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JIner akryaauszanuu padoueil mporpaMmbl

Pabouas mporpamma nepecMoTpeHa, oocyxaeHa u ogqodpena st peanmszanuu B 2021 - 2022
y4eOHOM roy Ha 3aceqaHuu kapeapel busHec-uHGOPMATUKU ¥ HHPOPMAIIMOHHBIX

[Ipotokom ot 20 . Ne

3aB. kadenpoii I'.H. qycaBI/ITI/IHa

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzamnuu B 2022 - 2023
y4eOHOM rofy Ha 3aceanuu Kadeapsl buzHec-uHGOpMaTHKU 1 HHPOPMALIMOHHBIX

[Ipotokom or 20 r. Ne

3aB. kadeapoii I'.H. qycaBI/ITI/IHa

Pabouas nporpamma nepecmotpena, o0cyxaeHa u ogoopena s peanuzauuu B 2023 - 2024
y4eOHOM roy Ha 3aceanuu Kadeapsl busHec-mHGOpMAaTHKN ¥ HHPOPMAIIMOHHBIX

[Iporokomn ot 20 1. Ne

3aB. kadenpoii I''H. YycaButuHa

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmsanuu B 2024 - 2025
y4eOHOM rojy Ha 3aceqanuu kadeapsl buszHec-uHGOPMATHKU 1 HHPOPMAIIMOHHBIX

[Iporokom ot 20 1. Ne

3aB. kadenpoii I'.H. qycaBHTnHa




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

oOyueHue CTYJEHTOB OCHOBHBIM MaTE€MaTHMUECKUM MOHITUSIM W MeToAaM B 00JacTu
HSKOHOMETPUYECKOTO MOJEIUPOBaHUS, NPUMEHUTEIBHO K PEIICHUIO 3aJad  aHallu3a,
MIPOTHO3UPOBAHUS M YIPABIEHUS SKOHOMUKOW Ha Makpo - U MHUKpPO - ypoBHsX. B mporecce
W3YYCHUS ITON TUCHUIUIMHBI y CTYJACHTOB JOJDKHBI OBITH COPMHUPOBAHBI TEOPETHUECKUE H
MPAKTUYECKHE HAaBBIKM pPEIICHHUS SKOHOMETPUYECKHX 3a/Jad M aHallu3a IOJYYEHHBIX
PE3yJIbTATOB.

2 MecTo THCHHUIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30BaTe/IbHOI NporpaMMal

JucuuiuinHa DKOHOMETPUKAa BXOAWT B YacTh Yy4eOHOro IutaHa (opMupyemyro
y4aCTHHKaMU 00pa30oBaTeIbHbIX OTHOIIEHUI 00pa30BaTeNIbHON IPOrPaMMBbI.

Jns  W3ydeHWs  JUCHUIUIMHBL ~ HEOOXOAWMBI  3HaHUS  (YMEHHs,  BIIAQJCHUSA),
c(OpMHUPOBAHHBIE B PE3YJIbTATE U3YUCHHSI AUCLHUIUINH/ IPAKTUK:

Teopus BepoATHOCTEN U MaTeMaTHYECKAst CTATUCTUKA

VY4eOHas -TeXHOJI0rnuecKas (IpOeKTHO-TEXHOIOIMUECcKast ) IPaKTUKa

[IpukiiagHas maTemaTuka

3HaHus (YMEHHUs, BIaJIeHHs ), IOJIy4YEeHHbIE MIPU U3YYEHUU AAHHOW TUCLUIUIMHBI OyayT
HEOOXOAUMBI JUISl U3yYCHUS TUCIUTLTH/TIPAKTHK:

Hccnenoanue onepanuii 1 METOAbI ONTUMU3ALNU

MeTtosl HayuHBIX UccienoBanuii B cpepe MKT

VY4eOHas - HayuHO-HCCIeA0BaTeIbCKas padoTa

3 Komnerenuun odyyarouierocs, popMupyemMbie B pe3y/ibTaTe 0CBOEHUS

AUCHMILIMHBI (MOAYJIS) U IVIAHUPYEMbIe pe3y/IbTaThbl 00y4eHHUs

B pesynabrare OCBOEHMS ITUCHMIUIMHBI (MOIyJsl) «OKOHOMETpUKa» OOydarouuiics
JIOJDKEH 00J1a1aTh CIEIYIOMUMI KOMIICTEHIUSAMU:

KO)I HHJUKaTOopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITN N

OIIK-1 CnocoOeH NpUMEHSTh €CTECTBEHHOHAyUHble M OOILIEMH)KEHEpPHbIE 3HAHUS, METO]IbI
MaTEMaTHYECKOTO aHalu3a W MOJCIUPOBAHUSA, TEOPETUYECKOTO M HKCIEPUMEHTAIbHOTO
UCCIIEI0BaHMsl B TPO(ECCUOHAILHOU J1eITEIbHOCTH;

OIlK-1.1 Pemaer cramgaptHbie TnpodeccHOHANBHBIC 3aJadyd ¢ MPUMEHEHUEM
€CTeCTBEHHOHAYYHbIX M OOIICHHXXEHEPHbIX  3HAaHWH,  METOJOB
MaTEeMaTHYECKOr0 aHAJIN3a U MOJIETTMPOBAHUS

OIIK-1.2 Pemaer nmnpodeccuoHanbHble 3amaud ¢ OPUMEHEHHEM  METOJI0B
TEOPETUYECKOTO ¥ IKCIIEPUMEHTAIILHOIO UCCIICJOBAHMSI




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIs)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABISIET 4 3a4eTHBIX enuHull 144 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKkTHas padorta — 51,95 akan. yacos:
—ayauTopHas — 51 akaJ. 4acos;
— BHeaynutopHas — 0,95 akaz. yacos

— caMmocrosTenbHast padbora — 92,05 akan. 4acos;

dDopMa aTrrecTaluu - 3a4cT

AynuropHas g
o KOHTaKTHas paboTa E E ®dopma TeKyILero
Pasyen/ Tema g (B akaj. yacax) E = Bunx 3 KOHTPOJIS Kox
[ — : g O [camocTosTenbHOM | yenesaemocTH 1 KOMITETeHIIHH
O g £ paboThI TIPOMEKYTOUHOM
Tex. mab. | mpaKT. zS aTTecTalyy
3aH. 3aH. | O &
1. Benenue B npeaMeT
Nzydenne
I 1Tipemer JIUTEPaTypBhl, ycg{mﬁ ompoc | orrK-1.1
SKOHOMETPUKH, €€ LeIb, 1/0,51 1 TOATOTOBKA K 6 TaeT 1o . |OIIK-1.2
3amaun. bazoBbie HOHATHS BBITOJIHCITHIO A1AbOpATOPHOH
nmabopaToOpHBIX pabore
pabot
1.2 TloBTOpeHue TeOopUH W3yuenue yeruiit onpoc|OTK-1.1
BEPOSITHOCTHU 3 u 05 2/0.51 4 JIATEPaTyphI, oK K OIK-1.2
MaTeMaTHIECKOI 4 ' ’ TIOATOTOBKA K commHapy
CTaTUCTUKU CEMUHapy
1.3 MaremarumaTHyecKoe
MO/JICITUPOBAHUE B
SKOHOMHUKE. Knaccst Vayserie OIIK-1.1
Moeei. Bunsr 1,5/0,51 2 ycTHBIH onpoc  |OTTK-1.2
MIepEMEHHBIX. Drarnsl fTHTCPATypE!
HKOHOMETPUYECKOTO
MOJEIUPOBAHUS
HWroro no pazaeny 3/11 | 2/0,5U 7
2. PerpeccuoHHBIE MOZIEITH
Nzyuenue
JIATEPaTypBHI, OTYeT IO
HOJTOTOBKA K 71a00PaTOPHBIM OIK-1.1
2.1 Jluneiinas perpeccis. 2/0,51 | 6/0,511 g | DRNOMHCHHIO pabotan |y 1 5
nabopaTopHBIX OTYeT Mo
pabot MIPOX0XKICHHIO
IIpoxoxaenus monynas MOOK
4 MOOK
Nzydenue
JIATEPaTypBHI, Otyer 1o
MOJIOTOBKA K nabopatopHoi OIK-1.1
2.2 HenuHeliHble Momenu 41U ROU 12 BBITIOJTHEHUTO pabote OITK-1.2
perpeccun nabopaTopHBIX OTYET O '
pabot MPOXOXKICHUH
IIpoxoxnenne moxyist MOOK
MOOK
Uroro no pazaeny 6/1,51 (14/2,51 20




3. BpemenHsble psjibl

Nzyuenue
TUTEepaTypHl, Ortuer o
MOJIrOTOBKA K nabopatopHoi | yryge.1.1
3.1 OcHOBHBIC 3JEMEHTHI BBIMOJIHCHUIO pabote '
BPEMEHHOTO psia 2/0,210 | 4/0,51 16 Tab0paTOPHBIX Otyer o OIIK-1.2
pabot MIPOXOKACHUH
IIpoxoxaenne Moyt MOOK
Moyt MOOK
Nzyuenue
TUTEepaTypHl, Ortuer o
32 Moxen MOJIrOTOBKA K HaGOp%TOpHOI/I OIK-1.1
CTaI[MIOHAPHBIX u 203U | 6/21 16 ;11361202:;}1:1}; S:quTZ OIIK-1.2
HECTAMOHAPHBIX PSIIOB patop
pabot IPOXOXKIECHUU
IIpoxoxnenne moxayist MOOK
moyist MOOK
Hroro no pazaeny 4/0,51 [10/2,51 32
4. CucreMbl SKOHOMETPHICCKUX YPaBHEHHH
Nzydenne
JIMTEPaTypBHI, Otuer 1o
MOJITOTOBKA K nabopaTopHOM OIK-1.1
4.1 Cucrembl ypaBHEHUMH BBINOJIHEHUIO pabote '
B DKOHOMETPHKE 2 4 16 Ta00paTOPHBIX OTYeT 0 OIK-1.2
pabot IPOXOXKICHUU
TIPOXOXKACHNE moxayist MOOK
moyist MOOK
Nzydenne
JIMTEPaTypBHI, Otuer o
4.2 CucreMbl JUHEHHBIX E:iro(f:::;g na60;:1 ZZ(;IEHOH OIIK-1.1
0JHOBPEMEHHBIX 2/11 | 4/0,51 16 P OIIK-1.2
ABHEHHI Ta00paTOPHBIX OTYeT 0
P pabot MPOXOXKICHUH
POXOXKICHHE Moyt MOOK
Moyt MOOK
Hroro mo pasaerny 4/11 | 8/0,51 32
5. 3auer
W3yuenune OIK-1.1
5.1 3auer 1,05 | THTCPATYPEL Tect OIK-1.2
' ! MIOJITOTOBKA K '
3a4eTy
HWroro no pazneny 1,05
Hroro 3a cemectp 17/41 | 34/61 92,05 3a4éT
WToro no qucuuILInHE 17/41 | 34/611 92,05 3a4eT




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

[Ipu mpoBeeHNH 3aHATUN U OPTaHU3AIMH CAMOCTOSTEIbHOM pabOThI UCIOIB3YIOTCS:

TpaauumoHHBIE TEXHOJOTMHM OOYYEHHs, MPEAIOJaralouife nepeaadyy HHPOpPMaluu B
rOTOBOM BHUJE, (opMUpOBaHHME Y4YEOHBIX YMEHUH MO O00pa3ily: JIeKIHs-U3JI0KEHHUE,
TEeKIU-00BsICHEHHE, JIA0OpaTOpHBIE paObOThI, KOHTPOJIbHAS paboTa U Jp.

Hcnonb3oBaHue TpaguIIMOHHBIX TEXHOJIIOTUN 00ECreunBaeT OPUECHTHUPOBAHKE CTYIEHTA
B MOTOKE HMH(OpMAIMK, CBS3aHHON C Pa3IMYHBIMH IMOIXOAAMU K ONPENEICHUIO CYIIHOCTH,
coJlep>KaHusl, METOI0B, (OPM Pa3BUTHSI U CAMOPA3BUTHUS JINYHOCTHU; CAMOOIIpEIeNICHUE B BEIOOpE
ONTUMAJILHOTO MYTH M CHOCOOOB JTMYHOCTHO-NIPOPECCHOHATBHOTO PAa3BUTHS; CUCTEMATU3ALIUIO
3HAHUW, TOJMYYEHHBIX CTYICHTaMHU B IpoOIlecce ayIUTOPHOM M CaMOCTOATEIbHOW pabOTHI.
JlaGopaTtopHble 3aHATUS OO0ECIEYMBAIOT pPAa3BUTHE U 3aKPEIUICHWE YMEHHH M HaBBIKOB
omnpezenieHusl Iesied M 3a/ad CcaMOpasBUTHS, a Takke MNPUHATHS HaubOosee 3 EeKTHUBHBIX
PELICHUH 110 UX peaTu3alyH.

WuTtepaktuBHble (OpMBI OOyuYeHUS, MPEANONAraloniie OpraHu3aluil0 OOYYeHHs Kak
IPOJYKTHBHON TBOPYECKOH NIEATETHHOCTH B PEXKUME B3aUMOICHCTBHSI CTYACHTOB JPYT C IPYrOM
U C TPEMo/IaBaTesIeM.

Hcnonp3oBaHne HMHTEPAKTHBHBIX  O0pa30BaTENBHBIX  TEXHOJOTMHA  CHOCOOCTBYET
MOBBILICHUIO UHTEPECa M MOTUBAIIMM yYaIllUXCsl, aKTUBU3AIIMH MBICITUTEIILHON NESTEIbHOCTH U
TBOPYECKOTO TOTEHIMAja CTYIEHTOB, Aenaer Oojee 3()(eKTHBHBIM YCBOEHHE Marepuania,
MO3BOJIET MHIUBUYaTH3UPOBATh O0yYEHHE U BBECTH YKCTPEHHYIO KOPPEKIIHIO 3HAHUH.

[Ipu npoBeneHUM 1a0OPATOPHBIX 3aHIATUH MCIONB3YIOTCS TpymmoBas padora,
TEXHOJIOTHSI KOJUIEKTUBHOM TBOPYECKOW JIEATEIBHOCTH, TEXHOJIOTUS COTPYAHHYECTBA,
obcyxienue mpoodsemsl B hopme auckyccuu, Case-study. JlaHHbIC TEXHOJOTHH 00ECIICUUBAIOT
BBICOKHI YPOBEHb YCBOCHHS CTYACHTAaMHU 3HAaHUU, A(P(EKTHBHOE U YCIEIIHOE OBJIAJCHUE
YMEHUSIMHU U HaBBIKAMH B MPEIMETHON 001acTH, (OPMUPYIOT TIO3HABATENBHYIO TOTPEOHOCTh U
HEO00XO0IUMOCTh JAIbHEUIIEro camoo0pa3oBaHus, MO3BOJISIOT aKTUBU3HPOBAThH
UCCIIEIOBATEIIBCKYIO IEATEIbHOCTD, 00ecieunBatoT 3 (HeKTUBHBIN KOHTPOJIh YCBOCHHS 3HAHHIA.

6 YueOHO-MeTOIMUECKOE 00eceyeHHe CAMOCTOSATeJIbHO PadoThl 00yYaroIMXCsl
[TpencraBneHo B mpuioxeHun 1.

7 OneHoYHbIe CpeICTBA A5 POBeJeHUsI IPOMEKYTOYHOM aTTecTaluu
[IpencraBneHbl B IPUIIOKEHIH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecTedeHrue TUCIUITHHBI (MOTYJIs1)
a) OcHOBHas JIUTEpaTypa:

1. OxoHoMeTpuKa : yueOHuK mis By3oB / W. U. EnuceeBa [u ap.]. — Mockaa :
WznatenberBo FOpaiit, 2020. — 449 ¢. — (Bwicmiee odpazoanue). — ISBN 978-5-534-00313-0.
— Texcr : AJIEKTPOHHBIN 1l 3BC IOpaiir [caifT]. — URL:
https://urait.ru/viewer/ekonometrika-449677

2. Husopoxkunna, JIL.LM. DOkxoHOMeTpuka: Teopus W NPAKTHKA [DJIEKTPOHHBIN
pecypc]: yue6. mocooue / JI.1. HuBopoxkuna, C.B. Apxenosckuii, E.I1. Kokuna. — M.: PUOP:
NHOPA-M, 2018. — 207 c¢ —  (Beicmee oOpazoBanue). —  DOIL:

https://doi.org/10.12737/1698-5 — Pesxxum moctyna: https://znanium.com/read?id=50366

0) lonoJiHMTEILHAA JIATEpaTypa:


https://urait.ru/viewer/ekonometrika-449677
https://znanium.com/read?id=50366

1. Koctionun, B. M. DxoHomerpuka : y4eOHHK W MpPaKTUKyM s By3oB / B. .
Koctronun. — Mocksa : U3parensctBo FOpaiit, 2020. — 285 ¢. — (Bricmiee obpazoBanue). —

ISBN 978-5-534-02660-3. — Tekct : anektponHsii // DBC HOpaiir [caiit]. — URL:
https://urait.ru/viewer/ekonometrika-450113

2. HemumoBa, O. A. DKOHOMETpUKA : YY4EOHHUK W TPAKTUKYM MJI CPETHETO
npodeccuonanibHoro obpazoBanus / O. A. Jlemupoma, J[. WM. MamaxoB. — Mocksa :
UznatensctBo HOpaiit, 2020. — 334 c¢. — (IIpodeccuonanproe obpazoBanue). — ISBN
078-5-534-13226-7. — Tekctr : o»anextponHsii // DObC HOpaiir [caiit]. — URL:

https://urait.ru/viewer/ekonometrika-449565

B) MeToauyeckne yKazaHus:

1. [lTanyenko, H.M. DxoHoMeTpuKa [ DAEKTPOHHBIN pecypc]: 1a0opaTOPHBINA MPAKTUKYM:
yueOHoe nocobue / H. . lllanuenko. — YubsnoBek: Yal'TY, 2011. — 117 c. — Pexxum gocryma:
http://window.edu.ru/resource/537/74537/files/ulstu2011-90.pdf

r) [Iporpammuoe o6ecneuenue u UnTepuer-pecypceni:

IIporpamMmmHoe oGecnieueHue

Haumenosanue 10 Ne norosopa Cpox 1eicTBus IULICH3UU
MS Windows 7
Professional (st N-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)
MS Office 2007 Ne 135 ot 17.09.2007 Gecepoaro
Professional
7Zip cB00OTHO pacnpocTpansemoe [10 0OECCPOUHO

Hpmbeccnonanbmﬂe 0a3bl JAHHbIX ]/Il-[q)OpMaIII/IOHHbIe CIIPaBOYHLIC CUCTEMBI

HasBanue xypca CchlIKa
HarmmonansHaas MH(POPMaAITMOHHO-aHATUTUYECKAS URL:
cucrema — Poccuiickuii MHAEKC HAyYHOTO HUTUPOBAHUS i

(PUHLI) https://elibrary.ru/project_risc.asp

ITouckosas cucrema Akanemust Google (Google Scholar) |URL: https://scholar.google.ru/

Nudopmannonnas cucrtema - EnuHoe OKHO JoCTyma K
HHGOOPMAIMOHHEIM PecypcaMm

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



https://urait.ru/viewer/ekonometrika-450113
https://urait.ru/viewer/ekonometrika-449565
http://window.edu.ru/resource/537/74537/files/ulstu2011-90.pdf

9 MaTepuajibHO-TeXHHYeCKOe o0ecreyeHue TUCIUIIUHBI (MOTYJIs1)

MarepuaabHO-TEXHHUECKOE 00eCIeueHUe JUCIUTUINHBI BKITFOUACT:

Y4eOHbIC  ayIUTOPUW s TPOBEACHUS  3aHATUNA  JIGKIIMOHHOTO  THUMA -
Crnenmanmu3upoBaHHas (yaeOHast) MeOelb (CTOJIbI, CTYJIbS, JOCKa ayAUTOPHAs ), MYJIbTUMEIUNHOE
obopymoBanue (IIPOEKTOpP, KOMITBIOTEp, dKpaH) IJs Mpe3eHTAlMH Y4eOHOro Marepuala IIo
JMCIIATUIAHE;

Y4eOHbIC ayAWTOpPHH JJisi TPOBEIACHHUS JTa0OpaTOPHBIX 3aHSITUH, TPYIIOBBIX H
WH/IMBUIYAIbHBIX KOHCYJBTAIMA, TEKYIIEr0 KOHTPOJII W TPOMEKYTOYHOW aTTeCTAIllUH -
CrenmanusupoBaHHas (yueOHasi) MeOenb (CTOJbI, CTYNbs, TOCKa ayAUTOpHAs), IEPCOHAIbHBIC
KOMITBIOTEPHl OOBEJMHEHHBIC B JIOKAIBHBIE CETH C BBIXOAOM B Internet m c¢ mocrymom B
AIIEKTPOHHYI0  HMH(OPMAIIMOHHO-00pAa30BaTEIbHYI0 CpPEoy YHHBEPCHTETa, OCHAIECHHBIC
COBPEMEHHBIMHU MTPOTPAMMHO-METOJHTUYECKUMHI KOMIUIEKCaMHU

Aymuropun A CaMOCTOATEIBHOU padOThI (KOMIIBIOTEPHBIE KIIACCHI; YATATBHBIC 3aJTbI
oubmmotekn) - Crnienuanu3upoBanHas (yueOHasi) MeOenb (CTOJIBI, CTYJbs, JOCKA ayJaUTOpHAas),
MEPCOHAIBHBIE KOMITBIOTEPhI OOBEAMHECHHBIE B JIOKAJIBLHBIC CETH ¢ BhIxomoMm B Internet m c
JOCTYIIOM B  DJIEKTPOHHYIO HMH(OPMAIMOHHO-00pa30BaTeIbHYI0 CpEly YHUBEPCUTETA,
OCHAIIICHHBIC COBPEMEHHBIMH ITPOTPAMMHO-METOAMYESCKUMH KOMITJICKCAaMHU

[Tomenienne Juisi XpaHeHHs M NPOPUIAKTUYECKOTO OOCTY)KHBaHUS y4eOHOTO
obopymoBanus - MeOelb (CTOMbI, CTYIbS, CTEIIIAXKH JUIS XpaHEeHUsT y4eOHO-HATJISTHBIX TOCOOUI
U y4eOHO-METONYCCKOMN JIOKYMEHTAIINH ), IEPCOHATIbHBIE KOMITBIOTEPHI.



[Tpunoxenue 1

Y4yeOHO-MeTOAMYECKOE 0O0ecTiedeHHE CAMOCTOSITEIbHOM PadoThl 00y4aI0IIUXCSA

Jnis peanu3anuu npeaycCMOTPEHHBIX BUJIOB y4eOHOM pabOoThl HCIOIB3YIOTCS pa3IMUHbIC
00pa3oBare/ibHbIC TEXHOJIOTUH.

TpanunuonHeie  00pa3oBaTeNbHBIC TEXHOJOIMM — JlabopaTtopHble  paboThL, ¢
NPaKTHYSCKUMH 3a[auaMy U3 MPO(ECCHOHATBLHON 00IaCTH.

[Ipu BbINOIHEHMM J1IAOOPATOPHBIX W WHJIMBUIYaJIbHBIX 3aJaHUN HCIIOJIb30BAIUCH
WHTEPAKTHUBHBIC TEXHOJOTMU TaKHE KaK: CEMHUHAP-IHCKYCCHS, BBIMOJIHEHHE J1ab0paTOPHBIX
HCCIICIOBATEILCKUX PadoT.

B xoze mpoBeneHHs 3aHATHI npeyCMaTPUBACTCST  MCIIOJIb30BaHHE CPE/ICTB
BBEIYHUCJIUTEIbHON TEXHUKHA IIPpU BBITTOJIHCHUU 3aIIaHPII>i.

AyauTopHas caMOCTOsTeNlbHAas pabdoTa CTYACHTOB Ha IPAKTHYCCKUX 3aHATHAX
OCYILECTBIIACTCS IO/ KOHTPOJIEM IIpernojaBaTeis B BHUAC PCHICHHS 3aJa4 W BBIIOJTHECHUS
YIPaXHEHUH, KOTOPBIE OMPEIEIAET MPENoAaBaTelb sl CTYACHTA.

NOCTPOEHUE MOJIEJIX JUHEMHOMN NAPHOHM PETPECCUHA
JlabGoparopHnasi padora Nel.
Buiuucnenue koaghpuyuenmos ypasnenus aunetiHou pespeccuu

HapHa;I perpeccus — 5TO YpaBHCHUE CBs3U ABYX IIEPEMCHHBIX ) U X.

y=T1(x),

r7ie Y - 3aBUCHMas IepeMeHHas (pe3ylbTaTUBHBIN MPHU3HAK); X - HE3aBUCUMAasl, OO0BICHSIOLIAS
nepeMeHHas (MpU3HaK - (akTop).

Jluneiinas napuas perpeccus: Y = ad + bXx+¢.

[TocTpoeHue ypaBHEHHs PErpecCHM CBOAMTCS K OLIEHKE ee MapaMeTpoB (B MPUBEICHHBIX
BBIIIIC YPAaBHEHUSX perpeccur — mapameTpbl a u D). JIis OIEHKHM mapaMeTpoB perpeccui,
JUHEHHBIX MO0 IapaMeTpaM, HCIOJB3YIOT MeTol HaumMeHbIHMX kBaapatoB (MHK). MHK
MIO3BOJISIECT MOJIYYUTh TaKHE OLEHKH MapaMeTpPOB, TP KOTOPBIX CyMMa KBaJpaTOB OTKJIOHEHUHN

q)aKTI/I‘ICCKI/IX 3HA4YCHHUH PE3YIbTATUBHOTO IIPpHU3HAKA y OT TCOPECTUUYCCKUX Y(X) MHWHHMaJIbHA,
T.C.

A N2 .
> (y-9,)" —>min,
JInst TMHEHHBIX YPaBHEHUH PEIIaeTcsl CIeAYIOIas CUCTeMa OTHOCUTENBHO a | b:

na+b) x=>"y,
SRR ISR
21.]'[5[ peHIeHI/ISI HaHHOﬁ CHUCTEMBI U HAXOXKICHU S au b MO>XXHO HUCITIOJB30BATh ABa I1oaxoJa.:

1. Micrionb3yroTes CAEAYIOIINE COOTHOIICHHUS:

noYx 2y 2 noy

A= Aa Ab =

_zxzxzv _Zyxzxz ) ZXZyx'



Aa_b_A_b

A A
2. MOHO BOCIIOJIb30BAThCS TOTOBBIMU (POPMYJTAMHU, KOTOPBIC BBITEKAIOT M3 3TOW CUCTEMBI:
Cov(x,y) Vy-X—Vy-X_
b = 2 = 5 T2 ! (2)
Oy X“ —X
13 - —
e Cov(Xx,y) = HZ(Xi =)y, -y) - KO3 (GUIMEHT  BBIOOPOYHOW  KOBapHAIIWH,
i1
l n
2 _ o\ 2
Oy = H z (Xi —-X)" . mucriepcus (aKTOPHOTO TpHU3HAKa WM BHIOOpOYHAsl BapHalus,
=1

o603nauaemas kak vVar(X) .

3amaua

HmeroTcs craTHCTUYECKHE TaHHBIE TOCTYIUICHHUS JOTOBOPOB B KOHCOJIMIMPOBAHHBIN
oromxer Cankt-IlerepOypra(y, mipo py6.) B 3aBUCUMOCTH OT YHMCIECHHOCTH pabOTarOMIMX Ha
KPYIIHBIX ¥ CPETHUX IPEIIPUITUIX (X, mbic.uen.) IKOHOMUKU paiioHoB 32 2012 r. ipecTaBieHbl
B Tabnuue 1.

Tabmuma 1
. Toctynenue YucnaeHHOCTH
Ne paiiona [ 1oroBopos B
padoTaroumx
ropoga |Ormomkery (MJpa. X (TBIC. HeL.)
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 48,7 491
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
16 144,2 1251
17 150,6 132
18 156,1 149
19 209,5 157
20 342,9 282

Heo6xoanMo nocTpouTs TUHEHHOE ypaBHEHHE TApHOW PErPECCHH Y OT X.

Pemenue.



1. Ins pacuera mapaMeTpoB YpaBHEHMS JIMHEMHON PETPECCHU MOCTPONTE PACUETHYIO
Tadnuiy 2.

Tabmauua 2
Ne paiiona y X Xy x° 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

I 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

HUToro
Cpennue y 3 Y V2 2
3HAYCHUSA y X Xy X y

2. Ucnionb3ys dopmyiel 1, 2 paccunTaiite mapameTps a u b.
3. 3anuuuTe MOIY4EHHON ypaBHEHHE MapHON PErpeccuu.

4. Jlns TpoBEpKH MPaBWIBHOCTH IOJYYEHHOTO ypaBHEHUS  BOCIOJIb3YyHTECh
craructuaeckor Gpynkimeit JMUHEWH tabmuunoro nporeccopa Microsoft Excel, nis storo:

— BBLAETHMTE UHTEPBAJ SUEEK, COAepKaLIN 2 cToa01a U 5 CTPOK;
— BcraBeTe (ynkumio JIMHEMH, 3anaiite 3HaueHMe KOHCTaHTHI M CTATUCTHKH DPAaBHBIMH
eAVHHULIE.
— BBexutTe (opmyny Kak (GOpMyIy MaccuBa, JUIS 4Yero HaXMWTe KiaBumry F2 a 3atem
koMmOunanuro xkiasum Ctrl+Shift+Enter.
B rtabnume 3. moka3zaHo, B KakOM TIOpSJIKE BO3BpAIlaeTCsl JIOMOJIHUTEIbHAS

perpeccroHHasi CTaTUCTHKA.

Tabmuma 3
b a
S€p S€a
r’ sey
F df
sspez. SSOC}H.




JlabGoparopHasi padora Ne2.
Buiyucnenue koagpgpuyuenma xoppensyuu u cpeoHei OumubKU annpoxkcumayuul
TecHOTY CBSI3M M3y4aeMbIX SIBJICHUH OICHUBACT JIMHEHHbIN KOI(P(PUIHEHT mnapHoii

Koppeasiiuuu rxy .

o, Couxy) _ K-9-%

Xy )
c 0,0, 0,0,

rie O, =VX —X o,=\Y -V

JluneiHbIi KO3PPUIHEHT KON U3MEHSIETCA B IIpeieiax 1< rxy <1

PaBeHCTBO KOX(dHUIMEHTA HYIIO CBHICTEIBCTBYET 00 OTCYTCTBHH JIMHEHHOW CBSI3M.
PaBenctBo ko3¢ punuenta -1 umm +1 nokaspiBaeT Haluuue QYyHKIMOHATIBHOM CBSI3U. 3HAK «+)»
yKa3blBaeT Ha CBA3b NpPsAMYK (YBEIMYEHHE WM YMEHBUIEHME OJHOIO IpH3HAaKa
COIIPOBO’KIAETCS aHAJIOTUYHBIM U3MEHEHUEM JIPYToro MpU3HAKa), 3HAK «-» YKa3bIBaeT Ha CBA3b
o0paTHyl0  (yBeJIMYEHHE WJIM  yMEHBIICHUWE  OJHOIO  IIPU3HAKA  COIPOBOKAAETCS
IPOTHBOIOJIOXKHBIM 10 HAIIPABICHUIO U3MEHEHHUEM JIpYroro npusHaka). IlokasarensiM TECHOTHI
CBSI3M MOXHO JaTh KaU€CTBEHHYIO OLICHKY:

KosmuecTBeHHasi Mepa TECHOTBI CBSI3H KavecTBeHHasi XapaKTEPHCTHKA CHJIBI
CBSI3H
1o 0,25 Ouens citabdas

0,25-0,44 Cnabas

0,45 -0,64 YMmepeHHas

0,65-0,80 CunbHas

0,81 -0,90 Becsma cumbHas

0,91-1,00 OueHb cUIILHAA

Ounenky KadecTBa IIOCTPOGHHOM MOJENH oOnpeAeinsieT KoI(pPUIUEeHT (MHAEKC)
JAeTepMHMHALIMH, a TAKXKe CPeHAA OIINOKA aNNPOKCUMALMH.

2
Ko duumnent nrerepmuuHanuu er :

rz _ Z(yx - 7)2
IR

Koadduuuent nerepmunanuu npuHuMaer 3HadeHus or 0, xoraa ¢akTopsl X He
OKa3bIBAIOT HUKAKOIO BIUSHUS Ha 3aBUCUMYIO IIEPEMEHHYIO0, 10 1, KOT/1a M3MEHEHUs 3aBUCUMOI1
MEPEMEHHOH Y MOJHOCThIO O0BSICHUMBI BIUSHUEM (PAKTOPOB MOJIEIIH.

DyHKIMOHAIbHAS CBSA3b BO3HUKAET IPU 3HAYEHUH PaBHOM 1, a orcyrcTBHe cBs3u - 0. [Ipn
3HAYEHUSIX TMOKa3aTesieil TeCHOThI cBsi3u MeHble 0,7 BennynHa KO3(PQPUIMEeHTa JeTepMUHAUN
Bcerga Oyzaer Hmxke 50%. DTo o3HAyaer, 4TO Ha JONIO BapualMy (PAKTOPHBIX MPU3HAKOB
MIPUXOJIUTCS MEHbBIIAs YacTh [10 CPABHEHUIO C OCTAIbHBIMU HEYYTEHHBIMH B MOZIENU (aKTOpaMu,
BIMAIOIIMMHY Ha U3MEHEHUE pe3yJIbTaTUBHOIO INokaszaress. [locTpoeHHbIe IPU TaKUX YCIOBUAX
PErpECCUOHHBIE MOJEIN UMEIOT HU3KOE IIPAKTUYECKOE 3HAUCHUE.



Cpennsiss ommoOKa anmpoOKCHMAaLMU - CPEIHEE OTKJIOHEHHME PAcCUETHBIX 3HAYEHUM OT

(bakTHUECKUX:

JlonmycTUMBIH TIpeiesn 3HaYeHUu A - e Goree 8 - 10%.

A-lya Ly Y=yl
A_nZA nZ‘ ; ‘100%,

3agaua

OnpenenuM JWHEHHBIH KO3()PUIMEHT MapHOH KOPpENsIUN U CPEIHIOI OIIUOKY
anMpOKCUMALUH [T ypaBHEHHS MAPHOW perpeccu, moiaydeHnoro B Jlabopatopuoii padote Nel.

Pemenmne.

1. omonuuTe TabauIy 2. CIEAYIOIUMU PacueTHBIMU MONsAMU (Tab. 4).

Tabmuua 4
Ne paiiona y X Xy X2 y y, 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 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 2095 | 157
20 3429 | 282
Hroro
Cpennue y X Xy X2 F
SHAYCHUA
o
0_2
er
Fo
X

2. CpaBHHTE NOJYYCHHOE 3HAYeHHE KOX(PQHIMEHTa NETEPMHHALUH CO 3HAUYECHHUEM,

BBIUKCIICHHBIM (yHKiuei JINHEMH.




3. CnenaiiTe BEIBOABI O TECHOTE CBSI3U M 00 OIEHKE KauecTBa MOCTPOSCHHOW MOIEIH.
JlabopaTopnasi pabora Ne3.
Oyenka 3nayumocmu ypagueHus pezpeccuu ¢ nomowwto F-kpumepus Quwepa

F-kpurepuii ®Dumepa 3aKkiovacTcsi B IPOBEpKE THIOTE3bl Hy O CTaTHCTHYECKOU
HE3HAYMMOCTH YPaBHEHHs Perpeccuu. [l 3TOro BBHIMONHIETCSA CpaBHEHHE (HAKTHIECKOTO F gy
U KpuTHdeckoro (TabnuuHoro) F.q, 3Hauennii F-xputepust @umiepa.

Fpaom ONpenenserca U3 COOTHOILIEHUs 3HAYEHUH (PaKTOPHOM M OCTATOYHOM AMCIIEPCHI,
paccuMTaHHBIX HA OJIHY CTENIEHb CBOOOBI:

- ~2 2 , 3

Z (y-y) 1- My m )
r7e N — YUCJIO €IUHUL] COBOKYITHOCTH; M — YKCJIO MapaMeTpoB MpU MEPEMEHHBIX (7151 TMHEHHON
perpeccun m = 1).

Fraon — MaKCHMalbHO BO3MOXKHOE 3HAYCHHE KPHUTEPHs I0J] BIMSHUEM CIy4ailHbIX
(akTopoB mpu creneHsx cBodomasl K; = m, kK, =n—m — 1 (s nunHeiHo# perpeccun M = 1) u
YPOBHE 3HAYHMOCTH OL.

YpoBeHb 3HAYMMOCTH O — BEPOATHOCTh OTBEPrHYTh MPABWIBHYIO THUIOTE3y IPU
yCIIOBUH, 4TO OHa BepHa. OObIYHO BennuuHa o npuHumaetcs pasuoit 0,05 unu 0,01.

Ecmu F,u < dem, T0 Hy - rumore3a O cCiIy4alHOM NPUPOJE OLIEHUBAEMBIX
XapaKTEPUCTUK OTKJIOHSAETCS W NPU3HAETCA HMX CTATHUCTHUYECKAS 3HAYMMOCTh WU HAJICKHOCT.
Ecmn Fupusn > Fgaom, TO THIOTE3a Hy HE OTKIOHSAETCS M NPU3HAETCS CTaTUCTUYECKAs
HE3HAYMMOCTb, HEHAJIEKHOCTh YPABHEHUS PETPECCUM.

3amaua

Onpenenum F-kputepuit @uimepa Juisi ypaBHEHUs MapHOM perpeccu, MoydeHHOTO B
JlaGopatopHoii pabote Nel.

Pemenmne.

1. PaccunTaiite Fyuon 0 popMmyne 3 U cpaBHUTE NOTYy4EHHOE 3HAYEHHE CO 3HAYECHHUEM,
paccuntanHbM ¢ momoinbio pyuxun JIMHEWH B JlabopaTtopHoii padoTteNel.

2. Omnpenemute Frue, ipu 3amanHOM ypoBHe 3HaumMoctH o = 0,05 (Ilpunoowcenue 1).
Kputnueckoe 3HaueHne Tak:ke MOXKHO HaiTu ¢ nomoisio pynkuuu Excel FPACIIOBP.

3. CpaBHuTe nony4eHHble 3Ha4eHUA Fug: M Fpum, CETANTE BBIBOJ O CYLIECTBEHHOCTH
CBS3H.

JlabopaTopnasi padora Ne4.
Oyenka cmamucmu4eckou 3HaYUMOCMU NAPAMEMPO8 pecpeccuul U KOppeayuu

s OLEHKM CTATHCTHYECKOH 3HAYMMOCTH KO3((PHUMEHTOB perpeccud |
KOppeJasiiii  paccuuThiBalOTCA t-kpuTepuii CTbIOJEHTAa U J0BePUTENbHbIE HHTEPBAJIbI



Ka)XJI0r0 13 MokKazaresieid. Bergsuraercs runoresa Hy o ciiydyallHOW PUPOJIE MOKa3aTeneu, T.e. 0
HE3HaYMMOM HX OTIMYMU OT Hynsa. OleHka 3HauuMOCTH Kod((UIIMEHTOB perpeccuu u
Koppesiiui ¢ noMolbio t-kpurepust CTbrOAEHTAa MPOBOAUTCSA IIyTEM COINOCTABIEHUS HX
3HAYCHUH C BEJTMUYMHON CIy4aifHO# OMNOKY:

tbz—; t, =—; tr_ . (4)

Cayuaiinble OIIMOKH MapaMeTPOB JIMHEHHOW perpeccuu B KoduimenTa Koppesiun
OTIpeIeIIAI0TCS 10 popMyIam:

s,

(5)

se, =

Tho. (6)

(7)

CpaBHuBas (QaxTudeckoe U Kputudeckoe (TabmuyHoe) 3HaYeHHS {-CTATUCTUKH - U465, U
tpaxm - IPUHIMAEM UIIN OTBEpPraeM rumnoresy Hp.

Cesa3p Mexnay F-xpurepuem @umepa u t-cratuctuxkoir CTbIOAEHTAa BBIPAYKAETCS

2 2 /
paBEHCTBOM: tr :tb =vF.

Ecmu U0 < tpaem MMM tpam < - tyagn TO Ho OTKIIOHSETCH, T.€. Q, b u ry He ciayuaiiHo
OTJIMYAIOTCSI OT HYyJs U CHOPMHUPOBAIUCH MO/ BIHUSHHEM CHCTEMATHYECKH JACHCTBYIOIIETO
dakTopa X.

Ecma tu6: > tpam WA tpaan > - tpags, TO THIOTE3a Ho HE OTKIIOHAETCS M IPU3HAETCA
ciydaiiHas mpupoaa GopMUpOBaHUS @, D WK Iyy.

3amaua

OLlEeHUM CTaTUCTUYECKYI0 3HAYUMOCTh KO3()(HUIIMEHTOB PErpeccHd, PacCUUTAHHBIX B
JlaGopatopHoii pabote Nel.

Pemenmne.

1. HpI/IMI/ITe THUIIOTE3Y Ho 0 CTaTUCTHMYECKHM HE3HAUYNMOM OTJIWYMHU MOKa3aTelei OT HYJIA a

2. PaccuuTaiiTe BETWYMHBI CIIYYalHBIX OIIMOOK, HWCTHONB3ys ¢opmynsl 4, 5, 6, 7.
CpaBHUTE TONy4YEHHBIE 3HAYEHUS CO 3HAYEHUSMHU, PACCUYUTAHHBIMU C MOMOIIBIO (QYHKIHUU
JIMHEWH B JlaGopaTopHoii padoTteNel.

3. Onpenenute ty,6, Ipu 3a1aHHOM ypoBHE 3HauuMocTu o = 0,05 u creneHnso cBoOoabI Ky
=n-m-1 (lIlpunosscenue 2). Kputnueckoe 3HauCHHE TAK)KE MOYKHO HAUTH C IIOMOILBIO () yHKIIUH
Excel CThIOJIPACIIObP.



4. CpaBHUTE NOJYYEHHbIC 3HAYCHUS U456, U tpaem, CHETANTE BBIBOJ O CTaTHCTUYECKOM
3HAYMMOCTH apaMETPOB PETPECCUMU.

JlabGoparopHasi padora NeS.
Pacuem oosepumenvHvix unmepsanos

3aMeTHUM, YTO BCE OLICHKH, IIPUBEJICHHBIE paHEEe, ONPEICNIAIOTCS OJHUM YHUCIOM, T.€.
ABJISIOTCS. TOYeUHbIMH. [Ipu Manbix 00beMax BbIOOPKM TOUYEYHAs OLIEHKAa MOKET IPUBOAUTH K
00JBIINM OIMOKAM M 3HAYUTEIBHO OTJIMYATHCS OT OILICHMBAEMOro Iapamerpa. bonee mmpokoe
IPUMEHEHHE TOJIy4WJI METOJ JOBEPUTENbHBIX HMHTEPBAJIOB, pa3paOOTaHHBIH aMEPUKAHCKUM
cratuctukoM lO. Heitmanom.

Takum oOpa3om, paccuMTaHHbIE 3HAuYeHHs IOKazarened (koddduumeHTsr a, b, ryy)
SIBIISTFOTCS TIPUOJIMYKEHHBIMU, TTOJIYYEHHBIMA Ha OCHOBE UMEIOIUXCS BRIOOPOYHBIX JNaHHBIX. J[Jist
OILIGHKH TOTO, HACKOJIbKO TOYHBIC 3HAYCHUS MMOKA3aTeNIeii MOTYT OTIMYAThCS OT PACCUUTAHHBIX,
OCYIIECCTBIISICTCS TMOCTPOCHHE JIOBEPHUTCIBHBIX WHTEPBAJIOB. JlOBEpHUTEIbHBIC HMHTEPBAIBI
OIPENENSIOT TMPECNbl, B KOTOPBIX JIeXKAaT TOYHBIC 3HAYCHHS OINPEACSIEMbIX IOKa3aTeien ¢
3aJJaHHOM CTETIEHBI0 YBEPEHHOCTH, COOTBETCTBYIOIIEH 3aJaHHOMY YPOBHIO 3HAUMMOCTH o. [Ipu
MOCTPOCHUU 3KOHOMETPUICCKUX PETPECCUOHHBIX MOJICICH JOBEPUTEILHBIC HHTEPBAIBI OOBIYHO

ONPENEIAT Ui JABYX YPOBHEM 3HAYUMOCTH - O = 0,05 u a=0,01. Coorsercraenno
TOBOPAT O S5-TIIPOLIECHTOHOM YPOBHE 3HAYUMOCTU WM 00 |-NpOLIEHTHOM YPOBHE 3HAUYMMOCTH.

JloBepuTenbHblE WHTEpBalbl (YPOBHHM JOBEpHS) HpPHU ATOM OYyIyT pPaBHBI 1-a=095 u

1-a =0,99. Coorsercreenno rOBOPST O 95-MpOIEHTHOM WM O 99-TIPOLIECHTHOM ypOBHE
noBepust (HagexHOCTH). [loguepkHeM, 4To YeM MEHbIIE YPOBEHb 3HAUNMOCTH (00JIbIIIe YPOBEHB
JIOBEpHsI), TEM MIMpPE COOTBETCTBYIOIIMN JOBEPUTENbHBIM HHTEpBaN (IpU IPOYUX PAaBHBIX
YCIIOBUSX).

Jlnst pacdera JOBEpUTEIbHBIX MHTEPBAJIOB JIJIsl ApaMeTpoB a U b ypaBHEHHs JTMHEHHOMN
perpeccuu orpeneisieM nNpeaeabHyI0 OIHOKY A 11 Ka)K0ro MoKa3aTes:

Aa = tma6/L : Sea; Ab= tmaﬁﬂ : Seb' (8)

Benwnuuna 1,5, npencraBnser coboit TabnuyHoe 3HaueHue t-kputepus CThIOJEHTA MO
BIMSIHUEM CIy4alHBIX (DAaKTOPOB TPU CTENEHH CBOOOABI K = N—2 ® 3aJaHHOM YpOBHE
3HAYMMOCTH OL.

DopMyIIsl Ul pacyeTa JOBEPUTEIbHBIX HHTEPBAJIOB UMEIOT CIEAYIOINN BUA:

Yo =atAa; y, =a-Aa; y, =a+Aa

7, =btAb; y,  =b-Ab; ybm“:b+Ab. (9)

min

Ecm B TpaHUIbI JOBCPUTCIBHOIO MHTCpBaAjla MOMIAaAa€T HOJIb, T. €. HWXHAA TI'paHULA
OTpUIAaTCIIbHa, 4 BEPXHAA IMOJIOKUTCIIbHA, TO OLIGHI/IBaCMHﬁ napamMeTp NpUHUMACTCA HYJICBBIM,
TaK KaK OH HE€ MOXCET OAHOBPEMCHHO IIPHHUMATb MW IIOJOXUTCIBHOC, W OTPHULATCIBHOC
3HA4YCHHA.

3agaua

Paccunraem noBepuTenbHBIN MHTEpBaN 11t KOAPUIIMEHTOB ¢ u b, 3HaYeHHS KOTOPBIX
Haiinens! B JJaboparopHoit paboTeNel.

Pemenue.



1. Onpenenute npeaenbHYIO OMUOKY I KaXKI0T0 MoKa3aTes mo Gopmyie 8.

2. Onpenenute A0BEpUTEIbHBIC UHTEPBAbI i K03 duimeHToB a, b mo dhopmyne 9 u
3aMUIINTE MMOJY4YE€HHbIE TPAHULIBI IOBEPUTEIHLHBIX HHTEPBAJIOB.

JlabGoparopHasi padora Ne6.

Toueunwiii u uHMeEPBANLHBLL NPOSHO3 NO YPABHEHUIO IUHEUHOU pecpeccuu

TouednkbIit IMPOrHO3 3aKIKYACTCAd B MOJYYCHHUU MPOrHO3HOI'0 3HAYCHUA yp , KOTOpPOC

OTIpeeNAeTCA IyTeM MOACTAHOBKH B ypasHeHue perpeccr: [0 Yy = @+ DX

COOTBETCTBYIOLIETO (POTHO3HOTO) 3HAYCHH X p : Yy, =a+ b- X

WHuTepBanbHblii IPOrHO3 3aKJIIOYAeTCsl B IIOCTPOEHUHU JIOBEPUTEIBHOIO HMHTEpBajia
IPOrHO3a, T. €. HWXHEH M BEPXHEU TPAHULL Vpmin, Vpmax MHTEPBANa, COAEPXKALIETO TOYHYIO
BEIMYUHY AT IPOTHO3HOTO 3HAUCHUS Yy (Vpmin< Yp< Vpmax). JlOBEpUTEIBbHBII HHTEPBAN BCETAA
onpenensercss ¢ 3aJaHHOM BEpOSATHOCTbIO (CTENEHbIO YBEPEHHOCTH), COOTBETCTBYIOILEH
IPUHITOMY 3HAUEHUIO YPOBHS 3HAYMMOCTH OL.

Hpe,I[BapI/ITeHBHO BBIYHCIICTCA CTaHJapTHAA omInoKa IIpOrHo3a myp .

o\ 2
X, — X
m, =o -1+£+(p )

Jo =T TS w2 (10)

3arem CTPOUTCA I[OBepI/ITeJ'ILHHﬁ HWHTCPBAJI IPOTHO34a, T. €. OIPCACIAIOTCA HHUKHAA

j/ypmin " BCPXHAA yypmax T'paHHUILIBI HHTCPBAJia IPOTrHO3a:

. -V —A. . =V +A.
Yomin yp Yp o )/)/prm)< yp Yp -

A, =t ‘Mg

9IS Yo maon Vo'

3agaua

BrImomHuM MpOTHO3 0KHUIAEMBIX 00bEMOB MPOJIAXK y MPU MPOTHOZHOM 3HAYEHUHU 3aTpPaT
Ha pekiamy X, coctaBisitonieM 107% ot cpemHero ypoBHsA. OIEHMM TOYHOCTH IPOTHO3A,
paccumTaB OMMOKY MTPOTHO3a U €r0 TOBEPUTEIHHBIA HHTEPBAJ.

Pemenmne.

1. Paccuuraiite MMPOrHO3HOC 3HAUCHUC X p , @ 3aTE€M IIPOrHO3HOC 3HAUCHUC y p-

2. PaccuuTaiite omubKy nporuosa 1o gopmyse 10.

3. TlocTpoiiTe JOBEpPUTENbHBI HHTEpBal MPOTHO3a, CAENAlTe BHIBOALI O
HaJIe)KHOCTHU MIPOTHO3A.



JlabGoparopHasi padora Ne7.
Pacuem koagpdhuyuenma snacmuunocmu

B sKxoHOMHYECKUX HCCIIEJOBAHUSX IIMPOKOE MPUMEHEHHE HAaXOJUT TaKOM IMOKa3aTeb,
KaK KO3(DPUIMEHT 3J1aCTUYHOCTH, BHIYUCIISIEMBII 110 popMmyIie:

=12
y

KoadduumeHT 3macTUYHOCTH TTOKA3bIBAET HA CKOJIBKO MPOICHTOB U3MEHHUTCS Pe3yJbTaT
v ipu u3MeHeHun (akropa x Ha 1 % OT CBOEro HOMHHAJIBLHOTO 3HAUCHHSL.

Jis nuneitHo# perpeccuu K03 (GUIMEHT TaCTUYHOCTH PABEH:

7=pX

M 3aBHUCUT OT X, IO3TOMY PaCCUHUTHIBAOT Cpe,ﬂHI/Iﬁ K03(1)(1)I/II_[I/ICHT QJIACTUYHOCTH:

[l
O
<l | >

D =f(X)

<l | i

Cpennuii  kod>pGUIMEHT 3MacTHYHOCTH O TOKA3bIBAET, HA CKOJBLKO IPOIEHTOB B
CpeIHEM TIO COBOKYITHOCTH HM3MEHHUTCS pE3YJIbTaT y OT CBOEH CpeaHEeH BEIWYUHBI TPU
u3MeHeHuH ¢aktopa x Ha 1 % OT CBOETo CpeHero 3HAUCHUSI.

3amaua
PaccuntaeM K03 GUIIUEHT 2TaCTUYHOCTU U CPpeAHUI KOd(D(PUIIMEHT 2TaCTUYHOCTH.

Pemenmne.

1. Paccunraiite K03 PUIMEHT 2MACTHYHOCTH M CPEAHUI KOdP(HUIMEHT 3IaCTUIHOCTH.

2. CrenaiiTe BBIBO/IBI 00 U3MEHEHHH Y TIPY M3MEHEHNH (hakTOpa X.
KoHTpoJibHBIC BONIPOCHI:

1. Yro moHumaeTcs oA napHou perpeccuen?

2. Kaxoil BUI MMeeT cucTeMa HOPMalbHBIX YpPaBHEHHH MeETOJa HaWMEHBUIMX KBaJpaToOB B
ClIy4ae JIMHEMHOW perpeccuu?

3. Ilo xakoii popMyse BEIYUCISIETCS IMHEHHBIN KOAPPHUIIMEHT MapHOil Koppensuuu?

4. Kax BpIUuCIISIETCA U YTO MOKA3bIBAET UHIECKC I€TEPMHUHALIAN?

5. Kak npoBepsieTcst 3HAaYMMOCTb YPaBHEHHSI PETPECCUH U OTJENBHBIX KO PUIIMEHTOB?
6. Kak cTpoutcs 1oBepUTENbHBIM HHTEPBAJ IPOrHO3a B CIIy4ae JIMHEMHOW perpeccun?

7. Kak BBIUMCIAIOTCS M UYTO TIOKa3bIBAIOT KOI(PPHUIMEHT HIACTUUYHOCTH O M CpeaHHil

K02 (QULMEHT 21aCTUYHOCTH O ?

INOCTPOEHUE MOJIEJIU MHOKECTBEHHOM JIMHEHNHOMN PET'PECCHUN



JlaboparopHasi padora Nel.
Ombop ¢haxmopos 0151 NOCMPoeHUst MHOICECMBEHHOU TUHENHOU 3a8UCUMOCTIU

U OYeHKa cmeneHu KoJluHeapHocmu u MyJ1bmuKOJVIUHEAPHOCMU pecpeccopos

MHuoskecTBeHHas1i JIMHeHHAasi perpeccuss — YpaBHCHHE CBA3M C HCECKOJIBKUMU
HE3aBUCUMBIMH NIEPEMEHHBIMMU !
y=Dby +b X +0,% +...+b X, + &, (1)

rae y — 3aBucumas (oOBsicHsieMasi, SHAOTCHHAs) — pPerpeccany; Xi, Xz, , Xm — HE3aBUCHUMBIE

(0OBsICHSIIONIME, DK30T€HHBIE) NEPEMEHHBIE — PEerpeccopbl, & — CllydaiiHas COCTaBISIOLIAs
MOJIEIIH.
3aBucumocTth (1) BO MHOTMX cly4yasiX JOBOJILHO XOPOIIO OTPa)aeT CIOKUBIIUECS

HYKOHOMHYECKUE B3aUMOCBs3H. McxomaHas wHOpMaIys A MOCTPOSHHsI TaHHOW 3aBHCUMOCTH
0OBIYHO 33a€TCs B BUJIE HEKOTOPOH TaOJIUIIBI.

No q)aKTopr, AJIsI KOTOPBIX MOJIYI€HBI TaHHBIC
X1 X2 Xj Xm Yy
1 X11 X21 Xj1 Xm1 Y1
2 X12 X22 Xi2 Xm2 Y2
n le X2m .ee XJn an yn

Crnenyer onpenenuTs BCE JIM NEPEMEHHBIE CIENYET BKIKOYATh B YpaBHEHUE WIN €CTh
IIEPEMEHHbIE, KOTOpbIE CYILECTBEHHO HE BIMSIOT Ha BEJIMYMHY Y U HMX HELEIeco00pa3sHo
BKJItouaTh B (1). B mepBom ciyyae p = m, Bo BTopoM P< m.

Jlns  pemieHUss STOTO BOMpPOCA YacTO HCIONB3YyeTcs TaOiWila, COCTAaBICHHAs W3
K02 PUITMEHTOB MapHON KOPPETSAUUA. DIEMEHTaMHU TaKOW TaOIHIIbI SBISIOTCS KOAGOUIIMEHTHI

NapHOM Koppessauuu A Becex M (axTopos. Tabnuia uMeeT BUL:

y X1 X2 Xm
Y . ryxl ryxz ryxm
X rxly 1 rxlx2 rXlxrn
X2 I&zy rx2x1 1 rxzxm
xm er y er X rmez !
B kietkax Ta0nMIbI 3aMCAHbI TApHbIC KO(OUIMCHTE! KOppeIsiun, Hanpumep, Iy y

HapHbIN KO3()PUIMEHT KOPPENSIIUA MEXAY ePEMEHHBIMU X2 U Xj.

KoadppunmenTst rij )51 rji , a Tacke Ix jy u ryx j COBNAJAIOT, TAK KaK TECHOTA CBS3H

MCXKAY IICPEMCHHBIMHU Y U XJ' TaKasd Ke, KaK MCXKIY NCPEMCHHBIMHA Xj MY, aHAJIOTUYHO JOJIA Xj " Xj.

[ToaTomMy Tabnuily 3amMCHIBAIOT B YIPOILIEHHON CUMMETpU4HOU (opMme (TpeyroibHas

dbopma).

X1

X2

Xm

<

ryxl

ryx2

rme




X _ 1
' erxz r-X1Xm
X2 _ _ 1
rxzxm
Xm _ _ _ 1

[To naHHBIM TaKO# TaOIHIBI MOKHO IIPUMEPHO OLCHUTH, KaKhe (haKTOPBHI CYIIECTBEHHO
BJIUAIOT HAa IMCPCMCHHYIO Y, a KaKue — HCCYHICCTBCHHO, a4 TAKKC BBIABUTH 3dBUCUMOCTL MCKIY
daxTopamu.

Ecnu BennyuHa kodduuueHTa NapHOW KOppelsiMM MeXAy Y U Xj Majla, TO
HelenecooOpasHo BKIOYaTh (akTop X; B ypaBHeHue (1). Boicokoe 3HaueHue kod(hduLUeHTa
IApPHOW KOPPEIIALUHU MEXKY Xj U Xj, IOKa3bIBAET X TECHYIO KOPPEIALMOHHYIO CBA3b. CuMTaercs,
4TO JIB€ NEPEMEHHBIE Xj U Xj SIBHO KOJUIMHEAPHBI, T.€. HAXOIATCA MEXHy 000 B JIMHEHHON

3aBHCUMOCTH, €CIIU rXiX,- >0,7. Ecin (pakTOpE! SBHO KOJUIMHEAPHBI, TO OHU JYOIHUPYIOT JIPYT

Jpyra U OAMH M3 HUX PEKOMEHIYeTCs HCKIIOUUTh U3 perpeccuu. llpeamourenue npu sTtoM
otaaercs He (akTopy, 00Jee TECHO CBA3AHHOMY C PE3YJIbTaTOM, a TOMY (DaKTOpy, KOTOPBIH NpH
JIOCTaTOYHO TECHOW CBSA3M C pe3yJbTaTOM HMMEET HAMMEHBIIYI0 TECHOTY CBSI3U C JAPYIMMHU
(axTOpamMu WM BEIOWPAIOT OJMH M3 HUX B 3aBHCUMOCTH OT UX CMBICIIa U MHEHUS UCCIIEOBATEIS.
Henenecoo6pa3Ho BKJItOYaTh B YPaBHEHUE OJIHOBPEMEHHO [10KA3aTeNH, IPECTABISAIOIINE CYMMY
HEKOTOPHIX ()aKTOPOB HIIM MX COCTABHBIX YacTeH, a TaK)Ke XapaKTePU3YIOIIUE OJUH M TOT Ke
(bakTop, BBIPAKEHHBIH B Ppa3IUYHBIX E€IUHULAX H3MEpPEHHs, Hampumep, aOCOJIOTHBIX U
OTHOCHUTEJIbHBIX.

[To BenmuuuHe mMapHBIX KOIPPHUIMEHTOB KOPPEISAIUN OOHAPYKUBAETCS JIHMIIb SBHAS
Koppensiius  pakTopoB. Hambonpimme TpyAHOCTH BO3ZHUKAIOT TIPH MYIbMUKOIIUHEAPHOCTU
¢dakTopoB. [Ing OUEHKHM MYJIbTUKOIMHEAPHOCTH (DAKTOPOB HCIIONIB3YETCS onpedenumens

Mampuybl NAPHBIX KOIPDuYUueHmos mexnrc@akmopHou Kopperiyuu DET ‘ R‘ .

rX1X2 rxlxm

r'X X r-X X

DET|R|=| ™™ 2
P x Toxp o 1

Uem O6mmke k 0 onpeaenuTesns MaTpuilbl MEK(PAKTOPHOU KOPPEISAIUU, TEM CHIIbHEE
MYJIBTUKOJUTMHEAPHOCTH (PAKTOPOB U HEHA/IEKHEE PE3YIbTaThl MHOKECTBEHHOM perpeccun. 1
Hao000poT, YeMm Onmxe K 1 onmpeaenuTens MaTpHIbl MeX(AKTOPHON KOPPETAIIUN, TEM MEHBIIIE
MYJIbTUKOJUTMHEAPHOCTH (PAKTOPOB.

3agaua

TpeGyercss MOCTPOUTH CTATUCTUYECKYIO 3aBUCUMOCTH CTOMMOCTH KBapTUPBI OT Tpex
(bakToOpoB B BHJE MHOXKECTBEHHOW perpeccuu (Tabn. 1). s mocTpoeHuss MOJENU, B MEPBYIO
odepenb, HEOOXOAMMO MPOBECTH OTOOp (PAKTOPOB W OICHHUTH CTENEHb KOJTMHEAPHOCTH
perpeccopos.

Pemienne.

1. Paccumraiite kodpduuuenTsl napHoil koppensauuu. [IpoBepbTe NPaBUIBHOCTH
pacueToB ¢ nomouibto craructudeckor ¢yHkun KOPPEJI snekTpoHHON TaOIMIIBI
Microsoft Excel.

2. Tlo monmydeHHBIM 3HAYCHHUSIM TAPHBIX KOAD(PHUIIMEHTOB KOPpEIAIUU OTOEepUTe
HanOoJee cynecTBeHHbIe (PaKTOphI st ypaBHeHus (1).



3. IIpoBepbTe pakTOphl HA KOJUTUHEAPHOCTH U MYJIbTUKOJNTHHEAPHOCTD.
4. Cpemnalite BBIBOIBI.

Ta6numa 1.
Hcxonubie qaHHbIe 3a1a41
paccTosiHue
CTOMMOCTb o6 as Xunast
2 00 MeTpo,
Ne nam. KBapmvpbl, (nnowagb, m*| NolWaib,
2 MUHYT
TbIC. ON., y X1 M X o

NewKkom’ 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 MHOACECMBEHHOU pepeccuu

s oueHKHM mapamMeTpoB YpaBHEHMS] MHOKECTBEHHOM JIMHEMHON perpeccuu MpUMEHSIOT
MeTo]T HauMeHbIuX KBaapaToB (MHK).

[N nuHEHHBIX ypaBHEHUN W HEJIMHEMHBIX YPaBHEHWMW, NMPHUBOJIMMBIX K JIMHEHHBIM,
CTPOHUTCS CIIEAYIOLIAsl CUCTEMA HOPMAJIbHBIX YPaBHEHUM, PEILIEHHE KOTOPOM MTO3BOJISET MOJIYy4UTh
OLICHKH ITapaMETPOB PErPeCcCUy, B YaCTHOCTHU AJisi ypaBHeHus (1):

rZy:nbo +blle+b2zx2 +...+mexp,
Zyxl=b02x1+blzx12+b22x1x2+...+bm2xmx1, o
Z:yxm :bOZxm +blzx1xIO +b22x2xm +...+mex§].




OHUM U3 METOJIOB JJIS €€ PEIICHUS SIBIISIETCS METOJ] ONPECIIUTEICH:

bozA_bO' b:ﬂ1 bm:Abm

A A A

Y DX D) X
Alezxf Z:xzx1 ...mexl

rac . . . . — Ol'IpeI[eJ'II/ITeJ'IL CI/ICTCMBI;
X X, X X, X X2
m 1 m 2m " m

AbO ) Abl geees Abm — HYAaCTHBIC OIIPCACIUTCIIN, KOTOPLIC IIOJNYHYAOTCA IIYTECM 3aMCHBI

COOTBETCTBYIOIIETO CTOJIOIA MATPHIIBI ONPEACITUTENS CUCTEMbI TAHHBIMH JICBOW YACTH CUCTEMBI.
3agaua

1. Paccuuraiite napaMeTpbl ypaBHEHUS] MHOXXECTBEHHON PErPECCUU C IIOMOILBIO METO/1a
onpeaenutenend. Jlig BBIYMCICHUS ONPEACIUTENIEH HCIOJIB3YHTE CTATUCTUYECKYIO
¢ynkuuto MOIIPE]L. TlpoBepsTe mOdy4eHHBIE PE3yJIbTAaThl C MOMOMIBIO (PYHKIUU
JIMHENH.

2. 3amuImTe MOJyYeHHOE YPaBHEHNE MHOKECTBEHHOH perpeccuu.

JlabopaTopnasi paGora Ne3.
Ilocmpoenue ypasHeHus MHONCECMEEHHOU pecpecCcuu 8 CMAaHOApPMU308anHOLL hopme

Ecin  xoapduuueHTsl MHOXKECTBEHHOM pEerpeccMd paccMaTpuBaTh B KauecTBe
nokasarenei BIUsHUSA (PAKTOPOB, TO cleAyeT UMETh B BUIY, YTO KOI(D(UIIMEHTHI PErpeccuu
MEXIy CO0OM MpSAMO HE CpaBHUMBI. VX YHCIIEHHBIC 3HAUYEHHS 3aBUCST OT BHIOPAHHBIX €IUHUIL
u3MepeHus Kaxaoro hakropa. YtoOsl KOAPGUITUEHTHI PErPECCHH CTAIA CPABHUMBI, UX TPUBOIST
K CTaHJapTU3UPOBAaHHOMY MaclITaly. J{s 3TOro Bce MepeMeHHbIE BhIpaXaloT B O€3pa3MepHBIX,
TaK Ha3bIBAEMbIX CTAHIAPTU3UPOBAHHBIX €IMHULAX HU3MEPEHUS NPU IOMOIIU CIEAYIOIINX
COOTHOIIICHHH:

_ (% _X_i)
— —O_X. ,

L9,

o)

ty X;

y

rne Oy, Ox ; — COOTBETCTBEHHO CPE/THUE KBAPATHIHBIC OTKIOHCHHS.

CBoOOIHBIH uwieH Dy B cTaHIApTH30BAaHHOM YPAaBHEHHH MHOXECTBCHHOW pErpeccuu
OTCYTCTBYET, T.€. ypaBHeHue (1) MOKHO 3amucaTh B BUJE:

t, = ,Bltx1 +,82tx2 +..+ ﬂmtxm +&. (@

Bce mnepeMeHHBIE ypaBHEHUs BBIPAKEHBI B CPABHUMBIX E€IUHULAX HW3MEPEHUS.

KoadpurmeHTst BB Ha3bIBAIOTCS KOdpUITUEHTAMH perpeccuu B



CTaHJapTU30BaHHOM MacmiTade. [ ux ompeneneHust MOXKHO HepeiTu ot kodddunnentos b k

p i (J=1m) y4 o0paTHO ocyIecTBiIseTcs Mo hopMmyIe:

KoadduimenTst perpeccun (2) MOKa3bpIBAIOT BIUSHUS U3MEHEHHS KQXKIOH TIEpPEeMEHHOM
Ha n3MeHeHue Qaxropa Y. Bce kooQduueHTs! BoIpaKeHbl B CPABHUMBIX €IMHHUIIAX U3MEPEHHUS.

Uem Ooubmie | B j |, TeM cuipHEee BIMSET COOTBETCTBYIOUIMH (DaKTOPHBIN IIOKa3aTenb Ha

pe3yJIbTaTUBHBIM.

Takum o00pa3oM, cpaBHHMBasg MEXIy COOOH CTaHAApTU30BaHHBIE KOI((UIIMEHTHI
perpeccuu MOXHO PaH)XHUPOBaTh (PaKTOpPBI MO CHJIE MX BO3JCHCTBHUS Ha pe3ynabTar. B sTom
OCHOBHOE JIOCTOMHCTBO CTaHJAPTU30BAaHHBIX KOI()(UIIMEHTOB perpeccuu B OTJIMYHE OT
KO3 PHUIMEHTOB «UYHCTOI» perpeccuu, KOTOpbIe HECPABHUMBI MEXKITy COOOM.

Ha npakTuke 4acTo UCHONB3YIOT ypaBHEHUE PErPECCUU B CTaHJAPTU30BAHHOM MaciiTabe
B BUJE:

Kak Oput0 mOKa3aHO BbIIIE, paHXXKUPOBaHUWE (PAKTOPOB, YUACTBYIOIIMX  BO
MHOKECTBEHHON JMHEHHON perpeccuu, MOXKET OBITh IPOBEICHO Yepe3 CTaHJIaPTHU30BAHHbBIC
koadunmentsl perpeccun (f-koddduurentsr). ITa Ke 1LeNb MOXKET ObITh JOCTUTHYTa C
MOMOIIBI0 YAacCTHBIX KOA((PHUIIMEHTOB KOppensiiuu — JUIisl JIMHEWHBIX CBsizeil. Kpome Toro,
YacTHBIE TMOKAa3aTelH KOPPESAIUU IIUPOKO HCIONB3YIOTCS MPH pelIeHuu mpobiaembl oTOopa
(aKkTOpOB: 11€JeCO00Pa3HOCTh BKIIOUEHUS] TOTO MM WHOTO (hakTopa B MOJEIb JOKa3bIBACTCS
BEJIMYMHOMN MOKA3aTeNsl YACTHOM KOPPETSALINU.

YactHble KO3()PUIMEHTHI (MM UHAEKCHI) KOPPENALNU XapaKTepU3YIOT TECHOTY CBS3U
MEXIY Ppe3yJbTaTOM M COOTBETCTBYIOLIUM (DAaKTOpPOM MpH YCTPAaHEHUM BIMSHUS JAPYIHX
(dakToOpoB, BKJIIOYEHHBIX B YypaBHeHHE perpeccud. llokazaTenun YacTHOM KOppesIUU
NpPEICTaBISIOT COOOM OTHOLICHHE COKPALIEHHWS OCTAaTOYHOM IHMCIIEPCUH, MPOMU3OLIEIIEr0 B
pe3ynbTare AOMOJHUTENBHOTO BKIIFOUEHUS B aHAJIU3 HOBOTO (hakTopa, K OCTATOYHOM JAMCIIEPCHH,
MMEBIIEH MECTO 10 BBEICHUSI B MOJIENIb HOBOTO (hakTopa.

Koadduiument yactHON KOppesAIy, U3MEPSAIOLINHA BIUsIHNUE Ha y (haKkTopa X IpU
HEM3MEHHOM YPOBHE APYruX (hakTOpOB, MOKHO OIPENIENIUTH 110 GopMyIie:

2
1- Ryxl...xj..

1—R2 ’

YXqXp . Xj_1X o1+ Xm

X

r = |1-

VXX Xg o X g X g - X

2
Ryxl...xj...xm — MHOXECTBEHHBIH KO3(DPUIMEHT JIeTepMHHALMU BCEro KOMIUIEKCa M

2
(GakTOpOB ¢ PE3yNBTATOM; 'YX Xp...Xj4Xji1.- Xy — TOKA3aTENb NETEPMUHAINM, HO O€3 BBEIEHUS

Trac

B MOJieNb (haKTopa X;.

Cpennue kod(pPUIUEHTH SJTACTUYHOCTH ISl JIMHEHHOW MHOXKECTBEHHOW pPErpeccuu
PaCCUHMTHIBAIOTCS IO OopMyIIe:



A J
9 yX i b J e
H ITOKAa3bIBAIOT, HA CKOJIBKO ITPOLCHTOB B CPCAHEM IO COBOKYITHOCTH U3MCHUTCA PE3YJIbTAT ) OT

CBOCH BEJIMYMHBI NMPH HW3MeHeHHH (akTopa x HAa 1 % OT CBOEro 3HaueHHs NMPH HEU3MEHHBIX
3HAYCHUAX JIPYTUX (PaKTOPOB.

3agaua

1. Paccuuraiite = craHgapTU30BaHHbIE  KOO(POUIMEHTHl  PErpeccud.  3alUIINTe
NOJIy4eHHOE YpaBHEHHE B CTaHIapTH30BaHHOM MaciTabe Buja (2).
2. Ilpopamxupyiite cTaHAapTU30BaHHBIE KOX(P(GUIMEHTHl PErpeccuu MO CHlle HX
BO3JECHCTBUS HA PE3YJIbTAT.
3. PaccuuTaiite cpennue ko3 HUIHMEHTHI ATaCTUYHOCTH.
JlabGoparopHasi pabora Ne4.

Cocmasnenue uacmmuvix ypasHenuii pecpeccuu

Ha ocHoBe nuHeiHOro ypaBHEHUS MHOXKECTBEHHOM perpeccuu (1) MOTyT ObITh HaliieHbI
YacTHbIE ypaBHEHHUS DPErpeccuu, T.€. YPaBHEHUS PErpeccHM, KOTOpPbIE  CBS3bIBAIOT
pE3yJIbTATUBHBIN IPU3HAK C COOTBETCTBYIOIIMMHU (DakTopamMu Xxj MPH 3aKPEIUIEHHH JpPYTHX,
YYUTBIBAEMBIX BO MHOXXECTBEHHOH perpeccuu, (akTopoB Ha cpeaHeM ypoBHe. YacTHbie
YPaBHEHHUS PETPECCUN UMEIOT CIEAYIOINN BU:

g% Xgooe Xy by + by X +b, X2 +b3 X3 +...+ b Xm + &;

Yy 3y Xg oo = by + by X1 +0,X%, + b3 X3 +...+ b Xm + &;

Yy XKy Xony = by +b Xt +b, X2 +.... 40 g Xm-1 +...+ D X, + &5

IIpu moacTaHOBKE B 3TH ypaBHEHUs CPEIHUX 3HAYEHUH COOTBETCTBYIOIIUX (PaKTOPOB OHU
NPUHUMAIOT BUJ] TAPHBIX YPABHEHUH IMHEHHOM perpeccui, T. €. UMeeM:

Vo 5% = Br B,

yxz,xl,xg, Xm = BZ + b2X2;
yxm,xl,xz, Xm_1 = Bm +bmxm'

Trac

Bl:b0+b2>_<2 +b3>_<3 +...+bm>_(m;



B, :b0+bl>_<1+b3>_<3+...+bm>_<m;

B, =by +b Xt +b, X2 +...4+ by Xm-1;

B otnnume oT mapHOU perpeccuu, 4acTHbIE YPaBHEHHsI PErpecCHH XapaKTepU3YIOT
U30JIMPOBAaHHOE BIUSHHE (aKTOopa Ha pe3yabTar, uO0 aApyrue (aKTOpsl 3aKpeIiCHbl Ha
HEU3MEHHOM ypoBHE. O¢(deKTbl BIUSHUS JpYyrux (aKTOPOB MPUCOECTUHEHBI B HUX K
CBOOOTHOMY WICHY YPaBHEHUSI MHOXKECTBEHHOW PETrPEeCcCHH. DTO MO3BOJISIET HA OCHOBE YaCTHBIX
YpaBHEHUU PErPECCUU OMPEIEIATh YACTHbIE KOA(PPUIMEHTHI 3JIACTHYHOCTH:

X.
9yxi :bJ Y I ’
yxjixllle---ixj_l,x X

j+Lre Am

rae by — xoadpunmentsr perpeccun Ui Gakropa Xxj B ypaBHEHHMH MHOKECTBEHHON pPErpeccHy;
¥y s X0y X ey Xjgs X X

JaCTHOI'O YpaBHCHUA PpErpeCCUu Npu JaHHOM 3HAYCHUU (l)aKTopa Xj.

j+171***1 Am — 3HaueHUe pe3yIbTATUBHOTO (HaKTOPa, MOJIYYEHHOE U3

3amaua

1. CocraBbTe YaCTHbBIC YpaBHEHUS PErpecCuu.
2. OmpenenuTte 4YacTHbIE KOX(PQGUIMEHTHI AIIACTHYHOCTH W TMPOPAHKHPYHUTE
(akTOpHhI IO CHJIE UX BO3JEHCTBUS Ha pe3yJbTar.
JlabopaTopnasi paGora NeS.

Ol/;eHKa HaoedcHocmu pesyibmamos MHOHCECMBEHHOU peepeccuu u Koppeaiyuu

IIpakTHueckass 3HaYUMOCTb YPAaBHEHHS MHOJKECTBEHHOW pPErpecCUU OLICHUBAETCA C
MOMOUIbIO TOKa3aTeNii MHOXXECTBEHHOW KOppeNlalMd U €ero Kmaapata — Koddduimenra
JIeTEpPMHUHALUN.

[TokazaTenb  MHOXXECTBEHHOM  KOpPpENALMM  XapaKTepu3yeT  TECHOTY  CBSI3H
paccMarpuBaeMoro Habopa (PakTOpoB € HCCIENyeMbIM TMPU3HAKOM, WIH, MHAY€, OIEHUBACT
TECHOTY COBMECTHOTO BJIUSHUS (DAKTOPOB Ha pe3yJIbTarT.

HezaBucumo ot (bOpMBI CBS3M IIOKa3aTellb MHOXKECTBEHHOM KOppCJsInUU MOKET OBITH
HaliJIeH KaK UHJIEKC MHOXECTBEHHOM KOppCJsiouu:

2
Trac Gy - 06mas{ AUCTICPCHUA PE3YIIbTATUBHOTO IMPHU3HAKA, Gocm — OCTaTO4YHasA AUCTICPCUId

= Z(y B S\/Xl,Xz,...,xm)z

n

N

0

=

JUISL ypaBHEHUS 9: f(Xl,Xz,...,Xm)’ O;



[Tpu nuHeHON 3aBHCHMOCTH NMPHU3HAKOB (popMynia MHIEKCAa KOPPENSLUN MOXKET OBITh
TaKKe IPEJCTaBICHA CJICIYIOLUM BBIPAKECHUEM:

m
Ryxl,xz,...,xm = Zﬂxjryxj’
j=1

. T
rae :Bx j — CTaHIapTU30BaHHbIE KOIP(PUIMEHTBI PETPECCHH; ' yX; — TApHbIE KOIQUIMEHTDI

KOPPEJSILINY Pe3ySbTaTa ¢ KaKIbIM (haKTOPOM.

@opMyna UHAEKCa MHOKECTBEHHOW KOpPPEISALUUU Ul JTMHEHHOM PEerpeccuu IoIy4yuia
Ha3BaHUE JIMHEHHOr0 KOI(P(PuiueHTa MHOKECTBEHHON KOPPEJSUNH, WU, YTO TO K€ CaMoe,
COBOKYITHOI'0 KO3((pHIHueHTa KOpPeJIALHH.

WNunexc MHO)KecTBEHHOU Koppemnsiuuu uzMensiercs ot 0 1o 1. Yem Onumke ero 3HaueHue K
1, TeM TecHee CBSI3b PE3YJIbTATUBHOIO MPU3HAKA CO BCEM HAOOPOM HCCIETyEeMBIX (aKkTOPOB.
Benuunna nHaekca MHOKECTBEHHOM KOppENLUU O0Jbllle WIK paBHA MAaKCUMAaJIbHOTO MAapHOro
MHJEKCa KOppesLuu:

R >R

YX1 X2 X yx;j (max) 1 J =1lm.

[Ipu nmpaBWJIBHOM BKJIIOYEHHUU (PAKTOPOB B PETPECCHOHHBIM aHAIU3 BEIMYMHA MHJIEKCA
MHOXECTBEHHON KOPpesiuy OyeT CYIIeCTBEHHO OTINYAThCs OT MHAEKCA KOpPesu MapHOoi
3aBUCUMOCTH.

Koaddunment (MHIEKC) MHOKECTBEHHON JETEPMHHAIMHA PACCUUTHIBACTCS KaK KBajpar
WHJIEKCA MHOYKECTBEHHON KOPPEIIALMHN:

2
VX1 X5 . Xy

CKOppEeKTUPOBaHHBIM KO3 GHUIMEHT (MHACKC) MHOMECTBEHHOW  JeTEPMHUHAIUH
COJIEPXKUT TIOTPABKY HA YMCJIO CTETIEHEW CBOOO/IBI U PACCUUTHIBAETCSA 1O (hOopMyIIe:

2 n-1
R®=1-(1-R®*).——

n-m-1
r7ie N — 9uciao HaOMoIeHU; M — 9ucio GakTopoB.

3HAUYMMOCTb YPAaBHEHUSI MHOKECTBEHHOM PETPECCHM B LIEJIOM OLIEHMBAETCS C MOMOILBIO
F-xpurtepus ®umepa:

RZ n-m-1
1-R? m

Fd)ak"m. =

Fnae: onipenensiercs npu 3aganaom o, (0,05; 0,01) u crenensix cBodoabt K1 =m, k2 =n—m
— 1, (M — gucmo mapamMeTpoB MpH (HAKTOPHBIX MEPEMEHHBIX B YPaBHEHHH MHOKECTBCHHOM
perpeccun).



YacTHblil F-kpuTepuil OLIEHMBAET CTATUCTUUYECKYIO 3HAYMMOCTH NMPHUCYTCTBUS KaXK10TO
u3 ¢GakTopoB B ypaBHCHHH. B o0memM Bujae, 11 HakTopoB YacTHBIM F-kpuTepuii onmpeaenuTces
KaK:

2 2
. B Ryxl,...,xj,xm _Ryxj,...,xj_l,xm,...,xm . n-m-1

uacm X - 1_ R§X 1

1o X0 Xm

Fnag: A1 vactHOTO F-KpHTEpHS ONpeaeseTcs Mpu 3aJaHHOM O U cTerneHsx cBoboasl k1 =1, k2
=n-m-1.

Onenka 3HAYMMOCTH KO3(PPHUIIMEHTOB YHUCTOM perpeccud ¢ TMOMOIIbIO t-Kputepus
CTbl0/IeHTa CBOJIUTCS K BBIUMCICHHUIO 3HAUCHUS:

tqbaKm.: L= |:X-’

rae My —cpemHsis KBaapaTuuHas omubka koadduimenta perpeccuu Dj, oHa MokeT OBITH
ompezenieHa 1o cienyriei Gopmyne:

2
oy 1 Rsyxy 1
mbi = : \/
—R? n-m-1,
O-xj \/1 ijxl...xm
2
YX1X5...Xy, — MHOXKECTBEHHBII K03()(ULMEHT JeTepMUHALIUU BCETO0 KOMILIEKca M (HakTopoB

2
C pe3ynbTaToM; Rx jX1--Xm  — KO3()GHUIMEHT AETEPMUHALMU JUI 3aBUCHMOCTH (hakTopa Xj co

BCEMHU JIpYTUMU (HaKTOpaMU YPaBHEHUSI MHOKECTBEHHOM PErpeccHi.
tinac: OTIPEIICIACTCS TIPH 33J]aHHOM O M CTeTIeHH CBOOOABI K =N —m - 1,
3agaua

1. Paccuuraiite nmuHeiiHOro Kod(QHIMEHTa MHOKECTBEHHONW KOPPEISIMU M CHEIaiTe
BBIBOJI O TECHOTE CBSI3M PE3YyJIbTATUBHOTO MPU3HAKA CO BCEM HAOOPOM HCCIEAYEMBIX
(hakTOpOB.

2. PaccuuraiitTe K03(QUIMEHT MHOKECTBEHHOH JeTepMUHAILUM U ClefaiiTe BBIBOJ 00
OILICHKE KauecTBa MOCTPOCHHOU MOJIEIH.

3. Paccunuraiite F gaxm ¥ CPAaBHUTE TOy4EHHOE 3HAUYEHHE CO 3HAYEHUEM, PACCYMTAaHHBIM
C TMOMOIIBI0 (YHKIIUU JIMHEWH. Onpenenure Fr5;, TpU 3aTaHHOM YpOBHE
3HaunMocTH o = 0,05. CpaBHuUTe nomydeHHble 3HAYEHUSA Fiu6, U Fgaom, coEmaiiTe
BBIBOJ] O CYIIIECTBEHHOCTH CBSI3H.

4. Onpenenute tpaxm ¥ trasy IpH 3amaHHOM ypoBHE 3Hauumoctd o = 0,05 CpaBnute
MOJIYYCHHBIC 3HAYEHWUS U CHeJaiiTe BBIBOJ O CTAaTHCTHYECKOW 3HAYMMOCTH
napamMeTpOB PErpPeCcCUH.

KoHTposibHbIE BOPOCHI:



1. Uto noHuMaeTcs o JIMHEHHON MHOYKECTBEHHOM perpeccueii?

2. Kakue 3agaun pemaroTcs pu NOCTPOSHUU YPABHEHUS PErpeccuu’?

3. Kakue tpeOoBaHus NpeabABISIOTCS K (paKTOpaM, BKIIOYAEMBIM B YpaBHEHHE PETPecCHu’?
4. UTo mOHMMAETCS TO/] KOJUTMHEAPHOCTHIO U MYJIbTUKOJIIMHEAPHOCTHIO (PaKTOPOB?

5. Kak npoBepsieTcss HAIMYNE KOJUTMHEAPHOCTU U MYJIbTHUKOJUTMHEAPHOCTH?

6. Kakoli BHJ uMMeEET cuCTeMa HOPMAlbHBIX YPaBHEHMI METOAAa HAaWMEHBUIMX KBaJpaTOB B
cilydae JMHEHHOM perpeccuu?

7. o kaxoii popmysie BBIYUCIISETCS MHACKC MHOKECTBEHHON KOpPEIsun?

8. Kak BBIUMCIIAIOTCS MHAEKC MHOXKECTBEHHOH NETEPMUHALMU U CKOPPEKTUPOBAHHBIM MHJEKC
MHO’KE€CTBEHHOM JleTepMUHaluu?

9. Uto 03HayaeT HU3KOE 3HaYeHHE Kod(duimenTa (MHACKCa) MHOXKECTBEHHON KOS ?
10. Kak npoBepsieTcsi 3HaYUMMOCTh YPaBHEHUS PErPECCHU U OTACIBHBIX K03 puimeHToB?

11. Kak cTposiTcs yaCcTHbIE YpaBHEHUs perpeccun’?

12. Kak BBIYHCIAIOTCS CPEAHNUE YaCTHBIE KO (GUIIMEHTHI 31aCTHYHOCTHU?

13. Yto Takoe craHIapTU3UPOBAHHbIE IIEPEMEHHBIE?

14. Kakoil Bua nMeeT ypaBHEHHE JUHEHHON perpeccuu B CTaHIapTU3UPOBAaHHOM MaciiTade?
15. Yto noHnmaercs ol TOMOCKEIaCTUYHOCThIO?

16. Kak mpoBepsieTcst runores3a 0 TOMOCKETaCTUYHOCTH PsJia OCTATKOB?

MNOCTPOEHME PEI'PECCHUOHHBIX MOI[E.JIEFI C ®PUKTUBHbBIMUA
INEPEMEHHBIMHA

B PErpeCCUOHHBIX MOJACIAX B Ka4YECTBC O6T)$ICH$[IOHH/IX MNEPEMCHHBIX 4aCTO NPUXOAUTCA
UCTIOJIB30BaTh HE TOJIBKO KOJHUYECTBEHHBIC (ONpEACsieMble YHCICHHO), HO M KayeCTBEHHBIC
nepemeHHble. Hampumep, cnpoc Ha Kakoe-nubOo 0naro  MOXKET —ONpelessIThbCs  Kak
KOJINYECTBEHHBIMH TIEPEMCHHBIMH (II€HA JaHHOro Ojara), Tak M KayeCTBEHHBIMHU (BKYCHI
noTtpeduteneit). KauecTBeHHbIE MOKa3aTeIy B YUCICHHOM BHUJIE MPEICTABUTh HENb3s. Bo3HMKaeT
npo0JieMa OTpaKEHHSI B MOJICIIN BIIMSIHUSL TAKMX TIEPEMEHHBIX Ha UCCIIEAYEMYIO BETHUUHY.

OOBIYHO B MOJENAX BIUSHUE KaYECTBEHHOIO (pakTopa BbIpaxkaercs B BUJIEC (GUKTHUBHOMI
(MCKYCCTBEHHOM) TEPEeMEHHOM, KOTOpas OTpakaeT JiBa IMPOTHUBOMOJIOXKHBIX COCTOSHUS
KadecTBEHHOTO (akropa. B 3TOM ciydae (UKTHBHAS TEpEMEHHAs MOMKET BBIPAKaThCS B
JTBOMYHOM (opme:

D- 0, axTop He nelcTBYET;

1, paxTop neicTByer.
[Mepemennas D HaswbiBaeTcs @ukmuenot (UCKYCCMBEHHOU, O0BOUYHOU) NEPEMEHHOU
(unouxamopom).
Perpeccrnonnbie MojieNu, cofepKaIlKe JIUITh KAYeCTBEHHbIE 00BICHSIONINE TIEpEMEHHBIE,
Ha3bIBAIOTCS Modensimu oucnepcuonno2o ananuza (ANOVA-moaensmn).
Hampumep, mycts Y — HauansHas 3apaboTHasI 1iaTa.



D= 0, CCJIM ITPCTCHACHT HC UMCCT BBICIHICTO 06p330BaHI/I$I;

1, ecniu npeTeHAEHT UMEET BhIcIIee 00pa3oBaHMUE.

Toraa 3aBUCMMOCTbh MOKHO BBIPa3UTh MOJICIIbIO MTAPHON PErpecCcuu:

Y=8,+/D+¢.

OueBHUIHO,

M [D=0)=p,+r-0=py;
MY |D=1)=p8,+y-1= B, +7.

Koodduumenr By ompenenser cpemHIo HayalbHYIO 3apaboOTHYI0 IUIATy MpH
OTCYTCTBUHM BbICIIErOo oOpa3oBanus. Kosdduuuent ) ykasplBaeT, Ha KaKyl0 BEIHMYUHY

OTIIMYAIOTCS CpeTHUE HadadbHbIE 3apa0O0THBIE TUIATHI PU HAJIUYUU U MPU OTCYTCTBHH BBICIIETO
oOpa3oBaHusi y mpereHjeHTa. lIpoBepsisi cTaTUyecKyr 3HAYUMOCTh KoddduiueHta ) ¢

noMomeio  t-cratuctuku, OO0 3HAYMMOCTh KO3 duimeHTa meTepMUHALINN R? WIH
F-craTucTukyu, MOXHO ONpenenuTh, BIMAET WIM HET HaJIM4yue BBICIIEro OOpa30BaHMs Ha
HAYaJbHYIO 3apa0OTHYIO TUIATY.

Mogenu, B KOTOPbIX OOBACHSIOIIME MEPEMEHHBbIE HOCAT KaK KOJMYECTBEHHbIH, Tak U
KaueCTBEHHBIN Xapakrep, Ha3bIBAKOTCS Mooenamu KO8apUayuoHHO20 ananuza
(ANCOVA-mMozensiMu).

Cy1iecTByeT HECKOIBKO Pa3HOBUIHOCTEN MOJIeel KOBapHAIIMOHHOTO aHAIHN3a.

1. Mopenn KOBapHALMOHHOIO AHAJM3Aa MNPH HAIHYHH Y
(pMKTHUBHOM NEPEeMEHHOI ABYX aJIbTEePHATHB.

PaccmoTpuMm mpocTeiiiyro MOJenb C OJHOW KOJWYECTBEHHOM M OJHOW KauyeCTBEHHOU

IIEPEMEHHBIMH, UMEIOILYIO JBA AJIbTEPHATUBHBIX COCTOSHHUS:

Y=0,+PX+/D+¢,
[TycTs, Hanpumep, Y — 3apaboTHas IJ1aTa COTPYAHUKA GUPMBI, X — CTaX COTPyAHMKA, D —

I10J1 COpr,[[HI/IKa, T.C.
0, eciu COTPYTHHUK-KSHIITUHA;

1, ecnv COTPYAHUK-MY>KUMHA.

Torma oxumgaemMoe 3HaueHHE 3apaOOTHON IJIAThI COTPYAHHUKOB MPHU X TOJIaXx TPYIOBOTO
cTaxa OyzerT:

M(Y X, D =0) = fi + X
MY [x, D=1) = By + Bix+y=(By +¥)+ B

3apa0oTHas 1aTa B JAHHOM CIIydae sIBJISETCS TUHEHHOM QyHKIMen oT cTaxa paboThl.

[Ipu  cocraBneHMM  Mojaeneil ¢  (QUKTUBHBIMH  TEPEMEHHBIMH  HE0OXO0IUMO
PYKOBOJICTBOBATbCS CIEAYIOUINM APASUIOM MOOIUpO8aHUs: €CIN KAaueCTBEHHas IepeMeHHas
uMeeT K aJbTepHaTUBHBIX 3HAYCHUH, TO MPH MOJCTUpOBaHUU HUcTob3yercs (K — 1) GuKkTUBHBIX
nepeMeHHbIX. TakuMm 00pa3oMm, eciau TepeMeHHass WMEEeT JBa AalIbTEPHATUBHBIX 3HAYCHUS
(Hampumep, ToJT), TO B MOJIEJTh MOKHO BBECTH TOJIBKO OJIHY (PMKTHBHYIO TIEPEMEHHYIO.

Ecnu He cnepoBaTh JaHHOMY MPABUILY, TO IPU MOJIETUPOBAHUH UCCIIEI0BATENb NTONAIAaET
B CUTYallMIO COBEPILIEHHON MYJIbTHUKOJIIMHEAPHOCTH WM TaK HA3bIBAEMYIO JI08YUIKY (DUKMUBHOU
nepemeHHou.



3HaueHUe KauyeCTBEHHOM NEPEMEHHOMH, 1 KoToporo npuHumaercs D = 0, Ha3biBaeTcs
0az06viM WA cpasHumenvhviM. BpIOOp 0a30BOro 3HA4YCHUS OOBIYHO JUKTYETCS IEIIMU
HCCJIEIOBAHMSI, HO MOXKET OBITh U IPOU3BOJIbHBIM.

Koadduiment 7 B Moaenu MHOTIA HA3BIBACTCS Jughghepenyuanvubim Ko3phuyueHmom
800001020 UleHa, TaK KaK OH MOKAa3bIBACT, HAa KaKyI0 BEIMYUHY OTIMYACTCS CBOOOIHBIN 4ieH
MOJICJIH TP 3HAYCHUU (PUKTHBHOM IEPEMEHHOMW, PABHOM EAMHUIIE, OT CBOOOTHOTO YICHA MOJICITH
npu 6a30BOM 3HaYCHUU (PUKTHUBHOM MEPEMEHHOM.

2. Mopaean KOBAapHMALMOHHOIO AHAJM3a MNPH HAJIUYUHM Yy
KA4eCTBEHHbIX IIePeMEHHBIX 00Jiee IBYX aJIbTEPHATHB.

PaccmoTpuM Mozens ¢ JByMs OOBSCHAIOIIMMH TEPEMEHHBIMHM, OJHA U3 KOTOPBIX
KOJIMYECTBEHHAs1, a Jpyras — KadecTBeHHas. [IpuueM kadyecTBeHHas IEpeMEHHasi UMEET TpHU
anbrepHaTHBBL. Hanpumep, pacxonbl Ha conepkanue peOeHKa MOTYT OBITh CBSI3aHBI C I0X0/1aMHU
JIOMOXO35IfiCTBa W BO3pacTOM peOEHKa: JAOIIKOIbHBIM, MIaMIIMNA MIKOJABHBIA M cTapLIvi
mKoJbHBIM. Tak Kak KauecTBEHHas NEPEMEHHas UMEEeT TPU albTEPHATHUBBI, TO MO OOIIEMY
IPaBUIY MOJETUPOBaHMUS HEOOXOAMMO MHCIOJIb30BaTh JBE (PUKTUBHBIE NEpeMeHHble. Takum
00pa3oM, MO/IeIb MOKET ObITh IIPECTAaBICHA B BUJIE:

Y =6y + B X+ 71D +7,D, + &,
rae Y — pacxofbl, X — 10X0bl JOMOXO03AHCTB.
_ |0, ecm TOMIKONIBHUK;

D,

1, B MpOTHBOMOJIOKHOM CJTy4ae.

0, eciy TOMIKOIBLHUK MJIU MIIA NI HIKOJBHHUK;

2 1, B IIPOTHBOIIOJIO’KHOM CJIydac.

O06pa3yroTcs cleayrolne 3aBUCUMOCTH:

1. CpenHuii pacxo/1 Ha AOWIKOJIbHUKA:

M(Y | D, =0, D, =0) = B, + X (1)
2. CpenHuii pacxojl Ha MJIAJIIIETO IKOJIbHUKA:
M(Y | D, =1, D, =0)=(5, + 1) + B )

3. Cpegnuii pacxoj Ha CTapIIero MKOJbHUKA:

MY |Dy =1 D, =1)=(By +11+72) + X 3)

3meck Y1, Y2 — naubdepeHIHANbHbIE CBOOOJHBIE UYJeHBL. ba30BBIM 3HAUYECHUEM
KAYeCTBCHHOW TIEPEMEHHON SIBJISICTCS 3HAYCHHUE <JIOMIKOJBHUK». [locie  BBIYHCICHUS
kodduimenToB ypaBHeHHI perpeccuu (1) — (3) ompenensieTcss cTaTUCTUYECKash 3HAYUMOCTh
K02 (HUIIUEHTOB Y1 Y2 HA OCHOBE OOBIYHOM {-CTAaTUCTHUKH.

Ecnmu xoa¢ddunmenTs! y1 u Y2 OKa3bIBAIOTCS CTATUCTHYECKH HE3HAYUMBIMH, TO MOYHO
cieNaTh BBIBOJ, YTO BO3pPACT peOEeHKa HE OKA3bIBAET BIMSHUS HAa PACXOJIbI 110 €T0 COACPKAHMUIO.

3. Perpeccusi ¢ 01HOM KOJIMYECTBEHHON U IBYMSl Ka4eCTBEHHbIMU
nepeMeHHbIMH.



TexHuka (UKTUBHBIX NEPEMEHHBIX MOXXET OBITh PACIPOCTPAHEHAa Ha IPOU3BOJIBLHOE
YHCIIO KAdyeCTBEHHBIX (hakTopoB. PaccmoTrpum curyamuioo ¢ JByMsi KayeCTBEHHBIMU
[IEPEMEHHBIMM.

[Tycte Y —3apaboTHas 1uiata COTPYIHHUKOB (DUPMBI, X — CTax paboThl, D1 — Hammume
BhIcIero oOpa3oBanusi, Dy — mon coTpyaHuKa:

0, eciu COTpYTHUK->KEHIINHA;

11, ecnn COTPYIHHUK-MY>KYMHA.

D 0, ec HET BBICIIIETO 0Opa30BaAHUS;
21,8 MPOTUBOIMOJIOKHOM CITy4ae.

Takum 00pa3oM, MOTYYUM CIIEAYIOIIYIO MOJCIb:
Y =/fo+ X+ 7D +y,D; + €

N3 31011 MOAENH BBIBOIATCA CIECIYIOIINE PETPECCHOHHBIE MOJICIIN:

1. CpenHsist 3apruiata >KEHIMHBI 0€3 BBICIIET0 00pa30BaHUsA:
M(Y | D, =0, D, =0) = Sy + i

2. Cpennsisi 3apIuiaTa >KEHIIUHBI C BBICIIAM 00pa30BaHHEM:
M(Y | Dy =0, D, =1) = (5 +72) + BiX

3. Cpennsist 3apriiaTa y My »KUMHBI 0€3 BBICIIIETO0 00pa30BaHUsI:
M(Y | Dy =1, D, =0) = (5o +71) + BiX.

4. Cpennsisi 3apruiaTa My>KYHHBI C BBICIIIUM 00pa30BaHUEM:
M(Y | Dy =1 D, =)= (8, + 11 +72) + Six

OueBUHO, YTO BCE PETPECCHH OTINYAIOTCS TOJIBKO CBOOOIHBIMU WieHaMH. JlanbpHelee
olnpefieNieHue CTaTUCTUYECKOM 3HAYMMOCTH KOX(PQUIUEHTOB Y1 M Y2 TMO3BOJSET YOEAUTHCA,
BIIUSIOT JI1 00pa30BaHUE U MOJI COTPYIHUKA Ha €T0 3apabOTHYIO TIJIaTy.

3amaua 1

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



Ne n/m |3apabGoTHasn Bo3pacr o,
miara 3a mecsujpadouero X M/K
y (9) (s1er)
1 300 29 K
2 400 40 M
3 300 36 XK
4 320 32 K
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 XK
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. HeoBXoaMMO MOCTPOUTH MOxens Y = by +bx+)D ¢ GuxTHBHON nepemenHol D,
KOTOpasi IPUHUMAET J1Ba 3Ha4eHHUs: | - ecru 1os1 pabodero My»ckoif; 0 - eciti 1ot 5KEHCKUH.
2. TIpoBepuTh CTaTUCTUYECKYIO 3HAUUMOCTh K03 puninentoB. Crenatb BEIBOIDI.
3agaya 2

Ha npeanpusaruu ucnons3yroTcs cranku Tpex ¢upm (A, B, C). Uccrnenyercs HaieKHOCTD
ctankoB. [Ipy 3TOM y4uTBHIBAa€TCS BO3pACT CTaHKa (X, MeC.) U BpeMsi Oe3aBapuifHOW pabOTHI 0
nocneanei monomku (Y, yac). Beibopka u3 40 cTaHKoB Jana pe3yiabTaThl, MPEACTaBICHHbIC B
Ta0IuIE.

Ne Bozpact |Bpewms paGotel  |DPupma -
W3MEpeHHUsl |CTaHKa B |cTaHKa 0e3 IIPOU3BOIUTEN
Mecslax |peMOHTa B Hacax |b

1 23 280 A
2 30 230 B
3 65 112 C
4 69 176 A
5 75 90 C




176

216

110

45

200

265

148

150

176

123

245

176

260

236

205

240

65

115

200

126

225

210

45

260

220

194

156

100

240

170

63

25

75

75

52

20

70

62

40

66

20

39

25

48

59

25

69

71

26

45

40

30

69

30

22

33

48

75

21

56

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35




36 58 116 C
37 50 120 B
38 37 140 A
39 56 88 B
40 67 120 A

=

Ornenure ypaBHEHHE perpeccuu 0e3 yyeTa pa3iuius CTAHKOB PAa3HBIX QUPM.

2. OueHMTb YypaBHEHME pPErpecCUH, YUMUTHIBAIOLIEE pa3IMuue KadyecTBa pas3HbIX (upm
(F-xputepuii ®umepa, t-kpurepuii CTbIOJCHTa, CKOPPEKTUPOBAHHBIN KOIPPHUIUCHT
JETEPMHUHAIINHN ).

3. CpaBHUTE Ka4eCcTBO MMOCTPOCHHBIX MOJICIIEH.
4. TlocTpouTh KOPPEISLIMOHHOE 10JIe U HAHECTH Ha Hero rpaduku GyHKIUH.
5. Cpnenatp BBIBOJBI O HEOOXOIUMOCTH HCIOJIB30BaHUS (DUKTUBHBIX MEPEMEHHBIX B 3TOM

ciyuae.

INOCTPOEHUE MOJIEJIX HEJJMHEMHOM MIAPHOM PETPECCHHU

Henunelinble perpeccuu IeaaTcs Ha JIBa KJlacca: perpecCruu, HEJTMHENHBIE OTHOCUTEIBHO
BKJIIFOYCHHBIX B aHAIW3 OOBSICHSIONMIMX IEPEMEHHBIX, HO JIMHEHHBIE II0 OIICHUBACMbBIM
rapameTpam, U PerpecCcuu, HeJTMHEHHBIC 0 OIICHUBAEMBIM TapaMeTpaM.

[Tpumepsl perpeccuil, HEAMHEUHBIX MO OOBSICHSIOIIMM NEPEMEHHBIM, HO JIMHEWHBIX 110
OLICHUBAEMBIM ITapamMeTpaMm:

2 3 .
— MIOJIMHOMBI Pa3HbIX CTENEHEH yy=a+ le + b2X + b3X +é,
b
— PaBHOCTOPOHHSS runepo6oa Yx=a+ ; te

[Tpumeps! perpeccuil, HeMMHEHHBIX IO OLIEHUBAEMbIM NTapaMeTpaM:

b
— crenennas Yx — & X "€

X
— mokaszaTenpHas Yx — a-b”-¢ :

. ea+bx )
— SKCIIOHEHIHANbHAs YX — ¢,

HaunGosee yacTo mpuMEHSIFOTCS CIIEAYIONINE HeTUHEHHBIE MOJIETTH PETPECCHI:

b
c=a+—.

TUIEePOOITBI — y &

2
napaboJIbl — Yy =a+ bx +cx X

X
MOKa3aTeNbHON ()YHKIIUU Yx = a-b ;

b
crenenHoil pynkumn — Yx — & X"y gp.



JlaboparopHasi padora Nel.
Buviuucnenue koa¢hghuyuenmos ypagnenus HeluHelHolU pecpeccuu

[TocTpoeHnio HENUWHEHHBIX PErPECCHOHHBIX MOJENeH MpealIecTByeT Mpoueaypa
JMHeapu3aluy NePeMEHHBIX.

Jluneapuzayuss — (ot nat. linearis — nuHeHHBIN), OMUH U3 METOJIOB HPUOIKEHHOTO
IIPEJICTABICHNUs 3aMKHYTBIX HEJIMHEWHBIX CHUCTEM, IPU KOTOPOM HCCIIEJOBAHHE HEIMHEHHON
CHUCTEMBI 3aMEHSIETCS AHAJIU30M JIMHEHHOM CHUCTEMBI, B HEKOTOPOM CMBICIIE SKBHUBAJICHTHOU
UCXOOHOU. MeTonpl TMHeapu3aluyd UMEIOT OIPaHUYEHHBIM XapakTep, T. €. SKBUBAJIECHTHOCTb
UCXOJIHOW HEJIMHEHHON cucTeMbl M €€ JIMHEHHOTO NPHOMMKEHHS COXPAHSAETCS JHIIb IS
OTPaHUYEHHBIX MPOCTPAHCTBEHHBIX MJIM BPEMEHHBIX MaciiTaboB CHCTEMBI, JHOO i
OTIpPENIeICHHBIX TPOLIECCOB, MPUYEM, €CIM CHCTEMa MEPEeXOIUT C OJHOrO peXuMa paboThl Ha
JIpYroH, TO CIEeLyeT U3MEHUTh U €€ JIMHEeapU3UpOBaHHYIO Mojenb. lIpuMensas nuHeapusanuio,
MO’KHO BBISICHUTH MHOTHME Kau€CTBEHHBIE U OCOOEHHO KOJMYECTBEHHbIE CBOWCTBA HEIMHEUHOMN
CUCTEMBI.

1 HENMHEHWHBIX YpaBHEHUM pPErpecCcruy, NPHUBOJUMBIX K JIMHEHMHBIM C IIOMOLIBIO
npeoOpazoBanus (X, Y) — (x’, y’), cucreMa HOpMaJIbHBIX YPABHCHHUI UMEET BU:

na+b2x=2y,
aZ:XerZx2 :Zyx.

B IIPe0Opa30BaHHBIX IEPEMEHHBIX X, V.

Koaddumment b nmpu pakropHO# nepeMeHHON X UMEET CISIYIONIYI0 HHTEPIPETALIUIO: OH
MOKa3bIBaeT, Ha CKOJBKO M3MEHHUTCS B CPEJHEM BEJIMYMHA Y NMpH M3MeHeHuu (akropa X Ha 1
€AVHUILY U3MEPEHUS.

b
Yy =a+—

T'unepbonuueckas pespeccus. &

1
Jlureapuzytoniee npeoOpa3oBaHue: X = ;’ y =Y,

Torna
( 1
| na+b2; = Zy,
1 1 1
aZ;+bZX—2 = Zy;

y_y1
a==Yy-2p> 3, b:nle ZX%:y
n n 4= x nZ:XZ—(Z:X)2

. ea+bx
IKCNOHEHYUATIbHASL pe2pecCusl. Y =



JIuneapusyrouiee npeodpasoanne: X = X, Y = In y.

1 1 _anIny—Zleny
A= 2y -2 x 0 D X - %’
b

Cmenennas gpynryus: Yx = - X"

Jnseapusyromee mpeo6pasosarme: X = INX; y =Iny .

RIS 10 PR ML b D DL
N N ! N> (Inx)% - (D Inx)?

Ilepexon k mapameTpy & ypaBHEHHUS CTEIEHHOW 3aBUCHMOCTHU IPOM3BOJAT C IOMOUIBIO
HNOTEHIMPOBAHUSA 110 (popMyJIe:

Ina
a=e

X
Tokazamenvras ¢hynxkyus: Yx = a-b .

Jluneapusyrolee npeodpa3oBaHue: X = X, y| =Iny .

| 1 | 1| ; nb an-Iny—Zleny
na==> Iny—=In X, =

n Z y n Z nZXZ . (ZX)Z

[Tepexon k mapaMeTpaM ypaBHEHHS IMOKa3aTeIbHOW 3aBUCUMOCTH (&, D) mpou3BoaAT 1Mo
bopmymnam:

Ina Inb
a=e . b=e"

Jozapugpmuueckasn pynkyusn: Yx = a+ binx

JIuneapusyromee npeodpazosanme: X = INX;y =Y.

1 1 _nZInx-y—Zlany
a:ﬁzy_ﬁbzmx’ b= N> (Inx)? - (> Inx)?

3agaua
s ompeneneHUs 3aBUCHUMOCTH MEXIY pPOXAaeMOoCcThlo B Poccum (mepemenHast Y
u3MepsieMasi B ThIC. Uejl.) U CPeAHeH 3apaboTHOU TuiaTo (rmepemMeHHas X, u3mepsiemas B pyo.)
OBLIIM MPOBEIEHBI UCCIIEI0OBAHUS, PE3YJIbTAaThl KOTOPBIX MpeicTaBieHbl B Tabmuie 1.

Tabnuna 1.
I'oxbr Poxnaemocts B Cpennsist 3apaboTHas
TBIC. Y€l Y iara, 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




1 XapakTepUCTUKU 3aBUCHUMOCTH ) OT X pacCyuTarb IMapaMeTphbl CIEIYIOLIUX

byHKUIHA:

— PaBHOCTOPOHHEH THITEPOOITHI;
- CTENICHHOH (PyHKITUH,
- IOKa3aTeNIbHOW (DyHKIINU.

Pemenne.
b
1. VYpaBHeHue paBHOCTOPOHHEH TruUIIEpPOOIIBI yx=a+ ; JIMHEApU3yeTCs
L1 .
X _;’ y = y,Torz[a Yx =a+bx :
2. Jlyig pacueTa UCIIONIb3yeM JaHHbIE TaOIUIbI 2.
' - '\2
. L'ox y X y . X (x) y 2
201 886,9
4
201 928,6
5
201 998,1
6
201 1050,
7 6
201 1074,
8 3
201 1036,
9 9
Uro
ro
Cpe
THEe
3HauYEHUe
(o)
02

3HaueHUs TapaMeTPOB PErpeccuu ¢ U b paccunThiBaeM 1o popMyiam:

b:yxl_y'xl — —
Uf- ca=y-b-x

3. 3anummMTe NOJy4EHHOE YPABHEHHUE PErPECCHH.

4. C NnomMoub JIMHCAPU3YIOIIUX Hp606pa30BaHHf/'I HOCTpOfITC YPaBHCHUC pCTpeCCUr IJIsd

CTETIEHHO! U MOKa3aTeNbHON (yHKINH.

JlabopaTopnasi paGora Ne2.




Buviuucnenue unoexca koppensyuu u cpeonetl OuudKU annpokcumayuu

TecHOTY CBSI3M M3y4aeMbIX SIBICHUI B HEIMHEHHBIX PErpeccUsiX OLIEHUBAET HMHAEKC
KOPPeJSIlIUH, KOTOPbIi BBIYUCIIAETCS 110 (popMyne:

Z(y Jx)?
<p, <1
Z(y R A

Cpennsisi omméKa anmpoOKCHMAIMU - CPE/IHEE OTKJIOHCHHE PACUYCTHBIX 3HAUCHHH OT
(haKTHYEeCKuX:

Al _1 Y=Y 1000
A—nZA nz‘ ; 100%

JlommycTiMBIH TIpe/ie 3HAYCHHH A - ke Gornee 8 - 10%.
3agaua

1. Paccunrtarh MHIEKC KOppeNsLMM U  CPEIHIOI  OIMIMOKY
anmnpoKCUMalluy AJisl HeJIMHENHHBIX perpeccuit JlabopaTopHoii Nel.
2. OrmpenenuTes MO KakOMy YpaBHEHHMIO pEerpeccud IojdydeHa
HanOOJIbIIIast OIIEHKA TECHOTHI CBS3H.
3. CaenaTb BBIBOJBI.
JlabGoparopHasi pabora Ne3.

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

F =
gaxm
(y-9° 1-p5 M
n—-m-1
3agaua

Onpenenum F-kputepuit @uiepa i ypaBHEHHH NapHON HENMHEWHOWN perpeccuu,
nosiyueHHbIX B JlabopaTopHoii padote Nel.

Pemenmne.

1. Paccunraiite Fgpuun M CpaBHHTE IONydEHHOE 3HAY€HHE CO 3HAYeHHEM, Fr6, TpH
3alaHHOM ypoBHe 3Haunmoctu o = 0,05.

2. Cnenaiite BBIBOJBI O CYIIIECTBEHHOCTH CBSI3H.
JlaboparopHasi padora Ne4.
Pacuem cpeonux koaghgpuyuenmos snacmuunocmu

B sxoHOMHYECKUX HCCIIEJOBAHUSX IIMPOKOE MPUMEHEHHE HAaXOJUT TaKOM IMOKa3aTrelnb,
KaK cpeHUH KO3 (PULIMEHT 3TaCTUYHOCTH, BBIUUCISIEMBIN IO hopmyie:



— X
3 - f (X):
Cpennuii  kod>QGUIMEHT 2MacTMYHOCTH O ITOKA3bIBAET, HA CKOJBLKO IPOILEHTOB B

CpeIHEM TIO COBOKYITHOCTH WM3MEHHUTCS pE3ylbTaT y OT CBOEH CpeaHEed BEIWYMHBI TpU
u3MeHeHuu ¢pakropa x Ha 1 % OT CBOETo CpeHero 3HAUCHUSI.

3agaua

[To rpymme npeanpusTuid, MPOU3BOIAIINX OJHOPOJHYIO MPOIYKIIMIO, M3BECTHO, KaK
3aBUCHUT C€0ECTOMMOCTD €MHUIIBI TPOAYKIIUU Y OT ()aKTOPOB, IPUBEICHHBIX B Ta0I. 3.

Tabnuua 3.
[Ipu3znak -¢akrop YpaBHeHHE TapHOI Cpennee 3HaueHHe
perpeccuu daxTopa

Obbem 5 58,74 X, = 2,64
MIPOU3BOJICTBA, MITH PYO., X1 Y, = 0,62+ —X
SHEPrOHOCUTEIIS, MJIH. PYO., 2
X2

fomt  mpObumL, . =14,87-1016* X, = 26,3
U3BIMACMOI TOCY/IapCTBOM, 3
%0, X3

1. OnpenenuTh ¢ MOMOIIBIO CPEAHUX KOIPPUIIMEHTOB AIACTUYHOCTH CUJTYy BIUSHUS
KaXJI0TO (hakTOpa Ha pe3yJbTar.

2. PamxupoBatrh (pakToOphl IO CUIIC BIUSHHUSL.
Pemenne.

58,74
+—.
N

=0,62

1. Jlnst ypaBHEHHs paBHOCTOPOHHEH rHIepGoms Y X,

5yx1=f'(xl>xry1=—b i

_2‘ —_— = —_—
X, a+b/x, ax +b-

2. Paccumraiite cpegHme KOI(DOUIMEHTH AIIACTHYHOCTH JUIS  CTCTIGHHOW W
nokazatenbHou pyukiuil (Ilpunoxenue 4).

BPEMEHHBIE PA/Ibl

COBOKYHHOCTB YIIOPAAOYCHHBIX BO BpPCMCHU Ha6HIOHCHHﬁ HCKOTOPOI'0 IIOKa3aTCiIsd
HAa3bIBAKOT 6PEMEHHbIM p}laOM.

Psn HaOmofeHuii 3a 3HAYEHHUSAMH ONPEACICHHOTO IOKAa3aTelsi, YIOPSIOYCHHBIH B
3aBHCHMOCTH OT BO3PACTAIONIMX WU YOBIBAIOIIMX 3HAYCHHUU JPYroro MoKas3areis, Ha3bIBalOT
OUHAMUYECKUM PIAOOM, BDEMEHHBIM PAOOM, PIOOM OUHAMUKU.

OTtaenpHble HAOIOIEHNS BPEMEHHOT'O Psijia HAa3bIBAIOTCS YPOSHAMU ITOTO Psija.



JlabGoparopHas padora Nel
Buisisnenue anomanvuwix yposHeti pemeHHbIX psioos

YPpOBHH BpPEMEHHBIX PSAJOB MOTYT UMETh aHOMalbHbIC 3HaucHHs. [losBIeHHE Takux
3HAUEHUH MOKET OBITh BEI3BAHO OMIMOKaMHu Tpu cOOpe, 3aIiCH WIH Tiepeade HHPOPMAIUH — 3TO
OIMIMOKH TEXHHYECKOTO TMOPSIKA, WM OIMOKHU TepBoro ponaa. OQHAKO aHOMaJbHBIC 3HAYCHUS
MOTYT OTpPa)kaTh pealibHbIC MPOIIECCHI, HAIPUMEP CKAYOK J0JUIapa WM MajeHue Kypca IEHHBIX
Oymar ¥ T.JI.; TAKHE aHOMaJIbHbIC 3HAUYEHUS OTHOCST K OLTMOKaM BTOPOT'O pojia, OHU HE TIOJIekKAaT
ycTpaHeHuto. [ BBISBICHUS aHOMAIIbHBIX YPOBHEH BPEMEHHBIX PSIIOB MOXXKHO HCIIOJIb30BATh
Mmemoo Upeuna.

IlycTs MMeeTCss BpEMEHHOU PSA;

Yi = Y1, Y2, Yt Yn, t=1n. (1)

Metoa UpBuHa npeanonaraet UCHOIb30BaHUE CIEAYIOLIEH (POPMYIIBI:

|Yt - yt—l| —

A= t=1n,

Oy

rie Oy =

PacuerHbie 3HaueHuss A,,A3 . CPaBHHUBAIOTCSA C TAOIMYHBIMU 3HAYCHUSMH KPUTEPHS

I/IpBI/IHa la; €CJIM KaKoe-I1u00 U3 HUX OKa3bIBAETCs OOJIBbIIIE Ta6J'II/I‘lH01"O, TO COOTBCTCTBYIOLICC

3HA4YCHUC yt YPOBHA pdaaa CUUTACTCA aHOMAJIbHBIM. 3HaueHus Kputepua I/IpBI/IHa IJI1 YPOBHA

spaunmoctu @ = 0,05 MIPUBEJICHBI B TAOIHUIIE.

n 2 3 10 20 30 50 100

Aq 2,8 2,3 1,5 1,3 1,2 1,1 1,0

[Tocne BbIABICHHS aHOMAJBHBIX YPOBHEH HEOOXOOUMO ONPEAEIUTh MPUYUHBI HX
BO3HUKHOBeHUs. Eciii OHM BBI3BaHBI OMIMOKAMU TEXHMUYECKOTO MOPSAIKA, TO OHU YCTPAHSIOTCS
au00 3aMEHOMl aHOMalbHBIX YPOBHEH COOTBETCTBYIOIIMMH 3HAYEHHUSMU IO KPUBOH,
anmnpoKCUMHUPYIOLEH BpEMEHHOU psiji, OO0 3aMeHOM ypoBHEH cpenHel apudMeTndeckon ABYX
COCEJTHUX YPOBHEH psa.

OmmOKy, BO3HHMKAIOUIME M3-32 BO3JAEUCTBUS (DAKTOPOB, HMMEIOIIUX OOBEKTUBHBIN
XapakTep, YCTPaHEHUIO HE MOJUIEkKaT.

3agaua

BpemenHoii psia 3a1an B Tabau4HON Gopme.

1

2

3

4

5

6

7

8

9

10

1,6

19

2,1

2,4

4,5

2,8

3,1

3,3

3,6

3,8

1. ITpoBepuTh HaTMUME aHOMAJIBHBIX 3HAYEHUW TOUYKH t=2, t=5, t=10.

2. yCTpaHI/ITL AHOMAJIBHBIC YPOBHH, CHUHUTAA NPUUYMHAMH HUX BO3HUKHOBCHUSA OIIMOKHU
MEpBOro ypoBHA.

JlabopaTopnasi paGora Ne2

HpOG@pKCI cunomessvl CYuyecmeo6aHUusl meHdeHuuu



Ecau Bo BPECMCHHOM  piay [MPOABIACTCA  NJIUTCIIbHAsA TCHACHIUA HU3MCHCHUA
9KOHOMHYCCKOI'0 MOKAa3aTeiisd, TO B 3TOM CJIIy4ac roBOpAT, YTO UMECT MCCTO mpeHé

IToxg TPCHAOM IMTOHUMAIOT U3MCHCHHUC, OIIPCIACIIAIOIICC 06Luee HaITpaBJICHHUC PA3BUTHA UJIA
OCHOBHYIO TCHACHIIMIO BPECMCHHOI'O pAaa.

Jlpyrumu cioBamu, mpero (menoenyus) —3T0 yCTORYINBOE, CHCTEMATHYECKOE U3MEHEHHUE
3HaYEHUI BPEMEHHOTO0 psifia B TEYEHHE JOCTATOUHO JI0JITOr0 MEePHOIa.

[Ipy TpPOTHO3MPOBAHMU BPEMEHHBIX PAJOB HEOOXOIMMO BBIACHUTH, CYIIECTBYET JIU
TEHJICHLUs BO BPEMEHHOM DSy WM OHA OTCYTCTBYET.

Hns Bpemennoro psiga (1) paccMOTpu KPUTEPHUH «BOCX00AWUX U HUCXOOAWUXY CEPUH,
COIIACHO KOTOPOMY TE€HJEHIIUS OIIPENEISIETCS 110 CAEAYIOLEMY aITOPUTMY.

1. HJ'ISI HCCIICAYEMOI'0 BPEMCHHOTO psaa OIPCACIIICTCA IMOCICAOBATCIBHOCTL 3HAKOB,
nexoasa us3 YCHOBHﬁZ

+ecmt Yig— Yy >0,

" |seem ya -y, <O @

[Tpu 3TOM eciu mocieayroIee HaoJI0IeHHE PABHO MPEIBIIYIIEMY, TO YIYUTBIBACTCS TOJILKO OJHO
HaOJIFOJEHUE.

2. HoncuntsiBaercs uncio cepuii V(N) . Tlox cepueii MOHMMAETCA MOCIIEN0BATENEHOCTD
HOJPSJ PACIOI0KEHHBIX IIJIIOCOB U MUHYCOB, IPUYEM OJIMH IUIFOC MM MUHYC CUUTAETCS CEPUEH.

3. Onpe/enseTcs MPOTAKEHHOCTh caMoil UTHHHOM cepri | ay (N) .

4. Tlo Tabnwuile, MpUBEACHHON HIKE, HAXOUTCS 3HAUYCHUE I(n).

JnuHa psaaa, n n<26 26 <n <153 153<n<170

3nauenue I(n) 5 6 7

5. Ecin nHapymaercss xoTss Obl OJHO M3 CIEQYIOIIMX HEPABEHCTB, TO THIIOTE3a 00
OTCYTCTBUM TPEH]A OTBEPIaeTCs ¢ JOBEPUTENBHOM BeposTHOCThIO 0,95:

1 16n - 29
o(n)>|=-(2n-1)-196- [——— |
(n)>3-@n=1) 90

| (n) <1(n).

KBanpatHbie ckOOKHM HEpaBEHCTBA O3HAYAIOT IIENTYIO YacTh YHCIA.
3agaua

JlaHa nuHaMKKa €XEeKBapTaJIbHOTO BBITYCKa MPOAYKUUU (PUPMBI B JIEH. €/1. C TOMOILBIO
KPUTEPHSL «BOCXO0AUUX U HUCXOOAWUX» CEPUM CHIENaTh BBIBOJ O NPUCYTCTBUHM WIN OTCYTCTBUU
TpeHaa. J{oBepuTenbHy0 BEpOATHOCTD NPUHATH paBHOH 0,95.

t | 1 2 3 4 5 6 7 8 9 10 (11 |12 | 183 |14 |15 | 16

y |10 |14 | 7 |16 |15 |17 | 16 | 20 | 17 7 [ 15)116]20]14 19|21

Pemenmne.




1. loGaBbTe B TAOIUILY OTOJHUTEIBHYIO CTPOKY O IUIs 3aIHCH TIOCIENOBATEIBHOCTH
3HAKOB, JUIsl ONIPEICIICHHUS KOTOPOI HCTIONB3ylTe hopMyiy (2).

2. IloacuuTaiiTe 4ucio cepuit U(n) , IPOTSDKEHHOCTh CAMOW JUIMHHOM CEpUU Imax (n) Hu

onpenenute 1(N) 1o Tabmume.

3. 3anummuTe CUCTEMY HEPABCHCTB, IIPOBEPHTC UX BLIIIOJIHCHUC.

4. CnemaliTe BLIBO/I.

JlabopaTopnasi paGora Ne3
Buiuucnenue ocnosnvix nokazameneii OUHAMUKU

I[J'ISI KOJIMYECTBEHHOMN OLICHKH JUHAMMKH YKOHOMHUUYECKHX MpoucCCOB IPUMCHAKOT TaKUC
CTaTUCTHYCCKHE I10Ka3aTcCJiku, KakK abcontomubie npupocmasl, memnsvl pocma u npupocmada. Onu
noApa3aAcIsArOTCA Ha YenHole, baszucHvie u cpe()Hue.

Ecnu cpaBHEeHHEe ypOBHEN BPEMEHHOIO Ps1/1a OCYLIECTBIISAETCS C OTHAM U TEM K€ YPOBHEM,
HPUHATHIM 3a 0a3y, TO OKa3aTeIH Ha3bIBalOTCs OasucHbimuy. ECiin cpaBHEHHE OCYILIECTBIISAETCS €
NEPEMEHHOI 0a30M, MpUUeM KaXAbli OCIEAYIOIUN YPOBEHb CPABHUBAETCSA C MPEABIAYIIUM, TO
BBIYMCJICHHBIE TI0KA3aTEIIN HA3bIBAIOTCS YenHbIMU.

@opmynbl A BBIYMCIEHUS ILIEMHBIX, 0A3UCHBIX U CPeJHUX aOCONIOTHBIX MPUPOCTOB,
TEMIIOB POCTa ¥ TEMIIOB IpHpocTa naHbl B Tabmuie (1). B ¢opmynax nmpuHATE 0003HAYCHHS:

Yt = Y1, ¥Y2,--oi¥tr-o0i¥Yn — ypoBuu Bpemennoro psaa, n — anuHa paga, Ys — ypoBeHb
BPEMEHHOTO PsiJia, IPUHATBIN 3a 0a3y 1/ CPABHEHUS.

O0o3nauenune AOCOIOTHBII Temn pocra Temn npupocra
NpHPOCT
Ilennoii AY; =Y —Yig T = 2 100% K; =T, —100%
Yt
BasucHblii AYse =VYi — Vs T Y 100% Ksi =Ts —100%
ot —
Ys
Cpennuii - - _ K, =T —100%
Ay, =20 oY 100% ot ’
n-1 Y1

Ornucanue AWHAMHKH PsSijia CPEIHUM IPHPOCTOM COOTBETCTBYET €r0 IMPEICTABICHUIO B
BUJIE MIPSAMO, MPOXOASIIEH uepe3 ABe KpaliHue TOYKHU. [|Jis momydeHus: MPOTHO3HOTO 3HAYCHHUS
Ha OJIMH WIar BIIEPE]l TOCTATOYHO K IMOCJEeIHEMY HAOIIOJCHUIO JOOABHTH 3HAYCHHE CPEITHEro
a0COJIFOTHOTO MPUPOCTA:

9n+1 =Yt A;/ , 3)

e yn — 3HAYCHHUEC ITOKa3aTeias B N TOYKE BPEMCHHOI'O psja, yn+1 — MNPOrHO3HOC 3HAUCHUC

nokasarens B touke N+1 AY _spauenne CPEIHETO MPUPOCTAa BPEMEHHOTO pAJia.



[TonydyeHue mporHo3Horo 3HadeHus mo ¢opmyne (3) KOPPEKTHO, €cau AMHAMHUKA psija
Omm3ka K JuHEHHOW. Ha Takoil paBHOMEpHBIM XapakTep IWHAMUKH YKa3bIBAIOT IPHUMEPHO
OJIMHAKOBBIE 1IETTHbIE A0COIIOTHBIE IPUPOCTHI.

Hcnonp3oBaHue cpeiHEro Temma pocTa (CpeaHero Temma MpUpOCTa) Uil OMUCAHUS
JUHAMUKU Pa3BUTHUSL psila COOTBETCTBYET €ro MPEJCTABICHUIO B BHUAC IOKa3aTeIIbHOW WIIU
SKCIIOHEHIIMAILHOM KpHUBOM, MPOBEACHHON uepe3 ABE KpalHHE TOUYKH, W XapaKTEepHO Jis
MPOLIECCOB, H3MEHEHHWE IUHAMUKH KOTOPBIX MPOUCXOJUT C TOCTOSHHBIM TEMIIOM pOCTa.
[Tporno3Hoe 3HaUY€HUE HA OJMH LIAT BIEPE]I ONPeNeNsIeTcs Mo GpopmyIie:

yn+1 = Yn T,

HC,I[OCTaTKOM IIPOrHO3UPOBAHUA C HCIIOJB30BAHHUEM CPEOHEr0 IIPpHUPOCTa U CPEAHETO
TEMIIA pOCTa ABJIACTCA TO, YTO OHU YYUTLIBAIOT HaYyaJIbHBIM U KOHCUHBIH YPOBHHU pslia, UCKIIOYasd
BJIMAHUC ITPOMEIKYTOUHBIX ypOBHGfI. Tem He MCHEC, OHH HUCIIOJIB3YIOTCSA KakK HpOCTCﬁHIHG,
HpI/I6J'II/I)K€HHbIe CII0COOBI IIPOIrHO3UPOBAHMA.

3agaua.

E>xexBapranbHas quHamMuKka (GoHIa 3apabOTHOM IaThl pabOTHUKOB (PUPMBI B JIEH. €]1.
IpeJcTaBjlIeHa B TabIuIIe.

t 1 2 3 4 B

y | 8946,00 | 8981,50 | 9024,10 | 9063,15 | 9105,75
O06ocHOBaTh MPAaBOMEPHOCTHh HKCIIONB30BAHUE CPEIHEr0 MPHUPOCTa ISl OMpEeICHUS

MIPOTHO3HOTO 3HaYeHHsl (PoHa 3apabOTHOI MIaThl B 6-M KBapTaie.

3agaua.

H3meHeHne exxeKkBapTalbHOU AUHAMUKH (HOHAA 3apaboTHOMN TIaThl pabOTHUKOB (PUPMBI
MPOUCXOAUIIO MPHUMEPHO C IMOCTOAHHBIM TCEMIIOM PpOCTa B TCUCHUC 5 KBapTaJiOB. q)OHZ[
3apa0oTHOM TaThl B 1-kBapTane coctasisia 9523,08 neH. en., a B 5-m kBapTane — 9693,13 new. en.

Onpenenutb nporHo3 (oHja 3apabOTHOI IIaThl pabOTHUKOB (HUPMBI B 6-M KBapTale,
WCIIOJIb3YS CPEIHUI TEMII POCTa.

JlabopaTopnas Ne4
Caenasrcusanue pemenHbx psooe

IIpenBapuTeNbHBIN aHAJIN3 BPEMEHHBIX PA0B DKOHOMUYECKUX ITI0KA3aTENIECH 3aKII04aeTCs
B BBISIBJICHUM AHOMAJbHBIX 3HAYEHWH YpOBHEH pslla, KOTOPbIE HE COOTBETCTBYIOT PEaJbHBIM
BO3MOYKHOCTSIM pPacCMaTpUBAEMOM SKOHOMUYECKON CUCTEMBI, & TAKKE B ONPEICICHUN HAIUYUS
TpeHza.

Haubonee pacrnpocTpaHeHHBIM TPUEMOM JJIsi YCTPAHEHHUS AaHOMAIbHBIX 3HAuYEHUI
MOKa3aTened U OTCYTCTBUS TEHACHLIMHM BPEMEHHOTO Psia SIBISIETCSA C2AMNCUBAHUE 8PEMEHHO20
paoa. Ilpu 3ToM MpOU3BOIUTCS 3aMeHa (PaKTUYECKUX YPOBHEH BPEMEHHOTrO psijia pacyeTHHIMHU,
4TO CHOCOOCTBYeT Oojee 4YeTKOMY IMpOSBICHHUIO TeHACHUMU psaa. CKONMb3dlIMe CpeiHue
MO3BOJISIOT CIVIAJANTH ClTydaiiHble U IepUOIUYEcKre KoJeOaHUsI BpEMEHHOTO psija.

Haubonee pacnpocTpaHeHHONH NpOLEAYPOH CriaXUBaHUS SIBISETCS METOJ HMPOCMOU
cronvzawell cpeoneti. CHavaa Juis BpEMEHHOTO Psijia OIpeIelsieTCst MHTepBaJl CrilakuBaHus (Q).



Ecnmu HeoOXomuMo CriaaiuTh MeNKHe KoJieOaHus, TO HUHTEpBaJ CIIaXWBaHUS OepyT IO
BO3MOKHOCTH OOJBIIMM, €CIM HYXXHO COXPaHHTh OoJjiee MeNKue KoieOaHws, TO HHTEepBal
CTJIKUBAHMs yMEHbIIAIOT. [ mepBbIX (Q) ypOBHEI BpEMEHHOTO PsiJia BEIYUCIAETCS UX CPEIHEe
apudMeTHUecKoe 3HaueHHe. DTO OYyAeT CIVIaKCHHOE 3HAYCHUE YPOBHS Psjia, HAXOMISIIETOCs B
MHTEpBAJIC CIVIAXKMBAHUSA. 3aT€M MHTEPBAJ CrIIA)KMBAHUS CIBUTAETCS HA OJWH YPOBEHH BIIPABO,
MIOBTOPSIETCSI BBIUMCIICHUE CpelHel apudmerndeckoil u T.1. B pe3ynbrare Takod mporesypbl
HOJYYUM PSAJ CITIQXKEHHBIX 3HAYCHUH, MPU 3TOM B 3aBUCHUMOCTU OT (J) MEpBbIC W IOCIETHHE
YPOBHH TEPSIOTCSI.

Jlnuny uHTepBana criaaxkuaHus (J) yaoOHO OpaTb B BHJE HEUETHOI'O YHCIA, B 3TOM
cllyyae pacyeTHOE 3HAUEHHUE CKOJb3ALICH cpefHed OyAeT NPUXOIUThCS HAa CPeIHUN MHTEepBall
psza.

Hanpumep, 11s untepBana g = 3 criaxxeHHble YPOBHH PACCUUTHIBAIOTCS 1O (hopMyIie:

Ve =(Yea + Yy +Yea) /3.

UroObl HE MOTEpSATh MEPBBbIM W MOCIEIHUNA YPOBHH Psa, UX MOKHO BBIYMCIUTH IO
dbopMynaM napaboIUIeCcKOro HHTEPIIOTUPOBAHHUS:

Y1 =(By1+2y, — ¥3)/6,
Yo = (=Yn-2 +2Yn4 +5Y,)/6.

MeTon npocToil CKOIB3AIIeH CpelHel TaeT XOPOIIUe PE3yIbTaThl B IMHAMUYECKUX PAax
C JIMHEWHOM TeHACHIIUEH pa3BUTHSI.

Jnsg psinoB C HENMHEWHOM TeHAECHLUMENH pa3BUTHUS HEOOXOJUMO MPUMEHSATh METOJ
836€UEHHOU CKOIb3AWel cpedHel. DTOT METOJ| OTIIMYAeTCs OT METOAA MPOCTON CKOJNb3sLIeH
CpeIHEW TeM, Y4TO YPOBHH, BXOJSAIIME B MHTEPBAI CIVIAKWBAHMS, CYMMHUPYIOTCS C Pa3HBIMU
BecaMu. /[yt moJIMHOMOB 2-r0 M 3-T0 MOPSIIKOB IO S-WIEHHOM B3BELIEHHOM CKOJB3SILIEN CpEAHEN
LEHTpaJIbHOE 3HAaUeHUEe onpezaensercs no popmyse:

Ve =1/35-(=3Y;_p +12y, 4 +17Y, +12Y; 4 —3Yy,»).

BecoBbie k03 GUIMEHTH TIPU CIVIAKUBAHUU TIO TOJWHOMAaM 2-TO U 3-TO MOPSIKOB B
3aBUCHMOCTH OT JIJTMHBI MHTEPBAJIa CTIIaKUBAHUSI IPEJICTABIECHBI B TAOIHUIIE.

JJInHa HHTEpBaJIa CIUIAKMBAHUSA BecoBoii ko3 punuent
5 1/35 (-3, +12, +17)
7 1/21 (-2, +3, +6, +7)
9 1/231 (-21, +14, +39, +54, +59)

BbipaBHMBaHME  BpPEMEHHBIX  pSAJOB  MOXET  OBITh  NPOM3BEACHO  METOJIOM
9KCNOHeHYyuanbHo2o cenadcuséanus. CyTb MeTOJa 3aKIIOYaeTcss B TOM, 4TO B IPOLEAYpe
HAaXO0KJICHUS CIVIAJKEHHOI'O YPOBHSI HCIIOJIB3YIOTCS 3HAYEHUS TOJIBKO MPEAIIECTBYOINX YPOBHEN
psIOB, B3ATHIE C OINpPENEICHHBIM BECOM, MPHYEM BeC HaONIOJEHUS yMEHBIIAeTCs MO0 Mepe
YAQJIECHHS €T0 OT MOMEHTA BPEMEHH, JIUI1 KOTOPOIO ONPEAEIISIETCS CTIaXKEHHOE 3HaYE€HUE YPOBHS

psana. Ecau st ucxonnoro spemenHoro psaa Yt = Y15 Y2+ Yts--0s¥Yn coorsercTByromue

CTJaKEHHbIE 3HAYEHHUs YPOBHEH 0003HAYUTH St , tae t=1N | 10 skcroHeHUManbHOE
Crila)kKMBaHHE MPOU3BOJIUTCS IO PEKYPPEHTHOMY COOTHOILIEHUIO:

Si=a-yy+(1-a) Sy,



r7e o — napameTp criiakuaHus, nmpuyem 0 1, BenmmumHa (1- o) Ha3pIBaeTcs kodhpureHTomMm
JTUCKOHTUPOBAHUS.

Hcnonb3yst peKyppeHTHOE COOTHOLIEHUE I BCEX YPOBHEHU Psifia, HAYMHAs C IIEpBOrO U
KOHYas MOMEHTOM YpPOBHA t, MOXHO IIOJy4yWTb, YTO OKCIOHCHLUAIbHAs CPEIHAA, T.C.
CIVIAKEHHOE JaHHBIM METOJOM 3HA4YCHHME YPOBHsS pslia, SBIACTCS B3BCILICHHOW CpeJHEN BCeX
IIPEALIECTBYIOINX YPOBHEHU:

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

OOBIYHO AJI1 BPEMEHHBIX DPSIOB B SKOHOMHYECKHMX BEJIMYMHAX BEJIMYUHY HapaMerpa
CrIIaKMBaHMs BbIOMparoT B uHTEpBasie ot 0,1 1o 0,3.

Havanbublil napamerp So IIPUHUMAIOT PABHBIM 3HAUYEHHUIO IIEPBOIO YPOBHS psiia WU
paBHBIM CpeliHel apu(MeTUYECKON HECKOJIbKUX MEPBBIX WICHOB psa, HallpUMep:

S — Yi+YotYs
0= 5

3agaua
[To qaHHBIM AMHAMUKHU ypoxkaiiHOCTH 3a 10 JeT, IpUBEICHHBIM B TA0JIUIIE, PACCUUTATH:

- 3-, 5-1eTHUE CKOIB3SIINE CPETHUE TTPOCTHIE;
— 5-JIeTHHE CKOJIB3SIINE 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

- MOCTpOMTE rpaduKu psiia AMHAMUKHI U TPEH]I0B JIMHEHHOW (pUIbTpaliuy.
3anaua

B Tabnuue mnpuBeneHbl AaHHBIE YHCIEHHOCTH IpernojaBaTesiell BBICHIMX Y4eOHBIX
3aBeneHuil P® (Teic. 4yenoBek) mo rojxaMm. [IpousBecTu criakuBaHWe BPEMEHHOTO psila ¢
MCII0JIb30BaHUEM SKCIIOHEHIIMAIBHON CPENHEH, TPUHSB MapaMeTp CriaXKUBaHUs a=0,1u
a = 0,3. Ilo pe3yapTaTam pacueToB ONpPEAETUTh, KAKOW U3 CIIIaKEHHBIX BPEMEHHBIX PSIJIOB HOCUT
OoJiee TIIaIKKil XapakTep.

Too | 1992 1993 1994 1995 1996 1997 1998 1999
yi | 23355 | 2399 | 2398 | 2619 | 2618 | 268,7 | 260,7 | 298,6

JlabopaTopnas NeS
Boibop naunyuwezo euoa mpenoa ¢ nomowwio Excel

Jns onpeneneHus nmapaMeTpoB JMHEWHOTO TPEHJA 10 METOAY HAaMMEHBIIMX KBaJIpaTOB
UCTIONB3yeTCsl craructuueckas ¢yakuus JIMHEWH, st onpeneneHus SKCIOHEHIIMAIBHOTO

Tpenna JIFPOIIPHEJI. B xauecTBe He3aBUCHMON TIepeMEHHOM BhICTymaeT Bpems [ =11

B Excel nunus Tpena Moxet ObITh 100aBiIeHa B JHarpaMMy ¢ 00JaCTSMH THCTOTPaMMBI
win B rpaduk. i 3Toro HeoOX0AUMO:

— BBIJICTIUTH 00JIaCTh TUArpaMMbI; B TJIABHOM MEHIO BBIOpaTh /Juacpamma—/Jobasums nunuio
mpeHoa;




- B TIOSIBUBIIIEMCSI TMAJIOTOBOM OKHE JIuHusi mpenoa BBIOpATh BUJ JIMHUW TPEHIIA U 3a]1aTh
COOTBETCTBYIOIIME TapaMmeTpbl. JlJis MOJIMHOMHAIBHOTO TpPEeHJa HEOOXOIMMO 3allaTh
CTENEHb aNMPOKCUMHUPYIOIIETO MOJMHOMA.

B xadecTBe gomonHUTENBHON HH(DOPMALIMK Ha AUATPAMME MOKHO OTOOPa3UTh ypaBHEHUE
perpeccud M 3HAYEHUE CPEAHEKBAIPATUUYECKOrO OTKJIOHEHHUS, YCTAaHOBUB COOTBETCTBYIOILIUE
dnaxku Ha 3aknanke [lapamempsl TMANOTOBOTO OKHA JIuHus mpernoa.

3agaua

JluHnamuka Bblycka NpoayKunn PUHISHAWN XapaKTepU3yeTcsl JaHHbIMM (MJIH. JOJUL.),
NpeCTaBICHHBIMU B Ta0JIHIIE.

Toxn Boinyck I'on Boinmyck
NMPOXYKIUH MPOXYKIUH
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

1. TIpoBectu pacueT mapamMeTpOB JIMHEHHOTO U SKCIIOHEHIIMATILHOTO TPEH/I0B.

[TocTpouts rpaduku psga AMHAMUKH U TPEHIOB.

3. BpiOparTh Hamnydmuid BUJ TpeHJa Ha OCHOBAaHUHU TpadUUecKOro H300paxKeHHs U
3Ha4YeHHS KOApHUIIMEHTA eTEPMUHAIUH.

N






[Tpunoxenue 2

OueHo4HbIE CpeAcTBA AJ1sl NPOBeeHH s MIPOMEKYTOYHOI aTTecTAlUN

a) Ilnanupyemble pe3yiabTaThbl O00y4YeHHMSl M OLICHOYHbIC CPEACTBA IS NPOBeJAeHHSA
NPOMEKYTOYHOM aTTecTAlMHU:

Kon
WHJUKaTOpa

Nupukarop
JOCTHKEHUS
KOMIICTCHII N

OneHouHble CpeacTBa

OIIK-1 CnocobeH mpUMEeHSTh eCTECTBEHHOHAYYHBIE U O0IIENHKEHEPHBIE 3HAHUS, METObI
MaTEeMaTUYeCKOro aHajJu3a U MOJICIMPOBAHUS, TEOPETUUECKOTO U IKCIIEPUMEHTAIBHOTO
UCCIIeIOBaHMs B TPO(EeCCHOHAIBHOM NesTeIbHOCTH;

OIlIK-1.1

Pemaer  crangapTHbie
npodeccuoHanbHbIe

3a/1a4yd ¢ MPUMEHEHHEM
€CTECTBEHHOHAYYHBIX H

OO0IIENHKEHEPHBIX
3HAHHMH, METOJIOB
MaTeMaTU4eCKOro
aHanIM3a u
MOJICIIUPOBAHUS

Hepeqeﬂb TCOPETUICCKHUX BOIIPOCOB

1. UYrto Takoe perpecCUOHHBIN aHATN3?
2. Uto nmonmuMaercs 1o mapHou perpeccuei’?
3. Onumure cytb TpaauuumonHoro MHK — mns

ITMHEHHON IIapHOW PErPECCUM.

4. Yro Takoe «oueHKa napameTpa»? YeMm oTan4aroTcs
MCTHHHBIC» 3HAYEHUs I1apaMETPOB pErpeccHu OT HX
OLICHOK?

0. Uro Takoe OCTaTKU B pErpeCCHOHHOM aHaIu3e?

6. Onummre npoueaypy IpOBEPKU THIIOTESHL.

7. UYro Takoe ypoBeHb 10BEpHs?

8. Urto Takoe wuHTepBaibHBIM Mporuo3? Ilouemy
BOSHMKAET HEOOXOJWMOCTb TOCTPOEHHUS  TOYEUHBIX
[TPOrHO30B7

0. Kakoii Bux wuwMeer cucTteMa  HOPMAJIBHBIX|

YPaBHEHMI METOJa HAUMEHBUIMX KBaJpaTOB B CIllydae
[THeHo! perpeccun?

10. Ilo xakoii ¢Gopmyne BbUUCIAETCS JIMHEHHBIN
KO3 QULIMEHT mapHOU Koppesuun?

11. Kak BblHHCHSETCS M YTO IOKAa3bIBACT MHJIEKC

TerepMuHaIm?




12. Kaxk Buunciasgercs 1 4To IoKa3bIBaeT HHIEKC
neTepMUHAIIAN?

13. Kaxk mpoBepsieTcst 3Ha4uMOCTh YpaBHEHHS
perpeccuu 1 oTJeNbHbIX KO3 HUIUEHTOB?

14. Kak cTtpoutcs 1oBepUTENBbHBINA HHTEPBAN IIPOTHO33]
B cllyyae JMHEUHOU perpeccun?

15. Kak BBIUHCIISIIOTCS M YTO MMOKa3bIBAIOT
KOA(DPUITUEHT ITACTUYHOCTH D U CpeIHUA KOIPPUIIUESHT
BIACTUYHOCTH?

[Ipumep NPaAKTHYECKOTO 32 JaHUSA

1. IlocTtpoute JMHEHHYIO TIApHYIO  MOJEIb
perpeccuu, OIKCHIBAIONIYI0 3aBHCUMOCTHh 3apa0O0THOM
[1aThl pabOYero OT ero Bo3pacTta Mo 3KCIepUMEHTAIbHBIM|
TaHHBIM.

2.PaccuuTaTth cleayomMe IOKazaTeln KadyecTBa)
MOJICIIA PETPECCUU:

- K03 PUIUEHT TeTepPMUHALINH;

- kK03 punueHT MHOKE€CTBEHHOU
KOppeJISLINY;
- cpenHss KBaJpaTU4yecKas o1muoKa)

YPaBHEHMSI PETPECCHH;
- owMOKa anmnpoKCUMAaIIUH.
CraenaTb BBIBOJIBI IO KaX/10MY IT0Ka3aTeIN0.

[IpuMep KOMILJIEKCHOTO 3aJaHUA

1. Onpenenure BUI QyHKUMH, HAWITYYIIUM 00pa3zom
ONMCHIBAIOLIEH 3aBUCHMOCTb PAacXOJOB Ha IOKYIKY
MPOJIOBOJILCTBEHHBIX TOBAPOB B 00mux pacxoaax (%) -
y OT CpeJHETHEeBHOM 3apabOTHOM IJIaThl OJHOTO
paborarormiero (py0) — X Mo JaHHBIM CEMHU TEPPUTOPUIA
VYpanbsckoro pernona 3a 199X r.

2. Jlns XapakTEepUCTHKH 33aBHCUMOCTH Y OT X
paccumTaiiTe napaMeTpsl CIeIyoIMX QyHKINMI:

*  JIMHEHHOM;

*  CTCICHHOM;

*  II0Ka3aTeIbHOM;

*  PaBHOCTOPOHHEW IMIepOOIIbL.

OneHuTe KaxIyl0 MOJAEIb Yepe3 CPEIHIOI OIIHOKY|
anmnpokcuMannu A n F-kpurepuit @uepa.




OIIK-1.2

Pemaer
npodeccuoHaIbHbIE

3aaa4u ¢ MPUMEHCHUEM

METOJ0B
TCOPECTUICCKOI'O
OKCIICPUMCHTAJIBHOT'O
HCCICOOBAHUA

u

IlepeyeHb TeOpeTHYECKUX BOIIPOCOB
1.UTo o03HayaeT TMOHATHE «KAYECTBEHHAs» MOJEIb
perpeccun?
2.B kakoM cilydae BEpHO COOTHOLIEHUE 7
3.UT0 O3Ha4yaeT BBICKA3bIBAHUE «TECHAs JIMHEWHAs
CBS3b)»?
4.Uto mokaszsiBaeT KOAQOUIIMESHT ACTCPMHUHAIIMHN PABHBIN
0,75?
5.Uto Takoe ommuoOKa anmpoKCUMaIum?
6.IlpuBenure npuUMEp HEIMHEHHOM perpeccuud 1o
BKJIIOUaEMBbIM B HeEE€ OOBSCHSIOUUM MEPEMEHHBIM, HO
ITMHEHOM MO OLIEHUBAEMbIM MapaMeTpPaM.
7.UT0 3HAUUT BHYTPEHHE JIMHEIHAsA MOJIEIb?
8.0nummuTe, YTO O3HA4YaeT BBICKA3bIBaHUE «(YHKIIHA,
HaTy4IIuM 00pa3oM OIMUCHIBAIOIIAS 3aBUCUMOCTD Y OT
X7
O.Ilepeuncnure Bce BHABI MOJENEH, HEIUHEHHBIX
OTHOCUTENIbHO: a) BKJIIOYAEMbIX IEPEMEHHBIX; 0)
OLICHUBAEMBIX I1APaMETPOB.
10.Kak  mpoBomuTcs  MOAOOp  JIMHEAPU3YIOIIETO
peoOpa3oBaHus ISl BHYTPEHHE HEIMHEHHBIX MOJIENIen?
11. Hazosute IIOKa3aTeNIN KOppeJIsALNH,
CIIONBb3YEMBbIE  IPU  HEJIUMHEHHBIX  COOTHOUIEHUSX
[paccMaTpUBAEMBbIX IPU3HAKOB.

12.  Kakue 3amauM pemarwTcs MpU MOCTPOCHUHU
ypaBHEHUs perpeccun’?

13.  Kakue TpeOoBaHMs NPeABABISAIOTCA K (PakTOpam,
BKJIFOUaEMBIM B YpaBHEHHE perpeccun?

14. UYro noHuMaercs 1oj JMHEWHOU MHOXKECTBEHHON
perpeccueii?

15. Yem OTJINYAKOTCS CTaH/IapTU30BaHHbIE

K03 hULIMEHTHI perpec
CHH OT KO (PHUIIMEHTOB B €CTECTBEHHOM BHJIE?

16. UYro moKa3bpIBaeT OTPHIATEIbHOE 3HAYCHHUE
Kor( dulreHTa 3MacTHIHOCTH?

17. Yem oTAMYAIOTCS YaCTHBIM M OOLIMI KpuUTepuu
Durepa?

18.  UYro mnoHuMaercs MOJ KOJJIMHEAPHOCTHIO U
MYJIbTUKOJUIMHEAPHOCTHIO (haKTOPOB?

19.  Kak npoBepsieTcs Hajduyhe KOJUIMHEAPHOCTH U
MYJIbTUKOJUIMHEAPHOCTH ?

20.  Kakoil Buj uMeeT cHCTeMa HOPMAJbHBIX

ypaBHeHI/Iﬁ MCTOJa HAaWMMCHBIIUX KBaJApaTOB B ClIydac
[TMHENHON perpeccun?

21. [lo xakoil Qopmysne BBIYHCIAETCS HMHAEKC
MHO>KECTBEHHOM KOppeNsiuu?
22. Kak BBEMHCHAAIOTCA HHAEKC MHOYKECTBEHHOMU

lleTepMUHAIMM W CKOPPEKTUPOBAHHBIM  HHAEKC
MHOKECTBEHHOW JIETepMUHALIUN?
224. Kak mpoBepsercss 3HAUMMOCTb  ypaBHEHHS

nerneccun U oTaenkHEIX KoddhdunuenTor?




[IpuMep NpaKTHYECKOI0 3aJaHHA

Onpenenuts HakTopsl, GOPMUPOBABIINE LIEHY KBAPTHUP B
cTposimuxcsi nomax B Cankr-lIlerepOypre B 1996 . mo
TaHHBIM O  pPBIHKE  CTPOSLIErocss  KWIbi B
Cankt-IlerepOypre (1o cocTosiHUIO Ha Aekadpsb 1996 1.)
Crenepupyire (DUKTUBHYIO IIEPEMEHHYIO z
OTPAKAIOILYI0  MECTOIIOJIOKEHUE  KBApTUPbI "
[T03BOJISIFOILYIO Pa3esiuTh BCIO COBOKYMHOCTh KBapTUP HAl
IBE rpynmbl: KBapTUpbl Ha ceBepe ropoaa (IIpumopckui
paiton, [llyBanoBo-O3epku, ['pakianka) U Ha 1ore ropoja|
(YOro-3amnag, Kpacnocenbckuii paiion).IToctpoiite
YpaBHEHHE PErpeccuy, XapaKTepU3yIOIlee 3aBHUCHUMOCTH|
[IEHBI OT BceX (PaKTOPOB, B TMHEHHOW U CTETIEHHOU (opMme.
CymiecTByeT M  pa3HMIA B LIEHAaX  KBapTup,
PACIIOJIOKEHHBIX B CEBEPHOM M FOKHOM  4acTsX
Caunkt-IlerepOypra? SBnsercs nu Hamuuue OalkoHA U
[10/UKMM [TPEUMMYIIIECTBOM KBapTUpPbl Ha pblHKe? Kak BbI
00BSICHHUTE ATOT pakT?

KoMmiiekcHoe 3a1aHue

[To 20 mpeanpUsTHSIM PETHOHA ONPEECIUTh 3aBUCUMOCTD
BEIPAOOTKH MPOYKIIUU HA OJJHOTO pabOTHHKA ) (THIC.pYO.)
OT BBOJIa B JICHCTBUE HOBBIX OCHOBHBIX (POHI0B x, (% OT|
CTOMMOCTH (DOHJOB Ha KOHEIl To/a) U OT YAEIbHOrO Beca
pabouynX BBICOKOW KBaTM(UKAIKU B OOIIEH YMCICHHOCTH
padounx x, (%).

6) HOpﬂ)IOK NMPpOBECACHUSA l'lpOMe)KyTO‘IHOﬁ aTrecranuu, IokKa3areJium MU KpPHUTEPUH
OICHUBAHUA:

Pe3y.]'II>TaTBI BBITTIOJTHCHU A o6yqa10m1/1Mc;1 3aJlaHdl Ha 3a4eTe OLICHHBAIOTCA IO IIKaJIe
GBAaUYTCHO» — «HC 3a4YTCHO».

B ocHOBe oOLeHMBaHUSA JIe)KaT KPUTEPUM IOPOTOBOTO M IOBBIIIEHHOTO YPOBHS
XapaKTEePUCTUK KOMIIETEHIIMA MM MX COCTaBJSAIOIIMX YacTed, (GopMUpyeMbIX Ha Yy4eOHBIX
3aHATUAX N0 AucuuIuinHe « HpOopMalnoOHHbIE TEXHOIOTHH B 00pa30BaHUI»

«3a4TeH0» COOTBETCTBYET:

— MOBBIIIEHHOMY YPOBHIO M BBICTaBIIIETCS 00YyYarOLIEMYCsl, €CJIU OH IITyOOKO U MPOYHO
YCBOWJI TPOTPAMMHBIN MaTepHaNl, HWCUYEPHBIBAKOLIE, IOCIEIOBATEIbHO, YETKO M JIOTUYECKH
CTPOMHO €ro u3jaraer, yMeeT TeCHO YBS3bIBaTh TEOPHUIO C MPAKTUKOW, CBOOOIHO CIpPaBIISIETCS C
3a/layaMy, BOIIPOCAMM M APYTMMH BHJAaMHU IPUMEHEHHMsI 3HAHWW, NIPUYEM HE 3aTPYAHSETCS C
OTBETOM NpPU BUIOU3MEHEHMHU 33JaHUH, UCHOJB3YEeT B OTBETE MaTepHal MoOHOrpaduyeckoi
JUTEpaTyphl, NPaBUJIbHO OOOCHOBBIBAET NPHUHATOE pEHIeHHEe, BiaJeeT Pa3HOCTOPOHHUMU
HaBBIKAMH Y IIPUEMAMHU BBIIIOJIHEHUS IPAKTUYECKUX 3a1a4;



— TOBBIIICHHOMY YPOBHIO M BBICTABIISICTCS OOYy4arolmeMycCs, €CITH OH TBEpPAO 3HAeT
MaTepuai, TpaMOTHO U IO CYHIECTBY M3JIaraeT ero, He JAOIYyCKas CyIeCTBEHHBIX HETOUHOCTEH B
OTBETE Ha BOIPOC WJIH BBHITTOJIHEHUH 3aIaHHH, TPaBUIILHO IPUMEHSET TEOPETUUECKUE TTOJIOKEHUS
IIPU pEeUICHUH IPAKTUYECKUX BOIIPOCOB U 33]1a4, BJIaJIceT HEOOXOJMMbIMU HaBBIKAMHU U IIPUEMaMU
UX BBIIOJHEHUS;

— MIOPOTOBOMY YPOBHIO H BBICTABIISIETCS 00YYaIOIIEMYCs, €CIIH OH MMEET 3HAHUS TOJIBKO
OCHOBHOI'O Marepyajia, HO HE YCBOWJ €ro jaeTajeil, JOIMyCKaeT HETOYHOCTH, JEMOHCTPHUPYET
HEJIOCTATOYHO IPaBUIbHBIC (OPMYITHPOBKH, HAPYIICHHs JIOTHYECKOH MOCIEIOBATEIbHOCTU B
U3JIO)KEHUH TPOrPAMMHOTO MaTepuayia, WCIBITHIBACT 3aTPYJHECHUS TPU  BBINOJHCHUU
NPaKTUYECKUX padoT.

«He 3auTeHo» BbICTaBIsETCS OO0y4arOUIeMyCs, KOTOPBIA HE JOCTHTaeT MOPOrOoBOIO
YPOBHS, IEMOHCTPHUPYET HEMOHUMAaHUE MTPOOJIEMBI, HE 3HAET 3HAUYUTEIIFHON YacTH MPOTPAMMHOTO
MaTepuaia, JOMYCKaeT CYIIECTBEHHBbIC OIIMOKH, HEYBEPEHHO, C OOJBIIMMHU 3aTPyTHEHUSIMU
BBITOJIHSET MPaKTUYECKHE PabOTHI.



