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1 Iles1u ocBOECHUS TN CUMILTUHBI (MOAYJI51)

oOyueHue CTYAEHTOB OCHOBHBIM MaTE€MaTHUECKUM 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 OSKOHOMETPUYECKHX 3a/Jad M aHalu3a IOJIYYEHHBIX
PE3yJIbTATOB.

2 MecTo THCHUIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30oBaTe/IbHOI MporpaMMal

JucuumuimHa DKOHOMETpUKa (MIPOABHHYTHIM YPOBEHb) BXOIUT B 00SI3aTEIbHYIO YacTb
yueOHOro 11ana 00pa3oBaTeIbHON MPOTrPaMMBI.

Jns  wu3ydeHWs  JUCLUUIUIMHBI ~ HEOOXOOWUMBI  3HaHUS  (YMEHHs,  BIIAQJCHUSA),
c(hOpMHUPOBAHHBIE B Pe3yJIbTaTe U3yUEHUS TUCIUILINH/ MPAKTUK:

Craructuka

Maremaruka

DKOHOMUKA OpraHu3aluu

Mertoapl 00pabOTKH SKOHOMUYECKON HHPOPMALITHH

CratucTuka

Marematuka

DKOHOMUKA OpraHu3aluu

Metoapl 00pabOTKH S5KOHOMUYECKOI HHPOpMaLIUu

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYECHUH AAHHON AUCLUILIIMHBI OyIyT
HEOOXOAUMBI ISl U3yYCHUS TUCIUTLTIH/TIPAKTHK:

[ToaroroBka k ciade u cjaua rocyAapCTBEHHOT0 SK3aMeHa

AHanu3 U IMarHocTUKa PUHAHCOBO-XO035HCTBEHHOM A€ITeIbHOCTH OpPraHu3aluu

3 Komnerenuun ody4aromierocs, popMupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS) ¥ IJIAHUPYEMble Pe3yJIbTAThl 00yueHust

B pesynbraTe OCBOEHHS AUCHUIUIMHBI (MOAYJsl) «OKOHOMETpUKA (IIPOIABUHYTHIM
YPOBEHbB)» 00yJaroIuiics JoKeH 001aaTh CIEAYIOIIUMU KOMIETEHIIUSAMMU:

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

OIIK-2 CnocoOeH MpUMEHSTh MPOJBUHYTHIE WHCTPYMEHTAIbHBIE METOIbl IKOHOMHYECKOTO
aHaJIn3a B MPUKJIATHBIX 1 (HIH) D YHIAaMEHTAIhHBIX HCCIICIOBAHUSX

OIlK-2.1 PaboTaeT ¢ HaIMOHALHBIMU U MEXKITYHAPOIHBIMU 0a3aMU JTAHHBIX C IETbI0
nmoucka HeoOxomuMoil uHpopManmuu 00 SKOHOMHYECKHX SIBICHUAX U
MpoIeccax

OIIK-2.2 Oo6pabarbiBaeT nH(MOPMALIMIO 00 SKOHOMUUYECKUX SIBICHUSX M MPOIeccax,

OTpeeNseT CBSI3W M 3aBHUCHUMOCTH MEXAY SJeMEHTaMH WH(GOpMaIny,
(hopMymupyeT 000CHOBAHHLIN BHIBOI

OI1K-2.3 Brnaneer coBpeMeHHBIMU METOAAMU SKOHOMUYECKOTO aHAJIN3a, CTATUCTUKHU
Y DKOHOMETPHUKH ISl PELIEHUS TEOPETUUECKUX U IPUKIIAIHBIX 3a1a4

OIIK-5 CriocobeH ucnoib30BaTh COBpeMEHHbIE NH(POPMAIIMOHHbBIE TEXHOJIOTHH U TPOrPaMMHBIE
CpPECTBA IIPH PELICHUH PO ECCHOHATIBHBIX 3a/a4.

OIIK-5.1 BriOupaer cooTBEeTCTBYIOIIHME COAEpkKaHUIO NPOGeCcCHOHATBHBIX 3aaad
WHCTpYMEHTapuii oOpaOOTKM ¥  aHajdW3a JaHHBIX, COBpPEMEHHbBIC
WH(POpPMaIIMOHHBIE TEXHOJOTHH U MPOTPAMMHOE 00eCTIeYCHIE

OIIK-5.2 Ucnone3yer nis pemeHus npodecCHOHATBHBIX 337ad COBPEMEHHbIE
nH(pOpPMaIMOHHbIE TEXHOJIOTUH u [IPOrpaMMHBIE CpEICTBa,
MIPEJBAPUTEIILHO OLIEHUB BO3MOXKHOCTB U LIEJIECO00Pa3HOCTh UX




HCITOJIB30BaHUA




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTAaBisieT 3 3a4eTHBIX enuuuil 108 akaa. gacoB, B TOM
qyuce:
— KOHTaKTHas paboTta — 37 akaJl. 4acoB:
— aynutopHas — 36 akaJ. 4acoB;
— BHeayuTopHas — 1 akaj. 4acos;
— caMocCTosTeNNbHAs paboTa — 71 akaj. 4acos;
— B (hopme npakTuaeckoit moarotroBku — 0 aka. yac;

®dopma aTTeCTalMu - 3a4ET

AynutopHast s
o | KoHTaKTHAA pabora E 3 ®dopma TeKyILero
=
Pasyen/ Tema g (B akaz. yacax) E > Bun 5 KOHTPOJIS Kon
S 3 ©| caMOCTOSITEIBHOM | ycHeBaeMOCTH U
JIACIMTUTHHBI 5 £ m . | KoMnereHuuU
O g £ paboTs MIPOMEXKYTOYHOM
Tex. mab. | MpaKT. zZ aTTecTalyy
3aH. 3aH. (U &
1. Beesenue B nmpeaMer
Nzydenne OIK-5.1
11 Mpemver JIUTEPATYPBI, YCTHBIN OIIPOC OHK-5.2’
' N pex MTOJTOTOBKA K Oruer o o
SKOHOMETPUKH, €€ LeIb, 2 3 BBIIOHCHIIO HA60DATODHOI OIlK-2.1,
3a7a4u. ba3oBble MOHATUSA patop OIIK-2.2,
Ta00paTOPHBIX pabote OIK-2.3
pabot '
1.2 TIloBropenue Teopuu Nzyuenue 835:2%’
BEPOSTHOCTH u 2 6 JATEPaTypHI, YCTHBIH OIIpoc OHK-2.1’
MaTeMaTH4YECKOM 1 MOJATOTOBKA K | OKJIAJ K CEMHHAPY OHK-Z. 2’
CTaTUCTHKH CEMUHApY OHK-Z. 3’
1.3 MaremaTuMaTHIeCKOE
MOJIEIMpPOBaHKE B OIIK-5.1,
3KOHOMHUKE. Kitaccel Msvuere OIIK-5.2,
MoJenei. Buner 2 8 HHTg’ ATVORL YCTHBII OIPOC OIIK-2.1,
MEPEMECHHBIX. Drarsl patyp OIIK-2.2,
KOHOMETPHUUYECKOTO OIlK-2.3
MOZEIUPOBAHUS
Hroro no pazneny 6 17
2. PerpeccuoHHBIE MOZIEITN
Nzyuenue
JUTEPaTypBHI, OTYeT IO OIK-5.1
MOJrOTOBKA K 11a00PaTOPHBIM OHK-5.2Y
2.1 Juneiinast perpeccus. 2 8 BEITOHCHIIO padotam OIlK-2.1,
nabopaTopHBIX OTYEeT MO OIK-2.2
pabor TIPOXOKIACHUIO o
IIpoxoxaeHus Moyt MOOK OINK-2.3
1 MOOK
Nzyuenue
JUTEPaTypBHI, Otyer o OIK-5.1
MOJITOTOBKA K nabopaTtopHoi OHK-5.2Y
2.2 Hemuueiinple Mozenu 2 8 BBIITOJTHCHUIO pabore OHK-le’
perpeccun nabopaTopHBIX OTYET O OHK-Z. 2'
pabot MIPOXOXKICHAN 5
[Ipoxoxnenue monynst MOOK OrK-2.3
MOOK
Uroro no pazaeny 4 16




3. BpemeHHEIE psiibI

Nzyuenue
JTUTEpaTypHl, Ortuer o :
MOJrOTOBKA K nabopaTopHO’ 83?-2%1
3.1 OcCHOBHBIE 3JIEMEHTHI BBIMOJIHCHUIO pabote o
2 2 10 OIIK-2.1,
BPEMEHHOTO psia Tab0paTOPHBIX Otyer 0 OIK-2.2
pabor MIPOXOKACHUH o
IIpoxoxnenue Moyt MOOK OlK-2.3
1 moxyist MOOK
Nzyuenue
JTUTEepPaTypHl, Ortuer o :
MOJrOTOBKA K nabopaTopHOH 83?-2%1
3.2 Mopenu cTalnmoHapHBIX BBIMOJIHCHUIO pabote o
2 2 10 OIIK-2.1,
Y HECTAIIMOHAPHBIX PSIOB Tab0paTOPHBIX Ortyer o OIK-2.2
pabor IPOX0XKJIECHUU o
[Ipoxoxaenue Moyt MOOK OIK-2.3
monyist MOOK
Hroro no pazneny 4 4 20
4. CucremMbl 3KOHOMETPHUECKHX
ypaBHEHUI
Nzydenne
JIUTEPaTypBhl, Otuer o OIK-5.1
MOJITOTOBKA K nabopaTopHO OHK-5.2’
4.1 Cucrtemsl ypaBHEHUH B BBIIIOTHEHUIO pabote o
2 2 10 OIIK-2.1,
9KOHOMETPHKE 7Ta00paTOPHBIX OTYeT 0 OINK-2.2
pabot IPOXO0XKJICHUU s
TIPOXOXKACHIE moxyist MOOK OIK-2.3
1 moxyist MOOK
Nzyuenue
TUTEepPaTypHl, Ortuer mo OIK-5.1
4.2 CucreMbl JHHEHHBIX E:ig?g:lﬁg ﬂa6o;;%2(igﬂon OIIK-5.2,
OJTHOBPEMEHHBIX 2 2 8 p OIIK-2.1,
N 71a00paTOPHBIX OTYET O
ypaBHEHHI OIIK-2.2,
pabor MPOX0XKICHUH OIK-2.3
MPOXOXKICHHE Moyt MOOK '
Moyt MOOK
Wroro no pazneny 4 4 18
5. 3auer
N3ydenue OIK-5.1,
I/lTCy aTyphl OIIK-52,
5.1 3auer 1 JIATCPATYPEL, TECT OIIK-2.1,
MOATOTOBKA K OTIK-2.2.
3a4eTy OIK-2.3
Hroro mo pazneny
HWroro 3a cemectp 18 18 71 3a4€T
Hroro no aucnumninuze 18 18 71 3a4er




5 O0pa3oBaTe/ibHbIE TEXHOJIOTHH

[Tpu npoBeeHNN 3aHITUIH U OPTraHU3ALUU CAMOCTOSATEIILHOM paOOTHI HCIIOIB3YIOTCS:

TpaauumoHHBIE TEXHOJOTMHM OOYYEHHs, MPEAIoJaralouife nepeaadyy HHPOpPMaluu B
TOTOBOM BHJE, ()OPMHPOBAHUE YYEOHBIX YMEHHUH IO 0Opa3ily: JEKIHS-U3JI0KCHUE, JCKIIHS-
00BsicHEHUE, Ta0OpaTOPHBIC padOTHI, KOHTPOJIbHAS padoTa U JIp.

Vcnonp3oBaHue TpaIuIIMOHHBIX TEXHOJOTHIA 00eCIIeYMBaeT OPHEHTUPOBAHNE CTY/ICHTA
B MOTOKE HMH(OpMAIMK, CBS3aHHON C Pa3IMYHBIMH IMOJXOAAMU K ONPEAEICHUIO CYIIHOCTH,
COJIepKaHUsI, METOJIOB, (POPM Pa3BUTHS U CAaMOPA3BUTHSI TMYHOCTH; CAMOOIIPEICIICHUE B BEIOOpE
ONTUMAJILHOTO MYTH M CHOCOOOB JTMYHOCTHO-NIPOPECCHOHATBHOTO PAa3BUTHS; CUCTEMATU3ALIUIO
3HAaHWH, TMOJYYCHHBIX CTYACHTAMH B TpOIecCe ayAMTOPHOW W CaMOCTOSITEIBHOW pPaOOTHI.
JlaGopaTtopHble 3aHATUS OO0ECIEYMBAIOT pPAa3BUTHE U 3aKPEIUICHWE YMEHHH M HaBBIKOB
ONpeneNieHus] Iejed M 3ajJad CcaMOpa3BUTHS, a TakKe MPHUHATUS HambOosiee 3()(HEKTUBHBIX
PELICHUH 110 UX peaTu3altH.

WuTepaktiBHble (HOpMBI OO0YYEHUS, MPEIIOIArarollie OpPraHU3alUi0 OOyYeHUsS Kak
MPOJAYKTHBHON TBOPUYECKOH JIEATEIHHOCTH B PEKUME B3aUMOICHCTBHSI CTYACHTOB JPYT C IPYTOM
U C IIPETIOIaBaTeIIeM.

Hcnonp3oBaHne HMHTEPAKTHBHBIX  O0pa30BaTENBHBIX  TEXHOJOTMHA  CHOCOOCTBYET
MIOBBIIIICHUIO WHTEPECA M MOTUBAIMH YYAIIUXCSl, aKTUBU3AIMHA MBICIIUTEIILHON JIEATSILHOCTH U
TBOPYECKOTO TOTEHIMAja CTYIEHTOB, Aenaer Oojee 3()(eKTHBHBIM YCBOEHHE Marepuania,
MO3BOJISICT HHIUBHUIYATM3UPOBATh 00yYCHHUE U BBECTU SKCTPEHHYIO KOPPEKIIHIO 3HAHHIA.

[Ipu npoBeneHuM 1a0OPATOPHBIX 3aHITUH MCIONB3YIOTCS TpymlmoBas padora,
TEXHOJIOTUSl  KOJUICKTUBHOW TBOPYECKOW JCATEIBHOCTH, TEXHOJOTHS COTPYJHHYECTBA,
obcyxaenue mpoodsemsl B hopme auckyccuu, Case-study. JlaHHbIC TEXHOJOTHH 00ECIICUUBAIOT
BBICOKHI YpOBEHb YCBOCHHUS CTYACHTAMH 3HaHWH, 3()()EKTUBHOEC W YCICIIHOE OBIIAJICHUE
YMEHHSIMU U HaBBIKAMH B MTPEAMETHOI 00s1acTu, (POPMUPYIOT MTO3HABATEILHYIO MOTPEOHOCTD U
HEOOXO0IMMOCTh JAITbHEHIIIETO camMo00pa3oBaHus, TIO3BOJISIFOT aAKTUBU3UPOBAThH
UCCIIEIOBATEIIBCKYIO IEATEIbHOCTD, 00eceunBatoT 3 (HEeKTUBHBIN KOHTPOJIh YCBOCHHS 3HAHHIA.

6 YueOHO-MeTOIMUECKOE 00eceyeHHe CAMOCTOSATEeIbHO PadoThl 00yYaroIMXCsl
[TpexncraBneHo B mpuioxeHun 1.

7 OneHoYHbIe CpeIcTBA A5 IPOBeJeHUsI IPOMEKYTOYHOM aTTecTAluH
[IpencraBneHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecreyeHue TUCIUIIHHBI (MOTYJIs1)

a) OcHOBHas JIUTEpaTypa:

1. DkoHOMETpHKA : Y4eOHHK WM TPAKTUKYM Ui TpHKIagHoro OakamaBpuara / O. A.
Hemmumona, /1. 1. ManaxoB. — Mocksa : U3znatenbcrBo FOpaiit, 2019. — 334 ¢. — (bakanasp.
[Mpuknagaoit kypc). — ISBN 978-5-534-00625-4. — Texkct : snexrponnsid // DBC FOpaiir
[caitT]. c. 1 — URL.: https://urait.ru/bcode/432950/p.1 (nara obparmenus: 22.04.2024)

2. DKOHOMETpHKA | y4eOHHK M TPAKTHKYM I akajemMudeckoro OakamaBpuata / H. 111.
Kpemep, b. A. Ilytko ; nmon penakuwmeit H. 1. Kpemepa. — 4-e uza., ucnp. u gorn. — Mocksa :
WznarensctBo KOpaiit, 2019. — 308 c¢. — (bakanasp. Akanemuueckuit kypce). — ISBN 978-5-
534-08710-9. — Tekcr : onektponubii // DBC IOpaiit [caiit]. ¢. 1 — URL:
https://urait.ru/bcode/426241/p.1 (nara odpamenwus: 22.04.2024)

0) lomotHuTEIBLHAS TUTEPaTypa:
1. JlaktronoBa, 0. C. DxoHomerpuka : yueonoe nocobue / 1O. C. JlaktnoHoBa ;



MI'TV. - [2-¢ u3a., moarort 1o med. u3fa. 2005 r.]. - Marauroropck : MI'TVY, 2016. - 1 371eKTpOH. OMNT. AH
3ara. c TUTYIL. JKpaHa.
https://magtu.informsystema.ru/uploader/fileUpload?name=3074.pdf&show= dcatalogues/1/1135273/307A
(mara oOparenus: 22.04.2024). - MakpooOBeKT. - TeKCT : 37eKTpOHHBIH. - CBEACHUs TOCTYITHBI TAKKE Ha

2. JlorynoBa, O. C. DxoHomeTpuka cpeactBamu Statistica 6.1. BpeMenHble ¥ JHHAMHUYECKHE
nocodue / O. C. JloryHosa, E. A. Unbsuna, B. B. Koponesa ; MI'TY. - Marautoropck, 2009. - 135 ¢. : ur.
URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=228.pdf&show=dcatalogues/1/1056118/228.f
(mata obparenus: 22.04.2024). - MakpooObeKT. - TEKCT : 3JIeKTPOHHBIN. - IMeeTcst ieuaTHBIN aHaJIoT.

3 KoppensaiuoHHblii ¥ perpecCHOHHbIN aHanu3 . yueOHoe nocobue / M. I'. Kapenuna, B. 1. T
WBanosa u ap. ; MI'TVY. - Marautoropck : MI'TY, 2016. - 1 snekrpon. ont. auck (CD-ROM). - 3ari. ¢
URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2489.pdf&show=dcatalogues/1/1130255/248
(mata ooparuenus: 22.04.2024). - MakpooOBeKT. - TeKCT : 3JeKTpOHHBIH. - CBEICHUs TOCTYITHBI TAKKE Ha

B) MeToauveckne yKasaHus:

1. lTanuenko, H.U. DxoHOMeTprKa [DNEKTPOHHBIA pecypc]: JTa0OpaTOpHBINA MPAKTHKYM: Y4eOH
n. IITaH4yeHKO. - VY IIbSHOBCK: yul'Ty, 2011. - 117 o - Pex
http://window.edu.ru/resource/537/74537/files/ulstu2011-90.pdf (nata obpamienus: 22.04.2024)

r) [Iporpammuoe o6ecneuenue u UnTepuer-pecypcebi:

IIporpammHuoe o0ecnneyenne

Haumenosanue 110 Ne norosopa Cpok neicTBHS JIHLIECH3]
7Zip ¢B0001HO pacnpocTpansgemoe 110 0eCcCpOYHO
STATISTICA B.6 K-139-08 ot 22.12.2008 0OECCPOUHO
FAR Manager cB00OTHO pactpoctpansiemoe 110 OECCPOYHO

Ipodeccuonanbubie 6a3b1 JAHHBIX H HHGOPMANMOHHbIE CIIPABOYHbIE CHCTEMbI
HazBanwue kypca Ccblika
[Touckoras cucrema Axkanemus Google (Google Scholar) URL.: https://scholar.google.ru/

Hanmonanenass uHQOpMalMOHHO-aHAJIUTHYECKas CHUCTEMa —

Poccuiiciii miexe HayuHoro muTiposarys (PYHL) URL.: https://elibrary.ru/project_risc.:

9 MaTtepuaJIbHO-TEXHHUYECKOE 00ecTedeHne TUCIUTLIHHBI (MOLYJIs1)

MaTCpI/IaJ'IBHO-TCXHI/IquKOC obecrneucHUe JUCIUIIIIMHBI BKIIFOUACT:



MaTepI/Ia.HBHO-TeXHI/I‘-IeCKOG obecrneucHUe JUCIUIIIIMHBI BKIIFOYACT:

Y4eOHble  ayIUTOpUU NS TPOBEACHUS  3aHATUNA  JIGKIIMOHHOTO  THUMA -
Crnenuanu3upoBaHHas (yueOHast) MeOelb (CTOJIbI, CTYJIbS, JOCKA ayAUTOPHAs ), MYJIbTUMEIUNHOE
obopymoBanue (IPOEKTOpP, KOMITBIOTEp, dKpaH) IJs Mpe3eHTAlMH y4eOHOro Marepuala IIo
JMCIIATUIAHE;

VY4ueOHblE ayIUTOpPHM Ui TPOBEACHUS JIA0OPATOPHBIX 3aHATUH, TPYIIOBBIX U
WHJIMBUYyIbHBIX KOHCYJIBTALMi, TEKYIIEro KOHTPOJS M IPOMEXKYTOYHOH aTTecTaluu -
Crenmanu3upoBanHas (yueOHasi) mMeOenb (CTOJBI, CTYNbs, TOCKAa ayAWTOpHAs), EPCOHATIBHBIE
KOMITBIOTEPHl OOBEJMHEHHBIE B JIOKAJbHBIE CETH C BhIXoAoM B Internet m ¢ moctymom B
ANEKTPOHHYI0  MH(OPMALMOHHO-00pa30BaTENbHYI0 Cpely YHHUBEPCUTETa, OCHAILCHHBIE
COBPEMEHHBIMU ITPOTPAMMHO-METOANYECKUMH KOMIUIEKCAaMH

AynuTopuu JUIsl CaMOCTOSATEIHHOW pabOThl (KOMIBIOTEPHBIE KIIACCHI; YUTAIBHBIC 3aJTbI
oubnuorekn) - CnenuanuzupoBanHas (yueOHasi) MeOenb (CTOJBI, CTYJNbsS, OCKa ayAUTOpHAas),
MEPCOHABHBIE KOMITHIOTEPhI OOBEAMHECHHBIE B JIOKAJIBHBIC CETH ¢ BhIxoaoM B Internet m c
JOCTYIIOM B  DJIEKTPOHHYIO HMH(DOPMAIMOHHO-00pa30BaTeIbHYI0 CpEly YHUBEPCUTETA,
OCHAII[EHHBIC COBPEMEHHBIMU IMPOTPAMMHO-METOMICCKIMH KOMIUICKCAMH

[Tomenienne Juis XpaHeHHS W OPOPHIAKTUYECKOTO OOCITYy>KUBaHHUS  y4eOHOTro
obopynoBanus - Meb6eib (CTOJIbI, CTYINbs, CTEIIAXKH JJIs XpaHeHUs Y4eOHO-HATJISIIHBIX TTOCOOMI
U yueOHO-METOIMUECKOM JOKYMEHTAIINH ), IEPCOHATBHBIC KOMITBIOTEPHI.



Y4eOHO-MeTOANYECKOE O0ecTIeueHre CAMOCTOSTEIbHOM Pa0d0Thl 00y4al0IIUXCS
MNOCTPOEHME MOJEJIA JIMHEWHOM MAPHOM PETPECCUU
JlabopaTopnasi pabora Nel.

Buiyucnenue koagghuyuenmog ypasnenus 1uHeliHol pecpeccuu
[Tapnas perpeccusi — 3TO ypaBHEHHUE CBSI3U ABYX MEPEMEHHBIX ) U X'

y = f0),

rae Y - 3aBucuMas rnepeMeHHas (pe3yabTaTUBHBIA NPU3HAK); X - HE3aBUCHUMAs, OOBSCHSIOIIAs
nepeMeHHas (MpU3HaK - (HakTop).

Jlunelinas napHas perpeccusi: y = a + bx + «.

[TocTpoeHne ypaBHEHMsI PErpeccur CBOJUTCS K OLIEHKE €€ IapaMeTpoB (B MPUBEACHHBIX
BBIILIC YPaBHEHHSX perpeccud — mapaMerpbl a u D). [lns OleHKH mapaMeTpoB perpeccuii,
JUHEHHBIX IO IapaMeTpaM, HCIHOJB3YIOT MeToJd HamMeHbmMx ksBaapatos (MHK). MHK
MIO3BOJIIET MOJIyUYUTh TaKUE OLIEHKH I1apaMeTpPOB, NPU KOTOPBIX CyMMa KBaJIpaTOB OTKJIOHEHUI
(akTHUeCKuX 3HaYeHUH pe3yJbTaTUBHOIO MPU3HAKA } OT TEOPETUYECKUX P(X)MUHUMAIIbHA, T.€.

2 — 9x)? - min.

JInst TMHEHHBIX YPaBHEHUHN PEIIaeTCsl CICAYIOIIas CUCTEMa OTHOCUTEINILHO & U b:

{na+b2x=2y,|

I[J'ISI peICHUA HaHHOﬁ CUCTEMBI 1 HAXOXJCHUS d U b MoxHO HCIOIB30BATE JBa 11oaxoJa:

1. Ucnionb3yroTcs Caeayommne COOTHOLICHHUS:

X X Z}’
n _ X ISy In
A= 2,Aa= Z’Abz 1
DESRY Ty 12 DESERE
a=A—a;b=£
A A

2. M03KHO BOCII0JIb30BaThCs FTOTOBBIMU (POPMYIaMH, KOTOPbIE BHITEKAIOT U3 3TOW CUCTEMBI:

a =7y - bx, 1)
Cov(xy) _y-X—yX
b = OVU:%CJ/ = yx_):_;zx; (2)
rae Cov(x,y) = %Z?zl(xi —X)(y; —y) - kodpduureHT BHIOOPOUHON KOBAapHALMU, 02 =

1 _
;Z?ﬂ(xi — %)? - nucnepcus (HAaKTOPHOTO NMPU3HAKA MM BBIOOPOYHAS BapHallus, 0003HauaeMast
Kak Var(x).

3agaua

HmeroTcst craTHCTUYECKHE JaHHBIE IMOCTYIUICHHS JIOTOBOPOB B KOHCOJIWIMPOBAHHBIN
oromxer Cankt-Ilerepbypra(y, mipo py6.) B 3aBUCUMOCTH OT YHCIEHHOCTH pabOTaromMX Ha
KPYIHBIX U CpEAHMX MPEeANnpuATUsiX(X, mbvic.uen.) HKOHOMUKH paifoHoB 3a 2012 r.
MpeCcTaBIeHBI B Tabmwmie 1.

Tabmuma 1



Heo0xoaumMo nMocTpouTh TMHEHHOE ypaBHEHHUE MAPHOM PErpeccuu y oT X.

Pemenmne.

Moctynienune
. Yuc/IeHHOCTh
Ne paiiona | 10rosopos B
padoTarommux
ropoaa |Owoaskery (mJpa. X (Thic. UeiL.)
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
16 144,2 125,1
17 150,6 132
18 156,1 149
19 209,5 157
20 342,9 282

1. Jlmsa pacuera mapaMeTpoB ypaBHEHUS JIMHEMHOW PErpecCHH IMOCTPOUTE PaCUETHYIO

TadnuIy 2.
Tabmumna 2
Ne paiiona y X Xy X Y

1 4.4 33

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 9 ; @ x2 F




‘ SHAYCHUSA ‘ ‘ ‘ ‘

2. Ucnonp3ys popmyisl 1, 2 paccunTaiite napamerpsl a u b.
3. 3anuimTe NOIy4eHHON ypaBHEHHE TapHON PErpeCcCUu.

4. Jlns TpOBEPKH TPABWIBHOCTH IOJYYCHHOTO YPaBHEHHUs  BOCIOJIB3yHTECh
craructrueckoit ¢pyukuuein JJMHEWH Tabmuunoro npoueccopa Microsoft Excel, ms atoro:

- BBIJICJINTE UHTEPBAJI STYCEK, COACPIKAIINI 2 CTOJIONA U 5 CTPOK;
— BCTaBbTE (YHKIIHIO HHHEfIH, 3aaliTe 3HAYeHUE KOHCTAHTHI U
CTATUCTUKH PABHBIMU EIUHUIIC.
- BBenuTe (popmyny Kak (OpMyITy MaccuBa, IS Yero HAKMHUTE KIIABHIIY
F2 a 3atem xomOunanuro xiasum Ctrl+Shift+Enter.
B Ttabmune 3. moka3aHo, B KaKOM TIOpSJKE BO3BpAIacTCs JIOMOJHUTEIbHAS
perpeccuoHHas CTaTUCTHKA.

Tabnuua 3
b a
S€p S€;
r* sey
F df
Sspez. SSocm.

JlabopaTopnasi padora Ne2.
Buiuucnenue koagppuyuenma xoppensayuu u cpeoHeti OuUUOKU annpoOKCUMAYUU

TecHOTY CBA3M U3y4aeMbIX SBJICHUM OLEHUBACT JHHEHHBIH KOI(PPUUHMEHT NapHO#
KOPPEJISIIHH T,y !

ro = bﬁ _ Cov(x,y) _ yX—y-X
Xy oy Ox0y Ox0y '

rae o, = Vx? —x2, 0, = |y? —y2.
JInnelHbId K03()GUIHMEHT KOPPEISIMU U3MEHAETCA B penenax —1 < r, < 1.

PaBeHCTBO KOX(dHIMEHTa HYIIO CBUIETEILCTBYET 00 OTCYTCTBUM JIMHEHHOW CBSI3M.
PaBenctBo ko3 dunrenta -1 wiu +1 nokaspiBaeT Hanuuue QyHKIIMOHATBHON CBSA3H. 3HAK «1»
yKa3plBaeT Ha CBS3b MNPAMYI (YBEIMYEHHE WM YMEHbBIIEHHE OJIHOTO MpPHU3HAKA
COTPOBOKAAETCSA aHAJOTUYHBIM U3MEHEHHUEM JPYToro MpU3HaKa), 3HaK «-» YKa3bIBaeT Ha CBA3b
o0paTHyl0  (YyBEIMYEHME WM  YMEHBIIEHHWE  OJHOIO  IPU3HAKA  COIPOBOXKAAETCS
MIPOTUBOINOJIOKHBIM [0 HAIIPaBJIIEHUIO U3MEHEHHUEM JApYroro npusHaka). [lokazarensiMm TeCHOTHI
CBSI3M MOXHO JaTh KQUeCTBEHHYIO OLIEHKY:

KonuyecTtBeHHasi Mepa TecHOTHI cBsi3H | KauecTBeHHasi XapaKTepuCTHKA CHJIbI
CBA3H
1o 0,25 Ouensb ciabas




0,25-0,44 Cnabas
0,45-0,64 Ymepennas
0,65 -0,80 CupHas
0,81 -0,90 Becsma cumbHas
0,91-1,00 OueHb criIbHAA

OneHKy KadyecTBa MOCTPOCHHON Mojenu onpeaenseT Kod(pduuuent (MHIEKC)
JAeTePMHUHAIIMM, 2 TAKKE CPeTHSIsI OIIMOKA AaNNMPOKCUMAIUM.

Ko3dduumenT nerepMuHanum r;

2 _ Z0x9)?
ATk

Koadduuuent nerepmunamum npuHuMaer 3HadeHus ot 0, xorma ¢akTopsl X He
OKa3bIBAIOT HUKAKOTO BIUSHUS HAa 3aBUCHMYIO IIEPEMEHHYIO, 10 1, KOTaa N3MEHEHUs 3aBUCHMOM
HIepEeMEHHOH Y TIOIHOCTBIO OOBSICHUMBI BIUSIHUEM (DaKTOPOB MOJIEIIH.

OyHKIMOHATbHAS CBA3b BO3HMKAECT MpPH 3HAYCHUHM PaBHOM 1, a orcyrcrBue cBsizu - 0.
[Ipr 3HaYeHHMSX TIOKa3aTeNed TECHOTHl CBs3W MeHblne 0,7 BenumumHa KoddduuueHTa
netrepMuHanuu Beerga Oyner Huxke 50%. DTO o3HAuYaeT, 4To HA A0 Bapualuu (aKTOPHBIX
MPU3HAKOB MPUXOAUTCA MEHbIIIAS YaCTh 110 CPABHEHUIO C OCTAJIbHBIMUA HEYUYTCHHBIMU B MOJIETIN
dakTopaMu, BIMSIOIMIMMU Ha HM3MEHEHHE pe3yJIbTaTHMBHOIO moka3atens. llocTpoeHHble mpu
TaKUX YCJIOBHSIX PErPECCUOHHBIE MOJIETM UMEIOT HU3KOE TPAKTUYECKOE 3HAYEHUE.

Cpennsisa omul0Ka annmpoKCUMAIMM - CPEIHEEC OTKJIOHEHHE PACUETHBIX 3HAYEHHH OT
(haKTHYeCKuX:

1=1y,4 =1y[¥2].
A=-%4; = nz| : | 100%.
JlonycTUMBIi pesien 3HaueHnii A - He 6onee 8 - 10%.

3agaua

OnpenenyM JMHEWHBIM KOA(Q(GUIMEHT MNapHOM KOPPENSUUU U CPEIHIO OILIUOKY
anmnpoKCUMAallMK JJIsl ypaBHEHUS TapHOM perpeccui, rnoiydeHHoro B JJaboparopHoii padote Nel.

Pemenmne.

1. foronauTe TabaMIly 2. CASIYIONIMMH pacuYeTHBIMH MOJISIMH (TabI1. 4).

Tabnuua 4
Ne paiiona y X Xy X y’ D Y= 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
16 144,2 | 125,1
17 150,6 | 132
18 156,1 149
19 209,5 | 157
20 3429 | 282
Hroro
Cpeanue y X Xy X2 yZ
3HAYEHHSA
o
o2
Ty
T'Z
A

2. CpaBHHTE MOJIyYeHHOE 3Ha4YcHHE Kod((HIMEeHTa IeTepMUHAIIMN CO 3HAYCHHUEM,
BeruncieHHbIM pynkimeit JIMHENH.

3. Cnenaiite BBIBOJBI O TECHOTE CBSI3U M 00 OLIEHKE KayecTBa MOCTPOCHHOW MOJIEIH.
JlabGoparopHasi pabora Ne3.
Oyenxa 3navumocmu ypasnenus peepeccuu ¢ nomowvio F-kpumepus @uwepa

F-kpurepuii duinepa 3aka0YacTCs B INPOBEPKE TUIOTE3bl Hy O CTaTHCTHYECKOM
HE3HaYMMOCTH YPaBHEHHS Perpeccu. [yt 3TOoro BEIMONHSETCS CpaBHEHHE (PAaKTHIECKOTO F g
U KpUTHYECKOTO (TabauaHOr0) F 06, 3HaUeHUI F-kpuTepus durmiepa.

Fpawm OTNpENeNseTca U3 COOTHOUIEHHs 3HAYEHUH (PaKTOPHOM M OCTATOYHOM AMCIIEPCHA,
paccuMTaHHBIX HA OJIHY CTETIEHb CBOOOIBI:

—i)2
F _Z%_ rxzy .n—m—l (3)
baxr T L o-92 T 112, m

n-m-1

rae N — 4KCio eMHUIL COBOKYITHOCTH; M — YKCIIO MApaMETPOB TPH MEPEMEHHBIX (1151 TUHEHHOI
perpeccun m = 1).

Fia6n — MaKCHMaJbHO BO3MOYKHOE 3HAYCHHE KPUTEPHUS TOJ BJIMSHUEM CITydalHBIX
(bakTopoB Tpu cTeneHsx cBoooabl K1 = m, k; = N — m — 1 (aus nuHe#HOM perpeccun M = 1) u
YPOBHE 3HAYHMOCTH QL.

YpoBeHb 3HAUUMOCTH O — BEPOSTHOCTh OTBEPrHYTHh MPABHIBHYIO THIOTE3Y IPH
yCIIOBHH, 4TO OHA BepHa. OOBIdHO BenmunHa o mpuHIMaeTcst papaoit 0,05 umm 0,01.

Ecmn Fuuer < Fgaomy, TO Hp - rumoresa o CilydailHOW IPHPOJAE OLICHUBAEMBIX
XapaKTEPUCTUK OTKIIOHSETCS W MPHU3HAETCA UX CTAaTHUCTHUYECKas 3HAYUMOCTb U HAJEKHOCTD.
Ecmn Fueen > Fgaom, TO THIOTE3a Ho HE OTKIOHAETCA W TIPU3HAETCA CTATHCTHUYECKas
HE3HAYMMOCTb, HEHAJIeKHOCTh YPaBHEHUS PETPECCUH.

3agaua



Onpenenum F-xputepuit ®uiepa a1 ypaBHEHUS NapHOM pPErpeccuM, MOJYyYEHHOIO B
JlaGopatopHoii padote Nel.

Pemenue.

1. Paccunraiite Fyuom 0 hopMyne 3 U cpaBHHUTE MOIYYCHHOE 3HAYCHUE CO 3HAYCHHEM,
paccuntanubM ¢ momoiubio pyaxun JIMHEWH B JlaGopaTtopHoii padoTteNel.

2. Onpenenute Fi6, mpu 3agannom ypoBHe 3Hauumoctd o = 0,05 (Ilpunoowcenue 1).
Kpurnyeckoe 3HaueHHE Tak)Ke MOYKHO HaiTh ¢ momotupio Gyuxiuu Excel FPACIIOBP.

3. CpaBHuTE NOJdy4YeHHBbIE 3HAYCHUSA F a5, M Fuom, CHENANTE BBIBOJ O CYIIECTBEHHOCTH
CBSI3U.

JlabGoparopHasi padora Ne4.
OL{EHKCZ CMamucmu4eckoul 3Ha4uUMocmu napamempoe pecpeccuu U Koppeiiayuu

Jns  OUEeHKM CTATHCTHYECKOHM 3HAYUMOCTH KOI(PPHUUMEHTOB perpeccud H
KOppeJsinuu paccuuTbiBatoTcs t-kpurepuii CThIOEHTA U JOBePUTENbHbIC HMHTEPBAJIBI
Ka)XJ0ro 13 Mokas3aresieid. Bergsuraercs runoresa Hy o ciiydyallHOW IPUPOJIE MOKa3aTeNneu, T.e. 0
HE3HAYUMOM HUX OTIMYMU OT Hynsd. OneHka 3HaYMMOCTH KO3(PULMEHTOB perpeccud u
Koppesiiui ¢ mnoMolbio t-kpurepust CTblOfIGHTa MPOBOJUTCS IIyTEM COINOCTABIEHUS HX
3HAYeHUH C BEJTMUMHON CIy4aifHOM OMINOKY:

5. —a. — Ty
tb - sep’ ta - seq’ ty = Serxyl (4)

Cayuaiinble 0IIMOKHU ITapaMeTPOB JIMHEHHOH perpeccuu M Ko3ppuuueHTa Koppeasinun

OTIpeNieNAI0TCs 0 GopMyIaMm:

se, = \/Z(y—j)x)z/(n—Z) :J S2ocr. — Socr._, (5)

X(x—%)? Tx=%)?2  ox'n’
_ |Zo=90)%  ¥x® 2oer rxz VEx?,
S€q = \/ n-2 nY(x-%)2 \/S 'nzcrxz = Socr. no, ’ (6)

1-12
sep, = /T;y : (7)

CpaBHuBas (QakTUdeckoe U Kputudeckoe (TabIu4yHOE) 3HaYeHHS {-CTATHCTUKH - U446, U
tpaxm - TIPUHUMAEM MJIM OTBEPraeM runoresy Ho.

Cesa3p Mexnay F-xputepuem @umepa u t-cratuctuxkoi CTbIOAEHTa BBIPAXKAETCS
paBeHcTBOM: t? = t2 = V/F.

Ecmut tasn < tpaom WIH Ypgon < - Upaan, TO Ho OTKIIOHSETCH, T.€. @, D U Iy He cirydaifHO
OTIUYAIOTCS OT HyNsd U CPOPMHUPOBAIHCH MO BIMSHHEM CUCTEMATHUYECKH JICHWCTBYIOIIETO
daxTopa X.

Ecma tuu6: > tpam WA Lpauon > - tpasr, TO THIOTE3A Ho HE OTKIIOHSETCS W IPU3HAETCS
ciydaiiHas mpupona GopMupoBaHus @, b 1in ryy.

3agaua

OneHuM CTaTUCTUYECKYI0 3HAUUMOCTh KO3((QUIMEHTOB pErpeccru, pacCUYMTAHHBIX B
JlaGopaTtopHoii pabote Nel.

Pemenmne.



1. IIpumute runore3y Ho 0 cTaTUCTUYECKU HE3HAUMMOM OTJIMYMHU IIOKa3aTeslel OT HyJs a
=b=ry=0.

2. PaccumTaiiTe BENWYMHBI CIYYalHBIX OMIMOOK, WCHONB3ys (opmynsl 4, 5, 6, 7.
CpaBHHTE TMOJIyYCHHBIC 3HAYCHUS CO 3HAYCHUSMH, PACCUYMTAHHBIMU C TOMOUIbIO (DYHKIIMH
JIMHEUWH B JlaboparopHoii paboteNel.

3. Onpenenute tra, Ipyu 3aaHHOM ypoBHE 3HaunMOCTH o = 0,05 1 cTeneHbto cBo00IbI Ko
=n - m — 1 (Ilpunosicenue 2). Kputrueckoe 3HauCHHE TAKKE MOKHO HAWTH C IOMOIIBIO
byuxuuu Excel CThFO[PACIIOFP.

4. CpaBHUTE NONYyYEHHBIC 3HAYEHUSA 06, U tpacm, CHENANTE BBIBOJ O CTaTHCTHYECKOH
3HaYMMOCTH MApPaMETPOB PETPECCUMU.

JlabopaTopnasi pabora NeS.
Pacuem oosepumenvnvix unmepeanos

3aMeTHUM, YTO BCE OLICHKH, IPHUBEICHHBIE PAaHEE, ONPEIENISIOTCS OJHUM YHUCIOM, T.C.
SBJISIOTCS TOYeUHbIMH. [Ipu Manbix 00bemMax BbIOOPKM TOUYEYHAs OLIEHKAa MOKET INPUBOAUTH K
00JbIIMM OIIMOKAaM M 3HAYMTENIBHO OTJIMYAThCS OT OLEHMBaeMoro napamerpa. bonee mmpokoe
IPUMEHEHHE TOJIyYWJI METOJ JOBEPUTENbHBIX HMHTEPBAJIOB, pa3paOOTaHHBIA aMEPUKAHCKUM
cratuctukoM lO. Heitmanom.

Takum oOpa3om, paccuMTaHHbIE 3HAuYCHHs IIOKasarened (kKoddduuueHTer @, b, ryy)
SABIISIOTCS MPUOITMKEHHBIMHU, MTOJIYY€HHBIMH Ha OCHOBE MMEIOIUXCSI BBIOOPOUHBIX JTaHHBIX. J1Iis
OLEHKHU TOT0, HACKOJIBKO TOYHBIE 3HAYEHHMS MOKA3aTEJIEH MOTYT OTJIMYATHCS OT PACCUUTAHHBIX,
OCYLIECTBIISIETCA TOCTPOCHUE JIOBEPUTENbHBIX MHTEPBAJIOB. JOBEpUTENbHBIE WHTEPBAIbI
OIPENEIAIOT MpEeIeibl, B KOTOPBIX JIEKAT TOYHBIE 3HAYEHUS ONPENEISEMBIX IIOKa3zarelen ¢
3aJJaHHOM CTEIEHBIO YBEPEHHOCTH, COOTBETCTBYIOILEH 3aJaHHOMY YPOBHIO 3HAUMMOCTH .. [Ipu
MOCTPOEHUU IKOHOMETPUUECKUX PETPECCHOHHBIX MOJIEJIEH JOBEPHUTEIbHBIC HHTEPBAIBI OOBIYHO
ONPENENSA0T VISl IBYX YpPOBHEH 3HauMMOCTH - @ = 0,05 1 a = 0,01. COOTBETCTBEHHO TOBOPST O
S-TIPOIICHTOHOM  ypOBHE 3HAYMMOCTH WJIHM 00 1-TIPOLICHTHOM ypOBHE 3HAYUMOCTH.
JloBepuTenbHble UHTEPBaJbl (YPOBHHU JOBEPHS) MPU STOM OyAyT paBHbl 1 —a =0,95ul—a =
0,99. COOTBETCTBEHHO TOBOPAT O 95-pOLEHTHOM WM O 99-NIPOLIEHTHOM YpOBHE JOBEpUS
(mamexxnoctu). [loguepkHeM, 4YTO YeM MEHbBIE YPOBEHb 3HAUMMOCTH (OOJbIIE YpPOBEHB
JIOBEpHsi), TeM IIHPE COOTBETCTBYIOIIUN TOBEPUTENBHBIM HHTEPBaAI (MIPU MPOUYUX PABHBIX
YCIIOBUSX).

Jlist pacyeta JOBEPHUTEIBbHBIX HHTEPBAJIOB [UIs MAapaMeTpoB & U D ypaBHeHHs THHEHHON
perpeccuu onpeaesnsieM MpeaesbHy0 OIUOKY A 1715 KaKJ0ro MOKa3aTest:

A = trg, - S€q; Ab = tragy - S€p- 8

Benuuuna t,,,4, npencrarisier codoi TabnuuHoe 3HaueHue t-kpurepust CThIoJIEHTa IO
BIMSIHUEM CIy4alHBIX (DaKTOPOB TPH CTENEHH CBOOOABI K = N—-2 © 3aJaHHOM YypOBHE
3HAYMMOCTH Q.

DopmyIibl U1 pacyeTa JOBEPUTEIbHBIX HUHTEPBAJIIOB UMEIOT CIICIYIOIIUN BU:
Ya=atda; v, =a—A4a y, =a+da
Yp = b + Ab, mein =b— Ab, ybmax =b + Ab. (9)

Eciu B T'paHULIbI JOBCPUTCIILHOTO MHTCPBAJIa MOMAAACT HOJIb, T. €. HUKHASA T'paHULA
OTpUuLaTciibHa, a BEPXHAA IMOJIOKHUTEIbHA, TO OHeHI/IBaeMHﬁ nmapaMeTp NMPUHUMACTCA HYJICBBIM,



TaK KaK OH HC MOXCT OJHOBPCMCHHO IPUHUMATb W TOJOXHUTCIBHOC, W OTPHUIATCIBHOC
3HA4YCHU.

3agaua

Paccunraem noBepuTenbHBIN MHTEpBAN I KOAQUIMEHTOB a u b, 3HaYeHHS KOTOPBIX
Haiinensl B JlabopaTopHoii paboTeNel.

Pemenmne.
1. Onpenenute npeaenbHYO OMMOKY I KaXI0T0 Imoka3arteis no gopmyie 8.

2. OnpejenuTe TOBEPUTEIbHBIC HHTEPBAJIBI s K03(duineHToB a, b mo dopmyse 9 u
3aMUIIUTE MOTYYCHHBIE TPAHUIIBI JIOBEPUTEIHHBIX HHTEPBAJIOB.

JlabopaTopHasi pabora Ne6.
Toueunviti u UHMEPBATLHBIL NPOSHO3 NO YPAGHEHUIO TUHEUHOU pecpeccui

Toueunblid POrHO3 3aKIHOYACTCA B IOJYYEHHH IMPOTHO3HOIO 3HAYCHHUS Y, , KOTOPOE
OIpeIEeIISIETCS MyTEM OACTAHOBKHU B ypaBHEeHUE perpeccun: [P, = a + bx

COOTBETCTBYIOIIETO (IPOrHO3HOI0) 3HAYECHUS Xpp. Y = @ + b - Xy,

HHTepBaabHBIl MPOTHO3 3aKIIOYAETCs B TIOCTPOCHUHU JIOBEPUTEIHLHOTO HHTEpBAIA
IPOTHO3a, T. €. HIWKHEH M BEPXHEH TPAHUIL Vpmin, Vpmax MHTEPBANA, COAEPKALIETO TOYHYIO
BEJIMYUHY AJIS IPOTHO3HOTO 3HAUCHUS Yy (Vpmin< Yp< Vpmax). JlOBEpUTEIBbHBII MHTEPBAN BCeraa
OTpeNeNsieTCss C 3aJaHHOM BEPOATHOCTHIO (CTENEHBIO YBEPEHHOCTH), COOTBETCTBYIOIIEH
MPUHITOMY 3HAUEHUIO YPOBHS 3HAYHUMOCTH QL.

IIpenBapuTenbHO BBIYHCISETCS CTAaHIAPTHAS ONIMOKA IPOTHO3a My,

—%)2
My = Oger |1+ + 9220 (10)

n - Xx-x?

/2(3}—9)2
TOC Oyer. = m

3aTem CTPOUTCA ,Z[OBCpI/ITeJ'ILHLII\/’I HWHTCPBAJI ITPOTHO34a, T. €. OMPCACIIAOTCA HUKHSAA ]/yp )
min
N BECPXHAA ]/yp TpaHUIbI HHTCPBaJia IPOrHo3a:
max
Yypmin - yp B Aﬁ?’ Yypmax = yp + Ayp
rac Aj)p = tTaGH_myp.
3apaua

Brimmomaum IIPOTHO3 OXUJAECMBIX 00BEMOB nmpoaax y npyu NpOTrHO3HOM 3HAUCHHUH 3aTpar
Ha pCKiIaMy X, COCTAaBJIAIOIICM 107% ot CpCOAHCTO YPOBHA. OI.[CHI/IM TOYHOCTH IPOTHO34,
paccunTaB OH_II/I6Ky IMpOrHo3a u €ro I[OBCpHTCJ'IBHLIfI HHTCPBAJI.

Pemenmne.

1. PaccuuraiiTe mPOrHO3HOE 3HAYCHHE X,,  3aTEM IIPOTHO3HOE 3HAUCHHE Y.
2. PaccuuTaiite omubKy nporuosa 1o gopmyse 10.

3. TlocTpoiiTe NOBepHTENLHBIA HHTEpBA]T IPOTHO3a, ClelaiiTe BHIBOALI O HaJEKHOCTH
MIPOTHO3A.



JlabGoparopHasi padora Ne7.
Pacuem koagpdhuyuenma snacmuunocmu

B sxoHOMHYECKUX HCCIIEOBAHMSIX IIUPOKOE MPUMEHEHUE HAaXOTUT TaKOM MoKa3aTellb,
KaK KO3(DPUIMEHT 3J1aCTUYHOCTH, BHIYUCIISIEMBII 110 popMmyIie:

3=f'(0)7

KOB(i)(bI/II_[I/IeHT SJIaCTUYHOCTH ITOKA3bIBACT HAa CKOJIBKO IIPOUCHTOB U3MCHUTCA PE3YyJbTaT
y IpHu USMCHCHUU (baKTopa x Ha 1 % oT cBOEro HOMMHAJILHOTO 3HAUCHUS.

I[J'ISI JIMHEHHOH perpeccuun KOB(b(i)I/IHI/IeHT OJIaCTUYHOCTH PaBCH:
x
= b;,
U 3aBHCHUT OT X, IMO3TOMY paCCUUTBIBAIOT CpeILHI/Iﬁ K03(1)(1)I/IHI/IGHT DJIACTUYHOCTH:

5 =f'(5c)§= b

RlR

Cpennunii K0O3QHUIUEHT TACTUIHOCTH JMOKA3bIBAET, Ha CKOJBKO MPOILIEHTOB B CPETHEM
M0 COBOKYIHOCTU M3MCHHUTCA PE3YJIbTAT ) OT cBOEH cpenHeﬁ BCJIMYHHBI IIPpU HU3MCHCHHUU
daktopa x Ha 1 % OT CBOETO CpeIHEero 3HAYCHUSI.

3anaua
Paccuntaem K03 PHUIMEHT 2TACTUIHOCTH B CPETHUH KOAPPHUIIMEHT 3TaCTUIHOCTH.

Pemenmne.

1. Paccuwmraiite k0> PHUIMEHT >TACTHIHOCTH M CPEAHMI KOAQPUIMEHT 2IaCTHYHOCTH.

2. CrenaiiTe BHIBOIBI 00 U3MEHEHHH Y TIPU M3MEHEHUH (DaKTOpa X.
KoHTpoJibHbIE BONIPOCHI:

1. Yto moHMMAaETCs TO/1 MapHOM perpeccueii?

2. Kaxoil BUI MMeeT cucTeMa HOPMalbHBIX YpPaBHEHHH METOJa HaWMEHBUIMX KBaJpaToOB B
cilydae JUHEHHOM perpeccuu?

3. ITo kaxoii popmyse BbIYMCIAETCS JIMHEWHBIN KO3 QULIMEHT NapHOM Koppensuu?

4. Kax BbIUMCIISIETCS U YTO MOKa3bIBAE€T MHIECKC I€TePMUHALINN?

5. Kak npoBepsieTcst 3HAaYMMOCTb YPaBHEHHSI PETPECCUH U OTJEIBHBIX KO PUIIMEHTOB?
6. Kak cTpoutcst JOBEpUTENBHBIN HHTEpBAJI IPOrHO3a B CiIydae JUHEHHON perpeccun’?

7. Kak BBIUHCHSIOTCS M YTO TOKa3bIBAIOT KOA(P(GUIMEHT 3JIacTUYHOCTH O U CpelHui
KOX(PUITUEHT dTaCTUYHOCTH I ?

MOCTPOEHUE MOJIEJIA MHOKECTBEHHOM JIMHEMHOM PETPECCUH
JlabGoparopHas padora Nel.
Ombop haxmopog 051 nocmpoeHuss MHOHCeCMEeHHOU TUHEUHOU 3A8UCUMOCTIU

U OYeHKa cmenenu KouiuHeaphocmu u MyJ1bmuKoJIIUHeApHOCMU pecpeccopos



MHo:xecTBeHHAasi JIMHeiliHasi perpeccusi — YpPaBHEHHE CBS3U C HECKOJIBKUMU

HC3aBUCUMBIMHU NTICPCMCHHBIMMU
y = bo + b1x1 + bzxz + ..+ bmxm + &, (l)

rae y — 3aBucumas (0OBsiCHsieMasi, PHAOTCHHAsI) — perpeccani; Xi, X2,  , Xm — HE3aBUCUMBIC
(0OBsICHSIIOIIME, DK30T€HHBIE) NEPEMEHHBIE — PEerpeccopbl, & — CllydaiiHas COCTaBISIOLIAs
MOJIEJIH.

3aBucuMocTh (1) BO MHOrMX ciy4asX JOBOJBHO XOpPOIIO OTPAXKAET CIIOKHUBIIMECS
9KOHOMHYECKHE B3aUMOCBsI3H. VcxonHas MHpOpManus i MOCTPOEHUS JaHHOW 3aBUCUMOCTH
0OBIYHO 33a€TCs B BUJI€ HEKOTOPOM TaOJINIIBI.

Ne (I)aKT()pLI, AJISl KOTOPLIX MMOJYYEHbI JaHHBIC

X1 X2 Xj Xm y

1 X11 X21 Xj Xm V1
1 1

2 X12 X22 X Xm Y2
2 2

n X1 Xom X Xm Yn
m n n

Crnenyer omnpenenuTh BCE JIM MEPEMEHHBIE CIIEyeT BKJIIOYAaTh B YPaBHEHME WJIM €CTb
MEPEMEHHbIE, KOTOpbIE CYIIECTBEHHO HE BIHUSIOT Ha BEIMYMHY Y M HX HEIeIecoo0pa3sHo
BKItouath B (1). B mepBom ciyyae p = m, Bo BTopoM pP< m.

JUis  pemieHust 3TOr0 BOINpOCAa YacTO MCIOJB3YyeTcs Tabiula, COCTAaBICHHAs W3
K03 PHUIMEHTOB MAPHON KOPPENIAUU. DIEMEHTAMH TaKOW TaOIHIbI SBISIOTCS KO3 PHUIIMEHTHI
NapHOM Koppessauuu A Becex M (paxTopos. Tabnuia uMeeT BUL:

y X1 X2 Xm
y 1 Tyxg Tyx, Tyxm
X1 Txly 1 rxlxz rxlxm
X2 Tx,y Tx,%q 1 Toxm
Xm T my Ty T, 1

B kieTkax TaOJMIbl 3aNMCaHbl TAapHbIE KOO(OOHUIMEHTHl KOPPETALUMH, HAPUMED, Ty, x, —

napHbIA KO3()PUIMEHT KOppeNsSIMY MEeXAY EPEMEHHBIMU X2 U Xj.

Koo duunentsr 1 n

T

a TaKxXeE rx]-y u ryX]- COBIMIAAAarOT, TAK KaK TCCHOTa CBA3U MCKAY

NNEPEMECHHBIMU Y U Xj TaKad KE, KaK MCXKIYy NICPEMCHHBIMU Xj MY, aHAJIOTUYHO JJIA Xj U X|.

[TosToMy Tabuuily 3alMCHIBAIOT B YNPOLIEHHON CHMMETpUYHON (opme (TpeyronibHas

dopma).
y X1 X2 Xm
y 1 Tyxy Tyx, Tyxm
X1 — 1 rxlxz rxl Xm
X2 — — 1 Tx0%m
Xm _ _ _ . 1

ITo JaHHBIM TaKkoM Ta6J'II/II_U:I MOKHO IPUMCPHO OLCHUTL, KAKUC (I)aKTopLI CYHICCTBCHHO
BIMAIOT HA NIEPEMCHHYIO Y, 4 KaKU€ — HECYIICCTBCHHO, a TAK)XC BBIABUTH 3aBUCHMOCTh MEXKOY

dakTopamu.



Ecnu BennuuHa kod(duiueHTa HDapHOW KOppelsuM MeXAy Y U Xj Maja, To
Helenecoo0pa3Ho BKIIIOYaTh (GakTop X; B ypaBHeHue (1). Bricokoe 3HadeHue Koddduuuenta
IIApHOM KOPPEIALMN MEXKLY Xi M Xj, IOKa3bIBAET X TECHYIO KOPPEIALMOHHYIO CBsA3b. CunTaercs,
YTO JBE NEPEeMEHHbIC Xj U Xj SIBHO KOJUIMHEApHbI, T.€. HAXOAATCA MEXIy coO0Od B JMHEHHOM
3aBHCHMOCTH, €CIH Ty, 2 0,7. Ecnu (akTope! sIBHO KOJUIMHEAPHBI, TO OHH JyONHPYIOT Apyr

JIpyra ¥ OJMH M3 HUX PEKOMEHAYETCS HCKIIOUUTh U3 perpeccuu. llpeamouteHue npu 3ToM
otnaercs He (akTopy, 6oJiee TECHO CBSI3aHHOMY C PE3YJIbTaTOM, a TOMY (aKTopy, KOTOPBIN MpU
JIOCTaTOYHO TECHOM CBA3M C PE3YyJIbTAaTOM HMEET HAUMEHBIIYI0 TECHOTY CBSI3M C JIPYrUMHU
dakropaMu WM BBIOMPAIOT OAMH U3 HHUX B 3aBUCUMOCTH OT HMX CMBICIA U MHEHHUS
uccnenonarens. HenenecooOpa3Ho BkiItoYaTh B ypaBHEHHE OJHOBPEMEHHO IIOKa3aTelH,
MPEJICTABISIIONINE CYMMY HEKOTOPbIX (DaKTOpOB WM HMX COCTaBHBIX YacTed, a TaKkKe
XapaKTEpU3YIOIUE OJMH U TOT ke (PaKTOp, BBIPAKEHHBIN B Pa3IHYHBIX €IUHHUIIAX M3MEPEHHUS,
Harpumep, aOCOTIOTHBIX U OTHOCHTEJIbHBIX.

[To BenmuuuHe MapHBIX KOIPPHUIMEHTOB KOPPEISAIUN OOHAPYKUBAETCS JIHMIIb SBHAS
Koppensius  pakTopoB. HamGonpmme TpyAHOCTH BO3HUKAIOT TIPH  MYIbMUKOIIUHEAPHOCHU
dakropoB. [l OIEHKHM MYJIbTUKOJUIMHEAPHOCTH (PAKTOPOB HCHOIB3YETCS Onpedenumend
mampuysl napuvlx Ko3ppuyuenmos mexchaxmoproii koppenayuu DET|R).

rxlxz e rxlxm

1 ...r

rxle XoXm

DET|R| =

rxmxl rxmxz ..

Uem Ommxe k 0 ompenenuTens MaTpULlbl MEX(PAKTOPHOU KOPPEISALUU, TEM CHIIbHEE
MYJIBTUKOJUIMHEAPHOCTh (PaKTOPOB M HEHAJIEKHEE Pe3yJbTaThl MHOXKXECTBEHHOW pPErpeccu.
N HaoOopot, yem Ommke kK 1 ompeaenuTenb MaTpUibl MeX(QaKTOPHON KOppessluu, Tem
MEHBIIIE MYJIbTUKOJUIMHEAPHOCTh (PaKTOPOB.

3amaua

Tpebyercs MOCTPOUTH CTAaTUCTUYECKYID 3aBUCUMOCTh CTOMMOCTH KBapTHUpPbl OT Tpex
(GakTOpoB B BHJIE€ MHOXKECTBEHHOW perpeccuu (Tadin. 1). i mocTpoeHust MOJeNu, B MEPBYIO
ouepeib, HEOOXOAMMO IPOBECTH OTOOp (AKTOPOB U OLEHUTHh CTENEHb KOJJIMHEAPHOCTU
perpeccopos.

Pemenne.

1. Paccuuraiite ko3pduimentsl napHod Koppensuuu. I[IpoBepbTe NpPaBUIBLHOCTH
pacuetoB ¢ nmomomisio craructudeckoi GyHkuun KOPPEJI snekTpoHHON TaGIuIb!
Microsoft Excel.

2. Tlo monmy4eHHBIM 3HAYEHUSAM TMAPHBIX KOI(PPUIMEHTOB KOpPEISIUU OTOEepHUTe

Haubosee cyliecTBeHHbIe (pakToOpsl A1 ypaBHeHus (1).

[TpoBepbTe PakTOPHI HA KOJUTMHEAPHOCTh U MYJIbTUKOJIITMHEAPHOCTb.

CrenaiTe BBEIBOJEL.

~ow

Tabnuua 1.
HcxonHele naHHbBIE 30241



paccTtosiHue
CTOMMOCTb o6 as Xunas
2 00 MeTpo,
Ne nsm. KBapmmpbl, (nrowagb, M~ NoWanb,
2, MUHY T
TbiC. AON., Y X1 M X 2 HELIKOM: X4
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.
Oyenxa napamempos ypasHeHuss MHOMCECMBEHHOU pecpeccuul

Jl71st olleHKH TapaMeTpoB YpaBHEHHSI MHOYKECTBEHHOW TIMHEHHON perpeccu MpUMEHSIOT
MeTo]l HauMeHbIuX kBaapaTtoB (MHK).

Jns nuHEHHBIX ypaBHEHMN W HEJIMHEMHBIX YPaBHEHUMW, NMPHUBOJIMMBIX K JIMHEHHBIM,
CTPOUTCS CIIEAYyIOIIasi CHUCTEMa HOPMAJbHBIX YPaBHEHUW, pPELICHUE KOTOPOH IO3BOJISET
MOJIYYUTh OLIEHKH ITapaMeTPOB PErpeccuy, B YaCTHOCTH AJisl ypaBHeHus (1):

{Zy=nbo+b Xx;+ b, Xx, +..+bmYx,,| {Zyxq =boTxs+ by XxF+ by Yxyx, + .+
(2)

OIIHI/IM N3 MCTOJOB IJId €€ pCUHICHUA ABJIACTCA MCTOL OHpCIlCJIHTCJ'ICfIZ

Yx; 0% e DX | T x TaZ Txoxy e TxgXy | e |

. n
rae Aalignl — OIIPELIEITUTEID

CHCTEMEI;



Aby , A4by ..., Ab, — 4YaCTHBIE OIpPEAEAUTEIN; KOTOpPHIE IIOIY4YalOTCA IIYTEM 3aMEHBI
COOTBETCTBYIOLIIETO CTOJIOIA MATPHILBI ONpPENEIUTENs] CHCTEMbl JaHHBIMM JICBOW YacTu
CUCTEMBI.

3agaua

1. Paccuuraiite mnapaMeTpbl YpaBHEHHS MHOXECTBEHHOW PErpecCud C IMOMOIUIBIO
Meroza omnpenenureneid. JUiss  BBIUMCICHUS — ONPENCIUTENCH  MCIOJB3YWTE
cratuctudeckyro Qynkiuto MOIIPE/]. IlpoBeppTe moOJIy4eHHBIC pE3yabTATHl C
nomompio Gpyrxiuu JIMHENH.

2. 3anuumure NOJy4YeHHOE ypaBHEHUE MHOKECTBEHHON PEerpeccuu.

JlabGoparopHasi padora Ne3.
Ilocmpoenue ypagnenus MHONCECMBEHHOU pecpeccuu 8 CMAaHOapmMu308aHHoll hopme

Ecniu xoadpdunueHTsl MHOXKECTBEHHON pErpeccHMd paccMaTpuBaTh B KauecTBE
nokasareseil BIUsSHHUS (PaKTOpOB, TO CIEIyeT UMETh B BHIY, YTO KO3(D(PUIMEHTHI perpeccuu
MEXy cOO0OW MpsIMO HE CpaBHUMBIL. VX uuclieHHbIE 3HAUYEHHUS 3aBUCIT OT BHIOPAHHBIX €IUHUIL
u3MepeHus: Kaxaoro ¢axkrtopa. YroObl KOI((OUIMEHTH PErpecCHd CTadl CpPaBHUMBI, HX
OPUBOJAT K CTaHIApTU3MPOBAHHOMY MaciiTady. Jljis 3TOro Bce IEpeMEHHbIE BBIPAXKAIOT B
6e3pa3MepHI,1x, TaK Ha3bIBACMbIX CTAHAAPTHU3UPOBAHHBIX CAWHHIAX HU3MCPCHHA IIPU IMOMOIIN
CIEAYIOIIUX COOTHOIIECHUM:

_ (xi—x)

_ -,

rac oy, O'x]. — COOTBCTCTBCHHO CPCAHNEC KBAAPATUYHBIC OTKJIOHCHUA.

CBoOOIHBI uwieH Dy B cTaHIAapTH30BaHHOM YPaBHEHHHM MHOXECTBCHHOW pPErpeccuu
OTCYTCTBYET, T.€. ypaBHeHuE (1) MOKHO 3amucaTh B BUJE:

ty = Pitx, + Boty, + . + Pty te. (2)

Bce mnepemeHHbIE ypaBHEHHs BBIDQXKEHBI B CPaBHUMBIX €IUHMIIAX H3MEpPEHUS.
Koadounmentst By, B,..., By Ha3bIBAIOTCS KOAPGUIUEHTAMH PETPECCUU B CTaHIAPTU30BAHHOM
macmrabe. Jlns ux ompesneneHus MOXKHO Tepeitu oT koddduimentos by x f; (j=1,m) u
00paTHO OCYILECTBIIAETCS 1O popMyIIe:

bioy.
|

i =

KoadduimenTs! perpeccun (2) moka3plBalOT BIUSAHUS U3MEHEHHS KaXI0H NEepeMeHHOM
Ha u3MeHeHue (akropa Y. Bce KoapGUIMEHTH! BbIpaKEHbI B CPABHUMBIX €MHUIIAX U3MEPEHHUS.
Yem Oombmie | f; |, TeM cuIbHEe BIMSAET COOTBETCTBYIOIIMA (DAKTOPHBIM IOKa3aTelb Ha
pEe3yJIbTaTUBHBIN.

Takum o00Opa3oM, cpaBHMBasg MEXIy COOOH cTaHAapTU30BaHHBIE KOA(DUIMEHTHI
perpeccuy MOKHO paH)XHpoBaTh (DaKTOpBI MO CHUJIe UX BO3JAEUCTBUSA Ha pe3yapTaT. B sTom
OCHOBHOE JIOCTOMHCTBO CTaHJApTU30BaHHbIX KOI()(UIMEHTOB perpeccud B OTJIMYHE OT
KO3 PHUIIMEHTOB «UHCTOM» perpeccuu, KOTOpble HECPAaBHUMBI MEXTy COOO.

Ha npakTuke 4acTo HCHOJB3YIOT ypaBHEHUE PETPECCUU B CTAHAPTU30BAHHOM MaciuTabe
B BUJIE:

Y = f1x1 + Boxy + . + Bxy + €.



Kak Obuto TOKa3aHO BBIIE, paH)XUpPOBaHUE (AKTOPOB, YYACTBYIOUIUX  BO
MHOXECTBEHHON JMHEHHON pEerpeccuu, MOXKET OBITh MPOBEICHO Yepe3 CTaHJIapTH30BAHHBIC
koo duuueHTsl perpeccun (f-xkodhduimenTsr). ITa Ke LeNb MOXKET OBITh JOCTUTHYTa C
MOMOUIbI0 YaCTHBIX KOX(PGUIMEHTOB KOppEISUH — JUid JUHEHHbIX cBsizeil. Kpome Toro,
YaCTHBIC IMOKA3aTeNd KOPPEJALUU IIMPOKO HCIOJB3YIOTCS MPHU PEHIEHWH MpoOJieMbl 0TOOpa
bakTopoB: 1e1ecO000pa3HOCTh BKIIIOUEHHUS TOTO WJIM MHOTO (pakTopa B MOJENb JOKa3bIBaeTCA
BEJIMUMHOM MMOKa3aTessi 4aCTHOM KOPPEeTSIUu.

Yactubeie k03)PUIMEHTH (MM HHIEKCHI) KOPPENSLUU XapaKTepPU3YIOT TECHOTY CBSA3H
MEXIY Ppe3yJbTaTOM M COOTBETCTBYIOIIUM (PAKTOpPOM TMpH YCTPAaHEHUH BIHUSIHUA JAPYTHX
¢dakTOpoB, BKJIIOYEHHBIX B YypaBHeHHe perpeccud. llokazaTenn YacTHOM KOppesIUU
NPEICTaBISIIOT COOOH OTHOIICHHE COKPAIICHUS OCTATOYHOH AMCIEPCUH, MPOU3OIIEANIETO B
pe3yJibTaTe HONOJHUTEILHOTO BKIIOUEHHS B aHAJIM3 HOBOTO (haKTopa, K OCTATOYHOM JAMCIIEPCHH,
MMEBIIEH MECTO /10 BBEICHUS B MOJIENIb HOBOTO (hakTopa.

Koadduument yactHON KOppEAIIH, U3MEPSIONINIA BIUsHAE Ha y (haKTopa X Ipu
HEM3MEHHOM YPOBHE APYruX (HakTOPOB, MOYKHO OIPENIENIUTH 110 (hopMyIIe:

1— R?

_ 1 VX1 XjuXm
rij*Xlxz....Xj_1Xj+1....xm - 1— R2 )
yX1X2.Xj—1Xj41.Xm

2
VX1 X joXm

pesyibTaroM; R

rae R — MHOKECTBEHHBIN KO3 (DUIIMEHT JeTepMUHAIINK BCETO KOMILIEKca M (aKTOpoB ¢

2

VX4 Xg.Xj-1Xj41. Xy, — HOKA3aTENb JETCPMUHALMH, HO 0e3 BBEICHHUS B MOJCIb

(axropa X;.

Cpennrie Ko3(h(UIMEHTHl AIACTUYHOCTH MJS JIMHEHHOW MHOXXECTBEHHOM perpeccuu
pPaccUUTHIBAIOTCS 10 hopMyIe:
_ X;
J
Ay = b=
yx; = bj=
/ y
Y MOKAa3bIBAIOT, HA CKOJIBKO MPOLIEHTOB B CPEJHEM 10 COBOKYITHOCTH M3MEHHUTCS PE3YJIbTAT ) OT
CBOEH BeNWYMHBI NIpU M3MEHeHHU (akropa x Ha 1 % OT cBOero 3HaueHUs NpU HEU3MEHHBIX
3HaUEHUSX JIPYrux (akTopoB.

3amaua

1. Paccumraiite = craHZapTU30BaHHbIE  KO3(PQUIMEHTHl  PErpeccud.  3amuIlINuTe
NOJy4eHHOE YpaBHEHHE B CTaHapTHU30BaHHOM MaciuTale Buja (2).
2. TlpopamxwupyiiTe CcTaHIapTU30BaHHBIE KOX(PQPHUIIMEHTHl PErpeccuu IO CHIIe HX
BO3/ICIICTBUS HA PE3YJIbTAT.
3. Paccunraiite cpeaane K03 PHUIMEHTHI STACTUYHOCTH.
JlabGoparopHasi padora Ne4.

Cocmasnenue uacmuvix ypasHenuii pecpeccuu

Ha ocHoBe nHeitHOTO ypaBHEHHMsSI MHOXKECTBEHHOH perpeccuu (1) MoryT ObITh HallICHBI
YacTHbIE ypaBHEHHUS pPErpeccuu, T.€. YpPaBHEHUS PErPecCHH, KOTOpPbIE  CBS3bIBAIOT
pE3yJIbTAaTUBHBII NPHU3HAK C COOTBETCTBYIOIIUMM (DaKTOpaMy Xj MpPU 3aKPEIUIEHUHM JpPYTHX,
YUNTBHIBAEMBIX BO MHOXXECTBEHHOH perpeccuu, (QakTopoB Ha CpeAHEM ypoBHE. YacTHble
YpaBHEHHUS PErpeccuy UMEIOT CIEAYIOMNUN BUI:

yx11x27x3r""rxm = bO + b1x1 + bzfz + b3f3 + ..+ bmfm + g,

yxz:xl'x&----'xm = bo + blil + bzxz + b3§3 + ..+ bmym + &;



yxmvxlrxzr""lxm—l = bO + blil + bzfz + ..+ bm—lfm—l + ..+ bmxm + &

[Ipu moxcTaHOBKE B 3TH ypaBHEHUSI CPEAHMX 3HAUEHUN COOTBETCTBYIOMIMX (haKTOPOB OHU
MPUHUMAIOT BUJI TAPHBIX YPaBHEHUH JIMHEHHOU perpeccu, T. €. UMeeM:

yxl,xz,xg,,....,xm = By + byxy;

yxz,xl,xg,,....,xm = By + byxy;

rac
Bl = bO + bZEZ + b3§3 + ..+ meﬂU

B2 = bo + blil + b3§3 + .+ bmym;

Bm = bo + blfl + bZEZ + ..+ bm—lym—l;

B omimmune oTr mapHOMl perpeccuu, 4acTHbIE YpPABHEHHS PETPECCUU XapPaKTEPU3YIOT
W30JIMPOBaHHOE BIMsSHHE (aKTopa Ha pe3yibTar, MO0 Apyrue (QaxTopsl 3aKperyieHbl Ha
HEU3MEHHOM ypoBHE. OQ(deKThl BIUSHUS Apyrux (AKTOPOB MPUCOCTUHEHBI B HHUX K
CBOOOAHOMY UJICHY YpaBHEHHsI MHOXKECTBEHHON perpeccuu. JTO MO3BOJISIET HA OCHOBE YAaCTHBIX
YPaBHEHUU PErPECCUU ONPEAEIATh YACTHbIE KO3 PUUMEHTHI 3JIACTUYHOCTH
= b Xi :

j)xj,xl,xz,...,xj_l,xj+1,...,xm

ayxi

rae by — xoadpunumentsr perpeccun st hakTopa Xij B ypaBHEHHH MHOXKECTBEHHOH PErpeccum;
Dot jp X1 X200 Xj—1) Xj 41,00 Xy — 3HAYCHHE PE3YIBTATUBHOTO (paKTOpa, MONYYCHHOE M3 HYaCTHOTO

YPaBHEHUsI PErPECCUU MPH JAHHOM 3HAYEeHUH (pakTopa Xx;j.
3agaua

1. CocraBbTe 4acTHbIE YpaBHEHUSI PETPECCHH.
2. OmpenenuTte yacTHble KOI(MQUIIMEHTHl JIACTUYHOCTH M IMPOPAHXKHUPYHTE
(hakTOpbI MO CUJIE UX BO3JIEHCTBUS Ha PE3yNbTar.
JlabGopaTopHasi padora NeS.

OueHKa HAOENCHOCMU pes3yibmamos MHOIHCECMBEHHO peepeccuu u Koppeaayuu

[TpakTHyeckass 3HAYUMOCTb YpaBHEHHUS MHOKECTBEHHOW pErpeccHr OLIEHHWBAETCS C
MIOMOIIBIO TTOKa3aTesii MHOXKECTBEHHOM KOppelsiuu U ero kmajapara — Koddduiuenra
JETEPMUHALIUY.

Iloka3aTenb  MHOXECTBEHHOW  KOPPEISLIMA  XapaKTEpPU3yeT  TECHOTY  CBS3U
paccmaTpuBaeMoro Habopa ()akTOpOB C HCCIIEyeMbIM NPU3HAKOM, HIIM, MHAYe, OLIEHUBAET
TECHOTY COBMECTHOTO BIIUSHUS (PAaKTOPOB Ha pe3ysbTar.

HezaBpucumo ot (I)OpMBI CBSI3U IIOKa3aTelb MHOXKECTBEHHOM KOppeIAIUNA MOKCT OBITH
HaliJIeH KaK UHIEKC MHOXECTBEHHOM KOppeJsiouu:



R = [1—

YX1,X2,0Xm o2’

rac O'; - 06]].[8)[ AUCTICpCUs PE3YJIbTATHUBHOI'O ITPU3HAKA, 0'02CT — OCTaTO4YHas AuCICpCUus I

YpaBHEHUS ¥ = f (X1, X2,y X)), Ocr = n

[Tpu nuHEHHOHN 3aBHCHMOCTH MPHU3HAKOB (hopMyna MHIEKCA KOPPENSUN MOXKET OBITh
TAK)Ke IPEJACTABIICHA CIICYIOIIHUM BBIPAKEHUEM:

R =

YX1,X2,Xm

rae By, — CTaHAaPTU30BAHHBIC KOOQMUIMCHTEI PErpeccuu; napHble K03 PHUIHEHTHI

yXj
KOPPEJSIIIIK Pe3yNbTaTa ¢ KaKIbIM (DaKTOPOM.

@opMyna UHAEKCAa MHOKECTBEHHOW KOPPEISALUMHU Ul JTMHEHHOM PErpeccuu IOJyduiIa
Ha3BaHHE JTHHEHHOI0 K03 PuumueHTa MHOKECTBEHHOH KOPPeJIsMH, WU, YTO TO K€ CaMoe,
COBOKYITHOI'0 KO3(p(prIHeHTa KOPPeJIALMH.

WNunexc MHO)ecTBEHHON Koppemsauuu uzmensiercst ot 0 1o 1. Uem Onmxe ero 3HaueHue K
1, TeM TecHee CBSI3b PE3YJIbTATHBHOIO IPU3HAKA CO BCEM HAOOPOM HCCIETYyEeMBIX (aKTOPOB.
BenuunHa nHaekca MHOKECTBEHHON KOpPpPENALUU OO0JbIlIEe WIK PaBHA MAaKCUMAJIbHOTO MapHOIO
MHJEKCa KOpPEesLuu:

Ryxxy.xm 2 RyxjmaxyJ = 1,m.

ITpu npaBWIbHOM BKJIIOYEHUH (PAaKTOPOB B PETPECCHOHHBIN aHAIM3 BEIMYMHA MHJEKCA
MHO>KECTBEHHOM KOppensuuu OyaeT CyleCTBEHHO OTJIMYAThCsl OT MHJIEKCa KOPPETSIUU apHOi
3aBUCHUMOCTH.

Koadpunment (MHIEKC) MHOXKECTBEHHOM JNETEPMUHALMKM PACCUUTHIBACTCS KaK KBajpar
WH/IEKCA MHOKECTBEHHON KOPPEIIALMHU:

2
Ry %z

CkoppeKkTUpoBaHHBIH KO3 duIpeHT (MHICKC) MHOXKECTBEHHOH  JeTepMHUHAIIUH

COJICPKUT MOIPABKY Ha YUCIIO CTETEeHEeH CBOOOABI U PACCUUTHIBAETCS 1O GopMyIIe:

RZ=1-(1-R?).

n—-1

n-m-1'
re N — 9nucao HaOII0IeHU; M — Yuciio (aKTOPOB.

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

_ R? n-m-1

Fpagr. = 1-RZ  m

Fnae: onipenensiercs npu 3aganaom o (0,05; 0,01) u crenensix cBodoabt K1 =m, k2 =n —
m — 1, (M — grciao mapameTpoB MpH (HAKTOPHBIX MEPEMEHHBIX B YPAaBHECHHHM MHOKECTBEHHOMN
perpeccun).



YacTHblil F-kpuTepuil OLIEHMBAET CTATUCTUUYECKYIO 3HAUMMOCTH IIPUCYTCTBUS KaXK10TO
u3 ¢GakTopoB B ypaBHEHHH. B obOmeM Buje, 11 GakTOpOB YacTHBIA F-kputepuii onmpenenuTcs
KaK:

2 _p2
XX jm RYXj ,,,,, Xj_1Xjp1r-Xm n—m—1
1

Fnag: A1 9acTHOTO F-KpHTEpHst OnpeeseTcs MPH 3aJaHHOM o M cTerneHsx cBoboasr k1 = 1, k2
=n-m-1.

Onenka 3HAYMMOCTH KOI()(UIIMEHTOB YHCTOM pPErpeccHH C IMOMOIIbI0 {-KpUTepHs
CTpI0JIeHTa CBOAMTCS K BRIYMCICHUIO 3HAUYCHHS:

b _
tc])a}cT. = m_b] = ij:

rae My —CpemHss KBajgpaTUuHas omuOKka koddduimenta perpeccun Dj, oHa MOXeT OBITH
oIpeziesieHa 1o cienyromeit Gpopmyne:

_p2
Oy 1 Ryx1x2---xm 1

my.

i — 1
Ux]-\ll_Razt]-xl...xm Vn-m-1
R}%X1xz---xm — MHOKECTBECHHBIN KOB(b(bI/IHI/IeHT JCTEpMHUHAallMM BCEro KOMILJIEKCAa M (baKTOpOB C

. p2 :
pe3yNbTaTOM; Ry, x,, — KOIQQHUIMCHT NSTEPMUHALMN [UIsl 3aBUCHMOCTH (akTopa Xj co BCeMH
Ipyrumu (hpakTopamu ypaBHEHHsI MHOKECTBEHHOM perpeccu.

tina6, ONIPEACIIAETCS MIPH 3aJAHHOM O M CTEIICHH CBOGOIBI K=n—m - 1.
3agaua

1. Paccuuraiite nuHEHHOTO KO3(Q(HIMEHTa MHOKECTBEHHONW KOPPENSALMH M CleIaiiTe
BBIBOJ] O TECHOTE CBS3M PE3yJIbTATUBHOTO MPU3HAKA CO BCEM HAOOpOM HMCCIeyeMbIX
(hakTOpOB.

2. PaccunTaiiTe KO3()(QUIMEHT MHOXKECTBEHHON JETEPMUHAIIMN M CHEIaiiTe BBIBOJ 00
OLIEHKE Ka4ueCTBa IOCTPOEHHON MOJEIH.

3. Paccuwmraiite F ¢axm ¥ CPABHUTE TIOJy4EHHOE 3HAYEHUE CO 3HAYEHHEM, PACCUMTAHHBIM
C TOMOIIBIO (PYHKIHMH JIMHEWH. Onpenenure Fi6, Tpu 3aJaHHOM YpOBHE
3HaunMocTH o = 0,05. CpaBHuTe nomydeHHbIE 3HAYEHUSA Fiesr B Fpuom, cHOETANTE
BBIBOJI O CYILIECTBEHHOCTH CBSI3H.

4. Onpenenute tpaxm M tragn IPM 3aaHHOM ypoBHE 3HauMMocTH o = 0,05 CpaBHute
MONyUYeHHBIC 3HAYECHHUS H CHAeTaiiTe BBIBOJ O CTAaTUCTHYECKOM 3HAYUMOCTH
apaMeTpPOB PETPECCHH.

KoHTpoJbHbIE BONIPOCHI:

1. Uto noHuMaeTcs o JIMHEHHON MHOYKECTBEHHOM perpeccuei?

2. Kakue 3a1aum pemaroTcs Ipu NOCTPOECHUN YPaBHEHUS PErpeccuu’?

3. Kakue tpeOoBaHus NPeAbABISIOTCS K (paKTOpaM, BKIIOYAEMBIM B YpaBHEHHE PErpeccuu?
4. Yto moHUMAETCs MO/ KOJUIMHEAPHOCTHIO M MYJIbTHKOJUIMHEAPHOCTHIO (haKTOPOB?

5. Kak npoBepsieTcs HAIM4Kre KOJUTMHEAPHOCTH U MYJIbTUKOJUIMHEAPHOCTH ?



6. Kakoli BHJ MMEET cHCTeMa HOPMAJIbHBIX YPaBHEHMH METOJAa HAaMMEHBIIMX KBaJpaTOB B
cilyyae JIMHeHOU perpeccun?

7. ITo xakoit popMyIie BBIYUCIISAETCS HHIACKC MHOKECTBEHHON KOppemsun?

8. Kak BBIUMCIIAIOTCS MHAEKC MHOXKECTBEHHOH NETEPMUHAIMU U CKOPPEKTHUPOBAHHBIA MHJIEKC
MHO’KECTBEHHOM JIeTepMUHALUU?

9. Uto o3Ha4yaeT HU3KOE 3HaUeHUE Kod(uimenTa (MHIeKCa) MHOKECTBCHHON KOPPEISIIUN?
10. Kak mpoBepsieTcsi 3HaUUMOCTh YPaBHEHHSI PETPECCUH U OTAEIbHBIX K03 (PHUIIMEHTOB?

11. Kak cTposTcs 4aCcTHbIE ypaBHEHHS perpeccuun’?

12. Kak BBIUHUCIIAIOTCS CPEeTHUE YaCTHBIE KOI(PPHUIIMEHTHI JIaCTUYHOCTH?

13. Uto Takoe craHIapTU3UPOBaHHbIE [IEpEMEHHBIE?

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

16. Kak IMPOBEPACTCs T'HIIOTE3a O TOMOCKCIACTUIHOCTH psaa OCTaTKOB?

MOCTPOEHUE PETPECCHOHHBIX MOJEJIEH C ®UKTUBHBIMHA
INEPEMEHHBIMU

B perpeccroHHBIX MOJENSIX B Ka4eCTBE OOBACHSAIOINX MTEPEMEHHBIX YAaCTO IMPUXOJUTCS
UCIOJIb30BaTh HE TOJIBKO KOJHMYECTBEHHbIE (OIpeiessieMble YUCICHHO), HO M KaueCTBEHHBIE
nepemeHHsle. Hampumep, cmnpoc Ha Kakoe-nmubOo 0ylaro  MOXKET — ONpenNeNnaTbes  Kak
KOJINYECTBEHHBIMH TEPEMEHHbIMM (Ll€Ha JaHHOro Ojara), Tak M KayeCTBEHHBIMH (BKYCHI
norpedureneil). KauecTBeHHbIE TOKa3aTeNN B YUCIEHHOM BHUJIE NIPEICTABUTh HeNb3s. Bo3HukaeT
npobiemMa OTpaskeHHs B MOJIENIN BIMSHUS TAKMX MEPEMEHHBIX Ha UCCIENYEMYIO BEINUHHY.

OOBIYHO B MOJENAX BIUSHUE KAaYECTBEHHOI'O (pakTopa BbIpaxaercs B BUJIEC (QUKTHUBHOMI
(MCKYCCTBEHHOW) TEepeMeHHOH, KOTopass OTpakaeT JBa HPOTHBONOJOXKHBIX COCTOSHUS
KayecTBEHHOro ¢akropa. B 3ToM cnyuyae (uKTHBHasE NepeMeHHass MOXXET BBIPAXaTbCid B
JIBOUYHOH (opme:

D = {0, pakTop He AeHCTBYyET;|

[Tepemennas D waswsiBaeTcst urkmuenou (UCKYCCMBEHHOU, O080UYHOU) NEPEMEHHOL
(unouxamopom).

Perpeccuonnsle  Mozenu, coiep)KaliMe  JIMIIb ~ KayeCTBEHHbIE  OOBACHSIONINE
NEPEMEHHBIE, Ha3bIBAIOTCS Modenimu oucnepcuonnoeo ananuza (ANOVA-Monensimu).

Hampumep, myctb Y — HadanbHast 3apaboTHAas TUIaTa.

D = {0, €CJIK IPETEHAEHT HE HMEET BBICIIIEro 06paBOBaHHﬂ;|
Toraa 3aBUCIMOCTH MOKHO BBIPa3UTh MOJIEIBIO TTAPHOU PETPECCHH:
Y=0(,+yD + ¢

OueBuHO,

M|D =0)=o+v -0=p;
MYID=1)=Bo+y-1=py+Y.

Koa¢ppunuent ,80 OTpeNieNIieT CPEOHIOI HavyajJbHYIO 3apa0OTHYIO IUIaTy IpH

OTCYTCTBUHM BbIcHIEro oOpa3oBaHus. KoadduuueHnt ) ykasblBaeT, Ha KaKyl BEIHUUHY
OTJIMYAIOTCS CPEIHNE HayallbHbIE 3apa00THBIE TUIATHI IPU HATMYUK U IPU OTCYTCTBHM BBICILIETO



oOpa3zoBaHust y mnpereHaeHTa. IIpoBepsist CTaTHUECKYl0 3HAYMMOCTh Ko3(p¢uunueHra Y c

MOMOIIBIO  t-CTATUCTHKH, JMOO 3HAYUMOCTh Kod(duiMenTa merepMunamun K 2 ym F-
CTaTHCTUKH, MOXHO OIPEAETUTh, BJIMSIET HJIM HET HaJu4ue BBICHIETO OOpa3oBaHHs Ha
HAYaJIbHYIO 3apa0OTHYIO TUIATY.

Mogenu, B KOTOPBIX OOBSCHSIONUIME MEPEMEHHBbIE HOCAT KaK KOJIMYECTBEHHBINH, TaK U
Ka4eCTBEHHBIH XapakTep, Ha3bIBAIOTCA Molersimu Kosapuayuonnozo ananuza (ANCOVA-
MOJICIISIMH ).

Cy1iecTByeT HECKOIBKO Pa3HOBUIHOCTEHN MOJIeTIell KOBapUAIMOHHOTO aHAJIN3a.

1. Moaeau KOBAPpHAIMOHHOTO aHAJM3Aa NMPH HAJMYMHU Y (PUKTHUBHOW NepeMeHHOM
JABYX aJIbTEPHATHB.

PaccmoTpum mpocTeiiinyro MOAENb ¢ OJHOW KOJMYECTBEHHOM M OJHOM KayeCTBEHHOM
MEPEMEHHBIMH, UMEIOIIYIO JIBa ATbTEPHATUBHBIX COCTOSIHHSI:

Y =00+ F1x+yYD + ¢
[Tycth, HAanipuMep, Y — 3apab0THAS IJ1aTa COTPYAHUKA PUPMBI, X — CTaX COTpyAHHKA, D —
MOJI COTPYJHUKA, T.€.

D = {O, €CJIn COpr,ZLHPIK-?KEHH.lPIHajl
Torma oxumaeMoe 3HaUCHUE 3apabOTHOW TUIATHI COTPYAHHKOB MPH X TOJAX TPYIOBOTO
cTaxa Oyzer:

MY |x,D =0) = By + B1x;
M |x,D =1) =By + Brx+y = (Bo +v) + B

3apaboTHas 1IaTa B JAHHOM CITydae SIBJISETCS TMHEHHOW (PyHKIME! OoT cTaxa padoThI.

IIpu  cocraBiaeHun Mojened ¢  (UKTUBHBIMH  IE€PEMEHHBIMH  HEOOXOJIUMO
PYKOBOJICTBOBATBLCS CIEAYIOIIUM HNPAGUIOM MOOCIUPOSAHUs: €CIIA KadeCTBEHHAsl IepeMeHHast
uMeeT K albTepHaTUBHBIX 3HAYCHHI, TO TIPH MoJieupoBanun ucmonb3yercs (K — 1) pukTHBHBIX
nepeMeHHbIX. Takum o00pa3oMm, eciM MEepeMEeHHas HMeEeT JBa ajlbTEepPHATUBHBIX 3HAYEHUS
(Hampumep, 10J1), TO B MOZENIb MOKHO BBECTH TOJIBKO OJHY (PMKTHBHYIO IIEPEMEHHYIO.

Ecin He cienoBaTh JAaHHOMY IpaBUIy, TO IPH MOJCIUPOBAHMM MCCIIEOBATEIb
MIOMAJAET B CUTYALMI0 COBEPIIEHHOW MYJIbTHUKOJUIMHEAPHOCTH WM TaK HAa3bIBAEMYIO J0GVUIKY
GuxmueHotl nepemenHoll.

3HaueHue KayeCTBEHHOM MEpPEeMEHHOH, Al KoToporo npunuMaercs D = 0, Ha3zbiBaeTcs
6azo6bimM UMW cpasHumenvbHulM. BbIOOp 0a30BOTO 3HAa4YeHHs] OOBIYHO JUKTYETCS MLENsIMHU
MCCJIETOBAHMSI, HO MOXET OBITh U POU3BOJIbHBIM.

Koaddumment y B Momenu mHOTIa Ha3bIBACTCA Ou@@epeHyuanrvubim Kod3ppuyuenmom
€c80000H020 ujeHa, TaK KaK OH TOKa3bIBaeT, Ha KaKyl0 BEIHMYHWHY OTJIMYAETCS CBOOOIHBIN UlieH
MOJIENI TIPH 3HAYEHUM (UKTUBHOW IEPEeMEHHOH, PaBHOM EIWHUIEC, OT CBOOOJHOTO UIEHA
MoOJieJ M Mpu 6a30BOM 3HAUEHUU (PUKTHUBHON MEPEMEHHOM.

2. MOZIeJII/I KOBApHALIMOHHOTO aHaJIu3a npu HaJINYUHU Y Ka4e€CTBCHHBIX
nepeMeHHBbIX 0oJiee IBYX AJIbTEPHATHB.

PaCCMOTpI/IM MOJZCIb C JABYMA 06135[CH5[IOH_[I/IMI/I NEPpEMEHHBIMU, OAHA H3 KOTOPBIX
KOJIMYECTBEHHAs, a Jpyras — KauecTBeHHas. [IpuuemM kadecTBEHHas NEpeMEHHas MUMEET TpHU
anpTepHaTHBBL. Hampumep, pacxo/ibl Ha cofiepaHue peOeHKa MOTYT ObITh CBSI3aHBI C JOXOJaMU
JIOMOXO3SIICTBA W BO3pacTOM peOCHKa: OIIKOJbHBIA, MIIAIIINN IIKOJBHBIA W CTapIIHA
MIKONBHBIA. Tak Kak KauecTBEHHas MEPEeMEHHas UMEEeT TPU albTEePHATUBHI, TO MO OO0IIEMY
MpaBuily MOJACIUPOBAHHUA H€06X0)II/IMO HCIIOJIB30BaTh IBE q)HKTI/IBHBIe NEPEMCHHEIC. Taxknm
00pazoM, MOJICIIb MOXET OBITh MPEACTaBICHA B BU/IE:

Y =pBo+ B1x+y1D1 +v.D, + ¢,



rae Y — pacxofpl, X — 10X0Abl JOMOXO03SUCTB.
D; = {0, eci1 LOIIKOJIBHUK; |
D, = {0, ec/1v JOIWKOJbHUK WIX MJIAJIUINH IIKOJbHUK;

O06pa3yrorcs cieayroinue 3aBUCUMOCTH:
1. Cpennuii pacxos Ha JOMIKOJBHUKA:

M(Y[D; = 0,D; = 0) = By + By x. 1)
2. Cpennuii pacxos Ha MIIaJIIETO LIKOJIbHUKA:

M(Y|D; =1,D, = 0) = (Bo + v1) + 1. 2)
3. Cpegnuii pacxo/ Ha CTapIlIero MIKOJbHHUKA:

MY[D; =1,D, =1) = (Bo +v1 +V2) + 1. 3)

3necy Y1, Y2 — naubdepeHIManbHble CBOOOJAHBIE YJeHBbl. ba30BbIM 3HAYECHUEM
KAYeCTBCHHOW TIEPEMEHHOHN SIBJIICTCS 3HAYCHHE <«JIOMIKOJBHUK». [locie BBIYHCICHUS
koaduimenToB ypaBHeHuit perpeccun (1) — (3) ompenensiercs craTUCTUYECKas 3HAYMMOCTh
K03 PHIIMEHTOB Y11 Y2 HA OCHOBE OOBIYHOI {-CTATUCTHKHY.

Ecin ko3 GuIMeHTs! Y1 U Y2 OKa3bIBAIOTCS CTATUCTHYCCKH HE3HAYMMBIMU, TO MOXKHO
CZeNaTh BBIBOJ], YTO BO3PACT peOEHKA HE OKA3bIBAET BIMSHMS HAa PACXOJIbI 110 €T0 COACPKAHMUIO.

3. Perpeccus c 01HOIi KOJIMYeCTBEHHOM U ABYMS Ka4eCTBEHHbIMH MepeMeHHbIMM.

TexHuka (UKTUBHBIX TEPEMEHHBIX MOXET OBITh PACHpOCTpaHEHA Ha IMPOW3BOJILHOE
YHCIIO KaueCTBEHHBIX (akTopoB. PaccMoTpuMm cuTyanui ¢ JBYMS Ka4eCTBEHHBIMHU
MePEMEHHBIMH.

ITycts Y —3apaboTHas 1uiata COTpYIHHKOB (UPMBI, X — cTax paboTsl, D1 — Hanuuue
BhIcuIero oOpa3oBanus, Dy — mon coTpyaHuKa:

D; = {0, eci1t COTPYJHUK-KEHIIIUHA;|
D, = {0, eci1 HeT BbICcLIEro 06pa3oBaHusT;|
TakuMm oOpa3om, MOTYUUM CIETYIOIIYIO MOJIENb:
Y =B+ Bix+yiDy +v2Dr + e
N3 31011 MOAENH BBIBOIATCA CIECIYIOLINE PETPECCUOHHBIE MOJICIIN:
1. Cpennsist 3apriiaTa >KEHIIMHBI 0€3 BBICIIET0 00pa30BaHUS:
M(Y|Dy =0,D;, =0) = By + f1x.
2. Cpennsis 3apIuiaTa >KEHIIHHBI C BBICIITIM 00pa30BaHUEM:
M(Y|Dy =0,D, =1) = (Bo +v2) + B1x.
3. Cpenuss 3apruiata y My»XYUHBI 0€3 BBICIIIET0 00pa30BaHUs:
M(Y[Dy =1,D; = 0) = (Bo + v1) + B1x.
4. Cpennsisi 3apruiaTa My>XYHHBI C BBICIIIUM 00pa30BaHUEM:

MY|Dy =1,D, =1) = (Bo + V1 +V2) + b1x.



O4eBHUIHO, YTO BCE PErPECCUU OTIUYAIOTCS TOIBKO CBOOOMIHBIME WieHaMHu. JlanbHelee
orpejiefieHue CTaTUCTUYECKOM 3HAYMMOCTH KOA(PQGUIUMEHTOB Y1 M Y2 TO3BOJSET YOeAUTHCA,
BJIUSIOT JI1 00pa30BaHUE U IOJI COTPYTHUKA HA €ro 3apabOTHYIO IIaTy.

3agaua 1

Hccnenyercs 3aBUCHMOCTh MEXIy 3apabOTHOM Iuiatod paboudero 3a mecsn y  ($),
X - BO3pacToM pabouero (Jiet) v GUKTUBHOU repeMeHHor D — mon padodero.

Ne i/ |3apaboTHasn Bospacr IToa,
miaTa 3a mecsiujpadouero X M/K
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 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. HeoOxomumo mnoctpouth Moaenb Y = by + bix +yD ¢ ¢uktuBHOil mnepemeHHoi D,
KOTOpasi MPUHUMAET JIBa 3HaueHus: | - ecim 1ot pabouero My»kckoid; 0 - eciu o1 JKeHCKHH.
2. TlpoBepuTh CTaTUCTUYECKYIO 3HAUUMOCTh K03 punmenToB. Crenatb BHIBOIBI.
3agaya 2

Ha mnpeanpusitun ucnons3yrorcss ctanku Tpex ¢upm (A, B, C). Hccnenyercs
HaJIeKHOCTh CTAaHKOB. [Ipr ATOM yunThIBaeTCs BO3paACT CTaHKa (X, MeC.) U BpeMs Oe3aBapuitHON
paboTel 10 mocnenHed monoMku (Y, dyac). Beibopka w3 40 CTaHKOB J[ana pe3ylbTaThl,
MPEJICTAaBICHHbBIE B TAOIHIIE.

Ne Boszpact [Bpems pabotel  |Pupma -
U3MEpeHHsl [CTaHKa B  [CTaHKa 0e3 MIPOU3BOIUTEID
MecsIax [peMOHTa B Hacax

1 23 280 A
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32 48 156 C
33 75 100 A
34 21 240 B
35 56 170 A
36 58 116 C
37 50 120 B
38 37 140 A
39 56 88 B
40 67 120 A

1. Ouenute ypaBHEHHE perpeccuu 0e3 ydera pa3Indusi CTAHKOB Pa3HBIX (QHPM.

2. OueHMTh YpaBHEHHE PETPEeCcCHM, YUMTBIBAIOIEEe pa3inyue KadecTBa pasHbix ¢upm (F-

kputepuii  ®umepa, t-kpurtepuii CTpIOfEHTa, CKOPPEKTUPOBAHHBIA KO3 duUIueHT

JIETEPMHUHAIINHN ).

CpaBHUTE Ka4eCTBO IOCTPOECHHBIX MOJIEIEH.

[TocTpouTh KOPPENIALUOHHOE II0JI€ U HAHECTH Ha HEro IrpauKu QyHKIUI.

5. Cpnenath BBIBOJBI O HEOOXOIUMOCTH HCIOJIBb30BaHUS (DUKTUBHBIX MEPEMEHHBIX B 3TOM
ciyuae.

Hw

IMOCTPOEHWE MOJIEJIU HEJIMHEMHOW TAPHOHM PET'PECCUHA

Henunelinble perpeccun IeaaTcs Ha JiBa Kjlacca: perpeccuu, HEIIMHENHBIE OTHOCUTEIBHO
BKIIIOUEHHBIX B aHaNU3 OOBSCHSIONIMX T[EePEeMEHHBIX, HO JIMHEWHbIE IO OIlEHUBAEMBIM
napameTpam, U perpeccuu, HeJTUHEHHbIE M0 OIIEHUBAEMbIM ITapaMeTPaM.

[Tpumepsl perpeccuil, HEAMHENHBIX MO OOBICHSIOMIMM IEPEMEHHBIM, HO JIMHEHHBIX I10
OLICHUBAEMBIM ITapamMeTpam:

— OJIMHOMBI Pa3HBIX CTENEHEH Y, = a + byx + byx? + b3x3 + &;
b
— PaBHOCTOPOHHSS runepbona y, = a + S te
IIpumepsl perpeccuii, HEIMHEHHBIX 110 OLICHUBAEMBIM ITapaMeETPaM:

- CTeneHHas y, = a - x? - &

- [MOKazareypHas y, = a - b* - ¢;

- SKCIIOHEHIAbHas y, = e**PX . ¢,

Haub6osee 4acTo MPUMEHSIFOTCS CIIEAYIOIINE HETMHEHHBIC MOJIEIH PETPECCHIA:
rUnepoossl — y, = a + g;

napaboiisl — ¥, = a + bx + cx?;

nokKazaTeJlbHOU PYHKINH y, = a - b¥;

cTeneHHon QyHKIMU — y, = a - x° u jip.

JlabGoparopHasi padora Nel.



Buviuucnenue koagpuyuenmos ypagnenus HeauHelHoul pecpeccuu

[TocTpoeHnio HENWHEHHBIX PETrPECCHOHHBIX MOJENeH MpeallecTByeT Mpoueaypa
JMHeapu3aluy NePeMEHHBIX.

Jluneapuzayuss — (ot nat. linearis — nuHEHHBINH), OMUH U3 METOJIOB NPUOIMKEHHOTO
IIPEJICTABICHNUs 3aMKHYTBIX HEJIMHEWHBIX CUCTEM, IPU KOTOPOM HCCIIECJOBAHHE HEIMHEWHON
CHUCTEMBI 3aMEHSIETCS aHAJIU30M JIMHEHHOM CUCTEMBI, B HEKOTOPOM CMBICIIE SKBHUBAJICHTHOU
UCXOOHOU. MeTonpl TMHeapu3aluyd UMEIOT OIPaHUYEHHBIM XapakTep, T. €. YKBUBAJIECHTHOCTb
UCXOJIHOW HEJIMHEHHON cucTeMbl M e€ JTUHEHHOTo NPHOMMKEHHUS COXPAHSETCS JIHIIb IS
OTFPaHUYEHHBIX HPOCTPAHCTBEHHBIX MJIM BPEMEHHBIX MaciITaboB CHCTEMBI, JHOO A
OTIpENIeICHHBIX MPOLIECCOB, MPUYEM, €CIH CUCTEMa MEPEeXOAMT C OAHOTO peXuMa paboOThl Ha
IpYroH, TO CIEeLyeT U3MEHUTh U €€ JIMHEeapU3UpOBaHHYIO MoJenb. lIpuMensas nuHeapusanuio,
MOYKHO BBISICHUTh MHOTHE Ka4eCTBEHHBIC M OCOOCHHO KOJMYECTBEHHBIC CBOMCTBA HEIMHEHHOMN
CUCTEMBI.

11 HENMHEHHBIX YpPAaBHEHMM pPErpeccud, NPUBOJUMBIX K JIMHEMHBIM C IIOMOIIBIO
npeoOpazoBanus (X, Y) — (X', ¥’), cucreMa HOpMaJIbHBIX YPABHCHUI UMEET BU:

{na+be=Zy,|

B IIPe0OpPa30BaHHBIX IEPEMEHHBIX X, Y .

Koaddunuent b mpu GpakTopHO#H nepeMeHHON X UMEET CICIYIOUIYI0 HHTEPIPETAIIUIO: OH
MOKA3bIBACT, HA CKOJBKO M3MEHHUTCS B CPEIHEM BEJIMYMHA Y TpU M3MeHeHWH (aktopa X Ha 1
€IMHUILY U3MEPEHUSI.

) b
T'unepbonuueckas pecpeccus. y, = a + e

!

Jluneapusytoiee npeoOpa3zoBanue: x' = % ;Y =y

Torna
favoy 2=
na —= f
X y
_1 1 1, nyX-3:%y
a—nzy nbzx; _nzxiz—(zi)f

Dxcnonenyuanvras pezpeccus. y, = e0x,

Jluneapusytoriee npeodpazoBanue: x' = x; y' = Iny.
_1 1 _ nyxlny-Yx¥Iny

a= nZlny anx,b = o
Cmenennas pynxyus: y, = a - x°.
JIuneapusyroree npeobdpazosanue: x' = Inx; y' = Iny.

_1 1 _ nY(Inx-Iny)-¥Inx ¥ Iny
Ina = - Iny ——b¥lnx, b = SIS
[Tepexonx K mapaMeTpy & ypaBHEHHs CTEIEHHOM 3aBUCHMOCTH TPOM3BOMASAT C ITOMOIIBIO

HOTEHIMPOBaHUs 10 opmyIe:

a=¢e

Toxazamenvuas ¢pynxyus: y, = a - b*.
Jluneapusytoree npeodpaszosanue: x' = x; y' = Iny.
_1 1 _ nYxIny-YxXIny
Ina = nZlny nlanx,lnb = et
[Tepexon K mapaMeTpaM ypaBHEHHS ITOKa3aTelbHOU 3aBUCHMOCTH (@, D) mpousBomst mo
dbopmymnam:




q= elna; b = elnb.

Jozapupmuuecxasn ¢pynxyus: y, = a + blnx.
JIuneapusyroriee npeodpasosanue: x' = Inx; y' = y.
1 1 nYylnx-y-YlnxYy
a= ;Zy N sz Inx, b = n Y (Inx)2— (3 Inx)2
3apaua
Jnis ompeneneHUs 3aBHCUMOCTH MEXIY pOXaaeMocThio B Poccum (mepemeHHast Y
u3MepseMasi B ThIC. 4eJl.) U CpeaHel 3apaboTHOM IuiaTol (mepeMeHHas X, u3MepsieMasi B pyo.)
OBLTU MIPOBE/ICHBI HCCIICIOBAHMS, PE3YJIbTAThI KOTOPBIX MpEJCTaBIeHbI B Tabuie 1.

Tabnuna 1.
T'onml PoxxmaemocTts B Cpenusis 3apaboTHas
TBIC. YeJl. Y rjata, 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

JUig  XapakTepUCTHKU 3aBUCUMOCTH ) OT X PACCYUTATh IApaMeTphl CIETYIOIIUX
(GyHKLHMI:

— PaBHOCTOPOHHEH TUIEPOOIIHI;
— CTETIEHHOUN (PYHKIINU;
- IOKa3aTeIbHOW (DYHKIINU.

Pemenue.
1. VpaBHeHue paBHOCTOPOHHEW TruUNepOOJIbl y, = a +§ JIuHeapusyeTcs x' = i; y =y,
Torna y, = a + bx'.
2. JIns pacueTa UCHOJb3yeM JIaHHbIE TAOIULIBI 2.
Toawl y x' y-x' (x")? y?
2014 886,9
2015 928,6
2016 998,1
2017 1050,6
2018 1074,3
2019 1036,9
Hroro
Cpennee
3HAYCHUE
o
0.2

3HaueHHs MapaMeTPOB PErPeccru a U b paccunThiBaeM 1o Gpopmyaam:

yx'-y-x" — —
p=1 zy ya=y—b-x'.

G'x,

3. 3anuIuTe MoJy4eHHOE YpaBHEHUE PETPECCUH.




4. C nomouib TUHEAPU3YIOUMX MPeoOpa3oBaHnil OCTPONTE ypaBHEHHUE PETPECCHH IS
CTETIEHHOMU M MOKa3aTeNbHON (QyHKINH.

JlabGoparopHasi padora Ne2.
Buviuucnenue unoexca koppensyuu u cpeonetl OuudKU annpoKcumMayuu

TecHOTY CBSI3M M3y4aeMbIX SIBJICHUW B HEJIIMHEHMHBIX PETPECCHSAX OLICHHWBAET HHJAEKC
KOPPeJIsSIIIiM, KOTOPBIN BBIYUCIISAETCS 110 GopMyIIe:
2 2
o 2(V—x)
= [1—== [1-=""20< <1
Pxy \/ o so-y2 - = Pu
Cpennsisi ommMOKa annmpoOKCMMALMHU - CPEIHEE OTKJIOHEHHWE PACUETHBIX 3HAYCHUH OT
(haKTHYEeCKHuX:

71 _ 1y |y=9|.
A=>34 _nz| - | 100%.
JomnycTumblii pesien 3HaYeHH A - He 6osee 8 - 10%.

3amaua

1. Paccuntarh WHAEKC KOPPEISAIMH W CPEAHIO OMIMOKY ammpoKCUMAluH IS
HeJMHEWHbIX perpeccuii JlabopaTopHoit Nel.
2. OmpenenuTh MO KAaKOMYy YPaBHEHHIO PErpeccHUu TOJydeHa HauOoiblias OIEHKa
TCCHOTHI CBA3U.
3. Cnenarb BbIBOJBI.
JlabGoparopHasi pabora Ne3.

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

_2
P _ Z% _ pE  n-m-1
baxT T L p-92 T 1-p2,  m
n-m-1
3agaua

Onpenenum F-kputepuit @uimepa Juisi ypaBHEHMH MapHOM HeNMHEHHON perpeccuy,
nojy4eHHbIX B JJabopaTopHoit pabote Nel.

Pemenmne.

1. Paccumraiite Fyuqn M cpaBHUTE NOIyYeHHOE 3HAYEHHE CO 3HAYEHHEM, Frag, TpH
3alaHHOM ypoBHe 3Hagnmoctu o = 0,05.

2. Cnenaiite BBIBOABI O CYIIECTBEHHOCTH CBSI3H.
JlabopaTopnasi paGora Ne4.
Pacuem cpeonux kosagpgpuyuenmos snacmuunocmu

B sxoHOMMYECKHX HCCIIEOOBaHHUSIX IMAPOKOC MPUMCHCHUC HAXOIUT Takok I1O0Ka3aTelib,
KakKk Cpe,Z[HI/Iﬁ KOZ—)(I)(I)I/ILII/ICHT 9JIaCTUYHOCTH, BBIYUCIISIEMBIN IO (bOpMy.]'ICI

= x
3=f'(x)%
y
Cpe,Z[HI/Iﬁ KOB(I)(bI/IL[I/ICHT 2JIACTUYHOCTHU §HOKaSBIBaCT, Ha CKOJIBKO IMPOLCHTOB B CPCAHECM

[0 COBOKYITHOCTH H3MEHMTCA DPE3yJabTaT ) OT CBOEH CpelHEH BENMYMHBI MPU W3MEHEHUU
¢axTopa x Ha 1 % OT CBOETO CpeHEr0 3HAUCHUSI.



3agaua

[lo rpynne npeanpuaTuid, MPOU3BOIALIMX OJHOPOJHYIO MPOAYKIIMIO, M3BECTHO, KakK
3aBHCUT C€0ECTOMMOCTD €AMHUIIBI MPOAYKIUU Y OT (PAKTOPOB, IPUBEACHHBIX B TA0II. 3.

Tabnuma 3.
[Tpusnak -dakrop YpaBHeHue napHoii perpeccun | CpenHee 3HaUeHHE (paKkTOpa
58,74 X, =
O0beM NpoOU3BOACTBA, MIH 9. = 0,62+ X, = 2,64
pyo., X1 t X
OnToBas 1eHa 3a 1 T P, = 11,75 - xp16281 x, = 1,503
SHEPrOHOCUTENS, MIIH. PYO.,
X2
Mo npuObLTH, N3BIMAEMOi Pr, = 14,87 - 1,016%3 X3 = 26,3
rocyaapcTBom, %, X3

1. Onpenenuth ¢ MOMOMIBIO CpeqHUX KOA(D(OUIMEHTOB 3JIACTUYHOCTU CHIIY BIIUSHUS
Ka)K70ro (hakTopa Ha pe3ysbTar.

2. PamxupoBath (aKkTOpHI 10 CHUIIE BIAUSHUS.

Pemenmne.

. 58,74,
1. Jlna ypaBHeHMs paBHOCTOPOHHEH THIIEPOOIIBI P, = 0,62 + —
b X _ b

X;2a+b/X;  axi+b’

3YX1 = f,(xl)% = -

2. Paccumraiite cpemHue KOI(DPHUIMEHTH AIACTUYHOCTH IS CTEHNCHHOW U
nokazarenbHol ¢pyHkuuil ([Ipunoxenue 4).

BPEMEHHBIE PA/Ibl

COBOKYIHOCTh YIOPSAZOYEHHBIX BO BpPEMEHHU HAOIIOAEHUN HEKOTOPOro IOKazaTels
Ha3bIBAIOT BPEMEHHBIM PAOOM.

Psan nHaOmoneHwid 3a 3HAYCHHSIMH OIPEIENICHHOTO IIOKA3aTells, YIOPSIOYEHHBIH B
3aBHCUMOCTH OT BO3paCTAIOUIMX WU YOBIBAIOIIMX 3HAYEHHUH APYroro mokasarens, Ha3blBaloT
OUHAMUYECKUM PAOOM, BDEMEHHBIM PAOOM, PAOOM OUHAMUKU.

OTtaenpHble HA0IIOIEHNS BPEMEHHOT'O PsiJia HAa3bIBAIOTCS YPOSHAMU ITOTO Psijia.
JlabGoparopuas padora Nel
Buisgnenue anomanvuwix yposHeti pemeHHbIX psoos

YPpOBHM BpEMEHHBIX PSIOB MOI'YT MMETh aHOMallbHbIE 3HadeHUs. llosBneHue Takux
3HaYeHUH MOXKET OBITh BBI3BAHO OLIMOKaMu MpU cOope, 3aUCH WM Nepegade MHPOopMaluu —
3TO OUIMOKM TEXHUYECKOTo MOpsJKa, WM OMmMOKH nepBoro pojaa. OIHAKO aHOMalbHbIE
3HAYEHHsI MOTYT OTpaXkaTh PEAIbHBIE ITPOLIECCHI, HAIPUMEDP CKAaYOK J0JIIapa WK MaJeHue Kypca
[IEHHBIX OyMar M T.JI.; TaKUe aHOMaJIbHbIE 3HAUYEHHUS OTHOCAT K OIIMOKaM BTOPOTO poJia, OHU He
MOJJIEXKAT ycTpaHeHUro. JlJId BBIABIEHHS AaHOMAJIbHBIX YPOBHEH BPEMEHHBIX PSIOB MOXHO
UCIIOJIb30BaTh Memood Hpsuna.

ITycTs MMeeTcss BpEMEHHOU Psif;



Ve = Vi) Yoy Ve Yy t = 1,n. @

Metoa UpBuHa npeanonaraet UCHOIb30BaHUE CIAEAYIOIEH (POPMYIIBL:

/115 — |3’r—3’t—1|’ t = 1,7’1.
Oy

rae o, = /37—372.

PacyerHble 3HaueHUs Ay, A3 CpPaBHUBAIOTCS C TAOJUYHBIMU 3HAYEHUSMU KPUTEPUS
HpBuHa 1,; ecnu Kakoe-Tub0 M3 HUX OKa3bIBacTCs OOJbIIE TaOIMYHOTO, TO COOTBETCTBYIOIIEE
3HAYEHUE Y; YPOBHS PsAJla CUATACTCS aHOMAJIbHBIM. 3HaueHHs Kputepusi VpBuHa 111 ypOBHS
3HAYUMOCTU @ = 0,05 nMpuBeIeHBI B TAOJIHIIE.

n 2 3 10 20 30 50 100

Ag 2,8 2,3 15 1,3 1,2 11 1,0

[Tocrie BBISBICHUS aHOMAIBHBIX YPOBHEH HEOOXOJMMO ONPEICIUTh TMPUYHHBI HX
BO3HUKHOBEHHUA. Eciii OHM BBI3BaHBI OMIMOKAMU TEXHHUUYECKOTO MOPSAIKA, TO OHU YCTPAHSIIOTCS
au00 3aMEHOW aHOMAJIbHBIX YPOBHEH COOTBETCTBYIOUIMMH 3HAYEHUSMH 110 KPHUBOM,
AnmnpOKCUMUPYIOIIEH BPEMEHHOU psijl, IMOO 3aMEeHOH ypoBHEH cpeiHel apudmeTnyeckoil 1Byx
COCEIHMX YPOBHEH psija.

OmuOKH, BO3HUKAIOIIME W3-32 BO3ACHCTBUSA (PAKTOPOB, HMEIOIMUX OOBEKTUBHBIN
XapakTep, YCTPaHEHUIO HE MOJIekKaT.

3agaua

Bpemennoii psij 3aian B TabaudHo# Gopme.

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. IIpoBepuTh HaMMUME aHOMAJIBHBIX 3HAYEHU TOUKU t = 2, t = 5, t = 10.

2. YCTpaHI/ITB AHOMAJIbHBIC YPOBHH, CHUTAA NPUYNHAMHU HUX BO3HUKHOBCHUA OIINOKH
IEpBOro YpOBHA.

JlaGopaTopHas padora Ne2
IIposepka eunome3svl cywjecmeosanusi meHOeHYUU

Ecmm BoO BPEMCHHOM piAdy [MPOABIIACTCA  MJIUTCIIbHAsA TCHACHLIUA HN3MCHCHUA
9KOHOMHYECKOI'O IMOKAa3aTeiisd, TO B 3TOM CJIIy4ac€ roBOpAT, YTO UMECT MECTO mpeHd.

ITog TPCHAOM IMOHUMAKT U3MCHCHUC, OIPCACIIAOLICE 0611166 HaIlpaBJICHUEC PAa3BUTHUA
HJIM OCHOBHYIO TCHACHIHNIO BPEMCHHOI'O pAaa.

Jpyrumu  cioBaMu, mpeno (menoenyus) — OTO YCTOHYMBOE, CHUCTEMAaTHYECKOE
M3MEHEHHE 3HaYeHU BpEMEHHOI0 psijia B TEYEHHUE JOCTaTOYHO JOJTOro Nepuoa.

HpI/I IMPOrHO3UPOBAHUKN BPEMCHHBIX PSAOOB H606XOI[I/IMO BBISICHUTL, CYLICCTBYCT JIM
TCHACHLIUA BO BPpCMCHHOM psAAY UJIKM OHA OTCYTCTBYCT.

s BpemeHHOrO psfga (1) paccMOTpu KpPUTEPHUI «BOCX00AWUX U HUCXOOAWUXY» CEPUIA,
COTJIACHO KOTOPOMY TEHJICHLIUSI ONPEACIIAETCS 10 CIEAYIOLIEMY aIrOPUTMY.

1. lns uccmeayeMoro BPEMEHHOTO psifia OMpEeNsieTCsl MOCIeA0BaTeIbHOCTh 3HAKOB,
HCXOMS U3 YCIIOBUIA:




0 ={+,ecmuy,y —y >0,] (2).

[Tpu »TOM eciu Mocieayrolee HaOMOJACHHE PAaBHO MPEABLIYIIEMY, TO YYUTBIBAETCSA TOJBKO
OJIHO HaAOJIIOICHUE.

2. IloacuuteiBaerca uucio cepuit v(n). [loa cepuelt moHMMAaETCs MOCIEAOBATEILHOCTD
MOAPAJl PACIOJOKEHHBIX IUIIOCOB M MHHYCOB, NPUYEM OJUH IUIFOC WJIM MHHYC CUUTAETCs
CepHeil.

3. OnpenensieTcs NPOTAKEHHOCTh CAMOM JITTMHHOW CepUH Ly, ().

4. Tlo Tabnuiie, MPUBEACHHON HIDKE, HAXOIUTCS 3HAYCHHE [(n).

Jauna psiga, n n<26 n<26 26 <n <153

3navenue [(n) 9) 6 7

5. Ecnmm Hapymaercst XoTsi ObI OJHO W3 CIEAYIOUIMX HEPaBEHCTB, TO THIIOTE3a 00
OTCYTCTBHUH TPEHJa OTBEPIaeTcs ¢ JOBEPUTEIBbHOM BeposiTHOCTHIO 0,95:

1y 106 |16n—29
@n-1 -1 90 |’

KBa,I[paTHBIe CKOOKH HEPaBCHCTBA O3HAYAKOT LCIIYIO YaCTh YUCJIA.

v(n) >

Wl =

3agaua

Jlana muHAMUKa €KEKBAPTAJIHLHOTO BBITyCKA MPOIYKIIMH (PUPMBI B JICH. €]l C TIOMOIIIBIO
KPUTEPUS «BOCXOOAUWUX U HUCXOOAWUX» CEPUM CIETaTh BBIBOJ O MPUCYTCTBUU HIIU OTCYTCTBUU
TpeHna. JloBepureabHy0 BEpOSITHOCTh MPUHATH paBHOH 0,95.

t |1 2 3 4 5 6 7 8 9 10 |11 |12 |13 |14 |15 | 16

y |10 |14 | 7 |16 |15 | 17 | 16 | 20 | 17 7 115162014119 | 21

Pemenmne.

1. JloGaBbTe B TalaMIly TOMOJHUTEIBHYIO CTPOKY §; JUISl 3alUCH IOCIEI0BaTEIbHOCTH
3HAKOB, JUIs ONpeieTIeHUs: KOTOPOi ucnomb3yite popmyiy (2).

2. Iloncuuraiite yucio cepuil v(n), NPOTSHKEHHOCTh CAMOW JJIMHHON cepuu l..(n) u
onpezaenute [(n) mo Tabmuie.

3. 3anummuTe CUCTEMY HCPABCHCTB, IIPOBCPHTC UX BLIIIOJIHCHUC.

4. Chemnalite BBIBOJI.

JlabGoparopHasi padora Ne3
Buiuucnenue ocnoenvix nokazamenet OUHAMUKU

21.]'[5[ KOHH‘IeCTBeHHOfI OILICHKHW TUHAMUKHN 3KOHOMHUYCCKUX HpOHeCCOB HpI/IMeHHIOT TaKHUuEC
CTaTUCTHUYECKUE TIOKA3aTeNH, KaK abCoomHuble npupocmol, memnsl pocma u npupocma. OHH
MOJIPA3CNAIOTCS Ha YenHvle, Oasuchsvle U cpedHue.

Ecnu cpaBHeHME YpPOBHEH BPEMEHHOIO psifia OCYIIECTBISIETCS C OJHMM M TEM XK€
YPOBHEM, NpPUHATHIM 3a 0a3y, TO IOKa3aTelMd Ha3bIBalOTCAd Oasuchuimu. Ecin cpaBHeHUE
OCYIIECTBIISIETCS C TIEPEMEHHON 0a30if, mpruyeM KaXKIbli MOCIEeIyIOMINA YPOBEHb CPABHUBACTCS
C MPEABIIYIIUM, TO BBIYUCIICHHBIC ITI0KA3aTEIN HA3BIBAIOTCS YenHbIMU.




q)OpMyJIBI JJIs1 BBIYMCJICHUA L CIIHBIX, 633HCHBIX U CpCOAHUX a6COJHOTHBIX IpuUpoCTOB,
TEMIIOB POCTa U TEMIIOB IpupocTa naHbl B Tabmume (1). B ¢gopMymnax nmpuHsITH 0003HAYCHUS:
Yt = Y1, V2 Verew Yn — YPOBHH BPEMEHHOTO psAna, N — JJIMHA PAA, Ys— YPOBEHb BPEMEHHOIO
psiaa, TpUHSTHIN 3a 0a3y JJI1 CPAaBHCHHUSI.

O0o3Hauenune AOCOJIOTHBII Temn pocra Temn npupocra
MPUPOCT
HeHHOﬁ Ayt =Yt — Vt-1 Tt — Ve . 100% Kt = Tt —100%
V-1
Cpeauuii gy =N . Ks. =T —100%
YeTm T = 1i—”-100% ‘
1

Onucanne AWHAMHKH Psijia CPEAHUM IPUPOCTOM COOTBETCTBYET €r0 MPEJICTABICHHUIO B
BUJIC TPSMOM, MPOXOISIICH Yepe3 ABe KpailHue TOYKH. J[JIst ToTy4eHus: MPOrHO3HOTO 3HAYCHUS
Ha OJIMH IIar BIEpe]l JOCTATOYHO K MOCJeIHEMY HaOIIOJCHHIO JOOABHTh 3HAUYCHHE CPEIHErO
a0COJIFOTHOTO MPUPOCTA:

Ins1 =Y +4Y, (3)

IIe Yy, — 3Ha4CHUE IIOKasareiiss B N TOYKE BPEMEHHOIO pPAAa, P41 — IPOTHO3HOE 3HAYECHUE
roKasareiis B Touke n + 1, Ay — 3Ha4eHUe CPEAHEro IPUPOCTa BPEMEHHOIO psAJa.

[Tony4yenue mporHozHoro 3HaueHus o ¢gopmyie (3) KOPPEKTHO, €ciau JUHAMUKA psaa
Oim3ka K auHEWHOH. Ha Takoill paBHOMEpHBIH XapakTep AWHAMUKH YKa3bIBalOT MPUMEPHO
OJIMHAKOBBIE LIETTHbIE A0COJIIOTHBIE IPUPOCTBHI.

Hcnonp30BaHuEe CpelHEro TemIma pocTa (CpeaHero Temma MPHUpPOCTa) IS OMHCAHUS
JTUHAMUKU Pa3BUTHS psa COOTBETCTBYET €ro MPEJCTABICHHUIO B BHUJEC IOKA3aTEIbHOM WM
HKCIIOHEHIIMAJIbHOM KPUBOMW, MPOBEACHHOW uepe3 JBE KpailHME TOYKH, U XapakTEepHO s
MPOIIECCOB, W3MEHEHHWE IUHAMUKH KOTOPBIX MPOUCXOIUT C TIOCTOSHHBIM TEMIIOM pOCTa.
[IporHo3Hoe 3Ha4eHHE HA OJUH ILIar BIEpe] Onpeensiercs no popmyie:

Pns1 = In -T.

Henocratkom IMPOTHO3UPOBAHUA C HCIIOJB30BAHUCM CPCAHCIO NPUPOCTAa U CPCAHETO
TEMIIA POCTa ABJIACTCA TO, YTO OHHM YYUTBIBAIOT HAYaJbHBIM M KOHCYHBIM YPOBHH pPsaa,
HUCKJII04asA BJIIMAHUC IPOMCIKYTOUYHBIX ypOBHeI\/'I. Tem =He MCHCC, OHH HCIOJIb3YIOTCId KakK
HpOCTeI\/'IH_II/IC, HpI/I6J'II/I)KeHHBIC CITIOCOOBI IIPOTHO3UPOBAHMUA.

3amaua.

E>xexkBapranbHas nuHamMuKka QoHJa 3apabOTHOM IuiaTel pabOTHUKOB (PUPMBI B JIEH. €]1.
IpeJicTaBjIeHa B TabauIe.

t 1 2 3 4 5

y |8946,00 | 8981,50 | 9024,10 | 9063,15 | 9105,75
O0ocHOBaTh MPABOMEPHOCTh HCIHOJB30BAHUE CPEIHETO MPUPOCTa Ui OMPEACICHHS

IIPOTHO3HOT0 3HaYeHUsI (poHa 3apaboTHOI MIaThl B 6-M KBapTaie.

3amaua.



M3MeHeHHe eXeKBapTaIbHON TUHAMUKU (OHIA 3apabOTHON IUIaThl pAOOTHUKOB (PHPMBI
IPOUCXOIMIJIO TPUMEPHO C MOCTOSHHBIM TEMIOM pOCTa B TedeHHWe S5 KBapranoB. PoHA
3apa0oTHOM maThl B 1-kBapTasie coctaBisut 9523,08 nen. en., a B 5-M kBaprane — 9693,13 neH.
en.

Onpenenuts nporHo3 (oHxa 3apaboOTHON TUIaThl pabOTHUKOB (UPMBI B 6-M KBapTale,
UCIIONIBb3Ysl CPEIHUN TEMII POCTA.

JlabopaTopnas Ne4d
Cenasrcusanue pemennbix psooe

IIpenBapuTenbHBId  aHAIUW3  BPEMEHHBIX  PAJOB  JKOHOMUYECKHX  IIOKa3arelen
3aKJIFOYAETCs B BBIABJICHUN aHOMAJIbHBIX 3HAYEHUN YPOBHEHU psAlla, KOTOPHIE HE COOTBETCTBYIOT
pea’gbHBIM  BO3MOXHOCTSIM  pAacCMAaTpUBAEMOM OKOHOMHMYECKOW CHCTEMBI, a TaKXke B
ONPEEICHUN HAIUYHsI TPEH/A.

Haubonee pacnpoCTpaHEHHBIM TIPUEMOM Ui YCTPAHCHUs AHOMAJbHBIX 3HAYCHHM
nokaszaresieil ¥ OTCYTCTBHS TCHJCHIIMM BPEMEHHOTO psia SIBISICTCS CeAAXCUBAHUE 8DEMEHHO20
psoa. [lpu 3TOM NPOU3BOAMTCS 3aMeHA (PAaKTUUYECKUX YPOBHEH BPEMEHHOIO pPsilia paCUCTHBIMH,
YTO CIOCOOCTBYeT 0OoJjiee HYETKOMY IMPOSIBICHUIO TEHJEHUUU psga. CKONb3SIIMe CpeIHUE
IIO3BOJIAKOT CIjIaJuTh CJIyqaf/'IHI)IC 1 NCPUOJUICCKHUC KOJIe6aHI/I$I BPEMCHHOTI'O psAaa.

Haubonee pacrpocTpaHeHHOW MPOLIEAYPOH CIVIAKUBAHUS SIBISAETCS METOJ MPOCMOl
ckonvsaujeli cpedHeti. CHavana Ui BPEMEHHOTO pslla OMpeAeNsieTcss MHTEPBall CriaKHUBaHUS
(9). Ecnmun HeoOX0aMMO CriIauTh MEJKHE KOJeOaHWs, TO MHTEPBAJI CIVIAXKUBAHHS OEpyT IO
BO3MOXXHOCTH OOJBIINM, €CIU HYXHO COXpaHUTh Oojiee MeNKHue KoyieOaHHs, TO WHTEepBaj
CrilaXMBaHUs yMeHbLIatoT. J[1s mepBbIX (J) ypOBHEH BPEMEHHOIO psiia BBIUMCISAETCS HX
cpeaHee apudmMeTHyeckoe 3HaueHHe. OTO OyAeT CrIaXeHHOe 3HadeHHWe YpOBHA psja,
HaXOJSIIErocs B MHTEpBaJle CrilakMBaHMs. 3aTeM MHTEpBaJl CTIaXKUBaHMS CIBUTAETCA HA OJUH
YPOBEHb BIPABO, MOBTOPSIETCS BBIYMCICHUE CpelHel apupmernueckod u T.1. B pesynbrare
TaKOW TPOLEIYPhl MOJYYHM Psiji CIIaKEHHBIX 3HAYCHWH, TPU 3TOM B 3aBUCHMOCTH OT (Q)
NEpBbIE U MOCJIEIHUE YPOBHU TEPSIOTCS.

JinuHy mHTepBana criaxkuBaHus (J) yaoOHO OpaTb B BHJE HEYETHOTO YHUCIA, B 3TOM
Clly4yae pacyeTHOE 3Hau€HUe CKOJIb3ALIeH cpeaHeil OyneT MpUXOAUThCA Ha CPeAHMM MHTEepBaj

pana.

Hampumep, nns untepBana g = 3 criiakeHHbIE YPOBHU pPacCUUTHIBAIOTCS 1O hopmye:

Ve = V-1 + Ve + Ve41)/3.

UYroObl HE MOTEpATh MEPBbIM W MOCIEIHUNH YPOBHHM Psiia, UX MOKHO BBIYHUCIUTH IO
dbopmynam napaboTMIeCKOT0 HHTEPIIOTUPOBAHHUS:

P =Gy + 2y, —y3)/6,
In = (—Yn—z +2yp1+ Syn )/6

Meton mpoCTON CKOJIB3SLIEH CPENHEN aeT XOpOLIME pe3yJbTaTbl B JUHAMHYECKHUX
psAlax ¢ TMHEWHOW TEeHACHUMEN Pa3BUTHSL.

Jns psimoB ¢ HENMHEWHOW TEHACHIMEHW pa3BUTHS HEOOXOJUMO MPUMEHSTH METOJ
636CUICHHOU CKOb3sAWel cpedHell. DTOT METOJ OTIIMYAeTCs OT METOJa MPOCTON CKOJB3SIIEH
CpelHel TeM, YTO YPOBHH, BXOJSIIME B MHTEPBAJl CTIAXUBAHUS, CYMMHUPYIOTCS C Pa3HbIMHU



BecaMu. [Insi mosmMHOMOB 2-r0 M 3-TO MOPSIAKOB IO S5-UJI€HHOM B3BELIEHHOW CKOJIB3SILEN
CpeaHel IIeHTpalIbHOE 3HaUeHHEe ONpeaessieTcs o popmyrie:

e =1/35- (=3yi—2 + 12y, + 17y, + 12141 — 3Y42).

BecoBbie k03(h(PUIMEHTHI MpU CriaXUBaHUHM MO MOJWHOMAaM 2-T0 U 3-r0 MOPSAKOB B
3aBHCUMOCTH OT JJIMHBI HHTEpPBaja CTIIaKUBAaHUS MIPEJICTABICHBI B TAOIHIIC.

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

BrlpaBHUBaHME  BPEMEHHBIX  PSAJOB  MOXET  OBITh  MPOU3BEACHO  METOJIOM
9KCnOHeHyuanbHo2o cenaxcueéanus. CyTb METO/JA 3aKIOYaeTCs B TOM, 4YTO B TMpPOLEIype
HaXOXJEHUS CrJaXXEHHOTO YPOBHS UCIOJB3YIOTCA 3HAYEHHS TOJIBKO IPEAIIECTBYIOMIMX
YPOBHEH PsIOB, B3SATHIC C ONPEICIICHHBIM BECOM, NMPUYEM BEC HAOIIOACHHS YMCHBINASTCS II0
Mepe yJaJeHusi ero OT MOMEHTa BPEMEHH, JIJIsi KOTOPOrO OMPEAENSIETCs CrIIaXKEHHOE 3HAYEHUe
ypoBHs psiga. Ecnu [t MICXOTHOTO BPEMEHHOTO PSAA Vi = Vi, Vo,ees Vs Yu COOTBETCTBYIOIINE
CrIIa)KCHHBIE 3HAYEHUS YypOBHEH 0003HAaYuTh S, , rAe t=1,n , TO O3KCHOHEHUHAIbHOE
CTJIaKMBAHUE MPOU3BOUTCS 110 PEKYPPEHTHOMY COOTHOIICHHUIO:

Ss=a-y+(1—a) Si_q,

rJe o — rmapameTp CriiaxxuBanus, mpuiem 0 1, BenmmumHa (1- o) Ha3bBaeTCs KOAPPUITUSHTOM
JTMCKOHTUPOBAHUS.

I/ICHOHBBYSI PEKYPPCHTHOC COOTHOLICHUC IJId BCEX ypOBHCfI pada, HadruHasg € I€pBOro U
KOH4YasA MOMCHTOM YPOBHA t, MOKHO IIOJIY4YMTb, YTO OKCIIOHCHIHAJIbHAad CpCaHsAd, T.C.
CTJIAXKCHHOC NAaHHBIM MCETOJOM 3HAUCHHUC YPOBHA PALd, SABJIACTCA B3BEIICHHOU Cpe,[[Heﬁ BCEX
MNpEeAMICCTBYIOIUX ypOBHeﬁZ

Ss=a¥(l—a)  y—; + (1 —a)'S,.

OObBIYHO A7 BPEMEHHBIX PSAJOB B SKOHOMHYECKHX BEIMYMHAX BEIMYUHY IapaMeTrpa
CriakKuBaHUs BbIOMparoT B uHTEepBase ot 0,1 10 0,3.

HavaneHelii mapamerp S, NIPUHUMAIOT PAaBHBIM 3HAYEHUIO IIEPBOIO YPOBHS psila WIH
PaBHBIM cpeiHel apu(pMeTUUeCKO HECKOIbKUX MEPBbIX WIEHOB psla, HallpuMep:

¢ N +Y2+ys3
0= 3
3amaua
[To maHHBIM TUHAMUKHU yposkaitHOCTH 3a 10 JieT, MpuBeIeHHBIM B TAOJIUIIE, PACCUUTATH:

- 3-, 5-1leTHUE CKOMB3SIINE CPETHUE MPOCTHIE;
- 5-neTHHE CKONB3AIINE CPEAHNE B3BEIICHHBIC,
— CPaBHUTH PE3yJIbTAaThl PACUECTOB.

t 1 2 3 4 5 6 7 8 9 10

y 16,3 21,2 18,1 8,7 16,3 17,3 20,9 154 19,7 21,7

- MIOCTpOiTE TpaduKu psiia AMHAMUKHN U TPEHIOB JIMHEWHON (QPUIbTpaIIUU.
3agaua

B Ta6J'II/IIIe MNPUBCACHBI JAHHBIC YHWCICHHOCTHU npeno;laBaTeneI?I BBICIIIUX y‘Ie6HBIX
3aBeneHuid P® (Teic. denoBek) mo rojaaM. [Ipow3BecTH criakMBaHHWE BPEMEHHOTO psiga ¢
HCIIOJIb30BAaHUEM SKCIIOHEHIMAIBHOW CpeaHEN, MPUHSB MapaMeTp CrIIaKUBAHUS a=0,lua




= 0,3. Ilo pe3ynabTaraM pacueToOB OINpPEACIUTh, KAKOH U3 CIIIaKCHHBIX BPEMEHHBIX PSJIOB HOCUT
OoJee TIaKUN XapakTep.

T'oo | 1992 1993 1994 1995 1996 1997 1998 1999
yr | 2335 | 2399 | 2398 | 2619 | 2618 | 268,7 | 260,7 | 298,6

JlabopaTopnas NeS
Bovibop naunyuwezo euoa mpenoa c nomowwio Excel

[ns onpeneneHus: nmapaMeTpoB JIMHEHHOTO TPEH/IA MO METOLYy HAaMMEHBIIMX KBaJpaTOB
UCTIONB3YETCsl craTucThueckas GyHkuus JIMHEWH, nist onpeneleHus 3KCIOHEHIUATBHOTO
tpeuna JII'P@IIPUBJI. B xauecTBe HE3aBUCUMOM MTEPEMEHHOM BBICTYNAET BpeMs t = 1,n.

B Excel nunust Tpenaa MoxeT ObITh 100aB/IcHa B AUArpaMMy ¢ 00JaCTAMH THCTOIPAMMbI
wiu B rpaduk. [ aToro Heo6xoaumo:

- BBIICNIUTh 00JacTh JUarpaMMbl; B TJIABHOM MEHIO BbIOpath uazcpamma—/[obasums
JUHUIO MPeHOa;

- B TMOSIBUBIIEMCS] TUAJIOTOBOM OKHE JIuHus mpenoa BHIOpaTh BUJ JIMHUU TPEHJA W 3a/1aTh
COOTBETCTBYIOIIME TapaMmeTpbl. JlJis MONMHOMHAIBHOTO TpEeHJa HEOOXOAMMO 3a1aTh
CTEINEHb alMPOKCUMHUPYIOIIETO OJIMHOMA.

B kauecTBe [MOMOMHUTENHHOM HH(MOpPMALMM HA JUarpaMMe MOXHO OTOOpPa3HUTh
YpaBHEHUE PErpeccud ¢ 3HAYEHUE CPEAHEKBAAPATUYECKOrO0 OTKJIOHEHHUS, YCTAaHOBUB
COOTBETCTBYIOIIME (DIaKKH Ha 3aKiagKe [lapamempsl TUATOTOBOTO OKHA JIuHUA mpeHoa.

3amaua

JluHaMuka Bblmycka NpoaAyKiuu OUHISHINM XapaKTepu3yeTcs NaHHBIMH (MJIH. JIOJUL.),
Ipe/CTaBICHHBIMU B TaOIHLIE.

Tox Boinyck npoayKuuu I'on Boinyck 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
1. TIpoBecTu pacyeT mapamMeTpoB JIMHEHHOTO U SKCIIOHEHIIMATEHOTO TPEH/IOB.
2. TloctpouTh rpaduKu psjia JMHAMUAKH U TPSH]IOB.

3. BriOparps Hawmyyminii BUJA TpeHJa Ha OCHOBAaHMM TpaUuecKoro M300pakeHUs U
3Ha4YCHHS KOAP(UIIMEHTA JeTEPMUHAIUH.






7 OneHoYHBIE CPeACTBA JIS POBeeHHUsI MPOMEKYTOUHOM aTTecTaluu

a) HHaHpreMLIe pe3yJabTaThbl oﬁyqe}mﬂ H OICHOYHBLIC CpeACTBA NJIsI IPOBECACHUS HpOMe)l(yTO‘lHOﬁ arrecranmm.

UeM OTIIMYAIOTCS YaCTHBIN U 00Iui kputepun Ourrepa?

K HNuaukarop
o1 AOCTHKEHU S OueHovHbIe CpeaCTBA
HHINKATOpPA
KOMIIETCHIM U
OIIK-2: Cnioco0eH NpuMeHSITh NPOJABUHYThIE HHCTPYMEHTAJbHbIE METO/Ibl FKOHOMUYECKOr0 aHAJIN3a B NPUKJIAAHBIX U (M) PyHIaMEeHTAJIBLHBIX
HCCJIEIOBAHNUSIX S}
OIIK-2.1 IlepeyeHb TeopeTHYECKUX BONPOCOB K 3a4eTy:
1. Ha xakom caiite MOXXHO HaitTH UH(GOPMAIIHFO TSI MOACTHPOBAHMS IEHBI (DMHAHCOBBIX aKTUBOB
2. Kaxue TpeOoBaHus IPeabABISIOTCS K pakTOpaM, BKIFOYAEMbIM B YPaBHEHHE PETPECcCUu’?
3. Urto Takoe BEIOOPOYHOE UCCIICIOBAHHE
4. YT0 moHUMAaETCs MO IMHEHHON MHOKECTBEHHOU perpeccueii?
PaGoraer c 5. UeM OTIMYAIOTCA CTAaHIAPTU30BAaHHBIE KOAPPHUIIMEHTHI perpeccui oT K03(pPpHUIMeHTOB B €CTECTBEHHOM BH/IE?
6. UTo noka3piBaeT OTPUIIATEIILHOE 3HAUCHHE KOA(P(DHUITUCHTA JTAaCTHUYHOCTH?
HallMOHATbHBIMHU o
8.

MEXTyHAPOIHBIMH Oa3aMu
JIAHHBIX C IIEJIBI0 TOHMCKA
Heo0X0oInuMO
nHpopmManuu 00
SKOHOMHYECKHUX SIBICHHUAX
W TIporeccax

Y10 moHnMaeTcs o4 KOJUIMHECAPHOCTBIO U MYJIBTUKOJIJIMHECAPHOCTBIO q)aKTOpOB?
/8 Kak npoBepsieTcsi HAIMYMe KOJUIMHEAPHOCTU U MYJIbTUKOJUIMHEAPHOCTH ?

IIpakTuyeckue 3axaHus

I[To nauHbIM caiita gKS.ru oToOpaTh MPU3HAKK. XapaKTEPU3YIOIIHE COMUATBLHO -9KOHOMUYECKOE MOT0KEHHE PETHOHOB
P® ITo ucxonHbIM JaHHBIM MTOCTPOUTH T0JI€ KOpPENSIuU [10IMroH 4acTOT U rucTOrpaMMy HaiauTe K03 duineHTa
Koppensauuu . Ouenntsb pacnpeneneHue ..Caenatbh pacyeT OCHOBHBIX YHCIIOBbIE XapaKTEPUCTUKH 110 PE3YJIbTaTaM
BBIOOPKU: BEIOOPOYHOE CpeiHee, UCTIEPCHsl, CpEAHEE KBAIPAaTHUECKOE OTKIIOHEHHE

OIIK-2.2:

OIIK-2.2: OGpabarbiBaet
nH(pOopMaLHIO 00
HKOHOMHYECKUX SIBICHUSX
W TIporeccax, Oompeaesser
CBSI3U U 3aBUCHUMOCTHU
MEXITY JJIEMEHTaMHA
uHpopManuy,

dhopmynupyer

Ilepeyenb TeOpeTHYECKUX BOIPOCOB K 3a4eTy:
1 Tlepeuncnute Bce BHABI MOJENEH, HEIMHEHHBIX OTHOCHUTENIbHO: a) BKJIIOUAEMBIX NMEPEMEHHBIX; 0) OIEHHUBAEMBIX

[1apaMeTpoOB.

2 Kak npoBoauTcs moadop auHeapu3yrolero npeodpazoBanus A BHYTPEHHE HETMHEHHBIX MoJiesien?

3 Ha3zoBute noxkasarenn KOppesslud, HCIOJb3yeMble IIPU HEIMHEHHBIX COOTHOILIEHUSAX pPaccMaTpUBAEMBbIX
MIPU3HAKOB.

4 Kakue 3agaun pemaroTcs Npyu NOCTPOCHUN YpaBHEHUS perpeccuu?

S . Kakoli BHJ MMeEET cuUCTEMa HOPMAJIBHBIX YPAaBHEHHH METOJa HAMMEHBIIUX KBAaJpaTOB B CIydac




HNuaukarop

Kon
AOCTHKEHHU S OuneHoYHBIE CpPeICTBA
HHIMKATOPa
KOMIIeTCHIIUH
000CHOBaHHBIN BBIBOJI JIMHEHOM perpeccuun?
6. [To kako#t popmyIie BEIYUCIAETCS WHAEKC MHOKECTBEHHOW KOPPEIsIiu?
7. Kak BBIYMCIAIOTCA MHIEKC MHOXXECTBCHHON IETEPMUHALMU U CKOPPEKTHUPOBAaHHBIM MHIEKC MHOXXECTBEHHOMN
JneTepMUuHau?
8. Kak npoBepsieTcsi 3HaUMMOCTh YPaBHEHUS PErPECCUU U OTAEIbHBIX KO3 (PULIMEeHTOB
IIpakTHYeckue 3a1aHUA
[To nanHbIM caiita gKS.ru oTOOpaTh MPH3HAKH. XapaKTEPU3YIOIINE COLIHATEHO =3KOHOMHUYECKOE TTOJIOKECHHE
pernonoB P®. [IpoBeputh MX Ha HOpMaIBbHOCTH. . HaiiTu ypaBHeHue perpeccun y = a + bx METOI0M HaUMEHBIINX
KBaJparToB. . [TocTtpouTs rpaduk: UCXOAHbIE TOUKU U YpaBHEHHE perpeccur. JlaTh MHTepIpeTanuo K03 (GUIMEHTOB
YPaBHEHUS.
OIIK-2.3: Bnaneer cospemenHbiMU | [IepeyeHb BOIPOCOB A1 MOATOTOBKH K 324€Ty

METOIaMU

OKOHOMHUYCCKOIo aHaiu3a,
CTaTUCTHUKH u
9KOHOMCTPUKHU JUIA

pe€miCHUusd TCOPETUICCKUX
" NPUKIIAAHBbIX 3a1a4

1. Kaxkue TpeboBaHus NpeaAbABIAIOTCA K (PakTOpam, BKIIIOYaEMbIM B YpaBHEHHE perpeccun?

UYro Takoe BEIOOPOUHOE UCCIIeI0BaHNE

Uto nmoHuMaeTcs 1o JIMHEWHONW MHOKECTBEHHOM perpeccueit?

YeM oTiIMUarOTCS CTaHIapPTU30BaHHbIE KOA(PGHUIIMEHTHI perpeccuu oT K03(hGUIMEeHTOB B ecTeCTBEHHOM Buje?
Uro noka3bpIBaeT OTpULIATEILHOE 3HAUEHHE KOAPPUIIUEHTA 31aCTUYHOCTH?

YeM oTiMyaroTCs YacTHBIA U 001t kputepun Ouiepa’?

Urto noHrMaeTcs MoJ| KOJUTMHEAPHOCTHIO U MYJIbTUKOJNIMHEAPHOCTHIO (haKTOPOB?

KaK IPOBEPSETCS] HATMYNE KOJUTMHEAPHOCTH U MYJIbTUKOJIJTMHEAPHOCTU?

IIpakTuyeckue 3axaHus

ITo 20 mpeanpusATHAM perMoHa ONpeAeIUTh 3aBUCUMOCTb BBIPAOOTKH MPOIYKIIMU Ha OJJHOTO pabOTHHMKA Y (ThIC.pyO.)
OT BBOJA B JICHCTBHUE HOBBIX OCHOBHBIX (DOHIOB x; (%0 OT cToMMocTH (POHIOB Ha KOHEI] TOJla) U OT YACIHHOTO Beca
pabounX BBICOKOM KBATU(UKAIMH B O0IIeH YUCICHHOCTH pabounx x,(%0).

Nookrwn

Tectbl
1 DHAOTEHHBIMU TIEPEMEHHBIMH Ha3bIBAIOTCS BrIOEpUTE OJIMH OTBET:




Kon
HHIMKATOPA

HNuaukarop
JOCTHKEHHUS
KOMIIETeHIINH

OuneHoYHBIE CpPeICTBA

1 He3aBUCHMBIE TEPEMEHHbIE
2 3aBUCUMBIE IEPEMEHHBIE
3 MaTeMaTHyYeCKue OXHJIaHUs JTMHEHHbIe KO3 PULIHEHTHI

2 OI[HI/IM U3 HMHAWUKATOPOB OIPCACIICHUA HAJINYUA MYJIbTHKOJUIMHCAPHOCTU MCEXKAY HNPU3HAKAMU SBJISCTCA

MPEBBIIICHUE MTAPHBIM KOAPPHUIIMEHTOM KOPPEISINHA BETUYHNHBI

agkrownE

BriGepute oquH OTBET

0,8
-0,8
31

-1

3 Ecnu npeanocbulki MeTo/la HAMMEHBIINX KBaJpaTOB HapyllIeHbl, TO BbiOepute oMH OTBET:

1 momyyeHHOE ypaBHEHHE CTATUCTUYECKH HE3HAYUMO

2 OIIEHKH [TapaMeTPOB MOTYT He 00J1a/1aTh CBOMCTBAMHU YPPEKTUBHOCTH, COCTOSATEIILHOCTH, HECMEILIEHHOCTH
KO3((DULIMEHT perpeccuu sIBIsieTCs HECYIECTBEHHBIM

3 KO3 PHUIMEHT KOPPENALUU SABISIETCS HECYLIECTBEHHBIM

4 DKOHOMMYECKHE NTEPEMEHHbIE MOT'YT BBICTYIATh B OJHUX MOJENsIX BriGepuTe oauH OTBET:
1. Kkak PHJIOTE€HHBIE, a B IPYTUX — KaK SK30I€HHbIE TIepEMEHHbBIE
2. Kak SHJOTEHHBIE, a B APYTUX — KaK (PUKTHUBHBIE IEPEMEHHBIE
3. Kak 9K30TCHHBIE, a B IPYTUX — KaK (PUKTHBHBIE IEPEMEHHbBIE
4. TOJIKO KaK 3HJIOTCHHbIE TePEMEHHbBIE

OIIK-5: Crioco0eH ucnonb30BaTh COBpeMeHHbIe HH(POPMALMOHHBIE TEXHOJOITHH U IIPOrPaMMHBIE CPeICTBA NP PelIeHUH NPo(ecCHOHANbHBIX 3a/1a4.

OIIK-5.1:

OIIK-5.1: Bribupaer
COOTBETCTBYIOIIHE
COEPKaHUIO

IlepeueHnb TeopeTHYeCKNX BOMPOCOB K 3a4eTy

1.
2.

Yo 03HaYaeT MOHATHE «KAYECTBEHHAs» MOJIEIb PErpeccun’?
B kakoMm ciyyae BEpHO COOTHOIIEHHUE ?




HNuaukarop

Kon
JAOCTHIKEHUS OueHo4HbIe CpecTBa
HHIMKATOPA
KOMIIeTeHIIUH

npodeccuoHanbHbIX 3a1a4 | 3 Urto 03HauaeT BhICKa3bIBAaHUE «TE€CHAs JTMHEHHAS CBA3b)»?

MHCTPYMEHTapHUU 4. UYro nokazbiBaeT ko3 duiment aerepMuHanyuu paBusiii 0,757

o0paboTku W  aHaymm3a |5 Uto Takoe ommOKa anmpoKCHuMaIuu?

JaHHBIX, COBpEMEHHBIE | 6. [IpuBenute mnpuMep HETMHEWHOW pErpeccCMd MO BKIOYAEMBIM B HEE OOBSCHSIOMIMM IEPEMEHHBIM, HO

nH(pOpMaLIMOHHBIE JTUHEIHON 10 OIICHMBAEMbIM ITapaMeTpam.

TEXHOJIOTUU ul’t. Uto 3HAYUT BHYTPEHHE JINHEHHAS MOJIEIH?

MIPOrpaMMHOE 8. Onummre, 9YTO 03HAYaeT BBICKA3bIBaHHE «(DYHKIHMSA, HAUIY4IIUM OOpa3oM OMUCHIBAIOIIAS 3aBUCUMOCTb Y OT

obecrieyeHne xX»?
Keiic-3aganus, cocrosimnue U3 ONUCAHUS CUTYAIlMU U BOMPOCOB K Heii
1. Omnpenenute BuA GYHKIUH, HAUIY4YIIMM OOpa3oM OMMUCHIBAIOMIEH 3aBUCHMOCTh pPAaCcXOJOB Ha TMOKYIKY
MPOJIOBOJILCTBEHHBIX TOBapoB B o00mmXx pacxomax (%) - y OT CpeAHEIHEBHOM 3apa0OTHOM IIaThl OJHOTO
paboTatoero (py0) — X 1o JaHHBIM CEMH TEPPUTOPUI Y palbcKoro pernona 3a 199X r.
2. JU1st XapaKTepUCTUKY 3aBUCIMOCTH Y OT X PaCCUUTANTE TTapaMeTphl CIeNYIOMUX (pyHKITHIA:
. JIMHENHOM;
. CTCIICHHOM;
. NoKa3aTeabHOM;
. PaBHOCTOPOHHEH THITEPOOITHI.
OneHuTe KaxKIyro MOJIeNb Yepe3 CpeIHIO omHnOKy anmnpokcumanuu A u F-kputepuit @uinepa.
Hcnoaw3yiite nporpammy Statistika

OIIK-5.2 OIIK-5.2: Hcnonssyer | [lepedyeHs BOPOCOB A1l MOATOTOBKH K 3a4€Ty

TUISE pelieHus
npoeCCHOHANIBHBIX 3a/1a4
COBpEMEHHBIE
MH(pOPMaILOHHbIE
TEXHOJIOTUU "
IIPOrPaMMHBIE  CPEJCTBA,

NPEABAPUTEIIBHO  OLICHUB
BO3MOXXHOCTH u
1eIecoo0pa3HoOCTh 1704

1. UYTo Takoe perpecCuOHHBIN aHaIN3?

2. UYro noHnMaeTcs oJ NapHoi perpeccuei?

3. Onummre cyth TpaauimonHoro MHK miig nuHeitHo# napHOi#l perpeccum.

4. UYro Takoe «oleHKa napamerpa»? YeM OTIN4arOTCsl «ACTUHHBIE)» 3HAUEHUS TApaMETPOB PETPECCUN OT UX
OLICHOK?

5. UYro Takoe OCTaTKH B pErPECCHOHHOM aHaIu3e?

6 Onumure npoueaypy NpOBEPKU TUIIOTE3BI.

7. Yro Takoe ypoBEHb 10BEpUS?

8 UTto Takoe HHTEepBaILHBIN porHo3? [loueMy BO3HUKAET HEOOXOAUMOCTh TOCTPOEHHUS TOYEUHBIX MPOTHO30B?




HNuaukarop

Kon
AOCTHKEHU S OuneHoYHBIE CpPeICTBA
HHIMKATOPA
KOMIIeTeHIIUH
UCIIOJIb30BAHUS 9. Kakoii Bus1 nMeeT cuctemMa HOpMallbHBIX YPaBHEHUN METO]a HAMMEHBIINX KBaIpaTOB B Cy4yae JTUHEIHON

perpeccun?
10. ITo xakoit popMyIie BBIYUCIAETCS JTMHEHHBIA KOI(PPUIIMESHT TapHOU KOPPEIISIIIH?
11. Kak BbIUHCISAETCA U YTO MOKA3BIBACT MHACKC ACTCPMUHALIIH?
12. Kak Beruucnsercs u 4ro nmokasbpiBaeT UHACKC IeTEPMHUHALIAN?
13. Kak mpoBepsieTcsi 3HaUMMOCTh YPaBHEHUS PErPECCUU M OTIEIBHBIX K03 puineHToB?
14. Kak ctpoutcs noBepuTeNbHbBIN HHTEPBAI [IPOTHO3A B CIy4yae JTMHEHHOM perpeccun?
15. Kak BBIMUCISIOTCS M 9TO TTOKA3bIBAIOT KOAPPHUIIUCHT HITACTUIHOCTH D ¥ CpeAHHUIA KO DUIIMEHT 3JIaCTHIYHOCTH

Keiic-3a1anus, cocrosimme U3 ONMUCAHUS CUTYallMd U BONPOCOB K Hel

Onpenenutd pakTopsl, GopMHpPOBABIIHE [IEHY KBApTHP B crposimuxcs aomax B Cankr-IlerepOypre B 1996 r. mo
JAHHBIM O PBIHKE cTposiierocs xkuibs B Cankr-IletepOypre (1o coctosHuio Ha Aexadbps 1996 r.)

CrenepupyiiTe GUKTUBHYIO IEPEMEHHYIO Z, OTPaXKAIOIIYI0 MECTOIIOJOKEHNE KBAPTUPBl U MO3BOJISIIOILYIO Pa3/elIuTh
BCIO COBOKYITHOCTh KBAapTHp Ha JIBE TPYMIbI: KBapTUPHI Ha ceBepe ropoaa (IIpumopckuii paiion, 1llyBanoBo-O3epku,
I'paxnanka) um Ha tore ropoma (FOro-3aman, Kpacnocenbckuili paiion).Iloctpoiite ypaBHeHHE perpeccuw,
XapaKTepu3yrollee 3aBUCUMOCTb LIEHbI OT BceX (haKTOPOB, B IMHEHHOM U cTeneHHOH Gopme.

CymecTByeT JM pa3HULA B LIEHAX KBapTUP, PACIOJIOKEHHBIX B CeBEpHON M IokHOW uyactax Cankr-IlerepOypra?
SBnsiercs nu Hanmu4Ke OalIKOHA U JIOKUU MPEUMYIIIECTBOM KBapTUPHI Ha pbiHKe? Kak Bbl 00BsicHUTE 3TOT (hakT?




b) Ilopsnok mnpoBeaeHHs MPOMEXKYTOUHOM aTTecTalMM, IIOKa3aTeld U KPUTEpUHU
ouneHuBaHus: [IpoMeXyTodHass aTTecTamus IO TUCHHUIUIHHE «DKOHOMETPHKA» BKIIIOYACT
TEOPETUYECKHE BOTIPOCHI, O3BOJISIOIINE OLEHUTh YPOBEHb YCBOCHHUS 00YJAIOIIUMUCS 3HAHUHN, U
NPaKTUYCCKHE 3a/laHus, BBIABISIONIAE CTENCHb C(HOPMUPOBAHHOCTH YMEHWH W BIAJICHHIA,
npoBoIUTCA B (hopMe 3adera. 3a4eT O JAaHHOW JIUCHHUILIMHE MPOBOJUTCA B YCTHOM (opme
no OwieraMm, KaXIbld W3 KOTOPBIX BKJIIOYACT OJWH TEOPETUYECKHA BOIPOC M OIHO
npakTuyeckoe 3ananue. [lokasarenn u KpUTepur OLEHUBAHUA 3a4€Ta:—Ha OLEHKY «3a4TeHO»—
oOyJaromuicss  JAEMOHCTPHPYET  BBICOKHH  YpOBEHb C(HOPMUPOBAHHOCTH KOMIICTEHIIHIA,
BCECTOPOHHEE, CHUCTEMaTHYeCKOe M TIyOOKOoe 3HaHWE y4eOHOro MaTepuana, CBOOOIHO
BBIMOJIHSCT TMPAKTHYECKHE 3aJaHus, CBOOOIHO OIECPUPYET 3HAHUSIMH, YMECHUSMH, IIPUMCHSIET
UX B CHTyallUsX HOBBIIEHHONW CJIOXHOCTH;—Ha OLIEHKY «HE3a4TEHO»—O00ydarommics
JNEeMOHCTpUpYeT 3HaHus He Oomee 20% TEOpeTHYECKOro  Marepuaiga,  JOIycKaeT
CYIIECTBEHHBIC OIIMOKH, HE MOXKET IOKa3aTh MHTEJUICKTYaIbHbIC HABBIKA PEIICHUS MPOCTHIX
3ajay.



