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BBEJAEHHUE

B mocnenHee BpeMs MHAPOKOE pacIpoCTpaHSHHUE MOTYIIIIO HCIIOIb30BaHUE
MOJICIIMPOBAaHUA W KOJHMYECTBCHHOTO aHAJIHM3a B JKOHOMHKE. B pesymbrare
BBIICIIOCH W C(OPMHPOBANIOCH ONHO W3 HANPABICHUH SKOHOMHYECKUX
HCCIICTIOBAaHUN — «9KOHOMETPHKA.

DopManbHO <OKOHOMETPHKA)» O3HAYAeT «H3MEPEHHS B DKOHOMHKEY.
OpHako 00nacTh  WCCIACMOBAaHMN  STOW  JUCIMIUIMHBI — TOpa3io  IIHpe.
DKOHOMETpHUKA- 3TO HAyKa, B KOTOPOil Ha 0a3e pearbHbIX CTATUCTHYCCKUX JTaHHBIX
CTPOSITCS, AHATU3UPYIOTCS M COBEPILICHCTBYIOTCS MaTeMaTHUYeCKUe MOJIEIH
peanbHBIX SKOHOMHUYECKHX IMPOLECCOB. ODKOHOMETPHUKA TIO3BOJSIET HAWTH
KOJINYECTBEHHOC TOATBEPXKICHUE JIMOO OMPOBEPIKEHHE TOTO0 WM HHOTO
SKOHOMHYECKOTO 3aKOHAa WM TUMOTEe3bl. lIpW 3TOM ONHUM W3 Ba)KHEHIIHX
HaIpaBJICHUH SKOHOMETPHUKHU SBISACTCS IOCTPOCHHE IPOTHO30B TIO PA3TUIHBIM
SKOHOMHYECKUM ITOKA3aTeIISIM.

DKOHOMETpHKA KaK HaydHas TUCHUIUIMHA 3apOTUIIaCh HA OCHOBE CITUSHHS
SKOHOMHYECKOW TEOpUH, MaTEMaTHKH W CTaTHCTHUKHU. [Ipenmomaraercs, dTO
CTYACHTHI, M3ydJalOIlhe JKOHOMETPHKY, yXE MPOCIYIIadl Kypchl MaTeMaTHKH,
TEOpUHU BEPOATHOCTEH, MATEMATUYECKYIO CTATUCTUKY, MUKPO- U MAaKPOOIKOHOMUKY.

3amaun, perraeMble SKOHOMETPUKOM, COlepkaT OOJIBIION MAacCHUB YHCIIOBBIX
JIAHHBIX W PEIIAIOTCS P OMOIIN HH(POPMAIMOHHBIX TEXHOJIOTHIA.

BeInosiHeHHE MPAKTHYSCKUX padoTa 1Mo Kypcy «DKOHOMETPHKA» TOCTATOYHO
TPYAOEMKO, TO3TOMY PEKOMEHIYeTCsl HCIOJb30BaTh JJICKTPOHHBIC —TaOIMIIBI:
Microsoft Excel u OpenOffice Calc.


http://freeanalogs.ru/OpenOfficeCalc

4
3ajanue Ha npakTuKy 1:
IMapuas JuHelHasA perpeccus

He.ﬂb paﬁoTbI: Ilo mpeacTaBieHHBIM 3MIMPUYECKUM [JAHHBIM Hay4YUTbCS
CTPOUTH MOJENb MAPHON JMHEHHON perpeccuu, NpoBEpsATh KaueCTBO YpaBHEHUS
perpeccuyl OLICHWBAaHWEM 3HAa4YeHHA KOd(hQHIMECHTa ACTCPMHUHALNH, IPOBEPSTH
THIIOTE3Bl  OTHOCUTEIHHO KOI(QUIMEHTOB YPaBHEHHUSI PETPECCUH, CTPOHUTH
MHTEPBAIbHBIE OLEHKH KO3()(UINEHTOB W [JOBEPUTEIBbHBIC WHTEPBAIBI [UIS
3aBUCUMOM IIEPEMEHHOM.

MeToanuyeckue yKasaHus:

Ecmn ¢yHKUMs perpeccuu JHHEHHA, TO TOBOPAT O JUHEUHOU pecpeccuil.
ITo BEIOOpKE OTpaHWYEHHOTO OOBEMa MBI CMOXEM IIOCTPOUTH TaK Ha3bIBAEMOE
IMRUpULECKOe YPAasHeHUue pezpeccul

¥i =by +0 (1.1)
e Y, — OlleHKa YCIOBHOTO MaTeMaTHieckoro oskuarus M (Y|X =X); by ub-
OLEHKHM HEM3BECTHBIX NapameTpos [, ﬂ1 , Ha3bIBACMbIC IMAUPUYECKUMU
koa(Puyuenmamu pezpeccuu. CliejoBaTEIBHO, B KOHKPETHOM CITydae:

y; =b, +bX +¢ (1.2)
IJle omKioHenue €, — OLeHKa TEOPETHUECKOTO CIY4aiiHOrO OTKIOHEHHS &; .

Haiinem ouenku bo u bl, HCIIONb3YSl METOJ HAMMEHbIINX KBagpaTos. [Ipu

3TOM MUHUMHU3UPYETCS CIEIYIOmast (yHKITHS:
Q(b07b1)zzei2 :Z(Yi _gli)2 :Z(yi —by _blxi)2 (1.3)
i=1 i=1 i=1

Ota QyHKIMA SBISETCS KBAAPATUIHON (YHKIMEH IBYX MapamMeTpoB bo u bl.

VcaoBueM CylieCTBOBaHMs MHWHHMYyMa q)yHKI_[I/II/I JABYX HNCEPEMCHHBIX ABJIACTCA
PaBCHCTBO HYJIIO €€ YaCTHBIX MPONU3BOJHBIX:

oQ
B 2ROhB)=0 s sy

=
%:_ZZ(yi_bO_blxi)xi:O bozxi+blzxizzzxiyi

PaznenuB 06a ypaBHEHHsI CHCTEMBI Ha N, MOTYIHM:



T o o o 1 21 2
. Xy — X - x==%"x,x==%"x
b0+b1x:y_ blz—%_)_(zy ” nZ i nZ s
— 2 _ ’ B 1
PR g —y-bx 9= X

[Ipu nmpoBeneHNN CTATUCTHYECKOrO aHANN3a IIepe HCCIIEA0BATENEM 3a4acTyIo
BO3HHKAET HEOOXOIMMOCTh CPaBHEHHS SMIHPUYECKHX KOd(PQUIMEHTOB perpeccrn

bO u bl C HCKOTOPBIMHU TCOPETUYCCKU OXKUAACMBIMHU 3HAYCHUSAMU ﬂO u ﬂl

3THX K0d(p¢unmeHToB. JlaHHBIH aHaMU3 OCYIIECTBIACTCS IPH  IOMOIIH
CTaTHCTHYECKOM IPOBEPKOI THIOTE3.

HamnOonee BakHOW Ha Ha4yaJbHOM »3Tale  CTAaTUCTUYECKOTO aHAIN3a
MOCTPOCHHOW  MOIENW  sBIAETCA  3ajJada  yCTaHOBJICHWS  3HAUYUMOCTH

ko3¢ ¢unmeHros. Ota 3aJaya peIacTcsi NpPH IOMOIIHM OTHOIICHUH,
Ha3bIBaeMBIX | -CTaTHCTHKOI:
b, by
t=— u t=— (1.5)
Sp Sko
B cayusae, ecim |t| >t , TO CTaTHCTWYECKas 3HaYMMOCTb

n-2

NIR

COOTBETCTBYIOLIEr0 KO3 uImeHTa perpeccun MoATBeprKIaeTcs.. 3HAYCHUS '[g B
>

3aBHCHMOCTH OT YPOBHS 3HAUMMOCTH H 4Kca cTeneneii ceodoas V (V. =N—2).

Ipu oreHke 3HAYUMOCTH KOd((HUIIMEeHTa JIMHEWHOM PErpecCHy Ha HAYaIbHOM
JTare MOXKHO HCIIOJIB30BaTh CIEAYIOIIEe «rpydoe» mpaBuio (IoYTH Beeraa padboraet
npu N >10), no3sonsromiee He puberaTh K TabIMIAM:

e Ecm |t| <1, 10 K03 PHIMEHT HE MOKET OBITH IPU3HAH 3HAYUMBIM, TAK KaK
JIOBEpHUTEIbHASI BEPOSTHOCTH COCTABHUT MeHee deM 0,7.
e FEom 1< |t| <2, 1o HalileHHas OIIEHKA MOXKET PACCMATPUBATLCA Kak

OTHOCUTENBHO (ciiabo) 3Haummas. JloBepuTenbHAs BEPOSTHOCTH B 3TOM
ciyyae nexut Mexay 0,7 u 0,95.

e FEom 2< |t| <3, T0 JIOBEpHTENBHAS BEPOATHOCTH cocTapisier ot 0,95 mo
0,99.

e Ecm |t| > 3, TO 3TO MOYTH rapaHTUsi 3HAYUMOCTH KOS puImeHTa.
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JloBepurenbHbIe untepansl koddummentos D, u b, xoropwie ¢

HagexHoctelo (L—@)  HakpbiBaror ompexensieMble mapamerpbl [3, u ﬂl,

OIIPEEIIAIOTCS 10 (hOpMyJIam:

by —t, S(b,);by+t, S(b)| m |b—t, S(b)ib +t, S(b)

(1.6)

WHTtepBan, onpenensiomuii TpaHWIBI, 3a MpPEAeTaMH KOTOPBIX MOTYT

a o o o
—,n- —,n— —,n— —,n—
2 2 2 2

okasatbcs He Gonee 100a% touex mabmopennit npu X = X, paccuMTHIBACTCS

CIIEIYIOIINM 00pa3oM:

X—X,)°
b, +b,x, £t, S 141, ( )

T TN VTR &0

CymMapHo Mepod oOIIero KayecTBa ypaBHEHHs PETPEeCcCHU  SIBISIETCS

2 .
kooppuyuenm demepmunayuu R°. B ciydae mapHoii perpeccun kod(QuumeHt
JeTepMHUHAIMK OyIeT COBNaAaTh ¢ KBaapaToM KoddduimenTa koppensui. B obrmem
ciydae K03 (UIMEHT qeTepMHUHALMN PACCUUTBIBAETCS 10 (hopmyie:

2
e.
R? :1——Z — (1.8)
-
CHpaBC,Z[J'II/IBO COOTHOLIECHUEC Og R2 Sl YeMm TecHee IUHEWHAs CBS3b

2
mexay X u Y, Tem 6rmke koddduupeHT netepmMunaun R k equnuie.

Hpumep. [na aHanmsza 3aBUCHMOCTH o00beMa moTpeOnmeHus Y  (y.e.)
JIOMOXO3iCTBA OT  pacronaraemoro jgoxoma X (y.e.) oToOpaHa BbIOOpkKa N=12
(OMeCsYHO B TEUSHHE T0/1a) HEOOXOANMO IIPOBECTH PErPECCHOHHBIN aHAM3.

JIaHHBIE ¥ pacyeThl PE/ICTABIICHBI B TAOJIHLIE:

! X; Yi Xiz XY yiz Yi € eiz
1 107 102 11449 10914 10104 103,63 -1,63 2,66
2 109 105 11881 11445 11025 105,49 -0,49 0,24
3 110 108 12100 11880 11664 106,43 157 2,46
4 113 110 12769 12430 12100 109,23 0,77 0,59
5 120 115 14400 13800 13225 115,77 -0,77 0,59
6 122 117 14884 14274 13689 117,63 -0,63 0,40
7 123 119 15129 14637 14161 118,57 0,43 0,18
8 128 125 16384 16000 15625 123,24 1,76 3,10
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9 136 132 18496 17952 17424 130,71 1,29 1,66
10 140 130 19600 18200 16900 134,45 -4,45 198
11 145 141 21025 20445 19881 139,11 1,89 3,57
12 150 144 22500 21600 20736 143,78 0,22 0,05
Cymma 1503 1448 190617 183577 176834 - 0 353
Cpennee 125,25 120,67 15884,75 | 15298,08 | 14736,17 - - -

b, = X_L— X-y _ 15298,08 —125,25-1202,67 —0,9339

CornacHo X2 — %2 15884,75 — (125,25) -

b, =y —b,X=120,67 - 0,9339-125,25= 3,699

Takum  oOpa3oM, ypaBHEHHE TIAPHOM  PETPECCHH  WMECT  BHA:
Y =3,699+0,9339X . Tlo 3TOMY YPaBHEHMIO paccudtaeM Y, a Takke
& =Y - yi .

B Hauem npumepe KoahGuIEeHT D, MOKET TpakTOBATHCS Kak NpeieibHas
CKIIOHHOCTh K MOTpeOseHni0. (DakTHUeCKH OH MOKa3bIBaeT, Ha KaKyl0 BEIHUYHHY
M3MEHHUTCSI 00beM HOTPEOIeHNs, eCIM PaclosiaraeMbIii TOXOA BO3DPACTAaeT Ha OAHY
eqmnniy. CBOOGOAHBIA wieH D, ompenenser mporHosupyemoe 3HaueHue Y —IpH
BEIMYMHE paclojaraeMoro jgoxoma X, paBHOM Hymo (T.e. aBTOHOMHOE

MOTpeOIICHHE).
PaccunraeM npyrue nokasareinu.

e 353
32=Z ' =353 S=+S?=188
n-2 12-2 L

g2__ S° _ 385
TN (x —X)?  2366.25

S2 =x’S? =15884,75-0,0015 = 23,83; S, =+/S% =488

TIpoBEpHM CTAaTHCTHYECKYTO 3HAYAMOCTH K03 durmentos 0y u bl:

=0,0015; S,, =+/S3 =0,039

b b
tlz_lzwzzg,gm u oty =—"- 3699_076
S,, 0,039 S,, 488
Kpmw{ecxoe sHasenme npu  ypoeHe 3Haummoctn @ = 0,05 pasmo
oum = Ly t) o500 = 2,228 . Tax  kax |t1| =23946>2,228, 10 510
—,n-2

2’
MOATBEPIKAACT CTATUCTUYCCKYIO 3HAYUMOCTbH KOS(b(i)I/IL[I/IeHTa perpeccun bl'

AHANOrnIHO 1 APyroro kod(QuImenTa: TaK Kak |t0| =0,76 < 2,228, to runoresa

0 CTAaTUCTUYECKOM 3HAYUMOCTH KOZ)(b(i)I/IL[I/IGHTa b0 OTKJIOHSICTCS. DTO O3HaA4acT, 4ToO B
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JAaHHOM Cilydae CBOOOIHBIM YJICHOM YpaBHEHHUS perpeccun MOYKHO
npexeOpedb, paccMatpusasi perpeccnto kak Y =D, X .
OmpenennM  AOBEpUTEIbHBIE HHTEpBaNBl Kod(QuUIMEeHTOB perpeccun (TI0
dhopmyie 2.20), KOTOpbIe C HATEKHOCTD 95% (a = 0.05) OyIyT CJICYIOIIAMU:
wi b, (3,699 —2,228-4,88; 3,699+ 2,228-4,88) =(—7,173; 14,572)
wis b, (0,9339-2,228-0,039; 0,9339+ 2,228-0,039) =(0,8470; 1,021)
PaccuntaeM rpaHMIBI MHTEpBaNa, B KOTOPOM OymeT cocpemotoueHo 95%

BO3MOXKHBIX 00BEMOB IOTpPEOJEHHUS TPHU HEOTPAaHMYEHHO OOJBIIOM dHcie
Ha6mronenuii u yposre noxoga X =160 (dhopmyna 2.21):

1. (125,25 -160)°
12 21021875

Takum 00pa3om, 3ToT uHTepBas umeeT B (147,4898; 158,7082).
Paccunrtaem koo duiment nerepmunanuu: (2.22):

? = —i=0,983.

2108,6668

Cronb BBICOKOE 3Ha4YeHUE k03¢ punneHTa JIeTepMHUHAIIH

CBHJIETEILCTBYET O BBICOKOM OOIIEM KauyeCTBe IIOCTPOCHHOI'O YpPaBHEHUS
perpeccuu.

3,699 +0,9339-160 + 2,228-1,88 - \/1+

3anaHue Ha PAKTHUKY 1:

1. [ocTpoiiTe ypaBHEHHE pErpeccUy MEXKIY JaHHBIMH O TEMIIax MPUPOCTa
YUCJIEHHOCTH 3aHATBHIX M MPOU3BOJUTEIBHOCTH TpyJa CHadajlla [0 BCel
COBOKYITHOCTH JIaHHBIX, a 3aTeM HCKIIOUMB HaOmrofeHue ans SAnonun. [laiite
SKOHOMUYECKYI0 HHTEPIPETAIINIO.

Crpana 3anarocts  (mpupocT, | [IpousBoauTensHOCTs  (IPUPOCT,
%) %)
ABcTpus 2 4,2
Benbrus 15 3,9
Kanana 2,3 1,3
Janus 2,5 3,2
OpanIws 1,9 3,8
Uranus 4.4 42
SnoHus 5,8 7,8
Hunepnanmb 1,9 4.1
Hopserns 0,5 4,4
OPI’ 2,7 45
Benukobpuranust 0,6 2,8
CIITA 0,8 2,6
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1. nmma 13 KJIMEHTOB CIIOPTHBHOTO Mara3wHa 3aUKCHPOBaHa cymMMa
MOKYIKK x, (BY.e.) M BpeMs pa3roBopa ¢ IPOJaBIOM y, (B MHUH.):

x, |40 |50 | 60 | 80 | 100 | 110 | 120 | 130 | 150 | 160 | 180 | 200 | 310

y, (14 (14 (17 |19 |17 |20 |24 |22 |25 |24 |18 |20 |26

TpedOyerca: onennts ¢ nomomblo MHK  mapamerpel  JMHEHHOTO
PErpecCHOHHOTO YPaBHEHUS, MNPEANONOXKUB, YTO MEpEeMEHHas <((UIMTEIBbHOCTh
pasroBopa C TIPOAABIOM» OOBACHIETCS TEPEMEHHONH «BEIMYMHA MOKYNKN»;
OLICHUTh ¢ nomouplo MeronoB MHK mapamerpsl JTMHEHHOTO peErpecCHOHHOIO
YpaBHEHHS, IPEIONIOKHIB, YTO MEPEMEHHAs «BEIMYMHA NOKYIKH» OOBICHACTCS
MNEPEMEHHON «IIIMTEIBHOCT PasroBopa C MPOAABLIOM»; HAPUCOBATH TUATPAMMY
paccesHusT BenmwmduH (x,,Y,), 00€ JHHWM pErpeccCHd W OOBSICHHUTH, IOYEMY

MOJY4al0TCs pa3INuHbIe YPABHEHUS PETPECCUU.
Jis Mojenyu, B KOTOPOIl NepeMeHHas «BeJIHYMHAa MOKYNKH» OOBACHIETCS
MEPEMEHHOM «JITUTEIBHOCTh Pa3roBOPa C MPOJABLIOMY:
® [POBEPUTH CTATUCTUYECKYIO 3HAUYUMOCTh KOI(P(PHUIUEHTOB pPETPECcCUH C
YpOBHEM 3HAUUMOCTH 5%;
®  OIpENCTUTh JOBEPUTEIbHBIC HHTEPBAIBI I KOAP(UIIMEHTOB perpeccuu ¢
ypoBHEM 3HauuMocTH 1%;
®  OIpEICTHUTh JOBEPHUTEIBHBIC WHTEPBAIBI U1 3aBUCHMON NEPEMEHHOH IpH
y" =22 nis ypoBHs 3HauuMoctu 10%;

®  IIPOBEPUTH Ka4ECTBO YPABHEHUS PEIPECCUU U CTATUCTHYECKYIO 3HAYUMOCTh
ko3 unrenrta nerepmuHanuu (ypoBenb 3uaunmoctu 10%).

2. wuccienoBaTendb W3y4daeT 3aBHCHMOCTh MEXKIY COBOKYIIHBIM CIIPOCOM Ha
yeiryrH (Y) M COBOKYITHBIM PacIiojiaraeMbIM JIMYHBIM JJOXOJOM (X) IO TaHHBIM
JUISl aMEpPHUKAHCKON 3KOHOMHKH (00€ BEJMYMHBI M3MEPSIOTCS B MIPA.IOI.),
UCTIONB3YSl €XKETOJHbIC JaHHbIE BPEMEHHBIX PAOB M MOJENb: Y=+ X+U.
HccnenoBatens moigy4aeT ypaBHEHHE, MPOBOJS PETPECCHOHHBIA aHANN3 MPHU
nomom MHK. Ilpenmomarast, uro o0e BeIMYHMHBI X M ) MOTYT OBITh
CYIIECTBEHHO 3aHM)XEHBI B CHCTEME HAIlMOHAIBHBIX CUETOB M3-33 CTPEMIICHHUS
JIoAeH YKIOHUTBhCA OT YIUIATHl HAJIOTOB, HCCIENOBAaTeNb MPUHUMAET JBa
IBTEPHATHBHBIX METO/1a YTOYHEHHMS 3aHMKEHHBIX OIIEHOK: 1) OH mo0aBisieT K
KaxxaoMy rogy 90 mupa.aoia. kK nokaszarento y v 200 MuIpA.oJ1. K IOKa3aTelto
X; 2) OH yBEeIMYMBACT 3HAYCHUS Kak JUIA X, Tak u Uit y Ha 10% 3a KaxIbiid
rog. OueHure BAMSHUE 3TUX KOPPEKTHPOBOK HA PE3yNIbTaThl OLEHHBAHUS
perpeccum.

3. wuccienoBaTenab CUUTAET, 4TO Yy=px+u. Beeaute dopmyny MHK s

pacueTa ONpeeNIeHus OLIEHKH b perpecCHOHHOrO mapamerpa j .

4. wuccnenoBaTenhb HMMEET €KETOJHbIE J@HHBIE O BPEMEHHBIX psaax Juis
cOBOKynHOW 3apabotHoi muatel (W), coBokynHoil npubemm (I7) u
coBokymHOTo noxoaa (Y) mist ctpaHsel 3a mepuos B N yet. [lo ompeneneHuio

Y =W +17. Hcnonbzys MHK, nosyueHsl ypaBHeHHs perpeccuu: W =a, +aY H
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I=h,+hY . [Tokaxwure, 9TO KOX(QHUIHUEHTH perpeccun OyayT
ABTOMATHYCCKU  YJOBJCTBOPATh CICAYIONIMM YpaBHCHHAM: a +b =1 W
a,+b,=0.
5. wmccmenyeTcst 3aBUCHUMOCTH 3aTpaT Ha peKiiaMy ) OT TOJOBOTO 00opoTa X B

HeKoTopoi oTpaciu. Jnms 3Toro coOpana wmHpopmanus mo 20 ciydaitHO
BBIODAaHHBIM TIPEANpPUATUSM 3TOH OTpaciu O TOHOBOM o00opoTe x, H

COOTBCTCTBYIOIIUX pacCXoJaxX Ha pEeKIaMy vy,. "3 BLIGOpKPI TMOJIY4YCHBI
CIeyIoIIne JIaHHBIE: X=173,§=12) Xy, =944,3> x/ =9250; >y =127,2 .
HpC,ZLHOJIaFaCTCSI, YTO 3aBUCHUMOCTB Yy, OT X, OIIMCBIBACTCSA YPAaBHCHUEM:
y, =a+bx +u,(i=1...20). TpeOyercss OLEHNUTH MmapaMeTpsl a W b C MOMOIIBIO

MHK, HeoOBSICHEHHYIO AUCIICPCHUIO U AUCIICPCUIO KOI(D(DUIUCHTOB PETPECCHH.

6. perpeccuoHHasi 3aBHCHMOCTb PacxOJIOB Ha NHTaHUE ) OT BpeMeHH ! 3ajmaHa
ypaBHeHHeM: ¥=953+253t. CranmaptHas ommOka kodddummenta mpu t
cocrasuia 0,08. IIpoBepbTe HyNEeBYIO THIIOTE3Y O TOM, YTO HICTUHHOE 3HAUECHHE
ko3¢ ¢unneHTa paBHO Hym0 NpH 5%-HOM U 1%-HOM YPOBHAX 3HAYHMOCTH.
CrenaiTe BbIBOJIBI.

3aaHue HA MPAKTHUKY 2!
MHoskecTBeHHAs1 TMHEHHAs perpeccust

He.]]b paGOTbI: Ilo mpexncraBileHHBIM 3SMIUPUYECKUM JAHHBIM HayYUTbHCS
CTPOUTh MOJEb MHOXXECTBEHHOH JMHEHHOM perpeccuu, NMpOBEPSTh KayecTBO
ypaBHEHHs PErpecCHd OLICHMBAaHMEM 3HaueHHs Kodd(ulMeHTa AeTepMHHAIINH,
MPOBEPATh THIIOTE3Bl OTHOCHTENBHO KO3(P(HUINEHTOB ypaBHEHHS pPETPECcCHH,
CTPOWTH HWHTEPBaIbHBIC OIECHKHA KOA(P(GHUIMEHTOB M JOBEPHUTCIHLHBIC HHTEPBAJIBI
JUTSI 3aBUCUMOM NEPEMEHHOM.

MeToanuyeckne yKasaHus:
Ha mr000#1 5KOHOMHUYECKHH MMOKA3aTENh Yallle BCEr0 OKA3bIBAET BIMSHUAE HE
OIMH, a HECKOJbKO (hakTopoB. B 3TOM ciaywyae BMECTO MapHOW perpeccuu

M (Y |X) = f (X) paccmarpusaercs mnooicecmeennas peapeccus

M (Y[X0 Xp oo X)) = F (X0 X000, X)) 2.1)
3a[Laqa OLICHKH CTAaTUCTUYECKOH B3aMMOCBSI3H MEPEMECHHBIX Y 158
X Xyyeooy X, GOpMyIHpyeTcs aHAIOrMYHO CIY4ar MApHOH pPerpeccuu.

YpaBHEeHHE MHOKECTBEHHON PETPECCHU MOXKET OBITh MPEICTABICHO B BUJIE:
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Y =f(8,X)+e, 2.2)
me X = (Xl, X2 Yooy Xm) - BEKTOp HE3aBHCHUMBIX  (OOBICHSIOIINX)
nepeMenHbIX; [ - BEKTOp MapameTpoB (IOMIEKAIMX ONPENENEHHI0); & -

ciydaiinas ommbka (oTknoHeHue); Y - 3aBucuMas (0OBACHAEMAs) TIEPEMEHHAS.
PaccmotpuM camyro ynoTpebiaseMyro U Hauboliee IPOCTYI0 U3 Mojelei

MHOKECTBEHHO! PETpecCUu — MOJEh MHOXKECTBEHHOM JINHEHHON perpeccuu.
TeopeTuueckoe TMHEHHOE YPaBHEHUE PETPECCUN UMEET BUA!

Y=8,+LX +LX,+. .+ B, X, +¢ (2.3)

KaK U B cnyqae r[apHoﬁ perpeccm[, HNCTHUHHBIC 3HAYCHUSA napaMeTpOB ﬁj

1O BHIOOpKE MOJYYHTh HEBO3MOXXHO. B 3TOM cilyyae BMECTO TEOPETHYECKOTO
ypaBHeHI/Iﬂ pereCCI/II/I OLICHUBACTCS 3MHI/IpI/I‘IeCKOG ypaBHeHI/Ie perpeccnn:

y, =0y, +b %, +b,X, +...+b, X, +€ (2.4)

HO MeTOZ[y HAUMCHBIIINX KBa,E[paTOB JJIA HaXO0XIACHUA OILICHOK

bo , bl,. . bm MUHHUMHU3UPYETCS CICAYIOmas (yHKIIHS:

Q=367 =3y, — (b, + 2b,%,))" @)
i1 i1 =1

JlaHHBIC HAOMIONEHUH M COOTBETCTBYIONME KOI((UIIMEHTH B MATPUIHOH
(hopMe BBITIISIAT CIETYIOMINM 00pazoM:

Y1 1 X1 X eee Xy bo €

1 X, X X b e

Y- yz’ X = 21 X | g || eo| 2
yn 1 an Xn2 cee Xnm bm en

Torma matpuna kK03 QUIHEHTOB YypaBHEHHUS MHOKECTBCHHOW JIMHEHHOW
perpeccuu orpenensercs:

B=(X"X)"'X"Y 2.7)
3necy (X' X)™ - marpuma, o6patras xk X' X .

Jlisi MHO>KECTBEHHOW JMHEWHOW perpeccuu ¢ IBYMSI OOBACHSIONUMHU
MEPEeMEHHBIMH MOXHO IOJIYYHUTh CIEAYIONIYI0O CHCTEMY ypaBHEHUH s
onpeaeneHus K03(pPUIUEHTOB:
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bo = y_bl)_(l _bz)_(z

b - Z(Xil_il)(yi —y)'Z(Xiz —Xz)z -2 (Xi2 X5 )(yi -y)x (Xil_il)(XiZ —)72)

1 —1\2 - \2 = - w2
Z(Xil_xl) Z(Xiz—xz) _(Z(Xil_xl)(XiZ_XZ))
_ _ _\2 _ _ _ _
B z (Xi2 —X5 )(Yi -y)X (Xil_xl) -2 (Xil_xl)(yi -y (Xil_xl)(XiZ _X2)
2 212 o \2 - o W2
Z(Xil_xl) Z(Xig_xg) - (Xil—xl)(xiz_xg))
(2.8)
Ilo aHAJIOrHH C HapPHOH perpeccueil mocie onpeaeIeHHs TOYETHBIX OIIEHOK
b ; koabduimentos f3; ( j=12,...,M) reopernueckoro ypaBHEHUs PErPeCCHH

MOTyT OBITH pacCcUruTaHbl MHTCPBAJIBHBIC OILCHKH YKa3aHHBIX KOS(l)(l)I/IL[I/IGHTOB.
I[OBepI/ITe.]'IBHHﬁ HWHTEPpBAJI, HaKpLIBaIOH.[I/Iﬁ C HAACKHOCTBIO (1_ a) HCHU3BCCTHOC

3HAYCHUC IMapaMeTpa ﬂj , OIIPCACIIACTCA:

(bj—ta S(b,); b, +t, S(bj)} (2.9)
?n—m—l ?n—mfl

Kak m B cioygae mapHOM perpeccus, CTaTHCTHYECKas 3HAYUMOCTb
K03(p(PUIIMEHTOB MHOKECTBEHHOH JIMHEWHOW perpeccun ¢ M OOBSACHAIOMMMH
HIepeMEHHBIMH IIPOBEPSETCs Ha OCHOBE t -cTaTHCTHKM:

=—, (2.10)

S, .

bj
UMeEIOIIeH B JaHHOM ciydae pactpezenenne CThIOIeHTa C YUCIIOM CTeIIeHeH CBOOO b
V=N-—m-—1. Ilpu tpeGyemMom ypoBHE 3HAUMMOCTH Habmonaemoe 3HaueHue 1 -
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CTaTUCTUKHU CpaBHHMBACTCS C KpI/I'I‘I/ILICCK0ﬁ TOYHOM t

pacripeacICHNA Crelo/IcHTA.

B cmyuae, ecnu |t| >t , TO CTaTHCTHYECKass 3HAYMMOCTD
—,n—-m-1
2

COOTBETCTBYIOIIETO KO3((HUIMEHTa PETPECCHH TIOATBEPKIAeTC. JTO 0O3HAYAET, UTO
(axrop Xj JIMHEHHO CBsA3aH ¢ 3aBUCHMMOIi TiepeMenHoit Y . Ecu ke ycTaHOBJEH

(l)aKT HC3HAYUMOCTU KO3(1)(1)I/IHI/I€HT3 bj , TO PEKOMCHAYCTCA UCKIOYUTH U3

ypaBHEHUs MepeMeHHy0 X ;- OTO He NMpHBE/ICT K CYIICCTBCHHOM MOTEPE KauecTsa

MOJIEJIH, HO CIeNaeT ee 0oJiee KOHKPETHOM.
Jnst mpoBepkH OOILEro KauecTBa YpaBHEHHS PErpeccHM, Kak M B cilydae

NapHOii perpeccuu, UCToNb3yeTcs Koaghguyuenm demepmunayuu R 2
2
R 2 — 1 _ Z ei
=\ 2
D (-9

2
Cnpaseyuso cootHomenne 0 < R® <1, Yem 6ruke 310T K03DPULMEHT K

(2.11)

elIMHUIIE, TeM 6OJIbIe YpaBHEHHE perpeccuy oObsacHseT noseaeHue Y .

WHorma mpu pacdere KodQQULIMEHTa NETEPMUHALMU [UI1  ITOTyYCHHS
HECMEILCHHBIX OLICHOK B YHCIIUTENE W 3HAMCHATENE BEIMUTAEMON M3 SIUHHULBI APOOU
JleNiaeTcs TONpaBKa HA YHCJIO CTerieHeil CBOOOBI, T.e. BBOAWTCS TaK HA3bIBACMbIH
CKOPPeKmMUpOBaHHbILL (UCHPABIeHHbIl) KOdphuyuenm demepmunayuu

=g D ell(n-m-1)
Ty -y (n-1)

PexomenyeTcs mocie HMpOBEpKH OOIIEro KayecTBa ypaBHEHHS PETPECCHHU

IMMPOBECTH aHAJIN3 €TI0 CTaTHCTUYECKOH 3HAYNMOCTH. I[J'I?[ 9TOIr'0 UCIOJb3YETCA F -
CTaTUCTHUKA:

(2.12)

__R* n-m-1
1-R? m

(2.13)

IMpumep. Anamusupyercs obbeM S cOepexeHuii jomoxossiictea 3a 10

ner. TTpesmonaraeTcs, 9to ero pasmep S, B TeKyiieM roxy [ 3aBucut ot BemmanHb!
Y, pacnomaraemoro moxozaa Y u ot BenmMuMHBI Z, pealbHOM NMPOLEHTHOM CTAaBKU

Z . Cratuctuyeckue JaHHbIC TPEACTABJICHBI B Ta6J'II/III€Z
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Tox 80 [ 81 | 82 | 83 | 84 | 85 | 86 | 87 | 88 | 89 | 90
Y, thic.ye. | 100 | 110 | 140 | 150 | 160 | 160 | 180 | 200 | 230 | 250 | 260
Z. % 2 | 23| 2|3 |4 |43 |4]|5]s5
S, micye | 20 | 25|30 | 30 | 35 | 38 | 40 | 38 | 44 | 50 | 55

CpemHue 3Ha4YeHHs HMCXOJHBIX JaHHBIX paBHbl: Y =176,3636,
Z =3,3636, 5 =36,8182 .

HpeZ[CTaBI/IM Tpe6y101111/1ec51 U1 TOCTPOCHUA MOJCIN MHO>KECTBCHHOM
perpeccun u NpoBCACHUA JalbHEHIIero aHaln3a IPOMCIKYTOYHBIC BBIYUCIICHUS B

Ta0JIHLIE:

(yi_y)' (yl_y) (Zi_z)'
Z. -7 S —S S. —S
lon (y| - y)z (Zi - Z)z (Si _§)2 ( I ) ( I ) ( I )
80 | 5831,4050 1,8595 | 282,8512 | 104,1322 | 1284,2975 | 22,9339
81 | 4404,1322 1,8595 | 139,6694 90,4959 784,2975 | 16,1157
82 | 1322,3140 0,1322 46,4876 13,2231 247,9339 2,4793
83 695,0413 1,8595 46,4876 35,9504 179,7521 9,2975
84 267,7686 0,1322 3,3058 5,9504 29,7521 0,6612
85 267,7686 0,4050 1,3967 | -10,4132 -19,3388 0,7521
86 13,2231 0,4050 10,1240 2,3140 11,5702 2,0248
87 558,6777 0,1322 1,3967 -8,5950 27,9339 -0,4298
88 | 2876,8595 0,4050 51,5785 34,1322 385,2066 4,5702
89 | 5422,3140 26777 | 173,7603 | 120,4959 970,6612 | 21,5702
90 | 6995,0413 2,6777 | 330,5785 | 136,8595 | 1520,6612 | 29,7521
z 28654,5455 12,5455 | 1087,6364 524,5455 5422,7273 | 109,7273
Pacuer Kko3(QPUIMEHTOB ypaBHEHHS PETPECCHH TMPOU3BOAMTCS IO

tbopmymam (2.17):

b =36,8182 —0,124189 -176,3636 — 3,553796 - 3,3636 = 2,962233

0
, - 5422,7273 -12,5455 —100,7273 -524,52455 _ 104738639 10100
28654 5455 12,5455 — (524,5455) 84337619
o, 100,7273 28654 5455 ~5422,7273 5245455 _ 290718,7075 _ oo
) 84337 619

28654 ,5455 12,5455 — (524,5455) 2

Takum 06pa3om, SMITUPUUECKOE YpaBHEHHE PErPECCHH NMEET BUI
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S, = 2,962233 +0,124189 Y + 3,553796 z ¢

INoxcTaBisasi COOTBETCTBYIOIIME 3HAueHUs Y, U Z, B OMIUpPUYECKOE

ypaBHEHWE perpeccun, momydaem S,.  Pacder oTknonenmd €, peanbHBIX

3HAYEHHUH OT MOACIbLHBIX MMpeACTaBJICH B Ta6n1/1ue:

lNog S § € ei2 € —€. (ei - ei-l)2
80 20 | 22,489 | -2,48873 | 6,19375 | - -
81 25| 23,731 | 1,26939 | 1,61134 | 3,75811 14,1234
82 30 31,01 | -1,01008 | 1,02026 | -2,27947 5,19597
83 30| 28,698 | 1,30183 | 1,69475 | 2,31191 5,34491
84 35| 33,494 | 1,50614 | 2,26845 | 0,20431 0,04174
85 38 | 37,048 | 0,95234 | 0,90696 | -0,55380 0,30669

86 40| 39,531 | 0,46856 | 0,21955 | -0,48378 0,23404
87 38 | 38,461 | -0,46142 | 0,21291 | -0,92998 0,86487
88 44 | 45,741 | -1,74089 | 3,03069 | -1,27947 1,63703
89 50| 51,778 | -1,77846 | 3,16293 | -0,03758 0,00141
90 55 53,02 | 1,97965 | 3,91900 | 3,75811 14,1234
cymMma 405 405 ~ 0 24,24060 | 4,46837 41,8734

36,8182 | 36,8182

Paccunrtaem gucnepcuto perpeccuu mo gopmye (2.19):

e’ 24,2406
n-m-1 11-2-1

OmnpenennM OUCIEPCHH M CTaHAAPTHBIE OLIMOKH KO3((UIIMEHTOB IO

82= :3,03

(2.20):

2
Sio=|—+

11 28654,5455.12,5455 (524,5455) >

Sy, =+/S% =+/3,5832 =1,8929

1 (176,3636)2-12,5455+(3,3636)2-28654,5455—2~176,3636-3,3636-524,5455 303
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§2 = 12.54% _.3,03 = 0,00054
bl ~ 28654,5455 - 12,5455 — (524,5455)

S,, =/S =1/0,00054 =0,0212

52 28054,5455 3,03 =1,0294

b2 ~ 28654 5455 -12,5455 — (524 ,5455)"

S,, =+/S2 =4/1,0294 =1,0146
Paccunraem no ¢opmyie (2.22) coorsercrByromue { -cratucruku:
t,, =1565, t, =5858 t, =3503.

[TpoBepuM CTAaTUCTHYECKYI0 3HAYMMOCTh KO3((QUIMEHTOB Ha OCHOBE
pacnpenenenuss CrbroneHta. Ilo TabnuneomnpeneauM KPUTHYECKUE 3HAYCHHS C

= 2,306 . Takum

yposuem smaummoctn @ =0,05: t =t
w T e

= to,ozs; 8
;n—-m-1
2

[t | >t
I[lo ¢dopmyne (2.21) ompemenmmm 95%-¢ wWHTEpBalNbHBIC OICHKH

K02 PHUIINECHTOB:

wis Sy (2,962233-2,306%1,8929;  2,962233+2,306%1,8929), t.e. (-1,4028;

7,3273)

s fB,:(0,124189-2,306%0,0212; 0,124189+2,306*0,0212), T.e. (0,0753; 0,1731)

s f,: (3,553796-2,306%1,0146; 3,553796+2,306*1,0146), T.e. (1,2141; 5,8935)
Paccuutaem koshpunuent nerepmunammu o Gopmyse (2.23):
R? =1 242806 777

1087,6364

AHanM3 CTATHCTHYECKOW 3HAYMMOCTH KOI(PQUIMEHTa AeTePMHUHALUH
ocymiecTBiseTcs Ha ocHoBe F -cratuctuxm (2.26):
09777 11-2-1
= . =175,3722
1-0,9777 2

Omnpenenum KPUTHYECKYIO TOUKY pacnpeneneHus Oumrepa:

o0Opasom, |tb0| < t,q), o |tb2| > th.

FKp:FO 05'2'8:4’46 ¢  95%-off BeposTHOCTBIO. O4YEBWAHO, HYTO

175,3722>4,46, crnenosaTenbHO, KOI(PQGHUIMEHT ACTEPMUHAIMUA CTATHCTHYCCKU
3HAYMM, T.€. COBOKYIHOE BIHMSHHE NepeMeHHbIX Y M Z Ha IepeMEeHHylo S
CYIIECTBEHHO.
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Ha OCHOBE MPOBEJECHHBIX  PACCYXJIECHWW W BBIYUCICHUNU MOXKHO
3aKIFOYUTH, YTO MOCTPOEHHOE ypaBHEHUE perpeccun oobacHseT 97,77% pazbpoca
3aBHCHMOM TIepeMenHoH S . OIHAKO 11 YBEPEHHOCTH M 000CHOBAHHOCTH (4TOOBI
HCKITIOYNTH aBTOKOPPEIAIMIO) MPOBEAEM HCCICAOBAHNE C ITOMOIIBIO CTATUCTUKHU
Hap6una-Yotcona.

Paccunraem cratuctuky no gopmye (2.27):

_ 418734 _ 17274 .
24,2406

Onpeaem/IM KPUTHYCCKUE TOYKHU IJId YPOBHS 3HAYMMOCTU 0,05 n 4yuclia

na6monenuii 11: d, =0,658;d, =1,604 .
Takum o6pazom, 1,604 < DW <2,396, te. (d,<DW <4-d,),

CJIeI0OBATENIbHO, UMEIOTCSI OCHOBAHUS CUUTATh, YTO ABTOKOPPEISLIUS OTCYTCTBYET.
OTO SABISIETCA OJTHUM U3 MOATBEPIKICHUN BBICOKOTO KauecTBa MOJEIH.

ITo BceM CTaTUCTHYECKHM IIOKA3aTeIsIM MOJETh MOXET OBITh IpHU3HAHA
YIOBJIETBOPUTEIHHOM.

3anaHue Ha MPAKTUKY 2:

1 .ITo 20 nmpeanpusATHAM pernoHa N3y4aeTcst 3aBUCHMOCTD BEIPAOOTKH MPOIYKIIUH
Ha oHOTO paboTHUKA (THIC.py0.) OT BBOJIA B IeHCTBHE HOBBIX OCHOBHBIX (DOHIOB
(% ot cronmocTH OHIOB Ha KOHEI] F'O/a) U OT yISJIBFHOTO Beca pabo4nx BBICOKOH
KBaJTH(UKAINU B 001I1eH YMCICHHOCTH pabodnx.
Tpebyetcs:
e [locTtpouts NTMHENHHYO MOJEIb MHOXKECTBEHHOM PErPECCU.
3amnucaTh ypaBHEHHE MHOYKECTBEHHON PErpecchu.
e [IpoBepuTh CTATUCTUUECKYIO 3HAYUMOCTH KOI(D(DHUINEHTOB,
c(OpMyIHPOBaTH BHIBOIBI.
e  Haiiti ckoppeKTHPOBaHHBIH KOA(PPUIIMEHT MHOKECTBEHHON
nerepMuHAIA. CPaBHUTD €TI0 ¢ HECKOPPEKTHPOBAHHBIM (OOIINM)
K03 PHUINEHTOB TeTCPMUHALINH.

o C momombio Kputepus Oumiepa OLEeHUTh CTATUCTUIECKYIO
HaJIS)KHOCTh YPaBHEHHUS PETPECCHU U KO PHUIIMEHTA AeTepMUHALINN
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Ne Y X1 X2 Ne Y X1 X2
1 7 3.5 9 11 11 7.1 22
2 7 3.6 10 12 11 7.5 23
3 7 3.9 12 13 12 7.8 25
4 7 4.1 17 14 12 7.6 27
5 8 4.2 18 15 12 7.9 29
6 8 4.5 19 16 13 8.1 30
7 9 5.3 19 17 13 8.5 32
8 9 5.5 20 18 14 8.7 32
9 10 5.6 21 19 14 9.6 33
10 10 6.1 21 20 15 9.8 36

2. TlocTpouTh M NMPOBEPHUTh HA KAYECTBO CIEAYIOIIYIO MOJEIb MHOXXECTBEHHOW
perpeccum ¢ HECKOJIbKUMHA O6'I)$[CH${IOIJ_[I/IMI/I MECPEMEHHBIMU BHUJIA:

Y=>by+b -x;+b, -x,+ by - x5

rae Y- YUCIO POTUBIIMXCS, Yell.

X1- obuias Ioma b KUIBIX MOMEIICHHH, MPUXOASAIIASACSI B CPEIHEM Ha OJHOTO
’uTess (Ha KOHEL| Fo/a) - BCEro, M2

X2- YucIIeHHOCTh, HACEJIEHHUS C JEHEKHBIMU JOXOJAMU HHUXKE BEJIUYUHEI
MMPOKUTOYHOI'O MUHUMYMaA, MJIH.Y€JI.

X3- Yucno 06pa30BaTeNbHBIX OpTraHU3AIUH, IITYK

UucnoBple JaHHBIE HCIOIL30BaTh C OQPHUIMAIBHOTO caiTta (enepambHOM
ciyk0bI TOCYyIapCTBEHHOM cTatucTuku: http://www.gks.ru/
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3ajaHue HA MPAKTUKY 3!
Henunelinas perpeccust

He.ﬂb paﬁoTbI: Ilo mpexacTaBieHHBIM 3MIMPUYECKUM [JAHHBIM Hay4UTbCS
CTPOUTb MOJEIb HEIWHEHHONW pErpeccuy, IpOBEPSATh KadyeCTBO ypPaBHEHHS
perpeccul OLCHWBAaHWEM 3Ha4YeHHA KOd(QHIMECHTa ACTCPMHUHALNH, IPOBEPSTH
TUIIOTE3Bl  OTHOCHUTEIBHO KOI(G(HUINCHTOB YpPaBHEHHUS PETPECCHUH, CTPOHUTH
MHTEPBAIbHBIE OLEHKH KOI()(UIMEHTOB W JOBEPUTEIbHBIC HHTEPBAJIBI JUIS
3aBUCUMON IIEPEMEHHOM.

MeToanuyeckue yKasaHus:

IMocTpoeHre M aHaNKU3 HENIWHEWHBIX MOJENCH HMEIOT CBOKO CHEHU(UKY.
PaccMoTpuM HeNHMHEWHbIE MOJENH, AOMYCKAIOUMMHU CBEACHUE X K JIMHCHHBIM.
Takue MOJENTH Ha3bIBAIOT JIUHEUHble OMHOCUMENLHO nApamempos modenu. bynem
paccMmarpuBaTh MOJEIHM IAPHOH PErpeccHMH € UEIbI0 MPOCTOTHI HM3JIOXKEHHS MU
rpagu4ecKor WILTIOCTPALIUH.

CyiecTByeT 00JIbII0€ Pa3HOOOpA3He HEJTMHEHHBIX MOJICIICH.

Jlorapupmudeckas Mozelib MoieUpyeTcs (OpPMYJIION:

Y = AX” (3.)
TIe A, ,B - I1apaMeTpel MOJIENIN (KOHCTAHTBI, IO IJICKAIITUE onpez[eneHmo).

THonynozapugpmuyeckumu mooensimu SIBISIFOTCS. MOJENH Buaa (B ciydae
HapHOH perpeccum):

InY =4,+pX+¢ 32
Y=6,+fInX+¢ (3.3)
OOpaTHO MO/IEIIBIO HA3BIBACTCS MOJICIb BUA:
1
Y:,Bo+,81-y+g (3.4)

IToxa3arenbHas GyHKINSA UMEET BUI:
Y= ,Boeﬂx (3.5)

MHoroo0pasue U CI0XXHOCTh SIKOHOMHYECKHX MPOIIECCOB MPEIONPEALIseT
MHOT000pa3ue Mojesel, HCIOIb3YeMbIX JIsi 3KOHOMHYECKOrO aHaiHu3a. JTO
CYIIECTBEHHO YCJOXHSET TIIPOIEcC HaXOXKAEHHS MaKCHUMaIbHO —aJeKBaTHOMN
¢dopmyisl 3aBuUCcUMOCTH. J{J1s1 citydast HapHO# perpeccuu moadop MoAeIn 0ObIYHO
OCYLIECTBIISIETCSI Ha OCHOBE pACIOJIOKEHHs  HAOJI0JaeMbIX TOYEK Ha
KOppeIsHOHHOM T1oJie. OHaKO HEpEeIKH CHTYalllH, KOT/Ia PacliojoKeHHe TOUeK
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MPHUOIM3UTEILHO COOTBETCTBYET HECKOJbKMM (DYHKIHAM H HEOOXOIUMO
W3 HUX BBISIBUTH HAWUTYUIIYIO.

AHaJOTMYHO ONpENENsIoTCd MOJENH MHOXECTBEHHONW HEIMHEHHON
perpeccun — ImMyTeM CBEISHHs MX K JHHEHHOMY BHIY W MOCICTYIOMIeH MpoBepKe
Ha Ka4yecTBo.

Tpumep. AHanu3upyeTcs MHIEKC MOTPEOUTENbCKUX IeH Y Mo o0bemy

JeHekHOH Macchl X Ha OCHOBAHMM TPUBEIEHHBIX B TaOJHIE JIaHHBIX.
Heo6x0auMo OCTpOUTSH JIOrapru(MUUECKYI0 MOJIEIb.

Ton Y X Tox Y X
81 65 110 89 95 235
82 68 125 90 100 240
83 72,5 132 91 106,5 245
84 77,5 137 92 112 250
85 82 160 93 115,5 275
86 85,5 177 94 118,5 285
87 88,5 192 95 120 295
88 91 215 96 120,5 320

97 121 344

Pemenue:

Jlorapupmuueckass momens umeer Bux: Y = AX” . Jlannas mozens
cBozuTes K JmHeifHol cnemyromum obpasom: INY =B, +bIn X (rasa 3.1).
JIna onpenenenus kod(QQUIMEHTOB B 3TOH MOAENM OHpPENeNuM  IOrapu(Mbl

nepemennsix Y u X, (In X )2 ,(IN X)-(InY) u npencrasum ux B Tabnume.

Tox Y X In'Y In X (In X)? | (InX)-
(InY)
81 65 110 41744 | 47005 | 22,0947 | 19,6218
82 68 125 4,2195 4,8283 23,3125 20,3730
83 72,5 132 4,2836 4,8828 23,8417 20,9160
84 77,5 137 43503 | 49200 | 24,2064 | 21,4035
85 82 160 44067 | 50752 | 257577 | 22,3649
86 85,5 177 4,4485 5,1761 26,7920 23,0259
87 88,5 192 4,4830 5,2575 27,6413 23,5694
88 91 215 45109 | 53706 | 28,8433 | 24,2262
89 95 235 4,5539 5,4596 29,8072 24,8625
90 100 240 4,6052 5,4806 30,0370 25,2393
91 106,5 245 4,6681 5,5013 30,2643 25,6806
92 112 250 4,7185 55215 30,4870 26,0532
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93 115,5 275 4,7493 5,6168 31,5484 26,6759

94 118,5 285 4,7749 5,6525 31,9508 26,9901
95 120 295 4,7875 5,6870 32,3420 21,2265

96 120,5 320 4,7916 5,7683 33,2733 27,6394

97 121 344 4,7958 5,8406 34,1126 28,0103
Cymma 1639 3737 | 77,3217 | 90,7392 486,3122 | 413,8784
Cpennee | 96,4118 | 219,8235 | 4,5483 | 5,3376 28,6066 24,3458

3aTemM, MO aHAJIOTMM C TPUMEPOM, TNPUBEIEHHBIM B TlaBe |,
PACCUUTHIBAIOTCS KO3 PHUIIMEHTHI IS 3TOH MOJEIH CIICAYIOMIM 00pa3oM:

(N X)-In(Y)—In X -InY _ 24,3458 —53376 - 4,5483 0,068
(In X)? —(In X)’ 28,6066 — (5,3376)> 0,166

b, =INY —b-In X =4,5483 —0,5901 - 5,3376 =1,3986

b

= 0,5901

CrenoBarensho, mozeiap umeer Bum: INY =1,3986 +0,5901-In X .

Ecmm CBCCTH  JAaHHYIO MOACIIb K BUY Y = AX s 5 TO TOJTYyUrM:

Y =4,0495 - X %% (T.K. In A=b, =1,3986, CIICIOBATEIBHO,
A=e™ =4,0495).

TpencraBuM rpaduyecky KOpPPENSIHOHHOE mosie s mepemennsix INY u
In X, a Taroke rpadux paccunrannoii monemm IN'Y =1,3986 +0,5901-In X .

4,90

4,80 -
4,70
4,60 -

4,50 -

InY

4,40 -
4,30 -
4,20 -

4,10

4,00 T T T T T T T
4,40 4,60 4,80 5,00 5,20 5,40 5,60 5,80 6,00
InX

IMocne ompeneneHus KOA(PPHUIMESHTOB MOAETH HEOOXOIUMO IPOBEPHUTH
3HAYMMOCTh  KOX((UIIMEHTOB  YPaBHEHUSI  PErPECCHH,  OIPEHCIHUTh  UX
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WHTEPBAJIBHBIE OLIEHKH M pPAacCUWTaTh KoOd(pOHUIHMEHT AeTepMHHAINH. Pacuer
NPOBOOUTCS  AHAJOTMYHO TpUMEpy B TiaBe 1 I  MOIETH  BHIA

InY =1,3986 +0,5901-In X .

3ajaHue Ha MPAKTUKY 3:

Onpenenntsb obparHyro, JTUHEWHO-T0Tapu(pMHAIECKYIO u
9KCIIOHEHIIMAIBHYIO0 (QYHKIMIO BHOa Yy=c-e”, TOE )y — COBOKYIHBIC JIHYHBIC
pacxofpl, X — pacrojaraeMblil JUYHbBII A0X0A (IO JAHHBIM U3 MPUIOXKEHHS 1).
[IpoBepuTh CTaTHCTHYECKYIO 3HAYMMOCTh KOI((QHUIUEHTOB pPErpeccud U
JIOBEpUTEJIbHBIE HWHTEPBANBl KOA(PQUIMEHTOB C YypoBHEM 3Haummoctu 5%,
MPOBEPUTH KAYEeCTBO YPAaBHEHUS PETPECCHH.

3aiaHue HA MPAKTHUKY 4!
IIpoBepka Moae/id Ha HAJIMYUE
rerepocKeIacCTU4IHOCTH

Hean  padoThl:  HayuuTbcs  TPUMEHSATH  METOABI  OOHApYXKEHHs
reTepocKeJaCTUIHOCTH U METOJIBI €€ CMATYEHMS.

Meroan4yeckue yKa3aHus:

OOHapyXeHHE TeTepOCKEIACTUIHOCTH SBIACTCS JOBOJBHO CIIOKHOU
3ajadeil. B Hacrosmee BpeMs CyLIECTBYET psJi METOLOB, IO3BOJIIOIIUX
OTIpe/IeNUTh HAaJHYUe FeTepPOCKEAACTHUHOCTH.

1. I'paduyeckuii aHaJIu3 0CTATKOB.

B sToM cityyae mo OCH aOCIMCC OTKJIABIBAIOTCS 3HAUCHUS OOBICHSIIONICH

o 2
MNEPEMCHHOU X , a 10 OCHU OpAUHAT 1100 OTKJIIOHEHHUS ei . 6o ux KBaJApaThbl ei .

[Ipumepsl Takux rpaMKoOB MPEICTABICHBI HA PUCYHKE:
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2. Tect panrosoii koppeasuun CnupmeHna

3nauenus  X; W €, (aOCOMIOTHBIE  BENMYUHBI)  PAHKHPYIOTCS

(YynopsimoumBaroTCs 10 BEIMYMHAM). 3aTeM onpeaensieTcs: KoappuIeHT paHroBoit
KOPPEJISIHH:

Zdiz
ry o=1-6— "1 4.1)
’ 2
n(n“-1)
rae di - pasHOCTh Mexay panramu X; u €, i=12,...,n; N- gucno

HAOMIOAEHUI.
3areM pacCUMTHIBACTCS CTATUCTHKA!

B r.(N-2)

t= ﬁ 4.2)

Ecnu  3Hauenme, paccumtanHoe mo Qopmyne (4.2), mpeBbIIaeT

kp

kputnueckoe =1 , TO He00X0ANMO OTKJIIOHUTH THIIOTE3y 00 OTCYTCTBUH
o

—,n-2
2
TeTePOCKEAACTUIHOCTH. B  MpOTMBHOM ciy4ae THIOTe3a 00 OTCYTCTBUH
TE€TCPOCKECAACTUIYHOCTH TPUHUMACTCH.
3. Tect IN'osadeana-Kpanara



24

B JTAHHOM cIy4ae TpEeANoyiaraercs, YTo  CTaHIapTHOE

OTKJIOHCHHC O-i :G(gi) MMponopuruOHAJIBHO 3HAYCHUIO Xi nepeMeHHoﬁ X B

JTOM HaOJIOACHNUH, T.C. O'i2 = O'2Xi2, i=12,....n.

Tecr N'onndenna-Kpanara coctout B cieayromem:
1. Bce N nabmonenuii ynopsnouusarotes no seanuune X .
2. Bca ymopsimodyeHHas BEIOOpKa TIOCiie 3TOrO pa3dmBaeTcs Ha TpH
noaseibopku pasmeprocteit K, (N — 2K),K coorsercrrento.

3. OueHMBAIOTCS OTACNbHBIC perpeccunm mms mnepBoil moasbiGopku (K
NepBBIX HAOMOACHMH) M A TpeThel momseibopkn (K  mocmemmmx
HaOmronenuit). Jlns mapHo#t perpeccun Fomadenn u Kpauar npemiaraer
cnenyromme mpomopmmn: N =30,k =11; n=60,k =22. Ecm
MPEANOJIOKEHHE O MPONOPUUOHANBHOCTH JIUCIEPCUN  OTKIOHEHUH
3HageHnaM X BEPHO, TO JUCIEPCHs PETPECCHH TI0 TEPBOM TOABBIOOPKE

k
2
(paccunTbiBaeMast Kak Sl = E €, ) OymeT CyLIECTBEHHO MEHbLIE
i-1
JVCIIEPCHN PETPECCHH TI0 TPEThEH MOABBIOOPKE (PacCUMTHIBAEMOM Kak
n
_ 2
S, = >.el)
i=n—k+1
4. s CpaBHEHUS COOTBETCTBYIOIINX Jaucnepcui CTpouTCs
cootBercTBytomas F -cratucruka:

_SJk-m-1 _s, “s)
S/(k-m-1) S

31ech (k —m—l)— YUCIIO CTETeHEeH CBOOOIBI COOTBETCTBYFOIIUX

1

BBIOOpOUHBIX auctepcuit (M - KoIM4ecTBO OOBACHSIOMNX IEPEMEHHBIX
B YPaBHEHHH PETPECCUH).
Moctpoennas F -cratucruxa nmeer pacnpenenenue ®umepa ¢ yuciom

creneneii ceobome V, =V, =N—m-—1.

_ s _ ) .
5. Ecmu F”am = S > FKP (rme FKp = Fa[’vl’v2 , O/ - BBIOpaHHBIH YPOBEHb
1
3HAYUMOCTH), TO THIOTe3a 00 OTCYTCTBHM TI'€TEPOCKEIACTHIHOCTH
OTKJIOHSIETCH.

DTOT ke TECT MOXKET HCIOJIb30BATHCS MPHU MPEANOIOKEHIHH 00 00paTHOMH
IPOMOPIMOHANBHOCTH MEXAYy O, W 3HA4CHHAMH OOBSICHAIOMIEH IEepPEeMEHHON.

HpI/I 9TOM CTaTUCTHKaA (-DI/IIHGpa HUMeeT BUI.



F=1t (4.9)

Kak  oTmewanoch  paHee, TeTEPOCKENACTHYHOCTh  INPUBOAUT K
Hed(p(PEeKTUBHOCTH OIEHOK, YTO MOXKET IIPUBECTH K HEOOOCHOBAHHBIM BBIBOJIaM IO
KadecTBy Monenu. Ilo3TOMy TmIpH  YCT@HOBICHHH TI'€TepPOCKENACTUYHOCTH
HEo0X0AMMO Ipeobpa3oBaTh MOJCHb C LENbI0 YCTPaHCHHS AAHHOTO HENOCTATKa.

Bun mpeoOpaszoBaHnst 3aBUCHT OT TOTO, M3BECTHBl WM HET AUCIIEPCHH Gi

OTKJIOHCHU U E,‘i,i =12,....n.

1. ducnepcud OTKJIOHeHHMH  W3BeCTHHI (MeTOJ  B3BelIEHHBIX
HAMMEHBIINX KBAPATOB)

Jnst IPOCTOTHI pacCMOTPUM B3BEIICHHBIN METOJ] HAMMEHBIINX KBaJpaToB
Ha npuMepe napHoii perpeccun. BMHK Brimtouaet B ce0st clieIyromune STarmbl:

1. 3HaueHMs KaXAOH mHapbl HAOIIONCHHI (Xi,yi) JIeNIAT Ha U3BECTHYIO

BCIIMYUHY Gi . Tem CaMbIM Ha6J'IIO}IeHI/I)IM C HauMCHbBIINMU

JHCIEPCUSMH TPHUIAIOTCS HAWOONBIINE «BECa», a C MAaKCHMAJIbHBIMHU
JTUCTIEPCUSMH — HAaUMEHBIINE «Beca». OTO YBEIMYUBAECT BEPOATHOCTH
HoJTy4eHHs 00see TOUHBIX OLICHOK.
2. Tlo merony HauMMEHBUIMX KB3JpaTOB JUIS NPeoOpa3oBaHHBIX 3HAYCHUIH
1 X,
—,——,—— | CTpoHTCs ypaBHEHHUE perpeccuu 0e3 cBOOOAHOTO YiIeHa
O, 0; O,
C TapaHTHPOBAHHBIMU KauyeCTBAMH OICHOK.
2. lucnepcuu OTKJIOHEHUIH HEH3BECTHBI
Jns npumenenuss BMHK Heo6xomumo 3HaTh (akTHUECKHE 3HAYCHUS

Jucnepcui O'i . Ha npaktuke Ttakue 3HAUeHHMS M3BECTHBl OYEHb PEAKO.
CrnenoBaTelbHO, qTOOBI MPUMEHUTD BMHK, HEOOXONMO caeaTh

peaANTNCTUIECKUE TIPEATIONONKEHHS O 3HAYSHHIX O'i .
IMpumep. Mccrenyem 3aBUCUMOCTD MEXKIY J0X0JI0M (X) TOMOXO3SICTBA

ero pacxomoM (Y) Ha MpPOAYKTH mNHTaHWA. Brwibopounsie naxuele mo 40
JIOMOX03siicTBaM Npe/ICTaBICHBI B TabJIHIE:

X Y X Y X Y X Y
255 | 14,5 425 | 149 61,0 | 10,9 79,2 | 19,8
265 | 11,3 442 | 116 61,7 | 16,1 815 | 21,2
272 | 147 448 | 215 62,5 | 10,5 82,4 | 29,0




29,6 | 10,2
35,7 | 13,5
386 | 99
39,0 | 124
39,3 | 86
40,0 | 10,3
419 | 139

45,5 | 10,8
455 | 138
48,3 | 16,0
495 | 18,2
52,3 | 19,1
55,7 | 16,3
59,0 | 175

26

64,7 | 10,6
69,7 | 29,0
712 | 82
73,8 | 14,3
74,7 | 21,8
758 | 26,1
76,9 | 20,0

MOJ€CJIM Ha HATUYUEC TCTCPOCKEAACTUIHOCTH.

[Io (1.11) ompemennM KO3PPHUINEHTEHI

ITocTpoum >MIOMpHUECKOE YpaBHEHUE PETPECCHU

82,8 | 17,3
83,0 | 23,5
85,9 | 22,0
86,4 | 18,3
86,9 | 13,7
88,3 | 14,5
89,0 | 27,3

U TIpOBEACM aHaIu3

SMIIMPUIECKOTO  yPaBHEHUS

perpeccn: 0, =7,04, b, =0,16. Cnenosarensho, ypashenue umeer Buz:

§,=7,04+016-X.

Onpenennm otknonenns €, (rne € =Y, —Y,), €7, panru X u €.

Paccunrannbic BeTMIMHBI npeacTaBuM B Ta6J'II/ILI€:

X v YA e i2 Pe)l?r Panr €, di d i2
(abcosn.Ben.)

255 | 145 | 11,120 3,380 11,4244 1 25 -33 | 1089
26,5 | 11,3 | 11,280 0,020 0,0004 2 1 -17 | 289
27,2 | 147 | 11,392 3,308 10,9429 3 23 -30 | 900
29,6 | 10,2 | 11,776 -1,576 2,4838 4 15 -11 | 121
35,7 | 135 | 12,752 0,748 0,5595 5 7 -19 | 361
38,6 9,9 13,216 -3,316 10,9959 6 24 -4 16
39,0 | 124 | 13,280 -0,880 0,7744 7 9 -9 81
39,3 8,6 13,328 -4,728 22,3540 8 29 1 1
40,0 | 10,3 | 13,440 -3,140 9,8596 9 20 -2 4
419 | 139 | 13,744 0,156 0,0243 10 3 -11 | 121
425 | 149 | 13,840 1,060 1,1236 11 11 -15 | 225
442 | 116 | 14,112 -2,512 6,3101 12 16 -2 4
448 | 215 | 14,208 7,292 53,1733 13 37 -25 | 625
455 | 10,8 | 14,320 -3,520 12,3904 14 26 5 25
455 | 13,8 | 14,320 -0,520 0,2704 15 5 -4 16
48,3 | 16,0 | 14,768 1,232 1,5178 16 14 -13 | 169
495 | 18,2 | 14,960 3,240 10,4976 17 22 -15 | 225
52,3 | 19,1 | 15,408 3,692 13,6309 18 27 -17 | 289
55,7 | 16,3 | 15,952 0,348 0,1211 19 4 -3 9
59,0 | 17,5 | 16,480 1,020 1,0404 20 10 -5 25
61,0 | 10,9 | 16,800 -5,900 34,8100 21 30 15 | 225
61,7 | 16,1 | 16,912 -0,812 0,6593 22 8 5 25
62,5 | 10,5 | 17,040 -6,540 42,7716 23 32 18 | 324
64,7 | 10,6 | 17,392 -6,792 46,1313 24 34 21 | 441
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69,7 | 290 | 18,192 | 10,808 116,8129 25 40 -15 | 225
71,2 8,2 18,432 | -10,232 | 104,6938 26 39 25 | 625
738 | 143 | 18,848 | -4,548 20,6843 27 28 19 | 361
74,7 | 21,8 | 18,992 2,808 7,8849 28 18 -2 4
758 | 26,1 | 19,168 6,932 48,0526 29 35 -8 64
76,9 | 20,0 | 19,344 0,656 0,4303 30 6 7 49
79,2 | 198 | 19,712 0,088 0,0077 31 2 11 | 121
815 | 21,2 | 20,080 1,120 1,2544 32 12 5 25
82,4 | 29,0 | 20,224 8,776 77,0182 33 38 -6 36
828 | 17,3 | 20,288 | -2,988 8,9281 34 19 22 | 484
83,0 | 235 | 20,320 3,180 10,1124 35 21 4 16
859 | 22,0 | 20,784 1,216 1,4787 36 13 8 64
86,4 | 183 | 20,864 | -2,564 6,5741 37 17 24 | 576
86,9 | 13,7 | 20,944 | -7,244 52,4755 38 36 36 | 1296
883 | 145 | 21,168 | -6,668 44,4622 39 33 35 | 1225
89,0 | 27,3 | 21,280 6,020 36,2404 40 31 4 16

[Tpoananusupyem rpaduueckd OCTaTKH, MPEACTABUB 3aBUCHMOCTh € ot
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N3zyuas rpaduk, MOXXKHO OOHapyKUTb, YTO C YBEIMUCHHEM X, BO3pacTacT

v 2
pa36poc 3HA4YCHUH ei , YTO CBUACTEIIBCTBYET O HAJTMYUHN I'€TEPOCKETACTUIHOCTH.

[Mpumenum it OOHApY)XEHHS T€TEPOCKENACTUYHOCTH TECT PAHTOBOM
koppemsiun Crimpmena. s aToro paccuuraeM 1o (4.1) ko duirenT paHroBoit
KOppEIALIH:
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2
d:
r :1—6-L:1—6-ﬂ:0.2875
X,€ n(n2—1) 40(1600 -1)

Paccuuraem t -craTncTnky:

r.J(n-2) 0,2875,/(40-2)
1/1 2, \1-(0,2875)’

OmnpenennM KPUTHYECKOE 3HAUEHHE | -CTATUCTHKM I UMCNa CTeleHel
cBo6onsr V=N —2=238 wu yposnsa smaunmoctu & = 0,10: t, = 1,303. Tax

=1,8504 .

KaK PaCCUMTAHHOE 3HAYEHUE { -CTATHCTHKY IPEBBIIAET KPUTHIECKOE, TO THIIOTE3a
00 OTCYTCTBHHM TETEPOCKEJACTUYHOCTH OTKJIIOHSETCS C YPOBHEM 3HAUYMMOCTH
a =010.

[TpoBepuM runoresy o0 OTCYTCTBHH T€TEPOCKENACTUYHOCTH C MOMOLIBIO
tecta [onadenna-Ksannra. [lns sToro pazoObeM psijg Ha TpH IOABBIOOPKH
pa3mepHocTH 14, 12, 14.

OmnpenenyM AUCTIEPCUH OTKIIOHEHUH IS IEPBOW M TPEThEH MOBHIOOPOK:

14 40
S,=) e =142,4165 u S, = ) e/ =315,6039 .
i=1

i=27

S, 315,6039

OHpe,I[CJ'H/IM 3HA4YCHUC F -CTaTUCTHUKHU. F = = __ =4, 61 .

S, 142,4165

Or[pez[eJmM KPUTUYECKOEC 3HAYCHHUC F -CTAaTUCTUKHU JJIA 4YHUCJIa CTEIeHEeH

1

CBOOOIBI vV, =V, =n-m-— 1=40-1-1=38 W YpPOBHA 3HAYMMOCTH
a = 0,10 . FK,; = 1,51. Tak kak paccuMTaHHOE 3HA4YECHHE F -crartucruxu

MPCBLIITACT KPUTHYCCKOE, TO THUIIOTC3a 00 OTCYTCTBUU TI'C€TCPOCKCAACTUIHOCTH
OTKJIOHSIETCSI C YpPOBHEM 3HAYUMOCTH X = 0,10 .

CrnenoBarenbHO, O BCEM TPEM TECTaM TeTEPOCKENACTHYHOCTh B JaHHOM
MOJIEJIU IPUCYTCTBYET.

3azaHue Ha NIPAKTUKY 4:

ITo npuBeneHHBIM B Ta0nwie JTaHHBIM OIEHWTH npu Tomomm MHK
PETPECCHOHHYIO  3aBUCHUMOCTH  pPacXoJIOB Ha o00pa3oBaHWEe OT BaJIOBOTO
BHYTpEHHEro mnpoaykra. [IpoaHanu3mpoBarh MOJyYEHHYIO MOJElb Ha HaJu4yue
TETePOCKEAACTUIHOCTH TpadUIeCcKH, TP MOMOIIM TEeCTa PAHTOBOU KOPPEISITIH
Crupmena wim tecta ['onndenna-Ksanara, cnenars BeIBOAbL. ChenaTh HMOMBITKY
CMSTYHUTh TMPOOJIEMY TeTEPOCKETACTUIHOCTH, UCXOMIS W3 MPEIIOJIIOKEHUS, YTO
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IUCTIEPCHM  OTKJIOHEHWM HEM3BECTHBI, HO MPOINOPLMOHANBHEL <i . [IpoBeputh
MPY TIOMOIIH JFOOOTO U3 TECTOB, PEIlicHa JIH MPOOIeMa IreTePOCKETaCTUIHOCTH.

Crpana TOC.pacxoabl Ha BBII
oOpa3zoBaHme
JlroxcemOypr 0,34 5,67
VYpyraait 0,22 10,13
Cunramnyp 0,32 11,34
Upnanmus 1,23 18,88
Wzpauns 1,81 20,94
Benrpus 1,02 22,16
Hosas 3enanaus 1,27 23,83
[opTyranus 1,07 24,67
T'oHkOHT 0,67 27,56
Y 1,25 27,57
I'penms 0,75 40,15
OunnaIns 2,80 51,62
Hopserus 4,90 57,71
IOrocnasus 3,50 63,03
Janus 4,45 66,32
Typuus 1,60 66,97
ABcTpus 4,26 76,88
[Betinapust 5,31 101,65
CaynoBckasi ApaBus 6,40 115,97
Benbprus 7,15 119,49
IBenus 11,22 124,15
ABcTpanus 8,66 140,98
AprenTruHa 5,56 153,85
Hunepnanmsr 13,41 169,38
Mekcuxka 5,46 186,33
Ucnanus 4,79 211,78
Bbpazunus 8,92 249,72
Kanana 18,90 261,41
Uranus 15,95 395,52
BenukoOputanus 29,90 534,97
Opaniwms 33,59 655,29
OPI’ 38,62 815,00
SInonuns 61,61 1040,45
CIIA 181,30 2586,40
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3ajaHue HA MPAKTUKY D!
IIpoBepka Moaes i HA HAJIMYME
ABTOKOPPeJISIUA

Heab padoThI: HayunuThess NPUMEHSTL METO/IBI OOHAPYKEHUs ABTOKOPESIUHI
U METOJIbI €€ CMATUCHHUS.

MeToanuyeckue yKa3aHus:

Aemoxkoppenayus (NMOCIENOBATENbHAS KOPPEISIIKA) ONpPENEIsIeTCsT  Kak
KOppemsusd MeXIy HaONIOZaeMbIMH IIOKA3aTENsIMH, YIOPSJOYEHHBIMH BO
BpeMEHHU (BpEMEHHBIE psJbl) HIM B TPOCTPAHCTBE (NEPEKPECTHBIC PAJBI).
ABTOKOppeNALHUs 0CTaTKOB (OTKIOHEHHUH) OOBIYHO BCTPEUAETCs B PErPECCHOHHOM
aHaJu3e NPH MCIOJIB30BAHUU JAaHHBIX BPEMEHHBIX PSANOB M OYEHb PEIKO MpH
UCIIOJIb30BaHUH MEPEKPECTHBIX JTaHHBIX.

CymecTByeT  HECKOJIbKO  METOJOB,  IO3BOJIAIONIMX  OOHApYXUTh
aBTOKOPPEIIALIHUIO.

1. I'paduueckuii meTox

CymecTByeT  HECKOJNBKO  BAapHAaHTOB  TIpaUUEcKOro  ONpeIeiCHUsS

ABTOKOPPCIAINH. OJII/IH N3 HUX YBA3BIBACT OTKJIOHCHUA ei C MOMCHTaAMHU HX

nonyuenust 1 =1,2...,N. Tpu 5ToM 1o ocu abeluce OTKIAABIBAIOT TGO BpeMs
MOJY4YEHUS CTATUCTUYIECKUX JTaHHBIX, JIN0O TOPSIKOBBIN HOMEp HabIroAeHus, a 1o

OCH OpAHHAT — OTKJIIOHCHUL gi 5 1mbo OLICHKH OTKJIOHCHUH ei .
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0 O A B sl E 1
a 0 B
A A
gilei gi’ei
. cetele ‘o
hd o, % e e e e '. « ° .
2 . . > - 2lecet e
ol* et | of e tuee o0 et
i

Ona cTaHOBUTCsI O0Jiee HArISJHOW, €CIIM TOCTPOUTh TpaUK 3aBUCUMOCTH

€ or €_;:

2. Kpurepnii lapouna-yYorcona
OrtoT KpuTepuil sABISAETCA HanOoNee W3BECTHBIM JUISI OOHApYKEHHS

aBTOKOPPEISIINY.

I[J'IH aHalin3a KOPPpEJIMPOBAHHOCTH OTKJIOHCHHUI HCIIOJB3YIOT CTAaTUCTHUKY

Hapbuna-Yorcona:

ow = G -8 61)

28
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KpI/ITI/I‘{CCKI/Ie S3HA4YCHUA d1 nu d2 OINPCACTIAOTCA Ha OCHOBEC

CIEIUAIBbHBIX TaOMUI AT TpeOyeMoro ypoBHS 3HAYMMOCTH (, 4YHCIA
HaOmoneHni N 1 KoinvecTBa 0OBSCHSIOMMX epeMeHHbIX M.
BoiBogbl 006 OTCYTCTBHM aBTOKOPPEISIIMU OCTATKOB OCYIIECTBIIAIOTCS IO
clenyromen cxeme:
|

1 1 1 1 1

] ] ] ] 1
1 1 1 1 1 1
) 1 1 1 1 1
0 d,r d 2 4-d,r 14-d 4
1 1 12 2, | 1 |
| TIONOXKUTENBHAS 1 1 OTCYTCTBHE | 1 OTpUIaTEeNbHas
1 1 1 1 1 1
| ABTOKOPPENALHUS 1 1 ABTOKOPPENSIME 1| 1| ABTOKOPPENIALHS 1
1 1 1 1 1 '

1 1 "

001acTh
HEOMDENETICHHOCTH

He o6parmasch k TabiuaM, MOKHO MOJTb30BAThCS «IPYOBIM» MPABUIOM M
CUMTATh, YTO ABTOKOPpENALMS OcTaTKoB orcyrctByeT, ecmu 1,5 < DW < 25.

Jns Oonee HaleXHOTO BBIBOJA Ieinecoo0pa3HO oOpamarbesi K TaONIUYHBIM
3HAYCHUSM.

B nuHEWHHOW perpecCHOHHOW MOJAENH JHOO B MOJCNAX, CBOISIIUXCSA K
JMHeHHOW, Hauboiee LeNecoo0pa3HbIM U MPOCTHIM MPE0Opa30BaHUEM SIBIISIETCS
asmopezpeccuonnas cxema nepeo2o nopsaorxa AR(1).

Hpumem y; =Y, — oY, Xi* =X — Xy, B = /Bo(l_p) yHC
yaeToM (5.4) morydum:
Yi =5 +BX +V, (5.2)
Tak KaKk MO MPEANONOKESHHIO KOAYOUIUEHT L W3BECTEH , TO OYEBHIHO,

Y: » Xi, V, BBIUHCISIOTCS JOCTATOYHO IPOCTO.

3anaHue Ha IPAKTHUKY 5:

Mo Tabmuue npunoxeHust | onpenenuTs 3aBUCUMOCTD JIMYHOTO J0X0Ja OT
BpeMeHHU (nmHeHHas 3aBucuMocth, MHK). IlpoBeputs Momems Ha Hamudue
aBTOperpeccun rpaduyecku (OJHHM H3 CHOCOOOB) M aHAJHTHYCCKH (KPUTEPHHA
Japbuna-Yorcona). Cnenath BEIBOABL. Y CTPAHUTh ABTOKOPPEIISIIMIO MPU TTOMOIIN

aBTOPETPECCHOHHOMN CXeMbl mepBoro nopsaka. Koapdunuent P ONpeeNuTh Ha
OCHOBE cTaTHCTHKH [lapOuHa-YoTCOHA.

3aiaHue HA MPAKTHUKY 6!
ITocTpoenue Mmoaesie ¢ pUKTUBHBIMU
NepeMeHHbIMHU
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IIem, paﬁoTu: HAYYUTHCSl CTPOUTb MOJEIH C (PUKTUBHBIMH HEPEMEHHBIMHU
U IIPOBEPATH UX KAYCCTBO.

MeToanuyeckue yKa3aHus:

OOBIYHO B MOJIENAX BIHSIHAE Ka4eCTBEHHOTO (aKTOpa BHIPAKACTCS B BHIC
(UKTUBHON  (MCKYCCTBEHHOW)  IIEpEeMEHHOW, KOTopas  OTpaXkaeT  JBa
HPOTHBOIIONIOKHBIX  COCTOSIHUSL Ka4eCTBEHHOTro (akropa. B artom cmydae
(UKTHBHAs IEpEMEHHAs MOXKET BBIPXaThCs B IBOMYHON (opMme:

0, daxkrop He nelcTByeT

1, dakrop neiicTByeT

1. Mopaesm KOBapMAIMOHHOIO AHAJIN3A NPH HAIUYMH Y (PUKTHBHOM
NepeMeHHOM IBYX aJIbTePHATHB

CHayana paccMOTpPH MPOCTEUIIYI0O MOJENb C OAHOHW KOJIMYECTBEHHOW H
OJIHOH KaueCTBEHHOI IEPEMEHHOM, UMEIOIIEH [1Ba AJIbTEPHATUBHBIX COCTOSHUA:

Y=+ X+)/D+¢ (6.1)

Iycth, Hanpumep, Y 3apaboTHas miata coTpyaHuka pupmbl, X - cTax

COTpYIIHUKA, D -non COTpY[IHHUKA, T.€.
D 0, ecnu COTPYIHHK - KCHILMHA
1, ecim coTpynHHK - MyX4MHA

2. Mopaenu KOBapMallMOHHOI0 AHAJIN3A NPU HAJTUYHUH Y KaUyeCTBEHHbIX
nepeMeHHbIX 0oJiee IBYX aJ1bTePHATUB

PaccMoTpuM Mojens ¢ ABYMsS OOBSCHSIONIMMHU TEPEMEHHBIMH, OJHA W3
KOTOPBIX — KOJHMUYECTBEHHAas, a Jpyras - KadecTBeHHas. [IpuueM kauecTBeHHast
UMeeT TpH ajbTepHaTHBBL. Hampumep, B pacxosl Ha cojepkaHue pedeHKa MOTYT
OBITH CBs3aHBI C JOXOJaMH JOMOXO3SHCTBA U BO3PACTOM peOEHKA: JOIIKOIbHBIH,
MJIAJIIMI [IKOJBHBIN U cTapumuil mKoJbHBINA. Tak Kak KauecTBeHHas MepeMeHHas
MMEET TPU aNbTePHATHBBI, TO MO OOIIEMY MPaBUIy MOECIUPOBAHUS HEOOXO0IUMO
UCIIONIE30BaTh JIBe (DUKTHBHBIC IepeMeHHbIe. TakuM o00pa3oM, MOIEIh MOXKET
OBITH IIPEICTABIICHA B BUJE:

Y=8,+pBX+yD +rD,+¢ (6.2)
rae Y - pacxonsl, X - JIOXOJIBI TIOMOXO3SIHCTB.

D 0, ecnH JOLIKOIbHUK
1 =
1, BIPOTHBOINON OKHOM CITy4dae

D 0, €CJIM JOIIKOJbHUK WA MJI&I[IJ_[I/II\/JI ITKOJIbHUK
2 =
1, B IIPOTHUBOIIOJ OKHOM CJIydac

O0pa3yroTcs CleayIoIIne 3aBUCUMOCTH:
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3.  Perpeccus ¢  OJHOIl KOJMYEeCTBEHHOM " ABYMSI
Ka4eCcTBEeHHbIMU MepeMeHHBIMH

Texnuka (UKTUBHBIX TIEPEMEHHBIX MOXET OBITh paclpoCTpaHeHa Ha
MPOM3BOJIFHOE YHUCIO KadeCTBEHHBIX (hakTOpoB. [ TPOCTOTHI paccMOTPUM
CUTYAIIHIO C IBYMsI Ka4E€CTBEHHBIMHU ITIEPEMEHHBIMH.

Iycts Y - 3apaGoTHas miata COTPYAHHKOB GUPMBI, X - CTax paGOTHI,
D, - nanuuue Bricmero o6pasosanus, D, - mon corpyanuxa:

D - {O, €CJIN COTPYIHIK - JKEHIIMHA

' |1, ecimcoTpymHHK - My)KUMHA

D {O, €CJIM HET BBICIIIEr0 00Pa30BaHU s
2

1, BIPOTHBOIION OKHOM CITydae
Takum 06pa3zom, MONTYIUM CIEAYIOIIYI0 MOJET:
Y=0,+BX+y,D +yD,+¢ (6.3)
Tpumep. PaccMOTpUM 3aBUCHMOCTh MEK/Iy BECOM HOBOpokaeHHOro Y (B
rpammax), X - KOJHYECTBOM CHIapeT, BRIKYPHBAeMbIX B JIeHb Oyaylieil MaTephio
BO BpeMs GepeMeHHOCTH U (DuKTHBHOI mepemenHoit D , kotopas otpaxkaer daxt
TOTO, ABJIACTCA pe6eH01< NIEPBCHICM HJIM HCT. HYCTL D = 0 , €CIIN pe66HOK —

TepBeHeI] U D=1, ecm pebeHok He mepBeHell. Paccmorpu BeIOOpKY w3 20
3HAYCHMI:

HaOJIIoZIcHNE Y X D HaOJII0IcH1E Y X D
1 3520 | 10 1 11 3210 | 29 1
2 3460 | 19 1 12 3290 | 15 1
3 3000 | 16 1 13 3190 3 0
4 3320 | 26 1 14 3060 | 12 0
5 3540 4 1 15 3270 | 17 0
6 3310 | 14 1 16 3170 | 14 0
7 3360 | 21 1 17 3230 | 18 0
8 3650 | 10 1 18 3700 | 11 0
9 3150 | 22 1 19 3300 | 14 0
10 3440 8 1 20 3460 9 0

I[aHHaS[ MoOA€CJb COACPKUT OAHY KOJIMYECTBECHHYIO U OJHY Ka4Y€CTBCHHYIO
IMEPEMCHHBIC. B O6IIICM BUAC 3almuemM €C CJICAYIOIIUM 06pa30M:

Y = b0 +b1X +b2D. Kosdduumenter b, b b2 OIIPEAEISAIOTCS U3 (OPMYJIBI

01 M1
(2.17). BcnomorarenbHast Tabnuna A1 pacuera Kod)PUIMEeHTOB IMeeT BU/T;
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_ — X, —X) - — . X —X) -
v | 0-9) 0] @B 67| @ -ay| D
1 188,5 -4,6 188,5 21,16 0,16 -867,1 75,4 -1,84
2 128,5 4.4 128,5 19,36 0,16 565,4 51,4 1,76
3 | -3315 1,4 | -331,5 1,96 0,16 -464,1 -132,6 0,56
4 -11,5 11,4 -11,5 | 129,96 0,16 -131,1 -4,6 4,56
5 208,5 -10,6 208,5 112,36 0,16 -2210,1 83,4 -4,24
6 -21,5 -0,6 215 0,36 0,16 12,9 -8,6 -0,24
7 28,5 6,4 28,5 40,96 0,16 182,4 11,4 2,56
8 318,5 -46 | 318,55 21,16 0,16 -1465,1 127,4 -1,84
9 |-1815 7,4 | -181,5 54,76 0,16 -1343,1 -72,6 2,96
10 | 108,5 -6,6 | 108,5 43,56 0,16 -716,1 434 -2,64
11 | -1215 14,4 | -121,5 207,36 0,16 -1749,6 -48,6 5,76
12 -41,5 0,4 -41,5 0,16 0,16 -16,6 -16,6 0,16
13 | -1415 -11,6 | -141,5 | 134,56 0,36 1641,4 84,9 6,96
14 | 2715 26| -271,5 6,76 0,36 705,9 162,9 1,56
15 -61,5 2.4 -61,5 5,76 0,36 -147,6 36,9 -1,44
16 | -161,5 -0,6 | -161,5 0,36 0,36 96,9 96,9 0,36
17 | -101,5 3,4 | -101,5 11,56 0,36 -345,1 60,9 -2,04
18 | 368,5 -3,6 368,5 12,96 0,36 -1326,6 -221,1 2,16
19 -31,5 -0,6 -31,5 0,36 0,36 18,9 18,9 0,36
20 | 128,5 -5,6 | 128,5 31,36 0,36 -719,6 -77,1 3,36
z 856,8 4,8 -8278 272 18,8

Mpu stom: ¥ =3331,5, X =14,6, d =0,6.

b, =3331,5+11,93-14,6 —103,39 - 0,6 = 3443,64
_ (-8278)-4,8-272:18,8

1

856,8-4,8—(18,8)
| 272.856,8-(-8278)18,8

2

856,8-4,8—(18,8) 2

TakuM o00pa3oMm, ypaBHEHHE pErpeccuu ¢

=-11,93

=103,39

Y4€TOM  paCCUUTAHHBIX

KO3 (HUITUEHTOB MPUMET BHI: YA =3443,64 —11,93X +103,39D

3aTeM aHaJOTHYHO npuMepy, NpuBEICHHOMY B TJIaBE 2, pacCHUTBIBACTCS
CTaTUCTHYCCKass 3HA4YHMMOCTb K03(1)(1)I/IIII/I€HTOB. Paccunrannoe 3HadeHUE t -
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cratuctuku i koodduumenta D, npu  dukrusmoit  mepemennoit D
cocrapiser t =1,23.

Onpenenum  anst yposHs 3HaumMoctd & = 0,05 u umcna creneneit
cBoGomsr V=N-M—-1=20-2-1=17 kpurnueckoe 3Hauenme [ -
crameruin:  t, =1, o =logsy =2410.  Tax xax t<t ., 7o

2
KodpunneHT b2 npu ¢ukTHBHOH Tepemennoit D sBnsercs craTmcTmuecku

HE3HAaYMMBbIM ¢ YpoBHEM 3Hauumoctu 0,05.

OnHAaKO MOXHO TPEIIIONIOKHTE, YTO 3TO OOBSACHAETCS MAJBIM Pa3MEpOM
BbIOOpKH (20 3HadYCHWMIA). Ecmn  paccmoTpers 0OJBIIyI0O  BBIOOPKY, TO
O0OHapYXUTCS CTATHCTHYECKasi 3HAYMMOCTh JaHHOTO Koo durueHTa.

Cytb Tecta Yoy 3akimiouaeTcsi B CleqymolieM. PaccuuTeiBaeTcs F -
CTaTUCTHKA, KOTOpas AJis1 TECTa qu HUMECT BU:
Eo S, =S5, —-S, n-2m-2
S, +S, m+1
rare M - 9HuCIO KONMYECTBEHHBIX OOBACHAIOMINX IIEPEMECHHBIX B YpaBHEHHH
perpeccuu (OIMHAKOBO JIJISI BCEX TPEX YPaBHEHUI PErpeccuu).

(6.4)

Omnpepensercs FKp Als  4ucha  cremeHed  coboael  V, =M +1,

V, =nN-— 2m—-2 u TpebyeMoro ypoBHs 3HaunMMocTH ¢ . Ecnu F < F npu
nabn Kp

BBIOpPaHHOM ypOBHE 3HAUMMOCTH, TO HET CMbICIIa Pa30MBaTh YpaBHEHHE PETPECCUU

Ha YacTH. B mpoTuBHOM ciydae pa3OueHHe Ha IOABIHTEPBAJBI LieecoobpasHo ¢

TOYKH 3pEHMsl YJIYYIICHUs KauyecTBa MOJEJIM, 4YTO O3Ha4yaeT HEeOoOXOJMMOCTh
BBEJ/ICHHS B YPAaBHEHHE PErPECCUH COOTBETCTBYIOIIE (PUKTUBHOM NEpEeMEHHOI.

3aaHue HA IPAKTUKY 6:
1) Ha ocHOBe mpencTaBieHHBIX B TaONHUIE JaHHBIX O jgoxomax Y , Toie
(MyxuuHa-KkeHmuHa) D, u namuuun pereit (D,) HeoOxomuMo HOCTPOUTH

MozeNlb ¢ (GUKTUBHBIMH IlepeMeHHbIMH Bupa: Y =a+y,-D, +y,-D,. Maiire

MOJIHYKO HHTEPIIPETALNIO HOJ'Iy‘lCHHOﬁ perpeccun. HpOBepI/ITL CTaTUCTHYCCKYIO
3HAYUMOCTb KOBq)(I)I/H_II/IeHTOB. CHeHaTL BBIBOJIbI.

Y 91,8 | 38,7 |34,1|308| 50)|343)|426|635|199 589|725

JC€TH | €CTh | €CTh | HET €CTh | HCT €CTh | HCT €CTh | HET HET HECT

I10JI M X M X X X M M X M X
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Y 30937178 |788|39,7]|939|862]| 26 37 | 45,8
JIeTH | HeT | HeT | HeT | HeT | HeT | eCTb | eCTh | HeT | ecTh | ecTh
oo | K | X K M M K M K | M M

JlaiiTe TNONHYI0 HHTEPHpPETAlMI0 PErpeccCud M IMPOBEpPhTE CTAaTUCTHUUECKYIO
3HAYUMOCTB KOA(PPHUIIEHTOB.

2). Umerotest manHbie 00 00beMe mpoaax Y (B MIIH.pYO., TOM) U KOJIHYECTBE
MpoaaBIoB X IO BEIOOPKE Mara3mHOB IOpofa /0 U MOCe W3MEHEHUS HaJOrOBOTO
3aKoHOMaTeNIbCcTBA. OIpenenuTe, SBISEeTCS U CYIIeCTBEHHBIM JaHHOE M3MEHEHUE

(tect Yoy).

Jlo n3MeHEeHHUS HaJIOoT.3aKOH. [Tocnie m3MeHeHNs HAJI0T.3aKOH.

O0BeM KomnuectBo O6BeM mpomax KomnuectBo

POIax MIPOABI[OB MIPO/IaBI[OB
5 76,44 3 74,92
3 57,42 7 35,10
2 22,24 8 92,88
5 54,98 4 67,06
2 41,87 6 75,95
6 61,37 5 88,74
6 74,48 2 22,00
8 53,74 3 56,61
3 12,13 2 29,96
6 36,02 4 82,43
2 2,71 2 2,14
3 35,52 6 55,40
7 89,72 7 79,50
4 43,35 2 5,45
8 92,39 3 12,39
7 69,62 6 57,81
4 26,81 8 94,16
9 75,64 7 74,52
2 6,95 4 16,99
7 46,02 2 3,01
3 27,58 3 9,78
2 24,51 3 2,30
6 58,67 4 85,73
4 74,06 3 27,10
6 84,72
3 3,89
4 51,83
6 72,86
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3). Onenute 3aBUCUMOCTh  TPOXKUTOYHOTO MHHMMyMa B P® ot
W3MEHEHHUS YPOBHS [IeH Ha MPOJOBOJILCTBCHHBIC TOBApHl U CE30HHOTO (hakTopa (4
kBaprana). /laHHble HaWTH Ha caiite WWW.QKS.ru. [IpoBepuTh Ka4ecTBO MOJEIH U
chOopMyIHPOBATH BHIBOBI.

3ajjaHue HA TPAKTUKY /!
IMocTpoeHre TMHAMUYECKHUX MOJeJIel

He.]'[]) paGOTbl: HAYyYUTbBCA CTPOUTH AMHAMHUYCCKHUEC MOACIN U MPOBEPATH HUX
Ka4e€CTBO

MeToanuyeckue yKa3aHus:
OOBIYHO AMHAMHUYECKUE MOJICTH TOAPA3ASIAIOTCS Ha IBa Kiacca:
1. mooenu ¢ nacamu (MOJENU C pacmupeaeNeHHBIMU JIaraMH) — COJIEpIKaT B
Ka4yeCTBE JIArOBBIX MCPEMEHHBIX JIUINb HE3aBHCHUMBIC (OOBACHSIIOIINE)
nepeMeHHbIe. [IpuMepoM sSBISICTCS MOICIb:

Vo=a+ X+ X, +...+ BX, +& (7.)

2. asmopezpeccuonnvlie MoOeny — MOJCIH, YPAaBHEHUs] KOTOPBIX B KauecTBe
JIarOBBIX OOBSICHSIOIIUX TEPEMEHHBIX BKIIIOYAIOT 3HAYEHHS 3aBUCHMBIX
[IEPEMEHHBIX.

Y=+ BX + N t+é (7.2)
OHGHKa MOJACIHN € paclIpeACICHHbIMU JlaraMi BO MHOT'OM 3aBHUCUT OT TOTO,
KOHEYHOE MJIM 0€CKOHEUHOE YHMCIIO JIar0B OHA COACPIKUT.

Yy, =a+ X+ X, +...+ B X, +& (koHeuHOe YHCIIO NAroB)
Y, =a+ X + X, + B.X_, +...+ & (6eckoneunoe uncio naros)  (7.3)

PaccmoTpuM /1Ba BU/Ia aBTOPETPECCHOHHBIX MOETIEH.
1. Moaesb afanTHBHBIX OKUAAHMI
B nmanHON Momenu B ypaBHEHHE PErpeccHH B KaudecTBE OOBACHSIOMIEH

nepeMeHHoﬁ BMECTO TCKYIICTIO 3HAUCHUA Xt BBOJUTCA O KHJAEMOC€ 3HAYCHUC Xt .

y=a+ X +¢& (7.4)

TaK KakK O)KI/I}laeMBIe 3HAUYCHUSA HC ABIIAKOTCA Q)aKTI/IIIeCKI/I

CyIIIeCTBy}OHII/IMI/I, BbBIJIBUT'aC€TCA npeunonomeHHe, qTO H5THU 3HAUYCHHA CBsI3aHBI
CJ‘Ie):[yIOIIII/IM COOTHOILICHHUEM :

X =X, =y(X —X.) (7.5)

2. MopeJsib 4aCcTHYHOI KOPPEKTHPOBKH
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B o370l Momenu B ypaBHEHHME pErpeccMd B KadyecTBE 3aBUCHMOMU

nepeMeHHoﬁ BXOOUT HC (l)aKTI/I‘IeCKOG 3HA4YCHHC yt , d dKCJIaCMOC 3HAaYCHUC yt .

y, =a+ X +¢g (7.6)
Tax KaK THIIOTCTHUYCCKOC 3HAUYCHHC yt HC SABJISICTCSA (l)aKTI/I‘{eCKI/I

CYIIECTBYIOIIMM, TO OTHOCHTECIBHO HETO BBIABHIACTCS  IPEIIOJIOKCHHE
YACMUYHOU KOPPEKMUPOBKU.

Yo = You = ALY, = Vi) (7.7)

Mo  KOTopoMy  (akTHYecKoe  TpHUpaIIeHHe  3aBUCHMOW  IEpEMEHHOM
MPOMOPIMOHANFHO PA3HHUIE MEXIY €€ JKETaeMbIM 3HAUCHHEM M 3HAUCHHEM B
MpeabIIyIIUNA IEPUOA.

IIpumep. B Ttabnuie npuBeneHs! JaHHBIE MO PAacIojaraeMoMy JOXOIY
JIOMOXO035HCTB ( X ) U 3aTpaTaMM JOMOXO3SIICTB Ha PO3HUYHBIC IOKYIIKH (Y) 3a

22 ropxa:

t Y, X, t Y X,

1 5,49 9,098 12 5,905 11,305
2 5,54 9,137 13 6,125 11,43
3 5,305 9,095 14 6,185 11,45
4 5,505 9,28 15 6,225 11,697
5 5,42 9,23 16 6,495 11,87
6 5,32 9,348 17 6,72 12,018
7 5,54 9,525 18 6,92 12,525
8 5,69 9,755 19 6,47 12,055
9 5,87 10,28 20 6,395 12,088
10 6,157 10,665 21 6,555 12,215
11 6,342 11,02 22 6,755 12,495

HeobxonuMo OIeHUTh ypaBHEHHE PETpPecCHd BHUA yt =b+ le[ +Na

(npunsaTe Y, = 5,4), nposeputs 3HaUMMOCTH KO3(PDUIMEHTOB bo,bl, Y, OLICHUTb

Ka4yecTBO ITOCTPOESHHOM MOJIETH TP ITOMOIIH KO3 PHUIHEHTA JeTepMHUHALNH.
Jnst pacuera K03(GHUIMEHTOB COCTABUM BCIIOMOTATENbHYIO Tabuuiy (TpH

3TOM paccuMTaHHble cpeaHue 3Hauenus pasus Y, = 6,04223 |y, =5,98067 ,
X =10,79914):




40

_ - _ —\2 —\2 - \2 (X( _X)' (yH _VH)' (Xt _X)'
t Yt Xt Yt—l (yt yt (Xt X) (yH yH) (yt yt) (Xt X) (yH yH) (yt - y:) (y, - y1) (y(—l - yt—l)
1 5,49 9,098 54 -0,5522 -1,7011 -0,581 0,3050 2,8939 0,3371 0,9394 0,3206 0,9877
2 5,54 9,137 5,49 -0,5022 -1,6621 -0,491 0,2522 2,7627 0,2407 0,8348 0,2464 0,8155
3 | 5305 | 9,095 5,54 -0,7372 -1,7041 -0,441 0,5435 2,9041 0,1942 1,2563 0,3248 0,7509
4 | 5505 9,28 5,305 | -0,5372 -1,5191 -0,676 0,2886 2,3078 0,4565 0,8161 0,3630 1,0264
5 5,42 9,23 5505 | -0,6222 -1,5691 -0,476 0,3872 2,4622 0,2262 0,9764 0,2960 0,7463
6 5,32 9,348 5,42 -0,7222 -1,4511 -0,561 0,5216 2,1058 0,3143 1,0481 0,4049 0,8136
7 5,54 9,625 5,32 -0,5022 -1,2741 -0,661 0,2522 1,6234 0,4364 0,6399 0,3318 0,8417
8 5,69 9,755 5,54 -0,3522 -1,0441 -0,441 0,1241 1,0902 0,1942 0,3678 0,1552 0,4601
9 5,87 10,28 5,69 -0,1722 -0,5191 -0,291 0,0297 0,2695 0,0845 0,0894 0,0501 0,1509
10 | 6,157 | 10,665 | 5,87 0,1148 -0,1341 -0,111 0,0132 0,0180 0,0122 -0,0154 -0,0127 0,0148
11 | 6,342 | 11,02 6,157 0,2998 0,2209 0,176 0,0899 0,0488 0,0311 0,0662 0,0529 0,0390
12 | 5905 | 11,305 | 6,342 | -0,1372 0,5059 0,361 0,0188 0,2559 0,1306 -0,0694 -0,0496 0,1828
13 | 6,125 | 11,43 5,905 0,0828 0,6309 -0,076 0,0069 0,3980 0,0057 0,0522 -0,0063 -0,0477
14 | 6,185 | 11,45 6,125 0,1428 0,6509 0,144 0,0204 0,4236 0,0208 0,0929 0,0206 0,0940
15 | 6,225 | 11,697 | 6,185 0,1828 0,8979 0,204 0,0334 0,8062 0,0418 0,1641 0,0374 0,1835
16 | 6,495 | 11,87 6,225 0,4528 1,0709 0,244 0,2050 1,1467 0,0597 0,4849 0,1106 0,2617
17 | 6,72 | 12,018 | 6,495 0,6778 1,2189 0,514 0,4594 1,4856 0,2646 0,8261 0,3486 0,6269
18 | 6,92 | 12,525 | 6,72 0,8778 1,7259 0,739 0,7705 2,9786 0,5467 1,5149 0,6490 1,2760
19 | 6,47 | 12,055 | 6,92 0,4278 1,2559 0,939 0,1830 1,5772 0,8824 0,5372 0,4018 1,1797
20 | 6,395 | 12,088 | 6,47 0,3528 1,2889 0,489 0,1244 1,6612 0,2395 0,4547 0,1726 0,6307
21 | 6,555 | 12,215 | 6,395 0,5128 1,4159 0,414 0,2629 2,0047 0,1717 0,7260 0,2125 0,5867
22 | 6,755 | 12,495 | 6,555 0,7128 1,6959 0,574 0,5080 2,8760 0,3299 1,2088 0,4094 0,9740
z 5,3998 34,1000 5,2208 13,0114 4,8397 12,5953
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I[To popmynam (2.17):
b - (13,0114)-5,2208—-4,8397-12,5953 _ 69724
1 19,3877

- 0,36

34.100-5,2208—(12,5953)
| 4,8397.3410-13,011412,5953 11513

Y= ~ 10,3877

= 0,06
34,100-5,2208—(12,5953) 2
b, = 6,04223 - 0,36 -10,79914 —0,06 - 5,98067 =1,80
Takum 00pa3oM, ypaBHEHHE pPErPECCHH C YYETOM PACCUYHUTAHHBIX
K03 PHUIIMCHTOB IPUMET BUJI: )7t =18+ 0,36)(t +0,06 N

Jlnst onipesieNieHust CTATUCTUYECKON 3HAYMMOCTH KOA(Q(UIIMEHTOB U OLCHKU
Ka4yecTBa YpPaBHECHHUS PErPECCHM COCTABUM CIICAYIOUIYI0 BCIOMOTATElbHYIO
TabmIHIy:

A

t Yt Y'[ ei ei2
1 5,49 5,3960 -0,0940 | 0,008843
2 5,54 5,4153 -0,1247 | 0,015542
3 5,305 5,4032 0,0982 | 0,009642
4 5,505 5,4558 -0,0492 | 0,002422
5 5,42 5,4497 0,0297 0,00088
6 5,32 5,4871 0,1671 0,02791
7 5,54 5,5448 0,0048 | 2,29E-05
8 5,69 5,6406 -0,0494 | 0,002444
9 5,87 5,8383 -0,0317 | 0,001006
10 6,157 5,9874 -0,1696 | 0,028757
11 6,342 6,1321 -0,2099 | 0,044047
12 5,905 6,2456 0,3406 0,11601
13 6,125 6,2646 0,1396 | 0,019496
14 6,185 6,2849 0,0999 | 0,009975
15 6,225 6,3773 0,1523 | 0,023186
16 6,495 6,4419 -0,0531 | 0,002824
17 6,72 6,5111 -0,2089 | 0,043635
18 6,92 6,7068 -0,2132 | 0,045453
19 6,47 6,5496 0,0796 | 0,006342
20 6,395 6,5348 0,1398 | 0,019545
21 6,555 6,5760 0,0210 | 0,000442
22 6,755 6,6862 -0,0688 0,00473
cyMMa ~ 0,433155
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o dpopmynam (2.19) u (2.20) paccuntaeM HEOOBSICHEHHYIO IOHCIIEPCHIO U
CTAHJAPTHBIC OTKJIOHEHHS CIy4aiHbIX BEIUYHUH:

g 2.8 _ 043155
n-m-1 22-2-1

1 (10,79914)2 -5,2208+(5,98067)2 -34,1-210,799145,9806712,5953

=0,0227 .

Sp = —+ -0,0227
22 341:5,2208-(12,5953)°
S,, =+/S2 =4/0,238 =0,4879

2 5,2208
S = 2
bl 34,1-5,2208 - (12,5953)

S, =+/S2 =4/0,0061 =0,0781
g2 _ 34,10
Y~ 34,1.5,2208 — (12,5953)’

S, =/S? =4/0,0399 =0,1997

OmnpenennM 3Ha49eHAE { -CTATHCTHKY 171 KaKI0T0 M3 KO3()(PUIMEHTOB:

=10 _3689, 1, =00 _4600,t =20 _g300.
0,4879 0,0781 ’ 01997

Kpurnueckoe 3HaueHue omnpenesiuM Juis ypoBHs 3Hauumoctu 0,1 u umcia
crerneHei ceoboasr V =22-2-1=19: th = to . = 1729.

=19
2

-0,0227 =0,0061

-0,0227 =0,0399

O‘IGBI/IZ[HO, qTo KOZ—)(i)(I)I/H_II/ICHTBI bO’bl SABJIAKOTCA CTaTUCTHUYCCKHU
3HAaYUMBbIMH, a KOB(b(i)I/IHI/IeHT ]/ ABIICTCA CTATUCTHYCCKKW HE3HAYHMMBIM C

ypoBHeM 3HauumocTH 0,1.
OmnpenenyM 11l paCCYMTaHHOTO ypaBHEHHsS KOI((PHUINEHT IeTepMHUHAINU

0,433155
5,3998

JACTECPMUHAIIUN CBUIACTCIBCTBYET O BBICOKOM Ka4d€CTBE MOICIIH. H03TOMy HC

2
(2.23): R*=1- =0,92 . Croms BeIcOKOe 3HAueHHE KOd(hduIMEHTa
OyJeM yaansTh IePeMeHHyYI0 Y, | U3 ypaBHEHHSL.

IpencraBuM rpadudecKd 3aBUCHMOCTh (AKTHUECKOH TEepeMeHHOH Y, u

nepemennoii ¥, ot t:



6,8
6,6

[OXOAbLI AOMOXO3SANCTB

54 1
5,2

LA o o
® o o N »
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TNIMHMSA pacCYUTaHHbIX MO MoAeny 3HavyeHnn

NMHMA PAKT UYECKUX 3HAYEHWUN

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21

3ajaHue Ha PAKTHKY 7:

1.

N0 MdaHHBIM U3 HNPUIOKCHUA 1 MNOCTpOUTH MOJCIbL C JlaraMh B
HC3aBUCHUMBbIX ICPEMCHHBIX C OCCKOHEYHBIM YHCJIOM JIaroB BUaa

2
Y, =+ X + ByAX 4 + oA X, +...+U,, tae Y- cookymHbie
JUYHBIC PAcXOAbl, X - JHYHBIA T0XOA. IIpH MOCTPOCHHH HCIIONB30BATH

npeobpasoBanne  Koiika.  [IpoananusupoBaTh  JIOATOCPOYHBIE |
KPaTKOCPOUYHBIE CBOWCTBA MOJIEIH.
MpeAIoaraeTcs, YTo JKeJlaeMbIi YPOBEHb COBOKYITHBIX JIMYHBIX PACXOJIOB

Y, 38BUCHT OT JIMYHBIX JIOXOHOB  X; CIEyIOINM  00pa3oM:
Vi =a+ ,6’)(t + U, . HacTnyHast KOPPEKTUPOBKA NPOXOAUT CIIEAYHOLINM

obpasom: Y, — Y, =AY — Vi) +V,. Ucnomsys nammeie wu3

TaONMMUBl 33JlaHUK B TPWIOKEHUH 1, ompenenure Kod(GHULIUSHTHI

a, . A.

3aiaHue HA MPAKTHUKY 8!
ITocTpoenune cucreM OAHOBPEMEHHBIX
YPaBHEHU U

HeJIL paﬁoTbl: HAY4HUThCSI CTPOUTH CUCTEMBI OJTHOBPEMEHHBIX YPaBHEHHUH

22
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MeTonnquKne YKazaHus:

MHorue 3KOHOMUYECKHEe B3aMMOCBSI3U JIOMTyCKA0T MOAEIHUPOBAHUE OJHUM
ypaBHeHHeM. OIHaKO sl 3KOHOMUYECKHX IIPOLIECCOB MOJAEIUPYETCS HE OTHUM, a
HECKOJBKHUMM YPAaBHEHUSMHM, COAEPKAIIUMH Kak [OBTOpSIOIIUECS, TaK W
COOCTBEHHBIC TepeMeHHble. B cmiy 3TOro BO3HHMKaeT HE0O0XOJMMOCTh
UCIIONIB30BaHUs cHcTeM YypaBHeHUH. Kpome TOro, B OIHHUX YpaBHEHUSX
OTIpeZieTICHHAss MEepEeMEHHasi pacCMaTpUBAeTCAd Kak OOBACHSIIONAs, HO B TO XKe
BpEMs OHa BXOJHT B JPYroe ypaBHEHHE KakK 3aBUCHMas IepeMeHHas. [IpuBenem
HPUMEpPHI TAKUX CHCTEM.

1. Mopeab «cnpoc-npeanoKeHue»
JlanHast Mozienb SABIETCS OQHOU U3 MPOCTEHIINX CUCTEM OJHOBPEMEHHBIX

o D S
ypaBHeHuii. B 9Tom ciydae, mpeamonaras, uro cnpoc Q° u mpemnoxenne Q° B

MOMCHT BpPCMCHU t SIBIISIFOTCSI JTUHECHHBIMU q)yHKIlI/I}IMI/I OT LICHBI P , MoJIyqyaeM
CHUCTEMY:

th =a,+a,p,+&, a, <0 - pyHKIMST cripoca
th = ﬁo + ﬂl P, &y, ﬂl >0 - (1’}’HI<HI/IH IIPE IJIOKCHU A (8.1)
q° =q; - YCJIOBHE PaBHOBECHS

2. KeiincuaHckasi MoiesIb (h)OPMHUPOBAHNS 10XO0A0B
PaccMoTpuM NpOCTEHIIyI0 MOJENb JaHHOTO THMA B MPEIIOI0KEHUH, YTO
paccMmarpuBaeTcsl 3aKpbITas 9KOHOMUKA 0€3 roCyJapCTBEHHBIX PACXOJI0B:

c. =8, +BY, +¢ - pyHKIWST TIOTpEeOICHH 5 62)
y, =C, +I, - MAaKpPOIKOHO MUYECKOE TOXKAECTBO
3mecs Y,C,| - coBokynmmpit BeITyck, 00BeMBl HOTpeOneHHS H

I/IHBCCTI/IL{I/Iﬁ COOTBETCTBCHHO (yt y Ct ,| - 3HAYCHHA 3THUX NEPEMCHHbBIX B MOMCHT

t
Bpemenn 1).

KayecTBeHHO OLIEHUTH MapaMeTpPhl CHCTEMBI OJHOBPEMCHHBIX ypaBHCHHU
Ha ocHOBe MHK HEBO3MOXKHO B CHITY TIOJIY4E€HUS CMEIICHHBIX W HECOCTOSTEILHBIX
oreHOK. [IoaToMy ISt HOTYYEHHS «XOPOIINX» OIEHOK TPEeOYeTCsI UCIIONb30BaAHUS
Apyrux MeETOOOB. OJIHI/IM U3 HUX SBISETCS KOCBEHHBIH METOA HAWMCHBIINX
kBagpaTtoB (KMHK).

IMpumep. PaccMoTpuMm cnepytoniytro wMojnenb (mepBas QYHKIUS ——
MpeJIoKEHNe, BTOpast — CIPOcC):
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q, :ﬁo +ﬂ1pt &y
0 =q, ta, P, +a&,y +&,
rae 0, , P, - ?HAOTeHHBIC IEPEMCHHBIC — KOJIMYECTBO TOBApa U LICHA B TO/Y t;y,

- DK30I€HHas IepeMeHHas — J0XoJ HoTpebuteneil; &,,,&, - ClydaliHble

OTKJIOHCHHUS.

Ha ocHOBaHMM CJEYIONIMX CTATHCTUYCCKUX JaHHBIX HEOOXOIMMO
OILICHUTH KO3 GUIMEHTH QYHKIMH MPEIOKEHUs, HCob3ys aias 3roro MHK u
KMHK.

P, q, Y, < VS B« Xo R AR e R A
1 8 2 1 4 8 2 16
2 10 4 4 16 20 8 40
3 7 3 9 9 21 9 21
4 5 5 16 25 20 20 25
5 1 2 25 4 5 10 2
Cymma 15 31 16 55 58 74 49 104
Cpennee 3 6,2 3,2 11 11,6 14,8 9,8 20,8

IToctpoum npuBeseHHbIE YpaBHEHUs JaHHOM CUCTEMBI. [ 3TOro BhIYTEM
13 GYHKINH NPeIoKEeHUs QYHKIUIO CIIpoca:

(180 —050) + (ﬁl _al)pt -,y + (‘911 _th) =0
ao_ﬂo_i_ a, t+82t_€1t_
,Bl - 181 —a ﬂl —a
IMoxcraBuM mosmydeHHoe 3HaueHne [J, B QyHKIUIO TpeinoKeHus:
o, — a E, —&
qt:ﬂ0+ﬂl(0 ﬂ0+ 2 +2t 1t)+g

t
ﬂl —Q /81 —a, 181 —a,

Takum 00pa3oM, MPUBEIEHHbIE YPABHEHUS HMEIOT BHUI:
{pr =Tt 7Y T Vy
0, =7 7, TV,

Breipasum orcroma P: P, =

1t *

_ a, — ﬁo B a, _ Ey — &y

rae 7[10 - ’7[11 - ’Vlt -
p.—a
1 1

ﬂl_al ﬂl_al
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Ty = :Bo + 1817[10 1705 = ﬂlﬂll’VZI = ﬁlvlt +é&,

ITo wMeromuUMCsl CTaTHCTHYECKMM IaHHBIM, NPHBEACHHBIM B TaliuIle,
OIICHUM KO3 UIMEHTH TPUBEACHHBIX ypaBHeHHH (1m0 oO0srgHOMy MHK,

(bopMyJE(l.ll)):
. _Yp-y-p_98-32-3
Yoy —(y)? 116-(32)°
i = yg-y-q _208-32-6,2
y:—(y)? 116-(32)

Tenepb MOJXHO OIICHUTBH OLICHKHU bO u bl napamMeTpoB IBO’ ﬂl:

=01471, 7, = p— 7,y = 2,5293,

—0,7059, 7, =0-#,y=39411.

T
181 :A,ﬂo :7[20_:8172-10 =
11

Zay 07059 . A
by = —5 = = —— = 4,7988, by, = £, —b 7, = 3,9411 - 4,7988 - 2,5293 = ~8,1965
£, 01471

CremoBareibHO, (YHKIHUS MPEAJIOKCHUSA, PacCUYMTAHHAS MO KOCBECHHOMY
METOJly HAUMEHBIITNX KBaIPaTOB, UMEET BH/I;

G, =—81965 +4,7988 p, .

Hanee  HeoOXOIMMO  TPOBEPUTH  CTATUCTHYECKYIO  3HAYMMOCTh
KO3((GUINEHTOB M KAuyecTBO PErpeccHMy. OTH BBIYMCICHHS  NPOU3BOIATCS
AQHAJIOTMYHO NPUMEpPY B riase 1.

B 10 e Bpems, ecin paccuutath ouenkd Dy u D, napamerpos [, S,
HernocpeacTeHHo 1o MHK, To momy4nm GyHKIMIO NpeIoKeHus:
6, =119-19p,
[lomydeHHble pe3yNbTaThl IIO3BOJNSIOT CHAENaTh BBHIBOA O TOM, UTO

INpUMEHCHUEC MHK B HECOOTBCTCTBYIOIIUX CHUTyalHUAX MOXKCT CYHICCTBCHHO
HCKa3UTb KapTUHY L[CﬁCTBHTeHBHOCTH.

3anaHue Ha IPAKTHUKY 8:
Ha ocHOBaHMM cClEAYIOIMX CTaTUCTUYECKMX JaHHBIX HEOO0XOIMMO
OLeHUTh  Kod(duumeHTsl  QyHKIMA  crmpoca W TNPEAJIOKEHWs  BUIA

{qts =0y to P +éy
th =L +BiP + BV +E

JaHHBIM

, ucnons3ys s aroro KMHK no cieayromum



pt qt yt
10 8 12
20 10 14
30 7 13
40 5 15
50 1 12
60 2 17
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MeToguyeckue yKa3saHusd no
CaMOCTOATEeNIbHOU paboTe

OTarnsl caMocToATENbHOM paboThl, hopMupoBaHue U
KOHTPOJIb KOMIIETCHIIUM.

Jran padotsl | [loka3aTean 10cTH:KeHHs pe3y/1bTaTa Kontpoas
Brmonuaexne Cryment ompenenser ¢opmynsl juisi pemenus | I[Ipoepka
HAWBULyaJTb- TIOJTYYEHHOW 33124, BEIOMpPAET METO/] PEILICHUS U | CBOE-

HBIX 33/1laHUH OITMCBHIBACT €r0 X0, (GOPMYIHPYET OTBET M AT | BPEMEHHOC

€ro SKOHOMHUYECKYI0 HHTEPITALIHIO. TH u

MIPaBUIIb-
HOCTH.

IIpopaboTka CryzneHT u3ydaeT TeOpETUUECKUN MaTepra U 3auer win

JICKITHOH- 3aII0MHMHAET OCHOBHBIC TMOHATHS TEM, COTJIACHO 9K3aMEH.

HOTO COJICPIKAHUIO TUCITUIIIH HBI.

Marepu-

ana

Ilepen BBIMOJHEHHEM CAMOCTOSITEIbHON PabOThI HEOOXOANMO H3YUYHUThH
TEOPETUYECKYIO YaCTh U MPUBEACHHBIC TPUMEPHI.

[TpopaboTka JEKIMOHHOTO MaTepHala OCHOBaHA HAa W3yYEHUH JIEKIUH U
yueOHBIX TOCOONH ¢ TTOCTIETYIONM OTBETOM Ha BOIPOCHI.

Bonpocs! 1151 MpopadoTKHU JIEKIIHOHHOT0 MaTepuaJia

1. DwMmupuyueckoe W TEOPETHUECKOE YpaBHEHHE perpeccuu. Meroj
HaMMEHBIINX KBaIPATOB.

2. OmpeneneHue SMIUPUUECKUX KOI(D(DUIMEHTOB DPErpeccuu IMpH
momontn MHK.

3. Csoiictea onenok MHK. IIpoBepka kadecTBa ypaBHEHHUS
perpeccuun

4. Amanu3 TOYHOCTH ONpEIeNeHUs OICHOK KO3 (HUIMEHTOB
perpeccun. [IpoBepka THUIIOTE3 OTHOCUTENHHO KOI(DPHUITUEHTOB
JIMHEHHOTO YPaBHEHUS PErPECCUM.

5. OmnpezneneHne HHTEPBAIBHBIX OIEHOK K03(PHITEHTOB IHHEHHOTO
ypaBHeHHS perpeccuu. OnpeneneHue T0BepUTEIHHBIX HHTEPBAJIOB
JUIs1 3aBUCUMOMN NIEPEMEHHOI



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.
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TlonsiTue HenuHEHOM perpeccuu. JluneitHbie
OTHOCHUTEIBHO MTapaMETPOB MOJIEIH.

Jlorapupmudeckas MoAedb M OmpeneieHne ee Kod(hduuneHTos.
ONIacTUIHOCTH 3aBUCUMOI IIEPEMEHHOM.

[Momynorapupmuueckne MOAEIH: JIOT-IMHEHHAsT MOJENb U
IUHEIHO-Iorapu(MuIecKas MOIEIb.

OO6parHast Mojgenb. Ilpumepsl SKOHOMHYECKMX  CUTYalMH,
OIHCBHIBAEMBIX C €€ MOMOIIBIO.

ITokazatensHas Mojaenb. IIpuMepbl SKOHOMHUYECKHX CHUTyalMH,
OINHCBHIBAEMBIX C €€ MOMOIIBIO.

Bribop ¢opmbl Mozenu. IIpumepsl SKOHOMHYECKHX CHTYalHH,
ONHUCHIBACMBIX C TIOMOINBI0 HEIMHEHHBIX PErpECCHOHHBIX
MOJIENEN.

Pacuer k03¢ puIIIeHTOB MHOKECTBEHHON JIMHEHHOM PETPECCHH.
Pacyer x03>()(UIIIEHTOB MHOXKECTBEHHON IIMHEHHOW perpeccuu
JUISL ypaBHEHUSI C IBYMS TIEPEMEHHBIMH.

AHanu3 KadecTBa 3MIHMPHYECKOTO YPAaBHEHUS MHOXXECTBCHHON
JIMHEMHON perpeccuu.

Onpenenenue BBIOOPOYHBIX JUCTIepCHit SMIIUPUUECKUX
K03((PULHUEHTOB PErpecCHH.

[lpoBepka  cTaTHCTMYECKOW  3HAYMMOCTH  Kod(dduireHToB
ypaBHEHHs MHOXECTBEHHOH perpeccun. IlpoBepka oOmiero
KayecTBa ypaBHEHUS PETPECCHH.

CriocoObl  0OHapyKeHHUSI TeTepOCKeAaCTHYHOCTH. [paduueckuii
aHaJIM3 OCTATKOB JJIS1 OOHAPY>KEHHS TeTEPOCKEAACTHIHOCTH.

Tect panrooéi koppemsmun Croumpmena. Tecr [onndenna-
Ksannra.

MeTonpl CMSTYeHUsT MPOOJIEMBbl I'eTepOCKEJacTHIHOCTH. MeTon
B3BELICHHBIX HAMMEHBIINX KBaIPATOB.

[Tonsarue ABTOKOPPEJISILINAH. IIpuunnbt BO3HUKHOBEHUS
ABTOKOPpeNIunU. BUabI aBTOKOPPETISAIHH.

CriocoObl 0OHapykeHHs: aBTOKoppensinuu. ['padudeckuit mMeron
st oOHapyxeHHs aBTokoppemsauuu. Kpurepmit [lapOuna-
VYorcona.

Metoasl  ycTpaHEHHsS AaBTOKOpPpENSLUU. ABTOPErpecCHOHHAs
cxeMa nepsoro nopsiaka. [Tonpaska Ipaiica-BuncTena.
ABTOperpeccuoHHas cxema nepBoro nopsiaka. Meron Xungpera-
Jly. Meton nepBbIX pa3HOCTEH.

[lonsate (QUKTHBHBIX mepeMeHHBIX. HeoOXxomumocTs  HX
UCTIONb30BaHUA. MoOAenu TUCIEPCUOHHOTO aHAIN3A.

Mogenu KOBapHalMOHHOTO aHanu3a. MoJenn KOBapUallMOHHOTO
aHamM3a TpH HATMYUH y (OUKTUBHOH TIEpEeMEHHOM JBYX
anprepHaTB. JIoByIIKa (PUKTHBHON EpPEMEHHOM.



26.

27.

28.

29.

30.

31.

32.
33.
34.
35.
36.
37.

38.
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Monenn KOBapHaIlMOHHOTO
aHalM3a IpW HaJMYWUH y Ka4eCTBEHHBIX IIEPEeMEHHBIX Oojiee IBYX
ANbTECPHATHB.

Perpeccuss ¢ oaHON KOJIMYECTBEHHOM M ABYMsI Kaue€CTBEHHBIMH
nepeMeHHBIMHA. CpaBHEHHE JBYX PETPECcCHil.

Tect Yoy. Ucnons3oBanne (GUKTUBHBIX ITEPEMEHHBIX B CE30HHOM
aHaiauze.

Bpemennoit psn. JlaroBele nepemeHHble. Buabsl auHaMHuYeCKUX
Mozenel. [IpuunHel HaMUUUA Jaro..

Ouenka Mozieiel ¢ JaraMu B HE3aBUCUMBIX TlepeMeHHbIX. Moenu
C KOHEYHBLIM M OECKOHEUHBEIM 4YHCIIOM JjaroB. IlomsTue
KpaTKOCPOYHOTO, JIOJITOCPOYHOTO " MIPOMEKYTOYHOT'O
MYJIBTUIUTUKATOPOB.

Meron mocnenoBaTenbHOrO YBEIWYEHHUS] KOJMYECTBA JIaroB JUIS
OLIEHKN MOJellell ¢ OeCKOHEYHBIM 4uciaoM jaroB. Merton Koiika
IS OLIEHKH MOJIENIEl ¢ OECKOHEYHBIM YHCJIOM JIaroB.
ABTOpErpeccuoOHHbIE MoAenu. MoJienb aJanTUBHBIX OXKHIIAHUH.
Mogenb 4acTUYHON KOPPEKTUPOBKH.

IIporHo3upoBanue ¢ IOMOLIbIO BpPEMEHHBIX psAnoB. IIpoBepka
KadecTBa IMPOrHO3a.

[ToHsATHE CHUCTEM OJHOBPEMCHHBIX YPAaBHCHHUU M HEOOXOIUMOCTH
WX UCIOJIb30BaHUsA. Mo/eb «CIpOoC-TIPEI0KEHUEY.

DHJIOTEHHbIE W  DK30T€HHble mepeMeHHble. CTpYKTypHBIE
ypaBHEeHHs Mojenu. [IpuBeieHHbIE YypaBHEHUS.

KocBeHHbI MeTO1 HAMMEHBIINX KBAaPATOB.

IIpobGmema UICHTU(DUKAIAH: HEUICHTH(QHIUPYEMOCTb H
CBEPXHUICHTH(OUITUPYEMOCTh.  YCIOBUS HICHTU(DUIPYEMOCTH.
PexypcuBHbie MOsIEH.

Meron HaMMEHBLIMX KBaJApaTOB JUIsl PEKYPCUBHBIX MOJEINEH.
JByx11aroBbIiii METO/1 HAMMEHBIINX KBaJIPaTOB.
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3ananus Ha HHAUBUHAYAJIbHYIO padoTy.

3amanue 1.

Jnst MozenH, B KOTOPO# TepeMeHHast «pacxo/ibl Ha TOBAp MJIM YCIyry» (110
BapuaHTaM, IpWIOKeHHe 1) OOBACHAETCS TEPEMEHHON «JIMYHBIH JOXO0I,
HOCTPOUTD JINHEHHYIO U JIOTapU(PMHUIECKYIO MOJIEINH, ISl KOTOPBIX:

® [POBEPHUTh CTATUCTHYECKYI0 3HAYUMOCTh KO3((HINEHTOB PETPECCHH C

ypoBHeM 3HaunMoctu 10%;

®  OMNpPENCINUTh JOBEPUTEIbHBIC HHTEPBAIBI I KOA(P(UIIMEHTOB perpeccuu ¢
ypoBHeM 3HaunMocTH 5%);

®  OMNpEICTNUTh JOBEPHUTEIbHBIC MHTEPBAIBI U1 3aBUCHMON NMEPEMEHHOH IpH
X" =1000 a7t ypoBHs 3HauuUMocTH 10%;

®  [POBEPHUTH KAYECTBO YPABHEHHS PETPECCHU M CTATUCTUYECKYIO 3HAYMMOCTh
ko3(punrenTa nerepMuHanuy (yposeHb 3HaunMoctu 10%).

Bun ToBapa (mo Bapuant
BapHaHTaM)

[Turanue 1
Opexna 2
Bensun 3
MoTtopHoe Macio 4
Tabax 5
Kocmertnka 6
JlekapcTBO 7
[naTa 3a xuibe 8
la3 9
Bopa 10
Tenedon 11
MecrHblii Tpancnopr | 12
Bozmynrasrit 13
TPaHCIIOPT

Mepummackue yeayru | 14
Ycayru cromatosnoros | 15
OTasIx 16
YacTHOe obpazoBanme | 17
KyxonHoe 18
000py0BaHUE

ITocyna 19
IOBemupusbie m3nenus | 20
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3amanne 2.
IlocTpoiiTe Mopmenb MHOXECTBEHHOM JIMHEHHOM perpeccuu, Ine Y.
pACcXOIBI Ha TOBAp WM yCIHyTy (10 BapHaHTam), X - JHUHBIE pacrioaraeMbli

JIOXOI, (S HH/IEKC OTHOCUTENBHBIX IIeH (110 BapHaHTaM).

VHIeKkc OTHOCHTENIBHBIX LIEH PacCYUTHIBACTCS KaK OTHOLICHHE neduiiTopa
IIeH Ha TOBap K AeuaTopy OOMKX pacXxo0OB, OTy4eHHOE 3HAYeHHE YMHOXKUTD Ha
100.

OneHnTh Ka4ecTBO YpaBHEHWS PETPECCHH IpH ToMomm Kod(hduimenTta
JIeTepMHUHALHH.

3ananue 3.

Mogens, B KOTOpOil mepeMeHHas «pacXoAbl Ha TOBap HIU yCIyry» (Io
BapHaHTaM) OOBSICHAETCS IEPEeMEHHOW «JIMYHBIA JOXO0M» (UCIIONIB30BaTh YXKe
paccunTaHHYI0 MOAENb W3 MHAWBUAyanbHOH Nel), mpoBepuTh Ha HaIM4HE INIPU
MIOMOIIX TecTa paHroBoi koppemsiunu CrimpMena wim tecta [Nonadenna-Ksanara,
cenath BeIBOABL. CenaTh HMOMBITKY CMSTYUTD NMPOOJIEMY I'€TepOCKEIaCTHIHOCTH,
UCXOAS W3 TNPENNOIOKEHHS, YTO MAWUCIEPCHH OTKIOHEHHH HEM3BECTHBI, HO

nponopiuuonanbiel Xi . TIpoBEpHTH MPU MOMONIM TPadUIECKOrO TECTA, PElIeHa
1M TIpo0JieMa TeTepoCKeJaCTHIHOCTH.

3amanue 4.

IMocTpouTh MOJETH, B KOTOPOIl MEpeMEHHAas «pPacXo[bl Ha TOBap WM
yeayry» (Mo BapuaHTaM) OOBSICHSETCS IEepeMEHHOW «BpeMs». IIpeanonoxus
HAJIMYAE  ABTOKOPPEJSIMM, IMOMBITAThCS  YCTPAHUTh €€ MPH  TIOMOIIH

ABTOPErPECCHOHHON CXeMbl MepBoro nopsaka. Koagouunenrt P OTIPEICNIUTh a)
Ha OCHOBe ctaTucTUKU [lapOuHa-YoTcoHa 0) MeToaa MepBhIX pasHocted. CaenaTh
BBIBO/IbI.

3amanue 5.

IMo Tabiuile UHAMBUAYAIbHBIX 3aJ@HUH OICHUTH 3aBUCHMOCTH JIMYHOTO
JI0X0JIa OT TEKYIIUX pacxojoB (M0 BapHaHTaM) KaK MOJENIb C OECKOHEYHBIM
YHCJIOM JIarOB B HE3aBUCHUMBIX MNEepPEeMEHHBIX. VICmonb30BaTh MpeoOpa3oBaHue
Koiika. CrenaTh Iporto3 (X BEIOpaTh CaMOCTOSTENBHO).



[Ipunoxenus
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[punoxenne 1

JInunble notpeduTensckue pacxop! Hacenaenust CLIA (mupa.jgoon., nenst 1972r)

roaa
CTaThs 1959 | 1960 | 1961 | 1962 | 1963 | 1964 | 1965 | 1966
JIMIHBIA

JTIOXO]T 5449 | 559,7 | 575,4 602 | 622,9 658 | 700,4 | 740,6
JIMYHBINA pac.

JIOXOJT 479,7 | 489,7 | 503,8 | 524,9 | 542,3 | 580,8 | 616,3 | 646,8
COB. JIHY.

pacxoJIsl 440,4 452 | 461,4 482 | 500,5 528 | 557,5 | 585,7
ITuranue 99,7 | 100,9 | 102,5 | 103,5 | 104,6 | 108,8 | 113,7 | 116,6
Opexna 36,3 | 36,6 | 37,3| 389 | 396 | 426 | 442 | 46,9
benszun 13,7 | 142 | 143 | 149 | 153 16| 16,8 | 17,8
MotopHoe

Maclio 52 5,2 4,7 4,7 4,9 5,2 5,5 5,6
Tabak 10,7 | 109 | 11,2 | 112 | 114 | 113 | 116 | 11,7
KocmeTnka 3,1 3,5 3,9 4,2 4,5 4,8 5,3 5,9
JlexapcTBo 3,5 3,9 4,3 4,7 49 51 5,3 55
Ilmara 3a

KUJIbE 60,9 64 67 | 70,7 74 774 | 816 | 85,3
I'az 3,9 4,1 4,3 4,7 49 51 53 54
Bopa 2 2,2 2,3 2,5 2,7 2,8 2,9 3
Tenedou 47 5| 54| 57| 61| 66| 73| 81
Mec.

TPAHCTIOPT 3,9 3,9 3,6 3,6 3,5 3,4 3,3 3,3
Bo3n.

TPAHCIOPT 0,9 0,9 1 1,1 1,2 14 1,6 1,7
MeaumuHckue

ycayra 8,8 9 9,1 98| 10,2 | 119 | 121 | 121
Yenyru

CTOMAToJIOroB 3,2 3,2 3,3 3,5 3,4 3,9 4 4,1
Otapix 9,6 10| 104 | 109 | 11,3 | 116 | 119 | 124
YactHoe

o0pazoBaHue 5,6 6| 63| 66 7| 74| 81| 88
Kyx. O6op. 4,2 4,2 4,2 4.4 46 51 5,2 58
ITocyna 2,6 2,5 2,5 2,6 2,5 2,8 3,1 3,5
108B. U3n. 2,2 2,2 2,2 2,3 2,5 2,6 2,9 3,6
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roja
CTaThs 1967 | 1968 | 1969 | 1970 | 1971 | 1972 1973 1974 1975
JIMIHBIA

JOXOT 774 | 816,2 | 8535 | 876,8 900 | 951,4 | 1007,9 | 1004,8 | 1010,8
JUYHBIN pac.

JIOXOJT 674 | 701,3 | 7225 | 7516 | 779,2 | 810,3 | 8653 | 8584 | 8758
COB. JIUY.

pacxobl 603 | 634,4 | 657,9 | 672,1 | 696,8 | 737,1 768,5 763,6 780,2
ITutanune 119 | 1234 | 1259 | 1294 130 | 1324 129,4 128,1 132,3
Onexna 46,9 49 50 49,4 51,8 55,4 59,3 58,7 60,9
bensun 184 | 199 | 214 | 229 | 242 | 254 26,2 24,8 25,6
MotopHoe

Macio 5,6 53 5 4,7 4,6 5 54 4,2 4,2
Tabax 11,8 11,7 11,4 11,7 11,8 12,2 12,8 13 12,9
Kocmernuka 6,3 6,6 6,8 7 7.1 7.4 7.9 7,8 7,4
JlexapcTBo 58| 64 71 17 8| 87 9,3 9,8 9,7
Ilnara 3a

JKUITbE 89,1 | 935| 984 102 | 1064 | 1125 | 1182 | 1242 | 1283
l'as 57 5,9 6,2 6,3 6,4 6,6 6,4 6,5 6,6
Bona 3 31 33 35 3,6 3,9 41 43 4.4
Tenedon 87| 95| 104 | 112 11,7| 124| 137| 144| 159
Mec.

TPAHCIIOPT 3,2 3,3 3,5 3,4 3,4 3,4 3,4 3,5 3,5
Bosn.

TpaHCTIOPT 2,1 2,4 2,8 2,7 2,8 3,1 34 3,7 3,6
Menaunuackue

yciayru 12,5 12,8 13,6 14,4 14,8 15,7 16,9 17,2 17,8
Yeayru

CTOMATOJIOTOB 4,3 44 4,8 51 5,1 5,3 6,1 6,2 6,4
Otapix 12,7 13,4 14,1 14,6 15,1 15,8 16,9 17,6 17,9
YactHOE

obpaszoBanne 9,3 10 10,6 10,9 11,2 11,7 11,9 11,7 12,1
Kyx. O6op. 6| 66 7] 73| 79| 89 9,9 9,9 9,3
IMocyna 3,7 38 38 3,7 38 4 4,2 4,1 3,7
t0B. U3 39| 41 41| 41 43| 46 5,2 54 5,5
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roaa
CTaThs 1976 1977 1978 1979 1980 1981 1982 1983
JIMYHBII

JIOXOJT 1056 | 1105,4 | 1162,3 | 1200,7 | 1209,5 | 1248,6 | 1254,4 | 1284,6
JIMYHBINA pac.

JIOXOJT 907 | 942,9 | 988,8 | 10155 | 1021,6 | 1049,3 | 1058,3 | 1095,4
COB. JIMY.

pacxozsl 823 | 864,3| 903,2 | 9276 | 931,8 | 950,9 | 963,3 | 1009,2
IIutanue 140 | 1452 | 146,1 | 149,3 | 153,2 153 | 1546 | 161,2
Onexna 63,8 67,5 73,6 76,7 77,9 82,6 84,2 88,5
Bensun 26,8 27,7 28,3 27,4 25,1 25,1 25,3 26,1
MoTopHoe

Macjio 4,6 4.4 4,7 4,7 3,9 3,6 3,6 4
Tabak 13,7 13,1 13,5 13,7 13,6 14 13,7 13
Kocmeruka 7,5 7,8 8,1 8,4 8,3 8,3 8,1 8,1
JlexapcTBo 10 10,2 10,4 10,8 10,7 10,6 10,3 10,2
Ilmara 3a

JKUJIbE 135 | 141,3| 1485 | 1548 | 1598 | 164,8 | 1675 | 171,3
I'az 6,7 6,5 6,7 6,6 6,6 6,3 6,4 6
Bona 4,3 4.4 4,5 4,8 51 51 51 51
Tenegon 17,1 18,3 20 21,6 22,7 23,3 24,1 24,2
Mec.

TPAHCTIOPT 3,6 3,6 3,7 3,8 3,5 3,2 3,2 3,1
Bo3n.

TpaHCIIOPT 4 4,3 4,7 51 4,6 4,1 3,7 3,8
MeaumuHckue

yciayru 18 19,2 18,6 20,1 215 22 22,4 23,3
Yeayru

CTOMATOoJIOroB 6,9 7,2 8,1 7,9 8,1 8,5 8,6 8,5
Orapix 19,1 20,4 21,8 22,2 23,4 26,1 27,7 29,8
YactHOE

obpaszoBaHue 12,2 12,2 12,7 13,1 13,3 13,7 13,6 13,7
Kyx. O6op. 97| 105] 111| 119| 121 | 124| 119]| 127
IMocyna 3,9 4,1 4,3 4,5 4.4 4.4 43 4,7
I0B. U3p. 6,1 6,3 6,8 6,7 6,3 6,6 6,7 7
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JednaTops! meH A TUIHBIX MMOTPEOUTETHCKIX PACX0I0B
(1972r=100%)

rojaa
CTaThsl 1959 1960 1961 | 1962 | 1963 | 1964 | 1965 | 1966
COB. JIMY.

pacxozsl 70,6 71,9 72,6 | 73,7 | 748 | 759 | 772 | 794
IMTuranne 69 69,8 706 | 714 | 724 | 737| 755 | 794
Onexna 72 72,9 734 | 73,7 | 745 75| 75,8 78
bensun 82,2 84,5 839 | 845 | 845 | 844 | 875 | 895
MotopHoe

Maciio 77,7 76,2 79,3 | 79,3 81| 79,1| 80,8 83
Tabak 61 63,2 638 | 644 | 658 | 67,1| 698 | 729
Kocmertuka 84,6 84,5 84,3 | 851 | 854 | 85| 851 | 84,1
JlekapcTBo 98,8 98,9 978 | 96,2 | 954 | 952 | 948 | 951
Ilnara 3a

JKHJIbE 73,8 75,1 76,3 | 774 | 784 | 793 | 80,3 | 815
las 74,9 79,8 809 | 808 | 808 | 811 | 814 | 819
Bona 58,4 60,2 61,8 | 634 | 654 | 66,5 68 | 705
Temedpon 88,3 89,6 89,9 | 89,9 90| 90,1 | 88,9 87
Mec.

TPaHCIOPT 51,10 | 52,60 | 54,70 | 57,10 | 58,50 | 60,30 | 61,70 | 64,50
Bosn.

TPaHCIOPT 68,90 | 73,60 | 78,40 | 82,40 | 76,40 | 76,10 | 76,50 | 76,60
MenunuHcKkue

yciayru 56,1 57,6 59,1 | 608 | 62,2 | 63,7 | 658 | 69,9
Yenyru

CTOMAaTOoJI0roB 60,90 | 62,10 | 62,40 | 64,00 | 65,90 | 67,50 | 69,60 | 72,00
Orapix 61,10 | 63,70 | 65,80 | 67,50 | 69,40 | 71,80 | 73,90 | 76,60
YactHOE

obpasoBanue 61,50 | 62,80 | 63,80 | 65,30 | 66,90 | 68,50 | 70,50 | 73,60
Kyx. O6op. 103,60 | 102,20 | 100,10 | 97,80 | 95,90 | 94,90 | 92,60 | 91,10
ITocyna 68,20 | 70,30 | 71,10 | 72,90 | 75,30 | 76,60 | 76,50 | 78,10
I0B. U3p. 86,50 | 86,40 | 86,50 | 86,50 | 86,90 | 92,20 | 89,60 | 85,40
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rojaa
CTaThsl 1967 | 1968 | 1969 | 1970 | 1971 1972 1973 1974 1975
COB. JIUY.

pacxozsl 81,4 84,6 884 | 925 96,5 100 | 105,7 | 116,3 | 1252
ITutanune 80 83,1 875 | 925 94,9 100 | 1143 | 130,8 | 140,1
Onexna 81,4 86 91 94,8 97,8 100 | 1036 | 1105 | 114,2
bensun 92,4 93,8 97 97,9 98,7 100 | 1094 | 147,7 | 157,7
MotopHoe

MacJIo 85,6 88,3 90,2 93,6 99,5 100 | 1148 | 1824 | 1974
Tabax 75,5 80,3 85,6 92 95,7 100 | 1028 | 107,8 | 1155
KocmeTnka 85,5 88,1 92,1 94,4 97,4 100 | 102,7 | 1139 | 1283
JlekapcTBo 94,7 94,9 95,9 98 99,7 100 | 100,3 | 1038 | 1125
Ilmara 3a

KUJIbE 83,2 854 | 884 | 921 96,5 100 | 1048 | 1106 | 116,8
T'az 81,7 82,5 84 | 88,6 95 100 | 1045 | 117,7 | 1409
Bopga 72,2 75,6 80,7 87 96,3 100 | 105,22 | 1115 | 122,3
Tenegon 88 88,1 89,2 90,3 94,7 100 | 102,6 107 | 110,4
Mec.

TPaHCIIOPT 69,00 | 73,30 | 78,30 | 88,60 | 95,20 | 100,00 | 101,20 | 104,60 | 112,70
Bo3n.

TpaHCIopT 76,80 | 78,40 | 84,30 | 90,90 | 97,50 | 100,00 | 103,90 | 112,70 | 122,70
MeaumuHckue

yciayru 74,8 78,9 84,4 | 90,7 97 100 | 103,1 | 1125 | 1264
Yeayru

CTOMATOJIOTOB | 7560 | 79,70 | 85,40 | 90,20 | 96,00 | 100,00 | 103,00 | 110,90 | 122,30
Orapix 79,60 | 84,40 | 88,60 | 93,10 | 97,50 | 100,00 | 103,30 | 109,80 | 117,20
YactHOE

obpasoBanue 76,80 | 80,30 | 85,10 | 90,60 | 95,30 | 100,00 | 107,30 | 120,40 | 131,20
Kyx. O6op. 91,20 | 93,10 | 95,10 | 97,50 | 99,50 | 100,00 | 100,10 | 105,20 | 116,90
[ocyna 80,30 | 86,80 | 90,40 | 93,20 | 95,80 | 100,00 | 105,70 | 118,60 | 139,50
I0B. U3p. 86,50 | 89,20 | 94,20 | 95,80 | 97,70 | 100,00 | 103,60 | 109,50 | 117,40




58

roja
CTaThs 1976 1977 1978 1979 1980 1981 1982 1983
COB. JIUY.

pacxonbl 131,7 139,3 149,1 162,5 179 194,5 206 213,6
Tutanue 1434 | 1496 | 1649 | 1824 | 1966 | 2133 | 2221 | 2265
Onexza 1179 | 1225 | 1255 | 1292 | 1343 | 1384 141 | 1436
Bensnn 1643 | 1737 | 1813 | 2432 | 3379 | 3764 | 3566 | 3449
MotopHoe

MacJIo 212 239,9 252,7 340,2 470,8 571,7 565,3 531,2
Tabax 1204 | 126,2 133 141 152 | 1642 | 1827 | 2184
Kocmernka 1356 | 1433 | 1511 | 161,5| 1762 | 1944 | 2105 | 2229
JlekapcTBo 1193 127 | 1359 | 1457 | 1591 | 1766 | 1947 | 2114
Ilmara 3a

KUJIbE 123,4 131,6 141,2 152,5 166,5 183,2 199,3 212,1
Ta3 164,8 | 1956 | 214,9 | 2492 297 | 3368 | 4042 | 4734
Bona 1359 | 1505 | 1674 | 1751 | 1861 | 2084 | 2332 | 2526
Tenegon 1143 | 1156 117 | 1166 | 1187 | 1301 | 1435 | 1526
Mec.

TPAHCIIOPT 122,70 | 129,30 | 134,90 | 143,60 | 166,30 | 196,10 | 215,00 | 220,30
Bozn.

TPaHCTIOPT 132,90 | 141,00 | 147,50 | 159,20 | 217,00 | 273,60 | 302,00 | 319,90
MenunuHcKkue

yciayru 140,6 153,6 166,2 181,6 200,5 2225 243,5 262,4
Yeayru

CTOMATONOroB | 13020 | 139,90 | 149,70 | 162,30 | 181,60 | 198,90 | 214,30 | 228,70
Otapix 122,40 | 127,60 | 134,20 | 142,60 | 153,10 | 163,40 | 171,80 | 178,80
YacrHoe

o0paszoBanue 140,20 | 149,10 | 161,00 | 177,40 | 198,20 | 218,40 | 231,70 | 242,40
Kyx. OGop. 123,40 | 127,80 | 134,40 | 141,70 | 148,80 | 157,40 | 167,00 | 171,90
ITocyna 148,30 | 154,50 | 163,80 | 177,30 | 195,70 | 215,30 | 224,40 | 228,60
I0B. U3p. 121,20 | 123,00 | 12950 | 141,50 | 176,70 | 183,70 | 179,50 | 182,40
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IIpuioxenne 2
CnpaBoyHble TA0JIULBI

Pacnpenenenue CteionenTa (I-pacmpenesicHue)

YPOBEHb 3HAUUMOCTH
0.40 0.25 0.10 0.05 0.025 0.01 0.005

1 0,325 1,000 3,078 6,314 12,706 31,821 63,657

2 0,289 0,816 1,886 2,920 4,303 6,965 9,925

3 0,277 0,765 1,638 2,353 3,182 4,541 5,841

4 0,271 0,741 1,533 2,132 2,776 3,747 4,604

5 0,267 0,727 1,476 2,015 2,571 3,365 4,032

6 0,265 0,718 1,440 1,943 2,447 3,143 3,707

7 0,263 0,711 1,415 1,895 2,365 2,998 3,499

8 0,262 0,706 1,397 1,860 2,306 2,896 3,355

9 0,261 0,703 1,383 1,833 2,262 2,821 3,250

10 0,260 0,700 1,372 1,812 2,228 2,764 3,169

11 0,260 0,697 1,363 1,796 2,201 2,718 3,106

12 0,259 0,695 1,356 1,782 2,179 2,681 3,055

13 0,259 0,694 1,350 1,771 2,160 2,650 3,012

14 0,258 0,692 1,345 1,761 2,145 2,624 2,977

. 15 0,258 0,691 1,341 1,753 2,131 2,602 2,947
gl 16 0,258 0,690 1,337 1,746 2,120 2,583 2,921
L§ 17 0,257 0,689 1,333 1,740 2,110 2,567 2,898
;E 18 0,257 0,688 1,330 1,734 2,101 2,552 2,878
§ 19 0,257 0,688 1,328 1,729 2,093 2,539 2,861
2] 20 0,257 0,687 1,325 1,725 2,086 2,528 2,845
; 21 0,257 0,686 1,323 1,721 2,080 2,518 2,831
% 22 0,256 0,686 1,321 1,717 2,074 2,508 2,819
23 0,256 0,685 1,319 1,714 2,069 2,500 2,807

24 0,256 0,685 1,318 1,711 2,064 2,492 2,797

25 0,256 0,684 1,316 1,708 2,060 2,485 2,787

26 0,256 0,684 1,315 1,706 2,056 2,479 2,779

27 0,256 0,684 1,314 1,703 2,052 2,473 2,771

28 0,256 0,683 1,313 1,701 2,048 2,467 2,763

29 0,256 0,683 1,311 1,699 2,045 2,462 2,756

30 0,256 0,683 1,310 1,697 2,042 2,457 2,750

40 0,255 0,681 1,303 1,684 2,021 2,423 2,704

50 0,255 0,680 1,296 1,676 2,009 2,403 2,678

60 0,255 0,679 1,296 1,671 2,000 2,390 2,660

80 0,254 0,679 1,292 1,664 1,990 2,374 2,639

100 0,254 0,678 1,290 1,660 1,984 2,365 2,626

120 0,254 0,677 1,289 1,658 1,980 2,358 2,467

200 0,254 0,676 1,286 1,653 1,972 2,345 2,601
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Pacnpenencnue @umiepa (F-pacnpenenenue)

a =010 YHUCIIO CTereHel CBoOopI V1

1 2 3 4 5 6 7 8 9 10 11 12 15 20 24 30 40 60 | 120

39,86 | 49,50 53,59 55,83 57,24 | 58,20 5891 | 59,44 | 59,86 | 60,19 60,50 | 60,71 | 61,22 | 61,74 | 62,00 62,26 62,53 | 62,79 63,06

8,53 | 900 | 916 | 924 | 9,29 | 933 | 935 | 9,37 | 938 | 9,39 | 940 | 941 | 9,42 | 9,44 | 945 | 9,46 | 947 | 9,47 | 9,48

554 | 546 | 539 | 534 | 531 | 528 | 527 | 525 | 524 | 523 | 522 | 522 | 520 | 518 | 518 | 517 | 516 | 5,15 | 5,14

454 | 432 | 419 | 411 | 405 | 401 | 3,98 | 3,95 | 394 | 392 | 391 | 390 | 3,87 | 3,84 | 3,83 | 3,82 | 3,80 | 3,79 | 3,78

406 | 3,78 | 362 | 352 | 345 | 340 | 337 | 3,34 | 332 | 330 | 328 | 327 | 324 | 321 | 3,19 | 3,17 | 316 | 3,14 | 3,12

3,78 | 346 | 3,29 | 3,18 | 3,11 | 3,05 | 301 | 2,98 | 296 | 294 | 292 | 290 | 2,87 | 2,84 | 2,82 | 2,80 | 2,78 | 2,76 | 2,74

359 | 326 | 3,07 | 296 | 2,88 | 283 | 2,78 | 2,75 | 2,72 | 2,70 | 2,68 | 2,67 | 2,63 | 2,59 | 2,58 | 2,56 | 254 | 2,51 | 2,49

346 | 311 | 292 | 281 | 2,73 | 2,67 | 262 | 259 | 256 | 254 | 252 | 250 | 2,46 | 2,42 | 2,40 | 2,38 | 2,36 | 2,34 | 2,32

O|O(N|[O T [WIN|F-

3,36 | 301 | 281 | 269 | 261 | 255 | 251 | 247 | 244 | 242 | 2,40 | 238 | 234 | 2,30 | 228 | 2,25 | 223 | 2,21 | 2,18

=
o

329 | 292 | 2,73 | 261 | 252 | 246 | 241 | 2,38 | 235 | 232 | 230 | 228 | 224 | 220 | 2,18 | 2,16 | 2113 | 2,11 | 2,08

=
[N

3,23 | 286 | 2,66 | 254 | 245 | 239 | 234 | 230 | 227 | 225 | 2,23 | 221 | 217 | 2,12 | 2,10 | 2,08 | 2,05 | 2,03 | 2,00

0051 V2

[a=y
N

318 | 281 | 261 | 248 | 239 | 233 | 228 | 224 | 221 | 219 | 217 | 215 | 210 | 206 | 204 | 201 | 1,99 | 1,96 | 1,93

[E
w

314 | 2,76 | 256 | 243 | 235 | 228 | 223 | 220 | 216 | 214 | 212 | 2,10 | 205 | 201 | 1,98 | 1,96 | 1,93 | 1,90 | 1,88

i
~

310 | 2,73 | 252 | 239 | 231 | 224 | 219 | 215|212 | 210 | 2,08 | 205 | 2,01 | 1,96 | 1,94 | 1,91 | 189 | 1,86 | 1,83

[
[$3]

307 | 270 | 249 | 236 | 227 | 221 | 216 | 2,12 | 209 | 2,06 | 2,04 | 202 | 197 | 192 | 190 | 1,87 | 1,85 | 1,82 | 1,79

3,05 | 267 | 246 | 233 | 224 | 218 | 213 | 2,09 | 206 | 2,03 | 2,01 | 199 | 1,94 | 1,89 | 1,87 | 1,84 | 181 | 1,78 | 1,75

-
-

303 | 264 | 244 | 231 | 222|215 | 210 | 206 | 203 | 200 | 1,98 | 196 | 191 | 186 | 1,84 | 1,81 | 1,78 | 1,75 | 1,72

[
©

301 | 262 | 242 | 229 | 220|213 | 208 | 2,04 | 200 | 1,98 | 196 | 193 | 1,89 | 1,84 | 1,81 | 1,78 | 1,75 | 1,72 | 1,69

=
©

299 | 261 | 240 | 2,27 | 218 | 211 | 206 | 202 | 198 | 196 | 1,94 | 191 | 186 | 181 | 1,79 | 1,76 | 1,73 | 1,70 | 1,67

YHCIIO CTEMECHEH CBO
=
o

20 | 297 | 259 | 238 | 225 | 216 | 2,09 | 204 | 200 | 196 [ 194 | 192 | 189 | 184 | 1,79 | 177 | 1,74 | 1,71 | 168 | 1,64
22 | 295 | 256 | 235 | 222 | 213 | 206|201 | 197 | 193|190 | 188 | 186 | 181 | 176 | 173 | 1,70 | 1,67 | 1,64 | 1,60
24 1293 | 254|233 219 |210[204 198|194 191|188 185|183 | 178|173 | 170|167 | 164|161 | 157
26 | 291|252 | 231|217 | 208|201 )19 |192 | 188|186 | 184|181 | 176 | 171|168 | 165 | 161 | 158 | 1,54
28 | 289|250 | 229|216 | 206|200 ) 194 |19 | 187 184|181 179 | 174|169 | 166 | 163 | 159 | 156 | 1,52
30 | 288 | 249 | 228 | 214 | 205|198 | 193 | 188 | 185|182 | 179|177 | 172 | 167 | 164|161 | 157|154 | 150
40 | 2,84 | 244 | 223 | 2,09 | 200 | 193 | 187 [ 183 | 1,79 | 1,76 | 1,73 | 1,71 | 166 | 161 | 1,57 | 1,54 | 1,51 | 1,47 | 1,42
60 | 2,79 | 239 | 218 | 2,04 | 1,95 | 1,87 | 1,82 | 1,77 | 1,74 | 1,71 | 168 | 1,66 | 1,60 | 154 | 151 | 1,48 | 1,44 | 1,40 | 1,35
120 | 2,75 |1 235 {213 | 1,99 | 190 | 182 | 177 | 1,72 | 1,68 | 165 | 1,62 | 160 | 155 | 1,48 | 145 | 141 | 1,37 | 132 | 1,26
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a=0,05 YHCIIO CTEeNeHeH cBo6omb v1

1 2 3 4 5 6 7 8 9 10 11 12 15 20 24 30 40 60 120

1 161 200 216 | 225 230 234 | 237 239 271 | 242 243 244 | 246 248 249 | 250 251 252 | 253

2 18,5 19,0 19,2 19,2 19,3 19,3 19,4 19,4 19,4 19,4 19,4 19,4 19,4 19,4 19,5 19,5 19,5 19,5 19,5

3 10,1 9,55 9,28 9,12 9,01 8,94 8,89 8,85 8,81 8,79 8,76 8,74 8,70 8,66 8,64 8,62 8,59 8,57 8,55

4 7,71 | 694 | 6,59 | 6,39 | 6,26 | 6,16 | 6,09 | 6,04 | 6,00 | 596 | 594 | 591 | 586 | 580 | 5,77 | 5,75 | 5,72 | 5,69 | 5,66

5 6,61 | 579 | 541 | 519 | 505 | 495 | 488 | 482 | 4,77 | 4,74 | 471 | 468 | 462 | 456 | 453 | 450 | 4,46 | 4,43 | 4,40

6 599 | 514 | 476 | 453 | 439 | 4,28 | 421 | 415 | 4,10 | 4,06 | 4,03 | 400 | 3,94 | 3,87 | 3,84 | 3,81 | 3,77 | 3,74 | 3,70

7 559 | 474 | 435 | 4,12 | 397 | 3,87 | 3,79 | 3,73 | 3,68 | 3,64 | 360 | 3,57 | 351 | 3,44 | 341 | 3,38 | 3,34 | 3,30 | 3,27

8 532 | 446 | 407 | 3,84 | 369 | 3,58 | 350 | 344 | 339 | 3,35 | 331 | 3,28 | 322 | 3,15 | 3,12 | 3,08 | 3,04 | 3,01 | 2,97

9 512 | 4,26 | 3,86 | 3,63 | 3,48 | 3,37 | 3,29 | 3,23 | 3,18 | 3,14 | 3,10 | 3,07 | 3,01 | 294 | 290 | 2,86 | 2,83 | 2,79 | 2,75

Q 10 | 496 | 410 | 3,71 | 3448 | 333 | 3,22 | 3,14 | 3,07 | 3,02 | 298 | 294 | 291 | 2,85 | 2,77 | 2,74 | 2,70 | 2,66 | 2,62 | 2,58
3 11 | 484 | 398 | 359 | 3,36 | 3,20 | 3,09 | 301 | 295 | 290 | 285 | 282 | 2,79 | 2,72 | 265 | 2,61 | 257 | 253 | 2,49 | 2,45
§ 12 | 4,75 | 3,89 | 349 | 3,26 | 3,11 | 3,00 | 291 | 285 | 2,80 | 2,75 | 2,72 | 2,69 | 2,62 | 254 | 251 | 2,47 | 243 | 2,38 | 2,34
2 13 | 467 | 3,81 | 341 | 3,18 | 303 | 292 | 283 | 2,77 | 2,71 | 2,67 | 2,63 | 2,60 | 2,53 | 2,46 | 2,42 | 2,38 | 2,34 | 2,30 | 2,25
,; 14 460 | 3,74 | 3,34 | 3,11 | 296 | 2,85 | 2,76 | 2,70 | 2,65 | 2,60 | 257 | 253 | 2,46 | 2,39 | 2,35 | 2,31 | 2,27 | 2,22 | 2,18
% 15 | 454 | 3,68 | 3,29 | 3,06 | 290 | 2,79 | 2,71 | 264 | 259 | 254 | 251 | 2,48 | 352 | 3,37 | 3,29 | 3,21 | 3,13 | 3,05 | 2,96
5 16 449 | 3,63 | 3,24 | 301 | 285 | 2,74 | 266 | 259 | 254 | 249 | 246 | 242 | 235 | 228 | 2,24 | 2,19 | 2,15 | 2,11 | 2,06
5 17 | 4,45 | 359 | 3,20 | 2,96 | 2,81 | 2,70 | 2,61 | 255 | 249 | 2,45 | 241 | 238 | 2,31 | 223 | 2,19 | 2,15 | 2,10 | 2,06 | 2,01
% 18 441 | 355 | 3,16 | 293 | 2,77 | 2,66 | 258 | 251 | 2,46 | 241 | 237 | 2,34 | 2,27 | 219 | 2,15 | 2,11 | 2,06 | 2,02 | 1,97
B 19 438 | 352 | 3,13 | 290 | 2,74 | 2,63 | 254 | 248 | 2,42 | 238 | 2,34 | 231 | 2,23 | 2,16 | 2,41 | 2,07 | 2,03 | 1,98 | 1,93
20 | 435 | 349 | 3,10 | 287 | 2,71 | 260 | 251 | 2,45 | 2,39 | 235 | 2,31 | 228 | 2,20 | 2,12 | 2,08 | 2,04 | 1,99 | 1,95 | 1,90

22 430 | 344 | 305 | 282 | 266 | 255 | 2,46 | 240 | 2,34 | 230 | 2,26 | 2,23 | 2,15 | 2,07 | 2,03 | 1,98 | 1,94 | 1,89 | 1,84

24 | 426 | 3,40 | 301 | 2,78 | 262 | 251 | 242 | 2,36 | 230 | 225 | 2,21 | 2,18 | 2,11 | 203 | 1,98 | 1,94 | 1,89 | 1,84 | 1,79

26 423 | 3,37 | 298 | 2,74 | 259 | 247 | 239 | 2,32 | 227 | 222 | 218 | 215 | 2,07 [ 199 | 1,95 | 190 | 185 | 1,80 | 1,75

28 | 420 | 3,34 | 295 | 2,71 | 256 | 2,45 | 2,36 | 229 | 2,24 | 219 | 2,15 | 2,12 | 2,04 | 196 | 1,91 | 1,87 | 1,82 | 1,77 | 1,71

30 | 4,17 | 332 | 292|269 | 253|242 | 233|227 | 221|216 | 213|209 | 201|193 | 189|184 | 1,79 | 1,74 | 1,68

40 408 | 3,23 | 284 | 261 | 245 | 2,34 | 225 | 2,18 | 2,12 | 208 | 2,04 | 200 | 1,92 | 1,84 | 1,79 | 1,74 | 169 | 1,64 | 1,58

60 400 | 3,15 | 2,76 | 253 | 237 | 2,25 | 2,17 | 2,10 | 2,04 | 199 | 195 | 192 | 184 | 1,75 | 1,70 | 1,65 | 1,59 | 1,53 | 1,47

120 | 392 | 3,07 | 2,68 | 245 | 229 | 217 | 2,09 | 202 | 196 | 191 | 187 | 1,83 | 1,75 | 166 | 161 | 1,55 | 1,50 | 1,43 | 1,35
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Pacnipenenenue lapOuna-Yorcona
a =0,01 (n— 06bem BLIGOPKH, M — YUCITO OOBACHAIOMMX TIEPEMEHHBIX B
YpaBHEHHH PETPECCHH)

m=1 m=2 m=3 m=4
dil d2 di d2 di d2 dl d2

0,390 | 1,142

0,433 | 1,036 | 0,294 | 1,676

0,497 | 1,003 | 0,343 | 1,489 | 0,229 | 2,102

[(ol{ee i ENR o))

0,554 |1 0,998 | 0,408 | 1,389 | 0,279 | 1,873 | 0,183 | 2,433

10 0,604 | 1,001 | 0,466 | 1,333 | 0,340 | 1,733 | 0,230 | 2,193

11 10,633 1,010 | 0,319 | 1,297 | 0,396 | 1,640 | 0,286 | 2,030

12 10,697 | 1,023 | 0,369 | 1,274 | 0,449 | 1,373 | 0,339 | 1,913

130,738 | 1,038 | 0,616 | 1,261 | 0,499 | 1,326 | 0,391 | 1,826

14 10,776 | 1,034 | 0,660 | 1,234 | 0,347 | 1,490 | 0,441 | 1,737

15]0,811 | 1,070 | 0,700 | 1,232 | 0,391 | 1,464 | 0,488 | 1,704

16 1 0,844 | 1,086 | 0,737 | 1,232 | 0,633 | 1,446 | 0,332 | 1,663

17108741102 | 0,772 | 1,233 | 0,672 | 1,432 | 0,374 | 1,630

18 10,902 | 1,118 | 0,803 | 1,239 | 0,708 | 1,422 | 0,613 | 1,604

1910928 | 1,132 | 0,833 | 1,263 | 0,742 | 1,413 | 0,630 | 1,384

2010932 1,147 |1 0,863 | 1,271 | 0,773 | 1,411 | 0,683 | 1,367

2110973 /1,161 | 0,890 | 1,277 | 0,803 | 1,408 | 0,718 | 1,334

2210997 11,174 10,914 | 1,284 | 0,831 | 1,407 | 0,748 | 1,343

231,018 | 1,187 | 0,938 | 1,291 | 0,838 | 1,407 | 0,777 | 1,334

24 11,037 1,199 | 0,960 | 1,298 | 0,882 | 1,407 | 0,803 | 1,328

25]1033 /1,211 0,981 | 1,303 | 0,906 | 1,409 | 0,831 | 1,323

261072 |1,222 {1,001 |1,312|0,928 | 1,411 | 0,833 | 1,318

271,089 123310191319 |0949]1413)|0,878 1,313

28 11,104 | 1,244 | 1,037 | 1,323 | 0,969 | 1,413 | 0,900 | 1,313

291,119 11,234 |1034|1,332|0,988|1,418 | 0,921 | 1,312

301,133 /1,263 1,070 1,339 | 1,006 | 1,421 | 0,941 | 1,311

35(1193 /1,307 1,140 | 1,370 | 1,083 | 1,439 | 1,028 | 1,312

40 11,246 11,344 11,198 | 1,398 | 1,148 | 1,437 | 1,098 | 1,318

501,324 | 1,403 | 1,283 | 1,446 | 1,243 | 1,491 | 1,203 | 1,338

100 1,322 | 1,362 | 1,303 | 1,383 | 1,482 | 1,604 | 1,462 | 1,623






