Tema 2. U3YUEHUE KOPPEJAIIMEHHBIX CBA3EMN. BBINTOJHEHUE
PEI'PECCHUOHHOI'O AHAJIN3A SKOJIOI'MYECKUX JTAHHBIX

O0bsicnenue. B OMOIOrH4ecKuX UCCIEA0BAHUIX PEIKO MPUXOIUTCA UMETH JIEJI0
C OmpelereHHbIMU (PYHKIMOHAIBHBIMUA CBSI3SIMH MEXAY TpPU3HAKaMU, KOraa
KOKJIOMY 3HAQUYEHHUIO OJHOW BEIMYMHBI COOTBETCTBYET CTPOrO OIPEACICHHOE
3HAQYEHUE JPYyroyd BeNW4uHBL. Yalie BCEro KaXI0My 3HAYEHUIO Mpu3Haka X
COOTBETCTBYET HE OJIHO, & MHOYKECTBO BO3MOXHBIX 3HaueHUW npu3Haka Y. Takue
CBA3U Ha3bIBAOTCS CMOXacmudecKumu (BEpOSATHOCTHBIMH ) WIH
KOPPEISLIHOHHBIMU.

TepMuH «KOppensus» TPOUCXOIUT OT aHIVIMHCKOro ciioBa correlation, urto
O3HA4YaeT COOTHOILIEHHE, COOTBETCTBHUE. [IOHATHE KOpPPEJSILIMU BBEIECHO B HAYKy
anrmiickum yuéHbeiM @. ['ambroHom (1888 r.) m pa3Butro ero ydyeHukom K.
[Tupconom (1895 r.). K uzydenuto cBsi3u METOIOM KOPPEIAILUUA 00pAIlIatOTCA B TOM
cily4ae, KOrja HEBO3MOKHO 3JTMMUHUPOBATH (M30JMPOBATh) BIUSHUE TOCTOPOHHHUX
(dbakTopoB OO MOTOMY, YTO OHM HEU3BECTHBI, JIMOO M3-32 HEBO3MOXHOCTH HX
n3osauuu. Kpome Toro MeTos 1o3BoJisieT HalTH U OLIEHUTh KOJIMYECTBEHHYIO MEPY
TECHOTBI CBSI3W MEKJly B3aMMOCBSI3aHHBIMHU IpU3HaKaMmu. [Ipu 3TOM 4MCIEHHOCTH
BBIOOPKH JOJDKHA OBITH JIOCTATOYHO OOJBIIOM, TaK Kak MaJioe KOJHWYECTBO
HaOJIOICHUI HE MO3BOJIAET OOHAPYKUTh 3aKOHOMEPHOCThH CBSI3U.

Koppensinuss ObiBaeT mNpocTod (3aBUCUMOCTb MEXKIY JBYMsSI NpU3HAKaAMU) U
MHO>KECTBEHHOM (O0JibllIe IBYX), IO popMe — NPSIMOIMHENHON U KPUBOJIMHENHOM,
M0 HAMPABIICHUIO — MPSMOI U 0OPaTHOM.

[Tox npsAMOJMHENHOW KOppEIALUENd IMOHUMAKOT TAKOE COOTHOLIEHUE MEXKIY
MEPEMEHHBIMH, KOTOPOE BBIPAKAETCS YPAaBHEHHEM NIPSIMOM JTMHUU
Y = a + bX. Korma npu oAMHAKOBBIX MPUPALICHUSIX apryMeHTa (QYHKIUS HMECT
HEOJIMHAKOBBIE M3MEHEHHMS, KOPPEIALNS Ha3bIBaCTCS KPUBOJIMHEWHON. Eciu npu
YBEJIMYECHUH apryMeHTa (QYHKIUS BO3pacTaeT, TO KOPpEeslus Ha3bIBaeTCA
MOJIOKUTEIBbHON UJTU MPSIMOM, a €CJIM YOBbIBAaeT — OTPULIATEILHOM W1 0OpaTHOM.

B xadecTtBe 4YMCIOBOro IIOKasaresns IMPOCTOM JIMHEWHOW KOppEJsLuH,
MOKA3bIBAIOLIETO TECHOTY (CUJTY) U HAaIIpaBJICHUE CBSI3U, UCIIOJIB3YIOT Oe3pa3MepHOe
YKCII0, Ha3biBaeMoe K03 duiirmeHToM Koppesiu (I).

3Hadenust KodhuireHTa KOppesaiuu MOTyT HaXOIUThCA B Ipeeiax oT + 1 mpu
npsaMoil (PyHKITMOHATIEHON CBsI3M 110 - 1 mpu oOpaTHON (yHKIIMOHATHLHOW CBSI3U.
[Ipu momHOM oTcyTcTBUU Koppemsiuu ¢ = 0, mpu |r| < 0,3 xoppensiuoHHast
3aBHCHMOCTH cja0as, mpu |r| = 0,3-0,7 — cpeansis, a npu |r| > 0,7 — cunbHas. 3Hak
npu KO3(PQPHUIMEHTE KOPPESAIMH yKa3blBaeT HANpaBlICHHUE CBs3H: (+) — mpsMast
3aBHCHMOCTD, (-) — CBsI3b OOpaTHasl.



Jns ananu3za JquHEHHON Koppensauuu Mexay X U Y MpoBOIAT N HE3aBUCUMBIX

TApHBIX HAOTFOICHHUH, HCXO0I0OM KaXKJIOTO U3 KOTOPBIX SIBJISICTCS Imapa auced (X1; Y1),
(X2; Y2), ... (Xh; Yn). Crtoco6 BerauciaeHuUs Ko3hGUITHEeHTa KOPPEISIIIHA PACCMOTPUM

Ha npumepe (Tadai. 1).

Taboauua 1 — Beruncienne ko3gppuumeHTa KOPPeIsauuud MeKIy

MPOXYKTHBHOCTHIO PACTEHHII U YHCJIOM 3€PEeH B KOJIOCe

3HaueHue OTkIitI0HEHUE KBagparter [Ipounssenenns
= [IPU3HAKOB OT CpeHEN OTKJIOHEHUH OTKJIOHEHUU
E [Iponyktu| HYucmno
S| BHOCTH |3€pCH B _ _ _ _ _ _
; pactesit | konoce Y =NEX -0 -3 X -0 -§) XX —%)
Y, r/pact. | X, mt.
1 1,74 38 -0,13 -3 0,0169 9 0,39
2 2,06 46 0,19 3) 0,0361 25 0,25
3 1,75 38 -0,12 -3 0,0144 9 0,36
4 2,00 42 0,13 1 0,0169 1 0,13
5 1,53 38 -0,34 -3 0,1156 9 1,02
6 1,78 44 -0,09 3 0,0081 9 -0,27
7 1,77 38 -0,10 -3 0,0100 9 0,30
8 1,80 37 -0,07 -4 0,0049 16 0,28
9 2,22 48 0,35 7 0,1225 49 2,45
10 2,05 41 0,18 0 0,0324 0 0
E: 18,70 410 0 0 0,3778 136 5,61
y=187 | x=41 | n=10
KoaddummenT xoppensiiuu BEIYUCISAIOT 10 hopMyTIe:
YX =) -y 5,61 5,61 078

T =N —y)? JO3778x 136 /513008

HJIN, MUHYS BBIYUCJIICHUSA OTKJIOHEHUH U KBaapaToOB OTKHOHeHHﬁ, 1o (bopMyne:
X2XY - XxYY)Xxn
r =

VEX2—=EX)?2+n)(XY2 - Y)? +n)
WK 4Y€pe3 CpeaHNEe KBAAPATUIECCKUE OTKIIOHEHUS —
_IX -0 -3)

nXSfXSJ—,




’Z(X—f)2 I(Y-y)?
rac: Sf= T, Sy= T

rne. (X —x) u (Y —y) — orkioHeHus 3HadyeHUd X W Y OT CBOMX CpPEIHUX
3HAYEHUN X U Y B N COMOCTABUMBIX Iapax.

Takum oOpa3zoM, CBSI3b MEXTY NMPOAYKTUBHOCTHIO PACTEHUN O3UMOMU P3KU cOpTa
KanuHka 1 9nciioM 3epeH B MX KOJIOChsIX cuiibHas npsmas (r = 0,78).

CrerneHp CBsI3M MEXAy MpU3HAKaMHu 0ojiee TOYHO M3MepseTcs KoddpumueHTom
nerepmuHanuu 0y, paBHBIM KBaapary kod(duimenta xoppensuuu: d,, = r’. On
MOKAa3bIBACT JIOJIIO TeX u3MeHeHui (%), KOTopble 3aBUCAT OT U3ydaeMoro (pakropa.
B namem npumepe dy, = 0,78%= 0,61, criemoBaTeIbHO TOJIBKO 61% M3MEHYHMBOCTH
npu3Haka Y o0ycClIOBJIEHO JIeHCTBUEM (PaKTOPUATILHOTO MpU3HaKa X (YUCIIOM 3epeH
B KOJIOCE), OCTaJIbHAs YacTh KoppeisimonHoi csa3u (1 — 0,61 = 0,39) oOycnoneHa
IpyrumMu (pakTopamu.

KoaddunmeHT koppensiiuu BEIOOPOUHBIX HAOIIOAECHUN MOABEPKEH CIydaitHbIM
KOJICOaHMSIM, KOTOpBHIE 3aBUCAT OT 00BbeMa BBIOOPKH W TOYHOCTH TPOBEICHUS
HaOmoaeHuil. [loaToMy ISl OIIEHKM HaJIeKHOCTH BBIOOPOYHOTO KOA((HUIIUEHTA
BBIYHCIIAIOT €T0 OIIMOKY ¥ KPUTEPU CYIIIECTBEHHOCTH.

CrangapTHy0 oIMOKY K03 GUIIMEHTa KOPPEISIUY ONPEACIIAIOT 1Mo hopmyIie:

rae: Sy — ommobka kodpuireHTa KOppesiny;

I — KO3 PUIMEHT KOppeNsIIuY;

N — YKCIIO TIap 3HAYEHUM.

Yem Ooblie ynciao HaOMIOIEHUN, TEM MEHbIIe OyAeT omunOka KodppuuueHTta
Koppessiuu. 3HaueHue ko3P huiimenTa Koppesiiuu 00bIYHO 3aMUCHIBAETCS BMECTE
C €ro OIIHUOKOM:

r+S,=0,78=+0,22.
Kpurepuii cyrectBeHHOCTH (OIICHKY 3HAYUMOCTH) KOA(PPHUIMEHTA KOPPEISIIUU

BBIYUCTISIIOT IO popMmyJie:

. r 0,78 3cc

TS 022 7

ConocTaBisisi pakTUYECKUE W TEOPETUUYECKM pacCUMTaHHbIE 3HaueHus ty mpu

yyclie CTeneHel cBOOOIbI, paBHOM N —2, OLEHUBAIOT CYIIECTBEHHOCTD
KOPPEISILMOHHON CBsI3U. Ecimu tr gacr. = U 1eop, TO KOPPEIALMOHHASA CBS3b
CYIIECTBEHHA, a IPH tr gaxr. < tr reop. — HECYILIECTBEHHA. TEOpEeTHUYECKOE 3HAYEHUE
kputepusi CThIOJICHTa HAXOIAT 10 Tabnuie (mpriokenue 1), npuaumas 5%-Hblit

uin 1%-Hplil ypoBeHb 3HAUMMOCTH. B HameMm npumepe mpu BOCBMHU CTEMEHSIX



cBo0oabI (N — 2 = 8) to5(2,31) < tr paxr- (3,55). 3HAUUT, KOIDDUIMEHT KOPPETALNH B
HAIlIeM CJIy4ae SBJIAETCS CTATUCTUYECKU 3HAUHMBbIM.

OmnpenenuB KO3PGUIUEHT KOPPEISIIIMKA, Mbl BBIICHAEM HANpaBICHUE U CTETICHb
COIPSKEHHOCTH B M3MEHUMBOCTH Ipu3HaKoB. OJHAKO, OH HE MO3BOJISIET Y3HATH,
KaK KOJIMYECTBEHHO M3MEHSETCS pE3YyJbTaTUBHBIA MPU3HAK NpPU HU3MEHEHUU
(akTopruaIbHOrO Ha €AMHHUIy U3MEpPEHHs. OTO PpEeIaeTcss C MOMOUIbIO
perpeccMoHHOro asaiu3a. Ero ocHOBHas 3ajada - ONpeAeNuTb (QopMysTy
KOppEJSIIMOHHOM ~ 3aBUCMMOCTH.  Pa3nuyaror  perpeccuto  HpocTyr U
MHOXKECTBEHHYI0, a Mo ¢opMe — TMpsMO- U KpuBOJUHEHHYy0. CyIIHOCTD
PErpecCHOHHOT0 aHalli3a COCTOMT B TOM, YTOOBI MOCTPOUTH JIMHUIO, KOTOpas
HanOoJIee TOYHO BbIpakaja Obl 3aBUCUMOCTb OJHOI'O MPU3HAKA OT APYTOro.

3aBUCHUMOCTh MEXAY MpHU3HAKaMU MOXET ObIThb BbIpaKeHa KO3(PPHUIHEHTOM
perpeccuy, MNOKa3blBalOIIMM, B KAaKOM HAIpPaBJIEHUUM U HAa KaKyl0 BEIMYHUHY
U3MEHSAETCS B CpelHEM OAMH npu3HaK ((yHKUUS) NP H3MEHEHHUU JIPYroro
(apryMeHT) Ha eauHMUIy u3MepeHus. KoappuimeHTsl perpeccuu HUMEIOT 3HaK
K03 puIeHTa KOPPEISIIUU U BRIUUCISIOTCS 10 CIEAYIOMUM (popMyiaMm:

YX-® -7 56l

b,, = = = 0,04125
X Y(X — )2 136
X—x)(Y =y 5,61
b, < 2E DO =9 14
(Y — 9)2 0,3778
X MOXHO BBIYUCINUTE U qepe3 CPCAHCKBAAPATUIHBIC OTKIIOHCHU !
S5 S
— Y — x
byx—TS—f, bxy—TS—y

[IpousBenenue ko>(p(HUIMEHTOB perpeccud paBHO KBajpaTy KoadduimeHTa
KOPPEJISIIN:
byx X byy = 1?
r =,/0,04125 x 14,85 = /0,61 = 0,78
OmubKy K03 PUITMEHTOB PETPECCUU BEIYUCIIAIOT 1O (hopMyJiam:

byx E:(X X_) ’ 13() ’ ’ ’
bxy E:(Y B _V) ’ 0,3778 ’ ’ ’

Kputepuit cymectBeHHOCTH KOd(D(PHUIIMEHTa pPErpeccur OMNpeAesseTcsl o

dbopmyre:
_ by, 0,04125

ty. = = =
Sy, 00116

3,55



Kpurepuit cyniecTBEeHHOCTH KOI(PPUIIMEHTOB PpErpeccud paBeH KPUTEPHUIO
CYLIECTBEHHOCTH KO3 (PUIIMEHTa KOPPETALUHU: thyy = 1.

B 3aBucuMoOCTH OT TOTO, MEXAY KAKUMH TPU3HAKAMH PACCMATPUBAETCS CBSI3b, HE
BCErJla MMEET CMBICI BBIYUCIATH Bce KOA(DPUIMEHTHl perpeccud. JIMHUIO
perpeccud  MOXKHO TOCTPOUTh JIByMsl crocobamMu — rpapuyeckuM H
AHAJIMTUYECKUM.

[Ipu rpaduyeckom crnocode mo ocu adCUUCC OTKIIABIBAIOT 3HAUYCHUS MTPU3HAKA
X, 10 ocu OpAMHAT — 3HaYeHus npu3Haka Y. Takoil rpaduk Ha3bIBAIOT «TOYECHHON
JarpaMMOon» UIH «KOPPEISLMOHHBIM MOJIEM).

[Ipn aHaIUTHYECKOM CMOCOOE HCMOJB3YIOT YpPaBHEHUS MPSIMON JUHUU (11
JMHENHOU perpeccun):

Y=a+bX; a=y—Dbx; b=byx

YpaBHEHHE TUHEUHON PETPECCUN UMEET CICTYIOIIUNA BU/L:

Y=y+b,(X—x)

Y =1,87 +0,04125 (X—x) = 1,87 + 0,04125 X — 0,04125 x 41=
0,18+0,04125.X.

BeiBoabl. KoppensinonHasi 3aBUCUMOCTb M€Ky MPOAYKTUBHOCTBIO PACTEHUIN
o3uMoi pxu copra KanuHka W 4YHCIOM 3€peH B KOJOCe IMpsiMasi, CHJIbHAas.
[TponykTuBHOCTH pacTeHuil Ha 61% 3aBucuT oT umcna 3epeH. [Ipu yBenuueHun
quclia 3epeH B Kojoce Ha 1 mT. mMpoAyKTUBHOCTh PAcCTEHUH YBEIWYHBACTCS Ha
0,04125 r. Jlannas 3aBUCHUMOCTH BbIpakaercsi ypaBuenueM Y = 0,18 + 0,04125 X.
Hanee cienyer U3y4yuTh KOPPENISALMOHHBIE CBS3U M BBINOJIHUTH PETPECCHUOHHBIN
aHaJIn3 JaHHBIX MHIUBUYaJIbHOTO 3a/1aHuUs.



