Tema 9. Perpeciiini mojgeJ1i B IpOrHo3yBaHHi
Camocmiiina poboma Ne 9

MOZE/Ib TAPHOI JIIHIVHOI PErPECIT
(OAAHODPAKTOPHWU JTIHIKHWIA KOPENALIIMHO-PErPECIUHNIA AHA/I3)
Mema po6omu — 03HAOMIICHHSI 3 0COOJIMBOCTSIMH IMMOOYJOBH MaTEMaTHYHOT MOACITI
napHoi perpecii 3acodamu Microsoft Excel, mo nependadae Bubip Hallkpaioro piBHIHHS
3a JOTIOMOTOI0 OOYHMCIICHHS ITOMUJIKH alpOKCHUMAITii.

1. SMICTOBHA ITIOCTAHOBKA 3ABJIAHHSA
Ha ocHoBI1 yMOBHM 3a/1a4i MpOBECTU AOCTIIKEeHHS. JJ1 1eSIKOTO pEerioHy BUKOHYETHCS
JOCITIKCHHS 3aJIe)KHOCTI MK BapTICTIO OCHOBHMX 3aC0O01B Ta MPUOYTKOM IMiAMPUEMCTBA.
JlaH1 CTATUCTUYHHX CIIOCTEPEIKEHb HaBeIeHI B TabmuIli 1.
Tabmums 1
CraTucTHYHI TaH1

No minnpuemcTBa | BapTicTh 0ocHOBHUX 3ac00iB, MIH.TpH. | [IpuOyTOK, MJTH.TpH.
1 2,50 1,20
2 2,80 1,50
3 3,00 1,90
4 3,60 2,20
&) 3,90 2,80
6 4,20 3,10
7 4,50 3,40
8 5,00 4,50
9 5,60 4,80
10 6,00 5,40
3AB/IAHHA:

1) BukoHaTu imeHTHdIKAIIIO 3MIHHUX Ta crnenudikaiito momaeni: chopMyatoBaTH
rinoTe3y Ta MOCTaBUTH EKOHOMIYHY 337auy BHKOPHCTOBYIOUM [larpamy pO3CIFOBAHHS
(KopeTsIiiiHe 1MoJIe) — AeTaNbHO 1€ MUTaHHs Oyi0 po3idpano B 3amaui 9.1;

2) 3a TOTIOMOT010 HaOy10BU «AHaui3 nanux / Data Analytics» IHCTpyMEHTY aHai3y
«Kopemnsist /Correlation» moOyayBaTH KOpENALIMHY MATPUII0O Ta MpoaHalIi3yBaTu
OTpHMaHI JIaHi;

3) 3a nornomororo HanOyA0BH «AHami3 nanux / Data Analytics» IHCTpyMEHTY aHami3y
«Ommcosa craructuka / Descriptive Statistics)» orpuMartu qaHi Ta mpoaHali3yBaTH ix;

4) 3a tonoMoroo HaaO0y10BH «AHani3 1anux / Data Analytics» IHCTpyMEHTY aHami3y
«Perpecis / Regression» mpoBeCTH €KOHOMIKO-MaTeMaTUYHUHN aHaJI13 MOJIEII;

5) BU3HAUUTH TOYKOBHUHM MPOTHO3 MJIs 3aJaHOTO 3HAYCHHS HE3aJeKHOI 3MIHHOT —
BU3HAUUTU TMIPOTHO3HE 3HA4YeHHS NpuOyTKy mianpuemctsa (Y) skmo BapTictb O3
nignpuemcTBa 0ye Ha 20% O1IbIIO0 32 MAaKCUMAaJIbHE 3HAYCHHS 1T1€1 O3HAKH;

6) BU3HAYUTH iIHTEPBAIBHHUI POTHO3 JIJISI 3aIaHOTO 3HAYCHHS HE3aJICKHOT 3MIHHOI.



2. PO3B’A3AHHA

1) BukoHaTHm iZeHTHdikamilo 3MiHHEX Ta coenudikamio  MoeJi:
copMyII0BATH TimoTe3y Ta MOCTABUTH €KOHOMIYHY 3aJa4yy BHUKOPHCTOBYIOYH
aiarpamy po3ciloBaHHs (KopeJsililiHe 1moJie);

BucyBaemo rinotesy, o npuOyTOK MiANPUEMCTBA 3aJICKUTH BiJl BAPTOCTI OCHOBHHUX
3aco0iB (O3). BignosigHo, He3anexHO0 ((hakTopHOI0) 3MiHHOIO x Oyae Bapticth O3, a
PE3YIIBTATUBHOKO Y — MPUOYTOK ITiIIPUEMCTBA.

Jns  Bu3HaueHHS (QOpPMH aAHATITHYHOI 3aJEKHOCTI BUKOPUCTAEMO Jiarpamy
po3ciroBaHHs (KopelrIliiiHe 1moJie). Pe3ympTar KOXKHOTO criocTepekeHHs (Xj, Vi) IeSIKOro

€KOHOMIYHOTO MpOIleCy BioOpakaeTbcs TOUKOIO HA TUIOHMHI. CyKyHHICTh IHMX TOYOK
YTBOPIOE XMapKy, sKa BijgoOpakae 3B’SI30K MDK JBoMa 3MiHHUMHU. Jliarpama
PO3CiIOBaHHS € TEOMETPUYHOI0 (OpPMOI0 cHcTeMaTH3aliil iHdopMalliitHoi 6a3u mporecy
nociimpkeHHs (puc. 1).

3a MUPHUHOI0 PO3KUIY TOYOK MOKHA 3pOOUTH BHCHOBOK IPO TICHOTY 3B’SI3KY
CYKYITHOCTI. SIKIIO TOYKHM pO3MIIEHI OJM3bKO OAHA N0 OJHOI (y BHUIJIAMI BY3bKOI
CMY’>KKH), TO MOKHa CTBEpIKyBaTH NP0 HASBHICTb BIAHOCHO TICHOTO 3B’A3KYy. SKIIO
TOYKM Ha Jlarpami po3KHJiaHi IIMPOKO, TO MA€ MicIe CIaOKui 3B’ 130K MK 3MIHHUMU.

Po3MilieHHsi TO4OK Ha Jiarpami poscitoBaHHS (puc. 1) Jlae MOXIUBICTH 3pOOUTH
MPUITYIICHHS PO 1CHYBaHHS JIIHIKHOT (POPMU 3B’ SI3KY Y BUTIISAL PYHKIIIT

y=ay+ X,

ne Y - po3paxyHKOBHI MPUOYTOK, MIIH.IPH.; X — BapTicTh O3, MIIH.IPH.

[iarpama po3citoBaHHs (KopensuiinHe none)
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Xi - BapTictb O3, MAH.IPH.

yi - MpnbyTOK NignprUemcTBa, MJTH.IPH.
o
o

Puc. 1. Jliaepama poscitosannus (kopensyitine noe)

JIsis oTpuMaHHS KPUBOi eMImpuYHUX ((haKTUYHUX) JaHUX B TaOJIMYHOMY PETaKTOP1
MS Excel moxxHa TIoeTHATH KpaIKy JiarpaMH pO3CitOBaHHs HaBeeHi, Ha puc. 1. Jlis 1poro
HEOOXI1THO MOCTAaBUTU Kypcop Ha 00JIacTh JaiarpamMu Ta y Bkiajii «KOHCTpYKTOp Jiarpamy»
3a JIONOMOIOI0 BiKHAa «3MIHMTU THUIl Jiarpamu» oOpatu «ToukoBa giarpama 3 mpsiMUMHU
JiHIIMU Ta Mapkepamu». OTpuMaemo rpadik sk Ha puc. 2.



[iarpama po3citoBaHHsA (KopensujinHe none)
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Puc. 2. [liaepama poscitosanus (kopenayitine noie) y ueisioi epagixy

Kpim mporo, B Tabamunomy penaktopi MS Excel € moxnuBicTh moOymyBaTu TpeH.
aBTOMAaTU4HO. /[ 1IbOTO CTaBUMO Kypcop Ha oOJacTh JlarpaMu — CIpaBa 3’ sSBIISIOTHCS

1KOHKH (pHC. 3), 3 HUX 00UpaeEMo «+».
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3 Bumamaro4yoro MeHioo «EleMeHTH aiarpaMu» IIOCTaBUTH IIparopelb HaBIPOTH
«JIinis TpeHIy». 32 3aMOBUYYBaHHIM TaOJIMYHUN penakTop Oyaye miHIAHUN TpeHa (puc. 4).
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Puc. 4. Ilobyoosa ninitinoco mpenoy

Jliist Toro, abu Ha rpadiky 3’SIBUIUCh HAMKMCH 3 PIBHSHHSAM TPEHAY Ta 3HAYCHHSIM
koe(imienTy merepminanii R? HeobXimHo y BikHi «®opmMar IiHIi TpeHAY» B pO3imi
«ITapameTpwu JiHIT TpEHIY» MOCTABUTH MPAIOPEIh HABIIPOTH 3HAYCHD SK TTOKA3aHO Ha PHC.
5.

Qopmar niHiT TpeHay vooX
MapameTpy AIHIT TpeHay
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Hazan | 0,0 | (nepioar
[] ¥craHosuTK nepetuH
MNMokazyeaTh piEHAHHA Ha diarpami

lNMokazyeaTh BEAMUYHY BipOriaHOCTI
anpokcumawi’ (R™2) Ha giarpami -

4

Puc. 5.
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3a nmonmomororw MeHI «EnemMeHTH nmiarpamMu» MH MOXKEMO 3MIHIOBATH OYJb-sKi
eJeMeHTH Alarpamu. Hanpukiia, moMiHSITH BU Ta KOJIIP TPEHI0BOI JIiHIT Ha CYIUIbHY NPSMY
YEPBOHOTO KOJILOPY.

B pe3yabrarti oTpuMaemMo HacTynHy jaiarpamy (puc. 6).

@ Aerosbepexents @ ) MapHa perpecia 3agaua 9 npaktika v £ Mowyk Asus ZenBook @ & - o X
®ain  OcHoBHe BcraBnenHs  Maker cropiHku — Popmynu  [ani  PeuensysanHs  [MoganHs [osigka  Kowcrpyktop giarpam — ®opmar | A NprmiTkiA ‘
D~ Lf’—‘-D & = - /O
@~ v L
Bcragutn . 3uaiitv i
- X [ wopmar v O~ AT v
Cracysat| Bydep obmiHy & Wpndr BupiaHioBaHHa Yuero Cruni Kniturki Peparysana h
Diarpama 63 v i Fx v
A B € D E F G H | J K * o co v %
a0 (DOpMaT JIIHII TpEeHAyY
96 MapameTpw Aikii TpeHay
97 . R
o8 Niniina + &3 M
99 6,00 pes ~
100 g 5.00 y=1,2115x - 1,8994 ®) CywinbHuii koHTyp
101 g_ TpanieHTHUIA KOHTYP
= 4,00
102 = AeTtomatnuHa
s
3,00
103 s Konip |2
104 g- 200 MNpozopicey ———[0%
105 H 1,00 W (1250 C]
) WwpuHa 2507
106 c
107 0,00 =~
108 0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 Tun wrpmxa ‘ = ‘
109 BapicTb O3, MaH. rpH. (Xi) I T (kpyrmi |
110 v Tun 3'eaHanHa \ Kpyrne v \
> 3apa4a9.1  3apaua9-CP 91 3amaua9-mpesent 92 ¢ v+ @ 4 > ‘ =
Totoso % CreliansHi MOXAMBOCTE: Woch He Tak L& Napamerpu sinobpaxerrn R M ——h——+ 150%
n . 140 v ~ 17:22
@oor ume CL@aada o

Puc. 6. Jliniitanii TpeHT
3 maHux puc. 6:

o= -1,8994
ar= 1,2115
R2= 0,9862

Bucnoexu 1:

1) Po3mimieHHss TOYOK Ha diarpamMi poO3CifOBaHHA (KOPEISMIIHHOMY TIOMi) Ja€
MO>KJIMBICTh 3pOOUTH TPHUIYIICHHS MPO ICHYBaHHS JIHINHOI (opMHU 3B’SI3KYy y BUIJISII
yskuii y=a, +aX, ne Y — po3paxyHKOBuil MpuOYTOK, MJIH.TpH.; X — BapTicTh O3,
MJTH.TPH.

2) 3 minitHOTO TpeHAy (pHcC. 6) MEepenuIIeMo 3HaYeHHs OIIHOK MapaMeTpiB MapHOi
JiHIAHOT perpecii

ao= -1,8994
a;= 1,2115

OT1xe, OyJ10 OTPUMAHO perpeciiiHe piBHIHHS

y=-18994+12115- x

3) Koedimient nerepminartii R?=0,9862. Bin 6nu3bpkuii 70 OAWHMII, IO BKa3y€e Ha
no0py 3arajbHy SIKICTh MOZENI. Takox 11e 03HauaE, 1110 TEOPETUYHA MpsiMa osAcHIoE 98,62%
Bapiarrii abo MoHa ckazartu, 1o 98,62% Bapiaiiii npuOYTKY MiAMPUEMCTBA BiAOYBAETHCS T
BIUTMBOM BapTOCTI OCHOBHMX 3aco0iB. A pemra 1,38% - mpumnanae Ha iHII ¢akTopu Ta
BUMAIKOB1 BemunHM. 110 CB1IUMTH PO BUCOKUI pIBEHB aJICKBATHOCTI MOJIEI B IIIJIOMY.



2) 3a momomMorow HaaOyaoBu «AHajdi3 nanux / Data Analytics» iHCTpyMeHTY
anaiizy «Kopeasimis /Correlation» mnod0yayBatu KOpeasiliiHy MATPUIIO Ta
NMPOaHAJII3yBaTH OTPUMMAHI JaHi;

2.1. Akmueizayia naooyooeu «Ananiz oanux / Data Analyticsy.

HanbynoBa «Amnamiz ganux / Data Analytics» akTuByeTbes 31 BKIanku «JlaHi» B
po3nimi «Anani3 / Analysisy. SIkimo ms koMaHaa BiACYTHS B MEHIO « AHAIII3Y, ii MOTPiOHO
aKTUBI3YBAaTU LUIAXOM psAdy KomaHnd. BimkpuBaemo Bkimanky «®aiim». B miBiit uacTuni
MeHro oOupaemo kHotiky «Ilapamerpu». Ha ekpani 3’ sBnsieTbes BikHO «[lapamerpu Excely.
B niBiii momoBMHM 1mBOTo BiKHA 0Opaemo KHOMKY «HamOymoBum» (Ha puc. 7 oOBemeHO
yepBoHUM). B npagiit yactuni BikHa «Ilapamerpu EXCEL) 3’sBnserncs Ha3Ba:

@ Mepernsag Haanbyaoe Microsoft Office i kepyBaHHA HUMW.

B 1t monoBuH1 BikHa HaTHCKaeMo KHOMKY «IlepeiiTi» (0OBeIeHO CHHIM Ha puc.7).

3aranbHi a— . .. |
] E@ Mepernsaz Haabyaos Microsoft Office | kepyBaHHA HUMM. o
Dopmyan =
f
Llawi Haabyaosu
Mpaeonuc Im'a~ IPoaTamyBaHHﬂ ITMI‘I |‘ Cr
\AKTUBHI Hag6yaoBM
36epexeHHs
nporpam
Moga NakeT aHanizy C\Program Files\Microsoft Office\ro Haabyaogsa Excel |
Mowyk po3s‘AzaHHA C\Program Files\Microsoft Office\ro Haabyaosa Excel
CneuianbHi MoOXAWBOCTI
2| Boaartkoeo Heaktuexi Hagbyaosu
g nporpam
HanawrysaHHs cTpivku Euro Currency Tools C\Program Files\Microsoft Office\ro Haabyaoea Excel
Microsoft Actions Pane 3 MakeT po3wwvpeHHa XML
TR0 ST e S Gy Microsoft Data Streamer for ~ C\Program Files\Microsoft Office\ro Haabyaoea COM
H ap,6y,q05b\ Ex.cel : . .
\ ) Microsoft Power Map for C\Program Files\Microsoft Office\ro Haabyaosa COM
Llentp Gezneku Ta KoHiAeHLAHOCTI Excel
Microsoft Power Pivot for C\Program Files\Microsoft Office\ro Haabyaoea COM
Excel o
Haabyaoea: MakeT aHanizy
Bunaeeup: Microsoft Office
CyMicHicTb: BiacyTHi BiszomocCTi Npo cyMicHiCTb
Postawyeanus: C:\Program Files\Microsoft Office\root\Office16\Library\Analysis\
ANALYS32 XLL
Onuc: MictuTe dyHkUIT Ta iHTepdeidck 4nA aHanizy CTaTUCTUHHWX T8 IHXEHEPHUX AaHUX.
KepyBanua: | Hanbyaoewu Excel v \f | Nepeiitn... | '
| QK ‘ | Ckacyeaty
Puc.7

3’sBuThCs BikHO «HanOymosu» (puc. 8).
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Haabynoew
HaneHi Hagbygoem:
(] Euro Currency Tools oK
=

() naker aHanizy - VBA
D Mowyk po3e'AsaHHA

Cracyeatu

Qrnag...

ABTOMAaTHIALIA...

MakeT aHanizy

MicTUTE GyHKLIT Ta IHTepdeiicn ANA aHanizy cTaTMCTUYHKY Ta
IHKEHEPHWX JaHHX.

Puc. 8. Jlianozoge 6ixno «Haobyoosuy

CraBumo BiiMITKY HaBnpoTH «llaket anamizy». Hatuckaemo knomnky «OK». Tenep
naker «AHamiz nanux / Data Analytics» € aktuBHuM. [Ipo 1€ CBIAYUTH MOsIBa HAMKCY
«Amnani3 nanux / Data Analytics» y Bkiami «/Jlani» (00BegeHO YepBOHMM Ha puc. 9).

®ailn  OcHosHe BcraBneHna  Maker cropinkv  ®opmynn  flani  PeuensysanHa [oganns  [losigka H Npumitin
ﬁ B~ P | Al v (;E @ Be @ E 7?5 Poss'asysau
£y 1 AlA C = L
& B el @ @ - > ) ! = Data Analysis
Otpumaty OnoBuTH 5 & n fi| Coprysa ®inbtp Tekcr 3a Awania  Apkyw  CTpyktypa
Aaki ¥ ] Bce 'pxa (Eng... Tpowosio.. |z 4 Donamcoso crosnuamn £5 ¥ «AKWO® ¥ NPOTHOZY M
OTPUMEHHA T NEPETBOPEHHA AaHHX JaNUTH Ta 38'A3KN Tunm gamux Coprysanua A dinsTp IHAPAAAR ABHUX Mparwos Analysis v

2.2. Ilobyooea ma ananiz Kopeaauiiinoi mampuuyi.

JUist moOyA0BH KOPEJSLIMHOI MaTpulll BUKOPHUCTaEMO IHCTpyMeHT «Kopemnsuis
/Correlationy.

Oo6upaemo BrIaaky «Jlani», HaTuckaemo Ha Haruc «AHaii3 qanux / Data Analyticsy.
Ha expani 3’sBnsieTbesi BikHO «AHami3 gaHux / Data Analytics». Cepen 1HCTpyMEHTIB
anamizy oopaemo «Kopemnsiis /Correlation» (puc. 10), «OK».

Data Analysis ? X

Analysis Tools
Anova: Two-Factor With Replication
Anova: Two-Factor Without Replication Cancel

Covariance .
Descriptive Statistics dosiaka
Exponential Smoothing

F-Test Two-Sample for Variances
Fourier Analysis

Histogram

Moving Average

Puc. 10. Bubip incmpymenmy ananizy «Kopemnsiis /Correlationy
7



[Ticnst BuOGOpYy iHCTpyMeHTy aHanizy «Kopemnsiiis / Correlationy», BIIKpUBa€eThCsS BIKHO
BBOJly BUXIJHMX JaHUX 3aJadi Ta MapameTpiB BUBOMY. 3arajlbHUN BUIJISI 1 CTPYKTypa
nianoroBoro BikHa iHCTpyMeHTY «Kopemnsuis / Correlation» HaBeneno na puc. 11. YV BikHi
JAHOTO 1HCTPYMEHTY BBOJMMO BHXIJHI JaHI Ta BKa3zyeMO CIOCIO BUBOIY pE3yJIbTaTiB.
Haruckaemo OK.

Input
Input Range: $CE3:3D%13

T

Cancel

I=»

Grouped By: O Columns

(_) Rows Joeiaka
Labels in first row

Output options
© output Range: $0%3

I

() New Worksheet Ply:

() New Workbook

Puc. 11. Jlianoecose sixkno incmpymenmy «Kopenstis / Correlationy

>

Onuc enemenmis 0iano2ogoeo eixkna incmpymenmy «Kopensayia / Correlationy:

o 3ona «Bxiaui gani / Input»

» «Bxigauit iaTepBan / Input Range» — BBOJATBHCS NMOCHJIAHHS Ha Jiana3oH, SIKUH
MICTUTh BC1 BHXIJHI JaHi (He3alexHOi 3MiHHOT X Ta 3aJleXKHOi pe3yJbTaTHBHOI
3MiHHO1 Y). /liarma3oH MOkHA BCTAHOBUTH 200 BBOJIOM 3 KJIaBiaTypu a00 BUAUICHHIM
MUILICIO IIUX KJIITHHOK Ha pOOOYOMY apKyIi.

» «['pynysanns / Grouped By:» — BuxiHi AaHi 3rpymnoBasi: «1o cromisiv / Columnsy,
«110 psakax / ROws» — tpeba o6paty oJMH 3 BapiaHTIB B 3aJICKHOCTI BiJl TOTO, IKUM
YIHOM Ha poO0YOMY apKyIill po3MillleH] BUX1HI JaHi.

» «Mitku B niepiiomy psaky / Labels in first row» — craBuThes npamnoperib 3a yMOBH,
10 KpiM Oe3rmocepeHb0 CaMUX JaHUX B Jllala30H1 «3aXOIJIeHD» Ha3BU CTOBIIIIB 200
PSIKIB

% 3ona «Ilapamerpu BuBoxy / Output options» MicuTh BapiaHTH CHIOCOOY BHUBOIY
pe3ybTaTIB:

» «Buxigawmii intepsan / Output Range» — pe3yapTaT KOpEnsAiiHOTO aHali3y OyayTh
BUBOJUTUCSA Ha LIbOMY X poOouoMy apkyiui. B akTUBHOMY BikHI clipaBa TpeOa
BKa3aTu 1M’ KOMIpPKH, sika OyJe JIIBUM BEpPXHIM KyTOM [l1ala3oHy, KyAu OyAyTb
BUBEJICHI pe3yJIbTaTH KOPEALINHOro aHai3y;

» «Hoswuit poooumii apkym / New Worksheet Ply» — pe3ynbTaTéi KOpeNlsmiifHOro
aHaJi3y OyJyTb BUBOAUTHCH HAa HOBHI poOOUMiA apKy1l,

» «Hosa poboua kumura / New Workbook» — pesynbraTe KOpemsiiifHOTO aHai3y
OyIyTh BUBOJAUTHCH B HOBY poO0OYy KHHUTY, TOOTO B HOBHI (paii.

>

B pe3ynbTaTi oTpuMy€eMoO Taki AaHi:
Xi Yi
Xi 1
Yi  0,9931 1
Puc. 12. Kopenayiiina mampuys
8




Kopensamiitna matpuns (puc. 12) € cUMETpUYHOIO BiAHOCHO TOJIOBHOI JiaroHali,
TOMY B BEpXHIA 4acTWHI MaTpuui JaHi BiacyTHI. Ha romoBHiit miaronami ctoste 1. Ha
nepeThHi CcToBmIMKa Xi Ta psaaka Yl 3HAXOAUTHCS KOEQIIIEHT KOPENAIii MiX ITUMH
3MiHHUMHA. OTXe, Koe(iieHT Kopensii Ix,=0,9931.

Bucnoexu 2:

1) Ockinbku KoedimieHT Kopemsii y=0,9931 1 Bin ayxe Om3bkuii 10 1, BiH MoKasye,
110 Mix BapTicTio O3 Ta mpuOyTKOM MiANPHUEMCTBA € CUIIbHUH JTIHIMHUHN 3B’ A30K. A OCKIJIBKU
BiH III¢ 1 JOJATHIA — I1e BKa3y€ Ha T€, MK 3MIHHUMH TIPSMUH JiHIAHUN 3B’ 130K, [Ipsimuii
3B 130K 03HAYAE, 1110 31 3pocTaHHIM (hakTopy (3MIHHOT) X 3pocTa€ 1 hakTop (3MiHHA) Y).

2) Takox BapTO 3a3HAYMTH, IO MPH JIHIAHIA 3aJIeXKHOCTI KOe(DILIEHT AeTepMiHaIii
R2=(ry)?. Omxke nepesipumo 0,9862=(0,9931)>2. PiBHicTh cripaBmKyeThes. OTHKE PO3PaXyHKH
3p00JICHI BIpHO.

3) 3a nomomMorow HaadynoBu «AHaudi3 nanux / Data Analytics» iHcTpyMeHTYy
aHainizy «OmnucoBa cratuctuka / Descriptive Statistics» orpumaTm nami Ta
NPOAHAJI3yBaTH iX;

O6upaemo BkIaaky «/lani», HaTuckaemo Ha Hanuc « AHami3 nanux / Data Analyticsy.
Ha expani 3’sBisieTbcsi BIKHO «AHam3 manux / Data Analytics». Cepen 1HCTpyMEHTIB

a”aimizy oopaemo «OnucoBa cratuctuka / Descriptive Statisticsy» (puc. 13). Hatnckaemo
OK.

Analysis Tools )
-

Anova: Single Factor !
Anova: Two-Factor With Replication Cancel F
Anova: Two-Factor Without Replication

Correlation )
Covariance Joeigka

Exponential Smoothing

F-Test Two-Sample for Variances
Fourier Analysis

Histogram

Puc. 13. Bubip incmpymenmy ananizy « Onucosa cmamucmuxa / Descriptive Statistics»

[Ticns BuOOpPY 1HCTpYyMeHTY aHanizy «OnucoBa cratuctuka / Descriptive Statisticsy,
BIJIKDUBAETHCS BIKHO BBOJAY BHUXIJHUX JAaHUX 3a/adl Ta MapaMeTpiB BUBOAY. 3arajbHUN
BUIJISIZ 1 CTPYKTYpa J1aJIorTOBOTO BiKHA 1IHCTpYMeHTY «OnucoBa craructuka / Descriptive
Statistics» HaBemeHo Ha puc. 14. Y BikHI TaHOTO IHCTPYMEHTY BBOJMMO BHXIJTHI JaH1 Ta
BKa3yeMo crocid BuBoay pe3ynbratiB. Hatrckaemo OK.



Input *I
oK
Input Range: $C$3:50%13 s l—

Cancel

&

Grouped By: © columns

() Rows [NoEigka
Labels in first row

I Output options

I=»

(o] Qutput Range: $0359
() New Worksheet Ply:

() New Workbook
Summary statistics

Confidence Level for Mean: 85 %
D Kth Largest:

D Kth Smallest:

Puc. 14. Jlianoecose sixkno incmpymenmy « Onucoea cmamucmuka / Descriptive Statistics»

Onuc enemenmis 0iano2o6o2o 6ikHa iHcmpymenmy «Onucosa cmamucmuxka /

Descriptive Statistics»:

K/
0’0

D)

L)

>

3ona «Bxigni gauni / Input»

«Bxiguuii intepsan / Input Range» — BBOIATHCSA MOCHIAHHS Ha Jiala3oH, SIKAMN
MICTHTh BCi BHXIiJHI JaHi (He3ane)kHOi 3MiHHOI X Ta 3aJIeKHOI Pe3yJIbTaTHBHOI
3MinHO1 Y). /liara3oH MO)kHA BCTAHOBUTH 200 BBOJIOM 3 KJIaBiaTypH a00 BUALICHHIM
MHIIICIO ITUX KJIITHHOK Ha pOOOYOMY apKyIIi.

«['pynyBansst / Grouped By:» — Buxifni gani 3srpynoBati: «mo cropmism / Columnsy,
«110 psakax / ROws» — tpeba 06paty oJMH 3 BapiaHTIB B 3aJICKHOCTI BiJl TOTO, IKUM
YMHOM Ha poO0YOMY apKyIill po3MillleH] BUX1HI JaHi.

«Mitku B iepmomy psaky / Labels in first row» — ctaBuThes mpamnopens 3a yMOBH,
110 KpIM 0€3MocepeIHbO CaMUX JIAHUX B JI1aMa30H1 «3aXOIUICHI» HAa3BU CTOBIILIB a00
PSAIKIB

3ona «Ilapamerpu BuBoay / Output options» MicuTh BapiaHTH CIOCOOY BHBOY
pe3ybTaTIB:

«Buxigawuii inTepBan / Output Range» — pe3ysibTaTu KOpensaIiiHOTro aHami3zy OyayTh
BUBOAMTHUCA Ha LOMY X pobodoMy apkymii. B aktuBHOMY BikHI crpaBa TpeOa
BKa3aTH 1M’ KOMIPKH, sika Oyje JIBUM BEpPXHIM KyTOM Jiama3oHy, KyJau OyayTh
BUBEJICHI PE3yJIbTaTH KOPEIAIINHOTO aHaII3Y;

«Hoewuit poboumii apkymr / New Worksheet Ply» — pesynbratu kopensiiiHOTO
aHaJi3y OyJyTb BUBOAUTHCH HAa HOBHI poOOUMid apKy1l,

«HoBa po6oua kuura / New Workbook» — pe3yiabrati KOpensiiiiHOro aHamizy
Oy1yTh BUBOJAUTHCH B HOBY poO0OYy KHHUTY, TOOTO B HOBHI (paili;

«3aranpHa (3BeieHa) cTatuctrka / Summary statisticsy;
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» «PiBenp mamiitnocti / Confidence Level of Mean» — 3a 3amoBuyBaHHSIM piBEHb
HAJIAHOCTI BCTaHOBIIIOEThCS HA PiBHI 95%, ane SKIO MOTPIOHO 3MIHUTH, TO Y
BIJIMTOBITHE TI0JIC BBOJUTHCS 1HIINN PIBEHb HAIHHOCTI,

» «K-nii maitoinmemmii / Kth Largesty;

» «K-nit naitmenmmii / Kth Smallesty.

B pe3ynbrati oTpuMy€eMo Taki JaHi:

Xi Yi
Mean 4,11 Mean 3,08
Standard Error 0,374002377 Standard Error 0,45626503
Median 4,05 Median 2,95
Mode #H/0, Mode #H/0
Standard Deviation 1,182699361 Standard Deviation 1,442836712
Sample Variance 1,398777778 Sample Variance 2,081777778
Kurtosis -1,038445182 Kurtosis -1,163158671
Skewness 0,242907479 Skewness 0,348474234
Range 3,5 Range 4,2
Minimum 2,5 Minimum 1,2
Maximum 6 Maximum 5,4
Sum 41,1 Sum 30,8
Count 10 Count 10
Confidence Confidence
Level(95,0%) 0,846052155 Level(95,0%) 1,032143206

Xi Yi

CepenHe 4,11 | CepepnHe 3,08
CtaHaapTHa noxmbKa 0,374002377 | CraHgapTHa noxmbka 0,45627
MegiaHa 4,05 | MegiaHa 2,95
Moaa #H/N Mogaa #H/O
CraHZapTHe BigXnneHHA 1,182699361 | CtaHAapTHE BiAXUNEHHA 1,44284
Juncnepcia Bubipku 1,398777778 | Qucnepcia Bubipku 2,08178
Ekcuec -1,038445182 | Ekcuec -1,16316
ACUMETPUYHICTb 0,242907479 | ACUMETPUYHICTb 0,34847
IHTepBan 3,5 | IHTepBan 4,2
MiHiMmym 2,5 | MiHimym 1,2
MaKkcumym 6 | Makcumym 5,4
Cyma 41,1 | Cyma 30,8
PaxyHoK 10 | PaxyHOK 10
PiseHb HagjHoCTi (95,0%) 0,846052155 | PiseHb HagiliHOCTI (95,0%) 1,03214

Puc. 15.

4) 3a nonoMorow HaaO0yaoBu «AHauaiz manux / Data Analytics» iHCTpyMeHTy
anaii3y «Perpecisi / Regression» nmpoBecTu eKOHOMiKO-MAaTeMATHYHHUI aHAJII3 MOJeTi.

11



[ncTpyment «Perpecis / Regression» ciiyrye ajis po3paxyHKy napameTpiB piBHSIHHS
JHIMHOT perpecii Ta nmepeBipKy HOro aJleKBaTHOCTI.

3poOuTH BCEe aHAJOTIYHO MOMEepPeaHIM IHCTpYMEHTaM aHajidy, aje oOpaTu
iHcTpyMeHT «Perpecis / Regression» (puc. 16).

Data Analysis

Analysis Tools

Covariance
Descriptive Statistics Cancel
Exponential Smoaothing

F-Test Two-Sample for Variances .
Fourier Analysis Aoeixa
Histogram

Moving Average

Random Mumber Generation
Rank and Percentile

Regression

Puc. 16. Bubip incmpymenmy ananizy «Perpecis / Regression»

3araqpHUA BUIJISIA Ta CTPYKTypa A1aJIOTOBOrO BiKHA 1HCTpyMeHTy «Perpecis /
Regression» HaBeneHo Ha puc. 17. Y BIKHI JaHOTO 1THCTPYMEHTY BBOJIMMO BHXIJIHI JIaHI Ta
BKa3zyeMo croci0 BuBoay pesyibrariB. Hatuckaemo OK.

Input
P 0K

=

Input ¥ Range: $D83:3D813
Cancel
Input X Range: $C53:5C512 1

fosigxa
Labels Constant is Zero
Confidence Level: 99 %
Output options

© output Range: $B817 +

MNew Worksheet Ply:

MNew Workbook
Residuals
B Residuals B Resigual Plots
(] standardized Residuals Line Fit Plots

Mormal Probability
: Normal Probability Plots

Puc. I'7. Menio dianoeosoeo sixna incmpymenmy «Peepecisn / Regressiony

Onuc eneMeHTIB 0iano206020 8ikHa iHcmpymenmy « Peepecisi / Regressiony:
o 3ona «Bxiaui gauni / Input»

» «Bxigawuit intepsan Y / Input Y Range» — BBOASTHCS MOCHIaHHS HA Jiana30H, SIKUH
MICTHTh JaHi 3aJeXKHOi (pe3yJIbTaTUBHOI) 3MIHHOI, IO aHaii3yerhcs. Jliama3zoH
MO>KHa BCTAHOBUTHU a00 BBOJIOM 3 KJ1aBlaTypu a00 BUILJICHHSM MUILICIO IUX KIIITUHOK
Ha poOoyomy apkyii. J{iarma3oH MOBUHEH MICTUTH JIUILIE OJWH CTOBIICIIb.

> «Bximuuit intepan X / Input Y Range» — BBOIATHCS MOCHJIAHHS Ha Jiana3oH
He3aIeKHUX (TIOSICHIOIOUNX) JaHUX, M0 aHam3yloThea. Tabmuuauii pegakrop MS
Excel posrammoBye He3ajexHi 3MiHHI 10 CTOBIMISIX 3J1iBa HAMPaBO y MOPSIKY
3pocTaHHs. MakcuManbHa KUTBKICTh BX1HUX JIiania30HiB JOPIBHIOE 16.
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» «Mitku / Labelsy — sikio nepiuii psimok ado mepiimii CTOBIEIb BX1IHOTO IHTEPBaITy
MICTHUTh 3ar0JIOBKH, TO pOOUTHCS BiIMIOBIIHA TTO3HAYKA. Y BHUIMAJIKY SKIIO 3ar0JIOBKH
BIJICYTHI, BIAMOBIHI Ha3BU IS JAaHUX BXIJHOTO Jiala3oHy CTBOPIOIOTHCS
aBTOMATHUYHO.

» «PiBenp namiiocti / Confidence Level» — y BignoBigHe 1mojie BBOAUTHCS PiBEHBb
HAJIMHOCTI, KUK Oyle BHKOPUCTOBYBATHUCS JOJATKOBO 10 piBHA 95%, sike
BCTAHOBIIIOETHCS 32 3aMOBUYBAHHSIM;

» «Koncranra nynp / Constant is Zeroy — y BUmajuKy, KOJM HEOOXiTHO MO0 JTiHis
perpecii nmpoiiia yepe3 mo4aTok KOOpJAUHAT, pOOUTHCS BIAMOBITHA MO3HAYKA.

»  3ona «Ilapamerpu BuBoay / Output options» MicHTh BapiaHTH CIIOCOOY BHBOY
pe3yJIbTaTIB:

» «Buxigawmii inTepBan / Output Range» — pe3ynbratu perpeciiHoro aHamizy OyayTh
BUBOJIMTHUCS Ha IIbOMY X poOodoMmy apkyiii. B akTuBHOMY BikHI crpaBa TpeOa
BKa3zaTu 1M’ KOMIpKH, siKa Oyje JIIBUM BEPXHIM KyTOM Jlana3oHy, KyJau OyAyTh
BUBEJICHI pe3yJIbTaTH aHai3y;

» «Hogwuit po6ountii apkymr / New Worksheet Ply» — pesyibratu perpeciiiHoro aHamizy
OyIyTh BUBOJAUTHCH HA HOBHI pOOOYMI apKyIiI;

» «Hosa po6oua kaura / New Workbook» — pesynbraTu perpeciiiHoro anamizy OyayTh
BHUBOJIUTUCH B HOBY pOo0OUy KHUTY, TOOTO B HOBUH (haidl;

% 3ona «3amumku / Residuals»

» «3amumku / Residualsy — 3a morpeOu 103BOJISE BKIIOYUTH 3AITUIIKH Y BUXITHUHA
Jiarnas3oH; micist MiAOOpYy pIBHSHHS 3a3BUYai 31MCHIOETHCS TEPEBIpKa Ta aHaI3
3aJIMIIKIB TOMY, 1110 JAy’K€ BEJTUKI BIIXUJIEHHS CYTTEBO CIIOTBOPIOIOTH PE3YJIbTATH Ta
MIPU3BOJISATH O MOMUJIKOBUX BUCHOBKIB.

» «CrangaptusoBani 3anumiku / Standardized Residuals» — no3BoisitoTh BHBOIWUTH
3HAUEHHS CTaHJIAPTU30BAHUX 3aJUIIKIB, SKI OOUYMCIIOIOTHCS SAK PI3HULA MIX
(baKTUYHUMH Ta TPOTHO3HUMH 3HAYEHHSIMU, 1110 JUIUTHCS Ha KBaJApPATHUN KOPIHB 3
CEPEIHbOKBAAPATUYHOTO 3HAYEHHS 3AJIUIIKIB.

» «I'padix 3ammmkis / Residual Plots» — BuBoauTh miarpamy 3aiUINKiB JJIsT KOXKHOT
HE3aJIEKHOT 3MIHHOI.

» «I'padux minoopy / Line Fit Plots» — Oyaye miarpamy (pakTHYHHX Ta MPOTHO3HUX
3HAYEHb I KOKHOI HE3aJIE)KHOT 3MIHHOI.

» «I'paduk HopmansHOT iimoBipHOCTi / Normal Probability Plots» — BuBoauTh miarpamy
HOpPMaJIbHOI WMOBIPHOCTI, sika OyayeTbcs HacTynHUM 4uHOM. Crodarky
BiIOYBAEThCSl paH)KyBaHHS CTAaHIAAPTU30BAHUX 3alUIIKIB. 3a I[IMMH pPaHTaMu
OOYHUCITIOIOTHCS CTaHAAPTHI 3HAYEHHS HOPMAJIBLHOTO PO3MOJITY (Z-3HA4YCHHS) Ha
OCHOBI1 IIPHITYIIIEHHS, 0 JIaHi MAMOPSIKOBYIOThCSI HOpMaabHOMY posmoainy. Li z-
3HAYCHHS 1 BIAKJIAIAI0THCS Ha Tpadiky.

,

,

>

B pesynbTati otpumMaemo pesyibrati po3paxynkie « BUBEJIEHHA ITIJICYMKIB /
SUMMARY OUTPUT» (puc. 18).
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Perpecis / Regression
SUMMARY QUTPUT

Regression Statistics

Multiple R 0,993
R Square 0,986
Adjusted R Square 0,985
Standard Error 0,179
Observations 10
ANOVA
df sS MS F Significance F

Regression 1 18,478 18,478 573,6707867 0,000000009838
Residual 8 0,258 0,032
Total 9 18,736

Coefficients  Standard Error ~ t Stat P-value Lower 95% Upper 95% Lower 99,0% Upper 99,0%
Intercept ~1,8994 0,2155  -8,814 0,0000216043 2,396 1,402 2,623 1,176
Xi 1,2115 0,0506 23,951 0,0000000098 1,095 1,328 1,042 1,381

BMBEAEHHA NIACYMKIB

PezpeciliHa cmamucmuka

MHOXMUHHMI R 0,9931
R-kBapgpat 0,9862
HopmoBaHuii R-kBagpat 0,9845
CTaHpapTHa noxubka 0,1795
CnocTepexxeHHa 10

JucnepciiHnii aHani3

df SS MS F 3Ha4yumicme F
Perpecis 1 18,478 18,478 573,67  0,0000000098
3annwkm 8 0,258 0,032
3aranbHe 9 18,736
KoegpiyieHmu CmaHOapmHa noxubka t-cmamucmuka P-3Ha4yeHHA HuxcHi 95% BepxHi 95%  HuxHi 99,0%  BepxHi 99,0%
Y-nepetuH -1,8994 0,2155 -8,814 0,00002160433 -2,396 -1,402 -2,623 -1,176
Xi 1,2115 0,0506 23,951 0,00000000984 1,095 1,328 1,042 1,381

Puc. 18. Pesynemamu pospaxyukie incmpymenmy «Perpecis / Regression» 011 3adaui

Pe3ynbraty po3paxyHKiB BUBOASTHCS Y BUTIISAI TPbOX TaOIUIb a00 OJIOKIB:
s TIlepma Ttadomuusn «Pecpeciitna cmamucmuka | Regression Statistics» micTuth
HACTYMHI1 MOJIS:

> «Muoxunauii R / Multiple R» — koedinieHT MHOXHHHOT KOpenstil R, skuii
BU3HAYA€E IIUIBHICTD 3B’ SI3KY MIXK 3aJIEXKHUMU Ta HE3aJEKHUMU 3MIHHUMU,
> «R-xBagpat / R Square» — koedinienT nerepminanii R? mokasye 4acTKy BIUIMBY

KOMOIHAaIlIi HE3aJIEKHUX 3MIHHUX Ha 3aJIeXKHY 3MIHHY (Y BIIHOCHUX BEJIMYMHAX, K1 MOYKHA
NEPEBECTH Y BIICOTKH MHOXKEHHsIM Ha 100%);
> «HopmoBanuii R-kBampar / Adjusted R Square» — ckopexToBaHui
(amanrroBanwmii (adjusted)) koedirieHT AeTepMiHAIT
2 2y n-1
Ry =1-Q1-R%) "=

n—-m-1

Je N — KUTBKICTh CIOCTEPEKEHBb; M — KIJIBKICTh MOSICHIOIOUMX 3MIHHUX MOjeii. BpaxoBye
3B’SI30K KUIBKOCTI PE3yJIbTATIB CIIOCTEPEXKEHb 1 HE3aJNEKHUX 3MIHHUX Ta 3a0e3neuye
iH(popMaLicl0 Npo Te, ke 3HaueHHs R? MOXHA OTpMMATH B 3HAYHO OiNbHIOMY HaGopi
JIaHUX, HIK aHAJI130BaHUH,

» «Crangaptaa moxubka / Standard Errory — moxu0Oka momeni O, sika XapaKTepHu3ye
Bapiarlito 3aJIMIIKOBUX BEJIMUHUH,

» «Crnoctepexxenns / Observations» — KibKiCTb CIIOCTEPEKEHBD N.

s Jlpyra Taoauus «/Jucnepciunuii ananiz | ANOVAy» BKTtoUYa€e Taxi mosist (I1B. Ha3BU
CTOBITYHKIB):
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» V¥ croermi «dfy (degrees of freedom) — kinbKicTh CTyIEHIB CBOOOIN:

B psiaky «Perpecis / Regressiony st perpeciiinoi cymu KBaapariB Biaxwuienb df=m-
1;
B psiaky «Sanmmmku / Residualy mis 3amumkoBoi cymu KBajpaTiB BiaxuieHb df=n-m;
B psiKy «3aranbhe / Total» mis 3aransHOi cymu KBajpariB BigxwieHb df=n-1.

» ¥ croemmi «SS» (Sum of Squares) — cyma kBajapariB (BiIXHIICHb):
B psanky «Perpecis / Regression» — perpeciiiHa cyma KBaJpaTiB BiJXWJICHb

n
A — 2 .
Sy=20%i-Y)";
i=1
B psanky <«Samumku /[ Residual» — 3amumkoBa cyma KBaapariB BigXWIICHB

S, =_§1(yi )2

n
B pagky «3aramsre / Total» - saraneua cyma kagparis Bigxumrens Sy = (Y — y)%.
]

» V¥ croBmui «MS» (Mean of Squares) — cepenni cymu KBajpaTiB BiIXHJICHH 3
ypaxyBaHHSM YHUCJa CTYIEHIB BUIbHOCTI:
MS = E :
df

» ¥ croBnii «F» — po3paxyHKoBe 3Ha4YeHHs KpuTepiro Dimiepa 3 piBHeM 10Bipu 95%;

» ¥V m’saToMy CTOBIII HaBeaeHO «3nauumicms F [ Significance F», sxa mokasye, 1110

npu 3Ha4YeHH1 1poro mnokazHuka meHme (0,05 moOymoBana perpeciiiHa MOjEINb
BIIMOBIa€ peanbHil A1HCHOCTI. AGO 1€ — TEOpETUYHA NMOBIPHICTH TOTO, IO MPH
rinore3i piBHOCTI HYJIO OJIHOYACHO YCIX Koe(]illleHTIB Mojneni F-craTuctuka €
OUIBILIOI0 EMITIPUYHOro 3HaueHHs F. Skio mokasHuk 3Hauymiocti F € MeHmmm 3a
0,05, To oTpuMaHMil pe3yabTaT € 3HAUMMUM; SIKII0 3HauuMicTh F menme 0,01, Tomi
OTPUMaHUN PE3YNbTAT € BUCOKO 3HAUNMUM.

¢ Tpers Tabauus MICTUTh HACTYMHI MOJIS:

» VY nepmomy cromii «Koegiyienmu | Coefficients» HaBeneHi 3HaUEHHS TapaMeTpiB
PIBHSIHHSI perpecti (3ropu 10 HU3Y):

B psaaky «Y-mepetut / Intercept» — ominka napameTpy ao;

B psaaky «3minHa X1 / Xi» — oliHka mapameTpy au;

B psaaky «3minHa X2 / Xi» — oliHKa nmapaMeTpy az 1 T.1I.

» B apyromy croenmi «Cmanoapmua noxubka | Standard Error» — cranmapthi
MOXHOKH IapaMeTPiB MOJICIII T, o Oayr Oa, 1T.11., TOOTO CepeAHLOKBAAPATHUIHI BIAXHIICHHS
napaMeTpiB MOJIei,

» B tperbomy ctoBmmi «t-cmamucmuka | t Staty HaBeneH1 po3paxyHKOBI 3HaYCHHS -
kputepito CTBIOJEHTa Ui KOXKHOTO mapamerpa: tg, tg, tg, 1 T.a. Tobro ne —
CTaHAapTHU30BaHI (HOPMOBAHI) MapaMeTpu PIBHSAHHS perpecii, Kl 3HAXOASATh IIJICHHSIM
KOXXHOTO (paKTUYHO 3HAWAEHOro mnapamerpa (MEpIivii CTOBIELb) HA MOro CTaHIApTHY
NOXUOKY (APYTHIA CTOBIICIID);

» B uerBepriit kosoHmi «P-3unauenns | P-value» HaBeaeHO HMOBIPHICTD, sIKa J03BOJISE
BU3HAYHMTH 3HAYMMICTh TIapaMeTpa perpecii.

Jlist piBas 3Haunmocti a=0,05,

>
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- sxmo P-3uagennst >0,05, To mapamerp a; ( ] =0, K me k-uncmo mapamerpis moaeni) €
HE3HAYMMMM, BIANOBIAHO Tinore3a H, : a; = 0 (rinoresa, mpo Te, 10 BCi KoedilieHTH
€KOHOMETPHUYHOI Mozieni a; = 0) mpuiimMaeThCs;

- sxmio P-smauenns <0,05, to mapamerp (] =0, K me k-uncmo mapamerpis mozeni) €
3HAYMMUM, BIMOBIIHO TimoTeza H : a =0 (rimotes3a, Mpo Te, IO BCi KOeQilll€eHTH
€KOHOMETPUYHOI Mozieni a; = 0) BIAXHUIAETHCA.

TakuM 4YMHOM, B I KOJIOHIN 3HaXOJATh (DYHKIIi, SKI PO3PaXxOBYIOTHCS 3a TaKUM
apryMeHTaMu: CTaHAapTU30BaHUMH t-kputepisiMu CThIOJIEHTa, OOYMCICHUMH IUISTXOM
JieHHs I-KpuTepiiB Ha 3HaYEHHS 1X CTaHJIAPTHUX MOXUOOK; KUIBKICTIO CTYII€HIB BUTBHOCTI
(n-m); urcaamu 1 a0o 2 (KO MiX 3aJICKHOIO Ta HE3aJICKHUMH 3MIHHUMH € TIO3UTUBHUM
a00 HEraTUBHMI 3B’S30K), TO BUKOPUCTOBYETHCS YUCIO 1; SIKIIO HEB1IOMO, SKOTO 3B’S3KY
CITiI OYIKYBaTH, TO BUKOPUCTOBYEThCS umcio 2). Bzaram, skmo P<0,05, TO omiHKu
napameTpiB PIBHSHHS PEerpecii € J0CTOBIPHUMU 1 MOJIENb BIMOBIIAE peabHIN IIHCHOCTI.

» Crosmi «Huowcni 95% [/ Lower 95%» ta «Bepxni 95% / Upper 95% » — inTepBanu
noBipu it mapametpiB @j, J =0, K. ToGTo 11i cTOBIIIII BMIIIYIOTh HHKHI Ta BEPXHi TPAHHII
95-BiICOTKOBOTO PiBHA JOBIpH JJIsi KOKHOTO MapameTpa perpecii 1 BUpaxaroTh IOBIpUi
IHTEpBaJIM MapaMeTpiB. SKIIO JOBIpYI IHTEPBAJIM HE MICTATH HYJIS, TO 3 95-B1ICOTKOBOIO
BIIEBHEHICTIO MOKHA CTBEp/KYBaTH, IO BCl HE3aJEKHI 3MIHHI Xj 0JalOTh DPIBHSHHIO
perpecii 3Hauymy iHQopMario 1 MOXHa JOCUTh TOYHO OIKCYBAaTH PO3TJISHYTUN
C€KOHOMIYHHI MPOIEC YU SBUIIIC.

» Cromui «Huoreni 99% / Lower 99%» ta «Bepxui 99% / Upper 99% » — inTepBaiin
noBipu qus mapametpiB @, ] =0, K. PiBenp noBipu OyB 3amaHuii BpydHy B €ICMEHTI
«Pienp HamiHocti / Confidence Level» meHro giamoroBoro BikHa iHCTpyMeHTY «Perpecist
/ Regression» (puc. 17) — 99%. To6To 11 CTOBMII BMIIIYIOTh HUXHI Ta BEPXHI I'PAHUII BXKE
99% piBHS OOBIpW AJIA KOKHOTO Hapamerpa perpecii 1 BUpa)xaroThb JOBIpYl IHTEpPBaJIU
napameTpiB. SKII0 AOBipYl IHTEPBAIM HE MICTITh HYJIS, TO 3 99-B1ICOTKOBOIO BIIEBHEHICTIO
MO’KHA CTBEP/KYBaTH, 110 BC1 HE3AJIEXKH] 3MIHHI Xj JOJAIOTh PIBHAHHIO perpecii 3HauyIy
1H(pOpMaIIiI0 1 MOXKHA JOCHUTh TOYHO ONMMCYBATH PO3IJIIHYTUH €KOHOMIYHMM MpOLEC YU
sBuIe. Takuil piBeHb TOBIPHU 3aJaI0Th JJIs1 CEpUO3HUX HAYKOBUX JOCIIIKEHbD.

[IpoBenemo aHami3 JAaHWX, OTPUMAHUX 3a JOTMOMOIOI IHCTPYMEHTY «Peepecia /
Regressiony (puc. 18).

4.1) Ananiz oanux, nasedenux 6 oOnoyi «PerpeciiitHa cratucTuka / Regression
Statistics».

[TpoBeaeMo aHami3 SIKOCTI MOJIEII 3a JIOTIOMOTOo0 po3aiiy «Perpeciiina cratuctuka /
Regression Statistics.

3 psinky «Muoxuraui R / Multiple R» (puc. 18) Bunucyemo 3Ha4eHHs KoedilieHTa
MapHO1 KOopeJssii Tyx = 0,9931, to0TO #OTO 3HAYEHHS HAOIMKYEThCA 10 oauHuIl. lle
o3Hayvae, 1mo MK BapTicTio O3 mianmpueMcTBa Ta MpUOYTKOM ICHY€ MPSIMUAN Ta CUIIbHUN
KOPEJISIIITHUHN 3B’ S30K.

3 psaaky «R-kBazgpar / R Square» BUIHCYeMO 3Ha4eHHs KoedilieHTa aeTepMiHaliil
R? = 0,9862. Ockinbku koediuieHT nerepminanii nopisaioe 0,9862, To e 03HAYaE, IO
TEOpEeTUYHA TpsiMa TOosACHIOE 98,62% Bapiariii abo MoxkHa ckazatu, mo 98,62% Bapiarii
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NpUOYTKY MIANPUEMCTBA B1I0YBAETHCS MiJ BILTMBOM BapTOCTI OCHOBHHUX 3aC001B. A pelra
1,38% - npumnanae Ha iHII (aKTOPH Ta BUNAAKOBI BeluuuHU. 110 CBIIUUTH PO BUCOKUI
piBEHb aJI€KBATHOCTI MOJIENI B LILIIOMY.

Ockinpkd 3HaueHHS KOe(ili€HTIB Kopendalii Ta [aeTepMiHaiii 30iraioTbes 3
pO3paxOBaHMMHU BHINE Yy 3aBAaHHI 2) 3a Jomnomorow iHcTpyMeHTy «Kopesmsis /
Correlation» Ta miHii TpeHay (3aBmaanHs 1), BIATOBIAHO, 1 BUCHOBKH 301TafOThHCA.

3 psinky «CranmaptHa noxubka / Standard Errory BunucyeMo 3HaYeHHS CTaHIapTHOT
noxuoku moaeni o, = 0,1795.

[lepeBipUMO CTATUCTUYHY 3HAUMMICTh KOE(ILIEHTY KOpeysuli Iy 3a t-kpurepiem
CrproieHTa (011b11 JeTanbHO 0yIi0 po3iOpano B 3agaui 9.3):

1. ®opmyt0eMo 1 po3rsgaEMO 2 TINOTE3H:

[lepeBipumo HybOBY TinoTe3y Hp : Iy,=0 (sxa hakTuHO 03HaUaE, 10 Mi’K 3MIHHUMHU
¥y 1 X HeMae 3B’SI3Ky) MPOTH allbTepHATUBHOI Tinote3n Hi @ ry#0 (MK 3MIHHUMH Y 1 X €
CYTTEBHII 3B’ S30K).

Ho: 1y =0;

H;y: My #0

2. ObuucmoeMo (akTUuHE (PO3paxyHKOBE, EMIIIPUYHE) 3HAYEHHs t—Kpurtepito 3a
dbopmyIioro:

T

pospax — I’Xy ) (9 . 38)

J171st po3paxyHKy BUKOPHCTOBYEMO 3Ha4eHHS 3 pAAKy « MuoxwuuHHHA R / Multiple R»:
OTpuMyeMO t,5pa=23,95.

3. BusHauaeMo KpuTuyHe (TeopeTuyHe, TaOJM4yHE) 3HAYEHHs t—KpuTepiro 3a
JOTIOMOro10 BOy1oBaHO1 (hyHKII1 Excenp 3 ypaxyBaHHSM PiBHS 3HAUYLIOCTI ¢ 1 CTyNHEHs
cBoOou k=n-m (me N — oOcsAr BUOIPKOBOI CyKYMHOCTI 200 KUIBKICTh CIIOCTEPEKEHB, M —
KUIBKICTh TapaMeTpiB MOJIE).

O6upaemo piBeHb 3Hauymiocti a=0,05 ado 5%.

Crymias cBoboau k=n-m=10-2.

Buxopucraemo BOynoBany B Excenb cTaTUCTHYHY (DYHKITITO

DyHKIIISA CTHKOJ[EHT.OFP.2X 2010
T.INV.2T AHTJIOMOBHA Bepcis
CThIOJ/[EHTPACIIOBP 2007 ta GijpIn paHHI Bepcii
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TINV.2ZT

I=»
1l

ImogipHicTe | 0,05 0,05

I=»
I

Crynive_ceoboan |8 8

= 2,300004135

MNoeeptae obepHeHwid AEoBiuHWil t-poznogin CT'vogeHTa.

CryniHb_ceoBoAaW  ACAaTHE YMCNO — KINBKICTE CTYNEHIE CEODOAW, AKI XapakTepusyoTe pO3N0gin.

3Ha4YeHHA: 2,300004135

[lOBIAKA 3 LiEl dyHKLIT Ckacyeatn

Puc. 19. Jlianoeose sixno ¢ynxyii T.INV.2T
B Hamomy Bunanky Mmu oTpuMaiu t-kputuaHe (tadbmuane)=2,306 (aus. puc.19).

4. IlepeBipka yMOBH | tospax | > tok

B namomy Bumaaxky ymoBa |tp03pax |> tok (23,95>2,306) cnpaBmKyeThCs, TOMY
HYJIbOBA TIMOTE3a HE MIATBEPIKYETHCA 3 UMOBIpHICTIO 95%. ToOTo 3 HiMoBipHICTIO 95%
KoeQILIeHT Kopessuii Iy He AopiBHIOE 0, 1 BIAMOBIAHO B F€HEPabHINA CYKYIHOCTI M1k
3MIHHUMHU ) Ta X ICHY€ CYTT€BUW JIIHIMHHUI 3B’SI30K, @ OTPMMAaHE 3HAYEHHS JIIHIMHOTO
Koe(dilieHTa KOpemsIlii € 3HAYUMUM.

4.2) Ananiz oanux, naseoenux 6 ooyi «/Jucnepciunuii ananiz | ANOVAy.

3a MaHUMHU HaBEACHUMH B I[bOMY OJIOII MEpPEBIPIEMO MOJEIh Ha aJeKBAaTHICTh
(6B meTanbHO OYJI0 po3iOpaHo B 3amayi 9.3).

Ile Mo>xHa 3po0UTH IBOMA CLIOCOOAMH.

Ilepwuti cnoci6. JInsi OUMIHKK PIBHS aJ€KBAaTHOCTI MOOYAOBaHOT €KOHOMETPUYHOL
MOJIeJIl €KCIEPUMEHTAIbHUM JIaHUM Kopuctyemocs F-kputepiem ®imepa. 3 KOMIpKHU y
CTOBIMHUKY F Bumicyemo po3paxyHKoBe 3Ha4eHHs F-kpurepiro ®imepa F'=573,67.

3a 1onoMoror BOYI0BaHOT CTATUCTHYHOI (yHKIIIT
F.OFP.IIX | 2010
FPACIIOBP | 2007, 2003
F.INV.RT AHIJIOMOBHA Bepcis

s piBHs 3HaunMocTi 0=0,05 i cryneniB BitbHOCTI K3=m-1 Ta k;=n-m (ze n — obcsr
BUOIPKOBOT CYKYMHOCTI 200 KIJIbKICTh CIIOCTEPEKEHb, M — KUJIBKICTh MapaMeTPiB MOJIEI1)
BHU3HAYA€MO KpUTHUYHE (TaOauuHe) 3HaueHHs F-kputepiro Dimepa.
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FINV.RT

I=»
Il

Imogipnicte | 0,05 0,05

I=»
Il

Crynine_ceoBogunl |1 1

I=»
Il

Cryninb_ceobogn2 |8 8

= 5,317655072
MoeepTae obepHeHe 3HAYeHHA (NpasofiyHoro) F-po3nodiny AMoBipHOCTE: AKWO p = F.DIST.RT(X,..), To FINV.RT(p,..) = %

ImoBipHicTL  IMOBIpHICTE, NOE'AZaHA 2 F-IHTErpansHUM pO3NoginomM, YMcno B iHTepeani eig 0 4o 1 BKAKOYHO.

3HauyeHHA: 3,317053072

[OBIAKS 3 Liel OYHKUIT QK ‘ CracyeaTtu

Puc. 20. /lianoeose sixno ¢yuryii « F.AINV.RT» 3 danumu mooeni

@yukuisa «F.INV.RT» Mae Tpu nons asisa BBeieHHs apryMmeHTiB (puc. 20):

o [Tone «IMOBIpHICTH» MNpU3HAUEHE ISl BBEICHHS PIBHS 3HAYMMOCTI a (B
Hairomy npukiani 0=0,05);

o [Tone «Ctymnine cBoOOAM 1» Mpu3HAUEHE IS BBEICHHS 3HAYEHHS CTYIEHS
BUIbHOCTI K1=m-1 (;1e M — KUIBKICTh TapaMeTPiB MOJIEII);

o [Tone «Cryninp cBOOOAM 2)» NpU3HAYEHE ISl BBEICHHS 3HAYEHHS CTYIEHS
BUTBHOCTI Kp=N-m (e N — 00csr BUOIPKOBOI CYKYITHOCTI 00 KUIBKICTh CIIOCTEPEIKEHB, M —
KUIBKICTh ITapaMeTpiB MOJIEN1).

B Excensb Bci GyHKIIIT «3amunT» BiJl 3BOPOTHOI KMOBIPHOCTI, TOOTO BiJl HMOBIPHOCTI
noMmiku. Tomy aiist iiMoBipHOCTI 95% Mu 6yemo 6patu 3BopoTHY Bif Hei 1-0,95=0,05 a6o
5% TMOMUIIKH.

Otxe, Fax=5,32

OCKUJIbKM BUKOHYETBHCS YMOBA F>Fy (573,67>5,32), T0O poOMMO BHCHOBOK IIPO

aJICKBaTHICTh MOOYA0BAaHOT EKOHOMETPUYHOI MOJIEN1 €KCTIEPUMEHTATILHUM JIAHUM.

Jpyeuii cnoci6. Iopsn 31 3HauenusMm F croits «3naunmicts F / Significance Fr, sika
MOKa3ye, 10 MPH 3HAYEHHI1 I[,0T0 NokazHuka meniie 0,05 modymoBana perpeciiina Moielb
BIJIMIOBIJIa€ peaibHIN M1HCHOCTI. AGO 11e — TeOpeTUYHa HMOBIPHICTH TOTO, IO MPHU TINMOTE31
pPIBHOCTI HYJIO OJHOYACHO ycCiX Koe(dimieHTIB Mojeni F-cratuctuka € OiIbIIo
eMIIpUYHOTO 3HaYeHHSs F. Skio moka3sHuk 3HadymocTi F € mermmum 3a 0,05, To oTpuMaHuii
pe3yabTaT € 3HAaUMMHM; SKII0 3HauyuMicth F menme 0,01, Toal oTpumaHuil pe3ynbTar €
BHCOKO 3HAUNMHM.

B mamomy npuknani «3naunmicte F / Significance F»= 0,000000009838 3nauno
Menmmmi 3a 0,01, oTxe oTpuMaHa MOJIENb € BUCOKO 3HAYUMOIO CTATUCTUYHO.

4.3) Ananiz oanux, Hageoenux 6 mpemvomy oaoyi (na puc. 18 éin 6e3 nazeu).

B tperbomy Oiorii B ctoBmuuky «Koegiyienumu | Coefficients» naBeneHi 3HauYCHHS
OITIHOK ITapaMeTpiB MapHoi JiHilHOI: ap=-1,8994; a;=1,2115.

19



B napyromy croBnui «Cmanoapmna noxubka | Standard Error» — crangaprtHi
MOXUOKK MapaMeTpiB Mojei Oayr Oa, 1 T.JI., TOOTO CepeaHbOKBAAPATUYHI BIAXUICHHS
napaMeTpiB MOJENI:

6a,=0,2155 — e craHgapTHA MOMUJIKA OIIHKHU TIApaMeTpy do;

6a,=0,0506 — e cranmapTHa MOMHJIKA OILIHKU TApaMeTpy di

Ha ocHOBi gaHHUX TPeThOro OJOKY TaKOX MO>KHA MEPEBIPUTH CTATHUCTUYHY SIKICTh
napaMeTpiB MOJIeNi TPhOMa CIIocoO0amH.

Ilepwuit cnocio. lIlepeBipka Ha 3HAYYHIICTHL 3a J0NOMOrow {-kpurepiio
CTbl07€eHTA.
B tpetbomy croBmii «t-crmamucmuka [ t Staty HaBezeHi po3paxyHKOBI 3HaYCHHS -

kpuTepito CThIOJEHTA I KOKHOTO IapameTpa: t, , tq, 1T.4. ToOTO 11e — cTaniapTh30BaHi
(HOpMOBaHi) mapaMeTpH PIBHSAHHS perpecii, siKi 3HaXOATh IIJICHHIM KOKHOTO (haKTUIHO
3HAMJIEHOro mnapameTpa (MepIuMid CTOBIELb) HAa HOro CTaHAApTHY NOXUOKY (mpyrui
CTOBIICIID).

IIposedemo nepegipky 3nauywocmi 0 napamempy ao:

1. ®opmyIr0€MO Ta pO3MIISAAEMO TIIOTE3U:

Hp : @p=0 — orminka mapameTrpa HE3HAUYIIA;

H; : ap=0 — orminka mapameTpa 3HavyIIA.

2. Po3paxyHkoBe 3HaueHHs t—kputepito CTbhIOAEHTA JUIsl MapamMeTpy 8o OepeMo 3i
CTOBITUUKA «t-cmamucmuxa | t Staty ta, = —8,814.

3. TabnuuHe 3Ha4YeHHS OepeMo 3 MONEpPeAHIX PO3pPaxyHKIB (KOJU OIIHIOBAIN
CTaTHUCTUYHY SIKICTh KOe(illieHTy KOpemsmil Iy). B HamoMmy BuUmagky M oTpuManu t-
kputnaHe (Tadauane)=2,306 (n1uB. puc.19).

4. IlepeBipka yMOBH |ta0| >ty

YwmoBa cmpaBmkyetrbes (8,8138>2,306), mio o3Hauae, 1o HyIbOBa TiMoTe3a

BIJIKM/IAE€THCS 1 TapaMeTp dg TeHEPaIbHOI CYKYITHOCTI € CTATUCTUYHO 3HAYYIIHM.

IIposedemo nepesipky sHauyuocmi 051 napamempy ai.

1. ®opmyIr0EMO Ta PO3TISIAAEMO TIOTE3H:

Hp : @1=0 — ominka mapamerpa He3HAYYIIA;

H; : a1#0 — orinka mapamerpa 3Havy1Ia.

2. Po3paxynkoBe 3HaueHHs t—kputepito CThIOACHTA ISl MapameTpy 8o OepeMo 3i
cToBmuuKa «t-cmamucmuxa | t Stat» t, = 23,951.

3. TabnuuHe 3Ha4YeHHS OepeMO 3 MOMNEpEeAHIX PO3pPaxyHKIB (KOJU OIIHIOBAIN
CTaTHUCTUYHY SIKICTh KOE(DilliEHTy KOpemsuil Iy). B HamoMy BuUmagky M oTpuUMaiu t-
kputnuHe (Tadamune)=2,306 (nuB. puc.19).

4. IlepeBipka yMOBH |ta1| >ty

YMmoBa chopaBmxyerbes (23,951>2,306), mo o3Havae, 10 HYyJbOBa TinoTe3a

BIJIKTAE€THCS 1 MapaMeTp @1 TeHEPaIbHOI CYKYIMHOCTI € CTATUCTUYHO 3HAYYIIHM.

Jlpyeuii cnocio. BuzdHaueHHs1 iHTepBaJiB HAXIMHOCTI JJf OUIHOK MapaMeTpiB
MojeJti 3a t—po3noaijiom npu piBHi 3Havymocrti 0,05.
BukopucroByemo nani 3i CroBmiiB «Huowcni 95% / Lower 95%» ta «Bepxni 95% /

Upper 95% » — intepBasu goBipu 1uist mapameTpis @j, J =0, K. To6To 11i cToBIIII BMINyIOTH
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HIDKHI Ta BEPXHI I'PpaHUIll 95-BiJICOTKOBOIO PIBHS JAOBIPH JIJIsi KOYKHOTO ITapaMeTpa perpecii
1 BUpaXXaloTh JIOBIPY1 IHTEPBAIM MapamMeTpiB. KO JOBIpYi IHTEPBAIU HE MICTATh HYJISI, TO
3 95-BiICOTKOBOIO BIIEBHEHICTIO MOXKHA CTBEP/KYBAaTH, IO BCl HE3QJIEKHI 3MIHHI X
JOJIAI0Th PIBHSHHIO perpecii 3Hauymly 1HQOpMAIIO 1 MOXKHA JOCHUTh TOYHO OIHKCYBaTH
PO3TISTHYTUN €KOHOMIYHUI MPOIIEC YH SIBUILIE.

JloBip4i Mexi I TapaMmeTpy ao - 3 95% pisnem gosipu =[-2,396; -1,402] 3 99% = [-
2,623; -1,176]. Bonu He Mictath 0. OTxe, MapamMeTp 8o € CTATUCTUIHO 3HAYYITUM Ha 000X
piBHsX 10Bipu — 95% Ta 99%.

JloBipui Mexi i mapamerpy ai - 3 95% pisaem jgosipu =[1,095; 1,328] 3 99% =
1,042; 1,381]. Bouu He mictarh 0. OTxe, mapamMeTp @; € CTATUCTUYHO 3HAYYIIUM Ha 000X
piBHsIX n0BipH — 95% Ta 99%.

Tpemiii cnocio. 3a nanuMu KOJIOHKH «P-3nauenns | P-valuey.
B uetBepriit kosoHIl «P-3nauenns | P-value» naBeneHo HMOBIPHICTD, sIKa JO3BOJISE

BU3HAYUTH 3HAYMMICTD ITapaMeTpa perpecii.

Jlist piBas 3Hagnmocti a=0,05,

- sxio P-3nauenns >0,05, To mapamertp @ ( ] = 0, k ne k-umco napaMeTpiB Mojei) €
HE3HAYMMUM, BIAMOBIIHO rimote3a Hy : aj = 0 (rimorte3a, mpo Te, MO BCi KOEDIIEHTH
€KOHOMETPUYHOI Mozieni a; = 0) mpuiiMaeThes;

- akmo P-zmauenns <0,05, To mapametp (] = 0, k ne k-umco napaMeTpiB Mojei) €
3HAYMMUM, BIAMOBIIHO TinmoTe3a H : aj = 0 (rimotes3a, mpo Te, IO BCi KOEPilI€EHTH
€KOHOMETPHYHOI MoJieNi @ = 0) BiAXHIISAETHCS.

P-value

0,0000216043

0,0000000098
OTxe, MOPIBHIOIOYUN 3HAYEHHS HaBeAeHi B KoMoHI «P-3nauenns [ P-value» 3 0,05,
Moxkemo ckazatu, mo BoHH (0,0000216043<0,05 ta 0,0000000098<0,05) € 3HA4yHO

menmumu 3a 0,05. 3 4oro poOUMMO BUCHOBOK MPO CTATUCTUYHY 3HAYUMICTh TApaMETPIB &g
Ta aj.

OCKiJTbKH B MEHIO JIIAJIOTOBOT0 BiKHA IHCTpYMEHTY « Peepecisi / Regressiony (Puc. 17)
MU [TOCTABUJIM TIpanopellb HaBnpoTH «3anuiiku / Residualsy Oyna oTpumana Taka TaOIUIs
— Puc. 21.

B croemuunky «Observation / Cnocmepeoicenns» po3MillieHO HOMEPH CIIOCTEPEIKEHD
3 BUX1OJHUX JaHUX.

B croemuuky «Predicted Yi /Ilepeobauene Yiy 3HaXOAATHhCS MPOTHO3HI 3HAUCHHS
pe3ynbTAaTUBHOI 3MIHHOI Y (MPUOYTKY MIAMPUEMCTBA), K1 PO3PaxOBaHI 3a OTPUMAHOIO
perpeciitnoro mogemmo Y =-18994+12115- X mis kokHOro 3HaYEHHS (PAKTOPHOI 3MIHHOT

Xi B BUXIJHUX JaHUX.
B croBmumky «Residuals / 3anuwxuy po3paxoBaHi 3aJHIIKA, TOOTO PI3HHUIS MIiX
(haKTHYHKM Y; Ta PO3PaxXOBAHUM 33 MOZIEILIIO.
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RESIDUAL OUTPUT /

BMUBEAEHHA 3A/TULLKA
Observation /
CriocmepexceHHsA Predicted Yi /llepedbaueHe Yi Residuals / 3anuwku
1 1,13 0,0706
2 1,49 0,0071
3 1,74 0,1648
4 2,46 -0,2621
5 2,83 -0,0256
6 3,19 -0,0890
7 3,55 -0,1525
8 4,16 0,3417
9 4,89 -0,0852
10 5,37 0,0302
Bucnoexu 3:

1) IlepeBipka koedimieHTa KOpessnii Iy moKa3ana Moro 3HadyIicTb 3a t-kpurepiem
CTplo/IcHTa, OCKIJIBKH CIpPaBIWIach yMOBa | thospax | > tox (23,95>2,306). Omxe, Mik
3MIHHUMHU ) Ta X ICHY€ CYTT€BUN JIIHIMHHUI 3B’S30K, a OTPMMAaHE 3HAYEHHS JIIHIMHOTO
Koe(dilieHTa KOpemsIlii € 3HAYUMUM.

2) 3a pmanumu gucnepcidHoro aHamizy (ANOVA-tabmuis) Oyiio J0BeIeHO
aJICKBaTHICTh MOOYA0BAaHOT EKOHOMETPUUHOI MOJIEN1 JBOMA CIIOCOOaMHMU.

Ockilbkd B HamioMy BuNaaky ymoBa Fy>Faxixe Bukonyerbest (573>5,32) Ta
«3uaunmicts F / Significance F» menmre 0,05 (0,000000009838<0,05), To 1e o3Havae, 110
3 UMOBIpHICTIO 95% MOXKEMO cKa3aTu, 1110 €eKOHOMETPUYHA MOJIENb € aJIEKBaTHOIO 13 5%
WMOBIPHICTIO MU MOXKEMO MTOMUJISITUCS.

3) 3a momomororw iHCTpyMeHTy aHaiizy «Perpecis / Regression» Oynu oTpumai
3HAUEeHHS OIIHOK TmapameTpiB ap=-1,8994 Ta @;=1,2115. Ix s3Hauenns 36iramcs 3i
3HAYEHHSIMH, OTPUMaH1 IPU MOOYI0B1 TPEHTY Ha KOPEJAIIITHOMY TI0J11, OTXKE, TATBEPIUIOCH
perpeciiine piBusausg ¥ =-18994+12115-X.

4) IepeBipka OILIIHOK MapaMeTPiB @p Ta a1 MOKa3aia ix 3HAYYIIICTh Ha TPHOX PIBHIX
— Ha 3HAYYIIICTh 3a t-kputepieM CThIOAEHTA, IJIIXOM BU3HAYEHHS HAJIMHUX 1THTEPBAJIIB Ta
3a pIBHEM 3HAYYLIOCTI.

B nepiromy MeTo i CripaBaMIMCh YMOBH JUTS TApaMeTPiB g : tap >ty (8,8138>2,306);
ap : tar > 1,k (23,95>2,306). B apyromy mMeToi OliHKa mapamMeTpy o Mmorajae B iHTepBai [-
2,3964; -1,4025], a mapameTtpy a; — B intepsai [1,0949; 1,3282] 3 piBaeMm HaxiiiHocTi 95%.
A 3 piBHeM HajifiHOCTI 99% mapamertp ap nmomnajaae B inTepnain [-2,623; -1,176], a mapamerp
a; — B inTepsai [1,042; 1,381]. B Bcix Bunazakax 0 B I1i iHTEpBaJId HE BXOIUTH, 1 IIE O3HAYAE,
110 3 UMOBIpHICTIO 99% OIlIHKH MapaMeTpiB dop Ta a1 HE TOPIBHIOBATUMYTH 0.

B tpetsomy metoni «P-3nauenns | P-value» ams 060x mapameTpiB 3HAYHO MEHIII 3a
0,05 (0,0000216043<0,05 Ta 0,0000000098<0,05). 3 yoro poOMMO BHUCHOBOK MpO iX

CTaTUCTUYHY 3HAYUMICTb.
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OTxe mapameTpy ap Ta @1 € CTATUCTUYHO 3HAYYIIIUMU Ta MIXK 3MIHHUMU X Ta Y iICHY€
CYTT€BUH JIHIMHUI 3B’ SI30K.

OckinbKy 00M1Ba KOE(DIIEHTH € CTATUCTUYHO 3HAYYIITUMHU, 110 OYJIO IOBEICHO BHIIIE,
JU1s1 000X TapaMeTpiB MOYKEMO JIaTH 1X €eKOHOMIUHY 1HTEpIIpeTallito.

ao : SIk11o KoedIieHT ap € 3HaYYIIUM, TOJIl MOYKHA CKa3aTH, 1110 pe3yIbTaTUBHA 3MIHHA
Y ipuiiMe 3HaYEHHS do 32 HyJIbOBOTO 3HaYeHHS (PaKkTOPHOI (HE3aIeKHO1) 3MIHHOT X.

To6to, Ay Hamoro npukiaLy, sKo BapTicte O3 mianpuemMcTBa AopiBHOBaTHME 0,
TO IPUOYTOK MIAIPUEMCTBA Oy/ie JopiBHIOBATH -1,8994 miH. rpH. [locTiiiHa BenuuuHa ap=-
1,8994 nae mporno3ne 3HaueHHs Y ipu x=0.

a1 : KoedirieHT mpu x mokaszye, Ha CKUTbKH OJTUHUITH SMIHUTHCS Pe3yJIbTaTUBHA 3MiHHA
Y TIpH 3MiHi 3MiHHOT X Ha 1 ogmaMI0. OTXKE, KO X 3pocTe HA | OMUHUITIO, TO Y 3pOCTe Ha
@1 OJTUHUII.

OTxe AJig HAIIOTO MpUKIaay KoedilieHT ai BimoOpaxkae, mo sKio BapTicTh O3
30UTBIIMTU HA | MJIH. TPH., TO MPUOYTOK MiANpPUEMCTBA 3pocTe Ha 1,2115 MiH. rpH.

S) BU3HAYUTH TOYKOBHH MPOrHO3 AJISl 32/JaHOI0 3HAYEHHS He3aJIesKHOI 3MiHHOL
— BH3HAYMTH MPOTHO3HE 3HAYEHHS NMPUOYTKY mianpueMcrsBa (Yy) sikmo Baprictb O3
nixnpuemMcTBa Oyae Ha 20% OiJIbII0I0 32 MAKCMMAJIbHE 3HAYEHHS i€l 03HAKH,

J1 BU3HAUYEHHS TOYKOBOI'O IIPOTHO3Y CIIOYATKY HEOOX1THO 3a1aTH 3HAYECHHS Xnpoznosue

(foro Mo)kHa 3a/JaBaTH Oy/b-IKUM YMHOM). B Hamomy BHITaJIKy 3aaMO TaKUM YHHOM —
BU3HAUUTU TMIPOTHO3HE 3HA4YCHHS NpuOyTKy mianpuemctea (Y) skmo BapTicth O3
nignpuemcTBa 0ye Ha 20% O1IbIIOI 32 MaKCUMAaJIbHE 3HAYCHHS IT1€1 03HAKH.

Xnpoenosne=0,0%1,2=7,2 MIIH. I'pH.

[Iporuo3ne 3HaueHHs OyJIeMO BU3HAYATH 32 PIBHSIHHSIIM perpecii:

y=-18994+12115- x

[TincTaBUMO B PIBHSIHHS Xnpocuosne:

Yupoenosne—=1,8994+1,2115%7,2=6,82 MIH.TpH.
Bucnoexu 4.

3HAYCHHS Yypocnosnes AKE TOPIBHIOE 6,82 MIIH. TPH. MO>KHA IHTEPIIPETYBATHU SIK TOUKOBY
OITIHKY IMPOTHO3HOTO 3HAYCHHSI MaTEeMAaTUYHOTO CIIOJ{IBaHHS Ta 1HIMBIAYaJbHOTO 3HAYCHHS
npuOyTKy MIANMPUEMCTBA, 32 YMOBH, 1110 BapTicTh O3 mianpuemcTsa Oyze A0piBHIOBATU 7,2
MJTH. TPH.

6) BH3HAYHUTH IHTEPBAJIbHHMII MPOTrHO3 IS 33JaHOr0 3HAYEHHS HE3AJIEKHOI
3MiHHOI.
[IporHo3 («iCTUHHE» 3HAUYECHHS IIPOTHO3Y) OYy/1€ 3HAXOAUTHUCH B MEXKaX:
prOFHO3He = ynpomos’ﬂe + Aj;npoeHos‘He
abo

Ynporuosne — Aynpomosx—xe < Yuporuosue < Vnpoenosne + Ayl’lpoeHOSHe

B mpakTuiii nporHo3yBaHHsI BU3HAYAIOTH JJISI TUIH JTIOBIPYMX 1HTEPBATIB:
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1) nyist cepeTHLOTO 3HAYEHHS;

2) Ui IHAUBI Ty alTbHOTO 3HAYCHHS.

dopmynH sl IX pO3paxyHKIB PI3HATHCS TUTBKH B TOMY, SIK PO3PAaXOBYIOTh 3HAUCHHS
i KopeHeM. i cepednboeo snaueHus (MamemamuyHoeo cnooiéanHs) 3aJIeKHOT 3MIHHOT
O3HAKH Y OXUOKY a60 rpaHndHy MOMHIKY (A3 ,p0z105me) BA3HAYAIOTH 32 (POPMYJIOKO:

Avp= Ta..{'l'_gu _ Ill N (IP—E}_ . (9.53)
An 1\| J_‘E

st inougioyanvHo2o 3nauenHs 3aleKHOI 3MIHHOI O3HAKHU Y MOXUOKY ab0 rpaHuYHy
OMHIIKY (49 ,1021051¢) BA3HAYAIOTH 1HAKIIE — 3 (POPMYIIOKO:

u | 1 £'rP B ﬂ:

Ay, = LI | i
Ayp =tok T \.|1+”+ > (9.54)

[Tpu minbHIN kopensuii (6utkine 0,75) TPOrHO3HI 3HAYEHHS MOXKYTh OyTH MPUHHSTI
npu Oi3Hec-IJIaHyBaHHI pe3yJbTaTUBHOIO MOKa3HHWKAa Ha HalOmmkuy mepcrektuBy. [lpu
OMY CJiJ] TaM’SITaTH, 1[0 YUM JaJli BiJl 0a3UCHUX MOKA3HUKIB B3SITE MPOTHO3HE 3HAYCHHS
(dakTopa X, TAM MEHII HAJIMHUI MPOrHO3, TUM OlIbIIA WMOBIPHICTh 3HAYHOT'O BIIXWJICHHS
BIJl CEPEIHbOTO PO3PAXYHKOBOTO 3HAUYEHHS, TOOTO JIOBipYa 30HA IPOTHO3YBAHHS
PO3IIMPIOETHCS.

JIie BU3HAYCHHS CEPeOHbO20 3HAYEHHS (MAMeMamu4Ho20 CnooiéanHs) TOXHOKa
IPOTHO3Y JOPIBHIOE AV, 0001.=0,1736 (bopmyna 9.53), ToMy OTpUMAEMO BIAIOBIIHI
HEPIBHOCTI (NPOCHO3HUL IHMEPBAl MAMEMAMUYHO20 CNOOIBAHHS):

Y m.npoenos-A Ynpoerno3< =Y npoenos (cepeone) <=Y m.npoecroz+A Ynpoenos

6,8236-0,1736 < =Y npoenos (cepeone) <= 6,8236+0,1736

6,6501 < =Y npoenos (cepeone) <= 6,9972

JIIs  BU3HAYCHHS NPOCHO3HO20 IHMEPBANY I[HOUBIOYAIbHO2O 3HAYEHHs TIOXUOKa
NPOTHO3Y  NMOPIBHIOBATUME AV ,00101.=0,1784  (bopmyna  9.54), Tomy oTpuMaemo
BIJIMOBIH1 HEPIBHOCTI:

Y m.npoenos-A Ynpoernosz < =Y npoero3s (inous) <= Y m.npoenos+A Ynpoeros

6,8236-0,1784 < =Y npoenos (inous) <= 6,8236+0,1784

6,6452 < =Y npoenos (inous) <= 17,0021

Omxke, 3 WMmoBipHicTIO 95% (ab0 Ha piBHI 3HauMmMocTi 0=5%) mpPOrHO3
MaTEMaTHYHOTO CIOJiBaHHsA momazae B iHtepBan [6,6501; 6,9972], a mnporuos
IHIMBITyalbHOTO 3HAYCHHS — B iHTepBan [6,6452; 7,0021].

Bucnoexu 5:

Sxmo B mporHo3HoMy miepioni BapticTh O3 mignpueMcTBa Oyae MopiBHIOBATH 7,2
MJTH.TPH., TO CE€peIHIN MPUOYTOK MiAMPUEMCTBA 3 UMOBIPHICTIO 95% MOTpaIuisie B iHTepBal
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[6,6501; 6,9972]. BonHouac okpeme (iHIWBigyanbHE) 3HAUYEHHS MPUOYTKY MiAPHEMCTBA
Oyze micTuTHCS B IUpHioMy inTepsani [6,6452; 7,0021].
3AT'AJIBHI BUCHOBKMU:

1) Po3mimeHHs TOYOK Ha JaiarpaMi poO3CifoBaHHS (KOPEIAIIHHOMY TIOMi) Ja€
MO>KJIMBICTh 3pOOHUTH TPUMYILICHHS MPO ICHYBAHHA JIIHIAHOI ()OpPMHU 3B’SI3KY y BUIIISAII
ynkuii y=ay +a X, Ae Y — po3paxyHKOBUil NpHOYTOK, MJIH.FPH.; X — BapTicte O3,
MJTH.TPH.

2) 3 JiHIHHOTO TpPEHy, MOOYJIOBAaHOTO HAa KOPEJALIHHOMY MOJi OTpUMANId TaKi
3HAYEHHS OIIHOK MapaMeTpiB MapHOi JIiHIMHOT perpecii

o= -1,8994
ar= 1,2115

Otxe, OyJ10 OTPUMAHO perpeciiiie piBHAHHS

y=-18994+12115- x

3) Koedimient maproi kopemsmii abo xoedimienT xopemsmii [lipcona rx=0,9931.
Horo 3Hauenns qyxe 6mmsbke 10 1 i e Bkasye Ha Te, mo Mix BapTicTio O3 Ta IpHOyTKOM
MIIIPUEMCTBA € CUIILHUN JITHIMHUM 3B 30K. A OCKUIBKH BiH III€ ¥ JOJATHIN — 11€ BKa3y€ Ha
T€, MK 3MIHHUMH TPSIMUIA JTIHIHHUAN 3B’ 5130K. [IpsiMuiil 3B’s130K 03HAYae, 110 31 3pOCTaHHIM
(axTopy (3MiHHOT) X 3pocTae i pakTop (3MiHHA) ).

[lepeBipka koedilieHTa KOpENsLii Iy MOKa3aja HOro 3HauyIlicTh 3a t-KpUTepieM
CrbhloIeHTa, OCKUIBKM CHpPaBIMIIaCh yMOBa | tospax | >tk (23,95>2,306). Omxke, Mix
3MIHHUMHU ) Ta X ICHY€ CYTT€BUN JIIHIMHUI 3B’S30K, a OTPMMaHE 3HAYEHHS JIHIMHOTO
Koe(dilieHTa KOpessIli € CTATUCTUYHO 3HAYMMUM 3 piBHEM A0Bipu 95%.

4) Koedimient aerepminamnii R?=0,9862. Bin Onu3bkuii 10 OJUHUIN, IO BKAa3ye Ha
n00py 3arajibHy SKICTh MOAEJI. Takox 1€ 03HaYae, 10 TEOPETUYHA MpsiMa MosIcHIOE 98,62%
Bapiailii abo MoxHa ckazatH, 1o 98,62% Bapiaiiii NpuOyTKY MiAMPUEMCTBA BiAOYBAETHCS M1
BIUTUBOM BapTOCTI OCHOBHMX 3ac00iB. A pemrta 1,38% - mpumanae Ha iHII QakTopu Ta
BUMAIKOB1 BenuuHM. [1lo cB1IUMTH PO BUCOKUII pIBEHB aJICKBATHOCTI MOJIEII B IIIJIOMY.

5) 3a ganmmu gucnepciinoro anamizy (ANOVA-tabmuis) Oyja0 J0BEICHO
aJICKBAaTHICTh MOOY/I0BAaHOT EKOHOMETPUYHOT MOJIETI1 JBOMA CTIIOCOOaMMU.

OckilbkM B HamioMy BuNaaky ymoBa Fy>Faxixe BukoOHyeThest (573>5,32) Ta
«3uaunmicts F / Significance F» menme 0,05 (0,000000009838<0,05), To 11¢ 03Hauae, 1110
3 UMOBIpHICTIO 95% MOXkeMo cKa3aTH, 110 EKOHOMETPUYHA MOJEIIb € aJIeKBaTHOMO 1 3 5%
WMOBIPHICTIO MU MOKEMO TTOMUJISITUCS.

6) 3a mormomoror iHCTpyMeHTy aHamizy «Perpecis / Regression» Oyiu oTpumai
3HAaueHHd OIHOK mnapameTpiB ap=-1,8994 Ta @;=1,2115. Ix s3HauenHs 36iramcs 3i
3HAYEHHSMH, OTPUMAaH1 IpU MOOYI0B1 TPEHY Ha KOPEIALIITHOMY T0JI1, OTXKE, MTIATBEPAUIOCH
perpeciiine piBusansa ¥ =-18994+12115-X.

7) TlepeBipka OLIIHOK MapaMeTpiB 8 Ta a1 NMOKa3alia iX 3HAYYIIICTh Ha TPhOX PIBHAX
— 3a t-xputepiem CTbIOJIEHTA, NUIIXOM BU3HAYEHHS HAIIWHUX 1HTEPBAIIB Ta 3a PIBHEM
3HAYYIIOCTI.

B nepiromy MeTo i CripaBanIMCh YMOBH JUTs TApaMeTPiB g : tap >ty (8,8138>2,306);
ap : ta > 1,k (23,95>2,306). B npyroMy mMeToi oIiHKa mapaMeTpy 8o Iorajaae B iHTepBa [-
2,3964; -1,4025], a mapameTtpy a; — B intepBai [1,0949; 1,3282] 3 piBaeM HaaiiHOCTI 95%.
A 3 piBHeM HagifiHOCTI 99% mapaMeTp g monajae B inTepsain [-2,623; -1,176], a mapamerp

25



a1 — B inTepsai [1,042; 1,381]. B Bcix Bunagkax 0 B i iHTEpBaJIM HE BXOJIUTH, 1 e 03HAYAE,
10 3 UMOBIPHICTIO 99% OLIIHKU MapaMeTpiB do Ta @1 HE TOPIBHIOBATUMYTH (.

B tpetboMy metomi «P-3nauenns | P-value» s 000x mapameTpiB 3Ha4HO MEHIIN 3a
0,05 (0,0000216043<0,05 Ta 0,0000000098<0,05). 3 yoro poOMMO BHCHOBOK IIpO iX
CTaTUCTUYHY 3HAYUMICTb.

OTxe mapaMeTpy ap Ta @1 € CTATUCTUIHO 3HAYYIITUMU Ta MIXK 3MIHHUMU X Ta Y iICHy€
CYTTEBHI JIIHIMHWH 3B’ S30K.

8) Ockinbku 00HaBa KOe(DILIEHTH € CTATUCTHYHO 3HAYYIIMMH, 10 OYyJO JOBEIACHO
BHUIIIE, 111 000X MapaMeTpiB MOXKEMO JIaTH iX €KOHOMIYHY IHTEPITpPETAIlilo.

ao : SIk110 KoeiLIEHT ap € 3HAUYIIUM, TOJIl MOKHA CKa3aTH, 110 pe3yIbTaTUBHA 3MIHHA
Y ipuiiMe 3HaYEHHS do 32 HyJIbOBOTO 3HaYeHHS (PaKTOPHOI (HE3aIeKHO1) 3MIHHOT X.

To6to, Ay Hamoro npukiaLy, sKo BapTicte O3 mianpuemcTBa AopiBHIOBaTHME 0,
TO MPUOYTOK MiANpUEMCTBA OyJie nopiBHIOBATH -1,8994 MiH. rpH. [locTiitHa BenuuuHa ap=-
1,8994 nae nmporHo3ne 3HaueHHs Y ripu x=0.

a1 : KoedimieHT nmpu x 1nokasye, Ha CKUJIbKH OJIMHULIb 3MIHUTHCS pe3yJIbTaTUBHA 3MIHHA
Y mpu 3MiH1 3MiHHO1 X Ha 1 ogunHuIo. OTxke, K0 X 3pocTe Ha | OJUHUII0, TO Y 3pOCTE Ha
@1 OJTMHUII.

Omxe Ajig HAIIOTO TMpUKIaay KoedilieHT ai BimoOpaxkae, mo sKio BapTicTh O3
30UIBIIMTU HA | MJIH. TPH., TO MPUOYTOK MiANPUEMCTBA 3pocTe Ha 1,2115 MiH. rpH.

9) 3HAYCHHS Yipocnosne, AKE MOPIBHIOE 6,82 MIH. TPH. MOXKHA IHTEPIPETYBAaTH SIK
TOYKOBY OIIHKY IMPOTHO3HOTO 3HAYEHHS MAaTEMaTHUYHOTO CIOJIBAHHA Ta 1HJMBITYaJIbHOTO
3HAUeHHs1 MPUOYTKY MIANMPUEMCTBA, 3a yYMOBH, 10 BapTicTh O3 mianpuemcTBa Oyne
JIOPIBHIOBATH 7,2 MJIH. TPH.

10) Sxuro B mporao3Homy mepioai Bapticts O3 mignpuemctsa Oye AopiBHIOBATH 7,2
MJIH.TPH., TO CEpPEAHIN MPUOYTOK MIANPUEMCTBA 3 UMOBIPHICTIO 95% moTparisie B iIHTepBa
[6,6501; 6,9972]. BonHouac okpeme (iHIWBIAyaibHE) 3HAUCHHS MPUOYTKY MiANPHEMCTBA
Oyjie MICTUTHCS B IIUpIIOMY iHTepBaii [6,6452; 7,0021].
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