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BCTYN

Bixrozi sik ekoHOMIKa cTa/a CEPUO3HOI0 CAMOCTIHOIO HAYKOIO, I0CJIi/I-
HUKKM HAMATAIOTHCS CIIPOTHO3YBATH TY UM IHIIY CUTYAIIIIO, TIePeAbaunT
MaiiOyTHI 3HAYEHHSI €KOHOMIUHUX IIOKA3HUKIB, 3allPOIIOHYBATH 1HCTPY-
MEeHTHU 3MiHU cuTyalii B 6axaHoMmy HanpsaMmky. [Tosmitiuky abo Kepyrodi Br-
POOBHUIITBOM, OOMPAIOYM OIHY 3 MOKJIMBUX CTPATETiid, OTPUMYIOTh IEB-
Huii pesysprar. Iloranuii BiH um TapHuii i 4u MOKHA GyJIO JOCATTH
KPaIoro pe3yJbTary, IepeBipuTu ayxe Bakko. Exonomiuna cutyaiiis
[IPAKTUYHO HIKOJU HE MOBTOPIOETHCSA B TOUHOCTI, OTKe, HEMOXKJINBO 3aC-
TOCYBATH /IBI CTpATerii 32 TUX CAMUX YMOB 3 METOIO ITOPIBHAHHS KiHlle-
BOTO pe3yJibTary. ToMy OJHUM i3 OCHOBHUX 3aB/laHb €KOHOMIYHOTO aHa-
JIi3y € MOJIeJIOBaHHS PO3BUTKY €KOHOMIUHMX SBUI 1 IPOIeCiB IpU
CTBOPEHHI TUX YM IHIIMX YMOB. 3PO3yMIBIIM IJIMOUHHI PYMIIAHI Criu
JIOCJTI/IPKYBAHOTO TIPOIIECY, MOXKHA HABUUTHUCS PAIllOHATIBHO KEPYBATH HUM.

3acToCyBaHHS MaTeMAaTUYHUX METO/IIB Y €KOHOMIlli Ia€ 3MOTY BUOKpe-
MUTHU Ta (HOPMAIBHO ONKMCATA HAWBAKJIMBIIII, HAUCYTTEBIIII 3B’ I3K1 €KO-
HOMIYHMX 3MIHHUX i 06’€KTIiB, a TAKOXK IHAYKTUBHUM LLISXOM OTPUMATHU
HOBi 3HaHHs TPo 06’ekT. KpimM TOro, MOBOIO MAaTEMATHKU MOKHA TOYHO
Ta KOMIIAKTHO BiZoOpaskaTi TBEPKEHHSI EKOHOMIYHOI Teopii, hopmy.iio-
BaTH 11 MOHATTS Ta BUCHOBKH.

Kpurepiem ictunu mas 6yab-gKoi Teopii € mpakTuka. 30KpeMa, IpakK-
THKA eKOHOMIYHOI HisJIbHOCTI BiZoOpaskaeThCs y CTaTUCTUYHIN iHMOP-
Mmaitii. [loeqnanuss eKOHOMIYHOI Teopii 3 MPaKTUYHUMU PE3yabTaTaMu
€ HapI’KHUM KaMeHeM eKOHOMEeTPii.

ExoHoOMeTpis Ak HayKoBa AUCLUMNJIiHA, ii 3B’A30K
3 iIHLWWMMU €eKOHOMIYHUMMU AucuunniHamm

Exonomerpis — 11e OPiBHSIHO HOBUI HANIPSIMOK €KOHOMIYHOI HAYKH,
[0 YTBOPUBCS BiJl TIOEIHAHHST TEOPETUYHOI €KOHOMIKM, MATEMATHKU Ta
CTaTUCTUKH.



CuoBo “exonomerpist” (y HesSKMX JsKepesax “eKoHomerpuka’) Oyk-
BAJIBHO O3HAYAE€ “BUMIPIOBAHHS B €KOHOMIIli”, 10 JIA€ MiJICTaBU IIiJ ITUM
TEPMiHOM PO3YyMiTH BCe, IO MTOB’SI3aHO 3 BUMIPIOBAHHAMU B eKOHOMiIli. O1-
HaK Take TJIyMayeHHs Ha/[3BUYAHO MUPOKeE i He BimoOpaskae ocobmmBocTeil
wiei rajaysi sHamb. 3 iHIIOro GOKY, Yepes HeoOXIAHICTh 3aCTOCYBAHH MaTe-
MATHUKO-CTATUCTUYHUX METO/IIB IHKOJIM eKOHOMETPIl JAaI0Th By»Kue TIyMa-
YEHHS, a caMe PO3TJISANAIOTD i1 JIulie K MEeBHUI Habip MATeMaTHKO-CTaTH-
CTHYHUX 3aC00iB, SIKMMU KiJIbKICHO JOCII/IKYIOTh B3AEMO3B SI3KH TIEBHUX
PSIIB CTATUCTUYHUX AaHUX. TOMY TOUHINIMM € Take BU3HAuYeHHs [1]:

Exonomempis — ye camocmiting nayxosa OuUcuuniing, sxa 06’ conye cy-
KYNHICIb MeOPemuunUX Pesyivmamis, 3acobis, nputiomie, memoois i mooe-
Jlell, NPUSHAUeHUX OJLs 020, W00 Ha 6a3i eKOHOMIUHOL Meopii, eKOHOMIUNHOL
CIAMUCMUKYU ma MamemMamuxo-CmamucmuyHoz0 iHCmpymeHmapin Haoa-
B8aMU KOHKPEMHUX KLUIbKICHUX 3HAYUCHD 3A2albHUM (SIKICHUM ) 3AKOHOMIPHO-
cmsam, 002pYHMOBAHUM eKOHOMIUHOIO MEOPIEIO.

CrocoBHO aHOTO BU3HAYEHHA CJIijI MATH HA yBa3i, 1110 3aB/laHH €KO-
HOMIYHOI Teopii B MexkKax eKOHOMETPII II0JAraloTh He JIMIIE B TOMY, 100
BUSIBJIATH 3aKOHU Ta 3B’I3KH, dKi 00'€KTUBHO ICHYIOTh B €KOHOMIIII, a i
OIIMCYBATH IX MareMaTUYHUMHU MeToZiaMu. EKoHOMIYHA cTaTUCTHKA aKYy-
MYJIIOE BCIO iH(MOPMAI0 PO €KOHOMIUHI MpotlecH, Mo BiAOYBAIOTHCS
B peasibHill eKOHOMIIli, Ta yOCOOJIIOE TON MPaKTHYHIIT JOCBi/, KT Ma€e
MiITBEPAUTH YU CIIPOCTYBATHU BiJIIMTOBI/IHI EKOHOMIUHI Teopii. A 1mix mare-
MATUKO-CTATUCTUYHUM 1HCTPYMEHTAPIEM PO3YMIIOTh He BCIO MaTeMaTHy-
aHaJiizy, aHasi3 4acoBUX PsiIiB, TOOYAOBY Ta aHAJI3 CHCTEM OJIHOYACHUX
PiBHAHD, IEPEBIPKY CTATUCTUYHUX TilOTE3.

Came “npusemienns” eKOHOMIYHOI Teopii Ha 6a3y KOHKPETHOI eKOHO-
MIYHOT CTAaTUCTUKU Ta OTPUMAHHS 32 JIOIOMOTOIO BIJIIIOBITHUX MaTeMa-
TUYHUX METO/IB KIJIbKICHUX B3aEMO3B’43KiB MiK €KOHOMIYHUMHU [1OKA3-
HUKAMU € CYyTHICTIO €KOHOMETPIii.

3asHavyeHi B Takuii croci® KI0YOBI MOMEHTH y BM3HAYEHHI €KOHO-
MeTpii 3a6e311euyIoTh il pO3MeKyBaHHs 3 TAKUMU JUCHMILTIHAMIE, K MaTe-
MaTH4Ha EKOHOMIKA, OTIMCOBA EKOHOMIYHA CTATUCTHKA Ta MaTeMaTH4Ha CTa-
TUCTHKA. MaTeMaTnuyHa eKOHOMiKa — Iie MaTeMaTH4yHo chopMyJiboBaHa
€KOHOMIYHA TeOpid, 1110 BUBYAE 3B’I3KM Mi’K €KOHOMIYHUMU 3MIHHUMHU Ha
3arajbHOMY (HEKLIbKiCHOMY) piBHI. BoHa cTa€ eKOHOMETPIEI0, KON CUM-
BOJIIYHO MOJIaH] B PIBHAHHAX KOE(DIIIEHTH 3aMIHIOIOTh KOHKPETHUMU YN~
CJIOBMMH OI[IHKAMH, OTPUMAaHUMU Ha 6asi BIAMOBIIHUX CTATUCTUYHUX Jla-
HUX (JaHUX OIKUCOBOI CTATUCTUKN) METOIAMHM MaTeMaTHUYHOI CTATUCTUKH.



OTixe, eKoHOMempist — e NPUKIAOHA eKOHOMIKO-MAMEeMAMUUHA OUC-
UUNIINA, SKA BUBHAE MEMOOU KUILKICHOZ0 GUMIPIOBAHHS B3AEMO36 SI3KIE MIJIC
EKOHOMIUHUMU NOKASHUKAMU MA HANPAMKU 1X 3ACMOCYBAHHS 6 eKOHOMIY -
Hux 0ocHi0NcenHax i npakmuunii exonomiunit diswonocmi [17].

O0G’eKT, NnpeagMeT, MeTa i 3aBAaHHA eKOHOMeTpil

O6’ekTOM €KOHOMETPIl € EKOHOMIUHI CHCTEMHU Ta MPOCTOPU Pi3HOTO
PIBHS CKJIQJIHOCTI: BiJl OKPEMOTO TiAIPUEMCTBA YK (PiPpMU /10 €eKOHOMIKN
rajiyseii, peTioHiB, /Iep;KaBuU i CBITY 3arajoMm.

[TpeamMer eKOHOMETPIT — Tie MeTO/HU MOGY0BU Ta MOCIIZKEHHS MaTe-
MATUKO-CTATUCTUYHUX MOJIeJIel €KOHOMIKM, TPOBEIEHHS KITbKICHUX /10~
CII/KeHb eKOHOMIYHUX SIBUIL, MOSICHEHHS Ta IPOTHO3YBAHHS PO3BUTKY
€KOHOMIYHHUX TIPOIIECIB.

MeTo10 eKOHOMETPUYHOTO JOCII/IKEHHS € aHAJII3 PeabHUX eKOHOMIY-
HUX CHUCTEM i TMPOIECIB, 110 B HUX BIIOYBAIOTHCS, 32 JOTIOMOTOI0 eKOHO-
METPUYHMX METO/IB i MOZieJiel], iX 3acTOCyBaHHS IIPU IIPUKHHATTI HAYKO-
BO OOTPYHTOBAHUX YNPABIIHCHKUX PillleHb.

OcHoBHe 3aBJIaHHST EKOHOMETPIi — OI[IHUTH TTapaMeTpy MOJiesiel 3 ypa-
XyBaHHAM 0COOJUBOCTEN BXiAHOI eKOHOMIUHOI iH(opMmarii, nmepesipuru
BiJIMOBIIHICTH MOJIEJIEN JOCIIKYBAHOMY SIBUIILY i CIIPOTHO3YBaTH PO3BU-
TOK €KOHOMIYHUX IIPOIIECiB.

OCHOBHIi eTan eKOHOMETPUYHOIo aHanisy

[Tporiec ekOHOMETPUYHOTO MOJIETIOBAHHS CKIIAIAETHCA 3 TAKUX KPOKIB!

1) Bubip KOHKpeTHOI (HOPMU AHATITUYHOI 3AJEKHOCTI MiK eKOHOMIY-
HUMU MTOKazHuKaMu (crierudikallis Mojiesii) Ha miicTaBi BiJINOBIIHOI €KO-
HOMIYHOI TeOopii;

2) 36upaHHs Ta MiATOTOBKA CTaTUCTUYHOI iH(pOpMAILil;

3) OIiHIOBAHHS MTapaMeTPiB MOJIesIeit;

4) mepeBipka a/leKBaTHOCTI MOJIeJIi Ta JOCTOBIPHOCTI ii rmapaMeTpis;

3) 3aCTOCYBAHHSI MOJIEI JIJIST TIPOTHO3YBAHHSI PO3BUTKY €KOHOMIUHIX
IIPOIIECIB 3 METOIO MOJAJBIIOT0 KEPYBAHHA HUMMU.

EkoHoOMIi4Hi 3aaavi, iKi po3B’A3YI0Tb
3a JOMNOMOror eKOHOMEeTPUYHUX MeToAiIB

3acTocyBaHHSI PI3HOMAHITHUX €KOHOMETPUYHUX MOJIeJIeil Ha Pi3HUX
PIBHSX €KOHOMIUHOI JIiSITTBHOCTI Ia€ 3MOTY PO3B’sI3yBaTH €KOHOMIUHI TIPO-
6JieMU Pi3HOIO PiBHS CKJIAJHOCTI.



Ha piBHi MaKpOEKOHOMIKKM €KOHOMETPUYHIUMHU 3ac00aMU OCIIKYIOTh
3aKOHOMIPHOCTI Y BUPOOHUIITBI, PO3IOALII, IEPEPO3NOALI Ta KiHIIEBOMY
BUKOPHUCTAHHI BaJOBOTO BHYTPILTHBOTO MPOJAYKTY, Y AKUX CYTTEBY POJIb
BiZlirpaioTh JiepskaBHUN OIOJIKET, MOJATKOBA MOJITHKA, CTPAXYBAHHSI, Kpe-
JIUT, OIaJIHA CIIPaBa. Y3TO/KEHICTh YCiX ramy3eil hiHaHCOBO-KPEAUTHOI
cucTeMu BusHavae eGeKTHBHICTH PO3MOMIIBYMX BiIHOCHH, 30aganco-
BaHICTh JIOXO/IIB i BUTPAT y HAPOJAHOMY TOCTIONAPCTBI, 3a6€3MedeHHs mpo-
1IECIB Bi/ITBOPEHHS TPOIIOBUX PECYPCiB, (hiHAHCOBOI 3aXUIIEHOCTI JIepKaB-
HOrO, KOJIEKTUBHOIO Ta 0COOMCTOro MaiiHa Bix iH(usmii Ta iHmmx
HETraTUBHUX SABUIIL.

Ha MikpopiBHI eKOHOMETPUYHI JOCHiIKeHH epen0adyaloTh HayKoBe
OOrpYHTYBAHHS YIPABIIHCHKIUX PIllIEHb, 10 TPUIMAIOTHCS HA MAMPUEM-
CTBax pi3HUX (OPM BJIACHOCTI 1 MAIOTh YPAaXOBYBAaTU MOCTIHHUN BILIUB
30BHIIITHBOTO CEPEOBUIIIA.

Mogeni MOXyTb BUKOPHUCTOBYBATHUCS JJIs aHAJi3y €KOHOMIUHMX
1 colliaTbHO-eKOHOMIYHUX [TOKA3HUKIB, 1[0 XapaKTepU3yIloTh BiAIIOBIIHY
€KOHOMIYHY CHUCTEMY, /JIsI IPOrHO3YBAHHS X MOJAJBIIOTO 3MiHIOBAHHS
a6o muig iMiTalii MOKINBHUX CIEHapiiB COLiaJbHO-eKOHOMIYHOIO PO3-
BUTKY JOCJI/IPKYBAHOI CHCTEMU 32 YMOBH, IO JeSKI MOKa3HUKNA MOKHA
3MIHIOBATH I1JIECIIPSIMOBAHO.

3a piBHeM iepapXii BHOKPEMJIIOIOTh: MAKPOPiBeHb (KpaiHa 3arajiom),
Me30piBeHb (perioHu, rajiysi, Kopropaiiii) Ta MikpopiBeHb (cim’s, mij-
MIPUEMCTBO, hipma).

3acobamMut eKOHOMETPUYHOTO MOJIEJIOBAHHS BUBYAIOTh TPOOIEMHU PUH-
Ky, iIHBeCTHIIiH, (hiHAHCOBOI UM COTIAIBHOI MOJITUKH, IIHOYTBOPEHHSI, T10-
MUATY Ta MPOIO3UIIil TOIIO.

Ocob6mBOr0 3HAYEHHS EKOHOMETPUYHI JOCTIZKEHHS HabyBaIOTh
B MaKPOEKOHOMIlli, /e B3a€MO3B’A3KM BEJHWYUH 4acTO HEOYEBM/HI Ta
MinsiuBi. He BukItoueHi cutyaiii, KoJm Mojiesib panToM IMepectae “rpa-
mioBarn” yepes mosiBy abo akTuBizaiiio sikorock dakropa. Came Taki cu-
Tyallii 3yMOBJIIOIOTh PO3BUTOK MAaKPOEKOHOMIYHOI Teopii. 3 iHIIOro HOKY,
caMe eKOHOMETPUYHUI aHasi3 Ja€ 3MOry OOrPYHTYBATH Ta YTOUHUTH
bopmy 3asexHOCTENl B MAKPOEKOHOMIUHUX MOJIEJAX, Kpalle 3po3yMiTi
MeXaHI3MU B3a€EMO3B 3Ky MAaKPOEKOHOMIYHUX [TOKA3HUKIB.

Omke, MOEAHYIOUN B COOI EKOHOMIUHY TEOPII0 Ta MATEMAaTUKO-CTATHC-
TUYHI METO/IM, EKOHOMETPUYHE MOJIEJIIOBAHHS IITUPOKO 3aCTOCOBYETHCS TIPU
NPUIHATTI NPAaKTUYHUX PillleHb B eKOHOMIuHIN amisibHocTi (y GisHec,
GaHKIBCHKI CIIpaBi, POrHO3yBaHHI, JICPKABHOMY PETYJTIOBAHHI EKOHOMIKN),
a TAKOXK € TOTYKHOI0 623010 /7t OTPUMAHHS HOBUX 3HAHb 3 €KOHOMIKH.



Micue kypcy cepen aucuunnidH dyHaaMeHTanbHoi
nigrotToBku 6akanaBpiB 3 eKOHOMIYHUX cneulianbHOCTEN

ExoHoMeTpis — oHa 3 OCHOBHMX AUCIUILIIH Y MiAr0TOBI GakaaaBpis
3 eKOHOMIYHUX CIIeliaabHocTel. Bona OyayeTbesa Ha OCHOBI MateMaTid-
HUX T2 €KOHOMIYHUX 3HAHb.

Meroau ekoHOMETpil € HalicydacHImMMK 3acobaMu aHali3y Ta J0-
CJIJIDKEHHS PI3HUX COIiaTbHO-eKOHOMIUHUX CUCTEM. 3a JIOTIOMOT0I0 €KO-
HOMETPUYHKMX METO/IIB MOKHA BIAXUIATHU JesIKi €KOHOMIUH] rinore3u abo
[IOKAa3aTU HEMOKJIMBICTD 3aCTOCOBYBAHHS X Y KOHKPETHUX YMOBax. Xoua
3ac00M €KOHOMETPIi He Jal0Th 3MOTH JIOBECTU TEOPETUYHI TBEPIKEHHSI,
ajie 3 JI0IMOMOTOIO ii METO/[IB MOKHA TIOKA3aTH, IO T€ YU iHIIE TBEP/XKEH-
H4 He CYNepeyuTb JaHuM croctepeskenb. OBOJIOAIBIIN eJleMeHTapHUM
iHCTpyMEHTapieEM eKOHOMETPIl, MOKHA OOrPYHTOBAHO MIPOTHO3YBATH PO3-
BUTOK IIUX CHCTEM, OLIHIOBATH BILJIUB PillleHb YW yPAA0BUX MOCTAHOB
I[O/I0 3MIHU IliH, TOAATKIB TOIO HA CTaH CIPaB Oy/b-AKOrO MiAIPUEM-
CTBa, PO3POOJSITH NUIAXH €(HEKTUBHOTO KEPYBAHHS HUME, TPUHMATH
eexTUBHI yIIPaBIiHCHKI PIIIEHHS.

Mera BuBueHHsd Kypcy ‘ExoHomerpia”’ — HaBYUTHCS aHAJII3yBaTH
ingopMalliiiti MOTOKU B COIIAJIbHO-eKOHOMIYHUX CUCTEMAaX, [IPOTHO3yBa-
TH IX II0BEIIHKY, OLIHIOBATH Ta OyAyBaTH eKOHOMETPIYHI MOJE/I Pi3HOIo
piBHA.

Buuenns Kypcy nepeabadae BiAMOBiAHY MATeMATHYHY Ta €KOHOMIY-
Hy TiAroToBKy. [IpoTe 1ist TOro, 106 03HAOMUTHCS 3 TIpoGIeMaMu, sIKi
BUBYAE EKOHOMETPIis 1 3 AKUMU CTUKAIOTHCS Ti, XTO BUKOPUCTOBYE €KO-
HOMETPUYHI METO/IM, He MOTPIOHO OYTH CIIEMIaMicTOM 3 yCiX PO3ALIIB Ma-
TEeMaTUKU Ta eKOHOMIKM. 3HAHHS [I€BHUX PO3/IIJIiB MaTeMaTUKU, 30KpeMa
OCHOB JIiHiITHOI ajire6pu, Teopii MaTpuilb, Teopil HMOBipHOCTEIl, MaTeMa-
TUYHOI CTATUCTUKU Ta OCHOB €KOHOMIKM, MOXKYTb BUSABUTHUCS JOCTATHI-
MU JIJI BUBYEHHS KYPCY €KOHOMETPIi.

CTpykTypa Kypcy

ExonoMeTpist OAIJISEThCS Ha 061 wacMuHU: eKOHOMETPUYHI METOII
Ta EKOHOMETPUYHI MOJIEJII EKOHOMIUHUX ITPOIIECIB 1 SBUIIL.

Y 1poMy Kypci BUBYAE€THCS 3/€61bIIOr0 MaTepial, 10 BXOAUTH 0
[epIIOl YACTUHM, TOOTO eKOHOMETPUYHI METOLN. Ix moxHa YMOBHO PO3-
6utu Ha womupu epynu. Illepwma epyna — 11e MeTOAN OLIHIOBAHHA I1apa-
MeTPIB KJACUYHOI €eKOHOMETPUYHOI MOJIeJi, HacaMIiepell MeTO/l HailMeH-



mmx kBazaparie (MHK). Apyea epyna — 11e metonu oniHoBaHHS mapa-
METPIiB y3arajbHEeHOI MOJIeJ, KOJU MOPYIIYIOThCS JIesIKi TIepe/lyMOBU BU-
KOPHUCTAHHS METO/ly HaliMeHIITUX KBaj/ipariB. /o mpemvoi epynu BX0o1Th
METO/TU OIIHIOBAHHS TIAPAMETPIB IMHAMIYHUX €KOHOMETPUIHUX MOJIETIEN.
Yemeepma epyna oXOILIIOE METOJU OI[IHIOBAHHS TapaMeTPiB eKOHO-
METPUYHUX MOjesiei, ki moOymoBaHi Ha OCHOBI CHCTEMH OJHOYACHUX
CTPYKTYPHUX PiBHSIHb.

KopoTka ictopuyHa goBigka

Ha nouyatky XX cT. y 1esKkux Kpaitax Oyu cipobu CKIACTH TaK 3BaHi
“bapomerpu possuTKy”. HaiiBigomimuii 3 HuX “rapsapacbkuii Gapomerp”,
3a JI0TIOMOTOIO SIKOTO B 20-Ti POKM HAMAraaucs nepeAdauynTi MOBELiHKY
TOBAPHOTO i TPOIIOBOTO PUHKY.

lapBapzacbka mrkosa BBakajgacs Ha TOH 4ac IEHTPOM €KOHOMIYHMX
Jocikenb. TyT yiepine noyaiu CUCTeMHO BUBYATH PSIM €KOHOMIYHUX
MTOKA3HUKIB 3 YPaXyBaHHSAM B3a€EMO3B’SI3Ky Mi)K HUMU 1 HA OCHOBi IUX
MTOKA3HUKIB JIOCJI/PKYBATH TEHEHIII] Ta IUKJIN eKOHOMIYHUX IIPOIIECIB.
Kpuza 1929-1933 pp. 3mycuia KpUTHYHO TIEPETJISTHYTH METO/IU aHAJIi3Y,
SKI 3aCTOCOBYBAJIMCS HA TOW 4aC B €KOHOMIlli.

Jlumre micsst TOro K B €eKOHOMIYHUX JIOCJIIKEHHSAX 110YaJTU BPAXOBY-
BaTU BUIIQJIKOBI aCIEKTH €KOHOMIYHUX SBUII, CTANI0 MOXKIUBUM (hopmy-
BaHHS €KOHOMETPII SIK ray3i EKOHOMIYHOI HAyKH.

CydacHi MeTOIM MaTeMaTUYHOI CTATUCTUKHU IIOYAJIN 3aCTOCOBYBATH
B Giosorii. Hanpuxinni XIX cr. anrmiiicskuit 6iosor K. Ilipcon pocmiz-
JKYyBaB KPUBI PO3IOITY JIEIKMX YUCJIOBUX ITOKA3HUKIB JIIOJCHKOTO Opra-
Hizmy. ITizHine BiH Ta i0ro MIKoJIA MOYAIN BUBYATH KOpeIALil B Gioorii
Ta GyaysaTu JiHiiiHi perpecii. Iligxoau, samponoHoBai Giosoramu, 6yaiu
3actocoBani B ekonomili. ¥ 1897 p. 3’aBunacs npang B. Ilapeto, y skiit
JIOCJI/IPKYBAJINCS JIOXO/IM HACEJeHHs B PI3HUX Kpainax. Y Hill Bmepiie
GyJia 3acTocoBaHa Tak 3BaHa kpuBa [lapeTo, mapaMerpu Koi GyJI0 oTpu-
MaHO CTATUCTUYHUMU METOJIAMU.

Ha nouartky XX cT. BUHIILIO KiJIbKa Mpallb aHTJTIHChKOrO CTATUCTUKA
[ykepa, y SKMX 32 OIIOMOIOI0 KOPEJIAIiHO-perpeciiHuX MeTO/IiB, 3a110-
YaTKOBaHMX 11K0J0I0 [lipcona, BUBYATMCS B3aEMO3AJIEKHOCTI MiXK €KO-
HOMIYHUMM MOKA3HUKAMH, 30KpeMa BIJINB GaHKPYTCTB HA TOBAPHIii 6ip:ki
Ha winy sepHa. IlisHinre 3’aBuiiocs GaraTo mpaib 9K 3 PO3BUTKY TEOPil
MaTeMaTUYHOI CTATUCTUKY Ta 11 IIPUKJIAJHUX €JIEMEHTIB, TaK 1 3 IPaKTHy-
HOTO 3aCTOCYBaHH4 IIUX METO/IB B ekoHOMiuHOMY aHanisi. Hacammneper,



npari Mypa, ski Buiinmau apykom mpotsrom 1914—-1917 pp. ¥ 1928 p.
6yno onybaikosano gpocaimkenns Y. Ko66a i I1. dyraaca mpo BupobHu-
qyy (QyHKIIII0, SIKA BBIUIIIA B eKOHOMETPIIO SIK KJIACUYHUI MPUKIAJ i 10Ci
€ BaXXJIMBUM IHCTPYMEHTOM eKOHOoMeTpudyHOTO aHasizy. Came 11i mparti
3aKJIaJIU MiIBATUHUA CYYaCHOI €KOHOMETDIl.

Exonomerpisg gKx okpeMa Tanay3b HayKHW Bijloma IIiJi TAaKOIO Ha3BOIO
gmie 3 1930 p. Came Tozi 6yJ10 3aCHOBAaHO €KOHOMETPUYHE TOBAPUCTBO,
sKke BU3HAYaM0 cebe Tak: “MiKHapoHe TOBAPUCTBO /s PO3BUTKY €KO-
HOMIYHOI Teopii 1 i1 3B’A3KYy 31 CTATUCTUKOIO Ta MATEMATUKOIO”. 3ayBaKu-
MO, TIO TEPMiH “‘eKOHOMeTpisi” BIEpIe 3a1POBA/INB JbBIBCHKUI YUEHUI
I1. Yommna, ony6mikysasuu y JIbBosi B 1910 p. kuury “Hapucu exoHo-
MeTpii i TIpUpoAHOI Teopil OyxranaTepii, sika TPYHTYEThCSA Ha MOJITUYHIN
exoHoMmii”. OnHaK 1€ MOHATTA He HaOyJl0 IOMMPEHHs, OCKIIbKI HA TOI
vac He Oys0 (hyHAAMEHTAIBHUX TIPAIlb Y il Taxysi HayKu.

3acHoBHMKaMU ekoHoMeTpii BBaxkaioTh P. @pima, E. [llymmerepa,
S1. Tinbeprena — IOCHIZOBHUKIB HEOKJIACHYHOI €KOHOMIYHOI IIKOJINU i
KelHciancTBa. BoHM OZHMMM 3 MEPIIUX I[IJIECHPSAMOBAHO HaMAarajucs
[OEIHATY €KOHOMIYHY TEOPilo 3 MAaTeMAaTUYHUMM Ta CTATUCTUYHUMU Me-
togamu. CriovyaTky BUEHi 0OMEKYBATUCS BUBYCHHSIM JIESIKUX MOJIETIEH T10-
nuTy i rporoauttii. Jluiie micss J[pyroi cBiTOBOI BiliHM BOHU 1TOYAJIN BUB-
YaTy KOMIJIEKCHI eKOHOMETPUYHI MOJIeJIi Ha MaKPOPIiBHI, Y AKUX OCHOBHA
yBara TpUALIsIacs monuTy, GiHAHCOBOMY CTaHy i mojgaTkaM, TpUGyTKY,
minaM To1o. OCHOBHUM BHECKOM IIMX YYEHUX B €KOHOMETPUYHY HAyKYy
€ Po3pobOKa eKOHOMETPUYHMX MOJEJIel IIPUIAHATT pilietb, 3a aKy B 1969 p.
P. ®piur ta d. Tinbepren Oyau Bixsnadeni HobemBebKkoio npemiero.

[lisuime HoGeniBcbKy IIpemiio B raaysi eKOHOMIKH OTPHUMAJIH
T. K. Kynmanc (1975) 3a po3po0Ky JTiHIHHIX €KOHOMETPUYHUX MOJIeJIeil
i PO3BUTOK CTATUCTUYHUX MeTO/iB y ekonomerpii, JI. P. Kneitn (1980)
32 PO3POOKY CKIAMHUX EKOHOMETPUYHKUX MOJIEJIel Ta iX 3aCTOCYBAHHS ISk
aHaJi3y KOHIOHKTYPHUX KOJMBaHb i €eKOHOMIYHOI rosrituky, T. XaaBeamo
(1989) 3a po3pobKy Ta 3aCTOCYBaHHS TEOPETUKO-IMOBIPHICHIX METOJIIB,
0COBJIMBO ISt AHAJTI3Y B3AEMO3ATIEKHUX €KOHOMETPHYHUX CTPYKTYP.

3HauHUiT BHECOK Y PO3POOKY EKOHOMIYHUX MOJEJIEH 3pOOUIIN TaKOK
HoGemiBebki naypearu B. Jleontbes (1973), axomy HasexaTh PO3poOKU
B rajty3i 6aJlaHCOBUX MOJIEJIEH /Il MOZICTIOBAHHS B3AEMO3B S3KIB 3 BEJIH-
KOIO KisibkicTio 3minamx, JI. Kantoposuyu (1975), sskuii mociizKyBaB Br-
pobuuui mozen, I. Jebpio (1983), axuii mpaimoBas y rajxysi MaTeMaTi-
3awil ekoHoMiuHOI Teopii. Xoua ixHi mpaii 6e3IocepesHbo He OB g3aHi
3 €EKOHOMETPUYHUMHU JIOCJIIKEHHSAMH, yce 5K BOHU 3HAYHOIO MipOIO BILJIH-



HYJIM Ha TOJAJIBIINAI PO3BUTOK He JIKIle eKOHOMETPil, a I eKOHOMIUHO1
nayku 3arasom. Y 2000 p. /Ixx. Xexman i /I. Makdenen Bigznaueni Ho-
6eIIBCHKOIO MIPEMIEIO 32 PO3POOKY MIKPOEKOHOMETPII Ta METO/IIB CTAaTHC-
TUYHOTO aHATI3Y.

KoHTponbHi 3anutaHHsa

1. Y yomy moJisira€ OCHOBHUI 3MiCT IIPoGJIeMaTUKN €KOHOMETPIi?

2. dx moB’si3ani Mixk cob010 MaTeMaTHYHA €KOHOMIKA, OTUCOBA CTa-
TUCTUKA Ta MaTeMaTUYHa CTATUCTHKA?

3. BusnauTe ocHOBHE 3aBJaHHSI €KOHOMETPUYHOTO JOCJIIPKEHHS.

4. PozkpuiitTe 3MiCT OCHOBHUX €TaIliB eKOHOMETPUYHOTO aHATi3Y.



Po30in 1. MaTemaTn4yHe MmoaentoBaHHA
SIK MeTo4, HayKOBOro MNi3HaHHSA
€KOHOMIYHMX ABULY i npoueciB

1.1. 3aranbHi NpUHUMNU MOoAeNOBaHHA
B €eKOHOMiLLi

1.1.1. MNMoHATTA MaTeMaTU4YHOI Moaeni

[Tpu BUBYEHHI CKJIAJIHNX EKOHOMIYHWX ITPOTIECIB Ta SIBUII] YaCTO 3aCTO-
COBYETBCsI MOJIe/TIOBaHHsT, MoJIesb — 1ie CIeliaibHO CTBOPEHUH 00’€KT, Ha
SIKOMY BiJITTBOPIOIOTHCS MEBHI XapaKTePUCTUKH AOCTIKYBAHOTO SIBUTIA,
a MOJIEJTIOBaHHS — Ile KOHKPEeTHE BiITBOPEHHS ITNX XapaKTepUCTHK, IO
A€ 3MOTY BUBYATH MOJKJINBY TOBEAIHKY SBUIIA Oe3 TTPOBENEHHS eKCITe-
PUMEHTIB HaJl HUM.

Mo/ie/itoBaHHS € BaKJIUBHM IHCTPYMEHTOM HAyKOBOI abCTpakiiii, 1o
MOTIOMATaE BUOKPEMUTH, YOCOOUTH Ta TTPOAHATIZYBATH CYTTEBI /TSI TAHOTO
00’exTa XapaKTepUCTUKK (BJIACTUBOCTI, B3aEMO3B’I3KM, CTPYKTYPHI Ta
(bynkIioHaTbHI TAapamMeTpn).

JI1st eKOHOMIKH, /le HEMOKINBE OYIb-sTKe eKCIIEPUMEHTYBAHTS, 0C00-
JIMBOTO 3HAUEHHS HaOyBa€ MaTeMaTHUHe MOJETIOBAHHS. 3aBIsSIKI 3aCTO-
CYBaHHIO TIOTY>KHOTO MaTeMaTUYHOTO anapary BOHO € Haile(heKTUBHIITIM
1 HAWIOCKOHAJIIITNUM MeTO/IOM. Y CBOIO 4epTy, MaTeMaTUdHI MEeTOJN He
MOJKYTh 3aCTOCOBYBATHCST HE3MOCEPENHBO OO AIHCHOCT, a JIHTITE MO0
MaTeMaTUIHUX MOJIeJIell TOTO UM iHIIIOTO KOJIa STBUIIL.

[TpukmTagaMyn eKOHOMIYHIX MOJIENIel € MOJIENi CMOKUBIOTO BUOOPY,
Mojiesti (hipMH, MOJIeTi eKOHOMIYHOTO 3POCTAHHS, MOJIEi PiBHOBAru Ha
TOBAPHUX, (DAKTOPHUX i (hiHAHCOBUX PUHKAX TOIIO.

[MoBenifka i 3HAYEHHST GYIb-TKOTO €KOHOMIYHOTO TIOKA3HUKA 3aJie-
JKaTh IPAKTUYHO BiJ Oe3siui hakTopiB, yci iX ypaxyBaru HepeanbHo. Aje
B TIbOMY i1 HeMae ToTpebu. 3BUUYANHO Jinie oOMeKeHa KiMbKicTh (hak-
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TOPiB HACHPaB/i ICTOTHO BIJIMBAE HA MOCTIXKYBAaHUN €KOHOMIYHUIA 110-
Ka3HUK. BB iHmMX (hakTopiB HACTIIBKY HE3HAYHUI, 1110 iX iTHOpYBaH-
Hs He MOXKe ITPU3BECTH /10 iICTOTHUX BIIXUJIEHD Y MTOBEIHII TOCIKYBa-
HOro 06’eKTa. Buokpemyenus i ypaxyBaHHsI B MOJIEJ Jiniie 0OMeReHOT
KIJTbKOCTI PeasibHO JIOMiHYIOUMX (DaKTOPIB i € BAXKJIUBOIO TIEPEYMOBOIO
SAKICHOTO aHaJli3y, IPOTHO3YBaHH4 1 KepyBaHHS CUTYAIlI€IO.

Maremaruyna Mojiesib, abu 6yTH eheKTUBHUM IHCTPYMEHTOM BUBYECH-
HS €KOHOMIYHUX IIPOIIECiB, HacaMIiepe/l Ma€ BiJITIOBIZIATH TAKMM BUMOTaM:

OyayBarucs Ha OCHOBI eKOHOMIUHOI Teopii i BinOuBaTH 06’ €KTUBHI 3a-
KOHOMIiPHOCTI ITPOIIECIB;

MPaBUJIBHO BiZITBOPIOBATH (DYHKILIIO Ta (UM) CTPYKTYPY PEaIbHOI €KO-
HOMIYHOI CUCTEMU;

BI/IIIOBIZIATH [IEBHUM MaTeMaTUYHUM yMOBaM (MaTH PO3B’A30K, Y3T0/I-
JKeHI PO3MiPHOCTI TOIIO).

[TpupoHo, pe3yabTaTH AOCIIKEHb OYb-sKOI MOJIeJi MOKYTh MaTh
IIPAKTUYHY I[IHHICTb, AKIIO MOJEJb a/leKBaTHA ABUIILY, 1110 BUBYAETHCH,
TOOTO JIOCUTH J06PE BIITBOPIOE PeasibHy CUTYAILIO.

1.1.2. ETanu no6ygoBu eKOHOMIYHOI Moaeni

ITportec OOYIOBY MOJIENI CKITAAETHCS 3 TAKKUX €TAIIB:

1) opmymoroTbes TIpeMET i MeTa AOCTiKEHHS;

2) y IocTipKyBaHill eKOHOMIUHIN CHCTeMi BHOKPEMJTIOIOTBCS CTPYK-
TYPHI 4n (DYHKITIOHATHHI eJIeMEHTH, 10 BiATIOBIJAl0Th TIOCTABJIEHI MeTi,
BU3HAYAIOTHCS HAMBAKIIMBIIII SKICHI XapaKTEPUCTUKN IINX eJTeMEeHTIB;

3) CJIOBECHO, SIKICHO OMUCYIOTHCS B3aEMO3B'SI3KM MiXK eJleMeHTaMu
MOJIeJII;

4) yBOAATHCS CUMBOJIIYHI TO3HAYEHHS 71T BI/IMOBITHIX XapaKTepuc-
TUK €KOHOMIYHOTO 00’€KTa Ta (hOPMaJi3yIOThCSI, HACKIJIBKU MOKJIUBO,
B3AEMO3B’I3KI Mi’K HUMHU, TUM caMUM (hOPMaTi3yeThesT (OMUCYETHCS MO-
BOIO MATEMATUKHN ) MaTeMaTHIHA MOJICJTb;

5) BHKOHYIOTHCSI PO3PAXyHKH 32 MATEMATUYHOIO MOJEJLIIO Ta aHaJi-
3yIOThCSI OTPUMAaHI Pe3yIbTaTH.

3ayBakKMMO, IO Pi3Hi 3a MPUPOAOIO EKOHOMIYHI SIBUIIA MOKYTh MaTH
OTHAKOBUIT MaTEMATUIHII BUPAa3, X0Ua eKOHOMIUHA iHTEPIIPETAIlisd MOIe Tl
Ta Pe3yJIbTaTH PO3PAXYHKIB OY/AyTh PI3HUMHU.

3a BU3HAUYEHHAM, OY/Ib-IKa EKOHOMIUHA MOJIENh € aGCTPAKTHOIO, a OT-
e, HeTOBHOIO. [1e MoB’s3aH0 3 THM, 1110 /11T BUOKPEMJIEHHST 3aKOHOMiPHO-
creit HyHKIIOHYBAHHI eKOHOMITHOTO 00’€KTa TOTPIOHO abCTparyBaTncs
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BiJl iHIMUX haKTOPiB, SIKi XOU i MAIOTh HE3HAYHWI BILJIUB, OJTHAK Y CYKYTI-
HOCTI MOKYTb BU3HAUATU He JIMINE BiAXUJIEHHs B IOBEIIHI[I 00’¢KTa, a i
1OTO TIOBEJIIHKY. 3BUYAHO BBAXKAIOTh, 1110 BCi (hakTOpH, HEBPAXOBaHi SIBHO
B MO/JIeJTi, MaIOTh HEe3HAYHUI Pe3yJIbTYIOUnii BIJIUB Ha [IPOIEC YU SBUIILE,
o jgocaijpkyerbest. Ckiajy ypaxoBanux (hakTopiB i iX CTPyKTypa KOpu-
IYIOTbCA B IIPOIECi BIIOCKOHAIEHHS MOJIEJI.

1.1.3. Knacudikauia mogenen

MartemaTuuHi MOJIe, 1110 BUKOPUCTOBYIOTHCSI B €KOHOMIIl, MOJKHA
HOZAIIMTH Ha KJIaCH 3a PAAOM O3HAK. 3aJI€KHO Bil 0co0MBOCTEl 00’ €KTa
MO/IEJTIOBAHHS TA 3aCTOCOBAHOTO MAaTEMATUYHOTO iIHCTPYMEHTAPIl0 BUOK-
PEMITIOIOTH TaKi MOJIENi: MAKPO- Ta MIKPOEKOHOMIUHI, TEOPETUYHI Ta IPU-
KJIa/[Hi, CTATUYHI Ta AMHAMIYHI, IETEPMIHOBAHI Ta CTOXACTUYHI, OTITUMi-
3alliliHi Ta MOJIeJi PIBHOBATU TOTIO.

MakpoeKoOHOMIUHI MOJIeJIi OITUCYIOTh EKOHOMIKY 3arasioM, OB’ SI3YI0YM MiK
co0o10 y3arajbHeHi MarepiaibHi Ta (inarncosi mokasuuku: BBII, crosxkuBan-
Hs1, IHBECTUILii, 3allHATICTh, MPOIEHTHY CTaBKY, KIJIbKICTh TpoIel Tomo. Mikpo-
€KOHOMIUHI MOJIEJT OTUCYIOTh B3AEMOJII0 CTPYKTYPHUX i (DYHKITIOHATIBHIX
CKJIAZIOBUX €KOHOMIKK ab0 IOBEIIHKY OKPEMOI CKJIAI0BOI B PUHKOBOMY Ce-
penoBulli. 3aB/IKU PI3BHOMAHITTIO THUIB €KOHOMIYHUX eJIeMEHTIB i (hopM iX
B32a€EMOJIil HA PUHKY MiKPOEKOHOMIUHE MOJIETIOBAHHST CTAHOBUTH OCHOBHY Ya-
CTUHY €KOHOMIKO-MaTeMaTnIHoi Teopii. OcTaHHIMU pOKaMK HAWCYTTERBIIII Te-
OpeTUYHi Pe3yJIETaTH B MiKPOEKOHOMIYHOMY MOJIEJTIOBAHHI OTPUMAHO B TIPO-
1eci I0CIIiIPKEHHST CTPATeriaHol TIOBeMiHKY (DipM B YMOBAaX OJITOITOJII.

Teoperuuni Mozies1i 1AIOTH 3MOTY BUBYATH 3arajibHi BJIACTUBOCTI €KO-
HOMIKHU Ta 1i XapaKTepHUX eJeMEeHTIB i OTPUMYBAaTU HOBI Pe3yJibTaTu Ha
mizicTaBi (hOPMaTbHUX TPUITYIIIEHb. 3a JOTIOMOTOI0 TPUKJIATHUX MOJIENEN
MOXKHA OIIIHUTH TeBHI €KOHOMIUHI IMOKa3HUKU, HAZATU IM KOHKPETHUX
3HAYeHb BUXOJISTYU 3 BiJIMOBIHOI CTATUCTUYHOI iH(MOpMAaTIii.

VY cTaTHYHUX MOJEJISAX OIUCYEThCs CTaH EKOHOMIYHOIO 00’€KTa B IIeB-
HUI MOMEHT YU TIEePiojl Yacy, a AMHAMIUHI MO/IeJIi BUBYAIOTh B3AEMO3B 13-
KU €KOHOMIYHUX 3MIHHUX Y 4aci. SMiHHI, 1[0 BUBYAIOTHCS B JAUHAMIIL],
Y CTAaTUYHUX MOJIEJISIX MaloTh (hikcoBaHe 3HauenHsd. O HaK AMHAMIYHA MO-
JIeJTh He 3BOJIUTHCS /IO TIPOCTOI CYyMH CTATUYHUX MOJIEJIel, a OIIUCYE B3a€-
MO/JIII0 CHJI, IO PYXalOTh EKOHOMIKY.

JlerepMiHoBaHi Moge epeatadaioTh KOPCTKI (QYHKIIOHAIbHI 38’513~
KU MiXK 3MIHHUMHU MO/JIEJIi, 3 CTOXaCTUYHI — MPUITYCKAIOTh HASIBHICTh BU-
1aJIKOBUX BILJIMBIB HA JOCTIKYBaHI TTOKa3HUKU.
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Y MopemoBaHHI PUHKOBOI EKOHOMIKY BRJKJIMBE MicClle HAJIEXKUTh MOJIe-
JisIM piBHOBaru. BoHM onmucyioTh Takuii CTaH eKOHOMIKH, KOJIU BCi CUJTH, 110
HAMaraioThCs BUBECTH ii 3 PIBHOBAru, MAalOTh HYJIbOBY CyMapHy jito. Orru-
MizalliiiHi MOJIeJTi HaifyacTilie 3aCTOCOBYIOTh HAa MiKPOPiBHI: BOHH JIal0Th
3MOI'y BUSHAYaTH HalKpallli PillleHHsT B yMOBaX OOMEKEHUX MOKJINBOCTEN.

[TpenmeToM eKOHOMETPUYHOTO JIOCJIi/IKEHHST € TIPUKJIA/IHI CTOXaCTUYHI
eKOHOMIYHI MOJeJIi, TOOTO 3araibHi eKOHOMIYHI MOJEI, Y SKUX MOJIeJIbHI
KoedilieHTn HabyBaOTh KOHKPETHUX YKMCJOBUX 3HAYEHD 3aJEKHO Bijl
BUKOPHUCTAHOI CTATUCTUYHOI iH(hOpMATIii.

1.2. KopensuinHo-perpecinHun aHanis
B €eKOHOMiIUi

VY 6araThox 3aja4ax MoTPiGHO BCTAHOBUTH Ta OIIHUTH 3aJEKHICTh
JIeSIKOTO €KOHOMIYHOTO IMOKA3HMKA BiJl OJJHOTO YK KIJIbKOX IHIIMX [TOKA3-
HukiB. OueBuaHO, OyAb-gKi €KOHOMIUHI IIOKA3HIKH, 3a3B1Yaii, mepedysa-
I0Th Ii/l BIJIMBOM BUIAAKOBUX (DaKTOPIB, a TOMY 3 MaTeMaTUYHOI TOUKHU
30pY IHTEPIIPETYIOTHCSA IK BUIIQJIKOBI BEJUUYUHU.

3 Teopii IMOBIpHOCTEl BiOMO, 1[0 BUIIAKOBI BEIMYMHI MOKYTh Oy TH
1oB’s13aHi (PYHKI[IOHAJIBHOIO YN CTATUCTUYHOIO 3aJI€KHICTIO 200 K y3arasi
OyTH He3aleKHUMHU. 3BUYAITHO, CIIBBIAHOMIECHHS MiK HE3aJeKHUMU
3MIHHUMU TYT He po3rigaaioTbes. Ctpora dyHKIIOHATbHA 3aJ€XKHICTD
peastizyeTbcsl B eKOHOMIILL PiZIKO. HacTilire cIocTepiraeTbes Tak 3BaHa CTa-
TUCTUYHA 3AJIEKHICTD.

Harapaemo, 1mo cmamucmuynoro Ha3UBAIOTh 3aJEKHICTb, KOJIU 3i
3MIHIOBAHHAM OJIHIET BUIIAQJIKOBOI BEJIMUUHU 3MIHIOETHCS 3aKOH PO3IIOZI-
Jly IMOBIpHOCTEI 1HIIIO1. 30KPEMa, CTATUCTUYHA 3aJI€KHICTh BUSBJISIETH-
c4d B TOMY, 1110 31 3MIHIOBAaHHSAM OJIHI€] BEJIUYUHU 3MIHIOETHCI CepeHE
3HAUYeHHs iHI10i. Taka 3a7eKHICTh HA3UBAETHCS KOPEASUILIHOIO.

Hanpukiaz, y 3eMiepo6CeTBi 3 0HAKOBKX 32 MIIOIIEIO JIJISHOK 3€MJIi
IPU PIBHUX KIJIBKOCTAX BHECEHUX A00PUB 30UPAIOTh PisHIIA BpoKail. 3B1-
YallHO, HEMAE CTPOTOI (PYHKIIOHAIBHOI 3aJI€KHOCTI MiXK YypPO:KalHICTIO
3eMJIi Ta KiJIbKicTiO BHeceHUX A00puB. 1le MosCHIOEThCST BILIMBOM BUIIA/I-
KOBUX (hakTOpiB (OTaju, TeMIeparypa MoBiTps, PO3TalTyBaHHS JiJISH-
KU TOI0). BopHouac, gk 1OKa3ye JOCBij, CEPEJHIN BPOXKaAMl 3aJI€KUTh
BiJl KiIbKOCTI BHECEHMX HOOPUB, TOOTO 3a3HAa4YeHi OKA3HUKHU, HAIlEBHE,
OB’ s13aH1 KOPEJISIINHOIO 3aJI€XKHICTIO.

MokHa 3a3HAUUTH /[Ba TUIIM B3aEMO3B’A3KY 3MiHHUX. B ogHOMY BU-
MaJIKy HEBIZIOMO, KA 31 BMIHHUX HE3aJIe5KHA, a SIKA — 3aJI€KHA, TOOTO BOHU
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piBHOIPaBHI I 3B’130K MOJKHA PO3IJISLIATH SIK B OJMH, TaK i B iHIIMii OiK.
VY apyromy BHUIAAKy 3MiHHI HepiBHOIpPaBHi, TOOTO 3MIHIOBAHHS JIUILE
OJIHI€1 3 HUX BIJINBAE HA 3MIHIOBAHHS 1HINIOI, 2 HE HABIAKU. Y 1IbOMY pasi
IIPY PO3IJIA/I 3B’3KY MK /IBOMA 3MIHHUMH BeJIMYMHAMU BaKJIMBO BCTaHO-
BUTH Ha OCHOBI JIOTTYHOTO MipKYBaHHS, KA 3 O3HAK € IPUYMHOIO, A IKa —
HacJikoM. Hanpukmnaz, yposkailHiCTh 3a7€KUTh Bijl POJIOYOCTI 3€MI,
a He HaBIaKu, TOOTO eKOHOMIYHA OI[iHKA 3eMJI € He3aleKHOI0 3MIHHOIO,
a BpPOXKANHICTh — 3aJI€5KHOIO.

Bapro maru Ha yBasi, 110 CTATUCTUYHUI aHAJII3 3aJI€KHOCTEN caM 110
cobi He PO3KPUBAE CYTHOCTI MPUYMHHKUX 3B’SI3KIB MK ABHUIAME, TOOTO
BiH He BUPIIIY€E MUTAHHS, 3 KUX IIPUYMH OJIHA 3MiHHA BIUIMBAE HA iHIILY.
Po3p’a30k Takoi 3a7aui € pe3yJabTaToM sIKiCHOTO (3MICTOBHOTO) BUBYEH-
HS 3B’A3KIB, 1110 060B’I3K0B0 Ma€ abo mepeyBaT CTaTUCTHYHOMY aHaJIi-
3y, ab0 CYIPOBOKYBATH HOTO.

Hexaii 3 1eBHMX €KOHOMIYHUX MipKyBaHb BCTAHOBJIEHO, IO JIESAKUI
€KOHOMIYHUII TOKA3HUK X € IPUYMHOIO 3MIHIOBAHHS 1HIIOTO TOKA3HUKA Y.
CraTucTuyHi Jati o KOKHOMY 3 TIOKa3HUKIB IHTepIPeTYIOThCA K JesIKi
peamizanii BunagkoBux BesmuuH X i Y. fk Bijlomo 3 Kypcy Teopii iMOBip-
HOCTEH, MaTeMaTUYHUM CIIOZiBAHHAM BUITAQJIKOBOI BeJMYMHN HA3WBAETD-
cd ii cepenne (apudmMeTnuHe UM 3Ba’KeHe) 3HAYeHHs. A 3aJIeXKHICTh ce-
PEAHBOTO 3HAYEHHS Bijl 1HINOI BUIAAKOBOI BEJMYMHU 300PaKyETHCS 32
JIOIIOMOTOI0 YMOBHOTO MAaTEMaTHYHOTO CITO/[IBAHHSI.

Kopenaniiiny sane;kHicTh MiK HUMU a00 3aJI€KHICTh B CEPEAHBOMY
B 3araJibHOMY BUIIQJIKy MOJKHA IIO/IATH Y BUTJIS/I CITIBBITHONIEHHS

MY [ x) = /(x), (1.1)

ne M(Y | x) — yMOBHE MaTeMaTHYHE CIO/iBAHHS.

Oyukigist f(x) nasuBaernes Qyukuiero peepecii Y na X. lpu npomy X
HA3UBAETHCST HE3ANeINHCHOI0 (NOSICHIONY010) 3MiHN010 (pezpecopom), Y — 3a-
JeACH010  (nosichiosanoto) 3minnolo (pezpecandom). Posriaspaoun 3a-
JIE)KHICTD JIBOX BUIIQ/IKOBUX BEJIMYUH, TOBOPATD 1IPO NAPHY Pezpeciio.

3ajieskHicTh Y Bijl KIJIBKOX 3MiHHUX, 1[0 OMUCYETHCS (PYHKIIIEIO

i (VIR "B ) = F (AR ), (1.2)

HA3UBAIOTh MHONCUHHOIO PEZPECIEIO.
Tepmin “perpecia” (pyx Ha3aj1, MTOBEPHEHHS /IO TIOMEPEJIHBOTO CTAHY )
yBiB Mpencic Tanton wvanpukinii XIX ct., mpoaHasizyBaBIIy 3aI€KHICTh
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MiK 3pocTOM 0OaTBhKiB i 3pocToMm aiteit. Bin momiTus, 1o 3picr aiteii y my-
e BICOKHX OaThKIB y cepelHbOMY MEHIINH, HisK cepeaHiil 3picT GaThKiB.
V nye HU3bKUX GATbKiB, HABIIAKM, CEPeIHIN 3picT miTell Bummii. B 060x
BUTIA/IKAX CEPENIHiN 3picT /iTell npsmye (TOBEPTAETHCS) /10 CEPEHBOTO
3pOCTY Jofel y gaHoMy perioni. 3sigcu it Bubip Tepmina, 1o Bigbusae
TaKy 3aJIeKHICTb.

OxHak peaibHi 3HAUEHHA 3a/1eKHOI 3MIHHOI He 3aBKAu 30iraloThes 3 1i
YMOBHUM MaTeMaTHUYHUM CIIO/iBAHHSAM, TOMY aHaJITHYHA 3aJI€KHICTD
(y Burzszai dynkuii y = f(x)) Mae 6yTH IONOBHEHA BUIAKOBOIO CKJIa-
JIOBOIO 1, 1110, BJACHE, i BKa3y€ Ha CTOXaCTUYHY CYTHICTH 3aJ€KHOCTI.

Osnavennst 1.1. 3B’43Ku MiXK 3aJI€KHOI0 Ta He3aJIeKHOIO (Hesarex-
HUMW) 3MIHHUMM, IO OIUCYIOTHCS CIIBBITHONIEHHSIMMU

y=/f(x)+u (1.3)
y=F(x;, x9,...,x,) tu, (1.4)

HA3UBAIOTD PeZPeciiliumu PIBHAHHAMU (MOOELAMIL).

Bunukae mutaHHsa 1Ipo NPUYUHE 0OGOB’A3KOBOI MPUCYTHOCTI B pe-
IPeciiHUX MOJIENSIX BUIAAKOBOrO aktopa (Bigxuienns). Cepes Takux
MPUYMH BUOKPEMUMO HAWiCTOTHIII.

1. Yeedems 6 modenw ne 6cix noscwiorouux sminnux. bByap-sKa perpe-
cifina (30KpeMa, EKOHOMETPUYHA) MOJIeJIb — I1€ CIIPOIIeHHS pealbHol CHu-
tyarii. OcTaHHS 3aBXK/IU € CKJIAJHOI KOMIIO3UIIIEI0 Pi3HUX (HaKTOPIB,
Garato 3 AKUX y MOJIeJli He BPAXOBYIOThC, 10 MPU3BOUTH 10 BiAXUIEH-
Hs peasbHUX 3HAY€Hb 3aJIeKHOI 3MIHHOI BiJl ii MO/IeTbHUX 3HaueHb. Ha-
IIPUKJIAJL, TIONUT HA TOBAP BU3HAYAETHCS HOTO 1IHOIO, I[iIHAMU HA TOBApU-
3aMiHHUKH, Ha TOBAPH, 10 HOTO JOMOBHIOIOTH, TPUOYTKOM CIIOKMBAYIB,
IXHIMU cMaKaMM, YIOA0O0AHHSME TOIIO. Be3yMOBHO, nepe/iuuT BCi Mosic-
HIOIOY] 3MiHHI ITPAKTUYHO HEMOXKJIMBO. 30KpEMa, HEMOXKJINBO BPaxXyBaTh
Taki haKkTopH, K Tpauilil, HAIIOHAIbHI Y1 pesIiriiiHi 0coOJMBOCTI, Teorpa-
(biuHe MOJI0KeHHsI pailoHy, IIOTOLY Ta 0araTo iHIINX, BIUIUB SKUX IIPU3BO-
JUTb [I0 IeIKUX BiXWJEHb peaJibHUX CIocTepexkeHb BiJ MozenabHux. [1i
BiIXMJIEHHST MOXKYTh OyTH OIMCAHI SK BUMAJKOBA CKJIA0BA MOJIEJII.

Y nedxux BUIIQJKAX 3a3[aJerib HeBiZIoMO, aKi (hakTopu 32 yMOB, 110
CKJIQJINCS, HACIIPaB/i € BU3HAYAJIBHUMM, & SIKUMU MOXKHA 3HEXTYBaTH.
Kpim Toro, iHkonn 6e3mocepenbo BpaxyBaTH AKUIICh (GaKTOP HEMOK-
JIMBO Yepe3 BiJICYyTHICTh CTAaTUCTUYHUX Hanux. Hanpukian, obesr 3a-
OIIA/PKEHDb IOMOTOCIIONAPCTB MOKE BU3HAUATUCS He JIUIIe MpubyTKaMu
iX uJjieHiB, a i CTAaHOM 37I0POB’S OCTaHHIX, iH(MOPMAILis PO SIKEe B ITUBILJII-
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30BaHUX KPaiHaX CTAHOBUTD JIKAPCHKY TAEMHUINIO. Y JIESAKNX CUTYaIlisxX
pAn GakTopiB Ma€ IPUHIMIIOBO BUIIAJKOBUI XapakTep, 10 J0/a€ He-
O/ITHO3HAYHOCTI TIEBHUM MOJIEJISIM, HAIIPUKJIAJL [IOT0/1a B MOJIEJISX, IO 11PO-
THOBYIOTH 0GCST BPOXKATO.

2. Henpasunvruii eubip (ymxyionamioi popmu mooeni. Yepes crabKy BUB-
YEeHICTh IOC/IIKYBAHOTO IIpolecy abo Yepes foro MiHIUBICTh MOKe OyTH He-
HPaBIJIBHO Ai6paHo (yHKIIIo, 1110 Horo Mozpeoe. Lle, 6e3yMOBHO, CIIpHYM-
HUTH BiIXWIEHHS MOZEJI BiJl PeaJbHOCTI, IO MO3HAUNTHCS Ha BETMUNHI
BUIAIKOBOI ckJIaioBoi. Harpukiiaz, BupoOHiua (yHkiist (V) oxHoro dakro-
pa (X) mMoxke MopemioBatics GyHkiieo Y = a + bX, xoda Mama 6 BUKOpIIC-
ToByBaTHCs iHma Moziens: Y = aX?(0 < b <1), 1o BpaxoBye 3aKOH CIIagHOI
edexrusrOCTi. KpiM TOTO, HEMPABUIBHUM MOKe OYTH H0GIP MOSICHIOIYNX
3MIHHUX.

3. Aepezyeanns sminnux. Y 6araTb0X MOJIENSIX PO3TIISANAAIOTHCS 3aJIE5K-
HOCTI MiK (hakTOpaMu, IO caMi € CKJIaJHOK KOMOIHAI€ IHIINX, PO-
crimnx 3minnux. Hanmpuksaz, Ipyu BUBYEHHI CYKYIIHOIO IIOIUTY aHaJIi-
3YEThC 3aJEXKHICTh, y SAKIH MOSICHIOBAHA 3MiHHA (CYKYIHWI ITOIUT)
€ CKJIQJIHOI0 KOMITO3UILIEIO IHAMBIyaIbHUX MOIHUTIB, 110 TAKOXK MOXKE BHU-
SBUTHUCS MPUYUHOIO BiIXMJIEHHS PEATbHUX 3HAUEHD BiJl MOJIEJTbHUX.

4. Homunxu eumiprosamns. kot 6 AKiCHOIO He GyJia MOJETb, TOMIJIKA
BUMIipIOBaHHS 3MIHHMX BIUIMBATHMYTh Ha PO30isKHOCTI MizK MOJIEJbHIMU
Ta eMIIIPUYHUMU JIAHUMH, IO TaKOK MO3HAYNTHLCS HA BEJUYWHI BUTIA-
KOBOTO 4JIeHa.

5. Obmeaxncenicmo cmamucmuunux danux. Haituacrinie 6yyioThest MO-
JleJTi, 10 ONMUCYIOThCS HelepepBHUMN (DYHKIIAMU. A [/ OIiHIOBAHHS
napameTpiB MOie/li BUKOPUCTOBYEThCS HabIp MaHUX, IO MAa€ AUCKPET-
HY cTpYKTYpY. IIs1 HEBIAMOBIHICTH 3HAXOAUTD BiJOOPaKEHHS Y BHUIIAl-
KOBOMY BiJIXUJICHHI.

6. Henepedbauysanicmv modcvrozo gaxmopa. 1la npudnna Mosxe
“sincyBatu” HaiiskicHiuty mojesb. JlificHo, mpu mpaBuibHOMY BHOOPI
dhopmu MOJIe, CKPYMYJIbO3HOMY 000Pi MOSICHIOIYNX 3MIHHIX HEMOJK-
JINBO CIIPOTHO3YBATHU MOBEIHKY KOXKHOTO 1HAUBIyyMa.

CyKyIIHICTb METO/IIB, 32 IOIIOMOTOI0 KUX JIOCJIJIKYIOTBCS Ta y3araib-
HIOIOTHCSI B3AEMO3B'SI3KM KOPEJISIIHO TTOB’SI3aHUX 3MiHHUX, HA3WMBAETh-
Cs KOPEeJAIIMHO-PETPECITHUM aHATi30M.

3a3HauyeHuMU MEeTO/IaM1 PO3B’SA3YIOTh JIBI OCHOBHI 3aj1a4i:

1) 3HaXOKEHHS 3arajabHOI 3aKOHOMIPHOCTI, 1[0 XapaKTEPU3YE 3aJIeK-
HicTh 1BOX (um Gijiblile) KOPEJSAIIIHO MOB’I3aHNX 3MIHHKX, TOOTO PO3-
pobKa MaTeMaTUYHOI MOJIEJI 3B’s13Ky (3a/a4a perpeciitHoro aHamisy);

2) BU3HAUEHHS TICHOTH 3B’S3KYy (3a/1a4a KOPEJAIiTHOTO aHaTi3y).
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31e6iapIIoro IIpoleaypa aHamisy 3B'S3Ky MiK 3MIHHMMU Ja€ 3MOLY
BCTAHOBUTU HOTO MPUPOJY, TOOTO BU3HAUUTU (HOPMY 3aJEKHOCTI MiK
3MIHHUMM.

IToGynoBa gKicHOro piBHAHHS perpecii, 1o BiANoOBigae eMIipuYHUM
JIAHUM 1 TLIAM 0CTIIIKEHb, € I0CHTD CKIA[HIM IPOIecoM. VIoro Moxma
HOJITTUTY HA Mpu emanu:

1) Bubip dhopMu piBHAHHS perpecii;

2) BU3HAYEHHS TTAPAMETPIB 0OPAHOTO PiBHIHHS;

3) aHaJi3 IKOCTi PIBHIHHS Ta TIEPEBIPKA a/IEKBATHOCTI PiBHSAHHS €M-
MIPUYHUM JaHUM, YIOCKOHAJIEHHS PIBHSAHHS.

Bubip dhopMu 3B’43Ky 3MIHHUX HA3UBACTHCS CNEUUDIKAUIEN MOIE
perpecii.

¥V Bumnazky mmapHoi perpecii Bu6ip ¢hopmyin 3BUYANHO 3AIHCHIOETHCS
3a rpadivHUM 300PAKEHHSM PEATbHUX CTATUCTUYHUX JAHUX Y BUTJISI
TOYOK y JIEKapTOBill cUCTeMi KOOPAMHAT, 1110 HA3UBAEMbCSL KOPEAAUIUHUM
nonem (diazpamoro poscirosanns) (puc. 1.1).

Puc. 1.1

Ha puc. 1.1 npoimocTpoBano Tpu cuTyartii.

Ha rpadiky 1.1, a B3aemo3B’s130K Mik X 1 Y 6siusbkuil go JiisiiiHorO,
i mpsama 1 gocuthb 06pe Y3TOMKYETHCSA 3 EMIIPUYHUMU TOUKAMU. ToMy
o6 omncaTy 3amexuicts Mixk X i Y, MOMiAbHO BUOpATH JTiHIAHY HyHK-
mio Y =5, +pX.

Ha rpadiky 1.1, 6 peanbauii B3aemoss’ 130k Mixk X i Y, HaiiiMoBipHi-
111e, OIIUCYEThCA KBaApaTuuHolo GyHKLico Y = aX? +bX +¢ (ninis 2).

Ha rpadiky 1.1, 6 aBauit B3aemo3s’si30k mMixk X i Y BigcyTHiil. Tomy
mob kpaie BuOpaTu (GOpMy 3B’A3KY, HEOOXIIHO, MOKIUBO, 30LIBIIITI
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KiJIBKICTD CHOCTEPEREHb — TOUYOK KOPEJSIIHHOTO MoJist ab0 CKOPUCTATH-
st iHIMME crtocob6aMy BUMIPIOBAHHS TIOKA3HUKIB.

Y BUTIAJIKy MHOXWHHOI perpecii BUSHAUMTH (HOPMU 3aJTE€KHOCTI 111e
CKJTaJHiIITe.

Axio npuposa 3B’43Ky HEBIJIOMa, TO CITIBBIIHOIIEHHS MiX ITOKAa3HU-
KaM# ONUCYIOTh 32 JIOMOMOTOI0 HAOJIMKEHUX CIIPOLIEHNX (GOPM 3asIex-
HOCTel, HacaMIlepel JTIHIHHUX.

Hampuknan, Kefinc 3amponoHyBaB JiHIHHY (OPMYITY 3aleKHOCTI
inuBigyanporo cnoxusanng C Big goxony Vi C = ¢, +bY, ne ¢, >0 —
BeJIMYMHA ABTOHOMHOTO CIIOKUBAHHST, b — IPaHUYHA CXUJIBHICTD JIO CIIO-
skuBanus, 0 < b < 1.

OnHak MOKK He 00YMCIEHO KiIbKicHI 3HaYeHHs KoedIilieHTiB cpib
i1 He 1epeBipeHo HaAIHICTh OTPUMAHUX Pe3YJIbTaTiB, 3a3HaueHa (hopmy-
JIa 32JTUIIAETHCS JIATIE TTTOTE3010.

1.3. EKOHOMeTpuYHa mogenb Ta il efleMeHTHU

Exonomerpuuna mMozesnb — 1ie JOTIYHWE (3BUYAHO MaTeMaTUIHWI )
OITHC TOTO, 1[0 EKOHOMIYHA TEOPist BBasKA€ 0COONUBO BaKJIMBUM P JI0-
CJTiJKEeHH] TIeBHOT TIPOGJIEMH.

Sk npaBuiio, Mojiestb Ma€ (popMy PiBHAHHS YW CUCTEMU PiBHAHD, 1110
XapaKTepu3yTh BUOKPEMJIEH]I AOCTIAHUKOM B3aEMO3ATEKHOCTI MixX
€KOHOMIYHUMU TTOKa3HUKaMu. EkoHOMeTpuYHa MOJeJb, IO TT0SICHIOE
TTOBE/IIHKY OJTHOTO TIOKA3HWKA, CKJIQ/IAETHCS 3 OJTHOTO PIBHSHHS, a MO-
JIeJib, 10 XapaKTepu3y€e 3MiHY KiJbKOX MMOKa3HUKIB, — 13 Takoi camoi
KiZIBKOCTI PIBHAHB. Y MOIeNl MOXYTb OYTH TaKOXK TOTOKHOCTI, LIO
BiOMBaOTh (DYHKIIOHAJNbHI 3B’SI3KM B MEBHIN €KOHOMIUHIN cucTeMi.
OckiJibKY Taka MOJIEJIb TTOEJHYE He JINIIe TEOPETUIHUHN, SIKICHUI aHai3
B3aEMO3B’A3KiB, a I eMmipuyHy iH(GopMallifo, TO B Hill, HA BiAMiHY BiJ
MIPOCTO €EKOHOMIUHOI MOJIeJI, 3aBXK/N MPUCYTHI CTOXACTUYHI 3aJIUINKU.
Came WMOBIpHICHI XapaKTEPUCTUKU 3AJUINKIB MOJeNi 3YMOBIIOIOTH
AKiCTDb Ti€l un iHIIO1 aHAMITHYHOI (DOPMU MOJIEJI.

Ortxe, chopMyTIOEMO TaKe O3HAUYEHHS EKOHOMETPUYHOI MOJIEJI.

Osnayenns 1.2. EkoHOMeTpHYHA MO/ETb — Iie (DYHKILS 91 cucTeMa
(byHKIIII, IO ONMKUCYE KOPEJSIINHO-PErPECIHHNI 3B’ SI30K Mi’K €eKOHOMIY-
HUMU TIOKA3HUKAMM, TIPUYOMY 3aJ€KHO BiJl TPUUMHHUX 3B’S3KIiB MiXK
HUMU OJMH UM KiJIbKA 13 IUX HOKA3HWKIB PO3TJANAIOTHCS K 3aJexKHI
3MIiHHI, a 1HIIII — 9K He3aJIeKHi.

19



¥ 3arasbHOMY BUTQ/IKY PIBHSIHHSI B €KOHOMETPHUYHIHN MOJIesi Ma€ BU-
LIS

Y = f(xb X9y ey Xy u),

ne Y — pesyasrat, abo 3ajie)kHa 3MiHHA, 3MIHIOBAHHS SIKOT OIUCYE JaHe
PIBHAHHS; X{, Xy,..., X, — (aKkTOpH, 200 He3ase)kHi 3MiHHI, 1110 BU3HAYa-
I0Th TIOBEIHKY Y. 3MiHHA # MICTUTH Ty YacTWHY PyXy Y, IO He Tosic-
HIOETBCA 3MIHHUMU Xy, Xy, ..., X,,, 1 MA€ Bunapkosuii xapaxrep. Cumpo
/ BinoOpasKye aHaITUUHKUI BUI 3B’ I3KY MiZK ZOC/IIKYBAHUMEI 3MIHHUMU.

Osnauenns 1.3. Ilpolec onncy SBUINA YU IPOIECY, TOOTO BUOIp aHa-
JitnaHol hopMM MOJIesti, Ha3WBAEThCs crienudikaiiieio Mojemi. [nmumn
CIIOBAMU, cneyupikayis mooderi — 11e anaxiTidHa (popMa 3aJIeKHOCTI MixK
€KOHOMIUHUMU MTOKA3HUKAMHU.

Hesanexni sMiHHI X, Xy, ..., X,,, 110 3a/aHi 3a3/aIerilb 91 3a Me-
JKaMM MOJIesTi, Ha3MBAIOThCsl €K30MeHHUMM 3MiHHUMU (perpecopamn).
3aznexHa 3MiHHA Y, 1[0 BUBHAYAETHCS 9K PO3B’A30K PIBHAHHS, HA3U-
BAE€THCS €HJIOTEHHOT0 3MIHHOIO (perpecanom). Dyukilist f y KOKHOMY
KOHKPETHOMY BHIIaJKy OKPiM 3MIiHHHUX X{, Xy,..., X, 1 % MICTHTH II€
monaliMenie gedki xkoedilieHTH, 110 HOEAHYIOTh 3MIHHI y IEeBHUX
CITIIBBIJITHOIIEHHSX 1 BU3HAYAIOTh CTPYKTYpPY piBHsAHHA. Ili Koedirien-
TH Ha3MBAIOTbCS IapaMeTpaMy MOJEJI.

O3znauenns 1.4. Busnauennsd 3HaueHb KoedillieHTiB (mapamMeTpiB)
06panoi GOpMI CTATUCTUYHOIO 3B’ A3KY 3MIHHIX Ha IIiICTaBi BiAIIOBIAHUX
CTATUCTUIHUX JJAHUX HA3WBAETHCS NAPAMEMpPU3ayicio piBHSIHHS perpecii
abo ouiniosanmsim napamempie.

[crye BigMiHHICTD MixK 3MIHHWUMW Ta TTapaMeTpamMy Mojiesii. 3MiHHi —
1le €KOHOMIUHI BEJIMYUHM, 1[0 MOKYTh HAOYBaTU MEBHUX 3HAYEHD 3 JI€51-
KOi MHOXKUHU JIONyCTUMUX BesimuuH. [lapamerpu — 11e ctami koedittieH-
Tin. X04a BOHM He 3aBxKIU BIZIOMI, Ta Bee K y OyIb-sIKiii cuTyalii BOHU
MaioTh (pikcoBaHe 3HaueHHs. [lapameTpu MOKHA Ha3BaTH “He3MiHHUMK
(iHKOJIM BiZIOMWMM, iHKOJIM HEBiZIOMUMM ), IO TTOB SI3YIOTh 3MiHHI B PiB-
HaHHAX. [l piBHSAHHA, a OT)Ke, i mapaMeTpy BU3HAYAIOTh CTPYKTYPY MO-
JIeJli: BOHW BKa3ylOTh HA XapakTep MPUITYCTUMUX CIIIBBIJIHOMIEHb MiX
3MIHHUMHU.

[Tapamerpu ymmoch NOmiGHI [0 He3aJeKHUX (3aJaHUX 330BHi)
3MIHHUX, OJTHAK MK HUMHU € BaxXJauBi BimMinHoCTi. [Ipumnyckaerses, mo
MapaMeTpy 3aJIUMIAIOTHCS HE3MIHHUMU TIPOTITOM yChOTO TIEPioLy CIO-
CTEPEKEHHS, a eK30TeHHI 3MiHHI, 6E3yMOBHO, MAOTh 3MIHIOBATHCS 3 Ya-
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coM. Came 3MIHIOBaHHSI €K30T€HHUX 3MIHHUX [IPUBOJIUTDH MOJENb Y PYX,
3YMOBJIIOE II€PEXi/l CUCTEMHU JI0 HOBOTO CTaHYy.

3ayBakuMo, 110 B 6araTb0X eKOHOMETPUYHUX MOJIEJISAX € TaKi eK-
30TeHHI 3MiHHI, gKi MOXKYTh OyTH 3MiHEHI KepiBHUMM opraHaMu (mep-
JKaBHUM peryJiioBaHHAM 4u KepiBHuntBoMm Gipmu). Ili keposani
3MiHHi, HANIpUKJaJ Jep:KaBHI BUTPATU Ta MOJATKHU, € IOJITUYHUMU
iHCTpyMeHTaMu. SIKIO BiJOMO CTPYKTYPY €KOHOMIUHOIO IPOIlecy, TO
Jlep:KaBHI Opramu, 3MiHIOIOUM 3HAYEHHSI TAKUX 3MiHHUX, MOTJIH O PO-
OUTY 3alaHMU €H/[OT€HHI 3MiHHI, TOOTO BIJIMBATH Ha MOAATBIINAN PO3-
BUTOK IIPOIIECY.

ExonoMeTpuyHi Mojiesli MOXKYTh OYTH CTATUYHVMH Ta [HHAMIYHIMH,
Y cratmuHuX MOIENISIX 3B’SI3KM PO3TJISAAAI0ThCS Y (hiKCOBAHUIT MOMEHT
yacy i yacoBi 3MiHM B HUX POJIi HE BiITPalOTh. Y JAMHAMIYHIN MOJIeJIi, HaB-
MaKU, B3aEMO3B'A3KM BUBYAIOTHCSA B PO3BUTKY il Yac € HeoOXiaHuM ak-
TOPOM 3MiH.

Moeni po3pi3HSIOTh TAKOK 32 PIBHEM arperyBaHHs 3MiHHUX (MiKpO-
YU MaKPOEKOHOMIUHI TIOKAa3HUKH), 32 CIIOCOOOM BifloOpakeHHs1 3MIHHUX
(y TOCTIHHKX Y1 TIOTOYHKX IiHAX, Y aGCOMOTHUX 3HAYCHHSX YU TPUPOC-
Tax IIOKa3HUKIB), 32 KUIBKICTIO 3MiHHUX (0fHO- 4n 6araToaKTOpHI MO-
JleJTi), 3a KUJIbKICTIO PiBHAHB (O/IHE UM KiJIbKA), 32 4aCOM CIIOCTEPEKEHD
(piuHi, KBapTaJbHi UM MICSUYHI JIaHI).

KnacudikyioTb Mozesli TakoK 32 IPU3HAUECHHSM Ta METOI0 BUKOPHUC-
TaHHd (AHAJIITUYHI, IMITAIliiTHI, IPOTHOCTUYHI ).

1.4. CtatuctuyHa 6asa eKOHOMEeTPUYHUX
aocnipkeHb

Bynb-gaxe exonoMeTpuuHe IOCTIKEHHS 3aBKIM [TOEIHYE Teopiio (Ma-
TEMATUYHI MOJIeNi) i TPakTUKy (CTaTUCTUYHI JlaHi). 3a JOTIOMOTOI0 MO-
Jlesiell OIMCYIOTD 1 TI0SICHIOIOTH IIPOIIECH, 1[0 BUBYAIOTHCS, & CTATUCTUYHI
JlaHi BUKOPHUCTOBYIOThH JUUIA TIOOYIOBU Ta OOTPYHTYBaHHs Mojeneil. bes
KOHKPETHUX KIJIbKICHUX JaHUX, 110 XapaKTepusyloTb (hyHKIIOHYBaHHS
eKOHOMIYHOTrO 00’€KTa, He 3aBK/AM MOYKHA BU3HAYUTH TPAKTUYHY 3HA-
YYIiCTh MEBHOI MOJIEI.

ExonowmiuHi aHi 3BUYATHO MOJIJISIOTH HA JIBA BU/IU: TIEPEXPECHI JIaHi
Ta yacoBi psaau. IlepexpecHumu € gani 3a AKUMOCh €KOHOMIYHUM I10OKa3-
HIKOM, 10 OTPUMAaHI A/ PISHUX OAHOTUIIHKX 00'eKTiB (PipM, perioHis).
ITpuyomMy gaHi OTPUMAHO B OAMH 1 TOI caMmii MOMEHT 4acy abo yacoBa
NpUHAJIEKHICTh HecyTTEBA. YacoBi psaau XapaKTepU3yioTh OJUH i TOU
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camuii 00’exT, ane B pisni momenTn yacy. Hanpuxiaz, gani Gl01KeTHUX
JIOCTI/IKEHb HAaceJIeHHS B IeBHUI MOMEHT 4acy € [epPeXpecHUMH, a JMHa-
Mika piBH iHGIALIT 32 IeBHUIT epioz BinoOpaKy€eThCsl YaCOBUMU Psijia-
M. ITocninoBHI 3HAYEHHS YaCOBHUX PSA/IB MOKYTh OYTH IIOB’sI3aHi Mix
co0010 TEBHUMH 3AJIEKHOCTSIMU: CIIOCTEPITAIOTHCS JIESIKi 3aKOHOMIPHOCTI
Y BiIXWJIEHHSIX BiJl 3arajibHO1 TeHJEHIli PO3BUTKY UM BUABJIAIOTHCA 4Ya-
COBI 3cyBU MOKas3HWKIB (Yacosi jarn). Tomy MeToan 06poOKU TaKKX Ja-
HUX [0 BiZPI3HAIOTHCA BiJl METOIB, 10 3aCTOCOBYIOTHCS A1 0GPOOKU
HepeXpecHmX JaHuX.

MeTo10 30MpaHHs CTATUCTUYHUX HaHUX € moOyaoBa iH(GOpMaLiiHoi
6asu 111 NPUIHHATTS pimenb. IIpUpoAHO, 110 aHAMI3 ZaHUX 1 IPUHHATTS
pilieHb 3AiHCHIOIOTHCS Ha TiAcTaBi meskol iHTyiTuBHOI (HesIBHOI) abo
KizbKicHOI (ABHOT) exoHOMIuHOT Mozemi. ToMmy 36upaoTh came jaHi, 1o
CTOCYIOTbCS MeBHOI MOJIe/Ti. 1X MOKHA OTPUMATH ONUTYBAHHSIM, aHKETY-
BaHHAM, iHTepB'IOBaHHAM ab0 i3 jKepes opiliiHol cTaTUCTUYHOT 3BiT-
Hocti. KoxkHuil 1MoKasHUK, OTPUMAHMI OJHUM i3 3a3Ha4EHUX CIIOCOOIB,
HA3UBAETHCS CIOCTEPEIKEHHSM.

Bynb-sixi ekoHOMIUHI IaHi € KIJIBKICHUMU XapaKTepPUCTUKAMU €KO-
HoMiuHKX 00’ekTiB. BoHn (hopMyIOThCs i icio 6aratboX hakTopiB, SKi
He 3aBK/I1 MOKHA ITPOKOHTPOJIOBATH 330BHI. HekonTposbosani dakTo-
P¥ MOKYTh HaOYBATH BUIAJKOBUX 3HAYEHD 3 JEAKOI MHOKWHU JIOTIyC-
TUMUX 3HAUYEHb 1 TUM CaMUM 3YMOBJIIOBATH BUIAAKOBICTDH fanux. Cto-
XacTU4YHA IIPUPOJIA EKOHOMIYHMX [AHMX BUMAra€ 3acTOCYBaHHS
cIielliaJIbHUX aJ[eKBaTHUX IM CTaTUCTUYHUX METOIB /IS iX aHAi3y Ta
00pOOKH.

[Tpu miAroTOBI CTATUCTUYHUX JAHUX I POOOTH 3 TIEBHOIO MOJIE-
JII0 HeoOXiAHO 3a6e31eYnT BiAIOBIAHICTh UX JaHUX MOJEJII Ta CIiIbHY
MeToandHy 6a3y [uist ix omiHioBaHHA. JlaHi MAIOTh YTBOPIOBATH B3AEM-
HO y3ro[pKeHuil Habip, TOOTO AKIIO BUMIPIOBAHHS 3/11iCHIOETHCA B IPO-
IOBUX OJUHUIAX, TO 1€ MalOTh OyTH moTo4HI abo (ikcoBani (0AHOTO
il TOro caMoro poxy) winu. PeanbHuMm 00’eMHUM IIOKasHIKaM (TOOTO
y (dhikcoBaHUX I[iHAX) MAIOTh Bi/IMOBiIATH peasibHi Bi/IHOCHI TTOKA3HU-
KU (HapUKJal, IPOLEHTHI CTAaBKU CJIiJ[ CKOPUTYBATU BiJIHOCHO TEMILY
iHGaaALil). 3aTexKHO BiJ IIOCTaBIeHUX 3aBAaHb BUOMPAIOTh y3araJabHeHi
NOKA3HUKH: BAJOBUN BHYTPIMIHIA NPOAYKT, BAJIOBI BHYTpilIHI 36epe-
SKEHHS TOIIO. BigcyTHi cratmeTnyni nani 31e611bIIOro MOKYTh OyTH
pPO3paxoBaHi 32 IHITUMK TTOKA3HUKAMM, SKIO MiX HUMU iCHYE TeBHA
dynkiionanbHa 3anexuictb. Hanpukiaz, indasiis po3paxoByeTbes 3a
JAHUMU 11pO AeJIATOP, 1 HaBIAKU.
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OTske, GOPMYIOUN CYKYMHICTD CIIOCTEPEKEHD, CJIi/ 3a06€3MeUnTH T10-
PIBHSIHHICTD JlaHUX y TIpocTopi Ta yaci. [le o3navae, 1o gani BXigHOI Cy-
KYIHOCT1 ITOBUHHI MaTH:

* OJIHAKOBUI CTYIIiHDb arperyBaHHs;

*  OJIHOPIIIHY CTPYKTYPY OJMHUIb CYKYITHOCTI;

* ofHi i Ti caMi MeTOU PO3PAXYHKY ITOKA3HUKIB Yy Yaci yu MPOCTOPi;

*  OJHAKOBY IIEPIOAMYHICTD O0IIKY OKPEMUX 3MIHHIUX;

* TIOPIBHAHHI I[IHU Ta OJHAKOBI 1HIII 30BHINIHI €eKOHOMIUHI YMOBU.

BucHOBKH, AKI MOKHA 3pOOUTH B PE3yJbTaTi €KOHOMETPUYHOTO MO-
JIeJIIOBaHH4, I[IJTKOM 3yMOBJIEH] SIKICTIO BXiZIHUX JIAHUX, & CaMe iX TI0BHO-
TOTO Ta JIOCTOBIPHICTIO.

1.5. OcobnuBoCTi MaTeMaTU4YHOro MoAentoBaHHA
€KOHOMiI4YHMX CUCTEM

B exkoHoMiKkO-MaTeMaTHIHOMY aHaJi3i iHdopmailis hopmyeTbes, K
MPABUJIO, y Pe3yJIbTaTi CIOCTEPEKEHHsS 3a 00’ €KTOM JociikeHHs. [Tpu
OTPUMYBAHHI, OI[iHIOBAaHHI Ta BUKOPUCTaHHI 1i€i indopmarii ciix MaTn
Ha yBa3i BAKJIWBI crieMDivHi PUCH JIKEpeJia JaHuX.

CyTTeBe 3HAUEHHS MAIOTh CTOXACTUYHI (BUTIAAKOBI) (haKTOpH, SIKi BU-
SIBJISIIOTHCST Y BILIMBI Ha €KOHOMIKY $IK 3 OOKY IPUPO/M Ta CYCIIJIbCTBA,
TaK i y BHYTPIlIHBOEKOHOMIUYHMX 3B’s3KaX. Uepes CKJIAIHICTL 1 1u-
HaMIUHICTh TEXHIKO-CKOHOMIYHUX, OCOOJIMBO COIIAIbHO-EKOHOMIUHMUX,
TIPOIIECIB TTOTIEPEIHIN PO3PAXyHOK €KOHOMIYHUX MTOKA3HUKIB MOKJINBHUI
JiiTIe 3 TIeBHUM pPiBHEM JIOBIpH.

BozpHouac BemuesHi MaciTabW €KOHOMIYHOI CHCTEMH, PO3Tay-
JKEHICTh 3B’A3KIB MiX ii eJeMeHTaMM Ta BifioMa IHepIiHICTh 3HAYHOIO
MipOI0 3yMOBJIIOIOTH MalOyTHIH 11 cTan monepeaHiM. ToMy PO3BUTOK CH-
CTeMM MOKHA mepei0auiTh 3 BEJIUKOK MiPOIO BIIEBHEHOCT.

B osnaveniii curyanii HalnpuingATHIIIMMU MeTOJAMU JOCII/KeH -
Hs € METOJM MaTeMaTUYHOI CTAaTUCTUKH, a/[alITOBAHI /10 eKOHOMIYHIX
seuil. Came I1i METOU JIAI0Th 3MOTY OY/IyBaTH €KOHOMETPUIHI MOJEI
Ta OIIHIOBATH IX MapaMeTpH, MepeBipsITH TIOoTe3u CTOCOBHO BJIACTH-
BOCTEll €KOHOMIYHUX MOKAa3HWKIB i (hopm 3B’a3Ky Mixk Humu. OmHax
0COOTMBICTh EKOHOMETPUYHOTO TIXOLY 0 MOIENIOBAHHSI €KOHOMIY-
HUX 00’€KTIB MOJISITAE HE Y BUKOPUCTAHHI €KOHOMITHOT TEPMiHOJIOTII,
a HacaMIlepeJ y JeTaJbHOMY JIOCJiKeHHI BIAMOBIAHOCTI BUOPaHOI
MOJIeJIi SBUILY, TI[0 BUBYAETHCSH, a TAKOXK B aHAMTI31 IKOCTI CTaTUCTUY-
Hol iHGoOopMaIlii, Mo € OCHOBOIO TapamMeTpu3allii (OIiHIOBaHHS Mapa-
MEeTPiB) MOJIeTIel.
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KoHTponbHi 3anutaHHsa

1. IIlo Take MareMaTHYHA MOJEIb EKOHOMIYHOTO 06’ eKTa?

2. HasBiTh THIIN MaTeMaTUYHUX MOZEJEH 1 BIAMIHHOCTI MiK HUMHU.

3. Jlo AKOTO THUITy MaTEeMAaTUIHUX MOJIeJIell HATEKUTh €KOHOMETPUY-
Ha MOJIEJIb?

4. TlosicHITH CYTHICTD KOPENAIIHNHNX 3B’A3KiB Mi’K €EKOHOMIUHUMU TI0-
Ka3HUKaMU.

5. 3 SIKUX eJIeMEHTIB CKIAJa€ThCST EKOHOMETPUYIHA MOJIETh?

6. SKi BUMOTH BUCYBAtOThCSI 10 CTATUCTUYHOI 0a31 €KOHOMETPUYHUX
JIOCJIIJIKEHD ?



Posoin 2. MOAENI MAPHOI PEFPECII
TA IX AOCNIOXEHHA

2.1. Mpuknagn napHUX 3B’A3KIiB B eKOHOMILi

Exonomiuna Teopist BUSIBUIA M AOCTINIA 3HAUHY KiJTbKICTh CTaINX
i cTabinpbHUX 3B’43KIB Mix pisHUMM NokasHukamu. Hampukiaan, noGpe
BUBYEHO 3QJI€5KHOCTI CIIOKMBAHHS BiJl PiBHS 0XOMY, TOMUTY — BIiJ I[iH
Ha TOBApH, 3aJIEKHICTh MikK TPOIEHTHOIO CTABKOIO Ta IHBECTUIIsIMU, 00-
MIHHUM KYPCOM BaJIFOTH Ta 00CSATOM YHCTOTO €KCIIOPTY, MisK PiBHIMU O€e3-
pobiTTs Ta iHdIIALil, 3aT€KHICTh 00CATY BUPOOHUIITBA Bil OKpeMUX (hakx-
TOpiB (PO3Mipy OCHOBHUX (DOH/IIB, iX BIKY, I1i/[FOTOBKU IT€PCOHAJY TOIIIO);
3a7IeKHICTh MiXK MPOMYKTUBHICTIO TPAIli Ta PiBHEM MexXaHi3allii, a TaKoxX
Gararo iHIIMX 3aJI€KHOCTEN.

31e6ibIIOTO 3a/IEKHICTD MK TIOKA3HIUKAMU MOJKHA BifoOpasuTh 3a
JIOTIOMOTOTO JIIHIMHUX CITiBBIIHOIIIEHbD.

Harnpuknaz, 1715 MOZIe/TIOBAaHHS 3a/1€KHOCTI 1HAMBI/IyaJbHOTO CIIOKHU-
pannsg C Bix HagsHOro 1pubyTKy Y KeliHc samporonysas JiHiliHe piB-
HAHHSA

C=c¢y +bY,

Jie ¢, — BeJINYMHA aBTOHOMHOTO CIIO)KUBAHHS; b — IPaHNYHA CXUJIbHICTD
no cnoxkuBanng (0 <b <1).

OpHak MpUMyIIeHHS MO0 JiHIITHOI 3aJIeKHOCTI Mi’K TIeBHUMHU MOKa3-
HUKAMWU €KOHOMIYHOTO SIBUIIA YU TIPOIIECY MOJKE He IMiJTBEpIKYBATHCS
JMAHUMU CITOCTEPEKeHD ITNX MOKa3HUKIB. | 11e mpupoaHo, OCKIIBKY B Aes-
KUX BUIAJIKaX 3aJIeKHICTh € CYTTEBO HeJiHiHOW. Hanpukman, 3amex-
HIiCTh MiXK piBHEM 0e3p006ITTS X 1 piBHEM 1HOIIALIT i BiOOPAKAETHCS TaK
3BaHoI0 KpuBoto Dimirmca:

y_

x-b’

25



ne a>0, b>0 — mapameTpu MoOjesi, a 3MiHHI X i ¥ BUMIpIOIOTHCSA
y IIPOIIEHTAX.

[Ipu we3minuiii pivniii muckonTHIH (06JiKOBIN) craBui 7 i1o-
YATKOBOMY BHECKY @ 4Yepe3 X pPOKiB y GaHKy HagBHa cyma rpoireii 06-
YICJIIOBATUMETHCS 32 (hOPMYJIOIO

y=a(l+r),

e a, y — napaMeTpu MOJIeJIi.

[Ipy MapKeTUHTOBUX i PUHKOBUX AOCJI/KEHHSX, [IPU AOCTIZKEHH]
30yTy IpoAYyKIi Ta B gemorpacdii 3aCTOCOBYIOTh TaK 3BaHy KpHUBY loM-
nepus:

_ ab*+c

L gl )

Jie TTapaMeTpy @ Ta ¢ MOKYTh HaOyBaTH Oy/ib-SIKUX 3HaUeHb, a b mepeby-
Ba€ B Takux Mekax: 0 < b < 1.

3B’s130K MiK 06csATOM BUPOOJICHOT IPOAYKIN & Ta OCHOBHUME BUPOOD-
HIUYMME pecypcamu, a came 06caroM BuTpadenoro kanitamy C i o6csrom
BUTPAT TIpaili L, TaKoK Ma€ HEeJIHIMHUN XapaKTep:

y=dC® y=cl’

a, b, c,d — aucnosi napamerpu; ¢, d >0, a, b =0.

Heniniiini 38’13KH, SIK TIPABUJIO, IEBHUMU IIEPETBOPEHHAMHU (3aMiHOTO
3MIHHUX 4l JIoTapu(MyBaHHIM) 3BOIATH 10 JIHIIHOTO BUTJISILY abo ar-
POKCUMYIOTH (HAOJMKYIOTH) JIHHITHUMEI (DYHKITISIMU.

Otxe, MozieTh JIiHIWHOT perpecii (JiHiliHe PIBHSIHHS) € HaWMoONTIpe-
HimmM (i HAWTTPOCTIMINM) BUIOM 3aJI€5KHOCTI Mi’k €eKOHOMIYHUMY 3MiHHU-
mu. Kpim toro, mobypoBaHe JiiHiliHe PIBHSIHHS MOJKE CJIYTYBaTH TIOYAT-
KOBOIO TOYKOIO B Pa3i CKJIAAHUX (CYTTEBO HEJIIHIMHNX ) 3aJI€KHOCTEN.

2.2. JliHinHa mopgenb 3 AgBOMAa 3MiIHHUMM

Y 3arasibHOMY BUIIAJIKY napHa JHIUHA pezpecis € THINHO DYHKITIED
MK 3aJ1€5KHOI0 3MIHHOI0 Y 1 OHIEI0 MTOACHIOI0Y0I0 3MIHHOIO X:

Y =q, +aX. (2.1)
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Cuissignornienns (2.1) Ha3UBAETHCS MeOPEeMUUHOIO JIHIUHOIO pezpe-
CilIHO10 MOOENLII0; Gy | a; — meopemuyuni napamempu (meopemuuni Koegi-
yienmu) pezpecii.

3a3HauMMOo, 1[0 TPUHITUIIOBOIO B IbOMY Pa3i € JIiHIIHICTH 3a TTapamMeT-
pamu q; i @ piBHaHHA (2.1).

[MTo6 BU3HAYNTH 3HAYCHHS TEOPETUUHMX KOE(IIiEHTIB perpecil, Heob-
XiZIHO 3HATH 11 BUKOPUCTOBYBATH BCi 3HaYeHHS 3MiHHUX X i Y TeHepaib-
HOT CYKYITHOCTI, T1[0 TIPAKTIYHO HEMOKINBO. ToMy 3a BubipKoio oOMeske-
HOTO 00csTy OYIYIOTh TaK 3BAHE eMNIPUUHE DIGHSHHS PEZPecii, Y SKOMY
KoeilliEHTaMU € OI[iIHKM TeOPETHYHUX KoeDilieHTiB perpecii:

Y =d, +4,X, (2.2)

e &O i @, — OUIHKM HeBiJIOMMX HapaMeTpiB a;, i g .

Yepes po36iKHICTh CTATUCTUYHOI O3y [k TeHepaIbHOI CYKYITHOCTI
Ta BUOIPKN OIIHKM gy i @ NPAKTHYHO 3aBXKIM BiAPIZHIIOTHCS Bif
NiCHUX 3HAYEHD KOEDII[IEHTIB @) i @, MO MPUIBOAUTH 10 PO3OIKHOCTI
eMITIPUYHOI Ta TEOPETUYHOI JIiHIH perpecii. PisHi Bubipku 3 oHi€el il Tiel
caMoi TeHepaTbHOI CYKYIMTHOCTI 3BUYAHO 3yMOBJIIOIOTD Pi3HI OIIHKMN.

MoskJinBe CIiBBiIHOIIEHHS Mi’K TEOPETUYHUM i EMITIPUYHUM PiBHSIH-
HSAMM perpecii cxeMaTuuHo 300paskeHo Ha puc. 2.1.

T

M| X)=a, +aX

Puc. 2.1
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3ajayvi JiHIHHOro perpeciiHoro aHajisy MoJISAraloTh y TOMY, 11100 3a Ha-
ABHUMU CTATUCTUYHUMU JauuMu (x;,y;), 1 =1,2, ..., n, nug 3aminanx X i V:

a) OTpUMATH HaifKpall OUiHKN @) @ HEBIIOMHX MapaMeTpiB d i a; :

6) mepeBipUTH CTATUCTHYHI TIIOTE3H MIPO MapaMeTPH MOJIeJI;

B) MEPEBIPUTH, YU JOCUTH T0OPE MOJIENb Y3TOIKYETCS 31 CTATHCTHY-
HUMU JaHUMU (aIeKBaTHICTDh MOJIEJIi TAaHUM CTIOCTEPEKEHD ).

Jlist BimoGpaskeHHsT TOro (hakTy, 10 KOKHE iHIUBIIyalbHe 3HAYCHHS
Y; BIIXUJIAETHCA Bijl BiANOBIAHOIO YMOBHOTO MaTeMaTUYHOIO CIOZiBaH-

Hfl, Y MOJIEJIb YBOAATD BUIIAJKOBUH JOAAHOK U
Yi =MY | X =x;) +u; =ay +a,x; +u;.

OT:xe, iHIUBIAYaTbHI 3HAUEHHS ¥; TOAAIOTH Y BUITIAAI CYMH JBOX
KOMIIOHEHT — CHCTeMaTH4Hoi (@ +ayx;) i Bunaakosoi (u;). Ilpuunna
HOSIBU OCTAHHBOI IOCUTH JOKJIA[HO PO3IJIsianacs paHilie.

Takum yrHOM, perpeciiine piBHAHHS HaOyBa€ BULJILY

Y=ay,+a,X +u. (2.3)

3aBjlaHHs MOJIATAE B TOMY, 100 32 KOHKpPeTHOI BUOIpKOIO (X;, ¥;),
=1, 2,..., n, 3HAITHU Taki 3HAYEHH: OLIHOK HEBIJOMUX ITAPAMETPIB dq 1 dy,
106 1mobyroBaHa JiHisg perpecii OyJia HalKPAIo B TIEBHOMY PO3YMiHHI
cepell yCixX iHIIMX TMPSAMEUX. [HITUME cJIoBaMHu, MOOyZ0OBaHaA TPsSIMa Mae
6yTu “HalGIMKIO0” 10 TOYOK CITOCTEPEKEHD 3a iX CYKYITHICTIO.
Mipoto sikocTi 3HAIIIEHIX OI[IHOK MOKYTh OyTH BU3HAYEHI KOMITO3HIT]
BiaxumieHo u;, i =1, 2, ..., n. Hanpuknan, koedirientn a, i q; piBHAHHSA
perpecii MOKyTh OyTH OLiHEeHI 32 YMOBU MiHiMizawil OfHIEl 3 TAKUX CyM:

Z Z -7;) = Z(yl —4,%,); (2.4)
2) 21|“z| 3 ZJ% ‘?i| = Z|yZ -4 —&1xi|; (2.5)
i= i= =

3) Z Z i =9 Z(yl 0 —a;)" (2.6)
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OxHak mepina cyma He Moske OyTH Mipoio SIKOCTI 3HAiJIEHUX OIiHOK
n

yepes Te, o icHye 6e3niu npsaMux (3o0kpema, ¥ =), I SKuX Z u; =0
(noBeileHHS 1IbOTO TBEP/KEHHS BUHOCUTBCS SIK BIIPABA). =

Merto BU3HAUEHHS OIIHOK KoeDilieHTiB 32 yMOBU MiHiMi3allii 1py-
roi CyMU Ha3UBAETHCS Memodom natmenuux modynie (MHM).

HaiimommpeHinmm i TeopeTHaHO 00TPYHTOBAHNUM € METOJl BU3HAUYEH-
H Koe(imieHTiB, IpM SKOMY MiHIMi3yeTbcs TpeTs cyMma. Bin micTas Ha-
3BY Memooy naumenwux xéaopamie (MHK).

OcraHHiil MeTOJ OLIHIOBAHHS IapaMeTpPiB HaUIPOCTIimii 3 064uc-
JOBaJbHOI TOUYKM 30py. KpiM TOTO, OomiHku KoedinieHTiB perpecii,
3Haiifeni 3a MHK mpu Bu3HaueHMX MepeyMoBax, MalOTh PSI/l ONTH-
MaJIbHUX BJIACTHBOCTEN (He3MileHicTh, e(hEeKTUBHICTh, O0OIPYHTO-
BaHICTH).

Cepen iHIIUX METO/iB BU3HAUYEHHS OIIHOK KOedillieHTiB perpecii Bu-
OKpeMUMO MeTo/ MoMeHTiB (MM) i MeTo MaKCUMAaIbHOI IIPaBIOIIOAI0-
HocTi (MMIT).

2.3. MeTtoa HaMeHLUMX KBagparTiB

Hexait 3a Bubipkowo (x;, y;),1 =1,2, ..., n, 10TpiOHO BUSHAYNTH OIiH-
KU dy 1 d; eMIipu4HOro piBHAHHS perpecii (2.2), To6To mixibpatu Taki
3HauUeHHsI KOoe(illieHTIB PIBHSHHSI, MI00 CyMa KBaJpaTiB BiAXWIeHb OyJa
MinimMasibHoIo (puc. 2.2).

YA

Puc. 2.2
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n

. 2 . oA

¥ pomy pasi Zui € KBa/IPATUYHOIO (DYHKITIEIO IBOX MAPaMeTpPiB d
i=

i 4, ockinbku x;, y;(i=1,2,..., n) — Biromi 1aHi crocTepeKeHb:

Z - Q) = Z(yz % zwz )’

Hesaxko nomituty, 1110 KBajipaTuyHa QyHKIsA Q HelepepBHA, OITyK-
sa Ta obmeskena 3uusy (Q = 0), TOOTO Ma€e MiHiMyM.

Heo0xizHo10 yMOBOIO iCHYBaHHS MiHIMyMYy HeIlepPepPBHO AubepeHIi-
1oBaHO1 (DYHKIIi1 IBOX 3MIHHUX € PIBHICTH HYJIIO 11 YACTUHHUX TOXITHUX:

00Q _ _22( |
a Y; aO 61136 ) O
B% g 2.7
5301 = ‘22(% —dy —ayx;)x; =0;
Qlaoﬂhzx =3 Y 28

G0y % + &y & = 5 %

IMominmBum obuaBa piHsAHHSA cuctemu (2.8) Ha 7, OTPUMAEMO

A — O Xy -x
@O+a1x—y, [@:M,
end e 00 x? - %2 (2.9)
Hipx + aqx” =xy DAOZQ_&J
_ 1 —5 _1 2 - _1 — _1
Tyr x—;in, x _szi’ y—;Xyi, xy—zzxiyr

Y Hactynaux (GopMmysaax A CIPONIEHHS 3HAKW CyM ( Z ) 3anu-
n=

cyBatuMeMo 6e3 iHEKCiB, HOIMYCKaoYH, 10 A0JaBaHHS BI/IKOHyGTbCH
Bizm 1=1 10 i =n. Takox AIsS 3MIHHUX 3 1HEKCOM I PO3YMITUMEMO, TI10

i=12,...,n (IKIIO He 3a3HAYEHO iHIIIE).

Otxe, 3rizno 3 MHK orinku napamerpis &0 Ta &1 BU3HAYAIOTHCS 3a
dbopmynamu (2.9).

30



HeBaxKko IOMITUTH, IO & MOKHa 0OYMCAUTH 3a (POPMYJIOI0

_S @G- DW=D) _Sw

= 2.10
S (x; —x)? St N
1 . _ . . 4, Y
ne S, =cov(x,y) =— Z (x; =X)(y; —y) — BubipKoBuUil KopensAmiitHmii
n
MOMEHT BUIIA/IKOBUX BesinynH X i Y; Si = L z (x; - =— z x -x°
n
BubipkoBa auciepcisa X; S, = «/Sf[ — cTaHJapTHe BiAxuieHHsa X.
Tomi
G =w 25w S, Sy (2.11)
Sfc SpSy Sy ¥
ne 1., — BubipkoBuit KoedilienT Kopesii; S, — cranaaprue BixuIeH-

HS Y Ortike, KoedillieHT perpecii IponopIiitHIi KoehillieHTy KOpeJsilii,
a KoeillieHTHU TIPOTIOPIIITHOCTI BAKOPUCTOBYIOTD JIJIST 3ICTABJIEHHS PiI3HUX
Besmuna X1 Y.

Takum ynHOM, AKIO KOEDINIEHT KOPEJsIlii 7,, yXe po3paxoBaHMulii,
10 32 popmyoio (2.11) HeBaxko 3HaiiTH KoedilienT @, 1napHoi perpecii.
Axmo oxpim piBHsHHS perpecii Y na X (17 =ay + @, X) nna Tux
caMuX eMIIpUYHUX JaHNX 3HaigeHo piBHAHHA perpecii X Ha Y

(X = by +b,Y), 10 106yTOK KOedinieHTiB ¢ Ta b AOpiBHIOE rfy:

[95)

& |]; =7 i [ ——— 7'2
14 LA Xy

x y

3agHaunMo, mo Koedimientn by i b, o6unCIOOTHCS 32 HOPMYTAMIL,
anasorivauMu opmynam (2.9):

G -5-1T,
E v -y (2.12)
B =% -hy.
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BnacTtuBocTi ouiHOK napameTpiB

Orpumani pesyJsbrati, 30kpema dopmyan (2.9) i (2.12), natots 3M0-
Iy 3pOOUTH Psiji BUCHOBKIB.

1. Ouinku MHK ¢ ¢yHkuiamu Big BubipKim.

2. Ouinku MHK € toukoBuMU OTiHKaM1 TeOPeTUYHUX KOedilli€HTiB
perpecii.

3. Bimnosizno mo apyroi ¢opmymnu criBBigHomenns (2.9) emmipuy-
Ha TIpsiMa perpecii 060B’13K0BO POXOAUTH Yepe3 TOUKY (X, ¥ ).

4. Emuipuune piBHSHHS perpecil moOypoBaHe B Takuil cmoci6, 1o

n
cyMa BIJIXWUJIEHD U, a TaKOX CepeHE 3HAYEeHHS BIAXWJICHHSI
il

1=1
n

u== Z u; JOPIiBHIOIOTH HYJIIO (IOKA3aTH CaMOCTIiIHO).
n &
=

5. Bumaaxosi BixuieHnHs u; HeKOpeJIboBaHi 3i criocTepeskeHnMN 3Ha-
YEHHAMH y; 3aJI€KHOI 3MiHHOI Y.

Jlutst 1miaTBepAKEeHHS 1IbOT0 BUCHOBKY HEOOXiIHO MOKa3aTH, 1o KoBa-
piattist Mizk Y i u fopiBHIOE HYJIIO, TOOTO B 0.

6. Bunazakosi BiaxuieHHd u; HEKOPeJIbOBaHi 3i CIIOCTEPesKEHIMH 3Ha-
YEHHAMM x; He3aJIeXHoi 3MiHHOI X i 3 OIIHEeHMMM 3a JHIAHOI perpe-
CIITHOIO MOJIEJIJII0 3HAYEHHAMU 3aJI€KHOI 3MIHHOL I?

o6 nigTBepAUTH JaHK BUCHOBOK, HEOOXIHO [I0Ka3aTH, 0 KoBapi-
aitist Mixk X i # opiBHIOE HYyJIt0, TOOTO S, =0, Syu =0.

([loBenenns min. 5 i 6 BUKOHATH CaMOCTIiTHO.)

3ayBakuMo, MO B KJIACUYHIN JIiHIIHHIN e€KOHOMeTpUYHill Momesi
3MiHHA % PO3TJISNAETHCSA IK BUTA/IKOBA 3MiHHA 3 HYJbOBUM MaTeMaTHy-
HUM CHOJIBaHHSAM i cTasiolo auciepcieio. OCKiIbKU % OXOILIIOE BILIUB
GaraTboX HeBpaxoBaHUX (DAKTOPIB, AKI MOKHA BBAyKATH HE3AJIEKHUMIM, TO
Ha TI/ICTaBi IEHTPAJIBHOI TPaHIYHOI TeopeMu Teopii iiMoBipHOCTEN PO6-
JISITh BUCHOBOK, IO 118 BUMAJIKOBA BEJTNINHA MiATOPSIAKOBaHA HOPMAJIh-
HOMY 3aKOHY posnoiny (3akony laycca).

Jloeneno (teopema laycca), 1o 3acTocyBaHHS METO/y HAUMEHIINX
KBaJ[PaTiB MOKJIUBE JIAIIIE TOI, KO 3aJUTIKN PO3MO/ILIeHI HOPMAIbHO

3 mapametrpamu M(U) =0, D[U] = Oi =const.
s imoctpanii MHK posrisinemo takuil npukJa.
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IIpuknazn. /g ananisy saneskHOCTI 06cary crnoxkuBanisa Y (y. 0.) 10-
MorocoapeTsa Bij HagsrHoro npubytky X (y. 0.) o6pano Bubipky obcsi-
ry n=12 (11oMicgI4HO BIIPOJIOBXK POKY), PE3YJbTAaTU SIKOI HaBeeHi
B Ta6u1. 2.1. Heob6xinno BusHaunTy BUj 3aneskHocTi; 3a MHK oninnty na-
pameTpu piBHAHHA perpecii Y1 X; olliHUTY cUy JHHIHHOT 3a/1€KHOCTI MIK
X i Y; a takox CIporHo3yBaTu CHOKUBaHHS 1Ipu npudbyTKy X =160.

Tabnuys 2.1

i 1

2

3

4

5

6

7

8

9

10

11

12

X; 107
v, | 102

109
105

110
108

113
110

120
115

122
117

i1724]
119

128
125

136
132

140
130

145
141

150
144

Jlist BUSHAUEHHS BU/LY 3aJI€KHOCTI MOOYALYEMO KOPEJAIiiHe TToJIe

(puc. 2.3).

y A

144
141

132
130

125

119
117
115

110
108
105
102

0

107 110 113

120 123

128
Puc. 2.3

136

140

145

150

X

32 PO3MIIIEHHIM TOYOK HA KOPEJSIIHHOMY TI0JIi MPUITYCKAEMO, 1110

saeKHICTD Misk X i Y minifina: ¥ = a, +a,X; a,, 4, — OLIHKU HeBIJIOMHX
rapaMeTpiB MOJIEJII.
Jlnsa nHaouHocti pospaxynkis 3a MHK ckinagemo Tabu. 2.2.
3rigao 3 MHK maemo

gl;l I:IE)I:I

2

x°—-x

%

15884,75 = (125,25)

1971875
bx =120,67 =0,9339 125,25 = 3,699.

w-x a 15298,08 — 125,25 120,67 _ 184,1625
y

=0,9339;
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Otske, PpiBHAHHSI TApHOI  JIHIAHOI  perpecii Mae  BUTJIL]
Y =3,699 +0,9339X. 3o6pasumo 110 npsMy perpecii Ha KOpeasiiiiHoMy
noJii. 3a HaBe/leHUM PIBHAHHAM PO3PAaXyeMO j;, a TaKOXK u; = y; — ;.

Jlisa aHami3y Cuiu JIHHIHHOT 3a/I€KHOCTI 06YUCTNMO KOeIliEHT KO-
peJidnii:

.- W-FH  _ 1841625
e A
\/xZ " E{/yz _]72 14,04 13,23

=0,9914.

Otpumane 3HaueHHs KoedillieHTa KOpeJIALii 1a€ 3MOry 3pOOKUTHU BHC-
HOBOK IPO CUJIbHY (TIPSIMY) JIHINHY 3a/eXHicTh MixK 3MiHHUMU X i Y.
[Te Takok MiATBEPAKYETHCS PO3MINIEHHIM TOYOK HAa KOPETAIIHHOMY
TOJII.

Tabruys 2.2
! % Y xp XiYi y Y, ¢ e}
1 107 102 11449 10914 10404 | 103,63 | —1,36 | 2,66
2 109 105 11881 11445 11025 | 105,49 | —-0,49 | 0,24
3 110 108 12100 11880 11664 | 106,43 1,57 | 2,46
4 113 110 12769 12430 12100 | 109,23 0,77 | 0,59
5 120 115 14400 13800 13225 | 115,77 | -0,77 | 0,59
6 122 117 14884 14274 13689 | 117,63 | —0,63 | 0,40
7 123 119 15129 14637 14161 | 118,57 0,43 | 0,18
8 128 125 16384 16000 15625 | 123,24 1,76 | 3,10
9 136 132 18496 17952 17424 | 130,71 1,29 1,66
10 140 130 19600 18200 16900 | 134,45 | —4,45 [ 19,8
11 145 141 21025 20445 19881 | 139,11 1,89 | 3,57
12 150 144 22500 21600 20736 | 143,78 0,22 | 0,05
Cyma 1503 1448 190617 | 183577 | 176834 — =0 [353
Cepenne’ [ 125,25 | 120,67 | 15884,75| 15298,08 | 14736,17

" 3HauyeHHs OKPYIJIOIOTHCS 10 COTHX.
™ YpaxoByI0ThCsl TOXUOKH OKPYTJIEHb.

[TporaozoBaHe CHOKXUBAaHHSA MPHU HocTyrmHOMY noxoni X =160 3a xa-
HOIO MOJIEJITIO CTaHOBUTH f(160) = 153,12.

IToGynoBane piBHAHHS perpecii B Oyab-aKOMy pasi norpedye meBHoi
iHTepIIpeTallii Ta aHami3y.
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IuTepnperaitist, TOGTO CIOBECHUET OMUC OTPUMAHUX PE3YJILTATIB, HEOO-
XijiHa 711 TOro, 106 o6yI0BaHa 3aJIeKHICTh HabyJ/Ia SKiCHOrO eKOHOMIY-
HOTO 3MICTY.

V namomy npuknagi koedilieHT @ MOXKe PO3LJISIATHCS SK IPaHTd-
Ha CXUJIBHICTB /10 crioskuBanHs. DakTUIHO BiH MOKA3YE, HA SIKY BEJTUYU-
HY 3MIHUTBCS 0OCAT CIIOKMBAHHS, SIKIO TOCTYTHUH TOXi/ 30iMbITHTHCST
na ogunumio. Ha rpadiky (puc. 2.3) koedillieHT @ BHU3HAYa€ TaHTEHC
KyTa HaXuJIy IIPAMOI perpecii BiAHOCHO T0JATHOIO HAIIPSIMKY OCi abCImc
(rosicHI010901 3MiHHOT). ToMy YacTo BiH HA3UBAETHCS KYTOBUM KOeillieH-
TOM.

Binbuwii unen @, piBHAHHSA perpecii BU3Hayae IPOrHO30BaHe 3HAUCH-
Hs Y 1pu BemumHi HasiBHOTO NpuOyTKY X, M0 AOPiBHIOE HYJIO (TOOTO
aBTOHOMHe croskuBauHs). OQHAK TyT HeoOXiAHA MeBHA OOEPEKHICTD.
BaxxnuBo, HACKIIBKHU BiffaseHi AaHI CIIOCTEPEXKEHDb 3a MOSICHIOIYOIO
3MIHHOIO BiJ] OCi OpAMHAT (3aJI€3KHO1 3MiHHO1 ), TOMY 1110 HaBIiTh TPU BJA-
JioMy BUOODI PIBHSHHST perpecii [Jist OCJiKYBaHOTO IHTEPBALY HeMAae
rapaHTii, 1[0 BOHA 3aJUIIUTHCS TAKOK CaMOI0 i Bijaiik Big BUGIPKL
Y namomy Bunajky sHadeHus d, =3,699 (y. o.). Leit daxt MoxHa mosic-
HUTH JIJII OKPEMOTO JIOMOTOCIIOIapeTBa (BOHO MOXKE BUTPAYaT HAKOIH-
veni abo TMO3MYEHI KOIITH), OIHAK /I KOMILJIEKCY IOMOTOCIOAAPCTB BiH
BTpavyac cenc. Y Oyab-sKOMy pasi 3HaueHHsI KoedilieHTa dy BU3HAYAE
TOYKY TIEPeTHHY TIPSIMOI 3 BiCCIO OPAMHAT 1 XapakTepPU3y€e 3CYB JIiHil
perpecii B3/10B:x oci Y.

Heobxiano mam’sitaTy, 1o eMmipudni koedilient perpecii d, i @
€ Julle OLiHKaM! TeOPeTUYHMX KoedillieHTiB @, Ta @, a came PiBHAHHHA
BigoOpaskae JIiIIe 3arajibHy TEHIEHIIIO B IIOBEAIHI[ POSIIAHYTUX 3MIHHUX.
InmBiyanbri 3HAUEHHST 3MIHHUX 3 PI3HUX MTPUYUH MOXKYTh BIJIXUJISATUCS
BiJl MOJIEJTHPHUX 3HAU€Hb. Y HANIOMY TPUKIA/I 11i BiJIXUJIEHHS BUPaKeHi
yepes 3HaYeHHd U;, K1 € OLIHKaMU BIIIIOBIAHUX BIIXUJIEHD IS TeHepasib-
HOI CYKYITHOCTI.

OpHak 32 TTEBHUX YMOB PiBHSIHHS PETpecii € He3aMiHHUM 1 Iy»Ke sKic-
HUM {HCTPYMEHTOM aHami3y Ta mporrodyBamus. [1i TeMn 06TOBOPIOBATH-
MYTbCSI B HACTYITHUX PO3Iiax.

KoHTponbHi 3anutaHHsA

1. Mo Take dyHKIis perpecii?
2. Yum perpeciiina Mojiesib BiZIPi3HIEThCS Bifi DYHKILIT perpecii?
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3. HasBiTh OCHOBHI IIPUYMHYU HASIBHOCTI B PETPECiiTHIiT MOJIesi BUTIA/I-
KOBOTO BiJIXWUJICHHS.
4. HasBiTh OCHOBHI eTamny perpeciiiHoro aHai3y.
5. Y 4omy moJsisira€ BiAMIHHICTb MiK TEOPETHYHUM Ta €MITPUIHUM
PIBHSIHHSAMU perpecii?
6. /laiiTe BU3HAUEHHS TEOPETUYHOI PETPeciitHoi MojielIi.
7. Y uyomy cyTh METOJIy HAIMEHIINX KBAJ[PaTiB?
8. Hagenith hopmysin po3paxyHKy Koedilli€eHTIiB eMIipuyHOTO nap-
HOTO JIiHiltHOTO piBHAHHS perpecii 3a MHK.
9. Sk nop’sgsani eMipudni xKoedimienTy aiHiliHOI perpecii 3 BUbip-
KOBUM KOe(MIiIiEHTOM KOpeJIsllii Mi’k 3MiHHUMU PIBHSHHS pErpecii?
10. SIki BUCHOBKHM MOKHA 3pOOUTH IIPO OLIHKHU KOe(IlieHTIB perpecii
Ta BUIIQ/IKOBOTO BifxuiaenHs, orpuMannx 3a MHK?
11. TpoinTeprpetyiite koedilli€HTH EMITIPUYHOTO TAPHOTO JIiHIHHOTO
PIBHSIHHS perpecii.

BnpaBu Ta 3aBAaHHA

1. Yu icHye, Ha Bally IyMKY, 3aJ€KHICTh MK TAKUMU TTOKAa3HUKAMU:
a) BBII i 06¢csiroM 4ieTOro eKCropry;
6) 00cAroM iHBECTYBaHb i BIICOTKOBOIO CTABKOIO;
B) BUATKaMU Ha 060POHY Ta BUAATKAMK HA OCBITY;
') OI[iIHKAMU B TIIKOJIi TA OI[IHKAMU B YHIBEPCUTETI;
1) 06CATOM IMIIOPTY Ta TPUOYTKOM Ha JIyIly HACEJCHHS;
€) 1iHOT0 Ha KaBy Ta I[IHOIO Ha 4Yai?
¥ pasi cTBep/HOI BiJINIOBi/II OIiHITH HATIPSIMOK 3aJI€3KHOCTI (TIpsiMa 4
obepHeHa), a TAaKOK 3a3HauTe, dKa i3 3MIHHUX Oyje MOSCHIOYOIO,
a KA — 3aJIe3KHOIO.
2. ¥ nacrynsiii Bubipii nogaHo gaxi mogo uinu P peskoro Giara i
KizbkocTi Q 1bOro Gara, sike JJOMOTOCIOAAPCTBO KYIYE MOMICAIS BIIPO-
JIOBJK POKY.

Micsaup | 1 2 3 4 5 6 7 8 9 10 | 11 12

p 10 | 20 15 [ 25 | 30 | 35 | 40 | 35 | 25 | 40 | 45 | 40
Q 110 [ 75 | 100 | 80 | 60 | 55 | 40 | 80 | 60 | 30 |40 | 30

a. [ToOyayiiTe KopessiiiiHe ToJie i 32 HOro BUIJISIIOM BU3HAUTE
bopmyny 3amesxxnocTi Mixk P i Q.

6. OmuiniTh 3a MHK mapamerpu piBHSHHS JiHIITHOI perpecii.

B. Ouinith BUOIPKOBUI KOe(IlIEHT KOPeIsllii Vg -

r. IIpoinTeprmperyiiTe pe3yibraTu.
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3. Jlano tabauiio THkHEBOro IpubyTKy (X) i THAKHEBOIO CIIOKUBAH-
Ha (Y) ansa 60 momaiiHix rocnoiapeTs:

X i

100 60 65 75 85 90

120 70 70 80 85 90 100

140 90 95 95 100 100 120

160 100 110 115 120 125 125 130

180 110 120 120 130 135 140 150 150
200 120 125 130 135 140 150 160 165
220 120 140 145 145 155 165 180

240 150 160 170 190 200

260 140 160 180 210 220

280 180 210 230

a. JJis1 KOJKHOTO PiBHSI MPUOYTKY PO3paxyiTe cepeiHE 3HAYCHHS
CTIOKUBAHHS, IO € OI[IHKOIO YMOBHOTO MaTEMaTHYHOTO CIOJ[iBAaHHS
M (Y|X =x;).

6. TToGymyiite KOpeJSIiiiHe moJie [Jist faHol BUOIpKH.

B. CKJIa/liTh eMITipuyHe JiHiliHe PIBHSAHHS perpecii, BAKOPUCTOBY-
109M BCI JIaHI.

r. CkaiTh eMmipuyHe JiHilTHe PIBHIHHS perpecii, BHKOPUCTOBYIO-
Y1 TIJIBKU Cepe/IHi 3HaUCHHsI CIIOKUBAHHS JIVISI KOSKHOTO PiBHS IPHOYTKY.

n. IlopiBHaiTe cKaazeHi piBHAHHSI. JAKe 3 HUX, HAa Ball TOTJIS,
GJIIKYE JI0 TEOPETUIHOT0?

e. Pospaxyiire BubiproBuii KoedillieHT Kopessiii st B) i r). Yu
Oyie JTHITHWI 3B’I30K MiK IaHUME 3MiHHUME CyTT€BUM? Binmosiap 06-
rpyuTyiiTe.

4. 3a 10 mapamu criocTepekeHb OTPUMAHO TaKi Pe3yJIbTaTH:

> x; =100 Sy =200, 5 xy; =21000;

Y af =12000; S 7 =45000.

3a MHK orinite koedimnientn piBasgub perpecii ¥ ma X i X ma Y.
OttiniTh KoeilieHT Kopesitii Ty
5. JlaHo Taky eMIipu4Hy perpeciiiny mMozesb, modynosany 3a MHK:

Yy, =by +bx, +e, t=12..T.
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T T
JloBeniTh, 1Mo z e =0; z ex, =0.
= =
6. [lotst Bubipku obesary n =10 orpumaHo Taki gaHi:

z x; =993/4; z y; =531,3; z x;y; =53196,61;

S a7 =105004,5;, 1, =0,75.

Pospaxyiite oniakn koeditientiB perpecii ¥ va Xi X ma Y.
7. JlaHo 1Bi perpecii, po3paxoBaHi 3a 25 PIUHUMHI CIIOCTEPEKEHHIMIA:

a) y, = =30 +0,18x, (yt — BUTPATHU Ha XKUTJIO, X, — puOyTOK);

6) y, =50 +4,5t (y, — BUTPATH HA KNUTJIO, ¢ — Yac).

JlaiiTe eKOHOMIUHY iHTepIIpeTalio mobyroBaHux perpeciit. Yu B3ae-
MOTIOB’sI3aHi BOHU MizK c00010?
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Po30in 3. 3AFANbHA JTIHINHA
EKOHOMETPUYHA MOJMEIb

3.1. baraTtocakTopHi eKOHOMeTpU4Hi moaeni
Ta ix cneumcpikauis

Y 6araThoX JOCHIKEHHAX BUSBIAETHCA, MO J€sAKA PE3yJbTaTHBHA
O3HAKa 3MIHIOETHCS 1M1/ BIZIMBOM HE OJIHOTO, a KiJIbKOX (haxTopis. 3okpe-
Ma, aHaJII3yI0ul eKOHOMIYHY [ISJIbHICTD MIJIIPUEMCTBA Ta IPOrHO3YIOYN
1OTO MOJIAJIBIINI PO3BUTOK, JOCJIKYIOTh Taki (DyHKIII:

1) BupobHMYy (HYHKIIIIO, 110 BU3HAYAE 3AJIEKHICTh MisK 00CATOM BIH-
pobIIeHOT MPOAYKILT Ta BUTPAYECHUMHU JIJISA [[HOTO PECYPCAMU, HAITPUKIA/]
OCHOBHUM KaIliTaJIOM 1 IIpalieio;

2) ¢yHKIIO MiHA, 10 AA€ 3MOTY AOCITIIUTH, SIK 3MIHUTHCS I[iHA TO-
Bapy, AKIINO 3MIHUTBCS 00OCAT MOCTABOK Ta IIHU KOHKYPYIOUMX TOBapiB;

3) dyHKILiIO ONUTY, IO IA€ 3MOTY BCTAHOBUTH, SIK 3MIHUTHCS [TOTIUT
Ha IIPOAYKILIIO, SKIIO 3MIHIOBATUMYTbHCA I[iHA TOBApY, I[iHU TOBAPiB-KOH-
KYPEHTIB 1 I0XO/IA CII0KUBAYiB;

4) (yHKIi0 BUTpAT, 10 OIUCYE 3ATEKHICTh cepe/iHiX BUTPAT HA BU-
POGHUIITBI Bif IIHM Ta KiIbKOCTI BUPOOHUUYMX PECYPCIB;

3) (yHKIIIO 4y TIUBOCTI PUHKY, sIKA BU3HAYAE 3aI€KHICTh 00csTY 30Y-
Ty OPOAYKLII BiZi BUTPAT Ha PEKJaMy Ta IHAEKCY “4ucToTu” BUPOOJIEHOI
npoayxkiii (“exoJsiorivHoro iHAUKATOpPA”);

6) piBHAHHA cTpaTerii MiANPUEMCTBA, Y SKOMY BiZOOPaKka€ThCs 3a-
JIEKHICTD peHTabebHOCTI MiAIPUEMCTBA BiJl ITMTOMOI Bark Ha PUHKY TO-
BapiB, HOAIOHIX 110 TUX, AKi BUPOOJIAE MAPUEMCTBO, 8 TAKOK BiJl IKOCTI
TOBApPiB, BUTPAT HA MAPKETUHT i HAYKOBI JIOCJI/)KEHHS, Bijl iIHBECTUIIIN-
HUX BUTPAT TOLIO.

Posriganemo neramphite mepiry 3 1ux QyHKITI.

Byab-sika BUPOOHWYA CHCTEMA XapaKTEPUIYETHCS 3AJIEKHICTIO MiK
KIJIBKICTIO BUPOOJIEHOT B Hill IPOMYKINI Ta CIOKUTUMMU TSI I[BOTO PECyp-
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camu. [Tpruomy 11eBHI TOKA3HUKM I1i€T 3aI€3KHOCTI MAIOTh JIESTKi BUITAIKOBI
KOJIMBAHHSL. 3aJI€KHICTh MixK HUMM, (hOpMaIi3oBaHy y BIAMOBLIHUI cI10CiO
Y BUTJISI PETPECiiiHOrO PiBHSHHS, HA3UBAIOTh GUPOOHUUON (YHKUIEN.

Sk BupobHUYa (DYHKINI BiZoMa, TO 32 KiIBKICTIO CIIOMKHUTUX CUC-
TEMOIO PECYPCiB MOKHA MepedaunTh KiJbKicTh BUPOOIEHOT MPOAYKILI 1,
HABIIAKH, 32 331aHOI0 KiIbKICTIO BUPOOJIEHOI IPOLYKIII MOKHA PO3paxy-
BaTH HEOOXi/IHY KiJIBKICTh BiJIIOBIIHUX PeCypCiB.

Y peasibHUX crCTEMaX HEMOKIMBO BPaXyBaTH BCi MOXKIINBI (hakTopH, 1110
BILIMBAIOTH Ha 00cATH NPoAyKIil. ToMy PO3IIAAAI0TH HAWBU3HAYHIIL 3 HUX
i Ha MiJICTaBi CIIOCTEPEKEHD 3a MU (DAKTOPAMU Ta PE3YJIBTaTOM BHPOOHU-
4ol AisIbHOCTI OYAYIOTh TaK 3BaHy eMIIPUYHY BUPOOHUUY (DYHKILIO.

Otxe, BUpoGHUYa (DYHKIIIST — 11€ EKOHOMETPUYHA MOJIEIb, SIKA KiJIbKiCHO
OIKCYE 3B’SI30K OCHOBHUX PE3yJIBTATUBHUX [TOKA3HUKIB BUPOOHUYO-TOCTIO-
JIApCHKOI JIATBHOCTI 3 (haKTOpaMu, 10 BU3HAYAIOTD 111 TOKA3HUKU.

BupoGHuui (hyHKIIIT MOKYTh MaTH Pi3Hi Talysi 3aCTOCYBAHHS, OCKiJb-
KU MPUHIMT “BUTPATH — BUITYCK’, TIOKJAJEHUN B OCHOBY 3aJI€KHOCTI,
MOske OyTH peaslizoBaHUil SIK HA MIKPOEKOHOMIYHOMY, TaK i Ha MaKpPOEKO-
HOMIYHOMY PiBHi.

Ha mikpoekoHoMivHOMY PiBHI 32 JI0MOMOTOI0 Takux (PyHKIIiN, Ha-
MIPUKJIAA, ONUCYIOTh 3B’430K MiK BEJNYMHOIO BUKOPHUCTAHOTO pPeCypcy
MPOTSITOM POKY Ta PIYHUM 0OCSITOM BHUITYCKY MPOAYKIIT OAHOTO T TpH-
€MCTBA, OJIHIET rajTy3i Ui MizKrajy3eBoro BUPOOHIIOTO KOMILIEKCY. SIKIIO
BUPOGHIYOI0 CHCTEMOIO € PETIOH UM KpaiHa 3arajioM, TO Ma€MO BUPOOHH-

4y (GYHKILIO /714 MAaKPOEKOHOMIYHOTO PiBHS.

Ipuxnan. Hexait Bupobuudy dhyHKINO 3a1aH0 y BUrasaai f(x) = ax’,

Jie X — BeJWYKMHA BUTPAUYEHOrO pecypcy (Hampukaas pobodoro yacy),
f(x) — obesar BummyteHol TPOAYKITi (HATPUKIAL, KITbKICTh TOTOBUX BH-
po6iB). Bennuunu a ta b — nmapamerpu Bupobuuyoi pyukitii f(x). lpu-
yoMy a Ta b — nozathi uncaa, a b< 1. 3agana dbynkiis f(x) 3a Maaux
3HAUEHD APTYMEHTY /[a€ 3HAYHWN TIPUPICT, SKIIO X 301JIBITYETHCS HA O/[U-
HUIIIO; 32 BEJIMKUX 3HAYEHb aPIyMEHTY TaKe came 301JIbIIeHHsT apTyMeHTy
3YMOBJIIOE 3HAYHO MeHIui npupict ¢ynkuii. 1l Bractusicts f(x)
BifGuBae hyHmAMEHTATIbHE MOJIOKEHHS eKOHOMIUHOI Teopil, sike Has3u-
BA€ETHCS 3AKOHOM Cla/HOI epeKTUBHOCTI, a caMa (QYHKIISA € TUIOBUM
MPECTABHIUKOM OHO(AKTOPHUX BUPOOHUYNX (DYHKILIH.

Y peasbHUX CUTYaIlisIX 00CAT BUIYCKY TPOAYKILT BUSHAYAETHCS, SIK
[PABUIIO, HE OHUM, a 6aratbMa (haKTOPaMU, TOMY YaCTillle 3aCTOCOBYIOThH
GaraTopecypchi abo Gararodaxropsi BupobHdi Gyukuii. Haiimommpe-
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Himoto cepes Hux € Bupobunya yukiis Kobba — Jlyrmiaca, sika onucye
3aJIEKHICTh MixK 00csAroM BUPOGIeHoI npoayKuii Y i BurpaTamu mpaii L
Ta Karmitamny F:

Y =aFIP
MHOXHWK @ i TOKa3HUKU CTeleHss O Ta 3 — mapameTpu 1€l Mozeti.
3ajiaHa B TaKOMY BUTJISI BUPOOHUYA (DYHKITiSI € MYJIBTHILTIKATUBHOIO (He-

JIHITHOIO BifHOCHO TapameTpiB). JlorapudmyBantsM ii MOJKHA 3BECTH /10
QINTUBHOTO (JIHITHOTO BIZIHOCHO TTapaMeTPiB) BUTJISLY:

InY =a+alnF +BInL.

3aznavyeHa (OyHKIliI Ma€ Taki BIACTUBOCTI:

1) Koe(imieHT O TOKA3Y€, Ha CKIJIBKU Bi[COTKIB 3MiHUTBCS 0OCST BH-
MYCKY TIPOAYKIIii, SKIIO BUTPATH Mpaili 3MiHAThCS HA 1 %, a BUTpaTH Ka-
miTany 3aJIMIAThCS HE3MIHHUMU. Taknii MOKa3HUK HA3UBAETHC KOedilli-
€HTOM €eJIACTUYHOCTI BUILYCKY 32 BUTPaTaMU IIpalli;

2) xoedinient B € Koedil[iEHTOM eJacTUYHOCTI BUITYCKY 3a BUTPaTa-
MU KaIliTasuy;

3) cyma mapametpiB O + 3 onucye mMaciitab BUPOOHUIITBA.

SIKIIO 1151 cyMa ZOPIBHIOE OAUHNUIIL, MA€MO IOCTiiiHuiT MacuTad BUpo6-
HUITBA. A Ile 0O3HAYaE, Mo 31 36LIBIIEHHAM 060X BUPOOHIYUX PECYPCiB
Ha OJMHUINIO0 0OCAT MPOAYKIT TAaKOXK 3pOCTe Ha OJMHUINO. SIKIO cyMa
MEHIIIA OINHUIL, TO MAcCIITab BUPOOHUIITBA CHIaHUI, TOOTO TEMITH 3POC-
TaHHs 06CATY TPOAYKINT HUXKYI 32 TeMIM 3pOCTaHHs 06CATY PeCypcCiB.
SIKIIO cyMa TIePeBUIIY€E OMHUINO, MAEMO 3POCTA0YUIT MaciiTab: TeMIn
3pocTanHst 06CATY MPOAYKILT TEPEBUIIYIOTh TEMIIH 3POCTAHHS 0OCSTY
BUPOOGHUYKX PECYPCiB.

[Tapamerp a y dyukuii Ko66a — Jlyriaca 3aiexXuTh BiJ OQMHUID BU-
mipioBanus Y, Fta L i TakoK BU3HAYAEThCs e(eKTUBHICTIO BUPOOHITIOTO
mporiecy.

OTike, €KOHOMETPUYHA MOJIETb BUPOOHUYOT (hYHKITT /1a€ 3MOTy Mpo-
aHai3yBaTH BUPOOHUYY isS/IbHICTD, 00 BU3HAYNTH IILJISAXM ITiABUILEH-
H4 11 edexTuBHOCTI. OOrPYHTOBAHICTH TAKOIO aHAMI3Y IIIKOBUTO 3aje-
JKUTh BiJl IOCTOBIPHOCTI MoOjiesi Ta ii ajeKBaTHOCTI BiAIOBiIHOMY
peaibHOMY IIPOIIeCy.

Brms 6arath0X YMHHWKIB HA PE3Y/IbTATUBHY 3MIHHY MOXKe Oy TH OIH-
CaHuMN JIHIHOIO MOJIEJIIIIO

Yy=ay tax; tayxy +.. ta,x, +u, (3.1)
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ne y — jocaijkyBaHa (3ajeKHa, MOSICHIOBAHA) 3MiHHA, ab0 PerpecaH];

Xiy Xy ey X HesaJlexkHi, IOSCHIOYI 3MiHHI, abo perpecopu;

a, 4y, ..., A, — llapaM€Tpu MOI[e]Ii; U — BHUIIaJIKOBa CKJIa/l0OBa perpeciﬁHO-

IO PIBHSIHHS.

ODOyukiis (3.1) € giHiiiHo0 BiAHOCHO He3aJeXHUX 3MIHHUX 1 Tapa-
METpPiB MOJEJ, ajle caMe JIHIHHICTD 3a MapaMeTpaMu € OiJIbII CyTTEBOIO,
OCKIJIbKH 1€ TIOB’3aH0 3 METO/IaMU OIliHIOBaHHS NapaMeTpiB. Bunaakosa
CKJIA/IOBA U € PE3YJIBTATUBHOIO €10 BCIX HEKOHTPOJILOBAHUX BUIIAJKOBIX
(baxTopiB, 1110 3yMOBJIIOIOTD BiJIXUJICHHS PeaJibHUX 3HAUYEHD JOCJIKyBa-
HOIO MOKa3HMKa y BiJ aHamiTHUHUX (0OUMCAEHNX Ha InjcraBi oOpaHoi
perpeciitHoi 3aJ1eKHOCTI ).

3PpO3yMiJio, IO JiHIIHI 3B’I3K1 HE BUUEPITYIOTh YCiX MOKJINBUX (hOPM
3aJI€KHOCTI MK TOKa3HUKaMu. ToMy IPH JI0CTI/PKEHHI KOHKPETHOI'O €KO-
HOMIYHOTO SIBUIIA IIEPIIOYEPrOBUM 3aBJAaHHSAM € IMONIYK HAaHTOUYHIIIOI
AHATITUYHOI (DOPMU OIUCY CTATUCTUYHOTO 3B’5I3KY MiXK HOr0 IOKa3HIKa-
mu. [leBna dhopma 3anmekHOCTI MOBUHHA MaTH BIAIIOBiHE €KOHOMiuHE
O6rpyHTYBaHHs. SIKINO BUTIISI 3/1€5KHOCTI BCTAHOBUTH BAKKO, TO 34 Mep-
e HaGJIKEeHHS 10 MOZEJI BCe K 00MPAIOTh JIHIIHY 3a/1eKHICTb.

3euuainum mamemamuunum nioxo0om 00 pose’si3amns 3a0au € GUOKPeM-
Jenns cneuudiunux kiacie 3adau abo seedenns 3adau 00 0esaxozo Kiacy
i 3acmocysanis 6i0nosioHUxX memodie pPo3e’sysanis. OCKIIbKNA TOCIHiI-
SKEeHHS JIiHINHUX (DYHKIII Ma€e He3arepeyHi mepeBary rnepe;| iHIuMu KJia-
camu (pyHKIIi, TO HeJiHIHI (YHKINI HAMATAIOThCS TIePeyCiM 3BECTH /10
ninitnux. Hanpukian, creneneBa yHKITig

= a .4y a,
Y = apxy Xy X"

micsist sorapudMyBaHHsl HAOUPA€E BUTITISLY
Iny =lnay +a Inx +ayIlnx, +...+a, Inx,

i micna saminy Ina@, = a € JiHiiHOIO BiIHOCHO NApaMeTPiB 4, ay, ..., a,.
[TokasnukoBa yHKITis

Y =apa'ay’ ...a,"
nicast norapudmyBants HabUpae BUTISLY

Iny=Ilnay +x Ing +x,Ina, +...+x, Ina,,
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i micna saminm Ina; =b;,i=0,1,2, .., m, € ninifinoo BigHOCHO Hapa-
MeTpiB b;.

TinepbosiuHa

a a
y:ao+—1+—2+---+—m

1 KBaJ[paTnyHa

= 2 2 2
y=ay rax; tax;, +...+ta,x,

! . 1 .
GbyHKIii 3amMiHOI0 3MIHHNX z; = — abo z; = xiz, i1=1,2, ..., m 3BOAATHCS
x,
7
JI0 JTIHITHOTO BUTJISALY:
y = aO +Ll121 +a222 4. . +am2m.

3ayBaKMMO, 1[0 B Cy9aCHOMY €KOHOMIYHOMY aHaJIi3i iCHYIOTh 3aJIeK-
HOCTI, 51Kl He 3BOJATHCS 10 JIHINHUX eJeMeHTapHUMU [1ePeTBOPEHHSMU,
OJIHAK X IapaMeTpu MOKHA JIETKO PO3PaxyBaTH CIeliaJbHUMU CIIpOIiie-
HuMu Metozgamu [13].

Ockinbky HANNOMMPEHIITUMUA B €KOHOMETPUYHOMY MOJIeIOBaHHI
€ JiHiiHl yHKLi, 0OOrpyHTYBaHHS €KOHOMETPUYHUX METO/IIB PO3IJIsia-
I0Th, K IIPABUJIO, Ha 6asi JHIHUX MOjeIel.

OTke, IpeJIMETOM HANIUX JOCHi/KeHb Gye y3araabhena 6araTohak-
TOpHA JiiHiiTHa perpeciitHa Mozenb (3.1).

Sk 3a3Havasocs, ysarajabHeHa perpeciiina Mojie/ib CIIPaBIKY€EThCS IS
BCi€l reHepasIbHOI CyKYIHOCTI, a IToXnOKa perpecii Ma€ neBHUil 3aKOH po3-
TOAILTY.

Ha npakTuili MaoTh cripaBy 3 BUGipKOBOIO MOJIEJLIIO, TOOTO 3 TAKOIO,
gKka noOyzoBaHa ais geakoi subipku. ITapamerpu BubipkoBOi Momei
€ BUIIQJIKOBUMU BeJIMUMHAMM, A IX MaTeMaTUYHe CIIO/IBaHHS JOPIBHIOE T1a-
pamerpam y3saraibHenoi Mozedi. [1[o6 BU3HAUMTH MapaMeTpy y3arajibHe-
HOI MoJIeJIi, HeoOXiZHO 3a BUOIPKOIO OTPUMATH IKOMOra KPAIli iX OIL[iHKH,
TOOTO 3HAYEHHST, HAWOIMIKYI 10 apaMeTpiB ysaraJabHeHoI MOIei. 3 i€
METOI0 BUKOPUCTOBYIOTHh MeTO/1 Halimentnx kBazpatis (MHK).
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3.2. MeTtoa HaMMeHLUMX KBagpaTiB

3.2.1. OCHOBHI NnpunNyLwWeHHs

3acToCcyBaHHS METOJIy HAWMEHIINX KBaJApaTiB /10 3arajbHOI JiHIITHO1
GaraTodaxTopHoi Mojei (3.1) mepeadadae HAIBHICTh TAKUX MTEPELYMOB:

1) koxxkHe 3HaYeHHS BUIIQJKOBOI CKIaJ0BOI piBHAHHA u;,1 =1,2,.., 7,
€ BUIIQ/IKOBOIO BEJIMYMHOIO 1 MaTeMaTUYHE CIOJAIBAHHA 3aJIUIIKIB #; 10-
PIBHIOE HYJIIO:

M(u) =0;

2) KOMIIOHEHTHM BEKTOpa 3aJIUIIKIB HEKOpeJaboBaHi (JIHIMHO He3a-
JIesKHI) MizK 00010 1 MAafOTh CTajLy AMCIEPCiio:

M(u'u) = °E;

3) nosicHiooui 3MiHHI (perpecopu, hakTopu MOJIEJi) HEKOPETbOBaHI
13 3aJIMIIKaMU;

4) TOSICHIONOY] 3MiHHI HEKOPEIboBaHi Mik c0o00IO.

[Topymenns nepioi nepeyMoBU 0O3HAYAE, 110 ICHYE CUCTEMATUYHUI
BIJIMB Ha 3aJIe)KHY 3MIHHY, KM He BpaXoBaHO B MojeJi. Taky cuTyaiiiio
MO’KHA TPAKTYBaTH SIK MOMUJIKY clieludikaitii, 0/[HaK HasBHICTb BiJIbHO-
ro 4jeHa MOJIeJli A€ 3MOTY CKOPUTYBATH MOJIENb TakK, o6 3abe3neynTu
BUKOHAHHS TI€PIIO] 11epe/lyMOBH.

pyra nepenymMoBa 03HAYaE, 10 3AIUIIKA MOJEJI € IIOMUJIKAMU BH-
MipioBaHH. SIKIIO Mi’kK KOMITOHEHTAMU BEKTOPA 3aJIUIIKIB iCHYE KOPeJis-
1iliHA 3aJIe3KHICTh, TAKe SBUIIE HA3UBAETHCS aBTOKOpessiieio. HasgBHicTh
ABTOKOpEJIAIIl B MOJleJIi CBIYUTDH MPO iCHYBAHHS KOPEJAIlil MiX I0-
CJIIJIOBHUMY 3HAYEHHIME AESKOI He3aJesKHOI 3MiHHOI ab0 PO HEBPaxo-
BaHUI CyTTEBUIT (haKTOP, IO BILIMBAE HA 3a/I€KHY 3MIHHY i He MOKe OyTu
YCYHEHUH 32 PaXyHOK BIJIbHOTO YJieHA MOjeJi. 3araJbHUi BILIUB MOSIC-
HIOIOUMX 3MIHHUX, HEe BPAaXOBAaHUX y MOjeJi, MOKe BUABUTUCH TAKOXK
Y TOMY, 1110 IUCIIEPCisd 3AIUIIKIB /IJI1 OKPEMUX IPYII CIIOCTEPEXKEHb 3MIHIO-
BaTUMETHCA. Take siBUIe HA3UBAETLCS IETEPOCKENACTUUHICTIO. Y Gy/ib-
SAKOMY pasi IOpyIIeHHs APYTroi epelyMOBHU BILUIMBAE HA METOIHU OILIHIO-
BaHHS MTApaAMETPIB MOJIEI.

HagsuicTb 3a1€KHOCTI MiXK 3a/IMIIKaMU T2 HE3aMeKHUMU 3MIHHUMU
HalyacTillle TTOB’sI3aHa 3 TUM, IO B MOJIeJIi MPUCYTHI JIaroBi (3aTpuMaHi
B yaci) 3minni abo BoHa OyayeThcs Ha (asi OJHOYACHUX CTPYKTYPHUX
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piBHsHB. [[J151 OT[IHIOBAHHS ITAPAMETPIB i B IIbOMY Pa3i 3aCTOCOBYIOTH 1HIII
METO/IH.

3aJIeKHICTh MiXK He3aJeKHUMHU 3MIHHUMU MOKe 3HAYHOI0 Mipoio
BIJIMBATU Ha SKICTh OIiHOK, oTpuManux 32 MHK. ko mixk Hesanex-
HUMW 3MIHHUMU MOJIeJ iICHYIOTh TiCHI JIiHITHI 3B’3KU, 1€ ABUIIle HA3U-
BaIOTh MYJIBTUKOJIiHEAPHICTIO. Mojiesi, y SIKUX CIIOCTEPITAEThCI MYJIBTHU-
KOJIIHEAPHICTh, CTAIOTh HAA3BUYANHO 4y TAMBUMHE A0 KOHKPETHOIO HabOpy
JaHUX, /10 crienuikallii MoJiesri i MaloTh 3HAYHI BiIXWJIEHHS BiJl IIMCHUX
3HAYEHb IMAPAMETPIB y3araJibHEHOI MOJIEI.

KpimM po3ristHyTux 4oTUPbOX MEpPelyMOB BA)KJIUBE 3HAYEHHS MA€
MPUITYIIEHHS PO HOPMAJIBHUN PO3MO/ILJ 3aJUIIKiB Moei. [le mpurry-
meHHd 3a0e31euye HopMaJIbHUI Po3noisi koedillieHTiB perpecii i mae
3MOTY BUKOPUCTOBYBATH Bi/[OMi KPUTEPIl JIJIST TEPEBIPKU CTATUCTUYHUX
rinoTe3 BiIHOCHO OTPUMAHUX OI[IHOK, a TAaKOXK BU3HAYATH iX JOBipYi
IHTepBaJIU.

3.2.2. MHK-ouiHKkM napameTpiB NiHiNHOI perpecii Ta ix
OCHOBHi BNacTUBOCTi

3 Teopii fiMoBipHOCTEH BijoMO (ZI0BeZIeHO B TeopeMi laycca — Map-
KOBQ), 1110 KOJM BUKOHYIOTBCS IepesiueHi mepeyMoBr, TO OTPUMaHi 3a
noromoroio MHK ortinku mapamerpiB perpeciiiHoro piBHSIHHS € He3Millle-
HUMU, OOTPYHTOBAHUMHU, e(DEKTUBHIUMH Ta IHBAPiaHTHUMHU.

HagBHicTh TakMX BJIACTUBOCTEN OI[IHOK TapaHTYE, 1[0 OCTAHHI He
MaiOTh CHCTEMATHYHOI HOXHOKK (He3MIileHiCTh), HaAilHicTh iX migBu-
HmyeThes 31 36iIbpueHHaM 00cary Bubipku (0OrpyHTOBAHICTD), BOHU €
HallKpaluMu cepejl iHIKUX OIIHOK ITapaMeTpiB, JiHIMHUX BiJTHOCHO €H-
JloreHHo1 3MiHHOI (edexkTuBHicTh). KpiM TOro, olliHka mnepeTBOpeHNX
napaMerpis (ouinka GyHKLIl Big mapaMerpa) Moxke OyTH OTpUMaHa
B pe3yJIbTaTi aHAJIOTIYHOTO MEPETBOPEHHS OIIHKY Tapamerpa (iHBapiaHT-
HICTB).

30KpeMa, SIKIIO TopyuIyeThest apyra nepeaymoBa MHK (3a nasgBHoCTi
ABTOKOPEJIAIl UM reTePOCKEAACTUYHOCTI), TO OTPUMAHI 32 IIUM METOJIOM
OIlIHKM BTPAYalOTh BJIACTUBICTH €(heKTUBHOCTI, XOUa 3aIUINAIOTHCS He-
3MIIEHUMHU Ta OOTPYHTOBAHUMM. SIKIIO MOPYNIYETHCA YETBEPTa Mepeii-
YMOBa, TOOTO MizK 3MiHHUMH iCHYIOTh MYJITUKOJIiHEeAPHi 3B I3KH, 1€ IIPHU-
3BoUTh /10 3MinieHHss MHK-o1inok. 3actocyBanust Mojieielt, o MaioTh
3Mileni uu HeeeKTUBHI OI[IHKY, BTPAYa€E CEHC.
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3.2.3. OuiHOBaHHA 3a MeTOAOM HaMeHLUUX KBagpaTiB
Ta iHTepnpeTauisa pe3ynbTaTiB

Hexait BiToMO 7 CIIOCTEPE/KEHD HE3ANEKHUX SMIHHUX X{, Xy, ..., X,, 171
crIocTepesxkenb 3ajexHoi 3minHol y. Heobxigno sa MHK orminutu nmapa-
MeTpu a, 4y, Ay, ..., 4,, JiHiliHo1 Mozei (3.1).

K10 BUKOHYIOTBCS 3a3HaU€eH] paHille mepeyMoBH, TO OI[IHKY TTapa-
METPiB MOKHA OTPUMATH 32 TAKUM aJITOPUTMOM.

1. HesasrexxHi 3MiHHI 3aMcaTil y BUTJISI/II MAaTPUIIi

X ={x0, 3y By o8 xm} ,

Iie X, — BEKTOp, CKJIAAEHUN 3 7 OMUHUID; Xy, Xy, ..., X,, — BEKTOPHU CIIO-
CTepeKeHb He3a/IeKHUX 3MiHHIX.

2. O6YMCAUTH MATPUILIO XX i BEKTOP XTy e XT— TPAHCIIOHO-
BaHa MaTpuid X, ¥ — BEKTOP CIIOCTEPEKEHDb 3aJI€KHO1 3MIHHOI.

3ayBakeHnHs. TpaHCITOHOBaHA MATPUIS YTBOPIOETHCS 3 BUXIJHOT TIe-
PETBOPEHHSIM PSAJIKIB Y CTOBIIII.

3. O6uncautu o6epueny marpuio (X ' X) ™.

3ayBaskenns. Marpuris A™ nasusaetbest 06epHEHOoI0 /10 A, K10 BH-
KOHYETHCS CITiBBiJIHOIIEHHST A'A= 47" =E, ne E — oxmHuyHa Mart-

pui.
4. O0uucaUTH TapaMeTpy Mojiedi 3a (hopMYJIOI0

a=(X"X)"(x"y), (32)

Jie @ — BEeKTOp napameTpis, a = (ay, 4, Gy, ..., am)T.

3ayBaskeHHs. /7151 BU3HAUEHHS OI[IHOK MApaMeTPiB MOKHA CKOPHUCTA-
THCa OyAb-IKUM METOAOM PO3B’A3aHHS CHUCTEMH JIHIMHUX PIBHAHb
BiZIHOCHO BEKTOPA HEBIJIOMUX 3MIHHUX:

(X"X)a=X"y.

Ipuknaz [3]. TliampueMcTBO, MO CKIATAETHCS 3 6ATaThoX (i, 10C-
JIJKYE 3aJI€KHICTD CBOTO PIYHOTO TOBApooOiry y (MJIH Y. 0.) BiJl TOPro-
BOI TJIOMII CBOIX (il Xy (THUC. KB. M) i cepeiHbOIEHHOI iIHTEHCUBHOCTI
MOTOKY MOKyIIiB (THC. YoJi./nensb). [IpocToposi nani 3a dinismu HaBe-
neHo B Tabu. 3.1.
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Jlns BioGpakeHHs 3aJIEKHOCTI MK TIMMU TIOKa3HUKAMU 0OUPAIOTh
JIHINHY perpeciiiHy Mozesb

y=ay tax; ta,x, tu.

Tabauys 3.1

Howmep 3HaueHHd Y SHaueHHs Xy SHaueHHs Xy
Pinii (¥i) (x17) (X9;)
1 2,93 0,31 10,24
2 5,27 0,98 7,15
3 6,85 1,21 10,81
4 7,01 1,29 9,89
5 7,02 1,12 13,72
6 8,35 1,49 13,92
7 4,33 0,78 8,54
8 5,77 0,94 12,36
9 7,68 1,29 12,27
10 3,16 0,48 11,01
11 1,52 0,24 8,25
12 3,15 0,55 9,31

Y pesysbraTi OIiHIOBAHHS MTapaMeTPiB 32 METOIOM HAalIMEHINX KBa/l-
paTiB OTpUMaHO Taki ouinkm: @, = -0,832; a; =4,743; a, =0,175.

Orinku iHTeprperyioThes TakuM YnHOM. Koedittient a; = 4,743 o3na-
Yag, 10 3a IHIMMX He3MiHHUX YMOB 3MiHHA Xy 301IbIINTHCS (3MEHIINTD-
cs1) Ha OIMHUITO, 3aJIe;KHA 3MIHHA 3 301IBIINTHCS (3MEHIITUTHCS) Bi/ITOBI/I-
HO Ha 4,743 opuHuii. 30KpeMa, y HaBeAEHOMY TIPUKIaAi 301IbIIeHHS
(3MeHIeHHs) TOProBoi miaomii Ha 1 Tuc. KB. M 30iIbIIKUTL (3MEHIINTD)
piuHmil TOBapoobir Ha 4,743 MuH y. 0. AHaJOTIUHO, 301bIIeHHS (3MEH-
IIIeHHsT) CepefIHbOIEHHOI IHTEHCUBHOCTI MOKYMIB Ha 1 THC. 4oL //IeHb
301IBIIATH (3MEHIIIUTD) PidHUIT ToBapoobir Ha 0,175 MuH y. 0.

3.3. Bepudikauia moageni

3.3.1. lNMoka3HuKM AKOCTi moaeni

Y knacuyHOMY perpeciiiHoMy aHaJsii3i BBaKA€TbC, MO (YHKILiS per-
pecil BijoMa 10 OLIHIOBAHHA IIapaMeTpiB, TOOTO perpeciiina MOAeb ciie-
nudikoBana npaBusibHo. OJHAK B EMITIPUYHUX €KOHOMIYHUX i COIliab-
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HUX JOCJIIKEeHHSIX He 3aBKIM BIZIOMO, CKilbKK (haKTopiB Mae OyTH BBe-
JIEHO B MOJIeJIb 1 sika (popMa 3a7eKHOCTI Kpallle OMUCYE peasbHi 3B’513-
ku. 11106 3abesneunTy HalOLIbII aeKBaTHE BIATBOPEHHS AOCIIIKYBa-
HOTO SIBUINA YK IIPOIECY, HeoOXiAHO BHOpaTh perpeciiiny GyHKILo cepen
GaraThbOX BapiaHTiB, BUKOPUCTOBYIOUH CIeLiabHi KPUTEPiil SKOCTI MO-
JieJti.

Jlist 1IepeBipKy KOPEKTHOCTI 0Oy I0BY MOJIE/Il BUSHAYAIOTh HacaMIIe-
pe:

e CTaHZAPTHY IIOXUOKY PiBHIHHSI,

e KkoeillienT seTepmiHalii;

e KOe(IIiEHT MHOKUHHOI KOPEJISILii;

e CTaHAAPTHY IIOXHOKY IapaMeTpiB.

3aysaincumo, wo 3asHaueHi NOKASHUKU OMPUMYIOMb HA NIOCMAB] KOHK-
PEeMHUX CIAMUCTIUMHUX OaHUX, MOOMO KONCHA 3 YUX XAPAKMEPUCTIUK € 6U-
GipK060I0 XAPAKMEPUCTIUKOIO T TROMY MaE OYymiL nepesipena na SHauyuicmo
3a 00NOMO2010 CNEUIANLHUX CINATNUCTIUYHUX Kpumepiie.

Cmandapmmna noxubka pisusuns (TOYKOBA OLIHKA eMIIPUYHOI AuC-
nepcii 3aJIMIIKIB) XapaKTepusye abCOMIOTHY BEJUYUHY PO3KHUIAY BUIIA-
KOBOI CKJIaZ0BOI PIBHSHHS I 00YKMCIIOETHCA 32 (hOPMYJIOIO

[TorpaBKa Ha YKCJIO CTYIEHIB CBOOOAN A€ HE3MIIIEHY OIIHKY JIHC-
nepcii 3aJnIIKiB:

3pOo3yMiJio, 1110 TlepeBara BiIJIAETHCSA MOJEJSAM, Y SIKUX CTaHIapTHa
nmoxubKa PiBHAHHS MEHIA MOPIBHIAHO 3 iHITMMEI Mozeasmu. OHAK Taka
OIliHKA SKOCTI Ma€ CyTTEBUN HEJOJIIK: yepe3 Te 1110 [/ Hel He BU3HAYeHO
BEPXHIO MeXy, TIOPIBHAHHA PI3HUX MoJesiell 3a IUM KPUTEPiEM JOCUTh
npobaeMaTuyHe.

Koegivienm demepminauii R? MOKAa3Ye€, SIKa YaCTUHA PYXY 3aJeKHOI
3MIHHOT OTIMCYETHCS JIAHUM PETPECIHHIM PiBHSHHSIM, i 00UMCIIOETHCS 32

(opmyroio
R? =1 _5_3
2 ’
Sy
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12 _9 = .
ae S; = - Z (y; = 9)%; J — cepelHe 3HAYCHHSI 3aJI€KHOI 3MIHHOI,
=

1
y=_2 Y
nix
Ha 3navyenns koedilieHTa eTepMiHallii BIJIMBAE KUIBbKICTh (haKTOPIB,
IO BPaxXOBAaHO B MOeEJi. YBeAEeHHS B MOJEIb KOXHOI HOBOI 3MiHHOI
30isbIy€e 3HAUeHHsT KoedimierTta gerepminarii. Tomy 1mo6 3anobirTu He-
BUIIPABIAHOMY PO3ITMPEHHIO MO 1 MaTH 3MOTY TOPIBHIOBATH MO/
3 PI3HOI0 KiJAbKIiCTIO (BaKTOPiB, YBOAATDH CIEIiaJlbHWI OIIHEHUI KO-
edilienT geTepmiHarii

R*=1-

QQI\J |§ql\3

ne oi — He3MilleHa OIliHKa AUCTIEPCil 3aTUTIIKIB; 02 — Heamimena orin-

Y

n

- 5 . 2 _ =2

Ka JUCIEePCil 3a/IeKHOI SMIHHOL, 0, = e Z (y; —9)-
i=1

Hesaskko momiTury, 110 o6uBa KoedimieHTr OB’ sI3aHi TaKOIO 3aJIesK-
HiCTIO.
= i =1l
R*’=1-(1-RH———.
n—-m-1
OGuuciennii y Takuil crocib KoedimieHT gerepMiHalil Ha3HBAEThCSI
ckopuroBanuM 3a Teitsiom i o3HavaeTbest Ry. Kpim Toro 3actocoByioTh
TAKOK KOPUTYBaHHsI 32 AMEMI€I0, sike BUKOHYETHCS 32 (hOPMYJIOI0
= n+m
R*=1-(1-RH—|——.
n-m-1
OGunciennii y Takuil croci6 koedimieHT gerepMiHalil Ha3HBAEThCSI
. . =)
CKOpHUTOBAaHUM 32 AMeMi€Io i mo3nadaeTbest Ry .

O6uBa koedinieHTH 1_3% i I_Qi BPaxoBYIOTb TOW (haKT, IO YBEJIEHHS
B MOJIeJIb KOKHOTO HOBOTO PErpecopa 3MEHIILY€ YUCJI0 CTYIEHIB CBOOOLN.
A 1151 3acTOCYBaHHS CTATUCTUYHUX KPUTEPIiB MMEPEBIPKU SIKOCTi OTpUMa-
HUX Pe3yJIbTaTiB CTYIEeHIB cBOOOAN (GakaHO MaTH sSKOMOTa OijbIle.

OueBMHO, 151 KOKHOTO Ry i R} BUKOHYETHCS HEIBHICTD R* <R’
TOOTO 31 301IbLIEHHAM KiIbKOCTI (hakTOPiB Mozei ouiHeHi KoedinieHTu
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z[eTeleﬂauu 3pOCTaIOTb nosinbHime, ik R Kpim Toro, sixio R* =1,
to i R?=1. SIkmo R? IpSIMY€E /10 HyJid, OIliHeHI KOoeilliEHTH CTAIOTh
BiJ eMHUMHU. Taka BJIACTUBICTh CKOPUTOBAHUX KOE(DIIi€HTIB JleTepMiHaIlii
nae 3Mory OiibIl O6’€KTHBHO OIIHIOBATH SIKICTh MOJEJIe 3 Pi3HOM0
KiTbKicTIO (hakTOpiB, TPUUOMY B Pa3di 3acTOCyBaHHS KoedillicHTa Ri
(ckopuroBaHoro 3a AMeMi€lo) nepepara OJlHO3HAYHO BiIZIAETHC PIBHSH-
HIO 3 MEHIIOIO KiJIbKICTIO Perpecopis.

3ayBaskenns. KoedillieHT ieTepMinailii Mae 1iie JiBa PiBHOIIIHHUX 03-
HavyeHHs. 3a Mmepimm, KoeillienT gerepminaitii R? JIOPIBHIOE KBAAPATY
eMITiPUYHOTO Koe(DilieHTa KOpesllii MikK IBOMa PSIlaMU CIIOCTEPEKEHD
(TeopeTHUHUMM 3HAYEHHAMM perpecanjia y; Ta Horo po3paxyHKOBUMU
BHAUEHHAMU ¥;, i =1, 2, ..., n) i 06UMCTIOETHCA 32 HOPMYIO0

_ S -0 -9y
XX A0

3a npyrum, Koedilli€HT AeTepMiHalii R? NIOPIBHIOE BiTHOIIEHHIO
CyMM KBaJ[PaTiB BiJIXUJIEHb PO3PAXYHKOBUX 3HAUYEHb Perpecan/ia Bijl ioro
CepeIHbOr0 3HAYEHHSI JI0 CYMU KBa/[PaTiB BIJIXUJIEHb CITOCTEPEKEHUX 3HA-
YeHb perpecanjia Biji TOTO CAMOTO CEPEIHbOTO 3HAUEHHS:

R2 :M
S Wi -9’

B 0box BuIazikax cyma z 06YMCITIOETHCS 32 BCIMA CIIOCTEPEKEHH -
mMui=12 ..,n

Koediyienm mnooncunnoi xoperayii R (R) Bu3Hnavae mipy 3B'43Ky 3a-
JIE’KHOI 3MIHHOI 3 yciMa He3aJIesKHUMH (DAaKTOPAMHU i € KOPeHeM KBaj[pat-
HUM 3 Bi/IIOBiIHOTO KoedillienTa jertepminariii: R = \/R2 (R=+ R? ).

CraHgapTHa OXMOKA PiBHIHHS, KOeIlli€HT TeTepMiHAIlil Ta MHOKIH-
HOI KOpeJidlii € XapakTepUCTUKaAMW, 32 SKUMU TIePeBipSEThCA Ipa-
BUJIBHICTH BUOODY He3aJeKHUX 3MiHHUX Mojesi. IIpu mopiBHSAHHI perpe-
CIHWX PIBHSHB 3 Pi3HOIO KiTbKICTIO He3aTEKHIX 3MIHHNUX BUPITIATHHIMHI
KPHUTEPISIMI € CTaHAapTHA MOXUOKA PIBHAHHS (HaliMeHIIa) Ta KoedimieHT
JeTepMiHariii (sKoMora OJIMKUMiT 10 OMUHUIL 1 3 OLIBIIUM YHCJIOM CTY-
1eHiB cBoboan).
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3.3.2. MNepeBipka 3Ha4ywWoCTi Ta fOBipYi iHTepBanu

PosrastHyTi TOKa3HMKHM SIKOCTI MoJesli MoOyaoBaHi 3a JaHUMH CIIO-
CTepesKeHb, TOOTO € eSIKUMU BUGIPKOBUMH XapPAKTEPUCTUKAMU TeHEPATIb-
HOI CYKYITHOCTI. 3 MareMarn4Hol CTaTUCTUKK BiZIOMO, 1110 Gy/Ib-sIKa cTa-
tuctuka (QyHKIisS Bix enemMeHTiB BuOipKH) Mae OyTU IepeBipeHa Ha
3HauyIicTh. [HIIMMU ci0BaMu, 3a I0TI0MOT0IO CIIeIiabHUX KPUTEPiiB He-
00XiJIHO BCTAHOBUTH, YK 3yMOBJIEHO 3HAYeHHs 1[iei (DyHKIT e noxmn6-
KaM¥ BUMIpPIOBaHHs, YU BOHA BifloOpaskae sKych CyTTEBY (3HAUyILy)
indopmarito. HerepeBipeHuii cTaTUCTUYHWI PE3YJIbTAT € JIUIIIE JIESTKOIO
rinoTe301o, ska Moyke 6yTU IPUITHATA YU BiXIEHA.

Harazsaemo, 110 nepesipka rirnores y 3araJbHOMY BUIIAJKY BUKOHYETD-
csl B TAKOMY TOPSIZIKY: /st KOYKHOI 3a1adi I0GUPAEThes JIesKa BUMAJKOBA
BEJIMYNHA, 1[0 MA€ BIIOMUI 4u GJMBBKUIL 10 BIZIOMOTO 3aKOH PO3IOJILIY.
DyHKIs Biji eJileMeHTiB BUOIPKU € KOHKPETHOIO peai3alli€io miel BUIa-
KOBOI BEJIMYNHHU.

3ayBaskeHHs. Y 3a/[auaX PErPECITHOTrO aHAI3Y BasKJIUBE 3HAYEHHST MAE
IPUITYIIIEHHS TTPO HOPMAJIbHUN PO3IO/ALJI BUNIAJKOBUX BEJUYUH, 110 3a/li-
sHi B aniit moziesi. [leBHI nepeTBOpEHHSI HOPMATBHO PO3IOJIIIEHNX BEJIU-
yuH 3a6€3MedyioTh X po3noia 3a 3akoHoM CThIOJIEHTa YU 32 3aKOHOM
Dimepa: Ha MmiZicTaBi MEPIIOr0 3 HAX BU3HAYAIOTHCS JOBIpYi iHTEpBAIH,
a JIpyruii J1ae€ 3MOTy OIIHIOBATH BiZIHOMIEHHS JIBOX BUIIA/JIKOBUX BEJTMYMH.

CTOCOBHO KOXKHOTO CTATUCTUYHOTO PE3YJIbTATy BUCYBAETHCA TAK 3Ba-
Ha HyJIbOBA rinoTe3a (11po PiBHICTb HYJIO IESAKOI BUITAJKOBOI BEJUYUHN )
i aspTepHaTUBHA /10 Hel riroTe3a (Mpo il CyTTEBY BiAMIHHICTb Bijl HYJIS).
VY HynbOBIll TinoTe3i (POPMYJIIOIOTh PE3yIbTaT, AKIil OaKaHO BIAXUINTH,
a B aJIbTePHATUBHIH, KA iHAKIIe HA3MBAETHCH €KCIIEPUMEHTATIBHOIO, —
TOI, 110 HI0ro HeoOXIiAHO i ATBEPAUTH.

3ayBaxkeHHs. PiBHICTDb /[BOX BEJMYMH y 3arajibHOMY BUIIAJIKY MOXKe
pO3TaIgAaTUCA IK PIBHICTD HYJIO 1X PI3HUIII.

3a 3a/1aHUM PIBHeM 3HAUYW,0CMI MHOKAHA JIOIYCTUMUX 3HAYEHD PO3-
GUBAETHCS HA J[BI HEMIEPETUHHI MHOKUHU: O/[HA MICTUThH 3HAYCHHS BUIIAJI-
KOBOI BEJUYMHU, IMOBIPHICTb JOCATHEHHS SKUX IIE€PEBUILYE 3aJaHUi
PiBEHb 3HAYYIIOCTI, @ iHIITAa — KPUTUYHA 00JACTh — BU3HAYAE Ti 3HAYECH-
HS, 10 J0CATAI0ThCA PigKo (IMOBIpHICTH mOTpamuTH A0 Takoi obJacti
HIUZKYA BiJl 33JIaHOTO PiBHS), i pO3TallioBaHa BOHA, K IIPABUJIO, HA “XBOC-
Tax PO3MoiLy”.

3aJIesKHO BiJl albTePHATUBHOI IMIIOTE3N KPUTHYHA 00J1aCTh MOJKE CKJla/ia-
THCS 3 OJIHOTO YK ABOX IIPOMIKKIB Ha urcI0Bii oci. Ile Gyze oauH IpOMizKOK

o1



(TtpaBwii ym JliBMii “XBiCT” PO3MOILIY), SKIIO 3a3HAYAETHCS HANIPSIMOK He-
piBHOCTI (Oibine ab0 MeHIIe AeIKOl BEJIMYUHN), 1 ABa IpoMizkKu (06uaBa
“xBocTn” PO3MOJINY), SIKIIO BCTAHOBIIOETHCS HEPIBHICTH (HE JOPIBHIOE
TIEBHII BEJTMYMHI ).

3a JaHUMU CIOCTEPEKEHb OOUNCIIOETHCS 3HAUEHHS BiITOBIHOI cTa-
TUCTUKU — (DYHKIIT Bl eJleMeHTiB BUGIpKI. SIKIIO 11 BeJIMYMHA MOTPAr-
JIIE JIO KPUTHYHOI 00JIACTI, Ile 03HAYAE, 1[0 CTaNaCs MPAKTHYHO HEMOXK-
JIMBA TMOJist, TOOTO MO, M0 Ma€ JysKe Majy WMOBIPHICTB, a OTXKe, Bi
HYJIbOBOI TTOTE3M CJIi/T BIIMOBUTHCS 1 BIZIATH TIepeBary ajabTepPHATHBHIN.
SIkio oGuncaeHe 3HAYEHHSA CTATUCTUKU HE TIOTPATINIIO 0 KPUTUYHOT 06-
JiacTi, pobJISITh BUCHOBOK, 110 JlaHa BUGIPKa He CYIIEPEUrTh HYIbOBII Mio-
Te3i, TOOTO HEMPABUIBHOIO € EKCIIEPUMEHTAIbHA TiTToTe3a.

ITpu mepesipIi rimore3 Moke OYyTH AOMYyIIEHA TTOMUJIKA, HAITPUKJIA]]
Moske GYTH BiZIXUJIEHA HyJIbOBA TilOTe3a, X0ua HACIPAB/Ii BOHA MTPaBUJIb-
Ha (MOMUJIKA TIEPIIoTo poy), abo K, HABMAKH, HYJIbOBA TilOTE3a MOXKE
OyTu TIpUiiHATA, X0Ua BOHA HElpaBUJbHA (MOMIJIKA Apyroro pojay). Ha
1€ CJIiJT 3BasKATH 1IPU (POPMYJIIOBAHHI CTaTUCTUYHOTO BUCHOBKY.

Slxmio sHaueHHst R° “Ou3bKe” 10 OJMHMIT, BBAKAETHCS, 1[0 PETPeciiiHe
PIBHSIHHS JIOCUTD MTPABUJILHO BiIOUBAE HABHUI 3B’I30K MiK 3aJI€KHOIO Ta
He3aJEeKHIMI 3MIHHIME Mozedi. SIKio suavenns R? “Giausbke” 10 HYJI4,
perpeciiina Mozesb HempaBuiabHa. [locTae muTamHsd, K BU3HAUUTHU ITIO
“6nusbkicTs”? [l1s1 11bOro HeOOXIHO 3aCTOCYBATH BiAIIOBIIHIIA CTATHCTIY-
HUW KPUTEPIil, KU AaCTh 3MOTY BCTAHOBUTH, UM CYTTEBO Bi/IPI3HAETHCS
R? Bij HyJISL, UM 1[4 BIAMIHHICTB [I0B’3aHa 3 0COOMMBOCTIMI KOHKPETHHX
JIaHWX, TOOTO 3YMOBJIEHA JIUIIIE MOXUOKAMU BUMIPIOBaHb.

J1711 iepeBipKy cTaTUCTUYHOI 3HAYYMIOCTI KoedillienTa jeTepMiHarii R?
BUCYBA€ThCA HyJIbOBA rinoresa H : R? =0. Ile osHauae, 1o JTOCITIIKY -
BaHe PIBHAHHS He MOSACHIOE 3MIHIOBAHHS perpecan/ia Iiji BINIMBOM BiJIIIO-
BiJIHUX perpecopiB. ¥ TakoMy pasi Bci KoedillieHTU TTPU He3aJeKHUX
3MIHHMX MalOTh JIOPiBHIOBATH HYJI0. IIpy 1[bOMY HYJIBOBY TiIOTE3Y MOX-
Ha NOJATH Y BUIJIAI

Hy:aqy=ay,=...=a, =0.

AnbrepnaTuBHoio 1o Hei € H,: snauenns xoua 6 0fHOro napamerpa
MoZeli BiAMiHHE Bi HyJss, ToOTO Xo4a 6 OAMH i3 (GakToOpiB BILIMBAE HA
3MIHIOBAHHS 3aJI€5KHOI 3MiHHOI.

Jliist epeBipku 1ux rimores 3acTocoByiOTh F-kputepiit Dimepa 3 m i
n—-m—1 cryneHsmu cBoboan. 3a OTPUMAHUMHU B MOJEJi 3HAYECHHIMU
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koedirienTa aeTepMinarii R? 06uncIonTh eKCIlepUMeHTaIbHe 3HAYeH-
Ha F-ctatuctukm:

R? -m-1
Eer{cn: 9 l:‘ﬂ !
1-R m

sTKe TOPIBHIOIOTH 3 TAOJIMIHUM 3HaUeHHSIM poanoainy Dimepa mpu 3a1a-
HOMY piBHi 3Hauymocti o (sx npasuio, o = 0,05 abo a = 0,01). Sxuio
E.61 < E.cuy HYJIBOBA TiNOTE3a BIAXUISETHCS, TOOTO iCHYE TakWil KO-
edillienT y perpeciiHoMy pPiBHSIHHI, SKUH CYTTEBO BiJIPI3HIETHCS BiJ|
HYJIs, @ BIATOBIIHMI (DaKTOP BIUIMBAE HA JIOCIIKYBaHY 3MiHHY. Biaxu-
JIEHHSI HYJIb-TITIOTE3H CBIIYUTH TIPO aeKBATHICTH MOOYA0BAHOI MOJIEJII.
Y 1poTuiie;kHOMY BUITQJIKY MOJIETb BBAXKAETHCS HEAIEKBATHOIO.

Koedinient kopensuii, sk BUGIpKoBa XapaKTePUCTHKA, IIEPEBIPIETh-
Cs1 Ha 3HAUYIIICTH 32 AOTIOMOTO0I0 t-kpuTepito Creionenta. DaxkTuvne 3Ha-
YEHHS [-CTATHCTUKH OOUYNCIIOETHCA 3a (HhOPMYJIOI0

" :R\/n—m—1
EKCIT m

i TIOPIBHIOETHCS 3 TAGIMIHUM 3HAUECHHSIM (-po3mojiiay 3 n —m —1 cryie-
HSAME CBOOO/IM Ta TIPH 33[aHOMY PiBHI 3HAUYIIOCTI 0/2 (Takuil PiBeHb 3y-
MOBJIEHUI TUM, 10 KPUTUYHA 00JIACTh CKIAMAETHC 3 JABOX IIPOMIKKIB).
SIKI0 abCOJIIOTHA BEJIMUMHA €KCIIEPUMEHTATBHOTO 3HAYEHHSI {-CTaTUCTH-
KU TIepeBUIIye TabInyHe, TOOTO
|t| > t'ra6J1 ’

MOKHA 3pOOUTH BUCHOBOK, 110 KoeDIilieHT KopeJaLii focToBipHuii (3Ha-
YYIIUIT), a 3B’130K MiXK 3aJI€;KHOI0 3MiHHOIO Ta BCiMa He3aJeKHUMU (hak-
TOpaMU CyTTEBUI.

Okpim 3arajbHUX MOKA3HUKIB a/IEKBATHOCTI MOJIEJ iCHYIOTh TaKOK
OIIHKH, IO ZIAI0Tb 3MOTY BCTAHOBUTH SIKICTb OKPEMMX YACTUH PiBHIAHHS,
30KpeMa OJIHOTO UM KiJIbKOX KoeillieHTiB perpecii. Ik i B momepeanix
BUIIA/[KAX, PIllIEHHS BIIHOCHO SKOCTi KOeilli€EHTIB MPUITMAIOTh HA OCHOBI
Bi/IIIOBI/THUX CTATUCTUYHUX KPUTEPIiB.

Ha mincrasi oxnoro 3 naitBaxausimux npumnyiesb MHK — npurmy-
HIEHHS 1IPO HOPMAJbHUHI PO3IOJLJI BUIIAQJKOBOI CKJIAJ0BOI PIBHSAHHA
3 HYJIbOBUM MaTeMaTUUYHUM CIIOJ[IBAHHSM i CTAJIOIO AMCIIEPCI€I0 — J10Be-
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JIeHO, 110 KOXHUI mapaMeTp JIiHIIHOI perpecii TakoX Ma€ HOPMaJbHUN
posnozis. IIpuyomy MaTeMaTHuHe CIIOIBaHHA [TapaMeTpa JOPiBHIOE 3Ha-
YeHHIO ITapaMeTpa y3arajabHeHol perpecii, a Auciepcis — He3MileHil auc-
Tnepcii BUMAKOBOI CKJIAJI0BOI PIBHSIHHS, TOMHOXKEHIH HA BiJITIOBITHUI JTia-
ronabuuii enement obeprenoi marpuii (X X)L
CraTucTuyny 3HAYyIiCTh KOXKHOTO IapaMeTpa Mojesi MOXKHA mepe-
BipuTH 32 o1oMoroio ¢-xkpurepito. IIpu 1pomy HyJsboBa rinoresa Mae
BUTJIA]L
Hy:a; =0

)

aJIbTepHATHBHA
HE R

ExcnepuMenTasibHe 3HaYeHHS {-CTAaTUCTUKHU JIJI KOSKHOTO ITapaMeTpa
MO/IeJTi 06YUCTIOETHCA 3a (HOPMYJIOI0

= 4 = _aj
J 2 S %
Gu C i aj

Jie ¢j; — JlaroHasibHuil efeMeHT MaTpuii (X X S, — CTaHJapTH30-
J
BaHa I10XMOKA OI[IHKY [TapaMeTpa MOJe, Saj =0,./Cjj -

Excrnepumentasibre sHaueHHs! ¢;-KPUTEPIIO MOPIBHIOETbCA 3 Ta0/IMY-
HUM 3HAYEHHSM f,., 3 n—m—1 crynensamu cBoOOAN 1IpU 3agaHOMY
piBHI 3HaUyLIOCTI O/2 (KpUTHYHA 00JIACTh PO30UBAETHCS Ha ABa (hparMeH-
T, MEXKi AKNX 33/1a10ThCsl KBaHTUIeM O/2). SIKIIO 3HaueHHs1 ¢ ;-CTaTuCTy-
KU MOTPATLISIE 10 KPUTHUHOT 061acTi (32 aOCOIFOTHIM 3HAUEHHSIM Iepe-
BUIIYE L6, ), IPUHMAETHCA AJbTEPHATUBHA TillOTE3a IIPO 3HAUYYIICTh
BIZIIIOBIZIHOTO TTapamMeTpa. [HaKIIe POOUTHCS BUCHOBOK PO CTATHCTUYHY
He3HAuyIIicTh TTapaMeTrpa aj, a 1ie O3HAYAE, 1110 BIIIOBIIHA He3aJIeKHA
3MiHHA He BIIMBAE CYTTEBO HA 3MIHIOBAHHS perpecam/a.

3ayBaskennsi. OcKibKr ¢ j-CTaTHCTUKA € BIJIHOIIIEHHSIM BIIIOBIHOIO

mapaMerpa MOJIEJI 10 0ro cTaHaapTHOI MOXUOKN (CepeIHbOKBaIPATHYHO-
ro BiAXHJIEHH:), TO Ha MPAKTUI[ YaCTillle 3aCTOCOBYIOTh IPYOINLy OLIHKY,
a came JIOMYCKAIOTh, 1100 cTaHAapTHi MoXUOKU craHoBuIM 45—50 % 3HaueH-
HS mapameTpa, abu CTBEPIKYBATH MIPO HOTO CTATUCTUYHY 3HAYYIIICTD.
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JloBipui inTepBasn Il KOKHOTO OKPEMOTO TlapamMeTpa d; 004YnCIIo-
I0ThCsI Ha OCHOBI 110TO cTanaapTHOI moxubku ta Kpurepito CThiogeHTa:

(aj _tTa6JI\/0iCj'; a; + a6 Glztcjj)~

TabnuyHe 3HAUEHHS {4, 4K i panime, Mae n—m —1 cryneHis cBo-
Gonu i pisenb 3nauymocti A/2 (g =ly/o (n—m =1)).

OOuucneni 3HAUEHHS [ ;-CTATUCTHK 3aCTOCOBYIOTh TAKOXK /LISl PO3Pa-
XYHKY YaCTKOBUX KOeDilliEHTIB JeTepMiHaIlii ARJZ, SKI BU3HAYAIOTh I'Pa-
HUYHWI BHECOK j-TO perpecopa B 3arajibHuii koeditlienT gerepminaitii. Ko-

bl 2 ..
edinient ARj mnokasye, Ha Ky BEJIUYMHY 3MEHIIUTbCSA KOepillieHT

JleTepMinartii R?, ko Jj-it perpecop (i e Bin!) Oyne BIUIyYeHUIT 3 TPY.

nu perpecopi. DopmyJia s PO3PaxyHKy YaCTKOBOTO Koedirienra e-
TepMiHaIlil Ma€ BUTJISAL

I (1 - R? )tf

o e
n-—m
e R? — Koedil[ieHT neTepMiHalii, 00UMCIEeHIIT /I MOZEI 3 M perpeco-
2 .
pamu; ¢j — KBaJpaT 0OYMC/IeHOro 3HaYeHHs (-CTaTUCTUKH JUIS j-TO Per-
peciitHoro koedillieHTa; 7 — KiJIbKiCTh CIIOCTEPEXKEHD, M — KiJIbKICTh Per-
pecopis.

. . | =9 . A2
3ayBaxenns. YacTkosi KoedillieHTH AeTepMiHaIlii AR% i ARy, 06-

. . . =9 =9
YyCJIeH] 3a BiANMOBIAHUMY 3HayeHHAMU R} Ta Ry, MoXyTh OyTH SIK [0~
JATHUMHU, TaK 1 Bil EMHUMH, 110 A€ 3MOTY OiJIbII 00’ EKTHUBHO OIliHIOBATH
MO/JIeJIi 3 PI3HOIO KiIbKICTIO PErpecopis.

3.4. lNporHo3yBaHHSA 3a NiHiIMHOIO MoAEen o

Sxio noGyaoBana Moeb ajfekBaTHa 3a F-kputepiem, To ii 3acTOCO-
BYIOTb JIJIS1 IPOTHO3YBaHHS 3aJI€5KHO0I 3MIHHOL.

[Tpo mporHO3yBaHHST perpecanzia TOBOPSTH TO/, KOJIM B YACOBUX PSIax
MPOTHO3HUII TIEPioJl HACTAE Tii3HiIIe, Hijk 6asoBUil. KO perpecist moOyI0-
BaHa 3a IMPOCTOPOBUMU JaHUMU, ITPOTHO3 CTOCYETHCA THUX €JIEMEHTIB reHe-
PaBHOI CYKYITHOCTI, 110 TepeGyBAIOTh 32 MEKAMHU 3aCTOCOBAHOT BHOIPKIL.
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SxkicTp IPOTHO3Y THM Kpallla, YUM IIOBHillIe BUKOHYIOTbCA TIepe/lyMO-
BY MOJIeJli B TPOrHO3HUI YacOBUII TIepiojl, HaliitHile (BiporijiHilie) o1li-
HEHO MapaMeTpy MOJIEN i GiJIbIIl TOYHO BU3HAYEHO TIPOTHO3HI 3HAYEHHSI
perpecopis.

3uauents y, 1 MafibyTHHOTO Tepiojy uM /I0/IATKOBOTO eieMeHTa
o6uncoioTh 3a hopmyioio (3.1) 3a BiloMUM BEKTOPOM OLIHEHMX TTapa-
metpis  d =(dy, 4y, 4y, ..., @) 1 32 BEKTOPOM 3HAYeHb HE3AMEKHUX
aMiHHUX X, = (L, Xy, Xg)), ey Xy ), 1O HE HATIEKATD JIO 6a30BOTO MEPIOJLY.
Po3spi3ugiors IporHo3 cepesHiil (0O1iHKY MaTeMaTUYHOTO CIIO/[IBAHHS Per-
pecanjia) Ta iHAMBiAYyaIbHUil (OLIHKY IEBHOI peasisallii perpecansa y,,
110 Bignosizae MoMenTy p). Ilepina 3 Hux 6asyerbes Ha mepeaymosi MHK
PO HYJIbOBE MaTeMaTUYHe CIIOiBAHHSA BUIIA/IKOBOI CKJIa/I0BOI PiBHSHHA

perpecii, a Apyra 3acTOCOBYE olliHeHe 3HavueHns i, . Ouineny aucnepcio

iz
MPOTHO3Y OGUKCTIOITH BIAOBIIHO 3a (hopMyIaMu

A2 _ 22 T,vTy\-1.. .
07 = Oy, (X"X) o, ;

AD — A ~ 1L i -1
Gy =00 + G2, (X' X) ',

3po3ymino, 1o 37e6iabIIOTO peanbie 3HAYEHHsT TTOKA3HUKA ¥, He
36il‘aTI/IM8TbCH 31 3HAYEHHSIM OTO MAaTEMAaTUYHOTO CHOI[iBaHH}I, aJie AKIIO
POSIJISAATH BEJIMKY KiIbKiCTh BUGIPOK, Ha MIACTaBl AKUX BU3HAYATHMETh-

cs1 IPOTHO3, TO MOJKHA rapaHTyBatH, 1o npubusao (1—a) 100 % pe-
3yJIBTATIB MOTPAIJIATH BiJIIOBIZIHO 10 iHTEPBAiB

2 ~0 » A0\ .
(Y ~ta2NOe; Y, +’fu/2\/0§)’

(?;p_ta/h[ag(i); .I;p +ta/2 62e(i))r

ne ty 9 — tabsmune 3HaveHus kpurepio CroiofgenTta 3 n—m —1 cryre-

HAME CBOOOIM Ta IPU 3aJaHOMY PiBHI 3HauylocTi of2. (3HayeHHsa a/2
BUOUPAIOTD, K 1 paHille, Yepe3 ABOCTOPOHHI KPUTHYHI MekKi.)
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3ayBakennsi. OueBW/IHO, 3 BijI/IaJIEHHSIM BiJl CEPEIHbOTO 3HAYEHHS
BUGIPKY CIIOCTEPEKEHD IIOXMOKA IIPOTHO3Y 3POCTATUME, 110 IIPU3BEAE 10
301/IbIEeHHS JOBIPYOro iHTepBaLy AJIs iIHAUBIAYaIbHOIO 3HAUEHHS 3a/IekK-
HOI 3MiHHOI.

3.5. Metoau nobyaoBu 6aratocdakTopHoOI
perpecinHoil moaeni

Ha koskumii eKoHOMIuHMIT TOKa3HUK BILMBae Oesniu dakropis. IIpu
MOOY0BI PErpeciiHoTo PIBHAHHSI BUHUKAE MUTAHHS, SIKi CAMe 3 HUX CJIi/T
YBOAUTHU B MOJeJb. IIpuyoMy 1pu BUKOPUCTAHHI MOJEJI I IIPOTHO3Y
GakaHO BKJIIOUYUTH sKoMora Oinblie hakropis. 3 iHIIOTO GOKY, 30upaHHs
Ta 00poOKa BeIMKOI KilbKocTi iHMOpMalii 1oTpedyioTh 3HAYUHUX BUTPAT,
TOOTO KiJIbKICTh (PaKTOPiB JOIIIBHO 3MEHIIUTH.

Jliist BUOOPY KOMIIPOMICHOTO PIllIEHHS HE iCHYE EMHOI POIELYPH.

Tomy s mo0ynoBM “HaliKpaIoro” piBHAHHSI 3aCTOCOBYIOTh OAUH i3
TaKUX METO/IIB.

1. Metoz yciX MOKJIUBHX PErPeciii — iCTOPUYHO OJIUH i3 MEPIINUX Me-
TOAIB MOOYAOBU perpeciiiinoi Momeni — HAHOLIbII IPOMI3AKMIA, TOMY 10
nepegbadae moOyAOBY perpeciii, AKi MIiCTATh yci MOKJIMBI KOMOiHAIil
BIUINBOBUX (hakTOPiB. [HIIMMU cj0BaMHU, AKIIO PO3TIALAETbCA m (ak-
TOpiB, TO AocHAiaKy€eTbest 2™ perpeciii, AKi MOPiBHIOIOTLCA Mik co6oI0 3a
3HaueHHsSMHU KoedillieHTa JeTepMiHaIlil Ta CTaHIAPTHOW MOXUOKOIO
piBHsAHHSA. X0oYa el MeTO/ 1 Ia€ 3MOTY AOCIUTH yCi MOKJINBI PIBHSIH-
Hsl, OJIHAK TP BEJUKiil KiTbKOCTI (haKTOPIB BiH, 3BUYANIHO, HEMTPUITHSAT-
HUH.

2. Mertoj BUKJIIOUEHb EKOHOMHIIINH 1010 00YMCIIeHb 1 6a3yeThest Ha
JIOCTTI/KEeHH] YaCTKOBUX F-KpUTEpIiB, SIKi IAI0Th 3MOTY BCTAHOBJIIOBATH CTa-
TUCTHYHY 3HAYYITICTD CIiBBIHOMIEHHS MiJK 3aTHIITKAMHU MOJIEJT 3 HAHO1Th-
MI0TO KiIbKiCTIO (haKTOPIB i 3a7MITKaMU MOJIEJi 3 OZIHUM BUJITy4YeHUM (hak-
TOPOM. SKIIO IS IETKOTO BUITYY€EHOTO (DaKTOpa Take CHiBBIHOMIEHHS HE
€ 3HauymmM (MIPUIMA€EThC HyJIbOBA TITIOTe3a), TO BiH 0 MOjeJi He T0-
BepraeTbes. Take 0CIKEeH s [IPOBOAUTBCS TAKOXK Il PIBHAHHA 3 MeH-
IO KIJIBKICTIO (haKTOPIB, ajie 3 OLIBIINM YHCIOM CTYIIEHIB CBOOOIH.

3. IlokpokoBuii perpeciiiHuii MeTOJI € Yy 3BOPOTHOMY MOPSIKY TI0-
PIBHSIHO 3 TOIEPENHIM METOLOM, TOOTO 10 MOJEJI TTOCTIIOBHO BKIIOUYA-
I0ThC (HaKTOPH, M0 MAIOTh HAUOLIBIIMN Koe(ilieHT KOPeJIAIii i3 3aexK-
HOIO 3MiHHOI0. Mojiesib aHai3yeThCA 3a 3HAUYEHHSIMM KoedillieHTa
nerepMinarii ta yactkoBumu F-kputepisimu. Makropu, 1Mo He 3a0BOJb-
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HAIOTh KpUTEPii, 3 MOjieJi BUIy4aloThest. [Ipotiec nmpunmHsieTbes, Ko
JKOJIeH 3 (haKTOpiB PIBHIHHS BUJIYYUTH HE BIAETHCS, @ HOBUH TTPETEH/IEHT
Ha BKJIIOUEHH He BijiloBilae yactkoBomy F-kputepito. Ha npakTutti e
METO/I HAUTIONTUPEHIIITUT.

3.6. ETanu pocniaXxeHHsA 3aranbHoOI NiHIMHOI
Mopaerni MHOXWHHOI perpecii

Posrigaerbes baratodakropHa JiHiliHA perpeciiiHa Moie/Ib
y = ao +Ll1x1 +02.7CQ +... +amxm y

10 OIMCYE 3AJMEKHICTb MiXK Pe3yJbTaTUBHOIO 3MIHHOIO Y Ta AEIKUMU
BIJINBOBUMH  (DAKTOPAMU Xy, Xy, ..., X,,. lHGOpPMAIis TpPO 3HAUEHHS
Y, Xy, X9, ..., X;, MICTUTBCS y BIANOBIIHUX CTAaTUCTUYHUX JAHUX — 71 CIIO-
cTepeskeHHAX (BUMIPIOBAHHSX ) KOXKHOIO ITOKa3HUKA.
[l mocikeHHsT 3a3HAYEHOT MOJIEJIT CJTiji BUKOHATH TaKi KPOKHU.
1. 3a maHnMU crocTepeskeHb OIIHUTH HapaMeTpH dj, dy, ..., Gy, .
2. Jlng nepeBipKu aleKBATHOCTI OTPUMAHOI MOZIesi OOUNCIUTH:
) BaJUIIKK MOZIeJTi — PO3GIKHOCTI MiZK CIIOCTEPEKEHUMU Ta PO3Pa-
XYHKOBHMH 3HAUEHHSIMHU 3aeKHOI 3MIHHOI w; =y; —y;, i=12,..,m
6) BifHOCHY TTOXMOKY 3AJIHIIKIB Ta il CEpeHe 3HAUEHHST;
B) 3QJIUIIKOBY JUCIIEPCIIO;
) KoeillieHT jeTepmiHaIiii;
1) BUOIpKOBHII KOe(ILiEHT MHOKIUHHOI KOPEISIIil.
3. IlepeBipuTHn cTaTHCTUYHY 3HAUYIIICTh OTPIMAHUX PE3yIbTATIiB!
a) TepeBipUTU afIcKBaTHICTh MOJIEJTi 3aTaJIOM: 32 IOTTOMOToI0 F-Kpu-
tepiio Dinrepa nepeBipuTH TinoTe3y
Hy:aqy=ay,=...=a, =0
npotn ansrepHatuBHOi H @ ichye xoua 6 omun xoedimient a; # 0;
6) TepeBipUTH 3HAUYINICTh KOe(DIli€eHTa MHOKITHHOI KOPEJISIIii,
T06TO posrisnyTu rinoresy Hy: R =0;
B) TIEPEBIPUTH iICTOTHICTH KOKHOTO KoedillieHTa perpecii: 3a 0110-
MOToI0 ¢-KkpuTepito CThIoJIeHTa MEPEBIPUTH TilTOTE3Y
H, BTES 0 nmst Beix j=1,2,..,m
IIPOTH BIANOBIZIHUX aJITEPHATUBHUX TiIOTE3

Hy :a; £0 nns Beix j=1,2,..,m
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I') OIIHUTH BIUIUB KOKHOTO PErpecopa Ha sikicTh Mojiesti, To6To 06-
YPCIUTH YaCTKOBI KoedilienTn nerepminanii AR?, ckopurysath ix 3a
Teiisiom i 3a AMeMi€to Ta IaTu iX BiITOBIJIHY 1HTEPIIPETAILiIO;

1) OIIHUTH BILJINB OKPEMUX I'PYIl PETPECOPIB HA 3MIHIOBAHHS per-
pecana, 3actocyBasinu F-kpurepiit Dimepa.

4. OO64YMCAUTH Ta IHTEPIIPeTYBaTH KOe(DIlliEHTH eJTacTHYHOCTI.

5. BusnaunTu poBipyi iHTepBasM perpecii npu piBHI 3HAYYILOCTI .

6. IToGyayBary moBipYi iHTEpBaJIK [JIsI TTapaMeTPiB perpecii.

7. O6uMCTTH NPOTHO3HI 3HAYEHHS Y, 32 3HAUCHHAMU Xy 27 X2ps s X »
110 TIepebyBaI0Th 32 MeKaMU 6a30BOTO TIEPioLy, 1 3HANTH MesKi 0BipUnX
IHTEepBAJiB THAWBIyaTbHUX TIPOrHO30BAHUX 3HAYEHDb 1 MEXKi JIOBipUMX
IHTEpBaJIiB CEPEAHBOTO IIPOTHO3Y.

Mpuknap napameTpu3adii Ta gocnigxeHHA 6aratocakTopHOI
perpecinHoi mogeni

PosrisiHeMo 3aj1ady OCIiKEHHS BIUIMBY HA €KOHOMIUHUI MMOKA3HUK ¥
TPHOX (DAKTOPIB X, X,, X, @ CAME JIOCTI/KYBATUMEMO 3aJIEKHICTh TIPU-
OyTKy mignmpuemctTBa y(i) Bix imBecTuiii x, (i), BUTpAT Ha peKuamy X.,(i)
Ta 3apO0iTHY IIaTy Xy(i).

Buxigni ani B yMOBHUX OJIMHUIISAX

Howmep y(i) x,(0) x,(1) Xy ()
CIIOCTEPEKEeHHS

1 15,70 17,37 5,28 1,42

2 17,34 18,24 6,47 1,58

3 21,57 22,47 6,98 1,98

4 33,50 18,47 7,05 2,04

5 32,30 16,82 7,94 2,38

6 37,90 17,60 8,12 3,48

" 40,78 17,12 8,69 3,07

8 48,02 19,81 9,31 3,84

9 43,30 18,67 10,45 4,28
10 49,57 20,83 10,47 4,67
11 52,14 22,84 13,48 5,98
12 55,17 28,85 15,78 6,51
13 59,18 29,61 17,65 7,82
14 62,22 35,67 18,47 8,58
15 77,58 47,87 19,64 9,47
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[Tpunycrumo, 1Mo Mix €KOHOMIYHHUM IOKAa3HUKOM Y i (aKkTopamu
X{, X, Xq ICHYE TIHIAHWI 3B’A30K.
3anuiemMo piBHSHHS perpecii y BUTJISAII

y=ay tax; +ayx, tasxs +u, (3.3)

‘g = &0 +&1x1 +&2X2 '|'&33C3y (34)

I€ ¥,§ — BiANOBiAHO (haKTUUHI Ta PO3PAXyHKOBI 3HAYEHHS HPUOYTKY;
Xy, X9, ¥3 — BiAMOBIIHO iHBECTHIIil, BUTPATH Ha PEKJIAMY Ta 3apobiTHY
IIaTy; @y, 4y, Ay, A3 TA @y, 4y, Gy, Gs — BIATIOBIZHO ITAPAMETPU MOJIEi, SKi
HOTPIOHO OLIHUTH, Ta iX OLIHKY; # — CTOXaCTUYHA CKJIAL0BA.

1. 3naiinemo MHK-ominku napamerpiB mozeni (3.3). [lust 1iboro ckiia-
JIeMO BeKTOP-cToBIelb Y i MaTpuirio X:

0157 O 0 17,37 528 1420
0. .0 0
517,347 O 1824 647 1,583
021,570 Eil 22,47 6,98 1,980
0335 O O 1847 7,05 2,040
Oag 2 O 0
0323 5 Sl 16,82 7,94 2383
037.9 O 0 17,6 812 3,480
0,0 o0 0
C40,785 El 1712 8,69 3,075
y=000  X=0 1981 931 3840
0..0
43,3 O O 18,67 10,45 4,287
049,570 0 20,83 10,47 4,670
o’ 0 O O
052,140 o 2284 13,48 5,980
Oxx 10 0
055,175 E’l 28,85 1578 6,513
059,180 0 2961 17.65 7,820
69,290 35,67 18,47 8,582
577,58 47,87 19,64 9,47
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O6uncInMO OIIHKK perpeciiinnx KoedilieHTiB 3a GopMyJI0I0
a=(XxX)'xvy,

ne X' — TpaHcmoHOBaHa MATPUIS X,

o o1 1 1 10
X,:gw,:w 18,24 22,47 - 3567 47,87q
0528 647 698 - 1847 19,640
142 158 1,98 - 858 9,47

O 15 35224 16578 67,10

oy o ($52.24 933574 4404,383 18580717
(165,78 4404,38 2147,268 914,95160

671 1858,07 914,9516 397,25760

(12,14866 ~0,0276 ~0,51745 0,9583160
50,0276 0,00428  0,0056 0,002450

(xx)"'= :
0-0,5174 =-0,0056 0,18797 —0,319320
F0,95831 ~0,0024 —0,31932  0,58755H
0 646,270 [126,107890]
0 0 0 0
v _ 01686115 5.0 025189
8209, 780 0-2,727670

498, 18% 11,85602



Ortxe, dyHKIisi perpecii 3 ypaxyBaHHAIM 3HAWEHUX OIIHOK KO-
edilierTiB Mojiesi HabyBa€ BUTJISILY

7 =26,10789 - 0,2518x, —2,72767x, +11,85602x; . (3.5)

2. Jlnist iepeBipKu aJIeKBaTHOCTI OTPUMAHOT MOJIEJTi 0OUHCIHUMO:

a) ii sammmkn w; = y; —y;, i =1,2, .., n, 1e y; — 3azani cocrepesKeH-
Hf, a g, BU3HaYeHi 3a (popmysowo (3.5) Npu 3aaHUX CHOCTEPEKEHHAX
(haKTOPIB Xy, Xy, X5.

3ayBaxenHs. O0unC/IeHHs 3HAYEHb §j; MOXKHA BI/IKOHaTI/I.y MaTpuy-
HOMY BUTJSAAI 32 (HOPMYJIOTO I?=Xa, ne ¥ — BEKTOP 3HAYeHb , ,
i=12,..,n.

[24,167500
t2,5995 5
[04,88570
6,41330)

8, 43228
[%0,78640)

I 034,49150
Y = 41,25220:
43,6463
47,67180

0 0
Ch4, 48670
%2, 9835%
063,22270

8, 47075
92,7592
6) BiZHOCHY HOXUOKY PO3PaxXyHKOBUX 3HAYEHb PErpecii:

& =21 100 %
Yi ’
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[1-0,5393407
0 0
5-0,303329
5-0,153720
0 0,21154
0 0
J0.11974 1
7-0,076160]
0 0
2015420
5, =00,1409311
70,008 [
0 0,038290
0 0
0,04501;
0 0
J0,03963
[7-0,068310]
00100465
E 0,06213

cepeiHe 3HAUYEHHsI BIIHOCHOI OXUOKIM:

o:

1

6:11 :
n

M=

5 = -0,52783;

B) CepeHbOKBAAPATUYHY OXUOKY AUCIEPCii 3aIUIIKiB:

n n
A2
_h u
S _ 6-2 ~ ;(yz yz) _ ; 1 _ uTu
- “ n—-m-1 n-m-1 n-m —1

(4MM MeHIIa cTaHZapTHA MoXuOKa S, TuM Kpamie (hyHKIiA perpecii Biamo-
Bi/Ia€ OCJIiTHUM JIaHVIM );

S, = 57357,
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r) KoedilieHT gerepMiHaiii, ToOTO nmepeBipruMo 3arajbHUI BILIUB He-
3aJIEKHUX 3MIHHUX Ha 3aJI€KHY 3MIHHY:

. ey BXY -ny* .
Y'Y - ng? Y'Y - ng?

R? =0,91436.

BuCHOBOK: 0CKiibKU Koeiyicnm demepminayii Hadauicacmocst 00 00u-
HUL, 8apiauis 3aneicHOl 3MIHHOL Y 3HAUHOI0 MIPOIO BUSHAUAEMbCS 8APIaA-
ULEIO0 HE3ANEHCHUX 3MIHHUX;

1) BUOIPKOBUIA KOe(DIIIEHT MHOKIHHOI KOPEJISIIIL:

R=vR%;

R = 0,956222.

KoedilieHT KOpesIlii 10CUTh BETUKUN, TOMY iCHYE MICHUL JIHIUHUL
36 SI30K YCIX HEe3ANEHCHUX PAKMOPIE X, X, X5 13 3ANEACHOI0 SMIHHOIO Y.

3. IlepeBiprMoO CTaTHCTUYHY 3HAUYNIICTh OTPUMAHIX PE3yJIbTaTiB:

a) o6umciumo F-cratuctuky 3a hopmysiorn (CpolieHuii BapiaHT /st
nepeBipky HyJIbOBOI rinoresu: Hy:aqp =ay =a, =... =a,, =0):

R n-m-1

F, — ;
1-R> m

ekern

F,

EKCIT

= 39,14827.
3uaiinemo Tabmdre sHavenns F-cratnctukn F(m,n —m —1, a) (mom. 5):

F(3;11;0,05) = 3,59.

[TopiBHsteMo oro 3 06uncIeHOI0 F-CTaTHCTUKOTO.
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Ockinbkn F, > F(3; 11; 0,05), nyawosa zinomesa éioxuisiemocs, moo-
mo Koeghiyienmu pezpecii € 3HAUYUUMU;
6) 06YHCIUMO {-CTaTUCTHKY:

RNn—-m—1

= ———

Vi-R?

t=37,03215.

3HaiizeMo BiAoBigHe TabIMuHe 3HAYEHHs (-posnopiny 3 (n—m—1)=
=11 crynensamu cBoboau i piBaem suHauymocti O =005 (mox. 4):
t’l‘a()f[(a/2’n_m_1);
(0,025; 11) =2,593097.

tTa6ﬂ

Ockinbku [t| > t..6,(0,025; 11), Moxkna 3po6UTH BUCHOBOK IIPO JI0C-
TOBIpHICTh KOedilliEHTa KOPEJAIi, IKUi XapaKTepU3y€e TiCHOTY 3B SI3KY
MiXK 3aJ1€KHOIO Ta HE3aJEKHUMU 3MIHHUMEI MOJIEJI.

g BuGpanoro pisHa sHauymocTi of =0,05 i BignoBigHOrO CTYIIEHS
cBoboan k=n—m—1=11 3anumemo A0BipYi MeXKi /I MHOKUHHOTO KOe-
(inienta kopensiii R:

(R-AR; R+AR),

1-R
ne AR =149 NS ;

AR =2,593(1-0,956222)/~/15 =0,029311;

(R-AR; R+ AR) =(0,926911; 0,985533);

B) TIEPEBIPUMO 3HAUYIIICTh OKPEMIX KOeilliEHTIB perpecii.
Busnauumo ¢-ctatucTuky 3a opmyJioio

t':—]:_j (j:07 11 s} m)yng’
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. . . -1
fie ¢;— aroHanbuuii eeMentT MaTpuI (xx); S, — CTaHIapTU3O-

BaHa MOXUOKA OI[IHKK MapamMeTpa MOJIE;

ty =3105278; t; =—0,67081; ¢, =—1,09688; t3 = 2,696681.

3HayeHHs  [-KPUTEPil0  MOPIBHIOEMO 3  TabOJUMYHMM  IpU
k=n-m-1=11 crynensx csoboam i pisui snauymocti a=0,05:
£ (0,025; 11)=2,593097.

OckimbkH o] >ty 0 40 1] <tyjp o Vol <y 1 |5l > 0 g BiamIO-
BIJIHO OUiNKU dy,ds € 3HAYYIMMU, & OUIHKU @;,d, HEe € 3HAUYIINMI.

O06UUCINMO BiTHOIICHHS

S,
5, =—L [00%.
j a. ’

J

Oy =32 %; 04 =94 %; O, =91 %; O,, =37 %
(3HauenHs O XapakTepU3yIOTh TOI (aKT, O OUIHKU 4 ), A, —He3MIUeHL, A
OYIHKU @y, () —3MIUEHL);

) 3Haii/leMO 3HaYeHHS PAHUYHOTO BHECKY j-TO perpecopa B KO-
edimienr gerepminarii (ToOTO BUSHAYNMO, Ha SKY BEJUYUHY 3MEHIIUTH-
¢ 4acTKOBUH KoedilieHT geTepMiHalii, AKIIo j-if perpecop Oyae BUKJIIO-
YEHUN 3 PIBHSIHHS):

1—R2)t2»
ARQ-:(—],
4 n—-m-1
a; a;
ne t].: J :_];
OuCjj 74

AR? =3,1053; AR? =—-0,6708; ARy =—1,0969; AR; =2,6967;

J1) BU3HAUMMO KOe(iIliEHT leTepMiHallii, ckopuroBauuii 3a Teitsom:

1o 2L

R3 =088
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O6uncinmo koedillieHT geTepMiHallii, CKOPUroBaHUN 3a AMEMIEIO:

= +m+1

RE=1-(1-R*)2 """,

A ( )n—m—i’
R} =0,83.

BucHOBOK: i3 BUKJIIOYEHHSIM 3MIHHOI 13 PIBHSIHHS BTPAYa€ThCST OIMH
CTYTITh CBOGOMM, TOMAI 3 [BOX BapiaHTIB PiBHSHB, SIKi MalOTh OJHAKOBI
iHIT KpUTepil IKOCTI, TiepeBara BiIa€ThCsl PIBHSHHIO 3 GIIBIIINM 3HAUEH-
HIM CKOPHUTOBAHOTO KoedillieHTa AeTepMinaliii (Mpy BKJIIOYEHH] 0/1aT-
KOBOTO perpecopa R% Bi06paskye BTpaty cTynens cBoO0M GBI YiTKO,

. =2 . = =
Hi’k R}, T06TO B IbOMY pasi R% > Rg D.
4. O6uncauMo KoedilieHTH eacTUIHOCT:

<

2l
i

a,=-0,13724; a,=-0,6997; a, =1,23097.

KoedillieHT e1acTHYHOCTI € TTOKA3HUKOM BIJIUBY 3MiHU MTUTOMOI Baru
X; Ha y y IPUIYLIEHH], 10 BIUIMB iHIIMX (DaKTOPIB BiACYTHI: y Hamomy
BUTAJIKY BiH TIOKA3YE, IO NPUOYMOK NIONPUEMCIBA 3MEHUUMDBC HA
0,14 %, sixwo sumpamu na pexiamy spocmymo na 1 % ; npubymox nionpu-
ememea 36invuumscs na 1,24 %, saxwo 3apodimna niama spocme na 1 %.
3arajibHa eJacTHYHiCTh ¥ Bijl ycix (haKkTopiB Xx,:

a=0,394033.

3arajibHa €JACTUYHICTh [OKA3y€, IO NPUOYMOK NiONPUEMcmea
soiwumocs na 0,39 %, saxuwo oonouacno soinvwumu na 1 % yci gpaxmo-
pu (ineecmuuii, umpamu na pexiamy ma 3apooimmuy niamy).

5. O6umcaMMO JOBIpYl iHTEpBAIN A/ MATEMATHYHOTO CIOAIBAHHS 1)

1 171 KOKHOTO cHoCTepeskeHHsd X; = (xi(i), Xy(;)s xg(i)) (6ynemo HasnBa-
TH 1X OBIPYNMU 30HAMU ):
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(?i _tG/Z,kSu\/X; (X'X)_1 X +ta/2,k~§u\/X'i (X'X)_1 Xi)?

e S“u — He3MillleHa OIliHKa AUCIIePCii 3aIUIIKIB: 3‘u =5,7357;
t.6,(0/2, k) — Binnosinne Tabmirune sHavenns (-posnoxiny 3 k=n-m-1 = 11

cTyneHsaMu cBo6oM 1 piBHeM 3Hauymocti o = 0,05:
l1a6,(0,025; 11)=2,593097.
BukonaBIm HeoOXiIHI PO3PaxXyHKH, OTPUMAEMO JOBIpYl 30HK PErpecii:

(23,430; 24,904)
(22,594; 22,604)
(24,730; 25,041)
(26,253; 26,573)
(28,241; 28,623)
(40,457; 41,115)
(34,374; 34,608)
(41,109; 41,395)
(43,501; 43,790)
(47,430; 47,913)
(54,290; 54,683)
(52,642; 53,325)
(62,887; 63,558)
(68,229; 68,712)
(71,961; 73,556)

6. TToOyyeMo oBipui iHTEpBadHN JJist apaMeTpis perpecii. J[osipui
iHTepBAJIH IS TTAPAMETPIB @ OOYUCTIOIOTHCS TaK:

(&j _ta/z,k\/%; a; ”a/z,k\/%)’
fie ¢;; — MaroHasIbHui eleMeHT MaTpuIL (X 'X)_1; o2 =32,89835;
Lok =t,,(0,025; 11)=2,593097.
BuxoHaBmm HeoOXiAHI pO3PAXyHKH, OTPUMAEMO
ay 0(4,31;47,91); a Of 123,072);
a, Of 917;372); az 0(0,46; 23,26).
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7. O64MCINMO IPOrHO3HI 3HAYEHHS 1 3HAKIEeMO MesKi ZOBIpUMX iHTep-
BaJiB IHAMBIyaJbHUX ITPOTHO3HUX 3HAUYEHb 1 MeXi 0OBIpUMX iHTEepBaIiB
JUISE MATEeMAaTUYHOTO CIIO/IiBAaHHA (TOYKOBUH Ta iHTEPBAIbHI IIPOTHO3M):

a) /U PO3PAXyHKY MPOTHO3HUX 3HAYEHD Y= an y piBHstHHS (3.5)

= 2610786 —0,2518x, —2,72767x, +11.85602.x;

i/ICTABUMO TIPOTHO3HI 3HAaYeHHs (HaKTopiB Finp =48,82, Xyo =20,04,
Xy = 10,25, 1m0 JexaTh 3a MeKaMu Ga30BOIO Heploay (TO‘{KOBI/II/I po-
T'HO3):

= 80,68;

0) 3HAilIEMO MesKi IHTePBAIBLHOIO IIPOTHO3Y 1HAMUBILYaIbHOIO 3HAYEH-
Ha (st B =n —m —1 =11 crynenis cBoboan Ta BUOPAHOTO PiBHS 3HA-

yymocti o = (,05 ) 3a hopmyioio

B r 1 -1 5 5
Y —tq/zou\/1+an (XX) X, sV, sV, +

+t, /20“/1 + X0 (XX) 7 X,

Y,, =8068 0, =5735T; 4,5 =t,,(0,025; 11)=2,5931;

an:(48,82; 20,04; 10,25);

(58,72; 102,64) — inTepBaIbHUIN TIPOTHO3 1HAWBILYaTBHOTO 3HAYEHHS;
B) 3HAWZIEMO MeXi JI0BIPYOTrO iHTEpBATIY s MAaTeMaTUYHOTO CIOJi-

BAHHSI 3HAYCHHS Y, 33 (HOPMYIIOI0

?Hp _ta/zcu \/XI'TP (X'X)_1 Xp < M(an) = ?Hp *

+ 1450, \/X;[p (S .

Y,, =80,68 o, =5,7357; ¢, (0,025; 11) =2,5931;

(64,52; 96,83) — moBipuwmii iHTEpPBAJI [JIST MATEMATIHYHOTO CITO[IBAHHSI 11PO-
THO3HOTO 3HAUEHHSI.
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KoHTponbHi 3anutaHHsa

1. HaBectn mpuKJIaam 3acToCyBaHHs 6araTohakTOpHOrO perpeciiio-
ro aHaJmi3y.

2. JlaTu BU3HAYeHH JIHIHHOI GaraTodakTOpHOI perpeciiinoi Mojei.
[Ipu AKMX OCHOBHUX IIPUITYTIEHHSAX BOHA JIOCJIIKYETHCS?

3. IIpokoMeHTYBaTH OCHOBHI eTamy o0yA0BH JiHiHOI 6araTodakTop-
HOI perpeciitHoi MozeJIi.

4. STk PO3PaxoBYIOTHCs HEBIOMI MapaMeTpu JiHiiiHOI Mozesi 6araTo-
akropnoi perpecii 3a merogom MHK?

5. SIki OCHOBHI BJIACTHBOCTI METOY HAHMEHIINX KBaJparTiB y BUIIA/I-
Ky 6aratoaKkTopHOI JiHIHOI perpecii?

6. Ak Bu3HAYAOTHCA KOEDIIIEHTH MHOKITHHOI KOPEJIAILiil Ta JieTepMi-
Hauil B 6araro(akToOpHiil perpeciituiil Momei?

7. Sk Bu3HAva€eThHCA OliHEeHMI KoedimieHT nerepminaiii? Hasectn
11OTO OCHOBHI BJIACTUBOCTI.

8. SIx moGyayBaTu HOBipui iHTEpBaIN IIapaMeTpPiB JiHiliHOI perpecii?

9. Y yomy BiIMiHHICTh Mi’K TOYKOBUMU TA IHTEPBATLHIUMU TTPOTHO3AMU ?

10. Sk Oyayerbes iHTEpBAIbHUI IPOTHO3 3HAYEHb 3AJI€KHOI 3MIHHOI

B MO/JIeJIi JIIHIHOI perpecii?

BnpaBwu Ta 3aBaaHHA

1. Ha ocHoBI fiecaTH CTaTUCTUYHUX JAHUX:

1) BU3HAUMTH TTapaMeTpH JIIHIITHOI MOJIeJI 3aJIe3KHOCTI BUTPAT HA
crnoxusanns (C) Bix piBusa poxoxis (D), saomaznxens (S) i 3apobiTHOI
miatu (L);

2) ominuTH KOeDIIieHT JeTepMiHaIlii;

3) omiauTH KOEMIIli€EHT MHOKUHHOI KOPeJIsILii;

4) mepeBipUTH 1X CTATUCTUYHY 3HAYYIIICTh.

i C@) D() S@) L(i)
1 45,64 4,75 1,79 58,45
2 44,72 6,28 3,11 53,3
3 52,12 6,87 2,71 56,25
4 50,96 7,85 4,07 58,2
5 50,88 9,26 421 45,7
6 58,56 10,39 4,67 58,05
7 56,92 9,42 6,3 65,6
8 58,2 11,01 6 60,85
9 60,36 12,22 4,82 60,55
10 62,76 12,82 4,65 63,50
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2. 3a cratuctTuuHuMM nokazHukamu Y, K i L 3a 11eB’ATh POKiB 1PO-
aHaJIi3yBaTH KJIaCUYHy MoZesb BupoOHuuoi (yukiii Kobba — [yriaca,

110 OTUCYE 3aJeKHICTh MiXK TPOAYKTUBHICTIO nipaiti ¥y =Y/ L ta don-

noozbpoenicTio x = K/L 3 ypaxyBaHHSAM BILIMBY TEXHIYHOTO TIPOTPECY

y BUPOOHUIITBI PETiOHY, OI[iHUBIIIH:
1) mapameTpu HeJiHIITHOI MOJEI;
2) koedilieHT serepminariii;

3) KoedillieHT MHOKIHHOI KOPEJISIIil.

i Y(G) K(i) L(i)
1 65,04 4,03 7,45
2 54,27 5,25 8,68
3 78,22 7,57 9,55
4 82,06 7,99 10,67
5 79,14 8,91 11,68
6 90,48 10,67 13,31
7 85,69 11,51 14,27
8 76,26 10,23 13,01
9 82,05 10,84 15,05
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Po30in 4. MynbTUKoniHeapHicTb

4.1. NMoOHATTA NPO MyNbTUKOSiIHEAPHICTb Ta i
BMJ/IUB Ha OLiHKY napameTpiB moaeni

OziHa 3 TIepeyMOB 3aCTOCYBaHHS METO/Ly HaliMEHIITNX KBAIPaTiB /10 OTli-
HIOBaHHSI TTapaMeTPiB JHINHIX Garato(haKTOPHUX MOJIETIEil — BiJICY THICTh
JIHITHIX 3B’S3KiB MiK HE3aJICXKHUMHU 3MIHHIUMU MOJIEN. SIKIIo Taki 3B’513-
KM ICHYIOTb, TO 1€ sIBUILe Ha3UBalOTh MYJILTUKOJIHeapHICTIO.

Osnauenns 4.1. Cymo Myaomukonineapnocmi nojiszac 6 momy, wo 6 oa-
eamopaxmopniil pezpecitinii mooeni 06i abo Oiiviue He3ANCHCHUX SMIHHUX
108 ’s13aMi Mide cO6010 NIHITIHOM0 3ANCHCHICTIO A00, THWUMU CIOBAMU, MAIOMD
BUCOKULL CIMYNIHD KOPENAYLL:

(7’ — 1, k7 ])

XX

HagBHiCTh MYyJIBTUKOJTIHEAPHOCTI CTBOPIOE MEBHI TIPOOJIEMH MTPH PO3-
pobui mozeneil. Hacamiepesi, BABHAUHUK MATPUILL CIIOCTEPEKEHD |X Tx |
HaOIMKAEThCS 0 HyJd, I omepaTop OLiHIoBaHHA 3a 3Buyaiinum MHK
CTa€ HAA3BUYANHO YyTAUBUIL 10 MOXNOOK BUMIPIOBaHb i HOXUOOK 00UmC-
sierb. [Tpu ibomy MHK-ominku MoKy Th MaTu 3HaUHE 3MilllEHHS BiJTHOC-
HO JIICHUX OI[IHOK y3araJbHEHOI MOJIeJI, a B JIesIKUX BUIIAIKAX MOXYTh
cTaTu B3araji 6e33MiCTOBHUMU.

[TepemyciM TIOTPIOGHO 3PO3YMITH HIPUPOLY MYJIBTHKOJIHEAPHOCTI.

Hanpuxaazi, Kom BUBYAETHCS 3aJI€3KHICTD MiXK I[IHOIO aKIIil, AUBi/IeH-
JaMy Ha akI[iio Ta OTpUMaHKM HPUOYTKOM Ha aKIliio, TO AMBIZEHIN Ta
OTPUMaHMIA IIPHOYTOK Ha OHY aKIIiI0 MAIOTh BUCOKMI CTYIIiHb KOPEJISILI.
[HmmmMuy ciioBamMu, BUHUKAE CUTYaIlis, KOJU /[BA KOJIiHEADHUX (DaKTOPH
3MIHIOIOTBCS B OJIHOMY HATPSIMKY. Y TakoMy pasi Mail)ke HEMOXKJINUBO
OIIHUTH BIJTMB KOKHOTO 3 HUX Ha JIOCTI/I>KYBAHUI TTOKA3HUK.
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3’Cy€eEMO, /10 IKUX HACJIJIKIB MOKe MPU3BECTU MYJIBTUKOJIIHEAPHICTb.
Ile oane 3 HalBaX/IMBIIMX HMUTAHb, K€ NOTPIOHO 3PO3YMITH IIPU PO3-
POOI EKOHOMETPUYHUX MOJEJIEN.

IIpakTHyHi HACTI KM MYJIBTHKOJIHEAPHOCTI:

*  MYJBTUKOJIIHEAPHICTh He3aJMeKHUX 3MIHHUX ((DaKTOPiB) TPU3BO-
ITh JI0 3MileHns OUiHOK napamempise mooeli, ki PO3paxoBYIOThCS 3a
METO/IOM HAalMeHNIMX KBapaTiB. Ha ocHOBI 1IUX OIIHOK HEMOKJIIMBO 3PO-
OGUTU KOHKPETHI BUCHOBKH PO PE3YJILTaTH B3aEMO3B'A3KY MisK MOKA3HM-
KOM i hakTopamu;

o 30invwens ducnepcii ma Koeapiauii ouinox napamempie, 0oumcie-
HUX 32 METO/IOM HallMEHIIUX KBaJPaTiB.

Jlns imocrpartii po3risiHeMo IBOMaKTOPHY perpeciiiHy MOIeJb

Yy =a) tax tayxy, tu
Ta ii BUGIPKOBUIT aHAJIOT
§ =y +aix; +ayx,.
ucniepcist ONiHOK TTapaMeTpiB 4, i d, Mae BUTJIAL

2
DA ¢ , (4.1)

A-r)S (s ~ 5
i=1

0.2
D(ay) = s , (4.2)

(1-r)F (3 ~5)?
=1

2
10
cov(ay,ay) = 3 : (4.3)

A=rS G = B2 (g - o)
=1

i=1

aer — KOG(I)IL[IEHT KOPEJIALILL MK X 1 X,.

3 (4.1), (4.2) BunimBae, mo SKIO 7 3poctae, T0 D(a,), D(d,) Ta-
KOJK 3POCTAIOTh.
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3 (4.3) BUILINBAE, 1[0 SAKIIO 7 361NbUTYETHCS, cov(dy, dy)3POCTAE 3a
abCoOOTHOIO BemYnHOo0. [Ipuyomy 1ipu HAGMMKEHHI 10 TPAHMYHOTO 3Ha-
YEHHs 11e 301TbIIEHHS MA€ eKCIIOHEHIAMBHUI XapaKTep.

o s6invutens 006ipu0zo inmepeany (OCKIIbKN 301IbIIYEThCS CePeNHii
KBaJIpaT BiIXUJIEHHs apaMeTpiB);

* HE3HAUYIICTh {-CTATUCTUK.

(Ocxkinpku 3Havyennd ¢-craructuku CrpiojienTa ¢ = , TO Y BUIIAJI-
aj

KY MYJBTUKOJIHEAPHOCTI 0; — %, aorke, ¢ - 0 ).

3aysaskenns. MyJbTHKOJIHEAPHICTD He € TIPO6IEMOIO, SKIIO EAUHOIO
METOIO PerpeciiHoro aHamisy € 7pozio3 (OCKiIbKY 4uM Oiablle 3HaYeH-
Ha R?, TMM TOYHIiIMIA IIPOrHo3). KO0 MeToo aHami3y € He IPOrHO3,
a dilicHe 3HaueHHs napamempis, To MyJbTHKOJIHEAPHICTH MIEPETBOPIOETH-
ca Ha TpobJeMy, OCKIIbKY i1 HassBHICTD TIPU3BOAUTH 0 3HAYHUX CTAH-

JApTHUX TTOXUOOK OIIHOK HapameTpiB.

4.2. TectyBaHHA HAABHOCTi MyJNbTUKOJSTiIHEAPHOCTi

€xuHoro crocoby BU3HAYEHHST MYJIBTHKOIIHEAPHOCTI, HA Kb, HEMAE.
SOBHIIIHI 03HAKYU HASIBHOCTI MYJIBTUKOJIIHEAPHOCTI TaKi:

o BejuKe 3navenus RZ i HE3HAUYNIICTh {-CTATUCTUKH.

Hagnicts 1iux 1BOX (haKTOPIiB OAHOYACHO € “KJIACUYHOIO” O3HAKOIO
MYJIBTUKOJIIHEAPHOCTI.

3 ozxHOTO GOKY, HE3HAUYIICTh f-cTaTucTUKU CTHIOEHTA 0O3HAYAE, 1110
onud a6o Ginbiie OIiHEHWX MapaMeTpiB CTATHCTUYHO HE3HAUYIIE
BiZIPI3HAIOTBCA Big HyJsd. 3 IHIIOr0 OOKY, AKIIO 3HAYEHHSI R? Benuke, Mu
MPUIMAaEMO 3 BeJIMKOIO iiMoBipHicTiO F-kpuTepiit MDinrepa, KUl BiKN-
nae HysiboBy rinoresy (H : a,=a,=...=a, =0). Cynepe4nicTb cBig4nTh
IIPO HAsIBHICTD MYJIBTUKOJIIHEAPHOCTI;

* BeJIMKe 3HAYEHHS MaPHUX KOeDIIIEHTIB KOPEJISIILii.

sIkmio 3HavenHs xoda 6 ogHOro KoedimieHTa Kopessiii Tex; >(),8,
i # j, TO MyJBTHKOJIIHEAPHICTh € CEPHO3HOIO IIPOOIEMOIO.

3ayBa)KMMO, IO BeJINKE 3HAYEHHS TapHUX KOeilli€HTIB KOPEIIlii —
docmammsi, ane He HeOOXiJHA yMOBa HAABHOCTI MYJBTHKOJIHEAPHOCTI.
MybTHKOIIHEeApHICTh MOKe MaTy Miclle HaBiTh IIPU BIZIHOCHO HEBEJNKIX
3HAYEHHAX IapHUX KoedilieHTaX KOpeJsuil y OLabln Hixk ABO(AKTOPHIi
perpeciiiniii MozeJi.
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JIi BU3HAYEHHST MYJIBTHKOJIHEAPHOCTI 371e61/IbIIOTO 3aCTOCOBYIOTH
TaKi TeCcTHu:

e F-mecm, sanpononosanuii Imobepom i @appapom (Bin Mae it innry
Ha3BY: 100y006a 0onomincHoi pezpecii);

o Xapaxkmepucmuuni 3Havenis ma yMoGHul iHoexc.

Posragnemo ixX GiJblil eTaabHo.

[Meprmuii i3 HUX 6a3y€ThCsT HA TOMY, IO 32 HASBHOCTI MYJBTHKOJI-
HeapHOCTi oinH 4 Gisbie (hakTopiB MOB's3aHi Mix co060I0 JHIHHOI ab0
npubAU3HO JiHIHO© 3anexHicTio. OgHUM i3 €IOCOGIB BU3HAYEHHS
IIJIBHOCTI PErpeciiiHoro 3B'g3Ky € 1M0o0ya0Ba PerpeciiHol 3aIeKHOCTI
KOKHOTO (haKTOpa X; 3 yciMa inmumu pakropamu. Tomy F-TecT Mae iy
Ha3BY: 100y006a donomirichoi pezpecii. OOUMCTIEHHS BIAMOBIAHOTO KoeiIri-
€HTA JIeTEePMIHAIIIl /7T 1[bOTO JIOTIOMIZKHOTO PErpeciiiHOTO PiBHAHHS Ta
10T0 TIepeBipKa 3a JI0TIOMOT0I0 F-KPUTEpPIio Ial0Th 3MOTY BUSBUTH JIHITHI
3B’SI3KU MiXK HE3aJEKHUMU 3MiHHIMI.

o D2 P . ! ,
Hexaii Ry, v, — KoedilieHT rerepminanii B perpecii, sika mos’s-
3ye daxrop x; 3 inmumu pakropamu. Toai F-TecT BUKOHYETbCA TaK:

1) g xoxuoro koedimienrta gerepminaiii pospaxosyemo F-pia-

HOIIEHHA:

Rffi?ﬁxz,‘..,xm )/(m -1)

AR e -
Jle 1 — KIJIBKICTh CIIOCTEPEXKEHD; M — KiJIbKICTh (DaKTOPIB.
F-tect nepesipse rinoresy H,: Rii’x“_,xm =0 nporu rinoresn H,:
R oy 205

2) FKp 3HaXOAUMO 3a Tabuneio F-posnoginy Dimepa 3 (m—1) i (n—m)
CTYTIEHSIMU CBOGO/IM 1 3alaHMM PiBHEM 3HAUYIIOCT;

3) axmo F, > F, o TO rinoresy H, BIIKMAAEMO (X; — MYyJIBTUKOJIIHEAPHUIA
(bakrop), akuo F; < FKP, T0 Tinoresy H, npuiimaemo (hakrop x; He € MyJib-
TUKOJITHEAPHWM ).

Tecr, o 3acTOCOBYE Xapakmepucmuuni 3uauents (81ACHE YUCIA MAMPUY]
cnocmepedicev) ma ymosuuil indexc R (wo o0uucioemocs sk 6i0HoueHs
MAKCUMATLHOZO BLACHO20 YUCTA MAMPUYL 00 1T MIHIMATILHOZO GILACHOZ0 YUC-
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Ja), BAKOPUCTOBYETHCST B CyYaCHUX CTATHCTUYHHUX MakeTax. Mu He po3-
rIAfATUMEMO HOTO AeTajibHO, 60 Ie moTpedye 3acTOCyBaHHA alapaTy
Teopii MaTpUIlb.

3a3HauNMO JIHIITE, IO 32 IIM TECTOM PO3PAXOBYETHCS HE TIJIbKU YMOBHE
yucsio R, a it ymoBHwMii ingieke CI = \/E . Axmo 100 £ R <1000, myasTrko-
JliHeapHicTb nomipua, sximo R > 1000 — eucoxa. AnajioriuHo, sKIO

10 < CI < 30, myssrukostineapHictb nomipha, sxino CI > 0 — sucoxa.

Mu po3TisHyIn JHie OCHOBHI METON TeCTyBaHHS MYJIBTUKOJIIHeap-
HocTi. 7Ko/ieH 3 HUX He € yHiBepCaTbHUM. YCi BOHU MAfOTh OJINH CITLIbHUT
HEJOJIK: JKOJeH 13 HUX He IIPOBOAUTH YITKOI MeKi MisK THM, 10 Tpeba
BBAKATH “CyTTEBOIO” MYJIBTUKOJIIHEAPHICTIO, IKY HEOOXiTHO BpaxOByBa-
TH, 1 THM, KOJIM HEI0 MOKHA 3HEXTYBaTH.

4.3. Anroputm ®appapa — nobepa

HaiinoBHinie AOCTIANTH MYyJBTUKOJIHEAPHICTD A€ 3MOTY QJTOPUTM
®Dappapa — [mobepa, AKUiT 3aCTOCOBYE TPU BUJM CTATHCTUYHUX KPUTEPIiB
JUUIS1 BUABJICHHS MYJIBTUKOJIIHEAPHOCTI:

*  YCHOTO MACHBY He3aJeKHNX 3MiHHUX (kpuTepiii X*);

* KOJKHOI He3aJIe3KHOI 3MIHHOI 3 ycima inmmmu (F-kputepiii);

* KOJXKHOI Napy HE3aJIeKHUX 3MIHHUX ({-KpUTEPpiil).

[TopiBHsBIIM 11i KPUTEPIi 3 IX KpUTUIHUMU 3HAYEHHSIMH, MOXKHA 3DPO-
OGUTU KOHKPETHI BUCHOBKHM TIO/I0 HASBHOCTI Y1 BiICYyTHOCTI MYJIBTUKOJTi-
HeapHOCTI He3aJeXKHUX 3MIHHUX. OINUIIeMo 11el aJropuTMm.

CxuazieMo nokpoxoeuii anzopumm Mappapa — Lnobepa.

1-if KpoK:

HOPMaJTi3yBaTH 3MiHHI X, Xy, ..., X, €KOHOMETPHYHOI MOJEJI, obunc-
JIUBIIIN

w (xij _9_51')
xi.i_—z’
no

xj

Jle  — KUJIbKICTb criocTepeskenb (i=1, 2, ..., n); m — KiJIbKICTh He3aJexX-

HUX 3MiHHUMX (=1, m); X; — cepeans apudmernyna j-1 HE3aIEKHOI
2

3MIHHOT; ij — JUcIiepcis j-1 HesayueXHoi 3MiHHOI.
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2-it KpoK:

Ha OCHOBI MaTpuili X, eJleMeHTaMu AKOi € HOpMaJli3oBaHi HezaslexkHi
3MiHHI x; , O0YKMCJIUTH KOPEJISIiiiHy MaTPHilo (MaTpyIiio MOMEHTIB HOP-
MaJli30BaHOi CUCTEMU HOPMAJIbHUX PiBHSHB):

51 PR nmg
= X*t’,X* ¥ |:|7‘21 1 TZMD
D b

I
%m Ta o 1%

e X~ TpaHCHOHOBaHa MaTpulld X (eleMeHTH MaTpulli R XxapakTe-
pU3YIOTh TIIJIBHICTh 3B’SI3KY OJIHIEI He3aJeKHOI 3MIHHOI 3 IHINOIO);
i =T, — rnapHi KoeilieHTn Kopesiiii.

Opnnak Ha OCHOBI Ii€] 3aJ€KHOCTI HE MOXKHA CTBEP/KYBATH, 10 OT-
pUMaHWI 3B’I30K € SABUIIEM MYJIbTHKOJIHEAPHOCTI. SKIO jiaroHabHi
eJleMeHTH MaTpulli R He JI0PiBHIOIOTh OJIMHUIL, TO HA JliarOHaJi 1i€l MaT-
PUIli MW TIPOCTABJISIEMO OJIMHUIL, a 10 PEIITH eJIeMEHTIB JI0JJAEMO Pi3HU-
1[I0 MI’K OJIMHUILEIO 1 3HAYEHHSIM /1arOHAJIbHOTO eJIeMEeHTA.

3-it kpok:

BU3HAYNTH |R| — BUBHAYHMK KOpEJIAIIAHOI MaTpuili R;
o

obuucuTh Kputepiit X :

2__ O 1 U .
X = gi 1 6(2m+5)EEI]n|R|,

. 9 1
MOPIBHATH 3HaYeHHsA X~ 3 TaOJIMYHUM [IPH 2 m(m—1) crynensax cBo-

il | . 2 < 2 :
Gomu i piBHi 3HaUymOCTI O (AKMO X~ > Xia6:, TO B MACUBI HE3aJI€KHUX
3MIHHUX ICHYE MYJBTHUKOJIIHEAPHICTD).
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4-it KpoK:
BU3HAYUTH MATPHUIO MOXUOOK:

[k:“ Clg ... C1m|:|
%‘ C C O
— p-1 = *try*y-1 = 721 22 e 2m []
C=R"=X7X) 0. . . .
E:m1 Cm2 - Cmmﬁ
5-if KPOK:

pospaxyBatu F-kpurepii:

r = w =D -m
(m—=1)

)

e Cy, — JliaroHaspHi eemenT marpuii C;

3HayeHHs KpuTepiiB F, mopiBuaATH 3 Tabmuunum npu (n—m) i (m—1)
CTyIeHaX ¢cBoOOAM I PiBHI 3HAYYILOCTI O (KO Fk > me, TO Bi/ITOBIHA
k-Ta HezaseKHa 3MiHHA MYJBTHKOJIIHEApHA 3 1HITMU );

po3spaxyBatu KoedillieHTH JIeTePMIHAIIil JJIsT KOSKHOI 3MiHHOI:

6-i1 Kpok:
3HAWTU 4YACTKOBI KoeilieEHTH KopeJssllii, dKi XapaKTepusyloTh
HIiIJIBHICTh 3B’3KYy MK /IBOMa 3MIHHUMHU 332 YMOBM, 1110 iHII 3MiHHI
B : .
Xy Xpyy - » Xy, HE BIVIMBAIOTD HA TIEH 3BA30K (icHyBaHHS MAPHOI MYJIBTU-
KOJIIHEAPHOCTI ):

—c
»
r.= !

Yo eusy

Jie ¢;; — eleMeHTH marpuii C, 1o po3Milleni B k-My PSIIKY Ta j-My
croBuii, k = 1,2, .. m;j=1,2, .., m Cpp 1 Ci — JIiaroHasIbHI ejleMeHTH
matputii C.

Opanak gKIO MOPIBHATH KOHKPETHI YMCJIOBI 3HAYEHHS YACTKOBUX
i mapHux xoedilieHTiB, TO MOKHA MOOAUUTH, IO HepIl 3HAYHO MEHII,
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HiZK octaHHi. ToMy Ha OCHOBI 3HAHHS TAPHUX KOEDIIIEHTIB KOPESILil
BUCHOBOK TIPO MYJIBTHKOJIIHEAPHICTh POOUTH HEMOKINBO. JIJIst 1[bOTO He-
00XizHO BUKOHATH 7-if KPOK.

7-il KPOK:
po3paxyBaTu {-KpuUTepii:

Nn—-m

tk] =‘r~‘|:‘l )
ki il -
kj

3HAYEHHS KPUTEPiiB by HOPIBHATH 3 TabIUUHUME TIpU (M—n) CTyIe-
HAX CBOOOM Ta PiBHI 3HAYYIIOCTI O AKIIO by = Lrggy TO MIXK HE3aJEK-
HUMHU 3MIHHUMU X, 1 x; iciye MYJIBTUKOJIIHEAPHICTD.

BucHoBku:

1. Mix He3aieXXHUMU 3MIHHUMU MO3Ke iCHYBaTHU JIiHIlTHA 3aJI€5KHICTb,
OJIHAK BOHA MOXe U He GyTH ABHUIEM MYJLTHKOJIHEAPHOCTI 3MiHHUX,
a TOMY He BIUIMBAaTHMeE Ha KiJIbKICHI OIIHKY MapaMeTpiB MOJeli, po3pa-
XOBaHUX 3a joromoroio 3suvaiinoro MHK.

2. ko Fk > FTaﬁ'I’ TO X;, BaJ€XKUTh BiJl yCiX IHIIMX He3aJeKHUX
3MIHHUX 1 TpeOa BUDPIMIMTU NHUTAHHI PO ii BUKIIOUEHHS 3 MEPEeNiKy
3MIHHUX.

3. Akio 04> Lragw TO X, i x; HIITBHO MOB’sI3aHi MisK c060I0.

4. AHaJn3onq1/1 F-1it- KpI/ITepll POOVMO BHUCHOBOK, $IKY 31 3MiHHUX
Tpeba BUKIIOUUTH 3 MOJIEJI (BPO3YMIJIO, AKITO 11 MOKINBO 3 €KOHOMIKO-
JIOTIKO-TEOPETUYHUX MiDKYBaHb).

5. SIKIIO BUKOHABIIN Tl 2—4, MU He J0CATIIN METH, TOOTO HE YCyHY-
JI MYJIBTHKOJIIHEAPHICTh, OLIHKY IIapaMeTpiB MOAe cJIig 00urcIoBaTy
3a JIOIIOMOT'0IO 1HIIIOTO METO/LY, HATIPUKJIA/L METO/LY TOJIOBHUX KOMIIOHEHTIB

(abo oxmiel 3 fioro Mmopndikarriii).

Mpuknaa gocnigkeHHA HaABHOCTi MyTbTUKOMiHeapHOCTI
Ha ocHoBi anroputmy Pappapa — lmobepa

PosrisineMo foctizizkeHHs BILINBY Ha €KOHOMIYHMI TTOKa3HUK i — pe-
aJIbHe CIOKMBAHHSA KPaiHu (y MJP/ I'PH.) TPhOX (PaKTOPIB: Xy — KyIIiBJIi Ta
OILJIaTH TOBAPIB i 10C/yT (Y MJIP/ IPH.), X, — YCIX 3a011a/UKEHb BiJl 3arajib-
HOTO IPOMIOBOIO 10X0/y (Y % BiJl 3arajlbHOI CyMU JIOXOJY), Xy — PiBHA CTaB-
ku IT/IB (y %). HeobGxinHo nepesiputyt hakTopy Ha MyJIBTHKOJITHEAPHICTh.
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Ne /1 y(i) x, () Xy(1) x4(7)
1 25,74 4,69 11,97 29,23
2 25,34 5,64 13,43 29,35
3 31,26 6,26 12,92 33,40
4 33,50 6,99 14,74 30,97
5 32,30 6,36 14,64 32,92
6 38,90 7,60 17,10 37,27
7 41,58 7,12 15,63 30,97
8 48,02 6,81 15,35 33,58
9 43,30 8,67 15,85 35,62
10 51,78 7,83 18,05 34,99
11 52,14 7,84 17,24 39,34
12 54,94 8,85 20,52 41,50
13 59,18 9,61 19,18 45,58
14 62,22 10,67 19,03 41,08
15 63,62 11,04 21,45 40,54
16 65,01 11,85 22,25 42,75
17 67,78 12,94 24,75 43,89
18 71,45 14,24 25,03 41,95
19 75,24 15,67 27,87 44,06
20 77,38 16,33 30,486 46,77
Po3zé’azanns.
1-if KpoOK:

HOPMAJI3yeMO 3MiHHI X, X, X3 €KOHOMETPUYHOI MOZEJI, 00YMCIMBIII

* _(xl]_j_fj)

xl] o y
"

ne n=20 — kinbKicThb crioctepexens (=1, 2, ..., n); m =3 — KiJIbKiCTb He-
3azexkHuX 3MinHux (j=1, m); X¥; — cepenns apudmerndna j-1 Hezanex-
HOI 3MiHHOI:
x; =9,3505; X, =18,874; X, =37,788;
Oij — JIMCIIepCis j-1 He3aaesKHOI 3MiHHOI:

X X

cr21 =11,35297, 022 =26,06648; Gia =31,86169.
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2-it KpoK:

Ha OCHOBI HOBOI MaTpuii X * eJleMEeHTaMU SKOi € HOpMaJIi30BaHi He-

*

3aJIe;KH1 3MIHHI X5

0 0,309287
5 0,246242
0 0,205096
0 0,156651
S 0,198460
0 0,116169
H 0,148024
S 0,168596
0 0,045160
X' = 5-0,100905
0-0,100242
0-0,033215
% 0,017221
0 0,087566
5 0,112121
0 0,165875
5 0,238212
[ 0,324485
é 0,419385

-0,302374
-0,238430
-0,260766
-0,181056
-0,185436
-0,077695
-0,142077
-0,154340
-0,132441
-0,036088
-0,071564
0,072089
0,013401
0,006832
0,112820
0,147858
0,257350
0,269613
0,393997

0,33901801
0,334264 5
0,1738260
0,2700891]
0,1928415
0,0205200
0,2700890]
0,166696%
0,0858830]
01108407
0,0614810
01470471
0,308673%
0,1304090]
0,1090187
0,1965650
0,2417250]
0,1648740
0,248460%

00UNCINMO KOPEIALIHHY MaTPUI0 (MATPUII0 MOMEHTIB HOPMA/Ii30BaHO]

CHUCTeMU HOPMAJbHUX PIBHSHD):

01
— yviryt = 021
R=X"X 0.

%7;1

1 7’2m|:|
O

Tm2

1B
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*t * .
ne X " — tpancnonosana Marpuie X ; eleMEeHTH MaTpylli R XapaKTepusy-

IOTh I[IJIBHICTD 3B'SI3KY OJ[HIE] He3a/IeXKHOI 3MIHHOI 3 IHIIOO (7; = Te, —

napHi Koeditientn KopeJsiii);

0,95 092883 08195340
R=1D92883 095 0831277
H),81953 0,83127 095 H

3-it KpoK:
BU3HAYUMO |R| — BUBHAYHWK KOPEIANIHHOI MaTpuili R:

IR| = 0,00881;

06YMCINMO 3HAUeHHS KPUTEPIo X’ :

b IO _1 O .
X' =-g 1 6(2m+5)aln|R|,

X% =81,23005;

. 1
HOPIBHAEMO 3HAYEHHS X% 3 Tabmmunnm pu §m(m -1) =3 cryne-
HsX cBOOOM i1 piBHi 3HauymocTi a =0,05 (xox. 3):
e 8
X2 =7,814724.
. 22 . ) .
Ockimbkur X > Xiag, TO B MACUBI HE3AI€KHUX 3MIHHUX iCHYE MYJIb-
THUKOJIIHEAPHICTh Y CYKYITHOCTI.

4-ii KpOK:
BU3HAYMMO MATPUILIO ITOXUOOK:

B‘M [&D) - Cim [l

C=R_1:(X*”X*)—1:EFM Cyp o Cop[,
E:mi Cno - Cmmﬁ
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024,00377 -2282912  -0,73113220
C=[2282912 2620416  -3,235457
H 0731132 -3235457  4,5144749H

5-ii KPOK:
pospaxyemo F-kpurepii:

ik :w, k=1,2,3,
(m=1)

Zie Cy;, — JiaroHaabHi enemenTy Marpuli C;
F, =195,53205,
F, =214,2354,
F,=29,87303;

3HaueHHs KputepiiB F, nopiugeMo 3 Tabmuunum npu (n—m) =17
i (m—1) =2 crynensax csobomu i pisui sHauymocri a =0,05 (zox. 5):

F.. =19,43703.

Tal
OCKIJIbIVQI/I F,>F ., F> ETaénj Faj >F o p06.I/IMO BUCHOBOK, 1110 1€p-
wa, Opyza i mpemst He3aLeNCHi SMIHHT MYALMUKOLIHeapHi 3 THUUUMLL
BU3HAYMMO KOeDIIiEHTHU fieTepMiHallii 71T KOKHOI 3MiHHO1:

R? =0,958339; R} = 0,961838; R3 =0,778490.

6-i1 kpok:
3HAN/IEMO YaCTKOBI KOoe(iliEHTH KOpeJssllii, siKki XapakTepusyioTb
MIIJBHICTh 3B’A3KYy MiK BOMa 3MiHHWMMU 3a YMOBW, IO iHII 3MiHHI
el ; ”
Xpgs Xpps s Xy, HE BIUTHBAIOTD Ha TIETT 3BA30K (icHyBaHHS TTApHOI MYJIBTH-
KOJTIHEApPHOCTI ):

—cy;
r. = J

g V kG
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Jie ¢ — eJIeMEHTH Matpuii C, 1o po3milieHi B k-My pSAAKy Ta j-My
crosii, k=1, 2, ..., m, j=1, 2, .., m; Cic i — JliaroHaJIbHI €JIEMEHTHU
Mmarputli C;

r,=0910257, r,=0,070234, r,,=0,297472.

OpHaK KO NOPIBHATH a0COMIOTHI 3HAYEHHS YaCTKOBUX MAPHUX KO-
edillieHTiB, TO MOKHA OOAYUTH, 1O HEpIli 3HAYHO MEHII, Hi’K OCTaHHi.
Tomy Ha OCHOBI 3HAHHS TMapPHUX KOEDIIIEHTIB KOPeJsilii BUCHOBOK TTPO
MYJIBTUKOJIiHEAPHICTh POOGUTH HEMOKIUBO. JIJIst IbOro HEOOXIiHO 1iie BU-
KOHATHU 7-1 KPOK.

7-ii KPOK:

poO3paxyemMo t-KpuTepii:

ty =gl S22

»,=9,064506, £,,=0,290302, ¢, =1,284666;

3HAYEHHS KpI/ITepllB by MTOPIBHAEMO 3 Ta6JII/II{HI/IMI/I npu (n—m)=17 cry-
neHsx cpoboau it pisui sHauymocti a=0,05 (mox. 4):

. =2,109818.

Ockinmbku £y >t o tig <l o, Lyg<L_ o TOMiC nepuolo ma opy-
2010 He3ANCHCHUMU SMIHHUMU ICHYE MYAOMUKONTHEAPHICTD.

sxmo F-kpurepiii nepesuiye Tabandte 3HaYCHHS, a Ile 03HAYAE 1110
k-Ta 3MiHHA 3aJ1€KUTh Bi IHIMX 3MIHHUX Y MacUBi, HEOOXIZAHO BUPILILY-
BaTU MMUTAHHS 1IPO i1 BUKJIIOYEHHS 3 TIepesliKy 3MiHHUX.

Axmio by -KpuTepiii HepeBHmye TabJIMYHE 3HAYEHHS, TO 11 TIAPa 3MIHHUX
(k i) ricHo B3aemonoB’sizana. 3BijiCK, aHATII3YI0OYN PiBEHb 000X BUJIIB KPU-
TepuB F i t, moxna 3pobutn O6fpyHTOBaHI/II/I BUCHOBOK 1IPO T€, SIKY 31
3aMiHa MAaCUBY He3aJIeKHUX 3MIHHUX 3aBXK/IW MA€ Y3TOKYBATUCH 3 €KO-
HOMIUHOIO JIOIIJIbHICTIO, 1110 3YMOBJIEHA METOIO JOCTiI>KeHHS.

4.4. 3acobu yCyHeHHs1 MyJNbTUKONiHEeapHOCTI.
MeToA ronoBHMX KOMIMOHEHTIB

BusiBiienHs MyJIBTUKOJIIHEAPHOCTI € JIWIlle YaCTUHOIO cipaBu. [Hima
YyacTHHA — SK il yecyHyTH. Be3IoMUIKOBUX i aDCOMIOTHO IIPABUIBHUX 110~
pajl HeMa€, OCKIIbKK MYJIBTHKOJIHEAPHICTh € TPUKJIALHOIO TPOHIEMOIO.
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3BUYAITHO, yce 3aJIeKUTh Bijl CTyINeHs MYJIbTUKOJIHEAPHOCTI, OJHAK
y OyZIb-sIKOMY pa3i MOKHA 3alIPOIIOHYBATH KiJIbKa IIPOCTUX Memooie ycy-
HEeHHs MYAbMUKONTHEAPHOCMI:

1) BUKOpHCTaHHS H0AATKOBOI ab0 NMepBUHHOI iH(hOopMaii;

2) o0’exnanus indopmarrii;

3) BifIKUJJaHHS 3MIHHOI 3 BUCOKOIO KOPEJISIII€I0;

4) 1epeTBOPeHHS AaHUX (BUKOPUCTAHHS MEPIIUX PI3SHUIL);

5) 3061JIbIIEHHS KiJIBKOCTI CIIOCTEPEKEHD.

Aki mopaay cmpainiooTh Ha TIPAKTUIL, 3aJ€KUTh BiJl ICTOTHOCTI MTPO-
6semu Ta ii Xapakrepy.

S0 nepeiyeHnMI METOZAMU He BIAETHCS YCYHYTH MYJIBTHUKOJIiHE-
apHICTh, TO /IS OLIHIOBAHH IapaMeTPiB GaraTOBUMIPHOI MOIEJII ZOLiJIb-
HO 3aCTOCYBATH MEMO0 20108HUX KOMNOHEHMIS.

AnroputM metoAy ronoBHMX KOMMOHEHTIB
[left anropuT™ BKJIIOYAE JI€B’ATH KPOKIB.

1-if KpoOK:
HOPMAIi3yBaTi 3MiHHI X, X,, ... X, Perpeciitnoi Moae, o6urc/ MBI

xj
Jle 1 — KiJIbKICTh crioctepeskenb (i =1, n);
m — KiJIbKICTh TMOSICHIOIOYNX 3MIHHUX Y Mozieati (=1, m);

X; — cepems apudmeTnyHa j-i He3a/1eKHOI 3MIHHOT;
0,; — CEPE/HbOKBa/paTHYHE BIIXWJIEHHS j-1 He3aJesKHOI 3MIHHOI.
2-it KpoK:

* . . .
mo0yyBaTi HOBY MaTpHIi0 X , eJleMeHTaMU SIKOI € HOpMaJli30BaHi He-
3aJIEKHI 3MIHHI.

3-it Kpok:
O00UYMCIUTU KOPEJIAMIAHY MATPUIO (MATPHUIIO MOMEHTIB HOPMAi30-
BAaHOI CUCTEMU HOPMAJIbHUX PIBHSIHb) 32 (DOPMYJIOI0

relxx’y,
n

* *
ne X — rpancrnonosana Matpuns X :
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O1 7y ... nmg

T
R X*[rx* |:|721 o TQmD
= = 0.

O
%mi Tma - 1 E
(HeniaroHabHI ejleMeHTH MATpUIll R XapakTepuayloTh IiJIbHICTh 3B 513~
Ky oniel HesasexxHOi 3MiHHOI 3 iHIIOIO (7;; =7, ), TOOTO € IAPHUMU KO-
by XiXj

edittienTaMmu KopeJisitii).

4-i1 KpOK:

3HAUTH XapaKTEPUCTUYHI YMCIIa MATPHIL 7, TOOTO BUSHAYMTH KOPEHI
A, N9, oy A, PIBHAHHS M-TO NOPSAJKY:

|r —AE|=0,

e E — opuuuyHa MaTpuils posmipaocti m X m; Aj, j=1,2, ..., m — Xapax-
TEPUCTUYHI YnCJIa MATPHILL 7.

5-it KpoK:

pamKyBaTy BaacHi s3HadeHHa A, i = 1,2, .., m, 3a abCoOTIOTHYM PiBHEM
BHECKY KOKHOTO TOJIOBHOTO KOMITOHEHTA B 3aTajibHy JMCIIEPCIIO.

6-i1 kpok:

pO3B’d3aTu CUCTEMY PIBHAHD
|r—\E|a=0

i 06YMCINTH BIACHI BEKTOPU a,i= 1, 2, ..., m, 32 yMOBH, 1110 BOHU BifITIO-
BIIAIOTD TAKUM CIIiBBiIHOIIIEHHSIM:

, 0L, sikmoi = j,
aa = . .
v , AKIO T # .

7-1i KPOK:
3HAlTH TOJIOBHI KOMIIOHEHTH BEKTOPIB 2, =xa,, i=1, 2, ..., m, AKi 32,10~
BOJIbBHAIOTH yMOBI/I
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1 .
—ziz=N, i=12.,m,
n

zgzj =0, i#j, j=1,2,..,m
8-it kpok:
BU3HAYNTH IIapaMeTpu Mozeni ¥ = ZP:
R
9-ii Kpok:

3HATU napaMmeTpu Mozeni Y = XA:

A=adP.
3ayBakIMO, 1[I0 METO/I TOJIOBHUX KOMIIOHEHTIB J[OIIJIbHO 3aCTOCOBY-
BaTH, IO-Ieplle, s OI[IHIOBAHHS IapaMeTpiB Mojesiell 3 BeJIUKOIO
KiZbKicTiO (paKTOPiB, MO-APYTe, I MOJIENeil, Y SK1UX He3asuexKHi 3MiHHi

(croBmiii MaTpulli crioctepeskedb X) MaOTh OJHAKOBI OJIMHUIL BUMIpIO-
BaHHS.

KoHTponbHi 3anutaHHsa

1. o o3navae MyJIbTUKOJIIHEAPHICTh 3MIHHWX ?

2. Jlo SKUX HACJI/IKIB IPU3BOAUTH MYJIBTUKOJIIHEAPHICTH?

3. Sk BIIMBAE HASIBHICTh MYJIBTUKOJIIHEAPHOCTI HA OIIHKY MapaMeTpiB
MozeJii?

4. 3a I0NIOMOTOIO SIKMX METO/[iB BU3HAYAIOTh HAABHICTH MYJIBTHKOJII-
HEapHOCTI?

5. dki crarucTnuni kpuTepii BrIodae anroput™m Pappapa — [obe-
pa?

6. Oxapakrepusyiite aaroputm Mappapa — [obepa.

7. SIki BUCHOBKU MOKHA 3pOOUTHU, ZOCIAUBIIA MYJIbTUKOJIHEAPHICTh
3a anropurmom Mappapa — [obepa?

8. Illo xapakTepusyioTh eJeMeHTH KOPeJSIiiiHO1I MaTpuIli R?

9. dx ycynyTu myJasrukoJineapuicts? HaBeniTe MeTosum ii ycyHeHHS.

10. dxuM MeToIOM MOKYTh OYTH OILiHEHI IapaMeTpy MO 3 MYyJIb-

TUKOJIIHEADHUMU 3MIHHUMM ?
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11. Ik 064YUCAUTU FOJOBHI KOMIIOHEHTH?

12. Ak ominuTH MapamMeTpu MojieJli Ha OCHOBI TOJIOBHUX KOMITOHEHTIB?
13. Axi yMOBM MaOTh 33JI0BOJILHATH TOJIOBHI KOMIIOHEHTH ?

14. Koam f1011i/IbHO 3aCTOCOBYBATH METO/I TOJIOBHUX KOMIIOHEHTIB?

Bn paBu Ta 3aBOaHHA

1. Ha 6asi n=11 cTaTMCTUYHKMX JAHUX [EBHOTO PETiOHY AOCIIAUTH
MYJIBTUKOJIIHEAPHICTh MiXK (hakTOpamu.

i 0) D(i) S@) L(i)
1 5,25 911 7,05 16,05
2 11,24 13,57 8,68 18,68
3 16,27 14,01 9,57 20,06
4 18,75 17,29 10,10 29,67
5 21,78 19,58 11,55 31,55
6 24,58 21,07 13,31 34,01
7 27,09 22,47 15,37 35,34
8 31,76 24,68 17,01 36,01
9 35,94 25,75 19,67 38,54
10 38,57 27,05 21,92 41,92
11 41,47 30,87 25,08 43,27

2. 3anpornonyBaTu crocobu yCyHEeHHsT MyJIBTHKOJIiHEapHOCTI.
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Po3din 5. TETEPOCKEOACTUYHICTb

5.1. BusBneHHA reTepockefacTUYHOCTI
Ta il npupoaa

PosriisiHeMo KJIaciuHy JIiHIHY GararohakTopHy MOJIe/h

Y =ay tax; tayx, +.. +a,x, +u. 3.1)
Ax 3aBxkan,
[lT/1D ()D D/l1[|
_a.g i (N[ (] _a.o
Y=o'o 4%To'p YTo'o
a0 nd He.H

X ={. 88 B 1,7, W (5.2)

s 3acrocyBanng MHK nipu oninioBanHi mapaMeTpiB Mojesi paHi-
1ie 6ys10 ¢chopMyIbOBAHO OCHOBHI TIPUITYIIEHHS, SIKi Ha TIPAKTUII MOXKYTh
HOPYILYBaTHUCD.

V monepesHboMy PO/ PO3TIISAAABCS OCOOMUBHUIT BUTTAOK GaraTohak-
TOPHOTO PerpeciiiHoro aHamisy, IOB'I3aHUH 3 IPOOJIEMOIO MYJIBTUKOJIiHE-
apHocti. Terep posriisiHeMo iHIINIT 0COOJMBUI BHUIIAJIOK, IO CTOCYETHCS
CTAJIOCTI ANCTIEePCii KOKHOI BUIAJIKOBOI BETUYNHU u; (TOMOCKeIaCTUYHICTh
3JIUIIIKIB).

Osunavenns 5.1. Axuwo ducnepcis 3anumKie cmaia 0is KOJIcHozo Cno-
CMepescentsl, Mo ue A6ULe HASUBAEMbCSL 20 MOCKEOACTIUYHICTIIO:

Du;= M(ui —Mui)2 = 0,211_ =const, i =1,n. (5.3)
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SIKII0 1le TpUIyIeHHsT He 3aJI0BOJIbHSIETHCS B SIKOMYCh OKPEMOMY
BHIIAJIKY, TO MAEMO TeTePOCKeACTUYHICTh (IOMUJIKU 4, HEKOpPeJIboBaHi,
ajie MalOTh HECTAJY JIUCIIEPCIIO).

Osunavenns 3.2. Axuwo oucnepcis 3a1UwKi6 SMIHIOEMbCsL 01Lst KOJICHOZO0
cnocmepedcenis abo epynu CROCMEPENCetb, Mo ye AGUE HASUBAECTLCL 26~
MepoCcKeOaCnuUyHiCIIO:

Du;= M (y; —Mui)2 = 0,211_ zconst, i =1n. (5.4)

PosristieMo TUTaHHS PO AOMUIBHICTE TpuIrytneHss (5.3) i mpo Te,
10 BiftOYBAETHCsI, SKIIIO 1€ MPUITYIIEHHS HE 33J0BOJIbHSIETHCSL.

Hacamriepes sayBaKUMO, IO CYmMHICMy TPUIYIIEHHST 1p0 20MOCKedac-
muunHicmy TONATAE B TOMY, 10 6apiauis KoJCHOT 6unaoKoseoi ckaadosoi ., na-
6KOIO T MAMEMAMUUH020 CROOIBANMSL He 3ANENHCUMD 6i0 SHAUCHHS (PAKMOPIE X:

2
G”i # f(X1, X9y weey xp[_).

Dopma zemepockedacmuunocmi 3a1eKUTh BiJl 3HAKIB i 3HAY€Hb KO-
eillieHTiB y 3aTeKHOCTI

I
G, - il ).

OcCKiTbKM %; — He CIoCTepeskyBaHa BUIa/[KOBa BETMYNHA, MU He 3HAE-
MO CIPaBKHBO1 (hOPMU T€TEPOCKEACTUIHOCTI.

Y IPUKIATHNUX JOCTIKEHHSX, SK TPABIJIO, BUKOPHCTOBYIOTh 3pYYHE
TIPUTIYIIIEHHs, a caMe B pasi MPocCTol JiHIHHOI perpecii reTepockesac-
TUYHICTD Ma€ (hopmy

(k=const, sgxy noTpi6GHO OI[iHUTH).
Hacnigxku nopyuieHHS PHUITYIEHHS PO TOMOCKeIaCTHYHICTD:
1) HEMOXJIWBO 3HAUTU CepeHbOKBAAPATHYHE BiIXWIEHHS Tapa-

MeTpiB Gi perpecii, a OTKe, HEMOKJIUBO OLIHUTU 3HAYYIIICTh Iapa-
METPpiB;

2) HEMOZKJIUBO TIOOYyBATH IOBipUYMil iHTEPBaJ ISl TPOTHO3HUX 3HA-
4eCHb Y,

3) orpumani 32 MHK orinku mapameTpiB perpecii He € eeKTUBHU-
M7 (He MaloTh HAaMEHIIIO1 IUCIIepCil ).

3a3HAuMMO, MO SKIIO He3BAKAIOUN Ha TETEPOCKENACTUYHICTD MU BU-
KOPUCTOBYBAaTMMEMO 3BUYANHI TPOIeyPH MepeBipKu TiloTes3, TO BUC-
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HOBKM MOXYTh OyTH HeNpaBUIbHUMU. 3PO3YMLIO, TeTepocKenac-
TUYHICTD € CYTTEBOIO IIPOOIEMOIO, a TOMY HOTPIOHO BMITH 3’sICOBYBaTU
11 HasIBHICTb.

5.2. TecTyBaHHA HAABHOCTI reTepocKeAacTUYHOCTI

Ax 1 B pas3i MyJIbTUKOJIIHEAPHOCTI, €EAMHUX ITPABUJ BUSABJICHHS TeTe-
POCKeIACTUYHOCTI HEMAE, a € PIBHOMAaHITHI TeCTH (KpUTEPii): KPUTEPIl W,
napaMeTpuyHuil Ta Herapamerpuunuii tect losnbadenvaa — Kpanmira,
tect I7evicepa, Tect panroBoi kopesiii Cripmana ta iH. Posriasinemo
JINTIE IedKl 3 HUX.

3ayBakKMMO, 1110 IHKOJIM B XOJIi TPOBE/IEHHS €KOHOMETPUYHUX JIOCJTI/I-
’KE€Hb reTePOCKEACTUYHICTD Braflye€ThCsl IHTYITUBHO a00 BUCYBAETHCS SIK
abCoJIOTHE MIPUITYHIEHHS:

013,- = f(x,%3, ..., 4, ).

Hanpukiaza, BuB4aioun O10KeT ciM’l, MOMKHA IIOMITUTH, 110 AUCIEP-
Cist 3a7UINKIB 3pOCTAE BiAMOBIHO 10 3pocTanHs noxoxy. OTxe, mepiruit
KPOK /IO BUSIBJIEHHSI TETEPOCKEAACTUUHOCTI — TIMOOKUI ananiz 3micmy
JOCJIKYBaHOT npodiemu.

Kpim Toro, icnye rpadiunnii MeTo/| TeECTyBaHHS HASIBHOCTI T€TEPOCKe/Ia-
CTUYHOCTI, 10 I'PYHTYETHCS Ha BCTAHOBJIEHHI HASBHOCTI CUCTEMATUYHOIO
3B’SI3Ky KBAJpATiB 3aIMIIKIB PErpeciiiHol Mozeli, o0yA0BaHol Ha OCHOBI
MIPUTIYIIEHHS TIPO BiJICYTHICTh FeTEPOCKeIACTUUHOCTI (2padpinnuil ananis).

5.2.1. MapameTpuuHum Tect Nonbacdensna — KBaHara

3ayBaskenns. 1. Ileii TecT 3aCTOCOBYETHCS /10 BENUKUX BUOIPOK.
2. Tect mpuityckae HOpPMaJAbHUN PO3IMOJLI 1 HE3aJMEKHICTh BUMTAIKOBUX
BEJIMYUH U;.

1-if KpoOK:

criocrepeskeHHs (BUXIi/IHI IaHi) BIOPSAKYBATH BiATIOBITHO JI0 BEJTMYU-
HU €JIeMEHTIB BEKTOPaA X; , AKUI MOXKe CIPUYMHUTH 3MiHY JMCHepcil 3a-
JINIIKIB.

2-ii KpOK:

BIIKUHYTHU C CITIOCTEPEKEHD, SIKi PO3MillleH] BCEPEINHI BEKTOPIB BUXIiJI-

4n ] : -
HUX JIAHUX, Ié € = —, 1 — KiJIbKIiCTh €JIeMEHTiB BEeKTOpa X;.

15
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3-it kpok:
noGyaysaTu IBi Mojesi Ha ocHOBI 3Buyaitnoro MHK 3a nBoma cTBO-
n-c

2

PEHUMU CYKYIIHOCTAMU CIIOCTEPEKEHD 06cAaroM 3a yMOBH, 110

c . . .
=m, e m — KUIbKICTb 3MIHHUX.

4-it KpoK:
3HaliTh cymy KBaapaTiB 3a/uIIKiB S, i S, 3a nepuioo i Apyroio Moje-
JISIMU:

r tr L tr
Sy =uw, S =uy uy,

1€ u, i U, — 3aJUIIKK BiOBIHO 3a TEPIIOIO i APYTOI0 MOAEISMI.

5-ii KPOK:
i S : : .
po3paxyBaTi KpuTepiii F =22, akuii y pasi BUKOHAHHS TrilloTesn
1
_(m—c-2m)

PO TOMOCKEIACTUYHICTD BimoBiaTnMe F-posmoiay 3 Yy = —

_(m—c-2m)
Y B e— CTYMEHSIMU CBOOOIN;

3HAYEHHS KPUTEpPilo F TOPIBHATH 3 TabIMYHNM 3HAYCHHAM F-Kpu-
Tepiio mpu BUOGpaHOMY PiBHI 3HAUYIIOCTI Of 1 BIAMOBIIHIX CTYIIEHSIX CBO-
6oau; sikio F* < F, ¢, TO TeTEPOCKEAACTUYHICTD BIACYTHSL.

3ayBaskenus: yuM Gisiblne 3HaueHHst F, TMM Gijlbla retepocke/ac-

TUYHICTD 3aJIUIIKIB.

5.2.2. HenapameTpunyHui Tect
Nonbadenbga — KBaHara

Ileii Tect 6Ga3yeTbcsl HA BCTAHOBJIEHHI KiJIBKOCTI INKIB 3HAa4YeHb 3a-
JIMIIKIB T1iCJIS1 BHOPSAKYBaHHS (PaHKyBaHHS ) CIIOCTEPEKEHD 32 X . Axo
JUIs BCIX 3HAYEHD 3MIHHOI X;; 3a/IMIIKN PO3HOALIAIOTECHA HpI/I6JII/13HO oll-
HAKOBO, TO JMCIIepPCis X OAHOPifHA i TeTePOCKeaCTUUYHICTD BiZICYTHS.
SAk1110 BoHAa 3MIHIOETHCS, TO TE€TEPOCKEAACTUYHICTD [TPUCY THSL.

3a3HAaYuMO, IO TIel TECT He IIJIKOM HAJIHUI JIJId [IePeBIPKH Ha re-
TepockefacTUyHicTh. OHaK BiH 1ysKe IPOCTUH 1 YaCTO BUKOPUCTOBYETD-
¢ 1S TIepIIol OIiHKM HAgBHOCTI reTepPOCKeAaCTUUHOCTI MHOXKUHY CIIO-
CTepeskeHb.
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5.2.3. Tect Nnewncepa

[TepeBipka Ha TeTEePOCKEAACTUUHICTH Oa3yeThCsl HAa MOOYI0BI perpe-
cifiHOl (PYHKILi1, 1110 XapaKTepu3ye 3aJeKHICTh BETUYUHU 3aJIUIIKIB 32 MO-
JyJIeM BiJl TIOSICHIOIOUOT 3MIHHOT X, IKa MOKE 3yMOBUTH 3MiHY JMCIepCii
3JIMIIKIB.

AnamitTnuna ¢opma perpeciiiux (GyHKITI MOXKe MaTH BUTJISI]L

lul = a, ta, x]
lul = =a, Jra1
lul = a +a1x ZEPRY.

Pimennsi mpo BiACYTHICTb TETEPOCKENACTUYHOCTI 3AJIMIIKIB TIPUIi-
Ma€eThCs Ha OCHOBI 3HAYYIIOCTI KoedinienTis @, i a,. Ilepesara mporo me-
TOZLY MOJIATAE B MOKIMBOCTI PO3PISHATH BUMANOK 4ncTOl (@, =0, a, # 0)
1 3MiIa”oi (a0¢ 0, a,# 0) rerepockesacTUYHOCTI. 3aJI€KHO BiJl IIHOTO TO-
TPiOHO BUKOPHUCTOBYBATH Pi3Hi MaTpHILi S.

OckisibKY SIBUIIE TETEPOCKEAACTUYHOCTI 1I0B’sI3aHe 3 TUM, 110 3MiHIO-
I0ThCS AVCTIEPCii 3aTHIIKIB, a KOBaplaHIH MiXK HUMW BiZICyTHS, TO MAaTpH-
g Sy criBBignomenni M(uu') = o, 26 Mae OyTH J0JAaTHO BU3HAUEHOIO I
JllaroHAIBHOIO.

IIpuxnan. IlepeBipuTu rinmore3y Mpo BiJICYTHICTb TeTEPOCKEAACTIY-
HOCTI JIJIs TOOYI0BU MOJIE, SIKa XapaKTEPHU3YE 3a/IeKHICTh 3a01MaJIKEHb
Bizl 1oxoiB HaceseHHs. CTaTUCTHYHI IaHl HABEJECHO B TaOJIHIIL.

Pik 3aomapKeHHs Jloxin
1 1,36 14,87
2 1,2 14,4
3 1,7 13,8
4 1,84 15,6
5 2,1 15,94
6 1,12 16,9
7 1,89 17,7
8 2,3 18,67
9 2,5 18,04

10 1,17 19,5

11 1,9 21,4

12 1,95 22,7

13 2,87 25,7

14 2,6 27,18

15 1,75 28,9

16 1,96 29,45

17 1,4 30,07

18 2,99 30,2
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Po3ze’azanns. Inentudikyemo aMiHHI: y — 3201A/PKEHHS, X — JIOXIi]I.
CrenndikyemMo Moziesib y BUTJISI

Yy =ay, tax tu,
Yy =a, +ax,

Jie 1 — CTOXACTUYHA CKJIA/0BA MOJIEI.

[t mepeBipKy TiroTe3u PO BiICYTHICTh Te€TEPOCKENACTUYHOCTI 3a-
JIMIIKIB MOJIeJTi 3acTocyeMo napamerpuytmii tect losbadenbaa — Keanara.

1-if KpoOK:

CIIOCTEPEKEHHST BIIOPSIKYEMO 3a 3POCTAHHSIM 32 BEJIMUYUHOIO JIOXOY
(BEKTOD X), IKUIT MOXKe CIIPUYUHUTH 3MIHY IUCIIEPCil 3aIUINKIB.

Pik 3aotaKeH s Jloxin
1 1,7 13,8
9 1,2 14,4
3 1,36 14,87
4 1,84 15,6
5 2,1 15,94
6 1,12 16,9
7 1,89 17,7
8 2% 18,04
9 2 18,67

10 1,17 19,5

11 1,9 21,4

12 1,95 22,7

13 2,87 25,7

14 2,6 27,18

15 1,75 28,9

16 1,96 29,45

17 1,4 30,07

18 2,99 30,2

2-ii KpOK:

BiIKHHEMO € CIOCTEPEeKeHb yCepeInHI BEKTOPa BUXITHUX JIAHUX, J€
4n

c= 50" KIJIbKICTh €JIEMEHTIB BEKTOPA X.
OTxe,
408
c=—=4
15
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8—4=7-

OTpUMAaEMO /IBi CYKYITHOCTI CTIOCTEPEKEHD 00CATOM

[Tepmia cykymHiCTb CIIOCTEPEKEHD:

1 1,7 13,8
2 1,2 14,4
3 1,36 14,87
4 1,84 15,6
5 2,1 15,94
6 1,12 16,9
7 1,89 17,7

Jlpyra cyKymHICTb ClIOCTEPEKEHb:

1 1,95 22,7
2 2,87 257
3 2,6 27,18
4 il 75 28,9
5 1,96 29,45
6 1,4 30,07
7 2,99 30,2
3-it kpok:

nobyayemo ABi Mojesi Ha ocHOBI 3Buyaiinoro MHK 3a aBoma cTBO-
PEHUMU CYKYITHOCTSIMU CITOCTEPEKEHB!

9y =0,7411 +0,05514x,

¥ =2,9371-0,02595x.

4-it KpoK:
3HaiiIeMO CyMy KBaJIpaTiB 3aJMIIKIB S, i .S, 3a II€puIOIo i APYroio Mo-
JeJIAMU:
S, =u"u; =08149, S, = u,"u, =2,1628,

A€ Uy 1w, — 3aJMIIKK BIATIOBIZHO 32 MEPLIOIO 1 APYTOI0 MOAEIAMMU.
5-if KPoOK:

Sy 21628

S, 08149

HaHHS TIOTE3M PO TOMOCKEAACTUYHICTD BiAmoBinatuMe F-posnomainy

po3paxyemMo Kputepii F - = 2,654, SKUN y pasi BUKO-
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1 _(n—c—2my) =5 v _(n—c—-2m) _5

9 y 9 CTyIIeHAMU CBO6OHI/I;

3y

m =m+1;
. i .
3HaYeHHs KPUTepiio F MOPIBHAEMO 3 TaGIMIHIM 3HAUEeHHAM F-KpH-
Tepiio pu piBHi 3Hauymocti o =0,05 i BiAMOBIAHUX CTYIIEHSIX CBOOOIN:

Fm6n =F(0?057 5) = 5;05

Ockimbku F* < E,,» TO TETEPOCKENACTUYHICTD BiJCYTHA. Ortxe,
MHK-ominku napaMeTpiB perpeciiiHoi MO/ieli MOKYTh 3aCTOCOBYBATUCS
JU7IST TTIO/IAJIBIITUX JTOCJTI/IKEeHb.

5.3. TpaHcdopMyBaHHA NoYaTKOBOI MoAaeni

PoarisinemMo TUTaHHS YCYHEHHS TeTEPOCKEJACTUIHOCTI TpaHchopmy-
BaHHSAM TTOYATKOBOI MOJIEJII.

[TpumycTuMo, Mo 3a CTATUCTUYHUMHU JTAHUME TOOYI0BAHO MOYATKO-
BY perpeciiiny Mojesb

y=[(xu)

i Ha 6asi Oy/b-sIKOTO TECTY BCTAHOBJIEHO HASIBHICTH €TEPOCKEACTHYHOCTI:

- o

U,

D

A , ¥ const.

[l yCcyHEeHHS TeTepOCKeaCTUIHOCTI TT0YaTKOBY MOJIETh 3MiHIOIOThH
(TparcdOpMyIOTh) TaK, 00 MOMIJIKA MU CTaly AUCIEPCIo:;

s 0,211_ = const.

Tpancdopmaltist Moesi 3BOAUTHCS 10 3MiHU 110YaTKOBOI (hopmu Mo-
JleJIi METOJIOM, SIKWH 3a/IeKUTD Bij crelindiuynoi (hopMu reTepocKkeacTny-
HOCTI, TOOTO BiJl (hOPME 3aJIeKHOCTI MiK JUCIIEPCISIMU 3aJIUIIKIB 1 3Ha-
YeHHSIMU He3aTeKHUX 3MiHHIX:

a;, = 0(x;). (5.5)
Posrignemo MosksmBi Burajku TpancgopmMaliii Moiesi Ha IPUKJIa/I
MIPOCTOI JIHINHOI perpecii.
Hexaii mouarkoBa MOZENb

y=ay tax +u, (5.6)
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Jle KOMIIOHEHTH BUIIQJIKOBOTO BEKTOPA U TETEPOCKEAACTUYHI, ajle Bi/[IIOBI-
JIAIOTh 1HITUM KJIACUYHUM IIPUITYIIeHHSAM JiHIIHOI perpecii.
Posrasinemo Taki BUIIaKu.
Bunanoxk 1. [Ipunycrumo, 1o reTepockeacTuaHicTh Ma€ hopmy

2 a2 —p2.2
0, =Mu; =k°x", (5.7
zie k=const (To6TO AMCHIEPCis 3aIMIIKIB 3pOCTAE NPOIOPLIIiHO 10 x2).

[3 npumnymnierss (5.7) BUIINBAE
k= Guf /x2 )

[Te osnauae, 1o TpanchopMallis MOJeIi MOJISTAE B JIiJIEHHI TT0YaTKO-
BOI MOieJIl Ha \/x2 = i
Orxe, TpancopmMoBaHa MOJIENTb MAE BUTJIS]L

R R 58)

X X X;

3a3Haq1/1Mo, IO MapaMeTp MpH 3MinHii 1/x; y"TpaHC(l).OpMO.BaHII/I MO-
JleJTi € TIepeTHHOM (BUIBHUM YJIEHOM ) MTOYaTKOBOI MOJIEJi, TO/l K mepe-
TUH TPaHC(HOPMOBAHOI MOJIENi € HAXMJIOM MOYATKOBOI.

Posrissnemo
o
M %ﬁD = LQMul2 =i2k2xi2 -
;0 X; X;

OTxe, HOBA BUITA/IKOBA BeJMYMHA MoJieT (5.8) Mae cKiHueHHY cTasry
JIUCTIEPCITO k2. TakuM 4IHOM, MOJIeTb (5.8) Mae romocKenacTUUHY BUIIA-
KOBY 3MiHHY, 1[0 03HAYA€ TIPABOMIPHICTb 3acTocyBanHs kiaacuunoro MHK
JIJIST PO3PaxyHKy HEBiOMUX TTapameTpiB Tpanchopmosanoi Mmozerni (5.8).

Bunanok 2. [Ipumnycrumo, 1110 reTepockeacTUaHicTh Ma€ hopMy

o2 = Mu} =k%x, (5.9)

e k=const (To6TO aMCTIEpPCist 3aTUIIKIB 3pOCTAE TPOMOPIHITHO /10 X).
I3 npunymenns (5.8) BuImMBae

R = 0124,/35
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Ile o3nauae, mo gonycruma TpancdopMaliis MoJsArae B AiJieHHi movar-
KOBOI MOJieJIi Ha x/;
Otxe, TpaHc(hOPMOBaHA MOJIETTh MAE BUTJISI]T

Y b U (5.10)
Jo o Wx Jx
Posristnemo
Ou; Dz 1 2 1 2 2
Mo =—M@w)" =—Fk"x; =k~
l:/xB Xi ) Xi
u

Orixe, 17151 TpaHchOPMOBAHOI MOJIENT BUIIAIKOBA BEJMYNHA —\/7 ro-
X

MOCKeJacTHYHa 31 cTajiolo auciepcieio k2. Ile o3Hayae, 1110, BUKOHABLIN
3a3HauY€eHe BUIIE IEPETBOPEHHS, MU BUKJIIOYUIIN TETEPOCKEIACTUYHICTb.
Bunanoxk 3. [Ipumnycrumo, 1o reTepockeacTUIHICTh Ma€ (hopMmy

os = Mu; =k (by +bx;)° (5.11)

(nucnepcist 3pocTae MpoMOPIKHHO 0 KBAJparTa JiHiiHOI (hyHKIIT Bij X).

I3 npunymenns (5.11) BunmBae
¥ =0,” (B +bx). (5.12)
Jlomyctuma Tpancdopmaltis mosisrae B liieHHI TOYaTKOBOI MOJIeJIi Ha
[ 2 _
(by + byx;)™ =(by +byx;).
Ort:xe, TpaHchOpPMOBAHA MOJIEJIb MAE BUTJIS]L

Yi

= + i i
bo + b1xi a bO + b1xl. ay bo +b1x,» bo +b1xi (5.13)
Posrisanemo
i B2 (b + b Y
o S - W O
Dho + byx; (by +byx;) (by +bia;)
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OT}KC‘, HOBa BUIIA/IKOBa BEJIHMYNHA € TOMOCKEJIJACTUIHOIO 13

1
by + bx;
CTAIoI0 Aucnepciero k2.
3araapHuii BUNALOK. [IpHUIyCTHMO, 110 TeTepOCKeIacTUIHICTh MAE

bopmy
o, =Mu} =k §x;), (5.14)

ne k=const, ¢(x;) — byukuis Big x,.

Tpancdopmaltisi To4aTKOBOT MOJIENi 3/IICHIOETbCS IIJIEHHAM ii Ha

VO(x;).

3a3HaumMo, 10 Taka TpaHchopMallisi eKBiBaJeHTHA 3aCTOCYBAHHIO
3BasKEHOro MeToly HaiiMeHinux kBazparis (SMHK), axkuii € ocobausum
BUIIQJIKOM y3araJbHeHOro Metony HaiMennmmx kBajapatis (Y MHK). CyTb
3MHK nosigarae B MiHimizailii 3BakeHOi CyMU KBaJIPATUYHUX BiJIXUJIEHB!

= 2 = 2
S —(y; —ay —~ayx; — min. (515)
eay - F N

3asgaunMo takox, 1o 3IMHK, 3acrocoBanuii 10 1o4aTKOBOI MOZEII,
nae taki cami pesyabratu, mo 1 MHK, 3actocoBanuii 10 TpanchopmoBa-
HOI MOJIei.

Teepmkenns. Ominku TpaHC(HOPMOBAHOT MOJIEJi MAIOTh MEHIITY JIHC-
nepcito (ehekTUBHIII), HiK OMIHKN, oTpUMaHi i3 3actocyBanusamM MHK
JI0 TIOYaTKOBOI MOJIEJII.

Hapeurri, moTpi6HO mam’aTaTh, M0 reTepoCcKeIacTHIHICTh MOXKE 1CHY-
BaTH 32 PaXyHOK HEBPaxoBaHUX (DakTopiB (moraHoi crerudikariii Mozesti).
Y mpomy pasi MOXIMBUM PIllIeHHSIM € BKJIIOYEHHST HeBPaxoBaHUX (ak-
TopiB y Mozesb. Crine 3actocyBanHst Tpancdopmartii (6e3 aHasi3y mpu-
YMH TeTEPOCKEJACTUIHOCTI) 3POOUTH TOMOCKEJACTUYHOW BUMAIKOBY
3MiHHY, OJHAK OI[IHKHU TTapaMeTpiB 3aJIUMIAThCI HENPAaBUJIBHUMNI uYepes
HEBPaXyBaHHS BaKJIUBUX (DaKTOPiB.
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5.4. OuiHloBaHHA napameTpiB 6aratocakTopHoOI
perpeciiHoi mogerni Ha OCHOBI y3aranbHeHOro
MeToAy HauMeHLUMX KBaapaTiB

Posrignemo nertanbhilie 3arajabHU BUMIAJOK OIIHIOBAaHHS ITapaMeTpiB
MO/I€JIi 3 TeTePOCKEe/IACTUYHUMU 3aJTUIIIKAMU.

3anumiemMo ysarajibHeHny OaratoakTOpHY perpeciiiny Mouelb y Mar-
PUYHOMY BUTJISITI

y =Xa+u, (5.16)

Jle Y — BEKTOP-CTOBIIEIb 3aJI€3KHO1 3MIHHOI po3MipHOCTi (72 X 1);

X — MaTpuirs He3aIeKHUX 3MIHHUX po3mipHocTi (n X (m + 1));

a — BEKTOP-CTOBIIEIb HEBIJIOMUX IapaMeTpiB po3mipHocTi ((m + 1) x 1);

% — BEKTOP-CTOBIIEIb BUIIA/IKOBUX IIOMUJIOK po3MipHocTi (1 X 1).

Hexall BUKOHYIOTbCS BCi MPUITYLIEHHS KJIACUYHOIL JIiHIHOI GaraTo-
(baxTopHoi MOzIeI1, 32 BUHATKOM IIPUIYIIIEHHS [IPO TOMOCKEIACTUYHICTD
noxubok. dkmo go mozeni (5.16) sacrocysaru ssuuaitnuit MHK, or-
prMaHa OlliHKa MapaMeTpiB Oyie He3MileHO™0, 06rPYHTOBAHOIO, OHAK
He eeKTUBHOIO (He Ma€ HANMEHIIOI AUCIEPCii cepes He3MIIEHNX Olli-
HOK).

3a HagBHOCTI IeTepPOCKEeNACTUYHOCTI I/ OIIHIOBAHHS [1apaMeTpiB
MoOJIeJli JIOIJIBHO 3aCTOCYBATH y3araJbHEHWI MeToJ[ HaliMeHIINX KBaJl-
patiB (MeToj EliTkeHa), BEKTOP OIIHIOBAaHHS SIKOTO MA€ BUTJIS]]

a= (X’S_1X)_1X'S_1Y. (517)

Bexrop a mictuTb He3Milleny JiHiiHy OLIHKY llapaMeTpiB MOJel, gKa
Ma€ HallMeHIITy AMCIIepPCiio i MaTPUII0 KOBapialiii:

o’(a) = (X' X)L,

3ayBaxkenns. [ug orpumanna Y MHK-ouinok mneoOXizno sHatu
KoBapiafiiitHy Marpuitio S BeKTopa moXuboK, sika Ha TPAKTHIL JyKe PiIKO
Bizfoma. ToMy TIPUPOIHO CIIEPIITY OIIHUTU MATPHUINO S, a MOTIM 3aCTOCY-
Baty ii ominky y dopmyai (5.17). Lleit miaxix € cyTh y3araibHEHOTO Me-
TOJly HAaUMEHIIINX KBaJPaTiB.

Busnauenns matpuili S. OCKiJIbKN sIBUINE TeTEPOCKEIaCTHUHOCTI
MoB’g3aHe JInIle 3 TUM, [0 3MIHIOIOTHCS AUCIIePCii 3aUINKIB, a KOBa-
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piamis Mixk HMUMM BimcyTHA, TO MaTpuid S Mae OyTU [iaroHaJbHOIO,
a caMme

ot 08
& i
O O
0o il ) 0Q
. .8 .0
O 1|:|
DO 0 1[0
H A

3a3HAUYMMO, MO MATpUId S 3aJIeKUTh Bijl crienudivnoi hopmu Te-
TEPOCKEJACTHYHOCTI i MOKe OYTH po3paxOBaHa BUXOASYU 3 MPHUILY-
HIeHb PO 3aJIEKHICTh IMOXMOOK Bijf OJHIET 13 HE3aJeKHUX 3MIHHUX
(Bumazku 1-3).

Y marpuni § snadenns A, i = 1, 2, ..., n, MOXHa 0OYHCTUTH, KOPUCTY-
I0YNUCh TITIOTE3aMU:

1) M@uu') = o’ 4%ij, TOOTO JINCTIEPCis 3aTUIIKIB TTPOMOpIiiiHa 0 3MiH
MOSICHIOI0YO1 3MiHHO1 xl.j;

2) M(uu') = o’ xlj, TOOTO 3MiHa JwcHepcil MpOTOPIiiiHa 10 3MiHU
KBaj[paTa MOSICHIOU0i 3MiHHO] xi,
3) M) =0, uly;

3MiHU KBaJpaTa 3aJIUIIKIB 32 MOyJIEM.

g nepioi rinoresu A; =

Hna ppyroi rimoream  A; =

- F -

Jlist Tperboi Timoresu )\ E {| )2, abo A; = (aqy - a1xi]~)2, abo
A = (ay ‘019517 ) )

Ockinbku MaTpuilgd S CUMETpUYHA 1 0aTHO BU3HAYeHa, TO MPHU
S=PP* marpuusg P mae BUIIA]L
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% 0 0 5

1 0

I e a

P=0 JA, 0 P'=q 2o 0
= N 0B
T I (R
: ot

3aysaxkenns. Koedimient gerepminaliii He Moxxe OyTH 3a10BIIbHOIO
Mipoio sikocTi Moziesri B pasi 3acrocyBanus Y MHK (Ha BigMiny Bij Kia-
CUYHOI MOJles1i). Y 3araibHOMY BUIIAIKY 3HaYEHHST KOeilli€eHTa JieTepMi-
Hauil HaBiTh He MOBMHHO IepebyBaru B inTepsani [0,1], a fogaBaHHg Yu
BUJIyYEHHsI He3aJlexHOol 3MiHHOI ((akTopa) He 060B’I3KOBO 3YMOBJIIOE
fioro 36ibIeHHst a60 3MEHIIECHHSI.

OCHOBHi BUCHOBKM LL0A0 HAABHOCTi reTepockefacTUYHOCTI
B perpecinHin mogeni

1. X110 BUSBJIEHO TeTEPOCKENACTUYHICTD, a JUCIIEPCii HEBIZIOMI, He-
00xisHo TpanchOpMyBaTH II0YATKOBY MOJIEIb 3 METOIO YCYHEHHS TeTepo-
CKeIaCTUYHOCTI.

2. Slxkmo O, Binowmi (110, B3arasi, pi/IKiCTh), TO HEBiJIOMi TapaMeTpu
perpeciiinoi Mojiesri po3paxoByiotbcst 32 MHK.

3. ko 012,4 HEBIIOMI, ajie BiJOMUII BUTJISAZ, 3aJ€KHOCTI MixK Gi Ta
i i
OZIHI€I0 13 He3aJeXHUX 3MIHHUX X;, TO TlapaMeTPH perpeciiinoi momesri
pospaxoByioThest 32 Y MHK.

4. BaxxyimBUM € NPUIYIIEHHS PO HOPMAJIbHUIN 3aKOH PO3IOJIIY BU-
MaIKOBOT 3MIHHOI . SIKIIO 1€ TpUIyIeHHs nopyimyeTbes (abo, sk dac-
TO OyBa€ Ha IIPAKTUIIL, IrHOPYETHCA ), TO OLIHKK [APAMETPIB 3aIUIIAI0Th-
¢ HaWKpalMMU, OJIHAK MM HE MOKEMO BU3HAUUTU IX CTATUCTUYHY
3HAUYIIICTh (HAAINHICTD) 32 JOTIOMOTOI0 KJACUYHUX TECTiB 3HAYYIIOCTI
(¢, F To1mo), ocKinbKy 11i TecT 6a3yioThCsl Ha HOPMaJbHOMY 3aKOHI PO3-
TTOJTLITY.

KoHTponbHi 3anutaHHsA

1. SIke saBuUIle HA3UBAETHCSI TOMOCKEJACTUYHICTIO?
2. fxe siBUIIlE HA3UBAETHCS TETEPOCKETACTUUHICTIO?
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3. Y yomy 1osisira€ CyTh reTepoCcKeacTUUHOCTI?
4. SIky dopmy 3BUYAITHO MA€ reTepoCKeaCTUYHICTh?
5. Jlo SIKMX HACJIAKIB TIPU3BOAUTH TTOPYIIEHHST IPUITYIIIEHHSI TIPO TO-
MOCKE/IaCTUYHICTDH?
6. SIk BCTaHOBUTU HASIBHICTb T€TEPOCKENACTUIHOCTI?
7. Ha3BiTh MeTOIM BU3HAYEHHS T€TEPOCKENACTUIHOCTI.
8. 3a IKUX YMOB 3aCTOCOBYEThCS TapaMeTpudHuii Tect lombadenbaa —
Ksanara?
9. Y yomy cyTh HermapaMeTpUYHOTO TECTY?
10. Ha womy 6asyetbea tect [ielicepa?
11. Y womy cyTb Tpancdopmaitii Mojesri?
12. HageznitTh hopMu reTepoCcKeIacTUYHOCTI B HAUTIONIMPEHITIINX BUTIA]T-
Kax TpaHchopmartii.
13. Axi BiacTUBOCTI MAIOTh OIIHKY ITapaMeTPiB TpaHChHOPMOBAHOI MO-
nemui?
14. 3a paxyHOK 40ro MO’Ke iCHYBaTU reTepOCKeNaCTHYHICTh?
15. Y yomy cyTh y3araJbHeHOTO MeTO/y HailMEHIINX KBAIPATiB?
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Po3sdin 6. ABTOKOPEJAUIA

6.1. MNMpupopa aBTOKOpPENAUIl Ta ii HacNiAKK
PosrigreMo Kaaciyry JiHiiiHy 6araroGakToOpHy MOJIe/b
y=ay tax; tayx, +.. +a,x, +u (6.1)

ab0 B MAaTPUYHOMY BULJIALL
Y =Xa+u, (6.2)

Jle § — BEKTOP-CTOBIIEIb 3aJIeKHOI 3MiHHOI po3MipHOCTi (72 X 1);
X — MaTpuIild He3aJTeKHUX 3MiHHIX PO3MipHOCTi (1 X (m + 1));
a — BEKTOP- CTOBIIEIh HEBIZIOMUX MapaMeTpiB po3mipraocTi ((m + 1) X 1);
# — BEKTOP-CTOBIIEIb BUMIAJIKOBHUX TTOMUJIOK Po3MipHOCTi (1 X 1);

coo(uu;) =0, i £ j.

OmauM i3 TIpUITYTIEeHb KJIACUIHOTO PErpeciiiHOro aHai3y € MpuIry-
IEHHS PO HEe3aTeKHICTh BUMAAKOBUX BEJIUUNH u;, i=1,..,n, T00TO
SKIIO 1€ TPUITYIIEHHS TTOPYITYEThCs (He3BaKA0UM HA Te, 10 TUCTIepCis
3AJIUIIKIB € CTATI0I0 — HAsBHA TOMOCKEACTUUHICTH ), TO MH MAEMO CIIPa-
BY 3 SIBUIIEM, SIKe HA3UBAETHCS A8MOKOPEAAUIEI0 3ATTUIIIKIB.

Ta TEOPETUYHI HACJIJKU, YU € e(DeKTUBHI METOJM TECTYBAaHHS HASTBHOCTI
ABTOKOPEJIAIi, Y 3MIHIOIOTHCSI METO/IN 3HAXOJKEHHSI HEeBiZIOMUX Tapa-
MeTPiB MOJIeJ/Ii B yMOBaxX aBTOKOPeJIALl.

ABTOKOpEJISIiS 3a/IMIITKIB BUHUKAE HAWYACTIIIEe TOJI, KO EKOHOMET-
pudHa MOZETh OYAYETHCSI HA OCHOBI YaCOBUX PSIIiB. SIKINO iCHY€E KOpess-
i MK IIOCJIIIOBHUMU 3HAYEHHAMHA AESKOI He3aaeKHOl 3MIHHOI, TO CIIO-
CTepiraTUMeThCsl i KOPeJIsIlist TOCTiIOBHUX 3HAYeHb 3aTUINKIB, TaK 3BaH1
JIarOBi 3aTPUMKH (3aIi3HIOBAHHS ) B eKOHOMIUYHUX TIPOIecax.
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ABTOKOpeJISAIisl MOXKe BUHUKATU Yepe3 IHEePIiHICTh i IUKIIYHICTh
6aratboX eKOHOMIuHUX mporieciB. [IPOBOKYBaTH aBTOKOPEJSAIIIO TAKOK
MOJKe HelpaBu/bHO crenrdikoBana (HyHKIIOHATIbHA 3aJ€KHICTD Y per-
PECiiiHUX MOZIETISAX.

[Ipuiyctumo, Mozesb (6.1) Mae aBTOKOPEIbOBaHI 3aIUIIKI, TOOTO BU-
Ia/IKOBI BEIMYMHM U; 3aJIEXKH] MK c006010: M(uiuj) 20,1 % ].

OTxke, K i y BUTIAJIKY T€TEPOCKEACTUYHOCTI, TUCTIEPCisT 3aTUIIKIB

M(uu') z Oil. (6.3)

AJte TIpU TE€TEPOCKENACTUIHOCTI 3MIHIOIOTHCS JAMCIEPCi 3aJUIIKIB 32
Bi/ICYTHOCTI iX KOBapiallii, a mpyu aBTOKOpeJAIlii iCHy€e KoBapiaiis 3a-
JINTIIKIB 32 HE3MIHHOI JIUCIIEPCii.

3a3HayuMo, M0 32 HAsIBHOCTI aBTOKOPEJISIIil 3aIUIIKIB, SIK 1 32 HasB-
HOCTI TeTepOCKeTaCTUIHOCTI, TUCTIEPCis 3aTUIIKIB MAa€ BUTJIST

M (uu') = a2Q, (6.4)

O/lHAK MaTpuIld Q MaTUMe TYT IHIIWI BUTIISAL

E 1 p p2 p3 pn—1 |

Op § H B p" 0

_0 .0
Q=pp> |p 1. p P30 (6.5)

af 0

O O

H)n—l pn—2 pn—3 pn—4 1 H

Jie TTapaMeTp P XapaKTepu3ye KoBapialiio KOKHOTO HACTYITHOTO 3HAYeH-
HS 3aJIUIIKIB 13 TTOTIepeHiM.

Tak, AKMIO 1715 3a/IATIKIB 3a1TCaT aBTOPETPECIiiiHY MOJIesTh MePIIoTo
HOPSAKY

Uy = Py +Vp, (6.6)

TO P XapaKTepPU3ye CUJIY 3B'43KYy BeJIMYMH 3aJUIIKIB y 1IepioJ] ¢ 3 BeJu-
YUHAMU 3JIUIIKIB Yy mepiog t—1.

Akmo npoirHopyBaTtn Matpuinio Q npu BU3HAYEHHI JucIiepcii 3a-
JIMTIKIB 1 /71T OIiHIOBaHHS mapameTpiB mojeni 3actocyBatu MHK, To
MOJKJIMBI Taki Hacaioxu:
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1. OuiHky mapaMeTpiB Mojesi MOKYTh OyTH He3MIillleHUMHU, ajie He-
edekTuBHIMMU, TOOTO BUOIPKOBI AncHepceii BEKTOpa OLIHOK @& MOKYTb OyTu
HEBUIIPAB/IAHO BEJMKNMHU.

2. Craructuuni kputepii £- i F-cTaTUCTUK, SKi OTPUMaHI JIJIsT KJa-
CUYHOI JIHIIHOI MOJIeIi, He MOXKYTb OyTH BUKOPHCTAaHI I AUCIIEPCIii-
HOro aHasizy, 60 ix Po3paxyHOK He BPaXOBYE€ HaABHOCTI KoBapialii 3a-
JINIIKIB.

3. HeedexruBHicTb OI[iHOK TTapaMeTpiB eKOHOMETPUYHOI MOJIEI, SIK
MPABUIIO, TIPUSBOAUTH /10 Hee(heKTUBHUX MPOTHO3IB, TOOTO MPOTHO3HI 3Ha-
YEHHSI MATUMYTh BEJIUKY BUOIPKOBY AMCTIEPCIIO.

BucHoBKH. 32 HAgBHOCTI aBTOKOPEJIAILii OMIUPEHNM METOAOM OLiHIO-
BaHH4 HEBIZIOMUX [TaPaMEeTPIB € y3araJbHEeHUI METO/ HaliMEHIINX KBaJl-
pariB, AKkuii 0yJI0 POSIMSHYTO B IOIEpeaHboMy po3zia. Orpumani 3a
noriomoroto Y MHK oninku € neaminiennmu Ta e(heKTUBHIMMU.

6.2. TecTyBaHHA HAaABHOCTi aBTOKOpenauil

TectyBanHs HagBHOCTI aBTOKOPEJIAILi], SIK TPABUJIO, 3JIHCHIOETHCS 32
d-rectom Jlap6ina — YoTcoHa, Xo4a iCHYIOTh I 1HIII He MEHII BioMi Tec-
Tu: kputepit pon Helimana, HEMUKITIHUN KOEDIIIEHT aBTOKOPEJAIL,
MUKJTTIHUT KOeDITIEHT aBTOKOPEJIIL.

6.2.1. Kpurtepin [Jap6iHa — YoTcoHa

(CKJIAIAETHCST 3 KiTTBKOX €TaIliB i BKJIIOUAE 30HU HEBU3HAYEHOCTI )
Kpoxk 1. Po3paxoByerbest 3HaYE€HHS d-CTaTUCTHKH 32 (hOPMYJIOIO

L 2
z (ut - ut—1)
(=2 '

n

DW=d= (6.7)

t=1

3aysaskenns. /loBejieHO, 110 3HaUeHHs d-cTatucTuky J{apGina — Yor-
cona nepebyBae B Mexxax 0< DW< 4.

Kpoxk 2. 3agaemo piBenb 3HauyIocti 0. 3a Tabsmiieio Japbina — Yor-
COHa ITPY 33JIAHOMY PiBHI 3HAUYIIOCTI O, KiJTBbKOCTI (hakTOPiB 7 1 KiIbKOCTI
CIIOCTEPEKENb 71 3HAXOANMO JABa 3Hadennsa DW, i DW, :
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e ko 0< DW< DW1, TO HasIBHA JI0/IATHA ABTOKOPEJISILis.

* dxmo DW, < DW< DW, abo 4—DW,< DW< 4 — DW, Mu ne Moxe-
MO 3pOOUTH BUCHOBKU aHi TIPO HAsIBHICTH, aHi TIPO BiJCYTHICTH aB-
Toropesdtii (DW noTparisge B 30Hy HEBU3HAYEHOCT ).

* xmo 4-DW, < DW < 4, MaeMO BiZl' €MHy aBTOKODPEJAILIIO.

* Axmo DW, < DW < 4—DW,, TO aBTOKOPEJIAIIS BiICYTHS.

Tpadiune 300pakeHHs PO3MOIiNY LrocTpye puc. 6.1.

JomaTna ABTOKOPEJISAIIIS BiICYTHST Big'emna
1 — [ —
| L\\\\\\\‘k [ \\\\\\\\ |
0 DW, DWw, 2 4-DW, 4-DW, 4

30Ha HEBU3HAYEHOCTI 30Ha HEBU3HAYEHOCTI

Puc. 6.1. 30HU aBTOKOPeJISALIHHOTO 3B’ 43Ky
3a kpurepiem /lap6ina — Yorcona

6.2.2. Kputepin choH HemmaHa

PospaxoByeTbcs

Z(ut U 1) L
Zuz = (6.8)
= ;

" 1 Otxe, nipun —» o Q=DW.
n—

Q ch;)aKT B

3sincu Q = DW

@DakruyHe 3HaUeHHs KpuTepio ¢on Helimana mopiBHIOEThCS 3 Ta6-
JINYHUM IpK BUOPaHOMY PiBHI 3HAYYIIOCTI O i 3agaHiil KIIbKOCTI CI10-

crepexenp: Q . = Q(M).
Axmo Q(ba o < Q.6 TO ICHYE I0IaTHA ABTOKOPEJIATIISL.

6.2.3. KoedpiuieHT aBTOKOpENsUii Ta iX 3acTOCyBaHHA

Oxpim cratuctuk [Japbina — Yorcona Ta HelimaHa, 171 1epeBipKu aB-
TOKOPEJIAIii 3aCTOCOBYIOTh TAKOK HEIMKJIYHUI KOeDillieHT aBTOKOpe-
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i 7, axuii BioOGpakae CTyIiHb B3AEMO3B'A3KY PAMIB Uy, Uy, ...y Uy
i 06uncoeThest 3a hOpMyJI0I0

n 1 0 Mz O
%utut—i ‘j%%“ﬂ]]] U]
. _ i= n 2 M= 0O

On

, 1

u; - DEMDD DEu ﬂ}u_mﬂ
%t n—1 tDE Ht -1 t1E

Koeimient 7* moxe naGysatu 3uadens B inrepsaui (—1,1). Moro
Bi/I' €MHI 3HAUEHHS CBI/[YaTh PO BiJl EMHY aBTOKOPEJISAIIIIO 3aJIMIIKIB, a J10-
JIATHI — MPO JIOZIATHY aBTOKOPEJIATi0. SHAUYCHHS, M0 JIEKATh B IESTKill KPH-
TUYHINA obJracTi moOJU3y HyJIsl, MATBEPIIKYIOTh HYJIbOBY TIilIOTE3Y PO
BiZICYTHICTh aBTOKOPEJAIi B 3ammnikaxX. OcKibKU HMOBIpHICHWIT PO3MO-
[ 7" BCTAHOBUTU BaKKO, TO HA IPAKTHI 3aMiCTh 7™ OOYUCIIOIOTH UUK-
JuHUl KOeDITIEHT aBTOKOPEISIIil 7%, Barazom, Ko acoBuit psn Mae

MIUKJTYHAIT XapakTep, TOOTO TPUITYCKAETHCS, IO THCIST SHAYEHHST Uy 3araib-

HUI XapakTep 3MiHW YeHIB PSALY TTOBTOPIOETHCS, TO aBTOKOPEJISIII0 BU3-

HAYaloTh 32 JI0MIOMOroio KoedillienTa v 3aMPOBA/KEHOT0 AHIEPCOHOM.
Y oMy pasi aBTOKOpeJIsAIis BUSHAYAETHCS MiK TIOC/IZIOBHOCTSIMH, 3CY-

HYTHMU Ha T1epion T:

Uy, Ugy eoey Up 1 Upyqy Upggy ooy Ugy
Uy, Uy ooy Uy 1 Upyqy ooy Uy, Uy, Uy ooy Uy

SAxmo nepion T =1, To MaeMO KoedilliEHT IUKJIITUHOI aBTOKOPEJIAILii
HEPIIOro TMOPSIIKY, AKIiT BiOMBAE IHTEHCUBHICTD B3AEMO3B’ 3Ky MiXK I110-
CJIIIOBHOCTSIMU

Uy, Upy oy Uy, Uy,
Ta
Uy, le, eeny un, U.

[l HOCUTH TOBTUX PSIIB BIUIMB MUKJIIYHIX YJIEHIB CTAa€ HE3HATHUM,
TOMY UMOBIPHICHUIT PO3IOL KoediieHTa ™ HAOIMKAETHCS 10 IMOBIp-
HICHOTO PO3MOJIiTy KoedillieHTa IUKIIYHOI aBTOKOPESIIii 70, sxuit 06-
YUCTIOETHCS 32 (DOPMYJIOIO
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Z Wty + Uy ——[0) U
0 _ (=2 "0 0O
n 1 n ﬁ :
>up —— E& u,0
=1 ngE O

SAxmo ocrauHiil unen pspy AOPIBHIOE IepIIOMY, TOOTO wy =u,, TO
HETMKIIYHIT KoeDilieHT aBTOKOPEIAIiil 1opiBHIOE nuKIivHOMY. OueBujI-
HO, SKIIO 3aJHUIIKN He MICTSATh TPeH[a, TO MPUIIYIIeHHS PO PiBHICTH
u; = u, Helajexe BiJ AificHOCTI I IUKIiYHMI KoedillieHT aBTOKOpesAlii
OMMBBKMIA 10 Henuk/IiuHoro. KpiM Toro, npuiyckaiouu, o CepeHs 3a-
JIMINKIB 0piBHIOE HyJmo, ToOTo % =0, a oTxe,

n n
Yu =y u- =0,
=) )
OTPUMYEMO TTPUOIU3HY (DOPMYJLY IS OOUNCIEHHST IIUKJIITHOTO Koeditti-
€HTa aBTOKOPEJIATII:
n
Z Ul
i ="

=

n )

t=1

IPUYOMY rD(— 1,1). 3HaueHH4 7 BUKOPUCTOBYETLCA IIPU OIIHIOBAHHI
rapaMeTpiB MOJIEJII.

6.3. MNMapameTpusauia moaeni
3 aBTOKOpesibOBaHUMMU 3anuvLuKammn

3a3HauMMOo, 10 TTapaMeTPH MOJEJi 3 aBTOKOPEJIbOBAHUME 3aJIMAIITKA-
MU MO’KHA OITIHUTU Ha OCHOBI YOTUPHOX METO/IiB:

1) Eiitkena (YMHK);

2) nepeTBOpPeHHs BUXiJHOI iH(popMaIlii;

3) Koupena — Opkatra;

4) Map6ina.

[Tepmri 1Ba MeToAM AOIITHHO 3aCTOCOBYBATH TO/Ii, KOJIW 3AJIUIITKH OTIH-
CYIOTBCSI aBTOPETPECIITHOI0 MOIEJLITIO TIepIoro mopsaky (6.6):

Uy = Ply_g + V.
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Itepauiiini merogu Koupena — Opxatra i JapGina MOKHA 3aCTOCO-
BYBATU JJI OI[IHKU MapaMeTpiB eKOHOMETPUUYHOI Mojiesi i ToMi, KOJau
3aJIUIIKU OMUCYIOThCS aBTOPErPECiTHOI0 MOJIEJIIIIO BUIIIOTO TIOPSJIKY:

U = Pyhp—g + Pl TV
U = Pl T Pl T U3 TV

6.3.1. MeTop EnTKeHa

Ak 3a3navasiocs, orepatop orinoBanHs Y MHK MoskHa 3ammcaTit Tak:

a=(X'Q'x)'x oty (6.9)
abo

[ T Y (6.10)
ne Q1 — Marpuiist, obepHeHa [0 IUCIepPCiiiHo-KoBapiamiiHol MaTpHI 3a-
mmkis Q; S~! — maTpuus, obeprena g0 Matpuii S = GiQ.

Ockinbku B Q kopapianig samumkis p° - 0 npu S > 2, To MaTpu-
g Q! martume Burssn

01 -p 0 00

0 4 0

{ op 1+p -p 0 00

_1_ |:|

Q Ti- 2%0 - 1+p" —p 0 0y
Prg, s .o (61D

Eo 0 0 0 0 1%

Ha npakruiii 71 po3paxyHKy P BUKOPUCTOBYETLCS CIiBBiIHOIIECHHS

. — (6.12)
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abo

Ul
= —fzz " (6.13)

6.3.2. MeTop KoupeHa — OpkaTtTa

3ayBakenns. Meroj Koupena — Opkarra € itepaliiiiHuM METOZOM Ha-
GJIMZKEHOTO TOIIYKY OI[iHOK MapaMeTpiB MOJeJIi 3 aBTOKOPEIbOBAHIUMH 3a-
JIUIITKAMU, sikuil 6asyerbest Ha MHK.

Kpok 1. JloBiibHO BUOpaTH 3HAYECHHST TTApaMETPa P, HAPUKIAL P = 7.
[MincraBuBim itoro y

&= S 1 - ) ~ad -9 ~a( —p DB (6.14)
2 t=2

=
obuncamru a5 i a®.

Kpoxk 2. Tloknactu @, =ai? i & =a2; nincrasusmm ix y pisusmns
(6.14), obuncmur p=r,.

Kpok 3. Ilincraputu B piBnannd (6.14) snavenns p=r,, 3HaiiTH
PO

Kpox 4. Bukopucratu g, = &(()2) g W &1(2) AT MiHiMizanii cymu
KBaapatiB saauiikis (6.14) sa HeBizoMuM mapameTpom p=7,. IIponemny-
Py IIOBTOPIOBATH JIOTH, JOKU HACTYIIHi 3HAYEHHS IApaMeTpiB a,, @ i P
He Bi/IPI3HATUMYTBHCS MEHII SIK Ha 33/1aHy BEJNYUHY.

3asHaunmo, 1Mo HaBEeJIEHNH METOT 3aBK/IN 3a0e31euye:

°  3HAXO/KEHHS IJI06ATBHOTO ONMTHMYMY;

* MOPIBHIHO A06PY 301KHICTb.

6.4. lNMpuknap ouwiHOBaHHA NapamMeTpiB moaeni
3 aBTOKOpesibOBaHMMM 3anuLiKaMmm

Ha ocHOBI 1BOX B3aEMOTIOB’I3aHNX YACOBUX PAIB [TPO PO3APIOHUIT TO-
BapoOO6IT i TOXO/M HACETIECHHST TIOOY/LyBATH MOJIEJb, TII0 XapaKTEePU3Ye 3a-
JIESKHICTD PO3APIOHOIO TOBAPOOOIry Bil JOXO/LY.
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Buxinni nani HaBeseHo B TaOJIUILI.

Pik Tosapoobir Jloxin
1 25,5 27,6
2 26,4 27,4
3 27,9 28,7
4 28,1 29,5
5 28,8 30,9
6 29,3 31,4
7 29,8 31,8
8 30,7 32,2
9 31,5 33,6
10 32,4 34,7

PosB’s13auus.
1. Inentudixyemo sminni Mozesi: y, — po3apiOHuIl TOBAPOOOIT y 1e-
PIOA ¢, 3a7e’KHa 3MIHHA; X, — JIOX Y 1ep1o]] ¢, MOSICHIOI0YA 3MIHHA;

y[ =f (x[’ ut )r

Jie U, — CTOXACTUYHA CKJIJI0Ba (3aIUIIKN).
2. CrieniuikyemMo Mozesb y JiHilHIN (hopmi:
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Yyp=ay taxy tug
Yy = ay tax;
UW=Y:— Yy

3. Busnaunmo 4, a; na ocHoBi MHK, mpumycTuBImm, 1o 3aanmmKm
HEKOPEJIbOBaHi:

b

T G L O B

S R,

27.60

0

2745

28,70

2950

30,98 100 307,8
o x'x = E;

31,40 H3078 9528,361
0

318

32,25

33,60

34,7H



Dl755538 -0,5671 D r 02904 0

X'x)™
XX =0 05671 0018424F  ~ Y o568

. (23136410
8683035

OTxe, MOJIESTb MA€ BUTJIAL

Y, =2,313641 + 0,868303 x,.

4. 3HaiiieMo OIliHEeH] 3HAYEHHSI §, HAa OCHOBI OTPUMAHOI MO Ta
BU3HAYMMO 3a/UIIKHU U,.

Pix Y 9y e uz2 C= (ufuz— 1)2 Uty
1 25,5 | 26,2787973 |-0,7788 | 0,606525
2 26,4 | 26,1051367 | 0,294863|0,086944 | —0,7788 1,152747 | -0,22964
3 26,9 | 27,2339303 |-0,33393 | 0,111509 0,294863 | 0,395381 | —0,09846
4 27,1 | 279285725 |-0,82857 [0,686532 | —0,33393 | 0,244671 | 0,276685
5 27,8 | 29,1441963 |—-1,3442 1,806864 | —0,82857 | 0,265868 1,113764
6 28,3 | 29,5783477 |-1,27835 |1,634173 | —1,3442 0,004336 | 1,71835
7 29,4 | 29,9256688 |—0,52567 |0,276328 | —1,27835 | 0,566526 | 0,671988
8 30,7 | 30,2729899 | 0,42701 |0,182338 | —0,52567 | 0,907597 |—0,22447
9 31,5 | 31,4886138 | 0,011386/0,00013 0,42701 | 0,172743 | 0,004862
10 33,4 | 32,4437468 | 0,956253|0,91442 0,011386| 0,892774 | 0,010888
Cywma| 287 290,4 -3,4 6,305763 | —4,35625 | 4,602643 | 3,243969

5. O6umcanMo omiHKy d-cratuctuku Jap6ina — Yorcona:

10

2
U, — U, _
DW= ;( ¢ ") _ 4,602643
Qs 6,305763

t-1

=(,7299.

3azamo 0 =0,05 i npu n=10 Ta m =1 3Haiigemo 3a Tabauieio d-cra-
tuctuku Jap6ina — Yorcona (0. 4) KpUTHYHI 3HAYEHHS KPUTEPIIO:

DW,=0,604 — nmxnsa mexa;

DW,=1,001 — pepxns mesxa.
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Ockinbku DW1 <DW< DW2, TO 3 MOXNOKOIO MOHANGLIbIIE Y 5 % BU-
aJIKiB MOKHA CTBEPKYBATH, 110 aBTOKOPEJIALis 3aIMIIKIB 1, HEBU3HA-
YyeHa.

3asdanns ons camocmiiinoi pobomu: TMEPEBIPUTH aBTOKOPEJIALIIO 3a-
JIMIITKIB MOJIeJIi Ha OCHOBI Kputepito hon Helimana.

106 oniHUTH MapaMeTpr MOJEJI 3 aBTOKOPEIbOBAHUMHE 3aJUIITKAMH,
Bukopuctaemo ¥ MHK. Oniepartop otiHioBanus

a=(X'Q'X)'x' Q7Y ato a=(X'S'X)T x5y,

ne Q —naucnepciiiHo-KoBapialfiiiHa MaTPUILST 3aTUIIKIB, KA MA€ BUTJIST

04 2 o ... pO
o1 e op p2 o’
Op 1 p & . pgg
X YR o' S=0.0
B 0
% PR (.

[To6 chopmyBaTi Q a60 S, HEOOXiHO 3HATH BEJIMYUHY P, SIKa Xapak-
TEpPU3YE B3AEMO3B 30K MiK IIOC/IJOBHIMU YIeHAMU DSy 3aIUIIKIB.

[IpunycTrMo, 3aJUIIKNA OIKUCYIOThCS aBTOKOPEISLIHHOI0 MOAEILIIO
nepioro nopsaxy (6.6):

Uy = PUp—g +Vy,

ae n
2 et 3243969 10 2
p=r == + == 12 <077,
$p 17 6305763 9 10
t=1 '
OTtxe,
B 077 05929 04565 ... 0095101
D77 1 077 05929 .. 0,1235]
Q=005929 077 1 077 .. 016043

- . A
H,0951 01235 01604 02084 ... 1 H
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0 2,4564 18914 56F —170]
0 0
o1 - L8914 39128 0 ol
o ... O
L4 4657E —17 -365E —17 ... 24564
6. Pospaxyemo:
1041 4
XTg 200565 010 05649
Hs9715 -01246 ... 21,685
Xiarix <2171 6UE0 oL D 630070

(X X0 =0 9269

~H7157 2110708

Orxe, §,=3,20236 + 0,834594x.

03 Y = Hor6647H

®91312 -0,92690 .

. _[B20236
002000~ B834594F

7. 3naiifemo omlineni 3HaYeHHs j, Ha OCHOBi moGyz0Banoi Mojei Ta

BU3HAYMMO 11 3aJIUIIKNA 0;

Pix Yy 2 Y 0} Yy (07 90q
1 255 | 26,23716 |-0,73716 | 0,54341 — — —
2 26,4 | 26,07024 | 0,329755| 0,108739 |-0,73716 | 1,13831587 |-0,24308
3 279 | 27,5522 | 0,744783| 0,554701 | 0,329755| 0,17224772 | 0,245596
4 28,1 | 27,82289 | 0,277107| 0,076788 | 0,744783| 0,21872034 | 0,206385
5 28,8 | 28,99132 |-0,19132 | 0,036605 | 0,277107| 0,2194286 |-0,05302
6 29,3 | 29,40862 |-0,10862 | 0,011799 -0,19132 | 0,00683976 | 0,020782
7 29,8 | 29,74246 | 0,05754 | 0,003311 -0,10862 | 0,0276099 | —0,00625
8 30,7 | 30,0763 0,623702| 0,389005 | 0,05754 | 0,32053971 | 0,035888
9 31,5 | 31,24473 | 0,25527 | 0,065163 | 0,623702| 0,13574218 | 0,159213
10 324 | 32,16278 | 0,237217| 0,056272 | 0,25527 | 0,00032594 | 0,060554
Cywma|290,4 | 288,9117 1,488264| 1,845793 | 1,251048| 2,23977001 | 0,426067
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8. Pospaxyemo d-craructuky /lapbina — Yorcona:

10 N
Z (v, —011)

pw =2 _ 2,23977001

LU 1,845793

2 0

t-1

=1,2134.

[MopiBHsieMo d-ctatuctuky /lapbiHa — YoTcoHa 3 KPUTHUHUMU 3Ha-
yeraamu mpu a=0,05, =10 tam=1

Ocxkinmpku DW, < DW < 4-DW,, po6uMO BHCHOBOK, III0 MU YCYHYJIHI
ABTOKOPEJIAIIO 3AJINIIKIB. A Iie B CBOIO YepTy O3HAUAE, 10 TOTPUMYETH-
s TioTe3a Mpo Te, M0 3ATUINKN OMUCYIOTHCS aBTOPETPECITHOI0 CXeMOIO
MIEPIOTO MOPAAKY. SAKIO 3aJUITKA ONMHUCYIOTHCS aBTOPErPeCciiHoI0 cXe-
MOIO BUIIOTO MOPSKY, AOIITbHO OIMIHUTH TapaMeTpu MOjei MeTOZOM
Koupena — Opxkarra abo Jlap6ina.

9. TIporHo3: BUSHAYMMO MPOTHO3HUI PiBEHb TOBAPOOODITY, SKIIO JOXij
cranosutume X, =35. CHiBBifHOIIEHHS, 10 BU3HAYa€ IIPOTHO3HUI

piBEHD 3aJI€KHOI 3MIHHOI, MA€ BUTIIS: ¥4y = Xp,410-
OTtxe,

Yurt =3,20236 + 0,834594x, =3,20236 +0,834594-55 =49,105085.

Ile osnauae, 110 nporH03}511/11‘/’1 piBeHb PO3APIOGHOTO TOBAPOOLITY Ha
(n+1)-ii pik cranoutsb 49,105085.

KoHTponbHi 3anuTaHHA

1. ITlo o3Haua€e aBTOKOPEJISIIis 3ATUINKIB?

2. SIKi mpUYNHNU BUHUKHEHHS aBTOKOPEJISAIii?

3. YUuwm Bigpisuserscs Y MHK npu aBTrokopesiii?

4. Jlo SKUX HACJIIKIB PU3BOAUTH ABTOKOPEJISAIIiS 3aIUIITKIB?

5. SIK BIUIMBAE aBTOKOPEJIAIIis HA OIIHKY ITapaMeTpPiB MOIeIi ?

6. HaBe/iTh TeCcTH HAsIBHOCTI aBTOKOPEJIAIT 3aJIUIITKIB.

7. JTaiite cTHCITYy XapaKTePUCTUKY aaropurmy Meroxy Jlapbina — Yor-
COHA.

8. 300pasith rpadiuHO 30HH ABTOKOPEJSIINHOTO 3B’SI3KY 3a KpU-
tepiem lapbina — YoTcoHa.

9. OxapakTepusyiite anropuT™ Kputepiio hon Helimana.
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10. Ha ocHOBI sIkuX MeTO/IiB MOKHA OIIHUTH ITApaMETPU MOJIeJi 3 aB-
TOKOPEJIbOBAHUMHU 3aJIUIITKAMU ?

11. YV gaxux BuUnagkax AJs OIIHKK IapaMeTpiB eKOHOMETPUYHOI MO-
JieJli 3 aBTOKOPETbOBAHNMU 3JIMIIKAMK JIOIIJIbHO 3aCTOCOBYBATH iTepa-
uiitni metoau Koupena — Opkarra a6o Jap6ina?

12. Oxapaxrepusyiite metoj; EfiTkena oIiHku napamerpiB eKOHOMET-
PUYHOI MOJIeJIi 3 AaBTOKOPEJIbOBAHUMU 3JIUIIKAMMU.

13. Oxapakrepusyiite anroputm metony Koupena — Opkatra.

14. sIki mepesaru 3abesneuye meron Koupena — Opkarra?



Po3oin 7. MOAEI PO3MNOAINTIEHOIO JIATA

7.1. MNMoHATTA Nara Ta naroBux moaenen
B €eKOHOMiLLi

Jliist 6araThOX €KOHOMIYHUX MPOIIECIB TUIIOBO, 1O ePEKT BiJl BILIUBY
Jiesikoro (haKTopa Ha MOKA3HUK, SKUI XapaKTEPU3YE TIPOIIEC, BUSBISIETh-
Cs1 HE 0fipasy, a MOCTYIOBO, Yepes ACIKUI yac abo MPOTSATOM JESTKOTO Jacy.
Take saBuUIle HA3WBAETHCS 3ali3HIOBAHHSAM (3aTPUMKOI0), a MPOMIKOK
vacy, y SIKUil CIOCTEPITAETHES Tie 3aIM3HIOBAHHS, — YaCOBUM JaroM, abo
MIPOCTO JIATOM.

Hanpukiaz, GyHKITiS CIOKUBAHHS MICIS Pi3KOT 3MiHU TOXOY TaKOXK
3MIHIOETHCSI, ajle He TIPOIOPIHITHO 10 T0XO0IY. 30KpeMa, 31 301IbIIeHHIM
JIOXO/Ly BUTPATH 3HAYHO 3POCTAIOTH (33/I0BOJBHAIOTHCS HATAJTbHI TIOTPe-
61), a TOTIM MOKYTh 3MEHIIYBATHCS 32 PAXYHOK 301IbIIIEHHS IHBECTHIIII
(TIaHyTOThCS BEJTMKI BUTPATH 1 3POCTAIOTh HATPOMA/KEHHST, a CIIOKUBAH-
Hs 3MEHIIYEThCS ). BKIasanHs KOMITIB Yy HAYKOBI IOCTI/IKEHHS He oj/ipa-
3y BIJIMBAE HA 3POCTAHHS MPOYKTUBHOCTI Mpalli — Ma€ MPONUTH TTeBHUN
vac Bijl BHHUKHEHHs HAYKOBOI iziel 10 il BIPOBA/KEHHS ¥ BUPOOHUIITBO.
KarmitasbHe OyAiBHUIITBO TAKOXK HE A€ MUTTEBUX MPUOYTKIB 1 T. iH.

OsnauenHs 7.1. MojeJi, y AKUX I0CITiZKYBaHNU TTOKAa3HUK Y MOMEHT
yacy ¢ BU3BHAYAETHCS He JIMIIe TOTOYHUMH, a i TIOTepeIHiMU 3HAYEHHSI-
MU HE3JIEKHIX 3MIHHWX, HA3UBAOTHCS IUCTPUOY THBHO-TATOBHMHU:

Y =arapx, *a Xy tasx,y *.. .

O3nauenns 7.2. MojeJi, y SIKMX JIOCJI/KYBAaHWH IIOKA3HUK Y MOMEHT
yacy ¢ BU3HAYAETHCSI CBOIMU TTOMEPEHIMU 3HAUEHHSIMHU, HA3WMBAIOTHCS
aBToperpeciiHuMu abo AuHaMiYHUMHU Mozessimu. Hampuroia,

Y =atagx; thyy, g +byy,y ... tu.
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SMIiHHI X,_; 1 Y,_¢ Yy Hepiox ¢ —T Ha3UBAIOTbCH JIATOBUMU 3MiHHU-
MU, a BeJIMYMHA T — HEPioIoM 3CyBY (J1aroMm).

AKI0 B eKOHOMETPUYHIHM MOJIesli He3aIesKHi 3MiHHI BUKOPUCTOBYIOTh
3a KiJbKa TIOTIEPEIHIX TEePio/IiB, TO TaKi MO Ha3WBAIOTh MOJAEISIMA 3
KIHIIEBUM JIarOM (CKIHYEHHUMHN MOJIeJIsSIMM). SIKIIO BIJIMB He3aJeKHO1
3MIHHOT He OOMEKYEThCST TIEBHUM TIEPIOIOM, POTJISIAI0Th HECKIHUCHHI
J1IaToB1 MOJIeIi.

3BUYANHO, HECKIHYEHHA JIAr0Ba MOJIEJIb GiJIbII 3arajibHa, O/[HAK TIPaK-
THYHE 3ACTOCYBAHHSI TAKOT MOJIEJI IOCUTH 1TPOOIEMATHUYHE YepPe3 BEJTUKY
KiZTbKICTh (DAaKTOPIB, CKIAMHICTH BHYTPIMIHBOI CTPYKTYPH Ta 0OMEKEHICT
YacOBUX PAAIB — iH(OpMaIliiiHoi 6asu MojeIeil.

Koedimientn a;, j=0,1,2,.. HasuBaloTbcs KoedillieHTaMU Jiara,
a TIOCJTiIOBHICTh {a]-, j=0,12 } — CTPYKTYpPOIO Jiara.
Koedinient @, 1mpu Hesanexiit aMinHiil x, , 110 BizibUBaE i1 BIJIUB

Ha 3aJIe)KHY 3MIHHY B TIOTOYHUI TIePio/], HA3UBAETHCS KOPOTKOCTPOKOBHM,
ab0 BILUIMBOBHMM, MYJBTUIHIKATOPOM. YacTKOBI cymMu KoedilieHTiB

(ay +ay), (ay +a; +ay), ..., O BiToOGPaKAOTh 3MiHYy ¥, B IPYTHii, Tpe-

Till i HACTYTIHI TIePio/IN, HA3WBAIOTHCS TPOMIKHUMW iHTepBaJaMU. 3araib-
Ha CyMa JIaTOBUX Koe(iIli€HTiB /75 BCi€l MOJIesi Ha3WBAETHCS JOBTOCTPO-
KOBWM, ab0 3arajJibHUM, TUCTPUOYTHBHO-JIATOBUM MYJIBTUILTIKATOPOM.

Ocranng cyma Il CKIHUEHHUX MOJIeJIEN, OUEBU/IHO, € CKIHUEHHUM
yucaoM. /151 HecKiHYeHHOI MOojiesIi TaroBi KoedilienT 3a TIeBHUX YMOB
TaKOX MOKYTb YTBOPUTHU CKIHUEHHY cyMy. SIKIO KOXXeH i3 KoedillieHTiB
POB/IINTH Ha X CyMY, OTPUMAEMO Bi/IIOBIZIHO HOPMOBaHi KOe(illieHTH Jiara
Ta HOPMOBAHY CTPYKTYPY Jara.

Yci nopmoBani koedillieHTH MEHIII Bijl OJIMHUIL, a iX cCyMa JIOPiBHIOE
OJIMHMUILI.

JucTpuOyTUBHO-Iar0Bl MO, Kl Il Ha3MBAIOTh MOAEIAME PO3-
MO/IITIEHOTO JIara, 3a/0BIIBHO ONUCYIOTh €KOHOMIWHI IPOIecH JInIie
B cTabibHUX (He3MiHHMX) yMoBax. HeoOxigHicTh BpaxoByBaTH Iiie U 110-
TOYHI YMOBU (DYHKITIOHYBaHHS BIMAara€ 3aCTOCYBaHHS y3araJbHEHUX MO-
JieJient.

OznavenHns 7.3. k1o ekKOHOMETPUYHA MOJIEJIb MICTUTh HE JIUIIE
JIaroBi 3MiHHI, a i 3MiHHI, 1[0 6e31I0cepeAHbO BILIMBAIOTH Ha AOCIIII-
KYBAHWIT MOKA3HUK (TOOTO MICTUTH i TOTOYHI YMOBY (DYHKITIOHYBaH-
H$), TO TaKa MO/IeJIb HA3UBAETHCS y3araJbHEHOIO MOJIEJIII0 PO3MO/Iie-
HOTO Jara:
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m
Ye = Z A Xyg * Zbixt,i .
20 =

OtliHioBaHHS TTApaMETPiB TAKUX PIBHAHD YCKIAIHIOETHCS OOMEKEHHS-
MU, 1[0 HAKJIAJAI0ThCA Ha KOoeMillieHTH TPy JIATOBUX 3MIHHUX.

[Tepr Hixk 6yAyBATH €KOHOMETPUIHY MOJENH 3 TATOBUMU 3MIHHIM,
HeoOXiIHO OOTPYHTYBATH BeMMYNHY Jiara. [l71s 1boTo 3aCTOCOBYIOTH B3a€-
MHY KOPEJISIINHY (DYHKIIIO — TTOCTiI0OBHICTD KOeDilliEHTIB KOPeJIILil, SKi
BU3HAYalOTh CTYIIHb 3B’A3KYy KOKHOTO eJieMeHTa BEKTOpa 3asIesKHOI
3MIHHOI 3 eJIeMEeHTOM BeKTOpa He3asesKHOI 3MIHHOI, 3CYHYTUMU OJUH
BIJIHOCHO O/IHOrO Ha 4acoBUIl Jar T:

n

n-t1 n-1 20
(n-1) Z Y Xt ~ Z Yr ) Xier
_ = f=1 i f=

= “(7.1)
O n-t =t D2|:|:| n-t [n=t DE
n-0Y ¥ -0y 0Bn -9y 24, 0y %00
% t;t D;tﬂ% ;tTD;tHH

Cepez orpuManux KoedillieHTIB Kopeasiii BUOUpaioTh HaNOL bt
32 MOJIyJIeM, a BiJIIIOBi/HE 3HAYEHHS Y4acOBOTO 3CYBY BBAXKAIOTb JIATOM.
Ao Takux KoedilieHTiB KibKa, 3aCTOCOBYIOTh MOJIENb PO3IIO/IiI/IEHOTO
Jlara.

Ilpuxaax [17]. Ha ocHOBI B3a€MOMNOB sI3aHNX YacOBUX PSIIiB, SIKi Xa-
PaKTEPUBYIOTh YUCTY IMPOAYKIIO Ta KalliTalbHi BKIageHHs Pecrybmiku
Cupii 3a 20 pokis, moOyayBaT B3a€MHY KOPEJIALIAHY (HYHKIIIO, BUKO-
pucraBy gaui tabr. 7.1.

Y pesymabraTi po3paxyHKiB, BUKOHAHWX 3a ¢dopmyrnown (7.1) mis
Pi3HMX 3HAa4YeHb T, OTPUMAHO 3HAYeHHS KoeilliEHTIB KOpeJIAILil, 110 Ha-
BezieHi B Ta0. 7.2.

3 tabur. 7.2 BUAHO, 1110 HAHOIJIbIIE 3HAYEHHS KOe(il[ieHTa KOPeJIsIii
2= 0,92. Bin Bignmosizae Tpprom 3uaveHusiM T = {3, 4, 5}. Ile o3nauae,
1[0 HAW6IMBIIOr0 BIJIMBY KAITAThbHUX BKJIAJEHD Ha 0OCST YHCTOI TIPO-
JYKIIi cJil O4iKyBaTH BIPOJIOBXK TPETHOTO, YETBEPTOTO Ta II'SITOrO
POKIB.
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Tabnuys 7.1

KanitanapHi Yucra Kamiranpni Yucra
BKJIQJIEHHSI, TIPOJYKITis, BKJIQJI€HHSI, TIPOJYKITis,
Pik MJTH MJTH Pik MJTH MJTH
CUPIHCHKUX CUPICBKUX CUPICHKUX CUPIHCBKUX
Jip Jip Jip Jip
1 3857 24334 11 17006 72165
2 4686 28678 12 17352 78743
3 5515 33021 13 17838 80381
4 5209 32432 14 18878 82204
D 7522 40325 15 19090 77833
6 10390 49334 16 20016 81413
7 13678 54717 17 17736 77484
8 15976 53818 18 11951 75443
9 13880 55968 19 11469 85038
10 13949 61517 20 9068 75809
Tabnuys 7.2
T 1 2 3 4 5 6 7 8 9 10
1 0,89 | 0,86 | 0,89 | 0,92 | 092 | 0,85 | 0,75| 0,64 0,4 0,55

I[I/IHaMi‘{Ha MOeJIb pOSHOHi]’IeHOI‘O Jiara B TaKOMY pa3i Ma€ BUTJIAL

Y = apXy T X_3 Tayx 4 tagx, 5 YUy,

Jie Y, — uncTa POIYKIis B epion t; a;, j = 0,1,2,3 — Barosi koediiieHTn

JIATOBYX 3MIHHUX; X;_ (T = 3, 4, 5) — KariTa/bHi BKJIa/IeHHsT B 11epiof ¢ — T.

7.2. OuiHlOBaHHA NapameTpiB
ANCTPUOYTUBHO-NaroBuX moaersneun

JlJist OI[iHIOBAHHST TTAPaMETPiB AUCTPUOYTUBHO-TATOBUX MOJIeJIel 3BH-
YallHO 3aCTOCOBYIOTH JIBA MOKJINBUX MiIXON: TIOCTIIOBHE OIiHIOBAHHS
1 amrpiopHe OIIHIOBAHHS.

[iest EPIIOTO MiAXOAY MOJSATAE B TOMY, MO6 MOCTYITOBO JOCIif-
JKyBaTM BIIJIMB 3alli3HeHMX 3MIHHUX Ha 3ajexny sMminny. Ipyruil
miaxig 6a3y€eThes Ha MPUMYTIIEHH], 0 TapAMETPH MOJENi MAIOTh TeB-
HY 3aKOHOMIPHICTB, TOOTO MOB’sI3aH1 MK 0000 [eIKUMU CIIiBBiIHO-
MIEHHSIMU.
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[TocutiioBHE OIIHIOBAHHS TTapaMETPiB BUKOHYETHCSI TaK: CIIOYATKY Oy-
JIYIOTb perpeciio 3ajie;KHOI Ta He3aJe;KHOI 3MIHHUX B OIMH 1 TOH caMuil
MOMEHT Yacy, HOTIM 10 MOJIeJii I0/IAI0Th 1ie OJHY 3MIHHY — HE3aJeXKHY
3MiHHY B TIOTIEPETHIT MOMEHT Yacy, TOOTO PO3TISIIAIOTH 3aTEKHICTH TT0-
Ka3HMKa BiJl 1BOX 3MiHHMX. /lasi B perpeciio BBOJUTLCA 11le OJ[HA 3MiHHA —
Yy MOMEHT Yacy, 3CYHYTHI Ha 7Ba MOTEPEAHIX MPOMiXKKH, i T. 1. KoskHa
3 MojieJiell IOCHI/IKYETbCS Ha aleKBaTHICTD 1 3HAYYIIICTD il TapaMeTpiB.
ITpomeypa 3akiHUy€ETHCS, KOTU TTapaMeTpH TP JIAaTOBUX 3MiHHUX TTOYH-
HatOTh OyTH CTATHCTHYHO HesHauymumu Ta (abo) xoedimieHT xo4ya O
OJIHIET 3MIHHOI 3MIHIOE CBill 3HAK.

Taxwmit MeToz X0U i TOBHUI, OHAK Ma€ TieBHI Hegodiku. [lo-mepre, Te,
1110 HEBIZIOMOIO € MaKCHMaJIbHA TPUBAJICTD Jiara, a Iie He JIa€ 3MOTH Iepei-
GaunTH, CKIJIbKY 3MIHHUX yBiiijie B MOJe/b. [To-apyre, MisK TIOCTiTOBHUMHI
3HAYEHHSIMU 3MIHHUX 3/1e6i/IBIIOT0 CIIOCTEPITAEThCA BUCOKA KOPEJISIIis, 110
HOPOKYE IIPOOIEMY MyJIbTHKOIIHeapHOCTI B Mogeni. Kpim Toro, uepes
3MEHIIIEHHS CTYIIEHIB CBOOOAN B TAKUX MOJIENSIX OI[IHKK CTAlOTh JEII0 He-
MEBHUMH, 1110 TAKOK 3HUIKYE iX SAKICTb.

HasBHiCTD MyJBTUKOIIHEAPHOCTI MIXK JJATOBUMW 3MIHHUMU YCKJIA-
Hio€ 1100y0BY Mojesi. 1Tlo6 yeyHyTH MyJIBTUKOJiHEApHIiCTh, Ha Koedi-
L[IEHTH [IPU JIATOBUX 3MIHHMX HAKJIA[AI0Th JOJAATKOBI 0OMeKeHHs (ampi-
OpHE OI[iHIOBaHHs), a caMe BUOMPAIOTH iX Tak, MOO BIUIMB Jara Ha
JOCJIKYBaHUH TIOKa3HUK OyB “omHocipsamoBanuii” (To6To KoedimieHTH
Gy 6 OZIHAKOBOTO 3HAKa) 1 3MEHINYBABCSA 3 KOKHUM HACTYIHUM KPO-
KoM y MunyJse. Taki npumnyiieHss peamtisyioTh, K IPAaBUJIO, Y MOJEX,
Jle TTapaMeTpu 3MIHIOIOThCS B TeOMeTpUYHill mporpecii. Kpim Toro, ne-
CKIHYEHHA CyMa 4JIEHIB CIaJHOI reOMETPUYHOI MPOrpecii € CKiIHYeHHOI0
BEJIMUMHOIO, 1110 JIA€ 3MOTY y3arajJbHUTH MOJIEJIb 3 KiHIIeBUM JIarOM 1 3ac-
TOCOBYBATH OJTHAKOBI METO/IU OIIHIOBAHHS IIaPaMeTPiB.

OnHax i B 11bOMY pasi 3aJIMIIAETHCS BEJIMKA KiJIbKICTh OI[IHIOBAaHUX T1a-
paMeTpis.

YBeZieHHS B MOJIeJIb JIATOBOI 3aJ€KHOI 3MIHHOI ¥,y (3aTpUMKa Ha
OJIH TIepion), BizioMme sIK TTepeTBOpeHHsT Kolika, 3HAUHO CIIPOIITYE MOJIETb:

Y =0 =N, + Nypq + (U =~ Ny ) (7.2)
e w= Zaj (ckinuenne yncmao), 0 <A <1.
j:

Taka Mozmesp MiCTUTH He JHIIEe TTOTOYHI, a i TTOTIepeIHi 3HAUEHHS 3a-
JIEKHOT 3MIHHOI, TOOTO € aBTOPerpeciiiiolo.
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3aMiHa He3aJIeKHIX JIATOBUX 3MIHHUX X;_{, X;_y, ... OHIEIO 3aJI€;KHOIO
3MIiHHOIO ¥,y 3MEHIIY€ KiJbKICThb OLiHIOBAaHMX IIapaMeTpiB i ycyBae
mpobeMy MYyJBTHKOJIHEAPHOCTI, OMHAK TMPU3BOAUTL 0 HOBUX TPYII-
HoriB. HasgBHICTh y MOJIeTi JIaroBOI 3aJIeKHOI 3MiHHOT TTOTpebye mepe-
BIPKU TTepelyMOBH TTPO He3aJIeKHICTh 3MIiHHUX 1 3aJIMIIKIB TIPU 3aCTOCY -
Banni 3Buyaiinoro MHK. Kpim Toro, sanuuiku mozxemi o, =u, + A,y
JaCTO BUSBJSIOTBCS CEPIfTHO KOPETbOBAHIMM, a TOMY IIPU JTOCTi/KeHH]
iX Ha aBTOKOPEJISAIi0 HeOOXiTHO BUKOPUCTATH CIEI[aJbHI TECTH.

Otpumana anrebpaiuaum criocobom mozenb Koiika mosbasieHa teo-
PETUYHOTO OOTPYHTYBAHHS 1 (DaKTHUHO € TIOCJIIOBHOK MOJIEJLIIO.

3 TeBHUX €KOHOMIUHIX MipKyBaHb MOKHA OTPIMaTH MOJIEJIi, IO 30BHi
HarajyioTh Mozesab Koiika, aje 3 iHImoI0 iHTEpIpeTarieo KoediieHTin
JIATOBUX 3MIiHHUX. TaKNMU MOJeISIMU € MOZIeTh aIallTHBHIIX CIIO/[iBaHb

Yy =0 =M +BA=Nx, + Ay, +u (1= M) (7.3)
Ta MOJZIEJIb YaCTKOBOT'O KOPUTYBaHHA
y,=ay +By, +(1 -yy,4 H, Osysl (7.4)

I1i mozeni Bifpi3HsAIOTHCS Bim Mozemi Koiika HasBHICTIO BiJIbHOTO 4Jie-
Ha, ajie TIpPU IIbOMY peasti3yIoTh Pi3Hi i/1el M0/10 eKOHOMIYHOI /TisITbHOCTI.
VY mepuriit Mojiesi BitoOpakeHO AYMKY MPO Te, IO JIOA HABYAOTHCSI
3 MOTIEPETHBOTO JIOCBiLY, MPUYOMY HEIIOAaBHii HOCBiA Mae Oibmii
BILIUB, aHIK TTONIEPE/HI; Apyra 6asyeThCss Ha TOMY, 110 Yepe3 iHepPTHICTh
€KOHOMIYHOI CCTeMH 3MiHA OJTHOTO €KOHOMIYHOTO TTOKa3HUKA He 0/[pasy
BILJINBAE Ha 3MIHY 1HINOrO 1 BIAIIOBIAHUI PiBeHb 3a/1eKHOI 3MiHHOI 10CH-
raeTbes yepes leBHUil yac.

7.3. OuiHlOBaHHA NapameTpiB aBTOpErpecinHnX
Mopenen

Tpu aBroperpeciitnux moziesi — Koiika (7.2), ajanTuBHUX CHO/IBAHb
(7.3) i yacTkoBoro kopuryBanus (7.4) — MOKHA MOJAATU B 3arajbHii

opwmi:
Y =Qy T ax; Yyl +0. (7.5)

HagBuicTb J1aroBUX 3a7e;KHUX 3MIHHUX Y IMHAMIYHAX MOJIEJISIX CTBO-
pIo€ meBHi IpobaeMu IPU OLIHIOBAHHI apaMeTpiB: cepej] MOSICHIOIYNX
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3MIHHMX € CTOXaCTUYHI (3aJIeXKHi JJaroBi 3MiHHi), a TAKOXK icHye mpobie-
Ma CcepiliHOl KOPeJIdIlil 3aJUIIKiB MOJIeJIi Ta JIATOBUX 3MIHHUX. 3aJI€KHO
BiJl TilIOTE3 111010 3aJUIIKIB TAKUX MOJiesieil BUKOPUCTOBYIOTD BiZIIIOBi/HI
METO/IU OIiHIOBAHHS.

Tinoresa 1. 3anuinku € HOPMATIBHO PO3IIO/ITEHUMHU BUIIA[KOBIMU Be-
JIMYMHAMU 3 HYJIbOBUM MaTeMaTUYHUM CIIO/iBAHHAM Ta CTAJIOI0 JAUCIIEP-
ciero.

TinoTe3a 2. 3a/UIIKy ONUCYIOTHCS ABTOPErPECIHOIO CXEMOIO TIePIIo-
TO MOPS/IKY:

o, =u — Mgy, 0<A<IT.

linore3a 3. 3anuIKy aBTOKOPEJIHOBAHI Ta OMUCYIOTHCS aBTOPETPeCiii-
HOIO CXEMOIO MEPIIOTO MOPSIIKY:

U =y + Ny

KpIM TOIo,v, = Pv,_1 +§&.

[Tepima rinoTesa BUKOHYETHCA JIMIITE [IJI MOJIEJIi YaCTKOBOTO KOPUIYBaH-
Ha (7.4); came /s Hel MoskamBe 3actocyBannst 3puyaitnoro MHK. Onpnax
3a/IEKHICTD  3AJIMIIKIB Bijl JIArOBOI 3MIHHOL ¥, Yy Wil MO/l IPU3BOINUTD
T10 3MITIEHTST OTIHOK TTapameTpiB. Ta Xo4a OIiHKY mapamMeTpis OyIyTh 3aBH-
IIEHUMHU, BOHU MATHMYTh HAMEHIILY CepPelHbOKBAJPATHIHY MOXUOKY.
I micos BusHavYeHHs BestmurHK 3mimmeHdss MHK-orinku OyayTh Haiimpmii-
HATHITITNMU.

k1o 3amMITKM MOIe i BU3HAYAIOThCS Yepe3 aBTOKOPeJIbOBaHi BUTIA/I-
koBi BesmunHu, To MHK-oIiHKN mapaMeTpiB Mojiesli TaKOXK MaTUMYTh
3MILIEHHS, 10 TOTO K 3MIIeHHS MaTUMe Takox kputepiii Japbina — Yor-
cona. Tomy n171s TIepeBipKM aBTOKOPEJISAIii 3aIUIIKIB 3aCTOCOBYIOTD y3a-
rajabHenuil kpurepiit Jap6ina — Yorcona. OliHIOBaHHS HapaMeTpiB Ta-
KUX MOJIeJiell BUKOHYIOTh y3araabHEeHIM MeTO/I0M HalMEeHIIINX KBa/[PaTiB
(metoznom EliTkeHa), B omiepaTopi OIiHIOBAHHS SIKOTO

a=X"vIix)'xTvly

KOPUTYIOYa MAaTPHUIL MA€ BUTJIS
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O+A%2  -A 0 0o O
0 0
O-N 1+A% =\ 0 O
V=alH 0 oA 14AZ 0 o
0 0
| O
H o 0 0 .. 1+AH

SIKIIIO J1IaroBy MOJIEIh MOKHA TIOAATH Y BUTJISIIL
Yy = NYyq =0y +ayx, +oy,

TO /10 TIEPETBOPEHNX Y TAKWii CIIOCIO aHNX 3a/IeKHOI 3MIHHOI 3CTOCOBY -
1oTh 3nyaiinuii MHK. IIpuyomy mapamerp A BHOMpAIOTh 3 IHTEpPBALY
0<A<1 rak, mo6 MiHiMi3yBaTH CyMy KBajpATiB 3amuimkis uV u .

K110 BiTHOCHO 3AJIMIITKIB MOJIET] TPUNMAETHCS TPETS TillOTE3a, TO T1a-
pameTpH OLIHIOITH 32 OIMOMOTOIO0 TAKMX METO/iB:

1) xknacuanoro MHK micig monepesHboro mnepeTBOpeHHs BXiTHUX
JIAHNX;

2) merony Eiitkena (y3aranpnenoro MHK);

3) iTepaliitHoro MeTo1y;

4) MeToly iHCTPyMEHTATbHUX 3MIHHUX;

5) ajaropur™my YoJurica.

KoHTponbHi 3anutaHHsA

1. IIlo B eKOHOMII[I HA3UBAETHCSI JTarOM?

2. 1o € npuunHoIO J1ara?

3. Ski perpeciiini Mo/ieli HA3MBAIOTh ABTOPETPECIMTHUMU Ta JUCTPU-
Gy TUBHO-JIATOBUMMU ?

4. fkolo € nmpupojia aBTOperpecininux Mojesne?

5. ki mpobieMy BUHMKAIOTh IIPU OLIHIOBAHHI I1apaMeTpiB AUCTPHU-
OYyTUBHO-JIATOBUX 1 ABTOPErPeCciiHIX MOzeIeii?

6. Axi rinore3u BUCYBAOTHCA 1010 3AJIUIIKIB JAaTOBUX MOJIEJIeii?

7. SIKUMM MeTo/laMU OI[HIOIOTHCSA MapaMeTpH AUCTPUOYTHBHO-JIAr0-
BUX 1 aBTOPETPECITHUX MOjIeel ?
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Po3oin 8. CACTEMUN OAHOYACHUX
PIBHAHb

8.1. MoHATTA NpO cMCTEMU OAHOYACHUX PiBHAHb

bararo exoHOMIYHIX B3a€EMO3B’SI3KIB /IOTYCKAIOTh MOJIETIOBAHHS O]I-
HuM piBHAHHAM. OHAK €Ki eKOHOMIYHI TIPOIleCH MOJIEIOI0ThCS HE OJ1-
HUM, a KiJibKoMa piBHAHHAME. CITiBBIIHONIEHHS MK eKOHOMIYHUMU T10-
Ka3HUKaMU MOXYTb MaTH CTOXAaCTUYHUN 1 JeTePMiHOBAaHUI XapakTep.
CroxacTuuHi 3B’I3KM Mi3K 3MIHHUMU OMUCYIOTHCST PETPECIITHUMU PiBHSTH-
HAMHY, a JleTepMiHOBaHI BU3HAYAIOTHCS TOTOKHOCTAMU U He MICTATH He-
Bi/IOMUX [TapaMeTPiB.

Y cucremax piBHSAHD yepe3 HAgBHICTb MPSMUX i 3BOPOTHUX 3B’43KiB
3aJIeKHA 3MiHHA OJIHOTO PIBHSAHHS MOKe OyTH He3aJeKHOI0 3MIHHOIO B
IHITUX PIBHSAHHAX . 3MiHHI, IO CTOITH Yy JIBIll YaCTUHI PiBHSIHb, HA3WBa-
IOTbCS €HJOTeHHUMHU, IPUYOMY iX KiJIbKICTh He HEPEeBUILYE 3arajbHOI
KIJIBKOCTI BCiX PiBHsAHB. [HIIT 3MiHHI, IO BXOATH /10 MO/IEJIi, HA3UBAIOTHCS
€K30T€HHUMMU.

Hamnpukiaz, noBHa KeifHciaHChbKa MOJIE/Ib JOXOAY CKIAJAEThCA 3 IBOX
CIIIBBI/IHOIIIEHbB:

C =ay +aY, +uy, @.1)
Yt = Ct +/., (82)

e C, — BUTpATH Ha CIIOKUBAHHS; Y, — 10XiJ; qy, @ — HeBijoMi na-
paMeTpu; ¥, — 3aJUIIKU MOJeNi; Z, — HeCIOXHUBYl BUTpaTu (iHBec-
THTLIT).

[Tepnre cniBBigHOIIEHHST — TIe perpeciiiHa (DYHKIliSI CIIOXKUBAHHS,
a pyre — TOTOKHICTb oxoxy. Benuunna noxoxy Y, aad nepuioro piBHAH-
HS € He3aJIeKHOI0 3MIHHOIO, 171 APYTOTO — 3aJIeXKHOI0, a Bejanunna C, —
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HABIIAKU: Y MEPIIOMY PiBHSIHHI BOHA € 3aJI€3KHOIO 3MIHHOIO, Y JIPYTOMY —
HezanexHom0. [l cucremu 3aranoM 3MiHHi Y, 1 C, € eHJIOTeHHNMU, a 3MiH-
Ha Z, — eK30IeHHOIO.

OsunauenHns 8.1. /lug cucrem oHOYACHWX PiBHSHB yci 3MiHHI, 110
MOKYTh OyTH BU3HAUYCHI i3 CHCTEMU PiBHSIHb, HA3WBAOTHCS CHIOTCHHU-
MU, IIpUYOMY IX KIJIbKICTb He [1€PEeBUILYE 3araJbHOl KiJIbKOCTI PIBHAHD.

O3snauenns 8.2. /[ cucteM 0JlHOYACHUX PiBHSIHD yCi 3MiHHI, SKi 3a-
JAIOTHCA 3a MesKaMI Mozesi abo € 3a3aseriab BiTOMUMHI, HA3UBAIOTHCS
BI/IIOBIHO €K30TEHHUMM a00 IIPeIeTePMiHOBAHIMU.

Y pOsTIIAHYTIH KelHCciaHChKil Mogesi gfoxony semmuunn C, i Y, € en-
JIOTEHHUMW 3MIHHUMHU, 1110 BUSHAYAIOTHCA Beepeuti Mojieni. 3Minna Z,
3a/1a€TbCsl (BU3HAYAETLCS) 11032 MOJEJLIIO, OTKE, BOHA € €K30TeHHOIO.

I3 mepuroro cmiBBiHOIIEHH Ii€l Mozesi BUAHO, 1o 3MinHa C, 3a-
JIC)KUTD BiJ foxondy Y, i BiJj 3a/UIIKIB %, a 3 PYTOTO CHiBBIHONICHHS
OYEBM/HA 3aI€KHICTh A0X0Ay Y, BiA cmoxuBunx C, 1 HECHOXKHMBYUX
Butpar Z,. HeBaskko momituty, mo o6uasi aminni C, i ¥, MoxyTb Gyt
BUpa)KeHi yepes Z, 1 3a/MUIIKN ;.

8.2. MNMpuknagu cuctemMm oAHOYACHUX PiBHAHb

1. Moaenab “nonur — nponosuiis”.

OpHa 3 HAUMPOCTIMNUX CUCTEM OTHOYACHUX PiBHSIHD, IO BUKOPUCTO-
BYETBCS TTPU MO/IETIOBAHHI TIOMUTY Ta MIPOIMO3UIIil B PUHKOBIN €KOHOMIII],
Ma€ BUTJIST

DOyHKILs TOIITY QgtD =0dy +oyp, tu, o <0,

DyHKIls TPOTo3uIii eqs =By +Bp, +u,, B <O,
. Op_ s

OyHKIis piBHOBAru e = 4

[TpumyckaeThbest, Mo 006CAT TOMUTY q° i o6esr IPONO3UILIT q° nes-
HOTO TOBapy B MOMEHT 4Yacy ¢ € JIHIHHUMU perpeciiiHuMu (hyHKIISAMU Bij
LiHK 11bOTO TOBapy p, y Lei camuii MomeHT Yacy. OcTanie CIiBBiHOIIEH-
Hd B 1[ill Mojiesni — (PyHKIIiS PIBHOBATU — € TOTOKHICTIO.

HagsuicTs BunaiKoBuX BiIXUIEHD Uy, i U, y Al MozieJii 0B’ ga3a-
Ha [EPEAYCiM 3 BiZICYTHICTIO PALY BaXKJIMBUX MOACHIOIOUNX 3MIHHUX (IIPU-
GyTKY CIOKUBAYiB, IiH Ha CYIyTHi TOBapH, IiH Ha PeCypcH, MOAATKIB
TOTIO).
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3miHa ogHOrO 3 HUX (haKTOpiB MOKe BixbuTuca Ha moxesi. Hanpuk-
JIaJl, 3pOCTaHHA IPUOYTKY CIIOKMBAYIB MOKE 3CYHYTH JIHIIO IIOUTY BrO-
py (puc. 8.1). Ile npusBe/e /10 3MiHN PIBHOBAXKHOI I[iHU Ta PIBHOBAXKHOI
KiJIBKOCTI.

J N
P Y
/ M qr+1
P+t ™ > (
Pe i o
? Dy
D, X
0 44 i1 Q
Puc. 8.1

Mojenp “nonut — mpomosulliss’ MOXKHA BIOCKOHanuTH. Hampuxmian,
AKIO 10 (YHKIHI monuTy A0/aTi MPUOYTOK CIIOXKUBAYIB y,, AICTAHEMO
cucTemy

: Dk
OynKitisg monuTy Ly =ag +oyp, + 0y, +u,,, 0<0,
. § o
@OynKiis nponosuirii o7, =B By tu,, B <0,
L D_,S
Oywkiis piBHOBaru ¢ =4

2. Mogesb piBHOBaru Ha puHKy ToBapiB (Mozens IS).
Onnielo 3 MOXKJINBUX HecTOXacTHUHUX (hopM Mozeni LS (piBHOBarm Ha
PUHKY TOBapiB) € TaKa MOJEJb:

DyHKIIIST CHOKUBAHHS T, =By + By, (8.3)
DyHKIIS MOJATKIB ofe = 0o + 04y, (8.4)
OyHKIis iHBECTUITIT H: =Yo + W%, (8.5)
Busnauenus E{/ (d)l =Yt (8.6)
JlepkaBHi BUTpaTu E& =g, (8.7)
MakpoekoHoMmiuna ToToxkuicTs e =6 ti t &, (8.8)
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ae ¢, Yo Ty iy 8 1 Y (d )t — BIZITIOBI/IHO 3HaYeHHA B MOMEHT Yacy ¢ CII0-

JKUBAHHS (Ct ), HAI[IOHAJILHOTO JIOXO/LY (yt ), o6eaTy ToaTKiB (Tt ), Gaxa-
HOTO 06CATY YHCTUX {HBECTHILiiT (it , TIPOIIEHTHOI CTaBKU (rt ), po3swmiiie-

HOTO TpUOYTKY (y(d),), nepxaBHHX BHUTpAT (gt), y maHoMy pasi
8, = &, =const.

1106 oTpuMaTH B IBHOMY BUIVISAI CIIBBIIHOLIEHHS MiK IIPOLIEHTHOIO
CTaBKOIO i piBHEM MPUOYTKY, IPU AKOMY PHHOK TOBapiB mepebyBae y cra-
Hi piBHOBaru, HeoOXinno y (8.3) mixcrasuru (8.4) i (8.6). IligcraBuBiim
oTpUMaHe CIiBBigHOIIEHH, a Takoxk (8.5) i (8.7) y (8.8), micrarnemo

v =T+ (89)
_BotaB ty tg. - 1
AELEEE Y, - ' TYF.5)

3. Mopess piBHOBaru Ha puHKY rpomeii (Mmoxeas LM).

PiBHoBara Ha pUHKY TpoIIel 3a/[a€ThCSI TAKNM CITiBBIIHOMIEHHS MiXK
IIPOLIEHTHOIO CTABKOIO Ta PiBHEM AOXOAY, IIPU SKOMY IIOIIMT Ha IPOILi
JopiBHIOE iX mporro3utiii. HaBegemo ozxny i3 HecroxactnyHux GhopM Ta-
KOi MOJIeJIi:

DyHKIlisg TONUTY HA TPOII OMP = a +by, o, (8.10)
OyHKIlis mponosuilii rporei ME =M, (8.11)
YMmoBa piBHOBarn EMID =M} (8.12)

Cuissignonrenns (8.10) MoxxHa 3amUcaTH y BUTIISIL

Ye = Ao + MM +Ayr;, (617

ne Ag=-a/b, N=1/b Ny, =c/b.

Cuissinnomrenns (8.11) Bimome sik piBusinug LM. CuinbHy Mo
IS—LM 306pasxeno Ha puc. 8.2.
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") LM(M = M)

IS

Puc. 8.2

Touka mepetnny JiHii 1S i LM BU3HAuUa€ CIiBBIAHOMEHHS MiX TIPO-
MEHTHOIO CTABKOIO I PiBHEM IOXOJTY, TPH SKOMY O0HIBA pUHKHN TIepedy-
BAIOTh Y CTaHi piBHOBAry. llg Touka BU3HAYAETHCS SK PO3B’SI30K CHUCTe-
Mmu piBHsHb (8.1)—(8.6) i (8.8)—(8.10).

8.3. CtpykTypHa Ta 3BefeHa (nporHo3Ha) coopmu
CUCTEMU PiBHAHb

1. Cmpyxmypna popma eKOHOMETPUIHOI MOJIEII.

CrpykrypHa opMa eKOHOMETPUUYHOI MOJIENT OTIUCYE OHO- Ta Gara-
TOCTOPOHHI CTOXAaCTUYHI TPUYMHHI CITIBBI/IHOMIEHHS Mi’K €KOHOMIYHUME
BeJIMYMHAME B iX Ge3mocepeiHbOMy BUTJIsAI. BoHa MicTUTB yCIO CYTTEBY
iH(opMaIliio 1MPo 3aJIeKHOCTI MikK EKOHOMIYHUMM SIBUIIAMY Ta MPOIleca-
mu. KoxkHe cIiBBiHOIIEHHS TaKOl cucTeMy (PiBHSIHHS YU TOTOXKHICTBD)
Ma€ TIeBHY eKOHOMiuHy inTepipetaiio. CTPYKTYPHI PiBHSHHS CHUCTEMU
OIIUCYIOTh OKPEMO €KOHOMIUHI SBUINA 3 yPaXyBaHHIAM eKOHOMIYHUX, TeX-
HOJIOTIYHUX, JeMOoTpadiuHux, COIioNOriYHNX Ta iHIUX (HaKTOPiB, 110
CIIPUYUHIOIOTH 3MIHIOBAHHS 3aJI€KHUX 3MIHHUX. XapaKTepHOIO 0COOJIH-
BICTIO CTPYKTYPHMX PIBHSHD € iX IIeBHA aBTOHOMHICTb 1010 BUSHAYEHUX
3MIHHUX, OCKIJIbKY 3MiHA OCTaHHIX B OZITHOMY CTPYKTYPHOMY DiBHSIHHI He
000B’sI3KOBO 3yMOBJIIOE 3MiHY 3aJIe;KHIX 3MIHHUX B iHIIUX PIBHSIHHSIX.

JlJ1s1 aieKBaTHOTO BifoOpakeHHs PeaIbHOl AIHCHOCTI Ta IOBHOIO OXOII-
JIEHHSI €KOHOMIYHUX [TOKA3HUKIB OJJHOYACHUMU CIIiBBIIHOIIEHHAMU B CH-
CTeMax 3aCTOCOBYIOTH TAKOXK TOTOKHOCTI — JleTePMIHOBaHI 3aJI€KHOCTI
€KOHOMIYHMX BeJIMYMH. TOTOKHOCTI He MICTATH BUIIAJKOBUX CKJIAJIOBUX,
a rmapameTpu X 3a3/aerib BijoMi (HaliyacTiile BOHU JOPiBHIOIOTh O/~
HUII), TOMY BOHU He MiJJIATa0Th oliHioBaHHI0. OTXKe, CrpaBe/l/TuBUM
GyJie Take O3HAYCHHSI.
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Osnauenns 8.3. ExonomMerpuuHa MOZEb, 110 BioOpakae CTPYKTYPY
3B’SI3KIB Mi’K 3MiHHMUMU, HA3UBAETHCST CTPYKTYPHOIO (POPMOIO MOJIEI.
Y 3arasbHOMY BUIIQJIKY CTPYKTypHa (hopma Moziesi Ma€e BUTJIL

Ay, = Bx, +u,, (8.14)

i€ i, — BEKTOP 3a/IeKHUX (€HIOTEHHNX ) 3MIHHUX; X, — BEKTODP HE3aJIeK-
HUX (€K30TeHHUX ) 3MIHHUX; #, — BEKTOp 3aJulkis, ¢ =1,2,.., T
2. ITosna exonomempuuna mooenn.
Exonomerpuuna Mojie1h HA3UBAETHCS NOBHOIO0, SIKIIIO:
a) BOHA OXOILTIOE 3MiHHI, IO CYTTEBO BIUIMBAIOTH HA CHLILHO 3d-
JleJicHi 3MIHHI, a BEKTOP 3aJIUIIKIB MA€ BUTIA/IKOBUI XapaKTep;
6) MICTUTH CTIIBKM PiBHSHB, CKIJIbKU B Hiil € CIIJIBHO 3aJI€KHUX
3MIHHHUX, TOOTO KOJKHA 3aJ/I€5KHa 3MIHHA [TOSICHIOETBCST OKPEMUM PiBHSHHSIM;
B) crcTeMa PIBHSIHb MA€ OJJHO3HAYHUI PO3B’I30K Bi/[HOCHO CIiJTbHO
3a/IeKHUX 3MIHHUX, T00TO Marpuiid A B Mozedni (8.14) HeBupomkena (Mae
BIIMIHHWI BiJl HYJISI BU3HAYHWK ):

det A # 0.

[ToBHA MOJIEJTh 32CTOCOBYETHCS Y BUMA/KAX, KO HEOOXIHO KiTbKICHO
OIKCATH €KOHOMIYHE SIBUIIE YH MPOIEC ab0 CIIPOrHO3YBATH X PO3BUTOK.

3. 3sedena popma eKOHOMETPUUHOI MOIEI.

SIKIo exoHOMeTpUYHA MOJIeJIb 3aCTOCOBYETLCS He JIJIsl aHaJli3y CHUC-
TEMH, a JIs TiepebaueH s YU OI[iHIOBAHHST TTAPAMETPIB, CTPYKTYPHa hop-
Ma Mojesli HenmpuiHATHA. ANTeOpaiyHMU TIEPETBOPEHHSAMHU CUCTEMY
CTPYKTYPHUX PIBHSIHb 3BOJAATH /0 (DOPMHU, y SKill KOKHE PIBHIHHSI
MICTUTD JIUIIIE OJHY €H/IOTeHHY 3MiHHY, 9Ka € (DYHKILEIO Bi/l €EK30reHHUX
aminaux. Taka (hopma piBHSIHD HA3UBAETHCS 36C0EHON0.

3Bejieny GopMy PiBHSIHb MOXKHA Ha3BaTH ckopoyeroro. lle mows’s3ano
3 THIM, 1[0 [PV [IEBHUX TIEPETBOPEHHSX 6AraTo OKPEMHUX eKOHOMIYHUX 3a-
JIGKHOCTEH MOXKYTh OYTH BUKJIOUEHI 3 PO3IJISAIY, a OTXKe, 3arajbHa
KIJIbKICTDb PIBHSIHD MOKE CKOPOTUTUCS.

Bracuiziok Takux nepeTrBopeHb 3BejeHa (hopMa PiBHSIHb, HA BiIMiHYy
Bifl CTPYKTYPHOI, He Ma€ Hi (Ge3nocepennbol, Hi Oyab-AKOI eKOHOMIUHOI
inreprperanii. PiBHAHHA y 3BefeHill (popMi Hal0Th 3MOTY IIepeabadynTH,
AK 3MIHUTBCS 3HAUEHHS €HIOT€HHOI 3MiHHOI, AKIO 3MiHIOBATUMYTbCS
3HAYEHHS eK30TeHHUX 3MIHHUX, OJIHAK HA IiJICTABI IIMX PIBHAHb HEMOX-
JIMBO TIOSICHUTH, SIK 1 oMy 1ie BibyBaeThest. Came yepes 1ie 3Bejieny hop-
MY PiBHSAHDb HAa3UBAIOTh TAKOXK MPOZHOZHOIO.
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Ortike, KOJIM BUHUKAE MUTAHHS PO KOHCYJbTAIll YU MPAKTUYHI 110-
pajy, CUCTEMU PiBHSAHD Yy 3BeeHiil popMi 0cOOJMBO KOPUCHI, OCKIIbKI
JIAl0Th 3MOTY (hOpMaJibHy MOjIeJib 3BECTH JI0 MiHIMaJbHOI KiJIbKOCTI
CHIBBi/IHOIIEHb. 3BUYAITHO, 3B€JIEHA MOJIE]Thb MATUMe IiHHICTh, SIKIIO Mpa-
BUJIBHOIO € II0YAaTKOBA CTPYKTYPHA MOJIEb.

30KpeMa, SKI0 eKOHOMETPUYHA MOJIeJTh TTOBHA, TO il 3aJIeXKHi 3MiHHi
MO>KHA TIPEJICTABUTHU B IBHOMY BUTJIS/II K (DYHKILIT Bijl CITIJIBHO He3asex-

HUX 3MIHHMX, PO3B’g43aBIIN 11 BiZIHOCHO BEKTOpA 3aJeKHUX 3MIHHUX Y.

[le MOXJIMBO, OCKiJIbKM 32 O3HAYEHHSIM MaTpuild A Takoi Moneni € He
BUPO/KEHOIO; Iic/aa MHOKeHH cuctemu (8.14) Ha il 0bepHeHy MaTPHUIIO
OTPUMAEMO

Y, = A_1th +A_1ut. (815)

[Tpu Takux 1epeTBOpPeHHAX TapaMeTpu 3BefieHoi popmu cTaioTh (hyH-
KIiIMH BiJl TTapaMeTPiB BUXiJTHUX CTPYKTYPHUX PiBHIHD i 3aJTUIIKU Ta-
KOl MOJesI, OUeBUIHO, € JIHIHHOIO KOMOIHALIEIO 3aIUIIKIB CTPYKTYPHOI
MOJIEJII.

VBiBum nosnavenns v, = A, R= A7'B, orpumaemo cnpouenmii
BUTJISI]] MOJIEJI:

Y =Ry, +v,. (8.16)

Y Takiii cucTeMi KoXKHA 3ajie’KHA 3MIHHA BU3HAUAETLCS 4yepe3 Hesa-
JIesKHI 3MiHHI Mozeni, To6To cuctema (8.16) € 3Begeno hopMoI0 eKOHO-
MeTPUYHOI MOJIeJIi.

8.4. MNMoHATTA igeHTUdIKaLil (OTOTOXHEHHSA)
CUCTEMU PiBHAHb

Maioun 18i GopMHU CUCTEMH OJHOYACHUX PIBHAHD, HEOOXIIHO BU3HA-
YUTH, SIKA 3 HUX Kpallle MiX0UTD /Jisl OLIHIOBAHHS ITapaMeTPiB MOJIeJi.
Ilepemyciv HEOOXIAHO TOCHIAUTU MOKINBOCTI 3ACTOCYBAHHS 3BUYAITHOTO
MHK 710 okpemMux piBHSIHb CUCTEMMU.

Sk sasHavasocs (teMa 3), 1 OTPUMAHHA HE3MIlIEHUX i 0OrpyHTO-
BaHMX OIIHOK [apaMeTpiB perpeciiinoro piBHsHHA 32 3Bn4yaiiniumM MHK
HeOoOXiIHO BUKOHATH PsiJ IIEPEAYMOB: 3aIUIIKKA MOJEl MaloTh OyTH BU-
MaKOBUMU BEJIUYMHAMU 3 HYJTHOBUM MATEMATHUYHUM CITO/iBAaHHIM, 31
CTaJIMMU JAMUCIIEPCiAMY, HEKOPEIhOBAHUMU MiK COOO0I0 Ta HE3aNeKHIIMU
BIZITHOCHO €H/[OT€HHUX 3MIHHUX MOJIEJII.

3’Cy€EMO, IK BUKOHYIOThCS 11i TIePElyMOBH JIJIsI KEHHCIAHChKOI MOJIEJ
(8.1)—(8.2).
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Hexaii 3anuimku Mojeni #, € BUIAJAKOBUMU, 3 HYJIbOBUM MaTeMa-
TUYHUM CIIOJIBAaHHAM, HEKOPEJbOBaHI MiK c00010, MAIOTh OJHAKOBI JI1C-
nepcii g1 BCiX crocrepesxkenb, TOOTO 3aJ0BOIbHAIOTH MEPII ABI epej-
ymoBu 3actocyBarnass MHK. TlepeBiprmo mepenrymMoBy BiTHOCHO He3a-
JIESKHOCTI €HIOTEHHUX 3MIHHUX 1 3aJIUIIKIB MOJIEJI, TOOTO TIEPEKOHAEMO-
ca, mo cov(Y;,u,) =0 mas 6yab-IKUX BiAXUTEHD.

Iligcrasusim sHadennd C, 3 nepuioro pisuanns (8.1) mozerni B apy-
re (8.2), oTpuMaEMO CIiBBiIHOIIEHHS

Y, =ay +a\Y, +Z, +u,,
PO3B’SI3aBIIN KE BiAHOCHO Y,, MaTHMEMO

Yt:a0+ 1 Zt+ut.
1l-aq 1-q 1-q

(8.17)

3aznayumo, 1Mo Koedilient B OCTaHHBOMY CITiBBiJTHOIIEHHI

-a
€ TPOTIIOBUM MYJIBTUTIIIKATOPOM, IO BUBHAYAE, HA SKY BEJTMUUHY 3POCTAE

CYKYTTHUI TTPUOYTOK 31 301MBINTEHAIM 00CATY IHBECTHUIIIH HA OXMHMUIIIO.

HassricTs koedimienTa

IpU 2, CBiIYUTDH IPO 3aTEKHICTD MK
gy i
3minnoo Y, i 3amimxaMu mogedi. /lificHo, 3 (8.17) Maemo

a 1
1_a1 1—6[1

M(Y,) = 7 (8.18)

B ocrannpoMy criBBiZHOIIEHH] BpaxoBaHo Te, mo M (u, ) =0, a TakoxX
Te, M0 3MiHHA Z, € eK30TeHHOI0 (He3alesKHOI0) AAA Aanoi moxeni. Toxi
pisauns mixk (8.17) i (8.18) ctanoBUTH

Ut
1_01.

Y, -MY,) =

Otxe,

cov(¥y,u,) = M((Y, — MY, ))(u, —M(w))) =

2
N |, M (uf) ==—— >0.
Ol-a 0O 1
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TyT Mu ckopucrasucst TBEP/KEHHSIM eKOHOMIUHOI TeOoPii 1po Te, 1110
rpaHWYHA CXWJIBHICTH O CIOKUBaHHA ¢ mepedyBae B MeKax
O<a <1.

Ortike, 32a/MITKY MOJIENTT KOPETIOIOTh 13 3aJI€3KHOI0 3MIHHOT0, TOMY 3a-
crocyBanHs 3suyaiinoro MHK gactb smineni Ta HeoOrpyHTOBaHI OLiH-
KU TTapaMeTpiB Mojiesi. B ocTaHHbOMY MOXXHA TIepeKOHATHCS, TTPOaHa-
Ji3yBaBIIN OLIHKY @, Iapamerpa ¢, piBHsAHHA (8.1), oTpuMaHny 3a
MHK.

1106 3abGesneunTu HeoOXiAHY AKICTh OLIHOK napamMeTpiB (He3MileHICTb,
eeKTUBHICTD 1 0OIPYHTOBAHICTD ), HAMArarOThCs Ha ITiICTaBi OIIHEHUX Ma-
paMeTpiB CKOPOUYEHOI (3Be/ieHOT) (hOPMU CHCTEMU PIBHSHD OTPUMATH OITiH-
KU apameTpiB cTpykTypHoi hopmu. OnHaK TyT BUHUKAE TIPOOIEMA O[HO-
3HAYHMX 3aJICKHOCTEN MixK ITapaMeTpaMMU: I1PH TOBEPHEHHI Bifl CKOPOYEHOI
hopmu Moziesti 10 cTPYKTYpHOI (0GepHEHI TIEPETBOPEHHST) MOKHA OTPUMA-
TH €MHE 3HAYEHHS IIYKAHOTO ITapaMeTpa Yl KiJbKa Pi3HUX 3HaYeHb abo
B3arajii He MaTH 3MOTU OTPUMATH JKOTHOTO.

106 nependaunTi MOK/IMBI BapiaHTH PO3B ' A3aHHS 3a4a4i OLIHIOBAHHSI
HapaMeTpiB CUCTEMU OJIHOYACHUX PIBHAHD, HEOOXIIHO TIONEPENHbO AOCIi M-
TH MOJIEJTb, @ CaMe TePeBIpUTH ieHTHdIKOoBaHICTh crctemu. TTij mpobieMoro
izenTU(IKAIIi PO3yMiTOTh MOKJIUBICTD YACETBHOI OIIIHKY TTAPAMETPIB CTPYK-
TYPHUX PiBHSHb 32 OI[IHKAMU KOEDII[IEHTIB 3BE/IEHUX PiBHSIHb.

Osnauenns 8.4. Exonomerpuuna Mo/ieib, 3ajlaHa CUCTEMOIO O/IHOYAC-
HUX PiBHSIHb, HA3UBAETHCSA TOYHO (CTPOro) iseHtudikoBanoio (0TOTOXK-
HEHO10), SIKIIO OJHO3HAYHO MOKHA OTPMMATH OIIHKHK ii mapameTpiB Ha
OCHOBI OIliIHEHUX TTapAMeTPiB 3BEJIEHOI MOJIEI.

Osnavenns 8.5. HamizenrudikoBanoio (1epeoToToKHEHOIO) HA3M-
BAETHCS TaKa MOJIEJb, IO IS JIeIKNX ii TapaMeTpiB MOXKHA OTPUMATH
KiJIbKa KiJIbKICHUX 3HAYeHb Ha ITiICTaBi MapaMeTpiB 3BeleHO1 (DOpPMH.

Kpim Toro, Mogenb Moxke 6yTu HeigeHTHhiKOBaHOIO (HEOTOTOKHE-
Hoto). Ile TpamisieTbcss B ToMy pasi, SIKNIO KiJbKICTh HEBIZIOMUX Iapa-
MeTpiB HabaraTo IMEePeBUINY€E KiJIbKICTh PIBHSIHB, Yepes sKi ix Tpeba otti-
HUTH.

Otixe, epexij Biji CTPYKTYPHOI 10 3Be/IeH01 (hopMU CUCTEMU PiBHSIHb
Xoua i Jla€ 3MOTY YCYHYTH MPO6JeMy KOPEIbOBAHOCTI MOSCHIOYOL
3MIHHOI Ta BUIQIKOBOTO BiIXWJIEHHS, OJHAK MPU3BOAUTHL M0 IHITOI He
MEHIII CePIo3HOI IIPobaeMu — npodaemu i0enmupikosanocmi.

106 3posymitu mpobiemy ineHTH()IKOBAHOCTI, HEOOXITHO yCBIZOMU-
TH CyTh MPUHIUIIOBUX PO3OIKHOCTEN MiX CTPYKTYPHUMH Ta 3BEICHIMU
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piBHgHHAMU. Hanpukia, y Moziesii “nonut — npono3uitis”

7P =ay +oyp, +uy, 0 <0,
07 =By +Bp, tuy, B <0,
O

m =a

OIiHKN KOedilliEHTIB TTOBEIiIHKOBUX PIBHSAHb BU3HAYAIOTH (DYHKILI 110-
nuty Ta npornoautiii. Otiniooyn KoedillieHTH 3Be/IeHNX PiBHIHb, MU BU3-
HAYaEMO TOYKY IIEPETHHY KPUBUX IONUTY Ta IIPOIIO3UIIii, TOOTO PiBHO-
BAXKHY IIiHYy TOBapy Ta WOro PiBHOBa)KHY KiabKicTh. OueBuHO,
00YNCIIMBINY 1[I 3HAYEHHS, HEMOKJIMBO BiJIHOBUTH (DYHKIIIi IOTHTY Ta
MIPOTIO3UILil, TOMY [0 Yepe3 OJHY TOYKY Ha IJIOIWHI MOKHA IPOBECTH
HecKiH4eHHo GaraTo JIiHiil.

[ToGymyemo 3BeeHi piBHAHHS Uit i€l Mozesi. Bukopucrapimm ymo-
BY piBHOBaru, OTpMMaEMO

O + 0y p; +uy =By +Byp +uy,.
Ocranne piBHAHHS, PO3B’A3aHe BiZIHOCHO p, , MAE BUIJISAL
D = Ay + Uy, (8.19)
Bo—0ay  _ -y
’ t
oy =By oy =By

ITigcTaBadaoun sHalijene 3HA9€HHA p, y TOYATKOBI PiBHAHHA, OTPH-
MYEMO

ne Ay = — BUIIAJKOBA CKJaJ0Ba.

4 =M\ +1, (8.20)

By — apBy o, = Jithor ~ Oyl

e A= , Y,
a, =By a =B

— BUIIAJIKOBUI YJIeH.

Piusgrans (8.19) i (8.20) yTBOpATH cucTeMy 3BeleHUX PiBHSAHD. On1-
HaK CUCTeMa CTPYKTYPHHUX PIBHSIHb Ma€ YOTHPH HEBIZOMUX KoeDillieH-
TH: O, O, B0, B I3 Kypcy anrebpu Bizomo, IO A OHO3HAYHOTO BU3-
HAUEeHHST R HEBIJIOMUX HEOOXIHO MaTH IOHaliMeHIe k (He3aJaesKHIX )
piBHsHB. OTXe, MM HEe 3MOKEMO OJIHO3HAYHO BU3HAUUTU YOTUPHU Koepi-
IIEHTH, MAIOYW JIUIIE CUCTEMY 3 /IBOX PiBHSHB:
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0 -

1'30 0‘031 .
-B

O
@1
Hesaxkko momiTutu, 110, BiIKMHYBIIN BUIIAKOBI 3aJIUIIKK Y 3Bejle-
Hux piBHAHHAX (8.19) 1 (8.20), MoKHa BCTAaHOBUTU 3HaUeHHA p, = A, Ta
. = A{, AKe PaKTUYHO BU3HAYAE TOUYKY IIEPETHHY KPHUBUX IOIHUTY Ta
IIPOIIO3UIIil (TOYKY PUHKOBOI piBHOBaru). Ajie yepe3 o/lHy TOYKY MOXKHA
IIPOBECTH SIK 3aBTOAHO OGaraTo miHiil (puc. 8.3, a). ToMy A1 BUSHAYEHHS
KOHKPETHUX TPAMUX HEOOXi/HA 10/aTKOBa iH(hOopMaIlist, IKYy MOXKHA OT-

pUMaTH 32 paXyHOK €K30TeHHMX 3MIHHUX, 10 BXOAATH [0 CTPYKTYPHUX
PIBHSHD.

P

Puc. 8.3

Hampuxnaz, vexait 10 GyHKINT MTONUTY 0IaHO MIe OJHY TOSCHIOIUY
(ex30TeHHy) 3MiHHY ¥, — TpUOYTOK crmoxkuBaviB. Tomi Mozes “momuT —
MPOMNO3UILis” MaTUMe BUTJISII:

D _
By =ag +oyp, o,y +uy, (0 <0,0,>0),

8.21
= By +Bipr +uy,. ( )

Take ONOBHEHHS 10 MOJIET JIA€ JIEAKY JOAATKOBY iH(MDOPMAIIIIO PO
MOBE/IIHKY CHOXKUBAYA. 3TiZTHO 3 EKOHOMIYHOIO TEOPI€T0, /IJIsT HOPMAaThHIX
TOBapiB @y >0.
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[TpupiBHABLIKM 00CAT IIOIUTY i 0OCAT IIPOIIO3UIIIT, MATUMEMO

0o+ 0y p, + Aoy, + &, =By +Bip + &

a6o
P =Nt Ny, + o, (8.22)
1e )\0:[30‘0‘0’ A =- ay ] vt:€2t_81t.
a, =By a; =B a; =B

[TpupiBHABIIN IiHYy TIONMTY Ta I[iHY MPOIO3UIIl B TOYIli PIBHOBArH,
OTPUMAEMO

q; =My + A3y, twy, (8.23)
e Ay = By ~ AgBy . -2 9Py W = A€y :B@n _
a; — By o =By oy =By

Pisuannsg (8.22) 1 (8.23) € 3Benennmu. 3acrocysasimu MHK, neBax-
KO 3HaliTu OLIHKM IX MapaMeTpiB Ay, Ay, Ay, A5. OnHAK 1IbOTO HeJoCTaT-
HbBO /IS TOTO, 1100 OL[IHUTH II'ATh HAPaMeTpPiB O, O, Oy, B,,[B; HoyaT-
KOBOI CHCTEMHU CTPYKTYPHUX PIBHAHb. MU MOkeMO BU3HAUNTH [1apaMeTpu
By 1 By dynkuii nponosuii cucremu (8.21):

5, N

5 B (8.24)

B =2 - B
0 =R =Bk (8.25)
Ane o, Oy, O, BUSHAUUTH OJHO3HAYHO He MOxHA. OTXKe, MOTPiOHO
Jiesike JIOBU3HAYEHH. 3ayBa)KUMO, 10 BBEJIEHHSIM MOSICHIOYO0i 3MiHHOI
y dyuknio nonuty (mepiie piBHIHHA cucTemMu (8.21) Mu BuU3HAUUIN
dyuxiito mpono3uttii (apyre piBHsHHS 1€l camoi Mojeni) (puc. 8.3).
Axio y yHKIli0 TPOTIO3UIlii BBECTH TOSICHIOOUY 3MIHHY (HATIPUKIIA],
3a3/1aJIeri/[b BUBHAYEHY 3MIHHY p;_{ ), BUKJIOYUBIIN [IPU TIbOMY 3 (DYHKITIT
MOIKTY 3MIHHY, 1[0 BU3HAYAE MPUOYTOK, MOKHA OTPUMATH KOHKPETHY
(yHKIliI0O TONUTY TTPU HeBU3HAYeHiN dyHKII mporno3uiii (puc. 8.3).
Ileit BUCHOBOK OOTPYHTOBYETHCS 32 aHAJIOTIEIO 3 MONEPEAHBO OIMUCAHOIO
CXEMOIO Ta PEKOMEH/IYEThCS SIK BIIPaBa /I CAMOCTIIHOT po6OTH.
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3a3HauMMO, MI0 AKIIO B KOKHE 31 CTPYKTYPHUX PIBHAHDB MOJIeJi “TIo-
UT — MPOIO3HIList” HOPSiA i3 [iHOIO ToBapy Oyje BBEAEHO 10 OAHIN 1Mo-
ACHIOIOYIN (€K30reHHO BU3HAYeHiii) 3MiHHIl (Hanpukaan, y, y GyHKIio
nonuty ¥ Pr-1 y QyHKILIO IPOTIO3HUIlii), To KoedillieHTH CTPYKTYPHUX
PiBHSIHB MOKYTh OyTH OIiHEHI 0JHO3HAYHO. Y 1IbOMY pasi Mozesb Oye
OJIHO3HAYHO BU3HAYEHOIO, TOOTO i1eHTH(hiKOBAHOIO.

Posraiignemo Moziesib “ionut — mpono3uilist” 3 KiIbKICTIO €K30TEHHUX
3MIHHUX, 1110 NTePEeBUIIYE KiAbKICTb CTPYKTYPHUX PiBHSHD:

D) "I
B = ap +oyp, +0yy, +0gs, + €y,

DS
B =B +Bp * Bt + 8,

Jie 3MiHHA s, — OOCAT 3a0LIA/PKEHb {0 MOMEHTY Yacy L.
3 YMOBHU PHHKOBOI PIBHOBArM HECKJIAJHO OTPUMATH TaKi 3BeJleHi
PIBHAHHS:
Opr = Ao + My, + Ays; + A3pig + 1y,
O = Mg + A5y, + NeS, + Aypiy + @,

ze
- a a
%\0:_30 0; )\1:‘—2 ;o A= 2 ;
0 o =By a; =By o =By
%3 _ B . NE- o4y — A, . (8.26)
O a, =B a, =B
O
EP\5 - G2B1 : )\6 =_ a331 : )\7 - _ alB2 :
B a; =By a; =B a; =B
_ 048y —BiEy, w =2u &
t ) t .
a, - B a; =B

Jig OLiHKM ceMH CTPYKTYPHHUX KOe(ilieHTiB O, Oy, Oy, O3, By,
B;, B, ymboMy pasi orpumano BiciM piBHAHD (8.26). Ax nHacaizox, ox-
HO3HAUHE BU3HAYEHHS CTPYKTYPHUX KOehilli€HTIB HEMOKINBE Yepes Cy-
nepeuwmBicTh criBBigHOMEeHb. Hampukmnan, 3 (8.26) BunmBae HeMOX-
nusicts BusHavenust By. [iiicno, By =Ag/Ay 1 By =A5/A. Ane 1e
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MOJKJIMBO JIHIIE 32 YMOBH Ag/Ay = A5 /A, 10 HEPEATBHO, OCKIJIBKU KO-
edinient By, AKuil MiCTUTbCA B yCiX PIBHAHHAX JJIA OLIHKYU 3BEJCHUX KO-
eillienTIiB, TAKOXK HEJJOCKOHAIMH. Y 11bOMY Pa3i MAaEMO CHUTYAIIIO TIepe-
BuU3HauYeHoCcTI abo HamigeHtudikosaHocTi, ToOTO “3aHanTo GaraTo”
indopmarii (oOMexeHb) A1 BU3HAUEHHs JiHil goxoxy. Yepes cynepeu-
JMBICTH iH(OpMaIlii HEMOKIMBO OTPUMATHU NTYKAHUI PO3B’SI30K.

¥ curyarii neigentudikoBanocti “3ananro Mano” indopmaiiii, a Tomy
icHy€ KijbKa pi3HUX JIiHiii, 1110 32/0BOJbHIIOTH OOMEKEHHS MOJEJIL.

HeobxigHi n pocTtaTHi ymoBM ineHTU(iKOBaAHOCTI

[I[o6 mBuanIe HOPMAIBHO BUSHAYNTH i1eHTH(DIKOBAHICTh CTPYKTYP-
HUX PiBHSIHB, 32CTOCOBYIOTH TaKi HeoOXimHi ¥ mocraTi ymosu. Hexail
cucTeMa OJIHOYACHUX PiBHAHB MicTUTh N PiBHSIHB BiJHOCHO N eH/l0TeH-
HUX 3MIiHHUX, a Takok M ekzorenHux abo 3aszjazierijib BU3HAYCHUX
3MinHuXx. KpiM TOrO, 1711 /1€IKOTO PIBHAHHS KiJTbKiCTh €H/IOTEHHUX i eK-
30T€HHUX 3MIHHMX Yy TIePeBipili HA i/IeHTU(IKOBAHICTh OPIBHIOE BiJIIO-
BiJIHO 7 1 m. 3MiHHI, 10 HE BXO/AATH Y JlaHe PIBHAHHS, ajie BXO/SATh B iHIII
PIBHAHHS CHCTEMU, HA3BEMO BUKIIOUEHUMU 3MIHHUMU (3 TAHOTO PiBHAH-
HS). Ix kimbkicTh nopiBHioe N—n s enjjoreHHuX i M—m 1151 eK30reHHuX
3MIHHUX.

Ilepwa neobxiona ymosa. PiBuaHHS inenTI(IKOBAHE, IKIIO BOHO BUK-
movae npuHaiiMui N—1 3MiHHY (€HIOTEHHY YU €K30TeHHY ), 1110 MPUCYT-
HS B MOJIeJI:

(N-n)+(M -m) =N —1.

Jpyza neobxiona ymosa. PiBHsHHS 11eHTU(IKOBaHE, SKINO KIJIBKICTh
BUKJIIOYEHNX 3 HHOTO €K30TeHHNX 3MIHHIX He MEeHIIIe KiJTbKOCTi eH/I0TeH-
HUX 3MIHHUX Y LIbOMY PiBHSAHHI, 3MeHIIenol Ha ogunuio: M -m=2n—1.

3Haku piBHOCTI B 060X HEOOXIIHIX YMOBAX BiIMOBIIAOTH TOUHI i/1eH-
THU(HIKOBAHOCTI PIBHIHHS.

Hasenemo npukiaym BUKOPUCTAHHS 3a3HAYEHNX YMOB /IS BU3HAYEH-
HS 1IeHTU(hIKOBAHOCTI CTPYKTYPHUX PiBHSHb.

Y npocriii MojiesIi “IOMUT — HPONo3uIlis”

D _
%% =0p tap, + &,

S —
81 =By + By, tE,
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N =2, M =0. [lng xoxuHoro 3 pisasaub n=2, m=0. Otrxe, nepiia He-
obxinna ymosa, a came (N —n) +(M —m) =N —1, He BUKOHYETbCS ISt
000X PiBHsIHb, TOMY 1110 B 1[boMy pasi (N —n) +(M -m) =0 < N -1=1.
Ile osHavae, o0 BoHKM 00M/IBa HeigeHTUdIKOBAHI.

2.Y mozeni (8.21) a0 GyHKIIT MOMUTY K0AHO €K30T€HHY 3MiHHY ¥/,
(npubyTOK CIOKUBAYIB):

%%D =0y + 0y p, + 0y, + &, (0 <0,a,>0),
@ts =By +Bp +& (B >0),

N =2, M =1. Jlng koxxHoro 3 piBHIHb 7 =2 . [[s1g nepnioro piBHIHHS
m=1, gpna gapyroro m=0. Tomi pansg mepmioro piBHAHHS
(N-n)+(M -m) =0 <1 =N —1. A 11e o3Hauae, 10 1epira HeodXigHa
yMOBA He BUKOHYETBCS 1 JlaHe PIBHIHHA HeigenTudikoBane. /[ qpyro-
ro piusinus 1iei cucremu (N —n) +(M -m) =1 =N -1, tob6t0 nane
PiBHSAHHA TOYHO igenTrdikoBane. OTxe, HDYHKIIA MPONO3UIIT MOKe OyTH
BU3HAYCHA OJIHO3HAYHO.
3. Y monemni

DL
a?t =0y toyp, T 0y, t &y,

B?ts =By +Bp +Bpiy t8

N =2, M =2. Jlnsa xoxkHoro piBHsiHHS 7 =2, m =1. Y npomy pasi ajs
KOKHOTO 3 PiBHSIHb BUKOHYEThCH ymMoBa (N —n) +(M —-m) =1 =N -1.
Otxe, 00uABa PIBHAHHA 1€l CUCTEME TOYHO ieHTH(dIKOBAHI.

3. ¥ mozeni “monut — mnporno3uiiis”’, e BPaXOBAHO TPU €K30TeHHi
3MiHHI:

D _
%?t =0 +ap, T Ay, T O3S T Ey,
S _
B0 =By +Bip Bt + 8,
N =2, M =3. /lnsg koxHoro piBHsHHs cuctemu n = 2. KijbKicTh BUK-

JIIOUEHNX 3MIHHUX y repriomMy piBHSHHI m = 2. Toni mepiie piBHIHHS
TOYHO ineHTH(IKOBaHE, TOMY IO A1 HboTO (N —n) +(M —-m) =

=1=N-1. [na npyroro piBagaHg m=1. OTxe, IJI9 HBOTO
(N-n)+(M -m) =2 >1 =N —1. lle piBHAHHS € TepeBU3HAUYCHUM.
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Jluig omHo3HAYHOT OIliHKY KoedillieHTiB (DyHKIIIT Mporo3ullii B 1boMy pasi
HeoOXiJHO BUKOPUCTOBYBATHU 1HIII ClieliaJbHi METOAN OLIHIOBAHHS Iapa-
MeTpiB.

HeobxigHa i poctaTHa ymoBa ineHTUdikoBaHOCTI

¥ mopedni, mo mictuTh N piBHAHBb BiTHOCHO N €HJIOTEHHUX 3MIHHUX,
yMOBa i/IeHTU(IKOBAHOCTI BUKOHYETHCS TOMI 1 TIJTBKHU TOJi, KOJU PAHT
MaTpHUILi, CKIQ/IEHO] 3 BUKJIIOUEHUX 3 JIAHUX PiBHIHb 3MiHHUX, ajle TaKuX,
1[0 MICTAThCA B iHIMNX PIBHAHHAX cUCTeMU, opiBHIOE N —1.

8.5. MeTtoau ouiHOBaHHA napameTpiB
CUCTEM PiBHAHb

Ax 3aznavanocs, 3acrocyBanns 3suvaiinoro MHK 710 piBHsIHD CTPYKTYP-
HOI (hOPMU CHUCTEMU PiBHSHD IPU3BOUTD 10 OTPUMAHHS 3MIllIEHUX OI[IHOK
TTapaMeTpiB uepe3 KOPeIbOBaHICTD (3a7I€;KHICTD ) 3MIHHUX 1 3aJIUIITKIB MOJIEJT,
110 € MopyIlieHHsaM ofHi€el 3 nepexymoB 3actocyBannsg MHK. Tlepexin Bi
CTPYKTYPHOI (hOPMI MOJIEIL 10 CKOPOYEHOI € OHKM i3 CIIOCOGIB, 110 yCyBae
pobJIeMy KOPEeJIbOBAHOCTI, O[HAK TOPOIKYE iHINY, a came TpobIeMy ieH-
TU(HIKOBAHOCTI OKPEMUX PIBHSHb CUCTEMMU, & TAKOK CUCTEMH 3araJIOM.

3anesKHo Bij po3B’sa3aHHs i€l mpobaeMu, TOOTO MiCIs IePEBIPKU yMO-
BU 11eHTU(IKOBAHOCTI KOKHOTO PIBHSIHHSI CUCTEMU, 3aCTOCOBYIOTh TaKi
METO/IU:

1) AKIO KOKHE PIBHAHHSA CUCTEMU TOYHO i/leHTUdiKOBaHe, TO Mmapa-
METPHU 3Be/IEHOI MOJIEJTi OIIHIOIOTHh HEMTPSIMUM METO/IOM HAaliMEHIITNX KBa/l-
paris (HMHK); ines Mmetozny noJsgrae 8 Tomy, o0 Big cTpyKTypHOi hop-
MU Triepeldty 0 3BejeHoi, 3BuuaiinumM MHK oninutu mnapamerpu
OCTaHHBOI I OOEPHEHUM MEPETBOPEHHSIM OTPUMATU OI[iHKH MapaMeTpiB
CTPYKTYPHOI hopmu;

2) yCyHYTH KOPeJAIiio Mk 3MiHHUMH Ta 3aJIUIITKAMU MOZIETTi MOKHA
TAKOXX 32 JIOTIOMOTrOI0 METOJy 1HCTPYMEHTAJIbHUX 3MIHHUX, i/lesl SKOTrO
HOJISITA€ B TOMY, 11100 3MiHHI, 1[0 KOPEJIOITH i3 3aJUIIKaMK, 3aMiHUTH
IHIIUMW — IHCTPYMEHTAJIBbHUMMU, SKi TICHO ITOB’S3aHi 3 He3aJeXHUMU
3MIHHUMHU MOJIeJIi, ajle 30BCIM He II0B’sI3aHi 3 11 3a/IUIIKaMu;

3) SAKIIO PIBHAHHS CTPYKTYPHOI (hopMU MoJesi Ha/lileHTr(iKoBaHi,
TO TIapaMeTpPu MO/JIei OIIHIOIOTh 32 JIOIIOMOIOI0 IBOKPOKOBOIO METOMY
HaiiMennmx kBazparis (2MHK), mo nepenbdayae BUKOHAHHS ABOX €TAIIB:

a) MepuInii — eHJI0TeHH] 3MiHHI “3BiIBHAIOTH” BiJl CTOXaCTUYHUX 3a-
JINIIKIB;
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6) Apyruil — oliHeHi PiBHAHHS HiJCTaBJASIOTh Y CTPYKTYPHY CHCTEMY
PIBHSIHB, JI0 SKUX MOTIM 3acTOCOBYIOTH 3Buuaitnnit MHK;

4) TPUKPOKOBUIT METO/I HAMEHIITUX KBAJ[PATIB /IJIT OJIHOYACHOTO OI1i-
HIOBaHHS BCIX PIBHAHB CHCTEMU 32 MEBHUX 06CTaBUH eheKTHUBHITIHIA T10-
PiBHSHO 3 HenpsaAMuM i jBokpokosuM MHK.

8.5.1. Henpamuun meTon HanMeHLWUX KBagpaTiB
ouiHIOBaHHA NapameTpiB TOYHO
iaeHTUdikoBaHUX cucTem

Ockinbku Ha ocHoBi 3Buuaitnoro MHK nemosxianBo orpumat gxicHi
OIIIHKM I1apaMeTpiB CUCTEeMU OJHOYACHUX PiBHAHD, BAPTO CKOPUCTATHUCH
IHITUMU METO/IaMU OIIHIOBAHHS T1apaMeTpiB. OHUM i3 HUX € HENpsSIMUI
MeTOJl HaliMeHIINX KBaJIpaTiB, 1[0 TPYHTYETLCS HA BUKOPUCTAHHI 3Bejie-
HUX PiBHAHbD.

g imoctpanii HMHK posrisinemo keiinciancbky Mojienb hopmy-
BaHHSA TPUOYTKIB:

G =ay +a\Y, +u,
Y,=C, +Z,.

VY 3Beneniit (popmi 1151 MOJIENTE MAE BUTJISI]L

y, - — DR EEE, S (8.27)
1—6!1 1_a1 1_a1
a a u
C = 0 + 1 7 + t
t 1 - 611 1 _a1 ‘ 1 —611 (828)
[Toznaunmo
a 1 a
:)\ ) :)\ ) _)\ )
I o . 20
@ u, O o> O
= Ay, =y ~NH,
1_a1 1_a1 ?1_01

Tozi 3aMicTh OCTaHHIX CIIBBiJIHONIEHH OTPUMAEMO
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Byt =N + A1 Z + oy,
G = Ay + Ay Z, + 0.

Yepes Te, 10 06CAT IHBECTUIIII Z, € eK30Te€HHOIO 3MIHHOIO MOZieI, 1151
3MiHHA He KOPEJIOE 3 BUIIAJIKOBUM 3aIMIIKOM o, Yy 3BefleHill hopmi cucre-
M piBHAHD (8.27), (8.28), a oTke, i 3 3a/UIIKAMU ¥, OCTaHHLOI CUCTEMHU.
Ile osHavae, Mo /71 BUMAAKOBOTO YIeHA ¥, BUKOHYIOTHCS IepeyMOBH
MHK. Tomy orinkn )A\m, ):11,):20,):21 mapaMerpiB A, Mgy, Agg,A 9y, OTPH-
mani 3a MHK, GyayTh He3MilleHnME, OOTPYHTOBAHUMHE 1 eHEKTUBHIMIU.
3Hao4M Ii OI[IHKHU, HeCKJIA[HO BU3HAYUTH OL[IHKHU &0 i a; xoedilieHTis
ay 1 @ pIBHAHHA II0YATKOBOI CTPYKTYPHOI CUCTEMMU:

A

= 0 @
Ayy Ay

BuznaueHH:1 OIIHOK 32 3a3HAYEHOIO CXeMOTO0 HA3MBAETHCS HEIIPSIMUM Me-
TOJIOM HaMEHIITUX KBaJIpaTiB. 3MIiCT TaKOi Ha3BU OUEBUIHUIA: TIEPII Hi)K 3a-
crocyBatu 3puuaitanii MHK, mouaTkoBy cructemy nepeTBOPUIIN JI0 3BE/IEHOT
dopmu, 3a MHK-oriHkamMu sIK01 BUBHAYWIIM OIIIHKH TT0YaTKOBOI CUCTEMH.

Ouinku napameTpis @, Ta @, orpumani 3a HMHK, € o6rpynrosanu-
M1, @ TOMY TIPU BEJTMKUX BHOIPKax iCHY€ BHCOKa HMOBIPHICTB, 110 BOHI
HAOJIMKATUMYTHCS JI0 ICTUHHUX 3HAUYEHD MapaMeTpiB.

3a3HaunuMOo, 1O B IbOMY pasi OI[iHKM BU3HAYAIOTHCS TOYHO, & perpe-
ciliHe PIBHSAHHS B PO3TJSHYTIH MOJIeNi TOXOY € izeHTudikoBanmm (071-
HO3HAYHO BU3HAYEHUM ).

Orxe, mpu Hepssmomy MHK BUKOHYIOTBCS Taki KDOKH:

1) nepeBipsieTbest yMOBa iIeHTU(IKOBAHOCTI JI7TST KOSKHOTO PiBHSIHHS
CTPYKTYPHOI hopmu. AKINO BCi PiBHAHHS TOYHO ifieHTH(]iKOBaHi, TO BU-
KOHYETBCS HACTYITHUH KPOK, iHAKIIE 3aCTOCOBYETHCS 1HITNI METO];

2) BUXijiHA CTPYKTYPHA CHCTeMa PiBHSHD MEPETBOPIOETHCS 10 3BEIe-
HOI (hopMmu;

3) omintooThest 328 MHK mapamerpu piBHSHD y 3BeneHiil (hopmi;

4) Ha OCHOBI OLIHOK, 3HAUAEHKX J1JIs 3BeAeHOI POPMU, 0OUMCITIOIOTHC
napaMeTpy CTPYKTYPHUX PIBHSIHB 3 JIOTIOMOTOI0 OGEPHEHNX MEPETBOPEHb.

Ipukran. Po3rasgnaeTbcs MOAETh “TIOTAT — MPOMO3UTTis:

~ BN "
P B _ o

[Ipornosmuitist 51% =By +Bp *Ey,
[Tomut 07 = 0o +Qyp, + Aoy, + &y,
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le q;, p, — eHjoreHHi 3MiHHI (KUJIbKICTb TOBapy 1 11iHa B POl 1), €, €y,
BUIIAQ/IKOBI BIZIXUJIEHHS; ¥, — eK30reHHa 3MiHHa (IIpUOYTOK CIOKIBAYIB).

Ha migcraBi HaCTYIHHMX CTATUCTHYHHUX JaHUX HEOOXIAHO OIIHUTH
koedirierTu dynxitii mporosutiii, Bukopucrosytoun MHK i HMHK. Tlo-
PIBHSITU pe3yJIbTaTH.

P a Y ; A P P QY
1 8 2 1 7 8 2 16
9 10 4 4 16 20 8 40
3 7 3 9 9 27 9 27
4 5 5 16 25 20 20 25
5 1 9 25 4 5 10 9
15 31 16 55 58 74 49 T0Z | Cywma
3 6.2 32 11 116 148 98 | 20,8| Ceponne

[Tobynyemo 3BejieH] PIBHAHHS 3a3HAYEHOI CHCTEMU, BiJIHSBIIN Bi
(ynxuii nponosuttii dyukiio monuty. Orpumaemo

By —0p) +(By —0)p, — Ay, + (&, — &) =0,

3BIIKUN
Py = Tho *ThY, 0y,
q; =Ty + Ty, 0y,
_ay =By _ Oy _Eo ~ &
ae T =0—— M =5—— Uy =% ——
B —oy B —oy B —ay

T =/ +BM, ®m =B, v =B, HE

Hesaskko momitutu, 1m0 yHKITiS MPOMO3UILT TOYHO ifieHTr(hiKOBaHA.
Ouinkn by i b, mapamerpiB By i B, MOXyTh OyTH BU3HAUYEHI Ha OCHOBI
OI[IHOK KOe(DIIiEHTIB TAKUX PIBHIHD:

_Th = _ T . =
Bi==", B=Ty B Bi= =", Bb=Ty by,
T4 T4y

3a HasBHUMU CTATUCTUYHUMU JAHUMU OLIHUMO KoedillieHTH 3Bejie-
HUX PiBHAHD:
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m, =YD 02 4y,
Do 136

Ty =p ~THhy =3 0,147 B2 =2,5293,

Ouinku xoedimienTis GyHkuii mpomrosuii sa MHK GyayTs Taxi:
b =0,7039 /01471 = —4,7988, b, =3,9411 —4,7988 12,5293 = -81965.
Orxe, (DyHKITIST MPOIMO3UITIT MA€ BUTJISIT
q, = -8,1965 +4,7988p, .

Boxnouac pospaxoBani Gesmocepeaabo 3a MHK orinkn paHOro
piBHﬂHHH CTAaHOBUTUMYTb:

b= E@ =38 _ 9, b =7 -bp =119,
-7 B
TOGTO (DYHKIIiST TPOTIO3MILIT MA€ BUTJISIL
g, =119 -19p,.
3a OTPUMAHUMHU PE3YIbTATAMU MOKHA 3pOOUTH BUCHOBOK TIPO Te, TIO

3acrocyBanig MHK y HeBiAMOBiIHUX CUTYyaIliIX MOKe iCTOTHO CIIOTBO-
PUTH KapTUHY 3aJI€3KHOCTI.

8.5.2. MeTop iHCTpYMeHTarbHUX 3MiHHMUX

Iie ogHUM CcHOCOGOM YCYHEHHS KOPENIOBAHHS IMOSICHIOKUO]
3MiHHOI 3 BUTAJKOBUM BIJIXUJIEHHSAM € METOJ IHCTPYMEHTAJbHUX
3MIHHUX.
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CyTHICTb 1IbOTO METOJ/Y IMOJIATAE B 3aMiHi 3MiHHOI, 1[0 KOPEJIOE i3

3aJIUIIKaMU, IHCTPYMeHTaIbHOIO0 3MiHHOIO (13), sika MoBUHHA MaTH TaKi
BJIACTUBOCTI:

e xopesmoBati (6akaHO 3HAYHOIO MIpOIO) i3 3aMiHEHOIO IIOSACHIO-
J040I0 3MiHHOIO;

¢ He KopeJroBaTh 3 BUIIAKOBUM BIJIXUJIEHHSIM.

Omnumiemo cxemy BWKopucTanHusi 13 Ha npuksaji nmapHoi perpecii,
y AKii

V=B +BX +e

3miray X 3aMiHIOIOTH 3MiHHOIO Z Takoio, 1o cov(Z;X)#0

i cov(Z,€) =0. Ipunuunu suxkopucrannsg 13 nepenbdadaoTb BUKOHAHHS
TaKUX YMOB:

M(g,) =0,cov(z,&,).

Bianosigxi BUOIPKOBI OMIHKM JaHUX YMOB TaKi:

01

?Zet=0,

1
glf > 26 =0.
VY po3ropHEHOMY BUTJISIII OCTaHHS CUCTEMA MA€ BUTJISI
_ i3 _ i3 _5
(¥, by —b’°x,) =0,

B z (Y _bés _biisxt) =0,

3BIIKI

o = LG D =D

1

O Z(zt —2)(x, %)

3 =7 -Hw.

Hexaii 3i 36inpiennam obesary Bubipku D(X) Tpsamye 10 HesaKoi
CKIHYEHHOI Mexi oi, a kosapianiga cov(Z,X) — 10 CKiHYeHHOI Mexi
o, %0.
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ITokaxemo, 110 B 11bOMY Pasi b, IpAMYE 110 iCTUHHOTO 3HAaUeHHH [3;.
3 OCTaHHBOI CHUCTEMM MAEMO

it 2 COV(ZY) _cov(Z,By +BX +9) _
! cov(Z,X) cov(Z,X)

- cov(Z,By) = cov(Z,3,X) N cov(Z,¢€) N
cov(Z,X) cov(Z,X) cov(Z,X)

cov(Z,€) 0
= +——~ "7 [ = +— =0,
P cov(Z,X) "% P 0, B

Tyt Mu ckopucranucs TakuMM cliBBifnomenuamu: cov(Z,,) =0,
Tomy 1o P, = const; cov(Z, B X) =B cov(Z,X). IIpu Bemnkux obcsirax

BUOIPKU PO3TIOAILT b1i3 IPAMYE 10 HOPMAJIbHOTIO:
b ~ N(By, S*(B)),
e
Y (z-7)
& (-5 -DE

s =

1
s? :?zef;

B _ i3 _ g3
e =y —b X

8.5.3. [1BOKpOKOBMI MeTO4 HAaMMEHLUMX KBagparTiB
OouiHIOBaHHA NapameTpiB HagiaeHTU(ikoBaHUX
cucrtem

Omnuc 1poro MeToAy CyNPOBOIMMO IIPUKJIAIOM HOTO BUKOPUCTAHHSI
JUISE MOJIEJIi PIBHOBAru HA PUHKaX ToBapiB i rporieit (IS—LM) nus 3akpu-
TOI eKOHOMIKHM TIpu (hiKCOBAHIN ITOJAATKOBIN CTaBII £:

B =0y +o7+a,G+azt+g (a,<0),

3 =B +Br+BM +5 (B >0) (829)
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[Tepure piBHSAHHA cUCTEMU € IepeBU3HAYEHUM (1I[0/10 3MIHHOI 7).
106 ouinuTu HOro KoedilieHTH, PEKOMEHIYEThCS CKOPUCTATUCS
060KpoKosum memoodom naiumenwux keaopamie (2MHK), cyrb sikoro
MOJISITAE Y BUKOPUCTAHHI K [3 OIiHKN TIlepeBU3HAYEHO] 3MiHHOT, OT-
puManoi Ha 6asi eksoreHHuX (YU 3a3gajerifb BUSHAYCHUX) 3MIHHUX
MoOJieJIl.

Kpok 1.

Y nepiiomy piBHSIHHI 11i€T CUCTEMU TIePEBU3HAYEHOIO 3MIHHOIO € TIPO-
IleHTHA CTaBKa 7. 1i MOJKHA OIL[HHTH, CIMPAIOYNCH JIMIIEe Ha eK30TeHHi
3MiHHI (HANIPUKJIAJ, BiJIHIMAIOUX Bifl APYTOTO CITiBBIHOIIEHHS TIEPIIIE):

=Xy + MM+ NG+ Nt + 0. (8.30)

(dx BrpaBy npoIoHnyeTbea 3HalTH KoedilieHTn Ag, Ay, Ay, A3 10.)
3acrocoByoun mis (8.30) MHK, orpuMyemo OI[iHKY 7 3MiHHOI 7

F=Ag + MM +A,G+ Ayt (8.31)

ne ¥ — yMOBHa cepe/iHs npu (ikcoBanux .3Hadenusx M, G, t.
Kpok 2.
[Migcrasmsioun oninky (8.31) y apyre piBHsiaHg cuctemu (8.29), maemo

Y =B, +B7 +BM +s,. (8.32)

I1s 3amina J1a€ 3MOTy PO3B’sI3aTH TaKy iCTOTHY MPOGJIeMy MepeBu3Ha-
YeHUX MOjIeJiell, 9K KOPeJbOBAHICTD MOSICHIOIYOI 3MIHHOI 3 BUIIA[IKOBUM
YyjieHOM (HaraJaeMo, 1o Taka KOpeJabOBaHiCTb PU3BOAUTD /10 OTPUMAH-
HS 3MIlIIEHNX | HeoOrPYHTOBAHUX OIIHOK). JlilicHO, OlliHKa 7 BUPAKAETh-
cs JMlle yepe3 eK30TeHHi 3MiHHI, a 0TKe, He KOPeJIoE 3 BUIAJKOBUM
BigxunaenusaMm. Dakrtuuno ii MOXHA PO3TJSIATH SIK HOBY €K30T€HHY
3MIHHY.

Saminusiu B mozedni (8.29) apyre piBugauug Ha (8.32), orpumMaemo
CUCTEMY, SIKY MOKHA OIiHUTH 32 jgonomoroio MHK.

SIKIO MOJIesTb MiCTUTD GITIBIN SIK OJIHY [IePEBU3HAYEHY 3MiHHY, Ha TIep-
IIOMY eTall HeOOXIZHO OLIHUTU BCi TaKi 3MiHHI.

2MHK wmae meBHi BJIaCTUBOCTI, 1[0 3yMOBJTIOIOTH HOTO ITUPOKE TTPAK-
THUYHE 32CTOCYBAHHA.

1. V¥V pganomy metoxi mepmuii eran (eran IoOyZOBU 3BeAEeHUX
PIBHSIHD) BUKOHYETLCA /I YACTUHU IEepPeBU3HAYCHUX PiBHSAHD, HE 3a-
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yinaioun iHmi piaguag Mozei. e zae smory miniMmisyBatu o6csr 06-
YUCJIEHD.

2. 3a nagBHOCTI 1epeBusHaveHux piBHgHb 2MHK na Bigminy Bin
MHK Busnavae efnHi OmiHKY TapaMeTpiB MOJIEI.

3. 3acTOCOBYIOUM JIaHUI METO/I, IOCTATHBO BUKOPUCTOBYBATH JIMIIE
€K30TeHHI ¥ BU3HA4YeH] 3MIHHI MOJIeJIi.

4. 3acrocysannst 2MHK edexruBne nurie B ToMy pasi, Ko koedi-
LIEHT JieTepMiHallii R? IS 3BEIEHUX PiBHAHD, MOOYA0BAHIX HA IIE€PIIO-
My erari, Oyze gocuth Besaukuil. [pu oMy 13 (y Haromy mpukiazi e
3MIHHA 7 ) HESHAYHOIO MipOTO KOPETIOE 3 BUTIAKOBUM BIIXUJIEHHAM i HaO-
JIKAETHCA 10 ICTUHHOTO 3HadeHHs (7 ) 3amineHoi 3aminHoi. IIpu Hese-
sgukomy 3uadeni R? Bukopucranusg 2MHK mamonpoxykTuBHe, ToMy 1110
B mpoMmy pasi I3 mano BiAnmoBizae icTMHHOMY 3HAYEHHIO 3aMiHEHOI
3MIHHOI.

3a3HAuUNMO, IO 32 AOTIOMOTOIO0 METOAY iIHCTPYMEHTATBHIX 3MIHHIX 5K
ckmanoBoi 2MHK MoskHa oTpuMyBaTH OOTPYHTOBaHI OIHKM i OLIHKU
CTaHIAPTHUX BiAXUJIEHb I BUOIPOK BesquKnX obcsris. OpHak st Ma-
JiuX BUOIPOK BUCHOBKU OY/yTh HE HACTIJIBKY KOHKPETHUMIL.

8.5.4. TpukpokoBuin MeToh HaMMeHLUUX KBagparTiB

PosrsiiguyTi MeTou JAl0Thb 3MOTY OIHIOBATH ITTapaMeTph OKPEMUX
piBHsIHDb cucteMu. KoskeH 3 HUX Ma€ nepeBaru ta HeJ0JIKH, OfHaK ix 00'e/-
HYE CITiJIbHA prica — 3HAYHUE 0OCIT PO3PaxyHKIB pr pobOTi i3 crcTeMaMiu
BEJIUKOI PO3MIPHOCTI, TOOTO i3 TaKMMH, IO MICTATh BEJIUKY KiJIBKICTh
PiBHSIHD, a OT’Ke, BEJUKY KiJbKICTh 3MiHHUX 1 mapameTpiB. CKOpoYeHHS
06cATY PO3PaxyHKIB CcTa€ 0COOJMBO aKTyaJbHUM Yy IPOIECi BUBYEHHS
IIBUIKOTIIMHHUX TTPOIECiB, a TAKOXK y TOMY pasi, KO 3MIHIOETHCS TIPi-
OPUTETHICTH OKPEMIX He3aIeKHIX 3MIHHUX MOZIesii. Y IUX BUMa/KaX Kpa-
Ie CKOPUCTATUCS METOJIOM, IO OJHOYACHO OIIHIOE HapaMeTpu BCiX
PIBHSHB CHCTEMH, 30KpeMa TPUKPOKOBUM METO/IOM HallMEHIINX KBAJIPaTiB
(3MHK).

Ocobausictio SMHK € Te, 1110 TIpH OIiHIOBAaHHI MApaMeTPiB CUCTEMU
3arajJioM CJIi/l 3BaKaTh Ha 3aJI€5KHOCTI MK OKpeMnMu piBHAHHAMA. 11i 3a-
JIEXKHOCTI BUSIBJISTIOTHCS B TOMY, IO 3aJIAIITKN OKPEMUX PiBHSIHB KOPEJIOI0Th
MiK 00010, TOOTO 3arajibHa MaTPULIS KOBapialliii CUCTEMU € HEAIarOHAIbHOIO.
¥ Takiii cutyarii HAKpaIM MeTO/I0M OITIHIOBAHHST € y3araJTbHEHU METO/
HaiimeHIux KBajparis (Merox EiTkena). OpHak y oMy pasi HEOOXiIHO
3HATH TIepiiie HaGIMKeHHS MaTPUIl KoBapiariil. [[Jist piBHSHD MHOKUHHOI
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perpecii 3 aBTOKOPEJIbOBAHUMHU 3AJIUIIKAMU 1[I0 MATPHUINIO OTPUMYIOTH Ha
MijICTaBi 3AJIUIITKIB MOJIEJ, TTApaMeTPH SIKOi o1liHeHo 3a 3snuaiitnum MHK,
i Bke micsg obunciaenHs KoedilieHTa KOpeJlii KOPUTYIOTh 3araJbHuil
OTIepaTOp OIIHIOBAHHS IMAPAMETPIB PIBHSIHHSI.

Jlist cucreM piBHSIHB, 0cOOJMBO B pasi HaAizeHTH(IKOBAHOCTI OKpe-
MUX PiBHHD, Kpalle II0Y4aTKOBe HaOJMKEeHHs MaTpPHLi KoBapialliil Bus-
HAYaIOTh 32 3aJMIIKAMU, gKi OTPUMAHO B Pe3yJIbTaTi OI[iHIOBAaHHS Iapa-
MeTpiB piBHAND 3a ABoKpokoBuM MHK. Otxe, came noenmanna 2MHK
i MeToay EliTkena mano Ha3By 1[bOMY METOLY.

Jns npakTranoro sacrocysanisa SMHK morpi6Ho BUKOHATH Taki Bu-
morwu [17]:

1) yci TOTOXHOCTI, SIKi BXOAATH /0 CUCTEMU PiBHSIHb, BUKJIIOYAIOTH
3 POBIJISLY, TOMY 110 BOHM He MIiCTATb HEBIJJOMUX IIapaMeTpiB i He rapa-
MeTPU3YIOThC;

2) koskHe HeijieHTH(hIKOBaHE PIBHAHHS TAKOK BUKJIIOYAIOTH 13 CUCTe-
MU, OCKIJIBKM OIL[IHUTH iX TapaMeTPH B IPUHIUII HEMOXKJIIBO;

3) TouHO ieHTN(hiKOBaHI Ta HAAIAEHTU(IKOBAHI PIBHSIHHS TOIJISIOTH
Ha jBi pisni rpynu i SMHK 3actocoByioTh /10 KOXKHOI 3 HUX OKPEMO;

4) gKIo Tpyna Ha/liJIeHTU(IKOBAHUX PiBHSAHD CKJIAIAETHCS JIUIIE 3 OJ1-
Horo piBusguHsA, To SMHK neperBopioerscs na 2MHK;

3) KOpeJIAIisl 3aJIUIIKIB OKPEMUX PIBHSIHb CUCTEMH IPU3BOIUTE JI0
TOTO, 1[0 3arajbHa MaTpPUIls KoBapialliii CUCTEMU € He/liaroHAJIbHOIO, O/
HaK BOJHOYAC HE MiX yCiMa PIBHAHHAMU CUCTEMHU iCHYE 3AJI€KHICTD, TOMY
MaTpulls KoBapialii yacTo 6yBae 6J09HO-AiarOHaIBHOIO, TOAI OLIHIOBAH-
Hd napametpiB Ha ocHoBi 3MHK BUKOHYIOTH OKPEMO 17151 KOJKHOI TPYTTH
PiBHSIHB, IO BiAIIOBiZAIOTH OJHOMY OJIOKY.

8.5.5. MHK gnsa pekypcuBHux mopgenewu

OpnnumM i3 BunajakiB ycninraoro 3acrocysanust MHK g oninosan-
HST CTPYKTYPHUX KOeiI€HTIB MOJIEI € pekypcushi (mpuxymui) mooeii,
Y SIKUX €HJIOTeHHI 3MiHHI MOCJIi/I0BHO (PEKYPCUBHO) TIOB’I3aHi O/[HA 3 O]1-
noto. Ilepma enjorenna sminHa Y, 3aleXuTb Jiulle BiJj €K30IeHHUX
sMminnux X;, i=1, 2, ..., m, i BUNaAKoBOIo BiAxuneHusa €. /Ipyra enmo-
reHHa 3MiHHA Y, BU3HAUAETHCS JIMIIE 3HAUEHHSIMU eK30TeHHUX 3MIHHUX
X;, i=1, 2, .., m, BUIIAJIKOBUM BiJIXHJIEHHSIM €, & TAKOK €HIOTEHHOIO
3MiHHOIOY1. Tpersa emnjgorenna sMiHHa Y, 3aleXHUThb Bifl THX CaMuX
3MIHHUX, 110 1 Y2, BMIIa/IKOBOTO BI/IXMJIEHHS €3, @ TAKOK BiJl IIOIEPeHIX
enjorenHux aminnux (Yy, ¥, ) i T. 1.
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Y 1nux MozendxX CTPYKTYPHI PIBHAHHSA OI[HIOIOTBCSA I1OETAITHO
(Y, -Y, -Y; - ... - Yy). 3acrocopyroun MHK a1 takux mozenei,
MOKHA OTPUMATH HE3MilleHi Ta 0OrpyHTOBaHI OIIHKIL.

OpmnHax Mojiesti TaHOTO TUITY TPAILISIOTHCS IOCUTH PiIKO. Y 3arajibHO-
My BUIAAKY AJIS OLIHKU CTPYKTYPHHUX KOe(DII[IEHTIB CIIoYaTKy HeoOXi-
HO TIePETBOPUTH BUXIiJIHI PIBHIHHSA /10 3BeJ/IeH0i (hopMU, a MOTIM 3aCTOCO-
ByBaru 3puuaiinniit MHK.

8.6. lMporHo3 i 3aranbHi AoBipYi iHTepBanu

ToukoBUit TPOTHO3 3aJI€KHUX 3MIHHUX BU3HAYAETHCS HA MiJICTABI 3B€-
JileHoi (IIpOTHO3HO1) (hopMU €KOHOMETPUYHOI MOJIEJI, 33/[]aHOI CUCTEMOIO
O/IHOYACHUX PIBHSHB.

Busnauenns 0BipuMX iHTEPBAJIB JIJIsT 1bOTO TIPOTHO3Y 3aJI€KUThD BiJl
c110co0y, AkuM OyJI0 OTPUMAHO 3BefeHy (hOpPMYy MOJIEII.

VY 3arasibHOMY BWIIQJIKy AOBipYi iHTEPBAIU [T KOXKHOI €H/IOT€HHOT
3MIHHOI 32/[aI0THCA CITIBBIIHONIEHHAM

> [+2 2 % 2 2 | =
()71 -_ td/QSii’ )/l + t(]/ZSii ), 1= 1) 27 ceey rr

e t2q s2 = F, — rtabnuune snauennst kpurepiio Dimepa 3 mpoBipunm
pisaem o mpu (7,n—k —r +1) crynessx csoboxau, je ¥ — KiJbKicTh
PIBHSIHb CHCTEMU, 7 — 3arajibHa KiJbKICTh CIIOCTEPEKEHD, B — KUJIbKICTh
€K30TeHHUX 3MIHHUX i-TO PIBHSIHHST CUCTEMU; S,-Qi — JIUCTIepPCis 3aJUIIKIB
1-TO PIBHSHHS MOJEJI.

JloBipui iHTepBaNM 7 BCiX €HIOTEHHWX 3MIHHUX BU3HAYAOTh 3a
opmymamu

0 1+ XTI XTX) X ) -kyr

5 s
ﬁyl n—k-r+1 L

oy [+ X7 (X"X) X, 1(n - kyr @ §
n—k-r+1 Z E

~.

Ae X; — MaTpHUIl CIOCTEPeXkeHb k €K30reHHUX 3MIHHUX, 1[0 BBIAILINA

B i-Te PIBHSIHHS CUCTEMU, PO3MIpOM 72 X k; X — 3arajibHa MaTpHIlS CIIO-
CcTepeKeHb PO3MIPOM 71 X ¥; ¥ — 3arajbHa KiMbKICTh PIBHSIHB CUCTEMI.
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KoHTponbHi 3anutaHHsa

1. ki OCHOBHI TPUYWHN BUKOPUCTAHHS CHCTEM OJTHOUYACHWX PiBHSHb?

2. ¥V 4omy HOJISITa€ OCHOBHA PO30IKHICTD MisK CTPYKTYPHUMU PiBHSH-
HIMU CUCTEMU 1 PIBHIHHSIMU y 3Be/leHii (hopmi?

3. Homy 3Buuaiinunit MHK npakTnyno He BUKOPUCTOBYETHCS JIJIS OI1i-
HIOBAHHS CUCTEM OJIHOYACHUX PIBHAHbB?

4. Y YoMy 1oJidra€ cyTb HEINPsAMOIO MeTOJY HalMeHIINX KBaj-
pariB?

5. SIka mpobJieMa 4yacTo BUHUKAE B MPOLEC YMCEIbHOIO OIIHIOBAH-
H¢ TIapaMETPiB CTPYKTYPHUX PiBHSHB 32 OIliIHKAaMM KOeDillieHTiB 3Be/e-
HUX PiBHSIHb?

6. Ha3BiTe nmpuumHu HeijieHTH(hIKOBAHOCTI il HalieHTU(IKOBAHOCTI
CUCTEM CTPYKTYPHUX PiBHSHb.

7. HaBeziTh HeOOXizHI i JocTaTHI YMOBH ieHTH(IKOBAHOCTI CUCTEM.

8. SIki cucremu MoskHa oriHoBaTy 3BuvaiitnumM MHK?

9. Y yomy nossrae cyTb IBOKPOKOBOTO METO/Ly HAMEHIIIMX KBa/IpaTiB
(2MHK)?

10. Aki 3 HacTYyNHUX TBEPAKEHDb € ICTUHHUMU, OMUJIKOBUMHU UM He-

BU3HaYeHUMU? BiJlIOBi/Ib TOSCHITH.

a. 3suvaiinuit MHK He3acToCcOBHMIT /711 OIIHIOBAaHHS KO-
eillieHTiB CTPYKTYPHUX PiBHSHDb CUCTEM OJHOYACHUX PiBHSHb.

6. MHK pigko BUKOPUCTOBYEThC AJIS OL[iHIOBAHHS KoehillieHTiB
CTPYKTYPHUX PiBHSAHb CHCTEM OJHOYACHUX PiBHSAHD, TOMY 11O iCHYIOTb
METO/M OTPUMAHHS GiJIbII AKICHUX OI[HOK.

B. Ex3orenni ta Bu3HaueHi 3MiHHI MOJI€JIi 11O CYTi OjiHe i Te came.

r. [HCcTpyMeHTabHI 3MiHHI /IalOTh 3MOTY pO3B’S3aTH OIHY i3
cepito3HIX MpodJIeM CUCTEM OJHOYACHUX PIBHSIHD — MPOOJIEMY KOPEIbo-
BAHOCTI MOSICHIOIOYOI 3MIHHOI 3 BUTIQJIKOBUM BiJIXUJIEHHSIM.

1. IIpoGiema HeigeHTH(IKOBAHOCTI IepeayciM 0B’ A3aHa 3 HEMOK-
JIUBICTIO OTPUMAHHS OI[IHOK KOe(illiEHTIB CTPYKTYPHUX PiBHSHb.

e. He icHye euHOTO KpUTEPIIO /IJ11 OIIHIOBAHHS 3aTaJbHOI SIKOCTI
BCi€l CUCTEeMU OJTHOYACHUX PiBHSIHD.

€. SIKI1o piBHSHHS TOYHO i/leHTH(hiKOBaHi, TO OI[IHKK, OTPUMaHI 3a
METO/IOM IHCTPYMEHTAJIBHUX 3MIHHUX, 1 OmiHKM, oTpuMani 3a 2MHK, 0y-
JIyTh 1JIEHTUYHI.

. Ouinku, orpuMani 3a 2MHK, MaioTh 6avicani BIaCTUBOCTI JIMIIe
[P BETUKUX BUOIPKaX.

3. lns rouno inentudikoBanux cucrem 2MHK He BUKOpHCTO-
BYETHCA.
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11. Hexait MaKpOEKOHOMiIUHA MOJIEJIb 3aKPUTOT €EKOHOMIKH MA€ TaKWii
CHpOH_IeHI/Iﬁ BUTJIANL:

%Cz =B tBy; ts,
Oi =Yo + W7 +oy,
Yo =6 i T g,
ne ¢, — obesar crokuBaHHs B poiii ¢; y, — BHIL y potti ¢ i, — obesir

iHBecTULiil y poli £ 7, — IPOIEHTHA CTaBKa B Polli ; g — 00cAr zep-
’KaBHMX BUTPAT B POTIi 7.

a. ki i3 3a3HaUeHNX 3MIHHUX JIaHOI MOJIEJIi € €eK30TeHHUMU, a SIKi —
€H/IOTEHHUMU ?

6. Yu € Mozeb TOYHO igeHTr(iKoBaHOI0?

B. SIK MO’KHA OIlIHUTH TTaPaMeTPU MOJIeJIi?

12. TlosicHiTh Ha TIPUKJIAAI CUCTEMHU TPHOX PiBHSHD, 10 BiKUIAHHS

Bi/l KOJKHOTO PIBHSIHHSI CUCTEMU IO OJIHIH 3MIHHIN He MOXe TapaHTyBaTH
imeHT(hIKOBAHOCTI KOKHOTO 3 PO3TJISHYTUX PiBHSIHb.

BnpaBu Ta 3aBAaHHA

1. Posragmactbes MOeIb

DCL‘ 3 BO +B1yt + Etv
O% =Yo * V¥ * Y81 0,
Y =C Ty 8,
zie ¢, — obeAT CHOXUBAHHS; i, — 00CAT iHBeCTHIiil; i, — npubyTOK; g — 00-
CSIT JIEPsKaBHUX BUTPAT.
a. [Topaiite nany cucremy y 3BesieHiit (hopmi.
6. ITTo MoskHa cKa3aTy BiIHOCHO ixeHTH(hIKOBAHOCTI (DYHKIII CII0-
JKUBAHHS Ta (DYHKIIT IHBECTUITI T ?
B. IITo MoskHa Gy10 6 CKa3aTH IOLO0 OLIHKY MPAHUYHOI CXUIBHOCTI
IO CIIOKUBAHHA, KO BoHa Oysa BusHauena spudaiinnmM MHK Ha ocHoBi

piBHSAHHA ¢, =) + By, +&7?
2. Posrangmaerncs MOIEIDb
Ect =By +By, *¢,
Ok =Yo WY +Y¥Yq ¥,
B% =¢ i + g,
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e ¢, — obcar croxuBanus; i — obcAr inpecTuiliit; y,— npubyToK; g —
00csT IepPKABHUX BUTPAT.
a. [Topaiite nany cucremy y 3BeneHiii hopmi.
6. BusHaure, ki 31 CTPYKTYPHUX PiBHAHB i1eHTH(hIKOBAH].
B. Skl MeTo/]| MOKHA BUKOPUCTOBYBATH JIJISI OIIHIOBAHHS T1apa-
METPiB PO3TJIAHYTOI MOJIEN?
3. PosrasimaeTbest MO “TIONUAT — TIPOTIO3UITLis”

OgP =0 +ayp, + ayy, + A3p g + €, 0(¢;,€;) =0
04’ =By +Bp; *o,, 0(v;,0;) =0
Dl ity
g4: =4t

Tpu 1 # J.

a. Yu OymyTh ieHTI(hiKOBaHI PIBHAHHS JaHOI CHCTEMNU?

6. SKi OWIHKKM mapamMeTpiB MOKHA OTPUMATH NP BUKOPHCTAHHI
MHK?

B. SIK MO’XHa OI[IHUTH PIBHSIHHS MPOIIO3UIIil 32 I0TIOMOTOI0 METO-
Iy iIHCTPYMEHTATbHIX 3MiHHUX ?

r. JIx MOXHA OIIHWTH PIBHAHHS TPOMO3UIL 32 JIOMOMOTOIO
2MHK?

1. Sk moB’s3aHi Mizk c060t0 OIIHKH, OTpUMaHi B myHKTax (B) i (T)?

e. Un MO’XHA OI[IHWTH PiBHSHHS MOMUTY HA OCHOBI HETPSIMOTO
MHK?

4. Po3TasiiaeThest MOJIENb “TIONAT — TIPOIO3UIList”

[onut 0QP =0, +a,P +¢,
[Iponosuttis %Qs =B, +BP +BW +o,
g
DQD - QS7

ne Q — KinbKicTh TOBapy; P — 1liHa ToBapy; €, v — BUIAJKOBI BiIXMICHHS,
110 33/10BOJIBHSIOTH nepeaymosr MHK; W — 3apobitHa ruiata.
Hexaii € Taki ciocTepeskeHHs:

P 10 [ 15 5 8 4
Q 6 6 18 12 8
W 2 6 2 7 4

a. fIki 3i 3MIHHUX Y JIaHill MOJiesli € eK30TeHHUMHU, a SIKi — eHJI0-
reHHUMU?
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6. Iogaiite gany cucTeMy y 3BEIE€HOMY BUIJISIIL.

B. Buznaure 3a MHK koedittienTnn 3Be/1eHUX PiBHAHB (SKIIO MOXK-
JIUBO).

r. YUu 36iraioTbcs 3HaKK 3HalimeHnx KoedillieHTiB 3 mependadysa-
HUMW TEOPETUYHO?

n. Ha ocnogi 3naiiiennx 3Besienux koedimientis 3a HMHK Bus-
HayTe CTPYKTYPHi KoedillienTn st (DYHKILT MTOMUTY.

e. Yu moxna 3a HMHK oninutu ctpykrypHi xKoeditientu st
dbyuxuii nponosumnii? JKuo Tak, To AK 1e 3poduTI?

5. Hexaii Mmogens “npubyTok — CIIOKUBAHHA" MA€ TaKUil BUTJIALL

T, =B + By, *5,
O =Yo * W *2;,
EF/t =6ty T8,
ne ¢, — 00CAT CIIOKUBAHHS B POLL £; y, — BHIL y poui ¢; i, — obcar insec-
TUIil y poui ¢; 7, — IIPOIEHTHA CTaBKa B polli ¢; g, — 00csr JepKaBHUX
BUTpAT y polii £.
a. JIki i3 3a3HaYeHUX 3MiHHUX [JAHOI MOJEeJIi € eK30TeHHUMH, a SIKI —
€HIOTeHHUMM ?
6. ITosicHiTh, 9Ki 3HaKK KOE(IIEHTIB OUiKYIOTbCS 3 IIOTJISIAY €KO-
HOMIYHOI Teopii.
B. HaBeziiTh (hopmysit po3paxyHKy KOedillieHTiB TAKUX PiBHSHb:
%?/z =Ty * T t RS Ty,
L6 =Th Ty +1HE ©y,
Hz =Ty + TR YRS Wy
r. JKi 3 mapaMeTpiB CTPYKTYPHUX PiBHSAHD ileHTU(hiKOBaHI?

1. Busnaure na ocnosi HMHK napamerpu B, i .
6. Hexail Mmozenp “npubyToK — CIIOKUBAHHSA" MAa€ TaKUI BUTJISL

0 =By +By +Be g,
O = Yo + W7 *0,
B’/t =c +i, +g,
h€ Gy Gty T 00CAT CHOKUBAHHA B POKaX BIANOBiAHO ¢ 1 (—1; y, — BHII

y poi ¢; i, — obcsr iHBecTUIiil y pomi ¢; 7, — HPOLEHTHA CTaBKa B poIii {;
g, — 00csr iepaBHUX BUTpAT y poli L.
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a. SIki 13 3a3HaYeHNX 3MIHHUX JaHOI MOJeJi € eK30re HHUMU, eHJ10-
TeHHUMHU, a IKi — BU3HAYeHUMN?

6. ITosicHiTh, gKi 3HAKKU KOEDIli€HTIB OUiKYIOThCS 3 MOIJIALY eKO-
HOMIYHOI Teopii.

B. Busnaure inenTudikoBaHicTh CTPYKTYPHUX PIBHSIHb HA OCHOBI
HeOoOXIIHKX 1 JoCTaTHIX YMOB igeHTHdIKAIIi].

r. Hasenith (hopmysin po3paxynky koedilli€HTiB BiJIOBiIHUX 3Be-
JIEHUX PIBHAHB:

E]?/z =Ty +THYG tRE THCGq by,
6 =Ty + T TG, TG By,
EJ!} =Tgy t T tHE TG Yy

I. ki 3 mapameTpiB CTPYKTYPHUX PiBHSHD i1€HTH(hIKOBAHI?
e. Onunrite cxemy Bukopuctanus 2MHK s orintoBanss mapa-
METPiB CTPYKTYPHUX PiBHSIHD.
7. PosrsimaeThest cricteMa OJHOYACHUX PIBHSHb:

B?t =By +Bp +Bi +¢,
M =Y1pr 0.
a. fIki 31 3MIHHUX y /IaHIi MOJiesli € eK30TeHHNMH, a SIKi — eHJ0-

TeHHUMU?
6. Hexail 3a cTaTUCTUYHUME JJAHUMU OTPUMAHO TaKi Pe3yJIbTaTH:

S aq; =110, S p; =50, S i =100, S q,p, =100,

S i, =90, S p,i, =100.

3uaiifiTe Ha ocHoBi MHK ominky mapamerpa Y:.
B. 3HAWITh OIIHKY IIOTO caMoro mapamerpa Ha ocHoBi HMHK
i 2MHK.
r. [TopiBHstiiTe 3HalxeH] ominku. SIKy 6 3 HUX BU 0Opasi il 1oMy?
8. Posrisimaerbes cuctemMa OlHOYACHUX PiBHSAHD

1w =B + By +Bx +E,
W = Yo VY1 0.
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Hexait mama cuctema y 3BeJIEHOMY BUIJISA/I BUpa)keHa TaKUMHU
CITiBBiTHOTIIEHHSIMU:

v =2 +3x,

o, =1+10x,.

a. OriniTe inenTudikoBani napamMeTpu CTPYKTYPHUX PiBHSIHb.
6. Ouinith igeHTu(IiKOBaHi ITapaMeTpu CTPYKTYPHUX PIiBHAHB
y mpurmyiieti, mo f; =0.
B. OminiTh izenTudikoBaHi mapaMeTpu CTPYKTYPHUX PiBHSHB
y nponosutii, Axkmo B, = 0.
9. Haseneno nani moao BBII (Y), cnioskuBanus (C) ta inBectuitiii (1)
JUIST YMOBHOT eKoHOMiKM 32 20 POKiB:

Y 9518 98,55 103,55 109,00 108,25
c 60,45 62,45 65,90 68,90 68,45
I 14,30 15,85 17,75 19,70 18,10
Y 107,40 112,70 117,75 123,45 126,55

70,00 73,55 76,55 79,70 81,60
I 14,60 17,35 20,00 22,15 22,30
Y 125,85 128,10 125,35 130,25 138,30

81,55 82,55 83,45 87,35 91,55
I 19,80 21,00 18,00 20,00 25,25
Y 142,65 146,80 151,30 157,40 161,25

95,50 99,00 101,75 105,40 107,45
I 24,85 24,50 25,00 25,80 26,15

a. Y IPUIYIIEHH], 10 CIOKUBAHHS 3aJIeKUTh JIHIITHO B mpulyT-
Ky 3a CXE€MOIO HaWIPOCTIIOi KeliHCiaHChKO1 Mojiesi (hopMyBaHHS TIPH-
6yTKiB ¢, = By + By, *+ & (mumB. c. 126), ominits 32 MHK mapamerpn
By i By dynkiii cnoxuBanms.

6. Ominith Ti cami mapamerpu Ha ocHosi HMHK.
B. IlopiBHaliTe oTpuMaHni pesyabraT. 3po0iTh BUCHOBKH OO
SKOCTI1 OI[IHOK.
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10. Posrisaerbed KellHCiaHChKA MOJIEI b

T, =By +By, +BT +¢,
;= 0o + 0y + 7,
t =Yo T WY, e,

H = +i, +g,

7ie y,— BeImdnHa IPUOYTKY; ¢, — CTIOKUBaHHS; §, — inBecTuii; T, — posmip

MOJIATKIB; & 0, @ — BUIIAQJIKOBI YJIEHMU.

a. SIKi 3MIHHI B JaHIil MOJeJIl € eHAOTeHHUMU, IKI — eK30TeHHUMH,
a IKi — BU3HAYECHUMMU?

6. Ha migcraBi HEOOXigHMX 1 ZOCTATHIX YMOB igeHTH()IKOBAHOCTI
BU3HAUTE, IKi 3 PIBHSAHD 11eHTU(IKOBaHI.

B. Uu Oyze inenTudikoBaHa CUCTEMA 3aTaIOM?

r. [lo 3mMiHUTBCS, AKIIO 10 (QYHKINI iIHBECTHUILIN 10/aTH €K30T€H-
Hy 3MiHHY 7, — IIPOILIEHTHY CTaBKy B POLi ¢?

11. Posrugmaerbesa Mojiesnb

Eh=l30+31.% +Bym; +g,
W = Uy + 047, + 0y,

Jie 7, — IPOIleHTHA cTaBKa B poui &; y, — BBII y poui ¢ m, — rpomosa
Maca B PoIli t.

a. Yu MokHa ileHTr(iKyBaT PiBHAHHS PO3TISHYTOI MOJIEJ?

6. SKkuil MeTo/ BU3HAYEHHS OLIHOK MapaMeTpiB JOILIIbHMI 11
PO3TJISTHYTOI MOJIesi?

B. Ha mizcrasi HaBemeHnx ajii CTATUCTUYHUX JaHUX OIHITH IIa-
pamerpu igeHTudiKoBaHUX piBHAHL. YK 30iraloThCs 3HAKU 3HAMIEHUX
OI[IHOK 3 TiepenOauyBaHUMU TEOPETUUHO?

, 6,55 4,55 4,45 7,00 7,50
Y, 95,75 98,5 103,55 109,00 108,25
m, 58,30 60,00 60,55 64,50 65,00
A 8,75 9,70 10,00 11,50 7,75
Y, 107,40 112,70 117,75 23,45 126,55
m, 63,45 67,60 70,50 74,00 76,50
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1 6,00 6,10 5,90 9,80 8,00
Y 125,85 128,10 125,35 130,25 138,30
m, 75,00 77,25 74,00 78,45 85,50
Ty 7,50 7,00 6,50 7,40 5,50
Y, 142,65 146,80 151,30 157,40 161,25
m, 87,00 88,00 90,50 94,40 96,50

12. Po3riasilae€Tbcst MaKpOEKOHOMIUYHA MOJIE/b

0, =By + By, +B7 +5,,

¢ = O + Oyip +aymy + €91,
e =Yo +Wn ¥y, Y1) *§&
H’/t =c t+i, g,

ne ¢, — obcar cnoxuBanus B poi ¢; y, — BBII y poui ¢; 7, — nponenTna
CTaBKa B polli £; i, — 0OCAT iHBeCTHILii y poli ¢; m, — rpomosa Maca M,
B poli &; g — 0o0CsT IepsKaBHUX BUTPAT y POILi .
a. JKi 3 po3ryIsiHyTUX PiBHAHB iIeHTHU(hIKOBaHI?
6. SIkuM MeToIOM MOKYTh OYTH OIiHEHI TapamMmeTpu igeHTrdiko-
BaHWX PIBHSAHB?
13. Posrisiiaetbcst MOZIETbD, 1O CKIANAETHCS 3 IBOX PiBHSIHB:

¢ = O + 04 + &,
% =By By, +&, ag, g) =0.

a. SIkuM MeTo/IOM MOKHA OIIHUTH PO3IIISTHYTY cucteMy? Uu Moxe
OyTH AJIs 1HOTO BUKOPHCTaHWii 3Buyaiinuii MHK?
6. Uu Oyznyth ouinku, orpumani 3a MHK, sbiratucsa 3 oninkamu
2MHK?
B. SIKk MOKHA OIIIHUTH JIaHy CUCTEMY, SIKIIO B ii Apyre PiBHIHHSI
K HOSACHIOIYY 3MiHHY Oye BBeAEeHO 3MiHHY X?
14. PosrasiiaeTbest MOJIEN b TIOMUTY Ta MPOIO3UITLIT JIJIs1 TPOIIEN:

D _
Bm. =0y +oyy, +ayr, +03p,_ +&y,

D”ts =By + By, +&,
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ze mtD — 00csT MOIKTY Ha TPOILI; mts — 00cAr IIPONO3ULIII IpolLeil y ol £;
Y, — npubyTOK; 7,_; — IPOLEHTHA CTaBKa; Pr-1 — iHAeKc IiH y pori
(T —-1).

a. Yu OyayTh igentudikosani oouasi GyHKIii?

6. SJKuM MeTomOM MOKYTh OyTH 3HalifieH] OLIHKK ineHTrdikoBa-
HUX TTapamMeTpiB?

B. Illo Bigbymerbest 3 igeHTH(hIKOBAHOIO CHUCTEMOIO, SIKIIO [0
bynkii npono3utlii f1ogaTH K MOSICHIOOY 3MIHHI Y, 1 m,_?

. ARnit MeTos BU3HAUEHHST OI[IHOK JIOTIIbHIH TP BUKOHAHHI T10-
MEPEHBOTO TTYHKTY ?



Po3oin 9. METOOWU AOCHIAXEHHA
AKICHUX EKOHOMIYHUX
NOKA3HUKIB

9.1. AKicHi eKOHOMiYHi NTOKa3sHUKK

3BUYANHO He3aJIeXKHI 3MiHHI B PErpeciiHuX MOJessIX MaloTh “Herre-
pepsHi” obacti 3miHOBaHHSA (HALIOHAJIBHUI A0XiJ, 00CATH BUPOOHUIL-
TBa, PO3MIp 3apOOITHOI IJIATH TOIIO), TOOTO € METPUYHO (KiJIBKICHO) BU-
MIpSTHUMU BeJIMYMHAMUA. Y PealbHUX CUTYAIlisIX eKOHOMIUHI siBUIIA Oi/IbIT
pisnomanitHi. Ha 3aexxHy 3MiHHY KpiM KiJTbKiCHUX (haKTOPiB BIJINBAIOTH
i JKiCHi: SKiCTh MPOAYKILii, piBeHb TPOMECIiHOI T/ITOTOBKY MPaIliBHUKIB,
iXHS CTaTh, CTPAKU, 3MiHI B €KOHOMIUTHIN MOJiTHII ToIo. YacTo 3MinHi,
0 BifloOpakaoTh SKICHI XapaKTepUCTUKU 00'€KTa, HAOYBAlOTh JIUIIIE
JIBOX 3HAa4eHb: 1 — SKIO MeBHA O3HAKA MPUCYTHs; ) — SKIIO BOHA BiJICYT-
Hst. Taki 3MiHHI HasWBaOTh GIHAPHWMMU, TUXOTOMHUMU abo dummy-
3MIHHUMU.

V nepeknaji 3 aHTICHKOT MOBU dummy variables oznavae “DikTuBHI
3MiHHI", X04a HACTIPaB/Ii iX “(GiKTUBHICTD” MOJATAE JIUIIE B TOMY, 1[0 BOHU
KIJTbKICHO ONUCYTOTH JIeIKY SIKICHY O3HaKY.

JuxoTomui 3MinHi BUKOPUCTOBYIOTH y Perpeciiiux MOAEJAX I1OPsi]
3 KiJIbKICHUMU 3MiHHUME 260 YTBOPIOIOTH PErpeciitii Mojet, y SKux Bei
akropi € skicHuMHU (GIHAPHIMHN) 3MIHHIMH.

[Toexnants B MOjiesli KiJIbKiCHUX Ta sIKiCHUX (aKTOPiB 3HAYHO PO3-
HIUPIOE MOKIUBOCTI PETPECIHHOTO aHami3Yy, a OT’Ke, MOKJINBOCTI MTPOTHO-
3yBaHHA Ta MIATOTOBKA MPUHHATTS PillIeHb.

Hanpukian, npu KocaiKeHH! 3apoOiTHOI MIaTH MOKe BUHUKHYTH
IIeBHUMHU SAKICHUMHU O3HAKAMU, 3BUYAIHO, aHl MOJKHA ITOIJINTU 3a KaTe-
TOpigMU 1l BUBYATH KOKHY 3aJIe’KHICTh OKPEMO, a B)Ke IMOTIM TITyKaTh
BIAMIHHOCTI MizK HUMM. AJle BBeJeHHs J04aTKOBOI OiHapHOI 3MIHHOI J1a€e
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3MOI'Y OI[IHIOBAaTU O/IHE PIBHAHHS, Y IKOMY Pi3HI KJacu CHOCTEPEeKeHb
PO3IJIAIOTHCS 32 IONMOMOTOIO 1€l 3MiHHOI.

IIpukaan 9.1. Hexaii perpeciiina Mozesib 3a1€KHOCTI 3apobiTHOT T11a-
TH Y BiJl NESKUX KiTbKICHUX (QAKTOPIB Xy, Xy, ..., X,, MA€ BUIJI]

Y =ay tax; tayxy, +.. +ta,x, +u

Toxi nst BUBYEHHS BIJIMBY BUINOI OCBITH Ha PiBeHb OTJIATH Iparii
BBOJISITH HOBY 3MIiHHY d, SKa MOKe HabyBaTH ABOX 3HaueHb: d =1, SKII0
pobiTHUK Ma€e BUIy ocBiTy, Ta d =0, aKiio He Mae. Mojiesb, 0 BPaxo-
BYE€ Teit (haKTopP, MATUMe BUTJISI]L

Y =ay tax tayxy +.. +a,x, +a +u,

TOOTO 3a HASIBHOCTI BUIIOI OCBITH 3apObiTHA NJIaTa B CEPEAHBOMY CTAHO-
BUTD

y=aytax tayx, +.. ta,x,, +9
a 3a ii BigcyTHOCTI
y=aqy tax tayx, +.. ta,x,,.

¥V rakomy pasi koedimiear & Mae BimoOpaskaTh 3MiHM B 3apILIaTi Ipu
nepexo/i pobiTHUKIB 3 oaHi€el kareropii (6e3 BUIOI OCBiTH) B iHuLy (3 BU-
I0I0 OCBITOIO).

[Tapamerpu Takoi Mo/ieJii OIIHIOIOTHCA 32 JIOIOMOTOI0 METO/Ly HaiiMeH-
HIMX KBaJIpaTiB, a 3HAYYIIICTb IlapaMeTpa O, BCTAHOBJIEHA B TIPOIIECi Iie-
peBipkn HympoBoi Tinmoteanm H, :8 =0, o3HaAYa€ HASIBHICTb CYTTEBHUX
BigMiHHOCTEl y 3apobiTHI 11aTi pOGITHUKIB JBOX 3a3HAYEHUX KATEroOpiii.

SIKIIo siKicHa 03HAKA Ma€ He /(Ba, a G1IbIIIe 3HAYEHD, TO BUKOPHCTOBY-
I0Th Kijibka GiHapHUX 3MiHHUX. [IpudyoMy iX KiJbKiCTh Ha OAMHUIO MEH-
114, HiK KIJIBKICTh PO3IIIsTHYTUX Kateropiil. [le mos’s3aHo 3 TvM, 1110 cyma
OGiHAPHMX 3MIHHMX, SKi BiAIOBIZAIOTH PI3HUM KaTErOPisaM, 3aBKAU JOPIB-
HIOBATUME OJIMHWIL /s BCIX CHIOCTEPEKeHb (TOOTO KOKHE CIIOCTEPEKEH-
Hs, HATIEBHO, TIOTPAILJISIE /10 SKOICh OJHIET KaTeropii). A Take CIiBBiJHO-
HIEHHS O3HAYA€ HASBHICTb MYJBTUKOJIHEAPHOCTI MiXK He3aJeXKHUMHU
3MIHHUMH 1 YHEMOXKJIMBIIIOE OLIHIOBAHHS NTapaMeTPiB MOJIeJIi 32 MeTO/IOM
HailMeHITUX KBaJIpaTiB.
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9.2. PerpecinHi mogeni 3 6iHapHUMHn
He3aneXHUMu 3aMiHHUMHU

OgHiero i3 cdep sacrocyBaHHst GiHAPHUX 3MIHHUX € aHAJI3 CE30HHIX
KOJIMBaHb. 3a JIOMOMOTOT0 WX 3MiHHUX MOXKHA YCYHYTH CE€30HHI KOJIU-
BaHHsI 3 METOIO BU3HAYEHHST FOJIOBHUX TEH/IEHIII I PO3BUTKY MEBHOTO €KO-
HOMIYHOTO TIPOTIECY.

IIpuknan 9.2. Hexail y — 06c¢ar crioKUBaHH EBHOTO IPOLAYKTY, KU
3aJIeKUTh Bifi mopu poky. [l BUSABIEHHS Ce30HHOCTI MOKHA BBECTH

GimapHi sminHi dj, dy, ds:

d; =1, AKIO MicA1b POKY 3UMOBHIL, d; =0 — B IHIINX BUIAIKAX;

dy =1, AKII0 MicA1b POKY BeCHAHMI, dy = — B iHIINX BUIIA/IKAX;

ds =1, AKIIO MicAlb POKY JiTHIN, dy =0 — B IHIINX BUNAJKAX.

Ha 6a3i BiAIOBIIHUX CTATUCTUYHUX AHUX METOIOM HANMEHINX KB/~
paTiB MOXKHA OLIHUTH I1IapaMeTpu d, a4, 4y, ds JIHIIHHOrO perpeciiinoro
PIBHAHHSA

y=ay +tad +ayd, +asd; +u.

OTpuMmaHi pe3yIbTaTl MalOTh TaKWil 3MicT: KOe(illiEHT @, BU3HAUAE
CepeNHbOMICIYHUI 0OCAIT CIOKUBAHHS AOC/IIIKYBAHOTO IPOLAYKTY; CYyMU
KoedillieHTiB @y + @y, ay +ay, @y +as — 0b6CAT COKUBAHHA BiIMOBIIHO
B3UMKY, HaBecHi Ta BAiTKY. OTKe, HapaMeTpu dy, dy, d; BKa3ylOoTb Ha ce-
30HHI BifXuyieHHs B 06CSATaX CIIOKUBAHHS MPOAYKTY BITHOCHO OCIHHIX
MmicaniB. [TepeBipka craTUCTUYHOI 3HAYYIOCTI KOKHOTO 3 KOeillieHTiB
perpecii BAKOHYETBCS 32 JIONIOMOTOI0 TPAIUITIHOTO ¢-TecTy. [IpuitHaTTs
rioTe3u MPo PiBHICTh HYJIO KOKHOTO 3 TApaMeTPiB 03HAYAE HECYTTEBY
PIBHUINIO MiX CITIOKMBAHHAM B OCIHHIN 1epio/l i CIOXKUBAHHAM B 1HITNN
ce3o0H. KommrekcHa rinoresa @y = a, =a; =0 mepeBipseThCs 3a TOTTOMO-
roro F-tecty. 30KpeMa, SIKI0 NPUNMAETbCS NPUIYIEHHS @ = dy, TO e
03HAYAE, 10 CIOKUBAHHS B3UMKY Ta BECHOIO HE Bi/IPIZHSIOTHCS MiXK CO-
6010 1 T. iH.

Ipuxnax 9.3. PosrisgHemo 1ie ojinH PUKJIAJ 32CTOCYBAHHS (DiKTUB-
HUX 3MIHHHX.

Hexail y — cepenboMicaunnii 006CAT CIOKUBAHH AESKOIO iHANBIAA,
a I — iioro cepeHBOMICAUHUI OXi/. Y JIHINHIN perpeciiiniii Moe 3a-
JIESKHOCTI CIIOKUBAHHS BiJl 1OXOLY
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y=aytal +u

KoeitieHT (4 HA3MBAETHCS “cxupHicTIO 0 cnioskmBanua”. 11106 BusHa-
YUTH BIUINB CE€30HY HA CXUJIBHICTD IO CIIOKUBAHHS, SIK 1 B TIONIEPETHHOMY
TIPUKJIAJI, 3aCTOCOBYIOTH GiHapHi 3MiHHI dj, dy, d5, 2 MOIETH TIPU T[HOMY
HaOWpae BUTJISILY

y=ay tayd; +asd, +asdy +adil +asd,] +agdsl +a;l +u.

Koedinientu wiei mozxeni a;, a, +ay, as +a;, ag +a; BU3HAYAIOTDH
CXUJIBHICTD /10 CIIOKMBAHHS BiIIIOBITHO BOCEHH, 3MMOIO, BECHOIO Ta BJIITKY.
Ak i B monepeHiit MOl IEPEBIPSIIOTHCS TITIOTE3W PO BIZICYTHICTD ce-
30HHUX BIJIMBIB HA CXUJIBHICTD [10 CIIO’KUBAHHA.

Kpim Toro, GiHapHi 3MiHHI BUKOPUCTOBYIOTh TAKOXK IIPU JOCIiIKEeHH]
MoJIeJiell, sIKi ONMMCYIOTh CTPYKTYPHI 3MiHM B eKOHOMITIi. Po3risiHemo Ta-
KU TTPUKJIAIL.

Ipuknan 9.4. Hexaiil JocaifxKyeThes 3aIeKHICTh 00CATY BUITYLIEHOI
HiIPUEMCTBOM HPOAYKIIL i Bix 06cary itoro ocaosroro dhouny x. [Ipu-
IIyCKAETBC, 110 HiCJs JOCATHEHHA OCHOBHUM (DOHIOM T IIIPUEMCTBA PO3-
Mipy X BiAOyBa€ThCs MEBHA CTPYKTYpHA mepebyioBa mignprueMcrsa. 3a-
JIEKHICTh BWIYCKY TIPOJAYKII Bifl OCHOBHOrO (hOHIY B pe3yJbTrarTi
nepeOy/I0BU 3MIHIOETHCSI, AJI€ 3ATAJIOM 3THIIAETHCS HEIlePePBHOIO. Y Ta-
KOMY pa3i (OyHKIlisg 3aJ1e;KHOCTI MAaTUMe KYCKOBO-JIHIHHMIT rpadik, SKuit
BiZloGpaska€ Taka perpeciiina MoJieJib:

y=ay tax tay,(x —x)d +u,

ne Oinapua sminna d =0, axuo ¥ <X, 1 d =1, axkmo x >X.

k1o B pe3ysibTati TecTyBaHHS 3HAUYTIOCTI TTapaMeTPiB MOJIEI TPUTi-
MAa€eThCsl HyIboBa Timotesa H :a, =0, To 1le 03HAYa€, MO CTPYKTYpPHA
3MiHa Ha IIAIPUEMCTBI He BinOyiacs.

3ayBaxuMo, 1o crocib yBeJIeHHs: B MO/iesib OiHAPHUX 3MIHHUX 3aJie-
JKUTD Bijl aripiopHoi indopmarii mo/10 BIUIUBY AKiCHUX (aKTOPiB Ha 3a-
JIe)KHY 3MIiHHY 1 BiJ rirmores, siki He0OXiHO MEPEBIPUTH Ha IiACTaBi i€l
indopmaii. Y cBoo uepry el camuii crocié BusHavae, sk OyAyTh iHTep-
MIPETOBAHI OTPUMAaHI OI[iIHKY MapaMeTPiB MOJIE.
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9.3. PerpecinHi mogeni 3 6iHapHUMMK 3aneXXHUMKU
3MiHHUMM

Binapaumu (AUXOTOMHUMHI) MOXKYTh OYTH He JIHIIe He3adexHi, a i
3ase)xkHi 3MinHi. Taki 1ani OTPUMYIOTh, K TIPABUJIO, TTi/l YaC ONMUTYBAHHS
HaceJieHHs, nepernucy toio. /Jlani onutyBaHb 3a3BuUYail sAKicHi, TOOTO
BIZTBOPIOIOTD IIE€BHMIT AKICHMIT CTaH TOCIIIKYBaHOro 00’cKTa. 3ajiexHa
3MiHHA TIPW TMHOMY HabyBa€ ABOX 3HAYeHD: y; =1, AKIO i-il emeMeHT
06’eKTa MepexopuTh Y TIEBHUN CTaH Y1 MA€ TEBHY BJACTUBICTH (03HAKY),
y; =0 — B inmwmx Bunaakax. Hampukman, y; =1, akmo nokymenb (I-if
PECIIOH/IEHT) KyIHUB NeBHNUiT TOBap, y; = 0, SKIIO He KynuB; 6e3po0iTHuMil
suafimos (y; =1) un we suanmos (y; =0) poboue Mmicite; cim’st KymmTa

(y; =1) un we kymuna (y; = 0) BmacHy kBaptupy i T. in. DakTopn, Mo
BIUITMBAIOTh HA TOM 4K IHIIMN cTaH 00'€KTa, 3BUYANHO MOKYTh OyTH
KIJTbKiICHUMW. 3MIHIOBAaHHS 3aJI€5KHOI 3MIHHOI B I[bOMY Pa3i MOXKHA iHTep-
MpeTyBaTH K IMOBIPHICTh MEBHOI mozii. Hanpukmna, KymiBist 1esKkoro
TOBapPY 3aJIEKUTH BiJl PIBHS JOXO/Y IIEBHOI 0cOOM un ¢iM’i, ajie SIKIIO 0COo-
6a uu ciM’s 1eil ToBap Mae, TO HaBPAL YW HAUGMKYUM yacoM Oyje
3iMiCHEHO 1I[e TaKy caMy TOKYIIKY.

[iarpama posciioBaHHS 3aJIeXKHOCTI IIUX JBOX ITOKA3HUKIB Taka: He3a-
JiexkHa 3MiHHa (10Xin) HaOyBae IIEBHUX 3HAYEeHb HA YMUCAOBIH Oci x, a gaHi
CHOCTepeKeHHs 3aJIeKHOI 3MIHHOI i PO3MillleHi Jiniie Ha IBOX Iapasiesib-
nux npsmux y =0 1 y =1. 3acTtocyBanHs KIacCUUHOI perpeciiioi 3amesx-
HOCTI B TAKUX BUIIAJIKaX He Aa€ OaKaHUX Pe3yJIbTaTiB: HA KiHI[AX MTPOMIKKY
CHIOCTepeKeHb perpeciiiia ImpsiMa 3HAYHO BIIXUJSETHCS BiJl TOYOK CIIOCTe-
peskens. 30KpeMa, Ha MOYATKOBOMY €Tarli BOHA HAOyBaTWMe Bil €eMHUX
3HAYEHB, 4 HA KIHIIEBOMY — 3HauY€Hb, OLTbITIX Bix oquHuIl (puc. 9.1). Akiio
3aJIe’KHA 3MiHHA IHTepPIIPEeTYEThCS SIK IMOBIPHICTD KYIIBJI, Taki pe3ysbTa-
TI B3araji abcyp/Hi. Y TaKMX BUIAIKAX JOLIIbHIIIE TIPUITYCTUTH, 0 3a-
JIEKHICTD MK PO3TJITHYTUMU TIOKa3HUKaMN HedqmiHiHaa. [lificHo, 171 ciMeint
(0cib) 3 HU3BKUM PiBHEM JOXOAY TPHUPicT AY Masio 3MiHIOE HMOBIPHICTH
JIOZIATKOBUX BUTPAT, & MIPU 3HAYHOMY ITIBUAIIEHHI PIBHS IOXOy TOH ca-
MU pUpicT Ax 3HAYHO 301JIbIIyE HMOBIPHICTh HOBUX MPUAGAHB. STKIIO
ciM’st ByKe Ma€ JIOCUTh BUCOKHH PiBeHb 10XO/Y 1 3abesneuria cebe HeoOXi-
JHUMU TOBapaM#, MapHO CIOIBATUCS HA HOBI TIOKYIIKH.
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1,0 e * s / x

Puc. 9.1

JloriyHO MpUITyCTUTH, 1O perpeciiiHa (yHKIA, K i (PyHKIIS po3-
MOy BUIMAAKOBOI BEJUYNUHU, MA€ S-TOAIOHY TPAEKTOPIIO PO3BUTKY
(puc. 9.2). IIpakTuKOIO MepeBipeHo, Mo (yHKIIII PO3MOIITY TOXOIIB
MOKYTb OyTH MiATOPSAKOBaHI HOPMAJBHOMY UM JIOTICTUTHOMY 3aKOHY
PO3TIOLTY.

g

1,0

Puc. 9.2

Osznauenns 9.1. Perpeciiina Mozesb 3 6iHapHOIO (AMXOTOMHOIO) 3a-
JIEKHOIO 3MIHHOIO, 110 Ma€ HOPMAaJIbHIA PO3IOILJ, HABUBAECTHCSA NPOOim-
MoOeno.

Osnavenns 9.2. Perpeciitna Moienb, y SIKil 3aJIe)KHA 3MIHHA TTi/110-
PSIIKOBAHA JIOTICTUIHOMY 3aKOHY PO3IIOJIiJTY, HA3UBAETHCS 02iM-MOOEILIIO.

BuBY€eHHS B3a€MO3B'I3KY perpecii 3 GiHapHOIO 3aJI€KHOI0 3MIHHOIO A€
migcraBy A1 BUOOPY AOLIIBHOI (POPME PErpeciiiHoro CliBBiIHOMIEHH,
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BiZIMIHHOI BiJl 3BUYaifHOI JIiHIIIHOI perpecii, YUM PO3IIUPIOE MOKIUBOCTI
MOJIEJIIOBAHHS Ta IPOTHO3YBaHHS cleln(hiuHNX 3a1esKHOCTEeH MiK €KOHO-
MIYHUMU TTOKa3HUKaMU (KiJbKICHUMU Ta SIKICHUMU).

[Tpornosu itMOBipHOCTEN 3a TIEPETBOPEHUMU MOJIETSIMU  PErpecii
(30KpeMa, 3a JIOTIT- i TPOGIT-MOJAEAAMU) 3aCTOCOBYIOThCS B HaraThoX ra-
JIy3$IX JIOZICHKOI JiSIBHOCTI, B EKOHOMIYHUX 1 COLIAIbHUX TOCTIIZKeHHSX.
AnasnoriyHi MmMAX0AM MOXYTh 3aCTOCOBYBATHUCH i JUIS IHIIUX SKICHUX
3MIHHUX Ta y3arajbHeHUX MojieJieil perpecii.

KoHTponbHi 3anutaHHsA

1. Ski 0co6JMBOCTI €KOHOMIUHOTO SBUIIA MOXKHA JOCTiAUTH, BUKO-
PUCTOBYIOUN GiHAPHI 3MiHHI?

2. HaBsenith IpUKIagU BUKOPUCTAHHI OIHAPHUX  HE3aJEKHIX
3MIHHUX.

3. HaseziTh npuKIagu BUKOPUCTAHH: OIHAPHUX 3aJI€KHUX 3MIHHUX.

4. SIK Ha3MBAIOTHCA MOJEJI, IO MICTATh GiHAPHI 3a/IexKHI 3MiHHI?

5. SIKuMU € BIAMIHHOCTI MiK MOZEJISIMM, 11O MiCTSITh GiHAPHI 3aesKHi
3MiHHI?
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TECTOBI 3ABOAHHSA 3 EKOHOMETPIT

BapiaHT 1

1. Jlaiite BU3HAYEHHST EKOHOMETPII:
1) Hayka, 1110 BUBYAa€ BUMIPHICTb 3B’S13KiB Y BiJIIIOBIJIHOMY €KOHO-
MIYHOMY aHaJi3i;
2) Hayka, 1[0 3aCTOCOBYE MATEMaTH4YHI Ta MaTeMaTUKO-CTaTHC-
TUYHI METOJU B €KOHOMIII];
3) Hayka, 1110 BUBYAE€ METO/U OIIHIOBAHHA IapaMeTpiB MojeJei,
AKI XapaKTepu3yIOTh KiJIbKICHI B3AEMO3B’I3KM Mi’K €KOHOMIYHUMHU [10KA3-
HUKAMU.
2. CTpyKTypy €KOHOMETPUYHOI MOJIeJIi BU3HAYAIOTh:
1) HesasexxHi 3MiHHI;
2) 3asiexHi 3MiHHI;
3) mapamerpu.
3. Bupobuuua GyHKIg — 1€:
1) AisbHICTD AEAKOTO MiAPUEMCTBA, CIPIMOBAHA Ha BUPOOHMUIL-
TBO TIEBHOTO BUJY ITPOAYKILii;
2) cucreMa B3aEMO3B'SI3KIB, IKi BCTAHOBJIIOIOTHCS MiK BUPOOHIYUMU
oHUIIAMY (TIIPO3/ILIAMY TTH/IITPUEMCTBA) Y TIPOILIEC iX (YHKITIOHYBaHHS;
3) sajexHiCTh Mik 00CAroM BUPOOIEHOI HIPOAYKII Ta CIIOKUTH-
MU JIJIS 1[bOTO [IEBHUMHU pecypcamu.
4. ExoHoMeTpuyHa MOJEJD €:
1) croxactuuHnoio;
2) JieTepMiHOBAHOIO;
3) CTPYKTYpHOIO.
5. llokasHuk, 1110 XapaKTepU3ye BETMINHY PO3KUIY BUIIAIKOBOI CKJIa-
JIOBOI PIBHSIHHS perpecii, HA3UBAEThCS:
1) koedirienTomM KOpesIii;
2) craHgapTHOIO MOXUOKOIO TTApaMeTpa;
3) craHgapTHOIO IIOXUOKOIO PIBHAHHSIL.
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6. Koedimient nerepminartii BusHa4aeThes 3a OpMyJI0io;

n n

Z(]}i_y)Q Z(yi‘@y
1) R2 - 17:1 : 2) R2 - 1—n1 :
;(!/i _.7?1‘)2 Z(yi -7y
S (4~ )*
3) R2 = inzl

;(!/i _.T?i)z '

7. Kpurepiit Dimmepa 3aCTOCOBYETHC TSI TIEPEBIPKY 3HATYIIIOCTI:
1) oIiHOK MapaMeTpiB MOJIETI;
2) eKOHOMETPUYHOI MOJIeI;
3) koedilienTa MHOKIHHOI KOPEJISIIil.
8. Axmio icHye B3a€EMO3aJIeKHICTD MMOCHIIOBHUX YJIEHIB YaCOBOTO UM
MIPOCTOPOBOTO PSILY, TO MAEMO SIBUTIIE:
1) reTepockemacTUIHOCTI;
2) aBTOKOPEJISIIii;
3) MyJBTUKOJIHEAPHOCTI.
9. BuMmiproBaHHS 3B’I3KY Mi’X €KOHOMIYHIMW MOKa3HIKAMU 3 yPaxy-
BaHHSM YaCOBUX 3CYBiB BUKOHYETHCS HA OCHOBI:
1) muramMiTHUX MOzemel;
2) Mojenei po3MoOiJIEHOTO JIara;
3) cucteM CTPYKTYPHUX PiBHSHb.
10. /l;1g oriHIOBaHHS TTAPAMETPIiB CUCTEM OJIHOYACHUX PiBHSHB 3aCTOCO-
BYETBCS:
1) 3BaskeHUT METO HAWMEHIITNX KBaIPaTiB;
2) ysaraJbHEHU METOJl HAallMEHIITNX KBa[PaTiB;
3) HenpsaAMUil METOJ HAMEHIINX KBAJPaTIiB.

BapiaHT 2

1. 3asHauTe HANCYTTEBINTY 33711y €KOHOMETPIYHOTO AOCIiKEHHS:
1) mobymoBa €KOHOMETPUUHUX MOJIEJIE;
2) oIliHKa Ta TepeBipKa eKOHOMETPUYHUX MOJIETIeH;
3) TIPOTHO3YBaHHS €KOHOMIYHUX IMPOIECiB HA OCHOBI €KOHOMET-

PUYHUX MOJIEJIEN.

169



2. TIpu no6ynoBi eKOHOMETPHYHOI MO HeOOXiLHO:
1) posrisigaty Bei 6e3 BUHSATKY €JIEMEHTH, 110 BILIMBAIOTh HA Pe-
3YJIBTAT 1IPOIIECY;
2) BUKJIIOYATH Ti €JIeMEHTH, 1110 BUAAIOTHCSA HETUIIOBUMHU CTOCOB-
HO 1aHOl IpobJIeMu;
3) BUKOPHMCTOBYBATU BCIO MOKJIUBY iH(DOPMAILIIO, IO CTOCYETHCS
JIAHOTO JIOCJIIJIKEHHS.
3. Jlig o1iHIOBaHHS TapaMEeTPiB EKOHOMETPUYHOI MOJIEJTi 3aCTOCOBYIOTH:
1) 3akoH HOpMasbHOTO po3nomiTy laycca;
2) xputepiii CThIOJICHTA,;
3) MeToJ HalMEHIINX KBAJIPATiB.
4. TlokasHwuK, 1110 BU3HAYAE Mipy 3B’S3KY 3aJIe)KHOI 3MIHHOI 3 ycima
He3aJIe)KHUMU 3MiHHUMU, HA3UBAETHCS:
1) xoedirtieHTOM KOpeJIsIIIii;
2) cTaHZAPTHOIO IIOXKOKOIO PIBHAHHSI;
3) koedirieHTOM JIeTEpMIiHAILii.
5. KoedimieHT gerepMiHaliii 00UUCIIOETHCS 32 (hOPMYJIOHD:

2 2 2
1) R2 —1—0—3, VRS2 R =1-2L
?/ Uy a“

6. Kpurepiit Dimepa 3acTOCOBYIOTH /s TIEPEBIPKU 3HAUYIIOCTI:
1) o1iHOK mapameTpiB MOJIETi;
2) eKOHOMEeTPUYHOI MOJIEI;
3) koedirienTa KopessiLii.
7. dxmo amcmepcis 3aJWMIKIB 3MIHIOETHCS AJIsT KOKHOTO CIIOCTEpe-
JKEHHS UM TPYIU CIOCTEPEKEHb, TO MAEMO SBUIILE:
1) aBTOKOpesAILii;
2) TeTepocKenacTUIHOCTI;
3) MyJBTUKOJIHEAPHOCTI.
8. Y pasi MyJIbTHKOIIHEAPHOCTI TIPY BU3HAYEHHI 3aI€3KHOCTI MiK TTapa-
MU HE3JIEKHIX 3MIHHIX 3aCTOCOBYEThCS:
1) F-xputepiit Mirrepa;
2) t-kputepiii CTbIOJEHTA;
3) kpurepiii X*
9. Jlist OOTpYHTYBAaHHS ~ BEJIMYMHU JlaTa B JUCTPUOYTUBHO-JIATOBUX
MOJIEJISIX 32CTOCOBYIOTD:
1) kopensmiitHy MaTpuiLo;
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2) KoBapialliiiHy MaTpUIIo;
3) B3aeMHY KOPEJAIINHY (DYHKIIITO.
10. CucremMu 0JJHOYACHUX PIBHSHD MOKYTH MiCTUTH:
1) perpeciiini Ta QyHKITIOHATBHI PIBHSIHHS;
2) perpeciitti piBHIHHS Ta TOTOKHOCTI;
3) dyHKIIOHANbHI PIBHAHHS Ta TOTOKHOCTI.

BapiaHT 3

1. Perpeciiiai piBHIHHS ONMUCYIOTh:
1) cTpykTypHUIl 3B’S30K MiK MOKa3HUKAMW €KOHOMIYHWX IIPO-
1IeCIB;
2) byHKIIOHANbHIIL 3B’ 30K Mik cy6'€éKTaMU eKOHOMIYHOI [isijIib-
HOCTI;
3) KopessiiHui 3B’ 130K MI?K €EKOHOMIYHIUMU [TOKa3HUKAMHU.
2. Ex3oreHHi 3MiHHi:
1) BU3HAUAIOTBCS SIK PO3B’SI30K CUCTEMU PiBHSHB;
2) 3aJIMIMIAIOTHCS HE3MIHHUMU MIPOTSATOM yChOTO TIEPIOLY CIIOCTe-
PEKeHb;
3) 3a/1a10ThCST 32 MEXKAMW €KOHOMETPUYHOI MOJIE].
3. OgHi€ero 3 mepeyMOB 3aCTOCYBaHHS METO/TY HAMEHIIINX KBA[PATiB €:
1) mMaremaruyHe CIIOAIBAHHS 3aJHIITKIB MOJIEJII € CTAJIO0 BEJMYNHOIO;
2) cyma 3aJUIIKiB MOJIeJ Bi/IMiHHA BiJl HYJIS;
3) MaremMaTHuHe CIIOIIBAHHS 3aJUINKIB MOIEJIi TOPIBHIOE HYJIO.
4. TlokasHuk, 1110 BU3HAYAE, IKa 9aCTUHA PyXY 3aT€;KHOI 3MIHHOI OIT1-
CYETHCS TAHUM PerpeciiiHuM PiBHSIHHSIM, HA3UBAETHCS:
1) xoedimienTom meTepMiHaiiii;
2) koedilieHTOM KOpeJIsIlii;
3) OIIHKOIO Y3TO/KEHOCTi (KOHKOP/IATIIT).
5. Koediuienr gerepminanii 00uncoeTbest 3a hopMyJIoIo:

2
1) R2 = COV(xyy) . 2) R2 =3 Cov (xvy) .

Jvar(x) var(y) ’ JJvar(x) var(y) ’

3) R2 — COV(.X', y)
var(x)var(y)
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6. SAximo aucnepcis 3aMuIIKiB cTasia 711 KOKHOTO CIIOCTEPEKEeHHS, TO
MA€EMO SIBUIIE:
1) aBTOKOpEsAILii;
2) MyJIBTUKOJIHEAPHOCTI;
3) rOMOCKEIaCTHYHOCTI.
7. HasBHICTb MYyJBTUKOJIHEAPHOCTI MTEPEBIPSAETHCS 32 JOTIOMOTOIO:
1) p-xpurepiio;
2) anropurmy Dappapa — Timobepa;
3) merony lapbina.
8. V¥ pasi MyJIbTUKOJIIHEAPHOCTI JIJIsI BUSIBJIEHHS 3aJI€5KHOI 3MIHHOI BiJ|
CYKYITHOCTI IHIIMX He3aJIeKHUX 3MIHHUX 3aCTOCOBYIOTD!
1) F-xpurepiit Dimrepa;
2) t-xpurepiit CTbIO/IEHTA,;
3) kpurepiii [lipcona.
9. Mogeuni, y AKUX Ha 3aJIe)KHI 3MIHHI BIVIMBAIOTb 3HAUYCHHS HE3aJI€K-
HUX 3MIHHUX Y TIONEPeHI 1mepioin, Ha3MBAIOThCS:
1) muaAMITHUMT;
2) aucTpubyTUBHO-JIATOBUMU;
3) CTPYKTYPHUMH.
10. Jlyist orfiHIOBAaHHS MapaMETPiB CUCTEM OJIHOYACHUX PiBHSIHB 3aCTO-
COBYIOTb:
1) ysarasbpHeHUI METO HAMMEHINNX KBa/IPaTiB;
2) JBOKPOKOBUI METO/] HANMEHIINX KBAPATiB;
3) MeTo/i TOJIOBHUX KOMIIOHEHTIB.

BapiaHT 4

1. Haiinommpeninmyu (yHKITSIMA B €EKOHOMETPUYHOMY MOJIETIOBAHHI €:
1) moxa3HWKOBI;
2) miHiliHi;
3) norapudmivHi.

2. ExoHoMeTpuyHa MOJIEJb, IKA KiJIbKICHO OIUCYE 3B 5I30K OCHOB-
HUX PE3YJbTATUBHUX MOKA3HUKIB BUPOOHUYO-TOCIOAAPCHKOI [Iistib-
HOCTi 3 (hakTopamu, MO BU3HAYAIOTD 1[I MOKa3HUKHN, HA3UBAETHCS:

1) mokazHMKOBOIO (QYHKIIIEI;
2) BUpOOHMYOIO (HYHKILIE;
3) MOJIEJTIO PO3IIOIIJIEHOTO JIara.
3. Orinka mapaMerpa Ha3WBAETHCsI e(heKTUBHOIO, SIKIIO:
1) 3a710BOJIbHAE 3aKOH BEJUKUX YHCET;
2) Mae HallMeHIITy JIUCTIEPCiio;
3) MaremMaTWuHe CIOiBaHHSA i1 IOPIBHIOE 3HAYCHHIO MTapaMeTpa.

172



4. Jlucniepciiino-koBapiaiiiiHa MaTPUIlS BUZHAUYAETHCS HA MiJICTaBI:
1) martpuri crocrtepeskeHb He3aMeKHIX 3MIHHUX;
2) MaTpuIl HOPMaJi30BaHUX 3MiHHUX MOJIEI;
3) cucreMu HOPMaJIbHUX PIBHSHb.
5. 3B'S30K MiXX €KOHOMIYHMMU XapaKTEPUCTUKAMU BHIIYCKY IIPO-
JYKITii Ta CIOKUTUMU JIJIST TIHOTO PecypcamMy BU3HAYAETHCS €KOHOMIKO-
MaTeMaTHIHUM CITiBBiTHOMIICHHSM:

1) Y=al+n% 2) Y =aF°If; 3) ¥ =P

6. Jlosipui iHTepBasn (DYHKIIIT perpecii BUBHAYAIOTHCS 32 IOMOMOTOIO:
1) t-xpurepito CthiojieHTa Ta 3aJIUIITKOBOI AUCIIEPCIT;
2) cTaHZAPTHOL MOXMOKM PIBHIHHSI,
3) crangapTHOI TOXUOKK MapaMeTpis.
7. Kpurepiii lap6ina — YoTCOHA 3aCTOCOBYETHCSI JIJIsT BUSBJICHHSI:
1) aBTOKOpeAIii;
2) TOMOCKeJaCTUYHOCTI;
3) MYJIBTUKOJIHEAPHOCTI.
8. 3a HasgBHOCTI reTepPOCKEIACTUYHOCTI MTapaMeTPH MOJIEJIi OIiHIOIOTh-
cd 3a:
1) yMOBHUM METO/IOM HAMMEHIINX KBa/IPaTiB:
2) ysaraJibHEHUM METO/IOM HAaWMEHIINX KBAJIPATiB;
3) JIBOKPOKOBUM METOJIOM HAIMEHIIINX KBa/IPaTiB.
9. Mogzeui, 1o MiCTATH JIaroBi 3HAYEHHA 3aJI€KHOI 3MIHHOI, Ha3UBa-
I0ThCS:
1) MozenssMu pO3IMO/ILIEHOTO JIara;
2) aBTOpErpeciiHUMK MOJIEJISIMU;
3) MozensMU Ce30HHUX KOJINBAHb.
10. Cucrema ojiHOYACHUX PiBHSIHb HA3UBAETHCA ileHTU(IKOBAHOIO,
SKIIO:
1) mapameTpu cTpyKTypHOI (hOPMU MOJIEJi OIHO3HAYHO BU3HAYA-
I0ThCS Uepes3 mapaMeTpu 3BejieHoi hopmu;
2) KiJIbKICTh 3MIHHUX, BUKJIIOYEHUX 3 KOJKHOTO PIBHSHHS CUCTEMHU,
JIOPIBHIOE KIJIBKOCTi PIBHSIHb MOJIEI;
3) mapameTpu 3BezieHOi (hopME MOJIeTi BUSHAYAIOTHCS Yepes mapa-
METPU CTPYKTYPHOI (hopMHU.
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BapiaHT 5

1. 3aznexHicTb Mi’k BeJIMYMHAMM X Ta Y HA3UBAETLCSA CTATUCTUYHOIO,
AKIIO:
1) KoxkHOMY 3HAUEHHIO X BIANOBIZAE JIMIIle OJIHE 3HAYEHHA Y, dKe
00OUHCITIOETHCST 32 BiIoMOIO (hopMyIIo10;
2) 3MiHIOBaHHS OJIHIEI BEJIMYNHU 3YMOBJIIOE 3MiHIOBAaHHSI PO3IIO-
JIJTy 1HIIIO];
3) 3MIHIOBaHHS BEJMUYMHU X 3yMOBJIIOE 3MIHIOBAHHS ¥ 32 3a/]aHUM
3aKOHOM.
2. Kopesnsiiiina MaTpuILs:
1) € marpuiieio napHux Koedili€HTiB KOpeJsIlii;
2) XapakTepu3ye IIJbHICTh 3B’SI3KY BCiX HE3aJEXHUX 3MIHHUX
13 3aJ1€3KHOI0 3MIHHOIO;
3) omucye KOpeJAIiliHI 3B’I3KM MiK He3aJeXKHUMU 3MiHHUMU
MOJIeJIi.
3. Orinka mapaMerpa Ha3UBAETHCA OOTPYHTOBAHOIO, SKIIO:
1) 3a70BOJIbHAE 3aKOH BEJIUKUX YUCET;
2) orpuMana 3a METOJIOM HAWMEHIIINX KBa/IPaTiB;
3) Mae HallMEeHIITy JUCIIEPCITO.
4. ToukoBuii MPOrHO3 — II€:
1) moGynaoBa perpeciiiHol 3a/1e;KHOCTI 3a 3aJaHUMK TOUKAMIU;
2) 3HAYEHHS 3aJI€KHOI 3MIHHOI, 00UMCIEHe 32 MOZEJLIIO IIPU 3a/1a-
HOMY 3HA4Y€HHI ITOSICHIOIOUNX 3MiHHUX;
3) BU3HAYEHHS KPaliHiX TOYOK IOBIPUOTO IHTEPBAJY JIJIsI IPOTHO3-
HOTO 3HAYEHHS 3aJI€KHOT 3MIHHO].
5. CrarucTuvHa 3HAYYIIICTh APAMETPIB MO/IENi BUBHAYAETHCS 32 J10-
IIOMOT0IO:
1) crangapTHOI MOXUOKK PIBHIAHHS,
2) t-xputepio CThIOIEHT;
3) F-xpurepiio Dirrepa.
6. Axmio BUHMKAE ABUILE TETEPOCKEAACTUYHOCTI, TO OIIHKU Iapa-
MeTpiB Mozei, orpuMani 3a IMHK, GyayThb:
1) HEOOIPYHTOBAHUMIML
2) 3MileHumuy;
3) HeeeKTUBHUMMU.
7. 3a HagBHOCTI aBTOKOPEJISILii /IJIsT OIIHIOBAHHS 1TapaMeTPIB 3aCTO-
COBYETBCS:
1) HenpsiMuii MeTOJ1 HATMEHIITMX KBAJ[PaTiB;
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2) merox Dappapa — [10bepa;
3) ysaraJbHEHUI MeTO/l HAallMEHIITNX KBaIPaTiB.
8. Jlns BUsAB/IEHHS He3aJeKHOI 3MIHHOI, 110 3aJI€KUTh Bijl yCiX THIINUX
He3a/le)KHUX 3MIHHUX, Y Pa3i MyJIbTUKOJIIHeapHOCTI 3aCTOCOBYEThCSL:
1) F-xpurepiii;
2) t-kpuTepiii;
3) kpurepiii X*
9. ¥YmoBa ifleHTr(hiKOBaHOCTI PIBHSIHHS CTPYKTYPHOI (hOpMU Ma€ BUT-
JSL
1) k,=1<m-mg; 2) k,—-1=m-mg; 3) k -1<m-m,,
ne ky, m, — BIAIOBIIHO KiJIBbKICTh 3aJICKHUX 1 HE3aJIEKHUX 3MIHHUX, 110
BXOJIATH /IO S-TO PIBHAHHS CTPYKTYPHOI (hopMU, m — 3arajbHa KiJbKICTh
€K30TeHHUX 3MIHHUX MOJEJII.
10. /[lns omiHIOBaHHS TTapaMeTPiB PEKYPCUBHUX CUCTEM PiBHSIHD 3aC-
TOCOBYETHCSI:
1) MeTon HAaIMEHIMX KBaIPATIiB;
2) JIBOKPOKOBUI METOJ| HAUMEHIIINX KBaPaTiB;
3) MeTo/| TOJIOBHUX KOMIIOHEHTIB.

BapiaHT 6

1. ExonomeTrpuuHa MOieJb — II€:
1) piBHSHHS UM cUCTEMA PIBHSAHB, IO OMUCYIOTh CTPOTi (hYHKITiO-
HAJTbHI 3a71€3KHOCTI MiXK €eKOHOMIYHUMU [TOKA3HUKAMM;
2) dyukiis uu cucreMa (OyHKIIIH, 1110 OMUCYE KOPEJAIiiiHO-perpe-
CIIIHIN 3B’SI30K MIK €KOHOMIYHUMHU [TOKA3HUKAMU;
3) cucrema piBHSIHb 1 TOTOKHOCTEH, IO ONKMCYE iCHYIOUI 3B’SI3KH1
MIJK TTOKa3HUKaM1 eKOHOMIUHUX ITPOIIECiB.
2. 3acrocyBaHHS METO/Yy HaliMEHIINX KBaJpaTiB MOXKJINBE, SKIIO He-
3aJIeKH] 3MIHHI:
1) MicTaTbh cTOXaCTUYHY CKJIAJIOBY;
2) He noB’g3aHi i3 3aJUNIKAMU;
3) MaloTh CTaTy AUCIEPCITO.
3. Orminka napamMerpa Ha3MBAETHCS HE3MIMEHOIO, SIKITO:
1) 3a70BOJIbHAE 3aKOH BEJUKUX YHUCET;
2) MareMaTHYHE CIOAIBAaHH ii He 3a/eKUTh Bix BUOIPKU i 6113b-
Ke /10 3HAYeHHS [TapaMeTpa;
3) Mae HallMeHIITy JIUCIIEPCiTo.
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4. Jlucnepcist IporHo3y JIJIsE CePeIHbOTO 3HAYEHHS 3aJI€KHOI 3MIHHOT
00UHCTIOETHCST 32 (OPMYJIOIO:

1) 0 = 02X (X'X) " X,;
2) 0% = 0, X5 (X'X) " Xy;

3) 02 = .Ja2(1 + Xp(X'X)X,.

5. SlBulie MyJIBTHKOJiHEAPHOCTI BUHIKAE, SIKIIO:
1) icuye niHilHMI 3B’I30K MK HE3aJI€KHUMU 3MiHHUMU;
2) nucnepcis 3aMINKIB cTajla 7151 KOXKHOTO CIIOCTEPEsKeHHS;
3) icHye JiHIHA 3aJIe)KHICTh MK TIOCJII/IOBHUMY YJIeHAMU PSIy 3a-
JINIIKIB.
6. Kpurepiit hon Heitmana 3acTOCOBYEThCS 15T BUSBIEHHS:
1) aBTOKOpEsIAIL;
2) reTepocKenacTUYHOCTI;
3) MYJIBTUKOJIHEAPHOCTI.
7. Kopensuiiina MaTpuisg 00YMCIIOETHCS Ha MiACTABI:
1) matrpuii criocTepeskeHb He3aMeKHUX 3MIHHUX;
2) MaTpuIli HOPMaJIi30BaHUX 3MiHHUX;
3) cucreMu HOPMAJIbHUX PiBHSHb.
8. 3a HagBHOCTI TeTepOCKeJACTUYHOCTI /IS OIIHIOBAHHS T1apaMeTpiB
3aCTOCOBYIOTh METO[I:
1) Hdapbina;
2) EiiTkena;
3) dappapa — Iobepa.
9. TlobymoBa Mozesiell pO3NOIIEHOrO Jlara yCKJIaJHeHa Yepe3 Ha-
ABHICTb:
1) aBTOKOpEsAILLii;
2) MYJIBTUKOJIHEAPHOCTI;
3) reTepocKeaacTUYHOCTI.
10. Cucrema piBHSIHB, PO3B’sI3aHA BiJJHOCHO €HJIOTEHHUX 3MiHHUX, HA3W-
BA€ETDHCS:
1) crpykrypHOIO (hOpMOIO MOJIEI;
2) HOPMaJIbHOIO CHCTEMOIO PIBHSHB;
3) 3BezeHo1o hopMOIO MOJIE.
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BapiaHnTt 7

1. BupoGHuua hyHKIIisT — 11€:
1) AisIBHICTD AESKOrO MiAIPUEMCTBA, CHPSAMOBAHA HA BUPOO-
HUIITBO M€BHOTO BUAY IPOYKIIii;
2) cucreMa B3aEMO3B’S3KIB, 1[0 BCTAHOBJIIOIOTHCS MisK BUPOOHUYN-
MU OJUHUIAMU (TTIPO3IiJIaMy T AMTPUEMCTBA) Y TpoIieci iX (hyHKIIOHY-
BaHHS;
3) sajexHiCTh Mik 00CAroM BUPOOIEHOI HPOAYKILI Ta CIIOKUTH-
MU JIJIS IbOTO MTEBHUMU pecypcamu.
2. HesanexHi 3MiHHI MO/IeTi:
1) BU3HAYAIOTHCS SIK PO3B’SI30K PIBHSHHS YU CUCTEMU PiBHSIHb;
2) 3a/1210TbCS 32 MeKaMM €KOHOMETPUYHOI MOJIEIi;
3) 3aIMIMAIOTHCST HE3MiHHUMH TTPOTSITOM yChOTO TIEPIiOy CIIOCTe-
PEKeHHS.
3. 3acrocyBaHHS METO/Y HalMEHIINX KBaJpPaTiB MOXKJINBE, SKIIO He-
3aJ1eKHI 3MiHHI MOJIEJTi YTBOPIOIOTh:
1) cucremy HOpMATbHUX PIBHSHD;
2) miHIHO He3aJeXHY CUCTEMY BEKTODIiB;
3) OJHOPIJIHY CUCTEMY PiBHSIHb.
4. Koedimient gerepmiHartii:
1) xapakrepusye abCcoMOTHY BEJMYUHY PO3KULY BUITAJIKOBOI CKJIa-
JIOBO1 PiBHSHHS;
2) TOKa3ye, sKa YaCTWHA PyXY 3aJI€KHOT 3MiHHOI OMUCYETHCS Jla-
HUM perpeciiiuM piBHSAHHSM;
3) BU3HAYA€E Mipy 3B’SI3KY 3aJI€XKHOI 3MIHHOI 3 yciMa He3aJeKHU-
MU (hpakTOpamMu.
5. Ilpu BusHaueHHI 3aragbHOI MyJILTHKOJIIHEAPHOCTI MACUBY He3aJIeK-
HUX 3MIHHUX 32CTOCOBYIOTD!
1) F-xpurepiit Dimepa;
2) t-xpurepiit CTbio/ieHTa;
3) kpurepiii ITipcona X2
6. SIBwuIIE TeTEPOCKENACTUIHOCTI BUHUKAE, SIKIIO:
1) icHye B3aeMO3aeKHICTD ITOCITIIOBHUX YJIEHIB YACOBOTO PSIILY;
2) pucrepcis 3aJUIIKIB 3MIHIOETHCS JIJIs1 KOJKHOTO CIIOCTEPEKEH-
HS YU IPYIIH CIIOCTEPESKEHD;
3) icHye JiHIMHUE 3B’SI30K MiK He3aJeKHUMU 3MiHHUMH MO-
JeJi.
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7. CranjaprHa noxubKa piBHAHHSI OOUHCIIOETHCS 32 (hOPMYJIOI0:

12 2 1 L ey
2 — 2. — . — 2
1)Su —;l; u;; 2)Su —m; u; 3)Su =/ R“.

8. Kpurepiii [neiicepa 3acTocoByeTbCS /119 BUSABJICHHS:
1) aBTOKOpEsAILLii;
2) reTepocKeaacTUIHOCTI;
3) MyJIBTUKOJIHEAPHOCTI.

9. dAkmo ekoHOMETpUYHA MOJIEJNb KPIM JIarTOBUX 3MIHHUX MiCTUTh
3MiHHI, 1[0 XapaKTepu3yIoTh IOTOYHI YMOBH (DYHKITIOHYBAHHS €KOHOMi-
YHOI CUCTEMU, TO MAEMO:

1) Momens aganTUBHUX CIOMIBAHb;
2) ysarajibHeHy MOJIeJib PO3IO/IIJIEHOTO JIara;
3) Mojie/lb YACTKOBOIO KOPUT'YBAHHS.
10. Axmuio piBHAHHS CTPYKTYPHOI (hopMu MOiesTi HafiieHT(hiKoBaHi,
TO JIJI OIIIHIOBAaHHS ITaPaMeTPiB PiBHSAHD 3aCTOCOBYIOTD!
1) nmenpsmuit MHK;
2) nBokpoxosuit MHK;
3) tpukpoxosuit MHK.

BapiaHT 8

1. 3azjexxni 3minHi MozeIi:
1) BW3HAUAIOTBHCS SIK PO3B’SI30K PIBHSIHHS YU CUCTEMU PiBHSHD;
2) 3MIiHIOIOTH CBOI 3HAYEHHS 3aJI€KHO BiJl TIEPIOLY CIIOCTEPEKEHHS;
3) 3a/al0ThCs 32 MeXKaMU €KOHOMETPUYHOT MOJIeJI.
2. 3acrocyBaHHS MeTO/y HAaIMEHIITNX KBa/IPATIiB MOXKJIMBE, SKIIO BU-
KOHYIOTBCS TIePEeYMOBHU TIPO BiJICYTHICTb:
1) aBTOKOpEIAIii 3MIHHUX;
2) aBTOKOpEJIAIIil 3aJINIIKIB;
3) TOMOCKeJIaCTUYHOCTI.
3. Crangapria noxubKa piBHIHHI:
1) mokasye, gka yacTWHA PyXy 3aJI€KHOI 3MiHHOI OMUCYETHCS J1a-
HUM PErpeciiHUM PiBHSIHHSIM;
2) XapaKTepu3y€e BEJIMYMHY PO3KUJY BHUIIAJKOBOI CKJIAM0BOI
PIBHSHHS,
3) BUBHAYa€ Mipy 3B’sI3KYy 3aJI€XKHOI 3MIHHOI 3 yciMa He3aJeKHU-
MU hakTopamu.

178



4. Tlpw BU3HAYEHHI 3aJIEXKHOCTI MiXK MapaMy He3aJeKHUX 3MIHHUX
Y pa3i MyJBTUKOJIIHEaPHOCTI 3aCTOCOBYIOTH!
1) F-xputepiit Mirmrepa;
2) t-xputepiit CTbio/IeHTa;
3) kpurepiii ITipcoma X’
5. SlBuiie aBTOKOPENAIl BUHNUKAE, SKIIO:
1) aucnepcis 3anuIKiB 3MIHIOETHCS /11T KOKHOTO CIIOCTEPEKEHHS;
2) icHye HeJiHINHNIN 3B’I30K Mi’K He3aJeKHUMU 3MiHHUMU;
3) icHy€e B3aEMO3AJICKHICTh TOCJHIOBHUX €JEeMEHTIB psIy 3a-
JINIITKIB.
6. Merox Mappapa — Iobepa 3acTOCOBYETHCS /ISt BUSIBJICHHS:
1) aBTOKOpENAILii;
2) TOMOCKEIACTUUHOCTI;
3) MyJBTUKOJIHEAPHOCTI.
7. 3a HagBHOCTI TETEPOCKENACTUYHOCTI /IJII OIIHIOBAHHST TapaMeTPiB
3aCTOCOBYIOTB!
1) HemnpsiMuil METOJT HAUMEHIIMX KBAJPATiB;
2) yMOBHWI MeTOJ] HAWMEHITX KBA/[PATiB;
3) ysaraJibHeHWH METOJI HAaTMEHINNX KBa/IPaTiB.
8. Cranjapraa moxubKa iHTEPBAIBHOIO MPOrHO3Y OOUKMCIIOETHCS 32
bopmyoro:

1) Snp 3 OftXé(X'X)_1XO;

2) 8, = G XX X)X,

3) 8,y =L + Xp(XX)X,.

9. [lng oniHioBaHHS TapaMeTpiB MOJIEJIEN PO3IOJIIIEHOTO Jlara 3acTo-
COBYIOTb!
1) nenpsamuit MHK;
2) tpukporosuit MHK;
3) irepamiitHuii MeTo/1.
10. Cucrema ofHOYACHUX PIBHSHb HA3MBAETHCS HAJIIEHTU(DIKOBAHOIO,
SIKIIIO BUKOHYETHCS YMOBA:

1) ky=1<m-mg; 2) k-1=m-mg; 3)k —-1<m-m,,

e kg, m, — BIAIOBIZHO KiMbKICTD 3a1€KHUX 1 He3alesKHUX 3MIHHUX, 110
BXOJIAThH /IO S-TO PIBHSIHHS CTPYKTYPHOI (hopMU, m — 3arajibHa KiJIbKICTh
€K30TeHHUX 3MIHHUX MOZEJII.
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BapiaHT 9

1. Exonomiko-mMaTeMaTU4HE CIIBBIIHOIIEHH, [0 BU3HAYAE B aHa-
JITUYHIH GopMi 3B’I30K MiXK €KOHOMIUHUMM XapaKTePUCTUKAMU BU-
MyCKY TPOAYKIIi Ta BUKOPUCTAHUMH [IJs 1HOTO pecypcaMy, Ha3u-
BAETHCS:

1) crpykrypHOIO (hOpMOIO MOjIEI;
2) BUPOOHNYOK (DYHKILIET;
3) MoJesIo “BUTPATH — BUITYCK.
2. Tlapamerpu Mozeti:
1) 3amaoThed 32 MexxaMU €KOHOMETPUYHOI MOJIETi;
2) BUBHAYAIOTHCS HA OCHOBI CTATUCTUYHUX JIAHUX;
3) 3MIHIOIOTBCS TIPOTSATOM YChOTO MEPIOY CIIOCTEPEKEHD.

3. KoedimieHT MHOKXUHHOT KOPEJISILii:

1) moxasye, sika yacTWHA PyXy 3aJeKHOI 3MIHHOI OMNCYETHCS /1a-
HUM PErpeciiHuM PiBHSIHHSIM;

2) BUBHAYA€E Mipy 3B’SI3KY 3aJI€KHOI 3MiHHOI 3 yciMa He3aJesKHU-
Mu akTopamu;

3) BU3HAYA€E BHECOK KOXKHOI HE3aJeKHOI 3MIHHOI B IUCIIEPCIO pe-
3yJIBTATUBHOI 3MiHHOI.

4. Jlng nepeBipku 3HAUYIIOCTI MOJIEJIi 3aCTOCOBYIOTh:

1) F-xpurepiit Dimrepa;
2) t-xpurepiii CTbIOZIEHTa;
3) xputepiii Ilipcona.
5. ToukoBmii MPOrHO3 — TIE:
1) moGygoBa perpeciiiHol 3a1esKHOCTI 32 3aJaHUMI TOUKAMIU;
2) 3HaYeHHS 3aJ1e3KHOI 3MIHHOI, 00UKCIeHe 3a MOJIE/LIIO TIPU 3a/a-
HOMY 3HA4YeHHI ITOSICHIOIOUNX 3MiHHUX;
3) BUBHAYEHHS KPaiTHiX TOUOK JIOBiPUYOTO iHTEPBAIY /IS TPOTHO3-
HOTO 3HAYeHHS 3aJIeKHOI 3MiHHOI.
6. SBuile roMoCKeaCTUYHOCTI MA€ Miclie, SKIIO:
1) icuye HemiHIHUI 3B’I30K M)XK He3aJIeKHIMN 3MiHHUMIT;
2) nucnepcis 3aJIMIIKIB cTaja 7151 KOXKHOTO CIIOCTEPEsKEHHS;
3) icHY€E B3aEMO3AJEKHICTh IMOCTIIOBHUX YJIEHIB YACOBOTO PSILY.

7. 3a HasIBHOCTI aBTOKOPEJIAIii TTapaMeTpu MOJIEJi OIiHIOIThCS 3a
METO/IOM:

1) HaliMeHIIMX KBaJIPaTiB;
2) Eiitkena;
3) dappapa — Iobepa.
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8. Mozeui, 1110 MiCTATH JIaroBi 3HAYeHHA 3aJI€KHOI 3MIHHOI, Ha3uBa-
I0TbCS:
1) aBTOperpeciiiHUMM MOJIEJIIMY;
2) MOfeNsMU A TUBHUX CIIO/[iBaHb;
3) MozeNsAMU Ce30HHUX KOJINBAHb.
9. st oOrpyHTYBAHHS — BEJIMYMHM Jiara B JUCTPUOYTUBHO-JIATOBUX
MOJIeJIIX 32CTOCOBYIOTD:
1) xopersmiitHy MaTpuIlo;
2) KoBapialliiiHy MaTpPHUITIO;
3) B3aEMHY KOPEJIAIiHY (QyHKIIITO.
10. Hemnpsimuit MeTosi HAIMEHIITUX KBAJPaTiB 3aCTOCOBYIOTH IIPU OITi-
HIOBaHHI:
1) saroBux roedimieHTi GararodhakTopHOI MOE;
2) mapamerpiB CHCTeM OJIHOYACHUX PiBHSHB;
3) mapameTpiB MOJIeJI€eid, 0 MIiCTSATh aBTOKOPEJISIIIIO.

BapiaHT 10

1. /laiiTe BU3HAYEHHST EKOHOMETPIi:
1) Hayka, 110 BUBYAE BUMIPHICTD 3B'S3KiB y Bi/lIMOBiZIHOMY €KOHO-
MIYHOMY aHaJi3i;
2) Hayka, 1110 3aCTOCOBYE MaTeMaTHYHi Ta MaTeMaTHKO-CTaTHC-
TUYHI METOM B €KOHOMIILI;
3) Hayka, 1110 BUBYAE€ METO/M OIIHIOBaHH4 IapaMeTpiB MojeJei,
SIKi XapaKTepu3yioTh KiJTbKiCHI B3AEMO3B SI3KM Mi’K EKOHOMIYHUMU TIOKA3-
HUKAMU.
2. TIpu o6y 10Bi €KOHOMETPIIHOI MOJIENI HEOOXITHO:
1) posrasimaTy Bei 6€3 BUHATKY €JIEMEHTH, 110 BIUIMBAIOTH Ha pe-
3YJIBTAT TIPOIIECy;
2) BUKJIOYATH €JIEMEHTH, 10 BUAAIOTHCS HETUTIOBUMH CTOCOBHO
JaHol npobJemu;
3) BUKOPHMCTOBYBATU BCIO MOKJUBY iH(OPMAILiIO, IO CTOCYETLCSA
JIAHOTO JIOCJIJIKEHHS.
3. Jlusg olliHIOBaHHS TapaMeTPiB eKOHOMETPUYHOI MOJIEJi 3aCTOCO-
BYIOTb:
1) 3akoH HOpMaJIbHOTO po3noity laycca;
2) MeToJ| HallMEHINX KBa/IPATiB;
3) meron BukoueHHs sKopaana — laycca.
4. CraHgapTHI MOXUOKW MapaMeTpis:
1) BM3HAYAIOTh BHECOK KOKHOI HE3aJIe;KHOI 3MIHHOI B JUCIIEPCIIO
pe3yJIbTaTUBHOTO (hakTopa;
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2) 110Ka3yloTb CTATUCTUYHY 3HAYYIIICTD TAaPAMETPIB;
3) BU3HAUAIOTh Mipy 3B’g3KYy KOXKHOTO He3aJesKHOTo hakTopa i3 3a-
JIESKHOIO 3MIHHOIO.
5. Kpurepiit Dinrepa 3acTOCOBYIOTH JIJIST TEPEBIPKHU 3HAUYIIIOCTI:
1) oriHOK mapameTpiB MOJIEi;
2) eKOHOMEeTPUYHOI MOJIEI;
3) koedilieHTa MHOKIHHOI KOPEJISIIil.
6. [ucnepcis mporHosy 00YrCIIOEThCs 3a (HOPMYIOI0:

1) 0% =g, Xy (XX) ™" X,;
2) 02 = g, Xp(X'X)" X, ;

3) 0% = Jo2(1 + X (X X)Xp).

7. ko icHye JiHITHUN 3B’ 130K MIXK HE3aJeKHUMU 3MiHHUMHU, TO 1€
SIBUIIE HA3UBAETHCSI:
1) aBTOKOpEJIATIiETO;
2) TOMOCKeJaCTUYHICTIO;
3) MYJIBTUKOJIiHEAPHICTIO.
8. 3a HagBHOCTI MYJIBTUKOJIIHEAPHOCTI JIJIsI OI[IHIOBAHHS TTapaMeTPiB
MOJI€EJT 3aCTOCOBYIOTh:
1) ysarampuenniit MHK;
2) MeToJ| TOJIOBHUX KOMIIOHEHTIB;
3) HenmpsMUil MeTOoJI HAUMEHIITUX KBAJIPATIB.
9. Irepariiinuii MeTOI 3aCTOCOBYIOTh TIPU OIiHIOBAHHI:
1) mapamerpis GaraTohakKTOPHUX MOJIEJIEN;
2) mapameTpiB Mojiesieil, Y SKUX CIIOCTEPITAEThCs SIBUIIE MYJIBTHU-
KOJIIHEAPHOCTI;
3) saroBux KoedilieHTiB 6araroGakTOPHUX JUHAMIYHIX MOJIEJIEH.
10. Adxmo piBHAHHS CTPYKTYpPHOI hopmMu Mojesi HazijeHnTudikoBaHi,
TO JIJISI OI[iHIOBAHHSI IIAPAMETPIB PiBHSIHB 3aCTOCOBYIOTH:
1) menpamuiit MHK;
2) neoxporoBuit MHK;
3) ysarampuenuit MHK.
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AOOOATKWU

POBOTA 3 TABNIMUAMU CTAHOAPTU3OBAHOIO
HOPMAJIbHOI'O PO3rioaiy

[Ipu mpoBejieHHi CTaTUCTUYHOTO aHANI3y AY’Ke 4acTO BUKOPHUCTO-
BY€EThCs TabIMI 3HAaUeHb (yHKIil Jlaniaca

v i

: Ie"fdz =P(0 <U <u) =F (u) -0,5,
0

~n

110 BU3HAYAE WMOBIPHICTh MOTPAIISIHHA BUNIAAKOBOI Besimunnu (BB) U
B inTepsad [0, u).

YV niBomy crosiii tabs. 1 HaBegeno snavenus U 3 TOUHICTIO 10 fecst-
TUX, Y BEPXHbOMY PsijIKy — coti yacTku U (3Havennsi U BU3HAYATOTHCS
3 TOUHICTIO 710 cOTHX). 3HaueHHss D (u) BUBHAYAETHCS HA TIEPETUHI BifIo-
BiJIHUX JAHOMY 3HAUYEHHIO % PsiaKa i cToBisd (D (#) BU3HAYAETHCS 3 TOU-
HICTIO /10 YeTBepTOro 3HakKa ticst komu). Hampuknan, @(0,17)=0,0675,
t06T0 P (0 U < 0,17)=0,0675.

® (u)

Tabauys 1

U | 000 |[0,01 0,02 0,03 |004 |005 |[006 |007 [008 |0,09

0,0| 0,0000 | 0,0040{ 0,0080 | 0,0120| 0,0160| 0,0199|0,0239| 0,0279/0,319 | 0,0359
0,1] 0,0398 | 0,0438| 0,0478 | 0,0517 | 0,0557 | 0,0596| 0,0636 | 0,0675(0,0714| 0,0753

3,0| 0,4987 | 0,4987| 0,4987 | 0,4988 | 0,4988| 0,4989(0,4989 | 0,4989(0,4990| 0,4990

5,0| 0,49999997
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cranjiapru3oBanoi HopmanabHoi BB imoctpye puc. 1.

Sy
Fu) = 0,5+ O(u)

X—m
(e}

05-Du) U=

D(uy

0 u U

Puc. 1

3a3HauMMO, 1110 KOKHE 3HayeHHs F(1/) TiepeBuIIye BiJIIIOBi/{HE 3HAUEH-
Hsa O(u) na 0,5. Tomy Tabmuni gng F(u) MaloTh aHAJIOTIYHIIT BUTJISI.

POBOTA 3 TABJIULUAMU t-PO3NOAITY
CTbIOOEHTA

Tabmuga KpUTUYHUX TOYOK posrominy CThiofeHTa Ma€ TAaKUIl BUTTIAL

Tabruys 2
a
0,40 0,25 0,10 0,05 0,025 0,01
1 0,325 1,000 3,078 6,314 12,706 31,821
10 0,260 0,700 1 1,812 2,228 2,764
30 0,256 0,683 1,310 1,697 2,042 2,457
0 0,253 0,674 1,282 1,645 1,960 2,326

Y Tabs. 2 y 1mepomy CTOBIII HABEAEHO YKCJIA CTYINEHIB cBOOOAN R,
Y BEPXHBOMY PSIJIKY — UMOBIpHOCTI (piBHI 3HauymocTi) 0. Kpurnuna Tou-
Ka {, , BUSHAYAETHCs NIEPETUHOM CTOBIIIS i3 3a1aHOI0 HIMOBIPHICTIO O
i pazKa, o BiANoOBizae yncay cTyleHis ceobonu k. Hanpuxiaz, B o5 10
=1,812. Inmumu crosamu, P(Z, ;> 1,812) =0,05.

Troxi Tabmuii posnoiny CTbiojileHTa HABOJISATHCS JIJisl JIBOX KPUTHU-
HUX TOYOK £, 110 BUSHAYAIOTHCS 3 yMOBH P (4 > £y )=a (puc. 2).
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VYA \

a=Pt>1,;)

a=Pd>¢ )

Puc. 2
POBOTA 3 TABJTULUAMU XZ-PO3I'IO,EI,|J'IY

2 B
Hukue HaBeseHO TabIMITI0 KPUTHIHAX TOYOK X -PO3IOILTY.

Tabnuys 3
a
k 0,975 0,950 0,900 0,100 0,050 0,025
10-° | 4004 | 0,016 2,71 3,84 5,02
10 3,25 3,94 4,87 15,99 18,31 20,48
30 16,79 18,49 20,60 40,26 | 43,77 46,98

VY Taba. 3 y AiBOMY CTOBIIIII HaBEIEHO Pi3Hi YMCIa CTYIEHIB CBOGO-
1 k. Y BepXHBOMY PSJIKY 3a3HaUeHO HMOBIpHOCTI (PiBHI 3HAUYIIOCTI) O
MOTPAIJITHHS BEJIMYUHU, 10 PO3TAAAAETHCS, V “TIpaBUil XBicT” PO3TIO-
Ty X* (puc. 3, a).

TG w) TGO k)
o o
a 2 2
0 Xﬁ,k i 0 X%-u/Z, k 13/2, k x
a
Puc. 3

Kputuyna touka X*, , posMmillleHa Ha NepeTuHi CTOBIISA i3 3a7aHOI0
HMOBIpHICTIO O 1 psiiKa, 110 BiANOBiZa€ dyncay cTyrneHis csoboau k. Ha-
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MIPUKJIAI, X20,025; 10=20,48. Inmmmu cnosamu, P (X210 > 20,48)=0,025. 3a-
3HAYMMO, 1110 4acTO Tab/uLi X2-p03nouiJIy HABOJISATHCS JIJIST IBOX KPUTHY-
HUX TOYOK X21—a/2,k 1 XQG,Z,,E. Y 1uboMy pasi NPUITYCKAETHCS, 1110 UMOBIPHOCTI
norpamisgaaa BB, mo posrasgaeTtbesd, B obugsa “xBocT” PO3NOIILITY

OHAKOBI i HOPIBHIOIOTH IIOJOBUHI piBHA 3HAYYIIOCTI O, TOOTO O/2
(puc. 3, 6).

POBOTA 3 TABJIULIAMU
F-PO3MoOAITY PILEPA

Tabauili KPUTHYHUX TOYOK po3moaixy Dintepa 3BUYAHO HABOAATD-
cd JIJIs1 PI3HUX 3HAY€Hb IMOBIPDHOCTI (PIBHS 3HAUYIIOCTI) O MMOTPAIJISH-
Ha y “xBict” posunoginy (puc. 4). Hanpuknaz, nas o =0,05 trabauia Mae
TaKUU BUTJISI:

Tabnuys 4
k1
k, 1 10 100 =
1 161 242 253 254
10 4,96 2,98 2,59 2,54
100 3,94 1,92 219 1,28
00 3,84 1,83 1,24 1,00

Ha meperuni crosmig i psaka (tabi. 4), 10 BiAMOBIIAOTH YKCIaM
cTyneniB cBoboau &, ik, posmimena xputnuna Touka F(a, k,, k).

Hanpuknan, Fy . =496 (P (F, , > 4,96)=0,05).
S(E, kysky)
[0}
0 Fa,k|,k2 F
Puc. 4
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JOOATOK 1

Ta6uis cTaHAapTU30BAHOTO HOPMAJIBHOTO PO3MOALLY
A(Z)

z 10,00 {0,01 0,02 0,03 |0,04 {005 [006 |007 [008 [0,09

0,0(0,5000 | 0,5040 {0,5080 | 0,5120| 0,5160 | 0,5199 | 0,5239 | 0,5279 | 0,5319 | 0,5359
0,1]0,5398 | 0,5438 [0,5478 [ 0,5517 | 0,5557 | 0,5596 | 0,5636 | 0,5675 | 0,5714 | 0,5753
0,2{0,5703 | 0,5832 [0,5871 | 0,5910| 0,5948 | 0,5987 | 0,6026 | 0,6064 | 0,6103 | 0,6141
0,310,6179 | 0, 6217[0,6255 | 0,6293 | 0,6331 | 0,6368 | 0,6406 | 0,6443 | 0,6480 | 0,6517
0,410,6554 | 0,6591 |0,6628 | 0,6664 | 0,6700 | 0,6736 | 0,6772 | 0,6808 | 0,6844 | 0,6879
0,5(0,6915 | 0,6950 |0,6985 | 0,7019| 0,7054 | 0,7088| 0,7123 | 0,7157 | 0,7190 | 0,7224
0,6(0,7257 | 0,7291 |0,7324 | 0,7357| 0,7389 | 0,7422 | 0,7454 | 0,7486 | 0,7517 | 0,7549
0,7]0,7580 | 0,7611 [0,7642 | 0,7673| 0,7704 | 0,7734| 0,7764 | 0,7794 | 0,7823 | 0,7852
0,8]0,7881 10,7910 {0,7939 | 0,7967 | 0,7995 | 0,8023| 0,8051 | 0,8078 | 0,8106 | 0,8133
0,910,8159 | 0,8186 {0,8212 | 0,8238 | 0,8264 | 0,8289| 0,8315 | 0,8340 | 0,8365 | 0,8389
1,0(0,8413 | 0,8438 |0,8461 | 0,8485| 0,8508 | 0,8531 | 0,8554 | 0, 8577| 0,8599 | 0,8621
1,110,8643 | 0,8665 |0,8686 | 0,8708| 0,8729 | 0,8749 | 0,8770 | 0,8790 | 0,8810 | 0,8830
1,210,6849 | 0,8869 |0,8888 | 0,8907 | 0,8925 | 0,8944 | 0,8962 | 0,8980 | 0,8997 | 0,9015
1,310,9032 | 0,9049 |0,9066 | 0,9082 | 0,9099 | 0,9115] 0,9131 | 0,9147 | 0,9162 | 0,9177
1,410,9192 10,9207 {0,9222 | 0,9236| 0,9251 | 0,9265 | 0,9279 | 0,9292 | 0,9306 | 0,9319
1,510,9332 | 0,9345 {0,9357 | 0,9370 | 0,9382 | 0,9394 | 0,9406 | 0,9418 | 0,9429 | 0,9441
1,6(0,9452 | 0,9463 |0,9474 | 0,9484| 0,9495 | 0,9505 | 0,9515 | 0,9525 | 0,9535 | 0,9545
1,7(0,9554 10,9564 |0,9573 | 0,9582| 0,9591 | 0,9599 | 0,9608 | 0,9616 | 0,9625 | 0,9533
1,810,9641 | 0,9649 |0,9656 | 0,9664| 0,9671 | 0,9678 | 0,9686 | 0,9693 | 0,9700 | 0,9706
1,9(0,9713 10,9719 {0,9726 | 09732 0,9738 | 0,9744 | 0,9750 | 0,9756 | 0,9761 | 0,9767
2,010,9772 10,9778 {0,9783 | 0,9788| 0,9793 | 0,9798 | 0,9803 | 0,9808 | 0,9812 | 0,9817
2,110,9821 10,9826 {0,9830 | 0,9834 | 0,9838 | 0,9842| 0,9846 | 0,9850 | 0,9854 | 0,9857
2,210,9861 | 0,9864 |0,9868 | 0,9871| 0,9875 | 0,9878| 0,9881 | 0,9884 | 0,9887 | 0,9890
2,310,9893 | 0,9896 |0,9898 | 0,9901 | 0,9904 | 0,9906 | 0,9909 | 0,991 1| 0,9913 | 0,9916
2,410,9918 | 0, 9920{0,9922 | 0,9925| 0,9927 | 0,9929 | 0,9931 | 0,9932 | 0,9934 | 0,9936
2,5(0,9938 10,9940 [0,9941 | 0,9943 | 0,9945 | 0,9946| 0,9948 | 0,9949 | 0,9951 | 0,9952
2,610,9953 | 0,9955 [0,9956 | 0,9957 | 0,9959 | 0,9960| 0,9961 | 0,9962 | 0,9963 | 0,9964
2,710,9965 | 0,9966 |0,9967 | 0,9968| 0,9969 | 0,9970 | 0,9971 | 0,9972 | 0,9973 | 0,9974
2,810,9974 | 0,9975 [0,9976 | 0,9977| 0,9977 | 0,9978 | 0,9979 | 0,9979 | 0,9980 | 0,9981
2,910,9981 | 0,9982 {0,9982 | 0,9983| 0,9984 | 0,9984 | 0,9985 | 0,9985 | 0,9986 | 0,9986
3,010,9987

Jlrcepeno: oyreptu K. Beenenue B akonomerpuky: Ilep. ¢ anra. — M.: UHOPA-M,
1997. — C. 367.

A(z) — ne iHTErpas MiJbHOCTI HMOBIPHOCTI CTAaH/[APTU30BAHOTO HOPMAJIbHOTO PO3IIO-
JITy BiJ| -00 710 z (IL7I0II@ Mijl KPUBOIO 3JIiBa Bif 2), IKKI € IMOBIPHICTH TOTO, 1[0 BEJNYMHA
HOPMaJIbHO PO3MOAINIEHOT BUIAKOBOI 3MIHHOI He TIEPEBHIILYE CEPEIHBOTO 3HAYCHHS Gl
SK Ha Z CTAaH/[aPTHUX BiJIXHJICHb.
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JOOATOK 2

Ta6auus t-posnoainy Creionenra
(kpuTnuHi 3HaueHus ¢ (A, k))

Tect PiBens 3HauymocTi o
§§§§§§ 50% | 20% | 10% | 5% | 2% | 1% | 02% | 01%
oo | aso | 10% | 5% | 25% | 1% | 05% | 01% [005%

k

1 1,000 | 3,078 | 6314 [12,706 |31,821 | 63,657 | 318,31 | 636,62
2 0,861 | 1,886 | 2920 | 4303 | 6965 | 9,925 | 22,327 | 31,598
3 0,765 | 1,638 | 2,353 | 3,182 | 4,541 | 5841 | 10214 | 12924
4 0741 | 1,533 | 2,132 | 2776 | 3,747 | 4,604 | 7,173 | 8610
5 0,727 | 1,476 | 2,015 | 2,571 | 3365 | 4,032 | 5893 | 6,869
6 0,718 | 1,440 | 1,943 | 2,447 | 3,143 | 3,707 | 5208 | 5,959
7 0711 | 1,415 | 1,895 | 2,365 | 2,998 | 3,499 | 4,785 | 5408
8 0,706 | 1,397 | 1,860 | 2,306 | 2,896 | 3,355 | 4,501 | 5,041
9 0,703 | 1,383 | 1,833 | 2,262 | 2,821 | 3,250 | 4,297 | 4,781
10 0,700 | 1,372 | 1,812 | 2,228 | 2,764 | 3,169 | 4,144 | 4,587
1 0,697 | 1,363 | 1,796 | 2,201 | 2,718 | 3,106 | 4,025 | 4,437
12 0,695 | 1,356 | 1,782 | 2,179 | 2,681 | 3,055 | 3,930 | 4318
13 0,694 | 1,350 | 1,771 | 2,160 | 2,650 | 3,012 | 3852 | 4,221
14 0,692 | 1,345 | 1,761 | 2,145 | 2,624 | 2,977 | 3787 | 4,140
15 0,691 | 1,341 | 1,753 | 2,131 | 2,602 | 2,947 | 3733 | 4,073
16 0,690 | 1,337 | 1,746 | 2,120 | 2,583 | 2,921 | 3,686 | 4,015
17 0,689 | 1,333 | 1,740 | 2,110 | 2,567 | 2,898 | 3,646 | 3,965
18 0,688 | 1,330 | 1,734 | 2,101 | 2,552 | 2,878 | 3,610 | 3,922
19 0,688 | 1,328 | 1,729 | 2,093 | 2,539 | 2,861 | 3,579 | 3,883
20 0,687 | 1,325 | 1,725 | 2,086 | 2,528 | 2,845 | 3,552 | 3,850
21 0,686 | 1,323 | 1,721 | 2,080 | 2,518 | 2,831 | 3,527 | 3,819
22 0686 | 1,321 | 1,717 | 2,074 | 2,508 | 2,819 | 3,505 | 3,792
23 0,685 | 1,319 | 1,714 | 2,069 | 2,500 | 2,807 | 3485 | 3,767
24 0,685 | 1,318 | 1,711 | 2,064 | 2,492 | 2797 | 3467 | 3,745
25 0,684 | 1,316 | 1,708 | 2,060 | 2,485 | 2,787 | 3450 | 3,725
26 0,684 | 1,315 | 1,706 | 2,056 | 2479 | 2,779 | 3435 | 3,707
27 0,684 | 1,314 | 1,703 | 2,052 | 2473 | 2,771 | 3,421 | 3,690
28 0,683 | 1,313 | 1,701 | 2,048 | 2,467 | 2,763 | 3,408 | 3,674
29 0,683 | 1,311 | 1,699 | 2,045 | 2462 | 2,756 | 3,396 | 3,659
30 0,683 | 1,310 | 1,697 | 2,042 | 2457 | 2,750 | 3,385 | 3,646
40 0,681 | 1,303 | 1,684 | 2,021 | 2423 | 2,704 | 3,307 | 3,551
60 0,679 | 1,296 | 1,671 | 2,000 | 2,390 | 2,660 | 3,232 | 3,460
120 0,677 | 1,289 | 1,658 | 1,980 | 2,358 | 2,617 | 3,160 | 3,373
% 0,674 | 1,282 | 1,645 | 1,960 | 2,326 | 2,576 | 3,090 | 3,291

Jcepena: Moyrepru K. Beenenne B akonomerpuky: Ilep. ¢ aunra. — M.: UHOPA-M,
1997. — C. 368.

Jlyk’sinenko 1. I., Kpacnikosa JI. I. Exonomerpuka. — K.: T-Bo “3uanns”, KOO,
1998. — C. 484.
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Ta6muusa F(a, k,, k,) posnoairy Dimepa
Uit piBHst 3Hauymocti ad = 0,05 (5 %)

HAOOATOK 3

k

k, 1
1 2 3 4 5 6 7 8 9 | 10| 11 ] 12| 13
t] 16t | 20 |26 25| 0| | wm [ ut | | W wm | w
2| 185 | 190 | 192 | 192] 193 | 193 | 194 | 194 | 194 | 194 | 194 | 194 | 194
3 101 | 955 | 928 | 920 | 901 | 894 | 889 | 885 | 881 | 879 | 876 | 874 | 873
4| 7711 694 | 659 | 639] 626 6,16 | 609 | 604 | 600 | 596 | 594 | 591 | 58
5| 661|579 | 541 | 519| 505 | 495 | 488 | 482 | 477 | 474 | 470 | 4,68 | 4,66
6| 599 | 514 | 476 | 453 | 439 | 428 | 421 | 415 | 410 | 4,06 | 403 | 400 | 398
7| 559 | 474 | 435 | 412 | 397 | 387 | 379 | 373 | 368 | 364 | 360 | 357 | 355
8| 532 | 446 | 407 | 384 | 369 | 358 | 350 | 344 | 339 | 335 | 331 | 328 | 326
9| 512 | 426 | 368 | 363| 348 | 337 | 329 | 323 | 348 | 314 | 310 | 307 | 305
10| 496 | 410 | 371 | 348 | 333 | 322 | 3,14 | 307 | 302 | 298 | 294 | 291 | 298
11| 484 | 398 | 359 | 336| 320 | 309 | 301 | 295 | 290 | 285 | 282 | 279 | 276
12| 475 | 389 | 349 | 326| 3,41 ] 300 | 291 | 285 | 280 | 275 | 272 | 269 | 2,66
13| 467 | 381 | 341 | 318| 303 | 292 | 283 | 277 | 271 | 267 | 263 | 260 | 258
14| 460 | 374 | 334 | 341 296 | 285 | 276 | 270 | 265 | 260 | 257 | 253 | 2,51
15| 454 | 368 320 | 306| 290 | 279 | 271 | 264 | 259 | 254 | 251 | 248 | 245
16 | 449 | 363 | 324 | 301 | 285 | 274 | 266 | 259 | 254 | 249 | 246 | 242 | 240
17| 445 | 359 | 320 | 296 281 | 270 | 2,61 | 255 | 249 | 245 | 241 | 238 | 235
18| 441 | 355 | 36| 293 | 277 | 2,66 | 258 | 251 | 246 | 241 | 237 | 234 | 231
19| 438 | 352 | 3,13 | 290 | 274 | 263 | 254 | 248 | 242 | 238 | 234 | 231 | 228
20| 435 | 349 | 310 | 287 | 271 | 260 | 251 | 245 | 239 | 235 | 231 | 228 | 225
21| 432 | 347 | 307 | 284 | 268 | 257 | 249 | 242 | 237 | 232 | 228 | 225 | 222
2| 430 | 344 | 305 | 282| 2,66 | 255 | 246 | 240 | 234 | 230 | 2,26 | 223 | 220
23| 448 | 342 | 303 | 280 | 264 | 253 | 244 | 237 | 232 | 227 | 224 | 220 | 2,18
24| 426 | 340 | 301 | 278 | 262 | 251 | 242 | 236 | 230 | 225 | 222 | 218 | 215
25| 424 | 339 | 299 | 276 260 | 249 | 240 | 234 | 228 | 24 | 220 | 2,16 | 2,14
26| 423 | 337 | 298 | 274 | 259 | 247 | 239 | 232 | 227 | 222 | 218 | 215 | 2,12
27| 421 | 335 | 296 | 273 | 257 | 246 | 237 | 231 | 225 | 220 | 217 | 213 | 2,10
28 | 420 | 334 | 295 | 271 | 256| 245 | 236 | 229 | 224 | 219 | 215 | 212 | 1,09
29 | 418 | 333 | 293 | 270 | 255 | 243 | 235 | 228 | 222 | 248 | 214 | 210 | 208
30 | 417 | 332 | 292 | 269 | 253 | 242 | 233 | 227 | 22t | 216 | 213 | 209 | 2,06
40| 408 | 323 | 284 | 261 245 | 234 | 225 | 218 | 212 | 208 | 204 | 200 | 1,97
50 | 403 | 318 | 279 | 256 | 240 | 229 | 220 | 243 | 207 | 203 | 199 | 195 | 1,92
60| 400 | 315 | 276 | 253 | 237 | 225 | 217 | 210 | 204 | 199 | 195 | 192 | 1,89
70| 398 | 313 ] 274 | 250 | 235 223 | 214 | 207 | 202 | 197 | 193 | 1,89 | 1,86
80| 396 | 311 | 272 | 249 | 233 | 221 | 213 | 206 | 200 | 195 | 1,91 | 1,88 | 1,84
90 | 395 | 310 | 271 | 247 | 232| 220 | 2,11 | 204 | 199 | 1,94 | 1,90 | 1,86 | 1,83
100 | 394 | 309 | 270 | 246 231 | 219 | 210 | 203 | 197 | 193 | 1,89 | 185 | 1,82
120 | 392 | 307 | 268 | 245 | 229 | 218 | 209 | 202 | 1,96 | 1,91 | 1,87 | 1,83 | 1,80
140 | 391 | 306 | 267 | 244 | 228 | 2,16 | 208 | 201 | 1,95 | 1,90 | 1,86 | 1,82 | 1,79
160 | 390 | 305 | 2,66 | 243 | 227 | 2,16 | 207 | 200 | 194 | 1,89 | 1,85 | 1,81 | 1,78
180 | 389 | 305 | 265 | 242 | 226| 215 | 206 | 1,99 | 193 | 1,88 | 1,84 | 1,81 | 1,77
20| 388 | 304 | 265| 242 | 226| 214 | 206 | 1,98 | 193 | 1,88 | 1,84 | 1,80 | 1,77
w| 384 | 300 | 260 237| 221 | 210 | 201 | 1,94 | 1,88 | 1,83 | 1,79 | 1,75 | 1,72
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IIpodosacens 000. 3

Ta6muusa F(a, k,, k,) posnoairy Dimepa
s piBHs 3Hauymocti a = 0,05 (5 %)

k, by
| 15| 16] 17] 18] 19| 20 | 30 | 40 | 50 | 100 ] 20 | w
| 25 | 26 | 26 | 21 | 21 | 28 | 28 | 20 | 51 | 22 | 28 | B | 5
2 194 | 194 | 194 | 194 194 | 194 | 194 | 195 | 195 | 195 | 195 | 195 | 195
3| 871 | 870 | 869| 868| 867 | 867 | 866 | 862 | 860 | 858 | 855 | 854 | 853
4| 587 | 586 | 584 | 583 | 582 | 581 | 580 | 575 | 572 | 570 | 566 565 | 563
5| 464 | 462 | 460 | 459 | 458 | 457 | 4,56 | 450 | 4,46 | 444 | 441 | 439 | 437
6| 396 | 394 | 392 | 391 | 390 | 388 | 387 | 381 | 377 | 375 | 371 | 3,69 | 367
7| 353 | 351 | 349 | 348 | 347 | 346 | 344 | 338 | 334 | 332 | 327 | 325 | 323
8| 324 | 322 | 320 | 319 317 | 3,16 | 3,15 | 308 | 304 | 302 | 297 | 295 | 293
9 303 | 301 | 299 | 297 | 296 | 295 | 294 | 286 | 283 | 280 [ 276 | 273 | 2,71
10| 286 | 285 | 283 | 281 | 280 | 279 | 277 | 270 | 2,66 | 2,64 | 259 | 2,56 | 2,54
11 274 | 272 | 270 | 2,68 | 2,67 | 2,66 | 265 | 257 | 233 | 251 | 2,46 | 243 | 240
12| 264 | 262 | 260 | 258 | 257 | 2,56 | 254 | 247 | 243 | 240 | 236 | 232 | 230
13 255 | 253 | 251 | 250 | 248 | 247 | 246 | 238 | 234 | 231 | 226 | 223 | 2,21
14 248 | 2,46 | 244 | 243 | 241 | 240 | 239 | 231 | 227 | 224 | 2,19 | 2,16 | 2,13
15 242 | 240 | 238 | 237 | 235 | 234 | 233 | 225 | 220 | 218 | 2,12 | 2,10 | 207
16| 237 | 235 | 233 | 232| 230 | 229 | 228 | 219 | 215 | 2,12 | 207 | 204 | 2,01
17 233 | 231 229 | 227 | 226 | 224 | 223 | 2145 | 2,10 | 208 | 202 | 1,99 | 1,96
18 229 | 227 | 225 | 223 | 222 | 220 | 219 | 2,41 | 2,10 | 208 | 1,98 | 1,95 | 1,92
191 226 | 223 | 221 | 200 | 218 | 217 | 2,16 | 207 [ 203 | 200 | 194 | 1,91 | 1,88
20| 222 | 220 | 218 | 247 | 245 | 214 | 242 | 204 | 199 | 197 | 1,91 | 1,88 | 1,84
21 220 | 218 | 2,16 | 24| 212 | 2,41 | 210 | 201 | 1,96 | 194 | 1,88 | 1,84 | 1,81
22 217 | 245 | 213 | 2,11 210 | 208 | 207 | 198 | 194 | 1,91 | 1,85 | 1,82 | 1,78
23| 215 | 213 | 211 | 209 108 | 206 | 205 | 196 | 191 | 188 | 182 | 179 | 176
24| 213 | 211 | 109 | 207| 205 | 204 | 203 | 194 | 189 | 1,86 | 180 | 177 | 173
25| 211 | 209 | 207 | 205| 204 | 202 | 201 | 192 | 187 | 184 | 1,78 | 1550 | 1,71
26| 209 | 207 | 205 | 203| 202 | 200 | 199 | 190 | 185 | 182 | 176 | 173 | 1,69
27| 208 | 206 | 206 | 202| 200 | 199 | 197 | 188 | 184 | 181 | 174 | 171 | 167
28| 206 | 204 | 202 | 200 199 | 197 | 196 | 187 | 182 | 179 | 173 | 169 | 165
29 205 | 203 | 201 | 1,99 197 | 1,96 | 194 | 1,85 | 1,81 | 1,77 | 1,71 | 1,57 | 1,64
30| 204 | 201 | 1,99 | 198| 1,96 | 195 | 193 | 1,84 | 1,79 | 1,76 | 1,70 | 1,66 | 1,62
40 1,95 | 192 | 190 | 1,89 | 187 | 1,85 | 1,84 | 1,74 | 1,69 | 1,66 | 1,63 | 1,60 | 1,51
50 1,89 | 1,87 | 1,85 1,83 | 1,81 | 1,80 [ 1,78 | 1,69 | 1,63 | 1,60 | 1,59 | 1,55 | 1,44
60| 1,86 | 1,84 | 1,82 | 180 1,78 | 1,76 | 1,75 | 1,65 | 1,59 | 1,56 | 1,48 | 1,44 | 1,39
70 1,84 | 1,81 | 1,79 | 1,77 | 1,75 | 1,74 | 1,72 | 1,62 | 1,57 | 1,53 | 145 | 1,40 | 1,35
80| 182 | 179 | 177 | 175| 173 | 172 | 170 | 160 | 154 | 151 | 143 | 138 | 132
90| 180 | 178 176 | 174| 172{ 170 | 169 | 159 | 153 | 149 | 141 | 136 | 130
100 1,79 | 4,77 | 1,75 1,73 | 1,71 | 1,69 | 1,68 | 1,57 | 1,52 | 148 | 1,39 | 1,34 | 1,28
120 | 178 | 175 | 173 | 171] 169 | 167 | 1.6 | 155 | 150 | 146 | 137 | 132 | 125
140 | 1,76 | 1,74 | 1,72 | 1,70 | 1,68 | 1,66 | 1,65 | 1,54 | 148 | 144 | 1,35 | 1,30 | 1,23
160 | 175 | 173 | 1,71 | 1,69] 1,67 | 1,65| 1,64 | 1,53 | 147 | 143 | 1,34 | 128 | 1,21
180 1,75 | 1,72 | 1,70 | 1,68| 1,66 | 1,64 | 1,63 | 1,52 | 1,46 | 1,42 | 1,33 | 127 | 1,20
20 1,74 | 1,72 | 1,69 | 1,67| 1,66 | 1,64 | 1,62 | 1,52 | 1,46 | 1,41 | 1,32 | 1,26 | 1,19
o| 1,69 | 1,67 | 1,64| 1,62| 1,60 | 1,59 | 1,57 | 1,46 | 1,39 | 1,35 | 124 | 1,17 | 1,00
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IIpodosacenis 000. 3

Ta6muusa F(a, k,, k,) posnoairy @imepa
st piBHg 3Hauymocti a = 0,01 (1 %)

k, by
1 2 3 4 5 6 7 8 9 10 11 12 13

1| 4052 | 4999 | 5403 | 5625| 5764 | 5859 | 5928 | 5981 | 6023 | 6056| 6083 | 6106 | 6126
2| 985 | 990 | 92| 93| 993 | 993 | 994 | 994 | 994 | 994 | 994 | 994 | 994
3| 341|308 | 294 | 287 | 282 | 279 | 277 | 275 | 23 | 272 | 271 | 271 | 270
41 21,2 | 180 | 16,7 | 16,0 155 | 152 | 150 | 148 | 14,7 | 14,5 | 145 | 144 | 143
5| 163 | 133 | 12| 114] 110 | 107 | 105 | 103 | 102 | 10,1 | 996 | 989 | 982
6| 137 | 109 | 978 | 915 | 875 | 847 | 826 | 810 | 798 | 787 | 770 | 772 | 766
7| 122 | 955 | 845 | 785 | 746 | 719 | 699 | 634 | 672 | 662 | 654 | 647 | 641
8| 11,3 |865| 759 | 701 | 663 | 637 | 6,18 | 603 | 591 | 581 | 573 | 567 | 5,61
9| 10,6 | 802 | 699 | 642 | 6,06 | 580 | 561 | 547 | 535 | 526 | 518 | 5,11 | 505
10 10,0 | 756 | 655 | 599 | 564 | 539 | 520 | 506 | 494 | 485 | 4,77 | 4,71 | 4,65
11 964 | 720 | 621 | 567 | 531 | 507 | 488 | 474 | 463 | 454 | 446 | 439 | 434
12 933 | 693 | 595 | 541 | 506 | 482 | 464 | 450 | 439 | 430 | 422 | 4,16 | 4,10
13 907 | 6,70 | 574 | 521 | 486 | 462 | 444 | 430 | 419 | 4,10 | 402 | 396 | 390
14| 886 | 651| 556 | 504 | 469 | 446 | 428 | 414 | 403 | 394 | 386 | 380 | 375
15| 868 | 636 | 542 | 489 | 456 | 432 | 414 | 400 | 380 | 380 | 373 | 367 | 3,61
16| 853 | 623 | 529 | 477 | 444 | 420 | 403 | 389 | 378 | 369 | 362 | 355 | 350
17| 80 | 6,11 518 | 467| 434 | 410 | 393 | 379 | 368 | 350 | 352 | 346 | 340
18| 829 | 6.01| 509 | 458 | 425 | 401 | 384 | 371 | 360 | 351 | 343 | 337 | 332
19| 818 | 593 | 501 | 450 | 417 | 394 | 377 | 363 | 352 | 343 | 336 | 330 | 324
20| 810 | 585 | 494 | 443 | 4,0 | 387 | 370 | 356 | 3,46 | 337 | 329 | 323 | 3,18
21 802 | 578 | 487 | 437 | 404 | 381 | 364 | 351 | 340 | 331 | 324 | 317 | 3,12
22 795 | 572 | 482 | 431 399 | 376 | 359 | 345 | 335 | 326 | 3,18 | 3,12 | 307
23 788 | 5,66 | 4,76 | 426 | 394 | 3,71 | 354 | 341 | 330 | 321 | 3,14 | 307 | 302
24 782 | 564 | 472 | 422 390 | 367 | 350 | 336 | 3,26 | 3,17 | 309 | 303 | 298
25| 777 | 557 | 468 | 418 | 385 | 383 | 346 | 332 | 322 | 313 | 306 | 299 | 294
26| 772 | 553 | 464 | 414| 382 | 359 | 342 | 320 | 318 | 300 | 302 | 296 | 290
27| 768 | 549 | 460 | 411| 378 | 356 | 339 | 326 | 315 | 306 | 299 | 293 | 287
28 | 764 | 545 | 457 | 407 | 375 | 353 | 336 | 323 | 312 | 303 | 296 | 290 | 284
29 | 760 | 542 | 456 | 404 | 373 | 350 | 333 | 320 | 300 | 300 | 203 | 287 | 281
30| 756 | 59 | 451 | 402 | 370 | 347 | 330 | 317 | 307 | 298 | 291 | 284 | 279
40 | 731 | 518 | 431 | 383 | 351 | 329 | 312 | 299 | 289 | 280 | 273 | 2,66 | 2,61
50 | 717 | 506 | 420 | 372 | 341 | 319 | 302 | 289 | 278 | 270 | 262 | 2,56 | 2,51
60| 707 | 498 | 413 | 365| 334 | 312 | 295 | 282 | 272 | 263 | 256 | 250 | 244
70 | 7,01 | 492 | 407 | 360 | 329 | 307 | 291 | 278 | 2,67 | 259 | 251 | 245 | 240
80| 6,96 | 488 | 404 | 356 | 325 | 304 | 287 | 274 | 2,64 | 255 | 248 | 242 | 2,36
90 | 692 | 485 | 401 | 353 | 323 | 3,01 | 284 | 272 | 2,61 | 252 | 245 | 239 | 233
100 | 688 | 482 | 398 | 351 | 321 | 299 | 282 | 269 | 259 | 250 | 243 | 237 | 231
120 | 684 | 479 | 395 | 348 | 317 | 296 | 279 | 2,66 | 256 | 247 | 240 | 231 | 228
10 | 681 | 476 | 392 | 346| 315 | 293 | 277 | 264 | 254 | 245 | 238 | 231 | 226
160 | 6,79 | 474 | 390 [ 344 | 313 | 292 | 275 | 262 | 252 | 243 | 236 | 230 | 224
180 | 6,77 | 472 | 389 | 343 | 312 | 290 | 274 | 2,61 | 251 | 242 | 235 | 228 | 223
200 | 6,75 | 471 | 388 | 341 | 3,41 289 | 273 | 2,60 | 250 | 2,41 | 234 | 227 | 222
o | 663|461 | 378 | 332 | 302 | 280 | 264 | 251 | 241 | 232 | 225 | 2,18 | 2,13
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Saxinuenns 000. 3

Ta6mmua F(a, k,, k,) posnoniny ®imepa
s piBHA 3Hauymocti d = 0,01 (1 %)

ky
ky 14 15 16 17 18 19 2 D 40 by 100 | 200 [
1| 6143 | 6157 | 6169 | 6182 | 6192 | 6201 | 6209 |6261 | 6287 | 6303 | 6335 | 6350 | 6366
2] 994 | 994 | 994 | 994 | 994 | 994 | 995 [995 [ 995 | 995 | 995 | 995 | 995
3] 269 |269 |268 | 268 | 268 | 267 | 267 |265 | 264 | 264 | 262 | 262 | 26,1
4| 142 | 142 | 142 | 14,1 | 14,1 | 140 | 140 | 138 [ 137 | 137 | 13,6 | 135 | 135
51 977 | 972 | 968 | 964 | 961 | 958 | 955 [938 [929 | 924 | 913 | 908 | 9,02
6 | 760 | 756 | 752 | 748 | 745 | 742 | 740 |723 [714 | 709 | 699 | 693 | 688
71 636 [631 |628 | 624 | 621 | 6,18 | 6,16 | 599 | 591 | 586 | 575 | 570 | 565
8| 556 | 552 | 548 | 544 | 541 | 538 | 536 |520 | 512 | 507 | 496 | 491 | 486
9| 501 | 496 | 492 | 489 | 486 | 483 | 481 |4,65 | 457 | 452 | 441 | 436 | 431

10 | 4,60 | 4,56 | 452 | 449 | 446 | 443 | 441 |425 | 417 | 412 | 401 | 396 | 391
11| 429 | 425 | 421 | 418 | 415 | 412 | 410 |394 [386 | 381 | 370 | 365 | 3,60
12 | 405 | 401 | 397 | 394 | 391 | 388 | 386 |370 |[362 | 357 | 347 | 341 | 336
13| 386 | 382 | 378 | 374 | 372 | 369 | 3,66 |351 |342 | 337 | 327 | 322 | 317
14| 370 |3,66 |362 | 359 | 356 | 353 | 351 |335 |327 | 322 | 3,11 | 306 | 300
15 ] 356 | 352 | 349 | 345 | 342 | 340 | 337 |321 [313 | 308 | 298 | 292 | 287
16 | 345 | 341 | 337 | 334 | 331 | 328 | 326 |3,10 [302 | 297 | 286 | 281 | 275
17 | 335 | 331 | 327 | 324 | 321 | 319 | 3,16 |300 | 292 | 287 | 276 | 271 | 2,65
18 | 327 |323 |319 | 3,16 | 343 | 3,10 | 308 |292 | 284 | 278 | 268 | 262 | 257
19 | 319 | 315 | 312 [ 308 | 305 | 303 | 300 |28 |[276 | 271 | 260 | 255 | 249
D | 313 [ 309 [ 305 | 302 [ 299 [ 296 | 294 [278 |269 | 264 | 254 | 248 | 242
21 | 307 [ 303 [299 |296 | 293 | 290 | 288 |[272 |264 | 258 | 248 | 242 | 236
2| 302 | 298 [294 291 | 288 | 285 | 283 [267 | 258 | 253 | 242 | 236 | 231
B 297 |293 | 289 | 286 | 283 | 280 | 278 [262 | 254 | 248 | 237 | 232 | 2,26
2% | 293 |28 [ 28 | 282 | 279 [ 276 | 274 [258 | 249 | 244 | 233 | 227 |221
5| 28 |28 [281 | 278 | 275 | 272 | 270 [254 | 245 | 240 | 229 | 223 | 217
26 | 286 | 281 [ 273 | 275 | 272 | 269 | 2,66 [260 |242 |236 | 225 |219 | 213
7| 282 [ 278 | 275 | 271 | 268 | 2,66 | 263 [247 | 238 | 233 | 222 [216 | 210
B | 279 [ 275 [ 272 | 268 | 265 | 263 | 260 [244 |235 | 230 | 219 | 213 | 2,06
D | 277 | 273 1269 | 266 | 263 [ 260 | 257 [241 |233 | 227 [216 | 210 | 203
D | 274 | 270 | 2,66 | 263 | 260 | 257 | 255 |239 |230 | 225 | 213 | 207 | 2,01
A | 256 | 252 | 248 | 245 | 242 | 239 | 237 220 |21 [ 206 | 202 | 196 | 180
D | 246 | 242 | 238 | 235 | 232 | 229 | 227 [210 [201 | 195 | 194 | 1,87 | 1,68
60 [ 239 |235 [231 | 228 [ 225 | 222 | 220 (203 |194 | 188 | 175 | 1,68 | 1,60
0| 235 [ 231 [ 227 223 | 220 | 218 [ 215 [198 | 189 | 183 | 1,70 [ 1,62 | 1,54
O | 231 [ 227 [ 223 | 220 | 217 | 214 | 212 [194 | 185 | 1,79 [ 1,65 | 1,58 | 1,49
D | 229 [ 224 [221 [ 217 | 214 | 2,41 | 209 [192 | 182 | 1,76 [ 1,62 | 1,55 | 1,46
100 | 227 | 222 | 219 | 215 | 212 | 208 | 207 |189 | 180 | 1,74 | 1,60 | 1,52 | 143
120 | 223 | 219 | 245 | 212 | 209 | 2,06 | 203 |1,86 |1,76 | 1,70 | 1,56 | 1,48 | 1,38
140 | 221 | 247 | 243 | 2,10 | 207 | 204 | 201 |184 | 174 | 1,67 | 1,53 | 145 | 1,35
160 | 220 | 245 |2,41 | 208 | 205 | 202 | 1,99 |182 [ 1,72 | 1,66 | 1,51 | 142 | 1,32
180 | 2148 (214 |210 | 207 | 204 [ 201 | 198 |181 [1,71 | 1,64 | 1,49 | 1,41 | 1,30
20 (217 | 213 | 209 [ 206 | 203 | 200 | 1,97 [179 | 1,69 [1,63 | 1,48 | 1,39 | 1,28

o | 208 [204 | 200 [ 197 [ 193 [ 190 | 1,88 [1,70 [ 1,59 | 1,52 | 1,36 | 1,25 | 1,00

Jlicepeno. Bpoumreiin U. H., CemenoB K. A. CripaBoynuk 1Mo MateMaTuKe: sl WH-
sxenepoB u yuammuxcs BTY3os. — M.. Hayka, 1981. — C. 82-87.
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a= 0,05 (5 %); n — KiIbKICTb cIOCTEpPEsKEHb

[OLATOK 4

d-cratucruka [/lap6ina — Yorcona: d, i d, npu pisni 3Hauymocri

Kinpkicts dakropis
m= m=2 m=3 m=4 m=>5
n| d, d, d, d, d, d, d, d, d, d,
6 0,61 1,40
7 0,70 1,36 0,47 1,90
8 0,76 1,33 0,56 1,78 0,37 2,29
9 0,82 1,32 0,63 1,70 0,46 213 0,30 2,59
10 0,88 1,32 0,70 1,64 0,53 2,02 0,38 241 0,24 2,82
1 0,93 1,32 0,76 1,60 0,60 1,93 0,44 2,28 0,32 2,65
12 0,97 1,33 0,81 1,58 0,66 1,86 0,51 2,18 0,38 2,51
13 1,01 1,34 0,86 1,56 0,72 1,82 0,57 2,09 0,45 2,39
% 1,05 1,38] 091 1,55 0,77 1,78 0,63 2,03 0,51 2,30
15 1,08 1,36 0,95 1,54 0,81 1,75 0,69 1,96 0,56 2,22
16 1,11 1,37 0,98 1,54 0,86 1,73 0,73 1,94 0,62 2,16
17 1,13 1,38 1,02 1,54 0,90 1,71 0,78 1,90 0,66 2,10
18 1,16 1,39 1,05 1,54 0,93 1,70 0,82 1,87 0,71 2,06
19 1,18 1,40 1,07 1,54 0,97 1,69 0,96 1,85 0,75 2,02
20 1,20 1,41 1,10 1,54 1,00 1,68 0,89 1,83 0,79 1,99
2 1,22 1,42 1,13 1,54 1,03 1,67 093 1,81 0,83 1,96
22 1,24 1,43 1,15 1,54 1,05 1,66 0,96 1,80 0,86 194
23 1,26 1,44 117 1,54 1,08 1,66 0,99 1,79 0,90 1,92
24 1,27 1,45 1,19 1,55 1,10 1,66 1,01 1,78 0,93 1,90
25 1,29 1,45 1,21 1,55 1,12 1,65 1,04 1,77 0,95 1,89
26 1,30 1,46 1,23 1,55 1,14 1,65 1,06 1,76 0,98 1,87
27 1,32 1,47 1,24 1,56 1,16 1,65 1,08 1,75 1,00 1,86
28 1,33 1,48 1,26 1,56 1,18 1,65 1,10 1,75 1,03 185
29 1,34 1,48 1,27 1,56 1,20 1,65 1,12 1,74 1,05 1,84
30 1,35 1,49 1,28 1,57 1,21 1,65 1,14 1,74 1,07 1,83
31 1,36 1,50 1,30 1,57 1,23 1,65 1,16 1,74 1,09 1,83
32 1,37 1,50 1,31 1,57 1,24 1,65 1,18 1,73 1,11 1,82
33 1,38 1,51 1,32 1,58 1,26 1,65 1,19 1,73 1,13 1,81
34 1,39 1,51 1,33 1,58 1,27 1,65 1,21 1,73 1,14 1,81
35 1,40 1,52 1,34 1,58 1,28 1,65 1,22 1,73 1,16 1,80
36 1,41 1,53 1,35 1,59 1,30 1,65 1,24 1,72 1,18 1,80
37 1,42 1,53 1,36 1,59 1,31 1,66 1,25 1,72 1,19 1,80
38 1,43 1,54 1,37 1,59 1,32 1,66 1,26 1,72 1,20 1,79
39 1,44 1,54 1,38 1,60 1,33 1,66 1,37 1,72 1,22 1,79
40 1,44 1,54 1,39 1,60 1,34 1,66 1,29 1,72 1,23 1,79
45 1,43 1,57 1,43 1,62 1,38 1,67 1,34 1,72 1,29 1,78
50 1,50 1,59 1,46 1,63 1,42 1,67 1,38 1,72 1,34 1,77
55 1,53 1,60 1,49 1,64 1,45 1,68 1,41 1,72 1,37 1,77
60 1,55 1,62 1,51 1,65 1,48 1,69 1,44 1,73 1,41 1,77
65 1,57 1,63 1,54 1,66 1,50 1,70 1,47 1,73 1,44 1,77
70 1,58 1,64 1,55 1,67 1,53 1,70 1,49 1,74 1,46 1,77
75 1,60 1,65 1,57 1,68 1,54 1,71 1,52 1,79 1,49 1,77
80 1,61 1,66 1,59 1,69 1,56 1,72 1,53 1,74 1,51 1,77
85 1,62 1,67 1,60 1,70 1,58 1,72 1,55 1,75 1,53 1,77
90 1,64 1,68 1,61 1,70 1,59 1,73 1,57 1,75 1,54 1,78
95 1,65 1,69 1,62 1,71 1,60 1,73 1,58 1,76 1,56 1,78
100 1,65 1,69 1,63 1,72 1,61 1,74 1,59 1,76 1,57 1,78
180 1,72 1,75 1,71 1,76 1,69 1,77 1,68 1,79 1,67 1,80
200 1,76 1,78 1,75 1,79 1,74 1,90 1,73 1,81 1,72 1,82
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IIpodosacenis do0. 4

d-cratucruka Jlap6ina — Yorcona: d, i d, npu pisni 3Hauymocri

a= 0,05 (5 %); n — KiAbKICTb cOCTEPEKEHD

KinpkicTs dakropis

m=6 m=7 m=8 m=9 m=10
n d, d, d, d, d, d, d, d, d, d,
11| 012 289
12| 0,16 2,67 0,11 3,06
13| 021 249 0,14 2,64 0,09 3,18
14 | 026 235 0,18 2,67 0,12 2,96 0,08 329
15| 030 224 023 2,53 0,16 282 0,11 3,10 0,07 337
16| 035 2415 027 242 0,20 2,68 0,14 294 0,09 320
171 039 2,08 0,31 2,31 024 2,57 0,18 2,81 0,13 3,05
18| 044 2,02 037 224 028 247 0,22 2,70 0,16 293
19| 048 1,96 0,40 2,17 032 2,36 0,26 2,60 0,20 2,81
20 | 052 1,92 044 2,11 0,36 2,31 0,29 2,51 0,23 2,71
21 1,55 1,88 047 2,06 040 224 033 243 027 2,63
22 | 1,57 1,85 0,51 2,02 044 2,19 037 237 0,30 2,55
23| 1,62 1,82 0,55 1,98 047 2,14 0,40 2,31 034 248
24 | 1,65 1,79 0,58 1,94 0,51 2,10 044 2,26 038 242
25| 1,68 1,78 0,61 1,92 054 2,06 0,47 2,21 0,41 2,37
26| 0,71 1,76 0,64 1,89 0,57 2,03 0,51 217 044 2,31
27 | 074 1,74 0,67 1,87 0,60 2,00 0,54 2,13 047 227
28| 0,76 1,73 0,70 1,85 0,66 197 0,57 2,10 0,50 223
29 | 079 1,72 0,72 1,83 0,69 1,95 0,60 2,07 0,53 2,19
30| 081 1,71 0,76 1,82 0,69 1,93 0,62 2,04 0,56 2,16
31 083 1,70 0,77 1,80 0,71 1,91 0,65 2,02 0,59 2,13
32| 086 1,69 0,79 1,78 0,73 1,89 0,67 2,00 0,62 2,10
33| 088 1,68 082 1,78 0,76 1,87 0,70 1,98 0,64 2,00
34| 090 1,68 084 1,77 0,78 1,86 0,72 1,96 0,67 2,06
35| 091 1,67 0,86 1,76 0,80 1,85 0,74 1,94 0,69 2,04
36| 093 1,67 088 1,75 0382 1,84 0,77 1,93 0,71 2,01
37| 095 1,66 090 1,74 084 1,83 0,79 1,91 0,73 2,00
38| 097 1,66 091 1,74 0,86 1,82 0,81 1,90 075 1,99
39| 098 1,66 093 1,73 088 1,81 083 1,89 0,77 1,98
40 | 1,00 1,65 095 1,72 090 1,80 084 1,88 0,79 1,96
45| 1,07 1,64 1,02 1,71 097 1,77 093 1,83 0,86 1,90
50 | 1,12 1,64 1,06 1,69 1,04 1,75 1,00 1,81 0,96 1,96
55| 1,17 1,64 1,13 1,69 1,10 1,73 1,06 1,79 1,02 1,84
60 | 1,21 1,64 1,18 1,68 1,14 1,73 1,11 1,77 1,07 1,82
65| 1,25 1,64 1,22 1,68 1,19 1,72 1,15 1,76 1,12 1,80
70 | 1,28 1,65 1,25 1,68 1,22 1,72 1,19 1,75 1,16 1,79
75| 1,31 1,65 1,28 1,68 1,26 1,72 1,23 1,75 1,20 1,79
80 | 1,34 1,65 1,31 1,68 1,29 1,71 1,26 1,75 1,23 1,78
85| 1,36 1,66 1,34 1,69 1,31 1,71 1,29 1,74 1,26 1,77
90 | 1,38 1,66 1,36 1,69 1,34 1,71 1,31 1,74 1,29 1,77
95 | 1,40 1,67 1,38 1,69 1,36 1,72 1,34 1,74 1,31 1,77
100 | 1,42 1,67 1,40 1,69 1,38 1,72 1,36 1,74 1,34 1,77
150 | 1,54 1,71 1,53 1,72 1,52 1,74 1,50 1,75 1,49 1,77
20 [ 1,61 1,74 1,60 1,75 1,59 1,76 1,58 1,77 1,57 1,78




d-cratuctuka Jlap6ina — Yorcona: d_ i d, npu piBHI 3HaUyIIOCTI
H 0
a= 0,05 (5 %); n — KiIbKicTh crIOCTEpPEKEHD

IIpodosacenis 0o0. 4

KinbkicTs akropis
m=11 m=12 m=13 m=14 m=15
n| d, d, d, d, d, d, d, d, d, d,
16| 0,06 3,45
17| 0,08 3,29 | 0,05 | 3,51
18| 0,11 3,45 | 0,08 | 3,36 | 0,05 | 3,56
19| 0,15 3,02 | 0,10 | 3,23 | 0,07 | 3,42 | 0,04 | 3,60
20| 0,48 2,91 | 0,13 | 3,11 [ 0,09 | 3,30 | 0,61 | 3,47 | 0,04 | 3,64
21| 0,21 282 | 0,16 | 3,00 [ 0,12 | 3,19 | 0,08 | 3,36 | 0,06 | 3,52
22| 0,25 2,73 | 0,19 | 2,91 | 0,45 | 3,08 | 0,11 | 3,25 | 0,08 | 3,41
23| 0,28 2,65 | 0,23 | 2,82 | 0,48 | 2,99 | 0,14 | 3,16 | 0,10 | 3,31
24| 0,32 258 | 0,26 | 2,74 | 0,21 | 2,91 | 0,47 | 3,07 | 0,13 | 3,22
25| 0,35 2,52 | 0,29 | 2,67 | 0,24 | 2,83 | 0,19 | 2,98 | 0,15 | 3,13
26| 0,38 2,46 | 0,32 | 2,61 | 0,27 | 2,76 | 0,22 | 2,91 | 0,48 | 3,05
27| 0,41 2,41 | 0,36 | 255 | 0,30 | 2,69 | 0,25 | 2,84 | 0,21 | 298
28| 0,44 2,36 | 0,39 | 2,50 | 0,33 | 2,64 | 0,28 | 2,77 | 0,24 | 2,91
29| 0,48 2,32 | 0,42 | 2,45 | 0,36 | 2,58 | 0,31 | 2,71 | 0,27 | 2,84
30| 0,50 2,28 | 0,45 | 2,41 | 0,39 | 2,53 | 0,34 | 2,66 | 0,29 | 2,79
31| 0,53 2,25 | 0,48 | 2,37 | 0,42 | 2,49 | 0,37 | 2,61 | 0,32 | 2,73
32| 0,56 2,22 | 0,50 | 2,33 | 0,45 | 2,45 | 0,40 | 2,56 | 0,35 | 2,68
33| 0,59 2,19 | 0,53 | 2,30 | 0,48 | 2,41 | 0,43 | 2,52 | 0,38 | 2,63
34| 0,61 2,16 | 0,56 | 2,27 | 0,50 | 2,37 | 0,45 | 2,48 | 0,40 | 2,59
35| 0,63 2,14 | 058 | 2,24 | 0,53 | 2,34 | 0,48 | 2,44 | 0,43 | 2,55
36| 0,66 2,11 | 0,61 | 2,21 0,55 | 2,31 | 0,50 | 2,41 | 0,46 | 2,51
37| 0,68 2,09 | 0,63 | 2,19 | 0,58 | 2,28 | 0,53 | 2,38 | 0,48 | 2,48
38| 0,701 2,07 | 0,65 | 2,16 | 0,60 | 2,26 | 0,55 | 2,35 | 0,50 | 2,45
39| 0,721 2,06 | 0,67 | 2,14 | 0,62 | 2,23 | 0,58 | 2,32 | 0,53 | 2,41
40| 0,74 2,04 | 0,07 | 2,12 | 0,65 | 2,21 | 0,60 | 2,30 | 0,55 | 2,39
45| 0,84 1,97 | 0,79 | 2,04 | 0,74 | 2,12 | 0,70 | 2,19 | 0,66 | 2,27
50| 0,94 1,93 | 0,87 1,99 | 0,83 | 2,05 | 087 | 2,12 | 0,75 | 2,18
55| 0,98 1,89 | 0,94 | 1,95 | 0,90 | 2,00 | 0,86 | 2,06 | 0,83 | 2,12
60| 1,04 1,86 | 1,00 | 1,95 | 0,97 | 1,96 | 0,93 | 2,02 | 0,89 | 2,07
65| 1,09 1,85 1,05 1,89 | 1,02 | 1,93 10,99 | 1,98 | 0,95 | 2,03
70| 1,13 1,83 | 1,10 | 1,87 1,07 | 1,91 | 1,04 | 1,95 | 1,01 | 2,00
7B 1,17 182 | 1,14 | 1,86 | 1,11 1,89 | 1,08 | 1,93 | 1,05 1,97
80| 1,21 1,81 1,18 1,84 1,15 1,88 1,12 | 1,91 | 1,09 | 1,95
8| 1,23 1,80 | 1,21 1,83 1,18 1,87 |d,46 [ 1,90 | 1,13 | 1,93
90| 1,26/ 180 | 1,24 | 1,83 | 1,22 | 1,86 | 1,19 | 1,89 | 1,17 | 1,92
95| 1,29 1,79 | 1,27 1,82 | 1,24 1,85 1,22 1,88 | 1,20 | 1,91
100 | 1,31 1,79 | 1,29 | 1,82 1,27 | 1,84 1,25 1,87 | 1,23 | 1,90
150 | 1,47 1,78 | 1,46 | 1,80 | 1,44 | 1,81 1,43 | 1,83 | 1,41 1,85
200 1,56| 1,79 1,55 1,80 1,54 | 1,81 1,53 | 1,82 1,52 1,84

195



IIpodosacenis do0. 4

d-cratucruka Jlap6ina — Yorcona: d_ i d, npu piBui 3Ha4ymocTi
H 0
a= 0,05 (5 %); n — KiIbKicTh crIOCTEpPEKEHD

KispkicTs axropis

m=16 m=17 m=18 m=19 m=20

d d d d d d

H o H o H o H o H o

21 (0,04 | 3,67
22 10,05 |3,56 | 0,03 | 3,70
23 10,07 |3,46 | 0,05 | 3,60 | 0,03 | 3,73
24 10,09 |3,36 | 0,07 | 3,50 | 0,04 | 3,63 | 0,03 [ 375
25 10,12 | 3,27 | 0,09 | 3,41 | 0,06 | 3,54 | 0,04 | 3,66 |0,03 | 3,77
26 (0,14 |3,149 | 0,11 | 3,33 | 0,08 | 3,45 [ 0,06 | 3,57 | 0,04 | 3,68
27 10,17 3,141 | 0,43 | 3,25 | 0,10 | 3,37 | 0,07 | 3,49 | 0,05 | 3,60
28 10,19 |3,04 | 0,46 | 3,17 | 0,12 | 3,30 | 0,93 | 3,41 | 0,07 | 3,52
29 10,22 | 297 | 0,18 | 3,40 | 0,45 | 3,22 [ 0,11 | 3,34 | 0,09 | 3,45
30 10,25 | 291 | 0,210 | 3,03 | 0,47 | 3,45 | 0,14 | 3,27 | 0,11 | 3,38
31 10,28 |285 | 0,23 | 297 | 0,20 | 3,09 | 0,16 | 3,20 | 0,13 | 3,31
32 10,30 | 280 | 0,26 | 2,91 | 0,22 | 3,03 | 0,18 | 3,14 | 0,15 | 3,25
33 10,33 | 275 | 0,29 | 2,86 | 0,25 | 297 | 0,21 | 3,08 | 0,17 | 3,14
34 10,36 2,70 | 0,31 | 2,81 | 0,27 | 2,92 | 0,23 | 3,02 [ 0,20 | 3,13
35 10,38 |2,66 | 0,34 | 2,76 | 0,30 | 287 |0,26 | 2,97 | 0,22 | 3,07
36 (0,41 [2,61 | 0,36 | 2,72 |0,32 | 2,82 | 0,28 | 2,92 | 0,24 | 3,02
37 10,43 | 258 | 0,39 | 2,68 | 0,35 | 277 | 0,31 | 287 | 0,27 | 2,97
38 10,46 |254 | 0,41 | 2,64 | 0,37 | 2,73 | 0,33 | 2,83 | 0,29 | 2,92
39 1048 | 251 | 0,44 | 2,60 | 0,40 | 2,69 | 0,35 | 2,79 | 0,32 | 288
40 0,51 | 248 | 0,46 | 257 | 0,42 | 2,66 | 0,38 | 275 | 0,34 | 2,84
45 0,61 [235 | 057 | 2,42 | 0,53 | 2,50 | 0,49 | 2,58 | 0,45 | 2,66
50 0,71 225 | 0,67 | 2,32 | 0,63 | 239 | 0,59 | 2,46 | 055 | 2,53
55 10,79 (218 | 0,75 | 2,24 | 0,71 | 2,30 | 0,67 | 2,36 | 0,64 | 2,42
60 |0,86 |2,12 | 082 | 217 | 0,79 | 2,23 | 0,75 | 2,28 | 0,72 | 2,34
65 10,92 | 208 | 089 | 2,12 | 085 | 2,47 | 0,82 | 2,22 | 0,79 | 2,27
70 1097 (2,04 | 094 | 2,06 | 0,91 | 2,13 | 088 | 217 | 0,85 | 2,22
75 (1,02 (2,01 ] 099 | 205 0,96 | 2,09 | 093 | 2,13 [ 091 | 2,17
80 [1,07 1,96 | 1,04 | 2,02 | 1,01 | 2,06 | 0,99 | 2,10 | 0,96 | 2,14
8 |1,11 197 | 1,08 | 2,00 | 1,05 | 2,03 | 1,03 | 2,07 | 1,01 | 2,10
90 1,14 | 1,95 | 1,12 | 1,48 | 1,09 | 2,01 | 1,07 | 2,04 | 1,04 | 2,08
95 | 1,17 (1,93 | 1,15 | 1,96 | 1,13 | 1,99 | 1,10 | 2,02 | 1,08 | 2,05
100 (1,20 (1,92 | 1,18 | 1,95 [1,16 | 1,98 | 1,14 | 2,01 | 1,11 | 2,03
150 (1,40 | 186 | 1,39 | 1,86 [ 1,37 | 1,90 | 1,36 | 1,91 | 1,35 | 1,93
200 11,51 185 1,50 | 186 1148 | 187 | 147 | 188 [1,46 | 190

196



IIpodosacenis 0o0. 4

d-cratucruxa Jlap6ina — Yorcona: d, i d, npu pisni 3nauymocri

a=0,01 (1 %); n — KinTbKicTh CHIOCTEPESKEHD

KisbkicTs hakTopis
m=1 =2 m=3 m=4 m=>5
n| d, d, d, d, d, d, d, d, d, d,
6] 039 1,14
7 0,44 1,04 0,29 1,68
8| 050 1,00 035 1,49 023 2,10
9 0,55 1,00 041 1,39 0,28 1,88 0,18 2,43
10| 060 1,00 047 1,33 034 1,73 023 2,19 0,15 2,69
1 0,65 1,01 0,52 1,29 0,40 1,64 0,29 2,03 0,19 245
12 070 1,02 0,57 1,27 045 1,58 0,34 191 0,24 2,28
13 0,74 1,04 0,62 1,26 0,50 1,53 0,39 1,83 0,29 2,15
14| 078 1,05 0,66 1,25 055 1,49 0,46 1,76 0,34 2,05
15 0,81 1,07 0,70 1,25 0,59 1,46 0,49 1,70 0,39 1,97
16| 084 1,09 0,74 1,25 0,63 145 053 1,66 0,44 190
17 0,87 1,11 0,77 1,26 0,67 1,43 0,57 1,63 0,48 1,85
18 090 1,12 0,81 126 0,71 1,42 0,61 1,60 0,52 1,80
19 093 1,13 0,84 1,27 0,74 1,42 0,65 1,58 0,56 1,77
20| 095 1,15 0,87 1,27 0,77 1,41 0,69 1,57 0,60 1,74
21 0,98 1,16 0,89 1,28 0,80 1,41 0,72 1,55 0,63 1,71
2| 100 1,17 092 1,28 0383 1,41 0,75 1,54 0,67 1,69
23] 102 1,19 094 1,29 0,86 1,41 0,78 1,53 0,70 1,67
21| 104 1,20 096 1,30 0,388 1,41 081 1,53 0,73 1,66
25 1,06 1,21 0,98 1,31 0,91 1,41 0,83 1,52 0,76 1,65
2| 1,07 1,22 1,00 1,31 093 1,41 036 1,52 0,78 1,64
27 1,09 1,23 1,02 1,32 0,95 1,41 0,88 1,52 0,81 1,63
2| 1,10 1,24 1,04 1,33 097 1,42 0,90 1,51 083 1,62
29 1,12 1,25 1,05 1,33 099 1,42 092 1,51 0,86 1,61
30| 113 1,26 1,07 1,34 1,01 1,42 094 1,51 0388 1,61
31 1,15 1,27 1,09 1,35 1,02 1,43 0,96 1,51 0,90 1,60
2| 116 1,28 1,10 1,35 1,04 1,43 098 1,51 092 1,60
3| 1,17 1,29 1,11 1,36 1,06 1,43 1,00 1,51 094 1,59
34| 118 1,30 1,13 1,36 1,07 1,44 1,01 1,51 095 1,59
350 1,20 1,31 1,14 1,37 1,09 1,44 1,03 1,51 097 1,59
36| 121 1,32 1,15 1,38 1,10 1,44 1,04 1,51 099 1,59
37| 122 1,32 1,17 1,38 1,11 145 1,06 1,51 1,00 1,59
38| 123 133 1,18 139 1,13 145 1,07 1,52 1,02 1,59
39 124 1,34 1,19 1,39 1,14 145 1,09 1,52 1,03 1,58
40 121 134 1,20 1,40 1,15 1,46 1,10 1,52 1,04 1,59
450 129 1,38 1,25 1,42 1,20 1,47 1,16 1,53 1,11 1,59
50 | 132 1,40 1,29 145 125 1,49 121 1,54 1,16 1,59
55| 1,36 1,43 1,32 1,47 1,28 1,51 1,25 1,55 1,21 1,59
60 | 138 145 135 148 132 1,52 1,28 1,56 1,25 1,60
65 1,41 1,47 1,38 1,50 1,35 1,53 1,32 1,57 1,26 1,60
70| 143 1,49 1,40 1,52 137 1,55 1,34 1,58 1,31 1,61
75| 145 1,50 1,42 1,53 1,40 1,56 1,37 1,59 1,34 1,62
80 | 147 1,52 1,44 1,54 1,42 1,57 1,39 1,60 136 1,62
85 | 148 1,53 1,46 1,55 1,44 1,58 1,41 1,60 1,39 1,63
90 | 1,50 1,54 147 1,65 1,45 1,59 143 1,61 141 1,64
95 | 151 1,55 1,49 1,57 1,47 1,60 1,45 1,62 1,43 1,64
100 | 1,52 1,56 1,50 1,58 1,48 1,60 1,46 1,63 1,44 1,65
150 1,61 1,64 1,60 1,65 1,58 1,67 1,57 1,68 1,56 1,69
200 | 1,66 1,68 1,65 1,69 1,64 1,70 1,63 172 1,62 173

197



IIpodosacenis do0. 4

d-cratucruka Jlap6ina — Yorcona: d_ i d, npu piBuHi 3Ha4ymocTi
H 0
a= 0,01 (1 %); n — KijgbKicTh CHOCTEPEKEHD

KispkicTs haxrtopis

m=6 m=7 m=8 m=9 m=10
d - d, d, d, d, d,

o

11 012 289
12 | 0,16 2,67 0,11 3,06
13 | 021 249 0,14 2,64 0,09 3,18
14| 026 235 0,18 2,67 0,12 2,96 0,08 329
15| 030 224 023 2,53 0,16 282 0,11 3,10 0,07 337
16 | 035 2,15 027 242 0,20 2,68 0,14 294 0,09 320
17 | 039 2,08 0,31 2,31 024 2,57 0,18 2,81 0,13 305
18 | 044 2,02 037 224 028 247 022 2,70 0,16 293
19 | 048 1,96 0,40 217 0,32 2,36 0,26 2,60 0,20 2,81
20 | 052 1,92 044 2,11 0,36 2,31 0,29 2,51 023 2,71
21| 1,55 1,88 047 2,06 0,40 224 0,33 243 027 2,63
22 | 1,57 1,85 0,51 2,02 044 2,19 037 237 030 2,55
23| 1,62 1,82 0,55 1,98 047 2,14 0,40 2,31 034 248
24 | 1,65 1,79 0,58 1,94 0,51 2,10 044 2,26 038 242
25| 1,68 1,78 0,61 1,92 0,54 2,06 047 221 0,41 237
26| 071 1,76 0,64 1,89 0,57 2,03 0,51 217 044 2,31
27| 074 1,74 0,67 1,87 0,60 2,00 0,54 2,13 047 227
28| 076 1,73 0,70 1,85 0,66 197 0,57 2,10 0,50 223
21 079 1,72 0,72 1,83 0,69 1,95 0,60 2,07 0,53 2,19
30 | 081 1,71 0,76 1,82 0,69 1,93 0,62 2,04 0,56 2,16
31 083 1,70 0,77 1,80 0,71 1,91 0,65 2,02 0,59 2,13
32| 086 1,69 0,79 1,78 0,73 1,89 0,67 2,00 0,62 2,10
33| 088 1,68 0,82 1,78 0,76 1,87 0,70 1,98 0,64 2,00
34| 090 1,68 084 1,77 0,78 1,86 0,72 1,96 0,67 2,06
35| 091 1,67 0,86 1,76 080 1,85 0,74 1,94 0,69 2,04
36 | 093 1,67 0388 1,75 0382 1,84 0,77 1,93 0,71 2,01
371 095 1,66 090 1,74 0,84 1,83 0,79 1,91 073 2,00
38| 097 1,66 0,91 1,74 0,86 1,82 0,81 1,90 075 1,99
39| 098 1,66 093 1,73 0,88 1,81 083 1,89 0,77 1,98
40 | 1,00 1,65 095 1,72 090 1,80 084 1,88 0,79 1,96
45| 1,07 1,64 1,02 1,71 097 1,77 093 1,83 0,86 1,90
50 [ 1,12 1,64 1,06 1,69 1,04 1,75 1,00 1,81 0,96 1,96
55 | 1,17 1,64 1,13 1,69 1,10 1,73 1,06 1,79 1,02 1,84
60 | 1,21 1,64 1,18 1,68 1,14 1,73 1,11 1,77 1,07 1,82
65| 125 1,64 1,22 1,68 1,19 1,72 1,15 1,76 1,12 1,80
70 | 1,28 1,65 1,25 1,68 1,22 1,72 1,19 1E7 1,16 1,79
75 | 1,31 1,65 1,28 1,68 1,26 1,72 1,23 1,75 1,20 1,79
80 [ 1,34 1,65 1,31 1,68 1,29 1,71 1,26 1,75 1,23 1,78
85| 1,36 1,66 1,34 1,69 1,31 1,71 1,29 1,74 1,26 1,77
90 [ 1,38 1,66 1,36 1,69 1,34 1,71 1,31 1,74 1,29 1,77
95 | 140 1,67 1,38 1,69 1,36 1,72 1,34 1,74 1,31 1,77
100 | 1,42 1,67 1,40 1,69 1,38 1,72 1,36 1,74 1,34 1,77
150 | 1,54 1,71 1,53 1,72 1,52 1,74 1,50 1,75 1,49 1,77
20 | 1,61 1,74 1,60 1,75 1,59 1,76 1,58 1,77 1,57 1,78

198



d-cratuctuka Jlap6ina — Yorcona: d_ i d, npu piBHi 3HaUyIIOCTi
H 0
a= 0,01 (1 %); n — KijgbKicTh CHOCTEPEKEHD

IIpodosacenis 0o0. 4

KiabkicTs hakropis

m=11 m=12 m=13 m=14 m=15
n| d, d, d, d, d, d, d, d, d, d,
16| 0,06] 3,45
17| 0,08| 3,29 | 0,05 | 3,51
18| 0,41| 3,45 | 0,08 | 3,36 | 0,05 | 3,56
19| 0,45 3,02 | 0,10 | 3,23 | 0,07 | 3,42 | 0,04 | 3,60
20| 0,18/ 291 | 0,43 | 3,41 | 0,09 | 3,30 | 0,61 | 3,47 | 0,04 | 3,54
21| 0,21 282 | 0,16 | 3,00 | 0,12 | 3,19 | 0,08 | 3,36 | 0,06 | 3,52
22| 0,25 2,73 | 0,19 | 2,91 | 0,45 | 3,08 | 0,41 | 3,25 | 0,08 | 3,41
23| 0,28 2,65 | 0,23 | 2,82 | 0,48 | 2,99 | 0,44 | 3,16 | 0,10 | 3,31
24| 0,32 258 | 0,26 | 2,74 | 0,21 | 291 | 0,47 | 3,07 | 0,13 | 3,22
25| 0,35 2,52 | 0,29 | 2,67 | 0,24 | 2,83 [ 0,19 | 298 | 0,15 | 3,13
26| 0,38| 2,46 | 0,32 | 2,61 | 027 | 2,76 | 0,22 | 291 | 0,48 | 3,05
27| 0,41 2,41 | 0,36 | 255 | 0,30 | 2,69 | 0,25 | 2,84 | 0,21 | 2,98
28| 0,44 2,36 | 0,39 | 2,50 | 0,33 | 2,64 | 0,28 | 2,77 | 0,24 | 2,91
29| 0,48 2,32 | 0,42 | 245 | 0,36 | 258 | 0,31 | 2,71 | 0,27 | 2,84
30| 0,50 228 | 0,45 | 2,41 | 0,39 | 2,53 | 0,34 | 2,66 | 0,29 | 2,79
31| 0,53 225 | 048 | 2,37 | 0,42 | 2,49 | 0,37 | 2,61 | 0,32 | 2,73
32| 0,56/ 2,22 | 0,50 | 2,33 | 045 | 2,45 | 0,40 | 2,56 | 0,35 | 2,68
33| 0,59 2,19 | 0,53 | 2,30 | 048 | 2,41 | 0,43 | 2,52 | 0,38 | 2,63
34| 0,61 2,16 | 0,56 | 2,27 | 0,50 | 2,37 | 0,45 | 2,48 | 0,40 | 2,59
35| 0,63 2,14 | 058 | 2,24 | 0,53 | 2,34 | 0,48 | 2,44 | 0,43 | 2,55
36| 0,66 2,11 | 0,61 | 2,21 | 055 | 2,31 | 0,50 | 2,41 | 0,46 | 2,51
37| 0,68/ 2,09 | 0,63 | 2,49 | 058 | 2,28 | 0,53 | 2,38 | 048 | 2,48
38| 0,70 2,07 | 0,65 | 2,16 | 0,60 | 2,26 | 0,55 | 2,35 | 0,50 | 2,45
39| 0,72 2,06 | 0,67 | 2,44 | 0,62 | 2,23 | 0,58 | 2,32 | 0,53 | 2,41
40| 0,74 2,04 | 0,07 | 212 | 0,65 | 2,21 | 0,60 | 2,30 | 0,55 | 2,39
45| 0,84 197 | 0,79 | 2,04 | 0,74 | 2,12 | 0,70 | 2,19 | 0,66 | 2,27
50| 0,94 1,93 | 087 | 1,99 | 083 | 2,05 | 087 | 2,12 | 0,75 | 2,18
55| 0,98 1,89 | 0,94 | 1,95 | 0,90 | 2,00 | 0,86 | 2,06 | 0,83 | 2,12
60| 1,04/ 186 | 1,00 | 1,95 | 097 | 1,96 | 0,93 | 2,02 | 0,89 | 2,07
65| 1,09 185 | 1,05 | 1,89 | 1,02 | 1,93 | 0,99 | 1,98 | 095 | 2,03
70| 1,13 1,83 | 1,10 | 1,87 | 1,07 | 1,91 | 1,04 | 1,95 | 1,01 | 2,00
75 1,147 1,82 | 1,14 | 1,86 | 1,41 | 1,89 | 1,08 | 1,93 | 1,05 | 1,97
80| 1,24 1,81 | 1,18 | 1,84 | 1,15 | 188 | 1,42 | 1,91 | 1,09 | 1,95
8| 1,23 1,80 | 1,24 | 1,83 | 1,18 | 1,87 [ 1,16 | 1,90 | 1,13 | 1,93
90| 1,26/ 1,80 | 1,24 | 1,83 | 1,22 | 1,86 | 1,19 | 1,89 | 1,17 | 1,92
95| 1,29 1,79 | 1,27 | 1,82 | 1,24 | 185 | 1,22 | 1,88 | 1,20 | 1,91
100 1,31 1,79 | 1,29 | 1,82 | 1,27 | 1,84 | 1,25 | 1,87 | 1,23 | 1,90
150 | 1,47| 1,78 | 1,46 | 1,80 | 1,44 | 1,81 | 1,43 | 1,83 | 1,41 | 185
200) 1,56] 1,79 | 155 | 1,80 | 1,54 | 1,81 [ 153 | 1,82 | 1,52 | 1,84
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Sakinuenis 000. 4

d-cratucruka Jlap6ina — Yorcona: d_ i d, npu piBHi 3HauymOCTi
H 0
a= 0,01 (1 %); n — KijbKicTh CHIOCTEPEKEHD

KinbkicTh dakropis
m=16 m=17 m=18 m=19 m= 20

n | d d d d d d d d d d

H o H o H o H o H o

21 10,04 |3,67
22 10,05 (3,56 | 0,03 | 3,70
23 (0,07 (3,46 | 0,05 |3,60 |0,03 |3,73
24 0,09 (3,36 | 0,07 | 3,50 (0,04 |3,63 |0,03 |375
25 (0,12 3,27 | 0,09 | 3,41 (0,06 |3,54 |0,04 |3,66 [0,03 | 3,77
26 (0,14 3,19 [ 0,41 |3,33 (0,08 |[345 (0,06 |[357 [0,04 |3,68
27 10,47 3,41 | 0,43 | 325 |0,40 |3,37 |0,07 |3,49 |0,05 |3,60
28 (0,19 (3,04 | 0,46 | 3,17 |[0,42 |3,30 |0,93 |3,41 |0,07 | 3,52
29 0,22 (297 | 0,18 |3,10 (0,45 |3,22 |0,11 |3,34 (0,09 |345
30 (0,25 (291 | 0,21 |3,03 |0,17 |3,15 |0,14 |327 (0,41 |3,38
31 (0,28 (285 | 0,23 |[297 |0,20 |3,09 |0,16 |3,20 (0,13 |3,31
32 10,30 (2,80 |0,26 |[291 |0,22 |3,03 |0,18 |3,14 (0,15 |3,25
33 10,33 (275 | 0,29 |[286 (025 |297 |0,21 |3,08 (0,17 |3,14
34 10,36 (2,70 | 0,31 | 281 0,27 |292 (0,23 |3,02 |0,20 |3,13
35 (0,38 (2,66 | 0,34 |2,76 (0,30 |287 |0,26 |2,97 [0,22 |3,07
36 10,41 (2,61 |0,36 | 272 |0,32 [282 |0,28 |292 |0,24 |3,02
37 (0,43 [258 |0,39 |268 (035 |277 |0,31 |287 |027 |297
38 (0,46 [2,54 | 0,41 |2,64 (037 |273 033 |283 |0,29 |292
39 (0,48 (2,51 | 0,44 |2,60 |0,40 |2,69 |035 |279 (0,32 | 288
40 0,51 [2,48 | 0,46 | 257 |0,42 |2,66 |038 |275 (0,34 |284
45 (0,61 (235 | 0,57 |2,42 |[0,53 |250 |0,49 |258 (045 |2,66
50 (0,71 [225 | 0,67 |232 (0,63 |239 |059 |2,46 |055 |23
55 (0,79 2,18 | 0,75 |224 (071 |230 |0,67 |2,36 |0,64 |242
60 (0,86 (2,12 | 082 |217 [0,79 |[2,23 |075 |228 (0,72 |2,34
65 10,92 2,08 | 089 |2,12 |085 |[217 [082 |[2,22 |0,79 |2.27
70 (0,97 (2,04 | 0,94 |2,06 (091 |2,13 |088 |2,17 |085 |222
7 (1,02 (2,00 | 0,99 | 205 |0,96 |2,09 |093 |2,13 (091 |217
80 |1,07 (1,96 | 1,04 | 2,02 |1,00 |[2,06 [0,99 |2,10 |0,96 |2,14
& (1,11 (197 | 1,08 |2,00 |1,05 |2,03 |1,03 |207 |[1,01 |2,10
90 (1,14 [195 | 1,12 | 1,48 |1,09 |2,01 |1,07 |2,04 (1,04 |2,08
OommN 17 SEEOCHN 1,15 |JAROGEEIENI 3 | 1'IOREIRE10 JEON0OF | (HOSEMIER0S
100 (1,20 1,92 | 1,18 | 1,95 |1,16 [198 (1,14 (2,01 |1,11 |2,03
200 (1,510 (185 | 1,50 | 1,86 (1,48 |187 |1,47 | 188 |1,46 |1,90

Jlocepeno. TondatoB 0. A. Exonomerpuka. — K.: Yersepra xsuas, 1997. —
C. 293-300.
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JOOATOK 5

TABJINIA KPUTUYHNX 3HAYEHD
JIJIs1 BUTHOIIEHHSA ®OH HEIMIMAHA

B2 0O 080 OsH
POy <k=[u 0 4-H
as OoO0soaQs
n
k 4 5 6 7 8 9 10 11 12
0,25 0,00001(0,00001(0,00001{0,00001 0,00001
0,30 0,00007[0,00007|0,00005(0,00004(0,00002(0,00003
0,35 0,00006/0,00027{0,00021{0,00014|0,00009{0,00005(0,00007
0,40 0,00047|0,00065|0,00047{0,00031(0,00019{0,00012(0,00016
0,45 0,00126(0,00126{0,00088(0,00059[0,00038/0,00025(0,00031
0,50 0,00038/0,00246/0,00214|0,00150[0,00103/0,00069(0,00046/0,00055
0,55 0,00223(0,00409(0,00333/{0,00237[0,00168(0,00116/0,00080[0,00094
0,60 0,00493/0,00615[0,00486(0,00355(0,00259{0,00185(0,00132|0,00152
0,65 0,00830(0,00865/0,00678|0,00511]|0,00382{0,00282|0,00208(0,00235
0,70 0,01225(0,01161]0,00913/0,00710[0,00544(0,00414[0,003130,00351
075 0,01673[0,01505[0,01197|0,00958|0,00753|0,00587|0,00455[0,00508

0,80 {0,00356 0,02171/0,01900(0,01534(0,01263/0,01015[{0,00809(0,00642|0,00714
0,85 10,01302 0,02717(0,02348|0,01932/0,01631]0,01338{0,01089/0,00883|0,00980
0,9010,02257,0,03310(0,02851{0,02403|0,02068/0,01729(0,01436/0,01188(0,01316
0,9510,032230,03949(0,03412(0,02957|0,02579(0,02196{0,01858|0,01565|0,01733
1,0010,041990,04634(0,04035|0,03598|0,03171/0,02745(0,02363(0,02025(0,02241
1,05 0,05186 0,05364[0,04728/|0,04325/0,03849(0,03384|0,02959(0,02578 |0,02852
1,10{0,061840,06140{0,05500|0,05137|0,04618/0,04120]0,03655|0,03232(0,03577
1,15 (0,071940,0696300,06361/0,06036/0,05482(0,04957|0,04458(0,03997|0,04425

1,20 0,07323/0,07020/0,06445/0,05901{0,05375(0,04882|0,05407
1,25 0,06956(0,06412/0,05894(0,06531
1,30 0,07040
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Sakinuenns 000. 5

k 15 20 25 30 40 50 60

0,35 | 0,00001
0,40 [ 0,00002
0,45 | 0,00004
0,50 | 0,00009| 0,00001
0,55 | 0,00018 | 0,00002
0,60 | 0,00033| 0,00005 | 0,00001
0,65 | 0,00059 | 0,00012 | 0,00002
0,70 | 0,00100| 0,00024 | 0,00005 | 0,00001
0,75 | 0,00161| 0,00044 | 0,00011 | 0,00003
0,80 | 0,00250 | 0,00076 | 0,00023 | 0,00007 | 0,00001
0,85 | 0,00375 | 0,00127 | 0,00044 | 0,00015| 0,00002
0,90 | 0,00547 | 0,00206 | 0,00079 | 0,00030| 0,00004 | 0,00001
0,95 | 0,00778 | 0,00323 | 0,00135 | 0,00057 | 0,00010 | 0,00002
1,00 | 0,01079| 0,00489 | 0,00222 | 0,00102| 0,00022 | 0,00005| 0,00001
1,05 | 0,01465| 0,00720 | 0,00355 | 0,00176 | 0,00044 | 0,00012| 0,00003
1,10 | 0,01950 | 0,01033 | 0,00550 | 0,00294| 0,00085 | 0,00026| 0,00008
1,15 | 0,02550 | 0,01448 | 0,00826 | 0,00474 | 0,00158 | 0,00054 | 0,00019
1,20 | 0,03280 | 0,01986 | 0,01208 | 0,00738 | 0,00280 | 0,00108| 0,00043
1,25 | 0,04155| 0,02670 | 0,01723 | 0,01117 | 0,00476 | 0,00206| 0,00092
1,30 | 0,05189 | 0,03524 | 0,02402 | 0,01644| 0,00780 | 0,00376| 0,00185
1,351 0,06396| 0,04571 | 0,03276 | 0,02357 | 0,01235 | 0,00656| 0,00355
1,40 | 0,07787 | 0,05834 | 0,04379 | 0,03298 | 0,01892 | 0,01098| 0,00649

1,45 0,07333 | 0,05743 | 0,04511| 0,02810 | 0,01769| 0,01133
1,50 0,07398 | 0,06038 | 0,04055 | 0,02750 | 0,01893
1,55 0,07920 | 0,05696 | 0,04131| 0,03034
1,60 0,07797 | 0,06006| 0,04675
1,65 0,08465| 0,06942
1,70 0,09949
52 O
3uavenns k, jua skux P H— < kﬁ =0.
s
4 5 6 7 8 9 10 11 12 15

B

0,78110,4775 |0,3215(0,2311| 0,1740|0,1357 [ 0,1088 | 0,0891|0,0743|0,0468

n| 20 25 30 40 50 60
0,0259(0,0164(0,0113(0,0063 0,0040/0,0028

Jlcepeno. Hakoneunnii C. 1., Tepemenko T. O., Pomamiok T. II. Exonomerpist: Hapu.
noci6. — K. KHEY, 1997. — C. 345-346.

B
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Educational manual “Econometrics” covers main tasks of econometric
investigations and methods of their solving, place and significance of this scientific
branch, its connection with economics, statistics and mathematics. Least-squares
method (LSM) was chosen as the main method of estimating regressive models
parameters. The manual contains peculiarities of parameters estimation in case of
violating main suppositions of classical LSM use. Alternative methods of estimatin,
models parameters (main components method, generalized LSM etc.) are describe§
here. Modelling of economic processes dynamics is considered by the examples of
distributive-lag and autoregressive models. Systems of simultaneous equations were
used to model economic processes with direct and feedback coupling. Means of
investigation and use of models with qualitative independent variables are described in
the manual.

For students of economic specialties who studied higher mathematics, algebra,
probability theory and mathematical statistics.
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