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JIner akryaauszanuu padoyeil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogqodpena st peanmsanuu B 2022 - 2023
y4eOHOM rojy Ha 3aceaHuu Kadeapbl IKOHOMUKHU

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.I'. Bacuibesa

PaGouast mporpamMma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanusarnuu B 2023 - 2024
y4eOHOM rofy Ha 3acejaHuu Kadeapbl IKOHOMUKHU

IIporokomor 20 1. Ne

3aB. kadeapoii A.T. Bacunbesa

PaGouast mporpamMmma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanusarnuu B 2024 - 2025
y4eOHOM roy Ha 3aceaHuu Kadeapsl IKOHOMUKHU

[Iporokom ot 20 . Ne
3aB. kadenpoii A.I'. BacunbeBa

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamszanuu B 2025 - 2026
y4eOHOM roy Ha 3aceqaHuu Kapeapbl IKOHOMHUKH

IIporokomor 20 . Ne
3aB. kadeapoii A.Tl'. BacunbeBa




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

oOyueHue CTYJEHTOB OCHOBHBIM MaTEeMaTHMUECKUM MOHITUSIM W MeToAaM B 00jacTu
HSKOHOMETPUYECKOTO MOJEIUPOBaHUsS, NPUMEHUTEIBHO K PEIICHUIO 3aJad  aHallu3a,
MIPOTHO3UPOBAHUS M YIPABIEHUS SKOHOMUKOW Ha Makpo - U MHUKpPO - ypoBHAX. B mporecce
W3YYCHUS ITON TUCHUIUIMHBI y CTYJACHTOB JOJDKHBI OBITH COPMHUPOBAHBI TEOPETHUECKUE H
MPAKTUYECKHE HAaBBIKM pPEIICHHUS OSKOHOMETPUYECKHX 3a/Jad M aHalu3a IOJYYEHHBIX
PE3yJIbTATOB.

2 MecTo THCHUIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30BaTe/IbHOI MporpaMmal

JucuuiuinHa OKOHOMETpPHKA BXOIUT B 00fA3aTENbHYI0 4YacTb Y4eOHOTO IIIaHa
00pa3oBaTeNbHOI TPOrPaMMBI.

Jns  W3ydeHWs  JUCHUIUIMHBL ~ HEOOXOAWMBI  3HaHUS  (YMEHHs,  BIIAQJCHUSA),
c(hOpMHUPOBAHHBIE B Pe3yJIbTaTe U3yUCHUS TUCIUILINH/ MPAKTUK:

Craructuka

Maremaruka

DKOHOMUKA OpraHu3aluu

Mertoapl 00pabOTKH YKOHOMUYECKON HHPOPMALITHH

3nanus (YMEHHs, BIAJICHUS), TOJyYCHHbIE NMPH M3YyYCHUU TAHHOM NUCIMILIMHBI OyIyT
HEOOXOUMBI 7151 U3YUCHUS] JUCIUILITNH/TIPAKTHK:

[ToaroroBka Kk ciaye u cjaua rocyapCTBEHHOT0 SK3aMeHa

[TonroToBka K 3amUTe ¥ 3aIIMTa BBITYCKHON KBATM(UKAITMOHHON pabOTHI

busnec-nnannpoBanue

3 Komnerenuun ody4aromierocs, (popMupyemMbie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS) U IJIAHUPYEMble Pe3yJIbTAThI 00y4eHu s

B pesynbrare oCBOEGHMS NUCHUUIUIMHBI (MOAyJsl) «OKOHOMETPHUKa» O0yJaromuiics
JIOJDKEH 0071a/1aTh CIISAYIOUIMMU KOMIIETEeHLIUAMU:

KO,[[ HHJUKATOpa I/IHI[I/IKaTOp JOCTHIXKXCHHA KOMIICTCHIIMH

OIIK-2 CrmocobeH ocymiecTBIsATh CcOOp, 0O0pabOTKYy W CTATUCTHYSCKHHA aHaIW3 JaHHBIX,
HEOOXOIUMBIX JUISI PEIICHHS TOCTABIEHHBIX SKOHOMUUYECKUX 33/1a4;

OIlK-2.1 [IpousBoguT mouck u cObop AaHHBIX Uit GOpMHpPOBaHUS  Oa3bl
CTaTUCTHYECKOI'O UCCIIE/IOBAHUS
OIlK-2.2 OOpaOaTbiBaeT M aHAJIM3UPYET CTATUCTUYECKYI0 HHPOPMALUIO C

HUCIIOJIB30BaAHUEM MCTOJOB JKOHOMHYCCKOI'O aHajln3a, CTAaTUCTUKH H
CIICUAJIBHBIX MTPOTPAMMHBIX CPEACTB, MOJYUACT 000CHOBaHHBIE BBIBOAbI U
npeajiaracTt BO3MOKHBIC BapHaHTLI peuiCHUusA IMOCTaBJICHHOU
DKOHOMMYECKON 3a1a4m

OIIK-3 Cnoco0eH aHaIM3UPOBATh M COAEPHKATEIBHO OOBSICHATH TPUPOAY IKOHOMHUYECKUX
IIPOIIECCOB HA MUKPO- M MAKPOYPOBHE;

OIIK-3.1 IIpuMeHseT NMOHATUIHBINA anmapar dKOHOMHUYECKOW HAyKH IS OIUCAaHUs
MHKPO- B MAKPOIKOHOMHUYECKHUX ITPOLIECCOB
OIIK-3.2 IIpuMeHsseT CTaHAAPTHBIE TEOPETUYECKUE MOJACIU U COBPEMEHHBIC

METOAMKHM pacuera M aHajJu3a II0Ka3aTeled, XapaKTepU3YHOIIUX
SKOHOMMUYECKHUE MPOLIECCHI U ABJICHUS HA MUKPO- U MAKPOYPOBHE

OIIK-3.3 AHanu3upyeT M MHTEpPOPETUPYET IIOKAa3aTeNlM, XapaKTEpU3YIOIIHe
SKOHOMMYECKHE MPOIIECCHI U SBJIEHUSI HA MUKPO- U MAKPOYPOBHE




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJISA)
OO6miast TpyI0EMKOCTh TUCIUIIMHBI cOCTaBsieT 3 3adeTHhIX enuHull 108 akaz. yacos, B TOM
Yucie:
— KOHTaKTHas paboTa — 73 akaJl. 4acoB:
— ayJUTOpHas — 72 aKkaJ. 4acos;
— BHeayIuTOpHas — 1 akaj1. 4acos;
— caMoCTOsITeNNbHAs padoTa — 35 akaj. 4acos;
— B (hopme npakTraeckoit moarotToBku — 0 aka. yac;

dopma arTecTauuu - 3a4eT

AynutopHast = =
o | xonraxTHAs pabora E 3 ®dopma TeKyIero
Paznen/ rema % (B axaj. uacax) ‘E g‘ Bun o KOHTPOIT Kon
S 3 ©| caMOCTOATENBHOM | yCIIeBaeMOCTH U
JIACIMTUTHHBI 5 [ .. | koMmeTeHIUH
@) g £ paboThI TIPOMEKYTOYHOM
Tlex. mab. | mpaxT. zZe aTTecTalyy
3aH. 3aH. | QU &
1. Beezenue B mpeamer
pI:IT3yquHiI THBIH OIT OIK-2.1,
11 Mpeier nomoromax | Owerno | OMKZ2
SKOHOMETPHUKH, €€ Leb, 2 4/11 4 n . OIIK-3.1,
3agauu. ba3oBbie MOHATHS BBITOJIHCHITIO nabopatopoi OIlK-3.2
11ab0paTOPHBIX pabote '
OIIK-3.3
pabot
1.2 TIloBropenue TEOpHU Nzyuenue 835:2%’
BEPOSTHOCTH u JIUTEPATYPBI, YCTHBIH Onpoc a1
MaTeMaTH4ecKOoi 7 2 424 5 MOJATOTOBKA K | TOKJIAJ K CEMHHAPY 835_2%
CTaTHUCTHKH ceMUHapy OIK-3.3
1.3 MaremarumaTuyeckoe
MOJIETTUPOBaHIE B OIIK-2.1,
SKOHOMHUKE. Knaccel Msvacrue OIIK-2.2,
MOJETICH. Buasr 2 8/41 4 HHT(Z ATVORL YCTHBI ompoc OIIK-3.1,
MEPEMEHHBIX. Jrarsl patyp OI1K-3.2,
HKOHOMETPUYECKOTO OIIK-3.3
MOJICTTHPOBAHUS
HWroro no pazaeny 6 16/71 | 13
2. PerpeccoHHBIE MOJIENTH
Nzyuenue
JIMTEPATYPHI, OTYET IO OIK-2.1
2.1 Jluneiinas perpeccus. 2 10/41 | 4 pabo OIK-3.1,
n1abopaTopHBIX OTYeT Mo
pabor MIPOXOXKICHUIO OMR-3.2,
IpoxoxaeHus Moyt MOOK OINK-3.3
7 MOOK
Nzyuenue
JIMTEPATYPHI, Otyer o § ONK-2.1,
MOJIrOTOBKA K nabopaTtopHOr OIK-2.2
2.2 Henunelinple MoOJENH 5 631 4 BBITIOJTHEHHTO pabore OHK-3.1’
perpeccun nabopaTopHBIX OTYET O )
pabot MIPOXOXKIACHAN OIIK-3.2,
IIpoxoxnenue monynst MOOK OIK-3.3
MOOK
Uroro no pazaeny 4 16/7TM | 8




3. BpemeHHEIe psiab

Wzyuenne
JTUTEpaTypPHI, Ortuer o ) OIK-2.1,
IIOATOTOBKA K JTabopaTOpHOI
3.1 OCHOBHBIE DIIEMEHTHI BBITIOJIHEHUIO abore OlIK-2.2,
' 2 811 | 2 P OINK-3.1,
BPEMEHHOTO psizia 1ab0PaTOPHBIX Oruer o
pabot MIPOXOKACHUH OIIK-3.2,
IIpoxoxnenue monynst MOOK OIIK-3.3
7 Moyt MOOK
Wzyuenne
JTUTEpaTypPHI, Ortuer o ) OIK-2.1,
[IOATOTOBKA K JTabopaTOpHOI
3.2 Mojenn cranuoHapHBIX BBITTOJTHEHHIO abore OIIK-2.2,
< Vo HMOHAp 2 41 | 3 p OITK-3.1,
Y HECTAI[MOHAPHBIX PS/IOB 1ab0PaTOPHBIX Oruer o OINK-3.2
pabot IPOXOXKIECHUU 23
IIpoxoxaeHue Moyt MOOK OIIK-3.3
Moyt MOOK
HUroro no pazaeny 4 1221 5
4. CucremMbl 3KOHOMETPHUUECKHX
YpaBHEHHUI
Nzyuenne
JIUTEPATyPBI, Oruer 110 5 OTK-2.1,
MOJITOTOBKA K nabopatopHoOn
4.1 CucreMbl ypaBHEHUH B BBITIOJTHEHUIO abote OIIK-2.2,
: M 2 6211 | 4 P OITK-3.1,
9KOHOMETpPHKE 1ab0paTOPHBIX OTYET O
pabot IPOXOXKICHUU OIR-3.2,
MIPOXOXKICHHE moxyist MOOK OIK-3.3
7 Moyt MOOK
Wzyuenue
;HT:p:TZI}:HI,( g)quTT HE . OTIK-2.1,
4.2 CucreMsl JTHHEHHBIX B:Iio(?l}?emi}o a OI;%O(;I; 0 OIIK-2.2,
OJTHOBPEMEHHBIX 2 4 5 p OIIK-3.1,
N 71a00PaTOPHBIX OT4eT 0
ypaBHEHHUI OIIK-3.2,
pabor MPOXOKACHUH OIK-3.3
MIPOXOKICHUE Moyt MOOK '
Moyt MOOK
Wroro no pazaeny 4 1021 | 9
Uroro 3a cemectp 18 54/18U | 35 3a4éT
Uroro no pucruminze 18 54/181| 35 3a4eT




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

[Ipu mpoBeneHNY 3aHATUN U OpPTraHU3AIMH CAMOCTOSITEIBHOM pabOThI UCIIOJIB3YIOTCS:

TpaauumoHHBIE TEXHOJOTMHM OOYYEHHs, MPEAIoiaralnie nepeaadyy HHPOpPMaluu B
roTOBOM BHUJE, (opMUpOBaHHME Y4YEOHBIX YMEHUH MO O00pa3ily: JIeKIHS-U3JI0KEHHUE,
TeKIUs-00BsICHEHHE, IA00OpaTOpHBIE pabOThI, KOHTPOJIBHAS paboTa u Jp.

Hcnonb3oBaHue TpaguIIMOHHBIX TEXHOJIOTUN 00ECreunBaeT OPUEHTHUPOBAHHUE CTYIEHTA
B MOTOKE HMH(OpMAIMK, CBS3aHHON C Pa3IMYHBIMHU IMOJXOAAMU K ONPENIEICHUIO CYIIHOCTH,
coJlep>KaHusl, METOI0B, (OpPM Pa3BUTHSI U CAMOPA3BUTHUS JINYHOCTHU; CAMOOIIpE/IeNICHUE B BEIOOpPE
ONTUMAJILHOTO MYTH M CHOCOOOB JTMYHOCTHO-NIPOPECCHOHATBHOTO PAa3BUTHS; CUCTEMATU3ALIUIO
3HAHUW, TOJMYYEHHBIX CTYICHTaMHU B IpoOIlecCEe ayIUTOPHOM M CaMOCTOATEIbHOW paboTHI.
JlaGopaTopHble 3aHATUS OO0ECIEYMBAIOT pPAa3BUTHE U 3aKPEIUICHWE YMEHHH M HaBBIKOB
ompezeneHusl Iesied M 3aad CcaMOpasBUTHs, a Takke MNPUHATHS HaubOosee 3((EeKTHUBHBIX
PELICHUH 110 UX peaTu3alyH.

WnTtepakTuBHble (OpMBI OOyuYeHUSs, IMPEANOJaraloniie OpraHu3alilo OO0Y4YeHHs Kak
IPOJYKTUBHON TBOPUECKOM IE€ATEIHLHOCTH B PEKUME B3aUMOJICHCTBUS CTYACHTOB JIPYT C IPyTrOM
U C TIPEeMo/iaBaTeseM.

Hcnonp30BaHne HMHTEPAKTUBHBIX  00pa30BaTENIbHBIX TEXHOJOTHMH  CHOCOOCTBYET
MOBBILICHUIO UHTEPECa M MOTUBALIMM yYaIllUXCsl, aKTUBU3AIIMH MBICITUTEIILHON NESTENIbHOCTH U
TBOPYECKOTO TOTEHIMAJa CTYIEHTOB, AenaeT Oojee 3()(EeKTHBHBIM YCBOEHHE Marepuaia,
MO3BOJIET MHIUBUYaTH3UPOBATh O0yYEHHE U BBECTH YKCTPEHHYIO KOPPEKIIHIO 3HAHUH.

IIpu npoBeneHUM 1a0OPATOPHBIX 3aHSATUH MCIONB3YIOTCS TpymmoBas padora,
TEXHOJIOTHSI KOJUIEKTUBHOM TBOPYECKOW JIEATEIbHOCTH, TEXHOJOTUS COTPYAHHYECTBA,
obcyxenue mpoodsemsl B hopme auckyccuu, Case-study. JlaHHbIC TEXHOJOTHH 00ECIICUUBAIOT
BBICOKHI YPOBEHb YCBOCHHMS CTYACHTAaMU 3HAaHUU, A(P(EKTHBHOE U YCIEIIHOE OBJIAJCHUE
YMEHUSIMHU U HaBBIKAMH B MPEIMETHON 001acTi, (OPMUPYIOT TIO3HABATENbHYIO TOTPEOHOCTh U
HEO00XO0IUMOCTh JAIbHEUIIEro camoo0pa3oBaHus, MO3BOJISIOT aKTUBU3UPOBATH
UCCIIEIOBATEIIBCKYIO ICATEIbHOCTD, 00ecIeunBatoT 3 (EeKTUBHBIN KOHTPOJIb YCBOCHHS 3HAHHIA.

6 YueOHO-MeTOIMUECKOE 00eceyeHHe CAMOCTOSITeJIbHO PadoThl 00yYaroIMXCsl
[TpexncraBneno B mpuioxeHun 1.

7 OneHoYHbIe cpeIcTBA A5 POBeAeHUsI IPOMEKYTOYHOM aTTecTAluH
[IpencraBieHbl B IPUIIOKEHIH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecTedeHrue TUCIUITHHBI (MOTYJIs1)

a) OcHOBHas JIMTEpaTypa:

1. Dxonometprka : yueOHuk mis By3oB / W. U. EnuceeBa [u ap.]. — Mocksa
WznatenberBo FOpaiit, 2020. — 449 ¢. — (Bwicmiee obpazoanue). — ISBN 978-5-534-00313-0.
— Tekcr : anexkrponnsiii // DBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/449677 (nara
obpammenus: 11.02.2021)

2. byxsainoB, A. B. Jlekiuu nmo u30paHHBIM BOIPOCaM KJIACCHYECKHX (PUHAHCOBBIX
mojeneit | yue6. mocobue / A. B. Byxsainos, E. A. Jlopodees, B. JI. Oxyn0B ; og Hay4H. peld. A.
B. Byxsanosa ; Beicmas mxona menemxmenta CIIOIY. — Canxr-IletepOypr : Briciias mkona
meHepkmenTa, 2010. — 352 c. - ISBN 978-5-9924-0050-2. - Tekct : 3JCKTPOHHBIHA. -
https://new.znanium.com/read?id=191312 (nara oopamenus: 11.02.2021)

3. ConpnanbHO-3KOHOMHUYECKOE TPOrHO3upoBanue: YuedbHnoe mocoodue / I'epacumon A.H.,
I'pomoB E.U., Cxpunnaudenko FO.C. - Mocksa :CTI'AY - "Arpyc", 2017. - 144 c.: ISBN
978-5-9596-1294-8. - Tekcr : anmekrponHbIid. - https://new.znanium.com/read?id=314549 (nata
obpamenus: 11.02.2021)



0) lonoJiHMTE ILHASA JIATEpaTypa:

1. Aiiazsn, C. A. Meroasl skoHoMeTpuky © yueOnuk / C. A. AiiBassH ; MocKoBCKast
mkosa skoHomukun MI'Y um. M.B. JlomonocoBa (MIII3). — Mocksa : Maructp : UHOPA-M,
2020. — 512 c. - ISBN 978-5-9776-0153-5. - Tekcr : omektponnbii. - URL:
https://znanium.com/read?id=355480 (mara obOpamenus: 11.02.2021). — Pexxum mocrtyma: 1mo
MOJIITUCKE.

2. Koctionun, B. W. DxoHoMmeTpuka : yuyeOHHMK ¥ TNpakTHKyM it By3oB / B. W.
Koctronun. — Mocksa : U3narensctBo FOpaiit, 2020. — 285 ¢. — (Bricmiee o6pa3oBanue). —
ISBN 978-5-534-02660-3. — Tekcr : osnekrponnsii // DBC IOpaiit [caiit]. — URL:
https://urait.ru/bcode/450113 (narta obparenus: 11.02.2021)

3. KoppensimoHHbIi 1 perpecCHOHHbIH aHanu3 : yueOnoe nocoodue / M. I'. Kapenuna, B.
L. Tpodumona, T. A. UBanoBa u np. ; MI'TY. - Marautoropck : MI'TY, 2016. - 1 snexTpoH.
OIIT. TICK (CD-ROM). - 3ar. c THUTYIL JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2489.pdf&show=dcatalogues/1/113
0255/2489.pdf&view=true (mara oGpamienus: 11.02.2021). - MakpooObekr. - TekcT
ANEKTPOHHBIN. - CBefieHnus AocTymnHbI Takxke Ha CD-ROM.

4. Jlaktnonosa, 0. C. Dxonomerpuka : yueonoe mocooue / 10. C. Jlaktuonona ; MI'TV.
- [2-e w3n., moarot mo med. uza. 2005 r.]. - Marautoropck : MI'TY, 2016. - 1 3eKTpoH. OmT.
JICK (CD-ROM). - 3arn. c TUTYIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3074.pdf&show=dcatalogues/1/113
5273/3074.pdf&view=true (mara oOpamenus: 11.02.2021). - Makpoodbekt. - Tekcr
3JIEKTPOHHBIN. - CBEIEHUS J10C

5. JlorynoBa, O. C. Dxonomerpuka cpezactBamu Statistica 6.1. Bpemenubie u
JTMHAMHYecKue psaabl ;. yueonoe mocodbue / O. C. Jlorynosa, E. A. Unbsuna, B. B. Kopoesa ;
MITY. - Marauroropck, 2009. - 135 ¢ : wm, guarp., Tabm - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=228.pdf&show=dcatalogues/1/1056
118/228.pdf&view=true (mara oOpamenus: 11.02.2021). - MakpooObekT. - Tekcr
ANIEKTPOHHBIN. - IMeeTcs nedaTHbIi aHaor. TynHbI Takxke Ha CD-ROM.

5.

B) MeToauyeckue ykazaHus:

1. [Hanuenko, H.M. DxoHomeTpuka [ DneKTpoHHBII pecypc]: 1a0opaTOpHbII IPaKTUKYM:
yueoHoe nocobue / H. . llanyenko. — YabsiHoBek: Yl TV, 2011. — 117 c¢. — Pexxum pocryma:
http://window.edu.ru/resource/537/74537/files/ulstu2011-90.pdf (nara ob6parnenus: 11.02.2021)

r) IIlporpammHuoe ob6ecnieuenune u MHTEpHET-pecypenl:

IIporpammHoe o0ecneyenne

Haumenosanue I1O Ne norosopa CpoOK eCTBUS TUIEH3UN
MS Windows 7
Professional (st J1-1227-18 o1 08.10.2018 11.10.2021
KJIACCOB)
7Zip cB0OOHO pacrpocTtpansemoe [10 OCECCPOUHO
STATISTICA B.6 K-139-08 ot 22.12.2008 0EeCCPOYHO
FAR Manager cB00OAHO pactpocTpansemoe [10 06eccpouHO

IIpodeccnonanbHble 0a3bl JaHHBIX M MH(MOPMAIMOHHBIE CIPABOYHbIE CHCTEMbI
| HasBanue xypca | Cchuika




HauunonannHas nH(})OpPMaAITMOHHO-aHATUTUYECKAS

cucreMa — Poccuiickuii HHAEKC HAy4YHOTIO LIUTUPOBAHUS
(PUHLI)

[Touckosas cucrema Akagemus Google (Google Scholar) JURL: https://scholar.google.ru/

URL:
https://elibrary.ru/project_risc.asp

WNudopmannonnas cucrema - EnnHoe OKHO gocryma K
MH(POPMALIMOHHBIM pecypcaM
9 MaTtepuajibHO-TeXHHYeCKoe ofecnevyeHne TUCIUTLIHHBI (MOTY 1)

URL: http://window.edu.ru/

MarepuanbHO-TEXHHUECKOE 00eCTIeYCHUE TUCIIUILIMHBI BKITIOYAET:

Y4eOHble  ayAuTOpUHM  JUIsl  MPOBEACHUS  3aHATHA  JEKIMOHHOTO  TUNA -
Crnenmanmu3upoBanHas (yueOHas ) MeOenb (CTOJbI, CTYIbS, 10CKA ayAUTOPHAs), MYJIbTUMEIUHHOE
obopymoBanue (MPOCKTOP, KOMIBIOTEP, dKpaH) A NPE3CHTAUU Yy4eOHOTro Marepuaia Io
JMCIIATUIAHE;

Y4eOHblC ayAWTOpPHH JJs TPOBEICHUS J1a0OpaTOPHBIX 3aHSITUN, TPYNIOBBIX H
WH/IMBUYAIbHBIX KOHCYJIBTAIlUi, TEKYIIEro KOHTPOJIE M TPOMEXKYTOYHOW aTTecTaluu -
CneunanusupoBanHas (yueOHasi) MeOenb (CTOJbI, CTYNbs, JOCKa ayJUTOpPHAasi), MEPCOHAIbHbIE
KOMITBIOTEPBl OOBEAMHECHHBIC B JIOKAJbHBIC CETH C BbIXOAOM B Internet m ¢ mocrymom B
DIIEKTPOHHYI0  MH(POPMALMOHHO-00pPa30BaTENbHYIO  Cpelly  YHHBEPCHTETa, OCHAIICHHBIC
COBPEMEHHBIMHU IPOTPAMMHO-METOAMYCCKIMH KOMILJICKCAMHU

AymuTopun JUIsl CaMOCTOSITENIbHOW paboThl (KOMITBIOTEPHBIE KJIACCHI; YUTAIBHBIC 3aJIbI
oubnuorekn) - Crneunanu3upoBanHas (yueOHasi) MeOesb (CTONbI, CTYNbs, AOCKa ayIUTOpHAs),
NepCOHATbHBIE KOMIBIOTEPHl O0OBEIMHEHHBIE B JIOKAIBbHBIE CETH C BBIXOJOM B Internet m c
JOCTYIIOM B  DJIEKTPOHHYKO HH(OPMAIMOHHO-00pPa30BaTEIBHYIO Cpelly  YHHBEPCHTETA,
OCHAIIICHHBIC COBPEMEHHBIMHU TIPOTPAMMHO-METOINICCKUMU KOMILIEKCAMHU

[Tomenienne Juisi XpaHeHHssT W MPOPHUIAKTHYECKOTO OOCIY)KUBaHUS  Y4eOHOTO
obopynoBanus - Mebenb (CTOJIbI, CTYJIbS, CTEIIAXH ISl XpaHEHUS YI4eOHO-HAIJISIIHBIX TOCOOUI 1
y4eOHO-METOIUYECKOM JOKYMEHTAIINH ), [IEPCOHALHBIC KOMITBIOTEPHI.



IMpunoxenne 1

Y4eOHO-MeTOAMYECKOE O0ecTIeyeHre CAMOCTOSITEILbHOM PadoThl 00y4aI0IIUXCS
MOCTPOEHUE MOJIEJU JUHEWUHON MAPHOI PETPECCUM
JlabopaTopnasi padora Nel.

Buiyucnenue koagghuyuenmog ypasnenus 1uHeliHol pecpeccuu

ITapHas perpeccus — 3TO ypaBHEHHUE CBS3H ABYX IIEPEMEHHBIX )V U X!

y="1(x),

rae Y - 3aBucuMas rnepeMeHHas (pe3ybTaTUBHBIA NPU3HAK); X - HE3aBUCHUMAs, OOBSICHSIOIIAs
nepeMeHHas (MpU3HaK - (hakTop).

Jluneitnas napras perpeccus; Y = a+ DX+ &

[TocTpoeHne ypaBHEHMsI PErPECCUN CBOJIUTCS K OLIEHKE €€ MapaMeTpoB (B MPUBEACHHbBIX
BBIILIC YPaBHEHHSX perpeccud — mapaMerpbl a u D). [lns OleHKH mapaMeTpoB perpeccuii,
JUHEHHBIX [0 IapaMeTpaM, HCIOJIb3YIOT MeToJ HauMmeHbmmx ksaapatos (MHK). MHK
IIO3BOJIET MOJIyUYUTh TaKUE OLICHKU IapaMEeTPOB, IPU KOTOPBIX CyMMa KBaJpaTOB OTKJIOHEHUN

(dakTUYECKUX 3HAYEHUH pe3yJbTaTUBHOIO IpPHU3HAKA ) OT TEOPETHUYECKHUX Y(X) MUHHMAJIbHA,
T.C.

A~ 2 .
> (y-9,)" > min .
Z[J'ISI J'IHHGfIHbIX ypaBHeHI/Iﬁ pemaeTCﬂ CJ'IC,I[YIOH_[EUI CUCTEMA OTHOCUTEJIFHO Ad U b:

na+bd x=>y,
AT YK - 3K
I[J'IH peuicHu-d I[aHHOﬁ CHUCTEMBI U HAXOXXICHUS d U b MOXHO HCITIOJIBb30BAaTh JIBa 1moaxoaa.

1. I/ICHOHBSYIOTCH CIICAYHOIHNE COOTHOIICHU:

n Yx | 2y XX Xy

A= Ab

Zxez ' ZyXsz ’ _ZnyX’

_da. Ab

A’ A

2. MO)KHO BOCIIOJIB30BATLCA I'OTOBBIMH (I)OpMyJIaMI/I, KOTOpLIC BBITCKAOT U3 3T0ﬁ CHUCTCMBI.
a=y-bx, (1)
b Cov(x, y) X—y-X
- 2 — —2 (2)
Oy X —X



13 - —
e Cov(x,y) = HZ(Xi - X)(yi -y) - kod(duimeHT  BBHIOOPOYHON  KOBapHAIlUU;
i=1

n
, 1 )2
Oy _HZ(Xi -X)° - mucnepcuss (aKTOPHOTO TpU3HAKA WM BBIOOpOYHAs BapHallus,
=1

0003HauyaeMas Kax Var(X) .

3agaua

HmeroTcss cTaTUCTUYECKHE JaHHbIE TOCTYIUICHUS JOTOBOPOB B KOHCOJIMJIMPOBAHHBIM
oromker Cankrt-IlerepOypra(y, mipo py6.) B 3aBUCUMOCTH OT YHCIECHHOCTH PabOTArOMMX Ha
KPYIHBIX M CPETHUX MPEIPUATHAX (X, Mmblc.uel.) SKOHOMUKH pailoHoB 3a 2012 r. mpeacTaBiIeHBI
B TaOnuie 1.

Tabmuma 1
. Toctymenne YucieHHOCTH
Ne paiiona JA0r0BOPOB B paboTaomEx
ropoga |Omoakery (MJapad. X (Thic. Ue)
pyo.)
1 4,4 3,3
2 8,1 6,2
3 12,9 8,1
4 20,8 18,3
5 15,5 20,2
6 28,8 23,1
7 37,5 39
8 48,7 49,1
9 68,6 60,1
10 104,6 74,2
11 90,5 79
12 88,3 95
13 132,4 106
14 122 112,2
15 99,1 115
16 144,2 1251
17 150,6 132
18 156,1 149
19 209,5 157
20 342,9 282

Heo6xo011uMo mocTpouTh TMHEHHOE YpaBHEHUE MMAaPHON perpeccuu y OT X.

Pemenmne.

1. Ins pacuera mapaMeTpOB ypaBHEHHMS JIMHEHMHON PErpeccUH IMOCTPONTE PaCUETHYIO
TadnuIy 2.

Tabmnma 2
Ne paiiona y X Xy X2 y?
1 4.4 3,3
2 8,1 6,2
3 12,9 8,1
4 20,8 18,3
5 15,5 20,2
6 28,8 23,1
7 37,5 39
8 48,7 49,1




9 68,6 60,1
10 104,6 74,2
11 90,5 79
12 88,3 95
13 132,4 106
14 122 112,2
15 99,1 115
16 1442 125,1
17 150,6 132
18 156,1 149
19 209,5 157
20 342,9 282
Hroro
Cpeanue Ny Y v o2 2
3HAYEHHS] y X Xy X y

2. Ucnionb3ys dopmyisl 1, 2 paccunTaiite mapameTps a u b.
3. 3anumuTe NOJy4YE€HHON ypaBHEHHUE MApPHOU PErpecCcumu.

4. Jlns T[pOBEpKH MPaBWIBHOCTH  IOJYYEHHOTO YpPaBHEHUS  BOCIIOJIb3YHTECh
cratucruaeckor Gynkumeit JTMHEWH tabmuunoro nporeccopa Microsoft Excel, as atoro:

— BBIJICJINTE UHTEPBAJ TUYCEK, COACPKAIINI 2 cTOJIONA U 5 CTPOK;
— BCTaBbTE (PYHKIIHIO JIMHEWH, 3anaiite 3HAaYeHHE KOHCTAHTHI H CTATHCTUKH paBHBIMHA
eIMHUIIE.
— BBeauTe (GopMmylny Kak QopMmyay MaccuBa, A Yero HaKMuTe KiaBumry F2 a 3atem
komOuHanuto knasui Ctrl+Shift+Enter.
B rabmume 3. moka3zaHO, B KakKOM IIOpPSJIKE BO3BpAIIaeTCs JOTOJHUTEIIbHAS
perpeccroHHas CTaTUCTHKA.

Tabmuma 3
b a
Sep Sea
r? sey
F df
Sspee. SSocm.

JlabGoparopHasi padora Ne2.
Buiuucnenue koaghgpuyuenma xoppenayuu u cpeonei oumudKu annpoKCcuMayuu
TecHOTY CBsI3M M3y4aeMbIX SBJIICHUM OLICHUBACT JMHEHMHBbIH KOI(P(PHUUHMEHT napHOM

KOoppeasauuu rxy .

. _pTe _ Cov(x.y) _YX—Yy-X
Y o, 0,0, o0, '




rne Oy =\VX" —X", Oy, =yY —Y

JluneliHbi K03 (QUITUEHT KOPPENSIUA U3MEHSIETCS B TIpeAenax 1< rxy < 1

PaBeHCTBO KOX(dHIMEHTa HYIIO CBHICTEIBCTBYET 00 OTCYTCTBUM JIMHEHHOW CBSI3M.
PaBencTBo ko3¢ dunmenta -1 wim +1 mokassiBacT HAIMYKE (YHKIIMOHATBHON CBS3HM. 3HAK «+»
YKa3blBaeT Ha CBfA3b NPsAMYK (YBEIMYEHHE WM YMEHBUIEHME OJHOIO IpU3HAKa
COIPOBOXKAAETCA aHAJIOTUYHBIM MU3MEHEHHUEM JIPYroro MPU3HAaKa), 3HAK «-» YKa3bIBaeT HAa CBA3b
oOpatHy (yBeJIMYEHHE WM  YMEHBIIEHHE  OJHOrO0  MpPHU3HAKa  COMPOBOXKIACTCS
MIPOTUBOIMOJIOKHBIM 10 HAMPABJICHUIO U3MEHEHHUEM APYroro npusHaka). [lokazarensMm TecHOTHI
CBSI3M MOXHO JaTh KQUeCTBEHHYIO OILICHKY:

KosnuecTBeHHasi Mepa TECHOTHI CBSI3H KauecTBeHHAsl XapaKTEPUCTUKA CHIIbI
CBSI3H
10 0,25 Ouenn ciabas

0,25-0,44 Cnabas

0,45-0,64 YMepeHHas

0,65 -0,80 CuipHas

0,81 -0,90 BecbpMma cusipHas

0,91-1,00 OueHb cUIILHAA

OueHky KadecTBa IIOCTPOCHHON Mojenu omnpenensieT Kodgduuuent (MHAEKC)
JAeTePMUHAIIUM, A TAKKE CPeIHSASl OIIMOKA AaNNPOKCUMAIUMN.

2
Ko>puumnenrt nerepmuuanum rxy :

rz _ Z(yx - )—/)2
AT

Koadpouuuent nerepmuHanuy mnpuHuMaer 3HadeHHss oT (0, korma (akTtopsl X He
OKa3bIBAIOT HUKAKOIO BIIUSHUSA Ha 3aBUCUMYIO IIEPEMEHHYIO, 10 1, KOT1a MU3MEHEHUS 3aBUCUMOM
NEPEMEHHO Y MOJTHOCThIO OOBICHUMBI BIUSIHUEM (DAKTOPOB MOAEIH.

@yHKIMOHAIbHAS CBSA3b BOZHUKAET IIPU 3HAYEHUH PaBHOM 1, a orcyrcTBHe cBs3H - 0. [Ipu
3HauUEHUSAX MOKa3aTesel TECHOThI cBsi3U MeHblue 0,7 BenuunHa Kod(puIueHTa AeTepMUHALNN
Bcerga Oyzaer Hmxke 50%. DTo o3HAyaeT, 4TO Ha JAONI0 BapualMy (PAKTOPHBIX MPU3HAKOB
MPUXOJIUTCS MEHbIIIAs YacTh [10 CPABHEHUIO C OCTAIIbHBIMU HEYYTEHHBIMH B MOJIENN (aKTOpaMu,
BIUSIOUIMMHU HAa U3MEHEHHE PE3yJIbTaTUBHOIO INoKa3arens. [locTpoeHHble IPpU TaKUX YCIOBHSX
PErPECCUOHHBIE MOJIETN UMEIOT HU3KOE NPAKTUYECKOE 3HAUCHHUE.

Cpeansisa ommdKa annmpoOKCUMANMU - CPEHEE OTKJIOHECHHE PACUETHBIX 3HAYCHHH OT
(haKTHYEeCKuX:

A-iya -ty Yoyl
A_nZA, nz‘ ; 100% .

JomycTuMbIi TIpeien 3HauYeHu A - ke Goree 8 - 10%.
3agaua

OnpenenuM JuHEHHBI KO3(PUIMEHT NapHONH KOppEeNsUMUd U CPEJHIOI OIIUOKY
anmnpoOKCUMAIUH [T ypaBHEHUS ApHOW perpeccu, noiaydeHHoro B Jlaboparopnoii pabore Nel.



Pemenue.

1. JlonoHUTE TAOIUILy 2. CICAYIOIIUMHU PACUCTHBIMU MOJISIMU (Tab1. 4).

Tabmnuna 4
Ne paiiona y X Xy X2 y? v, y-9, A
1 4,4 3,3
2 8,1 6,2
3 12,9 8,1
4 20,8 18,3
5 15,5 20,2
6 28,8 23,1
7 37,5 39
8 48,7 491
9 68,6 60,1
10 104,6 74,2
11 90,5 79
12 88,3 95
13 132,4 106
14 122 112,2
15 99,1 115
16 1442 | 125,1
17 150,6 132
18 156,1 149
19 209,5 157
20 3429 282
Hroro
Cpennne y X Xy Ve F
3HAYCHHA
o
0_2
rxy
re
A

2. CpaBHHMTE NOJY4YEHHOE 3HaueHHe KOod(pUIMEHTa IeTepMUHALMU CO 3HAYECHUEM,
BbIuncieHHbIM pyHKimeit JIMHENH.

3. Caenaiite BbIBO/IBI O TECHOTE CBSI3U U 00 OLIEHKE KauecTBa MOCTPOSHHON MOEIH.
JlabopaTopnasi paGora Ne3.
Oyenxa sHawumocmu ypasHenus: pecpeccuu ¢ nomowwto F-xpumepua Quwepa

F-kputepuii ®dumiepa 3akmroyaercss B NPOBEPKE THUIOTE3bl Hp O CTaTHCTHUECKOMN
HE3HAYMMOCTH YpPaBHEHHS perpeccuu. [{jis 3TOro BBIMOIHSIETCS CpaBHEHHE (aKTUIECKOTO Fgawm
U KpUTHYIECKOTro (TabmuuHOro) s, 3Hauenuii F-xputepust Ouiiepa.

Fpaxm OnpeniensieTcs U3 COOTHOLICHUs] 3HaUeHUH (aKTOPHOM M OCTaTOYHOW JUCIIEPCHH,
paccUMTaHHBIX Ha OJJHY CTENEHb CBOOOBI:



Fakm._ N - ’
’ Z(y—y)2 l-rg m o @)

rae N — 94KCiIo eIUHUI] COBOKYITHOCTH, M — YKCJIO TIAPaMETPOB TPH MEPEMEHHBIX (VIS JIMHEHHOM
perpeccuu m = 1),

Fraon — MakCHMalbHO BO3MOXKHOE 3HA4YCHHE KPHUTEPHs I0J] BIMSHUEM CIy4ailHbIX
¢axtopoB mpu creneHsx cBoboasl K1 = m, ko =n—m — 1 (s nuneiHo# perpeccun M = 1) u
YPOBHE 3HAYHMOCTH O.

YpOBEeHb 3HAYMMOCTH O — BEPOATHOCTh OTBEPTHYTH MPABWIBHYIO THUIIOTE3y IPHU
YCJIOBHH, 4TO OHA BepHa. OObIuHO BenumunHa o mpuHumMaetcs paBaoi 0,05 mwmm 0,01.

Ecu Fpaer < Fgam, TO Ho - rumore3a o Ciay4ailHOW MPHUPOAE OLEHHUBAEMBIX
XapaKTEPUCTUK OTKIIOHSETCS W MPHU3HAETCA UX CTATUCTHUYECKAas 3HAYMMOCTb U HAJEKHOCTD.
Ecu Fuwsn > Fgam, TO THIOTE3a Ho HE OTKIOHSETCS W MPHU3HACTCS CTaTHCTUYECKas
HE3HAYMMOCTh, HEHA/IeKHOCTh YPaBHEHUS PErPecCU.

3agaua

Onpenenum F-xputepuit ®uriepa s ypaBHEHHUS MapHOM perpeccuu, MOJTYYeHHOTO B
JlaboparopHoii pabore Nel.

Pemenmne.

1. Paccuuraiite Fpaum 10 hopmyne 3 U cpaBHUTE NOTy4YEHHOE 3HAYEHHE CO 3HAUYEHUEM,
paccuntanHbeIM ¢ iomotbio ¢pyHkiun JIMHEWH B JIabopatophoii paboteNel.

2. Onpenenute Frasn ipu 3amanHoM ypoBHe 3Hauumoctd o = 0,05 (Ilpunoowcenue 1).
KpuTndeckoe 3HaUCHHE TAKKe MOXKHO HalTH ¢ nomortneko Gynkiu Excel FPACIIOBP.

3. CpaBHute nonyyeHHble 3HAYEHUSA Fpagi U Fpaxm, CAETANTE BBIBOJ O CYIIECTBEHHOCTH
CBSI3H.

JlabopaTopnasi paGora Ne4.
OZ/;QHK'CZ CMamucmu4eckol 3HavuMocmu napamempoe pezpeccuu u Koppeiiayuu

1 OLEHKM CTAaTHCTHYECKOH 3HAYMMOCTH KO03((PuuueHTOB perpeccud H
KOppeJsinuM paccuuTeiBatoTcsl {-kputepuii CThIOJEHTa U /10BEPUTEIbHbIC HMHTEPBAJIbI
Ka)XJI0ro W3 Moka3aresieid. Beiguraercs runoresa Ho o ciiydyallHOW MPUPOJIE MOKa3aTeleH, T.e. 0
HE3HAYUMOM UX OTIMYMU OT Hynsd. OleHKa 3HaYMMOCTH KO3(QQHIMEHTOB pErpeccuu u
Koppemsanuu ¢ nomombio t-kputepus CThrOAEHTa NPOBOAMTCS IyTEM COIOCTABICHHUS HX
3HAYEHUH ¢ BETUYMHOMN CITydyaliHOU OMIMOKHU:

b a I
tb:_; t,=—: L, = - 4)
se, se, Se,,

CayuaiiHble OIIMOKM TTapaMeTpOB JTMHEWHOM perpeccuu u Kod(duumeHTa Koppeasnum
OTIpeNIeNAI0TCs 0 (opMyIaMm:



Dy-9)%n-2)

D (x=%)?
. _ Z(Y—?’x)z. X .2 > x? . DX
a— ocm. 5" = ¢

n—-2 nZ:(x—T()2 n°c, " noy ; (6)

2
S ocm. _ Socm. .

Z(X_)_()z T on’ (5)

(7)

CpaBHuBas QakTuueckoe U Kputudeckoe (TabiuyHoe) 3HaYeHUS t-CTATUCTUKH - luag: U
tpaxm - IPUHIMAEM UJIM OTBEpraeM rumotesy Ho.

Ces3p Mexnay F-xpurepuem @umepa u t-cratuctuxkoir CTbIOAEHTAa BBIPAYKAETCS

2 2 /
paBeHCTBOM: tr :tb =+ F.

Ecnut thaor < tpaom WA tpaem < - tmass, TO Ho OTKIIOHSIETCS, T.C. @, D U Iy He ciydaitHo
OTJIMYAIOTCSI OT HYJs U CHOPMHUPOBAIUCH MO/ BIMSHHUEM CHUCTEMATHYECKU JCHCTBYIOIIETO
dakTopa X.

Ecmu twaen > tpaxm Mma tpaxm > - tmags, TO THIOTE3a Ho HE OTKIOHAETCS W NMPU3HAETCS
city4aiiHasi mpupoaa GopMUPOBaHUS a, D HIIH Iyy.

3amaua

OueHuM CTaTUCTUYECKYIO 3HAYUMOCTh KO3()(HUIIMEHTOB PErpeccHd, PacCUUTAHHBIX B
JlaGopatopHoii pabote Nel.

Pemenmne.

1. HpI/IMI/ITe THUIIOTE3Y HO 0 CTaTUCTUYECKHU HE3HAYMMOM OTJIMYMHU MOKa3aTeIEN OT HYJIA a
=b= rxy =0.

2. PaccuuTaiiTe BETWYMHBI CIYYalHBIX OMIMOOK, HCHONB3ys ¢opmynsl 4, 5, 6, 7.
CpaBHMTE TOJy4YE€HHBbIE 3HAUEHUS CO 3HAUYEHUSMH, PACCUYMTAHHBIMU C IMOMOIIBIO (DYHKIMU
JIMHEWH B JlaGopaTopHoii padoTteNel.

3. Onpenenute tras: U 3a1aHHOM ypoBHE 3HauuMocTh o = 0,05 U cTeneHbo cBo0o b K2
=n-m-1 (Ilpunoscenue 2). KputrHueckoe 3HaUCHHUE TAK)KE MOXKHO HAUTH C IIOMOIIBIO () yHKITHH
Excel CThFOPACIIOFP.

4. CpaBHUTE TOJy4CHHbIE 3HAYCHUS tmaer U tpaxm, CIETANTE BBIBOJ O CTATUCTUYECKOMN
3HAYMMOCTH MMApAMETPOB PETPECCHH.

JlabopaTopnasi paGora NeS.
Pacuem dosepumenvhvix unmepeanoe

3aMeTHUM, YTO BCE OIICHKH, MPHUBEACHHbIE paHEe, ONMPEIENSIOTCS OJHUM YHCIOM, T.€.
SBIISIOTCS. TOUeYHBIMH. [Ipu Manbix 00bemMax BBIOOPKH TOUYEYHAs OLIEHKAa MOKET MPUBOAUTH K
00JbIIMM OIIMOKAaM M 3HAYUTENBHO OTJIMYATHCS OT OLIEHWBAEMOTo mapameTpa. bonee mupokoe
OPUMEHEHHE TOJNYYMJI METOJ JOBEPHUTENbHBIX HMHTEPBAJIOB, pa3paOOTaHHBIA aMEpPUKaHCKUM
cratuctukoMm 0. Heitmanom.



Takum o00pa3om, paccuMTaHHbIC 3HAUYCHHs TMOKasaTened (KoapduuueHTsl a, b, Iyy)
SIBIISTIOTCSI TIPUOJTM)KEHHBIMU, TIOJTYYEHHBIMU HA OCHOBE MMEIOIINXCSl BEIOOPOUYHBIX JaHHBIX. J{iis
OIICHKU TOTO, HACKOJBKO TOYHBIC 3HAYCHUS MOKA3aTeJIed MOTYT OTIMYATHCS OT PACCUUTAHHBIX,
OCYILECTBIISICTCSI TIOCTPOCHUE JIOBEPUTEIILHBIX HHTEPBAJIOB. JlOBEpHUTENBHBIC HMHTEPBAJIbI
OTIPEICIISAIOT TPEAEbl, B KOTOPBIX JICKAT TOYHBIC 3HAYCHHS OIpPEICISIEMBIX TOKa3aTelieil ¢
3aJJaHHOM CTETIEHBIO0 YBEPEHHOCTH, COOTBETCTBYIOIICH 3aJaHHOMY YPOBHIO 3HAYUMOCTH .. [Tpu
MOCTPOCHUU YKOHOMETPUIECKUX PETPECCUOHHBIX MOJICICH JOBEPUTEILHBIC HHTEPBAIBI OOBIYHO

ONPEACNSAIOT JJIsl ABYX YPOBHEM 3HAUMMOCTH - X = 0,05 u a=0,01. Coorsercreenno
TOBOPAT O S5-TNIPOLIEGHTOHOM YPOBHE 3HAYUMOCTU WM OO 1-NPOLIEHTHOM YPOBHE 3HAUYMMOCTH.

JloBepUTEIbHbIC HHTEpBATbl (YpoBHM noBepwst) mpu stom Oyayr pasast 1—o = 0,95 u

1-a=0,99. Coorsercreenno TOBOPAT O 95-mpoueHTHOM Wi O 99-mpoLEHTHOM ypOBHE

nosepust (HagexkHocTH). [lomuepkaeM, 4TO YeM MEHBIIIE YPOBEHb 3HAUMMOCTH (OOJIbIIE YPOBEHB
JIOBEpHsi), TeM IIMPE COOTBETCTBYIONIMH JIOBEPHUTEIbHBIM HMHTEpBan (IPU MPOYMX PaBHBIX
YCJIOBHSX).

Jlnst pacdera JOBEpUTEIbHBIX HHTEPBAJIOB JIJIsl TapaMeTpoB a U D ypaBHEHHs JIMHEHHON
perpeccuu onpezenseM MpeneIbHYI0 OMUOKY A I KaXI0T0 MOKa3aTes:

Aa=t

maoi.

’ Sea; Ab = tma6ﬂ. ’ seb' (8)

Benmuunna ty,46: ipencraBisier coboi TabnmuHoe 3HaueHue t-kpurepust CThIOIEHTA IO
BIIMSHUEM CJIyYailHbIX (aKTOpOB TIPH CTEMEeHH CBOOOABI K = N—2 u 3a1aHHOM YypOBHE
3HAYUMOCTH OL.

CDOpMy.]'ILI IJI1 pacde€Ta JO0BCPUTCIbHBIX HHTCPBAJIOB UMCIOT CJ'IGI[yIOH_[I/Iﬁ BU:

Y. =atAa; y, =a-Aa;, y, =a+Aa

v, =bxAb; y, =b-Ab; y, =b+Ab. (9)

min

Eciu B T'paHULIbl JOBCPUTCIIBHOIO MHTCPBAJia IMOIAAA€T HOJIb, T. €. HUKHAA TI'paHUIlA
OTpUuLarciibHa, a BEPXHAA IMOJIOKHUTCIbHA, TO OHGHI/IBaeMHﬁ mapaMeTp NMPHUHUMACTCS HYJICBBIM,
TaK KaK OH HE€ MOXCET OJHOBPECMCHHO IPHHHUMATb W IOJOXHUTCIBHOC, W OTPHULATCIBHOC
3HA4YCHUAI.

3amaua

Paccuntaem moBepuUTeNnbHBI HHTEPBAT i KOAQdUIMEHTOB a U D, 3HaYeHHs KOTOPBIX
Haiinens! B JJaboparopHoit paboTeNel.

Pemenmne.
1. Onpenenute npeaenbHYIO OMUOKY I KaXKI0T0 Mmoka3atess mo ¢gopmyie 8.

2. Ompenenute AOBEpUTEIbHBIC UHTEPBAIBI I K03 duimeHToB a, b mo dpopmyne 9 u
3aMUIINTE TTOTy4YE€HHbIE TPAHUIIBI JOBEPUTEIBHBIX HHTEPBAJIOB.

JlabopaTopnasi pabora Ne6.

Toueunwiii u uHmMep8anbLHLIL NPOSHO3 NO YPABHEHUIO TUHEUHOU pecpeccuu

Toueunbrit IMPOrHO3 3aKIYaCTCAd B MOJYYCHHUU MPOTrHO3HOI0 3HAYCHUA yp , KOTOPOC

OTIPeJIeNsieTCs MyTeM MOJICTAHOBKH B ypasuenue perpeccun: (111 ¥, = a + DX



COOTBETCTBYIOIIETO (POTHO3HOTO) 3HAYCHH X p : Y, =a+ b- X

WHTepBanpHbIil NMPOTHO3 3aKIOYAETC B IMOCTPOCHUM JIOBEPUTEIBHOIO HHTEpBaja
MPOTHO3a, T. €. HWKHEW M BEPXHEU TPAHULL Vpmin, Vpmax MHTEPBAJA, COIAEPKALIETO TOUYHYIO
BEJIMYMHY JIJIsI TPOTHO3HOTO 3HAYCHHS Vp (Vpmin< Pp< Vpmax). JlOBEpUTEIbHBII HHTEPBAT BCeraa
ONpeAeNseTcss C 3aJaHHOM BEPOATHOCTHbIO (CTENEHBID YBEPEHHOCTH), COOTBETCTBYIOLIEH
MPUHATOMY 3HAYEHHUIO YPOBHS 3HAUMMOCTH O.

[TpenBapuTenbHO BEIYUCISETCS CTAaHIAPTHAS OMIMOKA MPOTHO3a myp :

I = o R S w7 (10)

3arem CTPOUTCA ZIOBepI/ITeJII)HI)If/'I HHTCPBAJI MNPOrHo3a, T. €. OMNPCACIAIOTCA HWIKHSAA
yf/pmin N BCPXHAA yypnﬁx T'paHUIIbI MHTCPBAaJia IPOrHo3a:
A Y
= — A A ~ - + A 0
Yo o s 7y%m Yo g

Y Prin p

Ay =t my

rie =¥, maon. "'y, -

3agaua

BbInosHuM NporHo3 05kU1aeMbIX 00bEMOB MPOJIAXK V NMPU MPOTHO3HOM 3HAUYEHUHU 3aTpaT
Ha peknamy x, cocrasismoomeM 107% ot cpeanero ypoBHsA. OLEHMM TOYHOCTH IIPOTHO34,
paccuMTaB OUIMOKY MMPOTHO3a U €r0 JJOBEPUTEIbHbIM HHTEpPBAJL.

Pemenmne.

1. Paccunraiite nporHoO3HOE 3HAUCHHUE X p , @ 3aTEM IPOTHO3HOE 3HAYCHHE yp :

2. PaccunuTaiite omubKy nporxHosa 1o dopmyie 10.

3. TlocTpoiiTe MOBEPUTENBHBIN HWHTEPBAI NPOTHO3a, CAETAWTE BHIBOABI O HANEKHOCTH
IPOTHO3a.
JlabopaTopnasi padora Ne7.

Pacuem xoagppuyuenma snacmuunocmu

B sxoHOMMYECKHX HCCIIEOOBaHHUSIX IMAPOKOC MPUMCHCHUC HAXOIUT TaKoi IIOKa3aTelib,
KakKk KO3(I)(I)I/II_II/ICHT 9JIaCTUYHOCTH, BBIYHCIISIEMBIN IO (bopMyne:

D=1 X2
y

K03(1)(1)I/II_[I/I€HT SJIaCTUYHOCTH ITOKA3bIBACT HA CKOJIBKO IMPOUCHTOB U3MCHHUTCA PE3YJIbTaT
y TIpu u3MeHeHnH paktopa x Ha 1 % OoT cBOEr0 HOMMHAJIBHOTO 3HAYCHHS.



Jlns muHeHOU perpeccur Kod(DPHUITMEHT 3JIaCTUYHOCTH PaBEH:

2=p2

M 3aBUCHUT OT X, IOOTOMY PAaCCUMTBIBAIOT CpeI[HI/Iﬁ KOB(i)(bI/II_[I/IeHT 9JIAaCTUYHOCTH:

3 =f(X)

Il
(o

< | i
<l | >

Cpennuii k0>(QQUIMEHT >IaCTHYHOCTH O IIOKA3blBAacT, HA CKOIBKO IIPOLEHTOB B
CpeIHEM TIO COBOKYIMHOCTH W3MEHHUTCS pE3yJIbTaT ) OT CBOEH CpeaHEed BENWYUHBI TpU
u3MeHeHuu ¢pakropa x Ha 1 % OT CBOETo CpeTHero 3HAUCHUSI.

3agaua
Paccuntaem K03 PHUIHMEHT 2TACTUIHOCTH M CpeTHUIN KOADPUIMEHT JTaCTUYHOCTH.

Pemenmne.

1. Paccuwmraiite k0>pHUIMEHT >TACTHIHOCTH M CPEAHMI KOAQPUIHMEHT 31aCTHYHOCTH.

2. Cpenaiite BBIBOBI 00 M3MEHEHUH Y IPH U3MEHEHHHU (HaKTOpa X.
KouTpoJibHbIE BONPOCHI:

1. Uto moHuMaeTcs moj napHou perpeccueit?

2. Kakoil BUI MMeeT cUCTEMa HOPMajJbHBIX ypaBHEHUH MeETOJa HAWUMEHBIIMX KBaJpaTOB B
cilydae JUHEHHOM perpeccuu?

3. ITo kaxoii popmyse BBIYUCIAETCS JIMHENHBIN KO OULIMEHT NapHON Koppensuun?

4. Kak BpIUMCIISIETCA U YTO MOKA3bIBAET MHIECKC I€TEPMHUHALIAN?

5. Kak npoBepsieTcst 3HaYMMOCTb YPaBHEHMSI PETPECCUU U OTJENIBbHBIX KO3 (UIIEHTOB?
6. Kak ctpoutcst JOBEpUTENBHBIN HHTEpBAJl IPOrHO3a B CiIydae JUHEHHON perpeccun’?

7. Kak BBIUHCHSIOTCS M 4YTO IOKa3bIBAIOT KOA(P(GUIMEHT 3JIacTUYHOCTH O U CpelHui

k0> PUIMENT 21acTHYHOCTH O ?

MNOCTPOEHUE MOJEJHW MHOXECTBEHHOM JMHEMHOM PET'PECCUHA
JlabopaTopnasi padora Nel.
Ombop ¢haxmopos 0151 NOCMPOeHUsE MHOIHCECMBEHHOU TUHENHOL 3a8UCUMOCTIU
U OYEHKa cmenerHu KoJluHeaphocmu U MyJ1bmuKoJJIUHeAPHOCMU pecpeccopos

MHo:xecTBeHHAas1 JIMHeHHas perpeccuss  — YpaBHCHUE CBA3M C HECKOJIBKUMH
HC3aBUCUMBIMHU NTECPCMCHHBIMMU

y=by +b X +byX, +...+ b X, + & (1)



rae y — 3aBucumas (oOBsicHsieMas, SHAOTCHHAs) — Perpeccany; Xi, X2, , Xm — HE3aBHUCHMBIE

(0OBsICHAIONINME, SK30TCHHBIC) TMEPEMEHHBICE — PErpeccophl, £ — ClIydallHas COCTaBIISIONIAsS
MO/IEJIH.

3aBucuMocTh (1) BO MHOruMX ciydyasix JIOBOJIBHO XOPOLIO OTPAa)aeT CIIOKUBIIUECS
9KOHOMHYECKHE B3aUMOCBsI3U. VcxonHas uHpopManus i MOCTPOEHUS JAHHOW 3aBUCHUMOCTHU
0OBIYHO 33a€TCs B BUJI€ HEKOTOPOI TaOJINIIBI.

Ne DaKTOPHI, /151 KOTOPHIX MOJY4YEeHbI TAHHbIE
X1 X2 Xj Xm Yy

1 X11 X21 Xj1 Xm1 Y1
2 X12 X22 Xj2 Xm2 Y2
n Xim X2m Xijn Xmn Yn

CJICI[yCT OINPCACIUTL BCC JIM MNCPCMCHHLBIC CICAYCT BKJIIOYATh B YPABHCHUC WJIM CCTb

MEPEMEHHbIE, KOTOpBIE CYIIECTBEHHO HE BIHUSIOT HAa BEIMYMHY Y U HX HEIelecoo0pa3sHo
BKItouath B (1). B mepBom ciyuae p = m, Bo BTopoM pP< m.

Jlnsg  pemeHuss 3TOro BOMpOCa YacTO HCIOJIB3YeTCs Tabiuua,

COCTaBJICHHasA U3

KO3 (UIIMEHTOB MAapHON KOPPENALUd. DIEeMEHTaMU TaKoW TaOIUIbI SBISIOTCA KOA(PDUIIUEHTHI
MapHOUN Koppessuuu i Bcex M (axtopos. Tabnuiia mMeeT BUL:

y X1 X2 Xm
1
y f'yx, ryx2 ryxm
X1 1
My M, DX
X2 1
ery rxle rx2xm
X 1
" er Yy rmel erXZ
r

B kiieTkax TalOnuIIbl 31K CaHbl MapHbie KOO(POUIMEHTI KOppeNsunu, Hanpumep, Iy x

napHbIi K03 PUIIHEHT KOpPensSuu MeXly IEpEMEHHBIMH X2 U X1.

Kospdunuenter lij u r-ji , a TaKXKe Iy jy ryx j COBIAZNAIOT, TAK KaK TECHOTA CBS3H

MEXIY IICPEMCHHBIMU Y U Xj TaKas KE, KaK MKy IEPEMEHHBIMHU Xj U Y, aHAJIOTUYHO JUIA Xj U Xi.

[TosToMy Tabnuily 3amMCHIBAIOT B YNPOLIEHHON CHMMETpUYHOM (opMme (TpeyronibHas

dopma).

Y X1 X2 Xm
y ! ryxl ryxz ryxm
Xt B . Iy x, x,,
X2 N N : rxz Xm
X - - - 1

[To maHHBIM TakKOW TAOIMIIBI MOKHO MPUMEPHO OIEHUTDH, KaKknue (PaKTOphI CYIIECTBEHHO
BIIMSIIOT Ha NIEPEMEHHYIO Y, a KAKHE — HECYLIECTBEHHO, a TAK)XKE BBIIBUTH 3aBUCUMOCTb MEXIY

dakTopamu.




Ecnmu BenmmumHa koddduumeHTa mapHOM KOppersiuuud MexXAy Y H Xj Maia, To
Helenecoo0pa3Ho BKIOYaTh Gaktop Xj B ypaBHeHHE (1). Boicokoe 3Hauenne koddduimenrta
NApHOM KOPPEJIALIUU MEXY Xi U Xj, IOKa3bIBa€T X TECHYIO KOPPEJIALUOHHYIO CBs3b. CunTaercs,
YTO JIBe TIEPEMEHHBIC Xj U Xj SIBHO KOJUIMHEAPHBI, T.€. HAXOIATCS MEXIy cO0Oil B JIIMHEHHOM

3aBUCUMOCTH, eciid Py y = 0,7 . Ecnu daktopsl SIBHO KOIUIMHEA HBI, TO OHH IYOIHUPYIOT I
i

JIpyra ¥ OAMH U3 HUX PEKOMEHAYETCS WCKIIOUUTh U3 perpeccuu. llpennoureHue mpu 3ToM
oTnaercs He (akTopy, 60jee TeCHO CBA3aHHOMY C PE3Yy/IbTaToOM, a TOMY (hakTopy, KOTOPBIN IpH
JIOCTaTOYHO TECHOM CBA3M C PE3YJIbTATOM HMEET HAUMEHBUIYI0 TECHOTY CBS3U C APYTUMU
(akTOpaMu MM BEIOUPAIOT OJMH U3 HUX B 3aBUCUMOCTH OT UX CMbICIIa U MHEHUS UCCIIe0BATENs .
HeuenecooOpa3Ho BKIOUaTh B ypaBHEHHE OJTHOBPEMEHHO I10KA3aTENH, IPEICTABISAIOLIUE CYMMY
HEKOTOPBIX (PaKTOPOB MJIM MX COCTABHBIX YACTEH, a TaKKe XapaKTepU3YIOLIUE OJUH U TOT K€
(daxTop, BBIPAKEHHBIH B Pa3NUYHBIX EIUHULAX H3MEpPEHHs, Hampumep, aOCONIOTHBIX U
OTHOCUTEJIbHBIX.

[To BenmnumHEe mNapHBIX KOA(DOUIMEHTOB KOPPEISANHUU OOHAPYKHBACTCS JIMIIL SBHAS
Koppemsiius ¢dakrtopoB. Haubonbline TPYyIHOCTH BO3HHUKAIOT HPH MYJIbMUKOLIUHEAPHOCMU
¢dakropoB. [l OLEHKHM MYJIBTUKOJUIMHEAPHOCTH (PAKTOPOB HCHOJB3YETCS Onpedenumend

Mampuybl NAPHBIX KOIPDuYUeHmMos mMerHchakmopHou Kopperiyuu DET‘ R‘ .

Nex, = Tax,
Nex 1o Ty

DET|R|=| ™™ 2m
M v Tox, oo L

Yem Ommxe k 0 ompenenuTens MaTpUIbl MEK(PAKTOPHONH KOPPEIALUH, TEM CUIIbHEE
MYJIBTUKOJUIMHEAPHOCTH (DAKTOPOB 1 HEHAJIekKHEE Pe3yIbTaThl MHOKECTBEHHOU perpeccun. 1
HA000pOT, yeM OJmke K 1 onpenenuTtens MaTpUIbl MEX(PaKTOPHON KOPPENLUU, TEM MEHbIIIE
MYJIBTUKOJJIMHEAPHOCTh (PAKTOPOB.

3amaua

TpeOyeTcss MOCTPOUTH CTATUCTUYECKYIO 3aBUCHMOCTh CTOMMOCTHU KBapTHUPBI OT Tpex
(GakTOpOB B BHUE MHOXXECTBEHHOW perpeccuu (Tabm. 1). s mocTpoeHus MOAeNlu, B TIEPBYIO
ouepeslb, HEOOXOAUMO TMPOBECTH OTOOP (PAKTOPOB M OLEHUTH CTEMEHb KOJUITMHEAPHOCTU
perpeccopos.

Pemenue.

1. Paccuuraiite ko3pduimeHTsl napHod Koppenauuu. I[IpoBepbTe NpPaBUIBLHOCTH
pacueTtoB ¢ nomornisio cratuctuyeckoit Gynkiun KOPPEJI snekTpoHHOM TaOmuiis!
Microsoft Excel.

2. Tlo monmy4eHHBIM 3HAYEHUSM TMapHBIX KOI(D(UIIMEHTOB Koppenauuu oTdepure

Haubosee cyuecTBeHHbIe (hakTophl A1 ypaBHeHus (1).

[TpoBepbTe PakTOPHI HA KOJUTMHEAPHOCTh U MYJIbTUKOJIJTMHEAPHOCTb.

CrenaiTe BBEIBOIEL.

~ow

Tabnuua 1.
HcxonHple naHHbBIE 30241



paccTtosHue
CTOMMOCTb o6 as Xunas
2 00 MeTpo,
Ne nam. KBapmmpbl, (nrowagb, M~ NJowWanb,
2 MUHY T
ThiC. Aon., y X1 M X 2
newKom’ x 3
1 16 80 84 3
2 22 62 37 8
3 23 69,7 42 18
4 19,8 79 80,3 28
5 34 96,4 88 8
6 24,8 90 64 8
7 23,7 102 66 7
8 41 87 86,8 10
9 31 114,8 74 10
10 38,6 114,3 74,7 8
11 46 90 62 8
12 38 116 81 10
13 42,7 107 78,8 10
14 27 93 66 18
15 78 176 129 10
16 38 96 69,4 8
17 23,8 92 72,8 10
18 68 176 110 20
19 23 74 49 18
20 48,8 106 73,7 10
21 34 88 61,7 3
22 23 74 48,8 10
23 26,8 74,7 80,8 10
24 37 118 76 8
25 30 92 62 18
26 43 110 79,8 8

JlabopaTopnasi paGora Ne2.
Oyenka napamempog ypasHeHus MHOICECMBEHHOU pecpeccuu

Jl71st olileHKH TapaMeTpoB YpaBHEHHsI MHOKECTBEHHOW JIMHEHHOW perpeccu MPUMEHSIOT
MeTo]l HauMeHbIuX kBaapaToB (MHK).

Jns nuHENHBIX ypaBHEHUN W HEJIMHEMHBIX YPaBHEHUMN, NMPUBOJIMMBIX K JIMHEHHBIM,
CTPOHUTCS CIEAYIOLIAs CUCTEMA HOPMAJIbHBIX YPABHEHUM, PELLIEHUE KOTOPOU MTO3BOJISAET IT0JTYyYUTh
OLICHKH ITapaMETPOB PErpeccuu, B YaCTHOCTHU AJis ypaBHeHus (1):

Z:y:nbo +blz:x1+b22‘x2 +...+bm2xp,
Zyxl=bOZx1+blzx12+b22x1x2+...+bm2xmx1, o
Z:yxm :bOZ:xm +b12X1Xp +b22“x2xm +...+bm2x§1.

OIIHI/IM N3 MCTOJOB IJId €€ pCUHICHUA ABJIACTCA MCTOL OHpCHeHHTCHCﬁZ




=5 b=S by =S

YN DX D) X
Alefo ZXZXl mex1

rae .. — OINpPCACIUTEIb CUCTCMBI,
X X, X X, X X2
m 1m 2°m -+ m

AbO ) Abl geees Abm — YaCTHBIC OIIPCACINUTCIIN, KOTOPHBIC IIOJIYYArOTCAd IIYTEM 3aMCHBI

COOTBETCTBYIOIIIETO CTOJIOIAa MATPHIIBI ONIPEACTUTEISI CUCTEMBI IAHHBIMH JIEBOW YaCTH CUCTEMBI.
3amaua

1. Paccuuraiite napaMeTpbl ypaBHEHUS] MHOXXECTBEHHON PErPECCUH C IIOMOILBIO METO/1a
onpeaenutenend. Jlig BBIYMCICHUS ONPEACIUTENIEH HCIOJIB3YHTE CTATUCTUYECKYIO
¢ynkuuto MOIIPE]]. TlpoBepsTe MOMy4eHHBIE PE3ybTAaThl C MOMOMIBIO (YHKIUU
JIMHEMH.

2. 3anuImmMre MOJTyYeHHOE YPaBHEHHE MHOKECTBEHHOH perpeccuu.

JlabGopaTopHasi padora Ne3.
Ilocmpoenue ypagnenus MHONCECMBEHHOU pecpeccuu 8 CMAaHOapmu308aHHoll hopme

Ecmu ko> UIMEHTHI MHOKECTBEHHOW pErpecCHMHM paccMaTpuBaTh B KadyecTBE
MoKazarenei BIUAHUSA (PAKTOPOB, TO ClEeAyeT MMETh B BHIY, YTO KOI(PPUIMEHTH perpeccuu
MEXIy CO0OM MpsSMO HE CpaBHUMBI. VX YHCIIEHHBIC 3HAUYEHHS 3aBUCST OT BHIOPAHHBIX €IUHUIL
u3MepeHus Kaxaoro hakropa. YtoOsl KOOPHUITUEHTHI PETPECCHH CTAIM CPABHUMBI, UX TPUBOIST
K CTaHJIapTU3UpPOBaHHOMY MaclITaly. J{s 3TOro Bce nepeMeHHbIe BHIPAXKAIOT B O0€3pa3MepHbIX,
TaK Ha3bIBAEMbIX CTAHJAPTU3UPOBAHHBIX €AUMHULAX HU3MEPEHUS NPU IOMOIIU CIEAYIOIIUX
COOTHOIIICHHH:

_ (% _X_i)
_—GX ,

_-n.

o)

t

y X

y

i
Tac Gy y ij — COOTBETCTBCHHO CPECAHUC KBAJAPATUIHBIC OTKIIOHCHUS.

CBoOOaHBI wieH Do B cTaHIapTH30BaHHOM YPAaBHEHHHM MHOXXECTBEHHOW pPErpeccuu
OTCYTCTBYET, T.€. ypaBHeHHE (1) MOXKHO 3amucaTh B BUJE:

t, = ,Bltx1 +,62tx2 + ...+ﬂmtxm +&. (2

Bce NEPEMCHHBIC YpaBHCHUA BBIPAXKCHBI B CpPaBHUMBIX CIWHULIAX HU3MCEPCHHA.

KoaddurmenTs B Bores B Ha3bIBAOTCS KodpUITUEHTAMH perpeccuu B
CTaHapTU30BaHHOM Maciitabe. s ux onpeseneHusi MOXKHO TepeiTH ot Koadduirentos bj k

p j (J=1Lm) 4 00paTHO ocymIecTBIseTCs 1Mo hopmyie:



KoadduimenTs! perpeccun (2) mOKa3bIBAIOT BIMSHUS U3MEHEHHS KXKIOH NEPEeMEHHOM
Ha n3MeHeHue Qakropa Y. Bce koapdumeHTs! BoIpaskeHbl B CPAaBHUMBIX €IUHHUIIAX U3MEPEHUS.

Yem Oomnplie | p j |, TeM cuibHee BIMAET COOTBETCTBYIOIIMN (DaKTOPHBIA IOKa3aresib Ha

pPEe3yJbTaTUBHBIN.

Takum o00Opa3oM, cpaBHHMBasg MEXIy COOOH CTaHAApTU30BaHHBIE KOI(D(UIIMEHTHI
perpeccuu MOXHO PAaH)XHPOBaTh (PAKTOPBHI MO CHIIE MX BO3JCHCTBUS Ha pe3yibTaT. B aTom
OCHOBHOE JIOCTOMHCTBO CTaHJAPTU30BaHHBIX KO3()(PUIIMEHTOB perpeccuu B OTJIMYHE OT
KO3(P(PHUIHUEHTOB «YHCTOI» perpeccu, KOTOpble HECPAaBHUMBI MEX1y COOOiA.

Ha mpakTrke 9acTo UCIOJIb3yIOT YPaBHEHHE PEIrPECCHH B CTaHIapTH30BaHHOM MaciiTade
B BUJE:

Y =B X+ BoXo +.oot By Xm + €.

Kak Oput0 mMOKa3aHO BBIIIE, paHXKUPOBaHUWE (PAKTOPOB, YUACTBYIOIIMX  BO
MHO>KECTBEHHOW JIMHEHHOW PErpeccHu, MOXKET OBITh IMPOBEICHO Yepe3 CTaHIapTU30BAaHHBIC
koad¢unmenTsl perpeccun (f-kodddunmentsr). ITa K€ LelNb MOXKET ObITh TOCTUTHYTa C
MOMOIIBI0 YAaCTHBIX KOX(PQPHUIMEHTOB KOPpEISAIUH — JUIS JTUHEWHBIX cBsizedl. Kpome Toro,
YaCcTHBIE MMOKAa3aTelH KOPPEJSAIUN LIUPOKO HCIONB3YIOTCA NpPU PELIeHUU MpodieMbl oTOOpa
(GakTOpOB: 11eJeCO00Pa3HOCTh BKIIOUEHHSI TOTO WUJIM MHOTO (hakTopa B MOJEIb JOKa3bIBACTCS
BEJIMYMHOM MOKA3aTENs YACTHOM KOPPEISALIHH.

YacTtable K03((HUIUEHTH (WM UHAEKCHI) KOPPEIsSLUN XapaKTepPU3yIT TECHOTY CBS3M
MEXJy pe3ylbTaTOM M COOTBETCTBYIOIIMM (DAaKTOpPOM TMpU YCTPAHEHWU BIUSHHUS JPYrHX
(dakTOpOB, BKJIIOYEHHBIX B YypaBHeHHE perpeccuu. Ilokasarenn dacTHOW Koppensuuu
MPEJICTaBISIIOT cO00 OTHOIIEHHWE COKpAllleHUs OCTAaTOYHOW JTUCIEPCUH, MPOU3OMIEIIIEr0 B
pe3ysbTaTe IOMOJIHUTENIBHOTO BKIIIOUEHHS B aHAJIU3 HOBOTO (hakTOpa, K OCTATOYHON AMCIIEPCUH,
MMEBILIEH MECTO J0 BBEACHUS B MOZIENIb HOBOTO (hakTopa.

Koadduiument yactHON KOppesAIy, U3MEPSIOLINA BIUsIHUE Ha ¥ (aKkTopa Xi IpU
HEM3MEHHOM YPOBHE APYruX (hakTOpOB, MOKHO OINPENIENIUTh 10 GopMyIie:

1-R?2

YXg X j e X

1—R2 ’

YX1Xg - Xj_1 X g+ X

r = |1-
YXj X1 X eee X g X g oo X

2
Ryxl...x

rae Xy — MHOXECTBEHHBIH KOA((UIMEHT [eTepMUHAIMM BCEro KOMILIeKca M

2
(bakTOpOB C PE3YNBLTATOM; "“YXXp...X| 1Xj41. Xy — TIOKA3ATENb JIETEPMUHAINHU, HO O€3 BBEICHUS

j wen

B MOJieJIb (pakTopa X;j.

Cpennrie k0d(h(UIMUEHTHI AINACTUYHOCTH MJSl JIMHEWHOW MHOXECTBEHHOH perpeccuu
pPaccUUTHIBAIOTCS 110 hopMyIie:



= J
3 24 i b J e
H ITOKA3bIBAIOT, HA CKOJIBKO ITPOLCHTOB B CPCAHEM IO COBOKYITHOCTH U3MCHUTCA PE3YJIbBTAT ) OT

CBOCH BEJIMYMHBI NMPH W3MEHeHHH (akTopa x HAa 1 % OT CBOEro 3HaueHHs MMPH HEU3MEHHBIX
3HAYCHUAX JIPYTUX (PaKTOPOB.

3agaua

1. Paccuuraiite = craHgapTU30BaHHbIE  KOO(POUIMEHTHl  PErpecCHH.  3amUIINTE
NOJIy4eHHOE YpaBHEHHE B CTaHIapTHU30BaHHOM MaciuTabe Bujaa (2).
2. llpopamxupyiite cTaHAapTU30BaHHBIE KOX(POUIMEHTHl PErpeccuu MO CHile HX
BO3JECHCTBUS HA PE3YJIbTAT.
3. Paccuuraiite cpennue K03 UIUESHTHI 2JIACTUYHOCTH.
JlabGoparopHasi padora Ne4.

Cocmasnenue uacmmuvix ypasHenuii pecpeccuu

Ha ocHOBe nuHeiHOro ypaBHEHUS MHOXKECTBEHHOH perpeccuu (1) MOryT ObITh HaliieHBI
YacTHbIE ypaBHEHHUS PErpecCuu, T.€. YPaBHEHUS PErpeccHM, KOTOpPbIE  CBS3bIBAIOT
pEe3yNbTaTUBHBIN MPHU3HAK C COOTBETCTBYIOIIMMH (DaKTOpamMH Xj MPU 3aKpPEIUICHUH APYTUX,
YYUTBHIBAEMBIX BO MHOXXECTBEHHOH perpeccuu, (PakTopoB Ha cpeaHeM ypoBHE. YacTHbIE
YPaBHEHHUS PETPECCUU UMEIOT CIIEIYIOIINUNA BUI:

Yy Xy s Koo X = by +0b,% +0b, X2 + b3 X3 +...+ b, Xm + &;

Yy Xy Xy X = by + by X1 + Dy Xy + D3 X3 +... 4+ Db Xm + &,

Yx X Xpmonx g = B0 FBXLHD X2 4Dy X1+ Dy X + 6

IIpu moacTaHOBKE B 3TH ypaBHEHMS CPEIHUX 3HAUEHUI COOTBETCTBYIOIIUX (PAaKTOPOB OHU
NPUHUMAIOT BU/J] TAPHBIX YPaBHEHUH JIMHEHHOM perpeccui, T. €. UMeeM:

Yo 50 xnnx. = B 10X

yxz,xl,xg, » Xim = BZ +b2X2;
yxm,xl,xz,.... Xm_1 = Bm +mem'

Trac

B, = by -+, X2 + b5 X3 + ...+ by, Xm;



B, =hy +b1>_(1+b3>_(3 +...+bm>_(m;

B, =by + by Xt +0by X2 +....+ Db Xm-1;

B otnnume oT mapHOU perpeccuu, 4acTHbIE YPaBHEHHSI PErpeccCHH XapaKTepU3YIOT
U30JIMPOBAaHHOE BIUSHHE (akTOopa Ha pe3yabTar, u00 aApyrue (aKTOphl 3aKpeIieHbl Ha
HEU3MEHHOM ypoBHE. O¢(deKTbl BIUSHUS JpyruxX (aKTOpOB NPUCOEIWHEHBI B HHUX K
CBOOOTHOMY WICHY YPaBHEHHUSI MHOXKECTBEHHOW PETrpecCHH. DTO MO3BOJIIET HA OCHOBE YaCTHBIX
YpaBHEHUU PErPECCUU OMPEIEIATh YACTHbIE KOA(PPUIMEHTHI 3JIACTHYHOCTH:

X.
QyXi :bj % I !
ijIX11X21"'1Xj_1IX Xm

Ly

rae bj — koaddunmenTsr perpeccun i GakTopa Xi B YpaBHCHUH MHOKECTBEHHOM PErpecCHu;

yx i Xl’ X2 1 Xj—l’ Xj+1 1re Xm — 3HaU€HUE Pe3yIbTaTUBHOIO (haKTOpa, MOIyYeHHOE U3

YaCTHOT'O YPaBHEHUS PErPECCUU TIPU JIAHHOM 3HAa4YeHUH (pakTopa X;j.
3amaua

1. CocraBbTe yacTHbIE YpPaBHEHUSI PETPECCHH.
2. Omnpenenute 4YacTHbIE KOA(POUIMEHTH SJACTUYHOCTH U IMPOPAHKHPYUTE
(akTOphbI IO CHJIE UX BO3JEHCTBUS Ha pe3yJbTar.
JlabopaTopnasi paGora NeS.

Ol/;eHKa HaoedcHocmu pesyibmamos MHOHCECMBEHHOU peepeccuu u Koppeaiyuu

IIpakTHueckass 3HAYUMOCTb YPAaBHEHHS MHOXKECTBEHHOW PErpEeCcCUU OLEHUBACTCS C
MOMOUIbIO TIOKa3aTeNii MHOXXECTBEHHOW KOppeNlsallMd W €ero Kpajapara — Koddduimenra
JIeTEpPMUHALUN.

[TokazaTenb  MHOXKECTBEHHOM  KOpPpENALMM  XapaKTepusyeT  TECHOTY  CBS3H
paccMarpuBaemMoro Habopa (PakTOpoB € HCCIENyeMbIM TMPU3HAKOM, WIH, MHA4€, OIEHUBACT
TECHOTY COBMECTHOTO BJIUSHUS (DaKTOPOB Ha pe3yybTar.

HezaBucumo ot (I)OpMBI CBSI3U IIOKa3aTejib MHOXKECTBEHHOM KOppeiIsiInuUu MOKET OBITh
HaliJIeH KaK HHIEKC MHOKECTBEHHOM KOppeJrsinnuu:

2
rne Oy — obmias aucnepcust pe3yibTaTHBHOTO Tpu3Haka; Opem — OcTarovHas JUCIIEPCHs

2 _ Z(y_ yxl,xz,...,xm)2

IS ypABHEHUSI )7 = f (X11 X2,...,Xm) . Oiro n




[Tpu nuHeHON 3aBHCHMOCTH NMPHU3HAKOB (popMyna MHIEKCAa KOPPENSLUN MOXKET OBITh
TaK)Ke IPEJCTaBICHA CJIEAYIOLUM BBIPAKECHUEM:

m
Ryttt = 1| 2B, T
i=1

r

rjae b Xj — CTaHIapTU30BaHHBIE KOO(POUIUMEHTBI PETPECCUM; ' yX; — MAPHBIE KOIDPUIMEHTBI

KOPPEJSILIHY Pe3ySbTaTa ¢ KaKIbIM (haKTOPOM.

@opMyna UHAEKCa MHOKECTBEHHOW KOPPESALUUU Ul JIMHEHHOM PEerpeccuu IOIy4yuia
Ha3BaHUE JMHENHOr0 KOI(PPuiueHTa MHOKECTBEHHOH KOPPeJIsiliUU, WU, YTO TO K€ CaMoe,
COBOKYITHOI0 KO3()(pHIHEeHTAa KOPPeJALMH.

WNunexc MHO)ecTBEHHOU Koppensiuuu uzMensiercs ot 0 1o 1. Yem Onumxe ero 3HaueHue K
1, TeM TecHee CBSI3b PE3YJIbTATUBHOIO IPU3HAKA CO BCEM HAOOPOM HCCIETyeMbIX (aKTOPOB.
BenuunHa nHaeKca MHOXKECTBEHHOM KOPpENIALUU OOJIbIIE WIM PaBHA MAaKCUMAJIBHOTO IapHOIO
MHJEKCa KOppesLuu:

R >R

YXiXg o Xy =YX (MBY) J=1m.

[Ipu nmpaBWJIBHOM BKJIIOYEHHUU (PAKTOPOB B PETPECCHOHHBIM aHAIU3 BEIMYMHA MHJIEKCA
MHOYECTBEHHON KOPpeJILUU OyIeT CYLIECTBEHHO OTJIMYAThCS OT MHAEKCAa KOPPESILIMU MTapHOH
3aBUCUMOCTH.

Koa¢ddunment (MHIEKC) MHOKECTBCHHOU JCTEPMHUHAIMHA PACCUUTHIBACTCS KaK KBajpat
WHJIEKCA MHOYKECTBEHHON KOPPEIIALMHN:

2
VX1 Xp - Xy

CKOppeKTUPOBaHHBIA  KO3(PUIMEHT (MHIEKC) MHOXXECTBEHHON  JeTepMHUHALUH
COJIEP’KUT MOTMPABKY Ha YUCIIO CTETIEHENH CBOOOIBI M paCCUUTHIBAETCS 10 hopMyIie:

-2 n-1
R®=1-(1-R%)- ———
n-m-1
r7ie N — 9uciao HaOMoIeHU; M — 9ucio (pakTOpoB.

3HAYMMOCTb YPAaBHEHUSI MHOKECTBEHHOM PETPECCUM B LIEJIOM OLIEHHBAETCS C MOMOILBIO
F-xpurtepus ®umepa:

Rz.n—m—l
1-R? m

paxm. —

Fac: onipenensiercs npu 3aganaom o (0,05; 0,01) u crenensx cBo6oabt K1 =m, k2 =n—m
— 1, (M — gucmo mapamMeTpoB MpH (HAKTOPHBIX MEPEMEHHBIX B YPaBHEHHWH MHOKECTBEHHOM
perpeccun).



YactHblll F-kpuTepuil OLIEHMBAET CTATUCTUUYECKYIO 3HAYMMOCTH MPUCYTCTBUS KaXJ10TO
u3 ¢GakToOpoB B ypaBHEHHH. B o0mem Bujae, 11 (HakTOpoB YacTHBIM F-KpuTepuii onpeaenuTces
KaK:

2 2
E _ Ryxl,..., Xj Xm Ryxj e Xjg s Xjsg o X =M -1
yacmX; 2 )
j —
1 I:ayxl,..., Xj ) Xm 1

Fmac: 111 9acTHOTO F-KpUTEPHS ONpeaeIseTCs MPH 3aaHHOM o M cTeneHsx cBoboasr k1 =1, k2
=n-m-1.

Onenka 3HAYMMOCTH KO3(PPUIIMEHTOB YHUCTOM perpeccud ¢ TMOMOIIbIO t-KpuTepus
CTpl0/IeHTa CBOJIUTCS K BBIYMCICHHUIO 3HAUCHHUS:

b,
tcpakm. = E = ij 1
J

rae Mbi —CpeiHss KBaapaTH4Has oImuOka koddduiimeHta perpeccuu Dj, oHa MOXET OBbITh
ompezenieHa 1o cienyrliei Gopmyne:

_ Oy - \/1_ Rixlxz...xm 1

m, = :
' 5 . [1_R2 Jn-m-1,
X XXXy
2
YX1X5... Xy — MHOYKECTBEHHBINH KOO(QOHUIMEHT AETEPMUHAIINK BCETO KOMILIEKCA M (HakTopoB

2
C pe3ynbTaToM; Rx i Xm  — KOOGQUIMEHT AeTepMUHAIK JUIs 3aBUCUMOCTH (hakTopa Xj co

BCEMHU JIpYTUMU (HaKTOpaMU YPaBHEHUSI MHOKECTBEHHOM PErpeccHi.
timac: OTIPEIICIACTCS TIPH 33J]AHHOM 0L M CTETeHH CBOOOABI K =N —m - 1,
3agaua

1. Paccuuraiite nmuHeiiHOro Ko>(GQHIMEHTa MHOKECTBEHHON KOPPEIALMHM M CesaiTe
BBIBOJ] O TECHOTE CBSI3M PEe3yJIbTaTUBHOTO MPU3HAKA CO BCEM HAOOpOM HCCIeNyeMbIX
(hakTOpOB.

2. PaccuuTaiite K03(Q(QUIMEHT MHOXKECTBEHHON JETEPMHHAIMM M CHENaiiTe BBIBOI 00
OLIEHKE KauecTBa IIOCTPOEHHOM MOJEIH.

3. Paccunraiite Fpaom U CPaBHHUTE MONYYEHHOE 3HAYEHHE CO 3HAYEHUEM, PACCUMTAHHBIM
¢ momompio ¢ynxrmu JIMHEWH. Onpemenute Frisn NpH  3aJaHHOM YpOBHE
3Hayumoctu o = 0,05. CpaBHuTe nosyueHHble 3HAYECHUS Fuasn U Fpam, chenaiite
BBIBOJI O CYIIIECTBEHHOCTH CBSI3H.

4. Onpenenute tpam M trasy IPU 3aJaHHOM ypoBHE 3HaunMoctH o = 0,05 CpaBHuTe
MOJIyYeHHbIE 3HAUYEHUS M CclejaiiTe BBIBOJ O CTaTHCTUYECKOM 3HAYUMOCTH
[IapaMeTPOB PETPECCHH.

KoHTpoJibHBIE BONIPOCHI:



1. Uto noHuMaeTcs o JIMHEHHON MHOYKECTBEHHOM perpeccueii?

2. Kakue 3agauu pemaroTcs Mpu NOCTPOCHUU YPAaBHEHHS PErPECCUU?

3. Kakue TpeOoBaHus NPeabABISIOTCS K (PaKTOpaMm, BKIIOYAEMbIM B YpaBHEHHE pErpeccuu?
4. YUTo mOHMMAETCS TOJ] KOJUTMHEAPHOCTHIO U MYJIbTUKOJUIMHEAPHOCTHIO (haKTOPOB?

5. Kak npoBepsieTcss HAIMYNE KOJUTMHEAPHOCTU U MYJIbTHUKOJUTMHEAPHOCTH ?

6. Kakoli BHJ uMMeeT cucTeMa HOPMAJbHBIX YpPaBHEHMM METOJAa HaMMEHBUIMX KBaJpaToOB B
cilydae JMHEHHOM perpeccuu?

7. ITo kakoii popmysie BEIYUCIISETCS MHACKC MHOXKECTBEHHON KOPPEISIun?

8. Kak BBIUMCIIAIOTCS MHAEKC MHOXKECTBEHHOH NETEPMUHALMU U CKOPPEKTUPOBAHHBIM MHIEKC
MHO’KECTBEHHOM JIeTepMUHALUU?

9. Uto o3Ha4yaeT HU3KOE 3HaUeHUE Koo uImenTa (MHIeKca) MHOXKECTBEHHON KOPPesIiiin?
10. Kak mpoBepsieTcsi 3HAaYMMOCTh YPaBHEHHSI PETPECCUH U OTICIBHBIX KO PHUIMEHTOB?

11. Kak cTposiTcs yacTHbIE ypaBHEHUs perpeccun’?

12. Kak BBIUUCISIOTCS CpEeTHUE YACTHBIE KOA(PDUIIUEHTHI DIIACTUYHOCTH?

13. Yro Takoe cTaHAapTU3UPOBAHHbBIE IEPEMEHHBIE?

14. Kakoil Bua nMeeT ypaBHEHHUE JIMHEHHON perpeccuu B CTaHIapTU3MPOBaHHOM MacuiTade?
15. Yto noHnmaercs ol FOMOCKEIaCTUYHOCTHIO?

16. Kak mpoBepsieTcsi runores3a 0 TOMOCKETaCTUYHOCTH PsiJIa OCTATKOB?

MMOCTPOEHUE PETPECCHOHHBIX MOJEJIEH C ®UKTUBHBIMHA
INEPEMEHHBIMU

B perpeccroHHBIX MOJENsSIX B Ka4eCTBE OOBACHSAIOIINX MEPEMEHHBIX YACTO MPUXOIUTCS
UCIOJIb30BaTh HE TOJIBKO KOJHMYECTBEHHbIE (ONpeiessieMble YHCICHHO), HO M KayeCTBEHHbIE
nepemeHnHble. Hampumep, copoc Ha kakoe-nuMO0 Ojaro  MOXKET ONpEeNeNaTbcs — Kak
KOJINYECTBEHHBIMU MEPEMEHHbIMM (1l€Ha JaHHOro Ojara), Tak M KauyeCTBEHHBIMU (BKYCHI
norpebdureneil). KauecTBeHHbIE OKa3aTeNM B YUCIEHHOM BUJIE NIPEACTaBUTh HeNb3s. Bo3Hukaer
npobiaemMa OTpaskeHHs B MOJIENN BIMSHUS TAKMX MIEPEMEHHBIX HA UCCIIEAYEMYIO BEIMUHHY.

OOBIYHO B MOJENAX BIUSHUE KaYeCTBEHHOIO (pakTopa BhIpaxkaeTcs B BUAE (UKTUBHOMN
(MCKYCCTBEHHOW) TIEpeMEHHOH, KOTopas OTpa)kaeT JiBa HPOTHUBOMOJOKHBIX COCTOSHUS
KayecTBEHHOro ¢akropa. B 3TomM ciydae ¢uKTHBHAs THepeMeHHass MOXKET BBIPaKaThCs B
JTBOMYHOM (opme:

D- 0, axTop HE nelCTBYET;

1, pakTop neicTByer.
[Mepemennas D HaswbiBaeTcss ukmuenot (UCKYCCMBEHHOU, O0BOUYHOU) NEPEMEHHOU
(unouxamopom).
Perpeccruonnbie Mojienu, cofeprKaIlne JIUIb KAYeCTBEHHbBIE 00BICHSIONINE TIepEMEHHBIE,
Ha3bIBAIOTCS Modensimu oucnepcuornno2o ananuza (ANOVA-momensmn).
Hampumep, mycts Y — HauanpHas 3apaboTHasI miaTta.



D= 0, CCJIM ITPCTCHACHT HC UMCCT BBICHICTO O6paBOBaHI/I$I;

1, ecniu mpeTeHAEHT UMEET BhIcIiee 00pa3oBaHMUE.

Toraa 3aBUCUMOCTbh MOKHO BBIPA3UTh MOJICIIbIO TAPHOU PETPECCUU:

Y=8,+/D+¢,

OueBHUIHO,

M(Y |D=0)=p,+y-0=py;
MY [D=1)=B,+y-1=py+7.

Kospoummenr By onpenenser CcpeHio HAdalbHYIO 3apabOTHYIO IUIaTy IpH
OTCYTCTBUHM BbICIIEr0 oOpa3oBanus. Kosdduuumenr ) ykaspiBaeT, Ha KaKyl0 BEIHYUHY

OTIIMYAIOTCS CpeJHUE HavajIbHbIe 3apa0O0THBIE TUIATHI PU HAJIUYUU U MIPU OTCYTCTBUH BBICLIETO
oOpa3oBaHusl y TmpereHjeHTa. [IpoBepss cTaTUYecKyl 3HAYMMOCTh KoddduiueHta ) ¢

MOMOIIBI0  t-CTAaTHUCTUKK, JHOO 3HAYMMOCTh KO3(dHIMeHTa JAeTePMUHAIHNH R? WIH
F-craTcTHKH, MOXHO ONpENEIHTh, BIMSICT WIA HET HAJM4YUEe BBICHICrO0 OOpa3oBaHUS Ha
HavYaJIbHYIO 3apabOTHYIO TIIATYy.

Mozenu, B KOTOPbIX OOBSCHSIOIIUE TMEPEMEHHBIC HOCAT KaK KOJMYECTBEHHBIN, Tak U
Ka4eCTBEHHBIH  XapakTep, Ha3bIBAIOTCA  MOOenaMU KOBAPUAYUOHHO20 aumanusa
(ANCOVA-mMozensiMu).

CymiecTByeT HECKOJIBKO pa3HOBHIHOCTEH MOIeTel KOBapUAIlMOHHOTO aHAJIH3a.

1. Moaeau KOBapUAIMOHHOTO AHAJIN3A NMPH HAJIMYHAM Yy (PUKTHBHOW MepeMeHHOit
JABYX aJIbT€PHATHB.

PaccMoTpuM mpocTeiiinyro MOAeh C OAHON KOJWUYECTBEHHONW M OJHOM KaueCTBEHHOM
[IEPEMCHHBIMH, UMEIOIIYIO /1BA aJIbTEPHATUBHBIX COCTOSHUS:

Y =0+0Xx+/D+¢e,

[Tycth, HanpuMep, Y — 3apaboTHas 11aTa COTpYAHUKA GUPMBI, X — CTaX COTpyAHUKa, D —
I0JI COTPYJIHUKA, T.€.

D— 0, ecu COTpYAHUK->KCHIINHA;
1, ecnv cOTpy AHUK-MY>KYHHA.

Torma oxumgaemMoe 3HaueHHE 3apaOOTHON IJIAThI COTPYAHHUKOB MPHU X TOJIaX TPYIOBOTO
cTaxa Oyner:

M(Y |x,D=0) =y + SiX;
MY |X, D=1)= By + BiXx+y=(By +7)+ piX

3apa0oTHas 1iaTa B JAHHOM CIIydae sIBJISETCS TMHEHHOM QyHKIMel oT cTaxa paboThl.

[Ipu  cocraBneHuM  Mojaeneil ¢  (QUKTUBHBIMH  TEPEMEHHBIMH  HEO0OXOIHUMO
PYKOBOJICTBOBATbCS CIEAYIOUIUM APAGUIOM MOOIUpO8aHUs: €CIN KAaueCTBEHHas IepeMeHHas
uMeeT K aJbTepHaTUBHBIX 3HAYCHUH, TO MPH MOJACTHUPOBaHUU UcHojb3yeTcs (K — 1) GuKTHBHBIX
nepeMeHHbIX. TakuMm o00pa3oMm, €ciau TepeMeHHas WMEEeT JBa aJbTePHATUBHBIX 3HAYCHUS
(Hampumep, ToJT), TO B MOJIETh MOKHO BBECTH TOJIBKO OJIHY (PMKTHBHYIO TIEPEMEHHYIO.

Ecnu He cnepoBaTh JaHHOMY MPABHILY, TO IPU MOJIETUPOBAHUH HCCIIEIOBATENb OMA1aeT
B CUTYAIIUIO COBEPIIEHHON MYJIbTUKOJJIMHEAPHOCTH WU TaK HA3bIBAEMYIO JI08VUIKY PUKMUBHOU
nepemeHHou.



3HaueHue KauyeCTBEHHOM NEPEMEHHOMH, s KoToporo npuHuMmaercs D = 0, HazbiBaeTcs
0az06viM WA cpasHumenvhviM. BpIOOp 0a30BOro 3HA4YCHUS OOBIYHO AMKTYETCS IEISIMHU
HCCJIEIOBAHMSI, HO MOXKET OBITh U MPOU3BOJIbHBIM.

Koadduiment Y B Moaenu MHOTIA HA3BIBACTCS Jughghepenyuanvuvim Ko3phuyueHmom
€80000H020 UlleHad, TaK KaK OH MOKAa3bIBACT, Ha KAKyI0 BEIMYUHY OTIIMYACTCS CBOOOIHBIN 4WiIeH
MOJICJIH TP 3HAYCHUU (PUKTHBHOM IEPEMEHHOW, PABHOM €IMHUIIE, OT CBOOOJHOTO WICHA MOJICIIH
npu 6a30BOM 3HaYCHUU (PUKTHUBHOM MEPEMEHHOM.

2. Moaeiu KOBAPHALMOHHOIO AaHAJM3a MNPH HAIWYMH Yy KaYeCTBEHHBIX
nepeMeHHBIX 0oJiee IBYX aJbTEPHATHB.

PaccMoTpuM Mogenb ¢ ABYyMS OOBSCHSIONIMME IEPEMEHHBIMHU, OJHA U3 KOTOPBIX
KOJMYCCTBEHHAs, a Japyras — KadecTBeHHas. [Ipuyem KadyecTBEHHas NEpeMEHHas HUMEET TP
anpTepHATHBBL. Hampumep, pacxoibl Ha cojepkaHue peOeHKa MOTYT OBITh CBSI3aHBI C JOXOaMHU
JIOMOXO3SIICTBA W BO3pPacTOM peOeHKa: JOMIKOJbHBINA, MIIAIIIMA IIKOJBHBIA M CTapIIdl
KONIBHBIA. Tak Kak KaueCTBEHHAs MEPEMEHHAas WMEET TPHU ajJbTEepPHATHBBI, TO MO OOIIEMY
MPaBUIIy MOJEIUPOBAHUS HEOOXOAMMO HCIOJIL30BaTh JBE (PUKTUBHBIC NEepeMEHHbIE. Takum
00pazoM, MOZICIIb MOXET OBITh MPEACTABICHA B BU/IC:

Y =y + X+ D +y,D, + ¢
rae Y — pacxofpl, X — 10X0Abl JOMOXO03AHCTB.

D.— 0, ecJi IOMIKOJILHUK,
=

1, B IpOTHUBOMOJIOKHOM CIIy4ae.

0, eciv TOIIKOJIBHUK HIH MJIQAIINH IIKOJIbHHK;
2 1, B IpOTHBOMOJIOKHOM CITy4ae.
OG6pa3zyroTCs CIAEeAYIOIHE 3aBUCHMOCTH:

1. CpenHuii pacxo/1 Ha AOUIKOJIbHUKA:
M(Y [D; =0, D, =0) = Sy + fix. (1)
2. CpenHuii pacxo/l Ha MJIQJIILIEro MKOJIbHUKA:

M(Y |D, =1, D, =0) = (B, +71) + BiX (2)

3. Cpennuii pacxoj1 Ha CTapIIETO MIKOJIbHUKA:

M(Y | Dy =1 D, =) =(By +r1+72) + BiX 3)

3mecy Y1, Y2 — nubdepeHIHANbHbIE CBOOOJHBIE UYJeHBl. ba30BBIM 3HAUECHUEM
KaueCTBCHHOW TEPEMEHHOW SBIISICTCS 3HAUEHUE («IOMIKONBHUK». Ilocie BwIYMCICHUS
kodd¢uimenToB ypaBHeHHI perpeccuu (1) — (3) ompenensieTcss cTaTUCTUYECKash 3HAYUMOCTh
KOX((UIIMEHTOB Y11 Y2 HA OCHOBE OOBIYHOM t-CTATHCTUKH.

Ecnmu k03 dunmenTs! y1 U Y2 OKa3bIBAIOTCA CTAaTUCTUYECKH HE3HAYMMBIMH, TO MOXXHO
cieNaTh BBIBOJ], YTO BO3pACT peOeHKa HE OKa3bIBAET BIMSIHUS Ha PACXOJIbI 110 €r0 COAECPKAHHUIO.

3. Perpeccusi ¢ 01HOIi KOJIMYECTBEHHOI H IBYMsI Ka4eCTBEHHbIMH MepeMeHHBIMM.



TexHuka (UKTUBHBIX MEPEMEHHBIX MOXXET OBITh PACIpPOCTpAaHEHAa Ha IPOU3BOJIBHOE
YHUCIIO KadyeCTBEHHBIX (akTopoB. PaccmMoTrpum curyanmuioo ¢ JByMs KayeCTBEHHBIMU
[IEPEMEHHBIMM.

[Tycte Y —3apaboTHas 1uiata COTPYIHHKOB (DUPMBI, X — CTaX paboThl, D1 — Hanmmume
BhIcIero oOpa3oBanusi, D2 — mon coTpynHuKa:

0, eciu COTPYIHUK-KCHIIMHA;

11, ecim COTPYAHUK-MY>KUMHA.

D 0, eciu HET BBICIIEr0 00Opa30BaAHUS;
2 1,8 IIPOTUBONOJIOKHOM CITy4ae.

TakuMm oOpa3om, MOTYUYUM CIETYIOIIYIO MOJIENb:
Y = o+ pix+ Dy +y.D, + €,
N3 31011 MOAENH BBIBOIATCA CIICIYIOIINE PETPECCHOHHBIE MOJICIIN:

1. CpenHsist 3apruiata >KeHIUMHBI 0€3 BBICIIET0 00pa30BaHUsA:
M(Y |D; =0, D, =0) = S, + B X

2. Cpenusisi 3apIuiaTa >KEHIIUHBI C BBICIIAM 00pa30BaHHEM:
MY |Dy =0, D, =1) =(Sy +72) + S

3. Cpennsis 3apruiata y My>KYMHBI 0€3 BBICIIIETO 00pa30BaHUs:
M(Y | D, =1 D, =0) = (S + 1) + Bix.

4. CpenHsis 3apIuiaTa My>YHHBI C BBICIIIAM 00pa30BaHHEM:
M(Y |D, =1 D, =1)=(By + 11 +72) + bix

OueBUHO, YTO BCE PETrPECCHH OTJIMYAIOTCS TOJIBKO CBOOOAHBIMU WieHaMH. JlanbpHelee
ornpezieNieHue CTaTUCTUYECKOM 3HAYMMOCTH KOX(PQGUIUEHTOB Y1 M Y2 TMO3BOJSET YOEAUThCA,
BIIUSIOT JI1 00pa30BaHME U MOJI COTPYIHUKA Ha €0 3apabOoTHYIO TIIaTy.

3amaua 1

Wccnenyercs 3aBUCHMOCTh MEXIy 3apaboTHOM Iuiaroil pabodero 3a mecsn y  ($),
X - Bo3pacToM paboyero (Jet) u GpukTuBHOU nepemenHoi D — mon pabouero.



Ne n/n |3apaboTHasn Bospacr IToa,
miara 3a mecsiu|pabdouero X M/xK
y (%) (;1er)
1 300 29 XK
2 400 40 M
3 300 36 XK
4 320 32 XK
5 200 23 M
6 350 45 M
7 350 38 XK
8 400 40 M
9 380 50 M
10 400 47 M
11 400 47 X
12 250 28 M
13 350 30 M
14 200 25 M
15 400 48 XK
16 220 30 M
17 320 40 M
18 390 40 M
19 360 38 XK
20 260 29 M

1. Heo6xoauMo MocTpouts Mogens ¥ = by +bx+)D ¢ GuxTHBHON nepemenHol D,
KOTOpasi IPUHUMAET J1Ba 3Ha4eHHUs: | - ecru 1os1 pabodero My»ckoif; 0 - eciti 1ot 5KEHCKUH.
2. TIpoBepuTh CTaTUCTUYECKYIO 3HAUUMOCTh K03(ppuuineHToB. Cuenatb BHIBOIBI.
3agaya 2

Ha npennpusitun ucnone3ytorcs cranku Tpex pupm (A, B, C). Uccaenyercst HanexXHOCTh
cTaHkoB. [Ipu 3TOM yuuThIBaeTCsl BO3pacT CTaHKa (x, Mec.) U Bpems Oe3aBapuiiHON paboThI 710
nocienuen monoMku (Y, dac). Beibopka u3 40 craHKoB nana pe3yiabTaThl, MPEACTABICHHBIC B
Tabnuie.

Ne Bozpact | Bpewms paGoTsl Pupma -
U3MEpPEHMs | CTaHKa B cTaHKa 0e3 IIPOU3BOIUTEIND
Mecslax |pEeMOHTA B 4acax

1 23 280 A
2 30 230 B
3 65 112 C
4 69 176 A
5 75 90 C
6 63 176 A
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37 50 120 B
38 37 140 A
39 56 88 B
40 67 120 A

1. Ouenute ypaBHeHHE perpeccuu 0e3 yuera pa3indusi CTAaHKOB Pa3HbIX GUPM.

2. OLeHUTh YpaBHEHHE PETPECCHH, YUYUTHIBAIOIIEE pa3IMuMe KauecTBa pasHbIX (upm

(F-xputepuii ®urrepa, t-kpurepuit CTpIOJEHTa, CKOPPEKTHPOBAHHBIH KOI(D(HUIHEHT

JIeTepPMUHALINN).

CpaBHUTE Ka4eCTBO OCTPOCHHBIX MOJIEICH.

[TocTpouTh KOPPEIAIMOHHOE ITOJI€ ¥ HAHECTH Ha HETO rpaduKu (yHKITHIA.

5. Cpenate BBIBOJBI O HEOOXOJUMOCTH HCHOJIB30BAHUS (PUKTHUBHBIX MEPEMEHHBIX B 3TOM
ciydae.

How

INOCTPOEHUE MOJIEJIX HEJJMHEMHOM MAPHOM PETPECCHHU

Henuuelinble perpeccuu AEIATCS Ha JBa KJacca: perpeccuy, HEJIMHENHbIE OTHOCUTEIBHO
BKJIIOUEHHBIX B aHaJIU3 OOBICHSIOIIMX IEPEMEHHBIX, HO JIMHEHHBIE [0 OLIEHUBAEMbIM
rapamMeTpaMm, U perpecCuy, HEJITMHEHHBIE 110 OLICHUBAEMBIM IIapaMETPaAM.

[Tpumepsl perpeccuil, HEIMHEHHBIX MO OOBICHSIOMIMM MEPEMEHHBIM, HO JIMHEWHBIX 10
OIICHMBAEMbIM MapaMeTpaMm:

2 3 .
— TIOJIMHOMBI PasHBIX cTemeneii Yx — @t X+ B, X" +byX + &
b
- PaBHOCTOPOHHSIS THIIEpOOIIa yx=a+ ; te

IIpumepsl perpeccuii, HEIMHEHHBIX 110 OLICHUBAEMBIM ITapaMETPaM:

b
—cremennas Yx —a-X &
X
- mokaszaTenbHas Yx — a-b”-¢ :

b
a+x.g.

Hawnbonee yacto IMPUMCHATIOTCS CIICAYIOIINEC HEJIUHEWHBIE MOJEIIN perpeccnﬁ:

— OKCIIOHCHIIMaJIbHasA yX =€

b
—a+—.

TUIEepOOITBI — Yx &

2
napaboJIbl — Yy =a+ bX -+ cx X

X
MOKa3aTeNbHON (QYHKITUN yx=a- b ;

b
crerennoil Gyrkumn — Yx = & Xy pp.

JlabGoparopHas padora Nel.



Buviuucnenue koagpuyuenmos ypagnenus HeauHeliHotl pecpeccuu

[TocTpoeHni0 HENUWHEHHBIX PETrPECCHOHHBIX MOJENeH MpeallecTByeT Mpoueaypa
JMHeapu3aluy NePeMEHHBIX.

Jluneapuzayuss — (ot nat. linearis — nuHeHHbIN), OMUH U3 METOIOB HPUOIIKEHHOTO
IIPEJICTABICHNUs 3aMKHYTBIX HEJIMHEMHBIX CUCTEM, IPH KOTOPOM HCCIIEJOBAHHE HEIMHEHHON
CHUCTEMBI 3aMEHSETCS aHAJIU30M JIMHEHHOM CHUCTEMBI, B HEKOTOPOM CMBICIIE 3KBHUBAJICHTHOU
UCXOOHOU. MeTonbl JMHeapu3aluul MMEIOT OIPaHUYEHHBIM XapakTep, T. €. 3KBUBAJCHTHOCTh
UCXO/IHOW HEJIWHEHHON cucTeMbl M €€ JHMHEHHOro NPUOIIKEHUS COXPAaHSETCS JIMIIb IS
OTFPaHUYEHHBIX IPOCTPAHCTBEHHBIX MJIM BPEMEHHBIX MaclITaboB CHCTEMBI, JHOO JJs
OTIpENIeICHHBIX TPOLIECCOB, MPUYEM, €CIM CHCTEMa MEPEeXOIUT C OJHOTO peXuMa paboThl Ha
JIpYroH, TO ClIeLyeT U3MEHUTh U €€ JINHEApU3UPOBAaHHYIO Mozeinb. [Ipumenss nuHeapusanuio,
MOYKHO BBISICHUTh MHOTHE Ka4eCTBEHHBIC 1 OCOOCHHO KOJIMYECTBEHHBIC CBOMCTBA HEIMHEHHOMN
CUCTEMBI.

1 HENMHEWHBIX YpaBHEHUM pErpecCruy, NPHUBOJUMBIX K JIMHEHMHBIM C IIOMOLIBIO
npeoOpazoBanus (X, Y) — (X', ¥’), cucremMa HOpMaJIbHBIX YPABHECHUIN UMEET BU/I;

na+be=Zy,
aZ:x+bZ:x2 =Zyx.

B IIPe0Opa30BaHHBIX IEPEMEHHBIX X, Y.

Koadunment b npu pakropHO# nepeMeHHON X UMEET CIESIYIOUIYI0 HHTEPIPETALUIO: OH
IIOKa3bIBaeT, Ha CKOJBKO M3MEHMTCS B CPEJAHEM BeJIMYMHA Y MpH M3MeHeHuu (axropa X Ha 1
€AVHUILY U3MEPEHUS.

b
Yy =a+—

T'unepbonuueckas peepeccusi. &

1
Jluneapusyroniee npeoOpa3oBaHue: X = ;' y =Yy,

Torna
na+b2% = Zy,

1 1 1
\a2;+b2? = Z y;.

y 1
DREDIDN
azizy_lbzl b= le Zx?
n n &x’ nZ:XZ—(Z:X)2

i ea+bx
IKCNOHEeHYUANbHAs pecpeccust. Yx =

Jluneapusyrolee npeodpasosarne: X — X; Y = In y.



1 1 ~ anIn y—ZxZIny
aZEZIny—Hbe, b= anz—(Zx)2
b

Cmenennas gyniyus: Yx = @ X

Jnseapusyromee npeodpasosarme: X =INX; y =y

ES VN P NULSLEad Wi WE
n n ! > (Inx)% - (D Inx)?

[Tepexox k mapamerpy a ypaBHEHUS CTCIICHHOW 3aBUCHUMOCTH IPOU3BOISAT C ITOMOIIBIO
MOTECHIIMPOBAHUS 110 PopMyIIe:

Ina
a=e

X
Toxkazamenvnas Qyuxkyus: Yy=4a- b .
Jluneapusytoiiee npeodpa3oBaHue: X=XY = In y.
N x-ny—>» x» Iny
1 ) 2 xny-D x>
na==> Iny—=Inb> x, Inb=
nz y n Z nzxz_(zx)z

[Tepexo K mapameTpaM ypaBHCHHUs MMOKa3aTeIbHOW 3aBHCUMOCTH (@, D) mpous3BoAsT 1Mo
dbopmynam:

Ina Inb
a=e . b=e "

Jloeapupmuueckasn gynxyusn: Yx = a+ binx.

JIuneapusyromee npeodpazopanme: X =IMNX;y =Y.

1 1 _nZInx-y—Zlany
aZHZy—HbZInx, b= nZ(Inx)z—(Zlnx)2

3agaua
Jlist ompeneneHUs 3aBUCHMOCTH MEXIY pPOXTaeMOoCcThio B Poccum (mepemeHHast Y
u3MepsieMas B ThIC. 4eJl.) U CpefHeil 3apaboTHOM Mmiatoi (mepeMeHHas X, usmepsemMas B pyo.)
OBLITM MPOBEICHBI UCCIIEIOBAHUS, PE3YNIbTAaThl KOTOPHIX MpecTaBiIeHbI B Tabmule 1.

Tabmwmma 1.
Togst PoxnaemocTs B Cpennsist 3apaboTHas
THIC. Y€l Y maTa, pyo. B Mec. X
2014 886,9 2290,1
2015 928,6 3078,4
2016 998,1 3947,2
2017 1050,6 5170,4
2018 1074,3 6410,4
2019 1036,9 8023,2

Jng  XapakTepUCTHKH 3aBUCUMOCTH ) OT X PACCYUTATh IApaMeTphl CIETYIOIIHUX
GyHKLHI:



— PaBHOCTOPOHHEH rUmepoOoIbL;

- CTENIEHHOU (YHKITNH;

- MIOKa3aTeNIbHON (PYHKIIHH.
Pemenue.

oas?
X X

1. VYpaBHeHue paBHOCTOPOHHEH TruUIIEpPOOIIBI JIMHEApU3yeTCs

X =;;y =Y torna y, =a+bx

2. JIns pacuera UCIoJib3yeM JIaHHbIC TaOJIUIIBI 2.

' ' "\ 2
Loawr y X Y- X (x) y2
2014 886,9
2015 928,6
2016 998,1
2017 1050,6
2018 1074,3
2019 1036,9
Htoro
Cpennee
3HAYCHUE
(o
02

3HaueHUsI TApaMeTPOB perpeccuu ¢ U b paccunteiBaeM 1o hopmysam:

b=yxl_§'xl — —

3. 3anuImuTe MOITYYEHHOE YPAaBHEHUE PETPECCHUM.
4. C nomoulb JIMHEAPU3YIOIIUX PEeoOpa3oBaHUi MOCTPONTE ypaBHEHUE PETPECCUM IS
CTENIEHHOM U MOKa3aTeIbHON (PYHKIINH.

JlabGopaTopnasi padora Ne2.
Buviyucnenue unoexca koppenayuu u cpeoret ounuOKYy annpoKcuMayuu

TGCHOTy CBsA3HU HU3Yy4daCMbIX SIBIICHUN B HEJIMHCHHBIX perpecCusdax OLCHHUBACT HHAECKC
Koppeasainuu, KOTOpBIfI BBIYUCIIACTCS 110 (I)OpMy.TICI

ol 1_Z(y—9x)z
Dy-y)?

Cpeansiss ommdKa annmpoOKCUMANMU - CPEHEE OTKJIOHCHHE PACUETHBIX 3HAYCHHH OT
(haKTHYEeCKUX:

0<p,y =<1,




A=

S|

SA :%Z‘%y-lOO%.

JlomycTUMBIH TIpeies 3HaueHUu | A - e Goree 8 - 10%.
3agaua
1. Paccuutarh HHICKC KOPPEISIMM M CPEAHIOK OMKMOKY amnmpOKCHMAIUU ISt

HEeNMHEHHbIX perpeccuii Jlaboparophoii Nel.

2. OmpenenuTh MO KAaKOMYy YPaBHEHHIO PErpeccMu IMojydeHa HauOoJblias OIEHKa
TECHOTBI CBSI3HU.

3. Cnenatp BBIBOJBI.
JlabGoparopHasi padora Ne3.

Oyenxa 3navumocmu ypasnenus peepeccuu ¢ nomowvio F-kpumepus @uwepa

Z(?-V)Z ,
(y-9° 1-p5 - m
n-m-1

3agaua

Onpenenum F-kputepuit @uiiepa a8 ypaBHEHH NapHON HeJIMHENWHOM perpeccuw,
nosiyueHHbIX B JlabopaTopHoii padote Nel.

Pemenmne.

1. Paccumraiite Fgaon YW CpaBHUTE IMONYYEHHOE 3HAYCHHUE CO 3HAYCHUEM, Fragn MpH
3alaHHOM ypoBHe 3HagnmoctH o = 0,05.

2. Cnenaiite BBIBOJIBI O CYIIIECTBEHHOCTH CBSI3H.
JlabGopaTopnasi padora Ne4,
Pacuem cpeonux xosghgpuyuenmos snacmuunocmu

B 3KOHOMHYECKHX HCCIEeTOBAHUIX IMAPOKOC MPUMCECHCHUC HAXOOUT Takou IIOKa3aTeclib,
KakK CpCI[HI/II\/'I KOB(I)q)I/II_II/ICHT OJIaCTUYHOCTH, BBIYUCIISIEMBIN IO (I)OpMy.]'IeI

— X
=1 ()2
Cpe,Z[HI/Iﬁ KOB(I)(bI/II_[I/ICHT AJIACTUYHOCTU 9 NOKa3bIBACT, Ha CKOJIBKO IIPOIICHTOB B

CpeHEM TIO COBOKYITHOCTH HM3MEHHTCS pe3yJbTaT y OT CBOCH CpeAHEeH BEIWYHMHBI TIPU
n3MeHeHuu ¢akrtopa x Ha 1 % OT CBOETO CpeTHEeTO 3HAYCHUS.

3agaua

[Io rpymnme npeanpusaThid, TPOU3BOMAIIMX OJHOPOJHYI HPOIYKLHIO, HW3BECTHO, KAk
3aBHCUT C€0ECTOMMOCTD €IMHUIIBI IPOIYKIMH Y OT (PaKTOpOB, MPUBEICHHBIX B Ta0II. 3.

TaoOmmura 3.



[Tpusnax -dakrop Ypasuenue napHoii perpeccun | CpenHee 3HaUeHHE (aKkTOpa
O06beM TpPOM3BOJCTBA, MITH . 58,74 X_1 — 264
py6., X Yy, :0’62+T
OntoBag 1meHa 3a 1 T 9)( :11’75.)(21,6281 X, =1503
SHEPrOHOCUTENS, MIIH. pYO., 2
X2
Mo npuObLTH, N3BIMAEMO A Xg v
rocy1apcTBoM, %, X3 Yx, =14,87-1016 X3 = 26,3

1. Onpenenuth ¢ MOMOMIBIO CpPeIHUX KOI(PPUIMEHTOB 3TACTUYHOCTH CHITY BIIHSHHA
Ka)XJ10ro (pakTopa Ha pe3yJbTar.

2. PamxupoBath (pakTOpPHI IO CHIIC BIUSHHUS.
Pemenue.

98,74
+—.
N

0,62

1. Jns ypaBHEHHS PAaBHOCTOPOHHEMN IHIIEPOOIIBI Yx, =

Sy = ) L= P X P
o YV 32 a+blx  ax +b-
1

2. Paccumraiite cpemHue KOIDPUIMEHTH 3JACTUYHOCTH I CTEHICHHOW U
nokazarenbHol ¢yHkuit (Ipunoxenue 4).

BPEMEHHBIE PA/Ibl

COBOKYIIHOCTb yIOPSAZOYEHHBIX BO BPEMEHH HAOIIOJACHUH HEKOTOPOro IOKa3aTels
Ha3bIBAIOT BPEMEHHBIM PAOOM.

Pan naOmrogeHwii 3a 3HAYEHUSIMH OIPENEICHHOTO TIOKa3aTelns, YMOpPSIOYEeHHBIN B
3aBUCHMOCTH OT BO3PACTAIONINX WU YOBIBAIOIIUX 3HAYCHUU JPYroro MOKa3aTelis, Ha3bIBAOT
OUHAMUYECKUM PAOOM, BDEMEHHBIM PAOOM, PAOOM OUHAMUKU.

OTtaenpHble HA0JIIOIEHNS BPEMEHHOT'O PsiJia HAa3bIBAIOTCS YPOSHAMU ITOTO Psijia.
JlaGopaTopnas padora Nel
Buisignenue anomanvuwix yposHeti pemMeHHbIX psoos

YpoBHU BpPEMEHHBIX PSIOB MOTYT HMETh aHOMajbHbIC 3HaueHHs. [losBIEHHE TaKHX
3HAYCHUU MOXKET OBITh BBI3BAHO OIIMOKaMU ITpu cOOpe, 3aIUCH WK Iiepeaaue nHGOPMAIIMK — 3TO
ONIMOKK TEXHHUYECKOTO MOPS/IKA, WK OIMHOKU TepBoro pojaa. OaHAaKO aHOMaIbHBIC 3HAUYECHUS
MOTYT OTpa)aTh peaJibHbIC MPOIIECChI, HATPUMEP CKAYOK J0JIapa WM MajJeHUe Kypca IEHHBIX
Oymar | T.J1.; TaAKHe aHOMaJIbHbIE 3HAUEHHUS OTHOCST K OIIHOKaM BTOPOTO pojia, OHK HE MOJIeXkKAaT
ycTpaHeHuto. J[s BbISBICHHSI aHOMAJIBHBIX YPOBHEH BPEMEHHBIX PSJIOB MOXKHO HCIIOJIb30BAaTh
memoo Hpeuna.

ITycTs MMeeTCss BpEMEHHOU PsiA;

Ye =Y Yo Yt Y, t=1n. 1)



Metoa UpBuHa npeanonaracT HCIOIb30BaHUE CIICTYIONIEH (OPMYJIBI:

A

|Yt - Yt—1| ¢

=1n.

Oy

rne Oy =

PacuerHble 3HaueHus A, A3 . CPaBHHUBAIOTCSA C TAaOIMYHBIMU 3HAYCHUSMH KPUTEPHS

I/IpBI/IHa la, €CJIM KaKoe-I1u00 U3 HUX OKa3bIBAETCS OOJIbIIIE Ta6J'II/I‘lHOl"O, TO COOTBETCTBYIOLICC

3HaueHue Yt YpOBHA psAfia CUMTACTCS aHOMAIbHBIM. 3HAUYeHMS KpuTepus VIpBUHA [/ ypOBHS

snaunmoct & = 0,09 npuenens! B Tabmmue.

n 2 3 10 20 30 50 100

Ay 2,8 2,3 1,5 1,3 1,2 1,1 1,0

[Tocne BbIABICHHUS aHOMAJBHBIX YPOBHEH HEOOXOOUMO ONPEAEIUTh MPUUYUHBI HX
BO3HUKHOBEHUA. Eciii OHM BBI3BaHBI OMIMOKAMU TEXHUUYECKOI'O MOPSJIKA, TO OHU YCTPAaHSIOTCS
au00 3aMEHOHl aHOMAalbHBIX YPOBHEH COOTBETCTBYIOLIMMM 3HAUEHUSIMH 10 KpPHUBOIA,
aNMPOKCUMHUPYIOMIEH BPEMEHHOH psijl, MO0 3aMEHON YpOBHEH cpeaHel apupMeTHIecKoi IByX
COCEHUX YPOBHEH psa.

OmmbOKy, BO3HMKAIONIME W3-32 BO3JEHCTBHA (DAKTOPOB, HMMEIOUIMX OOBEKTHBHBIN
XapakxTep, yCTPAaHEHHIO HE MOJIIEXKaT.

3amaua

BpemenHoii psij 3agan B TabaumaHOU opme.

t 1 2 3 4 5 6 7 8 9 10

y 1,6 1,9 2,1 2,4 4,5 2,8 3,1 3,3 3,6 3,8

1. ITpoBepuUTH HaTMYNE AaHOMAIBHBIX 3HaueHHi Toukn 1= 2, t=5 t=10,

2. YcTpaHuTh aHOMAJbHBIE YPOBHM, CUMTas MPUYMHAMU HMX BO3HHUKHOBEHHUS OIIMOKH
IIEPBOTIO YPOBHS.

JlabopaTopnasi paGora Ne2
Hpoeepka cunomesvl CYuyecmeo6aHUusl meﬂdeHuuu

Ecmm BoO BPEMCHHOM pAaAdy IPOABIACTCA  NJIUTCIIbHAsA TCHACHIHNA
9KOHOMHYECKOI'O IMTOKAa3aTeiisd, TO B 3TOM CJIIy4ac roBOpAT, YTO UMECT MECTO mpeHd.

HN3MCHCHMUA

HO}I TPECHAOM NOHHUMAIOT U3MCHCHUC, OIIPEACIIAIONICC O6HICG HAITpaBJICHHUEC PA3BUTHA UJIU
OCHOBHYIO TCHACHIIMIO BPEMCHHOI'O pAaa.

Jpyrumu cioBamu, mpero (menoenyus) — 3T0 yCTONYNBOE, CUCTEMAaTUIECKOE H3MEHEHHUE
3HAYCHUU BPEMEHHOTO psijJia B TEUECHUE JJOCTATOYHO JIOJITOTO MEePHO/A.

HpI/I IMPOrHO3UPOBAHUKN BPEMCHHBIX PSAOOB H606XOI[I/IMO BBISICHUTL, CYHICCTBYCT JIK
TCHACHLIUA BO BPpCMCHHOM psAAY UJIK OHA OTCYTCTBYCT.

Hns BpemerHoro psiga (1) paccMOTpU KPUTEPHUH «BOCXO0AWUX U HUCXOOAWUXY CEPHH,
COTJIACHO KOTOPOMY TEHCHIIHS OTIPENENSIETCS 110 CIEAYIOIIEMY aTOPUTMY.




1. ns uccineayeMoro BPEMEHHOTO psiia ONpPEAENsieTCs] MOCIeA0BaTeIbHOCTh 3HAKOB,
HCXOMS U3 YCIOBUM:

+ ecmt Yig — Y >0,
%=\ eom Yo @,
, Y — Ye <0,

[Tpu 3TOM eciu mocyeayromiee HadIt0IeHNEe PAaBHO MPEABIAYIIEMY, TO YIUTHIBAETCS TOJIBKO OJTHO
HaOJIIOJEHUE.

2. HoxcuntsiBaetcs uncio cepuii V(N) . Tlox cepueii MOHMMAETCsA MOCIEI0BATENEHOCTD
NOJPSJ PACIOIO0KEHHBIX IIIII0COB U MUHYCOB, IPUYEM OJIMH IUIFOC MIIM MUHYC CUUTACTCS CEPUECH.

3. Onpeessiercst MPOTSHKEHHOCT CaMoi UIMHHOI cepur | may (M) .

4. Tlo Tabnuue, IpUBEICHHON HibKe, Haxoautes 3Hadenne 1(N) .

JnuHa psga, N n<26 26 <n <153 153 <n <170
3unauenue I(n) 5 6 7

5. Ecnm Hapymaercst XoTsi Obl OJHO W3 CIEAYIOLNIMX HEPaBEHCTB, TO THIIOTE3a 00
OTCYTCTBUH TPEHJa OTBEPraeTcs ¢ JOBEPUTEIBbHOM BeposiTHOCTHIO 0,95:

o(n) > %-(Zn _1)-196. |10N=29

| () <1(n).

KBanpatHble ckoOKHM HEpaBEHCTBA O3HAYAIOT IIENYIO YacTh YHCIA.
3agaua

Jlana quHamMKKa €XXEeKBapTajIbHOTO BBIMYCKA MPOAYKIHMH (UPMBI B J€H. €. C IOMOILBIO
KPUTEPHSL «BOCX00AUUX U HUCXOOAWUX» CEPUI CIeNaTh BBIBOJ O MPUCYTCTBUU WM OTCYTCTBUU
TpeHza. JloBepUTEIbHYIO0 BEPOSITHOCTh IPUHATE paBHOM 0,95.

t |1 2 3 4 5 6 7 8 9 10 (11 |12 1183 |14 |15 |16

y | 10 | 14 7 16 | 15 | 17 | 16 | 20 | 17 7 15116 | 20| 14 | 19 | 21
Pemenmne.

1. lo6aBbTe B TaONHILY JTOTOTHUTEIHHYIO CTPOKY O 115 3aIHCH TIOCIENOBATENBHOCTH
3HAKOB, JJIS ONPEACIICHUs KOTOPOU UCTIONB3yiTe hopmyy (2).

2. TlopcuuTaiite yucino cepuit U(N) | IPOTAKEHHOCTH CAMOM ITMHHOM cepuy lrex (N)
onpenenute 1(N) 1o tabmume.

3. 3anuuImMTe CUCTEMY HEPABEHCTB, IPOBEPHTE UX BBIITOIHEHUE.

4. CnemaliTe BLIBOJI.

JlabopaTopnasi paGora Ne3

Buviuucnenue ocnosnvix nokazameneti OUHAMUKU




I[JISI KOJUYECTBEHHOM OLICHKHU JMHAMUKH 3KOHOMMYECKUX MponeccCoB MPUMCHAKOT TAKUC
CTaTUCTHYCCKHE ITIOKAa3aTCJIu, KakK abcontomubie npupocmaul, memnvl pocma u npupocmad. Onn
nmoapa3aAciIsirtOTCA Ha yenHole, bazucnvie U cpe()Hue.

Ecnu cpaBHeHUE ypoBHEN BPEMEHHOTO psifia OCYIIECTBIISIETCS C OJJHUM U TEM K€ YPOBHEM,
IPUHATHIM 32 0a3y, TO IOKa3aTeI HA3bIBAIOTCA Oa3ucHbimuy. ECn cpaBHEHHE OCYIIECTBISETCS C
NepPEeMEHHOI 06a30i, mprueM Kax bl MOCIEAYIOIUN YPOBEHb CPABHUBAETCSA C MPEAbIAYIIUM, TO
BBIUMCJICHHbIE TIOKA3aTeNIN HA3bIBAIOTCS YenHbIMU.

@opmynbl I BBIYUCICHUS IICTHBIX, 0a3MCHBIX M CPEIHUX aOCONIOTHBIX MPUPOCTOB,
TEMIIOB pOCTa U TEMIIOB MpUpocTa jaaHbl B Tabimie (1). B dopmynax npuHATEI 0003HAYCHUS:

Yt =Y. Y2sisYtsos Y — ypoBum Bpemennoro psma, n — mnmHa pama, Ys — ypoBeHb
BPEMEHHOT'O Psijia, IPUHATHIN 3a 0a3y 17l CPaBHEHHUS.

O0o3Hauenune AOCOJIOTHBII Temn pocra Temn npupocra
NPHPOCT
IenHoii AY; =Yy —Yig T = Vi 100% K; =T, —100%
Yi-1
BazucHblii AYsi =Y — Vs T, = L-lOO% Kst =Tst —100%
(=
Ys
Cpemuii — - - K =T —100%
Ay, =2 T 1009 ot ’
n-1 Y1

Onucanue AMHAMMKHM Psiia CPEAHMM IIPUPOCTOM COOTBETCTBYET €r0 IPEICTABICHUIO B
BH/JIEC TIPSIMOM, IPOXOMSIIEH Yepe3 ABe KpaHHUe TOYKH. sl Moy4eHus: IpOrHO3HOTO 3HAYEHUS
Ha OJIMH LIar BIEpeJ JOCTaTOYHO K IOCJeIHEMY HaOJIIOJICHUIO J00aBUTh 3HAUEHHE CPEJIHEro
abCOJIIOTHOTO IPUPOCTA:

yn+1 =Yn +A§ : 3)

rac yn — 3HA4YCHHC ITOKa3aTelass B N TOYKE BPEMCHHOIO psja, yn+1 — MNPOTrHO3HOC 3HAUCHUC

IOKa3aTcjisd B TOUYKC n +1 , Ay — 3HAYCHHUEC CPCAHCTO IMTPHUPOCTAa BpEMCHHOT'O pAda.

[Tomyyenue nmporHo3Horo 3HavyeHus 1Mo ¢opmyne (3) KOPPEKTHO, €CIM JTUHAMHUKA Pl
O6nu3ka Kk JuHeHHOW. Ha Takol paBHOMEpHBIM XapakTep AMHAMHKH YKa3blBalOT MPHUMEPHO
OJIMHAKOBBIE LIEMTHbIE A0COIIOTHBIE TPUPOCTHI.

Hcnonp3oBaHue cpegHero TemMma pocTa (CpeJHero TeMIa IMpUpocTa) JUIsl ONUCAHMS
JUHAMHUKU Pa3BUTHUS psAfa COOTBETCTBYET €r0 IPEIACTABICHUIO B BUJEC IIOKA3aTCIBHOW WIIU
SKCIIOHCHIIMAJIbHOM KpPWBOMW, IMPOBEACHHOW Yepe3 JBE KpallHWE TOYKH, M XAPAKTEPHO JUIA
[IPOLIECCOB, M3MEHEHUE IUHAMUKH KOTOPBIX IPOUCXOOUT C IIOCTOSHHBIM TEMIIOM pOCTa.
[Tporno3Hoe 3HaueHUe HA OJMH LIar BIEpe]l ONpeeNseTcs 1Mo GpopmyIie:

9n+1 = Yn -F .

HCI[OCTE[TKOM IMPOTHO3UPOBAHUA C HCIOJB30BAHUCM CPCAHCIO NPUPOCTa U CPCAHCTO
TEMIIA pOCTAa ABJIACTCA TO, YTO OHU YYHUTBHIBAIOT HavaJIbHBIM ¥ KOHCUHBIN YPOBHHU pAda, UCKIrOYast



BIIMSIHUE IIPOMEKYTOUHBIX YpOBHEH. TeM He MeEHee, OHM HCIOJIb3YIOTCS Kak IIPOCTEHIIne,
IpUOJIMKEHHBIE CTIOCOOBI TPOTHO3UPOBAHMUS.

3agauga.

EsxexBapranbpHas auHamuka (oHIa 3apabOoTHOM TIaThl paOOTHUKOB (PMPMBI B JCH. €.
npeJcTaBieHa B Ta0IuIe.

t 1 2 3 4 5

y |8946,00 | 8981,50 | 9024,10 | 9063,15 | 9105,75
OO0oCcHOBaTh IPAaBOMEPHOCTh HCIIOJIB30BAaHUE CPEJHEr0 MPUPOCTA JUIA OIpEIeTICHUS

NPOTHO3HOTO 3HaUYeHUs (PoHAa 3apabOTHOM TUIAaTH B 6-M KBapTale.

3agauga.

M3MeHeHne eXeKBapTaIbHON TUHAMUKA (OHIA 3apabOTHON TUIaThl pAOOTHUKOB (PHPMBI
MPOMCXOAMIIO TPHUMEPHO C TOCTOSHHBIM TEMIIOM pocTa B TeueHHe S5 kBapraioB. DoHn
3apaboTHOM TUIaThl B 1-KBapTane coctaisut 9523,08 neH. en., a B 5-M kBaprane — 9693,13 neH. en.

Omnpenenuts nporHo3 (oHma 3apaboTHOH TUIaThl paOOTHUKOB (UPMBEI B 6-M KBapTale,
UCIIONIBb3Ysl CPEIHUN TEMII POCTA.

Jladoparopnas Ne4
Cenascusanue 8pemeHHbIX psioos

IIpenBapuTesbHBIN AaHAIA3 BPEMEHHBIX PSAJ0B SKOHOMUYECKUX IT0KA3aTENIEe 3aKII04aeTCs
B BBIABJICHUU aHOMAaJbHBIX 3HAYCHUN YpOBHEU psAla, KOTOPBIE HE COOTBETCTBYIOT PEAJbHBIM
BO3MOKHOCTSIM PAacCMaTpUBAEMOM SKOHOMUYECKON CHUCTEMBI, & TAKKE B ONPEICICHUN HATNYUS
TpeHJa.

HaubGonee pacnpocTpaHeHHbIM NpUEMOM JJIi YCTPAHEHHS AaHOMAaJbHBIX 3HAuUEHUI
MOKa3aTened U OTCYTCTBHUS TEHACHLIMH BPEMEHHOTO PSia SBISIETCS C2AAMNCUBAHUE 8PEMEHHO20
paoda. Ilpu 3TOM NMpPOU3BOAUTCS 3aMeHa (PaKTUUECKUX YPOBHEH BPEMEHHOTO psijia pacueTHHIMH,
4TO CHOCOOCTBYeT Oojee 4YeTKOMY IpOSBICHHMIO TeHJIEHUMU psaaa. CKONIb3dlIMe CpeaHue
NO3BOJISIOT CIVIAANTh ClTydaiiHble U IepUOINYecKre KoJeOaHusI BPEMEHHOTO psa.

Haubonee pacnpocTpaHeHHOM mpoueaypol CriaXUBaHUS SBISIETCS METON MpOoCmou
cronvzawell cpeoneti. CHavasa Ui BpEMEHHOTO Psijia ONpe/elsieTcss MHTepBajl CriiaxuBanus (Q).
Ecin HeoOXonuMo CriaiuTh MeEJKHE KojeOaHusd, TO HMHTEpBal CriaXuBaHHUs OepyT Io
BO3MOXXHOCTH OOJBIINM, €CIM HYXHO COXpPaHUTh Oojee MeJKue KosebaHus, TO HHTepBall
Crila)kKMBaHUs yMeHbIatoT. J[J1s mepBbIX (J) ypoBHEN BPEMEHHOTO psiia BHIYUCIISETCS UX CpEeIHEe
apudMeTHuecKoe 3HaueHHe. DTo OyAeT CIVIaKEeHHOE 3HAUYE€HUE YPOBHS psAa, HAXOISIIErocs B
MHTEpBaJie CIUIAKUBAHUA. 3aTeM MHTEPBAJ CrIaXKUBaHUS CIBUTAeTCS HA OJUH YPOBEHb BIPAaBO,
MOBTOPSIETCSI BBIUMCIIEHUE cpelHel apudmernueckoil u T.1. B pesynbrare Takoi mpouemsypbl
MOJIyYUM PsSAJl CTJIAKEHHBIX 3HAUYEHUH, NMPU 3TOM B 3aBUCUMOCTU OT (QJ) mMepBble U MOCIEIHUE
YPOBHU TEPSIOTCA.

JnuHy mHTepBana criaxuBaHus (J) yaoOHO OpaTb B BHJE HEYETHOTO YHUCIA, B 3TOM
Cllydae pacdeTHOE 3HAUEHHUE CKOJb3AIICH cpelHell OyneT MPUXOOUThCA Ha CPEIHUM MHTEpBal

pana.

HaHpHMep, JJIs1 UHTepBana g = 3 criraxXeHHBIC YPOBHH paCCUUTBIBAIOTCS 110 q)OpMy.]'ICI



Vi =(Yer + Y + Vo) /3.

UroObl HE MOTEpSATh MEPBbIM W MOCIEAHUN YPOBHH PsAd, UX MOKHO BBIYMCIUTH I10
dbopMmynaM napaboIuIecKOro UHTEPIOIUPOBAHUS:

1= (5y1 +2y, —y3)/6,
Vo =(=Yno +2Yy4 +5Y,)/6.

MeToa pocToi CKOJIB3AIIEH CpeIHEl 1aeT XOPOIINEe Pe3yJIbTaThl B JMHAMUUYECKHUX Paax
C JIMHEWHOW TeHACHIUEH pa3BUTHSI.

Jns pAnoB C HEIWHEHMHOW TEHACHIIMEH pa3BUTUS HEOOXOAMMO IPHUMEHSATH METO]
636€ULEHHOU CKOMb3AWel cpeonel. ITOT METOJ OTINYAETCS OT METO/A NPOCTON CKOJIb3SIIEN
CpedHel TeM, 4TO YpPOBHH, BXOJSIIME B MHTEpBal CIVIAKUBAHMS, CYMMMPYIOTCS C pa3HbIMU
BecaMu. [[y1st moiMHOMOB 2-r0 U 3-T0 MOPSIIKOB IO S-WIEHHOM B3BELIEHHOM CKOJIb3SIIEN cpeaHen
LEHTPaJIbHOE 3HAYCHUE ONPEEsieTcs 0 popMyIie:

Yy =1/35-(=3Y;_p +12Y; 4 +17Y; +12Y1,5 —3Y2).

BecoBpie k03(h(DUIIMEHTHI MPU CTIIAXUBAHUK MO MOJUHOMAM 2-TO M 3-TO TOPSAIKOB B
3aBUCHUMOCTH OT JJIMHBI HHTEpBaJla CriaKUBaHUsI IIPE/ICTABICHBI B TAOIUIIE.

JnvHa nHTEpBaJIa CIIIAKUBAHNS BecoBoii ko punuent
S 1/35 (-3, +12, +17)
7 1/21 (-2, +3, +6, +7)
9 1/231 (-21, +14, +39, +54, +59)

BrlpaBHUBaHME  BpPEMEHHBIX  PAJOB  MOXXET  OBITH  MPOU3BEIACHO  METOJIOM
9KCNOHEHYuanbHo2o cenadxcueanud. CyTb MeTOla 3aKildaercs B TOM, 4YTO B IpoLEnype
HAaXO0KJICHUs CIVIAJKEHHOI'O YPOBHS UCIIOJIb3YIOTCS 3HAYEHUS TOJIBKO IIPEAIIECTBYIOINX YPOBHEN
psIOB, B3AThIE C OINpPENEICHHBIM BECOM, MpHYEM BeC HaONIOJEHUS yMEHBIIAeTCs MO0 Mepe
YAQJIECHHSI €70 OT MOMEHTA BPEMEHH, JIJI1 KOTOPOIO ONPEAEIISIETCS CTIIaKEHHOE 3HaYEHUE YPOBHS

pana. Eciu nns ucxomuoro Bpemennoro psaga Yt = Y1» Y20 Ytsee1y ¥Yn cooTBerctByromue

CTJaKEHHbIE 3HAYEHUs YPOBHEH 0003HAYMUTH St, tae t=1N | 10 skcroHeHuManbHOE
CriIa)kKMBaHHE IMPOU3BOJIUTCS IO PEKYPPEHTHOMY COOTHOILIEHUIO:

St=a-yy+(-a)- Sy,

/1€ 0. — [apameTp criakuBanus, mpuyem 0 1, BenmnuuHa (1- o) Ha3pIBaeTCs KO3 PUIIMEHTOM
JTUCKOHTHPOBAHUS.

I/ICHOHBSyﬂ PEKYPPCHTHOC COOTHOILICHHUEC JISI BCCX ypOBHCﬁ pdaaa, Ha4YruHad € IEpBOro u
KOH4Yasd MOMCHTOM YpPOBHA t, MOXHO IIOJIY4YHTb, YTO OKCIIOHCHIHAJIbHAad CpCAHAA, T.C.
CTJIQXKCHHOC NAHHBIM MCTOAOM 3HAUCHUC YPOBHA PALad, SABJIACTCA B3BEIICHHOM CpCI[HCﬁ BCEX
MNpeAMICCTBYIOUX ypOBHCﬁI

Si=a) (1-a) -y i +{1-a)'S,.

OObBIYHO A1 BPEMEHHBIX PSAJOB B SKOHOMHYECKHX BEIMYMHAX BEIMYUHY IapaMerpa
CriakuBaHus BeIOMparoT B uHTEepBase ot 0,1 10 0,3.



HavanpHblil mapametp So MIPUHUMAIOT PaBHBIM 3HAYEHHIO MEPBOrO YPOBHS psla WU
PaBHBIM cpelHEH apru(pMeTHUecKOil HECKOJIBKUX MEPBBIX WICHOB Psijia, HalPpUMEp:

S Y1t YotYs
0T T 5

3agaua
[To maHHBIM TUHAMUKH yposkaiitHOCTH 3a 10 JieT, mpuBEACHHBIM B TaOJIUIIE, PACCUNTATD:

- 3-, 5-JIeTHUE CKOJIB3SIINE CPETHUE TTPOCTHIE;
— 5-JIeTHHE CKOJIB3SIIINE CPETHUE B3BEIICHHBIE;
— CPaBHUTH PE3YJIbTATHI PACUETOB.

t 1 2 3 4 5 6 7 8 9 10

y 16,3 21,2 18,1 8,7 16,3 17,3 20,9 15,4 19,7 21,7

- IoCcTpoiTe rpaduku psiia TMHAMHUKH U TPEHI0B JIMHEHHOH (pubTpanmy.
3anaua

B Tabnuue mnpuBeneHbl AAaHHBIE YHCIEHHOCTH MpernojaBaresnell BBICHIMX Y4eOHBIX
3aBeneHuil P® (Teic. uyenoBek) mo rojxam. IIpousBecTu criakuBaHue BPEMEHHOIO psja C
MCII0JIb30BaHUEM 3KCIIOHEHIIMAIBHON CPEQHEH, TPUHSB apaMeTp CrilaXKUBaHUs a=0,1un
a = 0,3. Ilo pe3yapTaTam pacueToB ONpPEAETUTh, KAKOW U3 CIIIaKEHHBIX BPEMEHHBIX PSIIOB HOCUT
OoJiee TIIa KUl XapakTep.

Too | 1992 1993 1994 1995 1996 1997 1998 1999
ye | 2335 | 2399 | 2398 | 2619 | 2618 | 268,7 | 260,7 | 298,6

JlabopaTopnas NeS
Bovibop naunyuwezo suoa mpenoa ¢ nomowwio Excel

Jns onpeneneHus nmapaMeTpoB JMHEWHOIO TPEHJA [0 METOAY HAaMMEHBIIUX KBaJIpaTOB
UCTIONB3yeTCsl craructuueckas ¢yukuus JIMHEWH, s onpeieneHus SKCIOHEHIIMATIBHOTO

Tpenna JIFPOIIPHUEJI. B xauecTBe He3aBUCHMOI TIepeMEHHOM BhICTymaeT Bpems {=1,N

B Excel nunust TpeHaa MoXkeT ObITh 100aBlIeHA B IUArPaMMy € 00JIaCTSIMHU THCTOIPAMMBI
i B rpaduk. i 3Toro Heo0OX0AUMO:

- BBIJICIUTH 00J1aCTh JUarpamMmbl; B TTIABHOM MEHIO BbIOpaTh /Juacpamma—»/Jobasume TuHu0
mpeHoa;

— B TIOSIBUBIIIEMCSI TMAJIOTOBOM OKHE JIunusi mpenoa BBHIOpATh BUJ JIMHUW TPCHJIA U 33J1aTh
COOTBETCTBYIOIIME TapaMmeTpbl. JlJis MONMHOMHAIBHOTO TpEeHAa HEOOXOIMMO 3a]aTh
CTETICHb aITPOKCHMHPYIOIIETO MOJIMHOMA.

B xauectBe qononHUTEIFHON HHPOPMAIIHH HA JHArpaMMe MOKHO OTOOPa3UTh ypaBHEHUE
perpeccur W 3HAYCHHWE CPEIHEKBAIPATHUYCCKOTO OTKJIOHEHHS, YCTAaHOBHB COOTBETCTBYIOIIHE
bnaxku Ha 3aKianke I[lapamempsl TATOTOBOTO OKHA JIunus mpernoa.

3agaua

JlnHamuka BBITyCKa MPOAYKINKA DUHISHINNA XapaKTepU3yeTcs JaHHBIMH (MJTH. JOJUL.),
MIPE/ICTABJICHHBIMU B TaOJIHIIE.

Tox Bpinyck npoayKuuu I'on Bpinyck npoayKkuuu

1961 1054 1979 11172




1962 1104 1980 14150
1963 1149 1981 14004
1964 1291 1982 13088
1965 1427 1983 12518
1966 1505 1984 13471
1967 1513 1985 13617
1968 1635 1986 16356
1969 1987 1987 20037
1970 2306 1988 21748
1971 2367 1989 23298
1972 2913 1990 26570
1973 3837 1991 23080
1974 5490 1992 23981
1975 5502 1993 23446
1976 6342 1994 29658
1977 7665 1995 39573
1978 8570 1996 38435

no

. IIpoBectu pacuer mapaMeTpoOB JIMHEWHOTO U 3KCIIOHEHIIUAIBHOTIO TPEHIOB
[Toctpouts rpaduku psga TMHAMUKU U TPEHIOB.

. BpiOparp Hammy4muii BHA TpeHAa Ha OCHOBAaHMH TpadUUecKOro H300pakeHUs U
3HaueHUs KOd(PPUIMeHTa AeTepMUHAIIIH.




IIpuiaoxenne 2

OueHovHbIe CpeaCcTBA /1JIsl MPOBeIeHUs MPOMEKYTOUYHOM aTTeCTAlNU

a) l'[.na}mpyeMble Pe3yJdbTaThbl oﬁyqem/m H OHCHOYHLIC CPEACTBA JISA IPOBCACHUA HpOMe)l(yTO‘lHOﬁ aTTeCTallum:

Koxa
HHIUKATOPA

NHaukaTop A0CTHKEHHUS
KOMIIETeHIINH

OueHo4yHbIE CpeCcTBA

OIIK-2: Cnoco6eH ocymecTBJIATH cO0P, 00pad0TKY U CTATUCTHYECKHA AHAJIN3 JAHHBIX, HEO0XOAUMBIX VIl PellIeHUsl MOCTABJIEHHBIX

IKOHOMHYECCK

HX 32124

OIIK-2.1

[TpousBoauT mouck u coop
JAHHBIX JUIs1 POPMUPOBAHUS
0a3bl CTATUCTUYECKOTO
UCCJIEIOBAHUS

Ilepeuenv meopemuueckux 60npocoe K 3auemy:
1. Kaxkue TpeboBaHUs NPEIbIBIAIOTCS K (haKTOpaM, BKIIOYAEMBIM B ypaBHEHHE perpeccuu’?

2. Yto Takoe BEHIOOPOYHOE MCCIICTOBAHUE

3. Uro moHMMaeTcs Mo JMHEHHON MHOYKECTBEHHOH perpeccueit?

4. YeM OTIMYAIOTCS CTaHIAPTU30BaHHBIE KOI(D(PHUIIMEHTHI perpeccuu OT Ko (HHUITMEHTOB B €CTECTBEHHOM BuUje?
5. Uro moxa3piBaeT OTpHUIATEIbHOE 3HAUeHNE KO3 (PpHUIIreHTa 21aCTUIHOCTH?

6. YeM oTiHMuarOTCs YaCTHBIN M 00U kpuTepun Ouinepa?

7. UYto moHMMaeTCs MO/ KOJUTMHEAPHOCTHIO U MYJIbTHKOJUTMHEAPHOCTHIO (PaKTOPOB?

8. Kak mpoBepsieTcss HAIMYNE KOJUTHHEAPHOCTH U MYJIbTHKOJUTHHEAPHOCTH ?

Ilpakmuueckue 3a0anusn’

[To nmamHbM caiita QKS.ru oTOOpaTh MNPHU3HAKK. XapaKTEPHU3YIONIHE COIHATBHO -IKOHOMHYECKOE
nojokeHue pernoHoB P® [lo MCXOAHBIM MaHHBIM MOCTPOUTH MOJI€ Koppensuuu [loauron yacror u
rucTorpammy Haiiaurte ko3 dunrenta koppensuuu. OueHuTs pacnpenenenue. Caenats pacieT OCHOBHBIX
YUCJIOBBIE XapaKTEPUCTUKH IO pe3yjbTaTaM BBIOOPKH: BBIOOPOYHOE CpeaHee, AUCIEPCHs, CpeaHee
KBAaIpaTUUYECKOE OTKIOHEHUE

OIIK-2.2:

OOpabaTbiBaeT W aHaAIU3UPYET
CTATUCTUYECKYIO0 UH(OPMAITHIO C

UCIIOJIb30BaHUEM METO/I0B
YKOHOMMYECKOTO aHaJn3a,
CTaTUCTUKUM M  CIELUAIbHBIX
IIPOrpaMMHBIX CPEICTB,
[IOJIy4aeT 000CHOBaHHbIE
BBIBOJIBI u IIpeUIaraeT

BO3MOJXHBIC BAPHUAHTHI PCHICHUS

Ilepeuens meopemuueckux 60npocog K 3auemy:
1 Tlepeuucnute Bce BHUIBI MOJEICH, HEIMHEHMHBIX OTHOCHUTEIBHO: a) BKJIIOYAEMBIX IMEPEMEHHBIX; 0)
OLICHUBAEMBbIX ITAPaMETPOB.

2 Kak mnpoBoauTcs momOOp JIMHEAPH3YIOIIEro MPeoOpa3oBaHUs JUIsl BHYTPCHHE HEITMHCHHBIX
moaenen?
3 Ha3oBute mnokazarenum KOppenasluW, MCHOJb3yeMble TIPH HEJIWHEHWHBIX COOTHOILUEHUSAX

paccMaTpUBaeMbIX MPU3HAKOB.
4 Kaxkwue 3aaun pemaroTcst mpu MOCTPOEHUN YPABHEHUS PErpeccuu’?
5 Kaxoil Bua umMeer cucremMa HOPMaJIbHBIX YPaBHEHUU METO/Ia HAMMEHBIIUX KBAJApPaTOB B Cllydae




Kon
HHIMKATOPA

NHaukaTop 10CTHKEHHS
KOMIIeTeHITHH

OuneHoYHBIE CpPeICTBA

IIOCTABJIICHHON JKOHOMHUYECKOU

3aga4dun

JIMHEHOM perpeccuu?

6. [To xako#t popmyIie BEIYUCIAETCS UHAEKC MHOXKECTBEHHON KOPpETsIn?

7. Kak BBIYHCIAIOTCA HMHIEKC MHOXECTBEHHOM [ETEPMUHALUU WU CKOPPEKTUPOBAHHBIM HMHIEKC
MHO>KE€CTBEHHOM JIeTepMUHALUN?

8. Kak nmpoBepsieTcsi 3HaUMMOCTh YPaBHEHUS PErPECCUU M OTIENBbHBIX KO3((PUIIMEHTOB

Ilpakmuueckue 3a0anus:
[To nanubIM caiita gKS.ru oToOpaTh NpU3HAKK. XapaKTEPU3YIOIINE COLUATEHO =3KOHOMHUYECKOE
nosioxkeHue peruoHoB PO. [IpoBepuTs nx Ha HOpMaNbHOCTE. . HaliTu ypaBHeHHe perpeccun y = a + bx
METOZ0M HauMEHBIINX KBaApaToB. . [locTponTs rpaduk: HCXOAHBIE TOUYKU M YPAaBHEHHE PETPECCHH.
Jatp untepnperanuio Ko3QhUIUEHTOB YpaBHEHUSI.

OIIK-3: Croco0eH aHAIM3MPOBATH U CO/IEPKATEIbHO 00BACHATH NPUPOAY IKOHOMHYECKHUX MPOLECCOB HA MUKPO- H MAKPOYPOBHeE;

OIIK-3.1

[Ipumensier TMOHATUHHBIN
amnmapar SKOHOMHUYECKOM HayKH

JUIA OIMIKNCaHUuA MUMKPO- n
MaKpPO3KOHOMHUYCCKHX
IMponeccoB

Ilepeuenv meopemuueckux 60npocos K 3auemy:.

Uto 03HayaeT MOHATUE «KAUECTBEHHAs» MOJIEb perpeccuun’?

B xakom ciydyae BEpHO COOTHOILIEHHE?

UYro o3HauaeT BhICKa3bIBaHUE «TE€CHAs JTMHENHAS CBSI3b»?

Yro noka3zpiBaeT K03 HUIMEHT AeTepMUHAMK paBHbIi 0,757

Uro Takoe ommbKa anmpoKcuMaIum?

[TpuBeauTe mprMep HENMHEHHON perpeccuu Mo BKIOYaeMbIM B Hee 0OBACHSIONIMM IEPEMEHHBIM,
HO JIMHEWHOMW 1O OLIEHHUBAEMBIM ITapaMeTPaM.

7. Yo 3HAYUT BHYTPEHHE JINHEHHAs MOJENb?

8. Onumure, 4YTO O3HA4YaeT BBICKAa3blBaHME «PYHKIMS, HAWIYYLIMM O00pa3oM OIHKCHIBAIOIIAs
3aBHCHUMOCTbB Yy OT X»?

SouhkrwndE

Keiic-3a0anus, cocmoawjue uz OnNUCAHUA CUmMyayuu u 60nPOCoO6 K Hell'

1. Onpenenute BUI GyHKIIMH, HAMITYYIIAM 00pa30M OMKCHIBAIOIIEH 3aBUCUMOCTh PACXO0B Ha TIOKYIKY
IIPO/IOBOJILCTBEHHBIX TOBAPOB B 00LIMX pacxonax (%) - y OT cpeHeAHEBHOM 3apabOTHON MIaThl OJTHOTO
paboTatoniero (py0) — X 0 JaHHBIM CEMU TEPPUTOPU Y palibcKkoro peruona 3a 199X r.

2. J71st XapaKTepUCTUKH 3aBUCHMOCTH Y OT X PacCUUTANTE MapaMeTphl CAeAYIOUMX QYHKITUHI:
. JIMHEIHOM;
. CTEIIEHHOI;
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Kon NHaukaTop 10CTHKEHHS
OuneHoYHBIE CpPeICTBA
HHIMKATOPA KOMIIeTeHIUH
. MOKa3aTeIbHOM’;
. pPaBHOCTOPOHHEHN runepOoJIb.
OrneHnTe KXyl MOJCIb Yepe3 CPEAHIO OMIMOKY anmpokcumanuu A u F-kpurepuii Ourepa.
OIIK-3.2 [Tpumensier cranuaptusle | Ilepeuens 6onpocog 011 nodzomoeKku K 3auemy:

TECOPECTUUCCKHUC MOACIn

u

COBPCMCHHBIC MECTOAUKHN pacyCTa

u aHanusa [I0Ka3aTelleH,
XapaKTEePU3YIOLUX
SKOHOMHYECKHE IIPOLECCHl U
SBJICHUS Ha MHUKPO- u
MaKkpOypOBHE

1. Uto Takoe perpecCMOHHBIN aHalu3?

2. Uto moHuMaeTcs 1o/ MapHo# perpeccueii?

3. Onumure cyth TpaguuuonHoro MHK nnst nunHeitHoM mapHo# perpeccum.

4. UYro Takoe «oleHKa napameTpa»? YeMm oTINYarOTCs «MCTUHHBIE) 3HAUEHUSI TaPAMETPOB PErPECCUU
OT UX OLIEHOK?

5. Yrto Takoe OCTaTKU B pErpeCCMOHHOM aHanu3e?

6. Onummre npoueaypy IpOBEPKU THIIOTE3bI.

7. Yro Takoe ypoBeHb 10BEpHs?

8. UYro Takoe nHTEpBaNbHBIHM porHo3? [louemy Bo3HUKAaET HEOOXOAUMOCTh MOCTPOSHUS TOYEUHBIX
IIPOrHO30B?

9. Kaxoit Bug nmeeT cuctema HOpMajdbHBIX YPaBHEHUN METOJa HAMMEHBIINX KBApaTOB B Cllydae
JUHENHOMN perpeccun?

10. ITo kakoi#t popmyiie BeIYUCISETCS IMHEHHBIN K03((DUIIMEHT apHOM Koppensuu?

11. Kak BBIYHCISIETCS ¥ UTO TIOKA3bIBAET WHJIEKC JIETepMUHAIIAN?

12. Kax Bbrumciisercst 1 4To moKa3bIBaeT MHJEKC JIeTepMUHALNN?

13. Kak npoBepsieTcs 3HaYUMMOCTh YpPaBHEHUSI PETPECCUN U OTIENbHBIX KOA(PUIIUEHTOB?

14. Kak ctpoutcs 10BepUTENBHBII HHTEPBAJI IIPOrHO3a B CIIydyae JIMHEHHOW perpeccun?

15. Kax BBIYHCIIAIOTCS ¥ YTO MOKA3BIBAIOT KOADPHUITUEHT 2JTACTUYHOCTH D U CpeTHUN KOdDPHUImeHT
AIIaCTUYHOCTH

Keiic-3a0anus, cocmoawjue u3 onucanus cumyayuu U 60npocos K Heii:

Onpenenuts GakTopsl, HopMupoBaBIIKe IEHY KBapTUp B cTposuxcs gomax B Cankt-IlerepOypre B 1996
T. TI0 JAHHBIM O PBIHKE CTposiierocs xkuibs B Cankt-IlerepOypre (1Mo cocTossHuio Ha Aekadps 1996 1.)
CrenepupyiiTe GUKTUBHYIO IEPEMEHHYIO Z, OTPAXKAIOIIYI0 MECTOIOJIOKEHUE KBAPTUPHI U TTO3BOJISIOLIYIO
pa3aeNuTh BCIO COBOKYITHOCTh KBapTHUP HA JIBE IPYMIIBI: KBAPTUPHI Ha ceBepe ropoja (IIpumopckuii paiion,
[TyBanoBo-O3epku, I'paxknanka) u Ha tore ropoaa (FOro-3aman, KpacHocensckuii paiion).Iloctpoiite
YpaBHEHHUE PErpeccuy, XapaKTepHU3YIOIee 3aBHUCHUMOCTh LIEHbl OT BceX (aKTOpOB, B JMHEHHOW U
CTeneHHon (opme.
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Ko NHaukaTop 10CTHKEHHS
A 8 P A OueHovHbIe CpeaCTBA

HHIMKATOPA KOMIeTEeHIHH
CymecTByeT Jid pa3HHIIa B II€HaX KBAapTHP, pPACIIOJIOKEHHBIX B CEBEPHOM U IOXKHOH YaCTSIX
Cankr-IlerepOypra? SIBnsiercst 11 HaTMuMe OAJIKOHA U JIODKUU ITPEUMYIIIECTBOM KBapTUPHI HA phiHKe? Kak
BBl OOBSACHHUTE 3TOT (hakT?

OIIK-3.3: AHanusupyeT u uHTepuperupyer | Ilepeuens 6onpocos 01s no020moeKu K 3auemy:

nokasarenu, xapakrepusyromue (1. Kaxue TpeGoBaHus npeabsaBisioTcs K (hakTopaM, BKIFOUYAEMbIM B YpaBHEHUE perpeccuun?

OSKOHOMHYECKHE Tmpomecchl U (2. UYTo Takoe BEIOOPOYHOE UCCIICOBAHNE

SBIICHUS Ha MUKPO- u 3. Uro noHuMaeTcs moj JIMHEHHOW MHOKECTBEHHOM perpeccueit?

MaKpOypOBHE 4. YeM OTIMYAIOTCA CTAaHAAPTH30BAaHHBIE KOI(PQPUIMEHTHI pErpeccud OT KOA(PQPUIHMEHTOB B
€CTECTBEHHOM Buje?

5. Urto nmoka3bpIBacT OTpUIIATEIFHOE 3HAYCHHE KO (DUIIMEHTA dTaCTHIHOCTH?

6. UYem oTiiMUarOTCS YacTHBINA U 00U kputepun Ourepa?

7. Yrto moHMMaeTCs MoJ KOJUIMHEAPHOCTHIO U MYJIbTUKOJIMHEAPHOCTHIO (DaKTOpOB?

Kak npoBepsiercs Hanuuue KOJTMHEAPHOCTH U MYJIbTHKOJUTMHEAPHOCTH ?

Ilpakmuueckue 3a0anus:

[To 20 mpeanpuATHUSM pETHOHA ONPEIEIUTH 3aBUCHMOCTh BIPAOOTKH MPOIYKIIUN Ha OJHOTO pabOTHHKA Y

(TBIC.pYO.) OT BBOZIA B ICHCTBHE HOBBIX OCHOBHEIX QOHIOB X, (% OT cTomMocTH ()OHIOB Ha KOHEI[ TO/1a) U

OT yZAETBHOT0 Beca pabourx BBICOKOH KBaMU(UKAIIMU B O0IIEl YiCIeHHOCTH pabounx x, (%0).
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0) Ilopsanox mnpoBeaeHMs TMPOMEKYTOYHOHM aTTeCTALMH, MOKA3aTeJH M KPHTEPHH
OLlCHUBAHHA:

[TpoMexyTouHas arTecTalys Mo JUCLHUILIMHE «DKOHOMETPHUKA) BKIIFOYAET TEOPETUUYECKHE
BOIPOCHI, O3BOJIAIOLINE OLEHUTh YPOBEHb YCBOCHUS O00YYaIOUIMMHUCS 3HAHUHN, U IPAKTUYECKHUE
3aJJaHMsl, BBISIBIIAIONINE CTENIEHb C(HOPMUPOBAHHOCTH YMEHUH U BIIaJICHUH, TPOBOAUTCS B (popMe
3ayeTa.

3ayer Mo NAHHOW AMCUUIUIMHE MPOBOAMTCA B yCTHOW (hopMe Mo Omieram, Kaxablid u3
KOTOPBIX BKJIIOYACT OJMH TEOPETUYECKUM BOIIPOC U OJHO IIPAKTUYECKOE 3aJaHKE.

IMoka3aTenu U KPUTEPUHU OIIEHUBAHNS 3a4eTa:

— Ha OICHKY «3a4TCHO» — OOYYaroIMiics JIEMOHCTPUPYET BBICOKHH YPOBEHB
c(OPMHUPOBAHHOCTH KOMIICTCHIIUI, BCECTOPOHHEE, CHCTEMATHYECKOE M TJIYyOOKOE 3HaHHE
y4eOHOTO MaTepualia, CBOOOJHO BBINONHSET MPAKTHUECKUE 3aJaHHsi, CBOOOIHO OIEpUPYET
3HAaHUSIMH, YMEHUSIMH, IPUMEHSIECT UX B CUTYallUsX IMOBBIIICHHONW CII0)KHOCTH;

— Ha OICHKY «HE3auTE€HO» — OOYydalolmUiCs IEeMOHCTpUpYyeT 3HaHus He Oonee 20%
TEOPETUYECKOTO Marepualia, JOMYyCKaeT CYIIECTBEHHbIC OIMMOKH, HE MOXET IOKa3aTh
HHTCJUICKTYAJIbHBIC HABBIKW PCIICHUA ITPOCTHIX 3aj1a4.
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