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BCTYnN

Ha crorogni cratucThdHi METOAM 1 PI3HOMAaHITHI MaTeMaTHYHI MOJEi
IIMPOKO  3aCTOCOBYIOTHCS  JUIsl BHUBUYEHHS  KOMIIOHEHTIB  HABKOJHIIHBOTO
OPUPOJHOTO CEPEIOBUINA, KOHTPOJIO CTaHy EKOJOTIYHUX CHUCTEM  TOIIO.
Y HaBYanbHOMY BHJAHHI BUKJIQJCHO MarepiaJl Jais MiATOTOBKHA JOKTOPIB
bimocodii 10 po3B’si3aHHS KOMIUIEKCHUX 3aBlaHb IPOTHO3YBaHHS CTaHy
HABKOJIMIITHBOTO CEPEIOBUIIA METOJIAMU KOPEJISIIIHHOTO 1 perpeciiHOro aHami3y.

Buganus "MeToauuHuxX BKa3IBOK JUIS CaMOCTIMHOI poOOTH 3 AMCUMILTIHUA
"KinbKicHUI Ta SIKICHUM aHalli3 CTaHy ekoJoriyHux cucteM". OOpoOka pe3ysbTaTiB
EKCIIEPUMEHTATIBHUX ~ JIOCTDKEHb" I MIATOTOBKUA JIOKTOPIB  Quiocodii €
aKTyaJbHUM 3 OTJIAy Ha MpoOJieMH HaBKOJUIITHBLOTO CEPEIOBUIA i HEOOX1THICTh
3aCTOCYBaHHA "3eJleHUX" Ta eHepro30epiralounx TeXHoJorii. Buaanusa miasuirye
piBeHb 3a0€3MEYEeHOCTI MaTepiajloM HaBYAIBHOIO IMPOIECY MIATOTOBKU JOKTOPIB
dbinocodii 3 quctururing "KinbKicHUM Ta SKICHUIM aHaJli3 CTaHy €KOJIOTTYHUX CUCTEM"
Ta CTBOPEHE 13 BpPAaXyBaHHAM CYYaCHMX TNOTped MpoBeAeHHS W 00poOKu
pPEe3yJbTaTIB XIMIYHUX 1 €KOJIOTTYHUX JTOCIIKEHb.

Exonoriyni sBumia GopMyrOThCs MMiJ BIUIMBOM 0araThbOX UYWHHHUKIB, TOMY
HasiBHI B3a€MO3B’S3KA MK O3HAKaMH, SIK MPABHJIO, JIETKO BH3HAYaTH TUIbKU Y
BEJIUKHX 3a 00csAToM cucTemax. JJis aHamizy pe3yiabTaTiB XIMIYHUX 1 €KOJIOTTUHHUX
JOCITIJIKEHb TOCUTh 4acTO 3aCTOCOBYIOTh PETPECiHUN Ta KOPENSALIMHUN METOIu
aHai3y. 30KpeMa, KOpeJSIiiHUN aHaIi3 HaJlae 3MOTY PO3B’SI3aTH HU3KY CKIIaTHUX
3aBJIaHb €KOJIOT11 Ta OXOPOHU HABKOJUIITHHOTO CEPEIOBHUINA 1 CIIPHSIE M1ABUIIICHHIO
TOYHOCTI ¥ HAAIIHOCTI MaTEMATUYHUX MOJIEJIEN.

[lepeBara kopenALIHHOTO METOAY MOJISITA€ TAKOXK 1 B TOMY, IO BIH HaJae
3MOTY pO3B’SI3yBaTH 3aBIaHHA, SKI HE MOXKHA BUPINIUTH 32 JOMOMOTOIO IHIIHMX
METO/IIB aHaJI3y, TAKWX, HAPUKIIA, K BIJIOKPEMJICHHS BILUTUBY KOXHOTO 3 0aratbox
YMHHUKIB, 1110 B3a€EMOIIOB’A3aHO 1 B3aEMO3YMOBJICHO A1I0Th Ha CHCTeMY. buibl Toro,
B €KOJIOTIYHUX JOCHIPKEHHAX HEOOXITHO BU3HAYATU HE CTUIbKU MIPY KOpEJLli,

CKLJIBKH 11 (popMy 1 XapakTep 3MIHU OJIHIET O3HAKH 3aJICIKHO B1Jl 3MIHH 1HIIIO].



4

[lin yac BUBYEHHS Kypcy 3a JOMOMOToK0 "MeTOAWYHMX BKa3iBOK JUIs
CaMOCTIHHOT poOoTH 3 auctuIuTiHy "KibKiCHUIA Ta SIKICHUM aHai3 CTaHy eKOJIOTIYHUX
cucteM". OOpoOka pe3y/ibTaTiB EKCHEPUMEHTATBHUX  JIOCTIKEHb" JTOKTOPH
¢inocodii TOBUHHI OBOJOMITH TEOPETUYHUM MAaTEpiajioM 1 MPAKTUYHUMHU
HABUYKAMHM 3aCTOCYBAHHS KOPEJALIMHOTO aHajidy MiJ Yac MPOBEACHHS
CKCIIEPUMEHTIB II0J0 BHU3HAYEHHS 1 KOHTPOJIIO MapameTpiB HABKOJIUIIHHOTO
cepenopumia. lle HamacTh iM 3MOTYy BHUKOHYBAaTH SIKICHY EKCIEPTHY OIIHKY
OTPUMaHUX pe3yJbTaTiB, POOUTH KOPEKTHI BHUCHOBKM Ta MpUAMATH BIpHI H

€KOJIOTTYHO Oe3MeyH1 yIpaBIIHCHKI PIIICHHS.



INTRODUCTION

Currently, statistical methods and mathematical models are widely used to
study components of the environment, for monitoring ecological systems state, etc.
The study guide presents material for the postgraduate students’ preparation in
order to ensure their ability to solve complex tasks of forecasting the environment
state using correlation and regression analysis methods.

The publication of the "Methodical guidelines for independent work on
discipline "Quantitative and qualitative analysis of the ecological systems state".
Processing results of the experimental researches” for the preparation of
postgraduate students is relevant because of the environmental problems
aggravation and the importance of the implementation of the "green” and energy-
saving technologies. The publication enhances the material for the postgraduate
students’ training at the discipline "Quantitative and qualitative analysis of the
ecological systems state” and was created taking into account the current needs of
conducting and processing the results of chemical and environmental researches.

Environmental phenomena are formed because of the influence of many
factors, so, in the most cases, the existing interrelationships between the features
can be easily determined only in the large-scale systems. So, regression and
correlation analysis methods are often used for analyzing the results of chemical
and environmental studies. In particular, the correlation analysis enables to solve a
number of complex environmental issues and improves the accuracy and reliability
of the mathematical models.

The advantage of the correlation method is that it also allows scientists to
solve tasks that can not be solved by other methods, for example, separating the
influence of each of the factors that affect the particular ecosystem and are
interconnected and interdependent. Moreover, in the environmental studies it is
necessary to determine not only the degree of correlation but also its form and the

peculiarities of the change of one feature, depending on the change of another.
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During the course with the help of the "Methodical guidelines for
independent work on discipline "Quantitative and qualitative analysis of the
ecological systems state™. Processing results of the experimental researches”
postgraduate students will master the theoretical material and practical skills of the
correlation analysis implementation during experiments on the determination and
control of the environmental parameters. This will enable them to perform an
expert assessment of the obtained results, make correct conclusions and

well-thought-out environmentally friendly managerial decisions.



po3ailn 1

TEOPETUYHI OCHOBUW KOPENALINHOIO AHANI3Y
1.1 CtaTUCTUYHMN 3B’AA30K MiX BMNaagKOBUMU
BeNMYnHaMm

VY cTaTUCTUYHOMY aHali31 pO3pi3HAIOTH TaKi BUAU 3B’ SI3KiB MK YHHHUKAMH,

110 JiF0Th Ha cucTeMy (00’€KT), a came:

. GyHKIIOHATBHI;
. CTOXaCTUYHI;
. CTATHCTUYHI.

DyHuKyioHanbHUll 38 30K — 1€ 3B’ 130K M1 3MIHHUMHU, MIPU IKOMY KOKHOMY
3HAYCHHIO OJHIET BEJIMYMHH BiAIIOBIJA€ YITKO BU3HAYCHE 3HAUCHHS 1HIIIO1, TOOTO
y=f(X,X,,...x,) 3a3HAUUMO, IO JOCIIIKEHHSAMU 3B’SI3KIB TaKOrO BUJIY

CTAaTUCTHUKA HE 3aUMaEThCA.

3a HasBHOCTI JIBOX BHUIIQJIKOBHUX BEJIWYMH X 1 ) 4acTO BUHHMKAE MOTpeda y
BCTAHOBJICHHI Ta BpaXyBaHH1 3aJIe’KHOCT1 MI>XK HUMH — TaK 3BaHOTO CTOXaCTUYHOTO
3B’SI3Ky, IO BIAMOBIJAAa€ cUTyallli, 3a sKOI 3MiHa 3HAYEHHS OJHIE€T 3MIHHOT
CIPHUYMHIOE 3MIHY 3aKOHY PO3IMOAULY 1HIIOI. Y BUIMAAKYy AMCKPETHUX BEIUYMUH 1€
O3HaYae, 110 MEBHOMY 3HAUYCHHIO OJIHI€T 3MIHHOI BIAMOBI1a€ Ha0lp 3HAYEHB THIION 1
NP I[bOMY KOXKHE 3HAYEHHS Ma€ BIAaCHY UMOBIPHICTH peai3aili.

Cmamucmuunuti 368’5130k Tependadae, 10 3HAYCHHS OJHIET 3MIHHOL
BapIIOIOTHCA B CEPEIHHOMY B 3aJIC)KHOCTI BiJl TOTO, SKi 3HAYCHHS NpHUIMAae€ iHIIA
3MiHHa. YacTo CTaTUCTUYHMI 3B 30K pO3MISAAIOTH K (DYHKI[IOHAJIbHY

3aIeXKHICTh ((QYHKIIOHATBLHUHN 3B’ S30K) 3 BUIMAIKOBOIO IIOMUJIKOIO €, 30KpeMa:
Y= (X Xy X, )+ &, (1.1)

ne f(Xg, Xa, ... ,Xn) — QYHKIIIS, IO OMUCYE 3ATEKHICTD V BiJl CYKYITHOCTI HE3aJICKHUX

3MIHHHUX X1, X, ... , Xp.
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OCKiTbKM CyMa KOHCTAaHTHM 1 BHIMAJKOBOI BEJIWYHMHH € BHUIAJIKOBOIO
BEJIMYMHOIO, TO 3HAYCHHS ), po3paxoBadi 3a Qopmynoro (1.1), Takox OyayTh
BUTIAJKOBUMH BEIIMYNHAMH.

Ha nmpaktumi pans  ojepkaHHS 3a  €KCIIEPUMEHTAJbHUMH  JTaHUMU
MaTEeMaTHYHUX MOJIENICH, IO OMHCYIOTh IMOBEIIHKY TEBHOI XapaKTEPUCTHKH B
3QJIGKHOCTI BiJl 3MIHU JIEKIJIBKOX (PaKTOPIB, 3aCTOCOBYIOTh pecpeciliHuii auais.
[Tpu bOMy €KOJIOTIYHI TPOIECH, 00’ €KTU a00 MPUPOAHI SIBUIIA PO3TIIAAAIOTH SIK
"gopuuit AmmK" ("4opHYy CKpHHIO"), 1[0 Ma€ Ha "BXOMi" HE3aJeKHI 3MIHHI, SKHMH

MO>XKHa KEepyBaTH, a Ha 'BUXOJ1" — 3MiHHI, 10 XapaKTEPU3YIOTh AOCIIHKYBAHHMI

poLec.
Buokpemintorors:
. KOHTPOJIbOBAHI;
. KEepOBaHi,
. HEKEepoBaHi Ta
. HEKOHTPOJIHOBaH1 ()aKTOpU (YUMHHUKH ).

30KpemMa, HexkeposaHumu Gaxmopamu HA3UBAIOTh HE3aJCKHI 3MIHHI,
3HAUCHHA SKUX MOJYKHA BHUMIPUTH, aje KepyBaTH HHUMH HE MOJXKIIMBO.
Hexonmponvosari ¢paxmopu — 11e Ti, 10 BILTUBAIOTH Ha JOCTIKYBaHUM MPOIIEC,
asie iX HEMOJKJIMBO BUMIpATH (200 MOXke OyTH HEBIJIOMO TPO iX ICHYBaHHS).

OCHOBHOIO 03HAaKOIO HAasIBHOCTI CTATUCTUYHOTO (KOPENSLIMHOIO) 3B’SI3KY
MDK BHUITQJIKOBUMH BEJIMYMHAMH X Ta ) € BIIMIHHICTH BIJl HYJIS Koe@iyieHmy
Kopenayii . 3a HASBHOCTI KOPEJSLIMHOTO 3B’A3KYy MDK 3MIHHUMH HEOOX1JTHO
BUSIBUTH HOTO XapakTep, TOOTO BU3HAYUTH, SIK cCaMe Y CePEAHhOMY BIUIMBAE 3MiHA
BEITMYMHU X HA 3MIHY BEJIMYUHH ).

Orxe, WO KOpelayitiHuM  aHANi3oM  PO3YyMIIOTh  BCTAHOBJICHHS
3aKOHOMIPHOCTEH MK SBHINAMH 1 IpoIlecaMu, IO 3aJIeKaTh BiJl 0aratbox, 1HOII
HEBIJIOMUX TIapaMeTpiB. BUKOpUCTaHHS METOAY KOpensIli 1 perpecii mae 3Mory
PO3B’sI3aTH TaKi 3aBJIaHHS:

. BCTAHOBUTH XapakTep 1 TICHOTY 3B’SI3Ky MDXK JOCIIIKYBaHUMHU

BEJIMYMHAMU (SIBUIIIAMH);
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. BU3HAYUTH W KUIBKICHO BUMIPATH CTYMIHb BIUIUBY OKpeMUX (aKkTOpiB
(YMHHHKIB) Ta TX KOMIUIEKCHOI [Tii Ha TIEBHUI 00’ €KT UM SBUIIIC;

. Ha IiJCTaBl KOPEJAMIMHOI MOJCI po3paxoByBaTH (IIPOrHO3YBATH)
KUTBKICHI 3MIHU y CTaHl 00’€KTa YW SIBUINA, HAJAaBaTH OO €KTHUBHY OIHKY ITUM
3MiHaM.

Takum uwmHOM, OGyHKIIS y=Tf(X) € Koperayiunoro, SKIO KOKHOMY
3HAYEHHIO apryMEHTY X BIANOBIJA€ CTATUCTUYHUHN DS pO3MONALTY (QYHKIII .
OCKUTBKY KOPEJAIINHI 3a7I€KHOCTI XapaKTePU3YIOThCS UMOBIPHICHUMU 38 SI3KAMU,
BCTAHOBJICHHS 3aJIC)KHOCTEH MK BEJIMUYMHAMU X Ta Y MOMJIMBE JIMIIE TOJI, KOJIU
OyJu MPOBEJICH1 CTATUCTUYHI BUMIPIOBaHHS.

JIisi OTpUMaHHS CTaTHUCTHYHO JOCTOBIPHOI 1 HaAIMHOI XapaKTepUCTUKU
3B’SI3KY Y JOCHIIKEHHI1 (CIIOCTEPEKEHH1) MOTPIOHO BCTAHOBUTU (DOPMY 3B SI3KY U
3HAUTH KUIBKICHI XapaKTEpUCTUKA — OOpaTH MaTeMaTU4yHE PIBHSIHHS (MOJEIb),
AK€ HaWOLIbII TOBHO BIJIOOpaXka€ XapakTep 3B’S3Ky MIXK JOCHIKyBAaHUMU
O3HaKaMU SBUIIA YU 00’ €KTA.

Otxe, T hopmoro Kopensayitinoeo 36 13Ky PO3YMIETHCS THUIT aHATITUIHOTO
PIBHSIHHSI, 1[0 BUpaXXa€ 3aJIeKHICTh MK MEBHUMH JOCIHIKYBAaHUMHU O3HAKAMHU.
3B’S30K MK KOPEJIIOIOUYMMH O3HAKAMU 32 HANPAMOM MOXKE OyTH:

. npsMuM, KOIU OOWIBI O3HAKU 3MIHIOIOTHCS B OJHOMY Hampsmi (31
30UTBbIICHHSAM (DaKTOPHOI 03HAKH 3POCTA€E O3HAKA PE3Y/IbTATUBHA 1 HABIIAKK);

. obepHeHuM, KOIU 00UIB1 O3HAKU 3MIHIOIOTHCS B PI3HUX HaNpsiMax.

3a GpopMoro a00 aHATITUYHUM BUPAKEHHIM PO3PI3HSIOTH:

. NPAMOJIHIUHIT 36 13KU (00 NIHIlHI);

. HEeNIHIUHI (KPUBONIHIUHI) 36 S13KU.

3aJIeKHO BiJ KITBKOCTI OCIIIPKYBAHUX O3HAK KOPEJIALIis MOXKE OYTH:
. napnoio (npocmoio) i
. MHOMNCUHHOIO.
ToOTo SIKIII0 BU3HAYAETHCS 3B’ 30K MIXK JIBOMa 03HaKaMu (pe3yJIbTaTHBHOIO

1 (aKkTOPHOI), TO TaKy KOPEJALII0 HAa3HBalOTh MPOCTOID; a y BHIAIKY, KOJH
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SIBUIIIE PO3MISIIAETHCS K PE3YJIbTaT OJHOYACHOTO BIUIMBY JACKUTBKOX YMHHUKIB —
MHO>XHHHOIO.

BcranoBneHHs GpopMu 3B’SI3Ky J1a€ MOKJIMBICTh 3HAWTH PIBHSHHS perpecii,

AK€ HAWOUTBII TMOBHO BimOOpaXkae XxapakTep B3aeMOAIl MK 3aJeKHOI 1

He3aJIeKHOI0 03HaKaMu. [IpoTe cam MeTo1 KOpENsIiHHOTO aHalli3y HE BCTAHOBIIIOE

HasSBHOCTI Ta/a00 NPUYMH BHUHUKHEHHS 3B’SI3KIB (MPUYUHHO-HACIIIKOBOTO

3B’3Ky) MiX JOCIi/PKyBAaHUMH BEJIMUMHAMHM (SBHIIAMH). MIOro NMpH3HAYCHHSM €

TUIBKH BCTAHOBJICHHS HAsIBHOCTI Ta K1JIbKICHE OMTMCAHHS 3B’ S3KY.

Kopenayitinuti ananiz mosicna nooinumu Ha S5 emania:

. BCTAHOBJICHHSI HAsBHOCTI 3B’A3KYy MK JIOCHIJI)KYBaHUMH O3HAKaMH,
JUUISL 4OTO MOTPIOHO CITOYATKYy BU3HAYMTH Ta BIAIOpaTH HAMICTOTHIII YAHHUKHU JIJIS
aHamizy;

. BUBYCHHS XapakTepy 3B’A3Ky, Horo Hampsamy 1 dopmu;, BuOIip
MaTEeMaTUYHOTO PIBHAHHSA /Ul HOTO ONMCAHHS,

. PO3paxyHOK XapaKTEpPUCTUK KOPEALIMHOTO 3B s3KYy, a came
3HAXOJ/KEHHSI KOe(III€EHTIB PIBHSIHHS perpecii 1 MOKa3HUKIB TICHOTHU 3B’SI3KY;

. CTaTUCTHYHE OI[IHIOBAaHHSI XapaKTEPUCTHUK (MIOKA3HUKIB) 3B SI3KY.

TakuM 4YMHOM, CYTHICTh KOPEJSLIMHOTO aHai3y MOJSAra€e y 3HaXOJKEHHI
PIBHAHHSL pezpecii MK BUIAJKOBUMHU BeIMUMHAMU (Tak 3BaHA JIiHisS HAWKPAIOTO
HAOJIM)KEHHS ), @ TAKOXK B OLIIHII BUJY 1 TICHOTH 3B’SI3Ky M)XK HUMH, JOCTOBIPHOCTI
pE3yNbTaTiB BUMIPIOBAHb (CIIOCTEPEKEHB) TOIIIO.

[Ilo0 mnomepenHbO OIIHUTH HASBHICTh KOPENALIMHOTO 3B’SI3KY MIXK
BUTAJKOBUMH BEIMYMHAMH X Ta ), OYyAylOThb TaK 3BaHE KopelayiliHe noJe.
JIis 1bOro pe3ysbTaTH BUIPOOYyBaHb (EMIMIPUYHUN PSII PO3MOIITY) HAHOCSTH
TOYKaMU Ha koopAuHaTHY IuiomuHy XOV (puc. 1.1). MHOXHHA TaKMX TOYOK M
YTBOPIOE KOpETSLiiiHe 1moJjie. 3a TICHOTOIO IPYITyBaHHS €KCIIEPUMEHTAIbHIX TOUOK
HABKOJIO MPAMOi (KpUBOI) JIiHIT, a TAKOXK 32 HAXWJIOM IIi€i JIIHIT MOXHA BI3yaJbHO
OLIIHUTH  HASABHICTb  (YM  BIJCYTHICTh)  KOPEJSALINHOTO  3B’SI3KYy  MIXK

JOCITIKYBAaHUMU BETMIMHAMU (SIBUIIIAMHU ).
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a) 0)

Pucynok 1.1 — Bunu xopensiiitHux moJis.

Hanpuknan, 3 puc. 1.1a) BummBae, mo eKCIIEPUMEHTAIBHI JTaHI MarTh
MEeBHUN JHIAHUA 3B 30K MDK BHIAJIKOBUMH BEJIWYMHAMH X Ta y, TOJl SK Ha
puc. 1.10) KopesiiiiHoro 3B 3Ky MiK BEJIMUMHAMHU MaiKe HE BHUABIICHO (a00 BiH

€ Ty’Ke CITA0KHM).

OTxe, 32 BUTTISJOM KOPEJAIIHHOTO MOJIs MOKHA TepeI0aurTH BU]T 3B’ A3KY
MDK JIOCTIPKYBaHUMH BEJMYMHAMHM Ta BCTAHOBUTH, HAMPHUKIAA, YA € JIHIHHOIO
(a00 KpHBOJNIHIMHOIO) 3aJIEKHICTh MK HUMH, OLIHUTH BEIUYMHY Koe]ilieHTa
kopessii . [lpy mpoMy, YUM TICHIIIE TOYKH TOJIS TPYMYIOTHCS HABKOJIO JIEAKOI
JiHiT (mpsiMoi a0o KpHBOT), THM OJIMIKYOIO € BEIMYMHA Koe(dillieHTa KOPesIii 10
omuHMIN. | HaBmaku, 4uM OLIbIIEe KOpENAIIHHE IoJe Haraaye Kojio (ToOTo
HEMOXHa BHJAUIMTA JOMIHYIOUOTO HampsMy), THM OJMXYOK € BeIWYMHA
KoedilienTa kopensiii 10 Hyis (puc. 1.10).

3a BeMMYMHOI0 KOediIi€eHTa KOPEIALlii I MOKHA OI[IHUTH HE TIJILKU TICHOTY
KOPEJISILIITHOTO 3B’ 513Ky, a i HAampsIMOK KopeJiAalii (mpsiMa M 3BOPOTHA). 30KpeEMa,
npu >0 kopensuiiHUA 3B’S30K OUIHIOOTH fK mOpamuii; a npu r<0 —
SIK 3BOPOTHIM.

TakuMm 4YMHOM, 3 ypaxyBaHHAM HampsMy Koe(DIillEHT KOpedlii I Moxe
3MIHIOBaTHCh y Mexax Bix —1 go +1. Ilpuuomy, xomu r =1, TOUKM JexaTh Ha
onHi mpsmii. Toxi 1e o3Hayae, MO BEIUYMHW X 1 y 3B’sI3aHl JIHIHHUM

@DYHKYIOHATILHUM 38 I3KOM.
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Skmo r mpsmye mo Hyns (r—0), To KopemnsiiiiHe Mmojie HE Ma€ YiTKOI
koH(pirypamii (muB. puc.1.16). Tomy MokHa CTBEpHKYBaTH, IO MK BETUIMHAMU
X Ta y HE ICHY€ JIIHIHHOTO KOpeJAIiiHOTO 3B’ 43Ky. [IpoTe y TakoMy BUMAAKy MK

JOCTI)KYBAaHUMHU BEJIMYUHAMH MOXE ICHYBATHU HeNiHIUHA pecpecisl.

OCKUIBKM BHACTIZOK CTATHCTHYHOTO XapaKTePy 3B 3Ky OJHOMY 3HAUYCHHIO
X MOXXE BIJMOBIIATH CYKYMHICTh 3HA4€Hb ), TO JIJII OMHCAHHS JOCIIKYBAaHOTO

nporiecy (SBUIa) ONTUMAIbHOIO Oyae PyHKIs, 11 K01 BUKOHY€ETbCS YMOBA:

S =y, - y)* - min, (1.2)

ne Vi — dbaKkTUUHI OpJIMHATH KOPEJSAIIHHOTO OIS,
Y — cepeaHe 3HauUeHHS OpAMHATH 3 aOCIHMCOI0 X, pO3pPaxOBaHOIO 3a

anPOKCUMYIOUYHUM PIBHSIHHSIM.

OT1xe, perpeciiiHuil aHaji3 IPYHTYEThCS HA MemoOi HAUMEHUUX K8aopamis
(MHK). Ile#i wmeTom, $K TMpaBUiio, 3aCTOCOBYIOTh JUISI  3HAXOKCHHS
MaTEMaTHYHOTO OYiKyBaHHS (CIOJIBaHHS) HOPMAJIbHO PO3MOIICHOI BUIIAJIKOBOI
BeMIMUMHU. KO Ha KopensuiiHe mnoje (AuB. puc. 1.1a) HaHecTu cepeaHi
3Ha4YeHHS Y (MO3HA4YeHI XpecTUKamu), TO JiHIZ AB Oyne BiamoBimaTu

(GyHKL1OHATBHIN 3aJI€KHOCT1 BUAY:

y=a-+b-x, (abo Y=a-Xx+Dh), (1.3)
ne a — KoedlLIeHT perpecii, Mo4aToK BIJIIKY;
b — koedirieHT perpecii, ki MOKa3ye CEPEHIO 3MIHY 3aJIe)KHOT 3MIHHOT

P 3MiH1 HE3aJIeKHOI 3MIHHOT Ha OJTMHHULIIO.

CepenHio JiHIIO KOPEISUIAHOTO MOJs, Ui SIKOi BUKOHYEThCs ymoBa (1.1),
HA3WBAIOTh JIiHI€I0 peepecii, a YACIIOBI KOS(IIIEHTH, IO BXOAATH J0 BUPA3y ITHOTO

PIBHSIHHSI, — Koeghiyienmamu pezpecii.
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OTxe, pigHanHA pezpecii — 11e aHATITUYHE PIBHSIHHSI, 3@ JOMOMOIOI0 SIKOTO
BU3HAYAIOTh B3a€MO3B’SI30K MDK JOCTIDKYBAaHHMMH O3HAKaMHU; I1Ie perpeciiiHa
MO/IEJIb 3aJIEKHOCTI pe3yJIbTaTUBHOI 03HAKH ) Bl O3HAKU (DAKTOPHOT X.

[Ipy anamizi KOpENSMINHOI 3aleKHOCTI MIDK BEJIHMYMHAMH X Ta ),
3HAUEHHS SKUX BHM3HAYEHI JUISl €JIEMEHTIB IE€BHOI BHUOIPKH, IOCTAIOTh TaKi
3aBJIaHHS:

. BUOIp BUYy PyHKIIIT perpecii;

. BU3HAYCHHs KOe(DIIIEHTIB perpecii.

Haiinpocrimorw 1 HaiOLIbII PO3MOBCIOMKEHOI0 € JIHINMHA KOPEeJsLis.
VY 1upoMy BHIAJKYy KOpEJSLIMHE MOJEe alpOKCUMYIOTh 32 JOMOMOIOI0 PIBHSHHSA
nepmoi  cremeHi (JiHIAHE PIBHAHHS), a JIHIIO perpecii po3paxoBYIOTh,
BUKOPUCTOBYIOYH METOJ] HAWMEHIITUX KBapaTiB 3a yMoBH (1.2).

PiBHsiHHA JiHIMHOI perpecii MOKHa TpeAcTaBUTH abo 3a JOMOMOTOIO

piBHsHHS nTpsiMoi (1.3), a0o0, HAPHUKIIA/, TAKUM YHHOM:

y=>7+\r\-%-(><—>‘<) (1.4)

1e ¥ — CepeaHe 3HAUYCHHS Pe3yIbTaTHBHOI 03HAKH (3aJIC)KHOT 3MIHHOI);
X — 3HA4YCHHS (DAKTOPHOI 03HAKHU (HE3aICKHOT 3MIHHOI);
X — cepellHe 3HaYeHHs (DAKTOPHOT O3HAKY;

I' — Koe(illEHT MapHOT KOPEJIALIli.

3a yMOBHM HOPMaJbHOT'O PO3MOAUTY BEJIMYUH X 1 Y JiHII perpecii sk x Bif ,

TaK 1y BIJ1 X € IPSIMUMU JTIHISIMU.

Jlns Bu3HaueHHS KoedilieHTiB piBHsSHHA perpecii "a" 1 "b" 3HaxomsaTsh
yacTKOBI MoxifHi Bia S(a, b) mo « i b, mpupiBHIOOTE iX 10 Hyss (MOXigHa GYHKIIT

y TOYIIl eKCTPEMYMY JOPIBHIOE HYII0). OTXKE, 3alMIIEMO CHCTEMY PIBHSHb:
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0S L

—=-2>(bx, +a-y,)=0

aa IZ;( Xl+a yl)

%:—ZZ::(bxi +a-y)x =0
abo

bzn:xf +aZn:Xi :Zn:xiyi

bzn:xi +a-n:Zn:yi

Po3B’s13yt0un cucteMy piBHSHb, OTPUMYEMO KOE(IIIEHTH PIBHSIHHS perpecii

a"1"b" 3a normomororo Bupasis (1.51 1.6):

b= _i=t i=1 il (15)

>
=}

a=y-b-x=2—-b=— (1.6)
n n
PiBHSIHHSI KOpENALINHOTO 3B’A3KYy MOXHa BUKOPUCTOBYBATH, HAIPUKIIAI,
JUTsl OOYMCIICHHS TEOPETUYHOT JIIHII perpecii, a TaKoX OYIKYBaHHUX (TCOPETUYHHX)
YY MPOTHO30BAHUX 3HAYEHb 3aJICKHOI 3MIHHOI MPH TUX a00 1HIIMX 3HAYCHHSX
apryMEHTIB.
3ae)XHO  BiJl CTYNEHS aJeKBAaTHOCTI KOPEJAIIWHOI Mojaeni Oynme
30inbmryBatucs (a0 3MEHIIyBaTHCS) CTYIiHb HAOJMKCHHS PO3PaXyHKOBHX
3HAUEHb PE3yJIbTATUBHOI O3HAKM 10 ii (PAKTUYHOrOo 3HAYEHHsS. ToMy, SKIIO
KOpeJIsiiiiiHa MOJIEJ b BpaXxOBY€ BC1 OCHOBHI (DakTOpy (UYMHHHKH), III0 BU3HAYAIOTh
Bapialliio pe3yJbTaTUBHOI 03HAKH, TO 1i TOUYHICTb Oy/i€ TOCUTh BUCOKOIO.
Takoxx npu mpoBeACHH] JOCTIIKEHbh BUHUKAE HEOOX1THICTh BUKOPUCTAHHS

M THIIMX KOPEJSIIHHUX XapaKTepUCTUK. 30Kpema:
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- cmanoapmuzoeanoz2o koe@iyienmy peepecii (bema-koe@iyicumy) f —
Koe(dimieHT perpecii, BHpPaXEHUH y CTaHAAPTU30BAHOMY MacmTadl 1

po3paxoBanuii 3a popmysioro (1.7):
p=b— (1.7)

ne b — koedimieHT ncToi perpecii npu i-my (axTopi;
Ox 1 Gy — cepelHl KBaJpaTW4HI BIAXHWICHHS, BIANOBINHO, IO i-My (akropy 1

pe3yJbTaTUBHIN O3HAIT;

- Koe@hiyienmy enacmuunocmi (E), 0 XapaKTepU3ye CTYIIHb 1 BaroMiCTh
BIUIMBY KOHKPETHOTO (paKTOpa Ha Bapiallito pe3yJbTaTUBHOI O3HAKH Ta MOKa3y€e Ha
CKUIbKHM BIJICOTKIB Y CEPEIHbOMY 3MIHIOETHCS pPE3ylbTaTUBHA O3HAKA 3a YMOBH

3MmiHM ¢pakTopHoi Ha 1 %!
E=b— (1.8)

ne b — xoedimieHT yuCcTOI perpecii npu i-My (HakTopi;

X1y — cepenHi 3HAUEHHS, BiMOBIIHO, i-T0O (hAaKTOpA 1 pe3yabTaTHBHOI O3HAKH.

JIns OmiHKM TICHOTH a00 CHJIM 3B 3Ky BHKOPHUCTOBYIOTH Koeghiyienm
kopenayii. [lpudomy, nisg pizHuX (GOpM 3B’SI3KY 3aCTOCOBYIOTH PI3HI MOKA3HUKH

HOro TICHOTH, HANPUKJIa:

. U JIIHIHHOMY 3B’ SI3KY:

. napHUi KoedilieHT kopesmii I (mpu mapHOMY 3B’SI3Ky) Ta

. CyKynHui KoediieHT Kopemanii R (mpu  MHOXHHHOMY
3B’S3KY);
. IIPU KPUBOJIIHIHOMY 3B’ SI3KY:

. iHIeKke KopeJsii | (pu mapHOMY 3B’s3Ky) Ta

. KOpesiiiiiHe BiAHOIIEHHS 1 (TIPU MHO)KMHHOMY 3B’SI3KY).
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Tichoma 36’a3Ky BU3HAYAETHCA YePe3 BiTHOIICHHS BOX JUCIICPCIA:

R(r,i,m) =, [ 22 (1.9)

oF

2 2 . . . o
ne o; =2.Y—(Y)"— saraneHa mucmepcis (3arajpHa Bapiallil pe3ylbTATUBHOI
O3HAaKH);

2 . .
o — pucnepcisa (aKTOPHOI O3HAKHU.

Sk OyJo 3a3Ha4€HO, 3HAK Koe(DiLieHTY Kopessiii I' — "'+" Bkazye Ha npsMui,
a 3HaK "-" — Ha 3BOPOTHIH 3B 430K MIXK JOCIIKYBaHUMU BeauunHaMmu. [lpu npbomy
BAXJIMBUM € T€, IO 3HAKW JUIsl KOE(QILIEHTIB perpecii 1 KOpeyslii MOBUHHI
30iratucsa. SKmio I 3HAKKM HE 30IraloThCs, TO 1€ BKa3ye Ha HEIOCTOBIPHI

03paxyHKH, SIKI MOXKYTb OYTH OB’ s3aHI 3.
9

. HEIMpaBUJIbHUM BpPaxXyBaHHSM YHWHHHUKIB, 10 BIUIMBAIOTh HA 3AJICKHY
O3HaKy;

. HEIMpaBUIbHUM aHATITUYHUM BUPAKEHHSAM 3B’ SI3KY;

. HEJOCTAaTHBOIO YMCEIBHICTIO BUOIPKH a00 11 HEOJHOPIAHICTIO.

Jist  po3paxyHKy TapHOro KoedillieHTa KOpemsilii, SIK MpaBuio,
3acTocoByrOThCs hopmynu (1.10) — (1.12):
nzxi Yi _inzyi
r=+ i=1 i=1 i=1 , (1.10)

Sr-{3) |2 (8)

>0 =%, - )
r= 4= TS SG) (1.11)

, (1.12)
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TicHOTY 3B’SI3Ky Mi’K BUIIQJKOBUMHU BEIIMYMHAMU X Ta ) BBAXKAIOTh CIAOKOIO,
SIKIIO | r| <0,3; TiCHOTa 3B’SI3Ky € 3A008L1bHOI0, SIKIIO |r| >0,5; Ko | r|
JASKUTh y Mexkax Big 0,5 mo 0,7 — 3B’430K MiXK BEIUYHMHAMH BBAXKAIOTh 0OCUMb
micHum;, TIpH | r| > (0,7 MOXXHa CTBEpJUKYBaTH, IO MK JOCHIDKyBaHUMHU

O3HAKaAMH 1CHYE Oyoice micHull KOPEISIIIHHUHN 3B’ SI30K.

IIpu mpoBeleHI €KOJOTIYHUX E€KCIIEPUMEHTIB (JOCIHIIKEHb, CIIOCTEPEHKEHD
TOIII0) HEOOXI1JHO BPaxOBYBaTH, 110 HA OTPUMAHUN PE3yIbTaT BIUIMBAIOTH O€31i4
pi3HOMaHITHUX (akTopiB. ToOMYy BaXJIMBO BHU3HAYATH ICMOMHICMb BHIUBY
KOXXHOTO 3 (DaKTOpiB Ha JMOCIIPKYBaHY PE3yJbTaTUBHY O3HaKy (BenuuuHy). s
BU3HAUYCHHSI BIJICOTKAa MIHJIMBOCTI JOCIIKYBaHOI O3HAKH Yy IOJIO 1i CEPEIHBOTO
3HAYCHHSI, SIKE BU3HAYAETHCS MIHJIMBICTIO (paKTOpa X, PO3PAaXOBYIOTh Koe@iyicHm

oemepMiHayir.

k,=r? (1.13)
ne I — koedIIieHT mapHoi KOpesIlii.

Jlnst Toro, mo0 OWIHUTH TiCHOTY (CHiy) 3B’S3Ky MIiXK JOCHIKYBaHUMHU
BETMYMHAMH, KOJIM MK HUMH ICHY€ HENIHIWHUN 3B’A30K (200 maHi BHOIpKH
pO3MOJAUIEHI HE 3a HOPMAJbHUM 3aKOHOM), PEKOMEHIY€EThCS 3aCTOCOBYBATU
koeghiyicnm kopenayii Cnipmena. Ilpu 110My HWOTO CTAaTHUCTHYHA 3HAYYIIICTH

NePeBIPSAETHCS aHAJIOTIYHO 10 KoediiieHTy kopessii [Tipcona.

1.2 OuyiHka 3HauywocTi KoedilieHTa Kopenauiil

JlocTOBIpHICTh  (3HAUYLIICTh) Koe(illieHTa KOpeJAlii OILIHIOITh 32

JOTIOMOTO10 Kkpumepiro Cmvrooenma, SKAi po3paxoByOTh 3a (HOPMYJIOH0:
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S (1.14)

Jie N — KUIBKICTh €KCIIEPUMEHTAILHUX TOYOK (BapiaHT).

Po3paxoBani 3HaueHHs KoedimieHTa CTbIOJIEHTa TMOPIBHIOIOTH 3 HOTO

rpaHUYHUMHU (TaOJIMYHUMH) 3HAUEHHAMU tog;to.to0,, 1O BiANOBiNAIOTH PIBHIM
sHauymocti « =0,05; 0,01; 0,001 (mogatox A). Ilpm 11OMy KUJIBKICTH CTYIICHIB
cB00OIM po3paxoByrOTh sk f =n—2,

OT1xe, 32 YMOBH t <t,, KOEQILIEHT KOpPEJslli BBAXKAIOTh HE3HAUMMHUM IMpU
piBHi 3nauymocti o = 0,05 (mocrosipuicte p>0,95); 3a ymoBu t >t koedimieHt
KOpeJsIii BBaXAalOTh 3HAUMMHUM Tipu piBHI 3HauymocTi a =0,05. Cratuctuuna
3HAUYIIICTh KoedimieHTa Kopensuli 30umbmryeTbess npu >t abo t>1tg,
(BimmoBizHo, 3 mocroBipuicTio P=0,99 abo P=0,999). Takum umHOM, mig yac

BUKOPUCTaHHS KOPEJSLIHHOTO METO/1y BUBHAYAIOTh:

. PIBHSIHHS Ta KOe(IIIEHTH perpecii;

. CTaHAapTU30BaHUI KOE(ILIEHT perpecii;

. KOe(]IIIEHT eTaCTUYHOCTI Ta

. KOe(DIIIEHTH Ta 1HIEKCH KOPETSAIIIi 1 JeTepMiHaIli.

[Ipu oMy ozeprkaHi PiBHAHHS perpecii 3aCTOCOBYIOTh JIJIS:

. JOCITIKCHHST XapakTepy 3MIHH O3HAKW (BEJUYMHH) Y TPH 3MiHI
(dakTopa (BEJIMYMHN) X;

. MIPOTHO3YBaHHS 3HAYCHb BEIMYMHU ) TIPH 33IaHUX 3HAYCHHSX X;

. BU3HAUEHHS ONTUMAIBHOIO 3HAa4eHHs (akTopa X UIsl OAEpKaHHS
HEOOX1THOTO 3HAYCHHS MapameTpa y abo AJisi yTpUMaHHsI mapameTpa y Ha TIEBHOMY

(3a3HaUYE€HOMY) PiBHI.
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Po3Oln 2

TEOPETUYHI OCHOBW PEFPECINHOIO AHANI3Y

Ha craH HaBKOJMIIHBOIO CEpeIOBHUIA BILUTUBAIOTH PI3HOMAaHITHI, TPUYOMY
4acTO B3a€MOIMOB’A3aH1 M c00010 PaKTOpH, SIK1 JIFOTH 3 PI3HOIO CUJIOIO 1 MOXKYTh
OyTH pI3HMMHU 3a HampsiMamH BIUTMBY. TOMy Ha MPaKTHUIl YaCTO BUHUKAE MOTpeda
y BCTaHOBJICHHI 3B 513Ky MK BEJIMYMHOIO (O3HAKOIO) ¥ Ta OaraThbma mapameTrpaMu
X1, X2 5.0y Xno

Sk 3a3Hauvanoch, y OUIBIIOCTI BUMAAKIB MIX 3MIHHUMHU ICHYIOTH
3aJIEKHOCTI, TPH SAKUX KOXKXHOMY 3HAUYEHHIO OJIHI€E] BEIWYMHU (ApTyMEHTY)
BIJIIIOBITae Oe3J11Y MOKIMBUX 3HAYCHD 1HINOT BeTUYHHH (TOOTO ii posmoain). Taka
3aJICKHICTh HA3UBAETHCA cmoxacmuunolo abo umogipnichoro. llpu 1boMmy
OKPEMHM BHUIIAIKOM CTOXAaCTUYHOT 3aJIC)KHOCTI BBAKAETHCS KOPEIIALIIHA.

HasiBHICTE KOpENSMiiHOT 3aJIe)KHOCTI MDK 3MIHHUMH HE 3aBXIU O3HAYae
ICHYBaHHS MK HUMHU 0e3n0cepednb020 3B’ S13Ky. 30KpeMa, 3B’ 130K MOKE 1ICHYBaTH
1 3aBJSKM IHIIMM YMHHHUKaM, sK1 He Oyno BpaxoBaHo. KpiM Toro, gociipkKyBaHi
BETMYMHU MOXXYTh OyTH TOB’s3aHI 4epe3 JaTeHTHI, TaK 3BaHI MPUXOBaHI BIJ
JociiiHuKa 3MiHHI. Take sBUIE YaCTO CIOCTEPIra€ThbCs, HANPUKIAL, Y
MeJaroriyHnX, IICUXOJIOTIYHUX Ta COINOJOTIYHUX JOCITIKEHHSIX. MOMKINBUM
TaKOXX € BCTAHOBJICHHS BHUIIQJKOBOI KOPEJsllii, sika He OOyMOBJICHA KOJHOIO 3
MIPUYHH, BHOKPEMJICHUX JTOCIITHIUKOM.

OTxe, KOpeNsIIMHUNA 3B’S30K MOKa3ye TEHICHIIIO 3MIHU OJIHI€T BEJIMYMHU
mig qiero iHmoi. ToMy Ha mijcTaBl KOPENsIii MOXKHA CTBEPKYBAaTH TUIBKU PO
cmenitb 36 43Ky MK JOCHIPKYBaHUMU 3MIHHUMHM, a HE MPO ICHYBaHHS MK HUMHU
MPUYUHHO-HACTIIKOBOTO 3B’ SI3KY.

PiBHsIHHA 3B’s3Ky MoOXxe OyTWM 3HailieHe He TUIbKM I THapHUX

3aJIEKHOCTeH, a W JJI1 MHOXHUHHOTO 3B’s3Ky. Takl 3aBmaHHs 3a3BUYail
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pO3B’S3YI0Th,  BHUKOPHCTOBYIOUM  METOAM  Oazamo@axmopHoi  peepecii
(baraTodakTOpHUI KOPETAIIHHO-PETPECIHHUIN aHaATI3).

Otxe, 6araroakTopHU KOPEIAIIHHUN-pErpeciiHU aHaII3 3aCTOCOBYIOTh

JUIS TAKUX IJIEH

. PO3paxyHKy TEOpeTHMYHHX (OUiKyBaHMX) 3HAU€Hb pPE3yJbTaTHBHOI
O3HAKH;
. 31CTaBNICHHS W OLIHIOBaHHS (DAKTHYHOTO Ta PO3PAXyHKOBOTO 3HAYCHD

pE3yJIbTaTUBHOI O3HAKH;

. MOPIBHSUIBHOTO aHAIII3y PI3HUX BHOIPOK;

. pO3pO0JIEHHS HOPMATUBIB 1 MPOTHO3YBAHHS PO3BUTKY EKOJIOTTYHHX
(¥ 1HIIKX) CHCTEM Ta SIBHIIL.

OCHOBHOIO BIIMIHHICTIO MK MTApHOIO Ta 0araro()akTOPHOI KOPESALISIMHU €
T€, 1[0 OCTaHHS A€ 3MOTY OI[IHUTHU CTYMIHb BIUIMBY Ha PE3YyJbTaTUBHY O3HAKY
KOXXHOTO 3 JOCHI/DKYBaHMX (akTOpiB Mpu (PIKCOBAHMX 3HAYCHHSIX PEIITH
yuHHUKIB. OKpIM TOTO, SK MOKa3ye MpaKkTHUKa, MapHa KOPEIsIlis He 3aBKId Jae€

MpaBUJIbHE YSBJICHHS MPO 3B’ SI30K MK PE3YJIbTATUBHOIO 1 ()aKTOPHOIO O3HAKAMH.

BaxxnnBoro yMOBOIO OTpUMaHHS JOCTOBIPHUX PE3YNIbTATIB 100 HASIBHOCTI
U BHUIy 3B’A3Ky MDK JOCIIJUKYBaHUMHU O3HaKamMu € BHUOIp (QakTopiB, sKi
HAWICTOTHIIIE BIUIMBAIOTh Ha pe3yJbTaTUBHY O3HaKy. lle oOymMoBiIeHO THM, 110
OJTHOYACHE BpaxyBaHHS BEJIMKOI KUIBKOCTI PI3HOMaHITHUX (akTopiB (0co0IMBO
IIPY BiIHOCHO HEBEIUKIN YMCETBHOCTI BUOIPKU) MOXKE MPU3BECTHU JI0 MIOMITKOBUX
pE3yNbTATIB Ta BUCHOBKIB.

OxkpiM TOro, mpu 30UIbILIEHI B PIBHSHHI perpecii KUIbKOCTI AOCTIIKYBaHUX
napaMeTpiB 3HAYHO YCKJIQJHIOETbCS TIyMadeHHsI OJep)KaHUX pe3ynbrariB. Ock
YoMy MOTPIOHO OIIHHUTH ¥ BimiOpaTu HaWOLIbIN 3HauyIll (AKTOPH, SKI YUHSATH
HAWCWIBHIIINI BIUIMB Ha pe3yJbTaTHBHY O3HaKy. [[ms 3MeHIIEeHHsS KUTbKOCTI
napaMeTpiB PEeKOMEHIYIOTh 3aCTOCOBYBATH, HAIPHUKIAJ, METOJ CTaTUCTHUYHOTO

IpyITyBaHHS.
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['onoBHOIO mpoOnemMor0 mpu NOOYIOBI PIBHAHHA MHOXHHHOI perpecii €
BUOIp aJeKBaTHOTO MaTeMaTHYHOro piBHSIHHS ((PyHKIii), sSke O MOBHICTIO
BIJINOBIJIAJIO  XapakTepy B3a€MO3B’A3KYy MDK pPE3YJbTaTUBHOI O3HAKOKW 1
BKJIFOUCHUMHU JI0 PIBHAHHS perpecii 3MinHuMU. [Ipu oMy npuiiomu BHOOPY BHIY
3B’SI3KY, SIKI BUKOPUCTOBYIOTBCSI MPHU MApPHIA KOPENsLii, K MPaBUIO, HE MOXKYTh
3aCTOCOBYBATHUCS JUIsl MHOKMHHOI perpecii. TomMy JijIsl OIIIHKY TICHOTH 3B’SI3KY MIXK
KOHKPETHOIO 03HAKOIO Y ¥ yciMa 1HIIMMHU O3HaKaMu (X1, X2, ..., Xp) 3aCTOCOBYIOTh
MHOICUHHUL Koeiyichm Kopenayii, SKui mo3HadaeThes R. s oro po3paxyHkKy
NOTPIOHO MNOOYINyBaTHM MATPHIIO TApPHUX KOE(QIIEHTIB KOpensamii I MDK
JOCHI)KYBaHUMU O3HAKaMU, 3HAWTH BU3HAYHUK |A| Matpulll 4 Ta anreOpaiuHe
JTONOBHEHHS Aj; enemeHTa I 1€l Marpumi. Jlami MHOXMHHUK KOe]illieHT

KOpeJslii po3paxoBYIOTh 32 (DOPMYIIOLO:
Ri=(~- | A | /Aii )1/2 - (2.1)

[lepeBipky CTaTUCTUYHOI 3HAUYIIOCTI MHOXHHHOrO Koedimienta R
3MIACHIOIOTH 3a JIONOMOTrOK F-CTaTHMCTHKM NUIAXOM MOPIBHSIHHS PO3PaxOBaHOTO
3HAYCHHS 3 KPUTHYHUM 3HAUCHHAM Fyppyr. (Fipur. — TAOMMYIHE 3HAUCHHS PO3MOALTY
dimepa, nomatoxk bB). Skmo pospaxoBaHe 3HaueHHS F-craTucTHkM 32
aOCOJIIOTHOIO BEIMYMHOIO OUIblIe 3a KPUTUYHE 3HAYEHHS, TO MHOKHHHHM
Koe(DIIieHT KOopemsIii BBaXXAIOTh 3HAUYIIIMM Ha OOpaHOMY PiBHI 3HAYYIIOCTI O.

VY neskux BUIAIKax HEOOXITHO OMEPyBaTH YACMUHHUMU Koeiyienmamu
kopenayii Rjj. JIas po3paxyHKy LbOro Koe(ill€HTy Tako)K MOTpiOHO moOyIyBaTH
MaTPHITIO MApHUX KOeDIMIEHTIB Kopemsii 4 Ta 3HalWTH anreOpaiuyHi JOMOBHEHHS
Aii; Ajjv Ajj €JIEMEHTIB Fii, rjj, rij, BilIHOBi)IHO.

OTxe, perpeciiiHuii aHasi3 MPOBOAATH 32 TAKUM aJITOPUTMOM:

. BCTAHOBJIIOIOTh BHJl KOPEJSUIAHOT 3aJIeKHOCTI  PE3YJIbTaTUBHOI
O3HAKH Y BiJl (PAKTOPHOT O3HAKH X;

. OyIyIOTh perpeciiiHy MOJIeb Ta

. NEePeBIPSAIOTh CTATUCTUYHY 3HAYYIIICTh TOOYJOBAHOT MOJIEI.
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Jlns BuOOpy pIBHSHHSA perpecii 3aCTOCOBYIOTh Takl METOIH, sIK MOOyIoBa
KOMOIHAIIIMHUX TPyIMyBaHb, €KCHEPTHI OIIHKM, BUBYCHHS MApHUX 3B’SI3KIB MIXK
pe3yJbTaTUBHOIO O3HAKOI 1 KOXHHUM 3 JOCIHIKyBaHMX (haKTOpiB, IMOOY/I0Ba
rpadikiB, nepebupannsa (QyHKUIA pi3HUX TUMiB Ta iH. [IpoTe Bcl 11 MeTomH, SIK
paBUiIO, MPU3BOSATH IO BEIMKOT KITBKOCTI TOJAATKOBUX 00uKclieHb. [Ipu npomy y
O1TBIIIOCT] BUIAJIKIB KOPEJIALIMHI 3B’ SI3KH JOCUTH J00pe ONMUCYIOThCS (DYHKIISIMU
JiHIHOTO THUIy ab0 cTeneHeBUMH (YHKLIAMH, $K1 JorapudMyBaHHSAM abo
METOJIOM 3aMiHU 3MIHHUX MOXHa ITPUBECTH JI0 JIHIMHOTO BUTJISIAY.
VY 3aranpHOMY BHNAJAKy JiiHIMHA OaraTodakTopHa perpeciss Moxe OyTH

3alrcaHa K.

y= f(xll X2y eeny xn) + g, (22)

Jie y — pe3yJIbTaTUBHA O3HaKa (3ajJe)KHa 3MIHHA);
X1, X2, ..., Xn — (haKTOPHI O3HAKM (HE3aJIe)KH1 3MIHH1);
N — KUIBKICTh (PAKTOPHUX O3HAK;

€ — BUIIAJKOBA ITOXUOKA MOJIETI.

Takum yrHOM, TIpU N 3MIHHUX JIIHIHHE PIBHSHHS MHOXKHWHHOI perpecii mae

BUTJIAA.
V. =a, +a,X +a,X, +..+a X, , (2.3)

ne Yy, — 3ajexHa 3MiHHa (pe3yibTaTUBHA O3HAKA);

Xj — He3aJIeKH1 3MiHHI ((aKkTopn);
ap— KOedIIIEHT perpecii, ToYaToK BiJIIKY;

ai, a,..., an— 1HII KoeilleHTH perpecii.

TakuM YMHOM, PIiGHAHHS MHOMCUHHOL pecpecii — I MaTeMAaTUYHE PIBHSIHHS
(Mozenb), SAKAM BUPAXKAEThCA KOPENALIMHUNA 3B 30K MIDXK JIEKUJIbKOMa
JOCITIKyBaHUMHU O3Hakamu. [lapamMeTpu piBHSHHSI perpecii TaKoX 3HAXOJATh

BUKOPUCTOBYIOYM METO]I HAUMEHILIUX KBAJIpaTiB.
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3a3HauuMo, 110 UId MOOYJOBH aJeKBaTHOI OaraTo(akTOpHOI perpeciitHoi
MOJIeNIi HEeoOX1aHO, M00 BUITAJKOBA MOXMOKA € Maja HOPMAJIbHHHA PO3MOILT 13
HYJIbOBUM MAaTE€MAaTUYHUM OYIKYBaHHSIM, a BHUIIAQJKOBI TIOXMOKH KOXKHOTO
BUMIPIOBaHHA Oynu He3aJleKHUMHU 1 Maidu ofHakoBi aucrepcii. OkpiMm ToOro,
KUIBKICTB criocTepeskeHb N MOBHHHA IIEpeBHIIyBaTH BeauuuHy 3(N + 1).
HaiiBaxuBimow yMOBOIO TMOOYJAOBHM KOPEKTHUX OaraToakTOpHHUX
perpeciiiHux Mojeneil 1 3a0e3neyeHHs X CTaTUCTHYHOI 3HAYYyIIOCTI € Te, IO BCl
JOCHTIKyBaH1 (pakTOpHI 03HAKK TMTOBHHHI OYTH TICHO OB s3aH1 3 PE3yIbTaTUBHOIO
O3HAKOI0, MpOTe OyTH HE3aJNeKHMMHM OJHAa BiAg OAHOI. TICHOTY 3B’SI3Ky MIXK
pPEe3yJAbTAaTUBHOIO 1 (PAKTOPHUMU O3HAKaMHU, a TAKOXK 3B’SI3KY (DAKTOPHUX O3HAK
MDK 0000 BU3HAYAIOTh aHATI30M MAapHUX 1 YACTUHHUX KOE(IIIEHTIB KOPEIAIIi.
KoedimieHTH MHOXMHHOI perpecii MoKa3ylTh CTYIIHb CEPEIHbOI 3MIHU
pe3yibTaTUBHOI O3HAKM 3a YMOBHM 3MIHM BIJNOBIIHOT (DAKTOPHOI O3HAKK Ha
OJIMHMINI0 KOJHM BCi iHIN QakTopu (a00 03HAKH), SKi BKIOYCHI 0 PIBHSIHHS
perpecli, 3aJMIIAIOTBCS CTAJIMMA Ha OJHOMY cepeaHboMy piBHI. OTxe,
Koeghiyiecumu yucmoi peepecii — 1e KOe(DIIIEHTH MHOXHHHOI perpecii, sKi
XapaKTEPHU3YIOTh 3B 30K MIXK PE3YJIbTATUBHOIO O3HAKOIO 1 IEBHUM (PaKTOPOM MpHU
dikcoBaHux 3HayeHHsAX 1HMUX GakTopiB. Koegiyiecumamu nosnoi peepecii

Ha3MBaIOTh KOeQIIIEHTH MapHOi perpecii.
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Po3aln 3
ANrOPUTMU TA NPUKNAON BUKOHAHHA
PO3PAXYHKIB (NNIHIUHA PEIFPECIA)

Ilpuknao Nel. YV  pe3ynbrari TPOBEACHHS  EKCIEPHUMEHTAIBHOTO
JTOCTIPKEHHS. OTPMMAHO IMOKa3HMKH x Ta y (Tabm. 3.1). Ilo3HaunMmo He3allexHy
O3HaKy SK X, a 3alexxHy — sk y. [IpoaHamizyemMo BHXiJHI JaHl 3a TaKUM
AJITOPUTMOM:

. ISt 1o0yZ10B1 KOPEJISIIIHOTO ToJis, HaMPUKIA/I, y
Microsoft Office Excel mo Ta6m. 3.1 (ctoBO1i 2 1 3) BHOCUMO 3HAYECHHS 3MIHHUX X 1 );

. MIPOBOJIMMO PO3pPaxyHKH 3a (hopMysiaMu, HaBeJleHUMHU y Ta0m. 3.1;

. migoMpaeMo PIBHSHHS JHHIMHOI perpecii, po3paxoByeMO Koe]illieHTH
perpecii Ta KOpeJisiilii, mepeBipseMo 3HAUYILICTh 3a JOMOMOTO0 Kputepito CThio/IeHTa
Ta aHAJII3yEMO TICHOTY KOPEJISLIHHOIO 3B’ 3Ky MIXK JIOCTI/KYBaHUMU O3HAKaMU;

. Oynyemo Tpadik 3ajJekHOCTI MIXK O3HAKaMU ) Ta X Ta MOPIBHIOEMO
HOTO0 3 EeKCTIEPUMEHTATLHUMH JTAHUMU.

Omxe, BBOOUMO 10 Ta0i. 3.1 excniepumenTtanbHi 3HaueHHs x Ta y (N = 50)
1 0ynyemo kopensiiiiine nose (puc. 3.1). I3 po3rairyBanHs TOUOK BUJIHO, 1110 BOHU
(bopMyIOTh MIEBHY 3aJICKHICTh, KA BIPOT1THO MA€ JIIHIMHUMN XapakTep.

VY pe3ynbrari NpOBENEHHA PO3PaXyHKIB OTPUMYEMO Takl KOE(ILIEHTH

perpecii a i b Ta koedirieHT KOpesii I:

b =0,1039
a=-15777
r=0,99

Ockisbku ' HaOMMXKAETBCS 7O 1, MOXOAMMO BHUCHOBKY, IO ICHYE IyXKe
TICHUM KOpENSUIMHUN 3B’S30K MK HE3QJIEKHOI0 O3HAKOI X Ta 3aJIeKHOIO

03HaKo10 y. OTpuMaHe piBHSHHSA perpecii Mae BUTIIS;

y = -7,5777 + 0,1039*x
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Tabmumnsn 3.1 — ExcrepumentansHi mani (cTtoBOmi 2, 3) 1 pesyibraTu

po3paxyHKiB (cToBOmi 4—11)

X Y | x—x|y-y| =% | (y-y) X y XY | (x=x)(y-y)

1 2 3 4 5 6 7 8 9 10 11

1 131,72 548 | 5,12 -1,16 26,17 1,34 | 17350,16 30,03 721,83 5,93
2 126,08 532 | 10,76 -1,32 115,68 1,74 | 15896,17 28,30 670,75 14,19
3 142,95 6,85 6,11 0,21 37,39 0,04 | 20434,70 46,92 979,21 1,29
4 103,07 346 | 33,77 -3,18 1140,10 10,11 | 10623,42 11,97 356,62 107,35
5 101,47 341 | 3537 -3,23 1250,71 10,43 | 10296,16 11,63 346,01 114,21
6 125,03 504 | 1181 -1,60 139,37 2,56 | 15632,50 25,40 630,15 18,88
7 126,93 541 | 991 -1,23 98,12 151 | 16111,22 29,27 686,69 12,18
8 123,81 479 | 13,03 -1,85 169,66 342 | 15328,92 22,94 593,05 24,09
9 141,14 6,91 4,30 0,27 18,53 0,07 | 19920,50 47,75 975,28 1,16
10 150,86 782 | 14,02 1,18 196,69 1,39 | 22758,74 61,15 | 1179,73 16,56
11 129,62 586 | -7,22 -0,78 52,06 0,61 | 16801,34 34,34 759,57 5,62
12 133,66 6,08 | -3,18 -0,56 10,08 0,31 | 17865,00 36,97 812,65 1,78
13 132,81 6,01 | -4,03 -0,63 16,20 0,40 | 17638,50 36,12 798,19 2,53
14 122,26 486 | 14,58 -1,78 21244 3,17 | 1494751 23,62 594,18 25,94
15 107,92 3,68 | 28,92 -2,96 836,10 8,76 | 11646,73 13,54 397,15 85,57
16 103,36 3,39 | 3348 -3,25 1120,60 10,56 | 10683,29 11,49 350,39 108,77
17 13754 6,21 0,70 -0,43 0,50 0,18 | 18917,25 38,56 854,12 -0,30
18 121,18 497 | 15,66 -1,67 245,09 2,79 | 1468459 24,70 602,26 26,14
19 145,79 7,61 8,95 0,97 80,18 0,94 | 21254,72 57,91 | 1109,46 8,69
20 110,52 415 | 26,32 -2,49 692,50 6,20 | 12214,67 17,22 458,66 65,51
21 160,03 8,72 | 23,19 2,08 537,99 433 | 25609,60 76,04 | 1395,46 48,26
22 159,08 851 | 2224 1,87 494 82 3,50 | 25306,45 7242 | 1353,77 41,61
23 130,05 571 6,79 -0,93 46,04 0,86 | 16913,00 32,60 742,59 6,31
24 128,06 582 | -8,78 -0,82 77,01 0,67 | 16399,36 33,87 745,31 7,19
25 126,94 503 | -9,90 -1,61 97,92 259 | 16113,76 25,30 638,51 15,93
26 111,96 411 | 24,88 -2,53 618,79 6,40 | 12535,04 16,89 460,16 62,92
27 143,29 749 6,45 0,85 41,66 0,72 | 20532,02 56,10 | 1073,24 549
28 158,46 9,04 | 21,62 2,40 467,62 5,76 | 25109,57 81,72 | 1432,48 51,91
29 161,03 9,26 | 24,19 2,62 585,38 6,87 | 25930,66 85,75 | 1491,14 63,40
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No - - N2 — 2 - —
X Y | x=x|y-y| x=0° | (y-y) X y XY | (x=x)(y-Y)
1 2 3 4 5 6 7 8 9 10 11
30| 16539 | 991 | 2855| 327 81537 | 10,70 | 2735385 | 98,21 | 1639,01 93,39
31| 14698 | 838| 1014 | 174 102,91 303 | 2160312 | 70,22 | 123169 17,66
32| 14327| 697| 643| 033 41,40 0,11 | 2052629 | 4858 | 99859 213
33| 170,72 | 1031 | 33838 | 3,67 114817 | 1347 | 2914532 | 106,30 | 1760,12 124,38
34| 16893 | 1024 | 3209 | 3,60 1030,06 | 12,96 | 28537,34 | 104,86 | 1729,84 115,56
35| 15036 | 748| 1352| 084 182,91 0,71 | 22608,13 | 55,95 | 112469 11,37
36| 12493 | 491 | 1191 | -173 141,74 299 | 1560750 | 24,11 | 61341 20,59
37| 167,78| 989 | 3094 | 325 95757 | 10,57 | 28150,13 | 97,81 | 165934 100,59
38| 16366 | 957 | 2682 | 293 719,56 859 | 2678460 | 9158 | 156623 78,61
39| 13429 | 602| -255| -0,62 6,48 0,38 | 18033,80 | 36,24 | 80843 1,58
40 | 17103 | 1053 | 34,19 | 3,89 1169,27 | 1514 | 29251,26 | 110,88 | 1800,95 133,04
41| 16896 | 1027 | 32,12 | 3,63 1031,99 | 13,18 | 2854748 | 10547 | 173522 116,63
42| 12509 | 499 | 11,75| -1,65 137,95 2,72 | 1564751 | 2490 | 624,20 19,37
43 08,02 | 307 | 3882| -357 1506,64 | 12,74 | 9607,92 942 | 30092 138,55
44 9736 | 309| 3948 | -355 1558,31 | 12,60 | 947897 955 | 30084 140,11
45| 101,73| 331/ 3511| -333 123239 | 11,08 | 1034899 | 1096 | 336,73 116,88
46| 16374 | 1011 | 2690 | 347 72386 | 12,05 | 26810,79 | 102,21 | 165541 93,38
47 9953 | 327 | 3731 | -337 1391,69 | 11,35| 990622 | 10,69 | 32546 125,70
48| 14959 | 857 | 12,75| 193 162,68 373 | 2237717 | 7344 | 128199 24,62
49| 16048 | 9735| 2364 | 271 559,07 735 | 2575383 | 8742 | 150049 64,09
50| 17331 | 10,73 | 3647 | 4,09 133040 | 16,73 | 30036,36 | 11513 | 1859,62 149,20
- Cyma | Cyma Cyma Cyma Cyma Cyma Cyma Cyma
6841,77 | 331,97 2537582 | 280,42 | 961572,16 | 248450 | 48061,78 2636,53

Jlns mepeBipku po3paxyHKIB PO3B’A3yeEMO OOCpHEHY 3ajlauyy — pe3yJibTaT

po3paxyHKy OOEpHEHOi 3ajadi HaBeleHo y Tabn. 3.2. Sk MoxHa MOOAYUTH,

3HAYHUX PO301KHOCTEN MIXK €KCIIEPUMEHTATBHUMU 1 PO3PaXyHKOBUMU JIAHUMHU HE

CIIOCTEPITAEThCSI.
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Pucynox 3.1 — Bua kopemnsiiiinoro mosst myist mpuksiaxy Ne 1.

Tabnuiis 3.2 — Pe3yabTaT nepeBipKy MPaBUILHOCTI PO3PaxXyHKIB
Ne y y Ne y y
1. 5,48 6,11 26. 411 4,05
2. 5,32 5,52 217. 7,49 7,31
3. 6,85 7,27 28. 9,04 8,89
4, 3,46 3,13 29. 9,26 9,15
5. 3,41 2,96 30. 9,91 9,61
6. 5,04 5,41 31. 8,38 7,69
7. 5,41 5,61 32. 6,97 7,31
8. 4,79 5,29 33. 10,31 10,16
9. 6,91 7,09 34. 10,24 9,97
10. 7,82 8,10 35. 7,48 8,04
11. 5,86 5,89 36. 491 5,40
12. 6,08 6,31 37. 9,89 9,85
13. 6,01 6,22 38. 9,57 9,43
14, 4,86 5,13 39. 6,02 6,37
15. 3,68 3,64 40. 10,53 10,19
16. 3,39 3,16 41. 10,27 9,98
17. 6,21 6,71 42. 4,99 5,42
18. 4,97 5,01 43. 3,07 2,61
19. 7,61 7,57 44, 3,09 2,54
20. 4,15 3,91 45. 3,31 2,99
21. 8,72 9,05 46. 10,11 9,43
22. 8,51 8,95 47, 3,27 2,76
23. 571 5,93 48. 8,57 7,96
24. 5,82 5,73 49. 9,35 9,10
25. 5,03 5,61 50. 10,73 10,43
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Pucynok 3.2. 3anexxHicTh MiXK O3HaKaMU ) Ta x JJs mpukiiaxy Ne 1.
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Ipuknao Ne 2.'Y nocniJikeHH1 OTpUMaHO JaHi 4jig x Ta y (puc. 3.3). Anamni3

[UX JaHUX BUKOHYEMO aHAJIOTTYHO JI0 OTIEPEAHBOTO MPUKIIAY.

Hesanexna o3Haka
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Pucynox 3.3 — Bua kopensiiiHOTro moJist 1yt mpukiaxy Ne 2.



29

I3 posramryBaHHS TOYOK BHIHO, IO ICHYE TIEBHA 3alIEkKHICTh MIXK
JOCITIKyBAaHUMH O3HAKaMH, OJIHAK YITKOI JIHIAHOT 3aJie’KHOCTI HE TOMITHO.
Busnauaemo mrykani koedilieHTH PIBHSHHS perpecii Ta KoedilieHT Kopeslii, a

TaKOX MEPeBIpSIEMO 3HAUYIIICTh KOedilieHTa KOPEesLii 3a JOMOMOT0I0 KPUTEPIIO

CrtpIOOecHTA:
b =0,0384
a= 123849
r=20,37

3a BETMYMHOIO Koe(dilieHTa KOpEsiii I' JOX0AUMO BUCHOBKY, IIO 3B’SI30K

MDK O3HAKaMH MOMipHUMN. PIBHSIHHS perpecii Mae BUTIISI:

y = 1,3849 + 0,0384*x

VY pe3ynbTari po3B’s3aHHS OOEpPHEHOi 3a7adl BCTAHOBIIKOEMO, IO 3HAYHMX
PO30IKHOCTEN MK €KCIIEPUMEHTAJIBHUMH Ta PO3PAXYHKOBUMHM 3HAYEHHSIMU (¥ Ta )’)

Hemae (puc. 3.4). Omxe, OTprMaHi pe3yabTaTH CBIYATh MPO KOPEKTHICTh PO3PaXyHKIB.
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Pucynok 3.4 — 3asiexHICTh O3HAKH ) B1Jl O3HAKHU X 175 mpukiagy Ne 2.
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Ilpuknao Ne 3. lllnsgxoMm NpOBEACHHS EKCIIEPUMEHTAIBHOTO OCIHIKEHHS
OTPUMAHO JaHl AMsi y Ta X. AHami3 1 CTaTUCTHUHY OOpOOKY pe3yibTaTiB
JOCITKCHHSI BAKOHYEMO aHAJIOTIYHO J0 MOIepPeIHIX MPUKIIaIiB.

Ha pwuc. 3.5 mokazaHo moOymoBaHe 3a EKCIIEPUMEHTAILHUMHU JTaHUMHU
KOpeJsiiiiHe ToJie. [3 po3ramryBaHHS TOYOK BHIHO, IO 3aJIEKHOCTI MIXK

BCIIMYUMHAMU HC IIPOCTCIKYETHCA.

18
16
14 | - A
12 —— &

10 : : : ' ah AAA A

3anexHa 03HaKa
B
>

AAA A

A

90 100 110 120 130 140 150 160 170 180 190 200 210 220 230
Hesanexxna o3naka

Pucynox 3.5 — Kopensiiiine mose, mooyoBaHo 3a JaHuMu npukiamay Ne 3.

Po3paxyHok mokaszye, MO BeIMYMHA KOEQIIIEHTY KOPEIAlii CTaHOBUTh
r=0,02. Omxe, A0XOAMMO BHCHOBKY, IO KOPEISAIIAHUM 3B 30K MIXK
JOCTI)KYBaHUMHU O3HAKaMU MPAKTUYHO BIACYTHIHN 1 y TaKOMY BUIIQJKy BU3HAYaTH
Koe(dimieHTH piBHSIHHS perpecii He moTpiOHO. [IpoTe y moaiOHMX BHUMamKax iCHye
BIPOTIHICTh TOTO, MO0 OYyJI0O HEBIpHO 00paHO (HaKTOpPHY O3HaKy abo Ha

PE3YNBTATHUBHY O3HAKY ) OJJHOYACHO YMHSTH BIUTHB JICKIJIbKA PI3HUX (DAKTOPIB.
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PO3OIN 4
NPUKNAOWN 3ABOAHb O CAMOCTIUHOI POEOTH

3aeoanun Ne'l. Y pesynabTaTi MPOBEAEHOTO OCHIKEHHS OTPHUMAHO
noka3Huku x Ta y (tabm. 4.1). BiamoBimHO 10 HAJZaHOTO BUKIANA4YeM BapiaHTY

MPOBECTH PO3pPaXyHKH 1 MpOaHaTI3yBaTH PE3yJIbTATU JTOCIIIKEHHS.

Tabmurs 4.1 — ExciepuMeHTanbHI IaH1 1711 BUKOHAHHS 3aBaaHHs No 1

BapianT Ne 1 Bapiant Ne 2 BapianT Ne 3 Bapiant Ne 4 BapianT Ne 5
No
X y X y 28 y X y X y

1| 157,92 8,07 109,01 | 3,98 | 100,91 | 3,02 | 10452 | 3,58 | 107,84 | 4,11

2| 160,03 8,72 150,68 | 8,14 | 125,47 | 5,18 | 163,74 | 10,11 | 149,03 | 7,15

3| 159,08 8,51 130,02 | 5,79 | 129,62 | 586 | 99,53 | 3,27 | 103,36 | 3,39

4| 12381 4,79 129,62 | 5,86 | 133,66 | 6,08 | 14959 | 857 | 137,54 | 6,21

5| 141,14 6,91 133,66 | 6,08 | 132,81 | 6,01 | 160,48 | 9,35 | 121,18 | 4,97

6| 150,86 7,82 132,81 | 6,01 | 122,26 | 4,86 | 173,31 | 10,73 | 145,79 | 7,61

7| 129,62 5,86 122,26 | 4,86 | 107,92 | 3,68 | 133,66 | 6,08 | 110,52 | 4,15

8| 122,26 4,86 107,92 | 3,68 | 103,36 | 3,39 | 132,81 | 6,01 | 160,03 | 8,72

9| 107,92 3,68 103,36 | 3,39 | 137,54 | 6,21 | 122,26 | 4,86 | 168,93 | 10,24
10 | 103,36 3,39 137,54 | 6,21 | 121,18 | 4,97 | 107,92 | 3,68 | 150,36 | 7,48
11| 137,54 6,21 121,18 | 4,97 | 145,79 | 7,61 | 103,36 | 3,39 | 12493 | 4,91
12 | 134,29 6,02 145,79 | 7,61 | 110,52 | 4,15 | 137,54 | 6,21 | 97,36 3,09
13 | 143,27 6,97 110,52 | 4,15 | 160,03 | 8,72 | 121,18 | 4,97 | 101,73 | 3,31
14 | 170,72 10,31 | 165,39 | 9,91 | 159,08 | 851 | 14579 | 7,61 | 163,74 | 10,11
15| 168,93 10,24 | 146,98 | 8,38 | 130,05 | 5,71 | 128,06 | 5,82 | 134,29 | 6,02
16 | 168,96 10,27 | 143,27 | 6,97 | 161,03 | 9,26 | 126,94 | 5,03 | 171,03 | 10,53
17 | 125,09 4,99 170,72 | 10,31 | 165,39 | 9,91 | 111,96 | 4,11 | 168,96 | 10,27
18| 98,02 3,07 168,93 | 10,24 | 146,98 | 8,38 | 143,29 | 7,49 | 131,72 | 5,48
19| 97,36 3,09 150,36 | 7,48 | 143,27 | 6,97 | 158,46 | 9,04 | 126,08 | 5,32
20 | 150,36 7,48 12493 | 491 | 170,72 | 10,31 | 161,03 | 9,26 | 142,95 | 6,85
21| 124,93 4,91 98,02 | 3,07 | 163,66 | 9,57 | 165,39 | 9,91 | 103,07 | 3,46
22 | 143,29 7,49 97,36 | 3,09 | 134,29 | 6,02 | 146,98 | 8,38 | 101,47 | 3,41
23 | 158,46 9,04 101,73 | 3,31 | 99,53 | 3,27 | 143,27 | 6,97 | 125,03 | 5,04
24 | 95,73 2,89 141,81 | 7,12 | 97,14 | 3,51 | 141,02 | 6,59 | 126,93 | 541
25| 145,79 7,61 128,06 | 5,82 | 107,92 | 3,68 | 160,03 | 8,72 | 137,54 | 6,21
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BapianT Ne 1 BapianT Ne 2 BapianT Ne 3 BapianT Ne 4 BapianT Ne 5
No
X y X y X y X y X y

26 | 110,52 4,15 | 126,94 | 5,03 | 103,36 | 3,39 | 159,08 | 8,51 | 134,29 | 6,02
27 | 160,03 8,72 | 111,96 | 4,11 | 137,54 | 6,21 | 130,05 | 5,71 | 143,27 | 6,97
28 | 168,93 | 10,24 | 143,29 | 7,49 | 121,18 | 4,97 | 161,03 | 9,26 | 170,72 | 10,31
29 | 126,08 532 | 158,46 | 9,04 | 14579 | 7,61 | 165,39 | 9,91 | 168,93 | 10,24
30 | 129,06 533 | 111,92 | 4,35 | 165,07 | 9,83 | 163,83 | 9,57 | 129,04 | 6,05

3as0anna Ne 2. BUKOPUCTOBYIOUM OE3KOIITOBHI PEMO3UTOPIi, 3HAUTH

eKOJIOTIYH1 JlaHI Ta BUKOHATH PO3PAaXyHKH 1 aHaii3 pe3ynbTaTiB JOCIIIKEHb,

KOPHUCTYIOUHCh AITOPUTMOM, HABEJICHUM y PO3/1Li 3.

Pemosutopii aBisroTE cO00I0 0a3u JaHUX, SIKI MICTSATh BEIUKI 0OCATH

1H(popmarrii (cTpykTypoBaHoi a00 Hi) 1 sIKI B 3aJIEKHOCTI BiJl YMOB JIIIIEH31i MOXKYTb

OyTH BUKOPHUCTaHI JIsl MPOBEJICHHS HAYKOBUX JIOCIIIKEHb.

Pemnosutopii y cdepi exonorii Ta OXOPOHM HABKOJMIITHHOTO CEPEIOBHUIIA,

OioJtorii, Ximii, KJIIMATOJIOTIi TOIIO €, HAMPUKIIa/, TAKI:

_ \ M kN ABoUT  DATA  SHARE  TOOLS wmpto: |0OIoriD
| :
» '*__'i, -

https://knb.ecoinformatics.org/ (puc. 4.1);

https://www.ncbi.nlm.nih.gov/taxonomy (puc. 4.2);

https://www.gbif.org/ (puc. 4.3);

https://www.ncei.noaa.gov/ (puc. 4.4);

https://daac.ornl.qov/ ;

http://www.earthchem.org/ ;

https://www.pangaea.de/ .

Diverse environmental data.

Scientists store thousands of open
environmental and ecological data sets in
the KNB. Plus, the KNB is a DataONE
Member Node, so your data can be
securely copied across the network for

long term preservation.

Learn more

Find and repurpose.
Drive your next meta analysis with data and

1

partners through the KNB.

Store and confidently share.
You can easily upload your data to the

KNB repository online, or use desktop

software to describe, manage, and share
your data. Store up to 5GB of data for free.

The KNB also supports DOIs to

permanently publish your data sets.

Share your data

n up

ol

Find critical data.

Search for data

Super fast searching of research
collections in the KNB lets you find data for
your next project, and connect with
potential collaborators. Look for data
based on interest, place, time, or people.

Go  SIGN IN -

-

Pucynok 4.1 — Ckpinmor penozutopiro "KNB Ecoinformatics”.



https://knb.ecoinformatics.org/
https://www.ncbi.nlm.nih.gov/taxonomy
https://www.gbif.org/
https://www.ncei.noaa.gov/
https://daac.ornl.gov/
http://www.earthchem.org/
https://www.pangaea.de/
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(/, NCBI Resources

Taxonomy Taxonomy v I m

Limits  Advanced Help

P ] % N B
| o YR
Ll " @
The Taxonomy Database is a curated classification and nomenclature for all of the organisms in the public sequence

W .| M ! ] ” [ } ” databases. This currently represents about 10% of the described species of life on the planet.
AR AR A
R J

'Q Taxonomy

Using Taxonomy Taxonomy Tools Other Resources
Quick Start Guide Browser GenBank
FAQ Common Tree LinkOut
Handbook Statistics E-Utilities
Taxonomy FTP Name/ID Status Batch Entrez
Genetic Codes INSDC

Linking to Taxonomy
Extinct Organisms

Pucynox 4.2 — Cxpinmot peno3utopiro NCBI.

J‘ Getdata Share  Tools Inside GBIF A% QN

SEARCH DATASETS | 40,668 RESULTS

{ ALL ME
Publisher
EOD - eBird Observation Dataset Occurrence dataset
| Plazi.org taxonomic treatments database 23 029 eBird is a collective enterprise that takes a novel approach to citizen science by developing cooperative
s partnerships among experts in a wide range of fields: population ecologists, conservation biol
| PANGAEA - Publishing Network for Geoscie.
| GEO-Tag der Artenvieifalt 1219
] UMS PatriNat (AFB-CNRS-MNHN), Paris 80 361 429 888 occurrences 26 citations
| Comisién nacional para el conocimiento y us.
) National Museum of Nature and Science, Jap... 342 DOF Occurrence dataset
| Biodiversity Data Journal 25
; : " f@ fi f DOF! cations. D: f
| Instituto de Investigacién de Recursos Biolog. DOFbasen. Please contact DOF (dof@dof.dk) before any use of DOFbase data in publications. Database of
bird registrations administrated by Danish Ornithological Society dof.dk). Danish Ornithologi
) The Catalogue of Life Partnership -
ciety
| Senckenberg
19287 097 occurrences 11 citations
Host
o Finnish Bird Ringing and Recovery Database Occurrence dataset
Publishing country or area
Database of birds ringed in Finland and all reported encounters of the birds.
P sity Info!
Germany 1
3 10 930 328 occurrences 1 citation
France
Mexico . . . .
< BirdLife Australia, Birdata Occurrence dataset
United Kingdom 4
Colombia 708 Birdata is your gateway to BirdLife Australia data including the Atlas of Australian Birds and Nest record
United States of America scheme. You can use Birdata to draw bird distribution maps and generate bird lists for any pa.
Japan B2 Pub! by BirdLife
Brazil 10153 635 occurrences 8 citations
Australia
Bulgaria 9 v

Flora von Deutschland (Phanerogamen) Occurrence dataset

Pucynox 4.3 — Cxpinmor peno3utopiro GBIF.



noAR National Centers for
Environmental Information

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

Home About News Access Archive Contact Search

-

P

National Centers

environmental data on Earth. Through the Center for Weather and Climate and the Center for Coasts, Oceans, and Geophysi

over 25 petabytes of comprehensive atmospheric, coastal, oceanic, and geophysical data.

Read more about NCEI

Pucynok 4.4 — Ckpinmot peno3utopito NCEI (National Centers for

Environmental Information).

3aeéoanun Ne 3. TlepeBipyUTH HasBHICTh KOPEJSIIHHOTO 3B S3KYy MK
BeNMYMHAMU, 1moOyayBatu rpadik ¢yskmii y = f(X) i 3amponoHyBatu piBHSIHHS
perpecii. Po3paxyBaTu koedillieHT KOpEeIIlii, OIHUTH Horo 3Hadymicte. HagaTu
TaOJIMII0 PO3PAaXOBaHUX 3a PIBHSHHAM perpecii BEIMYMH ) Ta MOPIBHATH iX 3

CKCIICPUMCHTAJIbHUMMU.

Bapiaat Ne 1. Otpumano Taki gaHi 11010 TJIOMIOYOCTI CAMOK JICHIlh X Ta

MJIOAFOYOCTI 1X I0YOK !

X 6 7 5 6 5 5 4 5 5 4 6

y 4 5 4 4 6 2 3 3 2 6 6
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BapianTt Ne 2. Otpumano Taki JaHi 100 ITUIOAIOYOCTI CAMOK JIMCHIb X Ta

TJIOTFOYOCTI 1X TOUOK y:

x 7 6 3) 6 6 7 5 6 6 7 3

y | 9 | 7 [ 2 47 56 |8 |10 4]5

BapianTt Ne 3. Otpumano Taki JaHi 1010 TUIOAIOYOCTI CaMOK JIMCHIIb X Ta

TJIOTFOYOCTI 1X TOUOK !

x 6 7 4 5 3) 6 5 6 4 5 7

y | 5| 4| 2 |5 | 6 | 5| 9| 3|6 | 43

Bapiant Ne 4. OtpumaHo Taki AaHl HIOJI0 IJIOJIOYOCTI CAMOK JIMCHIb X Ta

MJIOAFOYOCTI 1X I0YOK !

x 7 6 6 6 ) 7 6 5 4 6 5

y 4 2 3) 7 3 5 4 5 3 7 2

Bapiant Noe 5. Otpumano Taki JaHi II0JI0 IUIOAIOYOCTI CaMOK JIMCHUIh X Ta

MJIOAFOYOCTI 1X I0YOK !

x 5 6 6 5 6 8 5 6 6 5 6

y | 3| 2 |5 [ 3| 74245 ]3]6%s

BapianT Ne 6. Otpumano Takxi J1aHi 00 IUIOA0YOCT] CAMOK JIMCHUILh X Ta

MJIOAFOYOCTI 1X I0YOK !

x 3] 6 7 5 8 8 5 4 6 7 6

y 3 2 6 3 7 8 2 4 3 3 7




BapianT Ne 7. OTpumano Taki AaHi MO0 TUIOAI0YOCTI CAMOK JIUCHUIL X Ta

TJIOTFOYOCTI 1X TOUOK y:

36

x 6 7 6 3
y 4 9 5 5
BapianT Ne 8. Otpumano Taki JaHi o0 MI0AI0YOCTI CaMOK JIMCHLIB X Ta
TUTOJTFOYOCTI 1X JIOUOK ).
x 6 6 3) 7
y 4 4 5 4
Bapiaat Ne 9. Otpumano Taki fafi 1010 IIOAF0YOCTI CaMOK JIUCHUITh X Ta
TUIOAIOYOCTI X JOYOK Y-
x 4 5 ) 5
y 3 6 9 3
BapianT Ne 10. Otpumano Taki AaHi 010 TUTOIFOYOCTI CAMOK JIICHITh X Ta
TUIOAFOYOCTI 1X JOYOK Y-
x 5 6 4 3
y 2 10 6 6
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OOOATOK A

KpuTu4Hi Touku posnoginy t-CtbloaeHTa

Yucio PiBeHb 3HaUyIIOCTI (IBOCTOPOHHS KPUTHYHA 00J1ACTh)
CTYIEHIO 0,10 0,05 0,02 0,01 0,002 0,001
cBoOoam, K
1 2 3 4 5 6 7
1 6,32 12,70 31,82 63,70 318,30 637,00
2 2,92 4,30 6,97 9,92 22,33 31,60
3 2,35 4,30 4,54 5,84 10,22 12,90
4 2,13 2,78 3,75 4,60 7,17 8,61
5 2,01 2,57 3,37 4,03 5,89 6,86
6 1,94 2,45 3,14 3,71 5,21 5,96
7 1,89 2,36 3,00 3,50 4,79 5,40
8 1,86 2,13 2,90 3,36 4,50 5,04
9 1,83 2,26 2,82 3,25 4,30 4,78
10 1,81 2,23 2,76 3,17 4,14 4,59
11 1,80 2,20 2,72 3,11 4,03 4,44
12 1,78 2,18 2,68 3,05 3,93 4,32
13 1,77 2,16 2,65 3,01 3,85 4,22
14 1,76 2,14 2,62 2,98 3,79 4,14
15 1,75 2,13 2,60 2,95 3,73 4,07
16 1,75 2,12 2,58 2,92 3,69 4,01
17 1,74 2,11 2,57 2,90 3,65 3,96
18 1,73 2,10 2,55 2,88 3,61 3,92
19 1,73 2,09 2,54 2,86 3,58 3,88
20 1,73 2,09 2,53 2,85 3,55 3,85
21 1,72 2,08 2.52 2,83 3,53 3,82
22 1,72 2,07 2,51 2,82 3,51 3,79
23 1,71 2,07 2,50 2,81 3,49 3,77
24 1,71 2,06 2,49 2,80 3,47 3,74
25 1,71 2,06 2,49 2,79 3,45 3,72
26 1,71 2,06 2,48 2,78 3,44 3,71
27 1,71 2,05 2,47 2,77 3,42 3,69
28 1,70 2,05 2,46 2,76 3,40 3,66
29 1,70 2,05 2,46 2,76 3,40 3,66
30 1,70 2,04 2,46 2,75 3,39 3,65
40 1,68 2,02 2,42 2,70 3,31 3,5
60 1,68 2,02 2,42 2,70 3,31 3,95
120 1,66 1,98 2,36 2,62 3,17 3,37
0 1,64 1,96 2,33 2,58 3,09 3,29
0,05 0,025 0,01 0,005 0,001 0,0005

PiBeHb 3HauyImocTi 0 (0AHOCTOPOHHS KPUTHYHA 00J12CTh)
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AOOATOK b

KpuTu4Hi 3HayeHHA F-kpuTtepiro (npu a = 0,05)

Cryneni Cryneni cBo6oan, ky
cB000IH,
" 1 2 3 4 5 6 50
9 5,12 4,26 3,86 3,63 3,48 | 3,37 2,8
10 4,96 4,10 3,71 3,48 3,33 | 3,22 -
11 4,84 3,98 3,59 3,36 3,20 | 3,09 2,5
12 4,75 3,88 3,49 3,26 3,11 | 3,00 -
13 4,67 3,80 3,41 3,18 3,02 | 292 2,32
14 4,60 3,74 3,34 3,11 2,96 | 2,85 -
15 4,54 3,68 3,29 3,06 2,90 | 2,79 2,18
16 4,49 3,63 3,24 3,01 2,85 | 2,47 -
17 4,45 3,99 3,20 2,96 2,81 | 2,70 2,08
18 4,41 3,56 3,16 2,93 2,77 | 2,66 -
19 4,33 3,52 3,13 2,90 2,74 | 2,63 2,08
20 4,35 3,49 3,10 2,87 2,71 2,90 -
21 4,32 3,47 3,07 2,84 2,68 | 2,57 1,93
22 4,30 3,44 3,05 2,82 2,66 |2,55 -
23 4,28 3,42 3,03 2,80 2,64 |2,53 1,88
24 4,26 3,40 3,01 2,78 2,62 |251 -
25 4,24 3,38 2,99 2,76 2,60 |2,49 1,84
26 4,22 3,37 2,98 2,74 2,599 | 247 -
27 4,21 3,35 2,96 2,73 2,57 | 2,46 1,80
28 4,20 3,34 2,95 2,71 2,56 |2/44 -
29 4,18 3,38 2,93 2,70 2,54 | 243 1,77
30 4,17 3,32 2,92 2,69 2,53 |242 -
35 4,11 3,26 2,86 2,63 2,48 | 2,36 -
40 4,08 3,23 2,84 2,61 2,45 | 2,34 -
50 4,03 3,18 2,79 2,56 2,40 |2,29 -
60 4,00 3,15 2,76 2,52 2,37 |2,25 -
0 3,84 2,99 2,60 2,37 2,21 | 2,09 -




