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1. OBIIME METOAUYECKUE YKA3AHMUSA 110 U3YYEHUIO KYPCA

N3ydyeHne mnpeamera SKOHOMHUKO-CTATHCTUYECKHE METOAbl HMMEET CBOEHU
11€JIbIO:

v\ OBIAJEHHME CTYIEHTAMHM CTaTHCTMYECKOM METONOJOrMEd M €€
MPUMEHEHUE TMPU BCECTOPOHHEM  HCCIEAOBAHUU  COIMAIBHO-3KOHOMHYECKHUX
MPOIECCOB, NPOTEKAIOIMX B OpraHuU3alusiX, Ha MNPEANpUATHIX, (GUpMax U B
OTpacisiX HAIMOHAJIBHOW YKOHOMUKH;

v\ OBIAJEHHE COBOKYIIHOCTHIO MAaTEMATUYECKUX METOJOB, MCIOJIb3YEMBIX
JUTST KOJTMYECTBEHHOM OIICHKHM SKOHOMUYECKUX SIBJICHHM W TPOIIECCOB; OOy4CHHE
DKOHOMETPUYECKOMY  MOJEIUPOBAHHUIO, T. €. TOCTPOCHHUKD  SKOHOMUKO-
MaTEMaTHYECKUX MOJEJIEH, MapaMeTpbl KOTOPBIX OILEHUBAIOTCS CpEICTBAMU
MaTeMaTHUYECKOM CTaTUCTHUKHU,

v\ 00yuYeHHE DOMIMPUYECKOMY  BBIBOAY  OKOHOMHYECKHX  3aKOHOB;
MOATOTOBKY K TIPUKJIATHBIM UCCIEAOBAHUAM B 00JIACTH IKOHOMHUKHU.

v’ 3agayaMM  JUCUUIUIMHBL <« OKOHOMHUKO-CTATUCTUYECKUE  METOIBDY
SBJISIIOTCS:  TOJyYeHHE CTyJACHTAaMU 3HAHMM U  HaBBIKOB  (POPMHUpPOBAHUS
CTaTUCTUYECKON HHGOpPMAIlUMU, €€ HWCIOIb30BaHUs ISl MOJy4eHUsT 00OCHOBaHHOM
CHUCTEMBI TOKa3aTeel, C MOMOIIBI0 KOTOPBIX BBISBIISIIOTCS MMEIOIIUECS PE3EPBBI
pocta 3 (PEKTUBHOCTH TPOU3BOJICTBA U MPOTHO3 TEHICHIINI €ro pPa3BUTHUS;

v\ HAyuYMTh CTYAEHTOB HCIOJb30BaTh JaHHBIC HAONMIONCHHS  JUIs
MOCTPOCHUSI KOJWYECTBEHHBIX 3aBUCUMOCTEH IS SKOHOMHYECKMX COOTHOIIEHUM,
JUUTS BBISIBJIEHHS! CBSI3€M, 3aKOHOMEPHOCTEM W TEHJICHUHMM pa3BUTHS SKOHOMHYECKHUX
SIBJICHUI;

v\ BeIpabOTaThb y CTYJEHTOB YyMEHHE (POPMHUPOBATL SKOHOMHUECKHUE
MOJIEJIN, OCHOBBIBASICh HA YKOHOMHUYECKON TEOPHUHM WJIM HA SMIIMPUYECKUX JAHHBIX,
OlLICHMBATh HEW3BECTHBIE TMApPaMETPbl B OATUX MOJEISX, J€JaTh IPOTHO3bI U
OLICHMBATh MX TOYHOCTh, JaBaTh PEKOMEHIALMHU IO 3KOHOMHUYECKOMW IIOJIUTHUKE W
XO3SUCTBCHHOM ICSITECIILHOCTH.

JucuumnnnHa «OKOHOMHUKO-CTATUCTHUECKIE METOJIbI» MpU3BaHa
chopMHUPOBATh MUPOKUN MHUPOBO33PEHUYECKHI TOPU3OHT OYIYIIETO CHEIHANKCTA, a
TaKKE€ 3aKPENUTh W PACIIUPUTh METOJOJIOTHYECKYI0 U TEOPETUUECKYy 0asy,
MOJYYEHHYIO IO APYTUM IPEAMETAM.

Pe3ynbTaToM  OCBOEHHSI ~ JHUCIUIUIMHBI ~ OyJeT  SBISTHBCS  OCBOCHUE
COOTBETCTBYIOIIMX KOMIETCHIIMH B paMKaxX Y4eOHOro IUTaHA CHEIUATbHOCTA H
M CITATIIINHEI.

OCHOBHBIMH pazzaenamMu 3y4yaeMoun M CITATIIINHBI «IKOHOMHUKO-
CTAaTUCTUYCCKUE METOJIbI» SIBIISIOTCS:

1. Ilpenmer skoHOMmeTpuku. IlapHas  perpeccuss U KOppeasiuusi B

AKOHOMETPUUECKHUX UCCIIEIOBAHUSIX;

2. MHOXECTBEHHAs perpeccusi U KOPpesus;
3. CBa3p Mexay aTpuOyTMBHBIMM TNpU3HAKaMH 3HaKamMu. MojaennpoBaHue

BPEMEHHBIX PSJIOB.



2. Teopernuyeckas 6a3a B paMKax M3y4YeHHUsI OCHOBHBIX pa3/Je/ioB
AUCHHUININHBI «JKOHOMHMKO-CTATHCTHYECKHE METOAbD)

2.1. IIpeamert 3xoHomerpuku. IlapHas perpeccusi u KoppeJasinus B
IKOHOMETPUYECKHX HCCIETOBAHUIX

[IpenmMeToM  WCCIEIOBaHUS ~ DKOHOMETPUKH  CUYHMTAIOTCI  MAacCOBBIC
HKOHOMUYECKHE TMPOLECCHl U SIBJICHHUS. DKOHOMETpPHKA SBISETCS HAyKOM, KOTOpas
SMIUPUYECKH CBsi3aHA C BBIBOJAOM OJKOHOMHYECKHX 3aKOHOB, TIpU 3TOM
UCIOJIB3YIOTCSl JIaHHBIE WM «HAOMIONCHUS» JUIsl TOJYyYEHHUS KOJIMYECTBEHHBIX
3aBHUCHUMOCTEHl HIKOHOMUYECKUX COOTHOIICHMHA. ODKOHOMUYECKHE SBJICHHUS Kak
peIMeT IKOHOMETPUKH (B OTJIMYME OT IKOHOMUYECKOW TEOPUH) paCCMATPUBAIOTCS B
Oosblell Mepe B KOJUYECTBEHHOM acrekre. Hampumep, cnpoc Ha MPOIYKIHMIO C
POCTOM II€H MajaerT.

MeToapl TEOpUH KOPPEISIIHUHM TO3BOJISIOT ONPEACTUTh KOJIWYECTBEHHYIO
3aBHCHMOCTh  MEXKAY  pasIUYHBIMH  TEXHHYECKHMMH,  TEXHOJOTHYECKUMH,
OpraHM3allMOHHBIMH W JIPYTUMH  (akTopamMu, T.6. CTPOUTh DKOHOMHKO-
CTaTHUCTUYECKUE MO/IEIIH.

PaznuyaroT (yHKIMOHATIBHYI0 W KOPPENALMOHHYIO 3aBHCHUMOCTH. I[lon
(GYHKIIMOHATFHOW TOHUMAETCSl Takash 3aBUCUMOCTb, KOTJa C M3MEHEHUEM OIHOTO
dbakTOopa HM3MEHSIETCS IPYroM, OJTHOMY 3HAUYEHHUIO HE3aBUCHUMOTO (hakTopa OOBIYHO
COOTBETCTBYET TOJIBKO OJIHO 3HaueHHe 3aBUcUMOro ¢akropa. KoppensuuonHas
3aBHCHUMOCTB - 9TO TakKas 3aBUCHUMOCTb, P KOTOPON M3MEHEHHE OJHOM CiTydyallHOM
BEJIMUMHBl BBI3BIBAET W3MEHEHHUE CPENHEro 3HaueHus Jpyroid. KoHKpeTHBIX ke
3HaYEHU 3aBUCUMOr0 TIEPEMEHHOr0, COOTBETCTBYIOIIMX OJHOMY 3HAUYEHHUIO
HE3aBUCHMOT0, MOXET ObITh HECKOJbKO. KoppensunoHHbIE 3aBUCUMOCTH MOTYT
OBITh YCTaHOBJIEHBI TOJIBKO MpU 00pabOTKe OOJBIIOr0 KOJWYECTBA HAOIIOACHUIA.
[Tpu KOpPPENAUOHHOM aHAIN3E PEIIAIOTCS CIETYIOIINE 3a1aUH:

* YCTaHABJIMBACTCS] HATMYKME KOPPEIALNH (CBS3U) MEXKIY BEIMUMHAMU;
* yCTaHaBJIMBAETCS (pOpMYyJia TUHUU CBSI3U (JIMHUM PETPECCUN);

* OMPENEIIAIOTCS MapaMeTPbl JTUHUU PETPECCUU;

%

OMPECISIOTCS 3HAYUMOCTD YCTAHOBIICHHOM 3aBUCHMOCTH W JIOCTOBEPHOCTH
OT/ICJIbHBIX MTaPAMETPOB.

Hanuuue Koppensuud TPUOIMKCHHO MOXET OBITh ONpEAeICHO IyTeM
BU3yaJIbHOTO aHalu3a Mol Koppensiuud. KoppeasiuoHHBIM TI0JeM Ha3bIBAIOT
HaHECCHHbIE Ha TpadUK B OMNPEAEICHHOM MaciTabe TOYKH, COOTBETCTBYIOIIUEC
OJTHOBPEMEHHBIM 3HAYCHHSIM JBYX BEJIUYHH.

TecHOTY CBA3M MEXIY ABYMsI BETHUYHHAMU MOYKHO OINPEICITUTh BU3YaIbHO IO
COOTHOIIICHHUIO KOPOTKOW W TPOJOJBHOW OCeH 3JUIMIICa PacCestHUs HaOIIOICHHUH,
HAHECCHHBIX Ha TOJIe Koppessiiuu. UeM O0JIbIiie OTHOIIEHUE MTPOI0JILHON CTOPOHBI K
KOPOTKOW, TEM CBS3b TECHEE.

bosniee TOUHO TECHOTA CBA3U XapakTepu3yeTcs Kod(pPUIMEHTOM KOPPEISIIHY T.
Koadpumment xoppemsiium exut B npenenax 0 <|r|<1. B coyuae , ecim r=0, To

auHeHOM cBs3u HeT. Ecnmu [r|=1, To Mexnay AByMsI BEIMYMHAMHU CYIIECTBYET
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(byHKIMOHATBHAS CBsI3b. [IpU MOIOKUTEIBHOM ' HAOMIOAACTCS TpsiMasi CBSA3b, T.€. C
yBEIMYCHUEM HE3aBUCHMOTO TIEPEMEHHOTO YyBeIWuMBaeTcs 3aBucumoe. [lpu
oTpuraTebHOM K03 duimenTe HaOM0gaeTcs 0OpaTHas CBs3b - C YBEIUUYCHHEM
HE3aBHCHMOTO TIEPEMEHHOTO 3aBUCUMOE ITEPEMEHHOE YMEHBIIACTCS.

KoaddunmeHT koppensiuu onpeaenseTcs mno hopmyie

N N N
Nzxi Yi _in 'ZYi
i-1 i=1 i=1

N ) N ) N ) N , ’
N'in _(in) o N‘ZYi _(ZYi)
i=1 i=1 i=1 i=1

r=

rme X W y -TEeKyllMe 3HAYCHUS HAOMIOJaeMbIX BeNMWYuH; N- YHCIIO
HaOJIIOIEHUIA.

JIJis 9UCTICHHOTO BBIPAKCHUS TTApaMETPOB JIMHUW PErPECCUU , BBIPAKAIOIINX
CBSI3b MEXKAY ABYMsI BEIWYMHAMH, OOBIYHO TPUMEHSETCS METOJ HaWMEHBIINX
kBaipaToB. CyITHOCTH 3TOTO METOAA COCTOMT B TOM, YTOBBLIOMpACTCS TaKas JIMHWS,
pH KOTOPOH cymMMa KBaJpaToOB Pa3sHOCTEH MeXAy (aKTUYECKUMHU HAOIIOACHHSIMU
3aBUCUMON TIEPEMEHHOM ¥  pPAaCUCTHBIMH 3HAYCHUSMH, IIOJYyYCHHBIMH  IIO
perpeccuoHHoi hopmylie, MUHUMAJIbHA

_ 2 -
$=2 (y=¥)" — min,
rae yV - pacyeTHOe 3HAYCHHE 3aBHCUMOIO IMEPEMEHHOTO IO PEerpecCHBHOM
dhopmyie.
Homyctum , Y =a+bx. Toraa

S = Z(y—a—bx)2 — min

Bo3bMeM gacTHBIC TPOU3BOIHBIC IO aHl 10 bW MPUPABHIEM HX K HYJIIO:

oS

2_-2 —a—-bx)=0
7 > (y X)
oS

2 - —a—-bx)=0
7 > (y—a—Dbx)

[TonyyeHHyt0 cUCTEMY OOBIYHO MPEOOPA3YIOT

Na+be= Zy
aZX+bZX2 :ny
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PemmB cucremy OTHOCUTENBHO b Ha, TOTYy4uM (HOPMYIIBI

N N N
N ZXiYi_ZXiZ Yi
1=1N 1=1N i=1
NYx* =)

i=1

i=1

b=

a=y—bXx.

[Ipn nuHeitHON KOppenauuu KOIP(PUIUEHT KOPPENSUUU I  SIBISIETCS HE
TOJIBKO KPUTEPUEM TECHOTHI CBA3U, HO U KPUTEPUEM TOYHOCTH AalIPOKCHUMALUU
(moxgbopa popmybl, BIpaxkaromie 3aBUCUMOCTB ).

Jlaneko He Bcerga JaHHbIE CTaTHUCTUYECKUX  HAONIOJEHUH  MOJHO
anIpOKCUMUPOBATh B BUJIE JIMHEHHOMN 3aBUCHUMOCTH. OUEHb 4acTO OKA3BIBAETCS, YTO
JUHENHAas 3aBUCHUMOCTh HE JAeT HEOOXOAUMMOW TECHOTHI CBsI3HM. B 3TOoM ciydae
anMpOKCUMALMIO IPOBOJIAT C MOMOIIBIO 3aBUCUMOCTEN, OTJIMYHBIX OT JUHEHHOU. C
HTOM LIEJIBIO Yalle BCETO UCIOJIB3YHOTCS

* CTEICHHAasd,
jgorapudmuyeckas;
napaboyinyeckas;

MHOT'OYJICH CTEIIEHH N,
3aBUCHUMOCTH IIEPUOIUYECKOTO BUA.

Jna  ompeneneHus napamMeTrpoB HEJIMHEMHOM 3aBUCHMOCTH  ITOJIB3YIOTCS
IIPOLEAYPOM METOJa HAUMEHBIINX KBaJApaTOB, HO IPEABAPUTEIBHO MPOBOIAT
nuHeapuzanuo. C 3TOH 1enplo, Kak MpaBWIO, MPOU3BOIAT JIorapupMUpOBaHUE,
HallpUMep, 3aBUCHUMOCTb CTEINEHHOIO0 BHJA MNPEACTABIACTCA AHAIUTHYECKON
dhopmyon

* % % ¥

~ b
y=ax,

KOTOpast mocJe JiorapudmupoBanus OyAeT MpeacTaBiIcHa B BUE
lgy=Iga+blgx,

napameTpsl lga u b HaXoaATCs MO METOy HAMMEHBIINX KBAAPATOB MO (hopMyIie

1 _ ZlgyZ(ng)z_ZIgXZIgngx
ga - NZ(ng)z_(Zng)z ’

bZNZlgxlgy—Zlnglgy‘
NY (gx)* - (3 lgx)’




AHQJIOTUYHO MOKHO MOJYYHUTh BBIPAXKEHUE ISl TAPAMETPOB OCTAIbHBIX TUIIOB
KPUBBIX.
JlorapudmMuueckasi 3aBUCUMOCTb BbIpakaeTcst popMyJion BUIA:

y=a+blgx.

PacueTnble popMyIibl 1151 ONpeieIeHHsI TapaMeTPOB a U B UMEIOT BU/I:

rIe

A=y (Igx)* = lgxy ylgx;
B= NZylgx— Zlngy;
J=NY (gx)* - (D lgx)’
B Bume mapaboisl BTOpOro MopsiaKa 3aBUCHMOCTD BhIpaskaeTcst hopMyIIoi

y=a+ bx +cx°.

Ecnu creneHp HE3aBHCHMOTO TMEPEMEHHOTO paBHa TpeM, TO 3Ta mapabosna
TPETHhETo TOpsAKa U T.A. JIMHEHHAs 3aBUCHMOCTh TaKXKe SIBIISIETCS YACTHBIM CIIydaeM
MHOTOYJICHA.

AnnpokcuManus  (OmpenesieHre MapamMeTpoB) MapabOJUyYecKol KpUBOU
OCYIIECTBJISECTCS METOJIOM HAMMEHBIIMX KBaJApaToB. B meneByro QyHKIMIO MeToma

HaWMEHBIINX KBaI[paTOBZ(y— ¥)> > min BMECTO pacUeTHHIX 3HAUYEHWH Y

MOJICTABMM IPABYIO YaCTh YPaBHEHUSI:
S = Z(y—bx— cx?) — min.

Bo3bMmem yacTHbIC MMPOU3BOAHBIC OT 3TOTI'0 BBIPAKCHUSA 110 a,bI/I C:

oS 2

i ] —a—-bx—cx")=0;
~ Dy )

oS 2

A ] —a—bx—cx")x=0;
- Dy )
@:_2(y—a—bx—cxz)x2 =0.
oc



[lonyuynM cuCTEMY HOPMAJbHBIX WJIM OPTOIOHAJIBHBIX YPABHEHHMM, KOTOPAs
II0CJIE HECTIOKHBIX IPE0Opa30BaHUi NPUMET BUA:

Na+bZ:x+cZ:x2 = Zy;
aZ:erbZ:x2 Jcm:x3 = Zyx;
a) x> +b) x*+c) x* + D yx*.
Pemas cuctemy 1100bIM U3BECTHBIM METOIOM, HAXOIUM MapaMeTpbl apadoJibl

a,b uc.
[TapameTps! mapabosIbl MOKHO OMIPEACITUTD U3 BHIPAKCHUI:

[
Il
=~
o

on
Il
= |F=|

>

o
Il

==

rae JI - TrIaBHBIA ONIpPENENUTENbh CUCTEMBI JIMHEWHBIX ypaBHeHuil; [, -

OTIpEeICNTUTENIb CUCTEMBl ypaBHEHUH, B KOTOPOM CTOJ0€l KO3(p(UIMEHTOB MpH a
3aMEHSIOT CTOJIOLOM CBOOOJHBIX WIEHOB; I, - ONpeAenuTenb CUCTEMBI, B KOTOPOM

cronber; ko3(duuueHToB npu b 3amMeHeH cTOAOLOM CBOOOAHBIX uieHOB; [ -

OTIpPEACTUTENb CUCTEMBI, B KOTOPOM CTOJIOCI] KOI(PPHUIIMEHTOB MPH «C» 3aMEHEH
CTOJI01I0M CBOOOIHBIX YJICHOB.
Omnpenenurenn MaTpUIbl MOKHO pacIUCcaTh B BUJIE CIEIYIOIINUX BhIPAKCHU:

I = NZXZZX4 +ZXZX3ZX2 +ZXZXZZX3 —
—ZXZZXZsz —(ZX)22X4 —N(ZX3)2,
H, = ZyZXZZX4 +ZX3ZXZX2}/+ nyZXzzx3 —
=2 XYQUXT) =y xy xRy (X
o, = NZX}/ZX4 +ZyZX3Zx2 +Zx2xzzx2y—
—NZX3ZXZY—ZX4ZXZ}/—(ZXZ)ZZX}’,
. =NZXzzx2y+Zxe3Zy+Zxezzxy—
—NZX3ZXy—szyZXZZy—(sz)zzy.
KpuBble nepnoandeckoro Buja MOryT HAUTH LIMPOKOE pacIpOCTpaHEHUE NIPU

AlIpOKCUMALMM 3aBUCHMOCTH MHOTMX JKOHOMMYECKHMX SBJIICHMM BO BpPEMEHH.
Hanpumep, TakuMu KpHUBBIMH BBIPQKAIOTCS  BIUSHUS  CE30HHBIX (DAaKTOPOB Ha
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OpraHU3aIMI0 CTPOUTEILCTBA W MaTEPUATBHO-TEXHUYECKOTO  00eCTeueHHUs
HaGnronenuss BpeMeHU TpU 3TOM MOKHO NPEACTaBUTh B BUAEC PABHOOTCTOSIIHUX,
HAIpUMeEp, X, BEIPAKEHHBIX B pajiiaHax Wi rpajaycax. Eciu B3sTh nepuoja BpeMeHH,
paBHBI TONy, W MIPOBECTH eKeMecsUHble HaOJIIOJEHUs Kakoro-iaudo
AKOHOMHUYECKOTO MTOKA3aTeNsl, TO BpeMsI KaK apryMEHT MOXKET ObITh 3allMCaH B BUJIE

i271; 327:; i271;...
12 12 12

B Teuenue roma MOXKHO MOMY4YUTH 12 HAOMIOACHHA IKOHOMHUYECKOTO IMOKAa3aTelNs
Y1>¥Y2s--sY1p- 1OT@ 3aBUCUMOCTb BEIUYUHBI «y» OT BPEMEHM MOKHO BBIPA3UTh

ypaBHEHHEM
m
y=a,+ Y (a, coskx+b, sinkx),
k=1
rae k=1,2,3...,m - 3a1aHHOE YUCJIO TAPMOHUK MHOTOYJICHA,;
a,,a,, U b, - KOOPPHUIUEHTHI JIUHUN PErPeECCUH, OOLIUM YUCIOM 2m+1.

Ecin N>2m+1, 10 ko3pduuuentst a, u b, HaAXOmATCA IO METOLY

HAaWMEHBIIUX  KBaJgpaTOB, KOTOPBI Jae€T  CIEAYIOIIME  BBIPAKEHUS IS
K03 (PUIIMEHTOB JIMHUU PETPECCUU:

1 N
dg = EZYi:
i=1

2 N
a, =— . coskx.,
k NEYI i

2 N
b, =— sinkx..
k NEYI i

OHCHKa TOYHOCTHU allIIpOKCUMaln KpHBOHHHeﬁHOﬁ 3aBUCHUMOCTBIO
IMPOU3BOAUTCA IIPU ITOMOIIU KOPPECIIITMOHHOI'O OTHOIICHUSA

269
> (y-y)

Koppensumonnoe 3nauenue Bcerma 0<m<1 , oHO Bcerga MOJOXKHUTEIBHO.
Ecmm m>r1 , TO KpuBas TOYHEE aNIPOKCUMHUPYET 3aBUCUMOCTb, YEM MpsMast; IS
IPSMOM 1=1).

JIONOJIHUTENBHOM OLIEHKOW TOYHOCTH AaNIpPOKCUMALMH, YaCTO IPUMEHIEMON

IpU OLEHKE HEIMHEWHOW KOPPENSLUH, SIBISAETCA CPEeNHSAs OTHOCUTENbHAs OIIMOKa
anmnpoKCUMAINH, KOTOpas ONpeaensercs mo gpopmyse
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_ 1 y—y
e=—>» |[=—=-100 .
NZ‘ y

Kosddumment xoppensiuuu r, pacCUUTaHHbIA 1O BBIOOPOYHBIM JTAHHBIM,
MOKET HE COBIIACTh C UCTUHHBIM KO3(PPUIUEHTOM KOPPEISAILUU, COOTBETCTBYIOIIUM
reHepaIbHON COBOKYITHOCTH P .

CpenHexBaipaTHIHOE OTKIOHEHHE MPUOIIKEHHO onpeenseTcs mo Gpopmyiie

1—r?
N—-1

[Ipr OodbIIMX BBIOOPKAX MOXKHO TMPEANOJIOKUThb, YTO KOIPHUIIMEHT
KOPPEJSIMN pacipeiesieH TI0 HOpMaJbHOMY 3aKOHY, TOT/Ia MOYKHO YTBEPIKIaTh, UTO

P{r—xpcsr <p< r+xp0r} = D(x)

Oco0eHHO WHTEpecHa TMPOBEpPKAa TaK HAa3bIBAEMON HYJIEBOM THITOTE3HI.
N3BecTHO, 9TO ecnu KOd(DPUIMEHT KOppesIuu no Moayio 6omibiie 0, To MEXITy
JABYMsI CIy4allHBIMH BEJIMUYMHAMHU HMEETCsS CBsi3b. OJHAKO I , ONPEACIICHHBIA IO
YaCTUYHOW BBIOOPKE, OTIWYACTCS OT HCTUHHOTO KOd(QuImeHTa KOppeusiuud .

Moxet ObITh, uTo Tpu [r[>0, p=0, Torma CBsA3b, YCTAHOBJICHHAS MO YAaCTUYHOU

BBIOOPKE, B T€HEPAIbHOM COBOKYITHOCTH, OTCYTCTBYET. J[J1s1 OTBETa Ha BOIPOC , €CTh
JU CBSI3b B T€HEPAIBbHOW COBOKYITHOCTH, OCYILECTBIISIOT MPOBEPKY HA 3HAYUMOCTD
(k03 PUIMEHT KOpPENSAUUU CYIIECTBEHHO OTJIMYEH OT HyJs) KOdPQUIeHTa
Koppensauuu. Eciu

|r|>X—p
N-1

TO C 3aJJaHHOM BEPOSTHOCTHIO P MOXHO yTBEpKIaTh, 4TO KOIPPUIIUEHT I CyIIIECT-
BCHHO OTJIMYEH OT Hy/ls (3TO O3HAYaeT, YyTO HyJieBas THUIOTE3a OTBEPraeTcs) W
paccMaTpuBaeMas CBs3b B T'€HEPAJIbHON COBOKYITHOCTH cymiecTByeT. OmHaKo Mpu
MaJbiX OO0OBEMax CTaTHCTHYECKOTO Marepuaja THUIoTe3a O HOPMaJIbHOM
pacnpeneneHnd KO3 UIIMEHTa KOPPEsAUd , KaK TMPaBWIO, HE MOATBEPIKIACTCS.
[Ipu HeOONBIIOM 4YHCIAE WCHBITAHWA BOMPOC O 3HAYUMOCTH Koddduimenta
KOPPEJISAINHA PAaCCMaTPUBACTCS C UCITONIb30BaHueM t-kpurepust CteroaeHTa. [Ipn aToM
OTIpEe/IeTISIETCS pacyeTHOE 3HAUCHHUE KpUTEpHUs 1Mo Gopmyrie

, re N-2 - 4uciio crerneHer cBoooabIf.
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Teopernueckoe 3HaueHHsAt oOmnpeaenssercd MO TaOJIWLE paclpeaeIeHUs
Creropenra (npui. II). Ecim t,,. >t OpU 33JaHHOM YPOBHE 3HAYUMOCTH, TO

c Taln.
MPEIOJIOKEHNE O HYJIEBOM 3HAYeHHHM KO3(PPUIIUMEHTa KOPPESILUA B T€HEPATbHOM
COBOKYITHOCTH HE MOATBEPKIAETCS.

IIpn anmpokcumanuu KOPPEISLUOHHOW 3aBUCHMOCTH IIOJIy4CHHAs JIMHUSA
perpeccu OTBEYaeT TOJIbKO YaCTMYHOW BBIOOpPKE, TO €CTh TEM JIaHHBIM, KOTOPBIE
OBUIM MCIOJIb30BaHbl MPU CTATUCTUYECKON 0OpaboTke. [ pacpocTpaHeHus: ITOU
3aBHCHMMOCTH Ha TIEHEPAIbHYI0 COBOKYINHOCTh HEOOXOIMMO OLEHUTh 3HAYEHHE
KO3(Q(UIUEHTOB pPETpeccHH, TaK KakK MOMKET OKas3aTbCs, YTO IPU YCIOBHUH
HEpaBEHCTBA KO3(PPUIIMEHTa Perpeccuu HyJt0 UCTUHHBIA KO(DPUIIMEHT perpeccud,
OTpaXarolllMii TEeHepaJIbHYI0 COBOKYIHOCTh, OyAeT HyleBbiIM. B 3TOM ciydae
IIPOTHO3UPOBATh IO IOJYYEHHOM KPUBOM HEIb3s. 3HAYUMOCTh OTAEJIbHBIX
K03 (UIIMEHTOB onpeaesieTcs Mpy nomouu t - kpurepust CTbIOACHTA.

JIJis OLIeHKH 3HAaUMMOCTH KO3((UILMEHTOB PErpecCHH pacueTHOE 3Ha4YeHue t -
kputepus CTbloJIEHTa orpeensercs no Gopmyiam

ai\/m—n)-i(x—i)z

a; N
,/Z(y—?)z
i=1
A
: - DOCT '\/E,

rre a,- KoapUIUEeHT Perpeccuy MpH 1 - M WICHE ypaBHEHUs perpeccuu;

t

N - YUCII0 KOA(DPUIIUEHTOB PETrPeCCUn;
~\2
H 209
oct
N-n-1
C, - IMaroHaJbHBIN 3JIEMEHT 0OPATHONW MaTPULIBL.

- OCTaTO4YHas JUCIICPCHUA;

ITo mepBoii popMmyre onpenenseTcss 3HaUeHHE t- KpUTEpus MpU OJHOM IEPEMEHHOM, a
0 BTOPOU opMyJie - TPU MHOKECTBEHHON KOPPEISALUU.
IIpu sTom ecom t, >t TO KOA(P(OUIMEHT KOPPENSIUN CYIIECTBEHHO

Tabm
OTJIMYEH OT HYJISI, a CIEA0BATENIbHO, 3TOT KOADPUIIMEHT UMEET 3HAUYECHUE OTINYHOE
OT HYJISI U B T€HEPaIbHOM COBOKYITHOCTH.

Onenka k03(pGUIKUEHTOB perpeccuu npu nomoinu t - kpurepuss CTbrofeHTa
MPUMEHSETCS TOJIBKO JIsl JIMHEWHBIX KOPPEISIIIMOHHBIX CBs3ze. Ho Tak kak mpwm
MIOMOIIIM METOJa HAaWMEHBINUX KBAJpaTOB IMYTEM JIMHEAPU3AIUH OMPEICISIOTCS
JTUHEHHBIE KOAPGUIIMEHTBI PETPECCUH, TO t - KPUTEPUH MOXKET NMPUMEHSITHCS TaKkKe
JUIs1 JTEOOOTO BUJ1a (PYHKIIMM B JIMHEAPU30BaHHOM opme.

3HAaYMMOCTh YpaBHEHUSI PETPECCUU OMPEILISIETCS BO3MOKHOCTHIO HAJIEKHO
MIPOTHO3UPOBATH CPEIHUE 3HAUYCHHS MCCIICyeMOW BEJIMUMHBI. Y PaBHEHHE MPOTHO3a
MOJIy4eHO Ha OCHOBE YAaCTUYHOM COBOKYITHOCTH, HO WCTHUHHAs 3aBUCHUMOCTb,
CBONCTBEHHAsI TEHEPAJbHON COBOKYMHOCTH, MOXET CYIIECTBEHHO OTJIMYAThCS OT

12



MOJYYEHHOTO COOTHOIIEHUs. JlJIsi M3ydeHUsl CTENEHH COOTBETCTBUSI MOIYYEHHOTO
YPAaBHEHHSI PETPECCMM UCTUHHOMY COOTHOIIECHHIO CIIEAYIOIIEMY W3 TE€HEpalbHOU
COBOKYITHOCTH UCTIOJIL3YIOT F - kputepuit Guiiepa, onpeaensemMplii o ¢popmyiie

F= DY

D OCT.

rac -AUCIICPCUA (I)aKTI/I‘{CCKI/IX 3HAQYECHUN 3aBHUCUMOIO

y

D (y-y)
- N-1

nepemeHHoro; N-n-1=f; N-1=f, - uncno creneneit cBOOObI.

[To uncny creneHeit cBOOObI, 33JaBIIUCh BEPOSITHOCTbIO, MOKHO OTNPENIETUTh
TabnuuHoe 3HaueHue Kpurepusi duiepa, 3HAYEHUSA I KOTOPBHIX MPUBEACHBI B
npun. III. Ecim F>F_ ,T0O ypaBHEHHE pErpeccud CUYMUTAETCA 3HA4YUMBIM, T.€.

ypaBHeHHE OyneT naBaTh  JIOCTATOYHO HAJCKHBIE IPOTHO3BI U MOXET OBITh
HCMOJIb30BaHO.

VYpaBHEHUE perpeccur M3-3a BEPOSTHOCTHOIO XapaKTepa MMEET HEKOTOPYIO
CIIy4ailHyl0 KOMIIOHEHTY h, Ha BeJIMYMHY KOTOPOW MOTYT OTJIMYATHbCS 3HAYCHUS
3aBUCHUMOM NIEPEMEHHOMN OT €€ UCTUHHBIX 3HAYCHUM

Benuuuna «h» oTpaxkaeT BIUsSHUE HEYYTEHHBIX (PaKTOPOB U HECOOTBETCTBHUE
YACTUYHOM COBOKYIHOCTH, MO KOTOPOM ONPEAEISIOCh YpaBHEHUS PErpeccuu
reHepajlbHON COBOKYMHOCTH. JIJIsi HAJEXKHOTO MPOTHO3UPOBAHMUS HEOOXOAMMO
ONPENETUTD IOBEPUTEIbHBIN HHTEPBAJ UCCIECYEMOU BEJIMYHHBI Y.

Ecnu mpenmonoxuth, 4TO BenWYMHA h SBIAETCS CIydailHOM BETUYHHOM,
pacIpeneseHHON 0 HOPMAJIBHOMY 3aKOHY, TO WMCTHHHOE 3HA4y€HUE CIIy4yanHOU
BEITUYMHBI «y»OyJIeT HAXOJIUThCA B UHTEPBAJIC

ab. °

Y—X,;°0y SyI/ICT Sy-l_Xa'Gh

"2 .
rae 6, =4/ Dy, ;

X, - @pTYMEHT, XapaKTepU3YIOIUI BEPOSITHOCTh ONAJAHNS CIIy4aliHOW BEIUYMHBI B
3a/IaHHBIEC MPEIEIIbI.

2.1.1. IlpakTHYecKUe 31aHUS

[TocTpouTh MapHyH KOPPEISIIIHOHHYIO MOJIETh, OMUCKHIBAIONTYIO 3aBUCUMOCTh
(McxoIHBIC JaHHBIC TIPEACTaBICHBI B TabmuIe 1):

1 Bapmantr cebGectoumoctu (Y B %) OT oObema pabOT, BBIIIOJHEHHOIO
COOCTBEHHBIMH CHJIAMH (X B ThIC. Py0.) B )KUJIUIIHOM CTPOUTEILCTBE.

2 Bapuant cebecroumoctd (Y B %) or oObeMa paboOT, BBINOJHEHHOTO
COOCTBEHHBIMH CHJIAMH (X B ThIC. py0.) B MPOMBIIIUICHHOM CTPOUTEIIbCTRE.

3 BapuaHt cebectoumoctd (Y B %) OT yIeNnbHOTO Beca CyOnoApsIHbIX padoT
(x B %) B *KUJIUIITHOM CTPOUTEIIHCTRE.
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4 BapuanT cebecroumocth (Y B %) OT yaIenpHOTO Beca CyOmoapsIIHbIX paboT
(x B %) B IPOMBINIJIEHHOM CTPOUTENILCTBE.

S BapuanT cebectoumoctu (Y B %) oT Bo3pactanus yuciennoctu UTP (x B
yen1. Ha 100 pal.) B )KUITUITHOM CTPOUTEIIHCTBE.

6 Bapuant cebectoumoctu (Y B %) OT BO3pacTaHusl YUCIECHHOCTH ammapara
ynpasieHus (X B yei. Ha 100 pal.) B IPOMBIIIUIEHHOM CTPOUTEIILCTRE.

7 Bapuant cebectoumoctd (Y B %) OoT cpenHero paspsiga pabouux B
KUJTUIITHOM CTPOUTEIHLCTBE.

8 Bapuant cebectoumoctu (Y B %) oT cpemHero paspsiiga pabouux B
ITPOMBITINICHHOM CTPOUTEIHCTBE.

9 Bapumant cebecroumoctt (Y B %) oT GOHAOOTHAYM MAaIlIUH U
000pyI0BaHUs, HAXOIAIIMXCS HA OaaHCce CTPOUTEIHHOM OPTaHU3AIUU B KUITUIITHOM
CTPOUTEINHCTBE.

10 Bapuant cebectroumoctt (Y B %) oT GOHAOOTAAYM MAIIUH H
o0Opy/lOBaHUs, HaxXOIMMIMXCS Ha OamaHce CTPOUTEIBHOW OpraHu3allid B
IPOMBIIIIIICHHOM CTPOHUTEIHCTBE.

TabOmura 1
1B X 1900 | 2300 2700 2900 3000 3250 3400 | 3600 | 4100 4300
Y 1,33 1,15 1,1 1,03 1 1,06 0,97 0,99 1 1
2B X 1600 | 2100 2200 2400 2500 2700 2800 | 3200 | 3400 3600
Y 0,98 0,96 0,94 1 0,94 0,93 0,96 0,98 0,95 0,94
3B X 0,15 0,25 0,33 0,39 0,47 0,49 0,57 0,6 0,62 0,7
Y 1,05 1,1 1,02 1,12 1,19 1 1,05 1,2 1,24 1,3
4B X 04 0,49 0,51 0,55 0,58 0,6 0,64 0,66 0,73 0,77
Y 0,92 0,94 0,9 0,95 0,92 0,9 0,89 0,97 1,03 0,98
5B X 9 10 11 12 12,6 13 16,6 14 15 16
Y 1,04 1,12 1 1,02 1,16 1,08 1,04 1,08 1,05 1,12
6B X 5 5.8 6,5 7 8 9 10 12 13 14
Y 1,1 1 0,98 0,98 0,96 0,94 0,93 0,92 0,94 0,95
7B X 2,25 2,5 2,75 2,85 2,95 3 3,1 32 33 3.4
Y 1,11 1,09 1,07 1,06 1,03 1,07 1,01 1,05 1,07 1,05
8B X 2,5 2,6 2,7 2.8 2.9 3 3,1 3,2 33 3,5
Y 1 0,96 0,92 0,92 0,92 0,93 0,94 0,95 0,94 0,95
98 X 10 20 30 40 50 60 70 80 90 100
Y 1,32 1,16 1,08 0,96 0,98 0,98 0,99 1 1,01 1,02
108 X 10 20 30 40 50 60 70 80 90 100
Y 1,1 1 0,9 0,91 0,92 0,9 0,92 0,93 0,90 0,95

2.2. MHoxeCTBEeHHAs perpeccusi U KOppeasinus

BOJNBIIMHCTBO ~ 3aKOHOMEPHOCTEM,  HM3y4ae€MbIX  yIPABICHUEM, HMEET
JIOCTATOYHO CJIOKHBIM XapakTep M 3aBUCUT OT HECKOJBKUX (PaKTOPOB, CTEICHBb
BIIMSIHUASL KaXJIOr0 HAa H3y4aeMYK BeEIWYMHY HeusBecTHa. [lepBbIM 3Tamom B
WCCIICIOBAHUM TAKUX 3aBUCHUMOCTEU SIBJISIETCS CO3JAHUE W AaHalM3 IapHBIX
KOPPEJIMOHHBIX MOJEJIEH, XapaKTEepPU3YIOLIUX MapHbIE 3aBUCUMOCTH MEXIY
M3y4aeMO# BETMYMHON U (PaKTOPHBIM MPU3HAKOM. Takue MOJeNn HE OTPAKAIOT BCIO
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IIPUYUHHO-CJIEJICTBEHHYIO CBSI3b B M3Y4a€MOM SIBJIEHWH, HO MOTYT JaTh KaKHE-TO
[IEPBUYHBIC CBEACHUS O IOBEIACHUU U XapaKTepe W3MEHEHUS M3y4aeMOM BEJINYUHBI
OT Kax10ro u3 ¢akropoB. Ho i aHanu3a CIoKHBIX SIBICHUNH HEOOXOIUMO U3Y4YHUTh
€r0 B MAaKCUMaJIbHO IIOJIHOM B3aMMOCBSI3M BCEX CYLIECTBEHHBIX (DAKTOPHBIX
IIPU3HAKOB U OLICHUTH CTEIICHb BIMSIHUS KaXKJ0I0 U3 HUX HA UCCIEAYEMOE SIBICHUE.
JUis  uccienoBaHus — NOJOOHBIX — 3aBUCUMOCTEH  HCIOJIB3YIOTCA — MOJIEIH
MHOKECTBEHHOUN KOPPEISAIUU.

Jlis TOCTpOEHUsT MHOKECTBEHHOH KOPPEJSAIMOHHON MOJEIN Heo0X0IuMO
OTIpEeICNUTh, KaKasi BEJIMYMHA OyJIeT SIBIATHCS 3aBUCHMOMH, T.. PE3yJbTHPYIOIIUM
nokasarejeM, a KaKhe BeJIMYMHbI OYyIyT SBIATbCS HE3aBUCUMBIMM , HHaye
Ha3biBaeMble (HaKTOPHBIMH mpu3Hakamu (dakTopamu). 3amada MOJETHPOBAHUS
COCTOMT B  BBISBJICHMHM KOJMYECTBEHHOM CBA3M MEXIy (akropamMu U
PE3YNBTUPYIOIIUM [TOKA3ATEIEM.

®dakTop, BKIIOYAEMbIH B MOJENb, JTOJDKEH COOTBETCTBOBATH CIIEAYIOIINM
TpeOOBaHUIM:

* UMETh KOJTUYCCTBEHHOE BBIPAKCHUE;

* MEXAy (akTopoM H  pe3yJbTUPYIOIIMM TIOKa3aTelieM JIOJDKHA  OBITh
JIOTHYECKasl, MPUIMHHAS CBS3b;

* MEXAy (aKTOpoM H Pe3yJbTUPYIOIIMM TIOKa3aTelieM JIOJDKHA  OBITh
CTaTUCTHYECKAsI CBS3b,

* (dbakToppl HE JODKHBI OBITH TECHO CBSI3aHBI MEXIy COOOH, T.e. MEXIy

(dakTopamu HE TOHKHO OBITh MYJIbTHKOJUIMHEAPHOCTH.

[Tocnegnee  OOCTOATENHCTBO ~ O3HAYaeT, YTO MAPHBIA  KOIPPUIMEHT
KOppeIsSIIMM MEXKIYy ABYyMs (akTopaMu He JoJukeH ObITh Oosbiie 0,85. Mmerores u
OpPYrue TOAXOAbl K IIPEOJOJICHHIO SIBICHHUS MYJIbTUKOJUIMHEAPHOCTH: MOKHO
PEKOMEH/I0BaTh BKIJIIOYATh B MHOIO(aKTOpHBIE MOAEIU T€ (PakTOphl, KOAPHULIUEHT
KOPpESLUA MEXAY KOTOPbIMU HE OKa3aJcs 3HA4MMbIM IpH BepositHOcTH 0,9, T.e.
JUTSl HUX TTOATBEPIUIIACH HYJIEBAs TUIIOTE3A.

Tak >xe kak mpW TapHON KOPpPENSAUHU, MpocTelinei (HopMoil BBIpaKEHUS
MHO>KECTBEHHOM 3aBUCHUMOCTH SIBJIICTCA JIMHEHHAs 3aBUCUMOCTh BUJA!

~

rae Y- pesyiabTUPYIOIIMHA TPHU3HAK; X; —(aKTOPBI; a,—CBOOOTHBIA HICH
ypaBHEHHs perpeccuu; a;— Kodpuiuentsl npu (axkropax. JInHelHas 3aBUCUMOCTb
ABJISIETCS YACTHBIM CIy4aeM MapadOoInuecKoi 3aBUCUMOCTH, UMEIOIIEH BhIpaXKEHUE:

~

2 2
y=a,+a,X; +a,X, .8 X] +2pX; oot dpX X, 85X Xy e A2, X X+ (4.2)
rme xf - KBajJpaThl 3HAYCHHH (PaKTOPOB; X;X; - TMONapHble MPOU3BEICHHA

BCEBO3MOKHBIX KOMOUHAIUi (HaKTopoB; a. - KOIPOUIIMEHT perpeccuu Ipu

ig
nonapHoOM Ipou3BeieHuH (HakTopoB (1, ] - COOTBETCTBEHHO HOMepa (aKTOpPOB).
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~ by, b b;
CrenenHas 3aBUCHMOCTB ¥ = AX;'X)”....x," = A[[x;",

rac bi —II0Ka3aTCjib CTCIICHU IIpU KaXIAOM 1-TOM (I)aKTOpC; 3aMCTHUM, YTO

Ko3puuueHTsl b, MOryT @puUHUMATh LeENble M JIpOOHBIE 3HAYEHUS C

MOJIOKUTEHHBIM 3HAKOM, B TIOCJICTHEM CIIy4ae KpUBasi MPUHUMAET BUJ] TUIIEPOOJIHI;
A -uncioBoi KodhHUITHEHT.

1=n
~ _ bIXl b2X2 b, x _ b;x;
[Toka3aTenpHas 3aBUCHMOCTD ¥ =a, 'a;2*2 ... a =] Ja"™,
i=1

rae awmb, — KOIPOUUHUEHTHl PErpeccuy, MPUHUMAIOIINE JI0ObIe BEIIECTBEHHBIC
3HAYEHHUS.

YacTHbIM CiTy4aeM MOKa3aTeIbHOM 3aBUCUMOCTH SIBJISIETCSI SKCIIOHEHIIUANIbHAS
3aBUCHUMOCTh

fy — ef(le """ Xp) = eXp f(X1, ----- 3Xn)]’ (45)

rae f(x;) - moOsie pynkumu pakTopos X; mpumi=1,2,.....,n.

bnarogapss  mpoctoTe = BBIpaXeHHs M yIOOCTBY  JHMHEAIM3alUU
AKCMIOHEHIIMANbHbIE  (QYHKUMKM TOJYyYWIM B  MOCIEJHEE BpeMs UIMPOKOE
pacmipocTpaHeHue.

MHorodakTopHasi ~ 3aBHCHMOCTb ~ MOXET  OBITh  aNIpPOKCHMHPOBAHA
npousBeeHueM psija GyHkiuii (Metoq bpanona):

,rne f.(Xx;) - HekoTopas (QyHKIMs (pakTopa X; C- CBOOOJHBIN YjieH (POPMYJIBL.

Hmxe Oynyr paccMOTpeHbI METOJbI AammpoOKCHMAIMH MHOTO()AaKTOPHBIX
3aBUCUMOCTEN ¢ MPUMEHEHHEM NIEPEeUHCICHHBIX MOJIeIEH.

Anmpokcumanus 3aKirovaeTca B moadope kod(h(PUIMEHTOB perpeccur MpH
3apaHee 3anaHHOM (opme auHHMM perpeccun . Haubosiee pacnpocTpaHeHHBIM
CIOoCcOOOM aIMpOKCUMAIIUU SIBJISIETCS METOJ HaMMEHbIIUX KBajapaTtoB. HeoOxomumo
HAWTH MUHUMYM BBIPAKCHHUSI

_ <\2
S=2.(y-9".
[Tpu nuHEitHONH MHOTO(pAKTOPHON 3aBUCUMOCTU 3TO BBIPAYKEHUE 3AIUIIETCS B

BHUAC
S:Z(y_ao — X T A XHy . —aan)z — min.
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JInsi  MUHUMHU3ANWHA ~ BBIPAXKEHUS  HEOOXOAMMO  ONpPENETUTh  YacTHBIC
IPOU3BOIHBIE MO KAXIOMY Heu3BecTHOMY. HamoMHMM, 4TO B KauecTBE HEM3BECTHBIX
3[1€Ch PACCMATPUBAIOTCS TAPAMETPBI PETPECCUOHHON (POPMYIIBI a4, A, .....a,,.

YacTHble MPOU3BOJHBIE MPUPABHUBAIOTCS K HYJIO, U COCTABISETCS CHUCTEMa
HOPMAJIbHBIX JIMHEHHBIX YpaBHEHUN, YKCIO KOTOPHIX HA €IMHMILY OOJbIIE YHCIa
(akTOpoB, BKJIIOYAEMBIX B MOJIENb. CUCTEMa HOPMAJIbHBIX YPaBHEHUN UMEET BUJL:

Nag+a, > X, +8, ) X,+.48, > X, =DV,
a9 X, +alZ:xl2 +2, ) XX, 4. 42, ) XX, = ) XY,
a9 X, +2; ) XX, +azzx§+...+an2x2xn =YX,

aOan + 312X1Xn + aQZ:xzxn +...+anZ:xf1 = any.

N

[IpencraBieHHYIO BBIIIIE CUCTEMY JIMHEHHBIX aireOpandeckux ypaBHEHUMN
OTHOCUTEJIBHO HEW3BECTHBIX KOA(Q(QUIIMEHTOB YpPaBHEHHs PpErpeccud a,yaoOHee
BCETO peIIaTh MaTPUYHBIM crocoOoMm. B 3ToM cnydae cucrema ypaBHEHHMA
3aMUIIETCSA B BUAE MAaTPUYHOTO YPAaBHEHUS

(X'X)A=X"Y,

rae X - Marpuila HCXOAHBIX CTATUCTUYECKHX JAHHBIX IO HE3aBUCHUMBIM
MEPEMEHHBIM - (haKTOpam;

X" - TPAaHCIIOHUPOBAHHAsI MATPHUIlA UCXOAHBIX TAHHBIX;

Y -marpuua - cronber] 3HaueHU 3aBUCUMOMN TIEPEMEHHOMN - OTKJINKA;

A -matpwiia - cTo0er; ICKOMBIX KO3()PHUITMEHTOB YPAaBHEHHS PETPECCHH.
DTHU MaTPUILI NPEICTABISIOTCS B CIEAYIOUIEM BUJE:

a, Yi
Xll X12 eee le see Xln

a, Y2
X21 X22 eee X2j e in

a, Y3

A= X = Y =

Xil Xi2 Xij Xin
XNl X.N2 see X.Nj e XNn

a, YN

TpaHcIIOHMpPOBaHHAS MaTpULA IIOJY4YAETCS M3 MCXOMHOM MATpulbl X IIyTEM
3aMEHbl CTPOK Ha cToyIOIpl. B 3TOM ciywae oOmmii BUI TpPaHCIIOHUPOBAHHOM
MaTpHULbI UMEET CIECAYIOIINN BUL:
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X1 Xy Xi1 XN1
X2 X Xi2 XN2
*
X =
Xin Xop e X e Xpn

31ech n - 4nucao (PaKTOPHBIX MPU3HAKOB B KOPPEIALIMOHHON MOJIENH;

N - 00beM CTaTUCTUYECKOTO MaTepuaa.

Pemenne MaTpuyHOro ypaBHEHHUS] HaXOJIUTCS C TTIOMOILBIO OOpaIIeHUs] MaTPHUIL
Y 3aMHCHIBACTCS B BUJIC

A=XX)'(XY)

rae (X X) ! - marpuia, o6patras x (X X).

. -1
Haiitu matpuny A, oOpaTtHyio MaTpuile ACOCTaBIECHHYIO U3 JIEMEHTOB

aq ad, ... Ay
4y Anp a,
a'1*11 a'112 ann
MOKHO CJIICAYIOIIHUM 06p330M:
* BBIYUCIIUTD ONPEJECTUTEIb 3TON MaTpullbl /]
* OTpENeNIUTh  aireOpauvyeckue  JIOMOJHEHUs A,  KaXIOro dJeMEHTa

1

OIIPCACIINTCIIA MAaTpHUIbI aij. HaHOMHI/IM, qTo anre6pa1/1qecxne JOIIOJTHCHUA

OTIPE/IETISIIOTCS BEIYEPKUBAHUEM 1-0M CTPOKH U J-Or0 CTOJIOIA;
* COCTaBUTh U3 ANreOpandecKux JOMOIHEHUNA MaTpUlly A ;

*

* COCTaBUTh M3 A TPaHCIOHUPOBAHHYIO MATpHUIly A (IJIs 4ero HeoOXOAMMO
MTOMEHSTH CTPOKH M CTOJIOIBI MECTAMU );

* CcOCTaBUTh 00paTHYIO Matpuiy A~ = A’ / .

*
Ecnmu pasmepnocts marpunbl (X X) nocratouyHo Oombinas (Kak MpaBUIIO

O6onpimie 4), TO ee oOpalleHHE CBS3aHO C ONPEACIEHHBIMU TPYIHOCTIMH,
OOBSACHSIOMMMHUCS OOJIBIIUM O00BEMOM BBIYUCIUTEIBHON paboThl, U 3Ta paboTta
IPOJIETbIBAETCS ¢ MoMolblo OBM; B 3TOM cilydae BO3MOXXHO BO3HUKHOBEHHE
po0JieM, CBA3aHHBIX C BEIYUCIUTEIBHON YCTOWYMBOCTHIO PUMEHSEMOTO aJlTOPUTMA
oOpallleHus1, 4TO MOPOXKAAETCS IIOXOM 00YCIOBIEHHOCTBIO UCXOIHOM MaTpHUIlbl, TO
€CTb ONpPEEIUTENh OJU30K K HYJIIO.

PeanbHast cBsi3p HM3ydaeMbIX (PAKTOPOB, KaK IPABUIO, UMEET 3aBUCHUMOCTb,
CYILLIECTBEHHO OTJIMYHYIO OT JIMHEWHOM (3a4acTylo Takasi 3aBUCHMOCTb MOXET OBITh

npeaCTaBJICHA B BUAC JIMHUM TOJIBKO HAa OYCHb OTPAHNYCHHOM HMHTCPBAJIC U3MCHCHUSA
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(haKTOPHBIX MPHU3HAKOB), a MOATOMY IS TTOCTPOEHUS aJCKBATHBIX KOPPEISIIMOHHBIX
Mojenel TpeOyeTcsl UCIOJIb30BaHUE HEIMHEMHBIX almpOKCUMAIIHA.

Hanbonee yHuBepcaabHONW MOJENBIO, ANMPOKCUMUPYIONIEH  HEJIUHEHHYIO
CBSI3b, SIBISIETCS MHOI'OYJIEH N - O cTeneHu. M3 Teopuu MHTEpHOSIUU U3BECTHO,
YTO MOJMHOMOM MIPOU3BOJIBHOM CTENEHU MOXKHO ONHCaTh MPAKTUYECKU JHOOYIO
3aBUCUMOCTh C JIIO0OM CTENEHbIO TOYHOCTH, HO TaKO€ IMPEJCTaBICHUE CBS3AHO C
OTPOMHBIM O0OBEMOM BBIYUCIUTEILHON paOOThI U BPSJ JIM IPUMEHUMO Ha MPAKTUKE.
OOBIYHO TIpH  OTPENEICHUHM MAaKCUMAIbHO BO3MOKHOM CTENEHU IOJIMHOMA
OPUEHTHUPYIOTCS Ha O0BEM CTaTUCTHYECKOTO MaTepuana, HMEIOMErocs B
pacnopspKeHun ucciienosarens. [Ipu atom ciaenyer umers B BUy, YTO YMCIIO YJICHOB
MOJIMHOMA JIOJDKHO OBITh MEHBINIE 4YHClIa HAONIONCHWA B TPOTUBHOM Cllydae
MPOUCXOANUT TEPEeX0a K (PYHKIIMOHAIBHOW 3aBUCUMOCTU. [[JIsi OpUEHTUPOBOUYHBIX
OLICHOK MOYHO HCIOJIb30BaTh COOTHOILLICHUE

l>8.

n+1

IIpy anmpoxcuManuy IOJIMHOMOM N - OW CTEIEHH YPaBHEHUE PErpecCUu
JOJDKHO OBITh IIPEIBApPUTENBHO JHMHEapu30BaHO. C 3TOM LENbl0 BCE HEJIMHEHHBIE
WICHBI, BXOJAIIME B  yPAaBHEHUE  PEIPECCHM,  3AMCEHSIOTCI  HOBBIMH,
JOTIOJIHUTENbHBIMU  (DAKTOPHBIMU TIPU3HAKAMHU. OTO MPUBOJUT K YBEIMUYEHUIO
Pa3MEpHOCTH 3aJadd, HO JEJAaeT JOCTYIHBIM anmnapar MCCIEIOBAaHUS JIMHEWHBIX
MOJIEJICH.

AJTOpUTM  TMOCTPOEHHMSI ~ MHOTO(AKTOPHOW  KOPPENSLUOHHONM  MOJEIH
3aKJIIOYAETCS B CIEAYIOLIEM:

* 3a0aTh ~ MAaKCUMQJIbHO  BO3MOXHO  BBICOKYIO  CTE€NE€Hb  MOJMHOMA
anmpoKCUMAIIWH, 3alUCaTh YPaBHEHUE PETPECCUU B 00IIIEM BUIE;
* OCYILIECTBUTh JIMHEAPU3ALMIO UCXOJHOTO YPaBHEHUSI PETPECCUU U 3aIUCATh

CUCTEMY pa3pelIalonX JUHEWHBIX alreOpandyeckKuX YpaBHEHUM B MAaTPUYHOU
(opme;
* HalTH KO3 (PUIIMEHTH ypaBHEHUS! PETPECCUU;
* IIPOBEPUTH 3HAYMMOCTh YPaBHEHMS PETPECCUM MO KpuTepuro duuiepa; eciau
YpaBHEHUE PErpeccrur 0Ka3ajoCch HE3HAYUMBIM, TO TpeOyeTcsl yBEJIUYUTh CTENEHb
MHOTOYJIEHA U TIOBTOPUTH BCE BBIYMCIIEHUS CHAYAIIA;
* IPOBEPUTH 3HAUMMOCTb KO3(PPUIIMEHTOB ypaBHEHUS PETPECCUU C TOMOUIBIO t -
kputepusi CTbIOJIEHTa, OTOpachiBasi T€ W3 HUX, KOTOPbIE HE3HAYMMBbI, U BHOBH
MOBTOPSISI TIOCTPOCHUE MOJIEIIH YK€ C MEHBIIIUM KOJMYECTBOM (haKTOPOB.
[ToctpoeHne MHOTO(GaKTOPHBIX MOJIeNed C MCIOJIb30BAHUEM HEIMHEHHBIX
dbopM anmnpokcUMaIuu, KaKk MpaBuio, CBA3aHO ¢ OOJBIIUM 00BEMOM BBIYHMCICHUN U
oCylIecTBIsIeTCs ¢ momolbio DBM. B 3Tol CBA3M 04€HBb Ba)KEH BOIPOC O CHUKEHHUU
00BbEMOB  BBIYMCIUTEIBHOM pabOThl, YTO MOXET OBITh JOCTUTHYTO 3a CYET
NPUMEHEHUSI HETPAAUIIMOHHBIX (opM anmpokcumainuu. OJHUM W3 TaKUX MOJXO0J0B
ABIseTCA MeTox bpaHaoHa, KOTZa ypaBHEHME pETPECCHM 3a0aeTCs B BHJE
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MPOU3BENCHNUS, KaXIbIii COMHOXHUTEIb KOTOPOTO MPEACTaBlIeH (YHKIUEH TOIBKO
OJIHOTO (DAaKTOPHOTO MpHU3HaKa. Takum o0pa3oM, ypaBHEHHE PUHUMAET BU/T

y= CH fi(x;)
i=1

3nech y = f,(X;) MOXKET UMETb JIF00O BUT;
C - IOCTOSIHHAS BEJIMUYMHA, PABHAS CPETHEMY 3HAUCHUIO V.

Anroput™m paboTsl 0 MeTo Ty bpaHq0Ha 3aKITF0UaeTCs B CICAYIOMIEM:
* BBIUUCIISIETCS] CpeHEe 3HAYCHUE y M MPEeoOpa3yroTCs 3HAUYCHUS NI KaKIOTO
HaOro1eHus 1o popmysie (j - MOPSAKOBBIN HOMEP HAOIFOCHNS )

YOj =

< |2

* BbIOMpAeTCsl BHJ 3aBUCUMOCTH Y, OT X, U IO METOJy HauMEHBIINX
KBaJpaTOB ONPEACIAIOTCS apaMmeTpsl Gopmynsl y, = f,(X,);

* BBIUMCIIAIOTCSA 3HaueHus QyHkumu f(X,) ¥ ompenensercss OCTaTOYHBIN
MoKa3aresb Yy, AJIs KaXI0ro HabIoAeHus 1o (GopMyJe

Yo

e f,(x,)

B IIPCIIIOJI0KCHUH, YTO Y, 3aBHUCHT OT X, X; X, M HE 3aBHUCAT OT X,

...........

* OIpeersieTCss KOPPEIHOHHAs popMyIia 3aBHCUMOCTH Y, OT X, ;
* HAXOIUTCSI YCIIOBHBII MOKA3aTellb, HE 3aBUCSIIHUN OT X, M X,
Y.
Y,

T ()

Takue mpeoOpa3oBaHus PE3yJIbTUPYIOLIETO MOKA3aTessl OCYIIECTBISIOTCSA 10
TeX TMOp, MOKa He OyeT ompenesieHa BCs MOCIeI0BATEIHFHOCTh (DYHKITHM, BXO/ISIIINX
B [IPOM3BEICHUE.

JlaHHBIN aNTOPUTM TaeT CYIIECTBEHHOE CHUKEHNUE 00bEMOB BBIUMCICHUN U MX
KaueCTBEHHOE YMPOIICHUE: yKe He TpeOyeTcs pemiarth anreOpanvdecKux CHCTEM
OOJBITION Pa3MEPHOCTH.

KonnuecTBEHHO TECHOTY CBSI3M IIPU MHOXECTBEHHOW KOPPEJSIIIUA MOYKHO
OLIEHUTh C MOMOUIBI0O MHOXECTBEHHOI'O (COBOKYMHOT0) KO3(PUIMEHTa KOppesauuu
R. Jlng pacuera cOBOKyNHOTO KO3 PULIUEHTa KOPPETSIIUU HEOOXOAUMO ONPEIETUTh
napHble K03(GGUIMEHTHI KOPPEISIUH I MEKAY BCEMU (DAKTOPAMHU X ; , BXOIAIIMMU B

MOJIeTIb, W PE3yAbTUPYIOLUIUM I[IOKa3aTeleM y M Bce MapHble KOo3(h(UIIMEHTHI
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Koppensamuu Mexay pakropamu. Bee k03 duiineHTs KOppesIIuy 3auchIBalOTCS B
KBaJIPaTHYI0 CUMMETPUIHYIO MaTPHILY

1 rYX1 ryxz ryxa r)’Xn
ryxl 1 rXlxz rXIX3 X1Xn
Ly,  Tix, 1 Lox, o Tox,
rYX3 I"‘1743 rX2X3 1 o rX3Xn

_ryxn I.Xllxn rXZXn rXBXn o 1 _

MHosxecTBEeHHBIH KO3 (ULIMEHT KOPPEISLUU ONpeaeseTcs no Gopmyie

rae [l - onpenenuTens MaTpUllbl HApHBIX KOAPHUIIMEHTOB KOPPEISALINU;
J1,, - ollpeenuTelb TON XKE MATPULIBL C BBIYEPKHYTHIMU IIEPBOM CTPOKOU U

NEPBBIM  CTOJIOIOM, T.€. OMNpEACIUTENb MATPHUIBl MapHBIX KOA(PPUIIUECHTOB
KOPPEJSIIII MeXAY (haKTOpaMHU.

Jlyist cirydast 3aBUCUMOCTH OT JIBYX (haKTOPOB

2 2
— ryxl t ryxz + 2ryX1 ryxzsxlxz
¥/ XX, 1— I_2

X1X2

Jlnst  ompeneneHus  BAMSHUS — TOJIBKO  OAHOTO  i-Toro  (Qakrtopa Ha

pPE3YNbTUPYIOIIMNA TOKa3aTesllb C HWCKIIOUYEHHEM BIMSHHUS JApyrux (akTopos
UCIOJIb3YETCS YACTHBIN KOA(POULUEHT KOppesuuu

A
¥/ XXX X
s ’\[I[lll[ii

rae /- onpenenuTenb MaTpULbl ¢ BBIUEPKHYTON IEPBOIl CTPOKOM M 1-THIM
cronomom; /I

. - ONPENENHUTENIb MATPULBI C BBIYEPKHYTOH 1-TOH CTPOKOHW W i-ThIM
CTOJIOIIOM.

[Ipy MHOXECTBEHHOW KOPPENSIHHU OT ABYX (HakTOpoB KOA(DPUIIMEHT YacTHON
KOppemsiiuy nepBoro ¢akropa

rYX1 B ryxz I.Xlxz

r /XX =
e A= -1l )
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a K03(pPUIHMEHT YaCTHOI KOPPESALUH AJisi BTOPOTo (pakTopa

ryxz B ryxl I.Xlxz

oo,

I ¥/ X%

YacTHbI KOAPOUIIUEHT KOPPENSAIMHA OTPAKAET « YHCTOE» BIHSIHUC
(hakTOopa Ha Pe3yITUPYIOIIUM MMOKA3aTeNlb U OTIMYAETCs OT KO3 duieHTa mapHou
KOPPEJISILUK T, .

[Ipu snuHEHON (QopMe CBSI3M MHOMXECTBEHHBIN KOIDMUIIMEHT KOPpENSIuu
ABJISIETCSI OLEHKOM TOYHOCTH AaNIpOKCUMAllMd U PABEH KOPPEISILIMOHHOMY
OTHOLIEHUIO T1); MpU HEIUHEHHBIX ¢GOopMax CBA3M [JJIs OLEHKH TOYHOCTH
anmnpokcuManuu (OIEHKH aJeKBAaTHOCTH MOJENIH) MPUMEHSIOTCS KOPPENSIIIMOHHOE
OTHOIIIEHUE 1| M ONIMOKA anmmpoOKCHUMAIlUU €. JTH OIEHKU OMPEACISIIOTCS TaK Ke,
KaK ¥ MMpY MapHOU KOPPEIIALIIH.

Jlnst olleHKHU BAMSIHUSL OTHENbHBIX (DAKTOPOB Ha PE3yJIbTATUBHBIA MPHU3HAK
UCIOJIb3YIOTCS KOA(D(PUIIMEHTHI 31aCTUYHOCTH, TOKA3bIBAIOIINE YPOBEHb N3MEHEHHUS
pEe3yNbTaTUBHOTO TOKAa3aTelsi B Cly4yae M3MEHEHHsI (pakTopHOro mpusHaka Ha 1 %
MPpU HEU3MEHHBIX 3HAYEHUSX Jpyrux ¢akTopoB. KoadduimeHTs 37aCTUYHOCTH
ompeaeIIsitoTes 1Mo popmysie.

5 =X
y OX;

rlie Y - TEOPETHUECKOE YPAaBHEHHE PETPECCHH.

2.2.2. IlpakTuvecKkue 3a1aHUA

1 BapuanT

[TocTpouTh MHOXKECTBEHHYIO KOPPEJSAIMOHHYI0 MOJCIb OIMMCHIBAIOMIYIO
3aBHCHMOCTH:

1 Bapmant cebecroumoctt (Y, %) oT oObemMa paldOT, BBHIIOJHEHHOIO
COOCTBEHHBIMH CHJIaMH (X, ThIC. py0.), M YAEIBHOIrO Beca CyONmOApsIAHBIX padoT (
X, ) B KHWJIUIIHOM CTPOUTEILCTBE;

2 BapmanT cebGectoumoctd (Y , %) or oObema pabOT, BBINOJIHEHHOTO
COOCTBEHHBIMHU CHUJIAMHU (X, , TBIC. py0.) , ¥ YIEJIBHOIO Beca CyONOAPSAHBIX paldoT (
X, ) B IPOMBILUIEHHOM CTPOUTENbCTBE;

3 BapmanT cebecroumoct (Y , %) oT oObema pabOT, BBINOJIHEHHOTO
COOCTBEHHBIMU CHJIaMU ( X,,ThIC.pY0.), U yAEIBHOIO Beca CyonoapsaHbIX padoT (X,
,%0) B )KMJIMIIHOM CTPOMUTENBCTBE;

4 Bapmant cebGectoumoctn (Y , %) or oObema pabOT, BBIMOJHEHHOTO
COOCTBEHHBIMU CHJIaMH (X, ThIC. py0.) , M YJEJIBHOIO Beca CyOnoapsaaHbIX padoT (

X, ) B IPOMBIIIJICHHOM CTPOUTEIIBCTBE;
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5 Bapuant cebectoumoctu (Y , %) or oObema pabOT, BBIMOTHEHHOTO
COOCTBEHHBIMHU cuIaMu (X,, ThIC. py0.) , M Bo3pacTtaHus uuciaeHHocty UTP (x,,
yen. Ha 100 pa0.) B KUIUITHOM CTPOUTENIbCTBE;

6 BapuanT 3aBucuMocTh cebecroumoctu (Y , %) or oOwema paboT,
BBIIMIOJIHEHHOIO COOCTBEHHBIMM cuJIaMH (X, , TbIC. py0.), U BO3pacTaHUs

YUCJIEHHOCTU amnapaTta ynpasiieHus (X,, dena. Ha 100 pa0.) B NpPOMBIIIEHHOM

CTPOUTENBCTBE;
7 BapuanT cebecroumoctt (Y , %) oTr oObema pabOT, BBIMOJIHEHHOTO
COOCTBEHHBIMH cmilaMu (X,, TbIC. py0.), U cpeaHero paspsga pabouux (X,) B

KIJIAITHOM CTPOUTENBCTBE;
8 BapmanT cebGecroumoct (Y , %) or oObema pabOT, BBINOJIHEHHOTO
COOCTBEHHBIMH cHJaMHU (X, , ThIC. py0.) WU cpenHero paspsaga pabouux (x,) B

MIPOMBIITUICHHOM CTPOUTEILCTBE;
9 BapmanT cebecroumoctu (Y , %) or oObeMa pabOT, BBHITOJIHEHHOTO
COOCTBEHHbIMH cmiIaMu (X; , ThIC. py0.) ¥ OT (OHAOOTHAYM MAaUIMH U
00OpYyIOBaHUs, HAXOAAIIMXCA Ha OanaHce CTPOMTENbHOM opraHu3auudu (Xx,) B
KIJIALTHOM CTPOUTENIBCTBE;
10 Bapuant cebectoumoctu (Y , %) oTr oObema pabOT, BBHITTOJIHEHHOTO
COOCTBEHHBIMU CHJIaMH (X, , ThIC. py0.) M (POHIOOTIAUYM MAIIUH U 000pyNOBaHMI,

HaXOJALIMXCs Ha OanaHce CTPOUTENbHOW OpraHu3aluu (X,) B IMPOMBIIIJIEHHOM

CTPOUTEILCTBE;
11 BapuaHT BbIpabOTKH Ha oJHOTO padbouero (Y , ThIC. py0.) oT oObema padboT
BBINIOJIHAEMOrO COOCTBEHHBIMH CHJIAaMH (X, , ThIC. py0.), M YIEIbHOIO Beca

cyOnoapsaaHbIX padoT (X, ) B AKHJIUIIHOM CTPOUTENLCTBE;

12 BapuaHT BBIpaOOTKH Ha oJHOTO padbouero (Y, ThIC. py0.) oT oObema padboT
BBINIOJIHAEMOrO COOCTBEHHBIMM CHJIaMH (X,, ThIC. py0.), U YIEIbHOIO Beca

CyOnoApsAaHbIX padoT (X, ) B IPOMBILIIEHHOM CTPOUTENIbCTBE;

13 BapuaHT BbIpabOTKH Ha ojHOTO padodero (Y, ThIC. py0.) OT YIAEIHLHOIO
Beca CyONOAPSAAHBIX padoT (X,) U CpelHEro paspsana padounx (X,) B KHIUILHOM

CTPOUTEINIbCTBE;
14 BapuaHT BbIpaOOTKH Ha ogHOTrO padoyero (Y, Toic. py0.) oT o6beMa paboT
BBINOJIHAEMOr0 COOCTBEHHBIMH CUJIaMH (X, ThIC. pyO0.), n unciaenHoctu UTP na 100

pabouux (X, ) B IPOMBIIUIEHHOM CTPOUTENIbCTBE;

15 BapuaHT BbIpabOTKH Ha ogHOTrO padoyero (Y, ToiCc. py0.) oT o6beMa paboT
BBITTOJTHAEMOT0 COOCTBEHHBIMH CHIJIaMHU ( X, TBIC. PYO0.), 1 BO3pACTaHUs YHCICHHOCTH

WTP (uen. Ha 100pal. X, ) B KUIUILHOM CTPOUTEILCTBE;

CraTucTiueckue JaHHbIE MpUBEACHbI B Tabu. 2. Mcmonb3oBaTh JUMHEHHYIO
AIIpOKCUMALMIO U MeToa bpannona. Pe3ynbrarsl CpaBHUTD.
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Ta0Omuma 2

1B xl 1900 2300 2700 2900 3000 3250 3400 3600 4100 | 4300
X2 0,7 0,6 0,52 0,4 0,41 0,3 0,28 0,25 0,2 0,23
Y 1,33 1,15 L1 1,03 1 1,06 0,97 0,99 1 1
2B x1 1600 2100 2200 2400 2500 2700 2800 3200 3400 3600
X2 0,35 0,4 0,45 0,8 0,7 0,67 0,72 0,75 0,7 0,65
Y 0,98 0,96 0,94 1 0,94 0,93 0,96 0,98 0,95 0,94
3B xl 2750 2600 2800 2250 2250 3300 2850 2200 2100 1800
X2 0,15 0,25 0,33 0,39 0,47 0,49 0,57 0,6 0,62 0,7
Y 1,05 1,1 1,02 1,12 1,19 1 1,05 1,2 1,24 1,3
48 x1 3400 3800 3200 2700 3500 3300 3000 1800 1600 | 2000
X2 0,4 0,49 0,51 0,55 0,58 0,6 0,64 0,66 0,73 0,77
Y 0,92 0,94 0,9 0,95 0,92 0,9 0,89 0,97 1,03 0,98
5B xl 3000 2500 3500 3250 2300 2700 3100 2600 3000 | 2400
x2 9 10 11 12 12,6 13 16,6 14 15 16
Y 1,04 1,12 1 1,02 1,16 1,08 1,04 1,08 1,05 1,12
6B x1 1600 1800 2200 2400 2500 2700 3000 3200 3400 3600
X2 5 5,8 6,5 7 8 9 10 12 13 14
Y 1,1 1 0,98 0,98 0,96 0,94 0,93 0,92 0,94 0,95
7B xl 2700 2800 2900 2900 3000 2900 2300 2800 2900 | 2800
x2 2,25 2,5 2,75 2,85 2,95 3 3,1 3,2 3,3 3,4
Y 1,11 1,09 1,07 1,06 1,03 1,07 1,01 1,05 1,07 1,05
;] x1 1900 2400 3300 3400 3200 3500 3800 2600 3800 | 2600
x2 2,5 2,6 2,7 2,8 2,9 3 3,1 3,2 3,3 3,5
Y 1 0,96 0,92 0,92 0,92 0,93 0,94 0,95 0,94 0,95
98 xl 1800 2300 2750 4000 3300 3500 3600 3300 3200 3100
X2 10 20 30 40 50 60 70 80 90 100
Y 1,32 1,16 1,08 0,96 0,98 0,98 0,99 1 1,01 1,02
108 x1 1400 1800 3400 3400 3200 3500 3300 3100 3400 | 2600
X2 10 20 30 40 50 60 70 80 90 100
Y 1,1 1 0,9 0,91 0,92 0,9 0,92 0,93 0,90 0,95
118 xl 2000 2250 2500 2750 3000 3250 3500 4000 4250 | 4500
X2 0,8 0,65 0,68 0,62 0,48 0,25 0,15 0,1 0,17 0,45
Y 5500 6300 6000 7000 8000 8500 8750 9000 8750 8000
128 x1 1600 1800 2100 2200 2400 2500 2600 2800 3000 3200
X2 0,78 0,55 0,7 0,6 0,6 0,35 0,5 0,55 0,6 0,58
Y 7000 8000 7500 8300 9000 7800 8000 8500 8800 8600
138 xl 0,15 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65
x2 2,9 3 3,1 3,2 3,4 3,5 3 3,1 2,5 3,8
Y 8300 8400 8400 8500 7700 7600 8400 8200 6800 6000
148 x1 1600 1800 2100 2200 2400 2500 2600 2800 3000 3200
x2 8 8,5 8,9 9 11,5 12 12,5 7,5 7 15
Y 7700 7800 7800 8000 7800 7700 7500 7700 7500 7000
158 x1 2100 2300 2500 2750 3000 3250 3500 3750 4000 | 4250
x2 9,5 10 10,2 11 13 14 14,3 14,5 14,2 14
Y 5500 6000 6500 7000 7700 8300 8800 9000 8900 8700

2.3. Casa3p Mexay aTpUOYTUBHBIMHY NMPU3HAKAMM 3HAKAMHU. MoaeIupoOBaHue
BpPEeMEHHBIX PA/I0B

Hcnonp30BaHuE PErpecCHOHHOTO M KOPPEJSIIIUOHHOTO aHaiu3a Tpedyer,
yTOOBl BCE TMpPU3HAKKW OBUIM KOJMYECTBEHHO u3MepeHHbIMU. Metoasl KPA.
OCHOBaHHbIE Ha MCIOJb30BAHUM KOJUYECTBEHHBIX MapaMeTPOB paCIpeAeICHUs
(cpenHue BEIMYUHBI, AUCTIEPCHS ), HA3bIBAIOT MMAPAMETPUUECKUMU METOJaMH.

24




Bwmecre ¢ Tem, 0coO€HHO TpY MPOBEIECHUHU COIMOJIOTMUECKUX HCCIEI0BaHUH,
BO3HUKAET TMOTPEOHOCTh OLIGHKM TECHOTHI CBSI3M MEXAY KaueCTBEHHBIMU
(aTpuOyTUBHBIMHU) TIpuU3HaKaMmH. [IpoOGieMy OIIEHKH TECHOTBI CBSI3HM MEXIY
aTpuOyTUBHBIMU TNpPU3HAKAMU peIIAloT Henmapamerpuyeckue Metonbl. Cdepa ux
UCIIOJIb30BAHUSl 3HAYUTENBHO IIHMPE B CPAaBHUBAHUM C MapaMeTPUUYECKUMHU
METOJIaMH, TIOTOMY 4YTO HE€ TpeOyeTcsl UCIOJb30BaHUS YCJIOBHUS HOPMAJIBHOIO pac-
npeleseHusl pe3ylbTaTUBHOW TEPEMEHHOM, HE CTaBUTCS 3aJada MpeJCTaBICHUS
3aBHCHUMOCTHU MEXIY aTpUOyTUBHBIMU MPU3HAKAMU COOTBETCTBYIOLIUM YPaBHEHUEM.
3n1ech peub UAET TOJBKO O HAJTHMYMU YCTAHOBJICHUU CBS3H U U3MEPEHUS €r0 TECHOTHI.

B3aumocBsa3p  Mexay —aTpuOYTUBHBIMU — NPU3HAKAMU  AHAJU3UPYIOTCS
MOCPEACTBOM  TaOJMI]  B3aMMHOM  COIPSIKEHHOCTH. OHM  ONMCBHIBAIOT
KOMOMHALIMOHHBIE PACIPEEICHUs COBOKYIHOCTU MO (PaKTOPHOMY MPHU3HAKY X H
pe3ynpTaTuBHOMY y. Hampumep, pe3ynbTaThl COLMONIOTMYECKOTO OMPOCa HACEIECHUS
OTHOCUTEJIbHO HAaMEpEHUN TPUHATH y4YyacTUE€ Ha pPbIHKE IEHHBIX OyMmar:
pacrnpenesieHde PECIOHJCHTOB Ompoca IO BO3pacTy paccMaTpUBaeTCsl Kak
(GakTOpHBIN MpU3HAK X, a HUX paclpeiesieHue IO CKJIOHHOCTH K PHUCKY Kak
pEe3yNbTaTUBHBIA TpHU3HAK y. TaOnuIbl B3aMMHON COMPSIKEHHOCTH MOTYT HMETh
paznuyHylo pa3MmepHocTh. [Ipocteifiias pazmepHocTh — 2X2 (TabiMIa «YETHIPEX
noJiel»), KOrja Mo albTEePHATUBHOMY MPU3HAKY («Ia» — «HET», «XOpOIIo» —
«IJIOXO» U T.[I.) BBIAECISIOTCA 2 TPYIIIBIL.

[Tpy HamUYMKM CTOXACTHUECKOW CBSI3U OLIEHKA €ro TeCHOTHI 0Oa3zupyercs Ha
OTKJIOHEHHSIX (PAKTHUECKMX 4YacTOT f;0T Fj; ,IpONOPLHOHANBHBIX HTOTOBBIM
4acToTaMm:

n
, TIIE f;,- CyMMapHbI€ YaCTOTHI 110 MPU3HAKY X, fy; - CYMMapHbIE€ YaCTOTHI 110 IPH3HAKY
V; n - 00beM COBOKYITHOCTH. O4EeBUIHO, YTO

, T1€ m,, m, — COOTBETCTBEHHO KOJIMYECTBO I'PYIII MO MPU3HAKAM X H Y.
AOCONIIOTHYIO ~ BEJIMYMHY  OTKJIOHEHHMH  (aKkTUYeCKuX  4actoT  f,  OT

2
MPONOPLUHOHANBHBIX F,( f. —F, ) XapakTepu3ylT CTAaTHCTUYECKUM KPUTEPUEM

(xu-kBazpar).

3

Ve mZmZ( 5, L .
i=2 j=1 E/ ll:leof()]

M3-3a OTCYTCTBHMS CTOXaCTHYECKOM CBs3d y’=0. J[insg BBIBOJA O TECHOTE
CBSI3M TEOPETUYECKOE 3HAYEHHUE y  CPABHMBAETCS C TAOIMYHBIM y’ .6, ITOCTE MHUI
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BBIOMPAETCS] M3 CIPABOYHBIX MATEMATUUECKUX TAOIMI] KPUTEPHS «XH»-KBaJIpaT B
3aBUCUMOCTH OT MpHUHATOrO ypoBHs 3HauuMoctd  a (0,01 mmm 0,05), u creneneit

— 2 2 A
cBoOOABI K = (T4 - 1)(1y-1). IIpu * > y; ;. A€TAIOT BBIBOJ, O HAJIMYUM TECHOH CBA3H

MEXIy TPU3HAKAMU X Y.

OpHako BBIBOJBI O 3aBUCUMOCTH, CIAEIAHHBIC «HA TjIa3», 4acTO MOTYT OBITh
HEHAJCKHBIMA  (OIMMMOOYHBIMK), TOITOMY OHH  JIOJDKHBI  TOJKPETUIATHCS
OTIPE/IeICHHBIMH CTATHCTHYCCKUMH KPUTEPHSIMH, Harpumep kputepreM ITupcona y .
OH MO3BOJNSET CYAWTH O CIYYallHOCTH (MJIM HECTy4yalHOCTH) pachpeleicHHs B
TaOJIMIIaX B3aMMHOW COMPSDKEHHOCTH, a, CJIEOBATENbHO, U 00 OTCYTCTBHH WJIH
HOIAYUM 3aBUCHUMOCTH MEXIy MpHU3HAKaMU TPYIIUPOBKH B Tabiuie. UToOwI
BOCIIONIb30BATHCS KPUTEpHeM IlmpcoHay’, B TaOIMIe B3aMMHOH COMpPSDKEHHOCTH
HapsAIy C OMIUPUYECKUMH YacTO TaM 3alMCBIBAIOT TEOPETUYECKUE YACTOTHI,
PacCYUTHIBAEMbBIC UCXOIS M3 TPEIITOIOKEHHUS, UTO paclpeiesieHne BHYTPU TaOJINIIbI
CIy4yailHO ¥, CIIEOBATEIbHO, 3aBUCUMOCTHBMEKIY MPU3HAKAMUTPYIIITHPOBKH
OTCYTCTBYeT. TO €CTh CUHMTAETCs, 4TO pacHpe/eIeHue YacTOT B KaKIOW CTPOKE
(cTonbre) TabaUIlbl TPOMIOPIIMOHATIEHO PACTIPEICTICHUIO YacTOT B UTOTOBOM CTPOKE
(ctonbue). IloaTomy TeopeTWdeckwe YacTOThI IO  CTpOKaM  (CTojOImam)
PACCUYUTHIBAIOT MPOMOPIIMOHAIBHO PACIIPEACIICHUIO €IUHUI] B WTOTOBOM CTPOKE
(cToibre).

OTHOCHUTENIBHOW  MEPOW  TECHOTHI  CTOXAaCTUYECKOHW  CBSI3H  MEXIY
pU3HAKaMU CIYXKaT TaKKe:
KO3 PHUITMEHT B3aMMHOM coTpsKeHHOCTH YynpoBa

2

C= 4

n\/(m - 1)(my - 1)

Ho, cnemyer oTMeTuTh, 4TO paccuuThiBaTh Kodhdumment YynpoBa s
TaOJIUIBI «YEeTHIPEX TOJICH» HE PEKOMEHIYeTCs, TaK KaKk IpH YHUCIe CTereHeH
cB0o00OabI V=(2-1)(2-1)=1 on Oymer Oombiie kodddumuenta Ilupcona (B Hamem
npumepe C=0,54). s Tabmu xe Gonblueii pasmepHocTH Beerna C<y’.

Koaddumment B3aMMHOM CONMPSI>KEHHOCTH Kpamepa(npu Tx# M)
XapaKTEepPU3yeTMEPY CBSI3U JBYX HOMHHAJIBHBIX TEPEMEHHBIX Ha OCHOBE KPUTEPHSI
xu-kBajgpar . llpuMensercs K TabmuIaM COMPSHKEHHOCTH — MPOW3BOJIBHOM
pa3MepHOCTH
2
X

ny(m,, ~1)

1€ My;;— MUHUMAJIBHOE YUCIIO TPYIII (7, WIIH M,).
3nauenne koddurmenta konedaercss oT 0 70 1 1 TeCHOTA CBSI3U TEM CHIIbHEE, YeM
6onee 6mmmsko C k 1.

26



JlocTaToyHO 4YacTO B MPAKTHKE CTAaTUCTUYECKUX  HCCIICIOBAaHUU
AHAIMBUPYIOTCS  CBSI3U  MEXJY  aJIbTEPHATUBHBIMH  TMPU3HAKAMH, KOTOPBIC
NPEICTABICHb TPyNHaMd C  [POTUBOMNOJOKHBIMH  (B3aUMOMCKITFOYAFOIIHMH )
XapaKTepUCTUKaMU. TECHOTY CBSI3U B ATOM CIIy4ae MOKHO OIICHMBATh MOCPEIACTBOM
koa(pdunmenta accounarnuu . FOma u kospdunuenta konrunrenimu K. ITupcona.

Jliis pacueTta yka3aHHBIX KOA((UIIMEHTOB NU3MEPEHHSI TECHOTHI CBSI3U MEXITY
aIbTePHATUBHBIMH MPU3HAKAMHU UCTIONB3YeTCs TaOJIMIa B3AUMHON COIMPSYKEHHOCTH B
BHJI€ KOPPEISAIUOHHONW TaOJNHIIBI, KOTOpPass HOCUT Ha3BAHUE «UYETHIPEXKICTOUHOU
TaOJTUIIBD».

TaoOmuna 3
a b atb
c d c+d
a-+c b+d atb +c +d

[Ipuncnonb3oBanun Tabjd. C dacToramua, b, c¢, dxodbduiuesT accoyuayuu
(K,)Bbrumcnsiercs mno popmysie:
K, - ad —bc
ad + bc
[Ipu K,> 0,3 Mexay Hu3y4yaeMbIMU Kaue€CTBEHHBIMM NPHU3HAKAMH CYILECTBYET
KOPPEJSALIMOHHAS CBS3b.

B cnywasx, xorma oAauH U3 mMoKazareiedl YeThIPEXKIETOYHOW TaOIuIbl
OTCYTCTBYET, BeM4YrHA KO3(PuImeHTa acconuanu Oy1eT PaBHATHCS €AUHUIIE, YTO
JaeT 3aBBIINICHHYIO OIICHKY TECHOTHI CBS3M MEXKIy MpU3HakamMu. B sTom ciydae
HEOOXOAMMO pacCUUTHIBaTh KO3 duimeHT konTuHreHmu (Ky):

K - ad —bc
C Jla+b)(b+d)(a+c)(c+d)

KoadduimenT KOHTUHTeHIIMM HaXOQUTCs B Auamna3one ot -1 k +1. Yem Oonee
om3ko Kk (+1) mmu (-1), TeM TecHee CBsI3b MEXAy HM3ydaeMbIMU IMPU3HAKAMHU.
KoadpurmeHT KOHTMHTEHIIMHY BCeT1a MeHbIIe KO PUIIMeHTa acColraIuu.

Jlnst  ompenencHUs CBSI3M, KaK MEXIy KOJIMYECTBCHHBIMH, TaK W Ka-
YCCTBCHHBIMH TIpU3HAKaMW TIPU YCJIOBHM, 4YTO 3HAYCHHUS OJTHX IPU3HAKOB
YIIOPS0YCHBI TI0 CTENICHN YMEHBIIICHHS WIN YBEIUYCHUS (PAaH)KUPOBAHHBIEC), MOXKET
OBITh HMCIOJNB30BaH KO3 PuImeHT Koppensuuu paHroB Crnmpmena.Panramu
HA3bIBAIOT YKCJIA HATYypPaJIbHOTO ps/ia, KOTOPBIC MPEJACTABISAIOTCS B Oaliax Io
OTIPEICIICHHBIM KPUTEPHUSM 3JIEMEHTOB COBOKYMHOCTH. [Ipu 3TOM paHxupoBaHue
MPOBOJIUTCS TO KXKIOMY MPHU3HAKY OTACIBHO: MEPBBIA PaHT MPEIOCTaABISAETCS
HAaWMCHBIIIEMY 3HAYEHHUIO TPHU3HAKA, TMOCIACAHWN - HamOosbiemy. KomamdecTBo
pPaHTOB paBHSETCS O0BEMY COBOKYMHOCTH. [IpemMyIiecTBOM 3TOTO mMmoaxonaa
SABJISETCA TO, YTO MPU OTCYTCTBHHM TpeOOBaHUS HOPMAIBHOTO pacHpeeIeHUS
PAHTOBBIE OIIEHKM TECHOTHI CBS3M  I11€J1€CO00pa3HO  WCIOIB30BaTh  JUIS
COBOKYMHOCTH HEOOJIBIIIOr0 00bheMa.
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[Tokazarenb paHroOBOM KOppeNsuUU - KOIPOUIUEHT KOPPENSALUU DPAHTOB
CnupMeHna — paccuuTbiBaeTcs o popmyre:

63 d
p=l-—1—
n(n*-1)
, Toe d. — Ppa3HOCTh MEXAY paHraMM MO OJHOMY M JAPYrOMY HpPH3HAKY

(d, =R, —R,);n - KonuuecTBo enunuil B psay. Eciu d; = 0 p=1 —cymectByer

A

TecHasi mpsiMas CBsI3b. Eciau mnepBoMy paHTy @O pPa3MEpPyoJHOTO NpU3HAKa
COOTBETCTBYET IMOCJIEAHUN paHT MO pa3Mepy BTOPOro MpHU3HAKA, BTOPOMY PaHry -
MPEANOCIEAHUN PaHr BTOPOTO MpPU3HAKA U T. M., TO P =—1U CyIIECTBYET TE€CHas
oOpatHas cBsi3b. Ecim 3HaueHUEp OIM3KO K HYJIO, TO CBS3h ciiabast wim ee BooOIe
HeT.JlJIs TpenBapuUTEIbHOM OLIGHKHM TECHOTHI CBSI3M MEXIYy aTpUOYTUBHBIMU
NpU3HAKaMU UCIOJIB3YIOTCS TaKKE TAaKUE XapaKTEPUCTHUKHU, Kak KOd()PUIUEHTHI
®exnepa u Kengona.

Kosdpdurment dexnepa OTHOCUTCIK MPOCTEUIIUM IMOKA3aTENIM CTETIEHH TECHOTHI
CBA3UM M MHOTJA Ha3bIBAIOTKOA(POUIMEHTOM KOPPEISIUU 3HAKOB, KOTOPBIM ObLI
npeaioxkeH Hemel yueHbIM T. @exnepom (1801 —1887). DToT nmokazaTenb OCHOBaH
Ha OILICHKE CTEMEHU COTJIACOBAHHOCTH HAIMPABJICHUN OTKJIOHEHWI WHIUBUIYATbHBIX
3Ha4YeHU (HAKTOPHOTO U PE3YJIbTATUBHOTO TMPU3HAKOB OT COOTBETCTBYIOIIUX
cpeanux. [ns ero pacdera BBIYUCISIIOT CPEIHHE 3HAYEHUS] PE3YJbTAaTUBHOTO M
(aKTOPHOTO TPU3HAKOB, a 3aT€M NPOCTABISIOT 3HAKKM OTKIOHCHWM I BCEX
3HAYEHUN B3aMMOCBSI3aHHBIX AP MPU3HAKOB.

O06o3HaYnM Yepe3 7,9UCJI0 COBMAJCHUA 3HAKOB OTKJIOHEHWW WHIAWBUIYaTbHBIX
BEJINYMH OT CpelHeEN, Uepesn,— 4nciio HECOBNAAEHUM TaKOB OTKJIIOHEHHU. Dopmyna
korpdunrenta GexHepa 3anuchIBaETCS TaK:

Ky = (n,— ny)/(n, +ny).

Koadppunuent dexHepa MoKeT MPUHUMATh pa3IMYHble 3HAUEHHUS B Ipeaenax oT —1
no +1. Ecin 3Haku Bcex OTKJIOHEHWH coBOaayT, TO n, = 0 n Torna Ko3gQpuiueHt
Oyzaet paBeH 1, 4TO CBUAETENBCTBYET O BO3MOXKHOM HaJM4uU MpsiMoi cBsizu. Ecnu
’Ke 3HaKU BCeX OTKJIOHEHUM OyayT pasHbiMH, Torna 7n,=0 u kospduuuent dexuepa
Oyzaet paBeH —1, 3TO 1aeT OCHOBaHHUE MPEANOI0KUTH HATMYHE 0OpAaTHON CBA3H.

Kak BuaHO U3 mpuBeneHHoOM Gpopmysl 1yt pacuera koaddunuenta dexnepa,
BEJIMYMHA 3TOTO IMOKAa3aTelsi HE 3aBHCUT OT BEJIMYMHBI OTKJIOHEHUH (PaKTOPHOTO U
PEe3yJAbTaTUBHOIO NPU3HAKOB OT COOTBETCTBYIOLIEH CpeIHEW BeJWYMHBbL. llodTOMy
HEJb351 TOBOPUTH O CTETIEHU TECThI KOPPENSLMOHHON CBSI3U, a TeM Oosiee 00 OLIEHKE
€€ CYLIECTBEHHOCTM Ha OCHOBAaHUHU TOJIbKO Kod(p¢duuuenta Pexnepa. Ilpu maaom
o6beMe ucxoaHon uHpopmaiu kodpduireHtT dexHepa MPaKTUYECKU PEIIaeT Ty Ke
3ajaqy, KOTopas CTaBUTCS MPH MOCTPOCHUHU TPYIIOBBIX KOPPEISIIMOHHBIX TaOIuII,
T.€. OTBEYaeT Ha BOMPOC O HAJTMYMUU M HANIPABICHUU KOPPEISIIMOHHON CBSI3U MEXKITY
npu3HakaMu. B ToM ciydae, ecnu MOCTpOeHa KOPPEISIMOHHAS WU KE TPYHIoBast
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Tabiuua, JONOJHUTENbHBIM pacuer kodpduuuenta DexHepa He UMeEET
NPaKTHYECKON IIEHHOCTH.

M. Kenmpn npemioxui emie OaHy Mepy CBS3H MEXIy MEePEMEHHBIMA X U ) —
kod(ppunneHT koppensauuu panro Kenmamna(r):

28

n(n —1)

T =

b

rae S=P+Q.

JI71st BEIYKMCIICHUS T HAAO0 YHOPSIOYHTH PSII PAHTOB TIEPEMEHHOU X, MPUBEIS
€ro K psily HaTypaJbHBIX YHCEI. 3aTEM pacCMaTPUBAIOT MOCIEI0BATEIbHOCTh PAHTOB
IIEPEMEHHOMU ) .

JInst Hax0XKIeHUsl CyMMBbI SHaxXo 4T JiBa ciaraemeix P u Q. Ilpu onpenenenuun

ciaraeMoro P HY>KHO YCTaHOBHTb, CKOJIBKO YMCEN, HAXOSIIUXCS CIIpaBa OT Ka)Ja0ro
U3 3JIEMEHTOB TOCJIEOBATEILHOCTHA PAHTOB MEPEMEHHON J, UMEIOT BEJIMUMHY PaHra,
MPEBBIIIAIOIILYIO0 PAHT PACCMATPUBAEMOI0 JIEMEHTA.
[TockonbKy K03 hUIMEHTHI KOPPENISIIMU PAHTOB MOTYT U3MEHATHCS MpeAesiax OT —
1 mo +1 (kak u JTUHEHHBIN KOIPOUIIMEHT KOPPENSIUK), 10 pe3ysbTaTaM PacdyeToB
korddunrenta CrnupMdHAa MOXKHO MPEANONIOKUTh HAJIUYHME JIOCTATOYHO TECHOM
OpsIMOM  3aBUCMMOCTH MEXKJY OLIGHKaMH OHKCIEPTOB HA CTaJWU MPEABBIOOPHOI
KaMITaHUU U pe3yibTaTaMu BbIOOPOB. OHAKO HENb3sl HE YU4eCTh TO 00CTOSTENbCTBO,
YTO PAHrOBBIK KOA(PGUIMEHT ObUT pacCuyuTaH MO HEOONbIIOMY OOBEMYHUCXOIHOM
uHpopmanuu (n = 10). He sBasieTcs a1 OTAUYKME PaHTOBOTO KO3(PPHUIIMEHTA OT HYJIA
JUIIb PE3ylbTaTOM CIIyYalHBIX COBIAJICHUI OLIEHOK 3KCIEPTOB C pe3yJbTaTaMH
BBIOOPOB MO JaHHBIM MAaJOro 4YHCiIa OTOOpaHHBIX JEMyTaTOB, MOXHO JIH
pacnpoCTpaHUTh MOJyY€HHbIE BHIBO/IbI HA TEHEPATLHYIO COBOKYITHOCTb?

st coBokymHOCTelN HeOobIoro oorema (n< 30) pacrpeeneHne paHroBOTro

Koa(duLIieHTa KOPPEISIUU HE SIBISIETCS HOPMAJIbHBIM, TTO3TOMY HEIEIeCO00pa3HO
UCIOJIb30BaTh 3HAYEHUsI! MO HOpMUpoBaHHOW GyHkuuu Jlammaca s mpoBepKH
TUIOTE3bl O BEJIIMYMHE PAHroBOro koddduuueHta koppeisuuu. B crnpaBouyHoOi
JUTEpaType MPUBOAUTCA TaONMIa TpeNeNbHbIX 3HA4YeHU Kod()PUIMEeHTOB
Koppensiiud paHroB CrnupmdHa TpH YCIOBUM BEPHOCTH HYJIEBOM THUIOTE3bl 00
OTCYTCTBHHM KOPPEISILIMOHHOW CBSA3M TMpPU 3aJaHHOM YPOBHE 3HAUYUMOCTH U
OTpeieIEHHOM 00beMe BRIOOPOUHBIX JaHHBIX.
MoryT BCTpETUTHCS Clydau, KOTJa HEBO3MOXXKHO YCTaHOBUTH PAHTOBBIE Pa3IUUMs
HECKOJIbKMX CMEXHBIX 3HAUCHHA. B 3THX cilydasx mpuHITO OpaTh CpeIHUN paHT
(maxe ecnu oH OyeT APOOHBIM YKCIOM) U MOJTYYSHHBIA CPETHUI paHT MPUITUCHIBATD
KOKIOMY W3 TaKUX 3HAYCHUH, T.€. MEPEXOAUTh K MaTpule nepedopMUPOBAHHBIX
panroB. Hampumep, 1Bym gakropam OAUH U3 SKCIEPTOB MPUIHUCHIBAET OJAMHAKOBBIMI
panr 3. Torga xaxaoMmy u3 (aKTOpPOB MPUCBAMBAETCS paHr 3,5, Tak Kak OHU
NOJIENUIN MEXAY co00il TpeTbe U ueTBeproe Mecta (3 + 4)/2, a dhakTopy, UMEBIIEMY
paHr 4, npucBauBaeTCs paHr S5 U T.1I.
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Ecnu onpenensieTcst TeCHOTa CBSI3U MEXKIY k-M U /-MIpHU3HAKaMU, B psiaX 3HAYCHUI
KOTOPBIX UMEETCS] COOTBETCTBEHHO gU ErpyIi O00bEIMHEHHBIX PAHTOB, TO QopMyIia
koadduieHTa Koppessiiuu panroB CiupMsHa IPUMET BU:

3
n—n n
~(1,-T)-2d;
_ 6 i=1
- n—n n—n
=2T |x -2T
6 6
3 3
d tk. _tk. tl. _tl. .o
rne’, :Z;T’T = ZT;tkimﬁonpezLem}OT KOJINYECTBO €AWHHUI] B I- Tpymnme
i= i=1

00BEIMHEHHBIX PAHTOB COOTBETCTBYIOIIEIO NMpu3HaKa.CKoppeKTUpoBaHHas GopMmyiia
1utst BeruucieHus: korpdunmrenta Koppensiiuu panros Kenasna Oynetr UMeTh BU:

Mooenuposanue epemenHbIX pAO0E

OKOHOMETPUYECKYIO MOJIENb MOXHO IOCTPOUTb, HCIIOJIb3Yysl JBa THUIA
UCXOAHBIX JAHHBIX: 1) JaHHbBIE, XapAaKTEPU3YIOIIME COBOKYIHOCTb pPa3IMYHbIX
OOBEKTOB B  ONpPEACICHHBII MOMEHT (Mepuoja) BpeMeHH; 2) JaHHEIE,
XapaKTEPU3YIOIINE OJAUH OOBEKT 3a Psij MOCIEI0BAaTEIbHBIX MOMEHTOB (TIEPHOJOB)
BPEMEHU.

Mopenn, TOCTpOEHHBIE IO JAHHBIM [IEPBOrO  THUIA, HA3bIBAIOTCS
IIPOCTPAHCTBEHHBIMU MOJAEIIIMH. MoieNi, MOCTPOEHHBIE IO TaHHBIM BTOPOT'O THUIIA,
Ha3bIBAKOTCS MOJIEIIIMA BPEMEHHBIX PSJIOB.

BpeMeHHO# psif - 3TO COBOKYMHOCTh 3HAYEHUW KaKOTO-IMOO0 IMOKa3aTens 3a
HECKOJIbKO TOCJIEeI0BATEIbHBIX MOMEHTOB (MEpUOJ0B) BpeMeHH. Kaxablii ypoBEHb
BPEMEHHOTO psiaa (GOpMHUpYETCs MOJA BO3ACHCTBHEM OOJBIIOrO yuciaa (akTopos,
KOTOpbIE YCJIOBHO MOXHO TOJpa3leiuTh Ha Tpu Trpynnsl: 1) dakTopsl,
dopmupylonme TEHACHUMIO psiaa; 2) ¢akTtopsl, (HOPMHUPYIOUIUME UKINYECKHUE
KoJieOaHus psina; 3) ciaydaitHblie (hakTOpHI.

[Ipu pa3nuyuHbBIX COYETAHUSIX 3TUX (PAKTOPOB 3aBUCHUMOCTb YPOBHEW psna oT
BPEMEHU MOXKET MPUHUMATH pa3Hble (popmbl. Bo-niepBbIX, OOJBIIMHCTBO BPEMEHHBIX
PANOB SKOHOMMYECKMX I[IOKa3aTeJe MMEIT TEHACHIMIO, XapaKTEPHU3YIOIIYIO
COBOKYITHOE JIOJITOBPEMEHHOE BO3JCHCTBHE MHOXECTBa (PAKTOPOB Ha JAUHAMHKY
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u3ydaeMoro nokasareis. [1o Bcelr BUIUMOCTH, 3TH (HAaKTOPBI, B3AThIE B OT/IEIHHOCTH,
MOTYT OKa3blBaTh Pa3HOHAINPABIEHHOE BO3JICMCTBUE HA MCCIEAYEMbIM MOKAa3aTeNlb.
OnHako B COBOKYIHOCTH OHHM (DOPMHUPYIOT €r0 BO3PACTAIOLIYI0 MM YOBIBAOIILYIO
TEHJEHIMIO. Bo-BTOpBIX, H3y4yaeMblil TOKa3aTellb MOXET ObIThb MOJBEPKEH
LIUKJIAYECKUM KOJEOaHUsIM. DTH KoJeOaHUsi MOTYT HOCHTb CE30HHBIM XapakTep,
ITOCKOJIBKY SKOHOMMYECKasA AEATEIbHOCTD Psila OTPACIEN 3aBUCUT OT BPEMEHHU TOJIa.
[Ipyn Hanuuuu OOJIBIIMX MACCUBOB JaHHBIX 32 JJIMTENbHBIE MPOMEXKYTKH BPEMEHU
MOXHO BBISIBUTh IUKJIMYECKHE KOJICOaHUs, CBSI3aHHbIE C OOIIEH JTWHAMHUKOU
KOHBIOHKTYpPHI PBIHKA, a Takxke ¢ (a3oil OusHec-1ukia, ¢ (as3oil, B KOTOPOM
HaXOAMUTCSA DSKOHOMHMKA CTpaHbl. HekoTopsle BpeMEHHBIE psAbl HE COIEpXkKaT
TEHJACHUUH W UUKIMYECKYI0 KOMIIOHEHTY, a KaXXIbld CIEAYIOIINMA KX YpPOBEHb
oOpa3yeTcs Kak CyMMa CpPEIHEro ypOBHS psiia U HEKOTOPOM (MOJOKHUTEIbHON WU
OTpUIIATENBHON) CIIy4YallHOM KOMIIOHEHTHI.

O4eBHUIHO, YTO pEAIbHBIE TAHHBIE HE COOTBETCTBYIOT MOJIHOCTBIO HU OJHOMN
13 ONKCAHHBIX BbIIIE MoAenel. Yame BCero OHM COAepkKaT BCE TPU KOMIIOHEHTBI.
Kaxnaplii ux ypoBeHb GoOpMUPYETCS MO BO3ACHCTBHEM TEHACHIIUMU, CE30HHBIX
KOJIeOaHUil M Clly4ailHOM KOMIOHEHTHl. B OOJbIIMHCTBE ciydaeB (PaKTUYECKHIA
YPOBEHb BPEMEHHOIO psAZla MOXHO MNPEACTABUTh KaK CyYMMY WIHM IPOU3BEIAECHUE
TPEHIOBOM, IUKINYECKOU U CIy4ailHOM KOMIOHEHT. Moz€enb, B KOTOPOW BPEMEHHOU
PSAI MPEACTABIICH KaK CyMMa IEPEYMCICHHBIX KOMIIOHEHT, Ha3bIBAE€TCS aAJAUTUBHON
MOJIEJIBI0 BPEMEHHOTO psifa. Mojienb, B KOTOPOM BPEMEHHOM Pl NMPEACTABIICH Kak
[IPOM3BEICHUE MEPEYUCICHHBIX KOMIIOHEHT, HA3bIBAETCA MYJIbTUINIMKATUBHOU
MOJEJIBI0 BpEMEHHOr0 psna. OCHOBHas 3ajjadya 3KOHOMETPUYECKOTO MCCIIEIOBAHMUS
OTZAEJIIBHOIO BPEMEHHOIO psila - BBIABICHHE U IPUJAHUE KOJIMYECTBEHHOIO
BBIDOKEHUSI KaXIOW U3 TMEPEUYHCICHHBIX BBIIIE KOMIIOHEHT, C TEM YTOOBI
UCIOJIb30BaTh TMOJYUYEHHYI0O HWH(OpManuio sl MNPOTHO3UPOBAHUS  OyAyIINX
3HaYEHU psAga WIM TPU TOCTPOCHUU MOJENEH B3aMMOCBS3HM JBYX HIM Oojee
BPEMEHHBIX PSJIOB.

[lpy HanWuUMU TEHAEHIMU W LUKIWYECKUX KOJeOaHWW 3HAYCHHS KaKIOTO
MTOCTIEAYIOUIETO YPOBHS PAJa 3aBUCAT OT NMPEAbIAYIINX 3HaueHn. Koppemannonnyro
3aBUCHUMOCTb MEXIY IOCJIEN0BATEIBHBIMU YPOBHSMH BPEMEHHOIO psAZla HA3BIBAOT
ABTOKOppENSLHUEN ypoBHEN psaa. KoIndecTBEHHO €€ MOXHO U3MEPUTH C MTOMOIIBIO
MapHOTO JIMHEHHOTO KOA(PUIMEHTa KOPPENALUA MEXKIYy YPOBHSIMH HCXOIHOTO
BPEMEHHOI'O psiia U YPOBHSIMHU 3TOTO Psifa, CABUHYTHIMU Ha HECKOJBKO IIArOB BO
BPEMEHH.

Uucno  nepuodoB, MO  KOTOPbIM  paccuuThiBaeTca KO3 UIIMEHT
aBTOKOppENALNHU, Ha3bIBaeTCs JIaroM. C yBEJIIMUEHHUEM JIara 4Yrcio MMap 3Ha4YEHHM, 10
KOTOPBIM  pacCUMThIBaeTCd  KOIPGUIHUEHT  aBTOKOPPENSIIUM,  YMEHbBIIAETCS.
Cuuraercs 1enecooOpa3HbIM i 00€CIEeUeHUs CTaTUCTHYECKOM JOCTOBEPHOCTH
KO3 (UIIMEHTOB aBTOKOPPEISILMKM HCIIOJIb30BAaTh MPAaBUIO «MaKCHUMAaJIbHBIM Jiar
JIOJKEH OBITh HE OOJIBITIE N/4%.

OTMmeTuM [1Ba BaXKHBIX CBOMCTBa Ko3(dduimeHta aBTokoppemsiuuu. Bo-
MEPBLIX, OH CTPOUTCS MO AHAJOTUU C JHUHEHHBIM KOA(PPUIIMEHTOM KOppEsaIuu H,
TakKUM 00pa3oM, XapakTepus3yeT TECHOTY TOJIbKO JMHEHMHON CBS3M TEKYIIEro |
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npeapIaymero ypoBaen psaa. [loatomy mo ko3 uiimeHTy aBTOKOPPENSIIIUN MOYKHO
CyIUTh O HAJIMYMK JUHEWHOW (WM ONM3KOM K JWHEWHOW) TeHaeHuuu. s
HEKOTOPBIX BPEMEHHBIX PSAOB, HMMEKIINX CUJIBHYI0 HEJIMHEUHYI) TEHACHUUIO
(HampuMep, mapabojly BTOPOTO TMOpsAKa WM JKCIOHEHTY), KO3 UIIMEHT
aBTOKOPPEISILIMKA YPOBHEH HCXOIHOTO psAlla MOXET MNpUOMMKatbes K Hymo. Bo-
BTOPBIX, IO 3HAKy KO3(P(pUIMEHTAa AaBTOKOPPEISIUU HENb3sl JenaThb BBIBOJ O
BO3pacTaolleld Wik yObIBalOIIe TEHAEHUMU B YPOBHSAX psga. BoabIIMHCTBO
BPEMEHHBIX  PSIIOB  AKOHOMHMYECKHMX  JIAHHBIX  COJEPKAT  IOJIOKHUTEIbHYIO
ABTOKOPPETSIIMI0 YPOBHEH, OIHAKO MPHU STOM OHH MOTYT HUMETh YOBIBAIOIIYIO
TEHJICHIUIO.

[TocnenoBaTenbHOCTh KOI(PPUIIMEHTOB aBTOKOPPEISAIMU YPOBHEH MEPBOTO,
BTOPOTO U T.JA. MOPSJIKOB HA3BIBAIOT aBTOKOPPESAIMOHHON (PYHKITMEH BPEMEHHOTO
psina. ['paduk 3aBuCcMMOCTM €€ 3HAaYeHUW OT BEIMYMHBI Jiara (MOpsIKa
kod(duiieHTa  aBTOKOppEISAIMU)  Ha3bIBAa€TCSI  KoppejJorpaMmoi.  AHanu3
ABTOKOPPEJSAIMOHHON (DYHKIIMU U KOPPEJIOTPaMMBbI MO3BOJISIET ONPEASTUTD Jar, Ipu
KOTOPOM aBTOKOppENSIIUS Hauboyiee BbICOKAs, CIEAOBATENIbHO, Jar, Mpu KOTOPOM
CBSI3b MGy TEKYIIMM U MPEAbIYIIUMUA YPOBHIMU psifia Hanbojee TecHas, T.€. Ipu
MOMOIIM aHaJiu3a aBTOKOPPEIAIMOHHOW (YHKIIMM U KOPPEJIOrpaMMbl MOMXKHO
BBISIBUTH CTPYKTYPY psa.

Ecnu Hanbonee BHICOKUM OKa3zaics KO3(P(UUHUEHT aBTOKOPPEISALHUU [IEPBOTO
MOpsIIKa, MCCIENYEMBIN DS CONEPXKHUT TOJNBKO TeHIeHuuo. Eciu nHaunbosee
BBICOKMM OKazayics KOd(POUIMEHT aBTOKOPPENSAIUUA TOPSIKA, PAI  COIEPKHUT
[UKJIAYECKHE KOJIeOaHUs C MEPUOJUYHOCTHIO B MOMEHTOB BpeMeHu. Ecinu Hu oauH
13 KOA(D(PUIIMEHTOB aBTOKOPPEISLIUA HE SABJISETCS 3HAYUMBIM, MOXKHO CJeiaTh
MPEANOJIOKEHUE OTHOCUTEIBHO CTPYKTYPBI 3TOTO psfa: JMOO Ppsii HE COJIEPKHUT
TEHJICHIIUN U IUKINYECKUX KOJICOAHUN U UMEET CTPYKTYPY, CXOAHYIO CO CTPYKTYpOi
psana, aUOO0 DS COACPKUT CHIIBHYIO HEJTMHEHHYIO TCHJCHIIWIO, IS BBISIBJICHHS
KOTOPOM HYXKHO TMPOBECTH JOMOJHUTENbHBIM aHamu3. [losTomy ko3ddummeHt
aBTOKOPPEJSIIMA  YPOBHEH U aBTOKOPPEISIMOHHYIO (YHKIUIO 1eJ1ecO00pa3Ho
WCIIONB30BaTh ISl BBISIBIICHUS BO BPEMEHHOM psJ€ HaIU4MUsl WIM OTCYTCTBUS
TPEHJIOBOM KOMIIOHEHThI M IUKJIMYECKON (CE30HHOM) KOMIIOHEHTHI. AHAJIOIMYHO,
€clid, HampuMep, NpHU aHaIKW3€ BPEMEHHOTO psija HamOoJee BBICOKHUM OKa3alics
KOA(D(PUITMEHT aBTOKOPPEIAIUA BTOPOTO TMOPSAKA, PO COACPKHUT IMUKIMYECKHE
KOJIeOaHUS ¢ IIUKIIOM, PaBHBIM JIBYM MEpHOJaM BPEMEHH, T.€. UMEET MUI000pa3HYI0
CTPYKTYPY.

OmgnuM  u3 HamOoJiee PACIPOCTPAHEHHBIX CIIOCOOOB  MOJECIMPOBAHUS
TEHJICHIIMM BPEMEHHOTO psiia SABJISETCS IMOCTPOCHHE AHATUTHYECKON (QYHKIUH,
XapaKTepU3yrUIed 3aBUCUMOCTh YpPOBHEH psiia OT BPEMEHU, WIM TpPEHIA. IJTOT
Croco0 Ha3bIBAIOT AHAJIMTUYECKUM BHIPABHUBAHUEM BPEMEHHOTO PsJIa.
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IIpakTHyeckue 3aaHusA
3aganmne Ne 1

[To cTaHIUAM TEXHHYECKOTO OOCITY»KHMBaHHUS JIETKOBBIX aBTOMOOWIJIEH ropoja
X UMEIOTCS CJICYIONINE TaHHBIC:

Mecsn HUucno mocTynuBIIMX 3a8BOK

2017 2018 2019
01 410,3 313,6 514,0
02 411,1 314,3 514,7
03 411,5 314,4 515,1
04 412,0 314,6 515,6
05 412,6 315,6 516,0
06 416,0 317,1 5174
07 415,9 316,9 528,2
08 416,2 317,0 518,44
09 416,4 361,5 517,8
10 415,2 361,0 517,5
11 415,0 314,9 517,0
12 412,8 313,8 516,5

TpeOyeTcss Ha OCHOBE MPUBEACHHBIX JAHHBIX BBISBUTH HAIUYHE CE30HHOMN
HEPAaBHOMEPHOCTH, ONPEACIUTh BEJIMYUHY CE30HHOW BOJHBI C MCIOJIB30BAHHEM
uHaeKca ce30HHOCTU. ChenaTs BBIBO.

3amanue Ne 2
C nomompio OuccepuanbHOr0 KOA(PUIMEHTa KOPPETAUN HCCIEI0BATh

CBA3b MCKAY BO3pPaCTOM M COLHUAIBHBIM IIOJIOKCHHUE OCHOBHBIX KaTeFOpI/Iﬁ
MOTCHIHUAJIBHBIX SMHUI'PAHTOB.

OcCHOBHBIE KaTEeropuu Bo3zpacr, ner Bcero, uen.
NOTEHUUAIBHBIX SMUTPaHTOB | Jlo 30 30-40 40-50 50 u Gouee
PykoBoauTenu, yen 20 45 109 16 -
PabGoune, uen 43 45 28 53 -
Hroro: - - - - -

CnenaTtp BBIBOJI.
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3aganue Ne 3

JIist opraHu3anuii CTpOMTENBHONW OTpaciid aHAM3UPYIOT 3apabOTHYIO IJIaTy

Y COTpyIHMKOB B 3aBUCHUMOCTH OT MacmTada (KOJUYecTBa COTPYIHHKOB)
opranm3aniuu  X. HabOmiogenus no 30 ciaydailHO OTOOpaHHBIM OpraHU3AIUAM
MIPEICTaBJICHBI CICAYIOIIEH TaOIUIeH:

Y X

75,5 75,5 77,5 78,5 80,0 81,0 100

80,5 82,0 84,5 85,0 85,5 86,5 200

85,5 88,5 90,0 91,0 95.5 96,0 300

93 93.5 97,5 99,0 201,5 105,0 400

102,0 105,5 107,0 110,5 115,0 118,5 500

1. Tloctpolite ypaBHeHUE perpeccuu Y U X U OIIEHUTE €r0 KauecTBO;

2. MOXHO M O0XHAATh HAIWYUE TETEPOCKEJACTUYHOCTH B JIAHHOM ciydae?
OTBeT NosSICHUTE.

3. IlpoBepbTe HamM4Me TE€TEPOCKENACTUUHOCTH, UCHONB3ys TecT [onadenna —
KBanTa. PekoMeHayeTcst ncnoiib30BaTh pazouenue, mpu kotopom R=12.

4. Ecnu npeanoyioxkKuTh, 4YTO F€TEPOCKETACTUYHOCTh UMEET MECTO U JMCIEePCUr
OTKJIOHEHHUI MPONOPIUOHAIBHBI 3HAUEHUSIM X, TO KaKoe MpeoOpa3oBaHUE BbI
OpEeAJIOKUTEe,  4YTOOBl  TOJYYUTh  HECMEIIEHHbIE, A(P(PEKTUBHBIE U
COCTOSATEIbHBIC OLICHKU?

5. IlocTpoliTe HOBOE YypaBHEHHE pErpeccud Ha OCHOBE IpeoOpa3oBaHUs
OCYUIECTBJICHHOT'O B MPEIbIAYIIEM TYHKTE, U OLIEHUTE €r0 KaueCTBO.

6. CpaBHUTE pe3yibTaThl NOJYYEHHBIE B TyHKTaxX 1 u 5.

3aganue Ne 4

HUccnenyeMm cCBA3b MeEXIy TpPYAOYCTPOMCTBOM BBIIYCKHUKOB BY30B T.

Boposnexa u ypoBHeMm ux obpaszoBanus 3a 2019 ron:

Yposenw Konuuecmeo U3 nux
00pazoeamus 8bINYCKHUKOG | Bwinycknuxku Byza | Beinycknuxu Byza YV
X
cpenHee - 373 489
npodeccuoHaIbHOE
Bricuiee - 396 438
Hroro - - -

Paccuurath ko3pdunment accorumanuu (Ka) u xospdunuent kontuarenunu (Kk).

Crenath pa3BepHYTHIN BBIBOJ.
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3aganue Ne 5

I[JI}I HN3Y4YCHUS BJIIMUSAHUA YCJIOBI/Ifl IMPpOMU3BOACTBA HAa B3aMMOOTHOLICHHSA B

KOJUIEKTHBE OBLJIO TMPOBEJACHO BBIOOpOYHOE 0OCIeI0BaHKE pPabOuYUX, OTBETHI
KOTOPBIX pacIpe/iesieHbl CIEIYIOIIMM 00pa3oM:
YcnoBus B3anMooTHOIIEHUS B KOJUIEKTHUBE
HIPOU3BOZICTBA | xopoliee | yAOBIETBOPUTEIHLHOE | HEYAOBJIECTBOPUTEIILHOE | UTOIO
CoOTBETCTBYIOT 64 70 98 -
TpeOOBAHMSIM
HE MOJIHOCTBIO 45 62 59 -
COOTBETCTBYIOT
HE 40 61 70 -
COOTBETCTBYIOT
UTOTO - - - -

TpeOyeTcsi oxapakTepu30BaTh CBSI3b MEXAY UCCIEAYEMbIMHU MOKa3aTeIsiMU C
nmoMoIpl0  KoddunueHnta B3auMHOM compsikeHHOcTH Ilupcona wu  Yympogra,
chopMyIHpOBaTh BHIBOJI.
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