IIpeameT ekoHOMeTPIi.
IHousiTTA MO TA MOIETIOBAHHS

ExoHomeTpiss BHHMKIA Ha mo4yaTky 20-X pOKIB MHUHYJIOIO CTOJITTS SIK
caMOCTiiiHa raidy3b HAyKOBHX JOCHII)KeHb. TepMmiH ‘“‘€KOHOMETpis” O3Hayae
“BUMIPIOBaHHS B €KOHOMIIII”.

ExoHomeTpiss — 1e Hayka, IO BHBYAa€ KUIbKICHI 3aKOHOMIPHOCTI Ta
B3a€EMO3B’SI3KM €KOHOMIYHUX OO0’€KTIB 1 MPOIECIB 3 JOMOMOrOI MaTeMaTHKO-
CTaTUCTUYHMX METOAIB Ta Mozenei. lle camocriiiHa €KOHOMIKO-MaTeMaTH4Ha
JTUCITUTUTIHA, IO 00’ €/IHY€ CYKYIHICTh TEOPETUUHUX PE3YJIbTATIB, CIIOCOOIB, METO/IIB
Ta MOJIeJIeH, MPU3HAYCHUX JIJIs TOro, o0 Ha 0a3l eKOHOMIYHOI Teopii, CTaATUCTHKHU
MaTEMaTUYHOI eKOHOMIKH Ta MaTeMaTUKO-CTaTUCTUYHOTO THCTPYMEHTAPII0 HA/laBaTH
KOHKPETHE KIJIbKICHE BHPAXEHHS 3arajJlbHUM (SIKICHUM) 3aKOHOMIPHOCTSIM Ta
IPOTHO3YBAaTH pE3yJNbTaTH PO3BUTKY CKJIAJHUX EKOHOMIYHHMX TMpoIeciB. Takum
YUHOM, CYTHICTb €KOHOMETpIi MOJsAra€ B CHHTE31 TPhOX CKIIAJIOBUX: E€KOHOMIKH,
€KOHOMIYHO{ CTATUCTHKHU Ta MaTEMATHKH.

ToMy 3HaHHS OCHOB MPUKIAAHOI MAaTEeMaTUKH Ta METOJIB €KOHOMETPHUHOTO
aHaii3y JaHUX € HEBIJ EMHOIO CKJIAJ0BOIO MpodeciiHuX HaBUYOK MalOyTHIX
CIIEIIAJIICTIB YCIX OCBITHIX PIBHIB, a BIAMOBIJIHI MpOrpamMHI MNPOAYKTH — POOOYUM
IHCTPYMEHTOM KOKHOTO CIeIlialliCTa-aHAIITHKA.

[IpenmMeToM eKOHOMETpIi € €KOHOMIKa B KIIbKICHOMY acmekTi. OO0 ekt
BUBUCHHA — 3B’S3KM MIXK HapOJHO-TOCMOJAPCHKUM  KOMIUIEKCOM 1 HOTO
HAWIPOCTINIMMH CKJIaJIOBUMH Ta TIOBEIHKOIO MUX CKJIagoBuX. O0IacTh €eKOHOMETPIT
BU3HAYAETHCSA MOJCIAMH MaTeMaTHUYHOI €KOHOMiKM. EKOHOMETpisi IIyKae 4HCIIOBi
napamMeTpu MojieNie MaTeMaTH4HOi EeKOHOMiKM. BoHa 3aiiMaeThcsi KUTBKICHUM
BUMIPDOM E€KOHOMIYHUX OO0’€KTIB SIK aHAJIOTIYHUX EKBIBaJCHTIB MAaTeMaTUYHOI
MOJIEI.

binbm KOHKpeTHe 1 3arajibHE BHU3HAYECHHS EKOHOMETpil Ta il NIpeaMeTy
JOCIIIKEHHSI MICTUTBCS B HLMKJIoNE N1l KibepHeTuku: “EkoHOMETpist — HAaIpsIMOK B
€KOHOMIIIi, II[0 TPYHTYETHCSI HA BUKOPUCTAHHI MaTeMaTUYHUX MOJENEH Uil aHali3y 1
OPOrHO3YBaHHS EKOHOMIYHMX SIBHIL 1 MOB’S3aHUN 13 BI/ISHa‘IeHHHM 1 OLIHKOIO
aJICKBaTHOCTI PEaJIbHUX SIBUIL MAaTEMaTUYHUM YABJICHHSIM npo Hux . Tam xe: “
BAXXKO PO3JIUIUTH MaTEMaTUYHY €EKOHOMIKY 1 EKOHOMETpII0, 3 OJHOro OOKYy,
€KOHOMETPII0 1 EKOHOMIYHY CTaTHUCTHKY, 3 IHIIOTO ©Ooky. MoxHa nwuiie
MIJIKPECIIOBAaTH 3B ’SI30K MaTeMaTW4YHOi eKoHoMikm 1 exoHomerpii’. IloOymora
MaTeMaTUIHOI MOJIEIl €eKOHOMIKH 3aBXK/IU I1TBEPKYETHCS OIIHKAMHU aJICKBAaTHOCTI
TaKOi MOJIeJIi B peaibHii AiiicHOoCTi. EKOHOMIYHA CTaTUCTHKA Ma€ CIIPaBy 3 CTAIUMH 1
BIJIHOCHO HECKJIAQIHUMH €KOHOMIYHUMHU oOuuciaeHHsMu. [losBa exoHoMeTpii
MOB’si3aHa 3 TBEPUKCHHSIM NP0 HEJOCTAaTHICTh TaKWX EKOHOMIKO-CTaTUCTHYHUX
00YHUCIIeHb JUIsi €KOHOMIYHOIO aHaji3y 1 IporHo3yBaHHsA. HailOuiboro po3BHUTKY
JOCSITIIM B EKOHOMETPIl METOIM MHOKMHHOI KOpESLIi.

To06T0, eKOHOMETPIst — MPHUKIIAJIHA EKOHOMIKO-MaTEMaTUYHA JAUCIUILIIHA, SKa
CUHTE3Yy€ €KOHOMIKY, MaT€MaTUKy Ta CTaTHUCTHKY 1 HE MOK€ OOMEXYyBaTHCh JIMILE
BUKOPUCTAHHSM PErpeciiiHOro aHayiizy B €KOHOMIL, & MOBUHHA BUKOPUCTOBYBATH
BEChb HASBHUI MaTeMaTUYHHM 1HCTPYMEHTapiil MpUKIAIHOT MaTeMaTHUKUA IS



IPOBEICHHS EKOHOMIYHUX JOCHKEeHb. KpiM [bOro, €KOHOMETpis BHUCTYyHAE
0a30BOI0 OCHOBOIO JJIsi BHU3HAUEHHS aJbTEPHATHBHUX BaplaHTIB Yy CHUCTEMax
OPUMHATTS YHPaBIIHCBKUX pillleHb. B ymMoBaxX KOHKYypeHILIi MPOrHO3HI PIlLIEHHS
NOBUHHI NPUIMATHCS Ha OCHOBI MOJENbHUX alIbTEPHATUBHUX BapiaHTIB B TICHOMY
NO€JIHAHHI 3 HasBHOK 1H(POpMAaliiiHOI 0a3010 Ta CyYaCHUMH MPOTPAMHUMHU
POYyKTaMHU.

Meton “npo6 1 MOMWIOK” y Hamll JHI HENPUIATHUM, JyKE€ Majao dacy
3aIMIIAETHCS U1 “TIPo0” 1 JAyXe JOPOrMMH MOXYTh OyTH MOMMIIKH. B pUHKOBUX
yMOBaxX H€ MOBUHHO OyTH MICISl CBaBUILHUM, TaK 3BaHUM ‘‘BOJIbOBUM’ PIIICHHSIM.
CrparteriuHi pillieHHs MOBUHHI MPUAMATUCS HE IHTYITUBHO, a Ha MiJICTaBl BCEOIYHOTO
CTaTUCTUYHOIO aHaTi3y Ta MaTeMaTUYHUX pO3paxyHKiB. | He BUIajKoBo, came B Halll
4ac, BIA3HAYAETHCS aKTUBHUU PICT BUKOPUCTAHHS MAaTEeMaTHYHHX METOMIB B MaKpo-
Ta MIKPOGKOHOMIUYHUX JOCHIIPKEHHAX. 3amicTh TOro, o0 “mpoOyBaté i
NOMWIATHCS Ha pPEATbHUX 00 €KTaX, aHAJIITUKA poOJATH L€ 3 JAOINOMOIOKO
€KOHOMIKO-MaTeMaTuyHuX Mojeneid. IloOynoBa Takux Mojenel € OJHIE 3
HaWBAKJIMBIIIUX 3a7a4 MPUKIATHOT MAaTEMATHKU.

MopentoBaHHsl — ipoliec TOOYyA0BH MOJIENI, 32 AOIMOMOTO0 SIKOTO BUBYAETHCS
(GyHKLIOHYBaHHSI 00’€KTIB pi3HOI mpupoaud. BiH CKIagaeTbcsi 3 TPbOX OCHOBHMX
€JIEMEHTIB: Ccy0’e€KTa, 00’ €KTa JAOCIIKEHHS Ta MOJIENI, 3a JOIMOMOTOI0 K01 Cy0’ €KT
Mi3HA€ 00’ €KT.

Mogens — 11e Takuii MaTepialibHO a0 PO3YMOBO 300paKyBaHHUi 00’ €KT, SIKUN
y TIporeci JOCHIIKCHHS 3aMiHIOE 00 €KT-OpHTiHAI TaKWUM YHHOM, IO HOTO
Oe3rmocepeIHe BUBUCHHS JIa€ HOB1 3HAHHSA IPO 11€H 00’ €KT.

CxemarnyHe 300pakeHHs MPOIIECY MOCIIIOBAaHHS MpeAcTaBieHe Ha puc 1.1.

MareMaTuyHe MOJIECIIOBAHHS — YHIBEpCaJbHUU Ta €(PEKTUBHHUIA IHCTPYMEHT
[I3HAHHS BHYTPILIHIX 3aKOHOMIPHOCTEM, BJIACTUBHX SIBHILAM 1 mpouecam. BoHo nae
MO>KJIMBICTh BUBYHTH KIJIBbKICHI B3a€MO3B’SI3KH 1 B3a€EMO3AJIEKHOCTI CHUCTEMH, IIIO
BHUBYAETHCSA, 1 BMOCKOHAIHTH i MMOJANBIIIAA PO3BUTOK Ta (DYHKITIOHYBaHHSI.

Eran 1
O0’€exT »| Monenn
_ [ToGymoBa moaeri
[lepeBipka Ta BuBueHHS
Etam [V [BUKOpUCTaHHS MOIeI Eran I
3HaHb
[lepenecenns 3HaHb 3

3HaHH ’ MOJIEJIl Ha OpUTiHAN 3HaHH

mnpo h npo
00’ €KT - Eramn III MOJIEITh

opuriHaJa

Puc. 1.1. OcHOBHI eTanu MOJIeTIOBaHHS
Cepen iICHYIOUMX CUCTEM €KOHOMIUHI € HAUCKIAAHIIIIMMHU, TOMY MpU MO0YI0BI
ix Mogjene cmig BigoOpakaTM TUIBKA HaMBa)JIMBIINIL Ta HalXapakTepHIII



BJIACTUBOCTI MPOLECIB a00 SBHIL, 110 BUBYAKOTHCS. BHAC/IIIOK IOrO BCl MOJENI €
CIPOLIEHUM B1IOOPAKEHHAM pEajJbHOI CUCTEMH, ajle SIKIIO L€l Mpouec BHUKOHAHO
KOPEKTHO, TO OTpUMaHe HaOJWKEeHEe BI1IOOpaKEeHHs peabHOI CHUTyalli Jae
MO>KJIMBICTh MaTH JIOCTATHBO TOYHI XapaKTEPUCTUKH 00’ €KTA JOCTIIKEHHS.

1. 3arajgpHi npuHUMIM NO0OYA0BH €KOHOMETPUYHUX MojeJsieil. Moaeani

MapHoi perpecii
1.1. Perpeciiinuii anaJi3 Ta HOro 0co0JTUBOCTI

[Tin perpecieto po3yMilOTh OJHOCTOPOHHIO CTOXAaCTUYHY 3aJIC)KHICTh OJIHIET
BUITQIKOBOI 3MIHHOI BiJI APYroi 4u JEKIIbKOX IHIIMX BUITAJKOBUX 3MIHHHX. Takum
YUHOM, pErpecis BCTAHOBIIOE BIAMOBIIHICTD MK BHIQJKOBUMHU 3MIHHUMHU.
Hanpuknan, nmpu BU3HAYCHHI 3aJIe)KHOCTI 0OCATY IMOJATKOBUX HAAXOJKEHb (V) B
CTaBKH MOJATKY (X) MOBa iiJie PO BU3HAYEHHS OJHOCTOPOHHBOTO 3B’ 513Ky, TOOTO PO
perpecito. OOuABI 3MiHHI € BUINAAKOBUMH. KOXHOMY 3HAUEHHIO X BIJAINOBIIAE
MHO’KMHA 3HAYEHb } 1 HABMaKu, KO)KHOMY 3HAUYEHHIO ) BIATOBi/1a€ MHOYKHHA 3HAYEHb
x. TakuM 4MHOM, MM MA€EMO CIpaBy 13 CTATUCTUYHHM PO3MOJLJIOM 3HAYEHb X Ta .
Buxonsuu 3 1iux po3nojiiiB, MU MOBUHHI 3HANTH CTOXAaCTUYHY 3aJICKHICTh MIXK ) Ta
x. OHOCTOPOHHS CTOXaCTHUYHA 3aJICKHICTh BUPAKAETHCSA 3a JAOMOMOTOK (YHKIIT,
dKa Ha BIJMIHY BIJ] CTPOrOi MaTe€MaTUYHOI 3aJ€KHOCTI HA3UBAETHCSH (YHKIIEO
perpecii 41 mpocTo perpeciero.

[IpyHIIMTIOBOIO PIZHUIICIO MIXK CTPOTOI0 (YHKIIIOHATHHOK 3aJICKHICTIO Ta
dyHKLI€O perpecii € Te, MO y MepluIoMy BUIAAKY apryMeHT (He3ajekHa 3MiHHA)
MOBHICTIO BU3HAYa€ 3HaueHHsA (QyHKII, 1 a7 Hel iCHye oOepHeHa (Hampukiaj,

dyHKLiL y = X7, Tom X = ﬁ ). @yHKIIIS perpecii i€l BJIACTUBICTIO HE BOJIOJIE.

OTxe, SKIIIO MK SIBUIIIAMU BIACYTHIM (yHKIIIOHATBHUHN 3B’S30K, @ MAa€ MICIIE TIJTbKH
CTOXaCTUYHUH, TO (yHKIIisS perpecii Oye HE3BOPOTHOIO.

3a 4KrCIIOM 3MIHHUX, BBEJICHUX Y PErpeciiiHe PiBHSHHSA, PO3PI3HIIOTH MPOCTY
(mapHy) Ta MHOXUHHY (OararodaktopHy) perpecii. BinHocHO ¢opmu 3aexHOCTI
MO AUISTHCS Ha JIIHIMHY Ta HENHIAHY perpecii.

IIpu mnoOynoBi perpeciiiHoi  (QyHKLIi cHoYaTKy MOTPIOHO MPOBECTH
imeHTudikaiio 3MiHHUX, TOOTO BHU3HAYMUTH, SIKa 13 HUX € O3HAKOIO (3aJICKHOI YH
NOSIHIOBAHOIO 3MIHHOIO), a SIKI € He3aJeXHUMHU ((pakTopamMu YW MOSICHIOIOYUMHU
3MIHHUMH). SIKIIO B 3arajlbHOMY BHIIQJIKy PIBHSHHS perpecii Ajs ABOX 3MIHHUX
3anucatd y=f(x), TO y — MOsICHIOBAHA 3MIHHa, a X — MosicHIOI0Ya. [1oTiM moTpiOHO
MPOBECTH CrieM(iKaIliio MOJACII, TOOTO BCTAHOBUTH (hOPMY 3B’ 3Ky MK 3MIHHUMHU.

1.2. liarpama po3ciroBaHHs perpeciiiHol (pyHKIII

Hnst toro, mo0 Bu3HAUUTH (OpMYy 3aJEKHOCTI MDK JBOMA 3MIHHUMH
BUKOPHUCTOBYIOTH JllarpaMy pO3CIIOBaHHS, SKa € TpadiqHo0 (OPMOIO TIPEICTABICHHS
iHdopmalii y HpsAMOKYTHIA cuctemi kKoopauHaT. Ha oci abciuc Bi3HA4YaroTh
3HAUEHHS HE3aJeKHOI 3MIHHOI (X), Ha OC1 OpAMHAT — 3HAYCHHS 3aJIeKHOT 3MIHHOI (V).
Pe3ynpTar KOXXKHOTO CHOCTEPEKEHHS (x;, y;) AEIKOT0 E€KOHOMIYHOTO IPOLECy
B1JI00paXXaeThCsl TOUKOIO Ha MIOMIMHI. CyKYIHICTh LIUX TOYOK YTBOPIOE XMapKy, Ka
B1J100paXkae 3B’S130K MK IBOMA 3MIHHUMH.

3a WUPUHOIO PO3KUAY TOYOK MOYKHA 3pOOMTH BUCHOBOK MPO TICHOTY 3B’SI3KY
CYKYITHOCTI. SIKIIIO TOYKH PO3MIIIEHI OJU3bKO OJIHA J0 OJHOI (y BUIJISI BY3bKOT



CMY>KKH), TO MO>KHA CTBEPPKYBATH IIPO HASIBHICTh BIJIHOCHO TICHOTO 3B’S3KY. SIKIIO

TOYKM Ha Jiarpami pO3KUAaHI IMHPOKO, TO MAE MiCIle CIIa0KWid 3B’S30K MiX

3MIHHUMH, 200 B3araii He icHye 3B’ 513Ky (puc. 1.2).

0

> x

Puc. 1.2. Jliarpama po3citoBaHHS Y BUITAJIKYy B1ICYTHOCTI 3B’ 13Ky

Ha puc.1.3 npencraBieHi OCHOBHI (pOPMHU 3aJIEKHOCTEM.

JlonatHa perpecis
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Puc. 1.3. OcnoBHi popmu perpeciii



OTxe, pO3pI3HAIOTH NONATHY JiHIAHY (a) Ta HemiHiiHy (0, B) 1 BiI €MHY
AiHIMHY (T) Ta HENHIKAHY (1, €) perpecti.

3a BUIJISAOM CKYMUYEHHS TOYOK MO>KHA BUCYHYTH TiMOTE3Yy IPO JIHIHHICTh 4H
HEJIHIMHICTh B3a€EMO3B’SI3Ky MK 3MIHHUMH. Tak, Ha maiarpami 1.3 (a, r) MaemMo SIBHO
BUpPXXEH1 JIHIWHI TEHACHIT CKym4eHHs To4yok. CrnpoOyemMo ampoKCHMYyBaTH
3QJIEKHOCTI, 300pakeH1 Ha IUX JiarpamMax, JIHIHHOI (YHKIIE perpecii. 3Bu4yaiHo,
Il TeHJICHIII1 ICHYIOTh JIMIIIE B cepeHbOMY. BOHM MOpyIIeH]1 BIIXUICHHIM OKPEMHUX
TOYOK. BigxuneHHs Bif TpsIMOi MOSCHIOETHCS BIUIMBOM IHIIMX HEBPAaXOBaHUX
bakTopiB.

Mopaesb mapHoi JiHiHHOI perpecii

[Ipunyctumo, 110 3a BUMISIIOM JiarpaMH PO3CIFOBAaHHS MM BCTaHOBWIIM, IO
MIXK JBOMa 3MIHHMMH ICHY€ JNiHiIiHUN 3B’s130K. [Ipocta (mapHa) miniiiHa perpecis
BCTAHOBJIIOE JIIHIMHY 3aJI€KHICTh MIXK JIBOMa 3MIHHUMU. [Ipu iboMy 0J1HA 13 3MIHHUX
(y) BBaXKA€ThCS 3aJEHKHOIO 3MIHHOK (E€K30I€HHA, MOSICHIOBAHA, pe3yJibTaTUBHA
3MiHHA, PETrPECaHT, BIATYK) 1 pO3MIAA€ThC K (DYHKIIS B APYroi (x) HE3aJIexKHOI
3MIHHOI (€HJIOT€HHA, MOSICHIOIYA, PErpecop).

B 3aranpHOTO BHIAKy MpocTa JiHiiTHA MOAENH 3aMUIIeThCS TaK:

y=a+ px+u (1.1)

Bennuuna y={y,, y,,.., v,} (n — 4HUCIIO CIIOCTEPEKEHb) CKIATAETHCS 3 JBOX
CKJIa/IOBUX:

1) HeBuUmagkoBOi ckiaaoBoi a+fx, ne x={x;x,.., X,}, a1 [} — napaMmerpu
PIBHSIHHS;

2) BUIAJIKOBOI CKJIQJIOBO1 # (30ypEeHHS, HOMWIKHW) U= {U;,U3,.., U, ).

Ao y Ta x — 1€ KUIbKICHI MOKa3HUKH JEAKUX EKOHOMIYHUX SIBUIL YU
npotieciB, TO piBHSIHHSA (1.1) HA3MBaIOTh EKOHOMETPUUYHOKO MOJICILIIO.

Po3risitHeMo OCHOBHI IPUYMHY ICHYBaHHS 30ypEeHHS:

1. Hegxnouenns 6 mooenv I[HWUX NOACHIOIOYUX 3MiHHUX. BcTaHOBIIEHHS
3B’SI3KY TUIBKM MIX JIBOMa (hakTopamMu ) Ta X € JIy’)KE€ BEJIMKUM CIPOIICHHSIM.
Hacnpapai icHyroTh i1HIN (akTopu, IO CYTTEBO BIUIMBAIOTh HA PE3yJIbTaTUBHUUI
MOKa3HUK, SIKI HE BPaXOBaHI YU HE MOXYTh OyTH BpaxoBaHumu y dopmymi (1.1).
BruuB nux ¢akTopiB IpUBOAUTH 70 TOTO, IO ICTHHHI TOYKH JIEKATh 11032 TPSIMOIO.
O0’emHaBIIM BCl TaKi MOKJIMBI CKJIAJIOBI BIUIMBY Ha PE3yJIbTATUBHUI MOKA3HUK, MU
SKpa3 OTPUMAEMO BEIWYMHY u. Hampukiaj, mpyu BUBYEHHI 3aJIEKHOCTI TOMHUTY Ha
ToBap () BiA IiHM Ha ToBap (x), 30ypeHa 3MiHHA u BKJIO4Yana Ou B cebe BIUIUB HA
[NOMNUT TAKWX YMHHHKIB: BEJIMYHMHA CIMEHHOro OIOJUKETY, AKICTh TOBapy Ta IHILI
BUMAAKOBI (pakTopu. SAKOM MU TOYHO 3HAIM, SIKI 3MIHHI HEOOXIJHO BKJIIOYATH B
MOJIeNb, 1 MaJTd MOKJIMBICTh TOYHO iX BUMIPSTH, TO MOKHA Ha iX OCHOBI OyayBatu
PIBHSIHHSI 1 TUM CaMUM BUKJIFOYATH BIJIMOBIAHUMN €JI€MEHT 30ypeHHs.

2. Henpasunvua ¢yuKyionanvHa cneyugirayis. OyHKIIIOHAJIbHE
CIIIBBIJTHOIIIEHHS MIDX ) Ta X MaTeMAaTH4YHO MOX€ OYTH BU3HAUCHE HEMPABUIILHO.
Hanpuxknazn, dbaktuyHa 3a1eXHICTh HE € JIHIMHOI0, a MOXKe OyTH OUIBII CKJIAHOIO.
[Ipore, BUKOpHUCTaHHS PIBHSHHS perpecii, sike HailKpalle OMHUCY€ 3aJIeKHICTh MIX
3MIHHUMU € IE€SIKUM HAOJIMKEHHSIM.

3. Homunku e6umiptosanusa. SIKIIO y BUMIPIOBAHHSAX OJIHI€ET YW OUIbIIE



B3a€MO3B’I3aHUX 3MIHHUX € TIOMUJIKH, TO 3HAW/ICHI 3HAYCHHs He OyyTh BiAMOBIAATH
TOYHOMY CIHIBBIJHOILICHHIO, a ICHYIOYa PO30DKHICTH Oy/Ie BHOCHUTH CBIM BKJIax Y
CTPYKTYpY 30ypeHOi 3MIHHOI.

4. Jhoocvkuti ¢pakmop, AKUA HEMOMJIIMBO MAaTEMaTUYHO OMHUCATU 1 HIYUM,
KpIM BHUIIQJIKOBOI CKJIa/J0BOiI BiJ0Opa3uTu He MOXHA. Hanpukiazn, npu BCTaHOBIIEHHI
3QJIEKHOCTI TOMHUTY HAa TOBAp BiJ I[IHM HA HBOTO 1€ MOXYTh OyTH BIIOJ0OAHHS
MOKYTIIIS.

OTtxe, 30ypeHHs € CyMapHUM MPOSIBOM TEpesIiueHUX BUIIE (GaKTOPIB.

[IpakTyHO TOOYyBaTH €KOHOMETPHYHY MOJENIb y BHUTJsAAl piBHAHHS (1.1)
HEMOJXKJIMBO 4Yepe3 BHUIMAJKOBY CKJIAJIOBY, TOMY JIIHIMHY 3aJ€XHICTh MIXK JIBOMa
3MIHHUMHU OyAyIOTh y BUIJISIII OI[IHOYHOTO PIBHSHHS EKOHOMETPUYHOI MOJeNi,
BiJIKWHYBIIIA BUITA/IKOBY CKJIAJIOBY:

y=a+bx, (1.2)

7€ a Ta b BIANOBIJIHO, PEJICTABIISIOTH COOOI0 OIIHKHM MapaMeTpiB « Ta [ PIBHSHHA
(1.1). 3Hak “*” Hax y 03HAa4Ya€e OLIHKY 3aJ€XKHOI 3MIHHOI, OTpUMaHy 3 piBHSAHHA (1.2)
IpU JESKUX YCEePEeTHEHUX YMOBaX.

Posrasinemo TEOMETPUYHY IHTEpHpeTaLiio OLIIHOK napameTpiB
€KOHOMETPUYHOI MOJIEI.

A

y

=
oL 4

0

Puc. 1.4. Perpeciiina npsima Ta ii mapameTpu

[TocriiiHa BenWuKMHA @ BU3HAYA€E TOYKY MEPETHUHY MOpsIMOI perpecii 3 BicClO
opauHat (puc. 1.4) 1 € 3HaueHHM ) B TOUL1 Xp=0.

Koedimient b xapaktepusye Haxuia npsMoi a0 oci adbcruc. [TozHaunmo yepes o
KyT, SIKMi TpsiMa yTBOpIoe 3 Biccro adciuc. Tomi b=tga. Bin € Mipow 3anexHOCTI
3MIHHOI ) Bl X a00 MIpOIO BIUIMBY, BHUSIBJICHOIO 3MIHOIO X Ha y. BiamoBimHo 10
piBHsHHS (1.2) b BU3HAYa€ cepe/lHIO BETMUMHY 3MIHHM pe3yJIbTATUBHOIO NMOKa3HUKA NpU
3MiHI TOSCHIOBAJILHOI 3MIHHOI X Ha OJJUHUIIIO. 3HAK b BU3HAYAE HAIPSAMOK I11€1 3MIHU.

[Ticyiist BU3HAUGHHS YMCIIOBUX OIIIHOK MapaMeTpiB MO)KHa 3a piBHSHHIM (1.2)

oOpaxyBaTu 3HA4€HHS J, IUId KOXKHOTO 3HAYEHHs IOSCHIOYOI 3MIHHOI x;. lle

3HA4YCHHA HA3HMBAIOTb PO3PAXyHKOBHM.



[Tpu niniiHIA QyHKLI] CYKYNHICTh PO3paXyHKOBUX 3HAYEHb YTBOPIOE MPSIMY
perpecii. SIk Bii3Hauanocs paHilie, 4Yepe3 BUMAAKOBHI BIIUB CTOPOHHIX (haKTOPiB
JUISL KOYKHOTO 3HAYEHHS X; MOXKE CIOCTEpIraTucs JeKUIbKa eMITPUYHUX 3HAYEHb );,
TOOTO KOXHOMY 3HAUEHHIO X BIJNOBIAA€ PO3MOAUT 3HAYEHb 3MIHHOI Y. 3HAUYEHHS

(yHKUIT perpecii ), TaKUM YMHOM € OLIHKAaMH CEPEJHIX 3HA4E€Hb 3MIHHOI ) Ul
KO>XHOTO (hIKCOBAaHOTO 3HAYECHHS 3MIHHOI X.
3BIJICH BHIUIMBAaE €KOHOMIYHA IHTEpHpeTalis ),. 3Ha4eHHSd ), IOKa3yIOTh

CepeqHE 3HAYCHHS 3aJIe)KHOi 3MIHHOI y TpU 3aJaHOMY X; IMOSICHIOIOYOI 3MIHHOI Y
NPUIYIIEHH], [0 €IMHOI MPUYMHOI0 3MIHHM ) € 3MIHHA X, a BUIAQJKOBa 30ypeHa
3MIHHA u TPHUIHSIIA 3HAYCHHS, piBHE HYJeBl. Po3kua ¢pakTuuHUX 3HAYEHBb 3MIHHOI )

JIOBKOJIA }/, 3yMOBJICHWH BIUIMBOM MHOXHHHM HEBpPaxoBaHuX (aktopis. Pisauiero

MK EMIIIPUYHUM 3HAYEHHSAM J; 1 PO3PaXyHKOBMM ), HAa3BEMO 3AIMILKOM, AKHUM Jac
YHUCJIOBY OLIIHKY 3HA4eHHSM 30ypeHoi 3MiHHOT u# (puc. 1.4). OTxe, 4nCIIOBE 3HAUYCHHS

A .
e BU3HAYaeThcad K ), — V, = €,,1 = 1, N . 3po3ymino, Mo, YAM MEHIIE 3HaYECHHs

e;, THM BJaJlilIe BUOpaHa npsma.

TakumM YMHOM, MM MIIIANUIKA A0 TpoOJeMH OIIHIOBAaHHS HEB1JIOMUX
napamMeTpiB @ Ta f.

1.4. MeToam 3HAXOAKEHHSI OLIHOK MapaMeTPiB eKOHOMETPHUYHOI MOJeJTi 3

ABOMA 3MIHHMMH

a) Meron naitmenmux kBagpariB (MHK) 3a cucreMoro HOpMaJIbHUX PIBHSHbD.
Ileii Merox € HaWTOYHIIIMM METOJOM 3HAXO/DKEHHS OI[IHOK IapaMeTpiB
€KOHOMETpHYHOT Mozeni. IIpoBiBIIM €KOHOMIYHMI aHalll3 MEBHOTO NpPOLECY 3
BpPaxyBaHHIM XapaKTepy XMapKuh TOYOK Ha Jiarpami po3CIOBaHHS, MEPEXOJUMO 10
BUPIBHIOBAHHA [JOCHIJIHUX JaHUX, SIKe MOJsArae y mnoOyJoBl TINOTETUYHOI JIiHIi.
OCHOBHOIO BUMOTOIO TPHU LILOMY € 3BEACHHS 0 MIHIMYMY HNOMWJIOK crienuikarii
dbopMm 3B’s13Ky MikK 3MIHHUMH. [li TOMUJIKM BU3HAYAIOTHCS Yepe3 BIIXUIICHHS

EMIIIpUYHUX JaHUX ); BiJl 3HAYEHb perpecii )., TOOTO BOHM (OPMYIOTH 3HAYEHHS
30ypeHOi 3MIHHOI e:
Yi—=Vi=6€
3 rpadika (puc. 1.4) 6aunmo, 110 e; — BIAXUICHHSI TOCIITHOT TOUYKH B1Jl OIIHOYHO1
npsiMoi, BUMIpsIHE 110 BepTuKaii. Lle Bigxunenuss Moxke OyTH JOJATHIM YM BiJi'EMHUM B
3aJIEKHOCTI BiJ] TOTO, TI0 SIKY CTOPOHY B1JI JIIHIT pO3MillleHa KOHKPETHA TOYKA.

IIpu BuOOp1 MpsIMOI MOKHAa BHCYHYTH BUMOTY, 100 CyMa BIIXWJIEHb BCIX
TOYOK BiJ1 JIiHIi perpecii OyJia piBHa HYJIEB1, TOOTO

2(y,=P)=2e=0

Ils ymMoBa 03Hauae, 10 cyMa JOJAaTHUX BIIXWJIEHb IOBUHHA OYTH PIBHOIO CyMIl
BiJI’eMHUX. JlOTpUMaHHS 1aHOi YMOBU HE Ja€ MOKJIMBOCTI OJTHO3HAYHO BU3HAUYUTH
PO3MIILIEHHSI BHUPIBHIOIOUYOT MpsMOi Ha IUlomuHI. JlaHy yMOBY 3a/J0BOJIBHSIE
HECKIHY€Ha MHOXHUHA NPSIMHUX, TOOTO Yepe3 3aJaHy TOYKY 3 KOOpJAWHATaMu (X;);)
IPOXOJUTH IMy4YOK MPSIMUX.



JIns 3HaXOMKEHHSI OJHO3HAYHOTO PO3B’SA3KYy BUKOPHUCTOBYEMO OAMH 13
MOKA3HUKIB PO3CIIOBaHHS BUIAJKOBOI BEIUYMHU — JUCIIEPCII0. SKIIO BCl BIAXUIICHHS
MiTHECTH O KBaJpaTy 1 MPOCYMYBaTH, TO pe3ysbTaT Oyje 0e3mocepeHbO 3anexaTh
BiJI PO3KHJY TOYOK JOBKOJIA IIYKAHOI JiHII. [3 MHOXHWHHM MOXIJIMBUX TPSMHUX Mae
Oyt BuOpaHa Taka, Qg SKOI Mipa pO3CIIOBaHHS JIOCHIIHUX TOYOK Oyne
MiHIMaIbHOIO. []e MOXHa MpeICTaBUTH HACTYITHUM YHHOM:

Fa,h)=Ye =3, -$) =Xy, —a—bx,)’ > min,13)
i=1 =1 =1

TOOTO cymMa KBaJparTiB BIAXWJICHb EMITIPUYHUX 3HAYEHb 3MIHHOI ) BiJl 3HAYCHbD,
00YHUCIICHUX 32 PIBHSIHHSAM MPsMO1, MTOBHHHA OyTH MIHIMAJIBLHOIO.

MeTton, B OCHOBY SKOTO IIOKJIaJieHa BHMOra MiHIMi3allii CyMH KBajpaTiB
BIIXWJIEHb, HAa3UBA€ThCS MeToAoM HalMenmux kBagpatie (MHK). 3  iioro
JOTIOMOT'OK0 3HAXOJSTh TaKl OLIHKU [MapaMeTpiB PIBHSIHHS perpecii, siki 3BOIATH 110
MiHIMyMy BUOpaHy Mipy po3citoBaHHA. lIpu 1bOMYy TpPOXOAUTH BHUPIBHIOBAHHS
EeMIIIPUYHUX 3HAaYeHb B OAHY JIHIIO perpecii. Y BUNAAKY JIHIHHOTO 3B 43Ky MIX
3MIHHUMM 1151 JIiHIS € MPSIMOIO.

Takum uyMHOM, mnpoOiieMa BHU3HAYEHHS MPSAMOI perpecii 3BOAUTHCS 10
minimizamii Qyskuii (1.3). HeoOXxinHOI yMOBOIO LBOTO € TEPETBOPEHHS B HYJIb
NepIIMX YaCTUHHHUX MOXIAHUX Ii€l PyHKIT Mo KOXKHIM 3MiHHIN a Ta b. BizbMemo 11i
YACTUHHI MMOX1JHI Ta MPUPIBHIEMO 1X J10 HYJIS:

( [ n ( n
a—=2Z(yi—a—bxi)(—l):O _ZZ(yi_a_bxi):O
<§; = = ’:l =
%zzz(yi_a_bxi)(_xi)zo _2Z(yi_a_bxi)xi =0

L i=l1 L i=l1

i(yi—a—bxi)=0 iyi—na—bixi =0

J =l N Ji= i=1

> (7, —a—bx,)x, =0 Sy, —aSx ~b¥at =0
Li=1 Li=1 i=1 i=1

B pe3ynbrari BUKOHaHHSI MEPETBOPEHb OTPUMAEMO HACTYIHY CUCTEMY, sIKa
HA3MBAETHCS CUCTEMOIO HOPMAJIbHUX PIBHSHB:
e

na+b) x, =3y,

) ) i=1 ) i=1 ) (14)
ay x, + bel.z =X, V.,

L =1 i=1 i=1

PO3B’s3aBIIN SIKY, 3HAXOJUMO a Ta b:
Po3B’si3ku cuctemu (1.4) metogom Kpamepa MmoskHa 3HaiTH 3a hopMyiamu:

10



n
2 Vi L X
i=1 i=1
n n ) n n 5 n n
lelyi Zl'xl Zyile _Z'xileyl
a = i= ;— — i=1 i=1 : lzln 1212 (15)
n DX, ny x; — (X x;)
i=1 i=1 i=1
n n
X, X Xx;
i=1 i=1
n
n Zlyi
n ;_

2 X, Y,

i=1

nz X Vi~ Z xiz Vi

X

2

n
i=1
n

2

i=1

i
- 2
Yx 3x

i=1

n 5 n 5 (1.6)
nz X, = (Z xi)

i=1 i=1

3HavyeHHs a Ta b, oOumcieni 3a Qopmynamu (1.5) 1 (1.6), € omiHKamMu
napameTpiB o Ta f§ perpecii, orpumani MHK. Maroun 3HaueHHs a Ta b MOXHa
oOpaxyBaTu 3HaYEHHS perpecii s 3aaaHo01 00J1acTi 3HaYeHb MOSICHIOKYO01 3MIHHOT X.

Ili 3HaueHHS MPEACTABISIIOTH COOOIO

Hadikpanry 3 Touku 30py MHK miniiiny

anPOKCUMAITIIO TSI eMITIPUYHUX 3HAYEHb ), OCKIJIbKM BUOpaHa Mipa po3CitOBaHHS —

CTaHIapTHE BiI[XI/IJ'IeHHH 3BOJAUTHCA IIPU

ILOMY JI0 MIHIMYMY.

6) MHK uepe3 BinxuieHHs BiJ cepenHix. Po3risHeMo METOAMKY OLIIHIOBaHHS
napaMeTpiB 3 JOMOMOIOI0 METOJY BIAXWIJICHDb BiJl cepefHix apudmeTnuHux. OCHOBY
JTAHOTO METOJy CKJIaJar0Th BJIACTUBOCTI OLIIHOK, 3Haiaenux MHK, siki nonsaraioTs B
TOMY, IIO JiHIsA perpecii 000B’A3KOBO MPOXOJIUTh Yepe3 TOUKY CEpeIHIX 3HA4YEHb

(X,7).

[Toxinumo niepie piBHsHHS cuctemH (1.4) Ha n:

na

—+ b i=1

n
VY pe3ynbTari OTpUMaEMo

n
2 X,

y=a+bx. (1.7)

Jlani BigHIMEMO BijJl pO3paxyHKOBOro 3HaueHHsi 3MiHHOI y (1.2) Ti cepenne

11



3Ha4YeHHSs, 3HaleHe 3a popmyJioro (1.7):
y—y=a+bx—(a+bx)=b(x—Xx).
3Biacu )7 =y+ b(x — )?) : (1.8)  Tomi
BIIXWICHHS (PAKTUYHUX 3HAYCHb 3MIHHOI ) BiJ PO3PaXyHKOBHX, 3HAWJIEHUX TIO
dbopmyi (1.8):
e, =y, —J =—y)—b(x, —X).
Y, — )_/ Ta X; — X — 1€ BiAXWIEHHS 3MiHHUX y Ta X BiJ iX CepeiHiX 3HAUEHb.
JU1 IpOCTOTH NO3HAYMMO X Ayl. Ta Axl..

Hanbie posrasgaeMo (GyHKINO, MO0 MPEACTaBis€ COOOK CyMy KBaJpaTiB
BIJIXWJICHb JIIMCHUX 3HAYEHb 3MIHHOI ) B1J pO3paXyHKOBHX 1 JOCIIJIKY€EMO ii Ha min.

n n
f— 2 —_— 2 :
F(b)=Y e’ =X (Ay, —bAx,) — min
i=1 i=1
Ockinbku oTpuMaHa (PYHKIIISI 3aJI€KUTh TUTBKU BiJl b, TO 3HAXOJJUMO YACTUHHY
NOXIJIHY L€l PYHKUIT 110 D 1 IPUPIBHIOEMO 1i JO HYJIS.

oF n 2
=23 (Ax,Ap, )+ 253 (Ax, ).
i=1 i=1
Z—IZZO = _ZZH:(AxiAyi)—I_ZbZn:(Axi )2 =0 =
i=1 i=1

M=

AxiAyi)_bé(Axi )’ =0 = (AxiAyi):bé(Axi )"

1

Il
—

i=1
3B1JICH 3HAXOJIUMO MapameTp b:

) (Ax,Ay,)

b="- . (1.9)
4 2
> (Ax,)
i=1
3HavyeHHs OIIHKHU @ 3Haiemo 3 hopmynu (1.7):
a=y—bx (1.10)
®opmymu (1.9) Ta (1.10) — e popMynu a5t 3HAXOMKEHHSI OLIIHOK MTapaMeTpiB
€KOHOMETPHUYHOI MOJIeJli METOJOM HaWMEHINMX KBaJpaTiB 4epe3 BIIXWICHHS Bif
CepeaHiX.
®opmyny (1.9) MoxkHA MPEACTABUTH B IHIIOMY BUTJIAL. SKIIO PO3AIIUTH

1

YUCEILHHUK 1 3HAMCHHUK Ha — , TO OTPUMAEMO:
n

n

12



n

LS (axay)

1 n
b:ni=1 :I’li=1
| 1 _
Z(Axi)2 Z(xi_x)2
n i=l n i=1

Mu oTpumany B YHMCENBHUKY KOE(QIIIEHT KoBapiaiii MK 3MIHHUMH X Ta ),
SIKUHA 0OYHCITIOETHCS 33 (DOPMYIIOFO:

(xi _)_C)(yi _)7)

Zn:(xi _)_C)(yi _)7)
cov(x,y) == ,
n

a B 3HAMEHHHUKY Ma€eMO JUCIEPCIIO 3MIHHOI X, SIKa 3HAXOIUTHCS 32 GOPMYJIOI0:
n

Z(‘xi _)_C)z

o’ (x) = var(x) ==

n
Toni popmyna (1.9) maTume BUTTISA:
b cov(x,y)
var(x)

Ipuxnag 1.1. ]Ins aecsaTd NiAOPUEMCTB PETIOHY 32 YMOBHUU JIEIKUI mepioj
BIJIOMI YHCJIOBI 3HAYEHHS JBOX E€KOHOMIYHMX IMOKA3HMKIB: BaJiOBa MPOIYKISA
(MJIH. TpH.) 1 BapTICTh OCHOBHUX BUPOOHMUYUX (POHIIB X (MJIH. TpH.), (Tadn.1.1). s
JOCIIDKEHHST XapaKTePUCTUKU BIIMBY BapTOCTI OCHOBHUX BUPOOHMUYMX (POHAIB (X)
Ha BUITYCK BaJIOBOI MPOAYKIII ()) MIANPUEMCTBA 3 JOMOMOTOI0 E€KOHOMETPUYHOL
MOJIEJ1 HEOOX1THO:

1. 3pobutu crienudikaiio MOIEII.

2. 3naiiTu omiHKM mapaMmeTpiB mojeni 3 monmomororo MHK (3a cucremoro

HOPMAaJIbHUX PIBHSHB Ta Yepe3 BIAXUICHHS BiJl CEPEAHIX).

3. [loOymyBaTu OIIHOUHY TPSIMY.

Tabauysa 1.1
Ne Banosuit Bumyck OcHOBHI BUpOOHMYI
IiIpUEMCTBA OPOIYKIIi, MJIH.TPH., (dboHAM, MITH.TPH.,

Yi Xi
1 2,2 1,4
2 4,2 2,2
3 5,7 33
4 6,8 2,6
5 5,9 3,2
6 7,6 4,5
7 9,5 5,1
8 8,4 6,7
9 10,1 7,3
10 12,3 8,9

13



¢ Po3é’azyeanns.

1. IloGyayemo miarpamy poO3CIIOBaHHS 3aIeKHOCTI

14 -

12

10 A

%

BaJOBOTO BHUITYCKY
IPOAYKIIi () BiJl BAPTOCTI OCHOBHUX BUPOOHUYUX (HOHIB MiAIPUEMCTBA (X):

Puc.1.5. Jliarpama po3citoBaHHS

Po3mimennss TO4OoK Ha Jiarpami pO3CIIOBaHHSA Ja€ MOXKJIMBICTH 3pOOHTH
MPUITYIIEHHS PO 1CHYBaHHSI JIIHIMHOT (popmu 3B’ 3Ky y BUTIsAAl GhyHKiT (1.2):
y=a+bx,
7€ ¥ — PO3paxXyHKOBHI OOCSAT BHITYCKY BaJIOBOi MPOAYKIIii, MJIH. TPH.; X — BapTiCTh
OCHOBHUX BHPOOHHWYMX (HOH/IIB, MJIH. TPH.

2. JIns copoiiieHHsT pOo3paxyHKIB MPU 3HAXOJKEHHI OLIHOK @ Ta b mapameTpiB
€KOHOMETPHYHO1 MOJIeJl TOOYIyEMO TaOJIHIIIO:

2

Ne i/ Vi X; X; Xi i AXx; (A xi)2 Ay; Ax; -Ay;
1 2,2 1,4 1,96 3,08 -3,12 9,73 -5,07 15,82
2 4,2 2,2 4,84 9,24 -2,32 5,38 -3,07 7,12
3 5,7 3,3 10,89 18,81 -1,22 1,49 -1,57 1,92
4 6,8 2,6 6,76 17,68 -1,92 3,69 -0,47 0,9
5 5,9 3,2 10,24 18,88 -1,32 1,74 -1,37 1,81
6 7,6 4,5 20,25 34,2 -0,02 0 0,33 -0,01
7 9,5 5,1 26,01 48.45 0,58 0,34 2,23 1,29
8 8,4 6,7 44,89 56,28 2,18 4,75 1,13 2,46
9 10,1 | 7,3 53,29 73,73 2,78 7,73 2,83 7,87
10 12,3 | 8.9 79,21 109,47 4,38 19,18 5,03 22,03
Cyma | 72,7 | 45,2 | 258,34 | 389,82 0 54,04 0 61,22
le. Zyi
x=5 = 45,2 _ 4,52; y="= 127 _ 7.27.
n 10 n 10
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Ax, =x, —X=14-452=-312;
Ax,=x,-X=22-452=-232;

------------------------------------------------

Ax,, =x,, —X =8,9—4,52 =438.

3anuiieMo CUuCTeMy HOPMaJbHUX PIBHSHB!

na +bl§x,~ = ;yi 10a +452b=72,7

| {

ad x, +bY. x> = x.y. 45,2a +258,34b = 389,82
L =1 i=1 i=1
Po3B’sxemo 1i:

a=-452b+727
—
452(~4,52b +7,27) + 258,34b = 389,82

a=-452b+7,27
—204,3b +328,6 + 258,34b = 389,82

(a =—-4,52b+7,27 {a =-452b+7,27
= =

J
154,046 = 61,22 b=113

(a=-452-113+7.27 a=217
3 =
b=113 b=113

3HaiiieMo 111 K OLIHKY 3a (hopmysiaMu BiaxuieHb Bl cepentix (1.9) ta (1.10):

- ;(AxiAyi) - 61,22 -

g ( Ax, )2 54,04
a=y—-bx=1727-113-452=727-51=2,17.

OTe, HAMH OTPHMAHO OLIHOYHE PiBHAHHSA €KOHOMETPHYHOT MOJIET

$=217+113x.

1,13;

15



3. Mo6ymyemo oninouny mpamy y = 2,17 +1,13x.

14

12 7 y=1,13x + 2,

24 ¢ X
O I I I I |
0 2 4 6 8 10

Puc.1.6. [liarpama po3citoBaHHs Ta OI[IHOYHA IIpsiMa

1.5. 3arajbHa, NOSICHIOIOYA TA HEMOSICHIOIOYA M CIIEePCil.
KoegiuienTn kopesinii Ta gerepminamii
[ToGynoBa piBHSIHHSI perpecii Ja€ HaM MOKJIMBICTh PO3KJIACTH 3HAYEHHS ); B
KOYKHOMY CITOCTEPEKEHHI Ha JIB1 CKJIaJIOBI:

Yy, =y te: (1.11)
Bennunea ). — pospaxoBaHe 3a OI[IHOYHUM PIBHSHHSAM €KOHOMETPHYHOI

MOJZIeNIl 3HAYEHHSI PE3yJIbTATUBHOIO TOKa3HMKA B I-My BHNAJKY. 3alHILOK e; €
PO30ODLKHICTIO MDK (PAKTUYHUM 1 MPOTHO3HUM 3HAYEHHSIM 3MIHHOi ), TOOTO, Ta
YacTHHA ), IKy MM HE MOXEMO MOSCHUTHU 3 IONOMOTOI0 PiBHSHHA perpecii. 3HaiaemMo

var(y)=var(y+e) = var(y)+ var(e)+2cov(y,e). (1.12
Bpaxysasmm, mo COV(},e) =0, 6ynemo matu:

var( y) = var( ) + var( e). (1.13)

JlaHe CHIBBIJHOIIEHHS O3HA4ae€, [0 MU MOXEMO PO3KJIACTH 3arajbHy

nucnepciro var(y) Ha aBi ckmamosi: var()) — dacTuHa, SKa MOSCHIOC PiBHSAHHS

perpecii (MosiCHIOIOYa Jucrepcis) 1 var(e) — HEMOSCHIOKYA 4YacTUHA (Aucmepcis
MOMUJIOK 200 HE MOSICHIOKYA AUCTIEPCis).

VY miBiid gactuHi (1.13) mMaemo Bapiallito 3ajeXHOi 3MIHHOI y HaBKOJIO CBOT'O
BUOIPKOBOTO CEpPEeIHbOTO 3HA4YeHHS )/, a y MpaBid — Bapialii po3paxyHKOBHX

3HAaueHb ) HABKOJO CEPEAHBOrO 3HA4YEeHHS ) Ta (AKTHYHMX 3HAYEHb ). 3a
o3HaueHHsM aucnepcii (1.13) nmpuiiMe HaCTYITHUIN BU/;

S G- T3
i=1 :1:1 +z:1

n n n

b
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| —\2
Giar =— Z (yi —y) — 3arajibHa JHUCIIEPCis; (1.14)
n i=1
2 la o :
O nosen. — Z (y i_y) — MOSICHIOKOYA IUCTIEPCIS; (1.15)
ni=1
2 1 & A N2 .
O nenosen. — Z (yl — yl) — Hcnepcis MOMUJIOK, abo (1.16)
n i=1

HETOSCHIOKYA JTUCTICPCisl.
2 2 2
To0to, 3 (1.14) MaeMO: ..k = O nogen. T O senosicr. -
kim0 3aranbHy JUCHEPCII0 BBXKATH HE3MIHHOIO, TO 4YMM Oulbima Oyje
MOSICHIOIOYA JIMCIIEPCis, THM MEHIIa HEMOSCHIOKYA, a 3HAYUTh MCHIIUNA PO3KH]
TOYOK Ha JiiarpaMi po3CiIOBaHHS BIJIHOCHO OILIIHOYHOI MPSMOI.

Hami noginumo o6unsi yactunu (1.13) Ha var(y) i oTpumaemo:
var(p) var(e)

() vary)

(1.17)

var(7)
var(y)

Sx moxHa mobauntu 3 Bupaszy (1.17) nmepma yactuHa € CKJIQZJOBOIO

var(e)
var(y)

IPOIOPIIEI0 AWCHepCii MOMMUIIOK Yy 3arajibHiil aucnepcii, ToOTo sBisie co0O0ro
YaCTUHY JUCIEpPCli, IKYy HE MOKHA MOSICHUTHU Yepe3 perpeciiiHuil 3B’ A30K.
YactuHa gucnepcii, M0 MOSICHIOETBCS PETPECi€r0, HA3UBAETHCS KOEQIIIEHTOM
N 2
JeTepMIHaIlli 1 To3HaYaeThest d abo 7

JUcTepcii, IKy MOXKHA TOSCHUTH 4yepe3 JiHito perpecii. [[pyra gactuna

d = 7,.2 — Va'r(-);) — O-Ifo}ZCH. —1— O-}fenogc].l.
var(y) o o’

3ae. 3ae.

(1.18)

3 miei dhopmynIm BHJIHO, MO KOedIIEHT AeTepMIHAIIl 3aBXIW JOJATHIN 1
3HAXOAMUTHCS B MEXKax BIJ HYJIA 10 OJMHUIIL. MakcumanbHe 3HaueHHs d=1, 3a yMOBH,
110 JIiHis perpecii TOYHO BiANOBigae BeiM crioctepexentsm (), = Y, 1 BCI 3aJIMILIKHA

piBH1 Hym0). Toxi Var(j/) = Var(y). Skiio K s BUOIPKU BIJACYTHIN 3B S30K MiXK
3MIHHUMHU y Ta X, TO KOeiLUIeHT d Oyne OMU3bKUil 10 HYJIS.

[Ticns moOy10BU perpeciitHoi MoJieni HeoOX1JHO OLIHUTH TICHOTY 3B’SI3KY MIX
pPEe3yJbTaTUBHOIO Ta (PAKTOPHOK 3MIHHUMH. JIJIsi bOTrO HEOOXITHO pO3paxyBaTH
Koe(ilieHT Kopensiii, SKuid came XapakTepu3ye€ CTYMHiHb NIUIBHOCTI JIHIAHOT
3QJIEKHOCTI MIXK BHIIQJIKOBUMHM BEJIMYMHAMU X Ta y. BiH mno3HavaeTrbcs r 1
PO3paxoBYETHCS 3a (HOPMYJIOLO:
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I & _ B
COV(X, y) B COV(x,y) _ n;(xi - x)(yi - J/)

. —
Jvar(x)var(y) o0, i;(x ~x) ;;(y -y

ne cov(X,y) — KkoedirieHT KoBapiallii Mi 3MIHHUMH X Ta y, var(X), var(y) — nucnepcii
3MIHHHX X Ta ), & Oy, Gy — IX CEpPeJHI KBaJpaTHU4YH1 BIIXUJICHHS.

Koeodiuient xopensmii, Ha BiAMiHy BiJ KoedillieHTa KoBapiaiii, € BXe He
abCONIOTHOIO, a BIJHOCHOIO MIpOIO0 3B’A3KYy MDXK JBOMa (hakTopamu 1 MpHiiMae
3Ha4eHHs 3 iHTepBany [-1;1]. JlonaTHe 3HAYEHHS KOPEJALil CBIIYUTh PO HASIBHICTH
OpsIMOrO 3B SI3Ky MDK 3MIHHMMH, a BIJ’€MHE — MpPO 3BOPOTHIM 3B’SA30K. SIKIIO
KoeiieHT Kopesii npsamye 10 =1, To MoBa 1€ PO HAIBHICTh TICHOTO JIHIMHOTO
3B’SI3Ky MK 3MIHHUMHU. Y TOH JXK€ 9ac, KOJIM BiH MPSAMYE A0 HYJsI, TO JIHIMHUN
3B’SI30K MDK 3MIHHMMH CJlaOKuil. Ale, ko Hamu oTpumanHo =0, To He Tpeba
CIIIIMTA 3 BUCHOBKAMHU MPO BIACYTHICTh 3B 3Ky MDK 3MIHHUMH. MOKHa JIHIIIE
poOUTH BHUCHOBOK TMIPO BIJICYTHICTh JIHIMHOTO 3B’S3Ky, aje MDK BUOpaHUMH
3MIHHUMHU MOXE ICHYBaTH TICHUW HeNiHIAHUN 3B’s30K. KoedimieHT kopensiii gae
MO>KJIMBICTh POOUTH BUCHOBOK PO TICHOTY CaMe JIHIHHOTO 3B’SI3KY MK 3MIHHUMH.

[loguBuMOCh, YW ICHY€ 3B’A30K MDK KOe(DIIIEHTOM JAeTepMiHaIii 1
koe(imieHTOM Kopensuli. s nporo 341MCHUMO HACTyHHI MEPETBOPEHHS IS
KoeilieHTa qeTepMiHaii:

1 & —2 | —\\2
. X(Py) Xlarbx—(a=bx))

d _ GnO}lCH.
=T —2 1 & —.2
e 7Z(yi_y) 72()/,'_)/)
ni=1 ni=1
| |

SY(b(x-x)) BoY(y-X)
— n i=l1 — n i=l1 — bz Gx
| — 2

IO S ¥ E 70 B

Bukonaemo  aHanmoriuHi MEPETBOPEHHS JUIA  Koe]illieHTa  KOPEeJAIlii,

cov(x, y)
BpaxyBaBIH, mo b = ————=:
var(x)
. cov(x,y) _ cov(x, y) _ covy,y) o, _ covy,y) o, _p.
Jvar)var(y) o0 ) 0,0, O, o, o, Oy

3 ocTaHHBOI (POPMYJIM BUAHO, 110 3HAK KOE(PIlIEHTAa KOPEJSIli BUSHAYAETHCS
3HAKOM OL[IHKH b.
Mu 6auumo, 1m0 KoediIieHT KOpelsIii € KopeHeM KBaJapaTHUM 3 KoedilieHTa

JeTepMIiHaIlil: r= i\/g ) (1.19)
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Ilpuknao 1.2. Ha ocHoBI Janux npukiany 1.1 notpiGHo:
1. O0uucnuTH 3arajibHy, MOSCHIOIYY Ta HEMOSICHIOIOYY JIUCTIEPCIIO.
2. 3HaiiTH 3HaYeHHS KOe(]IIIEHTIB AETEPMIHALIIT Ta KOPEJISIIi.

¢ Po3é’azyseanns.

1. Iyt 3HaXOHKEHHS TUCTIEPCi BUKOPHUCTAEMO HACTYITHI (hOPMYJIH:
n
A —_ 2 n
N2 ( _ ) A )2
(yi_y) ) Zly’ Y Z(yi_yi)
2 _ =l X — i= . 2 i=1
O pr. = ’ GV!O}ZC"L >~ menoscH. :
n n n
JIs1 ciipoltieHHs miapaxyHKiB OOy 1yeMO TabJIUIIIO, B3SBIIN CEPE/IHI 3HAUYCHHS

3MIHHHX 3 npukiIagy 1.1:

n

y =127, x =4,52.
New/m | y; Xi V=YV |, =¥ Vi | ViV G=D ViV (= 9)

1 2,2 1,4 |-5,07 | 25,7 3,74 | -3,53 | 12,49 | -1,54 2,36

4,2 22 |-3,07| 942 4,64 | -2,63 | 6,91 -0,44 0,2

5,7 33 | -1,57| 2,46 5,80 | -1,38 | 191 -0,19 0,04

6,8 26 [-047 | 0,22 5,09 | -2,18 | 4,73 1,71 2,91

5,9 32 | -1,37 | 1,88 5,77 | -1,50 | 2,24 0,13 0,02

7,6 | 45 | 0,33 0,11 7,25 | -0,02 0 0,35 0,12

9,5 51 | 223 4,97 7,93 | 0,66 0,43 1,57 2,47

84 | 6,7 | 1,13 | 128 | 974|247 | 6,1 | -134 | 1,79

OG0 NN | [N [t

10,1 | 7,3 | 2,83 8,01 1042 3,15 9,92 -0,32 0,1

10 123 | 89 | 5,03 25,3 | 12,23 ] 496 | 24,62 0,07 0

Cyma | 72,7 | 45,2 0 79,36 | 72,7 0 69,35 0 10,01

OT1xe, MaeMo:

2 7936 56 0 _ 6935

3ar MOSACH.

=6,935;0" _1901

HEMOSICH.

=1,00L

2. 3HaiiieMo 3Ha4eHb KOe(ILIE€HTIB IeTepMIHaLli Ta KOPEJSIIIi.
Jlnst oOuuncnenHs koedirieHTa AeTepMiHallli BUKOPUCTOBYEMO (PopMyIy:

2
g = oo 6935 _ o0
o2 7936

a 1e o3Havae, mo 87 % 3araibHOI qUCTIepCii MOSCHIOETHCS OLIHOYHOO MPSIMOIO0, Ha
J0JT10 HeBpaxoBaHUX (haktopis mpumnagae 13 %.
KoedimienT xopemnsiii 3HaiimemMo 3a popmyioro:

r=4Jd =087 =0,93.

3Hak koe(imieHTa KOpeysiii BHU3HAYAETHCS 3HAKOM KyTOBOrO KoedillieHTa
OIIIHOYHOT'O PIBHSHHSA b (B HAIIOMY BHIIQJKy BiH AojaTHuWiM). OTpuMaHe 3HAYCHHS
KoedilieHTa KOpeJsllli BKa3ye Ha CTYIMIHb TICHOTH JIHIMHOTO 3B’S3Ky MK 3MIHHHMHU.
3navyeHHs koedirienta kopessii piae 0,93 (6mu3bke A0 OJUHMIN), a 1I€ 3HAYHTD, 1110
TiHiiHA opMa 3B’ SI3KY MIXK 3MIHHIUMH ) Ta X BUOpaHa BIpHO 1 1€l 3B’ 30K TICHUH.
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1.6. YmoBu I'aycca-MapkoBa 1yisi BUNIAAKOBOI 3MiHHOI

IIpu BuxopuctanHi MHK s 3HaxomKeHHS OI[IHOK IapaMeTpiB MOJEl
BUIIaJIKOBA 3MIHHA (30ypeHHs, BUIIQJKOBUI 4JI€H) MOBUHHA 3aJOBOJIbHSATH YOTUPH
YMOBH, 1110 MarOTh Ha3By yMoBU ['aycca-Mapxkosa.

1. MareMaTuuHe CHOMIBAHHSI BUITQJKOBOI 3MIHHOI JJisi BCIX CIIOCTEPEXKEHb
pIBHE HYJIIO:

M(u)=0,i=1,n,
1€ 1 — KUTBKICTh CIIOCTEPEKEHb.

[HKOMM BUMAAKOBUM YjieH MOJEIl MOXe OyTH J0JaTHIM, a IHKOIM —
Bix’eMHuM. OIHAK BIH HE Ma€ MaTh CHUCTEMAaTUYHOTO 3MILIEHHS B KOJHOMY
MO>KJIMBOMY HAIPSIMKY.

2. Jlucmepcis BUNAIKOBOI 3MIiHHOI IOBMHHA OYTH TIOCTIHHOI IS BCIX
CIIOCTEPEkKEHB (BIACTUBICTh TOMOCKEIACTUYHOCTI):

2 2 .
Mu )=0,, i=1n.
3. BigcyTHICTh CHCTEMAaTUYHOTO 3B’ SI3Ky MK 3HAYE€HHSAMH BUIAAKOBOT 3MIHHOI
B OYyJIb-IKMX CIIOCTEPEIKECHHSIX:

M(u,u,)=0, i#j, i,j=1n.
Ile o3Hayae, 0 BUITAJIKOBI BEJIMUMHU HE3aJICKHI MK CO0010, TOOTO 3HAYCHHS
BUIAIKOBOI 3MIHHOI # B [-MY CIIOCTEPEXKEHHI HE 3aJI€XKUTh BiJ TOTO, SIKE 3HAYCHHS
BOHA MPUIME B j—MY CIIOCTEPEKEHHI.

4. BunmankoBa 3MiHHAa TOBMHHA OYTH pO3MNOJIICHOI HE3AJIEKHO Bij
MOSICHIOIOUHX 3MIHHUX:

M(x,,u;)=0, i,j=Ln.

3HaueHHd OyJp-SKOi HE3aJEeKHOI 3MIHHOI B KOXXHOMY CIIOCTEPEKEHHI
BBQ)KAEThCA €K30I'€HHUM, TMOBHICTIO BH3HAYEHUM 30BHINIHIMU MPUYUHAMH, K1 HE
BpaxoOBaHi B PIBHSHHI perpecii.

KpiM mpuBeneHux BHINE YMOB NPUITYCKAETHCS ITOTPUMAHHS HOPMAIBHOTO
3aKOHY PO3MOJLIY BMIIAJIKOBOTO WIEHA 3 HYJIHOBUM MaT€MaTHUYHUM CIOJIIBAaHHSM 1
nocTiiiHO nucrnepciero. [lpunyiieHHs Mpo HOPMAJIBHO PO3MOAICH] BEIUYMHU
IPYHTYEThCS HA UEHTPAIbHIM TpaHUYHIA TeopeMi, sKa CTBEPKYE, IO, SKIIO
BUIIQJIKOBA BEIMYMHA € 3arajibHUM PEe3yJbTAaTOM B3a€MOJI1 3HAYHOTO YHCJA 1HIIUX
BUIIJIKOBUX BEJIMYWH, TO BOHA OyJie MaTH MPUOJIU3HO HOPMATBHUI PO3MOIiN, HABITH
SKIIO OKPEMI CKJIAJIOBl HE MAaTUMYTh HOTO.

1.7. BaacTuBoCTI OLIIHOK MapaMeTpiB Mo/ieJii MapHoi perpecii

PO3pI13HAIOTH TOYKOBI Ta 1HTEpBAJIbHI OLIHKA MAapaMeTpiB €KOHOMETPUYHOI
MOJIEI.

Toukoeo1o oyinkoo napameTpa EKOHOMETPUYHOT MOJIENI HAa3UBAKOTh 3HANIEHY
OI[IHKY IIbOTO TIapameTpy.

Iumepeanvuoro oyinkor NapaMeTpa EKOHOMETPUYHOI MOJIENl Ha3UWBaIOTh
IHTEpBaJ, B MeXaxX SIKOr0 3 MEBHOI 33/JaHOI0 HNMOBIPHICTIO 3HAXOIAUTHCS ICTUHHE
3HAYEHHS 1IOTO IMapaMeTpy.

O1iHKY MTapaMeTpiB €EKOHOMETPUYHOI MOJIEN1 MalOTh TaKi BIACTUBOCTI:
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1) He3mileHicTs.

BubipkoBa orinka b mapametrpa [ Ha3UBA€TbCS He3MiWeHow, SKII0 BOHA
3a/10BOJIbHSIE YMOBY M(b)= f.

2) OOrpyHTOBaHICTb (CIIPOMOKHICTB).

BubipkoBa orminka b mnapametrpa [ Ha3UBAETbCA  OOIPYHMOBAHOIO
(cnpomodicHoro), IKIO TS SIK 3aBFOJITHO MAJIOTO YHCIIa & CIPaBIKYEThCSI yMOBa
limp(b- g/ <e)=1,

n—>0
TOOTO Tpu 30iIbIIeHHI 00’€My BHUOIpKH 10 OE3MEXHOCTI OIHKA SK 3aBrOJHO
OJIM3BKO HAOIMIKAETHCS IO ICTHHHOTO ITapaMeTpy.

Mu 6aunmo, 110 OLIHKAa € OOIrpYHTOBAHOO, SIKIIO BOHA 3a/I0BOJIbHSE 3aKOH
BeIUKUX uucena. OOIpyHTOBaHICTh NMOMWIKM O3HAauyae, MO0 4YuUM Ouiblil OyAyTh
BUOIpKU, TUM OUlbIlIa HMOBIPHICTH TOTO, 11O NMOMUJIKA OLIIHKKA HE MEPEBUUIYE SK
3aBrOJJHO MAJIOTO YMCJIA &.

3) EbexTuBHICTS.

BubipkoBa oninka b nmapamerpa [ Ha3UBAEThCS eheKmusHo0, SKII0 BOHA Mae
HallMEHIIy TUCIEPCIIO.

Teopema T'ayca-MapkoBa. Skmio s 3aauiikoBoro ujeHa piBHSHHSA (1.1)
BUKOHYIOTbCSI yMOBHM ['ayca-MapkoBa, TO OLIHKKA a 1 b, po3paxoBaHi 32 METOIOM
HaMEHIIIMX KBaJpaTiB, MAaOTh HAaWMEHIIy AHWCHEPCiI0 B KJIaci BCIX JHHIMHUX
HE3MIIIEHHUX OI[IHOK.

Ouiaku a 1 b, 3HaACHI METOAOM HAWMEHIIMX KBAApPATIB € HE3MIIICHUMHU,
e(eKTUBHUMHU Ta CIIPOMOKHUMH.

1.8. IToOynoBa noBipuux iHTepBaJjiB

HaniiiHicTh OLIIHKM BU3HAYAETHCA MHMOBIPHICTIO, 3 SIKOIO CTBEPIKYETHCS IO
noOyJOBaHUHM 3a pe3yJibTaTaMH BUOIPKU JOBIPYMI 1HTEpBald MICTUTH HEBIJOMMIA
apamMeTp reHepatbHOI CYKYIHOCTi. MIMOBIpHICTh iHTEpBANBHOI OLIHKM mapamerpa
HA3MBAIOTh JOBIPUOIO 1 MMO3HAYa0Th p. TOal MOXKHA CIIOAIBATUCS, IO MPU MHOKHHI
CIIOCTEPEKEHD MapaMeTp reHepalibHOI CYKYIHOCT1 Oy/i€ MPaBUIHLHO OIL[IHEHUM (TOOTO
JOBIpYUN 1HTEpBAJ TMOKPHE [IMCHE 3HAYEHHS IIbOI0 IapaMeTpa) HPHUOJIU3HO Y
p-100% Bumagkie 1 gume y  (100-p) %  BumamkiB  omiHKa  Oyne
OMMJIKOBOIO.

Pu3uk TOMMIKM BHW3HAYA€THCSA PIBHEM 3HAYYNIOCTI O, SKUH HA3WBAETHCS
JOBIPYUM PIBHEM JIAaHOTO 1HTEPBAIY.

[To3HaunMo mapaMeTp reHepaibHOi CyKyHmHOCTI 4epe3 A, a HOTro OLIHKY — U.
Toni, 3a 03HaYEHHSIM JOBIPYOro iHTEPBAIY, OyJeMO MaTH HACTYIHY (popMyIy:

- <A< )=1-
P(,u ko,<A<u+ko,)=1-a,
ne k — noBipUnii MHOXKHUK, SIKMH BiJoOpakae 4acTKy CTaHAAPTHOTO BIAXUJICHHS, SKa
NOBMHHA OyTH BpaxoBaHa, 100 13 3aJaHOI0 WMOBIPHICTIO p JOBIPYM 1HTEPBAI
Lu —ko p s M+ ko p J MOKPUB MapaMeTp A TeHEePaIbHOT CYKYITHOCTI.

[Tepeiinemo 10 mTOOYAOBH MOBIpYMX IHTEPBAIIB MJis MapaMeTpiB MapHOI

JTiHIAHOT perpecii. 3HaiiieMO JOBIpUMUA 1HTEpBAN JUIsl OIIHOYHOTO piBHAHHS. Jljis
IIOTO HaM HEOOXITHO MaTH TMOXUOKY OIlHKH, SKy 3HaimeMo 3a (Qopmylioro:
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Ayx =1, Ouenoscn.» A€ Iy — HFMOBIDHICHHH KOC(ILIEHT, 3HAYCHHS SIKOTO IpHU

3a/IaHOMY PIBHI UMOBIPHOCTI p 3HAXOJUMO 3a TaOJMIIMU HOPMAJIBHOTO PO3MOALTY.
3Ha4eHHA f, € KopeHeM piBHAHHA 2D(f,) = p, ne D(#,) — iHTerpaibHa (QyHKIIA

Jlannaca.
Toni noBipuunii IHTEpPBAJ AJI OLIHOYHOTO PIBHSAHHS MaTUME BUTJISI:

VimASY, SV + AL (1.20)

I'padiuno goBipumnii iHTEpBAT MOXKHA 300pa3UTH TAKUM YUHOM:

a+A  +by
X i
a+bx,

yx

v
)

Puc. 1.7. JloBipuuii iHTEpBaJI OI[IHOYHOTO PIBHIHHS

[Ipouenypa mnoOymoBuM [OBIpUMX IHTEpBAIIB MJiA MapaMeTpiB o T1a [
aHajoriyHa mnonepenHii mnpouenypi. CrnoyaTky 3HaXOJUMO TPAHUYHI HOXUOKH
OLIIHOK BIJMOBIJHUX MMapaMeTpiB 3a popMyiamMu:

Aa:Ga.tp; Ab:Ab.tp (121)
2 2 . . .
ne o,» O — BIANOBIAHO aAUCHEPCii OLIHOK a Ta b, 3HAYEHHS AKHX OOUYHMCIIOIOTHCS

3a hopMyJsiamMu:

2 2
5 GHCHOHCH. ) Z .Xi 62
i=1 2 HEMOSICH. ( 1 22)

O.— Op — n )
5 (x7)

Bt -l
n-3 (x—%)

OT1xe, TOBIpYl IHTEPBAJ ISl MTApAMETPIB @ Ta [/ MAaTUMYTb BUTJISI:
a-A,Sasa+A,, (1.23)

b—A,<B<b+A,. (1.24)
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Ilpuknad 1.3. Ha ocHoBi nanux mpukianiB 1.1 ta 1.2 moOynyBaTu moBipui
IHTEpBaJIM OL[IHOYHOTO PIBHSIHHS 1 TapaMeTpiB & Ta [ €KOHOMETPUYHOI MOJENI IS
nMoBipHocti p=0,9.

¢ Po3é’azyeanns.

O6umcIUMO rpaHUYHy ToXHOKy A = t 0

HETOSICH. * 3HavYeHHS 1, 3HaUJIEMO,

PO3B’S3aBIIN PIBHSIHHS: 2@(1 p) = p, ne O(t,) - iHTerpanpHa ¢QyHkuis Jlamnaca.
Hiis p=0,9 MaeMo: £,=1,65. Taxox 3HaUJEMO
O senonen. =\ Tcaonen, = ~/1,001 =1,0005

Tomi A, =1,65-1,0005=1,651.

JloBipuuii iHTEpBaJI MaTUME BUTJISI:

P —1,651<y <9 +1651,
2,17 +1,13x, 1,651 < y. <217 +1,13x, + 1,651,
1,13x, +0,519 < y, <1,13x, +3,821.

JIsist moOy0BH OIIIHOYHOTO PIBHSHHS, BEPXHBOI Ta HMYKHBOI MEXI JIOBIPYOTO
1HTEpBaIY JOCTATHHO MO /1Bl TOYKU. OOUHUCINMO iX:

Hwxag mexa

y=113x+0,519

OmiHoyHa npsMa

y=L1L13x+2,17

BepxHa mexa

y=113x+3,821

X y X y X y
1 1,65 1 3,30 1 4,95
10 11,82 10 13,47 10 15,12

16 -

Ly 3x + 3,821

12 - 3% + 2,17

1o - 1,13x + 0,519
g
6 -

4 -

)

0 ‘ ‘ ‘ ‘ ‘

0 2 4 6 8 10 12

3HaliieMo noBip4yi iHTepBaIu i o Ta f. [lounemo 13

OOUYHCIICHHS TPAHUYHUX MTOXUOOK OIIHOK ITUX MTapaMeTPiB:

A, =0,t,, A =04,
JIist 1IbOTO CHOYATKy 3HAWIEMO 3HAYCHHS IUCIEPCid 1 cepedHiX KBaJApaTUIHUX

BIJIXWJIEHD OIIIHOK a Ta b 3a popMynamu:
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jji:A;ZCT;;HOﬂCH. .
J=- = RPN 04, o, =048 -0

Cio
Il

o’ _ 1,001

HCIIOACH.
;= =
n _ 54,04
Z (xi _ x)
i=1
Jlamni 3HaligemMo

0,02, o, =+/0,02 =0,14.

A, =0,t,=0,69-165=~114;
A, =0, -1, =0,14-165=0,23.
OTxe, HaMH OTPUMAHO HACTYITHI IHTEPBAJIM JIOBIPH JUISI OIIHKH
ac [a—Aa; a+Aa],
ael217-114; 217+114],
1,03 < <331,
JUISL OIIIHKH /5.
Belb-A,; b+A,]
B el[1,13-0,23; 1,13+0,23]
0,9< 8<1,36.
Binobpaszumo 111 1oBipul iHTepBanu rpadgigHo. OOUUCINMO KOOPJAUHATH ABOX

TOYOK JIJIs1 TOOY0BH HIKHBOI T4 BEPXHBOI MEK JOBIPUOTO IHTEPBATY IS .

Hwxas mexa OninoyHa npsaMa Bepxns mexa
y=113x+1,03 y=L13x+2,17 yv=L13x+3,31
X y X y X Y
1 2,16 1 3,30 1 4,44
10 12,33 10 13,47 10 14,61
Ans f:
16 - y=1,13x+331
4V

=1,13x+2,17

12

104 y=1,13x + 1,03

S N B~ N
I I I I
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Hwxas mexa OmiHoyHa npsiMa BepxHa mexa
1=09x+2,17 y=113x+217 y=136x+2,17
x ¥ X Y X y
0 2,17 0 2,17 0 2,17
10 11,17 10 13,47 10 15,77

1.9. IlepeBipka HYJILOBHX rinore3

20 -
y y=136x+217
15 |
113x+217
10+ y=09x+217
5 |
0. '

1 T T T T T JU

0 2 4 6 8 10 12

OCKITbKM CTATUCTHYHI JIaHl, SKI MH JOCHIIKYEMO, CTBOPEHI pPI3HUMHU
BUMAAKOBUMH  (aKTopaMu, TO  OUIBLIICTP  CTaTHUCTUYHUX  JIOCIIHKECHb
CYIPOBOJIKYETHCS MEPEBIPKOIO JICSIKUX MPUMYIIEHh a00 TIMOTE3 Mpo JpKepelia IUX
TaHHX.

OcHOBHE IPUMYIIIEHHS, SIKE TIEPEBIPAETHCS, HA3UBAETHCS HYJIHOBOIO TIMTOTE3010
1 mo3HavaeTbest H, mepeBaxHO (HOPMYIIIOETHCS SIK BIICYTHICTh PI3HMILb, BIJICYTHICTh
BIUTMBY (pakTOpa, piBHICTH HYJIIO 3HaUYC€Hb BUOIPKOBUX XapaKTEPUCTHK 1 T.]I.

Jlpyre nmpunyiieHHs, sike NepeBIpsSeThCs (HE 3aBXKIU CTPOro MPOTUIIEKHE YU
o0epHEeHe MepIIoMY), HA3UBAETHCS KOHKYPYIOUOI0 a00 albTEePHATUBHOIO TIMOTE3010 1
nmo3Havaerscs H,.

JIJist CTATUCTUYHOTO BUCHOBKY TIPO HAsIBHICTH 200 BIACYTHICTh KOPEJSIIITHOTO
3B’SI3Ky MDK JIOCHIPKYBaHUMH 3MIHHUMH HEOOXIJHO MPOBECTH MEPEBIPKY PIBHS
3HAYyNIOCTI BUOIPKOBOTO KoedilieHTa Kopemsuii. Buxopuctanuit xkputepiit s
PO3B’SI3KYy 3aJay JAHOTO THIy TPYHTYETbCS Ha PO3MOAUI PI3HUX CTATUCTHK 1
HA3WBAETHCS KPUTEPIEM 3HATYIIOCTI.

[Tponenypa nepeBipku 3HAUYMIOCTI MOYMHAETHCS 3 (DOPMYITIOBAHHS HYJIBOBOI
rinore3u H,. Y 3araipHOMY BUMAQJKy BOHA IMOJSITa€ B TOMY, IIO MK MapamMeTpoM
BUOIPKU 1 MapaMeTPOM T€HEpalbHOI CYKYNHOCTI HEMA€ HIIKUX CYTTEBHUX PI3HHUIIb.
AnbpTepHaTHBHA TinoTe3a H; mondrae B TOMy, 110 MK ITUMHU IMapaMeTpaMU € CyTT€BI
pi3HuIll. Hanmpukiasn, npu nepesipiii HASBHOCTI KOPEJISIi B TeHepaIbHIi CyKYITHOCTI
HYJIbOBA TIMIOTE3a MOJIATA€ B TOMY, 110 ICTUHHUN KOS(DIIEHT KOPEALii pIBHUM HYJIO
(Ho: R=0). fxmo B pe3ynabTaTi TMEPEeBIPKU BHSIBUTHCA, IO HYJIbOBA TIMNOTE3a
HENPUIHATHA, TO HYJHOBA TIMOTE3a BIAKUIAETHCS 1 MPUUMAEThCS albTepHATUBHA H.
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[HIIMMU ClIOBaMU, MPUITYIIEHHS BITHOCHO HEKOPEIHOBAHOCTI BUMAJAKOBHUX 3MIHHUX Y
reHepalbHIi CyKymHOCTI Tpeba BHU3HATH HEOOIpyHTOBaHMM. | HaBmaku, SKIIO Ha
OCHOBI KPHUTEPII0 3HAYYIIOCTI HYJIhOBA TIMOTE3a MPUNMAETHCI, TOOTO 7 MICTUThCS B
JOMYCTUMI 30H1 BUMIAJIKOBOTO PO3CISIHHS, TOA1 HEMA€E MiJCTaBU BBAXKATH CYMHIBHUM
OPUIYILIEHHS BIIHOCHO HEKOPEIbOBAHOCTI 3MIHHUX y F'€HEpabHIN CyKYIHOCTI.

[Ipu mepeBipIll 3HAYYIIOCTI BCTAHOBJIIOIOTH 3HAYEHHA 11 PIBHA O, KU Jae
NEBHY BIIEBHECHICTh B TOMY, IO IOMHUJIKOBI BUCHOBKH OyIyTh 3pOOJICHI B JIyXKe
piakux Bunaakax. PiBeHb 3HAUYYHIOCTI BUpa)kae WMOBIPHICTH TOTrO, IO HYJIhOBA
rinore3a H, BIAKAIAETHCS TOJi, KOJU BOHA B JIMCHOCTI BipHA. 3pO3yMiJo, IO Mae
CeHC BHOpaTH JaHy WMOBIPHICTb SIK MOXHA MEHIIIOO.

[lepeBipsitoun 3HauyymIICTh Koe(iliEHTa TapHOi KOPEJslii, BCTAaHOBIIOIOThH
HasIBHICTb 200 BIJICYTHICTh KOPEISLUIAHOTO 3B A3KY MIXK JOCTII)KYBAHUMHU SBUILIAMH.
[Ipu BiaCyTHOCTI 3B’SI3KYy KOE(ILIEHT KOPENSIii TeHepadbHOI CYKYMHOCTI PIBHHIMA
Hymo (R=0). Ilpouemypa mnepeBIpKH TINMOTE3W MOYUMHAETHCS 3 (HOPMYJIIOBAHHS
HYJIbOBOI Ta aJIbTE€PHATUBHOI T10TE3:

H,: pi3nuii Mix BUOIpKOBUM KoedilieHTOM Kopelsiii » Ta R=0 Hemae;

H,: pizauns Mk 7 Ta R=0 3Ha4Ha, 1 K HACIIJOK, MK 3MIHHUMHU y Ta X B
reHepalibHIM CYKYITHOCTI € CYTTEBUM JTIHINHUHN 3B’ SI30K.

JIJIst OIIHKYM 3HAYYHIOCT1 KOE(IIIEHTA KOPEAIl BUKOPUCTOBYEMO f~KPUTEPIid
CrprozieHTa 3 n-m-1 CTyNEeHSIMH BUIBHOCTI.

[ling KITBKICTIO CTYHEHIB BUIBHOCTI PO3YMIIOTh PIZHHUIIO MDK KUIBKICTIO
CIOCTEPEKEHb Ta KUIBKICTIO MapaMeTpiB, SKI BCTAaHOBIEHI y pe3yJibTaTi IHX
CIOCTEPEKEHb, HE3AJIEKHO OJMH BiJl OJTHOTO.

3a pesyinbTaTaMud BHOIPKH OOUYUCIIOEMO f-CTaTUCTUKY, ab00 eMIlIpUuYHe
3HAYCHHS IapamMeTpy t:

rNn—m—1
= (1.25)

t emn \/1_7]/.2 )

AK€ IMOPIBHIOETHCSA 3 KPUTHYHUM 3HAUEHHAM fyp, IO 3HAXOAUTHCSA 33 TAOIMLAMU
posnoainy CThlojICHTa MPU 3aJaHOMY PIBHI 3HAYYMIOCTI O Ta k=n-m-1 CTymneHsax
BUTBHOCTI.

[IpaBuI0 BUKOPUCTAHHS KPUTEPIIO TOJSATAE Y HACTYTHOMY:
- JKIIO ‘t emn

BIJIKM/IA€THCA 1 MPUHUMAETHCS aJbTEPHATHBHA Timore3a H; mpo iCHyBaHHS
JTHIAHOT 3a7I€)KHOCTI MK JAaHUMU 3MIHHUMU B T€HEPAIbHIA CYKYITHOCTI;

> tyy> TO HylbOBa rimote3a H, Ha pIiBHI 3HAYYMIOCTI O

- SKILO ‘f eMn‘ < th, TO HYyJbOBa rimore3a H, Ha piBHI 3HAYYIIOCTI O

IIPUAMAETHCS.
[TepeBipky HYJIBOBHX TINOTE3 CTOCOBHO MapameTpiB & Ta S €KOHOMETPUYHOI
MOJIeJIl TPOBOJIATH aHajoriyHO. CrioyaTKy BUCYBa€EMO HYJIbOBI TIIOTE3H:
Hy: =0, Hy: ~0.
ANbTEpHATUBHUMU OYIyTh T1IIOTE3U:
H;: a#0, H;. p#0.
[ToTimM 06uUMCIIOEMO eMITipUYHI 3HaYEHHS MapameTpa ¢ 3a GopMyIaMu:
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Emnipuyne 3HaueHHS mapaMmeTpy NOPIBHIOIOTh 3 KPUTUYHUM, 3HAWICHUM 32
tabmuisiMu CThIOIGHTA 71 33JIaHOTO PIBHS 3HAUYIIOCTI O Ta k=n-m-1 CTyIeHIB
BUIBHOCTI. SIKmio ¢, > f;,, TO HyIbOBa rimotesa [, 13 piBHEM 3HAUYyIIOCTI O

BIJIKUJIAETHCA 1 PUIMAEThCS allbTepHATHBHA Tinote3a H;. Tozl BiAMOBIIHA OIlIHKA

BBAXKAETHCA CTATHCTHYHO 3Haummoro. SIkmo x £, <1t _  Tto mymsoBa rimoresa H,

Kp ?
JUISL PIBHSL 3HAUYIIOCTI O MPUHAMAETHCSA, a BIJANOBIJHA OL[IHKA HE € CTATHCTUYHO
3HAYUMOIO.

Ilpuknao 1.4. Ha ocHoBi nanux npukiagiB 1.1-1.3 BukoHaTH mepeBipKu
HYJIbOBUX TINMOTE3 CTOCOBHO KoedillieHTa Kopensamii 1 mapameTpiB « Ta [
€KOHOMETPHUYHOT MOJIETI.

¢ Po3é’azyeanns.

BucyBaemo wynboBy rinoresy H,: R.,=0 (poOumo mnpumnymieHHs, 110
KOe(IIIeHT KOpeAIii reHepaabHOI CYKYIHOCTI PIBHUM HYJ0). AJIbTEPHATUBHOIO
rinore3oro oyne H;: R..,#0.

Jami aist 3a7aHoi BUOIpKU 00UHUCIMMO eMIIpUYHE 3HaUYCHHS TapameTpy ¢

. rn—-m—1_093J10-1-1 73
e 1= J1-0,.87 ’

s 3apanoi iMoBipHOCTI p=0,9 (=1-p=1-0,9=0,1) 1 k=10-1-1=8 cTyneHiB
BUIBHOCTI 3HaXOAMMO TaOJIMYHE 3HAYEHHS 7y, =2,306.

| > 11

BIIKUHYTH 1 TPUMHATU albTEPHATUBHY TiMOTE3y H; Mpo iCHYBaHHS 3aJ€KHOCTI MIXK
3MiHHUMU. OT)e, y 90 % BUOIPOK 13 reHepallbHOI CYKYMHOCTI KOe(ILIEHT KOPEesLii
HE JIOPIBHIOE HYIIIO.

Jlani BUKOHAeEMO NEPEBIPKY HYJIbOBOI rinoTe3u BigHOCHO f (H,: f=0) npotu
anprepHatuBHOi H;: p#0. [ng 1poro 3HaXOAMMO €MIIpUYHE 3HAYEHHI  3a
dbopmyIioro:

OCKUIbKHA

euml To 3 HamiiHIicTIO p=0,9 Tinoresy H, HE0OXiIHO

b 1,13
eMn -
o, 014
OCKIIbKM €MIIpUYHE 3HAYECHHS { OUIbIIE KPUTHYHOTO (fyn>lyp), TO HYIBOBA
rinore3a BIAXWISETBCA 1 pOOUTHCS BHUCHOBOK, IO KYTOBHM Koe(ilieHT b

pO3paxoBaHuii 3a JaHOIO BUOIPKOIO € CTATUCTUYHO 3HAYYIIUM 3 HMOBIpHICTIO p=0,9.
[TepeBipumo HynbOBY rinote3y Hy: o=0. O6uncaumo

eMi = M = 2,17 = 3914
o, 0,69

a

= 8,07

t

tewn>tip, 3HAYUTH HYJIBOBA TINOTE€3a CTOCOBHO IApaMeTpy o TeX BIOXWIAETbCA, a
3HAYUTH 0. HE MOKE OyTH PIBHUM HYJIIO B F€HEPAJIbHIN CYKYITHOCTI.
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1.10. AxexBaTHICTH €eKOHOMETPHUYHOI MOA i

BignoBigHicTh moOy10BaHOI €KOHOMETPUYHOI MOJIeNII MOYKHA MEPEeBIPUTH 3
TomoMoror koedirienta aerepMinaiii. JAKuo #oro 3Ha4eHHs: OJIU3bKE 10 OJAMHUIIL,
TO MOXHa BBaXaTH, II0 OTPMMaHa €KOHOMETpUYHA MOJelb ajekBaTHa. B 1pomy
BUIAJIKy 3MiHa 3HAYEHHsI PE3yJIbTAaTHUBHOI 3MIHHOI ) JIIHIHHO 3aJieKUTh CaMe BiJ
3MIHM MOSCHIOIOYOT 3MIHHOI X, @ HE 4epe3 BIUIMB BUIMAIKOBUX (aKTOpPIB. SKIIO X
3Ha4YeHHs KoedillieHTa aeTepMiHaiii OJu3bKe J0 HyJs, TO MOJEIb BBaXaIOTh
HEaJIeKBaTHOI, TOOTO JIHIMHHUKM 3B’SI30K MK ) Ta X BIACYTHINH. SIKIIO K 3HAYCHHS
koedimieHTa merepMiHamii HediTke, TOOTO Onm3pke 0,5, TO I TEpPEBIpKU
aJICKBaTHOCTI €KOHOMETPHYHOI MOJIeNIl BUKOPUCTOBYIOTH Kputepit Dimepa F. Bin
JI03BOJISIE€ OI[IHUTH, YW 3HAYHO HAXWJ b BIIPI3HAETHCS BiA HyJsl, TOOTO MEPEBIPUTH
rinore3y H,: =0, oCKinbKH, IKIIO 3HAYCHHS b Onm3bKe 10 HyJs, TO 3 hopmynu (1.8)
MaEMO:

y=y+bx—x)=y
[HImIMMU crioBamu, sIK Kpalle apoKCUMYBAaTH JIaHi 32 CepeIHIM 3HaYEHHSIM, Y1
PErpeciiiHOI0 MPSMOIO.
AnbpTepHaTHBHA TiNOTE3a MOJIATa€ B TOMY, 10 3HAYEHHS MapaMmeTrpy [ He
JOPIBHIOE HYJItO, 1 Ma€e BUrsia: H;: f#0.
OO6uncmoeMo eMITipudHe 3HAYSHHS TapameTpy F 3a hopmyIoro:

_ r’(n—m-1)

7€ m — YUCJIO He3AJIEXKHUX 3MIHHUX (JJ1s1 TPOCTOi perpecii m=1).

I[Ticas 1poro 3HaXOOMMO 3 TaOIMLI BEIMYMHY [, — KPUTUYHE 3HaueHHs [-
posnoauty @imepa 3 (k;=m=1, k,=n-m-1) cTyneHsAMH BUIBHOCTI 1 pIBHEM
3Hauymiocti o. Hampuknazn, sxmo o=0,05, To Mu mMoxkeMo nmomuiatucs B 5 %
BUIAJIKIB, a B 95 % BuUIaIKIB HaIllll BACHOBKH OYIyTh IIPaBUJIbHUMHU.

SIK1o po3paxoBaHe HaMU 3HAYEHHS [, >F,, TO MU BIIKUAAEMO T1IOTE3Y MIPO
Te, mo S=0 3 pU3HUKOM MOMUJIUTHCA HE OinbIIe HUK y 5 % BUNAAKIB. Y TakoMmy
BUMAJAKY 1M0OYyJ0BaHa HAMU €KOHOMETPUYHA MOJIENb aJIeKBaTHA PeabHil A1MCHOCTI.

B npoTuie)xHoMy BHUIAAKY, TOOTO SIKIIO po3paxoBaHe F,,, < «p» TO TIIIOTE3Y
npo Te, mo =0 mpuiiMaeMo 1 B IbOMY BHIAJIKy T0Oy/I0BaHA HAMH €KOHOMETPUYHA
MOJIeJIb HeaJleKBaTHA peabHIN JIACHOCTI.

Sxmo MM OTpUManM, IO OLIHOYHE pIBHSHHSA €KOHOMETPUYHOI MOJeNi
BIJIMOBIA€ peaibHiil MIMCHOCTI, TO Ha WOr0 OCHOBI MO>KHA 3J1MCHIOBATH MPOTHO3,
TOOTO TiepeAdadyaTv NUISIXM PO3BHUTKY JOCHIIKYBAaHUX SBHUI] 1 IIPOIECIB Ha
HanOmx4e MainOyTHeE. [Iporuo3 Moxke OyTH TOUKOBUM a00 1HTEPBAJILHHM.

ToukoBuit MPOrHO3 Ha HACTymHUH n+1 mepiox OTpUMaeMo, KOJIU B OI[iIHOYHE
PIBHSIHHS €KOHOMETPUYIHOT MOJIEII IMiICTABUMO 3HAYCHHS MOSCHIOIYO1 3MIHHOT X, 4/

yn+1 =d +bxn+l'

[HTEpBaANIbLHMIT TPOTHO3 — 1€ IHTEPBAJI, B AKUH 3 3aJ1aHOI0 NMOBIPHICTIO p=1-

, (1.26)
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nomnaje AiiicCHe 3HaUeHHS pe3yIbTaTUBHOI 3MIHHOI y. B 3aranpHOMYy BHUIaaKy BiH Ma€e
BUTJISA;

R 1 x.. —-x)7 . 1 x . —X)
yn-s—l_ta'o-yx. 1+_+E’H‘l—); yn+l+ta'o-yx' 1+_+(nn+l—) >
Y (x,-X) Xy, —x)
=1 i=1
abo

( n+1 ) (xn+l _)_C)z

1
a+bx,, —t,-o, , a+bx, +t,-0, - [I+—+"—

n+l

I’l Z(xi_x) " i(xi_)_c)z

HwxHio MeXy IbOro iHTEpBaly HA3WBAIOTh MECHMICTUYHHM IPOTHO30M, a
BEPXHIO — ONTUMICTHUHUM.

Ilpuknad 1.5. Ha ocHOBI JgaHMX TMOMEpenHIX MPHUKIaAiB MEPEeBIpUTH HA
aJIeKBATHICTb MO0Y10BaHy EKOHOMETPUUYHY MOJIETb.

¢ Po3é’azyeanns.

JIist  OIIHKM piBHS aJEKBATHOCTI TOOYJ0BaHOI E€KOHOMETPUYHOI MOJei
€KCIIEpUMEHTAJILHUM JJAaHUM BUKOPUCTOBYEMO Kputepiit Dimepa F. O6uncaumo:

2 J— —_
eMn:r (n m2 1) 0,87-(10-1-1) _ 53,54
m(l—r~) 1-(1-0,87)

3HaiinemMo Tabnu4HE 3HAYEHHS JAHOTO KpuTepito (F,) Aisl piBHSA HaOIMHOCTI
p=0,95 Ta uymcma cryneHiB ButbHOCTI k;=m=1, k,=n-m-1=10-1-1=8:
F,,=5,32.
Ockinbku F,,, >Fy,, TO OTpUMaHe HaMH OLIHOYHE PiBHSAHHS €KOHOMETPHYHOI
Mojeni

=217 +1,13x

aJIeKBaTHE peabHIN IMCHOCTI 1 HA HOTO OCHOBI MOYKHA 3/11MICHIOBATU MPOTHO3HU.
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3adaua Topeisenvhe nionpuemcmeo Mae Genuxy Kiibkicme @initi i 1o2o
KepieHUYmMeo eueuac NUManHs npo sanedxcuicmo Y (piunuti moeapoobiz oouici ¢inii,
MIH. 2pH.) 8i0 X (mopeisenvroi nuowi, muc. m’). s decsimu ¢hiniii 3a nesnuii pix
sagixcosani maki snaventns nokaznukie Y i X :

l 1 2 3 4 5 6 7 18 9 |10
Y, | 1,529 3,1 3243|5758 7 72|75

X, 1021031050608 1 |1,1 |12]13]14

Ha o06cae  mosapoobicy enausarome maxi UYUHHUKU. CePeOHbOOEHHA
[HMEHCUBHICMb NOMOKY NOKYnYie, 00°eM OCHOB8HUX (OHOI8, IX cmpyKkmypa,
CePeOHbOCNUCKOBA YUCETbHICMb NPAYIBHUKIB, NA0OWA NIOCOOHUX NPUMILEHb MOWO.
Ilpunyckaemocs, wo 6 Oocnidxcysaniu epyni @initi 3HAYEHHA YUX YUHHUKIG
NPUOAUZHO OOHAKOBI, MOMY 6NIUE GIOMIHHOCMEU IX 3HAYeHb Ha 3MIHYy o00csa2y
moeapooobicy € He3HAYHUM.

Beaoicarouu, wio suxonyromucs nepedymoeu 1-4, nompiono:

1) 3natimu cmamucmu4ti OYiHKU NAPAMEMPIB NIHIHO20 PIBHAHHS pecpecii,

2) mouko8y oyiHKYy ma 008ipuuti inmepsanl oucnepcii 30ypeHsv i3 HAOIUHICIIO

y=0,9;

3) ona pisna snauwywocmi o = 0,05 nepesipumu snauywicme roegiyicnmis

peepecii &y, ma &,

4) snatimu dogipui inmepsanu koediyienmie pezpecii 3 naoiunicmio y =0,95;

5) snaimu eubipxosi roe@iyicnm Oemepminayii, Koegiyienm Kopenayii, a
MakKoic iHwi nokanuku skocmi niniunoi peepecii (MAPE, MPE);

6) 3naumu ma nobyoysamu 008ipuy 30HY GYHKYII peepecii 3 HAOIUHICMIO
y=0,95;

7) 3HQUmMU NPOSHO3He 3HAYeHHs pIYHO20 Mm0o8apoobicy 011 HOBoI il
mopeigenvHa niowa skoi ckiaoae 1,8 muc. MZ, a makooc i3 Haolunicmo Y = 0,95

nobyoysamu 008ip4uli iHmepeal 0Jisl Yb020 NPOSHO3ZHO20 3HAYEHHSL.

O 1) Crarucrnuni oninku a,, 4, TapaMeTpiB &, Ta (; JIHIHHOrO PIBHAHHA
perpecii 3aJ0BUIHHSIOTh CUCTEM1 HOPMAJIbHUX PIBHSHB (2.12):

ay +xa, =y,

}ao + x2a1 = E
JIns 3HaxOmKEHHS KOe(]IIIEHTIB i€l CUCTEMH CKJIaJeMO PO3paxyHKOBY TaOIl.
2.1, ocTaHHI# CTOBIEIb KO MOTPIOHU 1151 OOUHCIICHHS o,
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Tabnuys 2.1

i Xi Vi Xl-z X Vi y,~2
1 0,2 1,5 0,04 0,3 2,25
2 0,3 2,9 0,09 0,87 8,41
3 0,5 3,1 0,25 1,55 9,61
4 0,6 3,2 0,36 1,92 10,24
5 0,8 4,3 0,64 3,44 18,49
6 1 5,7 1 5,7 32,49
7 1,1 5.8 1,21 6,38 33,64
8 1,2 7 1,44 8,4 49
9 1,3 7,2 1,69 9,36 51,84
10 1,4 7,5 1,96 10,5 56,25
P 8,4 48,2 8,68 48,42 272,22

BukopucroByroun HWKHIN psagok Tabdn. 2.1, orpumaemo (oOcsr BUOIpKHU
n=10):

_ 10 _ 10
x=Yx;/n=84/10=0.84; y=2y;/n=482/10=432;
i=1 i=1
— 10 ) 10
X2 =3 x?/n=8,68/10=0868; xy=Yxy,/n=4842/10=4842;
i=l i=1

9,
v =Y y? /n=272,22/10 =27,222;
i=l

a, +0,84a, =482,
{0,84(10 +0,868a, =4,842.
€MHUN pO3B’A30K I1€1 CUCTEMH PIBHSAHB 3T1AHO 13 hopMmyaamu (2.13):
0 = @‘55 _4,842-0,84-482 07932 _
¥ —(xf  0868-(0,84) 0,624
ay=y—a,x=482-0,.84-4884=0717.

OTxe, eMIipyUYHe PIBHSHHSA perpecii Mae Takui BUTIISI;
y=0,717+4,884x. (2.57)

2 b

2) Heswmimeny TOYKOBY OIIHKY S,f HeBlAoMoi aucriepcii 30ypeHb 65
3HaieMo 3a hopmyiioro (2.22):

ste—Sut =y -0 ),

n—2;0 n—2;0

nonepenbo obunciuBmm y; = 0,717 +4,884x; Ta ”12 = (yl- —)71-)2, =110,

(Tabm. 2.2).
Tabnuys 2.2
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I 1 2 3 4 5 6 7 8 9 10 2
y; 15 2,9 3,1 32 43 5,7 5.8 7 7.2 7.5 -
P, 16938 21822 3159 33,6474 46242 5601 60894 65778 70662 7.5546 -

u; -0,1938 07178 -0,059 -0,4474 -0,3242 0,099 -0,2894 0,4222  0,1338 -0,0546 0,0044

ulz 0,0376  0,5152 0,0035 0,2002 0,1051 0,0098 0,0838 0,1783 0,0179 0,003 1,1544

3aysaycenna. 32iono iz (2.21): u=0, ¢ moii uac ax V HAWOMY BUNAOKY

>u,/10=0,00044. Lum snauennam Mmodcna —icHopyeamu  (86ascamu

NPAKMUYHO PIGHUM HYI0). Pasom 3 mum 3’aCyemo npuduny makozo 6i0XuseHHs
6I0 HynA. 3HA4eHHA d; ma d, 3 MOYHICMIO 00 Wecmu 3HAKIE NICAA KOMU

gionosiono cxknaoaiomo 4,884236 ma 0,717242, mobmo obuosa uyi 3HauenHs
(xati i Hecymmego) Oinbwii mux, sAKi 63ami y moodeni (2.57). Haxonuuenws
000amHux NOXUOOK y PIHUYAX y; —Y; i npugeio 00 moz2o, wo Z(yl- - j/l)
He3HAYHO nepesuwye Hyab. Biomimumo makodc, wo 3uauenns a, = 4,88,
a, =0,72 npusodsme oo pienocmi Y u; =0,008.

BuxopucTaBmm miacyMOK OCTaHHBOTO PSJIKA, OTPUMAEMO:

S?= L i1s44-0,1443.
10-2
JliBa 1 mpaBa Mexl1 JOBIPYOro 1HTEpBATLY IS 05 BU3HAYAIOTHCS 3T1AHO
(=257 | (-2)5}
13 1

13 (2.26) ta (2.27) ;(12 Ta ;(22 € KOPEHSAMU PIBHSIHb
Ply*(k)> 7 (pik))=p. p=(1+7)/2=095,

Plz*(k)> 3 (psk)=p. p=(1-7)/2=0,05.
3a Tabn. 4 npomatkiB s k=n-—2=8 3HaiigeMo: ;(12 (O,95;8)= 2,73 1

(2.29) 3a ¢popmynamu BiAMOBIIHO , Ie y BIMOBITHOCTI

73 (0,05;8)215,51. Toxi miBa Mexa HOOBIPUOrO IHTEpPBAILY JOPIBHIOE

8-0,1443 ~0,0744, a mpasa — 8-0,1443
15,51 2,73
HaiiHIcTIO 0,9

=0,4229. ToOTo OCTaTOYHO 3

0,0744 < o < 0,4229.
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3) 3rigHO 3 1.8, SKINO BHUKOHYETBCS HEPIBHICTH (2.33): |7-(>1,

a

m
(m =0,m= 1), TOAI Ha PIBHI 3HAYYHIOCTI  TIPUHAMAETHCA TIMOTE3a
H, :a, #0.3unavenns S, Ta S, 3Haiinemo i3 Bupasis (2.30):

3HaiIeMO JUCTIEPCIIO X:

6= —(x) =0,868—(0,84)" =0,162

G, =4/0, 0,162 =0,403
OTxe,

2.2 )
_ Sux2 _ S, X _ 01443\/7 1443 /O 86 01055
nc., o _\n 0,403
g S _ S, _ 0,1443 ~0,1132

“ \no’ ofn 0,403V10
Toxi ciocTepexeHi 3HaYeHHsI KPUTEPIIO:
ap|_ 0717 6796, | 4884
S 0,1055 S 0,1132

ap a

3B1AKHU

=43,145.

KpurniHa To4ka Ui JBOCTOPOHHBOI KPHUTUYHOI O0MACTI £y, = Lygpem (a,k)
npu 3HaueHHIX o = 0,05, kK =n—2 =8 3HaX0AUTHCS 3a BEPXHHOIO YACTHHOIO
Tali. 3 popatkis: £, =2,3006.

Ockinpkn 6,796 > lep, = 2,306 1 43145> lep. = 2,306, T0o Ha piBHI
3HauymocTi « = 0,05 pobumo BucHosky, mo ¢, #0 i a; #0.

4) 3rigHo 3 (2.39) Tta (2.40) noBipul IHTEpBaIM 3 HAAIMHICTIO ¥ AJId
HEB1IOMHX I1apaMeTPIB perpecii ¢, Ta @, MatOTb TAKUHA BUTIIAL:

a, —t, ()/,k)Sam <a, <a,+t, (j/,k)Sam ,

=tm(}/,k) — KOpiHb pIBHSHHS Pth <t):7, t, Ta t; —

me m=0,1, ¢t

m

BUIAIKOB1 BEJIUYMHU, PO3IO/IIJIEH] 3a 3akoHOM CT’10JIeHTA.

33



VY namomy Bunaaky ¥ = 0,95, gucno crynenis BimbHOCTI A =n—2=8.3a
Tabn. 2 pomatkiB  3maxommmo  1£,(0,95:8)=1¢,(0,958)=2,306. Tomi 3
BpaxyBaHHSM 3HAWICHUX 3HAYCHb Sao =0,1055, Sa1 =0,1132 orpumaemo:

0,717-2,306-0,1055 <, < 0,717 +2,306-0,1055,
4,884 -2,306-0,1132 < o, <4,884+2,306-0,1132
a00 OCTaTOYHO
0,4737 <, <0,9603,
4,6236 < a; <5,145.

5) KoediiienT aerepminaiiii R* 3Haiinemo 3a dbopmyioro (2.46%):
- A \2
) 2. (n-3)
_ i=1
R =1- 5

I’le

10 10
I3 Tabu. 2.2 (OCTAHHE YHCIO HIDKHBOTO Psimka) .u> = 3.(y; — ¥, )2 =1,1544.
i=1 i=1

JI7st 3HAXOIKESHHS 0'5 =% — (y)2 BHKOpHCTAaEMO Taou. 2.1:
o, =\ =(yf =1/272,22/10—(48,2/10)* =19974.

R LIS44
10-1,9974

Takum ymHOM, Bapiamis 3anexHoi 3MmiHHOT Y Ha 94,22% NOSICHIOETHCS

Orxe,

0,9422.

BapIAIl€I0 MOSICHIOIOYO1 3MIHHOI.
BubipkoBuii koeiieHT KOpessiii 3rigHo 13 (2.46):

r=+R? =./0,9422 = 0,9707 .

IIpu npOMY OJAaTHUH 3HAK IHOTO YKCiIa 0OpaHO B 3B’ SI3KY 3 TUM, 110 a, > 0.
1

O6uncnuMoO a0CONIIOTHY cepelHI0 BiACOTKOBY mnommiky MAPE 3a
dbopmyoro (2.49):

12

MAPE =—

ni=1

ViV
Vi
J1J1s1 IbOTO BUKOPUCTAEMO APYTHH 1 UeTBEpTU psAaku Tadm. 2.2:

019 -y, 01938 0,7178 0,059 0,4474 0,3242 0,099
+ + + + + +

Z v |15 29 31 0 32 0 43 57

-100%.
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0,2894 10,4222 0,1338 0,0546
+ + + +
5,8 7 7,2 7,5
+0,0754+0,0174 + 0,0499 + 0,0603 + 0,0186 + 0,0073 = 0,7644 .

Otxe, MAPE = % -0,7644-100% = 7,644% <10%, t0OTO BimmoBimae

=0,1292+0,2475+0,019+0,1398 +

BHUCOKIM TOYHOCTI IMTPOTHO3Y 3a MOIEIUTIO.
CepeiHIO B1JICOTKOBY TTOMUJIKY MPE 3HaieMo 3a ¢popmyiioro (2.50):

MPE =13 Y1721 1009,
ni=1 JY;

BUKOPUCTABIIIH PO3paxyHKu npu oouncienHi MAPE:

10 . — .
S Y7V 01292 - 0,2475+ 0,019+ 0,1398 + +0,0754 — 0,0174 +
i=1 Vi

+0,0499 — 0,0603 — 0,0186 + 0,0073 = 0,0768.

OcTaTo4YHO

MPE = % -0,0768-100% = 0,768% < 5%.

Bucnogok: éci 3Hati0eHi noKasHuKU 6KA3y10Mb HA BUCOKY AKICHb MOOEIIL.
6) [loOynoBa noBipuoi 30HM Mt QYHKINT perpecii nependadae noOya0By

TOYOK 3 KOOpAWHATAMH {xl-; V= t()/,n — 2)S 3, }, i=1n, 3 HacTymHUM
1

3’€IHaHHSAM CYCITHIX (MO 1HJAEKCY 1) TOYOK MPSMOJIHIMHUMH BiApi3Kamu, a
MOTIM 3JIMCHEHHS aHAJOTIYHOI MPOIEAypH JUIS TOCTIJOBHOCTI TOYOK

{xi ;P + t(]/, n— 2)Sﬁl- }

Ox

—x) |1
Bemnanny S 5, 3HaizeMo i3 popmyu (2.36) Sy =S, \/ [1 + (xl 2x)2 ]_

BukopucroByrouu 1abi. 2.1 i 3Haligene 3HaueHHs S, =/0,1443 =0,3799,
OTPUMAEMO:

o2 =x>—(xf =0,1624;

X

-
S, =03799 \/{1 (0.2-0384) %20,2255;

+

0,1624

=
S. =03799 || 1+ (03-0.84) l:o,zol;
V2 10




S/93 =0,1572; Sy4 =0,1398; Sﬁ5 =0,1207; Sﬁs =0,1293;

S/97 =0,143; S/98 =0,1611; S/99 =0,1823; Sﬁlo =0,2057.

3a 1a0J1. 2 104aTKiB 3HANIEMO t(0,95;8) =2,306. BukopucToByro4u TaoJI.
2.2 1 3HalJIeH] Sﬁi , OTPUMAEMO OPJIMHATH TOYOK HIXKHBOT MEXK1 JIOBIpUOi 30HU:

y =855 =16938-2,306-0,2255 =1,1738;

Y, —tS; =2,1822-2,306-0,201=1,7187;

Y3 — 1S5 =3,159-2,306-0,1572=2,7965;

Vs —1S;, =3,6474-2306-0,1394 =3,3259;

ys —1S; =4,6242-2306-0,1207 = 4,3459

Ve — 1S5, =5,601-2,306-0,1293 = 5,3028;

Y7 —tS; =6,0894-2,306-0,143=5,7596;

yg —18; =6,5778-2,306-0,1611=16,2003;

Yo =185, =7,0002—-2,306-0,1823 = 6,6458;

Yip =855, =7,5546-2,306-0,2057 = 7,0803.

Toxal opAMHATH TOYOK BEPXHBOI MEXI JOBIPYOi 30HU HAOHUPAIOTh TAKUX
3HAYCHb:

i +18; =1,6938+2,306-0,2255=2,2139;
Yy +1S; =2,1822+2306-0,201 =2,6457;
V3 +18; =3,159+2,306-0,1572 =3,5215;

Vs +1S;, =3,6474+2,306-0,1394 =3,9689;
Vs +1S; =4,6242+2,306-0,1207 = 4,9025
Ve +1S;, =5,001+2,306-0,1293 =5,8992;

V7 +1S; =06,0894+2,306-0,143 = 6,4192;
Vg +1S; =6,5778+2,306-0,1611=6,9493;
Vo +1S5 =7,0662+2,306-0,1823 =7,4866;
Yo +185,, =7,5546 +2,306-0,2057 = 8,1263.
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Hogipua 3o0Ha (3 HagiiHicTio 0,95) nns QyHKiii perpecii 300pakeHa Ha
Mai. 2.2.

A

T T T T T T T T T T T T T1T2%X
01 02 03 04 05 06 07 08 09 1 1,1 1,2 1,3 1,4

Manwonox 2.2.

7) IlporHo3He 3HAYEHHS PIYHOTO TOBAapoOOIry sl HOBOi ¢imii 13
. 2 o . .
TOPTiBEIBHOIO TUIOHIE0 1,8 THC. M™ 3HAKIEMO 13 pIBHSIHHA (2.57):

V1 =0,717+4,884-1,8=9,508.
JloBipuuil 1HTEpBal I HPOTHO3HOIO 3HAYEHHSA V, ., 13 HaAAIWHICTIO

y = 0,95 BusHavaerbes (2.56). 3 monomororo Bupasy (2.55) 3Hakaemo

— a
S, =8, \/ 1+ 1 + (x“—_x) = 0,3799\/ 1+ i + (18 —0.84) = 0,4906.

n no? 10 10-0,1624

X
Toni nrykaHuit 1OBipUMUM 1HTEPBAI Ma€ BUJ

9,508 -2,306-0,4906 < y,.; <9,508 +2,306-0,4906
a00 0CTaTOYHO

8,3767<y,,, <10,6393.
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JTOJATKH

Tabnuys 1
f2
1 X
3nauenns pynkuii Jlanaaca CD(x) = Ie 2 dt
N2y
Cori goumi x
* 0 i 2 3 4 5 6 7 8 9
0,0 0,00000 [ 00399 | 00798 | 01197 | 01595 | 01994 | 02392 | 02790 | 03188 | 03586
0,1 03983 04380 | 04776 05172 05567 05962 06356 06749 07142 07535
0,2 07926 08317 08706 09095 09483 09871 10257 10642 11026 11409
0,3 11791 12172 12552 12930 13307 13683 14058 14431 14803 15173
04 15542 15910 16276 16640 17003 17364 17724 18082 18439 18793
0,5 19146 19497 19847 20194 20540 20884 21226 21566 21904 22240
0,6 22575 22907 23237 23565 23891 24215 24537 24857 25175 25490
0,7 25804 26115 26424 26730 27035 27337 27637 27935 28230 28524
0,8 28814 29103 29389 29673 29955 30234 30511 30785 31057 31327
0,9 31594 31859 32121 32381 32639 32894 33147 33398 33646 33891
1,0 34134 34375 34614 | 34850 35083 35314 35543 35769 35993 36214
1,1 36433 36650 36864 | 37076 37285 37493 37698 37900 38100 | 38298
1,2 38493 38686 38877 39065 39251 39435 39617 39796 39973 40147
1,3 40320 | 40490 | 40658 40824 40988 | 41149 | 41308 | 41466 41621 41774
1,4 41924 | 42073 | 42220 42364 42507 | 42647 42786 | 42922 43056 43189
1,5 43319 | 43448 | 43574 | 43699 43822 | 43943 | 44062 44179 44295 44408
1,6 44520 | 44630 | 44738 44845 44950 | 45053 | 45154 | 45254 | 44352 45449
1,7 45543 | 45637 45728 45818 45007 | 45994 | 46080 | 46164 | 46246 46327
1,8 46407 46485 | 46562 46638 46712 | 46784 | 46856 | 46926 46995 47062
1,9 47128 | 47193 | 47257 47320 47381 | 47441 47500 | 47558 47615 47670
2,0 47725 | 47778 | 47831 47882 47932 | 47982 48030 | 48077 48124 | 48169
2,1 48214 | 48257 48300 48341 48382 | 48422 48461 48500 | 48537 48574
2,2 48610 | 48645 | 48679 48713 48745 | 48778 | 48809 | 48840 | 48870 | 48899
2,3 48928 | 48956 | 48983 49010 49036 | 49061 49086 | 49111 49134 | 49158
24 49180 | 49202 49224 | 49245 49266 | 49286 | 49305 | 49324 | 49343 49361
2,5 49379 | 49396 | 49413 49430 49446 | 49461 49477 49492 49506 49520
2,6 49534 | 49547 49560 49573 49585 | 49598 | 49609 | 49621 49632 49643
2,7 49653 | 49664 | 49674 | 49683 49693 | 49702 49711 49720 | 49728 49736
2,8 49744 | 49752 49760 49767 49774 | 49781 49788 | 49795 49801 49807
2,9 49813 | 49819 | 49825 49831 49835 | 49841 49846 | 49851 49856 49861
30 49865 | 49869 | 49874 | 49878 49882 | 49886 | 49889 | 49893 49897 49900
3.1 49903 | 49906 | 49910 49913 49916 | 49918 | 49921 49924 | 49926 49929
32 49931 | 49934 | 49936 49938 49940 | 49942 49944 | 49946 49948 49950
33 49952 49953 | 49955 49957 49958 | 49960 | 49961 49962 49964 | 49965
34 49966 | 49968 | 49969 | 49970 | 49971 | 49972 | 49973 | 49974 | 49975 | 49976
35 49977 49978 | 49978 49979 49980 | 49981 48881 49982 49983 49983
3,6 49984 | 49985 | 40085 49986 49986 | 49987 49987 49988 49988 49989
37 49989 | 49990 | 49990 49990 49991 | 49991 49992 49992 49992 49992
38 49993 | 49993 | 49993 49994 49994 | 49994 | 49994 | 49995 49995 49995
39 49995 | 49995 | 49996 49996 49996 | 49996 | 49996 | 49996 49997 49997
JlecsTi momi x
* 0 2 4 6 8
4, 0,4999683 4999867 4999946 4999979 4999992
5, 4999997
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Tabnuys 2

3nauenns t = 1(y; k), 2@ A
110 3aJ0BUIBHSIOTH PIBHSHHIO
t
P(|7]<t) =2[ g, (dt =7y,
0
ne g, (t) —rycruna po3moaiay
Cr’oaenra (z-po3noniny), k =n —1 —1(y3k) t(}/;k))
— YHCJIO CTYIEHIB BUIBHOCTI
Y
i 0,9 0,95 0,98 0,99 0,999

1 6,314 12,706 31,821 63,657 636,619
2 2,920 4,303 6,965 9,925 31,599
3 2,353 3,182 4,541 5,841 12,924
4 2,132 2,776 3,747 4,604 8,610
5 2,015 2,571 3,365 4,032 6,869
6 1,943 2,447 3,143 3,707 5,969
7 1,895 2,365 2,998 3,499 5,408
8 1,860 2,306 2,896 3,355 5,041
9 1,833 2,262 2,821 3,250 4,781
10 1,812 2,228 2,764 3,169 4,587
11 1,796 2,201 2,718 3,106 4,437
12 1,782 2,179 2,681 3,055 4,318
13 1,771 2,160 2,650 3,012 4,221
14 1,761 2,145 2,624 2,977 4,140
15 1,753 2,131 2,602 2,947 4,073
16 1,746 2,120 2,583 2,921 4,015
17 1,740 2,110 2,567 2,898 3,965
18 1,734 2,101 2,552 2,878 3,922
19 1,729 2,093 2,539 2,861 3,883
20 1,725 2,086 2,528 2,845 3,850
25 1,708 2,060 2,485 2,785 3,725
30 1,697 2,042 2,457 2,750 3,646
40 1,684 2,021 2,423 2,704 3,551
50 1,676 2,009 2,403 2,678 3,496
60 1,671 2,000 2,390 2,660 3,460
70 1,667 1,994 2,381 2,648 3,435
80 1,664 1,990 2,374 2,639 3,416
90 1,662 1,987 2,368 2,632 3,402
100 1,660 1,984 2,364 2,626 3,390
120 1,658 1,980 2,358 2,617 3,373
0 1,645 1,960 2,326 2,576 3,291
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Tabnuys 3

Kpurnuni Touku po3noaisty Cr’rogenra (-po3noaiiay)
Jlnst 1BOCTOPOHHBOT KPUTHUHOT OONACTI KPUTHIHA TOUKA 1., ., ., (X3 k) =1, € KopeHeMm

ta
PIBHSIHHSA J' g (dt=(1-a) /2; I OJHOCTOPOHHBOI (IIPABOCTOPOHHBOI) KPUTHYHOI
0

obnacTi Touka (—— (a;k)=t,, € KOpeHeM piBHAHH: .[ g, (dt=(1-2a)/2, ne

t2a
g, (t) — rycruna posnozpiny Cr’ronenta, kK =n—1 — uucno crynesis BimbHOCTI. Jls
JIBOCTOPOHHBOT KPUTUYHOI 00JacTi . - _— (a;k)=—t,,.
Yucno cryneHis PiBenb 3Hauymocti a
BUIBHOCTI (IBOCTOPOHHS KPUTHYHA 00JIACTh)
k=n-1 0,10 0,05 0,02 0,01 0,002 0,001
1 6,314 12,71 31,82 63,66 318,3 637,0
2 2,920 4,303 6,965 9,925 22,33 31,60
3 2,353 3,182 4,541 5,841 10,22 12,94
4 2,132 2,776 3,747 4,604 7,173 8,610
5 2,015 2,571 3,365 4,032 5,893 6,859
6 1,943 2,447 3,143 3,707 5,208 5,959
7 1,895 2,365 2,998 3,499 4,785 5,405
8 1,860 2,306 2,896 3,355 4,501 5,041
9 1,833 2,262 2,821 3,250 4,297 4,781
10 1,812 2,228 2,764 3,169 4,144 4,587
11 1,796 2,201 2,718 3,106 4,025 4,437
12 1,782 2,179 2,681 3,055 3,930 4,318
13 1,771 2,160 2,650 3,012 3,852 4,221
14 1,761 2,145 2,624 2,977 3,787 4,140
15 1,753 2,131 2,602 2,947 3,733 4,073
16 1,746 2,120 2,583 2,921 3,686 4,015
17 1,740 2,110 2,567 2,898 3,646 3,965
18 1,734 2,101 2,552 2,878 3,611 3,922
19 1,729 2,093 2,539 2,861 3,579 3,883
20 1,725 2,086 2,528 2,845 3,562 3,850
21 1,721 2,080 2,518 2,831 3,527 3,819
22 1,717 2,074 2,508 2,819 3,505 3,792
23 1,714 2,069 2,500 2,807 3,485 3,767
24 1,711 2,064 2,492 2,797 3,467 3,745
25 1,708 2,060 2,485 2,787 3,450 3,725
26 1,706 2,056 2,479 2,779 3,435 3,707
27 1,703 2,052 2,473 2,771 3421 3,690
28 1,701 2,048 2,467 2,763 3,408 3,674
29 1,699 2,045 2,462 2,756 3,396 3,659
30 1,697 2,042 2,457 2,750 3,385 3,646
40 1,684 2,021 2,423 2,704 3,307 3,551
60 1,671 2,000 2,390 2,660 3,232 3,460
120 1,658 1,981 2,362 2,624 3,172 3,374
© 1,645 1,960 2,326 2,576 3,090 3,291
UYwcro cTymeHiB 0,05 0,025 0,01 0,005 0,001 0,0005
BIJIBHOCTI PiBenp 3HauymocTi «
k=n-1 (0THOCTOPOHHSA KpUTHYHA 00JIACTB)
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3HaYeHHSA

Pl 220> 22 (p:k) = p,

ne k — uucno CTyneHiB BiIbHOCTI

T2 (k)

>

Tabnuys 4

k 0,999 0,99 0,95 0,90 0,10 0,05 0,01 0,001
1 0,157-10% | 0,0002 0,004 0,02 2,71 3,84 6,63 10,83
2 0,002 0,02 0,10 0,21 4,61 5,99 9,21 13,82
3 0,02 0,12 0,35 0,58 6,25 7,82 11,34 16,27
4 0,09 0,30 0,71 1,06 7,78 9,49 13,28 18,47
5 0,21 0,55 1,15 1,61 9,24 11,07 15,08 20,51
6 0,38 0,87 1,64 2,20 10,65 12,59 16,81 22,46
7 0,60 1,24 2,17 2,83 12,02 14,06 18,48 24,32
8 0,86 1,65 2,713 3,49 13,36 15,51 20,09 26,12
9 1,15 2,09 3,33 4,17 14,68 16,92 21,67 217,88
10 1,48 2,56 3,94 4,87 15,99 18,31 23,21 29,59
11 1,83 3,05 4,58 5,58 17,28 19,68 24,72 31,26
12 2,21 3,57 5,23 6,30 18,55 21,03 26,22 32,91
13 2,62 411 5,89 7,04 19,81 22,36 217,69 34,53
14 3,04 4,66 6,57 7,79 21,06 23,69 29,14 36,12
15 3,48 5,23 7,26 8,55 22,31 25,00 30,58 37,70
16 3,94 581 7,96 9,31 23,54 26,30 32,00 39,25
17 4,42 6,41 8,67 10,09 24,77 27,59 33,41 40,79
18 4,90 7,02 9,39 10,86 25,99 28,87 34,81 42,31
19 541 7,63 10,12 11,65 27,20 30,14 36,19 43,82
20 5,92 8,26 10,85 12,44 28,41 3141 37,57 45,31
21 6,45 8,90 11,59 13,24 29,62 32,67 38,93 46,80
22 6,98 9,54 12,34 14,04 30,81 33,92 40,29 48,27
23 7,93 10,20 13,20 14,85 32,01 3517 41,64 49,73
24 8,08 10,86 13,85 15,66 33,19 36,42 43,98 51,18
25 8,65 11,52 14,61 16,47 34,38 37,65 44,31 52,62
26 9,22 12,20 15,37 17,29 35,56 38,89 45,64 54,05
27 9,80 12,88 16,15 18,11 36,74 40,11 46,96 55,48
28 10,39 13,56 16,93 18,94 37,92 41,34 48,28 56,89
29 10,99 14,26 17,71 19,77 39,09 42,56 49,59 58,30
30 11,59 14,95 18,49 20,60 40,26 43,77 50,89 59,70
40 17,92 22,16 26,51 29,05 51,81 95,76 63,69 73,40
50 24,67 29,71 34,76 37,69 63,17 67,51 76,15 86,66
100 61,92 70,07 77,93 82,36 118,50 124,34 135,81 149,45
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Tabnuys 5

Kputuuni Touxu FKp (a; k|, k,) posnoxiny @imepa-Cuenoxopa,

110 3a/I0BIIBHSIOT PiBHSHHIO P[ F>F,(ak,k, )J =qa npu  =0,05

k ky

2 1 2 3 4 5 6 8 12 24 ©

1 | 161,45 | 199,50 | 215,71 | 224,58 | 230,16 | 233,99 | 238,88 | 243,91 | 249,05 | 254,32
2 1851 | 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,37 | 19,41 | 19,45 | 19,50
3 10,13 | 955 | 928 | 912 | 901 | 894 | 884 | 874 | 864 | 853
4 771 | 694 | 659 | 639 | 626 | 616 | 604 | 591 | 577 | 5,63
5 661 | 579 | 541 | 519 | 505 | 495 | 482 | 468 | 453 | 436
6 599 | 514 | 476 | 453 | 439 | 428 | 415 | 400 | 3584 | 367
7 559 | 474 | 435 | 412 | 397 | 387 | 373 | 357 | 341 | 323
8 532 | 446 | 407 | 384 | 369 | 358 | 344 | 328 | 312 | 293
9 512 | 426 | 3586 | 363 | 348 | 337 | 323 | 307 | 290 | 271
10 | 49 | 410 | 370 | 348 | 333 | 322 | 307 | 291 | 274 | 2,54
11 | 484 | 398 | 359 | 336 | 320 | 3090 [ 295 | 279 | 261 | 240
12 | 475 | 388 | 349 | 326 | 311 | 300 | 285 [ 269 | 250 | 2,30
13 | 467 | 380 | 341 | 318 | 302 [ 292 | 2,77 | 260 | 242 | 2,21
14 | 460 | 374 | 334 | 311 | 296 | 285 | 270 | 253 | 235 | 2,13
15 | 454 | 368 | 329 | 306 | 290 | 279 | 264 | 248 | 229 | 2,07
16 | 449 | 363 | 324 | 301 | 285 | 274 | 259 | 242 | 224 | 2,01
17 | 445 | 359 | 320 | 296 | 281 | 270 | 2555 | 238 | 219 | 1,9
18 | 441 | 355 | 316 | 293 | 277 | 266 | 251 | 234 | 215 | 1,92
19 | 438 | 352 | 313 | 290 | 274 | 263 | 248 | 231 | 211 | 1,88
20 | 435 | 349 | 310 | 287 | 271 | 260 | 245 | 228 | 208 | 1,84
25 | 424 | 338 | 299 | 2,76 | 260 | 249 | 234 | 216 | 19 | 1,71
30 | 417 | 332 | 292 | 269 | 253 | 242 | 227 | 209 | 189 | 1,62
40 | 408 | 323 | 284 | 261 | 245 | 234 | 218 | 200 | 179 | 151
60 | 400 | 315 | 276 | 252 | 237 | 225 | 2,00 | 192 | 1,70 | 1,39
120 | 392 | 307 | 268 | 245 | 229 | 217 | 202 | 1,83 | 1,61 | 1,25
0 384 | 299 | 260 | 237 | 221 | 209 | 194 | 1,75 | 1,52 | 1,00
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