maBa 7. BoccTtaHoBneHne (pyHKUMOHANbHbIX BPEMEHHbIX
3aBUcCMMoOCTEN

HauHeM u310KeHHE METO0B MOJICIUPOBAHMS MPOIECCOB 1O BPEMEHHBIM
psagaM ¢ HauboJjiee MPOCTOrO IMOAX0Ja — BOCCTAHOBJCHHS SIBHOW BpPEMEHHOMN
7 » Vi R 3aBUCHUMOCTH BHma 177= f(¢,¢),

| o, (=
SN IR ey o by <
Q
% {f ‘3‘%% MOJIEIIN. Takue 3a/1a4u
3 fg ¥ paccMaTpHUBalOTCA B TEOPHHU
b g ‘% anmpokcuManuu GyHKui [22] u
: [ MareMaTH4ecKoii CTaTUCTHKE
a) 5) [155, 171, 1] (em. . 2.3.1.3)." Ux
Puc.7.1. Wnmroctpammst 3amaum — mnpoBectm  MOKHO HMHTCPIIPCTHPOBATL  KaK
KPHUBYIO 3aJaHHOI'O BHA Juepe3s  IPOBCIACHUC KpHUBOH qcpe3

OKCIICPUMCHTAJILHBIC TOYKH Ha IINIOCKOCTHU BKCHepI/IMeHTaHBHBIe TOUYKU Ha

(xpysxn). @) Ilyma Her, BuL QYHKIMH  1y6cxocTH (t,f]) WM  BOIU3H
nonobpaTth HeciaoxkHO. 0) Touku He JoXkarcs: B

TOYHOCTH Ha MPOCTYI0 KpuByl0 1ubo usz-3a JTHX TOYCK (puc.7.1). Ywmenue

CIy4yaiHOH TmoMexu, JH0O W3-3a CJIOXHOro  pPCIIaTh 3Ty 3a4a4y B
Xapakrepa 3aBUCUMOCTU. 3ajada COCTOMT B  3HAYUTEIHHOU CTEIICHU
NpUOTMHKEHHOM  ONMHMCAaHUM  (AIIpOKCHMAIINN ) onpesenseT ycrex

Ha0II0aeEMON 3aBUCUMOCTH IIPOCTOM (hYHKIMEH MOJIETMPOBAHUS M B Gomee

CIIOKHBIX cUTyalusx (cM. riaassl 8-10).

Hwuxe MBI paccMOTpUM 3Ty 3a7a4y B JIBYX HECKOJIBKO PA3IUYHBIX HIUPOKO
pachpoCTpaHEeHHBIX MOCTaHOBKax. B mepBoit u3 Hux (mm. 7.1, 7.4.2) cBs3b
MEXJy BEJIMYMHAMM ¢ U 77 — QyHKUus f(f,€) — U3BECTHA C TOYHOCTBIO JO

3HaYeHUW TnapaMeTpoB ¢. lHTepec NPEACTaBIAIOT 3HAYEHUS € [OTOMY,
HAIpUMEP, YTO OHU MUMEIOT (PU3UUYECKHUI CMBICI, HO HE MOTYT OBITh U3MEPEHBI
HEMOCPE/ICTBEHHO. 3a/1adya COCTOUT B TOM, YTOOBI KaK MOXHO TOYHEE OYEHUMDb
napamempsl 3aBUCUMOCTH. Bo BTopoi mnocranoBke (mm. 7.2, 7.4.1) uenbro
MOJEJIIMPOBAHUS SIBJISIETCS BO3MOXKHOCTb MPEACKA3aThb B 3aJaHHbIA MOMEHT
BpEMEHH [ 3HA4YCHHWE 7], T.. TpeOyeTrcs HaWTH (QYHKIHUIO f, CIIOCOOHYIO
o0ecrneunTh TakoM MPOrHO3 € MUHUMAIBHON (B OMNPENEICHHOM CMBICTIE)
norpemHocThio. [Ipu 3TOM yaie Bcero Buj (yHKIIMM HEU3BECTEH — BapUaHT
3a7a4l O KYEPHOM SILITUKEY.

B nmanHOM riaBe BBOASTCS MHOTHE BAXKHBIE JUJISI NAIBHEUILIETO W3JIOKECHUS
uaen u TepMuHbl. B m. 7.1 paccMaTpuBaioTCs M COMOCTABISIOTCA Hambosee
MONYJISIPHBIE  METOJbl  OLEHKH [apaMeTpoB. 3aTparvBarOTCi  BOMPOCHI
ONTUMAIBHOTO M YCTOMYMBOrO OLIEHMBaHUS. B 1. 7.2 BBOAATCS MOHSTHS

' Tam 06b1aHO TOBOPAT O CBSI3M BenWuuH X M Y Npou3BOIBHOW mnpuponbsl. B Hamem

KOHKPETHOM CITy4yae OJTHOW M3 HUX SBIISIETCS BpeMs ¢, Apyroi — Habmronaemas 7.
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anmpoKCUMAIIUH, perpeccum, MHTEPIIOJIALINY, HKCTPATIOJISIIHH.
PaccmarpuBaercss BbIOOp Kiacca MOAENEH [Uld anmpoOKCHUMAalUu M Ipobiema
«repeodydeHus» Mozenu. B m. 7.3 oOcykaaroTcs BONPOCH! JUArHOCTUUECKOM
NPOBEPKU MoOJeENe, B M. 7.4 pacCMOTpEHbl MPUIOKEHUS MOJENEH BUAA
n = f(t,¢) Mg NporHo3a u YuciieHHoro nuddepeHupoBaHusl.

7.1. Ouenka nmnapamMeTpoB

PaccmoTrpuM 3amady 0 «IIpO3pavyHOM  SIIMKE»: CTPYKTypa MOJEIU
W3BECTHA, HEU3BECTHbl KOHKPETHbIE 3HaueHusi mapamerpoB. Haunem c
JTETEPMUHUPOBAHHOTO ciTydasi. MicXoaHbIii mporiece 3a1aH GopMyJioi

n=f(teo), (7.1)
HU3BCCTECH BUI (I)YHKHI/II/I f, HCU3BCCTHbI 3HAYUCHUA C. 3amaua IMOCTPOCHUA

Mozenu Buaa 17 = f(¢,€) CBOAUTCS K TAKOMY TOJI00PY 3HAYECHUN P mapaMeTpos,

yTOOBbI Tpaguk (GyHKIUH [ TPOIIeT B TOYHOCTH Yepe3 AKCIEPUMEHTAIIbHbBIE
TOYKH (tl.,nl. ),i =1,..., N . Pemenue HaxoauTCs U3 CUCTEMbl YPaBHEHUH

771' :f(tiﬂcls”'acP)s izls"'sns (72)

r7ie BEIOpaHbl 7 MOMEHTOB HaOmrojaeHui n3 odmero uncina N. Ecnm f nuHeiHa
M0 MapameTpaM, TO B THUIIMYHOM ciiydae cucrema (7.2) umMeeT €IMHCTBEHHOE
pemienue npu n = P. OHO MOXeT ObITh HaMICHO OJHUM U3 MHOTHX M3BECTHBIX
MeToz10B [153]. IIpoGiieMa BO3HMKAET, €CIIM MaTpULla CUCTEMBI BBIPOXKIEHA WU
IJI0X0 O0YyCIIOBJI€HA (HEKOPPEKTHOCTh WJIM IJI0Xasi 00YCIOBIEHHOCTh 3ajauu).
Torma TOBOpPSAT, UTO TaApaMeTpbl MOJEIH HeuoeHmuguyupyemsvr 1O
umeroniemycst Habopy naHHbIX. [Ipobrema WHOTAA MOMKET YCTPAHSATHCS MpPH
3aMEHE OJHUX MOMEHTOB HaOmoaeHui #; B (7.2) apyrumu. Eciu uucio touek N

BO BPEMEHHOM psijie OoJiblie P, TO OCTaJlbHble TOYKM MOTYT HCIOIb30BaTHCS
IUIsl TIPOBEPKHU aJeKBaTHOCTU Mozenu. Ecnu N menbuie P, To 3aj1a4ya HE UMEET
€IMHCTBEHHOTO PEUICHHUS], T.€. OHA HEKOPPEKTHO MOCTABJICHA.

B cinyuyae wenwHeiHOW 3aBHcHMMOCTH f OT ¢ cucrema (7.2) pemraercs
MPUOJIMKEHHBIMU YHCIICHHBIMU MeToaamHu [73, 85, 153]. CornacHo mro0omy u3
HUX BBIOMpACTCSl HEKOTOpas cTapToBas aoragka ¢ Juis MCKOMOTO BEKTOpa
napametpoB. IlyTem pemenus auHeapuzoBaHHOM 3a1aun (Meroa HeroToHa) nmu

uraue noiyyaor nonpasky Ac'” u HoBoe mpubmmkenue ¢V =c¢” +Ac?. U
Tak Jlajee, MoKa UTepallMOHHBIN MpoIlecc He COMIETCS C 3aJJaHHOM TOYHOCTBIO K
HekoTopoMmy pemieHuto €. Ilpu 3agaHHON cTapTOBOW Aoraake OyaeT HailleHo
TOJILKO OJIHO W3 PEIICHUN CHCTEMBI, HO €CJIM OHa MMEET MHOIO PELIEHUH, TO
HY’)KHO HaWTH HUX BCe, 4YTOOBI TOTOM M3 HHUX BBIOpaTh HCTUHHOE. ITO
NpUHLMITHATbHAS TIPpo0JieMa, TaK KaK He CYIIECTBYET OOIIEro METo/1a, KOTOPHIM
Obl TapaHTUPOBAJT OTBHICKAHME Bcex pemeHudd [73], XxoTs pazpaboTaHo
MHOKECTBO OoJiee WM MEHee YCIEIIHbIX aropuTMOB. [Ipu HeboibIIOM YHCTe
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HEU3BECTHBIX 3aJlaya HE OYEHb CJO0KHA. AHAJIOTMYHO JIMHEMHOMY Ciy4aro,
JOCTaTOYHO B3ATh 7 = P (wnm Ha 1-2 Oojblle, B 3aBUCHUMOCTH OT XapakrTepa
HEJIMHEHHOCTH).

PaccMoTpuM nmoppoOHee CTOXaCTUYECKUH CITydail — HCXOIHBIH Mmpoiiecc

n=f(te0)+5(0), (7.3)

rae £ — ciydalHbIN Tporece («IIym») ¢ HyJIEBBIM CPEIHHMM. 371eCh pedb ST He
0 TOYHOM pacyeTe 3HaYCHHUH MapaMeTPOB, a O TIOTYUYECHUU UX CIMAMUCIUYECKUX
oyenox €, Kak MOXHO Oozee Onm3kux K ¢,. OObIUHO paccMmaTpuBaeTcs

cutyauus, korga <&(f;) — He3aBUCHUMBIE OJUHAKOBO paclpe/ieICHHbIE

cllydaiiHble BeNMMYUHBL. JleTadbHO 3aKoH pachpeseneHuss & MOXKeT ObITbh
Heu3BecTeH. Torga auOO MJIOTHOCTH pachpeieneHus BeposiTHocTed  p(&)

MpernoiaraeTcsi COBNAJaOIEe ¢ OJHMM M3 M3BecTHBIX 3akoHOB (['aycca,
Jlammaca, paBHOMEpHBIM), JHOO WCHOJB3YIOTCS YHHUBEPCAIbHBIE METOIbI
OIICHKH, pab0TOCIIOCOOHBIC TS MTMPOKOTO KIacca 3aKOHOB paclpeaeiieHusI.

7.1.1. MeToanl OlICHUBAHUSI

Yucno BO3MOXKHBIX METOJOB OICHHBAHUS OECKOHCYHO BEIIMKO — 3TO
MHOXECTBO BCE€X (DYHKIUH, KOTOpBIE MO BXOJHBIM JIaHHBIM (tl.,nl. ),i =1,...N

naroT 3HadeHne ¢ Ha BoIxoae [81, 145]. Cpenu 3Toro MHOro0Opasusi ecThb psif
W3BECTHBIX METOJIOB, 00JIaaONUX BBICOKOU A(D(PEKTUBHOCTHIO JJIT HEKOTOPHIX
KJIaCcCOB 3a/a4, MPOCTOTOW peanu3auuud U T.0. PaccMoTpuM M comocTaBUM
HEKOTOpbIE U3 HUX. B MeTOIMYECKOM MIIaHe MOJIE3HO pa3InyaTh JBE CUTyallUu:
1) BenMunHa ¢ Hecydaiina ((UKCHPOBAHHBIE MOMEHTBI HAOIIOICHNIT),” UTO
0oJjiee TUITMYHO B 3aJja4ax aHaJIu3a BPEMEHHBIX PSIOB;
2) BenuuuHA ¢ ciydaiiHa (MOMEHTBI HaOIIOACHUN BBIOUPAIOTCSI HE3aBUCUMO,
COTJIaCHO HEKOTOPOMY 3aKOHY pactpeneneHust p(t)).

7.1.1.1. MeToa «IpOCTOro ycpeaHenusi».” I1yCTh MMEIOIIYOCS BBIGOPKY
n3 N TOYEK MOXHO pa3ieauTh Ha M dacted mo P Touek B Kaxaou. bynem
JEHCTBOBATh TaK, KaK €ClId Obl IIyMa He ObUTO: JUIS KaKIOW k- 4acTh perimm
ypaBHeHus (7.2), TpeOyromue TOYHOro paBeHcTBa 77, = f(¢;,¢). Ilycts mus

KaX/0l 4YacTM OHM HMMEIOT €JUHCTBEHHOe pewmeHue ¢&,. Halinem urorosyro
OLIEHKY Kak »JSMIHUpHYecKoe cpeaHee ¢,  (IPOCTBIM  yCPEIHEHHUEM):

é:(l/M)Aiék.

2
Orta cuTyauusi UMeeT cliellMajibHOe Ha3BaHue: cxeMa ['aycca — Mapkosa [51].
3 HasBaHue He SIBIISIETCS yHUBEPCAIBHBIM, HO HEsI OYCHb POCTA M YACTO HCIIONB3YETCS.
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7.1.1.2. MeToa CTATHCTHYECKHMX MOMEHTOB. MeToJ OTHOCUTCS, CTPOTO
rOBOPsI, TOJIBKO K CUTYyallH, KOTJa BEIMYUHA f SBJISIETCS Cily4daiiHoH, a f(f,¢) —

anredpandeckuit MHOTOWIeH. ONUIlIeM ero Ha MpUMepe UCXOTHOTO Ipoliecca
n=c +cyt et +E). (7.4)

Haiimem wmareMaTtnyeckoe okujaHue o0Oenx dyacted paseHcTBa (7.4).
Hcnons3yst joropoperrocts ME =0, nomydnm *

Mn]=c, +c,M[t]+c;M[t*]. (7.5)
Teneps ymHO)UM 00€ yactu (7.4) Ha 77. ONIATH BBIYUCIIMM CPEIHEE U TIOTyIUM
M[*1= M)+ e, MIni] + ;M. (7.6)

YMHoxuM 00€e yactu (7.4) Ha ¢, BBIYUCIUM CpeJIHEe, MOTYUYUM
Mnt]=c,M[t]+ c,M[t* ]+ c;M[£]. (7.7)

Ecnu Obl Obul M3BEeCTHBI 3HaueHUs: MOMeHTOoB M([n], M[nt] n npyrux,

Bxoasmux B ypaBHeHus (7.5) — (7.7), To pemas 3TH JWHEWHbIE YpaBHEHHS
OTHOCUTEJIBHO NapaMeTpoB ¢;, C,, C3, MOXHO ObLIO OBl TOYHO ONPEAEIUTH

WCTUHHBIE 3HAYEHUS MOCIEAHUX. TE€OpeTUYECKME MOMEHTHI HEU3BECTHBI, HO
3aMEHUB WX Ha OIEHKH — AMIUpHUYecKkue MomeHThl (mm. 2.2.1.4, 2.2.1.6), T.e.

N
IIOJICTABUB <77> = ]1[2771. BMECTO M[7n] ¥ T.A., TOXYy4YHM CUCTEMY YPaBHEHUN:

cl+cz<t>+c3< > (n),
e (n)+ ey (mt)+ et ) = < g (7.8)

all)reslt’)ves(r’)=(n

W3 KOTOPOW U HAWJIEM OLICHKH C .

Meroa MOXXHO 000OIMTL HA Claydaid, Korma f — He anreOpandecKuit
MHOTOYJICH. 3HAUeHUs TapaMeTpPOB MPHIETCS WCKaTh, pellas HEIUHEHHBIC
YPaBHEHHUS, B KOTOPBIC BXOJAT BEIWYMHBI THIIA < f (t,c)>, a HE IMIMPUYCCKHUEC
MOMEHTBI. Ho pakTHYecKku 3TO OYeHb 3aTPYIHUTEIIBHO.

Hakonen, 3ameTum, 4YTO eciM ¢ — HE Cly4yaiiHas BeJIWYUHA, TO

WHTEpIIpETaLMsl BEJIMYUH <t>, <t2> Y IIp. KaK OLIEHOK CTaTUCTUYECKUX MOMEHTOB

* Benmuuna ¢ JOJDKHA UMETh TaKKe HEOOXOMMOE YHUCII0 KOHEYHBIX MOMEHTOB. Tak, eciu p(t)
HMEET «TSKEIbIe» XBOCTHI (YOBIBACT MO CTEICHHOMY 3aKOHY TpU f —> 00 ), YK€ BTOPOWM
OMIIUPHUYECKUI MOMEHT MOXKET HEOTPaHWYCHHO BO3pacTaTh IMPH YBEIUYECHHH OObeMa
BBIOOPKH.
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HCBO3MOKHA. OI[HaKO MCTOJ MMPUMCHATH MOKHO, TOJIBKO CICAYCT IIOMHUTDL, YTO
Ha3BaHHUC «MCTOJ MOMCHTOB)» HC BITOJIHC COOTBCTCTBYCT CUTYyaAllUN.

7.1.1.3. MeToa MakCMMAJbHOIO npasaonogodus. B orinuue ot nBYyX
OpeabIAYIIUX METOAO0B, Aisi npumeHeHus MMII HeoOXoaMMO 3HATH 3aKOH
pacnpez[eJIeHI/IsI5 & ¢ TouHOCTBhIO 710 mapameTpoB. MMII 6bu1 onmcasn B 1. 2.2.1.7
B IIPWJIOKEHUU K OLIEHKE MapaMeTPOB OJHOMEPHOTO paclpeeneHus. 31eCh BCE
obcrouT aHanmoru4yHo. HaOmromaemulid ps mpencTaBiseT cOOOW CiydalHBIN
BEKTOP {nl,...,nN}. [Ipu Heciay4yalHBIX MOMEHTaxX f; M HE3aBUCUMBIX APYT OT

apyra &; GyHKIMs IPaBIONOA00Us NPUHUMAET BU

N
L(e) = p(y,esriyl0) = [ [ p(m; = 1 (1;,0)). (7.9)
i=1
Omna 3aBucut ot napamerpos c. MMII peanuzyercs myTeM MakCUMHU3aLUN

N
InL(c)=>Inp(n, — f(¢,¢)) > max. (7.10)
i1
MMII coctouT B TOM, 4TOOBI BHLIOpATh 3HAYEHMs [APAMETPOB € TaK, YTOOBI
IJIOTHOCTH BEPOATHOCTH HOSABIICHUS HAOII0IAEMOr0 psijia Oblla MaKCHMAaJIbHA.
Ecnu Benmumba { ciydaiiHa, TO NPAaKTHYECKH HUYETO HE MEHSETCH:
KaKaplil comHOXuTeNb (7.9) ymHOKkaercs eme Ha p(f;), W, NPU YCIOBUU

HE3aBUCUMOCTH pactpenencaus p(t) ot ¢, MII-omeHKkn HaXOmATCS BHOBH W3
(7.10).

KonkpeTHplii BuA (QYHKIMH [PaBAOMOMOOWS 3aBUCHUT OT 3aKOHA
pacnipenenenus p(&). B obmem cirydae 3T0 3a7a4a MHOTOMEPHON HEJIMHEHHON

ONTUMHU3ALMH, KOTOPYIO PEHIaloT UTepalMOHHBIMU MeTtojgamu [73]. g tpex
OUYEHb PACHpPOCTPAHEHHBIX 3aKOHOB pacnpezeneHus ¢ MMII npuBoguTcs K
OIHOMY M3 Tpe€X JPYTHX METOJOB: METOJ HAaUMEHBLIMX KBaJIpaTOB, METOL
HaMMEHBIIIUX MOJYJIeH, METOJ MUHUMU3AIIMA HauOOJIBIIET0 YKIOHEHHUS.

7.1.1.4. Meron HamMeHbIIMX KBaaparoB. Ecium & pacnpenenena 1o

layccy pé&)= (1/ . /27ZO'§ )exp(— £2 / 20 §> (ymMecTHO g OMMCAHUS

MOTPENTHOCTEN M3MEpeHUW B CTAaOWIBHBIX ychoBusix [51]), To dyHKIMS
MPaBIONOI00US €CTh

NIn(2ro? N
LIRS TS (7.11)

InL(¢)=—- 5 ”y
£ i=1

Ee MaKCHMMU3alMs 110 ¢ 3KBUBAJICHTHA MUHUMMH3alIN BCINYHUHBI.

5
OOBIYHO MPENONaraeTcs, 4YTo MIOTHOCTh PaclpeeNeHHs YHUMOJaIbHAsL.
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S(e) = i(m — f(t,,¢))> - min. (7.12).
i=1

O10 U ecTh MeroJ HauMmeHblux kBaapatoB (MHK). Ero reomerpuueckuit
CMBICT: OIICHKH ITapaMeTPOB MOJAOUPAIOTCS TaK, YTOOBI MUHIMH3UPOBATH CYMMY
K8AOpamos BepMUKAIbHbIX PACCMOAHUNL  IKCTICPUMEHTAIBHBIX TOYEK Ha
miockoctu (¢,77) ot rpaduka f(z,c), puc.7.2.

7.1.1.5. Meton HaumeHblimx wmoayJeil. Eciu & pacmpenenena 1o
Jlamumacy p(f):(l/2A)exp(—\§\/A) (YMECTHO IS OINHMCAHMS IOTPEUTHOCTEH

M3MEpPEHUM B HECTAOMIBHBIX YCJIOBHSAX [51]), To dyHKUMS mpaBaOomoa00us
UMEET BH]T )

InL(c) = —NIn(2A) —i%ni — f(t,,¢). (7.13)
i=1

Makcumu3zanus o c HKBUBAJICHTHA
MUHUMM3AIUU CYMMBbl MOOYiel BepMUKANbHbIX
paccmosHuu

o }_.Sk(HeBﬂarca)

L

N t

S'(¢) ="\, = f(t;,¢) — min. (7.14).
=1 Puc.7.2. WnmrocTparus
OIICHKHU rapameTpoB v
7.1.1.6. Meton MHUHHUMM3AUMH  oyvombio MUHAMH3AIHH
HauOo/blIero ykJoHeHusi. Ecniu BenwumHa & BEPTHKANIBHBIX  PACCTOSHHMIA
pacupeneneHa paBHOMEPHO Ha OTPE3KE JIJIMHOU (HEBSI30K, HEKOTOpPbIC
1 IIOKa3aHbI YCPHBIMU
Ar p(é)=—,~A<ELA (YMECTHO IS OTpe3Kamu) oT
2 A OKCIICPUMCHTAJIbHBIX TOYCK

OMHUCAHUSI TOTPENTHOCTEW  OKPYIJeHUS TIPU 10  rpaduka  MOJEIbHOM

BBIYUCIICHHSIX ), TO (DYHKIUS MPaBAONOA00MS ecTh  GyHKIMH. MHHUME3HpYeTCs
nin CyMMa nux KBaI[paTOB,

1 X .
L(c) = H®(A_‘77i —f(tl-,C)D. (7.15) WIH CyMMa MoayJieldl, wiu

A)Y o

Ee MaKCuMH3aluAa 110 C (HpI/I HCHU3BCCTHOM A) OKBHUBAJICHTHA MHWHHUMH3AIIUHN
HaKOOJIBIIIETO BCPTHKAJIBHOTO PaCCTOAHUA

S"(c) = lmax\ni — f(ti,c)\ — min. (7.16).

<i<N
Kaxnpiii u3 metonos (7.12), (7.14), (7.16) conagaer ¢ MMII Tonbpko mpu
yKa3aHHBIX 3akoHax pacnpeneneaus & Kaxaplii w3 HUX TpU HEKOTOPBIX

YCIOBUSIX IPEBOCXOAUT OCTaJbHbIE M IIOTOMY HMEET LEHHOCTh H Kak
CaMOCTOATENIBHBIA METOJ OLIEHKH, a HE TOJIBKO Kak BapuantT MMII.
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7.1.2. ComocTaBJIEHUE METOIOB

KauecTtBo MCTOJOB MOKHO OIIPCACIIATh, OIMUPAACH Ha PA3JIMIHBIC CBOMCTBaA
OIICHOK. BYZ[eM ACJIaTb 3TO HauoOoJee MOy JIIPHBIM CHOCO6OM, CorjiIaCHO
KOTOpOMY JIy4dIIC BCCTO OINCHKAa C HAMMCHBIIMM CPpCAHHUM KBaJApaTOM OIIINOKH

M[e - 00]2 . Ilocnmennuii mpencraBiasieT coOOM CyMMy KBajpaTa CMEIICHHS
OIICHKH U €€ AUCIepcuu, cM. Takxke (2.16) u (2.17) B m.2.2.1.4:

M[e-c,I’ =07 +[Me—c,]*. (7.17)

7.1.2.1. Ilpumep: auHeHHbIe OLEHKH. PaccMoTpuM cHayana npocTou
pUMep, B KOTOPOM HECKOJBKO Pa3HBIX OLEHOK OKa3bIBAIOTCS JTMHEWHBIMH 10
7; (Takue OLICHKH IapaMETPOB HA3BIBAIOT JUHEUHbIMU) U HECMEILEeHHbIMU. JIIs

3TOr0 HY’KHO, 4yTOOBI (yHKIUS f OblIa JMHEWHA 10 ¢, a moMexa & U Bpems ¢ —
HE3aBHCHUMBI. DTOMY YCIIOBHUIO yIOBJIETBOPSET, HAIPUMEP, UCXOAHBIN MPOLECC

n=cyt+¢&, (7.18)

rae ciayvyaiiHas BenuuuMHa & pacmpelesieHa [0 HOPMalIbHOMY 3aKOHY C
.2
pucniepcueil o . [IpuMeHNM METOABI IPOCTOrO YCPEAHEHUsI, CTATHCTHYCCKUX

momeHToB 1 MHK (coBnanarommii 3meck ¢ MMII) u cpaBHUM pe3ynbTaThl.
CMmbICT MeTOJa IMPOCTOr0 YCPEOHEHMs 3[1€Ch COCTOUT B TOM, YTO 4epe3
KOKIy0 TOYKYy {,,77; W HAYal0 KOOPAMHAT IPOBOAUTCA IpsAMas JIUHUA,

OmpenemnsieTcss ee yrioBod Kod(DGUUUeHT ¢; =7),/t;, a 3aTeM HaxOIUTCS

CpeIHUIl MO BCEM IOJIyYEHHBIM YTJIOBBIM Kod(pduuueHntam (tabdin.7.1). Ecnu
HEKOTOPbIE MOMEHTHI HAOJIIOIEHHUH JIE)KAT OKOJIO HYJIs, TO OTKJIOHEHHUs ¢; OT ¢,

JUTSL HUX MOTYT OBITh OYEHb BEJIUKH (T.K. OHH PaBHBI &, /1, ), 3TO MOXET BECTH K

OuYeHb OOJIBIIOMY pa3z0pocy 3HaueHuil oneHkH. OHa MOXKET Jake HE HUMETh
KOHEUHBIX cpefHero u aucnepcuu (tadn. 7.1). HerpyaHo mokaszaTe, 4TO €Ciu
CpelHee KOHEYHO, TO OLIEHKa HE CMEIlEHa.

['eomeTpuueckuii cMBICT METOJa MOMEHTOB — HAXOJSATCS BBIOOPOUYHBIE
CpeIHHE KOOPJAMHATHI <t> v H <77> y»> depe3 TMOIYYCHHYIO CPEIHIOK TOYKY

(«eHTp TsDKEeCTH») oOJiaka SKCHEPUMEHTANBHBIX TOYEK W Hayallo KOOpIMHAT
MPOBOJUTCS MpsiMast, YIIOBOM KOAPPHUIMEHT KOTOPO MPUHUMAETCS 32 OLCHKY
¢. Ecnm ee cpelHee KOHEYHO, TO OHA TaK)Ke HE cMelleHa. Jlucnepens Takou
OLICHKM MEHbILIE, YeM JUIsl OLEHKH MPOCTOro ycpeaHenus (tabdin.7.1, puc.7.3).
D10 oTIIMYMEe 0COOEHHO CHUJIBHO, €CJIM BCTPEYAIOTCsl OJM3KHE K HYJIH0 3HAUYEHUs

KOOPAUHATEI {.

Tabmuma 7.1.
Pesynbrarel ouenku napamerpoB B mpumepe (7.18) pasnuunsiMu metomamu. Jucnepcuu
OIICHOK TMPEACTABJICHBl Ui CIy4allHOM BenWuyuHbl f. JUIs Heciy4allHOM BEIWYWHBI ¢
JOCTATOYHO 3aMEHUTh €€ «MaTeMaTHUYECKHE OKUIAHMsD) Ha BBIOOPOYHBIE CPETHHIE

METO/bI \ dbopMybl g & \ Hucnepcus ¢ \
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N

IPOCTOrO yCPeIHEHHS N m, /1, (0 ) / N )M[l/ t°]
i=1

N N

CTATHCTHYECKUX MOMEHTOB | D 7]; / Z ; (052 / N )M[l/ <t>i]]

i=1 1

HAMMEHBIINX KBA/PATOB i:’?,fi :Z::ff (oé /N )M[l/<l ? > M

Uto kacaercas MHK, TO ero omneHka HMeET KOHEUYHOE CpEIHEe U
mucnepcuto. OHa TOXKE HE CMELIEHa U €€ JUCIEePCUsi MEHbLIE, YEM Yy OLEHOK,
MOJTyYEHHBIX ABYMsI IPYTUMHU MeToaamu (puc.7.3).

Jns Bcex Tpex METONOB JUCIIEPCHI0 IIOMEXM MOXHO OLEHHUTb Kak

BBIOOPOYHYIO JUCIEPCUI0  OCMAmKO8 MOOenu 6§ =S(¢)/N. Ocrarkamu

Ha3bIBAIOT BENMYMHBl &; =177, — f(¢;,¢), rme ¢ — TIOIy4YeHHbIE OLEHKH

napaMeTpoB. 3aMETUM, 4YTO B Clly4ya€ HOPMAJIbHOIO 3aKOHA paclpeereHUs
&9Ta OlleHKa Jucrepcuu rmoMexu copmnajgaer ¢ ee MIl-onenkoii. Bo Bcex Tpex
Clay4dasx Aucrepcus ¢ YMEHBIIAETCd C POCTOM [UIMHBI PSAla, T.€. OLEHKHU
CTaHOBSITCS BCE€ TOYHEE, T.K. CMEIICHUS Y HUX B JAHHOM CIIly4a€ HET. 3aKOH
YMEHBIIEHNS TUCIEPCUU IS CITy4aifHbIX MOMEHTOB HAaOJIOJICHUHN #;, B3STHIX U3

2
HEKOTOPOro pacrpejeienus, ectb o, o< I/N (puc.7.3), HO npu apyrux
CBOMCTBax #; OH MOXKET OTJIMYaThCS.

0-62 — MCETO/J, HpOGTOFO preﬂHeHHH
1 E — — MCTOJ CTATHCT. MOMCHTOB
E MCTOJ HAHMCHBIITHX KBaﬂpaTOB
0.1
0.01 -
0.001 _
0'0001 \\\\\\‘ T |||||\‘ T T |\||\|‘
10 100 A7 1000 10000

Puc.7.3. lucnepcun OIEHOK, MOMyYEHHBIX Pa3IMYHBIMUA METOJIaMHU B 3aBUCUMOCTH OT JJIMHBI
psizia B JIBOMHOM JjorapudmuyeckoM maciirade Ajas MpuMepa co clyyailHOM BeIMYuHOH 7,
pacnpenenenHoli paHoMepHo Ha otpeske [0.1,1.1], & — pacnpezneneHa 1Mo HOpMaIbLHOMY
3aKOHY C €JMHUYHOI nucnepcuel, ¢, = 0.5. Mensiue Bcero aucnepcus onenkn MHK, 3atem
MOMEHTHOH OLIEHKHM, HanOoiblIasi — JUIs MPOCTOrO yCPEAHEHHs. 3aKOH M3MEHEHHs BO BCEX

CIIyJasix o-? oc I/ N, T.K. yroil HaKJIOHA IPSIMBIX OJMHAKOB H paBeH |

7.1.2.2. AcuMnTOTHYECKHE CBOMCTBA. PacCMOTpHUM CBOICTBA OLIEHOK ITPU
yBEJIHMUEHUN 00BbeMa BBIOOPKH (ITMHBI BPEMEHHOTO psiga), N — . HauneMm co
Cilyvas, KOrja ¢ — ciy4yaiiHas BEJIMYMHA C KOHEYHBIMU CPEJIHHUM W JUCIIEPCUEN.
I[Ipu Takom mnocranoBke MMII paeTr acUMNOTOTUYECKHM HECMEIICHHBIE,
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ACUMNTOTUYECKH d(PPEKTUBHBIC, COCTOATEIbHBIEC OIIEHKH. T.€. MPU JOCTATOYHO
007bII0M 00BEME BBHIOOPKH ATO MPAKTUYECKH HAWITYYIINNA METOJ OICHHUBAHHS.
MHK wu wMeTron MOMEHTOB TakXke JalT I[PU HEKOTOPBIX YCIOBHUAX
cocTosiTeNbHbIe olleHKH [S1, 81].

Ecnu jxe MOMEHTBI HaOIIOIEHUH #; HE CIIy4alHBbl, TO CUTyalus MEHSETCH.

JIOCTaTOYHO TUIMYEH Clly4ald KOTJa f; Pa3’eleHbl MOCTOSHHBIM BPEMEHHBIM
maroMm f; =t,+iAt, m pocr muuHbl psAna N COOTBETCTBYET YBEIMYCHHIO

JUIMTENIbHOCTH HHTepBajia HaOmtojeHusi. Kaxmoe HOBOe HaOMIOJEHUE MOXKET
TOTJIa BHOCUTh BKJIaJL B (QyHKUUIO mpaBaonoaodus (7.9), OTIUYHBIN OT
npeabitynmx. Yacto QyHKIMA npaBrononoOust Bce CUIIbHEE 3aBHCUT OT 77; C

poctoMm i, T.e. BenuuuHa L B (7.9) craHOBUTCS HecmayuoHapHa 1O i. ITO
OTPa)KaeTcsi TaK Ha3bIBAEMbIM UYACMHbIM UHGOPMAYUOHHBIM KOJIULECHBOM

@uwiepa: B cilydae OIHOrO Tapamerpa 510 Benwumua I, =(0f (¢,,¢))/ 60\6260)2.

Yem Oompme [;, TeM CHIbHEEC BIUSHUE HAOIIONEHMSA 7); HAa 3HAYECHUE

nosrygyaemol MII-onenku. Takoe cuiapHOE BIMSIHUE MMEET MECTO IIPU OLIEHKE
11apaMeTpOB 3aBUCHUMOCTEN

n=sin(cyt) + &, (7.19)

n = sin(exp(cyt)) + & (7.20)

M0 DJKBUAWUCTaHTHOMY psay. B cmywae (7.19) MIl-ouenka coxpaHser
ACUMNTOTHYECKYI0 HECMEIIEHHOCTh, HO €€ MUCIepcHus YyOBIBaeT oOwvlcmpee:

0'@2 ocl/ N’, T.e. oueHka craHOBUTCS TouHee. B cimyuae (7.20) dyHKums

MPaBaONO00UST TEPSIET TIAJAKOCTh, CTAHOBUTCS CIIUIIKOM «H3PE3aHHON» MPHU
N —> o (cMm. puc.8.4,a B 1m.8.1.2). [ToaToMy 0 €€ aCUMINTOTHYECKUX CBOMCTBAaX
HUYEro He W3BeCcTHO. llpu xoneunvix N pucmepcusi OLIGHKH YOBIBa€T OYEHb
OBICTPO C POCTOM JUIMHBI psifa — NPHUOTUZUTEIBHO IO AKCIIOHEHIIUATBLHOMY
3akoHy [287]. Ho mpu Oompmmx N mouck riobambHOro Makcumyma (7.9)
CTAaHOBUTCS MPAKTUYECKH HEBO3MOXHBIM, T.K. QYHKITHS UMEET CIUIIKOM MHOTO
JOKATBHBIX ~MaKCHUMyMOB. OTH JK€ TIpOOJIeMbl BCTpEeYaloTCI U TPHU
UCTIOJb30BaHUU METOJI0OB HAMMEHBITUX KBAJAPAaTOB, HAUMEHBIIUX MOMAYJCH H
MUHUMU3AINUN HauOOJIBIIEr0 YKIOHCHUS.

7.1.2.3. KoHeuHblii 00beM BbIOOPKHU. YUUTHIBasI CKa3aHHOE BBIIIE, YaCTO
MPUXOJUTCS OTPAHUYMBATHCA HEOOJBIIMMHU JJIMHAMH PSJa, HO B 3TOM CIIy4yae
MMII He rapaHTHpyeT OLEHOK C HawIydllMMu cBoWcTBamu. [loaromy
CHEelMaIbHOE BHHUMaHuEe OBbUIO YJENIEHO HCCIEIOBaHUI0 3()PeKTUBHOCTH
METO/I0B Tpu paboTe ¢ BBIOOpKAMU KOHEYHOro oObeMa. Ilpu HeciywaitHoi
BEJIMUMHE f, HOPMAJIBHOM PACHpEeICeHUN ITOMEXH U JIMHEHHOW 3aBUCUMOCTH f
or ¢ onenku MHK (kotopeie coBmamaror Torma ¢ MMII) saBasitorcs
HECMEIEHHBIMH U 3(Q(PEKTUBHBIMH, T.€. HAWIYYIIMMHU B KJIACCE€ HECMEIICHHBIX
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ouneHok. IIpu mpowusBosbHOM 3akoHe pactpezaeneHus nomexu MHK (yxe He
copnagatonuii ¢ MMII) naer Hawmydimme OIEHKH B Oojiee Y3KOM KIlacce —
KJIacce JINHEWHBIX U HECMEIIEHHBIX OLIEHOK. OHAKO CYIECTBYIOT HEJITMHENHBIE
OILICHKH (CMEIEHHBIE), KOTOPbIE MMEIOT MEHBINYI0 MorpemHocts (7.17), yem
oneakn MHK [51].

7.1.3. OnTumajbHOE OILIEHUBAHNE

B nmpoctom mpumepe, paccMoTpeHHOM Bbiiie B 1. 7.1.2.1, cBOMCTBa OIIEHOK
HE 3aBUCEJIM OT MCTUHHBIX 3HAUYEHUI mapameTpoB ¢,. B obmeM ciayuae Takas
3aBHCHUMOCTb UMEET MECTO: UI1 OJAHMX 3HAYCHHH €, OLCHKA MOXKET HMETh
MaJy TOTPENTHOCTh, a ISl IPYyTux — Ooubinyro. JKenaTenbHO HAWTH METO,
KOTOPBIH aeT HAUIy4IlHe OLIEHKH Ul JII0OOro 3HaYeHUsl ¢, U3 MHOYKECTBA €TI0
BO3MOXHbIX 3HaueHud C. OJIHAKO TaKOrO0 PABHOMEPHO JIy4uie20 METOJa
OIICHMBAaHUsI HE CyllecTByeT. ECTh OLEHKH, ONTUMAJbHBIE B Pa3JIMYHBIX
CMBICJIaX, COOTBETCTBYIOIIMX TMPEANOIaraéMbiM CIIOCO0aM HCIIOJIb30BAHMUS
MeToAa oOleHuBaHMs. [[Ba NOMyJsIpHBIX BapuaHTa — METOJ MHUHHMAaKca |
OailecOBCKUI METOJI.

Hpuﬂuun MUHUMAKCA. HYCTB HCU3BCCTHO, IIpU KaKUX HCTHHHBIX
3HA4YCHUAX €, U3 obnactu C MNPpUACTCA Yalle UCIIO0JIb30BaTh MCTOA OUCHHBAHKA.

N nycte paxxe B OJHOM-€IMHCTBEHHOM CcCiiyyae OoJiblllasg OIIMOKAa KpaiHe
HexenarenbHa. Toraa Hy»eH MeTOJ, UMEIOIINI MUHUMAIIbHYIO OTPELIHOCTh B
CaMOM XYJILIEM CIIy4ae:

sup [(e—c, ) p(€e,)de — min, (7.21)
cyeC
rae p(é\co) — IUIOTHOCTb PACHpEACICHHUs OLEHKUM IpU JAHHOM C,. 37ech

MUHHUMHU3UPYCTCA IOTPCIIHOCTDH OIICHKH, COOTBCTCTBYIOIIIAA HaANMMCHCC
6J'Ial"0HpI/ISITHOMy UL OLICHUBAHUA 3HAYUCHUIO C . Ecmu Takoe €, BOBCC HC

BCTPETUTCA Ha TMpaKkTUKe, TO MeToJ], oOecneumBarommii (7.21), okaxercs
CJIMIIKOM «OCTOPOKEH» U JAaCT OLEHKHU, HE CaMble TOYHBIE U3 BO3MOKHBIX.
Ipunyun baiieca. Kak Mbl yxke obOcyxnamu B 1. 2.2.1.9, UCTHHHBIC
3HAUYEHHs MAPAMETPOB €, MOTYT PACCMATPHBATHCA KAK CIIydailHble BEIMYHHBL’
ITockoabKy pHU 3TOM OJHU UCTUHHBIE 3HAUEHMSI €, BCTPEUYAIOTCS Yallle JPYTHX,

TO >KeJNaTeJeH TaKOW METOJl, KOTOPBIA AaBajl Obl MUHHUMAIIBHYIO CPEeOHI0N0 TIO
BCEM €, IOIPELIHOCTD OLICHKH, T.€.

[(e=c,) p(eley) p(ey)de — min. (7.22)

6
B m. 2.2.1.9 paccMoTpeHO moaydeHre OLIEHOK Yepe3 aloCTePUOPHYIO TUIOTHOCTh, HO ATO HE
€IMHCTBEHHAs! MPOLeypa, MOINaIalomIas Mo MOHATHE 0aileCOBCKOTo MOAX0a.
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Takoit mMeTon peako JaeT OOJbIINE OMMOKU (TOJBKO B TEX CIydasxX, Koraa
peanu3y0TCs PEJKUE €, ), a 4aCTO — MaJlble OMIMOKHU (IJ11 HauboJee BEPOATHBIX

U, CIEI0BATEIBbHO, YACTO BCTPEYAIOLINXCS 3HAYCHUH C) ).

7.1.4. YcToluynuBOE OlICHUBAHUE

IIpeumymecteo MHK u wmeroma nHamMensmmx wmoxayJsienn Hagy MMII
COCTOMT B TOM, 4YTO JJII WX TPUMEHEHUS He TpeOyeTcs 3HATh 3aKOH
pacnpeneneHus noMmexu. M3BecTHO, 4TO ATH JBa METOJA AT ONTHUMAJIbHBIE
pe3yapTaThl, €ciIM IoMexa uMeeT pacnpenenenue laycca wim Jlamaca
COOTBETCTBEHHO. BO3HMKaeT BONpPOC: COXPaHAKTCS JU XOPOUIME CBOWCTBA
OLICHOK (T.€. HE YBEJIWYHUTCA JIM OIMIMOKA OIEHKH) MPH H3MEHEHHSIX 3aKOHa
pacnpenenenusa nomexu? Ecnu na, ToO Kakve Bapualuy 3aKOHA paclpeleieHUs
nonyctuMbl?  Ecnm  HeT, Kak CKOHCTPYMpPOBaTh yCTOMYMBYIO K OTHUM
W3MEHEHUSIM OLIEHKY? OTO MNpeaIMeT TEOPUU YCTOMYHMBOIO OLEHUBAHHUS, CM.
KHUTY [51] ¥ CCBUIKHU B HEM.

He BpaBasce B cTporue QOpMyJIUPOBKH, YKaXeM TOJbKO, 4YTO 00a
paccMaTpuBacMbIX METOJAa YCTOMYMBBI B JIOCTaTOYHO IIMPOKUX KJIaccax
pacrpenieneHuii. A MMEHHO, OIEHKM HAaUMEHBIINX KBaJIpaTOB YCTOWYHMBHI B
KJIaCCE 3aKOHOB PacHpeleeHUusl ¢ JUCIEPCUEN, HE NPEBBILIANOIMIECH 3aJaHHYIO
KOHEUHYI BeIMYMHY. OLIEHKM HaWMMEHBIIMX MOJYJEH YCTOWYMBBI B KJIACCE
3akoHOB pacmnpenenenus ¢ p(0)>A >0, rme A — HEKOTOPOE KOHEYHOE YHCIIO.

MOHO CKOHCTPYHpOBaTb W Jpyrue OLEHKH, OOJIaJaroliie CBONCTBAMHU
YCTOWYMBOCTH B eI1Ie 0oJiee MUPOKUX KIlaccax.

7.1.5. BeiBoBI
HpI/I AOCTATOYHO JUIMHHOM PsAAC, HC3AIMYMIICHHBIX 3HAYCHUAX t

i
U3BECTHOM 3aKOHE PACIPEICTCHUS MOMEXH M JOCTATOYHO «XOpPOIIei» (Y4TOOBI
MOXXHO OBIJIO HAWTH €€ TJIOOATbHBIM MaKCHUMyM) (PYHKIIMH ITPaBIOIOI00US,
Jaydiie Bcero ucronb3oBath MMIL. B orcyrcTBue uHpOpManmum o 3aKoHE
pacrpeiesieHdss TIOMEXH W JIMHEWHOW 3aBHCMMOCTH f oT mapamerpoB MHK u
METOJ HaUMEHBIINX MOAYJICH — HAWTyYIlIhe Kaxaslid B cBoeM knacce. Ho MHK
peanu3oBaTh Mpolle, T.K. 3aa4a ONTUMU3ALWN JUHENHA, B OTJIMYUE OT ITPOYMX
MeronoB. MHK wacto mpumensiercss u npu HETUHEHHOW 3aBUCHUMOCTH [ OT
napaMeTpoB, XOTS TOTJA I €ro peaju3allii HYKHO pemiath 0osiee TPyAHYIO
3a71a4y HEJIMHEMHOW ONITUMU3ALUU.

Meron crarucTHueckKMX MOMEHTOB B 1HeinoM ycrynaer MHK  mno
sddextuBHOCTH. Elie Xyke, Kak MpaBuiio, METOJl MpocToro ycpeanenus. Ho
€CTb CUTYaIluH, KOrJa OHU MOTYT UMETh CBOM MpeumyIectna [287].

MBI TOJABKO KpaTKO KOCHYJHUCH BOIIPOCOB YCTOMYMBOTO M ONTHUMAJIbHOTO
OIICHWBAHHUSA, TIOCKOJBKY COOTBETCTBYIOIIME 3a7adyd OOJiee CIOKHBI M TIOKa
MPAKTUYECKHU HE PACCMATPUBAIOTCS IIPU MOJAEIMPOBAHNUHN 110 BPEMEHHBIM PsIIaM.
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7.2. AlnpokcuMamus

7.2.1. JIB€ MOCTaHOBKHM 3314V U TEPMHUHBI

AHanornyHo 1. 7.1 paccMOTpUM ABE CUTyaluu — JETEPMHUHHPOBAHHYIO U
CTOXaCTUYECKYI0. B «J1eTepMUHUPOBAaHHOMY ClTy4yae HCXOAHBIN MPOLIECC €CTh

n="F@). (7.23)

Bun «uctunHoi» QyHkuuu F HeW3BeCTeH, U TpeOyeTcss HAaWTH MOJEIbHYIO
(YHKIUIO f, KaK MOKHO TOYHEE MpUOIMXKaroIyt0 F'(f) Ha MHTEpecyIoLel Hac
oOnactu 3HaueHuWW ¢. 3agava NpUOIMKEHHS OJHOW (QYyHKUMH F(f) Ipyroi
bynkueit f(f) Ha HEKOTOpOM OTpe3ke [a, b] — ueHTpaibHas B TEOpUHU
aHHpOKCI/IMaL[I/II/I7 [22]. B mmupokoM cMbICIe TIOJ annpoxcumayuel MOHUMAIT
3aMeHy 00H020 06BeKMa OPYy2UM, 8 HEKOMOPOM CMbLCIE BIUKUM K UCXOOHOMY.®
Ecoim mocTpoeHHas mO JaHHBIM HAOMIOJCHWA MojenbHas QyHKOUS [
WCIIONB3yEeTCs U1 pacuera 3HAaYeHUM BeNWYMHBI 77 (T.e. I 3aMeHbl ) B
IPOMEKYTOUHbIE MOMEHTBI BPEMEHHU #; <t <t,, TO TOBOPST 00 unmepnoniyuu

3aBucuMocTu 7)(f). Ecam ke anmpokcumupyromas GyHKIUS UCIOIb3YETCs IS
pacueTa 3HAYEHHMH 77 3a IpeleslaMd HaOJII0JaeMoro HHTepBana (¢ <t Wiu

9
t>ty), TO ToBOpAT 00 oskcmpanoaayuu 3aBucuMoctu 7(f). B uacTHOCTH,

7 CHHOHHMbI — TEOPHSI PHOTHKEHHS (YHKIHH, KOHCTPYKTUBHAS TEOPHs (yHKIIHIA.

IMpumep: B actpoHomuu [ITonmemess IBMKEHHST HEOSCHBIX Tel OTHOCHTEIBHO 3eMIIH
aNIpOKCUMHUPOBAIUCH C MOMOIIBI0O KOMOMHAIINY JIBHXKCHUI MO OKPY)KHOCTSM — DIHIIUKIIAM,
LEHTPBl KOTOPBIX ABIXKYTCS IO JPYTMM OKPYXHOCTSM — JedepeHTam, LEHTP KOTOPBIX —
3emis. st TOCTHKEHUSI BBICOKOH TOYHOCTH TPOTHO30B OyAYIIMX TMOJIOKEHHWH IUIAaHET Ha
HeOecHOH cdepe, 9yTo ObUT0 BaKHO B MOPCKOW HaBHTAIMU IJIi KOHTPOJA Kypca Kopaois,
Obula pa3BHTa OYEHb CIIOKHAs CHUCTEMa OSIUIMKIOB pa3HOro paamyca. Jrta paborta
CTHMYJIUpOBaJia pa3BUTHE c(hepudeckoil reoMeTpur B cpenHue Beka. Korma Ha cMeHy
TCOICHTPUYECKON CHCTEME MpHILIA TelMOLeHTprUecKas cuctema KomepHuka, To CHavasia
HOCHeIHSST 3HAYUTEIbHO YCTyNaja CBOEH MpPEIISCTBEHHUIIE B OTHOIICHHH TOYHOCTH
IPOTHO30B U Ha MpakTHKe Obuta MeHee dddextrBHa. Ho ¢ nanpHeimmM pa3BuTHEM B3IJISI0B
¥ MOJEeNel TeIMOLEHTPUYECKOW CHCTeMBbl (OCOOCHHO C MOSIBICHHEM 3aKOHAa BCEMHPHOTO
TsiroreHns: HplOTOHA) JBIDKEHHE CBETWII CTAJI0 YK€ 3HAYMTENILHO JIYYIIE OMMCHIBATHCS B
HOBOW TEOPHH, M OHA BBITECHUIIA CTApYIO.

’ B MareMaTH4ecKoM SHIMKIONEINIECKOM CIIOBAPE JAeTcs OOJIee IIMPOKOE ONMpeieieHHe
UHTEPIOJSILIUN — 20 NPUOIUNCEHHOE UMY MOYHOE HAXOXHCOeHUe KAKOU-1ubo 6enuyuHbl no
U36ECTNHBIM OMOETbHbIM 3HAYEHUSM IMOU JHce BeNUUUHb] UNU OPY2UX BETUUUH, CEA3AHHBIX C
neu [118]. IIpu Takom ompeaesieHnd WHTEPIOJISAINS BKIIOYACT B ce0s M anmpoKcUManuio. B
Cllydae OJKCTPANoJIIUK B KIACCUYECKOW MaTeMaTHKe (4aile B KOMIUICKCHOM aHaJn3e)
WCTIONIBb3YeTCs, HAIPOTHB, HECKOJILKO 00JIee Y3KOE TOJIKOBAHUE: 510 NPOOOINCeHUEe DYHKYUU
3a npedenvl ee obracmu onpeoeiens, NPu KOMopom NPoOOIICEHHAsL QYHKYUSL (KAK npasuio,
ananumuyeckas) npuxaonedcum 3a0anHomy kiaaccy. Jns Hac ymoOHee WCIONb30BaTh
NPUBEICHHBIE B TEKCTE M MPUHATBIE CPEIU CICIHMAIUCTOB IO YHUCICHHBIM METOAaM
OIIPEICIICHHSL.
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HKCTPANOJIALMIO Ha «00JIaCTh OyyILIEro» f > ¢, Ha3bIBAIOT IPOTHO30M B Y3KOM

CMBICJIC.
B «cTroxacTuueckom» cJIy4dac I/ICXOI[HBIPII IponcccC OMUCHIBACTCA KaK

n=F@)+£@), (7.24)

rae Bua GyHKIMH F Heu3BecTeH, a & — clyyailHas BeNIWYMHA C HYJIEBBIM
CpeIHHMM, He 3aBucsmas OT ¢ Jmd XapaKTepHCTUKH TaKUX IPOIECCOB
UCIIONIB3YIOT ~ HEKOTOpBIC  JIOTIONIHUTENbHBIC  MOHSATHS, OTJIWYHBIE  OT
JIeTepMUHUPOBAaHHOTO ciydas. [lonHast mHbOpManus o6 HMCXOIHOM Iporecce
COACPKUTCA B (PYHKIIMH YCIIOBHOHM IIOTHOCTH PacIpeleICHUs] BEPOSTHOCTEH
Do (77\1) npu ¢ukcupoBaHHoM f. Ho «uctuHHas» QyHKIM p, (n\t) HEU3BECTHA.

JI71s1 MOJIENIbHOTO OMUCAHUS MOXXHO CTPEMHTHCSI MOJ00paTh 3aKOH p(n‘t), KaK

MOXXHO TOYHEE MPUOIMKAIOIINMA po(n\t). Ho 3amaua BOCCTaHOBJIEHHS BCETO

3aKOHAa pacHpelesIeHHuss 10 KOHEYHOM BBIOOpKE TpyJHa, M Takas MOJHas
uHpopManus He Bcerga Hy)kHa. YacTo BIOJHE JOCTaTOYHO 3HATH YCJIOBHOE
cpennee M [n\t] BEJIMYMHBI 7] TpU JaHHOM ¢ W pa3Opoc 3HAYECHUH 7

OTHOCUTEIBbHO M [77\2‘], XapakTepu3yeMblid YCIOBHOM Jucniepcreil. 3aBUCUMOCTh

YCIIOBHOTO CPEAHEr0 BEJIWYHHBI 77 OT ¢ €CTh JAECTEPMUHHpPOBAHHAs (PYHKIIHS,
< 10
KOTOpasi Ha3bIBACTCA pezpeccuel.
Perpeccuss nanbosee TOUHO (C MHHHMAJIBHBIM CpPEJHUM KBaJpaToM

OImMOKN) MpeCcKasbIBaeT 7 1o t: &> (F)= J (77 -F (t))2 p(n\t)dn = mfin g*(f). B
cnydyae (7.24) umeem M[n\t] =F(t), Tx. M[&]=0, 1e. F(t) sBugercs

perpeccueil. Ilpu MopaennpoBaHWu OOBIYHO CTAaBUTCS 3ajadya MOA0OpaTh
GyHkuio f(f), Kak MOXKHO TOYHEe MPHUOIMKAIOIIYI0 «UCTUHHYIO» PErpeccuio
F(¢). Ota 3amaya HOCUT Ha3BaHMsI «BOCCTAHOBJIEHHS PETPECCUM» WIN «OLEHKU

perpeccum.
HNrak, B o00eux mMOCTaHOBKaX BO3HUKAET 3ajladya amnmpoOKCHUMAaIluu
(BoccTaHoBIieHUSI, OlleHKH) GyHKIMM F(¢) mo HaOmomaeMbiM gaHHBIM. Kak

IOPaBUJIO, MOJENIb HIIETCS B HEKOTOPOM Kiacce f(¢,¢) M HYyXHO Haltu P-
MEpPHBII BEKTOp MapaMeTpoB € =¢, KOTOPbIA 00ecrneuynBaeT MAaKCUMAJIbHYIO

' 10T TepMuH GBI BIIEPBBIC HCIIONB30BAH aHIIHHACKHM cTaTHcTHKoM ®. TamsroroM (1866)
B TeOpUH HacieacTBeHHOCTH. OH U3ydal, Kak 3aBUCUT POCT JeTel Y OT pocTa poautenei X, u
YCTQHOBMJI, YTO €CJIM POCT POAUTENEH MPEBBIACT CPEeAHEe 3HAUCHUE Ha b €UHULL, TO POCT
JieTell MPEeBBILIAET 3TO Cpe/lHee 3HAUYCHNE MEHbIIIe, YeM Ha b eluHUIl. DTO SBJICHHUE OH Ha3BaJl
perpeccueli, 4To O3HA4YaeT B MEPEBOJIC C JIATBIHU «OOpaTHOE ABMKeHWe». HalimeHHas um
3aBUCHMOCTbH YCIIOBHOTO cpeiHero Y ot X Toxe Obljla Ha3BaHa perpeccueii
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6IM30CTh MOZCNbHON GyHKIHK f 1 uctuaHoi F (1m.7.2.2)."" ITpn sToM oueHsb
BaXHO BBIOpATh ONTHUMAIBHBIN pazMep Mozenu (1.7.2.3) U moAXOMSIIHA Kiace
anmpokcumupyronmx ¢yaknoui  (11.7.2.4). WHOrma 3TO MOXHO CJenarh,
OMMpPasiCh Ha BU3yaJIbHOE PACCMOTPEHHE HAOJI0IaeMOro CHTHaja U Moadupas
JJeMeHTapHble (QYHKIMU ¢ ToXOoXuMmu Tpadpukamu. Ho B obmem ciyyae
MCIOJIb3YETCS alPOKCUMAITUS B HEKOTOPOM (DYHKIIHOHAITBHOM Oa3uce.

7.2.2. Pacuet mapameTpoB

[TapameTpsl MOJENIN € HYKHO 1IOA00PATh TaK, YTOObI HAMITYYIIUM 00pa3omM
obecrieunts ycnoBue f(¢,8) =~ F(t). [Ipuyem Onu3ocTh QyHKIUNA KeTaTeIbHA

HEC TOJIBKO B MOMCHTHEI Ha6ﬂI02[eHHfI fl,...fN, HO U B npomesncymodHble MOMCHTHI,

a WHOTAA JaXe B MPONUIbIe WM Oynymue (mocjienHee, OJHAKO, BEChbMa
3aTPYyAHUTENBHO). J[JI KOJMMUYECTBEHHOW XapaKTCPUCTUKHU OJM30CTH BBOJIUTCS
COOTBETCTBYIOIIAS. MEPa PACCTOSIHUS — METPHKA O B MPOCTPAHCTBE DYHKIHIT .
Haubosiee monmyJisipHBIA TMOJIXOJ — HCIIOJB30BAaHHE B KadeCTBE L CPEIHETO
KBaJIpaTa OTKJIOHEHHsI C BecoBoU PyHKIMen p(?):

2

p(f F)=[(f@t.0)= F()) p(t)dt. (7.25)
@uU3NYECKUM CMBICIH TAaKOW METPUKM — CPEIHUN MO ! KBagpaT OTKIOHEHMS
MojaenbHou ¢yHkmu f(¢,¢) ot F(¢), ecnmu t — choydailHas BEJIMYMHA C
IJIOTHOCTBIO pacnpenenenus p(t). Hnsa cnywas (7.24) paccrossHue p ¢
TOYHOCTBIO IO JUCTIEPCHU TIOMEXH PAaBHO CpPETHEMY KBaApaTy OTKIOHEHHS

f(te) ot 7(1):

"' Jae ecnmm uctmHHas perpeccus F(f) momazaer B BeIOpaHHBI Kiacc f(f,€), T.e.
F(t)= f(t,c,) Ius HEKOTOPOTO €, TO 3aJauy BOCCTAHOBICHUS F'(f) HENb3s «IOAMEHHTHY
3a7a4ell HaXOXKJIEHUS KaK MOKHO Oojiee TOYHOW OLIEHKH MapamMerpoB ¢,. Jleno B TOM, 4TO
HaWIydllas OLEHKa TIapaMeTpoB B «HUCTHHHOM» Kkiacce f(¢,¢) He 00s3aTenbHO
oOecrieynBaeT  HaWiydllee KadyecTBO MNpUONMKEHUS F, TIOCKOJIBKY  HawWTydIias
arpOKCUMAITUS MOXKET OBITh IOCTUTHYTA B Apyrom kimacce [51].

12 K Bompocy 0 KOPpPEeKTHOCTH MOCTAHOBKH 3aadd almpoKCHMAaIud. 1Ipemonaraercs;, 4ro
cywecmgylom 3HAUEHUsl TapaMeTpoB ¢, KOTOpble AOCTABISIOT MUHHUMYM PpacCTOSIHUIO
p(f,F). dng nonHoro komdopTa xenaTenbHo, 4ToObl GyHKIMH Buaa f(¢,¢) ObLIN niomHbl
B KJacce (YHKUIWH, K KOTOPOMY TNPHUHAISKHAT F(¢). DTO 03HAYaeT, YTO B OKPECTHOCTH
HOYTH KaXI0U F(¢) M3 3TOro Kiacca HalayTcs HyXHble HaMm f(7,¢), C TIOMOIIbIO KOTOPBIX
€e yJacTcs amnmpoKCHUMHUPOBATh C 3aJaHHON ToyHOCTHhIO. Hakonen, ecim f(f,¢) oOpasyror
yeObleBckoe ~ MHOXecTBo  [112], T.e. comepxkamiee Bce MpeneibHbIE  TOYKH
mocneaoBareNnbHOCTe  QyHKIMA  f(f,¢), ONTUMallbHAs AamNmpoKCUManus OyleT w

enuHcTBeHHOM! [TprMepoM cityxar panuanbhbie 0asucHbie GyHaknmu (M. 1m.10.2.1.2).
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[[(ft.0)=n@®)) p(®) p(ritydtdn = [[(f(t.€) = F(t) - £) p(t) p(&)dtd £ =
= p(f (6,0, F@) + 2[ (£ (t,¢) - F))p)de N[ £n()dE) + [ E2p(£)dE = (7.26)
= p(f(1,6), F(1)) + o2,

Bo3moxHBI W Apyrue MOAXOIbI K 3aJaHUIO O, BO3MOXHA HE CilydaiiHas
BenuunHa f. Ho paccyxzaeHuss BO BCeX OTHX CIydasX AaHAJOTUYHBI C
HEKOTOPBIMH OIOBOPKAaMH, TaK YTO MbI OTPaHUYUMCS TOJIBKO BapuaHToM (7.25).

Wrak, Tpebyercs HAlTH 3HAYEHUS MApaMETPOB, KOTOPbIE MUHUMHU3HPYIOT
dbynkmuonan (7.25). IIockobKy «MCTHHHAS» IUIOTHOCTh BEPOSITHOCTEH p(f) B
(7.25), xak mpaBuI0, HEU3BECTHA, HEOOXOIMMO 3aMEHUTh MUHUMHM3AIHUIO (7.25)
3ajayeil MHUHUMU3AIMKA  (YHKIHMOHAIA, KOTOPBIA MOXHO pacCUUTaTh IO
HaOJIOJaéMbIM JJaHHBIM M TOYKAa MHUHHUMYyMa KOTOpPOro OJIM3Ka K TOYKE
munumyma (7.25). Ananoruuyno (7.12), Takum amnupuveckum QyHKIIHOHATIOM
MOXKET CIy>)KHThb BEJIMYMHA CPEJAHEr0 KBajapaTa OIIMOKM TPOTHO3a Ha
HAO0JII01aeMOM psJIe:

2©=5©/N = 30~ f(t0)) (7.27)

-1
[TapameTpsl Monenu € omnpenenstoTcs W3 ycioBuss MuHumyMma (7.27). Oto
BApUAHT TaK HA3bIBAEMOTO Memooa MUHUMUIAYUU IMnupuyeckoeo pucka [S1].
B naHHOM ciydae &°(c) MMeeT CMbICI CyMMBbI AMCIICPCHH IyMa U KBajpaTa
ommOku arnmpokcuManuu (7.26). Eciu knacc ¢gyHkumii f(¢,¢) yaadHo BeIOpaH,
TaK 4YTO B HEM €CTh (YHKIHH, OYeHb OJM3KUE K F' B CMBICIE METPUKH P, TO
BeaMuuHa &2 = &° (€) ecTh MOUTH HE CMEIIIEHHAs OIIEHKA JIUCIIEPCUU TTIOMEXH &.

Kak Bunno u3 (7.27), Meroa pacuera mapameTpoB 3/1€Ch — 3TO OOBIYHBIN
MHK, T.e. B TEXHUUECKOM IUJIaHE OTJIMYMI MeXy 3anadyamu nim. 7.1 u 7.2 Her.

7.2.3. BeiObop pa3zMepa Mozenu, nepeodyuenne u «opursa Okkamay

He xacasicy moka BwiOOpa Buga pyukuuu f (1. 7.2.4), TpoMILIIOCTpUPYEM
mpobeMy BBIOOpa pa3Mepa MOJICIM B paMKax 3aJaHHOTO Kiiacca GyHKIMA Ha
KJIACCUYECKOM TTPUMEPe anmpOKCUMAIINHU allreOpanvdecKiuM MHOTOYWICHOM:

ft,e)=c, +cyt..+cp t”. (7.28)

13
Pasmep wmonenu ompenensercs 30€Ch YUCIOM CBOOOJHBIX ~ IApaMeTpOB
MHorouseHa. B npocreiiiieM BapuaHTe, Koraa Bce nmapameTpsl (7.28) cBoOOHBI,
MPUXOJUM K M3BECTHON B CTATUCTHKE (B MOJMHOMHUAIBHON PErpecCHM) 3a/aye

13
CB0OOIHBIMU HA3bIBAIOT MAPAMETPHI, OLICHUBAEMbIE IO BPEMEHHOMY Psily, Ha KOTOpBIE HE
HaJIO0XEHO JAONOJHUTENbHBIX OTPAaHUYEHUN — PAaBEHCTB.
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BbIOOpa mopsiaka mHorowieHa K = P+1. Teoperuueckoe 0OOCHOBaHUE IS
UCTIOJb30BaHUSl AIreOpandeckoro MHOTO4YIeHA JlaeT 3HAMEHHUTas Teopema
Beiiepmrpacca, corimacHO KOTOpoi Jit0o0asi HempepbIBHAA Ha OTpe3Ke (PYHKITUS
MOJKET OBITh CKOJIb YTOJHO TOYHO PAaBHOMEPHO MPHOJIIMKEHA anreOpandecKuM
MHorowieHoMm. Otcroa ciaeayer, 4To ¢ HMOMOLIbI0 MHOTIOWIEHA JOCTAaTOYHO
BBICOKOTO TOpsiika K MOXHO 00€CHEeYUuTh CKOJIb YTOAHO MAIyIO BEITHYUHY
p(f,F).

7.2.3.1. IlonsaTusi Hex000yUeHHOI U mepeoOdydyeHHOU Moaean. Kakyto
UMEHHO BennunHy K BbIOpath Ha npaktuke? OdeHb Majiblii MHOPSAOK
MHOTOWIEHA 3a4acTyl0 HE TOOUTCHA, T.K. HE JACT BO3MOXKHOCTH C XOpOULIEH
TOYHOCTBIO aNIPOKCUMUPOBATH CIIOXKHBIE 3aBUCUMOCTH. B Takumx cioyyasx
TOBOPST, YTO MOJENb Hedoobyuena. Ho, Kak MbI MOKaXXeM HUXKE, U CIUIIKOM
BBICOKHE MOPSJIKM HE TOJATCS. BaXKHO CTPOUTH AOCTATOYHO «IKOHOMUYHYIOM
MOJIeab!

[TpoBepenHsIit crioco0 AEHCTBUSI COCTOUT B TOM, YTOOBI CTPOUTH MOJIEIH C
MHOTOWIEHaMH [ Pa3IMYHbIX MOPAIKOB, HauuHast ¢ 0, U OCTAaHOBUTHCSA Ha TOM
3HaueHuM K, KOrja JajbHEHIlee YyBEIMYEHUE IEPecTacT MPUBOAUTH K
YIIYUIIEHUIO MOJEIN 0 HEKOTOPOMY KpUTEpHIO. Takux KpUTEPHEB HUMEETCS

. 2 2
HECKOJIbKO: MHUHUMYM TECTOBOM omuOKu & &.(€); HacblllleHUE

test —
AMITUPUYECKON OITHOKU £%; «CKOIB3SImii KOHTPOJIbY»; MUHUMYM HEKOTOPOU

1eNeBoil (PyHKIMH, KOTOpas SIBIACTCS CYyMMOI SMITMPHUYECKON OMMOKH &°
mrpagHoro ciaraemoro (cm. m. 7.2.3.5).

Bce »tu kputepun HampaBieHbl Ha «00pb0y ¢ HEKOPPEKTHOCTHIO» 3a1auH,
NPOSIBISIONIEHCS B TOM, YTO CYIIECTBYET OECKOHEUYHO MHOTO MO/IEIbHBIX
(GyHKIUH, CHOCOOHBIX OJMHAKOBO XOPOIIO ONHUCATh KOHeuHblll Habop
SKCIIEPUMEHTAJIBHBIX TOYEK Ha IUIOCKOCTH (¢,77). IMEHHO MmO 3TOW mpUYUHE

HEJB3s UCIOJIb30BATh ISl BRIOOpA MOPsIKa MHOTOWICHA K TIPOCTON U, Ka3aJloCh
6bl, IOTHYHBIA KPUTEPUH MHHAMyMa SMIHPHUECKOH ommbku £°. Jleno B Towm,
aro &% ecezda sBIsAETCSs HeBo3pacTaromeil dyHkiueit mopsaka K. OHa paBHa
HYJIIO, KOTJ]a 9UCII0 KOA(PUITMEHTOB MHOTOUIeHa P paBHO YHCITy TOuYeK psga N
(u Bce ¢, pa3nMuHbl), T.€. TpaUK MHOIOWIEHA MPOXOIUT 68 MOYHOCMU YEPe3
AKCIEPUMEHTAIIbHBIE TOYKH (t,.,ni). Ho Takas momenp, kak mpaBuio, KpalHe

wioxa. OHa «HAay4YWsachk» TOYHO BOCHPOU3BOAUTH TOJBKO HAOII0AaEMYIO
CIIy4YalHy10 peajn3alfio BMECTE CO BceMH ee nryMamu (puc.7.4,a). M3-3a aToro
oHa OyJIeT OuYeHb IUIOXO MPENCKa3bIBaTh B CPEIHEM HOBBIC HAOIIOIEHUS, T.K.
pU HOBBIX HAONIONCHUSAX KOHKPETHBIC 3HAYCHHS TMOMEXH OYyIyT IPYTHUMH.
[lonyyennas Takum oOpaszom ¢yHkuus f(¢,&) kak oueHka F(¢) oOmamaer

OrpOMHOM Jaucnepcuen. Jlaxke ecnm 3Ta OIEHKa HECMEIIECHa, €€ CiydyaunHas
MOTPELUIHOCTh MOKET OBITh CKOJIb YTOJHO BENMKA. ['0OBOPAT, UTO Takas MOJIEIb
o0nazaeT IUIOXOM CIOCOOHOCTBIO K  0000wenuio WH(OpPMALMH, OHA
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nepeooyuena. IT0 OCHOBHOE MPOSBICHNE HEKOPPEKTHOCTH TIOCTAHOBKH 3a/1a4H.
N30exars mnepeoOydeHHs MOJETM — OJHA M3 BaXHEHIIUX TpoOJieM Mpu
SMITUPUIECKOM MOJICTHPOBaHUH!

1.2 7

-0.8 T T i 1

Puc.7.4. Annpoxcumanusi 3aBUCUMOCTH TIPH KBaapaTudHod (GyHkuuu F(f) mo psay JUITMHOH
N=16 Todyek MHOTOYJICHAMH PAa3IWYHBIX MOPAAKOB. a) I'paduku MomenbHBIX (QYHKIWH
pasznu4HbIX nopsakoB K = P —1. Tonkas muHUs — HeooOydeHHas: MOJIENb, JKUPHAsI JIMHUS —
nepeoOyueHHas. [lltpuxoBas nmuHUsS — ontuManbHas. 0) BbIOOp onTUMaNBHOTO TIOPSIKA IO
ommnOKaM TmporHo3a (oOmas wuirocTpanus). B) Bpibop onTtuManbHOro mopsizka 1o
kputepusam IllBapua u Axauke. Pe3ynbraTel pacueTroB Uis NpuUMeEpa, IMOKA3aHHOTO Ha
pucyHke (a)

7.2.3.2. Kpurepuii MHUHMMYMa TecTOBOM ommOku. Eciu B
pACIOpsHKEHUH HCCIICIOBATENs €CTh CINe OJUH BPEMEHHOH pSJ TOro e
npouecca ¢/,7;,i=1,..,N' (TeCTOBBIi), TO XOpPOLIMM KpPHTEpHUEM BHIOOpa
MOPsZIKAa MHOTOWICHA SIBJSIETCS MHHHUMYM TECTOBOW OINHOKH ampOKCHMAIIMN
ISl MOJENH C 3aJaHHBIM  TOPSIIKOM  MHOTOYICHA, IOJYYEHHOH MO
TPEHUPOBOYHOMY PSIIY,

1 X

L =y 20 = @0 (7.29)
i=1

[IpyyeM MOXXHO TOJB30BATHCA €IIE€ M CIEAYIOUUM COOOpaKEHUEM: JUIs
HENepeoOyYeHHOH MOJENH  BEJIUYHHBI & wu &

test

Munummzanus (7.29) — cambiii HagexHblid criocod Beibopa K (puc.7.4,0,
CBETJIbIC KPYI)KKH), TIOCKOJIbKY OH OCHOBAaH Ha pacueTe HE 1O TOW BBIOOPKE, IO
KOTOPOH cTpomiIach MoJielb. Takue KpUTEPUH HA3BIBAIOTCS 6HEe8bl00POUHBIMU.

OPUMEPHO PAaBHBIL

7.2.3.3. Kpurepuii HacbllleHUs] «TPEHHMPOBOYHOI» omMOKU. OgHAKO
TECTOBBIM psAJ HE BCErja €CTh B HAJIMYWU, WU TNPUXOJUTCS H3BIIECKATh
HEOOXOMUMYI0 HH(OpPMAIMIO W3 UMEIOHIEToCs TPEHUPOBOYHOTO  psifa.
CoOTBeTCTBYIOLIME KPUTEPUU HA3bIBAIOT GHYmpugvloopounvimu. Eciu 1o
XapaKTepy yMEHbIIEHHMs &° ¢ pocToM K BHJHO, 4TO NpH 3HAUeHHAX K,
OOJBIIMX HEKOTOPOTO «IOPOrOBOr0», IMOTPEIIHOCTh MEHseTcsl cnabo —
Ha0JII0/1aeTCsl HACBIIIEHHE, TO 3TO MOPOTrOBOE 3HAUYEHUE M MOXHO BBIOpATh Kak
Hawyyiee (puc.7.4,0, TpeyroabHuku). Hepeako Takoil moaxox MOXET JaTh
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3aBBIIIICHHOC 3Ha4YCHUC ImopsakKa, 110 CpPpaBHCHHIO C I[Gf/iCTBPITCHBHO
OIITUMAJIbHBIM.

7.2.3.4. MeTo «CKOJB3MIIIMI KOHTPOJbY». J[pyroe Ha3BaHue MeTOJa —
METOJI «IEPEKPECTHON MpoBEepKW». OH 3aHUMAET NPOMEKYTOUHOE IOJIOKEHHE
MEXIy onMcaHHbIMH Bblme. Mnes ero ciuenyromas [S1]. M3 umeromerocs
BPEMEHHOI'O Psijia MOOYEPETHO MCKIIOUACTCS Ka)XJ0€ OTIENIbHOE HAaOII0ACHHE
t;,,n;. Ilo ocraBmemycst psay aauHod N —1 cTpouTCs MOJENIb, 0003HAUUM €€

f(t,¢,). PaccuntpiBaercss ommOKa MPOrHO3a MCKIIOYEHHOTO HAOIOACHUS C
IIOMOILBIO TTOJTydeHHOU Monenu &; =7, — f(¢;,€¢,). Hakonen, paccuntbiBaercs

Cross

1N
CpelHEKBApaTHYHAs OMIMOKA «IEpPEeKPECTHOTO» IIPOTHO3a & :NZé‘f.
i=1

ONTUMANBHBII TIOPAIOK ONpEIENIeTcs U3 YCIOBUsS MUHAMYMa &, (puc.7.4,6,

Cross

YEpHbIE KPYKKH). DTOT MOJXOJI TAKKE MOXKET JaTh 3aBbIIICHHOE 3HaueHue K,
HO GoJIee HANEKEH, YeM KPUTEPHIl HACHIIICHHS & .

7.2.3.5. Kpurtepuu MuHMMyMa MejeBbIX (PYHKUMHA €O mTPagHBIM
cjaraemMbIM. Psj MeTOJ0B aBTOMAaTU4YECKOrOo BbIOOpA MOpPSIKa MHOTOWICHA
OTMPAETCS HA UJICI0 MUHUMU3AIINHU 11eJIeBOM (DYHKITMHM BUA

D(P) = g,(¢%)+g,(P), (7.30)

rne g,,g, — Bo3pacTamouie (QYHKIUH CBOMX apryMmMeHToB. [lepBoe criaraemoe

oTpezesisieT BKJIAJl SMIIMPUUECKON OMIMOKH, a BTOPOE — pa3Mepa MOJEIU. DTH
METONbI Pa3BUTHI B TEOpHUH WHPOPMAIMM W TEOPHH CTATUCTUYECKOTO
OIICHWBAaHUSA W3 Pa3HBIX COOOPAKEHWH, YacTO NPUBICKAOIMNX MPUHIIHIT
Makcumyma TmpaBronogoous. Hammume munumyma (7.30) ciemyer oxXujaTh
3a4acTyro MpHU MPOMEKYTOUHBIX 3HAUEHHUAX pa3Mepa MOJEIH, T.K. IPU MajJoM
MOpSIIKE MHOTOYJIEHA CIIMIIKOM BeJMKAa HMIUpHUYEcKass omuOKa, a TMpHu
OOJIBIIOM — CIIUIIIKOM BEJIMKO CTAHOBUTCSI BTOPOE Cllaraemoe.

[enesas ¢pyukuus O(P) = (N / 2)ln &% + P HaswIBaeTCs KpUTEpHeM AKamnke
[184], ®(P)=(N/2)Ing* + P(InN/2) - «xpurepmem IllBapuma [304],
®O(P)=1n&* + P — surpomnueii moxenu [216]. Bonee rpomosaxa dopmyia s
TakoW 1eneBol (PyHKUUU, KaK Odauna onucauus [250, 293]. Munumuzamms
JUIMHBl OMUCAaHUA — CaMblidi TMOMYJSIPHBIA B HACTOsSIIEE BpeMs MOJXO/,
MOJIyYEHHBIN U3 COOOpa)keHUH ONTUMANIBHOIO Cxkatus nHpopmauuu. OH uMeeT
MpsIMOE OTHOILIEHUE K TOHATUIO aI2OPUMMUYECKOU CIOHCHOCMU TIPOoLecca.
Kpome ToOro, ectp MeTon yHOPSAOYEHHOW MHUHUMHU3ALMU PHUCKa, TI€
«mITpaHOE» ClaraeMoe 3aBUCUT OT «EMKOCTH» Kiacca anmnpOKCUMHUPYIOLUIUX
byHKIui  (XapakTepucTUKH  ero  «mmpote») [51]. Ha  puc.7.4,B
IPOMJUTIOCTPUPOBAHBI JBa MOAX0Ma. [[71s KOHKPETHOTo Cily4yasi BCE METO[IbI
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(7.30) moryT naTh HECKOJBKO Pa3IMYHBIE OTBETHI HA BOIPOC 00 ONTHUMAaILHOM
pasmepe ™oxenu. [loaToMy HWX pEeKOMEHIAIMH CIEAyeT BOCIPHHAMATH
KPUTHYHO, TOJBKO Kak TrpyOyi0 OIICHKY, M TNPOBEPSITh KA4eCTBO MOJECICH,
TIOCTPOCHHBIX MIPH HECKOJIBKUX OJM3KUX 3HAUYCHUAX K.

7.2.3.6. bpurBa «Oxkama». Bce noaxoasl K BbIOOPY HAMITydIIEro
pasMepa Mojaenu (MHUHUMaJbHO BO3MOXXHOTO JUISL  yJOBJIETBOPUTEIILHOTO
OMMCAHUs JAHHBIX) PEATU3YIOT NPUHYUN IKOHOMUYHOCMYU TIPU MOJCIUPOBAHUH
[45, 250]. DTO KOHKPETHBIM BapuWaHT OOMIETO HAYYHO-PUIOCO(HCKOTO
npuHnuna: «He ciedyem ymuoscams yucio cywHocmeu 6e3 Heooxooumocmu.
DTOT NPUHIMI HOCHT Ha3BaHHe Opumesl OKkama, & XOTS TOXOXKHE
YTBEPKICHUSI BBICKA3BbIBAIIUCH YK€ APHUCTOTENEM, CM., Hanpumep, [305].

7.2.3.77. OnTtumMuszamusi CTPYKTypbl Moaeau. [lpu mgr06om w3
BBILICONMCAHHBIX IOJXOJ0B HMTOTrOBash MOJEIb C MHOTOYIEHOM mHopsaka K
00s13aTEJIBHO COJEPXKUT BCE ciaraemble 10 nopsaka K BxmouurensHo. Ho
HETPYJHO NPEACTaBUTh CUTYaLUIO, KOIZa HEKOTOpBbIE M3 MPOMEKYTOUYHBIX
CTENECHEH JMINHNE U HX Jyd4lle Obl UCKIIOYUTh U3 MOJENU. DTOT HEJOCTATOK
BO3HMKAeT M3-3a TOrO, YTO CllaraéMble J0OABIAIOTCS B MOJENIb B Halepen
3aJJaHHOM IOPSJIKE.

B o6mem ciyuae TpeOyercst pazpadaTbiBaTh METOABI IIOUCKA ONTUMAJIBHOM
MoJenu pasmepa P, rie paccMaTpuBarOTCsl BCEBO3MOKHbIE KOMOuMHamuu P
(yHKUHMI-cIaraeMbelXx M3 Oojee IMMPOKOro MHoxecta P dyHKuumil. Ot0

OYEeHb MPOCTO, €CIIM CUCTeMa 0a3UCHBIX (DYHKIMUNA OPTOrOHaJIbHA HA MHOXKECTBE
HabmoneHnit. Ho Moker ObITh OYEeHb CIIO)KHO B MPOTUBHOM Ciyyae, T.K.
npsAMoil mepebop BceX KOMOMHAIMM HEBO3MOXEH H3-3a KOMOUHAMOPHO2O
63pbléa (ACTPOHOMUYECKH OOJIBIIOE YUCIO BO3ZMOXKHBIX KOMOMHAIIMK Jaxe JUIs
yMEpeHHbIX 3HaueHuid P, u P). CyliecTByeT MHOXECTBO MeToa0B [278],

HEKOTOPBIE U3 HUX MBI TOJIKO YIIOMSIHEM, & OJIMH U3 HHUX MOJPOOHEE OMHUILEM B
riaBe 8: mocienoBaTeNbHOE M00aBiICHHE B MOENb Oa3MCHBIX (YHKIUH 10
CKOpeHIlIeMy CHMKEHHUIO MOTPEITHOCTH amnmnpokcumanuu [250]; uckitoueHue u3
U3HAYaJIbHO «OOJIBIIOI» MOJENN TaK Ha3blBAEMBIX <JIMIIHHUX CJIAraéMbIX» IO
caMOMYy MEJUICHHOMY YBEIUYECHHUIO MOTPElIHOCTH anmpokcumaruu [183], mo
kputeputo CreroneHta [87], mo O0o0dbIION Bapuanuu Ko3((ULUEHTOB IpH
UCIIOJB30BAaHUU PAa3IMYHbIX TPEHUPOBOYHBIX psnoB [25, 190]. Ilouck
ONTUMAJIbHOW KOMOMHALMU (PYHKIUI-CIAraeéMbIX Ha3bIBAIOT OnmMUMuUayuel
CMpPYKmMypbl MOJEIH.

' Pluralitas non est ponenda sine necessitate. Yunpam Oxkam (1285-1349) — 3HaMeHHTHI
aHTnuiickuii purocod u JIOTHK.
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7.2.4. BeiOOp KJ1acca anmpoKCUMUPYIOIMX PYHKINN

7.2.4.1. Ilpumepsl pyHKHUOHAABHBIX Oa3zucoB. [Ipu monenupoBaHUM
MOTYT HCHOJIB30BAThCA JI0ObIe BUABI (QYHKIMH, HO TOPA3/0 MPOILE BBITOIHATH
pacyeTsl, KOraa mapaMeTpbl BXOJAT B MOAEIb JIMHEHHO, T.€.

ft,e)=c,g(t)+...+cppp(t), (7.31)

rae ¢@,, HasplBarOTCA OaszucHvimu @yukyuimu. OOBYHO 3TO — 3IEMEHTHI
OeCKOHEUHOU cucTeMbl PyHKUUN @, ,k =1,2,..., B KOTOPOI MOXKHO CKOJIb YTOJTHO

TOYHO  TNPUOJM3UTH  JIIOOYI0  <«JIOCTaTOYHO  XOpOIIyI»  (Hampumep,
HenpepbiBHY0) (yHKIMO F.  JlpyrumMu  cioBamMHu, 3Ta CHCTEMa €CTh
(GyHKIMOHANBHBIA 0a3uc B MpOCTpaHCTBE (yHKIMIA C ompeaeeHHbIMU
ceorictBamu. DyHknuioo (7.31) Ha3BIBAIOT 0000WEHHBIM MHO2OYLEHOM TIO
cucreMe GQyHKUMH @, (¢),...,0,(f), a TaKKe ncegooIUHEUHOl MOJEIIBIO

(mpucTaBKa «ICEBIO» TOMYEPKHBAET, UYTO JIMHEWHA 3aBUCUMOCTH OT
rapaMeTpoB, a He OT apryMmeHTa). B mpumepe (7.28) mis anmpokcumaiuu
WCIONIb30BAJICSl  CTaHJAPTHBIM  TMMOJMMHOMHUANBHBIN 0Oa3uc, a Oa3WCHBIMHU

DYHKIUHAMHI OBLIN OTHOWICHB 1* ',

M3BecTHa Takke TPUTOHOMETpPUYECKass CcUcTeMa Oa3uCHBIX (YHKIUH
1,cos wt,sin wt,cos 2wt,sin 2at,.... B ciaydae paBHOMEpHOW BBIOOPKU pEIlICHUE
3alayl Ha HaUMEHbBIIME KBaJApaThl JOCTUTAETCS C MOMOIIBIO MPSMOTO
npeoOpasoBanust ®@ypee (m. 6.4.2.1). 3HaueHus Ko3QPUUKUEHTOB ¢,

npuoOpeTaroT (U3UYECKUN CMBICT: Yepe3 HHUX BBIPAXKAIOTCS KOMITOHEHTHI
CIEKTpa MOINHOCTH  curHaja. lcnosb3oBaHME  TPUTOHOMETPHUYECKOTO
MHOTOWICHA JJIsl alllPOKCUMAIIMU T03BOJIIET M30ekaTh OOJIBIINX BHIOPOCOB,
CBOMCTBEHHBIX aIreOpandeckoMy MHOTOWIEHY BBICOKOTO mopsiaka. OHo
MakcUMaidbHO J((EKTHBHO, KOTJa B aHAJU3UPYEMOM CHTHAJIE SPKO
MPOSIBIISIETCSL  «IIOBTOPSIEMOCTH» (OH TMEPUOANYEH WJIM TOYTH IEPUOJHYEH),
puc.7.5,6. Anrebpanyeckue k€ MHOTOUWIEHBI JTydllle UCIOJIb30BaTh JJIs IJIABHO
MEHSIIOIIUXCSI CUTHAIOB (MYCTh U 3aMBICIIOBATON (POpMBI) O€3 MepruoANIHOCTEH,
HMILYJIbCOB Y PE3KUX U3MEHEHUH, puc.7.5,a.

Eme omuH mnomyJsipHbId BHJ TICEBIOJMHEMHBIX MOJIEIEH — BEUBJIETHI
(6a3ucHble PYHKIIUU — «UMITYJIBChDY Pa3HOM IUPUHBI U B PA3HBIX MOJIOKEHUSIX
Ha BPEMEHHOW ocH, cM. 1. 6.4.2.2). DToT Kiacc QYHKIMA maeT THOKHA
WHCTPYMEHT ISl ONTMCAHMSI CUTHAJIOB C MEHSIIOIIUMCS BO BPEMEHHU YaCTOTHBIM
COCTaBOM, CUTHAJIOB UMITYJIbCHOTO Xapakrepa (puc.7.5,8) v T.1.

Hcnonb3yroTest 1 KoOMOMHAIIMK (PYyHKIMOHAIBHBIX 0a3ucoB [72].
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n n n

WA A

a) 0) B)
Puc.7.5. Ilpumepsl curHanoB, I AallIpOKCHMAlUWHA KOTOPBIX JIy4YlI€ KCIOJIb30BATh
anredbpanveckuii MHOTOUJICH (a), TPUHTOHOMETPUYECKHi MHOTOUJIEH (0), BelBIeT (B)

7.2.4.2. HeqnHeliHAasA 3aBMCHUMOCTH OT mapamMerpos. lVcnonb3yrorcs u
annpoOKCUMUpPYIOIIKUE (QYHKIMH, HEIWHEHHO 3aBUCAIINE OT IapaMeTpPOB:
paauanbHble, NUIMHAPUYECKHE U AJutunTHdeckue OasucHble (QyHkmmm [308]
(1. 10.2.1.2), wucKkyccTBeHHble HeiipoHnble cern'® [112] (mm.3.8, 10.2.1.3),
cnenuanbHo mojgoOpaHHble GyHKIuH. [Ipy HeIMHEHHOW 3aBHCHMOCTH OT
napaMeTpoB 3agaya MUHUMM3aUuu (7.27) HE CBOAMTCS K JIMHEHHON cHCTEME
ypaBHeHui. Ee mpuxoaumrtcs pemarb, UCIHOJIb3Ys UYUCIEHHBIE UTEPALMOHHBIE
Meroasl MuHMMM3auuu. [Ilupoko mnpumensercs rnaakas ontumuzauus [73]:
rpaueHTHbIN  cimyck, Meroasl  Herooroma, ITaycca —  HbroroHa,
KBa3MHBIOTOHOBCKHE MeToAbl. Ho meneBas (QyHKIHMS MOXKET HMMETh MHOTO
MUHUMYMOB, ¥ TOJBKO OJWH M3 HUX (TJI00aNbHBIN) aeT HAMIYYIIUEe 3HAYCHUS
napaMeTpoB. B 3aBHCMMOCTH OT HAa4aJbHOTO MPHUOIMKEHUS MOXHO TOMACTh B
TOT WIM WHOM JIOK&JIbHBIM MUHHMYM. He cCyluecTByer yHHBEpCAIbHBIX
crioco0oB u3dexaTh 3Toro. [Ipodaema T0KaIbHBIX MUHUMYMOB CTAaHOBUTCS TEM
ClIOKHEe, 4eM OOJIbllIe YMCIO HEU3BECTHhIX NapamerpoB. Pemaror ee (0e3
rapaHTuil ycnexa) nepeOopoM pa3iaudHbIX CTAPTOBBIX JAOTaJ0K WU C IOMOILBIO
0ojee CIOXKHBIX MOJXOJOB CTOXACTUYECKOM ONTUMHU3alUU (T€HETHYECKHe
METO/bl, METOI UMHUTAIINH OTXKUTa, U 1ap.) [79, 216].

7.2.4.3. TlonsaTne o0 T1J00aJBHBIX M JIOKAJBHBIX MeToxax. Ecmu
anmnpokcuMupyromas GyHKIHsS 3a[aeTcs ¢ MOMOIIBI0 €auHON (PopMynbl BO
BCEM JMana3oHe HM3MEHEHMH apryMeHTa, Kak B CIydae MHOIOWIeHa, TO
anmpoKCUMAIMI0 (M MOJIeNb) Ha3bIBalOT 2nobanvrot [206]. K HUM oTHOCATCS
BCE BBINICYIIOMSHYTBIE CTPYKTYpPbl. AJBTEPHATHBHBIM W YacTO HE MEHee
3G(hEeKTUBHBIM  SBISIETCS  JOKAAbHbI  (KYCOYHBIH)  TOAXON,  KOTrAa
anmpoKCUMUpYIoIIas (GYHKIUS 33/1aeTC HEKOTOPOH (Uare mpocToit) hopmytoi
CO CBOMM HA0OpPOM TapaMeTpOB IS KaKIOW HEOONBIION 00JacTH 3HAYCHHMA
aprymenta [206, 224]. HauOosiee momyjspHble TpPUMEPbl — KYCOYHO-
MOCTOSIHHBIE U KYCOYHO-JIMHEWHbIE aNMpOKCUMAlUW U KyOWYeCKHe CIUTalHbI
[85, 153]. JlokanbHbIe MOJACIH JYyYIlle OMUCHIBAIOT MEHEE TJIaIKUE 3aBUCUMOCTH

15
3amMeTuM, 4TO CUTMOWAAIBHBIC (YHKIMH, KOTOpble 00bMHO Hcnonb3ytorcss B MHC, He
00pa3yroT uebObIeBcKkoro MHOXkecTBa [112].
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C W3JIoMaMu H pa3pbiBamu. Ho oHHM Oojiee 4yBCTBUTEIBHBI K JIEHCTBUIO IITyMa,
yeM ri00aibHbIe ¢ HEOOJBIIUM YHCIOM TapameTpoB. [lo3ToMy JoKaibHBIE
MOJIENIN JIydIle Mpu OOJbIIOM 00bEeMe JaHHBIX M HU3KOM YPOBHE IIYMOB IS
CKOJIb YTOJHO CJIOKHOW HETWHEHHOCTH, a TJ00albHbIE MOJEIH HWMEIOT
IPEeUMYIIECTBa IPH MEHBIIIEM 00BhEME JTaHHBIX U 00Jiee BBICOKOM ypOBHE ITyMa
JUIS CUCTEM C HE OYEHb CJI0KHOM HEIMHEHHOCTBIO.

7.2.4.4. Kakoii kiacc MoaeabHbIX QyHKIMH «i1ydme»? Teopetuueckw,
MOKHO HCIIONIb30BaTh JI00ON (DYHKIIMOHANBHBIM 0a3uc A amnmpoKCUMAIlUH
060l nocratrouHo xopoimed QyHkuuu F(¢7). Ilpaktuyecku, pasHble 0a3HChl

UMEIOT CBOU MPEUMYINECTBAa M HEAOCTaTKU. i anmpoKCMMaIuil KOHKPETHOM
3aBUCUMOCTH F'(f) B pa3HbIX Oa3ucax MMeeTcs Pa3Hbli ONTUMAJIBbHBIN pa3Mep

Mojenu. Haunmyumuit 6asuc s anmpokcumanuu F(¢f) — TOT, B KOTOPOM

ONTUMAJIBHBIA pa3Mep MOJEIN HAUMEHBIIUHN, T.€. JOCTATOYHO HEOOJBIIOTO
yucna OasucHbix GyHKIu. [Ipu 3TOM CHHMXKAeTCS OMACHOCTh MEPeoOydeHHs
MOJICIM U YMEHBINAIOTCS OIMMOKH OLIEHOK €€ mapaMmeTpoB. IIpu HeymauyHOM
BBIOOpe 0a3Wca MOXKET HE XBaTUTh JaHHBIX, YTOOBI HAJEKHO OIICHHUTH
napameTpbl MOJCIN ¢ HEOOXOAMMBIM OOJIBIIIMM YHCIIOM 0a3UCHBIX (DYHKITHI.

Ecnu uccnenoBatenb, onupasch Ha COOCTBEHHBIM OIBIT W alPUOPHYIO
nHpopMaIio 00 00bEKTe, BEIOUPAET CTPYKTYPY MOJICTH B CIICIIHAIIBHOM BHJIE,
TO B ClIly4ae ycIiexa JOMOJHUTEIBHBIM TPEUMYIIECTBOM MOXKET OKa3aThCs
Hanuuue (u3nyeckoro cMeicia ee mnapamerpoB. Ho u3penka Takoil cMbIci
MOXKET OBITh U B YHHBEPCAIbHBIX KOHCTPYKIUSIX. OTMETHUM SHEPTreTUUYECKYIO
TPaKTOBKY aMIUIUTY/]l TAPMOHUK B TPUTOHOMETPUYECKOM MHOTOUWICHE Y OOBIYHO
OTCYTCTBYIOIIMI  (u3MUECKUil CcMbICT KOA(PUIIMEHTOB — alreOpanyecKkoro
MHOTOYJICHA.

7.3. Inarsocru4yeckasi NpoBepKa MOAeJH

B paccmoTpeHHBIX BBIIIE MOCTAHOBKAxX 3aJauyd NpOBEpKa aJeKBATHOCTU
OCHOBBIBAETCS Ha U3YUEHUU OCMAMKOE Mooenu, T.e. BeNUYuH &; =1, — f(¢,,¢).

Hx na3pIBaroT Takxke Hesaskamu. JKemareapHo NpOBEPATh CBOMCTBA OCTATKOB Ha
TECTOBOM Dsijie, HO Yallle MPUXOIUTCS OTPAaHUYMBATHCS TPECHUPOBOUYHBIM. [[iist
nocTaHoBKH (7.1) — MozeNb ¢ U3BECTHOM CTPYKTYpPOil, HET IIyMa — BCE OCTATKH
JTIOJDKHBI OBITH PaBHBI HYJIIO (C MAIIMHHON TOYHOCTHIO).

[Tpu Hammuuu 1rymoB — (7.3) win (7.24) — mpoOBEPSIIOTCS CTaTUCTUYECKUE
cBoiicTBa octaTtkoB. OOBIYHO, YK€ TPU BBHIOOPE METO/Aa OLEHKH TapaMeTpOB
JIENaoT MPEeanoyiokeHus: o cBoiictBax mmyma & OcCTaTKM MOJETH  JIOJKHBI
YAOBJIETBOPSATh 3TUM MPEANOIOKEHUSIM, YTOOBI MOATBEPIUTH MPABOMEPHOCTH
WCIIONB30BAaHUS  METOJa M  HAJeXKHOCTh  pe3yibTaToB. Yamie  Bcero
NPEANONAaralT CMamucmu4ecKylo He3asucuMoCcmy 3HAYEHUW TIOMEXH U €€
HOPMAIbHOCb.
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7.3.1. IIpoBepka HE3aBUCUMOCTH OCTATKOB

Ectp pasnuuHble TECThl HAa HE3aBUCUMOCTh: KPUTEPUN BOCXOJAIIUX U
HUCXOJSIIUX CEPUM; KPUTEpUM Cepuil, OCHOBAHHBI Ha MEIHUaHE BBHIOOPKH;
KpUTEpUM KBAJIpaTOB MOCIEI0BATENIbHBIX OTHOLICHUM [1]. OHM mpUrOgHBI TIpU
T000M 3aKoHE pacrpeaesieHus & Mbl OCTaHOBUMCS TMOAPOOHEE Ha pacyere
ABTOKOPPETSIIMOHHOM (dbyHKIIUH (AKD), YTOOBI MPOBEPUTH
HEeKOppenupo8aHHOCMb OCTATKOB (CTPOro TOBOPSI, MOAXOJ MPUMEHUM, TOJIBKO
ecinu BbIOOpKa paBHOMEpHA). JTo Oojee ciaboe CBOWCTBO, HO B cllydae
HOPMAJILHOTO pacIpe/iefieHnuss CBOWCTBA CTAaTUCTUYECKOW HE3aBUCUMOCTH U
HEKOPPETHUPOBAHHOCTH COBIMAJIAIOT.

N-n N
Ouenka AK® ocratkos: p(n)= > &¢,, />, n=01.,K<N.
-1 -1

O6bruno npuaumaror K < N/4. Jlns TOCIEN0BATENBHOCTH HE3aBHCHMBIX
BENUYMH Teoperudeckue 3HadeHus: p.(0)=1,p.(n)=0,n>0. Paccmorpum

rpajpuxk P(n) (puc.7.6,a,r) U OLEHUM €ro OTKIOHEHUE OT TEOPETHUYECKUX

3HaUYeHHW. B mNpeanosoKeHMM O HE3aBUCUMOCTH OCTAaTKOB, 3HAYECHMS
Pz (n),n>0 pacrnpeieneHsl MOYTH MO HOPMalbHOMY 3aKOHY (CTpOXKe, I10

3aKOHy y° C 4YHCIOM CTemeHeil cBoGomel N —n) M JeXaT B HHTEpBAie
126, /N (mokazan Ha pwuc.7.6,a,r myHKTHpoM) ¢ BeposiTHocThiO 0.95 [45].

HesaBucuMocTh OCTaTKOB He ompoBepraercs, T.K. He MeHee 95% 3HaueHuil
JeXar B Mpejenax nHTepBaa.

7.3.2. IIlpoBepka HOPMaATBLHOCTH OCTATKOB

Jns  OUEeHKHM  HOPMalbHOCTH  paclpeliesieHuss  OCTAaTKOB ~ MOKHO
UCIIOJIb30BaTh KOJMYECTBEHHbIE CTAaTUCTUKU: TecT KomMoropoBa — CmupHOBa,

kputepuit x> u T.. [1, 289]. Msl orpaHmumMcs AByMs TpadHUecKUMH

crioco0aMu BU3yallbHOMU MPOBEPKH (puc.7.6).
Camplil TpoCTOi CIOCOO — MOCTPOUTH TUCTOIPAMMY OCTATKOB (T.€. OIICHKY
IJIOTHOCTHM pacnpenenenus). Jlas 3TOro Bech AMANasoH W3MEHeHus &

pazbuBaercsi Ha M uHTepBanoB (OMHOB), OOBIYHO OJMHAKOBBIX IO pa3Mepy.
[ToncumThiBaeTCsl 4acToTa IONAJAHWS BEIWYMHBI B KaxIplii uHTEepBan. Han
KQXIbIM HWHTEPBAJIOM CTPOUTCS NPSIMOYTOJIBHUK C OCHOBaHHEM, pPaBHBIM
[MIMPUHE WHTEPBAJia, U C BHICOTOM, PABHOW OTHOIIEHHUIO YACTOTHI MOMAJaHUS B
9TOT MHTEPBAJ K IIMPHUHE HHTEpBaJIa. BU3yaabHO MOXKHO OLIEHUTH «IIOXO0KECThH)
TUCTOIPaMMBbI HA HOPMaJIbHOE paclpeesieHue, CM. Ba MpuMepa Ha puc.7.6,0,1.

OpnHako MPOBEPUTH ATY «IOXOKECTh» BU3YyaJIIbHO TPYAHO, TEM Ooiee, 4To
TUCTOrpaMMa KakK OLEHKa IUIOTHOCTH paclpeieieHus HMeeT OOJbIIyIo
JUCHEPCUIO0 MIPU MajoWl HHMpUHE OMHOB: 3ajaya BOCCTAHOBJIEHHS IUIOTHOCTH
BEPOSITHOCTH 1O BbIOOpKEe HekoppekTHa [51]. bonee ynoOHbBIM siBIsieTCs
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BU3yaln3anusl rpaduka Ha HOpMAanbHOU GeposmuocmHou oOymaee [45]. Hns
3TOrO MO OCH a0CLHUCC OTKIIAABIBAIOTCS HAOJII0JaeMbI€ BEIMYUHBI OCTATKOB &, a
0 OCH OpAMHAT — COOTBETCTBYIOIIUE 3HAYEHUS X;, PAaCCUUTBHIBAEMBIC IIO
(GYHKIIMU pactpeeieHns OCTaTKOB (BOCCTaHOBJICHNE (QYHKITUU PACTIPEICICHUS
— 3a7a4a KoppektHas [51]). Ecau ocTtatkm &; pacnpeneneHbl HOPMalbHO C
HYJIEBBIM CPEJITHUM, TO TOUKHU Ha rpaduke JATyT Ha MPSAMYI0, KOTOpasi MPOXOIUT
yepe3 Haydajlo KOOpAMHAT, a yroJl HakJIOHA OIpenessieTcs Auciepcue &, .

OueHuTh, JOXKATCA JM TOYKM HA NPSIMYI0, TOpa3ao Jierde, 4YeM OILICHUTH
CXOXKECTh ~ THUCTOTpaMMBI ~ C  HOpPMajbHBIM  3akoHOM  (pwuc.7.6,B,e).

IIpencraBneHHbIE KpUTEpUN HE3aBHUCHMOCTH U HOPMaJIbHOCTH
IPOWJUTIOCTPUPOBAHBI HA IPAKTUYECKUX ITpuMepax B [39].
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' KammoMmy u3 3HaueHmil &, COOTBETCTBYET CBOC 3HAUCHHE SMIMPHUECKOH (hYHKIHH
pacnpenenennst ocratkoB (g, ). Ecmu Bce & pasnmmunbl, ®(s,) MOKHO OLEHHTH Kak
OTHOLICHHWE 9YHCNA 3HAYCHHH &, MEHBIINX WM PaBHBIX &,, K UX oOmemy umciy N.
OGoznaunm @ (x) — OGYHKUMIO pacHpesesieHus] CTaHIapPTHOTO HOPMAIBHOTO 3aKOHa

(HyneBoe MaTeMaTH4ecKoe OXHMJIaHWE U eMHUYHas Jucrepcus). BoibepeMm Takoe 3HaueHue
x; , ipu kotopoM @ (x,)=D(&,). D10 3HAYEHHUE eqUHCTBEHHO, T.K. @ (X) — HenpepbIBHAS

CTporo MOHOTOHHas (yHKuUMsA. [locTaBUM B COOTBETCTBHE &, BEIUYUHY X, T.C€.
—1 o
x, =@, (d(g,)). Tpadux 3aBucumoctn x;(¢;) U ectb rpaduK Ha HOPMAIBLHOM

BEPOSITHOCTHO Oymare.
223



Yacrts II. Mooenuposanue no epemennvim psaoam

Puc.7.6. AHanm3 ocTaTKOB, MOJYYEHHBIX MPH MOCTPOSHUH MOJICIEHOTO MHOTOYJIEHA TIEPBOTO
nopsaaka ¢ nomometo MHK mo psiny anmuuoit N = 1000 touek ot mpouecca n(t) =1+¢+&

(7.26) ¢ HOpManbHBIM (a-B) W PAaBHOMEPHO pAaCIpENElICHHBIM (T-€) OeNbIM IIyMOM C
mucriepcuert  0.01. JleBwiid cronbery — omenkn AK® (HekoppenMpoBaHHOCTh HE
OIIpOBEpraercs, T.K. 3HAYEHUS KOpPEeISILUN BBIXOAAT 3a Inpenenbl 95%-ro NoBEpUTENIBHOTO
MHTEpBajIa He yaie, 4eM B 5% citydaeB). Cpennuii crosnber — ructorpaMmMsl. B coorBercTBrn
CO CBOMCTBaMHM IIyMa B HCXOJHOM IPOILECCE, TOIBKO B MIEPBOM CIIyyae THCTOrpaMMa MOX0Ka
Ha IUIOTHOCTh paclpeleNeHus HOpMalbHOrO 3akoHa. [IpaBwiii ctonben — rpaduku Ha
HOpPMallbHOM BEpOSTHOCTHOW Oymare. Bo BTOpoM ciydae HOPMaJbHOCTH OCTaTKOB
OIpOBEpraercs

[Tpu HaMMUYUKM TECTOBOTO psija MPU3HAKOM HEaJCKBATHOCTH MOJICITH MOXKET
CIIyKHUTh Pa3IMuie BBIOOPOYHBIX JUCIEPCHUN OCTATKOB HA TPEHUPOBOYHOM H
TECTOBOM psijiaX. BBIBOJI O HEaJIeKBAaTHOCTH MOJEIU MOXKET OBITh CBSI3aH C €¢
nepeoOydeHneM WM  HEJI000ydeHWeM, ¢ HeyJadyHbIM BBEIOOpOM  Kjacca
aNMPOKCUMHUPYIOMUX ~ (QYHKIUH, C¢ HAXOXKJACHUEM JIOKAJIBHOTO, a He
rJ100aTbHOTO MUHHMYyMa IIeJIeBOW (DYHKIMHU, WM C TEM, YTO BEPOSTHOCTHBIC
CBOWCTBA IIIyMOB B MCXOJHOM TIpOIleCCEe HE OBLIN «yTaJaHbD» U ObLT BHIOpAH HE
JyUYIIMA METOJ] OIICHKH mapaMeTpoB. Hakonem, MoxeT OBITh HeaJeKBaTHA
CTPYKTypa MOJCIH, Hampumep, MmyMmbl B (7.24) SBISIOTCS Ha CaMOM JIeNe
3aBUCHMBIMU APYT OT Apyra U T.1n. CleayeT BhIACHUTH, Kakas W3 3THX NPUYUH
UMEET MECTO, U M3MEHUTh JCHCTBHS Ha COOTBETCTBYIOIIEM ATare MPOLECAYPHI
MojaenupoBanus (puc.5.1).

7.4. llpuMepbl NpUMEHEHUS Mo/Ieleil

HecMoTpst Ha mpoCTOTY pacCMOTPEHHBIX B IAHHOM IJIaBE MOJIEIIEN, YMEHUE
CTPOMTh HMX BaXHO B TMpakTUKe MojaenupoBanus. OHU HMEIOT W
CaMOCTOSITEJIBHOE 3HAYEHHUE, a Yallle BBICTYMAOT KaK AJIEMEHThl IIPU PELICHUH
Oosee CIOXHBIX 3anad. PaccMOTpuM [Ba NPWIOXKEHHSA: NPOTHO3 (OIHA U3
LHEHTPAJIbHBIX TEM KHHUIM) M YHUCIEHHOE Au(QepeHurnpoBaHue (BaXXHO MpH

MOCTPOCHUH MOJCIBHBIX TU(hdepeHIMATBHBIX YPaBHEHHH, CM. J1a00paTOpHEIC
paborsl [30, 37]).

7.4.1. IIporuo3s
Heobxomumo mpejncka3aTh 3Ha4€HHE 77 B 3aJaHHBII MOMEHT BPEMEHH f.
[IpyueM Ba)kHO HE TOJBKO JaTh «TOYEUHBII» MPOrHO3 7(f), HO U MOIYYUTh

OIICHKY €ro IMOTPEelIHOCTH, T.€. yKa3aTh HWHTEpPBal, B KOTOPOM C BBICOKOM
BEPOATHOCTBIO JIOJDKHO JIekKaTh 3HaueHHe 77(f). DTO — «UHTEPBAIbHBIN

nporao3. Yacto wuHTepBan wumyt B Buue 7N(f)EAAN(). HAaig mpocTOTHI
PacCMOTPHM 3aJavy B CIIy4ae €INHCTBEHHOI'O OLIEHNBAEMOr0 MapaMeTpa.
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Yame Bcero B KauyecTBE TOYEUHOro TMporHoza 7(f) s Bcex
PacCMOTPEHHBIX B IAaHHOW TJIaBe MOJeJNel MPUHUMAIOT Benuuuny 7(t) = f(¢,¢).
Omubka Takoro nMporuosa e(f) paBHa

e()=n@t) —n@)=[f.6) = f(t.c))]-5@). (7.32)

[Ipn masioli MOrpemHOCTH OLIEHKM MapaMeTpa WIM B CIIy4yae MCEBAOIMHEHHOMN
MOJIEJIN 3TO BBIPAKEHUE MOKHO NIEpENHcaTh B BUIE

e(t)=k(t)- (¢ —cy)=<&(1), (7.33)
rae k(t)=0f(t,¢)/ GC\CZCO . IorpemHocTh TPOTHO3a YAOOHO XapaKTEPU30BAThH
cpeanuM kBajzpatom (7.33):

M[e*(D)]=k*(t)-M[e—c, ]’ +o7;. (7.34)

B ciydae HecMelIeHHOW OILEHKH MapamMeTpa, KOTOPBIM MbI OTPaHHYUMCH,
u3 (7.32) u (7.33) cnegyer HeCMelIeHHOCTh 7)(¢) Kak oneHku 77(¢): M[e(t)]=0.

Hpyrumu cjioBaMHu, CHUCTEMAaTHYECKOW OIMMOKMA TpOorHo3a HET. EcTh TONBKO
CiydaiiHasi ormmoOKa, TUCIepcusi KOTOPOil paBHA

o (N =M[D]=k*(t)o; +0%. (7.35)

Ecniu & B ucxognom npouecce (7.3) unu (7.24) HopMmanbHblid, TO 95%-i1
uHTepBan s 77(t) umeet Bun 7(t) 1.960'62. Oty GopMyiy 4acTO UCHOIB3YIOT

17
KaK MPUOJIMKCHHYTO, JTaKe €CITM 3aKOH pacipeiesieHus: £ HeHM3BECTEH.

Ecnmu mucnepcust miyMa ¥ MOTPEeITHOCTh OICHKH MapaMeTpa HEe BEJHKH, TO
ommOka mporHo3a (7.35) ocraercs Maliod, TOKa Mayia BenuuuHa k(¢).

[locnennee umeer mecto i Jo0oro f, eciu f(f,c) HE YyBCTBUTENIbHA K
M3MeHeHusM c¢. B mpotuBHOM ciiydae k(¢) W ommOKa TPOTHO3a MOTYT

17
BMmecto aucnepcuu Jg MOKHO MOJICTABUTH €€ OLECHKY 6,?. Jucnepcun oLeHOK

rapameTpoB 0'5 OOBIYHO NPOMOPLMOHANBHEl JUCIEPCHM  IIyMa 0§ u o0parHO

MIPOTIOPIIMOHAIILHBI AWHE psina N wim Oonee BhICOKMM crerieHsM N (cM. mm. 7.1.2.1, 7.1.2.2).
[TpuBenem dopmysbl s 00IIEro ciiydas — BeKTOopa napameTrpoB €. KoBapHalmoHHYIO

-1
MaTpuIly OLIEHOK IIapaMeTpOB MOXKHO OILICHWTHh  Kak Cov(é)zd*é(ATA) , The
N
Ay =Z¢j(z‘i)¢k(t,.) [60]. [dumaronampuble smeMeHTHl Cov(€) — aHUCIEPCHU OLIEHOK
i=1
[apaMeTpoB: é‘ft =[Cov(¢)];. Mna HenuHeWHONH NO mapaMeTpaM MOJEIU OLEHKY

KOBapHallMOHHOW MaTpHIIkI MONYy4aloT, obpamas matpuily ['ecce GpyHKmMu mpaBaonoao0us:
Cov(®)=H"'(¢), e H,(&)=0"InL(¢)/dc,ic; .
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HapacTtaTb co BpemeHeM. Hampumep, mis  f(¢,c) =sin(ct) wuMeeM
k(t)=tcos(cyt). 10 HeorpaHndeHHass (YHKIMs, TO3TOMY H3HAYalIbHO OYEHb

Majas TIOTPEITHOCTh MPOTHO3a TpH OONBIIUX ¢ HApacTaeT 10 Macmrada
Konebanuit HaGmroxaeMoit. '

3aMeTUM, 4YTO BEJIMYMHY OIIMOKY MPOTrHO3a YJajdoCh OLEHUTH 3/1eCh 3a
cuyetr uHbopMaIMu O CBOMCTBax myma & B olmieM ciydae «IpoucXoKIeHUE)
OImMOOK MOJIETTM HEW3BECTHO M OIICHUTHh WX BEIWYHMHY, pacrojaras TOJIBKO
caMOi MOJIEJIbIO, JAlOIEel TOUEUYHBIN TPOTHO3, HEeNb3s [251], cM. Takxe 1. 10.3.

7.4.1.3. HHTepmoasinus W I3KCTPANOJSNHUA. YK€ B TMPEabAyIIEM
npuMepe BUAHA 00IIas 3aKOHOMEPHOCTh: TOpa30 MEHBIIYI0 TOYHOCTh UMEET
MPOTHO3 B YJAJICHHBIE MOMEHTHl BpPEMEHM, HaxOJdIllMecs 3a MpeaernamMmu
WMHTEpBala HAOMIOACHUS (SKCTPAMOJIIUs). DTO UMEET MECTO JaKe B cllydae
U3BECTHOM CTPYKTYpbI Mojiesid. Eciiu jxe cTpyKTypa Heu3BeCTHaA, TO JUIsl ycrexa
SKCTPAMOJISIIIUM HYKHO HE TOJIbKO TOYHO 3HATh 3HAUYEHHS IMapaMeTpoB, HO U
3HaTh, YTO BHIOpPAHHBIA BUA (YHKIMU f aJ€KBATEH Il OMUCAHUS Mpollecca Ha
IIMPOKOM HWHTepBasle 3HaueHuu f. Ilocnennee dame He mmeer mecra. Tak,
anreOpanvdeckuii MHOTOWIEH BBICOKOTO MOPAIKA, KaK IMPABUIIO, OYeHb MI0XO
AKCTPATOIUPYET.

Tem He MeHee, B psle MPAKTUUYECKUX CIy4YaeB MPOTHO3-3KCTPANOJISALIUS
ucnionb3dyercsa. Hampumep, s nOporHo3a MEAJEHHBIX  POLIECCOB B
SKOHOMETPHUKE UCIOIB3YIOTCS MOJIEINH C / B BUJE alreOpanvecKiuX MHOTOWICHOB
NEPBOTO WJIM BTOPOTO Mopsiika. B aTux 3amavax HaOmrojeHust (3a MpUOBLIBIO
MPEANPUITHIA U T.J.) MOTYT MPOBOJAUTHLCS pa3 B TOJ] B TEUCHHE HECKOIBKUX JIET,
a TMPOTHO3 BaXKeH Ha oAuH rona (oauH mar) Brepen. [lpu stom B cuiy
MEJUICHHOCTH HW3MEHEHHs Tmpolecca, Oojlee WM MEHee MPaBIoNog00HBIM
BBITJISTUT MIPEATIONOKEHHE O TOM, YTO JIMHEWHOE WK KBaJAPATUYHOE U3MCHECHHE
COXPaAHUTCS B TEUYCHHE €Ie OJHOTO Toja. JpyruMu ciioBaMu, IKCTPATOJISIIHS
«HE JaJieKo BIEpe» C MOMOIILI0 MPOCTBIX MOACNCH — 3ajadya OTHOCHUTEIHHO
pazymHasi.

'8 VImenno MO3TOMY JIMCIIEpPCHs OLIEHKH Tapamerpa Juis mporiecca (7.19) ymeHbinaercs
obicTpee (Kak 1/ N?) ¢ poctom mmHEI psga, cM. m. 7.1.2.2. TTockomnbky cama (yHKIHS f
YyBCTBUTEIbHA K U3MEHEHUAM Iapamerpa, To u ueneBas GpyHkius S B (7.12) uyBcTBUTENBHA
K HuUM. B naHHOM cnydyae KBaapaT BEJIWYMHBI Of (t,c)/@c‘czc0 — 3T0 MH(pOPMALMOHHOE

kosmdectBo Durepa, onpeaessoniee BKIaa B QYHKIUIO MPAaBIONOI00US Ka)XI0r0 HOBOTO
HaAOJFOIEHUS.
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R K GRIBOKCUMUDYIGUAL
’ { [ ] e t

a) 0) B)
Puc.7.7. a) IIporHo3 nuHeHON 3aBUCUMOCTH OT BPEMEHM MO ABYM TOUYKaM. Mexay HUMH
MPOTHO3 JOCTaTOYHO TOYEH (MHTeproysiius). B ymaneHHble MOMEHTHI BpEMEHH OIIMOKa
nporHo3a Benuka (3xcrpanossinust). 6) Wmoctparms cxems (7.36). Ilynkrup — rpaduk F(7),
TOHKass JIMHUS — WCTUHHAs KacareibHas, >KApHas JwmHHS — cekymas (7.36). B)
HuddepernmpoBanre ¢ MOMOIIBIO ANMMPOKCUMHPYIOMIET0 MHOTOWICHAa (KUpHAS JIMHHSA).
ToHKkast TMHUS — KacaTeabHasi K MOJEIbHOMY MHOTOUJIEHY, OJIM3Kas K ICTUHHON

Uro kacaercs TpPOTHO3a B MPOMEKYTOYHBIE MOMEHTBI BpPEMEHHU
(MHTEpPIOAIMU), TO OH MOXET OBITh, KaK MPaBUJIO, OCYIIECTBIEH C
JIOCTATOYHOM HaJIe)KHOCThIO (puc.7.7,a). BaxkHo nuIb TPEANOIIOKEHUE O TOM,
9TO aNmpOKCHUMHPYyeMasi 3aBUCUMOCTh HE HUMEET CHJIBHBIX BBIOPOCOB MEXIY
MOMeHTaMu HaOmoaeHuil. OHO 4acTo BHOJHE pazyMHO. OO0 MHTEPHOSAIUU
cyuiecTByeTr oOmmupHas aureparypa [85, 153, 289], B yacTHOCTH, HM3BECTHBI
CJIETyIOIINE METO/IbI.

1) MuTepnonsioHHbIE anredpandyeckue MHOTOWICHBI (TpaduK MPOXOIUT
4yepe3 BCE IKCIEPUMEHTAIbHBIE TOYKH, T.€. HCIOJB3YETCS BBICOKUN MOPSIOK
MHOTOYJIEHA) TOMATCS JUIS IUIABHBIX 3aBHCHUMOCTEH M HE OYeHb OOJIBIIUX JUTHH
psiaa (s rpy0oii OpueHTUPOBKH, He Oosee mpuMepHo 30 Touek).

2) KycouHo-nuHeWHasT WHTEPHOiAlUs (COCeTHHE BO BPEMEHH TOYKH
MONapHO COEIUHSIOTCS MPSIMBIMH JUHUSMU, TOTy4aeTCs JJoMaHas) Xxopouia Jjist
HE CJIMIIIKOM TJIaJKUX 3aBUCUMOCTEN U BHICOKON 4acTOThI BEIOOPKHU.

3) KyOunueckue cruiaiiHbl (IpoBeAEHUE Yepe3 Kaxable JBE COCEHUE TOUKU
KyOuueckoi mapalosibl Tak, 4TOObl 00ECIEeYUTh HENPEPHIBHOCTh MEPBON U
BTOPOM MPOU3BOAHBIX MOJIEIBHON (DYHKIUU) ABISIOTCS BecbhbMa 3((HEKTUBHBIM
M JOCTaTOYHO  yHUBEPCAIbHBIM  CPEJACTBOM  MPUOIMKEHHS  TIAJAKUX
3aBUCUMOCTEH TIpH BBICOKOM YacToTe BeIOOpKH [85, 153, 289].

7.4.2. Yucnennoe nuddepeHmpoBanme

Kak yxe ormewanocs B Hadajle [JAaHHOW IJIaBbl, HHTEPEC MOTYT
OpEICTaBIsITh  CaMU  3HAUEHUs  mapamMeTpoB  mojenud. l[lpumep  —
pacmpocTpaHeHHass — 3ajadya  wucienHozo  ougpghepenyuposanus.  Ilycthb
HaOMroaeMsblil mpouecc umeet Bua 7(t;) = x(¢;)+&(¢;), roe ¢, =t, +iAt, x(t;)
— Iaakas JeTepMUHUpoBaHHas ¢yHknus. TpeOyercs mo 7(¢;) OLIEHUTH
3HAUCHHs IPOM3BOAHOM dx(f,)/dt .

Haubonee pacmpocTpaHeHHBINM MOAX0A — anmpokcuManust GyHkuuud x(f)
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3.J'Il"€6paI/I'-IeCKI/IM MHOTOYJICHOM HCBBICOKOI'O IMOpAAKAa B OKPECCTHOCTHU KaXI0T'O
HHTCPECYIOUICr0 HAaC MOMCHTa BPEMCHHU ti U OICHKa IMapaMETpOB 3ITOrO

muorowieHa ¢ momombio MHK." TIpomsBoxHas MOZENBHOr0 MHOrOUWICHA
NPUHAMAETCS] B Ka4eCTBE OLCHKH BeMuuuHbl dx(¢;)/dt. Eciu yactoTa BRIGOPKH

JIOCTaTOYHO BBICOKA M (YHKIMSA Xx(f) AOCTATOYHO TJIAKas, TO aMpPOKCHMAIIHS

anredpanyeckuM MHOIOWIEHOM 00OCHOBaHa Teopemoi Teisopa o pa3noxeHuu
r71aAKoN (YHKIMU IO CTETIEHSAM OTKJIOHEHHS OT f; B OKPECTHOCTH ;.

7.4.2.1. NuddepenunpoBanne npu orcyrcreuu myma. Ecmm £=0,

OOBIYHO  UCHOJIB3YIOT  HWHTEPIOJSAIMOHHBIE  MHOTOWICHBL.  TOYHOCTH
mudpepeHIUpOBaHUs OMPENLISIETCS TEM, HACKOJIBKO XOPOIIO MOXKET OBITh
NpUOIMKEHA 3aBUCHUMOCTb X(f) MHOIOWIEHOM B BBIODAaHHOM OKPECTHOCTHU /.

HauOosee mnpocrasg cxema — IPOBECTH MNPAMYIO 4Yepe3 TOYKU ¢, U [,
(MHOTOWIEH 1-TO TIOpsANKa, puc.7.7,0). OlieHKa TPOU3BOAHON TOT1a UMEET BH/]T

dﬁ(l‘i) _ Nia—1N; _ M1 — 1 (7.36)
dt lin 1 At |

[TorpemrHOCTF MOXKHO  OIEHHTH, HUCHONB3Ys Qopmyny Teinopa
M =1, + (dx(t,)/dt)At + (d x(t,) / dr’ )At2 /2. Tlonyumm oumbKy, PpaBHYIO
(d 2x(t,. )/ dtZ)At/ 2, T.e. IPONIOPIIMOHANBHYIO Af. B 3TOM ciydae TOBOpPST, 9TO

METOJl UMEET NEPBHIN MOPSAJOK TOYHOCTH. YMEHbIIIEHHE Af TPUBOJIUT K OoJiee
TOYHBIM OILICHKAM NPOU3BOJAHOW, HO TOJBKO NPU OTCYTCTBUU IIyMa U
NOTPEUTHOCTEW BBIUMCICHUN. YCTpPeMIIATb Af K HYJIO HENb3s, T.K. IIPU 3TOM
NPOSIBUTCS HEKOPPEKTHOCTh 3aJlaud YHUCIEHHOro JuddepeHnupoBanus (cm.
HIDKE).

MOXHO TMOBBICUTH NOPSIOK TOYHOCTH METOJA, MCIOJb3Ys MHOTOYJIECHBI

Oosee BBICOKOro mnopszaka. Hampumep, crpos mo Toukam ¢, f, W I
MHOTOYJIEH BTOPOTO MOPSIIKA, MOIyYUM (POopMyITy
ds(t,)/dt = Tt =Tt (7.37)

2At

Jlnisi paBHOMEpPHOW BBIOOPKM OHa CBEJIach K IMPOBEIEHHUIO NPSAMOM uepe3 TOUKH
t,, W t,. Ee IOpAIoOK TOYHOCTM paBeH 2, T.K. MNOIPEIIHOCTb pPaBHA

(d x(t, )/ dar’ )At2 / 6 . Umerorcst u popmysnsl Gosiee BRICOKUX TOPsIKOB [85, 153].

7.4.2.2. HexoppekTHOCTH 3aga4u. [Tokaxem, mouemy Henb3si OpaTh OUEHb
Mallyl0 BenuuuHy Af, Hanpumep, B cxeme (7.36). Ilycts 3Hauenus 7,,7;,

U3BECTHBI C MAJIBIMU MOTpeMHOCTAME &;,&;,, Hopsika o. Torna NorpemHocTs B

19 .
OTOT MOAXOA HMMEEeT MHOro Ha3BaHuil, Hampumep, ¢wibTp CaBuuku — l'omdst wmu

M(poBOH CTIaKMBaOIUN MHOTOWIEH [289].
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3HAUCHMM TPOU3BOAHON cocraBur (&, —¢&)/At~S/At. Tlpu CKOIb yromHO

MaJIOH MOTPENIHOCTH O MOIYYUM CKOJIb YTOJHO OOJBIIYIO OTPEIIHOCTD OIICHKH

JUISL JOCTaTOYHO ManibIXx Af. DTO 03HAa4aeT HEKOPPEKTHOCTb IMOCTaHOBKH

3a/1a4M — HEYCTOMYMBOCTh PELIEHHUS 110 BXOJIHBIM JaHHBIM (CM. II. 5.3.2).
HekoppektHocTh  3aauM  CHMMAETCS, €CIM  OPU  YHUCIEHHOM

g depeHIMPOBaHUM BEJIMYUHA TIOpSAKA O 12 HCIIONIB3YETC KaK MUHUMAJIbHO
BO3MOJKHOE€ 3HadeHue uHTepBana Af. IIpy 3TOM MNOrpemHOCTh OLEHKH
IIPOM3BOJHON OTpaHWYEHA M CTPEMHUTCS K HYJIO MPU YMEHBIIEHHH O. JTO —
IPUMED pecysapuzayuu PU PEelIeHN HEKOPPEKTHOM 3a1auHu.

7.4.2.3. IudpdepeHuupoBanue npu HaIu4um myma. B stoMm ciydae
HETNOCPEICTBEHHOE Hcmonb3oBanue (opmyn tuma (7.36) umu (7.37) Benmer k
«YCHWJICHHUIO TITyMa» W OOJBIINM OImMOKaM OIIEHOK MpOou3BOAHBIX (puc.7.8,a,0).
UToOBbl CHU3WTH BIMSHHWE IIIyMa, MOJCIBbHBIA anreOpandecKuii MHOTOUWICH
CTPOSIT B HCKOTOPOM JOCTATOYHO IIMPOKOM OKHE [ 4 a.s lija,] C TOMOIIBIO

MHK (puc.7.7,8). DpdekTuBHOCTH MOIX0/1a TPOUJUTIOCTPUPOBAHA HA puC.7.8,B.
297,% 0% _ 15 ¢
] 20 1. ‘ ‘ o . . 1 1

10

o0l
-10 U

Puc.7.8. Uucnennoe auddepenimpoanue 77(t) =cost+&(f) npu HOPMAIbHOM IIIyME C

mucnepcueit 0.01 u Ar=0.01. a) McxonHslil psil, CIUIONIHASA JIMHUS — HE 3alllyMJICHHBIE
3HaueHus x(f), 0) muddepennupoanre mo Gopmyne (7.37), crmomHas TUHUS — UCTUHHBIC
3HA4YEHUs NPOU3BOAHOMN, B) AuddepeHIpoBaHne ¢ TOMOLIBIO CIIaKUBAIOILEr0 MHOTOWIEHA
nopsAgka 2, MOCTPOEHHOro 1o 51 Touke, CIUIOIIHAs JMHUS — WCTUHHBIE 3HAYEHUS
npou3BoHOM. [TorpenrHocTh MHOTOKPaTHO CHUXKEHA

[Tockonbky mpou3BOAHAs paBHA OJHOMY U3 KOA(G(OUIIMEHTOB MHOTOYJICHA,
TO BEJIMYMHY €€ CPEIHEKBAAPATUYHON MOrPEIIHOCTH MOXXHO TMOJIYYUTh,
paccurTaB MOrPEIIHOCTh OLEHKU 3TOro kospduuurenta (. 7.4.1).

Yucno ko03pGUIMEHTOB MHOTOWIEHA JOJKHO OBITh HE BEJIHKO 10
CPaBHEHHIO C YHUCIOM TOYeK OKHAa. YUem OoJiblle YMCIO TOYEK B OKHE, TEM
MEHbIIIE JTUCHEPCUS] OIEHKU (BbIIE TOYHOCTH nuddepenupoBanus). Ho
uHTepBan maxd{k,,k,}At He JOKEH OBIThb CIMIIKOM IIHPOK, YTOOBI

aIpOKCUMAaLINs MHOT'OWIEHOM HU3KOI'O nopsika 0CTaBaJIaCh
yAOBIETBOPUTENBbHON. Tak 4To mpu PUKCHPOBAHHOM TOPSAIKE MHOTOWICHA ECTh
HEKOTOpasi ONTUMAJIbHAS IIMPHUHA OKHA, KOTJa MOTPElIHOCTh M3-3a LIYMOB U
IOTPEIIHOCTh M3-32 HECOBEPILIECHCTBA ANIIPOKCHUMALMU NPUMEPHO OJMHAKOBBI.
YBenuueHue nopsiika MHOrowieHa MOYKET IOBBICUTh TOYHOCTb, HO TOJIBKO €CIIH
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Yacrts II. Mooeruposanue no epemennvim psaoam

OpU 3TOM YJAcTCs HCIOJIb30BaTh 3HAYUTEIBHO O0Jie€ HIMPOKOE OKHO. ITO
3aBHCHT OT XapakTepa pyHkuuu x(¢) u BenuuuHbl Af. [Ipu ¢pukcupoBaHHOM Af

CYILIECTBYET HEKOTOpPOE ONTHMAaJbHOE 3HAUYECHHUE MOpsAKa MHOTOWIEHA JUIs
Haubosee TOYHOTO pacyeTa Mpou3BoaHOM. Ha mpakTuke OHO cocTaBisieT, Kak
[paBUJIO, BEMWYUHY OT | 110 3.

MOoXHO paccuMThIBaTH M TPOU3BOJHBIE 00Jiee BBICOKUX IOPSIIKOB,
UCTIOJNB3YysI B Ka4eCTBE OIICHOK COOTBETCTBYIOIIHE MPOU3BOJHBIE MOJIEIBHOTO
MHorowileHa. Ho nansi OLEHKH NpOM3BOJHON BBICOKOTO MOpsAKa TpedyeTcs
CTPOUTh W MHOTOWIEH BBICOKOTO IMOPsIKa, YTO 4YacTO BeIeT K OOJbIINM
norpemHocTsM. [lorpemHoctu quddepeHurpoBaHust OBICTPO PACTYT C POCTOM
HopsiJiKa MPOU3BOAHON. B THUNMUYHBIX NPAKTUYECKUX IOCTAHOBKAX yAaeTcs
YHUCJIEHHO PACCYUTHIBATh MPOM3BOAHBIE HE BBIIE TPETHEro MopsAaka (B
«XOpOILIEeM» ClIyyae).
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