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BBenenue

VYyebHoe nocobue «llnanupoBanue 3KcriepuMEHTa B 00JIaCTU OXpaHbl TpyAa»
peIHa3HAYCeHO /IS IPAKTUYECKUX 3aHATHH U CAaMOCTOSTENIbHOM pabOThl aCIMPAHTOB
M0 M3YYEHUIO TEOPETUYECKUX OCHOB HKCIIEPUMEHTAIBLHOTO U3YUYEeHHsI 0OBbEKTa HCClie-
noBaHus, GOPMHUPOBAHUIO HABBIKOB U YMEHHH MO MJIAHUPOBAHUIO, TIPOBEICHUIO K C-
MEpUMEHTA U aHAJIU3y MOJIYYEHHBIX PE3yJIbTaTOB.

Ilenv oucyunaunsl - OCBOCHHE acClIMpaHTAMKM METOJMKHU IUIAHUPOBAHUS, Opra-
HU3AIMUA U 00pabOTKU Pe3yJbTaTOB AKCIEPUMEHTA JJISl TOJIYUYEHHUsI JTOCTOBEPHOM HMH-
dbopmar 06 ucciemyeMoM 00bEKTe TP MUHUMAJIBHBIX 3aTpaTax Tpyaa U B Kpat-
YaWIIIKHE CPOKH.

3adauu oucyuniunsl — HAy4YUTH OLICHUBATH JOCTOBEPHOCTh MOJYYEHHOM JKC-
MEPUMEHTAIBLHON MH(pOPMAIIUU; ONIPEACIISATh XapaKTEPUCTUKHU CITyYalHBIX BEJIUYUH U
MUHHUMAJIbHO HEOOXOAMMBIA 00bEM BBIOOPOK; BBHIOMPATh M PaHKUPOBATH Hambojee
CYILIECTBEHHBIC TEXHOJIOTMUECKHE (haKTOPhI, BIUSIONIME HA HCCIEAyEeMBbIN MpoIece;
OMUCHIBATH (DYHKITUIO OTKJIMKA JJI1 BEHIOPAaHHOTO (haKTOPHOTO MPOCTPAHCTBA U OIpe-
JEJSITh ONTUMAJIBHYIO 00JacTh JIJISl MUCCIIEyeMOro IMpoIlecca; OLICHUBATh MAPHYIO U
MHOKECTBEHHYIO CTATUCTUYECKYIO B3aUMOCBSI3b MEXKAY CIy4allHbIMU BEJIMYMHAMU U
anmpoOKCUMUPOBATh OIBITHBIE JAHHBIE MATEMAaTUYECKUMHU 3aBHCUMOCTSIMH; OIICHU-
BaTh TOUHOCTb U aJICKBATHOCTh MATEMATHUYECKUX MOJEIICH.

Tpeb6oBaHus K YPOBHIO OCBOEHHUS COAEP:KaHUA TUCUMILIMHBI. B pesynbrare
M3YUYCHHUS JUCHUILIMHBI CTYACHT JIOJKEH:

Hmemb npeocmaenenue: O METOJaX OAKCIEPUMEHTAIBHBIX HCCIICIOBAHUI
MPOIIECCOB PabOTHI MAIIIUH.

3Hamb: OCHOBBI TEOPUM MATEMATUUYECKOU CTAaTUCTUKU W TJIAHUPOBAHUS JKCIIE-
pUMEHTa TPUMEHUTENIBHO K 3a/1auaM (DOPMUPOBAHUS TOCTOBEPHBIX OMBITHBIX JaHHBIX
00 HcclieyeMbIX 00BbeKTaxX.

Ymems: ouennBaTh JOCTOBEPHOCTHh PE3YJIBTATOB U3MEPEHUN U KOHTPOJIS; all-
MPOKCUMHUPOBAThH ONBITHBIE JAHHBIE MATEMATUYECKHUMHU 3aBUCUMOCTSIMU U OLICHUBATH
UX aJIeKBaTHOCTb; IJIAHUPOBATh MOPSAIOK MIPOBEACHUS IKCIIEPUMEHTA MPU UCTIBITAHUU
C.-X. TEXHHKHU; 00pabaThIBaTh OMBITHHIE AaHHbIe HA DBM; cTpouTh MaTeMaTuyeckue
MOJIEIIA UCCIIEAYEMBIX MPOIECCOB U UX (PU3UUECKYIO0 HHTEPIPETAIUIO.

Bnaoemv nagvikamu: nnaHUpOBaHUS MHOTO(AKTOPHOTO 3KCHEPUMEHTA U 00-
pPabOTKU OMBITHBIX JAHHBIX; UCIOJIB30BAHUS MPUKIAIHBIX MPOTpaMMm sl 00paboTKU
pEe3yJIbTATOB 3KCIIEpUMEHTOB DBM.

CdopmupoBaHHbIe 3HAHUS, YMEHUS U HABBIKM COCTABJISIIOT METOJAMYECKYIO OC-
HOBY DKCIEPUMEHTAJILHBIX MCCIIEAOBAHUN CEIIbCKOXO03IUCTBEHHBIX OOBEKTOB U (MJIH)
MPOLIECCOB B MPOLECCE UCTIBITAHUN.

Hcnvimanusa - 3KCOIEPUMEHTAIbHOE OMNPEICIICHUE KOJIUYECTBEHHBIX W (HJIH)
KaueCTBEHHBIX XapaKTEPUCTUK CBOMCTB OOBEKTA UCIBITAHUMN KaK pe3yJibTaTa BO3JCH-
CTBUS Ha HETO, MPHU ero (PyHKIIMOHUPOBAHUU, TP MOJCITUPOBAHUN OOBEKTA U (WJIH)
BO3/AeicTBUI. OCHOBOM UCIIBITAHUI SABJISIETCS OMBIT.



Onstm-310 METOJl HCCIAEAOBaHUS, KOTOPBIA BOCIHPOW3BOJUTCA B OMHMCAHHBIX
YCIIOBHSIX HEOTPAHUYEHHOE KOJMYECTBO Pa3, U Na€T HUJIEHTUYHBIN pe3yabTaT (BOCIpO-
M3BOJUMBIN ONbIT). COBOKYIHOCTh OIBITOB JJIS IOCTH>KEHHS TIOCTABICHHBIX 337a4 B
WCCJIETOBAaHUH MPEICTABISET COOON IKCIIEPUMEHT.

Axcnepuménm (ot mat.EXperimentum— mpoba, OMBIT) — METOJ UCCIIEI0Ba-
HUSI HEKOTOPOTO SIBJICHUS WM MpoLecca B YIPaBIAEMbIX YCIOBHsIX. OTianM4aeTcs OT
HaOJIOJICHUS] aKTUBHBIM B3aUMOJECUCTBUEM C M3y4aeMbIM O00BEKTOM. OOBIUHO HKC-
HNEPUMEHT MPOBOJAUTCS JUIsl IPOBEPKU TUIIOTE3bl, YCTAHOBIICHUS NMPUYMHHBIX CBS3EH
MEX]y IEHCTBYIOIIUMHU (PaKTOPaMH U OTKJIMKOM.

[IpakTueckuili Kypc npH U3ydeHUH AUCUUIUIMHBI «[lnaHupoBaHue skcrepu-
MEHTa B 00JIaCTH OXpaHbl TPYAa» COCTOUT U3 9 pacueTHBIX 3aJaHHUil U BHITIOTHAETCS
10 UHAMBUAYaJIbHBIM BapruaHTaM. B HHIMBHIyaJIbHBIX 33JJaHUAX OXBAa4Y€HbI OCHOBHBIE
pazziensl Kypca IJIaHUPOBAHMS SKCIIEPUMEHTA U 00paOOTKH CTaTUCTHYECKOW HH(OP-
Maluy. 3alaHusl COCTaBIEHbl TAKUM 00pa3oM, 4TOObI CTUMYJIMPOBATh MHULIMATUBY U
CaMOCTOSATENbHYI0 (POPMYJIHPOBKY M JIOKA3aTE€IbHOCTh BBIBOJAOB M PEKOMEHIALUI
cTyneHTa. [Ipu 3ToM B KaKIO0M 3aJJaHUU COAEPIKATCS JIEMEHTHI HCCIIEI0BATEIBCKON
padoTHI.

3amaHusi GOpMUPYIOTCS B 3aBHUCHUMOCTH OT 0Opa3oBaTElIbHOM MpOTpaMMbl U
YPOBHS MOATOTOBKM oOyuatoierocsi. Pe3yabTaTsl BHIIIOJHEHUS HHAUBUAYAIbHOIO 3a-
nanust opopmisitores B «Paboueit Terpamm.

BrinonHeHHbIE MHAWBUYAbHBIE 33JaHUSI HEOOXOAUMO 3aIIUTUTh IS popMu-
POBaHUs HaBBIKOB HAYYHOU AMCKYCCHUHU.

JlaHHOE MeToandeckoe mocodbue OyaeT crmocoOCcTBOBaTh (POPMHUPOBAHUIO OOIIIE-
MpOQECCUOHANIBHBIX M MPOQPECCHOHAIBHBIX KOMIIETCHIIUNA B pe3yJbTaTe OCBOCHUS
mucruiuinHabl «[[maHupoBanmre 3KCepruMeHTa B 00JIaCTH OXpaHbI TPYyHa, MPETyCMOT-
PEHHBIX Y4eOHBIM MUIaHOM HampaiieHus noarotoBku 20.06.01-Texnocdepnas 6e3-
omnacHocTb, mpoduiib Oxpana tpyaa (B AIIK).
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1. CratucTnueckasi 00padoTka OTHOMEPHOH BHIOOPKH
CJIy4aHHOW BeJIMYUHbI

1.1. Ilean u 3agauu

L]env — M3YyYUTh METOJIUKY CTATUCTUUYECKOM 0OpabOTKH OJHOMEPHOM BBIOOPKH
CIIly4YalHOM BEJIWYUHBI.

3adauu — 0OCBOUTH OCHOBHBIE MOHATHS (ClIydaiiHas BEJIMUKMHA, BEIOOpPKA, Xapak-
TEPUCTHUKHU CIyYalHOU BEIMYUHBI), METOAUKY (GOPMYJIMPOBKH U MPOBEPKU CTATHUCTH-
YECKUX TUIIOTE3, U3YYUTh TPeOOBAHUS K BEIOOPKE W METOJIUKY MPOBEPKH WX COOITIO-
JCHHS, HAYYUTHCS ONPEAEIATh JIOCTOBEPHBIE CTATUCTUYECKUE XAPAKTEPUCTUKU CITY-
YallHON BEJIUYHUHEI.

1.2. OcHOBHbIE OHSITUA U OTIPeAeIeHUs

Cnyuaiinasa @enuuyuna — 3TO NIEPEMEHHAs, KOTOpask IPUHUMAET B PE3yJIbTATE
OMbITA OJIHO 3HAYEHUE M3 MHOYKECTBA MCXOAOB, MPUUYEM MOSABJICHUE TOTO WM UHOTO
3HAYEHUS ATON BEITMYUHBI 10 €€ U3MEPEHUS HENIb3d TOYHO MPEICKa3aTh.

Bce BO3MOKHBIE 3HAUECHMS CIIyYallHOW BEIMYMHBI HA3bIBAIOT 2€HEPANbHOIL CO-
60KynHocmbu1o. Eciy Mbl TPOBEJEM N MOBTOPHBIX MU3MEPEHUM CIIy4allHOM BEJIIMYHUHBI

X, TO C€CTb IIOJIYUHMM NI KOHKPCTHBIX PA3JIMYHBIX YHCJICHHBIX 3HAYCHUM X'-’X::' ""X"f,

TO 3TOT PE3yNbTAT IKCIEPUMEHTA MOXKHO CUUTATh 6b100PKOI 00bEMa N U3 TUIIOTETH-
YECKOW FE€HEpaIbHOM COBOKYITHOCTH PE3YyJIbTATOB €IMHUYHBIX U3MepeHui. OneHnBas
XapaKTePUCTUKU BBIOOPKH, MBI MOKEM HMETh INPEACTaBICHUE O CBOWCTBAX IeHe-
pPaJIbHOM COBOKYITHOCTH.

Penpezenmamuenan 6v100pKka — TOYHO (JIOCTOBEPHO) OTPAKAET CBOMCTBA Ie-
HEpaJIbHOW COBOKYMHOCTU.UTOOBI BBIOOpKA MPaBWIBHO OTpakajia OCHOBHBIE CBOW-
CTBa, MPUCYIIIHE TeHEPATbHON COBOKYITHOCTH, OHA JTOJKHA OBITh C/Iy4AUHOI, T.€. BCE
0OBEKTHI T€HEPATILHON COBOKYIMHOCTH JOJKHBI UMETh PABHBIE IIAHCHI MOMACTh B BbI-
0opky. g 3Toro BeIOOPKH (HOPMHUPYIOTCS C MOMOUIBIO CIEHHAIBHBIX METOAUK. Pe-
Mpe3eHTaTUBHAs BBIOOPKA JOJKHA ObITh 00CMamoyHoil 110 00BeMY sl 0OeCrieueHUs
HE00XO0AMMON TOYHOCTHU ONPEIEIEMbIX MTOKa3aTeNel (XapaKTEPUCTHK).

JlocToBepHas BHIOOpKA HE JOJDKHA COJEPKATh 2pyoble owinoku (IpoMaxu, He
XapaKTEpHbIE 3HAUCHUS Pean3alliy CIy4YalHO! BEJIMYHHBDI).

Jloeepumenvnan eepoamnocms — BEPOSITHOCTb TOTO, YTO 3HAYEHUE PACCUUTHI-
BAE€MbIX OLICHOYHBIX XapaKTEPUCTHK ISl T€HEepaIbHOM COBOKYIHOCTH MOMAJET B J0-
BEpUTENbHBIM MHTEpBas. YeMm Oosibllie IOBEpUTENbHAS BEPOSTHOCTh, TEM OOJIbIIE
JIOJIKEH ObITh JOBEPUTEIbHBIN HHTEPBAJL.

JIns OLEeHKM Cly4yallHOM BEJIMYHUHBI HCHOJIB3YIOT XaAPAKTEePUCTHKHU I0JI0Ke-
HMS U paCCeHBAHUSL.



XapakTepuCTHUKN MOJIOKEHUSA: MaAMeMamuyecKoe 0dicuoanue, Mooa u meoua-
Ha.

Mamemamuueckoe o0xcudanue - 4YNUCIO, BOKPYT KOTOPOTO COCPEIOTOYEHBI
3HAQYEHUs CIIy4allHOM BEJIMYMHBI MPEACTABISECT aOCHUCCY LIEHTPA TSAKECTU MIOCKOU
(burypsl, orpaHUYEeHHON KPHBOM pacIpeieiieHrs U OChlo adciucc. MaTteMaTndeckoe
OKHJIaHWE CIIy9alHOW BEIMYHMHBI X 0003HauvaeTcs M(x). Maremarnueckoe OKHaHue

HETPEPHIBHOM ClTydaiiHoi BennuuHbl X paBHom, (X) = M(X) = fj;o Xf(X)dX, a ma-

TEMATUYECKOE OKUJAaHHE JUCKPETHOW CiydailHOM BenWuuHbl paBHO m,(X) =
M(X) = Xiz1 XiPr.

Moooit TuCcKpeTHOU ciy4ailHON BeTW4YuHbI, 0003HauaemMoil Mo, Ha3bIBaeTCs €€
HanOoJiee BEPOATHOE 3HAYEHUE, & MOJIOM HEMPEPBIBHOM CIy4allHON BEJIMYMHBI — 3HA-
YeHUe, IIPU KOTOPOM IUIOTHOCTh BEPOATHOCTH MAaKCUMAJIbHA.

Meouanoii HeTIpEepbIBHOMN CITy4aliHOW BEIMYMHBI X Ha3bIBACTCS TAKOE €€ 3Haye-
Hue Me, 111 KOTOPOro OJIMHAKOBO BEPOSITHO, OKAXKETCSI JIU CITydailHas BEJIMUYUHA
MeHbIIe Wi Oonbliie Me, T.e. P(X<Me) = P(X>Me).

XapakTepUCTUKH PACCEMBAHMS. JucCnepcus, cpeoree Keaopamuyeckoe om-
KJIOHeHUe U Kodghghuyuenm sapuayuu.

Jucnepcusi cay4yaiiHoil BeJMYMHBI XapaKTepus3yeT CTENeHb pazdpoca ciy-
YallHOM BEJIIMYMHBI OKOJIO €€ MaTeMaTU4YeCKOrO OXXKHMJAHUS U MPEACTaBIsECT COOOM

Mamemamuyeckoe 0XMCUOAHUe Keaopama ee OMKIOHEHUA' D(X)= M(X - M(X)*
Jucnepcusi cnydyallHOM BEJMYMHBI KaK XapaKTepuUCTUKa pa3dpoca MMEET OJHY He-
yIO0OHYI0 OCOOEHHOCTh: €€ pa3MEpPHOCTh (M3 OIpEACNICHNs) paBHA KBaJpaTy pa3Mep-
HOCTH CITy4YailHOM BEIUYUHBI - .

Cpeonum KeaopamuyecKkum OmMKIOHEHUEM CIYYAUHOU GeluyuHbl X Hazviéa-

emcs apughpmemudecKuli KOpeHs U3z OUCNepcuu, m.e. XY= JULE)

Koaddurment Bapuanuu V[X] - oTHOIICHHE cTaHAApTHOTO OTKIOHEHHS o[ X] K
MaTeMaTHueckoMy okugaHuio M[X], BeipakeHHOE B MPOIIEHTaX WM B J0JAX (B pac-
YyeTax).

JI71s1 OLIeHKH IPUBEIEHHBIX BBILIE HCTUHHBIX XapaKTEPUCTUK CIyYalHOW BEJIU-
YUHBI WCIIOJIB3YIOT HEKOTOPBIE OIEHOYHbIC (DYHKIIMHU 3TUX BEITUYHH

f {‘Y'-"Yff' ' "‘Yﬂ) , KOTOpBIE HA3BIBAIOTCS cmamucmukamu (MW Xapakmepucmuxa-
Mu). 3HAYEHHS CTATUCTHUK 3aBUCST OT 00beMa BBIOOPKH M CBOWCTB CITy4ailHOW BEJHU-
YUHBI.

Martematuyeckoe oxunanue M [X] orieHnBaeTcst BBIOOPOYHBIM CPETHUM

= 1 1 &
X=—(X+X,+...++X) =_ZX.-
o e (1.1)
Hucnepcust D[X] onieHnBaeTcst BHIOOPOYHOM AMCIIEPCUCH
1 mo -
§ST=—> (X, -X)

n-lt o (12)



O1neHOYHBIN KOA(PHUIIUEHT BapUaIlMK BBIYHUCIAETCS MO0 GopMyIie

W o= 2 100%
% : (1.3)

rje S — OLIEHOYHOE 3HAYEHUE CPEIHETO KBAJAPATHIECKOrO OTKIOHEHUS S, = +/SZ.
1.3. 3ananme

Jliis chopMHUpOBaHHOM Ha KOMITbIoTepe BbIOOpKH 00beMoM (N=25) BbImoJ-
HUTb MPOBEPKHU COOJIIOCHUS TPEOOBAHUM K BEIOOPKE:

- IPOBEPUTH HAJIMYHE IPYOBIX OMMOOK B BEIOOPKE;

- IPOBEPUTH COOIIO/IEHNE TPEOOBAHUI O CITy4ailHOM XapaKTepe BHIOOPKU;

- IPOBEPUTH COOIIOIEHNUST TPEOOBAHHI O TOCTATOYHOCTH BBIOOPKU;

- ONPEJEIUTh OIICHOYHBIE CTATUCTUYCCKUE XAPAKTEPUCTUKH CIy4ailHOU Be-

JIMYMHBI.

1.4. PexoMeHIALMH IO BLINMOJHEHUIO 3aJaHUA

1. C momomipio crnenuanbHOM mporpammbel B cpene MathCAD (puc.1.1)
cmonenupyem N=25 3HaueHUW cCllydailHOW BeIWYMUHBI. BapuaHThl MHIUBUYAIBHOTO
3alaHus 3aJJal0TCSl MPENOoIaBaTEIEM WM 33Ial0TCA NapaMeTpbl pacCerBaHUS YCIOB-
HOU citydaiiHOW BenmduHbI (Tad. 1.1).

MopgenupoBaHne yCrnoBHOW BbIGOPKK

N=25a=20b =17 X = (rnorm(N,a,b))

[na BbiBOAa AaHHbIX HabpaTb KomaHgy X=

Puc. 1.1 IIporpamma moieTupoBaHus YCIOBHOM BHIOOPKHU

2. Haiinem ctaTucTudyeckue XapakTepUCTUKH JIJIsl TTOJTYYCHHOU BHIOOPKH

Bri6opounoe cpennee:

x=1 >x = 1 420825-17193
o2 . (1.4)
Bribopounas aucnepcus:
, 1 &, 1
S, =—— ) AI* =——-1074,624 = 44,776
n-145 25-1 . (15)

CpeﬂHee KBaAPATUYCCKOC OTKIIOHCHUC!



5, =12 = /44,776 =6,692. (1.6)

Ta6nuna 1.1. Jlanuslie aJist MoieIMpoBaHus BHIOOPKH HA KOMITBIOTEPE

Bapuant | [lapamerpsl Bapuant | [IapameTpsl Bapuant | Ilapamertpsl
a b a b a b

1 15 1 6 15 2 11 15 1.75

2 18 1.5 7 18 2.5 12 18 2

3 21 2 8 21 3 13 21 2.25

4 24 2.5 9 24 3.5 14 24 2.75

) 27 3 10 27 3 15 27 3.2

1.5. Uckiouenne rpyobIx omuooK

CMoIeTMpOBaHHYIO Ha KOMITbIOTEpPE BHIOOPKY MPEACTAaBUM B BUJE BapUallMOH-
HOTO psijia, T.€. psjia YIOpsIOYeHHOTo o Mepe Bo3pacTaHus (kojoHka 3). [Ipoananu-
3UpyeM HamOoJIbIlIee 3HaUCHUE Xma— 29,114 1 Hammensblee 3HaueHue - Xmin=0,117.
Ecnu 5Ty 3HaueHMs BBIIEIAIOTCA U3 MNPUBEIECHHONW COBOKYIMHOCTH, TO MX MOHO CHH-
TaTh TPyOBIMH OITMOKAMU U UCKITIOUUTD U3 BHIOOPKH.

[IpoBepKy 3TOro yTBEpKAECHUS OTHOCUTENBHO Xma= 29,114 BBINOJHUM B clie-
DYIOLIEM MOPSIKE:

1. Chopmynupyem OCHOBHYIO U aIbTEPHATUBHYIO CTATUCTUYECKHUE TUTTOTE3bI:

Ho: Xmax ABIsIeTCSA TpyOO# OIIMOKOM;

Hi: Ximax HE siBsieTCs rpy0OO0id OIITMOKH.

2. Beibupaem cTaTUCTHYECKHA KpUTEPHiA, KOTOPBIN TPeCTaBIsieT co00il OTHO-

HICHHUE YIAICHUS MOI03PEBAEMOMN BEMUUUHBI Xyax= 29,114 0T cpegnero 3nauve-

Huga X = 17,193 k cpenHeMy KBaapaTUYECKOMY OTKIIOHEHHIO U HAXOJIUM pac-

YETHOE 3HAUYCHUE

Xmax—X _ 29,114 —17,19306 _

V = 1,78

pT s, 6,692 ’ (17)
3. OnpenensieM KpUTHUECKOE 3HAUYEHUE CTaTUCTUUECKOTro KpuTepus Tabmuna 1
(TpuIIOXKEHUS)
4,

Ve

97 E\/oz=0.05; n=25 — 21717-



5. CpaBHMBaEM pacyETHOE 3HAYEHUE C KPUTHYECKUM: TaK KaK V<V, TO Xax

HE SIBIISICTCS TPyOOi OIMOKOM, cripaBeyiiBa TumoTe3a H.

Tabmuma 1.2. PacueTHas tadimuna

Jl'\[r\gl'l BhiGOpOUHbIE 3HAUCHHS di= Xir1-X; di2 A=Xi= Xep A ;2
B nopsake | B nopsike Bos-
nosenckmA | pactamms

1 10,723 0,117

2 16,381 10,353
3 20,4435 10,723
4 15,883 10,807
5 17,685 11,264
6 23,774 11,908
. 2153 12,276
8 22,835 12,956
9 11,908 13,511
10 11,264 13,854
11 12,276 15,883
12 17,149 16,381
13 10,807 17,149
14 0,117 17,185
15 28,933 17,685
16 25,538 20,443
17 21,001 21,001
18 12,956 21,53

19 13,511 21,944
20 13,854 22,662
21 21,944 22,835
22 17,185 23,774
23 29,114 25,538
24 10,353 28,933
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25 22 662 29,662

>'x;=429,825 Ydi’= SA ;2
=1074,624

[TpoBepsiem, siBsieTCst T XpinTpyOOH OIIMOKOM.
Ho: Xnin sBIIsIETCS TpyOO# OMMOKON
Hi: Xnin HE sBIISIETCS TPY0O0#T OMTUOKH
Vo X-Xoin _ 17,19306 - 0,117
p Sy 6,692
Tak kakV <V, T0 XpinTak ke He ABJAeTCA Ipy0oi OINOKOI.

= 2,5517

1.6. IlpoBepka cjy4yaiitHOCTH BbIOOPKHU

[IpoBepKy runoTe3bl 0 CIIy4ailHOCTH BIOOPKH MPOBEIEM Ha OCHOBE METO/1a
pasnocteit. ChopMHpyeM HOBYIO ciiydaiinyio Bennduny &i = Xi+1 ~X; kaK pasHHILy
MEXIy NPEAIIECTBYIOIIHNM U MOCIEAYIOIUM 3HAU€HUEM (B MOPSIAKE TOTyUYECHHS )

1. Copmynupyem rumnoresy:

Ho: BeIOOpKa city4daiiHa;

Hi: BeIOOpKa HecitydaiiHa.

2. B xauecTBe KpuTEpHs BO3bMEM OTHOILIEHHUE JIBYX XapaKTEPUCTHK paccerBa-
HUS

2
7, =3 (1.8)
X
rae CZ — XapakTepHCTHKA PACCEMBAHMS CIydailHON BENMYMHEL, OJCIUTAHHOE IO Me-
TOJy Pa3HOCTEMN.

a__ 1 S z _
C*“Z{-n_l};d* 45,151

(1.9)
PacyeTHOE 3HAUEHHE KPUTEPHUS MTOTYIUM
r, = 5% =1,0084
5% . (1.10)

3. Kputnueckoe 3HaueHue BbIOPAHHOTO KpuTepHs s oObeMa BbiOopku N< 20
Tip = Tan  HAXOJUM IO TaOyuIle 2 (MPHIIOKEHU).

s BeIOOpKHM 0O0BbeMoM OoJibiiie N>20 T pacnpeacsieHo o0 HOpMaIbHOMY 3a-
KOHY pacIpeieieHHsI ¢ mapaMeTpaMu

A I Y & I U
m,=1: Sx_\/n+1 (1 n_1)~m. (1.11)

B sToM city4ae T,, OMPEACNACTCS U3 YCIOBHS

— 2,
e 2

11



X—mMy

s n=25, 0=0,05 maxoaum mapamerp HopmupoBanus 3HP t = no Tab-

X

mune 10 (mpuioskeHusil) COOTBETCTBYIONMIUK YPOBHIO JIOBEPUTCIBHOW BEPOSTHOCTH
0,95, monyuyum t = 1,65., nnsa 0,05 t = —1,65.

Hckomoe 3HaueHue Oyaer paBHO T,, =x =t'S, +m,. 3HaueHue m, =

p
1
1, aS, moacuuteiBaeM o popmyie (1.11) S, = N 0,196. Torna
T =Ty o0sn2s =—165-0196+1=0,6766 (1.13)

4. BbIBOJI: TaK Kak T, < Ty, , TO BHIOOpKA CilyyaiHa.

Kp >

1.7. [IpoBepka 10CTATOYHOCTH BHIOOPKH

1.PaccuuTtaem 3Ha4eHHs OIICHOYHOE 3HaueHue cpeanero (1) s nmepswix 3, 5,
10 u 25 3HaueHuit U TOCTPOUM TpadUK 3aBUCUMOCTU CPEHETO OT 00beMa BHIOOPKHU

O06beM BBIOOpKH 3 5 10 25
m, =X
X A

n

Puc. 1.2 3aBucumMocTh cpeHeroX oT o0bemMa BRIOOPKH N

W3 rpaduka BUAHO, YTO CpeHEE 3aBUCUT OT aHAJIU3UPYEMOU BEIMYMHBI U OT
o0ObeMa BbIOOpKH. 1151 1OoCTaTOUHOM BEIOOPKHU JOJIKHO BBITOJIHITHCS YCIOBUE

PX-L,<m, <X+ 1I,,)=a , (1.14)

rae |y, — MToOBepUTENbHBINM UHTEPBAJ JJIs1 HAXOXKICHUS CPEIHETO 3HAYCHHUS; My — Ma-
TEMaTHYECKOE OKHUJIAHUE CPETHETO 3HAYCHUS; O — IOBEPUTEIIbHAS BEPOSITHOCTS ( B
pacuerax npuHuMaem 0=0,95).

s cobmonenus ycnosus (1.14) 1oyKHO BBIMOTHATHCS YCIIOBUE
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A= Lo < lymSx (1.15)

ri€ A — OTHOCUTENbHAS MOTPEUIHOCTD ONPENEIEHUS CPENHETO; by KOIDOHUIMEHT
Creronienra (Tabauua , NpuiIokeHus 1), ty,—g 9s;n=25 = 2,06.

3HaYeHUE OTHOCUTEIBHON MOTPENTHOCTH 3a/1a€TCsl METOJAMKON UCIIBITAHUNA WU
u3MepeHuii (B pacuerax npunumaeM A=10% wnu 0,1).
2. MuHUMaNbHO HEOOXOIUMBI 00BEM MOACUUTHIBAEM U3 YCIOBUS pABEHCTBA

(1.15)

ITomydenHoe pacueTHOE 3HAYEHUE OKPYTIIAEM 10 OOJIBIIETO 1IEJ0r0 3HAYEeHHUAN,,
=65.

CpaBHUBaeM MOJYyYEHHOE 3HAYCHHME MHUHUMAIbHO HEOOXOJMMOIO YHCIA OIbI-
TOB ¢ 00BEMOM BBIOOPKH U JIeJIaéM BBIBOJ] O JOCTaTOYHOCTH MMEIOIIeHcs BeIOOpKU. B
HameM npumepe N, =65 >N=25, ciaenoBaTenbHo, BEIOOpKA HE 1OCTATOYHAs 10 00be-
My. B aToM cnyuae, He0OX0AMMO MTPOBECTH JIOMOJHUTEIBEHYIO CEPHUIO OTIBITOB.

1.8. Onpenesnenne MUHUMAJIBLHO HEO0X0IMMOT0 YHCJIA H3MEpPEeHUil pu
pa3padoTKe METOAUKH MCCJIeI0BAHUSA

B npaktudeckoit paboTe ncciaeaoBarens yaile BCEro BCTpevyaeTes 3a1ada 00oc-
HOBaHMSI HEOOXOAMMOTO YHCJIa U3MEPEHUM Mpu pa3zpaboTke paboueit METOAUKHU HC-
nbiTaHuid. Ha 3ToM sTane BHIOOPOYHBIX 3HAYEHUM HE MMEEM. 3HAUYCHHS BEJIIUYUH TIO0
dbopmye (1.16) HailiTh HE MOXKEM, TaK KaK Ka)Ja0€ U3 HUX 3aBUCUT OT HCKOMOTO 00b-
eMa BBIOOPKH.

[Ipu BbIMONIHEHUHU 3aaHUSI HEOOXOAMMO CaMOCTOSITEILHO Pa3o0paThcsi U 00b-
SICHUTD, KaK MOCTYIUTh B 3TOM cliydae?

Koumponvuwie 6onpocwi:

1. JlaTb onpenenenre ciiy4anHOU BEJIMYUHBI U IPUBECTU IIPUMEPHI U3 CBOEH
MPaKTUKH.

2. Kak OyayT U3MEHSIThCS CTATUCTUYECKUE XapaKTEPUCTUKU CITy4aiiHOMN Be-
JIUYUHBI IPU YBEJIMYEHUU U BHIOOPKU?

3. OOBSACHUTH MOPSIIOK MPOBEPKU CTATUCTUUECKUX THIIOTES.

4, OOBSACHUTH MOHATHE CTATUCTUYECKOTO KPUTEPHUSL.

5. Kak cpaBHUTH J1Ba UCCIEyeMbIX UIICHTUYHBIX TPOIECCA C PA3HBIMU

CPCOAHNMHU U JUCIICPCUAMUA OAHOI'O an3HaKa?

13



2. CtaTucTuyeckasi 00padoTka BbIOOPKH 00JIHIIOT0 00beMa

2.1.0cHOBHBbIE MOHSITHS U OTIPeieIeHUs

[To mepe yBenuuenus oObeMa BHIOOPKM YBEIMUYMBAETCS PUCK BBOJAA OLIMOOY-
HBIX JaHHBIX. B mpaktuueckoii cratuctuke BeiOOpku Oosiee 30...40 3HaueHU OTHO-
CAT K 6b100pKam 001bui020 00vema. Jliis onpeneeHnss CTaTHCTUYECKUX XapaKTepu-
CTHK BBIOOpPKY B 3TOM cilyyae npeoOpasyeMm B (popMy HpeaCTaBICHUs CIy4ailHON Be-
JIMYMHBI B BUJIE Psiia paclipeieIeHUs.

P:0 pacnpedenenua — 310 Tabnuia, CTaBsIIasi B COOTBETCTBUE 3HAUCHHMSI CIIy-
YailHOM BEJIMYMHBI U BEPOSTHOCTH UX MOSBICHUS.

Xi X1 X, | Xn

Pi P1 P2 Pn

B craTucTuke psao pacnpedenenus — TNpeACTaBISET COOON yHOPSIOYEHHOE
pacrpeneneHue €IUHULl U3y4aeMOil COBOKYIHOCTH MO TPyNIlaM, pa3ieiiieMbIM IO
ONPEICIICHHOMY BapbUPYIOIIEMY MPU3HAKY. B 3aBUCUMOCTH OT MpPHU3HAKA, MOJIOKEH-
HOTO B OCHOBY O0Opa3oBaHUA psifia pacrpe/iesieHns pa3auvyaioT aTpuOyTUBHbIE U Ba-
PHALMOHHBIE PSAbI PACIIPEICTICHUS.

AmpudymueHvimu — Ha3bIBAIOT Pl pacpeiesICHNs], TOCTPOCHHBIC TI0 Kaue-
CTBEHHBIMU ITPU3HAKAM.

CrpynnupoBaHHbIE JIaHHBIC B MOPSAJIKE BO3pACTaHUs WM YOBIBAaHUS 3HAYCHUU
KOJINYECTBEHHOTO MPU3HAKA HA3BIBAIOTCS 8APUAUUOHHBIM PAOOM. KOTUUECTBEHHBIN
MPU3HAK MOXET UMETh JUCKPETHbIE (1ICJIOYMCIICHHBIE) 3HAUEHUS UM HENPEPHIBHBIC
3HavyeHusl. HenpeprIBHBIE 3HaUCHMS MPU3HAKA MOTYT OBITh pa30MThI HA UHTEPBAJIbI U
OIICHEHBI YaCTOTOM MOIa aHusl BHIOOPOYHBIX 3HAYCHHM B TOT WJIM MHOW WHTEPBAJ.

Psin pacnipenenieHust xapakTepu3yeTcsi ABYyMsl dJieMeHTaMu: Bapuantou (X) u
yactoToi (f). Bapuanma — 310 OTAEIbHOE 3HAUYCHHUE MPU3HAKA OTICIBHON €IUHUIIBI
WU TPYNIbl COBOKYMHOCTH. YHMCIIO, MOKA3bIBAIOUIEE, CKOJIBKO pa3 BCTPEUYAETCS TO
WM MHOE 3Ha4YCeHUE MpU3HaKa, Ha3bIBaeTcs yacmomoi. Cymma BCEX 4acTOT JO0JDKHA
OBITH paBHA YHCICHHOCTH €AMHUI] BCEH COBOKYMHOCTU. Eciu 9acToTa BBIpakeHa OT-
HOCHUTEJIbHBIM YHUCJIOM, TO OHa HAa3bIBACTCA YACHOCHMbIO (ONLIMHOU 6EePOAMHO-
cmoio).

2.2. 3ananue
JIns aHanm3a METOAMKH CTaTUCTHYECKON 00pabOTKH BBIOOPKH OOJIBIIIOr0 00Bbe-
Ma HEOOXO0IMMO OIPEACIUTD 110 JaHHBIM U3 1-0T0 3a/1aHus:
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- mpeoOpazoBaTh BEIOOPKY 00BeMOM N= 25 (B3sTh U3 1-0i1 paboTHI) B psij pac-
IIpEICIICHHS,

- OIPEICIIUTh CTATHCTUICCKUE XaPAKTECPUCTUKH;

- CPaBHHTbH 3HAUCHUS CTATUCTHUCCKUX XAPAKTCPUCTHK, MOJYYCHHBIX B 1-OM H
2-0M 3aJIaHUH.

2.3.BpInoJiHenue 3aaHus

1. 3amaeMcs 4MCIOM MHTEPBAJIOB M U pa3OMBaeM BeChb JMANA30H U3MEHEHUS
CllydaiiHOM BEJTMYMHBI OT MIN 10 Max Ha paBHbIe ydacTku. [Iporenypa He dopmainu-
3oBaHHas. CylllecTBYET JOCTATOYHO MHOI'O SMIIMPUYECKUX COOTHOIIEHU. B yacTHo-
CTH B psne yueOHUKOB npuBoauTcs ¢opmymna Crepmrecca m = 1+ 3.22-IlgN; ecthb
npakThdeckne pekoMmeHmanuu: npu N< 40-50 gucio MHTEPBAIIOB BRIOMPAIOT B TIpEIC-
nax 5...8, a nus Gosbiero yucna — §...12. B Hamem npumepe aJig BeIOOpa 4Kciia UH-

TEPBAJIOB BOCIOIB3YEMCS COOTHOMEHHEM M = \/n. Ilpurnmaem™ = vZ5,m =5

2. TloxcuuTaeM MIUPUHY UHTEpBajIa

m m 5 4. (2.1)

3. OrnpenenuM JieBbI€ U MPaBbIC TPAHUIIBI JJISI KAKIOTO0 MHTEpPBAJa U 3amoJi-
HUM pacueTHYI0 Tabauiy (ctonodusl 2 u 3). JIeBas rpaHulla nepBoro UHTEpBaia paBHa
Xmin=0,117, nmpaBas rpanuna 6yaer paBHa X,+d. 711 BToporo uareppaia jeBas rpa-
Hulla OyJeT paBHA MpaBOMl TpaHUIlE TEPBOrO MHTEpBaya, MpaBas TpaHUIA paBHA
Xmin+2d. ITpaBast rpanuiia mociieiHero HHTEpBaaa OyneT paBHA Xmax-

Tabnuua 2.1. IIpeoOpa3zoBaHue BEIOOPKH B psAJl pacipeaeaeHus

No I'panuna 5 n 0
JeBast npaBasi

1 0,117 5,9164 3,0167 1 0,04

2 5,9164 11,7158 8,8161 4 0,16

3 11,7158 17,5152 14,6155 9 0,36

4 15,5152 23,3146 20,4149 7 0,28

5 | 23,3146 29,114 26,2143 4 0,16

4. Omnpenenum cepearHbl HHTEPBAJIOB X; U 3aMUIIeM UX B 4 cTosbel TabIulIbl.
[Ipumem donyujenue 1 — cinyqaitHasi BeIMUMHA MOKET IPUHUMATD JIF000€ 3HAUCHUE B
mpejenax MHTepBalia, HO B pacyeTax ux OyJieM OTHOCUTH K CepeHe MHTEepBaIa.

5. IloacumTaem 4ymucio 3HaAYEHUI BHIOOPKU, TOMAAAIONINE B KAXKIBIH MHTEPBAJ
N;. 3HaueHHs 3anuIIeM B 5 cTONGEI TabmUIbl  HPOBEPUM yCIOBHE: Yty n; = N =
25.
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n
6. OmpenenuM OMBITHBIE BEPOSTHOCTH P; = FL Y 3alKChIBAEM UX 3HAYCHUS B

6 cronber Tabnuiel. [IpoBepum ycnoBre HOPMUPOBAHUS, TaK KaK COOBITHS MPEICTaB-
JSIOT TOJHYIO TPyNIly, TOCYMMa ONBITHBIX BEPOATHOCTEN NOJDKHA PaBHATHCA 1, T.€.
5, —
i =1
[IpuHrMaeM donyujenue 2 — BEpOATHOCTD IOIAJAHNS CIIyYalHOW BEJIMYUHBIB
VMHTEPBAJI PAa3JIMYHA IS JIEBOW U MPABOU TPAHMUIIBL, & B pACUETAX MPUMEM IOCTOSIHHON
WIM PaCIpPENENICHHOMN 10 3aKOHY PaBHOMEPHOMW INIOTHOCTH. C yd4eToM IPUHATBIX J10-
nymeHui 1 ¥ 2 Noayduiiy pso pacnpeoenetust.
7. OnpenennM cpenHee 3HaUCHUE

X;=)x-p;=16,7032s

(2.2)
8. Omnpenennm AUCTIEPCHIO
Sz, = Z{.L‘,_- %) -p; =12,77592
=1 . (23)
Q. CpaBHHM 3HAYCHUS CPEIHUX 3HAYCHUH, TIOJYUYCHHBIX B TIEPBOM | BTO-
poM 3ajaHuu
Ap= G, 100 = LAB-16703 _ ) gu80; (2.4)

X7 17,193
10. CpaBHHM 3HauUEHUS AUCTICPCHIL, TOJYICHHBIX B IEPBOM ¥ BTOPOM 3a]1a-
HUU

2_c2 -
Si 252 .100 = 44,776-12,775 | 100 = 71,47%. (2.5)
52 44,776

AHanu3 NOJyYEHHBIX JTaHHBIX MOKa3bIBA€T yIOBJIETBOPUTENIbHYIO Pa3HUILY Me-
Iy CpeIHUMH 3HadeHusMH 2,85%, a i OUCIEpCUM PA3HUILYy CYLIECTBEHHAs —
71,47%. B sTOM ciydae HEOOXOJIMMO MPOBOJUTH JOMOIHHUTENbHBIE OMbITHL. Eciu
MIPOBECTU JOIMOJHUTENbHbBIE OIBITHI HEBO3MOXKHO, MCIOJNIBb3YIOT nomnpaBky lllemapaa

AS,%=

da? o 2
Agz= E.I[JISI NpUOIMKEHUST OLIEHOYHOHM AUCTEpCHH Sy K UCTUHHOMY 3HAUYEHMIO TIPU

OTPAaHUYECHHOM YHCJI€ OIBITHBIX JaHHBIX K JUCIEPCUHM MPUOABISIOT MOMPABKY
[lemapna.

12 (2.6)

I[J'If{ YMCHBIICHUA OTHOCHUTEJIbHOM MOTPCHIHOCTU MOKHO HOHpO6OBaTL YBCIIU-
YUTb YUCJIO UHTCPBAJIOB U (I/IJ'II/I) IMPOBCCTHU AOIIOJIHUTCIbHBIC OIILITEHI.

11. OmnbITHBIC JaHHBIE B TPAaPUUYECKOM BHUJE MPEACTABISIIOT B BUJAEC THUCTO-
rpaMMbl U OIBITHOW (PYHKIIMEH TIIOTHOCTH paclpeaesieHus: (MHo20yeonbHUK pacnpe-
oenienust, noau2on pacnpeoenenus) (puc. 2.1).
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T'ucmozpamma - cronbyaras nuarpamma, BbICOTa CTOJIOMKOB KOTOPOH COOTBET-
CTBYET YacCTOTE WM OTHOCHUTEJIBHOUN 4acTOTE (YACTOCTH, OMBITHOM BEPOSITHOCTH) MO-
MaJIaHNs] TAHHBIX B KQXbI U3 NHTEPBAJIOB.

JIJIsi TOCTpOEHUsI TUCTOTpaMMbl Ha TOPU3OHTAIBLHON OCH B BBIOpDAHHOM Mac-
mTabe OTMETUM TPAHUIII COOTBETCTBYIOIIUX WHTEPBAIOB. Ha BEpTUKANTHHONU OCH BBI-
OuparoT MaciITad B COOTBETCTBUU ¢ MAaKCUMAJIbHBIM 3HaYE€HUEM OMBITHON BEPOSTHO-
CTH.

CtpoAr crondyaryio quarpamMmmy, 3aTeM CEpeIuHbl CTOI0YaTON JUarpaMmsbl CO-
EAUHSIOT OTpPe3KaMH JOMAHOW MPSAMOW M MOJYy4YaloT MOJIMIOH pacrpeseneHus (puc.
2.1). IlomuroH npeAcTaBisieT COO0M OMBITHYIO (PYHKITHIO INIOTHOCTH PACTIPEICICHUS.

P

0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05

3,02 8,82 14,6 20,4 26,2

Puc. 2.1. 'ucrorpamMmma pacnpeneneHus 1 onbITHAsS (PYHKIUS TUIOTHOCTH pac-
npeaeneHus

OmnbrTHas GyHKIUS pacnpeneneHus (Kymynama) nokasaHa Ha puc. 2.2.

1,2

F(x)

0,8
0,6
0,4

0,2

0,1 5,9 11,7 17,5 23,3 29,1

Puc. 2.2. OnbiTHas QyHKIUSA pacnipeaeneHus (KyMyJisaTa)
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12. T'padux HaAKOMJIEHHBIX OTHOCHTEIBHBIX YACTOT MPEICTaBISIET COOOH
OTBITHYIO (PYHKIIMIO pacripenencHus. J[as ero mocTpoeHus mo rOpu30HTaIbHON OCH,
KaK W JUIsl TUCTOTPaMMbl, OTMEUYAlOT TPaHMIIBI HHTEPBAJIOB, a MO BEPTUKAIBHON OCH
(opnunare) B untepBane (0,1) OTKIanbIBalOT HAKOIUIEHHBIE YacCTOThl W3 YCIIOBHUSA:
F*(x) = P(X < x) =X, 20ex — 3a0annoesnauenue. Tak 3amaBasch X=5,9, BeposAT-
HOCTh Oynet paBHa P;=0,04; nmpu X=11,7 , opnunata Oyzaet paBHa P1+P;, Tak AN BCeX
APYTUX 3HAYCHUN TPAHUI] HHTEPBAJIOB.

KOHWZpOJZbele e80oNnpocysl.

1. B xaxoit hopme mipeAcTaBiieHa ciydaiiHas BeJIMUUHA?

2. Kakue mpu4rHbI MOTYT BBI3BATh OOJBIIYI0 OTHOCUTEIBHYIO MOTPEITHOCTh
ONPEAECICHNS OLICHOYHOU TUCTIEPCUn?

3. Kak OyayT u3amMeHsAThCS 9acTOCTH (OTBITHBIE BEPOSTHOCTH) MPU YBETUYCHUN
YHUCIIa U3MEPEHUN?

4. Kak OyAyT U3BMEHSTHCS 4YacCTOCTHU (OMBITHBIE BEPOSATHOCTH) MPU YBEIUUECHUH
qrclia UHTEPBAJIOB?

5. Kak Oyner u3MeHsAThCS NOJUTOH paclpeleeHUSIIPU YBEITUUCHUN YK CIla U3Me-
peHuii?

3. Be10op 3aK0Ha pacnpeae/ieHUus CJIy4YAHHON BeJIMYUHbI

3.1. Ilean u3amauu

L]envy — M3y4nTh METOAMKY BHIOOpA 3aKOHA pacHpelesICHUs JUIsl OTUCAaHUs O-
HOMEPHOW BBIOOPKH CITy4aiHOW BETUYHHBI.

3aoauu — OCBOUTHh OCHOBHBIEC MOHSTHS (3aKOH pacmpenesieHus, GyHKUUsS pac-
npeaesieHus, (PyHKIUsS UIOTHOCTH paclpeAesieHHs], BEpOSATHOCTh COTJIacHsi), METOU-
Ky BBIOOpa 3aKOHA pacMpeleNeHHs], U3YUUTh CBOWCTBA (YHKLUHMH pACIpPEECICHHUS,
HAay4YUThCSl OMNpPEAENATh KPUTHYECKUE 3HAaYeHUsi KpurTepueB coriacus llupcona u
KonamoropoBa M BEpOSITHOCTH COTJAcHsi ONBITHBIX JAHHBIX OMNPENEICHHOMY 3aKOHY
pacnpeneneHusl.

3.2. OcCHOBHbIE MOHATHS U ONpeaeIeHusI

3akon pacnpedenenusn — MaTeMaTUYECKasi 3aBUCUMOCTb, CBSI3bIBAIOILAs 3HAUE-
HUS CITy4allHOW BEJIMYMHBI U BEPOATHOCTH ee onpeneneHus P = f(x;). [lo xapakrepy
ATOM 3aBUCUMOCTHU KJIACCU(DUIMPYIOT TEOPETUUECKHE 3aKOHBI paclpeesieHusl (3aKoH
HOPMAJIBHOTO pacripeiesieHus ; JorapupMuIecku HopMalibHbIN, BeliOyina u npyrue).

3aKoH pacrpesielieHUus UCIONb3YeTCs sl CTIIaXXMBaHUsSl CTATUCTHMYECKUX JaH-
HbIX. 3a/laya CIVIAKMBAHUS 3aKJIIOYaeTcsl B TOM, YTOObI MOJ00paTh TEOPETHUECKYIO
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IUTABHYIO KPUBYIO PACHpeesICHUs, C TOW WJIM MHOM TOYKH 3pEHUs] HAUITY4IINM oOpa-
30M ONUCHIBAIOIIYIO JAHHOE CTAaTUCTUYECKOe pacmpenenenue. Kak mpaBuio, mpuH-
UTTHATBHBIN BUJ TEOPETUYECKOM KPUBOM BbIOMpaeTcs 3apaHee u3 COOOpakeHui, CBs-
3aHHBIX C CYIIIECTBOM 3a/1a4yM,a B HEKOTOPBIX CIIy4asX MPOCTO C BHEIIHUM BUJIOM CTaTH-
CTUYECKOI'0 pacIpeIeICHHUI.

Dynkyuein pacnpeoenenus — Haspiaetcss Gynkuus F(X) , onuceiBaromas Be-
POSITHOCTH TOSIBIICHHSI 3HAYCHUH CITy4ailHOW BeamuuHbl P(X<X) MeHbIle Hanepen 3a-
JAHHOT'O YKCJIa PaBHOM a.

F(X) =P(X < x =«x. (3.1)

OyHKIMSA paclpeeIeHus Fx(2)mo6oit CIIy4aiilHON BETMYMHBI 00J1aJaeT cle-
OYIOIIMMHA CBOMCTBAMH:

1. Fx — ¢ynkuus ney6pBaromas;
im Fx(r)=0, lim Fx(r)=1

L—— 00 00 ’

3. Fx menpepriBHa cripapa.
DyHKyUA NIOMHOCMU pacnpedeiiehus ciydaiiHon Bennunbbl f(X) mpencras-
JsieT co0oii TepBYIO MPOM3BOAHYIO (yHKIMH pactipenenenus F(X)

fl) =52 ‘ (3.2)

bin30cTh ONBITHBIX TaHHBIX K (DYHKIMH paclpeaesieHus OLUEHUBAETCS BEPOST-
HOCTBIO COTJIACHSL.

3.3. 3amxaume:

J1y1st IMEIOIIUXCS TaHHBIX (3amanue 2, Taduuna 2.1)

- MPOBEPUTH TUIOTE3y O BO3MOXKHOCTU HCIIOJB30BaHUS 3aKOHA HOPMAJIBHOTO
pactpenenenusa (3HP)ans criakvBaHusl ONBITHBIX JAaHHBIX MO Kputepuio [Iupcona
(x2);

- NPOBEPUTH THIOTE3y O BO3MOXKHOCTU HCIIOJb30BaHUSA 3aKOHA HOPMAJIBHOTO
pacrpeneieHus s CrIaXKMBaHUS OMBITHBIX JaHHBIX 10 Kputeputo Konmmoropoga (A);

- OMNpPEJETUTh M0 OJIHOMY U3 KPUTEPHUEB BEPOATHOCTH COTJIACHUSl ONBITHBIX JaH-
HBIX ¥ TEOPETUUECKON (YHKIIMU pacIIpeesICHHs C ONBITHBIMU MapaMeTpaMHu.

3.4. Ilopsiiok BHINOJIHEHUSI

1. nsa psaa pacnpeneneHus: GOpMyIUpyeM TUIOTe3Y:

Ho: cnyqaitHas BenuurHa X MOJYMHEHA 3aKOHY HOPMAJIbHOT'O PaclpeeIICHHs])

Hj: cnydaiinas BenrurHa X HE NOJAYMHEHA 3aKOHY HOPMAJIBHOIO pacIipenesne-
HUS.

2. TlpoBepsieM rmmoTesy o kpurepuio ITupcona (x°). U3 taGmumps 2.1 mepe-
HECTHU 3HAUYEHHMS CEPEIMH UHTEPBAJIOB X U OMNBITHBbIE BEPOATHOCTH P;j B Tabnumy 3.1.
HaknanpiBaeM TeOpeTHYECKYI0 (PYHKIHMIO TJIOTHOCTH paCHpeiesieHHus Ha IOJIUTOH
pacripenenenus. J[ist 3Toro BeruuciuM napamerp HopmupoBanus ti(3.3) it Hopmu-
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POBAHHOTO 3aKOHA HOPMAJIBHOTO PACHpEEICHUS U 3aluilieM B CTOJOeI] 4 TaOmuIlbl
3.1.ITapameTpbl 3ak0Ha pacnpenencHus a=x, b=S,( cpeaHee Xu cpeaHee KBaIpaTu-
gyeckoe S, OepyTtcs u3 3amanus 1)
t=""="5" (3.3)
b Sx
OnpenenuM 3HAYCHHUS] TEOPETUUECKOW (PYHKIIMU TUIOTHOCTH PACTIPESICHUS
JUISL 3aKOHAa HOPMAJIBHOTO PACIpeIeNICHHsI ISl CepeIuH MHTepBAIOB [ (Xx;)mo 3Haye-
auio tj(Tabauma 9, mpunoxenue 1).

HOI[C‘II/ITaCM PaCcdCTHOC 3HAYCHUC KPUTCPUA HI/IpCOHa

2 (p* - f(xi))z _
Xp = Z ) =0,02.

Pacuetnoe 3Hauenne kpurepus [InpcoHa sSBIseTCS MEPON PaCXOKACHUS TEOPE-
TUYECKON (DYHKIIMM TUIOTHOCTH paclpeiesieHHsl 1 HOPMaJIbHOIO 3aKOHA paclpeze-
JIEHUS C ONBITHBIMU NTapaMETPAMM M ONBITHOW PYHKIMEN pacnpeneneHus (IoJIUroHOM
pacrpeeneHus).

Ta6muna 3.1. Pacdernas tabnuma aist kputepus [Tupcona

2
Ne Xi Pi ti f(Xi) (p* _ f(xl))
f(x)
1 3,0167 0,04 -2,118 0,04217 0,0001
2 8,8161 0,16 -1,252 0,18266 0,0028
3 14,6155 0,36 -0,385 0,37115 0,0003
4 20,4149 0,28 0,481 0,35553 0,0160
5 26,2143 0,16 1,35 0,16039 0,0004

Haiinem kputuueckoe 3HaueHue kputepus [Iupcona mo tabnuie 4 (mpuiioxe-
Hue 1) i ypoBHs AoBepuTeabHOM BepostHocTr 0,95 (ommbka 0,05) u k=m-1=5-1=4.

CpaBHuBaeM pacueTHoe 3HaueHue Kpurtepus [lupcoHa ¢ KpUTHUECKUM 3Haye-
HHMEM 1 jienaeM BbiBoA. Ecimu x) < xg,, TO IPUHMMAaEM THIIOTE3Y O TOM, YTO CiIydaii-
Hasl BEJIMYMHA MOJYMHEHA HOPMAaJbHOMY 3aKOHY pacHpejleieHUs, B IPOTUBHOM CIy-
4yae OTBEPraeM 3Ty THIOTE3Y.

3. TIposepka rumote3sl nmo kputepuro Kommoroposa A.H. (A,).HaknansiBaem
TEOPETUUYECKYIO (DYHKIIMIO paclpesiesieHusl C ONBITHBIMU MapaMeTpaMu Ha OMbBITHYIO
¢bynkuuo (puc. 2.2). [ns 3TOro mojacuMTHIBAEM 3HAUEHHUS ONBITHOW (DYHKIMH pac-
npee/IeH s, COOTBETCTBYIOIEE cepenHaM HHTepBaioB F*(x;)

. 1
F*(x1) = 5P

. 1
F*(x;) =ps + D2
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. 1
F*(x3) =p1 + Dy + b3

. 1
F*(x,) =p1 + 02 + 3 +5P4;

. 1
F*(xs) = p1 +p2 + p3 + s + 505,

[TomyuenHbIie 3HaUEHUS 3aMUIIEM B cTONIOEI 5 Tabmuist 3.2.

OmnpenenuM 3HaUYEHUSI TEOPETUUECKON (DYHKIMHU pacmpeesieHus: HOpMajIbHOTO
3akoHa pacnpenencaus F(x;) u 3anumiem B crondern 6 tabmumsl 3.2. s 3TOTO MO
3HaYCHUSAM t;HaxoauM 3HadeHus P (t;)mo tabmune 10 (mpuroxkenue 1). Heobxoaumo
YUUTBIBATH 0COOCHHOCTH TIpuBeaeHHON Tabmubl: npu t< 0; F(X) = 0,5 — d(t), mpu t>
0; F(x) = 0,5 + O(t).

Ta6nuna 3.2 Pacuernas Tabnuna ayist kputepus Konmoroposa

Ne X P; f; F(x) Fi(x) Di=|F F|
1 3,0167 0,04 -2,118 0,02 0,0174 0,0026
2 8,8161 0,16 -1,252 0,12 0,1057 0,0143
3 14,6155 0,36 -0,385 0,38 0,3483 0,0317
4 20,4149 0,28 0,481 0,7 0,6844 0,0156
5 26,2143 0,16 1,35 0,92 0,9115 0,0085

HaxonuM pasHuily MeXy ONBITHBIMU U TE€OPETUYECKUMHU 3HAYEHUSMU (YyHK-
WU pacrpeiesIeHus 0 a0COIOTHOM BEIMUNHE
D; = |F*(x;) — F(x;)| (3.4)
BriOupaem MakcuMalibHOE 3HadyeHue D;u ompejessieM pacyeTHOE 3HAYCHUE
kpurepusi Konmoroposa A.H.
Ay = Dimax -Vm = 0,0317 /5 = 0,07. (3.5)
ITo Tabmuue 5 (mpunnoxkenue 1) Haxonum A, = 0,52 UK BEpOATHOCTD COTIacUs
P( )(5):1 .Tak xak A, < A, , CIENOBATENBHO, PACXOKIEHUE MEKITY TEOPETUUECKUMU
Y OTIBITHBIMU 3HAYEHUSIMU HE MIPEBBINIACT JOMYCTUMOTO 3HAYCHUSI 3HAYUT MPUHUMAEM
TUIIOTE3Yy O TOM, YTO Cly4yaiiHas BeJIMYMHA MOJYMHEHA HOPMAJILHOMY 3aKOHY pacrpe-
JICTICHHUSL.

KOHmPOJleble eonpocwsl:

1. Yro oneHuBaeT pacueTHoe 3HaueHue kputepus [lupcona?

2. Yto olieHUBaeT pacueTHOe 3HaUeHUe kputepus Koamoropona?

3. C kako# BEepOSTHOCTD JIeJIaeTCsl BEIBOJ O CIIPABEIJIMBOCTH MPOBEPSIEMOI TH-
MOTE3bI?
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4. Kak ompenenuTh BEpOSTHOCTh COTJIACUS ONBITHBIX TAHHBIX M TEOPETHUECKO-
r'o 3aKOHA pacnpeieNIeHus ?
5. Kax BbIOpaTh ayuruii 3aKOH pacupeneaeHust 1Isi IMEIOIIXCS OMBITHBIX
JTAHHBIX ?

4. OneHKa CTATHCTHYECKOM B3aMMOCBSI3H IBYX CJIy4aWHBIX
BEJIUYMH

4.1. Hean u 3agaun

Llenb — M3y4UTh METOJIUKY CTATUCTUYECKOM OLIEHKH CHUCTEMBI CIyYalHBIX
BEJIUYMH.

3aoauu — OCBOUTH OCHOBHBIE MOHATHUS (CHCTEMA CIIyYallHBIX BEJIHMYUH, 3JI-
JIMIIC PAcCEUBAHUA, KOBapUallus U KOPPESALUOHHBIN MOMEHT, KO3(QPUIIMEHT nap-
HOWM M MHOYKECTBEHHOW KOPPEJSALUH), METOAUKY OLEHKU CTaTUCTUYECKON B3aUMO-
CBS3M JIBYX CIIyYalHBIX BEJIWYMH, U3YUUTh BHJIbI B3aUMOCBS3U CIIy4alHBIX BEJIH-
YUH, HAYYUThCS ONPEAEIATh KO3(PPUIMEHT MapHOU KOPPENALNU U OLIEHUBATH €T0
3HAYUMOCTB.

4.2. OcHOBHbBIE MOHSITUA U ONIPeaeSIeHUs

B skcnepyMeHTaNnbHBIX HCCIEAOBAHUAX, CBSI3aHHBIX C CEIIBCKOXO3SMCTBEH-
HbIMH OOBEKTaMU (PACTEHUSMH, KUBOTHBIMH, TEXHOJIOTHUYECKHUMHU IPOIIECCAMU)
MIPUMEHUTENILHO K OJJHOMY U TOMY K€ OOBEKTY pacCMaTpPUBAIOT JIBE U OoJjiee CBSI-
3.

C6sa3b — COBOKYITHOCTb 3aBUCUMOCTEN CBOMCTB OJTHOI'O AJIEMEHTa OT CBOMCTB
JIPYTUX 3JIEMEHTOB CUCTEMBI. Y CTAHOBUTH CBSI3b MEKIY ABYMS SJIEMEHTAMHU — 3TO
3HAYUT BBISIBUTH HAJIMUME 3aBUCHUMOCTEH MX CBOMCTB. CBA3HU, B3aMMOICHCTBYIO-
1€ Ha OCHOBE 3aKOHOB MPUPOJIbI, HA3BIBAIOT @hyHKUUOHATbHbIMU Y = f(x). [lna
HUX XapaKTEepHO YIS JIFOOOTO X OJHO3HAYHOE COOTHOIICHHE APYroM MepeMEeHHOU
y.

Ha mnpaktuke yaiie BCEro BCTPEYAKOTCS TAaKUE COOTHOIIEHHS MEXIY Mepe-
MEHHBIMH, KOTJa KaXJIOMy 3HAUYCHHUIO NpPU3HAKa X COOTBETCTBYET HHU OJHO, a
MHOYKECTBO BO3MOKHBIX 3HAUCHHI Mpu3Haka Y. Takue CBSI3U B OTJIMUKUE OT PyHK-
MOHAJIBHBIX CBSI3€H, HA3BIBAKOTCS CHIOXACHMUYECKUMU (6€POAMHOCMHBIMU) WU
Koppenayuonnvimu. 1Ipy U3y4eHUN TakuxX CBA3€H BO3HUKAIOT JIBA OCHOBHBIX BO-
IIpoca — 0 TECHOTE CBSI3U U (JOpME CBSI3H.

JIns u3MepeHnst TECHOTBI CBSI3U MCIIOJIB3YIOT CIIELUATIbHBIA CTATUCTUYECKUN
METOJ, Ha3bIBAEMbIN Koppeiayueil.
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Jliis aHanmm3a JIMHEHHOW KOPPENSIuA MEXIy X U Y HEoOXOAMMO MMETh N —
HE3aBUCUMBIX TIAPHBIX HAOIIOACHUH, UCXOIOM KaXKIIOTO M3 KOTOPBIX SBIISICTCS Ta-
pa umcen (X1 ,Y1 ), (X2,¥2 ), ..., (Xn ,Yn). DTH HAOIIOCHUS MOTYT OBITH TOJIYYCHBI
cOOpPOM CTaTUCTHUECKUX JAHHBIX (NACCUBHBIL IKCHEpUMEHM) VI TIPU U3MEPEHUN
3HAQYCHUH Y JUIS 3aJlaHHBIX B ONPEACICHHOM MOpsake X (axmueHblil sKcnepu-
menm). Ilopsaok 3a1aHust 3HAYCHUN XHA3BIBAIOT MAAHOM IKCHEPUMEHMA.

JImst ka0 MEepEeMEHHON OMPEESIOT CTaTUCTUYECKUE XapaKTePUCTUKU
(cM. 3amanue 1), a U1 OTICHKU B3aWMOCBSI3U OTIPEICIISIOT KOPPEAAUUOHHbBLI MO-

menmKy y ,KOTOPBIi SABISIETCS CTATUCTHUECKOM OLICHKOH Kosapuayuu Cov(X,y)

1 _ —
Kx,y = n-1 ?:1(351' - x) ) (yi - Y)- (4-1)

Jns GyHKIIMOHATBHON 3aBUCUMOCTH ley=SX2=Sy2, a TIpPU OTCYTCTBUH 3aBH-
cumoctu K, =0 (cBOiCTBO CpeaHEro).

B kxauecTBe 4MCIIOBOrO MOKa3aTessl MPOCTON JINHEMHON KOPPEIALNY, YKa3hl-
BAIOLLEr0 HA TECHOTY (CUJIbl) M HAIPaBJIEHHUE CBSI3U X C Y, UCIONB3YIOT KO3 Puiu-
€HT APHOW KOPPEIIALUH Iy y.

Ot0 Oe3pasmepHas BEIMYMHA, M3MEHAOMasAcsa oT -1 mo +1, mpu sToMm Iy, =1
111 (QyHKIIMOHAIBHOW 3aBUCUMOCTH U Iyy=0 IpH OTCYTCTBHM 3aBUCUMOCTH. 3Ha-
yeHue K03 (GUIIMEeHTa TapHON KOPPENSIIUN PacCUUTHIBAIOT 1O popMmyiie

— Kx'y . (42)

Tey = Sx'Sy
J1J1sl OLICHKM HaJM4usl B3aUMOCBSI3M OILICHUBAIOT 3HAYMMOCTh KodhuireHTa
MMAPHOU KOPPEISALNH.
[Ipu HanMMuUMM CBSI3U HAXOJAT ypaBHEHHE OOJBIION OCH JJIIUIICA PacCerBa-

HUA
~ - Sy _
y—y+rx’y-§(x—x). (4.3)
JlaHHO€ ypaBHEHHME JIETKO NPUBOAMTCS K KAaHOHMYECKOMY BHUIY NIPSAMOU
y = a + bx.
Ecnu ananusupyercst Haqu4re B3aUMOCBSI3H 0oJiee IBYX CIydalHbIX Xapak-

TEPUCTUK (MHOKECTBEHHAsI KOPPEJSIUSA), TO MOJCUYUTHIBAIOT CHMMETPUYHYIO KOP-
PEISILMOHHYIO MaTPUILy C TUArOHAJIbHBIMU 3JIEMEHTAMU PaBHbIMU 1.

4.3. 3aganue

1.JIm 3a7aHHOTO THUMA CEIbCKOXO3SIICTBEHHBIX MAIlMH Pa3HbIX MApoOK M
MIPOU3BOIMTEIICH 1O CIIPABOYHBIM JJAHHBIM BBIOPAThH JBa mokaszatens (4...6 3Haue-
HUI) U OIIEHUTh UX B3aUMOCBSI3b.

1. O1ieHUTh 3HAYUMOCTH B3aMMOCBSI3U MEXK]Y BBHIOpaHHBIMHU IMapaMeTpamu
OJIHOTUITHBIX MAIIIHH.

2. lnss obmacTu paccemBaHUsSl ONBITHBIX JAHHBIX TOJYYUTh YpaBHEHHUE
OOJIBIIION OCH DJITUIICA PACCEHMBAHUSI M IPUBECTU €T0 K KAHOHUYECKOMY BU]TY.

4. Beibpath MacmiTab oceil W HAHECTH OIBITHBIC TAHHBIE Ha KOOPIUHATHOE

IIOJIC U B IpEAciiax MoJisd paCCCUBAHUA TOUCK HAPHMCOBATDH IMOJIYUCHHOC YPAaBHCHUC.
23



4.4, IlopsiioK BHINOJIHEHUSI

VcXoIHBIMU JAHHBIMM TS 33JaHUS IPEICTABIIOT Napbl YUCEN, OTHOCSIIIHU-
ecsl K OTHOMY OOBEKTY WJIM K OJHOTUIIHBIM OOBEKTaM, €CJIM 33Ja4aMH MCCIIEeI0Ba-
HUSl HEOOXOAMMO UX OLIEHUTh U HAalTH 3aBUCUMOCTb MEX]y OLEHOYHBIMU Xapak-
TepucTUKaMH. Takue AaHHbIE MOKHO IMOJIyYUTh U3MEPEHHUEM OJHOW W3 BEIUYMH
JUIS 3a/1aHHBIX 3HAUEHUH (AKTUBHBIA SKCIIEPUMEHT) WM BBIOPATh W3 KaTaJOTOB

WM CTIPABOYHUKOB (ITACCUBHBIN IKCIIEPUMEHT).

1. IIpoananu3upyeM 3HauCHUS MUPUHBI B, (x;) 3axBaTa (M) M MOIIHOCTH
N.(v;) (xBt),Heo0xoauMol /i1l BBITOJIHEHUST TEXHOJOTHIECKOTo Tporecca (Tad-

nuna 4.1).
Tab6nuna 4.1.McxonHbie JaHHBIE TS aHAIIA3a
Ne X; Y, X -X | X-X%°] (,-V) | (,-Y)
1 3 66 -1,286 1,653 -28,857 832,73
2 3.5 77 - 0,786 0,618 - 17,857 318,87
3 4 88 - 0,286 0,082 - 6,857 47,018
4 4.5 103 0,214 0,046 8,143 66,308
5 4 88 - 0,286 0,082 - 6,857 47,018
6 5 110 0,714 0,510 15,143 229,310
7 6 132 1,714 2,938 37,143 1379,60
2. Haxonum cpennee 3HaueHUe X, y
Y=o = 4,286
_ 664
V= =——=94,857
‘ ”Z * (4.5)
3. OmpenensieM AUCTIEPCHH XI/I Y
2
Z{ i~ =
(4.6)
2 1 , __,:_2920,85?_
53 = ﬁzo'i Y =—s = 486,81 (4.7)
4. OnpenensieM CpeIHUE KBAJIpaTUUYECKUE OTKIOHEHUAX U Y
—
Sy = \;0,989 = 0,994 (4.8)
f _
Sy = 4486,81 = 22.064 (4.9)

5. KoppensinoHHbI MOMEHT
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1 131.286

6. Koapdumment napaoit koppensuuu
Key 21,881 _
Ray=5,.5," 0094 - 22,063 °° (4.11)

7. OueHuM 3HAYUMOCTH Kod(duimeHTa napHou koppeisuuu. [ns srtoro
pacyeTHOE 3HAYCHUE R, CPABHUM C KPUTUYECKMM 3HaueHUeM R, = 0,755 (ms

k=n-2 u nosepurenbHOi ommbku pasuoi 0,05) (Tabnuua 4.2). Tak Kak Ry, > Ry,
CJIeJIOBAaTeNIbHO, MOXKAY MUpHHON 3axBata B, (x;) m momHOcThIO N (Y;) ecTh
CTaTHCTUYECKAs B3aUMOCBS3b WM 3TH BEJIMYHNHBI B3aUMOKOPPEIUPOBAHBI.

8. Haiinem ypaBHeHHEe OOJBIION OCH 3JUIMIICA pacCeUBaHHs MO (opmyIie
(4.3)

P=F+1y 2 (x — %) = 94,857 + 0,998
22,14x.

22,064
0,994

(x — 4,286) = —0,048 +

Tabnuna 4.2. Kputnyeckue 3HaueHUs K03PHUIIMEHTA TAPHOU KOPPEISAIINH

K=n-2 | JloBepurensHas ommbka o | K=n-2 | JloBepurenpHas ommoOKa o

0.10 0.05 0.01 0.10 0.05 0.01
1 0.988 0.997 0.999 6 0.621 0.707 0.834
2 0.900 0.950 0.990 7 0.582 0.666 0.798
3 0.805 0.878 0.959 8 0.549 0.632 0.765
4 0.729 0.811 0.971 9 0.521 0.602 0.735
5 0.669 0.755 0.875 10 0.497 0.576 0.708

34TCM B BI)I6paHHOM Macirade HaHOCHM KOOPAWHATLI OIIBITHBIX TOYCK.

9. IToctpoum rpaduk. J{is sToro BeiOMpaemM mMaciTad KOOPAUHATHBIX OCEH,

140
130
120
110
100
90
80
70
60




Puc. 4.1. Dnmnc pacceMBaHus ONBITHBIX JaHHBIX

]_IJ'ISI q)YHKHHOHaJIBHOI?I 3aBUCUMOCTH JSJIJIHUIIC PACCCUBAHUA CXOOUTCA K JIN-
HHH, a IIPU OTCYTCTBHUU KOppeHHHHOHHOﬁ CBA3U B OKPY/KHOCTbD.

KOHmPOJleble eonpocwsl:

1. Kakune MoryT ObITh BUIBI BEPOSTHOCTHON B3aUMOCBSI3H MEKIY ABYMS
CIIy9aiHBIMH XapaKTEPUCTUKAMHU?

2. Mo’KeT I OIIEHUTHh HAJTMYHUE 3HAYUMOUN B3aMMOCBS3H KOd(DHIEHT
MApPHOU KOPPEIALMH JJIs1 HEJIMHEHHBIX 3aBUCUMOCTEN?

3. Kak Oyner u3smeHsThcss KOdDPUIIMEHT TapHOW KOPPEALUU TPU yBE-
JUYEHUU 00BheMa BBIOOPKHU?

4, C kakoil JOCTOBEPHOCTh MPUHUMAETCA WM OTBEPraercsi rumoresa o

HAJIMYUHA BEPOSITHOCTHOM (CTOXAaCTUYECKOM) B3aMMOCBSA3U MEXKIY JABYMs CIydaii-
HBIMH BEJIMYUHAMHU?

5. AHHpOKCI/IMaIIHH OIIBITHBIX JaHHBIX MATCMATHYCCKUMHU
3aBUCUMOCTHAMM 110 METOAY HAUMECHBIIHUX KBAa/IpaToB

5.1. Ieas u 3agaun

[]enb — M3y4UTh METOAUKY ANITPOKCUMALIMY OTBITHBIX TAHHBIX MaTeMaTH4e-
CKMMH 3aBUCUMOCTSIMU.

3aoauu — OCBOUTH OCHOBHBIE TOHSTHS (ANMPOKCUMAIIMS, JIMHEAPU3AIIHS,
JUCTIEPCHST aJIEKBATHOCTH, PETPECCUsi) MU METOAMKY aIlPOKCUMAIIUU OIBITHBIX
JAHHBIX MATEMAaTHYECKUMHU 3aBUCUMOCTSAMHU M OLIEHKM HMX JOCTOBEPHOCTH, H3Y-
YUTh METOJ HAUMEHBIINX KBAJIPATOB, HAYUYUTHCA OMPEAECIATh IMIUPUUYECKUE KO-
3 PuUIMEHTH M OLEHUBATh TOYHOCTh MAaTEMaTUYECKUX YpaBHEHHN Ha OCHOBE
JVCIIEPCHOHHOTO AHAJIN3A.

5.2. OCHOBHbBIE MOHATHS U ONIPeaAeeHUsI

KoppensanuoHHbiil aHalIn3 MO3BOJIAET OLIEHUTh HAIMYUE JIMHEMHOW CTOXACTH-
YECKOU (BEpOSITHOCTHOM) B3aMMOCBSI3U U MOJYYUTh OJHO M3 BO3MOKHBIX JIMHEH-
HBIX ypaBHEHUU. /{11 aHanW3a U ONKMCAHUS HEJIIMHEHMHBIX 3aBHCUMOCTEN HCIIOJIb-
3YIOT METOJIbI PETPECCUOHHOTO aHAIU3A.

Pecpeccuonnwtit ananu3 — >TO CTATUCTUYECKUA METOJ MCCICAOBAHUS 3a-
BUCHUMOCTH CIIy4aiHON BeNMYMHBI ) (nokazamenb, omkiuk) OT TIEPEMEHHBIX (ap-
eymenmos, oelicmeyowux ¢axkmopos) xj (j = 1, 2,..., K) cirygaliHpIX BenH4HH, oLe-
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HUBAEMbBIX CPETHUMH 3HAYCHUSMHU, HE3aBUCUMO OT MCTHHHOTO 3aKOHA pacmpejie-
neHus Xj. MeToanKy NpUMEHEHUs] PErPECCUOHHOIO aHaaKu3a pacCMOTPUM AJIs OJi-
HOMEPHO# 3aBUCHMOCTH, T.€. J1s1 j=1. B 3TOM cityuae ypaBHEeHHE perpeccun OyaeTt
uMeTh BUI QyHKIEH Y = f(x).

JIiist aHanm3a o xapakTepe 3aBUCHMOCTHA MEKIY X U Y , KaK U B MPEIBIIYIIEM
3aJlaHid, HEOOXOUMO MMETh N — HE3aBUCHMBIX IMAPHBIX HAOIIOICHUN, UCXOI0M

Ka)KI0T0 U3 KOTOPBIX SABJSETCS mapa uncen (X1 ,Y1 ), (X2,Y2 ), .., (Xn ,Yn)-
yom ¥
S
S
< P b e

Puc.5.1. Bun dynkuuu otkimka y = f(x).

3aaya perpecCHOHHOIO aHajdu3a 3aKIYaeTcs B MOMCKe Takoi (yHkuuu f,
KOTOpasi ONKCHIBACT 3Ty 3aBHUCHUMOCTH. Perpeccusi MoxeT ObITh MpeAcCTaBlieHA B
BHJIE CYMMBbI HECITYYalHOM U CIIyYallHOW COCTABJISIOIINAX

y=fx) +v, (5.1)
rae f — ¢QyHKIUsA perpecCHOHHON 3aBUCHUMOCTH, @ V — aJJAUTHUBHAS CilydaiiHas
BEJIMYMHA C HYJIEBBIM MaTeMaTH4YeCKUM oxkuaaHueM. OOBIUHO Mpesrnojaraercs,
YTO BEJIMYMHA V UMEET TayCCOBCKOE pacupeeneHue (IoOAYMHEHHOE HOPMAJIbHOMY
3aKOHY) C HyJIeBBIM cpeaunM M,=0 u gucnepeneii 6° (v) .

Bun ¢pyakmun y = f(x) MoXeT OBbITh IMHEWHBIM WITH HETUHEHHBIM.

Jluneiinas pezpeccus — 3710 Takasi 3aBUCUMOCTb, KOTJa TP JTFOOOM 3HaYCHUH

apryMeHTa X OJMHAKOBBIC MPHUPAIICHHUS €r0 BHI3BIBAIOT OJAMHAKOBHIE M3MCHEHHSI

byHKIUN Y
y=a+b-x+v. (5.2)
Ecnu npu oAMHAKOBBIX MPUPALIEHUSX apryMeHTa (PYHKIMSI UMEET HeOoJMHa-
KOBBIE M3MEHEHHMS, PErpeCCUsl Ha3bIBAETCA KPHUBOJIMHEMHOM, B MPOCTEUIIEM CIY-
yae — napaboa
y=a+b-x+c-x*+v . (5.3)

JInist HaXOXKICHHS JTYUIIUX SMIUPUYSCKIX KOIPPUIIMEHTOB @ U DpyHKkyus
F(X) appexmuenocmu annpoxcumauuu onvimHbIX OAHHBIX 3aBUCUMOCTHIO (5.2)
B BUJIE CYMMBI KBaJ[paTOB OTKJIOHEHHU OTBITHBIX 3HAYCHUN Y;UY, — IOJICANTAHHBIX
110 YPaBHEHUIO 00J1)CHA Obimb HAUMEHbULET

Fx) =X -9 =X i —a—-b-x)* >min.  (54)

Jlns Haxoxnaenuss MmuauMyma (yakiuu F(X) 1OByX mepeMeHHbIXx a u D
BO3bMEM JIBE YACTHBIE IPOU3BOAHBIE U TPUPABHSIIEM UX K HYJIIO, IOJyYUM CUCTEMY
YpPaBHEHUH
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dF(x) _
da

dF
T8 2y (i —a—b-x)' (—x) =0

2¥i(vi—a—b-x)' - (-1) =0 (5.5)

[TpeoOpazyeM NoJTydeHHYIO CHCTEMY YPaBHCHHIMA
an+bYx; =Xy
a-Yxi+bYxl =Yy x (5.6)

Pemas cucremy (5.6)no merony Kpamepa, noayuum

_ YyiXxl-TxirXyixi .

RS P PR &1
_ MR YiXi— L XL Vi
ConIx-Cx)? (58)

Oynkuus (5.3) BeIpaxaeT CyThb Memooa HaumeHbvuiux keaopamos (MHK)
u SIBIISICTCS 0a30BBIMMETO-
JIOMPETPECCUOHHOTOAHATN3AIIOLICHKUHEN3BECTHRIXIAPAMETPOBPETPECCUOHHBIX
MOJICICHITOBEIOOPOYHBIMIAHHBIM.

BakHbIM MOMEHTOM TMpHU aNMpOKCUMAIIUU SBISIETCI 00OCHOBAaHUE OocCHiIa-
MOYHOU MOYHOCMU OIMCAHUS ONBITHBIX JAHHBIX TOM WMJIM MHOM 3aBUCHUMOCTBIO.
{11 3TOTO pacCMOTPUM OuUcChepCUui0 adeKeamHocmu, OlICHUBAIOIIYI0 pacCerBa-
HUE OMBITHBIX JJAHHBIX OTHOCUTEJIHLHO YpaBHEHU (5.2)

Sao1 = fi =i — %)% (5.9)
ao
rne f,s =N —d—1 -uucio creneHeit ¢cBo00bI, a d KOJIMYSCTBO HE3aBUCHMBIX
cBsizelt (i mpsimoit d=1).
[ToBbICUM CTENEHb ypaBHEHHUS W allIPOKCUMUPYEM HAIllM JaHHBIC ypaBHeE-
HIEM BTOpOro mopsaka (5.3) u onpegemum SZ, . MBI MOTy4uM JBE AMCIEPCHH,
OLIEHUBAIONIE PACCEUBAHUE OMBITHBIX JAHHBIX IS IpsAMoOit S2; 1 mapabomsl S2,,

, KOTOpbIE MOKEM CpPaBHUTH MO Kputeputo Pumiepa (F kputepuii), npeacrapisio-

il co0ol (QYHKIMIO MJIOTHOCTU PaCHpeesieHrs OTHOIICHHsS ABYX IUCIIEPCUI

SZ
F = S—;, 20eS{ > S2 co crenensmu cBo6owl f; u f,.
2

5.3. 3amganue
1.JI)1s1 UMEIONIUXCA JAHHBIX OJHOTHUITHBIX CEIbCKOXO3SMCTBEHHBIX MAaIlUH

Pa3HbIX MAapOK U MPOU3BOJAUTENEH (MCXOAHBIC NaHHbIE 3a1anus 4) HallTh kKoahdu-
LMEHTHI ypaBHeHuUs (5.2) U nucnepcuto agekBaTHocTH (5.9).
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2. JIns Tex e AaHHBIX C NOMOILIBIO KOMIIBIOTEPHOUN mporpaMmsl («Perpec-
CUsl») HaTH Kod(PhUIIMEHThI ypaBHEHUs Tapadosibl (5.3) ¥ JUCIIEPCUIO aJIeKBaT-
HocTu SZ,, 1o popmye (5.9).

3. CpaBHUTH MOITYYEHHBIE AUCIIEPCUU U CIIENATh BBIBOJ O BUJE 3aBUCUMO-
CTH, PEKOMEH]TyEeMOM JIJIsl alPOKCUMAIIUU ONBITHBIX JJAHHBIX.

5.4. Tlopsaaok BbINOJHEHUS 3aaHUS

1. JInst MCXOHBIX JAHHBIX MOJCUYUTAEM 3HAYCHUS KOAPPUIIUECHTOB CUCTEMBI
ypaBHeHwi (5.6) s onpenenenus kodpGUIMEHTOBA U D ypaBHEHHS MPSMOU T10
METOAYy HAaMMEHBIIIUX KBaApaToB (Tabimia 5.1)

Tabnunad.1.Mcxonupie JaHHBIC AJI aHAINA3a

No Xi Y Xi*Yi X!
1 3 66 198 9
2 3.5 77 269,5 12,25
3 4 88 352 16
4 4.5 103 463,5 20,25
5 4 88 352 16
6 5 110 550 25
7 6 132 792 36
Y x; =30 Y y; =664 ¥ x;y; =2977 Y x? =134,5

2. CoctaBuM cucteMy ypaBHeHHH (5.6)
a7+ 30b = 664
a-30+ 134,5b = 2977
3. Onpenenum 3HaueHUs KodhdummeHToB 1mo dhopmynam (5.7 u 5.8)
Yyi-Yxl—Yx;-Yyix; 664-134.5—30-2977

n-Yx?—Ex)2  7-134.5—(30)2

= 0,048

) Cne Xy — XXt Ly 72977 —30- 664
 onYxr—(Cx)?  7-134.5—(30)2

[Tomyunm ypaBuenue npsimort y = 0,048 + 22,14 - x.

4. TlomcunTaeM AUCTIEPCUIO aICKBATHOCTH IS TIpsiMoit o popmyiie (5.9)

n
S2 —i- -—’\2—1-13968—2794
aal_f (:VL yl) - ’ - &
ao =1

= 22,14

5

Yucno creneneit cBo6oas1 paBHo f,, = N—-—d—-—1=7—-1—-1=05.

Tabnunas.2. OnpeneneHue TUCTIEPCUH aJICKBATHOCTH JJIs IPSIMOi

Ne Xi Yi Vi i =) (yi — 9
1 3 66 66,47 0,47 0,221
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2 3.5 77 77,54 0,54 0,292
3 4 88 88,61 0,61 0,372
4 4.5 103 99,63 3,37 11,357
5 4 88 88,61 0,61 0,372
6 5 110 110,75 0,75 0,562
7 6 132 132,89 0,89 0,792
> (v, —7)" = 13968

5. OmnpenenseM ko3 PUITUEHTHI ypaBHEHUS TapaOOJIbl ISl TaHHBIX Ta0-
muukl 5.1. mo nporpamme «IlonmHoMuHaNbHAs perpeccus» (puc. 5.2).

MMuTaumoHHasa mMogernb
u A MNMonuHoMUH anbHas perpeccust

X:= (133 166 228 142 242)"
Y:=(6 7.5 8 6.4 10.57)"

. _ rows(X) =5
§W._ regress(X,Y,1) t:=0,0.1.. 9000 n = rows (X)
Nt) = interp(S,X,Y,t) i=0..n—-1
12 T T
var(X) = 1.995x 10°
o
10—
varn(Y) = 2.589
A(t)
corr(X,Y) = 0.903 Y
8 ©) —
lelele} o
Xj =X 6 —
3 ! !
3 100 150 200 250
f(x) =S3 + Syg-x
s — 1 X
2
1.765 f1(x) ==S3 + Sg-x + Sg-x =n
0.033 > (v~ f(x))?
sad = ——M— sad = 0.796

n-—2
Puc. 5.2 KommnberotepHas mporpamma «llommHOMUHAIBHAS PETPECCHsD)

3amyckaem nporpammy «llonmHoOMHHAIBHAS pErpeccus» B MaTeMaTh4e-
ckom nakete MathCAD. [list 3Toro Kypcopom HaxxumaeM KHOTIKY «(haiim» u B Me-
HIO BBIOMpPAaeM HYXXHYIO Tporpammy.

BBoaum gaHHbie:

- HA)KMMAaeM KypcopoM Ha BEeKTOp X , BbIJIEISIEM 3HaUeHUs (KpoMe 3HaKa
«T») BekTopa u ynansiem;

- HAKMMaeM KypCcopOM Ha MKOHKY «MaTpHLIa» U 3a/1a€M YHCIIO CTOJIOIOB
B TPAaHCIIOHMPOBAHHON MaTpPHIIE PABHOM YHCIIy Hap JaHHBIX U YUCJIO CTPOK PaBHOE
1;

- B 00pa30BaBIIUIICS MaKeT BBOJUM JaHHBIE (B KaUeCTBE Pa3AeIUTeNs
JIpOOHOM YacTH CTaBUT TOUKY);

- BBOJIUM aHAJIOTMYHO 3HAYEHUS BEKTOpa Y
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- BBINKCHIBAEM 3HaUYeHUs KOd((QULUEHTOB ypaBHEHNS 1apaboJIbl, UC-
TMePCHIO aJIeKBATHOCTH
y=a+b-x+c-x?=-12,327 + 27,831 x — 0,629x%;
S2, = 2,718
6. IlomcuMThIBaeM pacyeTHOE 3HaueHHe KpuTepus Ouiepais

Sz 2,813
F,=22_2°3_ 103
Stz > St P Si, 2,71s ’
1. Haxonum kputndeckoe 3HaueHue kputepusa Oumepa mist 0=0,05,

k=5 u ky=4 (tabnuua 7 npuiokenus 1)

Feo = Fa=0,05k,=5:k,=4 = 5,192
8. CpaBHHBaeM pacueTHOE W KPUTHUECKOE 3HAUCHUS U JIeJIaeM BBIBOJ O pa-
BeHCcTBe aucnepcuid. Ecmu F,<F, , To mucnepcun omHOPOMHBI, HE OTIHMYAIOTCH
JpYyr OT Apyra, MO3TOMY MOKHO M IPSIMO U mapabosioii OMMCaThONBITHBIC JTaH-
Hble. B POTHBHOM cCllydae QUCIIEPCHH Pa3IHYAOTCS CYIIECTBCHHO W BBHIOMpaeM
ypaBHCHHE, UMEIOIIEE MEHBIIYIO AUCIIEPCUIO aIeKBATHOCTH.

5.5. DyHKIUH, NPUBOAUMBIE K JIUHEHHOMY BHAY (CIIPABOYHO)

MeToa HauMEHBIIUX KBaJIpaToB HE MOXKET OBITh MPUMEHHUM JJIsl HAXOXJ1e-
HUSl SMIUPUYECKUX KOA(P(PUIUEHTOB HEIMHEWHON 3aBUCUMOCTU (KpOME CTEIlEH-
HBIX). [ Takux QyHKIUI noa0uparoT NopsaI0K Mpeodpa3oBaHus KOOPIAUHAT TakK,
4TOOBI TEOMETPUUCCKUM 00pa3 MpHUHSII JHHEHHYI0 (popMy (IIPOBOJST JiuHeapu3a-
uuo 3a6ucumMocmu).

JUts BBIYHCICHHS MApaMeTpoB (YHKIHH Y=ax’ HEOOXOIHMO MpeIBapH-
TEJIBHO €€ MPOoJIorapuPMUpOBaThH InY=Inax" =Ina+bln x . ITocie wero 3ameHa
Z=InY , X =In x , A=lna nNpuBOAUT 3alaHHYI0 (PYHKIHUIO K JUHEHHOMY BHIY
7=bX +A , rae koahduimentsl A u b Beraucisitores no Gpopmynam (5.7 u 5.8).

AHanornyHO MOKHO MOAOOpaTh mapameTpbl GYHKIHMHU BUIA Y=ac"™ IIpo-
jgorapudmMupyem 3agaHHyr0 ¢yHkuuoo In y=Inatbxlne, In y=In atbx . IIpoBeném
3amMeHy Y=Iny , A=Ina u mojay4yuM JUHEIHYIO 3aBUCUMOCTh Y=bX+A .

1
Jlist mogbopa mapaMeTpoB pyHKUUU (Turnepdosna) y = —, CHenmaeM 3ame-

Hy Z=1/Y B pe3ynbTaTe Noay4yuM JUHEHHYIO 3aBUCUMOCTh Z=ax+h .

AHanoruyHeIMM npueMamMu (Jiorapu(pMuUpoBaHUEM, 3aMEHAMH U T. 1.) MOX-
HO MHOTHE NMOJ0MpaeMble 3aBUCUMOCTH MTPeo0pa3oBaTh K TAKOMY BHU]Y, UTO MONY-
yaemasi IIpU PeLIeHUH 3a/1auyu onTuMu3auuu (5.4) Obl1a CUCTEMOM JIMHEWHBIX aj-
reOpanyecKux ypaBHEHHI.

Konmponwvuwvie éonpocwi:
1. B 4em pa3Huiia KOPPEIALMOHHOTO U PETPECCHOHHOTO YPaBHEHUS?
2. B dem cyTh MeTO/1a HANMEHBIIIUX KBAIPATORB?
3. Ecim nmomo6park 3HaueHus ¢pakTopa Tak, 4TO cymMMa OyaeT paBHA HYJIIO
Y. x; = 0 kak u3MensTcss GopMyJIbl st onpeaeseHust ko3 duimeHToB?
4. Yto olleHMBAET AUCTIEPCHUS aJIEKBATHOCTU?
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5. Kak moctynuth, €ciu pacueTHOe 3HaueHus kputepuss Puuiepa Oyaer
MeHble 17
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6. IlnanupoBanue MOJTHOr0 GaKTOPHOIO IKCIEPUMEHTA
(I®3) 2"

6.1. Lleab u 3agaun

L]env — U3yYUTh METOAMKY MJIAHUPOBAHUS MHOTO()AKTOPHOTO SKCIIEPUMEHTA
JUIS TIOJTyYEHUS TUHEHHON (POPMBI.

3a0auu — OCBOUTH OCHOBHBIE IMOHSTHS IUIAHUPOBAHUS MHOTO(pAKTOPHOTO
DKCIIEPUMEHTA U METOJUKY JUCIEPCHOHHOIO aHAJIM3a IOJYYECHHBIX PE3yJbTaTOB,
METOJI HAaMMEHBIINX KBAaJpPaTOB I OPTOTOHAIBHBIX MATPUL, HAYYUTHCS IUIAHU-
poBaTh U NPOBOAUTH MHOTO(AKTOPHBIM SKCIIEPUMEHT U OLIEHUBAThH aJ1€KBATHOCTD
NOJIMHOMHWHAJILHOTO YPAaBHEHHUS U 3HAYMMOCTh €r0 K03()PUIIMEHTOB.

6.2. OcCHOBHBIE NOHATHS U onpeacjacHus

Mmuozogpakmopusle npoueccel ONUCHIBAIOTCSA 3aBUCUMOCTBIO CIy4ailHOMN
BEJIMYUHBI V (noKkazamenvb, OMKIUK) OT IEPEMEHHBIX (ap2ymenmos, 0eticmeyouux
gaxmopos) xj (] = 1, 2,..., K) ciaydaliHbIX BEINYUH, OLIEHUBAECMBIX CPEIAHHMH 3Ha-
YEHUSMHU, HE3aBUCUMO OT HCTHHHOTO 3aKOHA paclpeeeHus X;.

y = a0+a1x1+a2x2+---...+a]x]4—v : (6.1)
TIe g, Ay, ... & - KOOQPUIHMEHTHI YPABHEHUS PETPECCHH.
dakTopel B PU3NYECKON CUCTEME HUMEIOT Pa3MEPHOCTh U HM3MEHSIOTCS B
nuanasoHe (x,j, X,;). Onucanue MCKOMON 3aBUCUMOCTH Ul OOJIACTH ONpesese-
HUS (AaKTOPOB OCYILECTBISIOT B HOPMUPOBAHHOM cUCcTEME KOOPAUHAT

x; = d ¥ (6.2)

] Jj
T X; - TeKyIlee 3HAYCHUE, X,; - OCHOBHOW YPOBCHb U J; - HHTEPBAJl BApbHPOBA-
HUs (pakTopa B (GU3UIECKOM CHCTEME.

[IpoBeaenHue KcriepruMeHTa PEIoIaraeT 0THOBPEMEHHOE U3MEHEHHE BCEX
JNENUCTBYIONUX (PAKTOpOB B COOTBETCTBUM C OJOoKOM rUaHupoBaHusi [lmaH-
MaTpuIbl S3KciepuMenTa (Tabnuuna 6.2).

J1J1sl TTOBBIICHUS] TOYHOCTH OIEHOYHBIX 3HAYCHHH KOA()PHUITMEHTOB ypaBHe-
Hus perpeccun (6.1) mpoBOIAT mapayuieabHbIE (80CHPOU3B00UMBLE)OTIBITHL (NO-
8MOPHOCMIL).

OneHKnKOod G HUITMEHTOBPETPECCUOHHOTOYPABHEHUST OMPENEISIIOT M0 CPEi-
HUM 3HAYCHUSM I[IOKa3aTessl Y, MOJyYeHHBIM B XOJIe DKCIEPUMEHTa MemOo0oM
HaumeHnvuux keaopamoe (MHK).

6.3. 3ananue

C moMomIbl0 UMHUTAIIMOHHON MOJENH ISl YCJIOBHOTO 3 (PaKTOPHOTO MpPO-
CTPAHCTBA MOJYYUTh JINHENHOE YPABHEHUE PETPECCUU V = fXs: X2:X3) | oist aTOTO;

- 33/1aThCS TMAMMa30HOM BapbUPOBAHUS KAKIIOTO (haKTOpa;

- IOCTPOUTH TIJIAaH-MATPHUILy TTOJHOTO (hakTOpHOTO IKCcrepumenTa (1D 2%
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- IPOBECTH UMHUTAIMOHHOE MOJCIUPOBAHUE B COOTBETCTBUU C OJIOKOM TLIa-
HUPOBAHUS TUIAH-MATPHUIIBI U BBIOPAaHHBIMU YPOBHSIMU BapbUPOBAHMS;

- IPOBECTH JAUCTIEPCUOHHBIN aHANIN3 MOJTYYEHHBIX PE3YJIbTATOB;

- IOJTYYUTh YPABHEHHE PETPECCUU U OIICHUTH €0 aJeKBATHOCTD;

- OLIEHUTH 3HAYUMOCTH KOA((PUIIMEHTOB ypaBHEHUSI.

6.4. Ilopsaaok BbINOJHEHHS 3aJaHUA

1. Beibupaem ypoBHH BapbUpOBaHMs JEHUCTBYIOMMX (hakTopoB. Bepxumuii u
HIDKHUI YpOBEHb BapbHpPOBAHHUS KaXkIOTO JCWUCTBYIOIIETO (akTopa 3aqaroTcs
IPOU3BOJIBHO U3 nomyctumoro auarnazona (0,100) ans ycnoBHO#M Qu3ndeckoil cu-
CTEMBI U 3aMMCHIBAIOT B TAOIHITY 6.1

Tabnuna 6.1 YpoBHU BapbupOBaHUS ACUCTBYIOMKX (HAKTOPOB

YpoBHU X1 X2 X3
1 . Huxumit 7 13
2.Bepxumit 33 37
3.0OcHOBHOM 20 25
4. nTepBai Bapb- 13 12
UPOBAHUS

2. CTpOMM IUTaH-MATpPHILy MOTHOTO (GaKTOpHOTo sKcIepumenTa 2°. O6macTh
HOPMHPOBAHHOTO (PAKTOPHOTO MPOCTPAHCTBA MPECTABISAET COOOM KyO U IS Ipo-
BEJICHUS MOJHOW CepHH OMBITOB MOTpedyercss 8 omnblToB. KoopauHatel BepuimH
KyOa yKa3bIBalOTCSl B OJIOKE IUIAHMPOBAHUA. /(151 MOBBIIIEHHS] TOYHOCTH OLEHOY-
HBIX KO3((ULHUEHTOB YpaBHEHUS PETPECCUM TTPEAJIaraeTcsl MpoBeAeHUe 3 TOBTOP-
HOCTeH (mapayienbHbIX ONBITOB). Jlo0aBiisieM CTONOIBI AJI 3allUCU CPETHErO 3Ha-

\/ 2
YeHMs OTKJIMKA Y |, AMCTIEPCHU IS KAXKIOTO OMBITA S j W pacyeTHbIC 3HAYCHHUS

Y, , IOJCUYUTAHHBIE 110 yPABHEHHUIO PETPECCHUH.

Ta6muua 6.2 Ilnan-mMarpuna [10D 2°

No 0 0 0 0 IToBTOpHOCTH \ 2 V,
ombita | Xo | X1 | X2 | X3 1 I; 3 yj Sj 7
1 + + |+ + 8.38 | 824 | 8.21 | 8.28 |0.0051 | 8,292
2 + - |+ + 8.18 | 850 | 8.26 | 832 | 0.019 | 8,272
3 + + |- + 839 | 874 | 815 | 843 | 0.059 |8,478
4 + - |- + 8.27 | 8.60 | 854 | 8.47 | 0.021 | 8,458
5 + + |+ — 751 | 7.73 | 844 | 7.62 | 0.158 | 8,032
6 + - |+ - 8.10 | 7.93 | 832 | 8.12 | 0.025 |8,012
7 + + |- - 854 | 840 | 832 | 842 | 0.009 |8,218
8 + - |- - 7.99 | 8.09 | 8.02 | 8.03 |0.0020 | 8,198

3. IIpoBenenne MMUTAIIMOHHOTO MojenupoBaHus. [IpoBeneHre umMuTaIIN-
OHHOTI'0 KCIIEPUMEHTA OCYIIECTBIISIETCS B CIAEIYIONIEM MOPSJIKE.
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JIJIst KaKJIOTO OTMbITa B COOTBETCTBHM C OJIOKOM IIJIAHUPOBAHHS (CrmoaOybl
nepemMeHHbIX 8bloeienbl HCUpHoU yepmoti) B nporpamme «llnanupoBanue skcrie-
pumenTa» (MathCAD, puc. 6.1) ycTaHaBIuBalOT 3HaYCHUS IIEPEMEHHBIX B (DH3H-
yeckoi cucteme (Tabu. 6.1) Ha BepxHeM (+1) unu Ha HIKHEM (-1) ypoBHe.

3a1al0T MOJEIMpPOBaHUE TpeX 3Ha4YeHWi (N:=3) LEHTPUPOBAHHBIX CIIy4ail-
HBIX MTOIPABOK.

Pe3ynbTaThl MOJEIMpPOBaHUS 3aHOCST B Ta0IUILy 6.2 :

- 3HaYeHUs QYHKIIMHN OTKIIMKA JJIs KaXXA0H MOBTOPHOCTH — 1,2 1 3;

- cpemnnee [mean(y)] ;

- mucnepcuto [var(y)].

B ykazaHHOM nopsiike IpOBOASAT 8 OIBITOB.

lMnaHvpoBaHne akcnepuMMeHTa

BBOJ 3Ha4eHui nepemMeHHbIX n3 obnactu onpepeneHusa CbaKTopOB B MCXOOHOM pa3MepHOCTN

X1 =2 x2 = 12 x3 = 14
BBECTW KaXAbll pa3 4MCrO MOBTOPHLIX OMbITOB n=3
3Ha4YeHns (PyHKUMM OTKMIMKA B NOBTOPHOCTAX C = rnorm(n,0,0.3) y = Yyo+cC
8.029 -3
y=| 7.957 cpepgHee  mean(y) = 8.001 aucnepcus var(y) = 1.015x 10
8.019

Puc. 6.1. IIporpamma HMUTALIMOHHOTO MOJICITUPOBAHUS
«IlmanupoBaHue SKCIEPUMEHTA»

4. JlucriepCUOHHBIN aHaIU3 Pe3yIbTaTOB KCIEPUMEHTA.

4.1. Jlns oueHKH Hanu4uus rpyObIX OMIMOOK B MOJIYYEHHBIX JAHHBIX MPO-
BEPSIOT TUNIOTE3y 00 OJHOPOAHOCTU Psifia JUCIIEPCUH, NIl 3TOrO BHIOMPAIOT MaK-
CUMAaJIbHOE 3HaYeHHUE AUCIIEPCUI U3 TPOBEACHHBIX OIMBITOB M MOJICYUTHIBAIOT pac-
yeTHoe 3HaueHue kpurepus Koxpena

2
G, = Sg’;‘;’c = 2258 = 0,53, (6.3)
: .

4.2. Kputndeckoe 3HAYCHUS KPUTEPHS HAXOIAT Mo Tadnwuie 8 (mpumoxe-

Huel) nns otHocuTenbHOM ommOku 0=0,05, masg 8 ONmBITOB M 3-X MOBTOPHOCTCH

n=3

Gy = Ga=0.05;v=8;:n-1=2 = 0,715. (6.4)
4.3. PacueTHO€ 3HaueHHE CPaBHMBAEM C KPUTHYECKUM M JI€JIa€M BBIBOJ:
TaKk Kak G < Gy, CIENOBATEIbHO Psijl JUCIEPCUN OJHOPOJIEH U CEPUH OIBITOB
(cTonO1bI 6-8) He copepKaT rpyObIX OLIMOOK.
4.4. OnpenenseM AUCHOEPCUIO BOCIPOU3BOJMMOCTH, OLIEHUBAIONIIYIO TOY-

HOCTB OIIPECACIICHUS ITOKa3aTeId Y
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ZSZ _ 02981

§2 = — = 0,037. (6.5)
Yuciao cTerneHeld cBOOOIB! I AUCIIEPCUH BOCHPOHU3BOAMMOCTU S2 pPaBHO
fi=Nn-1)=8-2=16.
4.5. OmnpenensieM ko3bUIIMEHTH @; ypaBHEHUs perpeccuu (6.6) mo me-
TOy HAUMEHBIITUX KBAJIPaTOB

[e] o o

y=ay+ax;+ayx, +aszxs. (6.6)

Jlns oproronanbHOi Matpuiisl (), X; = 0)memoo naumenvmux Keaopamos
MIPUMET BUJ

= %Z?’ﬂ Xij " Yj- (6.7)
a,=3(6596)= 8,245
a,=3(0,08)= 0,01
a;=3(-0,74)=—0,093
a;=3(1,04)=0,13
HOHy‘-IPIM YPaBHCHHUC

y = 8,245+ 0,01x; — 0,093 x, + 0,13x5.

4.6. OrnpenenseM TUCIEPCUIO aeKBATHOCTHU. J[JIg 3TOTO MojCYMTaeM 3Ha-
YeHUE OTKJIMKA JJIsI 3aJJaHHBIX TIEPEMEHHBIX

v, =6,245+0,01 -0,093+0,13 =8,292

v, =186,245-0,01 -0,093+0,13 =8,272

j’"—8245 +0,01+0,093+0,13 =8,47s
v,=28,245—-0,01 +0,093 + 0,13 = 8,458
v, =98,245+0,01 —-0,093 - 0,13 = 8,032
. =06,245-0,01 -0,093 -0,13 =8,012
Vs v.=286,245+0,01+0,093 -0,13 =8,21s8
ve=206,245—-0,01 +0,093-0,13 =86,19s

l._,_;. l._,_;

w

!'

l._,_;. L]

Se0 = 7= Z, (- %)" =7 0,255=0,064. (6.8)

Yucno creneHei 013060)151 paBHo fwo=N—-d—-1=N-3-1=4.
4.7. OrneHuBaeM aJ€KBaTHOCTH MOJYYEHHOTO YPAaBHEHHUS, JIJIsl ATOTO CPaB-
HUBAEM JUCIEPCHIO BOCHPOU3BOAMMOCTU S2 M IMCHEpPCHIO aJeKBaTHOCTH S u

MOJICYMTHIBAEM PAacCUE€THOE 3HaYCHHE KpuTepus Duliepa
SZ 0,064
Fp =§=m: 1,725 (69)
2 ,
Kputndeckoe 3HaueHHE KpUTEpHS HAXOJUM 10 Tabimime (mpuioxeHus 1)
st 0=0.05; f,, = 4 uf, =16

Ep = Fa—0.05:f,,=4:5,=16 = 3,007. (6.10)
CpaBHMBaeM pacueTHOE 3HAYEHHUE C KPUTUUECKUM U JIEIaeM BBIBOJI: TaK,KaK
pacyeTHOE 3HAYEHUE MEHBIIE KPUTUUECKOT0, TO JIEJIa€M BBIBOJ O TOM, YTO CpaB-

HUBACMBIC AOUCIICPCUU OTIUYANOTCA HC CYHICCTBCHHO, CJICAOBATCIIBHO MOJICIIb
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aJIeKBaTHA. JTO O3HAYAET TO, YTO MPOBECTU JOTOTHUTEIHHBIA OTBIT UM PACCUU-
TaTh 3HAYCHHE M0 YPABHEHUIO PETPECCUH PABHO3ZHAYHO.

4.8. OrneHuBaeM 3HaYUMOCTh KOA(DPUIIMEHTOB ypaBHEHUs perpeccuu. s
ATOTO OTIpPEACIIIeM CpeIHEe KBaPAaTUICCKOE OTKIOHEHHUE TS KOI(PPHUIICHTOB

sz (0,037 _
Sa, = /N_n_ /—8_3 = 0,039. (6.11)

Jlanee omnpenensieM pacueTHbie 3HaUeHUs1 KpuTepus CThIOJIEHTA JJIsl KaX10-
ro ko3¢ duIreHTa mpu HeU3BECTHHIX

by =2 = 200 _ 256,
PL7S, 0039 7T
L _ G 0093
P2 S, 0039 T
a; 013
tps = — = ——— = 3,33

[To Tabnume 3 (mpuokeHus 1) onpenensieM KPUTHUECKOE 3HAYCHUE KPHUTE-
pust CterogenTa st 0=0.05,k = N-n=8-3 = 24

tp = ta=0.05;k=24= 2.064.

CpaBHHBaeM pacyeTHBIC 3HAYCHUS C KPUTHYCCKUM M JieJIaéM BBIBOJ: KO3(-
¢unnent a;=0.0lokazancs He3HaunmM, Tak Kak lyMEHbIIE KPUTHYECKOTO U €ro
MOYKHO UCKIIFOUHTh U3 YPaBHEHUS perpeccuu, KO3 PHUITMEHTHI 8, U 83— 3HAUYUMBI.

KOHmPOJleble eonpocuol:

1. Yrto coboii nmpencTaBisieT HOPMUPOBAHHOE (PaKTOPHOE MPOCTPAHCTBO C €IU-
HUYHBIM OPTOM?

2. Kak momcumTaTh 3HA4YCHUS OTKJIHMKA Y JUIS 3aJaHHOW TOYKH (PAaKTOPHOTO
MIPOCTPAHCTBA: X1, Xp U X3 ?

3. MoxHO 71 TI0 3HaYeHHUSAM KO3 (DUIIMEHTOB OIEHUTh CUITY BIUSHHS KaXJI0T0
daktopa?

/. TlnanupoBaHue APOOHOr0 (PaKTOPHOIO
sxcnepumenta (@) 2K

7.1. Heab u 3axa4m

Ileny — W3YyYUTH METOJWKY TUIAHUPOBAHUS JPOOHOTO MHOTO(GAKTOPHOTO
AKCIIEPUMEHTA TSI IOTYy4YEHUs TUHEHHON OPMBI YpaBHEHHUSI.

3aoauu — OCBOUTH OCHOBHBIC TIOHSITHS TIJIAHUPOBAHUS APOOHOTO MHOTO(DAK-
TOPHOTO SKCIIEPUMEHTA, HAYUUThCS TJIAHUPOBATh, MPOBOAUTH U 00pabaThIBaTh pe-
3yJbTaThl MHOTO(AKTOPHOTO JKCIEPUMEHTA U OIICHUBATH aJICKBATHOCTH YpaBHE-
HUSL.
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7.2.  OCHOBHBbIE OHATHS U ONpe/e/IeHUs

Mnuozoghakmophvie npoyeccbl ONUCHIBAIOTCS 3aBUCUMOCTBIO CITydalHOM
BEJIMYUUHBI y (nokazamenv, omkauk) OT IEPEMEHHBIX (ap2yMeHmos, 0etcmayiouux
gaxmopos) xj (j = 1, 2,..., K) caydaliHbIX Benn4nH, OLEHUBAEMBIX CPETHUMH 3Ha-
YEHUSIMH, HE3aBUCUMO OT UCTHUHHOI'O 3aKOHA PaclpeeeHUs X;.

J=ag+ayx; +ax, +tax, v, (7.1)
TIE &g, Ay, ... & - KOOPOUIMEHTHI yPABHEHHS PETPECCHM.

IIpoBeneHne 3KcriepuMeHTa IPEANOJIAracT OJHOBPEMEHHOE H3MEHEHUE BCEX
JIeUCTBYIOMUX (PaKTOpOB B COOTBETCTBUM C OJOKOM TIUiaHupoBaHus [LmaH-
MaTpHIIbl 3kcriepuMenTa (Tabmuma 7.2).

J1J1st TOBBINIEHNUS] TOYHOCTH OIEHOYHBIX 3HAUYCHUM KOA(h(DUIIMEHTOB ypaBHe-
Hus perpeccuu (7.1) mpOBOIAT MapajuienbHbIE (80CNPOU3B0OUMBLE)OTIBITHI (NO-
6MOpHOCMIL).

7.3. 3apganme

C moMoIpi0 UMHATAIIMOHHOM MOJIENN IS YCIIOBHOTO 3-X (pakTOpHOTO Tpo-
CTpPaHCTBA W JIMAMA30HOB BapbUPOBaHUs (DAKTOPOB, MPUHATHIX MPHU MOJICIUPOBA-
HUH TTOJHOTO (DAKTOPHOTO IKCIIEpUMEHTA (3a1aHue 6):

- MIOCTPOUTH IIJIAH-MATPHUITY APOOHOTO (haKTOPHOTO IKCHepuMenTa [P 2%t

- IPOBECTU UMUTAIIMOHHOE MOJICTUPOBAHNE B COOTBETCTBUU C OJIOKOM IIja-
HUpoBaHus [[1aH-MaTpHUIIBl ¥ 3aJJaHHBIMA YPOBHSIMH BapbUPOBAHMUS;

- POBECTH JAUCIICPCUOHHBIN aHAIN3 MOJTYYEHHBIX PE3YIhTATOB;

- IOJTYYUTh YPAaBHEHHE PETPECCHH U OIIEHUTH €T0 aJeKBaTHOCTb.

7.4. Tlopsinok BbINOJHEHHS 3aaHUSI

1. 3amaeMcsi ypOBHSIMH BapbUpPOBaHUA JACUCTBYIOMMX (HaKTOPOB (Tabiu-
na 7.1). B nanHoM 3aianuu ypoBHHM BapbUpOBaHUs (haKTOPOB BO3bMEM U3 3aJaHUS

6.
Tabnuua 7.1. YpoBHH BapbUpOBaHUs JEHCTBYIONINX (PAaKTOPOB

YpoBHH X1 X2 X3
| . Hmwxuawnit, X, 7 13 24
2.Bepxauit, X, 33 37 48
3.0cHOBHO#, X, 20 25 36
4 VInTepBail BApbUPOBAHUS, J; 13 12 12

2. Cocraum Ilnan-matpuily (tabnuua 7.2) ApoOHOTO (PaKTOPHOTO IKC-

nepumenta 2. Jlst aToro 6epem 3a ocHoBy [Tman-matpuiy 10D 2° i npupasHu-
BaeM X3 = X; * X,. DTO O3HAYaeT, uyTo a3 Oy/AeT YIYUTHIBATh OJHOBPEMEHHOE BIIHSI-
Hue dakTopa X3 ¥ 1ByX cMemaHHbIX 3¢ dekToB. COOTBETCTBEHHO U K0P DUITNCH-
Tl 8,18, OYAYT YUYUTHIBATh BIMSHHE HA (PYHKIMIO OTKJIMKA (PAKTOPOB U CMEIIaH-
HbIe MapHbIe 3PPEKTHI
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Ta6mumna 7.211nan-marpuma JId3 %1

No 0 0 0 0 o 0 o, SZ 5/}

ompita | Xo | X1 X2 X1X2=X3 Yi )

1 + + + + 8,172 0,045 8,172

2 + — + - 8,55 0,085 8,55

3 + + - - 8,577 0,005 8,577

4 + — - + 8,322 0.068 8,322
3. [IpoBeneM UMHUTAIHOHHOE MOIEIIHPOBAHUE.

[IpoBencHNE SKCIEPHMEHTAa OCYIIECTBIISICTCS B TOM JK€ IOPSJIKE, YTO M B
IPEABIAYIIEM 3aJIaHuH 6.

Pe3ynbpTaThl MOJICTMPOBAHUS 3aHOCIT B TaOIUITy 7.2 :

- cpexnnee [mean(y)] ;

- mucnepceuto [var(y)].

4, JlucriepCHOHHBIN aHAIN3 PE3yJIbTATOB DKCIIEPUMEHTA
4.1.1IpoBepka OAHOPOAHOCTH psiia TUCTIEPCHUIT
S7 0,085
G, = L5 =— = 0,419, (7.2)

p %, 57 0,203

Kputnueckoe 3HaueHust kpurepust Koxpena Haxoaum mno tabmuue 8§ (npu-
noxenunsl). Ins N=4 , k=n-1=3-1=2 paBHo
Gy = Ga=0.05;v=4;n-1=2 = 0,906.  (7.3)

PacuetHoe 3HaueHue kpurepus KoxpeHa cpaBHHBaeM ¢ KPUTUUECKUM U Jie-

JIaeM BBIBOJI:TaK, KaK G,<G,,, TO IPUHAMAEM TUIIOTE3Y O TOM, YTO PSI TUCIIEPCHI

OJTHOPOJIEH, U CJIEI0BATEIBHO B CEPUU OIBITOB IPyOBIX OIIMOOK HET.
4.2. OmpenenseM JUCTIEPCUIO BOCTIPOU3BOINMOCTH

2
sz =25 _ 9208 _ 4059 (7.4)
N

Yucno creneHell cBOOOIBI Il AUCIEPCHH BOCIPOU3BOIMMOCTH S2 paBHO
fi=Nn-1)=4-2=8.

4.3. Omnpenensiem kodpPuIueHTs a; ypaBHeHUs perpeccuu (6.6) mo me-
TOJY HAUMEHBIITNX KBaJIpaTOB

1 —
a; =¥ 1% Vj (7.5)

14

a; = Xj=1 X1 " ¥; = 0.25(-0,123)= - 0,031;

A2 = izﬁlxw +y; = 0,25(=0,177) = —0,044.
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as = %Z;Ll x3j*y; = 0,25(=0,633) = —0,158.

[Tonyuum ypaBaenuney = 8,405 — 0,031x; — 0,044x, — 0,158x;.

4.4. OmnpexnensieM TUCIIEPCUIO aJ€KBATHOCTH

1 N2 1
Si» = N 1y —9) =5-0=0(75)

Yucno creneneit cBoboawsr paBHo f,, = N —0—1 = 3. Eciu gucnepcus
aJiekBaTHOCTU Om3ka K 0, TOUKM MpHUHAAJIEKAT MOBEPXHOCTH U 11 4.5 HE MPOBO-
JISIT, CYUTaeM MOJECNIb aJlcKBAaTHOM.

4.5. Jlns OLEHKH aIeKBaTHOCTH MOJIYYEHHOTO YpaBHEHUS IMOJCUYHTHIBAEM
pacueTHoe 3HaueHue Kpurepusa Ouiiepa

P _ . (76)

Kputndeckoe 3HaueHHE KPUTEPHS HAXOMUM IO Tabmuie (mprioxeHus 1)
st 0=0.05; f,, =3 uf,=8

Ecp = Fa=0.05;fa@=3;fg=8 = 4,134. (77)

CpaBHI/IBaeM pPaCdCTHOC 3HAUYCHHUC C KPHUTHUYCCKUM, CCIIM AUCIICPCHA aOACK-
BAaTHOCTH UMEET YMCJIICHHOMN 3HAaUCHHE.

KOHmPOJle ble eonpocol:

1. Tlo xakoMy npuHIHIY (HOpMUpPyeTcs OJIOK MIIAHUPOBAHUS?

2. Uro oneHuBaro k03PGUIMEHTH YpaBHEHUS?

3. MoxHO 11 110 3HaueHue Kod(hOUIIMEHTOB OJTHO3HAYHO YTBEPXKIATh O CHJIC
BIIUSIHUS TOTO WJIM HHOTO (pakTopa ?

4. Kakoe mpeuMyIecTBO W HEJAOCTATKH MMEET METOJl APOOHOr0 IUIaHUPOBA-
HUs?

5. Yro o3uauaer JAdD 2"K?
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8. Ilouck obJiacT IKCcTpEeMyMa (PYHKIUU METOA0OM KPYTOIO
BOCXOKIeHMs (CIMyCKAa)

8.1. Ileanb m 3agaum

L]env — U3yYuTh METOAMKY MJIAHUPOBAHUS MHOTO()AKTOPHOTO SKCIIEPUMEHTA
JUTSL TIOMCKA 00J1aCTH PACTIONOKEHHS SKCTpeMyMa (DYHKIIUH.

3a0auu — OCBOUTH OCHOBHBIEC MOHSTHUS TUIAHUPOBAHUS MHOTO(AKTOPHOTO
HKCIIEPUMEHTA M0 METOJY KPYTOro CITyCKa (BOCXOXICHHUS), HAYUYUTHCS IUIAHUPO-
BaTh, MPOBOAUTH U 00pabaThIBaTh PE3yNbTaThl MHOTO(PAKTOPHOTO IKCIEPUMEHTA
IIPU TTOMCKE OMBITHBIM IMTYTEM dKCTpeMyMa (PYHKIIHH.

8.2. OcHOBHbBIE MOHATHSI U ONpe/IeIeHHs].

JIns HaXOXXJICHHUS ONTHUMAJIbHOTO PEeIICHUs TIaakod auddepeHnupyeMon
byukuu (puc.8.1), I KOTOPOM HET TEOPETUYECKOTO OMHUCAHMS, MPUMEHSIOT
AKCTIEPUMEHTAIbHBIE METO/Ibl MHOTO(AKTOPHOTO IUIaHUPOBaHUA. MeToa KpyToro
BOCXO:KIeHHs1 ObuT mpemoxkeH bokcom n Yuicodnom B 1951 roay, mo3tomy ero
Ha3BIBAIOT TaK)ke MeToaoM bokca-Ywnicona.

Puc. 8.1 JIuHMM OQMHAKOBOTO YPOBHS IS
ucciaenyeMo (QyHKIUMU U JABUKEHHUE 110

X IrpagdcHTy

-

Onnum u3 HauOoisiee 3((PEKTUBHBIX METOJOB SIBISIETCS MEmOO KpPYmo2o
60CX0)1COeHUs, KOTOPBIA TIPEACTABIIAECT COOOM coueTaHWe TPaJueHTHOrO0 METOja
ONTUMU3AIUU C JPOOHBIM (PAKTOPHBIM SKCIEPUMEHTOM, MPUMEHSIEMBIM JJIsl all-
MIPOKCUMAIIMU MOBEPXHOCTU OTKJIMKA MOJMHOMOM IEPBOTO MOpsaKa, oOecrneuu-
BAIOIIUM TIOJIYYE€HHUE OIEHKHU TpajiieHTa (DYHKIUM OTKIMKA B 3aJlaHHOW TOYKE C
MUHUMAJIbHOW TUCIIEPCUEH.

I'padouenmom Ha3pIBaIOT BEKTOP, MOKA3BIBAIOIIWKN HANPABICHUE HAUCKO-
PEUIIIETO U3MEHECHUSI HEKOTOPOW BEJIMYMHBI, 3HAUYEHUE KOTOPOM MEHSIETCS OT O/JI-
HOW TOYKH IIPOCTPAHCTBA K Apyrou. [lopsanok ontumMuzanuu:

1. Bei6upaercst (Ha OCHOBE anpHOPHOiT HH(BOPMALIHH) HAYaIbHAS TOUKA X',
U3 KOTOPOM OyAET OCYIIECTBISATHCS MOUCK ONTHUMATBHBIX (OJU3KUX K HEMY) 3Ha-
YEHUI BXOJHBIX EPEMEHHBIX.
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2. Vcnionb3yst 3Ty TOUKY KakK LIEHTp TJIaHa, CTPOUTCS MOJHBIA MU JPOOHBIN
(akTOpHBII I1aH, O pe3yabTaTaM AKCIEPUMEHTA B KOTOPOM CTPOUTCS JIMHEHHAs
MOJIeb PYHKIIMH OTKJIMKA!

y(X,0)=bo+biX;+..+bixy (8.1)

Bun nnana BbIOMpaeTcs TakuM 00pa3oM, 4TOOBI MEPEHACHIIIEHHOCTh €ro

OblJIa MUHUMAJIBHOM (YMCII0 TOYEK IJIaHA MO BO3MOXXHOCTH HE HAMHOT'O IPEBBIIIA-
JI0 YUCJIO ONpeeNsieMbIX KO3()PUIUEHTOB).

JlaHHOE ypaBHEHUE SIBISIETCS YpaBHEHHEM THNEepIuiockocTH B (k+1)-mMepHOM

MPOCTPAHCTBE, KACATETBHOM K IOBEPXHOCTH OTKIMKA B TOUKe X . Koa(uimeHTsI

@ XApaKTCPU3YIOT €€ HAKJIOH OTHOCHUTEIILHO OCEH KOOpAHWHAT U SABJIAIOTCA COCTaB-
JILIIOIIUMHU BCKTOPA 2pa0ueuma, 06CCHC‘{I/IB3.I-OHICFO JABM)KCHHC B 001acTy U3MeHe-

HUSl TIEPEMEHHBIX B HAIIPaBJICHUU KPYTOTO (HAMCKOPEHIIIETO) BOCXOXKACHUS TI0
3TOM TUINEPIUIOCKOCTH B CTOPOHY BO3pAacTaHUs LENeBON QYyHKIUH :

dy— L dv— o o =
3}“15373”‘:{%1_?’1’;—?,.‘4—;% =0, Lt oAb -4

i ; 28 , (8.2)

re *: -eIMHUYHBIA BEKTOP B HAMPABJICHUH IIEPEMEHHBIX (OPTBHI).

3.0cymecTBisieTcs IBUKEHUE BIOJIb JJUHUHA KPYTOTO BOCXOKAECHUS, OIpeE-
JeNsisl B KAKJI0M TOUKE 3HAUYEHUA (PYHKIIMU OTKIIMKA IO pe3ysbTaTamM HaOJt0ICHUN.
JIBr>KeHre B JaHHOM HANpaBJIEHUU OCYIIECTBIISIETCS O TEX IOp, MOKa HE Oyaer
JOCTUTHYTO HauOoJIblliee 3HAU€HUE (DYHKIIMU OTKIIUKA Yy -

8.3. 3amanue

Jlist ypoBHEHN BapbUpoBaHuUs 3-X (AaKTOPOB, IPUHSTHIE B 3aJJaHUU O, U ypaB-
HeHus perpeccuu (6.6) :

- paccuuTarh JONMYCTUMBIE CMELIECHHs BAOJb OCEH I JIBW)KECHUS BIIOJIb
BEKTOpA I'PaIMEHTA U COCTABUTH ILJIAH IKCIIEPUMEHTA;

- C IOMOILbI0 UMUTAMOHHOW MOJIENHU JUIsl YCIIOBHOTO 3-X (DaKTOPHOTO MpOo-
CTpaHCTBa MPOBOAUTH OIBIThI, HAUMHAS C LIEHTPa (PAKTOPHOTO MPOCTPAHCTBA;

- 110CJI€ KaXJ0r0 OIBITA MPOBECTH aHAIU3 IMHAMUKU U3MEHEHHUs YaCTHOIO
CEUEHHUs] HEU3BECTHON (YHKIMU OTKJIMKA M TPOBOAUTH OMNBITHI 0 JOCTHUKECHHS
MaKCHMYyMa.

8.4. Tlopsaaok BBINOJHEHUSA 3aaHUS

1.3agaemcst ypoBHAMU BapbUpOBaHUs (PAKTOPOB ISl EpEX0/ia B KOJUPO-
BaHHOE pocTpaHCTBO. [Ipy BBINOIHEHNH 3a/1aHUs] YPOBHHU BapbHUPOBAHUS BO3b-
MeM u3 3aaaHus 6 (Tabnuma 8.1).

2. VYpaBHeHUE perpeccuu, MojayyeHHOE NMPU MPOBEACHUHU MOJHOrO (ak-
TOPHOTO AKCIEpUMeEHTA (TIEPEHECTU U3 3aJIaHUs 6)
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y = 8,245 - 0,093 x, + 0,13x3. (8.3)

Tabnuna 8.1. YpoBHU BapbUpOBaHUS IEHCTBYIOMUX (HAKTOPOB

YpoBHH X1 X2 X3
1. Huwxuuii 7 13 24
2.Bepxumit 33 37 48
3.0OcHoBHOM 20 25 36
4. nTepBai Bapb- 13 12 12
WPOBAHUS

3. TlocTpoenue pacyeTHON TAOIUIIBI U MATPUIIBI TUTAHUPOBAHUS

3.1.B nepByto cTpouky 3anuiieM Ko3QhUIMEeHTH YpaBHEHHSI C COOJI0ICHNE
3HaKa (YYUTHIBAEM TOJIBKO 3HAUMMBbIC 3HAUCHHUS).

3.2.3naueHns Kod(PUITMEHTOB YMHOXKAEM Ha BEIIMUYWHY WHTEpPBaJia BapbU-
poBaHusl (Tabn.81) U pe3yapTaT 3aUChIBAEM BO BTOPYIO CTPOUKY.

3.3.Haxoaum 6a30BbIil KO3(PPHUITUEHT, COOTBETCTBYIONUNH MUHUMYMY a0Co-
JIOTHBIX 3HAYEHUN BTOPOU CTPOYKH.

Tabnuua 8.2 PacueTHas Tabnuia MaTpuua MIaHUPOBAHMS SKCIIEPUMEHTA

IToxazarenb X2 X3 Pacuetnl
1. Koaddurments ypapue- | -0,093 | 0,13 Min{|g; «J;[}=1,12
HHS, a Agqs—= 0,093.
2.IlpousBencHue a; *J; -1,12 1,56 MacmTaOHbIH
K03 pUIHEHT:

3.Pacuetnoe cmemenue (mar | -12,04 | 16,77
ABIOKeHHs), 8;Ji*Km km=1/254,=10,75
4. OKpyTJICHHBIN 1Iar CMe- -12 16
IICHUS A

-1 32 9 y.1 =8,259

0 20 25 Yo =8,296

1 8 41 Y, =8,136

2
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3.4.IlogcunteiBaeM MaciiTaOHbIA KOA(G(GUIMEHT U PACCUUTHIBAEM pacueT-
HBI{ 1Iar ABMOKEHUS BAOJb rpagueHta (ctpouka 3). PacueTHble 3HaYeHUS OKPYT-
JIAIOT 10 YAOOHOrO JUIS pealn3aliy SKCIIEPUMEHTA 3HAYECHUS A,

4. TlpoBeneHre UMUTAITMOHHOTO MOJICTUPOBAHMS

3amaTh HaYaIbHYIO TOYKY, COOTBETCTBYIONIYIO IIEHTPY dKCIIEPUMEHTA (TOY-
Ka Xj, ). [IpoBeneHne 3KCriepuMeHTa OCYIIECTBISIETCS B TOM K€ MOPSAKe, 4TO U
3a1aHuu 6.

Pesynbratel MogenmupoBanus cpenHee [mean(y)] 3aHocsT B Tabiwiy 8.2. U
aHANMM3UpPYyeM 3HaueHUs QYHKIHH OTKIMKA. Ecmu mpoucxonut yBennueHne GhyHK-
UM, TIPOJI0JDKAEM JIBMDKCHUE BJIOJIh TPAJMCHTA TIOKA 3HAYCHHUS HE HAYHYT YMEHb-
matbes. B OKpeCTHOCTH MaKCHMAalbHOW TOYKH Jajiee CJIeIyeT MUCKAaTh MCKOMBIN
MakCUMyM. B TpuBeIeHHOM mpuMepe MakCUMyM (QYHKIMM OTKIMKAy, . =8 296

pocturaercs B Touke 1 ¢ koopaunaramu X 2=20; X 3=25,

Konmponwsnuvie éonpocwi:

1. Kak BbIOpaTh HaYaIbHYIO TOUKY IUIAHUPOBAHUS SKCIIEPUMEHTA?

2. Kak ompenenuTth HampaBiieHUE ABIKEHUS B (PaKTOPHOM MPOCTPAHCTBE?
3. Kak onpenenuTs mar 1BrKEHHS BAOJIb rpaueHTa?

4. Tlpu KakOM yCJIOBHHM NpEKpaIllaeTcsi IPOBEACHHUE dKCIIEpUMEHTA?

9. Onucanue 00J1aCTH IKCTPeMyMAa (PYHKIMH OTKIUKA
YPABHEHHSIMU BTOPOI0 MOPSIAKA

9.1. Ileanb u 3aga4m

L]ens — U3yyuTh METOAMKY MJIAHUPOBAHUS MHOTO(DAKTOPHOIO SKCIIEPUMEHTA
JUTSL ONTUCAaHUSI 00J1aCTH SKCTpeMyMa (DYHKIIMHM YPAaBHEHUSIMH BTOPOTO MOPSIKA.

3a0auu — OCBOUTH OCHOBHBIE TMOHSTHS IUIAHUPOBAHUS MHOr0O(aKTOPHOTrO
HKCIIEPUMEHTA JJIsl TUIAHOB BTOPOTO MOPS/AKA, HAYYUTHCS IJIAHUPOBATh, MPOBO-
JUTh U 00pabaThiBaTh PE3yJbTaThl MHOTO(AKTOPHOIO 3KCIEPUMEHTA MPH OlUca-
HUU 00JIACTH SKCTpEMYMa (DYHKIIMU YPAaBHEHHUSIMU BTOPOTO MOPAJIKA.

9.2. OcHOBHbIE MOHSTHS U ONPeaeeHusl

JUi TOCTHKEHUS IOUTH CTallMOHApHOM o0nacTH (00J1acTH HAWTYUIIKUX 3Ha-
YEHU BBIXOJHOUN NEPEMEHHOM ) UCIIOIb3YETCS IBa MOAXO0A.

1.MeTonpl, UCHOJB3YIOIIKE AMMPOKCUMALUIO MOBEPXHOCTH OTKJIMKA B JIO-
KaJIbHOW 00J1aCTH THUIEPIUIOCKOCTBIO C LIEIBI0 ONpEAeeHUs HauTyqIlero Hanpas-
JIEHUS IBMOKEHHS B CTOPOHY ONTUMyMa (HarpuMep, METOJ KPyTOro BOCXOKIECHUS
- P MAKCUMU3alUU (QYHKIIMHU OTKIIMKA).
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2.MeTopl, OMpeeNaoe HANpaBIeHUE ABIKEHUS Ha KaXKIOM LIare Io
pe3ysibTaTaM OuYepelHOTO HAOJIIOACHHS, CPaBHUBAS €ro C pe3yibTaTaMU IPEbl-
TyIUX HaOMI0ACHUH (HarpuMep, CUMILIIEKC-METO.).

BTopoii moaxo, mo cpaBHEHUIO ¢ MEPBBIM, JIOMYCKAaeT MPUMEHEHHUE Ha JICH-
CTBYIOIIUX CHCTeMax (YCTaHOBKax) 3a CUET HE3HAYUTEIHHBIX OTKIOHCHHHA OT HO-
MUHAJIBHBIX PEKUMOB paOOTHI U HE MPUBOJUT K HEIOMYCTUMBIM pPeKUMaM (METO.T
HBOJIIOIIMOHHOTO TJTAHUPOBAHMSI HITH TIPOMBIIIUICHHBIN SKCIIEPUMEHT).

Jlnig uccnenoBaHusl MOYTH CTAIlMOHAPHON 00JIacTH 11eJ1ecO000pa3HO anmpoK-
CUMHPOBATh MOBEPXHOCTH OTKIUKA KBAJIPATHUYHBIM MOJMHOMOMBTOPOTO MOPSAIKA.
B 000011eHHOM BHJIe ypaBHEHUE BTOPOTO MOPSAIKA MPEICTABICHO BhIPAXKECHHUEM

F=Qo+ ) QX+ ) QXX+ ) a7
(9.1)
s nByX(akTOpHOTO MpOoCTpaHcTBa ( Xz = COMST) pa3BepHYTOE BhIpaXKe-
HHE ITOJINTHOMA BTOPOI'0 IIOPSIKA UMEET BU
V=C4 QsX, 4 QX4+ A1, X+ A1, X5 4+05,XF (9.2)
JIJist HaXOXKJEHUST SKCTpeMyMa (PYHKIIMU HalJIeM YacTHBIE MPOU3BOJHBIC U
peLINM CUCTEMY YPaBHEHUU

dj’—a F 04X +204,%, =0
d.‘tﬁi 1 1z*z 1141
—djr Q4 01X, +205.X; =0
— = Uz 1z-%1 Fgz —
dx, _ (9.3)

Jlns oneHuBaHusA KOA()PUIUEHTOB PErPEeCCUH B 3TOM MOAEIH HEOOXOIUMO

HCTIONB30BaTh 3 - (hAKTOPHBIH IKCIIEPHMEHT.

Jliig onrcaHusi 00J1aCTU dKCTpEMyMa IPUMEHSIOTCS TOJTMHOMUHAJIbHbBIE MO-
JIeJIA C YYeTOM KBaJpaToB, a MHOTAA U 00Jiee BBICOKUX CTENeHeN (paKkTopoB, KOTO-
pbI€ MO3BOJISIIOT YCTAHOBUTH TOYHOE MOJIOKEHNE SKCTPEMYMa METOJIaMH aHAJIUTH-
YECKON T€OMETPHUH.

PaccmoTpum Hambosee 4acTo BCTPEUANOIIMMCS CIydail MOCTPOSHHUS I10-
BEPXHOCTHU BTOPOTrO Mopsiaka. YToObl MOCTPOUTH MOJIMHOM, COJEpKAIIUA KBaapa-
Tbl (PaKTOpOB, TpeOyeTcs KaxAblid (PaKkTOp BapbUpOBaThH HE MEHEE YeM Ha Tpex
ypoBHsIX. Eciii ipy 3TOM IJIaHy 3KCHEPUMEHTa HEOOXOAMMO MPUAATh HEKOTOPbIE
CBOICTBa (OPTOTOHAIBHOCTH, POTOTA0ENIBHOCTH), OMBITHBIE TOYKH B (DaKTOPHOM
MIPOCTPAHCTBE CJEAYET PACIOIOKUTD CIIEHUATBHBIM 00pa3oM.

Ha mpaktuke 4dacto wucnosb3yloT miaH Bp. Ilpu BbimosHeHuu 3amaHus
OrPaHUYUMCST IBYX (PaKTOPHBIM IMPOCTPAHCTBOM (M=2).

9.3. 3amaume

C moMoIIbi0 UMUTAITMOHHOW MOJENH VISl YCJIOBHOTO 2-X (haKTOPHOTO MPO-
CTpPAHCTBA!

- 32/1aThCsl YPOBHSIMU BapbUpOBaHUS (HAaKTOPOB MJIsi 0OJIACTH HAXOMXKICHUS
AKCTPEMYMA;

- IOCTPOUTH TIJIAH-MATPHUILY SKCIIEpUMEHTA By;
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- IPOBECTH UMHUTAIMOHHOE MOJCIUPOBAHUE B COOTBETCTBUU C OJIOKOM TLIa-
HUPOBAHUS TUTAH-MATPUILBI U 33JAHHBIMUA YPOBHSIMHU BapbUPOBAHUS;

- paccuuTarth KOd(PPUIUMEHTH YpaBHEHUS BTOPOTro MOpSJIKAa U OMPEETUTh
KCTpEMYM (PYHKIIUU OTKIUKA.

9.4. Ilopsiiok BHINOJIHEHUSI 32 IaHUSA

1. 3amaem ypoBHM BapbupOBaHUs (PaKkTOpPOB. [ 3TOro B KauecTBe KOOp-
JUHAT IIEHTpa SKCIIEPUMEHTa OepeM KOOPAMHATHI TOUKH JIOKAJIbHOIO 3KCTpEMyMa,
IIOJIyYEHHBIE B 3aJJaHUN §.

MakcumyM QyHKIUK OTKIIMKA BJIOJIb TPAIUEHTA Y, .. =8 296 JOCTUTAETCS B

touke 1 ¢ koopmunaramu X 2=20; X3=25 (3nauenne X1 =20). 3areM 3amaemMcs
WHTEpBAJIaMH BapbUPOBAHUS M PACCUMTHIBAEM BEPXHUM W HIKHUH YPOBHU BapbH-
poBaHus (HaKTOPOB.

Tabnuna 9.1. YpoBau BapbupoBanus (HpakTopoB /s miaHa B,

YpoBHUH X =const X5 X3
1.OcHoBHOMI 20 20 25
2.VaTepBan 15 10 15
3. Hmwxuwmit 5 10 10
4.BepxHuii 35 30 40

2. Ctpoum maTpuIly IJIaHUPOBAHUS dKCTiepuMeHTa. B kauecTBe sapa ma-
Ha OepeM 1iaH [1DD 2? (4 onbiTa). B KauecTBe 3BE3/IHBIX TOUEK BHIOMpPAEM Tepe-
CEUYEHHE BIUCAHHOW OKPY>KHOCTHU B (DAKTOPHOE MPOCTPAHCTBO C KOOPAMHATHBIMU
ocsimu (2n onbitoB). [Tnan-matpuna B, npusenena B Tadmuie 9.2.
Tabnuua 9.2. ITnan- Mmatpuua skcrepumenta B,

Xo X1 X X1 X5 X3 Xz v S 12
1 + + + + + + 8.199 0.001
2 + - + - + + 8.037 0.045
3 + + - - + + 8.54 0.085
4 + - - + + + 8.481 0.004
5 + + 0 0 + 0 8.379 0.068
6 + - 0 0 + 0 8.263 0.032
7 + 0 + 0 0 + 8.174 | 0.005
8 + 0 - 0 0 + 8.228 | 0.019
3.  IlpoBemeM MMHUTaLMOHHOE MOJAEIMPOBaHME. IIpOBEICHUE MMUTAIU-

OHHOTO JKcIlepuMeHTa 1o nporpamMme «llnanupoBanue sxcriepumenTay», (cM. Puc.
6.1) ocyIIEeCTBIIIETCS B TOM XK€ MOPSIKE, YTO U B 33JJaHUH 0.
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Pe3ynbratsl MogenupoBanus 3aHOCAT B TaOmuiry 9.2:

- cpeanee [mean(y)] ;

- mucnepceuto [var(y)].

4.  JluCiepCHOHHBIN aHAN3 PE3yIbTaTOB SKCIIEPUMEHTA.

4.1. Jlns oneHKH HaM4us rpyObIX OMMOOK B MOJYyYCHHBIX JAHHBIX MPOBE-
psieM THUIOTe3y 00 OAHOPOTHOCTH Psifia AUCTIEPCHUH, NI 3TOTO BHIOMpAaEM MaKCH-
MaJbHOE 3HAYCHHE TUCTICPCHUU W3 MPOBEICHHBIX OIMBITOB U TMOJICYUTHIBAEM pac-
4yeTHOe 3HaueHue kputepus Koxpena

G _ Sjmax _ 0,085
Py S]? 0.259
4.2. Kputnueckoe 3HaU€HUSI KPUTEPHUS HAXOAAT MO Tabnuie 8 (mpuiioxe-

Huel) mis otHocutenbHOM ommoOku 0=0,05, 11 8 ombITOB M 3-X MOBTOPHOCTEH
n=3

= 0,328. (9.4)

Gy = Gg=0.05,N=8:n-1=2 = 0,715. (9.5)

4.3. PacyeTHOe 3HaY€HUE CPABHUBAEM C KPUTHUYECKUM U JIeJIa€M BBIBOJ:

TaK KaK Gy, < Gy, CIEI0BATENBHO PsiJl AUCTIEPCHI OJHOPOIEH M B CEPHUH ONBITOB
(TTOBTOPHOCTH) HE COJIepKAT IPYOBIX OMIHOOK.

4.4. OmpenensieM AUCIEPCUIO BOCTPOU3BOJAUMOCTH, OIEHUBAIOUIYIO TOY-

HOCTb OTIpEICIICHUs TTOKa3aTes Y
2
s2 =25 _ 9259 _ g3y (9.6)

N 8
Yucno creneHell cBOOOBI ISl AUCIEPCHH BOCIPOM3BOAUMOCTH S2 paBHO

fi=Nn-1)=8-2=16.

4.5. 3naueHust KOdOPUIMEHTOB YpaBHEHUS PETPECCUU HAXOIUM MO MaT-

B=aTxrxTy

PUYHOMY YPaBHEHHMIO METOJla HAaMMEHBIIUX KBaaparoB L =W XJ7X" T(TIpo-
rpamMma B2H, puc. 9.1.).

Jyist pacyeTa BBOJIUM BEKTOP-CTOJIOCI] CPETHUX 3HAYCHHUM (DYHKITMM OTKIIU-
Ka, TOJyYCHHbIE B DKCIIEPUMEHTE M B pe3yJIbTaTe MOJIYYUM BEKTOp-cTosbden B
3HaueHuM kod(ppuineHToB ypaBHeHus perpeccuu (9.2). Ilonyuum ypaBHeHHE:!

o

$ = 8,199 + 0,056x; — 0,14x, + 0,026x; - x, + 0,113x% — 0,0067x2.

4.6. Ompenemnsiem ):[I/ICHGPCI/IIO aIIGKBaTHOCTI/I (o mporpamme)
Seo =7 L=y = $)" = 0,038 (9.7)

Uucno crenenei CBO6OI[BI paBHO f,, =N —-5—1=2.

JIns OLIEHKM aJeKBAaTHOCTH IOJYYEHHOIO YPAaBHEHHUS TMOJCUUATHIBAEM pac-
YeTHOE 3HaueHue kpurepusa dumepa

s() 0,038
P sz 0,032

=1,187. (9.8)
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MnaH-maTpuya B2 onTtumanbHOro niaHa

11 1 1 11 8.7
1 -1 1 -1 11 8.75
11 -1 -1 11 8.34
| T1-11 11 b xT.x V.| 85
11 0 0 10 8.52
1 -1 0 0 10 )gw:= geninv (D) 8.54
10 1 0 01 8.53
10 -1 0 01 Bi=CX'-Y 8.51
1.11x 10 3
8.667 3
Gi=XB .47 0688 3.799x 10
~0.038 8.402 3.799x 10 °
5_| 0108 o_| 8533 cev_o 111 10~ 3
0.027 8.492 N S = 4
0.053 8.568 8.032x 10
0.043 8.625 8.032x 10 4
8.415 9.029% 10 °
9.029x 10 °
20 = B, al =B, a2 =B, al2:=B, all=B, a22:=B

YP (X1, X2) = a0 + al- X1 + a2- X2 + al2- X1-X2 + all - X12 + a22. X2°

Puc. 9.1. IIporpamma HaxoxaeHus: KOAPHUIIUEHTOB
YpaBHEHHS BTOPOTO MOPSIIKa

Kpurtnueckoe 3HaueHue KpuTepHsi HaXOAUM 1o Tadsuue / (mpuioxeHus 1)
st 0=0.05; f,, =2 uf, = 16

Ecp = Fa=0.05;fa@=3;fg:8 = 3'634 (99)

CpaBHHMBaeM pacueTHOE 3HaueHHe KpuTepus duiiepa ¢ KPpUTUUECKUM 3Ha-
yeHueM. Tak, Kak pacueTHOE 3Ha4€HHE MEHbIIIE KPUTHYECKOT0, TO IIPUHUMAEM T'H-
nore3y 00 aJeKBaTHOCTU MOJIEINH.

4.7. OueHuBaeM 3HaYUMOCTb KOA((PUIIMEHTOB ypaBHEHHsI perpeccuu. s
ATOrO ONPEAEIIAEM CPEIHEE KBAPATUIECKOE OTKIOHEHUE 11 KO3(PPHUIIMEHTOB

S2 _ 0,038
Sa; = /N.n_ /—8.3 = 0,04. (9.10)

Jlanee onpenenseM pacueTHbIe 3HaAUCHUS KpuTepus CThIOJICHTA TS KaX10-
ro K03 dUIreHTa IPH HEU3BECTHHIX

L o_a _0056
PLoS,, 004 77
LG 014
P2 S, 0,04 TV
@iz _ 0026

th1y = —
Pl27S, 0,04
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aiq 0,113 .
tpll - == 2,82.,

Sa, 0,04

. _ 00067
P22 S, 0,04

= 0,167.

[To tabmune 3 (npuioxeHus 1) onpeaensieM KPUTHIESCKOE 3HAUCHUE KPUTE-
pust CterogenTa st 0=0.05,k = N-n=8-3 = 24

tip = ta=0.05k=24= 2.064.

CpaBHHMBaEeM pacyeTHbIC 3HAUYCHUS ¢ KPUTHYCCKUM U JIeJaeM BBIBOA: KO3(-
(uiment ay, a1, , @x,0Ka3aNuCh HE3HAYMMBIMH, TaK Kak {,jMEHbIIIE KPUTHIECKOTO.

4.8. OrmpenensieM KOOPAUHATH MakcuMyMa QYHKITUH. [|J1st 5TOro Haxoaum
JIBE YaCTHBIC TPOU3BOIHBIC ypaBHeus perpecuu (1m.4.5)

d

& 0.056 + 0.026x, + 0.226x;, = 0
dx;

dy

& 014+ 0.026x;, — 0.007x, = 0
dx,

B xoge pelieHns noydeHHONW CUCTEMbI YPABHEHUH MOTYYUM 3HAYCHUS KO-
OpJMHAT PKCTpeMyMa (PYHKIIMU B KOJUPOBAHHOM BUMAE Xiopr = 1.859 # Xy =
—0.086. [{ns onpeneneHusi KOOPAUHAT ONTUMyMa HEOOXOJUMO BOCIOJIb30BAThCS
bopMyII0if KOTUPOBKU CUCTEMBI KOOpUHAT (6.2).

KOHmPOJleble eonpocwol.

1. [To xakomy mpuHIHUIY (HOPMUPYETCS ITUTAH-MATPHUIA IS HAXOXKICHUS
ypaBHEHUI BTOPOTO MOpsiaKa?

2. Ha yto BriusieT BpiOMpaemasi BeJIMYMHA WHTEpBajia BApbUPOBAHUS?

3. Kak moBBICUTH TOYHOCTH OMpeeneHuss Kod(P(GUIIMEHTOB ypaBHEHUS pe-
rpeccuu ?

4. Kakue BUJbI MJIAaHOB BTOPOTO TIOpsAIKa Bl 3HaeTe U ONMUIIUTE UX 0OCOOCH-
HOCTHU?

5. Kak onpenenuts s3kcTpeMym GyHKITUN?
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[Tpunoxenue 1

Tabnuua 1. 3nauenus U, jxkputepus V (i oTOpaceiBaHus TpyObIX OMNOOK IpU
U3MEpEHMsIX ), onpenensemsie u3 ycaosus P(V> U, n)=a

n

o

n

0,10 0,05 0,01 0,10 0,05 0,01
3 1,406 1,412 1,414 20 2,447 2,623 2,959
S) 1,791 1,869 1,955 25 2,537 2,717 3,071
7 1,974 2,093 2,265 30 2,609 2,792 3,156
10 2,146 2,294 2,540 40 2,718 2,904 3,281
15 2,326 2,493 2,800 50 2,800 2,987 3,370

Ta6J'II/IHa 2. KpI/ITI/ILIeCKI/IG 3HAYCHUA Ty, kKKPUTCPHUS T, OIIPCACITIICMBIC U3 YCIIOBUA

P(t< 14, )=01

n a n a

0,05 0,01 0,05 0,01
4 0,390 0,256 10 0,531 0,376
5 0,410 0,269 12 0,564 0,414
6 0,445 0,281 14 0,591 0,447
7 0,468 0,307 16 0,614 0,475
8 0,491 0,331 18 0,633 0,499
9 0,512 0,354 20 0,650 0,520
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k\ o

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Taoauna 3. Kpurunueckune Touku pacnpenesienusi CTbloeHTa

0,1
6,3138
2,9200
2,3534
2,1318
2,0150
1,9432
1,8946
1,8595
1,8331
1,8125
1,7959
1,7823
1,7709
1,7613
1,7531
1,7459
1,7396
1,7341
1,7291
1,7247
1,7207
1,7171
1,7139

1,7109

0,05

12,7062

4,3027
3,1824
2,7764
2,5706
2,4469
2,3646
2,3060
2,2622
2,2281
2,2010
2,1788
2,1604
2,1448
2,1314
2,1199
2,1098
2,1009
2,0930
2,0860
2,0796
2,0739
2,0687

2,0639

0,02

31,8205

6,9646
4,5407
3,7469
3,3649
3,1427
2,9980
2,8965
2,8214
2,7638
2,7181
2,6810
2,6503
2,6245
2,6025
2,5835
2,5669
2,5524
2,5395
2,5280
2,5176
2,5083
2,4999

2,4922

0,01

63,6567

9,9248
5,8409
4,6041
4,0321
3,7074
3,4995
3,3554
3,2498
3,1693
3,1058
3,0545
3,0123
2,9768
2,9467
2,9208
2,8982
2,8784
2,8609
2,8453
2,8314
2,8188
2,8073

2,7969

0,001
636,6192
31,5991
12,924
8,6103
6,8688
5,9588
5,4079
5,0413
4,7809
4,5869
4,4370
4,3178
4,2208
4,1405
4,0728
4,0150
3,9651
3,9216
3,8834
3,8495
3,8193
3,7921
3,7676

3,7454
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25 1,7081 2,0595 2,4851 2,7874 3,7251

26 1,7056 2,0555 2,4786 2,7787 3,7066

27 1,7033 2,0518 2,4727 2,7707 3,6896

28 1,7011 2,0484 2,4671 2,7633 3,6739

29 1,6991 2,0452 2,4620 2,7564 3,6594

30 1,6973 2,0423 2,4573 2,7500 3,6460

35 1,6896 2,0301 2,4377 2,7238 3,5911

40 1,6839 2,0211 2,4233 2,7045 3,5510

45 1,6794 2,0141 2,4121 2,6896 3,5203

50 1,6759 2,0086 2,4033 2,6778 3,4960

55 1,6730 2,004 2,3961 2,6682 3,4764

60 1,6706 2,0003 2,3901 2,6603 3,4602

70 1,6669 1,9944 2,3808 2,6479 3,4350

80 1,6641 1,9901 2,3739 2,6387 3,4163

90 1,6620 1,9867 2,3685 2,6316 3,4019

100 1,6602 1,9840 2,3642 2,6259 3,3905

110 1,6588 1,9818 2,3607 2,6213 3,3812

120 1,6577 1,9799 2,3578 2,6174 3,3735

0 1,6448 1,9600 2,3263 2,5758 3,2905

T= Unln
Pacnpenenenue t CThiofieHTa — 3TO paclpeieleHUue CIydyaifHON BEeTMUNHBI VX,

rne ciyuaituele BenmuunHbl U n X He3aBucuMbl, U nMeeT pacrnpeneneHue CTaHIapTHOE HOP-
ManbHOe pacrpeaenerue N(0,1), a X — pacnipenienenne Xxu — KBajpat ¢ N CTENEHIMU CBOOO/IbI.
[Tpu 5TOM N Ha3BIBAETCS «YUCIIOM CTeNeHed cBoOOb» pacipenesneHusi CTbIOIeHTA.

Kpusas mioTHocTH t-pacipesiesieHus TI0X0ka Ha KPUBYIO HOPMAJIbHOTO Pacpee/iCH s, HO uMe-
et 6onee momoryro (dopmy. Ilpu koiamuecTBe creneHel cBoboasr K > 30 t-pacmnpemenenue mepexoanT B

HOpMaJIbHOE ¢ mapaMeTpamu m, = 0; o, = T

Kputnueckue 3HaueHus t-kpurepus CTbro/ieHTa MOXHO mojcuntath B Excel HaOpaB komaHny:
=CTBIOAPACIIOBP(a; v), T/e o - YpOBEHB 3HAYMMOCTH, V - YUCJIO CTEIIEHEH CBOOOIBI.
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Ta6auua 4. Kpurnueckue 3nayenns kputepusi Ilupcona ( x?)

y Y poBeHBb 3HAYHMOCTH O

HCIIO

CTelIeHEH 0,01 0,05 0,1 0,90 0,95 0,99

cBODOJIBI
1 6,6 3.8 2,71 0,02 0,004 0,0002
2 9,2 6.0 4,61 0,21 0,1 0,02
3 11,3 7.8 6,25 0,58 0,35 0,12
4 13,3 9.5 7,78 1,06 0,71 0,30
5 15,1 11,1 0,24 1,61 1,15 0,55
6 16,8 12,6 10,6 2,20 1,64 0,87
7 18,5 14,1 12,0 2,83 2,17 1,24
8 20,1 15,5 13,4 3,49 2,73 1,65
9 21,7 16,9 14,7 417 3,33 2,09
10 23,2 18.3 16,0 4,87 3,04 2,56
11 24,7 19,7 17,3 3,58 4,57 3,05
12 26,2 21,0 18,5 6,30 5,23 3,57
13 27,7 224 19.8 7,04 5,89 4,11
14 29.1 23,7 21,1 7,79 6,57 4,66
15 30,6 25,0 223 8.5 7,26 5,23
16 32,0 26,3 23,5 0,31 7,98 5,81
17 33.4 27.6 24,8 10,1 8,67 6,41
18 34,8 28,9 26,0 10,9 9,39 7,01
19 36,2 30,1 27,2 11,7 10,1 7,63
20 37,6 314 28,4 12,4 10,9 8,26
21 38.9 327 20.6 13,2 11,6 8,90
22 40,3 33,9 30,6 14,0 12,63 9,54
23 41,6 352 32,0 14,8 13.1 10,2
24 43,0 364 33,2 15,7 138 10,9
25 443 37,7 34,4 16,5 14,6 11,5
26 45.6 38,9 35,6 17.3 154 12,2
27 47.0 40,1 36,7 18.1 16,2 12,9
28 48,3 413 37.9 18.9 16,9 13.6
29 49.6 426 39,1 19.8 17.7 14,3
30 50,9 438 40,3 20,6 18,5 15,0

2
Pacnipenenenne ITupcona 4 (xu - KBaapaT) — pacmpe/eneHue CIydaifHOH BeTHIHHbI
_ 2 2 2
X=X+, + +%,,

rae ciydaiiHple BeTUYHHBI X1, Xo,..., X;, HE3aBUCUMBI U UMEIOT OJTHO U TOXKE pacmpenesieHue
N(0,1). ITpu 3TOM YHUCIO claraeMbIX, T.e. N, HA3bIBACTCA «UUCIIOM CTETEeHel CBOOOMBI» pacipe-
JIeTICHUST XM — KBapar.
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Tadauua S. 3HaYeHUus1 KPUTHYECKUX 3HAYEHHMII KPpUTepUs

Kosmoroposa A.H.

plvn Dy 2A}=1-K()-1- S 1k - k222
k=-a =0

d d d d d d d d d d d d

A<O0O | OOOO0

. 00 0,50 | 0,9639 | 0,71 | 0,6945 | 0,92 | 0,3657 | 1,13 | 0,1555 | 1,34 | 0,0551

0,30 |0,99999 | 0,51 | 0,9572 | 0,72 | 0,6777 | 0,93 | 0,3527 | 1,14 | 0,1486 | 1,35 | 0,0522

0,31 |0,99998 | 0,52 | 0,9497 | 0,73 | 0,6609 | 0,94 | 0,3399 | 1,15 | 0,1420 | 1,36 | 0,0495

0,32 | 0,99995 | 0,53 | 0,9415 | 0,74 | 0,6440 | 0,95 | 0,3275 | 1,16 | 0,1356 | 1,37 | 0,0469

0,33 |0,99991 | 0,54 | 0,9325 | 0,75 | 0,6272 | 0,96 | 0,3154 | 1,17 | 0,1294 | 1,38 | 0,0444

0,34 |0,99993 | 0,55 | 0,9228 | 0,76 | 0,6104 | 0,97 | 0,3036 | 1,18 | 0,1235 | 1,39 | 0,0420

0,35 |0,9997 | 0,556 | 0,9124 | 0,77 | 0,5936 | 0,98 | 0,2921 | 1,19 | 0,1177 | 1,40 | 0,0397

0,36 | 0,999 | 0,57 |0,9013 | 0,78 | 0,5770 | 0,99 | 0,2809 | 1,20 | 0,1122 | 1,41 | 0,0375

0,37 | 0,9992 0,58 | 0,8896 | 0,79 | 0,5605 | 1,00 | 0,2700 | 1,21 | 0,1070 | 1,42 | 0,0354

0,38 | 0,9987 0,59 | 0,8772 | 0,80 | 0,5441 | 1,01 | 0,2594 | 1,22 | 0,1019 | 1,43 | 0,0335

0,39 |0,9981 | 0,60 | 0,8643 | 0,81 | 0,5280 | 1,02 | 0,2492 | 1,23 | 0,0970 | 1,44 | 0,0316

0,40 | 0,9972 0,61 | 0,8508 | 0,82 | 0,5120 | 1,03 | 0,2392 | 1,24 | 0,0924 | 1,45 | 0,0298

0,41 | 0,9960 0,62 | 0,8368 | 0,83 | 0,4962 | 1,04 | 0,2296 | 1,25 | 0,0879 | 1,46 | 0,0282

0,42 | 09945 | 0,63 | 0,8222 | 0,84 | 0,4806 | 1,05 | 0,2202 | 1,26 | 0,0836 | 1,47 | 0,0266

0,43 |0,9926 | 0,64 | 0,8073 | 0,85 | 0,4653 | 1,06 | 0,2111 | 1,27 | 0,0794 | 1,48 | 0,0250

0,44 | 0,9903 0,65 | 0,7920 | 0,86 | 0,4503 | 1,07 | 0,2024 | 1,28 | 0,0755 | 1,49 | 0,0236

0,45 |0,9874 0,66 | 0,7764 | 0,87 | 0,4355 | 1,08 | 0,1939 | 1,29 | 0,0717 | 1,50 | 0,0222

0,46 |0,9840 | 0,67 | 0,7604 | 0,88 | 0,4209 | 1,09 | 0,1857 | 1,30 | 0,0681 | 1,51 | 0,0209

0,47 | 0,9800 0,68 | 0,7442 | 0,89 | 0,4067 | 1,10 | 0,1777 | 1,31 | 0,0646 | 1,52 | 0,0197

0,48 | 0,9753 0,69 | 0,7278 | 0,90 | 0,3927 | 1,11 | 0,1700 | 1,32 | 0,0613 | 1,53 | 0,0185

0,49 |09700 | 0,70 |0,7112 | 0,91 | 0,3791 | 1,12 | 0,1626 | 1,33 | 0,0582 | 1,54 | 0,0174

KOJIMOI'OPOBA KPUTEPHUU - cratucTUdecKuil KpUTEpHl, NMPUMEHSEMBI A NPOBEPKHU
MIPOCTON HeMapaMeTpUUECKON TMNOTe3bl H ¢, COrJIacHO KOTOPOW HE3aBHCHUMBIE OAMHAKOBO PACIIPEJIEIICH-
HBIE CIIy9aiiHbIe BETUYUHBI X 1,..., X , IMEIOT 33JaHHYIO HETIpephIBHYIO (yHKIMIO pactupeaeneHus F(x),

_ |EF, (2)—F (£)] > 0,
MpUYeM albTepHATUBHAS TUNOTe3a H 1 IpeanoaraeTcs IByCTOPOHHEH:

-

rae - /- MaTeMaTH4ecKoe OKuAaHHEe (PYHKIUH IMITUPUUECKOTO pacnpenencHus Fn(X).
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Tadoauna 6. Kpurnueckne 3HadeHus1 Ko3ppuiuenra
koppessiuuu Iupcona Iy

YPOBGHB 3HAYUMOCTH IJIs1 ABYCTOPOHHETO
ypOBCHI) SHAYUMOCTHU JId ABYCTOPOHHCTO KPpUTCPUSA

KpUTEPUS
0,05 025 | 001 | 0,005 | 00005 005 | 025 | 001 | 0,005 0,0005
K K
YpoBeHb 3HAYUMOCTH JIJIs1 OJHOCTOPOHHETO KPUTE- YpoBeHb 3HAUUMOCTH JIJI1 OJJHOCTOPOHHE-
pust ro KpUTEpHs
0,1 005 002 o1 0,001 01 | 005 | 902 | 901 | 0001
1 098769 (099692 (0,995 0999877 0,9999988 |, |0 scr 0415 0asr 0526 0,640
2 10,90000 [0,95000 0,980 |0,990000 0,99900
22 10,344 10404 0472 (0515 (0,629
3 10,8054 (0,8783 (0,934 0,95873 (0,99116
23 10,337 10,396 0462 (0505 (0,618
407293 08114 0882 091720 (097406 0 | 'iii aad 0uea 0496 0607
5 06694 (07545 0833 |0,8745 0,95074 ’ ' ' ’ ’
6 06215 |0,7067 0,789 (0,8343 0,92493 |25 (0,3233 10,3809 |0.482 |0,4869 |0,5974
7 105822 06664 0750 0,7977 10,8982 130 0.2960 (0,3494 04487 10,4487 10,5541
8 05494 (06319 (0715 0,7646 08721 35 0.2746 0,3246 0,4182 10,4182 10,5189
9 05214 (06021 0685 0,7348 10,8471 40 0.2573 03044 0,3932 10,3932 0,4896

10 |0,4973 0,5760 0,658 |0,7079 10,8233 45 10,2428 |0,2875 |0,3721 |0,3721 |0,4648
0,3541 |0,3541

11/04762 10,5529 0,634 10,6835 |0,8010 28 g’gfgg 8’%33 0,3248 0,3248 8’3332
12/04575 (05324 0612 06614 07800 o | To |00 103017 (03017 | ol
13/04409 (05139 0592 06411 07603 oo | oo 000 102830 02830 e
14104259 04973 0574 06226 (07420 oo 070 | ooc0 02673 0,2673 | pane
1504124 04821 0558 06055 07246 100" eae 0 gug 02540 02540 0o,

16 10,4000 0,4683 0,542 |0,5897 10,7084

17/0,3887 10,4555 0,529 |0,5751 10,6932  120/0,1500 (0,1780 10,2100 10,2100 0,2940
18 10,3783 0,4438 0,515 10,5614 10,6787 © 10,0730 0,0870 (0,1030 |0,1030 |0,1460
19 10,3687 10,4329 0,503 |0,5487 |0,6652

20/0,3598 0,4227 0,492 |0,5368 |0,6524

k = (N-2) — uuncio crerneneii cBOOOIBI.
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Tadoimuna 7. Kpurnueckue 3Havenusi kpurepusi F-dumepa

P=0,05

Crenenu ¢Bo0oabI Ajst yncaureas K,

4

10

12

24

10,128

9,552

9,277

9,117

9,013

8,941

8,887

8,845

8,785

8,745

8,638

8,527

6,608

5,786

5,409

5,192

5,050

4,950

4,876

4,818

4,735

4,678

4,527

4,366

5,591

4,737

4,347

4,120

3,972

3,866

3,787

3,726

3,637

3,575

3,410

3,231

10

4,965

4,103

3,708

3,478

3,326

3,217

3,135

3,072

2,978

2,913

2,737

2,539

11

4,844

3,982

3,587

3,357

3,204

3,095

3,012

2,948

2,854

2,788

2,609

2,406

12

4,747

3,885

3,490

3,259

3,106

2,996

2,913

2,849

2,753

2,687

2,505

2,297

13

4,667

3,806

3,411

3,179

3,025

2,915

2,832

2,767

2,671

2,604

2,420

2,208

14

4,600

3,739

3,344

3,112

2,958

2,848

2,764

2,699

2,602

2,534

2,349

2,132

15

4,543

3,682

3,287

3,056

2,901

2,790

2,707

2,641

2,544

2,475

2,288

2,067

16

4,494

3,634

3,239

3,007

2,852

2,741

2,657

2,591

2,494

2,425

2,235

2,011

18

4,414

3,555

3,160

2,928

2,773

2,661

2,577

2,510

2,412

2,342

2,150

1,918

20

4,351

3,493

3,098

2,866

2,711

2,599

2,514

2,447

2,348

2,278

2,082

1,844

30

4171

3,316

2,922

2,690

2,534

2,421

2,334

2,266

2,165

2,092

1,887

1,624

40

4,085

3,232

2,839

2,606

2,449

2,336

2,249

2,180

2,077

2,003

1,793

1,511

50

4,034

3,183

2,790

2,557

2,400

2,286

2,199

2,130

2,026

1,952

1,737

1,440

70

3,978

3,128

2,736

2,503

2,346

2,231

2,143

2,074

1,969

1,893

1,674

1,355

100

3,936

3,087

2,696

2,463

2,305

2,191

2,103

2,032

1,927

1,850

1,627

1,286

200

3,888

3,041

2,650

2,417

2,259

2,144

2,056

1,985

1,878

1,801

1,572

1,192

00

3,843

2,998

2,607

2,374

2,216

2,100

2,011

1,940

1,833

1,754

1,519
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P>=0,01

Crenenu cBo60abI 1 yncanTens K;

5

6

7

8

10

12

24

K

34,116

30,816

29,457

28,710

28,237

27,911

27,671

27,489

27,228

27,052

26,597

26,126

16,258

13,274

12,060

11,392

10,967

10,672

10,456

10,289

10,051

9,888

9,466

9,022

12,246

9,547

8,451

7,847

7,460

7,191

6,993

6,840

6,620

6,469

6,074

5,651

10

10,044

7,559

6,552

5,994

5,636

5,386

5,200

5,057

4,849

4,706

4,327

3,910

11

9,646

7,206

6,217

5,668

5,316

5,069

4,886

4,744

4,539

4,397

4,021

3,604

12

9,330

6,927

5,953

5,412

5,064

4,821

4,640

4,499

4,296

4,155

3,780

3,362

13

9,074

6,701

5,739

5,205

4,862

4,620

4,441

4,302

4,100

3,960

3,587

3,166

14

8,862

6,515

5,564

5,035

4,695

4,456

4,278

4,140

3,939

3,800

3,427

3,005

15

8,683

6,359

5,417

4,893

4,556

4,318

4,142

4,004

3,805

3,666

3,294

2,870

16

8,531

6,226

5,292

4,773

4,437

4,202

4,026

3,890

3,691

3,553

3,181

2,754

18

8,285

6,013

5,092

4,579

4,248

4,015

3,841

3,705

3,508

3,371

2,999

2,567

20

8,096

5,849

4,938

4,431

4,103

3,871

3,699

3,564

3,368

3,231

2,859

2,422

30

7,562

5,390

4,510

4,018

3,699

3,473

3,305

3,173

2,979

2,843

2,469

2,008

40

7,314

5,178

4,313

3,828

3,514

3,291

3,124

2,993

2,801

2,665

2,288

1,806

50

7,171

5,057

4,199

3,720

3,408

3,186

3,020

2,890

2,698

2,563

2,183

1,685

70

7,011

4,922

4,074

3,600

3,291

3,071

2,906

2,777

2,585

2,450

2,067

1,542

100

6,895

4,824

3,984

3,513

3,206

2,988

2,823

2,694

2,503

2,368

1,983

1,429

200

6,763

4,713

3,881

3,414

3,110

2,893

2,730

2,601

2,411

2,275

1,886

1,281

00

6,637

4,607

3,784

3,321

3,019

2,804

2,641

2,513

2,323

2,187

1,793
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Taoauna 8 - Kpuruueckne 3HadeHus aJs kpurepusi Koxpena

n=2 n=3 n=4 n=>5 n=6

P 1% 5% 1% 5% 1% 5% 1% 5% 1% 5%

2 - - 0,995 | 0,975 | 0,979 | 0,939 | 0,959 | 0,906 | 0,937 0,877
3 0,993 | 0,967 | 0,942 | 0,871 | 0,883 | 0,798 | 0,834 | 0,746 | 0,793 0,707
4 0,968 | 0,906 | 0,864 | 0,768 | 0,781 | 0,684 | 0,721 | 0,629 | 0,676 0,590
5 0,928 | 0,841 | 0,788 | 0,684 | 0,696 | 0,598 | 0,633 | 0,544 | 0,588 0,506
6 0,883 | 0,781 | 0,722 | 0,616 | 0,626 | 0,532 | 0,564 | 0,480 | 0,520 0,445
7 0,838 | 0,727 | 0,664 | 0,561 | 0,568 | 0,480 | 0,508 | 0,431 | 0,466 0,397
8 0,794 | 0,680 | 0,615 | 0,516 | 0,521 | 0,438 | 0,463 | 0,391 | 0,423 0,360
9 0,754 | 0,638 | 0,573 | 0,478 | 0,481 | 0,403 | 0,425 | 0,358 | 0,387 0,329
10 0,718 | 0,602 | 0,536 | 0,445 | 0,447 | 0,373 | 0,393 | 0,331 | 0,357 0,303
11 0,684 | 0,570 | 0,504 | 0,417 | 0,418 | 0,348 | 0,366 | 0,308 | 0,332 0,281
12 0,653 | 0541 | 0,475 | 0,392 | 0,392 | 0,326 | 0,343 | 0,288 | 0,310 0,262
13 0,624 | 0515 | 0,450 | 0,371 | 0,369 | 0,307 | 0,322 | 0,271 | 0,291 0,243
14 0,599 | 0,492 | 0,427 | 0,352 | 0,349 | 0,291 | 0,304 | 0,255 | 0,274 0,232
15 0,575 | 0,471 | 0,407 | 0,335 | 0,332 | 0,276 | 0,288 | 0,242 | 0,259 0,220
16 0,553 | 0,452 | 0,388 | 0,319 | 0,316 | 0,262 | 0,274 | 0,230 | 0,246 0,208
17 0,532 | 0,434 | 0,372 | 0,305 | 0,301 | 0,250 | 0,261 | 0,219 | 0,234 0,198
18 0,514 | 0,418 | 0,356 | 0,293 | 0,288 | 0,240 | 0,249 | 0,209 | 0,223 0,189
19 0,496 | 0,403 | 0,343 | 0,281 | 0,276 | 0,230 | 0,238 | 0,200 | 0,214 0,181
20 0,480 | 0,389 | 0,330 | 0,270 | 0,265 | 0,220 | 0,229 | 0,192 | 0,205 0,174
21 0,465 | 0,377 | 0,318 | 0,261 | 0,255 | 0,212 | 0,220 | 0,185 | 0,197 0,167
22 0,450 | 0,365 | 0,307 | 0,252 | 0,246 | 0,204 | 0,212 | 0,178 | 0,189 0,160
23 0,437 | 0,354 | 0,297 | 0,243 | 0,238 | 0,197 | 0,204 | 0,172 | 0,182 0,155
24 0,425 | 0,343 | 0,287 | 0,235 | 0,230 | 0,191 | 0,197 | 0,166 | 0,176 0,149
25 0,413 | 0,334 | 0,278 | 0,228 | 0,222 | 0,485 | 0,190 | 0,160 | 0,170 0,144
26 0,402 | 0,325 | 0,270 | 0,221 | 0,215 | 0,479 | 0,184 | 0,155 | 0,164 0,140
27 0,391 | 0,316 | 0,262 | 0,215 | 0,209 | 0,473 | 0,179 | 0,150 | 0,159 0,135
28 0,382 | 0,308 | 0,255 | 0,209 | 0,202 | 0,168 | 0,173 | 0,146 | 0,154 0,131
29 0,372 | 0,300 | 0,248 | 0,203 | 0,196 | 0,164 | 0,168 | 0,142 | 0,150 0,127
30 0,363 | 0,293 | 0,241 | 0,198 | 0,191 | 0,159 | 0,164 | 0,138 | 0,145 0,124
31 0,355 | 0,286 | 0,235 | 0,193 | 0,186 | 0,155 | 0,159 | 0,134 | 0,141 0,120
32 0,347 | 0,280 | 0,229 | 0,188 | 0,181 | 0,151 | 0,155 | 0,131 | 0,138 0,117
33 0,339 | 0,273 | 0,224 | 0,184 | 0,177 | 0,147 | 0,151 | 0,127 | 0,134 0,114
34 0,332 | 0,267 | 0,218 | 0,179 | 0,172 | 0,144 | 0,147 | 0,124 | 0,131 0,111
35 0,325 | 0,262 | 0,213 | 0,175 | 0,168 | 0,140 | 0,144 | 0,121 | 0,127 0,108

p - KOIMYECTBO JIAOOpaToOpuii AJisl JAHHOTO YPOBHS;

[TpoBepka OTHOPOTHOCTH JAMCIIEPCUN BKJIIOYACT BBIUMCICHUE JOJIU MAaKCUMAJIbHOW JHC-
2
G= SMM
. e
MePCUU CPEeU BCEX AMCIIEPCHIl: T ', KOTOpas 3aTeM CPaBHHBAETCS C KPUTHYECKUM 3HAUe-
auem G(p,m,f), rae f - uncno creneneir cBo0OIBI KAXKIOH nUCTIEPCHH (JIOJDKHO OBITh OJIMHAKO-

BBIM Y BC€X IUCHEPCUIT), M - YHUCIIO AUCIIEPCHUH, P - TOBEpUTEIbHASI BEPOSITHOCTD.
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0,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9
1,0
1,1

1,2

Tabamua 9. 3HavyeHUs IIOTHOCTH CTAHAAPTHOI0 HOPMAJILHOIO pacnpeaeIeHust

0
0,398942
0,396953
0,391043
0,381388
0,36827
0,352065
0,333225
0,312254
0,289692
0,266085
0,241971
0,217852

0,194186

1

0,398922
0,396536
0,390242
0,380226
0,366782
0,350292
0,331215
0,310060
0,287369
0,263688
0,239551
0,215458

0,19186

2

0,398862
0,396080
0,389404
0,379031
0,365263
0,348493
0,329184
0,307851
0,285036
0,261286
0,237132
0,213069

0,189543

3

0,398763
0,395585
0,388529
0,377801
0,363714
0,346668
0,327133
0,305627
0,282694
0,258881
0,234714
0,210686

0,187235

4
0,398623
0,395052
0,387617
0,376537
0,362135
0,344818
0,325062
0,303389
0,280344
0,256471
0,232297
0,208308

0,184937

60

5

0,398444
0,394479
0,386668
0,375240
0,360527
0,342944
0,322972
0,301137
0,277985
0,254059
0,229882
0,205936

0,182649

6

0,398225
0,393868
0,385683
0,373911
0,358890
0,341046
0,320864
0,298872
0,275618
0,251644
0,227470
0,203571

0,180371

1 -
fp[ xj = EE 7
7 8
0,397966 0,397668
0,393219 0,392531
0,384663 0,383606
0,372548 0,371154
0,357225 0,355533
0,339124 0,337180
0,318737 0,316593
0,296595 0,294305
0,273244 0,270864
0,249228 0,246809
0,22506 0,222653
0,201214 0,198863
0,178104 0,175847

0,397330
0,391806
0,382515
0,369728
0,353812
0,335213
0,314432
0,292004
0,268477
0,24439

0,220251
0,196520

0,173602



13
1,4
1,5
1,6
1,7
1,8
1,9
2,0
2,1
2,2
23
2,4
2,5
2,6
2,7

2,8

0,171369
0,149727
0,129518
0,110921
0,094049
0,07895

0,065616
0,053991
0,043984
0,035475
0,028327
0,022395
0,017528
0,013583
0,010421

0,007915

0,169147
0,147639
0,127583
0,109155
0,092459
0,077538
0,064378
0,052919
0,043067
0,034701
0,027682
0,021862
0,017095
0,013234
0,010143

0,007697

0,166937
0,145564
0,125665
0,107406
0,090887
0,076143
0,063157
0,051864
0,042166
0,033941
0,027048
0,021341
0,016670
0,012892
0,009871

0,007483

0,164740
0,143505
0,123763
0,105675
0,089333
0,074766
0,061952
0,050824
0,041280
0,033194
0,026426
0,020829
0,016254
0,012558
0,009606

0,007274

0,162555
0,14146

0,121878
0,103961
0,087796
0,073407
0,060765
0,04980

0,040408
0,03246

0,025817
0,020328
0,015848
0,012232
0,009347

0,007071

61

0,160383
0,139431
0,120009
0,102265
0,086277
0,072065
0,059595
0,048792
0,039550
0,031740
0,025218
0,019837
0,015449
0,011912
0,009094

0,006873

0,158225
0,137417
0,118157
0,100586
0,084776
0,070740
0,058441
0,047800
0,038707
0,031032
0,024631
0,019356
0,015060
0,011600
0,008846

0,006679

0,15608

0,135418
0,116323
0,098925
0,083293
0,069433
0,057304
0,046823
0,037878
0,030337
0,024056
0,018885
0,014678
0,011295
0,008605

0,006491

0,153948
0,133435
0,114505
0,097282
0,081828
0,068144
0,056183
0,045861
0,037063
0,029655
0,023491
0,018423
0,014305
0,010997
0,00837

0,006307

0,151831
0,131468
0,112704
0,095657
0,08038

0,066871
0,055079
0,044915
0,036262
0,028985
0,022937
0,017971
0,01394

0,010706
0,00814

0,006127



2,9 0,005953 0,005782 0,005616 0,005454 0,005296 0,005143 0,004993 0,004847 0,004705 0,004567

3,0 0,004432 0,004301 0,004173 0,004049 0,003928 0,003810 0,003695 |0,003584 0,003475 0,00337

31 0,003267 0,003167 0,00307 0,002975 0,002884 0,002794 0,002707 0,002623 0,002541 0,002461
3,2 0,002384 0,002309 0,002236 0,002165 0,002096 0,002029 0,001964 |0,001901 0,001840 0,001780
3,3 0,001723 0,001667 0,001612 0,001560 0,001508 0,001459 0,001411 0,001364 0,001319 0,001275
3,4 0,001232 0,001191 0,001151 0,001112 0,001075 0,001038 0,001003 |0,000969 0,000936 0,000904
3,5 0,000873 0,000843 0,000814 0,000785 0,000758 0,000732 0,000706 |0,000681 0,000657 0,000634
3,6 0,000612 0,00059 0,000569 0,000549 0,000529 0,000510 0,000492 10,000474 0,000457 0,000441
3,7 0,000425 0,000409 0,000394 0,000380 0,000366 0,000353 0,000340 |0,000327 0,000315 0,000303
3,8 0,000292 0,000281 0,000271 0,000260 0,000251 0,000241 0,000232 |0,000223 0,000215 0,000207
3,9 0,000199 0,000191 0,000184 0,000177 0,000170 0,000163 0,000157 |0,000151 0,000145 0,000139
4,0 0,000134 0,000129 0,000124 0,000119 0,000114 0,000109 0,000105 |0,000101 0,000097 0,000093

B tabnure npuBeneHsl 3Ha4CHUS TUIOTHOCTH CTAHJAPTHOTO HOPMAJILHOTO pactpeeieHus ¢ mapamerpamu a=0 (MaT. oxxuganue) u 6=1 (cp. KB. OTKIOHEHHE). B
Excel 3sHagenus 910 (HYHKIIHE MOKHO BEIYHCIHTD ¢ TIoMoIbio hopmyisl =HOPMPACTI(x;0;1;0). Ecin paccmarpuBaeMoe BaMH pacipeeieHne OTIIMIHO OT CTaH-
napTHOro (a0 Wi 6#£1), IpeBapUTENbHO BEINYHHY HY)KHO HOPMAIN30BaTh: X = (X-a)/G, a TIOTOM YK€ CMOTPETh B TaGIHIle, HIIM BOCIIOIB30BAThCS (hOPMYIIOif B
Excel =HOPMPACII(x;a;c;0).
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Px)= Je Tz
Taduamnua 10. 3nauenue pynkuuu Jlamiaca Vo

X D(x) X D(x) X D(x) X D(x) X D(x) X D(x)

0,00 0,00000 0,50 0,19146 1,00 0,34134 1,50 0,43319 2,00 0,47725 3,00 0,49865
0,01 0,00399 0,51 0,19497 1,01 0,34375 1,51 0,43448 2,02 0,47831 3,05 0,49886
0,02 0,00798 0,52 0,19847 1,02 0,34614 1,52 0,43574 2,04 0,47932 3,10 0,49903
0,03 0,01197 0,53 0,20194 1,03 0,34849 1,53 0,43699 2,06 0,48030 3,15 0,49918
0,04 0,01595 0,54 0,20540 1,04 0,35083 1,54 0,43822 2,08 0,48124 3,20 0,49931
0,05 0,01994 0,55 0,20884 1,05 0,35314 1,55 0,43943 2,10 0,48214 3,25 0,49942
0,06 0,02392 0,56 0,21226 1,06 0,35543 1,56 0,44062 2,12 0,48300 3,30 0,49952
0,07 0,02790 0,57 0,21566 1,07 0,35769 1,57 0,44179 2,14 0,48382 3,35 0,49960
0,08 0,03188 0,58 0,21904 1,08 0,35993 1,58 0,44295 2,16 0,48461 3,40 0,49966
0,09 0,03586 0,59 0,22240 1,09 0,36214 1,59 0,44408 2,18 0,48537 3,45 0,49972
0,10 0,03983 0,60 0,22575 1,10 0,36433 1,60 0,44520 2,20 0,48610 3,50 0,49977
0,11 0,04380 0,61 0,22907 1,11 0,36650 1,61 0,44630 2,22 0,48679 3,55 0,49981
0,12 0,04776 0,62 0,23237 1,12 0,36864 1,62 0,44738 2,24 0,48745 3,60 0,49984
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0,13
0,14
0,15
0,16
0,17
0,18
0,19
0,20
0,21
0,22
0,23
0,24
0,25
0,26
0,27

0,28

0,05172
0,05567
0,05962
0,06356
0,06749
0,07142
0,07535
0,07926
0,08317
0,08706
0,09095
0,09483
0,09871
0,10257
0,10642

0,11026

0,63
0,64
0,65
0,66
0,67
0,68
0,69
0,70
0,71
0,72
0,73
0,74
0,75
0,76
0,77

0,78

0,23565
0,23891
0,24215
0,24537
0,24857
0,25175
0,25490
0,25804
0,26115
0,26424
0,26730
0,27035
0,27337
0,27637
0,27935

0,28230

1,13
1,14
1,15
1,16
1,17
1,18
1,19
1,20
1,21
1,22
1,23
1,24
1,25
1,26
1,27

1,28

0,37076
0,37286
0,37493
0,37698
0,37900
0,38100
0,38298
0,38493
0,38686
0,38877
0,39065
0,39251
0,39435
0,39617
0,39796

0,39973

1,63
1,64
1,65
1,66
1,67
1,68
1,69
1,70
1,71
1,72
1,73
1,74
1,75
1,76
1,77

1,78
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0,44845
0,44950
0,45053
0,45154
0,45254
0,45352
0,45449
0,45543
0,45637
0,45728
0,45818
0,45907
0,45994
0,46080
0,46164

0,46246

2,26
2,28
2,30
2,32
2,34
2,36
2,38
2,40
2,42
2,44
2,46
2,48
2,50
2,52
2,54

2,56

0,48809
0,48870
0,48928
0,48983
0,49036
0,49086
0,49134
0,49180
0,49224
0,49266
0,49305
0,49343
0,49379
0,49413
0,49446

0,49477

3,65
3,70
3,75
3,80
3,85
3,90
3,95
4,00
4,05
4,10
4,15
4,20
4,25
4,30
4,35

4,40

0,49987
0,49989
0,49991
0,49993
0,49994
0,49995
0,49996
0,49997
0,49997
0,49998
0,49998
0,49999
0,49999
0,49999
0,49999

0,49999



0,29
0,30
0,31
0,32
0,33
0,34
0,35
0,36
0,37
0,38
0,39
0,40
0,41
0,42
0,43

0,44

0,11409
0,11791
0,12172
0,12552
0,12930
0,13307
0,13683
0,14058
0,14431
0,14803
0,15173
0,15542
0,15910
0,16276
0,16640

0,17003

0,79
0,80
0,81
0,82
0,83
0,84
0,85
0,86
0,87
0,88
0,89
0,90
0,91
0,92
0,93

0,94

0,28524
0,28814
0,29103
0,29389
0,29673
0,29955
0,30234
0,30511
0,30785
0,31057
0,31327
0,31594
0,31859
0,32121
0,32381

0,32639

1,29
1,30
1,31
1,32
1,33
1,34
1,35
1,36
1,37
1,38
1,39
1,40
1,41
1,42
1,43

1,44

0,40147
0,40320
0,40490
0,40658
0,40824
0,40988
0,41149
0,41309
0,41466
0,41621
0,41774
0,41924
0,42073
0,42220
0,42364

0,42507

1,79
1,80
1,81
1,82
1,83
1,84
1,85
1,86
1,87
1,88
1,89
1,90
191
1,92
1,93

1,94
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0,46327
0,46407
0,46485
0,46562
0,46638
0,46712
0,46784
0,46856
0,46926
0,46995
0,47062
0,47128
0,47193
0,47257
0,47320

0,47381

2,58
2,60
2,62
2,64
2,66
2,68
2,70
2,72
2,74
2,76
2,78
2,80
2,82
2,84
2,86

2,88

0,49506
0,49534
0,49560
0,49585
0,49609
0,49632
0,49653
0,49674
0,49693
0,49711
0,49728
0,49744
0,49760
0,49774
0,49788

0,49801

4,45
4,50
4,55
4,60
4,65
4,70
4,75
4,80
4,85
4,90
4,95

5,00

0,50000
0,50000
0,50000
0,50000
0,50000
0,50000
0,50000
0,50000
0,50000
0,50000
0,50000

0,50000



0,45 0,17364 0,95 0,32894 1,45 0,42647 1,95 0,47441 2,90 0,49813

0,46 0,17724 0,96 0,33147 1,46 0,42785 1,96 0,47500 2,92 0,49825
0,47 0,18082 0,97 0,33398 1,47 0,42922 1,97 0,47558 2,94 0,49836
0,48 0,18439 0,98 0,33646 1,48 0,43056 1,98 0,47615 2,96 0,49846
0,49 0,18793 0,99 0,33891 1,49 0,43189 1,99 0,47670 2,98 0,49856

s orpunatenphbix 3HaueHuid O(-X)=-O(X). g x>5 D(X)=0,5 . B Excel 3Hauenue dpynkiun Jlariaca MOXXHO BBIYHCIUTH ¢ MOMOIIBIO (HOPMYJIBI
=HOPMCTPACII(uucmno) - 0,5. Ilo ceoemy normueckomy coaepkanuto ¢pynkmnus Jlamraca O(X) 6mm3ka kK HHTErpaIbHON (PYHKIIMH HOPMAIBHOTO pacipeeIeH s
F(X), ux B3aumocBs3b: P(X) =F(X) - 0,5
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Yyeonoe uzoanue

Kynpeenko Anexkceit UBanoBUY
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