L=(g/ k)k(l —g)Tk I1p(n,,0). Hukakux npuHUMNKATBHBIX
redl
CJIIOXXHOCTEH NPH MAKCHMH3alMH 3TOro BeIpaxeHus © uno X 3gech He
BO3HHUKAET, M ONTUMANILHOE pEIIeHHe BCETla CYLLIECTBYET.

CuTyanuss B KOpHE MEHSIETCS, €CIIM pacnpefesieHdst He QUCKPETHBI.
3pech 3aaya CTaBUTCS aHAJOTMYHO: OHH 3JIEMEHTHI BbIGOpPKH X|, ..., X7
ABJIAIOTCS peanu3aldsiMH CIyd4adiHOH BENIMYHHBI X C INIOTHOCTBIO pacipe-
penenus p(X, ©), npyrue sBAAIOTCA rpyObIMU OMINOKAMH, IPUYEM BEPOSAT-
HOCTb TOr'O, YTO Pe3yJIbTATOM HaOIIOAEHMs OKaxeTca rpybas owmubka,
M3BECTHa M paBHa € OpjHako Tenepb (yHKLHIO MPaBRONOfOOHsS HEBO3-
MOXKHO fiaXke 3anucaThb, H60 pacnpefeyeHne rpyonix OmMO0K MOXET He
HMETb MJIOTHOCTH (TAaKOBBI OIUMOKHK HM3-32 HENMPAaBHUIBLHOIO PaCHOQJIOKEHUS
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AECATHYHON 3aNsATON B 3alUCH pe3yNbTaTa HaOMIONEHNUs) HIM UMETh CKOJb
YyrOfHO GOJNBIIYIO MIOTHOCTh B OTAENbHBIX TO4KaX. [I03TOMy KOppekTHOE
pellieHHe 3ala4yl CTAHOBUTCS HEBO3MOXHbBIM.

Y106b! NOJAyYaTh pa3yMHbIE PEUICHMS, NPUXOJUTCA CTAaBUThb 3afady
nnayve. Tak, B [42, 44] cpean METONOB ONpPENENIEHHOrO Kjacca HIETCs
METOJ| ONpeNEeHNs] NapaMETPOB UCKOMON 3aBUCHMOCTH, JalOIIMA HECMe-
LEHHYI0 OLEHKY NPH OTCYTCTBUHU IPyObIX OMIHOOK U B HEKOTOPOM CMBbICIIE
HAaNMEHbIIIEe CMEIEHNE OLEHKN (MaTEMAaTHYECKOE OXKHUAAHNE MONYJIS HIIH
KBajipaTa OTKJIOHEHHMsS] OLUEHKH OT MCTHHHOIO 3HA4YEHUS) NPH HaUXyALIEM
pacrpepeneHuu rpyonix ommnbok. Takum o6pa3om, U 3aech He yaaeTcs yATH
OT Nnpo6yIeMbl COBMEILIEHHS Pa3HbIX KDUTEPHEB OLIEHKH.

2.8. CoyeTaHue pa3sHbiX NMPUHLUNOB

IIpaxkTHY€ECcKHU NpUEMIIEMBIE METOBI OLIEHKHU HENapaMETPUYECKHX 3aBHU-
CHMOCTEN MOXHO IOCTPOUTD, COYETAs pa3HblE IPUHIUNBI ONTHMHA3aIMK. Pac-
CMOTPHM 3TO Ha NPUMEPe 3ajauil MHTEPNOIAMM IPH HATHYNHU Cy4alHbIX
ouin60oK B 3Ha4YEHHUAX (PYHKIMM — OLEHKY PyHKUMH f(X) MO pe3yabTaTaM
Ha6moneuuni ¥, = f(X)) + &, rne é, — clly4aiiHble OIIKUOKH, UMEIOIIUE OHO U
TO K€ HOPMAaJbHOE PACNpEAENIEHHE C HYJEBBIM CPENHHUM. 3[€Ch MOXHO
y4yecTb OJHOBPEMEHHO TpeOOBaHMs MaJIOCTH MHTErPAJIbHOTO OTKJIOHEHHUS U
ITaIKOCTH OLEHMBAEMON MaJIOCTH HHTETPAILHOIO OTKJIOHEHHS M ITTaJKOCTH
oneHuBaemoit pyHkuuu. [IpuseneM Tpu npuMepa BO3MOKHBIX MOCTaHOBOK:

a) oTbICKaHue "HauboJee rnaakoi" 3aBUCEMOCTHU NPH OTPaHMYEHUH Ha
CTEeNeHb NPaBAONONOOHs CIy4aifHbIX OTKIIOHEHNH NPUBOJUT K 3aj1aye:

o) =Nlf X ax =min, 3 (¥, - f(X,)* <D,

6) oTbickaHue "Hambosiee riaagkoi” cenapabGelbHON 3aBUCHMOCTH
[iX)) + ... + f4(X,,) npH aHaNOrHYHOM OrpaHW4eHnH (cp. npumep 2.1):

n e 2
)y “f;',(xi)l dX; = min;

i=] —oo

2

n

Z(Y: - 2) fi(xi/)) <D; fH(Xy)=f(X3) == f,(Xp) =0.
1 =

ITpu TakMX mMocTaHOBKax HEOOXOAMMO pacnoJjaraTbh MH¢OpMaUuei o
cpenHeM pa3Mepe (HallpuMep, O IUCNEPCHH) OINOOK HabMIONEHUS;

B) MCNOJB30BAHHME KPUTEPHANBHOTO (DYHKLUMOHAJa, NOCTPOEHHOIO
NHCTPYMEHTANbHbIM METOAOM M YYHTBIBAIOLIErO0 KaK "TJIagKOCTh"
3aBHCHMOCTH, TaK M HabmiogaeMble OTKJIOHEHHS OT Hee. Tak, NpUMEHH-
TEJbHO K INOCTAHOBKE a) MOXHO OblIO Obl HMCNOJb30BaTh KPUTEPHUH

“f”(X)IZdX+kZ Y, —f(X,))2 = min, OTpa3usB B BeJIM4YMHE k "CpaBHHU-
t

TEJbHYIO BasKHOCTB" OLIMOOK HaOMIONEHUS ¥ INafKOCTH (PyHKLHUH. .
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HecMoTps Ha onpefeeHHb CYyOBEKTHBA3M, TAKHE NTIOCTAHOBKH NPUBO-
OAT Ha NMpaKTHKe K pa3yMHbIM peweHusM. Bosiee Toro, okasmiBaeTcs
BO3MO>KHBIM OLIEHMBATh 3aBUCMMOCTH M NPH HAJTUYMHU CIyJaHHBIX OIIKNGOK B
HaOmrogeHusax OOGBsACHIEMON nepeMeHHo#n. Tak, €ciau HCTHHHBIMH
3HaYeHHUsIMH NoOKasarteneld f-ro o6wvekra I'C aBastores X, u Y, =f(X)), a
HaGmiopatorca senuyunnl U, =X, +&§,uV,=Y,+1n, comepxauue
cnydaiiHble HOPMaJIbHO paclpefielIeHHble OMIMOKN C HYJIEBbIM CPENHUM,
MOKHO OILIEHUTh MCKOMYIO 3aBUCHMOCTD, pelliasi ONTUMH3AHOHHYIO 3a{ady

I|f"(X)|2dX+Z {kylV, = FX) +ky[U, - X,1*} = min ¢ gByms "ympas-

nsomwuMu” napameTpaMi ky i ky. OcoObIx BbIYHCIMTENbHBIX TPYAHOCTEN
3Ta 3ajaya He NPEJCTaBIsAET, H €€ PEUIEHHEM TaKXe OKa3bIBaeTCH HEKO-
TOPBIM CIUTalH.

2.9. MpuHYMN MakcumanbHOU COrnacoBaHHOCTH

PaccMOTpeHHbie BbIILIE NPUHLUNBI OLEHKN 3aBUCUMOCTEH, HECMOTPS Ha
BCE HUX pa3jqnuMs, AONYCKAIOT €AMHYIO TPAaKTOBKY KaK YacCTHbIE CIydau
6onee o6LIErO MPUHUMIA MAaKCHMAJIEHOM corjlacoBaHHocTH (nanee — MC-
MPHHUMAA), B COOTBETCTBHH C KOTOPBIM OLIEHKA 3aBUCHMOCTH [0JI3KHa ObITh
Haujaydlleid ¢ TOYKM 3PEHHS KPHUTEpPHs, OTPaXKAIOUIEro CTENEHb ee
"coryiacoBaHHOCTH" (MJTM "PaccorjacoBaHHOCTH") ¢ uUMelouencs HHGop-
Manueil. IleHTpanbHbIM P 3TOM CTAHOBHTCHA BONPOC O Pa3yMHOM BbIGOpe
M3MepHuTeNis "CTeNeHH cornacoBaHHOCTH". Kak nokasaHo BbILE, B 3TOM
KauyecTBE MOTYT BbICTYNaTh M [JIAJKOCThb OLEHEHHON 3aBHCHUMOCTH,
BEJNIMYNHA HMHTErPaJbHOrO OTKJIOHEHHsS, M 3HaueHHMe (DYHKLUMH NpaBjo-
nopo6us. Cam no ce6e MC-npUHIMI BBITTIARUT ROCTATOYHO TPHBHANBHO. B
TOM HJM MHOM CMBICIE K BO3MOXXHO GOJNbIIEN COrJIaCOBAaHHOCTH CBOHMX
BBIBOJOB C MMelWEeNcs HHpOpMAaUMel CTPEMHIMCH NOYTH BCe, 3aHU-
MaloIMEeCs] NMOUCKOM 4Yero-aubo: OT HCCIEeNOBATENEed A0 clegoBaTesIei.
ITo>TOMY HaHHBIN NPUHLMI HENb3s PACCMAaTPMBaTh KaK HEYTO aGCOMIOTHO
HOBOe B Hayke. OpHako, 060611ast B HECKOJbKHMX HaNpaBJIEHUAX NMPHHLHUIN
MaKCHMaJIbHOTO NPaBoNof06Hs, OH NO3BONAET PACIIHPUTL KPYr METOAOB
NPUKJIAJHOM cTaTUCTUKU. HanpuMep, CTaHOBHTCS O4EBHHBIM, YTO CTPYK-
Typa KpPHTEpHS COIJaCOBAHHOCTH ONPEAENAETCS XapaKTEPOM HMCXOAHOM
nHGOpMalMH, a OTHIOAb HE YA0OGCTBOM BbIMMCIEHHH MM CTENEHBIO pa3pa-
6GOTaHHOCTH MAaTEMAaTHYECKNX METOJIOB.

IMpyu npaBunbHO BHIGPAHHOM KPUTEPHH COTJIaCOBAHHOCTH OH, KaK M
(byHKUNS 1paBRONOAOOHUS, MOXET ObITh UCIOB30BaH TAKXE AJIs OLUEHKH TOil
MoJeNH, KOTOpasi OblIa IPUHATA 1)1 ONUCaHUs GYHKUMOHUPOBAHUA OGbEKTa
(cM. npumep 2.7). IToaToMy BbIGOp BUAa MOJIENM ¥ BBIGOP KPUTEPHUS OLEHKH
IpPeACTaBsOT cOG0M YaCTH €JHHOrO NPOLECCa ¥ AOIXKHbI OCYIECTBIATHCA
cornmacosaHHo [6]. B npumepe 2.7, rge omu6KHM NOApa3yMeBaliucCh
CIy4ailHbIME BEJMYMHAMH, 3TOT IOAXOJ YAAJOCh PEANN30BAThb B IOJHOM
o6beme. OgHAKO BO3MOXHA M UHad cuTyauus. IlycTs, HanpUMep, BIUSHAC

UL}

"npouux" (akTOpOB HOCHT "HHTEPBAJbHBIH" XapakTep U UMEIOTCH ABe
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Mofenu 3aBucuMocTd Mexay Y u X. IlepBasg Mojenap NOCTYIHpPYeET, YTO
OoTkJIOHEHHS Y — aX no ab6comoTHON BenuunHe He npeBocxopsT 10, BTo-
pas — 4TO 3TH OTKJIOHEeHHs He npesocxomsaT 0,1Y. OTeickanue HauGonee
COrTaCOBaHHBIX 3HAUYEHH CBOJHUTCS 3/1€Ch K PEILIEHHIO CHCTEMbI HEPaBEHCTB
Y, —aX| < 10 pna nepsoit monenu u Y, —aX,| < 0,1Y, — gna BTOpOH.
IIpexne Bcero peleHue 3HeCh MOXET HE CYIIECTBOBATb MM HE OBIThH
€AMHCTBEHHbIM. OTCYTCTBHE PELIECHMUS, CKOPEE BCErO, CBHETEIBCTBYET O
HeajekBaTHOCTH Mofenn. OgHaKO eciau peleHHs Niasg obeux Mopeiei
CYWIECTBYIOT, HO HE €[JMHCTBCHHBI, BCE OHM OKa3bIBalOTCA "B paBHOH
CTENEeHN" COTJIaCOBAHHBIMM C MMeolelcs nHdOopMaleli H HEICHO, KaKas
Mopenb nydwe. IIpyunHa 3THX TPyRHOCTEH — B CieM(UIECKOH CTPYKTYpE
KPUTEPHS COIJIACOBAHHOCTH, KOTODBINI B NAaHHOM IIpUMEpeE sBISETCA
6yeBCKUM (COrTacCOBaHHOCTD JUGO ecTh, TG0 ee HeT). [ToaToMy HafesThes
Ha YCHEIIHYIO NPAaKTHYECKYI pEealn3alHi0 NPEATOXKEHHOrO NpUHIHUNA
MOXXHO JIMIUb TOrAA, KOIJa KPUTEPHil COrJIaCOBAaHHOCTH AOCTATOYHO
HHOPMATHBEH M YyBCTBUTENEH K U3MEHEHUSIM OLIEHUBAaEMBIX ITapaMETPOB.
B 2T0Ji CBSI31 NOJNIE3HO OCTAaHOBUThCA Ha yKa3aHHbIX B [1. I'n. 6] npuHiunax
"BbI6Opa 0611ero Bua yHKLUMK perpeccun”.

C nepebim MPUHIMIIOM — "MaKCHMAaJIbHOE HCIONb30BAaHHUE allpHOPHOM
HH(OpPMAIMH O COAEPKATENBHON CYIIIHOCTH aHaNM3NPyEMON 3aBUCHMOCTH"' —
HEJb3s He COINIacuThes. Mbl TPaKTyeM ero Kak Heo6XOUMOCTb ONUPAThC
Ha TEOPETHYECKYIO MOMENbh PAacCMAaTPHBAEMOrO Mpolecca WM SABJIECHHS,
MOCKOJIBKY TOJBKO OHAa M BbIpa)KaeT yKa3aHHYIO "aNnpHOpHYIO" HH(Op-
MalHIo, a BbIpaXeHUs THMA "cOofep>KaTellbHas CYIHOCTb 3aBUCHMOCTH"
MOryT ObITb KOHKPETH3MPOBaHbI TOJBKO B MopenbHOH ¢opme. Bonee
CIIOpeH 8mopoli NPUHUMIL BbIGOP BHa MCKOMOW 3aBHCHMOCTH NOJIXKEH
Npou3BOAMThECS Ha Ga3e "NpegBapUTENbHOTO aHaJU3a reOMETPHYECKOH
CTPYKTYpPbI NCXOJHBIX JaHHBIX", KOTOPBI, B COOTBETCTBMH C [1], cocTouT n3
aHaNIM3a NapHBIX KOPPENSIMOHHBIX NOJIEH M y4eTa CBOMCTB IJIaJKOCTH
HCcKOMOH ¢yHKUMH. MexXny TeM B ciydae, KOr[la YHCIO yYUTBIBAEMbIX
¢akTOpOB GoNee BYX, aHAJIHN3 MapHbIX KOPPENAUHOHHBIX MOJIEH MaJo 4TO
AaeT, "3pUTEIBHO" BbISIBUTh F€OMETPUYECKYIO CTPYKTYPY MCXOAHBIX AaHHBIX
MOYTH HEBO3MOXKHO, a CBOMCTBA ITTaJKOCTH MCKOMOMH (PYHKIIMH, 1O CYIECTBY,
(hOpMYIUPYIOTCS B TEPMHHAX XapaKTEPUCTUK TEOPETHYECKON MOJIENH, TaK
YTO OHM AOJIKHbI OBITh YYTEHbI B COOTBETCTBUHU C NMEPBbIM, a2 HE BTOPBIM
NPUHLMTIOM.

Hakonen, B KayecTBe mpembezo NPUHLHUIA MpearaeTcs HUCHOJb-
30BaTh CTAaTHUCTHYECKHME NPHUEMbI, MO3BOJAIOUINE "YIPOCTUTD" HCKOMYIO
3aBUcHUMOCTb. Oco60€ BHEMaHue NpH 3TOM o6paleHo Ha npeoOpa3oBaHus,
CBOJSIIME HMCKOMYIO 3aBHCHMOCTb K JHHEHHO#. TpygHO cmopuTh, 4TO
OYyeHUMb JTMHEHHYIO 3aBICUMOCTb OGBIYHO MPOILIE, YEM HEJIHHEHHYIO, XOTS
8bLA8UumMb NTUHEHHBIN XapakTep 3aBUCHMOCTH WM AOTafaThcsd O "BHAE ee
HEJTMHEHHOCTH" yaeTCsl OOBIYHO TOJBKO, KOrJ]a B HEE€ BXOAMT TOJBKO OfjHa
o6 bsACHIOmEas nepeMeHHas. OfHaKo B OTPbIBE OT TEOPETUUYECKOHR MOJETH
"nuHeapu3yrowye" npeo6pa3oBaHus OGbIYHO HE UMEIOT COAEPKATEIbHOIO
cMmbicna. Ecnu ke TeopeTuuyeckas MOJENb CBUAETEIbCTBYET O HaIMYMHU
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3aBUCHMOCTH, "CBOXMMOM" K JMHEHHOM, 3TO €lIe He 03HAa4aeT, YTO COOT-
BETCTBYIOIIEE "CBEJAEHHE" YNPOCTHT pacueTbl. Bo3nMeM, Hanpumep,
3aBucuMocti Y =In (aX + b) + &, rne £ — HOpManbHO pacnpefeseHHas
cry4aiiHas BEJIMYHHA C HYJEeBbIM CPeRHEM. BBens nepemennyio Z = e¥, Mbl
NMPpUAEM K JIMHEHHON 3aBHCHMOCTH Z oT X, HO ciydaiiHas ajgfUTHBHas
no6aBKa NpeBpaTUTCS NP 3TOM B MYJbTUIUIMKATHBHYIO, YTO HE NO3BOJISIET
HCIONb30BaTh METOAbI "OOBIYHON" IMHEHHOM pErpECCHH.

Jpyras rpynna "CTaTHCTHYECKHX METOAOB YNPOLUEHHS 3aBHCUMOCTH"
COCTOMT B OTbICKAHMH "ONTHUMAJIbHOIO" KOJMYECTBA YYUTHIBAEMbIX (Pak-
TopoB. OfHaKO eciM NMOHUMaTh NOJ "dakTopaMu' KaKHE-TO XapakTe-
pUCTHKH OO'BEKTa, TO OTOpachiBaHUE JIOOOro U3 HUX NPUBOAUT K MHOMH
MOJIEIN 3TOro 06 pEKTa, K OLEHKE Ka4eCTBEHHO MHOH 3aBucuMmocTH. Ha
KaKMX-TO CTa/IusIX HCCIIEOBAHUA 3TO, BOZMOXKHO, U IONyCTUMO, OJHAKO €CITA
HccleaoBaTeNnss HMHTEpecyeT 3aBHCUMOCTb Y oT X; U X,, TO Henb3s
Tpe60oBaTh, YTOObI OH M3y4yal 3aBUCHUMOCTB Y TOJNBKO OT X;. Mexny TeM,
kak BugHo u3 [1. C. 196-197], "dakropamMu" npepnaraeTcs CIYNTATh He
TOJNBKO X, HO M NMI0Oble CTENMEHM 3TOH nepeMeHHoi. Ecnu mpm aTtoMm
KO3 (HUUMEHTBI 1P TAKUX CTENECHAX MMEIOT KaKOH-TO 3KOHOMUYECKHUH
CMBICII, TO OTOpachbiBaHHE OJHOro U3 (paKTOPOB HE NMO3BONISIET YCTAHOBHUTH
BaXXHYIO XapaKTepUCTUKY 00bekTa. Ecnn ke K03pUIUEeHThI HE HMEIOT
3KOHOMMYECKOrO COAEPKaHUS, TO HE UMEET CMbICIAa M "OKOHYATEIbHO
MOJy4YEHHAass 3aBUCHMOCTB", HE3aBUCHMO OT BEJIMYMHbI MHTETrPaJBHOrO
OTKJIOHEHHS, a POLEAypa €€ NMOIYYEHHUs: CTAHOBUTCH "MIPOU" C HCXOHBIMU
HAaHHBIMU.

Haxkonen, 4Ype3BbIYaifHO Ba>KHBIM U [OJIE3HBIM NPEACTABIAETCS Yemaep-
mbtli IPUHLUI: NOCTPOEHHAs 3aBHCHMOCTD IOJKHA ObITh BO3MOXHO 6ontee
yCTOHYMBa 10 OTHOIUNEHHMIO K TOH COBOKYNMHOCTH HCXOJHBIX NHaHHBIX, Ha
OCHOBAaHMH KOTOpOH OHa oueHeHa. IIpakTmueckas peamusanus 3TOro
MPUHUMIA NPEAYCMaTPHBAET COMOCTABIEHHE OLEHOK HCKOMOM 3aBUCHUMOCTH,
MOJNyYEeHHbIX Ha OCHOBAHMM pa3JIMYHBIX "NOABBIOOPOK" M3 MMEIOLMXCH
HaGIIOAeHUM — "'MPY HEYAa4HOM BBIOOPE OOLIErO BHIa MICKOMOM 3aBUCHMOCTH
pe3ysbTaThl €€ BOCCTAHOBJIEHUS MO Pa3JIMYHBIM BBIGOpKaM, KaK NMPaBHIIO,
6yNyT CHJIBHO OTJIUYAThCA ORMH OT Apyroro”. K coxkanenmto, kak-nn6o
¢opManu3oBaTh 3TOT NPUHUKN 3aTpyaHuTENbHO. Hanpumep, napaMeTtp o
CTENEHHOM 3aBHUCUMOCTH Y = kX% MOXeT ObITh Ha€XKHO OLUEHEH, ECIIU B
BbIGOpKE ecTh HaGIIOAECHUS KaK C OOJIBLIMMY, TaK U C MaJIbIMH 3HaAYECHUAMU
X. Ecnu Xe oueHHBaTh MapaMETpPbl 3TOM 3aBHCHMMOCTH IO NOJABBIGODKE,
BKJIIOYAOWER TOAbKO OGonbiuue X HIM TOJNBKO Majble X, OIIMOKH
Hen3GexHo OyayT BeJUKHU. B Apyrux ciyyasx HafeXHas OlleHKa NapaMeTpa
MOXKET NOTpe6oBaTh, YTOObI B BbIOOPKE 0O0A3aTENBHO NPHUCYTCTBOBATH
Ha6mofieHus: ¢ GOJIBIIMMH, MaJIbIMU M cpeHUMH 3HauyeHusMu X. [ToaTomy
HaTh obue peKOMEHIauun No OpMUPOBAHMIO "TECTOBBIX NOABLIGOPOK" B
o6weM ciydyae TpyaHO. OQHAKO YacTO MCMNOJNb3YIOT CIEAYIOLHA METO.:
4TOGbI MCKIIOYMTL CHTYalMM, KOrfa OLEHKAa MCKOMOMW 3aBHCHMOCTH
06ycnoBIeHa KaKMM-TO OHUM HaGIIIOlEHNEM, U3 HUX OTOPachIBalOT CHavana
NepBoE, NOTOM BTOPOE U T.JI. M ONPENENIAIOT, CHIBHO JIM 3TO NMOBJIHANIO HA
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OKOHYaTeNbHbIA pe3ynbTaT (B [42. ['n. 7] npuBegeH npuMep, KOraa BHJ
3aBHCMMOCTH INpHHIMIKHAIBHO MEHAETCS M3-3a OTOpachIBaHUs OJHOrO
Ha6mroneHus ).

Kpurepuit cornmacoBaHHOCTH MOKHO MCHOJIb30BaTh HE TOJBKO MJIs
"TOYEYHOM", HO M I UHMEPBAAbHOL OLIEHKH NMapaMETPOB 3aBUCHMOCTEH.
3pech pe3yIbTaTOM OLEHKH BISETCS HEKOTOpasi JOBepUTEIbHast 061acTh B
NPOCTPAHCTBE MIapaMETPOB, B KOTOPOIi "C AOCTATOYHO GONBIIOH CTENEHBIO
peanbHOCTH" OYAET NEXaTh OIEHUBaeMblii BEKTOp a. EcTecTBeHHO
BKJIIOUHTDb B 3Ty 06J1aCTb BCE BEKTOPBI @, NI KOTOPBIX 3Ha4EHUE KPUTEPUs
COTJIACOBAHHOCTHM COCTaBIfAET HE MEHEe TaKOro-TO NPOLEHTa OT MaKCH-
MaJabHOro. Takoi mogxop sABASETCA JOTHYHBIM 0000LIEHNEM HM3BECTHOTO
MPHUHININA OCTPOCHHUS JOBEPHUTEIBHBIX 00JIaCTEH /ISl NapaMETPOB BEPOAT-
HOCTHBIX pacnpepenenuii [45].

B kpuTepum coriacoBaHHOCTH MOXHO ydecTb M "nortepu". Jleicr-
BHUTEJIbHO, NYCTb [BYM BapHaHTaM 3aBHUCMMOCTH npuMepa 2.3 (Y =X win
Y =4 - X) oTBe4aroT COOTBETCTBEHHO Pa3Hble KOHCprKTuBHi,le peleHus
3paHua. 3aBucumocTd Y =4 — X oTBedaeT Golee CIOXHOe W HOporoe
pelleHne, U NPUHATHE TAaKON 3aBUCHMOCTH, €CIM HAa CaMOM JeJie OHa
HEBEpHa, NMPUBENET K NEpPepacxony cpeacTs. Ecnu npuHITh 3aBHCHMOCTD
Y = X, Texuudeckoe peienne GyfeT Npoile U JEeLIeBle, ONHAKO €CIU Ha
CaMOM Jlelle MIMEET MECTO 3aBHCUMOCTb ¥ =4 — X, TO MOCTPOEHHOE 3[]aHKE
pa3pyLIHTCS.

B nopo6HO¥ cHuTyanuu HCHONB3YIOTCA TPU crnocoba panuoOHalIbHOrO
BbIOOpa:

® OrpaHMYUBaeTCd (CYO'BEKTUBHO) CHU3Y NOMYCTUMBINA YPOBEHb NPaBJO-
nofoOus NoJydaeMbIX 3aBHCHMOCTEH, a, CINEOBATENbHO, 1 MHOXECTBO
"HonycTHMBIX" COYETAaHMI NapaMETPOB OLEHUBAEMBIX 3aBUCUMOCTEH, noce
Yero craparoTcs MEHUMH3NPOBATh BO3MOXHbIE IOTEPH OT HENPABHILHOTO
BbIGOpa NMapaMeTPOB Ha 3TOM MHOXECTBE;

e BpI6GMpaloTcs "Hanbosnee npaBaONOAOOHbBIE" COYETaHNS HEU3BECTHBIX
MapaMeTpOB, OJHAKO B MOCIEAYIOWHE PacieThbl BBOAATCA "KOI(PDUIHEHTDI
3anaca” (B pacyeTax KOHCTPYKIMIA — "KO3(hUIHEHTDI 3anaca NpOYHOCTH"),
yCcTaHaBIMBaeMblE€ Ha OCHOBE NpekHero onblTa. O6paTMM BHHMaHHUE, YTO
OCHOBHas cdepa NPUMEHEHHs ITOrO NOAXONAa — TEXHUYECKHE pacyeThl, B
9KOHOMHUYECKHX HCCIIENOBAaHUAX OH NIPAaKTHYECKH HE UCIIONIb3YETCS;

® KpHUTEPHI1 OLICHNBaHUS (POPMUPYETCS KaK arperupOBaHHbIN, YIHThI-
BalOIIMI KakK MpaBAONOAOOHE OLEHEHHBIX 3aBUCHMOCTEMN, TaK M MOTEpPH,
06yCIOBJIEHHbIE UX BO3MOXKHOM HETOYHOCTBIO. B [46] 3TOT cnoco6 Ha3Ban
UHCMPYMEHMANbHBIM.

PasymMmeeTcs, lIMpOKOe NPUMEHEHNE UMEET M "BOJIEBOH" criocol, Koraa
KPHUTEpHUIl OLICHUBAHUSA HE CTPOUTCS U HE BbIOMpaeTcs, a npuHumaemca 6e3
KaKO#-TH60 MOTHBUPOBKH HUJIM CO CCBIIKOM Ha ApyrHe paboThl (TA€ 3a4acTyrOo
OH TaK>ke NnpuHuMalcsa 6e3 kakoro-nmu6o o6ocHoBanus). IIpuMeHeHne Takoro
crnoco6a, Mo HalleMy MHEHHUIO, HELEIecOOOPa3HO, NOCKONIbKY CYObEKTHBU3M
B YCTAHOBJIEHMH KPUTEPHUS MPEACTABIAETCS allPHOPHO "OOJIBIINM 37I0M", YEM
CyO'bEKTHBM3M B arperipoBaHMM (COM3MEPEHHH) Pa3HOPONHBIX, HO
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€CTECTBEHHbIX KPUTEPHEB. 3aMETHM, 4TO AOKa3aTh OMWIMGOYHOCTL "BOJIE-
BOro" cnoco6a, KaKk NMpaBUIIO, AAJIEKO HE NPOCTO, XOTA UHOTAA 3TO YAAETC.
TUnuYHbIE NPUMEPHI JaeT HaM CTaTHCTUKa. Tak, TpaJUIMOHHBIM B CTa-
TUCTUKE CTaJI0 MCYHUCJICHHUE CPEJHETO 3Ha4eHHUs MO (OpPMYJNIE CPENHETO
apuMETHYECKOTO, XOTs XOPOLIO M3BECTHO, YTO NPH HAJIMYMU rPYyOBIX
o6OK UCNOIB30BaHUE MEINAHBI JaeT OONbIIYI0 TOYHOCTD [42, 44].

Kak MbI BHAEIH, METOJbI ONTHMAaJIbHBIX OIEHOK, OCHOBAaHHBLIE Ha
¢yHKIUAX NPaBAONOAOOMS, NOKA3aTENIX HHTErpajbHOro OTKJIOHEHHMS,
¢ yHKLHOHATAX [TIAJKOCTH, MIMEIOT CBOIO OTPaHMUYEHHYIO chepy NPUMEHEHMS,
TOrga Kak XOTeNoCh Obl MMEThb BO3MOXHO MEHbIIee 4YHCIO Ooinee
YHHUBEPCaNbHbIX KDUTEPHEB, ¢ 60see HPOKoH cepoit npuMeHeHus. [Tanee
6yneT NoKa3aHa BO3MOXHOCTb NOCTPOEHHUS TAKUX KPUTEPUEB, IPUMEHUMBIX
U NpH HETPAIMLIMOHHBIX (POPMANN3ALHAX HEONPEAEIEHHOCTH Pe3yNbTaTOB
HabMroie HUA.

2.10. 06 yuerte yeneson uHcopmaLmm
npv OYeHMBaHUU 3aBMCUMOCTEN

PaccMoTpuM 3aj1aty yCTaHOBJIEHHS TAapaMETPOB JIMHEHHO! 3aBHCUMOCTH
Y = aX + b Mexnay nokasaTtenssMd Y u X NpOMBIIIJIEHHBIX NpPENHPUATHH
HekoTopo#i orpacnu. HaGnronaeMble 3Ha4eHUA 3THX MOKa3aTeed s i-ro
npennpustus B rogy t (¢t =1, ..., T — 1) ob6pasyror BekTop (X;, Y;).
IIpennosoXuM, UTO Takas 3ajaya pEIIAETCs C LEJbIO "BHEAPEHHA' ee
pe3yJbTaTOB Ha KOHKPETHOM KDYINHOM INPEANPHUATHH NMyTeM nogbopa
palUMOHAaNbHOrO M NPHEMJIEMOTO NI HEro 3HaueHus napaMerpa X B
cnenytomeM roay T. LlemeBoit xapakTep TaKOro HMCCIEAOBaHMS MOXHO
y4eCTh, NpUAaBasi B COOTBETCTBYIOLIMX pacyeTax GONbIINH BEC NOCIEAHIM
rofiaM OTYETHOTO NMEPHOJA U KPYNHbIM npeanpustiusam. OnpasjaH JIM TakKoOH
npuem? [lonxHa nu nenesass HHGOPMalUs YIUThIBATECS AONONHATENBHO K
MCXOJ(HO NpH NIOCTPOEHUHU KPUTEPHS COrNIacoBaHHOCTU? JI/1 OTBETa Ha 3TH
BONPOCHI 3aMETUM, YTO NPHUBECHHAs MOJIENb HEMOJHA: B HEH OTCYTCTBYET
onucanue omu60k. [Tonpo6yeM yTOYHHUTH MOMAENb TaK, CBSI3b MEXNY
HaboaeMbIMH NI0KA3aTENIMHU NpeNnpusaTis nmeeT sup ¥, =aX, + b +&;,
rae &;, — HOpMaJbHO PACHPEAENEHHBIE CIy4YaiiHbIE BEIMYMHBI C HYJIEBBIM
cpeguuM. OHAKO M 3Ta MOJENb OyNET HENOJHOM, MNOCKOJIbKY B HEH HE
OTpaXeHbl 3aKOHOMEPHOCTH, ONMCBIBAIOWIME H3MEHEHHE OWMN6O0K "B
NpOCTPAHCTBE U BO BpeMeHHU''. MeXAy TeM TakHe 3aBHCUMOCTH MOTYT OBbITh
pasubiMu. [IpuBeneM psf NpUMEPOB.

1) Qwubku &;, 8 cosokynnocmu He3asucumbvl U UMerOm OOUHAKOBYHO
ducnepcuio. JIerko BUAETb, YTO TOTAA ONTUMAJIbHBIE OLEHKH 1apaMETPOB a
1 b HaxogsATCs METONOM HAaWMEHbIUMX KBajJpaTOB, MPMYEM BCEM Habro-
ACHUSIM IPUIIMCBIBAETCA OJUH U TOT XK€ BeEC.

2) Owubku &;, 6 cosokynnocmu He3agucumbt, Ho oucnepcua &;, obpamno
nponopyuoranbha mowHocmu npeonpuamus M; 6 coomsemcmeyrouem
200y. Jlerko BUETb, YTO 3[€Ch ONTHMANIbHbIE OLEHKH NMapaMeTPOB a U b
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HaXoOJATCA METOJOM B3BELICHHBIX HAMMEHBLIMX KBaJ[paTOB, KOTJa KaXX[OMYy
Habmoaenuto (X, Y,) npupaerca sec M, Takoe pelleHHe, Ha NEpPBbIA
B3I, COOTBETCTBYET LieneBOi MHGopMauuu. ITpeanonoxmuM, oqHako, YTo
MOJ€]Ib CIy4aiiHbIX OMIMOOK 4yThb-4yTh MHASA: JUCHEPCHH OLIMOOK npamo
NMPONOPIHMOHAIbHBI MOLHOCTH NMpEANpuUsiTHs. JIerko BUAETh, YTO B TaKOH
CHTyalMH Beca HaburofeHui#t 6yayT o6pamHo NpPONOPLUUOHAIBHBI MOII-
HOCTSM, HECMOTpPsl Ha Halle XeJTaHHE NpHAaTh OONBLINI BeC KPYNHBIM
NpeNNpUATUIM. DTOT NPUMEDP, B YaCTHOCTH, NOKa3bIBAET, YTO NPH KOp-
PEKTHOH (popManu3anyu B MOJENIb MOTYT BOHTH M TaKNE XapaKTEPUCTHKHU
o6bekToB I'C, KOTOpBIE HENMOCPEACTBEHHO B MCKOMOH 3aBHCHMOCTH He
(UrypHUDYIOT.

3) Bce owubku &;; umerom odunakosyto oucnepcuro. [laa pasubix npeo-
npuamuili owubxu He3asucumbvt, OOHAKO 0aA OOHOZ20 U MO0 e
npeonpusamus owubku pa3nbix nem ckoppeaupoeanst. IIpuMepoM MOXeET
CyXHuTb Mopens: &; = BE;,_; + N, TOE M;, — HE3aBUCHMbIE B COBOKYNIHOCTH
HOPMaJIbHO pacnpefesiCHHbIE Cy4ailHbIe BEJIMYUHBI C HYJIEBBIM CPEAHNM U
onuHaKOoBO# gucnepcueit. MC-npunuun 3aecs TpeGyeT BbIGpaTh a, b u B,
MaKCHMH3HUPYOIIKE COOTBETCTBYIOIYIO (DYHKIUMIO paBonoxobus. OgHako
3TO pelIeHHe yxXe He obecneydBaeT MUHMMyMa CyMMbI KBaJpaTOB OTKJIO-
HEHUH C BECaMH, 3aBUCALMMH OT rofa, K KOTOPOMY OTHOCATCS HaOMIOAeHUS.

B 6onee obuielt cuTyauuu gis ydeTa UeseBod MHpOpMaUUH BBOAATCS
"BCrIOMOraTesbHbIE" XapakTepUCcTHKH 06 bekTOB (M), oTpaxaromue "cre-
HeHb UX COOTBETCTBUS LEJSIM HCCIENOBaHHUS" M TEM MJIU MHBIM CIIOCOGOM
"BCTpamMBaloTCsA" B KPUTEPHit BbI6OPa ONTHMAJIbHBIX IapaMETPOB HCKOMOH
sasucuMocTd. KakuM 6b1 cnoco60oM nogo6Hbie onepanud HE OCYLIECTB-
JISNIACh, 32 HUMM BCErja CKPbIBAE€TCSA SBHOE HJIM HESIBHOE MpPEACTaBIIEHUE
HCCIIEIOBATENs O TOM, YTO OG'BACHAEMasi XapaKTEPUCTHUKA Y 3aBHUCHT HE
TONBKO OT 00BbiAcHsaOWHX (X), HO U OT "BCIIOMOraTENbHBIX" MEPEMEHHBIX
(M). Ecnyn Takoe NnpefcTaBiIeHNE SBHOE, Ero MOXHO (pOpMajiN30BaTh B TOH
HJIM MHOU Mopen# (THUNa NPUBEAECHHBIX BbIlue). XyxXe, KOrga ucciefoBaTeib
BBOUT BCIIOMOTraTeJbHbIE NEPEMEHHbIE M BCTPAaUBAET MX B KPUTEPHH
ONTHUMAJBLHOCTH "Ha riaa3ok", BMECTO TOro, 4TOObI BKJIIOYHUTh UX B COCTaB
OOBACHAIOIUX NEPEMEHHBIX MOJEIH M YYECTh BbIIBICHHBIH NPENbIAYIIMMHU
HCCIENOBAHUAMHU XapaKTeP UX BIUSHHUS Ha Ty K€ OOBACHAEMYIO NIEPEMEH-
Hy0 Y.

YacTo nenesass ”HPOpMaLus MOXeET ObITh B JOCTATOYHOH Mepe yYyTeHa
npu OpMYIHPOBKE M YTOYHEHUH TEOPETUYECKOH MOJIENIH 3aBUCHMOCTH, T.€.
Ha GoJyiee paHHMX CTaMAX MCCIENOBaHusl, KOr/a NIEpBOHa4YaIbHOE NPENCTAB-
neHue 06 UCKOMOI 3aBUCHMMOCTH M O HEONPEAEIEHHOCTH BXOMALIUX B HEE
XapaKTEPHUCTHUK €IlE TOIbKO (pOpMaUu3yeTcs.



3. XAPAKTEPU3ALISA HEONPEQEJIEHHOCTU
PE3YNIbTATOB HABJNIIOOAEHUA

TI'opasoo aeaye Hatimu owubKy, Hexceau UCMUHRY.

H.B. I'éme

B. n. 1.2 66112 npeacTaBieHa NOMBITKA KIacCH(pUKALUH THIIOB OIIUOO0K
HaONIONeHUs T B 3aBUCHMOCTH OT HX NPOMCXOXJEHMA. B aTtoM paspene
OCHOBHOE BHHUMAHMHE YAEJIEHO Pa3IMYHbIM NOAXONAM K (POpPMaIN30BaHHOMY
ONMCaHMIO OIINOOK, UX IIPEACTABICHUIO B BUIE Pa3THYHBIX MaTEMaTHIECKMX
00BEKTOB.

3.1. CucrtemaTruyeckue owmbku

HauGonee npocras NpUYMHA HECOOTBETCTBHSA HCTHUHHOIO M HabImo-
AaeMOoro 3Ha4YEHHH XapaKTepUCTHKU — "cUcTeMaTH4YecKue" omubKYy, OqUHa-
KOBbI€ NpU HaONIONEeHHN BCeX 3HAa4YEHHH Kakoro-nn6o mokasartens. OHu
4acTO BO3HMKAlOT B TEXHHUKE BCIEACTBHE HENPaBUIBHOH IpajyMpOBKH
H3MEpHUTENBHOrO Npubopa. PaccMoTpuM ciiy4yaii OlIEeHKH apaMeTpHYecKOi
3aBUCHMOCTH Y =aX + b no gaHHbIM HabGmopeHui. IIpu ToYyHbBIX HabmrO-
AEHUSIX HAUTH UCKOMbIe KO3((PHIUMEHTBI MOXKHO BCETO MO AABYM TOYKAM.

Ilycrb, ognako, Bce HabmoaeHus Y copepkaT OfHY U Ty e (IIOCTO-
SIHHYIO) aJiUTHBHYIO OMOKY. JIerko BUAETD, YTO NPU 3TOM KO3 PHUIHMEHT
b He ypacTcs TOYHO ONpENeNUTh HUM NPH KaKoM uucie HabGmopeHuit. Opn-
HaKo, eciu Obl pedb La O 3aBUCHMOCTH Y = aX? + bX, To xBaTHNO GBI TPEX
Ha6roeHUH, YTOGBI ONpeNEINTh HEU3BECTHBIE a | b.

Takum 06pa3oM, HaJIMYHME CHCTEMATHYECKHUX OIIMOOK OrpaHHYUBAET
KJ1aCC 3aBUCUMOCTEH, KOTOPBIX MOXHO OLEHHTb HOCTATOYHO TOYHO NMpH
AOCTAaTOYHO OONbIOM O6bEME HCXORHOM MHpopManuu. B obumem cnyyae
HaJIMYHe CUCTEMATUYECKHUX OIUMOOK JTUIIb YBEJIMYMBAECT KOJIMUYECTBO Napa-
MeTpoB B 3agaue. Tak, ecnu uckomas ¢yHkuus umeet Bupa g(X, ap, as, ...),
rae g — M3BecTHas QYHKUMA, d;, a,, ... — HEU3BECTHbIE NTapaMEeTPhbl, a nepe-
MeHHas X u3MepsAeTCcs C CHCTEMAaTHYECKOH afiuTUBHOM OHKOKOMH d, TO 3Ta
3afjaua 3KBHBaJIEHTHa OThickaHmo dyHkuun g(X +d, ay, a,, ...), pH ycio-
BHH, YTO nepeMeHHas X usMepsaeTcsa 6e3 olnOoK.

IIns cuTyauuu, KOrpa pe3yibTaTOM HaOGIIONCHHS ABIAETCA HE YHCIIO, a
HEKHUH MHOU OOBEKT, MOXKHO NPEAJIOXKUTL CIEAYIOUICE ONPEAEIEHHUE, NOJ
KOTOpOE B OJHOMEPHOM Clly4ae NOANajaroT U afAUTUBHBIE U MYJIbTHUILIH-
KaTHUBHbIe cHCTeMaTuyeckue omnOku. ITycth V — npocTpaHCTBO xapakTe-
PHCTHK, KOTOPOMY NpPHHAJJIEXAT U pe3ynbTaThl Habmonenni, F: V- V -
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HEKOTOpPOE B3aMMHO-OJHO3HayHOE OTOOpaxkeHue. bynem rosopurs o Hanu-
YUM CUCTEMATHYECKOH OUIMOKH HaGNIONCHUH, €CIIM MCTHHHAs XapaKTepH-
cTHKa 00beKTa Y u pe3ynbTaT ee HaGmofeHna N CBsA3aHbl COOTHOLIEHUEM
N = FY (xaxpplii pa3 BMECTO HCTUHHOI'O 3HaYeHHsl XaPAKTEPUCTUKHU Ha6II0-
paercs ee o6pa3 npu orobpaxenuu F).

3.2. "CnyyauHble" pe3ynbraTbl HA6NOAEHUA —
BEPOSATHOCTHbIN NOAXo4

Jlg xapak TepHCTHKM OUTHOOK HaOIIofieHUH OOBIYHO NCHONB3YeTCs Tep-
MHH "cry4aiiHble OMOKH" MK "OMOKH, BbI3BaHHbIE CITyYaiHbIMU (DaKTO-
pamu”. Bennuuna ux xosne6ieTcs, OHU MOTYT ObITb MOJMOXHTEIbHBIMUA H
OTPHUATENbHBIMH, M OLIUOKH B OJHUX NMEPEMEHHBIX HUKAK HE CBs3aHBI C
omnb6kaMHu B Jpyrux (no KpalHel Mepe 3TO MOXeT ObITh HE BHIHO
"HEBOOPY>XEHHbIM ri1a3oM"). B panbHeliem nHoraa notpeGyeTcs pa3nu4aTh
3Ty "NMPaKTHUYECKYIO", pa3rOBOPHYIO TPAKTOBKY NMOHSATHS CIYYaUHOCTH OT
"MaTeMaTH4YECKOR", BbIPAXKAEMOH B TEPMHHaX TeOpHH BeposiTHOcTel. ITo-
3TOMY TaM, I'ie 3TO CYILECTBEHHO, MbI Gy[1eM B IEPBOM ciiyyae GpaTh CIOBO
"cay4adHbId" B KaBbIYKH, 2 BO BTOPOM — HCIIONb30BaTh TEPMHUHBI "CTO-
XacTHka" M "CTOXaCTHYECKHH".

OJHNM B3 UCTOYHUKOB "'CITyYaiHBIX" OUIMGOK MOXKET ObITh UHOUKALUS —
3aMeHa TOYHOH METOAMKM M3MEPEHNs MOKa3aTeNls APYroy, NpuGIIKeHHON
(HanpuMep, B CHJTy OTPaHMYEHHOCTH BPEMEHHM WM pecypcoB). [Ipyroit ucrtou-
HUK, MO CYUIECTBY PacCMOTPEHHBIH B I. 1.5.2, — Hanuuue "npouux”, He
OTPa’KEHHBIX B MOJENH (PaKTOPOB, BIMSHUE KOTOPBIX NPUBOJUT K KOJe-
6aHUAM HaONIOAaEMbIX 3HAYEHUN XapaKTEPUCTUK OT UCTUHHBIX. BonbimH-
CTBO CTATHCTHKOB HE TOJIbKO Ha3bIBAa€T 3TU KOJeOGaHus "Cly4aHHbIMU', HO U
paccMaTpUBAaET UX KaK CTOXacTHYecKHe. TeM caMbIM H3MEHEHHs METOUKH
N3MEPEHMs MM BIUAHUME "NPOYnx” (HECYLIECTBEHHBIX IS MCCIIEOBaTeNs)
¢akTOpPOB paccMaTPHBAIOTCA KAK pPealu3ali KaKuX-TO CIy4alHbIX cOObI-
THH U O6BEKThbl NPUMEHEHHS TEOPETUKO-BEPOSITHOCTHBIX MeTOHOB. Ha-
CKOJIbKO 3TO KOPPEKTHO?

BonbmMHCTBO COGBITHH, KOTOpbIE KOHKPETHBIN YE€JIOBEK PaCCMaTPHBAET
Kak "cnydaiiHbpie” (pedb UAET O COOBITHSX, ABISIOIMUXCA PEAMETOM TPafu-
HOHHOIO 3KOHOMMUYECKOrO aHalMu3a, a He O ABJIEHHUSX Ha, CKaXeM, MoJie-
KyJIIPHOM YPOBHE), IPEACTAIOT KaK 3aKOHOMEPHbIE, ECIIH B3TNIIHYTh Ha HUX
C MHOH TOYKM 3PEHHS, YUTS NOMOJHHTEIbHbIE XapaKTEPHUCTUKH U 06CTOS-
TENbCTBA ABNEHUA. Tak, ucxoq 6pocaHus KOHKPETHOH MOHETBI MOXKET ObITh
paccyMTaH, HCXOAS M3 CKOPOCTH, C KOTOpO# 6blTa GpolIeHa MOHETA, CUJIIbI
BETpa M HanpaeneHus 6pocka. Ono3ganue Ha paboTy M3-3a 3alEPXKKH ro-
POACKOrO TPAHCIOPTa CTAHOBHUTCS COBEPILIEHHO 3aKOHOMEPHBIM, ECIIH 3HATh,
4TO (pM3MIECKHUI U3HOC TAKOTO-TO y3J1a TAKOrO-TO TPAHCIIOPTHOI'O CPEJCTBA
06yCI0BHII €T0 MOJIOMKY KaK pa3 B JaHHOE BpeMs. Takoe npejncTaBleHUE O
cny4yaiHbIX coObITHAX AaBanoch ewe B [47. C. 85-86]: "Co6bITHS, BO3HMK-
IIMEe [IPH BCTPEYe UM KOMOHMHALUM SBJICHUH, IPHHAJIEXKAIUX HE3aBUCUMbIM
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panaM, MONYYMBILAMCS B PE3YJNbTaTe NMPUYMHHOCTH, Mbl Ha3biBacM sBiIE-
HUSIMU CITy4aliHBIMHM HJIM pe3ylbTaTaMHu ciaydas”. B 6osiee coBpeMeHHBbIX
TepMHuHax 310 chopmynuposano B [48. C. 49]: "CnyuaitHoe cobbiTHE BO3-
HHKaeT TOrMa, KOrla B 3aKOHOMEPHOE Te4eHUE SBJICHUS, ONPENEIAEMOro
AaHHO¥ NPHYMHOM, BKIMHUBAETCA AEUCTBHUE, ONpPENENIeMOe APyrol NpHIn-
HOM, HEe CBA3aHHOM C MepBOM, ¥ MPOUCXOAUT BO3[ECHCTBUE OHOTO ABJICHUS Ha
apyroe".

IIpuMepHO Tak 3Xe TPaKTYeTCs CIy4alHOCTb PE3YNbTaTOB HAaGMIONCHMIH
B oOwe#t Teopun craTucTUkU: "IIpu onpefeNeHHbIX YCIOBUAX BENMYUHY
OTAENbHOrO 3JIEMEHTA COBOKYIHOCTH MOXHO paccCMaTpHUBaTh KaK CIy-
YaliHYIO BEJIMYUHY, UMes B BHUJY, YTO OHA SIBJISIETCI HE TOJBKO aBTOMAaTH-
YECKHM pE3yIbTaTOM KAaKOH-TO OOIEH 3aKOHOMEPHOCTH, HO B TO € BpeMs
M caMa OnpefielieHa AeHCTBHEM MHOXECTBa (paKTOPOB, HE 3aBHCAIIMX OT
3Toit obwen 3akoHoMepHoctu” [37. C. 13].

OTH onpefeneHusl He ABIAIOTCA CTPOrMMHU, HO KaKOEe-TO NpPEeCTaBIeHNAE
O reHe3Hce CIY4allHOCTH B IpPHPOJE, TexHocdepe M obuecTse OHH,
6e3yCIIOBHO, 1a10T.

Pe3ynbTaTh! HaGMIOAEHMI ABJIAIOTCS HEONPENEIEHHBIMA HMEHHO NOTO-
My, YTO B MOMEHT HaONIOEHUS HENb3s TOYHO ONUCATh HU YCIOBHIl HaGIli0-
HEHMsl, HI KOHKPETHBIX OCOGEHHOCTEN METOAMKM HaOJIIONEHHUsS, KOTOpPhIE
NMPUBOAAT K OTKJIOHEHHMSM HAaGJIIOflaeMOro 3Ha4YE€HHUsS XapaKTEPUCTHKH OT
"HCTUHHOTO".

Ilpn BEpOATHOCTHOM MOAXOHAE 3TH (PaKTOPhI TPAKTYIOTCH KAaK YCIOBUA
HekoToporo "onbiTa". IlpeamonaraeTcs, 4TO TakOH OMNBIT NONYCKaeT
MHOTOKpaTHbIE HE3aBUCHMBIE MOBTOPEHHUS U MPH KaXX[[OM NOBTOPEHHH MbI
MOX€EM MOJNYYNTh Pa3INnYHbIC "3JIEMEHTAPHbIE HCXOABI" (M COOTBETCTBEHHO
pas3nuYHble pe3yabTaThl HAGMIONEHNS), XapaKTEPU3YIOILUECS ONpeeIeHHON
BEPOATHOCTHIO.

Ins o6cyxueHus: NpaBOMEPHOCTH NPUMEHEHUS BEPOSTHOCTHOTO NON-
XOfla M MOCJEQYIOEr0 paCCMOTPEHHsT BO3MOXHBIX aJIbTEPHATUB OrPaHU-
YMMCS JUCKPETHBIM CIIy4aeM U NPUBEJEM HEKOTOpble 6a30Bble MONOXEHUS
TEOPHH BEPOSITHOCTEH, OTHOCALIMECA K CIyd4adlHbIM (B HalIe# TEPMHHOJIO-
UH — CTOXacTu4YeckuM) Benmunnam (CB).

IT1. CB X xapakTepu3yeTcss HEKOTOPbIM CYETHBIM MHOXECTBOM (CKa-
JIAPHBIX MM BEKTOPHBIX) HEPABHBIX MEX[Y COOOM 3Ha4yeHMil r; (TOYeK B
MPOCTPAHCTBE "3JIEMEHTAPHBIX COOBITHI"), a TaK:Ke HaGOPOM BEJNHYHH p;,
TPaKTyeMbIX KaK "BEPOATHOCTH" HMIM "CTENEHH peanbHOCTH" cOObITHI'4
X = ri.

I12. BenuunHbl p; HEOTPHLATENBHBI M HE NPEBOCXOAAT €AUHULBI.

I13. CB X OTOXAECTBIAETCS C JETEPMUHAPOBAHHON BEJIMIMHOH 1, €CIIU
cOGbITHIO X = r NPHUINCAHAa BEPOATHOCTD 1, a COObITUAM X =S pU I # § —
HyJIeBbI€ BEPOATHOCTH.

I14. ®yukuus Y = f(X) ot CB onpepenseTcs cneayromyuM o6pa3oM: 3TO

14 B o61mem cnyyae nop "coObITHEM" IOHUMAETCH MHOXECTBO (06 be/IMHEHHE) dIeMEHTap-
HBIX COOBITH. .
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apyras CB c BO3MOXHBIMH 3HauYeHWAMH f(r;). [IOCKOJIBKY NpH pa3HbIX i YKC-
na f(r;) MOryT GbITh PaBHBIMHM, TO B OOILLEM ClIy4ae BEPOSATHOCTh COOBITHS
Y =5 onpependeTca KaK CyMMa BEpPOSTHOCTEH COGBITHH X = r; O BCeM
TaK¥UM [, 1 KOTOPbIX f(r;) = s.

ITycTh ¥ — HEKOTOPOE MHOKECTBO 3JIEMEHTAPHBIX coGbITHIl. PaccMoT-
puM dyHKumo f(r), paBHyto 1 npu r € A u 0 B npoTuBHOM cnyuae. Torga us
onpenenenus [14 nonyynM, 4TO BEpOATHOCTb COObITHA X € A paBHa cyMMe
BEPOATHOCTEH 3JIEMEHTAPHBIX COOBITHIH, 06pa3yromux MHOXecTBO H (TaK,
BEPOATHOCTb TOrO, YTO BeJIMYMHA X OKaXXeTcs PaBHOM 1y I I, OyneT pas-
Ha p, + p;). B 4dacTHOCTH, ecnm MHOXecTBO & BKIIIOYAaeT BCE 3IJIEMEH-

TapHble COOBITHA, OTCIOAA CllefyeT, 4T0 ., p; = l.
i

I15. CB Xj, ..., X\ Ha3bIBalOTCA He3asucumbimu, ecnu BekTopHas CB
Y =(X,, ..., X;) TakoBa, 4TO npHu MtOOBIX ry, ..., I';y BEPOATHOCTb COOBITHS
Y =(ry, ..., r;) paBHa NPOM3BENCHUIO BEpOsiTHOCTEH cOoOwITHH X =1y, ...,
Xk =T;.

Ha ocHoBe 3Tux onpefeneHni OKa3bIBaeTCI BO3MOXHBIM BBECTH OIIpe-
menenus apyrux aekicreuit Hag CB. Hanmpumep, pe3ynbTaT onepaunuu cym-
MHpoBaHus He3aBucuMbIX CB X + Y BBOguTCSA Kak (pyHKIMS OT KOMIIOHEHT
BekTopHO# CB (X, Y) c He3aBUCHMBIMM KOMIIOHEHTAMH.

Taxas TpakTOBKa "ciy4aifHOCTH" N03BOJISIET 6€3 BHYTPEHHMX [IPOTUBO-
peyYMii U NMOPOYHBIX KPYroB (pOpPMaH30BaThk NMPEACTABIEHHS. U O PaBHO-
BEPOSATHOCTH COOBITHII M, OCOGEHHO, 06 ux He3aBucuMocTH (4To KypHO Tpak-
TOBaJ KaK "NPHHAJJIEKHOCTD ABJECHUN K HE3aBHCUMBbIM psanaMm”, a Kapnes-
KO — KaK "HECBSA3aHHOCTb NPUYMH" pPa3NHYHBIX sABIeHHH). O AHOBpPEMEHHO
NOABIsAETCA BO3MOXHOCTb MCNOJIB30BaTh MOAEIN TEOPHH BEPOSITHOCTEH JIIst
06paboTku HH(OpMaIMU O CIy4yaiHbIX COOBITUAX MK sBIeHusax. Ho kakoe
OTHOLIEHHE MMEIOT NOJYyYeHHbIE Ha 3TOM NyTH Pe3yJbTaThl K pealbHOMI
NENUCTBUTETLHOCTH?

OO6bI4HO B 060CHOBaHME NMPaBOMEPHOCTH (a2 TO M HEOOXOOUMOCTH) Be-
POATHOCTHOH TPAaKTOBKH PEaJIbHbIX NPOLIECCOB U ABJICHMI MPHBOJATCS Cle-
AyIOLIME AOBOABI.

1. MHOrue 3KOHOMHYECKHE COOBITUS MU SIBIEHMS MOXHO paccMaTpH-
BaTh KaK NOBTOPSIOLINECS, MAcCOBBIE, SIBIISIOUIMECS NMPEIMETOM TEOPHUHU
BeposiTHOCTel. IIpM CTaTHCTHYECKHMX HCCIEJOBAaHMSIX HYAacCTO BBISIBIAETCH
HaOmiofaeMas YyCTOMYMBOCTb MX 4YacTOT, YTO KaK pa3 M JOKa3bIBaeTCA B
TEOPHH BEPOATHOCTEH, PaBHO KaK M OMM30CTb K HOpPMallbHOMY pacrnpe-
HEJIEHUIO CyMMbI GOJIBLIOrO YHCiIa He3aBUCHMbIX Manbix CB. HabnropaeMble
3Ha4yeHHs NMOKa3aTeNel TakXXe MOXHO pacCMaTpUBaTh KaK MOBTOPSAIOIIHMECS
(MbicaeHHO MOXHO NPEACTABUTH NOBTOPHOE HAGMIONEHNE C MHBIMHU OLIMG-
KaMH{ M3MEPEHUS WM NPH HHbIX 3Ha4YEHUSAX MPOYMX (paKTOPOB), a CIefoBa-
TEJbHO — MOJEINPOBaTh Kak peanusauuu Kakoi-ro CB. Hccnenyemyro
rpynny o6’b€KTOB MM HabIIONaeMy1O €€ 4acCTh Ha 3TOM OCHOBAHUHU MOXHO
paccMaTpuBaTh KakK Cly4yailHYIO BbIGOPKY M3 HEKOTOPOM, TAKXKE MbICAEHHO
npeacrabasemoit I'C, Bkiioyarowei Kak peasbHO CYIECTBYIOIIME, TaK U
"MOTEHIMATLHO BO3MOXHbIE" 06 beKTbI. HanpuMep, KOJIMYeCTBO NpepnpHs-
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THH JAHHOH OTpAciIM KOHEYHO, HO HaOJIIONeHHblE 3HAYEHUS NOKa3aTelel
HEKOTOPbBIX (MM faXXe BCEX) M3 HUX pPAacCMaTPHUBAlOTCA KaK BbIGOpKa U3
6eCKOHEYHOro 4Mcja MoKa3aTesel, KOTOPEIMH MOIJIH Obl XapaKTepH30-
BaTbCsl TAKME NPEANPHATHS NPH JaHHBIX YCIOBHAX, ecnu 6b1 "npoyne ¢ak-
TOPBI" NPHHSJIH JPyrue BO3MOXKHEIE 3Ha4eHHs. COOTBETCTBEHHO NOABIISETCS
BO3MOXHOCTb OLEHMBAaTh TOYHOCTb CTATHCTHYECKHUX NPOLEAYP, UMES B BULY
KonebaHus OLEHOK NpH NMOBTOPHbIX BbIGOpKax u3 Toi xe I'C mnu npum
NOBTOPHBIX HaOMIONCHUSX TEX K€ OO BEKTOB.

2. B Teopuu nonesHocru [49, 50] goka3aHO, YTO NpPU ONpPENETECHHBIX
NPEANOIOXKEHUAX HEONPENEIEHHOCTb HCXOHOH HHPOPMALMH MOXKET GbITh
y4YTEHa MyTEM BBEJIEHHS HEKOTOPBIX NapaMeTPOB, HHTEPNPETUPYEMBIX KaK
"Cy6'bEKTHBHBIE" BEPOATHOCTH Ha MHOXECTBE BO3MOXHBIX 3HaYEHUH Uccle-
AYEMBIX IOKa3aTeNiel, YTO aBTOMaTHYECKH BO3BpalaeT Hac "B JIOHO" Be-
POSITHOCTHBIX MOJENEN.

3. Bo MHOTrHX Clly4asx BEpOSITHOCTHAsl TPAKTOBKa "Cly4aliHbIX" OLINGOK
BEIET K Pa3yMHbIM C MPAaKTHYECKOH TOYKU 3PEHUS PELICHUSIM M CTaTHUCTH-
4YEeCKUM BbIBOAaM. Tak, MOATBEPAUIM CBOIO 3(P(PEKTHBHOCTD Ha MPAKTHKE
METOABI CTaTUCTHYECKOIO KOHTPOJS Ka4yecTBa NPOAYKLUNH, OCHOBaHHBIE Ha
TEOPETHKO-BEPOSTHOCTHBIX NPENIIOCHIIKAX.

4. MeTofbl MaTEMATHUECKOH CTAaTUCTHKH NMO3BOJSAIOT (B BEPOSTHOCT-
HbIX TEPMHHAaX) OLUEHHTb OWINOKY MOJYdYEHHBIX B PE3yJIbTAaTE PacyeTOB
3Ha4eHHH napaMeTpoB UCKOMBIX 3aBucHMOcTel. [Tpu aTom pns "xopommx"
(cocToATeIbHBIX) METONOB OIIMOKa OMNpENEEHNs HYXHOrO mapaMeTpa
(B MapaMeTpHUYECKOH 3aBHCHMOCTH MeXAy Y u X) CTpEMHTCS K HYNIO NpH
HEOTPaHMYECHHOM YBEJTMYEHHH IMCIIa HaGMIONEHHUH.

5. Hcnionp3oBaHue BEPOSITHOCTHOrO NOAXOAA M alnaparta siBJIseTCS
CBOEro poja TpajMUHed, OT KOTOpOX MHOTHM TPYNHO OTKa3aThCd, B TO
BpeMs KaK aJIbTEpHATHBHBIE NMOAXOMNBI TPEOYIOT HE TONBKO aNeJUIALMH K
HOBOMY MaTEMaTH4YECKOMY aMNIapaTy, HO U U3BECTHOM HayYHOM CMEJIOCTH.

PaccMOTpyM, HAaCKOJIBKO YOEIUTENbHBI 3TH JOBOJBI.

1. ITpexne Bcero BbI3bIBaeT BO3pakeHHs o0 bicHeHue noustus I'C kax
COBOKYIHOCTH HE TOJIKO pEaNbHbIX, HO ¥ "NOTEHIMANbHBIX", BOOOpaxae-
MBIX 06bEKTOB. BO3MOXHOCTD fia’Ke MBICIEHHOI'O MPOCTPAHCTBEHHOI'O WA
BPEMEHHOro NOBTOPEHMS HE BCErAa MOXKET ObITh COfEpPKaTEIbHO OMNpaB-
naHa. Onupasce Ha "MOBTOPSIEMOCTD" (BOCIIPOM3BOAMMOCTD) HCCIIENYEMBIX
SIBJICHMI, NPUKITaJHast CTATUCTHKA JIMUIAETCS BO3MOXHOCTU aHalu3a yHH-
KaJIbHbIX (HENOBTOPSIOLUXCS B IPUHLIUIE) COOBITHI U AABJICHHI, BbISBIECHHS
NPUCYIHUX UM 3aKOHOMepHocTell. K TOMy e BEpOSTHOCTHBIN MOAXOn
NpeAnoaraeT He3aBUCHMOCTb BOCIIPON3BOAMMBIX HaGmofeHunid. Mexay Tem
€CNIH NpH pa3HbIX HaOGNIONEHUAIX HCMNONb3YIOTCI OOHH M Te 3Xe
M3MEpHUTENIbHbIE IPHGOPBI, IKCNEPTbI, GOPMbI OTYETHOCTH M YKa3aHUS MO UX
3aNOJTHEHHUIO M T.I., TO AONYCKAEMbIE NPHU 3TOM OWIUOKM BPSJ I MOXHO
allpHOPHO CYNTaTh HE3aBHCUMbIMHU. MIHBIMHM CIOBaMH, MaTEMaTHYECKHE
MPEACTaBIEHNS O HE3aBHCHMOCTH MOTYT PACXOUTHCA € "OOBIYHBIMU .

2. [JeHCTBUTENBHO, CYObEKTUBHBIE BEPOATHOCTHBIE MEPBI MO3BOJSAIOT
0JIy4aTh HENPOTUBOPEUYNBbIE U "pa3yMHble” pereHust. OQHAKO 3TOT METON
He rapaHTHpPYeT BOCIPOM3BOAMMOCTH IOJIy4aeMbIX PEe3yJlbTaToOB (Apyroi
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HCCIIElOBATENb, pelllasg Ty K€ 3afady, MOXET BBECTH PYTyl0 CyO'beKTHB-
Hyto Mepy). "O6beKTHBH3UPOBATh" 3TH BEPOATHOCTH MOXHO GbLIO 6bl B
paMKax HEKOTOpPOii IpOoLeayphbl CTAaHAAPTH3AlMHU, aHAJIOTHYHON TOMY, KaK
yCTaHaBIMBAIOTCs 00s13aTEbHBIE Il TPOEKTHPOBIUMKOB KO3 (PUUMEHTbI
3amaca NpPOYHOCTH KOHCTPYKUMHA. "MHp cy6'bEKTHBHBIX BEPOSTHOCTE" MO
HEOOXOAMMOCTH CYO'BEKTHBEH 1 YHHKAJIEH,  COITIaCOBAaHHE 3TUX MHPOB JIsl
pa3/JMYHbIX CONIPHUKACAIONIMXCS CUTyaluil B pa3HbIX CyO'bEKTOB 6ojee ueM
po6IeMaTHYHO.

3. BeposATHOCTHBI! NMOAXOR AEHCTBUTENBHO JAaET Pa3yMHbIE' NPAKTH-
YECKHE pe3yNIbTaThl, HO TOJNILKO TaM, [i€ HEONPENAEIEHHOCTh HOCUT "TEXHO-
JoruyecKuii” Wiy "MpUPOAHbIA" xapakTep. Ero npuMeHHMOCTb K nporeccaM
U SBIEHUSAM, I[le BIMSAHUE 'JenoBedeckoro ¢akrTopa"” CYIECTBEHHO, B
obweM cnydae npobiemaTuyHa. Tak, B "a3MaTckOM" (PUHAHCOBOM KpH3H-
ce 1997 r. uHBECTOPBI, UCNOJIb3YIOLHUE BEPOSITHOCTHBIE MOfENHn (POHJO-
BOTO pbIHKa, NOCTpajajd HE MEHbIIEe, YeM T€, KOTOpble HMMH HeE
NOJTb30BAJINCh.

4. MeTopbl MaTeMaTHYECKOH CTATHCTHKH JEHCTBUTEIBHO NMO3BONSIOT
OLICHNBATh TOYHOCTb ONPENENECHNS [IapaMeTPOB 3aBUCUMOCTEH NIPH HATUYHH
CTOXaCTHMYECKUX OMIMOOK. DTO, OJHAKO, HE SBJIAETCA OTINYHUTENbHOH
0COGEHHOCTbIO BEPOATHOCTHOIO NMOAXOMAA, H60 METOAb! OLEHKH TOYHOCTH
pelIeHHs 3aja4y MMEIOTCA U B JPYTUX pa3jeliax MaTeMaTHKU (HalpuMep, B
TEOPHUHN YCTOWYMBOCTU AN depeHIHaNbHbIX YPAaBHEHUIT), a OTCYTCTBHE
TAaKUX METO[OB HE JIUIIAET, HaNpHMMEP, A3bIKO3HAHHME CTAaTyca HaydHOU
AUCUMIUTHHBL.

K ToMy xe 3(p(EKTHBHOCT MaTEMAaTUKO-CTATUCTUIECKHX METOAOB
060CHOBBIBaeTCA TOJNBKO "B cpepHeM'. O[HaKO, NPUMEHSsS XOpOWHUH
"B cpefHEM" METON NPH pELICHMH KOHKPETHOM CTATHCTHYECKOH 3alayuH, Mbl
He MOXeM ObITh YBEpPEHBI, YTO Halla CHTyauus "cpenuss” (rpy6o roeops,
€ciIid MeTOJ aeT Hebonbiryto omHu6Ky B 90% ciyyaeB, Mbl He MOXEM ObITh
yBEpEHbI, YTO He nonanu B "muoxue” 10%). IToaToMy MOXeT oKa3aThcs,
YTO HaWJACHHbIE 3THM METONOM 3aBHCUMOCTH CIIPABEIMBEI A YKa3aHHOH
"reHepaNbHOM COBOKYNHOCTHU ', HO HE I TOH €€ 4acTH, KOTOpasi COCTOUT U3
"peanbHbIx 00BEKTOB". He cnefyeT npeyBean4uBaTh ¥ BaXKHOCTb TOTO, YTO
IIpY YBENUYEHUH 06'b€Ma BBIGOPKH OLINOKA OLIEHKH HCKOMOY 3aBUCHMOCTH B
onpepeaeHHOM cMbicie ('c BepoITHOCTBIO 1) cTrpeMuTes K Hymro.. JlelcTBu-
TENbHO, HE BUMM K€ MbI HUYErO CTPAIIHOTO B TOM, YTO GOJbLIOE KOJH-
YJeCTBO MaJIbIX BO3[I€HCTBUH MOXET CYUIECTBEHHO M3MEHHUTH TPAEKTOPHIO
ABHXKEHHS MaTePHAJIbHOH TOYKH, a GOJIBIIOE KOJIMYECTBO ONEYATOK MOXKET
CYLIECTBEHHO M3MEHHUTh HE TOJBbKO BIIEYATIECHHE O KHUTE, HO M €€ COfep-
xaHue. [ToaToMy OTHIONb HE BCETNla yBEIMYEHNE 06'beMa HCXONHOM MHpOp-
MalMH1 JOJIXXHO KOMIEHCUPOBATb €€ HETOYHOCTb.

5. YTo KacaeTcs TpPaAMILMH, TO 3Ta CTOPOHA fieNla UMEET CYLIECTBEHHOE
3Ha4YeHHE, KOTJa peyb UAET O AaBHO CIOXMBUIEHCA OTpaciad 3HaHud, 06a-
paroiei cBONCTBaMM NMPEEMCTBEHHOCTH NMONY4YEHHBIX pe3yJbTaTOB (MaTe-
MaTHka, pu3uka, ucropus 4 T.4.). K coxanennro, 3KoHOMHYECKas HayKa B
LEJIOM M 3KOHOMHKO-MaTEMaTHYECKOE MOJEIHPOBAHUE B YACTHOCTH HE
MOTYT NOKa GbITh OTHECEHBI K TAaKOro pofa gucuMiuimHaM. Muorue 6a3uc-
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HbIE I0JIOXKEHHA IKOHOMUYECKON TEOPUH NOABEPralOTCS PErYISIPHOMY Iepe-
CMOTpY, a pEKOMEHJalMK NPHBOAAT K nposanam [S1]. Ta xe HeycToOi-
YMBOCTb XapaKTEPHa M JIJI1 MOAENLHON YacTH 3KOHOMUYECKON HayKH, JOCTa-
TOYHO BCIOMHHUTh B KaYECTBE NIPUMEPa MHOTOJIETHIOKO AUCKYCCHIO O MpHMe-
HuMoctH Mofenu CAPM nns onucaHus (pyHKIMOHHPOBAHHs (POHIOBOrO
pbIHKa [52].

TakuM 06Gpa3oM, Haubosiee pacnpoCTpaHEHHbIE AOBOJLI B HOJB3Y IIPH-
MEHEHHS] UCKJIIOYUTEIBHO BEPOATHOCTHOTO MOAXOAa HE CIEAYET CUUTATh
HeonposepxXuMbIMH. Llenecoobpa3no nmoaToMy 6ojiee BHUMATENIbHO pac-
CMOTPETb OCHOBBI 3TOr0 MOAXOJA U CBA3b MX C PEaNbHOCTBIO, HMES. B BUIY
OTHIOAb HE "HUCNPOBEPXKEHHE" BEPOSITHOCTHBIX METONOB (TaKHE MONBITKH
XOpOLIO HU3BECTHBI), a 60OJNEE TOYHOE [ CETOfHSIIHUX YCIIOBHH Ompee-
JICHHE MECTa BEPOATHOCTHOrO NMOJXOAa B apCEHaJIE COBPEMEHHBIX CPECTB
MOJIEJTHPOBAHUS! SKOHOMUKH.

HauHreM c Toro, 4To TeOpHs BEPOSITHOCTEI KaK MaTeMaTH4YecKasd HayKa
6a3upyeTcs Ha ONpeJENeHHOI CHCTEME AKCHOM, NIPH 3TOM MOHATHSA "Cilydaii-
HOro COObITHs" M "BEPOATHOCTH" CUMTAIOTCS MEPBHYHBIMH, HEONpeaese-
MbiMu!3. TakuM 06pa3oM, 3Ta TeOpUs HE BHIBOAUT YKa3aHHbIE NMOHATHS U3
CBOMCTB pealbHOro Mupa. IIpuBenesHble XXe BbIIIE M MHbIE ONMUCATENbHbBIE
onpefeneHus "clny4aHOCTH" KaK CBOMCTBa PEabHOrO MUPa MOSICHAIOT €€ B
HHBIX TEPMHHAX, KOTOPbIE CaMH HYXJaIOTCA B ONpefeeHusIX ("BCTpeda Wi
KOMOMHauud sBIeHui", "[pyras NpUYHHA, He CBA3aHHas C nepBoi” U T.1..). B
061EeM Cllydae OAHHU NMOHATHS ONPENEIAIOTCI Ha OCHOBE IPYTHX, IO3TOMY B
KOHEYHOM CYETE NPUXOAMTCA NMPHHUMATb BCIO COBOKYNHOCTb NMOHATHI 6e3
TOYHOro onpepenenus. bomnee Toro, 6a3ucHOe MCXOQHOE MOHATHE JOJIKHO
XapaKTepHu30BaTh HEKOTOPOE CBOMCTBO CIy4YaWHBIX COOBITHI, NpHUCYLIee
peanqbHOMY MHPY, H TEM CaMbIM NPEACTaBIATb HEKOTOPOE YTBEPXIECHHE,
NMpHHMMaeMoe 6e3 OKa3aTeNbCTBa, "akcuoMy A", U3 KOTOPO# BCe OCTaJIb-
HbIE YTBEPXKJEHHUS BBIBOOATCS NEAYKTHBHbIMHU paccyxpaeHusmu. Ho Torna,
Kak nokasaHo B [53. C. 59-60], "nockonbky abCONIOTHas NOCTOBEPHOCTD
COOBITHI HEBO3MOXHA, BCE, YTO A Moria Gbl YTBEPKAaTh, NOKHO ObITh
ccpOpMyYJITMPOBAHO TOJIBLKO B TEPMUHAX "BEPOSATHOCTH .

HHpIMEH clOBaMH, TEOPETHYECKHM ONPEJEINTb BEPOSTHOCTH, HE
CCbLITAsICh Ha HUX, HeNb3s. [103TOMY Ha NpaKTHKE UCXOAHAs! BEPOSITHOCTHAsS
Mepa (BEMYHMHEI p;), BBOAUMAasi aKCHOMaTHYECKH, BO3HUKAET ""M3 HUOTKyfa",
‘M IOTOMY He OTPa’KaeT KaKMX-TO PEaNbHO CYUIECTBYIOMX OGBEKTOB HIIH
asnenuii. Bonee Toro, oHa Heusmepuma (B Halle# TePMUHONIOTHM), a NPABO-
MEPHOCTb €€ HUCNOJIb30BaHus NOATBEPXKAAETCA (M TO — C HEKOTOPOU BEPOSIT-
HOCTBIO!) JIMIIB B YCIOBHAX MacCCOBOTrO NPUMEHEHHS MOJy4aeMbIX pe3ylib-
TaToB.

HepocraTouHas HarlIsHOCTh NIOHATHS BEPOATHOCTHON Mepbl, OTCYTCT-
BHE €ro "MaTepHalbHbIX HOCHTENEH" ellle sipye NPOsBISIOTCA P PACCMOT-
pennu HepuckpeTHbix CB. Tak, TpynHo "HariasgHO" OO BACHUTD, TOYEMY U3

15 Ucxommbim B TEOPHH BEPOSITHOCTEN CYUTAETCS B OOLIEM Cllydae 8epOAmHOCMHOe npo-
cmpaxncmeo, BKN0Yalolee OMHOBPEMEHHO NPOCTPAHCTBO 3JIEMEHTapHBIX cOObITHI, G-anre6py
NOJMHOXECTB 3TOr0 MPOCTPAHCTBA U BEPOATHOCTHYIO MEPY, ONpPENENEHHYIO Ha TaKUX MOf-
MHOXECTBAX. ’
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TOro, 4YTO COOBITHE MMEET BEPOATHOCTh 0, HE CleyeT ero HeOoCyIIeCTBH-
MOCTb, @ H3 TOTO, YTO COOBITHE HMEET BEPOATHOCTD 1, HE ClIe[yeT, YTO OHO
06s13aTeNnbHO OocyiecTBuTca . Henb3s "HarnsaHo" 06 bACHATD M TOT (axT,
YTO HE BCSKOE MHOXKECTBO 3JIEMEHTAPHBIX MCXONOB MMEET BEPOATHOCTb.
Pasymeercs, Bce 3TH (aKThbl CTAHOBATCS €CTECTBEHHBIMU U OO'BSICHUMBIMH,
€CJIM pacCMaTpMBaTh MX KaK JIOTMYECKHE CIEACTBHS M3 NEPBOHAYaJIbHBIX
akcuoM Teopuu BepoaTHocTel. Ho Torna Mbl mMeeM €10 ¢ BETBBIO YNCTOM
MaTEMATHKH, Pa3BUBAIOMIEHCT TOJBKO Ha OCHOBE CBOMX BHYTPEHHHX 3aKO-
HOB M OINIEPHPYIOLIEH C yIOOHBIMH [JIs1 UX ONHCAHNUS NOHATHUAMH, HE UMEIO-
IIIMH [IPAMBIX aHAJIOTOB B PEAJIbHON AeHCcTBUTENbHOCTH. O6 3TOM BECbMa
crporo Bbicka3sbiBaeTcsa [Ix. JImtTaByn [53. C. 62-63]: «Mbl nogxonuM,
HaKOHEll, K CBA3M MEX/Yy HACaNbHOH TEOPHEH U pealbHbIM MHPOM, HIIH
"peanbHOI" BEpOATHOCTBIO. CTOPOHHMK MaTEMaTHYECKOMN IIKOJIbI, ECITH OH
NoCNeaoBaTeNIeH, B BONPOCax NPUJIOKEHUH YMbIBaeT pykKH. ToMy, KTO MU
HHTEPECYETCsl, OH FOBOPHT, YTO peajbHasg CHCTEMa CYWIECTBYET INapan-
nenbHo oObrdHOi Teopuu: "Ecam xoTuTe, nonpoOyiTe: B MOIO 3alady He
BXOAMUT 0OOCHOBAaHME NMPHIIOKEHHI; 3TO BONpoc MUIOCOGCKHM, I Xe MaTe-
MaTHK". OH 4acTO TaKXXe CIIOHEH CKa3aTh: 'MONpPOOYHTE, €CIM YTO-HUOYAD
BbINifleT, TO 3TO M O6yaeT onpasgaHueM"'. Ho Tenepp OH yXe HE TOJBKO
¢unocodcTByeT, HO M eNaeT XapaKTepHYO OWHKOKyY. OnbITHas NpoBepka
TOro, 4TO runore3a "paboTaeT", HE MOXET KaK HHAYKTUBHOE CYXAEHHE CITy-
XKUTb OGOCHOBAHUEM 3TOW IMNOTE3BI MO CYILECTBY».

TakuM 06pa3oM, TPaKTys HEKOTOpPBIN MOKa3aTeNlb 3KOHOMUYECKOrO
o6wekTa kak CB, ucciegoBaTesnb He MOXKET JOCTAaTOYHO OGOCHOBAHHO
CChIIaThCS Ha KAKOEe-TO CBOWCTBO PEATbHOCTH, OTPAXKa€MOE BEPOSI THOCTHOM
Mepo#. OJHAKO OH MOXET MOCTYNUTh TOYHO B COOTBETCTBHM C TEOPETUKO-
BEPOSATHOCTHBIM ornpefeneHueM CB, KOHKPETHO yKa3aB MHOKECTBO BO3MOX-
HbIX 3Ha4YeHMil NMOKa3aTeds M BEPOATHOCTHYyIO Mepy Ha HeM. Ho Torpa
BEPOSITHOCTHAst Mepa CTAHOBUTCH BbIPAKEHUEM [T npedCcmaeaeHUun uccae-
dosamenn O HeonpedeaeHHOCMU PACCMAMPUBAEMO20 NOKA3AMens — U3
06'BEKTHBHOM BEPOITHOCTH OHa ceiyac e NpeBpamacTcs B CyO'bEKTUBHYIO.
Tak, ucciaenoBaTenb MOXET NPUNUCATh ABYM CTOPOHAM MOHETBI BEPOSIT-
HOCTH !/2 ¥ Ha3BaTh ee NPaBUILHOMN (MK CAENATh 3TO CO CCUIKOM Ha APyrHX
aBTOPOB), OlHAKO HUKaKHE HaOIIONeHNs 3a MOHETOH He OyqyT 060CHOBa-
HUSMU Takoro peurenus. boixee Toro, oH MOXeT NPOBEPUTH rMNOTE3Y, YTO
MOHETa NMpaBUIIbHAs, HO MOJIyYEHHOE PELICHUE TaKKe BbIPAXKa€TCs B Tep-
MHHaX BEpPOSTHOCTEH — NMOJYYUTh JOCTOBEPHBIA OTBET O NPaBHIbHOCTH
peanbHOi MOHETBI Ha 3TOM NMYTH HEBO3MOXKHO.

IToaToMy, cTporo rosopsi, BEpOSITHOCTHass TpPaKTOBKa "ciy4aitHocTH"
OCHOBBIBAETCS HE Ha KAaKMX-TO CBOMCTBaX, NPHUCYIIMX PacCMaTPHBAaEMOMY
peanbHOMY OO'BEKTY, @ Ha COOCTBEHHBIX (MM MOYEPHHYTHIX ¥ APYTHX aBTO-
POB) NPEACTaBIECHUIX UCCIEAOBATENS O BOZMOXHOCTH ONNCAHNS MOBEACHUSA
3TOro 06’b€KTa BEPOATHOCTHBIMU MOAENsAiMA. OIHAKO, HECMOTPS Ha HEBO3-

16 HanpuMep, 4TO NpH peanu3auuy cnyyaitHoi BennunHbl §, paBHOMEPHO pacrpepeneHHoMl
Ha oTpeske [0, 1], 66110 nonyyeno HekoTopoe uucno b. Cobsitue § = b ocyuwecTBUIOCH, Of-
HAKO B COOTBETCTBHH C TEOpHEH BEPOATHOCTEH €ro BEPOATHOCTL PAaBHA HYJIO.
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MOXHOCTb CTPOTO IelyKTHBHOTO JJOKa3aTeJIbCTBAa CTOXaCTHYHOCTH COGBITHIA
¥ npoueccos!’, uCnonb30BaHUe COOTBETCTBYIOLIMX [HIOTE3 B psfie Cydaes
OKAa3bIBAETCSA MOJIE3HBIM M IPUBOJUT K Pa3yMHBIM NIPAaKTHYECKHM PEKOMEH-
AaluysaM B pe3ynbTaTaM.

PaccMoTpuM, KakK BBIMISAAHT TE€OPETHKO-BEPOSATHOCTHBIM MOAXO[ K
3ajiaye OLIEHKH perpecCuOHHOM 3aBucuMocTH Y = f(X) Mexay nokasatensamu
HEKOTOPOT0 3KOHOMUYECKOro 06'beKTa B YCIOBHAX, KOrJja Ha caMoM pene Y
3aBHCHT HE TOJIbKO OT KOMIIOHEHT BeKTopa X, HO M OT JPYrux Xapak-
TepucTHK o6bekTa ("mpounx” ¢akTopoB). [TOCKONBKY NpPH TEOPETHIECKOM
aHalu3€e HU OfMH M3 "npouux” (PaKTOPOB He GbLIT BKIHOYEHBI B MOJEIb, 3TO
O3HAYaeT, 4TO BIMAHME KaXKJOTO M3 HUX Ha Y TEOpHUs OLIEHHBAET KaK Clia-
60e. [ToaTomy oTknoneHue Y — f(X) 06ycnOBIEHO COBOKYIHBIM BIHUSHHEM
6ousbiroro yucia ¢akTopoB, KaX/bli 13 KOTOPhIX cnaGo Bauder Ha Y. Ha
CIEYIOILEM IIare AeJIal0TCs TPH NOMYLEHHS:

1) BnuMAHME KaXAOro M3 NPOYHX (PaKTOPOB CBOAMTCS K afAMTUBHOMN
no6aske K f(X), o6pamalomencs B HyJIb NP "CPEHUX" 3HAYEHUAX MPOYUX
¢akTOpOB;

2) yka3aHHble fo6aBku aBisatoTca CB;

3) CB, oTsevaromue pasHbIM "mpouumM” akTOpaM, HE3aBHCUMBI HIIH
cnabo 3aBUCHMBL.

Teneps B cuny HEHTPAJbHON NpeacIbHOR TeopeMbl [43] oTkiIOHeHHE
Y - AX) moxer paccmaTpuBaThcd Kak CB, uMelomas 61u3koe K HOpMalb-
HOMY pacnpefie/IeHHe C HyJEeBbIM CPEHEM, M 3ajjada CBOJHUTCSA K OJHOBpE-
MEHHOMY HaXOXAEHUIO (110 JaHHBIM HabumofeHuit) uckoMoi dpyukuun f(X) u
OMCIIePCHHI 3TOrO paclpefeNeH .

HanGonee NHCKYCCHOHHBIM B 3TOH KOHCTPYKLHH SIBISIETCS BTOpPOE
HOMNyIIEHHE, KOTOPO€E, KaK OTMEYaJIoCh, B IPUHIMIIE HE MOXET GbITh AOCTO-
BEpHO nmoxTBepXacHo. IIpUYMHBI METOROOTHYECKAX 3aTPYAHEHUH, CBI3aH-
HBIX C TPaKTOBKOM OTKJIOHeHHH Y — f(X) xak CB, Bps 1u nexXaT B KOHK-
PETHOI CUCTEME aKCHOM, Ha KOTOpoii 6a3upyeTcsi TeOpHs BeposiTHOCTel. Bo
BCSKOM ClIy4ae, NPeANpUHAThbIE A0 CHX NOP MONBITKH He CMOLIIH IPEOONETD
OTMEYEHHOrO BbIIIE Pa3pbiBa MEXAy MaTEMAaTHIECKUM NOHATHEM BEPOAT-
HOCTM M CBOHCTBaMM peanbHbIXx 06bekTOB. IloguepkHeMm ewe pas, 4TO
TakHe cooOpakeHHs, KaK "yCTOHYMBOCTb YaCTOT", BOBMOXKXHOCTb HEOTPAHH-
YEHHOT'O NOBTOPEHHUS OIBITOB, HE3aBUCHUMOCTb OT/IEIbHBIX HAGNIONEHHH He
MOTYT SIBJIATBCS OCHOBAaHUSIMA JJIsi IPUMEHEHHS BEPOSTHOCTHOTO MOJX0Aa —
Hao60pOoT, TOJNBKO NOCIe "aKCHOMAaTHYeCKOTO" MPHHATHS 3TOrO MOJX0Aa OHH
MOTYT BBICTYNaTh (HO MOTYT U HE BBICTYNATh) B Ka4eCTBE JONOIHUTE THHON
uH(dOpMaIuK 0 HabMoJaeMbIX 3HAYEHHMAX NTOKa3aTenel.

B 27011 cBs13U chepa NpUMEHEeHHsI BEPOITHOCTHOTO NMOAXOAA NPENCTaB-
NAeTCs HaM OrpaHu4eHHOR. OH CYMTaeTCs NPUMEHHMBIM NIPH aHaJN3€e TaKNX
ABJIEHMH, KaK MaccoBoe OOCIy>XKMBaHHEe H OTKa3bl 000pYNOBaHHSA, OAHAKO
yXe IpHU aHanu3e KonebaHuil GMPKEBbIX KOTHPOBOK TPYAHO OTAENUTH CTO-
XacTHYecKue KojeGaHMs OT leJIeHaNpaBJIeHHOH OMpXeBOW Urphbl areH-

17 Hanpumep, He MOXeT 6BITb 00CMO8epHO KOKA3aHO, YTO PE3yNLTATHI BbIMAfCHHS MO-
HeTh! sBnsiiorcst CB B TOM MOHHMAHMH, KaKoe IaeTCA B TEOPHH BEPOATHOCTE.
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TOB, paclnoJyiaralomux GOJbIIMMU CpeAcTBaMH. TOYHO Tak Xe TPYIHO
y6enuTh KOro-nu60 M3 CBEAYILHMX CHEIHANNCTOB B CTOXaCTHKE Kypca HOJ-
napa Ha MMBB B mapte-utone 1995 r. ITonpoGyiiTe, HanpuMep, ¢ MO3u-
IMA "HeCBEYINEro" 3KOHOMUCTA OLICHUTDH ("'MHTEPIOJIUPOBATh'") 3TOT KypC
Ha 15.04 1995 r. (dakTuyecku oH pasHsncsa 5046 py6.) mo HaHHBIM Ha
01.03 1995 r. (4499 py6.) u 01.08 1995 r. (4405 py6.).

OTMETHM TaKXe, YTO :HEKOTOPbI€ CTATUCTUKH OTBEPral0T BEPOSTHO-
CTHBIN MOAXOJ, BUAA 3afady CTATHCTHKHU JIMIIL B aHaJH3€ COBOKYMHOCTH
HaOnogaeMbIX AaHHBIX, NMOJyYEeHHN ee OOOOMIEHHBIX, "cpeAHuX" MOKa3a-
Teneit [18, 19]. MogenbHOMy OnMcaHHIO OIIMGOK HAaGMIONEHUN DX 3TOM HE
yAenseTcs AOJXKHOro BHUMaHUA (OHU pacCMaTpPUBAIOTCs TOJBKO KakK "mym",
MEIIAIOMIMA TOYHO OLIEHUTh HY>KHblE NTapaMeTPhl, HO HE KaK NPOSABIECHHE
o6wei ans Bceir I'C 3akonomepHocTn). [ToaToMy KpuTepuit cornacosas-
HOCTH IOJIy4a€MbIX PE3YIbLTATOB C JAHHBIMU HaGIOEHHH IPUXOIUTCA yCTa-
HaBJIMBATb KaX/Iblii pa3 3aHOBO, PyKOBOJCTBYSICh 3BPHCTUYECKMMHU cOOGpa-
KEHUAMH, a MOJTy4aeMble BbIBOJbI OKa3bIBAETCA JOCTATOYHO "GefHbIMu". K
TOMY 3Ke NPH TAaKOM MOAXOJ€ CTATUCTUYECKHE PACUEThI TPEOYIOT 6ONBLIOrO
4YHUClIa pa3HOOOPa3HbIX HCXONHBIX NPEANOCHUIOK, YTO CABUrAeT Pa3yMHbIH
6anaHC MEXAY MCXOHOH M BbIXOJHOH MH(OpMalMEH B CTOPOHY NpPEBAu-
poBaHus BXOAHOU HHdopMalun. ITocTpoeHne cTaTUCTHYECKON MOJIENH NTpU
3TOM 3a4aCTYIO OKa3bIBAaeTCAd "IKOHOMHUYECKH" HEea(pPeKTHBHBIM. Takoi
"cBEepXOOBEKTUBHBIA" MOAXON MOKHO CUNTATH MOJNAPHBIM IO OTHOLUEHHIO K
BEPOATHOCTHOMY.

OpHako ecTh ¥ NPOMEXYTOYHBIE NOAXOABI, 06pa3yoLue COBMECTHO C
NMPHBENECHHBIMHE BbILIIE OTHOCHTENIEHO GOraThIil CIEKTP BO3MOXHOCTEH NIpH
BbIGOpE MHCTPYMEHTapHs MOAEIHMPOBaHMs 3aBUCHMOCTell. [[nsg 3Toro, mno
CYHIECTBY, HEOOXOIMMO NPEIOKUTD albTEPHATHBHbIE TPAKTOBKU BEJTUYNH
oTkinoHeHu# Y — f(X). B aTux nemsax paccMOTpPHUM elle pa3 OCHOBHbIE CBOM-
crea IT1-I15, xapakrepusyromue CB, 1 nonpo6GyeM BbISCHATb, MOXHO JIH
UX 32aMEHNTb KaKHMH-TO MHBIMH.

Kaxpas CB X (B qUCKPETHOM cliy4ae) 3alaeTcs CBOMM MHOXXECTBOM
BO3MOXKHBIX 3HayeHM#l (Hocumenem), B JaHHOM Cly4ae COCTOSIIMM M3
CYETHOTO YHCJIa TOYEK r;, H HAGOPOM YHCEN p;, XapaKTEPU3YIOWHUX "CTENEeHb
peambHOCTH" KaXporo M3 3THX 3HauyeHwid. Takas xapakrepusauus
MPEACTaBASETCS €CTECTBEHHON M pa3yMHOM, MO3BONSAS OTNHYaTh oaHy CB
OT APYro# no "CTeneHy peajbHOCTH" UX 3HaueHHH. EcTecTBEHHO M ynoGHO
TaKXe CYUTATh, 4YTO "CTeNeHb peadbHOCTH" NEeXUT mexay O u 1. Bnonue
pa3syMHO U OIpEJEICHHE ACTEPMUHHPOBAHHBIX BEJIMYUH, MO3BOJSIOLIEE
pACCMAaTPHBATh HX KaK YacTHbIA cnydait CB. TakuMm 06pa3oM, MOJOXKEHHs
IT1-TT3 kakux-nu60 cepbe3HbIX BO3paXKEHHWH HE BbI3bIBalOT. ONHAKO
nonoxxeHus I[14-T15 oTHIONb HE OYEBUAHBI U UMEIOT AOCTATOYHO pa3yMHbIE
albTEPHATHUBBI, TaK YTO OPMEHTALUs 3KOHOMETPHUKM MCKIIOUYHUTENIBHO Ha
TEOpHMIO BEPOSTHOCTEH MOXET pacCMaTPHBAThCH CKOpEe KakK HaHb
TpPajHIHH, YeM O6BEKTHBHAST HEOGXOAUMOCTb.
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3.3. AnbTepHaTuBHbIE ONUCAHUA
"cny4yanHbIXx" BenU4uH

Kak oTMewanocse, s TOro, 4To6bl y4€CTb HEONPENETIEHHOCTD Pe3yib-
TaTa HaGJIONEHNs, €€ XapaKTep, HEOGXOAUMO YTOYHUTD U (DOPMaNU30BaTh,
ONHUCaTh C INOMOINBIO HEKOTOPOro MaTeMaTuuyeckoro o6Gwbekta. [Ipm
BEPOSTHOCTHOH TPAKTOBKE TAKMM OO'BEKTOM SBJIAETCS "BEPOSATHOCTHAS
Mepa" uan "BEpOSITHOCTHOE pacnpefeneHue”. DTO O3HayaeT, YTO INpH
U3BECTHOM MCTHHHOM 3HAaY€HHM NokasaTensa X pe3yJjbTar ero HaGmoaeHus
N paccmatpmBaeTtcs kak CB ¢ 3ajlaHHBIM (OHO3HAaYHO MJIM C TOYHOCTBIO JI0
HEKOTOPbIX HEM3BECTHBIX [1apaMETPOB) BEPOSITHOCTHLIM pacHpefeieHuEM
p(X, N), xapakTepu3yOIH1M "CTENEHb PEaNbHOCTUH" peanu3aiuu Habiro-
neHus N (B AMCKPETHOM Clly4ae 3TO BEPOSITHOCTb TOTrO, YTO HabmrogaeMoe
3HayeHue MoKasaTeNdss X OKaXeTCs PaBHbIM N) U YHOBIETBOPSIOUM
TpeGOBaHHAM, HaKJIaJlbIBAEMbIM TEOPHEN BEPOITHOCTH Ha BEPOSITHOCTHBIE
pacnpenenenns. OgHako Takas (popManu3anuss HEONpPENETEHHOCTH He
ABJISIETC €IMHCTBEHHO BO3MOXHOW. BO3MOXHBI U MHble hopMamu3auun
HEOINpeNeNeHHOCTH, Korjga pe3yiasTaT N HabmioneHus mnokasatens X
xapakTepusyercs "creneHsio peanbHocTn" p(X; N), nexameit mexny O u 1,
OJ(HAKO MOHSTHUSI HE3aBUCHMOCTH HEONPEEICHHBIX BEINUYMH 1 ONlepaliH Haj
HUMH BBOJATCA MHaye. TaKUM TpPakTOBKaM "ciy4aiiHocTH" 6yayT OTBEYaTh
HHa4e METOJbI OLICHKH 3aBECHMOCTEM.

B nuTepaType M3BECTHBI Ba BapHaHTa 3aMEHb! NPHBEJEHHbBIX BBIIIE
akcuoM (monoxenuit) I14 n ITS. IlepBblit BapuaHT — Tak Ha3bIBaeMble
HeueTkue BeanunHbl (HB). DTOMy Bonpocy (Teopus HEYETKMX MHOXECTB,
HEYETKMX IOJMHOXECTB WJIM Pa3MbITOH JIOTMKE) NMOCBAILEHa GOnbluas Ju-
Teparypa, Hanpumep, [54-59]. Tak xe, kak-#' CB, HB X MoxeT npuHUMaTh
pasauyHbie BEKTOPHbIC (B YAaCTHOM Clly4ae — CKaJsPHbIE) 3HAYCHHUSA F, U
cobpiTHe X =r TaK Xe XapakTepu3yeTcs "CTENEeHbIO PEaJbHOCTH" €ero
ocylecTBieHus py(r), nexamei B npegenax ot 0 no 1. B nureparype
yucno py(r),AiMeHyeTcs "CTENEHbIO NPHUHAAJIEXHOCTH r K MHOXECTBY
BO3MOXXHbIX 3HaueHmit X". [lanee MbI GyieM HMETh €O TOJBKO C TAKUMH
HB, nns xoropbix suppy(r)=1 — B [55, 56] OHM HMeHyIOTCI HOPp-

r

manbHbimu. DyHKUMSA py(r), ONpPERETEHHas HA BCEM MHOXECTBE BO3MOXHBIX
snayenuit HB X, HaswiBaeTcs "¢yHkuuen npunagnexHocra”. Kak u CB, HB
X TpakTyeTcs KaK JE€TCPMHHHMDOBaHHas BEJIMYMHA r, ecnu py(r) =1,
px(s) =0 npu Beex s # r. PyHKUNH NPUHAIJIEXHOCTH ABIAIOTCA TAKMMHU Xe
"nepsUyHBIMA" XapakTepucTukamu HB, kak dyHKuuu pacnpeneneHus — s
CB. B KOHKpPETHBIX NPUIOXEHMAX, KaK M B CIy4ae TEOPUH BEPOATHOCTEH,
9TH (PYHKUMHA 3a[al0TCs IKCNEPTHO, JTUG0 Npeobpa3yroTcs Mo ONMpejeieH-
HbIM NpaBUJIaM NpH BBINOJIHEHUM TEX MM MHbIX onepauuit Hag HB (npu
mo6bIx cnoco6ax yuyeTa HEONPEAEIEHHOCTH YATH OT ee opMannu3auy He
ynaetcs). I'maBubie oTmuuus HB ot CB 3akiovaloTcs B MHOM crocoGe
onpepenenus onepanuit ¢ HB 1 ux He3aBUCHMOCTH.

Wwmenno, ¢pyukuus Y = f(X) or HB (Tak xe kak u ans CB) onpene-
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nseTcs cnepyromuM o6pa3oM: aTo gpyras HB, BO3MOXHBIME 3HaYEHUSIMHA
KoTopoi siBnstoTca f(r;). IIpu sToM ypaBHeHue f(r) = s MoxeT BOOGLUE He
HMETh PELIEHUH, MMETh OQHO MM MHOTO pemeHuil r. [IpuHumaeTcs, 4To
CTeneHb py(r), NPHHAJJIEXHOCTH BEKTOPa § K MHOXeCTBY 3HaueHni HB Y B
nepsoM cinydae paBHa 0, BO BTOpOM — pyx(r), B TpeTbeM — Hauboavuell
(TOouHEE — 6epxHeli 2panu) U3 COOTBETCTBYIOIMX BenuyuuH p(r). Pasymeercs,
KaK M B BEPOATHOCTHOM ciydae, ansg HB TakXe MOXHO ONpegenuThb
MIOHATHE COOGBITUSI KAK HEKOTOPOTO MHOXKECTBA 3JIEMEHTapHbIX coObITHi. Ho
TENephb CTENEHb NPUHAMJIEXHOCTH cOOBITHA {r)...,r;} K MHOXeCTBY
BO3MOXHBIX 3HauYeHMit X, OyAeT yXe He cymmoll Benudud p(ry), ..., p(ry), a
MAKCUMANLHOU U3 HUX.

HB X, ..., X}, xapakTepu3yeMble (DYHKUNUAMHA NPUHANIEKHOCTH COOT-
BETCTBEHHO p|(r), ..., p4(r), Ha3bIBAIOTCA HE3A6UCUMbIMU, ECTTH BEKTOPHas
HB Y = (X,, ..., X};) TakoBa, 4TO CTENeHb NPHHAMJIEXHOCTH BEKTOpa
(ry, ..., ') K MHOXECTBY BO3MOXHbBIX 3Ha4YCHMH Y paBHa HaumeHbuwel U3
BEJMYHH p(ry), ..., pp(ry).

V3 npuBeeHHBIX ONpenee N, B YJaCTHOCTH, BbITEKAET CIEAylollee
npaBuno cymmupoeanusa HedaBucuMbix HB: eciu HB X, n X, xapak-
TEpU3YIOTCA (PYHKIMAMH NPHUHAAEKHOCTH COOTBETCTBEHHO P (r) U po(r), TO
Z =X, + X, onpenensercs kak HB, uMeromas GyHKIMIO NPUHANIEXKHOCTH
p(r) = sup {max[p,(s); pa(r - s)1}.

s

YacrubiM cinydaeM HB sBAsioTCA BENMYMHBI, 3alaHHbIe HHTEPBAJBHO.
JInst Hux (pyHKUMS NPHHAJJIEXHOCTH paBHa 1 Ha HEKOTOPOM MHOXECTBE
(06GBIYHO — Ha MHTEPBAJIe) BO3MOXKXHbBIX 3Ha4YeHUH r u paBHa O BHe ero.

IMpuseneM HekoTOpbie cBefenus u3 teopuu HB [58]. Kaxpas HB X
OJTHO3HAYHO XapaKTEPHU3yeTCs CEMENCTBOM CBOMX "MHOXECTB YPOBHs" (TOY-
Hee — HagypoBHs) Yx(h) = {ripx{(r) = h}, 0 <h < 1. MHOXecTBa 3TOro
CceMeNCTBa BJIOXKEHBI IpYr B JPyra, HO MOTyT MMETb MPOU3BOJbHYIO doOp-
my!8. Ecnu Bce OHHM BBINYKJIBI U 3aMKHYThI, Ha3oBeM HB cmandapmruoii (B
OIHOMEPHOM ciy4ae cTaHfapTHbiMU GyayT HB ¢ yHuMOpganbHbIMHE (hyHK-
LUSAMH NMPUHANIEKHOCTH). 3aMEHNB KaXJoe M3 MHOXKECTB YPOBHS CBOUM
BBIMYKJIbIM 3aMbIKaHMEM (B OJHOMEPHOM Clly4yae — HAUMEHBIIAM OTPE3KOM,
COJEp3KAIIMM MHOXECTBO YPOBH#), MbI IIOJYYHUM APYroe ceMeHCTBO MHO-
3KECTB, OTBeYalunee HoBOH, crangaptTHoit HB X¢, koTOpyi0 Mbl Ha30BeM
ebinykabim 3ambikarnuem ucxopHoin HB X. B [58] npeanoxeHo xapak-
Tepn3oBaTh 6nu3octe HB paccTossHMeM MeXAy COOTBETCTBYIOIIUMH MHO-
3KECTBaMM YPOBHS — aHAJIOTHYHO OMNPEJENSNIOCh PaCCTOSHUE MEXAY 3aBUCH-
MocTsmMH B 1. 2.1 u [6, 29].

Ipu ymuoxeunu HB Ha MONOXUTENBHOE YHUCIO A MHOXECTBAa YPOBHS
NoAo6HO Mpeo6pa3yroTcs — KaXkAas TOUKa Jr60ro U3 3TUX MHOXECTB YMHO-

18 CeMelcTBO MHOXECTB YPOBHS MOXET GbITh TaKXe MONOXEHO B OCHOBY ONpENeNeHus
NMOHATHA HEYETKOH Benu4uHbl. TaK, HEUETKYIO BETMUHHY, MOXHO OMNpeneauTh Kak oTobpa-
keHue otpe3ka [0,1] B ceMeiCTBO BIOXEHHBIX APYT B Apyra MOAMHOXECTB YHCIIOBOMH OCH.
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xaercs Ha A. IIpu crnoxeHun AByx HezaBucuMbix HB cooTseTcTBytomue
MHOXECTBA YPOBHs CyMMHPYIOTCS 10 MHHKOBCcKOMy!?,

BrisicunM, ecTb 1 aHanor 3akoHy 6onbuux yucen gt HB. ITycts S, -
cpeOdnee apugmemuyeckoe u3 n nesasucumbix HB X; c OIMHAKOBBIMH (PYHK-
IUSIMH NPHHAJTIEXXHOCTH. VI3 M3JI0XKEHHBIX BbIlIE COOOpaXXKEHUH HECTOXHO
BBIBECTH, YTO eciu ycpegHaemble HB cranpapTHsl, TO S, aBnsercas HB c
moti xce camoli PyHKIMENR NPUHANTIEXHOCTH. Eciii XXe OHM He CTaHJapTHBI,
TO NPH N —> co (PYHKUHS NPHUHANJIEXHOCTH AN S, CTPEMHUTCH K (PYHKIUHN
NMPUHAAJIEXKHOCTH [N BBIMYKJOro 3aMblKaHHsA moboi u3 X;. Kak Bugum,
ananoza 3akoHry 6oabuux yucea 0aa HB nem — "cayuatinbie” koaebanus
maxo20 poda npu ycpeOHeHUU 83AUMHO He noawaiomcs!

Ilycth Z — HedyeTkas oumnbka HabnogeHus. ECTECTBEHHO CYUTATh, YTO
ee (PyHKIMS NPUHAMUIEXXHOCTH T = pz(r) BEJUKa NPU MaJbIX I' # YObIBaeT C
pocroM Irl. TIosToMy cymiecTByeT HenpepbiBHas obGpaTHas (yHKIUUs
Irl = g(m). Iyctb R = Rz = g(1/2). Torna mo6as ommubka, 1o MOAYJIIO, HE
npesbIaromas R, 6yAeT UMeTh GOJNBLIYIO CTENeHb NPHHAJIEXXHOCTH, YeM
mobas omrnbka, no Mofynio npesbimaroniasgs R. Ha aToM ocHOBaHuM Be-
JAYMHY R MOXKHO TPAaKTOBATb KaK CPEOHION OWUOBKY.

H3noxeHHas Mopenb XapakTepHa Jisa "OObBIYHBIX", T.e. "ManbIx",
omn6ok. s rpy6eix omn6OK CHTyalUsi HECKOJNBKO HHas: 3[IECh CTENEHb
NMPHHAJIEXKHOCTH TeM 6oubiile, yeM GOJIble BEJIHMYHHA OMHGKH, HO3ITOMY
¢yHKuus g 6yneT so3pacmaroujeli, a ve yoviearoujeii. OnpeneneHue cpeqHe
ouMOKY 30E€Ch COXpaHAETCA, HO NPUOOPETAET UHOM CMBICI: JMH06as omrnbka,
O MOAYJNIO HE mpeBblmalomas A, 6yAeT UMETb MEeHbULYIO CTEIEHb
MPHHAJIEXKHOCTH, YeM to6asi omuoOKa, 10 MOAYJIIO NPEBbIIaonas A.

Mpbl He GyaeM OCTaHAaBIMBAaTbCd HA TEXHOJOTMH M METO[NOJIOTHH
npakTHieckoro ucnonb3osanus HB, orceinas ynareneit k [56, 58 u np.]. B
TO e BpeMs INpEJCTaBIsAETCA BaXXKHbIM NPHUBECTH TOYKY 3peHHs 3apa,
NPEeJIOXKMBIIEr0 TEOPHIO HEYETKHX MHOXKECTB M 1alOLIETO B NPENUCITIOBHM K
[59] Takue 06BsACHEHHS LIETECOOOPa3HOCTH €€ NPaKTUYECKOrO IPUMEHEHHS.
"ITepBoe O6BACHEHHE MOXET ObITh ONKMCAHO B TEPMHMHAX "MbI He 3HaeM',
O3Hayasl, YTO Hallle 3HaHHE HEKOTOPOH CHCTEMb! HEJOCTATOYHO TOYHO MK
HEJOCTaTOYHO MOJHO JJIs TOro, YTOObI MO3BOJUTH HAM MCIOJb30BaTh
CTaHJapTHbIE METOABl KOJIMYECTBEHHOro aHamu3a. Bropoe o6bsacHeHue
MOXeT ObITh ONMCAHO B TEPMHMHAX "HaM HE TaK BaXHO 3HATh", YTO 03-
HaYyaeT, YTO Y HaC HET HEOOXOMMOCTH 3HATh KaKyIO-TO CUCTEMY C BHICOKOH
CTENEeHbIO TOYHOCTH M AeTanu3auuu. [IpyruMu clioBaMy, HaM He TaK BaxKHO,
4TO MHGOPMALUs HETOYHA MJIM YACTHMYHO HEIOCTOBEPHA, €CIIH 3TO MOXET
6GbITh HCMOJNB30BAHO AJIsi JOCTMXKEHHS XOPOIIEro M yCTOHYMBOro (robust)
PELIEHHs C HU3KOH CTOMMOCTBIO M XOPOIIO COTIACOBAHHOTO C PEaIbHOCTBIO .

Bropoii anbTepHaTuBoii CB saBastorcs BBeeHHbIe B [60] Bennuunbl,
Hajenennsie npasgonofao6uem (I1B, likelihooded variables). 3Tn BennanHbI

19 ITo MuHkoBcKOMY, cymma MHOXeCTB S 1 B ecTb 06beAUHEHHE BeeX TOYEK BHIA X + ¥,
rmex € A,ye B. .
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3a[1al0TCsA C IOMOLIBIO CIEUUATbHBIX (DYHKIHIA MPaBAONONOOHS TaK e, KaK
yCTaHaBIMBAIOTCA BEPOATHOCTHbIE pacnpepencHus piust CB unu pyHRuUHM
npuHagiaexxHocTu s HB (akcmoMaTudecku, 3KCIEPTHO MIIM C HOMOIIBIO
¢yHKUMH MpaBAONONOOUs PYruX BEIUYNH).

ITonsaTue creneHu nMpaBAONONOOHS NpU 3TOM INpeAcTaBiaseTcs Gonee
HarJsAHBIM, YE€M IOHATHE "CTENEHN NPHHAIEXKHOCTH" [JI HEUYETKHX
BEJINYNH, POpMaNN3ys NPEACTABICHUs CY6G'BEKTa O NPaBIONONOGHOCTH TEX
HJIM UHBIX COOBITHH U SBJIAACh OCHOBAHMEM [ IIPOBEIEHUST HHIYKTHBHBIX
Ppaccy>KieHH# X HENOJHOI nagopMauuu [61].

Kak u HB, IIB X ogHO3HaYHO XapaKTepU3yeTCsl HEKOTOPOH ghyHKyueli
(omuocumenbro20) npasdonodobus px(r), onpefeIeHHON Ha BCEM MHOXECT-
BE€ BO3MOXHBIX 3Ha4YeHMH X, yNoBIeTBOpstOWEH TpeGoBaHUsAM: px(r) = 0;
sup py (r) =120, Yucny py(r) npu 3TOM 3ajaeTcs cMbICH "IpaBLONORO6HS
KaK BO3MOXXHOIO 3HayeHus X", TOuHee — KaK OTHOCHTENILHOI'O NPaBJONON0-
611 r 10 CPABHEHHUIO C HanboJiee NPaBIONOROOHBIM U3 BO3MOXKHbBIX 3HAHEHHN
X. IIB X oToxpaecTBnsIeTCs C AETEPMHUHHPOBAHHBIM BEKTOPOM I; €CIH
px(r) =1, px(s) = 0 npu Bcex s # r. Jlerko y6egnTbcs, YTO (PYHKIUHIM
NMpaBgonofo6us, paBHLEIM 1 Ha HEKOTOPOM MHOXECTBE (HalpUMeEp, OTPE3KE)
u 0 BHe €ro, OTBE4YalOT HHTEPBAJIBHO 3a/laHHbIE BEIUYNHbI.

dyukuuu ot I1B onpepensioTcs TOYHO Tak Xe, Kak u aiust HB, ognako
He3aBucumocTh IIB BBOmMTCA no ananoruu c¢ CB. IIB X, ..., X, xapak-
Tepu3yeMble (PYHKIHUAMH NPaBIONOAOOUsS COOTBETCTBEHHO pi(r), ..., pi(r),
Ha3bIBAIOTCS He3asucumbimu, ecin GYHKIHS Mpapgonono6us sekropHou I1B
Y = (X4, ..., Xi) umeeT Bup py(ry, -.., ry) = pi(ry), -, pi(ry)-

OTtcropa, B 4aCTHOCTH, BBITEKAET NPAaBUIIO CYMMHPOBAaHUS HE3aBHCUMBIX
IIB: Z =X, + X, onpepenserca kak IIB, umeromas ¢QyHKIUIO
npapgonono6us p (r) = sup [py(s)pr(r—s)]. B [57, 62] panHoe npasuio

s
BBOJMJIOCH KaK OfHO M3 BO3MOXHBIX OG0GIIEHU! NpaBUjia CYMMHUPOBAaHUS
HEYeTKUX BeNH4YUH (oaHako [1B Henb3s paccMaTpuBaTh KaK pa3HOBHAHOCTh
HB - 3T BeJHYMHBI BbIPaXKalOT pa3HbIE, HO He 6Ce 803MOXNEHblIE BUABI
HEONpPEETEHHOCTH).

IIpuBeneM, aHaNOrHYHO BbIIIECKAa3aHHOMY, HEKOTOpPbIE CBEXEHHS M3
Teopun IIB [60]. Kaxpas IIB X ogHO3HaYHO XapakTepuU3yeTcs CBOUM
"no2apugpmuueckum Haozpaguxom” Gy = {(r, h)l-In px(r) = h},.0<h <. 1..
B ToM cnyuae, eciu 3TO MHOXKECTBO BBINYKJIO M 3aMKHYTO, Ha3oseM: [1B
cmandapmHoli (B OTHOMEPHOM ciy4ae X 6yAeT CTaHAapTHOM, €CIN (PYHKIUA
In px(r) BbInykna. 3amMeHnB JorapuMuyeckuii Hagrpa¢uK €ro BbINYKIbIM
3aMbIKaHMEM, MbI NMOJYYUM APYroe€ MHOXECTBO, KOTOpOe’ GyAeT Takxke
JorapuMUIECKUM HarpacHKOM HEKOTOpO# cTaHaapTHOH I1B X¢ —abinyk-
1020 3ambikarus ucxooxoli IB X.

Banzocte IIB oka3anoce ynoOHbIM XapaKTEpU30BaTh Xaycaop¢OBbIM

20 MocnepHee TpeGOBaHHE MOXHO 3aMEHHTH BYMS HDYTHMH, BO3MOXHO, Gonee ec-
TecTBeHHbIMHU: 1) PYHKLMA py OrpaHHyeHa cBepxy; 2) QYHKUMH py U kpy nipy k > (onpenrensioT
onHy u Ty Xe [1B.
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pacCTOssHueM MEXAy HX jorapudMudecKkMMu Haarpacpukamu. IIpu yMHO-
xeHun I1B Ha MONOXHUTEIbHOE YHCIO A jorapudpMudecKuil Hagrpaux
nogoGHO mpeoGpa3yloTcs — Kaxkpaas ero TOYKa yMHoxaetcs Ha A. Ilpu
COXEHNH JBYXx He3aBucuMbIx IIB norapmpmuueckme Haprpaduxkm
CYMMHPYIOTCS M0 MHHKOBCKOMY. AHanoza 3akony 6oabuiux wucea Hem u
0asa I1B: ¢yHkuus npaBgonogo6us Ansg cpegHero apugpMeTHIECKOro U3 n
HE3aBHCHMBbIX "OAMHaKOBO pacnpefeneHHpix" IIB X; npu npu n — e
CTpEMHTCA K (DYHKUMH NMPaBAONOJOOHUS I BBINYKJIOro 3aMbIKaHua X; (310
JI0Ka3bIBaeTcd TaK Xe, Kak u qiag HB).

Kak u pns HB, dyHkuuu npasgponono6us nns omwrn60ok HabGmrofeHHH
MOXKHO CYHTATh 3aBUCALUMMH OT MOAy.Ia ournOku. IToaToMy 1 31ech MOXXHO
BBECTH MOHATHE CPEHEN OMNOKM, OTAENAIOWER Ooee MpaBaONoOfO6HbIE
(T.e. IMeEIOLUME CTENEHDb NTPaBRONOfo6Hs Gonbire 1/2) 3HayeHus omK6OK OT
MeHee npasponofo6HeIx. Tak, ecnu ¢yHKUMS NpaBRonogo6ms omubKu

2
uMeeT (PyHKUMIO IpaBIONOA0GHs 27(r1R

paBHa R.

Bynem Ha3bIiBaTh (PYyHKUHIO py PyHKYUel pearbHoCcmu HE3aBUCHMO OT
TOrO0, KaKOii M3 TPEX TUNOB HEONPEAEIEHHOCTH OHa OTPa’KaerT.

He cnepyer ayMaTh, YTO BCe BO3MOXHBIE€ THIIbI HeOIpeleIeHHbIX
BEJIMYMH CBOAATCS K TPEM OIIMCAaHHBIM — X HaMHOro GoJjblle, ¥ npoGneMa
MIOJIHOrO OMMCaHMs Kjacca "pa3yMHbIX" M NMPAaKTHYECKHM BaKHBIX THUIIOB
HEONpeJeIEHHOCTH €LIe XAET CBoero pewmeHuss. OTMETHM JIMIIb, YTO "alb-
TepHATHBHBIE" ONpeNeICHHs] HE3aBUCHMOCTH [OJIXKHBI, 110 HAallIEeMy MHEHHIO,
YAOBIETBOPATh ClEAYIOLIEMY TPEGOBaHHIO: €CITM HE3aBUCHMbBIMY SIBISIFOTCSH
KOMIIOHEHThI BeKTOpoB Z = (X}, X,) u W = (Z, X3), To He3aBUCUMBIMH GYIyT
1 KoMnoHeHThb! BekTopoB U = (X, X3) u V = (U, X,). TakoMy TpeGOBaHHIO
YIOBJIETBOPSIOT HE TOJNBLKO ONEpalUUi YMHOXeEHHs "'cTeneHell peaqbHOCTH"
UM B3ATHS MHHMMAJIBHOM U3 HHX, HO M Apyrue, 6onee "sk3oTmyeckue",

, TO cpefHss omubka OygeT

n
Hanpumep, pz(ry, ..., ry) = max {1, Y. px, (r,-)}.
i=1

B TO e BpeMsi pacCMOTpPeHHbIE BbILIE cnoco6bl popMann3auun "ciy-
yadHbIX" OWKGOK B ONpEAeIEHHOM CMBICIIE MOTYT PacCMaTpHBAThCS KakK
aneMeHTapHbie. Mcnonb3ys HX KaK "KMPIHYMKH', MOXHO MOJY4HTh "CMe-
aHHbIE" THIBI HEONPEREIEHHOCTH (CM. M. 4.4), MOJIEIIMA KOTOPBIX YIOGHO
OJIb30BaThCA NPH PELICHHH IKOHOMETPHMYECKMX 3ajad. B arToit cBsA3M B
cleyromel TabMue CONOCTABISAIOTCS ONPENENIEHHs U OCHOBHBIE CBOHCTBA
PacCMOTPEHHBIX BbILIE THIOB HEONPEAEIEHHBIX CKaJIIPHBIX BEJTHYMH.

OG1uyto cXxeMy ONTHMaTbHOMH OLEHKHM PaCCMOTPHM Ha NPUMEPE OLEHKH
(BeKTOpHOro) mapameTrpa a B 3aBUcHMOCTH Y = ®(X, a). [Tyct Y, u X, -
"HCTHHHBbIE" 3HaYEHHs XapaKTEePHCTHKHU ¢-ro o6bekTa I'C, X, HabmogaeTcs
TO4HO, V, — HaGmrogaemblie (C omnbKaMu) 3HayeHus Y, a Y u V — Bexropa,
o6pa3oBanHbie H3 Y, n V, qns Beex . Ecnu pe3ynbTraTaMu HaGNIONEHUH
SABJIAIOTCS HEONpefeIeHHbIe BETNYHHbBI OJHOTO M3 PACCMOTPEHHBIX BbILIE
BHJOB, TO [UI KaXXJIOTrO ! Npu 3ajaHHbIx Y, HaGmrogeHue V, xapakTe-
pu3yeTCs HEKOTOpOii "crenenbto peanbHocTH" T, = p(Y,, V}, ). Tlpu aTom
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OcHOBHbIE THIbI HeornpeaeieHHbIX BeJIHYHH

Ionamus, céasannvie c | Cayualinnan eenuqu- | Hewemwan eenuquna | Beauuuna, nadenen-
HeonpedeneHHOIL 8eausu- Ha Has npasdonodobuem
Hou X

OcHoBHast xapakTepuc- | BeposTHocTb co6el- | CreneHb npHHan- IpaBponopoGue
THKA px(r) — "creneHs s X =r JIEXHOCTH ' K MHO- r KaK BO3MOXHOTO
PeaNbHOCTH" COBLITUS KECTBY BO3MOXHBIX | 3HaueHus X

X=r 3HaveHut X

CaoiicTsa hyHKLIM py(r) | pylr) =0, pxr) =0, pxr) =0,

: suppy(r) =1 suppy(r) =1

Y px(n=1 r r
r
X - peTepMuHupoBanHas | Px(r) =1, px(r) =1, px(n) =1,
BEJMYHHA I
px(s)=0; Vs#r Px(8)=0; Vs#r px(s)=0; Vs#r
Y =£X) phs)= X px(r) | pfs)= sup px(r) | pds)= sup px(r)
rf(r)=s rif(r)=s rf(r)=s

He3zaBucumocts KOMNO- | Pz(Fy, «.s Tp) = Pz(rys s Fp) = Py, s Ty) =

HEHT BEKTOpa n = minpy.(r;}) n

Z=(X, . X,) = H, px, (1) i ' = Hl px, ()

1= =

ecnu couetanue (Y, V,, a) B npuHIUNe HEBO3MOXHO (HampuUMep, KakKue-To U3
MOKa3aTeJed BhIXOJAT 32 JONYCTHMBIE NPEENbl), COOTBETCTBYIOIAS CTE-
NEHb PEalIbHOCTU MPMHMMAETC paBHOU HyJ0. Tenepb MO NpHBEJEHHBIM B
Tabnuue GopMynaM MOXKHO ONPEACIUTDb U CTENEHb PEAJIbHOCTH AN BCEH
coBoKynHoctH Habmopenn#t P(Y, V, a). Tak, [ns He3aBUCUMBIX CIy4YaiHbIX
HaONMIOfECHNI OHa paBHa NPOM3BENEHUIO BCEX T,, & AJIs HE3aBUCHMBIX He-
yeTKuX HabmiofeHn#t — HauMeHbmieMy U3 T, IIpn ¢HKCHUpOBaHHBIX pe-
3yabTaTax HaGmiofgeHuit V ara ¢yHKUMA, KaK OTMEYEHO BbIIIE, OyAeT
OTpa’kaTh CTENEHb COITacCOBAHHOCTH Habopa (Y, a) ¢ naHHbIMU HaGIIONCHUH
U Ipyro# ucxoaHoi uHgopMaumeii, NO3TOMYy €€ MOXHO HCNOJIb30BaTh Kak
Kpumepuii coenacoéarHrocmu (IOCKONbKY €r0 3HAUEHHE JIEXXUT MEX]Y HyJIeM
U eJuHMIEeH, OH He OyneT MHBapHAaHTEH OTHOCHTEIBHO MOHOTOHHOIO
npeo6pa3oBanus). MC-NpUHIMI IPUBOJUT TENEPh K 3ajaye MaKCUMHU3ALIK
P(Y,V, a) no nepemeHHbIM Y 1 a.

C ¢opManbHO MaTeMaTHYECKOH TOYKHU 3PEHUS] METOMbI OLIEHKH 33aBH-
CHMOCTEH NPH KaXX[OM M3 PaCCMOTPEHHBIX THIIOB "Cily4adHbIX" OLIMGOK
HACHTUYHBI: 33/1a€TCs XapaKTep HEONpPEAEIEHHOCTH Pe3yIbTaTOB Habmoae-
HUHA 1 COOTBETCTBYIOLME (DYHKUHUHN PEaNnbHOCTH (OHM MOTYT CTPOMTBCS Ha
6a3e KaK OGBEKTHUBHOMN, TaK U CyObEKTUBHOH MHGOPMAUMHU, aHATOIHYHO
TOMYy, KaK B CTaTHCTHKE BBOAMTCS (PYHKIMS HOPMaJIbHOrO pacnpefeeHus
ouIM60K), YTO NMO3BOJAET CHavasla 3alMMcaTbh KPUTEPHH COrlIacoOBaHHOCTH
MMEIOLUXCS. HaGMIONEHHH ¢ NCXOHOH MHGpOpMaLHeH, a 3aTeM U BrIGpaTh
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TaKyio OLIEHKY 3aBHCHMMOCTH, KOTOpas MaKCHMHU3MPYET 3TOT KPUTEDHH
(coOTBeTCTBYIOIME IPUMEPHI MPUBOAATCS HIXKe). OJHAKO BEPOATHOCTHAs
¢dopmannzauug "caydaiiHbix" OWMOGOK 3acTaBISET [ONOJTHHTEIBHO
Tpe60BaTh NOBTOPSIEMOCTH, BOCIIPOM3BOIMMOCTH HabIIONeHNH, pacCMaTpH-
BaTh MX KaK BbIGOpPKY M3 HEKOTOpPOH TeopeTniecku 6eckoneuynoii I'C. B To
3Ke BpeMs NpH ONMcaHUU HeonpefeneHHocTh B TepMuHax HB unu I1B Takne
MHTEpIpeTalUH He TPEOYIOTCS — 3THMH OO’ BEKTAaMH MOT'YT ObITb ONMHUCAHbI U
HEMOBTOPSIOWUECS, YHUKANbHbIE HabmoneHus. EcTrecTBeHHON miaToi 3a
3TO SIBASETCS OTCYTCTBHE MNPEJEIbHBIX TEOPEM M HECOCTOATEIBHOCTH
oneHok ("Haubonee cornacoBaHHbIe" 3HaYEHUs OLICHMBAEMbIX IaPaMETPOB
MOTYT HE CXORUTBbCS K HCTHHHBIM NpH YBEJINYEHHH 4HCIa HaGIIONeHMIT),
XOTS NpU MajiblXx O06beMax HaOMIONEHHMH 3Ty LEHY HENb3sd NPU3HATH
CJIMIIKOM BBICOKOM.

3.4. UnTepBanbHbie HeoNpeaeneHHOCTHU

THUnUYHBIM IPUMEPOM HEONPENETIEHHOCTH ABNAETCA cnefyromuii. Pe-
3ynAbTaThl HAGIIOAEHUS NTOKA3bIBAIOT, YTO BEJIMYMHA X JIEXXKUT B HEKOTOPOM
nuTepBaine [a, b]. HeusBecreH HU 3aKOH €€ pacnpejeyeHus, HU TO, SBJIS-
eTcs JIM OHa cny4aiiHO¥ BenuyuHoH. B obumem cnydyae o HeonmpeneleHHOR
(HanpuMep, BEKTOPHOM) XapaKTEPUCTHKE X H3BECTHO TOJbKO OrPaHMYEHHOE
MHOKECTBO €€ BO3MOXHbIX 3HaUCHHMH. DTOT BHJ] HEONPEJEIECHHOCTH yXKe
ynoMuHaics B 1. 2.9.

Bnuskas cutyanus paccMaTpuBanach B cBoe BpeMs CasupxeM [49, 50],
MOCTAaBUBLINM 3aflayy O CPAaBHECHUHU aJIbTEPHATUB, PE3yJIbTaTbl KOTOPBIX
3aBHCAT OT HEU3BECTHOTO "cocTosHus npupoast”. IIpn onpeaenenHpix npep-
NOJIOXKEHUSAX OH MOKa3al, YTO pa3yMHblE NPaBWJa CPAaBHEHHUs NpPU 3TOM
HDOJXHbI 6a3UpPOBATHCA Ha BBEJEHMM 'CYOBEKTHUBHbIX BEPOSTHOCTEH" B
NPOCTPAHCTBE BO3MOXKHBIX cocTossHMA npupoasl. ITpunas nogxon CaBuaxa,
HccaeaoBaTeNb, Ka3aJoCh Obl, MOXET HCIOJbL30BaTh "OOBIYHbIE" METOMABI
MaTeMaTHYECKOM CTaTUCTHKHU, NIPEBAPUTENBLHO 3afaB (3KCIEPTHO) Be-
POATHOCTHOE pacrnpefie/ieHHe Ha yKa3aHHOM oTpe3ke. OHaKO NpH 3TOM
npuaeTcs y6eanTeabHO (AN "3aKa3ynKa" M BO3MOXHBIX PELIEH3EHTOB) 060C-
HOBaTb MPABHWIBHOCTh N OO BEKTUBHOCTh BbIOOpa MMEHHO 3TOr0 paclpefe-
nenus. C gpyroil CTOpPOHBI, JaHHYIO HEONPENEIEHHYIO BENNYUHY X MOXHO
ONMCaTh M KaK HEUETKYIO, y KOTOPOH (pyHKUHUS NPHHAJIEKHOCTH paBHa 1 Ha
ortpe3ske [a, b] u Hymo BHe ero, mu60 kak IIB c Taxoii ke yHKuMEH OTHO-
cuTenbHOro npaspgonono6us. Ilpu sToM uMmerowascs HHGOpPMaLus O BO3-
MOKHBIX 3HaYEHHAX BEJINIMHBI X MCNONB3YETCS MONHOCTBIO. TOT MPUMED
NOKa3bIBaeT, YTO CTPEMIIEHHE HCNONb30BaTh "OOIENPUHATBIN" METON MO-
3KET YCUIIUTb CYO'BEKTUBU3M IOJIy4aeMbIX IIPY HCCIAEAOBaHUM PE3YIbTaTOB.

PaccMaTprBaeMbIil THIT "HHTEPBaJIbHON" HEONMPEAENEHHOCTH (set-uncer-
tainty) momyckaeT mHTepecHoe o6obmenne [63, 64]. Ecan o senuunne X
H3BECTHO TOJIBKO, YTO OHA JIEKUT B HEKOTOPOM HHTEPBAJi€, TO MOXHO pac-
cMaTtpuBaTh ee kak CB, Ans pacnpefenenus KOTOPOH U3BECTEH TOJIBKO HO-
cutenb. Knacc Takux CB BecbMa HIMPOK, HO NPH HAJMYNH JOIOIHUTEIbHON

4 [.B. Kneiinep u fp. 73



nAdopManuy (HanpUMep, O TOM, YTO IpaBasi MOJIOBUHA HHTepBana Goiee
BEPOATHA, YEM JIeBasd) OH CyXaeTcs. B pe3ynbTaTe BO3HMKAET "MHTEPBaJb-
HO-BEPOSITHOCTHBIH" THI HEONpENeJeHHOCTH, KOrjga OuWHGKH (Wid
pe3ynbTaThl HabmoaeHus) apasioTca CB, deit 3aKOH pacnpefenesus npu-
HajexaT 3aJaHHOMy Kitaccy F (HEKOTOpOMY "HHTepBaiy" B IPOCTPaHCTBE
pacnpepenenuii). B curyanun, korma & cocTOMT M3 €JHHCTBEHHOIO pac-
IpejeeHus, Mbl IPHXOAUM K CTOXacTHYECKUM BenudunHaM. Ecnu & cocrout
M3 pacnpefeeHnii, 3aBUCAIIMM U3BECTHBIM 00pa30M OT HEM3BECTHBIX Napa-
MeTpOB (HanpHUMep, U3 TPEYrONbHBIX paclnpefe/IeHH ¢ HEM3BECTHOM Bep-
(IIAHOM MM M3 YCEYEHHBIX HOPMAJIbHBIX PacHpeNeIeHH C HEH3BECTHBIM
CPERHUM M MCHepCcHeit), BOSHUKAET TPaAULIMOHHAs 3alaya MaTEMaTHYECKOU
CTaTHCTHKH: OMHOBPEMEHHOE OMNpeJeIEHNE NNTapaMETPOB HEM3BECTHOM 3aBH-
CHMOCTH M 3aKOHa pacnpefenenus omwnGox. Ecnu xe kmacc F cocrour us
6cex pacnpefesIeHnil Ha HEKOTOPOM OTPE3KE, MbI IPUXOUM K TPaULMOHHOM
HHTEPBaJIbHON HeonpeaeneHHOCTH. HakoHel, eclny 3TOT KJ1acCc COCTOUT M3
cMmeceit Bupa (1 — €)F + €H, rpe F — pacnpepenenue 3ajaHHoro tuma, H —
NPON3BOJBbHOE BEPOSATHOCTHOE pacHpejiesIeHHe, Mbl IIPUXOOUM K MOJEJH
rpy6bix OMHKG0K, PACCMOTPEHHOI B [42] 1 06CyXnaeMoit HIXKE, B 1. 4.3.

ITopo6Has "cMemanHass" HeONpeNeIeHHOCTh MOXET ObITh BBElEHA HE
Toneko ans CB, Ho u nns HB u IIB. Tak, uHTepBanbHO-HeueTKas (Ha-
HeJIeHHasl HHTEPBAJIbHBIM NPaBONON06HEM) BEIHYHHA MOXET ObITh Onpe-
geneHa cregyrommM o6pa3zoM. O BenununHe X M3BECTHO, YTO OHAa HedeTKas
(HapgeneHa npasponofgo6ueM) u ee QYHKIMS NPUHAAIEKHOCTH (IIPaBOINO-
ROGHS) NpUHAJJIEXUT HEKOTOpOMY MHOXecTBY F. "TpagnuunonHas" uHrep-
BaJibHasi HEONPEJEAEHHOCTb OTBEYaeT B 3TOH CHUTyalHM MHOXecTBy ¥,
BKITIOYAIOLEMY t00bte (DYHKINHT, 3HAYEHUS. KOTOPBIX Ha 3aJJaHHOM OTpe3Ke
nexat Mexnay O u 1 u pasusl 0 BHe ero.



4. OLIEHKA 3ABUCUMOCTEN MPU PA3HbIX
TUNAX HEOMNPEAENEHHOCTU

Ecau Huumo Opyz0e He nomozaem, npoumume, HAKOHey,
UHCMPYKYUIO.

Akxcuoma Kana

4.1. OyeHkKa napameTp1My4ecKux 3aBUCUMOCTEN

B curyanuu, xorga pesynbTarhl HabmropeHui asiastorcs HB nmn I1B,
MC-npuHuun no3poJjseT 060CHOBaTh U3BECTHbIE M BBECTU HOBBIE IIOKa-
3aTENM HHTETPATIBHOIO OTKJIOHEHHUSI © OCHOBaHHbIE Ha HUX KPUTEPHH ONTH-
MaJbHO# oueHku. [IpuseneM psj npuMepos.

Hpumep 4.1. OueHnBaeTcs NapaMeTp a B 3aBUCUMOCTH Y = @ (X, a)
CBsI3bIBaIOIIEH HCTHHHBIE 3HAaYEHHS NOoKa3aTeneil HekoTopoit I'C 06beKToB.
IIpu 3TOM MCTHHHBIE 3HAaYEHUS X, N3MEPSIOTCA TOYHO, 2 BMECTO UCTHHHBIX
3HayeHnit Y, Habmopatorca 3nauenus HB Y, =Y, + §,, otnuyaromuecs ot
HCTHHHBIX aIUTHUBHBIMHM HE3aBUCHMbIMHM HEYETKUMH OLINOKaMu &, ¢ OHOM U
Toit ke GyHKIMeR npuHaanexxHocta suaa h(I]}), rue ¢yHkuus A MOHOTOHHO
yGbIBaeT Ha MOJIOXUTENbHOMH nosyocH, #(0) =1, h(n) = 0 npu N — +eo.

Torpa, NOCKONBKY BEJIHYUHBI X, H3MEDPSIIOTCA TOYHO, CTENEHb NPUHAJ-
JNIeXHOCTH JJis BCEH COBOKyNMHOcTH 3HaueHud (X, V,) paBHa
mlin h(V, - d(X,, @)l). PykoBoacTBysice MC-NpHHIUIIOM, ONTHMAJIbHOE @

cilelyeT BbIOpaTh M3 YCIOBHs MaKCHMyMa 3Toil (pyHKUMH. B cuiny cBoiicTs
¢yHKIME A 3TOT MaKCUMyM NOCTHraeTcsd, ecnu (HE3aBHCHMO OT TOrO,
M3BECTHA JI1 PYHKUMsL /I TOYHO MIIM HET) MAapaMeTp a SABISETCS peuleHHeM
3agavu

max|V, — ®(X,,a)| = min, @.1)
r

T.e. 0GecrneYyuBaeT MUHUMYM MHHHMAJBHOIO MO MOAYJIIO OTKJIOHEHUSA. MbI
NPHUILUTA K TOMY 3K€ MIHIMaKCHOMY KPUTEPHIO, ONMMCAaHHOMY B npumepe 2.5,
OJHAaKO yXe INpH JAPYroM (HE CTOXAaCTHYECKOM) XapaKTepe OmHOOK
HaGmronenus! B npocreitmem cnydae, korga dyHkuus  Boobuie He 3a-
BHCHT OT X, a HICKOMasi 3aBUCHMOCTb UMeeT BH[ Y, = a (3afaya HaXxOXACHUs
CpefiHero 3HA4YEHHs), ONTHMAJbHOE DeIIeHHe OyAeT CpPENHHM apudg-
METHYECKUM M3 HaubONbIIEro M HAaUMEHBUIETO HAaGIIONaeMbIX 3HaYEHUH
mokasaTtes. M

B 1. 2.7 Mbl o6pawany BHEMaHHe Ha HeycTodumBocTb MII-oueHOK.
PaccMOTpeHHbIi NPUMED NMOKAa3bIBAET, YTO B YCNOBUAX, KOTJa OIIMOKM Ha-
6monenns asagoTca HB, MC-MeTox NpMBOAUT K YyCTOWYMBBIM OLEHKAM:
He6OoNbILIME U3MEHEHHS BUAA (PYHKUUH h HE CKa3bIBAIOTCA Ha ONTHMAaIbHOM
olLieHKe Boo61Ee. Ecnu e NONnyCTHTh, 4TO MCTHHHAS (PYHKLMS MPHHAIEK-
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HOCTH MaJjo OTJINYaeTcs OT kA, HO, B OTIIMYME OT h, HECHMMMETPHYHA, OLIEHKA
HM3MEHNTCS, HO HE3HAYNTENbHO. JIOCTaTOYHO YCTOMYMBBIMU OKa3bIBAOTCH
OLIEHKHW U TOrja, Koraa omn6ku Habniogenui sasnstorcsa I1B (cM. Huxke).
Kasamnoch 6Gbl, CTPyKTypa KpHUTEpHUS COrjacCOBAaHHOCTH 3[1€Ch Ta Xe, 4YTO U
NpH cay4aiHbIx own6kax. OMHAKO 3[1€Ch ECTh ¥ NPHHIMIHAIBHOE Pa3InyHe.
B croxacTuueckoM cinyvae (YHKUHMS NpPaBIONOAOGHS HE [ONMyCKaeT
OlHO3HA4YHOM TPAaKTOBKH: B OJHMX CJIydasiX OHa NIOHUMaeTCsd KaK eepoam-
HOcmb HaOMIONEHHUS TEX UM MHBIX 3HA4ECHUH NIEPEMEHHBIX, B JPYIHX — KaK
naomuocms pacnpefelfieHns 3TUX BeposTHoctei. Ecnu e paccMaTpuBaTth
.3Ha4YeHHUs nepeMeHHbIx Kak I1B, To ¢pyHKIus npaBqonogo6us Bcerga uMeeT
OfMH U TOT X€ CMBICH, BbIpaXas CTENeHb NpaBONOA06Hs TOrO WIN HHOTO
3HauYeHus nmokasarens. IIpm 3TOM He Tak yX BaXXHO, BO3HMKJIAa JIM 3Ta
¢$YHKUHS U3 CaMHUX BEPOSITHOCTEH, UX INIOTHOCTEH MIIM KaKUM-THO0 MHBIM
o6pa3oM. C 3Toi NO3MLUN TEOPUsl BEPOATHOCTEH OKHA PacCMaTPHBAThLCS
B 3KOHOMETpHKE JHIUb KaK yqoOHasg B ONpeAeIeHHbIX CUTyalusx ''muaT-
¢dopma" ansa nocrpoeHuss pyHKUUN COTIaCOBAHHOCTH OLIEHOK C JaHHBIMHU
HaONIOeHNH, HO OTHIOIb HE KaK O60CHOBaHUE CTOXaCTHYHOCTH CAMUX 3THUX
JaHHBIX WK OLIMOOK B HHUX.

B n. 2.6 MbI oTMeYanH, 4YTO NPU HAJIMYMH ClydalHbIX OomIUOOK B He-
CKOJIbKHX HaOJI}OJa€MbIX NEPEMEHHbIX (PYHKUHS NMPaBAONOAOOUS MOXKET
TpakTOBaTbCi ABOAKO. OpHako, ecnu ownbku snsorcs HB wnm I1B,
nopoOHOM ABYCMBICIIEHHOCTH HE BO3HMKAET.

IlycTh, HanpuMmep, OLIEHUBAKOTCA NapaMETpbl B 3aBUCHMOCTH
Y = &(X, Z, a), cBI3bIBalOMIEd UCTHHHbIC 3HAYEHHUS MOKa3aTeledl HEKO-
Topoit I'C o6bexToB. IIpn 3TOM UCTHHHbIE 3Ha4YECHHs NMOKa3aTeneid Z, uY,
HabNONaTCd TOYHO, @ BMECTO MCTHMHHBIX 3HadyeHu# X, HaOmioparoTcs
snauennss HB U, = X, + §,, oTnnyaomuecs OT MCTHHHBIX aJ{UTHBHBIMHA
HE3aBHCHMBIMH HEYETKUMH (BEKTOPHBIMHU) om6KkaMu &, ¢ OQHOM U TOH Ke
¢yukuuei npuHagnexnocta Bupa h(E). Takum o6pa3oM, 3[eCh ROJXKHbI
BBINOJIHATHCS COOTHOLUCHHSA:

Y, =®WU,-§,Z,a). 4.2)

TpakTys yHKLIHIO GOrJacOBAHHOCTH 3Jech B Ayxe MIIO-mertopa
(1. 2.6), MBI HONXKHBI MOCTaBUTh 3afady OTBICKAHUS ONTHMAJbLHBIX OIIHU-
60k §,. IIpu 3TOM CTeneHb PEasbHOCTH ONTUMAIBHOIO COYETAHUS BENH-

uuH §, 6yneT pasHa min h(§,), Tak 4TO ONTHMAJIbHOE @ MAKCUMHM3HUPYET 3Ty
t

¢ yHKLHUIO IpH OrpaHUyYeHUsIX (4.2):

a=arg sup{min hEHY, =P, -§,,Z, ,a)Vt} =
t

=arg sup{min hU, -X)1Y, = <I>(X,,Z,,a)Vt}. 4.3)
!

IMpu MII3-MeTone DYHKIHA COrITaCOBAHHOCTH OTPaXKaeT CTENEHb NPH-
HaJJIEXKHOCTH COBOKYNHOCTH HedeTKux BenuuuH f,=dU,-§,Z,a)-Y,
OueBHAHO, YTO OHa paBHa BepxXHel rpaHu BennduH h(§,), B3ATOM 1O BCEM HX
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coYeTaHusIM, 0OeclednBalOLIUM 3ajlaHHbIe 3HaYeHus f,. [ToaToMy ogHOBpe-
MEHHOMY OOpallleHHIO B HYNb BCeX f; OTBeYaeT CTeNeHb NMpaBAoNnofosud,
pasHas minsup{h(,)|Y, = ®U, -§,,Z,,a)}, Tak 4TO0 38€CH

t

a =argmin{suph(§,) Y, =0, -§,,Z,,a)} =
t

=argmin{suph(U, - X,)1 Y, =®U,,Z,,a)}. 4.4)
t

HeTpygHo y6enuTbcs, YTO B NaHHOH CHTyallMd MUHHUMYM IO ! M CyIl-
peMyM 1o &, nepecTaHOBOYHBI, TaK 4TO (4.3) u (4.4) QalOT OfHH U TE Xe
pe3ynbTaThl.

B kauecrse h(§) ecTecTBEHHO HCNONB30BaTh (PYHKUUH, YOBIBAIOLUME 110
Mepe yrajleHds TOYKHM & OT Havyana KOODAWHAT, T.€. 3aBUCSAIIHE OT HEKO-
Topoii HopMbI BekTopa &: h(§) = f(Ill), rne dyHKUMSA f MOHOTOHHO yGbIBaET
Ha MOJOXHUTENbHON nonyocH, f(0) =1, f(n) = 0 mpun — +eo. B Takoi
cUTyanuH (HE3aBHCHMO OT TOrO, M3BECTHA M (PYHKIHUA f TOYHO WIIH HET)
napaMeTp a@ obecrnieynBaeT MHHMUMYM MaKCHMaJIbHOI'O U3 PacCTOSHUM OT
Touek U, 1o cooTBeTcTByOmWuxX nosepxuocreit Y, = ®(X,, Z,, a). B vacr-
HOCTH, KOT[la iepeMeHHbIe Z B HCKOMOH MOJENH BOOGIIE OTCYTCTBYIOT, 3TH
NMOBEPXHOCTH CTAHOBATCA M30KBAaHTaMM (PYHKUUH ® U MBI NPUXOJUM K
METOJly M3MEPEHUS JIOKANbHBIX OTKJIOHEHUH N0 OTKIIOHEHUSAM OGbACHSAIOLIUX
MEepPEeMEHHBIX OT N30KBAHT, ONMCAHHOMY B II. 2.3.

Mpumep 4.2. OueHuBalOTCI mnapaMeTpbl a; U b, 3aBUcMMOCTH

n
Y= in: a;X; + Y, b,Z,. B t-M HabmofeHnn 3HaueHus Z;, u Y, HaGmogarorcs
i=l k=1
TOYHO, a BMECTO HCTHHHBIX 3Ha4yeHH#l X, HaOmiofnairoTcs 3HaueHus HB
U, = X;; + €. Own6KH &;, 1pH pasHbIX [ ¥ ¢ HE3aBUCUMBI M IMEIOT (PYHKIHUIO
npuHagnexHocta h(I;l/S;), rae S; — u3BecTHbIE MacmITaGHblE MapaMeTpPhl,
XapaKTepHU3yOIIMe CPEHIE Pa3MepPhI OMUOOK, h — yObIBaromas yHKLH.
3pech ONTUMAaNbHbIE OLICHKN HEM3BECTHBIX IaPAMETPOB SABJISIOTCA pe-
LIEHHEM 3ajaqum:

m n
min{supminh(1§;, 1/ S;)| Y, =Y, a;(U;, +&;,)+ 2, b Z,, p = max.
t ] i=1 k=1

Jlerko NMPOBEPACTCA, UTO MPHU KaXJOM f ONTUMAJIbHbIE g,‘, HMEIOT OJHY H
TY K€ CTENECHb MPHHAJIEXXKHOCTH, TaK 4YTO

m

n
2 aU,+ 3% bZ, -,
g, =+ £l S; sign(a;).
S lal
1

3

IMockonbky ¢yHKuus h y6bpiBalomas, OTCIOAA CIEAYET, 4YTO
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OINITUMAJIbHBIE Q; U bk ABJIIAIOTCA DEUICHUEM 3a1aYH:

= min.M 4.5)

Ipumep 4.3. IlycTb B ycnoBusx npuMepa 4.2 He3aBUCHMbIE OLIMGKM
Habmiofenus &;, apnsiorcs IIB u xapakTepn3yroTcs GyHKUMAMM IpPaBloO-

2
nopo6us h(E;) = exp{-£;/2S;). Torna crenens npaBRoONoOaOGHs BCEH COBO-

m
KYITHOCTH OIIHGOK OyfeT exps—y, I:Z g2 /ZS,-J M 3ajjaya CBEETCH K MakK-
t i=]

m n
CHMH3aLHHI 3TOrO BbIpaxeuus npu ycnosmwix Y, =Y a;(U, - &)+ Y, b, Z,.
i= k=1
m n
2 aU,+ 3 bZ, -V,

Orcrona naiipem: &, =a;S; 1 . Y13 3TOrO nerko BbIBO-

JAUTCs, YTO ONNTHUMAJNIbHbIC q; 1 bk ABJIAKOTCs PEILICHUEM 3aJayH:

t i=]

m n 2
2 {Z aiUir"'kz bkzkr_yt}
=1

= min. (4.6)
(ZZS

™

M

L
—_

]

Tak, ecnu n = 0, a Bce S; ONMHAKOBBI, ONTUMAJILHBIM d; OTBE4YaET MUHH-
MajbHasi CyMMa KBajpaToOB paccTosiHuit ot touek (Uy,,..., U,,) no runep-

m
minockocreit Y, = Y, a;X;. Takoit kpurepuit GblI, MO-BUAUMOMY, BriepBbIe

i=1

npepioxeH B [65]. W
ITpumep 4.4. OuenuBaerca napameTp a B 3aBucuMmoctu Y = &(X, a),
ApudeM 3HaueHus X, HaGIoNalOTCs TOYHO, a pe3yIbTaTOM HaGmiofeHus Y,
apnsaerca V, =Y, + &, rae &, — HezaBucumele 1B, umeromue ofHy ¥ Ty xe
(PYHKLHMIO OTHOCHTENBHOTO Npasgonoxobust A(E). 3necs MC-npuHuMn npuso-

auT K 3agave: [] AlV, - ®(X,,a)] = max. Jlerko BHAETh, YTO TaKOM KpH-
t

TepHi SKBUBAJIEHTEH MUHUMH3ALlMH [0KA3aTeNs HHTETPAIBHOTO OTKIOHEHHS
>, glV, - ®d(X,,a)], rne g(x) = -In h(x). Kpurepunm Ttakoro THna
t

npeanoXeHsl B [42] nyisg yCTOMYNBOH OLIEHKH NMapaMeTPOB BEPOSTHOCTHBIX
pacnpepenenuit. OTMETUM BaXHOE€ MX MNPEUMYLIECTBO: H3MEHEHHS
¢YHKUMM h, IPH KOTOPBIX €€ JorapucMuiecKas MpOU3BOJHAT MEHSIETCH
MaJio, HECYIIECTBEHHO BIUAIOT Ha ONTUMANILHOE 3HaYeHue a.
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O6paTuM Tenepb BHEMaHHE Ha TO, YTO NpPH JaHHOM MOJXOJE OITH-
MaJlbHbIE€ OLEHKH NIapaMeTPOB MHHUMHU3NPYIOT [TOKAa3aTENb HHTErPaIbHOIO
OTKJIOHEHHMS, HCYMCIIEHHbIHA TEM UM MHBIM CIIOCOO0M (B mpuMepe 4.4 — cymma
HEKOTOPBbIX (YHKIHUH OT JIOKaJbHBIX OTKJOHEHHIH, B npumepe 4.1 —
MaKCHMYM M3 JIOKQJbHbIX OTKJIOHEHMIT). DTO HE NPOTHBOPEYHUT OOIei
OLIEHKE METO[a MUHMMH3alM} MHTEIPAJIbHOTO OTKJIIOHEHHUs1, BLICKa3aHHOI B
1. 2.3, NOCKOJIbKY B PACCMOTPEHHBIX CUTYallUsIX HEONPEAENIEHHOCTh HaGmto-
AEHHUH XapakTepHU30BalaCh OINpPENEIECHHON CTPYKTYpo# — mns yHKUMH
MpaBRONOAOOHs: MHOIO BU/la OKOHYATENbHBIH KPUTEPHI MOXET HE CBOXUTBHCS
K PacCTOSIHUAM, U3MEPAEMBIM B JIETKO HHTEPIPETHPYEMBIX METPHKAX.

ITpumep 4.5. Ilyctb B ycnosusx npuMepa 4.3 ¢pyHKIUSA NpaBaonoao6us

. |
omuGoK nMeeT uHOM BUA h(E;, ) = —————. JIerko npoBepHuTh, YTO ONTH-

ch(§, / D;)

m
musauus §; cBoguTcs 3gech Kk 3apave: 3, Inch(§;/D;)=> min;

i=1

m m n
2; ag;, = 2; a;Uy +kzx bZy, - Y, =4,.
i= i= =
IMostomy &; = Darth(Aa;D;), rne A, — KOpeHb YypaBHEHHs

m
>, a;D;arth(M;a,D;)=A,. Npn srom Inch(&,/D;)= —%ln[l -(\a;D;)?1,
i=1
TaK YTO ONTHMANbHBIE @; U by ABIAIOTCA PEIIEHHEM 3a[jadun:

Y Inch[l-(A;q;D;)*] = min;
i=1

m m n
i= i= =

Taxoit KpuTepuil y>Ke He CBOOUTCA K MUHMUMH3aLUi KaKOro-TO UHTET-
PaJIbHOTO OTKJIOHEHHUS. M

MBI BHAMM, YTO MUHMMHU3ALMs HHTEIPAJIBHOIO OTKJIOHEHHS KaK METOX
ONTHMAaJIbHOM OLEHKH NapaMETPOB 3aBUCHMOCTEH OGOCHOBAHA JIMIIb B CIY-
Jasix, KOrla "CTeneHb peajbHOCTH" HaGNIONCHHUH ONMpefessieTcs MX pac-
CTOSTHUSIMH OT MCTHHHBIX 3HaUEHHMH XapaKTEPHCTHK — 3TO JOBOJBHO pac-
NPOCTPAHEHHAas, HO OTHIOAb He OOLas CHTyalHus.

OTtMmeTnM, HakoHell, 4To MC-npyHUMI NPUMEHUM U IIPH HETOYHO 3ajjaH-
HbIX PyHKIMAX npasponogo6bus. Ilycts B ycnosusix npumepa 4.4 o pyHkuuu
NpaBaonogoGus h U3BECTEH JHIIbL HEKOTOPBII Kinace X, KoTopoMy oHa npu-
HapnexuT. Torpa 3agaya cBefeTcd K OJHOBPEMEHHOMY HaXOX[EHHIO
HanboJiee COracoBaHHbIX C UCXONHOMN MH(OpMALMER 3HAUEHHUI TapaMeTpa a@
u pyuxuna h € X us ycnosus [ A{V, —- &(X,,a)} = max.

t
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4.2. OyeHKa HernapameTpU4eCKux 3aBMCUMoCTen

ITo cux nop peys 1Ia, B OCHOBHOM, 06 OLIEHKE [TapaMETPHUYECKUX 3aBU-
cuMocTeid. Kak joka3biBaeTcs B MaTEMaTHYECKOH CTaTHCTUKE [2], ecnu B
TaKMX 3aBUCUMOCTAX O0bsICHsIEMas IEPEMEHHAst HAaOMIONAETCs CO CIy4YaHO’
oumnbko, To MII-oeHKN HEN3BECTHBIX TaPaMETPOB OKa3bIBalOTCS COCTOS-
TENBHBIMH, T.€. C BEPOSITHOCTBIO 1 CXOMATCA K UCTHHHBIM 3HAUEHHSM NpHU
HeOrpaHNYEeHHOM yBEJINYEHNH Yncia Habmoaenui. [l HenapaMeTpUYECKUX
3aBHCMMOCTE! MOJOXEeHHE HHOe. [[eHCTBUTENBHO, NYCThb, HANpUMED, BUN
3asucuMocTd Y = f(X) dyHkunun HeuspecTeH, 3HaUYeHHs ¥ HabmiogaloTcs
ToNbko B Toukax X = 0, 1, 2, u mobas gpyras madopMmanus O Mofe-
JIMPYEMOM NPOLECCE UM SBJIEHUM OTCYTCTBYET. Torna HIKakoe KOJIM4ECTBO
HaGIIOIeHUI He O3BOJUT faXe NPUGINKEHHO OLIeHUTh 3HaveHue f(3). OTo
O3Ha4YaeT, YTO AJIsA HENapaMeTPUUYECKUX 3aBHCHMOCTEN PacCYMTBhIBATh Ha
[OJIy4YEHHE COCTOSATENbHbIX OLEHOK B OGLIEM Cliydae HE NPHXOQUTCA U
yBeNHYEHHE YUCIa HaGMIoAeHHi He NO3BOJIHT, B OGIIEM Cly4ae, NOBbICHTD
TOYHOCTb OLEHKH.

PaccMOTpuM B 3TOif CBSI3M 3a7la4y OLEHKH HEM3BECTHOH 3aBHCHMOCTH
Y =f(X) no pesynpraTam T nHaGmiogeHuit B Toukax (X; <X, < ... <Xyp).
IMpegnonaraercs, 4TO 3HaYEHUs X, U3MEPAIOTCS TOYHO, 2 BMECTO HCTHHHBIX
sHauenuii Y, = f{X,) nabmonarotca 3navenns U, =Y, + §,, oTnuyarowmecs or
MCTHHHBIX afJUTHBHBLIMU HE3AaBHCHMBIMHE ClTy4allHbIMM OINGKaMu £,, Mero-
WHMHM HOPMallbHOE pacHpefeseHHe C HYJIEBbIM CPEAHMM M HEU3BECTHOM
pucnepcueit S. EcTecTBeHHO, 4TO TaKOH MH(MOPMalMHU IBHO HEAOCTATOYHO
[N MOJyYEeHHUs PasyMHBbIX DELIEHHH — HEOOXOAMMBI JONOJHHUTEIbHBIE
CBEJlEHMsT O XapaKTepe oLeHHBaeMoi 3aBucuMocTu. Mccrnepyem paBa
BapHaHTa TaKOH JONOJHUTENBHON HH(OPMaIUH.

TMpumep 4.6. TIycTb n3BECTHO, YTO UcKOMas pyHKuMA f(X) — Heybbiearo-
wana. DTOro, pa3yMeeTcs, HEAOCTATOYHO AJISI TOrO, YTOObI YCTAaHOBHUTH
XapakTep H3MEHEHHs (PYHKUHMM MeXAY TOYKaMHu X, UJH 3a NpE[eaMu
orpeska [X;, X7]. [Tonpo6GyeM, OfHAaKO, OLEHHTbL 3HAYEHHUS HEM3BECTHOM
¢yukuun f(X) B Toukax X,. PyHKUMA NpaBOONONOGUs B JaHHOM Cilydae

pasma [ J—exp{ U, - FOOP 128)=T1 expl-1U, - 1T 125)

t
IIO3TOMY €€ Maxcnmnaaum 9KBHBAJICHTHA PEUICHUIO 3aja4u:

Y (Y,-U) =min, Y, <Y,<..<V. %))

!

Peuus 3Ty 3afayy BbINYKJIOrO MPOrpaMMHMPOBaHUS M3BECTHBIMHU YHCIIEH-
HbIMH METO[aMH, MOXHO OLEHHUTbh UCKOMYIO (DYHKLHIO U B "IPOMEXY-
TOYHBIX" TOYKax. [JeCTBUTENBHO, €€ 3HAYCHUT MEX]y TodkaMu X, ; u X,
nexaT, OueBUJHO, B npeaenax ot Y,_; no Y,. [ToaToMy pasyMHO# OLEHKOH
ans f(X) Gyaer, HanpuMep, JIOMaHasl, COEANHSIOMas TOYKH (X,, Y,). Boiue
OApa3yMeBasoch, YTO BCE TOUKM X, — pa3nuyHble. OHAKO PEIUEHUE NIPUH-
LMITHATBHO HE U3MEHUTCS, €CITH CUMTATh, YTO HEKOTOPbIE HAaOMIOAEHHUS NTPO-
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H3BEJEHBI IPY OAMHAKOBbIX 3HAYEHUSIX OOBACHAIOWEN NEPEMEHHOMN — B 3TOM
CHTyallMd B Ka4YeCTBE HEM3BECTHBbIX MOXKHO NPUHATH TOJbKO 3Ha4eHus Y,,
OTBEYalolHKe pa3HbIM X,, 160 A06GaBUThH AONONHUTEIbHbIE OTPAHUYEHUS
Y, =Y, ; nna tex t, png xkotopbix X, = X, ;.M

Ipumep 4.7. IlycTs N3BECTHO, YTO NcKOMas pyHKuMs f(X) — ebinyraas.
Paccyxpas aHanorn4Ho, Mbl IPUXOAMM K JAPYroi 3afiaye BBIIYKJIOrO Npo-
rpaMMHPOBaHHA:

Lol o< YT_YT".
X, - X, Xr—Xr_y

Y (Y, -U,)* = min, 4.8)
t

Tot ke MeTol MOXeET ObITh IPUMEHEH U NPH oueHKe yHkuui ¥ = f(X)
HECKOJIbKMX NMEPEMEHHBIX, XOTd (OopManu3auus MOAENH 3[eCb ropasfo
6oinee cnoxHag. IIpu 3TOM, KaK ¥ B OTHOMEPHOM Clly4dae, yIaeTcs OLEHHTh
(DYHKIHIO MOAbKO 6 02parU1eHHOl 0baacmu, IBISIOWENCS BbINYKIIOH 060-
JIOYKO¥ HabmogaeMbIx Touek X;. |

Ipumep 4.8. TpebyeTcs olleHUTb MIOTHOCTh pacnpenenenus f(X) cuy-
qyaiHO# Benu4uHbl Mo T HaOmrofeHHbIM ee 3HadeHusaM X,. Kak u B npegpi-
AYLWMX CIy4asx, OQHOM 3TOif MHGOpMaLuK (1 faxe AONOIHUTENbHON UHPOP-
Maluy O TOM, YTO 3Ta IUVIOTHOCTB "KOJOKONOO6pa3Ha"), HE[OCTAaTOYHO.
OpHako i1 THIHYHBIX paclpeeaeHui Takoro Bufa ¢pyukuus g(X) = —InfiX)
BbINYKJas (Mbl JONYCKAEM M TAKHE BBINYKJbIC (PYHKIIH, KOTOpPhIE NpH-
HUMAIOT 3Ha4eHHE +oo). OKa3bIBaeTCd, YTO 3Ta HHPOpPMAIMs yXKe NO3BO-
JS€T NMONYYUTh pa3yMHble OUEeHKH. [ledcTBUTENbHO, NorapudM GyHKIUA
npasponono6ust HabMONEHHbIX 3HaUeHu {X,}, B39TbIi c OGpaTHHIM 3HAKOM,

paseH cymme Y, g(X,), mO3TOMY 3afjaya CBOAMTCSA K HAXOXAEHHIO TaKOH
!

BbINYKJIOH pyHK1MH g(X), A1 KOTOPO#H
T
L(g)= % &(X;)= min 4.9)
=1

[pH eCTECTBEHHOM OrPaHMYEHHM Ha IUIOTHOCTh BEPOSITHOCTHOIO pacipe-
AENEHHUs:

[ e#®dx =1. (4.10)

—00

Peurenne 3TO# 3aaun OKa3bIBAETCI CPaBHUTENBHO MpocThIM. ITycTh
H — munuManbHOe 3HaueHue L(g), h(X) — npon3BosbHas BbInyKias pyHKIHs,

oo

Jhy= | e "Xdx . Jlerko Bupets, uTo dyHkums h(X) + InJ(h) ynos-

—00

nersopsieT (4.10), Tak 4TO ANg Hee nesas 4acTb (4.9) 6yneT He MeHblie H.
OTcropa crefyeT, 4YTO BenuYuHa H ABNIETCS MMHUMAaJIbHBIM 3Ha4YE€HHEM

T o0
¢dynkumonana R(h)= 3, h(X,)+TIn j e M ®dx | na MHOXecTBe BCex BbI-

t=1 —o0
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nykinbrx ¢pyukumit. ITosToMy ontuManbHas ¢yukuus A(X) 3aBeoMO JOMXKHA
o6pamaTbcsl B +oo npu X < X; uian npu X > X1 (COOTBETCTBEHHO B 3THUX

toukax Gyper g(X) = 0). O6o3Hauum Z, = h(X,); U, = Zay=Z . Torpa,
t+1 7 At
OYEeBHJIHO,
U <Uy<..<Ur,, (4.11)
=1
Z,=2Z;+ 3 U(X;) - X)) (4.12)

i=1

PaccMoTpuM ioMaHyio h*(X), COeIMHSIONLYIO 10CTE0BATENbHbIE TOUKH
X, Zp):

R(X)=Z,+Y(X-X) upn X,<X <Xu,. 4.13)
IMockoneky A(X) Beimykna, To h*(X) < h*(X) u, 3nauurt, R(h) < R(h"),

4TO BO3MOXHO TOJNBKO, ecinu h(X) = h*(X). IIpoBens HECTOXHBIE BbI-
YUCIIEHHUS, TOTYYUM, 9TO TOrfa

T T-1 _z l_e‘Ux(XHl‘Xr)
Rm=Y Z,+Th| Y e& —=
=1 =0 Ut

1-1
=z Tl {— g UrXper=Xp) =X Ui(Xiss = X))
=Y (T-0U(X,,;-X)+Tl| ¥ ————————¢ i
r=1 1=1 U,

(4.14)

Munumusauus (4.14) npu orpaHmuyenusx (4.11) aBasgerca 3apgadei
BBINMYKJIOrO NIPOrPaMMHIPOBAHHUS 1 JIETKO PEIIAETCs C MOMOIUBIO H3BECTHBIX
KOMIIBIOTEPHBIX NMporpaMM. JIerko BHAETb, YTO BCEM JIOMaHbIM h(X) c
ontuManbHbIME U, GyeT OTBedaTh OHO U TO Xe 3HaueHue R(h). OgHako
OTpHUATENbHBIM JIOrapu(pMOM IUIOTHOCTH pacHpefesieHuss U3 HUX 6yfeT
TOJNILKO OJHA — I Hee JOJKHO BBINONHATHCA paBeHCTBO (4.10). OTcropa
MOXXHO HaiTH NOC/IeHEE HEU3BECTHOE Z;:

=1
T-1 1 - UrXpes=X) -2 UilXjs=X;)

Z;=In —_—e ! . 4.15
I ’_)_:1 U, (4.15)

Teneps ontuMmansHas g(X) onpepensercsa u3 (4.13). Ilpusenem uuc-
JIEHHBIE NPUMEPBL.

ITonydeHsr 12 peanusanuit cry4aiHON BEIMYMHDBI, pPABHOMEDPHO pachpe-
penennoi Ha (0,1):

0,012; 0,036; 0,229; 0,252; 0,325; 0,489; 0,491; 0,534; 0,555; 0,771;

0,943; 0,994.
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1,3

1,2 +
L1 ¢+

14+
09 |

0,8 + } + +
0 0,2 04 0,6 0,8 1

Puc. 1. Ouenka nIOTHOCTH PaBHOMEPHOTO pacnpefeneHust

2

L,5¢t
14

05+t

0

0 0,2 0,4 0,6 0,8 1

Puc. 2. QueHka MIOTHOCTH TPEYroJbHOTO pachnpefeNeHus

Ha puc. 1 npuBeieHa OUEHEHHAs YKa3aHHbIM CIIOCOGOM ILIOTHOCTh pac-
NpefeNeHus.

B ppyroMm pacudeTe nosydeHsl 12 peanu3aunuil cay4yaiHON BEJIUIHHBI,
uMemLei TpeyronbHoe pacnpeaenenue Ha (0,1):

0,153; 0,370; 0,391; 0,485; 0,510; 0,516; 0,629; 0,639; 0,662; 0,735;
0,895; 0,964.

OleHeHHas yKa3aHHbIM CIIOCOGOM IUIOTHOCTb paclpefeNieHus NpuBe-
neHa Ha puc. 2.

Ecnu omn6kn ssusiorcss HB nnm I1B, ouneHka HenmapaMeTpHYECKHX
3aBHCHMOCTEN MHOTa MOXET ObITh NMoJiydeHa Ha ocHoBe MC-npuHuuma.
ITpuBeneM pspa NpuMeEpOB.

Hpunmep 4.9. OuennBaercs dynkuus f{X) no pesynpraTaM HabGMIONECHUH
Y, = fiX)) + &, rne &, — HedyeTkHe OMIMOKH, HMEIOLINE OJHY U Ty K€ CUMMET-
PHUHYIO YHEMOJANbHYIO (DYHKIMIO NPUHAAIEXKHOCTH g(x). ByneM cunraTs,
YTO anpuopHas MHGOpMaLus 06 HCKOMOH (YHKIMH MO3BOJISIET CYUTATh €€
He4yeTKO#i. MHBIMH CIOBaMH, MPENNOJIOXKUM, YTO KaXXKAOH M3 anpuopu
BO3MOXHBIX (YHKUHMH f OTBEYa€T HEKOTOpas CTENEHb PEaJbHOCTH, B
JlaHHOM Cllyyae — CTeleHb npuHajnexHocTu Q(f), TeM MeHbIlIast, Y4eM MeHee
"rnapkoit” 6ypet f. [IppuMeM Mo3TOMy, YTO OHa UMEET BUJ H(f | f’(X)| 2dX),
rae H — Hekotopas y6biBatomast ¢yukuus, H(0) = 1, H(ee) = 0. Cuuras,
uTo GyHKUMA f ¥ OWHNOKa &, HE3aBHCHMBI, NMOJTYYUM 3HAYECHHE (YHKIHH
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NPHHAJAJIEXHOCTH [JI1 HX COBMECTHOH peanu3alun:
min{H(I LF (0 dx), min g, )}=
= min{H(J £ dx), min aly, - f(X, )I)}.

MaxkcuMHu3anus 3Toro KpHUTEPH COrNIaCOBaHHOCTH 3KBHBAJICHTHA pElIC-
HHUIO 3a1a4YH:

Hf (xR dx = min, Y, — £(X,)|< D, (4.16)

npu HekotropoM D, 3aBucsawmeM oT g u H. Jlerko nposepseTcs, 4TO
peuiesreM 3TOM 3aga4yd OymeT HEKOTOphId craiH. B m. 2.8 Takas
¢opmann3anus 3agayum Gblsla MOJyYEHA U3 IBPUCTHIECKUX COOOpakeHui. M

AHaJIOTMYHO MOXET ObITh NOCTABJIEHA 1 3aiada OUEHKH PyHKuuH f(X)
[IPY HaJIMYMHK HEYETKUX OHOOK HaGIIONEHUN KaK OO bsACHAEMOH, TaK ¥ 00b-
ACHAIOUMX nepeMeHHbIX. Curyanus, Korna own6ku seisiorcsa 1B, pac-
CMaTpUBAETCs B CIEAYIOIIEM NpIMepe.

ITpumep 4.10. OuenmBaetrca ¢yHkuus f(X) no pesyabraram

HaGmoaennit Y, = fiX,) + &, roe &, — orubxu, XxapakTepusyemble PyHKIUEH
2
OTHOCHTEILHOTO NMPaBRONoNo6ys e . ByneM C4HTaTh, YTO AaNpHOPHAs

HH(popManus 06 UCKOMON (PYHKIHUM MO3BOJSAET CUMTATh €€ HaleJICHHOU
npaBAONONOOHEM, NPHYEM CTENEHb OTHOCHTENILHOTO PaBONOAO6Hs KaXKoH
U3 anpHOpY BO3MOXHBIX (PYHKUMH f 3aBUCUT OT €€ "TIIafIkOCTH" ¥ UMEET BHJ

expl—]| "(X)|2dx . Cuutas, yrto QPyHKuus f 1 owuOky &, HE3aBUCHMBI,
P y

3aMyIIeM OTPHUATENbHBIA JorapudM (YHKUMH NMPaBIONOZOOHS i HX
COBMECTHOIl peann3alun, KOTOPbIil OMHOBPEMEHHO SIBJISETCA U KPUTEPUEM
ONTHMANLHON OLEHKH f:

T
L=Jlf"(X)Pdx+kY [f(X,)-Y]* = min. 4.17)
=1

ITonoOHbIH KPUTEPHIl M3 IBPUCTHYECKHX COOOpa>keHUH NMPHUBENEH B
m. 2.8.

ToT Xe MeTOx MOXHO MCIONB30BaTh M AJIA OLEHKH 6oliee CIOXHBIX
3aBHCHMOCTEI.

Ipumep 4.11. OueHuBaeTcs NPOU3BOACTBEHHass (YHKUHUSI BHAA
V. =®(K,,L,), rne V, — BanoBo# npopykT, K, — UCONB3yeMbIit KanuTal,
L, — 3aTpaTh! Tpyaa (HampuMep, KOJIHYECTBO OTPabGOTaHHBIX YEIOBEKO-
yacoB) B rofy ¢. Ilpeanonaraercs, 4To oneHnBaeMas GyHKIUA — OGHOPON-
Hasi nepBo# crenenu. [IpsMoe namepenue BenuuuH V,, K,, L, HeBO3MOXHO,
M3BECTHBI JIMIUb MX HaGmIofeHus V,,k,,l,, oTnuyaromuecs OT HCTUHHBIX

3HaYeHHUH HE3aBUCHMbBIMHI MYNbTHIUIMKATUBHBIMH [IB-ommnbkamu:
Inv,=InV,+&,,; Ink,=InK, +&,,; Inl,=InL,+§,.
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Ipeanonaraercs, 4To PYHKUMNA OTHOCHTENHHOTO NPaBRONONOGHS [Js
—hel
3THX OUIMGOK HMEIOT BUJ € °* C pa3HbIMH MapaMeTpaM: MacurTaba by, by

1 b;, ONMHAKOBBIMH [JIsi BCex HaOmofeHH# ("'PaBHOTOYHOCTB" pa3HbIX
Hab6rofeHu).

nsa pewtennst 31Ok 3agaun 0603HaunM @(x) = In[d(e*,1)] u nepeiinem

NoKa3aTessaM (MCTHHHOH 1 HaGMiofaeMoit) NPOU3BOAUTEIBHOCTH M KalIUTaIO-
BOOPY>KEHHOCTH TPYAa:

V, v K k
P‘ = ln(z:-], p = ln([—:], Qt = ln(f:} q, = ln(f}

Torpa ucTHHHAs 3aBHCHMOCTb M COOTHOIIEHMS MEXAY MCTHHHBIME U
Ha6JTIOlacMbIMU NIepeMEHHbIMU puMyYT BUA: P, =¢(Q,), p,=F +&,, —&,;

9, =Q, +&, &, orkyna
Eu =9, -0 +&4 & =P, — Q) +E,. (4.18)
Ecnn 661 dyHkuus ¢ Oblna M3BECTHA, COTJIACOBAHHOCTh C HeW
pe3ynbTaTOB HaGMIONEHHH MOXHO GbUIO 6bl OXapaKTepU30BaTh (PyHKIMEH
OTHOCHTeNbHOTO TpaBonofo6us [exp{-b,E2, —bE2 —bEL}). Opuaxo
t
¢ yHKUMSA (@ HEM3BECTHa, HO MMerowascad MHGOPMaUUs MO3BOJAET CUH-

TaTh €e [JOCTAaTOYHO riafkoi. I[IpuMeM NMO3TOMY, YTO OHa HajelieHa
npasponono6ueM 1 COOTBETCTBYIOIas (PYHKIMSA NPABAONONOOHT UMEET BUI

exp{-AJlo”’(x)Pdx}. Torga kpurepmit cornacoBanHOCTH, yYHTBIBaFOILMIL

OJHOBPEMEHHO M I'TaIKOCTh ¥ pacnpepeneHne omnboK HabmoaeHus, IpIMeT
BH:

=Ml (o)l dx 2 2 2
e Jlg o X I;[exp{—bvf_,v, =&y — b&j} = max.
Hcnonb3ys (4.18), semuuunst &, u &;, MOXHO BbIpasuth yepe3 &, u Q,,

YTO MO3BOJSET NMPENCTABUTh KPUTEPHIl ONTHMANIBLHOCTH B 6ojiee MPOCTOM
BHAE:

Al (x)l dx +
+3{bulp, — Q)+ &, I +b(g, — O, +&,)" + b} }= min.

MuHIME3HPYS 1O NepeMEHHBIM &, MPUXOAUM K 3ajlaye HaXOXAEHHsS
ONTUMAJNIbHOM (PYHKLHH () M HEN3BECTHBIX O, IO KPUTEPUIO:

Mo (ol dx +3.{bylp, - Q) +by(q, — Q) -
!

_Ibylp = (@)1 + b (g, - Q)P
b, +b, +b,

= min.
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Pemennem ee 6yaeT HEKOTOPBIH CIUTalH, OQHAKO "TOYKM CKIEHBaHUS"
€ro NOJHHOMHAJIbHBIX YYaCTKOB ONPEENSIOTCA HETMHENHBIMH COOTHOIIIE-
HHUAMM, TaK YTO [aHHYIO 3a/jady JIErde pelaTh YUCICHHBIMA METO[aMH. I

IIpumep 4.12. VI3BecTHBI pe3ynbTaThl X, HaGMIONEHHA ClydaiHOM
senu4uHbl. TpebyeTcs oueHuTL mnoTHOCTH f(X) ee pacnpenenenus. B npu-
Mepe 4.8 ata 3ajaya pemanack MII-MeTonOM B mpepnonoXeHHH, 4TO
dyukuus —-Inf(X) Beinyknasg. MC-npuHIun no3BoJsSET PEUIMTh 3Ty 3agady
npu Gosee cnaGoM NpeAnonoXxenuu o 2aaokocmu f(X). Takyro ungopmanuio
MOXHO (hOpMajM30BaTh, PACCMOTPEB MIIOTHOCTD f(X) KaK Heonpedeaennyro
GDYHKIMIO, HaleIEHHYIO NpaBAONOAO6UHEM, NPHYEM CTENEeHb €€ IpaB-
pomnopo6bus cBsa3aHa ¢ PYHKHMOHAIOM INIafgkocTH. IT0CKOMBKY MIOTHOCTD
HEOTpHIATENIbHA, BBEIEM B PAacCCMOTpPEHHE €€ JorapudM, o6O3Ha4YUB
u(x) = Inf(x). ITo anamorum ¢ npumepoM 4.10 mpuMemMm, 4TO anpuopHas
creneHs npasgonogo6us u(X) pasHa exp{ —kf| u"(X)| 2dx}. Crenenn npaspio-
noao6ua HabMOAEHHbIX 3HaueHuH {X,} npu u3BecTHOM u(X) B JaHHOM Clly4ae

T
pasna IIe"*")

. IToaToMy XpUTEpHiT COrTaCOBAaHHOCTH B JAHHOM Cllydae
r=1

T
NPUHUMAET BHUJ: €Xp {—kf e’ OOP dx + Su(X, )}, a onTuManbHasg OLEHKA
t=1

OyAeT pelIeHreM 3afjaun:

T oo
k" (XOPdX + Y u(X,) = min, [ e*®dx=1. (4.19)

=1 —oo

AHaIUTHYECKOE pemenue 3TOMH 3aga4M 3aTPYAHUTENBHO, OMHAKO HU3-
BE€CTHbIE€ KOMIIBIOTEPHBIE IIPOrPaMMBbl MO3BOJIAIOT PELIATh €€ YMCIEHHO. M

4.3. BoisiBneHue rpy6bbix oimboK 1 ycTpaHeHue
MX BNUAHUA

Hexoropsie n3 omm60K HaGIIONEHHs PacCMAaTPHBAIOTCS Ha MPAaKTHKE
Kak "rpy6bie”. OfMH THII TaKMX OUIKGOK NPHUBOJMICA BBIIIE — 3TO OLIHOKH
cneuugUKauma, CBA3aHHbIE C HEBEPHBIM B KaKOM-TO CMBICIE BbIGOpOM
o6bexTa HabmofneHus. [Ipyroii npuMep rpy6bix OIIMO0K YaCTO BO3HHUKAET
npu c60pe 9KOHOMHMYECKOH NHGOPMALUH, KOTla IPH PYYHOM 3aNOJTHEHUH
CTaTHCTHYECKUX TaGJMI HCKaXXAETCHA NMOJOXEHHE NCCATUYHOH 3ansTOi.
OwmubKM TAaKOro pofa 4acTO yOaeTcs BbISBUTh BH3yallbHO: NpH rpadmu-
YECKOM NpENCTaBIEHUN cOOpaHHON HHMOPMALMU COOTBETCTBYIOIIUE TOYKH
BBITJIAJAT Ha rpacduke Kak "pe3ko Beigensiomueca”. OgHako ecnu omnbka
AOMyLEHAa B HECKOJBKUX NTOKA3aTENAX OO BEKTA, BBISBHTb €€ 3HaYNTENBHO
TpynHee. BonpocaM 06pa6oTku MH(GOpMaLK METOJaMH MAaTEMaTHYECKOM
CTaTHUCTHUKH IIPU HaJIM4UMH rpy6bIx ouMGOK MOCBAIIECHBI, HAIPUMEP, paGoThbI
[42, 44], a Taxke oTnenbHbIe pa3pens! B [1]. Mexny TeM noustue "rpy6bix
omn60K" AOMyCKAaeT HEOJHO3HAaYHbIE TPAKTOBKH. DTO CBA3aHO C TEM, 4YTO B
OT/IMYME OT "CTaHAapPTHOro" MOAXOMa, paCCMaTPHBAIOIErO COBOKYIHOCTD
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HabJTIONIEHAUIT KaK 00HOPOOHY0 (XapaKTEPU3YIOLIYIOCS HEKOTOPbIM €NHbIM
3aKOHOM paclpefieNIeHns), 3eCh OHa CYNTAETCA HEOOHOPOOHOIL, OO BEUHSAIO-
ey HaGNIofeHus, OTHOCSAIIMECS K Pa3HbIM OJHOPOAHBIM COBOKYMHOCTSM
(HanpuMep, K JaHHBIM O CTPOHMTEIBHBIX OpPraHM3anusax A0OaBIECHBI U
AaHHbIE, OTHOCSIIMECH K NMPEANpUATUAIM ApPYrux oTpaciaei). OqHaKko aaTh
CTpOroe onpefe/eHne "HeOAHOPOAHOCTH COBOKYIHOCTH 3aTPYJHUTEIBHO
[axe B Cllydyae BEPOSITHOCTEN HEONpeNeNEHHOCTH. JIeiCTBUTENBHO, NYyCTh
3aBUCHMOCTh Mexay Y u X mmeer sup Y = aX + &, npuueM owmubku &
HMEIOT HOpMajlbHOE Pacnpefie/IEeHUe C HYJIEBbIM CPEHUM M JVCIEpPCHEH,
nponopuuoHanbHoit X (cM. npuMepsl 2.4 1 2.9). PopManbHO nonydaeMas
COBOKYNHOCTb HabmopeHui (X, Y) HeogHopofHa, 160 OIMOKA B pa3HbIX
HaGJIIOIEHNAX UMEIOT pa3Hble BEPOATHOCTHbIE pacnpepeneHus. C gpyroi
CTOPOHBI, 3Ty € COBOKYIHOCTb MOXHO CYNTATh O{HOPOJHOM, IIPEACTABHB §
uHaue, B Bufe & = NX!/2 — Tenepn Bce "HOpMEpOBaHHbIE OWIKGKHA" 1) OynyT
HMETDb OJJHO M TO XK€ pacHpejesieHne.

Ilpu MatemaTuko-cTaTucTHYecKOM noaxope I'C paccMaTpuBalOT Kak
HEOJHOPOJHYIO, ECIIM OHa MOXET ObITh pacilieneHa Ha HECKOJIBKO KJIacCOB
(rpynn) ¢ pa3HbIMH 3aKOHaMH pacnpefeneHus (cM. npuMep 2.8). Onnako
HMEHHO [ rpyObix omuOOK TakOW NOAXOR HEyAOOEH: 3AeCh 3aKOH pac-
npeaeNeHns rpy6bIx OINOOK He ABISAETCI 06 bEKTOM OLEHKM U MHOpMaLMU
0 HEM HeconocTaBMMa ¢ HHOpMauuei o pacnpeieIeHHN "OObIYHbIX" OIIN-
60k. IToaToMy faHHOE OnpepeNnenne 1enecoo6pa3sHo CKoppeKTuposaTe: I'C
CYHMTAETCsi HEOMHOPOJHOM, €CJIM OHa pacIleIUIIETCst Ha HECKOJIBKO KJIACCOB C
pa3Holi ungopmayueli 0 pacnpefeICHNM XapaKTEPUCTUK BXOJAIUMX B HHX
06bekTOB. OHAKO pa3nnyue MHGPOPMALUH O XapaKTePEe HEONPENEIEHHOCTH
pe3ynbTaToB "0ObIYHBIX" U "rpy6o OMINGOYHBIX" HaOMIONEHNH MOXET GbITh
¢opmann3oBaHO no-pasHoMy. ITo3TOMy BO3MOXXHBI pa3Hble (hOpManu3auu
(Mopenu) "rpy6bix omMOOK" M COOTBETCTBEHHO — pa3HbI€ NMOAXOABI K
cenapauuu OObIYHBIX ¥ "TpyObIX" omn6ok. ITepexoas K UX pacCMOTpeHHIO,
NpeaBapUTENbHO 3aMeTuM, uTo npuMenurenbHo Kk HB u IIB cootBeTcr-
BYIOIIME 3afjladydl paHee He paccMaTpuBaiuch. [Ipy 3TOM B GONBLINHCTBE
NpMMEPOB Mbl paccMaTpuBaeM 0a30BYIO0 3alauy OLIEHKM NapaMeTpa 4 B
3aBucuMocTH Y = ®(X, a) Mex[y MICTHHHBIMU 3HAYEHUSIMHU XapaKTEPUCTHK
HEKOTOPBbIX 00bekTOB. IIpeanosnaraercss, 4TO HCTHHHBbIE 3HauyeHus X,
H3MEPSIOTCA TOYHO, a BMECTO MCTHHHBIX 3Ha4deHH# Y, Habmopgarorcs
Benuuunbl V, =Y, + £, oTnHYaromwpEecs OT HMCTHHHBIX aJ(ATHBHBIMU
HE3aBUCHMbIMH own6kaMu &, Cpean KOTOPBIX MOrYT ObITb M rpy0ble
(pa3ubix THnoOB). KonuyecTBo rpyObix omM60K MbI 0603HavaeM uepes k, a

U1

MHOXECTBO HOMEPOB "Tpy60 omnGouHbIx HabmoneHni" — yepes J.

4.3.1. Mopgenb "3acopeHusa"

Hcropuuecku nepBoi MOfeNbIO "rpy6bix omu60oK"” 6bLia, NO-BUAMMOMY,
Mopenb "3acopenus” Xerobepa [42], npeqnoxXeHHass a8 OLIEHKHM Napa-
METPOB BEPOSTHOCTHBIX pacnpefejeHuil. 31€Cb CYNTAIOTCA M3BECTHBIMH
HaGJII00EeHHs CTyYailHOM BEIMYUHBI, KOTOPasi 00X HA UMETh pacnpefie/ieHne
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F c naotHOCThIO p(X, ©) c HeM3BECTHBIM napaMeTpoM ©. OHaKO peanbHO
Takasi BeJMYMHA HaOJIIOfaeTcs NUIIb C BEPOATHOCTBIO 1-€, a c
AONOJIHUTENBHON BEPOSITHOCTBIO HabIIOaeTCs COBCEM ApYras ciiydaitHas
BEJIMYNHA, UMeloUas Apyroe, "3acopsmomee” BEPOITHOCTHOE pacnpefe-
nenne H, He 06sa3aTeNLHO 06afaroilee INIOTHOCTBIO, O KOTOPOM H3BECTHO
JIMIIb, YTO OHO MPHHAAJIEXHUT ONpPENEIEHHOMY IIIMPOKOMY Knaccy ¥ (Hanmpu-
MEP, YTO OHO NMPOM3BOJILHO HIIH LEHTPAJNILHO-CHMMETPHUYHO). Pacnpenenexue
pe3yabTaTOB HaGIIONEHUH NPU 3TOM OKa3bIBaeTcs cmecvro (1-€)F + €H.
MeTon oueHkn © npy 3TOM NOAGHpaeTcs TaK, 4YTOObI MUHUMH3NPOBATH
MakcuManbHoe (o BceM H € ¥) oxunaemoe BiamsHue "3acopenns” (T.e.
Tak, yTOOGBI NpH HAMXYNIIEM 3aCOPEHMH BbI3BaHHas MM OlWMOKa B
OLIEHMBAaEMbIX MapaMeTpax Oblja B cpeAHeM HaMMeHbluei). O6paTum
oco6oe BHUMaHue, 4To MII-MeTO B 3THX LENAX HE NMOAXOOHT, IOCKOIbKY
pacnpenenenus suaa (1-€)F + €H MOryT He MMETb IIOTHOCTH.

JIerko BUAETb, OAHAKO, YTO NPENNOIOXKEHAE O CTOXaCTHYECKOM Xapak-
Tepe omHUGOK ¢ METOAMYECKOH TOYKM 3pEeHHs He 00sg3aTenbHO. JlefcTBU-
TEJNbHO, N3JI0XKEHHas MOfeNb 6a3upyeTcs Ha MPEANOJIOXEHUN O TOM, 4TO
3aKOH pacnpejesieHHs pe3yJbTaTOB HaGNIONEHNH B ONpPEeIEHHOM CMbICIIe
61u30K K 3afjaHHOMY. TOT hakT, YTO pedyb UAET NIMEHHO O BEPOSITHOCTHOM
pacnpefeNeHus, 31eCh NPUHUUINANBHON ponu He urpaeTt. [ToaToMy B
3ajjayax YCTAHOBNEHUSA 3aBHCHMOCTEH NIPH HAJTMYUM OUIMGOK, ABIAIOLMXCS
HB wmm IIB, cooTBeTcTByIOWMIA BapHaHT MOJENM 3acOpeHHs OyaeT BbI-
[JSAETh MPOCTO: PYHKYUU NPUHAOAEHHOCMU UAU OMHOCUMENbHOZ0 NPAB-
0onoodobusa owubokx 6AU3KU 8 MOM UAU UHOM CMbICAE K 3A0AHHbIM, HATIPH-
Mep, OTCTOSIT OT HUX Ha paccTosiHue He Goubluee €.

B artoit curyauuu pyHKuMsS peanrbHOCTH OIUHOKH M3BECTHA HETOYHO —
M3BECTEH JIMLIL HEKOTOPLIA Knacc F, KOTOpOMY OHa NPHHAIEXKAT (st
"xb106GepOBCKOro" 3acopeunss ¥ coCTOUT U3 BceX PYHKUMI pacnpeneeHus,
OT/IMYAIOMKXCA OT 3aJlaHHOM He 6Oojbllle YeM Ha € B PaBHOMEPHOMH
MeTtpuke). IToaTomy, ecnu omubkn HaGmoaeHui ssnstorcs HB unu I1B,
KaKux-1n60 NpensTCcTBUil /1 NPUMEHEHUs JaHHOTO METOMA HET.

ITpumep 4.13. Tpumem, 4TO B 6a30BOM MOeNH OMINGKHN HaGroeHuil &,
asnstorces [1B. Kak u B Mmoenn Xpro6epa, 6yneM cUuTaTh, 4TO KJacc F co-
CTOHUT U3 BceX PYHKUMHA NpaBRONON0OOUs, OTIIHYAIOIMXCS OT 3alaHHOMN (yH-
KUK g He 6oree, 4eM Ha €. [Ing 3TOro, ECTECTBEHHO, Hal0 BBECTH METPHUKY
Ha kJacce ¢yHKuMi npaspgonopno6us. Bocnonbszyemcs merpukoit [S8], B
KOTOPOM paccTOsHHE P MeXAy (PYHKLUHUSAMHU NPaBRONOAO6Hs ONpeeIseTcCs
KaK MaKCHMaJIbHOE XayclopdoBO pacCTOSTHHE MEXJY COOTBETCTBYIOLIMMHU
MHOXecTBaMM ux ypoBHs (cM. 1. 3.3). Torpa knacc & cocrout u3 dynxumii h
TaKuX, YTO NMpH JTFOO60M d MHOXKECTBO {x| h(x)=d} u {x| g(x) = d} orcroar
Apyr oT gpyra He Gonee 4eM Ha €. B 3ToM ciy4yae HETpyAHO NMOKa3aTh, YTO
gm= inf gx)shm)< sup gx)=g (M) nna mobuix he F.

N-e<x<n+e N-e<x<N+E
Ecnu 6b1 ¢yHKumMs npasgonogo6ust h u mapameTp @ GbIIM M3BECTHBI,
CTEeNEHb peajbHOCTH Pe3yJIbTaTOB HabJMIOACHUI BbIpaXkanachk 661 popMymoit
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IThV, — ®(X,, a)] 1 onTHMabHas OLEHKA NMOJy4anach Gbl MaKCUMHU3aLUEH
t

3TOrO BBIPAXXEHHS IO a@. Tenepp, OMHAKO, CATyalXs] UHASA, H MbI JOJIXXHbI
paccuYMTBhIBATh Ha Hauxyowee 3acopeHue. DTO NPUBOOUT K CIEAyHOIEMY
KPHTEPHIO ONTHMAJIbHOH OL[EHKH:

MgV, - d(X,, a)] = max. (4.20)
t

Hanpumep, ecaun g(x) = exp(—kx2}, To g () = inf exp{—kxz} =
N-ESXSN+E

= exp{—k(|n|+ 8)2}, TaK YTO ONTHMAJbHOE @ SBJISETCS PEIICHNEM 3alayu:

3 [V, - d(X,, @)l +€]* = min. (4.21)
t

ITpn € — 0 3TOT MeTON NEPEXONUT B METOA HAaMMEHBIINX KBagpaTOB,
NpH € —> oo — B METOl HAUMEHBIIUX MOYJIel, 60Jiee yCTOMYUBBIH K IPyOhIM
omu6bkaM. B

4.3.2. Mopgenb "6onbuiunx" ownbokK

[dns "o6br4nbix”, "Manbix" OMWMOOK CTeNEeHb PeajJbHOCTH YOBIBAET MO
Mepe BO3pacTaHHUs BeJHM4YHHbl OomMOKH. TakuM ob6pa3om, yeMm Goibiue
BeNIMYMHa OWMOKHU, TO MEHee pealbHOW OHa AOJMXKHA cuuTaThed. C
"rpy6biMH" OLINOKAMH NOJIOXKEHHE AOMXKHO ObITh OOPaTHBIM — YeM GoJbiue
BEJINYHHA OowNOKH, TeM 6osee peajabHO, YTO OHa ABJseTca "rpy6oi”.
ITosroMmy Ans Takux OWIMGOK CTeNeHb peajbHOCTH ((PYHKUUSA NMpUHAA-
JIEXKHOCTH WIIM OTHOCHTENIbHOrO MPaBJONONO6Hs) AOIXKHA CTPEMHUTHCA K 1
NPY HEOIPAaHMYEHHOM POCTE MOAYJIA BEJINYMHBI OLIMOKK M oGpamjaThcs B
HYJlb NPU HyJNEeBOH BelIWYHMHE OWHKOKH. DTOMY OTBEYalOT, HaIpHMep,

dynxuuu supa p(E) = 270 p&)y=27P 10, Benuuuna D 3pech co-
BIIafjaeT CO CpefHeH (10 MOAYIII0) OLIMOKOH, T.e. TaKOH, KOTOPOH OTBEYAET
CTelleHb NPUHAIEXHOCTH MIIH OTHOCHTELHOTO NPaBAONofo6us, paBHasd !/,.
ITpepcraBnsaeTcs, YTO B KaXKAOM KOHKPETHOM cilydae BeqnunHa D MoxeT
6bITh YCTAHOBJIEHA UCCIIEJOBATENEM XOTA Gbl OPHEHTHPOBOYHO.

IMpunmep 4.14. OuenuBaeTcs napaMeTp @ B 6a30BOi MOJIEJIH B YCIOBHAX,
Korfa oumnbku &, sengiorcas HB u cpeau HUX MMEIOTCA Kak "Manble”, Tak U
"6onblune”. EcTecTBEHHO CYMTATD, YTO DYHKI[UM IPHHANIIEXKHOCTH "ManbIx"
1 "60oapmx" OMOOK YETHBIE U HENPEPBIBHbBIE, YTO MO3BOJISIET O603HAYHTh
ux h(1E]) m H(IE]). Ecrectsenno Taxxe, uto ¢ pocrom |&| Benmumna
h(|§|) yObIBaeT, a H(|§| ) — pacteT. 3nech (pYHKUUS NPHHAAIEKHOCTH IS
BCEil COBOKYNHOCTH HaGIIOACHUI UMEET BUA:

min {min H{Y, - ®(X,,a)}, minh{Y, —<D(X,,a)}}, (4.22)
teX teX

rae K — MHOXeCTBO HOMEPOB HaGIIONEHHUIT, KOTOPBIM OTBeYaloT "Gobiune"

OuMOKH.
B cootBercTBuu ¢ MC-NpHHIMIOM ONTHMANlbHAs OLIEHKA OTBEYaeT
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TaKOMY @ M TaKOMy MHOXecTBY J{, IpH KOTOPbIX BbIpaxeHue (4.22) Mak-
cHMMaNbHO. [INs1 BBIABIEHHS OJHOIO M3 YCIOBUH ONTHMAalTbHOCTH 3aMETHUM,
4yTo ypaBHeHue h(L) = H(L) UMeeT eIMHCTBEHHOE NOJIOXUTEIbHOE pellle-
Hue. OHO XapaKTepHU3yeT TaKylO BEIMYHHY OLIMOKH, KOTOPYIO C paBHOM
CTENEHBIO NMPHHAIEXHOCTH MOXHO CYMTaTh M "Mamoi" u "rpyboit" —

o

Ha3oBeM ee "paspenstowmeit”. IlycTs, HanpuMep, PyHKUMH NPUHANIEKHOCTH

2 2
"Manbix" 1 "rpy0Obix" om60K uMerot Bup: h(E) = 2~ G0, H() =2 (RI®"
rae D u R — coOTBETCTBYIOIIME cpefHue ownOku. HeTpynHo npoBepuTs,
uyTo "paspensiomas owubka" 3gech GyneT paBHa v DR — cpegHemy

o v CX1]

reoOMEeTpPHUYECKOMY M3 CpefiHel "Masoit" u cpefiHeit "rpy6oi” oum6ok. JIerko
NPOBEPHUTD, YTO MAaKCHMaIbHOE 3HaueHue (4.22) GyeT JOCTUraThCs, ECIIM B

J otHecTn BCe HaGaIONEHUs, A1 KOTOPBIX IY, —<D(X,,a)|> L. C ppyrou

CTOpOHBI, IYCThb |Y, -O(X,, a)l< L pns HekoToporo t € K. Ecnu uckniounTs
ato t u3 X, To B cuny HepaBeHcTBa h{Y, — P(X,,a)}> H{Y, - O(X,,a)}
KpuTepuil (4.22) yBeJIMYMTCS HIIM MO KpaliHe# Mepe HEe YMEHBUIMTCSA, YTO M
Tpe6OBaNOCh [OKA3aTh.

Mpsb! BupuM, TakuM oOpa3oM, YTO pelUeHHe 3afadyd "dpPEe3MEPHO
OCTOPOXHO": OHO TpebyeT MUHMMHU3UPOBATh HAUGONbIIEE OTKIOHEHHE, HE
npesocxopsdiee L, 1 MAaKCHMU3HPOBATh HaMMEHbLIEE OTKIOHEHHE, MPEBOC-
xopswee L. DTO HEYIUBUTEIBHO: CTENEHb NPHHAIEXXHOCTH COBOKYITHOCTH
HB onpepenserca "Hamxypnmei" u3 HUX, Tak 4TO 3gecb MC-npuHuun He
YYMTHIBAET HM KOJIMYECTBA, HM BEJTUYHHBI APYTHX, "HEIKCTPEMAIBHBIX"
OTKJIOHCHUIL. M

Hpunmep 4.15. Ilyctb B TOMH x)e 3apaue ommubku asnsiorcs [IB. 3pece
KPUTEpH COrJaCOBAaHHOCTH OTPaXkaeT OTHOCHTENIbHOE IpaBaomnopobue
BbIGODKM 1 UMEET BHA:

I1 H[Y, - ®(X,,a)x T h[Y, - ®(X,, a) = max.
teX teX

HeTpynHO noKa3aTh, YTO 3TOT KPUTEPUI SKBUBAJICHTEH CIEAYIOLUEMY:
[Imax{H[Y, — &(X,,a)],h[Y, - P(X,,a)]} = max. 4.23)
H

IToBTOpsAA mpefbIAyilie pacCy>XACHHsS, aHANOTMYHO Ha#iAEeM, 4TO
MHOXeCTBO J{ COAEpPXHT Te M TOJbKO Te HaGNIONEHHs, NJISI KOTOPBIX
| Y, - ®X, a)l = L. OfHaKo 37eCh KPUTEPHH YYUTBIBAET BCE, a HE TOJIBKO
"3aKcTpeManbHble" (Hanbonee 6u3Kme K L) OTKIOHEHH. B yacTHOM ciyyae,
Korfa "Manbie" 1 "6osbiuue” OWHOKN XapaKTepu3yroTcs (PYHKIUIMHA OTHO-

2 2
CHTEJILHOTO NpaBonogoous 27G/RT y 9SIE) ,The R u S — cpenHue 3Ha-
YEHHUs] COOTBETCTBYHOIIMX OMMUGOK (cM. M. 3.3), To KpuTepuii (4.23) npuHu-
MaeT BH[:

|1y, - o(x,,a))* s?
% mn R -0X,a)P

= min. & 4.24)



4.3.3. Mogensb owinbok cneyundpukaymum

B Mopenu "3acopeHus", COGCTBEHHO roBOps, rpyObIX OIIMGOK HET — BCe
OHY pPaBHONpPaBHbI, ONHAKO 3aKOH MX pPacNpefesIeHUs He NMOJHOCThIO COria-
COBaH C UCXOHOH MHopMauuei. B Mogenu "Gonpmmnx" omuGOK Npeano-
JIaranoch, YTO pPe3yNbTaT HaOMIONEHHS SBASETCS NPOCTO HETOYHBIM (WIH
Haxe o4eHb HETOYHBIM) H3MEPEHHEM HabII0JaeMOil XapaKTepUCTHKH
06 beKTa H NMOTOMY, NYCTh IJIOXO, OTPa’KaeT €€ MCTHHHOE 3HAaYECHHE.
IToaToMy 3nech "rpyGas” om6Ka OTIHMYaeTCs OT "OOBIYHOI" TONBKO CBOEH
BEJIMYMHON, HO HE COepXaHUEM. B To ke BpeMs BO3MOXHA U COBEPIIEHHO
MHas TPAKTOBKA TaKHX OIIHOOK.

A HMeHHO, npefcraBuM cebe, 4TO HaGMIOAEHNE NPOU3BOIUTCS NMyTEM
BbINMCBIBAHUS JAHHBIX U3 OTYETHOCTH NpEANpUATHL. 31eCh HE UCKIIOYEHA
CHUTyalys, KOrAa HaGIIogaTeNlb BBIMUIUET JaHHbIE HE M3 TOH KJIETKH OT-
4YeTHOH TaGNHIb! M BBINNCAHHBIA NMOKa3aTejlb HE OyleT MMETh HUKAKOTO
OTHOLIEHNs K TpeOyeMOH XapaKTepHCTHKE OObEeKTa (HallpUMep, BMECTO
MOIUHOCTH O0'bEKTa B OJHOM ciydae OyneT BBINKCAH roj BBOJA €ro B
3KCITyaTalMIo, a B PYrOM — YUCJIEHHOCTDb NlepcoHana). TOYHO Tak ke npu
0T60pe 06 BEKTOB HaGMIONCHUSA MOKET CIyYUTBHCS, YTO B YHCJIO OTOGPAHHBIX
nonagyT Te, KOTOpble Ha caMoM gene K I'C He OTHOCATCA — M 3jech
COOTBETCTBYIOIIME HaGMIONEHNA BOOGIIE HE MMEIOT MIIM MMEIOT JOBOJIBHO
cna6Goe oTHoLIEHHE K aHanu3upyeMoi I'C umu Kk onieHuBaeMOM 3aBHCUMOCTH.
ITonoGubie cuTyauuy B . 1.3 TpakTOBAaNUCh KaK OMINOKY cneyugurxayuu.

ITpu HanmWuMM TaKUX OMMOGOK FOBOPUTH O BEPOSITHOCTHOM pacrpeyie-
JIEHMH BEJTMYHHBI OLIMOOK HIIM O CTENEHHM HX PEAbHOCTH NPAKTHYECKH HE
HMeEeT CMbICIa — Ha NMEPBOE MECTO BBIXOAUT NpoGiieMa UX YCTpPaHEHHS.
31ech NOME3HO MCNOJIL30BaTh YKa3aHHYIO BbILIE TPAKTOBKY MoJenH "3a-
COpeHHs": C HEKOTOPO! BEPOATHOCTBIO HabMofaeMas ciydaiHas BeTM4YUHa
HMEeT He 3alaHHOE, a KaKOe-TO MHOe, 3acopsiouiee pacnpepeneHne. C
[PYroil CTOpPOHbI, KDUTEPHUEM B MOJIEIH "3aCOPEHMs" GBINIO HAUXYALIEE CPEN-
Hee 3HaueHHe CMElIeHNe OLIEHMBAaeMOro INapaMeTpa, YTO SBHO MpeAnoa-
raet MoBTOPAEMOCTb NMPOLEAYPb! HaGIIONEHHS B ORHOBPEMEHHO — MOBTO-
pAeMOCTb rpyGbiX OIIMOOK C ONHAM M TEM XK€ pacrnpefeneHneM. DTO cpa3sy
K€ cyXkaeT Kpyr 3ajady, rjie COOTBETCTBYIOLIME MOAENH MOTyT GbITh HC-
Nonb30BaHbl. MeXay TEM JaHHbIH HEJOCTATOK YCTPAaHHUM — [N 3TOro
cleyeT NOCTaBUTh 3ajlayy MHAYe, CAeNIaB yNop Ha pa3fiesIeHuH "rpyobix” U
"06bIYHBIX" OLIMGOK.

IpyruMu ciloBaMH, HafO PacCMOTPETh COBOKYMHOCTb HabNIOAaeMbIX
NEpeMEHHbIX KaK HEONHOPOJHYIO, COCTOSIIYIO H3 [BYX IDYNI: B OAHY
BXOIAT NOKa3aTeNH, KOTOPbIE AEHCTBUTENbHO SABIAIOTCA (COMNEpKaIUMHI
ouInOKH) HaOMIONEHUSIMH UCTHHHBIX XapaKTepUCcTHK o6bekToB I'C, TOrga
KaK BTOpasi COCTOMT M3 "TpyObIx omm6ok", He uMenomux k I'C Hukakoro
oTHoweHHu. VIckoMas 3aBUCHMOCTb WIIM €€ NlapaMeTphl DX 3TOM Oompefe-
JSIOTCS TOJBKO 110 HaGIIOfEHUAM NEpBOY IPYIIIbI MCXOAA U3 HHGOPMaLMHA O
CTEINEHH PeanbHOCTH TEX WM MHBIX OIIMOOK HabmofeHus. Yo xe Kacaercs
Ha6IIOfieHMiA BTOPOIl rpynnbl (HEBEPHO CHEUM(PUUMPOBAHHBIX HaOMIOAEHHUIT),
TO OHM B pacyeTe NPOCTO HE y4acTBYIOT. B TO Xe Bpemsa HEH3BECTHO,
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KaKHe MMEHHO HaGJIIOCHUSI OTHOCATCS K 3TOM rpyIine, ¥ 3TO BOCIOJIHAETC
HHdOpMaUMEHR O CTENEHAX PeabHOCTH OIINOOK Crie(pUKAIIH.

nsa eepoamunocmuoii cuTyanuu, KOraa pacnpefeneHne pe3yibTaToB
HaG6JIIOIEHH UMEET MIIOTHOCTD, IIOCTPOUTh TaKyIO MOJEJb Hellb3s (B OHOM
¢opMyJie HECOBMECTHMBI BEPOSITHOCTH OfHHMX OIIMOOK M IIIOTHOCTH BEPOST-
HocTel Apyrux). OJHAKO IOJIOXKEHUE MEHSETCs, €CIH OIUGKH SBISIOTCA
I1B.

ITpumep 4.16. Ilyctb B 6230BO¥ MOfieH OINOKK ABIAIOTCS HE3aBUCH-
mbiMu ITB. Torga Monens "rpy6bix" ommO0K MOXKET YCTPOEHA CIENYIOLIMM
o6pasoM. Kaxpoe t-e HabGmoneHue V, xapakTepU3yeTcs He TOJILKO 8eau-
yurnoit & on6Ku (OTKIOHEHHUS V, OT HCTMHHOTO 3HaueHus Y, Ha6mogaeMoro
noka3saTels), HO H ee munom T,. 3Hadenuto T, = 0 oTBe4arOT "OOGbIYHBIE"
owmn6ku, 3HaueHuo T, = 1 — "rpy6bie”. Ipu aToM napsl (§,, T,) HE3aBUCHMBI,
npuyeM (GYHKUMH NpUHA[JIeXHOCTH Ans nap Buga (&, 0) u (&, 1) pasnu-
qarotcs. PaccMOTpuM cuTyauuio, KOrfa cTeneHb NPUHANJIEXHOCTH [Jis [Taphbl
(€, 0) paBua A( | &g | ), re h — yObiBarowas yHxkums, a sce napsl (€, 1) npu
n106bix & umerom 00ny u my e cmenenv npagdonodobus €. Toraa GyHKuus
OTHOCHUTEJIbHOTO MPaBAONOAO0OHs HEU3BECTHOrO NapaMeTpa @ MPHUHUMAET
Bug: L=¢t ITAUE, 1), oTkyaa BbITEKaET CreayOUMHA KPUTEPHI ONTHMU3A-

teX
IIMH OLEHKH a:

L=¢* [T h{IV, - &(X,,a) 1} = max.
reX

HeTpynHo y6eauThbest, 4TO A1 ONTHMAJIBHOTO PEIUEHHUS B MHOXKECTBO
K 6ynyT OTHECEHBI TOJNBKO TakKMe t, A KoTtopbix A{lV, - &(X,, a)l} < &.
ITosToMy mony4YeHHbI KPUTEPUI OKa3bIBAETCS 3KBHUBAJIEHTHBIM CIIERYIO-
LEeMY:

L =T] max{h{lV, - ®(X,,a)l],e} = max. (4.25)

t

4.4. Pa3HOTUNHasA HeonpeAeneHHOCTb

TIpu MCCeJOBAaHMM ¥ OLEHKE MHOrO(AKTOPHBIX 3aBUCHMOCTE HAGIO-
HKEHMS pa3HbIX MEPEMEHHBIX MOTYT GbITh HEONpPENEICHHbIMUA BEIHYHHAMH
pa3nuuHbix THNOB. Hanpumep, ofHM U3 HUX MOTYT pacCMaTpHBAaThCS Kak
CB, npyrue — kak HB, TpeTbu — Kak [1B. TUNHYHBEIM IPEMEPOM SBISETCA
OLEHKA NapaMeTpoOB a U b B JIMHEHHOH 3aBUCHUMOCTH Y = aX + b B ycnoBusx,
Korja 3HaueHHs Y HabIIofaloTCs CO CyJaHbIMIA HOPMAJIbHO paclpefesneH-
HBIMHU olNOKaMH ¢ U3BECTHOM MCNepCHel, a HabmogaeMble 3HaYeHus X —
HEYeTKHE C U3BECTHOH LIEHTPaIbHO-CHMMETPHYHOM (pyHKuUMEH NpUHanIeX-
HOCTH.

Jpyroit Buj "pasHOTHITHOCTH" B paMKax O{HOH MOJENN NIIIIIOCTPHPYETCS
cnepyomuM npumepoM. Ilycte omnGku HaGmiogenus — CB, umeromue
HOpMaJIbHOE paclpefelieHNe C HYJIeBbIM CPEJHIM ¥ HETOYHO M3BECTHOMN
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pucnepcueir S. HeonpeneneHHOCTh BeuyAHbI S MOXKET HOCHTb Pa3IMYHbIA
XapakTep, He 0043aTebHO BEPOATHOCTHbIN (TaK, MOXET ObITh M3BECTEH
HHTEpBaJX, B KOTOPOM JIEXXHT Beauynya S). KoHKpeTHble nmopxonsl K
PEIIEHHIO 3TOH NPOoO6JeMbl NOKa HESICHbI, OAHAKO MMEET CMbICT MpHUBEC-
TH INPUMEPBI 3afay, Il€ Y4eCTb Pa3HOTUIHOCTb HEONPENENEHHOCTH yHa-
eTcs.

Ipumep 4.17. Ilycts no T nabnionenusm (Y,, X,) oneHnBaroTcs mapa-
METph! a ¥ b B nuHeiiHOH 3aBucuMocTd Y = aX + b, npuueM nepemenHas X
HaGJIFOJaeTCs TOYHO, a Y — co cToxacTMdueckoi owubxon &, uMmeromei
HOpMaJIbHOE pacnpefesIeHNE C HYJIEBBIM cpeHuM U aucnepcueit S. IIpeano-
JOXHUM TaKXe, YTO MMermascs nHopmanus o6 omubGKe HaGIIONEHUS
MNO3BOJIIET CUUTATH, YTO €€ AMcnepcus S 6iu3Ka K U3BEeCTHOM BenuyuHe D.
ITpumeM moaTomy, 4TO S ABNSETCS BENMYMHOU, HalleIEeHHOH NpaBOMO-
pobueM, a CTENEeHb €€ OTHOCHTENBHOIO NPaBAONOA06GHs NPUHAMAET MaKCH-
ManbpHOe 3HaueHHe 1 B Touke S = D. ByneMm cuntaTh, YTO OHa UMEET BHNI

D\ La-pis) . .
5 , TIe ¢ — HEKOTOPBI MapaMeTp, ONpeNeAIOmMil HPUHY

067acTH AOCTAaTOYHO NpPaBAONOAOOHBIX 3HaueHMH S (npu GONBIINX ¢
¢yHkuMs npaBronogo6ust pe3KO YMEHbBIUIAETCS yXKe PU MaJIOM OTKJIOHEHUH
S ot D).

Ecnu 661 BenmuunHa S 6b11a H3BECTHA, TO COTIIACOBAHHOCTD HaOIIONCHUH
(Y,, X,) c napaMeTpaMH MOAENM a U b xapakTepu3zoBanach "0ObIYHOMH"

o i-aX, -b)? 128

T
¢ yukuueir npasgonono6us [| ——— . Pa3penuB 3Ty Benu-

=1 (A
YUHY Ha €€ 3HaueHUEe NpH Hambosee NpaBIONOROGHOM 3HaueHu:n S =D u
HYJIEBbIX JIOKAJIbHBIX OTKJIOHEHUAX Y, — (aX, + b), N0ay4uM PYHKUHUIO OTHO-

T [D 2
—{Y, -aX,-b
cuTenbHOro npasgonogobus [] [—e ¥, -aX, -b]

=1

2 "
5. B Takoil CHTyaluH

q T D 2
eq(l—D/S) % H z e-[Y,—aX,-b] 128

D
¢ YHKIMS COrNIaCOBAaHHOCTH (E) OTpa3uT

=1

KaK npaBgonofo6ue OLIEHEHHOrOo 3HAYEHHWs JUCNEpPCHM S, Tak M COrya-

COBAHHOCTb PaCCYUTaHHBIX OTKJIOHEHHH Y, — (aX, + b) c NpUHATON MOJEJIBIO.
MaxkcuMHU3Hpyss 3TOT KPUTEpHUH, NONYYHUM, YTO ONTHMAJbHbIE A

4 b o6GecneydBalOT MHHMMYM CYMMBI KBaJjpaTOB OTKJOHEHHH

(Z (Y, —aX, - b]2), a onTHUMabHas OLEHKa aucnepcuu S naercs Hopmynon
t

2gD+ Y [Y, - aX, - b)?
!

S= . Ilpn Manbix g 3Ta O1leHKa 61M3Ka K "06bI4HOM"

2q+T
OLEHKE MaKCHMMalbHOro NpaBaonofo6us, npu GONBIIMX — K 3alaHHOMY,
HauGonee npasgoNnofo6HOMY 3HaueHuo D. |
IMpumep 4.18. OuenuBaerca napaMeTp a 3aBucuMoctu Y = ®(X, a),
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CBA3bIBalOIUEH MCTHHHBIE 3HA4YEHHUs INOKa3aTeJeH HEKOTOPBbIX OO6BEKTOB,
NpUYEM HCTHHHBIE 3HaYeHHUs X, H3MEPSIOTCS TOYHO, a Y, — ¢ anUTHBHOM
own6koi &, HageneHHo# mpasponogo6ueM. OCHOBHas 4acThb OIIHGOK —
"MaJjble", OHH XapaKTepU3yIOTCAd (PyHKIHEH OTHOCHTEIbHOTO HMpPaBHOMNO-

Rpo6us e"’§2 . OHaKO HEKOTOpbIE OIINOKU MOTYT GbITh "rpy6BIMHU”, NI HUX
(yHKUMA OTHOCHTENBHOrO npasfonono6us i(E) HeussectHa. [puMeM, 4To
oHa 3aBUcHT OT IE| u pacreT npu ysenuuenuu IEl. Konnuectso rpy6nix
ownbok — toxe IIB. Eciu 6b1 Takne omrmOKkM BO3HMKAIU CIy4alHO, C
BEPOSTHOCTBIO € B KaXX[AOM HaOJIIO€HUH, TO BEPOSTHOCTb NOSBICHHS Kk

omn6ok B T HaGIIOAEHNS COCTaBAIA Obl C',‘- ek(1-e)T k. IIpumem noaro-
My, YTO KOJIM4ECTBO rpyObIX OMMOOK XapaKTEPHU3YETCsA CTENEHDBIO NPaB/lO-
nofo6us, NpoNOpLHOHANbHON 3TOMY BbIPaXEHHIO, @ pa3MEpPhI rPyObIX OLIK-
GOK He 3aBUCAT OT UX KoiandecTBa. Toraa, 0603HauuB yepe3 J MHOXECTBO
HOMepOB HaGNIoeHui, OTBeYalomux rpyosiM omu6kaMm, a yepes k = IH| -
KOJIMYECTBO TAKHMX HAGIONEHMH, NMOJNY4IUM CIEAYIOLWEE BbIpa’KEHHE I
KPUTEpHs COrIaCOBaHHOCTH:

L=Ckek(1—g)T* [T e P -2Xeal [T Y, - B(X,,a)1) = max.(4.26)
teX reX

BhbisicHEM CBOICTBa ONTHMAIBHOIO PEIIEHUS, 3a(pMKCHPOBAB BHavyaje
KOJIM4eCTBO rpyObix omu60ok. IIpeanonoxuM, 4To r-e HabMIOACHHE OTBe-
yaeT rpy6o# ommbke, a s-e — "manoi" ommbke. Torna 3nauenne L He
AOMXHO YBEJIUYUTHCS, €CM B MHOXecTBe J 3aMeHMTH ¢ Ha s. JIerko BH-

HeThb, 9TO 3TO GyIeT TOJBKO, ECIIH

blY, - d(X,,a))* +Inh( Y, - &(X,,a)l) =
= b[Ys - B(Xg,a)]* +Inh(l Y5 - D(Xg,a)l).

Ho npy nonoxuTenbubix z pyHxuus bz2 + In h(z) — Bospacratomsas, no-
3TOMY JaHHOE HEPABEHCTBO BO3MOXHO TOJNBKO, eciu u, =Y, — &(X,, a)l =
= Y, - ®(X,, a)l = u,. Takum oGpa3oM, i Bcex t € X nOKambHbIE
OTKJIOHEHHUS U, HE MEHBLIE, YEM IS BCEX OCTaJIbHBIX f. DTO O3HAYaET, 4TO
rpy6biMu OLIHOKaMH CIEIYET CUMUTATh 3AeCh Te k HaGIIONEHHH, KOTO-
pPbIM OTBEe4alOT HAMOONBIIME O MOAYNIO JOKaJbHbIE OTKJIOHEHHS.
OGo3HauMM NO3ITOMY k-€ 11O MOPSAKY YObIBaHHS U3 JIOKATbHBIX OTKJIOHEHMH
qepes U

DyHKUMSA NPaBRONOROGHs Ay IpyObIX OIMOOK HaM HEM3BECTHA, HO €€
ONTHMAallbHAasl OLIEHKA, OTBEYAIOIasi MaKCUMaJIbHOMY 3HaUYE€HUIO KPUTEPHUs
(4.26), 6ynet ouennb npocroii: h(E) = 1 pna Il = u,. Torna xputepnii (4.26)
NpUMET BHA:

2
L=Cke(1-g)T* [T e bH-¥Xral” — max, 427
reX
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Orciona cnefyer, 4TO ONTUMAaNbHas OLEHKa NapaMeTpa a MoXeT OPITh
noyyyeHa METOAOM HaMMEHBIUMX KBAApPATOB MCXOAd u3 HaGmroneHusl, HE
BXOAAWMX B MHOXeCTBO K. Takum o6pa3oM: 1) MHOXecTBO ¥ oTBeuaeT k
HanGOJIbIIMM JIOKAIBHBIM OTKJIOHERUAM u, =Y, — ®(X,, a)l; 2) onTumanpHOE
3HauCHHE @ obecnednBaeT MUHUMYM cymmbl S(X)= ¥ [V, —<I>(X,,a)]2;

teX
3) onTUMaNBHOE KOJIMYECTBO rPyObIx OIMOOK k OTBeYaeT MaKCUMyMy BbIPa-

k ok T—k ,-bS(X .,
xenns Cref(1-€) e 3ty coiicraa MOrYT ObITb MONOXeHB! B

OCHOBY MTEpPaTHBHOH NPOLEAYPbI ONTUMANILHOrO OLCHUBAHKS. B

B npumepe 2.8 MbI paccMOTpeH 3alauy OLEHKH NlapaMeTpa B yCIOBHAX
HeopHOopoaHoi I'C u croxacTH4YecKux omMGOK. AHaJIOTHYHbIA MeTOl NPH-
MEHHUM M TOTrJa, Korna ouubku seiasrorcsa 1B unu HB.

Ipumep 4.19. IMeroTCS AaHHBIE O [BYX THNaX 06bekToB. Habio-
RaeMble XapaKTePHCTHKH Y, 1 X, 0O6'bEKTOB NEPBOro TUMNA CBSI3aHbI 3aBHCH-
mocTeio ¥, =0X,+ b+ &, (t=1, .., T), 1t 0O6bEKTOB BTOPOrO THIA UMEET
MECTO aHaJlorMyHas 3aBUCUMOCTb Vi =alU,+d + N, (k =1, ..., K). Omnbku
€, un; sBasoTCA He3aBucMMbIME IIB ¢ M3BECTHBIMA (YHKUMAMM MPaBRO-
nono06ust, COOTBETCTBEHHO e’éz Ry e""2 /s’ rae R u S — cpepHue 3HavYEeHUS
KBaJpaTOB OMIMOOK, YMHOXKEeHHbIe Ha In 2. Tpebyercs oueHuTh 06U s
o6eux 3aBUCHMMOCTEH napaMeTpa O. B 3TOH cHTyanuu KpuUTepui ONTH-
MaJIbHO OLEHKH UMEET BHA:

RS (X, Y, +5)2 -5 Y (aUy -V +d)?
L=e ! k

Be3 undopmauyn o R 1 S 3Ty 3ajjayy PEIIMTh HENb3sl, OHAKO 3HATh UX
TOYHbIE 3HAYEHHUS He o0sa3aTenbHO. IlycTh, HanpuMep, R U S HEM3BECTHBI,
HO MX MOXHO paccMaTpuBaTh Kak 1B ¢ anpuoprno m3secTHbIMN Hanbosee
npaBaonofo6HbIMI 3HaYeHus MU G u H. IIpuMeM, YTO COOTBETCTBYIOLIME

= max.

GY ,a_ HY 4.
($YHKIMH NpaBAONONOOHS HMEIOT BHJ (—R-) ed1-G/R y (—S—) edU-HI35)

Hpﬂ 3TOM ONTHMAJIBHOE O ONIPENENACTCA U3 YCIOBUA:

q
RS R S

-R'T(@X, -Y,+b)’ -5 T (U, -V, +d)2] = max. W
t k

4.5. YcTpaHeHue BNUsiHUA OoTAeNbHbIX )akToOpoB

Kak rosopunock B n. 1.5.2, Hepenxo BO3HMKaeT NMOTPEGHOCTH B
YCTaHOBJIEHNH 3aBUCMMOCTH OGBACHAEMOM IEPEMEHHOM ¥ OT OO BACHIOWEN
NepeEMEHHOM X B YCOBHSAX, KOTJa 3aBEJlOMO H3BECTHO, YTO Ha Y BIMSIOT 1
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uHble akTOpbl. [IpEMEPDI OLIEHKN TAaKOIO POJia HEeNnOAHbLX 3aBUCUMOCTEN
MPHUBOASATCS HIDKE.

Ipunmep 4.20. PaccMoTpuM 3afady BbISIBICHHA CE30HHBIX KONEOaHUN B
AMHaMHKe Kakoro-mu6o "o6beMHoro" nokasatens X (Hampumep, o6beMa
NpOM3BOACTBA Ha JaHHOM npefanpuaTtuu). Takas 3agavya npeicraBiseT
HHTEPEC HE TOJBKO NOTOMY, YTO BJIHMAHHE CE30HHBIX (DAKTOPOB MHTEPECHO
camo no cebe. Hepenko ycraHOBiIE€HHE MHOTMX 3KOHOMETPHYECKHUX 3aBH-
CHMOCTeH 3aTPYAHEHO MajlbIM 06'bEMOM HUCXOHOM HHGOPMAaLUH, U HCIONb-
30BaHUE NIOMECIYHBIX WX NIOKBAPTANbHBIX JaHHBIX MI03BOJMIIO GbI MOBBICUTh
TOYHOCTb COOTBETCTBYIOLIUX OLIEHOK, €CNIM OblI TOJBKO M3 ITUX JaHHBIX
MOXKHO ObIJIO ObI HCKJTIOYMTD BIMSHUE Ce30HHBIX (pakTOpOoB. ITokaxkeM, kak
MO>XHO 3TO CHEJNATh.

ITycTh M3BECTHbI 3HA4YE€HHA Y, AaHAIM3UPYEMOrO NOKa3aTENsAM B
t-M KBapTaje AOCTaTOYHO OOJbUIOrOo OTYeTHOro mepmopa (=1, .., 7),
HauyMHalowerocs ¢ I kBapraga HEKOTOpOro KameHgapHoro ropa. IIpenmno-
JaraeTcsl, YTo B 3Ha4YEHHUAX Y MOTYT ObITb BbIAECJIECHBbI CE30HHAs U "TPEH-
noBas" ("OuMIIEHHAs OT BIMAHHUS Ce30HHOCTH") cocTasisiomue. [Tocnennss
XapaKTEepH3yeTcs AMHAMHMKOH (HEM3BECTHBIX) "TPEHAOBBIX" 3HaYEeHHH Z,,
NpUYEM 3Ta JHHAMHKA JOIKHA GbITh "HOPMaJIbHOM", BIMSHIE K€ CE30HHBIX
¢aKTOPOB NPHUBOAMT K MOBBIIUECHNIO WU MOHUKEHHIO (PAKTUIECKUX 3HA-
YeHUH Y N0 OTHOLIEHHIO K "TPEHOBBIM" B ONpE/ICIEHHOE YHUCIIO pa3, 3aBH-
ciAlee TOJNBKO OT HOMEpa KBapTaja B COOTBETCTBYyIOWEM rogay. ViHbimMu
CIIOBaMM, IMEET MECTO Pa3JIOKEHHE:

Y, =2,xJ, (4.28)

rae J, — K03 PULHEHT ce30HHOro u3MeHeHus Y (K0apPHIUEHT CE30HHOCTH),
OoTHOCAIMICA K t-My KBapTany [44]. OTH K03 DUIUHMEHTBI Yepe3 YEThIpe
KBapTala MOBTOPSIOTCS, TaK YTO MX AMHAMHKA NEpPHOANYECKas:

JI=‘15=J9="‘;‘12=J6=‘110="';
'13=J7=‘Ill="’;J4='18=‘][2="" (4.29)

OpHAKO TOJBKO 3ITOTO AJs OLECHKM 3aBHCHMOCTH HEJOCTATOYHO.
ITpeanonoxuM, 4TO B TEYEHHE BCEX JIET PACYETHOTO NEPHOAA JUHAMHUKA Y
6bLTa CleyoIed: B TeYeHNE NePBBIX Tpex kBapTajioB Y = 10, B IV kBap-
tane Y = 20. CnpammBaeTcs, YTO Mbl MIMEEM: CE30HHBIH POCT B YETBEPTOM
KBapTaJie MJIM CE30HHOE CHIDKEHME B NEPBBIX TPEX MIIH TO M Apyroe BMecTe?

YT06b! OTBETUTH Ha 3TOT BONPOC, HAJJO JOTOBOPUTBCS O TOM, KaKOMY
KBapTally GyAeT OTBE4aThb MHAEKC CE30HHOCTH, paBHbIi enunuue. Ilycrs,
A7 ONpENENEHHOCTH, TAKUM KBapTajJoM OymeT mepBbiid. DTO facT HaM
HOMOJTHUTEIBHOE COOTHOILEHHUE:

J; =1 (4.30)

dopManu3yeM Tenepb NOHATHE "TpeHpaa". BoiaBnssa BIMAHHE CE30HHBIX
¢akTOpOB, Mbl OAHOBPEMEHHO XOTHM M "OYHCTUTB" OT 3TOTO BJIMSHHUS
AMHAMHUKY MCCIEAYEMOrO MOKa3aTelns, T.€. CACNaTh AMHAMHUKY TPEHAOBBIX

U1}

3HavueHUH Z, BO3MOXHO Gonee "rmagkoi”, "mnasuoi". TeM caMbIM KpuTe-
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pHEM ONTHMAIBHOI'O Pa3jIOXKEHHs MOJKEH BBICTYNATh HEKOTOPBIA NOKa-
3aTenb "MIaBHOCTH" yKa3aHHOM AMHaMHKH. B HenpeprsIBHOM ciyvae 31ech
MOXHO 6bUIO ObI HCNOJIB30BaTh ONUCAHHBINA B IN. 2.2 MHTErpalbHbId KpH-
Tepuit Q,. ITockoNbKy B Haliei 3afiaue BpeMsl MEHAETCS AMCKPETHO, BOC-
MOJTb3YEMCS AUCKPETHBIM aHAJIOrOM YKa3aHHOI'O KPUTEpHs. DTO PUBOJUT K
3ajlauye HaXOXAECHUs1 HEM3BECTHBIX J, 1 Z, n3 ycnosuii (4.28)—(4.30) u

T-1
S (Z41-2Z,+Z,_;)* = min. (4.31)
=2

JIerko BUAETH, 4YTO 3TO 3KBHBAJIEHTHO HAXOXECHUIO KO3 HUIHEHTOB J,
U3 YCIOBHA

2
S Yr+l ¥ Yt—l

1
oLy =l = min (4.32)
r=2 jr+l ‘It 'Ir—l

npu orpanndeHusx (4.29)—(4.30). Hetpynso yGeRuThLCS, YTO ONTHMAbHbIE
K03 uumenTo! J, (TouHee, OGpaTHbIE K HUM BEIMYUHBI) HAXOJATCS TENEPh
U3 pelLIeHNs CHCTEMbI TPEX JIMHEUHBIX YPABHEHUH C TPEMS HEM3BECTHBIMH,
NoCJIe 4ero "o4YMieHHbIe" OT BIUAHHUS CE30HHOCTH 3HaYeHUs NoKa3aTens (Z,)
HaxopsATcs U3 popMynsl (4.28). B

Ipumep 4.21. Tpu nocTpoeHNN NPON3BOACTBEHHON (DYHKIIMH, OTpaKato-
1Ie ¥ 3aBUCUMOCTb MAKCUMAAbHO 603MOXCHO20 00 bEMA MPOU3BOAMMOTO IPO-
AYKTa OT HMEIOLIErocs KOJMNYECTBAa PECYPCOB, TPeOyeTCS CKOPPEKTHPOBATh
BBII c yueToM "He0MCNONb30BaHUs NPOM3BOJCTBEHHON MOIIIHOCTH HApOA-
HOro x03siicTBa". OGBIYHO B 3THUX LE/IX HUCIONb3yeTCd METON Y OPTOHCKOM
UWIKOJBI "TpeHp yepe3 muku" [66]. OH cOCTOMT B NPOBEEHHH JTMHUM TPEHAA
10 NHMKOBBIM TOYKaM BpEMEHHOro psaaa o6wvemoB BBII, npuuem nunus
TpeHaa oTBe4aeT nomeryuaabHomy BBII, a ypoBeHb HCIIONB30BaHUS MOLLL-
HoOCTeil — oTHOoweHuto pakTuyeckoro BBII k "rpenpoBomy". TakoMy MeTO-
Ry NpHUCYUIM ABa HefocTaTKa (cM. Takxke [4]): 1) B "nukoBbIx" Toukax BBII
NpeAnosjaraeTcs OTBEYAIOLUM IIOJHOM 3arpy3ke MOIIHOCTEH; 2) npep-
[0JTaraeTcs, YTO JTMHEHHAs HHTEPIOMALMS MEX/Y MMKOBbIMHA TOYKaMH SBJIS-
eTCs XOpOUIMM NPUGIHXEHUEM TEMIIOB pocTa MolHocTel. Oka3biBaeTcs,
€CThb BO3MOXHOCTb, XOTs ObI 4aCTHMYHO, YCTPAaHUTh BTOPOH HENOCTAaTOK
(YyCTpaHUTb NEpPBbIHA, MO-BUIUMOMY, HENb3s JaxXe, €CIM paccCMaTpHBaTh
06'beMBI IIPOM3BOJICTBA B OT/EJIbHBIX OTPACISAX 9KOHOMHKH).

HeicTeuTensHo, nycts D, — ¢paktuueckuii BBII B rony ¢, a Y, — noresn-
yuanbHblii BBIT (MomHOCTL HapoaHOro Xo3siicTBa no npoussoacrsy BBIT) B
atom rony. Torpa BenuuuHa Z, = D /Y, oTpaxaeT ypOBEHb 3arpy3ku
MOLIHOCTEH B 3TOM roay. PaccMoTpuM norapucgMbl yKa3aHHbIX BEJIHYHUH:
d, =In(D), y, =InY), z, = -In(Z,) =y, - d.. ByneM paccmaTpupatsh
BEJINYMHBI Z, ¥ 3aBHCUMOCTb Y, = f(f) KaK HaicIEHHbIE NPaBONOROOHEM.

C opfHO#M CTOPOHBI, NPEJCTAaBIAETCS BECbMa NPaBJONONOOHBIM, YTO
o6beMbl noteHiuanbHoro BBII ¢ TeyeHneM BpEMEHH pacTyT, NPUYEM
AOCTaTOYHO IUIaBHO, TaK 4YTO (yHKIMA f(f) BO3pacTaromjas 4 riagkas B
cMbicie 1. 2.4, Torpa, Kak ¥ B paCCMOTPEHHOH BBILIE CHTyalMH, (DYHKIHIO
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Ln(BBII)
124 +

122

12
11,8 1
11,6 4
11,4 |

112 4+

14 .
Tonx

10,8 ! : + ———t + + } 4
1920 1925 1930 1935 1940 1945 1950 1955 1960

Puc. 3. Ouenxka noreHuuannHoro BBIT
1 — ¢akT; 2 - pacuer

NpaBRONOROGHS NI HEE€ MOXHO 3alaTh 4epe3 AMCKPETHBIN aHaJOr (yHK-

T_l|: Yeal =W :|2
LMOHAJIa ITafKOCTH (2.5): expy—A Y, .
t=2 Yeel =Wt

C ppyroit CTOpPOHBI, €CTECTBEHHO OXHAaTb, YTO Majible YPOBHHU
3arpy3kd MOIHOCTEH 3HAaYMTEJIbHO MEHEe INpaBAONOJOOHBI, 4eM Oiu3-
kue K eguHune. Ha aToM ocHOBaHuHM npHMeM, 4TO Z, UMEIOT Ha OTpE3Ke
[0, 1] dyukuuto npasgononobus p(Z) = Z™. Ilpn 3TOM BEeNUYHUHBI Z, OY-
nyt uMmeTb Ha [0, o) c¢yHKuuo npasgonogobus p(z) = e ™. Torpa
dyHKIHA npaanononoGHﬁ pe3yabTaToB HaOJIONEHHH CTaHET paBHOM

L= Y
expy—A Y, e mz 20
t=2 yt+l yt r=1
BBens mapamerp | = AM/m u yuuThiBas, 4To Z, = y, — d, = 0, 3agauy
MaKCHMH3aLMH 3TOTO KPUTEPHUS CBEEM K CIIEAYIOIIEH:

2

T

m Z |:yt+l Y _1] + 2 (dt _yl)zpmax, Vs d, Vt. (4.33)
Yee1 =Nt 1=l

Ha puc. 3 npuBenena fuHaMuka (pakTHIECKOro M noTeHuuansHoro BBIT
10 YaCTHOMY HeceNbCKOXO3sicTBeHHOMY cekTopy CIIA 32 1921-1960 rr.,
nony4yeHHas u3 (4.33) npu U = 2 Ha ocHOBe faHHbIX [4]. PucyHok noxa-
3bIBAa€T, YTO OOIast uAes MPOBENEHHUS "TPEHAA Yepe3 NMUKH" NPH HCHOJb-
30BaHMH JJaHHOTO METOJ|a COXpaHsAeTCs. PacueThl MOKa3bIBalOT, KCTaTH, YTO
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Puc. 4. ConocraBneHue ypoBHeil 3arpy3Kd MOLIHOCTER

AMHaMHuKa noreHuuanbHoro BBII okasbiBaeTcssi JOBOJNBHO YCTOWYHBOM K
HM3MEHEHHUIO napaMeTpa . MIHTEpecHO CpaBHUTDL HaliieHHbIE KO3 PUIIMEH-
ThI 3arpy3kH# (Z) ¢ pacCYNTaHHBIMH METOJOM YOPTOHCKO# WKOIbI (ZW),
3Ha4YEHHs KOTOPBIX TaKXE NpUBEACHEI B [4]. Pe3ynbTaThl Takoro conocras-
JIEHHMS NPeACTaBlEeHbl Ha pHC. 4. VI3 pUCYHKOB BHHO, YTO Npe[JaraeMblii
METOJ 10 CPAaBHEHHIO C METOAOM YOPTOHCKOH INKOJbI NaeT B CpPEJHEM
6oree BHICOKHE 3HAYEHUS YPOBHS 3arpy3Ky MOLUHOCTEH, IPY 3TOM IMHAMMKA
norenynanbHoro BBII, ncuucnennas BTOpbIM criocoGoM, NMpeACTaBIseTCs
6onee yROBIETBOPUTEIBbHON. OTMETHM B 3TOM CBSA3H, YTO HUCIOJb30BaHUE
BCIOMOTraTeJIbHOr'O NapaMeTpa K, XOTS M BHOCUT B PEIIEHUE ONpeeIeHHbIH
3JIEMEHT CyO'beKTHUBU3MA, MO3BOJNSET YYECTh NIPH PELIEHHH OCOGEHHOCTH
3afjauy, He (OpMaTM30BaHHbIE B €€ NIOCTAHOBKE M "OLIyIaeMble" HCClieno-
BaTeJIEM Ha HMHTYUTUBHOM ypOBHe. W

ITopo6Hble Moaxofbl NPUMEHUMBI, N0 HAlIEMY MHEHMIO, U B APYTHX
3agavax "o4ucTkN" HaGaroaeMol NEPEMEHHON OT BIMSHUA TEX MJIM HHBIX
"BCIIOMOraTeNbHbIX" (paKTOPOB.



SAKJTIOYEHUE

ITpoGneMe! NOCTPOEHUs: MOfiEIel 3aBUCHMOCTEH MEXIY 3KOHOMHUYECKH-
MU [I0Ka3aTeNsAMH, TaK K€ KaK U MHbIX 3KOHOMUKO-MaTEMaTHYECKHUX MOJIe-
Jeii, B HacCTosIIlee BpEMs aJIEKH OT OKOHYaTeJIbHOro peieHus. OHy, K co-
>KaJICHHIO, B MIOCNIEAHNE JACCATHIETHS OTOABUHYIACh Ha NEPH(EPHIO HHTEPE-
COB MHOTHX CIIELHATHCTOB (B YNCIIe HEMHOTHX HCKJIFOYEHHH CIIENYET YIOMS-
HYTb BEPOATHOCTHYIO BETBb IPHKJIAIHOM CTaTHCTHKH). B n3BecTHbIX myGnu-
KallisiX OCHOBHOE BHHMAaHHE yJEJsAeTCA HE METOAOJIOTHH, a TIOCTPOCHHIO 1
UCCIIEIOBAHUIO KOHKPETHBIX (Ce U NINPOBAaHHbBIX MM HET) MOJIEJICH.

Mexpy TeM OTCYyTCTBHE EAMHON U OGOCHOBaHHOM METONOJIOTHH M METO-
AMKH MOJIEJTMPOBAHMS CO3[AET CUTYAL1IO, KOTfla pa3iNYHbIe MOJIEU OHOI'O
H TOro e 06beKTa ¢ TPYAOM NOAAAIOTCS CPaBHEHHIO, NPOBEPKE Ha afieK-
BATHOCTb, HE JONYCKAIOT OOGBEJUHEHHS B €JUHOM KOMIUJIEKce T.n. B
pe3yiabTaTe peKOMEHJalUH, BbI[aBaeMble Ha OCHOBE MOJIEJIbHBIX PaCU€TOB,
YacTO HOCAT BEChbMa CYGBEKTHUBHBIA XapakTep (JOCTaTOYHO BCIOMHHTb
HE[IaBHIOKO JUCKYCCHIO IO MOBOAY 9KOHOMETPUUIECKUX MOJeIe 3aBUCHMOCTH
YPOBHSsI 9KOHOMHWYECKON JUHAMHUKHU CTPaHbl OT pa3MEpPOB roCyapCTBEHHOTO
BMEIIATENbCTBA B 9KOHOMHKY: OIHY NyGIHKaIMy IONTBEPXK AT HEOOXoaH-
MOCTb pelyKUMH TaKOro BMELIATENbCTBa, APyrHe — LeNeco06pa3sHOCTb ero
pacliipeHus).

He MeHbILIYIO OMaCHOCTD, Y€M CyObeKmueu3m B NIOCTPOSHUN U HHTED-
NMpeTauuu Mofesei, NpeacTaBiaseT co60i Apyroe siBjieHue B cepe MaTe-
MAaTHYECKOTr0 MOJENMPOBaHMS, KOTOPOE MOXHO Ha3BaTh KOHBEHYUOHA-
ausmom. Pedb uaeT o ToM, YTO MHOTHE TPAAMIMOHHbIE METONBI UHTEPIIpE-
Tauuu 1 o6paGOTKH HaHHBIX, pa3pabOTaHHbIEC NI BIOJHE ONpPEREIECHHBIX
CUTyaUUi MOJENHPOBAHUS, BKIIOYAKOIUX CHEU(PUIECKYIO NPEIMETHYIO
o6J1acTh M UENH UCCeJOBaHMS 10 MOJIYaIHBO IPMHIMAaEMOMY COTJIaLIEHHIO
PAacIpOCTpPaHAIOTCs Ha COBEPIUIEHHO Apyrue cuTyauuu. KoHBEeHIMOHaMU3M B
MOJeTUPOBAHUH, HANPABJIEHHBIA B IIEJIOM Ha NPEOfioIeHNe CyG'bEKTUBU3MA,
TeM He MeHee He CHHMAeT ero MOJIHOCTBIO M SBISETCH B OMpPENeIEeHHOM
CMBICJIe HE MEHBLINM 3JI0M, IOCKOJIBKY 3aTPYJHIET BO3MOXHOCTh IIPHBIIE-
YeHMsl BHUMaHMsI UCCIIEOBATENEN K TPOGIeMaM MOBbIUIEHHS 06 bEKTUBHOCTH
MOCTPOEHUS ¥ IPUMEHEHNs S5KOHOMHUKO-MaTEMaTHIECKIX MOJIEIE.

Mb1 He cTaBHJIM 3ajavy 3alOJIHUTb BEChb HMMEIOIIUNCS B NaHHOM
npo6iematuke npo6en. 3a MpefenaMu UCCIENOBaHUS OCTAJIUCh BONPOCHI
BbIGOpa cucteM (haKTOPHBIX MOKa3aTeJeH, METOANKA U IPAHMIbI 3KOHO-
MHYECKON MHTEPNPETAUUU TEX MU MHBIX XapaKTEPHUCTHUK MOCTPOEHHBIX
3aBUCHMOCTEH MONHOCTBIO U Apyrue Bonpockl. C10BOM, BOIPOCOB OCTANIOCh
Gonblue, 4YeM MONYIEHO OTBETOB. BMecTe ¢ TeM MBI HajieeMcsl, YTO HaHHAs
pabora 6yneT cnoco6CTBOBaThL NMPOOYKAECHHIO HHTEPECA Y CNELHUATNUCTOB 1O
9KOHOMETPHMKE, CTATUCTHKE, JPYTUM 3KOHOMHKO-MaTEMaTUIECKIM AUCLHII-
JMHaM K (yHAaMEHTaJbHbIM Npo6ieMaM METOLOJOTHM MOJENHNPOBaHUA,
KOHCOJIMAALMH yCHIINI UCCTIEOBaTeNel B aKTyaJbHOM [l pa3BHUTHA 3KOHO-
MHKO-MaTEMaTHYECKUX METOIOB HAyYHOM HallpaBJIICHUH.

100



JINTEPATYPA

1. Aligazan C.A., Entokos H.C., Mewaaxun JI.J. TIpuknagHas cTaTHUCTHKA:
HccnepoBanue 3aBucumocreit: CnpaB. uzn. M.: PuHaHCH M CTaTUCTUKa, 1985.

2. Kendaan M. Ox., Cmbioapm A. CTaTUCTHYECKHE BBIBOALI M CBSA3H. M.:
Hayka, 1973.

3. Kneiinep I'.B. [leTepMUHMPOBAHHBINA aHANU3 CUCTEM MokasaTteneit // 3Ko-
HoMHKa U Mat. Metonsbl. 1981. T. XVIL Bein. 6.

4. Bpayn M. Teopus u u3MepeHHe TexHuyeckoro mporpecca. M.: Cratuc-
THKa, 1971.

5. Tunmnep I'. Beenenue B axoHometputo. M.: Cratucruka, 1965.

6. Kaeiinep I'.B. TIpoussoacTBeHHble (PYHKLHUH: TEOPHS, METOAbI, MPUMEHE-
HHe. M.: ®uHaHChl U cTaTUCTHKa, 1986.

1. Alieazan C.A., Mxumapan B.C. TIpuknagHas CTaTHCTHKA M OCHOBBI 3KO-
HoMeTpuku. M.: IOHuTH, 1998.

8. Apeiinep H., Cuum I'. TIpuknagHoi perpeccuoHHbIf aHanu3. M.: PUHaHCHI
M CTaTUCTUKA, 1986.

9. Ilghanyaaav H. Teopus usmepenuit. M.: Mup, 1976.

10. Yynpoe A.A. Ouepku no teopum cratuctuku. M.: FoccraTuspar, 1959.

11. Pasaykac PJI., ITnakynoe M.K. Konu4ecTBEHHbIR aHaNu3 B 3KOHOMHKE.
M.: Hayka, 1987.

12. Wkaapckuii 1.0., Yenyos H.H., Sznom H.M. TeoMeTpuueckue OLEHKH
u 3apaud KoMOGuHaTOpHO#M reomeTpuu. M.: Hayka, 1974.

13. Teopus owu6ox // Bech xoMnbloTepHbIR MUp, 1996. Ne 1.

14. Kopu I'., Kopu T. CnpaBo4yHuK no mateMatuke. M.: Hayka, 1968.

15. Cmoaak C.A. InaHupoBaHue MHOTOHOMEHKJATYPHOrO NMPOM3BOJACTBA.
M.: 3konomuka, 1977.

16. Cmoanak C.A. Kak 060CHOBAaTh BUJ 3aBUCMMOCTH MEXAY 9KOHOMHYECKH-
Mu noxasarensamu // Hayxa u texnonorust B Poccuu. 1994. Ne 1(3). C. 11-12.

17. Boapckuii A.A. u Op. O6was Teopus CTAaTUCTUKHU / YdeGHHUK. M.:
dunaHch! ¥ craTucTHKA, 198S.

18. MeTonbl aHanu3a naHHbIX: ITomxon, OCHOBaHHBIX Ha MeTone AUHAMHU-
yeckux cryuteHuit (mop pea. Juos 3.). M.: duHaHChl ¥ cTaTHCTHKA, 1985,

19. Benzekri J.P. et al. L’analyse des donnees. Dunod, 1973. Tome 1; Dunod,
1982. Tome II.

20. Bpetiau P., Maiiepc C. TIpuHuunbl KOpnopaTHBHbIX (puHaHcoB. M.:
Onumn-6usnec, 1997.

21. baxeanoe H.C. Yucnenuole meTopsl. M.: Hayka, 1973.

22. Kolmogorov A.N. Uber die beste Annaherung von Funktionen einer gegebenen
Funktionenklasse // Ann. of Math. 1936. V. 37.

23. Hukoavckuii C.M. KBanparypHuble dopmynbl. M.: dusmarrus, 1958
(u3nanue BTopoe c no6asnenueM H.IT. Kopuetuyka. M.: Hayxka, 1974).

24. Tuxomupos B.M. TlonepeyHUKH MHOXECTB B (PYHKLIMOHANIbHOM NPOCTpa-
HCTBE M TEOpHA HaMnyuluux npubmuxeHuit // Ycnexu mar. Hayk. 1960. T. 14. Ne 3.

101



25. Tuxomupos B.M. Haunyuuiue METOAbI NPUGIUXEHUS U HUHTEPNONU-
poBanus aucdeperHunupyembix pyHxuuit B npocrtpanctee C(-1,1) // Mar. ¢6. 1969.
T. 80 (122). Ne 2(10).

26. Cmoaak C.A. IHTepNONSUHOHHBIE U KBafpaTypHble (POPMYJIbI Ha Kiac-

cax W u ES // Hoxnanst AH CCCP. 1960. T. 131. Ne 5.

27. Cuonax C.A. O6 ONTHMANbHOM BOCCTAHOBNIeHMH QYHKUHMI H (yHK-
L[MOHAJIOB OT HUX. [IUC. KaHA. 3KOH. Hayk. M., 1966.

28. Tuxomupos B.M. HekoTopble Bonmpockl Teopun npubnmxenuit. M.: Uap-
Bo MTI'Y, 1976.

29. Kaetinep I'.b. O6nacTh onpepeneHus NPOU3BOACTBEHHON dyHxuuu //
OxoHomuKa u MaT. Meronbl. 1978. T. XIV. Bsin. 5.

30. Uzawa H. Production Functions with Constant Elasticities of Substitution //
The Review of Economic Studies. V. 29 (October, 1962). P. 91-99.

31. Mukerji V. Generalized SMAC Functions with Constant Ratios of Elasticities
of Substitution // The Review of Economic Studies. V. 30 (October, 1963). P. 233—
261.

32. Kaeiinep I'.B., Cupoma 5.H. O npou3BOACTBEHHBIX (PYHKLHUAX C MOCTOSIH-
HbIMU U NMEpEeMEHHBIMH 3NMaCTHYHOCTAMHU 3aMeHbl (pakTOpOB // IKOHOMHKA U MarT.
metonsl. 1975. T. XI. Boin. 3.

33. demuodenxko E.3. JIuneitHas ¥ HenuHelHas perpeccus. M.: ®PuHaHCHI H
craTHcTuka, 1981.

34. Holladay J.C. Smoothest curve approximation // Math. Tables Aids Comput.
1957. V. 11.

35. Cmoaak C.A. CnnafiHbl M UX NpUMEHeHHE // 3KOHOMHKA U MaT. METOABI.
1971. T. VIL Bein. 3.

36. Aabepz Ox., Huavcen 3., Yoaw [x. Teopus cnnaitHOB U ee MpHio-
XeHus. M.: Mup, 1972.

37. Pa6ywxun T.B. u Op. O6Gmas Teopus CTaTHCTHKH // YuebHuxk. M.:
duyHaHChl U cTaTUCTHKA, 1981,

38. Fisher R.A. On the mathematical foundations of theoretical statistics. // Phil.
Trans., 1921. Sec. A. Vol. 222.

39. Aiigazan C.A., Entokoe U.C., Mewaaxun JI. 1. TIpuknagHas cTaTHCTHKA:
OcHOBbI MORENMPOBaHUS M nepBHYHas obpaboTka AaHHbIX. M.: duHaHCH H
craTtucTuka, 1983.

40. Lindley D.V. Regression lines and the linear functional relationship // Suppl. J.
Roy. Statist. 1947. Vol. 9.

41. Kiefer J., Wolfofitz J. Consistency of the maximum likelihood estimator in the
presence of infinitely many incidental parameters // Ann. Math. Statist. 1956.
V. 27.

42. Xvrobep I1. Po6acTHOCTb B cTaTUCTHKE. M.: Mup, 1984,

43. Peanep B. BBeneHue B TEOpHIO BEPOSATHOCTEN M ee NMpHIIOXeHHA. M.:
Mup, 1967. T. 2.

44, Cmoanx C.A., Tumapeunxo B.I1. YcToituuBble METONbI OLEHUBaHUSA (CTa-
TUCTHYeCKass 06paboTKa HEONHOPOAHbIX COBOKyMHoOcTeit). M.: CrarucTuka, 1980.

45. Neyman J., Pearson E.S. On the use and interpretation of certain test criteria
for the purposes of statistical inference // Biometrica. 1928. V. 20A.

46. Kaeiinep I''b., Hukonaesa H.JI. Ouenka napaMeTpoB MMHMTALUOHHBIX
39KOHOMHUKO-CTAaTHCTUYECKHX MOJeJeH C yYEeTOM anpuUOPHON KayeCTBEHHON HH-
¢dopmauun // IxoHoMuka ¥ MaT. Metoabl. 1986. T. XXII. Bein. 4.

102



47. Kypro O. OcHOBBI TeOpHHM 11AHCOB M BeposiTHOCcTel. M.: Hayka, 1970.

48. Kapnenko B.HM. CnyuaiffHOCTb ¥ HeOOXOAUMOCTb U UX B3aUMOCBS3HU B
CTaTHCTHYECKUX HccnepoBaHusx // IIpo6nembl Teopuu cratucTuku. M.: Hayka,
1978.

49. Savage L.J. The Foundations of Statistics. N.Y.: Wiley, 1954.

50. Quwbepr I1. Teopus none3HocTH Ans NPUHATHS peweHuit. M.: Hayka,
1978.

51. Hoamepoeux B.M. Kpusuc skoHoMu4eckol Teopuu // SKOHOMUYECKas
Hayka coBpeMeHHoi Poccuu. 1998, Ne 1.

52. Fama E.F., French K.R. CAPM is wanted, dead or alive // J. of Finance.
1995, October.

53. Jlummaayd [Jx. MateMaTudeckas cMecb. M.: du3smaTrus, 1962.

54. Zadeh L.A. Fuzzy Sets // Information and Control. 1965. Vol. 8.

55. Kogpmarn A. BBeneHue B TEOpUIO HEUETKHX MHOXecTB. M.: Papuo u
cBs3b. 1982.

56. HeueTkue MHOXECTBa B MOJNENAX YNpaBleHUS U UCKYCCTBEHHOrO HHTEN-
nexra (nop. pen. ITocneaosa [4.A.). M.: Hayka, 1986.

57. O6pa6oTka HeyeTKoM MH(POPMALUHH B CUCTEMaX NMPUHATHA pelleHud. M.:
Papuo u ¢s3b. 1989.

58. Cmonax C.A. O npaBuiiax CpaBHEHUS HEYETKHUX aJNbTEPHATHB // IKOHO-
MHKa u MaT. Metoanl. 1993. T. 29. Bein. 4.

59. Jleeuep E.B., [Tmycxkun A.C., @Ppuomarn A.A. Pa3MbIThle MHOXECTBA U UX
npumenenne. M.: I3MU PAH, 1998.

60. Cuoaak C.A. O cpaBHEHHU aNbTEPHATHB, NApaMETPbl KOTOPbIX XapakTe-
pu3ytoTcs (YHKUMSMHU npaBpomnopobus // JkoHOMHMKa M MaT. MeToabi. 1996.
T. 32. Buin. 1.

61. ITouia 1. MaTemaTuka u npaspgonono6Hele paccyxaeHus. M.: Hayka,
1975.

62. Anexcees A.B. u Op. UHTepnperauus 3HayeHU#t GyHKUUM NpHHAA-
JIEXXHOCTH M OnepaluM Haj HeueTKMMHU MHoXecTBamu // TlpuknapHble 3apgayu
aHanmu3a pelleHUH B OpPraHM3allUOHHO-TEXHHYECKHX cucTeMax. Pura: Pukckwui
NOJUTEXHUYECKUN UHCTHTYT, 1983,

63. Cmoank C.A. O npaBunax cpaBHEHHs aNbTEPHATHB C HEONpeAEeNeHHbIMH
3aTpaTaMd M pe3ynbraTamu //BeposTHOCTHble MOJENH MAaTEMaTUYECKOH 3KO-
HoMHuKkH. M.: I3MHU, 1990.

64. Cmoaax C.A. Ouenka 3¢¢eKTHBHOCTH NMPOEKTOB B YCIOBUAX MHTEP-
BaNlbHO+BEPOSTHOCTHON HEonpefeneHHOCTH // IKOHOMHMKA U MaT. MeToabl, 1998.
T. 34. Boim. 3.

65. Pearson K. On lines and planes closest fit to systems of points in space // Phil.
Mag. 1901. Vol. 2. S. 6.

66. Index of Percentage Utilization of Industrial Capacity for the United States //
Econometric Research Unit. University of Pennsylvania, 1960.



COAEPXAHUE

BBEJEHUME ..ottt s cnse s assnsns
1. OCHOBHBIE TIOHSTHS ......cocovviiiiriiiiiiniiininntcnnn s

1.1. OGBEKTbl M MX XAPAKTEPHCTHUKH ..ccveereireermrienreersecsssissnsesssessssssersecss
1.2. Ha6niopeHus, U3MEpeHUs, OLEHKH
1.3. OLIHOGKH HAGTIOMEHMM ....ceeiveeiieiineeniriiieneeneiseeesrennnnseeessaniessessessneeeens
1.4. 3aBUCHUMOCTH MeEXAY XapaKTepUCTHKAMH OOGBEKTOB
1.5. Pa3nuyHble THNbI CTATUCTHYECKUX 3ABUCHMOCTEM ...uevvvrereeereerirnnnenn,

2. MIPUHUMITEI OMTUMAJIBHOM OLUEHKU 3ABUCHUMOCTEMN ......

2.1. TIpyHUMN MHHHMMAJILHOTO PAaCCTOSHUS
2.2. TIpUHUMI MHHMMAJBHBIX TOTEPD .cocvvireeiiiiniieeeeiiieniiniianneeeeeens
2.3. IIpyHUUN MMHUMYMA MHTETPANbHOTO OTKIOHEHHS ..eovvrrriiniaiannenn
2.4. TIpuHUMN MaKCUMaJIbHOM IMafKOCTH B 3afa4ye MHTEPNONSALMH ........
2.5. TIpMHUMN MaKCHMMalbHOTO NPaBRONOROOHS
2.6. [IBa NMPABHOMOTOOMS «.ceeenuiiniiieeeirireeeiiiieeeteesenannrriesnreseesesersssnnessnens
2.7. OcHOBHble HEOCTATKU METOAA MAKCHMANBHOrO NpaBRoOnopo6us ...
2.8. CoyeTaHHe PA3HBIX MPUHLHUIIOB ...ootierireerirersneessrenassessnreensnsessasssenns
2.9. TIpHHUMN MAKCHMANBHOM COTJIACOBAHHOCTH ..evvvevirrerinienireeririnneneeins
2.10. O6 yuyere ueneBoit uH(pOpMaUUK NMPHU OLEHUBAHUU 3aBHCHMOCTEH.

3. XAPAKTEPU3ALNST HEOIIPEJEIEHHOCTHU PE3YILTATOB
HABITOIEHMI ......oovoeviieiieeeieee sttt saesiete st essesssessssesessestesaessssensensnens

3.1. CucremaTuyeckue OIIUOGKH
3.2. "CnyuyaiiHble" pe3ynbTaThl HaGJIIOAEHUI — BEPOSITHOCTHBIA MOAXON.
3.3. AnbTepHaTUBHbIE OMUCAHUS "CIYUYAMHDBIX" BEMHUUH ..ooovvrnvirnrinnnnns
3.4. HTEpBaNbHbIE HEOMPERAECTEHHOCTH .uvvrrierieeinuinnnrnrriinierrieeieesineeeeens

4. OUEHKA 3ABUCHUMOCTEW ITPU PA3HBIX TUITAX HEOIIPE-
JEIIEHHOCTH ......ccovviviiiiiininiiiiiiiinc et cnenneeae e
4.1. OueHKa MapaMeTPUUYECKUX 3aBUCHUMOCTEH .......c.coeviviiiinnnnniniieininnnns
4.2. OueHka HemapaMeTPUUYECKHX 3ABUCUMOCTEM ....ccvvvrrennreiuecnienneennens
4.3. BoisBneHue rpy6bix OIMOOK U YCTPAHEHUE UX BIHMAHHUS .ovvevveerennenne.

4.4. Pa3HOTHMNHAs HEONMpPENETEHHOCTh
4.5. YcTpaHeHue BIMSHUSA OTHEHBHBIX (PAKTOPOB .oovevirereiiiessnnsenssinnnsneen

BAKITIOUEHHME .....cooviiniiiiiiiiiciniii ittt ene e ene s
JIATEPATYPA .ottt sae e e ssaas s ae s s enns






