Ta METOJ eKOHOMeTPil
KTOPHA JIHIAHA
HYHA MO/IeJIb



e 3a KJIIACUYHUM BU3HAUEHHSIM €KOHOMEmPpIA — ye

HAYKa W0 6UBYAE KILTbKICHI 3AKOHOMIPDHOCHI Ma
83AEMO038°A3KU EKOHOMIYHUX 00€’Kmig I npouecie
3@ 00NOMO2010 MAMEMAMUKO-CIAMUCMUYHUX
Memooie ma Mooeell. ExoHOMeETpIS €
IHCTPYMEHTOM, SIKHM  HO3BOJIIE TIEPEUTH Bl
AKICHOTO  PIBHA  aHI3y 10  KUIBKICHOTO
(BUKOPHCTOBYHOYH CTaTUCTUYHI JaHI
OOCHI)KYBAaHUX BEIWYMH). Memooom €KOHOMETPIi
€ CTaTUCTHYHI MeEToau  (AUCHEpPCIMHMHA  Ta
KOPENSALIMHUN aHaJl3 1 METOJI, perpecii).



1. PerpeciiiHa Ta  €KOHOMETpPHYHA  MOJECHIb,  iX

1H(opMalliitna 0a3a Ta eranu noO0y0BH.

2. IlpyumHan  BBEAGHHA B MOJACIb V= + [Bx+u
BUIIAAKOBOTO JIOJAHKY .

3. 3HAXOMKEHHA CTAaTUCTUYHUX OLIHOK OJAHO(PAKTOPHOI

CKOHOMETPUYHOI MOJIC/II METOJAOM HAaWMEHIIMX KBAApaTiB

(MHK).



o 1. PerpecinHa Ta eKOHOMeTpPU4Ha
Monenb, IX iHpopmaLlinHa 6asa Ta
eTanu nodbynosu.



Perpecist IOUMHAETLCS TaM, A€ € PSIJI CIIOCTEPEIKEHDb HAT

OOCII1IKYBAaHUMH BETHUHHAMU

Y yYi V2 .. Vu

X X1 X2 X1

SKHWA € PSIAOM JaHWX, a X 1 Y — BUNAAKOB1 BEIMUUHH, IIPH
IBOMY X; V; — iX MpakTA4HI peanizamli ad0 MOKIIHBI
3HQUEHHS, 71 — KUTLKICTh CIIOCTEPEKEHb.

[Ipy BUMIpPIOBaHH1 KUIBKICHHX O3HAaK MOXYTh OyTH
OTPUMAH1 JBa THOH PAIIB OAHUX — JAHAMIYHI Ta
Bap1aIlIHI.



JIMHAMIYHMEA psiA — 1€ TTOCIII0BHICTD CIIOCTEPEKEHD 34
IPOLECOM a00 SIBUILIEM Y PIBHOBIIAJCHI IPOMIKKH 4acCy.
SKIO X; — 3HAYEHHS AESIKOI O3HAKM €KOHOMIYHOI'O IIPOLECY
B I—{ IIPOMI’KOK 4acy, TO AMHAMIYHUKI PSIA X1, Xoy ...y Xise . .
X, MO’KHA OTPUMATH, BUMIPIOIOYN 3HAYECHHS I[1€1 O3HAKH B
PIBHOBI1IJIaJICH] IPOMIXKKHU 4acy

Bapianiiini psaam — ue psaud JaHuX, SKI MOKa3yHTh
KIJIBKICHY MIPY TI€BHOI O3HAaKM BCIX OO0’ €KTIB OJIHIE]
CYKYITHOCTI, HAmpMKIaJ, OLIHKM 3a €K3aMEH CTYJEHTIB
OJTHIET TPYIIH.



ETann nobynosu
perpecinHol moaeni

1. ImeHTH(IKALIS 3MIHHUX

2. Coenudikarisg Moaeml
3. OmiHKa mapameTpiB MOJIEIL

4. AH”HaI3 MOJIE 110 3aJTUIIKaX




[lepuium emanom  MOOYAOBH PETPECIMHOI MOAEI
i0oenmucpikayisi  3minnux  (COOCTEPEKYBAHUX — BEIWYH
Tpeba Bu3HAUWTH sKa 13 CHOCTECPEKYBAHUX BEJIMYUH €
03HAKOI0 (3aJICKHOK BEJIMYMHOK), MOSICHIOBAHOK 3MIHHOIO,
(DYHKIII€R0), a SIK1 BEJIMYMHU € HE3aJIC)KHUMHU (apryMEHTaMH,
MOSICHIOIOUMMHM ~ 3MIHHUMH, (pakTopamMu). KO MuU

3aIMCYEMO

-y, N (1)
TO BBOXAEMO, 1110 3MIHHI € 1JICHTHU(IKOBAHI 1), B LIbOMY
BHUITAJKY, TTIOSICHIOBAHA 3MIHHA, X — MOSCHIOKYA.




JIpyeum emanom 110 100yA0OBU PErpeCcIiHOT MOJIEINI €
cneyughikauyia mooesi, a caMme: Ha OCHOBI JaHUX Py
AOCHIAY IIOTPIOHO BH3HAYWTH aHAITUYHY (opMy
3B's13KY (1).

Haryacrime crienugikaliio npoBOASATH 3 JJOOMOTORO
XMapKd TO4YOK (J1arpamMud po3scitoBaHHs). Ha oci
a0CIIMC BIJI3HAYAIOTh 3HAYCHHS HE3AJCKHOI 3MIHHOI
(x), Ha OC1 OpAWHAT — 3HAYECHHS 3aJI€KHO1 3MIHHOI (V).

3a BUIDJISJIOM  JlarpaMd  PO3CIIOBAaHHS  MOXKHa
BUCYHYTH TIIIOTE3y MNPO JIHIMHICTh YW HEJIIHIMHICTH
3B’SI3KY MI>K 3MIHHUMU.






Hexait 3aekHICTh MUK y Ta X — JiHIAHA, Toal (1) Habepe

BUTJISAAY:

y=o+ [Bx+u (2)
e o, [ — HEBIIOMI1 JETEPMIHOBAHI IMapaMETPH; ¥ — BEKTOP
CIIOCTEPEKEHD 32 3AJIE’KHOK 3MIHHOKO, ) = {yl, Vorrs V., } X
— BEKTOpP CIOCTEPEKEeHbh 3a HE3AJEKHOK 3MIHHOIO,
x={x,x,.,x }; u — BUNaAKOBa CKIanoBa, 30ypeHHs,
u="{u,u,,.  u}

PiBHssHHS (2) — Ha3UBAETBCA  E€KOHOMEMPUYHOIO
MOOeJLTI0, AKIIO y Ta X € KIJIbKICHUMHU IMOKA3HUKAMU JETKUX
€KOHOMIUYHUX SBUII YU IPOIeciB. TaKuM YMHOM, PIBHSHHS
perpecii MepeTBOPIOETLCI B €KOHOMETPHUHE, SKINO BOHO
HAJIArOMKy€ 3B'S30K MDK KUIBKICHUMH ITOKa3HHKAMH
00'€KTIB EKOHOMIKHU.



2) NpnynHn BBEeOEHHS

alz2{alla
a -_—

Al 1) 1)) | K

1) B €KOHOMETPUYHMX MOACIAX HA O3HAKy JIl€ TakKa
KUIBKICTh (PAKTOP1B, SKa 3HAYHO MEPEBHUINYE KUIBKICTD
aocaaiB, 3amipiB, oO'em. Ilo TI npuuuH1 3 CHTYyalli
BUXOMATh TaK. 3 YCIX 3MIHHMX BUAULIIOTH 1, 2 um 3
3HAUYIOIHUX, a PEIITYy O0'€IHYIOTh B OAHY, SIKY HA3WBaIOTh
BHIIAIKOBOIO BEJIMUMHOIO.

2) mojArae B TOMY, IO TPEIAMETOM €KOHOMETPIl €
JMIOJICBKE CYCIUJIBCTBO 3 HOro 0ararorpaHHICTIO CMakKiB 1
yrnojao0aHb, SKI HEMOXJIMBO HIUHMM, KpPIM BHIIAAKOBOI
BEJIMUMHU B1AOOPA3UTH.

3) moysirae y moxuOIl BUMIPIOBAHHA.



3) 3Haxo4XXeHHA CTaTUCTUYHUX OLIHOK
oAHO(aKTOPHOI EKOHOMETPUYHOI MoAerii MeToaoM

HanmeHwunx keagpaTtis (MHK).

3-11 eTtan — 3HAXOJJYKEHHsSI OIL[IHOK IapaMeTplB MOJIEJI.
IIpakTnuHo moxaeni (2) He ICHye€, ii MOTPIOHO OLIIHUTH
JICSIKUM PIBHSIHHSIM

y=a+px, (3)
e « Ta ,é Ha3WBalOThCsI CTATUCTHYHUMH OL[IHKaAMH
napamMeTpiB & Ta [ 1 3HAXOASITbCS HA OCHOBI BHOIPKOBHX
JTaHUX.



~

¢ — MepPeTHH MPSIMOi 3 BICCIO OPAWHAT, 3 —HaXWJI MPSIMOi
o oci aberme. B TAKOX BHU3HAYAE 3MiHY PE3YJIBTATHBHOTO
MOKAa3HUKAa MpU 3MIHI X Ha OJUHUIO. 3HAYEHHS
MOKA3YIOTh CePedHE 3HAYEHHS 3ajIe’KHOI 3MIHHOI y MpH
3alaHOMY X, Y MPUMYILIEHH1, [0 €AMHOK MPUYNHOIO 3MIHU
y € 3MIHHA X, a BHIIaJIKOBa 30ypeHa 3MIHHA ¥ IIPUMHsIIA

3HA4YeHHs, P1BHE HyJieBl. PO3KUI CHOCTepekeHUX 3HAYeHb
3MIHHOI ) JOBKOJIa J. 3YMOBJIEHWUN BIUIMBOM MHOXXUHH

HeBpaxoBaHUX (pakTopiB. P13HULIST MK ), 1 pO3paxyHKOBUM
J, Ha3WBAETbCS 3anuUMIKOM (BIIXWJICHHSIM), SIKUM Jae€

YUCJIOBY OLIIHKYy 3HaueHHs 30ypeHHs #. OTke, BIH
BU3HAYAEThCA €, = V., — V., [ =1 n. UuM MeHIlIe 3HaUEHHS €,
THM Kpalle miaiopaHa mpsma.



A




a(z_ijefj _ _22();1. ~q - fix,)=0:

oa

). e

Zyz:n&_‘_ﬁixf;

i=1 i=1
< 7 n {3 L 2
leyix,- ZOCZ;X,- +ﬁzlzxi ?
1= 3= =

(4) — cuctema HOpManpHUX p1BHSIHE MHK

(4)




O0uncnennsd cratucTnaaux omiHok MHK 4epes mpupocty
(BIIXMIICHHS BIJ CEPEIHIX apU(DMETHYHKX )

y=d + Bx. (6)

yi:y-I_B(xi_x) (6’)



A, =§(Ayi—BAxi) =f(B)— min

Y Ax Ay, = B> Ax.
i=1 i=1

,\ i Ax Ay -
_ , (7) q=y-fBx (7"
ZN
B = cou(x.) cov(x, ) = -3 (x, — D), 7).
var(x) n i

o’ (x) = var(x) = ;i(x -x)°.



OCHOBHI PE3VYIIbTATUA TEMW

1. OnHodakTopHa EKOHOMETPUYHA MOJIENTD'
yv=oa-+ px+u.
2. OmiHOYHE PIBHSHHS:

P=a + fr.
3. MHK:
iyz’ :n&+ﬁix1
31 4" o
Zyz z:&zxi‘FBZXf
i=1 i=1 i=1
iAxiAyz _ _
32 p=" a=y-px




CTATUCTUYHA MNEPEBIPKA
OUIHOK OOQHO®DAKTOPHOI
EKOHOMETPUYHOI MOAES!



I1man

1. CrangapTHa NOXUOKA OLIIHKH 32 PIBHAHHAM
€KOHOMETPHUYIHOI MO/JICII.

Koediwient getepmiHarii Ta KOe(pIIleHT KOPEIALIi.

OcCHOBHI npUNyIneHHA IIpHu BuKkopuctanHi MHK.

3arajbH1 BIJIOMOCTI PO CTATUCTUYHI OL[IHKH.

HesmimeHicTs 1 ehekTuBHICTH O1iHOK MHK.

[IepeBipka Hy IbOBUX TIOTE3 CTOCOBHO T.

IToOymoBa 1HTEpBAIB JOBIP S PIBHAHHSA
€KOHOMETPHUYHOI MOJICII.

8. IlepeBipka HyJIbOBHX TIIOTE3 1 IOBIPYl IHTEPBAJIU
rnapamMeTpiB o 1 3.

9. IlepeBipka MO/iell HA aJICKBATHICTh

Nk



1. CrangapTHa noxuOKa OI[IHKHA 3a

PIBHSIHHSIM €KOHOMETPHUYHOI MOJICII.

OcCHOBHa 1€ aHaNi3y OLIHOK 0a3yeThCSd Ha TOMY, LIO
3HAYE€HHS 3MIHHOI ¥ BU3HAYAKOTHCS IBOMA KOMIIOHEHTAMU:

1.CucTemMaTHyHO CKJIaJ0BOIO O + fx;

2. BunaakoBoro CKJ1aJ10BOIO .



>
X

H

Poskian BIIXUIEHHS eHIOMeHHOI 3MIHHOI HA CHCTEMATHYHY

1 BUTIAJIKOBY CKJIQJIOBY



(yi_y):(j}i_)_/)_l_(yi_j/i) (8)
;(yz _y)2 ZZ(j\/z: _.)7)2 +2Z(j>; _P)(yz _j\/i)_l—;(yi _j\/.v:)2

Z(y -y) —Z(y -y) +Z(y -9 (9)
CK3 = CKIT + CKH

ne CK3 = i (y, —¥)" — 3arajbpHa CyMa KBaJpPaTiB;

i=1

CKII = i (9. —¥)" — nmoscHeHa CyMa KBaJPaTiB;

i=1

CKH =>(y,— )’ — HenmoscHeHa cyMa KBapaTiB.

i=1
Z(yi_y)2 Z(j\}z_y)z Z(yi_j/z')z
i=1 _ =l 4 =

n n n




— 2 - . .
=0 . — 302a/1bHA TUCTIePCIS;

n
Iy
;(j) i Y i , .
- =0 — NOSCHeHA TUCTIEPCs,
7
Z (y i j\} i )2
L . =0_  — HENOACHEeHd JUCTepPCis.

2 _ 2 2
O 5.=0 no;zcn._l_ O nenoscn. (10)



Cepenni kBaapatu CKI1 1 CKH

Z(J’)i_y)z - i(yi_j)i)z

CKII == CKH =*-
1 n—2

Cmanoapmna noxubxa ouiHKU 3d
PIBHSIHHAM eKOHOMEMPUUHOT MOOEIL:
: A N2
Z (y i~V z')
i=1
o, = . (11)
g n—72

OSGWSGW_




2 Koediiientn gerepMiHalili Ta KOpesii

2 2

o) o)
1 — noz;zcu. + Her;wzcu. . (1 2)
O-:me. 0-3a2.

d — 7,2 — NOSCH. (13)



Koegiuienm xopenauii
1 7

cov(xy) n;(x -X)(y,—¥) a4
\/ Z(xi_x)z'}lqzn;(yi_y)z

— COV(X,y) _ A9,
- Jvar(x)var(y) g o, 1)
d=r’ (16)

2 2
O O
p = i /d — i NOACH. i\/l __~ HenoscH. (17)

2
O

3ae.



3. OCHOBHI1 OPHUITYIICHHS IIPX BUKOPUCTAHE

MHK

[punywenns 1. Mu,)=0,i=1n.
[punywenns 2. Mu’)=var(u,)=0c".
[Ipunywenns 3. Muu;)=0,i# ]

abo cov(u,u,;)=0,i# j.
[Ipunywenns 4. M (xu,) =0 abdo cov(x,,u,)=0.
[Ipunywenns 5. Bunajakosa 3M1HHA ¢ PO3HOALICHA T10
HOPMaJIbHOMY 3aKOHY.



4. 3aranbH1 BIZIOMOCTI IPO CTAaTUCTHYE

OIIIHKHU

Toukoeow ouyiHKow  OLIHIOBAHOI'O  IapaMeTpa
HA3UMBAETHCSA 3HAWACHE 3HAYECHHS OIIHKHA (B HAIIOMY
Bunaaky ue & i f).

Inmepeanvnoro ouinKow OUIHIOBAHOTO NapaMeTpa
HA3WBAETHCS I1HTEPBAJI, B MEXax SAKOrO 3 Halepe
3aJJaHOK)  IMOBIPHICTIO JICKWTh ICTUHHE 3HAYCHHS
napamerpa.

Hesmiuienow ouyinkor OLIHIOBAHOTO IIapaMeTpa o
HAa3MBACTLCSI TaKa OIIHKA ¢ MareMaTU4YHE CIIOIIBAaHHSA

AKOi IOPIBHIOE OIIHIOBAHOMY ITapaMeTpPy, TOOTO
M@a)=qa.



Edexmuenoro oyinkoro omiHIOBaHOTO MapamMeTpa o
HA3UBAETHCA TaKa OILIIHKA ¢, siKa TP 3aJIaHOMY 00’ €Ml
BUOIpKM Mae HaiiMeHmy mucriepcito (o°). EdexTuBHa
OIIIHKA 3a0€e3Meuy€e CTIMKICTh €KOHOMETPUYHOI MOJCI1
Ha TIPEAMET BIACYTHOCTI CUCTEMATUYHMX IOJATHUX YU
BIJ EMHMX BIIXWJICHb PO3PAXYHKOBUX 3HAYEHb BIJ
(haKTUIHMX TIPU MAJIMX BUXO0/IaX 3a TPAHMIIl BUOIPKH.

CnpomodcHoI0 OYiHKOI0 OLITHIOBAHOTO TIapamMeTpa o
HA3UBAETHCS Taka OIIHKA ¢, fKa NOpyd 30UIbIICHHI
00’eMy BHOIPKH OO0 HECKIHYECHHOCTI IO IMOBIPHOCTI SIK
3aBTOJHO OJTM3bKO HAOIMIKAETHC JI0 TTapaMeTpa o

lim p(\o’i —a < g)=1, e € — K 3aBTOIHO MAJIE YHCIIO.
n—>0



5.He3MmimieHICTh 1 €(pEKTUBHICTh OIIIHOK

MHK

n

) Z('xz' _x)'yz' n
p = l=1n = sz'yi? (20)
Z(‘xz' _x)Z =
i=]
Z(xi _x)z = = Z(‘xi o x)z
i=1 i=1
Zn:wf('xz‘ —f) :Zn:wi‘xi =1
i=1 i=1
A S A B
d=y-px=2(-—xw)y (21)

i=1 N



MB) < M(ng’yi) _ M[éwl.(a + P, +u,-)] _
:M[a-0+l3 '1+;:Wi”f)}:
_ M(ﬁ)+§wz‘M(”i) =5
1

G =3 3wy, = = 3w)-(a+ P 1) =



:(X—Oﬁfzn:wf+ﬁx ﬁxzw'x —|—Z(——.XW) U =

i=1 =17
+a+2(1_xwz')°uz'
i=1 7
M(d)=M|:a+i(1_xwf)°uz‘:|:
=1 N

:M[a]m[g(;—xwi)-ui}:

:g‘(i_xwi).M(ui)+a =q.



O-é :M[(B\ - ﬁ)z]:M[g(Wiuz’)z}: O-ezg(wz‘)z —

2

=, (22)
é(x,-—X)2
e 0_62 _ Z(yz _.j>i)2 _ 262.
n—72 n—?2

o2 =M@ -ay]=023 (" —xw ) =
i=1 N

:O_j(l_xzi(wi)z _%Zn:wz)
i=1 1 =l

Iq



o n ’ (23)
nZ(xi—f)z
i=1
[Ipumimra. 1lpm po3B’sA3yBaHHI KOHTPOJBHHUX 1

1a00paTOpHUX PpOOIT IS CHPOIICHHS PO3PaxyHKIB
MO>KHA BHKOPHCTOBYBATH IS OOPaxXyHKIB IUCHEPCIH

2 2 ° .
O, 10 ; HACTymHI (pOopMyJIH:
7
2 2
5 62 5 Z xz' Guenwzcn.
o - HEeNnosCH. O-Oz — i=1

: :i(xi_x)2, ni(xi_x)2.



6.11epeBipKa HYJIbOBHX T1OTE3 CTOCOBHO T

H,:r_ =0
Hi: Frew - 0, MDK 3MIHHUMH Y Ta X € CYTTEBUI 3B’ SI30K.
. r~n-—2

t, (k=n—2, y) 3a Tabmuisimu po3no ity CThIOCHTA.
[

emMn

>t,, — HoCln BIAKUHYTH, IPUAHATH H),

BUOIPKOBUI KOC(DILIIEHT KOPEJISALIT 7 BBA)KATH
CTATUCTUYHO 3HAYYIIIUM.



7. 1100ynoBa 1HTEpBaIIB JOBIP s PIBHSHHS

EKOHOMETPHUYHOI MOJIEI]

PO-ko,<0<0+ko,)=1-7y
I'panuuna  noxubka  oyinku  3a  PIBHAHHAM

EeKOHOMEMPUUHOL MOOE€JL]
A,=0,-1, (24)
net, — IMOBIPHICHHI KOC(ILIEHT
(20(t,) = p, ne d(t,) — pyHkuis Jlamnaca).
Vi=AL Sy <P +A, (25)
a+pPx, —A, <y <a+pfx+A,
(@—-A)+PBx, <y <(@+A )+ pPx. (26



DA(PIHMHE TPpEeACTaBJIEHR?

IHTepBany goBip'4

VA y:(&+Ayx)+,Bx X

> X




8. IlepeBipka HYJIbOBHX T1IIOTE3 1 JOBIPYl IHTEPBE

mapaMmeTpiB o 1 [3

H, . a0=0.H,:a#0.
H,:p=0.H,:B#0.

P 4
te,un = teﬂm =
f O
tow >t (Y, k=n-2) - BIANOBIZHY  OLIHKY

BBA’KAIOTh CTATUCTHUYHO 3HAYY IOLO.

t

eMn

<t{,, TO OIIIHKA € CTATUCTUYIHO HE 3HAYYIIIOFO.



Ay, =041, A, =04,

Ji¢ ¢, — IMOBIDHICHUI KOC(DIIIEHT, SIKMi 3HAXOIUTHCS 32

TabNMUUAME  HOPMAJBHOTO — PO3MNONiNY; G,, O, -

UcIepcii oiHok & Ta f
JloB1pumii 1HTEpBAJI AJIS X
ad—-A, Sa<d+A,
JloB1pumii 1HTEpBAJI AJIs B
B-A, <B<B+A,




9.11epeBipka MOJI€I1 HA AACKBATHICTh

1) Po3paxoByeMO BeMUMHY /+-BITHOIICHHS:

(5, - y) n
Kl = _(”—2)2(%—?)2 )

_ _ 1
Ckd le(yi_j)i)z le(yi_ﬁi)z
n—2

rt n=2
= . (27
-7 1 (27)

I

2) 3agaemo piBEHb 3HAUYMOCTL ¥ (a00 ¥ -100%).



1) 3naxomumo F,, 3a CTaT. TAOMMIAMU [—PO3MOILTY
®dimepa 3 (1,7 — 2) CTyneHsIMH BIJIbHOCTL 1 Y .

2) dxmo F > FKp, TO MU BIIKHUJAEMO /1, 3 PU3UKOM
MOMUJINTUCA HE OulblIe HLDK B Y% BUMOAIKIB, 1
NpUMMaEmo, 110 noOyI0BaHE PIBHSIHHS
CKOHOMETPHUYHOI  MOJCIl  aJCKBAaTHE  PECaAJIbHIM
JIACHOCTL. B mporunexnomy Bunanky - < F, — H
NPUMMAEMO 1 BBAXKAEMO, IO MOOYJIOBAaHA MOJCIb
HeaJekBaTHA. Toa1 HEOOX1AHO, MOXKJIMBO, OyayBaTH
HEIHIAHY MOJIeh a00 BBECTH JI0J1aTKOBI (DaKTOPH.



IIporHo3yBaHHs

y?’H‘l — a + ﬁx?’H—l'

)2
(d+an+1)ify°6 : 1+1+(x”+1 x)

yx N z(x _x)

(HwkHst Mexxa IHTEpBaLy necumicmuyHuii IPOTHO3,
BEPXHS — ONMUMICIUYHULL).

M(yn+l) = 0o+ ﬁ‘xn+l°

A X _ 5
(d+ﬁxn+l)ityoa . _+( n+l )

yx n z (xi _ )_C)




