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1 IEJIM U 3AJIAYU U3YUEHUA
JUCIHUIIJINHBI.
1.1 Iles1b ocBOEHUA TUCHUILIHHBI.

JlucuMiuinHa HampasiIeHa Ha pPa3BUTUE TEOPETHKO-
npakTHUdeckod 0a3pl W (OpMHUpOBaHME YpPOBHS  Ma-
TEMaTUYeCKOM MOJIrOTOBKHM, HEOOXOAMMBIX [UIi ITOHMMaHUS
OCHOBHBIX HJIEHl TpHUMEHEHHS (UHAHCOBHIX BBIYMCICHUU B
HSKOHOMHUKE U (PMHAHCAX.

AHanu3 JaHHBIX — OJMH M3 BaXXHEMIIUX pa3fesioB
MaTEeMaTHYECKON CTaTUCTUKH " UHPOPMATUKH,
MIPECTaBISAIONINI  cO00M KOMILJIEKC METOJ0B M CPEJICTB,
NO3BOJISIOIIMX  TOJIYYUTh M3  ONpPEJENIEHHBIM  00pa3oM
OpPTaHU30BAHHBIX JAHHBIX HMH(DOPMAIUIO IS TPUHATHS
pewmeHnid. llenpro U3ydeHus AUCLUIUIMHBI «AHAIU3 JAHHBIX)
SIBJISIETCSI OCBOCHUE TEOPETUYECKUX OCHOB M METOJIOB aHAIU3a
JAHHBIX, TMPUMEHSIEMbIX MpPU pEIIeHUH MNPHUKIAIHBIX (B TOM
YHUCJIe SKOHOMUYECKHX) 3a1a4d. OCHOBHOW MPUHITHUII, JIKAITUH
B OCHOBE JJaHHOW IMCLUIUIMHBI, COCTOUT B MOBBIIIEHUN YPOBHS
(dbyH1aMeHTaJIbHON YKOHOMHKO-MAaTEMATHYECKOU u
CTaTUCTUYECKOM IOATOTOBKH CTYIEHTOB C YCHJIEHHUEM €€
MIPUKJIATHOM S3KOHOMHYECKOW HAIIPABICHHOCTH.

1.2 3agauu AUCHMILINHBI.

3amauM  M3y4eHUs  JUCLUIUIMHBI  BBITEKAIOT U3
TpeOOBaHUM K pe3y/bTaTaM OCBOCHMS M YCIOBHSIM peaau3aluu
OCHOBHOH 00pa3oBaTelbHON MporpaMMbl M KOMIETEHLU,
YCTaHOBJIEHHBIX denepanbHbIM roCy/1apCTBEHHBIM
0o0pa3oBaTeNbHBIM CTAHJAPTOM BBICHIET0 00pa3o0BaHUS 10
HanpasiieHuto «buzHec-uHbopMaTuka.

B xoze nzydeHns JUCHUILINHBI CTaBATCS 3aJa4H:

1. ®opMupoBaHre HaBBIKOB 00pabOTKH, 00OOIICHUS U
aHamM3a MHPOPMALUU JJIS OLEHKU COCTOSHUS, M BBISBICHUS



TEHJACHLIUN, 3aKOHOMEPHOCTEH M KOHKPETHBIX OCOOEHHOCTEH
pa3BUTHS COLIMATBHO- SKOHOMUYECKUX U OU3HEC- POLIECCOB.

2.0Bnanenue COBPEMEHHBIMU METOANKAMHU
CTaTUCTHYECKOTO MOJICIIMPOBAHUSI IIPH PEIICHUH 3a7a4.
3. OcBoeHue KOMIIBIOTEPHBIX TEXHOJIOTHH,

IIPUMEHSAEMBIX B aHAJIU3€ JAHHBIX.

JucuuruiiHa 3aKkiafpiBaeT (GyHIAMEHT TEOPEeTHUECKUX
OCHOB ¥ METOJOB aHajau3a JaHHBIX, PUMEHSAEMBIX IIpU
pEeLICHUH IPUKIIAJAHBIX 3a1a4.



2. METOJAUYECKHIA MATEPHAJI

Meroguueckue  pEeKOMEHJAMU [0  H3YYEHUIO
JUCLUIUIMHBL PEJICTAaBICHbl B BHJIE KpaTKOrO OMNMCAHUS
HEKOTOPBIX Ppa3lelloB  JUCLUAIUIMHEIL. IIpuBenén ananus
peLICHUs] TUNIOBBIX 3a1a4 ¢ npumeHernneM MS Excel.

TexXHOMOrnI0 BBINOJIHEHUS 3aJaHUM, H3JI0KCHHBIX B
METOJMYECKUX PEKOMEHAALNAX, CTYIEHThl BBIIOJIHIOT Ha
71a00paTOPHBIX 3aHATHUAX BO BpeMsl ydeOHOro Ipolrecca Wid B
KauyecTBe JoMallIHel KoHTposbHO B pamkax KCP.

B pekomennanusax mnoapoOHO pPACCMOTPEHBI TEMBI,
COOTBETCTBYIOLIUE pazzenam paboueii IPOrpaMMBI
JUCLUILINHBL.

3amaya caMOCTOSITENIbHON pabOThl MpU  BBITOJIHEHUU
KOHTPOJIbHOM padoThl — BBIPaOOTaTh y CTYAEHTOB TBEPAbIE
HAaBbIKM MHCCJIEOBAHUS U PELICHUs OIPEAENICHHOro Kpyra
3aJa4, HOPUBUTH  CHOCOOHOCTH K  CAMOCTOSITEIIbHOMY
AQHATUTHYECKOMY  MBIIIICHHIO, YMEHHI0O  paboTath €O
CMEeLUAIbHON U CIIpaBOYHOM JINTEpaTypoi, TaOIUIIAMU.

[Ipy BBINOJHEHUM KOHTPOJBHOW paboOTHI cJenyeT
00paTUTh BHUMaHKE Ha cieayrole TpeOOBaHus:

1. 3anaHusl K KOHTPOJIBHOM paboTe COCTaBJIEHbI B
100 BapmanTax. Kaxxp1ii CTyJ€HT BBINOJHSAET OJWH BAPUAHT.
Howmep ero BapuaHTa COOTBETCTBYET NOCIEAHUM JIBYM Luppam
HOMEpa €ro 3a4eTHOM KHIXKU. HoMmep BapuaHTa ykasbplBaeTcs
B CaMOM Hayaiie paboThl.

2. PaboTel MOXXHO BBIIOJHATE C  HOMOIIBIO
BBIUHUCIUTENbHON TEXHUKH M CHEIHAJIbHOTO MPOrpaMMHOTO
obecrnieueHus (Hanpumep, AeKTpoHHbIX Tabmm MS Excel).

3. Henp3s orpaHuuMBaTBCA NPUBEACHUEM TOJIBKO
TOTOBBIX OTBETOB. Pacuersl MOJDKHBI OBITH HPEACTABICHBI B
pa3BepHYTOM BHJE, TMpPUMEHSs TIe OTO HEoO0XOAUMO
TabaruHble 0POPMIICHUS MCXOAHOM MH(pOpPMAIMK U PACUETOB,
co BceMH (GopMysiaMu, MOSICHEHUSIMH M BBIBOJIAMH, COOIIOAAs
JOCTaTOYHYIO TOYHOCTb BBIUHCICHMH. B mosAcHEeHUsIX U



BbBIBOJIaX IIOKa3aTb, 4YTO MMCHHO M KaK XapaKTCPU3YCT
WCYUCIICHHBIN TI0KA3aTelb.

4. Pabora momxHa OBITH HamucaHa pa3dopunBO, Oe€3
MTOMapOK.

5. KonrtpompHas paboTra MOXeT OBITh pelieHa u
3alIMIleHa B paMKax J1abopaTOPHBIX PadoT.

Tembl, pa3oOpaHHble B JaHHBIX PEKOMEHIAIUSX,
pacmMpsOT 3HAHWS, YMEHUS H HaBBIKM [0 pas3zeliiam
JTUCIHUILINHBIL.



Tema 1. JUHEVMHBIN MAPHBIN
PEI'PECCUOHHBIN AHAJIN3

OpHMM U3 METOAOB M3YyYEHUS CTOXACTUYECKUX CBS3EU
MEX/1y IPU3HAKAMHU SIBIISIETCS PETPECCUOHHBIN aHAIN3.

PerpeccuonHbplii aHaM3 MPEACTaBISET COOOW BBIBOJ
YPAaBHEHHUsl PErpecCcUd, C IOMOLIBI0 KOTOPOrO HAaxOIUTCS
CpeAHss BeJMYMHA CIy4alHOM mepeMeHHOH (mpu3HaKa-
pe3yibrara), €cilu  BeIWYMHA JApyro (WM JIpyrux)
nepeMeHHbBIX (Tpu3HaKoB-(hakTOpoB) m3BecTHa. OH BKIIOYAET
CJIEYIOIUE ITAIIbL:

1) BbIOOp QopMBI CBs3M (BHUIA aHATUTHYECKOTO
YpaBHEHHUS PETPECCUN);

2) OLIEHKY [TapaMeTPOB YPaBHEHMS,

3) OLEHKYy KauyecTBa aHAJIUTUYECKOTO YpaBHEHUS
perpeccum.

Haubonee yacto 11t onucaHusi CTaTUCTUYECKOM CBSI3U
MIPU3HAKOB MCIONb3yeTcss JMHeHHas ¢opma. BHumanue k
JUHEWHOW CBSI3M  OOBSCHSETCS YETKOW OSKOHOMHYECKOM
MHTEpIIpETAlMEd €€ IapaMeTpoB, OIPaHUYEHHOM Bapuanuei
MIEPEMEHHBIX U TEM, YTO B OOJIBIIMHCTBE CIy4yaeB HEJIHMHEHHbIE
(hopMBI CBSI3U IS BBIIIOJIHEHUSI PAacY€TOB NMPeo0pa3yroT (MyTeM

JIOFapI/I(I)MI/IpOBaHI/Iﬂ NI 3aMCHBbI HCpCMCHHBIX) B HHHCﬁHym

dopmy.



B cnydae nuHelHOW mMapHOW CBA3M ypaBHEHUE
perpeccun npuMmer Bux:  Y; =a -+ b- X; +U; . TTapamerpsl

JaHHOT'O YpPaBHCHUA a U b OLCHUBAIOTCA II0 JAaHHBIM

CTaTUCTHYCCKOI'O Ha6J'IIOI[eHI/I$I X nYy. PCBYJ'IBTaTOM Takoun

~

OIICHKH SIBIIICTCA ypaBHeHue: Y; =a + b - X;,tne a, b

- OLICHKH IIapaMETpoOB a U b, yi - 3HAUCHUC PE3YJIbTATHUBHOI'O

npu3Haka (TepeMeHHOi), TOJy4eHHOEe IO  YpPaBHEHHUIO
perpeccun (pacueTHOE 3HAUYCHHUE).

Haubonee gacTo JuIst OIEHKH TapaMeTPOB HCIOJIB3YIOT
Mmemoo Haumenvuiux keaopamoe (MHK).

MeTon HaUMEHBIIMX KBaApaTOB JaeT HaWIydIlne
(cocrositennbHble, A(P(GEKTUBHBIE W HECMEIIEHHBIE) OIICHKU
rmapamMeTpoB ypaBHeHHs perpeccuu. Ho Tonbpko B ToM ciydae,
eciu BBITTOJIHSIOTCSA ONpeIeTICHHbIE MPEANOCHUIKU
OTHOCUTENIBHO ciy4yailHoro wieHa (U) ¥ HE3aBUCHUMOU
nepeMeHHoH (X).

3ajava OICHWBAHUS TApaMETPOB JIMHEHHOTO MApHOTO
YpaBHEHUsI METOJIOM HaWMEHBIIMX KBaJpPaTOB COCTOUT B

CJICAYIOIICM:

MONY4YUTh TAaKHMe OIEHKM TapameTpoB d b , TIpH

KOTOPBIX CyMMa KBaJpaToB OTKJIOHCHHI (I)aKTI/I‘{eCKI/IX



3HAYCHHI PE3yJIbTaTUBHOTO IIpHM3HAKa - Yj OT pPaCYCTHBIX

3HAYCHUH — yi MHWHHMAJIbHA.

®opmansHo kputepuit MHK moxHO 3anucaTh Tak:
C S\2

S=> (v, -¥,)* > min
i=1

[IpownrocTpupyeM CyThb JaHHOIO METOJa rpaMuecKy.
JUis  3TOro MHOCTPOMM TOYEYHBIH Trpaduk MO JaHHBIM
HaOmoeHu#  (X;,Yi, i=1;n) B UpPSIMOYIrOJBHOH CcHUCTEME
KOOpJAUHAT (Takoi TOYEYHBIN rpaduk Ha3bIBAIOT
KOppesiMUOHHBIM 1osieM). IlomeiTaemcst monoOpark MmpsAMyro
JUHUIO, KOTOpas OJMKe BCEro pacloyiokeHa K TOYKaMm
KoppesiuoHHOoro mois. CoryllacHO METOAY HauMEHbIINX
KBaJIpaTOB JIMHUS BBIOMpAETCsl TaK, 4TOObI CyMMa KBaJpaTOB
PacCcTOSHUMN 1O BEPTUKAIN MEXKY TOUYKAMH KOPPEISLUOHHOTO

OJIA ¥ 3TOU JTMHUEN ObL1a ObI MUHUMAILHOM.

yA

v

MareMaTuuecKkas 3alych JaHHON 3aJayM:
8



S=>(y; —@+b-x)? —>min,
i=1

3HaueHus Yij ¥ Xj I=1;n HaM K3BECTHBI, 3TO JaHHBIC
HaOmoneHuid. B dyHKOMM S OHM TNpEeACTaBISAIOT COOOHU

KOHCTAaHTBI. HepeMeHHHMI/I B HaHHOﬁ (bYHKHI/II/I SABJIAIOTCA

HICKOMBIE OIIGHKHM MapaMeTpoB - a , D . Yro6m maiitn
MUHUMYM  QYHKIMH ~ 2-yX  TEPEeMEHHBIX  HE00XOAUMO
BBIUUCIIUTh YaCTHBIE TPOM3BOJHBIC JAaHHOW (YHKIHH II0

KaKJIOMy M3 IapaMeTpOB M MPUPABHATh HMX HYJIIO, T.C.

S 0,220
oa b

B pesynbrare nomyuum cucteMy U3 2-yX HOpMajbHBIX

n - n
Yy, =a-n+b> x
. . i=1 i=1
JIMHEWHBIX YPaBHEHUMN: | n gL ~n
dyix=a) x+b> x
i=1 i=1 i=1
Pemas nmaHHyro cucremy, HalWJieM HCKOMBIE OIIEHKH

TIapaMeTpOB:
o an.y, —X- 9_7_)_(;,
. nz X2 —(x)?2 o

=y-b-x




[IpaBmibHOCTH ~ pacueTa  MapaMEeTpPOB  ypaBHEHHUS

perpeccu  MOXeT OBITh TPOBEPEHAa CPABHEHHUEM CYMM
n n

Zyi :zyi (BOBMOXKHO HEKOTOPOE pACXOXKICHHE H3-3a
i-1 i-1

OKpPYTJICHUS pacyeToB).

Jlns  pacyera OIICHOK IapameTpoB a : b Moo
MOCTPOUTH TabuILy 1.

3nak  koddduimenta perpeccud D ykaswiBaer
Hanpasienue cBs3u (ecau b>0, cBs3p npsmas, ecau b<0, To
CBsI3b OOpaTHas). BenuuuHa b moka3siBacT Ha CKOJIBKO €MHUII
MU3MCHUTCS B CPEIHEM MPHU3HAK-PE3YJbTAT -y MPH M3MEHEHUH
npu3Haka-hakTopa - X Ha | eMHUIY CBOETO H3MEPEHUSI.

dopMarbHO 3HAYCHHWE T[MapaMeTpa a — CpejHee
3HAUEHWE y MPH X PaBHOM Hym0. Eciam mpusHak-(pakTop He
UMEeT W HE MOXET WMETh HYJIEBOrO 3HAYEHHs, TO
BBIIIIEYKa3aHHAs TPAKTOBKA MapaMeTpa a He HMEET CMBICIIA.

Ouenka mecHomuvl C6a3U MeHcOy NPUSHAKAMU
OCYILECTBISIETCSI C TOMOIIbIO KO3 (uUIMeHTa JIMHEHHOH
HapHOM Koppersiuu - fyy. OH MOXET OBITh PaccUuTaH IO
X-y—X-y

o, - y

bopmyie: r-X,y o . Kpome Toro, koaddurpent

Q | x|

10



JUHEIHON MapHOW KOPPETSIUN MOXKET ObITh ONpEENICH Yyepe3

Oy

=D

k03 dunenT perpeccuu b: rx,y o
y

O061acTh JOTTYCTUMBIX 3HAaYCHUHU JIMHEHHOTO
kodpdunuenTa mapHoi Koppemsuuu oTr —1 go +1. 3Hak
Kod(QpHUIHMEeHTa KOPPESIHUU YKa3blBaeT HANpaBJICHUE CBS3U.
Ecnu ry>0, To cBsI3b npsiMast; €ciu Iy <0, To CBSI3b 0OpaTHasl.

Ecnu nanueiii ko3 @uUIUEHT MO MOAYIO ONH30K K
€IMHUIIE, TO CBS3b MEXJIy NpU3HAKAMU MOXET OBITh
MHTEpPIPETUPOBAHA KAaK JOBOJBHO TeCHas JIMHEWHas. Eciou ero
MOJLyJIb PABCH SIMHHILE | rx,y| =1, To CBSI3b MEX]y NpU3HAKAMU
¢byHKUMOHANBHAS JUHEWHas. Eciu npusHaku X W Y JUHEHHO

HC3aBUCUMBI, TO rX,y o030k K 0.

Jns pacdera I'yy MOKHO UCIIOJIB30BATh TaKXKe TAOJIUILY

1.
Taoauna 1

N Xi
HaOJIFOICHHS o o

Yi X (% — X)2 (v - Y)2
1 - i SR G0 (v, =y)?
j - 5 - (X, = %)’ v, - Y)°
n Xn n Xn¥y o \

y (x, —x)* (¥, —Y)°
Cymma 1o >x Xy > xy - A2
cTonbIry Z (XI _ X)2 Z(y| - y)

11




Cpennee
3HAYCHHE

iyz
n n

n

il — X - V. 2 Z(Xi _;)2 2 (yi _9)2
Zy X-y:z 1 yl oy, == Uy:zn
n

JUis  OUEeHKM KadecTBa IIOJYYEHHOTO YpaBHEHHUS
perpeccuy  pacCYMTHIBAIOT TeOpeTHYecKuid  KodhduuneHt

JeTepMUHALUN — Rzyx:

_ 52 _ ;(y] o y)2 82 Z(y| - yi)2

2 -1- 5 =15

%y i(yi—y)z D RS

2
rac 0° — oOBsICcHEHHAs YpaBHCHUEM PErpecCcuu

2
Ryx

aucriepeus Y,

£~ ocratouHas (HeOOBICHEHHAS yPABHCHHEM
perpeccun) aucrepcus Y,

2

G°y - obmas (moynHas) AUCIepCHus Y.

KoadduumeHnt nerepMuHanuu XapakTepU3yeT OO0
BapualMy  (AMCIIEPCHH) PpPe3yIbTaTUBHOTO TpHU3HAKa Y,
00BSICHIEMYIO perpeccueii (a, cie0BaTeNibHO, U (PAKTOPOM X),
B oOmeil Bapuanuu (aucnepcun) Y.  Koadbduuuent
JeTepMUHAIIUU R2yX npuHuMaer 3HadyeHus or 0 go 1.
COOTBETCTBEHHO BEJIMYMHA l-RZyX XapakTepu3yeT JI0JII0
TMCTIEPCHU Y, BBI3BaHHYIO BIMSHUEM MPOYHUX HEYYTCHHBIX B
Mozenu (pakTopoB W ommMOKaMu crieru(uKaIum.

. Lo 2 _ 2

ITpu napHoii nmuHeHHON perpeccun Ry =r"yy.

12




Ouenka CIamucmuyecKoil 3HAUUMOCU
napamempog ypagHeHus pezpeccuu.

C mnomompro MHK ™Mbl mnonayuumnu Jnumb  oyeHku
MapaMeTPOB YPABHEHMS PErPECCUU, KOTOPHIE XapaKTEPHBI s
KOHKPETHOTO CTaTHCTHYECKOro HaOMIOACHUS (KOHKPETHOTO
HaOopa 3HaueHud X wu Y). Ecim oneHky mapamerpos
MpPOU3BECTH IO  JAHHBIM  JPYroro  CTaTUCTHYECKOIO

HabOmoieHus (ApyroMmy HabOpy 3HAUYEHUU X H Y), TO MOIYyYUM

JPYTUe YUCIICHHbIEC 3HAUCHUS a , b . Mu MpeANnoaaraem, 4ro
BCE 3TH HAOOPHI 3HAYCHUI X U Y U3BJICUEHBI U3 OJHOU U TOU Ke
reHEepalIbHONH COBOKYMHOCTH. UTOOBI MPOBEPUTH, 3HAUUMBI JIU
rapameTpsl, T.€. 3HAYUMMO JIM OHU OTJIMYAOTCA OT HYJIS s
TEHEPAIBHONM COBOKYIIHOCTH HCIOJIB3YKOT ~CTAaTUCTHYECKHE
METO/BbI IPOBEPKU TUIIOTES.

B kauecTBe OCHOBHOI (HyJ1€BOI1) TUIIOTE3bI BBIABUTAIOT
TUIIOTE3y O HE3HAYMMOM OTJIWYMHU OT HYJsSI IapaMeTpa Hiu
CTaTUCTUYECKOMN XapaKTePUCTUKU B reHEPATILHON
coBokymHOCTU. Hapsimy ¢ ocHOBHO# (TIpoBepsieMOii) THUIIOTE30i
BBIJIBUTAIOT QJIIbTEPHATUBHYIO (KOHKYPUPYIOIIYIO) THIIOTE3Y O
HEpPAaBEHCTBE HYJII  IapamMeTrpa WJIH  CTaTUCTUYECKOU
XapaKTEPUCTUKH B T€HEpPaIbHON COBOKYIHOCTHU. B ciydae ecnn

OCHOBHAsl THIIOTC3a OKaXCETCA HeBepHOﬁ, Mbl TIPUHUMACM

13



anbTepHATUBHYIO. JlJI MPOBEPKH 3TOM TMIOTE3bI UCTIOIB3YETCS
t-xkpurepuii Ctpro/1eHTA.

HalinenHoe mo naHHbIM HaOMOAEHUI 3HadeHue -
Kputepuss (ero  eme  Ha3blBalOT  HAONIOJAEMBIM WM
(haKTUYECKUM) CpPaBHHMBAETCS C TaOJMYHBIM (KPUTHYCCKUM)
3HAUEHUEM, OIpeNeIsIeMbIM 110 Ta0auIaM paclpeneacHus
CrprofenTa (KOTopbie OOBIYHO MPUBOISATCS B KOHIE YICOHHKOB
U TOPaKTUKyMOB IO CTaTUCTUKE WJIH OSKOHOMETPHUKE).
TabnuuHOE 3HaUEHUE OMPEAEIAETCS B 3aBUCUMOCTH OT YPOBHS
3HAYUMOCTH (0L) U YHCIia CTeNeHel CBOOOIbI, KOTOPOE B CiIydae
JWHEHHON mapHO#l perpeccun paBHO (N-2), N-4YKCIO
HaOJIOACHUH.

Ecnu  ¢aktnueckoe 3HaueHue — t-xpurepus OoJblie
TabIUYHOrO (IO MOJYJII0), TO OCHOBHYIO THIIOTE3Y OTBEPraroT
U CUUTAIOT, 4YTO C BepoATHOCThIO (l-01) mapamerp WM
CTaTUCTHYECKast XapaKTepUCTHKA B reHepalbHON
COBOKYITHOCTH 3HAYUMO OTJINYAETCS OT HYJIS.

Ecnmu ¢daxtuueckoe 3HaueHue  t-KpuTepus MeEHbIIIE
TabauyHOro (IO MOAYJIO), TO HET OCHOBAaHUM OTBEpraTh
OCHOBHYIO THIIOTE3y, T.€. IapamMeTp WIM CTaTUCTHYECKas
XapaKTepUCTHKAa B TEHEPAJbHOM COBOKYIMHOCTH HE3HAUYUMO
OTJIMYAETCS OT HYJIS IPU YPOBHE 3HAYUMOCTH OL.

Jlnst mapamerpa b kputepuit mpoBepku UMeeT B

14



b

ooy =
(b=0) lug’

~

rae b - olleHKa ko3¢ duumenta  perpeccuw,

IMOoJIydYCHHasd 110 Ha6JHOI[aeMBIM JaHHBIM,
M — crannaprHas omubka Ko3(pQuIuenTa perpeccum.

JIisi  IMHEHHOTO MapHOrO YPaBHEHMsI PErpeccuu

CTaHJapTHas omuoOka KodpQuIUeHTa BBUUCIAETCS IO

bopmye:

>~
(=23 (% -3

Yucnutens B 3710 popmyrne MokeT ObIThb paccuuTaH

gyepe3 KO3(PPUIMEHT AeTepMHHALMA M OOIIYI0 JHUCHEPCUIO

n
T \2 2 2
[pU3HAKa-pe3yJbTaTa: Z (yi o yi) =n- (1_ Ryx) Oy,
i=1

Jlns mapamerpa @ KpUTEpUH MPOBEPKH THUIOTE3BI O

HC3HAYMMOM OTJIMYHUHU €TI0 OT HYJIA UMCCT BUM:

a
Lazo) = —

a

15



re A - ouenka napaMeTpa perpeccuu, NoJy4eHHas 110

HaOJII0JaeMbIM JaHHBIM;

Hz — ctanpapTHas ommbOKa mapamerpa a.

JIy1st IMHEWHOr 0 MapHOTO YPAaBHEHMS PETPECCUM:
. ~\2% 2
=) X
i=1 i=1
n _ .
n(n—-2)> (% —X)
i=1

I[JI?I IMPOBCPKH T'UIIOTC3bI O HE3HAYUMOM OTJIHMYHUU OT

Hyns Kodd@ulrMeHTa IWHEHHOW MapHOW KOppeNsiuud B

TeHEepPaJIbHONH  COBOKYMHOCTH  HCIOJB3YIOT CIEIYIOIIMH
KpUTEpUIL:

o =2

(r=0) , TOe Iy - oOLeHKa KoddduiueHra

r
KOppeJsiluK, MOJTy4YeHHass MO HaOJII0JaéMbIM JAaHHBIM; Ly —
cTaHJapTHas omKnOKa KO3 PHUIMEHTa KOPPEIALHH [yy.

JI1st TMHEWHOT O MapHOTO YPAaBHEHMS PETPECCHM:

(1-ry)

4=
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B MapHOU JIMHENHOM perpeccuu MEXY
HAOJII0AaeMBbIMU  3HAYCHUSMHU KPUTEPUEB  CYIIECTBYET
B3aMMOCBS3E: T (h=0)=1(=0).

Ilpocno3 oxcudaemozo 3nauenusn pe3yibmamueHo20
NpU3HaKay no JTUHEUHOMY NAPHOMY YPAGHEHUIO PeZPeccull.

[Iycte TpeOyeTcs OIEHUTh 3HAYCHHWE MPHU3HAKA-
pesyibTara Ui 3aJlaHHOTO 3HA4YeHUs Hpu3Haka-(akTopa (x°).
[Ipornosupyemoe 3HauYCHUE MpU3HaKa-pe3yabTaTa c
JIOBEPUTEIIbHON BEPOATHOCTHbIO pPaBHOM (1-0) mpHUHAIIEKUT

WHTEPBATY MIPOTHO3a!

(V7 -t g Y7 +tpp),

rae Y- Toueunslii mporuos;

t — kodddunmeHT [oBepus, ONpeAeNseMblid IO
tabnuuaMm pacrnpeneieHuss CTbIOJEHTa B 3aBUCUMOCTH  OT
YPOBHS 3HAYMMOCTH Ol M YKCJIa CTereHed cBo00 b (N-2);

Lp- CpeHssl OIIMOKa IIPOrHO3a.

ToueyHblli NIPOrHO3 PACCUUTHIBACTCA IO JIMHEHHOMY

. YP =F+Db-x"

YPaBHEHUIO perpeccuu, kak: Y =a+D -X".
Cpennss ommbKa MporHo3a onpeensercs no Gopmyie:

_ Z()’i_gl-i)2 (Xp )
o e E Z(x—x)

3aganue Ne 1
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Ha ocHoBe nanHbIX, npuBeaeHHBIX B [Ipunoxenun 1 u
COOTBETCTBYIOLIMX Bamemy Bapuanty (Tabauna 2),
Tpedyercs:

1. Paccuutarh k0d3(pPUIMEHT TUHEHHON MapHON KOPPEISLHUH
U IIOCTPOUTb YypPAaBHEHHME JIMHEWHOW IIAPHOW perpeccuu
OJIHOTO THpu3HaKa oOT Jpyroro. OOuUH U3 TPU3HAKOB,
COOTBETCTBYIOLIMX Bamiemy Bapuanty, Oyner urpath poiib
daktopHoro (x), Apyroii — pesynbratuBHOrO  (Y).
[IpyunMHHO-CIEACTBEHHbIE CBA3M MEXKIYy IpU3HAKaMU
YCTAaHOBUTb CaMHUM Ha OCHOBE IKOHOMHYECKOIO aHaJIn3a.
[TosicHUTBH CMBICT TApaMeTPOB YPABHEHHUSI.

2. OnpenenuTh TEOPETUYECKHH KO3 PUIIMEHT JeTepMUHALIIH
U OCTaTOYHYIO (HEOOBSICHEHHYIO ypaBHEHUEM DPETPECCUN)
nucnepcuto. CrenaTth BBIBOJI.

3. OueHUTh  CTATUCTHYECKYIO  3HAYMMOCTb  YpaBHEHMS
perpeccur B II€JIOM Ha MATUIPOLEHTHOM YPOBHE €
nomouisio F-xkpurepus @umepa. Caenats BIBOI.

4. BBINOJIHUTH MPOTHO3 OKUIAEMOIO 3HAYEHUs MpHU3HAKa-
pe3yiprata Y TIpud TPOTHO3HOM 3HAUYEHHUU IIpHU3HAKa-
¢akTopa x, cocraBisromuM 105% 0T cpeaHero ypoBHS X.
OueHuTb TOYHOCTH MPOTHO3a, pAcCUMTaB  OMIMOKY

IIpOTrHO3a U €ro )IOBGpPITGJ'IBHBIfI HHTEPBAJI C BEPOATHOCTBIO

0,95.
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Tabmumna 2

Bap | Home | Hom | Homep Bap | Hom | Homep | Hom

uaH | p ep pU3HAKo | MaH | ep KOHEYH | ep
T Hayal | KoHe | B U3 T Haya | oro npus3
pHOTO | yHOr | mpmi. 1 JbHO | HaOMIO | HaKo
Habtn | o ro neHusi | B u3
10jieH | Habn HaOI npu
us 10/1e 10]1e 1. 1

HUs HUS

1 3 4 S 6 7 8
01 1 50 1,2 51 26 751 1,3
02 1 50 3,4 52 26 75| 45
03 2 51 1,3 53 27 76| 14
04 2 51 4,5 54 27 76| 25
05 3 52 1,4 55 28 771 15
06 3 52 2,5 56 28 77| 23
07 4 53 1,5 57 29 78| 1.2
08 4 53 2,3 58 29 78| 34
09 3) o4 1,2 59 30 791 1,3
10 S) 54 3,4 60 30 79| 45
11 6 55 1,3 61 31 80| 14
12 6 55 4,5 62 31 80| 25
13 7 56 1,4 63 32 81| 15
14 7 56 2,5 64 32 81| 2.3
15 8 57 1,5 65 33 82| 172
16 8 o7 2,3 66 33 82| 34
17 9 58 1,2 67 34 83| 1,3
18 9 58 3,4 68 34 83| 45
19 10 59 1,3 69 35 84| 14
20 10 59 4,5 70 35 841 25
21 11 60 1,4 71 36 85| 15
22 11 60 2,5 72 36 85| 2.3
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23 12 61 15| 73 37 86| 1,2
24 12 61 23| 74 37 86| 34
25 13 62 12| 75 38 871 13
26 13 62 34| 76 38 871 45
27 14 63 13| 77 39 88| 14
28 14 63 45| 78 39 88| 25
29 15 64 141 79 40 89] 15
30 15 64 25| 80 40 891 2,3
31 16 65 15| 81 41 90| 1,2
32 16 65 23] 82 41 90| 34
33 17 66 12| 83 42 91] 13
34 17 66 34| 84 42 911 4,5
35 18 67 13| 85 43 921 14
36 18 67 45| 86 43 921 25
37 19 68 141 87 44 93] 15
38 19 68 25| 88 44 93| 2,3
39 20 69 15] 89 45 941 1.2
40 20 69 23] 90 45 941 34
41 21 70 121 91 46 95| 13
42 21 70 341 92 46 95| 4,5
43 22 71 13] 93 47 9% | 14
44 22 71 451 94 47 9% | 25
45 23 72 141 95 48 971 15
46 23 72 25| 96 48 971 2,3
47 24 73 15| 97 49 98| 1,2
48 24 73 23] 98 49 98| 34
49 25 74 121 99 50 9] 13
50 25 74 3,4 0 50 99| 45
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Tema 2. MHOKECTBEHHBI PETPECCUOHHbIA
AHAJIN3

[ToctpoeHne ypaBHEHHS] MHOKECTBEHHOW PErPECCHU
HAYMHAETCA C pELIEHUs BOIpoca O creyugpuxayuu mooenu,
KOTOPBI B CBOIO Ouepellb BKIIIOYAET 2 Kpyra BOIIPOCOB: OTOOP
(hakTOpOB U BBIOOP ypaBHEHUS PETPECCHUHU.

OT160p pakTOPOB OOBIYHO OCYIIECTBISETCS B IBA dTAla!

1) TeopeTnyeckuii aHaaM3 B3aMMOCBSI3U pe3yibTaTa U
Kpyra ¢akTopoB, KOTOpPbIE OKa3bIBAIOT Ha HETO CYIECTBEHHOE
BIIMSIHUC,

2) KOJWUYECTBEHHAsl OILICHKA B3aUMOCBSI3U (aKTOPOB C
pesynbratoMm. llpu  nuHeliHOW  Qopme CBA3M  MeEXIy
MpU3HAKAaMU  JaHHBIM  3Tanm  CBOAUTCA K  aHaIu3y
KOPPESILMOHHON MaTpullbl (MaTpUIbl MapHBIX JIMHEHHBIX

K03 (HULIHEHTOB KOPPESALUN):

fyy Tyxa Ty oo Tyxm

r'xl,y rxl,x2 Moxe ... rx2,xm

l’xm,y rxm,xl r'xm,x2 rxm,xm

rae Iy, — JIMHEWHBI napHbll kol duiueHT

KOopp¢eJsinnuu, I/I3Mep$IIOIJ_[I/II71 TCCHOTY CBA3U MCKAY NPU3HAKAMU

yu xj j=1;m, m -gucio GpakTopos.
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Iyjxk — JMHEHHBIM MapHbIH KOY(Q(GHULUEHT KOPPEILMH,
U3MEPSIOIINIT TECHOTY CBSI3M MEXAY INpU3HakaMu xj U xK
J,k=1;m.

@dakToppl,  BKIIOYAaEMble  BO  MHOXECTBEHHYIO
perpeccuio, 10JKHBI OTBEYATh CIECAYIOIIUM TPEOOBaHUSIM:

1. OHU JOMKHBI OBITH KOJIMYECTBEHHO N3MEpUMBIL. Ecin
HEOO0XOMMO BKIJIIOYHTH B MOJENIb Ka4eCTBEHHBIH (akTop, He
MMEIOIUN  KOJIMYECTBEHHOTO M3MEPEeHHs, TO €My HY>KHO
MpHUAaTh KOJMYECTBEHHYIO OINPEICNIEHHOCTh (Hampumep, B
MOJICNIA YPOKAaHOCTH KA4ecTBO IIOYBHI 33/aeTCS B BHUJC
0aJIoB).

2. Kaxnapiii gaxTop MOMKEH OBITH JIOCTATOYHO TECHO
CBSI3aH C pe3yabTaToM (T.e. KOOPPUIMEHT MapHOW JMHEWHOM
KOPpEISIUN MeXay (PakTopoM M pe3yabTaTOM JIOJKEH OBITH
CYLIECTBEHHBIM).

3. ®@aKkTophl HE AOJKHBI OBITh CUIBHO KOPPEIHUPOBAHBI
Ipyr ¢ JApyrom, TeM 0Oojee HaxOOuUThCS B  CTPOTOM
(GyHKIMOHATBEHON CBA3U  (T.6. OHU HE JOJKHBI OBITh
WHTEPKOPPETHPOBAHBI). PazHOBHIHOCTBIO
UHTEPKOPPETUPOBAHHOCTH dakTopoB SIBIISIETCS
MYJIbTUKOJNIMHEAPHOCTh - TECHAs IJIMHEHHAas CBA3b MEXKIY
(bakTopamu.

MynvmukonnuneapHocms ~ MOXKET  TPUBECTH K

HEXKENIaTeIbHBIM ITOCTICACTBUSIM:
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1) oueHku mnapaMeTpPOB CTAHOBSTCS HEHAJCKHBIMH.
Onu oOHapyxuBalOT Oonbliue cTaHmapTHble omuoku. C
W3MEHEHHEM o00beMa HaONIOICHUH OIICHKH MEHSIoTCs (He
TOJIBKO MO BEJIMYHMHE, HO U MO 3HaKy), 4TO JeJaeT MOJeib
HEMPUTOIHOM JIJIs aHaNU3a U MPOTHO3UPOBAHUS.

2)  3aTpyAHsieTcs ~ MHTEpIpeTalys  IapaMeTpoB
MHOXECTBEHHOM pPErpeccun Kak XapaKTepUCTUK JECUCTBUSA
($hakTopoB B «4HUCTOM» BUE, HOO (aKTOPbl KOPPEITUPOBAHHBIL,
napaMmeTpbl JIMHEHHOW perpeccuu TepsioT 3KOHOMUYECKHUI
CMBICI;

3) CTaHOBUTCS HEBO3MOKHBIM OTIPENIETUTh
W30JMPOBAaHHOE BIUSHUE (PAKTOPOB Ha PpeE3yJbTaTUBHBIN
IIOKa3aTelb.

MynbTUKONIMHEAPHOCTh ~ MMEET  MECTO, eciu
OTIpECTUTENIb MAaTPUIIbI MEX(PAKTOPHON KOppensiuuu OJInU30K

K HYJIIO:

rxlxl rx2x1 rx3x1 1
Det‘R‘ =haxe  Toxe  Taxe| = 1
1

X

PR e
Il
o

r-><1><3 r-x2><3 rx3x3

Ecnmu ke omnpenenutenb MaTpuibl MexX(paKTOPHOU
KOoppeirsinun OIM30K K CANHULC, TO MYJIbTKOJUIMHCAPHOCTU
HeT. CyIIeCTBYIOT pa3IudHBIC IMOIX0/IbI TIPEOI0JICHUS CHIIBHON

MexdakTopHor Koppemsuuu. IIpocredmmii W3 HUX —
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HUCKIIIOYeHHE W3 Mojaenu ¢akropa (wim (HakTopoB), B
HanOobIIeH CTETICHH OTBETCTBEHHBIX 3a
MYJIbTHKOJUIMHEAPHOCTh NP YCIOBHH, YTO KaYECTBO MOJECIH
IpyH  3TOM  IOCTPagaeT  HECYIIECTBEHHO (a  HMMEHHO,
TEOPETHYCCKUH  KOADOUIIMEHT  JeTepMHUHAIIUN 'Rzy()(]_mxm)
CHU3HTCS HECYIIECTBEHHO).

Omnpenenenne ¢bakxTopos, OTBETCTBEHHBIX 3a
MYJIbTUKOJIIMHEAPHOCTh, MOKET ObITh OCHOBAHO Ha aHAllU3e
MaTpulbl Mex(pakTopHOi Koppensuuu. [Ipu »ToM onpenensor
napy HmpHu3HAKOB-()aKTOPOB, KOTOPHIE CHIIbHEE BCETO CBS3AHBI
MEXTy co00i (KOd((UIHMEHT JIMHEHHON MapHOW KOpPEsSIuu
MakcuMajeH Mo Moaynwo). M3 sT1oii mapel B HauOOIbIIeH
CTETIeHU OTBETCTBEHHBIM 32 MYJIbTUKOJUIMHEAPHOCTH OyIeT TOT
MpHU3HAK, KOTOPBIA TECHEe CBsA3aH C JAPYrUMH (aKTOpamu
Mozenu (umeer Oojiee BBICOKME [0 MOAYNIO 3HAYCHUS
KO3 PHUIIMEHTOB NapHON JIMHEHHON KOpPeNsLun).

Eme omun  cmoco®  ompeneneHuss — (akTopos,
OTBETCTBEHHBIX 334 MYJIBTUKOJUIMHEAPHOCTh OCHOBAaH HAa
BBIYHCIICHUH KO3()(OUIIMEHTOB MHOKECTBEHHOU JeTepMUHAITIT
(szj(xj_,___,Xj.]_vxj+1,___yxm)), MOKa3bIBAIOIIETO 3aBUCUMOCTh (haKTopa X]
or apyrux ¢pakropoB moxaenu X1,...xj-1, Xj+1,..xm. Uem
onmxe 3HA4YEHHE koa¢pdunrenTa MHOECTBEHHOMN
JIETepPMHUHAIIMHN K €IWHUIIE, TeM OOJIbIIe OTBETCTBEHHOCTH 3a

MYJIbTHKOJUIMHEAPHOCTh (PaKTOpa, BBICTYNAIOIIETO B POJIH
24



3aBUCMMOM  miepemMeHHOW.  CpaBHuUBas  MeXay  coOou
KO3 QUITUEHTBI MHOYKECTBEHHOM JeTEPMUHAIIUU 1A
pa3nuYHBIX (AKTOPOB MOXHO TPOPAHKUPOBATH TEPEMEHHBIC
10 CTENEHU OTBETCTBEHHOCTHU 332 MYJIbTUKOJUTMHEAPHOCTbD.

IIpu BbIOOpEe QOpMBI ypaBHEHHS MHOKECTBEHHOM
perpeccuu nNpeArnoYTeHUEe OTIACTCS TUHEHHONW QYHKINU:

yi:a+b1-x1i+ by x2i+...+ byxmit+u;
B BUJly YETKOM MHTEPHIpETAIH TapaMETPOB.

JlaHHOE ypaBHEHHE PEerpeccud Ha3bIBaIOT YpPaBHEHHEM
perpeccu B €CTECTBEHHOM (HaTypajbHOM) MaciiTabe.
Koadpunumenr perpeccun b mpu ¢axrope xj Has3bBaroT
VCI08HO-UUCMbIM KO puyuenmom peepeccuu. OH uU3MepseT
CpellHEee MO COBOKYIMHOCTH OTKJIOHEHUE NpHU3HAKa-pe3ysbTaTa
OT €ro cpeaHed BEJIMYMHBI TPU OTKJIOHEHWH MpU3HAKa-
dakTopa X] Ha CIUHUILY, NPH YCIOBHH, YTO BCE MPOUYHE
(bakTopbl MOJENN HE U3MEHSIOTCS (3aMKCUPOBAHBI HA CBOMX
CPEIHUX YPOBHSIX).

Ecnm He nenath mpeanosioxkeHuss 0 3HAUCHUSIX MPOUUX
(hakTOpOB, BXOASAIIMX B MOJENIb, TO 3TO O3HAYAIO OBbI, YTO
KQXJIbI U3 HUX MIPU U3MEHEHUHU X] TaK:Ke U3MEHSUICS Obl (Tak
Kak ()aKTOPHI CBSA3aHBI MEXYy CO0O0I), 1 CBOMMH H3MEHEHUSIMHU

OKa3bIBaJIM OBl BIMSHUE HA IPU3HAK-PE3YJIbTAT.
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PACYET I[TAPAMETPOB YPABHEHUA
JIMHEMHON MHOXXECTBEHHOW PETPECCH.

[TapameTpsl ypaBHEHHS MHOKECTBEHHOW PErpECCUU
MO>KHO OIIEHUTh METOJIOM HAaMMEHBIIMX KBaJpaTOB, COCTABUB
U PELIUB CUCTEMY HOPMAJIbHBIX JTUHEHHBIX YPaBHEHUH.

Kpome TOro, mmda JMHEMHOM  MHOMXECTBEHHOM
perpeccun CymecTByeT apyroi crnocod peanusanuu MHK npu
OIICHKE IapaMeTpoB - depes B-xko3dummentsr  (uepes
mapaMeTpbl  ypaBHEHHUsI  perpeccud B CTaHAApPTHBIX
Macitadax).

Mooenv  pecpeccuu 6 cmanoapmuom  macuimabe
MpEANoJiaraeT, YTO BCE 3HAYCHUS HCCIEAYEMBbIX IMPU3HAKOB
MEePEeBOIATCS B CTAHJAAPTHI (CTAaHAAPTU30BAHHBIC 3HAUEHUS) 110
bopmynam:

t- :XJi_XJ

XJi , J=1;m,
ij

TJIe Xjj - 3HAUEHHE TIEPEMEHHOM XJj B i-OM HAOJIOICHHH.

t _yi_y

Vi
Gy

Takum  oOpazom, Hayano OTCYeTa  KaXIou
CTaHAAPTU30BAHHOMN MEPEMEHHON COBMELIAETCS C €€ CPEAHUM

3HA4YCHUCM, a4 B Ka4YC€CTBC CAWHUIBI U3MCHCHHA NPHUHUMACTCA
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€C CPCAHCC KBAAPATUUICCKOC OTKIIOHCHUC O. Ecnu cBsa3p MCKOY
INEPpEMEHHBIMH B €CTCCTBEHHOM MaciTade HHHeﬁHaH, TO
HU3MCHCHUC Ha4dajla OTCUYCTAa W CAWHUIBI H3MCPCHUSA ISTOrO0
CBOICTBA HE Hapymar, TaK 4YTO W CTAHAAPTHU30BAHHBLIC

IIEPEMEHHEBIC 6y,Z[YT CBSI3aHBI JJMHCHHBIM COOTHOIIICHHUEM:

-$a
j=1

st ouenku B-xoddduuento npumennm MHK. Tlpu
3TOM CHCTEMa HOPMAaJIbHBIX YpaBHEHHUH OyAeT UMETh BU:
rxly:B1+rxlxz'B2+ ...t rxlxm'Bm

rxzy: rxle'B1+B2+. . .+ rxzxm'Bm

rxmy: rxmxl'l31+rxmx2'l32+. . .+Bm
Haiinennsle u3 ganHo# cucteMsl B—ko3(hULIMEHTHI
MO3BOJISIOT ONPEAETUTh 3Ha4eHUs K03 PUIIMEHTOB B

perpeccuu B €CTeCTBEHHOM MaciiTade 1o Gopmynam:

m
~ O ~ - L
— /K y . =V — E L.
bj —ﬂl'—,1=1;m; a y bl XJ.

O j=1
Ilokazamenu mecHoOombl ceAa3u (i)akmopoe c

pe3yaomamonm.

Ecnu  ¢dakropHble Npu3HAKK pa3IUYHbl 10 CBOEH

CYIIHOCTHU U (I/IHI/I) HUMCIOT pa3JIMYHbIC CANHUIIBI USMCPCHUS, TO
27



ko3¢ dunmenTsl perpeccuu bj mpu pasHbIX (akTopax SBISIOTCS
HECOMOCTaBUMBIMU.  [lOATOMYy  ypaBHEHHE  PETrpecCcHH
JOTIOJTHSIFOT COM3MEPUMBIMU ITOKA3aTeIsIMU TECHOTHI CBSI3U
dakTopa C pe3yNbTaTOM, MO3BOJSIONIMMHU PAHXKHPOBATH
dakTOopel TO CWIE BIMAHUS Ha pe3yibrar. K Takum
MOKa3aTessIM TECHOTHI CBSI3U OTHOCSIT: YaCTHBIC
KO3 (ULHUEHTBl 3ACTUYHOCTH, P—KO3(POUIMEHTHI, YacTHBIE
KO3 (HUIIUEHTHI KOPPEIISIIIHH.

Yacmuvlie  ko3¢ppuyuenmor  anacmuuynocmu I

3_:5)’ X;

paccuuThIBalOTCS 1o dopMmyIe: 7 o

j yxl,...,xm .
YactHblii  KOX(pGUIUMEHT JIACTUYHOCTH TOKa3bIBAIOT, Ha
CKOJIbKO IPOIEHTOB B CPEAHEM HW3MEHSETCAd IPU3HAK-
pe3yabTaT Y ¢ W3MEHCHHEM IMpH3Haka-(pakTopa Xxj Ha OJUH
MPOLIEHT OT CBOETO CPEAHEr0 YPOBHS TpHU (PUKCHPOBAHHOM
MOJIOKEHUU JIpyrux (akTopoB Mojenu. B ciaydyae nuHeHOM
3aBUCUMOCTU 9j pacCUHUTHIBAIOTCS o tbopmyne:
D = -

j j b

, Tae — omeHka KodpdummeHTa
yxl,...,xm

i
perpeccuu mnpu j—om (akTope.
Cmanoapmusupoganuvie 4acmuvle KOIDhuyueHmol

peepeccuu - [rodgppuyuenmor (Bj) MOKa3BIBAIOT, Ha KaKyro

28



9acTh CBOETO CPEJHEr0 KBaJpaTHYECKOTO OTKIOHEHHSA Oy
U3MEHUTCA  NPU3HAK-pe3yabTaT Y C  M3MEHEHUEM
COOTBETCTBYIONLIETO (pakTopa Xj Ha BEIUYUHY CBOETO CPEIIHETO
KBaJpaTU4eCKOr0 OTKJIOHEHHs (Oyj) P HEU3MEHHOM BIIMSHUU
npourx (pakTopoB (BXOAIIMX B YPABHEHHUE).

ITo kod(purmenTam 3JIaCTUYHOCTH u B-
KodQpuIreHTaM MOTYT OBITh CHENaHbl MPOTHUBOIOIOKHEIE
BbIBOJIbI. [IpyuunHEI 3TOr0: a) Bapranus oJHOro (hakropa OYeHb
BelMKa; O) pa3HOHAIPaBIEHHOE BO3JEHCTBHE (DAKTOpOB Ha
pe3yJibTar.

Koa¢ddunuent Bj MOKeT TakKe HHTEPIPETUPOBATHCS
KaK T0Ka3aTesb MPIMOro (HEMOCPEICTBEHHOI0) BIUSHUS |-Or0
(baxTopa (Xj) Ha pe3ynsTar (Y). Bo MHOKECTBEHHOH perpeccun
J-bIil (hakTOp OKa3bIBaCT HE TOJBKO IMPSIMOE, HO U KOCBEHHOE
(onmocpe0BaHHOE) BIMSHUE HA PE3yNbTaT (T.€. BIUSHUE yepe3
npyrue ¢aktopbl mMojaenu). KocBeHHOE BIMSHHE U3MEpSETCs
BEJINYMHOM: Zﬂ i er,Xi , TIe M- 49ucio GakTopoB B

i=1,....j—1, j+1,...m
mojenu. [TomHoe BiusiHKE j-0ro (hakTopa Ha pe3yybTaT paBHOE
CyMME€ IpSIMOIO U  KOCBEHHOTO  BIMSHUH  HM3MEpSET
KOXQQUIMEHT JUHEWHOW NapHOW KOpPPeNsUH JaHHOTO

(baxTopa ¥ pe3yabTara — lyjy.
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Koagpduyuenm  uvacmmuoii  xopperayuu  u3mepsier
«4HCTOE» BIMAHUE (paKTOpa Ha PE3yNbTaT MPH YCTPAHCHHUU
BO3CHUCTBUS MPOUYUX (PaKTOPOB MOJICIIH.

Jlisa pacdera 4YacTHBIX KOA(D(PUIIMEHTOB KOPPENISIHUU
MOTYyT  OBITh  HCIOJB30BaHbl  MapHble  KOI(DPHUIMEHTHI
KOPPEJISILHHU.

Jlnist cirydast 3aBUCUMOCTH Y OT JBYX (DaKTOpOB MOKHO

BBIYUCTUTH 2 KOAPPUIIUEHTA YACTHON KOPPEISALINU:

r-xly r-x2y rx1x2

\/(1 Faxe)(L—reay)

(paxrop x2 puKcupoBaH).

yxl/x2

r;<2y

\/(1 r xlxz)(l r xly)

(paxrop x1 dpukcuposan).

- rxly Fax2

yx2/x1

D10 KO3QQUIMEHTHl YacTHOM Koppensuuun 1-oro
nopsaka (IMOpsAI0K ONpeAenseTcss YucaoM (aKkTopoB, BIUSHUE
KOTOPBIX YCTPAHSETCS).

YactHble K03()PUIMEHTH KOPPESAILUH, pacCUMTaHHbIE
nmo TakuMm (opmynam wu3Mensitorcs or —1 go +1. OHu
UCIOJIL3YIOTCS HE TOJBKO Ui pPaHXUpPOBaHUS (PAKTOPOB
MOJIENIM 110 CTENEHU BIIMSHHUA Ha PE3yJbTaT, HO U TaKXe I

orceBa (pakropoB. Ilpum MambIX 3HAYEHUSAX [yxmixix2..xm-1 HET
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CMbICJa BBOJIUTH B ypaBHEHUE M-bIil QakTop, T.K. €ro YUCTOE
BIIMSIHUE HA PE3YJIbTAT HECYIIECTBEHHO.

Kosgppuyuenmor muoorcecmsennoll oemepmunayuu u
Koppenayuu  XapakTepu3ylOT COBMECTHOE BIIHMSHHE BCEX
(hakTOpoOB Ha pe3yibTar.

[To anasioruu ¢ napHOM perpeccuel MOXKHO ONPENAECIUTH
JOJII0  BapWiallik  pe3yibTaTa, OOBSICHEHHOW BapHaIlUeH

2 .
BKJIIOYCHHBIX B MOjIe/b (hakTopoB (0°), B ero oO1eil Bapuaruu
2 .
(c°y). Ee xommuecTBeHHas XapaKTEPHCTHKA — TEOPETHUCCKHI
. 2
MHOXECTBCHHBIH K03 duiment aperepmuHauu (R%yx1,. xm))-
Jlis NUHEWHOTO YpaBHEHMS PETrpecCUd JaHHBIM MOKa3aTelb

MOJKET OBITh pacCuuTaH 4yepe3 [3-Kod(HUIMECHTHI, KaK:

m

2

voiam = 2B Ty
j=1

[o2
Ry(xl,...,xm) - Ry(xl,,,_,xm) - K03 hUIHEHT

MHOKECTBEHHOU Koppensuuu. OH npuHHMaeT 3HadeHus ot 0
no 1 (B orauuuM oT mapHOro ko3dduuumeHtra Koppensuuy,
KOTOpPBI MOXKET MNpPUHUMATh OTpPULIATEIbHBIE 3HAYEHUs).
[ToaTomy R He MOXKeT OBITH MCIOIB30BAH ISl UHTEPIPETALIUN
HampaBieHus cBsA3u. UeM IUIoTHee (paKTHUECKHE 3HAUEHUS Vi
pacroJiaratoTcsi OTHOCUTENILHO JINHUM PETPECCUU, TEM MEHBIIIE

ocTaTouHas AUCIICpCUsd U, CIICAOBATCIBHO, OoJbIlle BEJIWYHMHA
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Ryxt,..xm). Takum oOpasom, mpu 3HaueHun R Onmskom k 1,
ypaBHEHHWE PETPECCHH JIydllle ONUChIBAaeT (HaKTUICCKUE
JNaHHBIE W (AKTOPHl CWIbHEE BIMSIIOT Ha pe3yabrar. [lpm
3HadyeHUH R Oau3skoM Kk 0 ypaBHEHHE pErpeccHd ILIOXO
ONMHCHIBacT (aKTHUECKHUE JaHHbIE M (DAKTOPBI OKa3bIBAIOT
ci1aboe BO3JICHCTBUE HA PE3YIIbTAT.

Ouyenka 3HaAUUMOCMU  NOJIYYEHHO20  YPAGHEHUA
MHOMHCECMBEHHOU pezpeccull.

OneHka 3HAYMMOCTH ypPaBHEHHS MHOXKECTBEHHOM
pPErpeccuy OCYIIECTBISCTCS IyTeM IPOBEPKH THUIIOTE3BI O

PaBEHCTBE HYIIO KOA()(MHUIUEHT TeTEPMUHAIIMN PACCYMTAHHOTO
9 . Rz(é‘) =0 b=
10 JaHHBIM IeHepasIbHOl coBokymHocTH: RyG v =0 mmm by=

b,=...=bp=0 (rumore3a 0 HE3HAYUMOCTH ypaBHEHUsI
perpeccuy, pacCYUTAaHHOIO TO  JIaHHBIM  T€HepalbHOU
COBOKYITHOCTH).
Jlnis ee mpoBepKH UCHONB3YIOT F-kputepuii @umepa.
IIpu sToM BBIMHUCIAIOT (akTHyeckoe (HabaromaeMoe)
3HaueHue F-xpurepus, depe3 KodDPUIMEHT AeTepMHUHALUU
Rzy(xly,_,,xm), pacCUMTaHHBIi 1O  JaHHBIM  KOHKPETHOI'O

HaOJIIOACHUS:
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2
_ Ry(xl ..... Xm) n_h .
- 2 ' ho1’ rae N-4ucio HaOJIOAEHHIA;
1- Ry(xl, xm) -
h — du4ncno oueHumBaeMbBIX — IapamMeTpoB (B cilydae

IBYX(haKTOpHOI JMHeHOU perpeccun h=3).

[To Ttabmumam pacnpenenenus @umiepa-CHegoKKOpa
HAXOJAT KpuTudeckoe 3HaueHue F-xpurepus (F,). dast sToro
3aJJaf0TCA YPOBHEM 3HAUUMOCTH O (OOBIYHO €r0o OepyT PaBHBIM
0,05) 1 nBy™ms unciaamu creneneit ceoboast k1=h-1 u k2=n-h.

CpaBHuBaoT (akTuyeckoe 3HaueHue F-kputepus
(Fra6n) ¢ TabmmunbiM Fipp(0;k1;k2). Ecmn Fraen<Fip(at;k1;k2), TO
THIIOTE3y O HE3HAYUMOCTH ypPaBHCHHS DPErpecCHH  He
orBepratoT. Ecmn  Fuue:>Fip(a;k1;k2), TO  BBIIBHHYTYIO
THITOTE3Y OTBEPraroT U MPUHUMAIOT aJIbTEPHATUBHYIO THITOTE3Y

O CTaTUCTUYECKON 3HAUYMMOCTH YPABHEHUS PETPECCUMU.

3ananue Ne 2
Ha ocHoBe naHHbIX, NpuBeneHHBIX B [Ipunoxennn n
COOTBETCTBYIOIIUX Bamemy BapuanTy (Tabnuna 2),
TpebyeTcs:

1. Tloctpouth ypaBHEHHE MHOXXECTBEHHOH perpeccuu. Ilpu
3TOM MpPHU3HAK-PE3YJIbTaT U OAUH U3 (PAKTOPOB OCTAIOTCS
TeMH K€, YTO W B TIEpBOM 3aJaHuu. BriGepure
JIONIOJTHUTENBHO €lle OAWH (akTop W3 HpuiokeHus |
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(rpanuibl HAOMIOEHUS JOJDKHBI COBMAJaTh C TpaHUIAMU
HAOJIOACHUST TpPHU3HAKA-pE3yNIbTaTa, COOTBETCTBYIOIIETO
Bamemy Bapuanty). Ilpu Bbeibope dakropa HYKHO
PYKOBOJICTBOBATbCSI  €r0 3KOHOMHUYECKHM COJIEepKaHHEM
Wik ApyrumMu noxaxonamu. IlosiCHUTH cMBICI mapameTpoB
ypaBHEHHUS.

Paccuntare 4yacTtHele KOO(PPHUIMEHTHl  HITACTUYHOCTH.
CrenaTte BBIBOL.

Onpenenutsb CTaH/IapTU30BaHHbIE K03 ULIUEHTHI
perpeccu (B-koadduruentsl). CnenaTs BHIBO.
Onpenenuth MapHble ©  YacTHBIE  KOX(PHUIMEHTHI
KOppeIsiiuM, a TakXe MHOXXECTBEHHBI Kod(hduimeHt
KOppEJSILUM; CJIeNaTh BHIBOIBI.

O1eHUTh 3HaYMMOCTh ITapaMETPOB YPABHEHUS PErPecCcUu ¢
nomotbto t-kpurepust CThIOIEHTa, a TaKkKe 3HAYMMOCTD
yYpaBHEHUS PErpeccu B IIEJIOM C IMOMOIIbI0 obmiero F-
kputepust Ouimepa. [IperyiokuTh OKOHYATENbHYIO MOJIENb

(ypaBHeHue perpeccun). CaenaTb BHIBOJIBI.
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Tema 3. CACTEMBI DKOHOMETPUUYECKHX
YPABHEHUM

He Bcerma nosiyyaercs omnmcarb aJ€KBaTHO CIIOXKHOE
COLMAIbHO-)KOHOMHUYECKOE SIBJICHHE C MOMOIUBIO TOJIBKO
oJHOro cootHoweHus (ypaBHeHus). Kpome Toro, HekoTopsble
IIEPEMEHHbIE MOI'YT OKa3blBaTh B3aMMHbIE BO3JEHCTBUA H
TPYAHO OJIHO3HAYHO OIpPENENINTh, Kakas M3 HUX SBISETCS
3aBUCHUMOM, a Kakas He3aBUCHUMOU IepemeHHou. [loaromy mpu
IIOCTPOEHUHM HSKOHOMETPUYECKOM MoJenu Mpuleraror K
cucTeMaM ypaBHEHUII.

B n1060# sxOHOMETpUUYECKOW MOJENIM B 3aBUCHUMOCTHU
OT KOHEYHBIX MPUKIAAHBIX LIeJiell €€ HCIIONb30BaHMs BCE
y4acTBYIOLIME B HEW IEPEMEHHBIE MOAPA3IEISIFOTCS Ha:

e DK30reHHble (HE3aBHCHMbIE) — 3HAYEHUS] KOTOPBIX
3aJJal0TCs «U3BHE», ABTOHOMHO, B OIPEJIEJIEHHON CTENEeHU
OHH SIBJISIFOTCS YIIPABJISIEMbIMU (ITaHUpyeMbIMu) (X);

e DHJOICHHbIE (3aBUCHUMBIE) - 3HAQ4YEHUSI KOTOPBIX
ONPEAEIAIOTCA BHYTPU MOJEIH, WM B3aMMO3aBHCHMBbIE
Y).

e JlaroBele — DK30r€HHBIE WJIM DSHJIOTEHHBIE IIEPEMEHHBIE
HKOHOMETPHUYECKOM MOJIENH, JaTUPOBaHHbBIE
IOpeIbIIyIIMMA MOMEHTaMU BPEMEHHM W HaXOoAsIIuecs B

YpaBHCHHU C TCKYIIUMH ICPEMCHHBIMH. HaanMep:
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Yt — TeKylIasi SHJO0TeHHAas IepeMeHHas,

Yt.1 — JIaroBas SHAOI€HHAs MepeMeHHas (OTCTOALAs OT
Tekyuiel Ha 1 nmepuoa Ha3an),

Yt2 — TOXE JaroBas OJHAOTCHHas IepeMeHHas
(oTcrosmias OT TeKyIel Ha 2 epuoa).

e [lpemompeneneHHble  mepeMEHHbIE  —  MEPEMEHHBIE,
ornpezenseMble BHE Mojienu. K HUM OTHOCSTCS JIaroBble U
TEKYIlMe OJK30TE€HHBIC TIEepeMeHHbIe (Xi, X¢-1), @ TakKKe
JIarOBbI€ SHIAOT€HHbBIC TTepeMeHHbIC (Vi-1).

Bce skoHoMeTpuueckre MOAENU NpeaHa3HAYCHbI s
OOBSICHEHUS TEKYIIUX 3HAUYCHUHN DHJIOTEHHBIX NMEPEMEHHBIX IO
3HAYECHUSIM TIPEIONPEICTICHHBIX TEPEMEHHBIX.

B panbHeiiem Ui mpocToTH OyieM paccMaTpHUBaTh B
KauecTBe MNPEIONpPEICICHHBIX MEPEMEHHBIX TOJIBKO TEKYIUE
9K30TeHHBIE TIEPEMEHHBIE (X).

Cucrema ypaBHEHUH B HKOHOMETPHUECKHUX
HCCIIEIOBAaHUSX  MOXET ObITh IOCTPOEHAa  IO-pa3HOMY.
Beigenstor cienyromue 3 BUa CUCTEM ypaBHEHUH.

1. Cucmema Hezasucumvix ypasHueHuii, Korjaa
KaKJasi 3aBUcHMMasi mepeMeHHas () paccMaTpuBaeTcsl Kak

(GYHKIHSI TOJBKO OT MPEONpeICIeHHBIX IEPEMEHHBIX (X):
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.
Y, =a; Xy +a,pX, +...+a,, X, +U;

im

Yo, =a, X +a,X, +...+a,, X, +U,

LYk = Xy + X, .o+, X, Uy

2. Cucmema peKypcusHulX ypaeHeHuil, KOTJIa B
KaXJIOM TIOCIEAYIOIIEM YPAaBHEHHHM CHUCTEMbl 3aBUCUMasi
MepeMeHHas TMpeacTaBiIseT (QYHKUUIO OT 3aBHCHUMBIX U
MPEAONPECIICHHBIX ~ TEPEMEHHBIX  MPEAIIECTBYIOMINX
YPaBHECHHM:

Yo =aX + 8% + o+ 8 Xy Uy
Yo, =0,y + 8, X + 85X, + ...+ 8y, X, + U,

Y; =05, + b32y2 + 85X, +83,X; ..+ Qg X, + U

Yi = B Ys + B Vo o+ By 1 Vi g + 80X+ X, e+ 8 X + Uy

B paccMOTpeHHBIX 2-yX BHWJIAaX CHCTEM KaXKI0€ ypaBHEHUE
MOXKET PacCMaTPUBATHCSA CaMOCTOSITEIIBHO, U €r0 IapaMeTphI
MOXXKHO OINpPEACITUTh C TIOMOIIBI0 METOJa HAMMEHBIINUX
kBaapatoB (MHK).
3. Cucmema  63aUMO3ABUCUMBIX  (COBMECMHDIX,
00HOBDEMEHHDIX) VpaeHeHuil, Korja 3aBUCHUMBIE
MIEPEeMEHHBIC B OJHMX YPAaBHCHHSX BXOJSAT B JICBYIO YaCTh

(T.e. BBICTYIIAIOT B POJIN HpI/I3HaKOB-p63yJ'ILTaTOB), a B
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JIPYTUX YypaBHEHHUSAX — B IPaBYI0 YacThb CHUCTEMbI (T.e.

BBICTYIAIOT B POJIH MMPU3HAKOB-()AKTOPOB) OJTHOBPEMEHHO:

-

Y, =b,Y, +by; +.+by Yy +a X +a,X, +..+a
< Y, =0,y +D2,,Y, +.. 4D, Y+ Ay X +a,X, +.

Y =baY: +0,Y, o B 4V g X F X, .

Has3Banue «cucrema OJHOBPEMEHHBIX YpPaBHEHUI
MOMYEPKUBAET TOT (PaKT, YTO B CHUCTEME OJHU U TE€ Ke
IepeMEHHbIE OJIHOBPEMEHHO paccMaTpuBarOTCs KaK
3aBUCUMBIE B OJHUX YPaBHEHUSAX M KaK HE3aBUCHMBIE B
IPYTHUX.

B oTnimume oT npeapiaymmux CUCTEM KaK10€ YPaBHEHUE
CUCTEMBI OJTHOBPEMEHHBIX YPaBHEHHI HE MOKET
paccMaTpuBaTBCS CaMOCTOSITENBHO, W JUISl HaXOXKACHUS €ro
nmapameTpoB  TpamuiumoHHeli  MHK  Henmpumenum, T.K.
HapylawTcs NPeanochUIky, jdexamue B ocHoBe MHK. B
pe3yJIbTaTe OLIEHKU NapaMETPOB MOIYYAOTCA CMELCHHBIMM.

B »oskoHOMeTpuke »5Ta cHCTEMA YpaBHEHHH Takxke
HAa3BIBACTCSI CMPYKMYPHOU POopMOL MOJEITH.

Hekotopeie u3 ypaBHEHUH CHCTEMBI MOTYT OBITh
MpPEICTAaBICHbl B BHJE TOXKIECTB, T.€. MapaMeTpbl 3THUX

YpPaBHEHUU ABJISIOTCS KOHCTAaHTAMH.
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OT cTpykTypHOW (OpMBI JIETKO TMEpEeUTH K Tak
Ha3BIBAEMOU npugedennoll ¢popme moaenu. Yucino ypaBHEHUIN
B MPUBEACHHON (hOpME pPaBHO YUCITY YHJIOTCHHBIX EPEMEHHBIX
Mozenu. B kaxaom ypaBHEHHMM TNpUBEACHHOW  (HOpPMBI
SHOTeHHAs nepeMeHHas BBbIpaXKaeTcs qyepes BCE
MpeAOIPEICIICHHbIC TIEPEMEHHBIE MOJIEIIH
y, = A X+ + AL X, U,

Y, = A X+ + A X, +U,

Ve = AgX +o AL X, +U

Tak kak mpaBas 4YacTh KaXJAOr0 U3 YpaBHEHUH
MPUBEICHHON (POPMBI CONEPKUT TOJIBKO TPEIONPEACTICHHbIC
IIEPEMEHHBIE M OCTaTKH, a JIeBas 4YacTb TOJBKO OJHY W3
JHJIOTEHHBIX TIEPEMEHHBIX, TO Takas CHUCTEMA SIBJISETCA
CHUCTEMOM HE3aBUCUMBIX YypaBHeHUW. [loaTomMy mapamerpsl
KXJIOTO W3 YpPaBHEHHMH CHCTEMBI B NpPHUBEACHHOU (opme
MOXHO OIpeaeNuTh He3aBucuMo oObrayHsiM MHK.

3Hasi OIEHKU OJTHX TMPUBEIACHHBIX KOIPPUIIMECHTOB
MOKHO OMpPENIEIUTh MapaMeTpbl CTPYKTYPHOU (HOPMBI MOJIETIH.
Ho mHe Bcerna, a TOJNIBKO €CIIH MOJENb SBISETCA
UICHTUPUIIUPYEMOIA.

IIpobnema uoenmughuxayuu.
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Mogenb cuuTaeTcsi TOYHO MIEHTH()ULUPOBAHHOM, €ClIn
BCE €€ ypaBHEHUS TOYHO HICHTH(PUIINPOBAHHEI.

Ecnmu cpemu ypaBHEHHMIT MOAENU €CTh XOTsS OBl OJHO
CBEpXMJICHTU()UIIMPOBAaHHOE YypaBHEHUE, TO BCI MOJEIb
CUUTAETCS CBEPXUICHTU(HUIUPOBAHHOM.

Ecnu cpeam Bcex ypaBHEHHMI MOJENH €CTh XOTS ObI
OJIHO HEHJEHTU(UIMPOBAHHOE, TO BCA MOJEIb CUUTAETCA
HEeUJIEHTU(PULIHPOBAHHOM.

VYpaBHEHHE Ha3bIBAECTCS] TOUHO UACHTU(GHUIIMPOBAHHBIM,
€CJIH OLEHKH CTPYKTYpPHBIX IapaMETPOB MOXXHO OJHO3HAUHO
(EIMHCTBEHHBIM  CIOCOOOM) HaWTH 1O  Kod(duumeHTam
IIPUBEIECHHON MOJEIIN.

VYpaBHeHHE  CBEPXUACHTU(GHUIMPOBAHO, €CIU  JJA
HEKOTOPBIX CTPYKTYPHBIX IapaMeTpOB MOXKHO  TOJYYHTb
00J1e€ 0IHOTO YUCICHHOIO 3HAYEHUSI.

VYpaBHEeHHEe Ha3bIBae€TCS  HEUACHTU(DHUIMPOBAHHBIM,
€CIIH OLICHKH €ro  CTPYKTYPHBIX I1apaMETPOB HEBO3MOKHO

HaWTH 10 KO3PPUIIMEHTaM TPUBEACHHON MOJEIH.

Ilpasuna uoenmughuxayuu- Heobxooumoe u
oocmamounoe  ycnosusi  udeHmuguxayuy  (IPAUMEHSIIFOTCS
TOJNBKO K CTPYKTYpHOU (hOpME MOJIEIH ).

Brenewm crnenyronme 0003HauYCHUS:

M- gucio npegonpeneneHHbIX TEPEMEHHBIX B MOJIEIIH;
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M- YKCIIO MPEeAOINpeaeTICHHBIX MEPEMEHHBIX B JAaHHOM
ypaBHEHUU;

K — uucio OHAOTCHHBIX IICPCMCHHBIX B MOACIIN,

K — 4YHCIO SHAOTEHHBIX MEPEMEHHBIX B JAHHOM
yYpaBHEHUHU.
Heobxooumoe (HO HEJ0CTAaTOYHOR) yenosue

uoeHmu@uKayuu ypasHeHust MoOeuu.

Jis  Toro 4toOBl  ypaBHEHHE MOJAENU  OBLIO
UICHTUPUIHPYEMO, HEOOXO0IMMO, 4TOOBI qUCIIO
MIPEIOTPEICIICHHBIX TIEPEMEHHBIX, HE BXOJSIIUX B YpaBHEHUE,
OBUI0O HE MEHBIIE «YHCIA OSHJOTEHHBIX TICPEMEHHBIX,
BXOJSIIMX B ypaBHEHHE MUHYC 1», T.e. : M-m>=k-1;

Ecmu M-m=k-1 , ypaBHEHUE TOYHO
UJCHTUPUIIMPOBAHHO.

Ecnu M-m>k-1, ypaBHeHHE CBEPXHUICHTUDHUIIUPOBAHHO.

DT mpaBuia CcleAyeT NPUMEHSATh B CTPYKTYpPHOU
dbopMme Moenu.

Jlocmamounoe ycnosue udeHmughukayuu ypasHeHus
Mmooenu.

Beenem ob6o3Hauenus: 4 — marpuna kKo3pPHUIHEHTOB

MIpY IEPEMEHHBIX HE BXOJSIINX B JAHHOE YpaBHEHHE.

JoctarouHoe ycioBue UACHTH(GUKAINY 3aKITF0YaeTCs B

TOM, YTO paHr MaTpuibl A 1oikeH ObITh paBeH (K-1). Panr
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MaTpUIlbl — pa3Mep HauOoJIbIIeH ee KBaApaTHOM MOAMAaTpPHULIbL,
OIIpEAEIUTEND KOTOPOI HE PAaBEH HYIIIO.

Chopmynupyem HE0OXO0IUMOE U TIOCTATOYHOE YCIIOBUS
UACHTUDUKALMHA YPaBHEHUS MOJEIIN:

1) Ecmu M-m>k-1 u panr matpuisl 4 paBen K-1, To
ypaBHEHHE CBEPXHUICHTH()UIIMPOBAHHO.

2) Eciu M-m=k-1 u panr marpuusl 4 paBen K-1, To
ypaBHEHHME TOYHO MJIEHTU()ULIMPOBAHHO.

3) Eciu M-m>=k-1 u panr matpuisl 4 mensiie K-1, To
ypaBHEHHE HEUJICHTH(PHUIIMPOBAHHO.

4) Ecmu M-m<k-1, TO ypaBHEHHE
HeUJIeHTU(GULUUPOBaHHO. B 3TOM ciydae paHr marpunpsl A
Oyznet menbie K-1.

OneHka TOYHO UACHTU(PUIMPOBAHHOIO YpaBHEHUS
OCYIIECTBISIETCSI €  IIOMOIIBI0  KOCBEHHO20  Memood
HaumeHbvuux keaopamos (KMHK).

Anroputv KMHK Bxitowaer 3 mara:

1) cocraBneHue mnpuBEIEHHOW (OpMBI MOIENH H
BBIp@XEHHE KaXKI0ro Kod(pduiueHTa NpHUBEIEHHON (HOpMbI
Yyepe3 CTPYKTYpHBIE TapaMeTphl;

2) npumenenue ob6puHOro MHK k  kaxaomy
YpaBHEHHIO TPUBEACHHOW (OPMBI M TIOIYYECHHE UYHCICHHBIX

OIICHOK IIPHUBCACHHBIX IMMapaMCTPOB,
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3) omnpeneneHHe OLEHOK HapaMETPOB CTPYKTYPHOIL
dbopMBl  TIO  OLIEHKaM TPUBEACHHBIX  K03(PULMEeHTOB,
HCIIOJIb3YSl COOTHOILIEHUS, HaliIeHHbIE Ha mmare 1.

OneHka  CBEPXUACHTU(PHUIMPOBAHHOTO  ypaBHEHMS
OCYILLECTBIIICTCSI NPU  TOMOLIU  O08YXUUA08020 Memood
HAUMEHbUUX KEAOPAMO8.

Anroputm JABYXIIIarOBOro MHK BKJIIOYAET
CJICAYIOIINE IIIaru:

1) cocraBnenue npuBeeHHON GopMbl MOsENH;

2) npumeHeHue ob6buHoro MHK k  kaxnomy
YpaBHEHHIO TPUBEACHHONW ()OPMBI M TOIYYECHHUE UYHCICHHBIX
OLIEHOK IPUBE/ICHHBIX TapaMETPOB;

3) ompeneneHue pacyeTHBIX 3HAUYEHUH SHIOT€HHBIX
MIEPEMEHHBIX, KOTOpble (PUTypuUpYIOT B KauecTBe (DakTOpOB B
CTPYKTYpHOU (popMe MOJIEIH;

4) ompeneneHue CTPYKTYPHBIX MapaMEeTpOB KaxKIOTro
ypaBHeHHMs B oTnenbHocTd o0braHBIM MHK, wucnonszys B
KauecTBe  (aKTOpOB  BXOJSIIME B  3TO  ypaBHEHHUE
MpeONpEeeIIEHHbIE TEPEMEHHbIE U pPACUETHbIE 3HAYCHHS
9HOT€HHBIX IEPEMEHHBIX, ITOJyUYEHHBIE Ha mmare 1.

Paccmompum npumep.

Ilycts nmeeTcs cucremMa:
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Y1 =By, +Bi5Ys @ X +aX, +u
Y, =0,y + 8, % + U,
Y3 =D3,Y, + 831X + 833X + U3
Tpebyercsi coctaBUTh HpHUBENEHHYIO (OPMY MOJIENH,
MIPOBEPUTH KaXKJIO€ YypaBHEHUE CTPYKTYpPHOM MOJeNd Ha
UICHTU(DUKAIUIO, U MPEATIOKUTH CIIOCO0 OIICHKH MapaMeTpoB
CTPYKTYpHOU (pOpPMBI MOJIENH.
Pewenue:
B aroil cucreme Y, Y2,Y3 - SHIOTCHHBIE NIEPEMEHHBIE
(K=3);
X1, X2, X3 - IIpeionpeaeacHubie nepemernbie (M=3).
K-1=2; K+M=6.

CocrtaBuM npuBeeHHYIO (HOpMY MOJIEINH:

Y1 = AuX + ApX, + AgXs +U,
Yo = ArXy + ApX, + AgXs +U,
Y3 = AsXs + AypX, + AggXs +U;
[TpoBepyuM, Kak BBINOJHSAETCS HEOOXOIUMMOE YCIOBHUE
UICHTH(OUKAIMHY JITSL K&XKI0TO YPaBHEHHSI.
Jlns 1-oro ypaBHeHust umeeM: k1=3; mi=2;
M-m;=1 < kj-1=2, cnemoBarenbHO, 1-0€ ypaBHCHHE
HEUJCHTU(PUIIMPOBAHHO.

Jlnst 2-oro ypaBHEeHUs uMeeM: K,=2; mp=1,;
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M-m,=2 > kp-1=1, cnemoBareibHO, 2-0€ ypaBHCHHE
CBEPXUICHTH(DHUIIMPOBAHHO.

Jlns 3-ero ypaBHeHUs uMeeM: K3=2; M3=2;

M-m3=1 = k3-1=1, cnemoBareiapbHO, 3-¢ ypaBHEHHE
TOYHO HUJICHTU(DHUIIMPOBAHHO.

PaccMoTpuM, Kak BBITIONHSIETCS JIOCTATOYHOE YCJIOBHE
UICHTH(PUKAIIY JUTST KOKIOTO YpaBHEHUSI CUCTEMBI. J{7s Toro,
YTOOBI OHO BBINOJHAIOCH HEOOXOIUMO, YTOOBI ONPEACIUTEIH
Matpuilbl 4 (MaTpuilbl KO3Q(UIMEHTOB MPU IIEPEMEHHBIX, HE
BXO/JISIIIIMX B 3TO YpaBHEHHUE) ObuT paBeH K-1=2.

CocraBum matpuny 4 1uist 1-oro ypaBHEHUSI CUCTEMBI.
B 1-oM ypaBHEeHUM OTCYTCTBYeT IHIIb OJHA IE€PEMEHHAS

cucreMsl x3. [loaTomy MaTpunia 4 6yaer UMeTh BUJ:

X3
0  -BO2-0M ypaBHEHHH
as3 - B 3-€M ypaBHEHHUHU

Panr nanHoil marpuubl paBeH 1, uto MeHbiie K-1=2,
CJIEZIOBATEIIBHO, 1-oe ypaBHEHUE MOJIENH
HEUJCHTU(PUIIMPOBAHHO.

CocraBum matpuny 4 1uist 2-0ro ypaBHEHUSI CUCTEMBI.
Bo 2-oM ypaBHEHMH OTCYTCTBYIOT IIEPEMEHHBIE Y3, X2, X3!

Y3 X2 X3
bis a;3 0 - B 1-oM ypaBHeHHHU

1 a3 ass -B3-eM ypaBHEHUU
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Panr manHol MmaTpuibl paBeH 2, 4to paBHO K-1=2,
CJIeI0BATEIBHO, 2-o0€ ypaBHEHUE MOJIEJH TOYHO
UACHTU(UITIPOBAHHO.

CocraBum Matpuily A miist 3-ero ypaBHEHHSI CHUCTEMBI.

B 3-em ypaBHEHUU OTCYTCTBYIOT II€pEMEHHBIE Y1, X7!

Y1 Xo
1 a;» -B1-oMypaBHeHUU
b1 0 - BO2-0oM ypaBHEHUH

Panr nmannoit marpuiel paBeH 1, uro menbme K-1=2,
CJIEI0BaTEILHO, 3-¢ ypaBHEHUE MOJICIIN
HEUICHTH(PHUIIUPOBAHHO.

Cnenaem BbIBOABL: 1-0€ U 3-€ ypaBHEHHUs CHCTEMBbI
HeUACHTU(PUIIUPOBAHHBI (T.K. HE BBIMOJIHAIOTCS TOCTaTOYHBIE
yCIOBHUS HUACHTU(GUKAIIMK, a B Ciydae 1-0ro ypaBHEHUS H
HEOOXOJIMMOE YCJIOBHE TaKXke). 2-0€ YpaBHEHHE CHCTEMBbI
cBepxuaeHTHGHIMpoBaHHO. Cre0BaTeIbHO, CUCTEMA B 1IETIOM
SBJIAETCS HEMJACHTUDUIIUPYEMOIA.

JUis OLIeHKM mapaMeTpoB 2-0r0 ypaBHEHUS MOYKHO
npuMennTh AByxmarossli MHK. Ilapamerpsr 1-oro m 3-ero
ypaBHEHUU OMpenenuTs Mo Kod(pHuIMeHTaM MpPUBEACHHOMN
dopmbr  Henmb3s.  [loaTomMy  mozenbs  gomkHa — OBITH
MoauGUIIMPOBaHA.

3aganmne Ne 3
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Ha ocHoBe naHHbIX, NpUBEICHHBIX B Ta0HIIE 3 U
COOTBETCTBYIOIIMX Bamemy BapuanTy (Tadnuma 4) mpoBecTH
UICHTH(DHUKAIINIO MOJICITH U OIHCATh IPOIEAYPY OLICHUBAHUS
rapaMeTpOB YPaBHEHHUM CTPYKTYPHOH (hOPMBI MOJICIIH.

Tabnuna 3

VYpaBue | Bapuanr Koadduuuents! nepen perpeccopamu
HHME | ypaBHEHUs | Y2 y3 X1 X2 X3
yl 1 0 0 dil do1 da1
2 0 b31 0 o1 das1
3 0 b31 il o1 0
4 0 b31 dii 0 da1
5 D21 D31 a1y 0 asy
yl y3 x1 X2 X3
y2 1 b12 b32 0 0 daszo
2 b1> 0 a12 a2 0
3 0 D3> ar az az
4 b1o D3> a2 a2 0
5 b1o D3> 0 a2 as2
yl y2 x1 X2 X3
y3 1 b13 b23 di3 0 0
2 b13 0 0 do3 da3
3 b13 0 al3 0 das3
4 b13 0 al3 do3 das3

Tabmuna 4

Ne YpaBHeHHe Ne YpaBHeHHe
BapuaHTa| Yyl y2 y3 BapHaHTa yl y2 y3
1 2 3 4 5 6 7 8
0 yll | y21 | y3l 50 y13 y23 y33
1 yll | y21 y32 51 y13 y23 y34
2 yll | y21 y33 52 y13 y24 y31
3 yll | y21 y34 53 y13 y24 y32
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4 yll | y22 y31 54 y13 y24 y33
3) yll | y22 y32 95 y13 y24 y34
6 yll | y22 y33 56 y13 y25 y31
7 yll | y22 | y34 57 y13 y25 y32
8 yll | y23 y31 58 y13 y25 y33
9 yll | y23 y32 59 y13 y25 y34
10 yll | y23 | y33 60 y14 y21 y31
11 yll | y23 | y34 61 yl4 y21 y32
12 yll | y24 | y31 62 yl4 y21 y33
13 yll | y24 y32 63 y14 y21 y34
14 yll | y24 | y33 64 yl4 y22 y31
15 yll | y24 y34 65 y14 y22 y32
16 yll | y25 | y31 66 y14 y22 y33
17 yll | y25 | y32 67 yl4 y22 y34
18 yl1l | y25 y33 68 yl4 y23 y31
19 yll | y25 | y34 69 yl4 y23 y32
20 yl2 | y21 | y31 70 yl4 y23 y33
21 yl2 | y21 y32 71 y14 y23 y34
22 yl2 | y21 | y33 72 yl4 y24 y31
23 yl2 | y21 y34 73 y14 y24 y32
24 yl2 | y22 y31 74 y14 y24 y33
25 yl2 | y22 | y32 75 yl4 y24 y34
26 yl2 | y22 y33 76 y14 y25 y31
27 yl2 | y22 | y34 77 yl4 y25 y32
28 yl2 | y23 | y3l 78 yl4 y25 y33
29 yl2 | y23 y32 79 y14 y25 y34
30 yl2 | y23 | y33 80 y15 y21 y31
31 yl2 | y23 y34 81 y15 y21 y32
32 yl2 | y24 | y3l 82 y15 y21 y33
33 yl2 | y24 | y32 83 y15 y21 y34
34 yl2 | y24 y33 84 y15 y22 y31
35 yl2 | y24 | y34 85 y15 y22 y32
36 yl2 | y25 y31 86 y15 y22 y33
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37 yl2 | y25 y32 87 y15 y22 y34
38 yl2 | y25 y33 88 y15 y23 y31
39 yl2 | y25 y34 89 y15 y23 y32
40 yl3 | y21 y31 90 y15 y23 y33
41 yl3 | y21 | y32 91 y15 y23 y34
42 yl3 | y21 y33 92 y15 y24 y31
43 yl3 | y21 y34 93 y15 y24 y32
44 yl13 | y22 y31 94 y15 y24 y33
45 yl13 | y22 y32 95 y15 y24 y34
46 y13 | y22 | y33 96 y15 y25 y31
47 yl3 | y22 y34 97 y15 y25 y32
48 y13 | y23 y31 98 y15 y25 y33
49 y13 | y23 | y32 99 y15 y25 y34
OKOHOMETpUYecKas MOJEIb COACPKUT TPU YpaBHEHUS.
KonmdecTBO 9HIOTEHHBIX TepeMeHHBIX (YY), IK30T€HHBIX
HEPEMEHHBIX (X) M BUJl YPaBHEHUS ONPEEIAIOTCS BAPUAHTOM
KOHTPOJIbHOM pa0oThl (TabauLbl 3 U 4).
Hanpumep, 1is Bapuanta Nel (Homep 3aueTHOM
KHWKKHU 3akaHuuBaercs Ha 01) dpopmupyercs cuctema
ypaBHeHuil, conepxkaras ypapaenus y11 (1-b1ii BapuanT,
cooTBeTCcTBYOIMI ypaBHeHHo Y1), y21 (1-b1it BapuaHT,
COOTBETCTBYIOIIHI ypaBHEHHIO Y2), Y32 (2-0if BapHaHT,
COOTBETCTBYIONIHNI ypaBHEeHHIO Y3) (cM. Tabiuiy 4). B
pe3yibTare U3 Tabnuis! 3 GopMUpyeM HOBYIO TabmuIy 5
K03 (UILIMEHTOB NPU EPEMEHHBIX, B COOTBETCTBUHU C
BapHUaHTOM:
Tabmuma 5
y2 y3 x1 X2 x3
yll 0 0 dil do1 dai1
yl y3 x1 X2 x3
y21 b1y D3> 0 0 aso
yl y2 x1 X2 X3
y32 D13 0 0 azs as3
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Takum 00pa3oM, OKOHUATENFHO CUCTEMA YPaBHEHU,
cooTBeTcTBYytomas Bapuanty 01, mpumer BUI:

yl=a;1-x1+ap;-x2+az;-x3
y2=b12-y1+b32-y3+a32~x3
y3=b13-y1 +ay3-x2+aszz-x3
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Tema 4. BPEMEHHBIE PS/1bI B
IKOHOMETPUYECKHUX
NCCIEJOBAHUAX

BONBIIMHCTBO HKOHOMETPHUYECKHUX MOJEIEH CTPOMUTCS
KaK JUHAMMYECKHE SKOHOMETPUUECKHE MOJENIN. DTO O3HAYAET,
YTO MOJENMPOBAHUE NMPUUYUHHO-CIEACTBEHHBIX CBA3EH MEXIy
IIEPEMEHHBIMH  OCYILECTBISETCSI BO BPEMEHH, a MCXOJHbIE
JIaHHBIE IIPEJICTaBIICHbI B (JOpME BPEMEHHBIX Ps/I0B.

Bpemennoit psin xi (t=1;n) — psg 3HaueHHd Kakoro-
b0  moKaszarens 32 HECKOJIBKO  TOCJIEIOBATENbHBIX
IIPOMEXKYTKOB BPEMEHH.

Kaxxnplii BpeMEHHOM psl X; CKIAIbIBAETCs u3
CJIEIYIOIUX OCHOBHBIX COCTaBIISFOIINX (KOMIIOHEHTOB):

1) Tennenuuu, XxapakTepu3yroIei odIee HarpaBIeHNE
JUHAMHMKU HM3y4aeMOro SBICHHUS. AHAIUTUYECKH TEHICHIMS
BBIpA)KAaeTCsl HEKOTOpOM  (pyHKIMEH BpeMeHHU, Ha3bIBaeMOil
tpeuaoMm (7).

2) Huxnudeckol UM MEPUOIUYECKON COCTaBIISIONICH,
XapaKTepU3yloIled  LUKINYECKHME WO  NEPUOJUYECKHE
KosnebaHus u3ydaemoro siBieHus. KoneGaHus mpeacTaBisioT
co00il OTKJIOHEHHs (aKTUUYECKHX YpPOBHEH psia OT TpeH[a.
O06beM MpoAaX HEKOTOPHIX TOBAPOB IOABEPKEH CE30HHBIM
koneOanusiM. Ce3oHHble Konebanus (S) — mnepuoanyeckue
Kosie0aHUs, KOTOpble HMMEIOT OINpPEAETICHHBIH U IMOCTOSHHBIN
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MEPUOJ] PaBHBI TOAOBOMY MPOMEXYTKY. KOHBIOHKTYypHBIE
kojieOanuss (K) cBs3aHbl C OOJBIIMMH 3KOHOMHYCCKHUMU
LUKJIaMH, TIEPHOJ TAKUX KOJICOaHUI — HECKOIBKO JIET.

3) ChayuallHOM COCTaBJSIONICH, KOTOpas SBISETCS
pe3yJIbTaTOM BO3JCHCTBUS MHOXKECTBA CIIy4alHBIX (haKTOpOB
(E).

Torma ypoBeHb psiila MOXKHO MPEACTaBUTH Kak
GyHkmmo 0T 5THX cocTaBisromux (kommonenTos): X =f(T, K,
S, E).

B 3aBUCHUMOCTHU oT B3alMOCBS3H MEXY
COCTABIISIFOLIMMH MOJKET OBITh NOCTPOCHA MO0 aIUTHBHAS
mozenb: X =T+K+S+E, 1160 My/IbTUILIMKATUBHAS MOIENb: X
=T-K-S‘E psana nunamuku.

s onpeoenenus cocmaea KOMNOHEHMmMog
(cmpyKkmypol 6pemennozo paoa) B MOJEIN BPEMEHHOIO psAlla
CTPOSIT ABTOKOPPESIIMOHHYIO (PYHKIIHIO.

Aemokoppenayuss — KOPPESAIUOHHAS CBS3b MEXIY
IIOCJIEZ0OBATEIbHBIMA  YPOBHAMHM OJHOTO M TOrO K€ psaa
OUHAMHUKU (CABUHYTHIMM Ha OIpEAEJeHHBI IMPOMEKYTOK
BpemeHH L - nar). To ecTb, aBTOKOppEISILHS - 3TO CBSI3b MEXKY
pAOOM: X1, X2, ... Xpi W PAAOM X4, X241, ..., Xn, THE L-
MIOJIOKUTETIBHOE 1IEJ10€ YUCIO0. ABTOKOPPEISALMS MOXKET OBbITH

n3MepeHa Ko3(pPUIHEHTOM aBTOKOPPEISIIH:
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_ -L

el = ,

O Oy
n

zxi 'xl L
i=1+L

rae Xyt X = )

n-L

==— — CpeIHHIA YPOBEHD PAIA (X141, X241+ Xn ),

n
in—L

L= % CpeIHMI YPOBEHbB psifa (X1, X2,..., Xn-L ),

Gt , OtL — CpEIHHE KBaJpaTUYECKUE OTKIOHECHHUS, IS
PAIOB (X141, X24L,-+» Xn ) ¥ (X1, X2,-.., Xn-L ) COOTBETCTBEHHO.

Jlar (caBur BO BpEMEHM) OIpeAensieT MOpPsI0K
kod(durnmenta aBrokoppensuuu. Ecimm L=1, 1O wuMmeem
ko3¢ (ULIMEHT aBTOKOppensnuu 1-oro mopsaka I, ecnu L=2,
TO KO3((UIMEHT aBTOKOPPENALUH 2-0r0 HOpsiika litp U T.JA.
Crnemyer yduThIBaTh, YTO C yBEIMUYCHHEM Jlara Ha €IUHHUILY,
YUCIO Tap 3HAYEHWH, 10 KOTOPBIM  pPacCUMUTHIBACTCS
KOX(QPHUIMEHT aBTOKOppensiuuu ymeHbinaercs Ha 1. ITostomy
OOBIYHO PEKOMEHIYIOT MaKCHUMaJIbHBIN MOPSIIOK
K03 hHUIeHTa aBTOKOPPEIIAINK PaBHBIN N/4.

Paccunras HECKOJIBKO KO3 (HUIIIEHTOB

ABTOKOPPEIAIMH, MOXHO onpeaenuth yar (L), mpu KOTopom
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aBTOKOppesanus (It ) Hanbosee BbICOKasi, BBIABUB TEM CAMbIM
cmpykmypy epemenno2o paoa. Ecin Hanbosee BBICOKUM
OKa3bIBAE€TCSl 3HAYECHUE [it.1, TO UCCIENYEMBIH DS COAEPKUT
TOJIBKO TeHAeHuuto. Ecin Hanbosee BBICOKUM OKazaics It
TO PAJ CONEpKUT Kosiebanus nepuopoMm L. Ecnu Hu ogun u3
ltt-L HE SBISETCS 3HAYMMBIM, MOXKHO CJIEJIaTh OJHO W3 JBYX
MIPEATIONOKECHUMN:

- 100 pAI HE COAEPKUT TEHJCHLUU U LHUKINYECKUX
Kosie0aHUH, a ero ypoBEHb OINpPENeNsIeTcsl TOJAbKO CIydaiHOM
KOMITOHCHTOM;

- b0 pAx  COHNEPKUT CUJIBHYIO HEIMHEHHYIO
TEH/JEHUMIO, JUIsI BBIABICHUS KOTOPOH HYXHO IIPOBECTH
JIOTIOJIHATENbHBIN aHAIN3.

[TocnenoBarenbHOCTH K03 (HULIHEHTOB
aBTokoppenmsitun 1, 2 W T.O. TOPSAKOB  HAa3bIBAIOT
aBTOKOpPpPENSUOHHON (yHKuMeH BpeMeHHoro psna. ['paduk
3aBHCUMOCTH 3Hau€HUH KO3((UIIMEHTOB aBTOKOPPEISALMH OT
BEJIMYMHBI Jara (mopsjaka kod(d@uiMeHTa aBTOKOPPESALUN)
Ha3bIBAIOT KOPPEN0ZPaAMMOIl.

Jlns BBIABICHUS 3aKOHOMEPHBIX KOJICOAHUN BHYTpPHU
rofia Ipy BBINOJHEHUU KOHTPOJILHOW pabOThl PEKOMEHIYEeTCs
paccuuThiBaTh HE MeEHbIIEe 4-X ypoBHEH KO3PPHUINEHTOB

ABTOKOPPEISAIINH.
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PaccmoTtpum

Ha

npuMepe

KaK

IMOCTPOUTH

KOppeIorpaMMy, 9YTOOBI ONPEACTSETCS] CTPYKTYPY BPEMEHHOTO

psana.

HYCTB HaM JaHbl IIOKBapTaJIbHBIC JAaHHBIC 00 00BeMe

BBIIIyCKa HEKOTOPOT'O TOBapa HEKOTOpoil gupmoil —x (yci.en.)

3a 3 roga:

1993 1994 1995

1 2 3 4 1 2 3 4 1 2 3 4

410| 560| 715] 500 520 740 975 670 705/ 950| 1200| 900

UYroObl MOCTPOUTH KOppENoropaMMmy JUIsi HAIIEro
npuMepa, MCXOAHBIA psii JTUHAMUKA JONOJIHUM pSJaMd W3
YpOBHEH 3TOr0 psijia, CABUHYTHIMU BO BpeMeHH (Tabnuia 6).

Tabauua 6

t 1 2 3 4 5 6 7 8 9 10 11 12
Xt - [ 560f 715] 500] 520] 740f 975|670] 705 950{ 1200 900|r;;.
Xep | - 1410 560{ 715] 500{ 520 740{975| 670] 705 950| 1200(,=0,537
Xt - - 715] 500] 520| 740 975[670[ 705| 950| 1200| 900|r;.
xo |- - | 410 560[ 715| 500] 520{740] 975 670 705| 950/,=0,085
Xt - - - 500{ 520{ 740| 975|670] 705[ 950{ 1200{ 900|r
Xes | - | - - 410 560[ 715 500({520| 740] 975 670 705|3=0,445
Xt - - - - 520| 740| 975[670[ 705| 950| 1200| 900fr;.
Xea |- | - - - 410 560| 715|500{ 520| 740[ 975 670[4=0,990
Xt - - - - - 740] 975|670 705[ 950| 1200{ 900|r
Xes | - | - - - - 410 560|715| 500] 520 740| 975|5=0,294

Paccuntaem k03 punreHTs KOppesiuuu:

1-oro mopsiika Juist pSIOB Xi M Xt.1,
2-0T0 TIOpsiIKA JUISL PSIIOB Xt U Xt.2,
3-ero mopsIKa IS PSIIOB Xt U Xt.3,
4-0r0 TopsAAKa JUTS PSIIOB Xt M X4,
5-0r0 TOpSIIKA JJIS PSATIOB Xt U Xt.5
Pe3ynbTaThl pacueToB MpeacTaBieHbI B TA0IUIE 7.

Tabmauua 7

Jlar (mopsimok) —
L

lit-L

Koppenorpamma
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1 0,537 | ****
2 0,085 | *

3 0,445 | ***
4 0,990 | *x**=
5 0,294 | **

BreIBoA: B TaHHOM psifly TMHAMUKH UMEETCS] TEHACHIIUS
(T.K. I1+1=0,537 —1) u neproanyeckne KoieOaHus ¢ IEPHUOIOM
(L) paBHBIM 4, T.€. UMEIOT MECTO CE€30HHBIC KOJicOaHHs (T.K. Ity
4=0,99 —1).

Ilocmpoenue moodenu epemenno20 paoa ¢ ce30HHbIMU
Konebanuamu (A0OUmMuUEHAs MOOEb).

[Tporiecc mMOCTpOCHUST MOJAETM BPEMEHHOro psaa (x),
coJiepKaliero N ypoBHeW HEKOTOPOTO MokazaTess 3a Z jeT, ¢ L
CE30HHBIMHU KOJICOAHUSIMH BKIIFOUAET CIIEIYIONIHE IIaru:

1) Beipasnusanue ucxoonoco psada  memooom
ckonvsaweti  cpeoneii  (x°). TlpousBeneM  BHIpaBHMBAHHE
MCXOJ/IHOTO PsiJia B3SITOTO U3 MPUMEpPa, PACCMOTPEHHOTO BEHIIIIE,
METOZOM CKOJIB3AIIEH CpeaHEe C IEepUOJAOM YCPEIHEHUS
paBHbIM 3. Pe3ynbTaThl mpeacTaBieHbl B Tabmuie 9 (cronber
4).

2) Pacuem 3nauenuti ce30HHOU cocmasnsowen S,
i=1;L, rme L— gmcno ce3oHoB B romy. s Hamrero mpumepa

L=4 (ce30HBI - KBapTAaJIBbI).
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Pacuer 3HAYECHUN CE30HHBIX COCTAaBJIAIOIINAX
OCYIIECTBIISICTCS TOCJIE YCTPAHEHUS] TCHICHIIUU U3 UCXOIHBIX
ypoBHeil psama: X - X°  (cromben 5, Tabmuma 9). [l
JMAIBHEUINETO pacyera Si IMOCTPOMM OTACIbHYIO TaOJIHILY.
CTpOoKH JaHHOH TaOIUIBI COOTBETCTBYIOT CE30HAM, CTOJIOIIBI -
romam. B Tene TaGmunpl HaxonsTes 3HadeHus: X - X°. 1o aTum
JIAHHBIM PaCCUUTHIBAIOTCS CPEJHUE OICHKH CE30HHBIX
cocrapisomux Kaxkaoi crpoke (S%). Eciam cymma Beex

L
CpPEIHUX OIICHOK paBHA HYIIO (ZSf =0), TO JaHHBIC
i=1
cpefHre W OyayT OKOHYATEIbHBIMH 3HAUCHHSMHU CE30HHBIX
—cC
cocrapmsitonux (Si=S%j). Ecnu ux cymma He paBHa HYIIO, TO
PacCUHMTHIBAIOTCS CKOPPEKTUPOBAaHHBIC 3HAYCHUS CE30HHBIX
COCTABJISIONIMX BBHIYNTAHWEM W3 CPEIHEH OICHKH BETHMYHHBI

PaBHOI OTHOILIEHUIO CyMMBI CPEJHUX OLEHOK K MX 00lemy

L

>s;

uncny (S, =S —*t—). Jlna wHamero mnpumepa pacyer

L
3Ha4yeHMH S; npejicTaBieH B Tabnuie 8.
Tabiuma 8
Howmep Ion 1 I'on 2 T'on 3 Cpennss ouenka| CKoppeKTUpOBaH
ce30Ha CE30HHOU Hasl OIICHKa
COCTAaBJISTIOIIIEH CE30HHOU
COCTAaBJISAIOLEN
Si

1 - -66,67 -70,00 -68,33 -67,15

2 -1,67 -5,00 -1,67 -2,78 -1,60

3 123,33 180,00 183,33 162,22 163,40
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4 -78,33 -113,33 - -95,83 -94,66

Hroro -4,72 0

3) Yempanenue enusanua cezonnoii cocmasnarowerl u3

C S — s

UCX00H020 psda ounamuku . X° = X-Sj. Pe3ynbraTsl pacdyera X
JUIsL HALIIETO TPUMEpa PECTaBICHBI B CTONONE 6 TaOIUIBI 9.

< S
4)  Ananumuueckoe  evipagHusanue  yposHeu - X

(moctpoenne Tperpa): 1 =a +b -t

Pacuer apaMeTpoB npu aAHAJIMTUYECKOM
BBIPAaBHMBAHMM Yallle BCETO IPOU3BOJUTCS C IIOMOIIBbIO METOA
HauMmeHbMX KBaapaToB (MHK). Ilpu 3TOM nouck napamerpos
Il JIMHEHMHOI0 ypaBHEHUsS TPEHJa MOXKHO YIPOCTHTb, €CIIH
OTCYET BPEMEHU MTPOU3BOIUTH TaK, YTOObI CyMMa IOKa3aTesel
BPEMEHH M3y4aeMoro psijia JUHAMHUKU ObUla paBHa Hymo. [lns
5TOTO BBOJMTCS HOBas YCIOBHAs MepeMeHHas BpeMeHu UV,

takasg, uto Xt =0. YpaBHeHMe TpeHJAa HPH >TOM OYyJeT

cnepyrommm: 1 = a +5 -t

[Ipy HEYETHOM 4YHMCIIE YPOBHEH psa IMHAMMKHA IS
noaydenus ), t'=0 ypoBeHb, HaXOAANIMICA B CEPEUHE PSNa,
HPMHHUMAETCA 3a YCIOBHOE HAYal0 OTCYETA BPEMEHH (IIEPHOILY
WM MOMEHTY BPEMEHH, COOTBETCTBYIOLIEMY JaHHOMY YPOBHIO
NpUCBaMBaeTCs  HyJlIeBoe  3Ha4yeHue). JlaTel  BpeMeHH,
pacHoNIO)KEHHBIE  JIeBee OTOr0  YPOBHA, 00O03HAYAKOTCS

HaTypaJbHBIMH YHCIAMU CO 3HAKOM MuHYyC (-1 -2 -3 ..), a
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JaTbl BPEMEHH, PACIOJIOKEHHBIE IIpaBee STOr0 YpPOBHS —
HaTypaJIbHBIMU YHCJIaMHU €O 3HaKoM mitoc (1 2 3 ...).

Ecnu uucno ypoBHe# psiaa 4yeTHOE, EpUObl BPEMEHU
JIEBOH TTOJIOBHHBI psijia (10 CepenHbl) HyMmepytoTes —1, -3, -5 u
T.1. A mepuoasl NMpaBod MojaoBUHBI - +1, +3, +5 u.t.4. Ilpu
stom 2tY Gyner paBHa 0.

Cucrema HOpMaJIbHBIX ypaBHEHUH (COOTBETCTBYIOLIMX

MHK) npeobpa3zyercs K BUAY:

sz =a-n
xSt =b> (t7)?

OTCIOI[a napaMeTpbl YpaBHCHUA PACCUUTBIBAIOTCA I10

-

dbopmynam:

sz -t sz

F-—

> ) "

WuTepnperanus mapaMeTpoB JIHMHEHHOTO YpaBHEHUS

b~:

TpeHja T=a+b-t¥:

a- yYpOBEHb psijia 3a epuo Bpemenu t=0;

59



b - CpenHuil aOCOMIOTHBIM MPHUPOCT YPOBHS psifa 3a
€MHUYHBIA TPOMEKYTOK BPEMEHHU.

B namem npumepe 4eTHOE YMCiIo YpOBHEH psma: n=12.
CrnenoBatenbHO, yCIOBHAs NEPEMEHHAs BPEMEHM Jid 6-0ro
aneMeHTa psga Oyner paBHa —l, a ans 7-oro +1. 3HaueHus

nepeMeHHoi P cojepkarcs Bo 2-0M CTONIOIE TaOIUIbI 9.

[lapamerpsl  nuHEHHOrO  TpeHAa  OyAyT: b
=14257 5/572=24,93; a =8845/12=737,08. DT0O 3HAYNUT, YTO C
KOKIbIM KBapTajioM O0ObEeM BBHIIyCKa TOBapa B CpPEIHEM
yBeanuMBaeTcs Ha 2:28,7 ycn.en. A cpeanuit 3a nepuon ¢ 1993
o 1995rr o6bem Brimycka coctaBui 738,75 yci.en.

PaccunTaem 3HaveHUsT TPEHIIOBOH KOMITOHEHTHI TI0
popmyne T =737,08+24,93-t” (cTonben 7 Tabmuisi 9).

5) Yuem cezonnou cocmasnaowei 6 6vipoeHeHHbIX
yposusax psada (X =T+S). Pesynbrarhl pacyera IUis HaIEro
puMepa MpeCTaBIeHbI B cTONOIE 8 TabmuIs! 9.

6) Pacuem abconomHot owudOKU BPEMEHHOTO psiaa
(E=X-X ) OCYIIECTBIAETCS VISl OLEHKH KauecTBa MOJyYeHHOM

MOICIIN. PGSYJ'H)TaTI)I pacu€ta i Hamero npumMepa

MIpe/ICTaBJICHBI B CTOJIOIE 9 Tabmuiib! 9.

Tabmanma 9
t X X X- X x° T X E
2 3 4 5 6 7 8 9
-11 410 - - 477,15 462,90 395,75 14,25




2 -9 560 561,67 -1,67 561,60] 512,75 511,15 48,85

3 -7 715 591,67 | 123,33 551,60] 562,60 726,00 -11,01

4 -5 500 578,33 | -78,33 594,65| 612,45 517,80 -17,80

5 -3 520 586,67 | -66,67 587,15| 662,31] 595,15 -75,15

6 -1 740 745,00 -5,00 741,60 712,16] 710,56 29,44

7 1 975 795,00 | 180,00 811,60] 762,00 925,41 49,59

8 3 670 783,33 - 764,65 811,86 717,21 -47,21

113,33

9 5 705 775,00 | -70,00 772,15 861,71] 794,56 -89,56

10 7 950 951,67 -1,67 951,60 911,56] 909,97 40,03
11 9 1200 1016,67 | 183,33 | 1036,60, 961,41 1124,82 75,18
12 11 900 - - 994,65| 1011,27| 916,61 -16,61
Uror | 8845 8845,00| 8845,00| 8845,00 16,61

3HaYMMOCTh  [APaMETPOB  JIMHEMHOTO  ypaBHEHUS
tperna (7) ompenensiercss Ha ocHoBe t-kpurepus CTbrofieHTa
TaK)Ke€ Kak U B JMHEHHOM IapHOM PErpeCCUOHHOM aHAJIU3E.

Ilpoznosuposanue no adoumusHol mooenu.

ITycte TpebyeTcs naTh NMPOTHO3 YPOBHS BPEMEHHOTO
psna Ha nepuof (N+1). ToueuHblil MPOrHO3 3HAYEHUS YPOBHS
BPEMEHHOIO psiia Xp+1 B AJJUTHUBHOW MOJENM €CTh CymMMa

TpeHﬂOBOﬁ KOMIIOHCHTBI )51 CE30HHOHU KOMITIOHCHTBI

(COOTBETCTBYIOIIIEH I—OMY CE30HY NMPOTHO3a): Xn+1 =The1+S;.

JI71st TOCTpOEHUsI JOBEPUTEILHOTO MHTEPBAIA MTPOTHO3a

HYXHO pacCUUTaTb CPCAHIOKO OI_HI/I6Ky IIpOruHo3a:

_ Z(X_i)z 1 (tYP)Z
P — = 1+n+—2(ty)2 ,

rze h- yucimo mapaMeTpoB B ypaBHEHHH TPEH/IA,
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P — snauenme ycnmoBHOW mNepeMEHHOM BpeMeHH A
NEepUOa IPOTHO3UPOBAHMUSL.

3areM paccuyuTaeM MpeeibHylo ommoOKy nporuosa:; AP
:ta'upl

rae ty- kodd¢uuMeHt noBepus, ONpeAesieMblil I0
tabmuiam CTBIOJICHTAa TIO YPOBHIO 3HAYMMOCTH O M YHCIY

crerneHei cBo0oabl paBHbIM (N-h).

~

v p
OxoHuaTenbHo moxyanm: ( X, g -AP; Xy,q +AP).

3aoanue No 4
Ha ocHoBe nannbIx, mpuBeeHHBIX B Tabimie 10 u
COOTBEeTCTBYIOIIUX Bamemy Bapuanty (Tabnuna 11),
MIOCTPOITE MOJIETh BPEMEHHOTO psna. [[ist aToro Tpedyercs:
1. [locTpouts KOppenorpaMMy U ONpPEACIIUTH
HMMEET JIU PsIJT TEHJEHIINIO U CE30HHBIC KOJICOaHMsI.
2. [IpoBecTn crinakuBaHue psiia  CKOJB3SIICH

cpez[Heﬁ H pacCuUUuTaTb 3HAYCHUA CE€30HHOM COCTAaBJISIONICH.

3. [locTpouth ypaBHEHUsI TpeHIAa U CHAENaTh
BBIBOJBI.
4, Ha ocHoBe moOnydeHHONM MOJEIM CHENATh

MPOTHO3 Ha CJENYIOIINE JBa KBapTala C y4E€TOM BBISIBICHHOMN
CE30HHOCTH.
Tabmuma 10
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OcHOBHBIE TIOKa3aTENN PA3BUTHUS IPOU3BOACTBEHHOMN

(bupmbI
3a nepuof ¢ 2002 no 2007 rr. (1o conocTtaBUMOM
OIICHKE)
N l'on Kgapt |O6bem |Cpenneron |Cpens |[leouro |Cpenuero |banan [Yucta
HaOn an MPOM3BO (oBast eroJIoB(pckas  |moBas coBas |s
0]e JICTBA  |CTOMMOCTS |as 3a[I0JDK |CTOMMOCT |TIpHOBI [IprOBI
HUS MPOIYK [OCHOBHBIX |9IHCIIE |€HHOCTB|b Tb, 1Ib,
1HIH, MIPOU3BOJC |HHOCT |, 00OpOTHBI |MJIH.  |MJIH.
MJIH.pyO [TB€HHBIX  |b MIH.pY [X py6. |pyO®.
. ¢onmos, |IIIIIL, |6. CpEeICTB,
MJIH.pY0. |uen., MJIH.pY0.
A b B 1 2 3 4 5 6 7
1 | 2002 1 1065 1062 713 25 837 94 36
2 2 851 682 507 27 685 78 27
3 3 531 726 361 34 837 87 22
4 4 922 1153 557 44 1161 75 29
5 | 2003 1 1095 1213 607 42 1151 84 34
6 2 986 898 598 39 822 63 28
7 3 822 794 368 48 1383 86 30
8 4 1137 1441 646 60 884 82 35
9 | 2004 1 1301 1600 693 63 1309 78 40
10 2 1038 967 718 40 1028 72 33
11 3 780 1246 363 48 1771 84 33
12 4 1435 1458 639 71 1310 102 40
13 | 2005 1 1593 1412 708 87 1372 112 36
14 2 1658 891 614 65 1272 92 27
15 3 1363 1061 348 67 1821 99 30
16 4 1737 1287 636 76 1571 113 36
17 | 2006 1 1719 1635 825 101 1758 95 36
18 2 1521 1166 622 84 1505 79 28
19 3 1049 1230 514 73 2109 112 28
20 4 1790 1514 703 93 1787 116 28
21 | 2007 1 2016 1642 797 96 2197 90 39
Tab6muma 11

Howmepa HabnroeHuii u mokasarenb,
COOTBETCTBYIOIINE BapHAHTy KOHTPOJIBHOU PaOOTHI
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Howmep Howmep Home | Hom | Hom | Ho | Hom | Homep
BApUaHTa | HavaJbHOT p ep ep | Mep| ep | mokasza
0 KOHe | moka | Bapu | Hau | KoHe | Tens
HaOmoneH | yHor | 3arten | anta | anb | yHOT u3
us 0 s U3 HOT 0 Tadm.4
HaOnm | Tabm. o | mabn
IOJICH 4 Ha0 | rogeH
us IO us
JIeH
us
1 2 3 4 5 6 7 8
1 1 12 1 51 1 12 6
2 2 13 1 52 2 13 6
3 3 14 1 53 3 14 6
4 4 15 1 54 4 15 6
5 5 16 1 55 5 16 6
6 6 17 1 56 6 17 6
7 7 18 1 57 7 18 6
8 8 19 1 58 8 19 6
9 9 20 1 59 9 20 6
10 10 21 1 60| 10 21 6
11 1 12 2 61 1 12 7
12 2 13 2 62 2 13 7
13 3 14 2 63 3 14 7
14 4 15 2 64 4 15 7
15 5 16 2 65 5 16 7
16 6 17 2 66 6 17 7
17 7 18 2 67 7 18 7
18 8 19 2 68 8 19 7
19 9 20 2 69 9 20 7
20 10 21 2 70| 10 21 7
21 1 12 3 71 1 12 1
22 2 13 3 72 2 13 2
23 3 14 3 73 3 14 3
24 4 15 3 74 4 15 4
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4 INEPEYEHD OCHOBHOM n

I[OHOJIHHTEJIEHOFI YUEBHOM JIMTEPATYPBHI,
HEOBXOJINMOMU JJIsA OCBOEHUA JUCHUIIJINHBI

1.

4.1 OcHOBHAas1 JIUTEpPaTypa:

Cratuctuka [Tekcr] : y4eOHMK W TNPaKTUKYM IS
aKkajeMuueckoro OakamaBpuaTa :  Y4EeOHMK  JJs
CTYJICHTOB BY30B, OOYYaIOIIUXCS MO SKOHOMHYECKUM
HAlpaBJICHUSIM M CIEUUATBHOCTAM : Y4YEOHUK JUIs
CTYICHTOB BY30B, OOYYalONIMXCsS IO HaIPaBICHUIO
"Cratuctuka" u JIpyTruM 3KOHOMUYECKUM
cneranbHOCTSIM / [B. C. MxurtapsiH u 1p.] ; oz pen.
B. C. Mxwurapsina ; Hau. uccnen. yu-t "Beiciias mkona
skoHoMuKH". - MockBa : FOpait, 2016. - 464 c. -
(bakanaBp. Akanemudeckuit Kypc). - bubmuorp.: c. 464.
- ISBN 978-5-9916-5584-2

Bacunves, A. A. Teopuss  BeposSTHOCTEH U
MaTeMaTHYeCKash CTATUCTUKA : YYCOHUK M TPAKTHKYM
JUI akajeMuuyeckoro OakanaBpuara / A. A. Bacuibes.
— 2-e w3d., uchnp. U gon. — M. : M3matenscTBO
Opaiitr, 2017. — 253 c. — (Cepus : bakanasp.
Axanemuueckuii  kypc). OBC. URL: https://biblio-
online.ru/viewer/3F13A609-9D28-44A2-A070-
1A025A293A4F#page/l

AHanu3 JaHHBIX : Y4YEOHHMK [UIsI aKaJeMHYeCKOro
OakanaBpuata / B. C. Mxwurapsiu [u ap.] ; moxn pexa. B.
C. Mxurapsina. — M. : U3natensctBo FOpaiit, 2017. —
490 c. — (Cepus : bakamaBp. AkajeMHYECKUN KypcC).
— ISBN 978-5-534-00616-2. OBC. URL https://biblio-
online.ru/viewer/CC38E97A-CCE5-4470-90F1-
3B6D35ACCOB4#page/1

Mupxun, b. I'. BBefenue B aHaJIM3 JaHHBIX | yYeOHUK U
npaktukyMm / b. I'. Mupkun. — M. : UznatenscTBo
Opaiit, 2017. — 174 c. — (Cepust : ABTOpCKHil
yuebnuk). — ISBN 978-5-534-03762-3. OBC. URL
https://www.biblio-online.ru/viewer/46A41F93-BC46-
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https://biblio-online.ru/viewer/3F13A609-9D28-44A2-A070-1A025A293A4F#page/1
https://biblio-online.ru/viewer/CC38E97A-CCE5-4470-90F1-3B6D35ACC0B4#page/1
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https://biblio-online.ru/viewer/CC38E97A-CCE5-4470-90F1-3B6D35ACC0B4#page/1
https://www.biblio-online.ru/viewer/46A41F93-BC46-401C-A30E-27C0FB60B9DE#page/1

401C-A30E-27COFB60BIDE#page/1

4.2 JlonoJiHMTeJILHAS JIUTEpaTypa:

1. bomorora, JI. C. CucreMbl TOIIEPKKU
NpUHATHUS pemieHui B 2 4. Yacte | : yueOHUK U IPaKTUKYM JIJIst
akanemuueckoro Oakanaspuata / JI. C. bonorosa ; otB. pen. B.
H. Bonkosa, 3. C. bonotoB. — M. : M3narensctBo IOpaiiT,
2017. —279c.

2. CraTtuctuka [Tekcr] : yueOHHK Ui CTYICHTOB
OakanaBpuaTa, OOy4arOUIMXCs IO HANpPaBIECHUIO IMOATOTOBKU
"Oxonomuka" / [JI. 1. HuBopoxkkuHa u nip.] ; mox oomr. pexm. JI.
N. HuBopoXxkuHOH. - 2-¢ u3A., mom. u mepepad. - Mockga :
JamxoB u K°, 2013.

3. HBuenko, HOnus CepreeBHa.
Craructuka [Tekcr] : yaeObHoe mocobue mist crynenTos / 0. C.
NBuenko. - M. : PUOP [u ap.], 2011.

4 3. IlepuoguyecKkue U3TaAHUA:

1. “Anredbpa u noruka” / VIHCTUTYT MaTeMaTHKU
um.CoboneBa CO PAH /Ilepuonuunocts — 6 pa3 B rojy/ caur:
http://elibrary.ru/title_about.asp?id=7311/

4.4 Ilepeyenb pecypcoB HH(OPMALMOHHO-
TeJIeKOMMYHUKAIMOHHOH ceTH «HTepHEeT», HE00OX0AMMBIX
JJIS1 OCBOEHMS TUCIHUIIIMHBI (MOIYJIA).

1. Poccuiickoe oOpazoBaHue, dbenepanbHbII
noptan [Odunmanereiii caiit] — URL: http://www.edu.ru

2. OO6pa3zoBarenbHbIi nopTal «Yueba»
[Odunmansusi caiit] URL: http://www.ucheba.com/

3. ITopran «Poccuniickoe o0Opa3oBaHHE»
[Odunmansusrit caiit] URL: http://www.edu.ru/

4. Enunoe oxHO joctynma K 00Opa3oBaTeNbHBIM

pecypcam «Emmnoe okHo» [Odunmanbueiii  caitit] URL:
http://window.edu.ru/
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5. @denepanpHas YHUBEPCUTETCKAasi KOMIIbIOTEpHAs

CEeTh Poccun [OdurmanpHbIH cauT] URL:
http://www.runnet.ru/

6. Cmyx0a TEMaTHYECKHUX TOJIKOBBIX
crnoBapeit| Odurmansueiii cait] URL:  http://www.glossary.ru/

7. O6pazoBatenpHblii  mopTasn  [OduimanbHbIMA
caiit] URL: «Axanemux» http://dic.academic.ru/

8. Web of Sciense (apxus ¢ 2002 roma) pedepatsl
[Odunmansubii caiit] URL: http://webofknowledge.com.

9. Jlektopuym  “(Munobpuayku P®) enunas

WNurtepuer-6mbnumoreka yeknwmii [Odunmaneuerii caiit] URL
http://www.lektorium.tv/

10. DONeKTpOHHbIM apxuB J0KymMeHTOB KyoI'Y
MOJIHOTEKCTOB [OdunmanbHbIH caiT] URL:
http://docspace.kubsu.ru
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