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IHpenuciaoBue

[IpuMeHeHue acneKTOB MATEMaTUKU B pPa3JIMYHBIX O0O0JIACTSX 3HAHUU
(oxoHOMUKa, (H3MKa, XUMHS, OWUOJOTHUS, COIHUOJOTUS W T. J.) IPUHECIO
3HAYUTENbHBIE YycHexu. [[ns SKOHOMHUYECKHX CHEHHAIBHOCTEW «MapKeTHuHI»,
«@PUHAHCHI U KpeauT», « MeHeKMEHT», «byXy4ET U ayIUT» CTyACHTAM YUTAOTCA
OoJbIIME IO 00BEMY KYypChl MAaTEMATUKH, BKIIOUas CrIelKypchl «MaremaTudeckue
METOJbl U MOJIENId B JKOHOMHUKE» M «IDKOHOMETPUKA», KOTOpPbIE MOTYT OBITh
YCHEIIHO WCIIOJIb30BaHbl B YYEOHOW MPAKTHKE CTYICHTAMU ISl BBHITIOJHEHUS
KYPCOBBIX U JUIUIOMHBIX pabor. B Hactosiiee Bpemsi HAET HaKOIUJICHUE
nH(OPMAITUU B Pa3IMYHBIX 00JIACTAX YKOHOMHUYECKUX 3HAHHWHA C MUCIOJIb30BAHUEM
SKOHOMETPHUKH.

[Tocobue comepKUT Kypc JEKIHI MO0 OCHOBHBIM pa3jieliaM dKOHOMETPUKHU:
IIapHAsi 1 MHOKECTBEHHASI PErPECCUsl, CUCTEMBl 3KOHOMETPUUECKUX YPABHEHUU U
BPEMEHHBIE PSJIBI.

[To Bcem pasmenaM TpenCTaBICHBI TECTHl M BAPUAHTHI KOHTPOJIBHBIX PadoT.
JIns BBINIONHEHWS KOHTPOJIBHBIX 3adaHuii 1o 10 BapuaHTam paccMOTPEHBI
TUIMOBBIE 3a/1a4H.

[TocoOue mpeaHa3HAYCHO IS CTYACHTOB OYHOM, 3209HOM M AUCTAHIIMOHHON

dbopm oOyueHus.



BBenenue

DKOHOMETpUKa — oOJHa u3 0a30BBIX JUCHMIUIUH SKOHOMHYECKOTO
oOpa3zoBanusi Bo BceM Mupe. OJHAKO 10 HEJAaBHErO0 BPEMEHM OHA He Oblia
npu3zHada B CCCP u Poccun. D10 ObUIO CBSI3aHO C T€M, YTO M3 TPEX OCHOBHBIX
COCTABJSIIOUIMX OSKOHOMETPUKH — 3KOHOMHMYECKOW TEOpPUH, SKOHOMHYECKOU
CTaTUCTUKU U MAaTeMaTHKW — JIBE MepBble ObUIM MPEACTABIICHbI B HaIlleH CTpaHe
HEy0BJIeTBOpHUTENHHO. HO Teneps cuTyanusi u3MEeHHIaCh KOPEHHBIM 00pa3oM.

Cy11ecTBYIOT pa3IMYHbIE BAPUAHTBI ONPEIEICHUS IKOHOMETPUKHU:

1) pacumpeHHble, IpU KOTOPBIX K SKOHOMETPHUKE OTHOCST BCE, YTO CBSA3AHO
C U3MEPEHUSMH B 3KOHOMHKE;

2) y3KO MHCTPYMEHTAJIbHO OpPHUEHTHUPOBAHHBIC, NMPHU KOTOPHIX MOHUMAIOT
Onpe/eleHHbId HAa0Op MaTEMaTUKO-CTaTUCTUUYECKUX CPEACTB, IO3BOJISIOMIMX
Bepu(UIIMPOBATH  MOJEIBHBIE  COOTHOIICHHS  MEXIy  aHAIM3UPYEMbIMU
HKOHOMHUYECKUMU MOKA3ATEIIAMH.

Ha nam B3rnsig, HanbOosiee TOYHO OOBSICHUI CYIIHOCTh IKOHOMETPHUKH OJUH
13 OcHoBaresie 3toil Hayku P. @puiil, KOTOpHIA U BBEN 3TOT Ha3BaHue B 1926 r.:
«DKOHOMETpPUKA — 3TO HE TO K€ CaMOe€, YTO IKOHOMHYEcKasi cTaTucTuKa. OHa He
UJIEHTUYHAa M TOMY, 4YTO MbI Ha3blBaéM OHKOHOMHMYECKON TEOpueH, XOTs
3HAUMUTENbHAS YacTb OJTOM TEOPUUM HOCUT KOJUYECTBEHHBIM  XapakTep.
DKOHOMETpPHKA HE SBJIIETCSI CHHOHUMOM IPUJIOKEHUN MaTEMATUKUA K S3KOHOMHUKE.
Kak mnoka3blBaeT ONBIT, KaxKJasg M3 TPEX OTIPABHBIX TOYEK — CTATUCTHUKA,
SKOHOMHUYECKass TEOpUs M MaTeMaThka — HeoOX0JUMOe, HO HE JOCTaTOYHOE
yCIOBHE JUIsI IOHUMAHUS KOJIMYECTBEHHBIX COOTHOLIEHWH B COBPEMEHHOMU
HIKOHOMHYECKOM KU3HU. ITO €IMHCTBO BCEX TPEX cocTaBisitonux. M 3To enuucTBO
06pasyeT SKOHOMETPHKY» .

DKOHOMETpUKA — 3TO  CaMOCTOSITEJIbHAs  Hay4dHas  JAUCUUILIMHA,

O6’I)€I[I/IH$II-OHI8JI COBOKYIIHOCTBb TCOPCTUYCCKUX PC3YJIbTATOB, IIPUEMOB, MCTOIOB U

! Frisch R. Editorial. Econometrica. 1933. N 1. P. 2.



MoJIeNIed, TpelHa3HAYEeHHbIX Il TOro, 4YToObl Ha 0a3e SKOHOMUYECKOM TEOpHH,
HPKOHOMUYECKOM CTAaTUCTUKM U HKOHOMHUYECKUX W3MEPEHHUH, MaTeMaTHKO-
CTaTUCTUYECKOTO HWHCTPYMEHTapusi MpUAaBaTh KOHKPETHOE KOJIMYECTBEHHOE
BbIp@XEHHE OOIMM (KaueCTBEHHBIM) 3aKOHOMEPHOCTSIM, OOYCIIOBICHHBIM
DKOHOMHUYECKOU TEOPHUEH.

OKOHOMETPUYECKUI METOJ CKJIAJbIBAJICS B MPEOAOJEHUU CIEIYIOIUX
TPYJHOCTEH,  MCKaXarlolUX  pe3yJpTaTbl  INPUMEHEHHsS  KJIACCHYECKHUX
CTaTUCTUYECKUX METOJOB (CYIIHOCTh HOBBIX TEPMHHOB OyJeT pacKpbiTa B
JaTbHEHIIIEM ):

1) acMMMETpPUYHOCTH CBSI3€H;

2) MyJbTHKOJJIMHEAPHOCTHU CBSI3EH;

3) addekra rerepockeTaCTUIHOCTH;

4) aBTOKOppEISALUY;

5) JNOXHOU KOppesIuy;

6) Hanuyus Jaros.

JIjist onyMcanusi CyIIHOCTH YIKOHOMETPUYECKOM MOJENIH YI00HO pa30uTh BECh
IIPOLIECC MOAEIIMPOBAHUS HA IECTh OCHOBHBIX JTaIIOB:

l-ii  osram  (OCTAaHOBOYHBIM) —  ONpPENECIEHHE KOHEUHBIX  IieJei
MOJICTMPOBaHMs, HabOpa y4acTBYIOUIMX B MOZeNu (aKkTOpOB M MOKa3aTesel, hx
pouu;

2-i1 aTan (ampUOpHBIN) — MNPEAMOJETBHBIM aHaau3 HKOHOMHYECKOU
CYIIHOCTH H3y4aemoro sBiieHus, (opMupoBaHue U (popmanuzanus anpuOpHOU
uHpOpMallMU, B YACTHOCTH, OTHOCAULIEHMCS K INPUPOAE U TE€HE3UCY MCXOJHBIX
CTATUCTUYECKUX JIAHHBIX U CIyYalHbBIX OCTATOUYHBIX COCTABJISIOLINX;

3-ii aTan (mapametpu3aiusi) — COOCTBEHHO MOJCIHUPOBAHUE, T. €. BBHIOOP
o011ero B11a MOJIEIH, B TOM YUCIIE COCTaBa U (POPMbI BXOSIINX B HEE CBA3EH;

4-i1 stan (MHPOpPMAUMOHHBIN) — cOOp HEOOXOAMMOW CTaTUCTHYECKOM
uHbOpMaIuy, T. €. PETUCTPALlMs 3HAUEHUN yYacTBYIOIIMX B MOJAENU (PaKTOPOB U
noKaszarejed Ha pa3IMYHbIX BPEMEHHBIX WM MPOCTPAHCTBEHHBIX TaKTax

(YHKIIMOHUPOBAHUS U3Y4aeMOrO SBICHUS;



5-i sTan (upeHTU(UKAIAS MOJIEN) — CTATUCTHYECKUI aHAIM3 MOJICTH U B
NEPBYIO OYEPEAb CTATUCTUYECKOE OLICHUBAHUE HEM3BECTHBIX MapaMETPOB MOJIEIIH;
6-i1 aTan (BepuduKaius MOJEIN) — COMOCTaBIECHNUE PEAIbHBIX U MOJICIIbHBIX
JAHHBIX, IPOBEPKA aJJIEKBATHOCTU MOJIENH, OLIEHKA TOYHOCTH MOJEJIbHBIX JAHHBIX.

DKOHOMETPUYECKOE MOACIMPOBAHUE PEATIbHBIX COLMAIBHO-IKOHOMUYECKHUX
MPOLIECCOB U CUCTEM OOBIYHO MPECIEAYET JIBa TUIA KOHEYHBIX MPUKIAJAHBIX LeTeh
(w1 oAHY W3 HUX): 1) MPOrHO3 3KOHOMUYECKHX M COUUAIBHO-3KOHOMHYECKUX
noKazaTejel, XapakTEepU3YIOIIUX COCTOSHUE M Pa3BUTHE aHAIU3UPyeMOM
CHUCTEMbI, 2) UMHUTALMIO PA3JIMYHBIX BO3MOXHBIX CIEHAPUEB COLMAIBHO-
HPKOHOMHYECKOTO Pa3BUTHS  AHAJU3UPYEeMOM CHUCTEMBbI (MHOTOBapHaHTHbBIC
CILICHApHBIE PacyeThl, CHTYallIHOHHOE MOJICTTUPOBAHUE).

[Ipy mnocraHoBKe 3aja4 3KOHOMETPUYECKOIO MOJEIUPOBAHUS CIEAYET
ONPENEINTh UX HEpPapXUUYECKUW ypOBEHb U MpoQuib. AHaTU3UpyeMbIe 3aJaud
MOT'YT OTHOCUTBCSI K Makpo- (CTpaHa, MEXCTPaHOBOM aHalu3), Me30- (PEruoHbI
BHYTPH CTpaHbl) U MHUKPO- (MpeanpusTHs, (PUPMbI, CEMbH) YPOBHSIM U OBITH
HaIpPaBJICHHBIMU Ha PEILIEHHE BOIPOCOB PA3IMUYHOIO MPOQUIS UHBECTUIIMOHHOM,
(bMHAHCOBOH WJIM COIMATBHON TOJIUTUKH, IIEHOOOPA30BaHUs, PACIIPEACTUTEIHHBIX
OTHOLIEHUU U T. II.

JlanHoe mocoOue HamucaHo Ha ocHOBE KHUT [1], [2] u ¢ mcmonap30BaHHEM
JPYTUX YKa3aHHbIX MCTOYHUKOB. lIpeamosaraercs, 4To YUTaTEIUd 3HAKOMBI C
OCHOBaMHM TEOPUHU BEPOSATHOCTEM, MATEMAaTUYECKOM CTATUCTUKHU, JIMHEWHOMU
anreOpbl M OKOHOMHUYECKOW CTaTUCTUKHA. KpaTkwe CBeIeHHsT W3 TEOPUHU
BEPOSTHOCTU U MATEMATUYECKOW CTATUCTUKU MPUBOASATCS B MPUIIOKEHUU B KOHILIE
KHUTH, KOTOPOE€ MOMKET HCMOJb30BaThCsI B KAueCTBE CIPABOYHOrO0 Marepuala.
OnHako 1711 BOCIIONHEHHS! CEPhE3HBIX MPOOENTOB B 3HAHMSAX ITHX JUCIHIUIAH
cienyeT oOpaTUThCs K CHEIUANIbHON JUTeparype. YUeOHbIH MaTeprall B TOCOOUHU
YCJIOBHO pa30UT HA YETHIPE YACTU U MPUIIOKECHUSL:

B mnepBoil yactu paccMOTpeHbl MOJENM MapHOW perpeccuu (JIMHEHas U

HEJIMHEHHBIC MOJICIIH ).



Bo BTOpoii wacTM mOCTAaTOYHO TOAPOOHO  pa3dmpaeTrcs  MOCHb
MHOKECTBEHHOM JIMHEHHOW perpeccud M KpaTKo oOCYyXJIarTcs MpoOIeMbl
TOMOCKETaCTUYHOCTH U aBTOKOPPEIIUPOBAHHOCTH OCTATKOB.

TpeTpss 4acTh MOCBALIEHA CUCTEMaM OJAHOBPEMEHHBIX 3KOHOMETPUYECKHUX
YPaBHECHUU.

B gerBepToii yacTn paccMaTpUBAIOTCSA MOJEIN BPEMEHHBIX PSOB.

[Ipunoxenue A COIEpPKUT KpPaTKUE CBEIAECHUS U3 TEOPUHM BEPOSTHOCTEN U
MaTeMaTUYECKOW CTATUCTUKH.

B npunoxennax B, C u D coxepxarcsa TecTOBbIE 3aJaHus, BAPHUAHTHI
KOHTPOJIBHBIX pabOT 110 BCEM TEMaM U IK3aMEHALMOHHbIE BOIIPOCHI.

[Ipunoxenue E  comepXUT  CTaTUCTUKO-MATEMAaTHYECKHE  TaOJIUIbI
pacnpenenenuit @umepa, CrerofeHTa u JJapobuna-Y orcona.

Mpl Hajgeemcsi, 4TO 3HAKOMCTBO C 3THM Y4€OHBIM IMOCOOMEM MOCIYKUT
YUTATEIsIM OTIPAaBHOM TOYKOM B H3y4YEHUM O4YEHb HYKHOM HAyKu —

SKOHOMETPHUKH.



1. [Tapuas perpeccusi 1 KOppeJsAUUs
[TapHast perpeccusi mnpeacTaBiIsieT COOOM PpErpeccHrd MEXIy JBYMs

NEPEMCHHBIMH — ) U X, T. €. MOAECJIb BH/JA!

y=fl(x),
rac y — 3aBUCHUMast HepeMeHHaH (pGSyJILTaTI/IBHLIﬁ HpI/ISHaK); X — HE3aBUCHUMas,

WIK OOBSCHAOIIAsA, NepeMeHHas (nmpu3Hak-gakTop). 3HaK «™» O3HAYAET, 4YTO

MEXJy NEPEMEHHBIMU X U ) HET CTPOrod (PYHKIMOHAJIBHON 3aBUCUMOCTH,
II03TOMY IIPAKTUYECKU B KaXKJIOM OTACIBHOM CIy4dae BEIMYMHA ) CKJIAJBIBACTCS

N3 IBYX CJIaraCMbIX:

y:yx+g’

rne y — (1)3,KTI/I‘I€CKO€ SHAYCHUC PE3YJIbTATUBHOI'O IIPU3HAKA, yx — TCOPCTUUCCKOC

3HAYEHUE PE3YyJbTAaTUBHOTO IPHU3HAKa, HAWJIECHHOE, MWCXOIi W3 YpPaBHEHUSA
perpeccun; £ — ciy4aliHas BEIMYHMHA, XapaKTepU3YIOIlas OTKIOHEHHS PEAIBHOIO
3HAYEHUS pe3yJIbTATUBHOIO NIPU3HAKA OT TEOPETHYECKOTO, HANUAEHHOTO IO
YPaBHEHMIO PETPECCUM.

CriydaiiHasi BeJIMUMHA & Ha3bIBACTCS TakKe BO3MylleHHeM. OHa BKIIIOYAET
BJIMSIHUE HE YYTEHHBIX B MOJIETH (PaKTOPOB, CIy4alHBIX OMMUOOK U 0COOEHHOCTEN
u3MepeHus. Ee IpucyTcTBHE B MOJEIHM IIOPOXKIACHO TpeMs HCTOYHUKAMMU:
cnenudukanuend MoOJENH, BBIOOPOYHBIM XapaKTepOM HMCXOJHBIX JAHHBIX,
O0COOEHHOCTSIMU U3MEPEHUS [TIEPEMEHHBIX.

OT npaBWIBHO BBIOPAHHOM CHEIU(PUKALMK MOJAEIU 3aBUCUT BEIMYMHA

CIyyalHBIX OIIMOOK: OHM TEM MEHbLIE, 4eM B OOJIbLlIEd Mepe TeOpEeTUUYECKUE

~

SHAYCHUS PC3YJIbTATHUBHOI'O IIPU3HAKA yx oaAXoaiaT K (I)aKTquCKHM JaHHBIM ).

K ommOkam cnenmdukanuu OTHOCATCS HENPaBUIbHBIN BBIOOp TOW WIIH

~

MHOM MaTeMaTU4ecKod (GYHKUMM I )V M HENOy4YeT B YPaBHEHHU PETPECCHU

KaKoT0-TM00 CYIIECTBEHHOTO (hakTopa, T. €. MCIIOJIb30BaHUE MMAPHOW pEerpeccuu

BMECTO MHOKECTBEHHOI.



Hapsiny ¢ ommbOkamm crnenudukanuy, MOTYyT HMETh MECTO OIIUOKH
BBIOOPKH, KOTOPBhIE UMEIOT MECTO B CHJIy HEOJHOPOIHOCTH JAaHHBIX B HMCXOJHOU
CTaTUCTUYECKON COBOKYITHOCTH, 4YTO, KakK IpaBUJIO, OBIBACT TPHU H3YyUYCHUHU
PKOHOMHYECKUX TIporieccoB. Eciam COBOKYMHOCTh HEOTHOPOJHA, TO YpaBHEHHUE
perpeccur HE MMEET TNPAKTHYECKOTO CMbIicia. [l TMONy4eHHs XOpOIIeTro
pe3ynbTaTa OOBIYHO HCKIIOYAIOT W3 COBOKYIMHOCTH CAWHHIIBI C aHOMAJIbHBIMU
3HAUYCHUSIMH UCCJIEAyEeMbIX NpHU3HAKOB. 1 B 3TOM cilydyae pe3ysbTaThl perpeccuu
MIPEJICTABIIIOT CO00# BRIOOPOYHBIC XapaKTEPUCTHKH.

Hcnonp3oBanne BpeMEHHOW WH(OpPMAIMM TaKXe MPEACTaBISET COOOM
BBIOOPDKY M3 BCETO MHOXKECTBA XPOHOJOTHYECKUX MAaT. VI3MEHHWB BpeMEHHOU
WHTEPBAJ, MOXHO MOJTYYUTh APYTHE PE3yIbTaThl PETPECCHH.

HauGonbmryto omacHOCT, B MPaKTUYECKOM HCIOJIB30BAaHUM METOOB
perpeccun MpenCcTaBiIsaOT omuOku u3MepeHus. Ecim ommOku crienudukanim
MO>XHO YMEHBIIIUTH, U3MEHSISI (popMy Mojaenu (BUA MaTeMaTudeckord GopMyIib), a
OmMMUOKK BBIOOPKU — YyBEIWYHBAsS OO0BEM HCXOJHBIX JAaHHBIX, TO OLIUOKHU
W3MEPCHUS MPAKTHYECKU CBOASAT Ha HET BCE YCHIIHS TIO0 KOJWYECTBEHHOH OIICHKE
CBSI3U MEXIy ITPU3HAKAMHU.

Oco0OeHHO BenWKa poOJib OIMMOOK W3MEPEHHsS TMPU MCCIEIOBAHUU Ha
MakpoypoBHe. Tak, B HCCIEIOBaHUSAX COpoca W TMOTPeOJCHUS B KadecTBE
O0OBSACHSIONICH TEPEMEHHOM TMPOKO MCTIOIB3YETCS «JI0XOJ] Ha YNy HACEICHUSD.
BmecTte ¢ TeM cTaTUCTHYECKOE M3MEPEHUE BEITMYMHBI JI0X0/1a COMPSHKEHO C PSIIOM
TPYIHOCTEH W HE JIMIIIEHO BO3MOKHBIX OIMHUOOK, HAPUMEP B PE3yJIbTATC HATHYHUS
CKPBITBHIX JOXOJIOB.

[Ipeanonarasi, 9To OMMOKK W3MEPEHHS CBEIACHBI K MHHHUMYMY, OCHOBHOE
BHUMAaHHE B OKOHOMETPHUYECKUX  HCCIEJOBAHUSX  YACNSIETCS  OIIMOKaM

crienuduKaIuyu MOJEIH.

B mapHo#i perpeccun BBIOOp BHaa MaTeMaTHdeckoil GpyHkumn y = f (x)

MOJKET OBITh OCYIIECTBIICH TPEMS METOIAMH:
1) rpadpuueckum;
2) aHAJUTHYECKUM, T. €. UCXO/ISI U3 TCOPHH M3ydaeMOi B3aUMOCBSI3H;

9



3) BKCHEpPUMEHTAJIbHBIM.

[Ipy wm3ydeHWH 3aBUCHUMOCTH MEXAYy IBYyMsS NpH3HaKaMu rpaduueckuid
METOJ| MoA0Opa BUAA YpaBHEHUS PErpeccHu AocTaTouyHo HarisaeH. OH OCHOBaH
Ha mone Koppensuuu. OCHOBHBIE THUIBI KPUBBIX, MCIOJIb3yEeMble IpHU

KOJIMYECTBEHHOM OLICHKC CBHSCI;’I, MMpCaACTAaBJICHBI HA PHUC. I.1:

y

{ \

0 x 0 X
JA’xza+b'X )A/x=a+b-x+c-x2

Y y

4 !

0 X 0 X
v =a+b/x y =a+b-x+c-x*+d-x°

10



~ ~

b

yx:a'x yx:a‘bx

Puc. 1.1. OcHOBHBIE THIIBI KPUBBIX, UCIIOJIb3yEMbIE MPU KOJIMYECTBEHHON OLICHKE CBSI3EH MEXIY
JBYyMsl TIEPEMEHHBIMU

3HAUUTEIBHBIN UHTEPEC MPECTABISAET AHATUTUYECKUI METO/ BbIOOpA THIA
ypaBHeHUs perpeccur. OH OCHOBaH Ha M3y4YEHUM MATEPHAIBHON NPUPOABI CBSI3U
UCCIIEYEMBIX IIPU3HAKOB.

[Ipu ob6paboTke wHpOpMalMM Ha KOMIIBIOTEPE BBHIOOpP BHUAA ypaBHEHUS

perpeccuu 0OBIYHO OCYHICCTBIIACTCA OKCIICPUMCHTAJIBHBIM MCTOAOM, T. €. IIYyTCM

o 2 o
CpaBHCHMA BCIIMYMHBI OCTATOYHOU JUCIICPCUU O paCCYNTAaHHOUN IIPU PA3HbIX

ocT ?
MOACIIAX.
ECJ'II/I ypaBHeHI/IC pCFPGCCI/II/I HpOXOI[I/IT qepe3 BC€ TOYKH KOppeJ'ISIL[I/IOHHOFO

I10JIs1, 9YTO BO3MOJKHO TOJIBKO IIpU (1)YHKHHOH3JIBHOI>1 CBA3H, KOrga BCC TOYKH JICKAT

Ha JIMHUE perpeccun ) = f (x), TO (PaKTHYECKHE 3HAYEHUS PE3yIbTaTUBHOIO

~

HpI/IBHaKa COBITIAAAKOT C TeOpeTI/I‘-IeCKI/IMI/I y :yx’ T. €. OHH ITIOJIHOCTBIO
O6YCJIOBJ'I€HBI BIIMAHUCM (I)aKTOPa X. B 9TOM cnyqae OCTAaTOYHasA zmcnepcml
2
o.,.=0.
B HpaKTI/ILICCKI/IX HCCIICOOBaHUAX, KaK HpaBI/IJ'IO, HUMECT MCECTO HGKOTOpOC

PacCCAHUC TOUCK OTHOCUTCIbHO JIMHUKU PETPECCHU. Ono O6YCJ'IOBJ'I€HO BIUSHHUCM

IPOYUX, HE YUYNUTHIBAEMBIX B ypaBHEHUHU perpeccuu (paxtopoB. MHBIMU clioBamH,

11
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HUMCIOT MCCTO OTKJIOHCHUS (baKTI/I‘ICCKI/IX JaHHBIX OT TCOPCTHYCCKHX (y_yx)

BennuunHa 5TUX OTKJIOHEHUHU M JIEKUT B OCHOBE pacyeTa OCTATOYHON JUCTIEPCHMU:

1 ~ )2
2 —_— — —
Ooer = Z(y Y x) :
n

UYem MeHbIIIE BEJIMYMHA OCTaTOYHOW JMCIIEPCUU, TEM MEHBIIEC BIUSHHUE HE
YUYUTBIBAEMBIX B YPAaBHEHHMHM pErpeccud (PaKkTopoB M TEM JIydlle YpaBHEHUE
perpeccuy MoAXOAUT K UCXOJHBIM JTaHHBIM.

Cuuraercsi, 4TO YUCIO HAOIIOJCHUIN JOJDKHO B 7-8 pa3 MpeBbIIaTh YHUCIIO
pacCUMTHIBAEMbBIX MAPAaMETPOB NPH NEPEMEHHOM X. DTO 03HAYAET, YTO HCKATh
JUHENHYIO perpeccuro, uMesi MeHee 7 HaOJ0JIeHU, BOOOIIE HE MMEET CMBICIIA.
Ecniu Bua QyHKIMM  ycloxHsAeTcs, TO TpeOyercss yBeauyeHue oObema
HAOIIOICHHH, OO KaXKBIM MapaMeTp IpU X JTOJDKEH PACCUUTHIBATHCS XOTS OBI 110

7 wnabmoneHusiM. 3HAUUT, €CJIM Mbl BbIOMpaeM mMmapaboily BTOPOM CTENEHU

~

V. =a+b-x+c-x*, 10 TpedyeTrcsi o0beM uHOpManuu yxke He MmeHee 14

HaOJIIOJCHUIA.
1.1. JIuHeiiHasi MOJe/Ib IAPHOM perpeccuu U KOppeasiiuu

PaccMoTpuMm  1mpocTelIIyl0 MOJENIb NApHOM pEerpeccud — JIMHEUHYIO
perpeccuro. JIuHenHass  perpeccus HaXOAWUT  IIMPOKOE IIPUMEHEHUE B
SKOHOMETPHUKE BBUY YETKON HYKOHOMUYECKON MHTEPIPETALUU €€ ITapaMETPOB.

JIunelinas perpeccus CBOAUTCA K HAXOXK/ICHUIO YPABHCHUS BUJIA:

~

yx=a+b-x1/ml/1y=a+b-x+6‘. (L.1)

VYpaBHenne Buma ) =a-+b-X mo3Bomser mo 3amaHHBIM 3HAYCHUAM

dakTopa X HAaXOAWTb TEOPETUYECKHE 3HAUYEHUsI PE3YJbTATUBHOTO IPU3HAKA,
MOJICTAaBJIsIs B HETO (PaKTHUECKHUE 3HaYCHUS (pakTopa X .

ITocTpoeHne TMHENHON pErpecCuy CBOJUTCS K OLIEHKE €€ ITapaMeTpoB — d U
b. Knaccuueckuii moaxoja K OIIEHUBAHHMIO NAPAMETPOB JIMHEMHOM perpeccuu

OCHOBaH Ha MeTojie HauMmeHblux kBaaparoB (MHK). MHK no3BosisieT mojiy4uTh

12



TaKue OLEHKU IapaMeTpoB d M D, Ipu KOTOPBIX CyMMa KBaJpaTOB OTKIOHEHHH

~

(akTHYeCKUX 3HAYCHUM PE3YJIHTATHBHOIO NPU3HAKa ) OT TEOPETHYECKUX
MHUHUMAJIbHA!

n

Z(yl.—):xi)zzzn:gf —> min. (1.2)
i=1

i=1

T. e. ©3 Bcero MHOXKECTBA JIMHHUM JIMHUS perpeccuy Ha Tpaduke BHIOMpaeTCs

Tak, YTOOBI CyMMa KBaApaToB paCCTOHHI/Iﬁ 10 BCPTHUKAJIN MCKIAY TOYKAMHU U ATOM

auHUEH Obl1a Ob1 MUHUMATBHOM (puc. 1.2):

di

Ve

Y + €

P
0 X
Puc. 1.2. JIuaust perpeccuu ¢ MUHUMAJILHOM TUCTIEPCUEH OCTATKOB
Kak u3BecTHO M3 Kypca MaTeMaTUYe€CKOTo aHaJIn3a, YTOObl HAUTH MUHUMYM

bynkuun (1.2), HagO BBHIYUCIWTH YACTHBIE MPOU3BOJHBIC IO KAXKIOMY W3

napaMeTpoB d U b u npupaBHATH UX K Hysr0. O003HAUUM Zé‘f uepes S (a, b),

l
TOrAa:

S(a, b)=Z(y—a—b-x)2.

-

a—S=—2Z:(y—a—b-x)=0;

Oa

e (1.3)
\52—22x(y—a—b-x)=0.

13



Ilocne HecnOXHBIX MPEOOPa3OBAHUI IMOTYYUM CIEAYIOLUIYI0 CHUCTEMY

JIMHEMHBIX yPaBHEHMH IS OLIEHKM IApaMeTpoB d U b:

a-n +b-2x =Zy;
a-2x+b-2x2 :zx-y.

Pemiast cucremy ypaBuenuit (1.4), HaiijieM UCKOMBIE OLIEHKH NTapaMeTpoB d

(1.4)

1 b. M0oXHO BOCIOIB30BATHCA CIEAYIONMME TOTOBBIMU (DOPMYJIaMHU, KOTODBIE

CJIEIYIOT HEMOCPEICTBEHHO U3 penieHus: cuctemsl (1.4):

a=F—-b-%, b:w, (1.5)

X

o = = 2 2 =2
rae COV(x,y)= Y+X—) X — KOBapuamus NIpu3HakoB X U ), O, = X —X —

JIUCIIEpCHs PU3HAKa X U

1 1 1 — 1w ,
xz—Zx, yz—Zy, y-xz—Zy-x, X =—Zx :
n n n n
KoBapuanuss — 4uciioBas XapakKTEpUCTHKAa COBMECTHOIO PACHPENCIICHUS
JIBYX CJIIyYalHBIX BEJIMYWH, PABHAS MAaTEMaTUYECKOMY OKHAAHUIO MPOU3BEICHUS
OTKJIOHEHUW 3TUX CJIy4YaWHBIX BEIMYMH OT HMX MATEMAaTHUYECKUX OXUIAHHM.
Jucnepcuss — XapakTEpUCTHKA CIYYalHOW BEJIIMYMHBI, OIpeaensemMas Kak
MAaTEMaTH4YECKOE OXKMJAHHWE KBAApaTa OTKIOHEHUS CIy4alHOW BEJIIMYHMHBI OT €€
MaTeMaTH4eCKOro  OXHUJaHHus.  MaremaTnudeckoe  OXHUJaHue —  CyMMma
IIPOM3BEIACHUN 3HAYEHUM  CIIy4YallHOM  BEJIWYMHBI Ha  COOTBETCTBYIOLIHE
BepOHTHOCTI/Iz.
[Tapamerp b HaswBaercs kod(duuuenTom perpeccur. Ero BenwmumHa
MOKAa3bIBACT CpeJHEee M3MEHEHUE pe3yibTaTa ¢ U3MEHEeHHWeM (akTopa Ha OJHY

CAUHHUILLY.

* Bonee noapo6Ho cM. [Ipunoxenue A.
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B0O3MOXHOCTp 4YETKOW SKOHOMHUYECKOM HHTEpHnperaunu KoddduiueHrta
perpeccun  chenaja  JUMHEHHOE  YPaBHEHHE  PErpeccud  JOCTATOYHO
pacrpoCTPaHEHHBIM B 9KOHOMETPUUECKUX UCCIECIOBAHUSIX.

®opmanbHo @ — 3uauenne Y npu X =0. Ecim npusHak-dakTop X He

MOKET MMETh HYJICBOTO 3HAYCHWsI, TO BBINICYKa3aHHAs TPAKTOBKAa CBOOOIHOTO
4jieHa d HE UMEEeT CMBICIA, T. €. apaMeTp d MOXET HE UMETh SKOHOMHYECKOTO
COJICPKAHHSI.

VYpaBHEHHE PETPecCHM BCETJa JIOMOJHASTCS TOKa3aTeJIeM TECHOTHI CBSI3H.

IIpr wKCnONB30BaHUM JIMHEWHOM PpETpecCMd B KayeCTBE TAaKOIO I10Ka3aTess

BBICTYNA€T JIMHEWHBIA KOIPOUIHUECHT KOPPEIAIUU Vs KOTOpPBIA  MOYKHO

paccyuTaTh Mo CiAeAyIUM (popMmyiam:

ro=p-Zx = cov(*, y). (1.6)

Xy
o, 0,0,

JIuneitHplii  KOO(P(GUUUEHT  KOpPPEJSIIIMM  HAXOJUTCA B  Mpenernax:

—-1< Ty <1. Yem Onmxke abCONMIOTHOE 3HAUYECHHE 7., K EIMHALE, TEM CHIbHEE

i =+
IMHCHHAs  CBS3b  Mexay (akropamu (mpu 7, +1 wumeem crporyro

(GyHKIIMOHANBHYIO 3aBUCHMOCTb). Ho cienyer uMers B BHUAY, 4TO OJIM30CTh
aOCOJIFOTHOM BEJIMYMHBI JIMHEHHOTO KOA(PPUIMEHTA KOPPENSALUN K HYJIO €LIe HE
O03HAa4YaeT OTCYTCTBUS CBA3M Mexay npusHakamu. [lpum apyroi (HeIMHEHHON)
crenu(pUKauyu MOJIEIH CBSI3b MEXy MPU3HAKAMHU MOXET OKa3aThCsl JOCTATOYHO
TECHOMU.

JInsg OueHKM KadecTBa MOAOOpa JIMHEHHOW (YHKIMH pPACCUYUTHIBACTCA
. 2 .
KBafpaT  JIMHEWHOTo  KOO(QUIMEHTa  KOppemsiMHH 7.,  Ha3bIBACMBIil

kodpdunmenTom aerepmuHanuu. Kosdduument nerepmuHanmum XxapakTepusyer

JOJII0 JIUCIIEPCUU PE3YJIbTATUBHOIO NPU3HAKA ), OOBICHIEMYIO perpeccuei, B

oO1elt Aucnepcun pe3yibTaTUBHOTO PU3HAKA:

] . (1.7)
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1 ~ \2 1 2 5
2 2 — 2 —2
e 0%y =~ 2 (y=3.) ol ==Y (y=¥) =y 7"
n n
COOTBETCTBEHHO BEJIUYMHA l—rxi XapakTepu3yeT MO0 TUCIepCHU ),

BBI3BaHHYIO BIIMSIHUEM OCTAJIbHBIX, HE YUTEHHBIX B MOJIEIH (PAKTOPOB.

[Tocie TOro xaxk HaWIEHO ypaBHEHUE JIMHEWHOM pErpeccuu IPOBOIMUTCS
OLICHKA 3HAYMMOCTH KaK YPaBHEHHS B LI€JIOM, TaK U OTJEJIbHBIX €ro apaMeTpoB.

IIpoBepUTh 3HAYMMOCTH YPABHEHUS PErPECCHMM — 3HAYUT YCTaHOBUT,
COOTBETCTBYET JIM MaTeMaTHYecKas MOJENb, BbIpa)arouas 3aBUCUMOCTb MEXKIY
NIEPEMEHHBIMM, SKCIEPUMEHTAIBHBIM JaHHBIM M JTOCTATOYHO JIM BKJIFOYEHHBIX B
ypaBHEHUE OOBACHAIOIIMX NEPEMEHHBIX (OJHOM WJIN HECKOJIBKUX) JUISl ONMMCAHUS
3aBUCHMOU ITIEPEMEHHOM.

YroObl MMeTh 00l1ee CyX JAEHHE O KauecTBE MOJEIHU U3 OTHOCUTENIbHBIX
OTKJIOHEHHH 10 KaXKIOMY HAOJIOJCHUIO, ONPEACNSAIOT CPEJHIO OLIMOKY

alIIIpOKCHUMalln:

~

Z:lzm 100%. (1.8)

h Y

Cpennsist ommOKa anmpoKCUMAIINK HE JTOJDKHA TpeBbImath 8—10%.

OueHka 3HAYMMOCTH YpPaBHEHUS PETPECCHMU B II€JIOM MPOU3BOAMUTCS HA
ocHoBe [ -kpurepus @uiepa, KOTOPOMY MPEANIECTBYET AUCIIEPCUOHHBIN aHAIN3.
B MaremaTuueckoil CTaTHCTUKE IUCIEPCHOHHBIM aHAIU3 PacCMAaTPUBACTCS Kak
CaMOCTOSATENIbHBI MHCTPYMEHT CTAaTUCTHUYECKOTO aHaiau3a. B sKoHOMeTpuke OH
IPUMEHSETCS KAk BCIIOMOraTeIbHOE CPEACTBO Il M3YyYEHHsS KayecTBa
PErpecCUOHHOM MOJENH.

CorylacHoO OCHOBHOM MJ€€ JUCIEPCHOHHOIO aHaiau3a, olmjas cyMmma

KBaJpaTOB  OTKJIOHEHHHM IEPEMEHHOM ) OT CPEAHEr0 3HAa4eHus )

PaCKIaAbIBACTCA HA ABC YaCTHU — <<O6’I>}ICH€HHYIO» 141 ((H€O6’I)}ICHCHHYI-O»:

S(r-7 =2 (5.-7) +2(r-5.) "
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rjae Z( y— y) — 00111ast cymMMa KBaJIpaTOB OTKJIOHEHUI; Z y.—y| —cymma

KBaJpaToOB OTKJIOHEHUM, OOBsSCHEHHass perpeccueid (wid ¢akTopHas Ccymma
~ \2

KBaJpaTOB OTKJIOHEHUH); Z( Y- yx) — OCTaTO4YHasT CyMMa KBaJpaToB

OTKJIOHEHUM, XapaKTepU3yrolas BIUSHUE HEYYTEHHBIX B MOJEIH (PaKTOPOB.
CxeMa IUCIEpCHOHHOTO aHaIM3a UMEET BHJ, MPEJCTABICHHBI B TalOiule

1.1 (7 — yucno HaOMIOAEHUM, 7 — YUCIIO TAPAMETPOB MPU IEPEMEHHOM X ).

Tabmuna 1.1
KoMnoHeHTsI Yucno crenenent | [ucnepcus Ha onHY
CyMMa KBaJpaToB
JUCIIEPCUU cBOOOBI CTEIIEHb CBOOObI
—\2
—\2 —
3 (- _ , 2=y
OO1uast (y y) n—1 S = —

dakropHas Z(;x —)7)2 m 2 _ Z(;}x _)7)2

oCcT

OcraTouHast Z(y—j\/x)z n—m-—1 g2 _Z(y_;")z
n—m-—1

Omnpenenenre TUCTIEPCUH HA OJHY CTEMEHb CBOOOJBI MPHUBOIUT AUCTICPCHH
K cpaBHuUMOMY Buay. ComocrtaBisisi (PaKTOpPHYIO W OCTATOYHYIO NHUCIIEPCUU B

pacdeTe Ha OJIHY CTEIEHb CBOOOIBI, MOAYYnM BennuuHy [ -kpurepus Oumiepa:

2

F = ;’2 . (1.9)

dakTryeckoe 3Hadenue [ -xpurepus Pumepa (1.9) cpaBHUBaeTCS C

TaOJINYHBIM 3HaYeHueM [ . (0{; k; kz) IIPH YPOBHE 3HAYMMOCTH (X Y CTEIIEHSIX

cBobomsl ky, =m u k, =n—m—1. Tlpu stom, ecin akTuyeckoe 3HadeHue [ -

KpuTepuss OoJjblle TaOJUYHOTO, TO NPU3HAETCA CTATHUCTHYECKas 3HAYUMOCTb
YPaBHEHHS B LIEJIOM.

Jlutst TapHOM JIMHENHOM perpeccun m = 1, mostomy:
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D ()

F= = (n—2). (1.10)

Som > (v-0, )2

2
Bemuuuna [ -kpurepusi cBsizana ¢ K03(GHINCHTOM JeTepPMHUHAIINH Vs B

€€ MOYKHO pacCUMTaTh MO Cleayromen Gpopmyre:

2
r

X
F=—"+-(n-2). (1.11)
1-r;
B mnapHOW JMHEWHOW pErpeccuy OLEHMBAETCA 3HAYMMOCTH HE TOJBKO

YpaBHCHUA B OCJIIOM, HO W OTIACIIBHBIX €TI0 IIapaMCTpPOB. C oroit OCJIbIO IIO0

Ka)KJI0My M3 IIapaMETPOB ONPEJIENAETCS €ro CTaHjapTHas omuoKa: 1, u m, .

CranpaptHas omuoOka Kod(QQUIKMEHTa perpeccud Ompenesercs 1o

dbopmyuiie:
S’ S
n, = = (1.12)
S5
~ \2
2 Z(J/ —Y x)
roe S, = — OCTAaTOYHAS AUCTIEPCUS HA OJTHY CTEIIEHb CBOOO/IHI.

n—2
BennunHa craHmapTHOW OmMMOKM COBMECTHO C [ -pacmpeicieHueM
CTplofieHTa Tpd  #H —2 CTENEHAX CBOOOALI NPUMEHSETCS Ui IPOBEPKU
CYIIECTBEHHOCTH KO3((UIIMEHTAa PETPECCUU U JIJIsl pacueTa €ro JOBEPUTEIbLHOIO
HMHTEpBAaJa.
JIsi OLIEHKHU CYHIECTBEHHOCTH KO3 (UIIMEHTa perpeccuu ero BelWYuHa

CpPaBHUBAETCA C €ro CTAaHIAPTHOW OMIMOKOW, T. €. ompeaensercs (PaKkTUYecKoe

b

3Hauenue [-xpurepus CrTeroseHTa: f, =——, KOTOPOE€ 3aTE€M CPaBHHMBAETCH C
m
b

TAaOJIUYHBEIM 3HAYCHHUEM Ipyu OHNpEACICHHOM YPOBHC 3HAYMMOCTH X MW 4YHUCIIC

CTeTeHel CBOOOIbI (n—2). JloBepuTenbHbI HMHTEpBan s Koddduumenrta

perpeccun ompexensiercst kak bxf . -m,. Ilockonbky 3HaK KoddduuueHTa

Tabn
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perpeccun yKa3bpIBacT Ha POCT PE3YJIbTATUBHOI'O INPHU3HAKA ) MPU YBCINYCHUU

npusHaka-pakropa X (b >0), yMmeHblIeHHE pe3yJbTATMBHOTO NPU3HAKA IIPU
yBenuueHur npusHaka-gaxropa (b < 0) wim ero He3aBUCHMMOCTL OT HE3aBHCUMOMN
nepemennoii (b =0) (cm. puc. 1.3), To rpaHULIBI JOBEPUTENBHOIO MHTEpPBAA JUIs
Koa(uirieHTa perpeccuu He TOJDKHBI COIePKATh MPOTUBOPEUUBBIX PE3yJIbTATOB,
nanpumep —1,5<bH<0,8. Takoro poma 3amuch YKa3bIBAET, YTO HMCTHHHOE

3Ha4YeHUE K03 (HUITMEHTa perpecCur OJTHOBPEMEHHO COACPIKHUT IOJIOKUTEIbHBIC U

OTpUOATCIBbHBIC BEJIIMYHUHBI U AK€ HOJIb, YCTO HC MOJKCT OBITh.

b>0

> b=0

b<0

Puc. 1.3. HakyioH 1uHUM perpeccuu B 3aBUCUMOCTHU OT 3HaUEHUS IapaMeTpa b

CrangapTHas ommbOKa mapameTpa @ ompeaensiercs mno Gopmyre:

. ) 2

m, = |S2 - =5 Y= (1.13)

oCcT n,Z(x_f)z oCT Gx ‘n

Hpouez[ypa OOCHHBAHUA CYIOICCTBCHHOCTH  JAHHOI'O IIapaMCTpa HC

OTJIMYAETCS OT PACCMOTPEHHOM BbImIe Jis KOd(hPUIMEHTa perpeccuu.

a
Beruncasercs f-KpuTepui: {, = ——, €ro BeJIMYMHA CPABHHUBAETCA C TaOJIMYHBIM

m

a
3HAYEHHEM IIPU 1 — 2 CTENEHAX CBOOO/IBL
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3HaYUMOCTh JUHEHMHOro Ko3(p(dUIIMEeHTa KOpPPENsSIIUU TPOBEpPAETCS Ha

OCHOBE BEJIMYMHBI OIINOKHK KO3 PHUIIMEHTa KOPPEIALMH 11,

1—7°
n-2

@dakTuueckoe 3HaueHue [-kputepus CThIOJEHTa OIpeAeNsieTcss Kak

(1.14)

r
[ =—

m}"

CymiectByer cBsa3b Mexay f-kpurepueM Crerofenta u [ -xpurepuem
duiepa:

t, =t =~/F. (1.15)

B mnporHo3HbIX pacyeTax [0 YpPAaBHEHHMIO PETPECCUM  OINpPEAEIIIeTCs

A~ ~

IMpCaACKa3bIBACMOC yp 3HAUCHHUE KaK TOYCYHBIN IIPOrHOo3 yx IIpu xp = Xk, T. €.

nyTeM IOJACTAHOBKHW B YPABHCHHUC PCTPCCCUU yx =a-+ b * X COOTBCTCTBYIOLICTO

3HaueHuss X. OJHAKO TOYEYHBIM MNPOTHO3 SBHO He peajeH. [loaTomy oH

JIOTIONHSACTCS. PACYeTOM CTaHIAPTHOH OWMOKK ), T.C. M, , W COOTBETCTBEHHO
p

~

VHTEPBAJILHON OLCHKON IIPOTHO3HOI'0 3HAYCHUS V)

~ ~ ~

y,=As Sy <y +A.,

Yp Vp

rme A~ =m- -t

;, 5, Liaons a m~ — cpemHss OWMHUOKa MPOTHO3ZUPYEMOTO

HMHINBUAYAJIbHOI'O 3HAYCHUA!

1 (xp_f)z
m. =8 - [l+—+—"—. (1.16)
p n n-o.

Paccmorpum mpumep. [Io 1aHHBIM ITPOBEAEHHOIO ONpPOCAa BOCBMH TPYIIII
CEMEW M3BECTHBI JAHHBIE CBS3M PACXOJ0B HACEJICHHs HA IPOMYKTBbI IIUTAHUS C

YPOBHEM JIOXOJIOB CEMbH.
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Tabnuua 1.2

Pacxozbl Ha IPOYKTEI
UTAHAS, V', THC. PYO. 0,9 1,2 1,82,2 2,6 2,9 | 3,3 3,8
Jloxonwl cembu, X, ThiC. pyo0. | 1,2 | 3,1 5,3 ]17,419,6| 11,8 14,5 | 18,7

HpeI[HOJ'IO)KI/IM, 4TO CBiA3b MCKAY A0XO0AaMHW CEMbU M pacXodaMH Ha

INPOAYKTBI IIUTAHUWA JIMHCHHAS. I[J'I?I MNOATBCPKACHUA HAIICTO HNPCAIIOIOKCHUS

IIOCTPOUM MOJIE KOPPEISALHH.

4.0
3,5—-
3,0—_
25
20-
151
1,0—_

0,5 -

0,0 +——+

8 10

Puc. 1.4

12 14

16

18

20

[To rpaduky BHIHO, YTO TOYKHA BBICTPAUBAIOTCS B HEKOTOPYIO TMPSIMYIO

JINHHUIO.

JInst ynoOcTBa anbHENIINX BBIUUCICHUN COCTaBUM TaOJUILY.

Taomuna 1.3
A~ A~ A~ \2

S A T N I N O N B I ) I I LT
1 2 3 4 5 6 7 8 9 10
1 1,2 0,9 1,08 1,44 0,81 1,038 | —0,138 0,0190 15,33
2 3,1 1,2 3,72 9,61 1,44 1,357 | —0,157 0,0246 13,08
3 53 1,8 9,54 28,09 3,24 1,726 0,074 0,0055 4,11
4 7,4 2,2 16,28 | 54,76 4,84 2,079 0,121 0,0146 5,50
5 9,6 2,6 | 24,96 | 92,16 6,76 2,449 0,151 0,0228 5,81
6 11,8 | 2,9 | 34,22 | 139,24 | 8,41 2,818 0,082 0,0067 2,83
7 14,5 | 3,3 4785 | 210,25 | 10,89 | 3,272 0,028 0,0008 0,85
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Oxkonuanue Tada. 1.3.

S I T N O I

1 2 3 4 5 6 7 8 9 10
8 18,7 | 3.8 | 71.06 | 349.69 | 14,44 | 3,978 | —0.178 | 0,0317 4.68
Wroro | 71,6 | 18,7 | 208,71 | 885,24 | 50,83 | 18,717 | —0,017 | 0.1257 52.19
Cpemnee | ¢ o5 | 234 | 26,09 | 110.66| 635 | 2.34 . 0,0157 6,52
3HAYCHUC
o 553 0935 — — _ _ _ _ _

o’ 30,56 | 0,874 _ - _ _ _ _ _

PaccuntaeM napaMerppl JIMHEMHOTO yPAaBHEHMs NapHOW perpeccuu

~

¥y, =a+b-x. Ins storo Bocnons3yemcs hopmyaamu (1.5):

b _ COV();T, y) _ xl—x -y _ 26,09—8,952,34 207168;
o x2_f2 30,56

a=y—-b-x=2,34-0,168-8,95=0,836.

~

Honyunnu ypasuenne: ) =0,836+0,168-x. T. e. ¢ yBenuueHuem

noxoja ceMbr Ha 1000 py6. pacxo/pl Ha MUTaHUE yBeIUunBaroTcs Ha 168 pyo.
Kak Obuto ykazaHo Bblllle, ypaBHEHUE JMHEHHON perpeccuu Bceraa

JOITOJIHACTCA IIOKAa3aTCJI€M TCCHOTBI CBiIA3HM — JIMHEHHBIM KOBCb(bI/II_[HeHTOM

KOppeJLHY 7, !

O-x

=0,168- 2,53

o, 0,935

r =b-

Xy

=0,994.

bruzocts K03 duimenta koppensnuu K 1 yka3plBaeT Ha TECHYIO JTHHEHHYIO

CBSI3b MEXKIy TPU3HAKAMH.
2
Kospduument nerepmunauun 7, = 0,987 (npumepHo ToT ke pe3ysibTar

MOJIYYHMM, €Clid Bocmoib3dyemcs (Gopmynoi (1.7)) mokasbIBaeT, 4TO ypaBHEHUEM
perpeccun oObsicHsieTcss 98, 7% nucnepcuu pe3ysNbTaTUBHOTO NpHU3HAKA, a Ha
JIOJTI0 TPOYHX (PAaKTOPOB MPUXOAUTCS Juib 1, 3%.

OlLICHUM KA4eCTBO YPAaBHEHHSI PETPECCHH B IIEJIOM C TIOMOIIBIO ¥ -KpUTepHst

®umepa. CocuntaeM pakTHUECKOE 3HAUCHUE [ -KpUTEPHSL:
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v
F=l0(n-2)="22%T 6_45554.
17 1-0,987

Xy

Tabmuanoe 3nauenne (k, =1, k, =n—-2=6, a=0,05): F_. =5,99.
> F

Tabm °

Tak xak Fj,

TO MPU3HAETCS CTATHCTUYECKAs] 3HAUUMOCTh YPAaBHEHUS B
LEJIOM.

JIJIsT OIEHKW CTaTHCTHYECKOW 3HAYMMOCTH KOA(D(PHUIIMEHTOB perpeccuul u
Koppessiuuu paccuutaeM f-kputepuid CThIOJIEHTa U JIOBEPUTEIIbHBIE WHTEPBAJIbI

KOXIOro U3 TMoKaszareneil. Paccumrtaem ciywaiiHple OMIMOKM TapaMeTpoB

JIMHEWHOU perpeccuun u kodhurrenTa KOppeJsiquu
2 Z(y_;x)z 0,1257
S, = = =0,021|:
n—2 8—2

Soer 10,021 —0,0093,

m
"o n 5538
m =S \/ _ 1/0,021-885 24_00975
5,53-8
1/ ‘fl 0987—00465
dakTuyecKue 3HAYEHUS { -CTaTUCTHK: t, = 0,168 _ =18,065,
0,0093
t, = 0,836 =8,574, t = 0,994 =21,376. TabmuuHoe 3HayeHHE [-
0,0975 0,0465

kputepus Cterogenta npu & = 0,05 u umcne creneneit ceobomsl V=n—2=6

1 >t

Tabn®> “a Tabn

ectb ¢ =2,447. Tak kak f, >t ut >t TO TMpPHU3HAECM

Taba Tabmn ?

CTaTUCTUYCCKYIO 3HAYUMOCTHb IIapaMCTPOB PCTPECCHMHU K I10KA3aTCJIsd TCCHOTHI

cBs3u. Paccunraem JOBCPHUTCIIbHBIC MHTCPBAJIbI I IIAPaMETPOB PEIPECCUU d H
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b: axt-m, n bxt-m,. Tomyuum, dgrO a€[0,597; 1,075] u
be[0,145; 0,191].
Cpennsiss ommbOKa anmpoKCUManuu (HaXOAWM C TMOMOIIBI0 cTtonbia 10

yi_yxl-
Vi

Tabmunpt 1.3; 4 = 100%) A =6,52% roBOpuT 0 XOPOIIEM KAYecTBe

YpaBHEHUSI PErpeccuH, T. €. CBUAECTEIBCTBYET O XOpOIIEM MOAOOpEe MOJEIH K

HNCXOIAHBIM HJaHHBIM.

A~

I/I, HaKOHCII, HaﬁﬂeM IMPOTrHO3HOC 3HAYCHHUC PC3YJIbTATUBHOI'O (baKTopa yp

py 3HAYEHUHW TMpHU3HaKa-pakTopa, coctaisitonieM 110 % oT cpenHero ypoBHs
x,=1L1-x=11-8,95=9,845, 1. e. maiinem pacxoapl Ha mNHUTaHWE, eciu
JIOXOJIbI CEMBbU COCTaBAT 9,85 ThIC. pyo.:

v, =0,836+0,168-9,845 = 2,490 (teic. py6.).

3HA4YUT, €clu JAOXOAbl CeMbH cocTaBsAT 9,845 Teic. py0., TO pacxoabl Ha
nutanue oyayT 2,490 Thic. pyo.

Haiinem noBepurtenbHblil HHTEpBal porHo3a. Ommbdka nporuosa:

X, =X 9,845-8,95
m-~ :SOCT. 1+1+@: 0,021- 1_,_1_,_( )
p n  n-o. 8 8-30,56

=0,154,

a JI0BEpHTEIbHbIH HHTEpBAN (), — A; <y » <y T A; ):
p p

2,113< p, <2,867.

T. e. MPOTHO3 ABIACTCS CTATUCTUYECKH HAICKHBIM.
Tenepr Ha omHOM Tpaduke W300pa3UM HWCXOMHBIC JaHHBIE W JIMHUIO

perpeccuu:
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1.2. HesiuHeliHbIe MO/I€JIM MAPHO perpeccuu M KOPpeJasiliiu

Ecin Mexay SKOHOMHUYECKHMMHU SIBJICHHSIMU CYIIECTBYIOT HEJIMHECHHBIC
COOTHOUIIEHHMS, TO OHH BBIPAXKAIOTCS C TOMOIIbIO COOTBETCTBYIOIIUX HEJIMHEHMHBIX
byHKIHiA.

Pasznuuarot 1Ba Kiacca HEIMHEWHBIX PETPECCUM:

1. Perpeccun, HENWHEHHbIE OTHOCUTEIBHO BKJIIOUYEHHBIX B  aHAIN3
OOBSICHSIOIIMX IEPEMEHHBIX, HO JIMHCHHBIC 10 OIEHWBAEMBIM IIapaMeTpam,

Harpumep:

L 2
— MOJIMHOMBI PA3JIMYHBbIX CTENCHEN — )V = d + b-x+c-x",

~

Y, —a+b-x+c-x*+d-x°;

— PaBHOCTOPOHHSIS ruMepbona — ¥ = a +b/x;

~

— noxynorapudmudeckas byt — ¥ =a+b-Inx.

2. PGFPGCCI/II/I, HEJIUHEHHBIE 110 OLOCHHMBACMBIM IIapaMETpaM, HAIIPUMCECD:
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~

b
—CTENEHHAasA — ) =d-X ;

b

~

— nokazareipHasi — Y =a-b";

- __ _a+bx
— OKCIIOHCHIIUAJIbHAA — yx =C

Perpeccun HeNMHENHBIE O BKIIOYEHHBIM IIEPEMEHHBIM IMPUBOAATCA K
JMHEMHOMY BHJIY IIPOCTOM 3aMEHOW IIEPEMEHHBIX, a JaJbHEHIas OLCHKa
[1apaMeTPOB IPOU3BOJUTCA C IIOMOLIBK0 METOJAa HAaUMEHBIIUX KBaJpaToB.

PaccmoTpum HEKOTOpBIE QYHKIIUU.

~

y 2
[lapaGoma Bropoit cremern Yy _=a+b-x+c-x° mpuBogurcs K
y 2
JIMHEHHOMY BHIy C IIOMOIIBIO 3aMEHBI: X = X;, X = X,. B pe3ynbrare nmpuxomum

K IBYX(aKTopHOMy ypaBHEHHIO ) =d+b-X +cC-X,, OLCHKA IapaMeTpoB

kotoporo npu nomomn MHK, kak Oyaer nokazano B naparpade 2.2, npuBOJIUT K

CHCTEME CIIEAYIOIMX HOPMAJIBHBIX YPaBHECHUM:

a-n +b-Z:x1 +c-Z:x2 =Zy;
<a-le+b-Zx12 +C-le-x2=2xl-y;
La-2x2+b-2xl-xz+c-2xzz =Zx2-y.

A TiocIie 06pATHOI 3aMeHBI TIePEMEHHBIX MOTYTHM:

(a-n +b-Zx +c-2x2=2y;

a-Zx +b-2x2+c-2x322x-y; (1.17)
\a-sz+b-2x3+c-2x4=2x2-y.

[TapaGosia BTOpO# CTeneHU OOBIYHO MPUMEHSETCS B CiIyyasx, Korja s

/\

OTIPENICJICHHOTO WHTEpBaja 3HAYeHUW (QaKkTopa MEHSETCS XapakTep CBs3U
paccMaTpUBaeMbIX TMPU3HAKOB: TMpsMas CBA3b MEHSIETCS Ha OOpAaTHYIO WIH

oOpaTHasl Ha IPSIMYIO.

PaBHocToponHss runepbona y =da+ b/ X MOXeT OBbITh MCTIOJIb30BaHA IS

XapPAaKTEPUCTUKU CBS3U YACIBHBIX PACXOI0B CBHIPbS, MATEpPUaIOB, TOILUIMBA OT
0o0beMa BBIITYCKAEMOW MPOAYKIHMH, BPEMEHH OOpallleHHs] TOBAPOB OT BEIUYHMHBI
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TOBapOOOOPOTA, MPOIIEHTA MPUPOCTA 3apadOTHON TIATHI OT YPOBHS 0€3paOOTHIIBI
(Harmpumep, kpuBas A. B. ®uwuiunca), pacxomoB Ha HENPOJOBOJIbCTBEHHbIE
TOBaphl OT JOXOAOB WJIM OOIE CyMMBI pacxo/10B (HarpuMep, KpuBble D. DHIes)

U B Apyrux ciaydasx. [‘'unep0bosia mpuBOIUTCS K TUHEHHOMY YPaBHEHHUIO MPOCTOU

3aMEHOM: Z = A . Cucrema nuHeiHbIX ypaBHeHHH npu npumenennn MHK Oyzaer

BBITJISIETD CIIEIYIOIIMM 00pazoM:

-

a-n +b-2:l =Zy;

x
a.zlﬂ,.szzl.y.
g X x’ X

AHaJOTMYHBIM 06pa30M IMPpUBOAATCA K J'IPIHGIZHOMy BUY 3aBHCHUMOCTHU

(1.18)

A~

y.,=a+b-Inx, ;/X =a+b-Jx W JIpyTHeE.

Heckonbko wnHaye OOCTOMT J€JI0 € PErpeccusMH, HEIMHEWHBIMH I10
OLICHUBACMBIM I1apamMeTpaM, KOTOPbIE AEIATCA Ha JBA TUIIA: HEJIMHEHHBIC MOJEIN
BHYTPEHHE JIMHEHHblE (IPUBOAATCS K JIMHEWHOMY BHUAY C I[OMOUIBIO
COOTBETCTBYIOIIMX  IpeoOpa3oBaHUil, Hampumep JOrapu(pMUpOBaHUEM) U
HEJIMHEHHbIE MOJIETM BHYTPEHHE HeJIuHEeHHble (K JIMHEWHOMY BHJY HeE
MPUBOJISTCA ).

K BHYTPCHHC JIMHEWHBIM MOACIIIM  OTHOCATCA, HAIIpUMCP CTCIICHHAA

A~ A~

b
byHKmES — Y =a-X , mokaszatenbHas — )V =a-b", dKCIOHCHIMANBHAS —

y_ =gt =4 6aTHa$I—A —#
y, = , TOTHCTAYECKAs — ) = ke 06p V., = o hx
K BHyTpeHHE HEIMHEHHBIM MOJENSAM MOXKHO, HANpPHMEP, OTHECTH
~ o~ 1
cremyromue Mozenu: Y =a+b-x, y_=a- l_ﬁ

Cpenu HeIMHEMHBIX Mojeliell HamOoJee 4YacTO MCIOJIb3YeTCs CTeleHHas
b .
GyHKIME Yy =a-X -&, KOTOpas IPHUBOJUTCS K  JIMHEHHOMY  BHUAY

JgorapuMUPOBAHUEM:
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lnyzln(a-xb-e);
Iny=Ina+b-Inx+Ing;
Y=A4+b-X+E,
rne Y=Iny, X=Inx, A=Ina, E=Ilng. T. e. MHK MBI npumensem uis

Hp€06p3.30BaHHLIX JaHHBIX

An +b-Y X =),
A X+b-Y X =) XY,

a 3aTe€M MOTCHIIMPOBAHUEM HAXOJNM HCKOMOE YpaBHEHUE.

[IIupokoe WCHOIB30BAaHUE CTEMEHHOW (YHKIMU CBSA3aHO C TEM, HYTO
nmapameTp b B Hel MMEET 4eTKOE SKOHOMHUYECKOE HCTOJKOBAHUE — OH SBJISAETCS
kodhummentom smactuaHocTH. (Kosdduiment snacTuyHOCTH TOKA3bIBAaeT, Ha
CKOJIBKO TPOIICHTOB M3MEHHUTHCS B CPEIHEM pE3yJIbTaT, €Ciau (HaKTOp M3MEHUTCS
Ha 1%.) @opmyna mis pacdera KodhPuImeHTa 31aCTUHIHOCTH UMEET BHI:

X
y.

Tak kak /U1t ocTadbHbIX PYHKIMN KOAD(OULMEHT 3JTaCTUYHOCTU HE SBIISAETCS

5=f(x) (1.19)

MIOCTOSTHHOW BEJIMYMHOMN, a 3aBUCHUT OT COOTBETCTBYIOIIETO 3HAaUeHUs (hakTopa X,

TO OOBIYHO PaCcCUHUTBIBACTC:A CpGI[HI/Iﬁ KOG)(i)(i)I/ILII/IGHT OJIAaCTUYHOCTH:

3= f'(x): (1.20)

<| | =

[TpuBenem popmynsl 1y pacuera cpeqHUX KOI((UINEHTOB 3JaCTHYHOCTH

JUTsl HanOoJiee YaCcTO MCTOIb3YEMbIX TUIIOB YPaBHEHUHN PETPEeCC:

Tabauma 1.5
C v
Bun Gynkuum, y Iepsas npousBoaHas, )’ penHuii ko3 puuueHT
JIACTUYHOCTH, )
1 2 3
b-x

y=a+b-x+¢ b _

a+b-x
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Oxkonuanue Tadi. 1.5.

[lepBas nponsBoaHas, Cpeanuit ko3 pumeHT
B , , H
nA Gy, y Y IACTUYHOCTH, )
1 2 3
b+2c-x)-x
y=a+b-x+c-x +¢ ( — )_2
a+b-x+c-Xx
_a+lig b b
d X x° a-x+b
y=a-x-¢g a-b-x" b
y=a-b' ¢ a-Inb-b* x-Inb
y=a+b-Inx+¢ b L_
X a+b-Inx
a a-b-c-e” b-c-¥
y= - —ex\2 T ox
l+b-e" (1+b-e ) b+e™”
_ 1 b _ bX
dtbh-xte (a+b-x) a+b-x

Bo3moHBI ciayyau, Korga pacuer Ko3(p@puuueHTa 3JaCTUYHOCTH HE UMEET
CMBICHA. OTO MPOUCXOAWUT TOrJA, KOTJAa Ui PacCMaTpUBAEMbIX ITPU3HAKOB
0€CCMBICIIEHHO ONPEEIICHNE U3MEHEHUS B IIPOLICHTAX.

YpaBHEHUE HEIMHEWHOW PETPECCHM TaK K€, KaKk M B Clly4ae JIMHEHWHOU
3aBUCHMOCTH, JOMOJIHAETCS MOKAa3aTeNIeM TECHOTHI CBA3U. B maHHOM cirydae 3TO

HWHJICKC KOppCIIInn:

(1.21)

1 _\2
rie O'i :;Z( y— y) — o0mmas aucrepcust pe3yJbTaTUBHOIO MpHU3HAKa ),

1 A~ \2

2

GOCT = —Z(y — yx) — OCTAaTOYHaA JUCIICPCHUA.
n

Bennuuba JaHHOTO mokasaress Haxomurces B mpeznenax: 0 < Py = 1. Yem

OmmKe 3HAYCHHE HMHJCKCa Koppe/sinuu K CIWHUIEC, TEM TCCHEC CBA3b

paccMaTpHuBaeMbIX IIPU3HAKOB, TeM 0oJiee HaJCKHO YPAaBHECHUE PETPECCHH.
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KBaz[paT HH/JCKCA KOPPCIIIUK HOCHUT HA3BAHUC MHACKCA JCTCPMHHAIIMU U

XapaKTepU3yeT JOJII0 JAUCIEPCUM PEe3yJbTATUBHOIO IMPHU3HAKa ), OOBSICHIEMYIO

perpeccueii, B 0011el JUCIepCuu pe3yJbTaTUBHOIO MTPU3HAKA!

2 2
O (o}
2 _ ocT __ ~ 00BbsiCH
P2, =120 = Zouar (1.22)
Uy Uy

T. € HuMeeTr TOT K€ CMBICI, 4YTO0 W B JIMHEWHOM PpErpeccuy;
5 1 A~ \2
O o6usca — ;Z Y= V) -

2

WHpekc nerepMuHanuu O, MOXHO CPaBHHBATh C KOO(QHUIMCHTOM

2 oo

ACTePMUHALUN 7, Uil OOOCHOBAHHSI BO3MOXKHOCTH IPUMCHCHHUS JIMHCIHHOM
2

¢yskupy. Yem Ooublile KPUBHM3HA JIMHUU PErPECCHH, TEM BEIMYNHA 7, MCHbIIE

2 o
pxy’ A OJIM30CTh THX MOKa3aTejeH YKa3bIBaA€CT HA TO, YTO HECT HGO6XOI{I/IMOCTI/I

YCIIOXKHATh (OPMY ypaBHEHHUS PErpecCHd M MOXKHO HCIOJIb30BaTh JTUHEHHYIO
GyHKIHIO.
WNHaekc nerepMUHAIMNA WCIIONIB3YETCS IS MPOBEPKU CYIIECTBEHHOCTH B

11€JI0M ypaBHEHHs perpeccuu mo I -kpurepuro durirepa:

r ,ij n—m—1

- , 1.23
e (1.23)

2 o
rae O, — HMHICKC JCTCPMHHALMH, 71 — YHCIIO HAOJIIOJCHUM, /M — YHCIIO

apaMeTpoB npH nepemenHoil X. dakrmueckoe 3Hauenwe F -kpurepus (1.23)
CpaBHUBAETCA C TAOJWYHBIM TPU YPOBHE 3HAYUMOCTH (X W YHUCIE CTENeHen
cBobombl k, =n—m—1 (uns ocrarounoii cymmbl KBaiaparoB) u k, =m (uus
(aKTOpPHOM CYMMBI KBaJIpaTOB).

O kayecTBe HEJIMHEHHOTO YPaBHEHUS PETPECCUU MOKHO TaK)Ke CYJIUTh U IO
cpenHei omuOKe anmpoKCUMaIlUU, KOTopas, TaK K€ KaK W B JMHEHHOM Ciyuae,
BBIUHCIIsAeTCS 1Mo hopmyie (1.8).

Paccmorpum mpumep u3 maparpada 1.1, npeAnonoxuB, 4YTO CBSA3b MEXKIY

IMpUu3HakKaMu HOCHUT HECJIUHECHHBIN XapaKkTep, U Haﬁ,IIGM mapaMeTpbl CIACAYIOIINUX
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HEJIMHEWHBIX

b
y=a-x -¢&.

YPaBHEHHUM:

y=a+b-Inx+eg,

y=a+b-\/;+8

Jl1s1 HaxoXIeHUs ITapamMeTpoB perpeccun ¥y = da+b-Inx nemaem 3ameny

z =Inx u cocrasmsiem BcomorarensHyo Tabmuny (& =y — ).

Tabmuna 1.5
X z y z-y z° )y’ ;x € & 4
1 2 3 4 5 6 7 8 9 10 11
1 12 | 0182 | 09 | 0,164 | 0,033 | 0,81 | 0.499 | 0,401 | 0,1610 | 44.58
2 3.0 | LI31 | 12 | 1358 | 1,280 | 1,44 | 1,508 |-0,308 | 0,0947 | 25,64
3 53 | 1,668 | 1.8 | 3,002 | 2,781 | 324 | 2,078 |-0278 | 0,0772 | 15,43
4 74 | 2,001 | 22 | 4403 | 4006 | 4.84 | 2433 |-0233| 00541 | 10,57
5 96 | 2262 | 2.6 | 5881 | 5116 | 6,76 | 2,709 |-0,109 | 0,0119 | 4.20
6 11,8 | 2,468 | 29 | 7.157 | 6,092 | 841 | 2,929 |-0,029 | 0,0008 | 0,99
7 145 | 2,674 | 3,3 | 8,825 | 7,151 | 10.89 | 3,148 | 0,152 | 0,0232 | 4.62
8 18,7 | 2.929 | 3.8 | 11,128 | 8,576 | 14,44 | 3,418 | 0382 | 0,1459 | 10,05
Wrtoro | 71,6 | 15315 | 18,7 | 41,918 | 35,035 | 50,83 | 18,720 | -0,020 | 0,5688 | 116,08
Cpeance | ¢ o5 | 1914 | 234 | 5240 | 4379 | 635 - — 10,0711 | 1451
3HAUYCHUC
o — [ 0846 | 0935 - - - - - - -
o’ — | 0716 | 0874 _ _ _ _ _ _ _
Hainem ypaBHeHue perpeccun:
cov(z,y) 5,240-1,914-2,34
b= ( i )= 2 2 ~—— =1,063,

o’ 0,716

V4

a=y—-b-z=2,34-1,063-1,914=0,305.

T. e. nomydaem cienyromee ypasHenue perpeccun: ) = 0,305+1,063-Inx.

Teneps 3anosiHsieM cTonO1b! 8-11 Hamel TaOaUIIbL.

Nunexc koppensinuu HaxoauM 1o ¢popmyiie (1.21):

|_0,0711

=0,958,
0,874

2 y
a WHIEKC JeTepMUHANMM O =0,918, koropeni mnokaseiBaer, uyro 91,8%

BapualMy pe3yJbTaTUBHOIO MpU3HAKa OOBACHAETCS Bapualuued Npu3HaKa-

dakrtopa, a 8, 2 % MpUXOaUTCS HA OO MPOUNX (PaKTOPOB.
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Cpennsas omuOKa anmpOKCHUMAIINU:

BCJINKO.

F -xpurepnit ®umepa:

F

2

A=14,51%, uro wnemonmycrumo

Py n—-m-—1 0,919 8-1-1
—_ 2 . = .
1-p, m 1-0,919 1
— 3HAYUTEIIBHO HpeBblnaeT Tabmuunoe F . =5,99.

= 68,07

N300pa3um Ha rpaduKe UCXOIHbIC JaHHBIC U JTUHUIO PETPECCUU:

4,0
3,5-
3,0-
2,5-
20-
1,5-
104

0,5+

8 10
X
Puc. 1.6

Jl1si HaXOKIeHHsS apaMeTpoB perpeccun ) =a+b-+/x nmenaem 3ameny

~

Z =+/X ¥ COCTaBJIsIEM BCIIOMOTATENbHYIO Tabminy (€ =y — Y ).
Ta6numa 1.6
x | z y A A 3? v £ &2 A
1 2 3 4 5 6 7 8 9 10 11
1 1,2 | 1,10 0,9 0,99 1,2 0,81 0,734 | 0,166 | 0,0276 | 18,46
2 3,1 | 1,76 1,2 2,11 3,1 1,44 1,353 | -0,153 | 0,0235 | 12,77
3 5,3 | 2,30 1,8 4,14 5,3 3,24 1,857 | -0,057 | 0,0033 | 3,19
4 74 | 2,72 2,2 5,98 7,4 4,84 2,247 | -0,047 | 0,0022 | 2,12
5 9,6 | 3,10 2,6 8,06 9,6 6,76 2,599 | 0,001 | 0,0000 | 0,05
6 11,8 | 3,44 2,9 9,96 11,8 8,41 2,912 | -0,012 | 0,0001 | 0,42

32




Oxkonuanue Ta0i. 1.6.

x z y z:y Z2 y? y, & &2 A,
1 2 3 4 5 6 7 8 9 10 11
7 145 | 3,81 | 33 | 1257 | 145 | 10.89 | 3.259 | 0,041 | 0,0017 | 1.20
8 18,7 | 432 | 3.8 | 1643 | 18,7 | 1444 | 3,740 | 0,060 | 0,0036 | 1,58
Yroro | 71,6 23;5 18,7 | 6024 | 71,6 | 50.83 | 18,700 | -0,001 | 0,0619 | 39,82
Cpeance | ¢ g5 | 980 | 234 | 753 | 895 | 635 - — 10,0077 | 498
3HAUYCHUC
o — 11,00 | 0,935 - - - - - - -
o’ — 11,00 | 0,874 _ _ _ _ _ _ _

Hainem ypaBHeHue perpeccun:

. cov(z, y) ~7,53-2,82-2,34
o’ 1,00

z

a=y—-b-z=2,34-0,931-2,82=-0,286.

=0,931,

T.e. momydaeM cliefyloliee ypaBHEHHE perpeccuu: ) = —0,286+0,931-\/;.

Teneps 3anosHsIeM cToa01b! 8—11 Hamen TaOInIIbL.

WNunekc koppensiun HaxoauM 1o dhopmyite (1.21):

2
po = 1=Zer = 1200077 gg6.
o’ 0,874

2 .
a unaekc aerepmuHaiuu P =0,991, koropeiii nokaseiBaer, uto 99, 1 %

BapualMi pe3yJbTaTUBHOTO TpU3HAKA OOBSACHAETCS Bapualuend Mpu3HaKa-

dakropa, a 0, 9 % npuxoauTCs HA JAOJTIO MPOUNX (PAKTOPOB.

Cpemusis ommbka  anmpokcumarmu: A =0,0498-100% =4,98%
TIOKA3BIBAET, YTO JIMHKS PETPECCUH XOPOILIO IIPUOIMKAET HCXOJHEIE JaHHBIE.

F -xpurepuit @umiepa:

Py n-m-1_ 0991 8-1-1

F=—"2 = -
1-p2  m  1-0,91 1

= 660,67

— 3HAYUTENBHO HpeBbiinaet Tabmuanoe I . =5,99.

N306pa3um Ha rpadrike UCXOHbIE TaHHbIE U JIMHUIO PETPECCUU:
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4,0
3,5
3,0

2,54

1,5 1
1,0 H

0,5+

2,04

6 8 10

X
Puc. 1.7

12

14 16

18 20

b
JUis HaxXxoKJIEHUs IapaMeTpoOB peErpeccu )y =da-X +& HE0O0XOAUMO

IIPOBCCTHU €C JIMHCAPU3ALIUIO, KaK OBUIO ITOKA3aHO BBIIIIC:

Y=A4A+b- X +E,
rne Y =Iny, X=Inx, A=Ina, E=Ine¢.

CocraBisieM BCIIOMOTATENbHYIO TaOJIUITY JJI TPe0OPa30BAHHBIX TAHHBIX:

Tabnuua 1.7
X Y | XY | x° Y? ¥, & g’ 4,
1 2 3 4 5 6 7 8 9 10

1 0,182 | -0,105 | -0,019 | 0,033 | 0,011 | 0.8149 | 0,0851 | 0,0072 | 9.46

2 1,131 | 0,182 | 0,206 | 1,280 | 0,033 | 1,3747 | -0,1747 | 0,0305 | 14,56

3 1,668 | 0,588 | 0,980 | 2,781 | 0,345 | 1,8473 | -0,0473 | 0,0022 | 2.63

4 2,001 | 0,788 | 1,578 | 4,006 | 0,622 | 2,2203 | -0,0203 | 0,0004 | 0,92

5 2262 | 0,956 | 2.161 | 5,116 | 0913 | 2.5627 | 0.0373 | 0,0014 | 1,43

6 2468 | 1,065 | 2,628 | 6,092 | 1,134 | 2,8713 | 0,0287 | 0,0008 | 0,99

7 2.674 | 1,194 | 3.193 | 7,151 | 1,425 | 3.2165 | 0,0835 | 0,0070 | 2.53

8 2,929 | 1335 | 3,910 | 8576 | 1,782 | 3,7004 | 0,0996 | 0,0099 | 2.62

Wroro | 15,315 | 6,002 | 14.637 | 35,035 | 6,266 | 18,608 | 0,0919 | 0,0595 | 35,14

Cpemuee | 914 | 0750 | 1.830 | 4379 | 0,783 - - 0,0074 | 4,39

3HAYCHHUC

o 0,846 | 0,470 | - — — _ _ — —
o’ 0,716 | 0,221 _ _ _ _ _ _ _
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Haiinem ypaBHeHue perpeccunu:

- cov(X, Y) 1,830-1,914-0,750

2 =0,551,
o 0,716

A=Y -b-X=0,750-0,551-1,914 =-0,305.
T. e. nojydaeM CIEAYIOLIEE YPABHEHHUE PETPECCHU: ¥, = -0,305+0,551- X.
[Tocie NOTEHIUMPOBAHKS HAXOAUM MCKOMOE YPABHEHUE PETPECCHU:

v, =0,737-x*%",

Tenepsp 3anonnsem ctonOibl 7—10 Hamel TabauIbL.

Nunexc koppemsiiuu HaxoauM 1o dopmyiie (1.21):

2
po = 1= oo = 1 DO0%_ gg3.
o’ 0,221

2 .
a wuHnekc nerepmunanun O =0,967, koropeii mnokaseiBaet, uto 96,7%

BapualMi pe3yJbTaTUBHOTO TpU3HAKA OOBSACHAETCS BapualMend Mpu3HaKa-

dakTopa, a 3,3% npuxoauTcs Ha A0JI0 MPOoYuX (HaKTOPOB.

Cpenusis ommOka annpokcumanuu: A =4,39% nokassiBaer, uto nuHus
PETPECCHH XOPOIIO IPUOIMKAET UCXOHBIE TaHHBIE,

F -xpurepnit ®umepa:
Py n—-m-1_ 0,967 8-1-1
1-p2 om 1-0967 1

F =175,82

— 3HAYUTEIIBHO NpeBblnaeT Tabmuunoe F . =5,99.

N300pa3um Ha rpaduKe UCXOIHbIC JaHHBIC U JTUHUIO PETPECCUU:
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4,0

3,54

3,04

2,54

2,04

1,5 1

1,0 1

05 +—1——1—1—

Puc. 1.8
CpaBHMM TOCTPOEHHBIC MOJEIW 1O MHACKCY JETEPMHUHAIIMU M CpeaHei

OIIKOKE anmnpoOKCUMALINHN:

Tabmumna 1.8
v Hupexc nerepmuHanuy, Cpenuss omubka
0J1EITh 2,2 2 —
R (7> Py) annpoxcumanyu, A, %
JIuHelHas MOIeIb,
~ 0, 987 6, 52

y.=a+b-x

[Tonynorapudmuyeckas

_ Mozens, 0,918 14, 51
y.,=a+b-Inx

Mopens ¢ KBaapaTHBIM

~ 0,991 4, 98
KOPHEM, ) —a+b-Jx ’ ’

CrenenHas MOJICJb,

b 0,967 4,39
y:a-x .g

Haunbonee xopomio HCXOAHbIE JaHHBIE AaNMPOKCUMHUPYET MOJENb C
KBaJpaTHbIM KOpHeM. Ho B maHHOM cilyyae, Tak Kak WHJIEKCHI JIETEpMHUHAIUU
JMHEMHON MOJICJIM U MOJEIM C KBaJpaTHBIM KOpHEM OTJn4aroTcs Bcero Ha 0, 004,

TO BIOJIHE MO>KHO OOOUTHUCH O0Jiee MPOCTOM JIMHEHHON (DyHKIIHEH.
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2. MHoO:KeCTBEHHAasl perpeccusi 1 KoppeJsiius

[TapHas perpeccuss MOXKET IaTh XOPOLIMM PE3yJIbTAT IIPU MOJCIMPOBAHUH,
€ClIM BIMSIHUEM Jpyrux (akTOpoB, BO3AECUCTBYIOLIMX Ha OOBEKT MCCIIEI0BaHU,
MOXXHO NpeHeOpeub. Eciiv ke 3TUM BIMAHHMEM NpeHeOpeyb HEeb3sl, TO B 3TOM
Clly4ae ClIeJyeT MONBITaThCs BBIABUTH BIMSHHE APYTUX (DAKTOPOB, BBEAS UX B

MOICIJIb, T. €. IIOCTPOUTH YPABHCHUC MHO>XECTBEHHOM perpecCcuun:

y=f,x,0x,),
rje ) — 3aBUCUMas NePEMEHHas (Pe3yJIbTATUBHBIN NIPU3HAK), X; — HE3aBUCHMEIE,

WM OOBSCHSIONINE, IEPEeMEHHBIE (TIPU3HAKU-()AKTOPHI).

MHoKecTBEeHHas] perpeccusi MHUPOKO HCIOIB3YETCS B PEHICHHH MpodiieM
crpoca, JOXOJHOCTH aKIHM, MpU U3yYeHUH (PYHKIHMH HU3JIEPKEK NMPOU3BOJCTBA, B
MaKpPOIKOHOMHUYECKHUX pacyeTax M IeJIOM psije IPYTHX BOMPOCOB SKOHOMETPHUKH.
B macTosmiee BpemMsi MHOXECTBEHHas perpeccuss — OAMH U3 Hauboiee
pacipoCTpaHEHHBIX METOAOB B dKOHOMeTpHKe. OCHOBHAs IIeJIb MHOKECTBEHHOM
perpeccud — NOCTPOUTh MOJENb € OOJBIIMM YUCIOM (DaKTOPOB, ONPENEIUB MPU
3TOM BJMSHHE KaXXJOr0 M3 HHUX B OTHEIBHOCTH, a TaKXE COBOKYIHOE HX

BOS,Z[GﬁCTBPIG Ha MOI[GJ'II/IpyeMBIﬁ IIOKAa3aTCJIb.

2.1. Cnenunduxanus moaean. Oréop GpakTopoB Npu NOCTPOEHUN

YPaBHEHHsI MHOKECTBEHHOIi perpeccun

[TocTpoeHue ypaBHEHUSI MHOKECTBEHHOM PErpeccuy HAYMHAETCS C PEILICHUS
Bompoca o cnenudukanuu moaend. OH BKIOYaeT B ce0s ABa Kpyra BOIPOCOB:
oTOOp PakTOpOB U BHIOOP BUJA YPABHEHHS PETPECCHH.

BxitoueHue B ypaBHEHHME MHOKECTBEHHOW pErpeccHd TOTO WM HHOTO
Habopa (aKTOpOB CBSI3aHO MPEXKJE BCEro C IMPEACTABICHUEM HCCIEIOBATENs O
IPUPOJE B3aMMOCBSI3U MOJCIUPYEMOr0O MOKA3aTeNsd ¢ JPYTUMU SKOHOMUYECKUMU
ABIeHUSIMU. DaKTOpbI, BKIIOYAEMbIE BO MHOXXECTBEHHYIO PETrPECCHUIO, JOJIKHBI

OTBCYATH CICAYIOIINM Tpe6OBaHI/I}IM.
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1. Oan AOMKHBI OBITh KOJUYECTBEHHO W3MEpHMBL. Ecim HeoObxomammo
BKJIIOYUTh B MOJIEJh KauyeCTBEHHBIM (HaKTOp, HE HMMEIONIMI KOJUYECTBEHHOTO
M3MEPEHUS, TO EMY HY>KHO MPUAATh KOJIMYECTBEHHYIO ONPEAECIEHHOCTD.

2. @akToppl HE JOHKHBI OBITh HMHTEPKOPPEIUPOBaHBI M TeM Oosee
HAXOJUTHCSA B TOYHOU (DYHKIIMOHAILHOM CBSI3H.

Bxitouenne B Mojenb (PakTOpOB C BBICOKON HHTEPKOPPEISIUEH, MOMKET
IIPUBECTU K HEXKEJNATEIbHBIM IOCIEICTBUSIM — CUCTEMA HOPMAJIbHBIX yPaBHEHUU
MOXKET OKa3aThCs IJIOXO OOYCJIOBJICHHOW M MOBJIEYH 32 COO0M HEYCTOMYMBOCTH U
HEHAJIS)KHOCTh OIICHOK KOA((DHUITMEHTOB PErPECCHUH.

Eciu Mexny QaxrtopamMu cyliecTBYeT BBICOKash KOPPEISLHUS, TO HEJb3s
ONPENECTUTh WX H30JIMPOBAHHOE BIIMSIHUE HA PE3YyJbTATUBHBIN I[OKa3aTelb, U
IapaMeTPhbl YPABHEHUS PErPECCUM OKA3bIBAKOTCSI HEUHTEPIIPETUPYEMBIMHU.

Bxitoyaemble BO  MHOXKECTBEHHYIO — perpeccuio  (PakTopbl  JOJIKHBI
OOBACHUTH BapUallMIO HE3aBUCUMOM IepeMeHHOM. Eciau crpouTtcss Mozenb ¢

HabopoM M (aKTOPOB, TO JJISI HEE PACCUMTHIBACTCS MOKAa3aTeNb JICTCPMHUHAIIAN

2 . .
R”, xoropblii QukcHpyeT 00 OOBICHEHHONW BapHaldd PE3yJbTaTHBHOIO

IpU3HAKa 33 CYET pacCMaTPUBAEMBIX B perpeccuu M ¢pakTtopoB. BiusiHue apyrux,
2 .
HE YYTEHHBIX B MOJeIH (paKTOpOB, oleHuBaeTcs kak 1 — R” ¢ cooTBeTcTBYyIOMIEH

. . Q2
OCTAaTOYHOM aucnepcuen S°.

[Ipy JONONHMTENLHOM BKIIOUEHMM B perpeccuro  m+1  daxropa
K0>(QQHUIMENT JETEPMUHALIMM [OJDKEH BO3pacTaTh, a OCTATOYHAs MCIIEPCHUS

YMCHbIIATBCA:

RE.>R u S <8
Ecimu e »Toro He MNPpOUCXOAUT W JAHHBIC ITOKA3aTCIIM IPAKTUYCCKH HC
OTJIMYAIOTCA JAPYT OT JIpyra, TO BKIKOYAEMblid B aHau3 (HakTop X, HE yily4maer
MOJICJIb U TPAKTUYCCKU SABJIACTCA JIMIITHUM Cl)aKTopOM.

HaCBIHIGHI/Ie MOACIN JIMITHHUMH (baKTOpaMI/I HC TOJBKO HC CHHXACT

BCIIMUUHY OCTaTOYHOM AUCIICPCHUU N HC YBCIIMYHUBACT IMOKA3aTCJIb ACTCPMUHAIINU,

38



HO U TPHUBOJUT K CTATUCTUYECKON HE3HAUYMMOCTH MAapaMETPOB PErpeccuu Mo
kputeprro CTbIOJEHTA.

Takum o00Opa3oMm, XOTsI TEOPETUYECKU PETrPecCHOHHAs MOJENb IMO3BOJIIET
y4ecTb JIF000e Yyuciio (PakTopoB, MPAKTUUECKH B 3TOM HET Heobxoaumoctu. OTO0p
(GhaKkTOpOB MPOM3BOIUTCS HA OCHOBE KAYECTBEHHOTO TEOPETUKO-DKOHOMHYECKOTO
aHanuza. OJHAKO TEOPETHUECKUU aHadu3 YacTo HE IMO3BOJISIET OJHO3HAYHO
OTBETUTh Ha BONPOC O KOJMYECTBEHHOW B3aMMOCBSI3M paccMaTpUBAEMBIX
MPU3HAKOB M 11€J1eCO00Pa3HOCTH BKIIIOUEHHs (pakTopa B Mojneb. [loatomy orGop
(GakTOpOoB OOBIYHO OCYIIECTBISICTCS B JIBE CTAaJUW: Ha TEPBOM MOIOMPAIOTCS
(dbakTopbl, UCXOJs U3 CYIIHOCTH MPOOJIEMbI, HA BTOPOMl — Ha OCHOBE MATPUIIbI
noKasaresiel KOppesaiuu ONPeIeTsOT CTATUCTUKY JIJIs1 TapaMETPOB PETPECCHUHU.

Kosddummenter  uHTEpKOppensiuu  (T. €.  KOPPEJSIIUH  MEXIy
OOBSICHSIIOIIMMU ~ TIEPEMEHHBIMH)  TO3BOJSIIOT  MCKIIOYATh U3 MOJIENHU

nyOonupyromue gakropbl. CuuTaeTcs, 4yTo JiBe NEpeMEHHbIE SIBHO KOJUIMHEAPHHBI, T.

€. HaXOJATCA MEXIy COOOW B JIMHEHHOH 3aBHCHUMOCTH, €CIH 7, = 0,7. Eciu
it j

(dakTopbl SBHO KOJUIMHEAPHBI, TO OHU IyOJUPYIOT ApYr Apyra U OJUH U3 HHUX
PEKOMEHTyeTCsS MCKITIOUUTh U3 perpeccun. [Ipeamnourenue mpu 3TOM OTHaeTCs HE
(baktopy, 6oJiee TECHO CBA3AHHOMY C PE3YJIbTATOM, @ TOMY (haKTOpy, KOTOPBINA MPU
JIOCTaTOYHO TECHOW CBSI3U C PE3YyJbTATOM MMEET HAMMEHBIIYIO TECHOTY CBSI3U C
npyrumu  (aktopamu. B sTOoM  TpeOoBaHMM  TpOSBISETCS — crienMQpUKa
MHO>KECTBEHHOM  pEerpeccM Kak METOJa HCCIENOBAaHUS  KOMIUIEKCHOTO

BO3/IEHCTBUS (PAKTOPOB B YCIOBHUSIX UX HE3aBUCUMOCTH JIPYT OT JIpyTa.
[TycTh, HampuMep MpH HM3YYEHHH 3aBUCHMOCTH ) = f (xl . X, ,x3) MaTpuiia

napHbIX KOAGOUIIMEHTOB KOPPEIIALMH 0Ka3aiach ClIeyOIIei:

Ta6mmma 2.1
Y X, X, X5
Yy 1 0,8 0,7 0,6
X, 0,8 1 0,8 0,5
X, 0,7 0,8 1 0,2
X, 0,6 0,5 0,2 1
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OueBuaHO, 4TO (aKTOpHl X, M X, AyOnMpyroT Ipyr apyra. B ananms
11€77€c000pa3HO BKJIIOYUTH (AaKTop X,, a HE X;, XOTd Koppemauus X, ¢

pesyipTatoM Y ciabee, d4em  Koppensuus  dakrtopa X, ¢ Y
(ryx2 =0,7<r, =0, 8) , HO 3aTO 3HAYUTENBHO ciabee MexpakTopHas
xoppesus 1, =0,2<r, =0,5. [lostomy B nannom ciydae B ypaBHEHHE

MHOKECTBEHHOM PETPECCHUU BKIIIOUAIOTCA (PAKTOPBI X, , X; .

[To BennuuHe mapHbIX KO3((HUIHEHTOB KOPPEIALUNA 0OHAPY>KUBACTCS JHILb
sIBHas KOJUIMHEAapHOCTh (paxTopoB. HauOosblime TpyAHOCTH B HCIIOJIB30BAHUU
ammapaTta =~ MHOXECTBEHHOW  pEerpeccMd  BO3HHUKAIOT  TpU  HAIWYUHU
MYJBTUKOJUTUHEAPHOCTH (AKTOpOB, Korjaa Oosee ueM 1Ba (axTopa CBS3aHbI
MeXAy CcoOOl JMHEHHON 3aBUCUMOCTBIO, T.€. HMEET MECTO COBOKYIHOE
BO37eiicTBHEe (HaKTOpOB JApyr Ha japyra. Hanwume MynIbTHKOJUTMHEAPHOCTH
(bakTOpOB MOXKET 03HAYaTh, UYTO HEKOTOPHIE (aKTOPHI OyAyT BCEr/Ia IEHCTBOBATH B
yHUCOH. B pesynbraTe Bapuanuss B HMCXOIAHBIX JAHHBIX TepecTaeT ObITh
MOJTHOCTBIO HE3aBUCHMOM W HEJNb3S OLIEHUTh BO3JEHCTBHE KaXJI0ro (hakropa B
OTJIETTLHOCTH.

Bxuirouenne B Mojenb MYJBTUKOJUIMHEAPHBIX (DAaKTOPOB HEXKEIATeIhHO B
CUJTY CIICAYIOIIUX MTOCJICICTBUN:

1. 3arpynHsercss MHTEpIIpeTalisl apaMeTpoB MHOXKECTBEHHOUM perpeccuu
KaK XapaKTepUCTHK JCHCTBUS (DAKTOPOB B «UHCTOM» BuAe, MO0 (akTopsl
KOpPPEJIUPOBAHBI; IApaMETPbl JIMHEMHOW PETPEecCUU TEPSIOT SKOHOMUYECKUN
CMBICI.

2. OueHku  mapamMeTpoOB  HEHAJEXKHBI, OOHAPYKMBAIOT  OOJIbIINE
CTaHJApTHHIE OIIMOKA W MEHSIOTCS C W3MEHEHHueM oObeMa HaOmoAeHuil (He
TOJBKO MO BEJIWYMHE, HO W IO 3HAKy), YTO JENaeT MOJENIb HEMPUTOTHOW IJis

aHaJin3a U MPOTHO3UPOBAHMUSL.
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JIJist OlleHKH MYJIbTUKOJUIMHEAPHOCTH (PAKTOPOB MOXKET HCIIOIh30BATHCS
ONpEACNUTENIb  MaTPHUIBI MAPHBIX  KOIPQPUIMCHTOB  KOPPEISIIAA ~ MEXIY
dakropamu.

Ecnu 661 akTopbl HE KOppPENHPOBATIU MEXKIY COO0O0M, TO MaTpulla MapHBIX

KO2(pUIIMEHTOR KOoppesiun Mexay (pakropamu Oblia Obl €IMHUYHOW MaTPHUIICH,
MOCKOJBKY BCE HE/IMATOHANLHBIC JNEMEHTBI 7 (i %z ) ObLTH OBl paBHBI HYJIIO.
Taxk, 1y ypaBHEHUS, BKIIFOYAIOIIETO TPU OOBSICHSIIONNX MIEPEMECHHBIX

3\/ =a+bx, +b,x, +byx,
MaTtpuiia Kod(pPUIMEHTOB KOppemsiuuu MeXay (¢akropamMu uMena  Obl

ONPENEIUTEIb, PABHBIN €IMHULIE:

XX rxlxz rx1x3 1 0 O
DetR=\r, ~r . 1. |=[0 1 0=L
X3X] Vx3x2 Vx3x3 O O 1

Ecnmu xe, HaobopoT, Mexny (akTopamu CyIIECTBYET MOJHAS JIMHEWHAs
3aBUCUMOCTh M Bce KOI(D(UIMEHTHI KOppeIsUU paBHBl EAMHUIE, TO

OIIPCACIINTCIIb TaKOU MaTpuibl PaBCH HYJIIO:

A A 1 1 1
DetR=\r, ~r. r =1 1 1|=0.
X34 Vx3x2 Vx3x3 1 1 1

Yewm Ommke K HYJIO ONMPEACIUTENh MATPUITEI MEXK(GAKTOPHON KOPPETSAINH,
TEM CUJIbHEE MYJIbTUKOUIMHEAPHOCTh (HAKTOPOB W HEHAJIEKHEE pe3ybTaThl
MHO>XECTBEHHOU perpeccuu. M, Hao00poT, ueM OJmke K €IMHMIIE ONPEEIUTENb
MaTPUIBl MEX(AKTOPHON KOPPENSIUU, TEM MEHBIIE MYJIbTUKOJUTMHEAPHOCTh
(bakTOpOB.

CymecTByeT psii  TOAXOOB TPEOMOJICHHUS CHUJIBHOW MeX(PaKTOPHOM
koppessinuu. CaMblid TPOCTOM MYTh YCTPAHEHUSI MYJIbTUKOJIMHEAPHOCTU COCTOUT

B HUCKJIIOUYEHUM M3 MOJEIM OJIHOTO WJIM HECKOJIbKUX (DakTopoB. Jpyroi moaxon
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CBsI3aH ¢ mpeoOpazoBaHueM (AKTOPOB, MPU KOTOPOM YMEHBILIACTCS KOPPENSALus
MEK/Ty HUMH.

OmHUM W3 TyTed ydera BHYTPEHHEH KOppesiuu (GakTOPOB SIBISETCS
Hepexo/ K COBMEIIECHHBIM YPaBHEHUSIM PErPeCcCHH, T. €. K YPAaBHEHHUSM, KOTOPHIC

OTPaKaloT HE TOJILKO BIMsHME (DAKTOPOB, HO M MX B3aumozeicrteue. Tak, ecian
y=rf (xl, xz,x3), TO BO3MOYKHO IIOCTPOEHHE CIEIYIOLIEr0 COBMENIEHHOIO

ypaBHEHUSI:
y=a+bx +b,x,+byx; +b,xx, +byx,x; + by x,x;, + €.

PaccmarpuBaemoe ypaBHEHHE BKIIIOUAET B3aUMOJICHCTBUE MEPBOTO MOPSIKa
(B3aumopeiicTBue 1BYX (akTopoB). BoO3MOXKHO BKIIOYEHHE B MOJECIb U
B3aMMOJEHCTBUI 0ojiee BBICOKOTO TMOpsIKAa, €cid OyJdeT JokKa3zaHa MX
CTATHCTHYECKAs 3HAYMMOCTh Mo [ -kpurepuro Pwuiiepa, HO, Kak IPaBUIIO,
B3aMMOJCHCTBHUSI TpPEThero M Ooyee BBICOKMX TMOPAJKOB  OKAa3bIBAIOTCSA
CTaTUCTUYECKU HE3HAYUMBIMHU.

OT60op (akTopoB, BKIIOYAEMBIX B PErPECCUIO, SBISETCS OJHUM U3
BOXHEHMIIMX JTaloB MPAKTHUYECKOTO HCIIOJIB30BAHUS METOJOB PETrPECCHH.
[Monxoaer kK 0TOOPY (PakTOPOB HA OCHOBE MOKa3aTesield KOPPETSAUU MOTYT OBITh
pasupie. OHM TPUBOAAT MOCTPOCHHE YPABHEHUS MHOXKECTBEHHOW perpeccuu
COOTBETCTBEHHO K pPa3HbIM METOJIMKaM. B 3aBUCHMOCTH OT TOro, Kakas METOJHKa
MIOCTPOCHUSI YPAaBHEHUS PETPECCUM MPHUHSITA, MEHSETCSl aITOPUTM €€ PEIICHUs Ha
OBM.

Haubonee mmupokoe mNpuUMEHEHHE MONYYWIH CIEAYIONIME  METOIbI
MOCTPOCHUSI yPaBHEHHUSI MHOKECTBEHHOM PETPECCHH:

1. Meroa uckitoueHus: — 0TceB (PAKTOPOB U3 MOJTHOTO €ro Habopa.

2. Mertoa BKIIOYEHUS — IOTIOTHUTENHHOE BBeIeHNE (HaKTOpa.

3. IIaroBelli pErpecCHOHHBIM AHAIM3 — WMCKIIOYEHUE paHEE BBEICHHOTO
dakTopa.

[Ipu or6ope GakTOpoB TakKe PEKOMEHIYETCS IMOIb30BATHCS CIICTYIOIIUM

MPABUJIOM: YHCIIO BKJIIOYaeMbIX (aKTOPOB OOBIYHO B 6—7 pa3 MeHbIIe o0beMma
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COBOKYITHOCTH, II0 KOTOpPOM CTpPOMTCS perpeccuss. Eciam 3TO0 cooTHomeHue
HapyIIEHO, TO YUCIIO CTENEHEH CBOOOABI OCTATOYHOM AUCIIEPCUM OYEHb MaJI0. DTO
OPUBOJAUT K TOMY, YTO T[apaMeTpbl YPAaBHEHUSI PETPECCUU OKa3bIBAKOTCS

CTaTUCTUYCCKHN HC3HAYMMBIMH, a F—KpI/ITepI/Iﬁ MEHBIIIE TAOJUIHOTO 3HAUCHHS.

2.2. Meroa nanmenbmux kaaparos (MHK). CBoiicTBa o1ileHOK Ha
ocuose MHK
Bo3MmoxHBI pasHble BHUIBI YPABHEHUNW MHOYKECTBEHHOM PETPECCHUU:
JIMHEVHBIE U HEJIMHENHBIE.
BBuagy derkoil  MHTEpHnpeTrauuMyd — [apaMeTpoB  HauOoJsiee  IIHUPOKO

UCIIOb3yeTCsl JIMHeWHas (yHKiug. B JMHEHHONW MHOXECTBEHHOM perpeccuu

~

y,=a+bx +bx,+..+b,x,  mnapamerpsl  mpE X  Ha3bIBAIOTCA

KO3 PUIMEHTaMH «IUCTONY perpeccur. OHM XapakTepU3yIloT CPeIHEE U3MEHEHHE
pe3ysibTaTa C HU3MEHEHHEM COOTBETCTBYIOIIETrO (pakTopa Ha EIUHHILY IpH
HEM3MEHEHHOM 3HAYeHHUH JIPYTrux (GaKkTOpOB, 3aKPEIVICHHBIX HA CPETHEM YPOBHE.
PaccmoTpum TMHENHYIO0 MOJIETb MHOKECTBEHHON PETPECCHUM:
y=a+bx +bx,+..+b x +¢&. (2.1)
Knaccuuecknii moaxox K OLEHUBAHUIO IApaMETPOB JIMHEMHOW MOJEIU
MHO>KECTBEHHOM perpeccurd OCHOBaH Ha MeToje HauMeHblux kBaaparoB (MHK).
MHK 1no3BonseT mosyduTh TaKME OLEHKH IapaMeTpoB, IPH KOTOPBIX CyMMa

KBa/IpaTOB OTKJIOHEHHUH (PaKTHUYECKUX 3HAYEHUU PE3yJbTATUBHOIO IPU3HAKa ) OT

~

pacy€THBIX ) MHUHHUMAaJIbHA!

~ 2
Z(yl. —yxi) —  min. (2.2)

1
Kak u3BecTHO U3 Kypca MaTeMaTUYECKOI0 aHajlu3a, JAJs TOro 4ToObl HAlTH
KCTpeMyM (YHKIIUM HECKOJbKUX TEPEMEHHBIX, HAaI0 BBIYHCIUTh YaCTHBIC
IIPOU3BOJIHBIE [IEPBOr0 MOPSAIKA 10 KAKIOMY U3 IIapaMETPOB U NPUPABHATH UX K
HYJIIO.

Urax. Umeem dyukimio m + 1 aprymenra:
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S(a, b, b,, ..., bm)zzxy—a—blxl —b,x, —...—bmxm)z.

HaXOI[I/IM YaCTHBIC ITPOU3BOJHLIC IICPBOIO ITOPSAIAKA:

2_S:_22(y—a—b1xl —byx,—..—b,x, ) =0;

a

a_S:_zle(y_a—blxl —byx, —...=b,x, )=0;
) o,

§TS - —Zme (y_a —bx, —b,x, bmxm) =0

[Tocne snemeHTapHBIX MPEOOPA30OBAHHUI MPUXOJUM K CUCTEME JIMHEHHBIX
HOPMAaJIbHBbIX YPAaBHEHUM [JIl HAXOXKACHUS IMApaMETPOB JIMHEHHOIO YpPaBHEHUS

MHOXECTBEeHHOU perpeccuu (2.1):

(na+b Y X, +b,> x, +.tb, Y X, =Dy,
ale-I-bllez+b22x1x2+'"+bmlexm :Zyxl’ (2.3)

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

a) x, +b5 ) XX, +b D %X, +..4+b, > x2 = )X,
Jins IBYXbAKTOPHOM MOJIE/TH TAHHAS CHCTEMA GyIeT HMETh BHIL:
(na  +bhY.x, +b,Dx, =Dy,

ale +b12x12 + bzlexz = Zyxl,

a) x+bh ) xx, +b ) x; =) yx,.

MGTOIL HanMMCHBIIIHNX KBaaApaToOB IMPUMCHUM 141 K YPaBHCHHUTIO

.

MHO>KECTBEHHOM PErpeccHy B CTAaHAAPTU3NPOBAHHOM MacIITade:

=pit, + Bt .+ BE tE, (2.4)
t,t t P ]
rne  f,, I, .. [~ — CTaHIAPTU3UPOBAHHBIC INEPEMCHHbIC: [, = ,
Oy
X, — X, — _
= , ANA KOTOPBIX CpeJHee 3HA4YCHME PAaBHO Hymo: [, =1 =0, a
1 0 1
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cpelHee KBaJIpaTMYECKOE OTKJIOHEHHWE PAaBHO €IUHUIIC: th =0, =1; ,Bl -
X

CTaHAapTU3UPOBAHHBIC KOA(D(DHUIIMEHTHI PETPECCUH.

CTaHI[apTI/ISOBaHHBIC K03(1)(1)I/IHI/I€HTI>I perpeCCruu IOKA3bIBAIOT, HA CKOJIBKO

CAUHHNL NU3MCHHUTCA B CPCAHCM PpC3yJibTaT, CCIIH COOTBCTCTBYIOH_II/Iﬁ (I)aKTOp .Xl.

U3MEHUTCS Ha OJHY €IWHHUILY IPU HEU3MEHHOM CpPEIHEM YPOBHE JPyTHX

¢dakTopoB. B cuiy TOro, 4To BCEe MEpPEMEHHBbIE 33/JaHbl KaK LIEHTPUPOBAHHBIC U

HOPMHUPOBaHHBIE, CTAaHAAPTU30BaHHbIC KOI(QUIMEHThl perpeccur [3; MOKHO

CpaBHMBaTh Mexay coboi. CpaBHUBas UX JAPYT C JAPYroM, MOKHO PAaH>KUPOBATH
(dakTOphI MO cujie UX BO3ACUCTBUA HAa PE3ynbTaT. B 3TOM OCHOBHOE JOCTOMHCTBO
CTaHIApPTU30BaHHBIX KOA()(PHUIIMEHTOB perpeccuu B OTIMYUE OT KOI(PPUIIMEHTOB
«YUCTON» PErpeccuu, KOTOpble HECPAaBHUMBI MEXy COOOM.

[Ipumenss MHK k  ypaBHEHHMIO MHOXECTBEHHOM  perpeccud B
CTaHapTU3UPOBAHHOM MaciTade, MOJIYyYUM CHUCTEMY HOPMAJIBHBIX YpaBHEHUN

BHU/IA:

Py = B+ ﬂ2rx1x2 + :33’”x1x3 +...+ 'erxlxm ,

Vo = ,B’Irm2 + 5, - ,B3rxlx3 +..+ ,erxlxm, 25)

7, = ,Blrxlxm +ﬁ2rx2xm +,B3rx3xm +..+ B,

e 1, Mr - K03 PULIMEHTHI TApHOU U MEK(DAKTOPHON KOPPEISIUY.

KoadpuuuenTs! «ancroii» perpeccun b, cBsi3aHbI CO CTaHAAPTH30BAHHBIMH

Koo duireHTaMu perpeccun f3; ClieayomuM 00pa3om:

(o}
b =p—. (2.6)
o,

X

HOBTOMy MOJXHO IICPCXOOUTb OT YpPAaBHCHUA PEIpCCCHUU B CTAHAAPTU30BAHHOM

MmacmTabe (2.4) K YpaBHCHHIO PETPECCHH B HaTypPaIbHOM MacITabe mepeMeHHBIX

(2.1), mpu aTOM MapameTp @ ompexpensercsi kak @ =y —bx, —b, X, —...—b X .
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PaccMoTpeHHBIN CMBIC CTaHJApTHU30BAaHHBIX KO3((UIIMEHTOB perpeccuu

MMO3BOJIACT MX HCIIOJb30BATH IIPpU OTCCBC (I)aKTOPOB — U3 MOACIIN HCKIIIOYarOTCs

bakTOpBI ¢ HAMMeHbIIMM 3HAaUCHHEM /3, .

Ha ocnoBe nmuHenHoro YPaBHCHHA MHO’KECTBEHHOM perpeccuun:
y=a+bx +bx,+..+bx +¢& (2.7)
MOI'yT OBITH HAlJICHBI YACTHBIC YpaBHCHUA PETPECCUM:
yxlxz,x3,...,xm :f(xl )’
yxle,xp..xm :f(‘x2)9

........................ (2.8)

AN
\y X X1 5% 5 KXo = f (‘xm)’

T. €. YpaBHCHHUA PCTPCCCHUH, KOTOPBIC CBA3ZBIBAIOT pGSYJIBTaTI/IBHbIﬁ IMpU3HaK C

COOTBETCTBYIOIIMM (DAKTOPOM X; IIPH 3aKPEIJIEHUHM OCTaJbHBIX (DaKTOpPOB Ha

cpenHeM ypoBHe. B pa3BepHyTOM Bujie cucteMy (2.8) MOKHO MepenucaTh B BUJIE:

-

=a+bx +bXx,+bx,+...+b x +¢&,

yxl-x2 5 X3 e Xy
=a+bx +bx,+bx,+...+b x +¢&,

yx2~x1 5 X3 e Xy

=a+bx,+b,x, +bx, +..+b,x, +¢&

k-)})Cm'xl 5 XD geees Xy

[Ipu nmoacTaHOBKE B 3TU ypaBHEHUs CPEAHUX 3HAUYCHUM COOTBETCTBYIOIIMX

(akTOpOB OHM NMPUHUMAIOT BUJ MApHBIX YPAaBHEHUM JMHEHWHON perpeccuu, T.e.

HMCCM!
yxl-xz 2X3 eres Xy = Al + blxl 2
yxz-xl 2X3 ees Xy = AZ + b2'x2 > (29)
yxm-xl o = Ay + bmxm 2

"
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rac:
A =a+bx,+bx;+...+b X ,
A =a+bx +bx,+..+b x ,

A4, =a+bx, +b,x, +bx;+..+b, x,_,.

B orauune OT mnDapHOW pErpeccHuM 4YacTHBIE YPaBHEHUS PErpecCcuu
XapaKTEepHU3yIOT H30JMPOBAHHOE BIUSHUE (aKTopa Ha pe3yibTaTr, uOO apyrue
(dakTophl 3aKperuieHbl Ha HEU3MEHHOM YpoBHE. OD(PGEKTbl BIUSHUS IPYTUX
(GakTOpoB TpPHCOCOWHEHBI B HUX K CBOOOJHOMY WICHY ypaBHEHHS
MHOXECTBEHHOM pEerpeccuu. OTO TO3BOJSET HAa OCHOBE YACTHBIX YpPAaBHEHUU

perpeccuu onpeaeisiTh 4acTHbIC KOG PUITMEHTHI 2ITACTUYHOCTH:

3, =b-= al : (2.10)

yxi-xl 3 XD 5o Xj 5 Xjy ] 5o Xy

rae b, — koaddumment perpeccun st hakTopa X; B ypaBHCHHH MHOXKECTBEHHOM

~

perpeccuu, y, ... — YaCTHOE YpaBHEHHUE PErPECCUMU.

i+1 00X
Hapsiny ¢ dyactHbiMH KOd(pPUIIMEHTAMU DIIACTUYHOCTH, MOTYT OBIThH

HaﬁﬂeHBI CPCOHUC 110 COBOKYITHOCTH IMOKA3aTCIIN 3JIACTUIHOCTHU !

5 =b 2 (2.11)

- R 2
i

KOTOpPBIE MOKA3bIBAIOT, HA CKOJILKO MPOIICHTOB B CPEAHEM M3MEHHTCS pe3yJibTar,
Ipy W3MEHEHMHM COOTBETCTBYIomero (akropa Ha 1 %. Cpemnue mnoxaszarenu
AIACTUYHOCTH MOKHO CPaBHUBATH JIPYT C IPYTOM U COOTBETCTBEHHO PaHKUPOBATh
(haKTOpPHI 1T CUIIC WX BO3JCHCTBUS HA PE3YJIbTAT.

PaccmoTrpum r[pI/IMep3 (mms  cokpamieHuss ~oObeMa  BBIYMCICHHUI
OTPAHUYUMCSI TOJBKO JeCAThI0 HaOmojeHusmu). IlycTh HUMEIOTCS cleayrouume

naHHble (YCIOBHBIE) O CMEHHOH A00bIYEe YIJIsI Ha OfHOro padouero y (T),

3 JlanHbIe npuMepa B3TH 3 [5].
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MOIIHOCTH IulacTa X, (M) ® ypoBHe MexaHumszauuum pabor X, (%),

XapakTepu3yroume npouecc A00buu yrisd B 10 maxrax.

Ta0muna 2.2
No 1 2 3 4 5 6 7 8 9 10
X, 8 11 12 9 8 8 9 9 8 12
X, 5 8 8 5 7 8 6 4 5 7
Y 5 10 10 7 5 6 6 5 6 8

Hpezmonaraﬂ, 4TO MEXAY NCPEMEHHBIMU ), Xl, x2 CYIICCTBYCT JIMHCUHAA

KOPPENALMOHHAs 3aBUCUMOCTb, HANIEM YPABHEHHE PETPECCUU Y 1O X, U X, .

Jlns  ymoOCTBa  MajdbHEHIIMX  BBIYUCICHUH  COCTaBIsieM  TaOIuUIry

(E=Y—),):
Taomuna 2.3
Ne X% | Yoy |V nn | ny |y Vx g’
1 2 3 4 5 6 7 8 9 10 11 12
1 8 5 5 | 64 | 25 | 25 40 40 25 | 5,13 | 0,016
2 11 | 8 | 10 | 121 | 64 | 100 | 88 110 80 | 8,79 | 1,464
3 12 ] 8 |10 [ 144 ] 64 | 100 | 96 120 80 | 964 0,127
4 9 5 7 | 81 | 25 | 49 45 63 35 | 598 | 1,038
5 8 7 5 | 64 | 49 | 25 56 40 35 | 5.86 | 0,741
6 8 8 6 | 64 | 64 | 36 64 48 48 | 623 | 0,052
7 9 6 6 | 81 | 36 | 36 54 54 36 | 635 | 0,121
8 9 4 5 |81 [ 16 | 25 36 45 20 | 561 | 0377
9 8 5 6 | 64 | 25 | 36 40 48 30 | 5,13 | 0,762
10 12 | 7 8 | 144 | 49 | 64 84 96 56 | 928 | 1.631
Cymma | 94 | 63 | 68 | 908 | 417 | 496 | 603 664 | 445 | 68 | 6,329
Cpemiee | o 4 | 63 | 68 | 90.8 | 41,7 | 496 | 603 | 664 | 445 | - -
3HAYCHHUC
o’ 244201336 — | — | - - - _ - -
o 156 | 142183 | — | — | - - - - - -

JUIsi HaxoXXJeHUs NapaMeTpoB YPAaBHEHMsI PErpeccud B JIaHHOM Cllydae

HEOOXOMMO PEIIUTh CIEAYIONIYI0 CUCTEMY HOPMAJIbHBIX YPaBHEHUN:

10a +94b, +63b, =68,
944 +908b, +603b, = 664,
63a +603b, +417b, = 445.
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Otkyma mnomywaem, uro a=-3,54, b =0,854, b,=0,367. Te.
NOJIYYHJIN CJEAYIOIIEE YPaBHEHUE MHOKECTBEHHON PErPECCUU:
Y =-3,54+0,854-x, +0,367-x,.
OHO MOKAa3bIBACT, YTO NIPU YBEIMYECHUH TOJBKO MOLIHOCTH IUIacrta X, (mpu
HEM3MEHHOM X,) Ha 1 M 10o0Ob4a yrius Ha OJZHOrO pabOYero ) YBEJIUYHTCS B

cpenneM Ha 0, 854 T, a Ip¥ yBEIMYECHHUHU TOJIBLKO YPOBHS MEXaHM3alUH PaboOT X,

1Ipu Hen3MeHHoM X, ) Ha 1 % — B cpennem Ha 0, 367 T.
p 1 p

Haitnem ypaBHEHHE MHOKECTBEHHOM PErpecCHMM B CTaHAAPTU30BAHHOM

macurade:
t,=pit, + bt +eé,

IIPY 3TOM CTaHAAPTU30BaHHbIE KOADPUIIMEHTHI perpeccuu Oy IyT:

(0}
B =b — :0,854-1’56:0,728,
o, 1,83
o) 1.42
=b —2=0,367-2—==0,285.
Z ‘o 1,83

y

T. e. ypaBHeHUE OYyJET BHIMJISAETh CIETYIOUUM 00pa3oM:
ty = 0,728-t)Cl +O,285'tx2.

Tak kak cTaHmapTH30BaHHbIE KOI(DPHUIMEHTHI PErpeccHH  MOKHO
CpaBHMBaTh MEXIYy COOOHM, TO MOKHO CKa3aTbh, YTO MOIIHOCTb IJJACTa OKa3bIBAET
OoJbIIee BIMSIHUE HA CMEHHYIO 100BIYY YIUISI, YeM YPOBEHb MEXaHU3aIUU padoT.

CpaBHuBaTh BiIusiHUE (AKTOPOB HA PE3yJIbTaT MOKHO TaKXe MpU MMOMOIIU

cpeaHux kodhduimenToB snacTuyHocTy (2.11):

51’ =b,- iCi .
Yy
Breraucnsewm:
3, =0,854- .4 =118, 9,=0,367- 63 =0,34.
6,8 6,8
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T.e. yBenMueHUE TOJIBKO MOIIHOCTH IIacTa (OT CBOETO CPEHEro 3HAUCHUS)
WIHM TOJBKO YPOBHSI MEXaHHU3aluu padboT Ha 1% yBeau4MBaeT B CPEAHEM CMEHHYIO

no0bray  yrist Ha 1,18% wmm  0,34% coorBerctBeHHO. Takum  00paszowm,

HOATBEPKAAETCA OoJblliee BIMAHUE Ha pe3ynbrar ) (akropa X, yeM (akropa

X,.

2.3. IIpoBepka cyleCTBEHHOCTH (PAKTOPOB

H MOKA3aTEJIN KadeCTBa perpeccuu

[IpakTyeckass 3HAYUMOCTb YpPaBHEHHsS MHOXKECTBEHHOM  pErpeccuu
OLICHMBACTCSA C IOMOINBIO II0KA3aTelld MHOXKECTBEHHOM KOpPEJSIUMU U €ro
KBaJipaTa — IoKa3aTes 1eTepMUHALINAH.

[loka3arenb MHOKECTBEHHOW KOPPEJALMU XapaKTEpU3yEeT TECHOTY CBS3U
paccmaTtpuBaeMoro Habopa (pakTOpoB C HCCIENyeMbIM MPU3HAKOM WM, MHAYe,
OLICHUBAET TECHOTY COBMECTHOT'O BIUSHUSA (DAKTOPOB HA PE3yJIbTAT.

HezaBucumo ot (opmbl CBA3M TOKa3aTellb MHOXKECTBEHHOH KOpPpENLUU

MOJKET OBIThH HaﬁﬂeH KaK MHJCKC MHO>KECTBEHHOM KOppCiiaun:

o)

—_ __ —~ocr
VXX Xy 1 02 s (212)
y
2 . 2
Trac Uy — obmas AUCIIEPCHUS PE3YJIbTATUBHOIO IIPU3HAKA; O ., — OCTAaTOYHAsA

JUCIIEPCHS.

['panuiel u3MeHeHus HHAEKCa MHOXKeCTBEeHHOM Koppemsituu ot 0 1o 1. Uem
OJke ero 3HadeHue K 1, TeM TeCHee CBsI3b pe3yJIbTATUBHOIO MPU3HAKA CO BCEM
HabopoM wmccieayeMblx (akTopoB. BenmnunHa HMHIEKCa MHOXKECTBEHHOMU
KOPPEJISIUY 10/KHA OBITH OOJIBIIIEC WJIM paBHA MAKCUMAILHOMY TTAPHOMY HUHJEKCY

KOppEJSILUK:

Ryxlxz...xm > ryxi(max) (l = I’m) :

[Ipy mnpaBUIbHOM BKJIOYEHUU (HAKTOPOB B PETPECCHOHHYIO MOJENb

BEJIMYMHA WHJIEKCa MHOKECTBEHHOU KOPPEISINU OyIeT CYIIECTBEHHO OTIMYAThCS

50



OT WHJIEKCA KOPPENAIHWH TapHOW 3aBUCUMOCTH. Eciam e JOMOTHHUTEIHHO
BKJIFOUCHHBIC B YPaBHEHNE MHOKECTBEHHOU perpeccuu PakTopbl TPEThECTEIICHHBI,
TO WHACKC MHOXXECTBCHHOW KOPPEISIIIUM MOXKET TPAKTUYECKH COBIIAJIaTh C
WHJIEKCOM TMapHOW KOppessiuu (pa3iudusi B TPETheM, YETBEPTOM 3HAKaX).
OTcroa sSICHO, YTO, CpaBHHUBAS MHICKCHI MHOXKECTBEHHOW W MApHON KOPPEIAINH,
MOKHO CJIEJIaTh BBIBOJ] O I1€JIECOO0PA3HOCTH BKIIOUCHHS B YPABHCHHE PETPECCUU
TOTO WJIX UHOTO (haKkTopa.

Pacyer mHIEeKCa MHOXECTBEHHOW KOPPETSAIUHU MPEANoiaraeT OnpeeicHne

ypaBHEHUS] MHOKECTBEHHOM pErpeccry U Ha €r0 OCHOBE OCTATOUHOW JUCIIEPCUH:

1 ~ 2
2 _
Ooer = ;Z(y o yxlxz...xm ) : (213)
MOXHO TONB30BaThC CheAyomer (HOopMyliol WHIAEKCAa MHOXKECTBEHHOM
J€TEepMUHALINU:
~ 2
2 Z(y - yX1X2‘..Xm )
R =1- : (2.14)

VXX ... X, Z(y _ )_;)2

[Ipu  nuHEHHOW  3aBUCUMOCTH  TpHU3HAKOB  (GopMmylia  HHIEKCa

MHO>XECTBEHHOM Koppciinuu MOJKCT OBITH MMpcaACTaBJICHA CJICOYOIIUM

BBIPAKCHHEM:
RyXIXZ..‘Xm = \’Zﬂl .ryxi ’ (2.15)
rne S — cranpaptusoBaHHble KOI(DQHUIMEHTHI perpeccuu; F, — MapHble

WX
KOA((PHUIMEHTHI KOPPETALUU PE3ybTaTa ¢ KakIbIM (DaKTOpOM.
dopMyna UHJIEKCAa MHOKECTBEHHOM KOPPESIIIUK JIsi IUHEHHOM perpeccuu
NOJIyYWJIa HA3BAHUE JUHEUH020 KOIPPuyuenma MHOHICECMBEHHOU KOPperayuu
WK (YTO TO K€ CAMOE) COBOKYNHO20 KOIPDUYUeHma Kopperayuu.
B03MOXHO Takke npu JIMHEWHOM 3aBUCUMOCTHU ONPEAECICHUE COBOKYITHOTO
kodhduImeHTa  KOppensanuu  4Yepe3  MaTpuily THapHbIX  KO0d(PQHUIIMEHTOB

KOPpETSIHUU:
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= 1-22 (2.16)
XX yeens s .
VXX 500X p A’/il
I'ne:
| S B,
S T .~
Ar=\r, .. SR
Po Tow Toy o 1

— ONPEJEIUTENIb MATPULBI MAPHBIX KOADPHUIIMEHTOB KOPPEISALUY;

1 o T,
U
X2.X1 .sz
Ar, = g
11
v Tow o 1

— OTpPEeJIEIUTENIb MATPHUIIBI MEK(PAKTOPHON KOPPEISALIUU.

Kak BugmMm, BenMuMHA MHOKECTBEHHOTO KOX(PQUIIMEHTa KOPPEISINU
3aBHCHUT HE TOJIBKO OT KOPPEJSLUU pe3yjbTaTa ¢ KaKIbIM U3 (aKTOPOB, HO U OT
MeX(PaKTOpHOW Koppensuuu. PaccmoTpeHHass Gopmyiia TO3BOJISET OMPEAeNATh
COBOKYITHBIM KO3(DPHUIIMEHT KOppesAluu, He o0pamasch Npu 3TOM K ypaBHEHUIO
MHO>XECTBEHHOM perpeccuu, a WCIOJb3ys JHIIb MapHble KO3 PUIIMEHTHI
KOPPEJISIIIHH.

B paccMoTpeHHBIX MOKa3aTensix MHOXKECTBEHHOH KOoppensuuu (MHACKC U
KO3 (PUIIMEHT) HUCMONb3yeTCsl  OCTAaTOYHAasl  JUCIEpPCHUsi, KOTopas  HUMeeT
CHUCTEeMAaTUYECKyl0 OMmHMOKY B CTOpPOHY THpeyMeHbIEHUs, TeM Ooiee
3HAYUTENIbHYI0, YeM OOJIbLIIE apaMeTpPOB OMpENENsieTcs B YPAaBHEHUU PETpeccuu
IPH 33J]aHHOM 00beMe HaOMroAeHui 71 . Ecim 4ucio napaMeTpoBs IIpy X; PaBHO 771
U NIpuOIKaeTcs K 00beMy HaOJIIOJICHUM, TO OCTaTOYHAs Juciepcust OyieT Oau3Ka
K HYJII0 U KO3(QPUUUEHT (MHAEKC) KOPPEISALHUH MPUOIU3UTCS K EAMHULE AaXKe PU
cnaboit cBsizu  (hakTOpoB C pesyibTaToM. Jlyis TOro 4TOOBI HE JOMYCTUTH
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BO3MOYKHOTO TIPEYBEINYCHUSI TECHOTHI CBSI3H, UCIIOIB3YETCS CKOPPEKTUPOBAHHBIN
uHJEKC (K03 (PUITMEHT) MHOKECTBEHHON KOPPEIISIITUU.
CKOppEKTUPOBAHHBIM WHJEKC MHOMXECTBEHHON KOPPEISAIUU  COICPIKHT

IIOIIPpAaBKy Ha 4YHCJIO CTCICHEH CB06OI[I>I, a4 UMCHHO OCTAaTO4YHas CyMMa KBaJpaTOB

A~ 2
Z(y _yx1x2‘..xm) JCINTCA HAa YUCIIO CTCIICHEH CBO6OI[I>I OCTaTOYHOM Bapuanuu

—\2
(n—m—l), a o0mas cymMma KBaJpaTOB OTKJIOHEHUN Z( Y- y) Ha YHUCIO

CTeneHel CBOOOIbI B LIEJIOM IO COBOKYITHOCTH (n — 1).

CDopMyﬂa CKOPPCKTUPOBAHHOTO HMHICKCA MHO>XECTBEHHOM ACTCPMUHALIUHN

HUMECCT BHU .

52 20 fa=m—)
> =)=

r7ie 7 — YUCIIo MapaMeTpPOB IPU MEPEMEHHBIX X ; # — YUCIIO HAOJIIOICHUM.

Z(y ~ Y, )2
> (r=¥)

CKOPPCKTUPOBAHHOT'O HHACKCA ACTCPMHUHALIMKN MOXKHO IIPCACTABUTL B BUJIC!:

R=1-(q-pr)—"=L
n—m-—1

: (2.17)

2
IToCKOIBKY =1-R", TO BEJINYNHY

(2.17a)

- )
Yem GoJIblle BEIUUMHA /711, TeM cuibHee pasnuunst R u R,
Kak Opu10 TIOKa3aHO BHINIC, paHKUpPOBaHWE (AKTOPOB, YYACTBYIOIIMX BO
MHO)XECTBEHHOW JIMHEHHOM pEerpeccuu, MOXKET OBITh TPOBEICHO Yepe3

CTaHaapTU30BaHHble Kod(uumentsl perpeccun ([ -kodpduumenTsr). Jta Ke

1[EJIb MOXET OBbITh JJOCTUTHYTA C TOMOIIBIO YaCTHBIX KOA(PDULIMEHTOB KOPPEISIIUU
(nna nuHeHbIX cBsizeil). KpoMe Toro, yacTHbie moka3areiu KOppemsuy IMHPOKO
UCIIOJIB3YIOTCSL TIPU pelIeHUU TpolsiemMbl 0TOOpa (akTOpoB: 1es1ecO00pa3HOCTh
BKJIIOYEHHUSI TOTO WM HMHOro (akTopa B MOJEIb MOXHO JOKa3aTh BEJIUYMHOU

MoKa3aTesl YaCTHOU KOPPEISILINH.
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Yacmuvie roa¢huyuenmol Koppenrayuu XapakTepU3yIOT TECHOTY CBSI3U
MEXAY pPE3yJbTaTOM W COOTBETCTBYIOIIMM (PAKTOPOM IMPU IIUMHUHHUPOBAHUU
(ycTpaHeHUU BAMSHUSA) APYTUX (PAaKTOPOB, BKIIOUEHHBIX B YPaBHEHUE PETPECCUMU.

[TokazaTenn dYacTHOM KOPPENSALUU TPEJACTABISIOT COOOM OTHOIICHHE
COKpAIlIEHHs] OCTAaTOYHOM [IHUCIIEPCUU 3a CYUET JOMOJHUTEIHLHOTO BKJIIOYEHHUS B
aHaJIM3 HOBOTO (PaKkToOpa K OCTATOYHOM JHUCIIEPCUU, UMEBLIEH MECTO O BBEACHUS
€ro B MOJIEJIb.

B o6miem Buze npu Hanuuuu m (PaKTOpOB ISl ypaBHEHUSA:

y=a+bx +bx,.+bx +¢&
KO((QUIMEHT YaCTHOW KOPPENALMH, U3MEPAIONINA BIMAHME HA ) (akropa X,

IpU HEU3MEHHOM YpPOBHE APYTruX (PAKTOPOB, MOKHO ONPEAEIUTH MO (hopmyJie:

2
’/' _ 1 Ryxlxz...xi...xm (2 18)
VXXX e X X o Xy 1— 2 > :
VXX o X1 X Xy

rIe R’

T MHOXECTBEHHBIN KO3(D(HUIIMEHT ACTCPMUHALIUM BCEX Ml

2
(akTopoB ¢ pesyinbraroMm; R

XX Xy XXy TOT JKC IIOKa3aTcjib ACTCPMHHAILINU,

HO 0e3 BBeJIeHHs B MOJielb (pakTopa X, .

[Tpu nByx dakrtopax popmyina (2.18) npumer BU:

2 2
= [1-—22. — 1o mn
Vi, = 4|1 T Vo 1 T (2.18a)
p2%) yx

[Topsimok ~ yacTHOro  Ko3(ppuuueHTa  KOppesiiuud  ONpeAeseTcs

KOJIMYEeCTBOM (PaKTOPOB, BIMSHHE KOTOPBIX HCKItouaercs. Hampumep, Vo, —

KO3 PUIIMEHT YacTHOW KoOppeisiuu repBoro mnopsiaka. CoOTBETCTBEHHO
KOd(h(PHUIMEHTHI MapHON KOPPETSAIUU HA3BIBAIOTCA KOIPDUIIMEHTAMHU HYJIEBOTO
nopsnka. KoagduimeHTs 4acTHOM KOppesiuu 00Jiee BHICOKUX MOPSIIKOB MOKHO
ONpPENeNIUTh Yepe3 Kod(PPUIIUEHTHI YaCTHON KOppesiuuu 00Jiee HU3KUX MOPSIAKOB

110 PEKypPEHTHOH popmyIie:
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r - r
_ yxi'xle ...xl-_lxl-+] ...xm_l yxm'.xle ...xm_l xl-xm~x1x2 ...xi_]xi+1 ...xm_l (2 1 9)

v =
VX X1 X oo X1 X)Xy 9 9
1-r" Al—r )
VX X1 X0 oo X1 XiXyy X1 X0 oo Xj_1 X 41 e X1

[Ipu nByx (akTopax nanHas Gpopmyiia mpuMeT BUI:

J— . —_

ryxl ryxz rxlxz . _ ryxz ryxl ) rxlxz (2 19 a)

ryxl-xz = 5 5 s ryxz.xl - N .
\/(l—ryXZ)-(l—rXIXZ) \/(l—ryxl)-(l—rxfx)

Jlist ypaBHEeHuUs perpeccuu ¢ Tpems dakTopamMu YacTHbIe KOd(PPUIIUEHTHI

KOppEJISIIMA ~ BTOPOTO  TOPSAKAa  ONPEACNSIOTCS Ha  OCHOBE  YaCTHBIX

KO(POUIIMEHTOB  KOppeIslMU TMepBOro mopsaka. Tak, 1O  ypaBHEHHUIO

y=a+bx +bx,+bx;+& BO3MOKHO HCYHCICHHE TPEX  YaCTHBIX

KO3 (PUIIMEHTOB KOPPESIITUN BTOPOTO MOPSJIKA:

ryxl X3 ryxz'x1x3 ’ ryx3~x1x2 i
KaKJbI M3 KOTOPBIX OINpeAeNsseTcs N0 peKyppeHTHoi (opmyie. Hampumep, npu

i =1 umeem popmyiy s pacuera 7,

v r A
X1 X X3+ X X1 X3 X
VXX VX3:X) 143742 (2.20)

ryxl-x2x3 = 1 5 1 5 )
( - ryx3'x2 )( o rxlxs'xz )

Paccuntannbie 10 pekyppeHTHOW ¢opMysie dacTHbie KOA(D(UIIMEHTHI

KOppeIsIiMM M3MEHSAIOTCST B mpexaenax or —1 go +1, a mo ¢opmynam uepes
MHO>KeCTBEHHbIE KOd(hduLreHTsl nerepmuHanuu — ot 0 1o 1. CpaBHeHue UX Ipyr
C JPYroM IO3BOJISIET PaHXKUPOBATh (DAKTOPHI 110 TECHOTE UX CBA3H C PE3YJIHTATOM.
YactHble KO3((ULIMEHTHl KOPPEISALUM AT MEPY TECHOTBHI CBS3M KaKJIO0ro

¢dakTopa ¢ pe3ynbTaTOM B YHCTOM Buje. Eciu U3 crangapTU30BaHHOTO YpaBHEHUS
perpeccnu £, = it + fit, + fit, +& cuenyer, uto [, > [, > [, 1. e no
CHJIE BIMAHUS Ha PE3yJbTaT MOPSANOK (PaKTOPOB TAaKOB: X;, X,, X;, TO DTOT XK€
nopsiA0OK (PAKTOPOB OMPEAENSIETCS U MO COOTHOIICHUIO YaCTHBIX KO3 UITUEHTOB

KOPPEJISALINH, ryx1~x2x3 > ryx2~x1x3 > I"yx3.x1x2 .
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B skonomeTpuke yactHble KO3()(PUIMEHTH KOPPETSAIUU OOBIYHO HE UMEIOT
CaMOCTOSITENIBHOTO 3Ha4eHMsl. VIX UCIOIb3yIOT Ha cTainu (hOPMHUPOBAHUS MOJEIIH.
Tak, cTposs MHOTO()aKTOPHYIO MOJIENb, Ha TIEPBOM IIAre OMPEACIAETCS YpaBHEHHE
perpeccuu ¢ IMOJIHBIM HabOpoM (PAKTOPOB M PACCUMUTHIBACTCS MaTpHIA YACTHBIX
kod(pdunmenTor koppensuuu. Ha BTopom miare orOupaercs GakTtop ¢
HAaVMCEHBUIEM W HECYUIECTBEHHOM mnoO f-kpuTeputo CTBIOACHTAa BEIWYMHOU
1oKa3aTessi 4acTHOM Koppessiuu. VICKiIouuB ero U3 MOJENIH, CTPOUTCS HOBOE
ypaBHeHue perpeccun. [Iporenypa mpomomkaeTcst 40 TeX Mop, MOKa HE OKaXeTcs,
YTO BCE YaCTHBIE KOA((OULINEHTHI KOPPEISAIUH CYIIECTBEHHO OTIIMYAIOTCS OT HYJIA.
Ecnn uckitoueH HecylecTBEHHbIH (PaKTOp, TO MHOKECTBEHHbIE KOA((ULIUEHTHI

JE€TEPMUHALIMM Ha IBYX CMEXHBIX IIarax IOCTPOEHMS PErpecCHOHHON MOJENN
2 2
TIOYTH HE OTJIMYAIOTCS JPYT OT Ipyra, R, =~ R’ rne m —aucio GaxTopos.

W3 npuBeneHHBIX BbIIE (OPMYJ YACTHBIX KOIPPULUMEHTOB KOPPENALMU
BUJHA CBSI3b JTUX IOKAa3aTeledl C COBOKYIHBIM KO3()DPHUIMEHTOM KOPPENSIINH.
3Has yacTHbIE KOAP(GUIUEHTHI KOPPEISALUH (I1OCIE0BATEIBHO IIEPBOT0, BTOPOIO
u 0OoJiee BBICOKOIO MOPSJKA), MOXKHO OINPEAEIUTh COBOKYMHBIA KO3(PPUUIUEHT

KOppensaiuu 1o Gopmye:

Ry v, = \/ I=(1=r2 ) (1= ) (1= 7)o (1= e ) - 22D)

B wactHocTH, 1 aAByXxdakTopHOro ypaBHeHus popmyna (2.21) npuHuMaet

BUJI:

Ry =\1-(1=72,)-(1-72..,). (221)

[Ipr MOMHOM 3aBUCHMOCTH PE3yJIbTATUBHOIO IPHU3HAKA OT HCCIELYyEMBIX

bakTopoB KO3(PGULKUEHT COBOKYITHOTO MX BIMSHUS paBeH enuHuie. M3 enuHuIbl

o 2
BBIYUTACTCA AO0JIsI OCTATOYHOM BapHUAllMM PC3YJIIbTATHUBHOI'O IIPU3HAKA (1—7" ),

00yCJIOBJIEHHAs TOCIEAOBAaTEeIbHO BKJIIOYEHHBIMU B aHanu3 (aktopamu. B
pe3yapTare MOAKOPEHHOE BBIPAXKEHUE XapAKTEPU3YET COBOKYITHOE IEUCTBUE BCEX

uccienyeMbIX (paKkTopoB.
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3HAYUMOCTh YPaBHCHUA MHO>XECTBEHHOM perpeccuu B ICJIO0M, TaK JKC, KaK U

B IIAPHOM PErPECCHH, OLICHUBAETCS C MOMOMIbI0 I -kpurepust Durrepa:

S o R* n-m-1
F = — —- , (2.22)
S 1-R m

oCcT

— (paxTOpHAs CymMMa KBAJpaTOB HAa OAHY CTEHEHb CBOGOIBL S .. —

roe S

aKT

OCTaTOYHasi CymMMa KBaJpaToOB Ha OJIHY CTENEHb CBOOOJBI; R - KO3 GUIIUEHT
(MHIEKC) MHOYKECTBEHHOW JEeTEepMUHALMU; Ml — YHCIO NapaMeTpoOB IpHU
INEPEMEHHBIX X (B JMHEMHON pEerpeccuu COBIAJAET C YUCIOM BKJIIOYEHHBIX B
MOJIeITb (DAKTOPOB); /1 — YHCIIO HAOIIOICHU.

OrneHuBaeTcss 3HaYUMOCTh HE TOJIBKO YpPaBHEHHs B LIEJIOM, HO U (akTopa,
JOTIOJTHUTENBHO BKIIFOUEHHOI'O B PErPECCUOHHYIO MoJenb. HeobxoaumocTh Takon
OLICHKH CBSi3aHA C TEM, YTO HE KaXKIbIi (pakTop, BOIIEAIINNA B MOEIb, MOXKET
CYLIECTBEHHO YBEJIUYMBATh JOJI0 OOBSICHEHHOM BapHallUUd pe3yibTaTHUBHOIO
npuzHaka. KpoMe Toro, mpu HaJu4uu B MOJENIN HECKOIBKUX (PaKTOPOB OHH MOTYT
BBOJUTBLCS B MOJIENb B Pa3sHOW MOCIEAOBATEIBHOCTU. BBUAY KOppEIsLMU MEXIY
(dakTopamMu 3HAYMMOCTb OJHOIO W TOro *e (akropa MOXKET ObITb pa3HOH B

3aBHCHMOCTH OT [OCJIEJAOBATEILHOCTH €ro BBEACHHS B MOmelb. Mepoi s
OLICHKH BKJIIOYEHHMS (haKTopa B MOJIEIIb CIIYXKUT YacTHbINH F' -kputepuid, T. e. F._ .
]

Yactapiii [ -kputepuii MOCTPOEH HAa CPaBHCHHUU TMPHPOCTa (HaKTOPHOM

AUCIICPCHUH, O6YCJ'IOBJ'ICHHOFO BJIIMAHUCM OOIIOJIHUTCIIBHO BKIIIOYCHHOI'O CI)&KTOpa,

C OCTaTOYHOM JMCTIepCUEd Ha OAHY CTENEeHb CBOOObI IO PErPECCUOHHON MOAENU

B 1eJMoM. B o0mem Bume mist pakTopa X; 4acTHbIl [ -kpuTepuil ompenenurcs

KakK:

2 2

R —-R n—m-1
X eeeXj oo X, VX1 X1 X4+ X,
in — X 11 mR2 Lo X1 Xig 1 Xm 1 , (223)
Yy,
2 o
rac 1zyx1 ox. = KOSQ)(I)I/IHI/IGHT MHOXXCCTBECHHOHN ACTCPMHHAIIMM JJIA MOJCIU C
0 T

2
MOJIHBIM Habopom ¢akrtopo, R — TOT € IoKaszareib, HO 0e€3

yxl "’xi—l'xi+1 ...Xm
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BKIIIOUCHUA B MOIACIIb q)aKTopa xl., n — 4YHuCIO Ha6ﬂmﬂ€HHﬁ, m — 4Yucio

napameTpoB B MoJiesH (0€3 CBOOOIHOIO YICHA).
DakTHYECKOE 3HAUCHHE YaCTHOTO [ -KpUTEpHs CPABHUBACTCS C TAOIMYHBIM

IpY YPOBHE 3HAYMMOCTH (X M 4uCie creneHedl coboasl: 1 u n—m—1. Eciu

(axtuueckoe 3nauenne [ mpesbimraet F o (05, k,, kz), TO JOIOJIHHUTENBHOS

BKJIIOUYEHHE (PAKTOpa X; B MOJENb CTATUCTUYECKH ONPABAAHHO M KOd()OUIMEHT
gucToil perpeccur b, mnpu dakTope X, CTaTHCTHYeCKH 3Ha4MM. Ecim ke

(axruueckoe 3HaueHue F MeHbIIE TaOIMYHOTO, TO JONOIHUTEILHOES BKIIOUCHHE
1

B MOJenb (aKkropa X; HE YBEIMYMBAET CYIIECTBEHHO OO0 OOBACHEHHOM

Bapuanuy MNpUu3Haka ), CJIE€OO0BATCIBHO, H€H€JI€COO6p3,3HO Cro BKJIIIOYCHHC B

MoJZienb; KOX(PQOUIMEHT perpeccud Mpu JaHHOM (akTope B OSTOM cliydae
CTaTUCTUYECKU HE3HAUMM.

Jli1st ABYX(haKTOPHOTO YpaBHEHUSI YaCTHbIE [ -KpUTEPUU UMEIOT BHII:

2 2 2 2

R
:M.(n_g,)’ F =M-(n—3). (2.23a)

Xl 2 XZ 2
1_ p2IRY] 1_ yxixo

C IIOMOIIBIO YaCTHOI'O F-KpI/ITepI/IH MOXHO IMPOBCPHUTH 3HAYUMOCTL BCCX

K03 (PUIMEHTOB perpeccuu B MPEATONOKEHUH, YTO KaXKIbI COOTBETCTBYIOIINN
(akTop X, BBOAMIICSA B ypABHEHHE MHOXKECTBEHHOM PETrPECCUH IOCIIEHUM.
YacTHelii [ -KpUTEepHii OICHUBACT 3HAYMMOCTH KOA(PPHUIIMECHTOB YHUCTOM

perpeccur. 3Hass BenuuuHy [, MOXHO ONPEICTUTh M I-KPUTEPHHA IS
1

X

ko3 durmenTa perpeccuu npu I -m dakrope, f, , a UMCHHO:

t, =|F. . (2.24)

Ornenka 3HaYUMOCTH KOX(D(UIIMEHTOB YHUCTON PETPecCUu MO ! -KPUTEPHUIO
CrbroZieHTa MOXeET OBbITh NpOBejleHa W 0e3 pacyera yacTHBIX [ -KpurepueB. B

ATOM Cily4yae, KaKk U B MAPHOU PErpeccuu, Mg Kaxjaoro (hakrtopa HCHOJb3yEeTCs

dbopmyna:
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t, =——, (2.25)

rie b, — xoadduument uncroil perpeccur npu Gakrope X,, my, — CpejHss
KBaJpaTHyecKas (CTaHiapTHas) ommnoka koadduunenra perpeccun b, .

s ypaBHEHUS MHOXECTBEHHON perpeccun
;/ =a+bx +bx,+..+b x, cpenHss KBaIpaTHYECKas ommuoOKa
koa(duireHTa perpeccun MOXeT ObITh ONpe/ieseHa 1o cieayrien Gopmyre:

, 2
_ Gy 1 - Ryxl...xm 1
o,

’ \/I—RZ .x/n—m—la

X X1 Xy

(2.26)

Trac Uy — CpE€AHEEC KBAAPATHUUICCKOC OTKIIOHCHUE IJId TMPU3HaKa ), Gx_ — CpCaHEeC
1

2
KBaJpAaTUYECKOEe OTKJIOHEHHE [Jisi INpu3Haka X, R —  K03(pdUUUEHT

VX0 Xy

. 2
JAeTEpPMHUHAIINK ISl ypaBHEHHS MHOKECTBEHHO#M perpeccun, R -

XiX] e Xy
KO(QQUIMEHT NETEPMUHALUM JUI 3aBUCMMOCTH (paKTOpa X; CO BCEMH JPYTUMH
(akTopaMu ypaBHEHHs MHOXECTBEHHOM perpeccun; 1 —m —1 — uucno crenenei
CBOOO/IBI JIJISl OCTATOYHOM CYMMBI KBaJIpaTOB OTKJIOHEHUH.

Kak Buaum, yToOBI BOCHOJIB30BaThCS JAaHHON (OPMYJIO, HEOOXOIUMBI

MaTpura Mex(GaKTOPHOW KOPPEISAIMU U pacdeT MO HEH COOTBETCTBYIOIIMX

ko3¢ puIeHTOB JeTEpMUHAIIUU R’ : Tax, TUISt ypaBHEHUS

XiX] . Xy

y=a+bx, +b,x,+bx, ouenka 3naunmoctn ko3pdurmeHTo perpeccun b,

b,, b, nupemmomaraer pacuer Tpex MeK(DAKTOPHBIX KO HHINECHTOB
. R? 2 2
nerepmunatmn: Ry, RO, RC

B3aumocBsi3b nokazaresnein 4acTHOro Kod(ppuiueHTa Koppessiiuu, 4aCTHOTO
F -xpurepus u t-xpurepust CThrojieHTa 111 KO3()(OUIMEHTOB YUCTOM PErpecCHu
MOXKET HCIIOJIb30BaThCAd B mpolenype otdopa daxropoB. OrceB (akTOpoB mnpu

INOCTPOCHUHU YPABHCHHA PEIrpeCCUM MCETOAOM HCKIIOUCHHA IMPAKTHYCCKH MOKHO
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OCYIICCTBJIATL HC TOJIBKO IIO YaCTHBIM KOBCI)(I)I/II_II/IGHTEIM KOoppesaann, UCKIIrI04Yasd

Ha KaXJO0M Iarc q)aKTOP C HaMMCHBIIMM HC3HAYMMbIM 3HAUYUCHHCM 4YaCTHOIO

ko3 duuueHTa Koppensuuy, HO W 1o BexumuyumHaMm f, u . Yactmbii -
1 1

KPUTEpUM I[IUPOKO HCIIONB3YEeTC W IIPU IIOCTPOCHUM MOJCIA METOIO0M
BKJIFOYEHUS [IEPEMEHHBIX U IIarOBBIM PErPECCUOHHBIM METOAOM.
IIpuMmep. OneHMM KayecTBO YPAaBHEHUS, IOJYYEHHOTO B IPEABILAYLIEM

naparpade. CHauana HaiiieM 3HaUeHHS TapHbIX KO3IPPUIUEHTOB KOPPEISLIUU:

yox,—y-x _664-6,8-9,4

Vo = =0,869;
1 o, 0, 1,83-1,56
o= y-x,—y-x, 445-6,8-6,3 ~0.639:
= c, 0, 1,83-1,42
2
I"xlxz = s _fl .)_Cz = 60,3_9,4.6,3 = 0,488

o, 0, 1,56-1,42

3HaueHus NapHbIX KOAPOUIIMEHTOB KOPPENSIUN YKa3bIBAIOT HA JOCTATOYHO

TECHYIO CBSI3b CMEHHOW JOOBIYM YIJII Ha OJHOTO paboyero ) ¢ MOLIHOCTBIO
macTa X, M Ha yMEPEHHYIO CBA3b C yPOBHEM MEXaHM3alMu padboT X,. B To xe
BpeMs MexkdakropHast cBsisb 7, He odeHb cuibHad (7, =0,49 <0,7), uro
TOBOPHUT O TOM, 4TO 00a (paKTOpa SABIAIOTCS MHOOPMATUBHBIMU, T. €. U X, U X,
HEOO0XO0UMO BKJIIOUUTh B MOJIENb.

Tenepb paccunTaeM COBOKYNHBIA KO3(P(QULIHUEHT KOpPpEISIIUU Ryxlxz. Hns

ATOTO0 CHaudaja HaWJEeM OMpEeNeIUTeNIb MATPHUIlBI MapHBIX KOI(P(HUIIUEHTOB

KOPPETSIINU:
1 0,87 0,64
Ar=|0,87 1 0,49 =0,139064
0,64 0,49 1

U OTIPEJICIIUTEINb MAaTPUIIBI MEXK(PAKTOPHONU KOPPEIISLINU:

60



1 0,49
0,49 1

"

‘20,7599.

Torna ko3 duLHEeHT MHOKECTBEHHOW KOppesuu o ¢opmyre (2.16):

R = =B j 013906450,
S AT, 0,7599

T. e. moxnHo ckazath, uto 81, 7 % (xk0dPIUIIMEHT AETEPMHUHAINH

2 _ y
R, ., =0,817) Bapuanuu pesysnbrara 00bscHsETCS BapHALMeEd IPEACTABIEHHBIX

B YPaBHEHHMH IPU3HAKOB, YTO YKa3bIBAET HA BEChbMa TECHYIO CBSI3b IMPHU3HAKOB C
pEe3yIABTATOM.

[IpumepHO TOT ke pe3ysbTat (pa3audusi CBA3aHbl C OIIMOKAMU OKPYTIICHUN)
i ko3¢ duieHTa MHOKECTBEHHOW PErPecCHH TOIYYHM, €CIH BOCIOJIb3yeMCs

dbopmynamu (2.12) u (2.15):

2
R = 1-Teer = 122098 _ g0y,
i o’ 3,36

R,. =D B . =0,728-0,87+0,285-0,64 = 0,903.

CkoppeKkTrupoBaHHBINA KOOPPUIIMEHT MHO)KECTBEHHOH 1€TEPMHUHALINU:

?e=1—(1—R2)-”—_1=1—(1—0,817)-&=o,765

n—m-—1 10—-2-1

YKa3bIBa€T HA YMEPEHHYIO CBSI3b MEXK]ly PE3yJIbTaTOM U IIPU3HAKaMHU. JTO CBA3aHO
C MaJIbIM KOJIMYECTBOM HAOJIIOICHUI.
Tenepr Hailimem dyacTHble KOA(D(UIMEHTH KOppensauud 1o QGopmyiam

(2.18a) u (2.19a):

1-R? _
= 1_ﬂ:\/1_w_0,831;

Ty 2 1-0.408

1- Fixy

1- R? _
A S Wl LA T Y
e 1-0,755

1 - ryxl
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ryx1 _ryxz .rxpcz _ 09869_076390,488 _ 0,830,

RSN N (R
»

b fu _ 0,639-0,869-0488 o0

TR ) e i-ose)

T. e. MOXHO cacjiarb BBIBOJ, 4YTO (I)aKTOP Xl OKa3pIBaeT 0o0Jiee CUIIBHOE

BJIMSIHUC HA PC3YyJIbTAT, YCM IIPHU3HAK x2 .

OHGHI/IM HAaJACKHOCTDb ypaBHeHI/IH perpeCCI/IPI B IICJIOM H IIOKA3aTCJiAd CBA3U C
nomouipio F -kpurepus ®umiepa. Gakruueckoe 3nauenue F -xpurepus (2.22):
P R® n-m-1_ 0817 10-2-1
bar ) _R? m 1-0,817 2

=15,63.

TabnuuHoe 3Ha4YeHwe [-Kpurepus NpU  [STUIPOLEHTHOM — yPOBHE
suaunmoct (@ =0,05, k, =2, k, =10-2-1=7). F
F,

Gbakt

=4,74. Tax xax
=15,63>F

o =4,10,  TO ypaBHeHMe mpH3HAeTCS ~ CTATUCTUYECKH
3HAYUMBIM.
Ouennm 1e1ec000pa3sHOCTh BKIIOYEHUA (QakTopa X, mocie (akTopa X, H

X, Tocne X, ¢ ImoMomibio yactHoro F -kputepus Oumepa (2.23a):

2 2

_’/' —
Fo=te e 3y OSITZ0408 55 s
TR 1-0,817
R> -7’ —
Fo=toe g 3y 081720755 5 ) 5y
T 1-0,817

yxx;

TabnuuHOE 3HAYEHHE YACTHOTO F' -KpUTEpHs IIPH IATHIPOLEHTHOM yPOBHE
smaunmoct (o = 0,05, k =1, k,=10-2-1=7). F
F, =15,65>F,

Tabn

=15,59. Tak xak

abn

=559, a F_ =237<F

Taba

=5,59, T10 BKIIOYEHHE

(pakropa X, B MOJENb CTAaTUCTUYECKHM ONPABJAHO M KOd(POUIMEHT YuCTON
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perpeccuu bl CTaTUCTUYCCKHN 3HA4YMM, a JOIIOJHUTCIBHOC BKIIOYCHHC Q)aKTopa

X, , IOCJIE TOTO, KaK y’e BBeJIeH (PaKkTop X, HELEIECOOOPa3HO.
VYpaBHEHHE PErpecCHH, BKIIOYAIONICE TOJIBKO OJIMH 3HAYMMBIA apryMEHT

~

y=-2,754+1,016x,.

2.4. J/IuneliHbIe PErpeCcCuOHHbIC MOJECJIN C T€ETEPOCKEAACTHYHBIMHU OCTATKAMU

[Ipu olleHKE MapaMeTpOB YPABHEHHSI PErpeccu MPUMEHSETCS METOJ
HauMmeHblux kBaaparoB (MHK). Ilpu »sTtomM genatorcst  ompelielieHHbIE

IIPEAINIOCHIIKM OTHOCUTEIIBHO CIIYYalHOM cocTaBisironier & . B monenu:
y=a+bx +bx,+..+b x +¢&
— ciy4yaiiHas COCTaBIIAIONIAs & MPENCTaBIsAeT co00i HEHAOII01aeMyI0 BEIMUHHY.

Ilocne Toro kak IMPOMU3BCACHA OICHKa IapaMCTpOB MOACIH, pacCUUTbIBAA

pa3HOCTH (PaKTHYECKUX U TEOPETHUECKHX 3HAUYCHUU PE3yIbTAaTHBHOTO MPHU3HAKA

~

Y, MOXKHO OIIPEIEIUTh OLEHKHU CIIyYalHOW COCTaBJIAIOLIEH ) — V.- [Tockosbky

OHU HE SBIAIOTCS PEAIbHBIMU CIyYalHBIMH OCTAaTKaMH, UX MOXHO CUMTATh
HEKOTOPOH  BBHIOOPOYHOM peanu3arueld HEM3BECTHOTO OCTaTKa 3aJaHHOIO
YPaBHEHUS, T. €. &;.

[Ipy w3MeHeHMM crnenu@UKanUU MOJAEIH, J00aBJICHHM B HEE HOBBIX
HaOJII0IeHUI BBIOOPOYHBIE OLICHKM OCTaTKOB &; MOTyT MeHAThes. Ilostomy B
3a7a4y PErpecCUOHHOTO aHalii3a BXOAMUT HE TOJBKO MOCTPOCHUE CaMOM MOJEIH,

HO N UCCICOAOBAHUC CJIY‘I&IZHBIX OTKJIOHCHMH gi , T. €. OCTATOYHBIX BCIINYHNH.

[Ipn wucnone3oBanun kpurepueB Pumepa u  CTbIOJEHTA JIEJAIOTCSA

MMPCAITOIOKCHUA OTHOCUTCIIBHO IMOBCACHUA OCTATKOB 51- — OCTAaTKH IIPCACTABIIAIOT

co0ol He3aBUCHUMBbIE Clly4ailHble BEIUYMHBI U UX CpefHee 3HaueHue paBHO 0; OHU
UMEIOT OJIMHAKOBYIO (ITIOCTOSIHHYIO) JUCHEPCHI0 M NOJUYUHSIOTCS HOPMAJIbHOMY

PacpCaACiICHULIO.
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Cratuctuyeckue  MNPOBEPKM  MAapaMeTPOB  PErpeccUH,  IOKa3aTeseu

Koppe/inui OCHOBAHBI Ha HCIPOBCPACMBIX IIPCAIIOCBUIKAX PACIIPCACIICHUA

CIIlyJalHOM cocTaBisgomed &;. OHM HOCAT JMIIL IPEABAPUTEIBHBIM XapakKTep.

[Tocne mocTpoeHusi ypaBHEHHS PErpeccHMy MPOBOAMUTCS MPOBEpKA HAIUYUSA Y

OLECHOK &, (CIy4alHBIX OCTaTKOB) T€X CBOMCTB, KOTOPBIC IIPEIIONATaIUCh.

CBsi3aHO 3TO C TEM, YTO OLEHKHM IIapaMETPOB PETPECCHUU JOJDKHBI OTBEYATh
omnpenelieHHbIM  KpuTepusiMm.  OHM  JOMKHBI ~ OBITh ~ HECMEUIEHHBIMH,
COCTOATENBHBIMU U 3(P(HEKTUBHBIMU. DTH CBONCTBA OIICHOK, MOJYYEHHBIX IO
MHK, nMeroT upe3BplYaiiHO BaXKHOE NPAKTHYECKOE 3HAYEHUE B HCIOJIb30BAHHUU
PE3yJIbTaTOB PETPECCUN U KOPPETALIUH.

Hecmewennocms OLEHKM O03HAYAET, 4YTO MAaTEMATUYECKOE OKHMIAHUE
OCTATKOB paBHO HYyJI0. Eciu OLIEHKM 00J1alatl0T CBOMCTBOM HECMEIIEHHOCTH, TO
UX MO>KHO CPaBHUBATh M0 Pa3HbIM UCCIEAOBAHUSIM.

OueHkl CUMUTAIOTCA 9¢)pexkmuenbimMu, €ClId OHU  XapaKTEepPU3YIOTCS
HaVMEHBIIEH JAucrepcuer. B mnpakTH4eckux HCCIENOBAHUAX ITO O3HA4YaAET
BO3MOKHOCTb MIEPEX0/IA OT TOUEYHOT'O OLIEHUBAHUS K UHTEPBAJIbHOMY.

CocmosamenbHocmb OLEHOK XapaKTEpU3YET YBEIMYEHHE HX TOYHOCTH C
yBEIMYCHHEM 00beMa BHIOOPKH. BOMbIOi MpakTUYECKUii MHTEPEC MPECTaBISIOT
T€ pe3yJIbTaThl PETPECCUHU, I KOTOPBIX TOBEPUTEIbHBIA UHTEPBAT 0KUIAEMOIO
3HaYCHMsSI Mapamerpa perpeccun b, uWMeer mpenen 3HAYCHHIl BEPOSTHOCTH,
paBHbIM enuHuIEe. VHBIMM CIOBaMHM, BEPOSTHOCTh IIOJIYYEHUS OLECHKH Ha
3aJIaHHOM PACCTOSTHUH OT UCTUHHOTO 3HAYEHUS TapameTpa Ou3Ka K eAHHHUIIE.

VYKka3zaHHblE KpPUTEPUH OLICHOK (HECMEIIEHHOCTb, COCTOSITENIBHOCTh M
3¢ (HEKTUBHOCTH) 0053aTEIHO YUUTHIBAIOTCS MPU PA3HBIX CIIOCO0aX OICHUBAHUA.
Meron HauMMEHBIIMX KBaJApPAaTOB CTPOUT OLEHKUM pErpeccud Ha OCHOBE

MHHUMMU3AIUU CYMMbI KBaAPATOB OCTATKOB. HOBTOMY O4YC€Hb BAXXHO HCCJIICA0OBATH

IMMOBCACHHUC OCTATOYHBLIX BCIWYHMH PETPECCHU gi‘ yCJIOBI/IH, HCO6XOI[I/IMLIC JJIsA

MMOJIY4YCHU A HCCMCIIICHHBIX, COCTOATCIIbBHBIX u 3(1)(1)CKTI/IBHBIX OLICHOK,

64



npencTaBisAloT coboil npeanocsiku MHK, coOmroneHune KOTOphIX JKeaaTesIbHO

I TIOJIYUCHUA JOCTOBCPHBIX PC3YJIBTATOB PCIPCCCUMN.

Hccnenosanus 0CTaTKOB &; NPEANONAraroT IPOBEPKY HAIMYMS CIEAYIOMIHNX

natu npeanocbuiok MHK:

1) cayualiHblil XapakTep OCTAaTKOB;

2) HyJleBas CpeAHss BEIMYMHA OCTAaTKOB, HE 3aBUCAIIAS OT X, ;

3) TOMOCKENACTHYHOCTh — JUCIIEPCHUs KaXKIA0T0 OTKJIOHEHHS &;, OJIMHAKOBA
JUI BCEeX 3HAUCHUU X |

4) OoTCyTCTBHE aBTOKOPPENALMU OCTAaTKOB — 3HAYEHUS OCTAaTKOB &

pacrpejielieHbl He3aBUCUMO APYT OT JIPYTa;

5) ocTaTKu NOJYUHSIOTCS HOPMAIbHOMY paclpe/ieIeHUIO.

Ecimu  pacnpenenenue ciy4allHBIX OCTaTKOB &, HE COOTBETCTBYET
HekoTOpbIM npeanocbkuikam MHK, To crienyetr KoppeKTUpOBaTh MOJIEIb.

ITpexne Bcero, NpoBEPSETCH CAy4YalHbIM XapakTep OCTaTKOB &; — IepBasd
npeanocsuika MHK. C 510l nenbro crourcs rpagMk 3aBUCMMOCTH OCTaTKOB &; OT

TEOPETUYECKUX 3HAYEHUU pe3ysbTaTUBHOrO mnpu3Haka (puc. 2.1). Eciu Ha

I’pa(i)I/IKe IMOJIyUCHA I'OpU30HTAJIbHAA 110JI0OCA, TO OCTATKH gi MNpCaACTaBIAOT coboit

~

cnyqaﬁHLIe Beanuuasl 1 MHK oIpaBAaH, TCOPCTUUICCKHUC 3HAYCHUA yx XOopomo

AIlIIIPpOKCUMUPYIOT (baKTI/ILIeCKI/IC 3HA4YCHUA ) .
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Puc. 2.1. 3aBUCHMOCTb CITy4allHBIX OCTATKOB &; OT TEOPETHYECKUX 3HAYECHUH )

~

B03MOXKHEI clieyroIue ciiy4au, €ClIi &; 3aBUCHT OT ) TO:
1) ocratkm & He cmydainsl (puc. 2.2a);
2) OCTaTKM &; HE UMEIOT NIOCTOSIHHOM aucnepcuH (puc. 2.26);

3) OCTaTKu & HOCAT CUCTEMATUYECKHI Xapakrep (puc. 2.26).

& A &4
44
2_‘_ ° [ ] [ °
.
o . . . * . N .
L /._\. Vx
-2 .
-44
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B

e

Puc. 2.2. 3aBUCUMOCTD CITy4allHBIX OCTATKOB &; OT TEOPETUYCCKUX 3HAYCHUN )

B stux ciydasx HeoOXoaumo TUOO0 MPUMEHSATH APYTYIO (QYHKIHIO, JTHO0

BBOJAUTH OOIIOJIHHUTCIIBHYIO I/IH(i)OpMaIII/IIO H 3aHOBO CTPOUTH YPABHCHUC PCIPECCUU

110 TeX II0p, IOKA OCTAaTKH &; He OYIyT CIly4alHBIMH BEIMYMHAMM.

Bropaa npennoceuika MHK OTHOCHTENBHO HYJIEBOM CpeqHEN BEIMYHUHBI
OCTaTKOB O3HAYaeT, 4TO Z( y— yx)=O. OTO BBINOJHUMO ISl JIMHEHWHBIX

MOJIeTIC U MOJEJIEH, HEIMHEHHBIX OTHOCUTEIILHO BKJIIOUAEMBbIX IEPEMEHHBIX.
Bmecte ¢ TeM HECMEIIEHHOCTh OLEHOK KO3(P(UIHUEHTOB pErpeccuy,
nonyyeHHbix MHK, 3aBUCHUT OT HE3aBUCHUMOCTH CITyYallHBIX OCTAaTKOB W BEJIUYHUH

X, 4TO TaKXke UCCIENyeTCsl B paMKax coOitoaeHust Bropoit npennocsuiku MHK. C

ATOM OCJIbIO HapAay € HU3JI0KCHHBIM Fpa(I)I/IKOM 3aBUCUMOCTH OCTAaTKOB gi oT

~

TEOPETUYECKUX 3HAYCHUM PpE3yNbTaTUBHOIO NPHM3HAKa ) CTPOMTCA rpaduk
3aBUCHMOCTH CIIy4alHBIX OCTATKOB &; OT (DAaKTOPOB, BKIIOYEHHBIX B PErPECCHIO

x; (puc. 2.3).
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Puc. 2.3. 3aBUCHUMOCTh BETUYMHBI OCTATKOB OT BEJIMYMUHBI (hakTOopa X ;

Ecnu ocratku Ha rpaduke pacnoyioKEHbl B BUJI€ TOPU3OHTAILHON MOJIOCHI,

TO OHM HE3aBUCHMBI OT 3HaueHMH X,. Ecmm jxe rpaduK TOKa3bIBaeT HAIHYWE

3aBUCHUMOCTH ‘91' u )Cj , TO MOJCJIb HCAJACKBATHA. HpI/I‘-II/IHBI HCAJICKBATHOCTHU MOI'YyT

ObITh pa3Hbie. Bo3MoxkHO, 4TO HapymieHa TpeThs npeanockuika MHK u qucnepcus

OCTAaTKOB HE IOCTOSHHA sl KaXIOro 3HadeHus (akropa X;. Moxer ObITb

HCIIPpaBUJIbHA CHeI_II/ICbI/IKaI_II/IH MOACIIN n B HECC HGO6XOI[I/IMO BBCCTHU

2
JOIIOJIHUTCJIBHBIEC YICHBI OT X Iz Hampumep X IE CkomieHue TOYEeK B

OIIPCACIICHHBIX  YHACTKaX 3HAYCHUM (baKTopa Xj TOBOpUT O HAJIHW4YUHU

CHUCTEMAaTUYECKON MOIPEIIHOCTH MOJIEIIH.

IIpenmoceuika O HOPMaJIbHOM PACHPENEICHUM OCTAaTKOB IO3BOJISAET
IPOBOIUTH MPOBEPKY MAPAMETPOB PErPECCHH U KOPPEIALMHU C TIOMOIIBI0 [ - 1 -
KpuTepueB. Bmecte ¢ TeM OLIEHKM perpeccuu, HauaeHHble ¢ npuMmeHenneM MHK,
0o0JagaroT XOpPOUIMMH CBOMCTBAMHM JaXe NPU OTCYTCTBUM HOPMAaJIbHOTO
pacrpeneneHus OCTaTKoB, T.€. IPU HapyleHnH rsaTou npeanocbuiku MHK.

CosepmienHo HeoOxomaumbiM it monydenus o MHK  coctosrenbhbix
OIICHOK TapaMeTpOB PErpeccuu SBISIETCS COOJIOJIEHHE TPEThed W YeTBEPTOU
IIPEANOCHUIOK.

B coorBerctBUM C Tperhedt mpennockuikoii MHK TpeGyercs, d4TOOBI

AUCIICPCHUA OCTATKOB OblIa 2omocKkedacmuyHol. ITO 3HA4YUT, 4TO MJIA KaXIJOIO
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3HAa4YCHMUA (baKTopa x]. OCTaTKu 6'1- HMCIOT OAMHAKOBYIO JHCIICPCHIO. Ecau 310

ycinoBue npumeHenus MHK  He  coOmiomaercs, TO ~ HUMEET  MECTO
eemepockedacmuyHocms. Hanuume TreTepoCcKeJaCTUYHOCTH MOXHO —HArJISIHO

BUJICTh U3 TIOJIS KOppensiuu (puc. 2.4).

y% Yi

xY
xy

x ¥

B

Puc. 2.4. IIpumepsbl reTepoCKeIaCTUIHOCTH

Ha puc. 2.4 uzoOpaxeHbl: a — AUCHEPCHs] OCTATKOB pacTeT IO Mepe
yBEIWYEHUsI X; O — AUCHEPCUsl OCTATKOB JIOCTUTaeT MaKCUMAaJbHOW BEIUYHHBI
IPU CPETHUX 3HAYCHUSX MEPEMEHHOW X ¥ YMEHBIIAETCS MPU MUHUMAIbHBIX U
MaKCUMAJIbHBIX 3HAYEHUSAX X; B — MaKCUMajbHas JUCIEPCUS OCTATKOB IMpHU
MajbIX 3HAYEHUSX X M JUCIEpPCHUs] OCTATKOB OJHOPOJHA MO MEpPE YBEIUYCHUS

3HAYEHUU X .
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Hanuuwne TOMOCKECAACTUIHOCTHU HJIM IT'CTCPOCKCIACTUIHOCTU MOKHO BHACTDH
gz’ oT

U 10 PACCMOTPEHHOMY BBIIIE TpapuKy 3aBUCUMOCTH OCTATKOB
TEOPETUYECKUX 3HAUYEHMH pe3ysbTaTUBHOro mpusHaka ) . Tak, nnsa puc. 2.4a

~

3aBUCUMOCTDb OCTAaTKOB OT yx IIpcaAcTaBjICHa HA pUC. 2.5.
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Puc. 2.5. I'eTepocke1acCTHIHOCTD: 60IbIast AucHepcust &; i OOJbIINX 3HAYEHUH V.

COOTBETCTBEHHO ISl 3aBUCHUMOCTHU, U300paKEHHOM Ha MOJSAX KOPPENALHU

puc. 2.46 u 2.46, reTepoCKeNaCTHYHOCTh OCTATKOB MpEJCTaBlIeHA Ha puc. 2.6 u

2.7.
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Puc. 2.6. 'eTrepocke1acTUIHOCTH, COOTBETCTBYIOIIAS MO0 KOPPEISALUU Ha puc. 2.40
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Puc. 2.7. I'etepocke1aCTHIHOCTh, COOTBETCTBYIOIIAS MO0 KOPPESALHMU Ha pUC. 2.46

J1J1si MHOKECTBEHHOM perpeccuu JaHHbIA BU rpadUKoB sBIsieTCs Hanbosee

MPUEMIIEMbIM BU3YaJIbHBIM CIIOCOOOM U3Y4YEHUS TOMO- U T€TePOCKETACTUYHOCTH.
[Ipy DOCTPOEHMH PErpecCHOHHBIX MOJEIEH YpPEe3BBIYAWHO  BaXKHO

cobOmonienue uverBeproi mpennoceiku MHK — orcyTcTBHE aBTOKOppensiuuu

OCTATKOB, T. €. 3HAYEHUS OCTATKOB &; PACIPEJIENICHbl HE3aBUCUMO JIPYT OT JpyTa.
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ABTOKOppENALNS OCTAaTKOB O3HAYaeT HAJM4YME KOPPEISIUU MEXIy OCTaTKaMu
4

TeKYIIUX © TOpeablaymux (mocnenyromux) Haomoaenuii .  Koadduiument

KOPPEISILME MEKAY & U &, TAe & — OCTaTKU TCeKyLMX HaOIIOACHUil, &, —

OCTAaTKHM TpebIIylnX HaOmoaenuid (manpumep, j=1i—1), Moxer ObITh

OIIPCACIICH KaK:

cov(gl., 5.)

i€ i
o) e, o) g
T. €. 0 OO0BIYHOUN (QopMyIie JuHEHHOTO KodduineHTa Koppemsiuuu. Eciu sToTt

KOC—)(I)(l)I/IHI/IGHT OKaXKCETCA CYHMCCTBCHHO OTIWYHBIM OT HYJIA, TO OCTAaTKHU

aBTOKOPPEIUPOBAHBI U (DYHKITHSI TFIOTHOCTH BEPOSTHOCTH [ (8) 3aBHCHUT OT ] -

TOYKU HAOJIIOJCHUS U OT paclpeiesieHHs] 3HaYEeHUN OCTAaTKOB B JIPYTUX TOYKaX
HaAOJIIOICHMUSL.

OTcyTcTBHE  aBTOKOPPETSAIMKA  OCTATOYHBIX  BEJIIMYMH  OOEcIeurBaeT
COCTOATENBLHOCTh M 3(PPEKTUBHOCTh OLEHOK KOA((UIIMEHTOB PErpeccuu.
Oco0eHHO akTyallbHO coOmtofeHue nanHor npennocsiki MHK npu nocrpoenun
PErpecCUOHHBIX MOJENEeH MO psiiaM WHAMMKH, TNI€ BBUAY HAJIUYMs TCHACHIIMU
MOCJIEAYIONIME YPOBHU JMHAMUYECKOTO psifia, KaK MPaBUIIO, 3aBUCIT OT CBOMX
MPEABIAYIINX YPOBHEN.

[Ipu HecoOmomenun ocHOBHbIX mpeanockuiok MHK — npuxoaurcs
KOPPEKTUPOBATh MOJIENb, U3MCHSSI €€ CHeruuKaIuio, T00aBIsITh (MCKIIOYATH)
HEKOTOphIe (haKTOphI, MPeoOpa3OBBIBATh HCXOAHBIC JaHHBIC IJIS TOTO, YTOOBI
MOJIYYUTh OLEHKU KO3(P(UIIMEHTOB PErpeccuu, KOTOphbie 001adaloT CBOMCTBOM
HECMEIIIEHHOCTH, MWMEIOT MEHbIIIee 3HAY€HHE JUCIEPCUU  OCTAaTKOB U
00ecreynBaloT B CBA3M € 3TUM Oojee d3PPEKTUBHYIO CTATUCTUYECKYIO MPOBEPKY

3HaYMMOCTHU IIapaMeTPOB PETPECCHH.

* IMospobHee 06 aBTOKOPPEISIHH CM. B pasere 4.

72



2.5. O0001menHbIii MeTOX HAaMMeHbIIUX KBagApaToB (OMHK)

[Ipy HapymIeHHM TOMOCKEJACTUYHOCTH ¥ HAJIWYUU aBTOKOPPEISAINU
OmMMUOOK PEKOMEHIYETCS TPAAWIMOHHBIA METOJT HAWMEHBIIUX KBaJPaTOB
(u3BeCTHBIN B aHTIMNCKOW TepmuHOioruu kak meron OLS — Ordinary Least
Squares) 3aMeHATH 0000werHbIM Memodom, T. €. memooom GLS (Generalized
Least Squares).

OO6OOIIeHHBII  METOJ] HAWMEHBIIUX  KBAJpPaTOB  NPHUMEHSETCS K
peoOpa30BaHHBIM JTaHHBIM U TIO3BOJIAET IMOJyYaTh OLIEHKH, KOTOpBIC 00JagaroT
HE TOJHKO CBOMCTBOM HECMEIICHHOCTH, HO W HMMEIOT MEHBIINE BBIOOPOYHBIC
mucniepcuu. OctaHoBuMcsi Ha wucnoib3oBanud OMHK s KOppeKTHpOBKH
reTepOCKETACTUIHOCTH.

Kax u pansine, Oynem mpeamnosiaratb, 4YTo CpeliHee 3HaYC€HUE OCTATOYHBIX

BCJIMYUH PABHO HYIJIIO. A BoOT AUCTICPCHUA UX HC OCTACTCA HEU3MEHHOU I pa3HbIX

3HaueHui (axropa, a HPONOpUUOHaIbHA BeanunHe K, T. e.:
2 2
o, =0 K,
2 . 2
rae O, — JUCIEPCHs OIMOKM NP KOHKPETHOM I-M 3Ha4eHuM (akTopa; O —
1
IMOCTOAHHAA AUCIICPCHUA OIIMOKH Inpu CO6JIIOI[GHI/II/I IMPCAINIOCBIIKHA 0

rOMOCKEIACTUYHOCTU OcTaTKoB; K, — KO03(QUUUEHT NPONOPLHOHAIBHOCTY,

MEHSIOIMUICSI C W3MEHEHHEM BEJIWYWHBI (aKkTopa, UYTO H OO0YCIOBIMBAET

HCOOAHOPOAHOCTDb JHUCIICPCHUM.

2
HpH 9TOM IIpCAIIojaracrcs, 4yTo0 O HCHU3BCCTHA, a B OTHOIICHUM BCIIMYUH

K. BbIIBUraloTCS OIPEJENCHHBIC THIIOTE3bl, XapaKTEPH3YIOLIUE CTPYKTYpY

T'CTCPOCKECAACTUIHOCTH.

B o0miem Buae mis ypaBHEHUs Y, =da + bxl. + &, pu 052, = 02 -Kl. MOJEIb

OpuMeT BUIA. Y, =d +bxl. + ./ Kl. &. B mel ocraTo4yHblE  BEIMYUHBI

ICTCPOCKECAACTUIHEI. Hpezmonarasl B HHX OTCYTCTBHUC ABTOKOPPCIIALIMHU, MOXHO

HCpCfITPI K YpaBHCHHIO C TIOMOCKCAACTUYHBIMU OCTATKaMH, IIOJCJIMB BCC
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nepeMeHHble, 3aQUKCHpOBaHHBIE B Xoie [-ro Habmogenus, Ha /K, . Torma
. . 2 2
JWCIIEPCUs OCTATKOB OyJIeT BEJTMYMHOM IIOCTOSHHOM, T. €. O, = O .

HMHbIMK clOBaMU, OT PErpeccud ) IO X MBI IIEpEUleM K pPerpeccuu Ha

HOBBIX IEPEMEHHBIX: ) / VK u x/ V K . YpaBHeHHe perpeccuu MPUMET BHI:

S @ ip Tty
J& I8

a HCXOJHBIC JaHHBIC IJIAA JaHHOI'O YPAaBHCHUA 6YILYT HUMCTb BU:

X

= _%“x
e

[Io oTHOmIEHHIO K OOBIYHOM pPErpeccuu ypaBHEHHE C HOBBIMH,

npeoOpa3oBaHHBIMU  MEPEMEHHBIMU  MPEJCTaBISIET  COOOW  B3BEIICHHYIO

perpeccutro, B KOTOPOil IEPEMEHHBIE ) U X B3SThI C BECaMU 1/ VK.
OueHka mapaMeTpoB  HOBOTO  YpaBHEHHUS C  NPeoOpa30oBaHHBIMU
NIEPEMEHHBIMU NPUBOJUT K B3BEIICHHOMY METOJ]Y HAMMEHBIIMX KBAaApPaTOB, JJIS

KOTOpPOTro HGO6XOI[I/IMO MUHHUMU3UPOBATE CYMMY KBaAPATOB OTKJIOHCHHUH BUaA:

S(a, b)zzn:Ki(yl.—a—bxl.)z.

i=1 i

CoOOTBETCTBEHHO MOJYYHM CICAYIOIIYIO CUCTEMY HOPMAJIbHBIX ypaBHeHHﬁI
[ 1 X
—=d- —+ b . —,
LTl iy
2
- X X X
)ILILSR SN S
= K K K
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Ecau Hp606p8,30BaHHLIG NEPEMCHHBIC X W ) B34ATb B OTKJIOHCHHAX OT

CpeNHUX YPOBHEM, TO K0P ULUEHT perpeccuu b MOXKHO OIPENETNTH KaK:

I

[Ipu 0OBIYHOM PUMEHEHHH METOJIa HAUMEHBIIUX KBAJIPATOB K YPaBHEHUIO
JMHEMHOM PErpeccur Uil NEPEMEHHBIX B OTKIOHEHMUSX OT CPEIHUX YPOBHEU
xod¢duument perpeccun b omnpenensercs no Gpopmyie:

2%y
Kak BuguMm, mnpu wucnons3zoBanud o606menHoro MHK ¢ menbro

KOPPEKTUPOBKH  TETEPOCKENACTUYHOCTH  KOd(DPUIIMEHT  perpeccuu b

IpEeCTaBIIsSIET COOOM B3BEIIEHHYIO BEIMUMHY 110 OTHOIIEHHUIO K 00piyHOMY MHK ¢
Becom 1/K .
AHanoOruyHeI MOJX0J BO3MOXEH HE TOJBKO ISl YpPAaBHEHMs MapHOU, HO U

JUIsI MHOXKECTBEHHOU perpeccuu. [Ipeanosioxkum, 4To paccMaTpuBaETCs MOJEIb
BUJA:

yv=a+bx +bx,+¢,
JUISL KOTOPOM TUCIIEPCUsl OCTATOUYHBIX BEJIMYMH OKa3aJ1ach MPOMOPIMOHAIIbHA Kl.z.
K, npencrasmsier co0oil KOI(pOULIHEHT HMPONOPLHUOHAIBHOCTH, PUHUMAIOLIHIA
pa3IMYHBbIC 3HAYEHMS IUISI COOTBETCTBYIOIIMX [ 3HAa4YeHHH (DAKTOPOB X, U X,.
Beuny Toro, uro:

(Tji =o"’ -Kf ,
paccMmarpuBaeMasi MoJIeNb IPUMET BUL:

yi=a+bx, +b,x, +Kg,

Trac OIIMOKU I'CTCPOCKECAACTUYHEI.
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I[JIH TOTO YTOOBI I[MOJIYYUTb YpPpaBHCHHC, I'IC OCTATKH El- IF'OMOCKCIOAaCTHUYHBI,

nepersieM K HOBBIM NPEoOpa30BaHHBIM IMEPEMEHHBIM, pPa3/IeIUB BCE UJICHBI
HCXOJIHOTO ypaBHEHUS Ha KOd((HUIMEHT mporopimoHansHocT K . YpaBHEHHE C

Hp€06p3,30BaHHLIMI/I MMEPCMCHHBIMH COCTABUT:

1);" :]z +b, 2" +b2@+gl..

i i i i

DTO ypaBHEHHE HE CONECPKHT CBOOOJHOTO WieHa. Bmecte ¢ Tem, Haias
nepeMeHHble B HOBOM IpeoOpa3oBaHHOM Bue U mpumeHsisi oObrunbii MHK k

HUM, TIOJTyYHM MHYIO CIELU(PUKALIMIO MOIEIIH:

£:A+bl il +b,
K K.

i i i

Xoj

+&,.

[TapameTpbl TakoW MOJEIM 3aBUCIT OT KOHUCHIWM, IPUHATOM I

koo¢duimenTa nponopuroHanbHocTH K. B 9KOHOMETPHYECKHUX MCCIICI0BAHHAX

JOBOJIBHO 4YaCTO BBIIBHUIacTCA THUIIOTE3a, 4YTO OCTATKH 81' MMPpONIOPHHUOHAJIbHBI

3HauYeHUsIM (paktopa. Tak, eciu B ypaBHECHUU:

v=a+bx +bx,+..+b x +e
2 2 o
MPEeJIONOXHUTh, 4T0 €=¢&-X;, T.e. K =X u O, =0 -X;, T0 0000IECHHBbI}

MHK mnpeamnonaraer ouneHKy mapameTpoB CIEAYIOIIEro TPaHCHOPMHUPOBAHHOTO

YPaBHEHHS:

X X
l=b1+b2—2+...+b g,

m

X X X
[IpumMeneHne B 3ToM ciydae 0606menHoro MHK mpuBoauT K TOMy, 4TO
HaOIIOEHN C MEHBLIIMMH 3HAYEHMAMHU IIPEOOPA30BAaHHEIX IIEPEMEHHBIX x/ K

UMEIOT MpU OMNPEAENICHUN MapaMeTPOB PErpeccCMr OTHOCUTEIBHO OOJIBIIMI Bec,
YeM C IEpPBOHAYAJIBHBIMU IEPEMEHHBIMU. BMecTe ¢ TeM ciieyeT UMeTh B BUAY,
YTO HOBBIE NPEOOPA30BAaHHBIE MEPEMEHHbIE MOJYYalOT HOBOE 3KOHOMUYECKOE
COJIepKaHUE U UX PErpeccusi UMEET MHOM CMBICI, YEM PErpeccHst M0 HUCXOIHBIM

JaHHBIM.
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Hpumep. Ilycte ) — U31€PKKH IPOM3BOACTBA, X, — 00BEM IIPOAYKIIHH, X,
— OCHOBHBIE IIPOM3BOJICTBEHHBIE (DOHJBI, X; — YHCIEHHOCTh PAOOTHUKOB, TOIJa
YpaBHEHHE:
y=a+bx +bx,+bx,+e
ABIIACTCS MOJETBI0 W3JIEPKEK TMPOM3BOACTBA € OOBEMHBIMH (PaKTOpamu.

2
IIpennonarasi, 4To O, NPONOPLUOHAIBHA KBaJApaTy YHCIEHHOCTH PaOOTHUKOB

Xy, MBI IIOJYYUM B KadyeCcTBE DPE3yJbTaTHBHOIO IIPH3HAKa 3aTpaThl HAa OIHOIO
paboTHUKa y/ Xy, a B KadecTBe (DaKTOPOB CIEAYIOIIME IIOKA3aTEIIH:

MIPOU3BOJAUTENILHOCTh TpyJAa xl/ X; ¥ (OHIOBOOPYKEHHOCTh TpyAa X, / X5 .

CooTBeTCTBEHHO TpaHC(HOpMUPOBaHHAS MOJIETb TPUMET BUJL:
y X X
—=b,+b—L+b,“2+¢,
X3 X3 X3
rne mapamerpbl by, b,, b, uucneHHO He COBIAJAIOT C AHAIOTHYHBIMH

napaMeTpaMu mnpeabaynie moaenu. Kpome 3toro, Ko3Q@uiMeHTsl perpeccun
MEHSIOT HSKOHOMHMYECKOE COJEp’KaHue: U3 IOKa3aTrelell Cuibl  CBS3H,
XapaKTEepU3yIOIIKUX CpefHee a0COIIIOTHOE M3MEHEHHE M3JIEPKEK MPOM3BOACTBA C
U3MEHEHUEM aOCOIIOTHON BEJIMYMHBI COOTBETCTBYIOLIETO (hakTopa Ha €IUHMUILY,
oHu (QukcupytoT npu o06o0menHom MHK cpeagnee wu3MeHneHue 3artpar Ha
pabOTHHKA; € M3MEHEHHEM MPOM3BOAUTEIBHOCTH TpyAa HA €IUHHIYY IpHU
HEM3MEHHOM YpOBHE (DOHJOBOOPYKEHHOCTH Tpyda; M C H3MEHEHHEM
(OHIOBOOPYKEHHOCTH  TpyAa Ha €AMHMILy T[PH HEU3MEHHOM  YPOBHE
IIPOU3BOJAUTEIBHOCTH TPYyAa.

Eciu npeanonoxuTb, 4To B MOJENIN C NEPBOHAYAJIbHBIMU IEPEMEHHBIMU

JUCHEPCHUS]  OCTAaTKOB  IPONOPIMOHANIbBHA  KBajgpaTy o0bemMa NpOLyKLUUU

2 2 2 .
O, =0 - X;, MOXHO IIEPENTH K yPABHEHUIO PETPECCUH BUJIA:

1

X X
l=b1+b2—2+b3—3+g.

X X X
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B HeMm HOBbIE IIEpEMEHHBIE: y/ X, — 3aTparel Ha eauHULY (MM Ha 1 pyo.
NpOLYKLIHUH), X, / X, — (OHIOEMKOCTH NPOAYKLMH, X, / X, — TPYAOEMKOCTh

POy KITHH.

['unore3a O MPOMOPIIMOHATILHOCTH OCTATKOB BEIMYMHE (DAKTOpa MOXKET
UMETh peallbHOC OCHOBaHWE: IMpH 00paboTKe HEIOCTaTOYHO OJHOPOIHOMN
COBOKYMHOCTH, BKJIIOYAIONIEH KaK KpPYMHBIE, TaK W MEJKHE TMPEIIPUSITHUS,
O00JbIIMM OOBEMHBIM 3HAYCHUSIM (PAKTOpa MOXKET COOTBETCTBOBATH OOJBIIAs
JTUCTIEPCHS  PE3YJIbTAaTUBHOTO TIpU3HAKa W OoybIas JUCHEPCHS OCTaTOYHBIX

BCINYHH.

o o o 2 2.2
HpI/I HaJIn4uM OJHOU O6’b$ICH}II-OHICI/I MMCPCMCHHON THUIIOTC3a O'g' =0 X
1

TpaHcHOPMUPYET JIMHEHHOE YPABHEHHE:

y=a+bx+e

B YpaBHEHHE:

X:b+ﬁ+e,

X X
B KOTOPOM TlapaMerpsl d M b NOMEHAIMCh MeCTaMu, KOHCTaHTa CTaja
KO3 (PUIIMEHTOM HAKJIOHA JIMHUM pEerpeccuu, a KO3I(P(QUUHUEHT pEerpeccuu —
CBOOOJHBIM YJICHOM.

IIpumep. PaccmaTpuBasi 3aBUCUMOCTb COEpeXEHHMH ) OT noxoza X, IO

IEPBOHAYAJIbHBIM JAHHBIM OBLJIO MOJYYEHO YPABHEHUE PETPECCUM:
y=-1,0814+0,1178-x.
[Tpumensist 0606mennsii MHK x nanHoO# Monenu B MpeaNOOKEHUH, YTO
OIMOKM NPONOPLUUOHAIBHBI  JOXOAY, OBUIO TMOJY4YeHO ypaBHEHUE MJis

npeoOpa3oBaHHbBIX TAHHBIX:

Y 20,1026-0,8538- 1.
X X
Koaddunment perpeccun mnepBoro ypaBHEHHs CpPaBHUBAIOT CO CBOOOIHBIM
4IeHOM BTOporo ypasHenus, T. €. 0, 1178 u 0, 1026 — ouenku napamerpa b
3aBUCHUMOCTH COEpPEKEHUM OT 10X0/1a.

78



[Iepexol Kk OTHOCUTEIIBHBIM BEJIWYWHAM CYIIECTBEHHO CHUYKAET BapHUaLHIO
dakTopa U COOTBETCTBEHHO yMEHbBIIAET aucriepcuio omuOku. OH mpeacTaBiseT
c000i1 HanboJiee MPOCTOMN Cllyyall ydeTa reTepoCKeIaCTUIHOCTH B PErPECCUOHHBIX
Mozensix ¢ momoieio 0606menHoro MHK. Iporecc nepexoa Kk OTHOCUTEIBHBIM
BEJIMYMHAM MOXET OBITb OCJOXKHEH BBIABMKEHUEM HWHBIX THUIOTE3 O
MIPOTIOPIIMOHATIEHOCTH OIMMOOK OTHOCHUTEIFHO BKIIFOUCHHBIX B MOJEIH (PaKTOpPOB.
Hcnonb3oBaHne TOW WJIM HWHOM THUIIOTE3bl MPEANOJIAracT  CIELUaIbHbIC
MCCIICIOBAHUSI OCTATOYHBIX BEJIWYUH JIsI COOTBETCTBYIOUIUMX PErPECCHOHHBIX
mozenei. Ilpumenenne o0006menHoro MHK mno3Bosisier mHogyduTh OLIEHKU

napaMeTpoB MOJIEIH, 00JIaaI0IINe MEHBIIIEH TUCTICPCUCH.

2.6. PerpeccuoHHbIe MO/E/IM C IEPEMEHHON CTPYKTYPOH

(pukTHBHBIE IEPEMEHHBIE)

Jlo cux mop B KadecTBe (PaKTOPOB paccMaTpUBAINCh SKOHOMHUYECKHE
NEPEMEHHbIE, NPUHUMAIOLIIME KOJWYECTBEHHbIE 3HAYEHUS] B  HEKOTOPOM
uHTepBaje. BMecTe ¢ TeM MOXKET OKa3aThCsl HEOOXOIUMBIM BKJIIOYUTH B MOJEIb
daktop, uMerouMil ABa WM Oojee KaYyeCTBEHHBIX YPOBHEH. DTO MOryT OBbITh
pa3HoOro pojia aTpuOyTUBHBIE IPU3HAKHU, TaKUe, HApUMeEp Kak mnpodeccus, mod,
oOpa3oBaHMe, KJIMMAaTUYECKUE YCIOBUS, NPUHAUIEKHOCTh K OINPEACICHHOMY
pernoHy. UYtoObl BBECTH TaKHe IMEPEMEHHBIE B PErPECCHOHHYIO MOJENb, UM
JOJDKHBI OBITh MPUCBOEHBI T€ WM HHbBIE yudposvle memKu, T. €. KaueCTBEHHBIC
IIEPEMEHHBIE npeoOpa3oBaHbI B KOJINYECTBEHHBIE. Takoro BHJIA
CKOHCTPYHPOBAHHbBIE IEPEMEHHBIE B HSKOHOMETPHKE MPUHATO Ha3bIBaTh
QuKkmuHbIMU nepemMeHHbIMU.

PaccmoTpum npumeHeHue (GUKTUBHBIX MEPEMEHHBIX IS (PYHKUMHU CIIpoca.
[TpennonoxxuM, 4To HO TIPYIIE JIMI MYXCKOTO M JKEHCKOrO I0ja H3Yy4daercs
JVHEWHas 3aBUCUMOCTh NOTpeOjeHus kode OoT I1eHbl. B olmem Buze ais
COBOKYITHOCTH 00CJIETyEMBIX YPaBHEHUE PErPECCUN UMEET BU:

y=a+bx+g,

rje ¥ — KOJIM4ECTBO NOTPeOIsieMoro Kode; X — LeHa.
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AHajornyHbIe YPAaBHCHUA MOI'yT OBITh HaﬁHeHBI OTACJIABHO [JId JIWIY

MYKCKOTO noJia: ¥, = a, + b x, + & w xeunckoro mona: y, =a, +b,x, +¢&,.
Paznuuus B notpebieHnn Kode NPOSBITCS B PAsindUU CPEIHUX YV, U V,.

BMmecre ¢ TeM cuiia BAMSHUS X Ha ) MOXET OBITh OJWHAKOBOH, T.¢. b= b = b,.

B »TomM ciiygae BO3MOXKHO IIOCTPOCHHE OOIIEro ypaBHEHUS PETPECCHU C

BKJIFOUEHHEM B HETO (paKkTopa «Ioi» B BUAe (GUKTHBHOU nepeMeHHONH. OO0bennHss
ypaBHEHHs ), U ), U BBOAA (QUKTHBHBIE IEPEMEHHBIE, MOXKHO IPHHTH K
CIIC/YIOLIEMY BBIPKEHHIO!:

y=a;z +a,z, +bx+e¢,
rje zZ,u Z, — QUKTUBHBIC [IEPEMEHHBIE, IPUHUMAIOIIHE 3HAYCHH:

1 — myxckou nod, 0 — MyXcKoil nou,

ZIZ Z2:

0 — >KEHCKHUM II0JI; 1 — >KEHCKHUM ITOJI.
B oOmem ypaBHEHHMHM  perpeccud  3aBUCHMas  INEpPEeMEHHas )
paccMaTpuBaeTcs Kak (YHKIMS HE TOJBKO IIEHBI X, HO M Ioja (Zl, Zz).

[lepeMeHHass z  pacCMaTpMBAeTCss KakK  JUXOTOMHYECKAas  IEpEMEHHasl,
npUHEMaromas Bcero asa 3Hadenus: 1 u 0. Ipu stom korma z, =1, 10 2, =0, 1
Ha00OpOT.

st mun Myxckoro moma, korma z, =1 u z,=0, obGbeaunennoe
ypaBHEHHE PErpecCHH COCTaBHT: V = @, + DX, a juist JIUI] )EHCKOro MoJia, Koria

z,=0mnz,=1: 5/2 a, + bx . ViHpIMu ciiOBamu, pas3iudus B NOTPEOJICHUH Ui
JUIL] MY’KCKOTO M JKEHCKOrO IOJia BBI3BAHBI PAa3IUYMsIMU CBOOOJHBIX YJIEHOB
YpaBHEHHs perpeccuu: d, #d,. llapamerp b sBasercs oOwmM s Beeit
COBOKYITHOCTH JIMII, KaK JIJIsl MY>K4HH, TaK U JJIs1 )KSHIIUH.

OnHako npy BBEJIEHUU JIBYX (UKTUBHBIX NEPEMEHHBIX Z; U Z, B MOJEIb

y=a,z, +a,z, + bx + & npumenenne MHK juist OleHHBaHUs apaMeTpoB @, H

(12 IMPHUBCACT K BBIpO)KI[GHHOﬁ MaTpunie UCXOJHBIX TAHHBIX, a CJICAJOBATCIbHO, U K

80



HEBO3MOKHOCTH TIOJIYYEHHS] UX OLEHOK. OOBSCHAETCS 3TO TEM, YTO IMpHU
ucnosibzoBanun MHK B naHHOM ypaBHEHUU MOSBISETCS CBOOOAHBIA YJIEH, T.€.
YpaBHEHHUE MPUMET BUJL:
y=A+az +a,z, +bx+¢.
[Mpennonaras npu mnapamerpe A HE3aBHCUMYIO IEPEMEHHYIO, PaBHYIO 1,

HMCCM CJIICAYIOIIYIO MaTpUIy UCXOOHBIX JaHHBIX:

(1 1 0 x|
1 1 0 x
1 0 I x
1 1 0 x
10 1 x|

B paccmarpuBaemoil MaTpulie CylIECTBYET JIMHEWHAs 3aBUCHUMOCTb MEXKIY
MEpPBBIM, BTOPHIM U TPETHUM CTOJOIIAMU: TEPBBIA paBEH CyMME€ BTOPOro U
TpeThero cTonomoB. [lodToMy Marpuiia HMCXOAHBIX (HDaKTOPOB BBIPOXKIICHA.

BI)IXO,Z[OM N3 CO3AaBIICTOCA 3aTPYAHCHUA MOKCT ABUTHCA IICPCXOA K YPABHCHUAM:
y=A+Az +bx+¢
Winn:
y=A+ Az, +bx+e¢,
T. €. K&KIO0C YPAaBHCHUC BKIIOYACT TOJIBKO OOHY (I)I/IKTI/IBHy}O NNEPEMCHHYIO Z, HUJIHU
Z,.
[Ipennoioxum, 4To ONPENEICHO YPABHEHUE:
y=A+ Az +bx+¢,
Tac Z1 IMPUHUMACT 3HAYCHUA 1 JI MYKYUH U 0 JUIA dKCHIIUH.
Teoperndeckue 3HaueHUsI pazMepa notpediaeHus Kode I MyXUUH OyIyT
IMOJIYYCHBI U3 YPABHCHU:
y=A+A +bx.

I[J'IH JKCHIIWH COOTBCTCTBYIOIIMC 3HAUYCHUS IMOJTYYHUM U3 YPABHCHUA:
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5/ =A+bx.

ConocraBisis 5TH  Pe3yJbTaThl, BHAMM, 4YTO Pa3Id4usl B ypPOBHE
nOTPeOIeHUs MYKYMH M OJKEHIIMH COCTOST B Pa3iM4ud CBOOOJHBIX YJIEHOB
naHHBIX ypaBHeHHI: A — st )keHnH 0 4 + A, — 101 MyX4HH.

Tenepr KauecTBEHHBIM (HAKTOP INPUHUMAET TOJNLKO JBAa COCTOSIHUS,
KOTOPBIM COOTBETCTBYIOT 3HaueHus 1 um 0. Ecimm ke uucno rpajanuii
KAueCTBEHHOIO IpU3HaKa-(pakTopa NPEBLINIAET B4, TO B MOJEIb BBOAUTCS
HECKOJBKO (DPUKTHBHBIX IIEPEMEHHBIX, YHCIIO KOTOPBIX MOJKHO OBITh MEHBIIE
YpCIa KAa4eCTBEHHBIX rpagamuii. TOIBKO NP COOMIOJEHHH 3TOTO IIOJIOMKEHMS
MaTpUIa MCXOAHBIX (DMKTUBHBIX IIEPEMEHHBIX HE OyJIE€T JIMHEHHO 3aBHCHMa W
BO3MOKHA OILICHKA ITAPAMETPOB MOJEIIH.

Ipumep. IIpoananusupyeM 3aBUCUMOCTD LEHBI ABYXKOMHATHOM KBapTHPEI
OT ee Tose3Hoi wromaay. IIpu 5ToM B MOJIENs MOTYT OBITh BBEIECHLI (PMKTUBHEIE
TIEPEMEHHBIE, OTPAKAIOLIME THUII IOMA: «XPYILEBKA», IIAHEIbHBIN, KUPIIUYHBIH.

[Ipy HCHONAB30BaHUM TpPEX KAaTErOpui JIOMOB BBOJAATCS [BE (DUKTHUBHBIE
NepeMeHHbIe: Z; U Z,. IlycTb nepemeHHas Zz; NpUHMMAaeT 3HadeHue | i
na"enpbHoro goma M 0 g BCeX OCTAJbHBIX THIIOB JIOMOB; IIEpEMEHHasd Z,
IPUHUMAET 3HadeHue | i KUpnuuHbIX J0MOB M 0 Ui OCTaJbHBIX; TOrza
NEPEMEHHBIE Z, U Z, NPUHUMAIOT 3HaYeHHs 0 JUId JOMOB TUIIA «XPYILIEBKUY.

[Ipeanonoxum, 4yTo ypaBHEHUE pErpeccuu ¢ (PUKTUBHBIMU NEPEMEHHBIMU

COCTAaBHJIO:

)A/ =320+500x+ 2200z, +1600z,.

YacTHble ypaBHEHUs pErpeccMd Uil  OTIAEIBHBIX THUIIOB  JOMOB,

CBHIACTCIILCTBY: O HanoOosee BHICOKMX HCHax KBApTHUP B IIAHCJIBHBIX AOMaX, 6y,HYT

UMeTh crenyrommii  Bua:  «xpymeBkm» — Y =320+500x; nanensHbie —

¥ = 2520+ 500x; kupnnumsie — = 1920 + 500x .

[TapameTpbl IpyH (UKTUBHBIX NEPEMEHHBIX Z; U Z, TNPEIACTABIAIOT COOOM

pPa3HOCTb  MEXIy CPEAHUM yPOBHEM  PE3YyJbTAaTHBHOTO IpU3HAKA  JUIA
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COOTBETCTBYIOILIEH Ipymnibl U 0a30BOi rpynnsl. B paccMarpuBaemMoM mpumepe 3a

6a3y CpaBHEHHsS LICHBI B3ATHl JOMa «XPYIIEBKH», IS KOTOpeIX z, =2z, =0.

ITapamerp npu z,, paBHbIid 2200, 03Ha4aeT, 4YTO MPHU OJAHOM M TOH K€ MOJE3HOU
IJIOIIAIM KBApTUPHI 1IE€HA €€ B MaHEJIbHBIX JoMax B cpeaHeM Ha 2200 momr. CIIA
BBINIE, YEM B «XpYyIIEBKax». COOTBETCTBEHHO NApaMeTp IPU Z, NOKA3bIBAET, YTO

B KHMPIMYHBIX JOMAax IeHa BbIIE B cpeaHeM Ha 1600 mosu. mpu HEW3MEHHOU
BEJINYMHE ITOJIE3HON IUIONIAAN IO CPABHEHHUIO C YKAa3aHHBIM THUIIOM JJOMOB.

B oTaenbHBIX cilyyasx MOXET OKa3aThCsi HEOOXOIHUMBIM BBEJEHUE JBYX U
Oonee Tpymnn (UKTUBHBIX MEPEMEHHBIX, T. €. JABYX MU 00Jie€ KayeCTBEHHBIX
(bakTOpOB, KaXKIbIi U3 KOTOPBIX MOXET MMETh HECKOJIbKO Trpananuidi. Hampumep,
Opyu W3YyYEHUU TOTPEOJICHHs] HEKOTOpOro ToBapa Hapsaay ¢ (dakTopamu,
MMEIOIMMH KOJIMYECTBEHHOE BBIpAKEHHE (LIEHA, TOXOJ Ha OJHOIO YJI€HAa CEMBH,
[IEHa Ha B3aMMO3aMEHSAEMbIE€ TOBapbl M Jp.), YUYUTHIBAIOTCS U KaueCTBEHHBIC
¢daktoppl. C UX MOMOILIBIO OIEHUBAIOTCS PA3IUYMs B MOTPEOJECHUU OTIAECIbHBIX
COLIMAJIbHBIX TPyNn HaceneHus, audpdepeHnranus B MOTPEOJICHUH TO MOy,
HallMOHAJIbBHOMY cocTaBy U Jap. IIpu moctpoeHnn Takoil MOAEIM W3 KaXKIOU
rpynibl (PUKTUBHBIX NEPEMEHHBIX CIEAYET HCKIOYUThH MO OJHOM NEpPEeMEHHOM.
Tak, ecaum monmens OyneT BKIIOYATh TPU COIMATIbHBIE TPYMIbBI, TP BO3PACTHBIC

KaTCTroOpru M Pl S(KOHOMHUYCCKUX IICPCMCHHBIX, TO OHA ITPUMET BUA!
y=a+bs +bys,+byz, +b,z, +bx, +bx, +...+b, ,x +¢,
rae ) — norpebieHue;

1 — eciu HAGIIOIGHNS OTHOCATCS K i-if conmanbHoi rpymme (i =1, 2),
s, =
0 — B OCTaJIbHBIX CIyYasiX;

1 — eciy HaGMIIOICHNS OTHOCSTCS K j-if BospacTHoii rpymme (j =1, 2),

0 — B OCTAJIBbHBIX CIIyYasix;

X,y Xy +oop X, — DKOHOMHUYECKHE (KOJTMYECTBEHHBIE) IIEPEMEHHBIE.

Jlo cux mop Mbl paccMaTpuBajiu (DUKTUBHBIC MEPEMEHHBbIE Kak (PaKTopsl,

KOTOPbIC HCIIOJIB3YIOTCA B perpeCCHOHHOﬁ MOJCIIN HapAay € KOJINYCCTBCHHBIMHU
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nepeMeHHbIMU. BMecTe ¢ TeM BO3MOKHA PETpPeccusi TOJIhKO Ha (UKTHBHBIX
nepemMeHHbIX. Hampumep, wusywaercs auddepenuuanus 3apabOTHON IIaThI

pabounx BBICOKOW KBaNM(UKAMU IO pEeruoHam cTpaHbl. Mopenb 3apaboTHOM

IUTaThl MOXKET UMETh BUI:

5/ =a+bz +byz,+..+b z ,
rae ) — cpenHsas 3apa0oTHasi Iulata paboyMX BBICOKOM KBalM(UKALMKM IO
OTZICTBLHBIM TIPEITPUATHIM;

1 — ecnu npeanpustue Haxonurces B CeBepo-3anagHoM paiioHe;

zZ =
1 )
0 — ecnu npeanpusTUE HAXOAUTCS B OCTAIBHBIX palioHax;
1 — ecnu npeanpusitue Haxonurtcs B Bonro-Bsarckom paiione;
s =
2 o
0 — ecnu npeanpusITHE HAXOAUTCS B OCTAJIbHBIX PAlOHAX;
1 — ecnu npenpusitue Haxoaurtcs B JlaIbHEBOCTOUHOM paliOHE;
z =

0 — ecnu npeanpusITUE HAXOJIUTCS B OCTAbHBIX PaliOHAX.

ITockonbKy mociaeqHUN paloH, YKa3aHHBIA B MOJENHU, 0003HAa4eH Z, , TO B
MCCIIEI0BAHNE BKIIIOYEHO M1+ 1 paiioH.

Msl paccMoTpenu Monenu ¢ (PUKTUBHBIMU TEPEMEHHBIMH, B KOTOPBIX
NoCJIeHUE BBICTYMaOT (akTopaMd. MOXKET BO3HUKHYTh HEO0OXOJUMOCTh
IIOCTPOUTH MOJEIb, B KOTOPOU AUXOTOMHUYECKUM MTPU3HAK, T. €. IPU3HAK, KOTOPBIN
MO’KET MPUHUMATh TOJBKO JIBa 3HAU€HHUs, UTpaeT poiib pesyipraTta. [logobHOrO
BUJIa MOJIENIM IPUMEHSIOTCSI, HAIPUMEP TIPH 00padOTKE JaHHBIX COILIMOIOTUYECKHUX

OIIPOCOB. B kauecTBe 3aBHCHMOU HepeMeHHOﬁ Y paccMaTpuBaKOTCA OTBETHI Ha

BOMPOCHI, JaHHblE B albTepHATHUBHOW ¢opme: «aa» uaum «HeT». llosTomy
3aBUCUMAs IIEPEMEHHAs UMEET J1Ba 3HAYEHUs: 1, KOria UMeeT MECTO OTBET «a», U
0 — BO BCcEX OCTAIBHBIX cilydasx. MoAenb TakoW 3aBUCUMOW MEPEMEHHONW MMEET

BUA:

y=a+bx +..+b x +¢&.
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Mopens  sBisfeTCd BEPOATHOCTHOM JIMHEMHOM MoJenblo. B Hel
npuHUMaeT 3HadeHus | u 0, KOTOPBIM COOTBETCTBYIOT BEPOSATHOCTH D H 1- p.

[TosToMy mipH pereHn: MOIETH HAXOAT OLICHKY YCIOBHOM BEPOSITHOCTH COOBITHS

y npu (UKCUPOBAHHBIX 3HaueHWsX X. Jlid OIeHKM mapamMeTpoB JIMHEWHO-

BEPOSITHOCTHOM MOJIENM MpUMEHsIOTCS MeTonbl Logit-, Probit- u Tobit-ananusa.
Takoro poma MoAENM WCHONB3YIOT TpU PadOTe ¢ HEKOIMYECTBEHHBIMU
nepemMeHHbiMH. Kak mpaBuio, 3To Mojaend BbIOOpa M3 3aJlaHHOTO Habopa

AJIbTCPHATUB. 3aBucuMas NEpEMCHHAA y MMpCACTaBJICHA AUCKPCTHBIMUA

3HAYCHISIMHM  (Ha0Op ~ anbTepHATHB), OOBSCHSIONMME [EPEMCHHBIC X, -

XapaKTePUCTUKH aIbTCPHATUB (BPEMsI, LICHA), Z, — XapAaKTCPUCTUKH MHIUBHIOB

(Bo3pact, A0X0J, YpOBEHb oOpa3oBaHus). Mojenab Takoro pojaa MO3BOISET
npejacKka3aTh JIOJNI0 HWHAMBUJIOB B TIEHEPAJbHOM COBOKYINHOCTH, KOTOpBIE
BBIOMPAIOT JaHHYIO aJIbTEPHATUBY.

Cpenun wmopmeneid ¢ (UKTUBHBIMH  TNEPEMEHHBIMH  HAuOOJIBIIUMU
IPOrHOCTUYECKMMH BO3MOKHOCTSIMH 00Ja/lal0T MOJENH, B KOTOPBIX 3aBUCHMast

IepeMeHHasi ) paccMaTpuBaeTcs Kak (pyHKIMS psiia IKOHOMUYECKUX (HaKTOpOB
X; 1 QUKTUBHBIX IepeMeHHbIX Z,. [locienHne oOBIYHO OTpaXkaroT pasiu4us B

(GopMUpOBaHUN pPE3yJbTaTUBHOIO IMpPU3HAKA IO OTHAEIbHBIM TpyHIaM €IUHUIL
COBOKYIHOCTH, T.€. B PE3yJIbTaT€ HEOJHOPOAHOU CTPYKTYpPbl IPOCTPAHCTBEHHOTO

WJIM BPEMEHHOTO XapakTepa.
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3. CucreMbl IKOHOMETPUYCCKUX YPABHEHHU

[Ipn HMCHOAB30BAHMM OTAEIIBHBIX YPAaBHEHUW PErpeccuu, Hampumep IS
HPKOHOMUYECKUX pPAcueToB, B OOJBIIMHCTBE CIIy4aeB IPEAINONAraeTcsl, 4YTO
apryMeHThl ((pakTopbl) MOKHO M3MEHATh HE3aBUCUMO JAPYT OT Apyra. OgHako 3To
IPEINONIOKEHNE SBJSIETCS OYEHb TIpPyObIM: NPAKTUYECKH HU3MEHEHUE OJHOU
INEPEMEHHOM, Kak MpaBUJIO, HE MOXKET MPOUCXOAUTh IpU aAOCOIHOTHOU
HEeM3MEHHOCTU Jpyrux. Ee m3aMeHeHue moieyeT 3a coOOM M3MEHEHHUs BO Bcei
CUCTEME B3aWMOCBSI3aHHBIX IpU3HAaKoB. ClIeOBAaTENbHO, OTAEIBHO B3ATOE
YpaBHEHUE MHOXECTBEHHOM pErpeccMr HE MOXKET XapaKTepU30BaThb HCTHHHbBIC
BIUSIHUS OTACJIbHBIX NPU3HAKOB Ha BAapUALMI0 PE3YyJbTHUPYIOMIEH NEpPEMEHHOM.
HIMeHHO MO3TOMY B IMOCJEIHUE AECATUIETHS B SKOHOMHYECKHX HCCIIEIOBaHUIX
BAXHOE MECTO 3aHsula npolsiemMa ONUCaHUsl CTPYKTYpbl CBSI3ed MEXIY
NEPEMEHHBIMM  CUCTEMOM TaK HAa3bIBAEMbBIX OJHOBPEMEHHBIX YpaBHEHUH,
Ha3bIBAEMBIX TAK)KE CTPYKTYPHBIMHU YPABHEHUSIMH.

Cucrema ypaBHEHHUH B SKOHOMETPHUYECKHX HCCICIOBAHUSX MOXKET OBITh
IIOCTPOEHA IIO-Pa3HOMY.

Bo3MmoxHa cucmema Hnezasucumuvix ypaeneHuil, KOTJa Kakaas 3aBUCHMas

IEpPEMEHHAasl ) paccMaTpUBaeTCs Kak (yHKLIMS OJHOTO M TOro e Habopa

¢bakTopoB X :

-

Yy =a,x +anx, +..+a,x, +&,

1n""n

Vo =d, X, + a, X, +...+ a,, X, + &y,
X (3.1)

y,=a x+a,x,+..+a, x +¢&, .
Habop ¢axropoB X; B KaXIOM ypaBHECHHH MOXET BapbupoBathb. Kaxmoe

YPaBHCHUC CHUCTCMbI HC3dBUCHMBIX ypaBHCHI/Iﬁ MOXCT pacCMAaTpUBATHCA
CaMOCTOATCIIBHO. I[J'ISI HAaXOXACHUA C€T0 IMapaMCTpPOB HCIHOJIB3YCTCA MCETOA
HAMMCHBIIINX KBaApaToOB. IIo CYHICCTBY, KaXIOOC YPAaBHCHHUC OTOM CHUCTEMBI

SBJISIETCS ypaBHEHHEM perpeccuu. Tak Kak (pakTHUecKue 3HA4YCHUs 3aBHUCUMOMU
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NEPEMEHHON OTIMYAOTCS OT TEOPETUUECKUX HA BETUUHMHY CIy4YallHOM OIIMOKH, TO

B Ka)KJIOM YPaBHCHHH NPUCYTCTBYET BEJIMYMHA CIIy4aHOW OIIMOKH &; .
Eciu 3aBucHMas nepeMeHHas ) OJHOIO YPAaBHEHUS BBICTYIIA€T B BHUJC

dakTopa X B JpyroM ypaBHEHHUHU, TO HCCIEAOBATENh MOXKET CTPOUTH MOJENIb B

BUJIE CUCTNEMbL PEKYPCUBHBIX YPAGHEHUIL:

-

Vo =0, +ay X +aypx, +...+a, x, +&,,
SV =by v, +b,y, +a,x +a,x, +..+a, X, +&,, (3.2)

-------------------------------------------------------------------------

B naHHOM cucreMme 3aBuCHMas INEPEMEHHAas ) BKIIOYAET B KaXI0e

NOCJIEyIONIee ypaBHEHUE B KauecTBE (PaKTOPOB BCE 3aBHCHMbIE NEPEMEHHbIE
MPEAIIESCTBYIONINX YpPaBHEHUM Hapsiiay ¢ HaOOpoM COOCTBEHHO (aKTOPOB X .
Kaxxnoe ypaBHEHHE ATOW CHCTEMBI MOXKET paccMaTpUBATBHCS CAMOCTOSITEIbHO, U
€ro MapaMeTpbl ONPEACNISIOTCS METOIOM HanuMeHbIux kBaapaToB (MHK).
HauGonbmiee pacmpocTpaHeHHe B IKOHOMETPUYECKUX HCCIEIOBAHUSX
NOJIYUMIIa cucmema 63aumMo3deUCUMbIX ypaeHenuti. B HeWl oaHM U Te XKe
3aBUCHMBIC TIEPEMEHHBIC B OJJHUX YPAaBHCHUSIX BXOJAT B JIEBYIO YaCTh, a B IPYTHUX

YPaBHCHUAX — B IIPABYIO 4aCTb CUCTCMBI:

Vv =b,y, +byy;+...+b, ¥, +a,x, +a,x,+..+a,x +&,

Y, =byy, +byy, +...+b,,y, +ay X +ayx, +..+a,,x, +&,,

.

Vy=byy,+b,y, +..+b, v, +a, X, +ayx, +...+a, x, +&, (3.3)

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Vo =D +b0,,V, +oit by YV A Ha,,x, o ta,,x, + &,

CucremMa B3aMMO3aBHCUMBIX YPAaBHEHUW IMOJIY4YMJIa HA3BAHUE CUCMEMbl
COBMECMHbBIX, 0OHOBPEMEHHbIX ypaeHeHuti. TeM camblM NOJYEPKUBAETCS, YTO B
CACTEME OOHU U TE€ K€ IEPEMEHHbIE OJHOBPEMEHHO pPacCMaTPUBAIOTCA Kak
3aBUCUMBIC B OJHUX YPABHECHUSX M KaK HE3aBUCUMBIC B ApyTrux. B skoHOMETpHKE
9Ta CHUCTEMa ypaBHEHHI HAa3bIBACTCS TAKXKE CMPYKmMmypHou Gopmou mooeru. B
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OTJINYHE OT NMPEABIAYIINX CUCTEM KAXKJI0€ YPABHEHUE CUCTEMBI OJJHOBPEMEHHBIX
YPaBHEHUI HE MOXET pacCMATPUBATHCS CAMOCTOSATEIBHO, U JJII HAXOXKJIEHUS €ro
napametrpoB TpaauuuoHHbId MHK HenpuMenum. C 3TOM LENBIO MCHOIB3YIOTCS

CIIeIMaJIbHbIE IPUEMBI OLICHUBAHUSL.
3.1. CTpykTypHas u npuBeaeHHass GOpMbI MOeJH

Cucrema COBMECTHBIX, OJHOBPEMEHHBIX ypaBHEHUN (WIM CTPYKTypHas
dbopma MozeIH) OOBIYHO COACPIKHUT DHIOTCHHBIE M DK30TCHHBIC IIEPEMEHHBIE.
DHOo2eHHble nepemeHtble — ITO 3aBUCHUMBIC TIEPEMEHHBIC, YHCIIO KOTOPHIX

PaBHO YHUCITY ypaBHeHI/Iﬁ B CUCTCMC U KOTOPBIC 0003HAYarOTCS qepes ).

OK302eHHble nepemenHvle — OTO IHPENONPENEIICHHBIE IIEPEMEHHBIE,
BIMAIOIIME HA DHJIOICHHBIE IIEPEMEHHBIE, HO HE 3aBUCAIIME OT HHUX.
O06o03HauarTCs Yepes X .

Knaccudukanus nepeMeHHBIX Ha SHJOTEHHBbIE M 3K30I€HHBIC 3aBHCHUT OT
TEOPETUYECKON KOHLENIUU IPUHATON MOJENIH. DKOHOMUYECKHE IIEPEMECHHBIC
MOTYT BBICTYHaTh B OJJHUX MOJEJSAX KaK SHJOTE€HHBIE, a B IPYTUX KaK 3K30T'€HHbIE
nepeMeHHbple. BHEIKOHOMHYECKHE NEpEMEHHBbIE (HalpuMep, KIMMaTUYECKHE
YCIJIOBHSI, COLMATILHOE TI0JIOKEHHE, M0JI, BO3PACTHAs! KATErOpHsi) BXOJAT B CUCTEMY
TOJIBKO KaK 3K30I€HHBIE IIEpEMEHHBbIE. B KadecTBe 3K30I€HHBIX IEPEMEHHBIX
MOTYT  paccMaTpuUBaTbCsi  3HAYEHUs  DJHJOTCHHBIX  IIEPEMEHHBIX 34
IPEIIECTBYIOIUI IEPUOJ BPEMEHH (1a208ble nepemMenHble).

CrpykrypHast ¢opMa MOJAETU IMO3BOJISIET YBUJETh BIUSHUE W3MEHEHUUH
000 SK30T€HHOM TMEePEeMEHHOW Ha 3HAYeHUs DSHJIOTCHHOW NEpPEeMEHHOM.
[lenecooOpa3HO B KayecTBE SK30TCHHBIX IEPEMEHHBIX BBIOMpATh TaKue
IEPEMEHHBIE, KOTOpPbIE MOTYT OBITh OOBEKTOM pEryJHpoBaHMs. MeHss uUX U
YOpaBJISIl MMM, MOXHO 3apaHee UMEThb IeJIeBble€ 3HAUEHUS SHIOTE€HHBIX
NIEPEMEHHBIX.

CrpykTypHas ¢opma MOAETU B MPaBOMl YacCTH COAEPKUT MPHU SHIOTECHHBIX

MepeMEHHBIX KOI(DQUIMEHTEl b, W 9K30T€HHBIX MEPEMEHHBIX — KO3((HUIHCHTHI
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a., KOTOpbIE HA3BIBAKOTCS CMIPYKMYPHbIMU KOd(Dduyuenmamu wmonenu. Bcee

y?
NEPEMCHHBIC B MOACIIN BBIPAKCHBI B OTKIIOHCHHUAX OT CPCAHCTO YPOBHS, T.C. IIOA

X TI0Apa3syMEBacTCA x—f, a nmoax y — COOTBETCTBEHHO y—y HOBTOMy

CBOOOIHBIN YJIEH B KQK/IOM YpaBHEHHH CUCTEMBI (3.3) OTCYTCTBYET.
Ucnons3zoBanne MHK nnst onieHMBaHuS CTPYKTYpPHBIX KO3(DPUIIMEHTOB
MOJIeH JaeT, KaKk MPHUHATO CUYUTaTh B TEOPUH, CMEIICHHbIE U HECOCTOATEIbHBIC
ornleHKU. [loaToMy OOBIYHO [JISi OMpEACNCHHs] CTPYKTYPHBIX KOI(PPUIIMEHTOB
MOJCIH CTPYKTypHas (opMa Mojaenu mpeoOdpazyercsi B HPUBEOEHHYI0 Gopmy
MOJIEIH.
[IpuBenennas Gopma MoJenu NPENCTaBIsIeT COOOW CHUCTEMY JIMHEHHBIX
(GYHKIHNA SHIOTEHHBIX TEPEMEHHBIX OT K30TCHHBIX:
(y, =6, + 0%, +..+ 0, X, +uy,
Vy =0, X% +0pX, ...+ 0,,X, +U,,
< (3.4

---------------------------------------------------

YV =0,,X +0,,% +..+0,, X, +u,,
rae 51.]. — KO3()(UIMEHTHI NPUBEACHHONW (OPMBI MOAENH, U; — OCTATOYHASA

BEJIMYMHA JIJIS1 IPUBEICHHON (POPMBL.
ITo croemy Buay npuBeicHHas ¢opmMa MOJEIM HUYEM HE OTIUYACTCS OT

CHUCTEMBl HE3aBUCHMBIX YPAaBHEHHUM, I1IapaMETpbl KOTOPOM  OLICHUBAIOTCS

tpagunimoHabiM MHK. Ilpumensss MHK, MOXHO OLIEHUTH 51.1., a 3aTeM OIICHUTH

3HAYCHHsI SHJOTEHHBIX MIEPEMEHHBIX Uepe3 IK30TCHHBIE.

Kosddummentsr mpuBeneHHON (GOpMBI MOJECNM TPEACTABISIOT COOOM
HenuHelWHble  QyHKUUM KOG PUIIMEHTOB  CTPYKTYpHOH  (HOPMBI  MOJCIIH.
PaccmoTpum 3TO 1ONOKEHME Ha NPUMEPE NPOCTEUIIEN CTPYKTYPHOU MOJEINH,
BBIpa3uB KO3(PGUIMEHTH TPUBEACHHONW (GOpMBI MoJeNlu uepe3 KodDPUIMEeHTHI
CTPYKTYPHOU MOJEIH.

JIns cTpyKTypHON MOJENY BUAA:
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V= blzyz +a,x +é&,

(3.5)
V) =0, ) T apX, +&,
npuBeicHHas (opMa MOJEIN UMEET BUL:
N =0,x +0,x, tuy
’ (3.6)

YV, =0,X +0,X, +u,.
U3 nepBoro ypaBHeHHs! (3.5) MOXHO BBIPa3HTh ), CICAYIOLIMM 00pa3om

(pamu ynpoIeHust OImycKaeM CIy4aiHyIO BEIMYUHY ):

Y1 —ap X

Vo =
by,

[Toacraisist Bo BTOpoe ypaBHeHue (3.5), umeem:

Y1 —apx
by,

=b, y, +ayx,,

Otkyna:
ap ab,,

= X, X, .
l_blzbzl l_blzbzl

M1

[TocTynast aHaJIOTMYHO CO BTOPBIM YPaBHEHUEM CUCTEMBI (3.5), OIy4YnM:

y, = ay,b,, X+ dy X,
1- b12b21 1- b12b21

T. €. cuctema (3.5) mpuHUMAaET BUJI:

e

b
y = ap X, a,b, X,
) 1=by,b,, 1=by,b,,
a,.b a
y, = 11721 X, + 22 X,.
1- blzbzl - blzbzl

~

Takum 00pa3oM, MOXHO cJenaTh BBIBOJ O TOM, 4YTO KOI(PQPUIUEHTHI
npuBeeHHOM (opmbl Moaenu OyIyT BbIpaxarbcsi uepe3 Kod(QHUIMEHTHI

CTPYKTYPHOU (POPMBI CIICTYIOIINMM 00pa3oMm:

90



S5 = 4 , S, = b, ’
1- b12b21 1- b12b21
= a,,b,, = Ay
S E— S E—
1 1_b12b21 1_b12b21
Crnenyer 3aMeTUTh, YTO TpHUBEICHHAs (opMa MOJCIM XOTS M TO3BOJISET
MOJYYUTh 3HAYEHUS] DHIAOTCHHOM IEPEMEHHOW uYepe3 3HA4YEHUsS SK30T€HHBIX
MePEMCHHBIX, HO aHAIMTHYECKH OHA yCTYyMaeT CTPYKTYpHOH (popMe MojaenH, Tak
KaK B HEM OTCYTCTBYIOT OLEHKH B3aUMOCBS3M MEXKAY OSHIAOTCHHBIMU

EPEMEHHBIMH.
3.2. [Ipodaema uaeHTuGUKALUA

[Ipu mnepexoge oOT mpuUBEIEHHON (OPMBI MOJEIH K CTPYKTYPHOM
HPKOHOMETPUCT CTAJKUBAETCS C MpobOiieMor uaeHTuukanuu. Maentudukanus —
3TO €JAMHCTBEHHOCTh COOTBETCTBUSI MEXIy MPUBEIECHHON U CTPYKTYpHOU

dbopmamu MOJIEIH.
CrpykrypHass Mojenb (3.3) B IIOJHOM BHJIE€ COACPKHUT m-(m-l—n—l)

apaMeTpoB, a NpUBEACHHAs (OpMAa MOJEIU B IIOJIHOM BHUJE COIEPKUT Ml -H

napameTpoB. T. €. B IOJIHOM BU/JIE CTPYKTYPHAsi MOJEIb COAEPKUT OOJIbIIIee YUCIIO

napameTpoB, yeM npuBeaeHHas ¢popma mozaenu. COOTBETCTBEHHO /1 - (m +n— 1)

apamMeTpoOB CTPYKTYPHOM MOJEIM HE MOTYT OBIThb OJHO3HAYHO ONpPENEJIECHBI U3
m - 1 mapaMeTpoB MPUBEACHHON (POPMBI MOJIEIH.

UToOBl MOMYYUTh E€AMHCTBEHHO BO3MOXKHOE pEIICHUE ISl CTPYKTYpHOMH
MOJIENH, HEOOXOAMMO MPEANONIOKHUTh, UYTO HEKOTOpblE U3 CTPYKTYPHBIX
KO3 (PUIIMEHTOB MOJEIN BBUIY CJIA00N B3aMMOCBSA3M NMPU3HAKOB C JHIOTCHHOU
IIEPEMEHHON M3 JIEBOM YaCTH CHCTEMBI PABHBI HYIIO. Te€M CaMbIM YMEHBUIUTCS
YHUCIIO CTPYKTYPHBIX KOA(P(UIUEHTOB MOJIEIHN. Y MEHBIIEHNE YHCIa CTPYKTYPHBIX
KO3 (PUIIMEHTOB MOJENH BO3MOXKHO M JPYrUM NyTeM: HampuMmep, IyTeM
NPUPABHUBAHUS HEKOTOPHIX KO3()PHUIMEHTOB Jpyr K JOpyry, T. €. IyTeM

NPEANOJIOXKEHUH, YTO MX BO3ACHCTBUE Ha (POPMUPYEMYIO HHAOTECHHYIO

91



NEpPEeMEeHHYI0  oAuHakoBo. Ha  cTpykTypHble  KO3(PGUIUEHTH  MOTYT

HAKITa/[bIBATLCA, HATIPUMeEp orpanudenus suaa by, +a, = 0.

C mno3unuu  WACHTHPUITUPYEMOCTH CTPYKTYpPHBIE MOJEIH  MOXKHO
Mo/Ipa3/IeJuTh Ha TPU BUJIA:

1) wunenTuduLHpyembIe;

2) HeuaeHTU(UINPYEMBIC,

3) cBepxuACHTUDUIIPYEMBIC.

Monens udenmuguyupyema, €Civm BCE CTPYKTYpPHBIE €€ KOd(PPUIIUEHTHI
OTIPENIENSAIOTCA  OJHO3HAYHO, €IUHCTBEHHBIM 00pa3oM 10 Kod(duimentam
IpUBEIEHHON POPMBI MOJIETIH, T. €. €CIIM YHCIIO MMapaMETPOB CTPYKTYPHOH MOJenn
paBHO 4MCIy TapaMeTpoB MpPHUBEACHHON Qopmbl Monenu. B 3ToM ciydae
CTPYKTYpHBIE  KOA((UIIMEHTHI MOJENM OLEHHUBAIOTCA 4Yepe3 MapaMeTpbl
pUBEIEHHON (POPMBI MOJIETH U MOJIETh UACHTU(DUITUPYEMA.

Mopnens Heudernmuguyupyema, €Ciii YUCIO TPUBEIACHHBIX KOA(DDHUIIEHTOB
MEHbIIIE YHCIAa CTPYKTYPHBIX KOA(D(UIIMEHTOB, U B pe3yJbTaTe CTPYKTYypHbIE
KOA(pGUIIUEHTH HE MOTYT OBITh OIICHEHBI uepe3 KOd(PPHUIIMEHTH MPUBEICHHON
(GhopMBI MOJIETIH.

Monens  ceéepxudenmuguyupyema,  €Clid ~ YHACIO  TPHUBEICHHBIX
K03 puUIeHTOB O0IBIINE YKCTIa CTPYKTYPHBIX Kod(duimentoB. B aTom ciyyae Ha
OCHOBE KOA((PUIIMEHTOB MPUBEAECHHON (HOPMBI MOXKHO TMOJIYUYUTH JIBa WU Ooliee
3HaUYEHWW OJHOTO CTPYKTypHOro Ko3(duimenta. B sToit Momenun dYucio
CTPYKTYPHBIX KO3(P(UIIMEHTOB MEHbIIE 4YHclia KOI(P(GUIMEHTOB MPUBEICHHOU
dopmbl. CBepxuaeHTUUIIIPYEMasT MOACIb B OTIWYUE OT HEHACHTHPHUITUPYEMOI
MOJIEIM TPAKTHUECKHU pelraemMa, HO TpeOyeT UIsi 3TOro CHElHaIbHBIX METO/IOB
MCYHCIICHUS] TApaMETPOB.

CtpykTypHasi MOJAENb BCETJa MPEACTaBIsET COOOW CHUCTEMY COBMECTHBIX
ypaBHEHUH, KaXKI0€ M3 KOTOPBIX TpeOyeTcs MpOBEPSITh Ha HIACHTU(DUKAIHUIO.
Mopenb cuuTaercs HACHTUPUIIMPYEMOH, €CIM KaXXJ0€ YPaBHEHHE CHCTEMbI
uaeHtTuunupyemo. Ecimm  xors Obl  OAHO U3  ypaBHEHUH  CHCTEMBI

HEUJCHTUDUIIUPYEMO, TO M BCS MOJENb CYUTACTCS HEUACHTUDUIIUPYEMOM.
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CepxuaeHTHGUITPYEMas MOJIEITh COJICPKUT XOTS OBl OJTHO
CBepXUACHTH(PHUIIMPYyEMOE YpaBHEHHE.

BrimonaeHne  ycimoBusT MACHTUOUIIUPYEMOCTH MOJCITH TPOBEPSAETCS IS
KKJOTO YpaBHEHUS cuCTeMbl. UTOObI ypaBHEHHE ObUIO HWACHTH(PHUIIUPYEMO,
HEOO0XO0IMMO, YTOOBI YHCIIO MPEAOIPEICICHHBIX MEPEMEHHBIX, OTCYTCTBYIOIINX B
JAHHOM ypaBHEHWHW, HO TMPHUCYTCTBYIOIIMX B CHCTEME, OBUIO PABHO YHUCIY
OHIOTEHHBIX NIEPEMEHHBIX B JAHHOM YpaBHEHUU O€3 OJHOTO.

Ecimn 0003HaYUTh YHUCIIO SHIAOTCHHBIX IMEPEMEHHBIX B [-M ypaBHEHUH
cucteMbl uepe3 [, a 4YHCIO SK30Te€HHBIX (TPEIONpPENCICHHBIX) IEPEMEHHBIX,
KOTOPBIE COJIEPKATCS B CHCTEME, HO HE BXOJAT B JJAHHOE ypaBHeHue, — depes D,
TO YCIOBHE HUIACHTUDUIUPYEMOCTH MOJEIH MOXKET OBITh 3allMCaHO B BHJC

CJICAYIOIICTO CYCTHOI'O IIpaBHJIaA:

Tabnuua 4.1
D+1=H ypaBHEHHE HACHTHOUIIIPYEMO
D+1<H ypaBHEHHE HEUICHTUDUITPYEMO
D+1>H ypaBHEHHUE CBEPXUACHTUDHUIIUPYEMO

JUIs OLIEHKM MapamMeTpoB CTPYKTYPHOH MOJENM CUCTEMa JOJIKHA OBITh
UACHTUPULMPYEMa WM CBEPXUACHTUPUIUPYEMA.

PaccMoTpeHHOE  cueTHOE MpaBUJIIO  OTpakaeT  HeoOXoauMoe, HO
HEJ0CTaTOYHOE YCIIOBUE UJeHTU(UKauu. bonee TOYHO ycnoBus UAEHTU(UKALUN
OTIPECISAIOTCA, €CIU HaKJIaJblBaTh OrpPaHUYEHHUS Ha KOd(D(PHUIMEHTH MaTpuil
napaMeTpoB CTPYKTYpHOH MoAenu. YpaBHEHHE HICHTU(PHUIMPYEMO, €CIU IO
OTCYTCTBYIOIIUM B HEM MEPEMEHHBIM (SHIAOTEHHBIM U 3K30I€HHBIM) MOXKHO W3
KOA(pGUIIUEHTOB MPU HUX B JAPYTUX YPAaBHEHUSX CHUCTEMBI MOJIYYUTh MATPUILY,
OIIpeICIUTENIb KOTOPOU HE paBEH HYJIO, a PAHT MaTPUIbl HE MEHBIIE, YEM UUCIIO
SHJOTEHHBIX NTEPEMEHHBIX B CUCTEME 0€3 OAHOTO.

[lenecooOpa3HOCTh TPOBEPKH YCIOBUS HIECHTU(PHUKALUU MOJEIH Yepe3
ONpeJeIUTENIb MAaTPUILIBI KO3P(GULIHUEHTOB, OTCYTCTBYIOIIMX B JAHHOM YpPaBHEHUH,
HO NMPUCYTCTBYIOLIUX B IPYTUX, OOBSICHSAETCA TEM, YTO BO3MOYKHA CUTYaIlHs, KOTr1a

I KaXKI0I'o YpaBHCHUA CUCTEMBI BBITIOJTHCHO CUCTHOC IIPABUIIO, a OIIPCACIIUTCIIb
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MaTpULbl Ha3BaHHBIX KOA((ULIMEHTOB paBeH Hym0. B aTOM ciydae colmromaercs
JHIIH HEOOXO0IUMOE, HO HEJIOCTAaTOYHOE YCIIOBHE UACHTU(UKAIIUH.

B skoHOMETpHUYECKHX MOJENAX 4acTO HapsAy C ypaBHEHUSMH, apaMeTphl
KOTOPBIX JOJDKHBI OBITh CTAaTUCTHUYECKH OLIEHEHBI, HCIONb3YIOTCS OallaHCOBBIE
TOK/IECTBA TEPEMEHHBIX, KOI()QUIMEHTHI NPH KOTOPHIX paBHbl t1. B sToM
clly4ae, XOTsl caMO TOXKJIECTBO M HE TpeOyeT MPOBEPKH HA UACHTHU(PHUKAILUIO, HOO
KO3(QGUIUEHTHl MpPU TEPEMEHHBIX B TOXKJECTBE HW3BECTHBI, B IPOBEpPKE Ha
UACHTU(UKAINIO COOCTBEHHO CTPYKTYpPHBIX YpPaBHEHHUH CHCTEMBI TOXIECTBa
Yy4acCTBYIOT.

Paccmotpum npumep. M3zyuaercs monens Buaa:

e

C=a+b, Y +b,-C_ +¢&,
I =a,+b, -v,+b, 1 +¢&,,
n=ay+by, Y +by, M, +é,
Y, =C +1,+G,

rae C, — pacxonpl Ha mortpebieHue B mepuon f, Y, — COBOKymHBI 10X0I B

nepuon t, 1 , — MHBECTHLIUM B IICPHOJ [, ¥, — IPOLICHTHAs CTaBKa B NEPUOA 1, M ;
— JIEHEKHasl Macca B Iepuos f, Gt — rOCyJIapCTBEHHBIE PacXo/Ibl B epuo/ f, Ct_1

— pacxoasl Ha mortpedsienue B nepuoxn f—1, [, uaBectuiun B nepuox f—1.

-1
ITepBoe ypaBHeHHE — (yHKLUS MOTPeOIEHHs, BTOPOE YypaBHEHHE — (yHKUUA
WHBECTULIMM, TpPEeTbe YpaBHEHHE — (YHKLIMS JEHEXKHOTO pPBIHKA, YETBEPTOE
YPaBHEHHE — TOXKAECCTBO JOXOMA.

Mopnens mnpeactaBisier coOOH CHUCTEMY OJHOBPEMEHHBIX YpaBHEHHIA.

[IpoBepuM Kax0€ €€ ypaBHEHUE HA UACHTUPHUKALHIO.

Moyenb BKIIFOYAET YETHIPE SHIOTCHHBIE IMEPEMEHHBIE (Ct, 1,Y, 7}) u
4eThIpe MPEONPECICHHbIC IEPEMEHHBIE (IBE SK30TeHHbIe nepeMenuble — M, u
G, u nBe narossie nepemennsie — C, 1 [, ).

[IpoBepuM HEOOXOAUMOE YCIOBHE UIASHTUPUKAIIUU JJIs1 KaXKIOTO U3

YPaBHEHUU MOJEIH.
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[lepoe ypasuenue: C, =a, + b, Y + b, -C,_,+&. Dro ypaBHeHHe

COAepKHUT ABe dHuoreHusie mepemenHsle C, m Y, M OfHY HpenoNpeseIeHHYIO

nepemennyo C, . Takum obpazom, H =2, a D =4-1=3, 1.e. Boimonusercs

yenosue D +1> H . YpasHenue cBepXuaeHTHOUIUPYEMO.

Bropoe ypasuenue: [, =a, +b, -1, +b,,-1, +¢&,. OHo BKiIOYaeT aBe

SHIIOTCHHBIC IIepeMeHHble [, M ¥, U OJHY OSK30ICHHyI0 HepeMeHHyno [, ;.

t
Brrmonasercs D+1=3+1>H=2. VYpaBHeHue

yCIJIOBUE
CBEPXUACHTUPHUIIUPYEMO.

Tperse ypaBHenwme: 7, =a, + b31 Yt + b32 -M , +&;. OHO BKIIIOYAET JBE

SHIOTCHHbIC IIepEMEHHbIe Y W 7, W OJHY OK30IeHHYyIO mepeMenuyio M.

D+1=3+1>H=2.

Brinosnsercs YCIIOBUE YpaBHeHUE
CBEPXUICHTUPHUIIUPYEMO.

Yerseproe ypaBuenue: Y =C +1[,+G,. Ono mnpencraBiaser coGoii

TOKJECTBO, MapaMeTpbl KOTOPOro u3BecTHbl. HeobxonuMocTu B MAEHTU(UKALIUN
HET.
[IpoBepuM 7151 KaKI0TO YPAaBHEHHSI IOCTATOYHOE YCIOBUE UACHTU(UKALIIH.

J171st 3TOTO COCTaBUM MaTPHILy KOI(PPUIIMEHTOB IPU MEPEMEHHBIX MOJIEIH.

Ct I[ }/; K Ct—l It—l M[ Gf
[ ypaBHeHue -1 0 0 b, by, 0 0 0
11 ypaBHeHue -1 b,, 0 0 b,, 0 0
111 ypaBHeHue 0 -1 b, 0 0 b,, 0
ToxzaecTBo 1 1 0 -1 0 0 0 1

B cooTBeTCTBUM € 1OCTATOUHBIM yCIOBUEM HIACHTHU(PHUKALUU PaHT MATPULIbI
KOX(PUIIMEHTOB MpHU TMEPEMEHHBIX, HE BXOMAIIUX B HCCIEIyeMOE ypaBHEHHE,
JIOJKEH OBITh PABEH YUCILY SHJIOT€HHBIX IEPEMEHHBIX MOJIEIH 0€3 OJTHOTO.

IlepBoe ypaBHeHue. Matpuna Ko3(QPUIMEHTOB MNpU NEPEMEHHBIX, HE

BXO/SIIIUX B YPABHCHHUC, UMCCT BUJL:
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It ’/; Il‘—l Mt Gl‘
11 ypaBHeH#E -1 b, b,, 0 0
III ypaBHEHHE 0 -1 0 by, 0
ToxaecTBo 1 0 0 0 1

Panr manHOM MaTpuubl paBeH TpEM, TaK KaK ONPEACIUTENb KBaJApaTHOU

noaAMaTpUIbl 3 X 3He paBeH HyJIO:

b, 0 0
0 0 1
I[OCTE[TO‘-IHOG YCJIIOBHC I/II[GHTI/I(I)I/IKaHI/II/I JJIs1 JAHHOT'O
BBITTIOJIHACTCA.

ypaBHEHUS

Btopoe ypaBHenue. Marpuna kodhPHUIIMEHTOB NpuU TEPEeMEHHBIX, HE

BXO/JAIIUX B YPABHCHHUC, UMCCT BUJL:

Cl }/t Ct—l Ml Gl
[ ypaBHEHHE -1 b, b, 0 0
[11 ypaBHeHue 0 b, 0 by, 0
ToxnecTBo 1 —1 0 0 1

Panr manHOW MaTpuubl paBEH TpPEM,

HoaAMaTpUIBl 3 X 3He paBeH HyJIIO:

b, 0 0
0 b, Ol=b,b,#0.
0 0 1
JloctatouHoe  ycioBue
BBIITOJTHACTCS.

Tperbe ypaBHeHue. Marpuna kodhUIIEHTOB

TaK KaK OIIPCACIHUTCIIb KBa,HpaTHOﬁ

uaeHTUPUKAITIT

BXO/JAIIUX B YPABHCHHUC, UMCCT BUJI:

JUTSE

JAaHHOTO

YpaBHEHUSA

npn I1nCPpEMCHHBIX, HC

Cl ]l Cl—l Il—l Gl
[ ypaBHEHUE ~1 by, 0 0
1T ypaBHeHHE 0 -1 0 b,, 0
ToxzaecTBo 1 1 0 0 1
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Panr naHHON MaTpuubl paBeH TPEM, TaK Kak ONPEACIMUTENb KBAJAPATHOU

HoAMATpUILL 3 X 3 He paBeH HYIIO:

b, 0 0
0 b, 0=b,b,=0.
0 0 1

JloctaTouHoe  yclIOBUE WACHTHGHMKALUM [ JAHHOTO  YPaBHEHUS
BBITIOJIHAETCS.

TakuMm 006pa3oM, BCE ypaBHEHUS MOIECIH CBEPXUACHTU(PUIMPYEMBI.
[IpuBenennas ¢Gopma MOJENM B OOIIEM BHJE OYIET BBIVIANETH CIEAYIOIMM
obpazom:

(Cz =4 +06,C+0,1,,+6;M,+0,G, +u,
[,=4,+6,C+06yl,,+06,M,+0,G, +u,,
1, =4+ 05,C + 03,1, +0,M, +6,G, +us,

Y, =4,+0,C_ +0,l,_ +6,M,+0,G, +u,.

3.3. MeToabl OLICHKHU MapaMeTPOB CTPYKTYPHOU (POPMBI MOJIE/IH

Koadduimentsl cTpyKTYypHOH MOAENTH MOTYT OBITh OIICHEHBI Pa3HBIMU
crnocobaMu B 3aBUCUMOCTH OT BHJA CHUCTEMbl OJHOBPEMEHHBIX YpPaBHEHHH.
Haubomnbinee pacrnpocTpaHeHue B JIUTEpaType MOJYUWIIU CIEAYIOIIHME METOAbI
OIICHUBAHUS KOA(DPHUITMEHTOB CTPYKTYPHONU MOJIEIIH:

1) KOCBEHHBIN METOJ] HAUMEHBIINX KBaIpaTOB;

2) AByXIIAroBbIA METOJ HAMMEHBIINX KBAJpPATOB;

3) TpexiiaroBblii METOJ HAUMEHBIIINX KBA/IPATOB;

4) MeToa MakCMMAaJbHOTO MPABAONOA00US ¢ IOJHOM UH(pOpMaIIUEil;

5) MeTox  MAaKCMMAaJbHOTO  MPaBAONOAOOMS  OpH  OrpaHUYECHHOU
uHpopMaruu.

PaccmoTpum BKpariie CymHOCTh KaXI0T0 U3 3THX METOJIOB.
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KocBennsii meton HaumMmenblnx kBagpatoB (KMHK) npumensercs B
cllydae TOYHO UACHTHUPUUUpPYEeMOM CTpykTypHoil monenu. [Ipouenypa
npumeHeHuss KMHK npeanosnaraer BbIIIONHEHHUE CAEAYIOMMX 3TAllOB paOOTHI.

1. CtpykTypHas Mozelb HpeoOpa3oBbIBaeTCSI B MPHUBEIECHHYIO (QopMmy
MOJICIIN.

2. Jlng xaXJI0To ypaBHEHUs MpuBeAeHHON Gopmbl Moaenu oobraabiM MHK

OLICHUBAIOTCA MPUBEJIEHHBIE KOA(P(UIIMEHTbI 51.1. .

3. Koadpounuentsl npuBeneHHO (GopMbl MOJAETH TPaHCPOPMUPYIOTCS B
apameTpbl CTPYKTYPHOU MOJEIIH.

Ecmu cucrema cepxuaentupuuupyema, To KMHK He ucnons3yercs, nbo
OH HE JIae€T OJHO3HAYHBIX OLEHOK JUIS MapamMeTpoOB CTPYKTYPHOU Mozaeid. B atom
Cly4ae MOTYT HCIOJb30BaTbCS Pa3HbIE METOJbl OLIEHUBAHMS, CPEId KOTOPBIX
HaumOoJiee pACIPOCTPAHEHHBIM UM TPOCTHIM SIBJISIETCS JABYXIIArOBBIA METO]
HauMeHbIuX KBaaparos (JJMHK).

OcnoBHass wuaes [JMHK — na ocHoBe mpuBeneHHON (opMbl Mojenu
NOJYYUTh JUUISl CBEPXUICHTU(PUIIUPYEMOTO ypaBHEHHUSI TEOPETUYECKUE 3HAUCHUS
SHIOTECHHBIX NTIEPEMEHHBIX, COACPKAIINUXCA B IPABOM YaCTH YPAaBHEHUS.

Jlanee, moaCcTaBUB UX BMECTO (PAKTUYECKHUX 3HAYEHUI, MOXKHO MPUMEHHTD
o0bryabli MHK k cTpykTypHOU (opMe CBEpXUICHTUDHUIIMPYEMOTO YpaBHEHUS.
Meron mnonyuun Hazanue aByxinaroBoro MHK, mbo nBaxapl ucmoib3yercs
MHK: Ha mepBoM Imare mpu OMNpEICICHUH NpUBEIECHHOW (OopMBI MOIenH u

HaXO0XIACHHHN Ha €€ OCHOBC OICHOK TCOPCTUYCCKUX 3HAUCHUH BHI[OFGHHOﬁ

nepeMeHHoil y, =0, X, + 0,,X, +...4+ 0, X, 1 Ha BTOPOM IIare IMPHUMEHHUTEIBHO K

in"n
CTPYKTYPHOMY CBEPXHUICHTU(DUIIMPYEMOMY YPAaBHCHHIO TP  OMNpPEACIICHUN
CTPYKTYPHBIX KOA(D(PHUIIMEHTOB MOJICIN MO JaHHBIM TCOPETHUUYECKUX (PACUETHBIX)
3HAYCHHUH SHJOTCHHBIX ITePEMEHHBIX.

CepxuneHTuGUIIIpyeMas CTPYKTypHasi MOJICTTh MOXKET OBITh IBYX THIIOB:

1) Bce ypaBHEHUSI CUCTEMBI CBEPXUACHTUDHUIIUPYEMBIL;
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2) cuctemMa COJAEPKUT HapsAIy CO CBEPXUJICHTHU(PUIUPYEMBIMU TOYHO
UACHTUDUIIMPYEMbIEC YpaBHEHUSI.

Ecnu Bce ypaBHEHHsI CUCTEMBI CBEPXUACHTU(DUIIUPYEMBIC, TO AJISI OLIEHKU
CTPYKTYPHBIX KO PUIIMEeHTOB Kaxa0ro ypaBHeHus ucnoibzyercs JIMHK. Eciau B
CHUCTEME €CTh TOYHO WACHTUPUIMPYEMbIE YpPaBHEHHS, TO CTPYKTYpHbIC
K02 (PUIMEHTHI TT0 HUM HaXOSATCS U3 CUCTEMBI IPUBEACHHBIX YPABHCHHUI.

Jlist mpuMepa, pacCMOTPEHHOTO B MpeasiayIieM mnaparpade, Heo0XoaumMo
MPUMEHUTh UMEHHO JBYXIIArOBBIA METOJI HaMMEHbIIMX KBaapatoB. Ho MoxHO

claciaTrh CICAYIOIICC 3aMCHaHNC. Ecnu u3 MOACIHN UCKIIIOYHUTH TOXKACCTBO J0OXO0O4,

YUCJIO SHAOTCHHBIX IEPEMCHHBIX MOJACIN CHU3UTCA Ha CAWHUIY — IICPCMCHHAA }/t

CTAHET 5K30T€HHOW. A YHCIO NPEeNONpEAEICHHbIX NEPEMEHHBIX MOJIEIN HE

U3MCHUTCA, T.K. U3 MOACIIN 6y,Z[eT HNCKIIIOUCHA OHAOI'CHHAA IICPCMCHHAA Gt’ HO €€

MecTO 3aiiMeT mnepeMeHHas Y,. B mpaBeIx wacTax (yHKOUM HOTpeOJICHHS U

GyHKIUMA JIEHEKHOTO pbIHKA OyAyT HaxXOJWUTHCS TOJBKO TMPEAOIpEaeIICHHbIE

IMCPCMCHHBIC. cI)yHKHI/I}I I/IHBCCTI/IHI/Iﬁ MMOCTYJIMPYCT 3aBUCHUMOCTD 3H,IIOI‘€HHOI>1

mepeMeHHOW [, OT SHIOTeHHOH NepeMeHHON 7, (KOTopas 3aBUCHT TOJBKO OT

TPeONpPeeICHHBIX IEPEMEHHBIX) U IPEoNpe/eIeHHOoN nepeMenHoit /, . Takum

o0pa3zoM, Mbl IOJYYUM PEKypCHUBHYIO cucteMy. Ee mapameTpbl MOKHO OLICHHUBATh
o0biyHbiIM  MHK, #u Her HeoO0XOIMMOCTH HCCIIEIOBAHUS YpaBHEHUS Ha
UICHTU(PUKALIHIO.

KocBeHHBIN M JIBYXIIAroBblii METOJbl HAUMEHBIIUX KBaJIpaTOB MOJIPOOHO
OMHUCAHbI B JIUTEPATYpPE U PACCMATPUBAIOTCS KaK TPAJAUIIMOHHBIE METOIbl OLICHKU
KO3 (PUIIMEHTOB CTPYKTYpHOM MoJAeNnu. OTH METOAbl JOCTATOYHO JIETKO
peanu3yeMsl.

MeTton MakCMMaIbHOTO MPaBAONOJ00US paccMaTpuBaeTcs Kak Haubosee
o0mMii MEeTOoJ  OLICHWBAHMS, PE3yJbTaThl KOTOPOTO TMPU  HOPMaJbHOM
pactipenenenun npuzHakoB conagaor ¢ MHK. Onnako npu OoiblIOM 4HCIIE
YPaBHEHHI CHCTEMBI 3TOT METOJA MPUBOJUT K JOCTATOYHO CJIOKHBIM

BBIUMCIUTEIBHBIM  mpoueAaypaM. Iloatomy B kadecTBe  Moau(UKaLUU
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UCIIONB3YETCSl METOJI MAaKCHMAJIBHOTO MPaBAONON00UST TPU OrpaHUYECHHOU
uHdopMauu (meTon HAaWMEHBIIIETO JTUCTIEPCUOHHOTO OTHOUICHUS),
pa3zpaboransbiii B 1949 r. T. Aunepconom u H. PyOunsim.

B oTnnuume ot MeTona MakCMMalbHOTO MPaBAONOa00Us B JAaHHOM METOE
CHSITHI OIPaHUYEHHUS HA TIAPAMETPhI, CBSI3aHHBIE C (PYHKIIMOHUPOBAHUEM CHCTEMBI
B IICJIOM. JTO JelaeT pelieHre 0oJjiee MPOCTHIM, HO TPYMAOEMKOCTh BBIYHCICHUN
OCTaeTCsl JI0CTaTOYHO BBICOKON. HecMoTps Ha ero 3HauyMTEIbHYIO MOMYJISAPHOCTb,
K cepeanHe 60-x rogoB OH ObUI MPAKTUYECKH BBHITECHEH JBYXIIArOBHIM METOJIOM
HauMeHbmux kBanmpatoB (JIMHK) B cBsism ¢ ropa3mo Oombieil mpocTOTOU
MIOCJIETHETO.

Hanesuetimum pazutuem JIMHK sBnsercs tpexmarossiiit MHK (TMHK),
npeaioxkeHHsld B 1962 r. A. 3enpHepoM u I'. TeitsioM. DTOT MeTOJ OIlEHUBAHUS
OpPUTrOAC€H JJisi BCEX BHJIOB YypaBHEHUM CTPYKTypHOU wmonenu. OaHako mnpu
HEKOTOPBIX OTPAHUYCHHSIX Ha TapaMmeTpbl Oojiee A(DPEKTUBHBIM OKa3bIBACTCS

JIMHK.
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4. BpemeHHBbIE PAAbI

[Ipu moCTpoeHNWH SKOHOMETPHUYECKOW MOJETH HCIONB3YIOTCS JIBa THIA
JAHHBIX:

1) nmaHHBIC, XapaKTEPU3YIOIMIHE COBOKYIMHOCTh PAa3JIMYHBIX OOBEKTOB B
onpe/ielICHHbI MOMEHT BPEMEHU;

2) naHHBIE, XapaKTEepPU3YIOIIME OJMH OOBEKT 3a psJl MOCIEAOBATEIbHbBIX
MOMEHTOB BPEMCHH.

Mopenu, TOCTpOCHHBIE TIO JAHHBIM T[I€PBOTO THUIA, HA3bIBAIOTCS
npocmpancmeeHHuvlMu  moodeaamu. MoJienu, MOCTPOCHHbIE HAa OCHOBE BTOPOTO
THUIIA JAHHBIX, HA3bIBAIOTCS MOOENAMU BPEMEHHBIX PAOOE.

Bpemennoui pso (pso ounamuxu) — 3TO COBOKYIHOCTh 3HAYEHUN KaKOTO-
an00 TOKa3aTeas 3a HECKOJbKO TOCIEAOBATEIbHBIX MOMEHTOB HWJIM IIEPHOJIOB
BpeMeHu. Kaxaplii ypoBeHb BPEMEHHOTO pssia GOpMHUPYETCS MOJ BO3JCHCTBHEM
OosbIIoro yucia (akTopoB, KOTOPHIE YCIOBHO MOKHO MOAPA3ACIUTh HA TPHU
TPYIIIIBL:

1) daxropsl, hopMupyroiye TCHACHIUIO PAJIA;

2) (akTopsl, popMUpYIOIIHE HIUKINYECKUE KOJIeOaHus pAa;

3) ciy4aitHbie (HaKTOPHI.

PaccmoTpum  Bo3ieicTBHE KaXKIOro (¢akropa HAa BpPEMEHHOW psia B
OTJICTTLHOCTH.

BonbmMHCTBO BpPEMEHHBIX PSJOB SKOHOMUYECKHMX TIOKa3aTeliel HMEIOT
TEHJICHITUIO, XapaKTEPHU3YIOIIYI0 COBOKYITHOE JOJTOBPEMEHHOE BO3JCHCTBHE
MHOXXECTBa (DAKTOPOB HA JUHAMHUKY HM3y4aeMOTO IMoka3zaTtens. Bece atu dakTopsl,
B3SThIE B OTACJIBHOCTH, MOTYT OKa3bIBaTh pPa3HOHAINpPABIECHHOE BO3JIECUCTBHE Ha
uccienyeMblii  moka3areiab. OJHAKO B COBOKYIHOCTH OHH (OPMHPYIOT €ro
BO3pACTAIONIYI0 WM yOBIBalIIyl TeHaeHIuoo. Ha puc. 4.1 mokaszan

TUIOTETUYCCKUN BPEMEHHOMU PsiJl, COCPIKAIIUA BO3PACTAIOIIYIO TEHACHIIUIO.
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Yi A

Puc. 4.1

Taxke u3yuaemblii TOKa3aTedb MOXET OBITh IOJBEPNKEH ITUKINYESCKUM
KoJie0aHusIM. DTU KoJieOaHMsI MOTYT HOCUTh CE30HHBIM XapakTep, MOCKOIbKY
DKOHOMMYECKAs JICSATEIILHOCTh Psijla OTPACI€l SKOHOMHUKHA 3aBUCHUT OT BPEMEHU
rojia (HarpuMep, IIEHbI Ha CEJIbCKOXO03SUCTBEHHYIO MPOAYKIIUIO B JICTHUN TIEPHOT
BEINIE, YEM B 3UMHUHN; ypPOBEHb 0€3pal0OTHIBI B KYPOPTHBIX TrOpojax B 3WMHHUU
MepUoJ BBIIIE O CPaBHEHUIO ¢ JeTHUM). [Ipum Hanmmuuu OONBIIMX MAaCCHUBOB
JAHHBIX 32 JUINTEJIbHBIC MPOMEXYTKH BPEMEHH MOXHO BBISIBUTH IMKIMYECKHUE
KoJieOaHus, CBSI3aHHBIC C OOINEH NMHAMUKOW KOHBIOHKTYpHI pbiHKa. Ha puc. 4.2
MPEJCTABICH TMIOTETUYECKUN BPEMEHHOU PsiJl, COACPM AWM TOIBKO CE30HHYIO

KOMITOHEHTY.

Yih

Puc. 4.2

Hexoropeie BpeMeHHBbIE psibl HE COAEPXKAT TEHACHLUMH W LHUKINYECKOU
KOMITOHEHTBI, a KaXIbli CIEAYIOIMA UX YypOBEHb oOpa3zyercs Kak cymma
CpPEOHEro YpPOBHS pslla U HEKOTOPOH (MOJOXKHUTEIbHON WM OTPULIATEIIBHOM)
CIIy4allHOW KOMIIOHEHTHI. Ilpumep psma, comeprKamero TOJbKO CIy4anHYyHo

KOMIIOHEHTY, IPUBEACH Ha puc. 4.3.
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Y:

N

Puc. 4.3

O4eBUHO, YTO peajbHble JaHHbIE HE CIEAYIOT LEIUKOM M IMOJHOCTBIO U3
KaKUX-JI10O ONMUCAaHHBIX BBIIIE Mojenel. Yamie Bcero OHU cCoJEp)kKaT Bce TpU
KOMITOHEHTHI. Kaxkplil X ypoBeHb opMUpYeETCs MO BO3ACUCTBUEM TEHICHLIUH,
CE30HHBIX KOJICOAHUN U CITy4allHOM KOMITOHEHTHI.

B OonbumimHCTBE ciiy4yaeB (paKTMUECKUN YPOBEHb BPEMEHHOTO pPsiia MOXHO
IPEACTABUTh KaK CyYMMY WM IIPOM3BEACHUE TPEHAOBOW, LHMKINYECKOW U
CIIy4allHOW KOMIIOHEHT. Mojienib, B KOTOPOW BPEMEHHOM psiji MPEICTABICH KakK
CyMMa TI€PEUMCICHHBIX KOMIIOHEHT, Ha3bIBA€TCA AOOUMUBHOU  MOOENbIo
BPEMEHHOrO psaa. Mogenp, B KOTOPOW BpPEMEHHOM psAx IPEACTABICH Kak
IIPOU3BEJCHUE IIEPEUUCIICHHBIX KOMIIOHEHT, HA3BIBACTCS MYIbMUNIUKAMUGHOU
MoOenbio BpeMeHHOro psaja. OCHOBHas 3a7jaua 5 KOHOMETPUYECKOTO UCCIEA0BaHUS
OTZAEJIIBHOTO BPEMEHHOIO psla — BBIABICHME M IIPUAAHUE KOJIMYECTBEHHOI'O
BBIPQKEHUS KaXJOM W3 MEPEUUCIICHHBIX BBIIIE KOMIIOHEHT C TEM, 4YTOOBI
UCIIOJIB30BaTh IOJIYYEHHYI0 HMHQOPMALMIO Uil MPOTHO3UPOBAHUS OYIyIIHX
3HaYEHUH psa WM NpU NOCTPOCHHUU MOJIENe B3aUMOCBSI3U JBYX WU Oosee

BPEMEHHBIX PSJIOB.
4.1. ABTOKOppeJALNS YPOBHEH BPEMEHHOI0 psiia

HpI/I HaJIM9UH BO BPCMCHHOM pPAAC TCHACHIWN U HMHUKINYCCKUX KoJIcOaHUI
SHAYCHHUS KaXKXAOro IOCICAYIOHMICTO YPOBHSA pdda 3aBUCAT OT MNPCAbIAYIIUX.
KOppCJ’IHHI/IOHHYIO 3aBUCHUMOCTD MCIKIAY IMOCJICA0OBAaTCIbHBIMHA YPOBHAMHU

BPEMEHHOI'0 PsAJIa HA3bIBAIOT aBTOKOPPEIISILIUEN YPOBHEN psifa.
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KonmnuectBeHHO €€ MOXHO H3MEPUTh C  IIOMOIIBKD  JIMHEUHOTO
Kod(ppuLMeHTa KOPPEAUN MEXAY YPOBHSIMU HCXOAHOTO BPEMEHHOTO psjia U
YPOBHSIMHU 3TOTO Psifia, CABUHYTHIMU HA HECKOJIBKO IIarOB BO BPEMEHHMU.

®opmyna 15 pacueta Ko3hOUIIMEHTa aBTOKOPPEIISAIIMI UMEET BHUI:

n

Z(yt _)_’1)(yz—1 _J_’z)

=2 : , 4.1)
27 2 =)
t=2 t=2
re:
_ | _ I
M :E;yt, b :H;yt—l‘

DTy BEJIMYMHY HA3bIBAIOT KOA(PPHUIIMEHTOM aBTOKOPPEISAIUU YPOBHEH psiia

MEepPBOr0 TMOpPSJAKA, TaK KaK OH U3MEPSeT 3aBUCUMOCTb MEXKIY COCEIHUMU
YPOBHAMU psifia t U Y, .

AHAJIOTHYHO MOKHO OIPEAETUTh KOOPPUIUEHTH aBTOKOPPENIALIUNA BTOPOTO

u OoJjiee BBICOKMX TOPANKOB. Tak, KO3(OUIMEHT aBTOKOPPENSIIIUH BTOPOTO

HOpAKa XapaKTEepU3yeT TECHOTY CBSA3M MEXKIY YPOBHAMH ), U Y, , H

onpenensercs no Gpopmyie:

n

Z(yt _)_73)(%—2 _)_’4)

]"2 - =3 ’ (42)

n

Z(yt _373)2 (yz_z _3_74)2

t=3 =3

N

rac:

1Y N
y3_n—2,§y” y4——;yt_z-

n_

Yucino mnepuosoB, MO  KOTOPbIM  paccUMThbIBaeTcs  KOA(PUIIMEHT
aBTOKOPPEISALUH, Ha3bIBAIOT 1a2om. C yBEIMUYEHHEM Jlara YUCIIo nap 3HAY€HUM, 110
KOTOPBIM  pPAcCUMUTHIBACTCS KOIPPUIUEHT aBTOKOPPEISALUH, YMEHBIIAETCH.

Cunraercs I.[CJ'ICCOO6p3.3HBIM JIIA 00ecCIIleYeHUs CTAaTUCTHUYECKOM JOCTOBCPHOCTHU
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K02 (QUIMEHTOB aBTOKOPPENALMU UCIIOIB30BaTh IPABUIIO0 — MAKCUMALHBINA J1ar
JTOJKEH OBITh He OOJIbIIIe n/ 4.

CaoiicTBa K03 GUIIMEHTa ABTOKOPPEIISIINH.

1. OH cTpouTCs 1O aHAJOTUU C TUHEHHBIM KOA(DOUIIMEHTOM KOPPEISLIUU U
TaKUM 00pa3oM XapaKTepu3yeT TECHOTY TOJBKO JIMHEWHOW CBS3U TEKYIIEro U
npeapiayero ypouei psga. Ilostomy no koaddUIMEHTY aBTOKOPpENsSLUU
MOXHO CYJUTh O HAJMYUU JIMHEWUHOW (WM OJIM3KOU K JIMHEWHOW) TeHaeHuuu. Jis
HEKOTOPBIX BPEMEHHBIX PSJ0B, MMEIOIIMX CWJIbHYIO HEITWHEHHYIO TEHIACHIIUIO
(Hampumep, mapaboJly BTOPOTO TMOPSAAKA WIM DKCIOHEHTY), KO3 UIIMEHT
ABTOKOPPEIAIUN YPOBHEH NCXOTHOTO Psiia MOXKET MPHUOIUKATHCS K HYJIO.

2. Tlo 3Haky koa(p@duIMeHTa aBTOKOPPENSIIMU HENb3sl JeNaTh BBIBOJ O
BO3pacTaroleil Win yObIBalolleld TEHJAEHUMU B YPOBHIX psaa. BoybHIMHCTBO
BPEMEHHBIX PSJOB OKOHOMHUYECKHX JaHHBIX COJEPKAT IOJOKUTEIbHYIO
aBTOKOPPEJSAIUIO YPOBHEH, OJHAKO TIPH 3TOM MOTYT HMMETh YOBIBAIONIYIO
TEHJICHITHIO.

[TocnenoBarenbHOCTh KOA(DPHUIIMEHTOB aBTOKOPPEISAIIMUA YPOBHEH MEPBOTO,
BTOPOTO | T. /. TOPSAKOB HA3bIBAIOT A6MOKOPPENAYUOHHOU (yHKYUell BPEMEHHOTO
psaga. ['paduk 3aBUCMMOCTH €€ 3HAaYeHWW OT BEIWYWHBI Jlara (MOpsaKa
Kod(ppuLIMeHTa aBTOKOPPEIAINN) Ha3bIBACTCS KOPPEN0SPAMMOIL.

AHanmu3 aBTOKOPPEISIIIMOHHONW (YHKIIMM W KOPpPEIOoTpaMMbI TI03BOJISICT
OTpEeNeNNTh Jiar, TMPH KOTOPOM AaBTOKOppeNsaIusi HaubOoyiee BBbICOKas, a
CJIeIOBATEIbLHO, W JIar, TIPU KOTOPOM CBSI3b MEXKIY TEKYIIUM W TPEIBIAYITAMU
YpOBHSMH  psifa  Haumbojiee  TeCcHas, T.6. TpU  TIOMOIIM  aHaIu3a
aABTOKOPPEIAIMOHHON (YHKIHUU M KOPPEIOTpaMMbl MOKHO BBISIBUTH CTPYKTYpPY
psana.

Ecnu nanbonee BEICOKUM oKazaicst KO (PUITMEHT aBTOKOPPEIIAIINH TIEPBOTO
NopsAJiKa, HUCCIEAYEMbIH pAIl COJIEPKHUT TOJIbKO TeHJeHuuto. Eciu Hamboiee
BBICOKHUM OKa3ajcsi KO3(PGUIUCHT aBTOKOPPEISAIUN TIOPSAIKA 7, TO PO COACPIKUT
[UKJINYECKUE KOJeOaHusi ¢ MePUOJUYHOCTHIO B 7 MOMEHTOB BpemeHH. Ecim Hu

OAHUH U3 KOC—)(i)(l)I/IHI/ICHTOB ABTOKOppE/sIIMU HE ABJISACTCA 3HAYUMbBIM, MOKHO
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clenaTh OJHO W3 JBYX MPEANOJIOXKEHUN OTHOCUTEIBHO CTPYKTYPBI 3TOrO psAnaa:
JM00 psii HE COJCPXKHUT TEHICHIMU M UUKIMYECKUX KojeOaHuil, aubo psn
COAEPKUT CWIbHYIO HEIMHEHWHYIO TEHACHLMIO, NI BBISABICHUS KOTOPOW HY>KHO
MIPOBECTH JOTIONHUTENBHBIN aHanu3. [loaToMy K03(QGUIIMEHT aBTOKOPPESAIUU
YPOBHEH U aBTOKOPPENSIHOHHYIO (YHKIHIO LIEIeCO00pa3HO HCIONIb30BaTh s
BBISIBJICHUSI BO BPEMEHHOM D€ HaJIUYMs WIHM OTCYTCTBUSI TPEHIIOBOM
KOMIIOHEHTBI U LIUKJINYECKOU (CE30HHOI) KOMIIOHEHTBI.

PaccmoTtpum mpumep. IlycTh MMEIOTCS HEKOTOPBIE YCJIOBHBIE JaHHBIE 00
o0IeM KOJIMYECTBE MPaBOHAPYIICHUH HAa TaMOXHE OJHOTO W3 CyObeKTOoB P®D

(manpumep, Pecriy6nuku Tarapceran).

Tabmnumna 4.1
KomuuecTBo
Lon Ksapran !
BO30YKJCHHBIX JIEI, ,
& I 3 869
S 11 7 992
vV ] 1020
I 9 390
S 1l 11 992
1 13 461
= 11 15 920

[TocTpoum mone KoppeAuu:
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1100

1000 o .

900 / \o o—¢
800
700
600
500

J O—o0
400 - /
0—0 O

300

Puc. 4.4

Vxe wucxond wu3 rpapuka, BHAHO, YTO 3Ha4eHHs J  00pasyloT

nunooOpazHyro  ¢urypy.  PaccuntaeM ~ HECKOJIBKO  TOCJIEIOBATEIIBHBIX
kod(ppunmeHToB  aBTOKOppeisiuu.  JIJIs  3TOro  COCTaBiIIeM  TIEPBYIO

BCIIOMOTaTEIbHYIO Ta0JIUILY.

Tabawnma 4.2
_ _ (yt - ) X 2 _\2
t Yo | Y [ YVemn | Yo=Y =) (a7
X(yzfl - )

1 2 3 4 5 6 7 8
1 375 - - - - - -
2 371 375 -328,33 | -288,13 94601,72 107800,59 83018,90
3 869 371 169,67 | -292,13 -49565,70 28787,91 85339,94
4 1015 869 315,67 205,87 64986,98 99647,55 42382.,46
5 357 1015 | -342,33 351,87 -120455,66 117189,83 123812,50
6 471 357 | -228,33 | -306,13 69898,66 52134,59 93715,58
7 992 471 292,67 -192,13 -56230,69 85655,73 36913,94
8 1020 992 320,67 328.87 105458.,74 102829,25 108155,48
9 390 1020 | -309,33 356,87 -110390,60 95685,05 127356,20
10 355 390 | -34433 | -273,13 94046,85 118563,15 74600,00
11 992 355 292,67 -308,13 -90180,41 85655,73 9494410
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Oxkonuanue Ta0i. 4.2.

_ _ (yt -V ) X ) _\2
t Yo | YVa | Vom0 | Yo=Y L =-7) (a7
X(yzfl - )
12 905 | 992 | 205,67 | 328.87 67638,69 42300,15 | 10815548
13 461 | 905 | -23833 | 241,87 -57644.88 56801,19 58501,10
14 454 | 461 | -24533 | -202,13 49588,55 60186,81 40856,54
15 920 | 454 | 220,67 | -209,13 “46148.72 48695,25 43735,36
16 927 | 920 | 227.67 | 256.87 58481,59 51833.,63 65982,20
Cymma | 10499 | 9947 | 9,05 0,05 74085,16 1153766,39 | 1187469,73
Cpemuee | fo9 33 [ 663,13 | - - - — -

3HA4YCHHC

Cnez[yeT 3aMCTHUTh, YTO CPCAHCC 3HAYCHHUC II0JYYACTCA IIYTCM ACICHHUA HC

Ha 16, a Ha 15, T. K. y Hac Teneph Ha OJIHO HAOJIOICHUE MEHBIIIC.

Tenepr BbrumcnsieM Ko3()(GUIMEHT aBTOKOPPENSIMU MEPBOTO MOPSAIKA IO

dbopmyie (4.1):

h

74085,16

~ J1153756,39 1187469, 73

=0,063294 .

CocraBnsieM BcnoMoOrarelibHyl0 TaOauny mis pacdyera Kod(p(UIHEHTa

ABTOKOPppPECIIHUU BTOPOTO ITOPAIKA.

Taomuna 4.3
_ — (y, o y3) X —\2 —\2
t Vo | Vo | V=V | V2= Vs = m) (e T)
X(yz—z - y4)
1 2 3 4 5 6 7 8
1 375 — — — — — —
2 371 - - - - - -
3 869 375 145,57 -269,79 -39273,33 21190,62 72786,64
4 1015 371 291,57 -273,79 -79828,95 85013,06 74960,96
5 357 869 -366,43 224,21 -82157,27 134270,94 50270,12
6 471 1015 | -252,43 370,21 -93452,11 63720,90 137055,44
7 992 357 268,57 -287.,79 -77291,76 72129.,84 82823,08
8 1020 471 296,57 -173,79 -51540,90 87953,76 30202,96
9 390 992 -333,43 347,21 -115770,23 111175,56 120554,78
10 355 1020 | -368.,43 375,21 -138238,62 135740,66 140782,54
11 992 390 268,57 -254.79 -68428,95 72129,84 6491794
12 905 355 181,57 -289,79 -52617,17 32967,66 83978.,24
13 461 992 -262,43 347,21 -91118,32 68869,50 120554,78
14 454 905 -269.43 260,21 -70108.,38 72592,52 67709,24
15 920 461 196,57 -183,79 -36127,60 38639,76 33778,76
16 927 454 203,57 -190,79 -38839,12 41440,74 36400,82
Cymma 10128 | 9027 -0,02 -0,06 -1034792,71 1037835,43 1116776,36
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Oxkonuanue Ta0i. 4.3.

t Vo | Yo | V=W | Y- b =3)» (y=7) | (va=7)
-2 3 -2 4 _ - 9
t t t t X(y,,z . y4) t 3 t-2 4
1 2 3 4 6 7 8
Cpemnee | 53 43 6a479 | - - - -
3HAUYCHHC
CnenoBaTesbHO:
—1034792,71
v =-0,961183.

- J1037835,43-1116776,36

AHANIOTHYHO HAXOAMM KO3(PPHUIMEHTH aBTOKOPPENSALUU 0oJiee BBICOKHX

IMOPAAKOB, a4 BCC ITOJIYYCHHBIC 3HAYCHHA 3aHOCHM B CBOAHYIO Ta6J'II/II_Iy.

Tabnuua 4.4

Jlar KoadhdurueHT aBTOKOppeIsIIuu ypoBHEH
1 0, 063294

2 -0,961183

3 -0, 036290

4 0, 964735

5 0, 050594

6 -0, 976516

7 -0, 069444

8 0, 964629

9 0, 162064

10 -0, 972918

11 -0, 065323

12 0, 985761
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Koppenorpamma:

1,0 H

0,5 /\ /
0,0 = Q , O\ ,
[ S O o ©

-1,0 4

Puc. 4.5
AHanu3 KoppelorpaMMbl U rpaduKa UCXOIHBIX YPOBHEH BPEMEHHOTO psiaa
MO3BOJIAET CJEJaTh BHIBOJ O HAJIMYHMHU B M3y4aeMOM BPEMEHHOM Psiie CE30HHBIX

KOJIeOaHWH MMePUOTUIHOCTBIO B YETHIPE KBapTaa.
4. 2. MoaeJupoBaHue TEHACHIUH BPEMEHHOI'0 psAa

PacnpocTpaHeHHBIM COCOOOM MOJETUPOBAHUS TEHAECHLUUU BPEMEHHOTO
psna SBIAETCS TOCTPOCHHE AaHAIMTUYECKOW (YHKIUHU, XapaKTepusyrolieu
3aBUCUMOCTb YPOBHEW psiAa OT BPEMEHHM WJIM TpeHAa. DTOT CHOCO0 Ha3bIBAIOT
AHATUMUYECKUM BbIPABHUBAHUEM 8PEMEHH020 PAOA.

[TockonbKy 3aBHCHUMOCTh OT BPEMEHH MOKET MPUHUMATh pa3Hble (OPMBI,
i ee (popmanuzalnuyd MOXHO HCIOJB30BaTh pa3inyHble BUAB (yHKIuH. s

MOCTPOCHUS TPEHJIOB YaIlle BCETO MPUMEHSIOTCS CIEAYIONNe QyHKIUU:

JIMHEHHBIN TPpEHI: ), = a + b-t;
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runepoona: y, =a+ bl‘ ;

a+bt

(vm ;/t =a-b");

OKCIIOHEHIIMAIBHBIN TPEHT: ), =€

~

b
crenenHas QyHkuus: Y, =da-t

MOJTMHOMBI PA3THYHBIX CTeNeHel: ¥, =a+b -t +b, -t +..+b -t".

[TapameTpbl KaXXI0ro ©3 TNEPEUYUCICHHBIX BBIIIE TPEHJIOB MOYKHO
onpenenuTh o0bruHbIM MHK, ucrnonb3ysi B KauecTBe HE3aBUCUMOU MEPEeMEHHOU

BpemMs f=1,2,...,n, a B KayecTBe 3aBMCUMOM IIEPEMEHHON — (AKTUUECKHE

~

YPOBHU BPEMEHHOrO psga ),. i HEIMHEWHBIX TPEHIOB IPEIBAPUTEIBHO

IIPOBOJAT CTAaHAAPTHYIO MPOLEAYPY UX JINHEAPU3ALIHH.

CyniecTByeT HECKOJIBKO CIIOCOOOB ompezeneHus tuna TeHaeHuuu. K yucny
HaumOoJiee pacIpOCTPAHEHHBIX CHOCOOOB OTHOCSTCS KAyeCTBEHHBIM aHaIu3
U3y4aeMOoro MpoIiecca, MOCTPOCHUE M BU3YaJbHBIA aHAIN3 rpaduka 3aBUCUMOCTU
YPOBHEH psAxa OT BpPEMEHH. B dTUX K€ Nensix MOXHO HCIIOIb30BaTh W
KO3 (PUIIMEHTHl aBTOKOPPENSIIMM  ypOBHEW psana. Tum TEHACHIMH MOXKHO
OTpEeACNUTh MyTeM CpaBHEHHUS KO3((UIHNEHTOB aBTOKOPPENALHNUA TEPBOTO

nmopsaaka, paCCHUTAHHBIX IO MCXOAHBIM U HpCO6p330BaHHLIM YPOBHAM psaa. Ecan

~ ~

BpGMGHHOﬁ paa UMECT HHHCﬁHYI-O TCHACHINUIO, TO €TI0 COCCAHHUC YPOBHU yt 141 yt—l

TECHO KOppPEIupyioT. B 3ToM ciydae kod3()pPHUIMEHT aBTOKOpPPENALUU MEPBOTO
MOpsAJIKa YPOBHEHW UCXOHOTO psAJia IOJDKEH OBITh BHICOKUM. Ecin BpeMeHHOU psin
COJICPKUT HEJIMHEHHYIO TEHJCHILMIO, HampuMmep B (QOpMe DBKCIOHEHTHI, TO
KOA(PUIIUEHT aBTOKOPPEJSAIMN TMEPBOTO MOpsAAKa MO Jorapudmam ypOBHEH
UCXOJHOTO psifa Oyder BbIlEe, YeM COOTBETCTBYIOIIMN KO3 (UIIUEHT,
pAaCCUMTAHHBIM 1O YPOBHAM psAxa. Yem cuibHee BbIpaKE€Ha HEJIUHEWHAA
TEH/JCHLIUA B H3y4aeMOM BPEMEHHOM psijie, TeM B OoJblliell CTeneHu OyayT
paznuyaThCsl 3HaUYCHUS YKa3aHHBIX KOA()PUIIMEHTOB.

BeiOop Hawiydliero ypaBHEHMsI B Ciy4yae, KOrja psiii COIEPKHUT

HEJIMHEHHYI0 TeHJEHIUIO, MOYXKHO OCYLIECTBUTH IyTEM nepedopa OCHOBHBIX (popM
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TpPeH/a, pacyeTa MO KaKJIOMY YPaBHEHHIO CKOPPEKTUPOBAHHOTO KO3 HUIIMCHTA
JEeTepPMUHAIIMM W CPEIHEW OIMMOKKH anmpoKCUMAIMU. ODTOT METOJA JIETKO

peanu3yercs Ipu KOMIIbIOTEPHON 00pabOTKe TaHHBIX.
4.3. MoaesupOBaHUE CE30HHBIX KOJIEOAHM I

[IpocTelimuii MOAXO0J K MOJICITHPOBAHUIO CE30HHBIX KOJIEOaHUM — 3TO
pacyeT 3HAYEHUM CE30HHOM KOMIIOHEHTBI METOAOM CKOJB3SIIIEH CpeaHEHd W
MOCTPOCHUE aJIUTUBHON WJIM MYJIbTUIUIMKATUBHON MOJIEIN BPEMEHHOTO PAJia.

OO0t BUI alTUTUBHON MOJIENIU CIIETYOIINNA:

Y=T+S+E. (4.3)
DTa MoJiellb MPEIoiaraeT, 4To Kax/JIbli ypOBEeHb BPEMEHHOTO Psifa MOXKET OBITh
npeiacraBied Kak cymma TtpenpoBoit (717), cesomnoit (S) m cayuaitnoir (FE)
KOMIIOHCHT.

OO0t BUI MyJIbTUILUTUKATUBHOM MOJIENN BBITJISAUT TaK:

Y=T-S-FE. (4.4)
DTa MoJiellb MPEIoiaraeT, 4To Kax bl ypOBEeHb BPEMEHHOTO Psia MOXKET OBITh
IpeCcTaBiIed Kak npousBeaenne Tpenaosoi (1), cesonnoii (S) u ciyuqaiinoi (E')
KOMIIOHCHT.

BriGop omHON W3 ABYX MOJENEHl OCYIIECTBISETCS Ha OCHOBE aHajau3a
CTPYKTYPBI CE30HHBIX KojeOanmii. Ecnu ammmuTyma xonebaHuil MpuOIU3UTEIIHEHO
MOCTOSTHHA, CTPOSIT AJJUTUBHYIO MOJEIb BPEMEHHOIO PsJia, B KOTOPOW 3HAYCHUS
CE€30HHOM KOMIIOHEHTHI MPEANOIAratoTCsl MOCTOSIHHBIMU JIJII PA3JIMYHBIX I[UKJIOB.
Ecnmu aMmminTyma ce30HHBIX KOJIEOAHWN BO3pPACTAET WIJIM YMEHBIIAETCS, CTPOST
MYJbTUIUTMKATUBHYIO MOJEIb BPEMEHHOTO Psifia, KOTOpasi CTABUT YPOBHU psifa B
3aBUCUMOCTD OT 3HAUYCHUM C€30HHOM KOMIIOHCHTHI.

[TocTpoeHne agaIUTUBHOM W MYJBTUILUIMKATUBHOM MOJIEJIEH CBOJUTCS K
pacuery 3Hauenuii 1, S u E 11 kax0ro yposHs psja.

[Ipomecc mocTpoeHMsI MOJIETH BKITIOUAET B CE0S CIIEMYIONTUE TIIary.

1. BeIipaBHHBaHUE UCXOAHOTO Psiia METOJAOM CKOJIB3SIIEH CpEeIHE.

2. Pacuer 3HaueHMI CE30HHOM KOMIIOHCHTHI S .
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3. YcTpaHeHue CEe30HHOM KOMIIOHEHTBI M3 HCXOAHBIX YPOBHEU psla H
HOJly4eHre BLIpOBHEHHBIX AaHHbIX (1 + E) B ammurusHoit mim (1 -FE) B
MYJIbTUTTUKATUBHON MOJIEIH.

4. Awnanurndeckoe BoipaBHuBaHue ypoBueit (17 + £) wim (T - E') u pacuer
3HaueHU 1 C UCIOIB30BAHUEM ITOJYUYEHHOTO YPABHEHHUS TPEH IA.

5. Pacuer nonyueHHbIX 110 Mojenu 3HaueHuii (1 + £) wmu (T - E).

6. Pacuer aOCONIOTHBIX W/WIIM OTHOCUTENBHBIX OMIMOOK. Eciu momyueHHbIe
3HAUYCHHUSI OIIMOOK HE COJepX,aT aBTOKOPPEJSIIUKM, HMH MOXKHO 3aMEHUTH
WCXOJIHBIC YPOBHH PsAZla U B JAJLHEUIIIEM HCITOJIB30BATh BPEMEHHOU PsJT OMNOOK
E nns anannza B3anMOCBSI3M HCXOHOTO P/l M APYTHX BPEMEHHBIX PSIOB.

MeToauKy IOCTPOEHHUS KaX A0 U3 MOJEJIECH paCCMOTPUM Ha PpUMeEpax.

IIpumep. [TocTpoeHue anaAUTUBHON MoOJenN BpeMeHHOro psna. Odpartumces
K JaHHBIM 00 oO0beMe IMpaBOHAPYIIEHWH HA TaMOXHE 3a 4YeThIpe Troja,
MpeACTaBICHHBIM B Ta0I. 4.1.

brulo moka3zaHo, 4YTO JAHHBIM BPEMEHHOW PsAJ  COAEPKUT CE30HHBIC
KOJie0aHUsI MEPUOJUYHOCTHIO 4, T.K. KOJIMYECTBO IPaBOHAPYIICHUN B TEPBBIii-
BTOPOM KBapTajbl HWXKE, YEM B TPETUH-YETBEPThIM. PaccunTaeM KOMIIOHEHTBI
aAUTUBHON MOJENN BPEMEHHOTO Psi/ia.

Illaz 1. TlpoBeneM BBIPAaBHMBAHHME HCXOIHBIX YPOBHEM psAla METOAOM
CKOJIb3s11eN cpeHent. st aToro:

1.1. Ilpocymmupyem ypoOBHHM psija MOCIEIOBATENBHO 3a KaXK/Ible YEThIPE
KBapTajia CO CABUIOM Ha OJIMH MOMEHT BPEMEHU U OINPEEIUM YCIOBHBIE T'OJI0BbIC
00beMBbI TOTPeOICHUS dJIeKTpodHepruu (Tp. 3 Tadm. 4.5).

1.2. Pa3znenuB nonyyeHHbIE CyMMBI Ha 4, HailieM CKOJIb3AIIKE cpeHue (Tp.
4 Ttabn. 4.5). llomydyeHHble TakuM 0Opa3oM BBIPOBHEHHBIC 3HAUCHUS YKE HE
COZIEpKAT CE30HHON KOMIIOHEHTBI.

1.3. IIpuBeneM 3T 3HAYCHUSI B COOTBETCTBUE ¢ (DaKTHUECKUMU MOMEHTAMH
BPEMEHM, JUIsl YEro HaWIeM CpeIHHE 3HA4YEHUs M3 JABYX IOCJIEI0BaTEIbHBIX

CKOJIB3AILUX CPETHUX — LEHTPUPOBAHHBIE CKOJIB3SIIINE cpeanue (rp. S Tadm. 4.5).
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Tabnuua 4.5

KomnunuectBo Ckonp3sias
No . | Hroro 3a [HenTpupoBaHHast Onenka
MpaBOHAPYILICHHH, CpemHsis 3a N
KBapTaia, YeThIpe deThIpe CKOJIB3SIIAs CE30HHOM
Y, KBapTaja KpapTana cpenHsis KOMITOHEHTHI
1 2 3 4 5 6
1 375 — — — —
2 371 2630 657,5 — —
3 869 2612 653 655,25 213,75
4 1015 2712 678 665,5 349.5
5 357 2835 708,75 693,75 -336,75
6 471 2840 710 709,375 -238,375
7 992 2873 718,25 714,125 277,875
8 1020 2757 689,25 703,75 316,25
9 390 2757 689,25 689,25 -299,25
10 355 2642 660,5 674,875 -319,875
11 992 2713 678,25 669,375 322,625
12 905 2812 703 690,625 214,375
13 461 2740 685 694 -233
14 454 2762 690,5 687,75 -233,75
15 920 — — — —
16 927 — — — —

Illaz 2. Haiimem OLIEHKM CE30HHOW KOMIIOHEHTBI KaK Pa3HOCTbh MEXIY

(aKTUYECKUMH YPOBHSAMHU Dsiia M LIEHTPUPOBAHHBIMU CKOJIB3SIIIUMU CPETHUMU

(rp. 6 Tabn. 4.5). Ucnons3yeM 3TH OIEHKH JJIs pacyeTa 3HAYEHUNW CE30HHOMU

KOMIOHEHTHI S (Tabu. 4.6). [lus 5Toro HaijeM CpeiHue 3a KaXIblii KBapTai (10

BCEM TOJilaM) OIIGHKH CE30HHOM KOMIIOHEHTHI Sl.. B ™Mogmensax ¢ ce3oHHOU

KOMIIOHEHTOM OOBIYHO npeamnojaracTtcda, 91o CC30HHbIC BOSI[efICTBI/Iﬂ 3a Mepuon

B3auMomnoramaroTcsa. B aH,HHTHBHOﬁ MOJCIIN 3TO BBIPpAKACTCA B TOM, 4YTO CyMMad

3HAQYCHUM CE30HHOM KOMIIOHECHTHI 110 BCEM KBapTajlaM O0JI’KHA OBITH PpaBHA HYJIIO.

Tabnuma 4.6
TMokazaTen Ne kBaprana, I
ORI Tox I 11 1l v

1999 — — 213,75 349,5
2000 -336,75 | -238,375 | 277,875 316,25
2001 -299,25 | -319,875 | 322,625 214,375
2002 -233 -233.75 - —

Bcero 3a i -ii kBapTai -869 -792 814,25 880,125

CpenHsis olieHKa
CE30HHOM KOMIIOHCHTEI -289,667 -264 271,417 293,375
IS [ -ro KBaprana, S,
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Oxkonuanue Ta01. 4.6.

[Mokazarenu Ne kBaprana, i
Ton I 0 I v
CkoppeKTupoBaHHas
CC€30HHAasA KOMIIOHCHTA, -292.,448 | -266,781 268,636 290,593
Si

JI1a maHHOM MOJIeNI UMEEM:
—289,667 -264+ 271,417+ 293,375=11,125.
KoppexTupyrommii kosddumment: k =11,125/4 =2,781.
PaccunthiBaeM CKOPPEKTHPOBAaHHBIC 3HAYCHHUS CE30HHOW KOMITOHEHTHI
(S .= El — k) v 3aHOCUM TIONTyYEHHBIE JaHHEIE B Tabmuiy 4.6.

[IpoBepuM paBEeHCTBO HYJIIO CYMMBbI 3HAYEHUM CE30HHON KOMIIOHEHTHI:
—292,448 — 266,781+ 268,636+ 290,593 =0.
Hlaz 3. VcknrouuM BIMSHUE CE30HHOM KOMIIOHEHTBI, BEIUMTAs €€ 3HAUCHUE
U3 KaXJO0ro YpOBHS HCXOJHOTO BpeMEHHOro psaa. Illoaydum BeTUYUHBI
T+E=Y—-S (rp. 4 1a0n. 4.7). DTh 3HAYEHHS PACCUMTHIBAIOTCSA 3a KaXKbIM

MOMCHT BPEMCHH U COACPKAT TOJIbKO TCHACHIINIO U cnyqaﬁHon KOMIIOHCHTY.

Tabnuma 4.7
t Vi Si yt_Si T T+S E:yt_(T+S) EJ2
1 2 3 4 5 6 7 8
1 375 | -292,448 | 667,448 | 672,700 | 380,252 -5,252 27,584
2 371 | -266,781 | 637,781 | 673,624 | 406,843 -35,843 1284,721
3 869 | 268,636 | 600,364 | 674,547 | 943,183 -74,183 5503,117
4 | 1015 | 290,593 | 724,407 | 675,470 | 966,063 48,937 2394,830
5 357 | -292,448 | 649,448 | 676,394 | 383,946 -26,946 726,087
6 | 471 | 266,781 | 737,781 | 677,317 | 410,536 60,464 3655,895
7 992 | 268,636 | 723,364 | 678,240 | 946,876 45,124 2036,175
8 1020 | 290,593 | 729,407 | 679,163 | 969,756 50,244 2524,460
9 390 | -292,448 | 682,448 | 680,087 | 387,639 2,361 5,574
10 355 | -266,781 | 621,781 | 681,010 | 414,229 -59,229 3508,074
11 992 | 268,636 | 723,364 | 681,933 | 950,569 41,431 1716,528
12 | 905 | 290,593 | 614,407 | 682,857 | 973,450 -68,450 4685,403
13 461 | -292,448 | 753,448 | 683,780 | 391,332 69,668 4853,630
14 | 454 | 266,781 | 720,781 | 684,703 | 417,922 36,078 1301,622
15 | 920 | 268,636 | 651,364 | 685,627 | 954,263 -34,263 1173,953
16 927 | 290,593 | 636,407 | 686,550 | 977,143 -50,143 2514,320

115




a2z 4. Onpenenum komnoHenty 1 naHHOM Mojaend. it 9TOro mpoBeaeM
aHaIMTHYeCKoe BhlpaBHUBaHue psifga (I + E) ¢ IMOMOIIBIO JIMHEWHOTO TpPEH[A.

PCSYHBT&TBI AHAJIMTHYCCKOI'O BhIpABHUBAHUS CICAYIOIIHC:

T=671,777+0,9233-¢.
[MozxcraBnss B 5T0 ypaBHeHue 3Hauenus [ =1, 2, ..., 16, naiinem yposuu T’

JUISL K&KJI0T0 MOMEHTa BpeMeHH (rp. 5 tadm. 4.7).

Illaz 5. Haiinem 3Ha4yeHUs ypOBHEW psiAa, MOJIYYEHHBIE 110 aJJIUTUBHOU
mozenu. st 3Toro mpuOaBUM K YpOBHSM [ 3HAYCHUS CE30HHOW KOMITOHEHTBI
JUISl COOTBETCTBYIOIIMX KBapTajioB (Tp. 6 Tabdu. 4.7).

Ha ognom rpaduke oTia0KuM (paKTHUECKHE 3HAUYECHUS YPOBHEH BPEMEHHOTO

psaga 1 TCOPCTUICCKUC, ITOJTYYCHHBIC 110 aI[I[I/ITHBHOﬁ MOJICIIH.

Puc. 4.6

]_—[JIH OILCHKHN KadCCTBa HOCTpOCHHOﬁ MOACIIN ITPUMCHUM CYMMY KBaJApaTOB

MOJIYYEHHBIX a0COTIOTHBIX OIIMOOK.

116



2E 37911973 _
D (- 1252743,75

R’ =1-

0,970.

CrnenmoBaTebHO, MOXKHO CKa3aTh, YTO aJIMTHBHAS MOJCIH OOBsICHAET 97%
0011ei BapualMy ypoBHEH BPEMEHHOI'O psja KOJHWYeCTBa IMPaBOHAPYIICHUU IO
KBapTanam 3a 4 rojua.

a2 6. ITporHo3upoBaHue MO AAAUTUBHON Mojaenu. [Ipeamnonoxum, 4To mo

HalleMy [puMepy HeoOXoAuMo JaTh OporHo3 o0 oOmeM  oObeMme

npaBoHapymenuii Ha I u II kBapramsl 2003 roma. IIporHosHoe 3nauenue F|

YPOBHSI BPEMEHHOIO psAla B AJJUTUBHOM MOJIEIA €CTh CyMMa TPEHIOBOW M
CE30HHOM KOMIIOHEHT. [[J14 ompeiesieHusi TpeHA0BOW KOMIIOHEHTBI BOCTIOIB3YEMCS
YpPaBHEHUEM TPEH/IA:

T'=671,777+0,9233-¢.

[Tomyuyum:

T, =671,777+0,9233-17 = 687,473;
T, =671,777+0,9233-18 = 688,396.

3Ha4YeHUs CE30HHBIX KOMITIOHEHT 3a COOTBCTCTBYIOINMEC KBapTajibl PAaBHLI:

S, =-292,448 u S, =-266,781. Takum o6paszom,
F,=T,+S8, =687,473 292,448 ~ 395;
F,=T,+S, = 688,396 266,781~ 422.
T. e. B mepBrie aBa kBaptayna 2003 r. cienoBano oxuaaTh nopsanka 395 u
422 npaBOHAPYLICHUN COOTBETCTBEHHO.
[TocTpoeHne MyNbTUIUIMKATUBHOM MOJEIM pPAacCMOTPUM Ha JIaHHBIX
IPEABIAYIIErO IPUMEPA.
Hlaz 1. Metonuka, mpuMeHsieMas Ha 3TOM Illare, MOJHOCTBIO COBMAJAET C

METOJIMKOU MOCTPOCHUS aITUTUBHON MOJEIIH.

117



Tabmuua 4.8

Konnuectso
Ne NpPaBOHAPYIIEHHI, Uroro 3a C(:I;(;J;;?;Iﬂﬂl;ﬂ LlenTpupoBanHas OueHKaU
KBapTana, YeTbIpe CKOJIb3SI111ast CE30HHOU
t 3 KBapTaja HCTPIDE CpeaHsIs KOMIIOHEHTBI
Vi KBapTana

1 2 3 4 5 6

1 375 - - - -

2 371 2630 657,5 - -

3 869 2612 653 655,25 1,3262
4 1015 2712 678 665,5 1,5252
5 357 2835 708,75 693,75 0,5146
6 471 2840 710 709,375 0,6640
7 992 2873 718,25 714,125 1,3891
8 1020 2757 689,25 703,75 1,4494
9 390 2757 689,25 689,25 0,5658
10 355 2642 660,5 674,875 0,5260
11 992 2713 678,25 669,375 1,4820
12 905 2812 703 690,625 1,3104
13 461 2740 685 694 0,6643
14 454 2762 690,5 687,75 0,6601
15 920 - - - -

16 927 — — — —

Illaz 2. HalineM OLICHKUA CE€30HHON KOMITOHEHTHI KaK YaCTHOE OT JEJICHUS
(dbakTHYECKNX YpOBHEW psija Ha IEHTPUPOBAHHBIC CKOJIB3AIIUE cpeaHue (rp. 6
Tabn. 4.8). DT OLEHKU HMCHONL3YIOTCS IS PACUeTa CE30HHOM KOMIOHEHTHI S

(Tabmn. 4.9). lns sToro HaWjaeM CpelHHE 3a KaXIbld KBapTall OICHKU CE30HHOMN

KOMITIOHCHTHI Si . Tak KC, KaK U B a,HI[I/ITHBHOfI MOACIHU, CUHUTACTCA, 4YTO CC30HHBIC

BO3JEHUCTBUS 3a NIEPUOJ B3aUMOIOralllatoTCs. B MyJIbTUIIIIMKATUBHOM MOJENIU ITO
BBIPAXKAETCA B TOM, YTO CyMMa 3HAQYEHHUU CE30HHOM KOMIIOHEHTHI MO BCEM
KBapTajaM JOJKHA OBITH paBHA YMCITY MEPUOOB B ITMKJIE. B HaieM ciydyae 9yucio

MIEPUOOB OJIHOTO IMKJIA PaBHO 4.

Tabmnuna 4.9
[Tokazarenu Ne kBaprana, 1
Ton I 10 I v
1999 1,3262 1,5252

2000 0,5146 0,6640 1,3891 1,4494

2001 0,5658 0,5260 1,4820 1,3104

2002 0,6643 0,6601

Bcero 3a i -if kBapra 1,7447 1,8501 4,1973 4,2850
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Oxkonuanue Ta01. 4.9.

[Mokazarenu Ne kBaprana, i
Ton I 11 11 v
CpenHsisi olieHKa
CE30HHOI KOMIOHEHTHI 0,5816 | 06167 | 13991 | 1,4283
TSt 1-TO KBapTana, J,
CxoppeKkTupoBaHHas
CE30HHAs KOMIIOHECHTA, 0,5779 0,6128 1,3901 1,4192
Si
Nmeem:

0,5816+0,6167 +1,3991+1,4283 =4,0257.

OmnpenensieM KOPPEKTUPYIOMIHHN KOIPDUIIUEHT:

k= 44 0257 = 0:9936.

CKOppCKTI/IpOBaHHBIG 3HAQYCHUSI CE30HHOM KOMIIOHEHTBI Si IMOJIYYarOTCA

IPH YMHOKCHHH €€ Cpe/IHel OLIeHKH J; Ha KOpPPeKTUpYyoumii KoaddumueHt k .

[IpoBepsiem yciioBuE paBEHCTBO 4 CyMMBbI 3HAYEHUM CE30HHON KOMIIOHEHTHI:

0,5779+0,6128+1,3901+1,4192 =4.

Ilaz 3. PaznenuM KaKIbld YPOBEHb HCXOJHOTO Psiia HA COOTBETCTBYIOIINE

3HAQUCHUS CE30HHOM KOMIIOHCHTHI. B pPE3YyIIbTAaTC IIOJYYUM  BCIIMYMHBI

T-E=Y/S (rp. 4 tabn. 4.10), xoTopble cCOmEPkaT TONBKO TEHIEHIMIO W

CIIyYaliHY0 KOMIIOHEHTY.

Tabnuua 4.10

t Vi S yt/Si T T-S E:yt/(T'S)
1 2 3 4 5 6 7

1 375 0,5779 648,9012 654,9173 378,4767 0,9908
2 371 0,6128 605,4178 658,1982 403,3439 0,9198
3 869 1,3901 625,1349 661,4791 919,5221 0,9451
4 1015 1,4192 715,1917 664,7600 943,4274 1,0759
5 357 0,5779 617,7539 668,0409 386,0608 0,9247
6 471 0,6128 768,6031 671,3218 411,3860 1,1449
7 992 1,3901 713,6177 674,6027 937,7652 1,0578
8 1020 1,4192 718,7148 677,8836 962,0524 1,0602
9 390 0,5779 674,8572 681,1645 393,6450 0,9907
10 355 0,6128 579,3081 684,4454 419,4281 0,8464
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Oxkonuanwue Taoi. 4.10

t Vi S yt/Si T T-§ E:yt/(T'S)
1 2 3 4 5 6 7

11 992 1,3901 713,6177 687,7263 956,0083 1,0377

12 905 1,4192 637,6832 691,0072 980,6774 0,9228

13 461 0,5779 797,7159 694,2881 401,2291 1,1490

14 454 0,6128 740,8616 697,5690 427,4703 1,0621

15 920 1,3901 661,8229 700,8499 974,2515 0,9443

16 927 1,4192 653,1849 704,1308 999,3024 0,9277

Ilaz 4. OnpenenuiM KOMIOHEHTY 1 B MYJIBTHUIUTMKATHBHOM Momenu. JIis
3TOrO PacCUYUTAEM MapaMeTphl JIMHEHHOTO TPeHIa, MChonb3yst yposuu 1 - E. B

pe3yibTaTe MoJy4yruM ypaBHEHUE TPEHIA:
T'=651,6364+3,2809-¢.
[Moxcrasiss B 9T0 ypaBHenue 3Hadenus { =1, 2, ..., 16, naiinem yposuu T

JUTSI KaXKI0T0 MOMEHTa BpeMeHu (Tp. 5 tadum. 4.10).

IITaz 5. Haiinem ypoBHH psifia, YMHOXHB 3Ha4eHUsT 1 Ha COOTBETCTBYIOIINE
3HAYEHUs CE30HHOM KOMIOHEeHThl (rp. 6 Tabm. 4.10). Ha omHom rpaduke
oTKJIangpiBaeM  (aKTUYECKHME 3HAYEHUS  ypOBHEH BpPEMEHHOTOo psna u

TCOPCTUUCCKUC, ITOJTYUYCHHBIC I10 MYJILTI/IHJIHKaTHBHOfl MOJCJIN.
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Puc. 4.7

Pacuer ommOku B MyJNbTUIUIMKATUBHOM MOJIEIM MPOU3BOJIUTCA IO
bopmyiie:
E=Y/(T-S).
JIns  cpaBHEHMsT MYJBTUIUIMKATUBHOM MOJEIM MW JAPYIMX MOJEIen

BPEMCHHOTO psAda MOXXHO, IIO0 dHAJIOTHUH C a,H,HHTHBHOfI MOACIIBIO, UCIIOJIB30BAThH

2
CyMMY KBaJpaToB a0COJIOTHBIX OIIUOOK ( yv,—T-§ ) :

— 2 0-T-S? 430692
R*=1 — =] =
> (3, -y) 12527435

CpaBHI/IBaH MMOKa3aTc/In ACTCPMHUHAIINN aﬂI[HTHBHOfI n My.TIBTHHJIPIKElTPIBHOﬁ

0,966

MOJZIEJIEN, J€JIaéM BBIBOJ, YTO OHHM IPUMEPHO OJMHAKOBO aNNPOKCUMHUPYIOT

HCXOAHBIC JaHHBIC.
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Ilaz 6. IlporHo3upoBaHHE MO MYJbTUIUIMKATUBHOM Moxaenu. Eciam
MPEANOI0XKUTh, YTO MO HAllleMy MpUMEpY HEOOXOJIMMO JaTh MPOTHO3 00 00IIeM

obbeme npaBoHapymienuid Ha | u Il kBapranel 2003 roga, MpOrHO3HOE 3HAUCHUE

E YPOBHA BPpEMCHHOI'O pPsAa B MYHBTHHHHKaTHBHOfI MOJECIN €CTh IMPOU3BCIACHHUC

TPEHAOBOM M CE30HHOW KOMNOHEHT. U1 onpeneneHus TPEHIOBOW KOMIIOHEHTBI
BOCIIOJIb3YEMCsl YPaBHEHUEM TPEH/IA:
T'=651,6364+3,2809-¢.

[Homyunm:

1,,=651,6364+3,2809-17=707,4117;
T, =651,6364+3,2809-18 =710,6926.

3HaueHMUs CE30HHBIX KOMIIOHEHT 3a COOTBCTCTBYIOINMEC KBapTajbl PAaBHLI:

S =0,5779 u S, = 0,6128. Taxuu oGpasom:
F.=T,-8 =707,4117-0,5779 ~ 409;
F,=T,-S, =710,6926-0,6128 ~ 436.
T. e. B nepsble aBa kBaprana 2003 I. cIe10BalI0 0KHAATh mopsaka 409 u
436 nmpaBOHAPYILICHUH COOTBETCTBEHHO.

Takum 06p8.30M, AJIUTUBHAd W MYJbTUINIMKATHBHAA MOJICIN HAr0T

MPUMEPHO OJIMHAKOBBIA PE3YJIbTAT MO MPOTHO3Y.
4.4. ABTokoppeasinus B octatkax. Kpurepuii [lapouna-Yorcona

ABTOKOppEJALMS B OCTaTKaX MOXET OBITh BbI3BaHA HECKOJbKUMU
MIPUYUHAMHA, UIMEIOIIUMH PA3JTUYHYIO TPUPOLY.

1. Ona MOXeT OBbITh CBA3aHA C UCXOAHBIMU JTAHHBIMU M BbI3BaHa HAJIUYHEM
OIMOOK U3MEPEHUS B 3HAUEHUSAX PE3yIbTaTUBHOTO MTPU3HAKA.

2. B psage choydaeB  aBTOKOPPENALMS MOXET OBITh  CIIECTBUEM
HEeMpaBWIbHOW crienuukanuu Mozaenud. Mojienb MOXET He BKIouYaTh (hakTop,
KOTOPBIA OKAa3bIBAET CYIIECTBEHHOE BO3JCHCTBHE HA pE3yJbTAT W BIIHUSHUE

KOTOPOT'O OTPAXKACTCA B OCTATKAX, BCIICACTBUC YCTO ITOCJICIHHUC MOI'YT OKa3aTbCiA
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aBTOKOppenupoBaHHBIMUA. O4YeHb dYacTo O3TUM (AKTOpOM sBISETCS (HaKTOP
BpPEMEHH [ .

OT UCTHUHHON AaBTOKOPPEISIMA OCTAaTKOB CIEAYET OTJIWYaTh CHUTYAIlUH,
KOT/Ia MPUYMHA aBTOKOPPEISIIMU 3aKII0YaeTCsl B HEMPABHIBHOW crienudukanuu
byHKUMOHANBHOU (GopMbl Mozenu. B 3ToMm ciydae ciienyer M3MEHUTHh (opMy
MOJIEJIM, a HE€ MUCHOJB30BAaTh CIELHUAJIbHBIE METOJAbl pacyera IapaMeTpoB
YPaBHEHUs PErPECCUU IIPU HATMUYUU aBTOKOPPEIALIMU B OCTATKAX.

Onun u3 6oJiee pacpOCTPaHEHHBIX METOI0B OMPEAEIIEHUS aBTOKOPPEIIALINU

B OCTaTKax — 3TO pacuetr kputepus lapOuna-YorcoHa:

n

Z(gt — & )2

d =1=2 _ 4.5)

2
Q¢

t=1

T. e. BemuuuHa d €CTh OTHOUIEHME CYMMBI KBaIpaTOB pPa3sHOCTEH
IIOCJICIOBATENBHBIX 3HAYEHUW OCTAaTKOB K OCTaTOYHOM CyMM€ KBaJpaToB IO
MOJIENIN PETPECCHUMN.

MO>KHO MOKa3aTh, 9TO MPHU OOJBIINX 3HAYCHHUSIX /1 CYIIECTBYET CIEAYIOIICe

COOTHOLIEHME MeXay kputepueM JlapOuna-Yorcoma d wu kod(hpuIMeHTOM

aBTOKOPPEIIAIMK OCTATKOB IIEPBOTO MOPSIKA 7;:
d=2-(1-1). (4.6)
Takum O6p330M, CCJIM B OCTAaTKaX CYHCCTBYCT IIOJIHAA IIOJIOKUTCIIbHAA
aBTOKOppEILIIUS U 7, = I, To d =0. Ecnu B ocrarkax moiHas OTpULATENLHAS
aBTOKOppEJIIUs, TO 7, = —1 u, cnenosarensno, d =4. Ecnu aBToKOppensuus

ocratkoB orcyrctByer, T0 ;, =0 u d =2.T.e. 0<d < 4.
ANrOpUTM BBISBICHHS ABTOKOPPEIALMU OCTATKOB HAa OCHOBE KpPUTEPHS

Japbuna-Yorcona cueayroumuii. Beiauraercs rumoresa H, 0 00 OTCyTCTBUHM

*
aBTOKOPPEIILINM OCTAaTKOB. AJbTepHaTHBHbIe runoressl [, u H| cocrosr,

COOTBCTCTBCHHO, B HaJIN4NN MOJI0KUTEIBHOM NN OTpHHaTGHBHOﬁ
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aBTOKOppensiuuu B ocTaTkax. Jlamee mno coenuanbHbIM —TabiuuaMm  (cMm.

npwioxkenue E) onpenensitorcss KpuUTHYEeCKuWe 3HaueHus kpurepus JlapOuna-

Vorcona d U dU JUIS 3aJJaHHOTO0 YHCJIa HAOIIOACHHMH 71, YMCJia HE3aBHCHUMBIX
MEPEMEHHBIX MOJIEIU M1 Y YPOBHA 3HAUMMOCTH & . [10 3TUM 3HAYECHUAM YHCIOBOM

IIPOMEKYTOK [O; 4] pa30MBAIOT HA MATH OTPE3KOB. [IpUHATHE WIM OTKIOHEHHE

K@KIOM M3 THUIIOTE3 C BEPOATHOCTBIO |—( OCYLIECTBISAETCA ClIELYIONIMM
obpazom:

O0<d<d, — ectsp mnonoxurensHas aBTOKOPPENSUHs OCTaTkoB, [
OTKJIOHSETCS, ¢ BeposiTHOCTRIO P =1— ¢ npunumaercs H ;

d, <d <d, —30Ha HeonpeneICHHOCTH;

d, <d <4—-d, — wer ocHoBanuii oTkiIOHATs [, T.c. aBTOKOppEISLIHS
OCTaTKOB OTCYTCTBYET;

4—d, <d <4—d, —30na HEONPEIENCHHOCTH;

4—d, <d <4 - ecrp orpuiaTenbHas aBTOKOPPEISUMs OCTAaTKOB, [,

*
OTKJIOHsIeTCsI, ¢ BeposiTHOCThI0 P =1 — ¢ npunumaercs H, .

Ecnu daxtuueckoe 3nauenne kpurepus Jlapouna-YorcoHa nonagaet B 30Hy

HCOIIPCACIICHHOCTHU, TO Ha IMPAKTUKC npeamoiaratoT CyIcCTBOBAHHC

ABTOKOppPCIKIINU OCTATKOB U OTKJIOHAIOT THIIOTE3Y H, 0-

IHpumep. [IpoBepuM rumnoresy 0 HaJIUUYUKU aBTOKOPPEISALMU B OCTaTKaX JJIis
aJIUTHUBHOM MOJIEJIA HAIIETO BPEMEHHOro psna. McXxoaHele JaHHBIE W

IMPOMCIKYTOYHBIC paCUYCThbl 3aHOCHM B Ta6JII/IHy:
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Tabnuua 4.11

{ Vi & = E € (gt —& )2 8t2
1 2 3 4 5 6
1 375 -5,252 - - 27,584
2 371 -35,843 -5,252 935,8093 1284,7
3 869 -74,183 -35,843 1469,956 5503,1
4 1015 48,937 -74,183 15158,53 2394,8
5 357 -26,946 48,937 5758,23 726,09
6 471 60,464 -26,946 7640,508 3655,9
7 992 45,124 60,464 235,3156 2036,2
8 1020 50,244 45,124 26,2144 2524,5
9 390 2,361 50,244 2292,782 5,574
10 355 -59,229 2,361 3793,328 3508,1
11 992 41,431 -59,229 10132,44 1716,5
12 905 -68,450 41,431 12073,83 4685,4
13 461 69,668 -68,45 19076,58 4853,6
14 454 36,078 69,668 1128,288 1301,6
15 920 -34,263 36,078 4947,856 1174
16 927 -50,143 -34,263 252,1744 2514,3

Cymma -0,002 50,141 84921,85 37911,97

daKTHYeCKOE 3HAYCHHUE KpuUTcpus I[ap61/IHa-y0TCOHa JIIA I[aHHOﬁ MOACIIN

COCTaBJIACT.

g 84921,85 _2.24
37911,97

Cdopmymupyem runoressl: |, — B ocratkax HeT aBTokoppensinuu; 1, — B

*

OCTaTKaXx ecTb IOJIOKHUTEIbHAs aBTOKoppemsiuus; F{;, — B ocTaTkax ecTb
OTpHIIaTeNbHAs aBTOKOppeslys. 3anaaum yposerb 3HaunMoctn « = 0,05. Tlo

Tabnuile 3HaueHu Kpurepus JlapOuHa-YoTcoHa ompenenuM A 4HCIIa

HaOmogennii 7 =16 u uuciaa He3aBUCUMBIX mapameTpoB moxenn k =1 (Mbl

paccMaTpuBaeM TOJBKO 3aBUCHUMOCTh OT BPEMEHHM [) KPUTHUECKHUE 3HAYCHUS

d, =1,10 u d, =1,37. ®akrudeckoe 3nauenue d -kpurepus Japouna-YorcoHa
nomagaet B uHTepBan d, <d <4-—d, (1,37<2,24<2,63). CnenoBareinbHo, HET

OCHOBAHHA OTKIJIOHATH T'HMITIOTC3Y H 0 00 OTCYTCTBHUH aBTOKOPPCILIOUN B OCTATKAX.
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CylecTByeT HECKOJIBKO OTPpaHUYCHHUN Ha MpUMEHeHue Kputepus JlapOuna-
Yorcosa.

1. OH HenmpuUMEHHM K MOJEINSM, BKIIOYAIOIIUM B KA4E€CTBE HE3aBUCHMBIX
IIEPEMEHHBIX JIarOBbIEC 3HAYEHHUS PE3YJIbTATUBHOTO MTPU3HAKA.

2. Meronuka pacuera M HUCNONb30BaHUsS Kkputepus JlapOuna-YorcoHa
HaIpaBJICHA TOJbKO HA BBISIBICHUE aBTOKOPPEISLIMU OCTATKOB MEPBOTO MOPAJIKA.

3. Kpurepuii JlapOuHa-YoTcOHa AaeT JOCTOBEPHBIE PE3YNbTAThl TOJIBKO

JUIS1 OOJIBIIIUX BBEIOOPOK.
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Ipuioxenue A’
Ciy4yaliHble epeMeHHbIEe

JAuckperHas ciiydailHasi mepeMeHHast

Bame WHTYWTMBHOE TIOHMMAaHUE BEPOATHOCTH IIOYTH  HABEPHAKA
COOTBETCTBYET 3aJ1a4aM 3TOM KHUTHU, U IIOATOMY MbI OIIYCTUM TPAJAULIMOHHBIN
paszliel 4UCTOW TEOpUU BEpPOSITHOCTEM, XOTS OH MOr Obl OBITH BechbMa
YBIICKATEIIbHBIM.  MHOTHE€  JIFOAM  HEMOCPEACTBEHHO  CTAJKUBAIUCH  C
BEPOATHOCTSAMHM, Y4YacTBys B JIOTEpEsX M  a3apTHBIX HWrpax, MU HX
3aMHTEPECOBAHHOCTh B TOM, Y€M OHHM 3aHMMAJMCh, YacTO MPUBOAWIA K
YAUBUTEIIBHO BBICOKOW MPAKTHUUECKON KOMIETEHTHOCTH, OOBIYHO TMPU IOJIHOM
OTCYTCTBUH (POPMaATBHOM MOJATOTOBKH.

MBI HayHEM HEMOCPEACTBEHHO C JHUCKPETHBIX CIyYalHBIX MEPEMEHHBIX.
CnyudaliHas mepeMeHHasi — 3To Jito0as MepeMeHHasi, 3HaYeHHEe KOTOPO HE MOXKET
ObITh TOYHO TpencKka3zaHo. JIMCKpeTHOW Ha3bIBaeTCa CcllydailHas BeJIMYWHA,
UMEIOIAasi OMpEeICHHBI HabOp BO3MOXHBIX 3HadeHuil. [lpumep — cymma
BBINIABIINX OYKOB MpPU OpOCAHUU JBYX HUrpaibHbIX KocTed. [Ipumep cimydaitHon
BEJIMYMHBI, HE ABJSIONICHCS TUCKPETHOW, — TemIeparypa B kKomHaTe. OHa MOXKET
MPUHATH JTI000€ U3 HEMPEPHIBHOTO JUAINa30HA 3HAYCHUM U SIBISIETCS TMPUMEPOM
HEIMPEPBIBHOM CIy4ailHON BenW4YuHBI. K pacCMOTpEHHIO TaKWX BEJIMYHMH B 3TOM
IIPUJIOKEHUH MBI IEPENIEM TTO3XKE.

[Ipomomxass pa3roBop O IIpUMEpE € JABYMsS WIPAIBbHBIMU KOCTSIMHU,
MPEANOJIOAKUM, YTO OJHA U3 HUX 3eJIeHas, a JApyras — KpacHas. Eciu ux Opocuts,
TO BO3MOHBI 36 3JIEMEHTapPHBIX UCXOJ0B DKCIEPUMEHTA, MMOCKOJIBKY Ha 3€JICHOMN
KOCTH MOJXET BBINACTh JI000€ Yucio oT 1 10 6 U TO ke camoe — Ha KPacHOM.
CrnyyaitHas mepeMeHHas, onpe/ieJieHHas] KaKk UX CyMMa, KOTOPYIO Mbl 0003HAYUM

yepes3 X, MOXKET MPUHUMATH TOJIBKO OJHO U3 11 4ncinoBbIX 3HaUeHMM — oT 2 110 12.

> 3a OCHOBY IIPUJIOKEHHS A B3AT yueOHUK [4].
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B3zauMocBs3p MeXAy HUCXOAAaMH JKCHEPUMEHTAa W 3HAUYEHUSAMHU CIIy4alHOMN

BCJIMYMUHBI B JAHHOM CJIYy4acC ITIOKa3daHa B Tabm. A.l.

Tabmuma A.1
KpacHas 3eneHas

1 2 3 4 5 6
1 2 3 4 5 6 7
2 3 4 5 6 7 8
3 4 5 6 7 8 9
4 5 6 7 8 9 10
5 6 7 8 9 10 11
6 7 8 9 10 11 12

[IpenmnonoxkuB, 4TO KOCTU «IPABUIBHBIE», MBI MOXEM BOCIIOJIb30BaThCS
Tabin. A.l g ompenereHus BEPOATHOCTH Kaxaoro 3HaueHus X . [lockonbKy Ha
KOCTSIX UMeeTcsl 36 pa3InyHbIX KOMOWHALMN, KaXKIbli UCXOJl UMEET BEPOSITHOCTD
1/36. Jlums omHa W3 BO3MOXKHBIX KOMOWHAnui {3eneHas=l, kpacHas=1} maer
CYMMy, paBHYIO 2, TaKk 4TO BeposTHOCTL X =2 pasHa 1/36. UToOBI HOIYyYUTH
cymmy X =7, HaMm moTpeOyroTCs codeTaHust {3eneHas=l, KpacHas=6}, 1m0o
{3enenas=2, kpacHas=5}, nubo {3eneHas=3, kpacHas=4}, nubo {3eneHas=4,
KpacHas=3}, nubo {3eneHas=5, KpacHas=2}, nubo {3eneHas=6, kpacHas=1}. B
JAHHOM CJIy4ae Hac yCTpOAT 6 BO3MOXHBIX HCXOJOB, U MOATOMY BEpPOSTHOCTH
nostydeHus 7 paBHa 6/36. Bce ot BeposaTHOCTH nipuBeieHbl B Ta0n. A.2. Eciu Bce
UX CIIOKHUTb, TO MOJYYUTCS pOBHO 1. T0 OyAET Tak, MOCKOJBbKY C BEPOSTHOCTHIO
100% paccmaTpuBaemasi CyMMa MPUMET OJTHO U3 3HAYeHU oT 2 10 12.

Tabomumna A.2

3HaueHust X 2 3 4 5 6 7 8 9 10 11 12

BepositHocTs | 1/36 | 2/36 | 3/36 | 4/36 | 5/36 | 6/36 | 5/36 | 4/36 | 3/36 | 2/36 | 1/36

COBOKYIIHOCThP BCE€X BO3MOXHBIX 3HAQYEHUM CIIy4YalHOW NIEPEMEHHOU
OIUCBHIBACTCS TEHEPAIBHOW COBOKYIIHOCTBIO, M3 KOTOPOW W3BIIEKAIOTCSA OTHU
3HaueHus. B HameM ciydae reHepajibHasi COBOKYIHOCTb — 3TO Ha0Op 4Mcen OT 2

o 12.
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MartemaTnuyeckoe OKUIaHue TUCKPETHOM CJIY4aAHHON BeJIUYHHbI

MaremaTn4yeckoe OXHUIAHUE JHUCKPETHOM CIyYalHOM BEIIMYUHBI — 3TO
B3BCILICHHOE CpEeJHEe BCEX €€ BO3MOXKHBIX 3HAUYCHUH, MpPUUYEM B KadyeCTBE
BecoBOro koddduimenta 6epercsi BEpOSTHOCTh COOTBETCTBYIOIIEIO MCXOJa. BbI
MOYETE€ PACCYUTATh €ro, MEPEMHOKHB BCE BO3MOXHBIC 3HAYCHUS CIyYalHOU
BEJIMYMHBI HAa UX BEPOATHOCTH U MPOCYMMHUPOBAB IOJIYUYECHHBIC MPOU3BEIACHUS.

Marematuuecku, €ciu Cily4yaiiHas BelWymHa oOOO3HAaueHa Kak X, TO €€

MaTeMaTH4YecKoe okuaaHue obo3Havaercst kak M (x) Wi m_.

HpCI[HOJ'IO}KI/IM, 9gTO X MOXCT IIpHMHHMMATh # KOHKPCTHBIX 3HAYCHUMN

(xl, KXoy eeny Xn) " 9TO BCPOATHOCTD ITOJTYYCHHA Xl- paBHa pi' Torna:

M(x)=x1p1+x2p2+...+xnpn :le.pi. (A.1)

i=1
B ClIy4dac C ABYM:A KOCTAMHU BCIMYHNHAMU OT Xl a0 Xn ObLIM Yunclia oT 2 a0

12. MaTemaTnueckoe 0KUJaHUE PACCUNUTHIBACTCS TaK:

M(x):2-L+3-i+4-i+...+ll-i+12-L:7.
36 36 36 36 36
[Ipexne ueM MOWTH Hanblle, PacCMOTPUM elle Oojiee MPOCTOM MpUMEP
CIIyyallHOM TMEepeMEeHHOW — YHUCJIO OYKOB, BBINMAJANOIIEEe MPU OpOCAaHUU JIMIIb
OZHOW UTPAJILHOU KOCTH.

B naHHOM ciydae BO3MOXHBI IIeCTb UCXOm0B: X, =1, x, =2, ..., x, =6,

Kaxxaplit ncxoa nMeeT BeposTHOCTD 1/6, TO3TOMY 37€Ch:
1 1 1 1 1 |
M(x)=1-—+2-—+43-—+4-—+5-—+6-—=3,5. (A.2)
6 6 6 6 6 6
B nmanHOM cilyyae MaTeMaTHYECKHM OXXHUJIAHUEM CIy4alHOW NEPEMEHHOU
SBJIIETCSI YUCIIO, KOTOPOE caMo M0 ce0e He MOXKET OBbITh MOJIYYeHO TIPU OpocaHuu

KOCTH.
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MareMaTu4eckoe OXKHAAHWUE CIIy4YalHOM BEJIIMYMHBI YaCTO HA3BIBAKOT €€
CPEOHUM N0 2eHepanbHOU Cco8OKynHocmu. JIJisi ClIydalHOW BEIWYUMHBI X 3TO

3HAYE€HHE YacTO 0003HAYaeTCs KaK M.

MaremaTnuyeckue 0:KUIAHUA PYHKIUN JUCKPETHBIX CIYYaAHHBIX

IMEPEMECHHDBIX

IIycth g(x) — wHekoropas ¢yHkuus or Xx. Torma M ( g(x)) —
MaTEMaTHYECKOE OKHUIAHUE g(x) 3alMCHIBACTCS KaK:

M(g(x))=>g(x)p,, (A3)

ra¢ CyMMHPOBAHHUEC IIPOU3BOAHTCS IO BCEM BO3MOXHBIM 3HAYCHHUAM X . B Taom.

A.3 mokaszaHa II0CJIed0BaTCIbHOCTh IMPAKTHUYCCKOIO pacucTra mamemamuiecKkozco

odrcudanust pyHKyuu Ot X .

Tabmuma A.3

X BepostHocTh | DYHKIMS OT X q)yHKH]:;OB;fggéiiHaﬂ 1o
X P g(xl) g(xl)pl
X, )2 g(xz) g(xz)p2
X, P, g(x,) g(x,)p,

Beero M(g(X))=2 g(x)p,

[Tpeanonoxum, 4To X MOXET IPUHUMATh /I Pa3IUYHBIX 3HAYEHUH OT X, 110
X, C COOTBETCTBYIOLIMMH BEPOATHOCTAMU OT p, 10 p . B mepBoil KojaoHke

3alMCBIBAIOTCS BCE BO3MOJKHBIE 3HaueHus X. Bo BTOpoil — 3amuchIBaroTCsA
COOTBETCTBYIOIINE BEPOSATHOCTU. B TpeThell KOJIOHKE PACCUUTHIBAIOTCS 3HAUCHUS
GYHKIMM 17 COOTBETCTBYIOIIMX BEIWYMH X. B yeTBepToil KoOJIOHKE
MIEPEMHOMXKAIOTCS YKCIIa U3 KOJIOHOK 2 U 3. OTBET MPUBOAUTCA B CyMMUPYIOLIEH

CTPOKE KOJIOHKH 4.
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2
Paccunraem wmaremaThueckoe OXHMAAHWE BeIWYUMHBI X . [nga 3Toro
paccCMOTpUM TIPUMEpP C YHCIIAMH, BBIMAJAONIMMH MPU OpPOCAaHUM OJTHON KOCTH.

Hcnons30BaB cxeMy, IPUBEICHHYIO B Ta01. A.3, 3anosHuM Taodi. A.4.

Tabmuna A.4

X; Pi X; X p,
1 2 3 4
1 1/6 1 0,167
2 1/6 4 0,667
3 1/6 9 1,500
4 1/6 16 2,667
5 1/6 25 4,167
6 1/6 36 6,000

Bcero 15,167

o o 2
B YCTBCPTOHU €€ KOJIOHKC JaHbl INCCTh 3HAUCHHMU X , B3BCHICHHBIX IIO

COOTBETCTBYIOIIUM BEPOATHOCTSM, KOTOPbIE B JaHHOM MPUMEPE BCE PABHAIOTCS
2 2
1/6. Tlo ompenencuuto BenuunHa M (x ) paBHa le. D, , OHa TIpUBEIEHA KaK

CyMMa B YETBEPTOU KOJIOHKE U paBHa 15, 167.

MaremaTudeckoe OKHJaHue X , KaK yke ObLI0 ToKa3aHo, paBHO 3,5, u 3,5 B

kBajgpare paBHOo 12,25. Takum obGpasom, Beawuwmna M (xz) HE paBHa ,uz, U,

2
CIIEIOBATENBHO, HYXXHO AaKKypaTHO MPOBOAWTH paziuuus mexay M (x ) u

(M (x)}

HpaBI/IJ'Ia pacdera MAaTEMAaTHYC€CKOI0 O KUJIaHUSA

CylecTBYIOT TpU IIpaBuja, KOTOPbI€ YacCTO HUCHOJIB3YIOTCS. DTH IMpaBuUia
MPAKTUYECKA CaMOOYEBUAHBI, U OHU OJWHAKOBO MPUMEHUMBI JJISI JUCKPETHBIX U
HETPEPBIBHBIX CIIYYANHBIX IEPEMEHHBIX.

Ilpasuno 1. MaTtemaTH4eCcKOE OXKHUJIAHUE CYMMbI HECKOJIBKMX MEPEMEHHBIX
paBHO CyMME MX MaTE€MAaTHYECKUX OXuJaHui. Hampumep, ecim uMeroTcs Tpu

CIIy4aliHbIC IIEPEMEHHBIE X, V U Z, TO:
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M(x+y+z):M(x)+M(y)+M(z). (A.4)
IIpaguno 2. Ecnu ciydaiiHasi IepeMeHHas YMHOKACTCS Ha KOHCTAHTY, TO €€

MAaTeMaTUICCKOC OXHNIAHUC YMHOXKACTCA Ha Ty KC KOHCTAHTY. Ecrm x -

cilydaiiHas mepeMeHHasi U d — KOHCTaHTa, TO:
M(a-x)za-M(x). (A.5)
Ilpaguno 3. MaremaTndeckoe OXHUIAHHE KOHCTAHThl €CTh OHA Ccama.

Hamnpuwmep, ecnu @ — KOHCTaHTa, TO
M (a) =q. (A.6)
Cnedcmeue U3 TpexX MpPaBUIL:
M(a+b-x)=a+b-M(x).
He3aBHCHUMOCTD CJOy4YallHbIX MePeMeHHbIX

I[Be CJ'Iy‘IElfIHBIG NEPEMCHHBIC X W ) HA3bIBAIOTCA HE3AaBUCHUMBIMHU, €CIIN:

M(f(x)-g(v))=M(f(x))-M(g(»)) (A7)
i M00bIX QyHKIME [ (x) 151 g( y). N3 He3aBUCUMOCTH CIIELyEeT KaK BaKHBIN

YACTHBIN CITy4aii, 4To M(x-y) =M(x) M(y)

Teopernueckas AUCHEepCcUsi AMCKPETHOM CIAYYAUHOU NepeMeHHO

Teopernueckas nucrnepcus sBISIETCS Mepoi pazdpoca AJisi BEPOSITHOCTHOTO

PaCIIpCaACICHUA. Omna OoIpCACIACTCA KaK MATCMATHYCCKOC OXKHUIAaHUC KBaJpaTa

o 2
Pa3HOCTH MCXKAY BCIIMYHNHOHU X U €€ CPCIHHM, T. €. BCITUYHHBI (x - IU) , THe U —

2
MATEMATHYECKOEC OXHIAHHE X . I[I/ICHCPCI/IH OOBIYHO 0003HaYaeTcs Kak Ux nin

D(x), Y €CJIH SICHO, O KaKOW MEPEMEHHON UIET PE€UYb, TO HUXKHUM UHIECKC MOXKET

OBITH OITYIIICH:

(x—u) p. (A8)
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2
U3 O-x MOXHO ITOJYYHUTb Gx — cpedﬂee K@d()pamull€CKO€ OMKJIOHEeHUEe —

CTOJIb € PacpPOCTPAHEHHYIO Mepy pazOpoca ISl pacrpeesieHus] BEpOSITHOCTEH;
CpelHee KBaJIpaTHUeCKOE OTKJIOHEHUE CIIy4alHON MEepeMEHHOW €CTh KBaJpaTHBIN
KOPEHb U3 €€ JUCIEPCHH.

MBI IPOMLTIOCTPUPYEM pacdeT AUCIIEPCHH Ha TIPUMEPE C OJHON MIPAbHOM

2 2

KOCTBIO. ITOCKOIIBKY L = M(x) , TO (x — ,u) B OTOM CJIy4ae paBHO (x —3,5) .
2

Mkl paccunTaeM MaTEMATHYECKOE OKUIaHHE BEITHYHHBI (x—3,5) , UCITOJIB3YS

CcXeMmy, MpeAcTaBieHHYI0 B Taba. A.5. [lomonHuTenbHBIA CTONOEL (x — U )

~r 2 ~r

IpeCTaBIsieT ONpeeeHHbIH JTal pacuera (x — ,u) . Cymmupyst mociietHui

2
cronbery B Tabm. 1.5, momyyuM 3HaYeHWE JHWcCHEpcHMM O, paBHoe 2,92.

CiieoBaTeNIbHO, CTaHIAPTHOE OTKIOHEHHE (O ) paBHO +/2,92, To ecth 1,71,

Tabmmma A.5
X; )2 (xi —,u) (xi _:u)z (xi _lu)Z P
1 2 3 4 5
1 1/6 -2.5 6,25 1,042
2 1/6 -1,5 2,25 0,375
3 1/6 -0,5 0,25 0,042
4 1/6 0,5 0,25 0,042
5 1/6 1,5 2,25 0,375
6 1/6 2.5 6,25 1,042
Bcero 2,92

OmHrM W3 BaXKHBIX MPUIIOKEHUN TMpPaBUJl pacyeTa MaTEMaTHYECKOTO
OXHJIaHUS SBIsETCS (GopMysia pacdyera TECOPETUYECKOW IUCIIEPCUU CITy9IalHOU

HepeMeHHOﬁ, KOTOpPasd MOIKCT 6I)ITI> 3aricaHa KakK:
2 2 2
GX—M()C )—,u . (A.9)
9T0 BBIPA’KCHHC HHOT Ia OKa3bIBACTCi 60.]16@ YI[06HBIM, ycM

IEPBOHAYAIBHOC OIIPCACICHUC. I[OKEB&T@J'IBCTBO NpeaOCTaBJILACTCA YHUTATCIIO B

KAueCTBE yIPAKHEHUSI.
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BeposiTHOCTH B HENPEPBLIBHOM CJIy4ae

C IHUCKpETHBIMU CIy4YalHBIMU TIEPEMEHHBIMU OYEHb JIETKO OO0palarbes,
MOCKOJIBKY OHHM MO ONPEACICHUI0 NPUHUMAIOT 3HAYECHHUS W3 HEKOTOPOro
KoHeyHoro Habopa. Kaxmoe u3 3THX 3HAYEHUN CBS3aHO C OMNPEICICHHOU
BEPOSATHOCTBIO, XapaKTEPU3YIOLIEN €ro «Bec». Eciu 3TH «Beca» W3BECTHBI, TO HE
COCTaBUT TpyJAa pacCUUTaTb meopemuyeckoe cpeoHee (MaTeMaTHYECKOe
0KUJIAHHUE) U JUCIIEPCHIO.

Bel MoOxeTe mnOpeACTaBUTh YKAa3aHHBIE «BECa» KaK OINPEACIICHHBIC
KOJINYECTBA «IUIACTUYHOM MAacCChl», PABHBIE BEPOSITHOCTAM COOTBETCTBYIOIINX
3HaueHui. CymMma BEpOSATHOCTEW W, CIIEIOBATENIbHO, CYMMAapHBIM «BEC» ITOU
«MacChD» PaBEH €IMHUIIE. DTO MOKa3aHO Ha puc. A.l s npumepa, Tie BEIMYruHa
€CTh CyMMa OYKOB, BBIMIABIIUX MpHU OPOCAHUM JABYX UTPAIbHBIX KocTel. Bennunna
X TIPpUHUMAET 3HadeHus OT 2 10 12, m 1and BceX 3TUX 3HAYEHUM IOKa3aHO

KOJIN4YCCTBO COOTBGTCTBYIOHIGIZ «MaccCbD».

BennunHel
BEPOATHOCTU
X a e
1 2 3 4 5 6 7 8 g 10 11 12 X
*=1/36
Puc. A.1

K coxanenuto, aHain3 4acTo MPOBOAUTCS IJIi HEHPEPBIBHBIX CIy4ailHBIX
BEJIMYMH, KOTOpPbIE MOTYT NMIPUHUMATh OECKOHEYHOE yucio 3HaueHui. [Tockomabky
HEBO3MOXKHO TMPEACTaBUTh ce0e «IJIaCTHUHYI0 Maccy», pas3leleHHYI0 Ha

OECKOHEUHOE YMCIIO YaCTeH, UCIOIb3yeM Jaiee IPYTOH IMOIXO/I.
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[IpommtrocTpupyemM HalmM pacCyXACHUS Ha NPUMEpPE TeMIIEpaTypsl B
KOMHare. [l onpeaesieHHOCTH IPEAIIOI0KUM, YTO OHA MEHSETCA B IIpelenax oT
55 nmo 75° mo ®apeHrelTy, U BHAYaJle€ JOMYCTUM, UYTO BCE 3HAUYECHUS B ITOM
Jara3oHe paBHOBEPOSITHBL.

IToCKOJIBKY YHCIIO pAa3auYHBIX 3HAYCHUM, IPUHUMAEMBIX IIOKa3aTeleM
TEMIIepaTypbl, OECKOHEYHO, 3[eCh OECCMBICIEHHO MbITaThCS  Pa3/ieiuTh
«IUTACTUYHYI0 Maccy» Ha MaJible 4acTU. BMeCTO 3TOro MOKHO «pa3MaszaTbhy» €€ I10
BceMy auanas3ony. [lockonbky Bce TemmepaTypsl OT 55 10 75° F paBHOBEPOATHBI,

OHa JIOJKHA OBITH «pa3MaszaHay paBHOMEPHO, KakK 3TO MOKa3aHo Ha puc. A.2.

BuicoTa
(NNOTHOCTL BEPOATHOCTU)

0.05

55 60 65 70 75 TewmnepaTypa, F

Puc. A2

B sTtom mpumepe, Kak M BO BCEX OCTaJbHBIX, Mbl OyJleM IOJIaraTh, 4YTO
«IUTACTUYHAsl Macca pa3Ma3zaHa) Ha €IMHUYHOW IUIOAau. DTO CBA3AHO C TEM, YTO
COBOKYIIHasl BEPOSITHOCTh BCErJa paBHAETCS eAuHule. B gaHHOM ciyyae Haia
«Macca»  MOKpbhUIa  MNPSMOYTOJIBHHK, M  TIOCKOJIbKY  OCHOBAaHHUE  3TOrO
IPSIMOYTOJIbHHMKA PaBHO 20, €ro BhICOTa /1 ONPENENIETCs U3 COOTHOIIEHHMS:

20-h=1, (A.10)
TaK KaK IPOU3BEACHUE OCHOBAHMS W BBICOTHI paBHO Iuiomaan. CienoBaTenbHO,
BbIcOTA paBHa 0, 05, KaK 3TO MOKA3aHO HA PUCYHKE.

Haiins BeICOTY MpSIMOYTOJIBHUKA, MBI MOKEM OTBETHThH Ha BOIPOCHI THUIA: C
KaKOM BEPOATHOCTHIO Temreparypa OyAeT HaXOAWThCS B AuamnazoHe oT 65 10
70°F? OtBeT ompeaessieTcsi BEIMUYMHOW «3amMa3aHHO» miomanu (Wiv, roBops
6osee hopMaIbHO, COBOKYNHOU 8EPOSAMHOCMbIO), JASXKAIeH B IrUama3oHe oT 65 10
70°F, mpenctraBieHHON 3amTpuxoBaHHOM ¢urypoir Ha puc. A.3. OcHOBaHuUE

3alITPUXOBAHHOTO MPSIMOYTOJIbHUKA paBHO S5, ero Beicotra paBHa 0, 05 wu
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cooTBeTcTBeHHO momaas — 0,25. Mckomast BepoaTHOCTh paBHa 1/4, 4yTo B J11060M
cilydae OuYeBHIHO, TTOCKOIBKY MPOMEXYTOK oT 65 mo 70°F cocrtaBnsier 1/4 Bcero
Jana3zoHa.

BbicoTa
(NNOTHOCTb BEPOATHOCTW)

0,05 r

55 60 65 70 75 Temnepartypa, F

Puc. A.3

BricoTa 3amTpuxoBaHHOW IJIOMAAM TMPEACTABIAET TO, 4TO (OpMaIbHO
Ha3bIBACTCSl NIOMHOCMbIO 8€POAMHOCY B 3TON TOUKE, U €CJIM 3Ta BBICOTA MOKET
OBITh 3alMcaHa Kak (QyHKIMS 3HAYCHUH CIIy4yalHOU MepeMeHHOM, To 3Ta (PyHKIUSA

HA3bIBACTCS ()YHKYuel niomHocmu eepoamHocmu. B Hamem mnpuMepe oHa

3aIlIUChIBACTC KaK f(X) , TAC X — TeMIICpaTypa u
f(x)=0,05 55<x<75. (A.11)

B xauectBe mnepBoro mnpuOIMKEHUs (QYHKIUS IJIOTHOCTH BEPOSTHOCTU
IIOKA3bIBAET BEPOATHOCTb HAXOXKJICHMS CIyYalHOW TEPEMEHHOM BHYTpHU
eIMHUYHOIO0 MHTEpBala BOKPYT JaHHOM Touku. B Hamem mpumepe sta QyHKIUS
Bcrogy pasHa 0, 05, oTKyZa BBITEKAET, YTO TEMIEPATypa HAXOIAUTCS, HAIPUMEP
Mexay 60 u 61°F ¢ BeposarnocTsio 0, 05.

B namewm cnyuae rpaduk yHKINU JIOTHOCTH BEPOSTHOCTU TOPU3OHTAJIEH,
U €€ yKa3aHHas MHTEpIpeTalus TOYHA, OJHAKO B OOLIEeM ciydae 3Ta (PyHKUUs
HENPEpPBhIBHO MEHSAETCS M €€ MHTEpIIpeTalys JaeT JIUIIb npuodamkenue. Jlanee mbl
paccMOTpUM HpUMEp, Korjga 3Ta (yHKUUS HENOCTOSHHA, IOCKOJBKY HE BCE
TEMIIEPATYPbl PABHOBEPOATHBI. [IpeAmosokuM, YTO LEHTPAIBHOE OTOILICHHE
paboTaetr TakuM 0o0pa3oM, UTO TemIlepaTypa HUKOrjna He najaer Hike 65°F, a B
KapKue ITHU TEMIIepaTrypa IMPEBOCXOAUT 3TOT YpPOBEHb, HE IIPEBbIIIASA, KAK H

panee, 75°F. MbI Oynem cuutath, 4TO IJIOTHOCTH BEPOSITHOCTA MaKCHUMAaJIbHA TIPH
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temneparype 65°F u nanee ona paBHOMepHO yObIBaeT n0 Hyas npu 75°F (puc.

A4).

flnoTHOCTL
BEPOATHOCTH

020
015 ¢
010 ¢
005}

65 70 75 Temnepatypa, F

Puc. A4

OO6mast «3aMa3aHHas» IUIOLIAJb, KaK BCErJa, paBHAa €IMHHIIE, MOCKOJIBKY
COBOKYITHAsi BEpPOSTHOCTh paBHa eauHuue. [lmomaas TpeyrojipbHUKa paBHA

IMOJIOBUHC ITPOU3BCACHNA OCHOBAHWA HA BBICOTY, IIO3TOMY I10JIYHaCM:

1-10°h=1, (A.12)
2
1 BbIcOTa IpH 65°F pasHa 0, 20.

[IpeanonoxuM BHOBb, YTO MBI XOTUM 3HaTh BEPOSTHOCTb HAXOXKICHHUS
TEMIIEpPATYpbl B IpoMexyTke Mexay 65 wu  70°F. Ona npexacrasieHa
3aIUTPUXOBAHHOW IUIOIIAABI0 Ha puc. A.5, M ecinm BBl HEMHOIO IIOMHUTE
r€OMETPHIO, TO CMOXKETE MMPOBEPUTH, YyTO OHA paBHa 0,75. Ecnu BbI peanoynTaere
IIPOLIEHTHOE U3MEPEHHE, TO 3TO O3HAYAET, UTO C BEPOSTHOCTBIO 75% TemiepaTrypa
nornajaetr B auamna3zoH 65-70°F u TOabko ¢ BepOATHOCTHIO 25% — B nuamnaszon 70-

75°F.

MnoTtHoOCTbL
BEPOATHOCTN

0.20
0,15 ¢
0,10
0.05 +

TemnepaTtypa, F

Puc. A.5
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B naHHOM cnydyae (yHKIMS IUIOTHOCTH BEPOATHOCTH 3alMCBIBAETCS Kak

f(x), rie:
f(x)=1,5—0,02x; 65<x<75. (A.13)

[Ipexne yeM NpONOIKUTH H3JI0KEHHE, YIIOMSHEM O XOpPOLIEW WU IUIOXOU
HOBOCTSX. «llnoxass HOBOCTB» — 3TO TO, YTO €CIM BBl XOTUTE pPACCUUTATH
BEPOSITHOCTU JJIs1 00JIee CIIOKHBIX (DYHKIMI ¢ KpUBOJWHEHHBIMU TpaduKaMu, TO
DJIIEMEHTapHas TeOMETPHsl CTAaHOBUTCS HeNpuMeHMMoW. BooOiie roBops, Bbl
JIOJKHBI  BOCTIOJIB30BaThCSl MHTETPAIBHBIM HMCUYUCICHUEM WM CIEUAIbHBIMU
TabnuiamMu  (€CIM  TOCJENHUE CYIIECTBYIOT). VIHTerpaibHOEe HMCUHCICHUE
UCIIONB3YETCSl TaKKE€ W IpPU OINPEIEICHUH MaTEMATHYECKOrO OKHUIAHHUS U
JMCTIEPCUN HEMPEPHIBHOW CIIy4YaiiHOM BEJIIMYUHBI.

«Xopotiasgs HOBOCTh» — B TOM, UTO CIIE€IIMaJIbHbIC TAOIUIIBI CYIIECTBYIOT IS
BceX (YyHKIUNA, KOTOphle OyJyT HMHTEpecoBaTh Hac Ha mpaktuke. Kpome Toro,
MAaTeMaTH4YECKOE 0KUAAHUE U JUCIIEPCUS UMEIOT IPAKTUYECKHU TOT K€ CMBICI IS
HEIPEPBIBHBIX CIIyYalHbIX BEJIUYUH, YTO U JJIS1 AUCKPETHBIX, 111 HUX BEPHBI TE K€

camMble MpaBHIIA.
ITocTostHHAA U CJIy4YalHAS COCTABJAIIINE CJAYYANHOH MEPEMEHHOM

YacTo BMECTO pacCMOTPEHHS CIy4YalHON BETUYMHBI KaK €IUHOIO LIEJIOTo
MO>KHO U YI00HO pa30UTh €€ Ha MOCTOSHHYIO U YUCTO CIy4YailHYI0 COCTaBIISIOIINE,
I/l TOCTOsIHHAs COCTAaBIISAIONIAsl BCEr/la €CTh €€ MaTeMaTuyeckoe oxuaanue. Ecinu

X — cly4yalHas IIepeMeHHas U [/ — €€ MaTeMaTHU4eCKOe OXUIAHHUE, TO
JEKOMIIO3UIINS CTy4YalHOM BEJIMUMHBI 3aITUCHIBACTCS CICAYIOIINUM 00pa3oM:

X=u+e, (A.14)
r€ & — YHUCTO CIIy4daiiHas COCTaBIIAIOLIAS.

Koneuno, MOkHO ObLIO ObI TOCMOTPETH HA ATO MO-IAPYrOMYy U CKa3aTh, UTO

cnyqaﬁﬂaﬂ COCTaBJIAOIIAA & ONPEACIACTCA KaK pa3HOCTh MEXKIY X U U

E=X—U. (A.15)
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U3 OIIPCACICHUA CICAYCT, YTO MATCMAaTHYCCKOC OXHAAHHC BCIMYUHBI &

PaBHO HYJIIO:
M(e)=M(x—pu)=M(x)-M(u)=pu-p=0.
ITockonbKy Bech pazdpoc 3HaUeHU X OOYCJIOBJICH &, HEYJIUBHUTEIHHO, YTO

TCOPCTHUCCKAA AUCICPCHUA X pPaBHA TGOPCTI/I‘{CCKOI\/'I JUCIIEpCHU & . HOCJICI[HCC

HETPYAHO J0Ka3aTk. 1o onpenenenuro:

o’ =M((x—,u)2)=M(52>

o =M((€—M(8))2)=M((€—0)2)=M(82).

2
Takum o00pa3zom, O~ MOXKeT OBITb SKBUBAJEHTHO OIpEJCIeHa Kak
JUCTIEPCUst X WIH & .
O06001mas, MOXXHO yTBEpX,AaTh, YTO €CIM X — Cly4yailHas NepeMeHHas,

onpezaeneHHas 1o ¢popmyne (A.14), roe 4 — 3aJaHHOE YUCIO U & — CIy4YalHbIN

2 2
e ¢ M (8) =0 u 0, =0, TO MaTeMaTH4ECKOEC OXKUIAHHUC BEIMYHHBI X

2
paBHO [/, a AMCHIEPCHS — O

Cnoco0bI OLICHUBAHUSA U OLIEHKH

Jlo cux mop Mbl Mpenanojarajiv, 4ro MMeeTcss TouHas HHpoOpMaius o
paccMaTpUBAEMOU CITy9aifHOW TIEPEMEHHOM, B YaCTHOCTH — 00 €€ pacrpeaesieHun
BEpOSITHOCTEN (B Ciydyae AUCKPETHOM MepeMeHHOW) WM O (YHKIMH TIOTHOCTU
pacnpenenenus (B ciyyae HeNpepbiBHOM mnepeMeHHoM). C MNOMOUIIbIO ATOM
uH(OpPMAIIMU MOXXHO PACCUUTATh TEOPETHYECKOE MATEMATHYECKOE OKUJaHUE,
JUCIIEPCUIO U JIIOOBIE JAPYTHE XapaKTEPUCTHUKH, B KOTOPBIX Mbl MOXEM OBITh
3aMHTEPECOBAHBI.

OnHako Ha MPaKTUKE, 32 UCKIIOUYEHHEM HCKYCCTBEHHO MPOCTHIX CIyYalHBIX
BEJIMYMH (TaKUX, KaK YUCJIO BBIMABIIMX OYKOB MPU OPOCAHWUU UTPATBLHON KOCTH),

MBI HC 3HACM TOYHOI'O BCPOATHOCTHOIO PaACHpPCACICHHUA WM IIJIOTHOCTHU
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pacrpefielieHuss BEpPOSITHOCTEH. OTO O3HAYaeT, YTO HEU3BECTHBI TaKXKe H
TEOPETUYECKOE MATEMAaTHUYECKOE OXHUAAHWE, W Oucrnepcus. Mbl TeM HE MEHee
MOXEM HYXJAaThCSA B OIEHKAX 3TUX WU JAPYTUX TEOPETUUYECKUX XaPaAKTEPUCTHK
TEHEPAIbHON COBOKYITHOCTH.

[Ipouienypa olieHMBaHUs Bcerjaa OJIMHAaKoBa. bepercs BbhIOOpKAa U3 M
HAOJIFOICHUM, M C TIOMOIIBIO MOIXOJAIIEH (POPMYIIBI pacCUMTHIBACTCS OIICHKA
HYXKHON xapakTtepucTuku. HyXHO cleIuTh 3a TEpMUHAMH, Jelias BaKHOE
paznunre MeXIy CriocoOoM uiau GopMyJiol OIEHUBAHUS U PACCUUTAHHBIM IO HEH
JUTsl TaHHOW BBIOOPKHM YHWCJIOM, SIBISIONIMMCS 3HaueHueM OreHku. Cnocoo
oyenuanus — 3TO 00Ilee MpaBuiIo, WIM (GopMysa, B TO BpeMsi KaK 3HaueHue
OYeHKU — ITO KOHKPETHOE YUCJI0, KOTOPOE MEHSETCS OT BRIOOPKH K BHIOOPKE.

B Tabn. A.6 mpuBeneHbl (HOpPMYIBI OIICHUBAHUS JUISI JBYX BaKHEUIIUX

XapaKTEPUCTHK TE€HEPaTbHOW COBOKYITHOCTH. Bovibopounoe cpednee X OOBIYHO

2
JaeT OLEHKY Ul MAaTeMaTH4ecKoro OXuaaHusd, a Qopmyna S~ — OLEHKY

JVCIIEPCUH T'€HEPAIIBHON COBOKYITHOCTH.

Tabomuna A.6
XapaKTepUCTUKH T€HEPAIbHOU
DopMyJIbl OLICHUBAHUS
COBOKYITHOCTH
_ 1
Cpennee, U XxX=—) x

n

| 2

2 2 _ -
Hucniepcus, o S = —1 (xl. — x)
n J—

OtmeTnM, dYTO 3TO OOBIYHBIE (QOPMYJIBI OICHKH MaTeMaTUYECKOTO
O0KUJAHUSA U JUCIEPCUU I€HEPaAIbHON COBOKYIHOCTH, OJHAKO HE €IMHCTBCHHBIC.

BO3MO)I(HO, BbI HACTOJIBKO ITPHUBBLIKJIN MCIIOJIB30BATh f B Ka4€CTBC OLICHKHU JId U,

YTO JaXXe HE 3aayMbIBAIUCh 00 anbTepHaThBax. KoHeuHO, HE Bce (opMyIibl
OLICHKM, KOTOpBbIE MOKHO MPEACTABUTH, OJWHAKOBO Xopow. I[IpumymHa, mno
KOTOPOil B JCHWCTBUTEIBHOCTH HCIOJIB3YyeTCS X, B TOM, 4YTO 3Ta OLCHKA B
HaWJy4dllle CTEIEHH COOTBETCTBYET JBYM OYE€Hb BaXXHBIM KPHUTEPHUSIM —

HECMEIEHHOCTH U d()PEKTUBHOCTU. DTU KPUTEPUU OYyT PpACCMOTPEHBI HUXKE.
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O1neHKH Kak ciay4yaiHble BeJMYUHbI

[lomyuyaemass oyewka TPEACTABIAECT YACTHBIM  CIy4Yald  CIIy4aulHOU
nepeMeHHoi. [lpuunHa 37€Ch B TOM, UTO COYETaHUWE 3HAYCHUW X B BBIOOPKE
CIIy4alHO, OCKOJIbKY X — Clly4alHas NEpPEMEHHas U, CIEAOBATENIbHO, CIIyYalHOU
BEJIMYMHON SIBIIsICTCS U (pyHKIMs Habopa ee 3HadyeHuil. Bo3bMeM, Hanpumep X —

OLOCHKY MAaTCMAaTHYCCKOI'0 OKHUIaHWA:

Y:l(x1 +X .+ X,).
n

Brime Mbl IMOKa3aJin, YTO BEJIMYMHA X B 1-M Ha6J'IIOI[eHI/II/I MOJKET OBITH

pa3ioKeHa Ha JIBE COCTABJSIOIIME: IMOCTOSHHYIO 4acThb A/ W YHUCTO CIy4YailHYIO

COCTaBJIAKOINYIO & i

X, =U+tE,. (A.17)
CnemgoBaTenbHO,
X=u+e, (A.18)

rae & — BBIOOPOYHOE CpelHEee BEIUUHH &, .

OT1cro1a MOXKHO BHIETH, YTO X , MOZOOHO X, UMEET KaK (PMKCHPOBAHHYIO,

TaK U YUCTO ciayyaiiHyto coctaBistouiie. Ee puxkcupoBanHas cocrapistomas — (L,

TO €CTh MaTeMaTHYECKOe OKHIAHWE X, a ¢ CAydailHas COCTaBIAIONAs — & , TO
€CTh CpeJHEE 3HAUCHUE YUCTO CIIy4YallHOM COCTABIISAIONIEH B BIOOPKE.

@OYHKIMK TUIOTHOCTH BEPOSTHOCTH JUIS X M X IOKa3aHbl HA OJUHAKOBBIX
rpadukax (puc. A.6). Kak mokazaHO Ha pHUCYHKE, BEJIMYMHA X CUYHUTAETCS
HOPMAJIBHO pacupeneseHHO. MOXHO BUAETh, YTO PaCIpelesIeHus, Kak X, TaK U

X , CHMMETPHYHBI OTHOCUTEJILHO [/ — TEOPETUYECKOTO CpeHero. Pa3nuiia Mexmy

HHUMHX B TOM, 4YTO pPaACHPCACICHUC X YK€ U BBIIIC. Benuuuna f, BCPOATHO,

JOJIDKHa OBITH OJIIKE K M, YEM 3HAUYCHUEC CAMHUYIHOT' O H&6JIIO,Z[€HI/I}I X , IIOCKOJIbKY

ee ciyyailHas COCTaBJAIOIIas & €CTh CpeJHee OT YHUCTO CIy4allHbIX

COCTABIAOIIUX &, &,, ..., €, B BBIOOPKE, KOTOPHIE, IO-BUIUMOMY, «IacsAT» APYT
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Apyra mpu pacdere cpemHero. Jlamee TeopeTHUecKas AMCIEPCHS BEIWYHHBI &

COCTAaBJIACT JIMIIb YaCTb TGOpCTI/IIIGCKOﬁ JUCIICPCHU & .

DyHKUMA NNOTHOCTU DYHKUMSA MIOTHOCTU
BEPOATHOCTN X BEPORTHOCTU X

/\ '

M x !

b ]

Puc. A.6
2 o
BenmvunnHa §° — OLIEHKAa TEOPETUYECKOW NHUCIEPCUM X — TAKKE SBIIETCSA

ciydaitHoi nmepemenHoi. Berautas (A.18) u3 (A.17), umeem:

CJIGI[OB&TGJIBHO:

. Z(xi_f)zz : Z(gi_g)z_

n—1 n—1

2 N
Takum o0pazom, S~ 3aBUCUT OT (M TOJBKO OT) YHUCTO CIIy4allHOM
cocTaBlisironel HaOmoAeHud X B BblOOpke. [lockonbKy 3TH COCTaBISIIONINE

MEHSIOTCSI OT BBIOOPKHM K BBIOOPKE, TaKKe€ OT BBIOOPKU K BBIOOpKE MEHSETCA U

2
BeJIMYMHA OLIEHKU S .
HecMmeleHHOCTD

[TockonbKy OIEHKH SIBJISIFOTCS CIIYYalHBIMH TEPEMEHHBIMH, WX 3HAYCHHUSI
JUIIb TI0  CIy4allHOMY  COBIMAJIEHUIO MOTYT B  TOYHOCTH  PaBHSTHCA
XapaKTEPUCTHKAM Te€HEPATbHONH COBOKYMHOCTH. OOBIYHO OyAEeT MpPHUCYTCTBOBATH
ompesneNeHHass OMMOKa, KOTopas MOXEeT ObITh OONBIIOW WJIM  MAaJou,
TIOJIOKUTEIPHON WJIM OTPHIIATEIhHON, B 3aBHCHMOCTH OT YHCTO CITy9alHBIX

COCTAaBJIAIOIIUX BEJINYHUH X B BBI60pKC.
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XoTst 3T0 M Hen30eXHO, Ha MHTYUTUBHOM YpPOBHE KENaTeJbHO, TEM HE
MEHee, 4TOObl OLIEHKAa B CPEIHEM 3a JOCTAaTOYHO JUIMTEIbHBIA Iepuoj Oblia
aKKypaTHO#. BpIpaxasch (opManbHO, MBI XOTEJIH Obl, YTOOBI MaTEMaTUYECKOE
OXKUJAaHHE OLEHKH pPaBHUIOCH OBl  COOTBETCTBYIOIIEH  XapaKTEpUCTHKE
reHEepaJIbHON COBOKYMHOCTH. ECIIM 3TO TakK, TO OLIEHKA HAa3bIBAECTCS HEeCMEUjeHHOU.
Ecim 3T0 HEe Tak, TO OLIEHKA HA3bIBACTCA CMEWeHHOU, W Pa3HHLA MEXAy €€
MaTEMaTUYeCKUM  OXHJIAHHEM M COOTBETCTBYIOUIEHM  TEOPETHUYECKOU
XapaKTEPUCTUKON reHepaIbHON COBOKYITHOCTH HA3bIBAETCS CMEUeHUEM.

Hauynem c BbIOOpOYHOrO cpemaHero. SBisercs 1TU OHO HECMENIEHHOU
OLIEHKON TeopeTrudeckoro cpeanero? Pasubl mu M (x) u u? Ida, 3TO Tak, 4To
HEIMOCPEACTBEHHO BhITEKaET U3 (A.18).

BenuurHa X BKJIIOYAET JBE COCTABISIONIME — L U & . 3HAYCHUE £ DPABHO

CpeIHEeH YHCTO CIy4YalHBIX COCTaBIAIONIMX BEJIMYUH X B BBIOOPKE, U, MOCKOJIBKY
MaTEMaTUYECKOEe OKUJAHUE TaKOM COCTaBIIAIONICH B KaKJI0OM HAOJIIOACHUN PABHO

HYJII0, MATEMAaTHIECKOE OKUIAHNE & paBHO HyI0. Clle0BaTeIbHO:
M(f)=M(,u+<s_‘)=M(,u)+M(§)=,u+O=,u. (A.19)
Tem He MeHee Imojryd€HHasd OICHKa — HC CJIWHCTBCHHO BO3MOKHAsd
HECMeEILlEHHas oleHKa /. [Ipeanonokum uist IpOCTOTHI, YTO y HAC €CTh BHIOOPKA

BCETO U3 JIBYX HAOIIOACHUHN — X; U X,. JIroOoe B3BENIEHHOE CpefHee HAOIONCHUN

X, 1 X, ObUIO OBl HECMELICHHOW OLEHKOM, €ClId CyMMa BECOB paBHA CIUHHMIIE.

UToO0BI 1MOKa3aTh 3TO, MPEIOIOKUM, YTO MBI TOCTPOMIH 0000IIEHHYIO (HOpMYITY

OIIEHKH:

Z=Ax +Ax,. (A.20)
Marematndeckoe OxuIaHue Z PaBHO:

M(Z) =M(/11x1 +/12x2):ﬂqM(xl)+/12M(x2) =(/11 +/12),u. (A.21)

Ecmn cymma A, u A, paBHa emuHuue, To Mbl umeem M (Z ) =uunZ

ABJISICTCS HECMEIICHHOMN OLICHKOU [/ .
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Takum 00pa3om, B MPHUHILUIIE YUCIIO HECMEIIEHHBIX OIICHOK OECKOHEYHO.

Kaxk BeIOpaTh oaHy U3 Hux? [loyeMy B JIeHCTBUTEILHOCTH MBI BCET/IA HCIIONB3yEM
BeiOopounoe cpernee ¢ A, = A, =0,5? Bo3moxHO, BBI mosaraere, 9To ObUIO0 ObI

HECMPaBEJIMBLIM JlaBaTh pa3HbIM HAOMIOJACHUSM pa3IMyHble Beca WM 4YTO
MOJO0OHOW acCHUMMETpHH ClIeyeT wu30eratb B NpuUHNOHNE. MbI, OJHAKO, HE
3a00TUMCS 3[1eCh O CIPAaBEUIMBOCTU WM O CUMMETPUH KaK TakoBOoM. Jlaybiiie Mbl
YBUJIUM, YTO UMeETCs U OoJiee ocsizaemasi MpUYrHa.

HO CHUX IIOPp MBI pacCMaTpUBAJIA TOJIBKO OLICHKH TCOPCTUYICCKOI'O CPpCAHCIO.
2
Bpiie YTBCPXKOAIOCH, UTO BCIIMYHMHA § , OIIpPEACIACMasa B COOTBCTCTBUU C TalJI.
o o 2
A.6, ABJIACTCA OLICHKOM TCOPCTHUYCCKOU OHUCIICPCHU O . Mo>xHO ITIOKa3aThb, 4TO

2 2
MaTE€MaTH4YECKOEe OXHUJAaHUE S  PpaBHO O, W OTa BEIWYMHA SIBJISIETCS
HECMEIIIEHHOM OIIEHKOW TEOPEeTUUECKOM JUCTIEPCUH, €ClIU HAOIIOACHUS B BHIOOPKE
HE3aBUCUMBI IPYT OT Apyra. Jloka3aTeabCTBO 3TOr0 MaTeMaTUYECKHA HECI0KHO, HO

TPYJIOEMKO, ¥ TIO3TOMY MBI €TI0 OIYCKaeM.
P PeKTUBHOCTH

HecMemeHHOCTp — JKenaTenbHOE CBOMCTBO OLEHOK, HO 3TO HE
€AMHCTBEHHOE TaKO€ CBOMCTBO. Ellle 0/1Ha BayKHAsI UX CTOPOHA — ATO HAJEKHOCTb.
KoHeuHo, HeManoBaXHO, YTOOBI OLIEHKA ObLJIa TOYHOM B CPEJAHEM 3a JTUTEIIbHBIN
IIEPUO/I, HO, KaK oHax bl 3aMeTuin k. M. KeliHe, «B 1OJITOCPOYHOM ITEPUOJIE MBI
BCe ymMpem». Mbl XoTenu Obl, yTOObI Hallla OLIEHKAa C MaKCHMaJlbHO BO3MOXXHOMU
BEPOSATHOCTHIO JaBayia Obl OJIM3KOE 3HAUEHHE K TEOPETUUYECKOW XapaKTepUCTHUKE,
YTO O3HAYAET KEJAHHUE MOIYYUTh PYHKIUIO TIIOTHOCTH BEPOSATHOCTH, KAaK MOKHO
OoJiee «CKaTyr» BOKPYT UCTUHHOTO 3HaueHUsl. OuH U3 cioco00B BBIPA3UTh 3TO
TpeOoBaHME — CKa3aTh, YTO Mbl XOTENHU Obl MOITYYUTHh CKOJb BO3MOXKHO Malylo
JTUCTIEPCHIO.

[Ipeanonoxum, 4TOo Mbl UMEEM JBE OLEHKH TEOPETHYECKOTO CPEIHErO,
paccyuTaHHbIe Ha OCHOBE OJIHOM M TOW e MH(pOpMAaIMU, 4TO 00€ OHU SBJISIOTCS

HCCMCIICHHBIMHU W 4YTO HUX (byHKHI/II/I IIJIOTHOCTHU BCPOATHOCTH ITOKa3aHbl Ha pPHUC.
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A.7. TlockonbKy (YHKIUS IDUIOTHOCTH BEPOSTHOCTH JUIs OLEHKH B  Gonee
«CKaTa», YeM Ui OUEHKU A, ¢ ee TIOMOLIBIO MBI CKOPEE TOIYyYuM 00JIEe TOYHOE

3HaueHue. PopMagbHO rOBOPSI, 3Ta OLIEHKA OoJee 3P eKTUBHA.

DYHKLMS NAOTHOCTH
BEPOATHOCTU

. Ouenka B

- OueHka A

I

i

Puc. A.7

BaxxHo 3aMeTUTh, UTO MBI HCIIOJIB30BAJIN 3/1ECH CIIOBO «CKOopeey. Jlaxke xoTs
onieHka B Gosee >dekTHBHA, 3TO HE O3HAYaeT, YTO OHA BCerjga maeT Oolee
TOuHOE 3HaueHue. [Ipu onpeaeneHHOM CTeYeHUH 00CTOSTENbCTB 3HAUCHUE OLEHKU
A wmoxer GbiTh Omke K wcTuHe. OIHAKO BEPOSTHOCTH TOTO, YTO OICHKA A
OKaXkeTcs 0oJee TOUHOI, ueM B, cocrasisieT meHee 50%.

DTO HAIOMUHAET BOMPOC O TOM, IMOJIb30BATHCSA JTU PEMHAMU 0€30MacHOCTH
Opy  yOpaBJICHUH aBTOMOOWIeM. MHOXeCTBO 0030pOB B pa3HbIX CTpaHax
M0Ka3aj10, YTO 3HAYUTEIHHO MEHEE BEPOSITHO MOTHOHYThH WM TIOJYYUTh YBEUBS B
JIOPO’KHOM TIPOMCILIECTBUH, €CIIU BOCIIOJIB30BAaThCsS peMHSAIMHU Oe3omacHocTd. B To
e BpeMsi HE pa3 OTMEYaINCh CTPAaHHBIE Cly4aW, KOrja He CJIIeJaBUIMH 3TOro
UHAMBHUJ YYAECHBIM 00pa3oMm yuenena, HO MNOorud Obl, Oyaydd MTPHUCTETHYT
peMHSAMHU. YTOMSHYTble 0030pbl HE OTPULAIOT 3TOro. B HHMX JuUIIb jaenaeTcs
BBIBOJI, UYTO TMPEUMYIIECTBO Ha CTOPOHE TE€X, KTO TOJB3YeTCS PEMHSIMHU
6e3omacHocTu. [1og00HBIM ke mpenMyIecTBOM o01anaeT u YQPeKTUBHAS OIICHKA.
(HenpusiTHbIi KOMMEHTapuii: B TeX CTpaHax, I/ie I0JIb30BAaHUE PEMHIMU
0e30MacHOCTH  CAENaHO  OOs3aTENIbHBIM, COKPATWJIOCHh MPEAJIOKEHUE IS

TPAHCIUIAHTALIMY TIOYEK JIFOJIEH, CTABIIKNX KEPTBAMU aBAPUIA. )
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Mgl TOBOpPWIM O J>KEJIaHWUU TOJYYUTh OICHKY KaK MOXXHO C MCHBIICH
mucriepcueii, W d¢PQeKTUBHAS OICHKA — 23TO Ta, y KOTOPOH mucmepcus
MuHuMaibHa. Celuac MBI PacCMOTPUM JHUCHEPCUI0 OOOOIIEHHON OLEHKHU
TEOPETUYECKOTO CPETHEr0 U MOKaXKeM, YTO OHAa MUHUMAJbHA B TOM CiIy4ae, KOorjaa
00a HaOII0IeHNS IMEIOT paBHBIC Beca.

Ecau Ha6JHOI[eHI/I$I xl 141 Xz HC3aBHUCHUMBI, TCOPCTUYCCKAA OUCIICPCHUA

0000IIEHHON OIIEHKH paBHA!
D(Z)=D(Ax +Ax,)=(4 + 4 )0’ (A21)
Mpbl yXe BBUSICHWIM, YTO JJII HECMEHICHHOCTH OIEHKH HE0O0XOAHMO

paseHcTBO eaunmie cymmsl A, U A,. CrieoBatenbHoO, ISl HECMEIIEHHBIX OLCHOK
A, = (1 -4 ) u
R+ 22 =2+ (1-4) =247 =24 +1. (A.22)
[TocKONBKY MBI XOTHM BBIOpath A, Tak, 9YTOOBl MHHHMH3HPOBAThH
JMCTIEPCUIO, HAM HYKHO MHHHMH3HPOBATH IIPH 3TOM (2112 -2+ 1). Oty

3a/layy MOXKHO peluTh Tpaduyuecku WM C TOMOIIBI0 TUudPepeHIrnaIbHOro

ucuncineHus. B mobom ciydae muHEMyM jgocturaercs npu A, =0,5.

CnenoBarensro, A, Takxe paBHO 0, 5.

Wrtak, MBI TIOKa3aiy, YTO BBIOOPOYHOE CpEAHEE HWMEET HAMMEHBIIYIO
JTUCTIEPCHIO CPEIU OIEHOK pacCMaTpPUBAEMOTO THIIA. ITO O3HAYAET, YTO OHO UMEET
HanboJsee «CKaToe» BEPOSTHOCTHOE pacmpesielieHne BOKPYT UCTUHHOTO CPETHEro
U, CJICIOBATEIHHO (B BEPOSATHOCTHOM CMBICTE), Hanbonee To9Ho. CTporo roBops,
BBIOOpOYHOE cpemHee — JTO HambOonee 3(QeKTuBHAsS OIEHKa Cpeau BCeX
HECMEIIECHHBIX OIeHOK. KOHEYHO, MBI TTOKa3aJIkd 3TO TOJBKO IS CIIydas C IBYyMS
HAOJIIOICHUSIMU, HO CJICJIaHHBIC BBIBOJBI BEPHBI JIJIST BHIOOPOK JIFOOOTO paszmMepa,
eclii HaOJI0ICHUS HE 3aBUCST JIPYT OT JApyTa.

JIBa 3aKIIOYUTENHHBIX 3aMEUaHUs: BO-TIEPBBIX, A()PPEKTUBHOCTH OIIEHOK

MOJXHO CpaBHHBATH JIMIIb TOrAd, KOrZa OHH MHCIIOJB3YIHOT OAHY M Ty IKC
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uHbOpMaIMIO, HampuMep OAMH M TOT € Ha0Op HaOMIONEHUH HECKOIbKHX
CIIy4aifHBIX TEepeMEHHBIX. Ecnu omHa U3 OIEHOK Hcmoib3yeT B 10 pa3 Oombiie
uHbOpMaIu, YeM JApyras, TO OHa BIOJHE MOXKET MUMETh MEHBIIYIO IUCIEPCHIO,
HO ObLJIO OBl HEMpPaBWIBLHO CUYUTaTh ee Oosiee 3(PheKkTuBHON. BO-BTOPHIX, MbI
orpaHMuYMBaeM  TOHATHE  A(O(PEKTUBHOCTH  CpaBHEHHEM  paclpeeiIcHHA
HecMellleHHbIX  omneHok.  CymecTByroT — omperneneHuss — 3(pQexTUBHOCTH,
00001Iamme 3TO0 TMOHATHE HAa CiIy4ail BO3MOXKHOTO CPaBHEHMSI CMEIICHHBIX
OIICHOK, HO B OJTOM TOCOOMH MBI TPUACPKUBAEMCS JAHHOTO TIPOCTOTO

OIIPEEIICHMUS.
IIporuBopeynst MexAy HECMEIIEHHOCTHI0 M MUHUMAJILHOM AUCIIepcHei

B nanHoM o0030pe MBI yXKe BBISICHUJIM, YTO JUISl OLIGHKU J>KEJIaTeJIbHBI
HECMEIIEHHOCTh YW HAUMEHbIIAas BO3MOXHAas JUCIEpCHUs. OTU KPUTEPUU
COBEPILIEHHO Pa3Iu4Hbl, U MHOT/IA OHU MOTYT IPOTUBOPEUUTD APYT Ipyry. Moxker
CIIyYUTBHCS TaK, YTO UMEIOTCSI JIBE€ OLIEHKU TEOPETUUYECKOW XapaKTepUCTUKU, OJHA
U3 KOTOPHIX sBisgeTcs Hecmelnennoi (A Ha puc. A.8), apyras ke cCMeIleHa, HO

MMeET MEHbINYIo aucnepcuio ( B).

DYHKUNA NAOTHOCTH
BEPOATHOCTM

_ Ouexka B

Ouenka A

McTUHHOE 3HaueHue

Puc. A.8

OHCHKa A Xopoma CBOEH HCCMCIICHHOCTBIO, HO IMPCUMYIICCTBOM OLICHKU
B aBnsercs TO, 4YTO €€ 3HAUCHMHA IMPAKTHYCCKHN BCCTIa OMM3KH K HCTUHHOMY

3HaueHu1o. Kakyro u3 HuX Bbl ObI BEIOpAn?
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JlaHHbIN BBIOOp 3aBUCUT OT 0OCTOSTENHCTB. ECTM BO3MOXKHBIE OIIMOKU Bac
HE OYEHb TPEBOXKAT MPU YCIOBUH, YTO 3a UIUTEIbHBIA NMEPHUOJ OHU «IIOracsT»
APyT Apyra, TO, No-BUAUMOMY, Bbl BeIOepeTe A. C Apyroii CTOPOHBI, €CIIU JUIs Bac
OpUeMJIeMbl Majble OIIMOKH, HO HENpUeMJIEMbl OOJbIIKME, TO BaM CIEAYyeT
BLIOpaTh B .

dopmalibHO TOBOPS, BBIOOP ompenensercs PyHKIHUenH MmoTepb, CTOMMOCThIO
CIelaHHOW OmMOKK Kak ¢yHKuuen ee pazmepa. OOBIUHO BBHIOUPAIOT OIEHKY,
JAIONIYI0 HauMEHBIIIEe OKHUJAHUE TOTEPh, W JENACTCS 3TO MyTeM B3BEIIMBAHUS
GyHKIIMM ToTeph MO (YHKUUHU IJIOTHOCTH BeposTHocTU. (Ecnu BBl He moOute

PHUCK, TO MOKCTC TAKIKC ITOKCJIATh YUCCTh AUCIICPCUIO HOTepb).
Biausinue YBCJINYCHUSA pasMepa Bl)IﬁOpKI/I Ha TOYHOCTD OLICHOK

bynem mno-npexHeMy mpeamnosiaratb, 4YTO MbI HCCIEAYEM CIIyYalHYIO

MNEPEMCHHYIO X C HCEU3BCCTHBIM MATCMATHYCCKHM  OXHMAAHHCM 2 )51

o o 2 =
TCOPECTUUCCKON IUCTICPCUCU O W 4YTO IJIA OUCHUBAHUA LI HCIOJB3YECTCA X .

Kakum 00pa3oM TOUHOCTH OIICHKH X 3aBUCHUT OT YMclia HAOMOAeHH 71 7

OTBeT HEyIWBUTEJCH: NMPU YBEIMYCHWH # OICHKA X, BOOOIIE TOBOPS,
CTAHOBUTCSI 0OoJjiee TOYHOW. B emnHWYHOM JKCIepuMEHTe OOoJbIIas 1O pa3Mepy
BbIOOpKa HEoO0sA3aTeIbHO JAcT O0jee TOYHYIO OIEHKY, YeM MEHbIIas BhIOOpKa, —

BCETJIa MOXKET IIPUCYTCTBOBATH AJIEMEHT BE3€HUS, — HO O0Ias TEHACHIIUS JOJKHA
. - . 2
ObITh UMEHHO Takoi. [lockoybKy mucrepcust X BbIpaxaercs GopMyson o / n

(mokazaTenbCcTBO ITOro (hakTa Mbl OMyCKaeM), OHa TEM MEHbIIE, 4eM OOJIbliie
pa3Mep BBIOOPKH, M, 3HAYUT, TEM CHJbHEE «CXaTa» (QYHKIUS IJIOTHOCTH
BEPOSITHOCTH TS X .

Oto mnokazaHo Ha puc. A.9. Mbl mnpeamonaraeM, 4yTo X HOPMaJbHO

pacrmpeneneHa co CpeaHuM 25 U cTaHgapTHbIM oTkiIoHeHneMm S50. Eciau pasmep
BBIOOPKH paBeH 25, TO CTAHIAPTHOE OTKJIOHCHHWE BEIWYHMHBI X , PABHOEC O'/ \n,

COCTaBHT: 50/ V25 =10. Ecnu pasmep BoiGopku pasen 100, To 5TO cTaHIapTHOE

oTkJIOHeHHe paBHO 5. Ha puc. A.9 mnokaszaHbl COOTBETCTBYIOIIME (PYHKIUU
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mwiotHocTH BepositHocTH. Bropas (7 =100) Bbiuie nepBoii B OKpeCcTHOCTH L, UTO

TOBOPUT O 0o0Jiee BBICOKOW BEPOATHOCTHU IMOJIYYEHHUS C €€ MOMOIUBI aKKypaTHOU

OILICHKH. 3a MpejeiaMH 3TOH OKPECTHOCTH BTOPasi PyHKIMS BCIOAY HUXKE TIEPBOA.

DYHKLMSA NAOTHOCTH

BEPOSATHOCTH
0,08
n =100
0.06
0.04
0,02} n=25
/I'l =1
0 ' : ‘ =
0 50 100 150 X

Puc. A9

Yem Oosblie pa3mep BBIOOPKH, TEM YK€ U Bbllle Oyaer rpaduk (QpyHKIUU
IUIOTHOCTH BEPOSTHOCTH U X . ECIM 71 CTaHOBUTCS JCHCTBUTEIBHO OOJBIINM,
TO rpapuk (PyHKUINHU IIIOTHOCTU BEPOSITHOCTH OYJET HEOTJINYUM OT BEPTUKAJIbHOU

IpSIMO#, COOTBETCTBYIOIIEH X = 4. Jlns Takoit BbIOOpPKH — Ciiy4aiiHas

COCTABJIAIONIAS X CTAHOBUTCS JACWCTBUTEIBHO OYEHb MAJOH, M IMO3TOMY X

o0s3aTenpHO OyzneT oueHb OJNM3KOM K /. DTO BBITEKAeT U3 TOro (paxra, 4yTo

CTaHAAPTHOC OTKJIIOHCHHUC f, paBHOC G/\/l’l , CTAaHOBUTCA OYCHb MaJIbIM IIpH

OOJIBIIIUX 7 .

B npenene, npu crpemieHud X K OECKOHEYHOCTH, 0/ \Vn crtpemurcs K

HYJIFO ¥ X CTPEMHTCS B TOYHOCTH K L.

CocToATEeJIHLHOCTDH

Boo0O1ie roBopsi, eciau Mmpeesn OLEHKU MO BEPOSTHOCTU PAaBEH MCTUHHOMY
3HAYEHUIO0 XapaKTEPUCTHKU TE€HEPAJbHOM COBOKYINHOCTH, TO 3Ta OLEHKa

Ha3bkIBaeTCsl cocmosmenvrou. VIHaue TroBOpA, COCTOSITEILHON Ha3bIBACTCS Takas
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OLIEHKa, KOTOpas JaeT TOYHOE 3HA4Y€HHUE ISl OOJBIION BHIOOPKH HE3aBHUCHUMO OT
BXOJSIIIMX B HEE KOHKPETHBIX HAOJIOICHUI.

B 00npmIMHCTBE KOHKPETHBIX CIIy4aeB HECMEILEHHAsl OLIEHKAa SBJISETCS U
COCTOATENBHOM. 11 3TOr0 MOXHO HOCTPOUTH KOHTPIPHUMEPBI, HO OHHU, Kak
IPaBUJIO, OYTyT HOCUTh UCKYCCTBEHHBIN XapaKTep.

WNHorna ObIBaeT, 4TO OLIEHKA, CMEIIECHHAs HA MaJIbIX BBIOOpPKaX, SIBIIAETCS
COCTOSITENIbHOM (MHOTJa COCTOATEIbHOW MOKET OBITh J1aXKe OLIEHKa, HEe MMEoIas
Ha MaJjbIX BBIOOPKAX KOHEYHOro MaTemaruyeckoro oxkuaanus). Ha puc. A.10
NIOKa3aHO, KakK IMpU pa3InyHbIX pa3Mepax BbIOOPKH MOXET BBITVIAJIETh
pacnpenenenue BeposTHocTel. ToT (akT, 4To NpU yBEIMUEHUU pa3Mepa BbIOOPKH
pacmpesesieHe CTAaHOBHUTCS CUMMETPUYHBIM BOKPYT HCTHHHOTIO 3HA4CHMS,
yKa3bIBa€T HA aCUMIITOTHYECKYIO HECMELIEHHOCTh. T0, YTO B KOHEYHOM CUETE OHO
OpeBpallaeTcd B E€AUHCTBEHHYIO TOYKY MCTUHHOTO 3HAY€HHs, TOBOPUT O

COCTOATCIBHOCTH OLICHKHM.

DYHKLMA NNOTHOCTH
BEPOATHOCTU

n =1000

I
T

NcTuHHOE 3HavYeHue

Puc. A.10

OueHku, TMNAa TOKa3aHHbBIX HAa puc. A.10, BecbMa BaXHbI B pErPECCUOHHOM
aHanuze. lMHorma HEBO3MOXKHO HAWTH OIEHKY, HECMEIIEHHYI0O Ha MajbIX
BbIOOpKax. Eciau mpu 5ToM BBl MOKETE HANTH XOTsSI Obl COCTOSITEIBHYIO OIEHKY,
TO MOXET OBIThb JIy4Yllle, YeM HE€ UMETh HUKAaKOW OIIEHKHU, OCOOEHHO €CJH BbI

MOXKCTC IIPCAITIOJIOKNUTH HAIIPABJICHHUC CMCIIICHUA Ha MaJIbIX BBI60pKaX.
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HyxHo, ogHaKko, UMEeTh B BUJIY, YTO COCTOSATENbHAs OLIEHKA B MPHUHIIMIIE
MOJKET Ha MajblX BBIOOpKax paboTaTh XyXe, YeM HECOCTOATEIbHas (HaIlpuMep,
UMETh OOJIBIIYI0 CPEIHEKBAJIPaTUUYHYI0 OLIMOKY), MU TMO3TOMY Tpedyercs
0CTOPOKHOCTH. [107100HO TOMY, KaKk Bbl MOXKETE IIPENOUYECTh CMEILIEHHYIO OLIEHKY
HECMEILEHHOM, €clu €€ JAMCIEepPCUs MEHbIIE, Bbl MOXETE IPEeANnovecTb
COCTOSITENIBHYI0, HO CMEIIEHHYIO OLIEHKY — HECMEUICHHON WIN HECOCTOSTENIBHYIO

OIICHKY MM 00euM (Take B CIyyae MEHBIIEH AUCTIEPCUN).
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IHpuioxenue B

TecTOoBbIC 3aJaHUA
ITapHas perpeccusi 4 KOppeJsanus

1. Haubonee Hacnsa0HbiM 6UOOM 6b1O0OPA YPAGHEHUA NAPHOU pezpeccuu
AenAemca:

a) aHAJIMTUYECKUIA;

0) rpaduyeckuii;

B) DKCIIEPUMEHTATBHBIN (TAOJIUYHBIN).

2. Paccuumuvleamv napamempsvl NAPHOIU JUHEUHOU pezPeccuu MOMNCHO,
eciu y Hac ecmp:

a) He MeHee 5 HaOJII0/ICHUIH;

0) He MeHee 7 HaOII0ICHHUT;

B) He MeHee 10 HaOMroIeHHI.

3. Cymb memooa HaumMeHbWUX K6aopamoe cOCmoum 6:

a) MUHUMM3AIMU CYMMBbI OCTaTOYHBIX BEIUYHH;

0) MUHMMH3ALUU JUCTIEPCUH PE3YJIbTaTUBHOIO MMPU3HAKA;

B) MUHMMHU3AIIUU CYMMBI KBaJpaTOB OCTATOYHBIX BEJIUYHH.

4. Koygppuyuenm nuneitnozo napnozo ypasHeHus pezpeccuu:

a) TIOKa3bIBaeT CpeAHee U3MEHEHHE pe3yJibTaTa ¢ U3MEHEeHUuEeM (pakTopa Ha
OJIHY €JIUHHUILY;

0) OIlEeHUBAET CTATUCTUYECKYIO 3HAUUMOCTh YPaBHEHUS PETPECCUU;

B) IMOKAa3bIBAa€T, Ha CKOJIbKO MPOIICHTOB M3MEHUTCS B CpPeIHEM pe3yJbTar,
ecnu dakTop nuzmenurcs Ha 1%.

5. Ha ocnosanuu naontooenuit 3a 50 cemvamu nocmpoeHo ypaseHeHue

pezpeccuu 3\/=284,56+0,672x, 20e Yy — nompebnenue, X — 00X00.

Coomeemcmeylom 1u 3HAKUW U 3HAYEHUA KoIPguuyuenmos pezpeccuu

meopemu4uecCKum npedcmaeﬂeuu;m ?

a) na;
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0) HeT;

B) HUYETO OINPEJEICHHOr0 CKa3aTh HEJb3sl.
2
6. Cymb koI Puyuenma demepmunayuu v,, COCHoum 6 ciedylouiem:

a) OIIEHMBAET KA4e€CTBO MOJCIIM W3 OTHOCUTENIBHBIX OTKIOHEHUU TIO
KaXJIOMY HaOJII0JICHUIO;

0) XxapakTepusyeT JOJII0 MJUCIEPCUU pE3yJIbTaTUBHOTO IpU3HAKa ),

00BSACHIEMYIO pETrPEeCcCHeil, B OOIIEH MUCIIepCUH pe3yIbTaTUBHOTO MPU3HAKA;

B) XapaKTEPU3YEeT JIOJIIO AUCIEPCUH ) , BBI3BAHHYIO BIMSIHUEM HE YUYTEHHBIX

B MOJIeTu (haKTOPOB.
7. Kauecmeo mooenu u3 omuHocumenbHvblX OMKIOHEHUI NO KAMNCOOMY

HAOI00CHUIO OUCHUBACHL:
a) Ko PUIMEHT eTepMUHAIIUN rxzy;
0) I’ -kpurepuit Ouriepa;
B) CpeIHSS OITMOKA anmpOKCHMAITIHT A.
8. 3nauumocmep ypasuenusa pezpeccuu é yeaom oyeHugaem:
a) I -xpurepuit Oumiepa;
0) t-xpurtepuii CTbIO/ICHTA;
B) KOO(pULIMEHT AeTepMUHALIUN rfy

9. Knaccuueckuii memoo K OUeHUBAHUIO NAPAMEMPOE pecpeccu OCHO6AH
Ha:

a) METO/Ie HAUMEHBIIINX KBAPATOB:

0) MeTo/Ie MaKCUMAaJILHOTO TTPaBOMO00US

B) IIIarOBOM PETPECCUOHHOM aHAJIMU3E.

10. Ocmamounaa cymma Keaopamoe pagHa HyJo:

a) Korja npaBWIbHO MOA0OpaHa perpecCuOHHas MOJIEIb;

0) Korga Mex1y IpU3HAKaMH CYLIECTBYET TOUHAs ()yHKIIMOHAIbHAs CBSI3b;

B) HUKOTJa.
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11. Oovacuennasn (paxmopnas) cymma Keaopamos OMKIOHEHUN 6

JIUHEHHOU NAPHOU MOOEU UMEEm YUC0 CHeneHell c60000bl, pasHoe:

ayn—1;
6) 1;
By n—2.

12. Ocmamounasa cymma Keaopamoe OMKIOHEHUNl 6 JIUHEHUHOU NAPHOU

MoOenu umeem 4ucio cmeneHel ce0000vl, pasHoe:

ayn—1;
0) 1;
By n—2.

13. Obwan cymma Keaopamos OMKIOHEHUIl 6 TUHEIIHOU NAPHOU Modeau

umeem uucjio cmeneHeil 030600bl, PasHoe:

a)yn—1;
0) 1;
B) n—2.

14. Jlna  ouenku  3Hauumocmu  KoIhpuyuenmoe  pecpeccuu
paccuumolearom:
a) F -xpurepuii @uinepa;

0) t-kputepuii CTbIOJEHTA;

B) KOO(pUIIMEHT TeTepMUHAIIUN rxzy

15. Kaxoe ypasnenue pezpeccuu Heav3a c6ecu K TUHCHHOMY 6UOY:
a) ;/x =a+b-Inx;

6)y. =a-x"

B) )A/X =a+b-x°.

16. Kaxoe u3 ypasnenuii a611emcsa CmeneHHbiM:

a) ;/x =a+b-Inx;

0) )A/x:a-xb:
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B) V. =a+b-x°.

17. apamemp b 6 cmenennoit modenu agnsemca:
a) ko3 PUIMEHTOM JIeTepMUHAIUY;

0) kod(pPuIMEHTOM PITACTUIHOCTH;

B) KOA(PUIIMEHTOM KOPPEIISALIIH.

18. Korpdpunuenm xoppenayuu v, moscem npuHuMams 3Ha4eHus:
a)or—1 g0 1;

6) ot 0 10 1;

B) JIIOOBIE.

b
19. Jina  ¢ynkyuu y=a+—+¢ cpeonull  KoIQpuyuenm
X

IIACMUYHOCHU UMECH 6UO:

a) §:—b-x_;
a+b-x
6)§=—_L;
a-x+b
B) §:—b.—x_.
a+b-x

20. Kaxoe u3 caedywuiux ypasHeHUil HEJIUHEUHO N0 OUEHUBAEMbIM
napamempam:
a) y=a+b-x+¢;

6) y=a+b-Inx+¢;

b
B) y=a-x -&.
MHoKecTBEeHHAas perpeccusi 1 KoppeJasiinus

1. Jlobasnenue 6 ypasnenue MHONCECMEEHHOU pezPecCUu HOBOU
00vACHAIOUICI NEPEMEHHOIL:
a) yMEHbIIIaeT 3HaueHne Kod(PuiieHTa 1eTepMUHALINH;

0) yBenuuMBaeT 3HaueHue KorhGUIreHTa 1eTepMuHaIim;
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B) HE OKa3bIBACT HUKAKOTO BIUSHUE HA KOADDUIIMECHT JeTePMUHAIUH.

2. Ckoppexkmupogannwlii KoIpduyuenm oemepmunayuu:

a) MEHbIIIE 0OBIYHOTO KO3 (ULIMEHTA JeTEPMUHALNY;

0) Gosbiie 0OBIYHOTO KOd(PPUIMEHTa JeTePMUHALINH;

B) MEHBIIIC WJIK paBeH OOBIYHOMY KO3 (PUITUEHTY AeTEPMHUHALINH;

3. C  ysenuuenuem yucna 00vACHAIOWUX nepemeHHbIX
CKOpPeKmupoeanHulii KoIghhuyuenm oemepmunayuu:

a) YBEJIMYMBACTCS;

0) yMEHbIIIAeTCS;

B) HE U3MEHSETCS.

4. Yucno cmeneneit c60600bl 018 OCMAMOYHOU CYMMbL K6AOPAMOE 6

JIUHEUHOU MOOENU MHONCECMEEHHOU Pe2PecCcul PaeHo:

a) n—1;
0) m;
B) n—m—1.

5. Hucno cmeneneit c60000vl 014 obueil cymmol K6aopamoe 6 JTUHEUHOl

MOOelu MHOICECHEEHHOU pezpeccuu pagHo:

ayn—1;
0) m;
B) n—m—1.

6. Qucno cmeneneii c60000bl 014 (PAKMOPHOU CYMMbL KEAOPAmMOE 8

JIUHEUHOU MOO0eIU MHONCECMBEHHOU pezpeccull paHo:

ayn—1;

0) m;

B) n—m—1.

7. Mnuoscecmeennstii - Koyppuyuenm  koppenauyuu R =0,9.

YxXi1xp

Onpedenume, Kaxkou npouyenm Oucnepcuu 3a6UCUMOI NEPEMEHHOU )

00vACHACMCA 6IUAHUCM PAKMOPOE X, U X, :

a) 90%;
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0) 81%;
B) 19%.

8. /Ina nocmpoenusa moodenu TUHEUHOU MHONHCECMBEHHOI pecpeccul 6U0a

Y =a+bx, +b,x, neobxooumoe xonuuecmeo naénrwdenuii OonNHCHO Goimy He

MeHee:
a) 2;
0)7;
B) 14.

9. Cmanoapmusosannsie KoIpduyuenmeot pecpeccuu [3;:

a) MO3BOJISIIOT PAHXUPOBATh (PAKTOPHI IO CHJIC UX BIUSHUS HA PE3yJIbTaT;

0) OIIEHUBAIOT CTATUCTUYECKYIO 3HAYMMOCTh (PAaKTOPOB;

B) SIBJSIOTCS KO3(PPUUUEHTAMU 31aCTUYHOCTH.

10. Yacmmnoie korppuyuenmot Koppenayuu:

a) XapakTepU3yIoT TECHOTY CBSI3U paccMaTpuBaeMoOro Habopa (pakToOpoB C
UCCJIEIYyEMBIM IPU3HAKOM;

0) cozepxaT NONpaBKy Ha YUCIO CTENEHEH CBOOOJBI M HE JOIMYCKAIOT
IPEYBEIINYEHUSI TECHOTHI CBSI3U;

B) XapaKTEPU3YIOT TECHOTY CBSI3H MEX]Yy PE3yJIbTaTOM U COOTBETCTBYIOIIUM
(bakTopoM MpU ANMUMUHUPOBAHUM JIPYTUX (PAKTOPOB, BKIIOYEHHBIX B ypaBHEHUE
perpeccuu.

11. Yacmnuoui F -kpumepuii:

a) OLICHMBAET 3HAUMMOCTb YPaBHEHUS PETPECCUU B LIEITIOM;

0) CIy’)KAT MEPOM JIJIsl OLIEHKU BKIIFOUEHHS (paKTOpa B MOJIENb;

B) pamXUPYyeT PaKTOPHI O CUJIC UX BIMUSHUS Ha pe3yJIbTar.

12. Hecmeuiennocmv OueHKu napamempa pecpeccuu, NOIAY4YeHHOU No
MHK, o3nauaem:

a) 4TO OHA XapaKTepU3yeTCs] HAMMEHBIIIECH TUCTIepCUEi;

0) 4TO MaTEeMAaTUYECKOE 0KUJIaHUE OCTATKOB PABHO HYIJIIO;

B) YBEJIMUEHHE €€ TOYHOCTH C YBEIMYEHUEM 00beMa BHIOOPKH.
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13. I¢pghekmusnocmov ouenku napamempa pezpeccuu, NOJAYUEHHOU RO
MHK, o3nauaem:

a) 4TO OHA XapaKTEePU3YyeTCs] HAUMEHbIIIECH AUCTIEPCUEH;

0) 4TO MaTeMaTUYECKOE 0XKHIaHUE OCTATKOB PaBHO HYJIIO;

B) YBEJIMUEHHUE €€ TOYHOCTH C YBEeJIMYEHUEM 00beMa BHIOOPKH.

14. Cocmoamenvsnocms oyeHKu napamempa pezpeccuu, NOJYy4eHHOU o
MHK, o3nauaem:

a) 4TO OHA XapaKTEePU3YyeTCs] HAUMEHbIIICH AUCTIEPCUEH;

0) 94TO MaTeMaTHIECKOE OXKHMIAHUE OCTATKOB PaBHO HYJIIO;

B) YBEJIMUEHHE €€ TOUHOCTH C YBEJIMYEHUEM 00beMa BHIOOPKH.

15. Ykaxncume ucmunnoe ymeepicoenue:

a) CKOPPEKTHPOBAHHBIH W OOBIYHBIM KOA()PHUIIMEHTH MHOKECTBEHHOU
JETEPMHUHAIIMN COBIAJIAl0T TOJBKO B T€X CIIydasiX, KOrjaa oObIYHbIA KO3 UIIMEHT
MHOECTBEHHOU JAETEPMUHALIMY PABEH HYJIIO;

0) craHgapTHble OIMMOKM KOIP(GUIIMEHTOB PETPECCUU  OMPENEISIOTCS
3HAUYCHUSIMU BCEX MapaMeTPOB PETrPECCUH;

B) MPU HAJUYUHM TE€TEPOCKETACTUYHOCTU OIEHKH MapamMeTpOB PErpecCcHH
CTaHOBSITCS CMEUICHHBIMH.

16. Ilpu nanuyuu cemepocke0acmuuHOCmu c1edyem nPUMEHAMb:

a) o0brunbIil MHK;

0) o600mennsIiit MHK;

B) METOJ] MAKCUMAJILHOT'O MPABAOIOI00USI.

17. Dukmuenvie nepemenHnbvle — IMO:

a) arpuOyTHBHbIE TNpuU3HAKU (HampuMmep, Kak mnpodeccus, MO,
o0pa3oBaHue), KOTOPBIM IPHUIATU ITU(POBHIE METKH;

0) OSKOHOMUYECKHE T[EpEMEHHbIC, NPUHUMAIOIIUE KOJUYECTBEHHBIC
3HAYCHUSI B HEKOTOPOM MHTEPBAJIC;

B) 3HAYCHMUS 3aBUCUMOW MEPEMEHHOW 3a NPEAIISCTBYIOMMUN TEepUo/I

BPEMEHU.
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18. Ecau kauecmeenuwlii ¢haxmop umeem mpu zpaoayuu, mo
Heodxo0umoe Yyucio PuUKmMuUGHvIX NEPEMEHHbBIX:

a) 4;

0) 3;

B) 2.

CucremMbl JKOHOMETPUYECKUX YPaBHEHUI

1. Haubonvuwee pacnpocmpanenue 6 IKOHOMEMPUYECKUX UCCTEO08AHUAX
noayuunu:

a) CUCTEMbI HE3aBUCUMBIX YPaBHECHUIA;

0) cucTeMbl pEeKYpCUBHBIX YPAaBHEHMIA;

B) CHCTEMBbI B3aMO3aBUCUMBIX YPaBHCHUH.

2. DHoo2enHble nepemenHHbvle — IMO:

a) TMpenomnpe/ejieHHbIE  IEPEMEHHbIE, BIMSIONME HA  3aBUCUMBIC
NEpEeMEHHbIE, HO HE 3aBHCAIINE OT HUX, 0003HAYAIOTCS Yyepe3 X .;

0) 3aBUCUMBIC TEPEMEHHbBIE, YHUCIO0 KOTOPBIX PAaBHO YHUCIY YpaBHEHHU B

CUCTCMC U KOTOPEIC 0003HAYarOTCs qyepes V.

B) 3HAUYEHHUS 3aBUCHUMBIX I[EPEMEHHBIX 3a MPEANICCTBYIONUNA MEPHO
BPEMEHHU.

3. IK302eHHble nepemMeHHble — IMO:

a) TpeAoNpeNIeIiCHHbIE TMEPEMEHHBIE, BIUAIONIME HAa  3aBUCHUMBIC
MIepEMEHHbBIC, HO HE 3aBUCAIINE OT HUX, 0003HAYAIOTCS Yepe3 X ;

0) 3aBUCHMBIC TEPEMEHHbIE, YUCJIO KOTOPHIX PAaBHO YHUCIY YpPaBHEHUU B

CUCTCMC U KOTOPEIC 0003HAYarOTCs qyepes V.

B) 3HAUYEHHUS 3aBUCHUMBIX [EPEMEHHBIX 3a MPEANICCTBYIONUNA MNEPHUOJL
BPEMCHH.

4. Jlazosvie nepemennvie — 3mo:

a) TMpeaonpeAciiCHHbIE TEpPEMEHHbIC, BIUAIONIME HAa  3aBHUCHUMBIC

MMCPCMCHHBIC, HO HC 3aBUCAIINC OT HUX, 0003HAYaIOTCS qepes X .,
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0) 3aBUCHMBIC MEPEMEHHbBIC, YUCIO KOTOPHIX PAaBHO YHCIY ypaBHEHUU B

CUCTCMC U KOTOPLIC 0003HAYarOTCs uepes y,

B) 3HAUEHMsI 3aBUCHMBIX IIEPEMEHHBIX 3a MPEAIIESCTBYIOMUNA TEepUo
BpPEMEHH.

5. /lna onpedenenusn napamempoe cmpyKmypHyw gopmy mooeau
Heo0xo0umo npeodpazoeams 6:

a) MPUBEACHHYIO (HOPMY MOJIEIIH;

0) pekypcuBHYIO (hopMy MOJIEIH;

B) HE3aBUCUMYIO (DOPMY MOJECIIH.

6. Mooenv uoenmugpuyupyema, eciu:

a) YHUCJIO NPUBEACHHBIX KOIPOUIMEHTOB MEHBIIE 4YHUCIA CTPYKTYPHBIX
KO3 (P PUIIUEHTOB,;

0) eciM YKUCIIO MPUBEIEHHBIX KOA(DPHUIIMEHTOB OOJIbIIE YHCIa CTPYKTYPHBIX
K02 (P PUIIUEHTOB,;

B) €CJIM YMCIIO TTApaMeTPOB CTPYKTYPHOM MOJIENH PaBHO YUCIY MapamMeTpOB
pUBEICHHON (POPMBI MOJIEIH.

7. Moodenv neuoenmugpuyupyema, ecnu:

a) YHUCJIO TPUBEACHHBIX KOIPUIIMEHTOB MEHBIIE 4YHUCIA CTPYKTYPHBIX
K02 (P PUIIUEHTOB;

0) ecnu YUCIO MPUBEACHHBIX KOA(PPUIIUECHTOB OObIIE YUCTA CTPYKTYPHBIX
K03 PHUIHEHTOB;

B) €CJIM YHCIIO TTapaMeTPOB CTPYKTYPHOU MOJIENH PaBHO YUCIY MapamMeTpOB
pUBEIEHHON (POPMBI MOJIEIH.

8. Mooenwv ceepxudenmuguyupyema, eciu:

a) YHUCJIO NPHUBEACHHBIX KO3(P(PUUMEHTOB MEHBIIE 4YHUCIA CTPYKTYPHBIX
K03 PHUIHEHTOB;

0) eciu 4KCIIO MPUBEAECHHBIX KO3(PGUIIMEHTOB OOJIbIIIE YUCIa CTPYKTYPHBIX
KO3 UITUECHTOB;

B) €CIIM YMCJIO TTapaMETPOB CTPYKTYPHOM MO PABHO YUCITY MapaMeTpoOB

IpUBEAECHHON POPMBI MOJIEIH.

160



9. Ypaenenue uoenmuguuupyemo, ecau:

ay D+1< H;

0) D+1=H;

B) D+1>H .

10. Ypaeuenue neuoenmugpuuyupyemo, ecu:

a) D+1< H ;

0) D+1=H;

B) D+1>H .

11. Ypaeuenue ceepxudenmugpuyupyemo, eciu:

a) D+1< H ;

0) D+1=H;

B) D+1>H .

12. /Ina onpeodenenusn napamempos mouHo UOEHMUPUUUPYEMOU MOOeTU:
a) npuMeHnsiercs apymarossii MHK;

0) nmpumensiercs kocBeHHbId MHK;

0) HY OJIMH U3 CYIIECTBYIOIIUX METOJ0B TPUMEHUTH HEJb3S.

13. /Ina onpedenenusn napamempos ceepxudeHmupuuupyemoi mooeau:
a) npuMeHseTcs Apymarossiii MHK;

0) npumensiercst kocBenHblii MHK;

0) HU OJIVH U3 CYIIECTBYIOIIUX METOJIOB TPUMEHUTH HENb34.

14. /Ina onpeodenenua napamempos HeuoeHmupuuyupyemoi mooenu:
a) npuMeHnsiercs apymarossiii MHK;

0) npumensiercs kocBeHHbli MHK;

0) HY OJIMH U3 CYIIECTBYIOIIUX METOJOB TPUMEHUTH HEJb3S.
BpeMeHnHbie psiabl

1. Aooumuenasn mooenv 6PemMeHHO20 PAOA umMeen 6U0:
a)Y=T-S-E;

0)Y=T+S+E;

B) Y =T -S+E.
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2. MyasmuniukamugHasa mMooejlb 6DeMEeHH020 PA0a UMeem 6U0:

a)Y=T-S-F;
0)Y=T+S+E,;
B) Y =T-S+E.

3. Koagppuyuenm aemoxoppenayuu:

a) XapakTepu3yeT TECHOTY JMHEHHOW CBA3M TEKYILIEro W MPEAbIIYIIEro
YPOBHEM psiaa;

0) xapakTepHu3yeT TECHOTY HEJIMHEHHOMN CBS3U TEKYILIETO W MPEAbIIyIIETro
YPOBHEM psiaa;

B) XapaKTepu3yeT HAJIU4KUE UM OTCYTCTBUE TEHICHIUU.

4. AoOoumuenasn mooesb 8peMeHH020 PAOA CHPOUMCA, eCIU:

a) 3HAYEHHUS CE30HHON KOMITOHEHTHI MPEANOJaratoTcsl MOCTOSHHBIMH IS
Pa3JIMYHBIX [IUKIIOB;

0) aMIUTUTYy1a CE30HHBIX KOJICOAHWN BO3PACTACT WIIM YMEHBIIACTCS;

B) OTCYTCTBYET TE€HICHIIHUS.

5. Myarvmunaukamuenan mooeib 6DEMEHHO20 PAOA CIMPOUMCA, €CTIU:

a) 3HAYEHHUS CE30HHON KOMITOHEHTHI MPEANOJaraloTcsl MOCTOSHHBIMH IS
Pa3JIMYHBIX [IUKIIOB;

0) aMIUTUTYy1a CE30HHBIX KOJICOAHWN BO3PACTACT WIIM YMEHBIIIACTCS;

B) OTCYTCTBYET TE€HICHIIHUS.

6. Ha ocnoge nokeapmanbHblX OAHHBIX ROCMPOCHA AOOUMUGHAA MOOETb
épemenno2o paoa. CKoppeKmupoeantvle 3HAUEHUA CE30HHOI KOMNOHEHmMbl 3a
nepevie mpu keapmana paeuwvi: 7 — I keapman, 9 — Il keapman u —11 — II1
Keapmai. 3nauenue ce30HHOU Komnonenmol 3a IV keapman ecmo:

a) 35;

0) —4;

B) —35.

7. Ha OCHOge NOK6apMaIbHbIX OAHHBIX nocmpoena
MYJTbMUNIUKAMUGCHAA  MO00€T1b  6peMeHH020 pada. CKoppeKkmuposanHbvie

3HAYEHUA CE30HHOU KOMROHEHmbl 3a nepeénle mpu Keapmaia paeHbl: 0,8 -1
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keapman, 1,2 — II keapman u 1,3 — III keapman. 3nauenue ce30HHOU
Komnonenmol 3a IV keapman ecmo:

a) 0,7,

0) 1,7,

B) 0,9.

8. Kpumepuii /lapouna-Yomcona npumensemcs ona:

a) ompeeeHUs] aBTOKOPPEIAIIUM B OCTATKaX;

0) omnpeneneHns HATUUUs CE30HHBIX KOJIeOaHu;

B) JUISl OLICHKH CYIIECTBEHHOCTH MTOCTPOCHHOM MOJIEIH.
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Ipuioxenue C
Bonpocs! K 3K3aMeHy

1. OnpeneneHne 5SKOHOMETPUKH. OKOHOMETPUYECKHMH METOJ M JTalbl
SKOHOMETPHUUYECKOTO UCCIIETOBAHMUS.

2. Ilapnas perpeccusi. CriocoObl 3aJaHUs ypaBHEHUsI TAPHOU PErPeCcCHH.

3. JIuneliHas Moneinb nMapHou perpeccuu. CMbICIT U OLIEHKA TapaMeTPOB.

4. OueHka CylIECTBEHHOCTH YPaBHEHUS B LIEJIOM M OTAEIBHBIX €ro NapamMeTpoB
( F" -xpurepwmii urepa u ¢ -kpurepuii CTbIOIEHTA).

5. IlporHo3 mno sauHEWHOMY YypaBHeHUIO perpeccun. Cpennsisi ommuOKa
anIpOKCUMALIUH.

6. Henuneiinas perpeccus. KitacCbl HETMHENHBIX pETPECCUM.

7. Perpeccum  HENMHENMHBIE  OTHOCUTENBHO  BKJIKOYEHHBIX B aHAIN3
OOBSACHSIOUINX EPEMEHHBIX.

8. Perpeccuu HeTMHEWHBIE 110 OLIEHUBAEMBIM [TAPAMETPAM.

9. KoadduuneHTs! 31aCTUYHOCTH AT pa3HBIX BUIOB PETPECCUOHHBIX MOJIEIIEH.
10. Koppensuus u F -xputepuii @uinepa 11 HEAMHENRHON PErPECCHH.

11. Ot0Gop pakTopoB Mpu NOCTPOCHUU YPABHEHHSI MHOKECTBEHHON PErPECCUM.
12. Ouenka nmapaMeTpoB ypaBHEHUSI MHOXKECTBEHHON PETPECCHH.

13. MHoXXeCTBEHHAas! KOPPETALIUSL.

14. Yacrtabie k03D PUIHEHTHI KOPPEALUH.

15. F -xpurtepuit ®umepa u vactHbiii [ -kputepuii duiepa Uis ypaBHEHUS
MHO>KECTBEHHOU PETPECCHUH.

16. ¢-xputepuii CThrO/I€HTa VISl ypaBHEHNS MHOKECTBEHHON PETPECCUMU.

17. PuUKTUBHBIEC IEPEMEHHBIE BO MHOKECTBEHHOW PErPECCUMU.

18. IIpeanoceuiku MHK: roMmockeacTHUHOCTD U FE€TEPOCKENACTUIHOCTD.

19. IIpennocwsuiku MHK: aBTOKOppENsLIAS OCTATKOB.

20. O006mennpii MHK.

21. OOmue MOHATHS O CUCTEMaX YKOHOMETPUUYECKUX YPABHEHUIA.

22. CrpykTypHas u npuBefeHHass (OPMBbI MOICIIH.
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23.
24.
25.
26.
217.
28.

[Ipobnema naenTudukanuu. Heooxoaumoe yciaoBue HACHTHPUITUPYEMOCTH.
[IpoGnema uaentudukanuu. JloctaroyHoe ycioBre UICHTUPUIIMPYEMOCTH.
MeTo/1b1 OLIEHKHU MTapaMeTPOB CTPYKTYPHOM (DOPMBI MOJICIIH.

OCHOBHBIE 3JIEMEHTBI BPEMEHHOTO Psija.

ABTOKOppEIALNS YPOBHEN BPEMEHHOTO PsIia U BBISIBIEHUE €70 CTPYKTYPBL.

MOI{CJ’II/IpOBaHI/Ie CE30HHBIX KOJIEOaHHIA: AIIUTUBHAA MOZICIIbL BPEMCHHOI'O

psna.

29.

MOIICJ'II/IpOBaHI/Ie CE30HHBIX KOJICOaHMIA: MYJIbTUIUIMKATUBHAsA  MOJCIIb

BPEMEHHOTO PsIIa.

30.

Kpurepnii Jlap6una-¥Yorcona.
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punoxenue D
BapuaHTbl MHAMBUAYAJbHBIX 321AHUA

D.1. [Iapuas perpeccusi 1 KOppeJasiius

IIpumep. [1o TepputOopusM pernoHa NpuBOIATCS NaHHbIE 3a 199X T.

Tabnuma D.1
Howmep CpeAneIYIICBOH NPOXKHTOUHRIIA CpennenHeBHas 3apaboTHAsI
MHUHHMYM B JICHb OJTHOTO 1aTa. DVG.
pervona TPYAOCIOCOOHOTO, py0., X > PYO- Y

1 78 133

2 82 148

3 87 134

4 79 154

5 89 162

6 106 195

7 67 139

8 88 158

9 73 152
10 87 162
11 76 159
12 115 173

TpeOyercs:

1. ITocTpouTs NIMHEWHOE ypaBHEHUE IAPHOW PETPECCUU ) OT X.

2. PaccuuraTh JUHEHHBIH KOA((UIHUEHT MapHOW KOPPENSLUU U CPEAHIOI0
OIIKMOKY anmpoKCUMAaIUH.

3. OueHuTh CTAaTUCTUYECKYIO 3HAYMMOCTh IAapaMeTPOB PETPECCUU U
KOpPEIAIHH ¢ IoMoInbio [ -kpurepus Ouiiepa u f -kputepust CThIOJICHTA.

4. BBINOIHUTH MPOTHO3 3apabOTHON IJIaThl ) HPH HNPOTHO3HOM 3HAYEHHUHU
CpPEAHEAYIIEBOTO MPOXKUTOYHOIO MHUHUMyMa X, cocTaBisiomiem 107% ot
CPEIHETO YPOBHSI.

5. OueHUTh TOYHOCTh MPOTHO33, PACCUUTAB OLIMOKY IMPOrHO3a U €ro
JIOBEPUTEbHBIN UHTEPBAJL.

6. Ha onHoMm rpaduke NmOCTpOUTH HCXOJHBIE AAHHBIE U TEOPETUYECKYIO

IpsIMYIO.
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Pemenue

1. Ina pacuera napaMeTpOB YpPaBHEHHs JIMHEWHOW DPETPECCHU CTPOUM

pacueTHyt0 Tabmuiy D.2.

Taomuna D.2
X Y X x° y’ Ve | y=.| 4
1 78 133 | 10374 | 6084 | 17689 | 149 | -16 |12,0
2 82 148 | 12136 | 6724 | 21904 | 152 4 |27
3 87 134 | 11658 | 7569 | 17956 | 157 | -23 |17.2
4 79 154 | 12166 | 6241 | 23716 | 150 4 |26
5 89 162 | 14418 | 7921 | 26244 | 159 3 1.9
6 106 195 | 20670 | 11236 | 38025 | 174 | 21 |10.8
7 67 139 | 9313 | 4489 | 19321 | 139 0 | 00
8 88 158 | 13904 | 7744 | 24964 | 158 0 0.0
9 73 152 | 11096 | 5329 | 23104 | 144 8 53
10 87 162 | 14094 | 7569 | 26244 | 157 5 3.1
11 76 159 | 12084 | 5776 | 25281 | 147 12 |75
12 115 173 | 19895 | 13225 | 29929 | 183 | -10 | 5.8
Wroro | 1027 | 1869 | 161808 | 89907 | 294377 | 1869 | 0 | 68.9
Cpennee | o5 ¢ | 1558 | 13484,0 | 74923 | 245314 | - _ 5,7
3HAYCHUC
o 12,84 | 16,05 _ _ _ _ _ -
o2 164,94 | 257,76 _ _ _ _ _ _

y X _13484-1558-85,6 147,52 _
= 7492,3-85.6> 164,94

y—-b-x=155,8-0,89-85,6=79,62.

b 9

S
I
Rk
><|><
H

[Tony4eHo ypaBuenue perpeccun: Yy =79,62+0,89 - x.

C yBenuyeHUEM CpPEAHEAYIIEBOr0 MPOXKUTOUHOrO MUHMMyMa Ha 1 pyoO.
cpenHeIHeBHas 3apaboTHas Ty1aTa Bo3pactaer B cpeaneM Ha 0, 89 pyO.

2. TecHOTy NTMHEWHOMN CBSI3U OLIEHUT KOAPHULIUEHT KOPPEISALIUHU:

o :0,89-12’84

o 16,05

=0,712;  r;, =0,51.

Orto o3HaudaeT, yTo 51% Bapuanuu 3apaboTHON 1atel ())) 0OBACHsAETCS

Bapuanuei (pakTopa X — CpeIHEIYIIEBOrO MPOKUTOYHOTO MUHUMYMa.

KadectBo Mozenu onpenemnsieT CpeHssi ONMOKa anmpoKCUMAITUN:
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h; I

—5 74% .

SOWE

KauecTBO MOCTPOEHHOM MOJENH OLEHUBAETC KakK Xopoliee, Tak Kak 4 He
npeBbimaet 8-10%.
3. OueHKy 3HAYUMOCTH YpPaBHEHHUS PETrPecCHH B ILEIOM IMPOBEIEM C
nomoInsio [ -kpurepus @umiepa. PakTrdyeckoe 3HaYeHUe [ -KPUTEPHS:
0,51

n
1-r2 1-0,51

I
<
&}
—
I
~
I

-10=10,41.

dakr

TabnuyHoe 3HaUYeHHE KPUTEPHUS MPH MSATUIPOIEHTHOM YPOBHE 3HAYUMOCTH

=4,96. Tax

u crenensx coboasl K, =1 n k, =12—-2=10 cocrasmser F

Taba

=10,41> F

Kak TabI

=4,96, TO ypaBHEHHE pErpecCMM NPU3HAETCS

(baKT
CTaTUCTUYCCKHN 3HAYUMBbIM.

OneHKy CTaTUCTMYECKOW 3HAYMMOCTU IapaMeTPOB PETPECCUM MPOBELAEM C
noMOIIbl0  f-cTaTUCTUKU CThIOJIGHTa M MYTEM pacyeTa JdOBEPUTEIHLHOTO
WHTEpBAJIA KAXKAO0T0 U3 IOKA3aTeNIeH.

Tabmuunoe 3HaueHue [ -KpuTepuAa i1 4YHuCiia CTCIICHEH CBO6OI[BI

df =n—2=12-2=10u a =0,05 cocrasur ¢ _ =2,23.

Omnpenenum ciayvaiiHble OIIMOKKU M, M, m,

\/ x2 J899O

7 2 b

12 12, 84

m, = Do 126 5e3.

o ~n 12,84-412
-7 _
S L I L SL BT
» \Nn-2 V12-2

a 79,616
“m, 24,6

a
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b 0,89

tb = = = . 5,

m, 0,283
Ll 0712,
Y om, 0,219 7

}"xy

dakTHyeCKUe 3HAUCHUS [ -CTaTUCTUKU IMPCBOCXO AT TaOJIUYHOE 3HAUYCHUEC:

t,=32>t,,4 =231,=315>1t,, =23t =33>1,; =23,

maobn mabn

IIOOTOMY IIapaMCTpbl d, b )41 rxy HC cnyqaﬁHo OTIIMYAr0TCA OT HYJIA, a

CTaTUCTUYECKU 3HAYUMBI.
PaccuntaeM noBepUTENBHBIE MHTEPBAJIBI ISl MAPAMETPOB PETPECCUU d U

b . s 5TOr0 onpenenuM npeaeabHyro OMMOKY Ul KaXI0ro MOKa3aTels:
A =t -m =223-245="5464;
Ay =t -m,=2,23-0,281=0,62.

Taba

Taba

I[OBCpI/ITeJ'IBHBIe HHTCPBAJIbI:

y,=at A, =79,62+5464
¥, =79,6254,64=24,98;

m

V. =79,62+54,64 =134,26;
¥, =bEA, =0,89%0,62;

7, =0,89-0,62=0,27;

7, =0,89+0,62=1,51.
AHaJIA3 BEPXHEN U HWKHEN TPAaHULl JOBEPUTEIBHBIX HHTEPBAJIOB IPUBOINAT

K BBIBOAY O TOM, 4TO ¢ BeposTHocThi0 p =1—a =0,95 napamerper @ u b,

HaxosAChb B YKA3aHHBLIX I'paHUIax, HE IMPHMHHUMAKOT HYJICBBIX 3H3,‘ICHI/II71, T.C. HC
ABJIAIOTCA CTATUCTUYCCKHU HE3HAUYUMBIMHU U CYIIICCTBCHHO OTJIMYHBI OT HYJIA.
4, HOJ’Iy‘-IeHHBIe OLCHKN YpPaBHCHHUA PCTPCCCHUH ITO3BOJIAKOT HCIIOJIIB30BAThb

Cro jis1 IpOrHosa. Ecau IMPOTHO3HOC 3HAYCHHUC IIPOKUTOYHOIO MHHHUMYMa

cocraput: X, =X -1,07=85,6-1,07=91,6 py6., Torna npornossoe 3Hauenue

3apaboTHoii nnatel coctasut: ), =79,62+0,89-91,6 =161,14 pyo6.
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5. Omubka nporHo3a coCTaBUT:

—\2 2
m, =8, L (x" x)z :12,6-\/l+i+(91’6_85’§) =13,22.
g n Z(x—f) 12 12-12,84

[IpenenvHas ommbOKka mporHosza, kotopas B 95% ciiyyaeB He Oyner

IIPCBBIIIICHA, COCTABUT:

A; =ty m; =2,23-13,22=29.48.

Vp Tabn y
JloBepUTENBHBIA HHTEPBAJI IIPOTHO3A!

y;, =9, tA, =161,14£29,48;
=161,14-29,48 = 131,66 pys.;

y Pmin

y,  =161,14+29,48=190,62 py6.

Pmax
BrinonHeHHBI TPOTHO3 CpeTHEMECSYHON 3apabOTHOM TIJIAThl SBISAETCS
HagexubpiM (p=1—a =1-0,05=0,95) u maxomurcst B npenenax or 131,66
py0. no 190,62 py6.
6. B 3akiroyeHme peimieHus 3aJadd  MOCTPOMM Ha OJHOM Tpaduke

HCXOJIHbIC JAaHHBIE U TEOPETUUECKYI0 psiMyto (puc. D.1):

200

190—-
180—-
170—-
> 160—-
150—-

140 -

130

60 70 80 90 100 110 120



BapuaHThl MHANBUAYAJIbHBIX 32aHUN

3apaua 1. [lo TeppuTopusiM pernoHa NnpuBoaATcs AaHHbIE 3a 199X r. (cM.

TaOJIMILy CBOErO BApUAHTA).

TpeOyercs:

1. IlocTpouTh TMHENHOE yPABHEHHE IAPHOU PErpeECCUU )y OT X .

2. PaccuntaTh NTUHEWHBIN KOX(PGUIIMEHT MApHOU KOPPEISIIUU U CPEIHIO0
OLIMOKY anmpoKCUMAaIUH.

3. OueHuTh CTAaTUCTUYECKYIO 3HAYMMOCTh IapaMeTPOB PETPECCUU U
KOppEIAIHH ¢ TIoMoInbio [ -kpurepus @umiepa u ¢ -kputepust CThIOJICHTA.

4. BBINOIHUTH ITPOTrHO3 Bapa6OTHOﬁ IaTel ) OPU NPOTHO3HOM 3HAYCHUU

CpPEAHEAYIIEBOr0 MPOXKUTOYHOIO MHUHUMyMa X, cocTaBisiomem 107% ot
CPEIHEro YpOBHSI.

5. OueHuTh TOYHOCTH MPOTHO3a, PACCUUTAB OIIMOKY MPOTHO3a U €ro
JIOBEPUTEIbHBIN NHTEPBAJL.

6. Ha omnom rpaduke mocTpouTh MCXOIHBIE JAHHBIE M TEOPETUUYECKYIO

IPAMYIO.
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Bapuanr 1

Howmep CpenHeAyHICBOI NPOKHMTOUHbII] CpennenHeBHas 3apaboTHast
MHUHHMYM B JIEHb OJTHOTO A
perrona TPYAOCHOCOOHOTO, py0., X > PYD- Y
1 81 124
2 77 131
3 85 146
4 79 139
5 93 143
6 100 159
7 72 135
8 90 152
9 71 127
10 89 154
11 82 127
12 111 162
Bapuanr 2
Howmep CpeAneYIICBOH NPOXKHTOUHBIIA CpennenHeBHas 3apaboTHast
MHUHHMYM B JICHb OJTHOTO 1aTa. OVG.
perona TPYJIOCIOCOOHOT 0, pyo0., X > PYD- Y
1 74 122
2 81 134
3 90 136
4 79 125
5 89 120
6 87 127
7 77 125
8 93 148
9 70 122
10 93 157
11 87 144
12 121 165
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Bapuanr 3

CpennenymeBon MpOKUTOUHBIN

Homep CpenHeHeBHAs 3apabOTHAS
MHHUMYM B JICHb OJTHOT'O LAt DVG.
perona TPYAOCHOCOOHOTO, py0., X > PYD- Y
1 77 123
2 85 152
3 79 140
4 93 142
5 89 157
6 81 181
7 79 133
8 97 163
9 73 134
10 95 155
11 84 132
12 108 165
Bapuanr 4
Howmep CpeAneyIIEBOH NPOXKHUTOUHII] CpennenHeBHas 3apaboTHast
MHHHAMYM B JIEHb OJTHOTO LAt DVE.
perHona TPyAOCHOCOOHOTO, py0., X > PYD- Y
1 83 137
2 88 142
3 75 128
4 89 140
5 85 133
6 79 153
7 81 142
8 97 154
9 79 132
10 90 150
11 84 132
12 112 166
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Bapuanr 5

CpennenymeBon MpOKUTOUHBIN

Homep CpenHeHeBHAs 3apabOTHAS
MHHUMYM B JICHb OJTHOT'O LAt DVG.
perona TPYAOCHOCOOHOTO, py0., X > PYD- Y

1 79 134

2 91 154

3 77 128

4 87 138

5 84 133

6 76 144

7 84 160

8 94 149

9 79 125

10 98 163

11 81 120

12 115 162

Bapuanr 6
Howmep CpeAneyIIEBOH NPOXKHUTOUHII] CpennenHeBHas 3apaboTHast
MHHHAMYM B JIEHb OJTHOTO LAt DVE.
perHona TPyAOCHOCOOHOTO, py0., X > PYD- Y

1 92 147

2 78 133

3 79 128

4 88 152

5 87 138

6 75 122

7 81 145

8 96 141

9 80 127
10 102 151
11 83 129
12 94 147
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Bapuanr 7

CpennenymeBon MpOKUTOUHBIN

Homep CpenHeHeBHAs 3apabOTHAS
MHHUMYM B JICHb OJTHOTO LAt DVG.
perona TPYAOCHOCOOHOTO, py0., X > PYD- Y
1 75 133
2 78 125
3 81 129
4 93 153
5 86 140
6 77 135
7 83 141
8 94 152
9 88 133
10 99 156
11 80 124
12 112 156
Bapuanr 8
Howmep CpeAneyIIEBOH NPOXKHUTOUHII] CpennenHeBHas 3apaboTHast
MHHUMYM B JI€Hb OJJHOTO LAt DVE.
perHona TPyAOCHOCOOHOTO, py0., X > PYD- Y
1 69 124
2 83 133
3 92 146
4 97 153
5 88 138
6 93 159
7 74 145
8 79 152
9 105 168
10 99 154
11 85 127
12 94 155

175




Bapuant 9

Howmep CpeaHEAyHICBOI NPOKHMTOUHbII] CpennenHeBHas 3apaboTHasI
MHUHHMYM B JI€Hb OJTHOTO 1aTa. OVG.
perona TPYAOCHOCOOHOTO, py0., X > PYD- Y

1 78 133

2 94 139

3 85 141

4 73 127

5 91 154

6 88 142

7 73 122

8 82 135

9 99 142

10 113 168

11 69 124

12 83 130

Bapuanr 10
Howmep CpeAneyIIEBOH NPOXKHUTOUHII] CpennenHeBHas 3apaboTHast
MHUHHMYM B JICHb OJTHOTO 1aTa. OVG.
perona TPYJI0CIOCOOHOT 0, pyo0., X > PYD- Y

1 97 161

2 73 131

3 79 135

4 99 147

5 86 139

6 91 151

7 85 135

8 77 132

9 89 161
10 95 159
11 72 120
12 115 160

D.2. MHoXkecTBeHHAasi perpeccusi 1 KOppeJasiius

IIpumep. Ilo 20 mpennpusATHsAM pervoHa HU3Y4aeTcs 3aBHCUMOCTH

BBIPA0OTKH MPOAYKIIMU HAa OAHOIO pabOTHUKA ) (ThIC. py0.) OT BBOJA B ACUCTBHE

HOBBIX OCHOBHBIX ()OHIOB X, (% OT cTtommocTH (OHIOB HAa KOHEI Ioja) U OT
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yAETBHOTO Beca pPabo4ymxX BBICOKOW KBadU(pUKAIIMKM B OOIIEH YHCICHHOCTH

pabounx X, (%).

Howmep y X, X, Howmep y X, X,
IPEANPUATHS IPEANPUATHS

1 7,0 3,9 10,0 11 9,0 6,0 21,0
2 7,0 3,9 14,0 12 11,0 6.4 22,0
3 7,0 3,7 15,0 13 9,0 6,8 22,0
4 7,0 4,0 16,0 14 11,0 7,2 25,0
5 7,0 3.8 17,0 15 12,0 8,0 28,0
6 7,0 4,8 19,0 16 12,0 8,2 29,0
7 8,0 5.4 19,0 17 12,0 8,1 30,0
8 8,0 4,4 20,0 18 12,0 8,5 31,0
9 8,0 53 20,0 19 14,0 9,6 32,0
10 10,0 6,8 20,0 20 14,0 9,0 36,0
Tpeodyercs:

1. TlocTpouTh NMHEWHYIO MOJENb MHOMXECTBEHHOM pPETPECCHM. 3amnucaTh
CTaH/IapTU30BaHHOE YpaBHEHHME MHOXKECTBEHHON perpeccun. Ha ocHoBe
CTaHAAPTU30BaHHBIX KOA(D(OUIIMEHTOB PErpeccud W CPelHUX KOIP(UIIUEHTOB
AIIACTUYHOCTH PAaHXUPOBATh (PAKTOPHI IO CTEIIEHU X BIUSHUS Ha PE3yJIbTaT.

2. Haiitu kondduinmeHTsl TapHOW, YacTHOW W MHOXXECTBEHHOM
koppemsiiin. [Ipoananu3mupoBaTh UX.

3. Haiitu CKOPPEKTHUPOBAHHBII KoahpureHT MHOXECTBEHHOMN
nerepmuHaiui.  CpaBHUTH  €ro0 € HECKOPPEKTUPOBAHHBIM  (OOIIMM)
K03 PUIIEHTOM JeTepMUHALUY.

4, C momompto [ -xputepuss dDurnepa OICHUTH  CTATUCTHYECKYFO

2
HaJIeKHOCTh YPAaBHEHUsI perpeccur U Koddummenrta qrerepMuHann R _—

5. C  noMomp0  YacTHBIX F -xputepues  ®umepa  OICHUTH

11€716C000Pa3HOCTh BKIIIOUYEHHS B YPAaBHEHHUE MHOXKECTBEHHOM perpeccuu (akropa
X, mocne X, u akropa X, mociue X,.

6. CocTaBuUTh ypaBHEHHE JMHEHWHON MapHON perpeccuu, OCTABUB JIMIb

OJIMH 3Hayvalui (akTop.

177




Pemenue

I[JIH y,IIO6CTBa IMPOBCACHUA pacucToB IIOMCCTHUM PE3YIIbTAThI

POMEKYTOUHBIX PACUETOB B TAOIMILY:

Ne Y X X | VY v, | nx, | ox X, v
1 2 3 4 5 6 7 8 9 10
1 7,0 3,9 10,0 | 273 70,0 39,0 15,21 100,0 49,0
2 7,0 3,9 140 | 2773 98.0 54,6 15,21 196,0 49,0
3 7,0 3,7 15,0 | 259 105,0 55,5 13,69 225,0 49,0
4 7,0 4,0 16,0 | 28,0 112,0 64,0 16,0 256,0 49,0
5 7,0 3,8 17,0 | 26,6 119,0 64,6 14,44 289.,0 49,0
6 7,0 4,8 19,0 33,6 133,0 91,2 23,04 361,0 49,0
7 8,0 5,4 19,0 | 43,2 152,0 102,6 | 29,16 361,0 64,0
8 8,0 4.4 20,0 35,2 160,0 88,0 19,36 400,0 64,0
9 8,0 5,3 20,0 | 424 160,0 106,0 | 28,09 400,0 64,0
10 10,0 6,8 20,0 68,0 200,0 136,0 | 46,24 400,0 100,0
11 9,0 6,0 21,0 | 54,0 189,0 126,0 36,0 441,0 81,0
12 11,0 6,4 22,0 70,4 242.0 140,8 | 40,96 484,0 121,0
13 9,0 6,8 22,0 61,2 198.,0 149,6 | 46,24 484.,0 81,0
14 11,0 7,2 25,0 | 79,2 275,0 180,0 | 51,84 625,0 121,0
15 12,0 8,0 28,0 96,0 336,0 224.0 64,0 784,0 144,0
16 12,0 8,2 29,0 | 984 348,0 237,8 | 67,24 841,0 144,0
17 12,0 8,1 30,0 97,2 360,0 243,0 | 65,61 900,0 144,0
18 12,0 8,5 31,0 | 102,0 372,0 263,5 | 72,25 961,0 144,0
19 14,0 9,6 32,0 | 1344 448.,0 307,2 | 92,16 | 1024,0 | 196,0
20 14,0 9,0 36,0 | 126,0 504,0 324,0 81,0 1296,0 196,0
Cymma 192 | 123,8 | 446 | 1276,3 4581 2997,4 | 837,74 | 10828,0 | 1958,0
Cp.3Hau. | 9,6 6,19 | 22,3 | 63,815 | 229,05 | 149,87 | 41,887 | 5414 97,9

Haitnem cpennue kBagpatnyeckue OTKIIOHEHUS IPU3HAKOB:

o, =y’ =7 =1/97,9-9,6° =2,396;

X=X =/41,887 6,197 =1,890;

O, =X X =\[541,4-22,3° =6,642.

1. BplunucieHne mapamMeTpoB JIMHEMHOTO YpaBHEHUS MHOKECTBEHHOMU

perpeccum.

JIns HaxoKIEHUs IapaMeTpOB JIMHEMHOTO YPAaBHEHUS MHOKECTBEHHOU
perpeccuu:

y=a+bx +b,x,
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HEOOXOUMO PEIIUTh CIACAYIOUIYIO CUCTEMY JHUHEHHBIX YpaBHEHUN OTHOCHUTEIHHO

HEH3BECTHBIX MapameTpoB a, by, b,:

rna+b12xl +l)2Z:x2 =Zy;
ale +b12x12 +bzlex2 = Zyxl;
Kasz +blZ:x1x2 +bzzx§ = Z:yx2

100 BOCIOJIB30BATHCS TOTOBBIMU (OpMYyJIaMu:

.

b = Gy . ryxl B Vyx2 rxlxz . b. = O-y . ryxz B ryxl rxlxz
1 2 > 2 2 >
o, 1-r o, 1-r

Paccunrtaem cHavana napubie K03(QGUIUEHTHI KOPPEISIUU:

_cov(y,x) _63,815-6,19-9,6

- =0,970;
o, 0, 1,890-2,396
. cov(y, x,) _229,05-22,3-9,6 _0.941:
" o,.0, 6,642-2,396
. cov(x, X,) _149,87-6,19-22,3 0,943,
® o, 0, 1,890 6,642
Haxomum:

b — 2,396 0,970-0,941-0,943

= 72 20,946
1,890 1-0,943

p, = 2396 0.941-0.970-0.943 _ oo
6,642  1-0,943

a=9,6-0,946-6,19-0,0856-22,3=1,835.

Takum 00pa3oMm, NOJYYWIIM CIEAYIOLIEE YpPaBHEHUE MHOKECTBEHHOM
perpeccuu:

»=1,835+0,946-x, +0,0856 - x,.
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Kosddurmentsr S, u [5, CTaHIapTH30BAHHOTO YPaBHEHHS PETPECCHH

t y = ,Bll‘xl + ,thx2 + &, HaxomTCs 10 hopMyJIaMm:

o

B, =b 1 =0,946- 1,890 =0,746;
o, ,396
o

B, =b, 2 =0,0856- 6,642 =0,237.
o 6

y b

T. e. ypaBHeHHE OyieT BBIMISIIETH CIEIYIOMIUM 00pa3oM:
t,=0,746-1, +0,237 1, .

Tak kak crTaHgapTU30BaHHBIE KOAP(DPPUIMEHTH PErpeccud  MOXKHO
CpaBHMBAaTh MEXIy COOOH, TO MOXHO CKa3aTh, YTO BBOJ B JEWCTBHE HOBBIX
OCHOBHBIX (DOHJIOB OKa3bIBACT OOJIbIIIEE BIMSHUE HA BHIPAOOTKY MPOAYKIIUH, YeM
yJAeJIbHBIN BeC pab0YMX BHICOKON KBAJIU(DPUKALIUU.

CpaBHuBaTh BIUsHUE (AKTOPOB HA PE3yJbTAaT MOKHO TaKXe MpPU MMOMOIIU

cpenHux Kor(hGUIIMEHTOB 3JTaCTUYHOCTH:

§i :bi ) iCi -
yxi
Bpraucnsewm:
3, =0,946- 019 =0,61; 9,=0,0856- 22,3 =0,20.

b M
T. e. yBenudyeHHe TOJIBKO OCHOBHBIX (DOHAOB (OT CBOETO CpPEIHETO
3HAYeHHsI) WIH TOJIKO yAETBHOTO Beca pabouux BBICOKOHM kBanmudukanuu Ha 1%
yBEIMYMBAET B cCpeaHeM BbIpaboTky mpoaykimu Ha 0,61% wmu  0,20%
COOTBETCTBEHHO. Takum o00pa3oM, MOATBEp)KAAeTCS OOJbIIee BIUSHUE Ha

pesynpTar y (axropa X,, 4eM Qakropa X, .

2. KoaddummeHTs! napHOil KOPPENIALUU MBI YK€ HAIILIH:

r.=0,970; . =0941; 1 =0,943.
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OHu yKa3pIBAlOT HA BEChbMa CHJBHYIO CBSI3b KaxIoro (akropa ¢

PE3YNBTAaTOM, a TAKXKE BBICOKYIO MEK(PAKTOPHYIO 3aBUCUMOCTB ((DaKkTOpsl X, U X,
aBHO ~ Kommueapubl, T.X. . =0,943>0,7). Tlpn Ttakoit cunbHOM

Mex(aKTOPHON 3aBUCUMOCTH PEKOMEHIYETCs] OAUH U3 (PAKTOPOB UCKIIOYUTH U3
PacCMOTpPEHHSI.

YactHple KOA((ULUUEHTHl KOPPEISIIMM  XapaKTePU3yKOT TECHOTY CBSI3U
MEXJy pe3yJbTaTOM M COOTBETCTBYIOIMIMM (HaKTOPOM NpPHU SIUMHUHHUPOBAHUU
(ycTpaHeHUU BIMSIHMS) APYTUX (GAKTOPOB, BKIOUEHHBIX B YPABHEHHUE PETPECCUU.

I[Ipu  nByx  ¢akropax  4YacTHble  KOI(DPUIMEHTHI  KOPPENALHH

PACCUUTHIBAIOTCS CIIELYIOIUM 00pa3oMm:

e Dn Tl 09T0-00410.043 o,
Ja=r2)(1=2)  J(1-0,941°)-(1-0,943?)
e T 094109700043 oo

T ) 0o (-0

Ecmu cpaBHUTE KO3 (OUIIMEHTH TAPHON M YACTHOW KOPPEIISIHH, TO MOXKHO
YBUJETh, YTO W3-32 BBICOKOH MEX(PaKTOPHOW 3aBUCUMOCTH KOA(DPHUIIMEHTHI
TIApPHOH KOPPENSIIAN JTAl0T 3aBBIMICHHBIC OIICHKU TECHOTHI CBS3U. VIMEHHO 1O ATOM
MPUYUHE PEKOMEHYETCS MPU HAIWYUUA CUJIBHOW KOJTMHEAPHOCTH (B3aMMOCBSI3H)
(bakTOpOB UCKIIIOYATh U3 UCCIEOBaHUS TOT (AKTOP, Y KOTOPOTO TECHOTA MapHOM
3aBUCUMOCTH MEHBIIIE, YeM TECHOTAa MEK(DAKTOPHOH CBS3H.

Koaddurmment MHOKECTBEHHONW KOPPEIAIMHA ONPENCTUTh Yepe3 MaTPHUILy

napHbIX KOAPGUIIMEHTOB KOPPEIIALIUN:

Tac:
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1 l”yx 1 ryxz
A = Vo 1 Vo,
ryxz rxle

— ONPEIEIUTENIb MATPULBI MAPHBIX KOADPUIIMEHTOB KOPPEISALUY;

r

X1 X2

r 1

XX

A =

"1

— OIIpCACINUTCIIb MATPUILIBI MG)K(i)aKTOpHOﬁ KOppcCJLIIuu.
I 0,970 0,941
A =0,970 1 0,943 =1+0,8607+0,8607 -
0.941 0,943 1 ;
—0,8855—0,8892 —0,9409 = 0,0058

1 0,943
0,943 1

"1

‘:1—0,8892 =0,1108.

KoaduiimeHT MHOKECTBEHHON KOPPENIALINU:

00038 oo
e 0,1108

AHAJIOTUYHBIN pe3ysIbTaT NOJyYUM MIPU UCIIOIB30BaHUU APYTUX (HOPMYII:

2
R = 1-Tm 122304 g3,
i o, 5,74

R, =D B 1. =0,746-0,970+0,237-0,941 = 0,973;
yxlxz \/1 1 ryxz X ) -

- \/1— 1—0,9702)-(1—0,3252) ~0,973

KoadduiimeHT MHOKECTBEHHOW KOpPENALMK TOKa3hlBaeT Ha BeChMa
CUJIBHYIO CBSI3b BCEro HaOopa (pakToOpoB C pe3yIbTaTOM.

3. HeckoppekTupoBaHHbIH KOIDPHUITMEHT MHOKECTBEHHOM JIeTepMUHAIIUN

2
Rym2 = 0,947 ouenuBaeT 010 BapUalUU PE3yIbTAaTa 3a CUET IPEICTABIEHHBIX
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B YpaBHEHHMHM (aKTOpoB B O0OmIe Bapuauud pe3ysbTara. 31ech 3Ta JOJs

cocraBister 94,7% wu ykassiBaeT Ha BeCbMa BBHICOKYIO CTENEHb 00YCIOBIEHHOCTH

BapHallly pe3yJibTaTa Bapuanuei (akTopoB, MHBIMU CIIOBAMHU — HA BECbMa TECHYIO
CBA3b (PAKTOPOB C PE3YJIbTATOM.

CkoppeKTupoBaHHBIN KO3(PPUITMEHT MHOKECTBEHHOM JIeTepPMUHAIIUN:

R =1—(1—R2)ﬁ=1—(1—O,947)£=0,941

(n—m—l) 20-2-1

OTIpE/ICNIIET TECHOTY CBS3U C YUETOM CTerneHed cB0OOJbI 0OIIeld M OCTaTOYHOMU
nucnepcuid. OH 1aeT TaKylo OIEHKY T€CHOTHI CBSI3HM, KOTOpas HE 3aBUCUT OT YUCIa
(GakTOpOB W TMOATOMY MOXET CpPaBHUBATHCA IO PAa3HBIM MOJEISM C Pa3HbIM

gyuciaoMm (paktopoB. O6a ko3 duireHTa yKa3plBalOT Ha BeChbMa BBICOKYIO (OoJee
0
94% ) neTepMUHMPOBAaHHOCTh PE3yJIbTaTa ) B MOJEIH (HaKTOpaMu X, U X,.
4. OueHKy HaACKHOCTH YPABHEHHUS PETrPEeCcCCMU B LEIOM M IOKa3aTens

TECHOTBI CBSI3U Ryxlx2 naet F -kpurepnii Ourrepa:

R n-m-1
1-R? m
B namem citydae haktuueckoe 3HaueHue [ -kpurepus @uinepa:
~0,973° 20-2-1
120,973 2
> F,

F =

=151,88.

[Monyuwnu, gro F, =3,49 (mpu n=20), T.e. BEepOATHOCTH

aKT a0
CJ'Iy‘-IElﬁHO MMOJIYYHUTb TAKOC 3HAYCHHC F -KPpHUTCPHA HC IPCBLIIIACT I[OHYCTI/IMHﬁ
YPOBCHb 3HAYNMOCTH 5%. CJICI[OB&TGJIBHO, IMOJIYUYCHHOC 3HAYCHHUC HC cnyqaﬁHO,
OHO Cq)OpMI/IPOBaJ'IOCB oA, BIIMSAHHUEM CYICCTBCHHEBIX (baKTOPOB, T.C.

IMOATBCPIKAACTCA CTATUCTHUYCCKAA 3HAYHMMOCTb BCCTO YPABHCHHA H IIOKA3aTCIIA

TeCHOTHI CBsI3H R
yxixp *

5. C  nomombK  YacTHBIX F -xputepues ~ ®wumiepa  oreHHM

11€71€CO00pa3HOCTh BKIIIOUCHHS B YpaBHEHUE MHOXKECTBEHHOM perpeccur (hakTopa

X, mocne X, u pakropa X, mocjae X, IMpH HOMOLIH (HOPMYII:
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2 2
— Ryxlxz Ryxz h—m —1

4acr, X 2
1-R, m
2 2
_ Ryxlxz Ryxl h—m —1
4acrT, X, 2
1-R m

. 2 2
Haiinem Ryx1 u Ryxz.

R’ = ryil =0,970% =0,941;

P

R: =r2 =0,941> = 0,885.

Xy

Nmeewm:
- :0’947_0’885-20_2_1:8,9322;
a 1-0,941 2
20,947—0,941.20—2—12094435‘
. 1-0,885 2

[Moayunnu, uro F, <F__ =3,49. CnenoBarensHo, BKIIOYEHHE B

9acT, x) Tabn
Mozens (akTopa X, IIOCIE€ TOro, Kak B MOJENb BKIIOYEH (akTop X,
CTaTUCTHUYECKH HEIEIeco00pa3Ho: MPUPOCT (GAKTOPHOW ITUCTIEPCHH 3a CYET

JOITOJIHUTCIBHOTO IIpU3HaKa x2 OKa3bIBACTCsA HC3HAYUTCIIbHBIM,

HECYIECTBEHHBIM; (DakTop X, BKJIIOYaTh B ypaBHEHHE Iocie (akropa X, He

CHedyeT.

Ecnu noMeHsTh HCpBOHa‘{aHLHHﬁ MOPAIO0K BKIHOYCHHA q)aKTOpOB B MOJCJIb

¥ PACCMOTPETH BAPUAHT BKIIIOYEHHS X, MOCJIE X,, TO PE3YNbTaT pacyeTa 4YaCTHOIO

F -xpurepust mst x; Oyzner unem. [ >F . =3,49, 1. e. BeposTHOCTD €ro

4acT, x| 01
ciaydaiiHoro (opMUpOBaHMS MEHbIIE TpuHATOro craHgapra o =0,05 (5%).
CrefoBaTeabHO, 3HAYEHHE YaCTHOrO  [7-KpUTEepHst Ui JIOTOJHHUTEIBHO
BKJIIOYEHHOT0 (hakTopa X, HE CIy4ailHO, SBJIAETCA CTATHCTHYECKH 3HAUYUMBIM,
HAJIeKHBIM, JIOCTOBEPHBIM: TMPUPOCT  (PaKTOpHON  Jucmepcud 3a  CUeT

JOTIOJIHUTENILHOTO (DakTopa X, SBISETCS CyIIECTBEHHbIM. (PaKTOp X, JOJKEH
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MPUCYTCTBOBATh B YPaBHEHUH, B TOM YHCIIC B BApUAHTE, KOT/Ia OH JOMOTHUTEIIHHO
BKJIFOUAETCs 1ociie Gakropa X, .

6. OOwmi BBIBOA COCTOMT B TOM, 4YTO MHOXXECTBEHHAs MOIECIb C

2 y
bakropamu X, u x, ¢ R, ~=0,947 copepxur neunpopmarusnsiii pakrop X, .

Ecnn uckmounths (QakTtop X,, TO MOXKHO OIPaHMYHUTBCA ypaBHEHHEM IIapHOM
perpeccuu:

Po=aptax=199+123-x, r=0,941.

BapuaHThl MHAUBUAYAJBHBIX 3aaHUI

I[Io 20 npennmpusTUsSM pErHOHAa U3Yy4aeTcsl 3aBHCHMOCTb BbIPAOOTKH

OPOAYKIMM HAa OAHOTO paboTHHKA ) (ThIC. py0.) OT BBOAA B JACWCTBHE HOBBIX
0CHOBHBIX ()OHIOB X, (% OT crommocTH ()OHJIOB HA KOHEI TO/1a) U OT YJCIbHOIO

BeCa paboYMX BBICOKOW KBaAIM(UKAIMK B OOLIEH YUCIECHHOCTH pabouux X, (%)

(cMoTpH TabUIly CBOETO BapUAHTA).

Tpeodyercs:

1. IlocTpouTh JIWHEWHYIO MOJEIb MHOXECTBEHHON perpeccuu. 3amucaTh
CTaHAApTU30BaHHOE YpaBHEHHWE MHOXKECTBEHHOM perpeccud. Ha ocHoBe
CTaHIApPTU30BaHHBIX KOA((UIIMEHTOB PETPECCHH U CPEAHUX KOI(PPUIIMEHTOB
AIIACTUYHOCTH PAHKUPOBATh (PAKTOPHI MO CTETICHU MX BIUSHUSA HA PE3YJIbTaT.

2. Haittu xos(pduumeHTsl mapHOW, YaCTHOM U  MHOXKECTBEHHOMU
Koppensiuuu. [Tpoananu3upoBath ux.

3. Haiitu CKOPPEKTUPOBAHHBIN Kod(ppuueHT MHO>KECTBEHHOU
nerepmuHaiuu.  CpaBHUTB  €ro € HECKOPPEKTUPOBaHHBIM  (OOIIMM)
KO2(pPUIIMEHTOM JIeTepMHUHAITUH.

4, C mnomompio F -kpurepust ®@umiepa OIEHUTh CTATHCTHYECKYIO

2

Ha/I)KHOCTh YPaBHEHHUS perpeccuu u KodPpuimeHTa qeTepMruHaIuu Ryx1x2 .
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5. C

IIOMOIIBIO

HYaCTHBIX

F -xpurtepues

Ourepa

OLICHUTD

11€1€CO00pa3HOCTh BKIIIOUEHHS B YpaBHEHUE MHOXXECTBEHHOM perpeccuu (hakropa

X, mocie X, u akrTopa X, mocie X,.

6. CocTaBuTh ypaBHEHHE JIMHEWHOW IAPHOW PETPECCUM, OCTABUB JHIIb

OJIMH 3HaYaImui (hakTop.

Bapuanr 1
Howmep y X, X, Howmep y X, X,
IpEANPUATHS PEANPUATHS
1 6 3,6 9 11 9 6,3 21
2 6 3,6 12 12 11 6,4 22
3 6 3,9 14 13 11 7 24
4 7 4,1 17 14 12 7,5 25
5 7 3,9 18 15 12 7,9 28
6 7 4,5 19 16 13 8,2 30
7 8 5,3 19 17 13 8 30
8 8 5,3 19 18 13 8,6 31
9 9 5,6 20 19 14 9,5 33
10 10 6,8 21 20 14 9 36
Bapuanr 2
Homep y X, X, Howmep y X, X,
IpEANPUATHS IPEANPUATHS
1 6 3.5 10 11 10 6,3 21
2 6 3,6 12 12 11 6,4 22
3 7 3,9 15 13 11 7 23
4 7 4,1 17 14 12 7,5 25
5 7 4,2 18 15 12 7,9 28
6 8 4,5 19 16 13 8,2 30
7 8 5,3 19 17 13 8.4 31
8 9 5,3 20 18 14 8,6 31
9 9 5,6 20 19 14 9,5 35
10 10 6 21 20 15 10 36
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Bapuanr 3

Howmep y X, X, Howmep y X, X,
IPEANPUATHS IIPEANPUATHS

1 7 3,7 9 11 11 6,3 22

2 7 3,7 11 12 11 6,4 22

3 7 3,9 11 13 11 7,2 23

4 7 4,1 15 14 12 7,5 25

5 8 4,2 17 15 12 7,9 27

6 8 4,9 19 16 13 8,1 30

7 8 5,3 19 17 13 8.4 31

8 9 5,1 20 18 13 8,6 32

9 10 5,6 20 19 14 9,5 35

10 10 6,1 21 20 15 9,5 36

Bapuanr 4

Howmep y X, X, Howmep y X, X,
PEANPUATHS IPEANPUATHS

1 7 3,5 9 11 10 6,3 22

2 7 3,6 10 12 10 6,5 22

3 7 3,9 12 13 11 7,2 24

4 7 4,1 17 14 12 7,5 25

5 8 4,2 18 15 12 7,9 27

6 8 4,5 19 16 13 8,2 30

7 9 5,3 19 17 13 8.4 31

8 9 5,5 20 18 14 8,6 33

9 10 5,6 21 19 14 9,5 35

10 10 6,1 21 20 15 9,6 36

Bapuanrt S

Homep y X, X, Howmep y X, X,
PEANPUATHS IPEANPUATHS

| 7 3,6 9 11 10 6,3 21

2 7 3,6 11 12 11 6,9 23

3 7 3,7 12 13 11 7,2 24

4 8 4,1 16 14 12 7,8 25

5 8 4,3 19 15 13 8,1 27

6 8 4,5 19 16 13 8,2 29

7 9 5,4 20 17 13 8.4 31

8 9 5,5 20 18 14 8,8 33

9 10 5,8 21 19 14 9,5 35

10 10 6,1 21 20 14 9,7 34
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Bapuanr 6

Howmep y X, X, Howmep y X, X,
IPEANPUATHS IIPEANPUATHS

1 7 3,5 9 11 10 6,3 21

2 7 3,6 10 12 10 6,8 22

3 7 3,8 14 13 11 7,2 24

4 7 4,2 15 14 12 7,9 25

5 8 4,3 18 15 12 8,1 26

6 8 4,7 19 16 13 8,3 29

7 9 5,4 19 17 13 8.4 31

8 9 5,6 20 18 13 8,8 32

9 10 5,9 20 19 14 9,6 35

10 10 6,1 21 20 14 9,7 36

Bapuanr 7

Howmep y X, X, Howmep y X, X,
PEANPUATHS IPEANPUATHS

1 7 3,8 11 11 10 6,8 21

2 7 3,8 12 12 11 7,4 23

3 7 3,9 16 13 11 7,8 24

4 7 4,1 17 14 12 7,5 26

5 7 4,6 18 15 12 7,9 28

6 8 4,5 18 16 12 8,1 30

7 8 5,3 19 17 13 8.4 31

8 9 5,5 20 18 13 8,7 32

9 9 6,1 20 19 13 9,5 33

10 10 6,8 21 20 14 9,7 35

Bapuanr 8

Homep y X, X, Howmep y X, X,
PEANPUATHS IPEANPUATHS

1 7 3,8 9 11 11 7,1 22

2 7 4,1 14 12 11 7,5 23

3 7 4,3 16 13 12 7,8 25

4 7 4,1 17 14 12 7,6 27

5 8 4,6 17 15 12 7,9 29

6 8 4,7 18 16 13 8,1 30

7 9 5,3 20 17 13 8,5 32

8 9 5,5 20 18 14 8,7 32

9 11 6,9 21 19 14 9,6 33

10 10 6,8 21 20 15 9,8 36
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Bapuant 9

Howmep y X, X, Homep y X, X,
IPEANPUATHS IIPEANPUATHS

1 7 3.9 12 11 11 7,1 22

2 7 4,2 13 12 12 7,5 25

3 7 4,3 15 13 13 7,8 26

4 7 4,4 17 14 12 7,9 27

5 8 4,6 18 15 13 8,1 30

6 8 4,8 19 16 13 8,4 31

7 9 5,3 19 17 13 8,6 32

8 9 5,7 20 18 14 8,8 32

9 10 6,9 21 19 14 9,6 34

10 10 6,8 21 20 14 9,9 36

Bapuanr 10
Homep y X, X, Howmep y X, X,
IpEANPUATHS IPEANPUATHS

1 7 3,6 12 11 10 7,2 23

2 7 4,1 14 12 11 7,6 25

3 7 4,3 16 13 12 7,8 26

4 7 4,4 17 14 11 7,9 28

5 7 4,5 18 15 12 8,2 30

6 8 4,8 19 16 12 8.4 31

7 8 5,3 20 17 12 8,6 32

8 8 5,6 20 18 13 8,8 32

9 9 6,7 21 19 13 9,2 33

10 10 6,9 22 20 14 9,6 34

D.3. Cucrembl 3KOHOMETPUYECKUX YPABHEHU
IIpumep pemieHust TUTIOBOM 3a/1aul CMOTPH B paszaene 3.
BapuaHTbl MHIUBHAYAJbHBIX 3aJaHUH

JlaHbI CUCTEMBI SKOHOMETPUYECKHX YPaBHEHUH.

Tpedyercs:

1. IlpumeHuB HEOOXOAMMOE M JOCTAaTOUYHOE YCIOBUE HJIEHTU(UKALINY,
oTpesieNuTe, UACHTU(GUITUPYEMO JIU KaXKI0€ U3 ypaBHEHUN MOJIEIH.

2. Omnpenenurte METO]] OLIEHKU MTapaMEeTPOB MOJEIIH.

3. 3anumuTe B 001eM BUJIe TPUBEACHHYIO (OpPMY MOJIEIH.
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Bapuanr 1
Monens npotekiinonusma CanbBaropa (YyrnpoleHHast BEpCcusi):
M, =a,+b,N, +b;S, +b,E_ +b;M, , +¢,
N, =a,+b,M,+b,,S, +b,Y +¢,,
S =a,+b,M,+b,N, +b, X, +¢&,.
rae M — nons ummnopra B BBIT; N — o01iiee urciio npomeHuii 06 0CBOOOKIEHUH
OT TaMOXKEHHBLIX IOLUIMH, S — YHCIO YJIOBJIETBOPEHHLIX IPOIIEHHUH 00
0CBOOOIKIEHHH OT TAMOYKEHHBIX TOIUIMH; £ — ()UKTHBHAs IIepeMeHHas, paBHas |
JUIS T€X JIeT, B KOTOpbIE KypC Jojulapa Ha MEXKIYHAPOIHBIX BATIOTHBIX pPBIHKAaX
ObLI MCKYCCTBEHHO 3aBbilieH, ¥ 0 — I BCEX OCTalbHBIX JIeT, Y — pealbHbIi
BBII; X — peanbHblii 00b€M YHCTOrO DKCIOpTa; ! — TeKyluid mepuox; ¢ —1 —
IpEeABbIIYIIUN TePUOI.
Bapuanr 2
MakposkoHOMHUYECKAst MOJIEIb (YIIpollleHHast Bepcus mojaenu KieiiHa):
C =a,+b,Y +b,T +¢,
[,=a,+b,Y +b,,K, , +¢,,
Y,=C +1,
rne C — norpebnenne; I — unectuium; Y — noxox; I — mamorn; K — 3amac
Kanurana; ! — TeKyiui nepuo; ¢ —1 — npeapirynmii meproy.
Bapuanr 3
MakposkoHomudeckast Mmojesb 3koHomuku CIIA (omHa u3 Bepcuid):
rCz =a,+b,Y, +0,C., +¢,
[, =a,+b,Y +b,r, +¢,,
rn,=ay+by,Y, + by, M, + b1, | + &,
Y, =C +1,+G,

rae C —norpebnenne; ¥ — BBII; [ — unBectunyu; 7 — npoueHTHas craska; M
— nenexnas macca; G — rocyapcTBEHHbIE pacXobl; [ — Texymmil nepuon; ¢ — 1

— IpPEABITYLIUN IEPUOA.
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Bapuanr 4
Mognens KeitHca (o1Ha U3 Bepcuii):
C =a+b,Y +b,Y  +¢,
I, =a,+b,Y +¢,,
Y=C+1+G,,
rne C — mnorpebnenme; Y — BBII; I — Banossie umBectuimu; G —
roCyIapCTBEHHbIE PACXObI; { — TeKyIHii epuo; ¢ — 1 — mpeaprymumil mepuo.
Bapuanr 5
Moenb IeHEKHOTO ¥ TOBAPHOT'O PHIHKOB:
R =a +b,Y +b M, +¢,
Y, =a,+D, R, + by, +b,5G, + &,
I =a,+b,R +¢&,
rae R — nponenrusie craBku; Y — peansubiii BBIT; M — nenexuast macca; [ —
BHyTpeHHMEe UHBecTUIMK; (G — peanbHbIe TOCYJAPCTBEHHBIE PACXO/IbL.
Bapuanr 6

MoaudurnupoBanHas moenb KetiHca:

C =a +bY +¢,
I, =a,+b, Y, +b,Y _ +¢,
Y=C+1 +G,

rne C — norpebnenne; Y — moxoxm; I — wmsectunmu; G — rocymapcTBEHHEIE
pacxosl; ! — TeKymui nepuon; ¢ — 1 — npensiayinuii nepuo.
Bapuanr 7

Maxkpo3KOHOMHYECKAS MOZEIb:
C =a+b,D, +¢g,
) [, =a,+b,Y, +b,Y , +¢,,
Y=D +T,
D, =C,+1,+G,
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rae C — pacxomsl Ha motpediaenue; ¥ — YUCTBHIA HAIMOHAILHEIM TpoAayKT;, [ —
YHCTHIM HAlMOHANBHBIN noxox; I — maBectnumu; I — xocsenHsie Hanorn; G —
roCyIapCTBEHHEIE PACXOb; § — TEKyIWii nepuon; { — 1 — mpeaprymumii nepuo.
Bapuanr 8
I'unoreTuyeckas MOJENb SKOHOMMKH:
(C =a,+b,Y +b,J, +é,
) J,=a,+b,Y  +¢,
T, =a,+b,Y +¢,
Y, =C+J,+G,

rie C — coBokymHoe morpe0sienue B nepuopn f; Y — COBOKYNHBIA 10XOI B
nepuon t; J — wmmBectmuum B nepuon t; 1 — wanorm B nepuon f; G —
rOCYyJapCTBEHHBIE TOXOIbI B IIEPHOL [ .
Bapuant 9
Mojenb IE€HEHKHOTO PhIHKA:
R =a,+b M, +b,Y ++¢g,
Y=a,+b,R +b,l +¢,,
I =a,+b;R +¢,,
rae R — nponentnsie crasku; ¥ — BBII; M — nenexnas macca; [ — BHyTpeHHME
UHBECTHIIUH.
Bapuanr 10
KOHBIOHKTYpHAs! MOJIEIb UMEET BHI:
rCz =a,+b,Y, +0,C., +¢,
[, =a,+by1, +byl, , +6&,
n=ay+b,Y +b,M, + &,
Y, =C+1,+G,

rae C — pacxonsl Ha notpednenue; Y — BBII; [ — uHBecTUMuU; 7 — OPOLEHTHAS
craBka; M — nenexnas macca; G — rocyapCTBEHHBIE PAcXOmbl; [ — TEKyLI[UH

nepuox; { — 1 — mpeaprymumii mepuo.

192



D.4. BpemeHHblIe psiabl
IIpumep penieHus: TANOBOM 3aauu CMOTPH B paserne 4.
BapuaHTbl MHAMBUIYAJBHBIX 321aHUI

NmeroTcst ycroBHBIE JaHHBIE 00 0Obemax MOTPEOJCHUsT IIEKTPOIHEPTHU

(y,) XKuTessaMuU peruoHa 3a 16 kBapTaos.

TpeOyercs:

1. IlocTpouTh aBTOKOPPEISAIMOHHYI0 (YHKIUIO U CIelIaTh BBIBOJ O
HAJTMYUHA CE30HHBIX KOJICOAHUH.

2. IlocTpouTh aaJUTUBHYIO MOJENb BPEMEHHOTO psAna (I HEYETHBIX
BAPUAHTOB) WU MYJbTUIUIUKATUBHYI0 MOJEJIb BPEMEHHOTO psna (Il YETHBIX
BAPUAHTOB).

3. CpaenaTh mporHo3 Ha 2 KBapTaja BOEPE.

Bapuanrsi 1, 2

t Vi { Vi
1 5,8 9 7,9
2 4,5 10 5,5
3 5,1 11 6,3
4 9,1 12 10,8
5 7,0 13 9,0
6 5,0 14 6,5
7 6,0 15 7,0
8 10,1 16 11,1
Bapuantsi 3, 4
t Y { Vi
1 5,5 9 8,0
2 4,6 10 5,6
3 5,0 11 6,4
4 9,2 12 10,9
5 7,1 13 9,1
6 5,1 14 6,4
7 5,9 15 7,2
8 10,0 16 11,0
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Bapuanrsli 5, 6

{ Yy 4 Yy

1 5,3 9 8,2
2 4,7 10 5,5
3 52 11 6,5
4 9,1 12 11,0
5 7,0 13 8,9
6 5,0 14 6,5
7 6,0 15 7,3

8 10,1 16 11,2

Bapuaunrtsl 7, 8

4 Vi 4 Yy

1 5,5 9 8,3

2 4,8 10 5,4
3 5,1 11 6,4
4 9,0 12 10,9
5 7,1 13 9,0
6 4,9 14 6,6
7 6,1 15 7,5
8 10,0 16 11,2

Bapuanrsi 9, 10

t Vi { Vi

1 5,6 9 8,2
2 4,7 10 5,6
3 52 11 6,4
4 9,1 12 10,8
5 7,0 13 91

6 5,1 14 6,7
7 6,0 15 7,5
8 10,2 16 11,3
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E.1. Tabanua 3uavyennii [ -kpurepuss @uurepa npu ypoBHe 3HAYMMOCTH

Ipuiaoxenue E

MaTeMaTHKO-CTATUCTHYECKHE TA0JINILI

a=0,05
kl
1 2 3 4 5 6 8 12 | 24 ©
k2

1 2 3 4 5 6 7 8 9 10 11
1 161,5 | 199,5 | 215,7 | 224,6 | 230,2 | 233,9 | 238,9 | 243,9 | 249,0 | 254,3
2 18,51 | 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,37 | 19,41 | 19,45 | 19,50
3 10,13 | 9,55 | 9,28 | 9,12 | 9,01 8,94 | 884 | 8,74 | 8,64 | 8,53
4 7,71 6,94 | 6,59 | 6,39 | 6,26 | 6,16 | 6,04 | 591 5,77 | 5,63
5 6,61 5,79 | 5,41 5,019 | 5,05 | 495 | 482 | 4,68 | 4,53 | 4,36
6 599 | 5,14 | 4,76 | 4,53 | 439 | 428 | 4,15 | 4,00 | 3,84 | 3,67
7 559 | 4,74 | 435 | 4,12 | 397 | 3,87 | 3,73 | 3,57 | 3,41 3,23
8 532 | 446 | 4,07 | 3,84 | 3,69 | 3,58 | 3,44 | 3,28 | 3,12 | 2,93
9 512 | 426 | 3,86 | 3,63 | 348 | 3,37 | 3,23 | 3,07 | 2,90 | 2,71
10 496 | 4,10 | 3,71 348 | 3,33 | 3,22 | 3,07 | 2,91 2,74 | 2,54
11 484 | 398 | 3,59 | 3,36 | 3,20 | 3,09 | 295 | 2,79 | 2,61 2,40
12 4,75 | 3,88 | 3,49 | 3,26 | 3,11 3,00 | 2,85 | 2,69 | 2,50 | 2,30
13 4,67 | 3,80 | 3,41 3,18 | 3,02 | 292 | 2,77 | 2,60 | 2,42 | 2,21
14 4,60 | 3,74 | 3,34 | 3,11 296 | 2,85 | 2,70 | 2,53 | 2,35 | 2,13
15 454 | 3,68 | 3,29 | 3,06 | 2,90 | 2,79 | 2,64 | 2,48 | 2,29 | 2,07
16 449 | 3,63 | 3,24 | 3,01 2,85 | 2,74 | 2,59 | 2,42 | 2,24 | 2,01
17 445 | 3,59 | 3,20 | 2,96 | 2,81 2,70 | 2,55 | 2,38 | 2,19 1,96
18 441 355 | 3,16 | 2,93 | 2,77 | 2,66 | 2,51 | 2,34 | 2,15 1,92
19 438 | 3,52 | 3,13 | 290 | 2,74 | 2,63 | 248 | 2,31 | 2,11 1,88
20 435 | 3,49 | 3,10 | 2,87 | 2,71 | 2,60 | 2,45 | 2,28 | 2,08 1,84
21 4,32 | 3,47 3,07 | 2,84 | 2,68 | 2,57 | 2,42 | 2,25 | 2,05 1,81
22 430 | 3,44 | 3,05 | 2,82 | 2,66 | 2,55 | 2,40 | 2,23 | 2,03 1,78
23 428 | 342 | 3,03 | 2,80 | 2,64 | 2,53 | 2,38 | 2,20 | 2,00 1,76
24 426 | 3,40 | 3,01 2,78 | 2,62 | 2,51 2,36 | 2,18 1,98 1,73
25 424 | 338 | 2,99 | 2,76 | 2,60 | 2,49 | 2,34 | 2,16 1,96 1,71
26 422 | 337 | 2,98 | 2,74 | 2,59 | 2,47 | 2,32 | 2,15 1,95 1,69
27 4,21 335 | 296 | 2,73 | 2,57 | 2,46 | 2,30 | 2,13 1,93 1,67
28 | 420 | 334 | 295 | 2,71 | 2,56 | 2,44 | 229 | 2,12 | 191 | 1,65
29 418 | 3,33 | 293 | 2,70 | 2,54 | 243 | 2,28 | 2,10 1,90 1,64
30 417 | 3,32 | 292 | 2,69 | 2,53 | 242 | 227 | 2,09 1,89 1,62
35 412 | 326 | 2,87 | 2,64 | 248 | 2,37 | 2,22 | 2,04 1,83 1,57
40 4,08 3,23 2,84 | 2,61 245 | 2,34 | 2,18 | 2,00 1,79 1,51
45 4,06 | 3,21 2,81 2,58 | 2,42 | 2,31 2,15 1,97 1,76 1,48
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1 2 3 4 5 6 7 8 9 10 11
50 | 403 | 3,18 | 2,79 | 2,56 | 2,40 | 2,29 | 2,13 1,95 | 1,74 | 1,44
60 | 400 | 3,15 | 2,76 | 2,52 | 2,37 | 2,25 | 2,10 | 1,92 | 1,70 | 1,39
70 | 398 | 3,13 | 2,74 | 2,50 | 2,35 | 2,23 | 2,07 | 1,89 | 1,67 | 1,35
80 | 3,96 | 3,11 | 2,72 | 249 | 2,33 | 2,21 | 2,06 | 1,88 | 1,65 1,31
90 | 3,95 | 3,10 | 2,71 | 2,47 | 2,32 | 2,20 | 2,04 | 1,86 | 1,64 | 1,28
100 | 3,94 | 3,09 | 2,70 | 2,46 | 2,30 | 2,19 | 2,03 1,85 | 1,63 1,26
125 | 3,92 | 3,07 | 2,68 | 2,44 | 2,29 | 2,17 | 2,01 1,83 1,60 | 1,21
150 | 3,90 | 3,06 | 2,66 | 2,43 | 2,27 | 2,16 | 2,00 | 1,82 | 1,59 | 1,18
200 | 3,89 | 3,04 | 2,65 | 242 | 226 | 2,14 | 198 | 1,80 | 1,57 | 1,14
300 | 3,87 | 3,03 | 2,64 | 2,41 | 225 | 2,13 1,97 | 1,79 | 1,55 1,10
400 | 3,86 | 3,02 | 2,63 | 2,40 | 2,24 | 2,12 | 1,96 | 1,78 | 1,54 | 1,07
500 | 3,86 | 3,01 | 2,62 | 2,39 | 2,23 | 2,11 1,96 | 1,77 | 1,54 | 1,06

1000 | 3,85 | 3,00 | 2,61 | 2,38 | 2,22 | 2,10 | 1,95 | 1,76 | 1,53 1,03

o0 3,84 | 299 | 2,60 | 237 | 221 | 2,09 | 1,94 | 1,75 | 1,52 1

E.2. Kputuueckue 3navenusi f-kputepusi CTbI0JIeHTA IPH YPOBHE
3nayumoctu 0,10, 0,05, 0,01 (xByXcTOpOHHMIA)

qI/ICJIOV a qI/ICJ’IOU a

CTEIleHEn CTEIleHEn

CB‘ft?m’I 00,10 | 0,05 | 0,01 03‘216;32‘“ 00,10 | 0,05 | 0,01
1 6,3138 | 12,706 | 63,657 18 1,7341 | 2,1009 | 2,8784
2 2,9200 | 4,3027 | 9,9248 19 1,7291 | 2,0930 | 2,8609
3 2,3534 | 3,1825 | 5,8409 20 1,7247 | 2,0860 | 2,8453
4 2,1318 | 2,7764 | 4,5041 21 1,7207 | 2,0796 | 2,8314
5 2,0150 | 2,5706 | 4,0321 22 1,7171 | 2,0739 | 2,8188
6 1,9432 | 2,4469 | 3,7074 23 1,7139 | 2,0687 | 2,8073
7 1,8946 | 2,3646 | 3,4995 24 1,7109 | 2,0639 | 2,7969
8 1,8595 | 2,3060 | 3,3554 25 1,7081 | 2,0595 | 2,7874
9 1,8331 | 2,2622 | 3,2498 26 1,7056 | 2,0555 | 2,7787
10 1,8125 | 2,2281 | 3,1693 27 1,7033 | 2,0518 | 2,7707
11 1,7959 | 2,2010 | 3,1058 28 1,7011 | 2,0484 | 2,7633
12 1,7823 | 2,1788 | 3,0545 29 1,6991 | 2,0452 | 2,7564
13 1,7709 | 2,1604 | 3,0123 30 1,6973 | 2,0423 | 2,7500
14 1,7613 | 2,1448 | 2,9768 40 1,6839 | 2,0211 | 2,7045
15 1,7530 | 2,1315 | 2,9467 60 1,6707 | 2,0003 | 2,6603
16 1,7459 | 2,1199 | 2,9208 120 1,6577 | 1,9799 | 2,6174
17 1,7396 | 2,1098 | 2,8982 o0 1,6449 | 1,9600 | 2,5758
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E.3. 3navenus crarucruk Japouna-Yorcona d,d,, npu 5%-Hom

YPOBHE€ 3HAYUMOCTHN

k=1 k=2 k=3 k=4 k=5
"Vd, | d, | d, | d, | d | d, | d | d, | d | d
6 0,61 1,40
7 0,70 1,36 | 0,47 1,90
8 0,76 1,33 | 0,56 1,78 | 0,37 | 2,29
9 0,82 1,32 | 0,63 1,70 | 0,46 | 2,13
10 0,88 1,32 | 0,70 1,64 | 0,53 | 2,02
11 0,93 1,32 | 0,66 1,60 | 0,60 1,93
12 0,97 1,33 | 0,81 1,58 | 0,66 1,86
13 1,01 1,34 | 0,86 1,56 | 0,72 1,82
14 1,05 1,35 | 0,91 1,55 | 0,77 1,78
15 1,08 1,36 | 0,95 1,54 | 0,82 1,75 | 0,69 1,97 | 0,56 | 2,21
16 1,10 1,37 | 0,98 1,54 | 0,86 1,73 | 0,74 1,93 | 0,62 | 2,15
17 1,13 1,38 1,02 1,54 | 0,90 1,71 0,78 1,90 | 0,67 | 2,10
18 1,16 1,39 1,05 1,53 | 0,93 1,69 | 0,82 1,87 | 0,71 2,06
19 1,18 1,40 1,08 1,53 | 0,97 1,68 | 0,85 1,85 | 0,75 | 2,02
20 1,20 1,41 1,10 1,54 1,00 1,68 | 0,90 1,83 | 0,79 1,99
21 1,22 1,42 1,13 1,54 1,03 1,67 | 0,93 1,81 0,83 1,96
22 1,24 1,43 1,15 1,54 1,05 1,66 | 0,96 1,80 | 0,86 1,94
23 1,26 1,44 1,17 1,54 1,08 1,66 | 0,99 1,79 | 0,90 1,92
24 1,27 1,45 1,19 1,55 1,10 1,66 1,01 1,78 | 0,93 1,99
25 1,29 1,45 1,21 1,55 1,12 1,66 1,04 1,77 | 0,95 1,89
26 1,30 1,46 1,22 1,55 1,14 1,65 1,06 1,76 | 0,98 1,88
27 1,32 1,47 1,24 1,56 1,16 1,65 1,08 1,76 1,01 1,86
28 1,33 1,48 1,26 1,56 1,18 1,65 1,10 1,75 1,03 1,85
29 1,34 1,48 1,27 1,56 1,20 1,65 1,12 1,74 1,05 1,84
30 1,35 1,49 1,28 1,57 1,21 1,65 1,14 1,74 1,07 1,83
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