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1. METOA I'PYHIIMPOBOK

1.1. MeToauveckne yKa3aHHUA K PelICHHUIO 3a1a4
no reme «MeToA rpynmupoBOK»

JUtss  w3ydeHWs CTPYKTYpPhl  CTaTUCTUYECKOW  COBOKYMHOCTH, HAJIWYHUS
B3aMMOCBSI3€M MEXy SBJICHUSIMHU, UX MPU3HAKAMU HCIIOJIB3YETCs CTaTUCTHYECKas
TPYIIHPOBKA.

I'pynnupoBka 3akiarodaercss B 0Opa3oBaHWU TPYIIT €IUHMI] COBOKYITHOCTH,
OJTHOPOJHBIX B KaKOM-JIUOO CYIIECTBEHHOM OTHOIICHHH, a TaKXe HMMEIOIINUX
OJIMHAKOBBIC WJIM OJIM3KHE 3HAYCHMs TPYIIIUPOBOYHOTO MpHU3HaKa. B 3aBUcUMOCTH
OT 3aJay HCCIEJOBAHUS MCIOJB3YIOTCS  Pa3MYHbIE BUJBI TPYNIHUPOBKU
craTucTruueckoit nudopmanuu (tadm. 1.1).

Tabnuya 1.1
Buasl rpynnmupoBok

IIpuzHak Bun rpynnuposku

IlepBuunas

CopepxaHue CTaTUCTUYECKON HH(POpMauu
A1ep (opman Bropuunas

IIpocras
Yucno rpynnupoBOYHBIX IPU3HAKOB KomOunanmonnas
MHuoromepHas

Tunonornyeckas
CrpykrypHas
Amnanutuyeckas
TeppuropuasibHas

3az[aq1/1, peuracMbIC C MOMOIIBIO I'PYIIITUPOBKU

[lepBuuHas rpynnmupoBKa INPOU3BOAUTCS HEMOCPEACTBEHHO IO NEPBUYHBIM
JAHHBIM CTATUCTUYECKOTO HAOIIOIEHUS.

Bropuynas rpynnupoBka HCHOJIb3yeTcs i 0Opa30BaHMsI HOBBIX TpyNN Ha
OCHOBE paHee TMPOU3BEICHHOM MEpBUYHON TrpynnupoBku. HeoOxonuMocTs B
MEPErpyNMnUpPOBKE TAHHBIX BO3ZHUKAET B TEX CIIy4asiX, KOrAa EPBUYHAS TPYIIIIUPOBKA
COJEPKUT OoJbIIe (MM MEHbILIE) TPYIII, YEM 3TO HEOOXOAUMO JIsi XapaKTEPUCTUKH
TUMAYHBIX OTHOLIEHUW M CBSI3€M, W KOT/a HEOOXOAMMO TMOJYYUTh COMOCTABUMBIE
JAHHBIE TT0 HECKOJIbKUM T'PYIIHPOBKAM.

[Ipu nmpoctoit rpynnupoBke OOBEAMHEHHE €IUHHI] COBOKYMHOCTH B TPYIIIbI
MIPOU3BOJUTCS 110 OJJHOMY KaKOMY-JTHOO MPU3HAKY.

[Ipu xkOMOMHAIIMOHHOW (KOMOWMHHPOBAHHOW) TPYNIMPOBKE MPOUIBOIUTCS
pa30ueHne CTaTUCTUYECKO COBOKYITHOCTH Ha TPYMIIbI IO ABYM U O0jiee MpU3HaKaMm,
B3ATHIM B coueTaHuu (komOuHanuu). CHayana oOpa3yroTcsi TPYIIbI MO OJHOMY
MIPU3HAKY, 3aTE€M BBIJICIICHHBIE TPYNIIBI IOAPA3IACIAIOTCA HAa MOATPYIIIBI IO IPYTOMY
IIPU3HAKY, B CBOKO OYEPEAD BBIICICHHbBIE OATPYIIIBI PA3AEISAIOTCS HA TOATPYIIIBI 10
CIEAYIOUIEMY IPU3HAKY U T.1I.

MHoromepHass  rpynnupoBKa  TNPOU3BOAUTCA IO  BEJIMYHMHE  CPEAHEHN
MHOTOMEPHOM.



AHanmuTHdecKkas TPyNIUPOBKA CIY>KUT VISl BBISBICHUS HAIMYWS B3aWMMOCBSI3EH
MEXIy W3y4aeMbIMU SIBJICHUSMU W WX MPU3HAKAMU. B3auMOCBs3aHHBIC MPU3HAKU
JensITCs Ha (PaKTOPHBIE U pe3yIbTaTUBHBIC TPU3HAKH. [Ipr 3TOM rpymimb! 00pa3yroTcs
mo ¢GaKTOPHOMY TMPHU3HAKY, a JJIS KaKIOW BBIICICHHON TPYMNIBI PACCUYUTHIBACTCS
aub0 CpelHee 3HAUYCHHWE pPE3yJbTAaTUBHOTO TMpH3HAKA, JIMOO OTHOCHTEIIbHBIC
BEJIMYHHEL.

C BCTOJIb30BaHUEM THUITOJIOTMYECKOW TPYNITUPOBKH B M3y4aeMOW COBOKYITHOCTH
SIBJICHMH BBIICIIIOTCS OJHOKAYECTBCHHBIC B CYIICCTBCHHOM OTHOIICHHH TPYIIIIBI,
IIPEIK/IC BCETO KJIACCHI U COIMMAIBHO-DKOHOMHYECKHUE THIIHI.

CTpyKkTypHasi TPYNIUPOBKA BBISABIICT COCTaB (CTPOCHHE) OJHOPOIHOM B
Ka4yeCTBECHHOM OTHOIIECHUN CTATUCTUYCCKON COBOKYITHOCTH.

[Ipu TeppuTOpHANBHOW TPYHIIUPOBKE OCYIICCTBIISICTCS  pacIpeiciiCHHe
CBOAHBIX  CTAaTUCTHYECKUX JAHHBIX TI0 OSKOHOMHUKO-TeorpaduueckoMy |
aIMUHUCTPATUBHO-TEPPUTOPHATBHOMY TIPU3HAKAM.

B mpormecce TpynmupoBKH BBEITIOJNHSIOTCS JABE TaOMWIBI: pa3paboTOdHAs
(pabouas) u pesynbTaTuBHAs (UTOroBas). B pazpaboTouHo# TabnuIlle HOMKHBI OBITh
MIPEICTABIICHBI YIIOPSAA0YEHHBIE (B COOTBETCTBHH C YCTAHOBICHHBIMYU HHTEPBAJIAMH)
JAaHHBIC OTACIBHO MO KaXJIOW CIUHHUIIE COBOKYMHOCTH W WTOTOBBIC JAHHBIC IO
rpynnaM. B pe3yiapTaTUBHON TaOnuIle TPUBOAATCA CYMMapHbIE W CpEIHHUE
MOKa3aTely 0 TPYIIaM M 10 BCEHl COBOKYITHOCTH B IIEJIOM.

HHTepBanbl rpynIUpPOBKA MOTYT OBITh PaBHBIMU U HEPaBHBIMHU, 3aKPBITHIMU U
OTKPBITBIMH. 3aKpBITHIMA Ha3bIBAIOTCS HMHTEPBAJbl TPYNIIUPOBKH, Y KOTOPHIX
0003Ha4YeHBI 00€ T'paHUIIBI MHTEPBAJIOB, OTKPHITBIMH — HMHTEPBAJIbI, Y KOTOPBIX
yKa3aHa TOJbKO OJIHA TPAaHMIA: HIKHSAS — Yy TEPBOTO, BEPXHSSI — Y TOCIEIHETO
WHTEepBasia TpynnmupoBKU. [Ipm 00paboOTKEe CTAaTHCTUYECKUX MAHHBIX OTKPBITHIC
WHTEpBaJIbl HEOOXOIUMO 3aKphIBaTh. BelnunHa mepBOro MHTEpBaJIa MPUHUMACTCS
PaBHOM BEJIMYMHE BTOPOTO, @ TIOCIICTHETO — BEJIMUUHE MPEIBIYIIETO.

BennunHa paBHBIX HHTEPBAJIOB OMPEAEIseTCs 1Mo hopMyIie

A = Xmax B Xmin
n

rae Xiax: Xmin — MaKCHMaJIbHOE M MUHMMAIILHOE 3HAYCHHE TIPU3HAKA;

N — 3aIaHHOE KOJIMYECTBO HMHTEPBAJIOB TPYIIITUPOBKH.

Jlist ompenenieHus BEIWYUHBI MHTEpPBajia TPYMNIUPOBOK MOXKET OBITH TaKkKe
ucrnosnb3oBana ¢opmyna Crepmkecca (0OOBIYHO TPH HE3HAYUTEIBHOW BapHaIlUU
MIPU3HAKOB)

xmax B xmin

A= :
1+3,322-1gN

rac N — gmcio CAWHUI] COBOKYITHOCTH.




1.2. Ilpumepsl pelieHus 3a4a4 M0 TeMe
«MeToa rpynnupoBox»

3axaua 1.1

HmeroTcst maHHbBIe 0 cTaxe U BeIpaboTke pabounx (Tadm. 1.2).

Tabnuya 1.2
JlaHHBIC O CTa)ke M BBIPAOOTKE pabOUnx
Homep Crax JlseHas Homep Crax JlseBHas
paGouero PaBoTHI, et BEIPaGOTKA paGouero paGoThI, et BBIPAGOTKA
paGouero, THIC. paGoUero, THIC.
p. p.

1 1,0 2,0 16 10,5 2,7

2 1,0 2,02 17 1,0 2,34

3 3,0 2,05 18 9,0 2,70

4 6,5 2,90 19 9,0 2,64

5 9,2 2,93 20 6,5 2,52

6 44 2,50 21 50 2,41

7 6,9 2,80 22 6,0 2,56

8 2,5 2,30 23 10,1 2,62

9 2,7 2,23 24 55 2,45
10 16,0 3,10 25 2,5 2,40
11 13,2 2,84 26 5,0 2,44
12 14,0 3,20 27 53 2,52
13 11,0 2,95 28 7,5 2,53
14 12,0 2,79 29 7,0 2,52
15 4,5 2,22 30 8,0 2,62

[To nanHbIM Tab1. 1.2 BBIMOIHUTH CIEAYIONIME TPYTIITUPOBKU:

— CTPYKTYPHYIO I'PYNIIUPOBKY pabouMx MO CcTaxy, 00pa3oBaB MATh IPYII C
paBHBIMH HMHTEpBajdaMH. PaccuuTaTh yIenbHBIH BeC (OTHOCHUTEIBHYIO BEITUYHHY
CTPYKTYpBbI) paboUynX B KaX10W Ipynie;
— NMPOCTYI0 AHAJTUTHYECKYIO TPYNNHUPOBKY pabouuX MO CTAXKY I U3yUSHUS
HaJM4Ms B3aMMOCBSI3U MEXIy CTaXeM PaOOThl M MECSYHOM BBIPAOOTKOW padodmX,

obOpa3oBaB

IIATh
0XapaKTCPpUu30BaTh:

TPyIII

C paBHBIMHU
9uCIOM pabouux;

WHTEpBaJIaMHU.
CPEIHUM CTaXXeM paboThI;

BBIPAOOTKOM TTPOYKIIMN — BCETO M B CPETHEM Ha OJTHOTO paboyvero;

Kaxnyro rpynmy

MECSIYHOM




— KOMOMHAIMOHHYI0 TPYNNHMPOBKY I0 JBYM IpH3HAKaM: CTaxy padOTbl U
MECSYHOM BBIPAOOTKE HAa OJHOTO pabOyero.

Pewenue
CmpyKkmypHas epynnupoexa

BenuunHa wuHTEpBaJla TPyNHIUPOBOYHOTO MpHU3HAKa (CTaxka paldOThl) MOpH
M3MEHEHUH CTa)ka padOThl OT OAHOrO rojia 10 16 JeT u 3aJaHHOM YHUCIe Tpynn — 5
OTpeeNsieTCs CIeyIoNUM 00pa3zoM

A= Xmax ~ Xmin _ 165_1 -3 roma,

n

rae Xyaxt Xmin — MAKCHMAIIBHOE ¥ MHHHMAJIBHOE 3HAYCHHE npHU3HaKa psja
pacrpeeneHus;
N —d4ucio rpymi.
CrnenoBaTenbHO, MepBas rpymma pabounx umeer crax 1—4 roga; Bropas 4—7 u
T.1. [To ka0 rpyIie onpeaensieTcs YuCAeHHOCTh padounX.
Psn pacnpeneneHusi XapakTepU3yeTCs YHCICHHOCTHIO E€IWHUIl U3Yy4aeMOro
MpU3HaKa, JJisl HArJIsAHOCTH YUCIEHHOCTh pabounx, MOXET ObITh MpEACTaBieHA B

nporeHTax (tabiu. 1.3).
Tabnuya 1.3

Pacnipenenenne paboyux 1o ctaxy padoThl

Howmep rpynmnst pabounx F?fijﬁg;?ﬁ:fx Yucno pabouux, 9ei. YJIGHB: I;Iglyi:;}) :foqﬂx
1 1-4 7 23,33
) 4-7 10 33,34
3 7-10 6 20,00
4 10-13 4 13,33
5 13-16 3 10.00
Umoeo: 30 100,00

Pe3ynbrarhl TpyNmUpPOBKH TOKA3bIBAIOT, YTO OOJiee MOJIOBUHBI pabodmX, T.C.
53,34% umeroT ctax padboTel oT 4 A0 10 net. PaBHOe 4uCiIO pabounX UMEET CTax
paboTel 10 4 net u cBbie 10 JeT, yaenbHbIi Bec KOTOpbIX paBeH 23,3%.

HpOCWlCl}Z anaaumuuecKas cpynnupoexka

[Ipumensass MeTon TPYNNUPOBOK IS aHalIM3a HaIW4YUs B3aMMOCBS3EH
MPU3HAKOB, HEOOXOJAMMO TMPEXKIE BCEro ONpeneauTh (PaKTOPHBIA MpPU3HAK,




OKAa3bIBAIOIINM BJIMSHHE HA B3aWMMOCBS3aHHBIE C HUM IpU3HaKu. B maHHOM 3amade
TaKUM TPU3HAKOM SIBJISIETCS CTaX PaOOThI, KOTOPBIA MTOJDKEH OBITh TOJIOKEH B
ocHOBaHue rpynnupoBku. [lo ycrmoBuio 3agaun TpeOyeTcs BBIACIUTH NSATH TPy
pabouux MO CTaxy C paBHBIMH HWHTEpBajaMu. B OCHOBaHWE aHAIMTUYECKOU
IPYNIUPOBKU UCTIONIB3YIOTCS TAKUE e TPYIIbI, KaK U B Tadm. 1.3.

st obopmiieHHsT pe3yinbTaTOB TPYIIIUPOBKHA TMPEABAPUTEIHLHO COCTABIISCTCS
MakeT HMTOroBoM TaOmuibl (Tabn. 1.4), KOTOpBIA IOCIE pacuera 3amoJIHICTCS
CBOJIHBIMU T'PYNIIOBBIMH MOKA3aTEIISIMU.

Tabnuya 1.4

MakeTt UTOroBoi TabJIUIIBI TPYIIUPOBKU PAO0OUHX IO CTaXKY padOThI

Howmep rpynmst Tpymmer Yucno pabounx, Cpennuii cTax JlHenHas BLPAOOTKA, ThC. .
pabouux mo BCETO Ha OJTHOTO
pabounx qel. paboTsl, JeT

CTaxXy, JeT paboyero

1 1-4

2 4-7

3 7-10

4 10-13

> 13-16

Hmoezo:

Jlns 3anonHenus Tabu. 1.4 cocrapisieTcst pabouas (paspadborounas) Tadu. 1.5.

Tabnuya 1.5
Pabouas Tabauna rpynnupoBKU paboydux MO CTaxy
I'pymmsl pabouux mo Howmep Crax paboTsI, JHeBHas
Howmep rpynist CTaxy, JIeT pabouero Yucno pabounx ner BEIpa0OTKa,
pabounx THC. D.
1 1,0 2,00
2 1,0 2,02
1 1-4 3 3,0 2,05
8 7 2,5 2,30
9 2,7 2,23
17 1,0 2,34
25 2,5 2,40
Hmoeo no epynne: 7 13.7 15.34




Oxkonyanwue Ta6m. 1.5

Howep mynnu | TP paboums i [ Howen T | o [ R
pa6ounx TBIC. .
4 6,5 2,90
6 4.4 2.50
7 6,9 2.80
2 4-7 15 4.5 2,22
20 10 6,5 2,52
21 5,0 2,41
22 6,0 2,56
24 55 2,45
26 5,0 2,44
27 53 2,52
Hmozo no epynne: 10 55,6 25,32
5 9,2 2,93
18 9,0 2,70
3 7-10 19 6 9,0 2,64
28 75 2,53
29 7,0 2,52
30 8,0 2,62
Hmozco no epynne: 6 49,7 15,94
13 11,0 2,95
4 14 4 12,0 2,79
10-13 16 10,5 2,76
23 10,1 2,62
Hmoeo no epynne: 4 43,6 11,12
10 16,0 3,10
> 13- 16 11 3 13,2 2,84
12 14,0 3,20
Hmoeo no epynne: 3 43,2 9,14
Bcezo no cosoxynnocmu: 30 205,8 76,86




['pynmoBeie moka3zarenu Tabn. 1.5 U BbIUKCICHHBIE Ha UX OCHOBE CpPEIHHE
MOKa3aTeIH 3aHOCITCS B COOTBETCTBYIoIIHME Ipadbl Makera (Tabu. 1.4). Pesynbrarsl
IIPOCTOM aHAIMTHYECKOW IPYIIIMPOBKHU MIPEACTABIEHBI B Ta0I. 1.6.

['pynnupoBka pabodnx 1Mo cTaxy padoThl

Tabnuya 1.6

I'pynnst . JlHeBHas BBIPaOOTKa, THIC. P.
HOMZEOFEIZ;HH pabounx 1o ‘{choqzi601mx, Cp:é[:ilf 31:;1( BCETo Ha OJTHOTO
P CTaXYy, JIET ' p ’ paboyero
1 1-4 7 1,96 15,34 2,191
2 4-7 10 5,56 25,32 2,532
3 7-10 6 8,28 15,94 2,657
4 10-13 4 10,90 11,12 2,780
5 13-16 3 14,40 9,14 3,047
Hmoezo: 30 6,86 76,86 2,562

W3 cpaBHEHMs JaHHBIX O CPEJAHEM CTakKe€ U BBIPAOOTKE HAa OJIHOTO pabodvero
Tabs. 1.6 BUAHO, YTO C YBEIMYEHHEM CTaka pabOThl pacTeT AHEBHas BbIpaOOTKa
OPOAYKIHMH OAHOro padouero. CienoBaTesNbHO, MEXKIY M3y4aeMbIMU MpPHU3HAKAMU
(mokazarensiMu) UMEETCS TIpsiMasi 3aBUCUMOCTb.

JUIs TOJMHOTHI aHajnu3a pe3ylbTATUBHBIE IOKa3aTelu MO0 KaXJI0i rpymme
CPaBHUBAIOTCS C IMIOKa3aTeIsIMU MEPBOM TpyNIbl (pPacCUMTHIBAIOTCS Oa3uCHBIE
a0COJIIOTHBIE M OTHOCUTENbHBIE TPUPOCTHI). Pe3ynbpTaThl npeacTaBiaeHsl B Ta0d. 1.7.

3aBUCUMOCTH BbIPAOOTKHU MPOIYKLIHUU OT CTaKa pabOThI

Tabnuya 1.7

r 6 BasucHsI IpupoCT AHEBHOW BEIPAOOTKH
Howmep rpynmst PYIITIBI PABOTHX Yuco pabounx MPOJIYKITMH HA OJTHOTO paboyero
11O CTaky, JIet a0COJIIOTHBIN, THIC. p. | OTHOCHUTEIBbHBIH, Yo

1 1-4 7 — _
2 47 10 0,341 15,6
3 7 -10 6 0,466 21,3
4 10 -13 4 0,589 26,9
5 13 16 3 0,856 39,1

Hmoeo: 30 — —




Janubie Tabn. 1.7 moka3pIBalOT TEHJCHLMIO POCTa BBIPAOOTKU MPOIYKUIHUU B
3aBUCUMOCTH OT cTaxka paboTel. C pOCTOM CTaka MOCTENEHHO YBEIMYMBACTCS
npupocT mnpoaykuuu. Paboume mnarod rpymnmbl Haumbolsiee KBaTu(UIIMPOBAHHBIC
Npou3BeIn MpoaAyKuu B cpeaHeM Ha 0,856 Twic.p., unu Ha 39,1% Oosbiie 1o
CpaBHEHUIO ¢ pabouyrmu nepBoil rpynmsl. CienoBaTenbHo, TOATBEPKAACTCS BHIBO/,
C/EJIaHHBbIN paHee, YTO MEXKY U3y4aeMbIMU TPU3HAKAMU UMEETCS TIpsiMasi CBA3b.

Kombunayuonnas epynnupoexa

YtoObl MPOU3BECTH TPYNIHUPOBKY IO JIBYM MpH3HaAKaM (KOMOMHAIIMOHHYIO
IPYNIIMPOBKY) — MO CTaXy pabOThl U CpeJHEH JTHEBHOW BBIPAOOTKE IMPOIYKLHH,
HEO0OXO0MMO B KaXKI0M rpynme padounx Mo CTaxy BbIAEIUTH HOATPYIIIIBI IO BTOPOMY
NpU3HAKy — CpEIHEH [IHEBHOH BbIPAOOTKE MPOIYKUMU Ha OJHOrO pabodero u
OXapaKTepU30BaTh NOJArPYNIbI TPEOYEMbIMU PU3HAKAMH.

Pe3ynbpTaThl KOMOMHALIMOHHOM TPYIIIMPOBKU MPU BBIAEICHUU MATH TPYII IO
CTa)Ky U TpeX NOJArPYII 10 BbIpaOOTKE MpeIcTaBiIeHbI B Tab. 1.8.

Tabnuya 1.8

KoMOuHannonHast rpynnupoBKa pabo4ymx Mo CTaxy u
CpellHEW THEBHOM BhIPAOOTKE MPOIYyKIUN

CpenHss 1HeBHas BEIpaboTKa
Howmep I'pynmet pabounx Yucno Cpennnii MPOJIYKIIMH, THIC. P.
TPYIIIBI 10 CpelHEeW THEBHOU pabouunx CTaxk paboThI HAa OJHOIO
110 cTaxy BBIPAOOTKE, THIC. P. Beero paboyero
2,0-2,4 7 1,96 15,34 2,191
1 1-4 2,428 - - - -
2,8-3,2 - - - -
Hmozo: 7 1,96 15,34 2,191
20-2.4 1 4,50 2,22 2,220
2 4-7 24-28 8 5,58 20,20 2,525
2832 1 6,50 2,90 2,900
HUmoeo: 10 5,56 25,32 2,532




Okonuyanue tadm. 1.8

Cpenusis THEBHAsI BEIpabOTKa
Howmep ['pynmst paGounx Yucno Cpenanuii MPOAYKIIUH, THIC. P.
TPYIIITBI MO CpeJHEel THEBHOU pabounx CTaxX pabOTHI Ha OJHOIO
110 cTaxy BBIPA0OTKE, THIC. P. peero pabouero
2,0-2,4 — - - -
3 7-10 2,4-28 5 8,10 13,01 2,602
28-32 1 9,20 2,93 2,930
HUmozo: 6 8,28 15,94 2,657
2,0-2,4 — - - -
4 10-13 2,4-28 3 10,87 8,17 2,723
2,8-3,2 1 11,00 2,95 2,950
Hmoeo: 4 10,90 11,12 2,780
2,0-2,4 - - - -
5 13-16 24-28 _ _ _ _
2,8-3,2 3 14,40 9,14 3,047
Hmozo: 3 14,40 9,14 3,047
2,0-24 8 2,28 17,56 2,195
Hmozo 2,4-2,8 16 7,36 41,38 2,586
no noozpynnam
2,8-3,2 6 11,65 17,92 2,987
Bcezo no cosoxynnocmu: 30 6,86 76,86 2,562

AHanu3 maHHBIX TaOiu. 1.8 mokasbiBaeT, YTO BBIPAOOTKA MPOAYKIIMH PabOdMX
HaXOJUTCS B IMPSMOM 3aBUCUMOCTH OT CTa)ka pabOTHI.
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2. IOKA3ATEJIN BAPUAIINU

2.1MeTozmqec1me YKa3aHud K PCIICHUIO 3aaa1
no teme «Iloka3arenn BapHalun»

JIns u3MepeHusi CTENEeHW BapbUpOBaHUS (KOJIEOJIEMOCTH) MPU3HAKA CIIYKUT
Bapualysi, MoKazaTelsiIMi KOTOPOU SBJISIFOTCS: pa3Max Bapualluu, CpeIHee TMHEHHOe

OTKJIOHCHHE, CpeIHEe KBaApaTHIECKOe OTKIOHCHHE, CPEAHMI KBaIpaT OTKIOHEHHH
(mucnepcust), KodDPUIMEeHT BapHaIlUU.

Paszmax eapuayuu

Pasmax Bapmanum (R) xapakrtepusyer mpenensl Bapualud (MU3MEHEHUs)

WHJUBUTyaJIbHBIX 3HAYCHUH ( MM BapuaHTOB) Mpu3Haka ( X ) B CTaTUCTUYECKOMN
COBOKYITHOCTHU

R:Xmax_xmﬁn9

riae Xiux > Xpin — HaUOOJIBIIEE U HAMMEHBIIEE 3HAYCHHE ITPU3HAKA.

Cpeonee nunetinoe OMKIOHEHUe

CpenHee TMHEHOE OTKIOHEHHUE BBIYUCIIIETCS MO (hopMyiaM cpeHen
apu(pMETUYECKOI:

— TIPOCTOM (HEB3BEIICHHOM )

g 2% — %]
P

rae X| — l-e 3HaueHwue npuszHaka X ;
X — cpenHss BeaIMUWHA NpusHaka X |
fi — CTaTUCTUYECKHUM BeC | -TO 3Ha4YEHMS MPU3HAKA;
N — 4KcI0 YIEHOB COBOKYMHOCTH;

— B3BENICHHOU

- | X —X| f,
;Do

11



Cpeodnee ksadpamuieckoe OmrKiIOHeHUe

CpenHee KBaipaTUYECKOE OTKJIOHEHHE PACCUUTHIBAETCA IO (hopMyJIaMm:

— HEB3BENIEHHOU
D (% —X)?

— B3BENICHHOU

Z(x—x)f
2

ﬂucnepcuﬂ KOJIu4eCni6eHH0o20 npusHaxka

Jlucnepcus KOJIWYECTBEHHOTO TMpPHU3HAKa OMpeAessieTcss Mo GopmysiaM CcpeaHei
apu(pMETUIECKOI:
— HEB3BEIICHHOU

2 _ Z(Xi _)_()2

n

Z(x —-X)*f.
> f
Jucniepcust MOXKET OBITh pacCUMTaHa CIACAYIOIINM 00pa3oM:
Z(x —X)*f. Zx f oy > xf,
2. f 2. f 2. f

X*=2(%)" +(X)° = x* ~ ()’

— B3BEIIECHHOU

+(%)° =

V2 . .
rae X — CpelIHMH KBaJpaTr 3HAYEHUU MPU3HAKA,

—\2 .o
(X) — KBaJapar CpCAHCH BCJIMYMHEBI IIPpU3HAKA.

Jlucnepcuu xonuuecmeenno20 NPU3IHAKA 8 COBOKYNHOCHU,
PA30eleHHOU HAa 2pYnnbl

Jlna aHanu3a CBSI3€d  KOJMYECTBEHHBIX MPU3HAKOB B  CTAaTUCTUYECKOU

COBOKYITHOCTH, Pa3/I€JICHHON HA TPYIIIbl, PACCUNUTHIBAIOTCS CIEAYIOLINE TUCIIEPCHH !
rpynmnoBasi, MeXIpynrnoBas, BHyTpUTpyHoBas U oO1asi.
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['pynnoBast qucnepcus (4acTHast) XapakTEpPU3yeT BapHalUIo PU3HAKa B IPYIIIIE,
OOyCIIOBJIICHHYIO JEWCTBHEM Ha HEro BceX MNpouux (aKTOpoB, KpoMe MpU3HAKA,
MTOJIOKEHHOIO B OCHOBAHHE IPYIITUPOBKHU (IPyIIIMPOBOYHOIO MPU3HAKA):

X(Xu -%;)° f;
i=1

2

o = n; ’
20
i1
rne Xjj — I-e 3HaueHwme npusHaKa B -il Tpymme;

X; — vactHas (TpyInIoBas) cpeaHss BEIMYMHA IPU3HAKA B |-H IPyIIIeE;

fi; — cratucruueckuii Bec I-ro 3HaveHns npusHaKa B J-i rpyre;

n j — 4MCIO pa3iMYHbIX 3HAYEHUH MpU3HaKa B |-il rpymnme.

MexrpynnoBasi JAHMCIEpCUS HU3MEPAET CTENEeHb KOJeOIeMOCTH (BapHaIUIO)
MpU3HaKa BO BCEH CTATUCTHUECKON COBOKYITHOCTH 3a CUET (DaKTopa, MOJI0KEHHOTO B

OCHOBaHHE IPYNIUPOBKH (TPYIIIUPOBOYHOTO MTPU3HAKA):
J

Z(XJ' -xf F

52 _j=A

J )

2.F,
j=1

roe X — cpeaHee 3HaYCHME IPU3HAKA B COBOKYITHOCTH (00IIast CpeaHsis);

F i — Bec |-} TPyIIIBI, IPeACTaBIAIOIMI cOO0i YMCIEHHOCTh €IMHMIL B |-H
rpymnune;
J — KOJIMYecTBO Tpynn B CTATUCTHYECKOW COBOKYITHOCTH.

BuytpurpynnoBasi aucnepcust (CpelHss TPYNNOBBIX AUCHEPCHI) H3MEpSeT
CTENEHb KOJEOJEMOCTH IPU3HAKA BO BCEM COBOKYIHOCTH B IIEJIOM 32 CUET ACUCTBHUS
Ha HEro Bcex Mpouyux (akTopoB (MIPU3HAKOB), KPOME IPyNIIUPOBOYHOTO MPU3HAKA:

]
2
2.93F,
i

iy
2F
J

OO6mrast mucriepcust U3MepsIeT CTEICHb KOJICOJIEMOCTH MTPU3HAKa, 32 CUET BIIHSHUS
BCEX JICUCTBYIONIUX HA HErO (PaKTOPOB:

c?=0%+6%

OO6mrast nucniepcys MPU3HAKA B CTATUCTUYECKON COBOKYITHOCTH, Pa3/ICICHHON Ha
TPYIIBI, MOXET OBITH ONpe/ieieHa M0 OCHOBHOU (popmyiie Jucnepcun
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2 Z(Xi _>_()2 1:i
o = Zfl .

MG}KI‘pyrIHOBaH Hu 06Hla}I AUCIICPCHUU TIPUMCHAIOTCA AJIA  OIIPCACIICHHUA
IO0Ka3aTeJIel TECHOTHI CBS3M MOKA3aTeIeH B COBOKYITHOCTH, paSHCHCHHOﬁ Ha I'PYIIIIBL.

Kosgppuyuenm sapuayuu

Kosgppuyuenm sapuayuu Beraucnsiercs: mo Gopmyie

e
V=—,
X
rac O — cpez[Hee KBaI[paTI/I‘IeCKOC OTKJIOHCHHC,

X  — cpelHss BeJIMYMHA IPU3HAKA.

Koadduiment Bapuamuu BbIpaxkaeTcs OOBIYHO B TPOLIEHTaX ¢ JaeT
MPE/ICTABICHUE O CTENEHU OJHOPOJHOCTH CTAaTUCTHUYECKOW COBOKYynmHOCTH. Ecim
ko3 urmenT mensiue 25-30%, To CTaTUCTUYECKYIO COBOKYITHOCTb 10 U3y4aEMOMY
IIPU3HAKY MOXHO CUUTATh OJTHOPOIHOM.

«Iloka3zaTesn Bapuamum»
3amaua 2.1

WmeroTcst nanHble 00 HHIUBUAYATLHON MPOU3BOJUTEIBLHOCTH TPYyia PabOUYNX B
naByx Opuranax (tab:m. 2.1).

Tabruya 2.1
IIpou3BoAUTENBHOCTH TPYAa padounx
IIpou3BOACTBO NPOLYKIMH 38 CMEHY, LIT.
Howmep padouero B IIepBOM Opuraze BO BTOpO# Opuraze
1 20 80
2 30 90
3 120 100
4 150 110
5 180 120
Hmoezo 500 500

OnpenenuTs CPEIHIOI MPOM3BOAUTEIBHOCT, TpyJda B Opuragax, pasmax
BapHaIlNK, CPEIHEE JINHEIHOE OTKIOHEHHUE.
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Pewenue

1. Cpennsisi mpou3BOAUTEIBHOCTD TPY/Aa B IBYX Opuranax oguHaKoBas

X, =X, =@=100Hﬂ
5

2. Pa3max Bapuanuu npou3BOAUTEIBLHOCTH TPy
— B [IepBOM Opuraze

Ry = Xy — Xiny =180~ 20 =160 1.
— BO BTOpOM Opuraze

R, =X 0 — Xiin, =120 —80 =40 i,

min2

rae Xiux > Xmin — HaHOOJNBIIEE M HAUMEHBIIEE 3HAUYCHUE IPU3HAKA.

3. CpenHee NTMHEMHOE OTKIOHEHUE BBIUUCISAETCS 1O (popMyJie cpeaHen
apu(MEeTHIECKOM MPOCTOU (HEB3BEIIICHHOM )

d- D % —x]

n ]
rae Xi — |-e 3HauyeHwme npusHaka X ;
X — cpenHss BeaMuHMHA Mpu3Haka X |
N — 4Yucao YJIEHOB COBOKYIMHOCTH.

Pacuer uHIMBU Ty aTbHBIX TMHEWHBIX OTKJIOHECHUH MPOU3BOIUTEILHOCTH TPY/1a
MpUBE/CH B Ta0I. 2.2.

Tabruya 2.2
JIuHeiiHOe 0TKJIOHEHHE MPOU3BOAMTEJIbHOCTH TPY/AA
Howmep [epBas OGpuraga Bropas Opurana
padesero Xip,mr. | Xy — )_(ila HIT. | Xip — )_(ill s | Xjp,mr. | Xjp — )_(iz > IIT. | Xiz — )_(iz | > IIT.
1 20 -80 80 80 -20 20
2 30 =70 70 90 -10 10
3 120 20 20 100 0 0
4 150 50 50 110 10 10
5 180 80 80 120 20 20
HUmoeo 500 0 300 500 0 60

CpenHee MTMHENHOE OTKIIOHCHUE
— B IIepBOM Opuraze

15



d, = Z‘Xirll_ )_(1‘ = 300 =60 mT.;

— BO BTOpOM Opuraze

= D% —%[_60
dy=="—"-="=—=12mm.
n
BennuunHa pa3maxa Bapualyy U CPEAHEr0 JUHEHHOTO OTKJIIOHEHUST YKa3bIBAET HA
TO, 4TO TepBasi Opuraga sBisieTcss 0ojiee HEOAHOPOJHOU MO MPOU3BOAUTEIHLHOCTU
TpyJa IO CPaBHEHUIO CO BTOPOU OpUraioil.

3anaua 2.2

Pacnpenenenune pabounx mo tapudHBIM paspsjaaMm MnpuBeacHo B rpadax 1 u 2
Tab. 3.3.

Tabnuya 2.3
Pacnpenesienue pabo4nx no TapudHbIM pa3psaam
Tapudusrit Yucio pabounx, x. f. (X- _ )—() (X- _ )—() f (X- _ )—()2 f
paspsz, Xj fi H ' I ' ' '
1 2 3 4 5 6
2 1 2 -2,5 -2,5 6,25
3 2 6 -15 -3,0 4,50
4 6 24 -0,5 -3,0 1,50
5 8 40 0,5 4,0 2,00
6 3 18 1,5 4,5 6,75
HUmozo 20 90 - 0 21,00

Onpenenutb CTENeHb OJHOPOJHOCTH COBOKYMHOCTH paboyux Mo TapudHOMY
paspsny.

Pewenue

1. CreneHb OAHOPOJHOCTH COBOKYIHOCTH MO M3y4aeMOMY MOKA3aTeNt0 MOYKHO
OLICHUTH C MOMOIIbIO KO3 PUIIEeHTa BapHALIH

O
V=—,
X
rne O — cpemnee KBagpaTUUECKOE OTKIOHEHHE Tapu(DHOTO pa3psna;
X  — cpenHuil Tapu(pHBIA pazps.

2. Pacuer cpegHero 3Ha4eHus, TUCIIEPCUH U CPETHETO KBAAPATHUYECKOTO
OTKJIOHEHUS Tapu(HOTO paspsiga MPOU3BOIUTCS MO CICTYIONINM (GOpMyIaMm:

__infi_ 2_Z(Xi_)_()2fi. 5
X_Zfi’ o = Zf, ’ G=\/;,
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I-i1 TapudHbIi pa3psan ;

fi — 4ucno pabounx, umeronux | -it TapudHbI pasps.

Pacuer uncnuteneii cpeqHell BEMMUUHBI U JUCTIEPCUH TTPUBEACHBI B Tpadax 3—-6

tabmn. 3.3.

3. Cpenuuii TapudHbIil pa3psa padbouux

X

DRI

90

-5

aucnepcus TapudHoro paspsiga

2
o

20

Z(Xi —X)? f; _ 21

2.1

20

= 4,5 pazpsz;

=105;

cpenHee KBaJpaTHIecKoe OTKIOHEHHE TaprU(pHOTO pa3psaaa

o =+o? =./105=1,025 pa3psina;
ko3 puimeHT Bapranuu TapudHOro paspsaa

o 1025
vV=——=—

X

— 0,227 (22,7%).

IIpu ko3pdumente Bapuanuu 22,7% COBOKYIMHOCTh padOYUX MOKHO CUUTATh
OJTHOPOJIHOM 1O Tapu(pHOMY paspsny.

3amava 2.3
Pacnipenenenue pabounx mo 3apabOTHOI 1u1ate npuBeneHo B rpadax 1 u 2 Tabu.
2.4.
Tabauya 2.4
Pacnpenesnenue padoumx no 3apad0oTHOM MJiaTe
3apaboTHas Uucno pabouunx, Cepenuna X; — A X, — A x — A 2
[1aTa, ThIC. p. fi , uen. uHTepsana, Xij, fi I f.
TBIC. P. h h h I
1 2 3 4 5 6
Jlo 3,0 2 2 3 -6 18
50-7,0 15 6 -1 -15 15
7,0-9,0 64 8 0 0 0
9,0-110 55 10 1 55 55
11,0-13,0 32 12 2 64 128
Csoime 13,0 20 14 3 60 180
Hmozo 200 — - 134 444
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OmpenenuTh AUCHEPCUIO U CPEeIHEE KBAJAPATUUECKOE OTKIOHEHHE 3apabOTHOM
IIaThl paboYnX CocOOOM MOMEHTOB.

Pewienue

[Tpu ucnonb30BaHUU CIOCOOa MOMEHTOB pacueT AUCIIEPCHH OCYIIECTBISIETCS T10

dbopmyre
2 _p? 2
o =h"(m, —m;),
rae Mg, M, — MOMEHTHI IIEPBOTO U BTOPOTO MOPsIKa
2

X—A X—A

SR (A
; m, = :

2. 2.

Pacuer uncnureneit MoMeHTOB ipu A = 8§ ThIC. p. (3HaUEHUE 3apaOOTHOM TIJIATHI,
UMEIOIIee HaMOOJBINYI0 YacToTy) ¥ h = 2 Thic. p. (BeNMYMHA HWHTEpBaia
IpyNIMpPOBOK) MpUBEEH B rpadgax 4—6 tadm. 3.4.

MoMeHT nepBoro nopsiaka

>(XA)s
h 134
m, = == = 0,67;

> f 200

Z(X_Ajzf 444

h B B .
> f 200 =222

m, =

MOMCHT BTOPOTO IMOpsAaKa

m, =

ucriepcus 3apad0THOM IJ1aThI
o’ = hz(m2 — rnf) =2° (2,22 - 0,672) =7,0844;

cpeaHee KBaApaTHIecKOe OTKIOHEHHE 3apab0THOM TIJIaThI

o =o? =[7,0844 = 2,66 mic. p.
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2.2 MeTonnyeckne yKa3aHusl K pellieHHI0 3a/1a4 M0 TeMe
«/IucnepcuoHHbBI aHAIN3 cBsA3ell COUMAIBLHO-I)KOHOMMYECKHX SIBJICHU»

Jlns aHanu3a cBsi3ed MPU3HAKOB B CTATHCTUYECKOM COBOKYITHOCTH, Pa30UTOMN Ha
IPYNIbl, PACCUUTHIBAIOTCS CIEAYIOIIME IUCIIEPCUU: TPYIMIOBasi, MEXIPYIIOBas,
BHYTPUIPYNIIOBAs U 001Iasl.

['pynmoBast aucriepcusi (4acTHasi) XapakTepu3yeT M3MEHEHUE pe3yIbTaTUBHOTO
MpU3HaKa B rpymme, oO0ycIOBICHHYIO IeCTBUEM Ha HEro BCEX MPOUYuX (PaKTOpPOB,

KpOME€ TpU3HAKa, MOJIO)KEHHOTO B OCHOBaHWE TPYIIUPOBKH (TPYMIHPOBOYHOTO
IpU3HAKa)

;(Xij - )_(j)2 fij

2

i
Gi n; |
2 i
i=1
rac XU — i'e 3HAa4YCHUC IIPU3HAKA B j'ﬁ I'PVIIIIC,

X; — uactHas (TpyInIoBas) cpeaHss BeJIMYUHA IPM3HAKA B |- IPyIIIeE;

fi; — crarucTuueckwuii Bec I-ro 3HaUeHns mpu3HaKa B J-i rpyme;

n j — YMCIO Pa3sIMYHBIX 3HAYEHHI IPU3HAKA B |-i Tpyme.
MexrpynnoBasi JAHMCIepcUs U3MEpSAET CTEeNeHb KoyeOJeMOoCTH (BapHaluio)

pPE3yJIbTaTUBHOIO TNPHU3HAKA BO BCEW CTATUCTUYECKOM COBOKYIHOCTH 3a CYET
M3MEHEHHS TPYNIIUPOBOYHOTO IPU3HAKA

(¥, -xfF,

]
J
25

J=1

rae X — cpeaHee 3HaYCHME MPU3HAKA B COBOKYITHOCTH (00IIast CpeaHsis);
F j — Bec |-} TpyIIIBI, IPeACTaBIAIOIMI cOO0 YMCIEHHOCTh €IMHMIL B |-
rpymnne;
J — KOJIMYeCTBO IpyIi B CTATUCTUYECKOW COBOKYITHOCTH.
BuyTtpurpynmnosas IUCTEPCUs u3MepsieT CTEICHb K0JIe0JIEMOCTH

PE3yIbTATUBHOTO MPU3HAKA BO BCEl COBOKYMHOCTH B LIEJIOM 3a CUET JECUCTBUS Ha
HEro BceX Mpouyux (pakTopoB (IPU3HAKOB) KPOME IPYIIUPOBOYHOTO MPU3HAKA:
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i&ﬁﬁ

T2
o = J
2F
i
2

rae O — gucnepcus NpU3HAKA B j-171 CpYIIIIE.

O6H1351 AUCTICPCHUA HU3MCPACT CTCIICHDb KOJICOJIEMOCTH PE3YILTATUBHOTI'O
IMpU3HaKa 3a CUcT BOBﬂGﬁCTBHﬂ Ha HCT'O BCCX (bﬁKTOpOB:

2 2 2
oc°=0"+0".
Koadduiment nerepMuHaMM MOKA3bIBAET, KaKyl0 4YacTb OOIIEeH BapHaluu
M3y4aeMOro TpHU3HAaKa COCTaBISET MEXKTPYITOBas BapHalus, T.e. 00yCIOBICHHAs
TPYNIHPOBOYHBIM MpU3HAKOM. ONpeaensieTcs CleayIomuM 00pa3oMm:

n’ = i
(o2 2
KOI)(b(bHHI/IGHT ACTCPMHUHALIMU JIC)KUT B IIPCACIIAX
0<np®<l.

Uem Ommxe Kod(PPUIMEHT aeTepMUHAIIMU K 1, TeM OOJblle CTENEHb BIUSHUS
n3ydaemoro (akTOpHOTrO MPU3HAKA HA PE3YIbTATUBHBIM.

OMIOUPUYECKOE KOPPETALMOHHOE OTHOLIEHUE XAPAKTEPU3YET CTENEHb TECHOTHI
CBSI3U MEXY (haKTOPHBIM (TPYIIIIUPOBOYHBIM) B PE3yIbTAaTUBHBIM IPU3HAKAMHU
2
n=+|—
2 1
O

2
rne O — o06was aucnepcus pe3yabTaTHBHOTO IPH3HAKA.

Hanpapnenue cBs3u (mpsimasi, oOpaTHas) yCTaHABJIMBAETCA B 3aBUCHUMOCTH OT
MCXOJTHOM CTaTUCTHYECKOW MH(POPMAIIUH.

DOMIIMPHUUYECKOE KOPPEIISIITMOHHOE OTHOILICHUE JICKUT B IIpeJieax

-1<n <1

Yem Ommke k 1 aOcoiroTHOE 3HAYCHHE HSMIUPUUECKOro Koddduimenrta
KOPPEJAINU, TEM TECHEE CBA3b:

[Tpu |n|=0-0,4 — CBs3b cialas;
|7|=0,4-0,7 - cBs3b cpenmsis (ymepenHas);

|n=0,7-1 — CBS3b CUJIbHAA.
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IIpuMepsI perieHus 3a1a4 10 TeMe «/lucnepcuoOHHbIN aHAIU3 CBA3EH
COLMATBLHO-D)KOHOMUYECKHUX SABJICHUID)

3agaua 2.4

HmeroTcst JaHHBIE O CTaXKe U CpeHEl JacoBOW BhIpabOTKe padbounx (Tab:m. 2.5).

Tabnuya 2.5
Crax u BeIpaboTKa paboumx
CpennevacoBasi BbIpabOTKa
Howmep rpymmet Crasx paboThI, JIeT 6 Xii q 6 fi:
pa60‘{HX > NpoAYKIHUU OJHOT'O padOUCTo, ijs HCJIO pa0bOYvHX, |J,qeﬂ
IIT./4ell.
2 1
1 o 3 3 4
4 3
3 1
4 2
2 3-5
5 6
6 3
6 1
3 5-7 7 2
8 2

Onpenenuth B3aMMOCBSI3b MEXIY CTaXXeM padOThl U MPOU3BOJUTEIBLHOCTHIO
TpyJa (4acoBoi BEIpaOOTKOM) METOJIOM AUCIEPCUOHHOTO aHAIH3a.

Memoouxa cmamucmuuecko2o ucciedo8anus

Jlns pemeHus 3aja4  aHajgWM3a CTATUCTHYECKOH HWHGOpPMAIUM HEO0OXO0IUMO
pa3paboTaTh METOJHMKY CTaTHUCTHYECKOTro HccienoBaHus. [locTpoeHne MeTOMMKH
HAQYMHAETCS C TIOCJIEAHEr0 JCHUCTBHS 3aJayd. B JUCIIEpCMOHHOM aHaU3€ CBS3EU
COLUAIIBHO-DKOHOMUYECKUX SIBJICHUN BBIYHMCIISIIOTCS CIIEAYIOLIME MOKA3aTEIN:

52
1. DMnHUpUYECKOE KOPPEIAMOHHOE OTHOIEHne 77 = & ?
52
2
2. KoaddutmeHnt geTepMuHaIvu n° = =
2 2 52
3. O6mas nucnepcus o’ =0c%+5%.
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4. MeXrpyIoBas JUCTIEPCHUs = J

5. BHyTpurpynmnosast AMCIEpCUs - ZFJ' '

6. ['pynmnoBas aucnepcust j n

7. O06mas cpenHss X

8. I'pymmoBas cpeaHsis j

i-1

Meroanka CTaTUCTHYECKOTO HCCIEIOBAaHUSI TPENICTABIIET COOOW alroputm
peleHus 3ajauu ¢ MpUMeEpaMu pacyeTa nokazareneid. MeToJiuka JuCIepCUuOHHOTO
aHajM3a MpUBECHA B PEIICHUN JaHHOW 3a1a4u.

Pewenue

1. I'pynnoBas cpeansis. Cpeansis yacoBas BeIpabOTKa paboyero:
— B IIEPBOU Irpynne

inlfil
X, == :2.1+3.4+4.3:§:3,25 IIIT. /9. ;
4 1+4+3 8
> fa
=1

— BO BTOpOM Irpymnime

inz fi2
X, = ‘:1n :3 1+4-2+5-6+6 3=@=4,92 IIT./9e. ;
L 1+2+6+3 12
> fi
=1

— B TPETHEU TPYIIIIE
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2 %t 6-1+7-2+8:2 36
g _ id _ =—=7,2 wr./4em.

X =
& 14242
>t
i=1

2. OOmast cpemHssl.
COBOKYITHOCTH MOJKET OBITh pacCUMTaHa 1Mo (Gopmysam:

— cpenHel apumMeTHnyecKo B3BEIICHHON
J

Z)_(J'FJ'
325-8+4,92.12+7,2.5 121

X =37
J
8+12+5 25
2F

i1

— CpeHEHN arperaTHou

Cpennsis 4yacoBas BbIpabOoTKa paboyero BO Bcel

=4,84 mr./gen.;

J

2.9  26+59+36 121

x=J1
) 8+12+5 25
2F
=1
rie Q j — 4acoBOM 00BEM BBITyCKa MPOAYKIIUHU B |- rpyIIIe.

=4,84 mr./4gei.,

3. I'pynmnoBsie qucniepcuu ONpeaestoTcs mo hopmyie
nj
o \2
) 2 (% =%)*
_ =l
o; = 0 .
Z fij
i=1

j
Pacuer cymMbI KBajipaTa OTKJIOHEHUI WHAMBUIYAJbHBIX BBIPAOOTOK OT CpelHen
IpyNnoBOil BBIPAOOTKH (YUCIUTEN TPYIIIOBOM IUCIIEPCUH) MO TPyNIaM MPHUBEICH B

Tabm. 2.2-2.4.
Tabauya 2.6

Pacuer nucnepcun BoIpaOOTKH B TIEPBOM TPYIITIC

BripaboTka pabounx Yucino pabouux B R v v \2 _ IEAY: _
B IIEPBOI TpyTITIE, TIEpBOIi rpyme, Xin =% (Xil Xl) o (Xil Xl) fil o
Xij1, mr./gen. fir,uen =X —3,25 = ()(il — 3,25)2 = (Xil —3,25)2 fil
2 1 -1,25 1,5625 1,5625
3 4 -0,25 0,0625 0,2500
4 3 0,75 0,5625 1,6875
Hmoeo 8 - - 3,5000
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Jlucniepcuu BRIpaOOTKHU B MIEPBOIL rpyrine

35

ol = 5= 0,4375.

Tabnuya 2.7
Pacuer nucnepcuu BeIpabOTKH BO BTOPOM rpymie
BripaboTka pabounx Yucno pabouux BO I v 7 \2 _ AY: _
BO BTOPOM I'PYIIILE, BTOpOIi TpymIIeE, Xia =% (Xi2 X2) o (Xi2 X2) fi2 -
Xij2, mr./gem. fig.uen = Xij, — 4,92 = (XiZ - 4,92)2 = (Xiz - 4,92)2 fi2
3 1 1,92 3,6864 3,6864
4 2 -0,92 0,8464 1,6928
5 6 0,08 0,0064 0,0384
6 3 1,08 1,1664 3,4992
Hmoeo 12 — — 8,9168

8,9168
Jlucriepchn BHIPaGOTKH BO BTOOH rpyme O = I 0,74307.
Tabnuya 2.8
Pacuer mucniepcuu BeIpaOOTKU B TPEThEH TPYIIE
BripaboTka padounx Uucno pabounx B I v v \2 _ g )2 _
B TpeTheii rpynre, TpeJT]Leﬁ rpynme, Xiz ~ %3 (Xi3 X3) o (Xi3 X3) fi3 -
Xi3, mrr./uen. fis,uen = Xjz — 7,2 = (Xi3 —7,2)2 = (Xi3 — 7’2)2 fi3
6 1 -1,2 1,44 1,44
7 2 -0,2 0,04 0,08
8 2 0,8 0,64 1,28
Hmoeo 5 — — 2,80
, 28
Jlucniepcun BEIPaOOTKH B TPEThE rpynmne O = - 0,56.
4. BuytpurpymmoBas JIuCHepcHs BBIPAOOTKHM (CpemHss W3 TPYIIIOBBIX
JUCTIEPCHUIA)
2
— oiF, 0,4375-8+0,74307 -12+0,56 -5
o’ = Z ] J =0,60867.

2 F

8+12+5

5. MexrpynmnoBas qucnepcusi BhIPaOOTKU (IUCIEPCHUS CPEIHUX TPYIIIOBBIX)
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J

> (%, ~xF
_ j ] 2 2 2
503  (325-4,84)*-8+(4,92-4,84)* 12 +(7,2-4,84)* -5

3 =1,92598.
8+12+5

S

J=

6. Obrast ucmepcus BBIPaOOTKH
o’ =0’ +06%=0,60867 +1,92598 = 2,53465.

OO6mas nucnepcus BbIPAOOTKH MOXKET OBITh paccyMTaHa MO0 OCHOBHOM dopmyrie
nuctiepcuu (Tadm. 2.5)

Tabnuya 2.9
Pacuer oOuieit nucnepcun BoIpabOTKH
BoipaGorka paGounx [ Hucno paGounxso |y _ g = (% —%)? = (% —%)°f =
BO BTOPOi rpymIIe, BTOPOIi rpymIe,
Xi, wr./uen. fiuen =x,—484 | = (x, —4,84)* =(x. —4,84)° f.
2 1 -2,84 8,0656 8,0656
3 5 -1,84 3,3856 16,9280
4 5 -0,84 0,7056 3,5280
5 6 0,16 0,0256 0,3360
6 4 1,16 1,3456 5,3824
7 2 2,16 4,6656 9,3312
8 2 3,16 9,9856 19,9712
Hmoeo 25 — — 63,5424

o’ = 63,5424 _ 2541696.

OO6mast nucnepcuu BhIpabOTKU

Otauyue o011l AUCTIEPCUH, pAaCCUMTAaHHON Pa3HBIMU CIIOCO0AMU , OOBSICHAETCS
HETOYHOCTBIO OKPYTJIEHUS 3HaU€HU B Ta0. 2.5.

7. KoadduimeHT nerepMuHaiiiu
, 87 192598
o’ 253465

=0,75986 (76%).

25



8. DMIUpPUYECKOE KOPPETAIUOHHOE OTHOIIICHUE

52
n==x,— =+40,76 = +0,87.
o

HM3MeHeHne cTaka BIMSICT HAa M3MCHCHME BI)Ipa6OTKI/I Ha 76%, MCIKAY CTAKCM
pa6OTBI " IIPOU3BOAUTCIIBHOCTBIO TPydd B JAHHOM CTATHCTHUYCCKOM HCCICIOBAHNUN
CymICCTBYCT TCCHAA ITOJIOKHUTCIIbHAA CBA3b.

3agaua 2.2
Wmerorcst JaHHbBIE O KanuTajie KoMMepueckux 0ankos (Taou. 2.10).

Tabnuya 2.10
Karnuran koMmMepuecknx OaHKOB

YV nenbHbI Bec Cpennsis Benu4uHa Hucnepcus
0aHKOB TIPUBJICYECHHBIX TIPUBJICYEHHBIX
Howmep rpymnmnst CoOcTBeHHBII _ CpPeCTB

0aHKOB KaIUTaj, MIIH p. d j. % cpencte X 5 MIH . )
o

1 200 — 300 10 500 2500

2 300 — 400 30 600 3600

3 400 — 500 50 800 4900

4 500 — 600 10 1200 8100

Hmoeo - 100 - -

OHpGI[CJ'H/ITB MMOKa3aTcyini TCCHOTLI CBA3U MCIKAY BEJIWMYHMHON COOCTBEHHBIX
CpE€aCTB U NPUBJICYCHHBIMHA KaIllUTaJIaMU.

Pewenue
1. CpenHuii pa3Mep MPUBJICUCHHBIX CPEJICTB MO BCEH COBOKYITHOCTH OAHKOB
J

J

d .
77 500-10+600-30+800-50+1200-10

=750 MuH p.
100

X =

d,

J

p-[*

1

.
]
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2. MexXrpynmosast ITMCIEPCUs
J

3 (x, -xfd,
2 ji=1
e —— =
2.4,
-1
_ (500-750)° 10+ (600~ 750)° -30+ (800~ 750)° -50+ (1200~ 750)° 10 _, .\
= 100 - '

3. BaytpurpynmnoBas gucnepcus

=4590.

J

Zo-f.dj

?_ = _2500-10+3600-30+4900-50+8100-lO
100

lJ
2.4,
j=1

4. OOwas aucnepcus
o’ =0+ =4590 + 34500 =39090.

5. Koadduruent nerepMuHanum
, 8% 34500
o® 39090

n = 0,8826.

6. OMOUPUYECKOE KOPPETALIMOHHOE OTHOLLICHUE

52
1n=,—5 =4/0,8826 =0,94.
O

W3meHenune BeMuYMHbBI COOCTBEHHOTO KaluTalla BIUSIET Ha H3MEHEHHUE pa3Mepa
MIPUBJICYCHHBIX CpeACTB Ha 88,26%. Mexay MmokaszarensiMu CyHIECTBYET TecHas

npsimMasi CBS3b.
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3. KOPPEJISAIIUOHHO-PETPECCUOHHBIN AHAJIN3 gBSBEfI
COLHUAJIBHO-O9KOHOMHNYECKUX ABJIEHUHU

3.1. Metoauyeckue yKa3aHusl K pellleHHIO 32/1a4
o teme «KoppensimmoHHO-perpecCHOHHbINA AHAJIN3 CBA3EH
COLHAJIBHO-IKOHOMHYECKHUX ABJICHUID)

OgHuM 13 METOAOB  HU3YYEHHUS  KOPPEJSIMOHHBIX  CBS3€H  SIBISIETCS
KOPPETSLIMOHHO-PETPECCUOHHBIN  aHANIM3, TMO3BOJSIOMIUNA ONPENEIUTh CTENEHb
TECHOTHI U (DOPMY CBSI3U MEXKIY MTPU3HAKAMMU.

Ananus gpopmol KOppenAYUOHHOU CEA3U KOTUUECTNEEHHbIX noKa3amerel
llapnas xoppensayus

Jlunetinoe ypasnenue napnou pecpeccuu.

Ecnu ¢ yBenmnuenueM (PakTOpHOTO TMpU3HAKA PE3YIbTATUBHBIM MPU3HAK
PABHOMEPHO BO3PAaCTaEeT WU YOBIBAET, TO TaKas 3aBUCUMOCTb SIBJISICTCS] TUHEHHON U
BBIPAXKAETCS YPABHEHUEM MPAMOM

yx :aO +a1x:f(x9a09a1)a

rae  Yx — TeopeTuyeckas 3aBUCUMOCTD (YpaBHEHHE PErpecCrur) pe3yJIbTaTUBHOTO
MpU3HaKa OT (PaKTOPHOTO;

X — (hakTOpHBIH MPU3HAK;
Ay, ) — mapameTpsl YpaBHEHHS IPSIMOIA.

[TapameTrpbl ypaBHEHUSI NPAMOUN a-o u 4 ONPEAEIAOTCS MYTEM PELICHUS

CUCTEMbl YpaBHEHHUM, MOJYYCHHBIX C HCIOJIb30BAHMEM METOJa HAMMEHBIINX
KBaJpaTOB:

(n n

Zyi =na, + alzxi;

i=1 i=1
< In n | n
inyi = aOZ‘,Xi +alzxi2’
i—1 i=1 i=1

rae  Xi, Yi — uHAuBuAYyanbHbIE 3Ha4eHUs (DAKTOPHOIO U PE3yJIbTATUBHOIO
MPU3HAKOB;

N — 4yucno UHANBUIYATBHBIX 3HAYEHUH MTPU3HAKA.
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Koaddumuent ypaBHeHus perpeccun Q) noxasblBaeT M3MEHEHHE cpeaHei

BCIIMYUHBI PC3YIIbTATUBHOTO IIPU3HAKA IIPU U3MCHCHHUU @aKTOpHOFO IIpU3HaKa Ha
CANHHUILLY.

llapabonuueckoe ypasnenue pecpeccuu.

Ecnu cBsi3p MexAy NMpu3HAaKaMHu HETMHEWHAs M C Bo3pacTaHueM (HaKTOPHOTO
MIPU3HAKa MPOUCXOAUT YCKOPEHHOE BO3PACTAHHE WM YOBIBAHUE PE3YyIbTATUBHOTO
MIPU3HAKa, TO KOPPEIALUMUOHHAS 3aBUCUMOCTh MOYKET ObITh BBIPAKEHA MapadoJIoi

_ 2

3HaveHMs TapaMeTPOB Mapadoibl Ay, ,d, ONPEACIIOTCS U3 PEUICHUS CUCTEMBI
HOPMAJIbHBIX YpaBHEHUN

n n n
2
Zyi = nao +(11le. +Clzle- 5
i=1 i=1 i=1
n n n n
_ 2 3,
] inyi = aOle. +a12xi +a22xi .
i=1 i=1 i=1 i=1
n n n n
2 2 3 4
Zyl.xl. ZCIOZXZ. +Cllle- +a22xi.
i=1 i=1 i=1

Li=1

l'unepbonuueckoe ypagnenue pecpeccuu.

Ecnu pe3ynbTaTvBHBIM TpPU3HAK € yBelWueHWeM (HaKTOPHOTO MPHU3HAKA
BO3pacTaeT (Wiu yObIBaeT) He OECKOHEUHO, a CTPEMHTCS K KOHEUHOMY TIpeiely, TO
JUTSI aHAJIM3a TaKOTO MpU3HAKA MPUMEHSETCS YpaBHEHUE THUIIEPOOIIbI

v, =a,+al/x

Jns  ompenenieHuss MmapamMeTrpoB 3TOr0 YPaBHEHUS HCHOJIB3YETCSl CUCTEMA
HOPMAJIBHBIX YPaBHEHUIN

Zn:yi =na, + alzn:l;
i=1

i1 X

Cmenennoe ypasHenue pecpeccuu.
Ecnu cBsi3p MeX Ty pu3HAKaMu cliabasi HeTMHEWHAs, TO 1)1 XapaKTePUCTUKU
ATOM CBSI3U B SKOHOMUYECKUX UCCIICIOBAHUSIX MTPUMEHSIETCS CTENeHHAas (PyHKITUS

a
yx:aoxl-
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Jlns ompeneneHus napaMeTpoB INMPOU3BOAMTCS JIOrapU(pMHUPOBAHUE CTENEHHON
byHKIIH
lgy=1Iga, +a, lgx.
U CTPOUTCS CHUCTEMAa HOPMAJIbHBIX YpPaBHEHUI C UCIIOJIb30BaHUEM METOJa
HaMEHBUINX KBAJpaTOB

Zn‘,lgyi =nlga, +alzn:|gxi;
i=1 i=1

Zlgyi lgx; = IgaOZngi +alz(|gxi)2'
Li=1 i=1 i=1

lloxazamenvroe ypagnenue pecpeccuu.
[Ipu cTaTUCTUYECKOM aHAIN3€ HEIMHEMHOW KOPPEISIUOHHON CBSI3U BO3MOKHO
MIPUMEHEHUE YPABHEHUS pETPECCUU B BUJIE TTOKa3aTeIbHON (DYHKIIUU
— X
Yx = aoai”.
J{ns penieHust ypaBHEHHS IPOU3BOJUTCSA €T0 JiorapuMUpOBaHUE
lgy =Ilga, +xlga,.
C yuyerom TpeOOBaHMI METO/a HAMMEHBIIUX KBAJPATOB COCTABISIETCS CHCTEMa
HOPMAaJIbHbIX YPaBHEHUN

anlgyi =nlga, +Igalzn:xi;
i=1 i=1

Zn:xi lgy, =g axoznlxi + Igalzn:xiz.
i=1 i=1

Li=1

Jloeapugmuueckoe ypasuenue pecpeccuu.
[Ipu cTaTUCTHUYECKOM aHaAIW3€ KPUBOJUHEHHOW CBSI3U MOXKET HPUMEHSATHCS
norapupmMuyeckast PyHKIuUs

yx = aotazi Igx.
[TapameTpbl  snorapugmuyeckoil GYHKIUA  OMPENETSIOTCS W3 CHUCTEMBI
HOPMAJIBHBIX ypaBHeHHﬁ, OTBCYHAKOIINX Tpe6OBaHI/HO METOZIA HAMMCHBIINX

KBaJ[PaTOB:
([ n n
Zyi = na, + aIZngi;
i=1 i=1

Zyi ngi - aOZngi +alz(|gxi)2'
i=1 i=1

Li=1

AHanoruyHeIM 00pa3oM C HMCIHOJIb30BAaHUEM METOAa HAMMEHBIIWX KBaJpaTOB
ONPENENSIOTCA MapaMeTphbl JII000KW (QOpPMBI CBSI3U MEXKIY PpE3yJbTaTUBHBIM U
(aKTOPHBIM NMPU3HAKAMH.
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Mnuoorcecmeennas koppenayus

Jlunetinoe ypasnenue MHodcecmeeHHol pecpeccuul.

Cratuctuueckasi MOJEIb, MOKAa3bIBAIOIIAsl CBA3b MEXKIY PE3YyJIbTATUBHBIM U
HECKOJBKHMH  (DAaKTOPHBIMH TPU3HAKAMHU, TMIPEACTABISIECT COOOW ypaBHEHUE
MHO>XECTBEHHOM perpeccuu. YpaBHEHUsS] MHOKECTBEHHOW PErpeccud MOTYT OBITh
JIMHEWHBIMUA U HEJIIMHEUHBIMH.

HaubGosee mpocThiM BUAOM YpaBHEHUS MHOKECTBEHHOW PErpeccuu SIBISETCS
JMHEWHOE YPaBHEHUE C IBYMS HE3aBUCUMBIMU NTEPEMEHHBIMU

[TapameTpsl 3TOr0 ypaBHEHUSI ONPEICISIOTCS PELICHUEM CUCTEMBI HOPMAJIbHBIX
YpaBHEHUH, COCTABICHHBIX B PE3YJbTaT€ IMPUMEHEHHS METOJda HaWMEHbIINX
KBaJpaTOB:

-

n n n
na, +allei +azzx2i = Zyi;
i=1 P im1
n n n n
2 _ .
aolei + alei + aszuxz,- = Zyixli9
P i-1 -1 -1
n n n n
2
aozxzi + alleixzi + azzxzi = ZinZi'
i=1 i=1 i=1 i=1

A\
B oOmiem Buje nuHelHas perpeccus yi ¢ M He3aBUCUMBIMHU TEPEMEHHBIMU

N

UMEET BUJ

Vi = @y taX +a,X+ X+ X

AHanuz mecHomul C853U KOIUYECMBEHHbIX NOKa3ameJlell

llapnas xoppensayusa

llapnuwie koaghhuyuenmol koppenayuu u oemepmuHayuu.

[Ipn nuHEWHON MapHOM 3aBUCUMOCTH IS ONIPEIEIIEHUS] TECHOTHI CBA3H MEXKIY
pe3yJAbTaTUBHBIM W (PAKTOPHBIM TMpU3HAKAMU W OLICGHKH CTETCHU BIIUSHUS
(akTOpHOrO TMpH3HAKA Ha PE3YJbTATUBHBIA HUCIOIB3YIOTCS  KOADPUITUEHTHI
KOPPEJISIIUY U JETEPMUHALIU.

Koaddumument xoppensimu
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tverliiivibw ”inyi—zxfzy,-
i=1 i=1 =1
t ”Z X — (Z x,)’ ”Z V- (Z y,)’
i=1 i=1 i=1 i=1

Benmnunna xoaddunmeHTa KOppelsiul HaxoauTcs B mpenenax ot —1 jgo +1.
Yem Ommke 1Mo aOCONMOTHOM BeMunHE KOA(POUIIMEHT KOPPEuH K 1, TeM TecHee
CBSI3b.

Koaddunument gerepmunanuu

2
ny =T,

XapakTepu3yeT JOJIIO  BIHASHUSA (akTOpHOr0 TpHU3HAKa HA BapHUALUIO
PE3yNbTATUBHOTO.

Ilapnvie unoexcvl Koppenayuu u 0emepmuHayuu.

[Ipy mapHBIX HEIUHEWHBIX 3aBUCUMOCTSX [JIi OMPEACIICHUS TECHOTHI CBS3HU
MEXy PEe3yIbTaTUBHBIM M (PAKTOPHBIM MPHU3HAKAMHU M OLEHKH CTETICHU BIIMSHUS
(aKkTOpHOTrO MpHU3HAKA HAa PE3YyIbTATUBHBIN UCIIOIB3YIOTCS MHIEKCHl KOPPEISAIUU U
JNE€TEPMUHALINH.

WNHnekc koppensiuuu

2

O
_ Vx
R, = o2

y

2
rne Oy — (akropHas qucrepeus pesylbTaTHBHOIO npusHaka Y ;
2
Oy - obmas aucnepcus pe3y/IbTaTHBHOTO MPU3HAKA.

BennunHa uHaeKca KOppessiiuu HaxoAuTcs B mpenaenax ot —1 go +1. Uem
Osr>ke 110 a0COTFOTHOM BEJIMUMHE WHIEKC KOPPEIAIHMH K 1, TeM TeCHEee CBS3b.
@dakTopHas IUCIEPCUS] PE3YIBTATUBHOTO MIPU3HAKA

i(yxi _yy

2

Oy, N '
rjae yxi — TEOPETHYECKHE 3HAUEHUS PE3YJIbTaTUBHOIO MPU3HAKA IPHU 3HAYCHUSIX
daxroprOTrO MpH3HAKa X ;
y — CpeaHee 3HaYeHUe Pe3yJIbTATUBHOIO MPU3HAKA.

OO6mrast tucriepcust pe3yIbTaTUBHOTO MPU3HAKA
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Z(yi _7)2
2 _ =l
O'y 0 y

rae yi — HMIIUPUYECKUE 3HAUCHUS PE3YIBTATUBHOTO MIPU3HAKA.
WNHnekc neTepMuHalim

2
B _RZ_ny
y Xy 2
Gy

MOKA3bIBACT 00 ()aKTOPHOM AMCTIEPCHH B OOIIEH AUCTIEPCHH, T.€. XapaKTepusyerT,
Kakasg 4acTh OOIIeil BapHalMy pe3ylbTaTHBHOrO INpu3Haka Y  oOBsACHSETCS

u3yqaeMbIM (axtopom X .

Mnoowcecmeennas koppenayus

MHnoswcecmsennvle K02 puyuenmol Kopperiyuu u 0emepmuHayuu.
MuoxecTBeHHblil ko3 duiment xoppemstuu Iy xapakrepusyer cremeHb

TECHOTBI JIMHCHHOH CTaTHCTHYECKOH CBS3UM pe3yldbTaTUBHOTO Y ¥ JIHHEHHOM

KoMmOuHarmeit pakTopusix X1, X2, . . ., Xm IpusHakoB
2
O-y(12...m) .
r = 1 Zyaz.m
Gy

2 2
o Gy12...m + Gy(lz...m) !

y:

2
rne Oyi2.m — (akropHas aucnepcus pe3yIbTaTMBHOTO MPHU3HAKA, MOJTyYEeHHAs ¢

yueroM ¢akropos X1, X2, . . ., Xm ;

2
Oy — o6uast gucriepcys pe3y/IbTaTHBHOTO IPH3HAKA, IONYYCHHAS C YIETOM
dakropusix mpu3HakoB X1, X2, ..., Xm H BCeX IMPOYMX IPU3HAKOB;

2
O y(12..m)— OCTATOYHAs AUCIIEPCUS PE3YIbTATUBHOIO IIPU3HAKA, ITOJIyYCHHAs [IPU

SIMMMHAIMHK (MCKIFOUEHHUHN ) BIUSHUS (pakTopHbIX mpu3HakoB X1, X2, ..., Xm.
dakTopHas, OCTaTo4Hass M OOIIHE TUCIIEPCHU PE3yJbTATUBHOIO IPU3HAKA
OIPEIEISIOTCS CIIEAYIOIUM 00pa3oM :
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S

(7512...m == n ,
Z (yi o yi )2
0'3(12...m) == 0 :
Z (yi o 7)2
2 _ia
o - ,

ree Yi, Y. VYi — pacueTHoe (TEOPETUYECKOE), CpeIHEE U IMITUPUUECKOE (OTIBITHOE)
3HAUCHUS PE3yIbTATUBHOTO MIPU3HAKA.

MHOKECTBEHHBIN KOI(P(GUIIMEHT KOPPENSIIIUK HHUKOT/Ia HE YMEHBIIACTCS C
pacmpenreM Habopa (HaKTOPHBIX MPU3HAKOB, OTHOCUTEIBHO KOTOPBIX U3MEPSIETCS
3aBUCUMOCTH Pe3yJbTaTUBHOTO NMPU3HAKA.

KBagpar BenuuuHbl KOI(P(GUIMEHTa MHOXECTBEHHON KOPPEIALUU SIBISICTCS
KO3 GULIMEHTOM MHOKECTBEHHOU JIeTepMUHAIIUN

2
O
2 12..
B, =r =—r-%

Oy

M XapaKTepu3yeT JOJII0 BIMSHUS BbIOpPAHHBIX (DAKTOPHBIX MPU3HAKOB Ha
pe3yNbTaTUBHBIN QakTop.
[Ipy cTaTHCTUYECKON OLEHKE TECHOTHI JINHEMHOM CBA3U MEXKAY PE3YJIbTaTUBHBIM

Y u mByms QakropHbiMu npusHakamu X1, X2 MOXeT OBITH HCIIOJIb30BaHA
cienyromias Gpopmyna :

2 2

r _ Fx, + Ty, = 2ryx1 Fox, Do,

YXiXp 1_ I,2
X1 X,

rjae ryxl , ryx2 1 rx1x2 — mapHbie KOADPHUITUESHTHI KOPPEIISIIHIH.
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nz YiXy — Z Yi Z Xji
i1 il il

ryxl = n n n 0 1
[nz X12i - (Z Xy )2] [nz yi2 - (Z Yi )2]
nZn: YiXoi — Zn: Yi Zn: Xyi
r = i=1 i=1 =1

¥X,

[ni X22i o (Zi: Xzi)z] [ni yi2 - (Zi: yi)z]
nzn: X1i X5i _ixliixm
[nz Xy — (Z X;;)"] [nz Xi — (Z X5i)°]

XX

MertorKa OLEHKU TECHOTHI CBSI3U ITPU HEJIMHEWMHON MOJENH PETPECCUU TaKas ke,
Kak npu JuHeHOW. Kod(pGduiMeHT CBsS3M MpU 3TOM HA3bIBAETCS HHIAEKCOM
MHOYKECTBEHHON KOppEesiMM, a €ro KBajgpaT — HWHJIEKCOM MHOKECTBEHHOU
JNETEpMUHALINHY.

Yacmuouil kosghguyuenm xoppensayuu.

Yactueie KOA((PUIMEHTH KOPPENSAIMH CIOy>KaT s OIEHKH BKJIaJa BO
MHOKECTBEHHBIN KO3PPULIHUEHT KOPPEALUU KaXI0TO U3 (PAKTOPOB.

B obOmem caydae dopmyna s onpeneneHus: 4acTHOTO koddduimeHTta

KOppCisiOIun MCK dKTOpaMH 141 Xm IIPU UCKIIOYCHHHN BJIHUAHHNA (PAKTOPOB
y

X1,X2, ... Xm-1 uMeeT BUI

2 2 2 2
R _ |9y12.m T O9%y12.ma1 _ [Oyiz.m T Oy12.m
ym(12..m-1) — 2 o 2 2 !
O y12..m-1) Oy —O0y1p. . ma

2
rae Oyi2.m — hakTopHAs qUCHIEPCHsl PE3yIbTATUBHOTO MPU3HAKA, OIyICHHAS C
y4eTOM BIusHUSA GakTopoB X1, X2, ..., Xm;
2
O y12.m-1 — GaKTOpHAsI AUCTIEPCHS PE3YIIbTATHBHOTO MPU3HAKA, TIOJyICHHAS C

ydeToM BiusiHus akropo X1, X2, ... , Xm-1;
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2
O y(12.m-1) — OCTATOYHAs JUCIIEPCHs PE3YJIbTATUBHOIO IIPU3HAKA, [TOJIyYE€HHAs C

YYETOM BIIUSIHUS paccMaTpuBaeMoro gakropa Xm H Mpodux (pakTopos;

2
O, —o0uas gucrepcus pe3yabTaTUBHOTO IPHU3HAKA.

AOCOIOTHAs BENMYMHA YACTHOTO KOY(PPUIIMEHTa KOppENslUUU JEKUT B
npenenax ot 0 1o 1, a 3HaK onpenensercss 3HaKOM COOTBETCTBYIOIIUX I1ApaMETPOB
perpeccuu.

IIpu cTaTrcTHYECKON OLIEHKE TECHOTHI IMHEWHOW CBSI3U MEKY PE3yJIbTaTUBHBIM

Y u aByms daxropueivu npusHakamu X1, X2 4acTHbIH KO3((ULHEHT KOppeIsIuuy
pEe3yJIbTaTUBHOTO TPH3HAKa W MepBoro (akropa X1 MpU JIUMHHAIIMA BTOPOTO

daxTopa X2 paseH

2 2
R _ |Oy12 Oy
y1(2) 2 2

Oy~ 0y

Yactablld KOA(Q(DUIMEHT KOpPPENSILMKM PEe3yIbTaTUBHOTO MpPHU3HAKa U BTOPOIO

dbaxTopa X2 mpH dIMMHHAIMK TIEpBOTO dakTopa X1 paBeH

2
_ |9
y2(1) 2

2
Oy —0y

2
2~ 0Oy

R

YactHblld KOA(P(GUUUEHT KOPPEISIUU MOXKET OBbITh PacCUUTaH 4depe3 NapHbIe

kod(duuuenta koppemnsuun Ixy, Hanpumep:

I r, I

VX VX, XX
r 1 2 X1Xp

y1(2) = Tyxa(x,) T 2 2 .
\/(1_ ryxz )(1_ rx1x2 )

KBaapat yacTHOro K03 GUIleHTa KOPPEIIAIHH SBISICTCS YaCTHBIM
KO3 UIIHEHTOM JIeTepMHUHAITAN

2
Bym(12...m—1) — ‘ym(12..m-1)"

Ananuz mecnomul c853u KauecmeeHHblX nokazamenell
OLleHKa CTEIEHM TECHOTHI CBSI3EM KaUeCTBEHHBIX IMPU3HAKOB OCYIICCTBIIACTCA IJIA

IMapHbIX MW  MHO>XXCCTBCHHBIX CBH3Cﬁ, MMPEACTAaBJICHHBIX AJIbTCPHATHBHBIMHU
3HAa4YCHUAMU U B HOpHI[KOBOﬁ IIKaJIC IMPU3HAKOB.

36



Kosppuyuenm xoppenayuu paueos

Koaddunuent xoppensuuu paHroB XapakTepHU3yeT CTATHCTUYECKYIO CBS3b
JBYX IPU3HAKOB, U3MEPSAEMBIX B ITOPSAKOBOU IIKAJIE.

JUIsi mpU3HAKOB, M3MEPEHHBIX B MOPAJKOBBIX IIKanax, HauOoJiee M3BECTHBIM
ABIseTCA KOd(PuIMeHtT panroBoi koppemsiuuu Crnupmena. [lpu  oTcyrcTBUEM
CBSI3aHHBIX (OJAMHAKOBBIX) paHroB Kod(p¢duuueHT CnupMeHa BBIUUCISAETCS IO

bopmyiie
n n
2 .2
Gde G'Z(Ikl_lkz)
i1 =)
p=l-—r—=1- ,
n®—n n(n® -1)
rie Ok — pasHoctb panroB K-ro o0mbexTa; N — KONMYECTBO OOBEKTOB;
Ik1, ke — panru K-ro o6bekTa 10 mepBoMy M BTOPOMY MPH3HAKAM.

PanroBeie KO3((PUUMEHTH KOpPPEISILMKU  SBISIIOTCA  HamboJiee MPOCTHIMU
MOKa3aTeNIsIMU CTENEHU TECHOThl KOPPEISUUOHHOW 3aBUCHUMOCTA. OHH MOTYT
MPUMEHSATHCA HE TOJBKO JJI1 KAYECTBEHHBIX, HO U JIJI1 KOJJUYECTBEHHBIX MPU3HAKOB.
Yem Onmoke o abCOIIOTHON BEIMUYMHE KOA()(PUIIMEHT KOPPEISILIMKM PaHTOB K 1, TeM
TECHEE CBS3b.

Koaghguyuenm xounxopoayuu

Kosdduiment koHkopAanmm XapakTepU3yeT CBsI3b MEXKIY HECKOIbKUMU
MIPU3HAKAMH, U3MEPSEMBIMU B TIOPSAKOBOM LIKAJIE.

Nmeercs Boibopka oobemMoM [l u3 M —MmepHoO# reHepaibHOM COBOKYITHOCTH,

NPU3HAKU Xj KOTOPOM MOXKHO U3MEPUTH B MOPAIKOBOM IKaje (Tadin.3.2).

Eciu mpu pamwxupoBaHMM MMEIOTCS OJMHAKOBBIE HAONIOIEHUS, TO BMECTO
OOBIUHBIX PAHTOB, OIpPENETSEMBIX B BapUAIMOHHOM pSAY, KaXKIOMY H3 3THX
OJIMHAKOBBIX 3HAYEHHUI NPUIUCHIBAETCA OJHO M TO K€ YHUCIO, PABHOE CpeaHen
apudmernueckoil ux panros. [lomydyaemble TakuM 0OOpa3oM paHTM Ha3bIBAIOTCS
00BEIMHEHHBIMU, WIN CBA3aHHBIMHU.

Ta6muma 3.2
Panru npusHakos
Howmep Homep npusnaka ‘
HaOJTIOICHU S 1 2 L j C m
1 111 112 Ilj Iim
2 121 122 . |2] Cas Iom
K Ik1 o e Ikj e lkm
n In1 In2 B Inj a Inm

37



rae ikj—paHr k—ro HAOJIFOIEHUS J —T0 IIPU3HAaKa, k =1,..., n - HOMED
00BEKTa; J =1,..., M — nomep npusnaka.

Koo puuuent konkopaanuu (CoraacoBaHHOCTH) A BhIOOpku oobemom [
IPU OTCYTCTBUU CBSI3aHHBIX paHFOB BBIYHCIIAETCS 110 hopmyJie

K = Z[Z g M]

m (n ) k=1 i
Ecnu pacuet BeneTcst ¢ yd4eToM CBSI3aHHBIX PaHTOB, TO Gopmyra kodpduirenTta

KOHKOpOalruu UMCCT BU
m(n +1) .,
Z[Z ki ]

K= —,
lm2(n3 —-n)- mZTj
2 o
1, 4
re 1= E;(ni -
Ni — YKCII0 HEPA3TUYNMBIX 3JICMEHTOB (PAHTOB) B | it TpyIIe npu3Haka X;;

Mj — 4KCIIO IPYIII U3 HEPA3IUYUMBIX PAHTOB.

3.2. IlpuMepsl penieHus 3a1a4 10 TeMe
«KoppeasinuoOHHO-perpecCHOHHbIN aHAJIN3 CBA3el
COLMATBHO-I)KOHOMHUYECKUX SBJICHUID)

3agaua 3.1

Nmeercss  mHbopMammss O  CPEAHETOJOBOM  CTOMMOCTH  OCHOBHBIX
MPOU3BOJACTBEHHBIX (OHIOB W 00bEME TOBAPHON MPOAYKIMUA TI0 JCCSATH
MIPOMBITTUICHHBIM MIpeAnpuaTusim (1ab:1.3.3.).

[TocTpouThs ypaBHEHHE 3aBUCUMOCTH OOBEMa TOBAPHOW MPOIYKIIUUA OT
CPEIHEeTO/IOBOM CTOMMOCTH OCHOBHBIX MPOU3BOACTBEHHBIX (HOHAO0B. OmpenenuTh
TECHOTY CBSI3U MEXy NTOKa3aTEeIsIMHU.
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Tabmuma 3.3
Hcxomnas napopManus

Homep mpenpusTHs O0BeM ToBapHOH POTYKIINH, CpenHeromoBast CTOMMOCTh
yi, MJH . OCHOBHBIX (POHJIOB, Xi, MJIH .

1 56 100

2 141 235

3 154 200

4 42 17

5 164 175

6 66 70

7 174 240

8 118 156

9 47 74
10 37 62

Pewenue

Jlns  ompeneneHuss (QOpMBI  CBSI3M  MEXAY TOKa3aTeIsIMU  HCXOJIHYIO
nHpOpMaIMIO TIPEJCTaBUM B BHJIE AMIIMPUUYECKOTO pacmupenencHus (puc.3.1) u
MPOBEPUM JBE€ THUMOTE3bl O JMUHEHMHOW M CTENEHHOW 3aBUCHUMOCTSIX CTOMMOCTH
MPOAYKIIUU OT CPEAHETOJOBON CTOMMOCTH OCHOBHBIX (DOH/IOB.

PaccuntaeM k03hPUIIMEHTHI U MHAEKCHl KOPPEISALUU U JACTEPMUHALUUA IS
ONPEAETICHNS TECHOTHI CBSI3U MEXKY IMOKa3aTEIIIMU.

Jlunetinoe ypasnenue pecpeccuu.
JIvuHenHas 3aBUCUMOCTD BBIPAXKAETCSI YPABHEHUEM MPSIMOU

Yx = aotaziX,
rae  Yx — TeopeTHyeckas 3aBUCUMOCTb PE3yIbTaTUBHOIO IIPU3HAKA,;
X — dbaKTOpHBI MPU3HAK;

dp U di — mapaMmeTpbl ypaBHEHUS NMPSAMOU (YpaBHEHUS PETPECCUH).

[TapameTtpel ypaBHEHMSI IpsIMOM  AQ W (1 ONPEIHCISIOTCS MYyTEM PEUICHUS
CHUCTEMBI YPABHEHUH

n
y, = na, + alzxi;
i=1

ZH:XiYi = aoZn:Xi "‘alZXiZ’

Li=1 i=1 i=1

N g
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rae Xi, Yi —UMHIUBUAYyalbHBIC 3HAYEHUS COOTBETCTBEHHO (DAKTOPHOIO U
PE3yJAbTaTUBHOTO MPU3HAKOB;

N — ugucao HHAUBUAYAJIBHBIX 3HAYCHUH IIPpHU3HAKa.

Jlunetinwiii kKoaghuyuenm xoppensayuu.

[Ipy nNMHEHHOM 3aBUCHMOCTH [JISl ONPENEICHHUS TECHOTBI CBSI3U MEXKIY
pEe3yNbTAaTUBHBIM M (DAKTOPHBIM TPU3HAKAMU U OIEHKU CTETECHH BIMSHUS
(GakTOpHOTO TIpU3HAKa Ha PE3YIbTATUBHBIA HCIOJB3YIOTCA KOI(PPHUITUEHTHI
KOPPEJIALUU U IETEPMUHALIUH.

KoaddurmenT koppensum, XxapakTepru3yOmuid CTEIEHb TECHOTHI CBSI3H MEKITY
pe3yJAbTaTUBHBIM U (DaKTOPHBIM TMpU3HAKAMHU,  JJI1 JMHEWHOrO0 YpaBHEHUS
KOPPEISIMOHHON 3aBUCUMOCTH PACCUUTHIBACTCS M0 CleAyronieit opmyiie

nZXiYi _ZXiZYi
1

r = i i=1 i=1

Xy B n ) n ) n n
nz Xi — (Z X;)" [N
i1 i1

yzi - (Z Yi i
-1 -1

Koaddunment nerepmunanum

D =r?

Xy Xy

XapaKTepU3yeT JMOJII0 BIUSHUS (HAaKTOPHOTO MPU3HAKA HA BapUAIUIO
PE3yIBTATUBHOTO.

Pacuer cymmapHBIX 3HAUEHHUMN, UCIOJIB3YEMBIX IS pacyeTa Kod(hOUIIMEHTOB
KOPPEAIUOHHOMN 3aBUCUMOCTH 1 K0P hHUIIMeHTa KOpPESIIINKU TpUBe/ieH B rpadax 3-
5 Tabn.3.4.

Ta0Omnuma 3.4

PacueTtnas Tabnuua 11 onpeaeneHust Ko3PpQUUUeHTOB TUHEHHOTO
YpaBHEHUS PErpeccuun

O0bem Cpennerosios
Howmep TOBapHOH asi CTOUMOCTb 2 2
NpeTpPHSTHS NPOJYKIIMH, OCHOBHBIX XiYi xi yi yX
yi, MJHH P. (hoHIOB, Xi,
MJIH P.
A 1 2 3 4 5 6
1 56 100 5600 10000 3136 78,19
2 141 235 33135 55225 19881 167,29
3 154 200 30800 40000 23716 144,19
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A 1 2 3 4 5 6
4 42 17 714 289 1764 23,41
5 164 175 28700 30625 26896 127,69
6 66 70 4620 4900 4356 58,39
7 174 240 41760 57600 30276 170,59
8 118 156 18408 24336 13924 115,15
9 47 74 3478 5476 2209 61,03
10 37 62 2294 3844 1369 53,11
Htoro 999 1329 169509 232295 127527 999,04

3HaueHusl, Moay4yeHHbIe B Ta0.3.4, MOJCTABISAIOTCS B CUCTEMY YpaBHEHUMN

999 =10-a, +a, -1329;
169509 = a, -1329 + a, - 232295,

U3 pelIeHusl KOTOPOU onpenenstorcs Kodpuuuentel dg U di

_99-a,1329 g0 4ag

a

169509 = (99,9 — a, -132,9) -1329 + q, - 232295 = 132767 — a, -176624 + a, - 232295
55671-a, =36742; a, =0,65998 ~ 0,66;
a, =99,9—a, -132,9=99,9—0,66-132,9 =12,186.

Koppensironnas 3aBUCUMOCTh (ypaBHEHUE PETPECCHN) UMEET CISAYIOIINNA BUT

Yx = 12,19 + 0,66 X,
PesynbraTel pacueTa 3Ha4YECHHM JIMHEWHOTO YPAaBHEHUSI PETPECCUU TTPUBECHBI B
rpade 6 Tabn.3.4. u Ha rpaduke (puc.3.1).

600

500

400

300 ®

200

100

0 500 1000 1500 2000 2500 3000

Puc. 3.1. JIu"eliHas u cTeneHHas perpeccus
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JInnelnHbIi k03P GUITUEHT KOPPEIAIUA PaBEH

nZXiYi _ZXiZYi
)

r = i i=l =l _
Xy n n n n
> X2 =O %) Y yi =y
i=1 i=1 i=1 i=1
10-169509 —1329 - 999 367419

= = =0,935,
V10232295 —1329% /10127527 —9992 392884

YTO CBUJETEILCTBYET O HAJTMYUU CUIILHOM MPSIMOM CBSI3U MEXKITY 00bEMOM
TOBAPHOM MPOAYKIIMU U CPEIHET0/I0BOM CTOMMOCThIO OCHOBHBIX (DOHIOB.
Koaddumnment nerepmunanm
—r2 —
D,, =r, =0874

MMOKA3bIBACT, YTO M3MEHEHUE CPEIHET0JIOBOM CTOMMOCTH OCHOBHBIX (DOHJIOB BIIUSCT
Ha U3MEHEHHE 00beMa TOBapHOU MpoAyKIuK Ha 87,4%.
CmeneHnHoe ypasHeHue pecpeccuul.

CrenenHas 3aBUCHUMOCTh MEX/1Y IMOKa3aTEIAMU UMEET CICTYIOMMNN BU

a
yx — aOX ' .
Jlis ompezneneHus mapameTpoB IMPOU3BOIUTCS JOrapu(pMHUpOBaHHE CTEIEHHOMN
hyHKIIUN
lgy=Iga, +a, lgx.
U CTPOUTCS CHCTEMa HOPMAaJbHBIX YPABHEHUH C HCIOJB30BAHUEM METOAA
HaMMEHBIIIUX KBAIPaTOB

ilgyi =nlga, +a1i|gxi;
i=1 i=1

n n n
2
Zlgyi ngi = Igaozlgxi +a12(|gxi) -
Li=1 i=1 i=1

Pacuer cymmapHBIX 3HAUCHHH, WCIIONIB3YEMBIX IS pacdera KodhQuimeHTon

KOPPEISIMOHHON 3aBUCUMOCTH U KOd(phullneHTa Koppesiiuu MpuBe/ieH B rpadax 3-
5 Tabn.3.5.
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Tabawnma 3.5

Pacuernas tabmmia s onpeaeneHus K03 GUIIMEHTOB CTEIIEHHOTO
YpaBHEHUS PErpeccuu

O0BeM Cpenneromosa
Howmep TOBAapHOM S CTOUMOCTb
;Ip?;ﬁ; HPOIYKIIHH, OCHOBHBIX Igyl IgXI Igyl IgXI (ngl)2 yX
yi, MJIH . ($oHOB, Xi,
MJIH .
A 1 2 3 4 5 6 7
1 56 100 1,7482 2,0000 3,4964 4,0000 84
2 141 235 2,1492 2,3711 5,0959 5,6220 147
3 154 200 2,1875 2,3010 5,0336 5,2947 132
4 42 17 1,6233 1,2305 1,9973 1,5140 27
5 164 175 2,2148 2,2430 4,9680 5,0312 121
6 66 70 1,8195 1,8451 3,3572 3,4044 67
7 174 240 2,2406 2,3802 5,3330 5,6654 149
8 118 156 2,0719 2,1931 4,5439 4,8098 112
9 47 74 1,6721 1,8692 3,1255 3,4940 69
10 37 62 1,5682 1,7924 2,8108 3,2127 62
Hz"r 999 1329 19,2953 | 20,2256 | 39,7616 | 42,0482 970

3HaudeHusl, MoTy4YeHHbIe B Ta0J.3.5, MOJACTABISIOTCS B CUCTEMY ypaBHEHUH

19,2953 =10-Ig a, +a, - 20,2256;
39,7616 =g a, - 20,2256 + &, - 42,0482,

U3 peUICHUs KOTOPOH onpenerstores Ig dp u g

19,2953 -, - 20,2256
- 10
39,7616 = (1,92953 — g, - 2,02256) - 20,2256 + q, - 42,0482 =
=39,0259 — a, - 40,9075 + g, - 42,0482;
11407 -a, =0,7357;  a, = 0,64495 ~ 0,65;
lg a, =1,92953 — g, - 2,02256 =1,92953 —0,64495 - 2,02256 = 0,62508; a, =4,22.

=1,92953 —a, - 2,02256

g a,

Koppensinnonnas 3aBUCUMOCTS (YpaBHEHHUE PErPECCUUN ) UMEET CJICTYIOIIHNI BT
_ a 0,65
y, =a, Xt =4,22-a>>.

PesynbTarhl pacuera 3HaYCHHIA CTETICHHOTO YPaBHEHUSI PErPECCUU MTPUBEACHBI
B rpade 7 Ta6:.3.5. u Ha rpaduke (puc.3.1).
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CymmapHble  BEJIWYUHBI OMIUPUYECKUX U TEOPETUUYECKUX 3HAYCHUH
pe3yabTaTUBHOTO Mpu3HaKa (rpadgel 1 1 7 Ta61.3.5) He cOBNAAAIOT U3-3a OKPYTIICHUS
paccuuTaHHBIX KO3(PPHUIIMEHTOB ypaBHEHUS PETPECCUH.

Ilapnvie unoexcol Koppenayuu u OemepmuHayul.

[Ipy mapHBIX HEIUMHEWHBIX 3aBUCUMOCTSX JI1 OMNPENCIICHUS TECHOTHI CBSI3U
MEXAY Pe3yJIbTaTUBHBIM U (DAKTOPHBIM MpPU3HAKAMH U OIEHKHU CTEIECHU BIUSHUS
(aKTOpHOTrO MpHU3HAKA HA PE3YyIbTATUBHBIN MCIOIB3YIOTCS WHAECKCHI KOPPEIALUUA U
JE€TEpMUHAITIH.

WNunexc koppensiuu
2

O
_ Yx
ny = >
y
2
rne Oy — (akropHas qucrepeus pe3ylbTaTHBHOIO npusHaka Y ;
2
Oy — o6mas gucrepcHs pe3yIbTaTHBHOTO MPU3HAKA.
NHaeKe AeTepMUHALIUH
2
> Oy,
By = ny >
Gy

dakTOpHas TUCTIEPCHS PE3YIBTATUBHOTO IIPU3HAKA

i(yxi _yy

2

Oy, = n ’
rae yxi — TEOPETHUYECKUE 3HAYEHUS PE3YIbTATUBHOTO MPU3HAKA TP 3HAYCHUSX
dbakToprOTO MpH3HAKA X ;
V — CpelHee 3HauYeHUE Pe3yJIbTAaTUBHOTO MPU3HAKA.

OO6mas qucrnepcust pe3yJIbTaTUBHOTO MPU3HAaKa

| i(yi _yy?

y n '

o)

rze Yi —oMmuprueckue 3HauYCHUS PE3YNBTAaTUBHOTO IPU3HAKA.
CpenHee 3HaueHHE pe3yJIbTaATUBHOTO MPU3HAKA
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— Z yXi
y = i:1n = ?OO = 97 MuH D.

Pacuet yucnureneit GpaxTopHOii 1 o01IeH qUCTIepcuil MpuBeaeH B Ta0:1.3.6.

TaoOnumna 3.6

PacueTnas Tabiuna 11t onpeaeseHusl HHIEKCOB KOPPESUU U I€TEPMUHALIUN
IIPU CTENIEHHOW 3aBUCUMOCTH MEX]ly MOKa3aTeasiMu

Homep O6beM TOBApHOI CpenHeronosas

npem IPOLYKIIUH, CTOUMOCTD B .

pusTHS Yi, — OCHOBHBIX (DOHIIOB, yX (yx . y) 2 (yI _ y) 2

Xi, v p. !

A 1 2 3 4 5
1 56 100 84 169 1681
2 141 235 147 2500 1936
3 154 200 132 1225 3249
4 42 17 27 4900 3025
5 164 175 121 576 4489
6 66 70 67 900 961
7 174 240 149 2704 5929
8 118 156 112 225 441
9 a7 74 69 784 2500
10 37 62 62 1225 3600

Hf)or 999 1329 970 15208 27811

@akTOpHas TUCTIEPCUS PE3YIBTATUBHOIO ITPU3HAKA

: R vaY:
_Zzl‘,(yxi y) 15208

o, =- =1521,
" n
OO01as nucnepcust pe3yJibTaTUBHOTO MpPU3HAKa
Z (Yi o y)z
o, == _ 28 oo

n
Nupnexc koppensiuuun

O_Z
Ry =.—% = +‘/% = +0,740
o, 2781
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XapakTepU3yeT CTEMEHHYI0 B3aMMOCBSI3b MEXAYy OOBEMOM MPOAYKUUU U
CPEIHETO0BOI CTOMMOCTBIO OCHOBHBIX (DOHIOB KaK CHIIBHYIO.
WNHnekc nerepMuHannm

2
B, = R, = 0,548

MOKa3bIBACT, UTO U3MEHEHHUE CPETHEr0JJ0OBOM CTOMMOCTH OCHOBHBIX (JOHIOB BIUSICT
Ha U3MEHEHHE CTOMMOCTH TOBapHOU npoaykuuu Ha 54,8%.

[Tpu cpaBHeHun nuHeiHOTO Kod(dduuuenta koppemsauuu (0,935) u uHIEKCa
KOppEJSIUU B cilydae cTereHHou 3aBUCUMOCTH (0,74) MOKHO cienaTh BBIBOJ O TOM,
YTO JIMHEIHOE YpaBHEHHE PETPECCUU JIyUIIe OTPaXaeT UCXOAHYIO CTATUCTUYECKYIO
uH(pOpPMAaIIMIO, YeM CTENIEHHAs 3aBUCUMOCTb.

3agaua 3.2

Nmeercs  mHbopMammss O  CPEAHETOJOBOM  CTOMMOCTH  OCHOBHBIX
MIPOM3BOJICTBEHHBIX (POHIOB, 00BEME TOBAPHOM MPOAYKIMH M YHUCIESHHOCTH
IepcoHaja o JICCATH MTPOMBIIIJICHHBIM MPeapusaTusm (1abdi.3.7.).

[TocTpouTh MMHEHHOE ypaBHEHHE 3aBUCUMOCTH 00BhEMa TOBAPHOM MPOITYKITUU
OT CpEOHEroJIOBOM CTOMMOCTH OCHOBHBIX IPOM3BOJACTBEHHBIX (DOHIAOB U
YUCJICHHOCTH TNepcoHana. OnpeneuTh TECHOTY CBSI3U MEXTY IMOKa3aTeIIMHU.

Tabnuna 3.7
Hcxonnas nnpopmanus
O06BeM ToBapHOH CpeanerosnoBasi CTOUMOCTb UucneHHOCTh NEpCcoHana, ,
Howep mpeanpusriLs HPOALYIHHH, OCHOBHBIX (hOHJIOB, X1i, X2i, uen.
Yi, MJIH P. MJIH P.
1 56 100 357
2 141 235 474
3 154 200 600
4 42 17 27
5 164 175 550
6 66 70 440
7 174 240 734
8 118 156 446
9 47 74 315
10 37 62 339
Pewenue

Jlunetinoe ypagHenue MHONCECMBEHHOU pecpeccuu

HauGonee npocTsiM BUAOM YpaBHEHHUSI MHOKECTBEHHOM pPErpeccHH SIBISETCS
JIMHEWHOE YPaBHEHUE MHOKECTBEHHOM PETPECCUU C ABYMS MEPEMEHHBIMU

Yix, = & T X +aX,.
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[TapameTpbl 3TOr0 ypaBHEHUS ONPEETSIOTCSA PEIIEHUEM CUCTEMbl HOPMAJIbHBIX
YpaBHEHUH, COCTaBICHHBIX B pe3yJbTaTe€ MPUMEHEHUS METOJa HAUMEHBIINX
KBaJIpaTOB:

Pacuer

\

CyMMapHbBIX

3HAYCHUM,

f n n n
na, +a12x1i +a22x2i = Z)’i;
i=1 i=1 i=1
n n n n
2 _ .
< aolei + alei + a2leix2i = Zyixli’
i=1 i-1 i=1 i=1
n n n n
2 _
aoz Xy + alz XXy T azzxzi = ZinZi'
i=1 i1 i=1 i1

HCIIOJIB3YCMBIX

JJI

onpeeIeHUs
KOO PUITMEHTOB KOPPETISAIMOHHON 3aBUCUMOCTH M KO3 UIIMEHTa KOpPPEIsIuu
npuBesieH B rpadax 3-5 ta6in.3.8.

Ta0muna 3.8

PacueTtnas Tabnuua 1uist onpeaeneHust Ko3pGuuueHToB TUHEHHOTO
YpaBHEHUS PErpeccuu

Hom

ep )

npest . . . 2 XZ.

o | T | 2 K | ke | x| Xl | Y,
A 1 2 3 4 5 6 7 8 9
1 56 100 357 10000 127449 35700 5600 19992 80
2 141 235 474 55225 224676 111390 33135 66834 165
3 154 200 600 40000 360000 120000 30800 92400 149
4 42 17 27 289 729 459 714 1134 18
5 164 175 550 30625 302500 96250 28700 90200 132
6 66 70 440 4900 193600 30800 4620 29040 65
7 174 240 734 57600 538756 176160 41760 127716 178
8 118 156 446 24336 198916 69576 18408 52628 117
9 47 74 315 5476 99225 23310 3478 14805 63
10 37 62 339 3844 114921 21018 2294 12543 56
Hro | 999 1329 | 4285 | 232295 | 2160777 684669 169509 507300 1023
Tro
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10-a, +4a, -1329 + a, - 4285 = 999;
a, 1329 + a, - 232295 + a, - 684666 =169509;
a, - 4285 + a, - 684669 + a, - 2160777 = 507300

Pazpenum kaxnoe ypaBHeHHE Ha KOA(DPUIIUEHTHI IPU A

a,+a,-1329+a,-428,5=99,9;
a,+a,-174,79+a, - 515,18 =127,55;
a, +a, -159,78+a, - 504,27 =118,39.

BrluuTaeM u3 BTOpOro nepBoe ypaBHEHUE U U3 BTOPOIO — TPETHE.

a,- 41,89 +a, -86,68 = 27,65;
{al 15,01+ a, -10,91=9,16.
PaBI[CJII/IM KaXXI0C YPABHCHUC Ha K03(1)(1)I/II_II/I€HTI>I IIpu al
a, +a, - 2,069 = 0,66
{al +a,-0,727 =0,61.
Brrautaem u3 IICPBOI0 BTOPOC YPAaBHCHHUC U OIIPCACIIACT KOZ)(b(i)I/IHHeHT ar
a,-1342=0,05  a,=0,037.

Onpenenum kodpPUIIMEHTBI A1U A
a, =0,66 —a, -2,069 =0,66 — 0,037 - 2,069 = 0,5835 =~ 0,58;
a,=999—-a,-1329—-a,-428,5=99,9-0,58-132,9-0,037 - 428,5 =
=6,4985 = 6,5.
JInHelHOe ypaBHEHUE MHOKECTBEHHON PETPECCUH UMEET CIEAYIOIINN BUT
Yyx, = 6:9+0,6-% +0,037-X,.

Teopernueckue 3HaUEHHs] YPaBHEHUSI PETPECCUM MTPUBEIEHBI B CTOJNOIE 9 TaluI.

3.8.
MHnoocecmeennble Koapuyuenmol Koppeniyuu u 0emepmMuHayuu

[Ipy  cTaTMCTHYECKOW  OLEHKE TECHOTHI JIMHEWHOM  CBA3M  MEXKIY

pesynbratuBHEIM Y # 1Byms (akropHbIMEU mpusHakamu X1, X2 MOXeT ObITh
UCITOJIb30BaHa ClIeayromas (popMyia MHOKECTBEHHOTO KO3()(DUIIMEHTa KOPPEISIIUH

2 2
_ \/ o+ O, — 2T T, B,

1—r?

X1 X2
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rae ryxl 1 ryx2 1 rX1X2 — napHble KO3 (HULINEHTHI KOPPEIALMHU.
[TapubIit KO3PPUIHEHT KOPPEIAIHIH, XapaKTePUIYIOIINA TECHOTY CBSI3U

MEXy pe3yIbTaTuBHBIM npu3HakoM Y u pakropusiM X1 (cm. 3agaudy 3.1)

nz YiXy — Z Yi Z Xy
= o a

My = - i - ! - i - =0,935.
\/[nz X12i - (Z Xli)z][nZ Yiz - (Z Yi)z]

[Ipu pacyere mnapHbIX KOA()PUIMEHTOB KOPPEISAINH, XapaKTEPU3YIOIIUX

TECHOTY CBSI3M MEX/y Pe3y/IbTaTHBHBIM NpH3HAKoM Y U dakropHeiM X2 , MexIy

dakropupivu X1 m X2 B (GopMyaax 3amdChIBAIOTCS CyMMapHbIE 3HAYCHUS

nokasareneii n3 1a611.3.8 u Yy? =127527 u3 ta6n.3.4 (3amaya 3.1). Jlng ynpomeHus
pacyeToB BCE 3HAYEHUS B UHUCIUTEISIX U 3HAMEHATENSIX MapHBIX KOA(P(HUIIMEHTOB
nensites Ha 10%,

ni YiXai _i yiiXZi
326 - (3 ISy - (39’

10507300 —999 - 4285

B V102160777 — 42852 -4/10-127527 — 999°
507,3-999-0,4285

~[2160,777 — 42,857 - \[127 527 — 9,99°

r =

Y%,

=0,835;

nixliXZi __Zn:xli_zn:XZi
\/[nixlzi _(i Xli)z][nixzzi _(Zi: Xzi)z]

10 - 684669 —1329 - 4285

) V10232295 —1329° - /10 2160777 — 4285’
684,669 —1329 - 0,4285

/232,205 -13,292 . |/2160,777 — 42,85

r =

X X5

=0,857.
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Mexny dakTopamu, T.e. CPEIHEr0JIOBOM CTOMMOCTBIO OCHOBHBIX (DOHIIOB H
YHCIICHHOCTBIO NIEPCOHaNa MMeeTes TecHast nHeiHast csi3b (1, = 0,857), mosromy

U3 MOJIETT! MOXXHO UCKITIOUUTH BTOPOH (DaKTOP U MCIOIB30BaTh MAPHYIO PETPECCHUIO.
MHOKeCTBEHHBIN KO3 UIMEHT KOPpEIsILnun

2 2
r _ Fyx, T Ty, — 2ryx1 Fyx, Nox, _
Y4, 1—r? -

XXz

2
_ \/ 0935+0,835" ~2-0,935-0835-0857 _ y gacg 936,

1-0,8572

Koaddurment MHOKECTBEHHOMN AeTepMUHALINH
B, =r,; =0,876.

CBs3b MCIXKIAY CTOUMOCTBIO TOBapHOﬁ IMPpOAYKIIHNH, CpGHHGFOHOBOﬁ CTONMOCTEBIO
OCHOBHBIX (bOHI[OB N YUCJICHHOCTBIO IICPCOHAJIA CUJIbHAA, @ U3MCHCHHUC Q)aKTOpHBIX
IIPU3HAKOB BJIWACT HA U3BMCHCHHUC CTOMMOCTH IIPOAYKIINHU HA 87,6%.

Yacmuvle kod¢puyuenmol Koppeniyuu u oemepmMuHayuu

[Ipy  CTaTUCTUYECKOW  OLIEHKE TECHOThl  JIMHEMHOM  CBS3M  MEXKIY
pesymbraTHBHEIM Y W 1aByMs ¢akTopHbIMH npu3Hakamu X1, X2 4YacTHBIHA
K09 GHUIHUEHT KOPPEIAIMK PE3YIbTATUBHOTO MPU3HAKa U epBoro (gakropa X1 mpu

SITMMUHAIIIK BTOPOTO (hakTopa X2 paBeH
r

_ v ryxz rxlxz _
Y (%) -
Ja-rZ)a-r2)
_ 0,935-0,835-0,857
J(1-0,835%)-(1-0,857%)

Ny =

=0,774.

YacTtHblid KO3(P(GULIHUEHT KOPPEISIUU PE3yIbTATUBHOTO MPU3HAKA U BTOPOTO

daxTopa X2 mpH dIMMHHAIMK IEpBOTO GakTopa X1 paBeH
r-yx o ryx Ny x
Mo = o o0) = 2 2 — 22 -
Ja-r)a-rz,)
_ 0,835-0,935-0,857 _0184.
J(1-0,935?) - (1-0,8572)
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Yactabie KOd()PUITUEHTHI TeTepMUHAITIN

2 2 .
By = N2 =0,774% = 0,548;

—r2 2 _
3agauya 3.3
Nmeercss  uHbopMaiuss O  CPEOHETOAOBOH  CTOMMOCTH

MPOU3BOJCTBEHHBIX (POHIOB M O0BEME TOBApHON MPOAYKLUHU
MPOMBINIICHHBIM TpeanpuatusM (rpadst 1 u 2 1a61.3.10.).
Omnpenenutb KO3PPUIUEHT paHToBoil Koppensuuu CrnupMeHa.

Pacuet panrosoro ko3¢ duiienTa Koppesisiuu

OCHOBHBIX
10  JCCATH

Tabmuma 3.10

Howmep O0Bem CpenneroaoBas Pauru

npeanp TOBApHOM CTOUMOCTD o0BeMa cpeanerogoso | Pasnocts

uATUS, | TPOAYKIIUH, OCHOBHBIX TOBApHOM | ¥l CTOUMOCTH | PaHIOB dk2
k MJIH D. (GoHIOB, MIIH p. | TPOAYKIUH OCHOBHBIX dk

ikl dboHI0B ikz

A 1 2 3 4 5 6
1 56 100 4 5 -1 1
2 141 235 7 9 -2 4
3 154 200 8 8 0 0
4 42 17 2 1 1 1
5 164 175 9 7 2 4
6 66 70 5 3 2 4
7 174 240 10 10 0 0
8 118 156 6 6 0 0
9 47 74 3 4 -1 1
10 37 62 1 2 -1 1

Hroro 16

st pacuera kod(dUIIMEHTa PAHTOBOW KOPPENSIIIUKU OINPEACISIIOTCS PaHTH
00beMa TOBAPHOM MPOAYKIIUH Ik1, CPEAHETO0BOI CTOMMOCTH OCHOBHBIX (DOHIOB ik2
(rpadwer 3,4 Ta61.3.9) u kBagpat pazHOCTH paHroB (Tpadsl 5, 6 Ta6:1.3.9).

Koaddurmenta panrosoit koppensiiuu CrimpMeHa Mpu OTCYTCTBUU CBSI3aHHBIX

paHroB
6n d? 6n i —i,)°
R e ST
p n®—n n(n® —1) 10(100 —1)

rne dx — pasnocts panroB K-ro o6wbekra;
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N — KOJIWYEeCTBO OOBEKTOB;

Ik1, ke — panrm Kk-ro o0ObekTa 1o mepBOMy M BTOPOMY IPH3HAKAM.

Benuunna ko3 duirienta paHroBoil KOppeisluy CBUIETENbCTBYET O HATUIUH
NpSIMOA TECHOM CBSI3UM MEXIY OOBEMOM BBIMYCKa MPOAYKIIMU U CPEAHEr0JI0BOM
CTOMMOCTBIO OCHOBHBIX (DOH/TIOB.

Koaghguyuenm rounxopoayuu

3agaua 3.4

Nmeercs uHpopmanusa o0 oObeMe TOBapHON MPOIYKIMH, CPEIHET0I0BOM
CTOMMOCTH OCHOBHBIX MPOU3BOACTBEHHBIX (DOHJOB M YUCICHHOCTH IMEpPCOHaja Mo
JECSITH MPOMBIIIIICHHBIM Tipeanpustusm (rpads 1, 2, 3 tadbn.3.11).

Onpenenuth KO3()PUIMEHT KOHKOPIALHH.

Pewienue

Koo dunuent koHKOpaamuu (COraacoBaHHOCTH) s BbIGopku oobemom [
MIPU OTCYTCTBUH CBS3aHHBIX paHFOB BBIYHCIIACTCS 110 (hopMyJie

K — _n)z[z - ~m(n +1)]

m?*(n®
rae lkj— panr K —ro na6monesus j —T0 IPU3HAKA,;
k = 1,...,N —Bomep oObeKTA;

j =1,..., M — nomep npusnaxa.

Panru npusnakoB (rpadst 4, 5 u 6 Ta6n.3.11) onpenensroTcss B COOTBETCTBUU C
BO3PACTAIOIIUMHU 3HAYCHUSIMHU 3TUX TTPU3HAKOB.
Tabmuua 3.11
Panru npusHakos

Hom Panrun
ep O0BeM CpenneronoBas 9
npen TOBapHOU CTOMMOCTbH ?g;ﬁgigﬁff’ ng:;z[gﬁ P S?EEL%iZiOH YHUCIIEHHOCTHU
TIpHst TIPOTYKITHH, OCHOBHBIX oL MpOyKIIHH OCHOBHBIX Hep(_:OHana
THS MJHH P. ($hoHm0B, MIH . ikl domon ik2 I3
A 1 2 3 4 5 6
1 56 100 357 4 5 4
2 141 235 474 7 9 7
3 154 200 600 8 8 9
4 42 17 27 2 1 1
5 164 175 550 9 7 8
6 66 70 440 5 3 5
7 174 240 734 10 10 10
8 118 156 446 6 6 6
9 47 74 315 3 4 2
10 37 62 339 1 2 3
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Jlna konudecTBa npeanpustuii =10 u yncie npuzHakoB M=3

m(n+1) _ 3-(10+1)
2

PaCCYMTHIBAIOTCS CYMMAapHbIE 3HAUECHHUS PAHTOB I10 IIPU3HAKAM JIISI KaXI0T0 00bhEKTa
1 110 BceM oObekTaM (rpadul 4, 5 u 6 Ta61.3.12).

=16,5

Tabmura 3.12

Pacuer koadduimenTa KOHKOpAALTUU

Panru
Hom
ep o0beMa P em;eﬁrOHOB YHUCICHHOCT m m m ,
Egledi Toapmod | oo u Zlkj Zlkj -16,5 (Zlkj —-16,5)
s npoznyuHH OCHOBHLIX Hepc.OHana j=1 j=1 j=1
k1 dbongos k2 Ik

A 1 2 3 4 5 6

1 4 5 4 13 -3,5 12,25

2 7 9 7 23 6,5 42,25

3 8 8 9 25 8,5 72,25

4 2 1 1 4 -12,5 156,25

5 9 7 8 24 7,5 56,25

6 5 3 5 13 -35 12,25

7 10 10 10 30 13,5 182,25

8 6 6 6 18 15 2,25

9 3 4 2 9 -7,5 56,25

10 1 2 3 6 -10,5 110,25
Hto 702,50

o

Koaddumment konkopaauu st BHIOOpKU 00beMoM N=10, yncie npu3HaKoB
M=3 1 OTCYTCTBUHU CBSI3aHHBIX PAHTOB

m

K _ . 13 Z[Zlkj _ m(n +1)]2 — > 132 702’5 _ 0’946
m*(n” —n) i3 = 2 3%(10° —10)

MOKa3bIBACT, UYTO MEXKIYy OOBEMOM TOBApHOW MPOAYKIIMH, CPEIHEr0I0BOM
CTOMMOCTBIO OCHOBHBIX MPOU3BOJACTBEHHBIX (POHIOB M YUCICHHOCTHIO IEpCOHAJIA B
JAHHOM CITy4ae CYLIECTBYET TeCHas MpsiMasi CBA3b.
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