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Annoramnus

Yacts [1 jgexmuit mocsiiesa BBIIUCINTE/IHHBIM aCTeKTaM 33,129 SKOHOMETPUKI. 31eCh
MPUBOAATCSA OCHOBHBIE (DOPMYJIBI, TAOJIUIBI U T.J., UCIIOJIb3yeMble B DErPDECCHOHHOM aHa-
Jn3e U 00pabOTKe BpeMeHHBbIX psioB. Marepuasa Mo cucTeMaM SKOHOMETPUIECKHX yPaB-
HeHNI B KOMIAKTHON U JOCTYIIHOM (popMe M3/I0KEH B CJIeIYIONNX YIeOHUKAX:

1) Enuceesa N.U. u ap. Oxonomerpuka. M.: @unance u craructuka, 2001 (riaba 4);

2) Enuceesa .M. u np. Tlpaktukym mo skornomerpuke. M.: GUHAHCH U CTATHCTHKA,
2001 (pasmen 3);

3) Kpemep H.III., ITyrko B.A. Dkonomerpuka. M.: FOuuru, 2002 (riasa 9).

9T Ke yIeOHUKU PEKOMEHIYIOTCS I U3yUeHUs U JIPYTHX MaTepPUaJoB Kypca.

Jlast cTyIeHTOB 3a09HOMN, 3a09HO-YCKOPEHHON 1 BeUYepHE-YCKOPEHHOI (hpopM 00y UeHust

Oouly.
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YACTDH 1. PETPECCUOHHBIT AHAJIN3

1.1. IIOCTAHOBKA 3AJTAYN

[IycTh u3ydaercss HEKOTOPbI 00beKT V', KOTOPbIH XapaKTepu3yercs BeJIMIuHAMU

oTpakawiumu ero csoiicrsa. Hac OyayT unrepecoBaTbh 3aBUCUMOCTH MEXK/Iy ITUMU Be-
JIMIUHAMEU U Te (DOPMYJIbI, KOTOPbIE UX 33/a10T. Takue 3aBUCUMOCTH MOZKHO ITPEJACTABUTH
B BHUJIE JBYX OCHOBHBIX (POPM.

IlepBag dopma 3aBuCUMOCTH — 3TO (DYHKIIMOHATbHAA 3aBUCUMOCTH, KOTJIA OJHA W3
BEJINYUH sIBHO (HESBHO, MApAMETPHYECKH U T.JI.) BBIPAYKAETCs Yepe3 OCTAJbHBIE. 3J1eCh,
KaK MPaBUJIO, UMEeTCs BIOJHE KOHKpeTHas (opMysIa, CBSI3BIBAIONMA MeXKay coDoi pac-
CMaTpUBaeMble BEJIUYUHBI. JacTo ObIBAET TaK, YTO BUJI (DOPMYJIbI U3BECTEH ¢ TOYHOCTHIO
JIO BXOJIAIIUX B Hee KOIPOUIIMEHTOB, U TOT/a 3T KO3 dunuentol Tpedyercs HAHTH 110
pesyabraraM HabJro/eHuil (n3Mepenuii). B GoJiee CI0KHOM BapuaHTe KOHKDETHbIH BH/I
OPMYJIBI MOZKET BBI3BIBATH ONpejieJIeHHbIEe TPYIHOCTH, U TOTJA CJIeAyeT PacCMaTpPUBATh
Habop (opMys 1 BBIONpPATh KaKyIO-TO OAHY M3 HUX.

Bropasi ¢popma 3aBUCUMOCTH — 3TO CTOXACTHYECKAas 3aBUCUMOCTDL, KOTOpast, KaK IIpa-
BHJIO, HE ONMUCHIBAETCS KOHKPETHOH (hopMysioil. 31ech 3aBUCHMOCTh MEZK/Iy BeJIM9IUHAMI
MPOSBJIAETCSI B TOM, YTO U3MEHEHWe OJHOU W3 BeJWYNH BJIUAeT Ha BO3MOYKHBIE 3HATE-
HUs OCTABINUXCS BeJIUYUH. Ecam Ke 3aBUCUMOCTH MeXKITy BeIUYUHAMHU OTCYTCTBYET, TO
U3MEeHEeHWe OJHOW W3 HUX HUKAKUM 00pa3oM He OTParKaeTcsd Ha BO3MOXKHBIX 3HAUYEHUIX
ocTaJIbHBIX. BoJjiee TOYHO Takas 3aBUCUMOCTD LPOSIB/ISETCH B U3MEHEHMH 3aKOHA pacipe-
JIeJICHUS OJTHOM BEJIMYMHBI MOJI, BIUSHUEM KOHKDPETHBIX 3HAYEHUN JAPyrux BejnyduH. Kcian
JKe 3aBUCUMOCTDH MEXKJIY BEJIMYMHAMU OTCYTCTBYET, TO U3MEHEHUEe OJIHON 13 HUX He OTpa-
JKaeTcsl Ha 3aKOHAX paclpeesleHus OCTATbHBIX.

CymecTByIOT TaKzKe W JIPYTHe BAPDUAHTHI 3aBUCHMOCTel, codeTaromye B cedbe hyHKITH-
OHAJIBHYIO U CTOXaCTUYECKYIO 3aBUCUMOCTU. Kpome TOro, BO3MOXKeH BapuaHT 3aBUCUMO-
cTell, KOrjaa 3HaueHus OJHOM, IBYX WK TPEX BEJUYUH JOCTATOYHO XOPOIIO OMUCHIBAIOTCS
OJIHOI TaK HA3bIBAEMOIl OObSACHAIONICH TepPEeMEeHHOI.

B mpocreiitiem ciaydae 3aBUCHMOCTD M€Ky JBYMs BEeJUYMHAMHU §y W T CTPOUTCH B
BH/IE

rae f(z) — mekoropas dyHKIus. BequmduHa € yquTHIBAET IOTPEITHOCTD MPHOJIUZKEHHOM
cs3u y & f(x) n BKIIOUaeT B cebst Bce HeyYTeHHBbIE WM Hen3BecTHbIe hakTophl. OueBn/I-
HO, 9T0 BBIGOD yHKIHH f(x) npeacrapisger coboil JOBOIBHO TPYAHYIO 33144y, /s Pelre-
HUA KOTOPO# HEOOXOIMMO YMETh OIIEHUBATH CBOMCTBA morpentoctu €. OObIYHO (DYHKIIHIO
f(z) BeIOUpaoT Tax, uToOb Auctepcus norpemuoctn D(e) = D(y — f(x)) 6bl1a 661 Kak
MOZKHO Menblle, T0 ectb D(y — f(z)) — min. Kak u3Becrro, perrenne JaHHON 3a1a4n
Jlaet QyHKIU

fx) = M(y/z), 2)

rie Beipazkenue M (y/x) o3HaUaeT yCJIOBHOE MATEMATHYECKOE OXKHJIAHNE BEJTUIUHBL i TPU
dbukcupoBannom 3unadennn Besndunbl r. Oynkmus f(r) Ha3piBaeTcs perpeccueii y Ha .
Ha npakruke naxoxienue f(z) o dopmyse (2) 10BOJBHO 3aTPYAHUTEIHHO MU BOOOIIE
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HEBO3MOYKHO, TTOCKOJIbKY HEOOXOAMMO mMeTh WH(OPMAIUIO O COBMECTHOM pacIpesese-
HUU 1apbl (T, i) B COOTBETCTBYIOIIE reHepaibHOil coBOKymHOCTH. [T09TOMY, KaK IpaBu-
70, f(z) mombuparT cpeu HEKOTOPOTo Kjacca JOCTATOYHO MPOCTHIX (DYHKIHHA U 3aTeM
10 BBIOOPOYHBIM JAHHBIM OIpPEIEJA0T ee KodddunuenTsl. B KOHKpeTHBIX 3ajadax da-
CTO HCIOJIB3YIOT JUHEHHbIE, KBaIpATHIHBIE, TOKA3aTe/IbHbIe, TPUTOHOMETPUYIECKHE U JIP.
dbynxmum. Hanpumep, dopMmymna ¢Ba3u y = ag + a1 + a2x? + €, coaepzKaiiasa napaMeTpsl
ag, a1, Az, OTPAZKAET KBAIPATUIHYIO 3aBUCUMOCTD Y OT .

B GoJtee ob1iem ciiydae MOYXKET U3y4aThCs 3aBHCHMOCTD BEJIMYUHBI Y OT MHOTOMEPHOI

BEJIMYUHBL U = (T1, T, ..., Tf), ¥ 9TA 3ABUCAMOCTb CTPOUTCS B BHJIE
y=[f(b u)+e, (3)
riae b= (by, by, ..., by) — BekTOp HemsBecTHHIX Hapaverpos. Oyukims f(b, u) Ha3bIBaeTCs

MHOKeCTBEHHOI perpeccueil y Ha u. B ypasaennu (3) BeJmdInHa y HA3BIBACTCSI 3aBUCAMO
IIEPEMEHHOU, & T1, T3, ..., T — OObIACHSIONUME ITePEMEHHBIMU.

Bui6op dyuxmun f(b, u) u oleHka ee mapaMeTpoB OMUPAETCS HA HAOOD JTAHHBIX, TPEI-
CTaBJEHHBIX B CJIeayIonieil Tabine.

Tabanma 1
Habop maHHBIX /I perpecCHOHHOTO aHAIU3A
N Y 1 | X | o0 | xR
1 Y | 11 | To1 | " | Tkl
2 Yo | T12 | Ta2 | " | Tk2
0 Yi | T1i | T2i | *° | Tki
n Yn Lin TLon e Lkn
[Ipepnonaraercs, 9To 3HAYEHUS BEJIMINH (yi, T15, T2iy .- - ,xki) MTOJIVYIEHBI OJHOBPEMEHHO

upu KoHKperHoMm Habsogenun (usmepennu), 1 < i < n. Kpome rToro, canraercs, 4ro
KaxK/Iplit cTosioer; Tabauibl 1 3a/1aeT BHIOOPKY 3HAYEHUIT COOTBETCTBYIONIEH BeJINIHHBI.
[TapameTrp n o3naugaeT 06bLeM BBHIOOPKH.

Js1 oneHK M BeKTOpa napaMeTpos b 3apucumoctu (3) mo gaHHbiM Tabur. 1 uenoabp3yercs
Mero, HauMeHbImx KBaaparos (MHK). CymmHocTh 9TOr0 MeToa 3aKII0YALTCS B CIIETY-
fommem. Coctasiisiercst byuknus L(b), KOTopas ONMUCHIBACT MePy PACCEMBAHUST TAHHBIX MO
[EPEMEHHON § OTHOCUTEJIbHO MPUOJIUKEHHBIX 3HAYEHUHN 110 IePEMEHHON U

n

L) =" (5 — £, u))®, (4)

i=1

rae up) = (T1i, 24, -+ -, Thi), 1 < 1 < n. B HeKOTOPHIX cayuasx Beipazkenne s L(b) nmeer
6osiee Ccaoxkublil Bua. VCKOMBIA BEKTOD OLEHOK HAPaMETPOB b HAXOAMTCA KAK PeIleHue
3812491 HA SKCTPEMYyM

L(b) — min. (5)

Pemenne 3amaan (5) MoxkeT ObITh HAf/ICHO AHAJUTHYECKU JIMOO YUCJICHHO € IIOMOIIBIO
CIEeNUATU3NPOBAHHBIX TTAKETOB IPOIPAMM.

[Mpenpapurensusiii Bug dyuxiwun f(z) win f(b, u) MoxeT OBITH YCTAHOBIEH, HCXOJISI
u3 rpacdudeckoro anaiusa jganubix. Hanbostee yo6HO H3ydaTh NapHyIO 3aBUCUMOCTD, T.€.

4
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3aBUCUMOCTD Y OT KAKOH-TO OJIHOM 13 00bACHSIONUX NEPEMEHHBIX, HAIPUMED, OT I1. 3/1€Ch
HCIOB3YIOT rpadudeckoe MpecTaBieHne map To4eK (&, y;) Ha minockoctw, 1 < @ < n.
[Ipu HaHECEHMH YTUX 1A HA IJIOCKOCTh HOJIyYaeTcsd HEKOTOpoe «0bJIako» ToYeK, (popma
KOTOPOT0 MOXKET TOBOPHTH O HAJUYMH WJIM OTCYTCTBUHU 3aBucumocTeil. Eciam «obiakos
TOYEK HMeeT BIOJIHE KOHKPETHYIO, BHIPAsKEHHYIO (DOPMY, TO MOXKHO BIOJIHE YBEPEHHO
TOBOPUTH O HAJMYMM 3aBUCHMOCTU MEXKJLy HEPEMEHHBIMU X1 M Y. B HpOTHBHOM Ciydae
3aBHCHMOCTH MOYKeT U He ObITh (CM. puc. 1, 2).

['paduueckoe npegcTaBIeHne JAHHBIX MO3BOJIAET CACAATH ONPEJICACHHbIH KaueCTBeH-
HBII BBIBOJ O BO3MOZKHOH 3aBUCHMOCTH MKy PACCMATPUBAEMBIMU IIE€PEMEHHBIMH X1 U
y. Bmecte ¢ TeMm ycranoBieHne hpakTa UX 3aBUCUMOCTH UJIM HE3aBUCHMOCTH TPeOyeT MpH-
BJICYEHUS KOJIMYECTBEHHBIX METO/0B, KOTOPbIE M3/IAral0TCsl B CJIEYIONMX Pa3/iesax.

y

y

I

Puc. 1. Obsako Touek. lImeercsa 3aBUCUMOCTD

1
Puc. 2. O6aako Touek. Her 3aBucumocTu
['pacdpuueckoe mpeacrapienne JaHHBIX O3BOJIAET CALIATH OIpPeIeIeHHbIA Ka4eCcTBeH-
HBIH BBIBOJ, O BO3MOYKHOI 3aBUCUMOCTH MEYKJIy PaCCMaTPUBAEMbIMHA BEJIMYUHAMU T1 U Y.

Bwmecre ¢ Tem ycranonsenue (pakTa UX 3aBUCUMOCTH WM HE3ABUCUMOCTH TpebyeT mpu-
BJICYEHWA KOJIMYECTBEHHBIX METOJOB, KOTOPHIE U3JaTaloTCd B CJICAVIONNX pa3jesax.
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1.2. INHEMHA Y PETPECCUOHHA A 3ABUCUMOCTDb
1.2.1. OcHOBHBIE NIPE/IIIOTOXKEHHS.

[Tpumem, 9TO CBsI3b MEYKJy 3aBUCUMONW W OOBACHSIOIMMMU TEPEMEHHBIMH UMEeT CJIe-
AVIOIIAI BUAJI:

y=by+bu+ec=by+bix1+...+bx;+...+byx,+e. (6)

Baeck by, by, ..., b, ..., by — napaMeTpsl JUHERHON 3aBUCHMOCTH (JIMHEHHO perpeccun),
BEJINUHHA € — CJIydaiiHas ommuOka Haburonenuii (u3mepenuit). Bee 911 mapaMerpsl iBISIOT-
csI, BOOOIIEe TOBOPS, HEM3BECTHBIMH U MOJIEKAT ONPEIeJeHHIO 0 BRIOOPOYHBIM TAHHBIM.
Ecau s wekoroporo 1 < i < k okaxercs, uro b; # 0, o dopmyra (6) Gyger roBopuTh
O CYIIECTBOBAHUU 3aBUCUMOCTU MEXKJy repemeHHbivMu x; u . [lpu b; = 0 Heb3s roso-
PUTDH O 3aBUCUMOCTH MEXKJIY Y U X;, BhIpazKeHHoil B jimHeiinoit popme. Ecau ke jmia Beex
1 <1 < k okaxkercs, uro b; = 0, TO 6yIeM roBOPUTH, YTO JIUHEHHAS 3aBUCUMOCTb MEXKIY ¥
1 OOBICHSIOMMUME ITePEMEHHBIMI OTCYTCTBYET. 3aBUCUMOCTD ¥ OT T; MOXKET HMEThb MeCTO,
HO B JIpyTOii, Dojiee caoxKHOI (hopMme.

HaxozkaeHne OIeHOK mapaMeTpoB i 000CHOBaHHE 3aBUCHMOCTH (6) onmpaercs: Ha CJie-
AVIOIIYEe IIPEAIOJ0KEHUA OTHOCUTEIbHO CJIYYalHON COCTaBAAIONEN £:

H1) maremaTudeckoe OXKUJTAHAE U JIUCIEPCHST BEJIMYUHBI € TAKOBBI, UTO

M(g) =0, D(g)=0*= const > 0. (7)

H2) m06ble mape! 3HAUEHUH €;, £; BEJIMUUHBI € SIBIAIOTCS HEKOPPETHPOBAHHBIMH, T.€.
npu ¢ # j uMmeer Mecto paseHCTBO M (e;e;) = 0, B 9aCTHOCTH, 9TO BEePHO U I Hap
€ =Y —by—bu; me; =y; — by — buj, e y;, yj, Ui, u; B3ATH U3 TAbAUIBI 1;

H3) BesmunHa € mMeeT HOPMATIBHOE PACIIDe/IeJIeHIe ¢ TapaMeTPaMu, 3aJaHHbIME (HOp-
my.0it (7).

Beinosnnenne npeanosnoxkeruit H1) uw H2) no3posisier TPUMEHHTb MeTO]], HAUMEHBIITHX
kBajgparoB (MHK) u moayuurh bOpMyJsibl JIJIsi ONEHOK MapamMeTpoB 3aBucuMoctu (6).
[Ipeanonoxenns H1) u H2) naspiBator ocnosubivu npejnosoxennsmuy MHK.

Brinonnenne npenosnoxkenns H3) gaer BO3MOKHOCTH 060CHOBATH HAJMYNE WJIH OT-
CYTCTBHE 3aBUCHUMOCTH MEXKJy MEePEMEHHOW Y W TePeMeHHBIMU Tq, Lo, . .., Tk, 3ATAHHON

dbopmyuoii (6).
1.2.2. @opmysibl jjisg 0/IHON OObACHSIONIEH TepeMeHHOil.

N3ydaem 3aBUCHMOCTH BHIA
y:bo+b11’1+€. (8)

[Tonaraem, 9To y HaC UMEIOTCS BLIOOPKH 3HAUEHUI ITIepeMEeHHOM y U IepeMeHHo X1, Ipe/I-
CTaBJIEHHBIE B COOTBETCTBYIOIINX CTOJIONAX Tabsmipl 1. Obo3Hadnm

fl:%;x”’ @Z%;yi, (9a)

n

Quyzy = in —n(71)%, Quyy = Z(Sﬁu Yyi) — N1y, (90)
i=1

i=1
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Omnenku nmapamerpos by, by, BXOJASAIUX B ypaBHeHHe perpeccud (8), paBHBI
VR S S (10)

Wcnonb3ys nostydeHnbie OleHKu, chOpMUPYEeM BHIOOPKY OCTATKOB
€1, €2,y Cirer,Cn, (11)

KOTOPBIE 33Jal0T OTKJIOHEHUS HAOIIOJAeMbIX 3HAYEHUH ¥; OT UX IIPeICKA3aHHBIX 3HATCHHII
o dhopmye (8), T.e.
€i:yi—b0—b1$1i,1§i§n. (12)

[To BeIGOpKe (11) BBIYHCIUM OCTATOYHYIO CYMMY KBaIPaTOB

Qee = i e?, (13)
i=1

KoTOpas OyJeT UCIOJIb30BAaHA B MOCIESAYIONIUX pacyeTax.

Omnenxn (10) maroT TpHOIIZKeHHBIe 3HAYEHHAS TApaMeTpoB by, b1, T.e. by = by, by = by.
Ha ocuoBanuum 31ux npub/inzKeHHBIX PABEHCTB HEJIb3sI MOy YU Th YBEPEHHOTO 3aK/II0YeHUsI
0 TOYHOM 3HAYEHUU MCKOMOTO mapamerpa by m mpoeputh HepaBeHcTBo by # 0. menno
9TO HEPABEHCTBO W OyJIeT TOBOPHUTH O HAJWYWN WM OTCYTCTBUU JIMHEHHOW 3aBUCHMOCTH
MexKJIy 4y U x1. ToOYHOCTD OlleHUBAHUA HapamMeTpa b; 3aBHCHT OT 0ObeMa BBHIOODKH 1 U
XapaKTepH3yeTcs CTAHIAPTHOH omubKoi omenkn by. CTaHgapTHas onmbKa o OLEHKH by
HaxouTcs 110 popmy.Jie

Qee
TR . LC— (14)
(n - 2) Qxlﬂm
Badukcupyem 3HaueHne o0bsACHsONIEH TepeMenHoit 1 = x}. Torna BeIparkeHue

Oy/eT 3a1aBaTh NPUOUKEHHOE 3HAUCHIE 3aBUCUMO TIepeMeHHoit ¥, T.e. y ~ ¢. TouHOCTH
OIIEHUBAHUS { XaPAKTEPU3YETCs CTAHIAPTHON OMMUOKOH MOy IeHHO ONEHKH 1 0003HATA-
ercst 0,. CrangapTaas ommbKa 0, 3aaaeTcsd HGopMyIoit

ee 1 T—71)?
o, = nQ_2(1+—+M>. (16)

[TepeiieM K 060CHOBAHHIO HATHYIHS WK OTCYTCTBUS JIHHEHHON 3aBHCHMOCTH (8) MexK-
JIy TIepeMeHHBIME y U x1. Burauraem rumnoresy Hy 00 OTCyTCTBHHM TaKOH 3aBHCHMOCTH.
DT0 paBHOCIILHO TOMY, uT0 by = 0. 3adukcupyem yposensb 3naunmoctu « - 100%. Yucno
(v 33712€T BEPOSATHOCTH OMUOKH 11epBoro pozaa. Omubka mepBoro pojaa 03HAYAeT, ITO MPE/I-
CTaBJICHHBIE JJAHHBIE U PE3YJIbTAThl UX 00pabOTKM He COTJIACYIOTCS ¢ MPUHATOMN rumnoTe30ii
Hy, u mb1 ee orBepraeM. llpoBepka rumoresnt Hy onmpaercs Ha JIBa CIOCo0a.

[Ipu nepBom crocobe BBHIYUCIAEM BEJIUUNHY

_ B% QCE1I1 (7’L B 2)
Qee .

7
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DTy BeanduHy OyJeM CPaBHHBATH ¢ KPUTHIEeCKUM 3HadeHuem F,, pacmupenenenns Ourrepa
¢ fi = 1wu fo =n— 2 cremensimu ¢Bo6GOJBI Ha ypoBHe 3HaduMocTH « (tabsmma I11).
Ecyim okazkercs, 4To BbIIOJHEHO HepaBeHcTBO F' < F,, To runoresy H, npunumaem, u
JUHEHHYI0 3aBHCHMOCTD (8) HaspiBaeM He 3HaduMoii. Ecsn ke F' > F,, 1o runoresy H
OTKJIOHSEM U CYUTAEM, UTO MEXK/Iy IePEMEeHHBIMH T1 U Y UMeeTcs JINHeHHAs 3aBUCUMOCTD,
U 3Ty 3aBUCUMOCTDH Oy/IeM Ha3bIBATh 3HAYUMOIN.
[Ipu BTOpOM Ccriocobe CTPOUM I'PAHUIILI JIOBEPUTEILHOTNO HHTEPBAJIA A/ napamerpa by
o ¢opmyJie
bleflz(bl—taal,bl+ta01), (18)

rje t, — KpUTUYEeCcKoe 3HaUeHue pacupenenenns CThIOJEHTa ¢ n — 2 CTemeHsIMHI CBOOOIBI
Ha yposHe 3nauumMoctu « (tabuauna I12). Mnrepsan [ nakpbiBaer mapamerp by ¢ BeposiT-
HOCTBIO p = 1 — . Ecyim okaxkercs, 4To J0BepUTEIbHBIH nnrepBan [; cojaepkut B cede
9UCJ0 HOJIb, TO CUnMTaercs, 4ro by = 0 M, KaK caeacTBue, runoresa H, MPUHUMAETCS.
Ecau ke noBepuTesbHBIN WHTeDPBAT [; He COAEPXKUT B cebe UHUCI0 HOMb, TO MOJAraeTcs,
910 by # 0 u modTOMy runoresa Hy OTKIOHSIETCH.

[IpeamoioxkuM, 9TO Me¥KIy MepeMeHHBIMHA X1 W Yy YCTaHOBJeHa 3HaYMMas JUHelHasd
3aBHCHMOCTB. TOT[a 1O 3aJaHHOMY X1 = I] MOXKHO YKa3aTb I'DAHUIIBL JJIs OJKUIAEMOIO
3HAYEHUST i C YIETOM BJIMSHUS CJIyIaifHONW COCTABIAIONIEH €. DTU TPAHUIHI YCTAHABIHBA-
10TCd B (hopMe JTOBEPUTETBHOTO MHTEPBAIa

yel,=(y—taoy, §+taoy), (19)

KOTOPBIIl COMEpKAT 3HAYCHHE IEepeMeHHONR § ¢ BepodaTHOCThI0 p = 1 — a. Kpurnueckoe
3HavYeHHne t, ONICAHO BBIIIE, BEJIMIUHBI ¥, 0y 3a7aHbl popmyaamu (15) u (16). ['panursr
JIOBEPHTETLHOIO HHTEPBAJIA €] = § — b 0y, Co = §+1t4 0y, KAK QYHKIUH OT BEJHYHHBI T7,
npuBeJieHbl Ha puc. 3. 13 Hero BUAHO, 4T0 TOYHOCTD IIPE/ICKA3aHI BO3MOYKHBIX 3HAYCHUIT
y yObIBaeT 1o Mepe yJajaeHHs TOUYKH X] OT TOUKH .

Y
&)
.Y
C1
(]
x1 ﬂff

Puc. 3. I'parunibl 10BEpUTEIBHOTO WHTEPBAJIA, I Y
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1.2.3. @opmyJibl Jjisd ABYX OObSCHSIONIUX ITePEeMEHHbIX.

B sTom paszzaesne 6ygaeM u3ydaThb 3aBHCHMOCTD Y OT JBYX OOBSICHSIONIUX IEePEeMEHHBIX
T1 M To, 33JaHHYIO B JHUHEHHON dopme

y="bo+brri+byxo+e. (20)

[Ipeamonaraercs, 9T0 MeXKIAy T1 U To HET JUHEHHOMN CBS3H, TO €CTh Lo # a1 T1+as, a; 7 0.
B mporusroM ciaydae coorrormenue (20) ¢ TOIHOCTBIO 10 0o6o3HavYeHnil copnaaet ¢ (8).
[Tomaraem, 9TO y HAC MMEIOTCA BBIOOPKHU 3HAYEHHII IepeMeHHON ¢y U MepeMeHHBIX 1, X2,
[pEeICTaBJAEHHBIE B COOTBETCTBYIONNX cToI0max Tadauibl 1. Obo3HaunM

512%2%1'7 fQZ%szi, ?72%2% (21a)
i=1 i=1 i=1

A= Qxlxl : ngxz - i1x27 Q:cm:l = in -—n (i’l)z) (21 b)
=1
Q.’EQ$2 = Z x%z —n <j2)27 ny = Z y1,2 —-n (g>27 (21 C)
=1 =1
Quyy = Z(ﬂﬁlz Yi) =1y, Quoy = Z(Izz Yi) —n T2y, (21d)
i=1 i=1
Quyzy = Z(fu T9;) — N T1 Ta. (21e)
1=1
Torya onenku napaMerpoB JuHeiiHoN 3aBucuMocTr (20) 3a1a10TCS COOTHOIEHUSIME
[‘)1 _ szxg . Qxly - Qaqacz : Qm2y7 (22 a)
A
62 — Qzlacl . szy - QSE1Q22 . Q:ﬁy’ (22 b)
A
Bozg—glfl—ggfz. (226)

BameTnm 37ech, 9TO MpH MPOBeIeHNH Bhraucaenuii o dopmytam (21), (22) gacro mosy-
YAIOTCA HeBEPHBIE PE3YJIBTaThl. DTO BBI3BAHO OMUOKAMH OKDYTJIEHHI, K KOTOPBIM OY€Hb
YYBCTBUTEJbHBI 3TH (HopMyabl. [103TOMY Bee BBHIYMCIEHUsI JOJKHBI TPOBOIUTHCS OY€Hb
AKKYPATHO U POy MAHHO.

Ncnonb3ys nostydeHubie O1eHKU, cPOopMUPYEeM BBIOOPKY OCTATKOB

€1, €2,y CiynnyCp, (23)

KOTOPBIE 3aJaI0T OTKJIOHCHHS HAGIIONACMBIX 3HAYCHHUIT ¥; OT UX IPEICKA3AHHBIX 3HAYCHH I
10 dbopmyie (20), r.e.

e; =Y — by — by x1; — by gy, 1 <i <. (24)

[To BBIGOPKE (24) BBIYHCIUM OCTATOYHYIO CYMMY KBAJIPaTOB

Qee = Z 6?, (25)
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KOTOpasi OyJeT HCIOJAb30BaHA B IOCJEAYIOMMUX pacdeTax. Bemnmumaa (.. TaKzKe MOXKET
ObITh Haiijena o popmyiie

Qee = ny - (Bl me + 62 me)- (26>

DT0 MO3BOJISIET TTPOBEPUTH MTPABUIBLHOCTE BhIAnCIeHH 110 dhopmymam (21)-(25).
Omenkn (22) paror npubInKeHHBIE 3HAYCHUST TapaMeTpoB by, by, by, T.e.

b() ~ Bg, bl ~ Bl, bQ ~ 7)2.

Ha ocHoBanuu 3TuX MpuOJIHKEHHBIX PABEHCTB HEJIb3s MOJIYYUTh YBEPEHHOI'O 3aKII0UCHHST
0 TOYHBIX 3HAYCHUSIX IMAPAMETPOB by U by, a TakzkKe NpoBepuTh HepapeHcTBA by # 0 wim
by # 0. DTu HEpaBEHCTBA YKA3BIBAIOT HA HAJIUYINE WU OTCY TCTBUE JIMHEHHOM 3aBUCUMOCTH
MEeZKJTY 4 U OObACHAIONUMHE TIePEMEHHBIMU T1 U XLo. TOYHOCTH ONEHUBAHUS TTapaMeTpoB by,
by 3aBUCUT OT 0O'beMa BBIOOPKHU N U XapaKTepPU3yeTcsl CTAaHIAPTHBIMHU OIMIHOKAMH OIEHOK
b1, by. CranmapTHbIE OMHUOKH 01, 0o OUEHOK by, by HaxomaTCs 1O hOPMYyIaM

Qee . Ql‘sz Qe@ . Q$1$1
n—3 A n—3 A

o1 = , 02 (27)
Baduxcupyem 3HaUeHns OObBICHSIONINX IEPEMEHHBIX T1 = T}, T2 = x3. Torjga BeIpa-
JKeHne

Oyaer 3a7aBaTh IPUOINKEHHOE 3HAUEHIE 3aBUCHMON IIepeMeHHOil ¥, T.e. Yy & 7. TOYHOCTh
OIIEHUBAHUS { XapaKTEePU3YeTCs CTAHIAPTHON OMMOKON MOJIyIeHHO ONEeHKH 1 0003HATA-
ercd o,. CTanjapriagd omubka o, 3ajaaercd GopMyIoi

Qee 11
— R I [l 29
% n—3 + n + AN (29)
rJe BeJHYUHA 0, PABHA
6y = Q@m (Ii - ‘%1)2 - 2Q$1$2 (Ii - fl)(x; - ‘7_:2> + leﬂﬁl (*’E; - j2)2' (30)

I[lepeiieM K 00OCHOBAHMIO HAJUYUS WM OTCYTCTBHs JHHEHHO# 3aBucumoctn (20)
MeKJIy MepeMeHHBIMU y U T1, To. BeiaBuraem runoresy Hy 06 OTCYTCTBUYM TAaKOil 3aBUCH-
MOCTH. DTO PABHOCUIBLHO TOMY, 9TO by = 0 u by = 0. Badurcupyem ypoBeHb 3HAUUMOCTH
a - 100%. Yucnao « 3amaer BepOATHOCTHL OMMMOKK IepBoro poaa. Ommbka mepsoro pona
O3Ha4YaeT, 4YTO IIPe/ICTaBJeHHbIe JaHHbIe U Pe3yJbTaThl UX 00pabOTKU He COTJIACYIOTCS C
npuHATON runore3oit Hy, u Mbl ee orBepraeM. [I1d mpoBepku Trumnore3bl Hy BBIYUCTIIM
BEJIMYUHY - -

(b1 Qury + b2 Quyy) (n — 3)
2 Qee

u OyJIeM CpaBHUBATH €€ ¢ KpUTUUEeCKUM 3HadenueM F,, pacupenenenus Puinepa ¢ f; = 2
u fo = n — 3 cremensMu ¢BobOABl HA ypoBHEe 3HaUMMocTH « (Tabmuna I11). Ecin oka-
JKercst, 94To BbiloJineHo Hepasencrso F < F,,, To runoresy Hy upunumaeMm, a JUHEHHYIO
3aBucuMocTh (20) HazpiBaeM He 3HaunMoil. Ecan xe F' > F,, 1o runoresy Hy OTKI0HSIEM
U CYUTAEM, ITO MEXKIY Y U T, Lo UMEeTCs JIMHEeHHAs 3aBUCUMOCTb, W 3Ta 3aBHCHMOCTH
Ha3blBACTCd 3HAYUMOM.

F =

(31)
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Eciu 3aBucumocts (20) nmpusHaHa 3HAYUMOIL, TO CJelyeT YCTAHOBHTH Kakas U3 00b-
SCHSIIONUX TIePEMEHHbIX 21 U (MJIN) T9 OKA3bIBAeT BAHsIHNE Ha Y. 3adHUKCHPYeM yPOBEHb
sHaunmocTa « - 100% 1 mocTpouM J0BEpUTEIbHBIE HHTEPBAJBL I IapaMeTpoB by u by:

b1 € Il = (61 — ta o1, 61 +ta 0'1), bg € [2 = (62 — ta 09, BQ + ta 0'2), (32)

rje t, — KpuTudeckoe 3uadenue pacupejenerus CThIOAEHTa ¢ 1 — 3 CTENeHsIME CBODOO-
JBl Ha ypoBHe 3HaumMmocTd « (tabmuma I12), a Benmumubl 01, 09 3amaHbl GOpPMyTaAMH
(27). Nnrepsans 1, I, makpeiBaior mapamerpsr by, by ¢ BeposTHOCTBIO p = 1 — av. Ecom
OKazKeTCsl, IYTO JIOBEPUTENbHBIN WHTepBaa [; CONep:KUT B cebe YHCJI0 HOJb, TO MOJaraeM
Toraa, 9To by = 0, ¥ IpUHIMaeM, 9TO HepeMeHHas y He 3aBUCUT OT T1. AHAJOTUIHO, €C/IH
15 conepxkutT B cede 9UC/I0 HOJIb, TO mojaraeM, 9ro by = 0 u, npuHUMaeM, 9YTO HepeMeHHas
Y HE 3aBUCHUT OT To. B mpoTtuBHOM ciydae, korda [ u I He cofaepzKaT 49uc/io HOJh, TMOJIa-
raem, 910 06e OObSICHAIIINE TTEPEMEHHbBIE 0KA3BIBAIOT BinsgHNuE HA . OUeBUIHO, ITO TIPU
b, > 0 BospacTanne x; GyJeT BECTH K BO3PACTAHHIO ¥, a Iph by < 0 — K ee yMeHbIICHHUIO.
AHAJIOTHYHBIA BBIBOJL O 3aBHCHMOCTH 4 OT Ty MOMKHO CIEJaTh 1O 3HAKY by.

[TpeAmoaoKuM, 9TO 3aBUCAMOCTD (20) MeXKIy y U X1, To NpU3HAHA 3HAUNMOl. Torma
10 3aJ]aHHBIM 1 = T} U Ty = T3 MOZXKHO yKa3aTh I'DAHUIIbI JIjIs OXKUJAEMOI0 3HAUEHH Y C
Y9IeTOM BJIMSHUS CJIyYailHONW COCTABISIONIEH €. DTH T'PAHUIBI YCTAHABINBAOTCI B (hOpMe
JIOBEPUTEJHHOT'O WHTEPBAJIA

yel,=(y—taoy, §+taoy), (33)

KOTODBIfi COAEP:KUT 3HAYEHHUE IIePEeMEeHHON y ¢ BepogTHOoCTbIO p = 1 — . Kpurnueckoe
3HadeHne t, Oepercs Tak ke, Kak u B dopmyne (32), a BesuwauHbl J, 0y, 3382101TCsA HOp-
mystamu (28) u (29). I'pannnsr [oBepUTEILHOTO WHTEPBATA ¢ = Y — to 0y, Co = § +t4 0y,
Kak (BDYHKIME OT BEJTMYWH ] U T4 06pasyioT HEKOTOPYIO MOBEPXHOCTD, CEYeHHUsT KOTOPOi
HAIOMUHAIOT (DUTYPY, MPeJACTaBIeHHYI0 Ha puc. 3. TOIHOCTH MpeacKa3aHusT BO3SMOKHBIX
3HavYeHuil y yObiBaeT 1o Mepe yjaaienus Touku (5, xr3) or Touku (Ty, Ta).

1.2.4. IlpoBepka npeanonoxkenunit MHK 1o Beibopke ocTaTkoB.

Bce mpuseierHbIe BITE (DOPMYJIBI TOJYYEHBI IPH YCIOBUH, YTO BBIIIOJHEHBI IIPEJIITO-
goxkenus H1, H2, H3 mero1a nanmenbinux KBaapaToB. [Iporepka 3TUX mpenoaoKeHunit
ABJIAETCS HEOOXOJUMBIM 3TAINOM YCTAHOBJIEHUS 3aBUCHMOCTH MEYKIY H3YdaeMbIMH Tepe-
MeHHBIMU. OTCYTCTBUE TaKOW MPOBEPKHU JegaeT OeCCMBICTEHHBIM BCe BBIUHUCJEHUs, TMO-
CKOJIbKY OHH Oy/iyT He obocHoBanubiMu. [Iposepka npejnosnoxennit MHK onupaercs na
H3y4YeHne CBOWCTB BBIOOPKH OCTATKOB, KOTOphIe 3anatrcs dhopmyaamu (12) win (24). C
MPAKTUYIECKOI TOYKN 3PEHWs MOXKHO PEKOMEH/IOBATh CJIEAYIONYI0 TOCIe0BATEIHhHOCTH
OeCTBUMN.

Oran A. Ilposepka npenmnosoxkenns H2.

JlanHOe TIpeIo/IoyKeHne HAIPSIMYIO CBA3aHO €O Bcemu (hOPMyJIaMu, KOTOPBIE MO3BO-
JITIOT BBIYUCJUTD OIEHKN TIapaMeTpoB JIMHEetHO# 3apucuMocTu. i mpoBepKu mpeanosio-
Kernus H2) MOxKHO ucnob3oBaTh Kputepuil Jlapbuta—Yorcora. DTOT KpUTEpHil TTpHMe-
HSETCS C IeJIbI0 TPOBEPKH THIOTe3bl Hy 06 OTCYTCTBUM aBTOKOPPEISIHN OCTATKOB. AB-
TOKOPPEJISIIUS OCTATKOB O3HAYAET, ITO JIF00Asl MOC/Ie/I0BATE/IbHAS IAPA OCTATKOB CBA3AHA,
MezK ity co0oii nHeiiHoi 3aBucHMOCThI0. B 910M ciydae dopmynsr (10) u (22) ucnosnb3o-
BaTh HE PEKOMEHIyeTCsl, 0COOEHHO, eCJTH 00'beM BHIOOPKHU He oueHb 601bImoil. [Tomyuaembie
110 31uM BopMyIaM OmneHKH by, by, by MOTYT 3HAYHTENBHO OTKJIOHSATBHCS OT by, by, by
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He /aBaTh WX UCTUHHBIX 3HadeHuit. CJieICTBHEM 3TOTO MOYKET ABJISTHCS HENpPaBUIbHAS
UHTEpHpeTalus pe3yjabTaToB 00paboTKH JaHHBIX 1 HEOOOCHOBAHHOE TIPUMEHEeHNe (POPMY.T
(19), (33) mag mpeacKa3anus 3HAYCHUI TEPEMEHHOM Y.
Anroput™m npoBepku rutotre3bl Hy 06 0OTCyTCTBUH aBTOKOPPEJISIIIUE OCTATKOB COCTOUT
B caenyiomieM. 3adukcupyeM yposerb 3nauumoctn - 100%. Hucio « 3amaeT BeposaTHOCTE
omuOKu 1mepBoro pojga. OmundKa mepBoro pojaa 03HAYALT, YTO Pe3yIbTaThl 00pabOTKI JaH-
HBIX HE COIJIACYIOTCsl C NPWHSTON runore3oit Hy, n Mbl ee orBepraem. 13 Tabymib pac-
npejesnennst JTapbuna—Yorcona (tabauna [13) Beibupatorcst 3HadeHns cTaTucTuk dp, dy
JIUTsT YPOBHS 3HAYUMOCTH (v, 33JIAHHOTO 00'beMa BBIOODKH 1 U YHCJIa OOBICHSIIONAX Tepe-
meHHbIX k (y Hac k = 1 win k = 2. Beraucisiercss BeJTMIHHA
n
2(62‘ - 6i—1)2
=
a Qee ’ (34)

3HAYEHMsI KOTOPO# 3aK/a049eHbl B ipomekyTke [0, 4]. Bemuwanna Q.. 3amaerca dpopmyaamu
(13) u (25).

Bo3MoxkHBI Yerbipe caydas: 1) ecau d < dp, 10 runoresa Hy OTBEpraeTcs B MOJIb3Y
TUIIOTE3BI O TOJOKUTEIBHON aBToKOppesuy; 2) ecaun d > 4 —dy, To runoresa Hy oTBep-
raeTcs B HOJIb3y M'MIIOTEe3bl 00 OTpHUIaTe/IbHOM aprokoppessinuy; 3) ecan dy < d < 4—dy,
to runoresza Hy npuaumaercs; 4) ecin dp < d < dy wim 4 — dy < d < 4 — dp, 70 Heab3s
clleJIaTh ONpeJIe/IeHHbIH BBIBOJL (TpebyeTcsi NpUBJIeYeHe JOTOJHUTENbHBIX JTAHHBIX WJIH
IpUMEHeHHe JIPYTUX KPUTEPUEB).

Caygau 1) u 2) 03HAYAIOT, YTO BCE BHIYUCJIEHUS 110 TPUBEICHHBIM (DOPMYJIaM He sSBJIsI-
I0TCS JIOCTATOYHO OOOCHOBAHHBIME M HMKAKUX COAEPKATEIHLHBIX BBHIBOIOB 00 M3y4aeMoii
3aBHCHMOCTH ¢ies1aTh Hesb3s. Cuydaii 3) rooput 06 000CHOBAHHOCTH MpUMeHeHus Gop-
mya (10) m (22) juist HAXOXKIEHUS ONEHOK MapaMeTpOB H O BO3MOXKHOCTH JaJbHeHIero
aHaIm3a u3ydaeMoil 3apucumMoctu. B crydae 4) moxkuo npumensts dopmyast (10) u (22),
HO MOCJIEYIOIINE BBHIYUCIEHUs] U BBIBOJIBI 00 M3y4aeMOii 3aBUCHMOCTH TPEOYIOT OIIpejie-
JEHHOU OCTOPOKHOCTH.

Otan B. IIposepka npeanonoxkenus H3.

DTO IpeIoI0KeHIe I03BOJIsIeT MPOBEPATh 3HAYNMOCTh PACCMAaTPUBAEMOI 3aBUCHMO-
cru o dopmyaam (17), (33), ¢cTpouTh J0BepUTEIbHBIE HHTEPBAIBI JJis TTADAMETPOB 0
dbopmymam (18), (32) u ucnobzosarh dopmyast (19) u (33) misg npenckasamus 3Hade-
Huii nepemennoit y. Paccmorpum runoresy Hy, COCTOAILYIO B TOM, 9YTO BIOOPKA OCTATKOB
M3BJIEUEHA U3 M€HEPAJBHON COBOKYITHOCTH C HOPMAJIbLHBIM pacipesensenneM. 3adukcupy-
eM yposenb 3gagumoctn « - 100%. HUucao a 3agaeT BepogTHOCTD OMIMOKH IEPBOTO POJA.
Omubka mepBOoro pojia 03HAYAET, YTO PEe3YAbTaThl 00pabOTKHM JAHHBIX HE COIJIACYIOTCS C
IpUHATON rumoTe3oit Hy, 1 MbI ee OTKJIOHsIeM. [locieqHee TOBOPUT O TOM, UTO paciIpeme-
JIEHUE TeHEPAJILHONH COBOKYHHOCTH OTJIUIAETCS OT HOPMAJIbHOIO.

Ecnu runoresa Hy 0TK/I0HEHA, TO TPOBEPKA 3HAYMMOCTH MOE/TH U TPeICKA3aHIe 3Ha-
YeHUN TepeMeHHON Yy He MOTYT ONMHUPAThCs HA yKasaHHbe (Gopmysbl. Vckmodenne 371ech
COCTABJIET cJIydail TaKk Ha3bIBAa€MBIX OOJIBIIUX BBIOOPOK, T.e. BHIOOPOK, 0ObEM KOTOPBIX
n a0cTaTouIHO BeukK, n ~ 100. s Takux BRIOOPOK MOXKHO MCIIOJIB30BATH BCE POPMYJIHI,
OLMPAIOIIHECs HA JIOBEpUTEJbHbIE MHTEPBAJIbI, HO (opmyibl (17) u (33) npumensTsb He
PEKOMEH,TyeTCsl.

Huzxe mpuBomsaTCst 1Ba CPABHUTEIBHO MPOCTHIX CIIOCO0A, KOTOPHIE TTIO3BOJIAIOT CJIe/1aTh
BBIBOJ, O HOPMAJILHOCTH PAaCIIpejiesieHnst 0e3 CYIIeCTBeHHBIX BBIYUCINTEIbHBIX 3aTPAaT.
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[TepBorit criocob ommpaercs Ha KPUTEPUH XU-KBaAPaT. AJITOPUTM PAOOTHI 1O TOMY
criocoby caeayrorniuii. [lo BIOOpKe 0CTATKOB HAXOMMM BEJIUIMHBI

n

__ 1 Zn 2 1 Z _\2
= - i - (2 ) 39
_ — G ST T (e —¢) (35)

i=1

KOTOPbIe 03HAYAIOT BRIOOPOUYHOE CpejiHee U BHIOOPOUYHYIO JIMCIIEPCUIO OCTATKOB. 3aMETHM,
YTO BeJIHUYUHA € JOJKHA OBITh OJM3Ka K HYJIO, T.e. € ~ (, TaK KaK €e TeOpeTHIECKOe
3HavdeHne paBHo Hy/10. CylecTBeHHOE OTJIMYHe € OT HyJ/isl CBS3aHO Jn0O ¢ OMHUOKaMU B
BBIYHUCACHUIX, JTUOO C TPYOLIM OKPYIJIEHHEM pPe3y /IbTaTOB BbIYUCAeHU. [[1g9 Haxox 1eHns
52 GoJtee yI06HO UCTIO/IBL30BATH (DOPMYILY

2 _ Qee _n(é)2

€ n—1

, (36)

S

rae Bemmunna Q.. 3amaerca dopmynamu (13) u (25). Ksagparubiii Kopenb u3 s2, T.e.
BeJIMYHUHA S, — \/Sg HAa3bIBaE€TCA BbI60quHBIM CpeJHeKBaApPpaTUIeCKUM OTKJIOHEHHEM.
Jlajiee cTpouM MpOMezKYTKH:

(—00, € — S¢), [6— Se, €—0.58.), [€—0.55, €),

[e,e+0.5s.), [64+0.55., €+ 5.), [E+ e, +00).

Barem ormpejenisieM, CKOJIbKO 3JEMEHTOB W3 BBIOOPKM OCTATKOB MOMAaeT B 3TH TPOMeE-
KyTKH. VIX KoJimdecTBO 0603HAYUM COOTBETCTBEHHO 4Yepe3 ny, Mo, N3, N4, N5, Ng. s
KOHTPOJISI TPABUJIBHOCTH TIOJICYETOB CJIEJyeT POBEPUTH BBITIOJIHEHHE COOTHOIEHU T

Zni =n. (37)

[Ipumem, 4T0 00beM BBHIOOPKH 1 > 35 M BBIYUCUM BEJTUYHHY

o Mi+ng | mi+ni  ong+nj
©0.1587n  0.1498n  0.1915n

—n. (38)

Ecau okazxkercs, yto N? < 7.81, To MOKHO CIMTATh, YTO BEIOOPKA OCTATKOB MOJIydeHa
13 TeHepaJbHOI COBOKYIHOCTH C HOPMAJbHBIM pacipejejeHneM. B ciiydae BbITOJHEHUs
HepasencTBa N2 > 11.3 npemooxKene 0 HOPMATLHOM PACHPEIETeHAN B BRIGOPKE OCTaT-
KOB, T.e. runiore3a Hj, orBepraercs.
[Ipu ob6beme BoIOOPKHU 25 < n < 35 BBIYUCISIEM BEJIHIUHY
(1 +n2)* + (n5 +ne)* | 03 +nj

M2 = —n. 39
0.3085 1 to1onn " (39)

Torna, ecim M? < 3.84, To cunTaeTcs, 9TO BBIOOPKA OCTATKOB TOJyYeHa W3 TeHePaTbHOL
COBOKYIIHOCTH ¢ HOPMAaJbHBIM paclipefenenneM. Eciau ke 6ymer sepuo M? > 6.63, To
JaHHOE Tpejnosokenne (runoresa Hy) oTBepraercs.

Ecin e OyayT BblnoJIHeHbI HepasencTsa 7.81 < N? < 11.3 wm 3.84 < M? < 6.63,
To runoredy Hy MOKHO HpHHATH (Ipu ypoBHe ommbku mepsoro poga « = 0.01), HO
JKeJTaTe/IbHO MPOBECTU JOMOJTHUTETBHOE HCCJICIOBAHNE ¢ MOMOIIBIO JIPYTUX KPUTEPHUER,
ONMHMCAHHBIX B CHEINAIbHON JTUTEPATYDE.
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Bropoii cmocod opueHTHpyeTCsT Ha XapaKTepHbIe 0COOEHHOCTH TpaduKa ILJIOTHOCTH
pacupeaeaeHnst CayJaiiHbIX BEJIMIHH ¢ HOPMAJIbHBIM PaclpegeeHueM. DTH 0COOEHHOCTH
HPOSBJIAIOTCA B IeHepaJbHBIX K0I(MMUINEHTAX aCHMMETPHH K IKCIECCA, KOTOpbIe JIJIs
HOPMAJILHOI'O pacupee/eHns PABHBI Hy/I10. AJITOpUTM pabOTHL IO JAHHOMY CIIOCODY CJIe-
nytomuii. [Io BBIDOpKE OCTATKOB BBIYHCISIEM €, S, a TaK:Ke BRIOOpPOUHBbIe KO (DUIHEHTHI
acummerpun — A, u sKkcrecca — F:

1 1¢
Ac==-= i—e)?’, EB.=— - i—e)'—3. 40
SPICELR PICED (10)
Haxomum nucnepcun 3mux KO3hMUIuenTos

6(n—1)
(n+1)(n+3)

24n(n—2)(n—3)
(n+1)2(n+3)(n+5)

D(4,) = D(E,) - (41)

Eciim okaxkercs, 94T0 BHIOOpOUHBIE KOIMDMHUIUEHTHI aCHMMETPHH U IKCIECCa YI0BIETBOPSI-

10T HEPABEHCTBAM

TO MOZXKHO CUHUTATh, YTO BLIOOPKA OCTATKOB MOJIy4YeHA U3 TeHEPaJbHOIl COBOKYIHOCTHU C
HOPMaJIbHBIM pacIlipe/iejieHneM. B IPOTUBHOM cJiydae IIpeIoJiozKeHne 0 HOPMAaJbHOCTH
ceyeT OTBEPTHYTh WJIN CIUTATh COMHUTETbHBIM. Heo0X0IMMO yIUTBIBATH TOT PaKT, ITO
BBIBOJI, TIOJIYYEHHBIH 10 JAHHOMY CIIOCOOY, sIBJIsSeTCs BecbMa MpuOJIuzKeHHbIM. [Ipumene-
HHUE 3TOro cocoda peKOMEHIyeTcs B CJIydasiX, KOrjia 00beM BBIOODKH CPaBHUTEIBHO MaJl
(n nexkur B mpomerkyTke 10-25) u HEBO3MOXKHO MPUMEHHTH KPUTEPHH XHU-KBAJAPAT WJIH
JIpyTue KpUTepuu.

Dran C. [Ipoepka npeamonoxenns HI.

JlaHHOE IIPEANOI0KEHHEe CBABAHO ¢ OMHOPOAHOCTHIO PE3yIbTATOB HAOJIIOACHNI (H3Me-
peHMil) 3aBUCHMON 1 OOBIICHSIIONUX MEPEMEHHBIX. JTO 03HAYAET, 9TO CJAydaiiHas COCTaB-
JLIOMAd € U €€ 3HAYCHUL €1, €3, ..., E,, (POPMUPYIONIME BLIOOPKY 3HAYEHUI 3aBHCHMOMN
HepEMEHHOU Y1, Yo, ..., Yn, COXPAHAIOT HEM3MEHHOE MAaTeMATHYECKOe OKHMJAHUE M JIUC-
nepcuto. JIpyrumu cioBaMu, Bee HaGJOIeHUsT (M3MEpeHus ) MPOBOAATCS ¢ OJMHAKOBOM
TOYHOCTBIO, 3ajaBaeMoil jgucnepcueit D(e;) = 0% = const > 0, 1 < i < n.Dro cBOHCTBO
HA3BIBAETCH [OMOCKEJACTHIHOCTLIO (OJHOPOAHOCTDIO) PE3y/IbTaToB HaOmogeHuil (n3me-
penwit). B HekoTophix ciaydasax gaucnepcust D(g;) BEJUUNH €; MOXKET 3aBHCETh OT HOMepa
HabtoieHns (M3MepeHusi) i, 3HAYeHUH EePEMEHHBIX V;, T1;, To; U T.JI. B 9TOM ciiydae ro-
BOPSIT O TOM, UTO Pe3y/IbTAThl HAOIIOIeHNH (M3MepeHuii) sIBJISIOTCS HEOTHOPOJAHBIME, U
HMeeT MeCTO IeT€POCKEIACTUIHOCTD HAOIOAeHNi (n3MepeHHii).

[TocieicTBHSI TeTePOCKeJACTUIHOCTH MPOSBIAOTCS B ciaenytomeM. Popmynbt (10) u
(22) MOXKHO HCIOJB30BATH JJIsl HAXOK/EHUSA OIEHOK Z_)O, 51, by. OnHAKO CTaHJAPTHBIE
OMIMOKM ONEHOK M 3aBUCHMON IIEPEMEHHOH yzKe He MOTYT BBIYHCIATHCA 1O (DOPMYJIaM
(14), (16), (27), (29). Do 03HAYAET, YTO NPOBEPKA 3HAYUMOCTH BJIHUSIHUS OOBICHSIONIHX
MepeMeHHBIX U TpeJcKa3aHne 3HAYCeHNi 3aBucuMoii nepemennoii mo gpopmyaam (18), (19),
(32), (33) cTaHOBHTCSI HEBO3MOZKHBIM.

Paccmorpum runoresy Hy, COCTOSAIIYIO B TOM, 9TO MeTePOCKEJACTUIHOCTH OTCYTCTBY-
et. 3adukcupyem yposerb 3nauumoctu « - 100%. Yucao « 3amaer BepogTHOCTDL OIINOKU
nepBoro poja. Omubka mepBOro poja 03HAYAET, YTO PEe3YJIbTaThl 00pAOOTKHU JAHHBIX He
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COTJIACYIOTCSI ¢ NPUHATOH rumore3oii Hy, u Mbl ee oTKJIOHsieM. OTKJIOHEHHE 3TOil THIIo-
Te3bl CBUJETEIHCTBYET O TOM, YTO Pe3yJbTaThl HaOMIOmeHnil (M3MepeHuil) He sSBJISIIOTCS
FOMOCKEIACTUIHBIMH.

Huke npuBojasiTess aBa TecTa, MO3BOJILIONINE MPOBepATh rumnoresy Hy. B oboux Te-
CTaX M3YYaeTcs B3aUMOCBI3b MEXKIy 3HAUEHUSIMH OCTATKOB € W 3HAUYCHHIMHU OIHON u3
00'bACHLIONUX [MEPEMEHHBIX T1 WM To. C/IM PAaCCMATPUBAETCH 3aBUCUMOCTD Y OT JBYX
[ePEMEHHBIX, TO KAKJIblil U3 TECTOB HYXKHO MPUMEHHATDH MOCJIEeJI0BATENbHO K nape (e, x1)
u nape (e, xq). s onpenenennoctu BozbMeM mapy (e, xq). I3 tabuaunsr 1 dopmupyem
BBIOODKY 3HAUYEHWH MepeMeHHO# x;. 3amuchiBaeM 3TY BBIOOPDKY UM BBIOODKY OCTATKOB B
caeayiomneit popme

L11y X125+« 5 LLiy -« -5 Lln, (43)

€1, €2,y Ciyurry (44)

Tecm Toadpenrda—Kesaroma.

ODTOT TECT IPUMEHSIETCSA B IIPEIIOJIO0KEHUU, YTO BHIOOPKA OCTATKOB U3BJICUCHA U3 Te-
HepPAJIbHONR COBOKYIHOCTH C HOPMAJILHBIM paclpejie/leHueM. 3aMeTUM, 9TO HUMEHHO Ta-
KO€ TpeIIoI0KeHne mpoBepsieTcsa Ha rane B. AqropurMm paboThl IO TECTY CJIEIYIONIIIA.
Yuopsigoansaem BoIGOPKY (43) B mOpsijiKe Bo3pacTaHusl 3HadeHUil xy;. B coorBeTcTBHE
C HOBBIM TOPSIKOM TepecTaBisgeM 3jeMeHThl BbiGopku (44). Tlosaraem, uro ona Gymer
3amnucaHa B ¢popme

€1, €2,...,€j,...,Ep, (45)

IJie €; — 9TO OCTATKHU ¢;, PaccTaBJIeHHbIe B HOBOM NOPAJIKe. 3aJaeM 4HCIO 1M KaK IeIyIo
qacth JApobu n/3. Beraucsiem cymmbl

m n

Gi=) (&), Go= Y (&) (46)

j=1 j=n—m+1
1 M3 HUX BBHIOMpaeM HamOOJABIIYIO (7,4, M HAUMEHBITYIO (G, Jamee HAXOANM BeJTMIUHY

Gma:c
= 4

1 CPABHUBAEM €€ ¢ KpUTHIECKUM 3HadeHueM F,, pacupegenenns Puiepa ¢ fi = fo = m—k
creneHsME ¢BOOOJBI Ha ypoBHe 3naunMocTn « (tabsmma [11). TTapamerp k o3nadaer wuc-
JI0 OOBACHAIONMX mepeMeHHbIX (y Hac k = 1 win k = 2). Ecan okazkeTcst, 9T0 BBIIOJTHEHO
HepapercTBo G < F,,, To runmore3y Hy IpUHEMaeM U CIHTAeM, 9TO HMEeT MeCTO FOMOCKe-
JACTHIHOCTH Pe3ybTaToB HabaoeHuil (u3mepenuit). Ecau ke G > F,, 1o runoresy Hy
OTKJIOHSIEM B IOJIb3Y TeTEePOCKEeTACTHIHOCTH ITUX pe3yabraroB. OMuOKa IepBOro poiaa
paBHa Q.

Tecm parneosoti koppeaayuu Cnupmena.

DTOT TecT He TpebyeT HUKAKKUX CIEIUAIbHBIX MPE/INOT0KEeHNE OTHOCUTE/IHLHO BRIOOPKHU
OCTATKOB, 38 HCKJIIOYEHUEM TOT'0, 9TO 00beM BBIOOPKH 1 > 9. TecT npoBepsieT OTCyTCTBHE
MOHOTOHHOM 3aBHCUMOCTH MEKJIy MOIYJIAMH OCTATKOB W 3HAYEHUSIMU IepeMeHHO ;.
Ajtroputm pabOTHI TIO TECTY CJIELY IOIITHIA.

Bwmecto BoiGopku (44) paccmarpuBaeM BBIOOPKY M3 MOJy/Iefl OCTATKOB, & HMEHHO

lea], leals .- leils -y lenl (48)
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BriGopky (43) ymopsioduBaeM [0 BO3DACTAHUIO U HAXOIUM DAHTH €€ 3JIeMEHTOB. PaHrom
9JIEMEHTa X1; HA3BIBAETCS HOMED TOTO MECTa, HA KOTOPBIH X1; BCTAHET B YIOPSIOYEHHON
BBIOOpKe. Jl1g 371eMeHTOB, MMEIONINX OJIMHAKOBBIEe 3HAUEHNUS, PAHT OepeTcd OJMHAKOBBIM
U PABHBIM CpelHeMy apudMeTHIecKOMY MecT, Ha KOTOpble OHH BcTaau. Panr snementa
x1; 0603HAUUM Yepe3 (31;. AHATOTUYHO YIIOPAJOUUBAEM 110 BO3PACTAHUIO BHIGOPKY (48) u
HAXOJUM DAHIH ee 3jeMeHTOB. PaHr anementa |e;| obosnadnm depes ;.

CocraBum pazHOCTH MEXKy paHramu mo dopmymie: w; = [B1; — Y1, 1 <1 < n. Boranc-
JiuM K03 UIIEHT PAaHTOBOI Koppessinuu 1o CiupMeny

6 n
Ry=1-——> w} 49
n3 —n p ) ( )
Ucnonb3ysa R, HaiteM BeJMInHYy

T, = |R,|-

KOTOPYIO Oy/IeM CpaBHUBATHL ¢ KPUTUUECKHUM 3HaUeHueM t, pacupeaenenns CThIOJEHTa C
n — 2 crenensMu ¢BOOOAB HA ypoBHe 3naunMocT « (rabsmua [12). Eciaun okaxercs, aro
BBITIOJTHEHO HepaBeHCTBO T < t,, TO runore3a Hy IPUHAMAETCS U, CJIeIOBATETHHO, HMEeT
MeCTO TOMOCKEIACTUIHOCTh Pe3yabTaroB Habmwoenuil (u3mepenuil). IIpu BbIOIHEHHT
nepasenctBa T, > t, runore3a Hy oTBepraercs U MOXKHO NOBOPUTH O TOM, YTO HMeET
MECTO TeTepPOCKeJACTUIHOCTD PE3yIbTaToB Haboaernit (u3meperuit). Omubka mepBoro
pojia paBHA Q.

1.2.5. Boibop ypoBHSI 3HAYUMOCTH JI/Isi HPOBEPKH TUIIOTE3bl Hy.

VpoBeHb 3HAYUMOCTH (v 33/IAI0T 3apaHee, J0 Hadaja oOpaboTKu JaHHBIX. B HaydHbIX
UCCIeIOBAHUAX OOBITHO UCHOJIB3YIOT CJICIYIONINE 3HAYCHUS:

a =0.05, 0.01, 0.001.

B coorBeTcTBUU ¢ TPUHATOI TepMUHOJIOTHEH, OTKIOHEHUEe THIOTe3bl Hy Ha ypPOBHE (v =
0.05 Ha3bBIBAIOT 3HAYUMBIM, Ha ypoBHe o = 0.01 — cTaTucTU4eckn 3HAYUMBIM U Ha YPOBHE
a = 0.001 — BBICOKO CTAaTHCTHYECKU 3HAYUMBIM. B HEKOTOpBIX 3aja4dax, CBI3aHHBIX, Ha-
IpuMep, C UCCJIeTOBAHUEM TEXHUYECKUX U3/Ie/IUi U TPON3BO/ICTBEHHBIX POIECCOB, HWHO-
r7a UCHnoab3yercs yposeab o = 0.1.

B xome 06paboTKu JJAHHBIX MOXKET BOBHUKHYTH CUTYAIlUs, KOT/Ia MbI OTBEPTraeM T'UIo-
te3y Hy Ha ypoBHe v = (.05, HO BMecTe ¢ TeM MBI MOXKeT ee MPUHATH Ha ypoBHe v = (.01.
Anamornunasi cuTyarusi BO3HUKaeT U st ypoBHeil 3Hadnmoctd o = 0.01 m o = 0.001.
B rakux cirydasix peKOMEH/IyeTcs IIPOBECTU JOIIOJIHUTEIbHOE UCC/Ie0Banmne, coOpaTh HO-
Bble JaHHbie W HpoBecTH X 00paboTKy. llpm 3TOM MOXKHO OODBEJTMHUTH UMEIONNecT U
BHOBb TIOJIYUYEHHbBIE JaHHBIC, JUOO 00PabOTKY MPOBECTH OTIAEAbHO. 1Ipu HEBO3ZMOXKHOCTH
JIOTIOJTHUTEIPHBIX WCCJIeIOBAHUI TpeOyeTcs NPUBJIEYb JIPYTIUe CTATHCTUYECKHe METOJIbI
JIJIST TIPOBEPKY TUTIOTe3bl H|).
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1.3. HEJIMHENHA 1 PETPECCHIOHHA Y 3ABICIMOCTD
1.3.1. Hestmneitnpie 3aBUCUMOCTH U UX IIPE0OPA30BAHUSI.

[Ipu n3ydyeHnn B3anMOCBA3€H MKy TIePEMEHHBIMEI YaCTO BO3HUKAIOT PErPeCCUOHHDBIE
3aBUCAMOCTH

y= f(byu)+e= f(b, x1, xa,..., k) + &, (51)

B KOTOPbIX (hyHKIus f He jmHelHa 10 OJHON MM HECKOJBKUM OObSICHSIONIMM IIePEeMeH-
HBIM, HO JIMHEiHa 1m0 mapamerpaM. Ha mpakTuke HCHOOJIB3YIOTCS CTEleHHas, Jorapud-
MHYeCcKas, MoKa3arej bHasd W obpaTHas 3aBUCUMOCTH. Tak, HAIIPUMED, CTEleHHas 3aBU-
cIMOCTD 3amaeTca GopMymoit y = by + by + box® + ... + by a® + e. Wsydenne 31oif
3aBHCHUMOCTH MOXKeT OBITh CBEJIEHO K MHOXKeCTBEHHOH JMHeilHOil perpeccuu, B KOTOPOit
monaraeM, 4To Ty, = I, Ty = I°%,...,Tp = zF. Jna morapudpMmuuecKoil 3aBUCHMOCTH
y = by + b1 Inx + € Mox)kHO HCHOIB30BaTHL HOBYIO nepeMennyio rp = Inxz. Ilokazaresn-
Has 3aBHCUMOCTH Y = by + by exp(x) + £ mepexoauT B JHHEHHYIO IpH 3aMene T7 = exp(r).
O6parnas 3aBucuMocTb y = by + by /x + & mpeobpasyercss B JIUHEHHYIO MyTeM 3aMEHbI
x; = 1/x.

K memuHeHBIM 3aBUCUMOCTSIM OTHOCSTCS] PETPECCUOHHbBIE 3aBUCUMOCTH, 3a/IaBaeMble C
[IOMOIIIHIO AHAJIOTOB POU3BOJACTBEHHBIX (DYHKINN § = v xf xg-eq,rae e, > 0 — cayqaiinas
COCTABJISIONIAS. DTa 3aBUCUMOCTH CBOIUTCS K JIMHEHHOI myTeM Jiorapu)MAPOBaHUsT 066mX
vgacreit ypasuenus Iny = Ina+ f1lnzy +vyInzs + Iney n nepeobo3nadenns nepeMeHHbIx.

B obmewm caydae mpeobpa3oBaHue W 3aMeHa IepeMeHHBIX He BCerjia VIpoIlaeT Heau-
HelffHble 3aBUCUMOCTHU W CBOJIUT WX K JIMHEHHBIM. BoJsiee TOro, Hy’KHO UMeTh B BUJLY, UTO
YKa3aHHbIE 3aMEHBbl MOTYT HPUBECTH K HApyIIeHusiM oCHOBHBIX npeanocbiok MHK. D1o
B CBOIO 0Yepeih MOYKeT IMOCTABUTD IO/l COMHEHUE Pe3yJIbTaThl PACIETOB.

1.3.2.CpaBrenne u BeIOOp HauboJIee MOIXOIAIIEH 3aBUCUMOCTH.

[Tpu u3ydennu 3apucumoctu (51) MoxKeT ObITH BRIOPAHO HECKOIBKO (hyHKIuii f, KOTO-
pble YCTAHABJIHUBAIOT CBA3b MEXK/Iy MEPEMEHHBIMU Y U T, Ta, ..., Ti. BO3ZHUKAET 3a/1ada:
KaKyI0 3aBUCUMOCTH BHIOpATh? Pelrenue 3Toit 3a1a4m mpeanoaraeT HeCKOIbKO STAMOB.
Ha nepsoMm 3tarie orOpacbiBaeM BCE 3aBUCUMOCTH, JIjIs KOTOPbIX HE BBIIIOJHAIOTCS 1PEJI-
nojoxkenns MHK win Te 3aBucumoctu, KoTopbie He ABALAI0TCA 3HAYMMBbIMU. Ha BTOpOM
JTare CpaBHUBAEM OCTABIINECS 3aBUCUMOCTH, UCTOIb3Ys COOTHOIICHUE

ny = er + Qee; (52)

e Quy = i (Yi — §)? — cyMMa KBaIPATOB OTKJIOHEHHIl 3aBHCUMOI IEPEMEHHOM OT ee
CPEHEBBIGOPOIHOrO 3HaUCHH, O = > o (yi — f (b, U[z‘}))z — cyMMa KBaJIpaTOB OTKJIOHE-
HI# 3aBHCHMOI IIepeMeHHOI 0T ee CpeIHeBBIOOPOYHOI0 3HAUEHUS, KOTOPasd 00bICHSIETCs
¢ TIOMOINBIO YpaBHEHUSI perpeccur, (Q.. — 0CTaTOYHAS CYMMa KBaJpPaTOB, OTParKaIOIIAs
BJMsIHUE HEyITeHHbIX PAKTOPOB U CAydaiiHbix cocrapisiomux. Popmyra (52) onpemness-

erT KodPUIMeHT JeTepMUuHAINN

_ QTT _ 1 _ Qee
Quy Qyy
Bamernm, uto 0 < R? < 1. Yem 6mxe kKospdpunuent R2 x equnume, TeM Jydiie BHIOPaH-

Has 3aBHCAMOCTD (51) 0ObsacHseT 3HaUenme (). 113 1Byx 3aBUCHMOCTET (51), Mpe TozKeH-
HBIX JIJTd OIMHCAHUS TePeMeHHON 1, BRIOUPAIOT Ty, I KOTopoii 6oabmte R?. Ecan aucio

R? (53)
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O6'bHCHHIOH_H/IX ImepeMeHHbIX B 3aBUCUMOCTAX CYHIECTBEHHO Pa3JIMYHO, TO AJIAd UX CpaB-
HEHUS PEKOMEH/IYeTCs UCIOIb30BaTh CKOPPEKTUPOBAHHDIN KOIMDDUINEHT JeTepMUHAIIIN,
KOTODBIl OlluCaH B CIEeNUAJILHON JUTEepaType.

VkazkeM Ha BazkKHYIO B3aMMOCBaA3b KoddduiumenTa geTepMuHanuu R2 ¢ BeJUYUHO
F craructukn Qurepa, Koropas Beluuciasgercs 1o dgopmynam (17) u (31) mpu nposepke
3HAUUMOCTH JIMHEHHBIX 3aBUCUMOCTel. DTa B3aUMOCBA3b 3a1aeTCs COOTHOLICHUEM

R? n—kFk—1

F= :
1- R? ko

(54)

riae k — quciao oobsacHsomux nepeMenubix (y Hac k = 1 win k = 2). U3 sroii dopmy-
JIBI, HALIPUMED, BHAHO, 9TO HE 3HAYUMOCTH H3ydaeMoil 3aBucumoctn (ciayuait F < F))
00yCI0BIeHa MATBIMA 3HAUCHIAME KoaddunuenTa geTepMuranun R2,

1.4. IIPUMEPDI

ITpumep 1. MI3ygaercs: 3aBUCHMOCTH CTOMMOCTH KBapTHPHI Y (THIC. y.e.) OT ee obIeii

wioraau 1 (kB.M.) s ynob6cTBa aHann3a JaHHbe (L1, y) YIOPAIOYEHBI MO IepeMeHHOM
1 ¥ 3allUCAHBI B CJIejylomeil Tadbuie.

1| 28 | 29 | 32 35 40 44 45 ol 93
y | 5.3 |92 |15.2 207|217 365 | 39.3 | 52.7 | 554
1| 58 | 64 | 65 73 75 80 83 93 -
y | 64.3 | 76 | 79.1 | 94.8 | 101 | 89.5 | 114.8 | 1374 | -

U3 sToit TabaUIBI BUAHO, YTO TPAKTUIECKH I BCET0 HADOPA JAHHBIX POCTY T1 COOTBET-
crByer Bo3pacranue y. Tpebyercsd yCcTaHOBUTH 3aBUCUMOCTb MEXKJy Y U T1 B JIMHEHHO
dbopwme (yposerb 3HaunmocTn paser 5%). 3mech 00bem BeIGOpKH N = 17. Onupasich Ha
TabJIuILy JIaHHbIX U (hopMyJibl pasjena 1.2.2, HaxoauM, 9To

71 =55.76, §=59.55, Quuz =6557.06, Qu,, = 12714.79,
Que = 27.09, by = —48.4705, b, = 1.9377.

15 060CHOBAaHHOCTH MPUMEHEHUs] YKA3aHHBIX (DOPMYJI PACCMOTPHUM BLIOOPKY OCTATKOB.
Ucnonb3ys naiijgennbie onenku by, by, mosryaum HaDOp 4YuCE]T €1, €, . .., €17

- 0.48, 1.48, 1.67, 1.35, - 7.34, - 0.29, 0.58, 2.35, 1.17, 0.39, 0.46, 1.62, 1.82,
4.15, - 17.04, 2.44, 5.67.

B kadecTBe mpuMepa BHIUHCIHM €. MMeeM:
ey =Yy — (by + by 119) = 9.2 — (—48.4705 + 1.9377 - 29) = 1.4772 ~ 1.48.

O6paTuMcs K IpoBepKe THIOTe3bl Hy 006 OTCYTCTBHM aBTOKOPPEJILAIMH OCTATKOB, HC-
noab3ya Kpurepnii Jlapouna—Yorcona. 3agasasa o = 5%, k=1, n = 17, u3 rabaumnsr 113
Haxo M 3HadeHus cratuctuk dy = 1.13, dy = 1.38. Beraucsigs peanauny d 1o opmylie
(34), nomyuaem, uro d = 1.67 u BepHo HepasencTBo dy < d < 4 — dyy. TlosTomy rumoresa
Hy npunumaercs.

[Ipoepum rumnoresy Hy 0 TOM, 9TO OCTATKHU MOJYYEHbI M3 I'€HEPAJbHO COBOKYITHO-
CTH C HOPMAJILHBIM pacipeenenneM. st 3Toro BEIYHCIHM BIOOPOUHBIE KOADDUITUEHTHI
ACHMMETPHUHU U IKCIECCa, KoTopbie OyayT paBubl A, = —2.65, F, = 8.05. [osyunm, uro
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|A.| = 2.65 > 3/D(A.) = 3/0.266 = 1.55,
|E.| = 8.05 > 5/D(E,) = 50.601 = 3.88.

Orcroia lesiaeM BBIBOJ, O TOM, UTO TeHEPAJbHOE pAcIpejiesieHne OCTATKOB CKOPee BCEro
OTIMYAETCS OT HOPMAJBbHOTO. [TocKOIbKY 00beM BHIDOPKHU HEDOIBINOM, TO HET OCHOBAHU
upumensatb dopmysbt (17), (18) u (19) st npoBepKH 3HAYUMOCTH JIMHEITHON 3aBUCH-
MOCTH, I'PAHUI] JOBEPUTEIHLHOI'O HHTEPBAJIAa HEU3BECTHOTO TapaMeTrpa b; u mpejcka3anus
BO3MOYKHBIX 3HAYEHUN TTepeMeHHOR y.

Pacemorpum runoresy Hg 06 OTCYTCTBHE reTepOCKEeJACTHIHOCTH. 3agaiuM o = H%.
[lockoJIbKYy HOPMAJIBHOCTH paclpejeseHns OCTATKOB He MOJITBep:KJieHa, TO Ha 9TO CBOM-
CTBO ONUPATHCs HeIb3s. [loaromy npumennm 37ech Tect panrosoit koppessinun Crupme-
Ha. B ucxonnoit Tabyuie JaHHBIX TepeMeHHbIe T1; YIIOPII0YEHbI IO BO3PACTAHUIO H CPETN
HUX HET COBMAIAIMuX 3eMeHToB. [Toromy panr x1; pasen B; =i, 1 < i < 17. Boibopka,
coJlepzKalliasg MOJIYJIM OCTATKOB, MMeeT BH]L

0.48, 1.48, 1.67, 1.35, 7.34, 0.29, 0.58, 2.35, 1.17, 0.39, 0.46, 1.62, 1.82, 4.15,
17.04, 2.44, 5.67.

ViopsiouuBasi 3Ty BbIOOPKY 110 BO3PACTAaHWIO, HAXO/IUM PAHIU €e 3JIeMEHTOB:
Y1 =4, 12 =8, 713 =10, 714 = 7, 715 = 16, 716 = 1, 717 = 5, 718 = 12, 719 = 6,
Y110 = 2, Y111 = 3, Y112 = 9, Yz = 11, yi1a = 14, 115 = 17, 1116 = 13, 7117 = 15.

Ncnosnbays dhopmyiy (49), Berancanm KodbdUuenT pauropoii koppessiiun mo Crupme-
uy. Ioayunm R; = 0.45. Tlo dopmyme (50) maxomum, uro Ty = 1.952. Cpasuum T ¢
KPUTHYIECKUM 3HadeHueMm t, pacrpejenenust CrprojgenTa ¢ n — 2 = 15 creneHsaMu cBo-
Gonpt (tabmuma [12). Umeem, aro Ty, = 1.952 < t, = 2.131. CurenoBaresibHO, MHIIOTE3a
H, mpuHAMAaeTCst, © MOYKHO CYHTATh, YTO HMEET MEeCTO TOMOCKEIACTUIHOCTh Pe3YJIbTATOB
Haboennii (M3MepeHuii).

B urore MO:KHO yTBEpKIATH, 4TO BEJMIMHA Y HAXOAMTCS B MOHOTOHHO BO3PACTAIOIIEH
3aBHCUMOCTH OT BEJIMYUHBI 1 W 9Ta 3aBUCUMOCTD IPUOJIUKEHHO OMUCHIBACTCA (POPMYJIOi
y ~ —48.4741.94 x,. EcrecrBenno, 4ro 60/1€€ jieTaJbHbIil aHaAIN3 U3y YaeMOil 3aBUCUMOCTH
TpeOyeT MpUBJIeYeHUsT U APYTHX OObICHAIONIMX MepeMeHHBIX. K HUM MOTYT OTHOCHTBCS,
HALIPUMeED, 9TazK, THII JIOMa U T.1.

ITpumep 2. V3ydaercsa 3aBUCHMOCTD yPOKANHOCTH 3¢pHOBBIX KYJIbTYD ¥ (11/Ta) 0T KO-
JIMYEeCTBA BHECEHHBIX yao0penuii Ha 1 ra maman 27 (7). O6GCae10BAHO JECATH XO3SHCTB,
10 KOTOPBIM TOJIYIEHbI CJIeYIONHe TaHHbIe:

1| 3.5 | 5.0 | 6.5 | 10.5 | 13.0
y | 164 | 15.2 | 14.6 | 20.8 | 26.6
1| 40 | 75 | 85 | 6.0 | 125
y | 12.7 | 15.5 | 17.0 | 14.2 | 25.9

Tpebyercst MOCTPOUTH U 0OGOCHOBATH JINHEHHYO 3aBHCUMOCTh MEKy Y U = (yPOBEHb 3Ha-
qumocTu paBed 5%). B aroit 3agade o6bem Beibopku n = 10. Ucnonb3ys GopMyasl pas-
nera 1.2.2, maxomuM, uTto by = 7.72, by = 1.32. CienoBaTe bHO, 3aBUCHMOCTD Yy OT &1
npubJIMZKEHHO ONUChIBaeTCs popmyioit y ~ 7.72 + 1.32 x4.

Kak u B mpeaplaymiem npumepe, paccMOTPUM BBIOOPKY OcTaTKoB. Vcmo/ib3ys Hailiien-
HBIE OTEHKH by, by, TIOMydHM (C y4eToM OKpYIJIeHHs) HabOp 9YHCeN €1, €, . . ., €1o:

4.06, 0.88, —1.71, —0.79, 1.71, —0.30, —2.13, —1.95, —1.45, 1.67.
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[IpoBepuM, 4TO 3TH OCTATKU IMOJYy4YEHbI U3 T'€HEPAJIbHON COBOKYIHOCTH ¢ HOPMaJbHBIM
pacupejenenueM. Boraucaum BeIOOpoUHbIe KOIMDMUITUEHTH aCUMMETPHH U JKCIIECCa, KO-
TOphie OyAyT coorBeTcTBeHHO paBHbl A, = 0.86, E, = 0.003. Ilonxy4anm, uro

|A.| = 0.86 < 3/D(A,) = 30.377 = 1.84,
|E.| = 0.003 < 5/D(E,) = 50.569 = 3.77.

[losTomy Oynem cumTaTh, UTO TeHepaJIbHOE paclpejiefieHre OCTATKOB OMUCHIBAETCS HOD-
MaJIbHBIM 3aKOHOM.

Ob6parumcst K ipoBepke runoTe3sl Hy 00 OTCyTCTBUU aBTOKOPPEJIAINNNA OCTATKOB, UC-
noan3ys kpurepuii Japouna—Yorcona. Buibupas o = 5%, k =1, n = 10, n3 Tabaums 113
HaXOJIUM 3HadYeHus ctaTucTtuk dy = 0.88, dy = 1.32. Beraucisas senndauny d 1o gpopmyie
(34), monyuaem, aro d = 1.12 u BepHo HepasenctBo dp < d < dy. [lostomy rumoresa Hy
HEe MOYXKeT OBITh MPUHSATA WIN OTBEPrHYTA. 371eCh TpedyeTcs MPUBJICUCHUE TOMOTHUTE b=
HBIX JIAHHBIX UJIH JIPYTUX KPUTEPUEB IPOBEPKH TOI TMIIOTE3HI.

Paccmorpum teneps runoresy Hy 06 oTcyTeTBUM rerepockeacTuaHocTi. [[ocKoIbKY
TUNIOTe3a O HOPMAJBHOM paclpeieIeHUH OCTATKOB MOJATBEPZKIeHA, TO MOYKHO HCIOJIb30-
BaTh TecT lonndenta—Ksanara. meem, aro

T11 = 35, T12 = 50, 13 = 65, T14 = 105, T15 = 1307

16 = 40, 17 = 75, T8 = 85, T19 = 60, T110 = 12.5.

VHopsaouuM 3HadeHusT 00bICHSIONEel mepeMeHHON 21 B mopsaKe Bo3pactanus. [lomyanm
CJICTYIOTIUI TIOPSIOK WX PACTOJIOKEHUS:

Z11, 16, L12, T19, T13, Tir, L1g, Li4, T110, L15-

B COOTBETCTBHH C 9THUM IMOPAJIKOM BbI60pKa OCTATKOB 3aIIUIIEeTCd B TaKO IIocJIe 10BaTECJIb-
HOCTHN
€1, €6, €2, €9, €3, €7, €8, €4, €10, €5,

nHade,
4.06, —0.30, 0.88, —1.45, —1.71, —2.13,—1.95, —0.79, 1.67, 1.71.

BajaiuM 9ucao m Kak eIyt 4actb ot gapobu n/3 = 10/3. Okpyrisis B G0JIBIIYIO CTOPO-
uy, BozbMeM m = 3. Torma n —m + 1 = 8. ns Berauciaenus Beanaudbl G 110 hOpMyIaM
(46), (47) w3 yuopsiJo4eHHON BBIOOPKH OCTATKOB BbIOEPEM IIE€PBbIii, BTOPOI, TpeTHil ocTaT-
ki (oHH gamyT cymmy (1), a TakzKe BOCBMOIi, JEBATHIN, AeCAThIl OCcTaTKu (OHH JagyT
cymmy Gs). Tomyunwm

G1 = (4.06)% + (—0.30)% + (0.88)% = 17.348, Gy = (—0.79)* + (1.67)* + (1.71)* = 6.3371,

17.348

6.3371

Kpurudeckoe 3nauenue F, pacupesgenenus Quiepa BoIOUpaeTCs /sl yPOBHS 3HAYUMOCTH
a = 5% wm umcna creneneii ¢cgobonpl fi = fo =m —k =3—1=2, re. F, = 19.0. Tak
KaK BBINOJHEHO HepaBeHCTBO G < F,, To runore3y Hy nIpuHUMaeM U CIUTAEM, ITO HMEET
MECTO FOMOCKEJTACTHYHOCTD Pe3yIbTaTOB HAOIIOMeH I (u3MepeHuii).

Gar = 17.348, Gpin = 6.3371, G = = 2.74.

20

CkonunpoBaHo ¢ caiTa Pa3paboTka anekTpoHHbIX GubnmnoTtek
http://y4e®Hukn.nHdopm2000.pd https://npaBo.nHcpopm2000.pc



HanucaHve Ha 3aka3 CTyAeHYeCKMX 1 acrnmpaHTCckux paboT
http://y4ebHunkn.nHpopm2000.pd/napisat-diplom.shtml

Onennm 3HAYUMOCTD JTUHEHHOH 3aBucumocTn Ha yposHe 5%. CHavyasa TpuMeHuM nep-
Beiil cioco6. Tlo dopmyme (17) Beramcanm Bennunny F. Ona Gymer pasaa F' = 38.18.
9Ty BeJIMUYMHY CPABHUM C KPUTHYECKHM 3HadeHueMm F, pacupenenenus Pumrepa ¢ f1 = 1
u fo = 8 crenensmu cBoboAH Ha ypopHe 3HaduMoctd « = 0.05 (em. Tabauny I11). Do
3HadeHne paBHO Fj o5 = 5.32. [locKoMBKY BBINOJHEHO HepaBeHCTBO F' > F{ g5, TO cunTa-
eM, 9TO MEXK/ly TEePEMEHHBIMUA X1 U Y JAeHICTBUTEIHLHO UMEETCs JIMHeHHAS 3aBUCHMOCTD.
[Ipumenum jgajiee BTOPOI ¢rmocod W MOCTPOUM TPAHUIILI JTOBEPUTEIHHOTO WHTEPBAIA, /s
napamverpa by. Vcoansyst dbopmyast (14) u (18), yporenn 3Haunmoctn 5%, MOIy9nM, 9TO
to = toos = 2.306 u by € I; = (0.84,1.8). Kak BugHo, 10BepUTeIbHbIH nHTEpBaT [] He
HAKPBIBAET YUCJIO HOJIb, IOITOMY U 3JIeCh IIPUHAMAEM PEIIeHHe O TOM, UTO MEeXKJIY T1 H ¥
UMEEeTCsI JINHEeHHAS 3aBUCUMOCTD.

[Torydenubie pe3yIBTATH TOBOPAT O TOM, UTO JIJIA AHAIN3a JAHHBIX MOYKHO TTPUMEHSITh
dbopmysty amHeitHON 3aBucuMocT ¥y & 7.72 + 1.32x1 u dbopmyay (19) ajst oneHKn ypo-
YKARHOCTH Y MPU 33]AHHOM 3HAYEHUH 1 = X} BHECEHHBIX yJ00peHuii (¢ yKa3aHHOMH BbIle
OTOBOPKOIA, BRI3BaHHOM 3HaueHneM Koddbdunuenta d). OTMeTHM 3/1eCh, 4T0 KoahUIueHT
by = 7.72 yKasblBaeT Ha HUKHIOI I'DAHUILY yPOKAFHOCTU 06€3 IpUMEHeHMs yi00peHuii.
Kosddumuent by = 1.32 orpakaer npupocT ypoKaiHOCTH HA OJHY TOHHY BHECEHHBIX
yJ100penwuii.

IIpumep 3. N3ydaercst 3aBUCUMOCTD TOBapoobopoTa Maraswha y (Teic. py6./Hem) or
YHUCJEHHOCTH pabOTAIONMUX X1 (YesI.) U IJIOMAAN MOACOOHBIX MOMeIeHuit 2o (KB.M). Pe-
3yJIbTATHI WUCCAEIOBAHUN TI0 1 = 8 Mara3wHaM IIPeJICTABJIEHbI B CJIeAyIomeil Tabme:

r1 | 31 34 35 41 38 32 29 34
x2 | 29.5| 14.2 | 18.0 | 21.3 | 47.5 | 10.0 | 21.0 | 36.5
y | 22.0 | 14.0 | 23.0 | 43.0 | 66.0 | 7.6 | 12.0 | 36.0

Ha ocnoanuu 3tux JaHHBIX TpeOyeTcss yCTAHOBUTH HAJIUYNE 3aBUCHUMOCTHU BEJUYUHBI Y
OT 1 U Ty, & TaKXKe OIEHHTh MX OTHOCUTETbHBI BKJIaJ B BEJIHYHHY TOBApOOOOPOTA.
YpoBeHb 3HAYUMOCTH BO3bMeM paBHBIM 5%. IIpumem, 910 naHHbIE B TAOJUIE TAKOBBI, ITO
BbIIIOJIHEeHBI Bee mpenosiokenns MHK ornocuresbuo ciryvaitubix ommbok HabJiroeHuit
gi =Y; — by — by x1; — by wg;, 1 <0 < 8 (WX mMpOBEPATH HE HYKHO).

JLis1 periieHust TOCTABJACHHO 331241 BBIYUCIUM IIPOMEZKYTOUHBIE BEJTUINHDBI, UCTIOJTh-
3yeMble B (popmysax pazzena 1.2.3. Vcnosp3ysa nanHbIe U3 TAOIUIIBI, MOTYYaeM, 9TO

8 8 8
> w =274 > wy =198, Y y; = 2236,
=1 =1 =1

8 8 8
STa? 0488, S af =5979.08, >y = 891176,
=1 i=1 i=1

8 8

8
D (w1iwa) = 6875.6, Y (ry;4:) = 8049.2, Y (w5 y;) = 6954.7.

=1 =1 =1

Orcrona mo dopmysam (22) HaXoAUM, ITO
by = —94.55, by =2.80, by = 1.07.

[Mpumensist bopmyay (31), npoBepum runoresy Hy 0 He 3HATMMOCTH JTHHEHHOH MOIEH.
[Tonygaem, uro F' = 151.7, a kpurudeckoe 3HadeHue pacupejenennsd Pumiepa upu f; = 2
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u fo = 5 crenensx cBobobl paBHO F{ o5 = 5.79. IlocKOJIbKY BBITIOJTHEHO HEpaBeHCTBO F' >
Fy05, TO THTIOTE3Y H() OTBEpraemM u JIMHEHHYIO 3aBUCUMOCTH MEXKJIY Y U OObIACHIIONUME
[IEPEMEHHBIMU X1, To CIUTAEM 3HAYUMOIL.

[TocTpouM jajiee oBepUTE/IbHBIE MHTEPBAJBL I HapaMeTpoB by, by U yCTaAHOBUM
BIMsTHAE KaXKIOil mepeMeHHON x7 u xo Ha y. [lo dopmyrnam (27), (32) maxomum, dTo
I, = (2.03, 3.57), I, = (0.83, 1.31), npuuem oba uHTEpBajIa He COAEPKAT YUCJIO HONb. B
UTOTe MOJTyIaeM, ITO JIUHEHHAS 3aBUCUMOCTD UMEET MeCTO, a 3HAYEeHUsT TOBApoobopoTa y
MOYKHO HAXOJUTH 10 npubanzxkennoit popmyne: y ~ —94.55 + 2.80 x1 + 1.07 z5. U3 370i1
GOPMYJIBI CIeyeT, 9TO BKJIAJ B TOBAPOOOOPOT KaKI0I'0 padOTAIONIero IIPUMEpPHO B JIBa,
pasza 60JbIlle, YeM OJHOI0 KBAJIPATHOTO MEeTpa MOACOOHBIX IOMEeIIeHM.
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YACTDb 2. BPEMEHHDBIE P4/1bl

2.1. IIOCTAHOBKA 3AJTAYU

[Ipu npoBejieHrn pa3/IMuHbIX UCCJIEJIOBAHUIT IPUXOAUTCH U3y4aTh OOBEKTHI, XapaKTe-
PUCTHKH KOTODPBIX M3MEHAIOTCA BO BPEMEHU. DTH XAPAKTEPUCTUKH MOTYT HMETb OIpe-
JeJieHHbIe (JIeTepMUHUPOBAHHbBIE) TEHJEHIINH, Ha KOTOPBhIe HAKJIAIBIBAIOTCS CJydaifHble
coctapigionue. OHa W3 MPOCTENTTNX 3aBUCUMOCTell, OMUCHIBAIONINX YKA3aHHYIO CATYa-
[IHIO, 33J1aeTCd COOTHOIIEHUEM

y(t) = f(t, 2(t) +e(t), t=0,1,2,..., T. (55)

3mech mepeMennast ¢ O3HAYACT BPEMsl, BLIDAZKEHHOE B YCJIOBHBIX €JIUHUNAX (MECSIl, TOM 1
T.71.), y(t) 3amaeT HAGTIONAEMYIO IePEMEHHYI0, KOTOPasi 3aBUCUT OT JeTePMUHUPOBAHHOI
cocrapystomeil z(t) u cayqaitaoit cocrasistomeii £(t). [Ipeamonaraercs, aro Buj GyHK-
nun f(t, x(t)) u3Becren, OBITH MOXKET, ¢ TOYHOCTLIO JI0 BXOASIIUX B Hee IapaMeTpOB, a
M (e(t)) = 0. B obmem caydae MOIYT EMETh MeCTO 0OoJiee CJOXKHDBIC 3aBUCHMOCTH, OIU-
CHIBAIOIIHE W3MeHeHue mnepeMennoil y(t) Bo Bpemenun. B HeKoTOpBIX curyarusx dhopma
3aBHCHMOCTH BOOOIIE MOXKEeT OBITh HEH3BECTHOMH, U ee CIeJyeT MOJYIUTh MyTeM Ipe/IBa-
PHUTEJILHOTO aHAJN3a Pe3yIbTATOB HAOJIIOAeHNI (n3MepeHuii).
[Tpumem, uTo uMeeTcsd HAOOP JTAHHBIX

y<t1)7 y<t2)7 y<t3)7 s 7y<tn)7 (56)

KOTOpBIE TIOJIyUeHbl B pe3ysibTrare HaO/0IeHus 00beKkTa V' B MOMEHThl BpeMeH!
t=1t <ty <ty <...<tp,. (57)

Hanubre (56) siBisirores nexonuoit madopmMaruei, Ha OCHOBAaHHH KOTOPOH MOXKHO PeIaTh
pasIHYHbIe 33/Ia91 OTHOCUTEIBHO epeMeHHOH (). OCHOBHBIMU U3 9TUX 33124 SBJISTIOTCS
cJesyronye:

1) ycranosiaenue Haubosiee mpoCTOil 3aBUCUMOCTH, IOCTATOYHO XOPOIIIO OMUCHIBAIOIIEH
Habop nanubx (56);

2) oIeHKa TApaMeTPOB YCTAHOBJIEHHON 3aBUCHMOCTH, TOCTPOCHHE TOBEPUTEIbHBIX HH-
TEPBAJIOB JJISI HAX;

3) MpoBeIeHEEe PACIETOB € MEIBIO MOTYYeH s BOSMOXKHBIX 3HaYeHHN nepeMeHnoit y(t)
B 3aJaHHBII mepuos BpeMenu t > 1T = t,,.

[TepBble JiBe 3ajlauu pelIaloTCd B PaMKaX aHaJ/iM3a BPEMEHHbIX PJI0B, KOTOPbIH OIu-
paercsi Ha OTpeeIeHHBI HaO0p MaTeMaTHIecKuX Mojeseil, onuchBanmux Janabe (56).
TunuaabIMI TPEJCTABUTEISIMIA 3/1€Ch ABJSIOTCS TPEHJI0BAsA MOJE/b, MOJEIb pacipe/ie-
JIEHHBIX JIArOB, MOJIeIb B3aMMOCBS3H JIBYX ps/10B. I peThbd 3ajada cBA3aHA C IIPeIcKa3a-
HEeM 3HaUeHui mepeMennoit y(t) mpu ¢ > T'. CymuHOCTD TpeICKa3aHust COCTOUT B TOM, ITO
JIJIs 1IepeMeHHON Y(t) yKa3bIBAIOTCs BEPXHsisl U HUXKHSsI 'PAHUILL €€ BO3MOXKHBIX 3HAUE-
HUH C 33TAHHBIM YPOBHEM BEPOSITHOCTH. JHAHWE TAKWX TPAHUI] MTO3BOJISET OIEHUTH PUCK
[pU IPUHATHY PENeHns Ha OCHOBE CAEJIAHHOr0 mporuo3a. [locrpoenne Bepxueil u HuzKHei
IPAHUI] OIMPAETCS HA OMPEJIeJIEHHBIEe CBOWCTBA TIepeMeHHOl (1), KOTOpble B KOHKPETHbBIX
33/1a4aX MOI'YT U He BBIIOJIHATHCH.

OcobeHHOCTD TIepeMeHHoi Y(t) COCTOMT B TOM, UTO OHA SIBJASETCS CIyJaiiHON DyHK-
el BpeMenn (B APYyTOd TEPMUHOJIOTAN — CAYYaNHbIM HpoueCCOM). DTO0 03HAYAET, 9TO B
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KaK1blii (bUKCHPOBaHHbI MOMeHT t = t, mepemennast y(t,) upejgcrasisier coboil corydaii-
HYIO BeJIMYUHY C 33JJaHHON (pyHKIHeil pacupeie/ieHus

Fi(x) = P{y(t.) < =} (58)

OnHako 3TUM He ncuepibiBaeTcs onucanne y(t). [naBras nHbDOPMAIMS HAXOAUTCS B
COBMeCTHOI (byHKIMHU pacrpe/iesienns 3HaveHnii y(t) B 3aaHHble MOMEHTHI BpEMeHH 1,
ta, ..., tg, TO ecTb B (PYHKIIUU

F(xy, xa,..., x) = P{y(t1) < xy, y(tz) < gy ..., y(ty) < xi}. (59)

Suanue Takoil (BYHKIUU IO3BOJILET, HAIPpUMeEp, IPeJICKa3blBaTh 3HAYCHU IepPeMeHHOi
y(ty) MO M3BECTHBIM 3HAYEHUSAM

y(t), y(ta), ..., y(te—1), t1 <te <+ <tp_q <ty (60)

MHOKeCTBO Beex 3Hadenuii coctasuoit Bewannbt {y(t1), y(t2), ..., y(tx)} obpasyer re-
HEPAJIBHYIO COBOKYIHOCTH, COOTBETCTBYIONYIO0 dbyHkunu pactupegenenns (59). Kaxmas
KOHKpeTHasl cocTaBHast Beananna {y(t1), y(ta), ..., y(tx)} Ha3BIBaETCA peann3anueii ciy-
vaiinoit dyukmun y(t). B xone u3ydenus: obbekra V' MBI MOXKEM HMeTb €10 ¢ 000
peammzanmeii {y(t1), y(t2),...,y(tx)}, Ho dakTHuecku GyaemM pacnosararh TOJBKO KaKOii-
TO OJIHOII M3 HHX, a UMEHHO TOM, YTO IpeJcTaBiIeHa B Habope mamHbXx (56). DTa oxma
peasin3alisi, KaK MPaBUIo, U IPUMEHseTCs [Tl IpeJICKa3anus 3Hadenuii y(t) upu 3a1an-
upix T < t < T (em. puc. 4, 5).

2.2. TPEH/IOBBIE MO/IEJIN

[Ipumewnm, aro nepemennas y(t) OMUCHIBACTCS 3aBECHMOCTHIO

y(t) = g(t) + (1), (61)

B KOTOpO#l ¢(t) — 3amannas hyHKIHMs, a HepeMeHHas ¢ IPUHUMAET 3HAYeHus t; < lo <
. < t,,. Oyuknug ¢(t) HAZLIBAETCS TPEHIOM BPEMEHHOTO Psifia. B MPIIOKEHHSIX TACTO
UCIOJB3YIOTCSH (DYHKITUU BUJIA!

a+bt, a+bt+ct? e at’ a+blnt. (62)

31ech a, b, c — HeU3BECTHLIE HMapaMeTphbl, KOTOPbIe MOJKHBI OBITH HAWJIEHBI IO HAOOPY
gauHbix (56). ToBopsT, 4To BpemeHHOM psiji uMeer JuHelHbI Tpen, ecau g(t) = a + bt.
[Ipumep Takoro psja NpuBegeH Ha puc. 4. AHAJOTUYHO ONPEIESIIOTCS KBAIPATHIHBIH,
9KCIIOHEHIIUAIbHBIN, CTeleHHOi U JorapudpMuIecKuil TpeHIbl.

Ecau BMecTo mepeMenHO¥ y(t) paccMarpuBaTh HOBYIO HepeMenHyio y(t) — g(t), To
Takas oTepallis Ha3blBaeTcsd ycTpaHeHneM TpeHa. Lless yecTpanenus TpeHga COCTOUT B
npuBeieHnn JanubX (56) K Gostee mpocTOMy BHLY, YI00HOMY JIJIst HOC/IETYIOIIEro aHATN3a
n 0O6pabOTKH.

Cayuaitnas cocrasisgionmas &(t) mpeamnosaraeTcs Takoi, ITo

M(e(t)) =0, D(e(t)) = o? = const > 0, (63)

a Cay4vaiHble BEJINYUHBI
€(t1>7 5(t2)7 R g(tn) (64)
B3aMMHO HE3aBHCHMBI M UMEIOT HOpMAJIbHOEe pactpejesenne. Yceaosud (63) u (64) coor-

BETCTBYIOT OCHOBHBIM Iipe/nooxkenusaym MHK. 9To maeT Bo3MOKHOCTH IPEMEHUTH METO]T
PEerpeccHOHHOr0 aHAJIN3a, OIMHCAHHOTO B IIEPBOM JacCTH.
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t

Puc. 4. Peanuzanuu ciayqaitnoii dbyukmum y(t)

y(t)

A

0 T t

Puc. 5. [Ipeackazanue 3navennii y(t): a)-uCxomHbIe
JAHHBIE, b)-TPAHUIE TOBEPUTEIHHBIX HHTEPBAJIOB

B kadecTBe mpuMepa paccMOTPUM MOJEJIb ¢ KBaJIPaTHIHBIM TPEHIOM
y(t) =a+bt+ct* +e(t), (65)

cunTast, 9To Bce npeanosoxkenns MHK Boinonnens. BBegem HoBbie napamerpsl: by = a,
by = b, by = c. Oupejesum HoBble mepemennble: y = y(t), 1, = t, 19 = 12, ¢ = &(t).
Basucumocts (65) mepernmiiem B hbopme

y="bo+brz+byws+e. (66)
[Iycrb B HAGOpe jaHHBIX (56) IpeJICTaBIeHbl 3HAYCHHS]
y(1) =15, y(2) =24, y3)=0.8, y(4) =27, y(5)=3.0 (67)

nepeMenHoii y(t), 3agannoii B MoMeHTHl Bpemeru t = 1, 2, 3, 4, 5. Torga Mbl mOJIyIuM
cJIeIyIoNIne BIOOPKHU 3HAYEHUI HOBBIX IIePEeMEHHBIX

=1, x2=2, T13=3, T1u =14, T15=15, (68 a)
To1 = 17 Tog — 4, To3 = 9, Tog = 16, To5 = 25, (68 b)
Y1 = 15, Yo = 24, Ys = 08, Yy = 27, Ys = 3.0. (68 C)
25
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Hab6op nannbix (68) npejcrapisier coboii BBIGOPKH 3HAYEHUTT IEPDEMEHHBIX T1, T2, Y, KO-
TOpbIE UCHIOIB3YIOTCA Jlajiee B popmysiax pazjena 1.2.3. [Ipumenenne ykazanubix popMy.t
[O3BOJISIET OIEHUTH MapameTpsl by, by, by 3aBucuMocTu (64), a O HUM — ITAPAMETPBI TPEH-
ma monern (65).

Ipumep 4. B npuBemennoit HuKe TabinIe MpecTaBIeHB! JaHHBIE O TOYACOBON CTaBKe
sapaborHoit wiaret y(t) (moanaper CIITA) B Jierkoit u TeKCTHIBHON TPOMBIIIIIIEHHOCTH 38
nepuo/ ¢ stHBapsi 1984 1. mo mekabpp 1987 . (t =1, 2,...,48)

Mecs Tox

1984 | 1985 | 1986 | 1987
ArBapn 5.50 | 5.73 | 5.82 | 5.94
QeBpasp | 5.46 | 5.70 | 5.79 | 5.93

MapT 548 | 5.73 | 5.80 | 5.93
Amnpenn 5.49 | 5.74 | 5.81 | 5.94
Mait 548 | 5.69 | 5.78 | 5.89
Wionn 5.50 | 5.70 | 5.79 | 5.91
Wb 5.53 | 5.70 | 5.79 | 5.79

Agrycr 5.55 | 5.69 | 5.83 | 5.83
Centsabps | 5.63 | 5.75 | 5.91 | 5.91
Okrabps | 5.61 | 5.74 | 5.87 | 5.87
Hosi6ps 5.61 | 5.75 | 5.87 | 5.87
Hexabpr | 5.68 | 5.80 | 5.90 | 5.90

[paduaeckuii aHa M3 TAHHBIX 9TON TaOJUIBI TIOKA3BIBAET, UTO epeMenHas y(t) umeer
OIIpE/IeJIEHHYI0 TEHJIEHIINI0 K BO3PACTAHUIO. YCTAHOBUM BHU/I 9TON TEHIEHIIMH, ONUPASICh
Ha Mozenb (61) n gannbie u3 Tabauis 3a 1984-1986 roxpr (06bem BeIGOpKH n = 36). 113
AHAJIN3a JIAHHBIX BCell TabJIUIbl IPOCIeKIBACTCS KBaJIPATHIHBIN TpeH. 3axasas g(t) =
a+ bt + ct? u npuMeHaAs yKazaHHBIH BbIIIe CIOCOD, IIOJyUYaeM, 9TO OIEeHKH I1apaMeTpoB
paBHBL: @ = 5.434, b = 0.019, ¢ = —0.0002. 13y4asg ocTaTKH, HAXOMNM, YTO BeJHYMHA d
st kpurepus Japouna—Yorcona pasua d = 0.922. /Ina yposus 3nadumoctu o = 5%
U JBYX OOBSCHSIONMX MepeMeHHBIX (kK = 2) COOTBETCTBYIOIIHE CTATHCTHKE U3 TabIuIbl
[13 umeror 3navenns dy = 1.35, dy = 1.59. TlockoabKy BbITIOJIHEHO HepaBeHCTBO d < df,
TO MOYKHO TOBOPUTDH O HAJHYHUHU IOJOKUTEJIHHO aBTOKOppeasanuu B ocTarkax. OTciona
CJIEJIyeT, YTO MOJIEJIb C KBaJIPATHIHBIM TPEHIOM TpedyeT TopaboTKH, B KOTOPOH MOTYT
ObITH YUTEHBI ONpeIeJeHHbIE (CKPBIThIE) OCOOEHHOCTH PACCMATPHBACMbBIX JAHHBIX.

2.3. MOJIEJIb BBANMOCBAA3UM /IBYX BPEMEHHBIX PA/TOB

PacemorpuMm nBa BpemenubixX psa y(t), z(t) u Oymem M3ydarTh 3aBUCHUMOCTD MEZKITY
auMu. OcoGeHHOCTH 3TO 3a/a9i COCTOUT B TOM, YTO 00€ HepeMEeHHBIE SIBJISIIOTCS CJIy-
gafinpiMu pyuknusavu BpeMmenu t. Kak yHKum ot ¢ OHM MOTYT H3MEHSTHCA B OYEHb
cornacoBannoit dopme. [ToaToMy mxX COBMECTHOE DACCMOTPEHHE W TOIMBITKA MOCTPOUTH
3aBHCHMOCTH BH/IA

y(t) = by + by x(t) + £(t) (69)

MOT'YT HPUBECTH K HEBEPHBIM pe3yJibTaTaM i BbiBogaM. OTCIo/a ciiejtyer, 4T0 3aBUCUMOCT
(69) nam ee aHAIONH HAIIPSIMY O TIPUMEHSTH Heib3s1. OJIH 13 ¢ocob0B TPOBEPKH HAJTMYNST
3aBucuMocTH MexRay y(t) m z(t) cocronT B TOM, 4TOOBI YCTPAHUTH BJIUSHHE OCHOBHOMN
nepeMeHHO# t. JI1s1 9T0ro HoCTynaT cireLyomumM 06pa3oM.
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Bynem cunrars, 910 y(t) u 2(t) onmucsBaroTCs TpeHA0BLIME MOjeaaMu (61), a HMeHHO:
y(t) = g1(t) + e1(t), (70)

2(t) = g2(t) + &2(1). (71)

Hcnosnb3ys pesyabrarsl paszuena 2.2, Haiigem TpeHanl gq(t), g2(t) n BBejeM HOBBIE Iepe-
MeHHbIe (yCTpaHeHHe TPEHJIOB):

x1 = x(t) — g2(t), y=y(t) — g (t). (72)

Tenepb BAUgHUE TepeMeHHOIl ¢ B 3HAYUTEIbHON CTelleHN YCTPAHEHO, M MOYKHO HU3y4aTh
JAHEAHYI0 3aBUCUMOCTD
y:b0+bll‘1+€. (73)

Jis ananusa 3apucumocru (73), ee 3HAYUMOCTH WJIM HE 3HAYMMOCTHU IIPUMEHSIOTCS De-
3yabTaThl pasaenos 1.2.2 u 1.2.4.

B 1puIoKeHusIX MCIOMb3YIOTCA U JAPYTHE TOAXO0/bI, TO3BOJISAIONINE U3yIaTh 3aBUCH-
MOCTBb MezKJ1y BpeMeHHBIME psiiamu y(t) u x(t). Hampumep, B 3aBucumoctu (69) SBHBIM
obpa3oM yauThiBaioT BpeMs. [Ipn TakoM momxome BMecto (opmyssl (69) paccMaTpuBaior
ee obobIenue

y(t) = by + by x(t) + bat + &(t). (74)

31ech Bpemst ¢ BHICTYNAET Kak elle oJHa 00bACHSIONAs MepeMeHHast.

IIpumep 5. Vimeercs HAOOP JAHHBIX, OTPAZKAIOIIUX H3MEHEHHe BO BPEMEHH CJIeIyio-
IUX MepeMeHHbIX: y = y(t) — 00beM pealu3aluu IpeImpusiThs ONTOBOH Toprosau (y.e.),
x = x(t) — pa3Mep TOProBoii wiomaan, ¢ — BpeMst B KBapraiax. 1pebyercss HAUTH Ju-
HeifHble TpeH bl B auHamuke z(t) m y(f), yCTAaHOBUTH WM ONPOBEPIHYTH 3aBHCHMOCTH
n3MeHeHnsl o0beMa peaan3aiyn OT pa3Mepa TOpropoii miomaau. HeobXoanmbie 1aHHbIC
[PEeJICTABJIEHbI B CJIe/yolIeil Tabulie.

e(t) | y(t) || ¢ | =) | y@) |t | =@) | y(t)
127.2 [ 1512 | 7 [ 143.2 [ 17.66 || 13| 158.2 [ 20.27
129.0 | 16.62 | 8 | 144.3 | 18.40 || 14 | 159.3 | 23.33
131.2 | 17.16 | 9 | 145.6 | 19.97 || 15 | 159.6 | 21.67

134.8 | 17.63 || 10 | 148.7 | 21.35 || 16 | 163.6 | 23.05
136.6 | 18.14 || 11 | 150.4 | 20.16 || 17 | 164.9 | 23.90
138.6 | 16.92 || 12 | 154.7 | 21.04 || 18 | 169.4 | 23.85

S| Y | W DN | o+

Bynem cunrarh, 9To BeIoiHeHB Bee npenosioxkernus MHK orrnocutensno ciaydaitnbix co-
crapisiomux £q(t), €2(t) u e, Bxopsmux B coornomenus (70), (71), (72). YpoBeub 3uaxu-
MOCTH BbiGepeM paBHBIM 5%. [JIs1 perreHust mocTaBJIeHHOM 33189l MTOCTYIIIM CJIELY FOTIAM
obpaszom. [Tpesmosoxum, aro ypasuenust (70) u (71) comepzkar juHeifiHbIe TPEHIbI:

gi(t) =ao+art, g2(t) =co+crt.
Brorunciisist oneHku mapamMeTrpoB 3THX TPEHJOB, IoJydaem, 410 ag = 15.16, a; = 0.49,
co = 124.4, ¢ = 2.46. Cdopmupyem HOBBIe HepeMeHHble T U Yy 10 dopmyne (72) u

MMOCTPOUM BBIOOPKU uX 3Hadenuii. Hanpumep, 3uauenus x5, ys OYIYT BBIYUCIATHCA TaK:

ys = y(5) — §1(5) = 18.14 — (15.16 + 0.49 - 5) = 0.53,
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215 = 2(5) — §o(5) = 136.6 — (124.4 + 2.46 - 5) = —0.1.

B utore oyayT cdpopMupoBanbl BHIOOPKHI

T11, 125 -+ -5 21185 Y15 Y2,---,Y18-

Ncnonb3yst 5TH BHIOOPKH, HCCJEyeM 3aBHCHMOCTH (73) JUIs HAIMMX BCIIOMOIaTeThHbBIX
epeMeHHBIX 1 W Y. [IpoBOMAst COOTBETCTBYIOIINE BBIYNCJIEHUS, TMOJIYYAeM, UTO OIEHKH
napameTpos B dopmyre (73) pasuel by = —0.032, by = —0.178. [l1g npoBepKH 3Ha-
qumocTH 3asucumocTh (73) 1o dopmyne (17) Beraucanm seauauny F. Ona 6yaeT paBna
F = 0.781. 91y BeInumHy CpaBHUM ¢ KpUTUUIECKUM 3HaUeHneM F,, pacupenenenns Ouie-
pac fi =1wu fo =16 cremensivu cBoGobl HA ypoBHe 3HaunMocTn « = 0.05 (cMm. Tabuuiy
[11). Kpurnueckoe 3nauenne pasHo Fpos = 4.49. TToCcKOIBKY BBITIOJHEHO HEPABEHCTBO
F < Fy 5, T0 3aBucuMocTh (73) sBiagerca He 3HauuMoil. [osToMy cuamTaeM, 9T0 MKy
mepeMeHHBIMU T W Yy HeT JIHHeiHo# 3apucuMocTH. OTCIOma JegaeM BBIBOJ O TOM, UTO
OTCYTCTBYeT JINHEHHAS CBA3H MKy 0O0beMOM peanu3anuu y(t) U pasmMepoM TOPrOBOi
wioraau z(t). Obe mepeMeHHble PACTYT OTHOCHTENBHO COTIACOBAHHO, HO Ha Y(t) BausSIOT
KaKHe-TO JApyrue (He ydaTeHHble HaMi) (DaKTOPHI.

2.4. MOJEJIb PACIIPEAEJIEHHBIX JIAT'OB

Mogesb pacipeesIeHHBIX JIArOB HCIOIB3YeTCs I HOCTPOCHUST PErPECCHHU MEXK /Y Bpe-
MeHHBIME psiamu y(t) u x(t). OcobeHHOCTD TAKON PEerpeccHn COCTOUT B TOM, ITO 3aBHCH-
Mad nepeMenHas y(t) yIUTHIBAET HE TOIBKO TEKYIIHe 3HAUeHIs He3aBHCHMON [epeMeHHOM
x(t), HO U ee TMPEIIeCTBYONINEe 3HAYCHHUST:

yt) = B+ 0 - a(t) -2t — 1) + ooy 2t — k) + £(b). (75)

Mogenb (75) npumeHnsieTcst B TeX cjydasiX, KOUJa Ha 3HaYeHUs mepeMeHHOi y(t) cyie-
CTBEHHO BJIHMSIIOT JiaroBble mepemennbie z(t — 1), x(t — 2),..., x(t — k). Ilpunsaro, aro
cayyaitiasi cocrapastommast €(t), Bxojsmast B (75), yI0BIeTBOPSAET HPENOJOKEHUIM, YKa-
3aHHBIM B pazfene 2.2. Koadbdunuentst 3, v, V1, - - - , Vi ABJIAIOTCS TApAMETPAMU MOJIETN
U JOJIZKHBI BBIYUCIATLCA 110 Habopy ganubix (56). Mogmens (75) mo3Bossier mporao3upo-
BaTh 3HavYeHus Y(t) Ha HECKOJBKO TMAroB BIIEPe] Ha OCHOBE paHee MOJIYIeHHbIX 3HATeHU
JIATOBBIX MepeMeHHbIX. [ycTh, HanmpuMep, o pe3yJabraTaM 00paboTKu JaHHbIX (56) ycra-
HOBJICHO, UTO Y(t) & S+ o x(t —2) 43 -x(t — 3), 1 9Ta 3aBUCUMOCTD SBJSETCA SHATHMOIL.
Torma mpu 3amannabix x(t) = xo, x(t — 1) = x3 MOXKHO HANTH TPUOTHIKEHHOE 3HAUCHTE
y(t +2) = B+ yaxs + V373.

Pabora ¢ moesbio (75) BKJIOUaeT HECKOIBKO 3TanoB. [TepBoiil 3 HUX Mpemoaaraet
cojlep2KaTeNbHbI aHAIU3 JaHHBIX, B TOM 4ducie u rpadudeckuii. Ha srom sTame mHeob-
XOJIMMO DENIUTh BOMPOC O jjiuHe Jiara (mapamerp k). Bropoii sram ¢Bsi3aH ¢ OleHKaAMK
K03 DUIEEeHTOB BEIOGPAHHON Mojiesin 1o Habopy gauubix (56). Tpernit sran npemnosiara-
eT MHTEPIPETAIMIO MOy YeHHBIX ONeHOK Koadbdunuentos moaeau. [lycrs B Mogeaun (75)
BCce HaiijieHHbIe KOADOMUIMEHTH y; UMEIOT OJMHAKOBbIe 3HaKW. Torga momenb (75) 1o-
[yCKAaeT YeTKYH WHTEPHPeTANNio, COCTOAIIYI0 B TOM, 4TO TepemeHHasi x(t) oka3biBaeT
BJIMsIHUE HA [epeMeHHYIo y(1) U 9TO BIMsHAE PACIPOCTPAHSETCS HA OMpe/ie/IeHHbIH mepu-
OJT BpeMeHU. 371eCh TaKzKe UCTOJIb3YIOTCS TaKhe TOHATHS KaK CPeJTHWH U Me THaHHBIH JIar.
Koadpdbunuenrsl Mojie/in MHTEPUPETUPYIOTCH KAK MYJIbTHILIUKATOPDI.

Ecyim koadppunmenTsr v; OyyT uMeTh pa3/uydHble 3HAKH, TO BO3MOXKHO, 9TO MOJETb
(75) min ee HOPSIOK BBIOPAHBI HEYAAIHO JAHO0 B3aMMOCBs3b Mexkay y(f) u x(t) umeer
JIOCTATOYHO CJIOYKHBIH XapaKTep, KOTOPBIH HYYKHO JOMOJTHUTETBHO H3YYaTh.
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Ipumep 6. Paccmorpum HaOOp JAHHBIX, KOTOPBI XapaKTepU3yeT 3aBUCUMOCTD BEJIH-
quHbl Y(t) — 00bEMOB MPOJAaK KOMIAHUHU 33 MECSI[ OT PacxoioB Ha pekaamy x(t) (MiaH
py6.). DTu JaHHBIE OPEJCTABICHBI B CJIeIYIONel TabuIie.

w®) | y) ||t )] y) |t |x@) | yd)
1.52 | 17.955 | 7 | 1.34 ] 15.029 || 13| 1.24 | 16.872
1.23 | 16.842 | 8 | 1.38' 15.626 | 14 | 1.35 | 16.087
1.78 | 18448 || 9 | 145 | 16.241 || 15 | 1.68 | 17.496
1.45 | 18.286 || 10 | 1.14 [ 16.100 | 16 | 1.65 | 18.844
1.48 | 17.388 || 11 | 1.58 | 17.446 | 17 | 1.56 | 18.904
112 [ 16.345 || 12| 1.45 [ 17.351 | 18 [ 1.50 | 19.214

| O W= | W[ DN | =+

I'padpudeckuii aHa M3 JAHHBIX U3 STON TAGIUIBL TOKA3bIBAET, YTO JMHAMUKA LIEPEMEHHbIX
y(t) n z(t) nmeer cormacoBanusiit xapakrep. s mocrpoennst cBsazu mexay y(t) u x(t)
MOZKHO HCIIOJIb30BATh JIHHEHHYI0 PErPeCCHOHHYIO 3aBHCHMOCTD. 3adQHUKCHPYeM MOPAI0K
MoJen k = 3 U pacCMOTPHM 3aBHCHMOCTb

yt) =B+ -z(t)+y-x(t—1)+y-x(t—2)+y - x(t —3) +e(t). (76)
BBe/ieM HOBBIE TIepEMEHHBIE
y=y(t), rv1=x(t), zao=a(t—1), z3=2(t—2), ay=2a(t—3), e=¢€(t). (77)
Kpowme Toro, 3a7a/IuM mapaMeTphl:
bo=0, b=, ba=m, b3=12, b= (78)
C yuerom obosnauenuii (77) u (78), 3apucumocts (76) Oymer mpeactasiena B dhopme
y=">bo+ bz +byxo+b3rs+bixy+e. (79)

Omenka napamerpos (78), mposepka Beex npeanonoxkennit MHIK u 3HaUMMOCTH 3aBHCAMO-
cru (79) BEINOTHSIOTCS 10 HOPMYJIaM, KOTOPble AHAJIOTHYHBI TIPEJICTABICHHBIM B Pa3jiese
1.2.3. Beibopku 3Hauenuii nepeMeHHbx (77) 3aJal0TCs W3 MCXOAHONW TabJIHIBI ¢ yIeTOM
CIBUKKH JaHHBIX, HAUYWHAs ¢ t = 4 u jganee. B yactHocTH,

y1 = y(4) = 18.286, z1; = x(4) = 1.45, x9 = x(3) = 1.78,
T3] = $(2) = 123, Tq1 = .%(1) = 1.52.
CoorBeTcTBytoIize ONEHKN HapaMeTpos Mojean (76) TaKOBbL:
o = 4.68, 7 = 3.72, 75 = 2.52, 75 = 1.08, § = —0.02.

OTcrofa BUAHO, YTO BIUSHEE JTATOBBIX MEPEMEHHBIX Ha (1) YMEHBIIAETCS ¢ POCTOM BEJTH-
quHbl jJara. lnade roBops, pacxo/ibl Ha peKJIaMy B LIpeJIecTByonue Mmecsnbl t — 1, ¢ — 2,
t — 3 OKa3bIBAIOT BCE MEHbIIee BO3/eiiCTBIE Ha 00beM MPOJAK B TEKYIIEM Mecdlle t.
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ITPNJIOZKEHNE. CTATUCTUYECKWE TABJINIIHBI

[IpwioxkeHue copepzKUT 3HAYEHUs] CTATUCTUK s pacupenenennit @umepa, Crbio-
nenta u Jlapbuna—Yorcona B Hambosee pacupocTpaHeHHBIX caydasx. boJee meTanabHble
TabJIMIBI IPUBEJIEHBI B PEKOMEHIOBAHHOI inTeparype (CM. aHHOTAIHIO).

Tabsmmma [11. Kpurnueckue 3nauenus F, pacnpemneneaus Durrepa
¢ fi u fo cTenmeHaME CBOOOIBI

a) a = 0.05
Lolh=1]Hh=2|/=3]|H=4]|/i=5
5) 6.61 5.79 5.41 5.19 5.05
6 5.99 5.14 4.76 4.53 4.39
7 5.9 4.74 4.35 4.12 3.97
8 5.32 4.46 4.07 3.84 3.69
9 5.12 4.26 3.86 3.63 3.48
10 | 4.96 4.10 3.71 3.43 3.33
11| 4.84 3.98 3.59 3.36 3.20
12| 4.75 3.89 3.49 3.26 3.11
13 | 4.67 3.81 3.41 3.18 3.03
14 | 4.60 3.74 3.34 3.11 2.95
15| 4.54 3.68 3.29 3.06 2.90
16 | 4.49 3.63 3.24 3.01 2.85
17 | 4.45 3.59 3.20 2.96 2.81
18 | 4.41 3.59 3.16 2.93 2.77
19 | 4.38 3.52 3.13 2.90 2.74
20 | 4.35 3.49 3.10 2.87 2.71
b) a = 0.01
L|lh=1h=2|H=3|Hh=4|/i=5
5 | 16.26 | 13.27 | 12.06 | 11.39 | 10.97
6 | 13.75 | 10.92 9.78 9.15 8.75
7 | 12.25 9.55 8.45 7.85 7.46
8 | 11.26 8.65 7.59 7.01 6.63
9 | 10.56 8.02 6.99 6.42 6.06
10 | 10.04 7.56 6.55 5.99 5.64
11| 9.65 7.21 6.22 5.67 5.32
121 9.33 6.93 5.95 5.41 5.06
13 | 9.07 6.70 5.74 5.21 4.86
14 | 8.86 6.51 5.56 5.04 4.69
15| 8.68 6.36 5.42 4.89 4.56
16 | 8.53 6.23 5.29 4.77 4.44
17 | 8.40 6.11 5.18 4.67 4.34
18 | 8.29 6.01 5.09 4.58 4.25
19 | 8.18 5.93 5.01 4.50 4.17
20 | 8.10 5.85 4.94 4.43 4.10
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Tabsmma [12. Kpurnueckne 3navenns t, pacupeaesenns CTbIOIEHTa,
¢ f crenmensMu CBOOOIBI

YHUKanbHble MaTtepuarnbl
Nno 3KOHOMWUKe

0514 nosbllLEHUA KBaJ'IVId)I/IKaLl,I/IVI

fla=01]a=0.05|a=0.01
1| 6.314 12.706 63.657
2 | 2.920 4.303 9.925
3| 2.353 3.182 5.841
4 | 2132 2.776 4.604
5| 2.015 2.571 4.032
6 | 1.943 2.447 3.707
7| 1.895 2.365 3.499
8 | 1.860 2.306 3.355
9 | 1.833 2.262 3.250
10 | 1.812 2.228 3.169
11| 1.796 2.201 3.106
12| 1.782 2.179 3.055
131 1771 2.160 3.012
14 | 1.761 2.145 2977
15| 1.753 2.131 2.947
16 | 1.746 2.120 2.921

Tabsmma [13. Suadvenus craructuk dy, dy aasa kpurepust Jlapouaa—YoTcoHa
npu « = 0.05

a) k =1 — ogHa 00BACHSIIONAS epeMeHHAsT

n

dr,

dy

n

dr,

dy

8
9
10
11
12
13
14
15
16
17

0.76
0.82
0.82
0.93
0.97
1.01
1.05
1.08
1.10
1.13

1.33
1.32
1.32
1.32
1.33
1.34
1.35
1.36
1.37
1.38

18
19
20
21
22
23
24
25
26
27

1.16
1.18
1.20
1.22
1.24
1.26
1.27
1.29
1.30
1.32

1.39
1.40
1.41
1.42
1.43
1.44
1.45
1.45
1.46
1.47

28
29
30
31
32
33
34
35
36
37

1.33
1.34
1.35
1.36
1.37
1.38
1.39
1.40
1.41
1.42

1.48
1.48
1.49
1.50
1.50
1.51
1.51
1.52
1.52
1.53

\1_0

ACH

ATOTIE

[epeMeHHbIe

HAMNCAHWE Ha 3AKAS:

dr,

dy

n

dr,

dy

1. Annnombl, KypcoBble,
HEPTEXM...

2. dnccepTtauum n
Hay4Hble paboThbl.

JIIOBAA TemaTtuka,

B TOM 4yucne
OKOHOMETPUKA,
TEXHUKA...

10
11
12
13
14
15
16
17

0.56
0.63
0.70
0.66
0.81
0.86
0.91
0.95
0.98
1.13

1.78
1.70
1.64
1.60
1.58
1.56
1.55
1.54
1.54
1.38

18
19
20
21
22
23
24
25
26
27

1.05
1.08
1.10
1.13
1.15
1.17
1.19
1.21
1.22
1.32

1.53
1.53
1.54
1.54
1.54
1.54
1.55
1.55
1.55
1.47

28
29
30
31
32
33
34
35
36
37

1.26
1.27
1.28
1.30
1.31
1.32
1.33
1.34
1.35
1.42

1.56
1.56
1.57
1.57
1.57
1.58
1.58
1.58
1.59
1.53
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st-20
Пишущая машинка
Уникальные материалы 
по экономике
для повышения квалификации

st-20
Пишущая машинка
Рерайт дипломных и курсовых работ

Начните интернет-бизнес с недорогого сайта-визитки

Дистанционные курсы по созданию сайтовРерайт дипломных и курсовых работ

Начните интернет-бизнес с недорогого сайта-визитки

Дистанционные курсы по созданию сайтов

st-20
Пишущая машинка
Рерайт дипломных и курсовых работ

Начните интернет-бизнес с недорогого сайта-визитки

Дистанционные курсы по созданию сайтов

st-20
Текстовое поле
 
     НАПИСАНИЕ на ЗАКАЗ:
    1. Дипломы, курсовые, чертежи...
    2. Диссертации и научные работы.  
                ЛЮБАЯ тематика, 
 в том числе ЭКОНОМЕТРИКА, ТЕХНИКА...
  

http://%D0%BA%D0%BE%D0%BF%D0%B8%D1%80%D0%B0%D0%B9%D1%82%D0%B5%D1%80-%D1%81%D0%B5%D0%BE.%D1%80%D1%83%D1%81/rerait-diploma.htm
http://самообразование.информ2000.рф/sbornik-statei-management.htm
http://заказ.информ2000.рф/index.shtml



