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BBEJJEHUE

IensMu OCBOCHMS TUCHIUILIMHBI « DKOHOMETPHUKA» SABISIETCS 00yde-
HHUE CTYACHTOB METOAaM IIOCTPOCHHUS M NPUMEHEHUS 3KOHOMETPHIECKUX
Mojienelt A aHajau3a COCTOSHUS U Ul OLIEHKU 3aKOHOMEPHOCTEH pa3BH-
TUS 3KOHOMHUYECKHX CHCTEM B YCIOBUSAX B3aMMOCBSI3€il MeXIy HUX BHYT-
PEHHUMH U BHEIIHUMU (akTopamu. JucnuminHa « 9KOHOMETPUKA) CUHTA-
€TCsl OJTHOM M3 OCHOBHBIX JIUCUUIUIMH NMPO(GECCHOHATBHOTO SKOHOMUYECKO-
ro o0pa3oBaHMS, HWHCTPYMEHTOM SKOHOMHYECKHX wHccienoBanuid. OHa
¢dopmupyer 0a3zoBblc 3HAHHA, HEOOXOIUMBIEC IUIS OBJIAICHUS NPOodeccHo-
HaJIbHBIMU HAaBBIKAMH PELICHUS 3a7ad BBIABICHUS U KOIWYECTBEHHOTO OII-
peneneHusl (Ha OCHOBE CTATHCTHYCCKHX MAHHBIX) B3aUMOCBS3EH, CYyIIECT-
BYIOIIUX MEXIy PKOHOMHYECKHMM BEIMYMHAMHU M IPOLECCaMH U OICHH-
BAIOUIUX CYIIECTBYIOIIME MPUYUHHO-CIIEJCTBEHHBIE CBA3U. Takue 3amaun
BO3HHUKAIOT Ha BCEX ITalaX 3KOHOMUYECKHUX HCCIEIOBAHUN M MOTYT MpH-
CYTCTBOBATh B COCTaBE OOJBIIMHCTBA MPOGECCHOHATBHBIX M CHEIHATbHBIX
SKOHOMHYECKHMX IUCLUIUINH, B YaCTHOCTH: PBIHOK IIGHHBIX Oymar, MHBE-
CTHLMOHHBIA aHAIU3 | Ap.

B pesynbrare ocBOEHHS TUCHHUILIMHBI Y 00YyYalOIIMXCS HAMpaBJe-
Husi moaroroBku 38.03.01 DxoHOMHKA ODKHBI CHOPMHUPOBATHCS CITO-
cobHOCTH:

- BBIOpaTh MHCTPYMEHTANbHBIE CPEICTBA Uil 00pPaOOTKH SKOHOMH-
YECKHUX JaHHBIX B COOTBETCTBUHU C MOCTABJICHHOM 3a/aueild, MPOaHAIU3UPO-
BaTh Pe3yJbTAThl PACYETOB M 000CHOBATH Moy4YeHHbIe BbIBOABI (OI1K-3);

- BBINOJIHATH HEOOXOIUMBIE JJIS COCTABICHHSI IKOHOMUYECKHX pa3jie-
JIOB IUIAHOB PacyeThbl, 000CHOBBIBATH UX M MPEJICTABIATH PE3YJILTAThI PA0OTHI

B COOTBETCTBUH C NPUHATHIMH B opranu3anuu ctangapramu (I[1K-3);



- Ha OCHOBE OIMCAaHWS KOHOMHYECKHUX IPOLECCOB U SBJICHUH CTPO-
UTh CTaHJAPTHBIE TEOPETUUECKHE M SKOHOMETPHUUYECKHIE MOJCIH, aHATH3HUPO-
BaTh M COZICPIKATEILHO HHTEPIIPETUPOBATH MoydeHHbIe pe3ynbratel (ITK-4).

VY olOywaromuxcs mo HampasieHuio mnoarotoBku 09.03.03 Ipu-
KJagHasi ”HPOPMATHKA TNPOLECC W3Yy4YSHUsS TUCLUILIMHBI HAIllpaBjiIeH Ha
(opMHpPOBaHHUE CIIEAYIONINX KOMITETCHIIHMN:

- CIIOCOOHOCTBIO HCIIOJIb30BAaTh OCHOBBI AKOHOMHYECKHX 3HAHHH B
pasnuuHbIX chepax aesterapHocTH (OK-3);

- CIOCOOHOCTBIO MPOeKTUpoBaTh VIC B COOTBETCTBUH C Mpoduiem
ITOArOTOBKHM 110 BuaaM obecredenus (I1K-3);

- CHIOCOOHOCTBIO MPUMEHSTh CUCTEMHBIH MOAXOM U MaTeMaTHYECKUE
METO/Ibl B (popManu3anuu perieHus npuknaanasix 3aaaq (IK-23).

B PE3YABTATC OCBOCHUA JUCIHUIIINHBI CTYACHT JOJI2KCH:

3HaTh:

- OCHOBBI PKOHOMETPHUYECKOIO aHaJIM3a SKOHOMHUYECKUX IOKa3aTe-
JIeH; BUJBI 5KOHOMUYECKOH HH(pOpMAaIHK;

- OCHOBHBIE METO/I0JIOITMYECKHE NOJIXO0bl U MPUEMBI U3YUEHHUS KO-
HOMHYECKUX MPOLECCOB;

- CUCTEMHbIE TIOJXObl K IOCTPOECHHUIO TEOPETHUECKUX IKOHOMETPHU-
YECKUX MOJEJNEH pa3BUTHsI SKOHOMHUUYECKUX MPOLIECCOB.

Ymern:

- OCYIIIECTBIISATH BEIOOP MHCTPYMEHTAIBHBIX CPEJICTB STl 0000IIEeHus
1 aHaJIN3a YKOHOMUYECKHX JJAHHBIX B COOTBETCTBHH C IIOCTABJIEHHOH IIEIbIO;

- WCIIONIb30BaTh COBPEMEHHOE NPOTrpaMMHOe obeclieueHue uis pe-
IICHUST PKOHOMHYECKHX 3ajad; paboraTh ¢ mH(poOpMarueld B rI00aIbHBIX
KOMITBIOTEPHBIX CETAX;

- aHaJIM3upoOBaTh U 000CHOBEIBATH TNOJIYUCHHBIC PE3YJIbTAThI IPOBC-



JICHHBIX PACUETOB; BBISIBIISATh TCHACHIMHA N3MEHEHHS SKOHOMHUYECKHX MTOKa-
3aTelcH;

- IPUMEHSTH 3KOHOMETPUIECKHE METOIBI I 00pabOTKN 3KOHOMH-
YECKUX JaHHBIX B COOTBETCTBHMU C ITOCTaBJICHHOW 3a/aucii, aHAIM3NPOBATh
MIOJTyYeHHBIE Pe3yJIbTaThl, e1aTh 000CHOBAaHHBIC BHIBOJIBI;

- Ha OCHOBE OIHCAaHUsI YKOHOMHUYECKHX HPOLECCOB U SIBICHUH CTPO-
UTH CTAH/IAPTHBIE SKOHOMETPUYECKUE MOJEIH, aHAJTM3UPOBATh U CO/IEpXKa-
TEJILHO MHTEPIIPETUPOBATH MOJIYYEHHBIC PE3YJIbTATHI.

Baagern:

- COBPEMEHHBIMH METOIaMH cOopa M 00pabOTKH SKOHOMHYECKUX U
COLMATBHBIX JAHHBIX;

- HaBBIKaMU 0000IIEeHNS ¥ aHATIM3a S5KOHOMHYIECKOH HH(OpManny;

- OLICHKOW pe3yJbTaToB 3KOHOMETPHUYECKOr0 aHajh3a COLMAIbHO-
3HAYUMBIX npo6neM " MPOLECCOB U METOJaMH IMPOIrHO3a MX BO3MOXKHOI'O
pa3BuTHA B OyayILeMm;

- OCHOBHBIMH METOJIaMH, CIIOCOOaMHU U CpeCTBaMU 00pabOTKH 3KO-
HOMHYECKOH HMHGpOpPManuu ¢ NMPUMEHEHHEM COBPEMEHHBIX IPOrPaMMHBIX
TIPOJTYKTOB;

- COBPEMEHHBIMH MeTo/1aMH cOopa, 00pabOTKK M aHaIM3a SKOHOMH-
YECKUX W COLMANbHBIX JaHHBIX C IEJNBI0 COCTaBJICHHS SKOHOMHUYECKHX
pas3/ielioB IUIAHOB Pa3BUTHS OPraHU3ALUH;

- UHCTPYMCHTAJIbHBIMU CPEACTBAMU U MPAKTUYCCKHMU HaBbIKaMU
00paboTKK M aHaJM3a SKOHOMHYECKHX JaHHbIX;

- METO/IaMH MOCTPOEHHSI SIKOHOMETPHUYECKUX MOJeIeld M HaBbIKaMU

COHGp)KaTGHBHOﬁ HUHTCPHPETALUU MTOJTYYCHHBIX PE3YJIbTATOB.



1. OnpenesieHne IKOHOMETPUKHI

DKOHOMETpHKA — OBICTPOPA3BUBAIOINASACS OTPACTHh HAYKH, IIEITh KOTOPOM
COCTOUT B TOM, YTOOBI TPHUIATh KOJUYECTBEHHBIE MEPHI IKOHOMUYCCKUM
OTHOIICHHSIM.

TepMuH <«OKOHOMETpUKa» OBUT BIEPBBIE BBEIEH OyXraJTepoMm
I1. eemnoii (ABctpo-Benrpus, 1910r.). [lpemna cumtan, 9To €Ciiu K TaHHBIM
OyXraiaTepckoro ydera MPUMEHHTh METOJBI aireOpbl W T€OMETPUH, TO OYyIeT
MOJIy4€HO HOBOe, Ooyiee TIyOOKOE€ TPENCTAaBICHHE O  pe3yjbTaTax
XO3SIICTBEHHOU JCSATENBHOCTH. JTO YNOTpeOJieHne TepMHUHA, Kak W cama
KOHIICTIIIMS, HE MPIWKUIOCh, HO Ha3BaHHUE <OKOHOMETPHKA» OKa3ajJoCh BeChbMa
yIa4yHbIM IS ONpEIETICHHUs] HOBOTO HAmpaBlieHUS B 3KOHOMUYECKOM Hayke,
KoTopoe Bbiaenmioch B 1930r.

CoBO «3KOHOMETPHUKA» MPEJCTaBISIET cCOO0NH KOMOMHAIMIO JIBYX CJIOB:
«OKOHOMHUKa» U «METpHKa» (0T rped. «MeTpoH»). Takum oOpa3oM, caM TepMUH
MOMYEPKUBACT CHEIUPUKY, COIACp)KaHWE JKOHOMETPUKMA KaK  HayKH:
KOJIMYECTBEHHOE BBIPAXKEHHE TEX CBSI3€H M COOTHOIICHHM, KOTOPHIE PACKPBITHI
1 000cHOBaHbI koHOMHU4Yeckor Teopueit. U. [llymmerep (1883—1950)paun u3
NIEPBBIX CTOPOHHHUKOB BBIJICJICHHS 3TONH HOBOW TUCIUIUIMHBI, TOJIaraji, 4To B
COOTBETCTBHUHU CO CBOMM Ha3HAYCHHEM 3Ta JUCLHUIUIMHA JOJDKHA HA3bIBATHCS
«okoHomMoMeTpuka». Coserckuii yduenbiii  A.JL. Baiinmreiitn (1892-1970)
CUMTaj, YTO HA3BaHHE HACTOAIIEH HAYKH OCHOBBIBAETCS HA T'PEYECKOM CIIOBE
mempust (TeOMETpHsl, TUIAHUMETPUS U T.J.), COOTBETCTBEHHO 1O AHAJIOTHU —
skoHOMeTpHs. OMHAKO B MHPOBOH Hayke OOIIEynOTpEeOMMBIM CTal TEPMHH
«OKOHOMeTpuKa». B moboMm ciydae, kakod Obl MBI TEPMHUH HH BBIOpaiH,
DKOHOMETPHUKA SIBIISETCS HAyKOW 00 M3MEPEHHHM WM aHajin3e dKOHOMUYECKUX
SIBJICHU M.

3apoxaeHue SKOHOMETPUKHU ABIISIETCS CJIeICTBHEM

MCKIUCHUILIMHAPHOIO MOAX0Ja K N3YyUYCHHIO SKOHOMHKH. OTta HayKa BO3HHUKIIA



B pe3yjibTaTe B3aMMOJCHCTBUS M OOBEIUMHEHUS B OCOOBIM <«CIUIaB» TpPEX
KOMIIOHEHT: 3KOHOMHUYECKOW TEOpHUH, CTATUCTHUUECKUX M MaTeMaTUYECKUX
MeTOJI0B. BriocneacTBuM K HUM IPUCOEAVHWIOCh PAa3BUTHE BBIUYHCIUTEIBHOM
TEXHHUKH KaK YCIIOBUE Pa3BUTHUS SKOHOMETPUKHU.

B xypHaie «9xoHOMeTpUKa», ocHOBaHHOM B 1933r. P. ®pumem (1895—
1973),0H gai ciaenyroliee onpeaeacHue IKOHOMETPUKU: «IKOHOMETPUKA — 3TO
HE TO K€ caMoe, YTO SKOHOMHUYecKas cTarucTuka. OHa HE HUACHTUYHA U TOMY,
4YTO Mbl Ha3bIBAEM SKOHOMHUYECKOW TEOpUEH, XOTS 3HAYUTENIbHAs 4acTb 3TOM
TEOpPUU HOCUT KOJIMYECTBEHHBIN Xapakrep. OKOHOMETpHUKA HeE SBISAETCS
CHHOHMMOM NPHWJIOKEHUH MaTEeMaTHKU K 3KOHOMHKe. Kak moka3pIBaeT OMbIT,
KaXKJasi U3 TpeX OTIPABHBIX TOYEK — CTATUCTHKA, YKOHOMUYECKas TEOpUs U
MaTeMaTHKa — HeoOXOJHWMOE, HO HE OCTATOYHOE YCJIOBHE IS MOHUMAaHHS
KOJIMYECTBEHHBIX COOTHOIIEHUI B COBPEMEHHON 3KOHOMHUYECKOU KU3HU. ITO —
€IMHCTBO BCEX Tpex cocTaBsitomux. W 3T0  eaumHCTBO  00pasyer
IKOHOMETPUKY.

Takum o00pa3oM, DSKOHOMETpUKA — 3TO Hayka, KoTopas Jdaer
KOJIMYECTBEHHOE BBIPAKEHHE B3aUMOCBSI3€H HKOHOMMYECKHMX SIBICHUH W

IPOIIECCOB.



2. IlapHasi perpeccusi 1 KOppeJsiius

2.1. Teopemuueckas cnpaska

THapuas (npocmas) auneiinas peepeccusi NPEICTaBISET COOOW MOJIECIb,
Il CpemHee  3HA4YeHHWEe  3aBUCHUMOW  (OOBSACHSAEMOW)  TIEpeMEHHOMN
paccMarpuBaeTcss Kak (yHKIUS OJHOW He3aBUCUMOW  (OOBSICHSIOLICH)

NEPEeMEHHON X, T.€. 3TO MOJEJb BUJA!

¥,= f(x). (2.1)
Tax ke Y Ha3bIBAIOT PE3yJbTaTUBHBIM MPU3HAKOM, @ X IPHU3HAKOM-(PaKTOPOM.
3HaK «» O3HA4aeT, 4YTO MEXIy NEPEMEHHbBIMU X H Y HET CTpOrou

(GYHKIIMOHATEHOM 3aBUCUMOCTH.

IIpakTH4yeCcKn B KaKIOM OTIEIBHOM ClIy4ae BEJIMYMHA Y CKIIAJAbIBACTCS

n3 I[Byx cJ1aracMabIX.
y=y,+¢, (2.2)
rac y - q)aKTI/I‘{CCKOC 3HAYCHUC pCSyJILTaTI/IBHOFO HpI/IBHaKa; 9x —

TEOPETUYECKOE 3HAYEHUE PEe3yJbTaTUBHOIO INPHU3HAKA, HAWIEHHOE MCXOASA U3
YPaBHEHMUS pErpeccuu; & — ClydallHas BEJIMYMHA, XapaKTEPHU3YIOLIas
OTKJIOHEHMSI  pPEaJbHOIO  3HA4Y€HUs  PE3yJbTATHBHOIO  INPHU3HAKA  OT
TEOPETUYECKOr0, HAMAEHHOTO 10 YPABHEHUIO PErPECCUM.

CrnydaiiHass BenuM4YMHA & Ha3bIBaeTCs Takxke Bo3MylueHueM. OHa
BKJIFOUAET BJIMSHUE HE YYTEHHBIX B MOJEIM (PAKTOPOB, CIy4alHBIX OLIMOOK M
ocoOeHHOCcTel u3MepeHusa. Ee mnpucyTcTBHE B MOJEIM IOPOXKIECHO TpeMs
UCTOYHUKAMHU: crienuuKanueii Moenu, BBIOOPOUYHBIM XapaKTEPOM HUCXOIHBIX
JaHHBIX, OCOOCHHOCTSIMU U3MEPEHUS IEPEMEHHBIX.

Paznuuarot auneunvie U neaunelinvie pErpecCuH.

Jlunetinas pecpeccusi. Yy = a+ blx+¢.

Henuneunvle pecpeccuu nenarcs Ha JBa Kiacca: perpecCcrui, HEJIMHEHHbIE

OTHOCHTC/JIBHO BKIIOYCHHBIX B aHAJIU3 O6’[>$ICH$IIOIHI/IX IMEPEMCHHBIX, HO
8



JUHEWHBIE 110 OLICHMBACMBIM IIapaMeTpaM, U PETPEecCUH, HEIMHEHHBIE II0
OLICHUBAeMbIM IapameTrpam. Hampumep:

perpeccuu, HeluHelHble o 06b}ZCH}Zi0M4MM nepemeHnHbiM.

* MOJIMHOMBI PasHbIX cTemeHedt Y =a+  (x+ B OX +...+ hOR+¢;

b
* PaBHOCTOPOHHSISI rumniepbona y = a+ o +¢&;

perpeccuu, HeJlUHelUHble NO OYCHUBACMbBIM nApamMempam.

_ b 4.
e crenieHHas Y = alX [&;
e nokazarensHas y = al[b* [¥;

* SKCIIOHEHIMabHas Y = €7,

[TocTpoeHue ypaBHEHUSI PErpecCUr CBOJAUTCA K OLIEHKE €€ MmapaMeTpoB.
JI1s OlleHKU mapaMeTpoB PErpeccHid, JIMHEHHBIX T10 MapaMeTpaM, HUCIOIb3YIOT
memoo Haumenvuux xkeaopamos (MHK). MHK mM03BOJISET MOTYYUTh TaKHE
OIIEHKM MapamMeTpoB, TMPHU KOTOPHIX CyMMa KBaJpaTOB OTKJIOHEHUM

(akTHUeCKMX 3HAYEHHI PE3yJIHbTATUBHOTO MPHU3HAKA Y OT TEOPETUYCCKHX Y,

MHHHUMAJIbHA, T.C.

2.(y- Vx)z — min (2.3)

JJ1 TMHEVHBIX ¥ HEJIMHEHMHBIX YPAaBHEHUM, MPUBOAUMBIX K JIMHEHHBIM,

peraercst clieyrolas CicTeMa OTHOCHTENBHO 8 U D

na+bY x=>y,
ay x+bY x*=>"xy.

MOXHO BOCIHOJIb30BaThCs I'OTOBBIMU q)OpMy.TIaMI/I, KOTOPBIC BBLITCKAIOT

(2.4)

HEMOCPEICTBEHHO U3 PEIICHUS 3TON CUCTEMBI:

y-bix, b= CcoMx) (2.5)

og?

X



rae COV(X,y) = ylix—"ylIXx — koBapuanusi Ipu3HakoB X u Y, Jf = x> -x% -

JUucnepcus nNpu3Haka X u

X :EZX, V:EZy,y—D(:EZyD(,X—Z:EZXZ.
n n n n
(KoBapmanust — unciaoBasi XapakTepUCTHKA COBMECTHOTO PacCIpeIeTICHHS
JBYX  CIy4YallHbIX  BEJIMYMH, paBHasd MAaTEMaTUYECKOMY  OXHIAHUIO
MPOU3BEAECHUS OTKJIOHEHUW 3TUX CIYYalHbIX BEJIWYUH OT UX MATEMAaTHYECKHUX
oxupaHui. Jlucmepcus  —  XapakTEpUCTHKA  CIy4alHOM  BEJIWYMHBI,
ompeAensieMasl KaK MaTeMaTUYeCKOE OXUIJAHUE KBaApara OTKIOHEHUS
CIIy4YalHOW BEJIMYMHBI OT €€ MaTeMaTU4YeCKOTOo OXuaaHusd. Maremarudeckoe
OXHUJIAHUE — CyMMa MPOU3BEACHUM 3HAYEHHM CIy4YalHOW BEJIWYMHBI Ha
COOTBETCTBYIOIIUE BEPOSITHOCTH. )
TecHOTY CBSI3U U3y4aeMBbIX SIBJICHHUM OLIECHUBAET IUHEUHbIU KOIDDuyuenm
napmoii koppenayuu T, JUis TAHEHHOHN perpeccuu (— 1<r,, < 1):

r,, =brfx = covx,y) (2.6)
o, o,

u unoekc koppensyuu L, — Uil HETMHEHHOH perpeccuu (O S Py < 1):

—\2
rone o, = (y—y) — oOmas Jucnepcus pe3yJIbTAaTUBHOIO IIpU3HAKa Y,
2 ~ 2
g, =Z(y— yx) — OCTaro4yHas JOucmepcus, omnpeacisieMas HCXOasl U3
ypasrenus perpeccun ¥, = f(X).
O1eHKy KayecTBa MOCTPOCHHOM MojAeNH 1acT K03 HUITUEHT (I/IH,Z[CKC)

2 oo 2 G
perepmunaimu F,, (s nauHedHON perpeccum) anbo O, (wist HenmuHEHHOM

perpeccuu), a TaKXKe CpeaHss OMUOKA anpOKCHMAIIHH.

10



Cpeonsn owubka annpoxcumayuu — CpelHEe OTKJIOHEHUE PaCUYeTHBIX

3HaYeHUH OT (PaKTUYECKUX:
A= EZ‘D’ [100%. (2.7)
n y

JlomycTuMBIi mpeaer 3Hadennit A —ue Gonee 10%.

Cpednuii kos¢pduyuenm snacmuunocmuy ) TOKa3bIBACT, HA CKOIBKO
NPOIIEHTOB B CPEAHEM IO COBOKYITHOCTH W3MEHHTCS Pe3yJbTaT } OT CBOCH
CpenHel BeNMMYMHBI NMpU M3MeHeHuu ¢akrtopa X Ha 1% OT cBoero cpemaHero
3HAYEHUSI:

2 =f'(x)=. 2.8
()y (2.8)

ITocne Toro kak HaWJIEHO YPaBHEHHUE JIMHEMHOW PETrPEeCCUH, IMPOBOAUTCS
OYeHKa 3HaYuMocmu KAaK YpPaBHEHUS B LEJIOM, TaK M OTIAEIBHBIX €ro
MapaMeTpOB.

[IpoBepuTh 3HAYMMOCTH YPABHEHUS PETPECCHM — 3HAYUT YCTAHOBUT,
COOTBETCTBYET JIM MaTEMATUYECKasl MOJIEIIb, BEIPAXKAIOIIAS 3aBUCHUMOCTb MEXKIY
MIEPEMEHHBIMU, SKCIEPUMEHTAIBHBIM JAHHBIM U JOCTATOYHO JIM BKIIOUECHHBIX B
ypaBHCHHE OOBSICHSIONIMX MEePEeMEHHBIX (OJHOW WJIM HECKOJBbKUX) IS
ONMCAHMS 3aBUCUMOU IEPEMEHHOU.

OueHka 3HaYMMOCTH YPAaBHEHUS PETPECCHHU B LIEJIOM IMPOU3BOAUTCA HA
ocHOBe F -xpumepusi @uwiepa, KOTOPOMY NPEALIECTBYET AUCIEPCUOHHBIN
aHanu3. CorjacHO OCHOBHOHM HJiee JAMCIEPCHOHHOrO aHajiu3a, oluas cymma

KBaIpaTOB OTKJIOHEHUM TIEPEMEHHOM Y OT CpeIHero 3HaueHus Y

PaCKIIaJIbIBAETCS HA JBE YACTH — «OOBACHEHHYIO» U «HE0ObACHEHHYIOY:
Sy=9) =X (%) 2y W)
raue Z(y— 7)2 — 00111 cyMMa KBaJIpaToOB OTKJIOHEHHUI; Z()?X = 7)2 — cyMMa

KBaJpaTOB OTKJIOHEHWH, OOBsICHEHHas perpeccueil (wim ¢akTtopHas cymma

11



o A \2
KBaJPaTOB OTKJIOHEHH); Z(y— yx) — OCTaTo4yHasi CyMMa KBaJpaToB

OTKJIOHEHUH, XapaKTepU3yIolas BIUSHIUE HEYYTEHHBIX B MOJIeNU (haKTOPOB.
Cxema IUCIEepCUOHHOTO aHaJIn3a UMEET BUJ, IPEICTABICHHBIN B TAOIHUIIE

1.1 (N —9wcno HAOIIOACHMIA, M — YUCIIO TAPAMETPOB MIPH MIEPEMEHHOM X ).

Tabnuya 2.1
KoMmmnoneHTsI Cymma Yucno crenenent | Jlucnepcus Ha OqHY
JTUCTIEPCUU KBaJpaToB CBO0OO/IbI CTENeHb CBOOOIbI
—\2
OOwas Z:(y—y)2 n-1 S, = Z(y_ly)
n [—
~ 2 ~ D 2
(I) ‘T V m 532 — :E::( )/x )/)
aKTOpHas Z ( y y) 2 -
A \2
Ocraroynas Z:(y—ﬁ/x)2 n-m-1 2 =Z(y_yx)
oCT n _ m—l

Omnpenenenne OuCHEpcUd Ha OAHY CTENEHb CBOOOABI MPUBOIUT
JUCIIEPCUH K CPAaBHUMOMY BHIY (HAIOMHHM, YTO CTENEHH CBOOOIBI — 3TO
YKCJIA, TIOKA3bIBAOIINE KOJIUYECTBO JIEMEHTOB BapbUPOBAHMS, KOTOPBIE MOTYT
IIPUHUMATh  IIPOM3BOJIBHBIE  3HAYCHUSA, HE  M3MEHSIOUIME  3aJaHHBIX
xapakrepuctuk). ComoctaBissi (QaKTOPHYIO M OCTATOYHYIO JHUCIIEPCHH B

pacyeTe Ha OJIHY CTE€NeHb CBOOO/IbI, MOTYyYuM Bennuuny F -kputepust Guiepa:

2
F: — SSbaxT
S

ocT

daktuyeckoe 3HaueHue F -kputepuss Duinepa CcpaBHUBAETCA C

TaONMYHBIM 3HaYeHHEM F

TabI

(a; Ki; kz) IIPY YPOBHE 3HAYMMOCTH O W CTEICHSX
cBoboxer k, =m u k, =n— m-1. [Ipu stom, ecnn daxrndeckoe 3HayeHue F -

KpuTepusi 0oJibllie TabJIUYHOTO, TO MPHU3HAETCA CTATUCTUYECKAs] 3HAYMMOCTD
YPaBHEHUS B LIEJIOM.

Jlns mapHO#M TMHEWHOM perpeccur M=1, mosroMmy

N D 3 ()

S"ZCT Z(y_ S\/X)z
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Benuuuna F -kpurtepus cBsizaa ¢ KO3QGHUIIMEHTOM JIeTePMUHALINH rxzy, u

€e MOKHO paccuuTarh 1o cienyomeil popmye:
2
— er

F= 2
1—rXy

[{n-2). (2.9)

JUI OTICHKU cmamucmuyeckol 3HauUMOCmu Napamempos pecpeccuu u
Koppenayuu paccuuThiBaoTcs 1-kpumepuu Cmwbrodenma M O0ogepumesnbHbvie
uHmepeanvl Kaxaoro u3 mokaszarencil. OreHKa 3HAYUMOCTH KOI(PPHUIIMESHTOB
perpeccun U Koppemsanuu ¢ momompbio [ -kputepuss CThIOJeHTa MPOBOAUTCS

MyTEM COIMOCTABJICHUS WX 3HAYCHUH C BEIMUYMHOU CITy4ailHON OIIMOKHU:

r
tb:£; t:i; t = (2.10)

m, m, m

Cmanoapmuvle  owudOKU  TApaMeTPOB JIMHEWHON  perpeccuu U

ko3 duireHTa KOppesuK ONpeaestoTes Mo Gopmysam:

>(y-%)/(n-2) _[<,

B S N A
2y, XX .

m, = (n-2 DnZ(x— 3 ; (2.11)
_1-rg

M T\ -2

CpaBHuBas (akTHYeCKOe M KpuUTHYeckoe (TabmuuHoe) 3HaueHus -

cTatucTuku — 1 n t — JIeaeM BBIBOJ O 3HAYMMOCTH IIapaMEeTpOB

Tabn ¢baxt

perpeccun u Koppemauuu. Ecom 1, <t TO Tapamerpbl a, b u ry He

(baxt
cnyqaf/iHo OTJIMYAOTCA OT HYII H C(I)OpMI/IpOBaHI/ICI) 104 BJIHUSIHHEM

CHCTEMaTH4eCcKu JAeicTByroniero ¢akropa X. Ecom t >t TO IPHU3HAETCS

¢axr !

ciydaiiHas npupozaa GopMupoBaHus a, b nm My -
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I[J'IH pacdu€Tta AOBCPUTCIBHOIO HMHTCPpBAIa OIPEACIIICM npedeﬂbHyio
0WM6Ky A JJIA KaXXJ0Tr0 IMoKa3aTeiidd.
Aa :tTa6ﬂrna’ Ab :tTa6J1rno'
(DOpMy.TIBI AJI pacdyeTa 006€pum€]lele unmepeaios NMCIOT CJ'IC,Z[YIOH_II/Iﬁ BU]I.

Va=ath,; Va.

mza_Aa; yamx:a-l-Aa;

y, =btA; mein:b_Ab? meaxzb"'Ab?

Ecaim B rpaHuipl JOBEPUTENHHOrO HWHTEpBAJa NOMAJaeT HOJb, T.€.
HUKHSS TpaHMIla OTPUIIATENIbHA, @ BEPXHSAS MOJIOKUTEIbHA, TO OLIEHUBAEMBIil
napaMeTp NPUHUMAETCA HYJEBBIM, TaK KaK OH HE MOXET OJHOBPEMEHHO
NPUHUMATD U MTOJIOKUTEIBHOE, U OTPUIIATEIbHOE 3HAUCHHUSI.

Cesa3p Mexay F -kputepuem ®umiepa u t-cratucrtukoit CthropeHTa

BBIPAKAETCS] PABEHCTBOM
t]|=|t.|=VF. (2.12)
B mporHo3HBIX pacuerax IO YPaBHEHHIO PETPECCHHU  OMPEACISIeTCS
npeockasvigaemoe UHOUGUOYAIbHOE 3HAYeHUue Y, KaK TOUYCYHBIN MPOrHO3 MpU
X=X, T.. MyTeM MOJACTAHOBKH B IIMHEWHOE ypaBHeHue Y, =a+ blx

COOTBCTCTBYIOLICIO 3HAYCHUA X. O,Z[HaKO TOYCYHBIN ITPOTHO3 sIBHO HCPCAJICH,

MO3TOMY OH JIOTIOJTHSIETCS] pacue€TOM CTaHAAPTHON OMIMOKHU

m, = | S 1+%+—(X"_7) =% 1+3+—("__X) (2.13)

2. (x=%)" noonwy )
o _2y-%)

rie S, p—-

, W TOCTPOCHUCM OoeepumeﬂbHoeo Unmepeaia

0.
IIPOrHO3HOTO 3HAYEHHUSA Y,

90_%0 Etra6ns )ES ’\){('" m, D1Ia6n
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2.2. Peuuenue munoeoit 3aoauu

IIpumep. [1o TeppuTopusiM peruoHa NpuBoOaSTCS AaHHbIE 32 199XT.

Tabnuya 2.2
Howmep CpennenyieBoi NpoKUTOYHBII CpenHeHeRHas 3apaboTHAs
MUHUMYM B JIEHb OJTHOTO nnata, py6., Y
peroma TPYI0CIIOCOOHOr0, py0., X » PYO-
1 78 133
2 82 148
3 87 134
4 79 154
S 89 162
6 106 195
7 67 139
8 88 158
9 73 152
10 87 162
11 76 159
12 115 173
Tpeoyercs:
1. ITocTpouTh MTMHEWHOE YpaBHEHUE ITAPHOU perpeccun Yy mo X.
2. Paccuntarh nuMHEWHBIH KOIPPUIMEHT MapHOW KOPPEIAIUH,

KO3 PUIIMEHT AeTepMHUHAIIUU U CPEJIHIOI0 OIMOKY armpOKCUMAIIUH.

3.

OI_ICHI/ITB CTaTUCTUYCCKYIO 3HAYUMOCTb YPAaBHCHHS PETPECCUU B

LEJIOM M OTAENBbHBIX MapaMETPOB PErPECCUU U KOPPENSUU ¢ nomoupl F -

kputepusi Oumiepa u t-xkpurepus CTbroieHTa.

4,

BoimonHuTe mporHo3 3apaboTHOM Tmiatel Y MpH MPOTHO3ZHOM

SHAYCHUHU CPCAHCAYHICBOTO IIPOKUTOYHOIO MHHHMYMaA X, COCTaBJIAIOIIEM

107%o0T cpeaHero ypoBHs.

5.

OHCHI/ITB TOYHOCTH IIPOIrHO3a, paCcCUnuTaB OHII/I6Ky IIPpOrHo3a U €ro

JNIOBEPUTEIIbHBIA HHTEPBAJL.

6.

Ha onnom rpaduke

TEOPETUUECKYIO MPIMYIO.

15
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pacueTHyro Tabnuiy 2.3.

Pemenune

1. Jlna pacyeta mapamMeTpoOB ypaBHEHUS JUMHEHHON pPErpeccuu CTPOUM

Tabnuya 2.3
Ne y |y | o |y L9 vy (y-%) A
1 2 3 4 5 6 7 8 9 10
1 78 133 | 10374| 6084| 17680 148,78 -15,7849,01 | 11,86
2 82 148 | 12136| 6724| 21908 152,46 -4l46 1989 3,01
3 87 134 | 11658 7569] 1795p 157,06 -23,0631,76 | 17,21
4 79 154 | 12166] 6241] 23716 149,70 4,30 1849 2,79
5 89 162 | 14418 7921] 2624k 15890 3,10 9,1 1,91
6 106 | 195 | 20670 11236 38025 174,54 20/46 418,61 4910,
7 67 139 | 9313| 4489] 19321 13866 0,34 0,12 0,24
8 88 158 | 13904| 7744] 24964 157,98 0,02 0,00 0,01
9 73 152 | 11096| 5329 2310k 144,18 7,82 61,15 5,14
10 87 162 | 14094 7569 26244 157,06 4,94 2440 3,05
11 76 159 | 12084 5776 25281 146,94 1206 14544 7,58
12 115 | 173 | 19895 13225 29929 182,82 -9,82 96/43 8 5,6
Wroro | 1027 | 1869| 161808 89907 294377 1869,08€,08| 1574,91 68,97
Cpemice | oc 58| 155,75 13484,0| 7492,25| 24531,4| 15576 | — 131,24| 5,75
3HAYCHHUC
g 12,97 | 16,53 - — — - — —
og? 1168,31]273,34| - - - -~ - -
[To hbopmynam (2.5)HaxoauM mapamMeTpsl perpeccuu
b= y [ X—-y[X _ 13484—- 155,751 85,5§ 154, 91_50 92

X2

- X

2

7492,25- 85,538
a=y-b[x=155,75 0,92185,58 77,(.

[Toy4yeHo ypaBHEHUE PErPECCUM:

y=77,02+ 0,92X.

168,31

HapaMeTp PETpeECCr IO3BOJILICT CACIATb BBIBOA, YTO C YBCIMYCHUCM

CpPEeIHEIYUIEBOTO MPOKUTOYHOrO MuHUMymMa Ha 1 pyO.

3apaboTHas I1aTa Bo3pactaeT B cpeaneM Ha 0,92py0. (uiu 92 ko).

CpeHEeIHEBHAs

[Tocne HaxoOXJeHUs YypaBHEHUS PETPECCUU 3amojiHieM cToiorer 7—10

Tadnume 2.3.
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2. TecHOTY JTMHEHHOMN CBS3H OLIEHUT KO3 GHUIMeHT Koppensnun (2.6):
2,97 .
r, =bx =002 = 0,72;
g, ,53
T.x. 3HaueHue koddduimenta koppensiuu 6onsbiie 0,7,To 3TO TOBOPUT O
HaJIMYMU BECbMA TECHOU JIMNHENHOM CBSI3U MEXIY NMPU3HAKAMH.

Koaddumment nerepmunanuu:
2 _
ry =0,521.
Oto o3HayaeT, uto 52% Bapuaiuu 3apaboTHOU IaThl (Y) OOBICHICTCS

Bapuanuen pakropa X —cpelHeayIIeBOro MPOKUTOYHOIO MUHUMYMA.

KauecTBo Mojein onpeesieT cpeaHsst ommuoKa armmpokcumaru (2,7):

A_—ZA_&WJ 75%.

KayecTBO mocTpoeHHOW MO/ENHN OLEHUBAETCS KakK Xopollee, Tak Kak A
He npesbimmaer 10%.

3. O1eHKY CTaTUCTUYECKON 3HAYMMOCTH YpaBHEHUS PErpeccHH B IIEJIOM
nposereM ¢ momornsio F -kpurepus ®uinepa. Pakrtuueckoe 3Hauenue F -
Kkputepus 1o gopmyse (2.9)cocraBut

r2 0,521
F =—% [fn-2)=—"%"_110= 10,8
daxr 1—r2Eq ) 1- 0,521

TabnuyHoe 3HAaYe€HHE KPUTEPHUST TPU  MSATUIPOLIEHTHOM  YPOBHE

3HAUUMOCTH M cremeHsax cBobomsl K =1 u k,=12-2=1C cocraBuser

F

Tabn

=4,96. Tak kax F

taxr

=10,41>F

- on = 4,9¢ TO ypaBHEHHE perpeccuu
IPU3HAETCS CTATUCTUUECKU 3HAUUMBIM.

OueHKy CTaTHCTUYECKOH 3HAYMMOCTH IIapaMETPOB PETPECCHUH U
KOpPpeJsLMU IPOBEIEM C oMoulbto t-cratucTuku CThIOJIEHTA U ITyTEM pacyeTa
JOBEPUTEIILHOIO MHTEPBaja KaXI0ro U3 mapamMmeTpos.

Tabmuunoe 3HaueHuwe t-kpuTepuss MAIs8 4YHcIa CTEHEHEH CBOOOJBI

df =n-2=12- 2= 1Cu yposns 3nauumoctu a =0,05 cocrapur t . =2,23.

TabJI
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Omnpenenum cTaHgapTHble omMOKU M, M, m. (ocTarouHas aucnepcus

. _Z(y yx) _1574,91_

Ha OJIHY CTENEeHb CBOOOIBI S 10 =157,49).
89907
24,4
M= CT \/ 122 (164, 94
_ S, 157,49
n |]72 12[164, 94
]_ 2
y —0, 521— 0,2109.
n- 12 2
Torma
a _177,02 _
“m 24,42 7
b= _!2_ = _Ezlgzgé = 23’22(3;
m, 0,282
I
r _A_O’Lzz_g,ggl
» m 0,219

dakTHuuecKue 3HAa4YCHU A t -cTaTucTHKN IMPCBOCXOJAT TaOIMYHOE

3HAYCHUC.

t,=3,26>t . = 2,5t =3,16>t . = 2,5 t, =3,25>t . = 2,5,
MOJTOMY TapaMeTpel a, b u I, He cnyyaliHO OTIMYAKOTCS OT HyJs, a

CTaTUCTHYCCKHU 3HAYNMBI.
Paccuutaem JOBEPUTECIIBHBIC HHTCPBAJIbI JJI IIApaMETPOB PETrPECCUU a U

b. JInst aTOrO OmMpenenum npeaeabHy0 OMMOKY IS KaXKI0TO IMOKA3aTels:

A, [n, =2,23(24,42= 54,4;
[n, = 2,230,282 0,6.

Ta6n

A =

Ta6n

I[OBepI/ITeJ'IBHbIe HHTCPBAJIbI

y,=atlA_=77,02t 54,4tu 22,56< a”< 131,4;

18



¥, =b+A, =0,92+ 0,6:u 0,29<b"< 1,5¢
AHanu3 BepxHEH M HWXKHEW TpaHull JOBEPUTENIbHBIX HHTEPBAIOB

IPUBOJUT K BBIBOAY O TOM, UTO C BeposiTHOCThIO P =1—a = 0,95 mapametpsl a

n b, HaxXOJjACb B YKA3aHHBIX I'PAHUIAX, HC IPHUHUMAIOT HYJICBBIX 3H21‘-I€HHI>1, T.C.
ABJIAIOTCA CTATUCTUYCCKHU 3HAYMMBIMHA U CYIICCTBCHHO OTJIMYHBI OT HYJIA.

4, HOJ'Iy‘ICHHBIC OLCHKH YpaBHCHHA PErpCCCUHU IMO3BOJIAIOT UCIIOJIb30BATh
Cro i1 MIporHo3a. Ecan IMPOrHO3HOC 3HAYCHUC TIPOKHUTOYHOTO MHHHMYMa

cocraBuT. X, =X[1,07=85,6]1,0# 91, py0., Torga WHAMBHUIYAIbHOE

IPOrHO3HOE 3HaYECHUE 3apaboTHOM IUIaThI COCTaBHT:
¥, =77,02+ 0,92]191,6 161,:py®.

5. Ommbka MpoTrHO3a COCTABUT:

—\2 2
m, =[S 12 X | ieg agh 4 L, (9162859 )
o TR n? 12" 120164,94

X

13,1.

[Ipenenpras ommOka mporHo3a, kotopas B 95% ciyuaeB He Oyner
IPEBBINICHA, COCTABUT:

Ay =t 0N, =2,23131~ 29,3.

Jo — ‘rabn
JloBepUTENBbHBIN HHTEPBAII IPOTHO3A!
Vi, = A +A, =161,29+ 29,3 n131,92< y; < 190,6.
BrinosHeHHBIN TTPOTHO3 CpeHEMECSYHON 3apabOTHOM TUIAThI SIBISETCS
HagexHbM (p=1-a =1- 0,05= 0,9) u naxoautcs B npeaenax ot 131,92pyo6.
10 190,66py6.

6. B 3akmioueHue pemieHus 3aJaud [OCTPOMM Ha OAHOM rpaduke

UCXOJIHbIC TaHHBIC ¥ TEOPETHUECKYIO mpsmyto (puc. 2.1):
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2.3. Peuenue munoeou 3aoauu ¢ MS Excel

C nomol11pio HHCTPYMEHTA aHalu3a JaHHbIX Perpeccust MOKHO MOJIY4YHTh
pe3yabTaThl  PErPpeCCUOHHOM  CTATUCTHKH, JAUCIHEPCUOHHOTO  aHalu3a,
JIOBEPUTENIbHBIX NHTEPBAIOB, OCTATKU U IPapUKH MO00pa JMHUU PETPECCHUMU.

Eciu B MeHIO cepBUC elle HET KOMaHIbl AHAJW3 [JaHHBIX, TO
HEOOXO0aUMO cHenaTh cleayromiee. B rmaBHOM MEHIO TIOCIIeI0BATEILHO
BoiOMpaem CepBuc—HajacTpoiikm 1 ycraHaBiuBaeM <«(Iaxok» B CTPOKe

IMaker ananu3za (puc. 2.2):
Haacrpoiion I.iﬁ

DocTynHeIE HAACTPOMKM;

]lu Analysis ToolPak - VBA J 0K,
| MacTep noacTaHoBoK
I MacTep CYMMMpOBaHMA CITHMERS
Tm MNepec4eT B eBPO
Obzop. ..
| Mowox peweHna
™ MomowHus o MHTepHeT
& PRy ABTOMATHZALWAA, ..

TlakeT aHanMza

CogepuT dyHKLMK M MHTepdEecsl ANA aHanv3a
HaYHHBIX 1 DMHEHCOBEIX 0aHHEIX

Puc.2.2
Jlanee cinenyem Mo CiIeayromeMy IJIaHy.
1.Ecnu  ucxonHble  JaHHBIE  y)K€  BHECEHbl, TO  BbIOMpaeM

CepBuc—Ananu3 nanabix— Perpeccus.
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2.3anojHseM JHUajJoroBOe OKHO BBOJA JIAaHHBIX M IapaMETPOB BBIBOJA
(puc. 2.3):

-r . : ; ; I : -1
Perpeccua I-ilﬂ_?-J
ByoaHEIE AGHHEIE
]
BxooHoM MHTEpEan ! |_'-‘.E=51: sB8513 E
OTMeHa
BxoaHol uHTepsan X: |5,.5,51; EALE13 %,
Cnpaska
v MeTrm | KoHCcTaHTa - Hone =P
| ¥poBEeHb HAOEWHOCTH: |95 To
MapaMeTpel BEIEOAS
{ " BolxoAHOM MHTEPBAN: | g
{*+ Hoswii pabouvi nucT: |
{ " Hosar pabo4as KHWra
QOcTatkmM
v OcTaTkM | padwk oCcTaTKOE
| CIaHnapTusoBaHHbie ocTatkn v ;[P.?.'i'.‘.’.‘.’.’iﬂ?ﬂ.ﬁ?.lﬁ'ﬁ5
HopManeHaA BEPOATHOCTE
| 'padwik HOpMaNbHON BEPOATHOCTH
i )
Puc. 2.3
31ech.
Bxoonoti  ummepsan Y — uama3oH, COACpXKAIUUA  JaHHBIC

PE3yJIbTaTUBHOTO TIPU3HAKA,

Bxoonoti ummepsan X — nwamnasoH, coIepKalllvii TaHHbIE TPHU3HAKa-
dakTopa,

Memxu — «hraaxxok», KOTOPBIH yKa3bIBaeT, COACPKU JIM MepBas CTPOKa

Ha3BaHUS CTOJIOLIOB;

Koncmanma —none — «pnaxok», yKa3bplBAIOIIMK Ha HAIMYHE WU

OTCYTCTBHE CBOOOIHOTO UJieHA B YPaBHEHUH,
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Boixoonoti unmepsanr — JOCTaTOYHO YKa3aTh JICBYKO BEPXHIOK SUYCHUKY
OymyIiero nquama3oHa,

Hoevlti pabouuil aucm — MOXHO yKa3aTh NPOHM3BOJBHOE WUMS HOBOTO
nucta (MM HE YKa3bIBaTh, TOT/IA PE3YJIbTAThl BBHIBOJSATCS HAa BHOBb CO3/IaHHBIM
JINCT).

[Tonywyaem crenytoue pe3yiabTaTbl [l PACCMOTPEHHOrO  BBIIIE

IpuMepa;
A B c D E F G H | J K L M

1 |BblBOJ UTOrOB

2 X MNpachuk nogbopa
3 PeepeccuoHHas cmamucmuxa

4 MHoxecTBEHHLI R 0,721025214 400

5 |R-kagpar 0,519877359 = 200 4+ -y 4 +y
6 |HopmupoeaHkblii R-ke 0,471865095 0 ) ) m [pejckasanHoe y
7 |CrangapTtHan ownika 12,5495908 ' '

8 Habnwgeuua 12 0 50 100 150

9 X

10 | QucnepcuoHHeil aHanua

1 df SS Ms F JHayuMocmes F

12 |Perpeccun 1 1705,327706  1705,328| 10.82801 0,008142

13 |Ocratok 100 1574,922294 157 4922

14 |Uroro 11 3280,25

18

16 Kosghgpuyuersmer Cmandapmuas f-cmamuct P-Shavent Huxxue 98 Bepxrue 9 Huxnue 9 Bepxriue 95,0%

17 |Y-nepecedenne 76.,9764852 2421156138 3.179328  0.009631 23.02976 130,9232 23.02976 130.9232

18 x 0.920430553  0.279715687  3,290594 0.008142 0,297185 1543676 0,297185 1.543676

19

20

21

22 |BbIBOJ, OCTATKA

23

24 Habmiodetive Mpedckasatiroe y  Ocmamiu

25 1 148.7700683 -15.77006831

26 2 1624517905 4 45179052

27 3 157.0539433 -23,05394328

28 4 1496904989 4309501138

29 5 158.6948044 3105195612

30 6 1746421238 2045787622

31 7 1386453322 0354667771

32 8 167.9743738 0,025626164

33 9 1441679155 T,832084455

3 10 167.0539433 4 946056717

35 1 146,9292072  12,0707928

36 12 182.8259988 -9.8259958758

Puc. 2.4
OTKyna BBIMUCHIBAEM, OKPYTJISISl 10 4 3HAKOB TOCIIE 3aISTOW M MEePEXOIs
K HaIlluM 0003HAYCHUSIM:

YpaBHEHHE perpeccumu:

y, =76,9765+ 0,9204.
Koaddumuent koppensuumu:

ry=0,721C
Koaddurment nerepmunanuu:

r2=0,519€
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dakTuueckoe 3HaueHue F -xpurepus Oumepa:
F =10,828(

OctaTtouHas AUCIICPCHA HA OAHY CTCIICHDb CBO6OI[I>I:

S =157,492..

ocCT -
Kopenb KBaJpaTHBII U3 OCTATOYHOM JTUCIIepCHH (CTaHAapTHAS OINOKA):

S, =12,549¢

CrannapTHble OLIMOKU JJIs1 TApaMETPOB PErPECCUM
m, =24,211¢, m, =0,2797.
daktruueckue 3HaueHus t-kpurepust CTbIOICHTA:
t, =3,179;, t, =3,290¢.
JloBepuTENbHBIE HHTEPBAJIBIL:
23,0298 a”< 130,923,
0,2972<b"< 1,543,
Kak Buaum, HaiileHbl BCEe pAcCMOTPEHHBIC BBIIIE TMapamMeTpbl U
XapaKTepUCTUKHA YPaBHEHUS PErpeccuu, 3a HUCKIIOYCHHEM CpeIHEil OIIMOKU
anmnpokcumanuu (3HayeHue t-xpurepuss CThIOJeHTa IS KO3 QHUIMECHTA

Koppemsinuu coBmagaer ¢ f,). Pe3ympTarhl «pydHOro cuera» OT MAIIMHHOTO

OTJIMYAKOTCA HC3HAYUTCIIBHO (OTJII/I‘-II/IH CBSI3aHBI C OIITMOKaMHU OprrJIeHI/IH).
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3. MHokeCTBeHHasl perpeccusi U KOppeJasauus

3.1.Teopemuueckan cnpaska

MHnoowcecmeennasn peepeccuss — 3TO ypaBHEHHUE CBSI3U C HECKOJIBKUMHU

HE3aBUCHUMBIMU IICPEMCHHBIMHU

y= (X % oy %) +E,
rae Y — 3aBUCHMAas HepeMeHHasi (Pe3yJbTaTHBHBIA MPU3HAK); X, X, ..., X, —

HE3aBUCUMBbIEC TIEPEMEHHBIE (TPU3HAKU-(PAKTOPHI).
JUist  moCTpoeHWsT YpaBHEHHMS] MHOXKECTBEHHOM perpeccuu — yaiie
UCITOJIB3YIOTCS CIeaytomue (PyHKITUN:

e quHelHas — y=a+ Qx+ b Ox+...+ R Ox+¢&;

e crenennas — y = al® (¢ [..OX [F;

* OKCIIOHEHTa — Y = @b+ Dg* * e

1
athx+blx+..+ Qlx+e

Mo>XHO HCTIONB30BaTh U JApyrue (YHKIHMH, NPUBOJUMBIE K JHMHEHHOMY

* runiepbona — y =

BU]TY.

JIns  OLEHKM TapaMeTpOB YPAaBHEHUS MHOKECTBEHHOM pErpeccuil

OPUMEHSIIOT Memoo Haumenvuwiux xeaopamos (MHK). [Ins auHEHHBIX
YpPaBHEHUM

y=a+hlx+blx+..+ hlx+e (3.1)

CTPOMUTCS CJIEIYIOIIAsi CUCTEMAa HOPMAaJbHbIX YPABHEHUMW, PELICHHE KOTOPOM

IIO3BOJIICT MMOJIYYUTh OICHKH IIapaMETPOB PETPECCHU.

(Zy:na+ qz X+ QZ X+..+ pz X
2yx=ay x+hy X+ By xx+.+ hy X x (3.2)

DV T @ %Y ot B xx+ D%
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Jlns nByX(paKTOpHOM MOJIeNI JJaHHAs cucTeMa OyJeT UMETh BU/IL:

na +h) x +BY % =)y
ay x+hY X +bY xx%=> vy (3.3)
ay % +hY xx%+ by % =) yx

Tak k€ MOXXHO BOCHOJIB30BaThCS TOTOBBIMU (I)OpMYJ'IaMI/I, KOTOPBIC SABJIAIOTCS
CJIICACTBUECM H3 ATOM CUCTEMBI.

b= gy Drm_ry&rw :
()

X 1- rxixz |
o, r. —r.r
b2= y Dyxz y2>i >i>§; (34)
g, 1—rX1X2
a=y-hx-bx.

B nuHelrHOW MHOXECTBEHHON PETPECCUM NTapaMEeTPhl IPU X HA3bIBAIOTCS
koappuyuenmamu <«uucmou» peepeccuu. OHHM XapaKTEPU3YIOT CpEIHEE
U3MEHEHHUE pe3yIbTaTa ¢ K3MEHEHUEM COOTBETCTBYIONIETO (haKTOpa Ha €IUHHUILY
IpU HEM3MEHEHHOM 3HAYeHHH JPYTruX (paKTOPOB, 3aKPEIUICHHBIX HA CPETHEM
YPOBHE.

Meron HaMMEHBIIMX  KBAaApaTOB IPUMEHUM H K  YPaBHEHUIO

MHOKE€CTBEHHOU PErpeCcCUU B CMAHOApmMu3upo8aHHoM macumaoe:.

t, =Bt +BL, t..tB L, TE, (3.5)
) _ oYY
e ty, txl, "’txn CMAaHOapmu3uUpoB8anHvle NepemMeHHble: ty = g
y
_X "X ST _
tx,- —a—, JUIsL KOTOPBIX CpEIHEE 3HAYEHUE PAaBHO HYIIIO! ty = t)ﬁ =0, a

Cpe/iHee KBaj[paTUIECKOe OTKIOHEHHE PaBHO eNMHMNE: O, =0 =1, B -

cmanoapmu3upo8antvle Kodghguyuenmol pecpeccuu.
B cuny Ttoro, uto Bce mepeMeHHbIE 3aJaHbl KAaK LIEHTPUPOBAHHBIE U

HOPMHUPOBAHHBIE, CTaHAApPTU30BaHHBIE KO3(duIMEHTHl perpeccuun [ MOXHO
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CpaBHMBATh MEXy co00il. CpaBHMBaAs UX IPYT C IPYIrOM, MOKHO PaH>XKMUpPOBATh
dakToppl MO CHJI€ HUX BO3ACHCTBHS Ha pe3yabTaT. B 3TOM OCHOBHOE
JIOCTOMHCTBO CTAaHJAPTU30BaHHBIX KOA(P(ULHUEHTOB PErPECCUM B OTIUYHME OT
KO3 (PULHUEHTOB «YUCTON» PErpeccui, KOTOPbIE HECPABHUMBI MEXAY COOOII.
IIpumensss MHK k ypaBHEHMIO MHOXECTBEHHOM pETpEecCHM B
CTaHJapTU3UPOBAHHOM MacIITade, MOJIyYUM CUCTEMY HOPMaJbHBIX YpaBHEHUI
BHJIA
(ryxl =4 +,82rX1X2 + By e T -+ B 1K
My ='81rx1xZ *B, +'83r¥1>§+ -+ B 1K

(3.6)
Mo = Bl sy T B i, ¥ B i ¥ B
rae fy, mr, — KO3 (ULMEHTHI TApHON U MEXK(PAKTOPHON KOPPEIISIIHH.
Kosddunnents «YUCTON» perpeccuu b CBS3aHBI co

CTaHAAPTH30BAaHHBIMH KO3 uumeHTamu perpeccunt [ ciaeayronmm o0pa3oMm:

g g,
h=A_*|A=h—"| 37)

X y
[TosTOMY MOKHO TEPEXOAMTH OT YPaBHEHHs PETPECCHU B CTaHIAPTU30BAHHOM
macmtabe (3.5) K ypaBHEHWIO perpeccHH B HaTypaJbHOM MaciuTade
nepemendsix  (3.1), mpm  STOM mapaMeTp @  ONpEENIeTcs  Kak
a=y-hQx-bhx-..- b

PaccMOTPEHHBIN CMBICIT CTaHIAPTU30BAaHHBIX KOA(D(UIIUEHTOB PErPECCUH
MO3BOJISICT UX MCIIOJIb30BaTh MPH OTCEBE (DAKTOPOB — U3 MOCIH HCKIIOYAIOTCS

(akTopBl C HAMMEHBIINM 3HaYeHHeM [ .

Cpeonue xoagpguyuenmol d1acmuyHocmu g JUHEHMHON perpeccuu

paccuuThIBaOTCS 10 popmyre

=b.

yXj i

, (3.8)

< |

27



KOTOpBIE MOKA3bIBAIOT HA CKOJIBKO MPOLEHTOB B CPEAHEM U3MEHUTCSI PE3YJIbTAT,
npu U3MEHEHUU COOTBeTcTBymomero Qakropa Ha 1%. CpenHue mokaszarenu
3JIACTUYHOCTH MOXKHO CpaBHUBAaTh Jpyr C JAPYrOM U COOTBETCTBEHHO
paHXMpPOBaTh (PAKTOPHI O CUIIE UX BO3AECUCTBUS HA PE3YJIbTAT.

TecHoTy coBmMecTHOrO BIHMSHHUS (PAKTOPOB Ha pPe3yabTaT OIICHUBACT

UHOEKC MHONCECMBEHHOLL Koppenayuu.

(3.9)

3HaueHne UHACKCAa MHOKECTBEHHOMN KOPPESIIINY JISXKHUT B npezenax ot 0
10 1 1 nomxHO ObITH OOJIBILIE MM PABHO MAKCUMAJIBHOMY MapHOMY HMHJIEKCY

KOPPEIISILUHN:

Ry 2 Ty (i =1’_m)

[Ipy  nuHEWHOW  3aBUCUMOCTH  KO3uyuenm  MHOHCECMBEHHOL

Koppenayuy MOXKHO OIpPEACIUTh 4Yepe3 MaTpUIlbl MapHBIX KOI(P(HUIIMEHTOB

KOppeIsIuu:
Ar
Fg = 1-— (3.10)
X% Xn !
Ar,
rac
1 Mo Ty o Ty
My 1 Mo o oy
Ar=ir, T 1 o1,
rym er>i r>‘m>§ 1

— OIPEACTUTENb MAaTPUIIBI TAPHBIX KOI(DPHUIIMEHTOB KOPPETSALUY,

(I VR
r 1 ...
— | XX XK
Ar, =
rxm>‘1 rxmxz 1
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— OTIPEACTUTENb MAaTPHUIIBI MEK(PAKTOPHON KOPPEIISIIHH.
Tax e mpu TUHEHHOM 3aBUCUMOCTH MPU3HAKOB (hopmyna kodddurmenTta

MHO>KE€CTBEHHOU KOppeIsinUuKu MOXKET OBITH TaKXKeE mpeacTaBJI€Ha CICAYIOIIUM

BBIPAKEHUEM:
Roge.n :\/Z,Bi Ly (3.11)
rne [ — craHAapTU30BaHHbIE KOX(QQHUIMEHTHl perpeccuu; [, — MapHbIE

yX
KO3 PHUIMEHTHI KOPPEISLHUU PE3YIbTaTa ¢ KaXKAbIM (PaKTOPOM.
KauecTBO moOCTpoeHHOW MOIEIM B IEJIOM OLEHHUBAET KOIPPUIUEHT

(uapexc) nmerepmuHanuu. Koogguyuenm muodcecmeennol oemepmunayuu

pacCUUTBIBACTCS KaK KBaJApaT HHACKCA MHO>XE€CTBECHHOM KOoppcesinunu ijleXn .

Jis Toro droObl HE MOMYCTUTh TMPEYBEIWYCHHUS TECHOTHI CBSI3H,
IPUMEHSIETCSI CKOPPEKMUPOBAHHBIU UHOEKC MHOMICECME8EHHOU OemepMUHayuu,
KOTOPBIM CONEPIKHUT MOMPABKY HA YHCIIO CTENIEHEH CBOOOBI M PACCUUTHIBACTCS
o ¢hopmyiie

R?=1-(1- Rz)ﬂ, (3.12)
(n-m-1)
rae N — gucno HabmoaeHui, M — gucio ¢aktopoB. [Ipu HeOGombIIIOM UHCTE
HaOTIOICHUN HECKOPPEKTUPOBAHHAS BEIMUMHA KOA((PHUITMEHTAa MHOKECTBEHHOM
netepMuHAIME  R°  MMeeT TEHJEHIMIO MepeoleHHuBaTh JONI0 BapHALUH
PE3YNIbTaTUBHOTO MPHU3HAKA, CBA3aHHYIO C BIUSHUEM (PAKTOPOB, BKIIOYCHHBIX B
PErpecCUOHHYIO MOJIENb.
Yacmuvie koapuyuenmor (unu unoexcwl) Koppensiyuu, U3MEPSIONINEC

BIMsSHUE Ha Y ¢akTopa X, OpU SIMMUHUPOBAHWUHU (MCKIIIOYCHUU BIIMSIHUA)

Opyrux (GakTopoB, MOKHO OINPEAETUTH MO (HopmyIie

-,
r = 1- XKy (3.13)
YX00% Yo K1 —_R2 !

1 R)/XlXZ'"X—1¥+1“'ﬁ1

WM 10 PEKYPPEHTHOU (popmyie:
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r yROX %... %—1m X X %o i XX g nX 1 (3 14)

1-r?2

r TN ST
X % X X ?&1)

Y% 0% X1 Ke oo i
\/(1— r2

YXm B4 Xy Xm—l)(

Paccuntannbie 1o peKkyppeHTHOH ¢opMyse yacTHbIE KO3((OUIHMEHTHI
KOppeJsIy U3MEHSIOTCS B mpeaenax oT —1 go +1, a mo dopmynam yepes
MHOeCTBeHHbIe Kod(pdunmentsl nerepmuHanuu — ot 0 no 1. CpaBHEeHHE HX
JIpyr C JIPYroM TMO3BOJSIET PaHXUPOBATH (DAKTOPHI MO TECHOTE UX CBS3U C
pesynbraToM. YacTHbie KO3()PUITMEHTH KOPPEISIUH 1al0T MEPY TECHOTHI CBSI3U

KaXJI0TO (hakTopa ¢ Pe3ysIbTaTOM B YUCTOM BHUJIE.

[Tpu aByx daxropax ¢popmynsl (3.12)u (3.13)npumyT BU!

O T S St Sl S . St t S
" \/(1_ry2><2)[q1_r>§xz) " \/(1_ry2>&)[q1_r>§xz)

3HAYMMOCTh ~ YPAaBHEHHS MHOXXECTBEHHOW PpErpeccud B  IEJIOM

OLIEHUBAETCsI ¢ oMokl F -kputepus Ouiepa:

2 - m—
F=1RR2Dn r;“ 3 (3.15)

Yacmuwiti  F -xpumepuii  OLIEHUBAET CTAaTUCTUYECKYID 3HAYUMOCTH
OPUCYTCTBHUS KXKI0TO U3 (PaKTOpOB B ypaBHEHUU. B o0mem Buae 1 akropa

X 4acTHBIN F -KpuTepuil onpenenauTcs Kak

2 _ — —
E = Ryxl>g¥n ZRfDi---%Cl?(rl---Pﬁ |:rl m-1 (316)
" 1- R/Xl---xmxn 1

dakTU4YeCcKoe 3HaueHHE 4YacTHOro F -kputepuss cpaBHUBaeTcs ¢

TaOJIMYHBIM IPH YPOBHE 3HAYMMOCTH ' M 4HCIE cTeneHed cBoOoxsl: K =1 u
k, =n—m-1. Eciu pakruueckoe snauenne F, npesbimaer F (a, ki, k), 0
JOTIOJTHUTEIBHOE BKIFOYEHHE (PAKTOPa X B MOJAENb CTATHCTHYECKH OIIPABIAHHO

1 K03 UIMEHT YUCTON perpeccur b mpu paxkrope X CTaTUCTUYECKH 3HAUHM.
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Ecau xe (I)aKTI/I‘ICCKOC 3HA4YCHHUC in MCHBIIC Ta6J'II/I‘{HOI‘O, TO AOIIOJTHUTCIIBHOC

BKJIIIOYEHHE B MOJenb (akTopa X HE YBEIMYMBAECT CYHIECTBEHHO [OJIIO
0OBSICHEHHOW Bapualluu MpU3HaKa Y, CIeJ0BaTENIbHO, HEIEIeco00pa3HO ero

BKJIFOUEHHE B MOJEIb; KOAPOUIIMEHT perpeccuu Mnpu AaHHOM (akTope B 3TOM
ClIy4yae CTaTUCTUYECKU HE3HAUUM.

Onenka 3Ha4UMOCTH KO3 (OUIIMEHTOB YUCTON PErpeccuu MPOBOJUTCS IO
t -kpureputo CtbhloieHTa. B 3TOM cilydae, kKak U B MapHOW perpeccuu, Iis

KaXI0TO (hakTOpa UCIoNb3yeTcs hopmyia

T (3.17)

Jlnst  ypaBHeHUsT  MHOXKeCTBeHHOM  perpeccun  (3.1)  cpensss

KBaJipaTHyeckas omunoka Ko3(pPUIeHTa perpeccun MOKeT OBbITh OmpeneieHa

QLR ! (3.18)
o, Q/l R, ., x/n m-1’

rae Rixj.X'n — K02()(pULIMEHT AeTepMHUHALUU Ul 3aBUCUMOCTH (akTopa X €O

o ¢hopmyiie:

m, =

BCEMHU JApYrUMHU (akTOpaMu YpaBHEHHUS MHOXKECTBEHHOH perpeccuu. Jis

nByxdakTopHoi Moaenu (M= 2) umeeM:

1 Ron 1 (3.19)

mol_a Q/l Mo Jn-3’

y AL RW? (3.20)

mog_a[l/lr \/n3

CymectByer cBsizb Mexay t-kputepuem CThlOIeHTa M 4YacTHbIM F -

kputepuem duiepa:

t,|=F, - (3.21)
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VYpaBHEHHsI MHOXXECTBEHHOW PETPECCHU MOTYT BKJIIOYaTbh B KadeCTBE
HE3aBUCUMBIX MEPEMEHHBIX KaueCTBEHHbBIE MPHU3HAKU (Hampumep, npodeccus,
1oji, oOpa3oBaHME, KIMMATHYECKUE YCIOBHUS, OTICIbHBIC PETHOHBI H T.1.).
YToOb! BBECTU TaKu€ MEPEMEHHBIE B PETPECCUOHHYIO MOJIENb, UX HEOOX0AUMO
YHOOPSIAOYNUTh W INPUCBOUTH UM TE€ WIM HHBIE 3HAYEHUs, T.€. KAaUECTBEHHBIC
IEpEMEHHbIE IPE0OPa30BaTh B KOJIMYECTBEHHBIE.

Takoro BuAa  CKOHCTPYHMPOBAaHHBIE IIEPEMEHHBIE  IPUHATO B
YKOHOMETPHUKE Ha3bIBATh QuUKMuUsHuIMU nepemennvimu. Harpumep, BKIOYATh B

MoOZieNib (PaKTOp «I1oa» B BUAEC (UKTHUBHON MEPEMEHHON MOXKHO B CIEAYIOIIEM

BUJIC:
1 — myXcKoi o
zZ= . ’ (3.22)
O — >KeHCKHUIA MoJI.
Koaddurnment perpeccuu npu (UKTUBHOMN MepeMeHHOMN

HUHTEPIPETUPYETCA KaK CpeaHee H3MEHEHHE 3aBUCHMOM IEPEMEHHOW TpH
nepexojie OT OJHON Karteropuu (KEHCKHH 10J1) K Apyroi (My>KCKOH ITOJI) MpH

HCU3MCHHBIX 3HAYCHUAX OCTAJIbHBIX ITaPpaMCTPOB.
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3.2. Pewuenue munoeou 3aoauu

[Io 20 npennpusaTUsSM pervoHa H3Y4YaeTCs 3aBUCHUMOCTb BBIPAOOTKHU

IPOJYKITMK Ha OJHOTO pabOTHHWKA Y (ThIC. py0.) OT BBOJA B JICHCTBHE HOBBIX

OoCHOBHBIX (oHAOB X, (% oT crommoct (oHIOB Ha KOHEIl rojxa) U OT

yAEITBHOTO Beca padounMx BBICOKOW KBamM(puKanmuu B OOIIEH YUCICHHOCTH

pabouux X, (%).

OO0 0000000 OoOO0o

Howmep Howmep
MPEINPUSITUS y X % MPENPUSTHS y X %

1 7,0 3,9 10,0 11 9,0 6,0 21,
2 7,0 3,9 14,0 12 11,0 6,4 22,
3 7,0 3,7 15,0 13 9,0 6,8 22,
4 7,0 4,0 16,0 14 11,0 7,2 25,
5 7,0 3,8 17,0 15 12,0 8,( 28,
6 7,0 4.8 19,0 16 12,0 8,2 29,
7 8,0 54 19,0 17 12,0 8,1 30,
8 8,0 4.4 20,0 18 12,0 8,5 31,
9 8,0 5,3 20,0 19 14,0 9,6 32,
10 10,0 6,8 20,0 20 14,0 9,( 36
TpeOyercs:

1. [ToctpouThs JWMHENHYIO MOJEIb MHOMXECTBEHHOM PErPECCHU.

3anucaTe CTaHJAPTHU30BAaHHOE YpAaBHEHHWE MHOXECTBEHHOW perpeccu. Ha

OCHOBC CTaHIapTH30BAHHBIX

Kod(puLreHTOB

perpeccuu

)41 CpCOHUX

KO3 (UILIMEHTOB 3JIACTUYHOCTH PAHKUPOBATH (DAKTOPHI MO CTENEHU UX BIMSHHUS

Ha pe3yJIbTar.

2. Haittn koadduieHTsl mapHOW, YaCTHOM W MHOXKECTBEHHOM

Koppensaunu. [Ipoanann3npoBarts ux.

3. Hanitu  ckoppekTUpOBaHHBIN

nerepMuHanuu.  CpaBHUTH

Kod(pbUIIEHTOM JeTepMUHAITUH.

€ro

C

HECKOPPEKTUPOBAHHBIM

Kod(purmeHT

MHO>KECTBEHHOU

(oO1mMm)

4, C nomompto F -xkputepuss Pumiepa OUEHUTh CTATUCTUUYECKYIO

HAJISKHOCTh YPaBHEHUS PErpeccuu v K0dPUIMECHTA TeTePMUHAIIAH ijle :
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5.

C ITIOMOIIIBIO t-KpI/ITCpI/IH OICHUTb CTATUCTHUYCCKYIO 3HAYUMOCTH

K03 (UILIMEHTOB YUCTON perpeccumu.

6.

C

IIOMOIIIBIO

YaCTHBIX

F -xputepuen

Odumepa

OLICHUTDH

HCHCCOO6paBHOCTB BKIIFOYCHHA B YPABHCHHUC MHO>KE€CTBEHHOU perpeccun

(akTopa X, mocie X, u gpakTopa X, mocie X.

1.

JIMIIb OJJMH 3HaYaIui haxkTop.

CocTaBUTh ypaBHEHUE JMHEHHON NapHOW pPErpeccuH, OCTABUB

Pemienne
Jlns  ymoOCTBa  MPOBEACHHS  PacyeTOB  IOMECTHM  PE3YJIbTAThI
IIPOMEXKYTOYHBIX PAacueTOB B TAOJIHILY:
Tabnuya 3.1

Ne [ Y | X %oy | Y% | X% | X X y?

1 2 3 4 5 6 7 8 9 10

1 7,0 3,9 10,0 27,3 70,0 39,0 15,21 1000 49,0
2 7,0 3,9 14,0 27,3 98,0 54,6 15,21 1960 49,0
3 7,0 3,7 15,0 25,9 105,0 55,5 13,69 225,0 49,0
4 7,0 4,0 16,0 28,0 112,0 64,0 16,0 256|0 49,0
5 7,0 3,8 17,0 26,6 119,0 64,6 14,44 2890 49,0
6 7,0 4.8 19,0 33,6 133,0 91,2 23,04 361,0 49,0
7 8,0 5,4 19,0 43,2 152,0 1026 29,16 361,0 64,0
8 8,0 4.4 20,0 35,2 160,0 88,0 19,86 400,0 64,0
9 8,0 5,3 20,0 42,4 160,0 106,0 28,09 400,0 64,0
10 10,0 6,8 20,0 68,0 200,Q 136,0 46.,p4 40Q,0 100,0
11 9,0 6,0 21,0 54,0 189,0 126\0 360 441,0 81,0
12 11,0 6,4 22,0 70,4 242 .0 140,8 40,96 484,0 121,0
13 9,0 6,8 22,0 61,2 198,0 149|6 46,24 484,0 81,0
14 11,0 7,2 25,0 79,2 275,0 180,0 51,84 625,0 121,0
15 12,0 8,0 28,0 96,0 336,0 2240 64,0 784,0 144,0
16 12,0 8,2 29,0 98,4 348,0 2378 67,24 841,0 144,0
17 12,0 8,1 30,0 97,2 360,0 2430 65,p1 90Q,0 144,0
18 12,0 8,5 31,0 102,( 372,0 2635 72,25 961,0 (0144,
19 14,0 9,6 32,0 134,4 448,( 307,2 92,16 1024,0 ,0196
20 14,0 9,0 36,0 126,( 504,0 3240 81,0 1296,0 0196,

CymmMma 192 123,8| 446| 1276,8 4581 2997,837,74| 10828,0| 1958,(
Cp.smau. | 9,6 6,19 22,3 63,815 229,05 149,841,887| 541,4 97,9

HaﬁI[CM CpCAHHEC KBAIPATHYCCKHUEC OTKIIOHCHMS IIPU3HAKOB.

\/ y* =4/97,9- 9,6 =/ 5,74 2,38;

34



0, =X -X?=./41,887- 6,18=/ 3,57% 18
0, =X -X2 = 541,4- 22,3=./ 441t 6,6

1. Jlna HaxoxAeHUS MapaMeTpOB JIMHEHHOTO YPABHEHUS MHOKECTBEHHOM

perpeccun
y=a+thx+hx
HCOOXOAMMO PELINTh CHCTEMY JIMHEHHBIX YPaBHEHHH OTHOCHTEIBHO
HEN3BECTHBIX mapamerpoB a, b, b, (3.3) mbo Bocmoms30BaThCS TOTOBBIMH
dopmynamu (3.4).
Paccumntaem cHavana mapHbie KO3GGHUIIHEHTH KOPPEISIINH;

_cov(y,x) _63,815- 6,1919,6
"o, 1,890012,396

0,97C;

. _cov(y,%) _ 229,05 22,319,6 ) g4y
o, 6,64212,396

- cov(x,%,) _149,87- 6,19122,3
e o, o, 1,89006,642

0,942

Haxomum mo ¢opmynam (3.4) xkodpPUIUEHTE YUCTOH PErPECCHU U
napameTp a:

= %o (s~ s _ 2,396,,0,076- 0,041 0,943

> 0,946,
o 1-r 1,890 T+ 0,943

1 X X2

o, I, —r.r 0
b, = %o e Mol s 2,396,0,04% 0,970 0,943 ) o
o, 1-r 6,642 t 0,943

X2 X X2

a=y-h%-b%=9,6-094616,19 0,0856 22;:3 L&

Takum 00pa3oM, TOJYYHIIA CIEAYIOLIEE YpPaBHEHHE MHOKECTBEHHOMN

perpeccuu:
y=1,835+ 0,946k + 0,0858x,.
VYpaBHeHue perpeccud MOKa3blBa€T, YTO IpPU YBEIWYEHUH BBOJIa B
neiicTBue OCHOBHBIX (hoHI0B Ha 1% ([pu HEeM3MEHHOM YpOBHE YJCIHLHOTO Beca
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pabounx BHICOKOW KBaJTU(UKAIIMU) BEIPAOOTKA MPOAYKIIUU Ha OJHOTO paboyero

yBenuuuBaetrcs B cpeaHeM Ha 0,946Teic. py0., a Ipu YBETUYCHUH YACIBHOTO

Beca pabounX BBHICOKOM KBanmudukamuu B o01el yncieHHocTy padbounx Ha 1%

(mpy HEM3MEHHOM YPOBHE BBOJa B JICWCTBHE HOBBIX OCHOBHBIX (DOHJIOB)

BbIpa0OTKa MPOAYKIMH Ha OJHOTO pabovyero yBETUYHMBAECTCS B CPEOHEM Ha

0,086THIC. pYO.

[locne HaxoXA€HUSI ypaBHEHUSI PEIPECCHH COCTAaBHM HOBYIO PacUETHYIO

Ta6HHHy JIA OIIPCACIICHUA TCOPCTHUYCCKUX 3HAYCHUU PE3YILTATUBHOT'O

IMpU3HAKa, OCTaTOYHOU AUCTICPCHUU U CpG,ZIHGﬁ OIITHOKH aIlIrpoKCuMaliu.

Tabnuya 3.2
Ne y X X y | vV [(y-9)° | A%
1 7,0 3,9 10,0 6,380 0,620 0,384 8,851
2 7,0 3,9 14,0 6,723 0,277 0,077 3,960
3 7,0 3,7 15,0 6,619 0,381 0,145 5,440
4 7,0 4,0 16,0 6,989 0,011 0,000 0,163
5 7,0 3,8 17,0 6,885 0,11% 0,018 1,643
6 7,0 4,8 19,0 8,002 -1,002 1,004 14,317
7 8,0 5,4 19,0 8,570, -0,570 0,32b 7,123
8 8,0 4,4 20,0 7,709 0,291 0,084 3,633
9 8,0 5,3 20,0 8,561 -0,561 0,31b 7,010
10 10,0 6,8 20,0 9,980 0,020 0,000 0,202
11 9,0 6,0 21,0 9,309 -0,300 0,095 3,429
12 11,0 6,4 22,0 9,773 1,227 1,507 11,158
13 9,0 6,8 22,0 10,151 -1,151 1,325 12,789
14 11,0 7,2 25,0 10,786 0,214 0,046 1,944
15 12,0 8,0 28,0 11,800 0,200 0,040 1,668
16 12,0 8,2 29,0 12,075 -0,075 0,006 0,622
17 12,0 8,1 30,0 12,066 -0,066 0,004 0,547
18 12,0 8,5 31,0 12530 -0,530 0,280 4,413
19 14,0 9,6 32,0 13,656 0,344 0,118 2,459
20 14,0 9,0 36,0 13,431 0,569 0,324 4,067
CymmMma 192 123,8 446 191,992 0,008 6,093 | 95,437
Cp. 9,6 6,19 22,3 9,6 - 0,305 4,771
3HaY.

OctaTtouHas JAUCIICpCHsL.
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A\2
o2 = 2y=9) _6.093_4 o
n 20

Cpennsiga ommoOKa anmpoKCUMALNH:

A

— 3 0,
gz‘_y y‘ 100%=22437%_ 4 779,
n y 20

KadectBo Moaenu, uCXos U3 OTHOCUTEIHHBIX OTKIOHEHHH MO KaXKIOMY
HaOIIOICHUTO0, TPU3HASTCST XOPOIIUM, T.K. CpEIHSS OMNOKa alpOKCUMAIIH He
npesbimaer 10%.

Kosddummentsr S u [, craHmapTU30BaHHOTO ypaBHEHHUS PETPecCUU

fy =B, + Bt, + &, naxomares no popmyae (3.7):

o, 890
=ph % =0,9460"""" = 0,74¢
A blay 2.396
o 642 .
=ph,—2 =0,08563—~——= 0,23.
P =b, o 2,396

y

T.e. ypaBHeHue OyAeT BBITISAACTH CACAYIOUIUM 00pa3oM:
t,=0,746d, + 0,237, .

Tak Kkak cTaHIApTU30BaHHBIE KOIPQPUIMEHTHI PETPECCHU MOXKHO
CpaBHUBATh MEXIy c000#l, TO MOXHO CKa3aTh, YTO BBOJ B JEWCTBHUE HOBBIX
OCHOBHBIX (POHJIOB OKa3bIBaeT OOJIblllee BIHMSHHE HA BHIPAOOTKY MPOTYKIIHH,
YeM yAeNbHBIN Bec paboyuX BHICOKOM KBaTH(PUKALIUH.

CpaBHuMBaTh BIMsHUE (AKTOPOB Ha pe3yabTaT MOXKHO TakXKe MpH
TIOMOITH CpeaHUX KO3 HUIIMESHTOB 3macTUIHOCTH (3.8):

5=hE-.
2

Beruucnsem:

5;0,946&%): 0,6; §2=o,08563292—’63= 0,2
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T.e. yBenuueHue TOJBKO OCHOBHBIX (OHIOB (OT CBOETO CPEIAHETO
3HAYCHUS) WM TOJBKO YIEIBHOTO Beca pabovMx BBHICOKOW KBaMH(HUKAINKA HA
1% yBenuuuBaer B cpenHeMm BbipaOoTKy mpoaykiuu Ha 0,61% wmu 0,20%
COOTBETCTBEHHO. TakuMm o00pa3om, TOIATBEp)KIaeTcsi OoJblliee BIMSHHUE Ha
pe3yabTar Y ¢akropa X, yeM axrtopa X, .

2. Koo dunmeHTs napHOU KOPPETSIUU MBI YK€ HAIILIH:

ry, =0,97Gr, =0,94%r,  =0,94c
OHM yKa3pIBalOT HA BEChbMa CHUJIBHYIO CBS3b KaXJIOTO (Qakropa C

pE3yNIBTaTOM, a TAaKXKe BBICOKYIO MEK(PaKTOPHYIO 3aBUCHMOCTH ((aKTOpsl X, U

X, SBHO KOJUIMHCApHBI, T.K. [, =0,943> 0,%). Ilpu Takoil CHIBHOMI

Mex(HaKTOPHON 3aBUCUMOCTH PEKOMEHIYETCSl OJIUH U3 (PAKTOPOB UCKIIIOUUTD U3
paccMOTpEHMUS.

YactHple KOAPOUIMEHTH KOPPENALHNHU XapaKTEPHU3yIOT TECHOTY CBSI3U
MEXIY Pe3yJbTaTOM U COOTBETCTBYIOIIMM (PAKTOPOM MPHU SIUMUHHUPOBAHUU
(ycTpaneHun BiMsSHUS) OpyruX (HAaKTOpOB, BKIIOYCHHBIX B YpaBHEHUE
perpeccuu.

I[Ipu aByx  Qakropax dacTHble KOIPPUUHUEHTHl  KOPPEISIUU

PaCCYUTBIBAOTCA CICAYIOIINUM O6p2130M:

ro. = e~y s, —__0,970- 0,94110,943 =0,734;
) eos) (e oo
Mo Vo Wy _ 0,941~ 0,970 0,943 =0,325.

o) g oo

Ecin cpaBHUTH KO3(DPUIMEHTHI HapHONM M YacTHOW KOPPESALUH, TO
MOXXHO YBHJIETh, UTO H3-32 BBICOKOH MEX(PAKTOPHOH 3aBUCHMOCTH
KOA((ULUEHTHl MAPHOM KOPPENALMHM AT 3aBBILICHHBIE OIIEHKU TECHOTHI
cBs3u. MIMEHHO 1O 3TOM NpPUYMHE PEKOMEHAYETCS IIPU HAIWYUHA CHIIBHOU

KOJUIMHCAPHOCTH (BSaI/IMOCB}IBI/I) (b&KTOpOB HCKIIIOYAaTh M3 HCCIICOAOBAHUA TOT

38



¢dakTop, y KOTOpPOro TECHOTa MapHOW 3aBHCHUMOCTH MEHBIIE, YeM TECHOTa
MeXK(PaKTOPHOH CBS3H.
KoadduureHtT MHOKECTBEHHOW KOPPEISLNU ONPEIEIUTh Yepe3 MaTPUILIbI

napHbeIX Ko3ddurueraToB koppesaiuu (3.9):

/ Ar
= 1-—,
RyXlXZ Arll

raec
1 ryxl r Y%
Ar = Mo 1 M

ryxz r XX 1

— OTpEeJIETUTENh MAaTPULIBI TAPHBIX KOADPUIIUEHTOB KOPPEIIALIHH;

1 r

X X2

r 1

X2 X

Ar, =

— OTIpeACTUTEh MATPHUIIBI MEeK(PaKTOPHON KOPPETISILIHH.
Haxomgnwm:

1 0,970 0,941
Ar =|0,970 1 0,943 * 0,860¥ 0,866,
0,941 0,943 1
-0,8855- 0,8892 0,9409 0,0058;

1 0,94

Ar, = =1-0,8892= 0,110.
0943 1

KoadduiineHT MHOKECTBEHHON KOPPEIISIIIN:

l, 0,0058
=, [1-—= =0,97:.
Roce 0,1108

AHAJOTUYHBIN pe3yNIbTaT MOJyYUM TIPU HCIONIb30BaHuU Gopmyi (3.8) u

(3.10):
[ a? 0,305
= 1-Zom = 122 g 971
Roce o? 5,74
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Ry, =+ 2.5 [, =+/0,74600,97G- 0,237 0,944 0,9;

KosdduumeHT MHOXKECTBEHHOW KOppeslMU YyKa3blBaeT Ha BEChMa
CHJIBHYIO CBSI3b BCET0 Ha00pa (haKTOPOB € Pe3yIbTaTOM.

3. HeckoppekTupoBaHHbIH ko3 puIueHT MHOKECTBEHHOMN

nerepmuHamud R2. . =0,947 oleHUBaET MO0 AUCIEPCHH DPE3VIILTATA 33 CUET
X X0

IPE/ICTaBICHHBIX B ypaBHEHUU (HAaKTOPOB B 0OIIEH Bapualluy pe3ysbTara. 3/1ech
aTa goiia coctaBisieT 94,7% u yka3piBaeT Ha BeCbMa BBICOKYIO CTEINEHb
0oOyCIIOBJICHHOCTH Bapuallud pe3yJbTaTa BapHualueil (HakTopoB, HWHBIMH
CJIOBaMH — Ha BECbMa TECHYIO CBSI3b (PAKTOPOB C PE3yIbTATOM.

CkoppekTupoBaHHbIN KOADPUIIMEHT MHOKECTBEHHOH JeTepMUHAITTU

R =1-(1- Rz)ﬂ =1-(1- 0,94]-22"1 = 0,04
(n-m-1) 20- 2-1
onpeacisiCT TCCHOTY CBA3U C YUICTOM CTereHeHn CBO6OI[BI 06HICI>'I 1 OCTaTOYHOM
nucnepcuii. OH JTaeT TakylO0 OLEHKY TECHOTHI CBSA3U, KOTOpas HE 3aBUCUT OT
qucliia (I)aKTOpOB U IIO3TOMY MOXKCET CPABHUBATLCA II0 PA3HBIM MOACIIM C

pa3HeiM yuciaoMm ¢akTtopoB. Ob6a kodpdunmeHTa yka3plBalOT Ha BechbMa

BBICOKYIO (Oonee 94%) nerepMHHHPOBAHHOCTH pe3yibTraTa Y B MOJEIHU
(axkTopamu X, U X,.
4. OueHky HaJIe)KHOCTH YPAaBHEHHS PErPecCHd B IIEJIOM U IOKa3aTess

TeCHOTHI cBsizu R, maer F -xpurepuii Quiepa:

2 —  —
F=_R g L
1-R m

B nHamem cnyuae paxkruueckoe 3nauenue F -xpurepus ®Oumepa:

- 0978 20- 21 .o
1-0,973 2

=151,88F = 3,5 (mpu n=20), Te.

[Monyuunu, yro F

(axt

BEPOSITHOCTh CIYy4YalHO MOJYYUTh TAKOE 3HAUECHHE F -KpUTepus HE MpEeBbIIACT
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JOMYCTUMBIA  ypoBeHb 3Hauumoctu 5%. CienoBareiabHO, MOIYYEHHOE
3HAUYCHHUE HE CIyY9ailHO, OHO C(POPMHPOBATIOCH IO BIUSHUEM CYIICCTBEHHBIX
(bakTopoB, T.€. MOATBEPKIACTCA CTATUCTUUECKAs 3HAYUMOCTh BCETO YpaBHEHUS

M 110Ka3aTcJisl TCCHOTHI CBA3U Ryx1x2 .

5. O1leHUM CTaTUCTUYECKYIO 3HAYUMOCTh IMapaMETPOB YUCTON perpeccuu
¢ momompio t-kputepust CrtprogeHTa. PaccumTaeM cTaHIapTHBIE OIIUOKH

ko3¢ purnmeHToB perpeccuu o Gopmynam (3.19)u (3.20):

m, = 9,1~ Ry 23964/ 0978 1 .o
o, Q-2 Jn 3 1,800/ - 0,943 Ta-3 o

m, = OyQ1 Ry o 1 _ 23963+ 0078 1 _ . .
o, Qi-r2, Jn 3 66421/1—094%J20 3

@daktruyeckue 3HaueHus t -kpurepust CTbIOICHTA:

_b _0946_,, . _b _0,0856

“"m, 02132 ' "™ m_ 0,0607

=1,41

TabnuuHoe 3HaueHWe KpUTepus Mpu ypoBHe 3HauuMoctd @ =0,05 u
yucie creneHed cBobonpl K =17 cocraBur tra6n(a:0’05; k= 17)= 2,1.

Takum oOpa3oM, mpH3HAETCS CTaTUCTUYECKas 3HAYMMOCTH IapaMmeTrpa b, T.K.

t, >t

¥ cilydaiiHas npupozaa ¢popMupoBaHus mapamerpa b, , T.k. t, <t

Tad !

by

Tabi *

JloBepuTeNnbHbIE HHTEPBAJIBI JIsl MAPAMETPOB YUCTON perpeccuu:

b-m O <4< b+ mOL,,, 0,496<h < 1,39

b,-m, O, <B<b+m0,, -0,0425b < 0,213.

6.C mnoMOIbIO  YacTHBIX F -xputepuieB ~ ®umiepa  OlEHUM
1eJI€CO00PA3HOCTh BKJIIOYEHUS B YpPaBHCHHE MHOXXECTBEHHOW perpeccuu

dakropa X, mocne X, u pakropa X, mocie X, mpu momoutu popmyn (3.16):
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E :ijle_Fi& Dn_m_l. E =R5>S<2_2F§>1|:n—m—1.

X 2 1 X
' 1_ Ryxlxz 1 ’ 1 %o %o 1
Haiinem fol u RfXZ:

R, = ryzy1 =0,970= 0,94;

X

RE =r2 =0,94F = 0,88!

%
HNmeewm:
_ 0,947- 0,8815] 26 2 %19,89;
& 1-0,947 1
= 0,947- 0,94]D 26 2 %1’924.
2 1-0,947 1

[Mogyunnu,  4ro F, =0,89<F, (a=0,05k = Lk,= 1= 4,4
CrnenoBaTenbHO, BKIIIOYEHUE B MOJENb (hakTopa X, MOCie TOro, Kak B MOJAEIb
BKJIIOYEH (PaKTOp X, CTaTUCTMYECKU HELEeIecO00pa3Ho: MPHUPOCT (PakTOPHON
IMCIIEPCHU 32 CYET  JOIMOJHHUTEIBHOTO TpPU3HAKA X,  OKa3bIBACTCS
HE3HAYUTEIbHBIM, HECYILIECTBEHHBIM; ()aKTOP X, BKIIIOYATH B YpaBHEHHUE ITOCIIE
(dakTopa X, He cieayerT.

Ecnin momeHsATh MepBOHAYANbHBIM MOPSIOK BKIIOUEHUS (PAKTOPOB B

MOJZENb U PACCMOTPETh BAPHAHT BKIIFOUEHUsI X, IIOCHE X, , TO Pe3yabTaT pacueTa
gactHoro F -xpurepust jis X Oymer mmeiM. F, =17,86>F = 4,45 te.
BEPOSITHOCTb €r0 CIy4allHOro (pOpMHPOBAaHMs MEHbILE MPUHATOTO CTaHIApTa
a=0,05 ( 5%. CrnenoBaTenbHO, 3HAYCHWE dYacCTHOTO F -kputepus mis
JOMIOJNHUTENBHO BKIIIOYEHHOTO (akropa X, He cIydaiiHO, sIBIseTCS

CTAaTUCTUYCCKHM 3HAYMMBIM, HAJCKHBIM, JOCTOBCPHBIM. IIPHPOCT (baKTOpHOﬁ

AUCIICPCUU 3a CUCT HOOITOJIIHUTCIBHOTO Q)aKTopa )(1 ABIACTCA CYIICCTBCHHBIM.
(DaKTOp Xl JOJDKCH IPUCYTCTBOBATH B YPABHCHUU, B TOM YHCIIC B BAPUAHTC,

Koraa OH AOIIOJIHUTCIBHO BKIIIOYACTCA ITOCJIC (I)aKTopa X2 .
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7. O6mMii BBIBOJ COCTOMT B TOM, YTO MHOXKECTBEHHAass MOJIENb C
dakTopamu X, U X, C wa =0,947 conepxxut HeuHPOPMATUBHBIN (HAKTOpP X, .
Ecmn uckimounts (GakTop X,, TO MOKHO OTPaHMUYUTHCS YPAaBHEHUEM IapHON
perpeccun:

Y, =a+BX%.

Hatinem ero mapamerpsi:

_cov(y, X)_63815 6,1919,6
o 3,571

X2

Ve 1,23

a=y-[IXx=9,6-12316,1% 1,9
Takum 06pazom,

¥, =199+123%, g, =0,941
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3.3. Peurenue munoeou 3aoauu ¢ M'S Excel

Brocum ucxozusie ganabie B Tadbauiyy MS Excel:

Fd Microsoft Excel - MuoxecreenHan perpeccua

gaﬁn Opaeka Buwg Beraska @opmar  Cepewc  Janneie  OwkdHe  Cnpaska

DEedan &RV FB2R-d @ = -4l & 00400 - [7) - AdalCyr
Al - By
A B C D E F G H J K L

1 | Vi | x1 x2

2 T 3.9 10

3 T 3.9 14

4 I 3T 15

5 7 4 16

6 T 3.8 17

7 T 4.8 19

8 8 5.4 19

9 8 44 20

10 i 5,3 20

1 10 6.8 20

12 9 6 21

13 11 6.4 22

14 9 6,8 22

16 11 7.2 25

16 12 8 28

17 12 8.2 29

18 12 8,1 30

19 12 8.5 Kkl

20 14 9.6 32

1 14 9 36

22

23

24

25

26

Puc. 3.1.
HaI/I,Z[CM MaTpuny IMapHBbIX KOC—)(I)(I)I/IIII/ICHTOB Koppeisinun

(CepBuc—Ananu3 nanubix— Koppensius):

Koppensuws |i|_§;_hj '

-BxoAHbIE AaHHBIE -
BxoaHoM MHTEpEaN: SAS1:8C521 j‘,ﬂ =
TPYNNMPOBaHKE: (¢ no cronbuam e
" no CTpOKaM CrnpaBka

W MeTkuM B nepeoii cTpoke

TlapameTpel BoIB0AA
{* BrixogHoi MHTepEan: JSF51| jﬂ

{ " Hosbiil paboqwid oucT: J

" Hoeana pabouan KHUra

Puc. 3.2.
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[Tonyuaem ciieayrommun pe3yabrar:

1
0,9699 1
0,9408 0,9428

Te. I, =0,9696 r,, =0,940€ r, =0,942¢

C MIOMOIIIBIO WHCTPYMEHTA Perpeccus (CepBuc—AHanus

nanHbIXx— Perpeccust) moxy4aem clieAyIonue pe3ynbTaThl:

Fd Microsoft Excel - MHuoxecrseHHan perpeccus

Qaﬁn Mpaska Bwg Bcraska @opmar  Cepewc  [Jannwie  Owkdo  Cnpaska

PEEAR[ERY| iR Rz -HNEB0% @,
A1 - & BbIBOO MTOIMOB
A B C D E F G

1 |BLIBOJ MTOTOB

PEB,DEGGUDHHE‘H CmamucmuKa

MHoMecTBEHHBIA R 0,973101182
R-keappar 0,94692591
HopmupoeaHHeiil R-keag, 0,9406819
CtanaapTtHan ownbka 0.598670364
HabnwaeHun 20

AwcnepcroHHBIi aHanna

df 55 MS F JHayuMocms F
Perpeccus 2 108,7070945 54 35354726 151,6563477| 1,4504E-11
Ocratok 17 6,092905478 0,358406205
Mtoro 19 114.8

Koaghohuyvermes | Cmandapmuyas | -cmamucmur: P-JHaverue  Huxnue 95% Bepxrue 95%

Y-nepecedeHune 1,83530694 0471064997 3896080054 0,00116153 0,84144528 2 8291686
x1 0.945947723 0212576487 4.449917001 0,00035148  0.49744991 1.39444553
x2 0.085617787  0.0604583309 1.415560577 0.,17496366 -0.04139102 0.21322659

BbiBOO OCTATKA

malmalmammalalalala|lala|alala
g P R s e e e e e S e e = = e e e sl e Rt e R

25 Habnwodexue Mpedckazanyoe v | Ocmamku

26 1 6.380680931  0,619319069
27 2 6,723152081 02768479119
28 3 6.619580323  0,380419677
29 4 6.988982427  0,011017573
30 a5 6,88541067 0,11458933
31 6 8.002593967 -1,0025393967
32 7 8.570162601 -0,570162601
33 8 7.709832666  0,280167334
34 9 8.561185616 -0.561165616
35 10 9,9801072 0,0198928
36 1 9.308966809 -0,308966809
v 12 9,772963686) 1227036314
38 13 1015134277 -1.151342775

Puc. 3.3.

45



YpaBHEHUE pErpecCcHu:
y=1,8353+ 0,945%9 + 0,0856.
MHo>xecTBEeHHBII K03()PUITUEHT KOPPENALNH:
R=0,9731.
Koaddumuent nerepmMmuHanvu:
R?=0,946¢.
CKOppEeKTUPOBAHHBII KO3(PPUIIUEHT TeTEPMUHALINH
R? =0,9407.
daktuyeckoe 3HaueHue F -kpurepus Oumepa:
F =151,65%
daxTuueckue 3HaueHus t-kpurepust CTpro/ieHTA!
t, =4,450, t, = 1,41t
JloBepuTENbHBIE HHTEPBAJIBI ISl TAPAMETPOB PETPECCHH
0,4974<b’< 1,394,
-0,0420< b)’< 0,213.
3HayeHus yacTHoro F -xpurepust duinepa MOXKHO HAWTH Kak KBajapat

COOTBCTCTBYIOIICTO 3HAYCHUU t -KpUTCPUA CrproaeHTa:
F, =4,450 = 19,80, F,_ =1,416 = 2,00

OcraBmuecs XApaKTCPUCTUKNU MOKHO HaﬁTH, HCIIOJIB3Ys H3BCCTHBLIC

(bOpPMYJIIBI U TTOTYYEHHBIC 371€Ch PE3YIbTATHI.
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3ajaHud 1)1 KOHTPOJIbHOW PadoThI

3anaya 1. [To TepputopusM pernona npuBoAsaTcs qanusie 3a 199Xr. (p,

—9uciIo OYKB B TOJTHOM UMEHH, [, —YHUCI0 OYyKB B (haMIIINH):

Howmep CpennenyieBoi MpoKUTOYHBIH CpeHeHeBHas 3apaGoTHAS
MUHHUMYM B JIeHb OJIHOTO
peruona TPYIOCIIOCOOHOTO, py0., X mata, pyo., y
1 78+p, 133+p,
2 80+p, 148
3 87 135+p,
4 79 154
5 106 157+p,
6 106+p, 195
7 67 139
8 98 158+p,
9 73+p, 152
10 87 162
11 86 146+p,
12 110+p, 173
Tpedyercs:
1. ITocTpouTh TMHEHHOE YpaBHEHUE ITAPHOU perpeccun Yy mo X.
2. Paccuntare snuHEHHBI KOADOUIMEHT MapHOW KOPPEISIHH,

KO3 PUITMEHT AeTepMHUHAIINU U CPEJIHIOI0 OIHMOKY alMmpOKCUMAIIIH.

3. OLEeHUTh CTAaTHUCTUYECKYID 3HAYMMOCTh YPaBHEHUS PETPECCUH B
LEJIOM M OTIEIbHBIX MapaMeTPOB PETPECCUU U KOPPENSIUU ¢ momoipio F -
kputepusi Oumiepa u t-xkpurepust CTbroieHTa.

4. BBINOMHUTE NpPOrHO3 3apabOTHOM IUIaThl Y MpH MPOTHO3HOM
3HAYEHUU CPEIHEIYIIEBOrO MPOXKUTOYHOTO MHUHMUMyMa X, COCTaBIISIIOLIEM
107%o0T cpeaHero ypoBHs.

S. OLeHUTh TOYHOCTh MPOTHO3a, PACCUUTAB OIMIUOKY MPOTHO3a U €ro

I[OBCpPITCJ'IBHBIfI HHTCpPBAJ.

a7



6.

OJTHOM

TEOPETUYECKYIO IPSAMYIO.

7.

rpaduke

OTJIOKHUTD

[TpoBepuTts Berunciacaus B M S Excel.

HNCXOIOHBIC

JaHHBIC )41

3agaua 2. Ilo 20 mpeanpusaTusM peruoHa H3y4aeTCsl 3aBUCHMOCTb

BBIPAOOTKH TMPOIYKIIMM Ha OJHOTrO paboTHHMKA Y (Thic. py0.) OT BBOAA B

ICWCTBUE HOBBIX OCHOBHBIX (QOHIOB X (% oT cromMoctu (OHIOB Ha KOHEI

roga) M OT YJEIbHOrO Beca pabOYMX BBICOKOH KBaIM(PHUKAIMKA B OOIICH

YHUCIeHHOCTH pabounx X, (%) (p, —uucio OYKB B MOJTHOM UMEHH, P, — YHCIO

OyKB B (haMHITUH).

Howme Howme
npez[npml:mﬂ y % % npennpm{pmﬂ Y % %

1 7,0 3,6+0,1p, | 11,0 11 9,0|6,0+0,1p, | 21,0
2 7,0 3,7 13,( 12 11,0 6,4 22,0
3 7,0 3,9 15,( 13 9,0 6,9 22,(
4 7,0 4,0 17, 14 11,0 7,2 25,0
5 7,0 |3,8+0,1p, | 18,0 15 12,0( 8,0-0,1p, | 28,0
6 7,0 4,8 19,( 16 12,0 8,2 29,0
7 8,0 5,3 19,( 17 12,0 8,1 30,0
8 8,0 5,4 20,( 18 12,0 8,6 31,0
9 8,0 | 5,6-0,1p, | 20,0 19 14,0 9,6 32,0
10 10,0 6,8 21,0 20 14,0/ 9,0+0,1p, | 36,0
Tpedyercs:

1 [locTpouTe JMHEHHYIO MOJENIb MHOKECTBEHHOM PETPECCHH.

3anucarthb CTaHAAPTU30BAHHOC YpPAaBHCHUC MHO>KE€CTBEHHOU perpecCun. Ha

OCHOBC

CTaHAAPTHU30BaHHBIX

K03 (HULINEHTOB

perpeccus  u

CpeIHUX

KOG)(i)(i)I/IHI/IeHTOB QJIaCTUYHOCTH PAHKXKUPOBATH (baKTOpBI I10 CTCIICHU UX BIIMAHUA

Ha pe3yJIbTar.

2.

koppensauuu. [Ipoananu3upoBaTh UX.
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3. Haiftu  ckoppekTupoBaHHBIH  KOADPUIIUMEHT MHOXKECTBEHHOM
nerepmuHanuu. CpaBHHTh €ro0 € HECKOPPEKTHPOBAaHHBIM  (0OIIHM)
KOd(pbULIMEHTOM JeTepMUHAITUH.

4, C nomompto F -xkputepuss dumiepa OUEHUTh CTATUCTUYECKYIO

HAJISKHOCTh YPaBHEHUS PErpeccuu v K03 GUIMECHTA TeTePMUHAIAH R5X1x2 :

5. C nomompto t-kputepus CTbIOJEHTa OLIEHUTb CTATUCTUYECKYIO
3HAQYUMOCTh [1APAMETPOB YHCTOU PErPECCHU.

6. C nomomplo yacTHbIX F -kputepueB ®dumiepa OLEHUTH
1eJ1eCO00Pa3HOCTh BKJIIOUEHHMs B YpaBHEHME MHOXECTBEHHOH perpeccuu
(akTopa X, mocie X, u gakTopa X, mocie X.

7. CocraBuTb ypaBHEHHE JIMHEHHOH NapHOH perpeccuu, OCTaBHB
JIAIIb OJMH 3Ha4Yalmui Gakrop.

8. [Tpoeputh Beruucienus B M S Excel.
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PexoMeHIalMM K BbINOJHEHUI0 KOHTPOJILHOM PadoThI

[TpakTuyeckue 3a1aHusl MO Kypcy «IKOHOMETPUKA» CJIEAYET BBINOIHATH
B TeTpajM WM Ha Jjucrtax Oymarum ¢opmara A4 (IUCTHI CKPEIUISIOTCS W
3aMOJHSIOTCS C OMHOW CTOpOHBI). PaboTa 00s3aTelbHO JOJDKHA COJEPKATh
TUTYJBHBIA JIUCT C yKa3aHHBIMM Ha HEM (paMUJIMH, MOJHOTO UMEHM M HOMEpa
IPYIIIBI CTyEHTA. [laHHbIC Ka)KI0T0 BApUAHTA ONPEACIACTCS IapaMeTpamMu p,,
p,. IIpy BBINOIHEHUM KOHTPOJIBHBIX 3aJaHUN CTYINEHT NOJDKEH IIOJCTaBUTH
TaM, T7ie 3T0 HeoOX0IUMO, BMECTO OYKBEHHBIX MapaMeTpPOB MHANBUAYaTbHBIC

AHKCTHBIC XapaKTCPUCTHUKH. pl — YYucCJIo 6YKB B IIOJTHOM UMCHHU CTYACHTA, p2 —

qyucio OykB B (paMUIUU CTYCHTA.
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Hpunoxenne 1.

Ta6nuna 3nauenuit F -xkpurtepus @umiepa npu yposHe 3HauuMoctu a = 0,05

k1 1 2 3 4 5 6 8 12 24 00
K,
1 | 161,45/ 199,50| 215,72| 224,57| 230,17| 233,97| 238,89| 243,91| 249,04| 254,32
2 18,51| 19,000 19,16 1926 19,30 19,83 1937 19,498,451 19,50
3 10,13| 9,55 9,28 9,12 9,01 8,94 8,84 8,/4 8,64 385
4 7,71 6,94 6,59 6,39 6,260 6,16 6,04 5,91 517 5,63
5 6,61 5,79 5,41 5,19 5,09 4,95 4,82 4,68 4,53 4,36
6 5,99 5,14 4,76 4,53 4,39 4,28 4,15 4,00 3,84 3,67
7 5,99 4,74 4,35 4,12 3,97 3,8V 3,13 3,97 341 3,23
8 5,32 4,46 4,07 3,84 3,69 3,58 3,44 3,28 3,12 2,93
9 5,12 4,26 3,86 3,63 3,48 3,37 3,43 3,07 2,90 2,71
10 4,96 4,10 3,71 3,48 3,33 3,22 3,07 2,91 2/74 425
11 4,84 3,98 3,99 3,36 3,20 3,09 2,95 2,V9 261 024
12 4,75 3,88 3,49 3,26 3,11 3,00 2,85 2,69 2,50 023
13 4,67 3,80 3,41 3,18 3,02 2,92 2,17 2,60 242 12,2
14 4,60 3,74 3,34 3,11 2,96 2,8b 2,70 2,53 2,35 321
15 4,54 3,68 3,29 3,06 2,90 2,79 2,64 2,48 2)29 720
16 4,49 3,63 3,24 3,01 2,8% 2,74 2,99 2,42 2,24 120
17 4,45 3,59 3,20 2,96 2,81 2,70 2,95 2,88 2,19 61,9
18 4,41 3,55 3,16 2,93 2,77 2,66 2,91 2,84 2,15 219
19 4,38 3,52 3,13 2,90 2,74 2,63 2,48 2,81 2/11 81,8
20 4,35 3,49 3,10 2,87 2,71 2,60 2,45 2,28 208 41,8
21 4,32 3,47 3,07 2,84 2,68 2,9/ 2,42 2,25 205 118
22 4,30 3,44 3,05 2,82 2,66 2,56 2,40 2,23 203 81,7
23 4,28 3,42 3,03 2,80 2,64 2,53 2,38 2,20 2/00 61,7
24 4,26 3,40 3,01 2,78 2,62 2,51 2,36 2,18 1/98 3 1,7
25 4,24 3,38 2,99 2,76 2,60 2,49 2,34 2,16 196 11,7
30 4,17 3,32 2,92 2,69 2,53 2,42 2,27 2,09 1/89 216
35 4,12 3,26 2,87 2,64 2,48 2,3/ 2,22 2,04 1/83 7 1,5
40 4,08 3,23 2,84 2,61 2,4% 2,34 2,18 2,00 1/79 115
45 4,06 3,21 2,81 2,58 2,42 2,31 2,15 1,97 1/76 814
50 4,03 3,18 2,79 2,56 2,40 2,29 2,13 1,95 1/74 4 14
60 4,00 3,15 2,76 2,52 2,37 2,26 2,10 1,92 1/70 913
70 3,98 3,13 2,74 2,50 2,3% 2,28 2,07 1,89 1/67 513
80 3,96 3,11 2,72 2,49 2,338 2,21 2,06 1,88 1/65 113
90 3,95 3,10 2,71 2,47 2,32 2,20 2,04 1,86 1/64 81,2
100 | 3,94 3,09 2,70 2,46 2,30 2,19 2,03 1,85 1/63 26 1,
150 | 3,90 3,06 2,66 2,43 2,27 2,16 2,00 1,82 1|59 18 ]
200 | 3,89 3,04 2,65 2,472 2,26 2,14 1,98 1,80 1/57 14 1,
300 | 3,87 3,03 2,64 2,41 2,2% 2,13 1,97 1,79 1/55 10 7,
400 | 3,86 3,02 2,63 2,40 2,24 2,12 1,96 1,/8 1/54 07 1
500 | 3,86 3,01 2,62 2,39 2,23 2,11 1,96 1,77 1/54 06 1,
1000| 3,85 3,00 2,61 2,38 2,27 2,10 1,95 1,76 1,63 1,03
00 3,84 2,99 2,60 2,37 2,21 2,09 1,94 1,75 1,62 i
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IIpuio:kenue 2.

Kputnueckue 3nauenus t -kpurepus Ctpronenta npu yposae 3Hauumoctu 0,10,

0,05, 0,01 fByxXCcTOpOHHHI).

qI/ICJIOv a UIchov a
CTCIICHCHU CTCIICHCHU
CBO d6?m’1 00,10 | 005 | 0,01]°®° d6?m’1 00,10 | 005 | 0,01

1 63138 127068 63657 18 | 17341 21009 28784
2 20200 43027 99248 19| 1,7201 2,0930 2.8609
3 23534] 31825 58400 20 | 1,7247 20860 2,8453
4 21318 2,7764 45041 21 | 17207 2.0796 28314
5 20150| 257068 40321 22 | 17171 20739 28188
6 10432| 24469 3,707k 23 | 17189 2,0887 28073
7 18946| 2,3646 34995 24 | 17109 2,0639 27969
8 18595 23060 33550 25| 1,7081 2,0895 2,7B74
9 18331| 22622 32498 26 | 17056 2.0855 2.77787
10 | 1.8125| 22281 31693 27| 17083 2,0518 27707
11 | 1,7959] 22010 3.1058 28| 11,7001 2,0484 27633
12 | 1,7823| 21788 30545 29| 1,6901 20452 2.7564
13 | 1,7709] 21604 30128 30 | 1,6973 20423 2.7500
14 | 1,7613| 2,1448 29768 40| 1.6839 20211 27045
15 | 1,7530 2,1315 29467 60| 1,6707 2,0003 26603
16 | 1,7459] 21199 209208  120| 16577 19799 26174
17 | 1,7396] 2,1098 28982 o | 1.6449| 1.9600 25758
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[punoxenne 1
Ta6nnua 3nayennii F-kpurepus ®@umiepa npu yposse 3naunmoctu ¢ = 0,05

3 . 1 2 3 4 5 6 8
1 1615 | 1995 | 2157 | 2246 | 2302 | 2339 | 2389
2 1851 | 1900 | 1916 | 1925 | 1930 | 1933 | 1937
3 10,13 9,55 9,28 9,12 9,01 894 | 884
4 7,71 6,94 6,59 6,39 6,26 616 | 604
5 6,61 5,79 541 5,19 5,05 495 | 482
6 5,99 5,14 4,76 453 4,39 428 | 415
7 5,5 474 435 412 3,97 387 | 373
8 5,32 4,46 4,07 384 3,60 358 | 344
9 5,12 4,26 3,86 3,63 348 337 | 323
10 4,96 4,10 3,71 3,48 3,33 322 | 307
11 4,84 3,98 3,59 3,36 3,20 300 | 295
12 475 3,88 3,49 3,26 3,11 300 | 285
13 4,67 3,80 341 3,18 3,02 292 | 277
14 4,60 3,74 334 3,11 2,96 285 | 2,70
15 454 3,68 3,29 3,06 2,90 279 | 264
16 4,49 3,63 3,24 3,01 2,85 2,74 | 259
17 4,45 3,59 3,20 2,96 2,81 270 | 255
18 441 3,55 3,16 2,93 2,77 266 | 251
19 4,38 3,52 3,13 2,90 2,74 263 | 248
20 435 3,49 3,10 2,87 2,71 260 | 245
21 432 347 3,07 2,84 2,68 257 | 242
22 4,30 344 3,05 2,82 2,66 255 | 240
23 4,28 3,42 3,03 2,80 2,64 253 | 238
24 426 3,40 3,01 2,78 2,62 251 | 236
25 424 3,38 2,99 2,76 2,60 249 | 234
26 422 3,37 2,98 2,74 2,50 247 | 232
27 421 335 2,96 2,73 2,57 246 | 230
28 4,20 334 2,95 2,71 2,56 244 | 229
29 4,18 3,33 2,93 2,70 2,54 243 | 228
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[punoxenne 2

Kputuueckue Touku pacnpenesenusi t — kpurepusi CTbioeHTa

Yucno YpoBeHb 3HAUUMOCTH X
cTeneHen
CBOOOIBI 0,1 0,05 0,02 0,01

k

1 6,3138 12,7062 31,8205 63,6567
2 2,9200 4,3027 6,9646 9,9248
3 2,3534 3,1824 4,5407 5,8409
4 2,1318 2,7764 3,7469 4,6041
5 2,0150 2,5706 3,3649 4,0321
6 1,9432 2,4469 3,1427 3,7074
7 1,8946 2,3646 2,9980 3,4995
8 1,8595 2,3060 2,8965 3,3554
9 1,8331 2,2622 2,8214 3,2498
10 1,8125 2,2281 2,7638 3,1693
11 1,7959 2,2010 2,7181 3,1058
12 1,7823 2,1788 2,6810 3,0545
13 1,7709 2,1604 2,6503 3,0123
14 1,7613 2,1448 2,6245 2,9768
15 1,7531 2,1314 2,6025 2,9467
16 1,7459 2,1199 2,5835 2,9208
17 1,7396 2,1098 2,5669 2,8982
18 1,7341 2,1009 2,5524 2,8784
19 1,7291 2,0930 2,5395 2,8609
20 1,7247 2,0860 2,5280 2,8453
21 1,7207 2,0796 2,5176 2,8314
22 1,7171 2,0739 2,5083 2,8188
23 1,7139 2,0687 2,4999 2,8073
24 1,7109 2,0639 2,4922 2,7969
25 1,7081 2,0595 2,4851 2,7874
26 1,7056 2,0555 2,4786 2,7787
27 1,7033 2,0518 2,4727 2,7707
28 1,7011 2,0484 2,4671 2,7633
29 1,6991 2,0452 2,4620 2,7564
30 1,6973 2,0423 2,4573 2,7500
35 1,6896 2,0301 2,4377 2,7238
40 1,6839 2,0211 2,4233 2,7045
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YueOHOE U31aHNE

Anna BacuineBua PaeBckas

IKOHOMETPHUKA B EXCEL

Y4eOHO-MeTOqMUECKOE IT0CO0rE
J1s1 6aKaiaBpoB

Penakrop [NaBmotuna M.I1.

IMoamucano k neuatn 12.12.2015 r. ®opmar 60x84 Bymara neuatHas
VYen. ma. 2,6 Tupax 50 sx3. M3nat. Ne 4864.

W3znatenscTBo BpsHCKOTO TOCynapcTBEHHOTO arpapHOTO YHHBEPCHTETa
243365 bpsuckas 0611., Beronmuckuii paiion, ¢. Koxuno, bpstackuii FTAY
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