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JIucr akTyanusanuu padoueii nporpaMmbl

PaGouast mporpamMmma rnepecMoTpeHa, 00CyKaeHa U 0100peHa s peanuzarnuu B 2023 - 2024
y4eOHOM rofy Ha 3aceaHuu Kadeapsl IKOHOMUKHU

[Iporokonm oT 20 1. Ne

3aB. kadeapoii A.T'. Bacunbena

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogodpena st peanuszanuu B 2024 - 2025
y4eOHOM rojy Ha 3aceaHuu Kadeapbl IKOHOMUKHU

[IpoTrokonm oT 20 . Ne

3aB. kadeapoii A.I'. Bacuibesa

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogqodpena st peanmsanuu B 2025 - 2026
y4eOHOM Toy Ha 3acelaHuu Kapeapbl IKOHOMHKH

[Ipotokom ot 20 . Ne
3aB. kadenpoii A.T". BacunbeBa




1 Iles1u ocBOEHUSI TN CHMUTLTHHBI (MOLYJIs1)

o0ydeHHe CTYJACHTOB OCHOBHBIM MAaTEMATHUYECKUM MOHITHSIM W METoAaM B o0jacTu
SKOHOMETPUYECKOTO MOJCIHUPOBAHUSA, TMPUMEHUTEILHO K PEIICHUIO 3a]ad  aHaJln3a,
MIPOTHO3UPOBAHUS U YIPABJICHUS PKOHOMHUKOW Ha Makpo - U MHUKpPO - YpoBHsX. B mporiecce
W3Y4YEHUs ITOW JMCIMIUIMHBI Y CTYJIEHTOB JOJDKHBI OBITH COPMHPOBAHBI TEOPETHYECKUE H
MPaKTUYECKHE HABBIKM PEIICHUS HSKOHOMETPUYECKHUX 3a7ad M aHaiu3a IOJYyYEHHBIX
PE3YIBTATOB.

2 MecTo JUCHMIIIMHBI (MO/1YJIsI) B CTPYKTYpe 00pa30oBaTe1bHOI POrpaMMbl

JucuuruinHa DKOHOMETpUKa (IIPOABUHYTHIM YPOBEHb) BXOAUT B 00s3aTElIbyI0 4acTb
y4eOHOro 11aHa 00pa3oBaTeIbHON IPOrPaMMBI.

Jns  W3yd4eHus  JUCLUIUIMHBL  HEOOXOOUMbI  3HaHUS  (YMEHMs,  BIJIAJICHUs),
c(OpMHUPOBAHHBIC B PE3YJIbTATE U3YyUCHHS AUCIUTUTUH/ TPAKTUK:

CrarucTtuka

Maremaruka

DKOHOMUKA OpraHU3aLuu

Metob1 00pabOTKH S5KOHOMUYECKOI HHPOpMaLIUU

3HaHus (YMEHMs, BJIaJIeHHs), IOIYUYEHHbIE NIPU U3YYEHUU AAHHOW TUCLHMIUIMHBEI OyIyT
HEOOXOIUMBI JUIsl U3yYCHHS TUCIUTLTH/TIPAKTHK:

[ToaroroBka k cade u cjaua rocyJapCTBEHHOT0 SK3aMeHa

3 Komnerenuun odyuaromierocs, popMupyemMbie B pe3y/ibTaTe 0CBOEHUS

AUCHMILIMHBI (MOAYJIS) U IVIAHUPYeMbIe pe3y/ibTaTbl 00y4YeHust

B pe3ynbrare OCBOEHHS IUCHMIUIMHBI (MOIyJsl) «OKOHOMETpHKa (IPOJBHUHYTHIN
YPOBEHB)» 00yUaIONTHICS JOHKSH 00J1a1aTh CICTYIONIMME KOMIICTCHITHSIMH

KO[[ HHJUKaTopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIIN

OIIK-2 CnocoOeH MPUMEHSTHh MPOJBUHYTHIE WHCTPYMEHTAIBHBIC METOIBl 3KOHOMHYECKOTO
aHaJIM3a B IPUKIAAHBIX 1 (1K) G yHIaMEHTaIbHBIX HCCIET0OBAHMIX,

OIlK-2.1 PaboTaer ¢ HalMOHANBHBIMU U MEXIyHAPOIHBIMHU 0a3aMH JJAHHBIX C LIEbIO
nmoucka HeoOxoaumoi uHdOpMaAMu 00 SKOHOMHUYECKHMX SIBICHUAX W
nporeccax

OIlK-2.2 OO6pabaTbIiBaeT MHPOPMALIUIO 00 SKOHOMUYECKUX SIBICHUSX M INPOLECCaX,

ONpeseNsieT CBSI3W M 3aBHCUMOCTH MEXAY D3JeMEHTaMH HH(pOpManuy,
bopmMyarpyeT 060CHOBaHHBIN BBIBOJ

OIIK-2.3 Bnaz[eeT COBPCMCHHBIMU METOJAAMHU S3KOHOMUYCCKOTO aHaJlin3a, CTATUCTUKU
1 OSKOHOMETPUKH IJIA PECIICHUA TCOPECTUICCKUX U TPUKIIAIHBIX 3aaa4

OIIK-5 CnocoOeH UcIonb30BaTh COBPEMEHHBIE MH(POPMAILIMOHHBIE TEXHOJIOIMU U TPOrpaMMHBbIE
CPEJICTBA IIPH PELIEHUH NTPodeccroHaANIbHBIX 3a1au.

OIIK-5.1 BriOupaer COOTBETCTBYIOLIME COJAEPKAHHIO MPO(ECCHOHAIBHBIX 33734
UHCTpyMeHTapuil  oOpaOOTKM ¥  aHaju3a JIaHHBIX, COBPEMEHHbIE
uHGbOpPMaIMOHHbIE TEXHOJIOTMH U IPOTrPaMMHOE obecneueHue

OIIK-5.2 Hcnonb3yer s pemieHus MpodecCHOHANBHBIX 3a7ad COBPEMEHHBIE
nH(pOpMaLIOHHbIE TEXHOJIOTUH u MIpOrpaMMHBbIE CpeICTBa,
NPEIBApUTEIILHO  OILICHWB  BO3MOXKHOCTH UM II€JIECOOOPAa3HOCTh  UX
MCI0JIb30BAHUS




4. CTpPyKTYpa, 00bEM U coiepKaHue TUCHUIINHBI (MOTYJIs)
OO0mmast TpyI0eMKOCTh TUCIHILTUHBI cocTaBiseT 3 3aueTHbIX eauHui 108 akan. gacos, B ToM

qHUCIIe:

— KOHTakTHas pabota — 10,7 akan. yacos:
—aynurtopHas — 10 aka. gacos;

— paeayautopHas — 0,7 akaj. 4acos;

— camocTosTenpHas padota — 93,4 akaj. 4acos;

— B (hopMe npakTudeckoit moaroroBku — 0 akaj. gac;

— MOJTOTOBKA K 3auéTy — 3,9 akaj. yac
dopma arTecTaluy - 3a4eT

AynutopHas 3 s
KOHTaKTHas pabora E 5 dopma TEKyLIETO
Pasnen/ Tema 2 (B axan. 1acax) = E‘ Brn KOHTPOTA Kon
N Z & ©| caMOCTOATENBHOl | ycreBaeMOCTH 1 COMIETCHLLIN
Amctt § g padoThI MIPOMEKYTOUHOM H
Tex. 1a0. | mpakT. 9 aTTecTALH
3aH. 3aH. | O &
1. Benenue B nmpeaMeT
Nzyuenne
o OIIK 2.1
11 Tpever JIUTEPaTypHI, yeTHEIi ompoe | S 0T,
OKOHOMETPHKH, €€ IIelb, 0,4 0,4 5 TIOZIFOTORKA K g THeT 1o . |OIIK 2.3
3amaun. bazoBble moHsTHS BEIMOIHCHHIO 71abopaATOPHON i 5.1
71a00PaTOPHBIX pabore OIIK 5.2
pabot ’
1.2 TloBropeHue TeopHu Hsyuenue OIlIK 2.1
BEPOSITHOCTH u 0.4 06 | 54 JINTEPaTYpHI, ycTHbIif onpoc  [OIK 2.2
MaTeMaTHYeCKON 1 ’ ’ ’ NOATOTOBKA K | moKmaz k cemunapy [OTIK 2.3
CTATHCTHKH CeMHHapy OIlK' 5.1
L3 o
9KOHOMHKE. Knaccet OIK 2.2
o Nzyuenue N OIIK 2.3
MOJIEIIEH. Bunst 0,4 0,8 8 HTeDATYDbL YCTHBII 0IPOC | yppe 51
MIEPEMEHHBIX. Orarsl patyp OIIK 5:2
HKOHOMETPUYECKOTO
MOZEIUPOBAHHS
Hroro no pazaeny 1,2 1,8 18,4
2. PerpeccuoHHBIE MOZIENTN
Nzyuenue
JINTEPATYPHI, OTYET 110 OIIK 2.1
MOJTrOTOBKA K nabopaTtopubiM  [OIIK 2.2
. BBITIOJTHEHHIO pabotam OIIK 2.3
2.1 JIuneiinas perpeccusi. 0,6 0,8 10 Ha60pATOpHBIX OTUET 10 OIK 5.1
pabot npoxoxaenmo  |OIK 5.2
ITpoxoxnenus Moyt MOOK
1 MOOK
Wzydenue
JINTEPATYPHI, Oruer mo OIIK 2.1
MOJITOTOBKA K naboparopHoii  |OTIK 2.2
2.2 Henuuelinsle Momenu 04 06 14 BBIIIOJTHEHHUIO pabore OIIK 2.3
perpeccuu ' ' 1a60PaTOPHBIX OTHYET 0 OIK 5.1
pabot npoxoxaenuu  |OHK 5.2
ITpoxoxnenue Moyt MOOK
MOOK
Wroro no pazneny 1 1,4 24
3. BpeMeHHEBIE psabI




N3ydenne

JTUTEPaTypHI, Ortuer o OIIK 2.1
MOJITOTOBKA K naboparopuoii  |OTIK 2.2
3.1 OcHOBHBIE 3JEMEHTHI BBITIOJTHEHHIO pabore OIIK 2.3
0,4 0,6 16
BPEMEHHOTO psIa 1a60PaTOPHBIX Oruer o OIK 5.1
paboT npoxoxaenuu  |ONK 5.2
[Ipoxoxnenue moxayist MOOK
1 Moyt MOOK
Uzydenne
JIATEpaTyphl, Otuer no OIIK 2.1
MOJITOTOBKA K naboparoproii  |OTIK 2.2
3.2 Mozenu cTanMoHapHBIX BBIIIOJIHCHUIO pabore OIIK 2.3
0,6 0,8 16
Y HECTAIMOHAPHEIX PAIOB 1a60paTOPHEIX Oruer o OIK 5.1
paboT npoxoxaenuu  |ONK 5.2
[Ipoxoxnenue moxayist MOOK
Moyt MOOK
HUroro no pazneny 1 1,4 32
4. CucreMbl 3KOHOMETPHYECKUX
YpaBHEHUH
N3ydenne
JINTEPATYPHI, Ortuer mo OIIK 2.1
IOJArOTOBKA K naboparoproii  |OTIK 2.2
4.1 CucteMbl ypaBHCHUI B BBITIOJIHEHHIO pabote OIIK 2.3
0,6 0,8 14
3KOHOMETPUKE 71a60paTOPHBIX OTYET 0 OIK 5.1
pabot npoxoxaermn  |OIIK 5.2
MIPOXOXKICHUE moayist MOOK
1 moxayist MOOK
Nzyuenne
JINTEPATYPHI, Ortuer mo OIIK 2.1
42 Cucrembl  IHHHHBIX MOJATOTOBKA K nmaboparopuoii  |OIIK 2.2
BBIITOJTHEHHIO pabote OIIK 2.3
OJTHOBPEMEHHBIX 0,2 0,6 5
N 7Tab0PaTOPHBIX OT4YET O OIIK 5.1
YpaBHeHHH pabot npoxoxaermn  |OIIK 5.2
MIPOXOKICHUE moayist MOOK
moxayist MOOK
Hroro no pazaeny 0,8 1,4 19
5. 3auer
Wzydenne OIIK 2.1
JIMTEpaTypHI, OIK 2.2
5.1 3auer 1 HOZLF(I))TO}BIII() ax TECT OIIK 2.3
3auerTy OIK 5.1
Hroro mo pazgery
Hroro 3a cemectp 4 6 93,4 3a4éT
HWroro no aucuuninnxe 4 6 93,4 3a4er




5 O0pa3oBaTejibHbIE TEXHOJIOTHH

[Ipu mpoBeneHNY 3aHATHUN U OPTraHU3AIUH CAMOCTOSTEIHFHOM PAOOTHI UCIIOJIB3YIOTCS:

TpanuioHHbIE TEXHOJOTHH OOYYeHWHs, Mpearoiararolme nepenadyy uHbopMaiuu B
rOTOBOM BuUJE, (opMUpOBaHHME Y4YeOHBIX YMEHUH 1O O00pasily: JIeKIHs-U3JI0KEHHUE,
TEeKIU-00BsICHEHHE, JIA0OpaTOpPHBIE pabOThI, KOHTPOIbHAS paboTa U Jp.

Hcnonb30BaHue TpaguIIMOHHBIX TEXHOJIOTUN 00eCrieunBaeT OPUEHTHUPOBAHHUE CTYyIEHTa
B MOTOKE HMH(OpMAIUK, CBI3aHHON C Pa3IMYHBIMU IMOAXOAAMU K OMNPEACICHUIO CYIIHOCTH,
coJlepKaHusl, METOI0B, (OPM Pa3BUTHSI U CAMOPA3BUTHUS INYHOCTH; CAMOOIIpE/IeNICHHE B BEIOOpE
ONTUMAJILHOTO MYTH M CHOCOOOB JTMYHOCTHO-NIPOPECCHOHATBHOTO PAa3BUTHS; CUCTEMATU3ALIUIO
3HAHUW, TOJYYEHHBIX CTYJEHTaMH B IpOIECCe ayJUTOPHON M CaMOCTOATEIbHOW paboTHI.
JlaGopaTopHble 3aHATUS OO0ECIEYMBAIOT pPAa3BUTHE U 3aKPEIJICHWE YMEHUH M HaBBIKOB
ompezeneHusl IeJied M 3aad CcaMOpas3BUTHs, a Takke MNPUHATHS HaubOosee 3 EeKTUBHBIX
PELICHUH 110 UX peaTnu3alyH.

WnTtepakTuBHble (OpMBI OOyueHUs, MPEANOaraloniie OpraHu3alio OOY4YeHHs Kak
IPOAYKTUBHON TBOPUECKOM EATEILHOCTH B PEXKUME B3aUMOJICHCTBUS CTYAEHTOB JPYT C APYTOM
U C IPENOJIaBATEIIEM.

Hcnonp30oBaHne HMHTEPAKTUBHBIX  00pa30BaTENIbHBIX  TEXHOJOTHMH  CHOCOOCTBYET
MOBBIIICHUIO UHTEPECa U MOTUBALIMK yYaIUXCsl, aKTUBU3ALIMN MBICIUTEIBHON ACSITEIBHOCTU U
TBOPYECKOTO TOTEHIMAja CTYAEHTOB, Jenaer Oojee 3()(EeKTHBHBIM YCBOEGHHE Marepuaia,
MO3BOJIIET MHIUBUYaTU3UPOBATh O0yUEHUE U BBECTH IKCTPEHHYIO KOPPEKIIHIO 3HAHUH.

IIpu npoBeneHUM 1a0OPATOPHBIX 3aHITUH MCIONB3YIOTCS TIpynnoBas padora,
TEXHOJIOTHSl KOJUIEKTUBHOW TBOPYECKOW JESTENIBHOCTH, TEXHOJOTUS COTPYIHHUYECTBA,
obcyxaenue mpoodsemsl B hopme auckyccuu, Case-study. JlaHHbIe TeXHOJOTHH 00ECIICUUBAIOT
BBICOKHI YPOBEHb YCBOCHMS CTYyACHTaMU 3HAHUU, A(P(EKTHBHOE U YCIEIIHOE OBJIAJCHUE
YMEHHUSIMHU U HaBBIKAMH B MPEIMETHON 001acTi, GOPMUPYIOT MO3HABATEIBHYIO TOTPEOHOCTH U
HEO00X0IUMOCTh JlabHENIIEro camoo0pa3zoBaHus, MO3BOJISIOT aKTUBU3UPOBATH
UCCIIEIOBATEIIbCKYIO ICATEIbHOCTD, 00ecieunBatoT 3 (HEKTUBHBIN KOHTPOJIb YCBOSHHSI 3HAHHIA.

6 Y4eOHO-MeTOAMUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOM padoThl 00y4arommuxcst
IIpencrasneno B npuiioxeHuu 1.

7 OneHOYHBIE CPeACTBA AJIsl IPOBeeHHs POMEKYTOYHOM aTTeCcTaluN
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYecKOe H HH(POPMALIMOHHOE OfecnevyeHue TUCIUIIHHbBI (MOYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. DxoHOMETpHKa : Y4eOHHWK W MPAKTUKYyM Ui TpHUKIaaHoro OakamaBpuara / O. A.
Hemmumosa, /1. 1. ManaxoB. — Mocksa : U3natenbctBo FOpaiit, 2019. — 334 ¢. — (bakanasp.
[Mpuknanuoit kypc). — ISBN 978-5-534-00625-4. — Teker : anektponssiii // DBC HOpaiir
[caiiT]. c. 1 — URL.: https://urait.ru/bcode/432950/p.1 ( nara obparenus 20.01.2023 r)

2. DKOHOMETpHKA | y4eOHHK M TPAKTHKyM IS akajemMudeckoro Oakamapuata / H. 111.
Kpemep, b. A. Ilytko ; nmon penakumeit H. 1. Kpemepa. — 4-e uza., ucnp. u gorn. — Mocksa :
UznarensctBo HOpaiir, 2019. — 308 c¢. — (bakanaBp. Akagemuueckuii kypc). — ISBN
978-5-534-08710-9. — Tekcr : osnekrpounsiii // DBC IOpaiit [caiit]. ¢. 1 — URL:
https://urait.ru/bcode/426241/p.1 ( nata oopamenus 20.01.2023 r)

0) lonoJiHMTE ILHAA JIUTEpaTypa:
1. JlaktronoBa, 0. C. DxoHomerpuKa : yaeoHoe nmocobue / 0. C. JlaktnoHoBa ;



MI'TY. - [2-e u3a., moarot o ned. u3a. 2005 r.]. - Marauroropek : MI'TVY, 2016. - 1 a1ekTpoH.
OIIT. JICK (CD-ROM). - 3aru. c TUTYL. 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3074.pdf&show=dcatalogues/1/1135
273/3074.pdf&view=true ( mara oOpamenus 20.01.2023 1). - MakpooObekt. - Tekcr
3JIEKTPOHHBIN. - CBeieHust 1ocTyIHbI Takke Ha CD-ROM.

2. JlorynoBa, O. C. DkxoHomerpuka cpeiactBamu Statistica 6.1. Bpemenubie u
JUHaMuYeckue psaabl . yueonoe mocobue / O. C. Jlorynosa, E. A. Wneuna, B. B. Koponesa ;
MITY. - Marauroropck, 2009. - 135 ¢ : wr, gmarp., Tabnm. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=228.pdf&show=dcatalogues/1/10561
18/228.pdf&view=true ( nara oopamenus 20.01.2023 r). - MakpooOBEKT. - TEKCT : 3JICKTPOHHBIH.
- UMmeeTcst meyaTHBIN aHAJIOT.

3 KoppensunoHHbIi 1 perpecCHOHHBIN aHanu3 : yueoHoe mocodue / M. I'. Kapenuna, B.
L. Tpodumona, T. A. Banosa u ap. ; MI'TY. - Marautoropck : MI'TY, 2016. - 1 snektpoH.
OIIT. JICK (CD-ROM). - 3ari. c TUTYL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2489.pdf&show=dcatalogues/1/1130
255/2489.pdf&view=true ( mara oOpamenus 20.01.2023 1). - MakpooObekt. - Tekcr
3JIEKTPOHHBIN. - CBeieHust 1ocTyIHbI Takke Ha CD-ROM.

B) MeToan4yeckue yKa3zaHusi:
1

r) [Iporpammuoe obecneuenue u UnTepuer-pecypcebi:

IIporpaMmmHoe o0ecnieueHue

Haumenosanue [10 Ne orosopa Cpoxk neiicTBuS JTULIEH3UU
7Zip CBOOOJHO  pPacIpoOCTPaHIEMOE 0ecCpoOUYHO
STATISTICAB.6 |K-139-08 o1 22.12.2008 0ecCcpoyHO
FAR Manager CBOOOJIHO  pacHpoCTpaHIESMOe 0eCcCpoOYHO

IIpodeccnonanbubie 0a3bl JAaHHBIX M MH(POPMAIHOHHBIE CIIPABOYHbIE CHCTEMbI
HazBanwue kypca Ccpuika
NudopmannonHas cucreMa - EqnHoe 0OKHO 10CTyIa K .
(bopman 8 AOCTYIA K| JRL: http://window.edu.ru/
HHOOPMAIMOHHEIM PecypcaMm
ITouckoBas cucrema Axamemusi Google (Google

URL.: https://scholar.google.ru/

Scholar)

Harmmonaneuasa nH(}OpMAITMOHHO-aHATTUTUYECKAS URL:

cucrema —  Poccuiickuii  MHAEKC ~ HAYy4YHOI'O h TR . .
ttps://elibrary.ru/project_risc.as

uutuposanus (PHUHIL) P y.ruiproject_ P

9 MaTtepHaJIbHO-TEXHHYECKOE o0ecneyeHne TUCIUTILIHHBI (MOLYJIs1)

MaTepI/IaJ'II)HO-TGXHI/ILICCKOG o0OecrieueHue JUCIHUIIIIMHBI BKJIIFOYACT:



MaTepI/IaJ'IBHO'TeXHI/ILIeCKOG o0OecrieueHue JUCHHUIIIIMHBI BKJIIFOYACT:

VYueOHble ~ ayqUTOpUW  JUIs  TPOBEACHHMS  3aHATHHA  JIEKIMOHHOIO  THMA -
Crnenmanmu3upoBaHHas (yueOHast) MeOelb (CTOJBI, CTYJIbs, JOCKA ayUTOPHAs ), MyJIbTUMEIUHHOE
obopynoBanue (IIPOEKTOpP, KOMITBIOTEp, dKpaH) IJs Mpe3eHTAMH Y4eOHOro Marepuala Iio
JMCIIATUIAHE;

VY4eOHblE ayIUTOpPHM Ui TPOBEACHUS JIa0OPATOPHBIX 3aHATUH, TPYIIOBBIX U
UH/IUBUYAIbHbIX KOHCYJIbTAllMi, TEKYLIEro KOHTPOJIA W HPOMEKYTOUHOW aTTecTaluH -
Crenmanu3upoBanHas (yueOHasi) mMeOenb (CTOJBI, CTYNbs, I0OCKa ayAUTOpHAs), IEPCOHATIBHBIE
KOMIIbIOTEPHl OOBEAMHEHHBIE B JIOKAJIbHBIE CETH C BbIXOAOM B Internet m ¢ gocrymom B
ANEKTPOHHYI0  HH(OPMALMOHHO-00pa30BaTEIbHY0 Cpelly YHHUBEPCUTETa, OCHAILCHHBIE
COBPEMEHHBIMHU IPOrPaMMHO-METOANYECKMMHU KOMIUIEKCaMHU

Ayautopun ISl CAMOCTOSITENTLHOW pa0OThl (KOMITBIOTEPHBIC KIIACCHI, YUTAIBHBIE 3aJIbl
oubmotekn) - Crnienuanu3upoBanHas (yueOHasi) MeOenb (CTOJIBI, CTYJIbs, JOCKA ayAuTOpHAas),
MEPCOHABHBIE KOMITBIOTEPhI OOBEAMHECHHBIE B JIOKAJIBHBIC CETH ¢ BhIxomoMm B Internet m c
JOCTYIIOM B JJIGKTPOHHYIO  HH(DOPMAIMOHHO-00pa30BaTeIbHYI0 CpEely YHHUBEPCUTETA,
OCHAIIIEHHBIC COBPEMEHHBIMH IMPOTPAMMHO-METOINICCKIMH KOMIUICKCAMH

[Tomemnienne Juis  XpaHEeHHS W TPOPHIAKTUYECKOTO OOCITYy)KMBaHUS  y4eOHOTO
obopynoBanus - Mebeib (CTOJIbI, CTYJIbs, CTEIUIAXKH IJIs XPaHEHUs YI4EeOHO-HATIISIIHBIX TTOCOOMI
U y4eOHO-METOIUYECKOM JOKYMEHTAIIHH ), IEPCOHATBHBIC KOMITBIOTEPHI.

YueOHo-MeTOANYECKOEe 00ecTieYeHre CAMOCTOSITeIbHOI padoThl 00y4yaromuxcst
MOCTPOEHUE MOJEJU JUHEUHON MAPHOI PETPECCUM
JlabopaTopnas paGora Nel.

Buiuucnenue koagppuyuenmos ypasnenus nuHetiHou peepeccuu

[TapHas perpeccusi — 3TO ypaBHEHHUE CBSI3H JIByX MEPEMEHHBIX ) U X'

y="1(x),

r7ie Y - 3aBUCHMas TIepeMeHHas (pe3yIbTaTUBHBIN MPH3HAK); X - HE3aBUCUMAasi, OOBICHSIONIAS
nepeMeHHas (Mpu3HaK - (hakTop).

JIuneitnas mapras perpeccns: Y = a +DX+ &

[TocTpoeHue ypaBHEHHsI pErpeccuy CBOJIUTCS K OLIEHKE €€ MapaMeTpoB (B MPUBEACHHBIX
BBIIIIE ypPaBHEHUSX pPErpeccur — mapaMmeTpsl a u D). JIns OIeHKHM mapaMeTpoB perpeccui,
JUHEMHBIX [0 IapaMeTpaM, HCIOJIb3YIOT MeTod HauMeHbMx kBaaparoB (MHK). MHK
MIO3BOJISAET MOJIYYUTh TaKHE OLIEHKHU IapaMeTpOB, IIPH KOTOPBIX CyMMa KBaJApaTOB OTKJIOHEHUMU

(I)aKTI/ILICCKI/IX 3HA4YCHUI PE3YJIbTATUBHOTO IPU3HAKA ¥y OT TCOPCTUUCCKHUX Y(X) MHHHMaAJIbHA,
T.C.



A N2 .
> (y=9,)" > min.
JInst TMHEHHBIX YpaBHEHUHN peIIaeTcs CIeAyIOIIas CUCTEMa OTHOCUTENBHO a 1 b:

na+b> x=>y,
ay x+b> x* =) yx.
I[J'IH peICHUA I[aHHOﬁ CHUCTEMBbI U HAXOXICHUA d U b MOXXHO HCITIOJIb30BAaTh JIBa Imoaxoaa.

1. Ucnonp3yroTes clielyrome COOTHOILIEHUS:

noXx| |2y X noy

A = H H Ab = H
Yy I PRSRL
_Aa, b Ab
ATTA
2. M0OXHO BOCIIOJIb30BaThCs TOTOBBIMU (POPMYJIaMH, KOTOPBIE BBITEKAIOT U3 ATOW CUCTEMBI:
a=y-bx, 1)
b = COV(X.Y) X-y-X.
2 — -2 (2
Oy X® =X
18 - -
e Cov(x,y)= HZ(Xi =X)(Y;—Y) - kodpduumeHtT BBHIGOPOUHON  KOBAPHALL
2 7\ 2
X = _Z(Xi —-X)" - aucnepcus (aKTOPHOTO MpHU3HAKa WM BBIOOPOYHAs BapHaIys,

o6o3nauaemas kak Var(X).

3agaua

MMmeroTcss cTaTUCTUYECKHE JaHHBIE TOCTYIUIEHUS JOTOBOPOB B KOHCOJIMAMPOBAHHBIN
oromxer Cankt-IlerepOypra(y, mipo py6.) B 3aBUCUMOCTH OT YHUCIEHHOCTH pabOTaoImUX Ha
KPYITHBIX ¥ CPEHUX MPEIIPUATHIX(X, mblc.ues.) SKOHOMHUKH paifoHoB 3a 2012 r. mpencTaBiieHbl
B Tabnune 1.

Tabmuna 1
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Heo0xo11uMo nocTpouTh JIMHEHHOE ypaBHEHNE TAPHOM PErpeccuu ) OT X.

Pemrenmne.

IocTynnenne
. YucjieHHOCTh
Ne paiiona | norosopoB B
padoTaronmx
ropoaa |Owakery (MJpa. X (ThIC. Ue)
pyo.)
1 4,4 3,3
2 8,1 6,2
3 12,9 8,1
4 20,8 18,3
5 15,5 20,2
6 28,8 23,1
7 37,5 39
8 48,7 49,1
9 68,6 60,1
10 104,6 74,2
11 90,5 79
12 88,3 95
13 132,4 106
14 122 112,2
15 99,1 115
16 144,2 125,1
17 150,6 132
18 156,1 149
19 209,5 157
20 342,9 282

1. JIns pacueta mapaMeTpoB YpaBHEHHS JHMHEMHON perpeccuu MOCTPONTE PACUETHYIO

Tabnuiry 2.
Tabnuma 2
Ne paiiona y X Xy X y?
1 44 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
7 375 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 1324 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
Hroro
Cpeanune v v vy 2 2
3HAYEHHUS y X Xy X y

2. Ucnonp3ys popmyisl 1, 2 paccunTaiite mapamerpsl a u b.

3. 3anumTe NONTy4YeHHON YpaBHEHHUE TApHON PETPECCUN.
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4. Jlns 0OpoBEpKH MPAaBUIBHOCTH  TOJYYEHHOTO YPaBHEHHUS  BOCIOJb3YyWTECh
cratuctuaeckor Gynkimeit JTMHEWH Tadmuanoro nponeccopa Microsoft Excel, ans storo:

— BBLACTHUTE UHTEPBAJ SUEEK, COACPKALINIA 2 cTOoI0LIA U 5 CTPOK;
— BCTaBbTE (PYHKIIHIO JIMHEWH, 3anaiite 3HaYeHHEe KOHCTAHTHI H CTATHCTUKH paBHBIMHA
EAUHULE.
— BBeauTe (opMmyily Kak (QopMmysy MaccuBa, JJi1 4ero Hakmure kiaBuiy F2 a 3atem
komOuHarwmro knasuin Ctrl+Shift+Enter.
B Tabmune 3. mokasaHo, B KakOM IMOPSAJIKE BO3BpalllaeTCsi IOMOJHUTENIbHAs
perpeccuoHHas CTaTUCTHKA.

Tabnuna 3
b a
S€p S€a
r? sey
F df
SSpez. SSocm.

JladopaTopnasi pabora Ne2.
Buiyucnenue koagpguyuenma xoppensayuu u cpeoHeti owmubKU annpoxcumayuu
TecHOTY CBSI3U WM3y4yaeMbIX SIBJICHHM OLEHHUBAECT JHHEHHbIH KOI()(UUHMEHT MapHOi

KOppeJsiluu rxy :

r —pOx _Cov(x,y) _yx-y-X

o 0,0, 0,0,

e 0, =VX =X, o, =Y —Y

JInHeHbIN KO3PPUIIMEHT KOPPEIAUN U3MEHSIETCS B IIpeAeaax 1< rxy <1

PaBenctBo ko3¢ dunMeHTa HYIIO CBUAETENLCTBYET 00 OTCYTCTBUM JIMHEHHOH CBSI3H.
PaBenctBo ko3¢ dunmenta -1 unu +1 nokaspiBaeT HaNW4YMe QYHKIMOHAIBHON CBSI3U. 3HAK «+»
yKa3blBaeT Ha CBA3b NpsAMYI0 (YBEITMYEHHE WM YMEHbUIEHHE OJHOr0 IpH3HAKa
COIPOBOKAAETCS AHAJOTUYHBIM NU3MEHEHHUEM JPYTOro MPU3HAKA), 3HAK «-» YKa3bIBacT HA CBA3b
o0paTHyl0  (yBETMYEHHME WM  yMEHBIIEHHE  OJHOrO  MpPHU3HAKa  CONPOBOXKIAETCS
IPOTHBOIOJIOKHBIM 10 HAIIPABJICHUIO U3MEHEHHUEM JIpyroro npusHaka). [TokazarensiM TeCHOTHI
CBSI3M MOXKHO JaTh KaueCTBEHHYIO OLIEHKY:

KonnuecTBeHHAasi Mepa TECHOTHI CBSI3H KauecTBeHHAs1 XapaKTEPUCTHKA CHIIBI
CBSI3H
10 0,25 Ouens citabas
0,25-0,44 Cnabas
0,45 -0,64 YMepeHHas
0,65 -0,80 CuipHas
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0,81 -0,90

BecpMma cunpHas

0,91-1,00

OueHb cUILHAA

OueHky KadyecTBa IOCTPOEHHOM Mojaenu omnpenensieT KodG@uuueHT (MHIAEKC)
JAeTepMHUHALNH, A TAK)KE CPeJHssl OIIUOKA aNNPOKCHUMAIHUH.

2
Kodpuumnenrt gerepmuHanuu rxy :

5 T)\2
20,-9
==

2.(y=)
Koadduuuent nerepmunamuu npuHuMaer 3HadeHus ot 0, xorma ¢dakTtopsl X He

OKa3bIBaIOT HUKAKOIO BIIUSAHUS Ha 3aBUCUMYIO IIEPEMEHHYIO, 10 1, KOT[1a N3MEHEHU 3aBUCUMOMN
NEPEMEHHOH Y TOJTHOCTBHIO OOBACHUMBI BIUSIHUEM (DAKTOPOB MOMAEIIH.

r2

Xy

QyHKIMOHATbHAS CBSI3b BOZHUKACT IPU 3HAUEHUH paBHOM 1, a oTcyTcTBHE CBs3U - 0. [Ipu
3HAUCHMAX TTOKa3aTelell TeCHOTH! CBs3M MeHblne 0,7 BenmuunHa KoddduienTa qerepMuHanum
Bcerna Oyner Huxke 50%. OTo O3HAuaeT, 4TO Ha JOJIIO0 Bapualuu (PAKTOPHBIX MPHU3HAKOB
NPUXOIUTCS MEHBINAS YacTh 110 CPABHEHHIO C OCTAILHBIMHM HEYYTEHHBIMU B MOJIeNH (pakTopamu,
BIIMSIFOIIMMH Ha U3MEHEHUE Pe3yJIbTATUBHOTO MOKa3aTelisl. [[oCTpOeHHBIe TIPU TAKUX YCIOBHUSIX
PErpecCHOHHBIC MOJICNIM HMEIOT HU3KOE PAKTHYECKOE 3HAaYCHHE.

Cp@llﬂﬂﬂ omuoKa AMMIPOKCUMALIMMA - CPEAHEC OTKIIOHCHHE PaCUYCTHBIX 3HAYEHUH OT

(haKTHYEeCKuX:

Al IS 4000
A_nZA nz‘ S 100% .

JlommycTiMBIH TIpe/ieT 3HAYCHHH A - e Gornee 8 - 10%.

3amaua

OnpenenuM JuHEHHBIH KO3(ULIMEHT NapHONH KOppeNslud U CPEJHIOI OIIHUOKY
annpoKCHMAallu JJIs ypaBHEHUS TapHOM perpeccu, nonyyeHHoro B JlabopatopHoii padote Nel.

Peurenmne.

1. ToronauTe TabaMIly 2. CIEIYONMMU PACUYSTHBIMU MOJISIMHE (Ta0II. 4).

Tabmuna 4
Ne paiiona y X Xy x? y? Y y—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
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14 122 112,2
15 99,1 115
16 1442 | 125,1
17 150,6 132
18 156,1 149
19 209,5 157
20 3429 282
Htoro
Cpennue y X @ P F
3HAYECHMSH
o
o_2
I’Xy
rxzy
A

2. CpaBHHTE TMOJIyYeHHOE 3Ha4YeHHE Kod(h(dHIMEeHTa ACTePMHUHAIMK CO 3HAYCHHEM,
BbrurciaeHHbM ¢ynkiueit JUHEWH.

3. Cnenaiite BBIBOJBI O TECHOTE CBSI3U M 00 OLIEHKE KayecTBa MOCTPOSCHHOW MOJIEIH.
JlabopaTopnasi padora Ne3.
Oyenka 3nauumocmu ypasnenusi pecpeccuu ¢ nomowvio F-kpumepusa @uwepa

F-xputepuii @®uiiepa 3akioyaeTcsi B INPOBEPKE TUIOTE3bl /o O CTaTUCTUYECKOU
HE3HAUYUMOCTH ypaBHEHMs perpeccuu. st 3Toro BhINOIHAETCS CpaBHEHHE (PaKTHUECKOTO Fgpaum
U KpUTH4eCcKOro (TabauuHoro) F.s, 3Hauenuii F-xputepust @umiepa.

Fpaxm OoTpenensercs U3 COOTHOILIEHUS 3HAYEHUIN (aKTOPHON M OCTATOYHOW JUCHEPCUH,
paccUMTaHHBIX HA OJIHY CTENIEHb CBOOOBI:

2(9—)’) ,
= . m _ r-xy n-m-1
paxm. — N - ’
(y=9)° 1-ry, m )
n-m-1

rze N — 9HUCiI0 eAMHUII COBOKYITHOCTH; M — YUCIIO TTAPaMETPOB MPH MEPEMEHHBIX (IS JIMHEHHON
perpeccun m = 1).

Fraon — MakCHMalbHO BO3MOXKHOE 3HAYEHHE KPHUTEPHS IOJ BIMSHHUEM CIIyIailHBIX
(akropoB mpu creneHsx cBoooabl ki = m, ko = n—m — 1 (uis auHeiHON perpeccunt M = 1) u
YPOBHE 3HAYMMOCTH L.

YpoBeHh 3HAUMMOCTH O — BEPOSTHOCTh OTBEPTHYTH IMPABWIBHYIO THIIOTE3y IIPH
yCIIOBHH, 4TO OHA BepHa. OOBIYHO BennynHa o mpuHUMaeTcs pasHoit 0,05 nmu 0,01.

Ecmu Fuusr < Fpam, T0 Ho - rHmoTe3a O clydyailHOH TNpuUpoAe OLIEHUBAEMbIX
XapaKTEPUCTUK OTKJIOHSAETCS W IPHU3HAETCA WX CTAaTUCTHUYECKas 3HAYMMOCTh W HAJEKHOCTD.
Ecmu Fuaen > Fgaom, TO THDOTE3a Ho HE OTKJIOHSETCS M TPU3HACTCS CTaTHCTUYeCKas
HE3HA4YMMOCTb, HEHAJIEKHOCTh YPAaBHEHHUSI PEIPECCHH.

3amaua
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Onpenenum F-xputepuit duimepa a1 ypaBHEHHs MMapHOW PErpeccHu, MOTYUYECHHOTO B
JlaGopatopHoii pabote Nel.

Pemnenue.

1. Paccuuraiite Fpum 1o hopmyne 3 u cpaBHHTE MOJYyYEHHOE 3HAYCHHE CO 3HAUCHUEM,
paccuntanubM ¢ momotnbio pynkun JIMHEWH B JlabopaTtopHoii pabdoTteNel.

2. Onpenenute Frasn ipu 3amanHoM ypoBHe 3HauumMoctd oo = 0,05 (Ilpunooicenue 1).
Kpurnyeckoe 3HaueHIE Tak)Ke MOKHO HaiTu ¢ momotupio Gyukiuu Excel FPACIIOBP.

3. CpaBHuTe noiyuyeHHble 3HAYCHUS Fpac: U Fpaxm, CAETANTE BBIBOJ O CYIIECTBEHHOCTH
CBSI3U.

JlabopaTopnasi paGora Ne4.
Oyenka cmamucmu4eckoll 3Ha4UMOCMU NApamempos pecpeccuu U KOpperayuu

Jnsi  OIEHKHM CTATHCTH4YeCKOH 3HAaYuMMOCTH KO03G(UUMEHTOB perpeccuu Wu
KOppeJsinuM paccuuThiBatoTcsl t-kputepuii CTbhlOJeHTa U [10BepUTeIbHbIe HHTEPBAJIbI
Ka)XJI0OTO U3 NoKasaresiel. BreiiBuraercsa runoresa Ho o cilydailHOM npupoe nokasaresnei, T.€. o
HE3HAYMMOM UX OTIMYMU OT Hyma. OIeHKa 3HaYMMOCTH KOd(PPHUIMEHTOB perpeccuu u
Koppesiuuu ¢ nomoibto t-kputepuss CTbrofieHTa NPOBOAMTCS IMYTEM COINOCTABICHHUS HX
3HAYCHUH C BEJTMUYMHON CITy4aifHO# OMMOKY:

ty=—; t,=—; t = : 4)

Cayuaiinble OIIMOKHU TTapaMeTPOB JTMHEHHON perpeccun u Ko3dduumenra Koppensiuum
oIpeseNAoTcs o hopMyam:

S

2
S ocm. ocm. .

2 =902 0-2) )
. 26 oy’ ©

se, Z(X_)_()Z
. _ Z(y—f/x)z' > .2 > x? . DX
a = oem. % =9,

n-2 nZ:(x—T()2 n“c, " noy ©)

(7)

CpaBHuBas (pakTUdeckoe U Kputudeckoe (TabIu4yHOe) 3HaYeHUS {-CTATHCTUKH - lnus: U
tpaxm - IPUHUMAEM WUJIH OTBEpraeM rumnotesy Ho.

Ces3p Mexnay F-xkputepuem @umepa u t-cratuctuxkod CTbIOAEHTa BBIPAXKAETCS

2 2 /
PaBEHCTBOM: tr =tb =F.

Ecnu tnao: < tpaom WA tpaxm < - tmaei, TO Ho OTKIOHSETCS, T.€. @, D U Iy HE CilydaifHO
OTIIMYAIOTCSI OT HYyJNsS U CQOPMHUPOBAIKMCH IMOJ BIMSHHEM CHUCTEMAaTHYECKU AEHCTBYIOLIETO
daxTopa X.

Ecnut twaer > tpaxm Mk tpaxm > - tmass, TO THTIOTE3a Ho HE OTKIOHSETCA W MPU3HAETCS
ciyvaiiHasi mpupoaa GOopMUPOBAHUSA d, D HIIH Iyy.
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3agaua

OneHuM CTaTUCTHYECKYIO 3HAYMMOCTh KOX((PHUIMEHTOB PETPECCHH, PACCUUTAHHBIX B
JlaGopaTtopHoii pabote Nel.

Pemnenue.

1. HpI/IMI/ITe TUIIOTE3Y HO 0 CTATUCTUYECKU HE3HAYMMOM OTJIMYUHU [MOKA3ATEIEA OT HYJIA a
=b= rxy =0.

2. PaccuuTaiiTe BETWYMHBI CIIyYalHBIX OIMMOOK, HMCHONB3Yys ¢opmynsl 4, 5, 6, 7.
CpaBHUTE TOTy4YEHHBIC 3HAYCHUS CO 3HAYCHUSMHU, PACCUYUTAHHBIMU C IMOMOIIBI0 (DyHKIHMU
JIMHEUWH B JlaboparopHoii paboteNel.

3. OnpenenuTe tras: IpU 3aaHHOM ypoBHE 3HaYUMOCTH o = 0,05 U cTeneHbo cBO0OIbI K2
=n-m-1 (lIlpunosicenue 2). Kputrueckoe 3HaUCHUE TAKIKE MOXKHO HAUTH C MOMOIIBIO (QYHKITHH
Excel CThIO/PACIIOBP.

4. CpaBHUTE MOJIyYeHHbIC 3HAUYCHUS Unaon U lpawm, CHENANTE BBIBOJ O CTATHCTUYECKOMH
3HAYMMOCTHU [1apaMETPOB PErPECCHUH.

JladbopaTopnasi padora NeS.
Pacuem 0osepumenvrvix unmepeanos

3aMeTUM, YTO BCE€ OILICHKH, MPUBEACHHBIC PAHEE, ONPEICIAIOTCA OJHUM YHCIOM, T.€.
SIBIITIOTCS. TOYCUHBIMH. [Ipy Manbsix oObeMax BBIOOPKH TOYECHYHAsS OIEHKAa MOXKET MPUBOAHTH K
OOoJIbIIUM OIIMOKAM M 3HAYMTENIbHO OTJIMYAThCSA OT OIEHMBaeMoro rnapamerpa. boiee mmpokoe
MPUMEHEHUE TOJIYYHJI METOJ JIOBEPUTEIBHBIX HHTEPBAIOB, Pa3paOOTAHHBIA aMEPUKAHCKUM
cratuctukoM 0. Heitmanom.

Takum 00pa3oM, pacCUMTaHHbIC 3HAUYCHUS TMOKaszarened (koadduimentor a, b, ryy)
ABIIAIOTCS MPUOIMKEHHBIMH, MTOJIyYEHHBIMU Ha OCHOBE MMEIOLIUXCS BBIOOPOUHBIX JaHHBIX. J{iis
OLICHKH TOTO, HACKOJIBbKO TOYHBIE 3HAUYEHHUs NOKA3aTeJIed MOTYT OTJINYAaThCs OT PACCUUTAHHBIX,
OCYIIECTBIISIETCS [MOCTPOCHHME JIOBEPUTEIbHBIX HWHTEpBaJOB. JlOBEpUTEIbHBIE WMHTEPBAJIbI
ONPEACISAIOT IMPEAEIbl, B KOTOPBIX JIEKAT TOYHBIE 3HAYCHMSI OIPENEISIEMBIX IOKa3aTesed C
3a/laHHOM CTENEHBbIO YBEPEHHOCTH, COOTBETCTBYIOIIEH 3aJaHHOMY YPOBHIO 3HauMMOCTH o. [Ipn
MOCTPOECHUU SKOHOMETPUYECKUX PETPECCUOHHBIX MOJIETEH JOBEPUTENbHbIE HHTEPBAIbl OOBIUYHO

ONpEACIAIOT Ul JIBYX YPOBHEH 3HAUMMOCTH - X = 0,05 u a=0,01. Coorsercraenno
TOBOPAT O S5-TIPOLIEHTOHOM YPOBHE 3HAYUMOCTU WM OO |-TIPOLIEHTHOM YpPOBHE 3HAUYMMOCTH.

JloBeputenbHble MHTEpBaJIbl (YPOBHM JOBEpHUs) HpU 3TOM OyIyT paBHBI 1-a=0,95 yu

1-a =0,99. Coorsercraenno TOBOPAT O 95-mporeHTHOM WM O 99-IPOLIEHTHOM ypOBHE

nosepusi (HaaexxHocTH). [loquepkHeM, YTO YeM MeHbIIIE YPOBEHb 3HAUUMOCTH (0OJIbIIE YPOBEHD
JIOBEpHsI), TEM IIMPE COOTBETCTBYIOUIMH JOBEPUTEIbHBIM MHTEpBan (IpU MPOYUX pPaBHBIX
YCIIOBUSIX).

Jlnst pacdera JOBEPUTEIbHBIX HHTEPBAJIOB JIJIsl MApaMeTpoB a U b ypaBHEHUs JTHHEHHOI
perpeccuu onpeaessieM MpeaesbHy0 OMUOKY A 17 KaKJ0r0 MOKa3aTest:

Aa=t, . -se,; Ab=t, . -Sep. (8)
Benuuuna 1,46, ipeacTaBisier cobor TabmuyHoe 3HaueHue t-xputepus CThIOACHTA MO
BIMSHUEM CIYYailHbIX (aKTOpPOB TPU CTENEHH CBOOOABI K = N—2 u 3aJaHHOM YypOBHE

3HAYUMOCTH .

DopMyIIbl U pacyeTa JOBEPUTEIbHBIX HHTEPBAIOB UMEIOT CIEAYIOIINI BUA:
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Y. =atAa, y, =a-Aa; y, =a+Aa

min

7, =bxAb; ¥, =b-Ab; }/bmaxzb-l—Ab. (9)

min

Ecimu B T'paHUIIbl JOBCPUTCIIBHOTO MHTCPBaa IONaJdacT HOJb, T. €. HUXXHIAA I'paHUIA
OTpUuLarciibHa, a BEPXHAA IMOJIOKHUTCIIbHA, TO OLIGHI/IBaeMbe/'I nmapaMeTp NPHUHUMACTCS HYJICBLIM,
TaK KaK OH HE€ MOXET OJHOBPEMCHHO IIPHHHMATb W IIOJOXHUTCIBHOC, W OTPHLATCIBHOC
3HA4YCHUAI.

3agaua

PaccuntaeM J0BepUTEIbHBIN HHTEPBAT s KO3DDUIIMEHTOB @ U D, 3HaUCHUS KOTOPBIX
Haiinensl B JlabopaTopHoii paboTeNel.

Penrenmne.
1. Onpenenure MpenenbHY0 OMMOKY ISl K&KIO0Tr0 MoKa3aTes mo ¢popmyre 8.

2. Onpenenute AOBEpUTEIbHBIE HHTEPBANBI T K03 duireHTor a, b mo dpopmyne 9 u
3aIUIINTE MMOJYyYEHHbIE TPAHUIIBI TOBEPUTEIBHBIX HHTEPBAJIOB.

JladbopaTopnasi pabora Ne6.

Toueunvlil u UHMEPBATLHBIN NPOSHO3 NO YPAGHEHUIO TUHEUHOU pecpeccuu

To4deuHbI IPOTHO3 3aKIIIOYAETCA B IOJIYYEHUH IPOrHO3HOTO 3HAYCHMS yp , KoTopoe

onpeienseTcs MyTeM MOJCTAHOBKHU B ypaBHeHue perpeccun: [1[] Yy = a + bx

COOTBETCTBYIOWEro (POrHO3HOrO) 3Hauemst Xp: Y, = a+ b- Xy,

WNHTepBanbHbI MPOTHO3 3aKJIKOYAETCsl B IOCTPOCHUM JOBEPUTEIBHOIO HHTEpBaja
MPOTHO3a, T. €. HUKHEW M BEPXHEW TPAHUIL Vpmin, Vpmax MHTEPBAJA, COJAEPKAIIETO TOYHYIO
BEJIMYMHY JJISI TPOTHO3HOTO 3HAYEHHS Vp (Vpmin< Pp< Vpmax). JlOBepUTENbHBII HHTEPBAT BCETaa
ONpesenseTcss C 3aJaHHOW BEpPOATHOCTHbIO (CTENEHbIO YBEPEHHOCTH), COOTBETCTBYIOLIEH
IIPUHATOMY 3HAYEHUIO YPOBHS 3HAYMMOCTH Ol.

HpeI[BapI/ITCJ'IBHO BBIUUCIIACTCA CTaHAapTHAA OIIMOKa IIpOTHO3a myp .

o\ 2
X, —X
m. =o . 1+1+M (10)

g, = “ocm. 0 Z(X_)—()z,

3arem CTPOUTCA ,[[OBCpHTCHBHLIﬁ HHTCPBAJI MNPOTHO34, T. €. ONPCACIAIOTCA HUKXHAA

7/ypmin N BCPXHSAA j/ypmax T'paHUIIBI MHTCPBAJia IPOTrHO3a:

ypmin - yp _A)‘,p ! yypmax = yp +Ayp '
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Ay =t

rie =Y, maon. ",

3agaua

BrinoaHuM nporso3 0xu1aeMbix 00b€MOB IIPOJIaX ) PU MPOTHO3HOM 3HAYEHUU 3aTpaT
Ha peknamy x, cocraBisitomieM 107% ot cpegHero ypoBHA. OLEHMM TOYHOCTH IPOTHO3a,
paccuuTaB OMIMOKY MPOTHO3a M €T0 JJOBEPUTEIbHBIN HHTEPBAI.

Peurenmne.

1. Paccuuraiite IpOrHO3HOE 3HAYEHHE X p , @ 3aTEM IPOTHO3HOE 3HAYCHUE yp :

2. PaccuuTaiite omubKy nporxosa mno gopmyse 10.

3. TocTtpoiiTe HOBEpUTENbHBI MHTEPBAJ MPOTHO3a, CHAEIANTE BBHIBOABI O HAIEKHOCTH
IIPOrHO3a.
JlaGopaTropuasi padora Ne7.

Pacuem xoagppuyuenma snacmuunocmu

B 3KOHOMHYECKHX HCCIICOBAaHUIX IUPOKOE MPUMEHEHUE HAXOAUT TAKOW IOKa3aTelb,
KaK KO3(DPUIMECHT TaCTUIHOCTH, BBIYUCIIIEMBIH 110 hopMyIIe:

D=1
y

Koa¢¢unmeHT 31acTHYHOCTH MOKa3bIBAaECT HA CKOJIBKO IMPOLEHTOB H3MEHUTCS PE3YJIbTaT
v ipu m3MeHeHun (akropa x Ha 1 % OT CBOEro HOMHUHAJIBLHOTO 3HAUCHHS.

Juis muneitHo# perpeccuu K03 (OUIIUEHT IIaCTHYHOCTH PaBeH:

9=p2

M 3aBHUCHUT OT X, IO3TOMY PaCCUHUTHLIBAKOT Cpe)lHI/Iﬁ K03(1)(1)I/II_[I/ICHT 9JIaCTUYHOCTH !

Il
O
<I | I

D=1f(X)

<I | I

CpenHuit  K0d(Q(UIHEHT 3IACTUYHOCTH < TMOKA3BIBAET, HA CKOJIBLKO MPOLEHTOB B
CpPEIHEM TIO0 COBOKYITHOCTH HW3MEHHUTCS pE3yibTaT ) OT CBOEW CpeaHed BETWYUHBI TpHU
u3MeHeHuu ¢daktopa x Ha 1 % OT CBOETO CpeHETo 3HAUCHUSI.

3anaua
PaccuntaeM K03 GUIIUEHT 37JaCTUYHOCTH U CPeAHUIN KOd(DPUIIMEHT JIaCTUYHOCTH.

Peurenmne.

1. Paccuwmraiite k0>pQHUIMEHT DTACTHYHOCTH M CPEAHMI KOAQPUIMEHT 2TACTHYHOCTH.

2. CrenaiiTe BHIBO/IBI 00 U3MEHEHHH Y TIPY M3MEHEHUH (DaKkTOpa X.
KoHTpoJibHbIE BOIIPOCHI:

1. Uto nonuMaeTcst moj napHoOu perpeccueit?

2. Kakoli BHA HMMEET CHUCTEMa HOPMAJIBHBIX YPAaBHEHMH METO/a HAaUMEHBIIMX KBAJpaTOB B
cily4ae JMHEWHOM perpeccun?
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3. ITo xakoii popMyIie BEIYUCITSAETCS JTMHEHHBIN KOY(DPUITUESHT TAaPHOU KOPPEIISIIHH ?

4. Kak BBIYUCIISIETCS U YTO MOKA3bIBACT MHACKC AETEPMUHALINU?

5. Kak npoBepsieTcsi 3Ha4MMOCTh YPaBHEHUS PETPECCHUU U OTACIBHBIX KOA(DPUITUESHTOB?
6. Kak ctpoutcst JOBEpUTENBHBIN HHTEPBAJI IIPOrHO3a B CIy4ae JMHEHHON perpeccun?

7. Kak BBIUHCHSIOTCS M 4YTO TOKa3bIBAIOT KOA(PGUIMEHT 3JIacTUYHOCTH O U CpelHui

K02(QHUIIMENT 2MacTHYHOCTH O ?

MNOCTPOEHUME MOJEJU MHOKECTBEHHOW JIMHEAHOHM PETPECCUU
JlaboparopHnas pabora Nel.
Ombop paxmopos 011 NOCMpOoeHUsE MHOHNCECMBEHHOU NUHEUHOU 3A8UCUMOCMU
U OYeHKa cmeneHu KOIIUHeApHOCMU U MYIbMUKOLIUHEAPHOCMU pecpeccopos

MHoXecTBeHHAasi JIMHeHHas perpeccust — YpaBHCHHE CBA3M C HCECKOJbKUMH
HC3aBUCUMBIMH NTECPCMCHHBIMMU

y=Dbg +0bx +0,% +...+b X, + & L)
rae y — 3aBucumas (oOBsicHsIeMasi, SHAOTCHHAs) — PEerpeccany; Xi, X2, , Xm — HE3aBHUCHUMEIC
(O6’[>$ICH}II-OH_II/IG, BKSOFGHHBIG) INCPEMCHHBIC — PCrpecCopnl, & — cnyqaﬁHa;I CoCTaBJArOIIaA
MOACIIH.

3aBucumocTh (1) BO MHOrMX ciy4asix JOBOJIBHO XOpOIIO OTPa)KaeT CIIOKUBIIUECS
9KOHOMHYECKUE B3aUMOCBsI3U. McxoaHass MHpOpMaus Ui MOCTPOEHUS JAHHOM 3aBUCHUMOCTHU
0OBIYHO 33a€TCs B BUJE HEKOTOPO TaOIHIIBI.

Ne (I)aKTOpI)I, AJISI KOTOPLIX MOJIYIE€HbI JaHHBIC

X1 X2 Xj Xm Yy

1 X11 X21 Xj Xm V1
1 1

2 X12 X22 Xj Xm Y2
2 2

n X1 X2m Xj Xm Yn
m n n

Crnenyer onpenenutb BCe JIM IEPEMEHHBIE ClIENyeT BKIKOYaTh B ypaBHEHUE WIH €CTb
NepeMEHHbIe, KOTOpbIE CYLIECTBEHHO HE BIUSIOT Ha BEJIMYMHY Y U MX HELelecooOpa3Ho
BKJtouaTh B (1). B mepBom ciyuyae p = m, Bo BTopoM pP< m.

Jlns  pemieHUsT STOTO BOMPOCA YacTO HCIONB3YeTCs TaONWIla, COCTABJICHHAs W3
KO2(PUITMEHTOB TMapHON KOPPETAIUUA. DIIEMEHTAMU TaKOW TaOJHIIBI SBIISIOTCS KOI(P(UITMESHTHI
MapHOU Koppensiuuu A Bcex M daktopos. Tabmuiia mmeet BUL:

y X1 X2 Xm
1
y ryxl ryx2 ryxm
X1 1
.y Iy,x, My x.,
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X2 1
rXZy erXl erXm
Xm 1
er Yy I’-mel erXZ

B kieTkax TaO/IMIIbI 3aITMCaHbl MApHbIC KOOQQUIMERTHI KOppessuuu, Hanpumep, Iyx, —

napHbId K03 PUIIMEHT KOPPENSIUN MEXTy IEPEMEHHBIMH X2 U X1.

Koaddurmentsr rij " rji , a TaKXKe I jy u I’-yx j COBIIAJAIOT, TAK KaK TECHOTA CBSI3H

MEXIYy IICPEMECHHBIMU Y U Xj TaKas XKE, KaK MKy NIEPEMCHHBIMHU Xj U Y, aHAJIOTUYHO JUIA Xj U Xi.

[TosTomMy TaOJHUIly 3alUCHIBAIOT B YIPOIICHHOH CHMMETPHUYHON (opme (TpeyroiibHas
dopma).

y X1 X2 Xm
y 1
ryxl ryxz rme
X1 — 1 erXZ rx1xm
X _ _ 1
? rXZXm
Xm _ _ _ 1

[To naHHBIM Tako¥ TaOIMIBEI MOKHO MPUMEPHO OIIEHUTDH, KaKHe (PaKTOPhI CYIIECTBEHHO
BJIHMSIIOT HA TIEPEMEHHYIO Y, @ KaKue — HECYIIECTBEHHO, a TAaK)KE BBISIBUTH 3aBHCUMOCTH MEXKIY
dakxTopamu.

Ecmu Benmmumaa koodduumeHTa mapHOW KOppemsimuu MeXAy Y W Xj Mama, TO
Hellesaecoo0pa3Ho BKIOUaTh GakTop Xj B ypaBHeHue (1). Boicokoe 3Hauenune ko3dduiuenta
MapHOW KOPPEISIIH MEXTY Xi ¥ Xj, TOKa3bIBAET UX TECHYIO KOPPEISAIMOHHYIO CBsi3b. CunTaercs,
4TO JIB€ MEPEMEHHbIE Xj U Xj SBHO KOJUIMHEApHBI, T.€. HAXOJATCS MEXIy coO0oil B JMHEHHOU

3aBUCUMOCTH, €CJIH rXin >0,7 . Ecimn (akTopbl SBHO KOJUIMHEAPHbI, TO OHU TyOIUPYIOT ApYr

JIpyra ¥ OAMH U3 HUX PEKOMEHAYEeTCS HCKIIOUUTh U3 perpeccud. llpeanmouteHue mpu 3ToM
oTnaercs He (akTopy, 60jee TeCHO CBA3aHHOMY C Pe3yJbTaToM, a TOMYy (akTopy, KOTOPbI Ipu
JIOCTaTOYHO TECHOM CBA3M C PE3YyJbTaTOM HMMEET HAaUMEHBIIYI0 TECHOTY CBS3U C APYTUMHU
(bakTOpaMu MM BEIOWPAIOT OJMH M3 HUX B 3aBUCUMOCTH OT UX CMbICIIa U MHEHUS UCCIIe0BATEN.
HenenecooOpa3Ho BKIIoUaTh B ypaBHEHHE OJTHOBPEMEHHO [MOKA3aTeNH, IPEICTABIISIIOIINE CYMMY
HEKOTOPBIX (DaKTOPOB WJIM UX COCTABHBIX YACTEH, a TAKXKE XapaKTEPU3YIOIIME OJUH U TOT K€
(dakTop, BBIPAKEHHBIH B pa3IUYHBIX EAMHULAX HM3MEpPEHHs, Hampumep, aOCONIOTHBIX U
OTHOCHUTEIIbHBIX.

[To BennumHe mnapHbIX KO3()PUIMEHTOB KOppeiasiuuu OOHApPYKUBACTCA JIMIIbL SIBHAS
Koppemsiius  ¢pakrtopoB. HauOosblime TpPyAHOCTH BO3HHUKAIOT HPH MYIbMUKOLIUHEAPHOCHU
¢dakTopoB. [l OLEHKHM MYJIbTUKOUIMHEAPHOCTH (DAKTOPOB HCIIONIB3YETCS onpedenumens

Mampuybl NAPHBIX KOIPDUYUeHmMos mexnc@hakmopHou Kopperiyuu DET | R| .
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L Ny, = Txx,

Moo 1 Ty
DET|R|=| ™" 2

r‘mel erXZ 1

Yem Ommke k 0 ompepenuTenb MaTpuibl MeK(AKTOPHOH KOPPEISILUH, TEM CHUIbHEEe
MYJIbTHKOJUTMHEAPHOCTH (DAaKTOPOB U HEHAZE)KHEE PE3yIbTaThl MHOKECTBEHHOH perpeccuu. U
Hao00poT, yeM Ourke K 1 onpenesuTesb MaTPHILBI MEK(PAKTOPHOH KOPPEISILUK, TEM MECHBILIE
MYJIbTHKOJUTMHEAPHOCTH (PAKTOPOB.

3agaua

Tpebyercs MOCTPOUTH CTATUCTUYECKYIO 3aBUCHMOCTh CTOMMOCTHU KBapTHUPBI OT TpPeX
(dakToOpoB B BHJIE MHOXXECTBEHHOW perpeccuu (tabin. 1). Ins mocTpoeHus: MOJEnu, B MEPBYIO
ouepellb, HEOOXOJUMO TMPOBECTH OTOOP (PAKTOPOB M OLEHUTH CTENEHb KOJUIMHEAPHOCTHU
perpeccopos.

Pemenne.

1. Paccuuraiite ko3pduuuenTsl napHoil koppensuuu. I[IpoBepbTe NpaBHIBHOCTH
pacueToB ¢ nmomombto craructuueckor ¢pynkuuu KOPPEJI snekrpoHHON TaOmHIIEI
Microsoft Excel.

2. Tlo monmy4YeHHBIM 3HAYEHHUSM TMApPHBIX KO3()PUIIMEHTOB Koppensuuu oTOepure

Haubosee cyniecTBeHHbIEe (hakTOpbI A ypaBHeHus (1).

[TpoBepbTe PaKTOPHI HA KOJUTMHEAPHOCTh U MYJIbTUKOJTHHEAPHOCTb.

CrenaiTe BBIBOOEL.

How

Tabmuma 1.
HcxoaHble TaHHbBIE 3a0a4U
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paccTtosHue
CTOMMOCTb obw as Xunas
2 A0 MeTpo,
Ne nam. KBapmmphbl, (nrowagb, M~ NowWankb,
2, MUHY T
TbiC. AON., Y X1 M* X 9 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 napamemposg ypasHeHus MHOMCECMBEHHOU pecpeccuu

JInst OLIeHKH MTapaMeTpOB YPaBHEHUSI MHOKECTBEHHOM JIMHEMHON PErpeccuy MPUMEHSIOT
MeTo]l HauMeHbIuX kBaapaTtoB (MHK).

s NTUHEHWHBIX ypaBHEHUN U HEIMHEMHBIX YPaBHEHUMN, NPUBOJMMBIX K JIMHEHHBIM,
CTPOHUTCS CIIEAYIOIIAs CUCTEMA HOPMAIbHBIX YPAaBHEHUH, pEIIEHNE KOTOPOU ITO3BOJISAET IOIYYNUTh
OLIEHKU TTapaMeTPOB PErPECCHH, B YACTHOCTH Uil ypaBHeHus (1):

Zyz nb, +b12x1+b22x2 +...+mexp,
Zyx1:b02x1+blzxf+b22x1x2+...+bm2xmx1, .
Z:yxm :bOZ:xm +b12X1Xp +b22“x2xm +...+bm2x§].

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

NN D% D) X,
Alezxf Z:xzx1 Z:xmx1

roe |,.. — OINpPECACIUTEIb CUCTCMBI,
X X, X X, X X2
m 1m 2°m - m

Abo , Ab yeues Abn,  — wacrubre ONPENICTUTENH; KOTOpPbIE MOJY4YalOTCS ITyTeM 3aMEHBI

COOTBETCTBYIOIIETO CTOJIOIA MATPHIIBI OTIPEICTUTENSI CHCTEMbI JaHHBIMH JIEBOW YaCTH CHCTEMBI.
3agaua

1. Paccuuraiite napaMeTpbl ypaBHEHUSI MHOYKECTBEHHON PErPECCUH C IOMOILBIO METO/1a
onpeaenuteneid. Jlig BBIYMCIEHUS ONPEACIUTENEH HCIOJIB3YHTE CTaTUCTUYECKYIO
¢ysakuuo MOIIPE/L. IIpoBepbTe MOITy4YEeHHBIE Pe3yJbTaThl C MOMOLIBIO (YHKIIHU
JIMHEMH.

2. 3amuImTe MOJIy4YeHHOE YPaBHEHHE MHOXKECTBEHHOH perpeccuu.

JlabopaTopnasi padora Ne3.
TIlocmpoenue ypasnenus MHONICECMBEEHHOU pecpeccu 8 CMAHOAPMU308aHHOU (hopme

Ecmu  koapUIHMEHTH MHOKECTBEHHOW pErpeccHd paccMaTpuBaTh B KadyecTBE
nokasaresei BIUSHHUA (PaKTOpOB, TO CJIEIyeT UMETh B BHIY, YTO KOI()(UIMEHTHI perpeccuu
MEXIy cOOOH IpSMO HE CpaBHUMBI. VX 4MCIIEHHBbIE 3HAYEHUS 3aBUCST OT BHIOPAHHBIX €AMHUIL
u3MepeHus Kaxxaoro ¢paxkropa. YToObl KOAPGUIIUEHTHI pErPECCHH CTAIM CPABHUMBI, UX TPUBOJSAT
K CTaHJapTU3UpPOBaHHOMY MacuTaly. /[ 3Toro Bce nepeMeHHbIe BbIpaXaroT B Oe3pa3MepHBIX,
TaK Ha3blBAEMbIX CTAHJAPTU3HPOBAHHBIX E€AMHUILIAX HU3MEPEHMs] NPU IMOMOIIM CIEIYIOIINX
COOTHOLIEHUM:

_ (% _X_i)
— —Gx- ,

_o-n.

(o}

ty X;

y
Tac Gy ) O-XJ- — COOTBETCTBCHHO CPECAHUC KBAJAPATUIHBIC OTKIIOHCHUS.

CBoOOHBI wieH Do B cTaHIApTH30BaHHOM YPAaBHEHHHM MHOXECTBCHHOW PErpeccuu
OTCYTCTBYET, T.€. ypaBHEHUE (1) MOXKHO 3anucaTh B BUAE:

ty =Bty + Bty +- o+ Bty +& . 2

Bce NEPEMCHHBIC YpaBHCHUA BBIPAXKCHBI B CpPaBHUMBIX CIWHHUIAX H3MCPCHUA.

KoadduruenTst BB P Ha3bIBAOTCS KodhdureHTaMu perpeccun B
CTaHIapTU30BaHHOM MaciiTabe. i ux onpeieneHusi MOXKHO TepeiTH ot koadduirentos bj k

B j (j=1m) y4 00paTHO OCYILECTBISIETCS 1O (hopMyJIe:
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Koadduiuments! perpeccun (2) moka3plBalOT BIUSAHUS U3MEHEHHS KaXI0H NEepeMeHHOM
Ha u3MeHeHue (akropa Y. Bee KoapGUIMEHTH! BEIPaKEHBI B CPABHUMBIX €IMHUIAX U3MEPECHHUS.

Yem Oonpiie | B j |, TeM cuipHee BIHUSET COOTBETCTBYIOIIMH (DaKTOPHBIM IOKa3aTedb Ha

pe3yJIbTaTUBHBIM.

Takum oOpa3oMm, cpaBHHMBasi MeEXIy CO0OH CTaHIapTU30BaHHbIE KOA()(PUIIMEHTHI
perpeccur MOXKHO pPaH)XUPOBaTh (PAaKTOpbI MO cujie UX BO3JIEHCTBHS Ha pe3ynbTaT. B 3ToM
OCHOBHOE JIOCTOMHCTBO CTaHIApTU30BAHHBIX KOI(PQUIMEHTOB pErpeccud B OTJIWYHE OT
K03 (PHUIHUEHTOB «YUCTOI» perpeccu, KOTOpble HECPAaBHUMBI MEXKTy COOOiA.

Ha npaxTike 4acTo HCIONB3yIOT YpaBHEHUE PETPECCUH B CTAaHIaPTU30BAHHOM MacIITade
B BUJIE!

y=pB1%+ BoXo +.ot BXn + €

Kak Oput0 MOKa3aHO BbIIE, pPaHKUPOBaHHWE (PAKTOPOB, YYACTBYIOUIMX  BO
MHOKECTBEHHON JMHEHHON perpeccuu, MOXKET OBITh MPOBEICHO Yepe3 CTaHJIaPTU30BAHHBIC
koad¢unmentsl perpeccun (f-koddduumentsr). ITa K€ LelNb MOXKET ObITh TOCTUTHYTa C
MOMOIIBI0 YAaCTHBIX KOA(PQPHUIMEHTOB KOPPEISAIUH — JUIS JHHEHHBIX cBsizedl. Kpome Toro,
YacTHBIE MMOKAa3aTelr KOPPEJSAIUU IIUPOKO MCIONB3YIOTCS MPH pelleHud mpodiaemMbl oTOopa
(bakTOpOB: 11eJeCO00Pa3HOCTh BKIIOUEHUS] TOTO WM MHOTO (hakTopa B MOJEIb JOKa3bIBACTCS
BEJIMUMHOM MMOKa3aTensi 4aCTHOW KOPPETSIUH.

Yactubie k03)PUIMEHTH (MM HUHAEKCH) KOPPENSLUU XapaKTepPU3yIOT TECHOTY CBS3U
MEXIY Ppe3yJbTaTOM M COOTBETCTBYIOIIMM (PAKTOPOM TMPH YCTPAHEHUH BIHUSHHUA JAPYTHX
(akTOpOoB, BKJIIOYEHHBIX B YypaBHeHHE perpeccuu. Ilokasarenn dacTHOW Koppensuuu
IPEJICTaBISIIOT cO00 OTHOIIEHHWE COKpAllleHUsI OCTATOYHOM JUCIEpPCUH, MPOU3OLIEINIEr0 B
pe3yJbTare JOMOJIHUTEIBHOTO BKIIIOUEHHUS B aHAJIU3 HOBOTO (hakTOpa, K OCTATOYHOM TUCTIepCHH,
MMEBLIEH MECTO 10 BBEICHUSI B MOJIENIb HOBOTO (hakTopa.

KoaduimenT yacTHON KOppensiiiiy, U3MEpSIOLINi BIMSIHNE Ha )y GakTopa Xi IpU
HEM3MEHHOM YPOBHE IpYyrux (hakTopoB, MOKHO ONPENEIUTh Mo hopMyIie:

1_R§xl Xi..X
XXy
Py X X X X g X 1- ,
y ] IA2 A1 j+1 " *m 1_ R2
YX1 X - X1 X j41 - X
RZ
rue YX3--Xj.. Xy — MHOXECTBEHHBIH KOO(P(UIMEHT NETEPMHMHALMM BCETO KOMILIEKCA M

2
(I)aKTOpOB C pC3yJIbTATOM; RyX1X2...Xj_1XJ-+1...Xm — HoKa3aTejib ACTCPMUHAIINU, HO 0e3 BBCACHUA

B MOJIeNb (pakTopa Xj.

Cpennrie k0d(h(UIMUEHTHI AINACTUYHOCTH MJSl JIMHEWHOW MHOXECTBEHHOH perpeccuu
PaCCUYHMTHIBAOTCS IO popMyJIE:

5yxj ij TJ
y
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Y MOKA3bIBAIOT, HA CKOJIBKO IPOLICHTOB B CPEJHEM 10 COBOKYITHOCTH M3MEHHTCS PE3YNbTAT ) OT
CBOEH BEJIMYMHBI NPH W3MeHeHHH (hakTopa x HAa 1 % OT CBOEro 3HaueHHs NMPH HEU3MEHHBIX
3HA4YEHUAX JPyTuX (PakTopoB.

3agaua

1. PaccumraiitTe = CTaHZapTH30BaHHBIE  KOX(PQPHUIMEHTHl  PETrPecCHH.  3aluIINTe
HOJy4eHHOE ypaBHEHUE B CTaHIapPTU30BaHHOM MaciTade Buaa (2).
2. TlpopamxupyiiTe CcTaHIAPTU30BAaHHBIE KOA(PPHUIMEHTH PErpeccuu M0 CHIe HX
BO3JICIICTBUS Ha pE3yJIbTaT.
3. Paccuuraiite cpeaaue k03P PHUIUEHTHI 3TACTUYHOCTH.
JlabGopaTropHnasi pabora Ne4.

Cocmasnenue uacmmuvix ypasHenuii pecpeccuu

Ha ocHoBe NTMHEHHOT0 ypaBHEHHUSI MHOXXECTBEHHOM perpeccud (1) MOryT ObITh HailACHBI
YacTHbIE€ YpPaBHEHUSI PETPECCUHU, T.€. YPABHEHHUS PErpeccuu, KOTOPbIE CBS3BIBAIOT
pe3yJbTaTUBHBIM MPHU3HAK C COOTBETCTBYIOIIMMH (DaKTOpamMH Xj MPU 3aKPEIUICHUU APYTHUX,
YUYUTBHIBAEMBIX BO MHOXKECTBEHHON perpeccuu, (akTopoB Ha cpeaHeM ypoBHe. YacTHbie
YpaBHEHHUS PErPECCUU UMEIOT CIIEIYIOIINMA BUI:

Yy Xps X = Do + 01X Dy X2 + B3 X3 + ...+ by Xm + &5

Yy % Xg oo Xy = b0 + b1X1 + b2)(2 + b3X3 +...t bm Xm + &,

Y X X Xgooon Ky = by + b X1+ b, X2 + ..+ 0y Xm-1 4.+ D X, + €5

[Ipu moscTaHOBKE B 3TH ypaBHEHUSI CPEAHUX 3HAUEHUN COOTBETCTBYIOLIUX (PAaKTOPOB OHU
IIPUHUMAIOT BUJI IAPHBIX YPABHEHUH JINHEHHOW PETPECCHH, T. €. UMEEM:

o= Bl+blxl;

oY
yxl,xz,x?,,....,x

m=@+Q@;

yxz,xl,x3,....,x

Trac

B, =, +b1;1+b3;3 +...+bm;m;
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B, =bg +by X1 +b,x2 +....+ by Xm-1;

B ornnume or mapHO#l perpeccuy, 4YacTHbIE YpaBHEHHS] PErpeccH XapaKTepu3yloT
U30JIMPOBAaHHOE BIUSHHE (akTOpa Ha pe3yabTar, MO0 Apyrue (akToOpsl 3aKperjeHbl Ha
HEU3MEHHOM ypoBHe. OdGdeKTbl BIUSHUS ApyTux (AKTOPOB MPUCOECTUHEHBI B HHUX K
CBOOOTHOMY 4JICHY YPaBHEHHUSI MHOXKECTBEHHOW perpeccuu. DTO MO3BOJISET HA OCHOBE YaCTHBIX
YpaBHEHUN PErpeccuu OMPEeiATh YACTHbIe KOA(PPUIHEHTHI 3JIaCTHYHOCTH:

X.
3yxi :bj 0 I J
Fy 1 X1 X ey Xj g0 X X

j+1,lll’

rae bj — koaddunuentsr perpeccun s dakropa Xi B ypaBHCHUH MHOXECTBEHHON PErpECCHU;

Yy, X1 Xgroens Xj g, X X

j+17°**1 *m — 3HaYeHHE PE3yNbTATUBHOTO (PaKTOPa, HOIYUCHHOE U3

YaCTHOTO ypaBHEHHS PETPECCHH MPH JAHHOM 3HAYCHUHU (aKTopa Xj.
3amaua

1. CocraBbTe YaCTHBIC YPAaBHCHHS PETPECCHH.
2. Omnpenenute 4YacTHbIE KOA(PGUIMEHTH IACTUYHOCTH U TMPOPAHKHPYHTE
(baKTOpPBI IO CHJIE UX BO3JICHCTBHS HA PE3yJIbTAaT.
JladbopaTopnasi pabora NeS.

OI/;GHKCI HaoedcHoCmu pe3yibmamos MHOIHCECMBEHHOU pezpeccuu u Koppeaiyuu

[TpakTHyeckas 3HAUMMOCTb YpPaBHEHHS MHOKECTBEHHOW PErpeccUr OLIEHHUBAETCS C
IIOMOIIBIO TIOKa3aTesii MHOXKECTBEHHOH KOppelsiiuu U ero kBajapara — KoddduuueHra
J€TEPMUHALIUY.

[TokazaTenb  MHOXXECTBEHHOM  KOpPpENALIMA  XapaKTepu3yeT  TECHOTYy  CBS3H
paccMarpuBaemMoro Habopa (PakTOpoB € HCCIEeNyeMbIM MPU3HAKOM, WIH, MHAYe, OIIEHUBACT
TECHOTY COBMECTHOTO BIIUSHUS (DaKTOPOB Ha pe3yibTar.

HeszaBucumo oT GopMBbI CBSI3M MOKa3aTelb MHOXKECTBEHHOM KOPPENSLUU MOXET ObITh
HalJIeH KaK MHAEKC MHOKECTBEHHON KOPPEIALNN:

2
Trac Gy - 06]]_[8.}1 AUCTICPCHUA PE3YJIbTATUBHOI'O IMPU3HAKA, O-ocm — OCTaTO4YHad AUCIICpCUs

2 _ Z(y_ S\/xl,xz,...,xm)2

JUISL yPaBHEHHS )7 = f (X]_I ) OTT Xm) , Oiio n

[Tpu nuHeitHON 3aBHCHMOCTH NMPHU3HAKOB (popMynia MHIEKCAa KOPPENSLUN MOXKET OBITh
TaKXke MPEJICTABICHA CIIETYIOIUM BbIPAXKEHUEM:

m
Ryttt = | 22 oy
j=1
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r

rae ﬂx j — CTaHIapTH30BaHHbLIE KOO()(OHIMEHTHI PETPECCHU; ' YX; — MapHble KOI(P(UIMEHTHI

KOPPEJSILINK Pe3yJIbTaTa ¢ KaKIbIM (DaKTOPOM.

@opMyna MHACKCAa MHOYKECTBEHHOW KOPpESALUUHU Ul JIMHEHHOW pEerpeccuu IoJIyduiia
Ha3BaHUE JMHENHOr0 KOI(P(PuIHeHTa MHOKECTBEHHOI KOPPeJslUM, WK, 4TO TO K€ CaMmoe,
COBOKYITHOI'0 KO3(p(pUIIHEeHTAa KOPPEJALMH.

WNunexc MHO)KeCTBEHHON Koppemsauuu uzMensiercst ot 0 1o 1. Yem Onmke ero 3HaueHue K
1, TeM TecHee CBSI3b PE3yJIbTaTUBHOI'O IPU3HAKA CO BCEM HAOOPOM HCCIELyEeMBIX (aKkTOPOB.
BennunHa nHAEKCa MHOKECTBEHHON KOppesinuy OOJIbIIe WIM paBHA MAaKCUMAJILHOTO TApHOTO
UH/IeKCa KOPPEIISALIU:

Ryxlxz...xm 2 Ryxj(max)’ J =1m.

IIpu npaBWIBHOM BKJIHOYEHUH (DAaKTOPOB B PErpECCUOHHBIN aHaIM3 BEIMYMHA UHIEKCA
MHOXECTBEHHON KOPPEISIIUU OyAeT CyIIeCTBEHHO OTIUYATHCS OT MHAECKCA KOPPEISIIUH TapHOK
3aBUCUMOCTH.

KoaddunmeHt (MHIEKC) MHOXKECTBEHHON JETEPMHHAIIMA PACCUMUTHIBACTCS KaK KBajpatr
WHJIEKCAa MHOYKECTBEHHOU KOPPEIISIINH:

2
VX Xp .. Xy

CKOppEKTUPOBaHHBIM KO3 GHUIMEHT (MHACKC) MHOXECTBEHHOW  JCTePMHHAIIUH
COJICPKUT MOMPABKY Ha YUCIIO CTETIEHEN CBOOOABI M paCCUUTHIBAETCS 1O hopMyIie:

2 n-1
R®=1-(1-R%)- ———
n—-m-1-
re N — 4uciao HaOII0IeHU; M — Yuciio (aKTOPOB.

3HAYUMOCTb YPaBHEHUS MHOKECTBEHHOM PErpeccuu B LIEJIOM OLIEHHBAETCS C MOMOILBIO
F-xpurtepus ®umepa:

Rz.n—m—l
1-R? m

F¢a1<m. =

Fmae: onipenensiercs npu 3agansom o (0,05; 0,01) u crenensix cBoboasr KL =m, k2 =n—-m
— 1, (M — gucmo mapamMeTpoB MpH (HAKTOPHBIX MEPEMEHHBIX B YPaBHEHHH MHOKECTBEHHOM
perpeccun).

YactHblil F-kpuTepuil olleHHBAeT CTAaTUCTUYECKYI0 3HAYUMOCTH MPHUCYTCTBUS Ka)JI0TO
u3 (akTopoB B ypaBHEeHHH. B o0mieM Buze, a1 GpakTopoB YacTHBIN F-kpuTepuil onpenenurcs
KaK:

2 2
F B Ryxl,...,xj,xm _Ryxj,...,xj,l,xjﬂ,...,xm . n—-m-1
vacmXj 2
1- Ryxl,...,xj,xm 1
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Fmac: A1t 9acTHOTO F-KpHTEpHst OnpeesaeTCs MPH 3aaHHOM o M cTerneHsx cBoooasl k1 = 1, k2
=n-m-1.

OneHka 3HAYMMOCTH KO3(PPUIIMEHTOB YHUCTOM perpeccud ¢ TMOMOIIbIO t-KpuTepus
Ctbl0JIeHTa CBOAUTCS K BHIYMCIICHUIO 3HAYCHUS:

J
tgbaKm. = = I:X- d

rae Mpi —CpeiHss KBajapaTWyHas omuOka koddduimenta perpeccuu bj, oHa Moxxer OBITh
oIpesiesieHa 110 cieayommei Gpopmyie:

2
oy VI Ry, 1
mbi == : \/
2 n-m-1,
O-xj '\/1_ ijxl...xm
2
YX1X5...X;y  — MHOXKECTBEHHBII KOA(P(GUIIMEHT JeTepMUHAIIMK BCEro KoMIuiekca M (hakTopos

2
C pe3yJbTaToM; Rx jX1--Xm  — KOd(QOUIMEHT JETEPMHUHALMU JUIs 3aBUCUMOCTH (akTopa Xj co

BCEMH JIPYTUMU (PaKTOpPaMHU YPaBHEHHUSI MHOKECTBEHHOHN pErpeccuu.
timass ONIPEACIIAETCS MIPH 3aJAHHOM O M CTEIICHH CBOOOABI K=N—m - 1.
3amaua

1. Paccuuraiite nmuHelHOr0 KO3()(HUIMEHTa MHOXECTBEHHON KOPPENAIMM U CleNIaiiTe
BBIBOJI O TECHOTE CBSI3M PE3yJbTATUBHOTO MPU3HAKA CO BCEM HAOOPOM HCCIIEyEeMBIX
(bakTopoB.

2. PaccuuTaiite KO2(pPUIIMEHT MHOKECTBEHHOM NETEPMHUHAIIMU U CIEIaiTe BBIBOJ 00
OILICHKE KaueCTBa MOCTPOCHHOW MOJEIIH.

3. Paccunraiite Fpuom U CpPaBHHUTE MONTYYEHHOE 3HAYEHHE CO 3HAYEHUEM, PACCUMTAHHBIM
¢ nomompio ¢yakmun JIMHEWH. Onpenenute Frn NpH  3amaHHOM —ypPOBHE
sHauumoctd oo = 0,05. CpaBHuTe monyueHHbIe 3HAYCHUS Fumasn U Fpaum, clenaiite
BBIBOJ] O CYIIECTBEHHOCTH CBSI3H.

4. Onpenenute tgaum ¥ trass IPH 3aJaHHOM YpoBHe 3HaunMocTd o = 0,05 CpaHuTe
MOJIyYeHHbIE 3HAUYEHMUs M CJeJaiiTe BBIBOJ O CTAaTUCTUYECKON 3HAYMMOCTHU
[IapaMeTpPOB PETPECCHH.

KoHTpoJibHbIE BONIPOCHI:

1. Uto noHuMaetcs moj JIMHEHHON MHOKECTBEHHOM perpeccuei?

2. Kakue 3aaum pemaroTcs Ipu NOCTPOCHUN YPaBHEHUS perpeccuu?

3. Kakue TpeOoBaHUs NPEABABISIOTCS K (aKTOpaM, BKIIOUYAEMbIM B YpaBHEHHE PErpeccuu?
4. Yto moHMMAETCs O] KOJUIMHEAPHOCTHIO U MYJIbTUKOJUTMHEAPHOCTHIO (PaKTOPOB?

5. Kak nmpoBepsieTcst HaMune KOJUIMHEAPHOCTH U MYJIBTHKOJIJIMHEAPHOCTH?

6. Kakoll BHI HMMeeT cucTeMa HOPMAJbHBIX YPaBHEHHM METOJa HAaWMEHBIIMX KBAaJpaTOB B
cily4ae JMHEWHOM perpeccun?
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7. ITo xakoit popMyIie BBIYUCIISAETCS WHIEKC MHOXECTBEHHON KOPPEIISIIIH ?

8. Kak BBIUMCIIAIOTCS MHAEKC MHO)KECTBEHHOH IETEPMUHALMU U CKOPPEKTHUPOBAHHBIA MHJEKC
MHO>KE€CTBEHHOMW JIETePMHUHALIIN?

9. Uto o3HayaeT HU3KOE 3HaYeHHE K03 uiMeHTa (MHIeKca) MHOKECTBEHHON KOppesiiun?
10. Kak mpoBepsieTcsi 3HaUMMOCTh YPaBHEHHS PErpecCUH U OTAENIbHBIX KOAPPUIIUEHTOB?

11. Kak cTposiTcs 4acTHbIE ypaBHEHUS PErpeccun’?

12. Kak BBIYHCISAIOTCS CPEeHUE YACTHBIC KOIPPUITUSHTHI DTACTUIHOCTH?

13. Yto Takoe craHIapTU3UPOBaHHbIE [IEPEMEHHBIE?

14. Kakoii BuJ ©IMEET ypaBHEHHUE JTUHEHHON PErpeccHy B CTaHAApTU3UPOBAHHOM MaciTabe?
15. YUto moHuMaeTcs o rOMOCKEIACTUYHOCTRIO?

16. Kak IIPOBEPACTCs T'HIIOTE3a O TOMOCKCIACTUIHOCTH psa OCTaTKOB?

MNOCTPOEHUE PEIT'PECCHOHHBIX MOJEJIEN C ®PUKTUBHBIMU
INEPEMEHHBIMH

B perpeccMoHHBIX MOJENSIX B KQ4€CTBE OOBACHSIOIMIMX MEPEMEHHBIX YacTO MPUXOIUTCS
WCIIOJI30BaTh HE TOJIBKO KOJWYECTBEHHBIE (OIMpeAeisieMble YHCICHHO), HO U KaueCTBEHHBIC
nepemMeHHble. Hampumep, cmpoc Ha Kakoe-TubOo OJlaro  MOXKET — ONpeAeNsIThCS — Kak
KOJMYECTBEHHBIMU TEPEMEHHBIMU (I[€HAa JaHHOTro OJyiara), TaKk M Ka4eCTBEHHBIMH (BKYCHI
noTpedureneit). KauyecTBeHHbIE TOKA3aTed B YUCICHHOM BHUJIC MPEICTABUTh HENIb3s. Bo3HHMKaeT
npo0JeMa OTpaKEHHUsSI B MOJIEJIH BIIMSIHUSI TAKUX TIEPEMEHHBIX HA UCCIICYEMYIO BEJIMYUHY.

OOBIYHO B MOJICISAX BIUSHHUE KAYECTBEHHOTO (PaKTOpa BBIpaXKaeTcs B BUIE (DUKTUBHON
(MCKYyCCTBEHHOM) TIEPEMEHHOM, KOTOpas OTpa)kaeT JBa TMPOTHUBOIOJIOXKHBIX COCTOSTHUS
KauecTBEeHHOro ¢akropa. B 3ToM ciyuyae ¢uKTUBHas TepeMeHHash MOXKET BBIPAKAThCSA B
JIBOUYHOU opme:

D- 0, axTop He nelcTBYET;

1, pakrop neiicTByer.

[lepemennas D HasbiBaetcs @uxmuenotl (UCKYCCMEEHHOU, O0B80UYHOL) NEPEMEHHOU
(unouxamopom).

Perpeccuonnsle MoJienu, coJieprKaliue JUIb KaueCTBEHHbIE OObSICHAIOLIIE IEPEMEHHBIE,
Ha3bIBAIOTCS Modensimu oucnepcuonno2o ananuza (ANOVA-momensmn).

Hanpumep, mycth Y — HauanpHas 3apaboTHasI 1iaTa.

D— 0, ecnmu mpeTeHACHT HE UMEET BBICIIIET0 00pa30BaHNS,
1, eciu IpeTEHEHT UMEET BhICIIee 00pa30BaHUE.
Torma 3aBUCUMOCTb MOKHO BBIPA3UTh MOJIEJIbIO TAPHOW PETPECCUU:

Y=8,+/D+¢,

OueBHIHO,

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

Kosddurment Sy onpemenser CpeHIO HauambHYIO 3apaboOTHYIO ILIATy IpH
OTCYTCTBUHM BbICHIero oOpa3oBanus. KoadduiuumeHnr ) yka3piBaeT, Ha KaKyl0 BEITUYUHY
OTJIMYAIOTCS CPE/IHNE HayallbHbIe 3apaO0THBIE TUIATHI IPU HATMYUH U IIPH OTCYTCTBUH BBICIIETO

29



oOpa3oBaHusl y mnpeTeHiaeHTa. lIpoBepsis CTaTHYeCKyl0 3HAYMMOCTh Ko3(dduuumenra Y c¢

NOMOIBI0  t-cTaTHCTUKH, JHOO0 3HAYMMOCTh KO3(PQHIMEHTa JAeTepMUHAIIH R? WIH
F-craructuku, MOXHO ONpENENNTh, BIUSET WIM HET HajJlMyue BBICIIEro 0oOpa3oBaHUs Ha
HAYaJbHYO 3apa0OTHYIO TUIATY .

Monenu, B KOTOPBIX OOBSCHSIONIME MEPEMEHHBbIE HOCAT KaK KOJMYECTBEHHBINH, TaK U
KaueCTBCHHBIN XapakTep, Ha3bIBAIOTCS Mooenamu KO8ApUayuoHHO20 ananuza
(ANCOVA-mMozensMu).

Cyl1iecTByeT HECKOJIBKO Pa3HOBUIHOCTEHN MOJIEe KOBapHAIlMOHHOTO aHaJK3a.

1. Moaesd KOBApHAIMOHHOTO AHAJM3Aa NMPH HAJMYMHU Y (PUKTHUBHOW NepeMeHHOMH
JABYX aJIbTEPHATHB.

PaccmoTpum mpocTeiiinyto MOJAENb ¢ OJHOM KOJIMYECTBEHHOM M OJHOM KayeCTBEHHOM
MIEPEMEHHBIMH, UMEIOIIYIO JIBA aJTbTCPHATUBHBIX COCTOSIHHS:

Y =0+ B X+/D+e,

[Tyctb, Hanpumep, Y — 3apaboTHas 11aTa COTPYAHUKA (PUPMBI, X — CTaX COTpyAHHKa, D —
10JI COTPY/JIHUKA, T.€.

D 0, ecnu COTPYAHUK -)KCHIIIUHA;

1, ecu COTPYAHUK-MY>KUMHA.

Torma oxumaeMoe 3HaUYCHUE 3apabOTHOW TUIATHI COTPYAHHUKOB MPH X TOJIaX TPYIOBOTO
cTaXxka OyJeT:

M(Y | x, D=0)= 5+ BiX
MY |x, D=1)= By + Six+y =(By +7)+ B

3apaboTHas 11aTa B JAHHOM CITy4Yae SIBISETCS JIMHEHHON (pyHKIMel oT cTaxa paboThI.

IIpu  cocraBieHun Mojenel ¢  (QUKTUBHBIMH  IE€PEMEHHBIMH  HEOOXOJIUMO
PYKOBOJICTBOBATLCS CIEAYIOUIUM NPAGUIOM MOOEIUPOSAHUs: €CIU KAa4YECTBEHHAs IepeMEHHas
uMeeT K albTepHaTUBHBIX 3HAYCHHI, TO TIPH MOJearpoBaHuy ucronb3yercs (K — 1) pukTHBHBIX
nepeMeHHbIX. Takum 00pa3oMm, e€ciM MEepeMEeHHas HMeEeT JBa albTepPHATUBHBIX 3HAUYEHUS
(HampuMep, TOJd), TO B MOJI€Tb MOXKHO BBECTH TOJIBKO OJHY (PMKTHUBHYIO IEPEMEHHYIO.

Ecnn He cnenoBaTe JaHHOMY ITpaBUIly, TO IIPU MOJEIMPOBAHUM UCCIIEI0BATEINb NOMAAET
B CUTYAalMI0 COBEPILICHHON MYyJIbTUKOJUIMHEAPHOCTU WIN TaK Ha3bIBAEMYIO JI08VUIKY PUKMUBHOU
nepemeHHOU.

3HaueHue KayeCTBEHHOW MEpPEeMEeHHOH, Al KoToporo nmpunuMaercs D = 0, HazpiBaeTcs
06azo6biM WA cpasHumenvhbiM. BpIOOp 0a30BOro 3HA4YEHUSI OOBIYHO AUKTYETCS LEISIMHU
MCCJIETOBAHMSI, HO MOXET OBITh U TPOU3BOJIHHBIM.

Koaddumment ) B Mopenu mHOTA HA3BIBACTCS OupepenyuanbHvim Ko3ppuyuenmom
€80000H020 UlleHd, TaK KaK OH IMOKAa3bIBAET, HA KAaKyI0 BEJIMYMHY OTIMYACTCS CBOOOIHBIN 4iIeH
MO/IENIY MTPH 3HAYE€HUH (PUKTHUBHOM EPEMEHHOMN, paBHOM €IUHHIIE, OT CBOOOHOI'0 YieHa MOJIENTH
npu 0a30BOM 3HaU€HUU (PUKTHUBHOMN MEepeMEHHOM.

2. Moaeiu KOBApHALMOHHOIO AaHAJM3a TMPUH HAIWYHUH Yy KAaYeCTBEHHBIX
IepeMeHHbIX 0oJiee ABYX aJIbTEPHATHB.

PaccMoTpuM Mopmenb ¢ JIByMs OOBSICHSIONIMMH TEPEMEHHBIMH, OJHA U3 KOTOPBIX
KOJIMYCCTBCHHAA, a Apyras — Ka4CCTBCHHas. HqueM Kau€CTBCHHAA IMNEPEMCHHAA HMECT TPU
anpTepHaTHBBL. Hampumep, pacxo/sl Ha cofiepkaHue peOeHKa MOTYT OBITh CBSI3aHBI C JOXOJaMU
JIOMOXO3SMICTBA W BO3pacTOM peOEHKa: OMIKOJBbHBIA, MIIAIIINN IKOJIBHBIA M CTapIINi
mIKONbHBIA. Tak Kak KauecTBeHHas MEPEMEHHAas UMEeT TPU albTEPHATHUBBHI, TO MO OO0IIEeMYy
MpaBuily MOACIUPOBAHUA HeO6X0)II/IMO HUCIIOJIB30BaTh IBE (bl/IKTI/IBHI)Ie MEPEMCHHEIC. TaknMm
00pa3om, MO/IeTTb MOXKET OBITh MPEACTaBIIEHA B BUJIE:
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Y =By + X+ y Dy +y,D, + &
rae Y — pacxojbl, X — IOXO/IbI IOMOXO3SIHCTB.

D — 0, eciu IOLIKOJIbHUK
=
1, B IPOTUBOIOIOAKHOM CITy4ae.

5 0, ecIy JOIIKOJBHUK MJIU MIIAAIINHI IIKOJIbHUK;
2 1, B IpOTUBOMOIOKHOM CITy4ae.

OO6pa3zyrorcs cienyrome 3aBUCUMOCTH:

1. Cpennuii pacxoj Ha JOIIKOJIbHUKA!

M(Y | Dy =0, D, =0) = fp + 1. @
2. Cpennuii pacxoj Ha MJIAIIErO KOJbHUKA:

MY [Dy =1, Dy =0) = (S +71) + X (2)
3. Cpeanuii pacxoj Ha CTapIIETo MIKOJIbHUKA!

MY |Dy =1 Dy, =1)=(By +r1+72)+ BiX (3)

3meck y1, Y2 — mubddepeHIHATBHbIE CBOOOJHBIC UICHBL. ba30BBIM 3HAYCHUEM
KaueCTBEHHOW TMEPEMEHHON SBISETCA 3HAYeHHE «IOLIKONbHUK». llocie BblumcieHus
kod(¢uimeHToB ypaBHeHuit perpeccuu (1) — (3) ompenensiercss craTUCTUYECKass 3HAYMMOCTh
KO3 (UIIMEHTOB Y11 Y2 HA OCHOBE OOBIYHOM t-CTATHCTUKH.

Ecnmu k02 dUIMEeHTH Y1 U Y2 OKa3bIBAIOTCA CTATUCTUYECKH HE3HAYMMBIMH, TO MOXKHO
CIeNaTh BBIBOJ], YTO BO3PACT peOCHKA HE OKA3bIBACT BIMSIHHS Ha PACXOIBI 110 €T0 COACPKAHHUIO.

3. Perpeccusi ¢ 01HOIi KOJIMYeCTBEHHOH M IBYMsl Ka4eCTBEHHbIMH NepeMeHHbIMM.

TexHuka (UKTUBHBIX NEPEMEHHBIX MOXET OBbITh pPAacHpOCTpaHEHAa Ha IMPOU3BOJILHOE
YHUCIO KAueCTBEHHbIX (QakTopoB. PaccmMoTpuMm cuTyanuMio ¢ JByMs KadeCTBEHHBIMHU
NEPEMCHHBIMHU.

[Tycts Y —3apaboTHas 1uiata COTPYJIHUKOB (pUpPMBI, X — cTax paboThl, D1 — Hanmuuume
BhIcuIero oOpa3oBanus, D2 — mon cotpynHuka:

0, eciv COTpYTHUK -)KCHIIIUHA;

11, ecm COTPYAHUK-MYXYHHA.

D O, CCJIM HCT BBICHICTO 06p&30BaHI/IH;
2 1, B ITPOTHUBOITIOJIOKHOM CJIydac.

TakuM 00pa3oMm, OTYIUM CIICTYFOIIYIO MOJICHb:
Y =By + X+ Dy +y,D, + &

N3 3101 MOAENH BBIBOJATCS CIIECIYIOIINE PETPECCHOHHBIE MOJICIIH:

1. CpenHsist 3apruiaTa >KeHIUHBI 0€3 BBICIIIET0 00pa30BaHUS:
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M(Y | D, =0, D, =0) = g, + B X

2. CpenHsst 3apruiaTa )KXEHIUHBI ¢ BBICIITUM 00pa30BaHHUEM:
MY |Dy =0, D, =1) =(fo +72) + b

3. CpenHsist 3apIiaTa y My»XK9HUHBI 0€3 BBICIIETO0 00pa30BaHUS:
M(Y [D; =1, Dy =0) = (fo +71) + frX.

4. CpenHsis 3apIjiaTa My>XYUHBI C BBICIIUM 00pa30BaHHEM:
MY |Dy =1 D, =) =(By + 1 +72) + b

OueBUIHO, YTO BCE PETPECCHH OTIMYAIOTCS TOJIBKO CBOOOAHBIMU WieHaMu. JlanpHelee
OIpENIeICHUEe CTaTUCTHYECKOW 3HAYMMOCTH KOX(PQHUIIMEHTOB Y1 W Y2 TO3BOJIIET YOCIUTHCS,
BIIUSIIOT JI1 00pa30BaHUE U TOJI COTPYTHUKA HA €T0 3apa0OTHYIO TUIaTy.

3amaua 1

Wccnenyercs 3aBUCHMOCTh MEXIy 3apaboTHOM Iuiaroi pabodero 3a mecsm y ($),
X - BO3pacToM padouero (Jiet) ¥ GUKTUBHOM repeMeHHor D — moa paGouero.

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

1. Heo6xoaumMoO MOCTPOUTH MOAETH Y = bo + b1X +/D ¢ ¢ukTUBHON nepemeHHOl D,

KOTOpasi IpUHUMAET J1Ba 3Ha4eHus: 1 - ecru 1mos1 pabodero My>kckoif; 0 - eciti 1ot 5KEHCKUH.
2. TIpoBepuTh CTaTUCTUYECKYIO 3HAUUMOCTh K03(ppuninentoB. Crenars BHIBOBI.
3agaua 2
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Ha npennpustun ucnonb3yrorcs ctanku Tpex dupm (A, B, C). ccnenyeTcs Hae)KHOCTh
cTaHkoB. [Ipu 3TOM y4uTBIBaeTCS BO3pacT CTaHKa (x, Mec.) U Bpems Oe3aBapuiiHON paboThI 110
nocienner mosoMku (Y, dac). Beibopka u3 40 ctaHKOB fana pe3ysbTaThl, IPEICTABICHHBIC B

TaduLe.

No Bospacr |Bpems paGotel  |Pupma -
U3MEpeHHusl |CTaHKa B |cTaHKa 0e3 IIPOU3BOIUTE
Mecsllax [peMOHTa B yacax (b
1 23 280 A
2 30 230 B
3 65 112 C
4 69 176 A
5 75 90 C
6 63 176 A
7 25 216 B
8 75 110 C
9 75 45 B
10 52 200 A
11 20 265 B
12 70 148 C
13 62 150 C
14 40 176 B
15 66 123 A
16 20 245 A
17 39 176 C
18 25 260 B
19 48 236 A
20 59 205 A
21 25 240 A
22 69 65 B
23 71 115 A
24 26 200 C
25 45 126 B
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26 40 225 A
27 30 210 C
28 69 45 B
29 30 260 A
30 22 220 B
31 33 194 B
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

=

Onennre ypaBHEHUE perpeccuu 0e3 yueTa pa3iuius CTAHKOB Pa3HBIX (GHPM.

2. OueHMTh ypaBHEHHME pPErpecCHH, YUMUTBHIBAIOLIEE pa3IMuUe KadyecTBa pa3HbIX (QHUpPM
(F-xputepuii ®umepa, t-kpurepuit CTBIOJICHTa, CKOPPEKTHPOBAHHBIN KOAPPHUIUCHT
JETEPMUHALUN).

3. CpaBHUTE Ka4yeCTBO MOCTPOCHHBIX MOJICIICH.
4. TlocTpouTh KOPPEISALMOHHOE 110JIe M HAHECTH Ha HEro rpaduku GyHKIMHI.
5. CHGJ’I&TB BBIBOJbBI O HGO6XOI[I/IMOCTI/I HCII0JIb30BaHUA (1)I/IKTI/IBHBIX MNEPEMEHHBIX B 3TOM

ciydJae.

IMOCTPOEHUE MOJIEJIU HEJIMHEMHOW ITAPHON PET'PECCHHU

Henunelineie perpeccun ACIATCA Ha ABa KJlacCa: perpeCCum, HEJIMHEWHBIE OTHOCUTEIIHFHO
BKIIIOUCHHBIX B aHaJInu3 O6’I)$ICH$II-OHII/IX MNEpEMCHHBIX, HO JIMHEUHBIE II0 OLICHNBAaCMbIM
napameTpam, U perpeCCuu, HEJIUHEWHEIE IO OIICHUBACMBIM IIapaMCTpaM.

[Tpumeps! perpeccuii, HEMTMHEHHBIX MO OOBACHSIOIUM MEPEMEHHBIM, HO JMHEHHBIX 110
OLICHMBAEMbIM MapaMeTpaMm:

2 3 .
— IIOJINHOMBI Pa3HBIX CTENEHEN yx=a+ blx + bZX + b3X TE,

b
— PaBHOCTOPOHHSISI runepoosa yx=a+ ; t& .

IIpumepsl perpeccuii, HETUHENHBIX 110 OLICHUBAEMBIM MapaMeTPaM:

b
—cremennas Yx — & X &
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X
_noxasaremsnas Yx = a-b” - & ;

a-+bx )

— DKCIIOHEHLINAJILHAS Yy =€ ¢,

Haub6onee gacto IIPUMCEHAIOTCS CIICAYIOINUEC HEJIUHEHHEBIC MOACIN perpeccnﬁ:

b
TUIEPOOITBI — yx=a+ ; ;

2
mapabonsr — Yx = a+ bX + cx ;

_ X
MoKa3aTeIbHOU (PYHKITMH yx=2a b ;

b
CTeNeHHON QYHKIH — Yx=a- X" y Ip.

JladbopaTopnasi padora Nel.
Buviuucnenue koa¢hghuyuenmos ypagnenus: HeluHelHol pecpeccuu

[TocTpoeHnio HEIMHEHHBIX PErpecCUOHHBIX MOJIEJICH TMPEANIeCTBYeT MpoIeaypa
JUHeapu3aluy NePeMEHHBIX.

Jluneapuzayuss — (ot nat. linearis — nuHEHHBINH), OMUH U3 METOIOB HPUOIKEHHOTO
IIPEJICTABICHNUs 3aMKHYTBIX HEIMHEMHBIX CUCTEM, IPH KOTOPOM HCCIIEJOBAHME HEIMHEUHON
CUCTEMBl 3aMEHSETCS AHAIU30M JIMHEMHOM CHCTEMbI, B HEKOTOPOM CMBICIE 3KBUBAJICHTHOMN
UCXOAHON. MeTonbl JMHeapu3aluuyl UMEIOT OIPaHUYEHHBIN XapakTep, T. €. 3KBHUBAJICHTHOCThb
UCXOIHOW HEIWHEHHON cHUCTeMBl M €€ JUHEHHOTO NPHOIMKEHHUS COXPAHSAETCS JIHMIIb IS
OTPaHUMYEHHBIX NPOCTPAHCTBEHHBIX MJIM BPEMEHHBIX MaclITabOB CHUCTEMBI, JHOO JJs
OTpeeNIEHHBIX IPOLECCOB, MPUUEM, €CIIM CUCTEMa MEPEXOAUT C OJHOIO pekuMa padoThl Ha
JIpYroM, TO CJeLyeT U3MEHUTh U €€ JINHEapU3UpOBaHHYIO Mojenb. [IpuMenss nuHeapuzanuto,
MO’KHO BBISICHUTh MHOTHME Kau€CTBEHHBIE U OCOOEHHO KOJIMYECTBEHHBIE CBOMCTBA HEIMHEHHON
CUCTEMBI.

11 HENWMHEHHBIX YpPaBHEHWM pPErpeccuy, NPUBOJUMBIX K JIMHEMHBIM C IIOMOIIBIO
npeoOpaszoBanus (X, Y) — (X', y’), cuctema HOpMallbHBIX YpaBHEHUN UMEET BU/I:

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

B IIpe0o0pa30BaHHBIX IEPEMEHHBIX X, Y.

Koaddumuent b mpu pakropHoii mepeMeHHON X UMEET CICAYIOIIYI0 HHTEPIPETAINIO: OH
MOKA3bIBAET, HA CKOJBKO M3MEHUTCS B CpelIHEM BEIWYMHA Y Mpu M3MeHeHuH (aktopa X Ha 1
eMHUITY H3MEPEHUSI.

b
T'unepbonuueckas pezpeccus: Yx=a+ ; .

1
Jluneapusytoliee npeoOpa3oBaHue: X = ;’ y =Yy .
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Torna
na+bZ:l = Zy,
]
az +bz Zy—.

y 1
ny L-NENy
a=£21y—£b211 b= le ZX%
n n 4 x’ nZ:XZ—(Z:X)2

__ .a+bx
IKCNOHEHYUATIbHASL pe2pecCusi. Yx =

Jluneapusyrowee npeobpasopanne: X = X, Y = In y.

=—Zln ——be nznle?j _(Zixz)lzlny

Cmenennasn gynyus: Yx = & X"

Jnseapusyromee npeo6pasosarme: X =INX; y =y

L5 iy Ly iy, b2 1) - xS iy
n Nn ’ nZ:(Inx)2 —(Z:Inx)2

Ilepexon k mapameTpy a ypaBHEHHUS CTEIIEHHOW 3aBUCHMOCTH IPOM3BOJAT C MOMOIIBIO
NOTEHIIMPOBAHUSA 1O popMyJIE:

Ina
a=e

X
Tlokazamenvnas ¢hynkyus: Yx = a-b .
JIuneapusyrouiee npeobpazosanue: X = X; Y = Iny
Ny x-lny—>» x» Iny
) ) 2x:Iny-D )
Ina==> Iny—=Inb» x, Inb=
22 DRI

[Tepexos k mapameTpaM ypaBHEHHUs MMOKa3aTeIbHOW 3aBHCHMOCTH (@, D) mpous3BoasT mo
dopmynam:

Ina Inb
a=e “.b=e""

Joeapupmuueckasn Gynxyusn: Yx =a=+ binx.
Juneapusytoiee npeodpasosarue: X =MNX;y =Y.

1 1 _nZInx-y—Zlany
a=HZy—HbZInx, b= nZ:(Inx)2 —(Z:Inx)2
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3agaua

Jnsa omnpeneneHus 3aBUCHUMOCTH MEXAy poXaaeMocTblo B Poccum (mepemenHast Y
u3MepsiemMasi B ThIC. Ue€jl.) M CPEIHEH 3apaOoTHOMW MuiaToil (mepemMeHHas X, u3Mepsemasi B pyo.)
ObUIM TIPOBEIEHBI UCCIIEIOBAHUS, PE3YJIbTAaThl KOTOPBIX MpeicTaBleHb! B Tadnuue 1.

Tabmuna 1.
T'onmr PoxxmaemMocTs B Cpenusis 3apaboTHas
TBIC. YL Y miara, 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

Jlis  XapakTepUCTHKM 3aBUCUMOCTH ) OT X paccuuTaTbh IapameTpbl CIEIYHOIINX

GyHKIMIA:

— PaBHOCTOPOHHEW TUIIEPOOITBI;

- CTEeNeHHOH (pyHKINH;

— [MOKa3aTeIbHON (QYHKIIHH.
Pemenue.

1. VYpaBHeHue paBHOCTOPOHHEH runepOOJIbI

\ 1 ' .
X =;;y zy,TorILa yx:a+bx.

2. J1ng pacueTa UCTOIb3yeM JaHHbIE TaOIUIBI 2.

b
Yy =a+—

x ~ JTMHeapH3yeTCs

' - "\ 2
Toasl y X y X (X ) y 2
2014 886,9
2015 928,6
2016 998,1
2017 1050,6
2018 1074,3
2019 1036,9
Hroro
Cpennee
3HAYCHHUE
(o2
O_2

3HaueHHs MapaMeTPOB PETPECCHU a U b paccunThiBaeM 1o GpopMysam:

b yxl_y'; — -
- 2 .a=y-b-x
o ’

3. 3anuImuTe NOITYyYEHHOE YPaBHEHUE PETPECCUM.
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4. C nmoMomIb JIMHEAPU3YIOIINX MPeoOpa3oBaHU MOCTPONUTE YpaBHEHUE PETPECCUU IS
CTETIEHHOM! U MOKa3aTeNbHON (YHKINH.

JlabopaTtopHasi padora Ne2.
Buviuucnenue unoexca koppensayuu u cpeoHetl OUUOKU annpoKcuMayuu

TecHOTY CBSI3M M3y4yaeMbIX SIBICHUIl B HEIMHEHHBIX PErPEeCcCHsX OLIEHUBAET HHAEKC
KOPPeJSIlIUH, KOTOPbIi BBIYUCIIAETCS 110 (bopMyﬂe:

Z(y V:)?
<p, <1
Z(y pE Py

Cpennsisi ommuéKa anMpPOKCHUMAIIUH - CPEIHEE OTKIOHCHHE PAaCcYCTHBIX 3HAYCHHU OT
(haKTUYECKUX:

2l IS 400
A_nZA nz‘ S 100% .

JlommycTiMBIN TIpe/ieT 3HAYCHHH A - e Gonee 8 - 10%.
3apaua

1. Paccuumrtarh HHIEKC KOPPEJSIIUM M CPEAHIO OIIMOKY amnmpoOKCUMAIlUU IS
HeJIMHEHHBIX perpeccuii JlabopaTopHoit Nel.
2. OmpenenuTh TO KAKOMY YPaBHCHHIO PErpecCHU TOJydeHa HauOOJbIIas OIeHKA
TECHOTBHI CBSI3U.
3. Cnenath BBIBOJIBI.
JlabopaTopnasi padora Ne3.

Oyenxa 3nauumocmu ypasnenus: pecpeccuu ¢ nomouwvio F-kpumepusa @uwepa

F = = .
gaxm
(y-9° 1-p; m
n-m-1
3agaua

Onpenenum F-xpurepuit ®dumiepa a8 ypaBHEHHMH NapHOW HEIMHEHHON perpeccHd,
nosrydyeHHbIX B JlabopaTopHoii padote Nel.

Peurenmne.

1. Paccumraiite Fpawn YU cpaBHUTE TOJYyYEHHOE 3HAUEHUE CO 3HAUYEHUEM, Fragn MpHU
3alanHoM ypoBHe 3Haunmoctu o = 0,05.

2. Cnenaiite BBIBOBI O CYIIECTBEHHOCTH CBSA3H.
JlabopaTopnasi paGora Ne4.
Pacuem cpeonux koagpguyuenmos snacmuynocmu

B skoHOMHYECKUX HCCIIEJOBAHUSX IIMPOKOE MPUMEHEHHE HAaXOJUT TaKOM IOKazareib,
KaK CpeHUI KO PHUIHUEHT 31aCTUYHOCTH, BBIYUCIISIEMBIH 10 (hopmyIe:
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— X
3= (2
CpeI[HI/Iﬁ KOB(l)(bI/II_II/ICHT 2JIACTUYHOCTHU 9 IMOKAa3bIBA€T, Ha CKOJIBKO IIPOLICHTOB B

CpeHEM TI0 COBOKYITHOCTH W3MEHHTCS pe3yJbTaT ) OT CBOCH CpeIHEH BEIMYHMHBI IPH
u3MeHeHuu ¢dakropa x Ha 1 % OT CBOETo CpeHero 3HAUCHUSI.

3agaua

[To rpynne npennpuaruii, NpoU3BOAALIMX OJHOPOJHYIO IMPOAYKIMIO, M3BECTHO, KaK
3aBHCHUT C€0ECTOMMOCTD €AMHHUIIBI IPOAYKLUHU Y OT PaKTOPOB, MIPUBEACHHBIX B Ta0I. 3.

Tabnuna 3.

[Tpusnak -pakrop YpaBuenue napHoii perpeccun | CpenHee 3HaueHue GakTopa
OO0beM TPOM3BOJICTBA, MITH . 58,74 X, = 2,64
pyo0., X1 Yy, = 0,62 +T
OnroBas meHa 3a 1 T 9)( ~1175. X21,6281 X, =1,503
SHEPTrOHOCHUTEISI, MJIH. PYyO., 2
X2
Jonst mpuObLIH, N3bIMaeMOn §, =14,87 11,016 X = 26.3
rocy1apcTBOM, %, X3 3

1. Onpenenuth ¢ MOMOMIBIO CPEAHUX KOA(P(MUIIMEHTOB 3IACTUYHOCTH CHITY BIIASHUS
Kax10ro (pakropa Ha pe3yJbTar.

2. PamxupoBaTh (paKTOpHI 11O CHIIE BIHUSHUS.
Peurenmne.

58,74
+—
N

=0,62

1. Jlnst ypaBHEHHs paBHOCTOPOHHEH rHIepGoms Y X

— X b X, —b
Oy = f (X1)71:_ . =

_2° - -
X, a+b/x ax +b-

2. Paccumraiite cpemHue KOI(PPUIMEHTHI DJIACTUYHOCTH IS CTEICHHOM W
nokasarenbHol QyHkuuil ([Tpunoxenue 4).

BPEMEHHBDIE PA/IbI

COBOKYIHOCTh YHOPSAJOYEHHBIX BO BpPEMEHH HAOJIOIEHUH HEKOTOPOro MOKazaTess
Ha3bIBAIOT BPEMEHHBIM PAOOM.

Psan HaOmoneHuid 3a 3HAYCHHUSIMHU OIPEICICHHOTO IOKAa3aTelis, YHOPSIOYCHHBIH B
3aBUCHMOCTH OT BO3PACTalOIIUX MM yOBIBAIOIIMX 3HAYCHHUU JPYroro MOKa3aTessl, Ha3bIBAIOT
OUHAMUYECKUM PAOOM, BDEMEHHBIM PAOOM, PAOOM OUHAMUKU.

OTtaenpHbIe HAOMIOICHUS BPEMEHHOTO Psijia HA3bIBAIOTCS YPOSHAMU ITOTO Psijia.
JlabGoparopHasi padora Nel

Buissnenue anomanvuwix yposHeti pemeHHbIX psoos
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YpoBHU BpPEMEHHBIX PSIOB MOTYT WMETh aHOMajbHblEe 3HaueHHs. [losiBIeHHME Takux
3HaUEHUH MOKET OBITh BEI3BAHO OIMIMOKaMu Ipu cOope, 3aIiCH WK Tiepeade HHPOPMAIIH — 3TO
OIIMOKH TEXHHYECKOTO TMOPSIKA, WA OMMOKU nepBoro poaa. OQHAKO aHOMabHBIC 3HAYCHUS
MOTYT OTpa)kaTh PEANIbHBIC MPOIIECCHI, HAIIPUMEP CKAYOK J0JIapa WM MaJeHue Kypca IEeHHBIX
Oymar ¥ T.JI.; TAKHE aHOMaJIbHBIC 3HAUEHHSI OTHOCAT K OITMOKaM BTOPOTO POJia, OHU HE TIOJJICKAT
ycTpaHeHuto. s BBISBIICHUS aHOMAJIBHBIX YPOBHEH BPEMEHHBIX PSIOB MOXXHO HCIOJIb30BATh
Mmemoo Upeuna.

IlycTh uMeeTcss BpEMEHHOU PsA;

Yi = Y11 Yoo Yiveeo Y| t=1n, (1)

Meton UpBuHa npeanonaraet UCHOIb30BaHUE CleAyomel GopMyIIbL:

A:|yt_yt—1|, t:ﬁ
Oy

e Oy =\Y —Y

PacuerHble 3HaueHust Ay, A3 . CpaBHUBAIOTCS ¢ TAOIMYHBIMH 3HAYECHHSAMH KPHUTEPHS

I/IpBI/IHa /13; €ClIM KaKoe-JIH00 U3 HUX OKa3bIBaeTCs OOJIbIIE Ta6J'II/I‘IHOFO, TO COOTBECTCTBYIOILICC

3HA4YCHUC yt YPOBHA pAlda CHUTACTCA aHOMAJIbHBIM. 3HaueHUS KpUTCpus I/IpBI/IHa IJIL YPOBHS

3HAYUMOCTH O = 0105 IIPpHUBCICHLI B Ta6J'II/II_IC.

n 2 3 10 20 30 50 100

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

[Tocne BbIsABICHHUS aHOMAJBHBIX YPOBHEH HEOOXOJUMO ONPEAEIUTh IMPUYUHBI HX
BO3HUKHOBEHUA. Eciii OHM BBI3BaHBI OMIMOKAMU TEXHMUYECKOIO MOPSAJIKA, TO OHU YCTPAHSIOTCS
au00 3aMEHOMl aHOMalbHBIX YPOBHEH COOTBETCTBYIOIIMMM 3HAUEHHSIMHM 110 KpPHBOIA,
annpoOKCUMHUPYIOIEH BPEMEHHOM psijl, 1100 3aMeHOM ypoBHEH cpenHel apudMeTndeckon AByX
COCEIHUX YPOBHEM psja.

OmmOKM, BO3HHMKAIOLIME M3-32 BO3JAEUCTBUSA (PAKTOPOB, HMEIOMIMX OOBEKTUBHBIN
XapakTep, yCTPAaHEHUIO HE MOJIEkKAT.

3agaua

BpemeHnHoii psizt 3a1aH B TAOIUYHOM 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. [TpoBepUTD HAIMYIE aHOMATBHEIX 3HadeHnii Toukn =2, t =5 t1=10.

2. YcTpaHUTh aHOMANIbHBIE YPOBHU, CUMTas MPUYUHAMHU WX BO3HUKHOBEHHUS OLIHOKHU
MEPBOrO YPOBHS.

JlabopaTopnasi paGora Ne2
IIposepka cunomeswvl cyujecmeosanus meHoeHyuu

Ecmu Bo BPEMCHHOM  piay IIPOABIACTCA  NJIUTCIIbHAss TCHACHIHNUA HN3MCHCHUA
S9KOHOMHYECCKOI'0 ITOKa3areiisd, TO B 9TOM CIIydac roBOpAT, 4YTO UMECT MECTO mpeH()
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[Tox TpeHAOM MMOHUMAIOT U3MEHEHHUE, OTIPEACIISIONIee 00IIIee HAllpaBIECHNEe Pa3BUTHS UITH
OCHOBHYIO TE€HACHIIUIO BPEMEHHOTO psija.

Jlpyrumu cioBamu, mpero (menoenyus) — 3T0 yCTONYNBOE, CHCTEMAaTHIECKOE M3MEHEHUE
3HaUYEHUI BPEMEHHOTO psAJia B TEUEHUE JOCTATOYHO JIOJITOr0 NEPUOJIa.

[Ipy TpPOTrHO3MPOBAHMU BPEMEHHBIX PAJOB HEOOXOIMMO BBIACHUTH, CYLIECTBYET JIH
TEHJEHLU BO BDEMEHHOM DSy UM OHA OTCYTCTBYET.

s BpemenHoro psga (1) paccMoTpu KpUTEPHI «80CX00awyux u HUCXOOAUUXY CEPUH,
COIIACHO KOTOPOMY TE€HJEHIIUS OIIPENEISETCS 110 CIEAYIOIEMY aITOPUTMY .

1. Jlng uccineayeMoro BpPEMEHHOrO psiia ONpEelseTcsl MOCIeI0BaTEIbHOCTh 3HAKOB,
UCXOJs U3 YCIIOBHMA:

+,ecau Yiq —Yi >0,

5- e
|- eenu Yy Yy <0 @)

[Tpu 3TOM eciu mocieayoniee HaoJI0IeHHE PABHO MPEIBIYIIEMY, TO YYUTBIBACTCS TOJIBKO OHO
HaOJIIOEHUE.

2. IloncunThIBa€TCS YUCIIO CepUid v(n) . [Ton cepuelt moHMMAETCA MOCIEA0BATENBLHOCTh
MOAPS PACHOJIOAKEHHBIX TUTFOCOB U MUHYCOB, IPUYEM OJIMH IUIFOC UM MUHYC CUYUTAETCS CEPUECH.

3. OnpezensieTcst IpOTSKEHHOCTh CaMOU ITTMHHOMN cepun | max (N) .

4. Ilo Tabnwuile, MpUBEICHHON HUXE, HAXOAUTCS 3HAYCHUE I(n).

JliHa psiga, N n<26 26 <n <153 153<n <170

3uavenne I(n) 5 6 7

5. Ecin nHapymaercss xoTss Obl OJHO M3 CIEQYIOIIUX HEPABEHCTB, TO THIIOTE3a 00
OTCYTCTBUH TPEHJIa OTBEPraeTcs ¢ JOBEPUTENbHOM BeposiTHOCTHIO 0,95!

1 16n - 29
n)>|=-(2n-1)-196- |[——— |
v(n)>| =-(2n-1) 30

|max () <1(n).
KBagpaTHble CKOOKM HEpaBEHCTBA 03HAYAOT LEJIYH0 YaCTh YHCIIA.

3amaua

Jlana nuHamMKKa €XeKBapTajIbHOTO BBIMYCKa MPOAYKIUH (PUPMBI B JI€H. €. C IOMOIIBIO
KPUTEPHSI KBOCXOOAWUX U HUCXOOAWUXY CEPUI CENaTh BHIBOJ O IPUCYTCTBUU WM OTCYTCTBUU
TpeHaa. J{oBepuTenbHy0 BEpOATHOCTD MPUHATH paBHOM 0,95.

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

y |10 |14 | 7 |16 | 15 | 17 | 16 | 20 | 17 7 1511612014 19| 21

Pemrenmne.

1. Jlo6aBbTe B TaONMIly TOMOTHUTEIBHYIO CTPOKY O I 3aIMCH TOCIENOBATENbHOCTH
3HAKOB, JUIs ONpeeTIeHUs: KOTOPOil ucnomib3yite popmyiy (2).
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2. IlogcumnTaiiTe 4nuCiio cepui v(n) , TPOTSHKEHHOCTh CAMOM JUIMHHOM Cepuu |max (n) u

oTpeIeInTe I(N) no ra6mume.

3. 3anummTe cUCTEMY HEPaBEHCTB, IPOBEPHTE UX BBHINOJIHEHHE.

4. CnemaiiTe BBIBO/I.

JlabGoparopHasi padora Ne3
Buviuucnenue ocnosnvix noxazameneu OUHAMUKY

I[J'ISI KOJMYECTBEHHOM OIICHKH JAMHAMHKHU SKOHOMHUYCCKHUX IMPOLECCOB MPHUMEHAIOT TaKHEC
CTaTUCTHYCCKHE I10Ka3aTcCiik, KakK abconomuvie npupocmsl, memnvl pocma u npupocmda. Onu
nmoapa3aAciIsAitOTCA Ha yenHole, bazucnvie U cpe()Hue.

Ecnu cpaBHeHrEe ypoBHEH BpEMEHHOTO Psijia OCYIIECTBIISETCS C OJTHUM U TEM )K€ YPOBHEM,
MPHUHSITHIM 32 033y, TO TOKa3aTeJIM HAa3bIBAIOTCS OazucHbimuy. ECu cpaBHEHUE OCYIIECTBIISICTCS C
NepPEeMEHHOI 0a30i, mprueM KaXIbli MOCIEAYIOIUN YPOBEHb CPABHUBACTCSA C MPEABIAYIIINM, TO
BBIYMCJICHHBIC ITOKA3ATEIIN HA3BIBAIOTCS YenHbIMU.

@opMyIbl A BBIYUCIEHUS LIETHBIX, 0Aa3UCHBIX U CPEAHHX aOCONIOTHBIX MPUPOCTOB,
TEMIIOB POCTa U TEMIIOB MpHUpocTa naHbl B Tabmuue (1). B dopmynax npuHsATE 0003HAYEHUS:

Yt = Y1, ¥Y2ss Yto-s ¥Yn — ypoBHM Bpemennoro psga, N — mimHa paga, Y s — ypoBeHb
BPEMEHHOTI'0 PsiJia, IPUHATHIN 3a 6a3y AJIs CpaBHEHUSI.

Oo6o3HaueHune AOCOMIOTHBIN TeMmn pocra Temn mpupocra
NPUPOCT
Lennoii AY, =Y — Vi T - Vi 100% K; =T, —100%
Yia
BasucHblii AV, =V, — Ks =Ts —100%
Yst =Yt = Ys Ty, = Yt 100% st = st
Ys
Cpennnii — - — K, =T —100%
Ay, =30 o Y 100% o ’
n-1 Y1

Onucanne AMHAMHMKHM Psiia CPEAHUM IIPUPOCTOM COOTBETCTBYET €r0 MPENCTABICHUIO B
BHJIEC TIPSIMOM, IPOXOJSIIEH Yepe3 ABe KpaHHUe TOUKH. sl Moy4yeHus IpOrHO3HOTO 3HAYEHUS
Ha OJIMH LIar BIEpe]l TOCTaTOYHO K MOcJeIHeMY HaOJIOJCHHUIO J00ABUTh 3HAUEHUE CPEIHErO
a0COJIFOTHOTO MPUPOCTA:

Ynia =Yn +AY, (3)
rae Yn — 3HaueHHe IOKas3aTels B N TOUKE BPEMEHHOTO psia, Yn+l — HPOTHO3HOE 3HAYEHHUE
nokasarens B touke N+1, AY —spauennue CPEIHETO MPUPOCTAa BPEMEHHOTO PsJIa.
[Tomyuenue mporrHo3Horo 3HaveHus 1Mo Gopmyse (3) KOPPEeKTHO, €CIM JUHAMHUKA Psaa

O6nu3ka Kk auHelHOW. Ha Takoif paBHOMEpHBIM XapakTep IWHAMHMKH YKa3bIBAalOT MPUMEPHO
OJIMHAKOBBIE 1IETTHbIE A0COIOTHBIE TPUPOCTHI.
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Hcnonp30BaHue CpelHEro TemIa pocTa (CpeJHero Temma MpPUpOCcTa) IS OMUCAHUS
JAUHAMHUKU DPA3BUTHA psAa COOTBCTCTBYCT C€ro MNpCACTABJICHHUIO B BHUIC MOKa3aTeJIbHON WU
SKCIOHEHIIMAIBHON KpPHUBOM, MPOBEICHHOW 4epe3 JBE KpaHWE TOYKHA, U XAPAKTEPHO IS
nmponeccoB, HM3MCHCHUC JUHAMHUKH KOTOPBIX IMPOUCXOAUT C IMOCTOAHHBIM TCMIIOM POCTA.
[Iporuno3Hoe 3Ha4eHHEe HA OJUH ILIAT BIEpe onpeaensiercs no Gopmyse:

yn+1 =Yn T

HenocraTkoM NpPOTrHO3MPOBaHUS C HUCIOJIB30BAHUEM CPEOHETO NPUPOCTAa M CPEAHETO
TEMIIA POCTA SABJIAECTCS TO, YTO OHHM YYUTHIBAXOT HAYAJIbHBIM U KOHEYHBIN YPOBHU Ps1/1a, UCKITIOYAs
BIMSHUE IPOMEXYTOUHBIX ypOBHEH. TeM HE MeHee, OHM HCIIONB3YHOTCS KaK IPOCTEHIIuE,
npUOJIMKEHHBIE CTIOCOOBI TPOTHO3UPOBAHHUS.

3amaua.

EsxexBapranbpHas auHamuka (oHna 3apaboTHOM 1u1aThl paOOTHUKOB (PMPMBI B JEH. €.
Ipe/ICcTaBlIeHa B TaOJIHIIE.

t 1 2 3 4 5

y |8946,00 | 8981,50 | 9024,10 | 9063,15 | 9105,75
O6ocHOBaTh NMPaBOMEPHOCTh HCIIOIB30BAHUE CPETHETO IMPHPOCTA ISl OMPEACICHUS

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

3anaua.

H3meHeHne eXeKBapTaIbHON TUHAMUKA (OHIA 3apabOTHON TUIaThl pAOOTHUKOB (PHPMBI
IPOMCXOJWIO MPUMEPHO C IOCTOSHHBIM TEMIIOM pocTa B TeueHHe S5 KpapTaioB. DoHn
3apaboTHOM TaThl B 1-kBapTasne coctasisii 9523,08 neH. en., a B 5-m kBapTane — 9693,13 new. en.

Onpenenutb nporHo3 (onna 3apaboTHOHN IIaThl paOOTHUKOB (UPMBI B 6-M KBapTale,
UCITIONIb3YS CPETHUN TEMII POCTA.

JladopaTopnas Ne4
Cenasrcusanue pemenHbix psooe

IIpenBapuTeNbHBIN aHAIU3 BPEMEHHBIX PA0B DKOHOMUYECKHX IOKA3aTelIeH 3aKIII04aeTCs
B BBISBJICHUM AHOMAJIbHBIX 3HAYEHWM YPOBHEW psA/a, KOTOPbIE HE COOTBETCTBYIOT PEAIBHBIM
BO3MOYKHOCTSIM PacCMaTpUBacMOM SKOHOMHUYECKON CUCTEMBI, & TAKXKE B ONPEIACICHUN HAIAYUs
TpeHJa.

Haubonee pacrnpocTpaHeHHBIM TPUEMOM JJIsi YCTPAHEHUS AaHOMAJIbHBIX 3HAYEHUM
MOKa3arened U OTCYTCTBHUS TEHACHIIMM BPEMEHHOIO PSa SBISIETCS C2AAMNCUBAHUE 8PEMEHHO20
pada. Ilpu 3ToM NMpOU3BOIUTCS 3aMeHa (PaKTUUYECKUX YPOBHEH BPEMEHHOTrO psijia pacueTHBIMH,
4TO CHOCOOCTBYeT Oojiee 4YeTKOMY TMpOSBICHMIO TEeHACHIMU psaa. CKOMb3dlIMe CpeiHue
MO3BOJISIOT CIVIAUTh CIydyaliHbIe U IEpUOANYECKUE KOeOaHUsI BpEMEHHOTO pAJia.

Haubonee pacnpoctpaHeHHOW NpOLEAYpPON CIIaXUBaHUS SIBISETCS METON HPOCHOU
cronvsswell cpedrel. CHavyama Juisi BpEeMEHHOTO psijia ONPEAessieTCsl HHTePBal CriaKuBaHus (Q).
Eciu HeoOXonuMo criaauth MeNKHE KojeOaHus, TO HMHTEpBajl CriaXuBaHWus OepyT Mo
BO3MOXKHOCTH OOJIBIIIMM, €CIM HYXXKHO COXPaHUTh Oojiee MeJKHe KOoJieOaHus, TO HHTEpBaj
Crila)kKMBaHUs yMEHbIIA0T. J{J1s mepBbIX (J) ypOBHEN BPEMEHHOTO psiia BHIYUCIISETCS UX CPEeIHEe
apudMeTHuecKoe 3HaueHue. ITo OyJeT CriIaKeHHOEe 3HAUE€HUE YPOBHA psja, HAXOISIIErocs B
MHTEpBaJie CIUIAKUBAaHUA. 3aTeM MHTEpBaJl CTIaXUBaHUS CIBUTAETCA Ha OJWH ypOBEHb BIPABO,
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MOBTOPSIETCSI BBIUMCIIECHUE CpelHer apudmeTndeckoil u T.1. B pesynbTaTe Takoi mpouemypsl
MOJIyYuM psiJ CriIa’)KCHHBIX 3H21‘-I€HPII>1, Ipu 3TOM B 3aBUCHUMOCTH OT (g) MNEPBLIC U MOCJICIHUC
YPOBHU TEPAIOTCS.

JlnuHy uHTepBana criaxuBaHus (J) yaoOHO OpaTb B BHJE HEUETHOIO 4HCIA, B 3TOM
cllydae pacyeTHOE 3HAU€HHE CKOJb3AlIeH cpelHel OyaeT MpUXOOUThCA HAa CPEIHUM MHTEpBai
psnaa.

Hanpumep, ns uaTepBana § = 3 criiaKeHHbIE YPOBHH PacCUUTHIBAIOTCA O (hopMmyIe:

Vi = (Yeq + Ve + Vi) /3,

UroObl HE MOTEpATHh MEPBBIA M MOCICTHUN YPOBHU psla, MX MOXKHO BBIYUCIUTH IO
bopmynaM napaboIMYecKOro HHTEPIOINPOBAHUS:

y1 = (By; +2y, — y3)/6,
Yo =(=Yn_o +2Ynq +5Y,)/6.

Meroa npoCTOl CKONB3AIIEH CPEIHEN AAET XOPOIIKE PE3YNIbTAThl B JMHAMUYECKUX Psaax
C JJMHEWHOM TeHACHIIUEH pa3BUTHSI.

JUis psAnoB ¢ HENMHEWHOW TeHACHUUEH pa3BUTUS HEOOXOAMMO HPUMEHSTh METOJ
836€ULEHHOU CKOMb3AWel cpeonel. DTOT METOJ OTIMYAeTCs OT METO/A MPOCTOM CKOJIb3sIen
CpeAHel TeM, 4TO YPOBHH, BXOJIIME B MHTEPBal CIVIAKUBAHMS, CYMMHPYIOTCA C pa3HbIMU
BecaMmu. [[y1st moIMHOMOB 2-r0 U 3-T0 MOPSIIKOB IO S-WIEHHOM B3BELIEHHOM CKOJb3SIIEN cpeHen
LIEHTPaJIbHOE 3HAUEHUE onpeaessercs no popmyIe:

§, =1/35-(=3y,_, +12y, ; +17y, +12y,.; —3V,,,).

BecoBrie KOB(I)(I)I/II_II/ICHTBI pu Criia’XxuBaHuu I10 IMOJIMHOMaM 2-ro ¥ 3-ro MOpsAAKOB B
3aBUCHMOCTH OT JJIMHBI MHTCPBAJia CriaKuBaHWs MPECACTABJICHEI B Ta6J'II/IIIC.

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

BLIpaBHI/IBaHI/Ie BPEMCHHBIX pAaOB MOXKET OBITh IMPOU3BCACHO METOAOM
IKCNOHEHUUAIIbHO2O C2NANCUBAHUA. C}’TB MCTOJAa 3aKJIIYacTCsa B TOM, 4YTO B HNPOUCAYPEC
HaXOXKACHUA CTIIAXKCHHOTO YPOBHSA UCIIOJIB3YIOTCA 3HAYCHUS TOJIBKO ITPEAIICCTBYOMIUX ypOBHeI\/’I
PAOO0B, B3ATBIE C OHNPCACICHHBIM BECOM, IMPHYEM BEC H&6J’IIOJI€HI/I$I YMCHBIIACTCA IO MEPEC
YAaJICHHUA €T0 OT MOMCHTA BPpEMCHU, I KOTOPOTO OMPECACIIACTCS CIriIa’KCHHOC 3HAYCHUC YPOBHS

pana. Ecnu mnis mcxomnoro Bpemennoro paga Yt = Y1» Yoo Yooy ¥ cootBercTByromue

CTJaKEHHbIE 3HAUeHHUs] YPOBHEH 0003HAUYUTH St, tae t=1N | 10 skcrioHeHMamBbHOE
Crila)kKMBaHHE MPOU3BOIUTCS IO PEKYPPEHTHOMY COOTHOILIEHUIO:

Si=a -y +{1-a) Sy,

r7e o — napameTp criiakuBanus, npuyem 0 1, BenmnuuHa (1- o) Ha3bIBaeTcs K03 PUIHEHTOM
JVCKOHTHPOBAHUS.

Hcnonb3yst peKyppeHTHOE COOTHOILIEHHE IS BCEX YPOBHEH psijja, HAUMHAS C IEPBOTO U
KOHYasT MOMEHTOM YpOBHA t, MOXHO IIOJy4YuTb, YTO OSKCIOHEHLMAIbHAs CpENHAd, T.€.
CrJIa)KEeHHOE JAaHHBIM METOJIOM 3Hau€HUEe YpOBHS psijia, SBISETCS B3BELIEHHOW cpelHel Bcex
IPEILIECTBYIOIUX YPOBHEN:
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S=a) (1-a)'y i +(@1-a)'S,.

OOBIYHO I BPEMEHHBIX PSIOB B SKOHOMHUYECKHMX BEIIMYMHAX BEIMYUHY MapaMmerpa
CrIIaKMBaHMs BbIOMparoT B uHTEpBasie ot 0,1 mo 0,3.

HavanbHblil napamerp So IIPUHUMAIOT PaBHBIM 3HAUYEHUIO NIEPBOTO YPOBHS psiAa WIH
paBHBIM cpeliHel apu(MeTHYecKOi HECKOJIbKUX MEPBBIX YWICHOB psja, HallpuMep:

SO:Y1+Y2+YS_
3

3agaua
[To maHHBIM AMHAMUKHK ypoxkaiHOCTH 3a 10 JeT, npuBeACHHBIM B Ta0IHIIe, pACCUUTATH!

- 3-, 5-JeTHUE CKOJIB3SIINE CPETHUE TTPOCTHIE;
— 5-JIeTHHE CKOJIB3SIIINE CPETHUE B3BEIICHHBIE;
— CPaBHUTb PE3YJIbTaThl 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 20,9 154 19,7 21,7

- IOCTpoiTe rpaduKu psiia IMHAMUKY U TPEHAOB JIMHEHHOHN (pUIbTpaIyy.
3agauya

B Tabnuue mnpuBeneHbl AaHHBIE YHCIEHHOCTH MpernojaBaresiell BBICHIMX Y4EOHbBIX
3aBeneHuil P® (Teic. uyenoBek) mo rojxam. IIpousBecTu criakuBaHue BPEMEHHOIO psja C
MCII0JIb30BaHUEM SKCIIOHEHIIMAIBHOM CpeHEN, IPUHSAB I1apaMeTp CIiIaKUBAHUS a=0,1u
a = 0,3. Ilo pe3ynpTaTam pacueToB ONPEAEIUTh, KAKOM U3 CTIIaKEHHBIX BPEMEHHBIX PSIIOB HOCUT
Oosee TIaKui XapakTep.

T'oo | 1992 1993 1994 1995 1996 1997 1998 1999
yi | 2335 | 2399 | 2398 | 2619 | 261,8 | 268,7 | 260,7 | 298,6

JladopaTopnas Ne§
Bovibop naunyuweeo euoa mpenoa c nomowwio Excel

Jns onpeneneHus nmapaMeTpoB JMHEWHOIO TPEHJA [0 METOAY HAaMMEHBIIUX KBaJIpaTOB
UCTIONB3yeTCsl cratuctuueckas ¢yukuus JIMHEHWH, nns onpeneneHus SKCIOHEHIIUATBLHOTO

tperna JITPOIIPHE/I. B kauecTBe He3aBUCHMON IIepeMeHHOM BhIcTymaer Bpems [ =1,N

B Excel nunust TpeHaa MoxkeT ObITh 100aBlIeHA B IUArPaMMy € 00JIaCTSIMU THCTOIPAMMBI
M B rpaduk. s aToro Heo6xoauMo:

- BBIJICNIUTH 00JIaCTh AUMArpaMMBbl; B TTIABHOM MEHIO BBIOpaTh /Juacpamma—»Jobasume aunuto
mpeHoa;

- B TMOSIBUBIIIEMCSI TUAJIOTOBOM OKHE JIuHus mpenoa BHIOpaTh B JIMHUU TPEHJA W 3a/1aTh
COOTBETCTBYIOIIME TapameTpbl. JlJis MONMHOMHAIBHOTO TpeHJa HEOOXOAMMO 3a1aTh
CTETNEHb aNMPOKCUMHUPYIOIIETO TTOJIMHOMA.

B kauecTBe qomnonHUTEILHON HHPOPMAIIHH HA JUarpaMMe MOKHO OTOOpa3UTh ypaBHEHUE
perpeccud W 3HAaY€HWE CPETHEKBAJIPATHYECKOTO OTKIOHEHUS, YCTAaHOBHUB COOTBETCTBYIOIIUE
dnaxxku Ha 3aknanke [lapamempsl TMATOTOBOTO OKHA JIuHus mpernoa.

3agaua
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Junamuka Bbimycka npoaykuuu OUHASHANM XapakTepusyercss JaHHBIMUA (MJIH. JTOJI.),
MPEJICTABICHHBIMU B Ta0IHIIE

T'ox Boinyck npoaykuuu T'opx Bbinyck npoayKkuuun
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 nmapameTpOB JIMHEHHOTO U SKCIIOHEHIIMATLHOTO TPEH/I0B.

2. Tloctpouts rpaduky psga TUHAMUAKHA U TPEHIIOB.

3. BwiOparh Hamnyymmii BUJ TpeHIa Ha OCHOBAaHUHU TPpadUUecKoro H300paKeHUsS U

3HaYeHUS KOd(PPUIMCHTA AeTSPMUHAIIHH.
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7 OneHoOYHBIE CPeCcTBA IJIsl IPOBEIeHNs TPOMEKYTOYHOM aTTeCcTAlINH

a) [lnannpyemble pe3yabTaThl 00yUeHUs M OLIEHOYHBIE CPEACTBA JIJIsl POBEIEHUs MPOMEeKYTOYHOI
aTTecTallHM:

Kon

HHIN
KaTo

pa

HNuaukarop
AOCTHAKEHUSA

KOMIICTCHIIMH

OueHovHbIe CpeAcTBA

OIIK-2: Cnoco6eH npuMeHATH NPOJABUHYTbIe HHCTPYMEHTAJIbHbIE METOAbI IKOHOMUYECKOT0
aHAJIU3a B MPUKJIAAHBIX H (WIH) QyHIaAMEHTAIBHBIX HCCIET0BAHUIX;;

OIIK IlepeyeHb TeOpeTHYECKUX BOIIPOCOB K 324€Ty:
2.1
1. Ha xakowm caiiTe MOKHO HAWTH HHPOPMALIUIO TSI MOJCITUPOBAHUS LIEHBI
(hMHAHCOBBIX aKTHBOB
2. Kakwue TpeOoBaHHS MPEIBABIAIOTCSA K (DaKTOpaM, BKIFOYa€MbIM B
YpaBHEHUE perpeccuu?
3. Uro Takoe BRIOOPOYHOE HICCIIETOBAHHUE
4. Yro nmoHUMaeTCs Mo JIMHEHHONW MHOXECTBCHHOM perpeccueii?
5. YeM OTIMYAIOTCS CTaHIAPTU30BaHHBIE KOY(D(OUIIMEHTHI PErpecCUH OT
K03 (HUITMEHTOB B €CTECTBEHHOM Buje?
PaGoraer ¢
HALMOHATbHBIMH 6. Yro mokaspIBaeT OTpUIATEIbHOE 3HAUCHUE KO3 uimeHTa
i 3JIACTUYHOCTH?
MEXTyHAPOTHBIM . N
YHAp 7. YeM oTIMYAIOTCS YACTHBIN M 001 kpuTepun duinepa?
u 0a3aMu JaHHBIX
C LICJIBIO IIOUCKA | 8. YT0 MOHMMAETCSI 0] KOJUTMHEAPHOCTHIO ¥ MYJIbTHKOJUTHHEAPHOCTHIO
HEOo0X0AUMOi daxTopos?
uHpOopmMaIuu 00
skoHoMuyeckux | /8 Kak nmpoBepsiercs Hatnure KOJJIMHEAPHOCTH U MYJIbTHKOJIMHEAPHOCTH?
SBJICHUSIX U
mporeccax
I[IpakTnyeckue 3axanus
Mo nanubIM caiita gKS.ru  0ToOpaTh NPU3HAKU. XapaKTEPU3YOIIHE COIHATBHO
-3KOHOMHYECKOE noJioxkeHrne peruoHoB PO [1o ncxoaHsIM TaHHBIM HOCTPOUTD
noJie koppensinuu  [lonurod yactor u rucrorpaMmy HaauTe K03 pUIHEeHTa
koppemsmun . OnieHuTh  pacupenencarne ..CrenaTh pacdeT OCHOBHBIX
YHCJIOBBIE XaPAKTEPUCTHKH IO PE3yJIbTaTaM BEIOOPKH: BEIOOPOUYHOE CpEAHEe,
JCTIEPCHSl, CPEeTHEE KBA/IPATUIECKOE OTKIIOHEHHE
OIIK | OTIK-2.2: O6pa |IlepeyeHb TeopeTHUECKHUX BOMPOCOB K 3a4eTy:
-2.2: | GaTpIBaeT

uHpOpMaLHUIO 00

1 [lepeuncnure Bce BUIIBI MOJICIICH, HEIMHEHHBIX OTHOCUTEIHHO: a)
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Kon

HNnpukartop
HHIH OueHovHbIE CpeAcTBA
Karo | AOCTHKEHHsI
pa KOMIIeTeHLIMH
9KOHOMHMYECKHX | BKJIIIOYAEMBIX MIEPEMEHHBIX; 0) OIICHUBAEMBbIX TaPaMETPOB.
SABJICHUSIX U
mporeccax, 2 Kaxk mpoBoguTcst monbop TuHeapu3yIoIero mpeodpa3oBaHus I
onpesenseT BHYTpPEHHE HETMHEUHBIX MoJenen?
CBAM 1 3 Ha3zoBure nokazaTenu KOppesiuy, UCIOIb3yEMbIe IPU HETUHEWHBIX
3aBHCHMOCTH COOTHOUIEHHSAX pacCMaTPUBAEMBIX TPU3HAKOB.
MEXIy
3JIEMEHTaMH 4 Kaxue 3amaun pemarorcst Ipu NOCTPOSHUH YpaBHEHUS perpeccuu?
UHQOPMAIH,
dbopMyIHpyeT 5 . Kaxkoil Bug umeeT cucreMa HOpMaJbHbIX YPaBHEHHUM METOAA
0GOCHOBAHHELA HauMEHBIIINX KBa/IpaToOB B ClIy4ae JIMHEHHON perpeccuu?
BRIBOZ 6. [To xakoit popmyIie BEIUUCIIETCS UHAECKC MHOKECTBEHHOMN
Koppensauuu’?
7. Kax BBIYHCIAIOTCS HHAECKC MHOXKECTBEHHOM IETEPMUHAIIUU U
CKOPPEKTUPOBAHHBIN HHIEKC MHOXKECTBEHHOH IeTepMUHAITIHN ?
8. Kax nposepsieTcst 3HaUMMOCTh ypaBHEHUS PETPECCUU U OTAEIBHBIX
K03 (HUITMEHTOB
IIpakTHYeckue 3a1aHus
ITo nauHBIM caiita gKS.ru  0TOOpaTh NPH3HAKH. XapaKTEPH3YIOLIHNE COLUATEHO
=3KOHOMHYECKOE T0JI0KEeHUE PeTHOHOB PD. [IpoBepurs Hx Ha
HOpManbHOCTb. . Haiitu ypaBHeHHe perpeccun y = a + bx MeTogom
HAaUMEHBIINX KBaJpaToB. . [locTponTh rpadMK: HCXOAHBIC TOUKH U YPaBHEHHE
perpeccun. JlaTh nHTEpIpeTaLNIO KOAPPUINEHTOB ypaBHEHUSI.
OIIK | Brnageer IlepevyeHb BONPOCOB AJIl MOATOTOBKH K 3a4eTy
-2.3: | coBpeMEHHBIMHU
MeTOIaMH 1. Kakue TpeboBanus NpeaAbsIBIAIOTCS K akTopaM, BKIIOYaEMbIM B
3KOHOMIYECKOIO ypaBHEHUE perpeccun’?
aHaIn3a,

CTaTUCTHKH U
9KOHOMETPHKH
JUTSI peIIeHus
TEOPETHUYECKUX H
TPUKIATHBIX
3a1a4

2. UYro Takoe BEIOOPOYHOE HCCIIETOBAHNE
3. Yro moHMMaeTcs MO/ JIUHSHHONH MHOKECTBEHHOM perpeccueii?

4. YeMm oTnHYAIOTCS CTaHAAPTU30BaHHbIE KOI(DMOUIIMEHTHI pErpeccuu OT
KO3 PHULHMEHTOB B €CTECTBEHHOM BHIE?

5. Yro mokasbIBaeT OTpUIATEIbHOE 3HAUCHUE KO3 uineHTa
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Kon

HHIN
KaTo
pa

Nupukarop
AOCTHUKEHUS

KOMIICTCHIIMH

OueHovHbIE CpeAcTBA

3JIACTUYHOCTH?
6. YeM OTIMYAIOTCS YaCTHBIN ¥ 001U kpuTepun Duiiepa?

7. Uro moHMMAaeTCs MO/ KOJUTMHEAPHOCTHIO U MYJIbTHKOJUTMHEAPHOCTHIO
(haxTopoB?

Kak mpoBepsieTcst Hanmare KOJUTHHEAPHOCTH U MYJIbTHKOJUTHHEAPHOCTH?
IIpakTuyeckune 3aganus

o 20 npennpusATHSIM PErHoOHa OMPEACITUTh 3aBUCIMOCTh BBIPAOOTKH
MPOAYKIMH Ha OJHOT'O pabOTHUKA ) (THIC.py0.) OT BBO/A B ICHCTBHE HOBBIX

OCHOBHEIX (OHI0B =1 (% OT CTOMMOCTH (hOHIOB Ha KOHEIl TOAa) H OT
YACIBHOI'O Beca pab04YrX BHICOKOW KBATM(UKAIIUU B OOIIEH YNCICHHOCTH

pabounx X2 (%).

TecThl

1 QHHOFCHHHMI/I HCpCMCHHBIMI/I HAa3bIBAKOTCS BLI6CpI/IT€ OJUH OTBET:
1 HE3aBUCUMBIC HepCMCHHI)Ie
2 3aBUCHMBIE TIEPEMEHHEIC

3 MareMaTH4YeCKue OXKHJaHUA JIMHCHHBIC K03(1)(1)I/ILII/I€HTBI

2 OHUM U3 MHIUKATOPOB OMPEENICHUS HATUYNUA MYJIbTHKOJUTHHEAPHOCTH
MEX]Ty IPU3HAKAMH SIBJISIETCS ITPEBBIIIEHIE TTAPHBIM KO3 PHUIIMEHTOM
KOpPEIALMH BEJINYUHBI

BriGepute oauH OTBET

1. 08
2. 08
3. 31
4. 0

5 -1

3 Ecnu mpeanochuiku MeToZia HAMMEHBIIINX KBAIPaTOB HAPYIIIEHBI,
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HHIN
KaTo
pa

Nupukarop
AOCTHUKEHUS

KOMIICTCHIIMH

OueHovHbIE CpeAcTBA

TO BLI6epI/ITC OJWH OTBCT:
1 IMOJIYYEHHOC YPAaBHECHUE CTaTUCTUICCKN HE3HAYHUMO

2 OIEHKHW apaMeTPOB MOTYT HE 001a/1aTh CBOHCTBaMH 3((HEKTUBHOCTH,
COCTOSITENILHOCTH, HECMEIIIEHHOCTH

KO3 (OUIUEHT PETPECCHU SIBIAETCS HECYIIECTBEHHBIM

3 k03 HUIUESHT KOPPEIISIIUN SBISICTCS HECYIICCTBECHHBIM

4 DKOHOMUYECKHE TIePEMEHHBIE MOTYT BBICTYIATh B OJJHUX MOJIEISX
Bribepute oauH OTBeT:

1. xak 9HIOTeHHBIC, a B APYTUX — KaK SK30TCHHBIC IEPEMEHHbIC
2. Kak SHJIOTCHHBIE, a B JIPYTHX — KaK ()UKTUBHBIC TIEPEMEHHbIC
3. Kak 9K30TCHHbBIE, a B IPYTUX — KaK (DUKTUBHEIE IIEPEMCHHBIC

4. TONBKO Kak OHAOTCHHBIC ICPCMECHHBIC

OIIK-5: Cnoco0eH UCII0Ib30BATH COBPEeMeHHbIe HH(OPMALMOHHbIE TEXHOJIOTMU U IPOrPAMMHbIE

cpelCcTBA NMPH pelieHUH NMPodecCHOHATBHBIX 3a/1a4.

OIIK
-5.1:

OIIK-5.1:
Bribupaer
COOTBETCTBYIOIIN
€ COJICPIKaHUIO
npodeccuoHaIbH
BIX 3aJ1a4
MHCTPYMEHTapHi
00paboTku U
aHanmM3a JaHHBIX,
COBPEMEHHBIE
UHQOPMAIHOHHBI
€ TeXHOJIOTHH U
pOrpaMMHOE
obecrnevyenne

l'[epequb TCOPETUIECCKHUX BOIMPOCOB K 3a4€Ty

1. UTo 03HauYaeT MOHITHE «KAUECTBECHHAS» MOJICNIb PErpeccCuu?
2. B kakoMm ciyvae BepHO COOTHOIIIEHUE 7

3. Uto 03HAYAET BHICKA3LIBAHUE «TECHASI IMHEHHAS CBA3HY?

4. Uro mokaszsiBaeT KoauimeHT nerepMuHauy paBueii 0,757

5. Uro Takoe omuoOKa anmpoKCUMAaIuu?

6. [IpuBenuTe mpumep HENUHEHHON PETPECCUU 110 BKIFOYaEMbIM B HEe

OOBSACHSIFOIINM TIEPEMEHHBIM, HO JIMHEHHON TI0 OIIEHNBAEMBIM MTapaMeTpaM.
7. Uto 3HAaUNUT BHYTPEHHE JIMHENHHAs MOJEINb?

8. OHI/IH_II/ITC, YTO O3HAYACT BBICKA3bIBAHHC (((I)YHKL[I/ISI, HaWJTy4lIuM
06pa30M OIMUChIBAIOIIAas 3aBUCUMOCTL Y OT xX»?

Keﬁc-sazlaﬂnﬂ, COCTOAINHUEC U3 ONMMCAHUA CUTYallU! U BOITPOCOB K Heill

1. Onpenenure Bu HYHKINY, HAWTYUIIAM 00pa30M OIUCHIBAIOIICH
3aBUCUMOCTH PacX0JI0B Ha MOKYIIKY MPOIOBOJILCTBEHHBIX TOBAPOB B OOIITHX
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Kon

Nupukarop
HHIH OueHovHbIE CpeAcTBA
Karo | AOCTHKEHHsI
pa KOMIIeTeHLIMH
pacxonax (%) - y OT cpeiHeJHEBHOM 3apa00THOM IIaThI OHOTO PAbOTAIOIIETO
(py0) — X 1O JaHHBIM CEMHU TEPPUTOPUI Y palbcKOro pernona 3a 199X r.
2. J1g xapakTepuCTUKY 3aBUCUMOCTH Y OT X paccuuTaiTe napaMeTpsl
CIeIYIOInX (QyHKITHI:
. JIMHEHHOM;
. CTETICHHO;
. oKa3aTeIIbHOM;
. PaBHOCTOPOHHEH rUIepOOIIbI.
OrneHHTe KXy MOJICNb Yepe3 CPEIHIOI ONIUOKY anmpoOKCUMAaIuU A U
F-kpurepuit @umepa.
Hcnoas3yiiTe mporpammy Statistika
OIIK | OIIK-5.2: IlepeuyeHb BONMPOCOB AJi MOATOTOBKHU K 3a4YeTy
-3.2 | Ucnonw3yert s
i ?
peens 1. Uro Takoe perpecCHOHHBIN aHAIN3?
npohecCHOHATBH o o
2. UTo moHUMAETCS 10T TAPHOU perpeccucii’
BIX 3aj1a4
COBPEMCHHBIC 3. OnummTte cyTh TpaauurnonHoro MHK asisa nuHeitHoM napHoi
MH(POPMALMOHHBI | perpeccun.
€ TEXHOJIOTUH U
()
NpOrpaMMHbIE 4. Uro Takoe «oreHKa mapamerpa»? Yem oTIIMYaroTCs] K ICTHHHBIE»
(7
cpeJicTBa, 3HAYEHHs TapaMeTPOB PETPECCUU OT MX OLIEHOK?
NpeaBaPUTEILHO
p p 5. Urto Takoe 0CTaTKH B PErpPECCHOHHOM aHain3e?
OIICHUB
BO3MOXHOCTB U | 6. OnuimnTe npouexypy NpoOBEPKH TUIOTE3HI.
1enecoo0pasHoCT
b UX 7. UYro Takoe ypoBEHb JOBEpU?
UCIIOJIb30BaHUS .
8. Uro Takoe uHTEpBaIbHbIN porHo3? [loueMy Bo3HHKaeT

H606XOZ[I/IMOCTL MNOCTPOCHHUA TOYCUHBIX HpOFHOSOB?

9. Kakoii B uMeeT cucteMa HOpMaJIbHBIX YpPaBHEHU METO/1a
HalMEHBIIIUX KBAJIPaTOB B Ccllydae JUHEIHON perpeccuu?

10.
Koppensauuu?

o kakoii hopmyse BEIUUCTSAETCS JIMHEHHBINA KOG GUINEHT NapHOH

11. Kak BbUHCHSETCS U UTO MOKA3bIBAET MHACKC AeTEPMUHALIUN?

12.

Kaxk Bprmcisercs v 9To mMoKas3bIBaeT HHACKC ACTEPMUHAIIAN?

13. Kak nmpoBepsieTcs 3HaUMMOCTb YPaBHEHUSI PETPECCUN U OTIEIBHBIX

o1




Kon

HHIN
KaTo
pa

Nupukarop
AOCTHUKEHUS

KOMIICTCHIIMH

OueHovHbIE CpeAcTBA

K03 pPHuLneHTOB?

14. Kaxk ctpoutcst qoBepHUTEIIBHBIN HHTEPBAJ IPOTHO3A B CITydae
JIMHENHOM perpeccun?

15. Kax BBEIMHCIISIOTCS B UTO TTOKA3BIBAIOT KOA(DPHUITUEHT 37IaCTHIHOCTH D
U CPETHUI KOAPDUIIMCHT ITACTUIHOCTH

Keﬁc-sa[lanml, cocTosIlIMEe U3 ONMMUCAHUA CUTYallU! H BOIIPOCOB K Heﬁ

Onpenenuts GaxTopsl, GOPMUPOBABIIHE [IEHY KBAPTHP B CTPOSIIIAXCS TOMaX
B Cankt-IleTepOypre B 1996 r. 110 1aHHBIM O PHIHKE CTPOSIIErOCs KHIbS B
Cankt-IletepOypre (1o cocTosiHUIO Ha 1ekadpb 1996 1.)

CrenepupyiiTe QUKTHBHYIO IEPEMEHHYIO Z, OTPa)KaOLIyI0 MECTOIOJIOKECHHUE
KBapTUPBl W MO3BOJIAIOLIYIO Pa3JeIUTh BCIO COBOKYITHOCTb KBapTUD Ha JBE
IpyHmbl: KBapTHPHI Ha ceBepe ropoja (IIpumopckuii paiioH,
[lTyBanmoBo-O3epku, I'paxkaanka) u Ha rore ropoaa (FOro-3aman,
Kpacnocensckwuii paiion).IlocTpoiite ypaBHEHHE perpeccu,
XapaKTepHU3yHoIlee 3aBUCUMOCTh IICHBI OT BCEX (aKTOPOB, B JINHEHHOU U
CTEeTIeHHOH (opme.

CymiecTByeT JI1 pa3HHIla B lIeHaX KBAPTHP, PACIOI0KEHHBIX B CEBEPHOI U
toxHOM acTsax Cankt-IleTepOypra? SBnsercs mu Hajamaue OaNKOHA U JIOMKUN
MPEeNMYIIECTBOM KBapTUPHI Ha peiHKe? Kak BbI 00BsICHUTE 3TOT (haKT?
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b) Ilopsnok mnpoBeneHUS NPOMEKYTOYHOM aTTECTAllUW, IOKA3aTeI W KPUTCPUH OICHUBAHMUS:
ITpomMexyTodHas aTTecTalys 1o TUCIUILTHHE « IKOHOMETPHKAY BKIFOUACT TCOPETHUCCKUE BOIIPOCHI,
MO3BOJISIONIKE OIICHUTh YPOBEHD YCBOCHHS O0YJAIONIMMUCS 3HAHUH, U MPAKTHICCKUE 3a/IaHHS,
BBISBJISIFOIINE CTEIICHb CPOPMHUPOBAHHOCTH YMEHHU U BIIQJICHUHN, IPOBOJUTCS B hopMe 3adeTa. 3a4eT I10
JAHHOW JIMCIUIUIMHE TPOBOJUTCS B YCTHOM (GopMe Mo Owmieram, KaXKIbld W3 KOTOPBIX
BKITFOYACT OJIMH TEOPETUIECCKUI BOIPOC U OJTHO MPAaKTHIECKOe 3a1anue. [loka3arenu u Kputepun
OIICHMBAHUS 3a4€Ta;—Ha OIICHKY «3aYTCHO»—O00YYarOIIUIACS JIEMOHCTPUPYET BBICOKHI YPOBCHB
c(hOpPMHUPOBAHHOCTH KOMITCTCHIUIA, BCECTOPOHHEE, CHUCTEMAaTHYeCKOe M TIyO0OKOE 3HaHHE
y4eOHOro MaTepuana, CBOOOIHO BBINOJMHSICT MPAKTHYECKUE 3aJaHus, CBOOOJHO OIEpUPYET
3HAHUSIMH, YMEHHSAMH, TPUMEHSIET X B CUTYAIVSIX MOBBIIIICHHON CIIOKHOCTH;—HA OICHKY
«HE3aYTEHO»—O00YJAIOMINICS TeMOHCTpHpPYeT 3HaHUS He Oonee 20% TeopeTHUecKOro Marepuaia,
JIOIYCKAeT CYIICCTBEHHBIC OIMUOKH, HE MOXET I[0Ka3aTh MHTCIUICKTYyalIbHBIC HABBIKHM PEIICHUS
MPOCTHIX 3aJ1aY.
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