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BBEJIEHUE

BBenenue

B ycnoBusx nepexoja CTpaHbl K PHIHOYHOM 3KOHOMHKE BO3pacTaeT MHTEpEC U MOTped-
HOCTb B IMO3HAHHUU CTATUCTUYCCKUX MCTOAOB aHAJIM3a U MPOTHO3UPOBAHUS, K KOJIMYCCTBCHHBIM
OIICHKaM COLIMaJIbHO-IKOHOMUYECKUX siBIeHUN. Kak HaillTu cBsI3W Mexay NEepeMEeHHBIMH, Kak
J0Ka3aTh UX 3HAYUMOCTb U OLICHUTH UX HapaMeTpI:I? Ha >t BOIIPOCBHI MOKHO OTBCTUTH C IIO-
MOIIIBbIO SKOHOMETPUKHU, 3aHUMAIOIIEHCSl IPUMEHEHUEM METOJI0OB MAaTEeMaTUYECKOM CTaTUCTUKHU B
SKOHOMHUYECKOM aHaJIMU3E.

DKOHOMETpPUKA — 3TO AUCHMILINHA, OOBEAUHSIONIAs COBOKYITHOCTh TEOPETUUYECKUX pe-
3yJIbTaTOB, MCTOAOB U IMPUCMOB, SKOHOMHUYECKOU TCOpHHU, DKOHOMHYECKOM CTATUCTUKH U MaTe-
MaTUKO-CTaTUCTUYECKOTO HHCTPYMEHTapus [UIsl KOJWYECTBEHHOI'O pELIEHUS COLMAaJIbHO-
HKOHOMHYECKHUX 3a7ad. Kypc SKOHOMETpHKH MpHU3BaH HAYYUTh PA3IUYHBIM CIIOcO0aM BBIpaXe-
HUS CBSA3€H M 3aKOHOMEPHOCTEH uepe3 SJKOHOMETPUUECKHE MOJIEIN U METObI TPOBEPKU UX afie-
KBaTHOCTH, OCHOBAaHHBIC Ha JAHHBIX HAONIOIEHUH. DKOHOMETPHUECKUN TOIX0] XapaKTepUu3yeT
Tak)Ke BHMMaHHE, KOTOPOE YyJIeIsieTCsl B HEM BOIIPOCY COOTBETCTBUSI BHIOPAHHOM MOJENH U3Y-
4aeMOMYy OOBEKTY, PACCMOTPEHMIO PUYHH, MIPUBOAIIINX K HEOOXOAUMOCTH MEPECMOTpa Mo/e-
JI1 Ha OCHOBE 00JIe€ TOYHOW CHCTEMBI MPECTABICHNUNA. DKOHOMETPHUKA 3aHUMAETCS, 110 CYIIECT-
By, CTATUCTUYECKUMH BBIBOJIAaMH, T. €. UCIOJIH30BAHUEM BBIOOPOYHON MH(DOPMALIUH IS TOITY-
YEeHHsI HEKOTOPOTO MPEACTABIECHUS O CBOMCTBaX reHepalbHON COBOKYITHOCTH.

B JaHHOM y‘-Ie6HOM HOCO6I/II/I H3JIararoTCsd OCHOBHBIC TCOPCTUYCCKUC IMOJIOKCHUSA TAKHUX
MaTEMaTHKO-CTaTUCTUYECKUX METOOB, KaK KOPPEJISALUOHHBIN, PErPECCUOHHBIN, KOMIOHEHTHBIN
M KJIACTEpHBIM aHANU3bl, @ TaKXKE TaKUe PacCHpOCTPAHEHHBIE YKOHOMETPUUYECKHE MOJEIH, Kak
MIPOU3BOJCTBEHHBIE (DYHKIIUU U CUCTEMBI OTHOBPEMEHHBIX YPaBHEHUH.

3HauYUTENLHOE BHUMAHUE B y‘IGGHOM HOCO6I/II/I YACTACTCA JIOTUYCCKOMY aHAJIM3y HCXOM-
HOM WHGOPMAIMM W DKOHOMHYECKON HWHTEPNpETalUH TOJIydaeMbIX pe3ysbTaTtoB. Ilocobue
CH3.6)K€H0 AO0CTATOYHBIM KOJIMYCCTBOM 3KOHOMHUUYCCKHUX IMPUMCPOB U 3a/1a4 HJIsI CaMOCTOATCIIb-
HOTO PEIICHHUS.



KOPPEJISLIMOHHBIN AHAJIU3

1. KoppeasiumoHHbI aHAIU3
1.1. OcCHOBBI KOPPEJSIUOHHOTO AHAJIN3A

Koppensumonnsrit ananus, pazpadoranusiii K.ITupconom u Jx.FOmnom, siBisiercst oqHuM u3
METOJIOB CTATUCTUYECKOIO aHAJIM3a B3aMO3aBUCHMOCTH HECKOJIBKUX MPU3HAKOB — KOMIIOHEHT CITy-
yaifHoro BekTopa X. OCHOBHAs 3a7aya KOPPEISIMOHHOTO aHAJIN3a COCTOUT B OLIEHKE CTETIEHHU 3aBU-
CHUMOCTU MEXIy CllydalHbIMU BeauuuMHaMu. CTeleHb JIMHEHHOW 3aBUCHMOCTH MEXKIY KOJIWYECT-
BEHHBIMU IIEPEMEHHBIMU XAPAKTEPU3YETCS C MOMOILBIO MAPHBIX, YACTHBIX U MHOXECTBEHHBIX KO-
3 PUIMEHTOB KOPPEALMH U IETePMHUHALINH.

[Mapubrii K03pPUIIMEHT KOPPENSAIMH XapaKTepU3yeT TECHOTY JIHMHEHHOW 3aBUCHMOCTH
MEXIy ABYMsl MEpEeMEHHbIMU Ha (pOHE IeCTBUS BCEX OCTAJIbHBIX IOKa3aTelei, BXOIAIUX B
Mojienb. YacTHeI K03 PUIIMEHT KOppensun XapakTepru3yeT TECHOTY JIMHEHHON 3aBUCHMOCTH
MEXy IByMs IIEPEMEHHBIMU IPU UCKIIOYEHHUH BIMSHMS BCEX OCTAJIBHBIX IOKAa3aTeNIeh, BXOMAs-
MMX B Mozienb. JlanHbie K03 (PUIIMEHTHI KOppensIuny H3MEHSIOTCS B Tipeaenax ot -1 xo +1, npu-
yeM 4eM Onmke KoapuuueHT koppensauuu K +1, TeM cuiibHee 3aBUCUMOCTb MEXIY MepeMeH-
HeIMU. Ecim koaddunment koppensiun 6omnbie 0, TO CBS3b MOJOKUTENbHAS, a €CIH MEHBIIIE
HYJI1 — OTPULIATENbHAS.

MHOXecTBeHHBIH KOA(PPUIMEHT KOPPEISIUN XapaKTepU3yeT TeCHOTY JIMHEHHOHN CBS3M
MEXy OJHOW MepeMEeHHOM (pe3yJbTaTUBHOW) M OCTAJIbHBIMH, BXOJSAIIMUMU B MOJIEIb; U3MEHs-
etcst B ipeaenax ot 0 go 1. KBagpar MHOKeCTBEHHOTO KO3 PHUIIMCHTAa KOPPEISAIIUN HA3BIBACTCS
MHOXECTBEHHBIM KO3((UIEHTOM aeTepMuHanuu. OH XapakTepu3yeT A0NI0 AUCHEPCUH OJIHOU
NEPEMEHHON (pe3ylbTaTUBHOI), 00YyCIOBICHHON BIUSHUEM BCEX OCTAJIbHBIX MEPEMEHHBIX (ap-
T'YMEHTOB), BXOJSIUX B MOJIEIb.

HcxonHou nyist aHanmu3a sBIISIETCS MaTpHIIa:

Xppmoo Xy Xy
X=x; R
xnl . .xn/ e .xnk

pasmMepHOCTH (1 X k), i-1 CTpOKa KOTOpPOW XapakTepusyeT i-¢ HalOmroneHue (0OBEeKT) 1o
BCEeM k-M mokazatessim (j=1, 2, ..., k).

B koppensimoHHOM aHanu3e MaTpuily X pacCMaTpUBAIOT Kak BBEIOOpKY oObeMa n W3
k-MepHO# TeHepaTbHOW COBOKYITHOCTH, TTOTUMHSIONIICHCS A~-MEPHOMY HOPMaJIbHOMY 3aKOHY pac-
peIeIeHHUS.

[To BBIOOpKE OMPENENAIOT OLEHKU MapaMeTPOB IeHEPaTbHOM COBOKYIHOCTH, & HMEHHO:

BEKTOP CPEIHUX (;), BEKTOP CpPEAHE-KBAIPATHUSCKUX OTKIOHCHHH S M KOPPEISAIMOHHYIO MaT-
puny (R) mopsiaka (kxk):

X, A\

X S

) 2
1 n Mk
x= , S= , R=r, 1 Py
T T 1

xk Sk
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Marpuna R sBngeTcsa cCMMMETpUYHOM (Ij; = Ij7) ¥ ITOJOXKHUTENIBLHO ONPEACICHHOM:

(1.1)

(1.2)

TJ€ Xjj — 3HaU€HHe i-ro HabmoAeHus j-ro (akTopa; r; — BBIOOpOUHbI mapHbIi ko3ddu-
IIUEHT KOPPEIILUY, XapaKTepu3yeT TeCHOTY JTMHEHHOH CBA3M MEXy MoKa3aTesIMU X; U X;. [Ipu
3TOM Tj; IBIISIETCS OLIEHKOM I'€HEPAIbHOTO MAapHOro KOG GHULUEHTA KOPPEIALHU.

Kpome Toro, HaxoaaTcsi TOUCUHBIE OLEHKH YaCTHBIX M MHOKECTBEHHBIX KO3((HUINEHTOB
KOppensiuu Jiroooro nopsaka. Hampumep, yacTHblid KOG GUIMEHT Koppensiun (k-2)-ro nops-
Ka Mex1y dakropamu X; u X, paBeH:

RIZ

Nk " T (1.3)
VR Ry,

rae Ry — anrebpanueckoe JONOIHEHHE AJIEMEHTA Tj; KOppeasiiuoHHON MaTpulsl R. Tlpu
J+ -
atoM Rj;=(-1)"  x Mj;, rne Mj; — MuHOD, onpeesuTeas MaTPULBI, IIOIy4aeMOM 13 MaTpuibl R
MTyTEM BBIYEPKUBAHUS j-i CTPOKH H [-TO CTOJIOIIA.
MuoxecTBeHHBIH K03 duument koppensiuuu (k-1)-ro nmopsiaka Qaxropa (pe3yiabTaTHB-
HOTO TIpu3HaKa) X; onpenensercs 1mno hopmyJe:
= = 1_ﬂ (1.4)
Lyosn 70 ) .

11

rae |R| — OIPEACIUTENDL MAaTpULbI R.

1.2. JIBymMepHBIii HOPpMAJIbHBII 3aKOH pacnpeae/JeHust

PaccmoTpuM reHepanabHyt0 COBOKYITHOCTD C ABYMsI IIPU3HAKAMHU X U ), COBMECTHOE pac-
npejeneHre KOTOPbIX 33JJaH0 MIIOTHOCTBIO IBYMEPHOTO HOPMAJILHOTO 3aKOHA

1
fxy)= expy O,(x,¥)§ , (1.5)
2110,0 ,/1-p’ 12 ;
-1 _ _ _ _
rae Q,(x,y)= . [(x M )2—2px B Y7H +(y H )], ONPEAENSIEMOTO MSTHIO TIAPAMETPAMH:
20-p) O o 9 o,

M(x) = yx, D(x)=0

>

I )

M()’):ﬂy: D(y)=0",

<

x_p‘x.y_]'l,V]:p
(0} (o) '

x y

M

p2¢l.

HMest 5T mapaMmeTpbl, MOXKHO IIOJIYYUTh YPABHEHUS JIMHUM PErPECCUHU, TTOKA3bIBAIOIINX
W3MEHEHHUE YCIOBHBIX MAaT€MaTHYECKHX OKHUIAHWM B 3aBUCHUMOCTH OT U3MEHEHUS COOTBETCT-
BYIOIIUX 3HAYEHUHN CIy4alHbIX apIyMEHTOB:
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M(y/x)-My=p yx (x—Mx) — nuHeliHOe ypaBHEHUE PETPECCUH Y HA X;

9

M(y/x)—Mx=p Xy (y—My) — nuHeliHOe YpaBHEHHE PETrPECCHH X HA V;

o
ﬁyx = p—y — KO3 PUIIMEHT PETPECCHH ) HA X;
X
o
B =p—% —kodddunment perpeccuu x Ha y.
Xy o

ITo/e3HO BCIIOMHHUTE, 9TO KBAApaT KOd(G(HIMEHTa KOPpemuun o, T.e. Koogduyuenm
oemepMuHayuL, 8 paccmampusaemol Mooeiu yKasvigaem 000 OUCNEPCUU OOHOU CAYHAUHOU
genuuuHbl, 00ycnosenennyo eapuayuei opyeou. Kosgpduyuenm peepeccuu f,. noxasvieaem, na
CKObKO eOQuHuy ceoeco usmepenus yeenuuumcs (>0) umu ymenvwumcs (<0) 6 cpeounem
v (M(y/x)), ecau x ygeruuums Ha eOUHUYY CB0€20 USMEPEHUS.

3amada IByMEpPHOTO KOPPEISIMOHHOTO aHAlIM3a COCTOUT, TMPEXK/E BCETrO, B OIEHKE MSTH
MapaMeTpoB, OMPEICIAIONINX TeHEPATbHYI0 COBOKYTHOCTb.

B kadecTBe TOYCYHBIX OIEHOK HEM3BECTHBIX HAYaJbHBIX MOMEHTOB IIEPBOTO U BTOPOTO
MOpsIKa TeHEPAIbHON COBOKYITHOCTH OE€pYyTCS COOTBETCTBYIOIINE BHIOOPOYHBIE MOMEHTHI.

ToueuHbIe K€ ONEHKHA HEM3BECTHBIX IPYTHX IMAPaMETPOB IMOJYYAOT C IMOMOIIBI0 (op-
MYJI, aHaJOTHYHBIX (JOpMyJiaM BBIYMCIICHHUSI CAMUX MAapaMeTPOB UYepe3 TeHepalibHble HauyaabHbIC
MOMEHTHI. TakuM 00pazom, OyaeM UMETh:

X — OLICHKA JUISL L4y,

¥ — OLIGHKA JUI L,

—2
X — OLIEHKa IS M(xz),
72 — omenka w1 M()°),

' _ onenxa st M(xy).

Otkyna
53 =x2 — (X)2 — oLleHKa JUIs 0;,
2 = T2 (D)2 — 2
53 =Y ) OLICHKA IS Oy’
xXy—Xx-y
r=""—"—" — OIl€HKa JUII PO.
S S P
Xy

OueHku reHepanbHbIX K03(GGHULUEHTOB perpeccuul [y U [y, MOIydaroTcss COOTBETCTBEH-
HO 10 hopmytam:

S S
byx e , bx =r—=,
Sx Y s,
OTKYJa OLICHKH ypaBHCHI/Iﬁ perpeccun UMCrOT BU:
y/x—y=byx(x—x), x/y—x=bxy(y—y).

[Tpu 3ToM y/x u x/y — 0003HAYCHUS OICHOK ISl YCIOBHBIX MaTEMaTHUCCKUX OXKHJIa-
Hu M(y/x) n M(x/y) TeHepaibHON COBOKYITHOCTH.



KOPPEJISLIMOHHBIN AHAJIU3

Crnenyer OTMETHUTDH, YTO BBILIEIPUBEIECHHBIE TOUEUHBIE OLEHKHU SIBJISIFOTCS COCTOSTENb-
HBIMH, 2 X U ) HECMEUICHHBIMH U 3P pekTruBHBIME. Kpome Toro, pacrpenenenue BBIOOPOYHBIX

cpenHux (Xx,y ) HE 3aBHCHT OT pachpenesieHus (sgc,sJZ/,r). Hakonen, BbIOOpOYHBIH K03 dUIIN-

CHT KOPPCJISALUUA 7 110 a6COHIOTHOfI BCJIIMYMHC HC MPCBOCXOAUT CAUHUILIBI.
1.3. IIpoBepka 3HAYUMOCTH MAPAMETPOB CBA3M

B 0eymepnoii modenu napamempamu cea3u AGNAIOMCA KOIDDuyueHm Kopperayuu p
(unu e2o xkeadpam, Hazvleaemvili KOIPPuyueHmom demepmunayuu) u KoO3QPOuUyUeHmsl pecpec-
cutt S u Py
3aMeTHM, YTO B ABYMEPHOM MOJEIH JOCTaTOYHO MPOBEPUTH 3HAUUMOCTD TOJIBKO KO PHIIM-
eHra Koppensun. Ecin koaQpuiuueHT Koppensiiud He3HAUYUM, TO TPU3HAKU X U ) CUYUTAIOTCS
HE3aBUCHMBIMH B T€HEPAIbHON COBOKYITHOCTH.
3HAaYMMOCTh YaCTHBIX U MapHBIX KOA(PPHUIMEHTOB KOPpEIsuy, T. €. rurnote3a Hy: p=0,
nposepsiercst no t-kputeputo CrhiogeHta. Habmogaemoe 3HaueHUE KPUTEPHsT HAXOIUTCS MO

dbopmyre:

r
thagn =——=Vn—1[—2 (1.6)
N1=7?2

IZle I — COOTBETCTBEHHO OIIEHKA YaCTHOTO HMJIM MapHOTO KOA(pHUIMEHTa KOppensuun; / — mops-
JIOK 9acTHOTO Kod(pduimeHTa Koppesiuu, T. €. YiciIo GuKCHupyeMbix (akTopoB. s mapHOTO
ko Puunenta koppensun /=0.

HamomuuMm, 9To mpoBepsieMblii KOAQQHUIMEHT KOPPESIIUU CUNTACTCS 3HAYUMBIM, T. €.
runore3a Hy: p=0 oTBepraercs ¢ BEpOSTHOCTBIO OIIUOKH OL, €CIIU tyasy 10 MOIYJIIO OyneT 60Jb-
1€, YEM t,p, ONpeaensieMoe Mo Tabmuuam t-pacrpeenetye (CM. IpUIoKEHHs) Ul 3a1aHHOTO Ol
uv=n-—I[-2.

3HaYMMOCTb KOA(P(PHUIHUEHTOB KOPPEIALMH MOKHO TaKXKe IPOBEPUTH C MMOMOILBIO TaOIHIL
@umepa-Heiitca (Tabn. 9 npunoxenus).

1.4. HuTepBanbHbIC OLEHKH NAPAMETPOB CBA3H

J1ns1 3HAYMMBIX ITApaMETPOB CBS3H UMEET CMBICI HAWTH HHTEPBAJIbHBIC OLICHKH.

[Ipu ompeneneHny ¢ HaIEKHOCTHIO Y JOBEPUTEIBHOTO HHTEPBANA JUIS 3HAUUMOTO Tap-
HOTO WJIM YaCTHOTO KOA((UIIMEHTOB KOPPEISIIIUK P UCTIONB3YIOT Z-TipeoOpazoBanne duiiepa u
IpEeBAPUTEIIFHO YCTAHABINBAIOT HHTEPBAIBHYIO OLICHKY 1S Z

1 1
et |——— <7<t | — 1.7
"\n-1-3 Nn-1-3 (1.7)

rae t, BBIYUCIAIOT 1O Tabauie uHTerpanbHoi GyHnkumu Jlamnaca (Tabn. 1 npuiokeHus)
U3 yCIIOBUS

O(t,)=y,

1, 1+r
Z(r)==In .
) 2 1-r

3HavyeHue Z' onpenensior no tabmune Z — npeoOpa3oBaHus (Taln. 6 MPUIOKEHUS) IO
HallICHHOMY 3Ha4YeHUIO r. DyHKIUS HEUeTHasd, T. €.

Z\(-r)=-Z(1).
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KOPPEJISLIMOHHBIN AHAJIU3

OO0partHbIiif Iepexo]] 0T Z K P OCYIIECTBISIOT TakKe M0 Tadyuie Z-npeoOpa3oBaHusl, MO-
CJI€ UCIOJIb30BAHUS KOTOPOU MOTYYat0T HHTEPBAIBHYIO OIICHKY JUISL P C HAJIEKHOCTBIO Y :
Foin S PST -

TakuM 00pa3oM, C BEPOSTHOCTHIO Y TapaHTHPYETCS, YTO T€HEPATBHBIA KOA(P(DUITUCHT
KOppessiliu P OyJIeT HaXOIUTHCS B UHTEPBAIE (Tmin, I'max)-

1.5. IIpoBepka 3HAYMMOCTH MHO’KECTBEHHOI0 K03 (pruneHTa KOppeasiuu

3HaYMMOCTbh MHOKECTBEHHOT0 KO3((UIMEHTa KOppesuu (MM ero KBajapara — Kodg-
(duLMeHTa IeTepMUHAIIMHN ) TIpoBepsieTcs 1Mo F-kpurteputo.

Hanpumep, a1 MHOXECTBEHHOro Ko3((UIIMEHTa KOPpENsUUN MpOBepKa 3HAYUMOCTH
CBOJMTCS K MIPOBEPKE TUIIOTE3BI, YTO T€HEPATBHBI MHOKECTBEHHBIN KO GHUINEHT KOPPEIALUH

,,,,,

(1.8)

MHokecTBeHHBIH KO3()PHUIMEHT KOPPESIHUNA CIYUTACTCS 3HAYUMBIM, T. €. UIMEET MECTO
JUHENHHas: CTaTUCTUYECKas 3aBUCUMOCTh MEXKAY X U OCTaJbHBIMU (akTopamMu Xo,...,Xk, €CIH:

Fua6n > Fxp (o, kK — 1, n — k), rne Fi, onpenensercs no tabmune F — pacnpenenenus i 3a1aH-
HBIX O, V,=k—1, v,=n—k

1.6. 3apaum, pemaeMplie NPH MOMOIIM CTATUCTHKH Puiiepa

Kpome naxoorcoenuss unmepeanvhoti 0yeHKu 0 P ¢ NOMOWbI0 NpeodPa306aHs.
1. 1+r
Z =—In—
r2 l1l-r
MOJICHO peuums ciedyouue 3a0adu.
1. IlpoBepuTh, cornacyercst Jiu BEIOOPOUYHBIN KOI(POUIIMEHT KOPPETSALHMU 7 ¢ TPEAToia-
raeMbIM 3HAYEHHEM TE€HEPAIBHOTO KOX(PHUIMEHTa KOPPENAUUu p,. Jas 3TOro, B3sSB ypOBEHb

3HAYMMOCTHU ¢, TIPOBEpsEM, IMOMagaeT g1 abCOMIOTHAs BEJIWYMHA Pa3HOCTH |Zr -7 | B uH-

o
tepBai [0,¢,_./+/n—3]. Ecnu nonanaer, to runoresa H,.p =p, He oTBepraercsi. B nmpotuBHOM

Cllydae OTBEPraercsi C BEpOSATHOCTBIO OLIMOKHU .

2. IlpoBeputh THMOTE3y 00 OAHOPOAHOCTH KO3(duieHToB koppensaiuu. [lycts 7,
72, ..., 't — KOO(OUIMEHTHI KOPPENSAIIH, TOTYYCHHBIE U3 K HOPMAJIbHO paclpe/ie]IeHHBIX COBO-
KyITHOCTeH 10 BBIOOpKaM ¢ oObeMaMu 1y, My, ..., Hi. IIpoBepseTcs runoresa

H,:pi=p>=...=p=p.
Cratuctuka
P (zn_ - Zp)2

MMeeT pacrpejiesienne X ¢ k cTeneHsMu cBoGo Ibl. Ecln 3aMeHUTS z, Ha cpe/iHee apudmeTHye-
CKOe

11
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o Zzl-nl-

z
r Zn,- ’
TO NOJIyUUM, 4TO

)2
k(z,,i Z,.)

i=1 1/ (n; =3)
pacmpeseneHa o 3akouy 3~ ¢ v=k—I cTerneHsMui CBOGOIL.

Ecnu tenepp ai1s 3a0aHHbIX @ U v=k—I

= \2

2 k (Z’”i _Zr)
ZHaGJ‘I. < 2 s

A 1/(n, -3)

TO TUIIOTE3a OJHOPOAHOCTH OTBEPraeTcs C BEPOSTHOCTHIO OMMOKH . B mpoTtuBHOM
ciydae runoresa H, He oTBepraercs.

B cnydae npuHATHS TMIOTE3bl OAHOPOJHOCTH MPEANOUYTUTEIBHON TOUEUHOM OLEHKOU p
SIBIISICTCS 3HAYCHHE 7, TOJIyICHHOE 0OpaTHBIM ITPEOOPa30BAHUEM U3 Z,.

1.7. TpeHupoBO4YHBIN MpUMeEP

JlesrenbHOCTh n = 8 KapbepoB XapakTepusyercs cedecTouMocTbio 1T. necka (X;), cMeH-
HOM NoObIuelt necka (Xz) u ¢ponnoornauen (X3). 3HaueHUs NokazaTesiel Mpe/ICTaBICHbl B Ta0-
JMLE.

X (TBIC.pY0) 30 (20 |40 (35 [45 |25 |50 30

X3 (TBIC.pYO) 20 (30 |50 (70 |80 [20 |90 25

X3 20 [25 |20 |15 |10 |30 |10 20
Tpebyetcs:

1. OueHuth mapaMeTpbl I€HEPATbHOW COBOKYITHOCTH, KOTOpas MpEearosaraeTcs HoOp-
MaJbHO pacrpeaeIcHHOM.

2. Ipu a = 0.05 npoBepUTHh 3HAUUMOCTh YACTHBIX KOI(P(PUIIMEHTOB KOPPEISLUU P 1p/3,
P32 U Py mopu y=0.95 nocTpouTs HHTEPBAIBHYIO OLUEHKY UL P 135 -

3. HaiiTu TOYeUYHYIO OLIEHKY MHOKECTBEHHOTO K03()(pUILIMEHTa KOPPENSLUH P /53 U IIPU

o =0.05 mpoBepUTh €ro 3HAYUMOCTb.
Pewenue:

1. Haiimem 3HaueHus CpeaHUX apupMETUIECKUX ( X ; ) M CPEAHMX KBAJPATUYECKUX OT-

kioHeHuil (S j ), raej =1, 2, 3, a Taxke napHbIX KO3(P(UIHEHTOB KOPPEISILUU T, , I'; U T,; 11O

dbopmynam:
— 30+20+40+35+45+25+50+30

X, 2 = 34.375 TeIC. PYO.
X, =48.125

X, =18.75

$:1=9,49

12
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S, =26,68.
S, =6,48

L _nY —x x, _1875-34375x48125 22070 _ 71
. S, S, 9.49x 26,68 9.49% 26.68 ’

rae Xx,x, =lix”xl.2 =%(30><20+20><30+40><50+...+30><25)=1875.
n =

B pesynbpraTe pacueroB NOJIy4YUM:

34.38 9.49 1 0871 -0874
X =]4812]; S=/26.68|; R=| 0871 1 -0879 .
18.75 6.48 -0874 —0.879 1

2. IlpenBapuTeIbHO HAWJEM TOYEYHBIC OLEHKH YACTHBIX KOA((UIIMEHTOB KOPPEISIIUH

N3 BBIPpAKCHUA
}QIZ

[)3= ——F——
12/3 [ ’
Iell X 1322

rae Ri, — anrebpandeckoe NOMONHEHUE JIEMEHTA T', KOPPEIALMOHHOM MaTpuisl R, a
Ri; u Ry, anrebpandeckue nonoaHeHus 1-T0 ¥ 2-T0 TMAaroHAIBHOTO AJIEMEHTA 3TOH MAaTPHUIIBI

, | 0871 —-0.879
R, =(-1)x =-0.103
—-0.874 1
1 -0.879
R, =(-1)x =0.227
—~0.879 1
1 ~0.874
R, =(-1)"x =0.236
2 =01) —-0.874 1
0.103

=0.445

]/' =
23 J0.227x0.236

AHaJIOrN4YHO HaXOOUM: I13,=-0.462 u 1 ,;, =-0.494.

Jst IpOBEPKH 3HAYMMOCTHU YaCTHBIX KO3()(ULUEHTOB KOPPEISLIUU HAlIEM Iyp,. (00 = 0.05,
v =n—-2 = 5) = 0.754, rne | — nopsanok koddduimenta koppensuun (Iucio GUKCUPOBAHHBIX
npu3HakoB). B Hamem npumepe /= 1.

Tak kak |r| <I,p.=0.754, To Tunoressl Hyo: p=0 He oTBeprarorcs, T. €. IPEANOI0KEHUE O

PaBEHCTBE €ro HYJII0 HE TPOTUBOPEUUT HAOIIOAECHUAM, HO 1 = 8 MaJIo.
Omnpenenum MHTEPBATIBHYIO OLEHKY IS P ;, Hpu 7y =0.95. [lnsg sToro ucnonaszyeM Z-
npeoOpazoBanue Puiiepa u NpeaBapUTEIbHO HalIeM HHTEPBAIBHYIO OLICHKY U1l Z U3 YCIOBUS:

2Z (S ZZ’ j:ty 1 .
N\n—-1-3

ITo Tabnuue Z-npeodbpazoBanusa duepa A 15, = -0.462, yuurtsiBas, 4ro Z'(-r) = -Z'(r),
oynem umeth Z'(-0,462) = -0.497. 1o Tabnune HOpMaiIbHOrO 3akoHa U3 ycnoBus D(t) = 0.95
HaineMm t = 1.96.

13
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Torna

Ze|-0497+1.96 ]|,
8—4

oTkyna Z €[-1477,0.483].

[To Tabnune Z-npeodpazoBanust sl Zmin= -1,477 U Zmax= 0.483 HalizeM UHTEPBATBHYIO
OLCHKY TS P 3,

pi3ne[-0.9,0.45].

ITosydyeHHass MHTEpBalbHAs OLICHKA NMOATBEP)KIAET BBIBOJ O HE3HAYMMOCTH YAaCTHOTO
K03((pUIMEHTa KOPPEIJALUH P 5/, , T. K. HOJIb HAXOJUTCS BHYTPH JOBEPUTEIHHOTO HHTEPBAIA.

3. Haiinem To4e4HyIO OLICHKY MHOXECTBEHHOr0 Ko3(pduiirenTa Koppemsiuuu p ,,,; 1 Ipu

0=0.05 npoBepuM €ro 3Ha4YMMOCTb.

ToueuHas onieHka onpezensercs no popmyJe:
7] ;i
= [l-— ,rne |R| — OTIPEAETUTENb KOPPEISILIMOHHON MaTPHILIBI.
11

[R|= 1+0.871(-0.879)(-0.874)+0.871(-0.879)(-0.874) — (0.874)7 - 0.871% - (-0.879)° =
=0.043.

T2z

= 1—% =0.90.
0.227

Fiya3

[Tposepum runoresy Ho: p ., =0

1 1
ﬁ’ﬁ%% 50.81

Fia6n = -2 -10.66,
L-ny) Lo
n— k 1/23 5 :
riae [=2.
Kputnueckoe 3nauenue o tabnuue F-pacnpeneneHus
Fxp (0=0.05, v, =2, v, =5)=5.79
T. x. Fua6:>Fxp, To runoresza Hy orBepraercs, T. €. MHOKECTBEHHBIA KOIPPUITUCHT KOP-
pEJIALMU HE PAaBEH HYIIO (P 3 # 0).
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1.8. 3aganue 1719 CaMOCTOSITEIbHOTO PelICHUsI

[To manHbIM n=10 MaIMHOCTPOUTENBbHBIX NPEANPHUSATAN METOIAMHU KOPPEIALMOHHOTO
aHaJIM3a HUCCIICAYCTCA B3aUMOCBA3b MCXKAY CICAYIONIMMU IOKA3aTCIIAMU: X| — peHTa6eJII>HOCTB
(%); X, — IpeMUU U BO3HArpaXkJIeHUsI Ha OAHOTr0 paboTHHKA (MJIH.pY0.); X3 — GoHAOOTIAYA.

N /o X1 X2 X3

13,26] 123 | 1,45
10,16] 1,04 | 1,30
13,72 1,80 | 1,37
12,821 0,43 | 1,65
10,63 0,88 | 1,91
9,12 [ 0,57 | 1,68
25,831 1,72 | 1,94
23.39( 1,70 | 1,89
14,68 0,84 | 1,94
10,05] 0,60 | 2,06

SOOI NP W —

—_

Tpebyercs:
a) pacCcYMTaTh BEKTOpa CPEIHHUX M CPEAHECKBAIPATUYCCKUX OTKIOHECHUH, MATPUILy Tap-
HBIX KOA(DPHUITUEHTOB KOPPEIALUA (X , S, RJ;

6) nposeputs npu 0i=0,05 3HAYMMOCTH TAPHOTO KOAPPHUIUEHTA KOPPEIALUH P12 U HAUTH
€ro MHTEPBAJIbHYIO OLIEHKY C JJOBEPUTEIbHOMN BeposiTHOCTHIO Y=0,95;

B) 10 KOppEeIsILMOHHON Marpuue R paccumtarth yacTHbI K03()(PUIMEHT KOppensuuu
I12/3,

r) mpoBepuTh npu o.=0,05 3HAYUUMOCTh YaCTHOTO KO3(PUIIMEHTA KOPPETAIUU P12/3 U OTI-
pEelleNUTh ero HHTEPBAJIbHYIO OLIeHKY Tpu y=0,95;

1) TI0 KOPPEJALMOHHONW MaTpuIle R BEIYHUCINTE OLIEHKY MHOKECTBEHHOTO KOA(PHUIIEHTA
KOPPEISILNH T, 5 ¥ Ipu 0=0,05 mpoBeputs runoresy Ho: 11(2,3=0.

3amanue BBITIONHSETCS MO BapuaHTaM. Kaaplii JOMKEH BBIUEPKHYTH 0OBEKT Ne, cOOT-
BETCTBYIOIIMK TMOCHEAHEH Udpe 3aueTHON KHWXKKU. Tak, Hampumep, €CH MOCHeaHss mudpa
HOMeEpa BaIllei 3aUueTHOW KHIKKU paBHA 2, TO BbI BHIYEPKHUBAETE BTOPOIl OOBEKT.
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2. PerpeccrnonHblii aHAIN3
2.1. OcHOBBI perpecCHOHHOI0 AaHAJIN3a

PerpeccnonHblil aHaM3 — 3TO CTAaTUCTUYECKUN METOJ MCCIIEJOBAHUSA 3aBUCHMOCTHU CIIy-
YyaliHOM BeMM4MHBI Y OT nepeMeHHbIX Xj (f = 1, 2, ..., k), paccMaTpuBaeMbIX B PErPECCHOHHOM
aHAJIM3€ KaK HECITy4YalHbIe BEJIMYMHBI HE3aBUCUMO OT UCTUHHOTO 3aKOHA PaclpeieieHus X;.

OOBIYHO TIpeAroaraeTcsi, YTo CiIyvaifHas BeJMYMHA Y UMEET HOPMaJIbHBIA 3aKOH pac-

npeaciicHusd € yCJIOBHBIM MATCMATHUYCCKUM OKHUIAaHHEM Y = (xl,...,xk) , SABJIAIOIIHNMCS (bYHK—

1Hel OT apryMeHTOB Xj, ¥ ¢ OCTOSIHHOM, He 3aBUCSIIEH OT apTyMEHTOB JIMCTIEPCUEN G .
Jlist mpoBeIeHUsT perpecCUOHHOTO aHanu3a u3 (k+17) -MepHOU TeHepaibHONH COBOKYITHO-
ctu (Y,X1,Xa,....X,....,Xx) Oeperca BEIOOpKa 00BbEMOM 7 U KaxkJ0e€ i-0¢ HabmoaeHue (00BEKT)

XapaKTEPU3YETCs 3HAYCHUSAMU MEPEMEHHBIX (Y ; 5 X 15 X2 500y X jj 5oees X jk ), THE X ;; — 3HAYCHUE

Jj-oii mepeMeHHoM A i-ro Habmoaenus (i=1,2,...,n), y; — 3Ha4YCHUE Pe3yJIbTAaTUBHOTO MPHU3HAKA
IUIA 1-T0 HAOJIFOJEHUS.

Haunbonee wacto wucmonp3yemas MHOXKECTBEHHAsh JIMHEWHAs MOJIENb PErpecCHOHHOTO

aHaJM3a AMEEeT BHI:
y= Bo +B1xi1 +...+Bjxij+...+[3kxik+81, (2.1)

e & — CIy4aiHble OIIMOKHN HAaOI0JeHNs, He3aBUCUMBbIE MEX]Ty OO0, UMEIOT HYJIEBYIO
CPEJIHIOIO H IUCTIEPCHIO G~ .

OtMetum, uTo Mozeinb (2.1) cnpaBemnuBa s BcexX [ = 1,2,.., n , THHEHHA OTHOCUTEIIBHO
HEU3BECTHBIX MapaMeTpoB Po, Bi,..., Bj,..., fx ¥ apryMeHTOB.

Kak cnenyer u3 (2.1) koaghpuyuenm peepeccuu [f; nokaszvieaem, Ha Kakyro 6eiuduHy 6
cpeoHem UBMEHUMCs pe3yIbmamuenbli npusnax Y, eciu nepemennyio X; yseauuums Ha eOUHUYY
usMepeHus, m. e. AGNIAEMC HOPMAMUBHBIM KOIPDuyuenmom.

B matpuunoii popme perpeccuoHHast MOJETh UMEET BU/:

Y=XB+e (2.2)

rae Y — ciy4daiHbIi BEKTOp — cToN0e1 pa3MepHOCTH (n X 1) HabmoqaeMbIX 3HaYeHUH pe-

3yJBTATUBHOTO MpU3HAKA (Y, V2,..., Yn); X — MaTpulia pazmepHocTH [n x (k+1)] nabmromaempix

3HAYEHUH apryMEHTOB. DIIEMEHT MATpHLbl X ; PacCMaTPUBACTCA Kak HeclaydaliHas BEIMYUHA
(i =1,2,...,n; j=0,1,2,..k); B — BexTop — cronder; pazmepHoctH [(k+1) x 1] HEeM3BeCTHBIX, MOIE-
JKaIllUX OILIEHKE MapameTpoB (KO3(hQHUIIMEHTOB PErpecCHH) MOJCIH; € — CIIyYalHBIA BEKTOp —

crosidert pazmepHocTd (n X 1) ommbok HabmoaeHN (ocTaTKOB). KOMIIOHEHTHI BEKTOpa €; He3a-
BHUCHUMBI MEXIYy COOOH, MMEIOT HOPMAJbHBIM 3aKOH paCHpeeNieHUs C HYJEBBIM MaTeMaTude-

ckum oxunanueM (Me; = 0) u HeusBecTHO# aucnepcueii 6~ (Dg;= o).
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Ha IMMPAKTUKEC PCKOMCHIAYCTCA, YTOOBI N MIPpCBLIIIAIO k ne MCHCC, YCM B TPHU pa3sa.

B monenm (2.2)
By
L T % N 8
X=[1 x, . . x, [;Y=]y |;B=| -
e e
xnl xnk yn

B
E,Z[I/IHI/II_[BI B IICPBOM CTOJ'I6I.I€ MaTpulbl IMPU3BAHBI o0ecrneynuTs HaJudHe CBO6OI[HO]"O

yieHa B mojienu (2.1). 3aeck nmpemnonaraercs, 4To CyUIeCTBYET epeMeHHast X, KOTOpasi BO BCEX
HaOJTFOICHUSIX IPUHUMACT 3HAYCHUS, paBHBIC 1.

OcHOBHas 3ajlaya PerpecCHOHHOrO aHAJIM3a 3aKI0YAETCS B HAXOXJIEHUM IO BBIOOpPKE
00BEMOM N OLIEHKH HEM3BECTHBIX KOA(PPHUIMEHTOB perpeccuu Po, Pi,..., fxr Momenu (2.1) um
BekTopa 3 B (2.2).

Tak kak B perpecCCHOHHOM aHaJIU3€ X; PACCMaTPUBAIOTCS KaK HeCIIy4JaifHble BEIUYUHBI, a
Meg; = 0, To cornacho (2.1) ypaBHEHHE PETPeCcCUr UMEET BH/I:

Vi =B +Bixy + A Pix; A Brxy (2.3)
Uit Beex 1= 1,2,...,n, UM B MAaTPpUIHOU opme:
Y = Xp, (2.4)

~

rae Y — BEKTOP-CTONOCI C DIIEMEHTAMH V| ,..cr Vyeers V, -

Jlns oneHKH BekTopa [3 Hamboiee 4acTo HCIOJIB3YIOT METOJ] HaMMEHBIINX KBaJIPaToB
(MHK), cormacHO KOTOpPOMY B KauecTBE OIEHKH MPUHUMAIOT BEKTOP b, KOTOPBIIF MUHHUMH3HPY-
€T CyMMy KB3JIpaTOB OTKJIOHEHHUS HAONIOJaeMBIX 3HAUYCHHH y; OT MOJICNIBHBIX 3HAYCHUH ¥, T. €.
KBaJIpaTHUHYIO OpMYy:

i=1 05155 ’a

HaGmotaembie 1 MoIeIbHBIC 3HAYCHHSI IOKA3aHbI Ha puc. 2.1.

Y, {.yi y?ﬁo—’_ﬁl'x

Xi

Puc. 2.1. HaGaonaemble 1 MoJe/IbHbIE 3HAYCHHUS Pe3yJIbTATUBHON BeJMYMHBbI y
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Huddepenuupys ¢ yuerom (2.4) u (2.3) kBaapatuunyio ¢dopmy Q 1o Bo,Pis...,Px 1 Opu-
paBHMBAS IPOU3BOIHBIC HYJIIO, TOJYYUM CUCTEMY HOPMaJIbHBIX YPaBHEHUH:

{a_on s Beex j =0,1,..., &,
P

T
pelrasi KOTOPYIO | IMOJTy9aeM BEKTOp orieHoK b, riae b=(bg b;...by) .
CoracHO METOly HaUMEHBIIUX KBAJPATOB, BEKTOP OLIEHOK KOA(P(PHUIIMEHTOB PErpecCHu
noJrydaeTcs o opmyiie:

b=(X"X)"'X"Y, (2.5)
bO
bl
b= |,
bj
bk

rae X' — TPaHCIIOPTUPOBAHHAs MaTpuLa X;

(X"X)"! - marpuna, obparHas Matpume X' X.

3Hast BEKTOP OLICHOK KOA((UIIMEHTOB perpeccuu b, HalJieM OLEHKY £, ypaBHEHUS per-
peccuu:

y,=by+bx, +byx,+..+b,. (2.6)

Wnu B matpuuHoM BHze: y = XP3,

A (A A A )T
e y =WV, ) -
OrneHka KOBapuallMOHHON MaTpuUllbl K03((UIIMEHTOB perpeccuu BeKTopa b onpenenser-
Csl U3 BBIPAXKCHMUS:

S(h)=S*(X"Xx)", (2.7)
e S? =;(Y—Xb)T(Y—Xb). (2.8)
n—k—1

VY4uTeIBast, 9YTO HA TJIABHOW AMArOHAIN KOBAPHAIIMOHHON MAaTPHUIBI HAXOIATCS JHCIep-
CUM KOA(PPHUIIMEHTOB PErPEecCHU, UMEEM:

$%,, =[x )], ana =12, k1 (2.9)

2.2. IlpoBepka 3HAYMMOCTH YPABHEHHS perpeccuu

3HaYMMOCTh ypaBHEHHUs perpeccud, T. e. runore3a Ho: f=0  (Bo=Pi=...=Px=0), mpose-
psiercst o F-xputepuio, HabmogaeMoe 3Ha4YeHne KOTOPOro onpeensercs 1no Gopmyie:
FHaﬁn = QR /(k - 1) ° (210)
0., (n=k-=1)
e Oy = (Xb)' (Xb), Q.= ~Xb)' (Y - Xb)=) (y,~3)" (2.11)
i=1

ITo Tabmuue F-pacnpenenenus mis 3aAaHHbIX O, Vi=K+1, vo)=n—Kk—1 HaxozmsaT Fyp.
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I'nnoresa Hy OTKIIOHAETCA ¢ BEPOATHOCTBIO O, €CIH Fua6,>Fip. M3 dTOrO cnenyer, 4yro
YPaBHECHHE SIBJISICTCS 3HAYUMBIM, T. €. XOTS OBl OJMH U3 KOA(P(UIIMEHTOB PErPecCUr OTIIMYCH OT
HYJISL.

Jlyist IpoBepKH 3HAYMMOCTH OTACTBHBIX K0d(HIMEeHTOB perpeccuu, T. e. runore3 Hy:

B=0, rae j=1,2,..k, MCNIONB3YIOT t-KPUTEPHI U BHIMUCISIOT: 1, (b;)=b,/ §bj. ITo TabGnuue t-

Hab
pacmpeseneHus A 3aJaHHOTO oL U V= n-K-1, HaxomsT tip -

I'unoresa Hy oTBepraercst ¢ BEpOATHOCTBIO O, €CIH |tyaga>tep. M3 3TOTO criexyer, 4to co-
OTBETCTBYIOLIMH KOd(QPHULUUEHT perpeccuu f3; 3Hauum, T. €. f3; #0. B npoTuBHOM citydae k03(¢-
(1)I/II_[I/ICHT perCCCPII/I HCE3HA4YUM U COOTBCTCTByIOH_IaSI HepeMeHHaﬂ B MOACJIb HE BKJIIFOYACTCAA. TO-
I/1a peaju3yeTcs ajTOPUTM IOIIAaroBOr0 PErpeCCHOHHOTO aHalin3a, COCTOSIINN B TOM, YTO HC-
KIIFO4YaceTCs OJHA U3 HE3HAUNUMBIX HepeMeHHLIX, KOTOpOI\/'I COOTBCTCTByeT MHWHHUMAJIBHOC I10 a6co-
JIFOTHOM BEJIMYMHE 3HAYEHHUE tyae;. 11OCITE 3TOrO BHOBH MPOBOJAT PErPECCUOHHBIN aHAIN3 C YUC-
JIOM (I)aKTOpOB, yMCHLHlCHHLIM Ha eILI/IHI/II_[y. AJIFOpI/ITM 3aKAHYHUBACTCA HOHy‘-IeHI/IeM ypaBHeHI/IH
perpeccun co 3HaYMMBIMHU KO3 puImeHTamu.

CyIecTBYIOT U IpYTUE aITOPUTMBI IOIIATOBOTO PErPECCHOHHOTO aHAIN3a, HApUMED, C
MOCJIC0BATEIHHBIM BKIIFOUCHUEM (PaKTOPOB.

2.3. HHTepBanbHOe OLleHUBaHHE K03((PUIMEHTOB perpeccuu

Hapsiny ¢ To4euHbIMH OLIEHKaMH bj reHepanbHbIX KO3(Q(PUIUEHTOB perpeccuu f3; per-
peCCHOHHBIﬁ AHAJIN3 MO3BOJIACT MOJYYaTb U MHTCPBAJIIbHBIC OLCHKH IMOCIICAHUX C JOBCPUTCIIb-
HOM BEPOATHOCTBIO Y.

HHTepBanbHas OLICHKA C JOBEPUTEIBHON BEPOATHOCTBIO Y IS MapaMeTpa [3; MMeeT BUL:

by —1,8, <B,<b,+1,5, , (2.12)

rie t, HaxoJaT mo Talbnuie t-pacupeneneHus NPy BEPOSITHOCTU oL =1—y W 4Hcie CTEeNeHel CBO-
0onpl v=n—Kk—1 .

WHTepBanbHas OLIEHKA Ul YPaBHEHHUSI PETPECCHid Y B TOUKE, ONPEICIseMOi BEKTOPOM
HAYaJbHBIX YCIOBHIA X0=(1, Xlo, XZO,...,XkO)T, paBHa:

)76l(XO)TbitQS’\/(XO)T(XTX)‘IXOJ. (2.13)
A Toueunas onenka y(x°) = (x")" 6.
MHTepBai OLCHKH MpPEICKa3aHusi |,  C JOBEPHUTEIHHON BEPOSTHOCTBHIO Y ONPEICIACTCS
KaK:
e [(X“)Tb +1 SJ(X) (X X)X+ 1J, (2.14)

e t, OIpenesserTcs no Tadbauie t-pacupeaeneHus npu oo = 1—y u v =n—k—1.

Io Mepe yaajeHus BEKTOpa HAYATbHBIX yCIOBHI X' OT BEKTOPA CPEAHHX X IIHPHHA 10-
BEpUTEIBLHOTO HWHTEpBaja MpH 3aJaHHOM 7Y Oyner yBenuwuuBatbes (puc. 2.2.), TI€
x=x,....X;).
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5=1,8 (X) (X" X)"' X"

y
N

X

Puc. 2.2. ToyeyHast V ¥ HHTEPBAJILHAN OUEHKH [y —0<y<y+ 6] yPAaBHEHHSI perpeccuu

=B +Px

2.4. MyJabTHKOJIIIHHEAPHOCTH

OnHUM U3 OCHOBHBIX HPEnATCTBUN 3()D(PEKTUBHOTO MPUMEHEHUS MHOKECTBEHHOTO per-
PECCHOHHOTO aHAIM3a SBJSETCS MYJIbTHKOUIMHEapHOCTh. OHa CBs3aHa C JIMHEHHON 3aBUCHMO-
CTBIO MEXKIY apryMEHTaMH X|,X2,...,Xk . B pe3yJibTaTe MyJIbTUKOJUTMHEAPHOCTH MaTpUIIA MTAPHBIX
k03¢ bHIIeHTOB Koppemsiuy 1 Matpuia (X' X) CTaHOBSTCS c1aG000YCIOBICHHBIME, TO ¢CTh
UX OTPENIEITUTENN OJU3KH K HYJTIO.

DTO BBI3BIBACT HEYCTOWYMBOCTH OICHOK KO3(PduImeHToB perpeccun (2.5), Oonbpiiue

2
aucrepcnn S5, , OLEHOK TUX K03 uImeHToB (2.7), T. K. B UX BBIPAKEHUS BXOIUT 0OpaTHas
Marpuia (XTX)'1 , [IOJTly4€HHUE KOTOPOU CBSA3aHO C JACJIICHUEM Ha ONPEACIIUTENb MAaTPULLBI ‘X "X ‘ .

Orcroza cnenyroT 3aHmKeHHble 3HaueHus t(b;). Kpome Toro, MynbTHKOUIMHEAPHOCTh HPUBOAUT
K 3aBBIILIEHUIO 3HAYEHHSI MHOKECTBEHHOT0 KO PHUIIMEHTa KOPPEIALIUH.
Ha mpaktuke 0 HaIMYuM MYJIbTHKOJUTMHEAPHOCTH OOBIYHO CYHSAT IO MATPHIE MapHBIX

ko3 unnenToB koppensiun. Eciu onun u3 anemenToB Matpuiisl R 6omnbie 0.8, T. e. ‘rj,‘ >0,8,

TO CUMUTAIOT, YTO UMEET MECTO MYJbTUKOJUIMHEAPHOCTh W B YpPaBHEHHE PErPECCHH CIIETyeT
BKJIFOUaTh TOJIBKO OMH M3 MOKA3aTeNel Xj WiIn X;.

UroObl M30aBUTHCSI OT 3TOTO HETATUBHOTO SIBJICHUS, OOBIYHO WCIONB3YIOT aJTOPUTM TI0-
IIIarOBOTO PErPECCHOHHOTO aHAIM3a WK CTPOAT YPaBHEHUE PErpecCcuy Ha INIaBHBIX KOMITOHEHTAX.

2.5. Ilpumep mOCTPOEHHUSI PerpecCHOHHOIO0 YPaBHECHUS

[To manHbIM N=20 CENLCKOXO3SIMCTBCHHBIX PAalOHOB TPEOYETCS MOCTPOUTH PETPECCHOH-
HYI0 MOJIEJIb YPOKaHOCTH Ha OCHOBE CJIEYIOIINX MOKa3aTeNei:

y — YPOXKaHOCTb 3€PHOBBIX KYJIbTYp (1/Ta);

X| — YUCJIO KOJIECHBIX TPAaKTOPOB (TpuBeeHHOM MomHocTH) Ha 100 ra;

X3 — YHMCII0 3epHOYOOpOoYHbIX KomOaitHOB Ha 100 ra;

X3 — YUCJIO OPYIMH OBEpXHOCTHOM 00paboTku mouskl Ha 100 ra;

X4 — KOJIMYECTBO YI0OPEHUH, pacXOLyeMbIX Ha reKTap;

X5 — KOJIMYECTBO XUMHUYECKUX CPEACTB 03/I0POBJICHUS PACTEHUH, PACXOIyEeMbIX Ha TeKTap.
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VcxoaHble JaHHbIE 71 aHANTKM3a IPUBEICHBI B TA0IHIIE.
Tabnuua

Hcxoanblie JaHHBIE AJs aHAJIHN3A

Homep y X X2 X3 X4 X5

HaOur0-

JCHUA
1 9.70| 1.59 0.26 2.05 0.32 0.14
2 8.40| 0.34 0.28 0.46 0.59 0.66
3 9.00 2.53 0.31 2.46 0.30 0.31
4 990 4.63 0.40 6.44 0.43 0.59
5 9.60| 2.16 0.26 2.16 0.39 0.16
6 8.60| 2.16 0.30 2.69 0.32 0.17
7 12.50| 0.68 0.29 0.73 0.42 0.23
8 7.60| 0.35 0.26 0.42 0.21 0.08
9 6.90| 0.52 0.24 0.49 0.20 0.08
10 13.50| 3.42 0.31 3.02 1.37 0.73
11 9.70| 1.78 0.30 3.19 0.73 0.17
12 10.70| 2.40 0.32 3.30 0.25 0.14
13 12.10| 9.36 0.40 11.51 0.39 0.38
14 9.70| 1.72 0.28 2.26 0.82 0.17
15 7.00| 0.59 0.29 0.60 0.13 0.35
16 7.201 0.28 0.26 0.30 0.09 0.15
17 820| 1.64 0.29 1.44 0.20 0.08
18 8.40| 0.09 0.22 0.05 0.43 0.20
19 13.10| 0.08 0.25 0.03 0.73 0.20
20 8.70| 1.36 0.26 1.17 0.99 0.42

Pemenue. [IpensapurenbHo, ¢ IEIbI0 aHAINW3a B3aUMOCBSI3HM IOKA3aTeNIe MOCTpOEHA
TabIUIa AapHBIX K03((HUIIMEHTOB Koppesiuuu R.

y X1 X2 X3 X4 X5
1.00 0.43 0.37 0.40 0.58 0.33
0.43 1.00 0.85 0.98 0.11 0.34
0.37 0.85 1.00 0.88 0.03 0.46
0.40 0.98 0.88 1.00 0.03 0.28
0.58 0.11 0.03 0.03 1.00 0.57
0.33 0.34 0.46 0.28 0.57 1.00

AHaIM3 MaTpUILl TAPHBIX KO3PPUITMCHTOB KOPPEISIUNA TTOKA3bIBACT, YTO PE3YJIHTATHB-
HBII TOKa3aTelb HauboJiee TECHO CBSI3aH C MOKa3aTelleM X4 — KOJIUYECTBY YyAOOpEHHuH, pacxo-
JyeMbIX Ha rekrap (ry4=0.58).

B 10 e BpeMs CBsI3b MEXKAY MPU3HAKAMU-apPTyMEHTaMU JJOCTaTOYHO TecHas. Tak, cylie-
CTBYET MPAKTUYCCKH (PYHKIIMOHATBHASI CBSI3b MEXKIY YHCIIOM KOJIECHBIX TPAKTOPOB (X|) U YHC-
JIOM OpYAMiA MOBEPXHOCTHOM 00pabOTKH MOUBHI (X3) — 113=0.98.

O HanTM4UU MYJIBTHUKOJUTMHEAPHOCTH CBUICTEIBCTBYIOT TaKke KOA((UIIUESHTHI KOPPEIIsi-
uu 11,=0.85 u r3,=0.88.
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YroObl MPOAEMOHCTPUPOBATH OTPULIATENIFHOE BIMSHUE MYJIbTUKOJIMHEAPHOCTH, pac-
CMOTPHUM PErPECCUOHHYIO0 MOJIETh YPOXKANHOCTH, BKJIIOUMB B HEE BCE CXOHBIC TOKA3aTEIN:

Y =3.515-0.006x; + 15.542x, + 110x3 + 4.475x4 — 2.932xs. (2.15)

(-0.01)  (0.72)  (0.13)  (2.90) (-0.95)

B cko6kax yka3aHBI tye:(bj), pacdeTHble 3HaYEHUS t — KpUTEPHS UL IPOBEPKH TMIIOTE3bI
0 3HaunMmocTH ko3¢ ¢unmenta perpeccun Ho: Bi=0, j=1, 2, 3, 4, 5. Kpurnueckoe 3HaueHue
tp=1.76 HalineHo no Tabnule t — pacnpesaeneHus npu yposHe 3HaunMocTH 0=0.1 u ducne cre-
neHei cBoOonel v=14. 13 ypaBHEHUs CIeIyeT, YTO CTATUCTUYECKH 3HAYUMBIM SIBIISIETCS KOA(]-
(bUIUEHT perpeccuu TOJIBKO MPH X4, TAK KaK |t4 =2.90>t,=1.76. He moanaroTcss 5JKOHOMUYECKON

WHTEPIIPETAIMK OTPHUIIATEIbHBIC 3HAKU KOA((DUIIMEHTOB perpeccuu Mpu X; U Xs, U3 Yero CIeIy-
€T, YTO TIOBBIIIICHHE HACHIIICHHOCTH CEJIbCKOTO XO35AHCTBA KOJICCHBIMU TPaKTOpaMu (X|) U Cpeli-
CTBaMU O3JIOPOBJICHHSI PACTCHUI (Xs) OTPUIIATENIBHO CKa3bIBaeTCs Ha ypoxkaitHocTu. Takum 00-
pa3oMm, MOJIYICHHOE YPaBHCHHUE PETPECCHH HE TTPHEMIIEMO.

[Tocne peanu3anuu alropuTMa IMOIIATOBOTO PETPECCUOHHOTO aHalM3a C UCKIIOUYECHUEM
MIEPEMEHHBIX M YYE€TOM TOTO, YTO B yPaBHECHHE JIOJDKHA BOWTH TOJIBKO OJTHA M3 TPEX TECHO CBS-
3aHHBIX TIEPEMEHHBIX (X, X, WU X3), IOJIy4aeM OKOHUYATEIbHOE YPaBHEHUE PErPECCUH:

Y =7.342 + 0.345x, + 3.294x,. (2.16)
(11.12) (2.09) (3.02)

B ypaBuenue (2.16) BKITIOYEH X, KaK OMPEACIISIONINI U3 TPEX MoKa3aTesei.

Vpasuenue 31auumo npu o=0.05, T.K. Fy6,=266>F,=3.20, Haiinennoro no tabmauue F-
pactipenenenus npu 0=0.05; vi=3 u v,=17. 3HaunmMbl 1 Bce KOIPHUIUECHTHI perpeccur B u P4

B ypaBHCHUU ‘t j‘>‘[Kp (0=0.05; v=17) = 2.11. Koaddunuent perpeccuu ; cieayeT MpU3HATH

3HauUMbIM (31#0) U3 SKOHOMHYECKUX COOOpaskeHHH, mpu 3ToM t;=2.09 nuIp HE3HAUYUTETHHO
menble t,=2.11. Ilpn a=0.1 t,=1.74 u 1 craTncTHYECKN 3HAYNM.
W3 ypaBHEHUs perpeccuu CJlenyeT, 4To yBenuueHue Ha 1 uumcna TpakrtopoB Ha 100 ra
TIAITHU TIPUBOJIUT K POCTY YPOXKAHHOCTH 3€pHOBBIX B cpeaneM Ha 0.345 1y/ra (b;=0.345).
Koadduuuents! snactuanoctu 2,=0.068 u 94,=0.161 noka3pIBatoT, YTO NpU yBETUUCHUH
nokasatenen X; U X4 Ha 1% ypokailHOCTh 3epHOBBIX MOBBIIIaeTCs cooTBeTcTBeHHO Ha 0.068% u

X.
0 =h. J
0.161%, (O=b; = ).
Y 2

MHoskecTBeHHbIH Ko3(dunuenT nerepmuHanuu r, =0.469 cBUIETEIBCTBYET O TOM, YTO
TOJIbKO 46.9% Bapwanuu yposkalHOCTH OOBSICHSICTCS BOIICIIIMMH B MOJICNb TIOKa3aTessiMu (X
u X4), TO €CTh HACBHIIIEHHOCThIO PACTEHHUEBOJACTBA TpaKTOpamMH M ynoopeHusimu. OcTaiibHas
9JacTh BapuaIui 00yCIOBIICHA ACHCTBHEM HEYUTEHHBIX (PaKTOPOB (X2, X3, X5, IIOTOAHBIX YCIOBUN
u np.). CpenHsis oTHOCUTENbHAs omnbOka ammpokcumanuu O =10.5% xapakTepusyer anekBat-
HOCTb MOJIEJIH, TAK)KE€ KAK U BEJIMYMHA OCTATOYHOU TUCTIEPCUU $%=1.97.

2.6. TpeHUPOBOYHBIN MpUMep
[To maHHBIM TOAOBBIX OTYETOB JecATH (n=10) MaTMHOCTPOUTENBHBIX MPEANPUITHN TTPO-

BECTH PETPECCHOHHBIA aHAIN3 3aBHCUMOCTH MPOU3BOIUTEIBHOCTH Tpyaa y (MIIH. py0. Ha 4Ye.)
0T o0beMa npou3BoAcTBa X (Mipa. py0.). [Ipeanonaraercs nuHeiiHas Mogens, T.e. ¥ =, +,x.

22



PEIPECCHUOHHBII AHAJIN3

Tabnuya
Hcxoonas ungopmayusi Onsi ananuza u pe3yibmamsl paciemos
Yi Xi Yi & =y
2,1 3 2,77 -0,67
2,8 4 3,52 -0,72
3,2 5 4,27 -1,07
4.5 5 4,27 0,23
4,8 5 4,27 0,53
4.9 5 4,27 0,63
5,5 6 5,02 0,48
6,5 7 5,77 0,73
12,1 15 11,75 0,35
15,1 20 15,50 -0,4

Pemenue: OnpenenuM BEKTOP OIEHOK b kodddurmentoB perpeccun. CorslacHO METOAY
HAUMEHBIIIUX KBAJIPATOB, BEKTOP b MoIydaeTcs U3 BRIPAKEHUS:

b=(x"x)"x"y.
Bocnonp3oBaBuncey npaBujiaMid YMHOXKEHUS MaTpHll, OyJ1eM UMETh
13
14
15
15
TX_(11111111 I 1y15 (1075 j
345555671520 15 75 835
16
17
115
120
B marpuue (x"x) umcino 10, gexariee Ha nepeceyeHnu 1-it crpoku u 1-ro cronbia, mo-
JYYEHO KaK CyMMa MPOU3BEACHUN JIEMEHTOB |-i CTPOKH MATPHIIbI x' u 1-ro cronbua MAaTPHUIIbI
X, a YUCJIO 75, Nexaiiee Ha nepecedeHuu 1-if CTpoku u 2-ro ctondiia, Kak cyMMa MpOou3BeICHUN
AJIEMEHTOB |-i1 CTPOKM MaTpHUILIbI X' 1 2-ro CTOJIOIIa MAaTPHIIBI X U T.1I.
2,1
2,8
3,2
4,5

YTy (111111111 1) 4,8 (61,4}

1345555671520 4,9 664,5
5,5
6,5
12,1
15,1
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Haiinem oOpaTHyr0 MaTpuiry
( TX)_I _ 1 (835 -75) :(0,306422 -0,0275229)
10-835-(75)*\-75 10/ \-0,0275227 0,0036697)°
TOTJ1a BEKTOP OIEHOK KOA((PHUITMEHTOB perpeccuu paBeH
b (0,306422 -0,0275229} (61,4 J ~ [0,5253430)
~1-0,0275299 0,0036697) \664,5) ~ \0,7486096)

a OLICHKAa YpaBHEHHS PErpeccuu OyIeT UMETh BU/T
y=0,52534+0,74861x.

[lepeiineM K CTAaTHCTUYECKOMY aHAIM3Y IMOJIYYCHHOTO YPaBHEHHS PErpecCUu: MPOBEPKE
3HAYMMOCTH yYPaBHCHHS U €ro K03()(UIIMEHTOB, HCCIIEIOBAHUIO aOCOMIOTHBIX €=Yi- i W OTHO-

CUTEJIBHBIX O, = y"—inOO% OIMOOK aNMPOKCHMAIIHH.
Yi
IIpeaBapuTesIbHO ONPENEIUM BEKTOP MOJEIBHBIX 3HAYECHUN Pe3yJIbTaTUBHOIO IIOKa3aTe-
TSP

13 2,77
14 3,52
15 4,27
15 4,27

b b 15 (0,5253430}2 4,27
15 |10,7486006) | 4,27
16 5,02
17 5,77
115 11,75
120 15,50

Torna

0= (y=2)=2 (y,~ ) =39847314.
i=1
OTtkyna cornacHo (2.8.) HecMelIeHHas OLEHKa OCTaTOYHON AMCIIEPCUU paBHA:

§? = % -3,9847314 = 0,49809176,

da OLICHKA CPEAHECTO KBAAPATHUYCCKOI'O OTKIIOHCHU

S =48 =0,70575616..
[TpoBepuM Ha ypoBHe 3HaunMMOCTH 0=0,05 3HAYUMOCTh YPAaBHEHHS PErPECcCHUH, T.C. TU-
note3y Ho:B=0 (Bo=P1=0). st aToro BeramcisieM coriacHo (2.10.) Benuuauny

~ %QR 264,84958
120, 049809176

[To Tabmuue F — pacnpenenenus mis o=0,05, \ﬂ =2u \7'2 = 8 naxoauMm F;=4,46. Tak kak

F.. = 531,72849.

Fra6>Fp, TO ypaBHEHME ABIIAETCSA 3HAYMMBIM.
Haiimem orieHky KoBaprualmOHHON MaTpHIIBI BEKTOpa b:
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0,306422 -0,0275299
—-0,0275229 0,0036697

_(0,15262627  -0,013712416
-0,013712416  0,0018278473 )

OTcroza mory4aeM HEeCMEIIEHHBIE OIICHKH JUCIIEPCUN M CPEIHEKBAIPATUIECKUX OTKIIO-
HeHUil K03 PHUIIMEHTOB perpeccuu:

sA}fo =0,15262627 5, =0,3906741
§Zl =0,0018278473 5, =0,0427527.

Jlis mpoBepkH 3HAUUMOCTH K03 duimenta perpeccu, T.e. runotessl Hy:31=0, Haxoaum
o tabnune t- pacnpenenenus npu 0=0,05, v=8 3Hauenue t,,=2,31:

t(b) = {’_1 _ 074861 _ 17,5102.
Sb1 0,0427527

Sh)=(XTX)" = ( j -0,49809176 =

Tak KaK tueq(b,)=17,51 Gonbme t,=2,31, To KO3hPuULUEHT perpeccuu 31 3HAYUMO OT-
auYaeTcs OT HyJs. TakuM o00pa3oM, OKOHYATEIILHOE YpPaBHEHHUE PETPECCHH HMMEET BHJ
y=0,52534+0,74861.

OnpenenymM MHTEPBAIbHBIC OIICHKU KOA(POUIIUEHTOB YPaBHEHUS C JOBEPUTEIHLHOMN BEPO-
aTHOCTBIO Y=0,95.

U3 (2.12.) cnenyer:

Boe[0,525 £2,31x0,391], otkyzaa -0,378 < By < 1,428 u
B1€[0,74861 £+ 2,31x0,0428], otkyna 0,650 < 3; <0 ,847.

2.7. 3apanHme Il CAMOCTOSATEJILHOTO pellieHUs

Ha ocHoBanuu JaHHbIX 0 Temre npupocta (%) BHyTPEHHEr0 HallMOHAJIBHOIO MPOJYKTa
(Y) ¥ IpOMBIILUIEHHOTO MIPOU3BOJCTBA (X) AECATH Pa3BUTHIX cTpaH mupa 3a 1992r., npuBeneH-
HbIX B TaljMLe, M HPEINON0KEHUs, YTO TeHEpalbHOE YpPaBHEHHE DPErpecCMM HMEeT BUJ:

V=P +Bx.

CTPaHbI y X

Snonus 3,5 43
CIIA 3,1 4.6
I'epmanus 2,2 2,0
OpaHuus 2,7 3,1
Hramms 2,7 3,0
Benukobpuranust 1,6 1,4
Kanama 3,1 3,4
ABcTpanus 1,8 2,6
benbrus 2,3 2,6
Hunepnannpt 2,3 2.4
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PEIPECCHUOHHBII AHAJIN3

Tpebyercs:

a) ONPEJICIIUTh OIICHKH BEKTOpa b M OCTAaTOYHOU AUCTIEPCUU Y%

0) npu a=0,05 npoBepUTh 3HAYMMOCTb YPAaBHEHUU PErPECCUU;

B) ipu 0.=0,05 mpoBepuTh 3HAUNMOCTb KOI(DPHUITMEHTOB YpaBHCHHUS;

T') C IOBEPUTEIBHON BEPOSITHOCTHIO Y=0,9 IOCTPOUTH UHTEPBAILHBIC OLICHKH [3o U P1;

1) C TOBEPUTEJIBHON BEPOSITHOCTBIO Y=0,9 MOCTPOUTH MHTEPBAJILHBIE OLIEHKH YPAaBHEHUS

1 1
perpecCcun B TOUKAX, ONPCACIACMbBIX BCKTOPOM Ha4YaJIbHBIX yCHOBI/II\/'I XOZ 3 5 XOZ 5

3amaHue BBINONHAETCS MO BapuaHTaM. Kakaplii JOKEH BBIUEPKHYTH 00BbeKT Ne, cooT-
BETCTBYIOIIMK MocieaHel mudpe HoMepa 3a4€THON KHIKKH.
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METO/Ibl MHOTOMEPHOM KJIACCUDUKALIMU. KJIACTEPHBII AHAJIN3

3. Metoasl MHOrOMepHO# Ki1accupukanun. Knacrepusiii anann3

YacTo B S5KOHOMHYECKUX HCCICAOBAHHUSIX BO3HHKAET 3ajada aHajln3a HEOJAHOPOIHBIX B
HEKOTOPOM CMBICIIE JaHHBIX. Tak, HalpuMep, UCCIEeNysl 3aBUCUMOCTD CIIpoca OT LIEHBI TOBapa,
B34B JUIS MCCIIeIOBaHUs aHHble 32 1992 u 1997 rr., Mbl Oy4YUM CIEAYIOUIYIO 3aBUCUMOCTD:
YBEIIMYECHHUE LIEHBI IIPUBOJIUT K POCTY CIpOoca Ha ToBap. Takas 3aBUCUMOCTb HE COOTBETCTBYET
peanbHBIM SKOHOMUYECKUM TiporieccaMm. C yem cBsizaHa mosrydeHHast omuoka? OTBET COCTOUT B
TOM, YTO MBI HEC ywim I/IH(bJIHI_II/IOHHLIe Hpoueccm B CTpaHe, HpOI/ISOI_He,Z[I_HI/IC 3a 9TOT HepI/IOI[
BPEMEHHU U, COOTBETCTBEHHO, MIOBBICUBIIYIOCS IIEHY Ha TOBAp.

B takux cimydasx, mpexie 4eM NEepeXOAUTh K MOCTPOEHUIO PErpeCCUOHHBIX MOJEIEH,
HEO0OXOAMMO BBIICIIUTH OJHOPOIAHBIC TPYIHI OOBEKTOB U YK€ BHYTPH KaXKJIOH TPYIIIBI CTPOUTD
perpeccuoHHbIe 3aBUCUMOCTH. B 1aHHOM ciiydyae HE0OX0IuMo ObUIO paccMaTpUBaTh JIBAa ypaB-
HEHMS1, OMMCHIBAIOIIUX pa3BUTHE miporiecca B 1992 u 1997 rr., paznensHo.

3.1. OcHOBHbIC IOHATHS KJIACTEPHOI0 AHAIH3A

B crartuctuueckux ucciaenoBaHUSX TPYNIUPOBKA MEPBUYHBIX JAHHBIX SBJISETCS OCHOB-
HBIM TIPUEMOM peIICHUs 3a/1a4M Kiaccu(uKalum, a IMo3TOMY M OCHOBOW BCell nanpHeieil pa-
00THI ¢ cCOOpaHHOM UHPOPMALIUCH.

TpaauunMoHHO 3Ta 3ajaya pemaercs cieayromuM odpa3oM. M3 MHOKECTBa MPU3HAKOB,
OTHUCBIBAIOIIUX OOBEKT, OTOMpaeTcss oauH, Harnbosee HHOOPMATUBHBIN C TOYKU 3PECHUS UCCIIe-
JIOBATeJIsA, U MPOU3BOAMUTCS I'PYNIHUPOBKA B COOTBETCTBUHU CO 3HAUEHHUSIMM JIAHHOTO NPH3HAKA.
Ecnu tpeOyertcst mpoBecTH kiaccu(UKaIMIO O HECKOJIbKUM IMPHU3HAKAM, PAHKUPOBAHHBIM Me-
K1y COOOH 1O CTEeNeHU Ba)KHOCTH, TO CHayasa MpOU3BOAUTCS KIaCCU(PHUKAIMA 110 TIEPBOMY IpH-
3HAKy, 3aTeM KaX[blil U3 MOJYYEHHBIX KJIacCOB pa30MBAeTCs Ha IMOAKIACCHI IO BTOPOMY IpH-
3HaKy ® T.1. [1omoOHBIM 00pa3oM CTPOUTCS OONBIIMHCTBO KOMOWHAIIMOHHBIX CTATUCTHUYECKHUX
TPyIITHPOBOK.

B Tex ciyyasx, Kkorja He IpeICTaBIsIeTCs BOZMOXKHBIM YIIOPAIOUUTh KilacCU(PHUKAIIMOH-
HbI€ [IPU3HAKU, IPUMEHSETCS. Haubosiee MPoCTOM METO/I MHOTOMEPHOM IPYNIIUPOBKU — CO3AaHUE
MHTETPaIbHOTO TIoKa3aTelns (MHAeKca), GyHKIIMOHATBHO 3aBUCSIIEr0 OT UCXOJHBIX MPU3HAKOB, C
MOCIIEAYIOMIEH Kiaccu(HUKaIMel Mo 3TOMy MOKa3aTeio.

Pa3ButreM 3TOro mojaxoja sBISETCS BApUAHT KIACCH(PHUKAIUMU MO HECKOIBKHM 0000-
HIAIOIINM ITOKa3aTelsiM (TJIaBHBIM KOMIIOHEHTaM ), MOJyYEHHBIM C TIOMOIIBI0 METO/I0B (haKTop-
HOT'O MJTM KOMIIOHEHTHOTO aHaJIH3a.

[Tpy HanMYMKM HECKONBKHUX MPU3HAKOB (MCXOJIHBIX WM 000OIICHHBIX) 3a1a4a Kiaccupu-
Kallud MOXET OBbITh pellieHa METOJAMHU KIACMePHO20 AHAIU3d, KOTOPbIe OTIMYAIOTCS OT JPYTHX
METOJIOB MHOTOMEPHOU KJIACCU(PUKANK OTCYTCTBHEM OOYYAIONIMX BBIOOPOK, T.C. allpHOPHOU
uHbOpMallMU O pacIpele]eHHH TeHEePaTbHOW COBOKYIMHOCTH, KOTOpas MpPEICTaBisieT coOou
BEKTOp X.

Pasznuuns Mexay cxemamu pelieHus 3a/1aydl Mo KJIacCH(PHUKAIUU BO MHOTOM OIpEAesi-
IOTCSl T€M, YTO TIOHUMAIOT ITOJT TIOHSTHEM «CXOJICTBO» U «CTETIEHb CXOJICTBAY.

[Tocne Toro kak chopMynupoBaHa LeJdb pabOThl, €CTECTBEHHO MOMBITATHCS ONMPEACTUTh
KPUTEPHH KauecTBa, EJeBYI0 (QYHKIUIO, 3HAYEHUSI KOTOPOI MO3BOJISAT COMOCTABUTH Pa3IMUHBIC
CXEMBbI KIaccu(UKaIiH.

B skoHOMHYECKHX HCCIeIOBaHUAX IIeTeBast PYHKIHUS, KaK MPABUIIO, JOJDKHA MHHUMU3H-
pOBaTh HEKOTOPBIM MapaMeTp, OMpPEIETICHHbII Ha MHOXECTBE OOBEKTOB (HAMpUMEp, LEIBIO
KJIaccu(uIpoBaTh 000PYIOBAHUS MOXKET SIBUTHCS TPYIIHPOBKA, MUHUMHU3ZHUPYIOLIAsi COBOKYTI-
HOCTb 3aTpaT BPEMEHU U CPEACTB Ha PEMOHTHBIEC PabOTHI).
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B ciyuasix, koraa ¢opmanu3oBarh Ielb 331a4l HE YAaeTcs, KpUTEpHEeM KauyecTBa KJac-
CUPUKAIIMA MOXET CIY)KUTh BO3MOXXHOCTH COJIEP)KATEIHbHONH HWHTEPIPETAUU HalICHHBIX
TPy

PaccmoTpum cnenyromryro 3amady. [lycTs ncceayercs COBOKYITHOCTh N OOBEKTOB, KaxkK-
JIbIA U3 KOTOPBIX XapakTepusyeTcs 1o k 3aMepeHHbIM Ha HeM npu3Hakam X. Tpebyercst pa3OuTh
ATy COBOKYITHOCTh Ha OJTHOPOJTHBIE B HEKOTOPOM CMBICIIE TPYIIIBI (KJIACCHI).

[Tpu 3TOM MpaKTUYECKH OTCYTCTBYET anpuoOpHas UH(GOpMAIH O XapaKTepe pacmpeserne-
HUSI U3BMEPEHUN X BHYTPH KIIACCOB.

I[lonyueHHbIE B pe3y/bTaTe pa3OUeHHs TPYIIIbl 0OLIYHO HA3BIBAIOTCA KiacTepaMu™ (Tak-
conamu™*, 06pazamu), METO/IbI MX HAXOKIEHUS — KIACTEP-aHAIM30M (COOTBETCTBEHHO YHCIIEH-
HOM TaKCOHOMHEHN WJIM pacro3HaBaHUEM 00pa3oB ¢ CaMOOOYyUYEHHUEM ).

[Tpu 3TOM HEOOXOIMMO € CaMOT0 Havaia YeTKO MPEJCTaBUTh, Kakas U3 JABYX 3a/1a4 KJac-
CUpUKAIMK TIOJUIEXKHUT pemeHuio. Ecnu pemaercs oObyHast 3aa4a TUIH3AIMKA, TO COBOKYTI-
HOCTh HaOJIIOJICHHUI pa30MBAIOT HAa CPABHUTEIHHO HEOOJBIIOE YHCIIO O0JIACTEH TPYIITUPOBAHHS
(HampuMep, MHTEPBAJIBHBIN BapHALIMOHHBINA PAJ] B CIlydae OJHOMEPHBIX HAOIIOIEHHI) TaK, 4To-
OBbI 3JIEMEHTBI OJTHOW TaKoW 00JACTH HAXOIMIUCH JIPYT OT JPyra Mo BO3MOKHOCTH Ha HEOOJb-
IIIOM PaCCTOSHHH.

Penrenue apyroii 3aiaum 3aKiIF04aeTCss B ONMPEICIICHUH €CTECTBEHHOTO PACCIIOCHUS HC-
XOIHBIX HAOJIOCHUI Ha YETKO BBIPAXKEHHBIC KIIACTEPHI, JISKAIIHE IPYT OT Ipyra Ha HEKOTOPOM
pacCTOSIHUY.

Ecnu mepBas 3ajaya TUNM3alMKM BCEra MMEET pEIIeHUE, TO MPH BTOPOHM MOCTAHOBKE
MOJKET OKa3aThCs, YTO MHOXECTBO MCXOJHBIX HAOJIOJICHHI HE OOHApYKHUBaeT €CTECTBEHHOIO
paccioeHus Ha KIacTepsbl, T.e. 00pa3yeT OJuH KIIacTep.

XO0Ts MHOTHE METOJIbl KJIACTEPHOT'O aHAJIM3a JIOBOJBHO AJIEMEHTAPHBI, OCHOBHAS YacCTh
paboT, B KOTOPBIX OHU OBLTU MPEIOKEHBI, OTHOCUTCS K TTOCIECAHEMY JECIATHICTHIO. ITO 00BbsIC-
HSETCS TeM, 4TO IPQPEKTHBHOE pEIICHUE 3a/la4 MOKMCKA KIACTEPOB TPeOyeT OOJIBIIOro 4mciia
apu(METHYECKUX U JIOTHYECKUX OTEpaluii ¥ MO3TOMY CTajI0 BO3MOXHBIM TOJIBKO C BO3HHUKHO-
BEHUEM U Pa3BUTUEM BBIYUCIIUTEIBHOM TEXHUKH.

OObruHOM (hopMOI TIPECTABICHNUS MCXOAHBIX JaHHBIX B 33/1a4aX KJIACTEPHOTO aHAIIN3a
CJIy>KUT TIPSMOYTOJIbHAS Ta0JInIa:

Xy Xy Xik
X= Xip Xi* Xie |»
xnl xnj e xnk

KaXK/1asi CTpOKa KOTOPOM MPEJCTABISET pe3ysbTaT U3MEpeHuil k paccMaTpuBaeMbIX MPU3HAKOB Ha
OJTHOM U3 OOCII€IOBAHHBIX OOBEKTOB. B KOHKPETHBIX CHUTyalUsAX MOXKET MPEICTABIATH MHTEPEC
KaK rpylnupoBKa OObEKTOB, TaK U MPYNIHUPOBKA MPU3HAKOB. B Tex ciyyasx, Koraa pazHuLa Mex-
Iy ABYMs 3THMHU 3a/ladaM{ HE CYILECTBEHHA, HAIIPUMEP IIPU ONHUCAHUM HEKOTOPBIX aJlfOPUTMOB,
MBI OyJIeM IOJIb30BaThCs TOJIBKO TEPMUHOM «OOBEKT», BKIIIOUAs B 3TO MOHITUE U «IIPUZHAKY.

* cluster (aHru.) - TpyIIa 2J1EMEHTOB, XapaKTePU3yeMbIX KAKUM-IHO0 OOLIUM CBOKCTBOM.
** taxon (aHIJL.) - CUCTEMATU3UPOBAHHAS IPYIINA 000N KaTEropyH.
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Matpuna X He SIBISICTCS €IMHCTBEHHBIM CIIOCOOOM TPECTABJICHUS NaHHBIX B 3a7adax
KJIacTepHOTO aHanu3a. MiHoraa ucxoanas naopManus 3a1aHa B BUJAE KBaIPATHON MaTPHIIBI

R:(rij)a i’jzla 2: - I,

DIIEMEHT Tj; KOTOPBIHA ONpeJeNseT CTeNeHb OJIU30CTH 1-r0 0OBEKTA K J-My.

BoABIIMHCTBO aNTOPUTMOB KJIACTEPHOTO aHAIHM3a TMOJHOCTHIO HCXOIUT M3 MATPHUIIBI
paccrossHu# (Wi Oau30cTei) M00 TpeOyeT BHIYMCICHUS OTIACIBHBIX €€ DJIEMEHTOB, TTOATOMY
eclii JaHHbIE MpeICcTaBiIeHb! B opMe X, TO IMEPBBIM ATAIOM PEIIEHUs 3a/1a4il OUCKa KiacTe-
poB OyzeT BeIOOp croco0a BRIUMUCICHHS PACCTOSAHUMN, UM OJM30CTH, MEXKIY OOBEKTaMU HIIH
npHU3HAKAMU.

OTHOCUTENIBHO MPOIIE PEIIACTCsl BOMPOC 00 OMpeneseHuU OIM30CTH MEXAY MpU3HaKa-
mu. Kak mpaBuito, KJIacTepHbIN aHAINU3 MPU3HAKOB MPECIICIYET TE XKE IEIH, YTO ¥ (PaKTOpHBIN
aHaJIM3 — BBIACIICHUE TPYIIN CBA3aHHBIX MEXKIY CO00i MPU3HAKOB, OTPAXKAIOIINX OIPEICICHHYIO
CTOPOHY HM3y4YaeMbIX O0OBEKTOB. Mepamu OJM30CTH B 3TOM CiIydae CIyXaT pas3jIHyHbIC CTATH-
cTudeckue Kod(GHULUEHTHI CBSI3U, HAPUMED /Ini/, mj =1, 2, ...,K. DIEMEHT I ONpEeAeseT cTe-
neHb OJU30CTH M-TO MPU3HAKA K j-MY.

3.2. PaccrosiHue MeKay 00beKTaMHu (KJIacTepaMu) U Mmepa 0,1M30CTH

Haubonee TpyHbIM U HauMeHee (popMain30BaHHBIM B 33j1aue KiIacCU(PUKAIUH SBIISCTCS
OTIpe/IeIICHUE TIOHATHS OJTHOPOJTHOCTH OOBEKTOB.

B o0mem ciyvae nmoHsiTue 0JHOPOIHOCTH OOBEKTOB 3a/1a€TCsl JTMOO0 BBEJICHUEM NpaBUIIa
BBIYMCIIEHUS PACCTOSIHUM P(X;,Xj) MEXKIY JII000H Mapol UCCIETyEeMBIX OOBEKTOB (X1, X2, ... , Xn),
au00 3a7aHMEeM HEKOTOPOH (DYyHKLUH I(X;,Xj), XapaKTEpU3YIOLIeH CTENEHb OJM30CTH 1-I0 U j-ro
obbekToB. Ecnu 3anana ¢pyHkuus p(X;,Xj), TO ONM3KHE C TOUKH 3PEHUS] TOM METPUKU OOBEKTHI
CUHMTAIOTCS OJHOPOJHBIMH, MPUHAIIS)KAMUMU K OJHOMY Kiaccy. OYeBUIHO, YTO HEOOXOIUMO
IPH 3TOM COINOCTABIATH P(Xi,Xj) C HEKOTOPHIMHU MOPOTOBBIMU 3HAUCHUSIMHU, ONPEICISIEMbIMU B
Ka)KJIOM KOHKPETHOM CIIy4ae IMo-CBOeMY.

AHaJOrM4YHO HCIONB3YETCA U Mepa OJIU30CTH I(X;,X;), IPU 3alaHUH KOTOPOH MbI JOJIKHBI
HOMHHUTb O HEOOXOAMMOCTH BBINOJHEHUS CIEIYIOUIUX YCIOBUH: CUMMETPUHU I(Xi,Xj)= I(Xj,Xi);
MaKCHUMaJIbHOTO CXOZCTBAa 00BEKTA C CAaMMM CO00M r(X;,Xi)= max r(X;X;), Ipu 1< 1,j<n, u MOHO-

ij

TOHHOTO YObIBaHHSA I(X;,Xj) IO Mepe yBeIUdeHHs P(Xi,Xj), T.€. U3 P(Xi,X1)=p (X;,Xj) AOIKHO cie-
JI0BaTh HEPABEHCTBO I'(X,X1)<I(X;,X;).

Bb10op MeTpuku mim Mepbl GJIM30CTH SIBISETCS y3JIOBBIM MOMEHTOM HCCIICAOBAHMS, OT
KOTOPOTO B OCHOBHOM 3aBHUCHUT OKOHYATEJIbHBIN BapuaHT pa30MeHusi 00bEKTOB Ha KJIACChl MPU
JAHHOM aJiTOpUTMe pa30OMeHus. B KaxI0M KOHKPETHOM cilydae 3TOT BbIOOp JOJDKEH MPOU3BO-
JUThCS 110-CBOEMY B 3aBHUCHUMOCTH OT IieJieil uccienoBaHus, (PU3MYECKON M CTaTHCTUYECKOM
IpUPOBI BeKTOpa HaOMoneH! X, apuOPHBIX CBEICHHN O XapaKTepe BEpOSTHOCTHOTO paciipe-
IEeJIeHnsT X.

PaccmoTtpuMm HaunOosiee MIMPOKO HCIONb3yeMble B 33Jayax KIACTEPHOTO aHajiu3a pac-
CTOSIHUSL U MEepPbI OJIM30CTH.
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O0b1yHOe EBKINI0BO paccTosiHuE

pE(xi’xj)z (3.1)

I7€ Xi/ , Xj, — BeIMUMHA / -0l KOMIIOHEHTHI Y i-10 (j-ro) oobekra (¢ =1,2,....x; 1,j=1,2,..., n)

Hcnionb30BaHKE 3TOrO PACCTOSIHUS OMPABAAHO B CIEAYIOMIUX CIydasx:

a) HabmoieHus OepyTcsl U3 TeHEPaTbHON COBOKYITHOCTH, UMEIOIICH MHOTOMEPHOE HOP-
MaJIbHOE PACTIPEICIICHAE ¢ KOBAPHAIMOHHOM MaTpHIeH Buaa 6 Ey, T.e. KOMIOHEHTHI X B3aHMHO
HE3aBHCHMBI 1 HIMCIOT OJIHY U TY )K€ JUCIIEPCUIO, Te B — equHIYHAsS MaTpHIIa;

0) KOMIIOHEHTHI BeKTOpa HaOroeHuil X OJHOPOIHBI 10 (PU3MYECKOMY CMBICTY U OJIH-
HAKOBO B)KHBI JIJIS KIacCH(pHUKAIIY;

B) MPU3HAKOBOE MPOCTPAHCTBO COBIAAET C TEOMETPUICCKUM IPOCTPAHCTBOM.

EcTtecTBeHHOE ¢ reOMETPHYECKON TOYKH 3PCHHS €BKIUIOBO MPOCTPAHCTBO MOXKET OKa-
3aThCsl OECCMBICIICHHBIM (C TOYKH 3PEHUSI COACPIKATEIIbHOW WHTEPIPETAINN), €CIIM TPU3HAKA
WU3MEpEHBI B PA3HBIX eAUHHIAX. YTOOBI MCIPABUTH TOJOKEHUE, TPUOETaf0T K HOPMHUPOBAHUIO
Ka)X/IOTO TMPH3HAKA IyTeM JICJICHUs IICHTPHUPOBAHHOW BEIMYMHBI HA CpeIHEe KBaJpaTHUECKOE
OTKJIOHEHHE U MIEPEXOJIAT OT MaTPHIIBl X K HOPMUPOBAHHOM MATPHIIE C DIIEMEHTAMU

Xit — X¢
tit =——,
S

rae Xi - 3HaueHue / -ro Mpu3Haka y i-ro o0beKTa;
X¢ - cpellHee 3HaYeHue ¢ -ro MpHu3HaKa;

n
S = 1 z (xic — X¢)> — cpe/HEe KBaApaTHUECKOE OTKIOHEHHE [-TO MPU3HAKA.
i=1
OpnnHako 3Ta omepalusi MOXET MPUBECTH K HEXeNaTeNbHbIM MOCIencTBUsAM. Ecnu kia-
CTEPBI XOPOIIIO Pa3AeiICHBI 10 OJJHOMY MPHU3HAKY ¥ HE Pa3JIeJICHBI TI0 JPYroMy, TO TIOCIE HOPMHU-
pOBaHUs JTUCKPUMHHHUPYIOIIME BO3MOKHOCTH TIEPBOTO MpH3HAKA OyJIyT YMEHBIICHBI B CBSI3U C
YBEIIMUCHUEM «IITYMOBOTO0» 3 (heKTa BTOpOTO.

«B3BemienHoe» EBKIMA0BO NPOCTPAHCTBO

(X X0) = Z o, (x, —x,,)’ (3.2)

MPUMEHSETCA B TEX CIydasxX, KOrja KakJIoW KOMIIOHEHTE X, BEKTopa HabOmromeHuid X
yIaeTCsl MPUITHCATh HEKOTOPBIN «BEC» (0 ¢, MPOIMOPIMOHAILHO CTEIICHH Ba)XHOCTH IMPU3HAKA B
3anmade kiaccupukanuu. O6eraao npuanMarot 0<w (<1, rme /=1,2,...k.

OrnpeneneHne «BeCOB», KaK MPABUJIO, CBS3aHO C JOMOJHUTEIBHBIMU HUCCIEIOBAHUSMU,
HaIpUMep, OpraHu3aled orpoca 3KCIepToB U 00paboTkoi Mx MHeHWH. OnpenesieHue BECOB
® ¢ TOJIBKO 11O JAHHBIM BBI60pKI/I MOXET HpI/IBeCTI/I K JIO’KHBIM BBIBOJIAM.
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XeMMHMHI0BO PACCTOSIHUE

I/ICHOJ'IL?»yeTCSI Kak MCpa pasjiniusa 06I>CKTOB, 3aaBaCMbIX JUXOTOMHUYCCKUMU IIPU3HA-
KaMU. DTO pacCTOSIHHE OTIPENeNsIeTCs 1Mo popmyie

k
Py (x; ,x‘/) = Z‘xw - xjé‘ (3.3)
=1

U PaBHO YMCJIY HECOBMAJICHUN 3HAYEHWI COOTBETCTBYIOIIMX NPU3HAKOB B paccMaTpu-
BaeMBbIX 1-M H j-M 00BbEKTax.

B HexoTophIX 3amavax KiaccuPUKAUMA OOBEKTOB B KaUECTBE MEPhI OJIM30CTH OOBEKTOB
MOKHO HCHOJb30BaTh HEKOTOpBIe (PH3UYECKHE COJep)KATelbHbIE MapaMeTphl, TaK WM MHAue
XapaKTepU3yIole B3aMMOOTHOILIEHUSI Mexay o0bekTamu. Hanpumep, 3anady kiaccupukanuu
oTpaciiell HapOJAHOTO XO34KCTBA C LIEIbI0 arperupPOBaHUS PEIIAIOT HA OCHOBE MATPHUIIBI MEXKOT-
pacneBoro Oananca [1].

B nanHoi1 3agaue 00beKTOM KiIaccu(PHUKAIMK SBISETCS OTPACIh HAPOJAHOTO XO3SHCTBa, a
MaTpHLa MEKOTPAcIeBOro OagaHca MPeACTaBlIeHa DIIEMEHTAMH Sjj, XapaKTEPU3YIOIUMU CyMMY
rOIOBBIX IOCTaBOK 1-Oif OTpaciu B j-10 B JIGHES)KHOM BBIpaKECHHU. B kauecTBe mMepsl Oin3ocTH
{rjj} TPUHMMAIOT CUMMETPU30BAHHYI0 HOPMHPOBAaHHYIO0 MaTpHUIly MEXOTpAcIeBOro OaaHca.
C 1enbi0 HOPMUPOBAHUS JICHEKHOE BBIPAKCHHE TIOCTABOK 1-0M OTPACIH B j-10 3aMEHSIOT JTOJIeH
ATHX MOCTaBOK M0 OTHOILIEHHUIO KO BCEM IMOCTaBKaM i-oi oTpaciu. CHMMETpHU3aIUIO K€ HOPMHU-
POBAHHON MATPUIBI MEXKOTPACIEBOr0 OanaHca MOKHO MPOBOJIUTH, BBIPA3UB OIU30CTH MEKIY
1-i1 ¥ j-# OTpacisiMu Yepe3 cpellHee 3HaueHHe M3 B3aUMHBIX [MOCTABOK, TaK YTO B 3TOM Cllydae
I5=T55.

Kak npaBusio, pemenue 3aa4 KiacCUPUKAU MHOTOMEPHBIX TaHHBIX IPeIyCMaTPUBACT
B KaueCTBE MPEIBAPUTEIHLHOTO 3Talla UCCICJOBAHMS PEATH3AINI0 METOJIOB, MO3BOJISIFOIINX BbI-
OpaTh U3 KOMIIOHEHT X|, X2, ..., Xx HAOJIF0OJA€MBIX BEKTOPOB X CPaBHUTEIHHO HEOOJBIIOE YUCIIO
HauboJsee CyIeCTBEHHO WH(MOPMATUBHBIX, T.€. YMEHBIIUTh Pa3MEPHOCTh HAOIIOIaEMOTO IMPO-
CTpaHCTBa.

B psine npouenyp xnaccudukanuu (Kiactep-npoueayp) UCHONIb3YIOT HOHATHS paccTos-
HUS MEXKy TpyNrnamMu 00bEKTOB U MEPhI OJM30CTH JABYX I'PyII 0OBEKTOB.

ITycTs si- i-s1 rpymma (Kiace, KjaacTep), CocTosmas u3 nj 00bEKTOB;

Xj _ cpeiHee apu(pMETHUECKOe BEKTOPHBIX HAONIONEHUH S; TPYINNbl, T.€. "LEHTP TsXKe-
ctu" i-i TPYIIIbI;

P (S¢,Sm) — pPacCTOSTHUE MEXKIY IPYIIAMH S, U Sp.

Haubonee ynorpeOUTENbHBIMU PACCTOSHUAMU U MepaMu OJM30CTH MEXIY KiaccaMu
00BEKTOB SIBJISIOTCSL:

— paccTosiHKe, U3MEPSAEMOe 10 MPUHIUITY «OIMKANIIEro cocenay,

pmin (S€5 Sm ) = min p('xi 4 xj )’ (3 4)

X;€8;,x;€S,
— pacCTOAHUEC, USMEPACMOTO IO MPUHIUITY «AAJIBHETO CoCcaar,

Prnax (55,5,,) = max  p(x;,x,); (3.5)

— pacCTOsIHUE, U3MEPSEMOE 10 LEHTPAM TSKECTH TPYIIIL,
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pur(S,.S,) =p(%,.%,); (3.6)

— pacCTOsHUE, U3MEPSIEMOE TI0 NPUHILMILY «CPEIHEHN CBA3M», ONPEIEIACTC KaK CpeIHee
apu(MEeTHYECKOe BCEX IMOMApHBIX PACCTOSHUN MEXIY MPEICTAaBUTEISIMH PAaCCMATPUBAEMBIX

rpyni

0 (S,5,) = —— 3 Y p(x,,x,). (3.7)

My, x;€8,x;€S,

AxanemukoM A.H. KonmMoropoBbiM ObLIO HPEAIOKEHO «0O0OIICHHOE PacCTOSIHUE) Me-
KTy KJIacCaMH, KOTOpPOE BKIIOYAeT B ceOs B KAUeCTBE YACTHBIX CIy4aeB BCE PacCCMOTPEHHBIC
BBIIIIE BHJIBI PACCTOSIHUH.

PaccrosiHust MeX Iy TpynIaMu 3JI€MEHTOB 0COOEHHO Ba)KHO B TaK Ha3bIBAEMBIX arjioMe-
PAaTUBHBIX MEPApXUUECKUX KIACTEP-NPOLEAYPaxX, TaK KaK MPHHIMI PadOThl TAaKUX AITOPUTMOB
COCTOHT B IIOCJICIOBATEILHOM OOBEAMHEHNH 3JIEMEHTOB, a 3aTE€M M IENBIX IPYII, CHavyaaa ca-
MBIX OJTM3KHUX, a 3aTeM Bce Oosee u OoJiee OTJaCHHBIX APYT OT JpyTa.

IIpy 3TOM paccTOSHHE MEKAY KIacCaMU Sy M Smq), SABJAIOIIMECS 0ObEIMHEHUEM JBYX
JPYTUX KIACCOB Sy U Sq, MOXKHO OIIPEIETUTH O hopMyIie

p/,,(m,q) = p(Sff’ S(m,q)) = ap(fm + ﬁpfq + Ypmq + 6(p(/m - p(q)’ (38)
rne p/m:p(S/’Sm)’ p/,q:p(S/,’Sq) u pmq:p(Sm7Sq)

— PACCTOSHUS MEXIY KINACCAMHU S/, Sm U Sg;

—a, B, & u y — yncnoBsle KOA(GUIMECHTHI, 3HAYEHUSI KOTOPBIX OMPEACISIOT crenuduky
IPOLIEAYPHIL, €€ ATOPUTM.

Hanpuwmep, npu o= =-6=1/2u y=0 npuxoauM K pacCTOSHUIO, TOCTPOCHHOMY O HpPUH-
uny «ommwkaiimero cocenay. [Ipu a= f=0=1/2 u y=0 — paccTosiHrEe MEXIy KIacCaMU OIpeJie-
JSIETCS TI0 TIPUHIUITY «IaJbHEro COCea», TO €CTh KaK PACCTOSIHUE MEXIy TBYMSI CAMBIMHU Jajlb-
HUMH SJIEMEHTAMH 3TUX KIIACCOB.

N, Hakonewn, mpu

n n,

a=—"—; P=—"~——, y=0=0

b
n,+n, n,+n,

cooTHouleHue (3.8) MPUBOIUT K PACCTOSHUIO Pcp MEXKIY KIACCAMM, BHIYUCICHHOMY KaK
CpellHEee U3 PacCTOSTHUI MEXy BCEMM IapaMu 3JIEMEHTOB, OJIUH U3 KOTOPHIX OEpeTcs U3 OAHOIO
KJ1acca, a Apyrou u3 Ipyroro.

3.3. DyHKUMOHAJBI Ka4uecTBAa pa30ueHus
CymecTByeT 0OJBIIOE KOJIMYECTBO PA3TMUYHBIX CIIOCOOOB pa30HeHMs 3aJaHHOW COBO-
KyITHOCTH 3JIEMEHTOB Ha Kiacchl. [loaToMy mpencTaBisier HHTepec 3ajada CpaBHUTEIBHOTO aHa-

JM3a KadyecTBa ATUX croco0oB pa3zdueHus Q(S), onpenerseHHOro Ha MHOKECTBE BCEX BO3MOXK-
HBIX pa30ueHui.
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Toraa moj HaUMy4YIIuM pa3OoUeHUEM S” HmoHMMaeM Takoe pazOueHue, mpu KOTOPOM JI0C-
TUTAETCs KCTPEMYM BbIOpaHHOTrO (yHKIMOHaNa KadecTBa. ClielyeT OTMETUTh, YTO BEIOOP TOTO
WM MHOTO (PYHKIIMOHAJa KayecTBa, KaK MPaBUIIO, OIIMPACTCS Ha SMIUPUIECKUE COOOPaKECHHS.

PaccmoTpum HEkOoTOpBIe HanboJiee paclpoOCTPaHEHHbBIE (PYHKITMOHAIBI KauecTBa pa3oue-
Hus. [TycTh nccnenoBanueM BeIOpaHa METPUKA P B IPOCTPAHCTBE X U MyCTb S=(S1,S2,...,8p) — HE-
KOTOpoe (UKCHPOBAaHHOE pa30MeHue HAONIONEHHH X, ...,X, Ha 3aJaHHOE YHCJIO P KIJIACCOB
815825.455p.

3a (yHKIMOHA KauecTBa OepyT CyMMY («B3BEIICHHYI0») BHYTPUKIACCOBBIX JUCTIEPCUN

0.)=33 pPx.x,). (3.9)

(=1 x;€S8,
3.4. Hepapxuyeckue KjaacTep-nmpouexypbl

Uepapxuueckne (apeBooOpa3HbIe) MPOLEIYPHl SBISIOTCS HanboJiee pacipoCTpaHEHHBI-
MU (B cMbIciie peanu3anuud Ha DBM) anropurmamu kinactepHoro ananusza, OHU OBIBAIOT JBYX
TUIIOB: arjloMepaTUBHbIC U TUBU3UMHBIE. B armomMepaTUBHBIX IpOLEAypax HAUaJbHBIM SIBISETCS
pa30ueHwe, COCTOAIIEE U3 N OAHOAIEMEHTHBIX KJIACCOB, @ KOHEYHBIM — U3 OHOTO Kjiacca; B JH-
BU3UMHBIX — HA00OPOT.

[TpuaIMI paboThl HEPAPXUUECKHUX arIOMEPATUBHBIX (IMBH3UMHBIX) MPOIIETYP COCTOUT B
MOCJIEIOBATEILHOM OOBeIMHEHUN (pa3[eleHU) TPYMI 3JIEMEHTOB CHauyajga CaMbIX OJM3KHX
(manexux), a 3aTeM Bce Oosiee OTAANEHHBIX (OMM3KUX) IPYT OT Apyra. BoJIbIIMHCTBO ATHX alro-
PUTMOB UCXOJIUT U3 MATPHUIIbI pACCTOSTHUMN (CXOJICTBA).

K HenmoctaTkam riepapXu4ecKuX Mpoueayp ciaeayeT OTHECTH TPOMO3IKOCTh UX BBIYUCIIU-
TETBLHON pean3anuu. AJTOPUTMBI TPEOYIOT BBIYMCIICHHUS Ha KaXKJIOM IIare MaTPHIIbl PacCTOs-
HUH, a CJIeI0BaTENIbHO, EMKON MAalIMHHOW MaMsTH M OOJBIIOrO KOJHMYECTBa BpeMeHU. B »Toi
CBSI3M peallM3alys TaKUX aJTOPUTMOB TPU YHCJIC HAOJIIOCHUH, OOJBIIIEM HECKOJBKUX COTECH,
Helesnecoo0pasHa, a B psijie CIy4acB ¥ HEBO3ZMOXKHA.

B xauecTBe nmpumMepa pacCMOTPUM arjiOMEpaTUBHBIN Hepapxudeckuil anroputM. Ha nep-
BOM IIIare aaropuTMa kaxmaoe HabmoaeHue X; (i=1,2,...n) paccmMaTpuBaeTcsi Kak OTAETbHBINA Kiia-
crep. B manpHelmem Ha KaxaoM 1iare padoThl aIrOpUTMa MPOUCXOIUT O0BEAMHEHHUE JIBYX Ca-
MBIX OJIM3KUX KIJIACTEPOB U C YYETOM MPHUHATOTO PACCTOSIHUS MO (OpMyJie MepecunuThIBACTCS
MaTpulla pacCTOSTHUMN, pa3MEPHOCTbh KOTOPOM, OYEBUIHO, CHMXKAETCS Ha enuHuily. Pabora anro-
pUTMa 3aKaHYMBAETCs, KOTa Bce HaOMI0eHHsI 00bEeIMHEHBI B OJIMH KJIacc.

BonbIIMHCTBO TIpOrpaMM, peaM3yIONINX AITOPUTM HEPAPXHUYSCKON KIIaCCHU(pUKAINH,
npexycMaTpuBaeT rpaduyueckoe MmpeicTaBiIeHUE pe3yIbTaToB Kiaccu(UKAMKU B BHUIE JEHAPO-
IPaMMBl.

3.5. TecrtoBblii NpuMep

[TpoBecTu knaccupukanuo n=6 0ObEKTOB, KaX bl U3 KOTOPBIX XapaKTEPU3YyETCs JBYMsI
IpU3HAKaMHU.

Homep
obvexkma 1 2 3 4 5 6
(i)
Xi 5 6 5 10 11 10
Xi2 10 12 13 9 9 7
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PacnonoxkeHue 3TUX TOYEK Ha IIJIOCKOCTH IIOKAa3aHO Ha puc. 3.1.

Xio
157
137 .3
2
117 ]
* 4
9" ° 05
71 -6
Xi4
1 1 1 >

1234567 8 9 101112

Puc. 3.1
Bocnonbs3zyemcst armoMepaTHBHBIM UEPAPXUUECKUM AITOPUTMOM Kiaccudukanuu. B ka-
YeCTBE PACCTOSHUA MEXIY OObEKTaMH MpUMeM OObIYHOE E€BKIUAOBO paccrosiHue. Torma co-
rinacHo (3.1) paccTosiHue Mex 1y oObekTamu 1 u 2 paBHO

P =56 +(10-12)" =224,

a Mexy oobekTamu 1 u 3 —

Pis :\/(5_5)2 +(10_13)2 =3,

O4YE€BUIHO, YTO
P = 0.

AHAJIOTUYHO HAXO/WUM PACCTOSHHUS MEXIY BCEMH IIECTbIO OOBEKTaMU M CTPOUM MaTpH-
1y PaCCTOSTHUM

0 224 3 5,10 6,08 5,83
224 0 141 5 5,83 6,40
3 141 0 6,40 721 7,81

R =plx.,x. )=

! {p( f)} 510 5 6,40 0 1 2
6,08 583 721 1 0 2,24
583 640 781 2 224 0

W3 MaTpuIbl pacCTOSIHUMN CIIeTyeT, 9YTO 00BEKTH 4 1 5 Hanbosee 6mm3ku dss=1,00 u mo-
3TOMY OOBEITUHSIOTCS B OJTUH KJIacTep.
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[Tocne oObenMHEHUS UMEEM IISATh KJIACTEPOB

Homep 2 3 4 5
KJIacTepa

CoctaB

I (D (2 (3) 45 (6)

PaccrosiHue mexay kinacrepamu OyzeM HaXOAWUTh MO MPUHIMITY «OnuKaiiiero cocenay,
BOCIIOJIb30BaBIIACH (hopmynoii epecyera (3.8). Tak, paccTosHue MeKIy 00BEKTOM S| M KJIacTe-
POM S(4,5) paBHO

1 1 1 1
Pi(as) = p(Sl > S(4,5)): Epm + EpIS _E|p14 - p15| = 5(5710 + 6508)_

—%Q5,10—6,08|)= 50.

MBI BUIUM, YTO PaCCTOSHUE P 1, (4,5) PABHO PACCTOSIHUIO OT 00bekTa 1 10 Oimskaimero K
HEMY O0BEKTa, BXOJAILETO B KIACTEDP S(4,5), T.C. Pi(ss) = Prs = 5,10. Toraa matpuia pacCTOSAHUI

paBHa
0 224 3 510 5,83
224 0 1,41 5 6,40
R, =|3 141 0 6,40 7,81 .
510 5 6,40 0 2
583 640 7.81 2 0

OO0ObennHUM 00BEKTHI 2 U 3, UMEIOLIME HauMeHblIee paccTosHue P23=1,41. Ilocne 06b-
CIIMHEHHS UMEEM YeThIpe KiacTepa:
Sy S@3)»  S@5)» S
BHOBB HaiieM MmaTpuily paccTostHUd. [l 3TOro HE0OXOAMMO PAaCCUUTATh PACCTOSHUEC
JI0 KJIaCTepa S(2,3). 11 3TOro BOCHOJIB3yeMCsl MaTpULed pacCcTOsHUN Dy.
Hampumep, paccTosiHuEe MEXKAY KIACTEPAMH S4.5) U S(2,3) PABHO:

5 6,40 1,40
=—+ - =5

1 1 1
Pas)23) = 59(4,5),2 +5p(4’5)’3 —5‘9(4,5),2 - P(4,s),3‘ 5T, >

IIpoBens aHaJIOrM4HBIE PaCUETHI, OJIYYUM
0 2,24 5,10 5,83

224 0 5 6,40
71510 5 0 2
583 640 2 0

OObenMHEHHBIE KIIACTEPHI S4,5) M S(6), PACCTOSTHHE MEKIY KOTOPBIMU COIJIACHO MaTPHUIIC
R3 Hanmens1ee: p 45)6=2.

B pe3ynbTare 3TOr0 noay4um Tpu Kiactepa
St, S23) H S(4,5,6)-
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Martpuna paccTosiHU# OyIeT UMETh BUJT

0 224 5,10
R, =224 0 5
510 5 0

OO0benuHUM Temepb KJIacTepbl S| U S23, PACCTOSHHUE MEXAY KOTOPHIMH PpPaBHO
Pi(23) = 2,24 . B pesyibrare moay4nM ABa KIACTEPA: §(12,3) U S4,5,6), PACCTOSTHHE MEKIY KOTOPBI-

MU, Hal{JIGHHOE TI0 PUHIIHITY «OJIMKalIIero coceaa», paBHO
P(1.2.3): (45.6) = 2 -

Pe3ynbTarsl nepapxuueckoi kiaccupukaluu oObEKTOB MPEACTaBIEHbI HA pUC. 3.2 B BU-
Jie IEHIPOrpaMMBbl.

5,00 +

2,24 T
2,00T

1,411
1,00 T l
2 3 4

Puc. 3.2. lengporpamma

Qreoe———

CreBa Ha PHUCYHKE IPUBOAMTCS PACcCTOSHHE MEXKAY OObEAMHSIEMBIMU HAa JAHHOM JTare
KJactepamu (0ObeKTaMHu).

B 3amade npeamnouTeHue cieayeT OTAATh MPEANOCIEIHEMY 3Tally KiIacCH(UKAINT, KOTaa
BCe 00BEKTHI 00BEIMHEHBI B JIBA KJIacTepa

8(1.23) no 545.6)
YTO HArJISIAHO BUJIHO Ha puc. 3.1 u 3.2.
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3.6. 3agaHue 1J15 CAMOCTOSITEILHOTO PelIeHUsI

[To mepapxuueckoMy arJioMepaTHBHOMY aJITOPUTMY MPOBECTH KiIaccUpUKAIMO n=4 XO-
3SACTB, paboTa KOTOPBIX XapaKTePU3YEeTCsl MOKa3aTesIMi 00beMa pealn30BaHHOW MPOTyKIIUU:
X] — PACTCHHEBOJICTBA U X, — YKUBOTHOBOJICTBA C OJHOTO T'eKTapa mamHu (MiH.py6/ra). [Toctpo-
WUThb JEHIPOrpaMMmy.

HOMeEp

xX039iicTBa 1 2 3 4
Xit ‘ 1 7 1 9
Xiz 5 9 3 7

Jlist aToro:

a) B KQUECTBE PACCTOSHHUSA MEXITy 00OBbEKTaMH IMPUHATh OOBIYHOE €BKJIMIOBO PACCTOSHHE,
a PacCCTOSIHME MEX]y KJIAaCTEPAMHU U3MEPSATH M0 MPUHLIMITY «CPEIHEU CBA3N»;

0) B KaueCTBE PAaCCTOSAHUS MEKIY OObEKTaMU MPUHAThH B3BEIICHHOE €BKIUI0BO PACcCTOs-
HUue ¢ «Becamm» 1=0,1, 0,=0,9, a paccTosiHue MeXay KJIacTepamMu HU3MEPATH IO MPUHIIUITY
«JJaIbHETO COCENaN;

B) B KQUeCTBE PACCTOSHUS MEX1y 00bEKTaMU MPUHSITH OOBIYHOE €BKJIUJIOBO PACCTOSHUE,
a pacCTOSIHUE MEX]y KJIacTepaMH U3MEPATH M0 MPUHIUITY KLEHTPaA TAKECTHY.

3ajaHne BBIOIHAETCS MO BapuaHTaM. KaknqoMy HE0OXOAMMO yBEIUYHUTh 3HAYCHHUS Xij,
X, HA K.
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MMPOM3BOACTBEHHBIE ®YHKIINA

4. IIpomsBoacTBeHHbIE (PyHKIMHU

[TponsBonacTBeHHass (PyHKIMS HpeAcTaBisieT co00M MaTeMaTUYeCKyl0 MOJENb, XapakKTe-
PHU3YIOLIYI0 3aBUCUMOCTh 00BbEMa BBITyCKaeMOH MPOAYKLUUH OT 00beMa TPYJIOBBIX M MaTepH-
aJIbHBIX 3aTpaT. [Ipu 3TOM MoAens MOXKET OBbITh OCTPOEHA KAK /7Sl OTAEIBHOM (PUPMBI U OTpac-
JM, TaK U BCEH HAIIMOHAIBHON SKOHOMHKHU. PaccMOTpUM MPOM3BOJACTBEHHYIO (DYHKIIUIO, BKITIO-
Yaronyo 1Ba ¢akTopa npou3BojcTBa: 3aTpaThl Kanutaia (K) u tpynossie 3atpatsl (L), onpene-
JstroImux 00beM Boimycka Q. Tora MOXKHO 3amucaTh:

Q=f(K,L).

OnpeneneHHoro YpoBHS BBIITYCKa MOKHO JOCTHTHYTH C ITOMOIIIBIO Pa3IMYHOIO COYeTa-
HUS KalWUTaJIbHBIX M TPYAOBBIX 3aTpar, a KpuBble, onucbiBaeMmble ycioBusMmu f(K,L)=const,
0OBIYHO Ha3bIBAIOT M30KBaHTaMU. OOBIUHO MpeanoaraeTcs, 4ro Mo Mepe pocta 3Ha4eHUH of-
HOW M3 HE3aBHCHUMBIX NEPEMEHHBIX IpeJesIbHas HOpMa 3aMelleHHs] JaHHOro (hakropa mpowus-
BOJICTBA yMeHbIaercs. [103ToMy Ipu COXpaHEHUHU MOCTOSTHHOTO 00beMa MPOU3BOICTBA IKOHO-
MHSI OJTHOTO BMJA 3aTpaT, CBSI3aHHAsl C YBEIMUYEHHEM 3aTpar Jpyroro (akropa, MOCTENEHHO
ymenbliaercs. Ha npumepe npousBoactBeHHon ¢yHkimu Ko606a-/lyriaca paccMOTpUM OCHOB-
HbI€ BBIBOJIbI, KOTOPBIE MOKHO TOJIYYHTb, UCXOJs U3 NPEANOI0KEHUI O TOM WIM MHOM BUIE
npou3BocTBeHHOH (yHkimu. [IponsBoacrBennas ¢pynkius Ko66a-/lyrnaca, BKiIroyaronas asa
(bakxTopa MpoU3BOACTBA, UMEET BUI:

Q=AxK*xLF, 4.1)
rae A, , f — napameTpsl Mosenu. Bennunna A 3aBucut oT enuHull uamepenus Q, K u

L, a Taxxe ot 3¢ (PEeKTUBHOCTH TTPOU3BOACTBEHHOTO IIpoIIecca.

[Tpu ¢ukcupoBanubix 3HaueHnsx K u L ¢yHkimu, xapakrepusyromieiics Oonplield Be-
JTUYMHOW TlapameTpa A, COOTBETCTBYET Oouiblliee 3HadeHUe Q, clieIoBaTEIbHO, U MPOU3BOICT-
BEHHBIH Tpoliecc, OMUCHIBaeMbIil Takoi ¢yHkuuel, 6onee 3dexkruBen. OnuceiBaemas GyHKIUS
OJTHO3HAYHA W HemnpepbiBHA (mpu nonoxutenbHbix K u L). [Mapamerpsr @ u f Ha3bIBaloOT KO-

3(1)(1)I/II_II/IGHTEIMI/I ssacTHaHOCTH. OHM MOKa3bIBAIOT, HA KAKYI0 BCJIMYHWHY B CPCAHCM U3MCHHUTCA
Q, CCIIM o WIH ﬂ YBCIINYNUTE COOTBCTCTBCHHO Ha OAWH IPOLCHT. PaCCMOTpI/IM IIOBCJACHUC

(GYHKIMU TIpU U3MEHEHUH MaciuTaboB Mpou3BojAcTBa. lIpeamnonoxxum s 3Toro, 4yTo 3aTpaThl
Kaxao0ro ¢akropa npou3BojacTa ysenumumwinck B C pa3. Torna HoBoe 3HaueHHe OyjeT ompeje-
JSATHCA CIEAYIONUM 00pa3oM:

Q,=Ax(CxK)*x(CxL) =C*? xQ. (4.2)

[Tpu sTOM, eciit @ + =1, TO ypoBeHb 3(p(HEeKTUBHOCTH HE 3aBUCUT OT MAcIITabOB IPO-
u3BojacTBa. Ecmm o + f <1, TO cpeaHue M3EpKKH, pACCUMTAHHbIE HA €IMHUILY HPOIYKIHH,
pactyt, a mpu « + 3> 1 — yOBIBaIOT IO Mepe pacHIMpPeHHs MacIITaboB Mpon3BoacTBa. Ciemyer

OTMETUTh, YTO 3TU CBOWCTBA HE 3aBUCAT OT YMCIEHHBbIX 3HaueHui K, L U coxpaHsior cuiy B
0001 TOUKE MPOU3BOACTBEHHOW (yHKIMH. /[ ompeneneHus: mapamMeTpoB M BUJA MTPOU3BO/-
CTBEHHOW (PyHKIMH HEOOXOIUMO TPOBECTH OTOJIHHUTENbHBbIC HaOmoneHus. Kak mpauio,
MOJIB3YIOTCSA ABYMSI BUAAMU JTaHHBIX — TWHAMHUYECKHUMH PsAJaMU M JaHHBIMU OJHOBPEMEHHBIX
HaOmroeHuil (mpocTpaHcTBeHHON MH(pOpManueil). JlnHaMuueckue psabl JaHHBIX XapakTepu3y-
10T TIOBEJIEHUE OHON M TOM e (UpPMbI BO BPEMEHHU, TOT/Ia Kak JaHHbIE BTOPOTO BHUJA OOBIYHO
OTHOCSITCSL K OJTHOMY M TOMY K€ MOMEHTY, HO K pa3nuuHbiM ¢pupmam. B crmyuasx, Koraa uccie-
JIOBaTeNb PaCIoJIaraeT BPEMEHHBIM PSIIOM, HAIIPUMEDP, FOJAOBBIMU JAHHBIMH, XapaKTEPU3YOIIH-
MU JESITeTbHOCTh OJHOM M TOH ke (UPMBI, BOHUKAIOT TPYJHOCTH, C KOTOPHIMH HE MPUIILIOCH
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ObI CTOJIKHYTbCS NPH paboTe ¢ MPOCTPAHCTBEHHBIMU JaHHBIMU. Tak, OTHOCUTEIbHBIE IICHBI CO
BPEMECHEM CTAHOBATCS MHBIMH, 4 CJIEOBATEIbHO, MEHAETCS U ONTHUMAJIBHOE COYETAHME 3aTpPaT
OTIENBHBIX (PaKTOPOB MPOU3BOACTBA. KpoMe TOro, ¢ Te4eHHeM BpPEMEHH MEHSETCS U yPOBEHb
aJIMUHUCTPATUBHOrO ympapieHHUsa. OJHAKO OCHOBHBIE ITPOOJIEMBI IPU UCIOIb30BAHUN BPEMEH-
HBIX PSI0B ITOPOXKAAIOT MOCIEACTBUS TEXHUYECKOr0 IIPOLIecca, B pe3yJIbTaTe KOTOPOr0 MEHSIOT-
Csl HOpPMBI 3aTpaT MPOU3BOJCTBEHHBIX (PaKTOPOB, COOTHOLIEHHUS, B KOTOPBIX OHU MOTYT 3ame-
aTh APYT Apyra, | napamerpsl 3pdexruBHOCTH. OTCI0A C TEUCHHEM BPEMEHU MOTYT MEHSTh-
Csl HE TOJIKO MapaMeTpsl, HO U (GOpMbI IPOU3BOJICTBEHHON (QyHKIMHU. TeXHU4eCcKuil mporpecc
MOET OBITh yuTeH B ()OpME HEKOTOPOTO BPEMEHHOI'O TPEHA, BKIIOYAEMOr0 B COCTAB MPOU3-
BOJICTBEHHOH QyHKImu. Toraa

0 =9(K,,L,,1).

[TpousBoacteenHas pynkuus KobOb6a-/lyriaca ¢ yueTom TEXHUYECKOTO IpOrpecca uMeeT

BUJL:
_ 0t o B
Q, =Axe” xK{ xL". (4.3)

B sToMm BhIpaxkeHMH mapameTp €, C HOMOIIBI0 KOTOPOIO XapaKTepU3yeTcs TEXHUUECKUI
nporpecc, MoKa3blBaeT, 4YTO 00bEM BBIIYCKaeMOW MPOJYKIMU €XKEeroJHO yBelIUyuBaeTcs Ha 6
IPOLIEHTOB HE3aBUCUMO OT M3MEHEHHMH B 3aTpaTax MPOU3BOACTBEHHBIX (PAKTOPOB U, B YACTHO-
CTH, OT pa3Mepa HOBBIX MHBeCTHIMU. Takas ¢opma TEXHHYECKOTrO IMporpecca, He CBsI3aHHAs C
KaKMMHU-JINOO 3aTpaTaMu TpyJa WM KaluTajla, Ha3blBaeTCsl «HEMATEPU30BaHHBIM TEXHUYECKUM
nporpeccom». OnHaKO NOJOOHBIN MOJXO/A HE BIIOJIHE PEATHCTUYEH, T. K. HOBBIE OTKPBHITHUS HE
MOTYT MOBJIHATh Ha (PYHKLIIMOHUPOBAHHE CTAPBIX MAIlMH, & paclIupeHre o0beMa MPOU3BOJICTBA
BO3MO>XHO TOJIBKO IOCPEACTBOM HOBBIX MHBecTULMH. [Ipy Apyrom noaxone K ydery TeXHUYe-
CKOT0 IIporpecca il KaXXJI0W BO3PAaCTHOM IPyMIbl KalHUTana CTPOST CBOKO MPOU3BOACTBEHHYIO
¢yskuuto. B atom cinyuae ¢pynkuus Ko66a-/lyrnaca Oyner umeTs BUL:

_ Oxv o B
Q,(v) = Ae™" x K (v) xLi(v), (4.4)

rne Q,(v) — o0beM NpoayKIHMH, IPOU3BEJCHHOMN B IepHoa t Ha 000pYyJOBaHUH, BBE/ICH-
HOM B CTpoii B mepuox v; L, (V) — TpyX, 3aHATHIN B epuoj t 00CIy)KUBaHUEM 000PYAOBaHNS,
BBEJICHHOI'O B CTpOH B niepuoa v, u K, (V) — OCHOBHOH KaluTajl, BBEACHHBIN B CTPOM B NIEPUOJ

V W UCIIOJIb30BaHHBIN B niepuos t. [lapamerp v B Takol MpoW3BOACTBEHHON (DYHKIIMH OTpa)kaeT
COCTOSIHUE TEXHMUYECKOIo Mporpecca. 3aTeM JUIsl nepuoja t CTpOUTCS arperupoBaHHasi MPou3-
BOJICTBEHHAs (YHKIIHS, IPEICTABIISIONIAas COOO0M 3aBUCUMOCTh COBOKYITHOTO 00beMa BhITyCKae-
MOH mpoxyknuu (), oT o0mux 3aTpar TpyAa L, u xanutana K; Ha MomeHT t. IIpu ucnonb3oBa-

HUH JJIS TIOCTPOSHHSI IPOU3BOJCTBEHHOM (DYHKIIMU MPOCTPAHCTBEHHOM MH(OpMAIUH, T. €. JaH-
HBIX HECKOJIBKMX (DUPM, OTHOCSIIUXCA K OJHOMY M TOMY K€ BPEMEHH, BO3SHHMKAIOT MPOOIIEMBI
npyroro poaa. Tak kak HaOMIONEHHUSI OTHOCITCS K pa3HbIM (pHpMaMm, TO NMPH UX UCIIOIb30BAHUH
IPENOoNaraeTcs, 4To MNOoBeIeHUE BCeX GUPM MOXKET OBbITh ONKCAHO ¢ IOMOIIBIO OJTHON U TOH XK€
¢byHkuuu. s ycremHoi 5KOHOMUYECKONH WHTEpPHpEeTaluy MOJyYeHHOH MOJIENHN JKeJIaTeNbHO,
9TOOBI BCE 3TU (PUPMBI IPUHAJICKAIHM OJTHON U TOM ke oTpaciu. Kpome Toro, mpenmonaraercs,
YTO OHM PACIIONAraloT MPUMEPHO OJMHAKOBBIMH IIPOM3BOJCTBEHHBIMU BO3MOXHOCTSIMU U YPOB-
HSIMHM aJJMMHUCTPAaTUBHOIO YIIpaBieHUs. PaccMOTpeHHbIE BbIlIE€ MPOU3BOJICTBEHHBIE (DYHKIMH
HOCWJIM JECTEPMUHUPOBAHHBIM XapaKTep U HE YUWUTHIBAJIN BIUSHUE CIy4alHBIX BO3MYILICHMH,
IPUCYLIMX KaXKIOMY SKOHOMHUYECKOMY SBICHMIO. [I03TOMy B Kaxnoe ypaBHEHHE, ITapaMeTpbl
KOTOPOTO MPEJCTOUT OLEHHUTh, HEOOXOAUMO BBECTH €lIe CIy4YailHyIO0 MEepeMEHHYIO €, KOTOpas
OyzAeT oTpakaTb BO3JEHCTBHE Ha IpOILECC MMPOU3BOJACTBA BCEX TeX (PaKTOPOB, KOTOpBIE HE BO-
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IIJTM B COCTAB MPOU3BOICTBEHHON (D)YHKIIMU B IBHOM BHJE. TakuMm 00pazom, B 001IeM BHJIE TPO-
n3BOICTBeHHYIO (yHKIMIO Ko606a-/[yrinaca MOXKHO MTpeACTaBUTh KaK

O=AxK*xIFxe. (4.5)
MBI nony4uiin CTENEHHYIO PErPECCUOHHYIO MOJIENb, OLIEHKH apaMeTpoB KOTOpoil A, «
u [ MOXXHO HAWTH C MOMOUIBIO METOJa HAMMEHBIINX KBAJPATOB, JIUIIb MPUOETHYB MPEIBAPH-
TEJIBHO K JIOTapu(pMHUECKOMY TpeoOpazoBaHmio. Torna ans i-ro HaOJIIOACHUS UMEEM:
InQ, =InA+axInK.+BxInL, +¢,, (4.6)
rne O, K, u L, — COOTBETCTBEHHO OOBEMBI BBIIYCKA, KANUTAIbHbIX U TPYIOBBIX 3a-

TpaT sl i-ro Habmonenus (i=1,2,...,n), a n-00beM BBIOOPKH, YHCIIO HAOIIOJCHUHN, UCIIONb3Ye-
MBIX UTS TTOJTyYCHHUS OEHOK InA4, G W 3 mapameTpoB MPOM3BOACTBEHHOM (QyHKIHH. OTHO-
CUTEIBHO &; OOBIYHO TMPEAINOJIAraeTcs, 4TO OHM B3aUMHO HE3aBHCHUMBI MEXIy coO0OH u
g, € N(0,0). Ucxons u3 anpuopHbIX COOOpa)XXEHUH 3HaueHUs o U [ JOJKHBI YJOBJIETBO-
path yenoBusaM: 0<a <1 u 0<p<1. Ecnau npeanosioxuTh, YTO C U3MEHEHHEM MacIITaboB IPOU3-
BOJICTBA YPOBEHb 3((HEKTUBHOCTH OCTAETCS MOCTOSHHBIM, TO, IpUHSIB [ = 1 — o, uMeeM
Q=AxK*xL"™xe®=Ax(£)* xL xe?, 4.7)
WIH
0 _ K\o €
T=Ax(})" xe

u
In(%)=InA +axIn(®) +¢. (4.8)
[Tpubernys k Takoi (popme BbIpaskeHUs POU3BOJCTBEHHON (DYHKIIMM MOXKHO YCTPAHUTh

BJIMSIHAE MYJIbTUKOJUITMHeapHocTH Mexay InK u InL. B xauecTBe npumepa nmpuseseM MoyyeH-

HYIO Ha OCHOBE JaHHBIX 0 180 mpeanpusTusaX, BHITYCKAIOMUX BEPXHIOI OJEXIy, Moaeab Kob-

6a-/lyrnaca:
In(%) =1,43+014InL +0,19In(¥/) .

(4,67) (3,80)
B ckobOkax yka3aHbl 3HaueHHUs t-KpUTepHs JUIsl KO3((OUIIMEHTOB PErpecCUr ypaBHEHHS.
[Tpu 5TOM MHOKECTBEHHBIH KOX(PPHUIIMEHT NETCPMUHALINN M PACUETHOE 3HAYCHHE CTATUCTHKH F-

KPUTEpHUs COOTBETCTBEHHO paBHbl: 7> = 0,16 u F=12,7. PacueTHoe 3Hauenue F ykasbiBaeT Ha To,
YTO TIOJIYYCHHOE 3HAYEHUE HE HOCHUT CIy4alHbIi Xapaktep. OneHku napameTpoB @ u [ QyHK-

i Kob6b6a-/lyrimaca cooTBeTcTBeHHO paBHbI O = 0,191 B =095 (1-0,19+0,14). Tak kak

a+pB=L14>1, To MOXHO TPEIMOJIOKUTH HEKOTOPOE MOBBIMICHHE 3P(HEKTUBHOCTH MO Mepe

pacipeHusi MaciiTaboB Mpon3BoAcTBa. [lapaMeTpbl MOIEIN OKA3bIBAIOT TAKXKeE, YTO MPH yBe-
nunaeHnn kanutana K Ha 1%, o0bem Bhimycka yBenuuuBaetcs B cpeqaeM Ha 0,19%, a mpu yBe-
JUYEHUHU TpyAOBbIX 3aTpaT L Ha 1% oO6beM Bbimycka B cpeaHeM yBenuuutcs Ha 0,95%.
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5. Cucrema ofHOBpPeMEHHBIX JKOHOMETPUYECKUX YPABHEHMIA

CucteMy B3aMMOCBSI3aHHBIX TOXKIECTB U PETPECCHOHHBIX YPaBHEHHU, B KOTOPOU Tepe-
MEHHBIE MOTYT OJHOBPEMEHHO BBICTYyNaTh KaK pPE3yJbTUPYIOIIME B OJHUX YPABHEHUSX M Kak
OOBSCHSIONIUE B JIPYTUX, MPUHATO HA3bIBaThb CUCTEMON OJAHOBPEMEHHBIX (3KOHOMETPUUYECKHUX )
ypaBHeHui. [Ipy 3TOM B COOTHOIIEHUSI MOTYT BXOJUTh IIEPEMEHHbIE, OTHOCSIIHECS HE TOJIBKO K
MOMEHTY BPEMEHH t , HO U K MPEALIECTBYIOIIMM MOMEHTaM. Takue MepeMEHHbIE Ha3bIBAKOTCS
JaroBbIMH (3ama3IbIBaroiuMe). ToxaecTBa OTHOCSATCS K (DYHKIIMOHATHHON CBSI3M MEPEMEHHBIX
U BBITEKAIOT U3 COJAEPKATEIBHOIO CMbICIA ITUX NMEPEMEHHBbIX. TeXHHKa OILICHUBAaHUS MapaMeT-
POB CHUCTEMbI SKOHOMETPUUYECKUX YPABHEHUH NMEET CBOM OCOOEHHOCTH. DTO CBSI3aHO C TEM, UTO
B PErPECCHOHHBIX YPAaBHEHUAX CUCTEMbI HE3aBUCUMBIE IEPEMEHHBIE U CIIyYalHbIE IOTPEIIHOCTH
OKa3bIBAIOTCS KOPPEIHPOBAHBI MEXIy COO0H. J[0CTaTOYHO XOpPOIIO M3yYeHBI CTATUCTHUECKUE
CBOIICTBAa M BONPOCHI OLICHMBAHMS CHUCTEM JIMHEWHBIX ypaBHEHHWH. bynem paccmarpuBarh Ju-
HEHHYIO0 MOJIENb BUA

By TPy +ot Bigygt TYaXy Foet YaXy = Uy (5.1)
rae t=1,2,...,n; i=1,2,...,g;
Y, — 3HaueHHe SHIOTCHHOM (PE3YIbTUPYIOIIEH ) IEPEMEHHON B MOMEHT BPEMEHH t;

X, — 3HAYECHHUE TPEAONPE/IECICHHON EPEMEHHOM, T. €. IK30Ie€HHOM (OOBACHSIOIEH) T1e-

PEMEHHOM B MOMEHT t WJIM JIATOBOW SHJOT€HHOM NIEPEMEHHOM;

u, — Clly4aiiHple BO3MYLICHUS, UIMEIOLINE HYJICBBIE CPEIHUE.

CoBokymHOCTh paBeHCTB (4.9) Ha3bIBaeTCs CHCTEMOW OJHOBPEMEHHBIX YpaBHEHHH B
CTpYKTypHOU (hopme. Hanmdwe anmpuoOpHBIX OrpaHUYCHUH, CBS3aHHBIX, HAMPHMEP, C TEM, UYTO
9acTh KOA((UIIMEHTOB CYUTAIOTCS PABHBIMH HYJIIO, 00€CIIEUNBAET BO3MOKHOCTh CTATUCTUYECKO-
IO OLICHWBAHMS OCTABIIMXCS. B MaTpu4HOM BHJE CHCTEMY YPaBHEHMM MOKHO IIPEICTaBUTh KaK

By +Ix, =¢,, (5.2)
rae B-matpuna nopsinka g x g, coctosmas u3 KodhOUIHUEHTOB MPH TEKYIIUX 3HAUCHUSIX
SHJIOTEHHBIX IIEPEMEHHBIX;
I'-maTtpuia nopsaka gxk, cocrosimas u3 k03)pPHUIMEHTOB 3K30T€HHBIX IEPEMEHHBIX.

T, _ T, _ T ~
V=i Vg) 5 X = (X0 Xg,) 5 €, =(8),5-,€,)"  — BEKTOPBI-CTONOLBI 3HAYCHHUH

COOTBETCTBEHHO JHJOICHHBIX M DK30T€HHBIX INEPEMEHHBIX, CIy4alHbIX omubok. IIpu sTOM
Me, =0; Z<S)=Met€,T =0/E,, tne E, — emuHWuHas Martpuua. Takum oOpasoMm, eciu
Me,e, =0 mpu ¢, #¢, u t,t,=L2,...n, TO Clly4ailHblc OLIMOKH HE3aBHCHMBI MEKIY COOO.

Ecnu nucnepcus ommOKku moCTOsHHA Msf = of =0’ U He 3aBHCHUT OT t U X, , TO 3TO CBHUJETEIb-
CTBYET O FOMOCKEJACTUYHOCTH OCTaTKOB. Y CIIOBUEM T'€TEPOCKENACTUYHOCTHU SIBJISIETCS 3aBUCH-
MOCTb 3HaueHu# Me’ =0, OT tu X,. YMHOXMB BCe 2JIEMEHTBI ypaBHEHHUs CJeBa Ha OOPaTHYIO
MAaTpully sj, IOJY4YUM MPUBEJCHHYIO (POPMY CUCTEMBI OJJHOBPEMEHHBIX YPABHEHUI:

y,=B'Tx, +Bg,. (5.3)

Cpenu cucteM OJHOBPEMEHHBIX YPaBHEHHUU HanOoliee MPOCTHIMH SIBISIOTCS PEKYPCHB-
HBIE CHCTEMBI, ISl OIEHUBAHUSA KOA(P(OUIIMEHTOB KOTOPBIX MOXKHO HCITOJI30BaTh METOJ HaW-
MeHbIIUX KBajpaToB. CucreMy (5.3) OAHOBPEMEHHBIX YPAaBHEHHMI HA3bIBAIOT PEKYPCUBHOM, ec-

JIY BBITIOJTHSFOTCS CJICTYIONINE yCIOBHUS:
1) Marpuna 3HaueHUN SHAOTEHHBIX TEPEMEHHBIX
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1 0 0
By 1 - 0
B:
By B o e o 0
Bo B v By 1

ABJISIETCS. HUKHEH TPEYTOJIBHON MaTpuueh, T.e. f; =0 npu j>in B; =1;
2) crmyvaiiHple OMIMOKM HE3aBUCUMbI MEXIY CO0OH, T. €. G >0,6, =0 mpu i#]j , rae

i,j=1,2,....,g. OTcroa cieyeT, 4T0 KOBapUAIlMOHHAsi Matpuia ommbok M (g, )=X  nuaro-

(¢)
HaJIbHA,

3) Kaxaoe OrpaHMYEHHE Ha CTPYKTYpHblE KO3(PQHUIUEHTHl OTHOCUTCA K OTAEIBHOMY
ypaBHeHuio. Ilponenypa oneHnBanus KO3(QPUIMEHTOB PEKYPCUBHOM CUCTEMBI C MOMOIIBIO Me-
TOJIa HAUMEHBIINX KBAJPaTOB, IPUMEHEHHOIO K OTIEIBHOMY YPABHEHHIO, IPUBOJIUT K COCTOS-
TEJbHBIM OLIEHKaM. B kadecTBe IpuMepa pacCMOTPUM CUTYallMIO, KOTOpasi IPUBOJUT K PEKyp-

CUBHOH cucteMe ypaBHeHHH. [Ipennonoxkum, 4yTo HeHsl Ha pbIHKE P B J€Hb t 3aBUCAT OT 00be-

Ma IpoJax B NPeAbIAYIINI JEHb ¢, ,, @ 00beM NOKYIOK ¢, B JAEHB t 3aBHCUT OT LIEHBI TOBapa B
JeHb t. MaTeMaTH4ecku CUCTEMY YPaBHEHUIH MOKHO MIPEICTaBUTh B BUJIE

P =a,+aq,, +e,

q, =P + PP, +5,.

Ciy4aiiHple BO3MYIICHUS €, U §, MOXHO CUMTATh HE3aBHCUMBIMU. MBI HONYUYHIH pe-

KypPCHBHYIO CHUCTEMY JBYX YpaBHEHHI, MPUYEM B IPaBYIO YacTh MEPBOTO YPABHEHUS BXOJUT

[IPEIONPECIIEHHAs IEPEMEHHAsA ¢, |, 8 BTOPOr'0 — SHJIOT€HHAas IiepeMeHHas P .

[IpumeHneHrne MeTo/la HAUMEHBIIUX KBAJAPATOB JJIsl MOJYUYEHHUS OLICHOK CHCTEMbI OJHO-
BPEMEHHBIX ypaBHEHUH MPUBOIUT K CMEIIEHHBIM U HECOCTOSTEIBHBIM OIIEHKAM, TTO3TOMY 00-
JacTh €ro MPUMEHEHHUs OTpaHUYEeHA PEKYPCUBHBIMU CHUCTEMaMH. {1 OLIEHHBAHUS CHCTEM Of-
HOBPEMCEHHBIX YPaBHEHHI B HACTOSIICE BPEeMsl HanOOJIee 9acTO MCIIOJIb3YIOT ABYXIIIATOBBIA Me-
TOJI HAUMEHBIIINX KBAJIPATOB, IPUMEHSEMBI K Ka)KIOMy YPaBHEHHIO CUCTEMBI B OTJIEIbHOCTH, U
TPEXIIAroBbI METO HAUMEHBIIUX KBaJAPATOB, MPEIHA3HAYCHHBIHN /ISl OIICHUBAHUS BCEU CHUCTe-
MBI B 11e7I0M. JIByXIIaroBslii MeTo HauMeHbInxX kBaapatoB (2 MHK) npumeHsIoT n1s oneHku
OT/ICNILHOTO YPAaBHEHHS CHUCTEMBbI OJJHOBPEMEHHBIX YpaBHeHMM. CyITHOCTh 3TOTO METOAAa COCTO-
UT B TOM, YTO JJIsl OLECHUBAHHUS MapaMeTPOB CTPYKTYPHOTO YPaBHEHHUS METOJ] HAUMEHBIINX
KBaJpaToOB MPUMEHSIOT B ABa 3Tana. OH J1aeT COCTOSATEIbHBIC, HO B O0IEM CIyyae CMEIICHHBIC
OIICHKH KO3(()UIIMEHTOB ypaBHEHHUS, SIBISETCS JOCTATOYHO MPOCTHIM C TEOPETUYECKOW TOUYKU
3peHUs ¥ yIOOHBIM JIJIsl BEIYHUCIICHHUS. 3aIUIIIeM HCXOIHOE 1-€ CTPYKTYPHOE YpaBHEHUE CUCTEMBI
B BUJIE

Yi= Ysz +Xy, tg,
r7ie Y, —BEKTOp N HaOJIOJEHUN HaJk 1-i SHAOT€HHON EPEMEHHOM;

Y, — marpuna mnopsnaka (nxq,) 3Ha4€HUH SHJOTCHHBIX IEPEMEHHBIX, BXOAALIUX B 1-€

1

ypaBHeHHeE (KpoMe Y, -i1);
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B, — BekTOp pazMepHOCTH (g, x 1) 3HaUCHUN CTPYKTYpPHBIX KOI(PPUIUEHTOB SHIOTEH-
HBIX IEPEMEHHBIX U3 MaTpHULBl 1 ;

X, — MmaTpuna nopszaka (nxk;) 3HadeHUI SK30I€HHBIX NIEPEMEHHBIX, BXOAAILINX B ypaB-

1

HECHHUE;
Y; — BEKTOp pazMepHocTH (k,; x 1) ko3 duireHToB, OTHOCAIMXCA K IEPEMEHHBIM X, ;
€, — BEKTOp CIy4ailHbIX BO3MYLICHUH, UMEIOIIMN pa3MepHOCTb (nx1), mpuuem Me, =0;
_ 2
2, =0E, .

HCHOCpeHCTBGHHO IMIPUMCHUTH B JaHHOM CJIy4ac MCTOA HAMMCHBIINX KBAaAPAaTOB HEJIb3A,
TaK KaK 3HIAOTCHHBIC IICPCMCHHBIC, COACPKAIIUCCIA B MATPHULIC Yz KOppPCIUPOBAHBI CO cnyqaﬁ—

HBIMU COCTABJIAIOIIUMU &, .

B cBs3u ¢ 3TUM npeaACTaBuUM SHAOI'CHHBIC IICPEMCHHBIC Y. , BXOOAIIUE B YPAaBHCHHUEC, KaK

1

GYHKIUIO BCeX COAEp KalllMXCsl B MOJENN IK30TeHHbIX nepeMeHHbIX (X). Halinem onenky mat-
pHLbI Y, KOTOpask COrNIaCHO METOYy HAUMEHBIIUX KBAaJPAaTOB ONPEAEIACTCS U3 BBIPAKECHHS

Y =X,(X'X)"' XY, .
Torna

A

Y=Y +U, rae U — MaTpulla OLICHOK OCTaTOYHBIX BEJIMYMH IPeoOpa3oBaHHOHN cHUCTe-
MbI. VICX0THOE CTPYKTYypHOE YpaBHEHHE MOXKET OBITh IPeoOpa30BaHO K BUY:
yi=Yp + X;y+v,,
rae
v, =¢, +UP,.
[Ipumensis METO1 HAMMEHBIIUX KBAJAPaTOB JJIsI HAXOXKJICHHS OLICHOK MTapaMeTPOB BHOBb
MOJTyYEHHOTO YPaBHEHHsI pErpeccuu, Oy1eM UMETh:
A A A A -1/ A
T . T T
d:Bi:Y'Yi’ Y X, Yy,
~ Y. T T
Yi XY, XX, Xy

5

rae d — BekTop oLeHok ko3 duruenToB pasmepHoctu ((g; + k;) x 1). Ilepeiins k ucxoxn-
HBIM IIEPEMEHHBIM, MOy YHM:

5 T Ty \-1 yTy. r r T y\-1 v T
d= B, _ YPX, (X X)) X[ Yy VXY X (X X)Xy,
\7 XiTYi; XiTXi XiTyi
HOqueHHaﬂ OIICHKAa W HOCHUT HA3BAHUC OLCHKH JABYXIIAroBOoro METoJa HAaWMMCHBIINX
KBaJIpaToB IapamMeTpoB P U Y.

Takum o0pa3om, ABYXIIAroBbIH METOJ HAMMEHBIIINX KBAIPaTOB COCTOUT B 3aMEHE MarT-

A

puiel Y, pacueTHoil Marpuiei Y, mocie 4ero oueHMBAIOTCS KOA(PPUIUEHTH 0OBIKHOBEHHOTO

ypaBHeHHs perpeccud y, Ha Y, u X,. CornacHo alnroputMy TpeXIIaroBoro METoJa HauMCHb-

i
[IMX KBaJpPaTOB MEPBOHAYAIBHO C IIENBI0 OLEHKH KOA(D(PUIMEHTOB KaXAOTO CTPYKTYPHOTO
ypaBHEHHUS MPUMEHSIOT JBYXIIArOBbII METOJ HAaUMEHBIIUX KBAJPATOB, a 3aTEM OMNPEACISIOT
OLICHKY JUIsl KOBAPUALIMOHHON MaTpHIbl ClIy4ailHbIX Bo3MylleHUW. [locne 3Toro ¢ uenwto oie-
HUBaHUS KOX(P(QUIIMEHTOB BCEH CHCTEMBI TPUMEHSETCS OOOOMIEHHBIH METOJ HAWMEHBIIHX
KBaApaToB. PaccMOTpUM cUCTEMY OJTHOBPEMEHHBIX YPaBHEHUH, COJEPKAILYIO g SHAOTEHHBIX U
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K DK30T€HHBIX TEepEMEHHBIX, MPUHUMAEMbIX Kak HeciydaiiHble. [Ipeobpazyem i-¢ ypaBHEHHE
(5.3) x BUAY:

Vi =20 +e,

Z,=(YX), § :[ﬁj .

i

rac

YMHOXMB JIEBYIO U IPABYIO YaCTH YpaBHEHMs CJI€BAa HA TPAHCIIOHMPOBAHHYIO MAaTpPUILY
T >
X' 3HayeHuH BceX 3K30I€HHBIX MEPEMEHHBIX MOAEIH, MOIYYHM

T.. _ yvT T
X'y, =X720,+X ¢,.
3anucaB TakUM 00pa3oM BCE YpaBHEHHS CUCTEMBI, TOTy4YUM

Xy, X'z, 0 o o 0 )§ XTe,
: 0 XT22 0 : :
Xy, |=| ¢ : Do : 5, [+]| X,
X"y, 0 0 - - X'Z)\8,) | X'

Jlist mpuMeHeHus: 0000IIEHHOTO METOIa HAMMEHBIIIUX KBaJIPaTOB MOCTPOUM KOBapHAIIH-
OHHYIO MaTpHIly BEKTOpa BO3MYIIICHUI

o, X'X - o X'X - 0,X'X
Zp=| o XX o 0 XX - 0, XX |=X®X'X T

T T T

o, X' X - 0,X X - 0,X°X

3ameHuB Marpuny 2=(0,)ee OUCHKOH S =(s;), MOJyYHM OLCHKY KOBAPHAL[HOHHOH
MaTPHIIBl BEKTOPA BO3MYIICHHIA
_ T
Sy =S(X"X)
Y COOTBETCTBYIOIIYIO O0OPAaTHYIO MaTPHUILY
-1 _ -l T yy-1
Suy=8" X X)" .
Tornma uckoMasi OlleHKa TPEXIIaroBOr0 METO/1a HANMEHBIIINX KBaJPATOB UMEET BU/I:

S=(A"Sy,A) " A"Sy,Z

* IIpsamoe (kpoHekepoBo) mpousBeaeHne Matpunsl A={a;}, i=1, 2,..., n u j=1, 2,...,m n Matpuns! B pasmeprocTu
(kx1) o6o3nauaerca A ® B u npezacrasiser coboit Marpuily pasmeproctu (nkxml) Buma:

a”B anB a]mB
A®B=|a,B - a;B - a,B
an]B anjB ant

Kaxplit ameMeHT 3TOif MaTpHUIIbl IpeACTaBIAeT coboi MaTpuiy a;B pazmepHocTn kx1.
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rae
XT
X'z 0 0 )
0 X'z, 0
A= . A XTyi
0 0 - X'Z
g XTyg

B cnyuae, korna Matpunia % He SBIS€TCS AMAaroHaJbHOM, T. €. KOTAa BO3MYIIEHUS, BXO-
JSIIME B PA3iIMYHbIE CTPYKTYpPHBIE YpPaBHEHHS, 3aBHCHMBI, TpEXIIaroBas MHpoLeaypa HMEET
JTYYIIYI0 aCUMOTOTHYECKYIO 3((PEKTUBHOCTH 110 CPAaBHEHHUIO C JIByXIIaroBOH.

5.1. TpeHupoBOYHBIII IpUMep
IHocTpoenne 3KOHOMETPUYECKOH MOJeJI MUPOBOI0 PbIHKA HepTH

O4eBUAHO, YTO MOJIENH JIOJKHA OTPa)KaTh B3aUMOCBSI3b MEXy TPEMSI OCHOBHBIMHU 3Jie-
MEHTaMHU PHIHOYHOTO MEXaHH3Ma — CIPOCOM, IIEHOM U MpeIoKeHneM (3HAOT€HHBIMU MIEpeMeEH-
HbIMH). B CBOIO ouepenb COCTOSIHME YKa3aHHBIX JIEMEHTOB B KaXK/Iblii MOMEHT BPEMEHU MOXHO
0XapaKTepPHU30BaTh C MOMOILBIO CUCTEMBI OOBSCHSIONIUX, IK30T€HHBIX EPEMEHHBIX.

Cucrema BKIIOYaeT OOIIEXO3MCTBEHHBIE U TOBAPHO-PBIHOYHBIE MOKa3arenu. OO61mexo-
3AMCTBEHHbIE MOKA3aTEeNIM OTPAKAIOT HIKOHOMHMUYECKHE MPOLECCHI, MPOUCXOASIINE B MUPE U OT-
JIENbHBIX CTpaHax, M AT MpeacTaBiIeHue o (GOHE, Ha KOTOPOM MPOUCXOIUT Pa3BUTHE PBIHKA.
Bropas rpynmna nokasaresneil oTpaxaer sBJICHUs, KOTOPbIE XapaKTepHb! /Ui peiHKa HepTH. Oco-
ObIif MHTEpEC MPECTABIISIOT MOKA3aTeN!, 00IaJaf0IINe ONepeKaroInM dPPEKTOM (BpeMEHHBIM
JlaroM) Mo OTHOLIEHHUIO K JJMHAMUKE HJOTCHHBIX IEPEMEHHBIX KOHBIOHKTYPBI PbIHKA HE(TH.

[Tpu BBIOOpE SK30TE€HHBIX MEPEMEHHBIX YUYUTHIBAJIOCh, YTO COCTOSIHUE PbIHKAa HE(TH B
71100011 MOMEHT BPEMEHH OINpEEseTCss He TOJIBKO €ro BHYTPEHHUMH (PakTOpaMu, HO U COCTOS-
HUEM BHEILHEH Cpefbl, T.€. 00IIEX035ICTBEHHON KOHBIOHKTYPBI BCEIO MUPOBOTO XO35MCTBA, U,
B MIEPBYIO OYepesib, TMHAMUKON BOCIPOU3BOJCTBEHHOTO IIMKJIA, COCTOSIHUEM JIEIOBOM aKTUBHO-
CTH B OTPACISX-NOTPEOUTENSX, TONOKEHUEM B KPEAUTHO-ACHE)KHON W BAIIOTHO-()MHAHCOBOU
cdepax SKOHOMHUKHU.

3aBepIIarONIMM JTanoM pa3paboTKH MOEIN HCCIIEeyeMOro PhIHKA SBIISIETCS €€ pealn3a-
usi. Ha naHHOM »Tane maTteMatudeckas Mojeib GopMHUpYeTCsl B O0IIEeM BHJIE, OLIEHUBAIOTCA €€
napaMeTpsl, IPOBOAUTCS COJEpkKATeNbHAasl SKOHOMUUYECKas UHTEPIPETaL|s, BBISICHSIIOTCS CTaTH-
CTMYECKHE U MIPOTHOCTUYECKUE CBOMCTBA MOJICIH.

ITpu mocTpoeHnM MOAEIM MCIOJB30BAJIaCh CHCTEMa IOKa3aTelel, OCHOBAHHAs Ha €Ke-
KBapPTAJIbHBIX JAMHAMHUECKUX psAlax 3a mocienHue 15 jer, KoTopas XapakTeph3yeT OCHOBHBIE
CTOPOHBI PhIHKA He()TH B SKOHOMHUYECKOM, BDEMEHHOM U Te0orpaduIeckoM acreKTax.

Vcnonp30BaHue KOPPEISIMOHHOTO aHAJIM3a Ha 3Tare NpeABapUTeNIbHONM 00paboTKU JaH-
HBIX MO3BOJIMJIO OTPAaHUYUThH KPYT UCHOJb3yEMbIX MOKa3aresnel (IepBOHayalbHO X ObLIO Oosee
100), BeIOpaTh Ui AaibHEHIIEro aHajlu3a TaKue, KOTOpble OTPa)XaioT BO3JEHCTBHE OCHOBHBIX
(daxkTopoB Ha PHIHOK He(TH M HaMOOJIEee TECHO CBA3aHBI C JMHAMHKOHN IMOKa3aTeseil KOHBIOHKTY-
pol. IIpu 3TOM peranach Takke 3a1a4a UCKIFOUEHHs! BAUSAHUS MYyJIbTHKOJUTMHEAPHOCTH.

Mogenb cTpomsach UCXOAs M3 NMPEANOCHUIKH, YTO BEJIMYMHA CIIpoca uUrpaer Oonee ak-
TUBHYIO POJIb, YeM (PAKTOPbI MPEJIOKEHUS U LIeHbl. PeKypcuBHast MOJEINb BKIIIOYAET JIMHEHHbIE
PEerpecCHOHHbIE YPaBHEHUS ISl CIEAYIOLUX SHAOTC€HHBIX IEPEMEHHBIX B MOMEHT BPEMEHU t:

Y1 — 3Kkcnopt HedTu u3 ctpad OIIEK;

yat — Ao0bra Hedtr B crpanax OITEK;
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Y3 — LIeHa Ha He(DTh JIETKYIO apaBUHCKYIO.

B Mozens BouuIM npeonpeielieHHbIe TepeMEHHbIE:

V311 — LIEHa HA HE(PTh JIETKYIO apaBUHCKYIO C JaroM B 1 KBapTaim;

X6+ — MIOCTaBKU He(TU Ha nepepaboTKy B AMOHUIO;

X7.1 — HocTaBKu He(ptn Ha nepepabotky B CILIA B MOMEHT t-1;

X9+ — KOMMepUeckue 3anachl HeTH B cTpaHax 3amaaHoil EBporbr;

X101 — KoMMepueckue 3anacsl Hetu B CLLA ¢ marom B 1 kBapTain;

X12¢ — 9Kenopt HedTu u3 ObiBiiero CCCP B pa3BUTHIE CTPaHBI;

X202 — UHAEKC 3KkcnopTHBIX 1leH OOH Ha TomnuBo c yaroMm B 2 KBapTaja, a Xzo.3 — B
3 kBapTaia;

X231 — 3arpy3Ka MPOM3BOACTBCHHBIX MOIIHOCTEH 00pabaThIBatoIiell MPOMBIILICHHOCTH
CIIA;

~—— — MoKa3aTellb, YYUTHIBAIONINI TucOaanc Ha phIHKE HE()TH B MOMEHT BPEMEHH t.

DKOHOMETpUYECKasi MOJIeb KOHBIOHKTYPBI PbIHKA HE()TH UMEET BH/I:

j}u =4,2x,,+0,.8x,,_,+1,5x,,— 0,6x,,+ 2,Ix,, ,— 0,4x,,, ,—169,2

(8,5) 9,7) 9,7) (-9,0) (9,0 (-9,4) (-2.,5)
j/u =0,9 Yt 0,8x7,,71 + O,3x20,,73 —-64,0

(12,0) (2,4) 1,8) (-LD
A Yis
Vi, = 0,5 Vst 16,2—+ 0,2x20’t73 + O,3x23,,71 -32,6

(5. Yo (4,1 (4.1) (=2,0)
1,4)

AHanIM3 CTaTUCTUYECKUX XapaKTEPUCTUK MOJETH MOKa3al, YTO B IIEJIOM OHA a/IeKBAaTHO
OIKCBIBAET PHIHOK HEPTH — BCE ypaBHEHHs 3HAYUMBI, OOBACHSIOT OT 67% 10 92% nucnepcun
SHJOTCHHBIX MEPEMEHHBIX U XapaKTePH3YIOTCSI HE3HAYUTEIbHBIMH OTKJIOHEHHSIMHU PACUETHBIX
3HAQYEHUH HHJIOTEHHBIX NMEPEMEHHBIX OT (PaKTHUYECKHUX. 3HAYUMOCTh KOA(P(PHUIHUEHTOB MOJEIH
IpoBEpsUIach MO t-KPUTEPHUIO, PaCUETHHIC 3HAUEHHs KOTOPBIX yKa3aHbl B CKOOKax IOJ] COOTBET-
CTBYIOIIUMH KO3 PHUIIMEHTAMH.

[TocTpoeHHass MOJIENTb IO3BOJISICT AHATM3UPOBATH PA3IMYHBIC CUTYAI[H Pa3BUTHUS PHIHKA
HEPTH.
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BriBoabI

B yde6HOM mocoOun paccMaTpUBalOTCs OCHOBHBIE TEOPETHUECKUE TOJI0KEHUS Hanboee
4acTO BCTPEYAEMBIX B MPAKTHKE SKOHOMHUYECKOTO aHAJIN3a MaTeMaTHKO-CTATUCTUYECKUX METO-
JI0B (KOppENSLIMOHHBIN, PErPECCUOHHBIN aHAJIN3bl), TUIIOJIOTUYECKAsl perpeccus (KiacTepHbIN
aHaJu3), a TAK)Ke MPOU3BOJCTBEHHBIE (DYHKIIMU U CUCTEMBI OJHOBPEMEHHBIX YPaBHEHHH.

3HaynTeNbHOE BHUMAHHUE YJEISETCS JIOTHYECKOMY aHaJIN3y MCXOAHOW MH(pOpMaLuu M
HKOHOMMYECKOW MHTEpIpEeTalvi MOIy4aeMblX pe3ynbTaToB. [locoOue cHabkeHO JOCTaTOUYHBIM
YHUCIOM NOAPOOHO pa3pabOTaHHBIX TUIOBBIX IPUMEPOB U CKBO3HBIX 33144, B3STHIX U3 YKOHOMHU-
YECKOM MPAKTUKU U PEIIEHHBIX C UCI0JIb30BaHneM DBM.

CKBO3HBIE MPUMEPHI MIUTIOCTPUPYIOT HEOOXOIUMOCTh KOMIUIEKCHOTO MPUMEHEHHs Ma-
TEMaTUKO-CTaTUCTUUECKUX METOJOB IPU PEUICHUHM COLMAIbHO-3KOHOMHUYECKUX 3anad. [lpu
ATOM KOPPEJSLIMOHHBIM aHaNN3, C OJJHOM CTOPOHBI, UCHOJIB3YETCS Ha 3Tale MpeBapUTeIbHOIO
aHaiM3a JJis BBIABIECHUS MYJIbTUKOJUIMHEAPHOCTH, a C IPYroi — MPH OLIEHKE aJeKBaTHOCTU per-
peccuoHHoi Mozenu. IIpu okoHUaTeabHOM BBIOOpPE MOAEIH B paboTe PEKOMEHIYEeTCsl MCIONb-
30BaTh KaKk S3KOHOMHUYECKHE, TaK U CTATUCTUYECKUE KPUTEPHH.

B mocobun Taxke paccMaTpuBaIOTCS HMPOM3BOJCTBEHHBbIE (DYHKIMM M CHUCTEMbI OIHO-
BPEMEHHBIX 3KOHOMETPUUECKUX YPABHEHUH.

VYuyebHoe mocoOue MpeiHa3HAYeHO JUIsl CTYJIEHTOB, M3y4yarolliX MHOTOMEpHBIE CTaTH-
CTHYECKUE METObI, U CIICIUAIUCTOB, KEJAIONIMX MMOBBICUTh CBOIO KBAJTH(HUKAIMIO MO COBpE-
MEHHBIM 3KOHOMETPUYECKUM METO/1aM.
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7. llpunoxeHust

MATEMATHUKO-CTATUCTUYECKHUE TABJUIbI
Memoouueckue ykasanus K UcCnoib308aHUI0 HeKOMOpslX mad.aiuy
B Tabauue 1 npotaGynupoBana GyHKIHS

o= 2 fe 2 .

2110
f(t) — IIOTHOCTH HOPMUPOBAHHOW HOPMAIBLHO PACIPEICICHHON CIy4YailHON BETMYHMHBI
TE€ N(0,1).
BeposiTHOCTh Momaganus cay4aiHOi BeaMdYMHbl T B MHTEpPBAI OT t; A0 t; BBIYMCIISIETCS
o popmyre

P(tl<T<tz)=;[®(f2)—q’(f1)]-

d(t) obamaet ciueayomUMHA CBOMCTBAMHU:
D(-t) =— D(t); P(O)=1; D3)=0,9973.
Ipumep:

P(—-136<T<2]15) :l [D(2,1 5)—CD(—1,36)]=; [0,9684+0,8262] = 0,8973.
2

B tabnune 2 nporaOyinupoBaHa BepOSTHOCTh BBIXOJIA 33 MPEAEbl HHTEpBaIa OT -t 10 +t
ClIyyallHOW BeNWYHMHBI, UMEIoNIe pacnpeneneHue CTbroAeHTa (t—pacmpenesieHue) ¢ YUCIOM
CTeTeHeH cBOOOIBI V.

a=St(t;v) = P(\T\ > 1)
f(t; V) —mmotHocTh pacmpeneneHuss CThIOJIEHTA C YHCIIOM CTeneHel cBoOOIbI V.
f(t) /N V)

O(t) “
o a
2

t 0 t T -t 0 t T

BepostHOCTh monaganus ciiydyalHOW BeIWYMHBI T B MHTEpBal OT t; 4O t) BBIYUCISAETCS
no opmyine

1
P <T<ty)=_[St(t)=St(t,)}
Oyukuus St(t) obnanaet cneayomuMu cBoictBamu: St(-t) = 2 — St(t);

St (00)=0; St(-00)=2; St(0)=1.
IIpumep: npu V =10 onpenenuth

P(-1,36 < T <2,15) :%[St(—1,36)—St(2,15)] = %[2—St(1,36) -
—St(2,15)] = %[2 —St(1,372) - St(2,228)] = %[2 ~0,2-0,05]=0,875.
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UtoOnl HE mpuberaTh K MHTEPIIOJSIUN, B CTPOKE, COOTBEeTCTBYIOMEeH V=10, MBI B3s11
Ombkaiiiime K 3aJaHHbIM 3HaueHusM 1,36 u 2,15.

Kaxxgas ctpoka TabnuIbl OTBEYAET t-pacipeieIeHHuI0, C COOTBETCTBYIOIUM YHCIIOM CTe-
reHeil cBo0oabl V .

B Tabnuine 3 mporaOyimpoBaHa BEpOSTHOCTh TOTO, YTO HAOIIOJaeMOE 3HAUCHUE CITydaii-

HOMW BEJIMYMHBI Xz, uMeroIIen pacrpeaenenne [lupcona (Xu-kBaapar pacrpeesieHHe) ¢ YUCIOM

CTEeTeHe cBOOOIbI V, MPEBBICUT TA0JIMYHOE 3HAUCHUE X2 a6

N (X% v)

Pi (XTaﬁn; V)

2
0 X2Ta6ﬂ X

Ha puc. 3 npexacrasier rpaduk QyHKIHH (X ra6;) — ILIOTHOCTH Y~ — PACIIPEICICHHUS C
YHCJIOM CTETIEHEeH CBOOOIBI V.

f( XZ a6 Y) — TDIOTHOCTH Xz- pacrpeiesieHus ¢ YUCIIOM CTETIeHEe cBOOOIBI V.
BeposTHOCTh Momaanus ClydaiiHOW BETHYHHBI X2 B MHTEPBAJI OT X12 bigo) X% BBIYHUCIIA-

ercs 1o (hopmyne
PO} <x* <x3) =P’ >x))—Px* >x3) =P.(x))—P.(x3)

OyHKIMA Pl,(x2 Ta6n) o01aiaeT CIIeAYIOIUMHU CBOMCTBAMH:

P; (0)=1; P;(00)=0.

[Ipumep: npu V=10 onpenenurs

P(2,5< 7% <19,0) = P(2,5)— P(19,0) = P(2,558) - P(18,307) =

=0,99-0,05=0,94.

YrtoObl He puberaTh K MHTEPIONSIMYA B CTPOKE TaOJIHUIIbI, COOTBETCTBYIOMIEH V=10, MBI
B3s11M OJIMKaiIIne K 3aJaHHbIM 3HaueHusM 2,5 u 19,0.

Kaxxnas CTpOKa Ta6J'II/IIIH OTBC€YACT XZ- pacnpeaciiCHUI0 ¢ COOTBETCTBYIOIIUM YK CIIOM

cTeneHeii cBoOOIbI V.

B Tabmuue 4 s cioyuaiiHoi BenmmuuHbl F, umeromei 3akoH pacnpeneneHust Ouirepa-
Cuenexopa (F-pacnpenenenue), ¢ unciamu cTeneHeil cBoOOAbI YUCIUTENs V| U 3HAMEHATess
V,, npotabynupoBaHbl TpU TAOIMUYHBIX 3HAYEHUS, COOTBETCTBYIOIIHME TPEM BEPOSTHOCTIM
(YPOBHSIM 3HAUUMOCTH):

=P (F>Fu:) =005 0,01 u 0,001.
Ipumep. Yposuto 3Haunmoctd A = 0,01 u ymcnam cremneHei cBoOOABl YUCIHTENS V=5 U
3HamMeHaTeNst V=7 COOTBETCTBYET Fiy6,=7,46.
Craructuka F ctpoutcst Takum 006pa3om, 4To0bl HabIt01aeMoe 3HaYeHUE ObLIIO HE MEHBIIIE €/IH-
HUIIBL

50



MMPUIJIIOXEHUA

51



MMPUIJIIOXEHUA

52



MMPUIJIIOXEHUA

53



MMPUIJIIOXEHUA

54



MMPUIJIIOXEHUA

55



MMPUIJIIOXEHUA

56



MMPUIJIIOXEHUA

57



MMPUIJIIOXEHUA

58



MMPUIJIIOXEHUA

59



MMPUIJIIOXEHUA

60



MMPUIJIIOXEHUA

61



MMPUIJIIOXEHUA

62



MMPUIJIIOXEHUA

63



HopMaJibHbIH 3aK0H pacnpeaejaeHus
3uavenue pynkuuum Dt)=P (T| < t6,)

Tabauya 1

Lenbie u CoTbele gonu t
JIECATUYHBIE
monu t 0 1 2 3 4 5 6 7 8 9

0,0 0,0000 0,0080 0,0160 0,0239 0,0319 0,0399 0,0478 0,0558 0,0638 | 0,0717
0,1 0797 0876 0955 1034 1113 1192 1271 1350 1428 1507
0,2 1585 1663 1741 1819 1897 1974 2051 2128 2205 2282
0,3 2358 2434 2510 2586 2661 2737 2812 2886 2960 3035
0.4 3108 3182 3255 3328 3401 3473 3545 3616 3688 3759
0,5 3829 3899 3969 4039 4108 4177 4245 4313 4381 4448
0,6 4515 4581 4647 4713 4778 4843 4907 4971 5035 5098
0,7 5161 5223 5285 5346 5407 5467 5527 5587 5646 5705
0,8 5763 5821 5878 5935 5991 6047 6102 6157 6211 6265
0,9 6319 6372 6424 6476 6528 6579 6629 6679 6729 6778

s 0,6827 0,6875 0,6923 0,6970 0,7017 0,7063 0,7109 0,7154 0,7199 | 0,7243
1,1 7287 7330 7373 7415 7457 7499 7540 7580 7620 7660
1,2 7699 7737 7775 7813 7850 7887 7923 7959 7994 8029
1,3 8064 8098 8132 8165 8198 8230 8262 8293 8324 8355
1,4 8385 8415 8444 8473 8501 8529 8557 8584 8611 8638
1,5 8664 8690 8715 8740 8764 8789 8812 8836 8859 8882
1,6 8904 8926 8948 8969 8990 9011 9031 9051 9070 9090
1,7 9109 9127 9146 9164 9181 9199 9216 9233 9249 9265
1,8 9281 9297 9312 9327 9342 9357 9371 9385 9399 9412
1,9 9426 9439 9451 9464 9476 9488 9500 9512 9523 9534
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Oxonuanue mabn. 1

Lensie u CoTwie gonmt
JIECITUIHBIC

Jonu t 0 1 2 3 4 5 6 7 8 9
2,0 0,9545 | 0,9556 0,9566 0,9576 0,9586 0,9596 0,9606 0,9616 0,9625 | 0,9634
2,1 9643 9651 9660 9668 9676 9684 9692 9700 9707 9715
2,2 9722 9729 9736 9743 9749 9756 9762 9768 9774 9780
2,3 9786 9791 9797 9802 9807 9812 9817 9822 9827 9832
2,4 9836 9841 9845 9849 9853 9857 9861 9865 9869 9872
2,5 9876 9879 9883 9886 9889 9892 9895 9898 9901 9904
2,6 9907 9910 9912 9915 9917 9920 9922 9924 9926 9928
2,7 9931 9933 9935 9937 9939 9940 9942 9944 9946 9947
2,8 9949 9951 9952 9953 9955 9956 9958 9959 9960 9961
2,9 9963 9964 9965 9966 9967 9968 9969 9970 9971 9972
3,0 0,9973 0,9974 0,9975 0,9976 0,9976 0,9977 0,9978 0,9979 0,9979 | 0,9980
3,1 9981 9981 9982 9983 9983 9984 9984 9985 9985 9986
3,5 9995 9996 9996 9996 9996 9996 9996 9996 9997 9997
3,6 9997 9997 9997 9997 9997 9997 9997 9998 9998 9998
3,7 9998 9998 9998 9998 9998 9998 9998 9998 9998 9998
3,8 9999 9999 9999 9999 9999 9999 9999 9999 9999 9999
3,9 9999 9999 9999 9999 9999 9999 9999 9999 9999 9999
4,0 0,999936 | 9999 9999 9999 9999 9999 9999 9999 9999 9999
4.5 0,999994 - - - - - - - - -
5,0 - - - - - - - - -

0,99999994
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Pacnpeneaenmue

CrpoaenTta (t-pacnpeneneHue)

Tabauya 2

BepostHocTh o=St(t)=P (|T|> tues
\ 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1 0,05 0,02 0,01 0,001
1 | 0,158 0,325 0,510 | 0,727 | 1,000 1,376 1,963 | 3,078 | 6,314 | 12,706 | 31,821 | 63,657 | 636,619
2 | 0,142 0,289 | 0,445 | 0,617 | 0,816 1,061 1,386 | 1,886 | 2,920 | 4,303 6,965 9,925 31,598
3 | 0,137 0,277 | 0,424 | 0,584 | 0,765 0,978 1,250 | 1,638 | 2,353 | 3,182 | 4,541 5,841 12,941
4 | 0,134 | 0,271 0,414 | 0,569 | 0,741 0,941 1,190 | 1,533 | 2,132 | 2,776 3,747 4,604 8,610
51 0,132 0,267 | 0,408 | 0,559 | 0,727 0,920 1,156 | 1,476 | 2,015 | 2,571 3,365 4,043 6,859
6 | 0,131 0,265 0,404 | 0,553 | 0,718 0,906 1,134 | 1,440 | 1,943 | 2,447 3,143 3,707 5,959
7 | 0,130 | 0,263 0,402 | 0,549 | 0,711 0,896 1,119 | 1,415 | 1,895 | 2,365 2,998 3,499 5,405
8 | 0,130 | 0,262 | 0,399 | 0,546 | 0,706 0,889 1,108 | 1,397 | 1,860 | 2,306 | 2,896 3,355 5,041
9 | 0,129 | 0,261 0,398 | 0,543 | 0,703 0,883 1,100 | 1,383 | 1,833 | 2,262 | 2,821 3,250 4,781
10 | 0,129 | 0,260 | 0,327 | 0,542 | 0,700 0,879 1,093 | 1,372 | 1,812 | 2,228 2,764 3,169 4,583
11| 0,129 | 0,260 | 0,396 | 0,540 | 0,697 0,876 1,088 | 1,363 | 1,796 | 2,201 2,718 3,106 4,437
12 | 0,128 0,259 | 0,395 | 0,539 | 0,695 0,873 1,083 | 1,356 | 1,782 | 2,179 | 2,681 3,055 4,318
13 | 0,128 0,259 | 0,394 | 0,538 | 0,694 | 0,870 1,079 | 1,350 | 1,771 | 2,160 | 2,650 3,012 4,221
14 | 0,128 0,258 0,393 | 0,537 | 0,692 0,868 1,076 | 1,345 | 1,761 | 2,145 2,624 2,977 4,140
15| 0,128 0,258 0,393 | 0,536 | 0,091 0,866 1,074 | 1,341 | 1,753 | 2,131 2,602 2,947 4,073
16 | 0,128 0,258 0,392 | 0,535 | 0,690 0,865 1,071 | 1,337 | 1,746 | 2,120 | 2,583 2,921 4,015
17 | 0,128 0,257 | 0,392 | 0,534 | 0,689 0,863 1,069 | 1,333 | 1,740 | 2,110 | 2,567 2,898 3,965
18 | 0,127 | 0,257 | 0,392 | 0,534 | 0,688 0,862 1,067 | 1,330 | 1,734 | 2,101 2,552 2,878 3,922
19 | 0,127 0,257 | 0,391 | 0,533 | 0,688 0,861 1,066 | 1,328 | 1,729 | 2,093 2,539 2,861 3,833
20 | 0,127 | 0,257 | 0,391 | 0,533 | 0,687 0,860 1,064 | 1,325 | 1,725 | 2,086 | 2,528 2,845 3,850
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Oxonuanue mabn. 2

BepostuocTb o=St(t)=P (|T|> traen)

% 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1 0,05 0,02 0,01 0,001
21 0,127 | 0,257 | 0,391 | 0,532 | 0,686 0,859 1,063 | 1,323 | 1,721 | 2,080 | 2,518 | 2,831 3,819
22 | 0,127 | 0,256 | 0,390 | 0,532 | 0,686 0,858 1,061 | 1,321 | 1,717 | 2,074 | 2,508 | 2,819 3,792
23 0,127 | 0,256 | 0,390 | 0,532 | 0,685 0,868 1,060 | 1,319 | 1,714 | 2,069 | 2,500 | 2,807 3,767
24 | 0,127 | 0,256 | 0,390 | 0,531 | 0,685 0,857 1,059 | 1,318 | 1,711 | 2,064 | 2,402 | 2,797 3,745
25 0,127 | 0,256 | 0,390 | 0,531 | 0,684 0,856 1,058 | 1,316 | 1,708 | 2,060 | 2,485 | 2,787 3,725
26 | 0,127 | 0,256 | 0,390 | 0,531 | 0,684 0,856 1,058 | 1,315 | 1,706 | 2,056 | 2,479 | 2,779 3,707
27 | 0,127 | 0,256 | 0,389 | 0,531 | 0,684 0,855 1,057 | 1,314 | 1,703 | 2,052 | 2,473 | 2,771 3,690
28 | 0,127 | 0,256 | 0,389 | 0,530 | 0,683 0,855 1,056 | 1,313 | 1,701 | 2,048 | 2,467 | 2,763 3,674
29 | 0,127 | 0,256 | 0,389 | 0,530 | 0,683 0,854 1,055 | 1,311 | 1,699 | 2,045 | 2,462 | 2,756 3,659
30 | 0,127 | 0,256 | 0,389 | 0,530 | 0,683 0,854 1,055 | 1,310 | 1,697 | 2,042 | 2,457 | 2,750 3,646
40 | 0,126 | 0,255 | 0,388 | 0,529 | 0,681 0,851 1,050 | 1,303 | 1,684 | 2,021 | 2,423 | 2,704 3,551
60 | 0,126 | 0,254 | 0,387 | 0,527 | 0,679 0,848 1,046 | 1,296 | 1,671 | 2,000 | 2,390 | 2,660 3,460
120 | 0,126 | 0,254 | 0,386 | 0,526 | 0,677 0,845 1,041 | 1,289 | 1,658 | 1,980 | 2,358 | 2,617 3,373
0 0,126 | 0,253 | 0,385 | 0,524 | 0,674 0,842 1,036 | 1,282 | 1,645 | 1,960 | 2,326 | 2,576 3,291
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Pacnpenenenue Ilupcona (xz-pacnpeneneﬂne) Tabnuya 3
3HaueHHus xzmﬁﬂ Jis BeposiTHOcTei P ()(2 > XzTaﬁ.n)
BeposartHocTs

v 0,999 0,995 0,99 0,98 0,975 0,95 0,90 0,80 0,75 0,70 0,50

1 0,05157 0,04393 0,03157 0,03628 0,03982 0,00393 0,0158 0,0642 0,102 0,148 0,455

2 0,00200 0,0100 0,0201 0,0404 0,0506 0,103 0,211 0,446 0,575 0,713 1,386

3 0,0243 0,0717 0,115 0,185 0,216 0,352 0,584 1,005 1,213 1,424 2,366

4 0,0908 0,207 0,297 0,429 0,484 0,711 1,064 1,649 1,923 2,195 3,357

5 0,210 0,412 0,554 0,752 0,831 1,145 1,610 2,343 2,675 3,000 4,351

6 0,381 0,676 0,872 1,134 1,237 1,635 2,204 3,070 3,455 3,828 5,348

7 0,598 0,989 1,239 1,564 1,690 2,167 2,833 3,822 4,255 4,671 6,346
8 0,857 1,344 1,646 2,032 2,180 2,733 3,490 4,594 5,071 5,527 7,344
9 1,152 1,735 2,088 2,532 2,700 3,325 4,168 5,380 5,899 6,393 8,343

10 1,479 2,156 2,558 3,059 3,247 3,240 4,865 6,179 6,737 7,267 9,342
11 1,834 2,603 3,053 3,609 3,816 4,575 5,578 6,989 7,584 8,148 10,341
12 2,214 3,074 3,571 4,178 4,404 5,226 6,304 7,807 8,438 9,034 11,340
13 2,617 3,565 4,107 4,765 5,009 5,892 7,042 8,634 9,299 9,926 12,340
14 3,041 4,075 4,660 5,368 5,629 6,571 7,790 9,467 10,165 10,821 13,339
15 3,483 4,601 5,229 5,985 6,262 7,261 8,547 10,307 11,036 11,721 14,339
16 3,942 5,142 5,812 6,614 6,908 7,962 9,312 11,152 11,912 12,624 15,338
17 4,416 5,697 6,408 7,255 7,564 8,672 10,085 12,002 12,892 13,531 16,338
18 4,905 6,265 7,015 7,906 8,231 9,390 10,865 12,857 13,675 14,440 17,338
19 5,407 6,844 7,633 8,567 8,907 10,117 11,651 13,716 14,562 15,352 18,338
20 5,921 7,434 8,260 9,237 9,591 10,871 12,443 14,578 15,452 16,266 19,337
21 6,447 8,034 8,897 9,915 10,283 11,591 13,240 15,445 16,344 17,182 20,337
22 6,983 8,643 9,542 10,600 10,982 12,338 14,041 16,314 17,240 18,101 21,337
23 7,529 9,260 10,196 11,293 11,688 13,091 14,848 17,187 18,137 19,021 22,337
24 8,035 9,886 10,856 11,992 12,401 13,848 15,659 18,062 19,037 19,943 23,337
25 8,649 10,520 11,524 12,697 13,120 14,611 16,173 18,940 19,939 20,887 24,337
26 9,222 11,160 12,198 13,409 13,844 15,379 17,292 19,820 20,843 21,792 25,336
27 9,803 11,808 12,879 14,125 14,573 16,151 18,114 20,703 21,749 22,719 26,136
28 10,391 12,461 13,565 14,847 15,308 16,928 18,937 21,588 22,657 23,617 27,336
29 10,986 13,121 14,256 15,574 16,047 17,708 19,768 22,475 23,567 24,577 28,336
30 11,588 13,787 14,953 16,306 16,791 18,493 20,599 23,364 24,478 25,508 29,336
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Oxkonuanue maon. 3

BepositHOCTB

\% 0,30 0,25 0,20 0,10 0,05 0,025 0,02 0,01 0,005 0,001
1 1,074 1,323 1,642 2,706 3,841 5,024 5,412 6,635 7,879 10,827
2 2,408 2,773 3,219 4,605 5,991 7,378 7,824 9,210 10,597 13,815
3 3,665 4,108 4,642 6,251 7,815 9,348 9,837 11,345 12,838 16,268
4 4,878 5,385 5,989 7,779 9,488 11,143 11,668 13,277 14,860 18,465
5 6,064 6,626 7,289 9,236 11,070 12,839 13,388 15,086 16,750 20,517
6 7,231 7,841 8,558 10,645 12,592 14,449 15,033 16,812 18,548 22,457
7 8,383 9,037 9,803 12,017 14,067 16,013 16,622 18,475 20,278 24,322
8 9,524 10,219 11,030 13,362 15,507 17,535 18,168 20,090 21,955 26,125
9 10,656 11,389 12,242 14,684 16,919 19,023 19,679 21,666 23,589 27,877
10 11,781 12,549 13,412 15,987 18,307 20,483 21,161 23,209 25,188 29,588
11 12,899 13,701 14,631 17,275 19,675 21,920 22,618 24,725 26,757 31,264
12 14,011 14,845 15,812 18,549 21,026 23,337 24,054 26,217 28,300 32,909
13 15,119 15,984 16,985 19,812 22,362 24,736 25,472 27,688 29,819 34,528
14 16,222 17,117 18,151 21,064 23,685 26,119 26,873 29,141 31,319 36,123
15 17,322 18,245 19,311 22,307 24,996 27,488 28,259 30,578 32,801 37,697
16 18,418 19,369 20,465 23,542 26,296 28,845 29,633 32,000 34,267 39,252
17 19,511 20,489 21,615 24,769 27,587 30,191 30,995 33,409 35,718 40,790
18 20,601 21,605 22,760 25,989 28,869 31,526 32,346 34,805 37,156 42,312
19 21,689 22,718 23,900 27,204 30,144 32,852 33,687 36,191 38,582 43,820
20 22,775 23,828 25,038 28,412 31,410 34,170 35,020 37,566 39,997 45315
21 23,858 24,935 26,171 29,615 32,671 35,479 36,343 38,932 41,401 46,797
22 24,939 26,039 27,301 30,813 33,924 36,781 37,659 40,289 42,796 48,268
23 26,018 27,141 28,429 32,007 35,172 38,076 38,968 41,638 44,181 49,728
24 27,096 28,241 29,553 33,196 36,415 39,364 40,270 42,980 45,558 51,170
25 28,172 29,339 30,675 34,382 37,652 40,046 41,566 44314 46,928 52,620
26 29,246 30,434 31,795 35,563 38,885 41,923 42,856 45,642 48,290 54,052
27 30,319 31,528 32,912 36,741 40,113 43,194 44,140 46,963 49,645 55,476
28 31,391 32,620 34,027 37,916 41,337 44,461 45,419 48,278 50,993 56,893
29 32,461 33,711 35,139 39,087 42,557 45,722 46,693 49,588 52,336 58,302
30 33,530 34,800 36,250 40,256 43,773 46,979 47,962 50,892 53,672 59,703

56




3naueHus Fiu6,, yaoBneTBopstomue yenosuio P (F > Frs,). IlepBoe 3HaueHHE COOTBETCTBYET
BepostHocTH 0,05; BTOpoe — BepostHocT 0,01 u Tpersbe — BepostHoctu 0,001; v; —umcio
CTeIeHer cBOOOAbI YNCIUTENS, Vo _ 3HAMEHATES.

Pacnpenenenne ®Pumepa—-CHengexopa (F-pacnpeneienne)

Tabauya 4

1

2

3

4

5

6

8

12

24

Vi o0 t
)
161,4 199,5 215,7 224.6 230,2 234,0 238,9 243,9 249,0 253,3 12,71
4052 4999 5403 5625 5764 5859 5981 6106 6234 6366 63,66
406523 | 500016 536700 562527 576449 585953 | 598149 | 610598 | 623432 636535 636,2
18,51 19,00 19,16 19,25 19,30 19,33 19,37 19,41 19,45 19,50 4,30
98,49 99,01 00,17 99,25 99,30 99,33 99,36 99,42 99,46 99,50 9,92
998,46 999,00 999,20 999,20 999,20 999,20 999,40 999,60 999,40 999,40 31,00
10,13 9,55 9,28 9,12 9,01 8,94 8,84 8,74 8,64 8,53 3,18
34,12 30,81 29,46 28,71 28,24 27,91 27,49 27,05 26,60 26,12 5,84
67,47 148,51 141,10 137,10 134,60 132,90 130,60 128,30 125,90 123,50 12,94
7,71 6,94 6,59 6,39 6,26 6,16 6,04 5,91 5,77 5,63 2,78
21,20 18,00 16,69 15,98 15,52 15,21 14,80 14,37 13,93 13,46 4,60
74,13 61,24 56,18 53,43 51,71 50,52 49,00 47,41 45,77 44,05 8,61
6,61 5,79 5,41 5,19 5,05 4,95 4,82 4,68 4,53 4,36 2,57
16,26 13,27 12,06 11,39 10,97 10,67 10,27 9,89 9,47 9,02 4,03
47,04 36,61 33,20 31,09 20,75 28,83 27,64 26,42 25,14 23,78 6,86
5,99 5,14 4,76 4,53 4,39 4,28 4,15 4,00 3,84 3,67 2,45
13,74 10,92 9,78 9,15 8,75 8,47 8,10 7,72 7,31 6,88 3,71
35,51 26,99 23,70 21,90 20,81 20,03 19,03 17,99 16,89 15,75 5,96
5,59 4,74 4,35 4,12 3,97 3,87 3,73 3,57 3,41 3,23 2,36
12,25 9,55 8,45 7,85 7,46 7,19 6,84 6,47 6,07 5,65 3,50
29,22 21,69 18,77 17,19 16,21 15,52 14,63 13,71 12,73 11,70 5,40
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IIpoodondicenue maon. 4

12

24

Vi 1 2 3 4 5 6 0 t
V2

8 5,32 4,46 4,07 3,84 3,69 3,58 3,44 3,28 3,12 2,99 2,31
11,26 8,65 7,59 7,10 6,63 6,37 6,03 5,67 5,28 4,86 3,36

25,42 18,49 15,83 14,39 13,49 12,86 12,04 11,19 10,30 9,35 5,04

9 5,12 426 3,86 3,63 3,48 3,37 3,23 3,07 2,90 2,71 2,26
10,56 8,02 6,99 6,42 6,06 5,80 5,47 5,11 4,73 431 3,25

22,86 16,39 13,90 12,56 11,71 11,13 10,37 9,57 8,72 7,81 4,78

10 4,96 4,10 3,71 3,48 3,33 3,22 3,07 2,91 2,74 2,54 2,23
10,04 7,56 6,55 5,99 5,64 5,39 5,06 4,71 4,33 391 3,17

21,04 14,91 12,55 11,28 10,48 9,92 9,20 8,45 7,64 6,77 4,59

11 4,84 3,98 3,59 3,36 3,20 3,09 2,95 2,79 2,61 2,40 2,20
9,65 7,20 6,22 5,67 5,32 5,07 4,74 4,40 4,02 3,60 3,11

19,69 13,81 11,56 10,35 9,58 9,05 8,35 7,62 6,85 6,00 4.49

12 4,75 3,88 3,49 3,26 3,11 3,00 2,85 2,69 2,50 2,30 2,18
9,33 6,93 5,95 5,41 5,06 4,82 4,50 4,16 3,78 3,36 3,06

18,64 12,98 10,81 9,63 8,89 8,38 7,71 7,00 6,25 5,42 4,32

13 4,67 3,80 3,41 3,18 3,02 2,92 2,77 2,60 2,42 2,21 2,16
9,07 6,70 5,74 5,20 4,86 4,62 4,30 3,96 3,59 3,16 3,01

17,81 12,31 10,21 9,07 8,35 7,86 7,21 6,52 5,78 4,97 4,12

14 4,60 3,74 3,34 3,11 2,96 2,85 2,70 2,53 2,35 2,13 2,14
8,86 6,51 5,56 5,03 4,69 4.46 4,14 3,80 3,43 3,00 2,98

17,14 11,78 9,73 8,62 7,92 7,44 6,80 6,13 5,41 4,60 4,14

15 4.45 3,68 3,29 3,06 2,90 2,79 2,64 2,48 2,29 2,07 2,13
8,68 6,36 5,42 4,89 4,56 4,32 4,00 3,67 3,29 2,87 2,95

16,59 11,34 9,34 8,25 7,57 7,09 6,47 5,81 5,10 431 4,07

16 441 3,63 3,24 3,01 2,85 2,74 2,59 2,42 2,24 2,01 2,12
8,53 6,23 5,29 4,77 4.44 4,20 3,89 3,55 3,18 2,75 2,92

16,12 10,97 9,01 7,94 7,27 6,80 6,20 5,55 4,85 4,06 4,02
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IIpooonsicenue mabn. 4

12

24

Vi o0 t
V2

17 4,45 3,59 3,20 2,96 2,81 2,70 2,55 2,38 2,19 1,96 2,11
8,40 6,11 5,18 4,67 4,34 4,10 3,79 3,45 3,08 2,65 2,90

15,72 10,66 8,73 7,68 7,02 6,56 5,96 5,32 4,63 3,85 3,96

18 4,41 3,55 3,16 2,93 2,77 2,66 2,51 2,34 2,15 1,92 2,10
8,28 6,01 5,09 4,58 4,25 4,01 3,71 3,37 3,01 2,57 2,88

15,38 10,39 8,49 7,46 6,81 6,35 5,76 5,13 4,45 3,67 3,92

19 4,38 3,52 3,13 2,90 2,74 2,63 2,48 2,31 2,11 1,88 2,09
8,18 5,93 5,01 4,50 4,17 3,94 3,63 3,30 2,92 2,49 2,86

15,08 10,16 8,28 7,26 6,61 6,18 5,59 4,97 4,29 3,52 3,88

20 4,35 3,49 3,10 2,87 2,71 2,60 2,45 2,28 2,08 1,84 2,09
8,10 5,85 4,94 4,43 4,10 3,87 3,56 3,23 2,86 2,42 2,84

14,82 9,95 8,10 7,10 6,46 6,02 5,44 4,82 4,15 3,38 3,85

21 4,32 3,47 3,07 2,84 2,68 2,57 2,42 2,25 2,05 1,82 2,08
8,02 5,78 4,87 4,37 4,04 3,81 3,51 3,17 2,80 2,36 2,83

14,62 9,77 7,94 6,95 6,32 5,88 5,31 4,70 4,03 3,26 3,82

22 4,30 3,44 3,05 2,82 2,66 2,55 2,40 2,23 2,03 1,78 2,07
7,94 5,72 4,82 4,31 3,99 3,75 3,45 3,12 2,75 2,30 2,82

14,38 9,61 7,80 6,81 6,19 5,76 5,19 4,58 3,92 3,15 3,79

23 4,28 3,42 3,03 2,80 2,64 2,53 2,38 2,20 2,00 1,76 2,07
7,88 5,66 4,76 4,26 3,94 3,71 3,41 3,07 2,70 2,26 2,81

14,19 9,46 7,67 6,70 6,08 5,56 5,09 4,48 3,82 3,05 3,77

24 4,26 3,40 3,01 2,78 2,62 2,51 2,36 2,18 1,98 1,73 2,06
7,82 5,61 4,72 4,22 3,90 3,67 3,36 3,03 2,66 2,21 2,80

14,03 9,34 7,55 6,59 5,98 5,55 4,99 4,39 3,74 2,97 3,75
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Oxonuanue mabn. 4

12

24

Vi o0 t
V2
25 4,24 3,38 2,99 2,76 2,60 2,49 2,34 2,16 1,96 1,71 2,06
7,77 5,57 4,68 4,18 3,86 3,63 3,32 2,99 2,62 2,17 2,79
13,88 9,22 7,45 6,49 5,89 5,46 4,91 431 3,66 2,89 3,72
26 4,22 3,37 2,98 2,74 2,59 2,47 2,32 2,15 1,95 1,69 2,06
7,72 5,53 4,64 4,14 3,82 3,59 3,29 2,96 2,58 2,13 2,78
13,74 9,12 7,36 6,41 5,80 5,38 4,83 4,24 3,59 2,82 3,71
27 4,21 3,35 2,96 2,73 2,57 2,46 2,30 2,13 1,93 1,67 2,05
7,68 5,49 4,60 4,11 3,78 3,56 3,26 2,93 2,55 2,10 2,77
13,61 9,02 7,27 6,33 5,73 5,31 4,76 4,17 3,52 2,76 3,69
28 4,19 3,34 2,95 2,71 2,56 2,44 2,29 2,12 1,91 1,65 2,05
7,64 5,54 4,57 4,07 3,75 3,53 3,23 2,90 2,52 2,06 2,76
13,50 8,93 7,18 6,25 5,66 5,24 4,69 4,11 3,46 2,70 3,67
29 4,18 3,33 2,93 2,70 2,54 2,43 2,28 2,10 1,90 1,64 2,05
7,60 5,42 4,54 4,04 3,73 3,50 3,20 2,87 2,49 2,03 2,76
13,39 8,85 7,12 6,19 5,59 5,18 4,65 4,05 3,41 2,64 3,66
30 4,17 3,32 2,92 2,69 2,53 2,42 2,27 2,09 1,89 1,62 2,04
7,56 5,39 4,51 4,02 3,70 3,47 3,17 2,84 2,47 2,01 2,75
13,29 8,77 7,05 6,12 5,53 5,12 4,58 4,00 3,36 2,59 3,64
60 4,00 3,15 2,76 2,52 2,37 2,25 2,10 1,92 1,70 1,39 2,00
7,08 4,98 4,13 3,65 3,34 3,12 2,82 2,50 2,12 1,60 2,66
11,97 7,76 6,17 5,31 4,76 4,37 3,87 3,31 2,76 1,90 3,36
0 3,84 2,99 2,60 2,37 2,21 2,09 1,94 1,75 1,52 1,03 1,96
6,64 4,60 3,78 3,32 3,02 2,80 2,51 2,18 1,79 1,04 2,58
10,83 6,91 5,42 4,62 4,10 3,74 3,27 2,74 2,13 1,05 3,29
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G — pacnpeneJienue

[Iatu- 1 ogHOMPOIIEHTHOE TIpeIenbl sl oTHOIIeHUs: G HanOoubIel BRIOOPOUHOI Tucnepcun
K cyMMe L BEIOOpOUYHBIX TUCTIEPCHIA, TIOYYEeHHBIX U3 L He3aBHCHMBIX BHIOOPOK 00BHEMOM .
ITepBoe 3HaueHNE COOTBETCTBYET YPOBHIO 3HaUnMMOCTH o = 0,05, a BTopoe — . = 0,01

Tabauya 5

\{ 1 2 3 4 5 6 7 8 9 10 16 36 144 )
L
0,998 0,975 0,939 0,906 0,877 0,853 0,838 0,816 0,801 0,788 0,734 0,660 0,518 0,500
2 0,999 | 0,995 0,979 0,959 0,937 0,917 0,809 0,882 0,867 0,854 0,795 0,700 0,606 0,500
0,967 | 0,871 0,798 0,746 0,707 0,677 0,653 0,633 0,617 0,603 0,547 0,475 0,403 0,333
3 0,993 0,942 | 0,883 0,834 0,903 0,761 0,734 0,711 0,691 0,674 0,606 0,515 0,423 0,333
0,906 | 0,768 0,684 0,629 0,590 0,560 0,537 0,518 0,502 0,488 0,437 0,372 0,309 0,250
4 0,968 0,864 | 0,781 0,721 0,676 0,641 0,613 0,590 0,570 0,554 0,488 0,406 0,325 0,250
0,841 0,684 | 0,598 0,544 0,507 0,478 0,456 0,439 0,424 0,412 0,365 0,307 0,251 0,200
5 0,928 0,789 | 0,696 0,633 0,588 0,553 0,526 0,504 0,485 0,470 0,409 0,335 0,254 0,200
0,781 0,616 | 0,532 0,480 0,445 0,418 0,398 0,382 0,368 0,357 0,314 0,261 0,212 0,167
6 0,883 0,722 | 0,626 0,564 0,520 0,487 0,461 0,440 0,423 0,408 0,353 0,286 0,223 0,167
0,727 | 0,561 0,480 0,431 0,397 0,373 0,354 0,338 0,326 0,315 0,276 0,228 0,183 0,143
7 0,838 0,664 | 0,569 0,508 0,466 0,435 0,411 0,391 0,375 0,362 0,311 0,249 0,193 0,143
0,680 | 0,516 | 0,438 0,391 0,360 0,336 0,319 0,304 0,293 0,283 0,246 0,202 0,162 0,15
8 0,795 0,521 0,463 0,423 0,393 0,370 0,352 0,337 0,325 0,278 0,221 0,170 0,125
0,639 | 0,478 0,403 0,358 0,329 0,307 0,290 0,277 0,266 0,257 0,223 0,182 0,145 0,111
9 0,754 | 0,573 0,481 0,425 0,387 0,359 0,338 0,321 0,307 0,295 0,251 0,199 0,152 0,111
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Tadoaumuma ZnpeodpaszoBan us ®umepa

Z=; {fIn(1+r)-In(1-r)

Tabauya 6

r 0 1 2 3 4 5 6 7 8 9
0,0 0,0000 0,0101 0,0200 0,0300 0,0400 0,0501 0,0601 0,0701 0,0802 0,0902
1 0,1003 0,1104 0,1206 0,1308 0,1409 0,1511 0,1614 | 0,1717 | 0,1820 0,1923
2 0,2027 0,2132 0,2237 0,2342 0,2448 0,2554 0,2661 0,2769 | 0,2877 0,2986
3 0,3095 0,3205 0,3316 0,3428 0,3541 0,3654 0,3767 | 0,3884 | 0,4001 0,4118
4 0,4236 0,4356 0,4477 0,4599 0,4722 0,4847 0,4973 0,5101 0,5230 0,5361
5 0,5493 0,5627 0,5764 0,5901 0,6042 0,6184 0,6328 | 0,6475 0,6625 0,6777
6 0,6932 0,7089 0,7250 0,7414 0,7582 0,7753 0,7928 | 0,8107 | 0,8291 0,8480
7 0,8673 0,8872 0,9077 0,9287 0,9505 0,9730 0,9962 1,0203 1,0454 1,0714
8 1,0986 1,1270 1,1568 1,1881 1,2212 1,2562 1,2933 1,3331 1,3758 1,4219
9 1,4722 1,5275 1,5890 1,6584 1,7381 1,8318 1,9459 | 2,0923 2,2976 2,6467
0,99 2,6466 2,6996 2,7587 2,8257 2,9031 2,9945 3,1063 3,2504 | 3,4534 3,8002
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1

t2

2 3HAYeHHe AJIA HOPpMHUPOBAHHOI'O

Tabauya 7

3navenue mI0oTHOCTH f(t) = —¢
V2
HOPMAJILHOTI'0 3aK0Ha pacnpeneiaenus f(—t) = f(t)
Lensie u ne- Cortrble OJTH t
CATHIE JTOJIN t 0 1 2 3 4 5 6 7 8 9
0,0 0,3989 0,3989 0,3989 0,3988 0,3986 0,3984 0,3982 0,3980 0,3977 0,3973
0,1 3970 3965 3961 3956 3951 3945 3939 3932 3925 3918
0,2 3910 3902 3894 3885 3876 3867 3857 3847 3836 3825
0,3 3814 3802 3790 3778 3765 3752 3739 3726 3712 3697
0,4 3683 3668 3653 3637 3621 3605 3589 3572 3555 3538
0,5 3525 3503 3485 3467 3448 3429 3410 3391 3372 3352
0,6 3332 3312 3292 3271 3251 3230 3209 3187 3166 3144
0,7 3123 3101 3079 3-56 3034 3011 2989 2966 2943 2920
0,8 2897 2874 2850 2827 2803 2780 2756 2732 2709 2685
0,9 2661 2631 2613 2589 2565 2541 2516 2492 2468 2444
1,0 0,2420 0,2396 0,2371 0,2347 0,2323 0,2299 0,2275 0,2251 0,2227 0,2203
1,1 2179 2155 2131 2107 2083 2059 2036 3012 1989 1965
1,2 1942 1919 1895 1872 1849 1826 1804 1781 1758 1736
1,3 1714 1691 1669 1647 1626 1604 1582 1561 1539 1518
1,4 1497 1476 1456 1435 1415 1394 1374 1354 1334 1315
1,5 1295 1276 1257 1238 1219 1200 1182 1163 1145 1127
1,6 1109 1092 1074 1057 1040 1023 1006 0989 0973 0957
1,7 0940 0925 0909 0893 0878 0863 0848 0833 0818 0804
1,8 0790 0775 0762 0748 0734 0721 0707 0694 0681 0669
1,9 0656 0644 0632 0620 0608 0596 0584 0573 0562 0551
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Taoaunnma dPumepa—HeiliTca

3a4CHHUA Ty, HAHACHHBIE JJIS1 YPOBHS 3HAYUMOCTH Ol U YUCEII
CTerneHel cBo0obl vV =1 — 2 B Cily4ae HapHON KOPPETSAILHUU U
v=n—1[1-2,rne | — 4UCIIO0 UCKIIIOUEHHBIX BEJIUYUH B Cllydae
YaCTHOW KOPpEesAILIU

Tabauya 8

JIByCTOpOHHHE I'paHULIbI JIByCTOpOHHHE I'paHULIbI
\% 0,05 0,02 0,01 0,001 Y 0,05 0,02 0,01 0,001
1 0,997 1,000 1,000 1,000 16 0,468 0,543 0,590 | 0,708
2 0,950 0,980 | 0,990 | 0,999 17 0,456 | 0,529 | 0,575 0,693
3 0,878 0,934 | 0,959 0,991 18 0,444 | 0,516 | 0,561 0,679
4 0,811 0,882 0,917 0,974 19 0,433 0,503 0,549 | 0,665
5 0,754 0,833 0,875 0,951 20 0,423 0,492 | 0,537 | 0,652
6 0,707 0,789 0,834 | 0,925 25 0,381 0,445 0,487 | 0,597
7 0,666 0,750 | 0,798 0,898 30 0,349 | 0,409 | 0,449 | 0,554
8 0,632 0,715 0,765 0,872 35 0,325 0,381 0,418 0,519
9 0,602 0,685 0,735 0,847 40 0,304 | 0,358 0,393 0,490
10 0,576 0,658 0,708 0,823 45 0,288 0,338 0,372 0,465
11 0,553 0,634 | 0,684 | 0,801 50 0,273 0,322 | 0,354 | 0,443
12 0,532 0,612 0,661 0,780 60 0,250 | 0,295 0,325 0,408
13 0,514 0,592 0,641 0,760 70 0,232 | 0,274 | 0,302 0,380
14 0,497 0,574 | 0,623 0,742 80 0,217 | 0,257 | 0,283 0,338
15 0,482 0,558 0,606 | 0,725 90 0,205 0,242 | 0,267 | 0,338
100 0,195 0,230 | 0,254 | 0,321
% 0,025 0,01 0,005 | 0,0005 Y 0,025 0,01 0,005 | 0,0005
OIHOCTOPOHHHUE TPAHUIIBI OIHOCTOPOHHHUE TPAHUIIBI
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PYKOBOJACTBO I10 U3YYEHUIO JUCHHUTITJIMHBI

1. desaun, 3a1aun u3y4enusi, cpepa npo¢decCHOHAIBLHOTO NPUMEHEHHUS

Llens mpenomaBanus Kypca — J1aTh CTyJCHTaM Hay4HOE IMPEACTABJICHHE O METOJaX, MO-
JIelsIX W MpUeMax, MO3BOJIAIONIMX MOJy4YaTh KOJUYECTBEHHBIE BBIPAKEHHUS 3aKOHOMEPHOCTEH
SKOHOMHUYECKON TEOopuH Ha 0aze SKOHOMHUUYECKOW CTAaTUCTUKHU C MCIOJIb30BAaHUEM MaTEMaTHKO-
CTaTUCTUYECKOrO MHCTpYMeHTapus. COBpEMEHHbIE COIMATbHO-3KOHOMUYECKHE MPOLIECCHI U SIB-
JICHUS 3aBUCAT OT OOJIBIIIOTO KOJWYECTBA (DAKTOPOB, UX OMPEIEAIOMUX. B CBsI3M ¢ 3THM KBa-
TUQPUIIPOBAHHOMY CIICIIUATICTY HEOOXOAUMO HE TOJIHKO UMETh YETKHE MPEACTABICHUS 00 OC-
HOBHBIX HAIPaBJICHUSAX PA3BUTHUS SKOHOMHKH, HO U YMETh YUYUTHIBATh CJIIOKHOE B3aMMOCBSI3aH-
HOE€ MHOT000pa3ue (PakTopoB, OKA3HIBAIOIINX CYIIECTBEHHOE BIUSHUE HA U3y4aeMBbIil mpoiecc.
Takue nccnenoBaHusl HE BO3MOXKHO MPOBOANTH 0€3 3HAHHUS OCHOB TEOPUHU BEPOATHOCTEH, MaTe-
MAaTUYECKOW CTATUCTUKU, MHOTOMEPHBIX CTATUCTUYECKUX METOJOB M SKOHOMETPHUKH, T.C. JIHUC-
IUTITAH, TTO3BOJISIONIUX UCCIIECOBATENIO Pa300paThCsi B OTPOMHOM KOJIMYECTBE CTOXAaCTUUECKOU
uHGOPMAIIMU W CPEId MHOXKECTBA PA3THUYHBIX BEPOSTHOCTHBIX MOJENEH BBIOPATh €AMHCTBEH-
HYI0, HAWJIYUIITUM 00pa3oM OTPaKaIOIIyI0 M3ydaeMblil Tporiecc win siBiieHne. Kypc paccunran
Ha 64 yaca.

2. Heo0xoauMmblii 00beM 3HAHM JAJ151 H3YYEeHHUS Kypca

Jnist m3yueHust Kypca SJKOHOMETPHUKH CTYICHTaM HEOOXOIUMO 3HAaHHE OCHOB!

— TEOpHUH CTAaTHCTHKH, B KOTOPOH cHOpMyTUpOBaHBI OOIIHE METOBI M MIPHHIUIIBI OII-
peneneHus KOJIMYECTBEHHBIX XapaKTEPUCTUK MaCCOBBIX ITPOLIECCOB U SBJICHUM;

— DKOHOMHYECKOW CTaTHCTUKH, AAIOIIEH IPEICTaBICHUE O HAIPaBICHUAX Pa3BUTHS
HSKOHOMHUKH, O TEMIIAX POCTA LIEH U 3aHATOCTH, O TEHJACHIMIX pa3BUTUSA U 3PPEKTUBHOCTH HC-
II0JIb30BaHNUs PECYPCOB B OTAEIBHBIX OTPACIAX U CEKTOPAaX SKOHOMUKU;

— JMHEWHOM anreOpsl A7 MPOBEJCHUS PACUETOB C MAaTPULIAMH;

—  BbICHIEH MaTeMaTHKH, 00yJarouiel mpueMaM HHTErpUpOBaHUs U U (HEpeHIIMPOBAHNS;

— MaTeMaTU4YEeCKOH CTaTHCTHKH, ONPEACISIONIEH reHepalbHyl0 U BEIOOPOYHYIO COBO-
KyIIHOCTb, BapPMALIMOHHBIC PSBI U UX XAPAKTEPUCTUKH; METOABI CTATUCTUYECKOTO OLIEHUBAHUS
[IapaMeTPOB M CTATUCTUYECKON MPOBEPKU TUIIOTE3 (CTATUCTUUYECKHE KPUTEPUH); METOBI KOppeE-
JSIUUOHHO-PErPECCUOHHOTO aHAJIN3a JUIsl MCCIENOBAaHUS B3aMMOCBA3H MEXKIY 3aBUCUMOM Iepe-
MEHHOH U TPYIIION BIMSIOIUX HA HEE IT0KA3aTENCH;

— MHOTOMEPHBIX CTaTUCTUYECKUX METOJO0B, ITO3BOJISIFOIINX BBIJIEISATH JATEHTHbIE (ak-
TOPBI, CKUMATh IIPU3HAKOBOE IIPOCTPAHCTBO U COMOCTABIIATH N3y4acMbl€ IIPOLECCHI B IPOCTPAH-
CTBE JIATEHTHBIX ()aKTOPOB, IPOBOIUTH MHOTOMEPHYIO KJIacCU(UKAIHUIO;

— BIJIaJIeTh IPUEMaMU CTATUCTUYECKOTO aHaIN3a HEUNCIOBON HHPOPMAIIIH.

B cBoro odepenp maHHBIN Kypc SIBJISETCS OCHOBOM JJISI TUCIUIUIMHBI « DKOHOMETpHUYE-
CKOE MOJEIIMPOBAHUEY.

3aja4ym Kypca.

Hayuutbcs cTpoUTh 5KOHOMUUECKHE MOJEIN U OLIEHUBATh UX TapaMETPhI;

HAY4YMTHCSl MPOBEPSTHh TMIIOTE3bI O CBOMCTBAX IKOHOMMUECKHX IOKa3zarened M ¢dopmax
UX CBSI3U.

B cootBeTcTBHM C LIENBIO Kypca CTyACHTHI AOJKHBI OCBOUTH METOIBI KOJIMYECTBEHHOU
OLICHKHM COLIMAJIbHO-3KOHOMHUYECKHX MPOLIECCOB, HAYUUTHCS COJAEP/KATENbHO UHTEPIPETUPOBATh
(dopManbHbIE PE3yJIbTATHI, MOAEIMPOBATH C MOMOIIBIO MAKETOB MPUKIAIHBIX ImporpamMm STA-
TISTICA, SPSS u ap.
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PYKOBOJACTBO I10 U3YYEHUIO JUCHHUTITJIMHBI

B kxypce onmchiBatoTcs GOpMBI M THITBI KJIACCHYECKUX SKOHOMETPUUECKUX MOJIENIEH, CO-
OTHOILICHHS MEXy HUMH, UX JOCTOMHCTBA M HEIOCTATKU. PaccMaTpuBarOTCs NMPEANOChUIKH T10-
CTPOCHUS MOJIeNIeH, a TakoKe 3a1a4M UX Cre(pUKaLU 1 UICHTU(DUKAIIH.

3. OcHoBHast uHGopMaus 0 Kypce U ero CTPyYKTypa

Kypc exntouaem 6 cebs uzyuenue namu mem:
I.  OcHoBsl 5xOHOMeTpUKHU. KoppensamnoHHbIil aHamus.
II.  PerpeccroHHBII aHATHU3.
[II.  Meroasl MHOTOMEpHOH Kiaccudukanuu. KinactepHbiii aHamms3.
IV.  TlpousBojacTBeHHBIE PYHKITHH.
V.  Cucrtembl 0THOBPEMEHHBIX YKOHOMUYECKUX YPABHEHUH.
Kypc uzyqaercs B hopme nekiuii (2 yac/He) v MpaKTHUECKUX 3aHATHH (2 yac/Hen).
[IpakTrueckue 3aHATUS TPOBOSATCS KaK B ayIUTOPUH, TaK U B KOMITBIOTEPHBIX KJIACCaX.
Llenb KOMIBIOTEPHBIX 3aHATHI — OBJaJ€HUE CTyJIEHTaMH METOJOB aHallu3a U 00pabOTKH JaH-
HBIX C UCIOJIb30BAaHUEM IIAKETOB MPUKIIAAHBIX IpOrpamMM. PexoMeH1yemble TpOorpaMMHBIE Cpea-
cTBa 1 nakeTsl npukiagubix nporpamm: EXCEL, OLIMP, STATISTICA, SPSS.
[Tocne mpoxokIeHUs KaX10i TeMbl IpeayCMaTPUBAETCsl COOTBETCTBYIOMIAst JabopaTop-
Hasi paboTa, Mo KOTOPOH caeTcs M 3alIUILAETCs OTUET, a TAK)KE TECTUPOBAHUE U CAMOCTOSITEIIb-
Has MOArOTOBKA CTYAEHTOB, KOTOPBIE BHINOJIHSIOT MHAUBUAYAIbHBIE KOMIBIOTEPHBIE HCCIIEN0-
BaHUs, B KOHIIE CEMECTpPAa CIAAIOT 3a4eT.

4. HepequL OCHOBHBIX TEM H IIOATEM
Tema 1. OcHoBbl 3kOHOMeTpUKH. KOppeassunoHHbIN aHAIN3

N3yueHne naHHOW TeMBI PaCKpPHIBACT CTYJCHTAM 3a/1a4i YKOHOMETPHUKH B 00JIaCTH COIH-
aJIbHO-3KOHOMHYECKHX HCCIIEJOBAaHM, MMOKA3bIBAET HEOOXOAMMOCTh MCIOJIb30BaHUS MHPOpMa-
IIMOHHBIX TEXHOJIOTUH Ha 0a3e mepcoHambHBIX DBM B SKOHOMETPHUYECKHUX MCCIEOBAHUSX,
TaKKe MOArOTaBIMBAECT UX K IOHUMAHUIO OCHOBHBIX TEM Kypca, TAKHX KaK:

— Kjaccuukaiys nepeMeHHbIX B 9KOHOMETPUUECKUX MOJCIIAX;

— TOHATHUS CHEHU(PUKAIUN U UASHTUPHUITNKAIIUN MOJIEIH U JIP.

N3yuenue 3Toi TeMbl JOJIKHO MOATOTOBUTH CTYJACHTOB K MOHHUMAHUIO CIEAYIOMINX TEM
JTAHHOTO Kypca.

Ochoenbvle 3a0auu IKOHOMEMPUKU

B pamkax naHHOW TeMbl pacCMaTPUBAIOTCSA PA3IMYHBIE KIACChl MOJAEJEH I aHalIu3a U
(wn) mporHo3a:

Mopenu BpeMEHHBIX psI0B

Perpeccuonnsie moaenu

— JIMHEUHBIC,

— HEJUWHEWHBIE.

CucreMbl OTHOBPEMEHHBIX YPaBHCHUH.

[IpuBOasTCS OCHOBHBIEC TUIIBI JAHHBIX (TIPOCTPAHCTBEHHBIE U BPEMEHHBIE).

B pamMkax JaHHOI TEMBbI U3y4YarOTCsI OCHOBHBIE BOIIPOCHI KOPPEIALMOHHOTO aHAIM3a.
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PYKOBOJACTBO I10 U3YYEHUIO JUCHHUTITJIMHBI

3HaHusl, yMeHHs], HABBIKM 110 TeMme 1

H3yuue memy 1, cmyoenm 001>1cen 3Hamn:

MOJIEJIEN.

OCHOBHBIE 3a7Ja4ul 5KOHOMETPHUKH.
[ToHUMAaTh JOTMKY SKOHOMETPUUYECKOI'O aHATN3a.
PaznuuaTh TUIBI 3KOHOMETPUYECKMX YpaBHEHUI; pa30upaTbcs B crelu(UKAIUIX

Anroputm otOopa (aKTOpOB IS TOCTPOSHUS MOEIIH.

Teoputo 5KOHOMETPUYECKOTO aHaNIKu3a MPH PelIeHnH TpodeCcCHOHATBHBIX 3a1ay.
OcHOBHBIE BUBI KOY(PDUITUEHTOB KOPPEIISINH, UX OCOOEHHOCTH.

[TpoBepka 3HauUMOCTH KOA(PGUIIMEHTOB Koppesaiun. HTepBaibHOE OlIEHUBAHUE.

ymems:

v HpI/IMeHHTB METOObI 3KOHOM€TpI/IKI/I B OKOHOMHWYECCKUX UCCICOOBAHUAX.

v' Hcnons30BaTh pasinuHbIe THITBI SKOHOMETPHUYECKUX YPABHEHHIA.

v OmnpezensaTh THIOBI MEPEMEHHBIX, UCIONB3YEMbIX MPH TTOCTPOCHUH 3KOHOMETPHYE-
CKUX MOJEJIEH.

v TIpou3BOANTH HACHTH()UKALIUIO U CIICHU(PHUKAIIMIO MOJIEIIEH.

v' BuIeTh BO3MOKHOCTU HCIIOJB30BAHUS DKOHOMETPUKU B NPO(ECCHOHATBLHON Jes-

TCIBHOCTH.

v PaccunthiBath KO3()GUIMEHTH KOPPEISIUH. 3HATH HX OCOOCHHOCTH.

v" TIpoBepsITh 3HAYMMOCTH KOI(DPUIIMECHTOB KOPPEIISIIHH.

v CTpOouTh HHTEPBAJIbHBIE OLIEHKH ITAPAMETPOB CBSI3H.

v' TlpumMeHsnTh UHPOPMAIMOHHBIE TEXHOJOTHH TMPU TOCTPOCHUH SKOHOMETPHUYCCKUX

MOJICIIEH.

CcplIKH Ha y4eOHbII MaTepuaJl

l.

AiiBazsH C.A., MxuTtapss B.C. [lpuxiiagnas cTaTUCTHKA U OCHOBBI SKOHOMETPHUKHU. —

M.: JOHHUTH, 1998.

2.
3.
4.
5.

Jxoncron k. DxoHomeTpuueckue metoibl. — M.: Cratuctuka, 1980.
Hoyreptu Kpucrodep Breaenue B skoHomMeTpuky. — M.: UHOPA-M, 1997.
Keitn 3. DxoHoMuueckasi cTaTUCTHKA U SKoHOMeTpusi. — M.: Crarucrtuka, 1997.
Stewart J. and L. Gill Econometrics. 2nd ed., Prentice Hall, 1998.

HNurepHEeT-pecypcenl:

Nk W=

http://upereslavl.botik.ru/UP/ECON/econometrics/top1/tsld006.htm
http://www.nsu.ru/ef/tsy/ecmr/study.htm
http://www.nsu.ru/ef/tsy/ecmr/index.htm
http://www.statsoft.ru/home/textbook/glossary/default.htm
http://www.dataforce.net/~antl/article/econometric
http://www.nsu.ru/ef/tsy/ecmr/study.htm
http://www.tvp.ru/vnizd/mathem4.htm

3aganus 1JIs1 CAMOOLIEHKH

BrimonauTe 3aganus U OTBETHTE Ha BOIIPOCHI:

HazoBuTe 0cHOBHBIE 3314l SKOHOMETPHUKHU.
[IpuBeauTe npocTenme NpuMepbl SKOHOMETPUUECKUX MOJICTICH.
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Ha3zoBute 00;1aCTH SKOHOMHUYECKHX HAyK, B KOTOPBIX UCIOJIb3YETCSl SKOHOMETPUKA.
B yem 3akitogaercs mporecc 3KOHOMETPUUECKOT0 UCCIIEJOBaHUA?

Kakue Bbl 3HaeTe TUIIBI SKOHOMETPUUYECKUX MOJeIei?

Kakumu cBoiicTBaMu J0KHA 001a/1aTh TOCTPOSHHAS MOJIENb?

Ha3zoBure ocHOBHBIE BUIbI KO3(DPUIIMEHTOB KOPPEISAIHH.

Kak mpoBepuTh 3HaUNMOCTh KO3()(HPUITUESHTOB KOPPESAIIUN?

IInan npakmuyeckux 3auamuit no Teme 1

3anstue 1.

Tema: 3agaun SKOHOMETPUKU. MOJENb MPEATIOKEHUS U CIPOca HA KOHKYPEHTHOM PBIHKE
(2 gaca).

Pemenue 3agau.

3ansTue 2.

Tema: Pacuet k03 pureHToB kKoppesanuu (2 Jaca).

Tema 2. PerpeccnoHHblil aHATH3

JlaHHas Tema 3HAKOMUT CTYJEHTOB C MOHSATHUAMM JIMHEWMHOW MOJEIN MHOKECTBEHHOM
perpeccuu.

JInst OLleHKH HEWM3BECTHBIX MapamMeTPOB YPABHEHUS PETPECCHH YaIE BCErO UCIOIb3YETCS
METOJ, HAaUMEHBLIUX KBAJPATOB, MO3BOJISIOINN MMOTYYUTh HECMEILIEHHBIE OIIEHKU, COCTOSITENb-
HbI€ U 3((PEKTUBHBIE OLIEHKU [TaPAMETPOB YPABHEHMSI.

B cnyuasix, koraa ¢ TOYHOCTHIO 10 HEM3BECTHBIX 3HAYCHHM MapaMeTpOB U3BECTEH OOIIHIA
BUJ| PaCIPEICIICHUS] BEPOSITHOCTEH MMEIOIIUXCSI BRIOOPOYHBIX JTAHHBIX, MOXKET OBITh IPUMEHCH
METO]T MAaKCUMAIBHOTO MIPABI0NO00MS.

Ocob60e BHUMaHHE MPU U3YUCHUH JTAHHOW TEeMbl HEOOXOAMMO TAKKE yACIUTh CTAaTUCTH-
YECKUM CBOMCTBAaM OLICHOK MapaMeTPOB PErPECCUOHHON MOJIEIH.

MyJbTHKOJIMHEAPHOCTh U 0TOOP HamboJiee CylIeCTBEHHBIX O00BSICHAIOIIMX Mepe-
MeHHbIx B KIIMMP

MyIbTUKOIIMHEAPHOCTh BO3HUKAET B CIy4asX CYIIECTBOBAHHS JOCTATOYHO TECHBIX JIH-
HEHHBIX CTAaTUCTUYECKUX CBSA3EH MEXIY OOBSACHSIOUIMMH NEPEMEHHBIMU. TOYHBIX KOJIHUYECT-
BEHHBIX KPUTEPUEB Ul ONpeeNeHUs HaIuus (OTCYTCTBHS) MYJIbTUKOJUIMHEAPHOCTH HE CyIIe-
cTByeT. OIHaKO CYLIECTBYIOT HEKOTOPbIE PEKOMEHAINH 10 BBISBICHUIO MYJIbTHKOJIIIMHEAPHO-
CTH, Ha KOTOpBIE ClIeayeT 00paTUTh BHUMAHUE.

3HaHusl, yMEeHUs1, HABBIKHU MO Teme 2

H3yyue memy 2, cmyoenmot 007131CHbL 3HAMb:

e  (Oco0eHHOCTH TMHEHHOW MOJIEI MHOKECTBEHHON PErpeCcCHH.

e (CBoiicTBa OLIEHOK 0000IIEHHOTO0 METO/1a HAUMEHbBILINX KBAJPaTOB.

e MeTopb! onpeiesieHus: MyJIbTUKOJITMHEAPHOCTH.

e Meroa HanmenbIux kBagapatoB (MHK).

ymemp:

v Tlony4aTh OLIEHKH PErPECCHOHHBIX MOJIEIIEH.

v' TIpUMEHATH CTATUCTHYECKHE TTAKEThI JJIS PEMICHHS IPAKTHYECKUX 3a/1au.
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Ccbulkn Ha y4eOHbIH MaTepuaJl

1. AiiBazsn C.A., Mxutapsaa B.C., 3exun B.A. IIpaktukym mo sxkoHomMeTpuke. — M.:
MOSCH, 2005.

2. JlyopoB A.M., Mxurapsiu B.C., Tpomun JI.1I. MHOrOMEpHBII CTaTUCTUYECKUN aHa-
JIN3 B DKOHOMHYECKNX HcclieqoBanusax. — M.: MOCH, 1988.

3. Hy6pos A.M., Mxutapsua B.C., Tpomun JI.1. MHOrOMEpHBIE CTATUCTHYECKUE METO-
el — M.: @unHaHchl 1 ctatuctka, 2003.

4. Mxwurapsad B.C, Tpomun JI.U. CratucTuyeckuii aHajin3 MHOTOMEPHBIX COBOKYITHO-
creit. YueOHoe mocooue. — M.: MOCH, 1992.

HHTepHeT-pecypcesl:

http://www .kgtu.runnet.ru/WD/TUTOR/textbook/modules/stmulreg.html
http://www.shpargalka.ru/statis.ru/doc/shpr _e31.htm
http://dsmu.donetsk.ua/~statbook/modules/stmulreg.html#cunique
http://www3.unicor.ac.ru/d024/p011993.htm
http://www.gauss.ru/educat/systemat/butenkov/.asp
http://crow.academy.ru/econometrics/seminars_/sem_08 /sem_ 08.htm
http://crow.academy.ru/econometrics/lectures /lect 03 /index.htm
http://u-pereslavl.botik.ru/UP/ECON/econometrics/
http://crow.academy.ru/econometrics

WX B —

3agaHus 1151 CAMOOLICHKH

BelmmonHuTe 33aHUS U OTBETHTE HA BOIPOCHI:

e Kakue kpurepuu agexkBatHoctu Bol 3Haere. VX mpenmyiiecTBa U HETOCTaTKU.

e Ha3zoBuTte CBOKCTBA OLIEHOK METOJA HAUMEHBIIMX KBaJApPATOB.

e Kakumu cBoiicTBaMu 00Jalal0T OIEHKH ypaBHEHUUN pErpeccuu, MOTydYeHHBIE C TO-
motisto MHK?

e JlokasaTh, 4TO MpH rerepockenactuanoct octatkoB OMHK-omenku Bektopa 3 60-
nee 3¢ dexruBHbr, yem MHK-onenku.

e Kaxkue nmpoOneMbl BO3HUKAIOT B MTPAKTUKE PETPECCUOHHOTO aHaIn3a?
Kakue cymecTByrOT KpUTEpHH JIJIs1 BEIOOpa perpecCCUOHHON MOACIH?
Ha3oBuTe OCHOBHBIE TPU3HAKU MYJIbTUKOJUIMHEAPHOCTH.
Kakne meToasl ycTpaHeHUsI MyJIbTUKOJUIMHEAPHOCTH Bbl 3HaeTe?
Kak npoBepuTh 3Ha4MMOCTh YpaBHEHUS PETPeCcCUr U ero Ko3pPHuireHToB?

Ilhan npakmuueckux 3anamuii no meme 2

3anstue 1.

Tema: Pacuer 0CHOBHBIX XapaKTEpHUCTHUK MOJIeH (2 yaca).

CryzneHraMm npeanaraercs Ha KOHKPETHOM CTaTUCTHUECKOM MaTepHalle ¢ MCIOIb30BaHU-
eM EXCEL, makera nporpamm STATISTICA nocTpouTh perpecCUOHHYIO MOJIENb CPEAHETYIIIE-
BBIX COEpexKEeHUH.

Tema 3. MeToabl MHOTOMepHO# KiIaccupukanuu. Knacrepuplii anaaus
I[aHHaH TEMa 3HAKOMUT CTYACHTOB C THIIOJIOTMYCCKHMU PETPCCCUOHHBIMU MOICIISIMU.

YacTo B 3KOHOMHYECKHX HCCIICOOBAHUAX BO3HHUKACT 3ajladya aHajlu3a HCOOAHOPOJHBIX B HEKOTO-
POM CMBICJIC TAHHBIX. B stom ciIydac, mpeKaC 4YCM MEPCXOAUTh K MOCTPOCHUIO PECIrPECCCUOHHBIX
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MoJiesiel, He0OX0IMMO BBIZICTUTh OJHOPOIHbIE TPYIIBI 00BEKTOB. 3aTEM, B BBIICICHHBIX I'PYTI-
ax, y’K€ MOYKHO IEPEXOANUTD K HUCCIIETOBAHUIO 3aBUCUMOCTEM.

3HaHWsl, yMEeHUs1, HABBIKH O Teme 3

H3yuue memy 3, cmyoenmaul 00714CHbL 3HAMb:

e Kak onpenenuTb pacCTOSHUE MEKIY 0ObEKTaMU.

e Kak onpenenuTb pacCTOSHUE MEXKIY KIIACTEPAMHU.

e OyHKIMOHAIBI Ka4ecTBa pa3OueHUs.

e llepapxuueckue KaacTep-npoLeayphl.

ymemp:

v BBIIEIATH OHOPOIHBIE TPYIIIBI OOBEKTOB.

v’ Ucnonb30BaTh pasjinyHble METOMABI ONPEIEICHUS PACCTOSHUN MEXIy OOBEKTaMH
(kmacrepamu).

v' TIpOBOIUTEL CPABHUTENIBHBIN aHAIN3 PA3INYHBIX CIIOCOOOB pa3OUCHHUSL.

v' TIpUMeHSTh CTATUCTHYECKUE MAKETHI MPH PEIICHUH PAKTHYECKHUX 3a/1ad.

HHTepHeT-pecypehl:

http://www.econ.msu.ru/kaf/DEI/books/prognoz/lec10.html
http://ns.econ.msu.ru/dei/books/prognoz/lec10.html
3http://soc-gw.univ.kiev.ua/EDUCAT/BASIC/MMPS/LABS/LOGREG.HTM
http://www.nsu.ru/ef/tsy/ecmr/some_mle/contents.htm
http://www.doktor.ru/doctor/biometr/sp/contents4.htm
http://www.kgtu.runnet.ru/WD/TUTOR/textbook/modules/stnonlin.html
http://dsmu.donetsk.ua/~statbook/modules/stnonlin.html
http://softline.perm.ru/statistica/www-page STATISTICA for Windows.html
9. http://eco.rea.ru/LSpace/EconTh.nsf/136acc8cc4a42915¢325654d004b4fc2

10. http://lanserv2.kemsu.ru/departs/matekon/Chapter4/par4 4.html

11. http://www.dvgu.ru/pin/math/for students/eco/node4.html

12. http://www.hse.ru/rectorat/grebnev/economics/glaval3.htm

13. http://ecfor.rssi.ru/0497 r k.htm

14. http://www.socionet.ru:8100/RuPEc/data/Articles/rusrssicf4 1997article4.html -
15. http://www.mstu.edu.ru/publish/conf/section5/section5_7.html

e B S

3aoanus 011 camooyeHKu

BrlnonHuTe 3a1aHusl U OTBETHTE HA BOIPOCHI:

e Korna ucnomib3yeTcst TUIIOJIOTHYECKas perpeccus’?

e B Kkakux ciydasx UCHOJb3yeTcsi XeMMHHIOBO paccTOsHUE?

¢ B Kkakux ciydasx ciexyeT NIPUMEHITh «B3BEIIEHHOE» EBKINA0BO paccTosHUE?
e J[1s 4ero UCHOJIb3YIOTCA HEPAPXUUECKHE KIIACTEP-IIPOLEAYPBI?

Ilnan npaKkmu4ecKux 3anamuii no meme 3

3anstue 1.

Paz0buenne HeOJHOPOIHOM COBOKYITHOCTH Ha KJIaCTEpHI (2 vaca).
Pemenue 3agau.

3aHsaTue 2.

[TocTpoenue perpecCMOHHBIX MOJIENICH B BBIICTIEHHBIX KJIacTepax.
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Pemenue 3anau.

[IpakTHueckue 3aHATHS IPOXOJIAT B KOMIIBIOTEPHBIX KJaccaxX W MOCBSIIEHBI IOCTPOCHUIO
PETPECCHOHHBIX MOJIETICH C HCIONh30BAaHHEM (PUKTUBHBIX MEPEMEHHBIX B MAKeTaX MPOrpaMm
STATISTICA u SPSS. Hanpumep, MOKHO MPEIOKUTh MOCTPOUTh PETPECCUOHHYIO MOJIEIb Be-
Ca HOBOPOXKJIEHHOTO, BKIIIOUAIONIYI0 (PUKTHBHBIC TEPEMEHHBIC, PAaCCMOTPETh MOTpEOICHHE B
MHPHOE W BOEHHOE BpeMs WJIM 3aBUCUMOCTb CTOMMOCTH JKHJIbS OT PA3JIMYHBIX KaueCTBEHHBIX
(baxTopoB.

Tema 4. IIponsBoacTBeHHbIe PyHKIIUN

B nanHOM pasnene BBOIUTCS MOHATHE U JACTCS ONpEAEICHUE PON3BOICTBEHHOHN (YyHK-
IIUH; paccMaTpuBaeTcs mpou3BoacTBeHHas pyHkius Ko66a-/lyrnaca.

Taxoke pu M3y4eHUU JAHHOW TeMbl HEOOXOJAMMO OOpaTUTh BHUMaHHE HA OCOOEHHOCTH
OLICHUBAHHMS MTapaMEeTPOB NMPOU3BOACTBeHHON GyHkunu Kobb6a-lyrnaca.

Ilpou3eoocmeennasa ¢pynkyusa Koooa-/{yznaca

[IpousBoacTBeHHAs (QYHKIMS OTpakaeT 3aBHCUMOCTh MEXKIY KOJIMYECTBOM IpUMEHse-
MBIX PECYpPCOB U MaKCHUMaJbHO BO3MOXKHBIM OOBEMOM BBITYCKAEMOU MPOIYKIIMUA B EAHHUILY
BPEMEHH; ONKCHIBACT BCIO COBOKYIHOCTh T€XHHYECKH 3(PPEKTUBHBIX CIIOCOOOB MPOU3BOICTBA
(TexHoorui).

Ouyenusanue napamempoe npouszeoocmeennoii ynkyuu Koooa-/lyznaca

ITpu n3ydyeHuu AaHHOM TeMbl HEOOXOJUMO OOpaTUTh BHUMaHUE Ha OCOOCHHOCTHU OILICHU-
BaHUs MapaMeTpoB Npou3BoAcTBeHHOM QyHkumnu KobOa-Jlyriaca no npocTpaHCTBEHHOM U Bpe-
MEHHOH HH(pOpMaITHH.

3Hanus, ymenus, HagblKu no meme 4

H3yuue memy 4, cmyoenmut 00121cHbl 3HAMD:

¢ U0 Takoe NpoM3BOACTBEHHAs (yHKIHS.

e Kak oreHuBaTh mapaMeTpsl Mpou3BoJACTBeHHON (yHkumu Kob66a-/lyriaca mo mpo-
CTPAHCTBEHHOW MH(pOPMALIUH.

e Kak omnenuBate mapamerpsl npou3BoAcTBeHHOW (yHKImm Ko6ba-/lyriaca mo Bpe-
MeHHOW MH(opManuy.

ymembs:

v OueHunBaTh apamMeTpbl IPOU3BOJICTBEHHOM QyHKIMH Ko66a-/lyriaca mo mpocTpaHct-
BEHHOW U BpeMeHHOU HH(pOpMaIUH.

v' Pemiath 3a1a4¥ C UCIOJIb30BAaHUEM TEOPETHUECKOTO MaTepralia.

v Ucnonb30BaTh CTATUCTHYECKHE MTAKETHI [ISI PEIICHUS TIOCTABICHHBIX 3a/1a9.

Ccoliku Ha yueoHbwlil mamepuan

1. AniBazan C.A., Mxutapsin B.C. [IpakTukyMm 1o nNpuKiIagHON CTaTUCTUKE U SKOHOMETPH-
ke. — M.: MOCH, 2003.

2.AuiBazsH C.A., MxurapsH B.C. [IpuknagHast cTaTUCTUKA U1 OCHOBBI 2dKOHOMETPUKHU. — M..:
FOHUTH, 1998.
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3. boposukos B.II., Buenko I'.U. Statistica. [Iporno3upoBanue B cucteme WINDOWS. —
M.: ®uHaHCH U cTaTHCTHKA, 1999.

4.bopoBukoB I'.1. Statistica. Ananu3 u o6paborka nanHbIX B cucreme WINDOWS. — M.:
duHAaHCH U cTaTUCTUKA, 1998.

5. y6poB A.M., Mxurtapsia B.C., Tpommsn JI.. MHOrOMepHBIE CTATUCTUYECKUE METO/IBI.
— M.: ®unaHch u cratuctka, 2003.

6.JIykammu 1O.I1. PerpeccroHHble M aJanTHBHBIE METOJbI MPOTHO3UPOBAaHUS. YueOHOe
mocobue. — M.: MOCH, 1997.

HHTepHeT-pecypcesl:
1. http://www kgtu.runnet.ru/WD/TUTOR/textbook/modules/stnonlin.html
2. http://softline.perm.ru/statistica/www-page STATISTICA for Windows.html
3. http://ecfor.rssi.ru/0497 r k.htm
4. http://www.socionet.ru:8100/RuPEc/data/Articles/rusrssicf4 1997article4.html -
5. http://www.mstu.edu.ru/publish/conf/section5/section5 7.html

3aoanus onsa camooyenku

BeinosnHuTe 3a1aHus 1 OTBETHTE HA BOIIPOCHI:
e Yto mpexacraBusieT coboi mpousBoacTBeHHas QpyHkius Ko66a-/yrnaca?
e Kak oneHuBaTh napaMeTpbl Npou3BoACTBeHHOM ¢yHkuun Kob60a-/lyrmaca mo mpo-
CTPaHCTBEHHOU U BpeMeHHOW nH(popmanun?

IInan npakmuyeckux 3auamuit no meme 4

3anstue 1. [IpousBoactennas gpynkius Koodo6a-Jlyrimacca

Pemenue 3amau.

3anstue 2.

[TpousBoacTBeHHBIE (DYHKIIMH, OIIEHKA apaMeTpoB (2 yaca).

[IpakTudeckue 3aHATUS TPOXOAAT B KOMIIBIOTEPHBIX KJIACCAX U MOCBSIICHBI TOCTPOCHUIO
W OIICHWBAHHWIO TapaMeTpoB Mpou3BoJcTBeHHON (yHKmmu KoOO6a-/lyrimaca ¢ ucmosib3oBaHHEM
nakeroB nporpamm STATISTICA u SPSS.

Tema 5. Cucrembl 0JHOBPEMEHHbIX IJKOHOMETPHYECKUX YPABHEHUI

CucremMpl OJHOBPEMEHHBIX IKOHOMETPUUYECKUX YPABHEHUH SIBISIOTCS TPETBUM OCHOB-
HBIM KJIaCCOM MOjeliel, KOTOpble MPUMEHSIOTCS s aHanu3a U (WIM) MPOrHo3a. DTU MOAENU
ONMCHIBAIOTCS CUCTEMAMH YPaBHEHUI, KOTOPBIE MOTYT COCTOSATh U3 TOXIECTB U PETPECCUOHHBIX
YPaBHEHUH, KaXk/I0€ U3 KOTOPHIX MOXKET, KpOME OOBSICHSIOIINX IMEPEMEHHBIX, BKIIIOUaTh B ce0s
TaKkke OOBSICHAEMBbIE TIEPEMEHHbIE U3 JIPYIMX ypaBHEHHH cucTeMbl. T.e. HA0Op OOBACHIEMBIX
MIEPEMEHHBIX CBSI3aH YEPE3 YPABHEHUS CUCTEMBI.

Cucmempl 00HOBPEMEHHBIX IKOHOMEMPUUECKUX YPAGHEHUL

JlaHHast TeMa 3HAaKOMUT CTYJIEHTOB C OCHOBHBIMH MOHSTHUSMH CHCTEM OIHOBPEMEHHBIX
HSKOHOMETPHUYECKUX ypaBHeHHI. PaccMaTpuBaroTcsi paznuyHbie (GOPMBI MOJAETH CHCTEM OJIHO-
BpEMEHHBIX ypaBHEHUIH. OCHOBHBIMH MOHSATUSMHU TPH M3YyYEHUU JAHHOTO pasjelnia SBISIOTCS
CTPYKTypHas M IpuUBeJIeHHass (OPMBbI MOJEJIN CUCTEM OJHOBPEMEHHBIX YPABHEHMI, a TaKXKe pe-
KypPCHBHBIE CUCTEMBI OJJTHOBPEMEHHBIX YPaBHEHUH.

Ilpumenenue MHK 0na oyenku napamempos cucmem 00OHOBPEMEHHBIX YPAGHEHUTL
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B nmaHHOM pasgene paccMaTpuBaeTCs JBYXILATOBBIM M TPEXIUIATrOBBIM METOJ HAaUMEHb-
IIMX KBAJpaTOB M WX MCIIOJIB30BAHME Ul OLIEHUBAHUS IIApaMETPOB CHCTEM OJIHOBPEMEHHBIX
ypaBHeHH. Llens 1 0COOEHHOCTH MPUMEHEHHs JaHHBIX METONOB. M3ydeHue naHHOW TeMbl Oa-
3UpyeTCsl Ha 3HAaHUM CTYJEHTaMu MeToja HauMeHbMX kBaapaToB (MHK), ymenun ncnomb3zo-
Batb MHK 11141 o11eHKM mapaMeTpoB CUCTEM OAHOBPEMEHHBIX SKOHOMETPUUECKUX YPABHEHUH.

3Hanus, ymenus, HagvlKu no meme 5

H3yuue memy 5, cmyoenmaol 007121CHbl 3HAMD:

e Uro co0oif mpeAcTaBISIOT CUCTEM OAHOBPEMEHHBIX SKOHOMETPUUECKUX YPaBHEHUN

e Uro Takoe CTPYKTypHas U IpUBeACHHAs (hOpMa CUCTEMBI YpaBHEHUN

e Kak oneHuBaTh napamMeTpbl peKypCUBHOM CUCTEMbI OJIHOBPEMEHHBIX SKOHOMETpHUYE-
CKHMX yPaBHEHUM.

e JIByXmaroBblil METOJ] HAMMEHBIIUX KBaJpaTOB.

e Ocob6ennoctu nmpumeHenus tpexmarosoro MHK.

ymembp:

v' PaccuuThIBaTh MapaMETPhl CHCTEM OJJHOBPEMEHHBIX 3KOHOMETPHUYECKHX YPABHEHHI.

v’ Ucnonb30BaTh ABYXIIAroBblid u Tpexmiaropbiii MHK st OlleHKH apaMeTpoB CHCTEM
OJIHOBPEMEHHBIX YKOHOMETPUUECKUX YPABHEHUM.

v' TIpUMEHSTh PEKYPCUBHBIE CHCTEMbI OJIHOBPEMEHHBIX SKOHOMETPHUYECKUX YPABHEHHIA.

Honyuums nHagvlKu NMPUMEHEHUSI CUCTEM OJHOBPEMEHHBIX YKOHOMETPUUYECKHUX ypaBHE-
HUHN B TPOPECCHOHATBHON JEATETLHOCTH.

Ccovlnku na yueonwlit mamepuan

1. AiiBazsin C.A., EntoxoB U.C., Memankun JI.J[. [Ipuknagnas craructuka. Metonasl uc-
cliegqoBaHus 3aBucuMocTeii. — M.: duHaHce ¥ cratucTuka, 1983. — T.1.

2.AiiBazsH C.A., Mxutapss B.C. IlpakTukyMm 1o npuKiIagHONW CTaTUCTUKE U SKOHOMETPH-
ke. — M.: MOCH, 2000.

3.AiiBazsH C.A., Mxurapsu B.C. [IpuknagHas cTaTUCTUKA U OCHOBBI SKOHOMETPUKHU. — M.
FOHUTH, 1998.

4.bopouxoB B.I1., IBuenko I'.M. Statistica. [Iporaosuposanne B cucreme WINDOWS. —
M.: ®duHaHCcH ¥ cTaTiCcTHKA, 1999.

5. bopoBukos I'.1. Statistica. Ananu3 u 00padoTka nqaHHbX B cuicreme WINDOWS. — M.
duHaHCH ¥ cTaTUCTUKA, 1998.

HHTepHeT-pecypehl:
1. http://subscribe.ru/archive/science.humanity.econometrika/200007/17050500.html
2. http://www.cemi.rssi.ru/rus/publicat/e-pubs/ep97001/1.htm
3. http://www.softlist.ru/cgi-bin/program.cgi?id=1988 - 7K
4. http://web.ido.ru/WWW/Courses.nst/CoursesList?Open& About=055 - 2K
5. http://www.freeware32.ru/download.php3?id=1335 - 17K
6. http://www.nes.ru/Acad _year 2001/Prob_Stat.htm

IInan npakmuyueckux 3auamuit no meme 5

Sausgrue 1.
Tema: CuctemMbl OJHOBPEMEHHBIX YKOHOMETPUUECKUX YPaBHEHUH.
Pemntenue 3amau.
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VYcnoBust MAEHTHPUIUPYEMOCTH YpaBHEHUH cucTeMbl. VIeHTUDHUKAIMS PEeKypCUBHBIX
CUCTEM.

3ansrue 2.

Tema: Mogens cpoca — IpeIOKEHU KaK IPUMEDP CUCTEMBI OJTHOBPEMEHHBIX ypaBHE-
Huil. OCHOBHBIE CTPYKTYPHBIE XapaKTEPUCTUKU MOJEIIEH.

Ha mpakThueckux 3aHATHSX CTPOMTCS PEKypCHUBHAS MOJENb MHPOBOTO pbIHKa He(TH,
OTpa)karolllasi B3aMMOCBS3b MEXIY TPEMsl OCHOBHBIMHU DJIEMEHTAMHU PBIHOYHOTO MEXaHU3Ma —
CIPOCOM, LIEHOW W TPEeJIOKEHHEM (3HIOTCHHBIMH MEPEMEHHBIMH), KOTOPhIE, B CBOIO O4Yepe/ib,
ONPEEINAIOTCS B KaXK/IbIii MOMEHT BPEMEHHU C TIOMOIIbIO CUCTEMbI OOBSICHSIIOIINX, 3K30T€HHBIX
[IEPEMEHHBIX.

Oco0Oblil UHTEpEC MPEJCTAaBIAIOT MOKa3aTeNn, 00Jaiaolye onepexaromum 3hdekTom
(BpEMEHHBIM JIaroM) IO OTHOIIEHWIO K JUHAMUKE YHJIOTCHHBIX IEPEMEHHBIX KOHBIOHKTYPHI
pBIHKA He(TH.

IIpn mocTpoeHUM MOIENM HCIONb3YETCsA CUCTEMa IOKa3aTeled, OCHOBAaHHAs Ha €XKe-
KBapTAJIBHBIX JUHAMHYECKMX psAax 3a 15 yer, koropas XapakTepu3yeT OCHOBHBIE CTOPOHBI
pBIHKA HE(PTU B 3KOHOMUYECKOM, BPEMEHHOM U T€0rpa(uyeckoM acreKTax.

3aoanus 013 camoouenku
BrlinonHuTe 3aaHUS ¥ OTBETHTE HA BOMPOCHI:

e [loyemy BO3HUKIIA HEOOXOAUMOCTh U3yU€HUS JAHHOUN TeMBbI?

e Kaxkue cuctemMbl 0OJHOBPEMEHHBIX IKOHOMETPUUECKUX ypaBHeHH Brl 3HaeTe?

e IlenecooOpazHo ¥ MPUMEHSATH METOJIBI KOPPEIAIIMOHHOTO aHaTn3a Ha dTare npen-
BapUTENIBbHON 00pabOTKH JaHHBIX?

e B dgem 3aKiII04arOTCs 0COOCHHOCTH MCTIOMB30BaHus Tpexmarooro MHK mist onenku
napaMeTpoB OAHOBPEMEHHBIX SKOHOMETPUUYECKUX ypaBHEHUN?

5. UTOroBbIii KOHTPOJIb 3HAHUN 0 KYPCYy

Hrorosas OILICHKa 3HAHUU CKJIQAbIBACTCS IO pE3yJIbTaTaM TCCTHPOBaHHﬁ, MMPOBOANMBIX
KaK 110 OTACJIbHBIM TEMaM, TaK U IO PE3yJIbTaTaM HUTOrOBOI0 TCCTUPOBAHUA. HpI/IHI/IMaeTCSI BO
BHUMAHHEC TAKXKXE CBOCBPCMCHHOCTb U KAa4YC€CTBO BBINMOJIHCHUA CTYACHTAMU TCKYIIUX SaﬂaHHﬁ,
AKTUBHOCTD Y4YaCTH HAa NPAKTUYCCKUX 3aHATHAX.
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6. Cnincox pekoMeHayeMoil JIUTePaTypbl
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1. AniBazan C.A., Mxutapsia B.C. [IpakTukyMm 1o NpuKiIagHON CTAaTUCTUKE U SKOHOMETPH-
ke. — M.: MOCH, 2003.

2. AiiBazsiH C.A., Mxutapsaa B.C. IlpuknagHas cTaTUCTUKAa U OCHOBBI SKOHOMETPHUKH. —
M.: KOHUTH, 2001.

3. boposukos B.I1., IBuenko I'.W. Statistica. [IporaosupoBanne B cucteme WINDOWS. —
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— M.: ®unanchl 1 ctatuctka, 2003.

6. Jlykamuu FO.I1. AganTuBHbIE METOABI KPATKOCPOUYHOIO MporHo3upoBanus. — M.: Cra-
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. http://www.gauss.ru/educat/systemat/butenkov/.asp
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. http://www kgtu.runnet.ru/ WD/TUTOR/textbook/modules/stnonlin.html

. http://dsmu.donetsk.ua/~statbook/modules/stnonlin.html

. http://softline.perm.ru/statistica/wwwpage STATISTICA for Windows.html
. http://eco.rea.ru/LSpace/EconTh.nsf/136acc8cc4a42915¢325654d004b4fc2
. http://lanserv2.kemsu.ru/departs/matekon/Chapter4/par4_4.html

. http://www.dvgu.ru/pin/math/for _students/eco/node4.html

. http://www.hse.ru/rectorat/grebnev/economics/glaval3.htm

. http://ecfor.rssi.ru/0497 r k.htm

. http://www.mstu.edu.ru/publish/conf/section5/section5_7.html

. http://www.econ.msu.ru/kaf/DEI/books/prognoz/lec13.html

. http://www.bsu.unibel.by/fpmi/bsa/ppp.htm

. http://vega.math.spbu.ru/caterpillar/en/intro.html

. http://iai.dn.ua/general/ai_annot.php

. http://www.biophys.msu.ru/scripts/trans.pl/rus/cyrillic/awse/CONFER

. http://ecfor.rssi.ru/0497 r k.htm

. http://www.codenet.al.ru/progr/packing/arithm/arithm10.htm

. http://vm.fesma.ru/Gloss/Ag.htm

. http://bytic.ttk.ru/cue99M/cz586tuthu.html

. http://www.econ.msu.ru/kaf/DEI/books/prognoz/lec 13.html

. http://www.bsu.unibel.by/fpmi/bsa/ppp.htm

. http://www.tvp.ru/ourizd/oppm1996.htm

. http://vega.math.spbu.ru/caterpillar/en/intro.html

. http://www.tstu.ru/koi/tgtu/publ/1996/w96 _35.htm

. http://comsci.dsu.dp.ua/russian/curriculums/content/T chos27.htm

. http://www.nes.ru/~sanatoly/CV2000rus.htm
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7. I'noccapuia

AJIAITTUBHBIE MOJIEJINA — maTeMaTu4ecKrue MOJIEIHN, UCIIOIb3YEMbIE B COUETAHUU C
YEJIOBEKO-MAIIMHHBIMU MPOIIEAYpaMU B MPUHATHH PEIICHUN, B KOTOPHIX OCHOBBIBAIOTCS JIUIIb
Ha MPEAINOoJIOKEHUH O CYIIECTBOBAHUU HEKOEro OOOOLIEHHOTO KPUTEPHUS 3a/adydl MHOTOKPHTE-
pHAIBHON ONTUMU3ANNU, a HE0OXOoauMasi JOIMOIHUTENbHAS MH()OpPMAIHS TOTY4YaeTCs JIUIOM,
npuHuMatomumM pemienue (JITIP) mocnemoBaTenbHO, OJHOBPEMEHHO C aHAJIW30M MHOXECTBA
anprepHatuB. [Ipumenenune A.Mm. nienecooOpasHo, korga JIIIP 3aTpyaHseTcs B OleHKe BKIaja
YACTHBIX KPUTEPUEB B MHTETPAIBbHBIN KpUTEpUd. A.M. BBITOJIHBI TEM, YTO B IPOIECCE BBIPAOOT-
KU PeLIeHHs MCIONb3yeTcss nHpopMmanus, nocrynaiomuias kak or 9BM, tak u ot camoro JIIIP.
BaxHbIM NMpenMyIIeCTBOM SIBISIETCA U TO, YTO MEPE] CHEUAINCTOM IOCIEN0BATEIBHO POXO-
JIUT pa3BUTHE MOJIEIM MHOTOKPUTEPHAIBHONW CUTYaIlMd OT HAYaJIbHOT'O COCTOSIHUSI K HEKOTOPO-
My TIPOMEKYTOUYHOMY (MJTM OKOHYATEIILHOMY ) PEUISHUI0, YTO CIIOCOOCTBYET 00Jiee 0OBEKTUBHOM
OLIGHKE BO3MOXXHOCTH YIyYIIEHHUS 3HaueHH 0000IIeHHBIX KpuTepueB. CyIIeCTBYIOT pa3iny-
HbIE MOJIXO0/IbI K TOCTPOEHUIO aJJalITUBHBIX YEJIOBEKO-MAIIMHHBIX MPOLEAYD.

AJUTUTUBHBIN KPUTEPUM (xputepuii cripaBeiuBOi aGCOMIOTHOMH YCTYIIKH) — K-
TEpUN ONTUMAIbHOCTH, OTHOCSIIMICS K TPyNIE NPSIMBIX allpUOPHBIX METOJ0B MHOTOKPUTEPH-
QIBHON oNnTUMU3aNKU, CHOPMYIMPOBAHHBIA B BHJIE CyMMHPOBAHHUS BBIXOJHBIX IapamMeTpOB
(KpUTEepHeB OLIEHKH) HcceayeMoro oobekTa. B A.K. HCIONb3yeTcs CIeIyIONIUi TpueM CBEPTKU
HECKOJIBKUX KpPUTEPHUEB ki B 0000IICHHBIN KpUTepUil (TEHIEHIMSI KOTOPOIO MOKET OBITh K min
WM K Max):

uix,) = ij.%.; i= 1,_32
F=1

2
uu B MaTpuuHoit popme — U =K 1 W, rae w; — ko3¢ duuneHT BaxxHOCTH (BEC) j-T0 KpHU-
TEpUS;

p ]— HOpMAaJIM30BaHHAsI KPUTEPHAIb-

U = [u (xi)] — maTpuna-cronben kpurepus u; K = [k
Hasg MaTpuua; W = [wj] — MaTpuua-ctonbder kodpduireHtos Beca. IIpuHIuN crpaBeaanBoi
aOCONIOTHON YCTYIIKH MPUBOANT K YTBEPKACHUIO, UTO ONTUMAJIHLHOE PEIIeHHE O3HAYaeT MaKCH-
MHU3AIMI0 CYMMBl HOPMHUPOBAHHBIX YaCTHBIX KpHUTepueB. MeToj MMEeT CTpOroe mMaremaThde-
ckoe obocHoBaHMe. OHAKO BBEIEHUE BECOBBIX KOA(D(UIIMEHTOB CO3JaeT CYIIECTBEHHBIC TPY-
HOCTH, OJTUH U3 IyTEH MPEOI0JICHUSI KOTOPBIX COCTOUT B MPUMEHEHHUH SKCTIEPTHBIX OLICHOK.

AJITOPUTM - 1) coBOKYNMHOCTh TpEANUCAHHI, HEOOXOANMAsT U JOCTaTOYHAs IJIsl pe-
IICHUS] KaKOW-TMOO0 KOHKPETHOH 3a/1aun; 2) COBOKYITHOCTh MPABHJI, ONPEACISIOMUX dPPEKTHB-
HYIO MPOLIEAYPY pelIeHus I000i 3aJaun U3 HEKOTOPOro 3aJaHHOTO Kiacca 3afad. [lonstue A.
HCIIOJIH30BAJIOCh B MAaTEMATHUKE JaBHO, HO KaK MAaTEMaTUYECKUM OOBEKT HCCIIETYETCS B CBSI3H C
pelnieHueM psifa mpobiem ocHoBanuii mareMatuku ¢ 30-x rr. XX B. Toraa sxe Obutn pa3zpaboTa-
HbI OCHOBHBIE TOHSTHS TEOPUHU aITOPUTMOB. B cBsizu ¢ pazButem OBM 1 ux mmpokum npume-
HEHUEM IMOHATHE A. CTalo OJAHMM M3 LUEHTPaJIbHbIX B NpukiaaaHod Marematuke. AJII'OPUT-
MUYECKAS MOJIEJIb — MmaremaTudeckasi MOJIEIb, IPEICTABICHHAS B ()OpME allTOPUTMA, TIe-
pepabaThIBaIOIIEro 3aJaHHBIH HAO0Op BXOJIHBIX JAaHHBIX B 33JaHHBIN HAOOp BBIXOJHBIX JAHHBIX.
A.M. IPUMEHSIIOT, KOT/Ia UCTIOJIb30BaHUE aHATUTHYECKUX (PacueTHBIX) MOJIEJICH 3aTPyTHEHO JIH-
60 HerenecooOpa3Ho. YaCTHBIM BUAOM A.M. SIBISIOTCS IMUTAIMOHHBIE MOJIEIIH.

AHAIJIN3 — 1) uzyueHne, Hay4yHOE UCCIIEOBAHUE YEro-IN00, OCHOBAaHHOE Ha pacuJicHe-
HUU 1I€JIOTO Ha COCTaBHBIE YacTH; 2) UCCIEeOBaHHE OOBEKTOB U ABJICHUN OKPY>KAIOIIEro MHUPa,
OCHOBaHHO€ Ha M3YUYEHUU UX BHYTPEHHEH CTPYKTYpbl, 3aKOHOMEPHOCTEHN MOBECHUS UM BHEIII-
Hero nposiBiieHus ux cBoicTB. AHanu3 B CAIIP — npoekTHast mpoieaypa Wik rpyIma NpoeKT-
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HBIX MPOLEIYP, UMEIOIIAsl EeNbI0 ToMyuyeHue WH(OPMALUKA O CBOWMCTBAX 3a/IaHHOTO MPOCKTH-
pyemoro o0bekTa; 3) GyHKIUS yrnpaBieHUs, IpeJHa3HaueHHas ISl U3y4eHUsl, CUCTeMaTH3alliH,
0000111eHUs U OIICHKU JOCTUTHYTBIX Pe3yJbTaTOB. Ha OCHOBaHMM JaHHBIX aHATN3a BBISBISIOTCS
Y3KHE€ MECTa B JIEATEIbHOCTH OPraHU3ALMH, OLIEHUBAKOTCS KOHEUHBIE PE3YyJIbTAThl IPOU3BOACT-
BEHHOM JIEATEIBHOCTH, 00OOCHOBBIBAIOTCS YIIPABICHYCCKUE PEIICHHUS.

AHAJIMTUYECKAS MOJEJIb — marematuueckass MOAEIb, MPEACTABIAONMAsT CO00
COBOKYITHOCTh AHAJIMTUYECKUX BBIPAKEHUW U 3aBUCHUMOCTEU, MO3BOJISIONIMX OLEHUBATH OIpe-
JICJICHHbIE CBOWCTBAa MOJEIUPYEMOT0o OOBEKTa. AHAJIUTHYECKHE MOJETU MOTYT OTHOCUTHCS K
(GYHKIIMOHATBHBIM MOJEISAM (COBOKYITHOCTH SIBHBIX 3aBUCHMOCTEW BBIXOIHBIX BEJIUYUH OT
BXOJIHBIX ), TEOMETPUUYECKUM (COBOKYIHOCTh YPaBHEHHUU MOBEPXHOCTH U (WJIM) JIMHUH, 3a/1aro-
[IMX T€OMETPUUYECKYIO (OpMYy MOAECTUPYEMOTO 00bEKTa), K 00ECIEUEHUIO TPOTPAMMHOMY.

AITPUOPHBIE MOJIEJIN — MatemaTtuueckue MOJIEIH, UCTIOIb3yEMbIE B IPUHSATUN MHO-
TOKPUTEPUATILHBIX PEIICHUH, B KOTOPBIX CTPYKTYpa U BHUJl 0OOOIIEHHOTO KPUTEPHSI TTOCTYIHUPY-
IOTCSl BHAYaJje, T.e. BCsA MH(OpPMAIHS, TTO3BOJISIONIAs ONPEIEIUTh HAWTydllee pPelIeHue, CKPhITa
B (hopManbHOM MOJENH 3aa4u.

APXUBATOP — nporpamma wiyv OporpaMMHBINA MAKeT, NpeJHa3HAYEHHBIN JUIs «Cxka-
Tus» (apxuBanuu) ¢aitia umu rpynmnsl GaiioB ¢ 1eIbl0 YMEHBIICHUS 3aHUMaeMoro QaitiaMu
JMCKOBOTO MPOCTPAHCTBA.

BPEMEHHOU PAJl — 3T0 mocnenoBaTeNbHOCTh HAOMIOICHUH, YIOPSAIOYSHHBIX BO Bpe-
MEHHU (UM POCTPAHCTBE).

Ecnu xakoe-HUOyAb siBIeHHE HAOMIOJAIOT HA MPOTSHKEHUH HEKOTOPOTO BPEMEHHU, HMEET
CMBICIT NIPEACTaBUThH JAHHBIE B TOM HOpPSAKE, B KOTOPOM OHM BO3HUKAJIH, U3-3a TOTO, B YaCTHO-
CTH, YTO MOCIIeOBaTEIbHbIC HAOMIOJEHUS MOTYT OBITh 3aBUCHMBIMH.

B. p. xopomio npeacTaBiATh Ha quarpamme paccestHusl. 3HaueHue psga X OTKIaAbIBalOT
M0 BEPTHKAJIBHOUN OCH, a BpeMs t — [0 TOPU30HTANbHOW. BpeMsi Ha3pIBalOT HE3aBUCUMOM Tepe-
MEHHO.

CyuiecTByeT /1Ba TUIAa BPEMEHHBIX PSAOB:

1. HenpepsIBHBIE, B KOTOPBIX MBI IMEEM HAOJIOCHUS B KaXKJIbIi MOMEHT BPEMEHH, Ha-
pUMep, MoKa3aTelu AETeKTOpa JIKH, AIeKTpoKapauorpammbl. X 0603HauaroT Kak HaOIoieHHe
X B MOMEHT t, X(t).

2. JluckpeTHble, B KOTOPHIX HAONIOACHUS JIEJat0TCsl Yepe3 HEKOTOphbie (OOBIYHO OAMHA-
KOBBIE) HHTEPBaJIBI BpeMeHH. VX 0603HaugatoT Xi.

ITpumepsl

1. DKoHOMHUYECKHE: HEJIEIbHBIC IEHBI HA aKIIUK;, MECSTYHBIC TTPUOBLIH.

2. Meteoponoruueckue: JHEBHbIE OCAJKU; CKOPOCTh BETpa; TEMIIEpaTypa.

3. Commosiornueckue, Moka3aTeau MPEeCTyMHOCTH (HampuMep, YUCIO apecToB), MOKa3a-
Tenu 0e3paboTHIIbL.

I'EHEPAJIBHAA COBOKYITHOCTD — 310 (Kak mpaBwiio, JIIIhL BOOOpakaeMoe) ToJ-
HOE coOpaHHe O0BEKTOB (JTFOACH, JKUBOTHBIX, PACTCHUN WM BEIIEH), SBISIONICECS UCTOYHUKOM
naHHbIX. OHA MPECTaBIsET BCE MHOXKECTBO CTATUCTUUYECKUX €AUHUI] (TPYMIy MHTEPECYIOUIUX
HAC MPEMETOB).

HNudopmanmio o reHepaabHON COBOKYITHOCTH MBI TIOJTy4aeM, U3ydasi BRBIOOPKU U3 Hee; U3
KaKIOW COBOKYITHOCTH MOKHO CJeJIaTh MHOTO pa3HbIX BBIOOpOK. [0 BBIOOpKE MBI MONydaeMm
MHPOPMALIKIO 00 MHTEPECYIOIINX HAC IMapaMeTpax COBOKYITHOCTH.

Hampumep, BeiOOpodHOE cpenHee naeT MHPOPMAIMIO O CPEIHEM BCel COBOKYITHOCTH.
Baxno, uT00BI TIepes; GOpMHPOBaHNEM BBIOOPKH HCCIIENOBATENh THIATEIBHO M TOJHO OIpe/e-
JWJI TEHEPaTbHYI0 COBOKYIHOCTH, a TaKXe CIoco0 u3BIedeHHs] BbIOOpkH. BriOopka momkHa
OBITh perpe3eHTaTUBHOM.

80



PYKOBOJACTBO I10 U3YYEHUIO JUCHHUTITJIMHBI

I'ETEPOCKEJACTUYHOCTD — ycnoBue, Koraa AUCIEPCUH PETPECCUOHHBIX OCTATKOB
HE OTBEYAIOT YCIOBHIO TOMOCKEIACTUYHOCTH.

CM. TOMOCKEAACTUYHOCTh AUCIIEPCUH.

[TMCTOT'PAMMA — 5T0 cioco0 NpeACTaBICHUS JaHHBIX, H3MEPEHHBIX B HHTEPBAILHOMN
mKane (Kak AUCKPETHBIX, TaK U HENpPEphIBHBIX). YacTo UCHOIB3yEeTCSl B Pa3BEJOYHOM AHAIU3E
JAHHBIX ISl WUIIOCTPALIMA OCHOBHBIX XapaKTEPUCTHK pacnpeaeseHus. ['mcrorpamMma IenuT
Jana3oH BO3MOKHBIX 3HAUEHWH MHOXECTBA JaHHBIX Ha KJIAcChl, Wiy rpynnsl. Kaxxnoi rpymnme
COOTBETCTBYET NPSAMOYTOJIbHUK, JJINHA KOTOPOTO PaBHA [UaNa3oHy 3HAYECHUH B 3alaHHOM TPYyII-
e, a MJIONIAab MPOMOPIIMOHAIbHA YUCTY HAOII0EHUH B 3TOM rpymme. DTo 03HAYaeT, 4To Mpsi-
MOYTOJIbHUKU CKOpPEE BCEro OYyT pa3inyaThCs MO BHICOTE.

['mcrorpamma roguTcst TOJIBKO Ul YHCIOBBIX IEPEMEHHBIX, U3MEPEHHBIX B HOMHUHAJIb-
HoU mikane. Kak mpaBuiio, OHa UCTIONB3yeTCs A7l OOJIBIIMX MHOXKECTB JaHHbIX (>100 nHabmozae-
HUIT), KOT/1a HE XOTAT CTPOUTh TUarpaMMbl CTBOJI-JIUCT.

I'mcrorpaMMBl TOMOTAIOT BBISIBUTH HEOOBIYHBIE HAONOACHHS (BBIOPOCHI) M MPOITYCKU B
MHO’KECTBE JaHHBIX.

IT'OMOCKEJACTUYHOCTD — ycnoBue MOCTOSHCTBA TUCIIEPCUN PETPECCHOHHBIX OC-
TaTKOB.

KOPPEJIALIMSA — koraa roBopsT, 4TO JIBE ClydyailiHble MEpEeMEHHbIE KOPPEIUPOBAHHBI,
UMEIOT B BUJy, KaK IIPaBUJIO, YTO OHM JIPYT C IPYTroM Kak-TO cBA3aHbl. CTaHAAPTHOU MEPOU CBs-
31 TIEPEMEHHBIX SBJsieTCs KodpduuueHT koppemnsuuu. CieayeT, 0HaKo, TOMHUTh, YTO OH H3-
MEpSET JIMILIb CUITY JIMHEWHOU CBA3U.

KOSODOUIIMEHT KOPPEJIAIMU — mensiercst B npenenax ot -1 mo 1, uzmepsier cre-
NIEHb JIMHEWHOM CBSI3M ABYX ClIy4yaiHbIX nepeMeHHbIX. [TonoxurenbHoe 3HaueHue ko3dduumen-
Ta KOPPEISLUU 03HAYAET, YTO C POCTOM OJHOW M3 MEPEMEHHBIX JIpyras TakKe pacTeT, ¢ yObIBa-
HUEM OJIHOW M3 HUX YObIBaeT u Jpyras. OTpuuaTebHOE 3HaU€HUE 03HAYAeT, YTO C POCTOM Of-
HOU M3 NIEpPEMEHHBIX Jpyras yObIBaeT, ¢ yObIBaHHEM OJHOW M3 HUX Jpyras pacter. Koaddumm-
€HT KOppPEJSLUU, PAaBHBIM HYJIIO, O3HAYAET, YTO MEXJy HAIIMMU NEPEMEHHBIMH OTCYTCTBYET
JIMHENHAas CBS3b.

OOparure BHUMaHUE: Jaxke eciau Ko3(pPUIUEHT Koppeiasuuu paBeH 1 mo aOCcoatoTHOMH
BEJIMYMHE U, CJIEI0BATENIbHO, IEPEMEHHBIE (PYHKIIMOHAIBHO CBSI3aHbl (JIMHEWHO), HUYETrO HENb3s
CKa3aTb O IPUYMHHO-CICJCTBEHHO! CBA3H MEXIY HUMMU.

B craructuydeckoil mpakTHKe B XOAy JABa KOX(PQHUIMEHTa KOPPENSIUH: JUIS YHCIOBBIX
NEepEeMEHHBIX HCIOob3yeTcs Ko3dduuuent koppensauuu [Tupcona, 11 paHroBeIX— Ko3GGUIM-
eHT Koppensuun CnupMeHa.

KPUTEPUI COTJIACHS — mpoBepsioT THIOTE3y O COBHAACHHN HAGMIONEHHOM M-
pHUUECKOW (QYHKIMHU pacrpeesieH s C TEOPETUIECKO (yHKIMEH MOCTYIUPyeMOTO pacipeerne-
Hus. Kputepuil cornmacust Xu-kBajapar JellaeT 3TO MyTeM CpPaBHEHUS HAONIONEHHBIX M OXKHIae-
MbIX yacToT. Kpurepuit Konmoroposa — CMUpHOBa OCHOBBIBAETCS HA MAaKCUMAJIbHOM pa3HOCTU
MEXY SMIUPUUECKON U MOCTYIMPYEMON (QPYyHKIMSAMHU pacHpeeCHHs.

JIMHEMHAST PEITPECCUS] — B nuHEiHHOH perpeccum MoJeibHOE (TCOpPeTHUECKOe,
IpeJcKa3aHHOE) 3HaueHue Y SBJsEeTCs JUHEWHOW KoMOMHanuell 3HaueHuid oxHOro wiau Oosee
MPEIUKTOPOB:

Y =by+b; Xj+by Xy +.. .+tby X.

MEJIMAHA BbIOOpKH — 3TO TOYKA, IO 00€ CTOPOHBI KOTOPOH pacroiaraeTcsi OIMHAKOBOE
KOJIMUECTBO 3JIEMEHTOB BbIOOpKH. Eciim 00beM BbIOOpKM HeueTeH M paBeH 2n + 1, To MeanaHa
paBHa AJIEMEHTY BapUallMOHHOTO psifa ¢ HoMepoM n + 1. Eciau o0bem BHIOOPKH YeTeH U paBeH 2n,
TO MEIMaHa paBHa I10JIyCyMME 3JIEMEHTOB BaApHALIMOHHOIO psiia C HomMepamMu nun + 1.
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ITpumep:

JI1st HeYeTHOro KONMMYeCTBa JaHHBIX, CKaxeM, 21, nmeem:

Jannsie 96 48 27 723970 7 68 99 36 954 6 13 34 74 65 42 28 54 69

Bapuanmonnsiii paa: 4 6 7 13 27 28 34 36 39 42 48 54 65 68 69 70 72 74 95 96 99

Menuana paBHa 48, 10 3HaueHwMit JspKET BbIlie Hee, U 10 — Huxe.

JlJ1s1 9eTHOrO KOJIMYecTBa JAHHBIX, CKakeM, 20, MBI UMEeM:

Hannblie: 57 55 85243349942 851713091 647506543417

Bapuanmonnsiii pag2 6 7 8 24 30 33 41 43 4749 50 51 55 57 65 71 8591 94

MenuaHoli B JaHHOM CiIy4ae SIBISIETCSI CPEHEE JBYX «CEPEIUHHBIX» TOYEK, B JJAHHOM
ciydae cpennee Mexnay 47 u 49 = 48.

MenunaHna pacnpeiesIeHus — 3TO TOYKa m, onpeessieMas aHaJIOTHYHbIM YCIOBUEM: BEPO-
SATHOCTB TOTO, YTO CITy4yaifHas BEIMYMHA IPUMET 3HaYCHHE, HE TPEBOCXOAIIee m, paBHa 1/2.

MenunaHa BEIOOPKH SIBIISIETCS OLIEHKOM MeAMaHbl pacipeesieHHs.

Menuana aBinsieTcsi poOacTHOM OLEHKOM LIEHTPaJIbHOM TEHICHIIUH.

METO/J HAUMEHBIINX KBAJIPATOB — 310 pacnpocTpaHEHHBI METOJ OLICHUBA-
HUs napameTpoB. MiyTcs oneHKH, MUHUMHU3UPYIOIIUE CyMMY KBaJIpaTOB OTKIOHEHUN MEXIy
CMOJIETUPOBaHHBIMU (IpeACKa3aHHBIMU) M HAOIIOCHHBIMU 3HAUEHUSMHU.

METOJ MAKCUMAIJIBHOT O TTIPABJJOIIOAOBUSA — 310 00111# METO] BHIYUCICHUS
OLIEHOK MapameTpoB. WIiyTcst Takue OLIEHKH, YTOObI (PYHKLHUS MpaBaonono0uss BEIOOPKH, paB-
Hasl IPOM3BEICHUIO 3HAYCHUN (DYHKIIMH pactpeaeNeHHs sl KaXKI0ro HaOII0IEHHOTO 3HAYCHHUS
IaHHBIX, ObUIa KaK MOKHO OOJIBIIIEH.

M. M. . my4nre paboTaeT Ha OOJBIIUX BBIOOPKaX, TJE€ OH, KaK MPaBUIIO, Ja€T OLEHKH C
MUHMMaJIbHOHN aucniepcueil. Ha ManeHpKuX BBIOOpKaX OLEHKM MaKCHUMaJIbHOT'O MPaBJONOA00uUs
4acTO OKa3bIBAIOTCSI CMEILIEHHBIMHU.

MVIJIbTUKOJJIMHEAPHOCTD — nBa unu Gojee mnpenukropa KOJUIMHEAPHBI, €CIH
CWJIbHA JIMHEWHAs CBA3b MEXKIY HUMH; UX MOKHO NPEACTaBUTh B BUJE JMHEHHONW KOMOMHALUU
IpyT Apyra. MyJbTHKOJUIMHEAPHOCTh MOXKET CJieNlaTh MPOBOJUMBIE Ul JIMHEHHOHN perpeccuu
BBIUHCJICHUS] HEYCTOWYMBBIMU, @ TO M HEBO3MOXXHBIMH, IOCKOJIBKY B 3TOM CIy4yae MaTpHUIIbI
wioxo oOycioBieHbl. Kpome TOro, oHa MOXET BbI3BaTh 3aBBIIIEHHBIE OIICHKM CTaHAAPTHBIX
omuOO0K 7151 KO3 UIIMEHTOB MPH MPEICKAZBIBAIOIINX NTEPEMEHHBIX.

HE3ABHUCHUMOCTD — nBe cinyualiHble IEpEMEHHBIE HE3aBUCUMBI, €CIIM UX COBMECTHAs
IUIOTHOCTh PAaCHpEe]eNICeHUs] paBHA IMPOU3BENEHUIO OTAEIBHBIX (MapruHaJbHBIX) IIOTHOCTEH.
Menee opmanbHO: /1Be citydaiiHble nepeMeHHble A U B He3aBHcHMBI, eciii HHpOpMaLus o 3Ha-
yeHUU B He BiMsieT Ha pacnpeneneHne BeposTHOCTEN 3HaueHu A, U Hao0opoT. Beibopka B3a-
MMHO HE3aBUCHMBIX CITyYailHbIX IEPEMEHHbIX Ha3bIBAETCSI HE3aBUCUMON BBIOOPKOM.

HE3ABUCHUMAA IITEPEMEHHAS — nepemeHnHasi, ucnonb3yemast sl OObsICHEHUS 3a-
BUCUMOU MEPEMEHHOM.

CHHOHMMBI: IPEIUKTOP, OOBSACHSIOLIAs IEpEMEHHAs!.

CMoTpHTE TaKKe 3aBUCUMYIO ITEPEMEHHYIO.

HEJIMHEWMHASI PETPECCHS — npenmonaraercsi, 94to 3aBUCHMOCTh OTKIMKA OT IIpe-
JUKTOPOB SBJISIETCS. HEMTMHEWHOM (DyHKIMEN PeAUKTOPOB.

OAHOPOIHOCTD — paBeHCTBO aucnepcuil mepeMeHHOW, MOACUUTAHHBIX B Ipenenax
pasHbIX TpyII. SIBisieTcs CTaHAApPTHBIM TpeOOBaHMEM B TaKUX, HAIpUMeEp, METOJaX, KaK per-
PECCUOHHBIN U JUCIIEPCUOHHBIN aHATIU3bI.

CHHOHUM: TOMOCKEIACTUYHOCTb.

AHTOHHMM: FeTEPOCKEAACTUYHOCTb.
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[TPEOBPA3OBAHMUE 3Hauenuii 1aHHBIX — OPOU3BOAUTCS IMyTEM MPUMEHEHUSI OJTHOU U
TOH k€ (PYHKIIMK KO BCEM 3HAYCHHUSIM MEPEMEHHOW; BaXXHO TO, YTO apryMeHTaMU Takou (PyHK-
I[UU MOTYT SIBIISITHCS TOJIBKO 3HAYCHUS TIEPEMEHHBIX TEKYIIETO HAOIIOICHUSI.

PacnipocTpaHeHHBIMH TIpUMEpPaMH TaKUX OMEPAIMil SBIISIOTCS: T00aBJICHUE KOHCTAHTHI,
YMHOKEHUE Ha KOHCTAHTY, B3ATHE JIorapupma.

I[TPOU3BOJACTBEHHAA ®YHKIUA (production function) — oTpakaeT 3aBUCUMOCTh
MEXy KOJUYECTBOM MPUMEHSIEMBIX PECYpPCOB U MAaKCHMAJIbHO BO3MOXKHBIM OOBEMOM BBIITYC-
KaeMOM MPOIYKIMH B €AUHHUILy BPEMEHH; OMHUCHIBACT BCIO COBOKYITHOCTh TE€XHHUYECKH d(Pdek-

TUBHBIX CIIOCOOOB MPOU3BOJICTBA (TEXHOJIOTHH).
CTAHAAPTU30OBAHHAA ITEPEMEHHAA —

o o X—X
Hepexoz[ OT IICPEMCHHOM X K [ICPEMCHHOU Z = g ,

TJle x — CpejHee 3HAUCHHE, A S — CPEIHEe KBAAPATHUECKOE OTKIOHEHHE, HA3bIBACTCS CTAH-
JlapTU3alre NEPEMEHHOM X, a pe3ybTaT — CTAHAAPTU30BAHHOMN IepeMeHHOM Z . HacTo roBopsT
TaKXe 0 Z-peoOpa30BaHUM U AAXKE Z-3HAUECHUAX EPEMEHHOH X.

Ha3Banue BOCXOIUT K cTaHIapTHOMY HOopMalibHOMY pactpeznenennto N(0,1): Beas eciu
X MOJYMHSAETCS HOPMAJIbHOMY pacIlpelesIeHUI0, TO JUIsl OOJBIINX BHIOOPOK €€ CTaHAapTU3aLus
IPUBOJUT K Z — HOJUUHSIIOIIENCS CTaHAaPTHOMY HOPMaJIbHOMY paclpeesICHUIO.

CE30HHA KOMITIOHEHTA — oauH u3 croco60oB onMcaHusi BpEMEHHOTO psijia — pas-
JIO’)KEHUE €r0 Ha KOMIIOHEHTBI: TPEH[, NMEePUOJUYECKYI0 U ciydaiiHyto. Korga BpemeHHas och
CBsI3aHa C JlJaTaMH, a MEepPHOJ — C MECSIAMU MM KBapTajaMH, EPHOAMYECKYI0O KOMIIOHEHTY Ha-
3BIBAOT CE30HHOM.

CI'TTA’)KUBAHUE, ®UJIbTPALIMA — crinakxuBaHue NpUMEHsETCs Ul YMEHbILIEHNS Uppe-
T'YJISIPHOCTH (CITy4aliHBIX U3MEHEHUI) BPEMEHHBIX PAJ0B. PacripocTpaHeHHBIM METOJIOM CIJIa’KHBa-
HUS SIBJISICTCS CITIAKMBAHUE MPOCTHIM CKOJIB3SIIUM CPEIHUM (XOTsI CYIIECTBYIOT M JAPYTHe CHOCO-
0b1). Crioco0 crimaxuBaHusl ONPEEIAETCs CBOMCTBAMU PsAia U LIENSIMU €ro 00pabOTKH.

CTATUCTHUKA — 310 (pyHKIMS 37€MeHTOB BbIOOpKHU. JaeT MH(OpMaIMo O HEU3BECT-
HBIX 3HAYEHMSIX MapaMeTpPOB reHepabHOU COBOKYMHOCTH. Hampumep, cpenHee BBIOOpKU SIBIISA-
eTcs, Kak IpaBulo, OLIEHKON CPeHEro COBOKYITHOCTH, U3 KOTOPOH OblIa B3sTa BBIOOPKA.

CTATUCTHUYECKASA HE3ABUCHUMOCTD — orcyTcTBHE CBA3M MEXKIY IEPEMEHHBI-
Mu. He3aBUCHUMOCTB JIByX HENpPEpPBHIBHBIX NEPEMEHHBIX 4aCTO OLIMOOYHO OTOXKJIECTBISIOT C pa-
BEHCTBOM HYJIIO UX KOppEeIsluy (KOBapHallM), OJHAKO 3TO BEPHO, TOJIIBKO €CJIM OHU IOJYMHS-
I0TCSI IByMEPHOMY HOPMaJIbHOMY PacrpeeIeHHUIO.

CTATUCTUYECKUIN KPUTEPUH — cratucTHuecKnii KpUTEPHil COCTOUT U3 CIIEIYI0-
IIMX KOMIIOHEHT: Mapa T'HII0Te3 — HyJIeBas U albTepHATUBHAsS, CTATUCTHKA KPUTEPHs U YPOBEHb
3HAYMMOCTH; IO HUM HAaXOJUTCS] KPUTHYECKasi 00JIaCTh.

ITpoBepka runoTe3sl HAUUHAECTCA C BBIUMCIIEHUS CTaTUCTUKU. Eciiu 3HaueHune nomnajnaer B
KPUTUYECKYIO 0071aCTh, MBI OTBEpPIraeM HYJIEBYIO THUIOTE3Y U CYMTAEM UCTUHHOMU €€ allbTepHATH-
By. B mpoTHBHOM cilyyae y Hac HET OCHOBAHUI OTBEPrHYTh HYJIEBYIO TUIIOTE3Y.

W3 reHepasbHON COBOKYIHOCTH MOYHO C/AETIaThb MHOTO Pa3sHBIX BBHIOOPOK, MPUYEM 3Ha-
YeHUE CTATUCTHKU B 0OIIEM ciiydae OyJeT MEHSIThCS OT BHIOOPKH K BBIOOPKE; APYTMMU CJIOBa-
MU, BBIOOpKa SIBJISICTCS CIy4alHOM, a 3HAYMUT, CIy4alHOW BETMUYMHON SIBJISETCS M CTATUCTHKA.
Hanpumep, BbIOOpOUHBIE CpeHHE sl Pa3HBIX BEIOOPOK U3 OAHOM M TOM e COBOKYNHOCTU MO-
I'yT pa3InyaTbcs MEXIY COOOM.

Craructuku 00bIYHO 0003HAYAIOT JTATUHCKUMH OyKBaMH, a OLIEHHBAaeMble UMH ITapaMeT-
PBI — TPEUECKUMH.
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CTAIIMOHAPHBIE noxazarenu — nokasaTesd, CpelHee KOTOPbIX MOXHO CUMTaTh He-
WU3MEHHBIM; HECTAlMOHAPHBIMM — HA3BIBAIOTCS II0OKA3aTENU, CPEAHEE KOTOPBIX M3MEHSETCS CO
BPEMEHEM.

CucremMpl OJHOBPEMEHHBIX KOHOMETPHUYECKUX YPAaBHEHUH SIBISAIOTCS TPETBHM OCHOB-
HBIM KJIaCCOM MOJEJIEH, KOTOpble MPUMEHSIOTCS s aHainu3a U (WIM) MPOrHo3a. JDTU MOAEIU
OINMCBHIBAIOTCS CUCTEMAMH YPAaBHEHUH, KOTOPBIE MOTYT COCTOATH U3 TOXKAECTB H PETPECCUOHHBIX
ypaBHEHHH, KaXJ0€ U3 KOTOPBIX MOKET, KPOME OOBACHSIONIUX MEPEMEHHBIX, BKIIOYATh B e
Takke OOBSCHAEMbIE IIEPEMEHHbIE U3 JIPYI'MX ypaBHEHHM cucteMbl. T.e. Habop 0OBACHAEMBIX
IIEPEMEHHBIX CBSA3aH UEPE3 YPaBHEHUS CHCTEMBI.

TABJIMIIA COITPAXKXEHHOCTH — tabnunua (TC), kaxaplil s1eMeHT (KJIeTKa) KOTOpOon
COOTBETCTBYET KJIETKE Kpocc-Tadymsauuu. B ciydae nByx ¢axtopoB kierku TC pacnonararor
TaK, YTOOBI 3JIEMEHTBI OAHOM CTPOKH COOTBETCTBOBAJIM OJHOMY U TOMY K€ 3HAUEHHUIO OJHOIO
(akTopa, a 3IeMEHTHI OJJHOTO CTOJIOIA — OTHOMY M TOMY € 3Hau€HHIO APYyroro (hakropa; roBo-
PAT, YTO YPOBHH OJHOTO (paKTOpa pacrioyioKeHBI 10 CTPOKaM, a IPyroro — no croinouam. Takue
TaOJIUIBI YaCTO 0003HAYaIOT IXC, 1€ I — KOJMYECTBO YPOBHEH (PaKTOpa, COOTBETCTBYIOLIETO
CTPOKaM, C — CTOJIOIaM.

B ciayuae tpex ¢akropos cumurarot, yro TC coctout u3 copokynHoctu TC, kaxnaas u3
KOTOPBIX COOTBETCTBYET 3HAUEHMIO TPETHETO (pakTopa, sIBISICH Mpu 3ToM (ycinoBHOi) TC nep-
BBIX JIByX (hakTopoB. MOXHO, KOHE4HO, mocTpouTh TC u 11 6osbIero yucia GakTopoB.

B xaxnoit kinetke TC cTOUT KOTUYECTBO IJIEMEHTOB COOTBETCTBYIOIICH KIIETKH KPOCC-
TaOyJSAIUH.

TC — He cnuIKoM yJ00HBIH crioco0 MpeACTaBAeHUs JAHHBIX IS UX BU3YaJIIbHOTO aHAJIM3a,
€CJIM BEJIMKO KOJIMYECTBO YPOBHEH (haKTOPOB, TEM OoJiee, €Ccii BEIMUKO KOJIMYECTBO (DaKTOPOB.

Jlyise IpOBEpKH THITOTE3bl O HE3aBUCHMOCTH (aKTOPOB, MO KOTOPBIM ITOCTPOEHA KpOCC-
TaOyJIALuUsA, UCTIONb3yeTCsd KpUuTepuil He3aBUcUMOCTU XH-KBajpaT Ilupcona. Jlns Tabmui 2x2
(mBa daxTOpa, MO ABa YPOBHS y KaXKJIOT0) HCIIOIB3YETCs TAK)KE TOYHBIN KpuTepuii dutepa.

OO0uwmit MeTo/ aHanu3a TabauL CONPSHKEHHOCTH — JIOT-JIMHEHHBIN aHaIu3.

TPEH/I — nuis my4niero NOHMMaHKs BPEMEHHOTO Psifia MbI BBIIEIISIEM €r0 OCHOBHBIE Xa-
pakTepucTUKkd. OQHON U3 TAKUX XapaKTEPUCTHUK SIBIISETCS TPEH.

TpeHa — 3TO JOATOBPEMEHHOE M3MEHEHUE BPEMEHHOTO psAjia. JTO HampaBlieHue (TEH-
JICHIIMS K TIOBBIIIEHHUIO WJIM CHIKEHHIO) U CKOPOCTh U3MEHEHUSI BPEMEHHOTO psifa, IIPH ClesIaH-
HBIX JIONYIIEHUSAX O IPYTUX KOMIIOHEHTaX.

[MUKIIMYECKASA KOMIIOHEHTA — 4uroObl jyuyllle MOHATh HNOBEJEHHE BPEMEHHOTO
psiaa, BBIACNAIOT €r0 OCHOBHBIE XapaKTepUCTHUKU. OHON W3 TaKUX XapaKTEPUCTHUK SBISETCS
LMKJINYECKasi KOMIIOHEHTa. B HEJENbHBIX WM MECSYHBIX JAaHHBIX LUKINYECKas KOMIIOHEHTa
OTIHCBIBACT JIIOOBIE PETYJISIPHBIC KoyleOaHus. ITO HE CE30HHAs] KOMIIOHEHTA, N3MEHEHHE KOTOPOU
MOIYUHSIOTCS HEKOTOPOMY Paclo3HaBaEMOMY LIUKITY.

OKCITOHEHIAJIBHOE CI'JIAXKMBAHUWE — meTon criakuBaHusi Bp€MEHHOTO Psifia,
UCTIOJIb3YEMBbIH /1151 YMEHbLICHUs UPPETYISIPHOCTH (CIy4alHBIX KojeOaHHii) BpeMEHHOTO psija,
YTO MO3BOJIET MOJYUUTh OOJIee SICHOE MPEICTaBICHUE O JIeXKAIUX B OCHOBE ATOTO Psijia 3aKo-
HOMepHOCTAX. Mcnonb3yeTcst Takke i1 MPOrHO3UPOBaHMS 3HaueHHs psafga (Juist 1-2 maros)
IIPOrHO3A.

OKCTPAITOJIALIMA — npenckazanue 3Ha4eHUs NIEPEMEHHOM 3a MpefeslaMyu MHTepBajia
aHaynn3a. TepMUH MpUMEHsIETCS, KaK MPaBUJIO, IPU aHAIM3€ BPEMEHHBIX PsAAOB. i KOPOTKUX
IIPOMEXKYTKOB BPEMEHH NPUMEHSIOTCS KOJIMYECTBEHHBIE NIPEICKA3aHNsI, UHTEPIIOJISALINH.

KonmdecTBeHHOE TIpecka3aHne Aajiekoro OyIyIlero, Kak MpaBUiIO, MEHEE ITOJIE3HO H
INpUMEHSIeTCs AJIs YKa3aHUs Ha He00X0AUMOCTh U3MEHEHHUS TOCTPOSHHOM MOJIEIH.
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JJIA CTYJEHTOB-3A0OYHUKOB

BBenenue

DKOHOMETpPUKa — 3TO AMCLUUIUINHA, OOBEIUHSIIOMAs COBOKYITHOCTh TEOPETUYECKHX pe-
3yJbTaTOB, METOJIOB U MPHEMOB, MMO3BOJISIIONIMX Ha 0a3e SKOHOMHUYECKON TEOpUHU, IKOHOMUYE-
CKOW CTaTUCTHKU M MAaTEMAaTHKO-CTATUCTHYECKOTO MHCTPYMEHTApHsl MOTy4YaTh KOJIMYECTBEHHOE
BBIPA)KEHHE KAYECTBEHHBIX 3aKOHOMEPHOCTEH. DKOHOMETPUYECKUN IMOAXOJ XapaKTEepU3yeTcs
OOJIbIIMM BHUMAaHHEM, B BOIPOCE COOTBETCTBUS BBIOPAaHHOW MOJETH H3y4aeMOMYy OOBEKTY,
PacCMOTPEHUIO MPUYUUH, MPUBOIALINX K HEOOXOAUMOCTH MEPECMOTpa MOJIENIN Ha OCHOBE Ooiee
TOYHOM CHUCTEMBI IIPEICTABICHUN. DKOHOMETPHUKA 3aHUMAETCs, 110 CYLIECTBY, CTATUCTUUECKUMU
BBIBOJIAMH, T. €. UCTIOJIb30BaHUEM BHIOOPOYHOM HH(OPMAIMHN VIS TTOTYYSHHUS HEKOTOPOTO Tpe/-
CTaBJICHUS O CBOMCTBAX reHEPabHOM COBOKYMHOCTH. [Ipoiiecc sKOHOMETpHUECKOro ucciaeaoBa-
HUS B OOIIEM BHJI€ MOKHO NPEACTaBUTh B BUJIE CIIEAYIOIIEH CXEMBI.

dopmyIHpoOBKA LeJiell U 3a1a4

HcCJae10BaHusA =
ITocTpoenue Br100p kpuTepust UIs OLEHKH
OT100p HaHHBIX P P KPHTCPI AU Ot
o01ero Buaa KauyecTBa U HAIEKHOCTHU
JUTSL aHAIU3a
MOJEIN MOJEIHN
Orenka mapaMeTpoB [TpoBepka momenu Ha
MOJEIIHN aJIEKBATHOCTH

\ BrIBoz 0 HagEKHOCTH MOAETH |

Monens aiekBaTHO

Mojens HeageKkBaTHO
OTIMCBIBACT MCCIICTyEMOE
OTHCHIBACT HCCIIETyEMOE
SIBIICHUE

‘ SABJICHHUC

HWcnonw3oBanue Mmoaenu
JUUI1 MHOTOBApHUAHTHBIX
pacueToB M NPOTHO3a

JlaHHBIN KypC TIOCBSIICH U3yUYEHHIO OCHOBHBIX Pa3elioB SKOHOMETPUKH, Hanboee 9acTo
UCIIOJIb3YEMBIX Ha MPAKTUKE.

[Tocobue conepkuT nporpammy Kypca, ClIiCOK OCHOBHOM U IOMOJIHUTEIBLHOM JTUTEPaTyphI,
opOoOHO pa3oOpaHHbIE BapUAHTHI PELICHUS KOHTPOJIbHBIX 3aJ]1ad, IIOCCApHid, a TaKkXKe 3aJaHus
JUISL CAMOCTOSTEIBHOIO PEILICHUSI.

Ilepen BbIMOTHEHHEM 33JaHUsI HEOOXOAUMO HU3YUHTh yuyeOHOe mocodue «IKOHOMETPHKay
Y TIPOBEPHUTH YPOBEHb MPUOOPETEHHBIX 3HAHUH C MMOMOIIBIO TECTOBBIX 3aIaHUM.
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1. Ilesn, 3aga4n usy4veHus, cpepa npogeccnoHAILHOT0 NPUMEHEHH

Ilens nmpenogaBaHus Kypca — JaTh CTyAEHTaM Hay4yHOE IIPEACTaBICHUE O METOAaX, MoJe-
JSX U pUeMax, MO3BOJISIONIMX M0Jy4aTh KOJINYECTBEHHBIE BhIPAXKEHUSI 3aKOHOMEPHOCTEN IKO-
HOMMYECKON TeopuM Ha 0a3e 3KOHOMHUYECKOW CTAaTHUCTUKH C HCIOJb30BAHHEM MaTEeMaTHKO-
CTaTUCTUYECKOT0 MHCTpyMeHTapus. COBpeMEHHbIE COLUATbHO-IKOHOMUYECKUE MTPOLIECCHI U SB-
JICHUS 3aBHCAT OT OOJBIIOrO KOMW4ecTBa (PaKTOPOB, UX OMpEACTSAIONHNX. B CBSI3M ¢ 3TUM KBa-
TU(QUIMPOBAHHOMY CHELUATUCTY HEOOXOJUMO HE TOJIBKO UMETh YETKHE Mpe/icTaBIeHus 00 oc-
HOBHBIX HAIIPaBJICHUAX PA3BUTHS YKOHOMHUKHU, HO U YMETh YYUTBIBATH CJII0KHOE B3aHMMOCBS3aH-
HO€ MHOroo0pasue (akTopoB, OKa3bIBAIOIIMX CYIIECTBEHHOE BIMSIHHUE HAa U3y4aeMblil Mpolecc.
Taxue nccienoBaHUsI HEBO3MOXKHO IMPOBOJUTH 0€3 3HAHMS OCHOB TEOPUHM BEPOSTHOCTEH, MaTe-
MaTUYECKON CTaTUCTHKH, MHOTOMEPHBIX CTaTUCTUYECKUX METONOB U DKOHOMETPUKH, T.€. JMC-
IIUITIH, TIO3BOJISIOLINX HUCCIIEIO0BATEIN0 pa300paThCcsi B OTPOMHOM KOJIMUYECTBE CTOXACTHUECKOU
MHPOPMALIMU U CPEIM MHOXKECTBA PA3JIMYHBIX BEPOSTHOCTHBIX MOJENEH BBHIOpATh €IMHCTBEH-
HYI0, HAWJIY4IIMM 00pa3oM OTpa’karollyl0 N3y4aeMblil IPOLIECC UM SBJICHUE.

3aiaun kypca. Hayuutbes cTpOUTh 3KOHOMUYECKHE MOJENN U OLEHUBATh UX NapaMETPhL;

HAyUYUTHCS MPOBEPSITh TUIOTE3bl O CBOMCTBAX SKOHOMMUYECKUX MOKa3aTenel U Gopmax ux
CBSI3H.

B CcOOTBETCTBUM C LIENBIO CTYICHTHI JOJDKHBI OCBOMTH METOJIbI KOJIMYECTBEHHOW OLICHKH
COLIMAJIbHO-9KOHOMHUYECKUX MPOLIECCOB, HAYUYUThCA COJACPKATEIbHO HHTEPIPETUPOBATH (op-
MaJIbHbIE PE3yJbTAThl, MOAEIUPOBATh C MOMOLIBIO NAKETOB NpHUKIanHbIX nporpamMm STATIS-
TICA, SPSS u ap.

B kypce onmchIBaroTcs GOPMBI M TUITBI KIIACCHYECKUX SKOHOMETPUUECKUX MOEIEH, COOT-
HOILIEHUSI MEKIY HUMH, UX JOCTOMHCTBA M HEAOCTAaTKU. PaccMaTpuBaroTCs MPEANOCHUIKH IIO-
CTPOCHUS MOJIeTIEH, a TaKKe 3a/1a4M UX Cre(PUKAIIN 1 UACHTU(DUKAIIH.

CBsi3b C ApYyruMu aucuuniauHamu. [t usyueHus: Kypca SKOHOMETPUKHU CTyJEHTaM HE0O0-
XOJIMMO 3HAHHUE OCHOB:

TEOPHH CTaTHUCTUKHU, B KOTOPOM COPMYIMPOBAHBI OOLIME METO/IbI M MIPUHLIUIIBI ONpeee-
HUS KOJIMYECTBEHHBIX XapaKTEPUCTUK MACCOBBIX ITPOLIECCOB U ABJICHUM;

HSKOHOMHYECKOM CTaTUCTUKH, NAOLIEH MPEACTaBICHUE O HANPABICHUSX Pa3BUTHSA 3KOHO-
MHKH, O TEMIIaX POCTa IIEH U 3aHATOCTH, O TEHACHUUSAX pa3BUTUS U 3()(PEKTUBHOCTU UCIIOIB30-
BaHUS PECYPCOB B OTIENBHBIX OTPACIAX U CEKTOPAaX SKOHOMMKH;

JTMHEWHOU anreOpbl ISl MPOBEACHUS PacyeTOB HaJl MaTPULIAMH;

BBICIIICH MaTeMaTUKH, 00yJaroel mprueMaM HHTErpUpOBaHus U TU(PEpeHITMPOBAHNUS;

MaTEeMaTHYeCKON CTAaTHUCTUKH, OIPENENSIONICH TeHepalbHyI0 U BBIOOPOYHYIO COBOKYTI-
HOCTb, BapUALIMOHHBIE PSIZIbI U UX XapaKTEPUCTUKH; METObI CTATUCTUYECKOTO OLICHUBAHUS I1a-
paMeTpOB M CTATUCTUYECKOW MPOBEPKH TUIOTE3 (CTATUCTHUECKUE KPUTEPUH); METOJbI KOoppe-
JSIUOHHO-PErPECCUOHHOTO aHAJIN3a JUIsl MCCIENOBAaHUS B3aMMOCBA3H MEXKIY 3aBUCUMOM Iepe-
MEHHOW M TPYIION BIMSIONIUX HAa HEE MOKa3aTeleH;

MHOT'OMEPHBIX CTaTUCTUYECKUX METO/OB, MO3BOJSIOIIMX BBIICNATH JaTEHTHbIE (DAaKTOPHI,
CKMMAaTh IPU3HAKOBOE IIPOCTPAHCTBO U COINOCTABIJIATH M3y4aeMbIE NPOLIECCH B IIPOCTPAHCTBE
JATEHTHBIX (PaKTOPOB, MPOBOIUTH MHOTOMEPHYIO KJIaCCU(PHUKALIHIO;

BJIaJIETh IPHEMaMH CTaTUCTUYECKOTO aHaIM3a HEYUCIOBOM HH(pOpMAaLIUK.

B cBo1o ouepenb AaHHBIN Kypc SIBISIETCS OCHOBOM ISl TUCLUIUIMHBI « DKOHOMETPUYECKOE
MOJEIIUPOBAHUE.

2. Conepkanue Kypca

Tema 1. KoppeasalIMOHHEIN aHaan3
OcHoBHas 3a/1aua KOPPEIAIUOHHOTO aHAIN3a COCTOUT B OIICHKE KOPPEISAIMOHHON MaTpH-
IIbl TEHEPAITBbHOM COBOKYITHOCTH IO BHIOOPKE W OMPENEICHUU HA €€ OCHOBE OIEHOK YaCTHBIX U
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MHO>KECTBEHHBIX KOA()(DHUIIMEHTOB KOPPEISIIAK U AeTepMUHAIH. KoppensiimoHHbIN aHaIH3 sB-
JIIETCS ATATIOM, MPEIIIECTBYIONUM PETPECCHOHHOMY aHAIU3Y.

Tema 2. PerpeccMOHHBIN aHAIN3

N3yuas manHyro TemMy, HEOOXOAMMO aKIEHTHPOBATh BHUMAaHWE HA TIOHATHIX JIMHCHHOU
Moenu MHOxecTBeHHOU perpeccun (OJIMMP); 06001IeHHOTO METO/Ia HAMMEHBIIIUX KBaIPATOB
(OMHK); o6o0menHo# auHEHHON Moaenn MHOXecTBeHHOU perpeccun (OJIMMP) ¢ romocke-
JACTHYHBIMH U TE€TEPOCKEAACTUYHBIMU CITyYalHBIMH OCTATKAMHM, a TaKXKe OOOOIICHHON JTHHEH-
HOM MOJIeTTH MHOYKECTBEHHOM PErpecCHH ¢ aBTOKOPPEIMPOBAHHBIMU OCTATKAMU.

Taxoke B TaHHON TeMe HeOOXOAMMO 00paTUTh BHUMAHKE HA BOMPOCHI HCIIOJIL30BAHUS B PET-
PECCHOHHBIX MOJIEISIX TIEPEMEHHBIX, HE HOCSIINX KOJUYECTBEHHBIN Xapaktep. BrIACHUTH mpryn-
HBI IPUMEHEHHS TAKUX TIEPEMEHHBIX B 9KOHOMUYECKHX MOJIEIISX, CIENU(UKY X HAXOXKICHUSI.

Tema 3. HenmmueiiHbpIe MOJICIN PETPECCUN M X JIMHECAPHU3AIIHS

JlanHasi TemMa MOCBSIIEHa PACCMOTPEHUIO HETMHEUHBIX MOJIENEH, UCIOJIb3yEeMBIX JJIsl OH-
CaHUs B3aMMOCBSI3M YKOHOMHYECKHX TOKa3zaTeliel. B perpeccHoHHOM aHanu3e BUJ ypaBHEHUS
perpeccun BHIOUPAIOT UCXOJs M3 aHanm3a (PU3MYEeCKOW CYIIHOCTH WM3y4aeMOro SIBJICHUS U pe-
3yapTaToOB HabOmoaeHus. [Ipyu m3ydeHUn MaHHOW TEMBI CIIETyeT aKIEHTHPOBaTh BHUMAaHHUE Ha
pa3IMYHBIX BapHaHTaX YpPaBHEHUI pPErpeccuu M crocofax Ux mpeoOpa3oBaHUS K JIHHEHHOMY
BUTY.

Tema 4. Meronsl MHOrOMEPHON Kiaccudukarmu. KitacTepHbI aHaan3

Nzyuas nanHyro TeMy, HEOOXOIMMO aKIIEHTUPOBAThH BHUMAHHUE Ha 3aja4ax aHaIM3a HEOl-
HOPOJHBIX B HEKOTOPOM CMBIC/IE JIaHHBIX. B Takux ciydasx, mpexie 4eM NEepexXOoAuThb K IO-
CTPOCHHIO PETPECCHOHHBIX MOJIEJICH, HEOOXOMMO BBIICTUTH OJTHOPOIHBIC TPYIITBl OOBEKTOB U
yKe BHYTPU KaKJI0H TPyIIIbI CTPOUTH PErPECCUOHHBIE 3aBUCUMOCTH.

Tema 5. IlpousBonacTBeHHble (QyHKIMH. CHCTeMa OOHOBPEMEHHBIX SKOHOMETPHYECKHX
YPaBHEHUU

N3yuas nanHyio Temy, HEOOXOAMMO aKIEHTUPOBATh BHUMAHHE Ha aHAIM3€ CHCTEM OJHO-
BPEMEHHBIX YpPaBHEHUH, MPUMEpPaX MCIOIb30BAHUS TAKUX CUCTEM ISl MOACIUPOBAHUS Pa3Iny-
HBIX SKOHOMHUYECKHX B3auMOCBs3ed. HeoOXoauMo BBIACHUTH MPUYHWHBI HEBO3MOXXHOCTH HC-
MOJIb30BaHUS CTAaHAAPTHBIX METO/IOB OIICHKHU XapaKTePHBIX I HHANBUAYATbHBIX YPABHCHUN.

3. Cnncok pekoMeH1yeMoii JJuTepaTypbl
OcHoenasa numepamypa

1. AiiBazsn C.A., Mxutapsas B.C. [IpakTukym 1o NpHUKJIaJHOW CTaTUCTUKE U S3KOHOMETPUKE. —
M.: MOCH, 2003.

2. AiBazan C.A., Mxurapsn B.C. IlpuknanHas cTaTUCTUKAa U OCHOBBI SKOHOMETpPUKU. — M.:
IOHUTU, 2001.

3. Hy6pos A.M., Mxurapsia B.C., Tpomun JI.LI. MHOTOMEpHBIE CTAaTHCTUYECKUE METOMABI. —
M.: ®unance u cratuctka, 2003.

4. Mxurapsn B.C., Apxunosa M.1O. Oxonomerpuxka. — M.: MOCH, 2005.

/Jlonoanumensnas numepamypa

1. AiiBazan C.A., bexaesa D.U., CraposepoB O.B. Knaccudukaiuss MHOroMepHbIX Ha0I0/1e-
HuH. — M.: Cratuctuka, 1974.

2. AiiBazsn C.A., EntokoB 1N.C., Memankun JI.JI. Ilpuknannas craructuka. Knaccuduxanus u
CHIDKEHHUE pa3MepHOCTH. — M.: duHaHCHI U cTaTUCTUKA, 1985, T. 2.
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3. Aiazsu C.A., EntoxoB U.C., Memankun JI.JI. [lpuknaanas cratuctuka. MeTtonasl uccneno-
BaHMA 3aBHCUMOCTEN. — M.: ®uHAHCH U cTaTHCTHKA, 1983, T. 1.

4. Jxoncton JIx. DxoHoMeTpuueckue metonbl. — M.: Cratuctuka, 1980

5. Hoyreptu Kpucrodep Beenenne B a3xoHOMeTpuKky. — M.: UTHOPA-M, 1997.

6. Jy6pos A.M., Mxurapsa B.C., Tpommn JI.1I. MHOTOMEpHBII CTATUCTUYECKUI aHAIN3 B
SKOHOMHYECKUX HcclieqoBanmsax. — M.: MOCH, 1988.

7. WUbepna K. ®akropusiit ananu3. — M.: Ctatucrtuka, 1980.

NBanosa B.M. Dxonomerpuka. — M.: Comuntek, 1991.

9. Karpimes I1.K., Marnayc f.P., Ilepecenkuit A.A. COOpHUK 3a7]a4 K HAYaIIbHOMY Kypcy DKO-
HomeTpuku. — M.: Jleno, 2002.

10. Kneitnep I'. [IpousBoactBennsie pynkuuu. — M.: duC, 1986.

11. Kopaunos N.A. HccnenoBanue 3aBUCUMOCTEN C MOMOILBIO NAKETOB MPOrpaMM CTaTHUCTHYE-
ckoro ananm3a ;i1 EC DBM. — M.: MOCH, 1988.

12. Marnyc f.P., Katerimes [1.K., Tlepecenkuii A.A. DxonomeTrpuka. HauanpHbiii kypc. — M.:
JHemo, 1997.

13. Mangens U.J1. Knactepusblii ananus. — M.: @uHaHCH U cTaTUCTHKA, 1988.

14. Tlpaktukym no skoHoMmetpuke/ [lox pen. .M. EnuceeBoii. — M.: duUHAHCH U CTaTUCTHUKA,
2002.

15. Cmonsik C.A., Turapenko b.I1. Ycroitunbeie meTonbl ouenuBanusi. — M.: Ctatuctuka, 1980.

*

4. llpumMepsbl pelieHUs1 TUMOBBIX 3a/1a4

4.1. Koppenayuonunustii ananu3

AHaJIN3 B3aHMOCBSA3H COIMMAJTBbHO-9KOHOMHNYECKHUX noKa3areJjiei rpynnbl CTpaH

B xozme xoppenslMOHHOTO aHalu3a BBIABISETCS CTATUCTHUECKAs B3aUMOCBS3b MEXIY
NpU3HAKaMU U OTOMpPAIOTCS MEpPEMEHHbIE JUIsl BKIIOUEHHSI B PErPecCUOHHYI0 Mozenb. [Ipenmo-
CBUTKaMU KOPPEJSIIMOHHOTO aHaju3a SIBISIOTCA CIy4alHOCTh NMPU3HAKOB M HOPMAaJIbHBIM MHO-
TOMEpHBINA 3aKOH UX COBMECTHOTO pacnpeneieHus. [1oaTomy HEOOXOIUMBIM YCIOBHEM JJISI €T0
MIPOBEICHUS SIBIISIETCS OJHOPOJTHOCTh BBIOOPKH, MPOCTEHIIHI CIOCO0 0oOecriedeHus] KOTOpOH —
IpyNIUpPOBKa 0OBEKTOB MO OOIIHOCTH UX OCHOBHBIX CBOWCTB.

[To manubIM 1995 rona o0 20 OBIBIIMX M HBIHEITHUX COIMATIMCTUYECKUX CTPAHAX, B3STHIX
u3 tabnunsl [TPUJIOKEHUS 1, paccuntana marpuiia BEIOOPOUHBIX MapHBIX KO3(PPHUIIMEHTOB
KOppesIIU

X1 X2 X3 X4 X5 X6 X7 X8 X9

X1 1 -0,879 -0,758 | -0,556 0,767 | -0,600 | 0,826 -0,580 | 0,698
X 1 0,817 0,710 -0,591 0,631 | -0,676 0,406 | -0,514
X3 1 0,717 -0,515 0,664 | -0,615 0,433 -0,466
X4 1 -0,249 | 0,624 | -0,329 0,313 -0,057
X5 1 -0,604 | 0,963 -0,865 0,851
X6 1 -0,658 0,612 -0,419
X7 1 -0,833 | 0,906
Xs 1 |-0,637
X9 1
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Hccnenyemplit mpu3HaKk — X; — JETCKask CMEPTHOCTH (YMCIIO yMEPIIUX MIIAJCHIICB Ha
1000 HOBOPOKIEHHBIX ).
Tpebyetcs:

1) IIpoBepuTh 3HAYMMOCTH KaXA0TO U3 KOAGOUIIMEHTOB Ha ypoBHE 3Ha4UMOCTH o = (0,05.

2) Omnpenenuth MpHU3HAKU, HauOOJee BaKHbIE Il OOBSCHEHUS BapHallMM HCCIEAYyeMOM
MIEPEeMEHHOHN, paccYyuTaTh BHIOOPOYHBIE YaCTHBIE KOA(D(DHUIIMEHTH KOPPEISIIAA UCCIICTYyEeMOTO
MpHU3HAaKa C KaXIbIM U3 MPU3HAKOB MPU (GUKCUPOBAHHOM 3HAYEHHH OCTaNbHBIX. HailTu mHTEp-
BaJIbHBIC OIICHKU YAaCTHBIX KOA()(UIIMEHTOB KOPPEIISIHH, OTPEIACIIUTh 3HAYUMOCTh K03 uIm-
eHTOoB. CpaBHUTH YacTHbIE KOI(DPHUIIMEHTHI KOPPENISIUUA C COOTBETCTBYIOIIMMU MapHBIMU U ClIe-
JIaTh BBIBOJBI OTHOCHUTEJIBHO POJIM HCKIIFOUCHHOW MEPEMEHHONW B M3MCHEHHH CTEIICHU TCCHOTBI
CTaTHCTUYECKOM CBSI3U, XapaKTePU3yeMoil 3TUMU KOIPPUITMEHTAMU KOPPEISAIIIH.

3) PaccuutaTh 3HAYEHHE MHOXKECTBEHHOTO KOX(Q(UIIMEHTa KOPPEISAIUH HCCIEeTyEeMOro
MpU3HaKa C BHIOpaHHBIMU B I.2 mpu3HakaMu. Haiitu koaduimeHT nerepMuHanuu, NpoBepUTh
€ro 3HaYHUMOCTb.

Pemenune:

1) Ompenenum 1o Tabnuie (Dnmepa-ﬁeﬁTca KPUTHYECKOE 3HAYEHUE T AJIA OAHOTO U3 HAU-
0osee 4yacTo MCHONB3yOMUXCs ypoBHer 3HaunMocTu a=0,05. C yderom o0bema BeIOOpKH n=20
HAXOJUM YHUCIIO cTeneHel cBo0oabl v=n—2=18. [1o 1aHHBIM TaONUIIBI OTYYaEM I, = 0,444.

Jlnst BBIOOPOYHBIX MAPHBIX KOI(GGHULUUEHTOB KOPPEISLHUY Iij, a0COIIOTHAsI BEIMYMHA KO-
TOPBIX MPEBOCXOIUT KPUTHUUECKOE 3HAUEHHE, OTBEPIraeTcs T'MIIOTe3a O PAaBEHCTBE HYJIO COOT-
BETCTBYIOLIUX MM UCTUHHBIX K03(p¢unuenros xoppemsnuu (Ho: p;=0), u oHu cumurarorcs 3Ha-
qyuMbIMHA. OCTaIbHBIC HCTUHHBIC 3HAYCHHS KOAPPHUITUCHTOB KOPPEIIAIUNA OT HYJISI CYIIECTBEHHO
He orTinyatorces. [loquepkaem 3HaunMBbIe KO (DUIIMEHTHI KOPPETSIUT

X] X2 X3 X4 X3 X6 X7 X3 X9

X1 1 -0.879 | -0,758 | -0,556 | 0,767 | -0.600 | 0,826 | -0.580 | 0,698
X) 1 0,817 | 0,710 | -0,591 0,631 -0,676 | 0,406 | -0,514
X3 1 0,717 | -0,515 | 0,664 | -0,615 | 0,433 | -0.466
X4 1 -0,249 | 0,624 | -0,329 | 0,313 | -0,057
X5 1 -0,604 | 0,963 | -0.865 | 0.851
Xg 1 -0,658 | 0,612 | -0,419
X7 1 -0,833 0,906
X I | 0637
Xo9 1

C BeposTHOCTBIO 1-00=0,95 MOXHO yTBepkIaTh HAJIMYME CTATUCTUYECKU 3HAUUMOMN CBSI-
31 MEXAy i-M U j-M IpU3HAKaMU, BHIOOPOUHBIN MapHbIN K03 GHULINEHT KOPPEISILUN KOTOPBIX Tjj
3HauuM. CBsI3p MEXIy IpYI'MMH INPHU3HAKAMHM C TaKOH Mepoil yBEPEHHOCTH HE YCTaHOBJIEHA
(4T0, BIpOYEM, HE JAET OCHOBAHUN TOBOPUTH O €€ OTCYTCTBUM).

2) Cpeau NpU3HAKOB, KOTOPbIE MOTYT 00YCJIOBIMBATh BapUALMIO IETCKOW CMEPTHOCTH, BbI-
JIeIMM YPOBEHb I'PAaMOTHOCTH HAaceJIEeHUs (X4) U CPEAHEE YUCIIO AETEl B ceMbe (X9). COOTBETCT-
BYIOIIIME MapHble KO3()PULIUEHTH! KOPPEIALUU 3HAYMMbI U CBUJICTEIBCTBYIOT O HAJIUUYUM CYIIe-
CTBEHHOM CBSI3U MEXIy 3THUMHU MEPEMEHHBIMHU U UCCIIeAyeMOi nepeMeHHoi. OTpaHuYuB Koppe-
JSILMOHHYIO MOJIENIb UCCIIEAYEMOM MEPEMEHHOM U ABYMs BBIOPAHHBIMU IPU3HAKAMU, 3alMILIEM
JUIA Hee MAaTpHIly HapHBIX KOA(P(UIMEHTOB KOPPEISLHHU, B3SB 3HAaYCHHUS KOA(P(PHUIMEHTOB U3
0011elt KOpPEISAIMOHHON MaTPHIIBI

90



METOJMYECKUE YKA3AHUA U 3AJJAHU A

JJIA CTYJEHTOB-3A0OYHUKOB

X1 X4 X9
X1 1 -0,556 0,698
X4 -0,556 1 -0,057
X9 0,698 -0,057 1

BbruncnuM BeIOOpOUHBIE YAaCTHBIE KOA(P(PUIIUEHTBI KOPPEISLUHU T14(9) U T19(4) IO POpMyIIe

_ _R14
MO R R
111%4

rae Aj — anrebpandeckoe JONOJHEHHE JIEMEHTA Tij MATPHILbl BBIOOPOYHBIX MapHBIX K03 hHULH-
€HTOB KOPPEJISILINY.

B nannom ciyvae, 6arogaps HeOOJBIION pa3MEPHOCTH MATPHIIBI, HECIOKHO MOTYYUTh
pacquHoe COOTHOLICHUEC B AaHAJIUTUYCCKOM BUIC
T4 —Tiolyg

T1409) = > —
(I=1i9)(1—149)

Ilocie IIOACTAaHOBKHA 3HAUYCHUI noJjrydyacm
~0,556 0,698 (~0,057)

-_0,722.
J1-0,6987)(1-(=0,057)2)

[1409) =

AHAJIOTUYHO ONpeensieM Ipyroil BHIOOPOUHBINA YaCTHBIN KO3((OUIIMEHT KOPPETAINU

M; T19(4) = 0,803.

r =
19(4) - -
(I-1i)(—149)

Bri6opouHsbie gacTHbIE KOI(GGHULUUEHTBI KOPPEISLMHU I'14(9) U T19(4) HE OTIIMYAIOTCS 10 3Ha-
Ky OT COOTBETCTBYIOIIUX MAPHBIX KOA((MUIIMESHTOB T4 U I'9, HO IPEBOCXOAT UX IO a0COTFOTHOU
BennunHe. ClieoBaTeNnbHO, UCKITI0YAeMbIN MPU3HAK X9 OCTA0ISET B3aMMOCBSI3b MEXKIY IpHU3HA-
KaMH X| U X4, @ IPU3HAK X4 OCTA0ISICT CBS3b MPU3HAKOB X| H Xg.

PaccunTaem mHTEpBaJIbHBIE OLIEHKU MapHBIX KO3 UIMEHTOB Koppemsiuuu. Onpenense-

I, 1+r

Masi 3Ha4eHHUEM BBIOOPOYHOTO KO3(HIIMEeHTa KOPPEIIUN BEITUYHNHA z:Elnl—, Ha3blBaeMas
=T

z-ipeoOpazoBanueM Duinepa, pacrpeneneHa MPUOIMKEHHO HOPMAJIbHO C MaTEeMaTUYECKUM

1. 1+p P o 2
O0XXKHUIaHUEM z=51n—+ U JUCIICPCUCH G~ =

I-p 2(n-1 n-m-2
JIUYUH, p — HICTUHHOC 3HAYCHUC KOS(i)(I)I/II_[I/IeHTa KOoppeJrsinuu. HHTGpBaJ'ILHaH OLICHKa IJId HOp-

, II€ m — YHUCJIO0 UCKIOYCHHBIX BC-

MaJIbHO pacrpeeeHHON BEJIMUHHBI ONIPEEISIeTCs BEIPAKEHUEM

P(Z’—tﬂ/n_—5_3 <Z<Z7'+t, /n_—j_j,)ch(zy),

rae o(t,) —unrerpain Jlamnaca,

z'=il I1+r r

n +
2 I-r 2(n-1)

— HCCMCIICHHAs OICHKA MaTCMATHYCCKOI'O OKHAaHHA.

Jlnst BEIOOPOYHOTO YaCcTHOTO KOA(PPHUIMEHTa KOPPEISALHUH T14(9)= —0,722 OJTydaeM z' =
—0,931. M0>HO HCIIOJIB30BaTh l'IpI/I6J'II/I>KeHHOG 3HayeHue Oe3 IOIIPaBKN Ha HECMEMICHHOCTD, OII-
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penensiemoe 1o Tadnwuie z-npeodbpazoBanust Ouiiepa, z'%-091. Hcnosnb3ys nocnegHee 3HaYEHNUE
U OIpeNeuB Mo Tabauile HOPMAaTbHOTO 3aKOHA paclpeAeNneHus s d)(ty)zl—oc=0,95 BCIIMYUHY

t,=1,96, nonyuaem
P(-1,4 <z<-0,42) =0,95.

ITo tabmune z-npeoOpa3oBanus duinepa HAXOIUM 3HaueHUs Ko3(p(UIMEeHTa KOoppes-
LIUU p, COOTBETCTBYIOIIME IPAHNLIAM MUHTEPBAJIa BEJINYUHBI Z, U ONPENEISEM €ro0 UHTEPBAIbHYIO
OLIEHKY
P(-0,89 < pyy0, <-0,40) =0,95.

B uHTEpBasie BO3MOXKHBIX 3HAUEHHUH 4acTHOTO K03 duiimenTa Koppesiiuu HyIb HE CO-
JEPKUTCS, MOITOMY C BepOSTHOCTBbIO 0,95 MOXKHO yTBEpX/aaTh, 4TO YaCTHBIH KO3(duuueHT
KOPPEJSIUK HYJIIO HEe paBeH. [lrana3oH BO3MOKHBIX 3HAYSHHS YaCTHOTO Kod(h(UIeHTa Koppe-
JISIUM TTOKA3bIBAET, YTO MEXKIY JETCKOW CMEPTHOCTHIO U YPOBHEM I'DaMOTHOCTH B3POCIIOIrO Ha-
CEJICHUs CYIIECTBYET OOpaTHas JIMHEWHas CTaTUCTHYEeCKas 3aBUCHUMOCTh, CTETIEHb TECHOTHI KO-
TOpO# MO0 yMepeHHas1, TH00 CUIIbHAS.

AHAJIOTUYHO TIOJIYYHM WHTEPBAIBHYIO OLIEHKY JJISl JPYroro 4acTHOTO KOd(QHUIMEeHTa
KOPpEJsILU

P(0,71< pg4y <0,92) = 0,95.

OT10oT KO3 (PUIIMEHT TaKXkKe SBISACTCS 3HAYUMBIM, a IMANA30H €r0 3HAUYCHUH YKa3bIBaeT Ha Tps-
MYIO 3aBHCHMOCTb JIETCKOW CMEPTHOCTH OT CPEITHETO YHUCIIA IETEH B CEMbE.

Paccunraem 3HaueHHE BHIOOPOYHOTO MHOKECTBEHHOTO KOd(D(HIIMEHTa KOPPEISIIIHHA HUC-
CJIeZTyeMOro mpu3HaKa X; o ¢popmyie

®
R, =.|[1—, tIoe |R| — ONpeAETUTENb MATPULIBI BEHIOOPOUHBIX MAPHBIX KOA(PPHUIIMEHTOB KOP-
11

peisinnu.

PacueTHnoe ananuTHueckoe COOTHOIIEHUE OYIeT UMETh BU/T

2, .2
Iy + 19 — 2014 TgTg

R =
l 1= 14

[ToxcraBuM 3HAaYEHUST BBIOOPOYHBIX MAPHBIX KOA(D(GHUIIMEHTOB KOPPEIALUU U MOTYyYHM

(~0,556)* +0,698% —2-(~0,556)- 0,698 - (—0,057)
R, = - =0,869.
1-(~0,057)

PaccunTanHblii KOXQPHUIHUEHT SBISETCS BHIOOPOYHBIM 3HAYCHHEM MHOXECTBEHHOTO KO-
3G PULMEeHTa KOPPEeISILUU — MAaKCUMAJIbHOTO CPEIH B3SATHIX MO MOYJIIO MapHBIX KO3 UIHeH-
TOB KOppPENSALNU NEPEMEHHOM X; ¢ JMHEWHbIMM KOMOMHAIMSAMHU NPU3HAKOB X4 U X9. KBampar
MHOKECTBEHHOTO K0()(HIMEHTa KOppensinu — Ko3QQHUIMEHT JeTePMHHAIINN pj 4 — IIOKA3bI-

BaeT JIOJII0 JUCHEPCHHM HCCIEeIyeMOM CllydyailHOH mNepeMeHHOM, OOYCIIOBIEHHYIO Bapualfen
BKJIIOYEHHBIX B MOJ€Ib IPU3HAKOB. BpiOopouHOe 3HadeHHME KOX(PPHULUMEHTa AEeTepMUHALUU
R} =r1j49,= 0,755. OctanbHsie 24,5% IuCrepCHH HCCIIETyeMOil TepeMEHHO 00yCIIOBICHBI JeH-

CTBUCM IPU3HAKOB, HC BKJIIIOYCHHBIX B MOJCIJIb. C IIOMOIIBIO F-KpI/ITepI/ISI OIpeaAcinM 3Ha4u-
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MOCTh KO3 PUIIMEHTA JAeTePMHUHAIINU, TPOBEPUB TUTOTE3y Hy: p12(49) =0. Briuuciaum 3HaueHue
F-cratuctukn
2
L} 49) /2

F = >
(1-149))/(20-3)

PaccuntanHoe 3HaueHue F, =26,16 CPaBHUM C KPUTHYECKUM Fep =359, HalJICHHBIM 110

tabnuie @umepa — CHeaexopa s ypoBHs 3HaunMocTd o = 0,05 u uncna creneHeit cBOOOIbI
YUCJIUTEIS v, =2 U 3HaAMCHAaTeJlsl v, =n—-3=17.

Tak Kak paccUMTaHHOE 3HAUYEHHE MPEBBIIIAET KPUTUUECKOE, IPOBEpsieMasi TUIIOTe3a OT-
Bepraercs, U ¢ BepOATHOCThIO 1-0=0,95 MOXXHO yTBepXkJIaTh, YTO MHOXECTBEHHBIH KO3(PPu-
LMEHT KOPPEISILUH p, . HE paBeH Hy:ro. ClIe0BaTENbHO, CYMIECTBYET CTATHCTHICCKH 3HAYM-

Masi CBSI3b JIETCKOW CMEPTHOCTH C YPOBHEM TIPAMOTHOCTH B3POCIIOrO HACENECHHS U CPEIHUM
YHCJIOM JIETEN B CEMBE.

4.2. Pezpeccuonnstii ananus

Perpeccuonnasi Moge/1b YPOBHS 1€TCKOIl CMEPTHOCTH

B xoJzie perpeccnoHHOr0 aHaiu3a BhISBISIETCA (popMa U apamMeTpbl 3aBUCUMOCTH OJTHOTO
U3 TPU3HAKOB, HA3bIBAEMOT'O 3aBHCHMON NMEPEMEHHOH, OT APYrux — OOBICHAIOLUIUX HEepeMeH-
HBIX, CYMTAIOLIUXCS HECTyYallHBIMU BEJIMYMHAMU. 3aBUCHMAs IEPEMEHHAsI TIPECTABIIIET COO0M
HaunOoJiee BaXKHbIM M3 MPAKTUUYECKUX cooOpakeHUH mpuszHak. OTOOp MPHU3HAKOB JAJISI UCHOJB30-
BaHUS B Ka4eCTBE OOBSACHAIOIIMX MEPEMEHHBIX MTPOU3BOJUTCS HAa OCHOBE aHAJIM3a UX COJAEpKa-
TEJIbHON CYIIHOCTH M PE3YJbTaTOB KOPPEJISLMOHHOIrO aHanu3a. IIpu 3ToM M3 npu3HaKos, cBs-
3aHHBIX 3aBHCHUMOCTHIO, OJHM3KOH K HeclydalHOW (DyHKIMOHAIBHOW, BBIOMPAIOT KaKOH-THOO
OJIMH BO H30exaHue 3pQPeKxTa MyIbTUKOUTMHEAPHOCTH OOBACHSIOIUX NTepeMeHHbIX. Bb1O0p BU-
Jla YPaBHEHMS PErpecCUM OIPEACNAeTCs CYLIHOCTbIO M3y4yaeMoro spieHus. IIpocreimen u3s
PETPECCUOHHBIX MOJENEH sBIIAeTCA NTUHEWHAsd. OLEeHKa MapaMeTpoB YpaBHEHHUS BXOIUT B YHCIIO
BAKHEHINNX 337a4 PErpeCCHOHHOrO aHanu3a. Hapsny ¢ HaxoxXAcHMEM 3HAYCHUN IapaMeTpoB
OLIEHUBAETCS UX TOYHOCTb, IPOBEPSAETCS 3HAUUMOCTb YPABHEHUS U €ro KO3 (UIIEHTOB.

[To nanabM 1995 roga o 20 OBIBIIMX U HBIHEUIHUX COLMAIMCTHYECKUX CTpaHAaX, B3ATHIX
u3 Tabmunel [TIPUJIOXKEHUSA 1, napsay ¢ npuBeACHHON BBINIE MAaTPUIIEH BHIOOPOYHBIX MAaPHBIX
K03(PPUIIMEHTOB KOPPEISAILUH, TOCTPOSHBl YPaBHEHUSI perpeccui. B 3TUX ypaBHEHMAX 3aBUCH-
MOW NEPEMEHHOM SIBJISETCA COLMAIBHO 3HAUYMMBIA MPU3HAK X; — JETCKas CMEPTHOCTh (YHCIO
ymepiux miazaeHneB Ha 1000 HOBOpokIeHHBIX). B kauecTBe OOBSCHAIONINX MEPEMEHHBIX HC-
N0JIb30BAHBI IPU3HAKHU B PA3IMYHBIX KOMOUHAIMAX

¥ =99,891 - 0,225x3 - 0,957x4 + 0,215x¢ + 12,9949 ; R2=O,774; F=12,883;
(42,430) (0,200)  (0,564)  (1,005) (3,738)
y =31,134-0,497x3 + 9,939%9; R2=O,726; F=22,556;

(12,652)  (0,128)  (3,241)

¥y =30,980 - 0,445x; - 0,493x¢ +9,661x0; R2=0,730; F=14,455;
(12,945) (0,161)  (0,989)  (3,362)
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¥ =121,093 - 1,354x4 + 15,099%o ; R2=O,775; F=26,159.
(31,207)  (0,314)  (2,718)

Jist KaXI0ro ypaBHEHHUs PACCUMTAHBI 3HAYCHHUS KOIPQPUIMEHTOB ICTCPMHHAIMH H
F-craructuk. Iloxg ko3¢ ¢unuenramu npuBeeHbl 3HAUYCHUST UX BBIOOPOUYHBIX CPEHUX KBaJpa-
THYECKUX OTKJIOHECHUM.

TpeGyercs:

1) Hcnons3ys xpurepuit @uiepa, npoBeputsh Ha ypoBHE 0=0,05 3HAUMMOCTH Ka)J10TO U3
yYpaBHEHHUH perpeccuu. B 3HaUMMBIX ypaBHEHUSAX pAacCUMTATh 3HAYEHMs t-CTATHCTUK BCEX KO-
s¢¢punmentos. [lepenncars ypaBHEHHUsI perpeccut, yKas3biBas Mo KodppuiueHTaMu 3Ha4eHUs
t-CTaTUCTHK.

2) Ilo rtabmuue pacnpeneneHus CTbIOAECHTA ONPENEIUTH t, — KPUTHUECKOE 3HAUCHUE
t-CTaTUCTUKHU JJISI KOKAOr0 U3 ypaBHeHUH Ha ypoBHE 3HaunmoctH o=0,05. [IpoBeputh 3HaUM-
MOCTb K03()(DUIIMEHTOB YPaBHEHUS pErPeCcCU.

3) BriOpath U3 NpeUIoKEHHBIX YPaBHEHUN Hannyuliee. Paccunrars HHTEpBaJIbHbBIE OLEHKU
ero koagpdunuenTos. IIpousBecTr aHaIN3 ypaBHEHUS.

Pemenune:

1) Jns kaxiaoro u3 ypaBHeHus onpenenuMm Fy, — kputudeckoe 3HaueHue F-ctatuctuku mno
tabnuie dumepa — CHeaexopa npu ypoBHe 3HaunMoctu o = 0,05 u uncne creneHeit cBOOOIbI
YUCIUTENS P, @ 3HAMEHaTels v=n-p-1, I7ie p — 4Yicio perpeccopoB B ypaBHeHuu. [lomyuaem

Fip1(0,05:4;15)=3,06; Fi2(0,05;2;17)= Fyi=3,59; Fi3(0,05;3;16)=3,24.

3naueHust F-cTaTucTuk BceX ypaBHEHUI MPEBBIINIAIOT COOTBETCTBYIOUINE KPUTUYECKUE
3HaveHus1. ClieZ10BaTeNIbHO, BCE YPABHEHUS SIBIISIIOTCS] CTATUCTUYECKH 3HAYMMBIMH.

Jlnst mpoBepKu 3HAUMMOCTH KOX(PPUIIMEHTOB MPOBEPUM THUIIOTE3Yy O PAaBEHCTBE HYJIIO
Ka)X/IOTO UCTHHHOTO 3HaueHus [ kaxmaoro u3 Hux Hoy: f=0. {ns 3TOro BBIYMCINM 1O BEIOOPOU-
HOMY 3HAYCHHUIO b KaX1oro koddduimenta u ero BHIOOPOYHOMY CPEAHEMY KBaIpaTUIECKOMY
OTKJIOHCHMIO S CTaTUCTHUKY

b-0_b

t .
! S S
Jlnis mepBoro Ko puuKeHTa NEepBOro ypaBHEHUs t, =99,891/42,430=2,354.
Bbruncium 3HaueHus OCTaIbHBIX t-CTATUCTUK U 3alUILEM YPABHEHUS C yKa3aHHEM UX 3HAYCHUH

¥ =99,891 - 0,225x3 - 0,957x4 + 0,215x¢ + 12,994x9 ; R2=O,774; F=12,883;
(2,354)  (-1,125)  (-1,696)  (0,210) (3,476)

y =31,134-0,497x3 + 9,939%9 ; R2=O,726; F=22,556;
(2,461)  (-3,856)  (3,067)

y =30,980 - 0,445x; - 0,493x¢ +9,661x0; R2=O,730; F=14,455;
(2,393)  (-2,770) (-0,499)  (2,871)

y =121,093 - 1,354x4 + 15,099%9 ; R2=O,775; F=26,159.

(3,880)  (-4,309)  (5,554)

2) Kputnueckue 3HaueHUs t-CTaTUCTUK OOBIYHO JIeXkKaT B MHTEpBasie oT 2 10 3. Paccunraem
UX JUId KaXXIO0ro ypaBHEHMs 1o Tabmuue pacnpeneneHuss CTbIOJEHTa sl YPOBHS 3HAYMMOCTHU
0=0,05 1 yncna crenenelt cBOOOBI V=n—p-1, TJe p — YUCIIO PETPECCOPOB B yPaBHEHHH.
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t1(0,05;15) = 2,131 tp2(0,05;17) = t4(0,05;17) = 2,110;  t,3(0,05;16) = 2,120.

CpaBHIM a0COTIOTHBIC BETMUUHBI t-CTATUCTUK C KPUTUYECKUMHU 3HAUYCHHUAMH.

Ecmu |t > tip, TO ¢ BepoaTHOCTBIO 1-00=0,95 ucTUHHBIA KO3QQULMEHT ypaBHEHUS per-
peccuu HyJI0 HE paBeH, U COOTBETCTBYIOLIMI MPU3HAK BIUSIET HA BapHAllMIO 3aBUCUMOH Tepe-
MEHHOW. B mpoTHBHOM ciydae mpearnoaokeHue o HyJeBOM 3HaueHHH koddduipenTa u, cieno-
BaTeNIbHO, 00 OTCYTCTBUU BIUSHMS Perpeccopa Ha MOBEICHHE 3aBUCHUMON MEepeMEeHHON He Mpo-
THUBOPEYHT UMEIOIINMCS JaHHBIM, U TaKOW KO3((UIMEHT CUNTACTCS HE3HAYMMBIM.

Brinenum 3HaunMble KO3 PHUIHUEHTHI B K&KIOM YPaBHEHUU

y =99,891 - 0,225x3 - 0,957x4 + 0,215%¢ + 12,994x%9; t,=2,131; R*=0,774; F=12,883;

(2.354) (-1,125)  (-1,696)  (0,210) (3.476)
y =31,134 - 0,497x; + 9,939xo; tp=2,110; R2=0,726; F=22,556;

(2.461) (-3.856)  (3.067)

y=30,980 - 0,445x; - 0,493x¢ +9,661xo; tp=2,120; R2=O,73O; F=14,455;
(2393) (-2.770) (-0,499)  (2.871)

y =121,093 - 1,354, + 15,099%o; tep=2,110; R2=0,775; F=26,159.
(3.880)  (-4.309) (5.554)

Bo BTOpOM 1 4eTBepTOM ypaBHEHUSIX BCe KOIPPUIIMEHTHI 3HAUHMBI.

3) s mpaKkTHYeCKOTO HMCIOJIb30BAHUS MPUTOIHBI JIUIIb YPABHEHUSI CO 3HAYUMBIMHU KOA(-
¢unmenTamu npu perpeccopax. Beidepem U3 COOTBETCTBYIOIIUX JaHHOMY YCJIOBHUIO YPaBHEHUH
T0, KOTOPOE XapaKTepHU3yeTcs HanOoubIeil BenmuunHoil koodduirenTa qerepMuHanmn R,

y =121,093 - 1,354x4 + 15,099xo; tp=2,110; R’=0,775; F=26,159.
(3.880)  (-4.309) (5.554)

Paccuntaem nHTEpBaNbHBIC OIICHKU €T0 KO3 PUIIMEHTOB

[To Tabnuue pacnpenenenus CTbIOJCHTA AJS TOBEPUTEIbHON BepoaTHOCTH Y=1-a =0,95
HalJIeM C y4eTOM 4YucIia CTerneHeil cBo0o sl v=n—k-1 3Hauenue t, = toos = 2,110. C yuerom mnpu-
BEJICHHBIX B MCXOJIHBIX JAHHBIX 3HAYEHUW BHIOOPOUYHBIX CPEIHHMX KBAJAPATUUCCKUX OTKIOHECHUUN
S K03 PHULIMEHTOB OIpeeNuM HHTEPBATBHYIO OLIEHKY K03 duimenrta by

P(bo - taSho < B <bo + taSk0) =7,
P(121,093-2,110-31,207 < 3, <121,093 +2,110-31,207) = 0,95,
P(55,246 < 3, <186,940) = 0,95
¥ OCTAJIbHBIX KOA(PPHUIIUEHTOB
P(-2,017 < B, < -0,691) = 0,95,
P(9,364 < S, <20,834) =0,95.
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Hynb He conepXUTcs HU B OJTHOM M3 PACCUMTAHHBIX MHTEPBAJIOB BO3MOXHBIX 3HAUCHUI
K03()(UIIMEHTOB ypaBHEHUS PETPECCHH, UTO €IIe Pa3 CBUACTEIBCTBYET O 3HAYNMOCTH Ka)KIOTO
u3 K03 punmeHTos.

C yBenuueHueM ypoBHSI TPAMOTHOCTH HACEJICHUsI HA OJIMH MPOILEHT AETCKasi CMEPTHOCTh
cHmkaercsa B cpenneM Ha 1,354 cobbrtuii Ha 1000 HOBOPOXKAECHHBIX, MPU 3TOM C BEPOSITHOCTHIO
0,95 camxenue cocrapiseT B xyameM ciaydae 0,691, a myumewm ciydae 2,017 coOwrtuit Ha 1000
HOBOPOXJICHHBIX.

PocT cpennero uncna geteil B ceMbe Ha OJTHOTO peOeHKa COMPOBOXKIACTCS yBEIMUECHUEM
JIETCKOW CMEepTHOCTH B cpenHeM Ha 15,099 coOwitrii Ha 1000 HOBOpOXKACHHBIX. COOTBETCTBEH-
HO, C BeposTHOCThIO 0,95 B XynieMm ciydae 3T0 yBenuueHue npousonaet Ha 20,834, a B myd-
meMm —Ha 9,364 coObituii Ha 1000 HOBOPOKIEHHBIX.

4.3. Henumneitnoie pezpeccuonnvie mooenu
[Ipn ananuze pacxonoB Ha MPOAOBOJILCTBEHHBbIE TOBaphl B 00muMX pacxoaax (%) cemu

cemeil MOCKBBI B 3aBUCUMOCTH OT CPEIHEMECSYHON 3apabOTHOMN IIaThl (ThIC. pyO.) MOITyUYEHBI
CIIeyIOlIHEe JaHHbIe, IpeicTaBIeHHbIe B Ta0m.4.3.1

Tabnuya 4.3.1

Howmep cembu Pacxonst Ha mokynky mpogo- | CpeaHemecsyHas 3apaboTHasI

BOJIbCTBEHHBIX TOBApOB B 00- | mijaTa paboTaroLMX
umx pacxonax (%) (TBIC. pYO.)

1 61,2 59,0

2 59,9 57,2

3 56,7 61,8

4 55,0 58,8

5 54,3 47,2

6 49,3 55,2

7 68,8 45,1

Tpebyemcs naiimu oyenKu napamempos ciedylouwux QyHKyuiL:
a. pasHocmopoHmuell 2unepbo.ivl
b. cmenennoii
C. NOKA3amenvHoul
[lpuMeHeHHEe MeETO/a HAWMEHBIIUX KBAJPAaTOB BO3MOXKHO B Clydae HCIIOJIB30BaHUS
byHKUMH ¢ TMHEHHBIME MapaMeTpamu. [losToMy mpexkzae, ueM nepexoauTh K HaXOKACHUIO He-
U3BECTHBIX KOA((UIIMEHTOB YpaBHEHHUSI PErpeccui, HEOOXOIUMO MPHUBECTH (YHKIMIO C HEJH-
HEHHBIMH MTapaMeTpaMH K JTUHCHHOMY BHILY.

. 1 .
1. YpaBHeHUE PaBHOCTOPOHHEH rUnepOosbl y=a+b * — NPUBOAUTCS K JTUHEHHOMY BUAY
X

1
IIyTEM 3aMCHBI IICPCMCHHBIX: Z = —.
X

Toraa ncxoaHOE ypaBHEHNE NPUHUMAET CIEAYIOIUN BUI: y=a+ b °z
Jl1st pacdeToB HCMOIb3yeM BCIIOMOTaTeNbHY0 Tab. 4.3.2.
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Tabauya 4.3.2
y Z yZ 22 y2 ,j}x y-j}x (y_j}x)z
1 61,2 0,0169 | 1,0373 | 0,000287 3745,44 56,3 4,9 24,01
2 59,9 0,0175 1,0472 | 0,000306 3588,01 56,9 3,0 9,00
3 56,7 0,0162 [ 0.9175 | 0.,000262 3214.89 55.5 1.2 1.44
4 55 0,0170 | 0,9354 | 0,000289 3025,00 56,4 -1,4 1,96
5 543 0,0212 | 1,1504 | 0,000449 2948.49 60,8 -6,5 4225
6 493 0,0181 | 0,8931 | 0,000328 2430,49 57,5 -8,2 67,24
7 68,8 0,0222 | 1,5255 | 0,000492 4733 .44 61,8 7,0 49,00
Uroro 405,2 0,1291 | 7,5064 | 0,002413 23685,76 405,2 0,0 194,90
Cpennee 57,9 0,0184 | 1,0723 | 0,000345 3383,68 - - 27,84
3HAYCHUC
S 5,74 0,002145 - - - - - -
s? 32,9476 | 0,000005 - - - - - -

3Ha4YeHUs1 HapaMeTPOB PErPECCUU a U b MOTyUuM, UCHIOJB3YS CIEeAYIoNHe (HOPMYIIBL:

b yz—yxz 1.0723-57.9-0.0184

52 0.002145>

a =

y

~1051.4,

-b-z =57,89-1051,4.0,0184 =38,5.

Hckomoe ypaBHEHHE perpeccuu OyaeT UMeTh clieayonmii Bua: y =38,5+1051,4 l
X

o b
2. I[J'Iﬂ IIOCTPOCHUA CTCIICHHOU MOJCIN Yy = a4 “X

Heapu3aIio IEPEeMEHHBIX, TyTeM JiorapuMupoBaHus 00enx JacTeil ypaBHEHUS:

O6o3nauuB yepe3 Y=Igy, X=Igx, C=lga,

lgy=Ilga+b - Igx;

nonyuum: Y=C+b X

Jiis pacyeToB UCHOIB3yeM JAaHHBIE BCIOMOraTenbHoi Tadu. 4.3.3.

CHa4dalia HGO6XO,I[I/IMO IMPOBECTH JIN-

Tabnuya 4.3.3
2 2 A A N
Y X YX Y X Voo | ¥V | -0
1 1,7868 | 1.7709 3.1642 | 3.1927 | 3.1361 56,3 4.9 24.0
2 1,7774 | 17574 31236 | 3.1592 | 3.0885 56,8 3.1 9.6
3 1,7536 | 1,7910 3,1407 | 3,0751 32077 55,5 12 1.4
4 1,7404 | 1,7694 3.0795 3.0290 | 3.1308 563 13 1.7
5 1,7348 | 1.6739 2.9039 | 3.0095 | 2.8019 60,2 5.9 34.8
6 1,6928 | 1.7419 2.9487 | 2.8656 | 3.0342 57.4 8.1 65,6
7 1,8376 | 1.6542 3.0398 | 3.3768 | 2.7364 61,0 7.8 60.8
Hroro 12,3234 | 12,1587 | 21,4003 | 21,7078 | 21,1355 403,5 1,7 197.9
Cpennee 1,7605 1,7370 3,0572 | 3,1011 3,0194 - - 28,27
3HAUYCHUC
s 0,0425 | 0,0484 - - - - - -
s’ 0,0018 | 0,0023 - - - i _ _
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Paccunraem C u b no ¢popmynam:

_YX-YxX 30572-1.7605-1.7370
5.’ 0.0484°

X

b ~—-0.298,

C=Y-b-X =1,7605+ 0,298 - 1,7370 = 2,278.
[Tomyuum nuHETHOE ypaBHEHUE: Y=2278-0,298 - X.

I[aﬂee, BBITIOJIHUB €TI0 IOTCHIUPOBAHUE, TIOJIYUUM:
_)’> — 1024278 . x—04298 — 1897 . x—0.298 .

3. TlocTpOeHUIO YpaBHEHHUS MOKA3aTEIbHON KPUBOI y= a * b* Ipe/iecTByeT Mpoleaypa
JMHEAapU3aluy EPEMEHHBIX NPH JIorapu(pMUpOBaHUK 00€UX YacTell ypaBHEHUS
lgy=Ilga+x - Igh
O6o3nauuB Y=1gy, C=1ga, B=1gb,
nonyunMm: Y=C+B - x.
st pacueToB UCONIb3yeM JaHHbIe Tao. 4.3.4.

Tabauya 4.3.4
2 2 N A N
v x Yx Y X Jo | I | -0
1 1,7868 59,0 105,4212 3,1927 3481,00 56,4 48 23,04
2 1,7774 572 101,6673 3,1592 3271,84 56,9 3,0 9,00
3 1.7536 61.8 108,3725 3,0751 3819.24 55.5 1.2 1.44
4 1,7404 58,8 102,3355 3,0290 345744 56,4 -1,4 1,96
5 1,7348 472 81,8826 3,0095 222784 60,0 -5,7 32,49
6 1,6928 552 93,4426 2,8656 3047,04 57,5 -8,2 67,24
7 1,8376 45,1 82,8758 3,3768 2034,01 60,7 8.1 65,61
Urtoro 12,3234 3843 675,9974 | 21,7078 | 21338,41 4034 | -1,8 200,78
Cpennee 31a- | 1,7605 54,9 96,5711 3,1011 3048,34 - - 28,68
YCHUC
s 0,0425 5,86 - - - - - -
= 0,0018 34,3396 - - - - - -
3HaueHus napaMeTpoB perpeccuu 4 U B cocraBuiu:
Y-x-Y-X 96.5711-1.7605-54.9
B=—""—"= . ~—0.0023,
S 5.86

A=Y -B-x=1,7605+0,0023 - 54,9 = 1,887.

[TosrydeHo nMuHENHOE ypaBHEHUE:! Y =1,887-0,0023 *x.

[Tpon3BeneM MOTEHIMPOBAHHUE TOJYYCHHOTO YPABHCHHSI M 3alUIIEM €ro B OOBIYHOMN

dopme:
p =10"%710095% =771 -0,9947",

98



METOJIMYECKUE YKA3AHUA U 3AJJAHU A
JJIA CTYJEHTOB-3A0OYHUKOB

4.4. Memoowvt mnozomepnoit knaccugpurkayuu. Knacmepnuotii ananus

Kaaccnpukanus cemel mo aHaJIu3upyeMoit
CTPYKTYype pacxo10B

[To manHBIM, TIpeAcTaBICHHBIM B Tabi. 4.4.1, npoBecTu Kiaccuukanuoo #n=5 ceMeu 1mo
JIByM TOKa3aTesiM: YPOBEHb Pacxo/0B (MIIH. py0.) 3a JETHHE MeCALbl Ha KyJIbTypHbIE HYXIIbI,

cropt 1 oTbIX - 'V 1 muranmne x:
Tabnuya 4.4.1.

Ne cembu (i) 1 2 3 4 5
x D 2 4 8 12 13
x® 10 7 6 11 9

Krnaccudukanuioo mpoBeCcTH MO HEPAPXUUECKOMY arioMEpaTUBHOMY ajiTrOpPUTMY C HC-
MOJIb30BaHWEM OOBIYHOTO M B3BemeHHoro (w;=0,05; w,=0,95) eBkina0Ba pacCcTOSHUSA, a TAKXKe
MIPHUHIIAIIOB: “ONMKaiiero” u “naipbHero” cocenua, NeHTpa TSHKECTH U CPEIHEH CBSI3U.

CpaBHUTH TOJNy4YEHHbIE PE3yJNbTaThl U OOOCHOBaTH BBHIOOP OKOHYATEIHLHOIO BapHaHTa
KJIaccu(uKaIum.

IIpumeuanue: Ha ocHoBaHMM MpeaBAapUTEIHLHOTO KAYECTBEHHOI'O aHajn3a ObLIO BBIIBUHYTO
MPEIIOJIOKEHNE, YTO 10 MOTPEOUTEITHCKOMY TIOBEICHUIO TPH TMEPBBIE CEMbU MPUHAIJICKAT OJ-
HOUM THUITOJIOTUYECKOW TPpyIIe, a ABE MocheaHue (4 u 5) — Apyrou, 4To Coriacyercs ¢ pacroio-
JKEHUEM IISITH HAOJI0IEHUH Ha MJIOCKOCTH, MPEACTaBICHHBIX Ha puc.l.
x(2)
12 I\
10 4
8 -
6 -
4
2 -

0 T T T x(1)
0 5 10 15

Puc.1. Ucxoanble TaHHbIE IS KIaccupuKanun

Pemenne. /. Ilposedem xnaccughuxayuio, 6v16pas npu 0OLIYHOM e8KIUOOBOM PACCO-
HUU npuHyun “‘oaudcatiuie2o coceoa’.

CoriacHO OOBIYHOM EBKJIMIIOBONH METPUKE PACCTOSIHUE MEXIy HaOmromeHusMu 1 u 2
paBHO

by = |3 — 2y =\[2-4) +(10-7)* =3.61, (1)

Jj=1
OYEBUJIHO, 4TO P 1,1=0.

AHAJIOTUYHO HAXOJIUM PACCTOSHUS MEX/y BCEMH IATHIO HAOIIOACHUSMHI U CTPOUM MaT-
pHIly pacCTOSTHUNA
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0 3,61 7,21 10,05 11,05
3,61 0 412 894 9,22
R, = 7,21 412 0 6,40 5,83
10,05 894 6,40 O 2,24
11,05 9,22 5,83 2,24 0

W3 matpuisl paccTosiHUil ciaeayeT, 4To 0ObeKTh 4 u 5 Hanbosee OIU3KU P 45=2,24 u 1o-

3TOMY 00BEIMHUM MX B OJMH Kiactep. [locie o0bennHeHns: 00bEKTOB UMEEM UEThIPE KilacTepa:
Sl, Sz, S3, S(4,5).

Paccrosinue Mexay kimacrepamu OyJeM HaXOUTh 1O MPHUHIMIY “Onrpkaiiiiero cocema’,
BOCITOJIB30BABIINCH (hOPMYJIOi mepecyeTa. Tak, pacCTOSHHE MEXKIY KJIacTepOM S| U KJIacTepoM
S(4,5) paBHO:

1 1 1
Prias) = PS1S6s) = Prat s Pis = 5‘/?1,4 —P, 5

2)

1 1
= 5(10,05 +11,05)— 5|10,05 ~ 11,03 =10,05.

MBI BHIUM, YTO PAaCCTOSHUE P |45) PABHO PACCTOSHUIO OT 00bekTa 1 10 Oamskaiiiero k
HeMy OObEKTa, BXOISIIEro B KiacTtep Suys), T.€. P 1,45~ P14=10,05. IIpoBons aHamoruyHble
pacyeTsbl, MOJIyYUM MaTPUILy PACCTOSIHUI

0 361 7,21 10,05
3,61 0 412 894
7,21 412 0 583

10,05 8,94 5,83 0

2

O0benuuuM HabmoaeHus | u 2, UMerole HauMeHblee paccTosiHue P 12=3,61. Ilocne

00beMHEHNs] UMEEM TPHU KI1acTepa S(i2), S3 U S 3).

BHOBB cTpouM matpuily paccTosHui. s 3TOro HeoOXO0AUMO paccUUTaTh PACCTOSHHE
710 K1acrepa S 2). Bocnonb3yemcest marpuieii pacctosHui Ro.

Hanpumep, paccrosiHre MEXIY KIacTepaMu S4s5) U S(12) PABHO:

1 1 1
Pus)e3) = Ep(4,5),1 +5P(4,5),2 _E|p(4,5),1 ~Pusz| =

~L10,05+1804- l(10,05 —8,94)=8,94.
2 2 2

Kak BuauM, OHO paBHO PacCTOSIHUIO OT KilacTepa S s) A0 Omkaimero o0beKTa, BXO1s-
LIETO B KIACTEP S(12), TO €CTh P (4,5)(12)~ P (4,52=8,94.
[TpoBens aHaIOTUYHBIC PACUETHI, TIOJYYUM MATPHUILY PACCTOSHUMA

0 412 894
R, =412 0 583
894 583 0
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OOBeIMHUM KJIACTEPBI S(12) U S(3), PACCTOSIHUE MEXY KOTOPBIMH, corinacHo marpuue Rs,
MHHUMAIIBHO P (1.2)3=4,12. B pe3ynbpTare 3T0ro nomy4mm aBa Kiacrtepa: Sq23) U Su,5). Marpuna

( 0 5,83)
R, = .
583 0

W3 matpunpsl R4 ciaexyer, 4To Ha pacCTOSHHU P (123),4,5=,83 BCE IATH HAOIIOICHUI

paccTostHuii OyeT UMETh BUJIL:

00BEIMHSAIOTCS B OJIMH KiacTep. Pe3ynbTaThl KJIACTEPHOIO aHajH3a MpeCTaBUM rpauiyecku B
BHJIC JICHAPOTpaMMBbI (puc.2).

G\
T 5,83

4,12

3,61
3 1 2,24

1 2 3 4 '5
p
Puc. 2. leaaporpamma

(00BbIYHOE eBKINA0BO PACCTOSIHHE, “OmmKaiimuii cocen’)

Ha ocHoBanum rpaduyueckoro mpeacTaBIeHUsT pe3yibTaTOB KJIACTEPHOrO aHAIM3a
(puc.4.2) MOXHO CJIeJIaTh BBIBOJI, YTO HAWIYUIIMM SIBJISICTCS pa30MeHUE TISTH CEMEH Ha JIBa KJla-
crepa:  Sap23 M Swus, KOrja IOpPOrOBOE  PACCTOSHUE HAXOAUTC B UHTEpBale
4,12< p 1op<5,83.

HanmomauM, 9T0 BBIBOJBI HAMU CHETAHbBI 7S Clydasi, KOTAa JJis U3MEPEHUS PACCTOSHUS
BBIOPAHO “00BIYHOE €BKJIMAOBO PACCTOSIHUE W MPUHIIMI “‘OJIrbKaiiiero cocena’.

2. Ilposedem knaccugurayuro, 6b16pas npu 06bIYHOM e8KIUO0BOM PACCNOSHUU NPUHYUN
“Oanvuezo coceoa’”.

Kax u B cimyuae (1), MBI HCTIOIB3yeM OOBIYHOE €BKIIUIOBO PACCTOSIHUE, IOATOMY MaTpH-
na R, ocraercsa 6e3 uzmenenus. CoriacHo arfioMepaTuBHOMY allTOPUTMY OOBEIUHSIOTCS B OAMH
Kj1acTep o0beKThl 4 U 5, Kak Haubosee Onuskue P 45=2,24. [locne oObeIUHEHNS UMEEM YEThIPE
KJ1acTtepa: Sl, Sz, S3 u S(4,5).

B Buly TOrO, 4TO paccTossHUE MEXAY KIACTEPAMHU U3MEPSIEM IO MPUHLHUITY “‘IaTbHEro CO-
cena’, Bocmosb3yemcst popMyJiol epecueTa, npuHsas 0=1/2, a ve -1/2, xak B ciydae (1). Torna,
HaIlpUMep, PaCCTOSIHUE MKy KIACTEPOM S| M KIaCTEPOM S 5) onpeernsiercs 1o Gopmyiie

1 1
Pias = p(S,, S(4,5)) = 5 Piat7

1 —
) Prs + E‘pm - pl,S‘ =

= %(10,05 +11,05) + %|10,05 ~11,05 =11,05

Takum oOpa3om, paccTOsSHHE P 145 PABHO PAacCTOSHHIO OT o0bekTa | 10 Hambosee OT-
JJAJICHHOTO OT HEro 00BbEeKTa, BXOJAIIETO B KIACTEP S(4,5), TO €CTh P 1,457~ P 1,5=11,05.
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AHanoruyHo paccMaTpruBarOTCA BCC OCTAJIBHBIC 3JICMCHTBI MATPHUILIbI PACCTOSAHUA

0 361 721 1105
361 0 412 922
271721 412 0 6,40
11,05 9,22 640 0

OO0bequaUM 00BEKTHI 1 M 2 B OJMH KJacTep, Kak Hambosiee OnM3Kue (COTJIacHO MaTpuIle
Rz), p 1,2:3,61.

ITocne o6beanHEHNS IMEEM TPU KJIACTEPa: S(12), S3 U S(4 5).

CrpouMm MaTpuily pacctossHUN R3, BOCIIOJIB30BaBIINCh IPUHLIUIIOM “NTAIBHETO cocena’.

0 721 11,05
R,=|721 0 640
1,05 640 0

OObenHUM KIIacTepbl S3 MU S(45), PACCTOSIHUE MEXKIY KOTOPBIMHU P 3 (45~0,40 MUHH-

MaJIBHO, ¥ MOJIyYUM JBa KJIacTepa: S(12) U S(34,5), PACCTOSHUE MEXKIY KOTOPBIMHU ONpEAEISAeTCs
0 11,05

1,05 0
I'paduueckue pe3ynpTarhl KilacCU(pUKaLUK IPeACTaBICHbI Ha puc.3.

10 MaTpuie R4 :( ] H paBHO P (1,2),(3,4,5):1 1,05.

11,05

6,40
3,61

2,24

1 2 3 4 5

Puc. 3. lenaporpamma
(00BIYHOE eBKJIHIOBO PACCTOSIHUE, “IaabHuUil cocen’)

Kak u B npepiayIieM ciiyyae HarIydllIuM SIBIIICTCSI pa3OMeHre ceMel Ha JiBa KiacTepa
(puc. 4.3): S(12) ¥ S3.4,5), IOCIIE MPEAIOCIEIHETO Iara KIacCu(puKaluy, Korja HHTepBall u3Me-
peHust paccTosiHUS 00bequHeHUs HaubOounbiuil 6,40< p ,p<11,05.

Taxum 06pa3zom, UCTIONB3Ysl MPUHLKI “JaJbHEro cocena’, Mbl MOJTYYHIN pa3OueHue pe-
TMOHOB Ha JIBa KJacTepa S(j2) U S(3 4.5, KOTOPOE OTINYAETCS OT pa3OMEHHUs 10 NPUHLUIY “‘OH-
JKaumero cocena’: S(i23) M Swa,s).

3. Knaccugpurkayus na ocnoge 06b1uH020 €6KIUO08A PACCMOAHUA U NPUHYUNA ‘‘YeHmpa
msocecmu”.

Tak kak MbI UCIIONIb3YeM OOBIYHOE €BKJIMJIOBO paccTosiHKME, TO MaTpuia R; ocraercs 6e3
n3MeHeHus. COrnacHo arjaoMepaTUBHOMY alllOPUTMY OOBEIMHSIOTCS B KIIAcTep S(45) OOBEKTHI 4
u 5, kak HauOouee Onu3kue P 45=2,24.
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Knacrep S5y Xxapakrepusyercs B AadbHEHIIEM €r0 LIEHTPOM TSKECTH, ONPEEIIeMbIM

10
PaccrostHre oT 3TOTO KITacTepa /10 epBoro HaOIr0IeHUS] paBHO

Pass =/(12.5-2) +(10-10) =10,50.
Torma maTpuua pacCTOSHUN TPUMET BUL
0 3,61 7,21 10,50
3,61 0 412 9,01
1 721 412 0 6,02
10,50 9,01 6,02 0

- 12,5
BEKTOPOM CPEAHUX X 4 s, :( j .

OObenHUM 00BEKTHI 1 M 2, paccTossHME MEXIY KOTOPBIMHU P 1,=3,61 MHHUMaIbHOE.

), paccTOsIHUSL OT KOTOPOTO JI0 KJIacTepa
b

KnacTtep xapakrepusyercsi HEHTPOM TSHKECTH Z,z = (8

S(4,5) paBHO

Pa2)4s) = \/(3 —12,5)* +(8,5-10)> =9,62.

Toraa MaTpuiia pacCTOSHUIN NPUMET BUJ

0 559 9,62
R;=|559 0 6,02
9,62 6,02 0

B matpuue R; MuUHHMManbHOE pacCTOSHUE P (12)3=5,59, MoITOMY OOpasyeM KiacTep

2+4+8
S M OTIPEJICIIAM €r0 BEKTOP CPEIHIX X = 3 _ (07

(1,2,3) pen p Cpca .23 | 104746 | = 767)"

3
Haiinem paccrosinue Mexny Sqi23) U Sa,s)
Puasas =\ (467-12,5) +(7,67-10)> =817,

Ha KOTOPOM BCE MATh 00HEKTOB 0OBEIUHAIOTCS B OJMH KiacTep. I paduuecku pe3ynbTaThl Kiac-
cuUKalUK IpeICTaBIeHbI Ha puc. 4.

i\
9 8,17
8_ ————————————
7 5,59
6 ,
5-
4 3,61
31 2,24
2
14
0
1 2 3 4 5

Puc. 4. leaaporpamma
(0ObIYHOE eBKJINAOBO PACCTOSIHNE, MPHUHIUI “HEeHTPa TSKeCcTH”)
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13 pI/IC4 BHUAHO, YTO HauOOIBIINHN CKAYOK B pacCTOAHUAX O6T>C,Z[I/IH6HI/I$[ o UMCCT MECTO

Ha IOCJIE/IHEM Iare, Mo3TOMY LiesecooOpa3HO BbIOpaTh pa3dOMeHue Ha JiBa Kiactepa S(j23) U
S(,5), 4TO coBHagaer co ciaydaem (1).

4. Knaccugurxayus na ocHose 00b1uHO20 €6KIUO08A PACCMOAHUA U NPUHYUNa ‘‘cpeowel
ceasu’”.

Hcnons3ys matpuiy R, corimacHo ariioMmepaTUBHOMY allTOPUTMY OOBEAMHHUM KJIacTEPhI
S4 1 S5 B 0OIMH S(45), TAK KaK PACCTOSHUE MEXKIY HUMHU P45 =2,24 MUHUMAIBHO.

Paccrosnue ot kmactepa S5y 10 OCTAIBHBIX KJIACTEPOB ONPEACTUM I10 HPUHIHUILY
“cpenHent cBsi3u” Ha ocHoBe MaTpullbl R;. Hammpumep,

Piasy = %(pz&,1 +05,)= %(l 0,05+11,05)=10,55.
Torma maTpuia pacCTOSHUN UMEET BUJ
0 361 7,21 10,55
3,61 0 412 9,08
21721 412 0 612
10,55 9,08 6,12 0

OObenuHnM, kak Haubonee 6auskue P 12=3,61, knacrepsl S u S;. Torna paccTosiHus OT
S(1,2) 10 OCTAJIBHBIX KIACTEPOB S(4,5) PABHBI

1
Pa2y@,5 = Z(p1,4 P15+ Pra TP25) =982,

a MaTpuLa pacCTOSIHUN UMEET BU/T

0 567 982
R,=[567 0 612
982 612 0

OObeauHuM, Kak Haubosee Onuskue P (12)3=5,41, kimacrepsl Sii2) U S3 U onpenenum
pacCcTosAHUEC OT S(1,2,3) pI(o) S(4,5)

1
Pa.2.3).4,5 = g (Pra +Pis T P24 +Pos T P34 +P55) =858,

Ha KOTOPOM BCE€ ISITh 00BbEKTOB 00BbEIMHUIINCH B OAMH Kiactep. ['paduuecku pe3ynbTaTsl Kiac-
cu(uKaluy MpeICTaBICHbI Ha pUC. 5

Y
1 8,58
8 -
7 -
6 - 5,41
5 4
4. 3,61
31 2,24
2 -
1 4
0
0 1 2 3 4 5

Puc. 5. leaaporpamma
(00bIYHOE eBKJIUI0BO PACCTOSIHNE, MPUHIIUI “cpeaHeii cBs3n”)

AHanu3 puc. 5 mokassIBaeT, 4TO IEJIECO00Pa3HBIM ABJISCTCS pa30MeHne Ha JBa KiacTepa
S1.23) 4 S.5).
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Takum o0Opa3om, cpaBHUBas pe3ynbTaThl 4-X pa3OMEHUIl HATH ceMed Ha OAHOPOIHbIC
IPYIIIbI, MO)KHO OTMETHTB, YTO HauOoJIee YCTOMUMBBIM, a OTCIO/Ia U TPEATIOYTHTEIBHBIM, SBIIS-
eTcsl pa3OMeHHe Ha JiBa KiacTepa Sqi23) U Ss), 4To cornacyercs ¢ puc. 4.1. Tonbko B ogHOM
cllydae M3 YeThIPEX, MPU HCIOJIb30BAHUU MPUHLUMA “NAlbHEro cocena’ MOIY4YEHO pa3OueHue
S1.2) ¥ S.4.5).

Bo Bcex mpenpiaynmx aaropuTMax Kiaccu(UKaluy Mbl Ipenoaraiuy, 4To o0a nokasa-
tems X'V n x® onpHAaKOBO 3HAUMMBI (CITOIB30BATIOCH OOBIMHOE SBKIHIOBO paccTosnue). Tereph
OTKaKEMCSI OT ATOTO TPEATIOJIOKEHHS.

5. Knaccugpuxayusa Ha ocHose “‘638euieHHO20 e8KIU008A pACCMOsHUA™ U NPUHYUNA
“Onudicarimezo coceoa”.

[Ipeanonoxum, 4To MOKa3aTeNb X~ MEHEEe BOKEH Il KilacCU(PUKAIUK, YeM ¥, B sroit
cBsi3u mpunuieMm uMm “Beca”’ ®1=0,05 u ®»,=0,9. HanomHuM, 4TO B3BEIIEHHOE E€BKJIMJIOBO pac-
CTOSIHHE MEXJTy i-M U [-M HaOTIOACHUSIME OnpeieNsieTcs Mo Gpopmyrie

p
: Vo
pBE(x,-,x,)=JZ(x§” e, @
Jj=1
Torma paccrosinue Mexy ooObekTamu 1 u 2 paBHO

P> = (2= 4)*-0.05+(10-7)> - 0,95 = 2,96.

(1

AHanoru4Ho HaxoIuM BCC OCTAJIBHBIC PACCTOAHUA U CTPOUM MAaTpULly paCCTOHHI/Iﬁ

0 296 412 2,44 2,65
296 0 1,32 429 2280
R,={ 412 132 0 495 313
2,44 429 495 0 196
2,65 280 313 19 O

OObeauHuB S, U S3, UMEIOIIUX MUHMMAJIBHOE PAacCTOsIHUE P23=1,32, B Kiacrep Sy3 U

MPUMEHUB MPUHIUI “OI>KaiIiero cocena”, MOJYyYUM MaTPUIy paccTosHUM R
0 296 2,44 2,65

296 0 429 280
244 429 0 1,96
2,65 2,80 196 0
OO0pa3oBaB Ha PacCTOSIHUU P 45=1,96 KmacTep Ss 5, BHOBb HOCTPOMM MAaTPUILy PACCTOSHUN

R, =

0 296 244
R,=[296 0 280
2,44 280 0

OO0benuHUM S| U Si5, MMEIOIIMX MHHUMAIBHOE PACCTOSIHUE P (45)1=2,43, B KiacTep
S(1,4,5) ¥ TIOJIy4UM MATPHILy PACCTOSTHUIA

0 280
R, = .
280 0

CnenoBaTenbHO, Ha PACCTOSHUE P (1.4.5),(2,3)=2,80 0OBEIUHAIOTCS KIACTEPBI S(145) U S(2.3)
1 BCE IATh 00BEKTOB 00pPa3yIOT OJUH KJIacTep.
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PesynbraThl KaccupuKauy npeacTaBieHsl rpadgudecku Ha puc.6.

Pad\ 280
25 ' | 244
2- 1,96
1,5 1,32
1 -
0,5 -
0

3 2 1 4 5

Puc. 6. lenaporpamma
(B3BellleHHOE eBKJINI0OBO PACCTOSIHUE, MPHHIHI “OJmKaiiiero cocena’)

Kak u mpexze, oTaaium npearnoyTeHre pa3oueHnio Ha JBa Ki1acTepa; Mbl [IOJyyaeM Tpe-
TUH BapuaHT pa3OUEHHs, a UMEHHO S(23) U S(1 4.5).

Takum 00pa3oM, UCHOJIB30BAB MATh AJITOPUTMOB KIACTEPHOTO aHAIW3a, MbI MOIYYHIN
TPU BapHaHTa pa30MEHMs MATH CeMel Ha JBe CTATHCTHYECKH OAHOpoAHbIe Tpynmbl. C oxHON
CTOPOHBI, 3TO CBUAETEILCTBYET O THOKOCTH (BO3MOXKHOCTSIX) METOJIOB KJIACTEPHOI'0 aHAJIN3A, a C
JpyToil — 0 HEOOXOANMOCTH MCIOIb30BAaHHS SKOHOMUYECKUX (COIEPIKATEIbHBIX) U CTAaTUCTHYC-
CKUX KPUTEPHEB Il BHIOOpa HaWIydllero BapuaHta kiaccuukanuu. Ilpu stom yacto ObiBaer
HOJIE3HOW anpuopHas nHdopmanus 00 uccieayeMoM SBiIeHnH. B Hamem npuMepe, OKOHYaTelb-
HO CJIeyeT OCTAaHOBUTHCS Ha pa3sOUMEeHUM S(123) U S(4,5), KaKk Hauboee ycToiuuBOM. JTO pa3odue-
HHE TIOJy4eHO MO TPEeM ajaropuTMam u3 msath. Kpome Toro, oHO cormacyercs ¢ JaHHBIMU aIpu-
OPHOT'0, KAUeCTBEHHOI'0 aHAJIN3A.

5. KoHTpOJIbHBIE 32 JaHUA

3aganue Nel.
Tema « Koppenayuonunvii ananusz»

1. Ilo 1aHHBIM CBOErO BapHaHTa ONpPENEINTE KPUTHUIECKOE 3HAUEHUE Iy, Ul BHIOOPOU-
HBIX TapHBIX KOA((UIIMEHTOB KOPPEINSALNU, IPEICTABICHHBIX B KOPPEISIIMOHHON MaTpuIle, 1O
tabnuie Oumepa-Meiitca 1 HpoBepbTe 3HAYHMMOCTh KAKIOTO M3 KOA(DGDUIHMEHTOB HA YPOBHE
3HayuMocTH o, = 0,05.

2. Onpenenure 1Ba MpU3HaKa, ¢ Bamieil Touku 3peHusi Haubosee BaXHbIE IS 0OBICHE-
HUS BapUallMy MCCIENyeMOro npu3Haka. Paccumraiite BHIOOpOUYHBIE YACTHBIC KOA(PPHUIIMESHTHI
KOPPEJSIIAK UCCIISAYEMOTO MIPU3HAKa ¢ KaXK/bIM U3 HUX NIPpU PUKCUPOBAHHOM 3HAYCHHUH JIPYTO-
ro. Haiinute MHTEpBaJIbHBIC OIICHKH YaCTHBIX KOA(P(MUIIMEHTOB KOPPEISAIHH, ONpEACTUTe 3Ha-
9UMOCTh K03 duiueHToB. CpaBHUTE YacCTHBIE KOIPPUIIMCHTH KOPPEISAIUNA C COOTBETCTBYIO-
muMH napHeiMu. CaenaiTe BbIBOJIbI OTHOCHTEIHHO POJIM UCKIIIOUEHHOW TIepEeMEHHON B U3MEHE-
HUU CTETICHU TECHOTBI CTATUCTUYCCKON CBSI3U, XapaKTePU3yeMOi dTUMHU KOAP(DHUITUESHTAMH KOP-
PEIISIUH.

3. PaccunraiiTe 3HaYCHHE MHOKECTBEHHOTO KO3(DPUIMEHTa KOPPEISIHA UCCIICTyeMOTO
Mpu3HaKa ¢ BbIOpaHHBIMU B 1.2 mpu3Hakamu Omnpenenute KOdPOUIUEHT AeTEPMHUHALIMU, TIPO-
BEPHTE €0 3HAUUMOCTb.
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3aganue No2.
Tema « Pecpeccuonnwiii ananusy

1. Ucnone3ys kpurepuii duiiepa, npoBepbTe Ha ypoBHE 3HauMMoctu 0=0,05 3HaYMMOCTh
KaXJIOTO ypaBHEHMsI PETPECCUN U3 MCXOIHBIX NaHHBIX 1y Bamero Bapuanrta. B 3Ha4MMBIX ypaBHe-
HUSIX PacCUUTaiiTe 3HaYEeHHS t-CTATHCTHK BCEX KOA(P(UIIMEHTOB, UCIIONB3YsI 3HAUSHHUST BHIOOPOYHBIX
CpeIHUX KBaJpaTUUECKUX OTKIOHEHWH, NPUBEICHHBIX MO KaKabIM U3 K03 ¢uuueHton. [lepenu-
IINTE YPaBHEHUsI PErPECCUU, YKa3bIBasi 1107 KOIPPHULIUEHTAMH 3HAUCHUS t-CTATUCTHK.

2. Ilo Tabnuue pacnpenenenus CTprofeHTa ONpelenuTe tg, — KPUTHYECKOE 3HAYCHUE
t-CTaTUCTUKM I KaXI0T0 U3 ypaBHEHUM Ha ypoBHe 3HaunmMmocTH o=0,05. IIpoBepbTe 3HAUM-
MOCTb KO3 (PHUITMEHTOB YPAaBHEHHS PETPECCHH.

3. BeiOepute W3 NpEeAsIOKECHHBIX YpaBHEHWH Hawiydiiee. Paccumraiite WHTEpBaIbHBIC
OLIEHKHU ero koa¢pdunuenTos. IIponsBeanrte aHanus ypaBHEHHUs.

3amanue 3.
Tema «Henunetinvie pecpeccuontuvle MOOenU»

ITo mpencraBneHHBIM B TaONWIle AaHHBIM TPeOyeTCcsl HAWTH OLEHKU MapaMeTpOB HENH-
HEHHBIX (QYHKINH.

3amanue 4.
Tema « MemoOwi MHO2OMeEPHOU Kaaccugurayuu 06veKxmos

ITo mpencTaBieHHBIM B TabJIHIIE JAaHHBIM MPOBECTH KIACCUPUKALMIO N = 4 TIpeANpUSITUN
1o 1ByM nokasaressiM. Kitaccugukaiuio npoBecTd 10 HepapXUuecKOMY arjioMepaTuBHOMY ajl-
TOPUTMY, UCHOJb3Ysl OOBIYHOE €BKIMJOBO PACCTOsHUE. PaccTosiHMe MeXIy KilacTepaMH oIpe-
JIEJATh 10 PUHLNITY, YKA3aHHOMY JUI Ka)KJI0IO BApHAHTA.

6. BapuanTtbl 3a1annii

Howmep Bapuanra onpezensercs nociaeanei nuppoil Homepa 3a4eTHON KHIKKU

BAPHUAHT 1

3adanue 1,2.

Marpuna nmapabIx Ko3(pQGHUIMEHTOB KOPPEISIUU M0 JaHHBIM 0 19 crpanax Adpuku u3
tabmuust 1 [TIPUJIOXKEHU .

Hccnenyemslit mpusHak (3aBUCHMAasi MEPEMEHHAas) Xp — CPEIHsAs MNPOJOJKUTEIBbHOCTh
JKU3HU KEHILUH.

X1 X2 X3 X4 X5 X6 X7 X8 X9

X| 1 -0,783 1-0,399 | -0,744 | 0,121 | -0,420 | 0,700 0,758 0,621
X2 1 0,479 0,341 -0,043 | 0,565 -0,808 | -0,943 | -0,667
X3 1 0,290 | -0,152 | 0,437 | -0,572 | -0,542 | -0,680
X4 | -0,295 | 0,421 -0,497 | -0,326 | -0,427
X5 1 -0,486 0,561 -0,158 0,593
X6 1 -0,763 | -0,463 | -0,641
X7 1 0,708 0,907
X3 1 0,592
X9 1
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Ypasnenusa pezpeccuu

¥=196,786 - 0,330x; — 0,242x4 ; R2=0,744; F=23,193;
(8,443)  (0,053)  (0,085)

¥ =91,008 - 0,301x; + 0,049x3 - 0,280x4+2,374x%¢+0,170xo; R2=O,858; F=15,764;
(10,300)  (0,051)  (0,075)  (0,072) (0,953)  (1,336)

y =48,158 + 0,056x4 + 3,466X¢ ; R2=O,332; F=3,972;
4,621) (0,101)  (1,526)

y =46,848 +0,152x3 + 2,975%¢ ; R2=O,385; F=5,017.
(3398)  (0,115)  (2,975)

[Tox 3naueHUsIMU KOA(DPUITMEHTOB TPUBEACHBI UX CPEIHUE KBAPATHUCCKUE OTKIOHCHHUS.
[To npuBeAeHHBIM JIaHHBIM BBIOJHUTH 3afgaHusiNel u No2.

3adanue 3.
3aBUCHMOCTh 00bEMa IIPOU3BOJICTBA Y (THIC. €11) OT YMCICHHOCTH 3aHATHIX X (UeJ.) HEKO-
TOpOW (PUPMBI IPUBOIATCS B TAOIHLIE.

X 10 12 15 17 21 23
y 29 31 37 39 43 58

JIist XapaKTepHCTHKH 3aBHCHMOCTH y OT X PACCUMTANTE MAapaMeTphl CTETIeHHOH (yHKImK y=a-x".

3adanue 4.
[To maHHBIM, TIPEJICTABICHHBIM B TAOJMIIE, MPOBECTH KIACCH(PHUKAIUIO n = 4 Tpeanpu-
ATHN TI0 IBYM MOKa3aTeIsiM

Homep 1 2 3 4
PEIIPUATHS
xD 9 6 2 8
x® 6 10 4 9

Knaccugukanuio mpoBecTH IO MEpapXUYECKOMY arjoMepaTUBHOMY aJTOPUTMY C HC-
II0JIb30BAHUEM OOBIYHOI'O €BKIIM/I0BA PACCTOSIHMSA, @ PACCTOSIHUE MEXKAY KiIacTepaMu OIpere-
JSTH [0 MPUHLUITY «OJMKalIIero coceja» 1 LEHTPa TSKECTH.

BAPUAHT 2

3aodanuel, 2.

Martpuna napasix Ko3(h(QHUIIMEHTOB KOPpEsUU MO JaHHBIM O 17 cTpanax bawxaero
Boctoka u Cpenneit Asuu u3 tabnuust 1 [TIPUIIOXKEHUA.

Hccnenyemplii mpu3HaK (3aBUCHMAs MEpEMEHHAas) X, — CPEOHSS MPOJAOJDKUTEIHHOCTh
JKU3HU KESHILMH.
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X1 X2 X3 X4 X5 X6 X7 X8 X9
X 1 20,909 | -0408 | -0,563 | -0,125 | -0,656 0,549 0,717 | 0437
X 1 0,425 0,743 -0,055 0,518 -0,671 -0,600 -0,584
X3 1 0,130 0,229 0,389 -0,256 -0,294 -0,227
X4 1 -0,533 0,108 -0,667 -0,137 -0,691
X5 1 -0,325 0,518 -0,559 0,591
X 1 -0,307 -0,519 -0,136
X7 1 0,167 0,964
Xg 1 0,043
X9 1
Ypaeuenuﬂ pezpeccuu

P =71,980 + 0,026x; + 0,101x4 - 0,145x5s — 0,09x¢ - 0,301x;+ 1,404xg;  R*=0,926; F=20,729;

(5,932) (0,021) 0,041)  (0,037)  (0,159) (0,249)  (1,324)

y=T71,278 - 0,168x; + 0,098 ; R*=0,904; F=66,046;

(2,837)  (0,023)  (0,029)
¥y =54224+0,201x4 + 0,492%¢ ; R2=O,746;
F=20,611;

(2,980)  (0,039)  (0,150)

y =76,371 + 0,496x6 — 1,533x9; R*=0,537; F=8,122.

(2,968)  (0,204)  (0,538)

[Tox 3HAYEHUSAMU TTPUBEICHBI KX CPEAHUE KBAIPATUHICCKHUE OTKIOHCHHUS.
[1o npuBeAeHHBIM JTAHHBIM BBINOJHUTDH 3agaHust Nel u Ne2.

3adanue 3.
3aBUCUMOCTh 00bEMa POU3BOJICTBA Y (ThIC. €/1) OT YUCICHHOCTHU 3aHATHIX X (Yell.) HeKO-
TOpOW (PUPMBI IPUBOJAATCS B TAOIHUIIE.

X 10 12 15 17 21 23

y 29 31 37 39 43 58

JIisi XapakTepUCTUKM 3aBUCHMOCTH y OT X pacCUMTaiTe MapaMeTphbl MOKa3aTelbHOM
GyHKumu y=a - b'.

3adanue 4.
[To maHHBIM, TIPEJICTABICHHBIM B TAaOJMIIE, MPOBECTH KIaCCH(PUKAIUIO n = 4 Tpeanpu-
STUH 10 IBYM MOKA3aTeIsIM

Homep 1 2 3 4
NpeaIpHUATHS
xV 9 6 2 8
x® 6 10 4 9

Knaccudukanuio npoBecTH MO HEepapXHUuecKOMY ariioMepaTUBHOMY alllOPUTMY C HC-
MOJIb30BaHWEM OOBIYHOTO €BKJIHMJIOBA PACCTOSIHHSI, & PACCTOSHHE MEXKAY KIacTepaMu OIpee-
JSATh M0 IPUHLHUITY «IAJIbHEr0 COCeay U CpeaHEl CBS3U.
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BAPHUAHT 3

3aoanue 1, 2.

Martpuna napHbeix Kod()PHUIIMEHTOB KOPPEIAlMH MO JaHHBIM 0 21 crpane JlaTmHCKOH
Awmepuku u3 Tabmunest 1 [TPMJIOXEHN L.

Hccnenyemblil mpu3HaKk (3aBUCHMMasl MEepEeMEHHas) Xp — CPEIHss MPOIOHKUTEIbHOCTh
JKU3HU JKEHILUH.

X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 -0,965 | -0,452 | -0,779 | 0,273 | -0,497 | 0,662 | 0,696 | 0,714
X2 1 0,500 | 0,808 | -0,238 | 0,550 | -0,684 | -0,784 | -0,758
X3 1 0,560 | -0,342 | 0,285 | -0,651 | -0,259 | -0,642
X4 1 -0,508 | 0,608 | -0,830 | -0,470 | -0,839
Xs 1 -0,682 | 0,791 | -0,316 | 0,663
X6 1 -0,658 | -0,113 | -0,600
X7 1 0,237 | 0,953
Xsg 1 0,424
X9 1
Ypatmenu}l pezpeccuu
y =76,316 - 0,251x; + 0,033x3 + 0,631x6 + 0,445%7 - 2,995%o; R’=0,957; F=67,018;
(4,662) (0,023)  (0,030)  (0,373)  (0,215)  (1,356)

y =75,396 - 0,258x; + 0,078x4;
(5,068)  (0,028)  (0,050)

R?=0,940; F=141,328;

= 81,667 - 0,277x; + 0,464x%s ;
(1,335)  (0,020)  (0,335)

>

R?=0,939; F=137,786:

y =57,912 +0,154x;3 + 2,212xs ;
4,697)  (0,076)  (0,925)

R*>=0,431; F=6815.

[Ton 3HaueHUsAMU KOIPPUIIMEHTOB IPUBEICHBI UX CPEAHUE KBAAPATHUECKUE OTKIOHEHUSI.
[To npuBeaeHHBIM JaHHBIM BHINOJHUTH 3agaHust Nol u Ne2.

3adanue 3.
3aBUCHMOCTh 00bEMa IPOU3BOJICTBA Y (THIC. €11) OT YMCICHHOCTH 3aHATHIX X (Ue.) HEKO-
TOpO (PUPMBI IPUBOATCS B TaOIHLIE.
X 11 14 16 19 22 25
y 54 43 39 34 29 27

[ XapakTEepUCTUKU 3aBUCHMOCTH Yy OT X pacCUMTalTe MapaMeTpbl PaBHOCTOPOHHEU

1
runepbonsly =a + b —.
X

3adanue 4.

ITo naHHBIM, IpeACTaBICHHBIM B Ta0lMLEe, IPOBECTU Kiaccu(UKaLuio n = 4 mpeanpu-
ATHN 110 ABYM IIOKa3aTeIsIM
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Homep 1 2 3 4
PEIIPUATHS
xD 7 4 5 3
x® 5 9 4 7

Knaccugukamuio mpoBecTH MO HEepapXUYecKOMY arjoMEpaTHBHOMY QJITOPUTMY C HC-
[I0JIb30BAHUEM OOBIYHOIO €BKJIM/I0BA PACCTOSIHMS, a PACCTOSIHUE MEXAY KilacTepaMu Onpee-
JATh M0 IPUHLUITY «OJIMKaMIIero coce1a» U HEHTPa TSKECTH.

BAPUAHT 4

3aoanue 1,2.
Marpuua mnapHbIX Ko3((UIMEHTOB KOppelsluM MO JaHHbIM O 17 cTpaHax A3MaTCKO-
Tuxookeanckoro peruvona u3 tadbmus! 1 [TPUJIOXEHU .

Hccnenyemslit npu3Hak (3aBUCHMMasi MEPEMEHHAas) X, — CPEIHsS HPOJOJIKUTEIbHOCTD
YKU3HU KEHILUH.

X1 X2 X3 X4 X5 X6 X7 X8 X9
X| 1 -0,987 | -0,766 | -0,889 | 0,804 | -0,648 | 0,937 0,910 0,917
X2 1 0,800 | 0,894 | -0,847 | 0,708 -0,942 | -0,874 | -0,922
X3 1 0,585 | -0,738 | 0,859 | -0,716 | -0,557 | -0,572
X4 1 -0,713 0,448 -0,865 | -0,812 | -0,398
Xs 1 -0,760 | 0,919 0,631 0,894
X6 | -0,661 | -0,372 | -0,584
X7 1 0,851 0,974
Xg 1 0,823
X9 1
Ypaenenu}l pezpeccuu

y =55,472 +0,078x3 + 0,184x4 + 0,279%¢ - 1,878%9 ;
(8,716)  (0,057)  (0,071)  (0.243)  (1,085)

R?*=0,942; F=49,091;

¥ =56,912 +0,130x3 + 0,162x4-2,172xo;
(8,729)  (0,036)  (0,069)  (1,067)

R?=0,936; F=63,479;

y =75,857+0,125x3 - 4,276X9 ;
(3,789)  (0,041)  (0,663)

R?=0,909; F=70,000;

¥y =54,352 +0,279x5 + 0,139% ;
(3,938)  (0,119)  (0,541)

R?=0,641; F=12,494.

[Ton 3HaueHusMH KOI(PPHUIMEHTOB ypaBHEHUU PErpeccuy, OLICHEHHBIX METOJIOM Hau-
MEHBIIIUX KBAaJIPAaTOB, B CKOOKaxX MPUBEACHBI UX CPEIHUE KBAIPATHUECKUE OTKIOHCHUS.
[1o npuBeA€HHBIM J1TaHHBIM BBINOJHUTH 3agaHust Nel u No2.
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3adanue 3.

3aBUCHMOCTH 00beMa MPOU3BOJICTBA Y (THIC. €1) OT YNCICHHOCTH 3aHATHIX X (Yell.) HEKO-
TOpO (PUPMBI IPUBOATCS B TaOIHLIE.
X 11 14 16 19 22 25
y 27 29 34 39 43 51

JIist XapaKTepUCTHKU 3aBUCHMOCTH y OT X PacCUMTalWTe MapamMeTphbl MOKA3aTelbHON
byukumu y=a - b".

3adanue 4.

[To maHHBIM, TpeACTaBICHHBIM B Ta0lMIle, IPOBECTU Kiaccu(UKauuio n = 4 mpeanpu-
ATHAN 110 JBYM II0Ka3aTeIsIM

Howmep npen- 1 2 3 4
NPUATUSA
xD 2 4 12 13
x® 10 7 11

Knaccudukanuio npoBecTH MO HEepapXUuecKOMY ariioMepaTUBHOMY alllOPUTMY C HC-
MOJIb30BaHWEM OOBIYHOTO EBKJIMIOBA PACCTOSIHHS, a PACCTOSHHE MEXKIY KIacTepaMu OIpese-
JSATh M0 IPUHLHUITY «IaJIbHErO COCea» U CpeIHEl CBS3M.

BAPUAHT 5

3adanue 1,2.
Marpuua napabix Ko3(h(GUIMEHTOB KOPpeIsSuH Mo JaHHbIM o 14 ctpanax Boctounoii
EBpomnst u3 tabmuier 1 ITIPUJIOXKEHMAL.

Hccnenyemblii pu3HaK (3aBUCHMMasi MEpPEMEHHas) Xo — CPEAHSS MPOAOIDKUTEIHHOCTD
YKU3HH JKEHILUH.

X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 -0,687 | 0,345 0,316 | 0,394 0,044 0,419 0,053 0,532
X2 1 -0,571 | -0,322 0,279 0,020 0,108 -0,567 | -0,136
X3 1 0,726 | -0,224 | 0,560 | -0,048 0,752 0,392
X4 | -0,113 0,580 0,019 0,588 0,531
X5 1 0,130 0,759 -0,626 | 0,593
X6 1 0,036 0,234 0,282
X7 1 -0,539 0,795
Xg 1 -0,008
X9 1
\Y ‘PABHEHUA pezpeccuu

y =80,165 - 0,100x3 - 0,020x4 - 0,345x5 + 0,340x¢ + 1,346Xo; R2=O,500; F=1,601;
(9,814)  (0,047)  (0,151)  (1,766)  (0,240)  (4,528)
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= 89,813 - 0,153x4 + 0,203x6; R’=0,169; F=1,118;

(9,346)  (0,102) (0,219)

<>

y =75,050 - 0,08x3 + 0,059x4 ; R?=0,344; F=2,878;

(8,898)  (0,038)  (0,108)
y =80,053 - 0,09x3 + 0,321x¢; R2=0,494; F=5,366.
(1,467) (0,028)  (0,168)

[Ton 3HayeHusIMU KO3 (HUIIMEHTOB ypaBHEHHMI MPHUBENEHBI WX CPEIHUE KBaIPaTUYECKUE
OTKJIOHEHHS.
[1o npuBeAeHHBIM J1TaHHBIM BBINOJHUTH 3agaHust Nel u No2.

3adanue 3.
W3yganace 3aBHUCHMOCTH YCJIIOBHO-TIOCTOSIHHBIX 3aTpar, MPHUXOMAIIUXCS Ha CIUHUILY
NPOAYKIUH Y (€71.) OT 00beMa MPOU3BOACTBA X (THIC. IIT.) 1O 6 OJHOPOJIHBIM OPTaHU3ALIUSAM

Homep 1 2 3 4 5 6
HIPEAPUSITHSI
y 100 200 300 400 500 600
X 9 6 5 3 3,7 3,6

s XapaKTEepUCTHKN 3aBUCHMOCTH Yy OT X pacCuMTaiTe MmapaMeTphbl MapadomuecKou
2
byHKUMU y=ap+a;x+azx’.

3adanue 4.
[To maHHBIM, TIPEJICTABICHHBIM B TaOJIMIIE, MPOBECTH KIACCH(HUKAIUIO N = 4 TpeanpHu-

SITUH 110 JABYM IIOKa3aTCIIAM

Homep 1 2 3 4
PEIIPUATHS
xD 4 12 13
x® 10 7 11 9

Knaccugukanuio mpoBecTH IO MEpapXUYECKOMY arjoMepaTUBHOMY aJTOPUTMY C HC-
II0JIb30BAHUEM OOBIYHOI'O €BKIIM/I0BA PACCTOSIHMSA, @ PACCTOSIHUE MEXKAY KJIacTepaMu OIpere-
JSTH [0 MPUHLUITY «OJMKaWIIero coceja» 1 LEHTPa TSKECTH.

BAPUAHT 6

3aodanue 1, 2.

Martpuna napusix K03 QGUIUEHTOB KOPPEAIUU MO JTaHHBIM 0 19 cTpanax Adpuku u3
tabaurs! 1 [TIPUJIOXEHNM .

Uccnenyemplii mpu3Hak (3aBUCHUMas TNEpeMEHHas) X; — JETCKas CMEPTHOCTH (YHCIIO
ymepiux miajaeHieB Ha 1000 HOBOPOKACHHBIX).
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X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 -0,783 | -0,399 | -0,744 | 0,121 -0,420 0,700 | 0,758 0,621
X 1 0,479 0,341 | -0,043 0,565 -0,808 | -0,943 | -0,667
X3 1 0,290 | -0,152 0,437 -0,572 | -0,542 | -0,680
X4 1 -0,295 0,421 -0,497 | -0,326 | -0,427
X5 1 -0,486 0,561 | -0,158 0,593
Xs 1 -0,763 | -0,463 | -0,641
X7 1 0,708 0,907
Xg 1 0,592
X9 1
Ypasunenus pezpeccuu
y=288,978 - 2,659x, — 0,970x4 + 5,237x¢ — 1,025x7 + 5,452Xo ; R2=0,912; F=27,043;
(66,621) (0,534)  (0,154)  (3,211)  (1,408)  (5,270)
y =149,612 - 1,107x4 — 3,131x¢;; R2=O,567; F=10,497;
(13,354)  (0291)  (4,409)
y =251,786 - 2,150x, — 0,866x4 ; R2=O,871; F=53,788;
(17,732)  (0,344)  (0,153)
y =180,01 - 2,251x, — 0,863x7; R2=0,626; F=13,371.
(94,537) (0,932)  (1,160)

[Tox 3HaueHUSIMU TIPUBEICHBI KX CPEAHUE KBAIPATUYECKHUE OTKIOHCHHUS.

[1o npuBeAeHHBIM JTaHHBIM BbINOJHUTH 3afgaHust Nel u Ne2.

3aodanue 3.

N3yuanack 3aBUCUMOCTb BBIMYCKa MPOAYKIMH Y (€1.) OT MOTpeOIeHUs] MaTepuagoB Ha
€IMHUILY MPOAYKIHUH X (KT) 110 6 0THOPOJHBIM OpPraHU3aLUIM

Homep 1 2 3 4 5 6
MIPEAPUSITHSI
y 100 200 300 400 500 700
X 9 6 5 3 2,7 2,5

JIist XapaKTEpUCTHKU 3aBUCHMOCTH y OT X PacCUMTalTe MapameTphbl MOKA3aTelbHON
byukuuu y = a * b".

3adanue 4.

[To naHHBIM, IpeACTaBICHHBIM B TallMle, NPOBECTU KiaccH(UKaLuio n = 4 mpeanpu-
ATHN 110 ABYM IIOKA3aTeIsIM

Homep 1 2 3 4
PEIIPUATHS
xD 9 6 2 8
x® 6 10 4 9
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Knaccugukanuio mpoBecTH MO HEepapXUYeCKOMY arjoMEepaTHBHOMY aJTOPUTMY C HC-
MI0JIb30BAHUEM OOBIYHOIO €BKJIM/I0BA PACCTOSIHMS, a PACCTOSIHME MEXAY KiIacTepaMu Omnpere-
JATh MO NIPUHLUITY «JAJIBHEr0 COCENIa» U CPEIHEN CBS3H.

BAPUAHT 7

3aoanue 1, 2.

Martpuna napasix K03hOUIIMEHTOB KOPPEISIUYU 110 TaHHBIM 0 17 cTpaHax bianxHero
Boctoka u Cpenneit Azun u3 tabmuusl 1 [IPUIIOXKEHUA.

Uccnenyemplii mpu3Hak (3aBUCHUMasi NEpeMEHHas) X — JETCKas CMEPTHOCTH (YHCIIO
ymepiux miajaeHieB Ha 1000 HOBOPOKACHHBIX).

X] X2 X3 X4 Xs X6 X7 Xg X9
X1 1 -0,909 -0,408 -0,563 | -0,125 -0,656 0,549 | 0,717 0,437
X 1 0,425 0,743 | -0,055 0,518 -0,671 | -0,600 | -0,584
X3 1 0,130 | 0,229 0,389 -0,256 | -0,294 | -0,227
X4 1 -0,533 0,108 -0,667 | -0,137 | -0,691
X5 1 -0,325 0,518 | -0,559 0,591
X 1 -0,307 | -0,519 -0,136
X7 1 0,167 0,964
Xg 1 0,043
X9 1
Ypaenenusa pezpeccuu
¥ =312,506 - 3,937x, + 0,0429x3 + 0,173x4 — 0,999%¢; R2=0,879; F=21,877;

(48,580) (0,906)  (0,104)  (0217)  (0,636)

y =284,461 -3,312x, - 1,197x¢; R2=0,873; F=47,904;
(32,812)  (0,476)  (0,528)

y =101,057 - 0,614x4 - 2,847 ; R2=O,676; F=14,577;
(14,363)  (0,189)  (0,724)

=65,679 - 0,160x3 — 2,77 16 ; R?=0,458; F=5,921.
(12,079) (0,189)  (1,009)

<>

[Ton 3HaveHUsIME KOI(D(DUITMEHTOB MPUBEICHBI X CPEIHUE KBAAPATUICSCKUE OTKIIOHCHHSI.
[1o npuBeAeHHBIM JTaHHBIM BbINOJHUTH 3afgaHus Nel u Ne2.

3adanue 3.
W3yyanace 3aBUCUMOCTH BBIITYCKa MPOAYKIHMH Y (€11.) OT MOTpeOJIeHHs] MaTepralioB Ha
SJIMHUILY MPOJYKINHU X (KT') 110 6 0JTHOPOJHBIM OpPTraHU3aIHSIM

Howmep 1 2 3 4 5 6
NPEAIPUATUS
y 200 300 400 500 600 700
X 6 5 3 3,7 3,6 33
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[ XapakTEepUCTUKU 3aBUCHMOCTH Yy OT X pacCUMTalTe MapaMeTpbl PaBHOCTOPOHHEU

1
runepOonsl y=a+b *© —.
X

3adanue 4.

[To maHHBIM, TIPEACTABJICHHBIM B TaOJIHIlE, MTPOBECTH Kiaccudukamuio n = 4 cemei 1mo
JABYM IIOKa3aTCIIAM

Homep cembu 1 2 3 4
x D 8 4 10 2
i 6 2 5 4

Knaccugukamuio mpoBecTH MO HEepapXUYecKOMY arjoMEpaTHBHOMY QJITOPUTMY C HC-
[I0JIb30BAHUEM OOBIYHOIO €BKJIM/I0BA PACCTOSIHMS, a PAcCTOSIHME MEXAY KiacTepaMu Onpee-
JATh M0 IPUHLUITY «OJIMKaMIIero coce1a» U HEHTPa TSKECTH.

BAPUAHT 8

3aoanue 1,2.

Marpuua napHseix K03(pULHEHTOB KOppensuuu 1no JaHHbIM O 21 crtpane JlatuHckoii
Awmepuku u3 Tabmunst 1 [TIPUIIOXKEHMA.

Uccnenyemsblit mpu3Hak (3aBUCHMas NEpeMEHHas) X; — JAETCKas CMEPTHOCTh (YHCIIO
ymepiux MiajaeHueB Ha 1000 HOBOPOKAEHHBIX).

X4

X1 X2 X3 X5 X6 X7 X8 X9
X| 1 -0,965 | -0,452 | -0,779 | 0,273 | -0,497 | 0,662 | 0,696 0,714
X2 1 0,500 0,808 -0,238 0,550 | -0,684 | -0,784 | -0,758
X3 1 0,560 | -0,342 | 0,285 | -0,651 | -0,259 | -0,642
X4 | -0,508 0,608 -0,830 | -0,470 | -0,839
Xs 1 -0,682 | 0,791 | -0,316 | 0,663
X6 | -0,658 | -0,113 | -0,600
X7 | 0,237 0,953
X3 1 0,424
X9 1

Ypaenenu}l pezpeccuu
y=67,517-0,015x3 - 0,688x4 - 2,451x¢ + 3,532x5 + 2,519%o; R?=0,776; F=9,829;
(56,020) (0,227)  (0,453) (2,815)  (1,150)  (6,044)

y =114,449 - 1,103x4 + 0,078xo;
(5,068)  (0,487)  (6,221)

R?=0,618; F=14,589;

y = 80,688 - 0,461x; - 6,636xg;
(1,335)  (0,020)  (0,335)

R’=0,352; F=4,894;

y =101,946 - 1,053x4 + 3,307xs;
(24,944)  (0,245)  (1,049)

R?=0,746; F=26,473.
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[Ton 3HaveHusIMH KOA(D(DUITMEHTOB MPUBECHBI X CPEIHUE KBAAPATUICCKUE OTKIIOHEHHS.
ITo nmpuBeneHHBIM JaHHBIM BHINOJHUTH 3agaHus Nel m No2.

3adanue 3.

W3ydanack 3aBHCHMOCTB BBIYCKa MPOAYKUUHU y (€1.) OT mOTpeOsieHUs] MaTepHaioB Ha
€IMHUILY TIPOTYKIHMH X (KI') IO 6 0OZTHOPOIHBIM OpPraHU3aLMsIM

Howmep npen- | 1 2 3 4 5 6
TPUSITHS
y 300 400 500 600 700 150
X 2,5 3 3,7 3,6 5,3 6
JI1st XapaKTepUCTUKU 3aBUCUMOCTH Y OT X PACCUUTANTE IMapamMeTphbl CTENIEHHOW (DYHKIINN
y=a x".
3adanue 4.

ITo JAaHHBIM, IMPEACTABJIICHHBIM B Ta6nnue, IMPOBECTHU KJ'IaCCI/I(I)I/IKaI_[I/IIO n = 4 cemed no
JABYM ITIOKAa3aTCIIAM

Homep cempu 1 2 3 4
xD 8 4 10 2
x? 6 2 5 4

Knaccugukanuio mpoBecTH MO HEpapXUYeCKOMY arjoMEpaTUBHOMY aJTOPUTMY C HC-
II0JIb30BAHUEM OOBIYHOIO €BKJIM/I0BA PACCTOSIHMSA, a PACCTOSIHME MEXAY KiIacTepaMu OIpere-
JATh M0 IPUHLUITY «JAJIBHErO COCENIa» U CPEIHEN CBS3H.

BAPHUAHT 9

3aoanue 1, 2.

Marpuua napHsix Ko3(G(GUIMEHTOB KOPpENsLUM M0 JaHHbIM O 17 cTpaHax A3HaTcKo-
Tuxookeanckoro perrvona u3 tadbmuis! 1 [TPUJIOXEHU .

Hccnemyemblit Mpu3HaK X; — JETCKas CMEPTHOCTD (YKCI0 yMmepiux miuaaeHies Ha 1000

HOBOPOJKJICHHBIX ).
X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 | -0,987 | -0,766 | -0,889 | 0,804 | -0,648 0,937 | 0,910 0,917
X2 1 0,800 0,894 | -0,847 | 0,708 | -0,942 | -0,874 | -0,922
X3 1 0,585 | -0,738 | 0,859 | -0,716 | -0,557 | -0,572
X4 | -0,713 0,448 -0,865 | -0,812 | -0,398
Xs 1 -0,760 | 0,919 | 0,631 0,894
X6 1 -0,661 | -0,372 | -0,584
X7 1 0,851 0,974
X3 1 0,823
X9 1
Ypasuenu}l pezpeccuu

y=90,951 - 0,426x3 - 0,690x4 - 0,210x¢ + 10,109%s ;
(46,969)  (0,310)

(0,382)

(1,309)

y =171,316 - 0,609x; - 1,237x4;

(13,016)

(0,184)

(0,208)

(5,847)
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y =11,163 - 0,445x3 + 19,069%o;
(18,393) (0,201)  (3,220)

R?=0,882; F=52,473:

¥ =110,909 - 1,302x3 + 0,293x¢;
(17,999)  (0,545)  (2,472)

R?=0,588; F=9,981.

[Ton 3HaveHUsIME KOI(D(DUITMEHTOB MPUBEICHBI X CPEIHUE KBAAPATUICCKUE OTKIIOHCHHS.
[1o npuBeAeHHBIM JTaHHBIM BbINOJHUTH 3afgaHus Nel u Ne2.

3adanue 3.
N3yuanack 3aBUCUMOCTD BBIMYCKa MPOAYKIUHU Y (€1.) OT MOTpeOIeHUs] MaTepuagoB Ha
€IMHUILY MPOAYKIHUH X (KT) 110 6 OTHOPOJIHBIM OpPTraHU3alUIM

Homep 1 2 3 4 5 6
MIPEAPUSITHSI
y 100 200 300 400 500 700
X 9 12 14 13 8 4

s XapaKTEepUCTHKU 3aBUCUMOCTH Yy OT X pacCuMTaiTe MmapaMeTphbl MapadormuecKou
2
byHKUMU y=ap+a;x+azx’.

3adanue 4

[To maHHBIM, TIPEACTABICHHBIM B Ta0J1., MPOBECTH KJIAacCU(DHUKAIMIO N = 4 TPeNPUATHN
Mo ABYM ITIOKa3aTCIIIM

Homep 1 2 3 4
IPEIIPUATHS
xD 3 5 5 8
x® 6 2 7 3

Knaccugukanuio mpoBecTH IO MEpapXUYECKOMY arjioMepaTUBHOMY aJTOPUTMY C HC-
II0JIb30BAHUEM OOBIYHOI'O €BKIIMI0BA PACCTOSIHMSA, @ PACCTOSIHUE MEXKAY KJIacTepaMu OIpere-
JSTh [0 MPUHLUITY «OJMKalIIero coceja» 1 LEHTPa TSHKECTH.

BAPHUAHT 10

3aodanue 1,2.

Martpuna mapHbeix Ko3h(OUIMEHTOB KOPPEIAHUH Mo JaHHBIM 0 14 cTtpanHax Bocrounoi
EBpornet u3 Tabmuisr 1 [IPUJIOXKEHUA.

Uccnenyemplii mpu3Hak (3aBUCUMasi MEpPEMEHHAs) X; — JETCKas CMEPTHOCTh (YUCIIO
ymepiux miajaeHieB Ha 1000 HOBOPOKACHHBIX).

X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 -0,687 0,345 0,316 | 0,394 | 0,044 0,419 0,053 0,532
X2 1 -0,571 | -0,322 | 0,279 | 0,020 0,108 | -0,567 | -0,136
X3 1 0,726 | -0,224 | 0,560 -0,048 0,752 0,392
X4 1 -0,113 | 0,580 0,019 0,588 0,531
Xs 1 0,130 0,759 -0,626 | 0,593
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X6 1 0,036 0,234 0,282

X7 1 -0,539 0,795

Xg 1 -0,008

X9 1
y; ‘PasHenusn pezpeccuu

$=325,293 - 4,364x, - 0,236x3 - 0,069x4 + 0,576xs + 22,308x9; R’>=0,744; F=4,640;

(105,207) (1,249)  (0,183)  (0,444)  (0,832)  (8.,460)

y =218,607 - 3,093x, + 17,798xo; R’=0,667; F=11,025;

(68,982) (0,868)  (6,999)
y =-11,517 + 0,129x5 + 0,209%4 ; R2=0,128; F=0,808;
(50,684) (0,217)  (0,615)
y =286,226 - 3,943x, - 0,173x3+ 21,957Xo; R2=0,728; F=8,931.
(79,439)  (0,999)  (0,116)  (7,191)

[Ton 3HaueHusIMH KO(D(DUITMEHTOB MPUBECHBI X CPEIHUE KBAAPATUICCKUE OTKIIOHEHHS.
[To npuBeneHHBIM JaHHBIM BHINOJHUTH 3agaanHus Nel u No2.

3adanue 3.
W3yyanack 3aBUCUMOCTb BBITyCKa MPOAYKIHMU y (€7.) OT MOTPeOIeHUS MAaTepUAIOB Ha
SJIMHUILY MPOIYKINHU X (KT') 110 6 0JTHOPOJHBIM OpPTraHU3aIHSIM

Howmep 1 2 3 4 5 6
NPEAIPUATUS
y 200 300 400 500 600 700
X 6 5 3 3,7 3,6 53

JI71st XapaKTepHCTHKA 3aBHCHMOCTH Y OT X HAHTH TTapaMeTphl ypaBHEHHs y = by + b x”.

3aoanue 4.
ITo naHHBIM, IpeACTaBICHHBIM B TallMLe, IPOBECTU Kiaccu(UKaLuio n = 4 mpeanpu-
ATHH 110 ABYM IIOKa3aTeIsIM

Homep 1 2 3 4
OpEanpUATUS
xP 2 5 5 8
x® 6 2 7 3

JIATh IO IPUHIOUITY «JAJIBHCTO COCCHa» U cpez[Heﬁ CBA3U.

Knaccugukanuio mpoBecTH MO HEepapXUYeCKOMY arjoMEpaTHBHOMY aJTOPUTMY C HC-
II0JIb30BAHUEM OOBIYHOIO €BKJIM/I0BA PACCTOSIHMSA, a PACCTOSIHME MEXAY KiIacTepaMu OmIpere-
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8. Ilpunoxenue

Tabauya 1
CTPAHBI MUPA B 1995 TOZ1Y

V4 X1 X2 X3 X4 X5 X6 X7 X8 X9
Adranncran 3 168 44 18 29 2,8 0,205 53 22 | 69
ApreHTHHa 6 25,6 75 86 95 1,3 3,408 20 9 2,8
ApmeHus 5 27 75 68 98 1,4 5,0 23 6 3,19
ABcTpanms 1 7,3 80 85 100 1,38 16,848 15 8 1,9
ABcTpus 1 6,7 79 58 99 0,2 18,396 12 11 1,5
AzepOaiikan 5 35 75 54 98 1,4 3,0 23 7 2.8
Baxpeiin 5 25 74 83 77 2,4 7,875 29 4 3,96
Banrmanmem 3 106 53 16 35 2,4 0,202 35 11 4,7
Bap6amoc 6 20,3 78 45 99 0,21 6,95 16 8 1,78
Benapycn 2 19 76 65 99 0,32 6,5 13 11 | 1,88
Benbrus 1 7,2 79 96 99 0,2 17,912 12 11 1,7
BonuBus 6 75 64 51 78 2,7 0,73 34 9 |[4.21
BocHus 2 12,7 78 36 86 0,7 3,098 14 6 1,7
BorcBana 4 39,3 66 25 72 2,7 2,677 32 8 5,1
Bbpaswmnus 6 66 67 75 81 1,28 2,354 21 9 2,7
Bonrapus 2 12 75 68 93 -0,2 3,831 13 12 1,8
Bypxuna-daco 4 118 50 15 18 2,81 0,357 47 18 | 6,94
Bypynmu 4 105 50 5 50 2,26 0,208 44 21 6,8
Kambomxa 3 112 52 12 35 2,9 0,26 45 16 | 5,81
Kamepyn 4 77 58 40 54 2,9 0,993 41 12 | 5,7
Kanana 1 6,8 81 77 97 0,7 19,904 14 8 1,8
IlenT. Adp. Pecr. 4 137 44 47 27 2,4 0,457 44 21 | 542
Yunu 6 14,6 78 85 93 1,7 2,591 23 6 2,5
Kurait 3 52 69 26 78 1,1 0,377 21 7 1,84
Komymowust 6 28 75 70 87 2 1,538 24 6 |247
Kocra-Puka 6 11 79 47 93 2,3 2,031 26 4 3,1
XopBaTus 2 8.7 77 51 97 -0,1 5,487 11 11 | 1,65
Kyb6a 6 10,2 78 74 94 0,95 1,382 17 7 1,9
Uexus 2 9,3 77 69 99 0,21 7,311 13 11 | 1,84
Janus 1 6,6 79 85 99 0,1 18,277 12 12 1,7
Jomunuk. Pecr. 6 51,5 70 60 83 1,8 1,034 25 6 2,8
DKBanop 6 39 73 56 88 2,01 1,085 26 6 |3,08
Eruner 5 76,4 63 44 48 1,95 0,748 29 9 |3,77
CanbBanop 6 41 69 44 73 2,04 1,078 33 7 3,78
DCcTOHUS 2 19 76 72 99 0,52 6,0 14 12 2
Dduonus 4 110 54 12 24 3,1 0,122 45 14 | 6,81
OunngHIns 1 53 80 60 100 0,3 15,877 13 10 1,8
Opanius 1 6,7 82 73 99 0,47 18,944 13 9 1,8
T'abon 4 94 58 46 61 1,46 4,283 28 14 | 3,97
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V4 X1 X2 X3 X4 X5 X6 X7 X8 X9
TamOus 4 124 52 23 27 3,1 0,351 46 16 | 6,29
I'py3ust 2 23 76 56 99 0,8 4,5 16 9 |[2,18
I'epmanus 1 6,5 79 85 99 0,36 17,539 11 11 | 1,47
I'peuus 1 8,2 80 63 93 0,84 8,06 10 10 1,5
I'Baremana 6 57 67 39 55 2,58 1,342 35 8 4,76
Tantn 6 109 47 29 53 1,63 0,383 40 19 [ 5,94
T'ongypac 6 45 70 44 73 2,73 1,03 35 6 49
T'onkOHT 3 5,8 80 94 77 -0,09 14,641 13 6 1,4
Benrpus 2 12,5 76 64 99 -0,3 5,249 12 13 1,8
Wcnannus 1 4 81 91 100 1,1 17,241 16 7 |2,11
Wnngus 3 79 59 26 52 1,9 0,275 29 10 | 4,48
Hnanonesus 3 68 65 29 77 1,6 0,681 24 9 2,8
Hpan 5 60 67 57 54 3,46 1,5 42 8 16,33
Hpak 5 67 68 72 60 3,7 1,955 44 7 16,71
Wpnannus 1 7,4 78 57 98 0,3 12,17 14 9 1,99
W3pans 5 8,6 80 92 92 2,22 13,066 21 7 12,83
Uranus 1 7,6 81 69 97 0,21 17,5 11 10 1,3
SInonwus 3 4.4 82 77 99 0,3 19,86 11 7 1,55
Wopnanus 5 34 74 68 80 3,3 1,157 39 5 5,64
Kenus 4 74 55 24 69 3,07 0,323 42 11 |591
KygeiiT 5 12,5 78 96 73 5,24 6,818 28 2 4
JlatBus 2 21,5 75 71 99 0,5 7,4 14 12 2
JIluBan 5 39,5 71 84 80 2 1,429 27 7 13,39
JInbepus 4 113 57 45 40 3,3 0,409 43 12 | 6,8
JIluBus 5 63 65 82 64 3,7 5,91 45 8 6,4
JIutBa 2 17 77 69 99 0,3 6,71 15 10 2
Mannaiizus 3 25,6 72 43 78 2,3 2,995 29 5 3,51
Mekcrka 6 35 77 73 87 1,9 3,604 28 5 32
Mapokko 4 50 70 46 50 2,12 1,062 29 6 |3,83
Ces. Kopes 3 27,7 73 60 99 1,83 1,0 24 6 2.4
Hunepnanast 1 6,3 81 89 99 0,58 17,245 13 9 1,58
Hosas 3en. 1 8,9 80 84 99 0,57 14,381 16 8 12,03
Huxaparya 6 52,5 67 60 57 2,68 0,447 35 7 |4,33
Hurepus 4 75 57 35 51 3,1 0,282 44 12 | 64
Hopgerus 1 6.3 81 75 99 04 17,755 13 10 2
Owman 5 36,7 70 11 65 3,46 7,467 40 5 6,53
ITakucran 3 101 58 32 35 2,8 0,406 42 10 | 6,43
Ilanama 6 16,5 78 53 88 1,94 2,397 25 5 2,9
ITaparBait 6 25,2 75 48 90 2,7 1,5 33 5 43
Ilepy 6 54 67 70 85 2 1,107 26 7 |3,11
DOUITUTIITHHEI 3 51 68 43 90 1,92 0,867 27 7 3,35
Ilonpma 2 13,8 77 62 99 0,3 4,429 14 10 | 1,94
ITopryranus 1 9,2 78 34 85 0,36 9,0 12 10 1,5
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V4 X1 X2 X3 X4 X5 X6 X7 X8 X9
Pymbraus 2 20,3 75 54 96 0,06 2,702 14 10 | 1,82
Poccus 2 27 74 74 99 0,2 6,68 13 11 | 1,83
Pyanna 4 117 46 6 50 2,8 0,292 49 21 | 8,19
IOxnas Kopes 3 21,7 74 72 96 1 6,627 16 6 1,65
Cayn. Apas. 5 52 70 77 62 3,2 6,651 38 6 |6,67
Ceneran 4 76 58 40 38 3,1 0,744 43 12 | 6,1
Cunramyp 3 5,7 79 | 100 88 1,2 14,99 16 6 1,88
Comannu 4 126 55 24 24 32 2,126 46 13 725
IOAP 4 47,1 68 49 76 2,6 3,128 34 8 | 4,37
Hcnanus 1 6,9 81 78 95 0,25 13,047 11 9 1,4
IIserus 1 5,7 81 84 99 0,52 16,9 14 11 2,1
[IBetitapus 1 6,2 82 62 99 0,7 22,384 12 9 1,6
Cupus 5 43 68 50 64 3,7 2,436 44 6 |6,65
TaiiBanb 3 5,1 78 71 91 0,92 7,055 15,6 6 1,7
Tan3anus 4 110 45 21 46 2,5 0,263 46 19 6,2
Tannann 3 37 72 22 93 1,4 1,8 19 6 2,1
Typrwust 5 49 73 61 81 2,02 3,721 26 6 |3,21
OAD 5 22 74 81 68 4.8 14,193 28 3 4,5
BenukoOpuranus. | 1 7,2 80 89 99 0,2 15,974 13 11 | 1,83
CIIA 1 8,11 79 75 97 0,99 23,474 15 9 |[2,06
Vrauga 4 112 43 11 48 2,42 0,325 49 24 16,77
Ykpauna 2 20,7 75 67 97 0,05 2,34 12 13 | 1,82
YpyrBaii 6 17 77 89 96 0,8 3,131 17 10 | 2,44
V306ekucran 5 53 72 41 97 2,13 1,35 30 7 3,73
Benecyana 6 28 76 91 88 2,16 2,829 26 5 3,05
BretHam 3 46 68 20 88 1,78 0,23 27 8 |[3,33
3amMOus 4 85 45 42 73 2,8 0,573 46 18 | 6,68

Z — PErMOH UM SKOHOMUYECKasl rpyIa:
| — rpymnmna pa3BUTBIX CTpaH
2 — Bocrounas EBpona
3 — Aznarcko-TUXO0OKeaHCKUW pEeruoH
4 — Adpuka
5 — biamxnaun Boctok
6 — Jlatunckas Amepuka
X — JIeTCKas CMEPTHOCTh (KOJIMUYECTBO yMepiiux miaaeHues Ha 1000 HoBo-
POXKJICHHBIX );
X2 — CPEJHSIS IPOJOKUTENIEHOCTD YKU3HHU JKEHIINH;
X3 — JI0J1s1 TOPOJICKOTO HaceseHus, %o;
X4 — YPOBEHb I'PAaMOTHOCTH HaceseHus, %;
X5 — MIPUPOCT HaceneHus, %o;
x¢ — BBII Ha gyury nacenenust, toic.10/u1.CIIA;
X7 — YPOBEHb pokaeMocTH (uuciio poausinuxcs Ha 1000 xuteneir);
Xg — YPOBEHb CMEpTHOCTH (uuciio ymepuux Ha 1000 xureneii);
X9 — CpeJIHee YMCIIO AETeH B ceMbe.
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TECT Nel

1. Koagpgpuyuenm xoppenayuu, paguwviii Hynro, 03HaAYAEM, YMO MeHcOy nepeMeHHbLMU:
a) TUHEHast CBSI3b OTCYTCTBYET;
0) cyImIecTByeT JTUHEHHAs CBS3b;,
B) CUTYyalusl HE OIpeIeIeHA.

2. Kosgpgpuyuenm xoppenayuu, pasuuiii - 1, o3navaem, 4mo medxncoy nepemeHHbIMu:
a) TMHEHHAsI CBS3b OTCYTCTBYET;
0) CylIecTBYeT JIMHEWHAs CBA3b;
B) (DyHKIIMOHAJIbHAS 3aBUCHUMOCTD;
I') CUTyalMs HE ONpe/IeNICHHA.

3. B peepeccuonnom amanusze oObIYHO NpeOnonazaemcs, ymo ciyyauHas eeauduna Y
uMeem HOPMANbHBIN 3AKOH PACAPEOeNeHUsl C YCIOBHbIM MAMeMamuyeckum OHCUOaHUeM

Y =@p(x,,...,x,), asnaiowumca ynkyueti om ap2ymeHmos Xj, u ¢ NOCMOAHHOU, ... ...... om ap-

. 2
2yMenmo8 oucnepcueil o :
a) HE 3aBUCSAIIEH;

0) 3aBUCSAIIECH.

4. Cmamucmuxa [apouna — Yomcona (DW) eviuucnsiemes no popmyne:

a)
> (ec- et-l)2
=2
DW = R
> €t
t=1
0)
> (ec- et-l)2
=2
DW= ;
ZYtZ
t=1
C) n
> (ye- yer)’
=2
DW = .
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5. B mooenu InY = [y + X+ € kosppuyuenm [umeem cmoica:
a) abCOTIOTHOTO MIPUPOCTA;
0) Temma pocTa;
B) TEMIIa MIPUPOCTA.

6. Ilpu ananuze snacmuyHoCmu Cnpoca no yexe yeaecooopasHo UCnoIb308ams Cleoyio-
WY MOOeNb.
a) TUHEIHYIO;
0) MOJIMHOMHAIIEHYIO;
B) JIOTapU(PMHUYECKYIO;
T') CTENICHHYIO;
1) SKCIIOHEHIUAIbHYO.

7. Hcnonvzosanue obviunoeo Esknudosa paccmosnus onpagoano 8 Ciedyrowux Ciyudsnx
(8b10epume HeoOX0OUMbLE 8APUAHMBL):

a) HabmomeHus: OepyTcsi M3 reHepaIbHOW COBOKYIHOCTH, MMEIOLIEH MHOTOMEpHOE
HOpPMaJIbHOE pacipeAesieHue ¢ KOBaApUAllMOHHOW MaTpUIIEH BUJA 0°E,, T.c. KOMIIOHEHTHI X B3a-
MMHO HE3aBUCHMBI U HIMEIOT OJHY U Ty )K€ JUCTepCHIo, Tae Ey - emnHu4Has MaTpHIia;

0) HaOyroieHusT OepyTCsl U3 TCHEPATBHONH COBOKYITHOCTH, UMEIOIIEH OMHOMHUAIBHOE
pacnpezieNeHue;

B) KOMIIOHEHTHI BEeKTOpa HabmoAeHni X HEOAHOPOIHBI MO0 (PU3NIECKOMY CMBICITY U
pH KJ1acCU(UKALUU UCTIONB3YIOTCS C OMPEIeJICHHBIM BECOM;

I') KOMIIOHEHTHI BEKTOpa HaOmoAeHUN X OJHOPOAHBI MO (PU3UYECKOMY CMBICIY U
OJIMHAKOBO Ba)KHBI JIJIS1 KJIacCU(PHUKAIIH;

1) MPU3HAKOBOE MPOCTPAHCTBO COBNAAAET C TEOMETPUUECKUM IPOCTPAHCTBOM,;

€) COBMAaJICHHE MPU3HAKOBOTO MPOCTPAHCTBA C TEOMETPUUYECKUM MPOCTPAHCTBOM He-
00s3aTeNnbHO.

8. Axademurxom A.H.Konmozoposwvim OvLio npednoxceHo.
a) “0000I1IeHHOE PACCTOSHUE” MEX]Ty KI1acCaMu;
0) paccTosiHue, U3MepseMOe IO MPUHIINITY “ONKaliiero coceaa’;
B) pacCTOSIHHE, U3MEPSEMOE 0 MPUHITUITY “AalbHEro cocena’;
I') pacCTOSIHUE, U3MEPSAEMOE 10 “IIEHTpaM TsDKECTU TPYIIIL;
1) pacCTOsSIHUE, U3MEpsieMOe IO MPUHIIMITY “‘CpeHeH CBsI3u” .

9. Ilpouszeoocmeennasn ynxyus Kobdba — [lyenaca ¢ yuwemom mexnuueckoeo npozpecca
umeem 8uo:

a) Q, = A xe® xK*xLP;
6) Q=AxK*xLF xe’;
B) 0= AXK XL " xe" = Ax (X)X Lxe".

10. Oyenku neuzeecmuwix napamempos A, & u [ 6 npouzeoocmeennoil pynxyuu Kobba

— Jlyenaca mModHcHo Hamu ¢ NOMOubIO:
a) METO/1a HANMEHBIIINX KBAJPATOB;
0) mpuHIUIa “OIMXKHETo coceaa’;
a) TUCKOHTHPOBAaHUEM MHOXHTEJICH.
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TECT Ne2
1. JIgymepnas KoppensyuonHuas Mooeib onpeoenaemcs ... ... ... napamempamu (6cmagvme
Heobx00uMmoe C1060):
a) TpeMms;
0) MATHIO;
B) CEMBIO.

2. Kosghpuyuenm pecpeccuu onpedensiemcsi no gpopmyrne:

o)
a) ﬂyx = po_—y - KO3 (QUIMEHT PErpeccru y Ha X;

X
x—p, Y H
6) MT—Fe. Ty
Ox e
B)I" —_ R12 .
12/3,4...k \/7’
R11R22
_ IR
F)I"l— I—R—
11

3. Eciu 6ekmop owubox umeem nOCMOAHHYI0 OUCNEPCUIO, MO MO SAGNIeHUe HA3bIBACNICL:
a) FOMOCKEJaCTUYHOCTHIO;
0) reTepoCcKe1aCTUIHOCTBIO;
B) CUTYyalusl HE OIpeJIEIeHA.

4. C ysenuuenuem obvema 8b100pKuL:
a) YBEIMYHMBACTCS TOYHOCTH OIICHOK;
0) yMeHbIIaeTCs OLUIMOKa perpeccum;
B) PaCLIMPSIIOTCSI HHTEPBAILHBIC OIICHKY;
I') YMEHBIIAETCS KOAPPHUIMEHT eTePMUHALINH.

5. Ilpu ananuse uzoepoicex Y om obvemul evinycka X yenecoobpasHo ucnoiv3o8ams cie-
O0YIOWYI0 MOOeNb:
a) TMHENHYIO;
0) NONTMHOMHATIBHYIO;
B) JIorapu(hMUYECKYIO;
T') CTENICHHYIO;
1) SKCIIOHEHITUATBHYO.

6. Mooenv Y = [y + Bln X+ € ucnonvzyemcs, ko20a HeoOX00UMO UCCLe008AMb GUAHUE:
a) MPOIEHTHOTO M3MEHEHHUSI HE3aBUCHMMOHN NEPEMEHHOI Ha a0COIIOTHOE M3MEHEHHUE

3aBUCHUMOM NIEPEMEHHOM;
0) MPOLIEHTHOTO M3MEHEHUs] HEe3aBUCUMOW MEepEeMEHHON Ha MPOLIEHTHOE U3MEHEHUE

3aBUCHUMOM NIEPEMEHHOM;
B) aOCOJIIOTHOE WM3MEHEHUSI HE3aBUCUMOM TNEPEMEHHOW Ha aOCOJIIOTHOE HM3MEHEHHE

3aBUCUMOM NIEPEMEHHOM.
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7. Haubonee ynompebumenbHoiMu paccmosHuamu u mepamu O1u3ocmu mexcoy Kiacca-
MU 00beKmMo8 AGNAIOMCsL (6blbepume HeoOX0OUMbLU 8APUAHM):
a) paccTosiHUE, U3MepseMOoe 110 MPUHLIHUITY “OnmKkaiiiero cocena’;
0) paccTosiHHE, U3MEPSEMOT0 O IPUHIMITY “‘HaJbHEro coceaa’;
2
B) PacCTOSIHME, U3MEPSEMOE IO MPUHLIMILY “POACTBEHHOM CBS3U™;
I') pacCTOsTHUE, U3MEPsEMOe 10 “TICHTPaM TSDKECTH  TPYIIIT,
1) pacCTOSIHUE, U3MEPSIEMOE 10 IPUHLUITY “‘HE3HAUMMOMU CBSI3U;
€) paccTosTHUE, U3MEPSAEMOe IO MPUHIIUITY “CpPeTHEH CBSI3H
’K) pacCTOsSIHUE, U3MEPSIEMOE 110 NIPUHLUITY ‘‘3HAYUMOM CBSI3U .

8. Paccmosinue, uzmepsemoe no npunyuny “Onudicatiuieco coceoa’ HAXO0OUMCsi NO
dopmyne:

a) p(x;,x;) =

k
z (x;, — X )’
/=1

6) pmin(Sé’Sm) = min p(xiaxj);

X,€8,,X,ES,,

B) pmax(S(t’Sm) = N max p(xjaxj);

X,ES;,X;ES,,
r) Pr.r ($,,5,)= p()_cé 5% )5

) Primg) = p(S,, S(m,q)) =dap,, + ﬁp€q YR t p,, — Py )

&) Po(5,:5,)=—— 3 3 p(x,.x)).

(nm X,E€S,x /€S,

9. llapamempor & u B 6 npoussodcmeennou pynkyuu Koboa — Jlyenaca nazviearom:

a) kod(puImeHTaMu TACTHIHOCTH;
0) koadduIMEeHTaMH KOPPETSAIUY;
B) K03 (HUIIEHTaMH aBTOKOPPEIISIINH.

10. Koagpguyuenmuol snacmuynocmu nokaswviearom, Ha KaKyo 8eIuUYUHy 6 cpeoHem uzme-
Humes Q, ecau & uau f ygenuuums cOOMEEMCmeeH o

a) Ha OJIMH MPOLIEHT;
0) HA eIMHUIY CBOETO U3MEPEHHS.

TECT Ne3

1. Kosghpuyuenm peepeccuu noxazvigaem:
a) Ha CKOJIBKO €IMHMIL CBOEro u3Mepenus yBeaudaurcs (3>0) win ymensmmrcs ($<0)
B cpenHeM y(My/X), ecnu X YBEIMYUTh Ha €AMHUILY CBOCTO U3MEPEHUS;
0) TOJTIO TUCTIEPCHH OJTHOW CITyYaitHOW BEJIMYHMHBI, 00YCIIOBICHHYIO BapyaIlel APYTou;

B) Ha CKOJIbKO % yBemmuutes ($>0) wnu ymensimutest (f<0) B cpemnem y(My/X), ec-
m X yBenunuures Ha 1 %.

127



TECTBHBI 11O ANCHUITIIMHE

2. Kosgppuyuenm pecpeccuu uzmensemcs 8 npeoeiax om.:
a)—1 no 1;
0) 0 1o 1;
B) MPUHUMAET JIF000€ 3HAUCHHE.

3. Keaopamuunas ¢opma

n

Q=(Y - XB)" (Y- XB) = D(v, -¥)" = min

i=1 05P15>++Pk

coomeemcmayem.:
a) METOly MaKCUMAJILHOTO TPaBIONO00MS;
0) MeToly HAaUMEHBIUINX KBaJIpaToB;
B) METOJy “IalibHEero cocena’’;
') METOy ‘“‘CpeaHel CBS3U;
1) IByXILIarOBOMY METOJly HAMMEHBIINX KBaJAPaTOB.

4. Ha 2nasnou ouazonanu Ko8apuayuoHHOU Mampuybl 8 8blpadceHuu
Sb) = .f':Z(A)('T)(')_1 HAX0OAMCAL:
a) nucriepcur KodHPUIIMEHTOB PETPECCUu;
0) cpeaHue 3HaUeHUS KOA((PUIIEHTOB PErPecCui;
B) KO PHUITUEHTHI KOPPEISIUH;
r) KBaJpaThl KO3()(HUIIMEHTOB KOPPEISILIUU.

5. Ilpu ananuze npouzeo0cmeeHHOU PYHKYUU Yereco0OPazHO UCNOIb308AMb CLE0YIOUVIO
Mmooenn.
a) TMHEHHYIO;
0) MOTMHOMHAIIBHYIO;
B) JIorapu(pMUUECKYIO;
T') CTETICHHYO;
1) SKCIIOHEHIUAIbHY1O.

6. Mooenu InY = ) + BX+ €
Y=0 +FInX+ ¢
HA3bI8AIOMCAL:
a) JINHEUHBIMU;
0) momysorapuMUIECKIMU;
B) JIorapu(h)MUUYECKUMHU.

7. Paccmosinue, usmepsiemoe no npunyuny “oanvhezo coceda’’, Haxooumcs no gopmyrne:

a) ps(xisxj) ZW,Z(X"{ _xjf)z >

6) pmin (S/f’ Sm) = xemirés p(xii'xj);

i waj m

B) pmax(S/,’Sm) = . max p(xi’xf);

X,€8,,x,ES,,

F) pu.T.(SK’Sm) = p(f/’)_cm%
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’H) p(,(m,q) = p(S(’ S(m,q)) = ap[m + Bp(q + Ypmq + 6(p/m - p(q);
1
&) Po(815S,) =—— 2 > P(x,.x)).

(nm x,-eS,ijSm

8. Paccmosinue, uzmepsiemoe no ‘“‘yeHmpam mssicecmu’”’ epynn, Haxooumcs no oopmyne:

& 2
Z (o =x;)" 3
=

6) pmin(Sé’Sm): min p(xi’xj);

X,ES;,X/ES,,

a) p.(x;,x;) =

B) pmax(SZ’Sm): max p(xj:xj);

X, €8,,X,ES,,
1) Pyr.(S,,8,)=p(X,,X,);
'H) p{’,(m,q) = p(S(’,’ S(m,q)) = C[p(tm + l‘;p(tq + Ypmq + 6(p/’m - p(q)7

&) P (5,.5,)=—— 3 3 p(x.x).

(’,nm XES,xES,,

9. Ecu o+ =1, mo yposenv s¢ghpexmusnocmu:

a) HE 3aBUCUT OT MacIITabOB MIPOU3BOCTBA;
0) 3aBHCHUT OT MacIITa0OB MPOU3BOJICTBA.

10. Ecu o+ <1, mo cpednue uzdepaicku, paccuumanmvie Ha eOUHUYY npooyKYUulL:

a) pacTyT IO Mepe pacIIMpeHus: MacIITaboB MMPOU3BO/ICTBA;
0) yOBIBAaIOT IO MEpe pPaCIIMPEHUS MACIITa00B IPOU3BOJICTBA.

TECT Ne4

1. B 08ymepHOll MoOenu 051 8616004 O HE3ABUCUMOCTNU NPUSHAKOS X U Y 6 2eHEPANbHOU
COBOKYNHOCMU OOCMAMOYHO NPOBEPUMb 3HAUUMOCTD!
a) TOJBKO KO3 PHUIIMEHTA KOPPEISALUH;
0) koa(purmenTa KOppesaluu U PErPECCUH;
B) KO3 (UIHEHTA KOPPEISINHY, TeTePMUHALIUN U PETPECCUH.

2. 3Hauumocmes YACMHBIX U NAPHLIX KOIPOUYUeHmos Koppersyuu npoeepsemcs ¢ no-
MOWbIO:
a) HOPMAJILHOTO 3aKOHA PacTIpeICIICHUS;
0) t-xputepusi CThIOJCHTA;
B) F—xpurepusi;
r) Tabnuiel Oumepa — Heiitca.

3. BpeepeccuOHHOM aHaausze Xj pacemampuearomcs Kak.

a) HeCJTy4ailHble BETMYUHBI,
0) cimydaiiHple BETUYMHBI,
B) JIIOOBIC BETUYHHBI.
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4. /ns oyenxu eexmopa f Haubonee 4acmo uUCnoib3ylom mMemoo HAUMEHbUUX K8aopa-
moe (MHK), coenacno komopomy 6 kauecmee oyeHKu npunumarom eekmop b, komopwiti munu-
Musupyem:

a) CyMMY OTKJIOHEHHU HaOJII01aeMbIX 3HAUCHUH yi OT MOJICIIBHBIX 3HAUCHUH ), ;

0) cymMMy KBaJpaToOB OTKJIOHEHHS HAOJIO/IaeMbIX 3HAYCHHH y; OT MOJEIbHBIX 3HaUe-
HUW ), .

1

5. Ecnu 6 mooenu Y = [y + BIn X+ € nonoxcums Y = GNP (s8anoeoti nayuonanvhwlii
npodykm), a X=M (Oenesicnas macca), mo u3 popmynvl.
GNP = [y fInM + € cnedyem, umo eciu ysenuuums npeonodicenue oenez M ua ... ..... ,
mo BHII evipacmem na 0,01 f:
a) 1%;
0) 1 uamepenus.

6. [ns nonyuenusn kauecmeeHHbIX OYeHOK YPaGHEeHUll pecpeccuu HeoOX0O0UMO BbINOIHEHUEe
cnedyouux npeonocwviiok MHK (svlbepume neobxooumvie nyHKmol):
a) OTKJIOHEHUS & JOJDKHBI OBITh HOPMAJIBHO PAacCHpeCTICHHBIMU CIy4YaliHBIMU BEJIU-
YMHAMU C HYJIEBBIM MaTeMaTHUECKUM OKHIAHHEM U ITOCTOSTHHOHN TUCTIEPCHEH;
0) OTKJIOHEHHS & HE JOJDKHBI KOPPEIUPOBATh APYT C APYTOM;
B) OTKJIOHEHHUS & JOJDKHBI UMETh MTOKa3aTeIbHbBIN 3aKOH PaclpeeiCHHs.

7. Paccmosinue, uzmepsiemoe no npuHyuny ‘“cpedreil cesasu’”’, Haxooumcs no gopmyne:
k
2,
Z (x, —x jf) >
/=1

6) pmin (Sf’Sm) = min p(xi9xj);

X, €8,,xES,,

a) ps(xi’xj) =

B) pmax(S(’Sm): X max p(xiaxj);

x,€8,,x,ES,,
r) Py (S/, > Sm) = P()_C/, 3 X )3

'H) p(,(m,q) = p(SK’ S(m,q)) = ap(m + ﬁp(q + Ypmq + 6(p/m - pffq )’

&) P (5,8, =—— 3 3 p(x,x,).

n/, nm X,ES,x €S,

8. Knacmepnulii ananus nosgonsiem npogooums.:
a) TPYNIHUPOBKY OOBEKTOB;
0) TPYIIIUPOBKY MPU3HAKOB;
B) IPYIIHPOBKY OOBEKTOB M TPYIITHPOBKY MPU3HAKOB.

9. Eciu a+ > 1, mo cpednue uzdepaicku, paccuumantule Ha eOUHUYY NPOOYKYUU:

a) pacTyT IO Mepe pacIIMpeHus: MacIITaboB MPOU3BO/ICTBA;
0) yOBIBaIOT IO MEpe paCIIMPEHUS MACIITa00B IPOU3BOJICTBA.
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10. Hcxo0s uz anpuophvix coobpaxcenuil snavenuss 0 u [ 00NxHCHbL YOOBIEMBOPNb

ycaosusim:
a) 0<a <l u 0<f<l;
0) -1<a <l u-1<f<l;
B) -1<a <l u 0<f<I1.

TECT NeS

1. Kosghpuyuenm xoppensyuu cuumaemcst 3HAUUMbIM C 8EPOSMHOCMbIO OUUOKU O eCllL:
a) tuagn 10 MOIYJIIO Oy €T OOJIBILE, YEM typ,
0) He UMeeT 3HAYCHHS,
B) tiags IO MOAYJIIO Oy€T MEHBLIE, YEM tp.

2. Mampuya R napueix kos3¢guyuenmos xkoppensiyuu saensemcs (gvibepume HeoOX00u-
Mble NYHKMbL):

a) oOpaTHOI;

0) TpaHCTIOHMPOBAHHO;

B) CHMMETPUYHOM;

I') MOJOKUTEIBHO ONPEAEICHHOM.

3. B kaxux npeodenax uzmeHsiemcst MHONMCeCmeeH bl Kodppuyuenm xoppersyuu.
a)or 0 o 1;
0) ot —1 10 0;
B) oT —1 5o 1;
r) ot 0 10 10.

4. B kaxux npedenax uzmeHsemcst Koappuyuenm oemepmurnayuu.
a)or 0 o 1;
0) ot —1 10 0;
B) oT —1 5o 1;
r) ot 0 10 10.

5. B xopouwio nodobpannoti Mooenu ocmamxu 00NCHbL (8blOepume HeoOXo00uMble NYHKMbL):
a) UMETh HOPMAaJIbHBIM 3aKOH paclpeiesieHus] ¢ HyJIEeBHIM MaTeMaTHYECKUM OXKHJia-
HHUEM U IOCTOSIHHOM JUCIIEPCHUEN;
0) HEe KOPPEIUPOBaTh APYT C IPYTOM;
B) UIMETh SKCIIOHEHITMAILHBIN 3aKOH pacIpe/IeIICHNUS;
') XaOTUYHO Pa30pOCaHBbI;
1) ¢opma u BUJ pacripeieTICHUs] HE BayKEH.

6. Henpasunvhulii 86100p (OYHKYUOHATbHOU POPMbL UTU OOBACHAIOUUX NEPEMEHHBIX HA-
3bl6AEMCAL:
a) omuOKaMu crienupUKaluu;
0) omnbKaMu IPOrHO3a;
B) F€TEPOCKEIACTUYHOCTBIO.
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7. C Kakou yenvio npou3eo0sm HOpMUpO8anue NPusHaKkos.
a) C LEJbI0 YCTPAHEHUS BIUSHUS Pa3IuYHbIX €TUHUI] U3MEPEHUS;
0) C LebI0 YMEHBUINThH MPU3HAKOBOE POCTPAHCTBO;
B) C LIETIBIO YIPOILIEHUSI PACYETOB.

8. Xemmunzo60 paccmosmue 6pruuciaemcs no popmyine:
k
— 2,
a) pe(xiaxj) = Z(xi/, -x,)"
(=1

0) Pg(x;,x,) = \/sz/(xiz _sz)z 5

(=1

k
B) DH(xi’xj) = z‘xié _xj/,“
/=1

9. Kosgppuyuenm o unmepnpemupyemcs kax:
a) IIACTUYHOCTb I10 TPYILY;
0) 2J1IaCTUYHOCTH MO KalUTaly;
B) JIACTHYHOCTH 3aMELICHUS.

10. [na onpedenenus napamempog u 6uda npou38o0CmMEeHHOU QYHKYUU NOIb3VIOMCs
CRe0yrOUUMU BUOAMU OAHHBIX:

a) TMHAMUYECKUMU psIaMH;
0) JaHHBIMU OJJTHOBPEMEHHBIX HAOIIOeHUH (TIPOCTPAHCTBEHHOMN HH(pOpMAIHEH );
B) TMHAMUYECKHMH PsIaMH U IPOCTPAHCTBEHHOM MH(OpMaIiei.

TECT Ne6

R
V R, \R,,

a) MHO>KECTBEHHBIN K03 duiment xoppensiuuu (k-2)-ro mopsiaka Mexay (pakropamu

MOINCHO onpedeﬂumb:

X1 u X2;
0) yacTHbIN KOd(duImeHT KOppesuHn (k-2)-ro mopsinka Mexay daxropamu X1 n X2;
B) mapHbIi KoddduimeHT Koppensauun (k-2)-ro nopsaka mexay gaxkropamu X1 u X2.
. R
2. C nomowbio 0anHou popmyasL r, 5 =r, = [l —— moocno onpedenums:
11
a) MHO>KECTBEHHBIN K03 uumeHT Koppemnsuun (k-2)-ro mopsaka Mexay (hakropamu
X1 un X2;

0) yacTHBIN KOXPPHULIMEHT Koppesiiu (k-2)-ro mopsaka mexay gakropamu X1 u X2;
B) nmapHbIid ko3 durment koppensuun (k-2)-ro nmopsaka mexay pakropamu X1 un X2.
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3. Kosagppuyuenm demepmunayuu — 5mo:
a) KBaJipaT mapHOro kKoddduimenta KOppesiuu;
0) KBagpaT yaCTHOT0 KO3 UIMEHTA KOPPEISLINY;
B) KBaJpaT MHOXECTBEHHOTO KOd(pPHuIneHTa KOPPEIIsIHH.

4. Memoo makcumanbHo20 npagoonooodus ryyuie pabomaem Hd..., 20e OH, KaK npaguio,
daem OYeHKU C MUHUMANbHOU OUChepCUel:
a) OOJBIINX BHIOOPKAX;
0) MaJbIX BEIOOpPKAX;
B) JIIOOBIX BBIOOpPKAX.

5. Mooens euda Y = AK°LP nocum nazeanue:
a) GyHKIUUA DHTEIS;
0) dynkuuu Ko66a — Jlyrmnaca;
B) JIOT-JIMHEWHOW MOJICIIN;
') CTENIEHHOW MOJICIH.

6. Mooenv suoa Y, = Yy(1 +r)t Hocum HaszeaHue:
a) GyHKIUU DHTEIS;
0) dynkuuu Ko66a — Jlyrnaca;
B) JIOT-JIMHEWHOW MOJICIIH;
') CTENIEHHON MOJICIIH.

7. B 3a0aue xnaccugpuxkayuu oannoe paccmosiHue npUMeHAemcs 6 mex Ciyuasax, Ko20a
Kaxicooli KOMNOHeHme X; ekmopa Hadodenul X yoaemcs npunucams Hekomopuli “gec”, npo-
NOPYUOHATILHO CMENEeHU 8AXHCHOCTU NPUSHAKA.

a) XeMMHUHTOBO PACCTOSTHUE;
0) “B3BerieHHOe” EBKINI0BO POCTPAHCTBO;
B) 00b19YHOE EBKIIMIOBO paccTosiHUE.

8. Uepapxuueckue (OpesoobpasHvle) npoyedypul A618i0mcs Hauboliee pacnpocmpaneH-
HulMU (6 cmuicae peanusayuu na IBM) ancopummamu knacmepnozo ananusa, oHu 6bI8arOM ...
MUnos.
a)2;
0) 3;
B) 5;
T) JIFOOBIX.

9. Ecau npouz600cmeo, d¢hghexmusHocms KOmopo2o He 3asucum om macumabos u onu-
cvlgaemcsi npouzsoocmeennoll yuxyuei Kooboa — /[yenaca, mo ¢ pocmom napamempa O napa-
memp [

a) pacrer;

0) yMEHbIIAeTCS;

B) OCTAeTCs] HCU3MECHHBIM;
T') pacTeT WK yMEHbBIIASTCS.
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10. Ecnu npouzeoocmeo, s¢hpekmusHocmes Komopoz2o pacmem no mepe e20 YKpYnHeHus,
onucwsieaemcs npoussoocmeennol gpyukyueti Koboa — [[yenaca, mo napamempol mooenu y0os-
JIeMBOPAI0OM COOMHOULEHUIO!

a) o+p<1;
0) o+P=1;
B) 0+P=0;
r) o+B>1.

TECT Ne7

1. Ypasnenue My/x— My = :Byx (x — Mx) :

a) mpsiMasi Perpeccuu y Ha X,
0) psiMast pErPeCCUN X HA ).

2. Keaopam raxoeo kosghgpuyuenma ykazvigaem 00110 OUChepCUU 0OHOU CAYHAUHOU 6e-
JIUYUHBL, 00YCII08NIEHHYT0 8apuayueli Opy2oul.
a) KO3 PUIIUEHT JEeTEPMUHAIIY;
0) mapHbIit K03()(HUIMEHT KOPPEIALHH;
B) YaCTHBIA KOA(PPUITUEHT KOPPEISALINH;
') MHOKECTBEHHBINH KOA()(DUIIUEHT KOPPEIISALIUU.

3. Oyenxu MaxkcumanbHo2o npagoono0odus U Memooa HAaUMeHbUUX K8AOPamos:
a) MOTYT HE COBIAATh;
0) coBIaIaoT;
B) HUKOT/a HE COBMA/IAI0T.

4. B mampuunoii hopme pezpeccuonnas mooens umeem euo: Y = X+ ¢
eoe Y:
a) Marpuia, pazmepHocta [n x (k+1)];
0) ciydaliHBIN BEKTOP-CTONOEI] pazmepHocTH (n X 1).

5. Kakou cmvicn y koa¢huyuenmos pecpeccuu 8 102apuhpmuyeckux pecpeccuoHHbIX
Mooensx:

a) MOKa3bIBAIOT MPOIEHTHOE U3MEHEHHE Y JIJIsl JaHHOTO MPOIICHTHOTO U3MEHEHUS X;

0) MOKa3bIBAIOT A0COMIOTHOE U3MEHEHHE Y ISl IAaHHOTO MPOIICHTHOTO M3MEHEHUS X;

B) TIOKA3BIBAIOT MPOIICHTHOE M3MEHEHHE Y I JAHHOT'O a0COTIOTHOTO U3MEHEHUS X.

6. Uzmensitomest iu c80UCmea CIyYatHo20 OMKIOHEHUs. NPU NPpeodpas308anuu YpasHeHus
peepeccuu:
a) 1a;
0) HeT;
B) CIIy4aifHOE OTKJIOHCHHE HE 3aBUCHUT OT BH/a YPABHEHUS PErPeCcCUU

7. B ... npoyedypax nauanvHubim aeusemca pazouenue, cocmosuee uz n 00HOI1eMEeHMHbIX
K1acco8, a KOHEYHbIM - U3 0OHO20 K1ACCd, 6 ... ... — Haobopom (6cmasbme He0OX0OUMbBIE OYKBbL):

a) arJIOMepaTUBHBIX, JUBU3UMHBIX;

0) TMBU3UMHBIX, arJIOMEPATUBHBIX;

B) IUCKOHTUPOBAHHBIX, arJIOMEPATUBHBIX.
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8. Bonvuuncmeo npocpamm, peanu3yiowux aieopumm uepapxuieckoll Kiaccugpurayuu,
npedycmampusaem epaguieckoe npedCmagieHue pesyibmamos Kiaccugpukayuu 8 guoe:
a) IEHAPOTPAMMBIL;
0) IIIOK-CXEMBI;
B) rpa)uKOB NOKa3aTeseH.

9. B 3a0auax mHo2oMepHOU Kiaccugurayuu 00vekmos o, B O u Y A6nsomcsi.
a) YMCIOBBIMH KO3 PHUIIMEHTAMU;
0) koadduImeHTaMH SJTaCTUYHOCTH.

10. B npoussoocmeennoil (pynxyuu Kobba-/yeraca napamemp B coomeemcmeyem Ko-
agpuyuenmy:
a) KOppesIuu;
0) Bapuanuu;
B) AJIACTUYHOCTH;
T) IeTepMUHAIIHH.

TECT Ne8

Xy-X-y

S)Cy

1. Benuuuna, paccuumannasn no gpopmyne r = , AIBTIAEMCA OYEHKOU.
a) koa(uireHTa geTepMUHALINH;

0) mapHoTo K03 dHUIHEHTA KOPPEIAIUH;

B) YAaCTHOTO KO3 (UIMEHTA KOPPEISLINN;

') MHOXKECTBEHHOT'O KOA(DPUIIMEeHTa KOPPEISALIUH.

2. Bvibopounsiii koa¢hghuyuenm xoppensiyuu r no abComomHou seuduHe:
a) HE MPEBOCXOJIUT SUHUIIBI;
0) HE MPEBOCXOANT HYJIA;
B) IPUHUMAET JIFOObIC 3HAYCHHUS.

3. B mampuunoii popme pecpeccuonHas Mooeib umeem uo: Y=XB+¢g
eo0e X:
a) matpuiia, pazmepHocTd [n x (k+1)];
0) ciyuaitHblil BekTOp-cTOon0e1] pazmepHocty (n x 1).
4. B mampuunoti popme peepeccuonnas Mooeib umeem 6uo. Y=XB+ ¢
ede €

a) Matpuiia, pasmepHocTH [n x (k+1)] ommbok HabrOACHMI (OCTATKOB);
0) ciy4daitHbIi BEKTOP-CTOI0EI] pazMepHOCTH (n X 1) ommbok Hab0IeHNI (OCTaTKOB).

5. Ommemovme ochogHbie 8UObL OUUOOK chneyupurayuu:
a) oTOpachlBaHUE 3HAYUMOM MIEPEMEHHOII;
0) nobaBieHne HE3HAYMMOM TTEPEMEHHOII;
B) HU3KOE 3HaYeHHE KOd((UILIMEHTa TeTePMHUHALINY;
T') BEIOOP HEMPABUIBLHON (POPMBI MOJECIIH.
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6. Mooicno nu obnapyscumes owuUOKY cneyudukayuu ¢ NOMOWbIO UCCIe008AHUS OCMA-
MOYHO20 YNEeHA:
a) na;
0) HeT;
B) CUTYyaIusl HE ONpe/IeNICHa.

7. B 3a0auax mmocomepmnou kuaccuguxayuu obvekmos npu o=f=-0=1/2u y=0 pac-
CMOsIHUE MedHCOY KNACCaMU onpeoensiemcs N0 NPUHYUNY:
a) “manpHero cocena’;
0) “cpenneii cBsizu’;
B) “Onmrpkaiiero cocena’.

8. B 3a0auax mHozomepnou Kraccugukayuu obvekmos npu o=L=56=1/2 u y=0 — pac-
cmosiHue MedHcoy KNaccamu onpeoensiemcs N0 NPUHYUNY:
a) “mampHero cocena’;
0) “cpenueii cBs3n”;
B) “Onmmkaiiiero cocena’.

9. [onyuenwvt dse npouzsodcmeennvie Gyukyuu Koboa — [lyenaca, umerowue pagvie 3Ha-
yenusi napamempos o u [, Ho paziuuaiowuecs no napamempy A. B kakom ciyuae nepgoe npous-
6800cme0 bonee 3¢hexmusrno, uem smopoe:

a) A1<Ay;
6) A1>A2;
B) A1=Ag;
F) A £A,.

10. B mampuunom eude cmpykmypHas ¢opmul cucmembl 00HOBPEMEHHBIX IKOHOMEMPU-
YecKux ypaeHeHut umeem cieoyrowuii 6uo: By, +1x, =€, :
a) J1a, 9TO TaK;
0) HeT;
B) JIaHHOE ypaBHEHUE HE SBISETCS CTPYKTYPHOU (OPMOM CHCTEMBI OJTHOBPEMEHHBIX
HYKOHOMETPHUECKUX YPABHCHHI.

TECT Ne9

1. Ecmb u nHeobxooumocms npu onpeoeieHuu ¢ Ha0eHCHOCMbl0 Y 008epUmMenbHO20 UH-
mepeana O 3HAYUMO20 NAPHO2O ULU YACMHO20 KOIDOUYUEeHMO8 Koppersiyuu Ucnoib308ams
Z-npeobpazosanue Puuiepa u npeosapumenbHo YCmanasiueams UHMepPEalbHYI0 OYeHKY O Z:

a) HET;
0) na;
B) CUTYyalusl HE OIIpEJIEICHA.
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2. Jlna npoeepku 3nauumocmu Kakoz2o Kodgp@uyuenma Fuaon =

paccuumulearom:
a) kod(duirenTa geTepMUHALINY;
0) mapHOTro KO3PPUITUEHTA KOPPEIIAIIH;
B) 4acTHOTO Kod((pUlleHTa KOPPENALnY;
') MHOXKECTBEHHOTO KO3(PPHIIMEHTA KOPPEIISAIIUH.

3. Komnonenmul 6ekmopa € :

a) HE3aBUCHMBI MEXKy COOOi;
0) 3aBHCHUMBI MKy CO00ii;
B) UMEIOT HOPMAJIBHBIA 3aKOH paCIpe/ICICHUs C HYJIEBBIM MaTeMaTHUECKUM OXKHa-

aneM (Me ; =0) u HensBecTHO# nucnepeneii 6° (De; =67).

4. Ha npaxmuke npu nocmpoeHuu pecpecCUOHHbIX MOoOeNell PEeKOMeHOYemcs, 4mooul
n npesviuiano k ne menee, yem:
a) B JIBa pasa;
0) B TpH pa3za;
B) HE UMEET 3HAYCHUS.

5. Ecnu 6 ypasnenuu peepeccuu umMeemcsi HeCyweCmeeHHasi NePpemMennas, mo oHa 0OHa-
pyorcusaem ceds no HUSKOMY 3HAYEHUIO:
a) t-CTaTUCTHKWY;
0) F-crarucruku;
B) KO3 urreHTa 1eTepMrUHaIIAN.

6. Kaxue mpebosanus 6 mooenu pecpecCUOHHO20 aHAIU3A NPedbAGIAIOMC K pacnpede-
JIEHUI0 OWUOOK HAONI0OeHUsl €;, A UMEHHO, K UX MameMamuieckomy odxcuoanuio M& u oucnep-

cuu DEg;:
a) Mgi=1; B) Mgi=0;
Deizcz; Dei:cz;
0) Mgi=0; r) Mg=1;
D8i=1; Deg=0

7. B 3a0auax muocomeprou kiaccugpuxayuu oowvexkmos npu o=F=0=1/2 u y=0 — pac-
CMOsIHUE MeHCOY KNACCaMU onpeoensiemcs N0 NPUHYUNY:
a) “manpHero cocena’;
0) “cpenneii cBs3u’;
B) “Onmrpkaiiiero cocena’.
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8. B xknacmep S; 6xo0sm 4 obvexma, paccmosiHue om Komopuvlx 00 odvekma Ned co-
cmassiem coomeemcmeento: 2, 5, 6, 7. Yemy pasno paccmosinue om obvekma Ne5 0o knacme-
pa S, ecau ucxooums u3z npunyuna ‘‘onudicatiuie2o coceoa”:

a)2; B) 6;
0) 5; r)7.

9. Ecnu Me g, =0 nput, #t, u t,,t, =12,...,n, mo ciyuaiinble owubKu pezpeccuu:

a) 3aBUCUMBI MEXJTy COOOI;
0) He3aBUCHUMBI MEXIY COOOI;
C) cCUTyaIlHsI He OTpeieieHa.

2 2 2
10. Ecau oucnepcus owubku nocmosanna MEe, = 0, = 0~ u e 3a6ucum om t u Xx,,

Mo 3Mo C8UOEMENbCMBYem 0.
a) TOMOCKEJaCTUYHOCTH OCTaTKOB;
0) reTepoCKeTaCTUIHOCTH OCTaTKOB.

TECT Nel10

1. H36ecmmno, ymo npu gpuxcuposanHom 3Haveruu Xz mexcoy senununamu X; u X cy-
wecmeyem nonodcumenvhas ceass. Kakoe snauenue moscem npunams yacmmwviil Kodghuyu-
enm Koppenayuu Pj2/37

a) -0,8;
0) 0;
B) 0,4;
r) 1,3.

2. Ilo pe3ynomamam n=20 HabarooeHull NOIY4eH YacmHulll KOdpduyuenm Koppeniyuu
r123=0,8. Onpedenume, uemy npu yposte snauumocmu o=0,05 pasna pasHocme medxnCcoy Haobo-
oaembim (¥12/3) U KpUMUYECKUM (7'p,) 3HAUEHUAMU KOIDPuyuenmos koppenayuu:

a) -0,513;
0) 0, 357;
B) 0, 700;
r) 0,133.

3. Ha npaxmuke o Hanuuuu My1bmMuKOLIUHEAPHOCIU 0DbIYHO CYOsm No mampuye nap-

HbIX K02 Duyuenmos xopperayuu. Eciu ooun uz snemenmog mampuyvl R 6orvuie ... ... , mo
cuumarom, ymo umeem Mecmo MYJIbMUKOIIUHEAPHOCMb U 6 YPAeHeHUue pecpeccuu cledyem
BKAIOUANb MOALKO 00U U3 NOKA3ameJiell Xj U Xe. Bcmasvme H€00CI’I’ZCIIOM/]€€ SHA4YeHUue.

a) 0,3;

0) 0,5;

B) 0,6;5;

r) 0,8;

x) 0,9;

€) Ipyroe 3HaucHue.
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4. Jlna nposepxu 3HAUUMOCMU OMOENbHBIX KOIDduyuenmos peepeccuu, m.e. 2unomes
Hoy: B=0, 20e j=1,2,...k, ucnonvzyrom:
a) HOPMAJILHBIN 3aKOH PacIpeIeIICHUS;
0) t-xpuTepui;
B) pacnpenerncaue durepa.

5. Aeoiinas nocapugpmuyeckas mooens A61aemcs IUHEUHOU OMHOCUMENLHO ee NePEeMEHHBIX.
a) yTBEP)KIEHUE UCTUHHO;
0) yTBep»kKACHUE JOKHO;
B) YTBEpKJIEHUE HE ONPEJIEIIECHO.

6. Koagppuyuenmuol 08otinoul rocapupmuieckor mooenu onpedensiom 31acmuiHoCms 3d-
BUCUMOLL NEPEMEHHOU NO COOMBEMCMEYIOWUM ONPeOeTSTIOUUM NEPEMEHHBIM.
a) yTBEepKJIEHHE UCTHHHO;
0) yTBEpKICHHE JIOKHO;
B) YTBEP)KJIEHUE HE ONPEJIENIECHO.

7. B xnacmep S; 6xoosm 4 obvexma, paccmosiHue om Komopuvlx 00 odvekma Ned co-
cmaensem coomgemcmeento: 2, 5, 6, 7. Yemy pasno paccmosinue om odvekma Ne5 do kiacme-
pa S;, eciu ucxooums u3z npuHyuna ‘‘oaibHezo coceoa’”’:

a)2; B) 6;
0) 5; r)7.

8. B ycnosusx eemepocke0acmuyHOCmU CIVYAHbIX OCMAMKO8 OYeHKU KOID@uyuenmos,
NOJYYeHHble N0 Memo0y HAUMEHbUUUX K8AOpamos, Oyoym.:
a) HECMEIICHHBIMU;  B) 3(pPEeKTUBHBIMU; 1) HaJIC)KHBIMU;
0) CMEIIICHHBIMU; r) HeO(PPEKTUBHBIMH;  €) HEHAJAC)KHBIMH.

9. Yenosuem cemepockedacmuunocmu Aensemcs:
a) HE3aBMCHMOCTh 3HauYeHnit Me, =0, oT t U X, ;
6) 3aBUCUMOCTh 3HaueHuii ME> =0, oT t W X, ;
B) CUTYyallusl HE OIpe/IesieHa.

10. Cucmemy y, = B™'Tx, + B™'€, o0nosépemennvix ypasnenutl Hazpléaiom pexypcuenotl,

eciu 8LINONHAIOMCS Cledyrowue Yciosus (8blbepume HeoOX0OUMblLe YCI0BUS):
a) Marpunia 3HaYeHUN SHJIOTCHHBIX TEPEMEHHBIX SBJISICTCS HIDKHEW TPEYToJIbHON
matpuueii, T.e. ;=0 mpu j>i u B; =1

0) ciyvaiiHple OIIMOKN HE3aBUCHMBI MEKIy CO0O0i, T. ¢. 0; >0,0;, =0 mpu i#j,

rae i,j=1,2,...,G;
B) K&XKI0€ OrpaHHYCHHUE HA CTPYKTYpHbIC KO3()(PUIIMEHTBI OTHOCHTCS K OTIEIBHOMY
YPaBHCHHIO.
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Ceenenns 00 aBTopax

Mxumapsan Bnaoumup Cepzeesuu — NOKTOp SKOHOMHUYECKHX HAYK, IMpodeccop, akaaeMuk Me-
JKAYHApOJIHON aKaJeMuH HayK BeICIIed mIkoibl, 3aBeayromuid Kadeapoil MaTeMaTH4ecKon cTa-
TUCTHUKHU U S3KOHOMETPHUKH.

Apxunosea Mapuna IOpveena — KaHTUAAT YJKOHOMUUECKUX HAYK, JOLEHT Kadeapbl SIKOHOMHUYE-
CKOMW CTaTUCTUKH M SKOHOMETPHUKH, 3aB. ceKTopoM MHcTUTyTa ipobiem uHbopmaruzanuu PAH.

Cupomun Bauecnae Ilagnoeuu — xanauaaT TeXHUYECKUX HAYyK, JIOLEHT, npodeccop Kadenpbl
HYKOHOMHYECKON CTATHCTHKH U SKOHOMETPUKHU.

1. IEJIV ¥ 3AJIAYM TUCHMUTIINHEI

Llenv npenooasanus Kypca — 1aTh CTyACHTaM HAay4HOE MPEJICTABICHHE O METO/IaX, MOJie-
JSX ¥ TIPUEeMax, MO3BOJISIIOIINX MMOTyYaTh KOJIMYECTBEHHBIE BBIPAXKEHUS 3aKOHOMEPHOCTSIM KO-
HOMHUYECKON TEOpUU Ha 0a3e IKOHOMHUECKOW CTATUCTHKH C WCIIOJIb30BAaHHEM MAaTEMAaTHKO-
CTaTUCTUYECKOr0 MHCTpyMeHTapus. Kypc paccuutan Ha 64 yaca.

3adauu kypca. B cCOOTBETCTBHU C IETBIO Kypca CTYIEHTHI JJOJDKHBI YCBOUTH METOJIBI KO-
JUYECTBEHHOM OICHKH COIMATBHO-DKOHOMUYCCKUX MPOIIECCOB, HAYYUTHCS COJIEPIKATEIIBHO MH-
TepIpPEeTUPOBaTH (OpMaTbHBIE PE3YIbTATHI.

Ceasb ¢ opyeumu oucyunaunamu. Kype 6azupyercs Ha aucuuruinHax «Teopust BeposiT-
HOCTEi» U «MaTtemaTndeckasi CTaTUCTHKa». B CBOIO ovepelb sSBISETCS OCHOBOM JUTs TUCITUILIH-
HbI «CTaTUCTHYECKHE METOIbI TIPOTHO3HPOBAHUS.

Kypc uzyuaemcs 6 gpopme nexumii (2 4ac/Hem) W NMpaKTUUECKUX 3aHATHH (2 dac/Hen).
[IpemycMoTpeHa caMOCTOSATEIbHASI TIOATOTOBKA CTYACHTOB. OHU BBITOJHSIOT HHIUBUYbHBIC
KOMIIBIOTEPHBIE UCCIIEOBAHUS, CAAOT SK3aMEH.

2. COJEPKAHUE KYPCA

Tema 1. Koppenayuonnwiu ananus.

3amaun SKOHOMETPUKH B OOJIACTH COLMAIBHO-IKOHOMHUYECKUX HccienoBanuid. Mupop-
MaIMoOHHbIe TexHoyuornu Ha 6aze [IDBM B sxoHOMeTpHrueckoMm uccienoBanusx. Kiaccuduka-
U] IEPEMEHHBIX B 3KOHOMETPUYECKHX ucciienoBaHusX. [TonaTus cnenudukanuu u uaeHTUGu-
nupyeMoctu Monenu. [Ipumepsl SKOHOMETPUYECKHX MOJeNnel (MoIenb MPeAIoKeHusl U crpoca
Ha KOHKYPEHTHOM DBIHKE).

OrneHKa KOBapHAIIMOHHON (KOPPEISIITMOHHON) MaTpuilbl. OIIEHKHW YaCTHBIX U MHOXKECT-
BEHHBIX KO3 durenToB koppemsaun. [IpoBepka ux 3HaunMocTu. [TocTpoeHne 10BepUTETHHBIX
MHTEPBAJIOB JUIsl YACTHBIX KOA((UIIEHTOB.

Tema 2. Pecpeccuonnwiii ananus.

OcHoBHBIE 3a7jauu perpeccuoHHOro aHain3a. OCOOEHHOCTH KJIACCHUYECKOW TUHEHHOU
MOJIETIM MHOKECTBEHHOM perpeccuu. BeiOop afekBaTHOTO ypaBHEHUS PETPECCHH.

Onenka BekTopa KOd()(PUIMEHTOB ypaBHEHMSI PETPECCHUM M OCTATOYHOM IHUCHIEpCUU C
MOMOIIbI0 METOa HauMeHbIuX kBaapaTos (MHK).

[IpoBepka 3HAUMMOCTH U MHTEPBAILHOE OIICHUBAaHUE KO3(DPUIIMEHTOB U ypaBHEHHS per-
peccuu, podiieMa MyJIbTUKOJUIMHEAPHOCTH, MOIIATOBbIE AJITOPUTMBI PETPECCHOHHOTO aHATU3A.

Tema 3. Memoows mHocomepHou kraccugpuxayuu. Knacmepuwiii ananus.

[TocTpoeHre TUMOJOTHYECKHX PETPECCHOHHBIX MOJENed MO HEOJHOPOAHBIM JIaHHBIM.
OcHoOBHbBIE MOHATHUSL KJIACTEPHOTO aHAIM3a, PACCTOSHUS MEXKIy OObEeKTaMU U Mepa OJM30CTH.
@OyHKIMOHAIBI KauecTBa pa3oueHus. Mepapxudeckue KiacTep-Ipoueayphl.
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Metoa K-cpennux. Knaccudukanus 607bIIMX COBOKYIHOCTEH 00BEKTOB METOAAMHU Ma-
pajuIeIbHBIX IPOLETYP.

[TocTpoeHre MHOXKECTBEHHBIX PETPECCHOHHBIX MOEIIEH 10 TUTIOJIOTHYECKUM TPYTIITaM.

Tema 4. IIpouszeoocmeennvie ¢hynkyuu. [TponsBoacTeenHas pynkius Kodoa — Jlyrnaca.

OneHuBaHue mapaMeTpoB MpoU3BOACTBeHHOH (yHKIMKU Ko66a — [lyrnaca mo npoctpan-
CTBEHHOI U BpeMEHHON MH(POpMAIUH.

Tema 5. Cucmembi 00HO8pEMEHHBIX IKOHOMEMPULECKUX YPABHEHULL.

CrpykTypHas 1 npuBeficHHass (OPMBI MOJEIH CUCTEM OJHOBPEMEHHBIX ypaBHEeHUM. Pe-
KypCUBHBIE CHCTEMBI OTHOBPEMEHHBIX ypaBHEHUNA. MoO/IeTh cripoca — MPEUIOKEHHS KaK IpuMep
CHCTEMBI OJHOBPEMEHHBIX YpaBHEHUH. OCHOBHBIE CTPYKTYPHBIE XapaKTEPUCTUKN MOJIEIeH. Y-
JIOBUS UACHTH(PULIUPYEMOCTH ypaBHEHHH cucTeMbl. MneHTHUKAIMS peKYPCUBHBIX CHCTEM.
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