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IMpepucnosue

DKOHOMETPHK2 NMPEACTARNAET COOOM HAY4HYIO O0NACTh HA CTHIKE IKOHO-
MHYECKOI ¥ MATEMATHYECKOH HayK, B pamMKaX KOTOPOH Ha OCHOBE yCTanoB-
NEHHBIX JKOHOMUHECKOR TCOPHEH 3a8HCHMOCTEN MEKIY SKOHOMHYSCKHMY fe-
PEMEHHBIMU C IOMOLIBIO CTATHCTHUECKHX METOIOB AHANH3A PEANBHBIX NAHHBIX
OCYLIECTBIACTCR Pa3paboTka 4ASKBATHBIX MOAEAEH HCCAEAYEMBIX IPOLIECCOB.

[pakTuueckoe pykoBOKCTBO «IKOHOMETPHKA: MOAETh MHOKECTBEHHOM
JIMHEARON  PErpecCuMy  NPEQHA3HayeHO 414 CTYAGHTOB  CNELHaNbHOCTH
13103 06-01 DronoMmuseckas KufepHeTHRa (MATEMATHUCCKHE METONb W
KOMMBIOTEPHOE MOAENHPOBAHUE B IKOHOMHKE).

TeMbl 1IpaKTIYeCKOro PyKOBOACTBA HMEIOT HIEHTHYHYIO CTPYKTYPY:
KPATKHE TEOPCTUMECKHE CBEACHMSA, PELICHHE THITORBIX NPUMEPOB, 3aJTaHUS LIS
21aBopaTopHEIX PaboT. YTO MO3BOMAET HCTIOUB30BATE €0 Kak ATA NPOBEICHUA
1aG0paTOPHBIX 3aHATHI, TAK H JUIR OPraHH3AUHA CAMOCTOATEILHON YueOHON
paboTbl CTyAEHTOB.

TlpakTuueckoe PYKOBOZCTBO SB/IRETCA OCHOBOH IS MOATOTOBKA M Bbi-
TOAHCHUS TaBOPATOPHBIX PaGoT, CBA3AHHLIX ¢ NOCTPOCHHEM, AHANHIOM H KO~
PEKTUPOBKOA MOJEN MHOKCCTBEHHOM MHHEHNOH perpeccus. OCOOEHHOCTBICG
aHHOTO PYKOBOLCTBA ABIACICH TO, YTO BLIYMC/INTEAbHbIE NPOLEXYPbI OCY-
UIECTRISIOTCH ACTANLHO C MCNOJbL30BAHKEM B KAuecTRE MHCTPYMEHTa PactieToB
MS Excel 2010. Takol 101X01 NO3BOASET «NPOUYBCTROBATLY MPOLECC NO-
CTPOSHI W AHANU3A MOAenei, npnodpecTd onpeneieHHbl onwIT, cnocob-
CTRYIOUIMA B HambHeitieM Goree rnyGoOKOMY NOHMMaHRIO H OCMBICICHUIO pe-
3Yy:JIbTATOB, NOMY4YAEMbIX 1ipH paboTe ¢ IKOHOMETPHYECKMMH RAKETamy [pH-
KI3UHBIX MPOrpamMm.

Jlannoe #3maHuC He 3AMEHSRT KNACCHUECKHX yYeOHMKOB TI0 IKOHOMCT-
PHKE, a THIb BRICTYNAET B KAaYeCTBE PYKOBOACTRA K BEINOMHEHHIO 1abopaTop-
HLEX PabOT. @ TAKKE CTYKHT A% CAMOCTORTE1bHOMO W3YHEHHS OTHE/1bHbIX BO-
NDOCOB AMCLMIIMIIGL, B NPaKTUHCCKOM PYKOBOACTBE NPELTATACTCH CIIACOK
JUTEPATYPLE i B0.1CE IN1yGOKOTO H3YHEHHA MaTepHana.

1 Moxe:1b MHOKECTBEHHOH JIHHEHHOH perpeccuu
1.1 KpaTkHe TeOpeTHIeCKHE CBEACHIA.

1.2 Pelnenue THNOBOFO fIpHMEPA.

1.3 3anaunus ana naboparopuoit pabots: 1.

1.1 KpaTKHc TEOPETHILCKHE CBEXCHUS

1.1.1 Moge: b MHOXKECTBEHHOH Aunefnoi
perpeccHH B nNpeano/ ax Iayeca-Map

Perpe (b(E MOJENY fip STCS ANS UCCICIOBAHWA 3aBUCUMOCTH
P
CPEAHETO THAUEHHA NepeMEAHOH ¥ OT OGBACHAIOLINX HEPEMEHITHIX (dakTopos}
Xy, X, ...y X Mozienlb MHOKECTBEHHOT AMHCTHOA perpeccun {the muliiple
linear regression model) onuchIBaeTcA COOTHOLUEHUEM
Ye=Bo+ Bixn + Poxg + oot B X + 8 (1.1)
Iie , — 3HatueHne 3aBUCUMOIT (IHIOreHHOM) nepeMeHHOMA Y 8 Habnionexun 7;
Xty X2y +er Xom — IHRUEHUA HE3ABHCHMBIX (OGDACHAIOUINX, IKIOTEHITBIX)
riepemendbix X), Xa, ooy XnB HabnoaeHus f;
& - chyvaithas ownGxa 8 HabmogeHan £, i =1, ..., n.
Koaddmunearol Mozens o, By, ..., B BAIBIBAIOTCA napasemparn Moienu
(1.1), CTAKITCA HEMIBECTHBIMHU B IORTEHKAT OLUSHABAHHIO.
Ilpu m =1 mogeas y, = Bo + B\x; HAIBIBACTCA MOJEALIO NAPIHOL AUHEUHOU
pecpeccuu Y na X. )
Monens MuOKecTBeHHOH funeiinol perpeccum (1.1) B MaTpuunoit Gopme
HMEET BH

Y=X-B+E (2
3nece Y= (i 2 H._V,,)'l — pexrop-cTonGeu HalnoNaeMBbIX 3HAYEHNH 3aBH-
cwMoit lepemenHoR ¥ pasMepHocTH 7 %
e

x=| 10X X | — MaTpHUa HAOMIOAAEMBIX 3HAUEHNH, DOBACHAIOLIX

LI xnl Xn: L xmn |

NepeMEnHbIX Pa3MepHOCTH Ax{m + 1), 1-i cTOI0EM KOTOPOH ABIETCH CAUKHY-
HbIM, TAK KaK B MOZENH PErpeccHH (1.1) koahuuueHT By yMHONKaETCH Ha 13

B =B B> s Bnm) — BekTOp-cTOMGEU HEH3BECTHBIX MAPAMETPOB (k03(-
(uumerTos) moaenu (1.1) pasMepHocTH (m+1)x 1

&= (& &y -.s &m) — BEKTOP-CTOAOSU CTYHAMHBIX ouwsmbox mosenu (1.1)
pa3MepHacTH 71 % 1.

OxunaeMoe B COOTBETCTBAM ¢ moaenbio (1.1) 3nauenue 3asucumol

]




nepeMenHoll ¥ ONpeaenseTcs kak YCOBHOE MaTeMATHUECKOE OWRHIAHHE Clry-
HAAHOR BESTMHHHB! ), MPH YCNOBAK, YTO BEXTOP OOBACHAIOUIMX NEPEMERIILX
(X1, X5, ..., X)) upunnmaer DHKCHPOBAHHOE IHAYEHHE X, = (X X2 i)

My ix=Bo+ Bixn + Bxat ... B Xumy 1= 1, oom

Cnyvaiireie seamiunb {£,} XApaKTePU3yT OTKIOHEHHE HAOMOAZEMbIX
3IHAYCHHUIT 33BHCHMO TEPEMEHHOM ¥ OT ee 0KMIAEMBIX IHAYEHNE B COOTRET-
CTBHH ¢ Monensio (1.1) n 0BycioBReHb! NeHCTBHCN HCYUTEHHBIX B MOAEIN
CAYMARHBIX «HEPETYARPHBIX» (GakIopos.

Mogens MHOKECTBEHHOM THelKOM perpecchy HA3bIBaeTCA HOPMANLHON,
€CI BBIIONHAKOTCS NPEANOCHUTKE [ ayeca-Mapkosa.

1Tpennonosxetins OTHOCHTETBHO OBBACHAIOUINX IEPEMEHHDIX:

X.1 nepemestiie Xy, Xz, ..., X, ABUSIOTCS JIETEPMBHHPOBAHRLIMH;

X.2 uucno HabMoNCHIH 1 yIOBACTBOPsET YCAOBHIO 7> 11 + |}

X.3 Matpuua X sangeTcs MaTphueil 10IHoro paura rank(X)=m + 1.
TO €CTh CTONOLL! MATPULbI X ABIRIOTCH NUHEHHO HE3ABHCAMBIMAL BEKTOPAMU.

2 [MpennoRoKeHHs OTHOCHTE IEHO CIV9aitHbix onrubok Hab.moesuit;

&1 Marematiueckoe oXUAAHNE CryvalitbX OlHGOK {5} paBHo HYIO Afts

Beex nalimomennd, To ecre M(E) = 0,71, .., n;
&2 (roMOCKeacTHIHOCTb) AMCTIEpCHS cayqaireix omubok {&} spnsercs
NOCTOSHIOH 4718 BeeX HabnoaeHuii, Yo ecTh Dig)= M(@f )= cz, 1=1,..,n

&3 cayuaitubie oLNGKH HEKOPPETHPOBAKL! U1d pasubix HauoaeHui
cov(&, E) =0, 1 #s. 4, 5= 1,

&4 cayuaitnsle ownGkn {£} umeroT coumecTHoe HOPMATILHOC pacTipese-
JICHHE C HYEBBIM MaTeMATHYECKHM OKMIAHMEM H IMCmepCHed G°, TO ecTh
&~ N0 t=1, .., n.

1.1.2 TloeTpoerue H OUCHKR KAYECTBA MOLCAH MHOKECTBEHHOH

nuHeinoH perpeccun

[Tpouenypa HOCTPORHNS W aHAIINIA KAUECTBA MOJETH MITOXECTBEHNON 13-
HEHHOI peIPeccHy BKII0YaeT CIIEAYIOUHNE ITailbL,

tan 1. Ouenxa HCH3IBECTHLIX MAPAMETPOB MoseaH. OUEHKA HENIBECTHDIX
GapaMerpos Momean B Bi, ... Bn fipu BLINOANEHAM MpeINOCHLIOK Taycca-
MapkoBa OCYIUECTBARETCH € NOMOIIBK METONA HAMMEHbLIMX KBAIPATOR
(MIIK). MHK-ouernika 8= (Bo B, ... ﬁm)" sekropa B = (fe B ... B..) HaxozuT-
Cf 13 YCIOBMA MAHUMYMA CYMMbI KBAZPATOB OTKOHSHNH HaONI0AaeMbIX ((ak-
TUHECKHX) 3HAYCHHH ), 3aBUCHMON nepeMeHHON ¥ OT MOSENEHSIX {Teoperuue-
CKMX) SHAMeHKH J,, Onpencasemsix cornacko (1.1):

b2

#) > min,

6

K UMEET BHA
B=n XY, (1.3)

Ouena B=(fo ﬁ ¢ . B )7 Opu BoionuenuH upemnockuiox [aycca-
MapkoBa SB/IeTCA HeCMeLeHHO, 3¢dexTuBHON K COCTORTEbHOM,
Toraa oueHeHHas MOIE/b 3aNHIWETCA B BULE

FoBos Boxar oot B a4
Benuunsl ¢, = y,— ¥, = 1, ..., 0, HA3BIBAIOTCA OCHIGMKAMY MOTENH.
MHK-onekoit aucrieperm o°(E) cayuaiHoi ommEKy & RBIAETCH BenuumEa
(1.5)
(1.6)
Cmanogpmuoi owmubkou oyeixu B, Ha3biBaeTCA BEMHYHHA
(x7x)' .i=0 1.7
= = | PR 5
8, ‘S\;(X X) i=0,1, ., (

e (X'X), ' — i-i anarovatsubiii sneen Matpius (X' X)L,
Mycrs RSS = Z" (3, ~F)* - cymma kBanparos oTkIOHeHHi (regression sum
Y 0 v
of squares}), 00ycloRneHHA2 BKTO 4 B MOZEJIb TEP D, (1. CHID, i
ESS=Y" (3, 5,)" — cymma KBanpatos ocTaTkos (error sum of squares),

7S8= 3" (- Y)? -~ noiMad cymma KBagpatos OTKioHeHMi (total sum of

v _dew
squares) y, 0T BROOPONHOro CPeTHEro 3HaUeAUA | = ;’Z,:, ¥, » NDH 3TOM

758 =2 ESS + RSS.
Kooghepusyuenm demepinarpust ong o Bbi
A SS
RS -4 &)
758 78S
W NOKashlBAeT AOMIO Baf CHMON TIep ofi Y. obycrornentyio
BKJIOUEHHBIMM B MOJIETb 00BACHAIOUMMH IEPEMEHHBIMH X, Xz;_. i
Ko MHOJCEC i KOpy paBeH R= yR* .

Ecim B =0, To MOJenb He yAyHLIAET Ka4ecTBO NPEICKA3aHIS y, N0 Cpas-
HEHHIO ¢ TPHBMATBHEIM J, = ¥ . Ecat B = 1, TO HMCET MECTO TOUHaA NOArOHKa
YPaBHEHUA, TO eCTb Bee &, = 0.




Ha xospguument R wenas OPHCHTHPOBATLCA KaK HA [MIABHBIA KpuTephil
/1PH CPABHEHHH ABYX PasUHIHLIX CTPYKTYP MOJEIH MHOXECTBCHHOM Nuneiinoli
perpeccuu. Menonbzosars R UEAECOOBPA3HO TONLKO COBMECTHO ¢ AONOMHHK-
TeAbHBIM AHANH3OM MOJENH, TAK Kak:

{ )Rz apH B MOJSTb O0BHCHAOLHX HEPEMEHHBIX;

2) npy m — o 3navenna R ecty KHENpasonoaoGHO» Giiuikme k |

3) R we moxer HCTI0:1630BaTLCA 21 BLIGOPa MOACTH W3 #abopa aibTep-
HATHBHLIX BAPHAHTOR, N0AYAIOWHXCS DA npealpa3osanuy nepemennol Y

4) R npunumaer 3HAUCHAR ONU3KNE K | npH NOCTPOCHHN PErpeccHOHHEIX
MOAETEH [0 HECTALIMOHADHLIM BPEMEHHBIM PANAM, YTO 3aTPYAHAET pacmo3Ha-
BAHHUE JIOKHBIX PErPECCHOHHBIX 3aBHCHMOCTEH,

Mpu cpasrerun ANLTEPHATHBHBIX MOJIENtel MHOMKECTBEHHOH NMHCHHOH
PETPECCHH, OTIHIAIOLINXCA KOMIMECTBOM 0ORACHAIOLIIX NEPEMENHDIX, Lesie-

€oO0pa3HO HENOaBb30BATS croppexmuposanneiit (adjusted) kosdduuvent ne-
TepMUEAUH#M:

B (1.9)

Caoitersa R},
DR 2 R, npum> i
DR, <
3) i HEKOTOPLIX MOZENel MOKeT BLUIOARATHES HCPABEHCTRO R, <0,
Koodpummeninr R u Rf,/ YA0OHO PaCCHHTLIBATS ¢ NOMOILIBIO Aaucnepcn-

OHROM Tabnmupr 1.1,

TaGnuua 1.1 - Muciepenonuag Tabanua
ctomine B

h BapHatlHH

. o (o5 ncao crencner T T T
Cysma kBaiparos (553 DNucuepeun (A4S
. Sozut )| :

i Perpecenn - *
i ] | MSR® - RSSim
T Tri— T
F0¢ | 2

(m+1) 1 MSE®

sty AR

Em———e -
i Hozanas sapraues
i n-1
Oran 2, IpoBepka runoTes o NapaMeTpax MOnemH.
Hposepra cmamucmuyeckoi SHauvoCTE napavempos Moderu. Boa-
MOXHA CHTYAUMS, KOrAA HaCTh OUEHEHHbIX KOIPAHUMEHTOR MOTRIM He obna-
Hast HEOGXOMMMON CTeNeHbio 3HAuMMOCT I, Torna Takue kosbduuments
AOMKHBE! GbITh HCKTIOUEHB! U3 MONETH. Beu1suraiores nysiesbie tnoresm o re-
SHAUHMOCTH KOIDPrienTor Hy: B=0,i=01,

<2 M1, NPOTHB A:1bTCPHATHB-
X rhnoves fy: 3,4 0,i =90, |

o m.

i
t

Tlposepxa runoTes ocyIHECTAIAETC ¢ NOMOWBIO /~KPHTEPHA CO CTATHCTH-

KO#i 1 :[3 /8., 1=0,1,..., m, nveloweil ACHMITOTHYECKH (1 — o0) pacrpese-
By

nenne Creionenta (Student) ¢ uncaom creneselt ceoboas df = n—m— 1,

":ﬁ,’sa‘ ~Th-m—1). (1.10)

Funotesa fy OTKIOHAETCA Ha YPOBHE 3HAYMMOCTH U, €CHA ', 2 f WK
BHIIONHACTCA HepaseHcTo Py =P{T{n —m- 1)>t} <a. 3mech 4, - craTicTHKa
KpUTepHS . koaduitmenta B, b= /,; a2(n—m — 1) — kBaHTUNL
pacnpesenenus CTbioaenTa. B 31om cayuae ouerka B, 3HaunMo oTanuaercs ot
HYJ4, W, CIEA0BATENbHO, X, OKa3LIBACT CYECTBEHHOE BIHAHEE Ha Y, TO eCTh
CYHIECTBYET CTATHCTHHECKAA NMHEANAT 3aBUCHMOCT MeXIy X, H Y. Ecin ko-
rimenT B, OKAKETCA He3HAMbIM, TO X, CILEAYET HCKTKMUTD H3 MOIENH
(NpH 3ToM KanecTRO MonesH He yXyauuTes), Eciiu e He3nauuMbiM okaxeres
Kko3(PHUnEHT f&n , TO TIPOBOIKMTCA 1EPECHET OLEHOK NAPAMETPOB MOSCTH B
npeanoaokenuy B = 0. BKToverne HE3HAYUMON TIEPEMEHHOM B MOZENb MO~
KeT OHPEIRMATECH SKOHOMUHECKOH 11e/1eC000PasHOCTI. )

3ameyanue. p-suavenne Py (p-value) — 370 BEPOATHOCTE TOTO, HTO CiyHali-
Hay BenuukHa K(df), nmelouas 3aannoe pacrpesieneHe o CTENEHAMM CBOGOL!
df npuHumaer 3Havenue K, He MeHbIee, YeM HAB/LOAACMOE 3HAUCHHE CTATHCTU-
i Pv = P{K(dfy> K}. Ecan Py < a, 70 runotesa Hy 0TKIOHS€TCA, ecnu Py > g
TO H, He oTwionsercs. Eci (8 npenenax okpyraewsn) Pv = a, TO B QTHOLIEHUH
THNOTe3bl Hy MOKHO NIPHHATD JH000€ H3 BOIMOKHBIX PELUeHHil.

JOBepHTE IbHBIA MNTEPBAT, HAKPHIBAIOWMHA € 3AAAHHOM BEPOATHOCTBE)
£ =1 - ¢ HCTUHHOE 3Ha4YeHue napaMerpa B, / = 0,1,..., m, UMeeT Bua

(Bom 8, tianln=m= 13 it 8 ti_gal—m— 1),

Tlposepra xkavecmea u 3HAHUMOCIY 6Ce20 ypasHenus peepeccuy. Jlas
POBEPXH 3RAUMMOCTH MOJIETH RPOBEPAETCA MUNOTE3A 0 3HAYUMOCTH KoI(du-
UMEHTa feTepMusaunk R = 0, K0Topas 03HAvaeT, 4To BCe xo3dduumentel Po,
Bus - B OMOBDEMEHHO PaBHEL YO, TO £CTb By = By = ...~ Bm =0.

Ha yposHe 3uasumocty o BhLIBHTaCTCA HyJesas ruuoTesa Hy: R =0 nporus
abTepHarHBHOl Hy: R #0. Jlis UPOBEPKH THIOTC3bI HCUOILIYETCS F-KpUTepHi
®uwmepa (Fisher) ¢ dfi = mn df; = n—m - 1 cTenensmys cBOGOTEL 1 CTATHCTUKON
2 r»"—————yF(m,n—mfl). (111
(-R)(n-m-1)

Tnnoresa Hy OTKNONAETCA Ha YPOBHE 3HAYMMOCTH G, €CRU F'> Fig MK

Py < o 3aece Fo = Fr_f(m, n—m—1) — kpaTuns pacnpeeienns Duuepa,

Pv = P{Fm, n —m— 1)> F}. Toraa cpean ofbACHAIOMMX NIEPCMEHHBIX eCTh
9



X0T# Gbi 0113, KOTOPaA OKA3BIBAET CYLIECTBCHHOC BIHAMHE Ha 3aBHCHMYIO fe-
peMernyio. ECiH THIIOTE3a e OTKIOHsETCH, 10 CIIEYeT NPU3HATE MOREH He-
NeXBATHOM, TO €CTL HU 0XHA U3 MepeMenHbIX X, X5, <o Xy HE OX23BIBACT Cy-
IMECTBEHHOTO BiINAHNS Ha Y.

Toueunwitt u unmepeaonui NpOcKO3sl no moderu pezpeccuu. Toveunpsit
fIPOTHO3 ECTE 3HAMEHHE J,. 1, NOMYUYEHHOE NOACTAHOBKOH B OUEHEHHYIO MO-
aenb (1.4} BeKTOpa TPOIHOIMLIX IHAYSHHH Xy = (L Xy ondpue 1)

Fu-r= By BiXpa * ... ¥ B X1

Wntepsabhbiit nporios NpeacTapiser coboil unTepsai, B KOTOpaIf ¢ 20-

BEPUTCILHOM BEPOATHOCTEIO P = | — o nonanaer axTHieckoe 3nanenue nepe-

MEHKON Y npu 3ananapx MPOTHO3HBIX JHAUCHHAX MEpeMettbIx X, Xa, ..., X,.
JoBepuTe ILHbIH HHTCPBAN WMeeT BUI

(Fas1 Se@u-)twaln=m1); 5.y + Se(n- 1) L el —m— 1)),
e Se(y, - 1) - cpeanas ownbka NPOrHO3a, pasHas
Se(y, . 1)=S

31an 3. Quenka sinanys OCBACHAKUINX 11EPEMEHHEIX HA JARKCHMYIO fle-

PEMEILITYI0 Ha OCHOBE NOCTPOEHIOH MOeNK, PatHAY CTEMeHs BAHARNA OBbAC-
HAOLWHX NEPEMEHBIX HA 3ABHCHMYIO NICPEMCHHYHO obycromiena padinsuem
X EUAHAL UIMEDENHA U PAIHON CTENEHLBIO KOTeBASMOCT].

Kos@gpuspuenm snacmusnocmu E, = BXIT,i= L,.... m, nokaswiBaer, Ha
CKOJILKO NPOUEHTOB # Tea ¥ opu mss X;na 1 %. Tlpu atom Ko-
SObULMeHY £, sie yauThiBacT crenens konebieMocTs OCTATbHBIX EPEMEHHBIX.

Bema-xosppunuenm B= ]3,Sx,’ 78y, £=1,.., m, nokasslBaeT, Ha KaKyio
HaCTh BENHNUHBL CDE/IHEr0 KBAAPATHHECKOr OTKNOHENHS WIMERHTCT T ¢ HiMe-
HeRneM nepevenkolt ., ka sesuunHy croero CPEIHEKBAPATHYECKOTO OTKIOHE-
HHT TPt (GHKCHPOBAHHBIX SHAUCHUAX OCTANLHLIX OGBACHAIOUIIX TEPEMEHHBIX.

Aersma-kospguyuenm A, = Bl FRY, 1T

45T (7% £ 5w (1.12)

/7, TIOKA3BIBAET H01K0
BARHUA X, B CYMMAapHOM BNHAHMN BCex nepemenHbIx X, A5, L, X, la
HOPMATLHOI MOACIH Bee ReNETa-KOIPOHUHCHTE! UMEIOT TONOKUTETBHBIE 3HA-
HEHNUS 1 uX cyMma papua 1. [py 10CTatoMHO CumbHOG KOPPEAAUMN Mex Ty
OOBACHAIOUMMY  TlepeMeRIbIMM HEKOTODBIE  IeTbTa-K0dQGUUUCHTB  MOryT
OKA3ATHCA OTPUUATENLILIMU BCNEICTBHE TOLO, 10 COOTBETCTBYIOLUMIT KO-
PuunenT Mozenm nmeer 3max, {IpOYMBONOIOKHBI HapHOMy KadddrunenTy
KOPPLIAUHH 3TOil Nepementol ¢ ¥, HHtepnperauns oTpuuare:Isnix aenpra-
KOIPHHUHEHTOR NUIIEHA CMBICHA, 1 TPH ITOM TAKKE HCKAKAKOTCA BLIROABI [0
AeaLTa-kosbduLIenTaM Hpy i hakropos.

W

3anech

Tl X

Tgn 2
= SA’,
n

-

I
B0 -t = St T, =),
n

B KauecTBe Mepn! TOMHOCTH MOIIEITH MOXHO HCMOAL30BATL NOKA3ATENM:
1) cpeauss abcomoTnan owubka

L7 jel. (1.13)
n

KOTOpas MOKa3bIBACT, HACKOIIBKO B CPeaHEM OTKIOHMOTTA d]aKI'M‘IQCKHC 3Ha-
HEHHA }; OT MOIEIIbHBIX j/‘,;
2) craHmapTHas omIADKA MOUENH

1ok

o . (1.14)
V n—m
1IPH ITOM HEM MeHbLUE S, TEM TOHHEE MOACID;
3) cpenHss OTHOCHTEI5HAS OLIMGKA ANTIPOKCHMAUHH
(1.15)

IOMYCTHMbIH Tipeden KkoTOpoif cocTasnaer 8 15 %.

1.2 Pemense THIIOBOTO npHMeEpPa

Tipwmep 1.1 B 1abanue 1.2 NpUBOINTCH CTAFNCTHUECKHE AAHHMIE BENH-
aunbl wGasums (1), BBIT (X)), aenextol Maccsl (X3), MMOOPTA TOBAPOR K
yeayr B npouedTax ot BBIT (Xz). uHnekca peatsHoro 3¢gperusHoro obMeH-
HOMO Kypea (X;), MpoueHTHOM CTaBku no kpeanTam {(Xs) PasmuyHbix CTpaH.
Heobxoanmo:

1) DOCTPOHTL MOZIENE MHOKECTBEHHON TMRERHOMN perpeccH;

2) npoBEPHTH 3HAYUMOCTD KOIPPUUNEHTOB MOLEH;

3) OUEHHTD K4YECTBO H 3HAYNMOCTD MOIENH;

4) OUEHHTD BIUAHUE OOBACHIIOLANX 1ICPEMEHHBIX HA 3ABHCUMYIO;

5) MOCTPOUTL TOHEUHBIA M WHTEPBATBHBLA [IPOTHO3bI NTepeMeliof Y.



Tabnuua 1.2 — Hexoawsie aannsie (8 %) k npumepy 1.1,

OfuacromAC |

1 Crpana

x|

X3 X

ABcTpanis

19 : Mazaiisus

10 Mexcuka
111, Moanosa

7.8

0,640
{640

14 Yipasnua
157 Unan —

Pewtenue. | flocmpoenue Moderu snoacecmeennoi auneinor pezpeccui.

571 603950 1,069 ]
554 10950 30,637 |
8726 47566 1,28

o

1,001

U1
0.783
;0

034 -

999

939 809

Mouens muoxkecTReHHON TMHElHGH perpeccus (1.1) npunnmaer sua

Yo Bo Bux Bavie + Byxg + Bax + Bsxs+ &, 1 =115, (1.16)

Marpiua skasennis 06 sacusomx NEPEMEHHBIX PaBHa

2,500 7058 21398 1001
13800 16.666 31981 1054
13500 8336 46905 1018
11588 23867 57929 0980
I 0345 13831 19274 (870
14766 13757 60,395 1069
12554 10950 30.637 1,034
I1827 8726 47366 1128
15993 6914 64.609 0.999
12231 12093 33465 1,025
b 4600 5082 78016 1,044
10640 15455 22871 0.992
12777 8359 41042 1015
I -6%00 5251 $3240 0783
\OLR94 8743 32,294 0939

Marpuua, oSpathas k MaTpHLe XX, nveer BHI

12

5950 ‘l
8,000 |
16,409 |
18,742
32,003'
11916 ¢
3907 |
7743 !
4587 .
3552

15,013

1143

8,466

17181
8,098

0,545 0067 0004 -33379 —0J51)
0,021 0000 0000 0577 0000
0000 0004 0000 0004 -0001] (1.17)
0000 0000 0000 -0008 0000 |
1233379 -0577 -0404 -0,008 34602 0143 |
[ -0I51 0000 -0001 0000 0143 0002,

MHK - ouenka sexTopa KOI(pHUHEHTOB MOIESH PABHA

f=(X) X¥=(17,541 —0,582 0,545 0,120 22,466 —0,003)".
‘Torma oueHeHHas MOJIERb IPHHIMAET BH

¥, = 17,541 — 0.582x, + 0,545x, + 0,120x; — 22,466x,4 - 0,003x,5. (1.18)

TMoacraanss a (1.18) nadnionz ep biX X, Xo, Xz, Xa,
Xs, NOAYHHM BEKTOP MOJSALHBIX 3HAYEH KA 3aBUCAMOT TIepeMeHHOf Y.

2 =(-0009 4,543 2749 14,498 6911 5449 2452 1,543 3,1 3859 3489 6017 2,57 13,1 3954Y.
Toraa BEKTOp OCTATKOB €CTH
e=(2497 — 1,627 0232 1,702 ~0579 238 — 1976 0492 0,043 0,16 1,6 1,809 —1.501 -0912 0.441)7,
Cranpaprhas 0mli6k? pe;rpeﬁccm:l p'dNBHaﬁS = 1,859; craHnapTHble OWAOKY
oueHOK ko3dpunnenros Bo, 1, B2, $3, B, Ps paBHBS COOTBETCTBEHRO
S,30 =10,727, §, =10,270, SB: =0,112,
S5 0,029, S‘A“ =10.938, 8 = 0,090.

2 Iposepxa 3nanuMochiu Kodppuyuersmos modeiu. BuaBaraotes Hye-
Bble runoTessl Hy: B =0 npotus anetepuarummbix Hy: B #0, i=1,....5. Ha
ypoBHE 3Ha¥HMOCTH & = 0,05 ksanTIs pacnpesenenus CTLIONEHTA pasen
1o 11 o052 (9) = CTBIOJTEHT.OBP(0,975:9) = 2,262,
p-3HAYEHHE I- CTATHCTHKY PaBHO
Pv=CTbIOJEHT. PACIL2X (5155~ 1).

B tabmuue 1.3 npeacTasieHst pesyRbTaThi NMPOBEPKH JHAYHMOCTH K03(-
GbuunentoB Mozeny. CpaBHMBas CTaTUCTHKM { (oroabel 2) ¢ KBAHTIIEM fy U
p-3nagenue (cronben 3} ¢ & =0,05, nenaem BLIBOA © 3HAYAMOCTH KOIPPULH-
eHTOB MosienH (cronben 4). B cronbue 5 mpuBeaeHbl JORCPUTENBHBIE HRTEPBA-
N5l K02QPULHEHTOR MOOIH.



Tabnnua 1.3 - 3navumocts koaddHuNeHTOR MOJEH

I T‘D - —‘THHNMMOCTB | Homepiricisisi i
HA FHAYCHUE HITTE Eﬂﬂ___J
e & 3 ! 5
1635 10136 Tieamawe (6,726, 41508 ]
205 T 0% T e T CTI530059) B
TAB%T T 00T e 0.291: 0,800 !
TA07T T 0003 i36)

2058 T 0070 THesmaann (4720872277 7|
T0030 0T ficma 0,307, ]
3 Ouenxa kavecmea u smavumocmu MoOeny. PaccuuTaeM cymMb! kBapa-
Tor IS8, ESS, RSS u TIOCTPOUM AHCNEPCHOBHY(O TabuuLy (Tabanua 1.4).

Tabnuga 1.4 - Juenepenotnas Tabauua

r Herounnx ywma | Hncno creneieh
L_ BapHauny KBanpatos (55) | croGonsl (df)
i Perpecony.~ "L T

35 52714 = 18.199
Kospdmument JETEPMANAUNN pasen R =223.666 / 254,782 = 0,878,
CKOPPEKTUPOBARHLIA koaddmigient ZETePMUHALMN pasen Rf,j =0,810, Ta-
KiM 0Bpaszom, 87,8 % sapuawiy undrsumu ¥ obycrouseno M3IMEHYUBOCTHIO
BBIL (X)), nenexuoi macen (X>), mmnopra TOB3POB H YCIIYT B IIPOLEHTAX OT
BBII (X3), unuexca PEAILHOTO dPPEKTHRIONO OBMEHHOIO Kypea (Xy), fipo-
UCHYHOH CTaBKH N0 KpeauTam (Xs).
piii7] MPOREPKH 3HAYHMOCTH R BbiaBuraeTey HYJIEBA THLIOTER Hy: R = ()
HPOTHB AILTCPHATHBHOR H; R £0). Cratietika F-xpurepus pasxa F = 12,939,
KpanTi:ib pacnpeenenis Duwiepa apr a - 0,05 1 Py PaBHbI COOTBETCTRENHG
Foo= Fiom(3:15 5. 1} = F.OBP(0,95,5:9) — 3,482,
Pr= FPACTITX(12,939;)5 -5 1) =0,0007.
. Hockonnky £ > Fo (Pv=0,0007 < 0,03), 1o rimoTesa H, OTKIOHACTCH, H
R npusmaercs cravucriucckn 3HAYHMEIM,

4 Oyenxa eausinun obBsCHRIOU U REPEMEINGIX 1 3A6UCUMYN) Nepesen-
myo. B tabamue 1.5 upeacrammens KOMPBHURCHTH 31aCTHYHOCTH, Beta-
Ko3hdruienTLl 1 ACETA-KOIPDUUHEHTHI, [OIBONMIOLME OLCHKTS BIMAHKE
OGBACHTIONINX NepeMERHbIX 11a 3ABHCUMYIO [IEPEMEHHY10.

Ha ocrose koddoduumcnion HTACTUNHOCTH  MOKHO CAedaTh BwiBoA,
HTQ ApH H3MCHEHWH  OGBACHSIOWMX NCPEMERHBIX Ha 1% HanGosbwyio

4

H3MEHUHBOCTL unprisiiy (V) ofecniewraer Hraexc peanbroro 3dekTHBROTO
obmennoro xypea (Xy). llpn usmenennn X, na BEJIHYRKY CBOCKO CpEAHCKBﬂ;;l-
PATHYECKOTO OTKTOHEHMS JABHCHMAS Nepemesras ¥ yeemuumres Ha 64.6 %
CBOETO  CPEIHEKBANPATHHECCKOTO OTKTOHEHHA (MAKCUMATbHOES mmeuﬁeuue).
Nockonsky koadiduumenT As <0, To MOKHO ¢AeNaTh BBIBOL, YTO XOTA Obi O
Ha u3 NpeanocsUIoKk ['aycca-Mapkosa He BBINOMRIETCR.

Tabma 1.5 — Kosbduunentei snactaunocts, GeTa-kosdduuneHTs:,
AeTbTa-K03¢GUUHeHT

X J Xo . xp ) I Xis !

Koadduunenrn onacrmunoctn, £, [ —0.2517 1211 1,027 14,525 |- 0,006
Bc'ra-xo)tbd)mwemu.[}: -0399 | 0.646 - 0,505 [-0437 -0,00~5~'

[ Meanta-cosdbnuncts, A, 0260 | 03451 0,13 | 0385 : —0.603

3 focmpoenue moveynozo u unmepsaibhozo npoeiosos nepesennoit Y.
TTycrs NPOTHOIHBIE 3HAYEHHS OGLACHAIOUIN HEPEMEHHAIX PABHBI
3= 43,007, X6 = 0,978, x5 = 12,309.
IMoactanoBkoit B (1.18) APOrHOZHBIX 3HAuEHHH OBBLACHAIOLIX niepeMeH-
HbiX TOJIy4HM TOUEYHBLH NPOrHO3 UHMIAIMH
J=17.541 - 0,5822,370 + 0,545-10,115 + 0,120-43,007 — 22,466-0,97¢ -
—0,003-12,309 - 4,820.
Ouwmbra npornosa Se( 316} = 0,083. Torna usreppanbHbiit TIPOTHO3 ANS
Y16 Ha YPOBHE 3HaUMMOCTH ¢ = 0,05 ecTh uHTepBaN
(4.820 - 0,083-2,262; 4,820 - 0,083-2,262) = (4,631; 5,009).
Taknm 06pason, ¢ BepoATHOCTEIO 0,95 axTHYECKOE HAUCHUE )6 TIONa-
JeT B ONYYCHHBIH HHTepBat.

Yuan = 2,370, X162 = 10,115, x,

1.3 3apanna 1an aaGoparopuoii paborsl 1

FiMetotea craructuveckue sanusie (rabnuua 1.6) YpoBHA peHTabenbHOCTH
TOProBo#t jeatebiocTy ¥ (%), cpeanemecsdHoro ToBapooGopoTa B pacueTe Ha
AyWy Hacenesin X| (Wwt/wen), yaeAbHOro Beca NPOACBOMLCTREHHBIX TOBAPOR B
rosapooBopote A7 (%), Bpemeny ofpaiieHHs ToBapoB X (IHed), cpenHemecsu-
HOF OIUTATH! TPYAa X, {ZIeH. &) 4 TPYAOEMKOCTH TOBAPOODOPOTA X; (WHCICHHOCTH
paboTHuKoB Ha 100000 cansuL Tosapoobopora). B Tabniue & - nomep cTyaesTa
BIKYpHane rpyNNe, {2] - uenas yacts yucna z. Tpefyerca: o ‘

1) NOCTPOHTH MOIEAL MHOKECTBERHOIN perpecchy ¥ ot Xy, X, X;, Yo, As:
2) MPOBEPHTH CTATHCTHHECKYIO 3HAUUMOCTH KOS(QHLMEHTOR MOACTH,
TOCTPONTh MX NOBEPHTEIbHDIC NHTEPBAITHI;

s




3) A% OLEHKM Ka4ecTsd NOCTPOCHHOR MOLENA ONpesentTh Kodpdmuu-
SHT JICTCPMHHAUAH, CKOPPEKTUPOBAKHLIH kOIPP T AETEpMUHALMY, Npo-
BEPUTH THIOTE3Y O 3HAYUMOCTH KOI(OHLHEHTA RETEPMUHALH;

4) OLEHWTE BNMAHHE OOLACHAOIMK NEPEMEHMBIX HA 3ABHCHMYIO Nepe-
MEHHYIO C IOMOLIO KOIPPHLMEHTOB NACTHIKOCTH, GeTa-k03gdHunenToB 1
eabTa-Kko3IGHIHEHTOB;

5} nOCTPOUTS TOUEUHBIN H HHTEPBAIIBHLL NPOTHO36E 18 ¥ 110 PO HO3HBIM
JHAMEHUAM NepeMeHdnX X), X3, X3, X;, XS Ha ypoBhe sHauuMocTH ¢ = 0,05.

Tabnuua 1.6 - Hexonusie taHubie ana raGopataproi paGotsi |

. Homep xabuonenus ¥ X KBy w B & Bk § %h
N T ITkio] | a2 25 1 1560 11
2 25 73537 k2) 1620 12:k2
3 28+{K101 70 25 1490 2
4 23 643 [29+[w2] | 1330 14+k2
5 35+K0) | 873 31 1970" 10
6 20+ R 86.1 ' 26+K] | 1820 |15+ |
g th | 22+K10]_| 631 . 39 | 1270 . 18
§_ : 28 67 1 33+[k2]. 1490 13+
g 21+[K10) | 643 41 11338 17
19 25 773 [35+[k2] I 1965 O+ki2
Ll 33+[4T0] : 801 | 38 1850 10
12 2 63,1 ' 30+[k2]
i N k 28+ k10] | 67 33
i 14 21 643 42+
s 25 0KI6] . 783 T 47
| 11porro3nsie Inayerus
TR A 0,13

2 AHAN3 CTPYKTYPHBIX HIMEHERHH B MOIeIH
MHOKECTBEHHOMH JINHEHHOMH perpeccHH
2.1 Kpatkbe teopeTuyeckue cpeaciiug.

2.2 Pewenne THHOBBIX NPUMEPOE,
2.3 3anauns ang naboparopHoit pabotul 2.

2.1 KpaTkue TeopeTudeckue CBe/\eHHA

2.1.1 PuKTUBHBIE HepeMeHHbIe

Duxmusnvie nepemennsie (dummy variables) — 310 nepeMesHble, KOTOphiE

HE HMEKT COIEPHKATENBHOH IKOROMHUCCKOM HHTEPNPETAUMH K HCNOABSYIOTCR

B MOACKM LN YHETA KAMECTBEHHBIX NEPEMCHHBIX, CTPYKTYPHBIX HIH CE20HHBIX
16

W3MENEHHH, aBOMANbHKX HaOMoNeHNHH. PUKTHBHLIC IEPEMEHHDIC, KaK BpaBu-
J10, ABIAKTCA GHHGPHHMH NEPEMEHHbIMH, TO €CTb KaXnad nepcmcuﬂaﬁ npu-
HHMaeT TONBKO 1Ba 3HaueHKs | v 0:

- {0 TIpH OTCYTCTBHH NPH3HAKA, an

| NpH HAIHYKN NPH3HAKA.

Ecn kauecTBeHHas MEPEMEHHAA MMEST K ARBTEPHATUBHBIX 3HAYEHWH, TO
TP MORE/NMPOBAHMH HCTIOLIYIOT TOMBKO (K—1) duKkTaBHBIX MepeMEHHbX.
B nporiBHOM ciyyae cyMMa (UKTHBHBIX NEPEMEHHBIX PABHA KOHCTaHTE, H, Kai
CTEACTBYE, CIAHOBHTCA 34TPYIHMTEMbHBIM OUSHUBRHME MOLENM C NOMOULIO
MHK (Tax HasblBagmas «ToByIIKa QUKTHBHOI Nepemertoliy (dummy trap)).

Modexb pezpeccuu ¢ nepemennol cmpyxmypou — 310 MOLENb perpeccui,
KOTOpas BKTIOUAET B KadecTse OOBACHAOWEH nepeMeHtol GuKTHBHYtO nepe-
MERHYIO. B MOJE/IAX PErpeccHH NPUMEHAIOTCS GUKTHBHBIC NEPEMELHbIE COBY-
2a 1 QUKTHBHEIE NEPEMEHHbIE HAKAOHA.

2.1.2 Moaenn ¢ GHKTHBHOH mepeMEHHON CABHIA

Crieundurauys naproit Monenun ¥ Ha X THHEHHOH perpeccud ¢ PUKTHB-
HOJI ICPEMEHHOI CIBHra HMEET BUA
Y= Bo= Buxi+ fod + &, 22
G d, ~ KAYECTBERHAA NepeMenHas GUHAPHORO THIIA, TO €CTh QHKTHBHAR
nepemenHas, onpeaensemas (2.1) B Habaozensu /.
3uauenne PUKTHRHOA mepeMennoft ¢, = 0 HasbiBaeTcs Gusossiy. Beidop
Gazosoro p TCA UETAMH HUCC. A WM IPHHUMASTCR
Npou3sonbHO. [Ipy 3ameHe §a30B0TO 3HAUCHHS TEPEMEHHON CYTh MOJENM He
MCHSAETCS, & MCHAETCA 3HAK MapaMeTpa B Ha NPOTHBORONOKHBIH.
YEnoBHOE MATEMATHYECKOE ( i nep o0ii ¥ pasae

MOYTX, d= 0= P+ Bixe MYIX, di=1) =B+ Bot Buxs.
Benuuuia B, npeactasnser coGol cpejHce U3MSHEHHE 3ABUCAMON nepe-

MeHHOH ¥ DK NIEPexOIe U3 ONIHOW KATETOPHH B APYTYH0 TIPH HEH3MEHHBIX 3HA-
UEHHAX OCTANBHBIX K03((ruuenToB (pucyHox 2.1).

A ¥ = Bot Pt Pux

ﬁl | Je= igo 5 [“m

==X

Prcynok 2.1 — leomeTtpuyeckas HHTEPRPETaLKMA RapaMeTpa 3,
F ]

M,

GIGTSITHOKAL




fIposepxa cratucTHUecKoi sHAYHMOCTH KodddHIHenTa B2 (onpenensemas
TP} [OMOLLI {-KPUIEPHA) TOKA3BIBACT, BINACT M KAYECTREHHAA TIEpEMCHHas
Ha NiepeMeHHyso Y.

3asevanue. JIts OLCHKH N2PAMETPOB MOZEIH HCXOLHBIE AZHHbIE oopm-
NSI0TCA B BUAE Talumust 2.1,

Tabnnua 2.1 - Braouense B mogens puKTHBHOK TepeMeHHoit cirura

n

2.1.3 CTpyKTypHBIe H3MeHeRNS

i
(.

Tloa cmpykmypueinu usvenenusam (structure breaks) monemm nonumMarorcs
CKaukoobpasHbie u Wi nap POB, 0BYCiOBIEHRbIE HiIMEHE-
MMM YCTOBUH NPOTEKANHA MOZETHPYEMOTO NPOLIECCA I BHELTHHMH (ILOKO-
BEIMK» BO3nelicTBUAMH. TlycTe umeioTes asa Tama YC0BRH MPOTEKAHHA PO~
UECCd, M OPEATIONATAETCH, YTO CMEHA YCIOBUE MOKET SIBIATLCR APHYNHOM
CTPYKIYPHOTO H3IMEHEHNS MOJENH,

Bask-ro(k = 1,2) tHua YCrOBUH 0003HaYHM:

71— OObEM BLIGOPKH 111 IPOCTPAIICTBERHbIX JAHHBIX WK IUTHHA BpEMeH-
HOTO pafia, n1y + ny = m;

Flegr b s

HOCTH 17,
3

7 w = o
,l«’,,]) ~ BEKTOD 3HAYCHNH 3aBHCUMON NePEMESHHOH paszmep-

=Wmr o1 Yurer .. _v,,h,,z)y— BEKTOP 3HaueHWil 3aBHCHMOIT Nepemen-
HOW Pa3IMEPHOCTH 1y;

p e MaTPHUZ 3HauenHil O0BLACHAIOWNX TePeMCHHEBIX X, &, .. X, pas-
MEPHOCTH myx (m+ 1), k=12 (uepsblii cronben — eaHNYHBIHR),

Hanuuue (oteyretpuc) B BLIOOPOUHBIX QaHHLIX CTPYKTYPHbIX H3MEHEHuii
MOXKHO TPOBEPHTL ¢ HOMOIIBIO TecTa Yoy (Chow), koTophiii uecaeayer Bos-
MOKHOCTL HCNONIL30BAHNA eHHON MOIeMM perpecchn. Jina atoro crpoATea
CNIEAYIOIHE MOACTH MHOKECTBEHHOM THHEHHOI perpecous:

1) ofwas Mozess 1o 06beaHKeREON BhIBOpke

"
%= Bt L Bera tE = oy

2) HaCTHBI® MOZEAN [0 KAKAO#H BhIGOPKE B OTAEILHOCTH;
R ” i) G
y=B Y By, e,

(2)

gt % oo e
Yo =By *ZH[}‘ X FET = m 1, ny

s Al

18

T — s

Mlycts ESS), ESS; - cyMMbi KBAIPATOB OCTATKOB NS YaCTHBIX MOAenei;
ESS ~ cymMMa KBaApaToB 0CTATKOB /L1 0Blueli Mojenu. PaBescTao CcyMM ESS
ESS) + ESS» Gynet uMeTh MECTO TOABKO NMPH COBNAACHHN KO3h@HLUHERTOB B
oftel U YacTHBIX MOgessX. B ApyTux cyuasx s vacTHBIX Moaeiedt BHIROI-
HOTCA yeaoBus: ESS, < ESS, ESS; < ESS w ESS; - ESS, < ESS. Yem 6osibine
PASUHLA MEXTY ABYMS YACTAMH [OCIEIHETO HEPABSHCTRA, TeM BObIIE PAXTHUHE
MERTY JBYMA OABBIGOPKAMH C TOUKH 3PEHHA NAPAMETPOB MOJIEITH,

Buisuraerca ysesas rumotesa Hy: BV~ B,‘z' 00 OTCYTCTBUM CTPYKTYP-
HBIX H3MEHEHMH NPOTUB anbTepHaTHBHOH H: [3,”) #B i=0,1, ., m Has
NPOBEPKM IMNOTEIL! UCIONE3YETCA F-kpHTepith Puitepa co CTaTHCTHKOH

Fe (ESS - (ESS, + ESS,))/(m +1) 5

~F(m~+1l,n-2Am+1). (2.3)
{ESS, + ESS,)/{(n—2%m+1))

Mynoresa Hy oTkiouseTes Wa yposKe 3uauumocTd @, ecin F > F, wm
Pv=P{F(m+1, n-2(m+1)>F} <q Toraa corb CTPYKTYPHBIE H3MERCHH
B BHIGOPOUHBIX AZHHBIX, U KAYECTBO YACTHBIX MOJEACH PErpeccH IpeBocXoaHT
KauecTBO 0bluieil Mostenn Ge3 orpanmueniil. Ecan < Fy, To Hysesas runotesa
HE OTICIOHACTCHA, ¥ HET HEOOXOAHMOCTH PA3BMBATE ODLEYIO MO/ TS Perpeccui Ges
OTPAHUMEHHIl HA YACTHbIE MOJENH. 34¢Ch Fg = F| {m ~ 1, n—2(m + 1)) - ksan-
THb pacnipenenenia Gunepa

2.1.4 OaxTHBHAS HepeMenias AKI0HA

Qukrnanas NEPEMEHHAA HAKIIOHA H3MEHAET HAKIOH JTHHKU PeIPECCHH.
(@ NOMOLEBIO @HO\THBHE!X NEPEMEHHBIX HAKIOHA MOXHO NOCTPOUTH KYCOYHO-
JIMHeHHbIE MOZC/IH, KOTOpbi¢ NO3BOJAIOT Y4eCTh CHIPDYKIMYDHBIC UIMEHCHUA.
Hallp“MCp, CHCIIM@HKZLLK)‘( Moaenu ﬂapll()ﬁ PErPecCHy UMCCT BYIO

Y=But Pt faxd+E, (24)
rae

J 0 10 CTPYKTYPHbLIX H3MeHeHnH,
" |1 nocne CTpyKTYpHBIX H3MeneHuE.

DUKTHBHAS NEPEMEHHAR HAKIONA &) BXOTHT B ypasHeHie (2.4) 8 MyabTH-
TUIMKATHBHOA dopme x; o). 3naunmocts koddduuncnros B, u B; rosopur
O HATHUMH CYPYKTYPHBIX HIMEHEHHI,

2.2 Pemenie THNOBBIX IPUMEPOB
Upumep 2.1. B tafame 2.2 NPeaCTaBlelhi KBAPTANbHBIE JAHHbIE
O BHINYCKe B chepe CIBCKONO XO34HCTBA, OXOTHI M JECHOIO X03%HCIBa [83]
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8 Pecny6umike Benapycs 8 nepuox ¢ 2011 no 2013 1. Tpebyerca ROCTPOUTE
MOAC/ NAPHOH DETPECCHH, YUHTBIBAIOILYN) CC30HHBIE KeneSauua va yposue
3HAYUMOCTH o = (0,03,

Tabauua 2.2 — Bunyex B CfIcpe CeNbCKOro X03aHCTBa, OXOTH! 1 NECHOro
X03AHCTBA (B MIPIL. pyGaeii)

— 'rT:fﬁr

53164 85917 26978 | 176937
124973 183684 | 424243 288004
153098 T 200364 464304 319487
o5 4 4 3194

Pewenue. Ha pucynxe 2.2 VIPSACTABIEH] 3ABMCHMOCTb BhITyCKa y, OT
Apemenn ¢ (kBapTaiul). Mimenesne ofbema BRIYCK2 110 KBAPTANAM HMEET ce-
30HHbIA XapakTep. B kauccrse 6azosoro 1I€pHOSa paceMoTpHM | KBapTa roza.

30200
43002 4
43309 -
35300 -
3333 -
23009 -
2030

1533y
13033 -
piae]

Buinyck

Keaprans
Pucyrok 2.2 - Bemyck s cdiepe cenekoro xomitcTsa, oxoTH H JiecROro X03skHcTea
T2 BLimBncHKS daxropa ce3ounocTy B XBApTANC i, {= 2, 3.4, B crieun-

(ilMKEI.uHK) MOJIETH BREJeM creayviolime 6"“6pr|8 EpeMeHNbIg:

y ;rl JUis KBapTaia /,
! 10 JUIA OCTARBHBIX KBAPTAIOB.

Crieundukauns moaeu TAPHOIT PErpecchi ¢ PUKTHBHBLIMH NEpeMeHHbI-
MH. YWATLIBAIOUWNMH CE30HHOCTS, HMCET Bi1

Ye=Bo+ Bt~ Body = Bydy ¢ Padu t E.
st moctpoenmn Mogeny UAHHBIE YAOGHO NPeACTARHTS B BUE Tabmues 2.3,
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Tabnuua 2.3 — Janusie mis TIOCTPOEKAS MOAEAN K npumepy 2.]

ST - _— —_—
Kaaprais Burmycx Kraprasn 11 keaprat Il keaprai . v KBapran |

[ BT

Koadduuuents: Mogenut ouenmpaiorcs ¢ NOMOLIBIO METOIA HAUMCHbLIX
KBAIPATOB, 1 MOZENb, YUNTHIBAKOWIAT CE3OMHbIE KONCGAHMR, NPHANMAET BIL
¥, =2416,905~1724,866: +2 899,401, + 24103, 3694,,+9931,7764,,. (2.5)
(Le23y (6,039} 1,093y {8.929) 13.588)
R =099, F = 41430, Foy= Fy. g0s(47) = 4,120,

B kpyribix ckofkax non KOIQDUIHEHTAMY  YKAILIBAIOTCA  SHAYSHHUN
f~ctaructik. Ha yposwe suauumocrn « = 0,05, CPaBHMBAA /-CTATHCTHKH C
KBAHTHNEM L = 13 _ g 5(7) = 2,365, NORyuHM, 9T0 CTATUCTHYECKH RE3HAYHMBI~
MH ABAROTCH KOduLMenTs By u By, ocTalbHbIE KOIDOHUHEHTbI IHAUNMEL
Tak kak £> Fyp (Pv =0,00006 < 0,05), To R® cratucTiuecku 3HAYHM, W B MO-
JENH MOXKHO OCTABHTL BCE [1EPEMCHHbIE,

Mouctasias 3uaverun QukTuBHBX NIEPEMEHHBIX B MOZETh perpeceuu
(2.5), nosyunm ypasnenus, COOTBETCIBYIOLIME KAKAOMY KBApTay:

- mmlkBaprasady=dy=d, =0 ny:=2416,905 ~ | 7248661,

- sl keapranadh = 1, dy = d, =0 ny,=5316,306 + 1 724,866¢;

= it Il keapranad; = |, dr ~d, =0 1y =26520274 + | 724,866¢;

= A IV keapranads = 1, dy = dy = 0 “y,=5190,845 + | 724 866y,

Mpumep 2.2, B Tabauue 2.4 npeicTasiens Kype aoaaapa CHIA (X) no
OTHOLICHHIO K BE/IOPYCCKOMY PYGIIO, CPEHAT CTONMOCT KBAAPATHORD MeT-
pa ofmed 1nomazk Kunss (¥) 8 Pecniybanke Benapycs 3a aepuoi ¢ 2008 no
2015 roa. TpeByeTcs NocTpouTs Moze:s MApHOK perpeccuy,
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Tabanna 2.4 - Uexonnsie aanHsie K npumepy 2.2

o CronMocts kBazpaTHoro meTpa | Kype nontapa CLIA |
% KWIbS, Y, (Tic. pyb.) (a 31 aekabps). X, ($/py6)
2008 21388 2200
2009 23634 2863 1
2010 2681 3000 ]
201t 4540, ) 830 |
2012 I 667. 8570
2013 8976, 9510 B
2014 [ 110393 11850 g
i 2015 138216 18 569 i

Pewerue. Ha pucynre 2.3 usobpaken rpaduk 3aBHCHMOCTH CTOUMOCTH

KBAIQPaTHOrO METPa [UIOLIAAH %HAbA 0T Kypea nomiapa CLHUA.
¥

1o

s

! x

MO ES T GROED B0 8

9

Pricynok 2.3 - [padHk 2aBHCHMOCTH HCCHEAYEMBIX TTOKa3aTeNeh

[Mo rpadmiy sunuo, uto 8 BBIGOPOuHBIX AITHBIX MOrYT GBITS CTPYKTYP-
Hule q3Menennd. [lposepum Hanuune (OTCYTCTBHE) CIPYKTYPHBIX HIMCHEHRI
¢ nomousro Tecta Hoy. Pasofisem ofuyio BrGopky Ha ase uacTi ¢ 2008 no
2011 rr.wc 2012 7o 2015 rr.

Ouernm oBuLyIo MOACHL THIEHHON perpeceus:

Y= 437,867 + 0,766x,, {2.6)
ESS = 10375 813,068,
H YACTHBIE MOIETH!
yr=1364,142 + 0,382x,, ESS, = 42 868,145,
Y= 3366,111 + 0,578, ESS, = | 194 435,628.
3Hauenue F-CTATHCTHKE 110 dopmyae (2.3) paswo
Fe 10375 813,068 —(42 868,1454»1 194 435,628) 8 »2;2 14772,
42868.145 +1194 435,628 I+ ’
22

e,

KpanTiis pasen Fip = Fo05(2:4) = 6,944 Ha yposre 3HaunmocTH & = 0,05.
tHockoasky £> Fy (Pv = 0,014 < 8,05). To runotesa H; OTKNOHAETCA, U B Bbi-
BopKe eCTh CTPYKTYPHBIE H3MEHEHHN.

Jlag yueTa CTPYKTYPHbIX UIMEHEHHH B BLIOOpKE BBEIEM B Moienb (2.6)
(HKTHBHYIO NEPEMEHHYIO B MYIBTHILTUKATHBHOM GOpPME, OLeHNM cneluduka-
UHIO, BKIIOHAKOUIYEO KaK HUKTHBHYIO UICPEMERHYIO CABUIA, 12K U PUKTHBHYIO
NIEPEMEHHYIO HAKIOHA

Yi=Bo+Bix*Bod +Bsxd &
Cocrasum pacyeThylo Tabauny 2.5.

Tabnua 2.5 - PacueTras tabnuua k npumepy 2.2

i Y | X; 4,
2008 21388 | 2200 0
[ 2009 23634 2863 0
2010 26818 3660 0 i
2018 4540.9 8350 0
TU2012 76670 8570 1 8570
R 8976,3 9510 1 9510
T 110393 11850 1 11850
2015 138216 18369 TS

OueHCHHaﬂ MOJC1b HMEET BMAO
v, =1364,141+0,382x, +2001,9694, +0,196x,d
.

)
{2530 LY (1498} Lam

RE=0991, F= 145291, Fyp = Fyes(3:4) = 6,591.

CpaBHyBas (-CTATHCTUKH A8 KO3)DHUHEHTOB MOZENK ¢ KBAHTHICM
Ly = tigosn(4) = 2,776, NONY4MM, YTO CTATHCTHNECKH 3IHAYMMBIM ABISETCH
101bKO K0IGrUnEHT Bi, Py 3TOM Py = 0,027 < 0,05. Onxako R cratucTude-
CKH 3HAUMM, TaK Kax £ > Fig (Pv = 0,000155 < 0,05). CaestosarenbHo, Leneco-
0BpasHo ocTaBKTs HHKTHBHEIC 1IEPEMERHBIE B MOIIEU.

2.3 3aganus 178 JabopaTtopHoii paGoTh 2
3aoanue 1. B abauue 2.6 npencrasieHs KBAPTANbHbIE TaHHbIE 06 06b-
emax notpeGaenusn (¥) u goxopax aomawmux xossitcrs (X) ¢ 1 keaprama

2010 r. mo [II keapran 2015 r. TpeGyetca NOCTPOMTHL MOfE:L perpeccuu ¥ Ha
X YUHTBIBAKOUWYHO CE30HHbIE KoneGanna.
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T oeew

notpelaenns, v, {aeu. ca.)

— N
269.4 _

Hoxoa. x,
{aen. ex)

3adanue 2. Hpennpustie 3anumaercy npogaxei MacHol NIPOAYKLHK.
B rabnnue 2.7 npencrasnens O0BEMBI exeMecHUIbX Nposax ( (TOHH) no ue-
HaM P (nen. en. 3a 1 kr). Bo BPEMR CCLMOTO H BOCEMOTO Mecsles Ha npen-
NpHATUH NPOM30WAa 3235acToBKa. Tporepirs, npousomwnm x CTPYKTYpHbIe
M3IMEHCHHS B Bbléﬁpo‘iﬂblx JaHHbX, 4 UOCTPOKTL MOJeNb PETPECCHH 3aBUCH-
MOCTH 00hema IpOJaK OT UeHkl,

Tabanua 2.7 - Mexonnie aaumsie k 3a4aHui0 2
(U TS T 778716 g T T T
IS 1718 119719 2044, #aiZlva.ZS*a'%ta 2844

23 301556175 Tra (8ve"i-a $-a (34

B radanuax 2.6 1 2.7 k — HOMED CTYACHTA B XKypHAte rpyhmbl n
_ {2k, 1sks<io,
k, 1i<k<20.

%

3 HocTpoeine mogenu B yeroBusX
MYJILTHKO/LTHHeapHOCTH (akTopos

3.1 KpaTKue TeopeTHyeckie cregenna.
3.2 Pewenre THIIOBOrO NpHMepa.
3.3 3ananua s naboparopoti pabors 3.

3.1 Kparxue TeopeTHuecKHe cBenenus

3.1.1 IIpuynnsl w nocaeacTeus MYJIbTHKONIMHEAPHOCTH

Myneimucommeaprocms (multicollinearity) - yro HapylleHe NpenoCcHUTkH
X.3 Faycca-MapkoBa 0 HesaBHCHMOCTH MERILY COO0H OOBACHTOUDIX MepeMeHHbX
X, Xa, ..., Xy BRIBOYSHHBIX B MOgieNs. B srom CITyHae MATPHLA X ARTAETCS BHIPOK-
LEHHON, NOITOMY MaTpHLAa (XT)O HeOBpaTHMa, YTO nopoxmaeT npobaemy uacHTH-
GuipyemocTH Mozems. Hecmpozas MYAHUKOITUHCADHOCTL €CTh HANVHHE CHIy-
HO nHeitHON KOppe/MOHHON cBA3M MexcLy of: niepen Oc-
HOBHAS 1D i 7 SANUONALICS B HETIPABATEHOM noabope
nepEMEHHAX X, X, ..., X, BKIIOUCHHBIX B MOQIDL: 1) oumbouwnoe BrmoueHue
B MOIEII MHOXECTBEHHOH JIMHE#HOM PETPECCUH 1BYX Hith GOflee TUHEHHO 3a8ucH-
MBIX Tiep 3 2) ob P , B HOJ HOH cuTyaipn ciiabo
KOPPeJMPOBAHHbIE, CTAHOBSTCR B KOHKPETHOM BBIGOPKE CHITBHO KOPPENMPOBARHBIMY;
3) B MOZENb BKIOYALTCH OGBICHAOWAS TIEpeMeHan X, CtbHO KOPpepyiouan ¢
JABHCHMOT] NEpeMEHHOI V; 4) HCTIONL30BAHNE B MogEIH JIAroBBIX REpeMeHHbX, [fo-
CredCTmBI My procmu: 1) FUNOTE3a O HESHAMUMOCTH KO-
(HLBEHTOB B HOTBAUMHCTES CitysiaeE He OTKNOHAETCSA, OMIAKO Cama MOZEAb ApH Npo-
BEPKE C [OMOLLBIO F-KPHTEPHA OKa3bIBAETCH 3HAYUMOH; 2) 1Oy eHTIble OLEHKH KO-

b T0B B, Heony E P WM HMEIOT HENPABIIbHBIE 3HAKH,
3) ouenrn kodhd: TOB f3; wyscT bt K 00BeMY BIGOPKY; 4) Hasiene My;1b-
THKOMTHHEAPHOCTH MOXET CLEAAT MOEITh HEPRIV,HOM L1 TPOrHO3UPOBAHHA.

3.1.2 O6uapywenne MYILTHKOUTHHRAPHOCTH

Jinn oBHapyKeHnA MyMSTUKOIAMHCAPHOCTH He CYWECTBYET TOUHBIX KpH-
Tepues. FIMeloTca HexoTopsie npu3naky, no KOTOPbIM MOKHO CYauTh 06 ee
HATHYIH (OTCYTCTBUN). BHewiiuy TPH3HAKOM HARUUHT MYNbTHKO/LTHHEAPHO-
CTH CYKaT CImuKoM BoNbline 3havenus demenTos Matpaus (XX) .

Ocnosrot npusnarx. My:mniix PHOCIU: OTip Teb KOPPeRsIHOH-
HOM MaTpuitel 0= [r,], i,/ =1,...,m, OTBACHRIOWNX NEPEMEHHBIX XXy o Xy
Bmi30K K Hymo, T0 ecTs det O ~ 0. Eciu see OBRICHAIOLME TepeMeRHihte HEKOp-
peniposanbi, T0 det O = 1. B npotussoM ciysae 0 < det Q<1

Honornumenvivie npusiaru:
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1) Bricokue R n F-craructuia, HO HekoTopsle (N aaske Bee) k03hd -
CHTBI ﬁ‘ HE3HAUHMBE, TO €CTh HMEIOT HHIKKE 1-CTATHCTHKH;

2) BHICOKHE TIApHBIE H HaCTHbIE KO3GGHIUMEHTSI KOppetauHy MEXNY dak-
TOpaMHu;

3) 3HaKH KOIHHUHCHTOB MONETH IPOTHBONIONOKHb! OKNAEMbIM;

4) nobarnenne (ynanenne) nabmoneHuit BBIGOPKH CHIBHO HAMEINIOT 3Ha-
UEHHA OUCHOK KODPDHUHEHTOB MoaeH.

3.1.3 MeTonn: yerpanenns MYJAbTHKO/LIHHEAPHOCTH

Ecatn TouHocTs Mozean apasetcs YROBNETBOPHTENBLHON, TO MONCHL MHO-
KECTBEHHON TUHEHHOM DErpeccHM MOKHO WCTONbIOBATE H OPH HATHYUM
MyneTHkOmHeaprocT. Ecn e todnocts Moaeny NOMYMUNACh Heygzosne-
TBOPHTETLHOH, TO MyIBTAKOLTHHEAPHOCTE HEOGXONAMO YCTpauaTs. Beinena-
10T CEAYIOUIHE METORBI YCTpaHeHH MYJTBTHKOJUTHHEAPHOCTH,

1 Cobpars fonomssrensHbie nasHbie (¥a npakTike He Beersia BO3MOYHO).

2 BRaounTs B Mogents Sosee om0 As1UHe 0OBACHAIOLLHE IEPEMERHBIE.

3 INpeoGpaiosats MYNBTHKOILTHHEAPHbIC (IEpEMERHbIE, UCTIONB3YS SHHER-
HbIE KOMOHHALHYN NEPCMEHHBIX, HEuHOHHEIE opmbl Mozeny, nepasie passo-
CTH BMECTO CAMUX 11EPEMEHHHIX.

4 Hckmounts u3 sozenn OIHY (HECKOSBLKO) OFBACHTIOLIMX MEPEMEITHbIX.

5 Uenonbaosars mpu ouetxe KOIPPUUNEHTOB METON IMABHBIX KOMIIOHEHT
WIH ApYTHE CNeuHaibHbie NPOLeaypH pacueTa x0apuunenTos,

6 Henostb3oBars pudc-perpeccuio Torza, KOI'Ad HU OHY H3 NEPEMEHHbIX,
BKCTIOUEHHBIX # MOZENb PEMPECCHH, HETEI YARAUTH. B yTom CyYae ko Beem

/HAFORANLILIM JsleMCHTaM MaTpHubl XX 1o6ansseTcs Manoe HUCTIO T, U OUEH-
Ka BEKT0pa napametpos f3 :(Bg B1 ... Bn) onpezesserca no dopmysne B =
(X~ WY XY, e E - CauAMtHag Matpyua, 0,1 <1< 0,4, Pumx-perpeccus
NO3BOAET CTABHNH3MPOBATE OLUEHKY ko3duumentos.

7 Memoo nowacosozo eximvenus OOBACHSAIOWIMX EPEMEHHBIX B MO;1eTh,
KOTOPhIF DpelnoNlaraeT onpesienente M3 BOIMOKHOIO Habopa nepemenkpix
TEX, KOTOPBIE YTy IINAT KAYCCTRO MOJICAH DErPECCHH.

ANTOPUTM MET0Ia NOWArOBOro BKMOERHS

{laz 1. VI3 ucxomioro Hadopa 0GBACHIIOWHX nepemennbx Xy, Ay, ..., X,
BuIbHpaCTCA Nepemenkas, MMEKOIAA HANGONLWAI 110 MOy KOIQHULHEHT
KOppeNiaumy ¢ 3asucuMOl nepementoi ¥,

Llaz 2. Orbupaetcs MauGostee «HHGOPMATHBHAM) NApa NEPEMEHHBIX, O/IHA U3
KOTOPKIX 0ToOpaKa Ha ware |, Kpureprem orGopa obbro catyxuT R nan R’k,,.

Lllaz 3. Onpenenserca Tpofixa UCPEMERHBIX, [IBE U3 KOTOPBIX OTOBPAHEI
Ha 1WAre 2, ¢ MAKCHMAITLHbIM KpHTEpHeM ot60pa u 1. 1. fIpotece noaropsetcs
70 TEX TIOp, N0KA BKIOYEHHE OUEPEIRLIX NePEMEHHBIX He OPUBOAMT K yMEHD-
{0eHIO XpHTEpHs 0TGOPa MK ero Crabunnzauy.
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3.2 P T 0 Ip

Hpumep 3.1 s nocrpoentoii B npumepe 1.1 MOXETH MHOXecTBeHHOI
nHHERHOM perpecchy Tpebyercs:

1} uceeqoBaTe HamHume (otcyTcTBie) MYJIbTHKO/UIKRERPHOCTH;

2) yMEHbILHTD PA3MEPHOCTS MOAEIH METOJ(OM [iOWArOROTO BKIIOYEHMA.

P 1 Obuapyx MYTOImUKO. 72 . Jns uc oi
MOZENH CPENH IEMEHTOB MATPUllbi (X’}Y)" (1.17) ects ovens Gonbume u
OUYEHh MATCHBLKUE 3NIEMEHTHI, YTO MOXKET TOBOPHTE O HATHUHH MYI6THKOJLTH-
HeapHoCTH dakTopos. Koppensuuounas MaTpiLa O OGBACHAIOWINX IepemeH-

o

Heix X, X, ..., Xs umeer Buxy
{1 0,065 0239 0772 - 0.430)
| 0,065 1 =-0.201 01t0 027
O=| 0239 -0,201 1 0,093 ~0,105
0772 0110 0193 H - 0,580

-0430 0212 0005 080 1

Onpegenirens matpuist det O = 0,193, CPEOM 1EMENTOB MATPUIL eCTh
BLICOKHT TADHBIA KOIPOUUMEHT KOPPEMALKHH (Fyyp = 0,772), wro nossonser ce-
JIATH NPENONOKEHHE O HAIMUMH CBA3M MEKITY OGBACHIOLIMME NIEPEMEHHBIMU.

Ouenennas Moziens npumepa 1.1 umeer Bua

¥e= 17,541 - 0,582x , +0,545x, + 0,120x 13— 22,466x 4 — 0,003x 5,
{1,635) (~2.153) (4,846} 14,075) {-2.054) (-0,030)
f = 2262, ' = 0,878, R'ay = 0,810, F = 12,939, Fy, = 7471, Pv = 0,007,

Buano, ure cpenn xo3duumentos momenu ecrs HesHauumsie, a R® u
F-cravucTika HMEOT R0CTATOYHO BLICOKME 3WANEHMS, WTO TaKke roBOpHT
O HATIHRY MYETHKONTHHEADHOCTH OBBACHAIOUINX NePEMEHHEIX.

2 Yemp MY PHOCITY MEMOD0M NOWAGORO20 BRTIOHCHUS,

Ulaz 1. W3 uabopa nepemenubix Xy, Xo ..., Xs Bbibepem 1IEPEMeHHYIo,
UMEIOUIYI0 HAMGONBUIME [0 MOZY:HO KO3(dKLUMEHT KODPENALHY ¢ 3aBHCHMOI
nepemeHHONl Vi ryy =—0,572, ryun=- 0,469, ryn = 0,196, ryw=-0573,
rrys = 0,543, 10 ecub nepemersyo X,.

{fiaz 2. BeiGepem HanGonee HHPOPMATHEHYIO Nlapy MepeMenHBIX (0ana 13
KOTOPBIX Xy), 415 KOTOPOH 3HauEHHE CKOPPEKTHPOBAHHOTO xoadduunenta ne-
TePMUHAUMK ABNAETCA HAnBONbWuM (Tabauua 3.1, cronben «Hrdopmarusubie
napen). MakcHMATBHOS 3Hadenue Ray COOTBEICTBYET BKOHCHKIO B CHICLMH-
KaLHIo MOAEITH MePeMEHHBIX X; 1 Xs,

Uiz 3. Pe3ynbTathl BoIMUCAEHNAS KOIDPHUUHERTOB AeTepMuHALMY MO~
TIelt ¢ TPEMR NEPEMEHHBIMH LPENCTaBNeHb! B Tabiuue 3.1 (cTonGen «Mrgop-
MaTHBHbIE TPOitkW»). MakcuMansHoe Inauenme RZ_,,J, COOTBETCTBYET BKIIOUE-
HHIO B CICUMQUKALMIO MONENN NTepeMenHbIX Xy, X u Xi.
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Lz 4. Jlo6aBieHHe 4eTBEPTOMH NIEPEMERHOT K Tpolike Xy, X», Xa Heanauu-
TENBHO YBENHHMBAET 3Hauctne R (H COOTBETCTHEMHO RZMJ) {rabnuua 3.1,
croabeu «MHPOPMATHBHLIE YETBEPKH»), I0ITOMY PEKOMEIIYETCS OC1ABUIL B
MO/I€/TH TORBKO HHAOPMATHBHY KO TPOiiKy. Torna Moens HMeeT Bra

yr=31,947 + 0.584x 5 + 0,11 x5 — 37,795x s,
14,782} (4,812} {3340 i-5498)

1= 2,201, Riay = 0,765, F = 16,177, Fyy = 3,587, Pv = 0,0002.

Tabnuia 3.1 — BriGop HHYOPMATHBHLIX NEpeMEHHBIX K NpuMepy 3.1

! HndopmatpHbie HHpopsaTHBHbic Hudopmatusupe
| aaps! TpoHku YETBCPKH
s Xy | Ve Ko T T [T

25-X54 )
6l x” ¥ A X, ol
0370 T0.615  0.427 10,396 10,631 03815 {0,618 [0878
0,265 [ 0,551 0351 10295 [0:355 0765 0,514 0,829
3323 19, 463 13,029 16826 16177
0,063_1 0,003 10,036 ] 0,049 0,007 0.0002
4 Fop* Fogsl2,12) = Fg= Fos(3311)

L | =rofboes2ii2 = 3885 |- roRPOIEIN=35%

3.3 3aganun s aaGopatopHoit padors 3

Tlo cTaTrcTHYECKHM TaHELM (Tabnuua 1.6) W pesynsTataM weeneaoBanmi
JrabopatopHoit pabote! | Tpedyetcs:

1) mposepuTh MoETE Ha HATHWHC (OTCYTCTBHE) MYNBTHKONUTHHEAPHOCTH
OOBACHIOUINX TEPEMEHHbBIX;

2) YMeHLLIHTE PA3MEPHOCTS MOACIHH METOIOM TOLIANOBOr0 BRIVOVEHHS,

4 I1po6ema aBTOKOPPEISUNY OCTATKOB
MOJ€e.1H MHOKeCTBEHHON IMHEHHONH perpeccHu

4.1 Kpatxie TeopeTHUeCK1e CBEIEHNA,
4.2 Pellsetne THIIOBOTO MPHMEpa.
4.3 3ananns ans 1abopatoproil paboTs! 4.

4.1 KpaTkue Teoperndeckue cBegenus

4.1.1 [IpHYHRLI 0 BOCIEACTEESA ABTOKOPpPEIALHH

Aemoxoppensyun (avtocorrellation) - 310 koppessuns mexay Habmozae-
MBIMH 3HAYCHHAMH BO BDEMEHH {BPEMENHBIE Psiilhl) M B 1IPOCTPAHCTBE (TPO-
CTPRHCTBEHHbIC AGHHBIE). AGMIOKOPPETAYIA (CMAMKOE XapaKIepU3yeIcs TeM,
HTO HE BBINOAHACTCA Ipeanocsitka &.3 Caycca-Mapkosa.
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Jaz - BeAHYHHA CUBUrA MEN1Y YPOBHAME OCTATKOB MOUCIM PELPECCHM.
Be:M4uHa SAra ONPEAEIAET NOPAIOK ¢ KOIDPULIMEHTA ABTOKOPPEIALUMHK Py

Buabl aBTOKOPPETALNH: 1) wucman aBTOKOPPEIALNS, 00yCoBIeHHA 3a-
BHCHMOCTBIO CJTyNaiiHbX OMub0K & 0T npounisix 3uakenddl & ;. & o 2
2) 700KHAA ABTOKOPPENIAINA, BhI3BARHAA HENPAaBHIbHOH CretdUKalned Mo-
nenu perpeccun. [pununet uucmoi aemokoppensyuu. 1) rHepima (M3MeHeHne

SH TIep it noa OOBACHSIOLIMX [POKCXOANT HE MIHOBEHHO,
a 06/AAeT ONPEAETERHONR HHEPTHOCTBIO); 2) 3PQeKT TayTHHBE (MEOTHE IKOHOMH-
UECKHE [IOKA3ATENH PEarnpytoT Ha H3MEHEHHE SKOHOMITYECKIX YCIIOBHI ¢ 3afias-
JbiBaHWEM); 3) CFNIQKHUBAHWE JAHHBIX (YCPeNHEHHMe NAHHBIX N0 HEKOTCpOMYy
NPOAOJIKHTENbHOMY HHTCPBAITY BPEMEHU).

Honroxcumensnas asTokoppensuus (cov(E, &) > 0) vaure seero soizsivact-
©A BO3AEHCTBHEM HeYUTERHBIX B MOJENA nep HbIX, Ompuy, HGR ABTO-
koppeitsuna (cov(E,. &) < 0) daxTudeckn O3HANAET, YTO 34 NOIOACHTENBHbIN
oTK10HeHHEM & CIeTYeT OTPHUATENEHOR ¥ RaoBopoT,

Tocredcmeun asmoxoppeasyuy: 1) OUSHKH MOJETH MEOXKECTBEHHOM NH-
HelHOM perpeccun ocTalTes  COCTOAT IMH, HO TepAeTeA
3G(PEKTHEHOCTS; 2) aBTOKOppeTsuHt (0CODEHHO MONOKUTENBHAS) YACTO Npy~
BOMT K yMEHBUICHHIO CTAHZAPTHBIX OLMOOK KO3(QHUWEHTOB, Y4TO BlEYET 32
cobo¥ yBennueHue [-CTATHCTHK: 3) OLEHKA JWCHEPCHM OCTATKOB ABIAETCH
CMELIEHHON OUEHKOH HCTUHHOIO 3HAYCHHS, BO MHOTHX CyHadX 3aHHKEHHOW;
4) BHLBOIBI N0 OLEHKE KA4CCTBA KOXPHUIMCHTOB ¥ MOACIM ¥ LIGNIOM MOTYT ObITH
910 FIp K yXy O IPOTHOBHLIX KAYECTB MOEIH.

P

4,1.2 O0HapyReHne ABTOKOPPE.IHHHI

Obnapyscerue amoxoppesyuu OCYIECTRIETC MyTeM aHaim3a rpaduka
OCTATKOB MOIIEAH, T IOMOUIBIO METONZ PALOB M CTATUCTHUYECKHX TECTOB.
OucHiBaeETCS MOIETh
Vi= Bt Bixn + .. Bakon T & “4.1)
ONPEALAIOToR € = Y, — ¥, - OCTATKH MOSNH (OUEHKH oudKM &), Tae y, J: -
COCTBETCTBEHHO Haﬁnmaae.mble W MOJeIbHBIE 3HAYEHHSA 3aBUCUMOl NepeMen-
Ho Y. r=1,..,n
Apanms _rpaduxa ocrarkos Mogenu. CTpouTes 1paik 32BHCHMOCTH
0CTATKOB @ OT {, (=1, ..., n [0 BAZY KOPPENALHOHHOTO MOMS BLIABHIACTCA
OpeAoNOKEHHE O HaiMuvyu (OTCYTCTBHM) aBroxoppensuuy. Hanuuue peskux
UIMENEHKI 3HAKOB OCTATKOB MOXKCT CBUACTE/ILCTBOBATH o0 o‘rpnua're:u-.uoﬁ
ABTOKOPPEITUMH; €CTH KE 3HAKH OCTATKOB H HUX a0co; IO THbIE JHAUCHHUS H3Me-
HAIOTCA HE CHIBHO, TO MOXXHO OXKHIATh NOIOKHUTEILHYIO aBTOKOPPEIALIMI,
To rpad)m(y 3aBHCHMOCTH € OT & ; BbLABHIAeTCa MpeRIOTOAKERHT
0 HATHUNHM (OTCYTCTBHH) B OCTATKAX ABTOKOPpEnsUMH |-TO nopaika.
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Mertoa panos (Runs Test, Ceary Test). [focieaosareisro onpeseasoren
3HAKK OCTATKOB €, { = 1,2, ... n HenpephiBHas MOCNENOBAaTEIbEOCTL OMHA-
KOBBIX 3HAKOB HA3bIBACTCH psidoMm (Cepueil), KONKHECTBO 3HAKOB B PALY —
Onunott paja. Ecny paaoR CHMIKOM MAlO NO CPABHCHHIO C KONHYECTBOM
HaO/MONCHHA 1, TO BNOJHC BEPOATHA MOAOKUTETbHAA ABTOKOPPEISUMS, ECNA
MHOTrO — OTPHUAYENBHAA ABTOKOPPENAILHA.

Briiuraerca uynesasa runotesa Ho: p=0 OpOTHB aTbTEPHATHBHON
Hy:pi#0. JL1n nposepkn runoTessl MCNOALIYETCA I-KPHTEPHE, MMEIOLUMH
CTAHAAPTIIOE HOPMANTEHOE PACTIPE/IEICHHE, CO CTATHCTHKOH

PP I P )~ N(O, 1). “2)
p

= L
1Y ¥ al(n-1)

4

3aech 7' — KOAMYECTBO 3HAKOB €7, 1~ KOIUMECTBO 3HAKOB «-» TIPH 71
HabIOACHHAX, 7' + 17 = 1, k — KOAWYECTBO PAIOB.

1'unotesa /f; OTKTOHACTCA HA YPOBHE 3HAUNMOCTH O, €CIH {2 2 ¥ _ 43 HiIK
Pv=Plu>z}<a, TO €CTb aRTOKOPPESIALMA 1-FO MOPAAKa B OCTATKAX NPUCYT-
CTBYET. 3/1eCh U, _ g2 — KBARTHIL CTARAAPTHOTO HOPMAIILHOIQ PACTIPEETICHHA.

flpy Masbix #°, 7~ ucnoak3ytotes 1abuutet 414 & [3], onpeaenstolune
HIDKHEE &) 1 BepxIiee &, 3HayeBMs #a ypoBHe 3HadnMocth 0. Eciv ky <k < ky,
TO rOBOPAT 00 OTCYTCTBHK aBTOKOppensiLuy; & < k) — 0 NONOKUTEALHON aBTO-
KOPPEIRLMH; K = k; — 00 OTPHUATETEHON ABTOKOPPENAUAY OCTATKOB.

Kpurepnit lapdusia-Yorcona (Durbin-Watson). Tect [JapOusa-Yorconsa
lpeaxasHadeH 118 o0HapyXKeHus apTokoppesaunn 1-ro nopsaka, KOria ciy-
Yafthble OIIHOKN &, ONf OTCA 110 UTEpAL i cxeme AR(1):

&=pi &y, @.3)
€ T}, — HE3ABMCHMBIE HOPMANGHO PACTIPENENEHHbIE CRYHAHHBIC BEIHUM-
Rbi, M(n) =0 1 D(n)) = &%, 10 ecth T~ N(0; o).
Belasuraetea Hynesasa runoteda Hy: p; = 0 NPOTHB anbTepHATHBHON
i py 2 0. J11a npoBepky THIOTE3D! #erolb3yeTes DW-cTaTiCTHKA

D=3 jle,~e, [T e, DW € [0,4]. (34

¢ 4uenom cTeneHel cBoboasl df = m - 1.

Ha ypohe 3Ha4uMOCTH & NO TaBiMuaM KPHTHUECKHX 3HavcHWil DW-
CTATHCTHKY [3] OUPCLCIAIOTCH 3HAYETINS BepXued dy U HIKHEH d; I'PAHMLE UR-
Tepbasia. Bo3sMoxHsI cTyuan:

1) rnotesa f, otcionsieTcs upn 0 < DW < d; (p, > 0);

2) HeonpeneacHHOCTE P d; < DWpe, <dpnd - d < DW<4-4d;;

3) vunoresa Fe we oTivionRetea npu dy < DW <4 —dy,

4) runotesa A, oTnonserc npu 4 — d, < DW <4 (p; < 0).

MHK-ouekkoii §, napameTpa p; s Moaean (4.3) ap:isercs
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Bi=Xlee /e

Orpannyenns Tecra [apduna-Yorcouna: 1) Tect He NpejsasHayeH L 06-

HApY)KEHHA ABTOKOppenauny onee BLICOKMX NMOpAIKOB; 2) B mogean (4.1)

AOKEH TIPHCYTCTBOBATE CBOBOAHBIT wieR Bo; 3) AAHNBE AOKHBI KMETH 0N~

HAKOBYK) NEPUOIMYHOCTE (HE AOIKHO OBITh TPOMYCKOBR B HaGMIONEHMSAX);

4) TeCT HE TIPUMEHHM K ABTOPErPECCHOHHBIM MOIRIAM, CONEPKAiIMM B Kave-
CTBE OOBACHRIOUEH TIEPEMERHOM [IEPEMEHHYIO ;i _ |, TO eCTh

Y= Bt Bxn Tt Baxm Yy =1 n 4.5)

TpubamxeHHoe 3HaveHue Besinduuel cTatneTiky Japbusa-Yorcosa Bbi-
vucnsetcs 0o Gopmyne

DW=2(1 ). @6
Jins auTOperpecCHORHBIX MOfedel Buna (4.5) UCNOAB3yCrCs A-kpwrepHil
Jlapfnna co CTaTHCTUXOK

p=[1-D%) 1 oy, @.7)
U= NU=ns

rie Es: — OUEHKA AMCTIEPCHH k03 dUUBEHTA TIPH JIAroBOT IEPEMEHHOH Y, _ ).

Tuiotesa Hy 06 OTCYTCTBHM aBTOKOPPE/IALNK OTK/IOHASTCH HZ YPOBHE
IHAUUMOCTH O, €CTH | A1 > 1 o win Pv = P{u> h} <a. 371ech u;_ 4> — KBaH~
THTL CTAHAGPTHONO HOPMANBHOTO PAchipeIeNIeH .

Orpaxwuenus h-cratnetuxy Japbuna: 1) B mosenn (4.5) Tonsko ofma sia-
TOBAA MEPEMEHHAs Y, . |; 2) ONPENE/ACTCA TOIBKO ABTOKOPPENANUHs MEPBOre
nopaaka; 3) Teet JlapGuna HenpHMEHRM NpK né‘f =1,

Tecr Bpevina-Toadpy (Breusch-Godfrey). Tect Bpeywa-Toadpn nemoms-
3yerca A1 obRapykesus aBTOKOppensuny 40 nopsaka ¢. CTPONTCS BCHOMOra-
TensHas Modenb Cayvaismix ourbok & o7 Beex QOBLACHAOIMX TEpeMEHHbIX,
a TaK:Ke 7a)lOBBIX NEpeMeHHBIX OIEHOOK 40 [OPAAKA ¢ BKIFOUHTEILHO!

G—ho T hiXat o Ak FOE T FBE PN~ N0 OT). (48)
Beiasuraerca aynesan runoresa Ho: py= ... = pg=0 npoTHp ameTepHa-
THBHON Hi: py # 0,k = 1, ..., g. Jlns OpoBepKH THIOTE3b] HCTIONB3YETCH KPHTE-
puis bpeywa-I'oadpu co cratucTikol
BG=(n-q)k ~x(g). “9
['wnotesa OTKIOHAETCA, EC/A HA YPOBHE SHAYUMOCTH  BbIOHALTOR
BG> 12; _olg) wmn Pv=P{y’(q) = BG} < a. 3aeck n — uncno HabMoaeHUA Ans
vozenr (4.1), R - koddduument setepmusauny mopenn (4.8), X't og) -
KBAHTWIb ¥~ PAaCTIpeneneHus.




4.1.3 KoppeKTHpoRKa cneunguKauyy Mogeu

PaccmMoTpHM aBTOperpeccHonkoe npeobpasosanue (autoregressive transfor-
mation). [TycTs ommbxn Moaenu (4.1) ects pesynsrar vonens AR(1), To ecrb

317 Bo ¥ Bixn+ Baxe .. Br¥im * & (4.10)
E=piEo N~ MO &) t= 1, m @.11)

JLaz (1 — 1)-ro nabmouesxus no (4.10) umeem
o= Bot Buxeo i B a o Bk e F &0 1 (.12)

Torma ¢ yuetoM (4.10) v {(4.12) nonyuum
Y= 1= Bl = p0) + Bl - prxg-in) * oo T Bl — ¥ v+ E—pi&i ).

Tlosommum
2=y oo B - Boll =0, Xy = Xy — piFe e S Lo (413)
Torna

¥ B B e+ Bk T @.14)

Chyvaitnas owudka n, Mogenu (4.14) ye Re nojsepkeHa aBToOKOppeid-
LMK, NOITOMY ABTOKOPPENALMIO OcTatkos Moaenn perpecenu (4.10), (4.11)
MOHO CUuTaTh YCTparennoit. MHK-oueakn B’ 1 B, ABARIOTCS HECMemEnHbI-
MHL. COCTORTE/IbHbIMK ¥ DD PEKTHRRLIMK,

3amevanpg. | Tlepexon Ky, # X, NPHBOAMT K HOTepe NepBora Habmoze-
HHA K UACIO CTenered cBOGObI yMERbILAETCS Ha 1, 910 npy GonblunX seibop-
Kax He Tak CYINCCTBEHHO, HO TIPK MAIIbIX BHIGOPKAX MOKCT IPHBECTH K NOTEPE
spexrnsuocta. [poGaema norepn nepsoro HalmroneHAs NPEOIONCBAETCA ¢
nomowbio nonpaekx fIpaiica-Buncreka (Price-Winsten):

=i, m .15

2 AsToperpeccuoHHoe fpeodpazosaHie MoxkeT ObiTh 0000IEHO Ha fipe-
ofpazoeakua GoNee BLICOKHX MOPRAKOB.

4.1.4 Ouenxa p; ¥ Kos3phuunenTon o, Bi, ..., Pru

Ha npakTike k03pPRUACHT ABTOKOPPENALKH 1-10 NopAaKa pr = p 00bIuHO
HewspecTeH. CYIECTBYET HECKOIBKO METOIOB €T0 OLEHNBAHHA.

1 Tlpn 1 — o0 Ha 0CHOBE CTATHCTHKY D u3 (4.6) onpeienseTes oueHxa

p =1 -DIW2, (4.16)

KOTOpas janee MCMOb3YETCA B ABIOPEFPECCHONIOM MpeobpasoBaHuu ¢ no-
nipaskoi Tlpadica-Buucrena. Hanee naxosstes MHK-oucHkn napameTpoB By,
By +oon B MOTETH (4.1),

———

2 Meroa Koxpeiina-Opkatra (Cochrane-Orcutt). onpepensiowuii nocsie-
NOBATEIILHO NPHGIWKEHHA NAPAMETPa P ITYTEM WTEPALMI ¢ TOYHOCTSHIO E.

Asxeopuma pearusayuu memooa Koxpeina-Opxamma

Ifaz I Haiinem MHK-ouenxn koddpduuncrros Mogeny (4.1) u 06ozna-
w1 B’y B ooy Bor s

Iliae 2. Ans i - # wrepaund HalieM ocTaTku

e =y—(Bo + Pixat o+ Buxn), i=0,1,2, .0

gz 3. Tlo octatkaM e/ ouenum Mozens AR(1) eama (4.11), orxyde
paiaem oleHKy napamerpa p (oSosuauum e€ p'). Ecan | p'- p | <&, To cum-
TaeM, 4T0 p'= P, NPOUECC NOKCKA NPEPLIBASTCA, H NEPEXOJuM K waiy S.
B npoTHBHOM cyyae war 4,

Liaz 4. Tlonyaus p’, IPHMEHUM aBTOPErPECCHONNOE IPeoGpasoBatue
¢ nonpaskoi [lpafica-Bunctena. Mo npeoOpasoBaHHBIM 1aHHbIM  HaitaeM
MHK-ouesku o ', B¢, ..., B "' Tlepexomum K wwary 2 4 Haxo1um OCTATKH
e/ ¢ yuérom HoBEIX ouenok napametpos B ', B, .., B

Liaz 5. VIcno:is3ys NOCACAHION NOTYMEHHYKO OLEHKY P, IPHMEHseM aB-
TOpErpeccHoHHOE lIpeofpazoBanie ¢ noupasxoi Mpatica-BuHCTeHa H HaxOARM
MHK-ouetku napamerpos Po, By ..., Pm UCXOZHOM MODENH.

4.2 Pemense TUNOBOTO NpHMepa
TIpnmep 4.1 HpoBepuM aBTOKOPPEALMI) OCTATKOB MOJEH MHOKECTBEH-
HOM JiMHEHHOH perpeccuy u3 npumepa 1.1
Pewenue. OueHeHHas MOAEND CTh
¥, ~ 17,541 - 0,582x  + 0,545x, + 0,120x 5 ~ 22,466x 4 - 0,003x 5,
BEKTOP OCTATKOB MOAENH
=497 - 1627 0232 1,702 - 0579 ~2380 — 1.976 0492 0043 0,160 1600 1809 —1501 0912 0441
1 Awaws rpaditka ocTaTkoB. Ha pucynke 4.2 n3oGpaken Toueusblit rpa-
K OCTaTKOR €, 0T, 1= 1, ..., 7.

CH

i
J
PucyHok 4.1 — I'paduk ocTaTko8 MOACIH

Mo BHTY rpadmxa MOMKHO NPEINOJOKHTE HalHYEe HOOKHUTENLHOR aB-
TOKOPPEISUKMH B OCTaTKAX MOUEIIH.
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2 Mervoj oB. [T
ocaes
o I0RATE/HHOCTH 3HAKOB KOMIIOHEHT BeKTOpa &'
) ) ( ecTh
) (= 4+ =) (=) ( .
= e ]
xonqug-;lee KOAMHMECTBO 3HAKOR « % paBHO #' =9 ; Bl Rl e iSiz
0 < =19, S5 RN 2|Z I8! e
panos & =7. Ilo tabunam & 3HAKOB «—» PaBHO 7~ = 6 EE RS 3 35 = :
pazos (3] #a ypostie e KPHTHYECKHX 3HAYEHNH KOTHHEC ) Lléleele : =|SiS|= s e B ;
o= : Hlslgnleinltizils 1 |1 = e
k, rpasg: ki =4, k=13 .05 onp HIKHION & 1B LRREEERZERZRNLRE o :
OTCYTCTRHH , k2= 13. B pesynbrate nmeem 4 <7 <1 FBERKON g =S5 SIS s i E i
e | PR
K H_:’:;of"ppe”’m“w 3, uro rosoput 06 S“-P? slelslizzelkkE gt i :
# Napbia-Yorc ExRe SR8 R SRR RE R
SR s|=|g SiZRIEER =
NPOTHB ansTepHaTHaNON H.: o Boiipuraercd Hynesas runoresa Hy: p, = kT I|EiE g s R|9|E ; 2=z 5
e DY o ‘;13';;0 . JInA IPOBEPKH HY/ICBOH MHITOTE3bi B“ﬂ» pr=0 E;qg B e Y N ET = & 2
- My QHCIUM i e ZEREBIEEREE &
e pmyAe (4.4). TIPOMEKYTOURBIE pacuersl npea g g |diSR eI |42 ARl ;
3HaueH! - ) zigalzle s = el ;
e ce T Jzisalzlelziz sl :
1697 T arnctiku Jlapbuna-Yorcona 5 IS MR G i zie|slaElz) g 2 T
,697. Hukuga 1 BepxHas pasuo DW = 52,789 /31,116 = HATNE p=giec I shis b bt pesie P s < % H
o, oy o pPARMLLL ;. W dy; wiTepBatia KpUTHYEC HBES elsieZlelels SlGeT
S.m=5, a= ; N NEREEE : : il
ckonbKy dy < DV < d, m’~ a=0,05 pasnsi d; = 0,562 1 dy: =2 77':)”*}"3"&- SIRRISTeS il zllig . .
ST TR i, TQ BOUPOC O NPUHEATHN M OTKS 2,220 [3} To- PSEeEy kLl 2| 22
ARTOKOpPPENAL 5 NOHEHNH I'MIOT LgElRlFE R H =<
413t 1-r0 AGpAIKA OCTAS €3t Hy D RERERERSEER :
Tabniua 4.1 ~ 11 5 ELERTRTRN, M Eo i1 S R SE R
% = = bl i !
POMEXYTOUHBIE PacyEThl Ana DW-crarne i« lgielzlzinln 5 ; é;
h THEH L RIEREIREE 213 HIE T
v : = _ : pict b b b EYNES 11 |
J 3, : s i 3= (&3 Hin
I 000 £ . E 3. |elzisl3l bl Il
016 D00 7,457 5 (e,—e, 1) R e e iZBg2zz e Sis ;
: XL S okl 235 - 2R 2R SR R e zﬁ\ g 3 |
749 0232 2,648 QL sz Slme ~iR O :
14.49 H ) T Ak 2 El3i3IR IR i §
__133%8 s 054 13-z 8z gRislz vizjglz : i
S 1,702 L T EREE wRarsior 21Zlzlielzlss = s =
A ~0,579 2898 3 12 = ol =5 S | S
0335 <O i A P ek b b | DR = {
i 5,663 ERRIS MR 2lnizlzlalz|eelElE B .
- 564 2| TR EREERE SElEE i
: 242 Bl wlezzigisis il
002 = BERERE 383 EzsiElie s
5} NS | SR (RS o
025 = = Bt bbb || B e b 5
< R IR ot (S i ad =
- 358 = I BT slvizisiel=llS 18
3273 - a0 18 o~ z|2E2EREE 18 £ ]
i3 2,25 2 - s il ] | e ‘
3 5 xse . H
130 0832 2 ZE 8212888 =22 127 T i
i 0912 0,194 g g == Z= ZiEZ g g :
utepuii b 5 5 = Sl g
eyua-Toadpu. 1 R slaEElEEzl
peALMIO 10 2-T 1OAQPN. Hiecseayem ocTa g iz P pdie BRI | R
10 2-r0 . TIH il PR b i edlls iz |s '
OB BACHAIOLIHX nopaaka (g = 2). Jlus 31010 1o¢Tpo MOACIHEHASABTCORE £ T BESEEEE mzlEsElEls 2 B ;
NEPEMEHHBIX, & TAKKE T : PONM 34RUCHMOCTD €, OT 3.8 e = - bl 3 | ;
R e 2 “TArOBLIX NEPEMCHHBIX & ! ] Si% o =g e ;
ho T AL RaXn | haXp gk T A, . X e 1 He . b3 o< il TS F FEERS i
Bcnomorare:iby b htaie; [N o o lelsisls " bl i :
bHAK MOCIL PErPECCHE KM S k) BEEER I g
5345 0,156x, + MESTBI 2 =R RSB ERSRE glslilz i |
,156x, +0,013x, + 0,025 +4 £ SHAERRENRE < 7 5
02xg +4,387x + 00255 - 0,341 g [ |=l=zlelsls 4 ¥ ey
=033 \341e,. —0406e, o, S| MERERE < |2iz islgRigl]la =
0.337. i e € o] 22 SR 2 TER E
- R | by I3
34 Bl B i 7 — i
J R | R R «
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Boiasuraercs Byfesas runotesa Hy: py = p; = 0 NpoTHB ans1epRATHEB-
woW Hy:p, # 0, i= 1,2. ABTOKOppEnsiUMA DO 2-FO {IOPRHKA NPHIHACTCA He-
3IHAUHMOH, NIOCKOLKY

BG = (15-2)0,337 = 4,38t <x’y_005(2) = 5,991,
Py = XH2PACTLIIX(4,381;2) = 0,11 > 0,05.

S _KoppekTuposka astoxoppensimy_metonom Koxpeina-Opxarra Co-
IIACHO TECTy PAZOB aBTOKoppesiuma orcyrctsyet. Tect HapGuna-Yorcona
0603HaMT HEOIIPEENEHHOCTD OTHOCHTENEHO HANYEA B OCTATKAX aBTOKOppe-
MY 1-ro nopajka. B kauecTee nmpHMepa TPOJEMOHCTPHPYEM MPOLETYPY
Koxpeitna-OpkarTa cMsr4eEHs BO3MOXHOH 4BTOKOPPENNLMA. 3ajamuM CTe-
nexs TouHoeTH £ = 0,01, Tlo ocTaTkam perpeccHs OueHUM Creuu@HKaLno
AR(1): ¢, =0,04%,.;, t=2,...,15. Torua [J“ =0,049. Brinonuum npeodpa-
soBanue (4.13), pesyanTarhl sanumen B Tabnamy 4.2 (nepsas urepauus). [lo
npeobpa3oBaHHsIM BbIGOpOUKbIM AanHbM Bhiaucanm MHK-onenku kosg-
unuerros, cTaTHeTHRY DI, ouenxy f)l. Tak kax f)' s ﬁ”[ > 0,01, npo-
DOMKHM HTEPAUMOHHBIR Npouece. Pe3ynsTaThl BTOPOI MTEPaLuy 3anHLIe B
Tabnnuy 4.2,

3agaHKas TOUHOCTHL OUSHKH AOCTUIHYTA, ¥aK Kak |.S2 - $'1<001. B
WTOre OLUEHEHHAA MOAETb IPHRRMACT BUIL

y.= 10,649 — 0,688x;; +0,521xa + 0,1 16x ~ 15,870x,, — 0,025x,5,
R = 0,859, DWW = 1,700, § = 0,006.

O6 OTCYTCTBHH aBTOKOPPENSLUMH OCTATKOB CBMACTEALCTEYCT OLEHKA
napameTpa apToperpeccHl AR(1) §=10,006, uto menblne xoaddmunenta
= 0,049 HCXOTHOH MOAETH.

4.3 3apanus nas nabopatopHoit paboTi 4

ITo cTaTHcTHYeCKUM AaHHLIM (Tabnuua 1.6) M pesy;IbTataM uccaeaosa-
nuii nabopatopsoit pabots I Tpebyetcs:

1) npoBepyTh Hanuwie (CTCYTCTBUEC) ABTOKOPPENALMM B OCTATKAX,

2) cMAr9UTH aRTOKOPPETS UKo MeTooM Koxperna-Opkarra,

S TeTepoCKeJaCTHYHOCTD CIy4aiiHbIX OIHHOOK
Mo/Ie/1H MHOKeCTBeHHOH JTHHeHOl perpeccun
5.1 Kparkiie TeopeTHuecKHe CBeAeH s

5.2 Peluenne THROBOrO NpHMEpa.
5.3 3axauus juia naboparophoil paborss 5.
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5.1 KpaTkue Teopernieckie caeleHus

5.1.1 TlpoG.ema reTepocKkeaacTHYHOCTH

Temepockedu (h kedasticity) — 3ro npeanonoxesue o He-
ORHOPOAHOCTH NKCIEPCHH CYHaHHbIX OLUNGOK MOACIM DETPECCHH, TO ecTh
Hapywenne npeanocsitku &3 Maycca-Mapkosa. B kauecise oLeHOK Hew3secT-
HbIX 2HCTIEpcHil 6,1 06bI9HO UCHOABIYIOTCH KBAZPATH OCTATKOB €.

TIpusunamu reTepocKe1acTHIHOCTH MOryT BbITh HEOMHOPOAHOCTh HCCAE-
AyeMbIX  00BeKTOB WNH Xapaktep HaGmoneumil. [Tocredcmeus retepo-
CKEAACTHHHOCTH: 1) OUSHKK HOPMATLHOM JKHEHHOH MOIeNK perpecchi ocTa-
H0TCA HECMELUCHHBIMK H COCTORTENBHBIMH, HO TEPAETCA J(OEKTHBHOCTH;
2) aMcnepcuu OURHOK KOIGDOULMEHTOB MONENMH ABASIOTCH CMElISHHBIMMU;
3) BO3MOXKHO HEBepHOE OIIpe/ieeHEe IPAHNIL JOBEPUTENBHBIX HHTEPBANOB KO-
3 PUUNEHTOB MOAENH W NPOrHO3HBIX 3HAYeHHH Y. [eTepOCKEaACTHYHOCTE MO~
et Oeire: 1) ucmunnon (00yCRoBIEHa HENOCTOSHCTEOM ANCTIePCHH ClIyHaiibX
0HOOK, €€ 3ABUCHMOCTBIO OT PA3IMMHBIX (IEPEMEHHBIN); 2) JoakcHot (0ByCcnoB-
nena oLbOHHOR cneunduKanyed Moenk). HoruiHas reTepocKkenacTHIRGCTS
BO3HUKAET B [IPOCTPAHCTREHHBIX JAHHBIX NPH 3aBUCHMOCTH Macwiaba HiMe-
wennil o1 X, /=1, ..., m (vanGonee pacnpocTpaieHHblil cayuai: aAcaepcus
PacTeT ¢ pOCTOM NEPEMERHOI X)), BO BpeMeHHbIX PSax OH4 BOIHHKAST TOFAa,
KOT11d 33BHCHMaR NEPeMeHHan ¥ BMCET 60/1aiI0f HHTEPBA KAYECTBEHHO HEON-
HOPOUIBIX 3HAYEHNH WIH BBICOKHI TEMN H3MEHEHHA,

§.1.2 OBuapyxeHHe rerepocKesacT HUHOCTH

TeTepockeaacTHYHOCTL MOKeT ObITh 0GHApyKeHa ROCPEACTROM aHAIK3a
IPAdUKOB OCTATKOB MOIENH H TECTHPOBAHMEM MOJENEH [ETePOCKE ACTHIHOCTH.

TycTs oucHMBAETCA MOIET

¥i=BotPunt ... ¥ Bakim T &

OUPENEAROTCA €= Y, ~ J; — OCTATKA MOAETH {OLeHKky OwnbKy &), T1e v, 7,
COOTBETCTBEHRO HAOMIIAEMbIE H MOLEILHBIE 3HAUCHMS JABHCHMOMN NepeMen-
HOM Y, /=1, .. ¢

Ananu3 rpadukos ocratkos. Tlpeanononkum, uto Aucnepcns owubok o,
CBAJAHBI CO 3HAYEHHAMM X, nepemenHoit X. [lo ocut abeunce oTxAanbIBAIOTCA
IHANCHWSA X,. IO OCH OPRUHAT OCTATKM ¢ (id XBadpathl ), j=1, ..., m,
£=1, ..., n. Ananus toyeusroro rpaduka (x,, ¢ NO3BONAET BLIIBHAYTH fipell-
TOIOKEHNE O HAMYUK (OTCYTCTBHM) QyHKUMOHANBHLIX 3aBucuMocTell. [pa-
(UK CTyAHT OTNPABHOM TOMKOJ] B HOCIEA0BAHHK T1¢POCKEAACTHUHOCTH,

Mogeau _ retepockesacruumocT.  Moders  mexcapynnogoii  zemepo-
ckedacnuunocr. [yCTh CETEPOCKEIACTHHHOCTL OOYCIOBNCHE PR3NAUHBIMU




yc:1oBuAMH ¢y p {Bp PAitbl) WIH COBMECTHbIM aHa-
JIH3OM PANTHUHBIX THIOB 0GBEKTOB {IPOCTPAHCTBEHHEIE TaHHbIE).

[peanosokeHus: 3a1aH0 YUCIG g HHTEPBATOB TOCTOAHCTBA AMCIIEPCHH,
2> 2. Pa306beM BCH) COBOKYIMHOCTb QaHHbIX HA noamﬁopku COOTBETCTRY-
1OUINE HHTEPBATAM MOCTOSHCTBA, TO ecrb{)"”} {X"\} =1, g [loctpo-
MM MOJIE/IH PErPecCHi NS KAXKAO0H NORBBIGOPKH:

P By + Bt 4 L+ B4 B

rae DEM) =06l i=1. ..., 8

Boisuraetca Hynegas runoresa Hy: 6% = G5’ NPOTHB AN6TCPHATHB-
nolt Hy:ol'# .;.;‘o,f, JI18 ApOBSpKH MIIOTE3b! HCIONBIYCTCH KPHTEPWH
Bapraerra (Bartlett) co cTaTHCTHKO#H

V=1/C58 (n-DIn(S2 /8~ (g-1), 5.1)

|
3{g-1)

r1ie S — BEIGOPOUHAL HECMELLEHHAR NCNEPCHs OCTATKOB /it no;usblGopKM

Tunotesa Hy OTKAOHACTCH Ha YPOBHE SHAUMOCTH O, £CIH Ve ofg-
1) i Pv=P{(g-1)2 ¥} <o, tae ¥ -og - 1) - KBaHTIIS pacnipenene-
HuA A 5

Tecm panzoson xoppeasyuu Cnupmena (Spearman). lpeanonoxenne:
ZMCUIEPCHH G, MOHOTOHHO HIMEHAIOTCA C YBENIMUCHHEM NIEPEMEHHON X. 10
ecTh | €, ! 0 Xy KOppeaupywT, 7= 1, ..., n.

Tlycrs K, — panrn suasenuii x, (pn 3TOM He HAPYWAETCH WCXOIHAA

Iys 5.2)
\

HyMepaiuis aHdeiX). R, — panru ocTatkos e |, (=1, ... n. BuGopounwm

kosduyuenmor panzogon Koppeasyuu CRupmena HasbIBAETCR BeHYHKa
(' =n)i6=3" (R -RY
V’((ni -m)=2, ) -m)-21,) /6

(5.3)

3aeen 1, = T7n, )

Ho#H X, n)“ — 4HCTO PAHIOB, BXOMNUIMX B J4HHYIO CBAIKY. AHANOIHYNO Ang

nx.’,‘)/ll, My HACAO CBAIOK [LTA j-i NepeMcH-

Ecan caaku oteyrerayor. 1o m "o, = 1.7, =0n
_SZLR, -R) s
n(n —1) o
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Bouasuraetcs Hynesas runotesa Hop), =0 (0TCyTcTRHE KOPPEmMLMY

Mekay (akropom X, W BCKTOPOM OCTATKOB €) MPOTHB AILTCPHATHBHOM
Hh:pgy, #0. 1% IPOBEPKM rHIOTEbI MCTIOML3YETCA (-KPHTEPHIT CO CTATHCTHKOI

T'unotesa Hy OTKNOHAETCA Ha YPOBHE 3HAIMOCTH 0, €CIM | {13 1) o2 (n-2)
W Pv = Ple(n - 2) = {} < @, TO €CTh reTepOCKENaCTHIHOCTL IPHCYTCTBYST.
Tecm [lonogendu-Keanoma  (Goldfeld-Quandt).  Ilpeanonoxenns:
1) ciryvaiiibie OLKBKM & UMEIOT HOPMAILHOE PACTIPELE)ICHHE 1 ABTOKOPpE-
NAUMA OCTATKOB OTCYTCTBYeT; 2) AMCTepcHs ownBoK o, cas3ansl €0 3nauc-
HIBIMH r,} nepemennoll X, weyGwisamouel dynkumeit snaa of =o'y,
¥ Ly
Bce Haﬁmozlenm YTOPAZQUHBAIOTCA N0 BO3PACTAHMIO TiCpeMeHHOl X,
YnopaaoueHHas BeIGOPKa JeTHICA HA TPH HACTH TAK, 4TOOKI B MEPBOH 1 TpeTHER
4aCTH BBLIO N0 1 3IEMEHTOB, 1 < 1< /2. JINA nepBoit 1 TpeTbelf vacTed oug-
HHBAKOTCH /I8¢ HEIABHCHMbIE MOJIEITH MHOKECTBEHHOR JIHHEHHO# perpeccuu:
|,B\| +p(mX\l, +ﬁ(u‘/m.v(|,
‘;(1\ 4 B \‘XL‘) WF Bm:slxmt.-y o Ef“<

2 ”

Bsmm‘aﬂcﬂ Hyjesas runotesa Hy 0" =0 NpoIMB anbTepHATHBHON
Hiol %05 s TIPOBEPKK THOOTE3s! HCNONb3YETCH GO-KpirepHii ¢o cTa-
TUCTUKOK

GO = max{ESS", ESS”}: min{ £S5, ESS¥} ~ An’=m—1,n"=m-1), (5.6)

rae BSS™ = 3 (e ESST = TX (7).

['wnovesa Hy oTknonsercs, ecnm GO > F_(n'-m—1, n'—m— 1) unu
Pv=P{Fn" -m-1, n'—=m—1)> GO} < a Ha ypoRHE 3HAUMMOCTH O, TO
€CTD FeTePOCKEAACTHIHOCTL NPHCY TCTBYET.

Tecm Inetisepa {Glejser). Tpeanonoxenuce: 3aBUCHMOCTS | ¢; | OT 3Have-
HHH X, 1EpeMEHHOM .\, nmeeT BUI

let=8u+8 %)~ v, v~MGa),-2<y<2 (5.7)
OuenHBatoTCs HeCKoNbK0 Mozertelt Buna (5.7) npu pasnuwuksx v. Craru-
CTHYECKAd 3HAYUMOCTE  kO3bQHUMEHTa &, O3HAYAST HAIMYHE TPeTepo-
cKeacTHUHOCTH. Ecii [uis HeCKOTLKHX Monenel nosyvena 3HaYUMas oLeHkKa
8|, TO XapaKTep reTePOCKEHACTHHHOCTH ONPENCNAETCA Hanboaee SHAuHMOR.
Tecm Mapra (Park). [lpeanonoxenne: Iucnepcdn omwudoK CBA3HbI ¢
AEePCMCHHOM X, 3AaBHCHMOCTBIO

ol =c"x e, v~ NM0; o). (5.8)
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[Iponorapudmuposas (5.8), noxyunm
Ino —lno’+31nx,+v. (5.9)

Mo BeIBOpOUHbIM AHKBIM OLUEHUBAETCH MoAens (5.9). Ecnn xo3dduun-
€HT 8 CTATUCTUYECKH 3HAYHM, TO I'ETEPOCKEIACTMMHOCTH IPUCYTCTHYET,

Tecm Yaiima (White). Ipennonosxenya: aucnepeuu omwmndox Momaeny
CBA3aHbI C NEPEMEHHBIMA X}, X, ..., X, 32BHCHMOCTBIO

67 = f (R Xty oos Xem, (5.10)
e f - KBauparTHaHas QyHKuus.
Quennsaerca MOASTb
e =8t T0 8, + T BN, 5x, Fv v~ NO; &), .11

L1 9%

[TpoBepscTCs 3HAMMMOCTE BCNOMOTYTENLHON Moaend perpeccun (5.11).
Bolasuraetcd Fanoresa Hyi8=8,=...78, =8y =... = 8,.,=0 nporns
anutepHaTuBHOR Hi:867# 01 # ... £ 0, £ 811 £ ... # 8 £0. Jlus nupoBepxu
PHIIOTE3bi HCNOAL3YETCH L/ - KPHTEPHI CO CTATHCTHKOW

U=nR -~ (Q-1), (5.12)

rae R, O - x0>QOUUHEHT JSTEPMUHALUMH ¥ SHCNO MapaMeTpos
vozenu (S.11).

I'vnoresa /Hy OTKNOHAESTCS KA YPOBHE 3HAYUMOCTH O, €CIH
Uz le _Q— 1) wn Py = P{xl(Q— 1)> U} < a, To ecrb 1CTepOCKeRacTHY-
HOCTb [IPUCYTCTBYET.

Tecm bpeyw-flazana-I'oogpu (Breusch-Pagan-Godfrey). [peanonowe-
HMR: OHCTHEpcHH OIHGOK MOMENTH CBA3AHB ¢ p THOOBIMH NEpeMEHHsIMK
KXot Xizr .-y Xipy 3ABHCHMOCTEIO

67 =00+ By +..t Opxy, (5.13)
()L[B‘HMBHETCR MOJENL

S e s o,
¢l = 80+Zf:‘t},xuvv,,v,~;’\(07

rae 67 = /0¥ ¢ — OleHKa AWCTEPCHH CTyNaRKbIX 0LHGOK &.

Boineuraercs Hynesas runotesa H:8,=8.=...=0,=0 npotus anb-
TepHaTHaHO# Hy:6,#0, j = |, ..., p. Hcnoawiyercs BP-kpHTCpUi co cTatu-
CTHKOH

BP = RSS2~ y¥p). (5.15)

['unotesa Hy OTKIOHAETCA HA yPOBHE 3HAYUMOCTH &, ecni BP 2, Ap)
wik Py = P(xz(p) > BP} < ¢, TO &CTb NPHCYTCTBYCT Me€TEPOCKELACTHUIOCTE.
3necw RSS - cyMMa KBaapaToB orkioseHnit moaey (5.14).
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5.1.3 Cnocober

PPEKTHPOBKH TeTep THYHOCTH

TpH HApYIIeHHH TOMOCKENACTHYHOCTH M HANHYNM aBTOKOPPLASINM
ac1aTkoB 06bI4HO BMecTo TpapwimoHHoro MHK ucnonssyercs o6obuuek-
i MHK (OMHK), koTophiii Ans Cliydas YCTPAHEHHS reTepocKeaactHiro-
CTH Ha3BIBACTCA METONIOM B3BELICHHBIX HAHMEHbIUKX KBanpaTos (MBHK).

TTycTb MOZENb MHOXKECTBEHHON THHEHHON perpeccHu UMeeT Bua

Yi=Bot Py TP o F Pk Tt =1, om, (5.16)

- 2 2 "
nputen cov(§, &) = 0/, 6" £ 67" # ... £ 6,7
MC’I'OQ BIBCUICHELIX _HAHMEHbUIHX KB83JpaTOB NPH H3BCCTHBIX G:. Pa3-

IenuM HaOTIONAEMbIE 3HAYUERUA ¥, VI Xy, <.y Xim HA G, 1= 1, ... 1
YilGy = Poie+ Boxnio; + ...+ B XS, + Efo (5.17)
= * : - 7 AL 38
OBosaunm: y, = yjo, 5, = 116, X, = x40, v, = /0, Toras nosyuny
mouens perpeccuyt 6e3 cBOGOMHOrO UNEHa, HO ¢ AONOAKHTENLHOR OBLACHS-
toliledi nep H Z u ¢ «npeodp AHHOW» CryuaifHo omubKo# v:
. . .
Y =PBezH Pixe o T Bukim FVLE= 1, n (5.18)

Jina monemu {5.18) nmeem

M) = ME/o) = ME)io =0, D(v) = D{&Ja) = DEYe =6 o/ = 1.
TO €CTb 719 MOAENH (5.18) BRINOIHAOTCS NPeANOCHIIKY laycca-Mapkosa, i
MHK-oueHKkd K0IPPHUNCHTOB ABNNOTCA HECMELLEHHLIMH, COCTOSTNbHEI-
su 1 addexTuaHBIMIL. OLEHUB KX, Nepelliem K HCXOAHON Monen (5.16).

MeTon B3BeUICHHBIX HANMEHBWYX KBAIDATOB NIPH HEM3BECTHRIX . [10
KOPPENSLMCHHOMY MO0 G W X4 U€aetca NPEANONOKEHHE O BUE HX
PyHKUMOHATHHOR 3aBUCMMOCTH. Pacemarpum ciryyan.

1 JlHenepcun o, NpoTOpLHOHATEHDI Xy4:

3 el
G/ =G Xy

(5.19)

‘Torna ypatenue (5.16) enutes Ha (X, M BBOIATCH [IEPEMEHHbIE

=y x xS = xRk =B (5.20)

B pesyabTate UMeeM HOPMANIBHYIO MOAETE MHOKCCTBEHHON THHEMHHOR
perpecend, MHK-ouenku kotopofi gaior ouenku vicxorHoit mone:t. Mocite
onpejencHus OLEHOK KoIGOHIMEHTOB BOIBPALIAIOTCA K HCXOHHOH MOTeNA.

2

2 Jlucriepcuu ;" NPONOPUHOHAILHBS X4~

magsbis {5.21)

Torza ypasienuc (5.16) aeAnica Ha x,; ¥ BROIATCA 1IEPEMEHHbIE

6 =0 Xy 1=

Yo =yl Xy Xy = Xy X Vo= & X (5.22)
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B pesysnTate HMEEM HOPMATLHYIO MOJENL MHOKECTBEHHOMN THeHHON
perpeccuy, MHK-onesKu KOTOPO#H N2K0T OUGHKH #CXOAHONH Mogenn. TTocne
onpeseneHns ouerok kodddutinenTos Bo3BpalIaloTCs K MoeNH (5,16).

5.2 PemieHHe TUIIOGBOTO IPHMepa

Tpumep 5.1 Jias noctpoenHoit 8 npumepe 1.1 Moaesu MilokecTBeHRON
nuveitHo# perpeccky TpeSyerca: 1) nposepiTs Hauuke (OTCYTCTBHE) reve-
POCKEAECTHUHOCTH; 2) CKOPPEKTHPOBATb IETEPOCKEAACTHIHOCTh METOAOM
B3BELICHHAIX HAMMEHBIUIMX KBAJPATOB.

Pewerue. OUeHEHHA% MOLEIh UMEET BRI
y,= 17541 - 0,582x ; + 0,545x, + 0,120x 5 - 22,466x 4 - 0,003x 5,  (5.23)

11,635} (- 2.453} {4,846) {4079 (=2.353} (- 0,030)
1o=2,262, K = 0,878, Ruy = 0,810, F = 12,939, Pv=0,0007.

BexTop 0CTaTKOB MOIETH eCTh
¢ =(2,5 - 163 023 1.70 — 058 —2.38 — 198 049 0,04 0,16 1,60 1,81-1,50 --0.97 0.44)".

1 Anasus zpaguxos ocmamkos. Toueunble rpaduki OCTATKOB €, OT 3Ha-
ueHuil X,; mepemeHsbiX X f=1, ..., 5, t=1,..., 15, npeacrasncHsl na
pucyske 5.1. KonefnemocTs 0CTATKOB MPaKTUMECKN I8 BCEX NEPEMEHHBIX
QUMHAKOBA, NIO3TOMY ABHO I'€ICPOCKEIACTHYHOCTD BBIABHTL CROKHO. B 310M
cayqae ﬂEJ‘ICCOOﬁpaBHO BPOTECTUPOBATE MOACTIH FETEPOCKEAACTHUHOCTH.

a}e, 0T Xy 6) ¢,01 xp 8) ¢,01 X3

1) e,0T X £} e,or X

PPN, Y-
Y W 8w w we

Pucynox 5.1 - T'paduku 38RHCHMOCTA OCTATKOB ¢, OT OGBACHAIONIMX IEPEMEHHbIX

2 Tecm panzosou xoppeagyuu Cnupamena. Mycto, p P, BESAHUHHE]
{ €| MOHOTOHHO M3MEHANOTCA ¢ YBETHUEHHEM X5 TIepeMenHoi Xs, ¢ = 1, ..., 15.
B mabanue 5.1 npencTasienbl IPOMEXYTOUHBIE PACUETH! /UTH PAHIOBOMO KO-
runenta koppensuik Criupmena, £, . =1 - 6492115157~ 1) =0,121.
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TabGnuua 5.1 - Pacyet panrosoro koadduumenta koppensimn Criupmera

Rys lel T Ry T Rui-R) | Ry Ry |
2 497 ( ! 11 121 |
10 627 6. 4 T 6
309 4 0, 1B 8§
18,742 JO T s _
32.008 579 T 10
11,910 380 2
3,907 4 _1.976 T
7743 | 0492 1
4587 [ 13 7770043 195 -
[ 3,552 ST 0160 | 14

Buinsuraercs wyaesas runotesa Hy: p

=0 TIpOTUB ANbTEPHRATUB-

s
e,

HOW Hitpyy, # 0. 3Hauenye (- CTATHCTHKY 4 KBANTILIA HA yPOBHE JHAUUMO-

cTi @ = 0,05 paBHbI COOTBETCTBEHHO

l'anotesa Hg He OTIIOHSAETCH, Tak Kak | 2] < o (Pv=10,67>0,05), To
€CTh [eTePOCKEACTHYHOCTE OTCYTCTRYET.

3 Tecm Iordgemvda-Keanoma. TlycTh Ha W3MEHUMBOCTS IUCTIEPCMN
owmbOK BAMAET nepeMeHnan Xy YIOpAioHMM Bee BLIGOPOUHbIE AaHHbIE TIO
BEAMUHHE MOLYIIA fiepeMertoit Xo, = 1, ..., 15 (taGivua 5.2). U nycts uncio
HAOAOACHMH B «MACTHBIX» PErpecchax pasuo 7, #'=7 (ycaosna recta [ona-
Genspa-Kpasma m < n'<ni2 u Faycea-Mapkosa n’ > m v | spmonHmores),

Tabauua 5.2 — Yropsaouenne xaHHex g Tecta [ onadensaa-Keanma

Y 1 X X X | X%
5089 | 4600 5,082 1044 | 11,012
12.188 ] — 6,800 5251 0783 | 17718 _

[_2133 5993 . 69104 170999 ;4587

488 25007 705 1001 5950

2,581 3500 ¢ 8336 CT.018 16.409

069 777 8359 015
2035 827 8,726 128
395 1894 3,743 939
0,476 3,554 950 034
4,019 2,231 193 025 |
6,332 0,145 531 0.870
3,069 4.766 757 10691
7,826 640 455 0.992
2916 800, 16,666 1,054
16,700 588 23867 0,980

Ouenku YacTHbIX MOnenei perpeccuii
2= 15,245~ 04T Tx, — 0,745x +0,047x — 7.915x4 + 0,070xs, R =0.979, 155" = 1,814;
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¥ 10460~ 2,271x5 + 0,677, — 0|41:n~5569x,,#0034x,5,R' 0991, ES57 = 1418,

menraercn Hynesas runoresa Hy: 6,' = 057 NpoTHB aibTepHATHBHOMN
Hi: 6" #0y". 3naxenve GQO-CTATMCTHKH paBHo GO =1,814/1,418=1,280.
Ha yposhe 3uaunmoctn o = 0,05 nmeem

w=Fioos(7 5-1,7~5-1)= 161,448

T'anotesa Hy xe oTiiouscres, tak kak GQ < F, (Pv= 0,46 > 0,05),
TO €CTh FETEPOCKEUACTHIHOCTb OYCYTCTRYET.

4 Tecm zefizepa. TIpeanosiokuM, 9TO OCTaTKM €, MOICNH CBAIAKBI CO
IHa! X3 nep i X3 3a oo (5.7), 1= 1, .., 15

Tomysennbie 278 v = +2, £1, 0,5 ouenkn koadhuunerTos Moxenei sisa
(5.7), 1 - crarucTixn, KO3GOHUMEHTHI RETEPMUHALIMK W F-CTATHCTHKK upea-
cTaBaeHs! B TabnuLe 5.3, BuHo, 4r0 wis Beex ¥ ko3PHLMEHT 8, cTaTneTHye-
CKH HE3HAUMM (4 = 2,16), TODTOMY eTePOCKeAACTHYHOCTD OTCYTCTRYET.

Tabnnua 5.3 — Ouenku Mozenelf perpecchii ans TecTa [neitzepa

5 (8q) ) (o) | R F
1,188 4000 -1 8239 0,044 7 00001 | 000
098 T 2241 3,421 0004 | 0051
541 T 0,98 1,548 0,006 | 0.076
468 1,38 - 0,043 005 69
310 2.23 <0,003 09T 0,003 44
215 330 -~ 000001 170,063 0.0003 001

3 Tecm Yaiima. B npeianoCsLikax TecTa 1peGyeTes OueHHTb BOloMOTa-
Tenbnym MOJIeJI6 PETpeccHi

=804 38,0, + 30 200,55, v, v~ MO; o). (5.24)

flo ycaosmo oprMepa 1.1 wicno HaGmonenuin pasuo n=15. Jan
MHK-ouenxit Moaenn (5.24) He BbllONHsETCH ycaoBue laycca-Mapkosa
X.2, 10 €CTh 2> 11 + |, NOCKOIILKY YHCAO NAPAMETPOB MOZENH {5.24) pasho
m=20. 11o3ToMy AN4 UCXOAHOHK MoaenH ipumepa 1.1 Tect Vaiita He npu-
MeruM, C uesisto ACMOHCTPALMH TECTA N0 ZaHHbiv TA6ANUB! 1.2 10CTpoUM
MOZeRb MHOXKECTBEHHON IHHEHHON perpeccun 3aBucumocTy ¥ of X; n Xy, 1
NPOTECTHPYEM OCTATKK PErPECCHM Ha reTePOCKEIACTHIROCTD,
Ouenesnas MO/IENs IMEET BIHI
=32,390 = 0,455x; - 32,547x,,
'J‘I()y 2,791 - 3514)
b =1 vosn(12) = 2,179, R =0,615, F=9,602, o

BekTop ocTaTkon
/'=(-053 274 -0,067 485 3,89 -0.78-3.24 2380123 0.5 436 069 - 2,08 289141

—~
(7
[

<

= Fiooes(2;12) = 3,

MEIK-ouesKa BerioMOraTenbHOM MOLG/TH PeIPECCH BHAA (5.11) ectn
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e/ =202,670 + 8,697x, — 487,786x; + 0,125 x;}
R =0,658.

Beigpuraercs Hynesas THnOTe3a Hol 8o = 8, = 8, =8, =83 = p =0
NpOTHB abTePHATUBHOM Hi: 8o # 8 # 8: # 8y, 7 8,3 # 61 # 0. 3nauenwe cta-
THCTHKH pasHo (= 150,658 = 9.872. Ha yposuc snawumoctn o = 0,05
ameen X' =11 005 —1)=9.488. Tunoresa Ho OTK/IOHAETCS, TaK Kak
U> e (Py =0,043 < 0,05), T0 ecTh FETEPOCKEAACTHIHOCTS IPHCYTCTBYET.

6 Tecm TTapxa. Tlycts aMciepeuy oLIMGOK MOAETH CBIIANBI ¢ nepemen-
Hol X 3asucumocTbio (5.8). Jlis MOCTPOSHHMA BCROMOTATC/THHON MOnen#t
(5.9) cocraBuM pacueTHyio Tabanwuy 5.4,

- 11,558 x3 x4 + 303,458 1%,

Tabmiua 5.4 — Pacuetnas Tabunua ans Tecta [apka

(S N C N A
6235 | 1830 0.

BenoMoraresisHas MOAes BPAHIUMAET BUL
In{e®) = — 0,478 + 1,644 Inx,. B = 0,004, F = 0,05.
(- 0757 0.223)

3Hauenue ~CTaTHCTHRY KodddHUKenTa § TIpH OBbACHMOWENH nepe-

MEeHHO Inx, BCIoMoraTeashoil Mojaenu

H1=0223 <2160 =6, = t; _o0s2 (15— 1 — 1), Pv= 0,827 > 0,05,
T03TOMY KOXPOUUHEHT 8 NPUIHACTCS CTATHCTHYECKH RE3HAYUMBIM, TO €CTh
TETEPOCKE ACTHHHOCT OTCYTCTBYET.

7 Tecm Bpeyw-Tazawa-I'o0gpu. [1peanonoxus, 4o mMenepeki omm-
60K MOZENH 3aBHCAT OT nepeMeMHuX X;, X, X3 Xy, Xs, To ecrb
o= 8~ O ... 7 Boxs. OlleHKa ZUCHIEPCHA OCTATKOB paBHa & =2,074.
Benomorareabhas Moenb perpeccuu umeeT BUI

e}l =—0,722 + 0,003x, + 0,047x1— 0,004x; + 1,64 1xy - 0.024xs,

Ans koropoit RSS = 1,809,




Buiasrraetea Hynesas runotesa Hy: 80 =9, = ... =05 = 0 npoTus ansTep-
HATUBHOH M1 00#0:#...#£65 #0.  3naucuue BP-CTATHCTHKM  PRBHO
BP = 1,80927 0,904, ¥, =% oos(5)= 11071 na YPOBHE 3HAUUMOCTH
o~ 0,05. Tuniote3a Hyp He 01KIOHRETCA, Tak kak BP <y, (Pv =097 > 0,05),
TO €CTb TETEPOCKEAACTHIHOCTE OTCYTCTBYET.

8 Kopy {posKa cemer o unocmu MBHK. Tipounmoctpupyes
MBHK na npumepe olenenHofi monein (5.25), B KOTOpOH COMIACHO TECTY
VakTta pUCYTCTBYET FETEPOCKEAACTURHOCTS, Tlpeanonokum, o Mexay ne-
PeMCHHON X> W OCTAaTKAMHM MOJENH KMeeTCs 3aBHCHMOCTE Buna (5.21). Toraa
60 opMy:Tam (5.22) 1011y UM 3HAYSHKA HOBbIX NEPEMEnHHIX (Tabiinita 5.5).

Mo npeoGpasoBanHsM JAHHLIM MOLEIL MHOKECTBEHHOH AWHeloN pe-
FPECCHI WMCCT BHA

¥ =0,016+35827x; -
{0.080) 16,1703 [
o= Noopsa(12) = 2,179, R® = 0,795, F = 23,209,

O)KMILZ\ETCSL H9T0 NOTYUCHHAA MOHETb HE HMERT TETEPOCKENACTHYHOCTH.

Tabirua 5.5 - 3HaweHus HOBBIX NepeMeHHEX 11a MBHK

TV TN

2321
0,503

5.3 3apanus aas sabopaTopHoi padoTel 5

ilo cratuctidgeckiM nanueiv (Tabmuua |.6) 1 pesyistaraM mMecie0BaHui
naboparopHoi pabotbi 1 pedyeTes:

1) BPOBEPUTE MOREL Ha HATHUHE TETEPOCKEAACTHLHOCTH OCTATKOB {[Lif e~
peMesiHolt X; ~Tect paHroBoii xoppeaunn CrupMena, ass nepeMmeHsol X,
Tect Tonadenna-Ksasra, s nepemennoit X; —tect [eisepa, ana nepemMeH-
nroii X, — Tect [lapka, ana mepemennbix X|, Xz - tect Vaira, a1s scex nepeMen-
nbix - TecT Bpeym-Tlarana-l onadpu);

2) CKOPPEKTHPOBATE  [ETEPOCKELACTHYNOCTE  MEIOAOM  B3BeLHeHIbIX
HaUMENBWVX KBAIPATOB

46

JInteparypa

1 Aisasan, C. A. [lpuknansan cratuctuka, Ocossi IKOHOMETPHKIN:
yuebHoe nocodue: 8 2 T./ C. A. Aiisassn, B. C. MxuTapan, - M. : FOHUTH,
2001.-432c.

2 Bafewko, 1.O. OcHose 3KOHOMETPUUECKOrO MO THPOBAHNS:
yuebuoe nocodue / JI. O. BaGewiko. - M. : KomKnura, 2006, - 432 ¢.

3 Bopoany, C. A. BBOHbIA Kype KOHOMETpHKH: yucGHoe nocoGue /
C. A. Bopoanu. - Munck : BI'Y, 2000. - 407 ¢.

4 Hoyreptu, K.BBellenue B 5KOHOMETPHKY: yueGroe nocofme /
K. Joyrepru. - M. : Hudpa-M, 2004. - 402 c.

5 Enucecsa, M. H. SxoromeTpuka: yuebuoe nocodue
W. M. Ennceera. - M. : @unancel 1 cTaretika, 2004, — 344 ¢,

6 JxoromeTpiKa: yyeGHoe nocobue / Al. P. Marwyc [u ap.]. — M. : Jleno,
2004.-248 c.

7 IfpakTHKy™ 10 IKOHOMETPUKe: yuebHoe nocobhe / M. W, Exmceena
[uap.], nox pea. M. M. Enuceesoir. — M. : Ouuancoi CTAINCTHRE,
2008. - 480 ¢.

8 DxoHomeTpuueckoe  MoZe:MpoBaMme:  yueGuoe  nocole
B. K. Xapun [n ap.]. — Munck : BI'Y, 2003. - 313 ¢,

9 Xapua, 10. C. MateMaruueckine n KOMNBIOTCPHBIE OCHOBLI CTATH-
CTHUECKOTO  MOZENHPOBAHMA W aHamwsa  fawebx ! 10.C. Xapuw,
B. . Masornu, M. C. AGpamosuy. ~ Munck : BI'Y, 2008. -455 ¢

s L i

e
B g #

‘BII"'HHT')!‘\'

e F kA

47




i PON3BOACTBEHHO-TIPAKTHYECKOE H31aHHE

Mapuenko Jlapuca HakonaesHa,
Aynosckas I0nns EsrennesHa,
Cumoruna Onna Bacinesra

IKOHOMETPHKA:
MOjIe/Ib MHOKECTBEHHOR ARHel#O0H perpeccun

flpakTHueckoe pykosQACTBO

Penaktop B. H. likpedosa
Koppektop B. B. Kaiyzuna

Toarneano s uewath 26.12.2016. Gopmar 60x84 1/16.
Bywvara opeethan, Pusorpagma. Yen. new. a. 2.8,
Ye-uan i 3,1, Tupak 25 3x3. Jakas 738.

i- B84

H33arcab ¥ NOAMIPAGHYCCKOE HENOTIENKL!
YUpER;ICHUE 0Bpasonajina
«['OMENbCKIH FOCY DAPCTHENIINT yHUBEPCHTET
umeHi Opanicka CKopumbiy.
CbraeTCabCTBO O TOCY/IAPCTBEHHON PerucTpallity K3aarens,

#3rOTABATCIA, PACIPOCTPANTHTENA IEYATHAIX w3nanuii No 1/87 ot 18.11.2013,

Cheunaisroe paspelnerue {Titensns) Ne 02330 /450 ov 18122013,
¥a. Cowerckas. 104, 246019, r. Tomes.







