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1.UENN PABOTbI

B peanbHbIX ycnoBusax (OyHKLUMOHUPOBAHWUS TEXHUYECKUX OOBLEK-
TOB M OpraHn3aunOHHO-TEXHUYECKNX CUCTEM 3aBUCUMOCTb pesynbTa-
TOB (PYHKUMOHMPOBAHUS (OTKITMKOB) OT YNpaBrsieMbIX W KOHTpOnmpye-
MbIX BO34ENCTBUN (PaKTOPOB) NPOSBISETCS Kak onocpefoBaHHas pas-
HOOBpasHbIMU CRydYarlHbIMU NPUYNMHaMK (BO3MyLLEeHuAMN). MNogobHble
3aBMCMMOCTU MPUHATO Ha3blBaTb CTOXaCTUYECKUMN.

[MapHbIN perpeccuMoHHbIN aHann3 — 3T0 MEeToq, MaTeMaTU4ecKon
CTaTUCTUKKN, KOTOPbIA NO3BOMSET HAWTU HaMbornee TOYHOE U JOCTOBEp-
Hoe oToGpaxeHue (Mogenb, anmnpoKCMMAaLuMio) CTOXacTUYEeCKOW 3aBu-
CUMOCTM Mexay OTKNMkoMm Y 1 ofHMUM 13 dpakTopoB X .

Llenn paboTbi:
N3yyeHne MeToaMKN NapHOro perpeccUoHHOro aHanmsa.
MpuobpeTeHre HaBbIKOB peLLeHNst 3a4a4vm NapHOro perpeccMoHHO-
ro aHanmsa B cpefe 3MekTPOoHHbIX Tabnuy MS Excel ¢ npyumeHeHu-
€M CTaTUCTUYECKMX PYHKLMN.
MprobpeTeHne HaBbIKOB peLleHNs 3a4aqm NapHOro perpeccnoHHO-
ro aHanmsa B cpefe 3MekTPOHHbIX Tabnuu MS Excel ¢ npyumeHeHu-
€M UHCTpYMeHTa «JIuHust Tperaar.

2.KPATKME CBEOEHUA U3 CTATUCTUKA
2.1.ConepxaHue n aonyLieHUA perpecCMOHHOro aHanumsa

[MoHATHE cTOXacTUYecKoW 3aBUCUMOCTW B HEKOTOPOM CMbICe
aBnseTca obobLieHnemM MOoHATUS O 3aBUCUMOCTU (PYHKLMOHAMNBbHON.
[na nocnegHen xapakTepHO, YTO KaXXAOMY 3HaveHuto dhaktopa (apry-
MEHTa) COOTBETCTBYET COBEPLUEHHO OnpefeneHHoe 3HayeHue OTKNU-
ka. B cnyyae cTtoxacTuyeckom 3aBUMCUMOCTM MpU OnNpeaeneHHOM 3Ha-

yeHUn X; cpaktopa X MoxeT HabnAATLCS MHOXECTBO 3HAYEHWI

otknvka Y . B NpoM3BOACTBEHHbIX YCMOBUSX (DAKTOP Takke siBMsieTcs
Cny4YyarHOM BEMNYMHON, HO NpU NPOBEAEHUN PEerpecCUoHHOro aHanmsa
nonaratT, YTO BCAKOE €ro 3HaveHne X; Hecny4daiHo [1].

[Mpn npoBegeHWM perpeccUoHHOro aHanu3a NPUHMMAalT crnegy-
towme gonyuienuns [1, 2, 3].
1. dakTtop nsmepsieTcs ¢ npeHebpexmmo marnon owmnbkon no cpas-

HEeHMo ¢ ownbKon onpepeneHnda OTKInKa. Bonblasa owunbka yi

obbscHAETCA HannMyMeM B KaXKOAOM M3 HabnoaeHWr BAUSIHUIA Ha
OTKMUK HEpPErnamMeHTMPOBaHHbIX MapamMeTpoB.



2. Kaxgomy 3HauyeHuio dpakTopa COOTBETCTBYIOT 3HaYeHMsl OTKIMKa,
npeactaensowme coboii He3aBNCUMMbIE M HOPMaribHO pacrpene-
NeHHble BENUYUHBI.

3. Tlpu npoBedeHuWn akcrniepumMeHTa ¢ obbemMoM BbIGOpKM N npu
YCMOBUW, YTO KaxKObl OMbIT mpou3BedeH M pas, BbIGOpPOYHbIE
AWCTNepcHmn OTKIMKa OOQHOPOAHbI.

YunTbiBask BO3MOXHbIE OTKIMOHEHUS, MoAernb CBA3M HEKOTOPOro
3HauYeHUss OTKMUKA C COOTBETCTBYIOLIMM 3Ha4YeHueM pakTopa MOXeT
ObITb NpeAcTaBneHa B BUAE ABYX COCTaBMNSOLLMX:

Yi =o(Xi)+ei, (2.1)
rae ¢ (Xj) - cuctematnyeckas (06bsicHeHHast) coctasnsowasn. OHa

obycrnoBneHa cCyLecTBOBaHMEM 3aBUCUMOCTU MeXay OT-
KIIMKOM 1 (pakTopom;

€, - cnyvyaiiHas cocTtaBnsiowas. OHa oGycrnoeneHa pasHoo6-

Pa3HbIMM BO3MYLLEHUAMW W Bbi3blBAeT OTKIOHEHUS Y, OT
COOTBETCTBYHOLLUX pearibHON 3aBUCUMOCTMU.

OTHocuTenbHO €; AenatoT cneaytoLme npeanosioXeHus:
1. 3T0 HOopMmanbHO pacnpeaeneHHas criydanHas nepeMeHHas.
2. u(gj)=0(maTtematnyeckoe oxungaHne cry4aiHon CoCTaBnsIoLLEN
paBHO HyMo).
3. o(gj)=Const (oucnepcmsi cnyyaniHoW COCTaBMAOLEN NOCTOSH-
Ha).
4. B pasnuuHbix HabnoaeHnax 3Ha4YeHna €; He 3aBUCAT pyr OT Apy-
ra.
[ns nocTpoeHus napHON perpeccruoHHon mogenu (MHade — nap-
HOrO ypaBHEHUS perpeccun nnu NpocTo NMapHoOW perpeccun) Heobxo-
OVMO peLunTb ABe 3aJayn - ONpeaennTb BUA YpaBHEHUSI perpeccum u

OoueHnTb OoNyCTUMOCTb OTO6pa)KeHI/IF| Mccne,u,yeM0|7| 3aBNCNMOCTU Bbl-
6paHHbIM ypaBHeHNEM perpeccun.

2.2.0npeneneHve BMaa ypaBHeHUS NapHOW perpeccum

3apjava onpefeneHVsi Buaa ypaBHEHWS Perpeccuy COCTOMT B
OnpeaeneHnn CUCTeMaTUYeCKON CocTaBmstoLLen (p(x). OpHako, Kak
YK€ yKasblBasiocb paHee, UCTVHHbIE NapameTpbl (KO3 MULIMEHTbI) 3TO-



ro ypaBHeHWs He MOryT ObITb onpeaeneHbl, NOCKOMbKY UCMONb3YHTCA
BbIBOPKM OrpaHnyYeHHoro obbema (N <<< o0 ). [oaTomMy MOryT 6bITb
HadeHbl NUWb OLUEHKN WCTUHHBIX NapaMeTpoB W AeWCTBUTENbHas

CBA3b MeXAy OTKITMKOM U (baKTopOM Yy=0¢ (X) npencraBndaeTcqa oueH-

KOW (OTOOpaXkeHnem) aTon CBSA3U §/ = fp(x) MMeHHO faHHasi oueHKka 1

ABMNSIETCSA ypaBHEHMEM pErpeccuu.

Ona nogbopa ypasHe-
wis Y =¢(x), koTopoe
HaUmy4LWnm obpasom
oToGpaxkaeT cToxacTude-
CKYl0 CBSI3b MeXay OTKIU-
KOM 1 pakTopoM, UCMOSb-
3ylOT MEeTo4 HauMEHbLUMX
ksagpartos (MHK). Cornac-
Ho MHK Haunydwen ouen-
KOW uccrnegyemon 3aBUCK-
MOCTU SIBNSETCA Ta, KOTO-
pas [[aeT HaVMEHbLUYHO
CyMMy KBagpaToOB OTKIIO-
HEeHNN HabngaemMblX 3Ha-
YeHWn oTKNMKa Yj OT pac-
CYUTaHHBIX MO YypPaBHEHWIO
perpeccun Y, npu Tex xe 3HaveHuax paktopa X; (puc. 1). 3To ycno-

Bue BblpaXaeTca crnegyrLwnm 06pa30M:

n n
2 ~ )2 -
Zei :Z(Yi - yi) =min. (2.2)
i=1 i=1

OueHku, nonyyeHHole MHK, aBnsoTCA HECMELEeHHbIMKU, COCTOS-
TeNnbHbIMU U 3PPEKTUBHBIMU. HecMmeleHHOCTb O3Ha4yaeT, YTo maTe-
MaTUYeCKOe OXUOaHWe KaXdoro M3 oLeHMBAeMbIX NapaMeTpoB paBHO
COOTBETCTBYIOLLEMY UCTUHHOMY 3Ha4YeHuto. COCTOATENbHOCTL O3Ha4va-
€T, YTO C yBenu4YeHneM uucria HabnwogeHun N OueHKM napaMeTpoB
BCce Dornee KOHLEHTPUPYIOTCA BOKPYF MCTUHHBIX 3HA4YeHUn (T. e. C BO3-
pactaHMem N AWUCMIEPCUN OLEHOK CTPEMATCS K Hym). OddeKTns-
HOCTb O3Ha4yaeT, YTo oueHku, nonydeHHole MHK, obnagatoT HavmeHb-
Wen aucnepcuert N0 CpaBHEHUIO C OLEHKaMu 3TUX Xe napameTpos,
NoNyYeHHbIMU APYTMMN MEeTO4aMM.

Puc. 1. JluHua perpeccun u ee oueHmBaHne



3agaya onpepeneHnss Koah@PUUMEHTOB YpaBHEHWUS perpeccuun
CBOOUTCH NPAaKTUYECKN K onpedeneHnio MMHMMyMa OYHKLUMM HECKOITb-
KMX NepeMeHHbIX M pelleHa MaTtemMaTMyYecKkon CTaTUCTUKON ANd NNHEN-
HOro ypaBHEHUS

y=B, +B, x=b, +b, x. (2.3)
OueHkn koadcuumertos by =B, n b, =B, BeumcnsoTes no
dopmynam [1, 2]:

n n n
2Xi DY = N2 XY

by izl il i=1

n 2 n
(£ 0 8

i=1 i=1

1 n n
bO:H Dyi—b D x| (2.5)
i=1 i=1

B MS Excel xoapduumentsl b, n b, nuHeiiHon perpeccun

; (2.4)

MOXHO oOnpedenuTb C UCMONb30BaHUEM CTaTUCTUYECKUX (DYHKLMIA
HAKJITOH(OY;0X) n OTPE3OK(OY;0X). AprymeHTbl OY 1 OX - ccbinku
Ha S4Yenkn, roe 3anucaHbl 3HayeHus OTKNMKa M dakTopa COoOTBET-
CTBEHHO.

Mpn HEoBXOAMMOCTU BbIYUCIIEHUSA KOSMDPULNEHTOB YpPaBHEHWN
perpeccum apyrmx BugoB nocTynawT crneayowwmm obpasom [2, 3]. CHa-

Yasia no 3KcnepmMeHTarnbHbIM OaHHbIM Xi n yi HaxogdT 3Ha4YeHunsA Xil

M Y|, KOTOpbIE COOTBETCTBYIOT YPABHEHWIO AAHHOMO BMAA MOCHE ero
nvHeapusauun. Janee ncnonb3yoT dopMynel (2.4) n (2.5), pacyeTsl
Mo KOTOPbLIM AafyT KO3PMULMEHTbI UMEHHO NMaHepU30BaHHOTO ypaB-
Henusi (Db; v b)). Mocne atoro HaxopsaT kOaPPULMEHTBI pearibHbIX

ypaBHeHun. ®opmynbl ANa Takux npeobpasoBaHWiA NpeacTaBrieHbl B
npun. 1.

2.3.0ueHnBaHMe ypaBHEHUS MNapPHOW perpeccum

M3 pasnuyHbiX ypaBHEHWWA perpeccun Hawmnyywmm B CMbICe
MHK cuumTatoT 10, KOTOpOe obecrneyvBaeT MUHMMYM Aucrnepcun dak-
TMYEeCKUX (MOJTyYEHHbIX 3KCMEPUMEHTANbHO) 3HAYEHUA OTKIMKA OTHO-
CUTENBHO NMHUWN perpeccun. ATy OAWCMEPCUIO HAa3blBalOT OCTATOYHON



Unn aucrnepcren oTHOCUTENBHO PErpeccun 1 onpeaensioT no popmy-
ne:

1 : A
Sez: yi_yiz’ 2.6
n_k;( ) (2.6)

roe K - uucno koapdmumeHToB perpeccumn B ypaBHEHWUM.

ToyHOCTb OTOOpaxeHusa (annpokcuMauuu) uccregyemon 3asu-
CMMOCTM BbIBPAHHBLIM YpaBHEHUEM pPErpeccun oLEeHUBaT C NMOMOLLbIO
OMCNEepCUMOoHHOro aHanusa. [ns aToro cpaBHMBAKOT OUCTNEPCUIO OTHO-

2 < o
CUTENbHO NMUHWM perpeccuy (S, ) C OLIEHKO AUCTIepCUN 3HaUEHNA Y

OTHOCUTESNbHO BbIGOPOYHOrO cpefHero hakTUYECKNX 3HAYEHUN OTKMU-
Ka Y:

, 1L (v, -5} | 1Y
F k-1 m ; ' ; '

BenuunHa Sé xapakTepusyet (puc. 1) paccesHue Y;, obycrnos-

JNIeHHOe 3aBUCUMOCTbIO OTKITMKa OT q.)aKTOpOB, M NO3TOMY Ha3blBaeTCsa

o o 2
obbsicHeHHoi aucnepcyeii. OcTaTouHas aucnepenst S, xapakTepuay-

€T paccedaHne yi’ Bbl3BaHHOE CJ'Iy‘-IGVIHbIMVI BO34ENCTBUAMMN (BO3My-

weHnamn). O4eBMaHO, YTO CBA3b MEXAY OTKIMKOM U (bakTopamu B BU-
0e [AaHHOro ypaBHEHWs perpeccum CcyllecTByeT, ecnv obbscHeHHas
ancnepcums CyLecTBeHHO bonblue OCTaTOYHOWN.

YT0ObI BbISICHUTL, MOXHO NN CYMTATb OTNMYME pacCMaTpyBaeMbIX
AMcnepcuin CyLLeCTBEHHbIM, BblABUIalT HyneByto runotesy ob mx pa-

BerctBe H,:S7 =S’

e W NPOBEPAOT €€ C MNCNOoMb30BaHMEM 4uUcCna

duwlepa:
2
=3
e
['Mnotesa cuntaeTcs cnpaBedNMBOW, €Cru PacCYMTaHHOE YMUCIIO
duwepa He npesbilaeT TabnuyHoro 3HaveHus F [oc,v1 ,vz] ans 3a-
OAHHOMo YypoBHS 3HauymMmocTu O . [Npu BbiBope TabnnyHOro 3HadeHus

(2.8)

Ba)XHO MOMHWUTb, 4YTO B [JaHHOM Ccly4Yae V, =V = k-1 n



v, =V, =N —K.B MS Excel TabnuuHoe u1cno duiiepa MoxXeT BbiTb

HalgeHo C MPUMEHEHNEM CTaTUCTUHECKON (DYHKLMU:
FPACMOBP(a;k —1;n—k).

CnpaBeanvBOCTb MMNOTE3bl O PABEHCTBE OCTATOYHOW U OOBSAC-
HEHHOW Aucnepcuii 03HavaeT, YTO BbIOpaHHOE ypaBHEHWE perpeccuu
Henb3si NPMHUMATh B KAYeCTBE MOAENV CBSA3W MEXAyY OTKIMKOM U chak-
TOpPOM.

Ecrnm ke F > F[a,k—1,n—Kk], To obGbsicHeHHaa aucnepcust cy-

LLeCcTBEHHO Gonblle OCTAaTOYHOM. A 9TO O3HayaeT, YTo Mexay OTKNn-
KOM M pakTopammn cyLlecTByeT B3avMOCBS3b, KOTOPYH C BEPOSATHO-
CTbO OL AOMyCTMMO anmnpoKCUMMPOBATb paccMaTpuBaeMbiM ypaBHe-
HWeM perpeccun.

M3 Heckomnbkux OOMyCTUMbIX annpokcumauui Hambonee TOYHOW,

- 2

ouyeBuaHo, BydeT Ta, ANs KOTOPOii 3HaueHne S. SABMSETCS HaUMEHb-
wum. OrTcloga crnegyeT, 4To Ansg  Hambonee TOYHOW MOAenu

Y. =(p(Xi) pasnuuve pacyeTHoro u TabnuyHoro ymcen duwepa Oy-

OeT MakcumarnbHbIM.
Bo MHormx nporpammHbIx cpeacrsax, cogepxalumx onuumn obpa-
60Tk AaHHbIX (B TOM Yucne n B MS Excel), ons oueHWBaHUs kayecTsa

annpokcumauum npegnaraetcs napameTp R2 (koacbdbmumeHT OeTep-
MUHaLMK):

=" n-1

(2.9)

3 v h—=K
> yi-y)
i=1
KoadbdpuuneHT aetepMmHaumMmM npeacTaBnseT cobor Oono guc-
nepcun OTKIINKa, OO bSICHEHHYIO C MOMOLLbIO OLLEHMBAEMOrO YpaBHEHMS
perpeccun. Yem MeHblUe OCTaTOYHasi AMCNEpPCUs MO OTHOLUEHWUIO K
Oucnepcum 3HayYeHnn OTKIMKa OTHOCUTENbHO ero cpeaHero Bbibopoy-

HOro, TemM ToyHee Mopesib §/=fp(x) oTobpaxaeT n3ameHumsoctb Y B

CBSI3M C U3aMeHeHusiMu chaktopa X , Tem Gonblue 3HaveHre R*. Upe-
n

anbHas mopernb (Zei =0) obecneunsaet R> =1 u B atom cryyae

i=1
HeobX0AMMOCTb B OLEHMBAHUW adeKBaTHOCTU annpokcnMMmaumumn ortna-



aaert. B ocTtanbHbIX cnyyadax cnenyet npoBepuTb yCrioBue OTIINHUA
KoappULMeHTa AETEPMUHALINN OT HYNIS:

R* n-k

1-R? k-1 (2.10)

Ecnu npun 3agaHHon [oBepuTENbHOW BEPOATHOCTU YKasaHHOe

YCIOBMWE BbIMONIHAETCS, MOXHO CYUTaTh, YTO R? 3Hauumo oTnuuaertcs
OT Hyns W, CnegoBaTernbHO, OUEHMBaeMoe ypaBHEHWE perpeccum siB-
nseTca AOCTaTOYHO TOYHOW annpoKCMMauuen uccnegyemon 3aBuUCK-
MOCTW. B npoTuBHOM criydae Heo6XxoaMMO MpU3HaThb, YTO anmnpoKcMMa-
LUus He sIBNSAeTCs afeKkBaTHOW M pacCMOTpeTb MHOW BapwaHT ypaBHe-
HWUSI perpeccun.

3.BbIMOJNIHEHUE PABOTbI

PaboTta Bkno4aeT BbINOMHEHUE MAPHOr0 PErpecCUOHHOro aHa-
nn3a B MS Excel appyms cnocobamm — ¢ NCNonb30BaHNEM CTaTUCTUYeE-
CKUX (PYHKUMIW N C NpUMEHEHNEM WNHCTpPYMeHTa «JlnHua TpeHga». lo-
PSAOK BbINOMHEHUSA paboTbl MIMKOCTPUPYETCS Ha NpUMepe NOCTPOEHS
3aBUCUMOCTM Npeaena TeKy4yecTu cTanu OT cTeneHu gedopmauumn npu
XOIOQHOM NIIAacTUYECKOM AeOPMUPOBAHUN.

B npaktnke OM[I gons otobpaxeHus 3aBUCMMOCTW npefena Te-
KydecTn OT cTeneHu gedopmauuu npu Xoro4HOM MracTUyYeckom ae-
opMMPOBaHUN HanbosbLIee pacnpoCTPaHEHUE MONYYNIN BblpaXKeHWs
cnepytowero suaa [6, 71:

O; =Gy + D, "; (3.1)
61 = 0qy +bVe +hy, (3.2)

rae G, - Npeaen Teky4ectn Metanna B OTOXKEHHOM (He/:l,ecbopMleo-

BaHHOM) COCTOSIHUM.
O6a BbIpaXxeHNs MOXHO NpeacTaBuUTb B MHON hopme:

G =0y +Acq (3.3)
Torga 3apava NOCTPOEHNA 3aBUCUMOCTUN ONA pacyeTa npenena

TEeKy4yecTV CBOAMTCA K 3adade onpenerneHusl BbipaxeHusl, oTobpaxa-
IOLLEro BNvsSIHME cTeneHn dedopmauun € Ha MpupalleHve npegena

TekydyecTn Ac .



3.1.MocTpoeHne annpokcMMauuin € NPUMEHEHUEM WHCTPYMEHTa
«JlnHnA TpeHpga»

CHauana Ha pabouun nuct (puc. 2) ¢ KnaBuaTypbl 3aHOCATCSA
NCXoaHble AaHHble. Ha puc. 2 oHn pacnonoxeHbl B a4enkax A3:B20.

A B [cl o | E | F | & | H/| I | 4 kK | L M

I MCXOAHBIE

i JAHHLIE 500 "

3 |00, % AST 450 e

| 4 [ 70 | 933 400 M‘”‘D

| 5 | 128 | 47,2 350

| 6| 166 1030 | 2 300 e 4

| 71233 883 | B 35p - =

18 [ 255 2347 | 8 4y %

| 8| 340 2265 | 90 L |
10| 359 | 317,3 y =-0018x +5 2982y + 23 392
11| 44,0 | 3181 100 - RE =0 3429 ]
12| 46,6 2987 50 ——= '

(13| 506 2429 0 ! ! !

| 14| 587 2781 0 20 40 B0 80 100
| 15| 647 2883 e, %
| 16| 635 3742
|17 736 4210 ¥paepHeHue perpeccun R&2 k Fp Foas
| 18| 77,8 4558 1y=450926%+ 53,168 0,837 2 77138 4543
| 18| 827 370,02 y=156,76Ln04 - 310,41 0797 2 58,783 4,543
| 20| 85,2 4B8,3 3y=-0,018%'2 +6,2982%+ 23,882 0,843 3 37558 3,739
|21  n= 17 4y=12,919x0,789 0806 2 52,240 4543
| 22| Yop= 2722 5 y=83,866exq(0,0215%) 0751 2 45120 4,543
| 23| 6 v=-88,78+56,47X0,5 0,843 2 BOET4 4,543
24 |

A

Puc.2. ¢>parmeHT pa6oqero JINCTa C NCXOOHbIMU OaHHbIMU N pe3ynbTaTa-
MW NapHOro perpecCUoHHOro aHannsa

B sauyerike B21 onpegensetrca uucno HabnogeHwi. Mpu atom
cnegyeT NPUMEHUTb cTaTucTudeckyto dyHkuuio CHET():
=CYET(B4:B20).
B suveinke B22 Heobxoaumo onpenenvTb cpedHee BbIOOpOYHOE
3HayeHwue oTknuka AG :

=CP3HAY(B4:B22).
Hanee, ¢ ucnonb3oBaHnem MHCTpymeHTa «MacTtep guarpammy,
ncxofdHble AaHHble Heobxoammo oTobpasvTb B BUAE AvarpaMMbl TUNa
«ToyeyvHasn». [uarpamma gomkHa ObiTb oTdhopMaTMpoBaHa Takum 06-



pa3oM, 4Tobbl ee odopmIieHEe COOTBETCTBOBASIO Npasunam rpaguye-
CKOrO NpeacTaBeHnst JaHHbIX.

lMocne copmaTpoBaHusa guarpaMmbl, C MOMOLLBIO MbiLLW Bblge-
NTb Ha gnarpamme psg gaHHbIX. Yepes nyHKT <[uarpamma> B CTPOKe
rnaBHoro meHto MS Excel , 3agatb komangy <[dob6aBuTb NNHWIO TPEH-
na>. Ha akpaHe nosiButca gmanoroBoe OkKHO <JIuHusi mpeHda> (BUA
OKHa 1 onumm paboTbl C NMMHUSAMW TPeHAa NpeacTaBnerbl B Npur. 2).

Ha 3aknagke «[lapameTpbl» BKNOYUTL onuun «lokasbiBaTb
ypaBHeHMEe Ha guarpamme» u «lomecTutb Ha guarpammy BENTUYMHY
gocTtoBepHocTU annpokcumauun (R*2)». 3atem Ha 3aknagke «Tun»
BblGpaTb TMN annpokcumaumm «JnHenHas». locne HaxaTus KHOMKK
<OK> Ha gmnarpamme nosABATCS NMHUSA TPEHAA M HAAMUCb, cogepallas

ypaBHEHWE perpeccun n 3HadeHue R?. ABToMaTueCKkm oH Haanmcu
yCTaHaBNMBaeTCsl Mpo3padHbiM, YTO 3aTpydHsieT YTeHue TekcTa. [Mo-
3TOMy Heobxoammo npugaTb en atpubyT «C TeHblo» yepes 3aknagky
«Bug» okHa <®opmam rnodnucu OaHHbIX>, KOTOPOE MNOSABUTLCS, €CIK
BbINOSMHATL (hOpMaTMpOBaHNE HagNUcy Yyepes NyHKT <dopmaT> rnas-
HOrO MEHI0.

Moa Amarpammonn HeobGXoAMMO MOArOTOBUTL 0BO3HAYEeHUs
cTOn6LUOB, B KOTOPbLIX OyaeT pasmellaTbcsl MHopMaumust o paccMoT-
PEHHbIX YpaBHeHUSAX perpeccu. Ha puc. 2 Takme 0603HayeHuns 3anvca-
Hbl B suerkax D17:L17.

YpaBHEHNE perpeccum n 3HavyeHune R* sanucbiBatoTcs C KnaBu-
aTypbl H2 OCHOBaHUWN HaAMMWCK, KOTOPOWM COMPOBOXAAETCA NIMHNUS TPEH-
fa. Yucno koadbduumeHTos perpeccun K Tarke BBOAWTCS C Knasuma-
Typbl.

PaccuuTtaHHoe uucno duwepa Fp BbluMCnsieTcsa no dopmyne

(2.10). Hanpuwmep, B s4elike K18:
=118*($B$21-J18)/((1-118)*(J18-1)).
TabnunuHoe uncno duwepa Fj,; Haxogutcs ana gosepuTens-

HoW BepoATHOCTM 95% C UCNONb30BaHWEM CTaTUCTUYECKOW (DYHKLIMM
FPACIOBP(). Hanpumep, B averike L18:
=FPACMNOBP(0,05;J18-1;$B$21-J18).

YTtobbl paccMOTpeTb ApyrMe annpokcMmMaLmu, AOCTYMHbIe Yepes
WHCTPYMEHT «JlnHna TpeHaa», HeobxoaMMo BbIMOMHATL hopMaTnpo-
BaHWe NHUKU TpeHaa.

dopmaTpoBaHne MoXeT ObiTb peannsoBaHO NGO yYepe3 KOH-
TEKCTHOE MeHI0, NMMBo Yepes NyHKT <dopMaT> rMaBHOrO MeHo. B aTom
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Cnyyae Ha 3KpaHe Takke MnosiBNAeTCs OKHO <JIuHusi mpeHda>, HO Te-
nepb OOCTATOMHO yKas3aTb APYroM TUM annpoKCMMauuu Ha 3aknagke
«Tun». B pesynbTate Ha gvarpamme BMECTO MNpeablayLlero TpeHaa
NOsIBUTLCH HOBbLIW, @ €ro napameTpbl oTobpassaTca B Hagnvcu. BHuma-
Hue! Ecnn kaxablh U3 BapMaHTOB annpoKCcMMauun HaHOCUTb Ha aua-
rpamMmmy Kak gobaBneHue nuHWM TpeHda, TO Ha guvarpamme 6yayT oa-
HOBPEMEHHO OTOBpaXeHbl BCe PAaCCMOTPEHHbIE BapuaHThl.

B npumepe BbinonHeHns paboTbl (puc. 2) annpokcumauuu, no-
ny4yeHHble C NPUMEHEHNEM MHCTPyMeHTa «JIuHus TpeHga», obo3Have-
Hbl HOMepamu ¢ 1 no 5.

3.2.NlocTpoeHne annpokcumauMm ¢ MNpPUMEHEHUeM
cTaTUcTUYecKUX yHKUNMN

CrpowuTcst annpokeumauws Buga Ac, = b, + blx/g. WcxopHbiMu

OaHHBIMW ABMAIOTCH T Xe, KOTOpble NogBepranncs aHanmay ¢ UCnosb-
30BaHMeM UWHCTpyMeHTa «JluHua TpeHaa». [pumep odopmneHus
dparmeHTa paboyero nucrta npeacrtaeneH Ha puc. 3. CHavyana HeoO-
XOAMMO BbINOMHUTL NMHEapuU3auUnio NCXOAHbIX AaHHbIX NO dopmynam,
npueegeHHbIM B npun. 1. Ha puc. 3 pesynbtaThl NMHeapu3aummn pac-
nonoxexbl B siyerikax N4:020. OHu nony4deHbl nyTem npeobpa3oBaHWn

Y. =Y, n X =X" ans m=0,5. Hanpuwmep, B siueitkax N4 n 04 coort-
BETCTBEHHO 3anporpamMmMmMpoOBaHo:
=B4 n =A4"$Q$3.
3aTtem cnegyeT onpegenvtb KO3(MOULUNEHTBI NIMHENHON perpec-
cmm Y{ =Dby +b/X/. B npumepe (puc. 3) sHauenuss by n b/ npeacras-

neHbl B A4erikax P5 n Q5 cootBeTcTBEHHO. [N UX BblYUCIEHNSA 30eCb
NCMNOMb30BaHbl CTaTUCTMYECKNE (DYHKLNN:
=0OTPE3OK(N4:N20;04:020) n =HAKINOH(N4:N20;04:020).
Hdanee Heob6x0QMMO OCYLLECTBUTL Nepexod K AeNCTBUTENbHbIM
KoacpduumeHTam perpeccun. B cootsetcteum ¢ npun. 1 gna paccmar-
pvBaeMol annpokcMMauuM nepexon OCYLUEeCTBMASETCA C MOMOLLbIO
npeoGpasosaHuin by, =by n b, =Db/. B npumepe pgeicreutensHble
3Ha4YeHMs KO3h(pMLUMEHTOB perpeccun npeacrasneHsl B averikax P7 u
Q7. 3gecb COOTBETCTBEHHO 3anporpamMmmMmMpoBaHo:
=P4 n =Q4.
lMocne aToro MO ypaBHEHWMIO, BUA U KO3(EPULNEHTbI KOTOPOro
W3BECTHbl, CrnedyeT BbIMMCMWTL OLEHKM OTKnuKa. [na paccmartpu-
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ER TOUKH

| 2 | NMHKUM PEMPECCHH
3 ei Ei Oow.% |AST~, MMa
| 4 || 833 224 b0 | BT 375 858 1784 4 24,2
| 6| | 57,2  316/-8878 56,47 | 89,8 -325  -2149 ] 49,5E
| B | | 1030 387 b0 | b1 | 1298 -268  -169,2 g 70,9
| 7 || 893 447 -85 56,47 1638 745 1820 10 89,8
| 8 [ | 2347 500 1936 41,1 37,58 12 106,8
| 8 | | 2265 548 220,5 6,0 457 14 1225
10| | 3173 592 2453 72,0 451 1B 1371
11| | 3181 632 268,4 487 459 18 150,8
12| | 2887 &7 280,0 1.3 16,6 20 163,8
13| 2423 707 310,5 -6T.6 28,3 22 176,1
| 14| 2781 742 330,00 -51.9 54 24 1879
| 16| 2883 775 3486 -603 18,2 2B 1992
| 16| | 2742 808 366,35 17 102,0 28 2100
17| 4210 837 3837 373 148,9 30 2205
| 18| | 4558 866 400,3 555 183.7 32 2307
19| 3700 894 416,3  -4B4 97,8 34 2405
| 20| | 48B3 9,22 4319 365 186,2 36 250,0
| 21 | 38754 263662 38 2593
| 22 | 40 2634
| 23 | 42 2772
74 44 2858
s A= ana
i [=14] 4540
| 46 | 88 4411
|47 | a0 4470
| 48 |

Puc. 3. ®parmeHT pabodyero nucra ¢ pesynbTaTamMmy NOCTPOEHUS
annpokcumaumm Ac; =b, + blx/g W pacyeTHbIMK AaH-
HbIMM AN ee rpadouyeckon nHTepnpeTaumnm

BaeMoro npumepa (puc. 3) OUEHKM npupalleHus npegena Teky4ecTu
paccuyuTaHbl B aderkax R4:R20. Hanpumep, B auenke R4:
=$P$7+$Q$7*A4"$Q$3.

Tenepb HEOGXOAMMO BLIMMCINTL OTKIOHEHWS € =Y, — Y, K

E, =y, — VY ana Bcex N HabniopeHwii, a Takke CyMMbl KBaApaToB

n n
OTKIOHEHWI Zef n Z Ef . [na paccmartpuBaemMoro npumepa
i=1 i=1
KBagpaTbl OTKIMOHEHUS paccymTaHbl B siverikax S4:520 n T4:T20 coot-
BETCTBEHHO. Hanpumep, B auenkax S4 n T4 3anncaHo:

12



=B4-S4 n =B4-$B$22.
CyMMbl KBagpaToB OTKIMOHEHWI BbIYUCNATCA B siyerikax S21 u
T21 ¢ ucnonb3oBaHnem dyHkumn KBAOPATOTKIT ():
=KBAOPOTKJI(S4:S20) n =KBAOPOTKJ1(T4:T20) .
Cpean BapnaHTOB ypaBHEHUI perpeccumn (puc. 2) paccmaTpuBa-
emMasi annpokcumaums obosHavyeHa Homepom 6. COOTBETCTBYIOLLIEE el

3Hauenne R’ paccyuTaHo B sa4evike 123 no cdopmyne (2.9). MNpun atom
NCMNOMb3YITCHA CCbINIKA Ha CyMMbl KBagpaToOB OTKIOHEHWN, BblYUCIEH-
Hble B sAverkax S21 n T21:
=1-821*($B$21-1)/(T21*($B$21-J23)) .
3HayeHnsa paccuuTaHHOro u TtabnuyHoro uvcen duiiepa onpe-
OensalTca Takke, Kak U B Criydae NoCTPOEeHUs anmnpoKcMMauui C uc-
Nnornb3oBaHNEM MHCTPYMeHTa «JTuHuA TpeHaa».

4.COOEPXAHUE BbIBOOOB NO PABOTE

B BbiBOgax no pabore HeobGXoAMMO OTBETUTL Ha criegyolime

BOMPOCHI:

1. CBA3b MeXay KakumMu BENUYMHaMy aHanmampoBanacb?

2. CKonbKo W Kakue annpokcumauum Obinv pacCMOTPEHbI, Kakne u3
HUX SBMSATCA CTAaTUCTUYECKM 3HAYUMBIMU?

3. Kakas v3 annpokcumauui ABRsieTCs Haumnydlwmm oTobpaxeHuem
CBSI3N MeXAy aHanvM3upyembiMM napameTpamy U rnovyemy MOXHO
370 yTBEPXAATb?

PEKOMEHAOYEMASA NUTEPATYPA

1. JlbBoBckmi E.H, Crtatucrtnyeckume metoabl NOCTPOEHUSI 3MNUPK-
yeckmx opmyn: YuebGH. nocobue anst BTy30B, - 2-€ U3g., nepe-
pab. n gon.- M., Bbicw. wk ., 1988. - 239 c.

2. MartemaTnueckas cratuctuka: Y4ebHuk / MiBaHosa B. M., Kanunu-
Ha B. H., HewymoBa J1. A. n gp. — M., Beiclias wkona, 1981. — 371
C.

3. UYetblpkuH E. M., Kannxman W. J1. BeposiTHOCTb 1 cTatnctuka. — M.,
duHaHChl 1 ctaTucTuka, 1982. — 320 c.

4. Axnasaposa C.J1,, Kadapos B.B. OpraHusaums skcnepumeHTa B
XUMUN N XUMUYECKOW TeXHomornm: Y4yebH. nocobue ans XMmuko-
TexHonornyeckmx By3oB.- M., Beicwas wkona , 1978, - 319 c.

5. [HObsikoHoB B.Il. CnpaBo4yHMK nNO anropuTMamM M nporpaMmam Ha
a3blke bencuk ansa nepcoHanbHbix OBM: CnpaBouHuk. - M.,
Hayka. ['n. peq. cwus.-mart. nut., 1987. - 240 c.
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NMPUNOXEHUE 1

®OPMYJ1bl ANnA BbIYUCIIEHNA KOI®DPULIMEHTOB
HEKOTOPbIX HEJIMHEWHbIX YPABHEHUA
NAPHOU PETPECCUM

MpeobpasoBaHue MpeobpasoBaHue
AnnpokcuMaLms WMCXOAHbIX OaHHbIX KoadhpurUMEHTOB
Xi Yi by b,
b, +b, / X 1/ x; Y b, b,
b, + b, x" X" Yi b; b,
by +b; 1g x Ig X, Y, b, b/
by + by In x Inx, Y, b, b/
1/(bg +b;yx) X; 11y, b, b,
x/(by +b;yx) X; X; 1y, b, b,
by / (b; + %) X. 17y, 11D b, /b!
box/(b; + %) /x| 11y, 1/b] b, / b/
by by * X, lgy, | 10b 10bi
by X"t Inx; Iny, | exp(bp) by
by exp (b;x) X Iny, exp (bg) by
by exp (by / x) 1/%; In y; exp (by) b/
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NMPUNOXEHUE 2

NMHNA TPEHOA B MS EXCEL
KAK MHCTPYMEHT PETPECCUOHHOIO AHAIIU3A

MoHATMe «TpeHa» BNepBble CTano NPUMEHATHCS B SKOHOMUYeE-
CKOM aHanuse T. H. BpEMEHHbIX PSAoB. BpemeHHoW psg - ynopsgoyeH-
Hble BO BPEMeHW JaHHble, a TpeHa npeacraBnseTr cobon TeHAEeHUMIo
3TOro psga, obHapyxMBaemylo Npu CriaxXuBaHUM KPATKOCPOYHbIX KO-
nebaHun. MNpadunyeckn TpeHn oTobpaxaeTcs NMHUEN, MNONOXEHUE KO-
TOPOW OTLICKMBAIOT NO MEeTOoAY HaMMeHbLUMX kBagpaToB [8]. Takum 06-
pas3om, NMHUA TpeHaa, No CyLlecTBy, npeacTaBnset cobomn nNuHUIO pe-
rpeccun.
B MS Excel npegycMmoTpeHbl criegyrowime cnocobbl NOCTPOEHUS
TpeHaa [9]:
1. Wcnonb3oBaHne Mapkepa 3anofiHeHus unm Komaugbl «[lporpec-
cnsy;
2. Acnonb3oBaHue CTaTUCTUYECKUX yHKUMA  pabodvero nucra
MPEACKA3(), TEHOAEHLMA(),POCT(), IMHENH(),MTP®MPUBN();
3. [JobaBneHune nMHUK TpeHaa K psay AaHHbIX Ha guarpaMmme.
MepBbiMM ABYMS cnocobamu TpeHa MOXeT OblTb NOMyYeH ToMb-
KO B TabnuyHomn dopme. TpeTuii cnocob Hambonee npurogeH ons ue-
ner napHOro perpecCcroHHOro aHanusa - OH NO3BONSAET NPOBECTU Nu-

HWIO TPeHada Ha gnarpamme, nonyynTb ee ypaBHEHNE U OLEHKY R%.

YT0Obl NPUMEHUTL NIMHWIO TPeHAa ONA PerpecCcMOHHOro aHanm-
3a, cHavana HeobxoauMmo MocTpouTb Avarpammy. 3aTeM Heobxoanmo
BblAENUTb Ha Avarpamme psg AaHHbIX U NMBO0 Yepes KOHTEKCTHOe Me-
HI0, NMNBO Yepes3 NyHKT <[unarpamma> rnaBHOr0 MeH0 3adaTb KOMaHay
<[1o6aBuUTb NMHUIO TPEHOa>.

Ha askpaHe nosBuTCHA AManoroBoe OKHO, coAepallee 3aknagku
«Twun» n «MapameTpbi» (puc. M2).

Yepes 3aknagky «Tun», WENYKOM MbILN HA COOTBETCTBYHOLLEM
nsobpaxeHuu, BolbupaeTca TMn TpeHaa (T. e. BapuaHT NHUKU perpec-
cum). PasnuyHbiM Tnam TpeHaa COOTBETCTBYIOT creayowue ypaBHe-
HUA:

1. NnHenbin - y = b, +b,x.

2. Norapudommneckuii - y = b, +b, In(x).

3. NonuHomMuansHbIR(CTENEHb nonvHoma He bonee 6)
-y =b X +..4+b,x* +b,x+D,.
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4. Crenenron - y = b, x*.

5. dkcnoHeHumanbHbiin - Y = b exp (b, ).

MuHKMAa TpeHna

| NapamMeTpel |

A IOCTHOEHME NWHMM THEHAZ (AMTPOKCUMALAA W CTNEHKMESHWE ]

T CTeneHe:

THERHEA Aorapudrueckan  OoMMHOMMANEHSA
3 = Toua
. L. . f . _
CTeneHHaA ZMCNOHEHUWANEHaA  CRONeZAWLEE CPEjHER

MOCTPOEH Ha pafe:

Fs

fluHMA TpeHpa ? I
o [Feparereu]

rHAZEaHME SNAPOKCMMMDYHOILLER (CMNS¥EHHOR) KOMBOR
& seTomatiueckne:  MHebHel (Pagl)

C apyroe: I

M lporHoz

rFy
ENEPE] Ha: ID E SAMHIAL,
Hazag Ha' ID E‘ SAMHIAL,

™ mepeceyeHme KpWBOR C OCklD Y B TO4KE: IU

p NOKSZEEATE YRAEHEHWE HS AMarparre

¥ NOMECTITE Ha JMarpaMMy BEMMUMHY A0CTOBBPHOCTI annpoKDMMalmn (R2);

Ok I OTMEHA

Puc. MN2. nanoroBoe okHO «JInHWNS TpeHaa»
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Tun TpeHga «Ckonb3asiee cpegHee» Ans uenen perpeccMoHHo-
ro aHanusa He NpUrogeH.

Yepes 3aknagky «[llapameTpbl» 3agarTcsa aTtpubyTbl, onpeae-
nsowme ocobeHHOCTU NpeacTaBneHns NMMHUN TpeHaa

HasBaHue annpokcumupyrowen (CrnakeHHoOW) KpuBon —
ycnoBHoe o603HayeHne gnvHonm Oo 256 cumBonoB, koTopoe Oyaet
BKIIOYEHO B nereHay gnarpammbl. Ecnun 3agaHa onuus «ABTomMatuye-
CKOe», Ha3BaHne nNMHUM TpeHaa OyaeT co3gaHo aBTOMATUYECKU C yKa-
3aHueM uaeHTudukaTopa psaa AaHHbIX (Hanpumep, «Pagl») n tuna
Tpenaa (Hanpumep, «JIMHeNHbIA»). YTOObI 3agaTb OpuUrMHanbHoOe
Ha3BaHWe Heobxoaumo BeibpaTh onumo «[pyroe» n BBECTU €ro C Kna-
BMaTYpbl.

MporHo3 — ykazaHve O HeobXxoOAMMOCTM MOCTPOEHUSA NNHWM
TpeHga 3a npegenaMmm BapbUPOBaHUA HE3aBUMCUMOW MNepeMeHHOM
(cbakTopa) ons aHanuanpyemoro psida gaHHbix. ATpnbyT «Bnepeg ...»
obecneuynBaeT nNpodorkeHne NMHMM TpeHda B HampaBrneHun Bo3pac-
TaHMa He3aBMCMMOW nepeMeHHon, a «Hasag ...» - B HanpaBneHuu
YMEHbLLEHUS.

MNMepeceyeHune KpuBoM € ocbio Y - 3HAYEHWE 3aBUCUMON nepe-

MEHHON (OTKNWKa) Y,, KOTOpPOe COOTBETCTBYET TOYKE MNepeceyeHus
OCMW opauHaT nuHven TpeHaa. 3agaHue aTpmbyTta hakTMYeckn o3Hava-
eT fobaBneHne K psay aHanmMampyemblX OAHHBIX eLle OOHOW TOYKM,
ana kotopon Y, =Y, n X =(0. 3710 npuBegeT U K moaudUKaLn
ypaBHEHUs perpeccuun. Hanpumep, ons NMHENHOro TpeHaa BMECTO
ypasHenus Y =Db, +b X Gyner nonmyueHo Yy =Y, +CX. ATpubyt
yoobeH Ans MonyyYeHust YpaBHEHUS NUHWKM, KOTOpas OOSMKHa MpOoXo-

ONTb XenaemMbiMm o6pa30M OTHOCUTEJTIbHO Ha4alla KoopauHar. OpaHako
npun ero ncnosfib3oBaHMn crieqyet BHUMaTtesibHO aHann3npoBaTb 3Ha-

yeHusi nokasatensi R”. B 4acTHOCTH, MOXET BbiTb nony4eHo R* <0,
4YTO He npoTuBopeunT opmyne (2.9). Ho Takon pesynbTaT O3HaYaer,

n n
yTo ZGiZ > z Ei2 W, criegoBaternbHO, AaHHYH 3aBUCUMOCTb HENb3st
i=1 i=1
paccMaTpyBaTb Kak HafeXHyH anmnpoKCUMauuio B3aUMOCBA3N MeXay
OTKIIMKOM U (paKTOPOM.
MokasaTb ypaBHeHMe Ha guarpamme. Ecnv onuusi 3agaHa, Ha
avarpamMmMy 6yaeT BolBeieHa Haanuch B BUAE YPaBHEHUSI perpeccuiu.
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MomecTuTb Ha Auvarpammy BeriM4iuMHYy AOOCTOBEpHOCTU an-
NpoOKCUumMauun. Ecnu onuusa 3apgaHa, Hagnucb, cogepxawaa ypaBHe-

HUe perpeccuu, ByaeT AOMONHeHa 3HadeHem R.

JIvHun TpeHga MoryT OblTb MOCTPOEHbI ANl PSAOB AAHHBIX,
npeacTaBeHHbIX Ha HEHOPMMPOBAHHBIX MIIOCKUX AuarpaMmmMax ¢ obna-
CTAMU, NUHEeWYaTbIX Auarpammax, ructorpammax, rpacuvkax, Gupxe-
BbIX, TOYEYHbIX U MNy3bIPbKOBbLIX Auarpammax. Ons perpeccuoHHOro
aHanusa pekoMeHayeTcs NPUMEHSATb AuarpaMmmMy Tuna «TodyeyHasn».
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