MHWHOBPHAYKHW POCCHUU

DdenepaTbHOE TOCY AapCTBEHHOE OFOKETHOE
oOpazoBaTenbHOE YUpek/IeHne BrIcIIero o0pa3oBaHmsa
«TyNbcknH ToCcyTapCTBEHHBI YHUBEPCUTET

[TomMTexHUUECKUN UHCTUTY T
Kadenpa « TexHonornieckue cUCTEMBI ITUIEBLIX, TOIUTPadhUISCKIX
1 YIAaKOBOYHBIX IPOU3BOJICTBY»

YTBepk/IeHO Ha 3aceaHuu Kadeaphl
«TexHONMOTMUECKUE CUCTEMBI ITUI[EBLIX,
Monurpadpuieckux 1 yIakoBOUHBIX
IPOM3BOJCTB»

«26» auBap4a 2022 r., npotoxon Ne 6

3aBeAyIOMUH Kaﬁe;{p_ 1]
&/ B.B. IIpetic
T

METOJMYECKHNE YKA3ZAHIIA
1HO ITPAKTUYECKVM (CEMNHAPCKIM) SAH;TISNIM

10 JUCIILIIHE (MO/TY.JIIO)

«MeToabl U cpeacrea HccJieJoBaHHH B HOJ]HFpﬂ(l)H‘leCRHX H YITAKOBOYHLIX
IPpOH3BOACTBAX»

0CHOBHOI1 nMpodeccHoHaILHOH 00pa3oBaTe/ILHOI MPOr paMMbI
BhICIIIETr0 00pazoBaHHA — MPOrPaMMbI daKaJIaBpHaTa

10 HAIIPaBISHUIO MOJTOTOBKHU
29.03.03 TexHosorus nNoJurpapuIecKoro U YNnaKoBo4YHoOr 0 rpou3BoAcTBa

C HAIIPaBIEHHOCTHIO (TIPOdUIIEM )
TexHoJ0THSA OTUTPaPHUECKOT0 MPOU3BOACTBA

Dopmbl 00yUeHUS: 3a0UHaAL

WnenTudukallMOHHEI HOMep oOpazoBaTeNnbHO# mporpamMmel: 290303-01-22

Tyma 2022 rog



JIMCT COT'JIACOBAHIISA
NMPAKTHYECKHX 3AHATHI JUCHHUILIHHbI (MOYJIA)

Pa3paborumnk:

ITpockypsakos H.E., npodeccop, 10KT. TEXH. HAVK, npodeccop

(®PUO, nomKHOCTE, yueHas CTENeHb, YIEHOE 3BaHHE) / / (moanmMce)



COJEPXAHME

[IpakTuueckoe 3anstue Nel. OtGop o0OpasioB, Npod U BBIOOPOK JIst
WCCIICIOBAHHUS CBOWMCTB TMOJUTPAPUUESCKUX MaTEpPHAJIOB, METOIbl OICHKH HX

15 (51001 05 £0] 01031 03 (0T 1 (PP SPROPPPPR 4
[Ipaktuueckoe 3ansaTue Ne2. OnHodakTopHbIi 3KcniepuMeHT. OnpenencHue
JMHEWHOTO YPABHEHUS PETPECCUU TIEPBOTO MOPAIKA ..eenevreeenereearireesnirreesnireeeaneeeennnee 9
[TpakTrueckoe 3ansitue Ne 3. OCHOBBI IJITAHUPOBAHUS SKCIIEPUMEHTA .......... 19
[IpakTnueckoe 3ansitue Ne4. IlomaHbIii (HAKTOPHBIM IKCIEPUMEHT 10
MCCJICIOBAHUIO MTOCICTICYATHBIX TIPOIIECCOB ....vvvreeeernerrreeeeaerrreeeeernrreeeeesanrseeeesssssseeens 29
[Ipaktudeckoe 3ansite NoS. IlocTtaHoBKa (DakTOPHOTO HSKCIIEPUMEHTA MPHU
UCCJIEIOBAHUM Ka4eCTBA MOTUTPAPUUIESCKIX U3ACTUN (FACTD 1).ccvvveeiieiiieieeiee, 39
[IpakTuyeckoe 3anstue Ne6. IlocraHoBka (DaKTOPHOTO IKCHEPUMEHTA MpU
MCCIIEIOBAHUH KaueCTBA MOJUTPAPUIECCKUX UBACTUA (HACTD 2). cveeveeereenreenieeneeene 44
TIPUTIOMKEHMSL......coiiiiiiieee et 49

BUBJIMOTPADGUYUECKUIM CIITACOK ..o, 52



IIpakTunyeckoe 3ansitue Nel. OT60op 00pa3uoB, Npod U BHIOOPOK 1JIst
HCCJICOBAHNA CBOCTB MOJUrpagpuyecKux MaTepuaioB, MeTOIbl
OLleHKH UX HEOJHOPOJAHOCTH

1. HEJIb PABOTbI

eanb padoThI:

1.M3y4uTh mpuUHLOHUIOB U METOAbI 0TOOpa 00pa3mnoB, Mpod U BHIOOPOK IpHU
UCCIICIOBAHUH CBOMCTB MOIUTPAPUUECKIX MaTEPHAIIOB.

2.13yunts CITOCOOBI BBIYHCIICHUS OCHOBHBIX CTaTHCTUYECKUX
XapaKTEePUCTHUK.

3agayu padoThI:

1.M3yunuth npuHOUIBI 0TOOpa 00pa3ioB, mpod U BBHIOOPOK. OCHOBHBIC
MOHATHS U ONPEJICTICHHUS.

2.Pe3ynbTaThl UCCIIEIOBAaHUS CBOMCTB MOJIUTpadUUIeCKUX MaTEpHalioB.

3.Pacuer CTaTUCTUYECKUX  XapaKTEPUCTUK PE3yJIbTATOB  H3MEPEHUM
KJIACCUYECKUM CIIOCOOOM.

4.PacdeT CTaTUCTHYECKUX XaPaKTEPUCTHUK YIPOIIECHHBIMHU CIIOCOOAMHU.

5.Ananu3 pe3yabTaToB padoThl, GOPMYITUPOBKA BHIBOJIOB.

2. OCHOBHBIE TEOPETNHYECKHE CBEJIEHUA

KoHTpons kauecTBa NpOayKIMH OCYIIECTBISIOT CIJIOIIHBIM U BRIOOPOUYHBIM
criocobamu. B yierkoil mpoMBINIIEHHOCTH U OBITOBOM OOCIY>XKMBaHUM HauOojee
4acTO MPUMEHSETCS] BBHIOOPOYHBIH KOHTPOJb KauecTBa MpoAyKuuu. Ilpu sTom
NapTUIO MPOIYKIIMU PACCMaTPUBAIOT KaK T€HEPATbHYI0 COBOKYIMHOCTH €IMHUIIL
J1000M MTPOAYKIIHH, & €€ UCCIEAYEMYIO YaCTh Ha3bIBAIOT OJMHAKOBO — BHIOOPKOM.

UTtoObl BBIOOpPKA OTpakaja CBOWCTBAa MAPTHUU MNPOAYKIMHU M IIO3BOJISIIA
MPOTHO3UPOBATh WX, BBIOOPKY HEOOXOAMMO OTOUpaTh IO OIpPE/ICICHHBIM
MIpaBUJIaM.

OO0beM BBIOOpKM  ONpENENseTCS HEPAaBHOMEPHOCTHIO TMPOAYKIHU U
BEJIMYMHON JOBEPUTEIbHBIX T'PAHUL]l UJIM HHTEpPBaa, B Ipeiesiax KOTOPBIX JOJKHO
HAaXOJUTHCA MCKOMOE 3HAYCHHUE MOKa3aTessl CBOMCTB BCEHl MapTUHM MPOMYKIIWH.
Uem OoJibllle HEPAaBHOMEPHOCTh MaTepuasia (HEOOHOPOAHOCTb) M 4YeM OOJiblie
3a/J1aBaeMasi BEJIMYMHA JOBEPUTEIBHOTO MHTEpBaia, TeM OOJBIINM JOJKEH OBITh
06bem BbIOOPKHU. [10 BO3MOKHOCTH 00BEM BBIOOPKH MPUHUMAIOT MHUHUMAJIbHBIM
UL YCKOpPEHHUsI  WCTbITaHWi. BbIOOpOYHBIE  3HAYECHHUS  XapaKTEPUCTHK
pacrpeeneHus BEpOITHOCTEH B TeHEepaIbHOW COBOKYITHOCTH Ha3bIBAIOT OLICHKAMH
WU cTaTUCTUKaMH. K OCHOBHBIM CTaTHCTHKAaM OTHOCATCS CpEIHEe, TUCTIEPCHs,
CpEeIHEKBapaTUUECKOE OTKIOHEHHUE, KOG PULIMEHT BapHallUu.

Bb160p0o4HOM COBOKYITHOCTBIO WJTH MPOCTO BHIOOPKOI HAa3bIBAIOT COBOKYITHOCTh
CIIy4aifHO OTOOpaHHBIX OOBEKTOB.

['eHepasibHOI COBOKYITHOCTBIO Ha3bIBAIOT COBOKYITHOCTh OOBEKTOB, U3 KOTOPHIX
IPOU3BOUTCS BHIOOPKA.

OOpazerr — 4acth OOBEKTa WCHBITAHUS, KOTOPBIM HETOCPEIACTBEHHO
MIOJIBEPTaeTCs UCTIBITAHUIO.



Mertoasl oTO0pa npoo:

Ha mpaxTuke npuMeHsIIoTCs pa3inuyHble MeToAbl 0TO0pa nmpo0. [IpuHnmnuamsHO
UX MOXHO MOJPA3AEIUTh Ha J1Ba BUJIA:

1. Ot6op, He TpeOyroumil pacuieHEeHUs! TeHePaJTbHON COBOKYITHOCTH Ha YaCTH:

a) MPOCTOM CiydaiiHbI OECOBTOPHBIN OTOOP;

0) MpocCTO# Cily4yaiHbINA MOBTOPHBINA OTOOP.

2. Ot0op, pU KOTOPOM IreHepaibHasi COBOKYIMHOCTh pa30MBAETCs HA YaCTH:

a) TUIUYECKUI 0TOOD;

0) MEXaHUYECKUM 0TOOD;

B) CEPHIHBINA OTOOD.

[IpocThiM clly4aiiHBIM Ha3bIBAIOT TaKoOW OTOOp, TPH KOTOPOM OOBEKTHI
M3BJICKAIOT IO OJJHOMY M3 BCEH F'€HEPATbHOM COBOKYITHOCTH.

Tunnueckum Ha3BIBAIOT OTOOP, IPU KOTOPOM OOBEKTHI OTOMPAIOTCS HE U3 BCEH
TEHEPAIbHON COBOKYITHOCTH, & U3 KaXJ0M €€ «TUITUYECKOM) YaCTH.

MexaHn4ecKUM Ha3bIBalOT O0TOOP, IPU KOTOPOM TI'€HEPAIBHYIO COBOKYITHOCTh
«MEXaHUYECKH» JENAT Ha CTOJIbKO TPYII, CKOJbKO OOBEKTOB JOHKHO BOUTH B
BBIOOPKY, a U3 KaXKJ0U rpyMIbl OTOUPAIOT OJAUH OOBEKT.

CepuiiHbIM Ha3bIBAlOT OTOOpP, NPU KOTOPOM OOBEKTHl OTOUPAIOT U3
reHepabHOM COBOKYITHOCTH HE MO OJHOMY, & «CEpUSIMI», KOTOPBIE MOJBEPraroTCs
CIUIOLITHOMY 00CJI€IOBAHUIO.

[ToguepkHeM, YTO HA TPAKTUKE YACTO MPUMEHSIETCS] KOMOMHUPOBAHHBIN 0TOOD,
pU KOTOPOM COYETAIOTCS YKa3aHHBIE BBIIIE CIIOCOOBI.

3. MPAKTUYECKUE 3ATAYU U YITPA'KHEHU S

1. PesynpTarbl mM3MepeHUN HWCMBITAHUS AAaHHON BBHIOOPKHM W PE3yJbTaThl
pacueTa CTaTUCTHK, 3aHOCSTCS B TaoOuI. 1.

Ta6nuna 1

[TepBuunbIC OTKIIOHEHUE KBagparuueckoe
pe3yJIbTaThI MIEPBUYHOTO orknonenue (Xi— X)?

I |u3MepeHuit Xi, r/mM?  |pe3yibTara oT

552.,8 6,7 44,89

548,7 2,6 6,76

5373 -8,8 77,44

545,0 -1,1 1,21

5424 -3,7 13,69

550,2 4,1 16,81

X Xi 2(Xi-X) 2(Xi-X)?

32764 -0,2 160,8

2. OGpabarpIBaeT MOJYyUYCHHBIE PE3YyJIHTAThl KIIACCUUYECKUM CIIOCOOOM.
2.1. Cpennuii pe3ynabTaT HaOII01aEMOT0 TTPU3HAKA OMPEACIISIIOT 110 hopmyIie:



X:lzn:)(i =é()(1 + X, 4.+ X, )=546,1
Nz

2.2. OTKJIOHEHHE KaXA0TO HAOII0ACHHS B OMIBITE OT CPEIHETO:

M,=X,-X
2.3. OnpenensioT JUCIEPCUIO0 TEOPETUUECKOTO pacipee/IeHUs:
1 < = 1 — — _
Sy = 1Z(X,- -X) = ﬁ(()(l CXF 4 (0, - X o (X, - X )=3216
n—1,,4 -

2.4. BbiOOpo4yHOE CpEIHEKBAJAPATUYECKOE OTKIOHEHHE ONPEIESIOT 110
dbopmyiie:

S, =~/S2 =,/32.16 =5,7

3.5. BeiGopounoe 3Hauenue kodpduimenta Bapuaruu Cp (%), ABIgronieics
MEpPO OTHOCHUTEJIBHON HM3MEHUYMBOCTM HaOMI0aeMON CIIy4yalHOW BEJIMYUHBI,
BBIYHCIIAIOT IO (hopmyIie:

c, =5 .100= >
X 54

-100 =1,04%
b
[Ipu OosbIIOM YHKCIE MCHOBITAHUNA MCHOJB3YIOT YIPOIIEHHBIE CIIOCOObI
BBIYHMCIICHUN CTATUCTUK (ITPOU3BENICHUN, CYyMM).
3. Boluucienne cTaTuCTUUECKUX XapaKTEPUCTHK CIIOCOOOM MPOU3BEACHHM.
Pe3ynprarel n3MepeHnii TOJIIUHBI KAPTOHA B MM:

1.23 1.23 1.28 1.26
1.22 1.25 1.24 1.24
1.26 1.24 1.21 1.22
1.20 1.25 1.23 1.25
1.21 1.27 1.25 1.21
1.25 1.24 1.24 1.27
1.28 1.22 1.20 1.24
1.24 1.23 1.24 1.26
1.26 1.24 1.27 1.24
1.24 1.26 1.25 1.24

[Ipu yucne ucneitanuii n=40 npuMeHseM YNPOMIEHHBIA CHOCO0 MoacuéTa
CpemHero apu(pMeTH4ecKoro, CpeaHero apuMeTHUecKoro OTKJIOHEHUS U
koddduIMeHTa Bapualuu, pe3yJbTaThl MEPBUYHBIX HAOMIO/EHUN pa3OuBacM Ha
paspsabl C ONPEICIEHHBIM HHTEPBAIIOM M ONPENEISEM YacTOTy BCTPEYAEMOCTH
pe3yJIbTaTOB HAOJIOACHUN B KAXOM pa3Jere.

[To Tabnuue 2 onpenesnseM KOIUYECTBO KiaccoB, T.K. n=40, To BeiOupaem 10
KJIACCOB.

Tabmuna 2



Yucio 0
nembmanu |25 | 50 100 [200  |500 0
; 500
KommiecTs | 7 4y g 13 |9..14  |10..16 |12..18 | 14...20
0 KJIaCCOB

OnpenensieM pa3Max pe3yiabTaroB wucnbiTaHuid R. Jlns sTtoro w3 Bceit
COBOKYMHOCTU PE€3YyJIbTaTOB BBIOUPAET HAMOONBIIYI0O Xmax U HAUMEHBITYIO Xmin
BEJIMYMHBI U ONPEIEISAEM Pa3HULY MEXKAY HUMU:

R=X__-X_. =128-120=0.08
Janee onpenensieM UHTEpBaJ Kjacca (pa3psaa):

R 0.08
k=—=—-=0.008
i 10
[Tocne ompeneneHus MHTEpBaia Kiacca NMEPBUYHBIC PE3YJIBTATHI TPYIITUPYIOT
0 pa3psjaM 1 ONPEACIISIFOT YacTOTy n; (Tads.3).

Tabauma 3
Homep I'parunel Yacrorta YcnoBHOE Cymma Si | Cymma S:
paspsiioB pa3psaoB OTKJIOHEHHUE
1 1.20...1.208 |2 -5 -10 50
2 1.208...1.216 | 3 -4 -12 48
3 1.216...1.224 |3 -3 -9 27
4 1.224...1.232 | 4 -2 -8 16
5 1.232...1.240 | 4 -1 -4 4
6 1.240...1.248 | 8 0 0 0
7 1.248...1.256 | 6 +1 6 6
8 1.256...1.264 |5 +2 10 20
9 1.264...1.272 |3 +3 9 27
10 1.272...1.280 | 2 +4 8 32
10 40 10 230

OmnpenensieM YCIOBHOE CpEIHEE 3HAYEHUE Xo KaK ITOIyCYMMY 3HA4YECHUH
HVDKHEW IpaHuLbl Kjlacca:

X, +X,,,  (1.240+1.248)

X, = =1.244
2
Cpennee aprdmeTnieckoe pe3yIbTaToB UCIIBITAHUI:
)= xy S 9gg 4 000810 o6
n 40

. 2
OmnpenensgeM cymMMy KBaJIpaTOB OTKJIIOHEHUM ZX :
2

2 10
3 X =S? _S50 o302 ~ 0 =52897.5
n



Boruncisiem cpelHeKBaApaTuyeCKOe OTKIOHEHHE:

X2
S, =k Z =O.0081/M =0.29
n—1 39

Hanee onpenenseM KodOPUITUEHT BapHaIIK:

C, :£-100=E-100%:23.3%
X 1.246

4. OBOPYJIOBAHME U MATEPUAJIBHO-TEXHUYECKOE
OBECIIEYEHHE

MynbTuMenuiiHbId  Kitacc, oOopyaoBaHHble mnpoekropom u 1K ¢
YCTaHOBJICHHBIM MPOTPaMMHBIM 00€CIIEYeHUEM HE HIDKE:

1) Oneparmonnas cuctema Windows XP;

2) Penakrop npesentauuii MS PowerPoint.

3) Ilocobuss U HMHCTPYMEHTHI: 00pa3lpl MOJUTPAPUUECKHX MaTEpUAIIOB,
MUKPOKAIbKYJISITOP.

5. OTYET O PABOTE JOJI’KEH COJAEP/KATD.

1. UcxonHple naHHbIC (BapUAHT 3a/1aHuUs)

2. Pacuer cTaTUCTUYECKUX XapPaKTEPUCTUK KIIACCUYECKUM M YIIPOIICHHBIMHU
criocobamu.

3. Ananu3 pe3yabTaToB padoThl, GOPMYITUPOBKA BHIBOJIOB.

BriBogsr:

- B TpOIECcCE BBHIMOIHCHUS MPAKTUYECKOTO 3aHSATUS OBUTM H3YUYEHBI
NPUHIUIIBI 1 METOAbl 0TOOpa 00pa3uoB, Npod U BBHIOOPOK MPHU HUCCIETOBAHUU
CBOMCTB MOJUrpapuIecKux MaTeprualiosn,

- OCBOEHBI CIOCOOBI BBIYHUCIIEHUSI OCHOBHBIX CTATUCTUYECKUX XapaKTEPUCTUK
pacrpeneneHusl.



IpakTuyeckoe 3ansaTue Ne2. OnHOPaAKTOPHBIH IKCIIEPUMEHT.
OnpeaesieHue JUHEHHOr0 YPABHEHUS PerpecCUu NepBoro nopsaKa

1. IIEJIb PABOTbI

eas padoThI:

OcBoeHne  METOJOB  MaTeMaTH4Yeckoil  00paboTku  pe3ynbTaToOB
UCCJICOBAHUS CBOWCTB MOJUTpaUUECKUX MaTepuajoB; ONpPEACICHHE ypaBHEHUS
perpeccu 1mno JaHHBIM OJHO(AKTOPHOTO HKCIIEPUMEHTA.

3agaum padoThI:

1. Cratuctuueckas o00paboTKa NEPBUUYHBIX PE3YIbTATOB IKCIIEPUMEHTA.

2. Pacuer kputepus KoxpeHa u mpoBepka OJHOPOJHOCTH JHUCIIEPCUU B
ONBITaX MaTPHULBI.

3. OmnpeneneHue cpegHed IUCIEPCUU BBIXOJHOIO IIapamMeTpa B ONBITax
MaTpPUIIBL.

4. OmnpeneneHue KO3(P(ULUHUEHTOB PErpeccCUM U COCTaBJIEHUE YpaBHEHUS
perpeccuu.

5. OmnpeneneHue aaeKBaTHOCTH YpPaBHEHHUs perpeccuu. Pacuer kpurepus
Oumepa.

6. OueHKa 3HAYUMOCTU KOS PUIIMEHTOB PETPECCHUH.

7. OnpeneneHue JOBEPUTEIbHBIX MHTEPBAJIOB CPEIHUX U MHAMBUIYaJIbHBIX
3HAUYE€HUM BBIXOJIHOTO Mapamerpa.

8. ITocTpoenue rpaduka NOJTy4EeHHOTO YPABHEHUS PETPECCHUMU.

9. Ananu3 pe3ynbTaToB padoThl. DOPMYIUPOBKA BHIBOAOB.

2. OCHOBHBIE TEOPETHYECKHE CBEJIEHUSA

B Hacrosimiee BpeMs TMpU  HCCIENOBAHUU CBOMCTB MOJUrpadUuECcKUX
MaTepuagoB W JAPYTrUX BHUIOB MPOAYKIUMU IIUPOKOE NPUMEHEHUE MOTYyUHIIN
MaTEeMaTUKO-CTaTUCTUUECKUE METO/IbI IUTAHUPOBAHUS YKCIIEPUMEHTOB.

B 3amauy muiaHupoBaHUs SKCIIEPUMEHTa BXOJST: BHIOOP HEOOXOAMMBIX MAJIf
HKCIIEPUMEHTA OMBITOB, T.€. IOCTPOCHUE MATPHUILIBI JIAHWPOBAHUS, BEIOOP METO0B
MaTeMaTU4ecKoi 00pabOTKH pe3yIbTaTOB HKCIEPUMEHTA.

CymectByeT JABa BHJIA IUJIAaHUPOBAHUS  aKTHMBHOTO  DKCIEPHUMEHTA!
TpPaJAUIIMOHHOE (KIaccu4eckoe) oqHo(akTopHOE M MHOTOGAKTOpHOE ((hakTOpHOE).

B TpamunmonHoM ogHO(AKTOPHOM IUTAHMPOBAHWHM H3y4aeTcs BIUSHUE Ha
BBIXOJIHOM MapaMeTp OJHOTO BXOAHOro napamerpa (dakropa).

B pesynbrare 00paOOTKM 3KCIEPUMEHTANBbHBIX JAHHBIX  OINPEIEISIIOT
B3aMMOCBSI3b MEXAY BBIXOIHBIM MapameTpoM (Y) U BapbUpPyEeMbIM Ha HECKOJIBKHX
ypoBHsX (akrtopoM (X). Maremaruueckass Mojelib B OOIIEM BHUIE OMHCHIBACTCS
byHKIMEH OTKIUKA:

y = f(x) (1)

[Ipu cymiecTBOBaHWM JMHEMHOM CBA3M MEXIYy BXOJHBIMU U BBIXOJHBIMU
napaMeTpaMH ypaBHEHHUE PETPECCUU UMEET CIAEAYIOLIUN BUA:

y = dotdi(x-X), 2)
rae  do,di — ko3 PULIHEHTH ypaBHEHUS PETPECCHHU.



AJIEKBaTHOCTh YpPaBHEHHSI PErpeccuu MpoBepsieTcs Mo Kputeputo duinepa
[1,4]. Ecnu pacuetHoe 3Hauenue kputepust @umiepa (Fp) menbiie Tabauynoro (Fi),
TO runoTe3a 00 aJeKBaTHOCTU JIUHEHHOU MOJEIU HE OTBEpraercs.

3. NIPAKTUYECKHE 3ATAYHU U YIIPAYKHEHU A

1. Cratuctudeckas o0paboTka MEPBUYHBIX Pe3yJbTaTOB SKCIIEPHUMEHTA
[TomyueHHbIe 3HAYCHHWS CTATUCTHUECKUX  XapaKTEPUCTHK 3aHOCHM B
COOTBETCTBYIOIIHE Tpadbl Ta0I. 1.
Ta0mmma 1
PacuéTpl cTaTUCTHYECKUX XapaKTEPUCTUK

N 3HaueHue napamerpa,Y

0

| dakrop N S2 S C,

bl X 1 2

T

a

114 9.93 9.47 9.70 0.106 0.325 3.353
212 9.81 9.32 9.56 0.120 0.346 3.622
3420 9.76 9.21 9.48 0.151 0.389 4.1
4127 9.74 9.16 9.45 0.168 0.41 4.34
5] 35 9.73 9.12 9.42 0.186 0.431 4.577
6,43 9.68 9.10 9.39 0.168 0.41 4.368
7150 9.67 9.07 9.37 0.180 0.424 4.528
8] 58 9.64 9.04 9.34 0.180 0.424 4.542
9] 66 9.63 9.01 9.32 0.192 0.438 4.704
1(73 9.62 9.00 9.32 0.192 0.438 4.709
1|81 9.61 8.99 9.30 0.192 0.438 4.714
1] 88 9.62 8.97 9.29 0.212 0.46 4.945
1196 9.60 8.95 9.27 0.212 0.46 4.955
14 104 9.58 8.94 9.26 0.205 0.453 4.887
11111 9.57 8.92 9.24 0.212 0.46 4.972
1¢ 119 9.54 8.92 9.23 0.192 0.438 4.75
11 126 9.55 8.93 9.22 0.192 0.438 4.745
14 134 9.53 8.90 9.21 0.198 0.445 4.834
14 141 9.53 8.89 9.21 0.205 0.453 4.914
2( 149 9.52 8.88 9.20 0.205 0.453 4919
2| 156 9.51 8.86 9.18 0.212 0.46 5.004
2] 164 9.49 8.88 9.18 0.186 0.431 4.696
2] 171 9.49 8.85 9.17 0.205 0.453 4.935
24 179 9.49 8.82 9.15 0.225 0.474 5.175
21186 9.47 8.82 9.14 0.212 0.46 5.026




24 194 9.46 8.82 9.14 0.205 0.453 4.951
21201 9.45 8.82 9.13 0.225 0.474 5.175
2¢ 209 9.47 8.80 9.13 0.212 0.46 5.026
24216 9.46 8.80 9.13 0.218 0.467 5.112
30224 9.45 8.79 9.12 0.218 0.467 5.117

2. Pacuér kpurepust KoxpeHa u npoBepka OJHOPOJHOCTH TUCIEPCUU B OIbITaX
MaTpUIbI

J171st mpoBepKH OJHOPOAHOCTH AUCIIEPCUN W BOCTIPOM3BOAMMOCTH IKCIIEPUMEHTA
NPy OJTMHAKOBOM TMOBTOPHOCTH (M) BCEX OIBITOB PACCUMTHIBACM 3HAYCHHUE KPUTCPHS
Koxpena G, no hopmyne
_ S, max{y}

ZSZ {}

e S)max{y} - MaKCUMaJIbHasI IUCIICPCHUS U3 BCEX OIBITOB;

G

3

=0.039 (3)

N
Z S?{y} - cyMMa BCEX TUCIICPCHUI IKCIIEPUMEHTA.

u=1

Hanee pacuérHoe 3HaueHue Gp CpaBHMBaeM C TaOJW4YHbIM 3HadyeHHeM Qr.
Jlucriepcuy  OJHOPOJHBI M YHUCIO TOBTOPHBIX OMNBITOB OAMHAKOBO, T.K. Gp< Gr
(0.039<0.3632).

3. Omnpenenenue cpeiHer JUCTIEPCUU BBIXOIHOTO MapaMeTpa B OMbITAX MATPULIBI

T.x. B onbITax MaTpuibl JUCIEPCUN OJHOPOAHBI U YHUCIO MOBTOPHBIX OIBITOB
OJIMHAKOBO, TO CPEIHIOIO TUCTIEPCHIO ONIPEIEIISIIOT 10 (hopMyie

N
2S5
S(zl) {»} =”:1T=0.193 4)

[Tocne aToro onpezaensieM YUCIIO CTENEHe CBOOO b CPETHEN TUCTIEPCHU;
F(8°0){y})=N(m-1)=30 (5)
Cpenmusisi mucniepcHsi XapakTepu3yeT CPeIHHN pPa30poc 3HAYCHHN BBIXOTHOTO
napaMmeTpa OTHOCHTEIBHO €T0 CPEIHUX 3HAYCHHUH, T.€. OIIMOKY OIBITOB B AKCIIEPHUMEHTE.
4. Ompenenenne K0d(Q(UIIMEHTOB PETPECCMM M COCTABICHHE YpPaBHEHHS
perpeccun
Jucriepcur BBIXOAHOTO MapaMeTpa sl KaXJa0ro ypoBHs (hakropa OJHOPOJHBI,
CJIEIJIBATENILHO, MPUMEHSIEM METO]I HAMMEHBILIMX KBAPATOB.
KoadduimenTs! ypaBHeHus perpeccuu onpeaessieM no Gopmysam:
N
2.

d, = lT =y=9275 (6)

dx -0y,
="t
2 (x, —x)°

rac Yy - CPpCAHCC 3HAYCHHUC PC3YJIbTaTa dKCIICPUMCHTA,

=-1.967x10"" (7)




Xy - 3HaUEHHE (haKTopa Ha ONPEICIICHHOM U-YPOBHE;
x - cpenHee 3HaYeHHe (HaKkTopa.
Ji1s ynoOcTBa Bce MPOMEKYTOUHBIE pacueThl CBOJAT B Ta0I. 2.
Tabmnuiia 2
PacueT ko3 huIineHToB ypaBHEHUSI perpeccuun

Ne dakTop ~ ~ S ~. O
ombita | - Xu- X (Xu- X)? Yu (Xu- X) Yu
u

1. 4 -110.567 12225.06 9.70 -1072.49
2. 12 -102.567 10519.99 9.56 -980.54
3. 20 -94.567 8942 91 9.48 -896.49
4, 27 -87.567 7667.98 9.45 -827.51
3. 35 -79.567 6331.38 9.42 -749.52
6. 43 -71.567 5121.84 9.39 -672.01
7. 50 -64.567 4168.89 9.37 -604.99
8. 58 -56.567 3199.83 9.34 -528.34
0. 66 -48.567 2358.75 9.32 -452.64
10. 73 -41.567 1727.82 9.32 -387.40
11. 81 -33.567 1126.74 9.30 -312.17
12. 88 -26.567 705.81 9.29 -246.81
13. 96 -18.567 344.73 9.27 -172.12
14. 104 -10.567 111.66 9.26 -97.85
15. 111 -3.567 12.72 9.24 -32.96
16. 119 4.433 19.65 9.23 40.92
17. 126 11.433 130.71 9.22 105.41
18. 134 19.433 377.64 9.21 178.98
19. 141 26.433 698.70 9.21 243.45
20. 149 34.433 1185.63 9.20 316.78
21. 156 41.433 1716.69 9.18 380.35
22. 164 49.433 2443.62 9.18 453.79
23. 171 56.433 3184.68 9.17 517.49
24. 179 64.433 4151.61 9.15 589.56
25. 186 71.433 5102.67 9.14 652.89
26. 194 79.433 6309.60 9.14 726.60
27. 201 86.433 7470.66 9.13 489.13
28. 209 94.433 8917.59 9.13 862.17
29. 216 101.433 10288.65 9.13 926.08
30. 224 109.433 11975.58 9.12 998.02

[Tocnme omnpenenenus KOA()PHUIHMEHTOB COCTABISIOT HMCKOMOE YpaBHCHHE
perpeccuu:

yr = dotd1(x-X). (8)

5. OnpeneneHne aneKBaTHOCTH YpPaBHEHMS perpeccuu. Pacuersl kpurepus

@umepa. /[ng onpeneneHus aneKBaTHOCTH IOJIYYEHHOTro ypaBHeHUs (8)

UCIIOJIB3YIOT KpuTepuil Puiiepa, paC4eTHOE 3HAYEHHUE KOTOPOTO OINPEAEISEM IO



bopmyne

8o
S(zl){y}

rae S?(1)— CpeaHss AUCIIEPCUS UK AUCIIEPCUS BOCIPOM3BOAUMOCTH, OIPEAEIseMast

HO Gopmyrie (4);

S’2 —  [OucHepcHs, — XapaKTepM3ylollas  pacCeMBaHUE  CPEIHHX
3KCHEPUMEHTAIIBHBIX 3HAYCHUN Yy OTHOCUTEIBHO NPSAMOM JIMHUH, OIIPEAEIISIEMOM 110
dopmyie (8) (mucmepcust aACKBaTHOCTH).

Jucnepcus S%(2) XapakTepusyeT TOYHOCTH ANMPOKCHMALMHM 3aBUCHMMOCTH
y=f(X) npsmMoii TuHUEH, ee ONpeaensroT Mo Gopmye

N
Soy = D (0, — ) =5.641x10°7 (10)
N -2 u=1
rae y, Uy, DKCIEPUMEHTAJIFHOE ¥ PACYETHOE 3HAYECHHS BBIXOIHOTO IapaMeTpa.

=0.029 9)

P

[Tocne 3Toro onpenesnsroT YUCI0 CTENEHEN CBOOOAbl AUCIEPCHH aJIEKBATHOCTH
F{S%2)}=N-2=28
Janee noxacrasnseM B Gpopmyiny (9) 3Hauenus mucnepcun S*nH{y} m S%po){y}
paccuutbiBatoT Kputepuil @uumepa. F, cpaBHuBaeM ¢ TaOJIMYHBIM 3HAYEHUEM
kputepusa Pumepa Fr, kotopoe omnpenensitor u3 [1.4] npu noBepUTEIBHOM
BeposaTHocTH 0=0,95 1 uncno crenenei cBoboasl f {S?2)} u f { S%1)}
Fr=2.38,a Fp=0.029
Fp <Fr
T.x. Fp < Fr1, TO nuHElHOE ypaBHEHUE aJ€KBATHO.
Pacuer cymmer B dopmyne (10) ceogum B Tabm. 3. PacdyeTHple 3HaueHHS
BBIXOJIHOT'O ITapaMeTpa Y,, omnpenesnseM u3 ypaBHeHus (&), moicTaBiisisi 3HaUCHUS Xu.

Tabnuma 3
Pacuér nucnepcuu ageKBaTHOCTH

u Xu dixu Yru Vu Yu- Yru (Fu- Yru)?
1. 4 -7.864x1073 19.492 [9.70 0.208 0.043

2. 12 -0.024 9477 19.56 0.083 6.950x1073
3. 20 -0.039 9461 |9.48 0.019 3.645x10*
4, 27 -0.053 9.447 |9.45 2.853%x 1073 8.140x10°
5. 35 -0.069 9431 |(9.42 -0.011 1.304x10*
6. 43 -0.085 9416 |9.39 -0.026 6.601x10*
7. 50 -0.098 9.402 |9.37 -0.032 1.020x10°?
8. 58 -0.114 9.386 [9.34 -0.046 2.135x1073
9. 66 -0.130 9.370 |9.32 -0.050 2.548%1073
10. 73 -0.144 9.357 |9.32 -0.037 1.348x1073
1. 81 -0.159 9.341 19.30 -0.041 1.680x107?
12. 88 -0.173 9.327 9.29 -0.037 1.386x1073
13. 96 -0.189 9312 |9.27 -0.042 1.722x10%3
14. 104 -0.204 9.296 |9.26 -0.036 1.280%1073
15. 111 -0.218 9.282 |9.24 -0.042 1.765x1073




16. [119  [-0.234 9.266 [9.23 -0.036 1.317x10°3
17.  [126  [-0.248 9.253 [9.22 -0.033 1.058x10°3
18.  [134  [-0.263 9237 [9.21 -0.027 7.180x10
19. [141  |-0277 9.223 [9.21 -0.013 1.699x 10
20. [149  [-0.293 9.207 [9.20 -7.308%1073 5.340x10°
21. 156 |-0.307 9.194 [9.18 -0.014 1.835x10
22. [164  [-0.322 9.178 [9.18 2.181x103 4.756x10°
23. [171  |-0336 9.164 [9.17 5.942x1073 3.531x10°
24. 179 |-0.352 9.148 [9.15 1.669x10°3 2.786x10°
25.  [186  |-0.366 9.135 [9.14 5.430x10°3 2.949x10°
26.  [194  [-0.381 9.119 [9.14 0.021 4.476x10"
27. 201 |-0.395 9.105 [9.13 0.025 6.210x10™
28. 200 [-0.411 9.089 [9.13 0.041 1.652x10°3
29. [216  |-0.425 9.076 9.13 0.054 2.960%10°3
30.  [224  [-0.440 9.060 [9.12 0.060 3.616x10°3

6. O1ieHKa 3HaYMMOCTHU KO3(PPULIMEHTOB pErpeccuu

Jist  onpeneneHus 3HAYMMOCTH TMOJYy4YeHHbIX KodpduuueHntoB do u di
ypaBHeHus (8) wucnons3yercs kpurepudt CrbrogeHTa [l1], pacueTHOe 3HaueHUE
KOTOPOTO OomnpeeliseM no Gpopmyie

tp=[di|/S{di}=3,114 (12)

rane S {di} - omeHka cpeaHEeKBAAPATUUYECKOTO OTKJIOHEHUS Kod(dduiuenra
perpeccuu di.

JIucnepcuro kK03QUIMEHTOB perpeccuu S%iaoy M S%(d1} pacCUMTBHIBAEM IO
dbopmynam:

2
S{Zdo} )= Sm;};} =1,709-107 (13)
2
Sy (v} = NS i — =3,989-107". (14)
mZ(xu —x)?

B ¢opmynsr (13) u (14) Bxogur gucnepcus S*{y}, KoTopas sBIsAETCS
CBOJHOM OLIEHKOM IUCIEPCUMN CIYYaWHOW BEJIMYMHBI Yu BBIXOJHOTO Iapamerpa
P YyCIOBHUH JIMHEHHON CBSI3HU. DTy JUCIEPCHUIO OTIpeaesieM 1o Gopmyiie

74y = (m—=1)- NS, +(N -2)-80, 0103 (15)
mN =2
Jlajee ONpeNeIsiioT YUCIO CTeNeHel CBOOObI 3TON JUCIIEPCUN:
f{S?}=m*N-2=58

CpaBHuBaeM TabiauyHOE U pacuéTHoe 3HaueHus kputepus CterofenTa. Ecinu
tp>tr, TO KOA(PHUIMEHTHI YPABHEHUS PErPECCUU 3HAUMMBI U, CJIEI0BATEILHO, CBS3b
Mexay Y U X 3HauuMma.

B namewm cnyuyae t,=3,114, a t=2,0. CaenoBaTenabHO, CBI3b MeXAy Y U X
3Ha4YMMa.

[Tocne atoro omnpenensemM abCOMOTHBIE OMTUOKH KOI(P(HUIIMEHTOB PErPecCuu




e{di}:
& {di}=Saiy tr[a,f{S?}]. (17)
e {do}=2,314
e {d1}=0,035
Torma nng MCTUHHBIX 3HAYEHHH KO3(PQPUIIMEHTOB perpeccun 0o U O1 B
JUHEHHOM  ypaBHEHMM (8) JOBEpPUTENbHBIE HMHTEPBAJIbl  ONPEAEIAIOTCS
HEPaBEHCTBOM
di-e{di} < di<ds+ e{di}. (18)
6,961< 60<5,289
-0,036967< 61<-0,033
7. OnpeneneHne NOBEPUTEIbHBIX MHTEPBAJIOB CPEIHUX U MHIAWBUAYAIBHBIX
3HAYEHMI BBIXOJHOIO MapaMeTpa
YtoObl OnpenenuTh CTENeHb OTKJIOHEHUS PACUECTHBIX 3HAYEHHUI BBIXOJIHOTO
napamMeTpa Yru OT MCTHUHHOTO €TI0 3HA4YEHUS NpU KaXKIoM ypoBHE (akTopa Xu,
ompeaesieM JAOBEpPUTENbHbIE OMHNOKH €{YRu} PaCUETHOT'O 3HAYECHUS BBIXOJHOTO
napaMeTpa U JOBEpPUTENIbHbIE UHTEPBAJIbl CPEIHUX U MHAWBUIAYATbHBIX 3HAYEHUU
BBIXOJIHOT'O TTapaMeTpa.
JloBepuTenbHblE OMIMOKH PACUETHBIX 3HAYEHMI BBIXOJHOTO MapaMeTpa AJis
Ka)KJI0TO YpOBHS (pakTOpa pacCUUTHIBAIOT IO popMyJie
em{YRu}=Sm{yru} tr[0,f{S?}] (19)
rae Sm{yru} — OLIEHKAa CPEJHEKBAAPATUYECKOTO OTKJIOHEHHUsI pacueTHOTO
3HAYEHMS BBIXOJHOIO IapaMeTpayY ru A KaXKIOI0 3HAYCHUS Xuy.
OneHKy cpeHeKBaIpaTUYECKOro OTKIOHEHHS PACCUUTHIBAIOT 110 (hopmyJie

S, W} =Sty + S0 (5, =) (20)
Pacuetsl €m{YRru} ¥ Sm{YRru} 3aHOCUM B Ta01.4.
Jlanee B TaONMIly 3aHOCAT pACUYCTHBIC 3HAYCHHUS YRy, IMOJYUYCHHBIC I10
ypaBHEHUIO perpeccui (8).
3Has OMmIMOKM pPAaCYeTHON BEIHMYMHBI, OMPEIACIAEM JOBCPHUTCIbHBIC

VHTEPBAJIBI JJI1 UCTIBITAHHBIX CPEAHUX 3HAYEHUN BBIXOJIHOTO IMapaMeTpa.
Hwxuuit 1oBEpUTENBbHBIN HHTEPBA ONPEETAIOT:

Ym(H)ZYRu' €m, (2 1 )
BEPXHUU JOBEPUTEIILHBIN UHTEPBA :
Y ®=yrut &m, (22)

3HadYeHUs BCPXHUX U HUIKKHUX 3HAYCHUU JOBCPUTCIIbHBIX UHTCPBAJIOB JIs
KaXXJ10Iro OIIbITa 3aHOCHM B Tab. 4.

Tao0mumna 4
JloBEepHUTEIIbHBIE HHTEPBAJIbl CPEIHUX 3HAUYCHUU
Xu (Xu- X)*> | Sw? Sm €m Yre | Ym® Ym®

4 12225.06 | 4.871¢ 0.070 8.096 1 9.492 | 1.397 17.588
12 10519.99 |4.192¢ 0.065 7.510 (9.477 | 1.967 16.987
20 894291 |3.563¢ 0.060 6.924 1 9.461 | 2.537 16.385
27 7667.98 | 3.055¢ 0.055 6.412 19.447 |3.035 15.859
35 6331.38 ] 2.523¢ 0.050 5.826 | 9.431 |3.605 15.258

NN




43 5121.84 | 2.041e 0.045 5.241 | 9.416 |4.175 14.656
50 4168.89 | 1.661e 0.041 4.728 {9.402 | 4.674 14.130
58 3199.83 1.275e 0.036 4.142 | 9.386 | 5.244 13.529
9. |66 2358.75 [9.401e 0.031 3.557 19.370 |5.814 12.927
10. |73 1727.82 | 6.888e¢ 0.026 3.044 1 9.357 |6.312 12.401
11. |81 1126.74 | 4.493¢ 0.021 2.459 | 9.341 | 6.882 11.800
12. | 88 705.81 2.816¢ 0.017 1.947 19.327 | 7.381 11.274
13. |96 344.73 1.377e 0.012 1.361 | 9.312 | 7.950 10.673
14. |104 | 111.66 4.488¢ 0.0067 0.777 19.296 |8.519 10.073
15. [ 111 [ 12.72 5.467¢ 0.002338 | 0.271 | 9.282 [9.011 9.553

16. [ 119 ]19.65 8.228e 0.002868 | 0.333 | 9.266 | 8.934 9.599

17. 126 |130.71 5.247e 0.007244 1 0.840 | 9.253 | 8.412 10.093
18. [ 134 |377.64 1.509¢ 0.012 1.42519.237 | 7.812 10.662
19. [ 141 ]698.70 2.788¢ 0.017 1.93719.223 | 7.286 11.160
20. | 149 | 1185.63 |4.728e 0.022 2.522 {9.207 | 6.685 11.729
21. 156 [1716.69 |6.843¢ 0.026 3.03519.194 |6.159 12.228
22. 1164 |2443.62 |9.739¢ 0.031 3.620 | 9.178 | 5.558 12.798
23. | 171 |3184.68 1.269¢ 0.036 4.133 [ 9.164 |5.031 13.297
24. | 179 [4151.61 1.654¢ 0.041 4.718 | 9.148 |4.430 13.867
25. | 186 |5102.67 |2.033e 0.045 5.231 19.135 |3.904 14.365
26. | 194 [6309.60 |2.514e 0.050 5.816 [9.119 |3.302 14.935
27. 1201 |7470.66 |2.977e 0.055 6.329 19.105 |2.776 15.434
28. 1209 [8917.59 |3.553e 0.060 6.91519.089 |2.175 16.004
29. 216 |10288.65 |4.099¢ 0.064 7.427 19.076 | 1.648 16.503
30. [224 | 11975.58 |[4.771e 0.069 8.013 19.060 | 1.047 17.073

XIS

Jlanee  ompenensieM  TIpaHULBl  JOBEPUTEIBHOTO  HMHTEpBaJla IS
WHIWBUYaAJbHBIX 3HAYCHUUM BBIXOJAHOrO mapamerpa Y MpPH KaXJIOM YPOBHE
dakTopa.

BepxHnsig rpanuiia nuTepBaia:

yi®=yrutSr t:[a,f{S?}]. (23)
HI/I}KHﬂH FpaHI/IHa I/IHTepBaJIa:
yi®=yru-Sr-t:[ 0, f{S?}]. (24)
[IpenBapUTENBEHO ONPEAEIIEM OIIUOKY:
S, = s2+ 57y, (25)

Ucnonb3ys 3HaueHUsd Sy U3 Tab. 4 U paHee onpeelICHHbIC TI0 YPAaBHEHUIO
(15) smauenus S?{y} u xpurepuii CTbIOAEHTa, ONPENEIAEM BEPXHUE U HIDKHHUE
rpaHULIBl KICKOMOU 30HBI 0 ¢opmynam (23) u (24), cBoas Bce pacueTsl B Ta0II. 5,

Tabnuna 5
u Xy | Sm? S/ S Yru te St | Y™ Y/
4871e |0.107 |0.328 [9.492 0.656 8.837 10.148
12 4.192¢ [0.107 |0.327 |9.477 0.653 8.823 10.130

[—
N




3. 20 3.563¢ | 0.106 |0.326 |9.461 0.652 8.809 10.112
4. 27 3.055¢ |0.106 |0.325 9.447 0.650 8.797 10.097
5. 35 2.523¢ | 0.105 ]0.324 |9.431 0.648 8.783 10.080
6. 43 2.04le |0.105 |0.323 9416 0.647 8.769 10.063
7. 50 1.66le |0.104 |0.323 |9.402 0.646 8.756 10.048
8. 58 1.275¢ |0.104 |0.322 |9.386 0.644 8.742 10.031
9. 66 9.40le |0.103 |0.322 |9.370 0.643 8.727 10.014
10. |73 6.888¢ [0.103 [0.321 |9.357 0.643 8.714 9.999
11. |8l 4.493e | 0.103 [0.321 |9.341 0.642 8.699 9.983
12. |88 2.816e |0.103 |0.321 |9.327 0.641 8.686 9.969
13. |96 1.377¢ |0.103 |0.320 |9.312 0.641 8.671 9.952
14. 104 [4.488¢ [0.103 ]0.320 [9.296 0.641 8.655 9.936
15. [ 111 |5.467¢ |0.103 ]0.320 |9.282 0.640 8.642 9.923
16. [ 119 [8.228¢ |0.103 ]0.320 [9.266 0.640 8.626 9.907
17. 126 [5.247¢ [0.103 ]0.320 |9.253 0.641 8.612 9.893
18. [134 |1.509¢ |0.103 ]0.320 |9.237 0.641 8.596 9.878
19. [141 [2.788¢ [0.103 0321 [9.223 0.641 8.582 9.864
20. 149 [4.728¢ [0.103 ]0.321 |9.207 0.642 8.565 9.849
21. 156 [6.843¢ |0.103 |0.321 ]9.194 0.643 8.551 9.836
22. 164 19.739¢ 10.104 [0.322 |9.178 0.644 8.534 9.821
23. | 171 [1.26%9% [0.104 [0.322 [9.164 0.644 8.520 9.808
24. 1179 [1.654e |0.104 [0.323 19.148 0.646 8.503 9.794
25. 186 ]2.033¢ |0.105 0323 ]9.135 0.647 8.488 9.781
26. 194 [2.514e |0.105 0324 |[9.119 0.648 8.471 9.767
27. 1201 [12.977¢ ]0.106 |0.325 [9.105 0.650 8.455 9.755
28. 1209 [3.553¢ |0.106 |0.326 |9.089 0.651 8.438 9.741
29. 1216 [4.099¢ |0.107 ]0.327 [9.076 0.653 8.422 9.729
30. [224 [4.77le |0.107 ]0.328 |9.060 0.655 8.405 9.715

MynbTUME TUIHBIN

4. ObBOPYJOBAHUE U MATEPUAJIbHO-TEXHUYECKOE

KJIacc,

OBECIIEYEHHUE
000pyI0BaHHBIE

YCTaHOBJICHHBIM IPOTPaMMHBIM 00€CIICYCHHEM HE HIDKE:
1) Oneparmonnas cuctema Windows XP;

2) Penakrop npe3entauuii MS PowerPoint.

IIPOEKTOPOM

n IIK

C

3) Ilocobuss u HMHCTPYMEHTHI: 00pa3lbl MOJUTPAPUUECKHX MaTEpPUAIIOB,
MUKPOKAIbKYJISITOP.

5. OTYET O PABOTE JOJI’KEH COJAEP/KATD.

1. McxoaHble qaHHbIC (BapUAHT 3a/1aHuUs)
2. Pacyer cTaTUCTUYECKUX XapaKTCPUCTUK KJIACCUYSCKUM M YIIPOIICHHBIMHU
crioco0amm.



3. AHanu3 pe3ynbTaToB padboThl, (HOPMYIHPOBKA BHIBOJIOB.

BriBojpI:

B MPOIIECCE BBIMOJHEHUSI MPAKTUYECKOTO 3aHSITHUSI ObUIM M3YUYEHbl METOJIbI
MaTeMaTU4ecKoi 00pabOTKU Pe3ybTaTOB UCCIIEAOBAHUS CBONCTB MOJUTPahUUECKUX
MatepuaioB, NpPUBEACHBI pacu€T kputepus KoxpeHa u mpoBepka OJIHOPOIHOCTH
JIUACTIEPCUM B OIBITAX MATPHULBI, OIPEACIEHA CPEAHAS HUCIEPCHUS BBIXOIHOTO
napamMeTpa B OIbITax MaTPUIIbI, KOA(PDUIIMEHTHI PETPECCUH, aJICKBATHOCTh YPAaBHCHHS
perpeccun, pacu€r kpurepus Duinepa, ONPEAECIEHbl YPABHEHUS PErPECCUU MO
JAHHBIM OJHO(AKTOPHOTO SKCIECPUMEHTAa, JOBEPUTEIbHBIC WHTEPBAJIBI CPECIHHUX W
WHIMBHUIYaJIbHBIX 3HAUCHUH BBIXOJHOTO MapaMeTpa, MOCTPOeH rpaduK MOTyUYeHHOTO
YPaBHEHUS PETPECCUMN.



IpakTnyeckoe 3ansaTue Ne 3. OCHOBBI INIAHMPOBAHMS IKCIIEPUMEHTA

ITon mmaHupoBaHWEM SKCIEPUMEHTA MOHUMAETCs IMpoIeaypa BeIOOpa yucia
OTIBITOB M YCIIOBHH WX TPOBEACHUS, HEOOXOJIUMBIX JUIS PEIICHUS ITOCTAaBICHHOMN
3aa9n ¢ TpeOyeMoll TOYHOCThIO. Bce ((dakTopel, omnpenenstomue Iporiecc,
VU3MEHSIOTCS  OJHOBPEMEHHO MO CIHEIUAJbHBIM IpPABUJIAM, a PE3YJbTAThI
SKCIIEPUMEHTA MPEACTABIISIIOTCS B BUJE MATEMATUYECKON MOJIETIH,

JdTanbl NOCTPOEHUSI MATEMATHYECKOMH MO/IeJTH

1. cOop u aHAIM3 anPHUOPHON HHPOPMAITHIH;

2. BBIOOP BXOIHBIX U BBIXOJHBIX IEPEMEHHBIX, 00J1aCTH SKCIIEPUMEHTHPOBAHHSI,

3. BBIOOp MaTeMaTHYECKOW MOJIEIIH, C IIOMOIIBIO KOTOPOH OYIyT MPEACTaBIATHCS
9KCIIEPUMEHTAIbHBIC JTAHHBIC,

4. BBIOOp KpUTEPHsI ONTUMAIBHOCTHU U IJIaHA YKCIICPUMEHTA;

5. ompenesieHue METO/Ia aHaJIM3a TaHHbIX;

6. TPOBEICHUE IKCIICPUMECHTA,

7. mpoBepka CTaTHCTUICCKUX IPEIIOCHUIOK IS TIOJTyYECHHBIX
AKCIIEPUMEHTAIBHBIX JIAHHBIX;

8. 00paboTKa pe3yJbTaToB;

9. umHTepnperanys U PEKOMEHIALINH.

Bb100p BXOAHBIX M BBIXOJAHBIX IIEPEMEHHbIX

Bxonubie nepemennbie (OyzeM Ha3bpiBaTh HX (DaKTOpamMu) ONPESsIOT
coctossHue o0bekTa. OCHOBHOE TpeboBaHME K (akTopam — yrpasisieMocTs. [loa
YIPABIIIEMOCTbIO IOHUMAETCSI YCTAHOBJIEHUE HYKHOTO 3HaueHus (akTopa (YpoBHS)
U MOJIIEpKAaHUE €0 B TEYEHHE BCETO ONbITa. B 3TOM cOCTOUT 0COOEHHOCTh aKTUBHOIO
sKcrepuMeHTa. @PakTopbl MOrYT OBITh KOJMYECTBEHHBIMM M Kaue€CTBEHHBIMH.
IIpumepaMu  KOJIMYECTBEHHBIX (DAKTOPOB SABISAIOTCA TEMIEpaTypa, JaBJICHUE,
KOHIIEHTpauusi U T. M. VX ypOBHSIM COOTBETCTBYET UMCJIOBas IKaua. Pasnuunble
KaTajqu3aTopbl, KOHCTPYKIMM  ammapaTroB, CHOCOOBI  JIEYEHMs, METOJIUKU
IpPEroAaBaHusl SBJSIOTCS MPUMEPaMU KaueCTBEHHBIX (PAKTOPOB. YPOBHSM TaKHX
(akTOpOB HE COOTBETCTBYET YMCIIOBAs LKA, U UX MOPAJOK HE UTPAET POJIH.

BbIx0o/1HbIE TTIEpEMEHHBIE — 3TO PeaKUUU (OTKIMKH) Ha BO3/IEHCTBHE BXOIHBIX
nepeMeHHbIX. OTKIMK 3aBUCUT OT CHEUM(PUKH MCCIECIOBAHUA H MOXKET OBITh
SKOHOMUYECKUM  (MPUOBLIb,  PEHTAOENBbHOCTH),  TEXHOJIIOTUYECKUM  (BBIXOJ,
HAJEXKHOCTh), NICUXOJOTUYECKUM, CTaTUCTHUYECKUM U T. 1. [lapamerp onTumuzanuu
JOJIKEH ObITh d(PPEKTUBHBIM C TOUYKM 3PEHUS TOCTHXKEHHS LI€JIM, YHUBEPCAIbHBIM,
KOJIMYECTBEHHBIM, BBIPAXKAEMbIM YHCIOM, UMEIOUIMM (U3UYECKUH CMBICI, OBITH
IPOCTBHIM U JIETKO BBIYUCIISIEMBIM.

O0603HauuM Ha0JII01aeMBbI OTKIIMK 4epes ), a (PaKTOpbl — Yepe3 Xi, X2, ....Xk.
Bbi6op Mozenu 3aBUCUT OT HAlIUMX 3HAHUW 00 OOBEKTE, LiEJeH HccieloBaHUS U
MaTeMaTuyeckoro amnmnapara. [Ipy M3ydyeHMHM KHHETHKM XHMHUYECKUX IIPOLECCOB
OPUHATO  TOJB30BaThCs MU (GEepeHIUATbHBIMU  YPaBHEHUSIMH.  XHMHYECKUE
paBHOBECHsSI YaCTO ONHUCBIBAIOTCS  JPOOHO-pallMOHANIbHBIMU  (QYHKIUSMH, a
Kosie0aTeNIbHbIE MPOLECChl B XUMUYECKUX PEAKTOpax — TPUTOHOMETPUUECKUMHU.
Ecnu Bua (GyHKIIMU HEU3BECTEH, TO MOJIE3HBIM OKA3bIBACTCA €€ MPEICTABICHUE B BUC



Pa3NIOKECHUS B CTETICHHBIC PSIIBI.

[Ipu onpeesieHHbBIX YCIOBUSX TAKOE PA3I0KEHIE B MHOTOWICH BO3MOYKHO JIJIs
BCEX HEMpPEpPBIBHBIX (yHKIMNA. Ha OCHOBaHMM 3KCIIEPUMEHTANBHBIX JAaHHBIX HYXKHO
MOJIYYUTh HEKOTOPOE TMpecTaBleHne o PyHkuuu otkinuka n = f(xi, xo, ....., Xg). Eciau
AHATMTHYCCKUHN BUJ 3TON (PYHKIIMHM HEU3BECTCH, TO €€ MOXHO MPEACTABUTh B BHJIC
CTETICHHOTO Psiia:

n=By+> B +2Bijxixj+zl3iixi2+""
N=ay+ Y + 2By 5%, + 2Bk +oo

[lonp3ysAcs pe3ynbraTaMy HKCHEPUMEHTA, MOXKHO IIOJYyYHTh JIMIIb OLEHKHU
apaMeTpOB ATOU MOJIEIIN:

Pty + 21+ 2 5 + 206+

Trac )’> — 3HA4YCHHUC OTKIIMKA, IIPCACKA3aHHOI'O J3TUM YPAaBHCHHCM. OHCHKI/I
KOB(i)(l)I/IHI/ICHTOB IMOJIY4aroT € IOMOIIBIO MCTOd HAMMCHBIIINX KBAAPATOB.

ITocJie mocTpoeHnst MATEMATHYECKONH MOJEJIH MPOBeAeM CTATUCTHYECKHUH

aHaJIM3.

[Ipu cratucTUYeCcKOM aHaNIM3€ MPOBEPSETCS 3HAYUMOCTh KOI(DPHUIIMEHTOB
perpeccur M aJeKBaTHOCTh JIMHEWHOW Monaenu. Iloa aaekBaTHOCTHIO NMOHUMAETCA
COOTBETCTBHUE MOJIEIH SKCIIEPUMEHTAIBHBIM JAHHBIM 110 BHIOPAaHHOMY KPUTEPHIO.

[InaHnpoBaHUIO SKCIEPUMEHTOB MPEANIECTBYET 3Tanm He(OpMalru30BaHHBIX
pemieHnii O BbIOOpE 00JACTH JKCIEpUMEHTHpoBaHHsS (00nacTu  (aKTOPHOTO
MPOCTPAHCTBA, U3YUECHHE KOTOPOH MPECTABIAECT UHTEPEC IJIA SKCIIEPUMEHTATOPA),

[imannpoBaHUIO SKCIIEPUMEHTA IPEAUIECTBYET ATaIl ONPEACIEHHOCTH

[EHTpa SKCIIEPUMEHTAa W HMHTEPBAJIOB BapbupoBaHus ¢dakTopoB. [Ipu sTom
OIICHUBAIOTCSI ~ IpaHULBl  oOjactei  ompeaesneHuss  (aKTOpoOB,  3aJaBaeMbIX

NPUHIUTTHATBHBIMU OrpaHUYCHUSIMU 100 TEXHUKO-D)KOHOMUYECKUMHU
COO0OpaKEHUSIMHU.
[Toctpoerne Hambonee TPOCTHIX - IUIAHOB CBOAWTCS K  BEIOOpY

AKCIIEPUMEHTAJIbHBIX TOUEK, CHMMETPUYHBIX OTHOCUTEIBHO IIEHTpa 3KcIiepuMeHTa. B
3TOM cilydae Bce k (PakTOpOB M3MEHSIIOTCS Ha JABYX YPOBHSIX, U IJIaH SKCIIEPUMEHTA
HOCHT Ha3BaHuMe I1ana Tina 2¥. VpoBHH (akTopoB N306pakaroTCs JByMs TOYKAMH Ha
KaXKJI0M U3 k KOOPAMHATHBIX OCeH (PaKTOPHOTO A~-MEPHOTO IPOCTPAHCTBA. DTH YPOBHH
CUMMETPUYHBI OTHOCUTEIBHO OCHOBHOTO ypoBHS. OIMH U3 HUX — BEPXHUM, IPYTon
— HIDKHUMU.

WuTepBanom BappupoBaHus GakTOPOB HA3bIBAETCA HEKOTOPOE YUCIIO (CBOE ISt
KaXJa0ro (axropa), npubOaBiIeHUE KOTOPOrO K OCHOBHOMY YPOBHIO JIa€T BEPXHHM
ypOBEHb, a BBIYUTAHHE — HIDKHUK. YTOOBI yHIpOCTUTh M YHU(DUIIMPOBATH 3alKCh
YCJIOBUI OMBITOB U O0JErYuTh 00pabOTKY AKCIEPUMEHTAIbHBIX JAHHBIX, MACIITAOBI
[0 OCSIM 3a/1al0TCs B BUJE KOJUPOBAHHBIX 3HaueHUU +1 u -1, [[nst Koam4ecTBeHHbIX

(hakTOPOB 3TO BCETia MOXKHO CJICIATh C IIOMOLIBIO IPEOOPA30BAHUS X ; = ()7 =X 0 )/ I

, TIIE Xj — KOJIMPOBAHHOE 3HaYeHHE (PAKTOPa, X; — HATYPAIbHOE €TI0 3HAYECHHE, X, 0



— HaTypaJibHOE 3HAYCHUE OCHOBHOI'O YPOBHS, |j — MHTEpBaJl BApbUPOBAHUSL.
[TycTh B SKCTIIEpUMEHTE U3MEHSIIOTCS [1Ba (pakTopa Ha IBYX YPOBHSIX:
X| — TeMIlepaTypa u X, - BpeMsI PEaKiluu.

s temmepaTypsl OCHOBHBIM ypoBHeM sBisiercs S50°C, a wuHTepBaml
BappupoBanusi cocraBmsier 10 °C. Torma mus X, 50+10=60 °C, OGymer BepxXHHM

ypoBHeM, a 50—10=40 °C — HuKHUM.
B komupoBaHHBIX 3HaueHHsX 3TO 3anuiierca Tak: (60—50)/10= 1 u (40—
50)/10=-1. Ecnu st X, , BBIOpaHsl X,, =30Munu u [,=5 muH, 10 (35—30)/5=1 u (25—

30)/5=-1.

OKCIEPUMEHT, B KOTOPOM PEANTM3YIOTCS BCE BO3MOXKHBIE COYETAHUS YPOBHEM
(bakTOpOB, Ha3BIBACTCS MOIHBIM (haKTOPHBIM dKciepuMeHTOM ([1DDI).

Jlist qByX ypoBHeii 510 6yaer I1DD tuna 2%, a mis n yposreit — I1®D tuna n*,
VYcnoBusi 3KCHEpUMEHTa TMPEACTABISAIOTCA B BUAEC TaOMUIBI —  MaTpPHUIBI
IUIAHUPOBAHHUS, TJ€ CTPOKM COOTBETCTBYIOT Pa3JIMYHBIM OIBITAM, & CTOJOLBI —
3HaYeHUSIM (PaKTOPOB.

IIpuMep MaTpuLb! IVIAHUPOBaHUs i [1DD 2%

Howmep X, X, v
OIIbITa
1 -1 -1 Y,
2 +1 +1 Y
3 -1 +1 Y3
4 +1 -1 Y4
H"fﬂ F
Ijl.

1, 1) (1,1
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Puc. 1. I'eomempuuecxkas unmepnpemayus [1PI 22
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I'eomerpuueckas uarepnperanus [1OD tuma 2~

- Iw1an 27 3a1aeTcs KOOPAMHATAMY BEPILMH KBaIpara,

- Iw1aH 23 — KoopaMHAaTaMu BEPIIUH Ky0a,

- pu k>3 — KOOpAMHATAMH BEPIIMH TUrepkyoda (puc. | — reomerpudeckas
unTepnperanus [1DD 2%, puc. 2 — reomerpuueckas uaTepnperamnus [1DD 23).

[1dD tuna 2% o0Jiajaet caeayonMHi CBOMCTBAMM.

CUMMeTPUYHOCTh OTHOCHUTENIBHO IIEHTpa JKCIIEPUMEHTAa. JTO 3HAYUT, UYTO

anredpanydeckas CyMMa 3JIEMEHTOB BEKTOP-CTOJIOIA JIs Kakoro daktopa paBHa 0, T.
N

e. ij,- =0, rue j — nomep dakropa (j=1, 2, ,.., k), i — Homep omwita (i=1, 2, ..., N).
i=1

YciaoBue HOpMHUPOBKM — GOPMYJIUPYETCS CIEAYIONIMM 00pa3oM: cymMma
N

2
KBaJPaTOB 2JIEMEHTOB Ka)KI0r0 CTOJIOIA paBHA YUCITY OMBITOB, T. €. Zx ji = N 910
i=1
CJIEICTBUE TOTO, YTO 3HAUCHUS (DAKTOPOB B MATPHUIIE 33]]at0TCSI B KOJUPOBAHHOM BUJIE
Kak +1 u —1.

OpTOroHaJBLHOCTh CyMMa MOYJIEHHBIX MPOU3BEIECHUN JIOOBIX BYX BEKTOP-
CTOJIOIOB MaTpHulilbl paBHa 0:
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Puc 3. T'eomeTpuueckas uHTepripeTanus napHoro 3gdexra
B3aUMOJICUCTBUS (PAKTOPOB

OpTOroHAIBHOCTHEO MAaTPHI] ILIAHOB, THHA 2K,

[1®D mo3BosSET KOJIMYECTBEHHO OLICHUTD BCe JTMHEHHBIC 3 (HEKThI (haKTOPOB U
WX B3aUMOJICUCTBUS. B3anMoieiicTBrE BO3HUKAET B TOM CiIydae, eciid 3P GeKT 0THOTO
¢dakTopa 3aBUCHUT OT YPOBHS, HA KOTOPOM HAXOAUTCS APYTOH hakTop.

PaccMoTpuM NMpHMep: 3aBUCUMOCTB BBIXOJIa TIPOAYKTA ¥ OT TEMIEPATyphl X;.
Ha pucynke 3 mnpuBeneHa reoMeTpuyeckas HUHTepIpeTranus mnapHoro s¢gekra
B3aMMOJICUCTBHS (AKTOPOB.

[Tpu manom BpemeHH peakuuu (X, =25 MUH) AJIsI HEKOTOPOTO XUMHUYECKOTO
Ipoliecca BbIXOJI OCHOBHOTO BEILIECTBA YBEIMYUBAETCA C pOCTOM Temmeparypsl oT 40
1o 60 °C, a npu OonbioM BpeMeHH (X, =100 MUH) TeHACHIMS U3MEHEHUS OTKIIMKA
CTaHOBUTCS 00paTHOM. DTO U ecTh IP(DHEKT B3aUMOAEHCTBUS (PAKTOPOB X7 U X2.

Jiisa TIOD 2? MaTpuia MIIAHUPOBAHMS C YYETOM CBOOOJHOrO wieHa by u sddekra
B3aMMOJACHCTBHS b2 BBITJISINT TaK:

Howmep Xo Xi X XXz Y
OIIbITa
1 +1 -1 -1 +1 Y,
2 +1 +1 +1 +1 Y2
3 +1 -1 -1 -1 Y3
4 +1 +1 +1 -1 Y4

OTOT IUIaH COOTBCTCTBYCT MOACIIN
y - bo.xO + blxl + bz.Xz + b12XIX2
CTOJ'IGI_II)I X; W X2 3adal0T INIAHUPOBAHHC — II0 HHM HCIIOCPCACTBCHHO
OIIPCACIIAIOTCA YCIOBUA IIPOBCACHUS OIIBITOB, a CTO.]'I6I_II>I Xo " X1X2 CIIYKAT TOJIBKO IJIA



pacuera. Oddexkt B3auMoneHcTBUSA ABYX (AKTOpPOB HasbIBaeTcs dPQexTom
B3aMMOJICHCTBHS IEPBOIO MOPSAKA, TPEX (PaKTOPOB — BTOPOIO MOPSIIKA U T. 1.

[TonHoE unciio Bcex BO3MOXKHBIX 2P (HEKTOB, BKIIHOUas by TuHelHbIe YD PEeKThI b;
U B3aUMOJICHCTBUSA BCEX MOPAIKOB, paBHO N —uuciy onbToB [ID3. YToObl HailTH
YUCJIO BCEX BO3MOXHBIX B3aUMOJEHCTBUA HEKOTOPOrO TMOpSAJKA, MOXKHO
BOCIIOJIb30BaThCS (HOPMYJIION JIJIsl YKCIIa COUETAHUM:

o = k!
m!(k —m)!

rie  k — uncno (akTopoB, m — UYKCIO B3aWMOJACHUCTBYIOUIUX 3JIEMEHTOB.
Tak, 1uis wiaHa 2* yucio MAPHBIX B3aUMOJIEUCTBUN PABHO LIECTH.
, 4
Cy= o1

OpTOroHaJIbHOCTH MATPHUIL IJITAHUPOBAHUS MO3BOJIAET TPU 00paOOTKE JAHHBIX C
NOMOIIBIO METOJIa HAMMEHBIINX KBAJPATOB MOJIYYUTh HE3aBUCHUMBIE IPYT OT JApYyTa
OLICHKU KO3 (UIIMEHTOB YpaBHEHHUS perpeccuu. ITO 03HAYAET, YTO BEJIMUMUHA JIFOOOT0
koa(dduIeHTa He 3aBUCHUT OT TOTO, KAKHE BETUYMHBI UMEIOT APYyTrue KO3(PPUIUEHTHI.
[IpuBenem dhopmyiy s pacuera KO3 PHUITUEHTOB:

N

[Tpu onpeaenennn Kod(HPUITUEHTOB UCTIOIB3YIOTCS COOTBETCTBYIONINE BEKTOP-
CTOJIOLBL.

HesaBucuMocTs OmEHOK KO3(PGUIIMEHTOB, MOXXHO TMOJYYUTHh TOJBKO TIPH
CHeIUaIbHO 3allJITAaHUPOBAHHOM JKcmepuMeHTe. Ecmm skcmepumeHTtaTop Oyaer
CTaBUTH OIBITHI CIyY4alHBIM 00pa30M WJIU 1O CBOEMY IPOHU3BOJIBHOMY BBIOODY, HE
COOTBETCTBYIOIIEMY OPTOTOHAIHHOMY IUTaHY, TO OIICHKU KO3(PPUIIUESHTOB OKAXYTCS
KOppPEIMPOBAHHBIMU, YTO  YCJIOXHHUT HMHTEpHpeTanuio. Takoe IOJI0OKECHHE
CTpaBeUIMBO JIMIL JJIS MOJENH, BKIOYAromie iauHeiHble d)QexTsl u 3PdexTs
B3aUMOJCHCTBHS. MEXIy TeM CYIIIECTBEHHBIMU MOTYT OKa3aThCsl KO (PUIIMEHTHI TIpH
KBajipaTax (hakTopoB, UX KyOax u T. 1. Tak, MOJeNnb ¢ KBaAPAaTUUYHBIMHU WICHAMH IS
IBYX (paKTOpOB MMEET BU/I:

R 2 2
Y =byxo +byx; + byxy +bjpxy x5 + byyx” + by x,
MosHO nu 1o 1IaHy 2° omeHHTh by M b? IlombITKAa IMOCTPOEHHS BEKTOP-
CTOJIOIIOB ISt x12 " x% NPUBOJUT K CTOJOIAM, COBIAJIAIONIUM JPYT C JIPYTrOM U CO

CTOJIOIIOM Xp. Tak Kak 3TH CTOJOIBI HEPA3TUIUMBI, TO HEIb3S ONPEACINUTh, 38 CUET
Yero MmoJIyJaeTcsi BemnanHa bo, OHA 3aBUCUT KaK OT COOCTBEHHO by, TaK ¥ OT BKJIAJOB
KBaJpaTUYHBIX YWICHOB. 3/1€Ch TOBOPSAT, YTO UMEET MECTO CMEIIIaHHAs OlleHKa. Takum
obpazom, u3 [1DD Henb3sa u3BIeYs HHPOPMAIUIO O KBAJPATUUHBIX WICHAX U YJeHAX
OoJiee BbICOKOTO mopsiaka. [ImaH U Moaenb — 3TH MOHSTHUS HEPA3PHIBHO CBS3aHBI.
Henb3s mpuctynate k BRIOOPY IJIaHA, €CIU HE ompenaesieHa Mojenb. Jist Monenei ¢
KBAaJPaTUYHBIMU 4ICHAMH BeIOMparoTcs He IIMD 2% a mumaHsl ¢ 4MCIOM ypOBHEH,
OosbiuM 2. Takoi TUN TUIAHUPOBAHUS ONMCAH, Hanpumep, B [4, 5, 10, 26].

Hy a kakuMu rtaHamMu HaJ10 MOJIB30BATHCS, €CIIM PeUb UET O TMHCHHOU MOICIIH
¥ B3aMMOJICHCTBHSA CUMTArOTCA He3HaunMbiMu? KonuuectBo onbiToB B I1DD 25 npu



k>=3 3HaYNTENbHO NPEBBIINIAET YHUCIO JUHEHHBIX KOIPPuieHToB. bouio Obl
3aMaHYUBBIM COKPATUTh YHWCJIO OIBITOB 3a CYeT TOW WHGpOpMaluu, KOTOpas He
CYyLIECTBEHHA IIPY [IOCTPOCHUHN JIMHEUHBIX Mozenen. [Ipu 5TOM Hy»KHO CTPEMUTHCS K
TOMY, 4TOOBI MaTpHIla INITAHUPOBAHUS HE JTUIIMIACH CBOMX ONTUMATBHBIX CBOHCTB.

OGparumcs BHOBL K IIDD 22, Tlonb3ysch TakuM IUIAHMPOBAHMEM, MOXKHO
BBIYUCIIUTH YeThIpe Ko duireHTa: bo, b1, b2, bio. Eciu uMeroTcss ocHOBaHMS CUUTATh,
YTO B BBIOPAaHHBIX MHTEPBAJIAX BapbUPOBAHMS IPOLIECC OMUCHIBACTCSA JIMHEHHON
MOJIEJNBI0, TO JOCTATOYHO OMPENeIUTh TpU Koddduimenta: bo, b1, by [Ipu nuneitnom
npubnukeHuu bio — 0, 1 BEKTOP -CTOIOEI X X2 MOXKHO UCIIOJIB30BATh /1JIsl BBEIACHMS B
IU1aH HOBOTO (haktopa Xs.'TIpu 3TOM JIMHEHHBIE OLEHKU CMEIIUBAIOTCA C OLEHKAMU
B3aUMOJICHCTBHS CICAYIOITUM 00pa3oM:

by — By +Ba3,00 = By +Py3.63 > B3 + By,

3nmecy rpedeckuMu OykBamMH 00O3HAu€HBl MUCTUHHBIE KO3 duuuentsl. Takoe
CMEIIIEHNE HE OTaCHO TOJIKO B TOM CIIy4ae, €CiIM aJieKBaTHa TuHeiHas Moaens. UTak,
MBI HAIIUTH CTIOCO0 COKPATHTh YHCIO OMBITOB. BMECTO BOCHMHU OMBITOB AJIA TpEX
(akTopo mpu IIDD 23, okasbIBaeTCA, MOKHO MOCTABMTH TOJIBLKO YETHIPE OIIBITA,
BOCIOJIb30BAaBUIMCH APOOHBIM IJIAHUPOBAHUEM WM JpoOHON pernukod — 1/2-
perumKoi s 22,

Howmep Xo Xi X X3= Y
OITbITa Xi1Xo
1 +1 -1 -1 +1 Y
2 +1 +1 +1 +1 Y,
3 +1 -1 -1 -1 Y3
4 +1 +1 +1 -1 Y4

[Ipu »TOM MaTpuIla MIIAHUPOBAHUS HE TEPSET CBOUX ONTUMAIBHBIX CBOMCTB ' B
paMKax JMHEWHOHW Mojenu. YToObl COKpPAaTUTh YHUCJIO OIBITOB, HY>KHO HOBOMY
(akTOpy HOCTaBUTh B COOTBETCTBHE BEKTOP-CTOJNOELl B3aUMOJCHCTBUS, KOTOPBIM
MOKHO TpeHeOpeub. Torna 3HaueHus: ypoBHEH HOBOrO (pakTopa B YCIOBHUSIX OIbITA
OTIpEeCIAIOTCA 3HAKaMH 3JIEMEHTOB 3TOTO CTOJIOIA.

MBI paccMOTpenn caMblid IIPOCTOM CIy4yal: MATPUILY U3 YETBIPEX OIBITOB IS
TpexdakTopHoro miaaHupoBanus. C yBenudeHHeM uuciaa (HaKTOPOB BOMPOC O
MUHUMH3AIUU YHUClIa ONBITOB N CTAaHOBHUTCS OYEHb aKTyalbHOW 3amayeil, Beab N
pacTeT Kak mokaszaTesibHas (yHKIUS B 3aBUCUMOCTH OT Yncia (pakTopoB.

Martpuiia U3 BOCBbMH OTBITOB JJIsI YETHIPEX(PAKTOPHOTO TUITAHUPOBAHUS OyAeT
noaypemmkoii or 11D 2% a mnsa naTudakTOpHOro IJIAHUPOBAHUS — YETBEPTh-
perutrkoii ot I1DD 2°. Jns 0603HayeHUst IPOOHBIX PEIUIMK, B KOTOPHIX p JTMHEHHBIX
addexkToB mnpupaBHeHO K 3ddexkTam B3aUMOACHCTBHS, YAOOHO, IOJIB30BAThCS
YCIIOBHBIM 0003HaueHneM 27, Tak, monypemamka ot 2° samumerca B Bume 2!, a
4eTBEPTh-pPeIuInKa ot 2° — B Buje 252,

Hackonbko 3HaUuTENHHO JPOOHOE MIIAHUPOBAHKE TTO3BOJISET COKPATUTh YHUCIIO
OTIBITOB, MOKHO BUJIETh U3 NIPUBEACHHON HIKE Talm. 1.

[lenecooOpa3HOCTh MPUMEHEHHSI IPOOHBIX PEIJIMK BO3PACTAET C POCTOM YHUCIIA



¢dakropoB. Kak BugHO 13 Tabi. 1, npu uccnegoBanuu BIUsSHUS 15 GpakTOpoB MOXKHO B
2048 pa3 COKpaTHTh YHCIO OMNBITOB, MPHUMEHSSI PEIUIMKY OO0dbIION APOOHOCTH
(mocraBuB 16 onbToB BMecto 32 768 musa IIDD 2!%). Takoe cokpamenue umcia
OMBITOB BO3MOXXHO TOJBKO JJisi clly4as, KOrJa JMHEHHas MOJeib aJeKBaTHO
OMMCBIBAET UCCIEAYEMbI OOBEKT.

JleranpHOE ONMCaHKUE JPOOHOIO IUIAHUPOBAHUS CoAepKUTCA B [3].

Tabmumna 1
CoxkpalieHue KOJMYECTBA OIBITOB IIPU IPOOHOM ITAHUPOBAHUM
Yucno
KomnuectBo Jliist s momHoro
(baKTOpoB JIpoOHast periuka YcnoBHoe ApoGHOI | (haxTopHOro
PEIUIMKK | DKCIIEPUMEHTA
3 1/2 — pernuka or 2° 23! 4 8
4 1/2 — pennvka ot 24 241 8 16
5 1/4 — perumuka ot 2° 252 8 32
6 1/8 — pernuka or 2° 263 8 64
7 1/16 — penuka ot 27 274 8 128
5 1/2 — peruka ot 2° 25! 16 32
6 1/4 — peruka or 2° 262 16 64
7 1/8 — peruka or 2’ 273 16 128
8 1/16 — peruka ot 28 284 16 256
9 1/4 — peruka or 2° 293 16 512
10 1/32— perumuka ot 2'° 210-6 16 1024
11 1/128 — perumuka or 2! | 2117 16 2048
12 1/256 — perumika or 212 | 2128 16 4 096
13 1/512 — permaka ot 213 2139 16 8 192
14 1/1024 — peruka ot 214 | 21410 16 16384
15 1/2048 — peruka ot 21 | 21511 16 32768

[Ipumep. OOCyauM CUTyaIMIO, BO3HUKAIOIIYIO MPHU TMOJTYUYEHUH TOKPBHITHI C
MUHUMaJIbHBIMU BHYTPEHHUMH HanpsokeHUsMH. Heckonbko ciioB 00 00BeKTe
HCCIICIOBAHMUS.

[TokpbITHS clyKaT Ui 3alIUThl HM3ACIMN OT BJIarM W NPHUAAIOT HYXHBIE
CBOMCTBA MX MOBEPXHOCTH. [TOKPBITHUS MOIYYarOT pa3HbIMU CIIOCOOAMH — KOHTPEB,
ommHTOBKA M Jip. CyIeCTBEHHO, YTOOB HAHECEHHOE MOKPHITHE HE OTCIAUBAJIOCh OT
MOBEPXHOCTH W 00Ja1aJI0 3aJaHHBIMU (PU3HKO-MEXaHUYECKUMHU CBOMCTBAMH, CpPEIu
KOTOPBIX OJHUM W3 TJIaBHBIX SBISIETCA CIEIUIEHUE C OCHOBOM. BHyTpenHue
HAIPSDKEHUST BBI3BIBAIOT PACTPECKHMBAHUE CJIOSl, OTCIAMBAHUE €r0 OT IMOJJIOXKKH,
YXYJIIEHUE 3alUTHBIX CBOMCTB. Pa3paboTaHa MeTOauMKa U3MEPEHUS] BHYTPEHHETO
HATPsHKEHUS TI0 iehopMaIiuu u3emus.

Hama nens 3akirodaeTcs B TOM, YTOOBI BBISICHUTH, KaKUM 0Opa3om
BIIMSAIOT HA BHYTPEHHUE HAMPSHKEHUS pa3inuHble (haKTOPbl, OT KOTOPBIX OHO 3aBUCHT,
a Tak)Ke B TOM, YTOObI HAWTU TaKUE YCIOBUS OCAXKICHUS, TP KOTOPHIX BHYTPEHHUE
HaIPSDKEHUST OKAXyTCS MUHUMAIbHBIMU WM JTaXKe MPAKTUYECKH HCUE3HYT. Takum



o0pa3zom, mapaMeTpoM ONTUMH3ALNU (OTKIMKOM) BEIOpAaHO BHYTPEHHEE HAMPSIKEHUE
«y» B YycHOBHBIX eauHunax. [IpenBapurtenbHble HUCCAEAOBAHUS TOKA3adu, 4YTO
HaUOOJIBIINI UHTEPEC MPEJICTABISAIOT CICAYIONMIME TPU (HaKTOpa: KOHIICHTPAIUS KiIest
X, , TTIOTHOCTb TOKPBITHS X, , TEMIIEpaTypa Xj.

Tabaunia 2
YPpOBHU U UHTEPBaJIbl BAPbUPOBAHUS (PAKTOPOB
Konuenrpamusa | [InotHOCT®, Temnepartypa,
Kiest, X, r/em® | X,, 2/m? X3, °C
OCHOBHOM YpOBEHb 0,7 55 45
WNHurtepBan 0,3 25 15
BApbUPOBAHUS
BepxHuii ypoBEHb 1,0 80 60
HuxHuii ypoBeHb 0,4 30 30
TaoOmuna 3
ITopsimoK MpOBEEHHUS, IJIaH SKCIIEPUMEHTA U PE3YJIbTaThl OIBITOB
Howmep [Topsimok DaKTOphI OTKIUKH
asonHoro | mposeneHus | Xo | X; | X2 | X3 | HEpBBIHA | TIOBTOP- cpen-
OIIbITA IBYX HBII HUU
MMOBTOPHBIX ! " v
OMBITOB Y Y Y
1 8; 13 +1 [-1 |-1 |-1 |3,40 4,10 3,75
2 3;12 +1 | -1 |+1 |+1 235 3,15 2,75
3 11; 15 +1 [-1 |+1 |-1 |-0,40 -0,60 -0,50
4 6; 14 +1 |-1 |-1 |+1 |2,70 1,80 2,25
5 2;4 +1 | +1 |-1 |-1 |2,20 3,30 2,75
6 5;7 +1 |+1 |-1 |+1 | 0,60 0,90 0,75
7 1;9 +1 |+1 |+1 |-1 |-0,84 -1,16 -1,00
8 10; 16 +1 |+1 |+1 | +1 | 0,60 0,40 0,50

A Tenepp NpHCTYNIUM K BBIOOpY MOJENIN W IUlaHa 3kcnepumenTa. IIpexne Bcero,
BaXXHO YSACHUTBH, OLICHKHU KakuX 3((HEeKTOB HHTEPECYIOT IKCIIEpUMeHTaTopa. B nanHOM
ciy4yae 3TO JuHeWHble 3(G(deKThl W mapHble B3auMmonencTBusa. llosTomy Mmonaenb
00BEKTa UMEET BUI:

Tabnuia 4 Jlucniepcun cpeiHero

Howmep ombiTa S_z

i
0,122
0,160
0,010
0,202
0,302
0,022
0,025
0,010

R|I| N N[ |W|N|—




Y =by +bx; +byx5 + byxy + bjpxyxy + b3 X X3 4 by3xs x5
Haubonee nmpocToil miaH, JOMyCKalomuUi OLEHKY BceX KOA((UINEHTOB 3TOM
MOJIEJIH, — MOJHBINA (PaKTOPHBIM SKCIIepuMeHT 2°. YPoBHH (PaKTOPOB ¥ MX MHTEPBAJILI
BapbUPOBaHUS, BHIOpaHbl HA OCHOBE aIIPUOPHBIX CBEJICHU U MPEACTaBIECHbI B Ta0. 2,
TabJI. 3 COAEPX UT IUIaH M PE3yJIbTAThl OMBITOB, & Ta0N. 4 — OLEHKH AUCHEPCHI
CpelHUX apupMeTHdyecKux. s OlleHKM OMMOKH BOCTIPOM3BOJUMOCTH BCE OIIBITHI
yOJIUPOBAIIHCH.



IpakTuyeckoe 3ansitue Ne4. IloHbli (paKTOPHBII IKCIEPUMEHT 1O
HCCJICJOBAHMIO NOCICNEeYATHBIX POLECCOB

N3yuenue BIWSHUS BEIUMYHMHBI 3a30pa HA KA4ECTBO MOBEPXHOCTH Cpe3a, CHILY
OlEpalliy, a TAKXKE OINPEACIICHHE ONTUMAJIbHOW BEJIMYMHBI 3a30pa IPU BBICEUKE,
BbIpyOKe, BBIpE3KE MNOJUTrpaduuecKux MaTepuaaoB (KalIUPOBAaHHBIM KapTOH,
JaMUHUPOBAHHBINA KApTOH, OyMara WM IUIACTHK).

Teopemuueckue ceedenusi 0 NIAHUPOBAHUU IKCHepUMeHma u obpabomke e2o
Dpe3yibmamos.

N3yyaeMblil 0OBEKT MNPEJCTaBISAIOT B BHUJAE HEKOTOPOro '"4epHOro smuka',
BBIXOJIHBIE MTApaMETPbl KOTOPOTO 3aBUCT OT BXOJIHBIX MTapamMeTpoB. MaTeMaTuyeckas
MOJIENIb OTPAKAET CBSA3b MEX/y BBIXOJHBIMH M BXOJIHBIMU NapameTpamu. [lockoibKy
Ha CHUCTEMY BIUSIOT TaKXe HEKOHTPOIMpyeMble (akToppl, TO Jaxe IpHU
(PUKCHPOBAHHBIX 3HAYEHUSX BXOJHBIX (PaKTOPOB BEIMYMHA HA BBIXOJAE BeIET cels
ciy4aiiHbIM o0pa3oM. [loaTomy craBUTCS 3a1a4ya HaXxOXKIACHUS €€ MaTeMaTH4eCKOro
OKHJIaHUS U JUCIIEPCUU WA JOBEPHUTEIBHBIX HHTEPBAJIOB.

[Ipu 3anmcu ™Mozenu rpedeckue OYKBBI NPUMEHSIOT JJs OO0O3HAYEHHUs
"HCTUHHBIX" 3HAYEHUI COOTBETCTBYIOIINX HEU3BECTHBIX:

n n n

_ 2

n=0y+2Bx; + ZBijxixj + D Baxi s
i=1 i<j i=1

rae B - koaddunmuentsl perpeccun. [lo pesyapTaTaM dKCHEpUMEHTa MOKHO HAWTH

TOJIbKO BBIOOPOYHBIC 3HAUCHUS BBIXOTHON (HYHKIIMH KOI(PPUITUEHTOB:

VDo by

VYpaBHeHUE perpeccuu MPUHUMAET BUJT
n n n
y=by+ 2 bx; + D byxix; + Zbl-l-)cl-2 +...
i=1 i<j i=1
DKCIIEpUMEHT, B KOTOPOM PEANTH3YIOTCS BCE BO3MOXKHBIC COUCTaHUS YPOBHEU
(hakTOpOB, Ha3bIBACTCS MOJHBIM (DAKTOPHBIM KcIIepuMeHTOM (I1DD).
®dakTopbl MOTYT OBITh KOJIMYECTBEHHBIMU U KAUECTBEHHBIMHU, UX YPOBHU MOTYT
OBITH PABHOOTCTOSIIIIIMH MEK]Ty COOO M HEPABHO OTCTOSIIUMU, IIOATOMY S ypOBHEM
¢daxTopa X; ymoOHO MpHU TUIAHUPOBAHUH SKCIIEPHUMEHTA MPEICTABUTH B KOJIOBOM

macmitabe F; 3HaueHusmu 0,1,2...S—-1. B muaHel BXoOuT Takxke (QPUKTUBHAsS
nepemMeHHas [{,, HeoOxoaumas i1 pacdyera CBOOOJHOIO YJICHA PErpeccur MU
MMEIOIIasl BO BCEX OIbITaX YPOBEHSH 0.

3anuch MaTpUIlbl IJIAHUPOBAHUS TOJHOTO (PAKTOPHOIO HSKCIEPUMEHTA 32
npuBeieHa B Tabnuie 1.1.

Ta6muna 1.1 - Matpuna rmnana [1O3 32

Ne ombita | F K E | RE | E* | B} | F*F} | EF} | FPF,
1 2 3 4 5 6 7 8 9 10
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3HaueHus ypoBHEH A 3(Q(PEeKTOB B3aUMOIEHCTBUN OMPEEIICHbI CII0KEHUEM
YpOBHEH B3aMMOACHCTBYIOIUX (PAKTOPOB U ACIEHUEM CYMMbI Ha YHCIO YpPOBHEM
BapbupoBaHUs (PaKkTOpoB B 3KcmepuMeHTe. OCTaTOK OT JENECHMs HAeT 3HAYEHHUS
ypoBHs. Hampumep, ypoBHM I8 HOSTOro cToji0Li@a MaTpUlbl ONpENENeHbl U3
COOTHOILEHHS:

RFy =(F+FR))3.

Jlis onbita Ne 9 cymma B ckoOkax paBHa 4. OCTaTOK OT JI€JIEHUs €€ Ha 3 paBeH

1. CnenoBatenbHO, B onbiTe N9 ypoBHeM s¢dekra B3aumozeiictsust FF, spisercs 1.

[IpuBeneHHBIN BBIIIE KOAUPOBAHHBIN MAaCIITa0 TPUMEHSETCS TIPU COCTaBICHUU
IUIaHOB, B YAaCTHOCTH, MpH BbIOOpE CTAaHAApTHHIX IUIAHOB IO KaTajJoraM MX
npeoOpa3oBaHuil i NPUMEHIEMBIX B SKCIIEPUMEHTE YHCEJl YPOBHEH BapbHUPOBAHHUS
¢dakTopoB.

JUist 00pabOTKH JAHHBIX SKCIIEPUMEHTA MPUMEHSIOT APYrol KOJAMPOBAaHHBIN
MacITao.

bynewm ctpouts moaenb

y=by+ YhX+Y b X, X;+ Y XX, +b X3, (1.1)

1<i<3 1<i<3
rae X, - gpakTopsl B HaTypaibHOM Maciitade, T.e. B MIla, M, kr u T.x1.
B xonupoBanHOM Maciitabe MOAeIb PEACTaBUM B BUJIE:

y=b+ Y bx;+ Zbij'xixj+ Dbz b, (1.2)

1<i<3 1<i<3 1<i<3 Jj

rae x; - IuHeWHas QyHKuma or X, ; z; - kBaapaTuuHas QyHKuus ot X; ; ¢ -

Kyounueckas QyHKIusA oT X .

[Inanbl  gakTOpHOTO HSKCIEpUMEHTa JOJDKHBI  00JajaTh  CIICIYIOIUMHU
CBOMCTBaMU:

n
1. CUMMETPUYHOCTB, T.€. le-j =0, roe i - HOMEp OmbITa; j - HOMEp (hakTopa;
i=1

n
2
2. CoOTBETCTBHUE YCIOBUIO HOPMUPOBKHU inj =n;
i=1
3. OpTOroHaIBHOCTh - CYMMa MOYICHHBIX MPOU3BECHUN JTIOOBIX IBYX (aKTOP
- cTos010B paBHa 0:



n
2. X% =0;
i-1

4. PoraTabenbHOCTh - TOYHOCTh TpPEJICKa3aHUS 3HAYCHWA ) OJMHAKOBAa Ha

PaBHBIX PACCTOSIHUAX OT LIEHTpA dKcrepuMeHTa. [Ipu 3 ToM TOYHOCTH C pOCTOM YHcIIa
HE3aBUCHUMBIX IEPEMEHHBIX YBEJIMYMBAETCA 110 CPABHEHHIO C OJHO(DAKTOPHBIM
AKCIIEPUMEHTOM.

DTOMY SBICHHIO MOYKHO J1aTh TEOMETPUUECKOE UCTOKOBaHuE. 13BeCTHO, 4TO B
JUHEWHBIX 3a7adyax Kod()(UIMEHTH PEerpeccud OIpPEAeNsSIOTCS TeM TOYHEee, YeM
Oonpiie pagumyc obcmemyemoii cheprl. B omHOdakTOpHON 3amade 3TO JIETKO
wuocTpupyercs rpadpukom (pucyHok 1.1.)

[N Yi
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Pucynok 1.1 - 3auepHeHHbBIE KPY>KKHU - HCTHHHBIE 3HAUYEHHUS, CBETIIbIE KPYKKH —
3HAYEeHHsI, OTCUUTAHHBIE C OLITHOKOM.

Ha pucynke nokasaHo, 4TO €ClIH JBE€ TOYKH, B KOTOPBIX IPOU3BOIATCS
U3MEpEHHUs, pacrojaraloTcs OJU3KO APYr K JIpYyry, TO Jaxe HeOousbluas omudKa B
AKCIIEPUMEHTE BBI3BIBACT OOJIBIIYIO OIMIHUOKY B OlLIEHKE KO3 (UIIMEHTa pEerpecCuu.
UYem nasbliie pa3HECEHbl TOYKU, TEM TOYHEE OLIEHUBAIOTCS KOA(D(OUIIMEHTHI perpeccuu
opu Tex ke omwubOkax B skcrepumeHTe. OIHAKO B peajbHOM HCCIeI0BATENbCKON
paboTe Henb3s CKOJIb YTOAHO YBEJIMYMBATH paguyc oOCIeAyeMOro MpOoCTpaHCTBa,
MIOCKOJIBKY TPaHUIIBI WHTEPBAJIOB BapbUPOBAHMS YacTO OBIBAIOT >KECTKO 3aJIaHbI,
UCXOJIS1 U3 COOOpaKEHUM, CBA3AHHBIX C TEXHUKOUM SKCIIEPUMEHTA.

[Ipumensis MHOTO(AKTOPHBIC IJIAHBI, Mbl YBEIMYUBAEM pauyc oOcCiemayeMoit
cdepsl 3a CUET CBOMCTB MHOTOMEPHOTO MPOCTPAHCTBA, HE YBEIWYUBAS TPH ITOM
VHTEPBAJIOB BAPbUPOBAHUS MO KAXIOM MEPEMEHHOM B OTAEIBHOCTU. PaccMoTpum
3a1a4y C TpeMs NepeMEHHBIMU. ECin KaXkast U3 NEPEMEHHBIX BapbUPYETCS HA IBYX
YPOBHSIX, @ UMEHHO, —1 U +1, To 00BEM 00CIeayeMOro MpOCTPAHCTBA OTPaHUYCH
KyOOM, KOOpJIMHATHI BEPIIMH KOTOPOTO 3aJal0TCsl EPECTAHOBKOM Uncel (ir L1+ 1)

(pucyHok 1.2).

[lnan oObenuHseT BepHIMHBI KyOa TakuM 0Opa3oM, UTO TMOJIy4aeTcs
IPABWIIHHBINA TETPAdIP, a B OOIIEM BUE - CUMILICKC.

OmnumemM MBICIIGHHO BOKPYT cUMILIEKca cepy - e€ paamyc, O9eBUIHO, PaBEH



r=~/3. Jlist 3a754H C MIECTHIO TIEPEMEHHBIMH IIIAH 3a1aeTCS KOOPANHATAME BEpIHH
NPaBHJILHOTO CHUMIUIEKCA B MIECTHMEPHOM TPOCTPAHCTBE, U PaanyCc 0OcCIemxyeMoi
cepsl yxe paBeH r =+/6 .

Takum oOpa3oM, ¢ pOCTOM YHCIIa HE3aBUCHMBIX MEPEMEHHBIX PAaCTeT Pagnyc
oOcnemyemMori cepbl, XOTS WHTEPBAIBI BapbHPOBAHHS MO KaXIOW HE3aBUCHUMOU
NIEPEMEHHOM OCTAIOTCS MO-TIPEKHEMY TEMHU JKe. Y BEIMUEHUE paJyca IMPOUCXOINT 32
C4€T CBOMCTB MHOTO(DAKTOPHOT'O MPOCTPAHCTBA, U B PE3yJIbTaTe PE3KO MOBBIIIACTCS
3 PEKTUBHOCTh SKCIIEPUMEHTA.

| %2 x

Pucynok 1.2 - Cxema npejcrabiieHus: (PaKTOPHOTO MPOCTPAHCTBA

3anuineM JINHEHHYI0 QYHKIMIO OT X; B BUJE
X =ki(X; + 4), (1.3)

rae k; 1 A; - KOHCTaHTHI.

3 YCJI0BUSA CUMMETPUYIHOCTHU IJIaHA
N

N
2 X, = kiZ(Xiu + Ai): 0
i=1 u=l1
200051

N

X; +NA4;,=0,

u=1 !

OoTCHO/1a

1 N
4 = _NEX i, -

[Tocne nmoncuéra A; kodhGUIMEHTH k; MOIOMPAIOT TaKUM 00pa3oM, YTOObI
YPOBHHU X; IIPEJCTABIISUIM cOOOM HEOOIIBIINE YHCTIA, JTyYILIE LEbIE.

Janee 3anumieM z; Kak KBaJApaTUYHYIO (QYHKIIHUIO OT X;:

z; = kl-'(xi2 +a;x; + cl.), (1.4)

rae k;, a;, ¢; - KOHCTaHTBI.

U3 ycroBusi CHMMETPUYHOCTH TJIaHA



N N N
Zzl-u =k! inu+al-2xiu+N-cl- =0,

u=1 u=1 u=1
N N 1N
u, IOCKOMEKY, >, %; =0,1T0m X x; + N-¢;=0.Orciona ¢; = Y DX
u=1 u=1 u=1
U3 yCcroBusi OPTOTOHAILHOCTH [UTaHA

N
leuzlu :0. (1.5)
u=1

[Tocne nmoacranoBku (1.3) u (1.4) B (1.5) nomyuum
N N N, N
Z)ciuziu = le-u +ai2xl~u +ci2xl.u =0.
u=1 u=1 u=1 u=1
N3 nocneauero BeIpakeHusl, C y4ETOM YCIOBHSI CHMMETPUYHOCTH IJIaHA,
Yoy /¥,
a; =—le~u inu :
u=l1 u=l1

KoadduiiuenTs! k; BHIOMPAIOTCS M3 YCIOBHUS, YTOOBI YPOBHH z; TPEACTABISIH

co0o¥t HeOObIIINE YnCTIa, JIYIIe 1ETbIE.
3anuimeM ¢; Kak KyOu4ecKyro (QyHKIHUIO OT X; :

3 2
rae k', d., I, n; - xoHCTanThl. Y3 yCIOBHSA CHMMETPUYHOCTH M OPTOrOHAIBHOCTH

N N 3 N ) N
u=1 u=1 u=1 u=1

N N, N N N
Zqiuxiu = Z)ciu +di2xiu +li2xiu +ni2xl.u =0,
u=l1 u=l u=l1 u=l1 u=l1

N N, N N N
Zqiuzz‘u = inuzl-u +dizxiuziu +Zizxiuziu +niZZiu =0,
u=l1 u=I u=I u=l1 u=l1

nocJjie npeoOpa3oBaHui U3 TEX K€ YCIOBUMI

ul 3 ul 2
u=1

u=l1

N 4 N 3 N )
inu +di2xiu +linl-u =0,
u=l u=l u=l1

Y3 N,
ZXiuziu + diniuziu =0.
u=l1 u=1

PemnB 3Ty cucremy, nosyunum



d _ _u=l ] =— 1 %X“ _u=l  u=l
i~ N , TN Iy N ’
2 u:l 2
leuZlu zxiu leuzlu
u=1 u=l1 u=1
N 2 N 3
N zxiu szu Zzu

u=1
Takum 00pa3oM COBEpIIICH MEepPexo ] K KOAUPOBAHHOMY MacmiTady, B KOTOPOM
TUTaH SKCIIEPUMEHTAa CHMMETPUYCH U OpTOoroHaneH. [1oaToMy K03 dUITHEHTH MOIETH
(1.2) cuuraror 1o popmyiie

N N
b, = le-uyu lezu , (1.6)
u=l1

u=1
rae i =0,1,2,..,k - Homep dakTopa.
Jlucniepcuu o1ieHOK K03 PUIIMEHTOB ONpeaestoTcs o GopmyJie

N
Sy =82/ Y%, (1.7)
u=1

2
Tac Sy - JUCIICPCHU BOCIIPONU3BOANMOCTH SKCIICPUMCHTA.

Eciu Bce ombITHI, 3aJaHHBIE MJIAHOM, BBITIOJIHSIOT TI0 OJTHOMY pasy, a OIUH U3
HUX TyOIUPYIOT HECKOIBKO pa3, TO TUCTICPCHUIO BOCIIPOU3BOIUMOCTH PACCUUTHIBAIOT
o gopmyie
n
Z (y q Y )z
2 =1
Sy = = (1.8)
h

T/ Y, - PE3YNBTAT ¢ -TO MOBTOPA; y - CPelHee apu(METHIECKOE 3HAYCHUH BCEX N

ayOJielt ombITa; f; - YMCIO CTETeHEH CBOOOIBI.

Yucno cremeHedl cBOOOABI - TOHSTHE, YYUTHIBAIOIIEE B CTATUCTUYECKHX
UCCIIEIOBAHUSIX CBSI3U, OTPAHUYUBAIOIIME CBOOOTY U3MEHEHUS CITyYalHbIX BEIUYMH.
DTO YHUCIO OMPEACNSIETCS KaK Pa3HOCTb MEXY YHMCJIOM BBIMIOJHEHHBIX OMBITOB U
YUCIIOM KOHCTAaHT, IMOJICYMTAHHBIX IO PE3yJIbTaTaM TEX K€ ONBITOB. B JaHHOM citydae
TpeOyeTcs MOACUNUTATh OJIHY KOHCTaHTy y . [loaToMy B JaHHOM ciydae

fi=n-1.
JloBepUTenbHbIE HWHTEPBANbl OLEHOK KOA(DPUIMEHTOB ONPENEHsIOT IO
BBIPAKEHUIO

Ay, =ty s Sh (1.9)

rae ¢ - xputepuit CrtbrogeHTa, Oepercss u3 Tabmuimsl I1.1 (cm. mpunoxxenue) B
3aBUCUMOCTH OT YPOBHS 3HAYMMOCTH O M 4YHCIA CTENeHell cBOOOABl f; mpH



SZ' Sb-

OIIPCACIICHUU AUCIICPCHHA BOCIIPOHU3BOAMMOCTH OKCIICPUMCHTA IE )
1

CpeAHEKBaApaTUYHAs OIIMOKA B ONpeeeHur Kod(phuiimeHTa perpeccuu.
KoadduimenT cunraercst 3SHaUMMBIM, KOT/Ia €ro a0COJII0THAs BETMYMHA 0O0JIbIIe
JOBEPUTEILHOTIO MHTEPBAIa UM paBHA EMY, T.€.
b= A, .

CMBICIT 3TOr0 pPaBEHCTBA 3aKIIOYAeTCsl B TOM, YTO aOCONIOTHas BeIMYMHA
K03 uImeHTa 1okHa ObITh B ¢ pa3 0oJblIe, YeM OLIHNOKa €ro OMpe/IeICHNUS.

Koadduimentsl, koTopble MO aOCOIIOTHOW BEIMYMHE MEHBIIE CBOUX
JOBEPUTEIIbHBIX HHTEPBAJIOB, B MOJEIIb MOKHO HE BKIIIOUATh.

3.Conepxxanue paboThI

Bennuuna 3a3opa mpu BeIpyOKE BapbUpYETCs Ha TpPEX YPOBHSX, MaTepuai

3aroTOBKM - Ha JAByX. IlmaH momHoro (hakTopHOro sKclnepuMeHTa B Kojxax F;

npeacTaBieH B Tabnuue 1.2.

Tabmuna 1.2 - Marpuua mnana 3x2//6 B konax F;

Howmep K F, Howmep K F,
OIIbITA OIIbITa

1 0 0 4 0

2 1 0 5 1

3 2 0 6 2

Bripy0Oatorcst kpyKku u3 ctaid 45 U Meau B MaTpulle AUAMETPOM 25 MM.
TonmmHa 3arotoBoK 7 MM. Y POBHM BapbUPOBAHUSA 3a30Pa, IO OTHOLIECHUIO K TOJIIIIUHE
3arOTOBKH, BEIOPAHBI ¢ YUETOM JIMTEPATYPHBIX NaHHBIX U cocTaBiswoT 0,03; 0,05; 0,1.

3anumieM 3TOT TIUlaH B HATypajJbHOM MaciiTade, OCTaBUB YPOBHSIM
KayecTBeHHOTO (akTopa X, o0o3HaueHus ypoBHed F, (tabmmua 1.3). B mocinennem

cTonbue Tabnuubl 1.3 mpuBeneH MOPSAIOK pealn3alluid OIBITOB, BBIOPAHHBIN MO
Ta0JINLIE CITyYalHbIX YUCEN.

Ta6mmma 1.3 - MaTtpuna miana 3x 2//6 B HaTrypajabHOM MaciTabe

Homep | X X, Iopsamox | Homep X | X, IMopsamox
OIIBITA peanu3anuy | OmbITa peanusanuu
1 0,03 0 3 4 0,03 1
2 0,05 0 4 5 0,05 5
3 0,0 | O 2 6 0,10 6

st oOpaOOTKM MaHHBIX DKCIIEPUMEHTa COBEPILICH TMEpexo]l K HOBOMY
KOJAMPOBaHHOMY MaciTaly. [1o u3105KeHHO BhIIIe METOIMKE (POPMYIIBI TEpexo/ia OT




XZ-K Xl- H z; IMOJYYCHBI CJICAYIOIIUMMU
x, =100(X, —0,06),
2= (v ~ 1.4, -8.7) (1.10)
x, =2(X, - 0.,5).

[1nan skcriepuMeHTa B KOJUPOBaHHOM MaciuTabe mpecTasieH B Taduuue 1.4.

Tabmuna 1.4 - Marpuna miana 3x2//6 B KOIUpOBaHHOM MaciiTade

Ne Xg | X | X Z XXy, | Xz | Xz | KasectBo | Ycunnme
OIIBIT cpesa  |omepanuu
a
1 2 [ 3 4 5 6 7 8 9 10
1 1 | -3] -1 4,5 3 -13,5 | -4,5
2 1 (-1} -1 | -63 1 6,3 6,3
3 1 | 4] -1 1,8 -4 72 | -1,8
4 1 [ -3] -1 4,5 30| <135 | 45
5 1 (-1] -1 | -63 -1 6,3 | -6,3
6 1 | 4] -1 1,8 4 7,2 1,8

Cronben X, cmy>kamuii 1uis onpeeneHus koddduunenta b, MoaeIn, COCTOUT

TOJILKO U3 +1. YpoBHU 3(DPEKTOB B3aUMOJEHCTBUI MOJYUYEHBl MEPEMHOKECHHEM
YPOBHEW COOTBETCTBYIOIINX ITaBHBIX A (PEKTOB.

B pesynprare skcnepuMeHTa OIPENEISIOT KadeCTBO Cpe3a U YCWIME IIpU
BbIpyOKe. Pe3ynbTaTel 3aHOCST B Tabnauiy 1.4 .

JInsd WCKIrOYEeHUs BIMSHUSA HAa OKOHYATENbHBIM PpE3yJbTaT JKCIEPUMEHTA
HaBbIKa, MOSBJISIONIETOCS B IpoLiecce padOThl, WIM YCTAJOCTH OMbBITHI MPOBOAST B
nopsiaike, ykazanHoMm B tabnuue 1.3. J{nsg noacuéra qucnepcuu BOCIPOU3BOIUMOCTH
HKCIIEPUMEHTA OJUH U3 ONBITOB MOBTOPSIOT 4 pa3a. [lpu 3Tom 1y0au ogHOrO OmbITa
IIPOBOJST HE OJIMH 34 APYTMM, a IIEpEMEKasi C MPOBEAECHUEM OCTAIbHBIX OIBITOB.

3aroToBKU nociie BEIpyOKH (pUCyHOK 1.3) ocMaTpUBarOT U OLICHUBAIOT KAYECTBO
cpe3a mo 3-x OampHOM miKane. Hawrydmmm cpe3om, oreHWBaeMbiM B 3 0Oaia,
CUMTAETCS COCTOSIIIMM U3 TPEX 30H: | - 30Ha ckpyrnenus, Il - 6necramuii nosicok, I -
30Ha cKayibiBaHuA. [Ipu 3TOM 30HA | HOJKHA MMETh HE3HAYUTENBHBIM pa3sMep. Eciu
3Ta 30Ha BO3pPACTaeT MO CPAaBHEHUIO C HAWMEHbILIEH, MOJYYEeHHOW NpU BBIPYOKe
3aroTOBKM M3 JAaHHOTO MaTepuaia, Wi BbIpyOaeMblii 0Opaszel] uMeeT 3aMEeTHBIM
porud, To KAYECTBY Cpe3a MPUCBANBAIOT OLICHKY 2 Oaia. Eciau moBepXHOCTh pBaHas,
C JIOTIOJIHUTENIbHBIMU MOSICKaMH, TO KaYeCTBY Cpe3a MPUCBAUBAIOT OIIEHKY 1 Oas.

Pucynok 1.3 - 3arotoBka mnocsie BIpyOKu



Yewnusa nipu BeIpyOke OepyTcsi M3 TaONMIBl y TpernojaBaTesis M0 HOMEpY
3arOTOBKHU.

Pesynbratel 4 ny0eit 0IHOTO OIbITa MPOBEPAIOT HA OTCYTCTBUE MTPOMaxoB. [[is
3TOr0 MPUMEHSIIOT CIEAYIOLUI CIoco0.

[Tycte umeercs n+1 pe3ynpTaToB HAOMIOJEHUH, I'Zle 3HAYEHHE X, .| PE3KO

BbIJIEIACTCA. Torga st n pe3yJabTaToOB HAXOISAT

n
X= —Z X;; S =
ni=
U PACCUMUTHIBAIOT OTKJIIOHEHHE X, | — X . 3aTEM HAXOIAT IPEEIbHOE OTKIIOHEHHE
€= toc;n—l F

rae ¢ - kputepuii CTerofieHTa, Oepercs u3 Tabmuusl I1.1. (cM. mpuiioxeHue) B

a;n—1
3aBUCUMOCTH OT YpPOBHsI 3HAUMMOCTM M 4HCIa cTeneHed cBoboxbl n—1. Jlanee
CpPaBHHUBAIOT (xn +1—)_c) c ¢. Eciu (xn +1—)?)>8, TO C BEpPOATHOCTBIO P =1-a

3HAYEHHUE X, ; CUUTAIOT IPOMAXOM U OTOPACHIBAIOT.

Ecnu mpomax OTCYTCTBYET, TO HAXOAT CpeiHee apu(PMETHISCKOE Pe3yIbTaTOB
YeThIpeX yOJIel, U 3TO 3HAUYCHHE 3aHOCAT B Tabnuiy 1.4 kak pe3ynabrar omnbita. Ecim
UMEETCS TpoMaxX, TO PE3yJbTaTOM OIbITA CYHTAKOT CpeaHee apuMeTHIecKoe
pe3yNIbTaTOB TPEX AyOIeid, OCTaBIIUXCSI MTOCIIE UCKITIOYCHHS IpOMaxa.

[Tocne mpoBeeHUs BCEX OMBITOB ONpEaeNSIOT KodddutimeHTs Moenw (1.2) mo
dbopmyie (1.6). Jucnepcun kod3phueHTOB BRIUUCISIOT 10 hopmye (1.7), 3atem
OIIpeNIeNIAI0OT BHIOOPOUHBIE CPETHEKBAJApPAaTHUYHbIC OTKJIOHEHHUS S, AN KaXJI0ro

K03 PUIIMEHTa KaK KOPEHb KBaIpaTHBIN U3 COOTBETCTBYIOIIEH AUCIICPCHH.

Jlucriepcuio BOCIIPOM3BOAMMOCTH SKCIIEPUMEHTA OMPEEISIIOT M0 pe3yabTaTaM
YeThIpex ay0Jiei oaHoro onbiTa o Gopmyre (1.8).

JloBepuTenbHbIe UHTEPBAJIBI OLIEHOK KO3(P(GUIIMEHTOB OMPEALIIAIOT 1o hopmyie
(1.9) npu a0 =0,05 u n=3, NOCKOJIbKY KOHTPOJBbHBIA OMNBIT AyOIUPOBAIICSA YETHIPE
pasa.

Koadduiments, koTtopbie 10 aOCOMIOTHON BeTWYHHE OOJbIIE CBOHMX
JIOBEPUTENIbHBIX WHTEPBAJIOB, MPU3HAIOT CTATUCTHUYECKH 3HAUUMBIMH TpU 5% - HOM
YPOBHE 3HAUMMOCTH U BKIIFOYAIOT B Mojielb (1.2).

Takum o0pa3oMm MOJy4arOT JBa ypaBHEHHWsS, OJHO U3 KOTOPBIX OMHUCHIBAET
3aBHCHMOCTH KauecTBa cpe3a, a APYroe - yCUiaue Ipu BeIPyOKe OT BETUYHHBI 3a30Pa,
MaTepuaia 3arOTOBKH M B3aUMOJICHCTBUS ITHX JABYX (PaKTOPOB.

OpnHako moOJlydeHHbIE YpaBHEHHS 3alMCaHbl B KOJUPOBAHHOM MaciiTabe u
HEYIOOHBI JUIsl MPAKTUYECKOTr0 MCHOJb30BaHMs. [ mepeBoaa UX B HATypabHBIM
Maciitad ucnoib3ytoT ypaBHeHus (1.10). B Havane uneHsl, coxepxkamue z; ,

packpbiBalOT B (opMe (YHKIIMH OT X;, a 3aT€M BCE€ UJICHBI PAaCKpBHIBAIOT B (popme
¢ynkuuu ot X; u X,. B mpouecce packpbITHs BBIpRXXEHUH NPUBOIAT MOJ0OHBIE

YJICHBI.
HOJIy‘ICHHBIC YPaBHCHUA AHAJIM3UPYIOT MOJIA YCTAHOBJICHUA ONTHMAaIbHOM
BCJIMYUHBI 3a30pa. Ananuz MMPOBOJAT OTACIIBHO IJI1 3arOTOBOK M3 CTAJIHN 45 n u3 MCIH.



JUis 3TOro B ypaBHEHMsI MOJCTABIAIOT 3HaueHus ¢akropa X, =0 mis cranu 45 u
X, =1nna meau. [lony4aroT 3aBUCMMOCTH KauecTBa Cpe3a M YCWIMs ONEpalyy Kak

¢yHKUMKM BenWyuHBl 3a3opa. Mx guddepeHuupyroT 1O 3TOMY aprymMeHTy u
POU3BOJIHBIE MPUPABHUBAIOT K HYNO. TakuM oOpa3oMm, BBISBISAIOT onTUMyM. llo
pe3ysibTaTaM aHaju3a JeN1atoT BHIBOJIBI.

4. Coagepxanue pac4yeTroB

B pacuerax mpuBOIAT MaTpHIBl IJIaHA B HATypPaJbHOM U KOJAMPOBAHHOM
maciitabax (tadmunel 1.3 u 1.4) ¢ 3anonHeHHbIMA TpadamMu pe3yJabTaTOB OIBITOB,
dbopMyIIBI TIepexo/ia OT HATYPaTbHOTO MacITaba K KOAUPOBAHHOMY.

OnuchIBalOTCS METOAWKH W PE3yJbTaThl TPOBEpKH JyOned ompiTa Ha
OTCYTCTBHE IMPOMAXOB, PACUYETOB AMCIIEPCHH BOCIPOU3BOJUMOCTH SKCIIEPUMEHTA,
OIICHOK KO3(HUIIMEHTOB MOJENIeH M WX AUCIIEPCUN, JTOBEPUTEIHHBIX WHTEPBAJIOB
OLICHOK KO3(()UILIEHTOB.

[TpuBoAsTCS MOZICIIM B KOJMPOBAHHOM M HATypaJIbHOM MAacIlTa0ax v UX aHaJIu3.

JlatoTcss peKoMEHAAWK IO ONTUMHU3AIMK BEJIIMYWH 3a30pPOB IPU BBIPYyOKE
00pas3IoB U3 KapTOHA.

PacdeTsl 3akaHYMBaETCs BBIBOJAAMH I10 MPOBEACHHON padoTe.

5. KoHTpo/ibHBIE BOIIPOCHI

. Kak npu cocraBinenun IIDD omnpenensitoTcss 3HAYEHUS YpPOBHEH ISt
s exToB B3anMo1elcTBHIN PaKkTOpOB?

2. B 4yem 3akiroyaeTcs CBOMCTBO CUMMETPUYHOCTH IUIaHA.?

3. Uro Takoe COOTBETCTBHE IJIaHA YCIOBUIO HOPMUPOBKHU?

4. Kak raH Ha3bIBa€TCs OPTOrOHAJIBHBIM?

5. YUrto Takoe poTaTabeabHOCTh IJ1aHa?

6. [Ins d4Yero um Kak ONpenensercss AUCHEPCUS BOCIPOU3BOAMMOCTH
JKCIEPUMEHTA.

7. Kak paccunuTbIBatOTCs OLIEHKU KO3 HUIIMEHTOB MOIEIN?

8. Kak omnpezenstorcsi JoBepUTEIbHbIE HHTEPBAJIbI OLIEHOK KO3(DPUIIUEHTOB.

9. B xakoM ciyyae Kor(h(PUIMEHT CUUTAETCs 3HAUUMBbIM.

10. Kak mnpoBoauTcs BBISIBICHHME M OTCEB IIPOMAXOB B Ppe3yJIbTaTax
HaOJI0ICHUI.



IIpakTuuyeckoe 3ansaTue NeS. [loctraHoBka GaKTOPHOI0 IKCIIEPUMEHTA
NPH UCCJIEIOBAHNM KavyecTBa noaurpadguieckux usgeaunii (yacrp 1)

Ilenv padbomuwr:

OcBouTh MaTeMaTHYECKUE METOJbl IUIAHUPOBAHUSA IOJHOTO (HaKTOPHOIO
skcniepuMenTa (I1PD); HayuuTbes omnpeaenarb maremarundeckue monenu 1 w11
HOPSAKOB MPHU UCCIIEJOBAHUH KaueCTBA MOTUTPAUIECKUX HU3ISIUNA

Cooeprrcanue padbomut

1 .IlmanupoBaHue TMOAHOTO (PAKTOPHOTO OKCIEPUMEHTa U 00paboTKa
pEe3yJIbTaTOB.

2. Onpenenenue nuaeitHon monenu [1D3.

3. IIpoBepka afekBaTHOCTH ypaBHEHHUs | mopsiaka.

4. IlnanupoBanue MHOTO(aKTOPHOTO 3KcriepumenTa Il mopsiaka.

5. Onpenenenue ypaBaenus perpeccuu Il mopsiaka.

6. IIpoBepka agexkBaTHOCTH ypaBHeHus 11 nmopsiaka.

7. AHanu3 pe3ynbTaToB paboThl. @OPMYIHPOBKA BHIBOIOB.

Ilocoous u uncmpymenmupr: TaOnuIbpl 3HayeHUM KputepueB CTbIOAEHTA,
duiiepa; MUKPOKAJIBKYJIATOP.

Bapuant Ne4

Onpenensny BO31yXONPOHUIIAEMOCTh MaTEPUAIIOB € PA3JINYHBIMUA 3HAYEHUAMH
miotHocTH - (X1), (IT0=180), u xosappunuentom ymiotnenHoctu - X2, (C0=0,7) c
UHTEpBAJIaMM MU3MeHeHnus cooTBeTcTBeHHO S50 wu  0,2. Onpenenuts ypOBHH
BapbUpOBaHUS (PAKTOPOB, NOCTPOUTH pabouyr0 MaTpully MaaHupoBaHus. [Iposectu
o0OpabGotky IID3, HalTH ypaBHEHHE pErpeccuH, IPOBEPUTH €ro aJeKBAaTHOCTD,
pe3yJIbTaThl pacuéra NpeCTaBUTh IPAPUUECKH.

Martpuua 3KkcnepuMeHTa

Ne ombrTa | X0 X1 X2 X1X2 Y nm/Mm *c
1 + + - - 200
2 + - - + 380
3 + + + + 150
4 + - - - 300

OO6uiue cBeneHus

KauectBo monurpapuyeckux H3IeNUN 3aBUCUT OT LEJIOro psna (hakTopos
(cBOIiCTBa MCMOJIB3YEMBIX MAaTE€pPUAJIOB, KA4€CTBO COeNMHEHUI U ap.). I[loaTromy npu
UCCIIEJIOBAHUM KaueCTBa W3JENUN pemaT MHOTO(GaKTOPHYIO 3agady, B KOTOPOU
nu3ydaemMoe CBOMCTBO 00BbekTa (Y) 3aBUCUT OT HECKOIMBKHUX (PakTopoB (X , Xz, X3, X4
U T.J.).

C ToOi 1enpl0 MPOBOAUTCSA MOJHBIM (akTopHbId 3KcniepumeHT (I[1DDI), B
KOTOPOM PEaNTM3YIOTCSI BCE BO3MOXKHbIE KOMOMHAIIMK PacCMaTPUBAEMBbIX YPAaBHEHHM
(akTOpOB, a pe3yNbTaThl OLIEHUBAIOTCS C MOMOIIbIO CTATUCTUYECKOTO aHAIH3A.



[TnanupoBanue [1DI cBA3aHO ¢ MOCTPOESHUEM JTMHENHBIX MOJEIIEH BHIA

k k
y=b, +Z:bixi +Z:bijxiyj
1 1
rae )V - 3HaU€HUE KPUTEpUs;
bi - muHeliHbIe KO DULIUEHTHI;
bij— k03 HUITMEHTHI ABOMHOTO B3aUMOJIEHCTBUS (DAKTOPOB.
MHOro(hakTOpHbIi SKCHEPUMEHT MPEACTABISIET COOOM CIOXKHYIO 3ajady,
03TOMY OYE€Hb YacTO JMHEHHAas MaTeMaTU4yeckas MOJEIb SIBJIAECTCS HEaJeKBaTHOU
pealbHOMY ITPOLECCY.
B nanHOM ciydae mepexoJsT K IUIAaHUPOBAHHIO BTOPOrO M 0ojiee BBICOKHMX
HOPSAKOB. YPAaBHEHHE PErpecCUU NMPU 3TOM NPEICTABISIET MOJUHOM BTOPOM WIH
Oosiee BBICOKOM cTeneHu. Tak, Npu IUIAHUPOBAHUU BTOPOIO MOPSAKA HU3ydaeMbIH

IPOIIECC OMHUCHIBACTCS YpPaBHEHHWEM BTOPOrO TMOPsAKa, OOIIMI BHJ KOTOPOTO
IPEACTABIICH HIXKE

k k k
- 2
y=b,+ Z:bixi + Z:bijxi y;+ Z:biixi
i=1 i=1 i=1

[lopsimok cTaTUCTUYECKOM 0O0pabOTKM pe3yJbTaTOB 3KCHEpPUMEHTa MpHU
MHOTO()aKTOPHOM TUIAHMPOBAHUU COOTBETCTBYET IOCJIEI0BATENLHOCTH 00pabOTKH
pyu OJHO(PAKTOPHOM IIJIAHUPOBAHHH.

Brimonnenne paboThl
1.1. Onpenenenue K03hHUIIMEHTOB ypaBHEHUSI PETPECCUU.
1.1.1. CBOOOIHBIN UJieH YpaBHEHHSI pErPeCcCUr OmpeaesisieM 1o hopmyie:

&
by = —
0 nzl:yu
b, = 257.5

A€ 7 - 4ucCJoO OIIBITOB,

Y. - cpennumii pe3yabTaT B KaXKJIOM OIIBITE.
1.1.2. JIunetinbie ko3P GULIMEHTHI ONIPENEIAIOT Mo Gpopmyie:

1 & -
b =— .
= Zl‘,xmyu
b, =-82,5
b, = 32,5

II€  Xju - KOJUPOBAHHOE 3HAYCHHUE 1-TO (haKTOpa B KaXKJIOM OTACIBHOM OTIBITE.
1.1.3. KoaduimeHTs napHOTO B3aUMO/ICHCTBUS.

1 N
bij :_inu .Xju .yu
n-



b, =175

1.2. Onenka 3HaUMMOCTH KO(DPHUITUEHTOB YPABHCHHSI PETPECCHH.
1.2.1 Onpenenenre 1UCIEPCUN Pe3yIbTATOB IKCIIEPUMEHTA:

N n )
11
n(N-1)

S {y}=

N n
— 2 o
rae ;;(yuj —¥.)" — cymMMa cpemHEKBaIPATUYECKHX OTKIOHCHHIl Pe3ylbTaToB

AKCIEPUMEHTA OT CPEAHETO 3HAYEHUS B KAXKJOM ONPEIECICHHOM OIIBITE;
N - HOBTOPHOCTH OIBITOB.

S? {y}=1,581

1.2.2 Onpenenenne aucnepcur (omuOku) KoIDOUIIMEHTOB ypaBHEHHS
perpeccuu 1Mo GpopMmyie
2 (—
2 Sy}

b} —
{b;} N-n,
1.2.3. OmpeneneHue JTOBEPUTEIBLHOIO MHTEpBajga Uil  KOd()PHUIIUEHTOB
ypaBHEHHS.

rae  tr=3,18-tabnauuHoe 3HaueHue kpurepus CTprofeHTa a1 n=4.
Ab, =1,124
Ab, =—1,124

[Tocne onpenenenus N10BEPUTEILHOTO UHTEPBAia CPAaBHUBAEM €0 BEJIMUMHY C
K03 duIMeHTaMu perpeccu. BennuuHa AOBEPUTENHLHOTO MHTEpBajia MEHbIIE (10
MOJIyJII0) BEJIUYUHBI KOI(PPHUIMEHTa, CIeAOBATEIbHO, TaHHBIA KOIPPHUIHESHT
ypaBHEHUS 3HAYUM H HE UCKIIIOYACTCS U3 YPABHEHHSI PETPECCHUH.

1.3. CocraBnenue ypaBHEHHUs pETPECCUN

ITocne OLICHKH 3HAYMMOCTHU KOC—)(l)(l)I/IHI/ICHTOB CTYACHTBI COCTABJIAIOT YPABHCHUC
perpeCcCruu B BUAC.

Y. =by+bx; +b,x, +...+bx; +b,x X, +...+bx; X,
y, =257,5 -82,5x, -32,5x, +..7,5x,X,
rue 'bO = 257,5



b, =-82,5
b, =-32,5
b, =75

1.4. IIpoBepka aieKBaTHOCTH YPaBHEHUS PETPECCUN

AJIEKBaTHOCTh ITOJYYEHHOTO YPaBHEHHS PETrPECCUU OINPENEISIEM C MOMOIIBIO
kputrepuss Ouiiepa. 11 3TOro pacCYMTHIBAIOT 3HAUYECHUS KPUTEPHUs MO YPABHEHUIO
perpeccuu, TMOJCTaBIISsl BMECTO Xu KOJMPOBAHHOE 3HAYEHUE KaXIoro ¢akropa B
JaHHOM or1ibITe. [1oce 3Toro onpenensaoT KBagpaTbl OTKIOHEHUN MEK 1Y pACUETHBIMU

— A N2
Y DKCIIEPUMEHTAIBHBIMU 3HAYCHUSIMA (yu “Yu ) .
Pe3ynbTaThl 3aHOCHM B Tabnuiy 1.

Taomuna 1.

Pesynprar Pacuérnoe
OKCIICPUMCHTA | 3gayeHHe . ~ — A 2

Ne ombita B A Y. -Yu (Yu “Yu)
Y, 9

1 200 142.5 -7.5 56.25

2 380 307.5 7.5 56.25

3 150 142.5 7.5 56.25

4 300 307.5 -7.5 56.25

[Tocne sTOrO OMpenensieM AUCIIEPCUIO AICKBATHOCTH IO (hopMyJie:
N

: D@y, -v,)’

an N-k-1

I€  A— YUCIO IOBTOPOB OIIBITA;
k - konmuecTBO (PaKTOPOB.
Torma pacu€tHoe 3HaueHne kpurepus Ouiepa:

2
Fy =%
STV}
F, = 21,213
Fr=19,45
Fp>Fr

OmnpenenuB pacy€THoe 3HaueHHe Kputepuss Puiiepa U CpaBHHMBAas €ro ¢
TaOJIMYHBIM, OINPEAEIAIOT aJCKBATHOCTh YPAaBHEHMSI PErPECCUU  H3Y4aeMOMY
npoueccy. Ecin Fy>Fr, To runore3a o0 agekBaTHOCTH OTBEPraeTcsi, U ypaBHEHUE
perpeccrur He COOTBETCTBYET PEaIbHOMY IIPOLECCY, T.€. CBSA3b MEXIY KPUTEPUEM U
dakTopamu HeIMHEHAS.

BeiBoa: B 1aHHOM NIPaKTUYECKOM 3aHATHH OCBOMIM MaTEMaTHYECKHE METO/IbI
IUTAHUPOBAHUS MOJIHOTO (pakTopHOro skcrnepuMenta (I11D3J), Hayunnuce onpeaenars



MareMaTudeckue Mmonenu [ nopsiaka, mpu ucciae0BaHUN Ka4yeCTBA U3IEIUM.

N3y4yuB anropuT™ BBIIIOJHEHHUS pa0OTHl M BBIIIOJHHUB €€, ONPEIEIWIA, YTO
agexkBatHocTh otBepraercsi (F,>Fr) u ypaBHeHHMe perpeccum HE COOTBETCTBYET
peanbHOMY MPOLECCY, T.€. CBS3b MEXAY KPUTEPUSMHU M (PaKkTOpaMH HEIUHEHas.
CrnenoBaTenbHO, ypaBHEHHE OyAeT MMETh CTENEHHYIO 3aBHUCHUMOCTb. Ilepexomum k
IUTAHUPOBAHUIO SKCIIEPUMEHTA BBICILIETO MMOPSIKA.



IIpakTnyeckoe 3ansaTue Ne6. IloctaHoBKa (paKTOPHOI0 IKCIIEPUMEHTA
NPHU MUCCJICIOBAHUM Ka4YeCcTBa NOMUrpagpuyeckux u3aeJu (4acrh 2).

Onpenensnu BO3AYXONPOHUIAEMOCTh TKAHEH C pa3IMYHBIMU 3HAYCHHSIMU
wiotHocTH HUTE 1o ocHoBe (X1)(I10=180), u xo3pPHUIHEHTOM YIIOTHEHHOCTH
(X2)(C0=0,7) ¢ unTepBasiamu m3MeHeHus: cooTBercTBeHHO 50 u 0,2. Onpenenutsb
YPOBHU BapbUpOBaHUs (PAKTOPOB, MOCTPOUTH pabOUYyI0 MaTpUIly TUIAHUPOBAHHUSL.
[IpoBectn 00paboTky IIPD, HAUTH ypaBHEHUE pPErpeccUH, MPOBEPUTH €ro
aJIeKBaTHOCTh, PE3YyJIbTAThI pacyéTa Npe/ICTABUTh IPapUUECKU.

No ombiTa X0 X1 X2 X1X2 | X211 | X222 | Y nm/M ec
AIPO

1 + + - - + + 200
2 + - - + + + 380
3 + + + + + + 150
4 + - + - + + 300
3BE3THEIE

5 + -1,414 |0 0 20 |0 270
6 + 1,414 0 0 20 |0 340
7 + 0 -1,414 |0 0 2,0 180
8 + 0 1,414 0 0 2,0 1330
HEHTPaJIbHbIE

9 + 0 0 0 0 0 190
10 + 0 0 0 0 0 200
11 + 0 0 0 0 0 230
12 + 0 0 0 0 0 180
13 + 0 0 0 0 0 220

2.1. Onpenencuue ko3 (OUIIMEHTOB YPaBHEHUS PETPECCUU
2.1.1 CBoOOHBIN WICH YpaBHEHUS onpeaesieM 1o hopmylie:

N k N
bOZalzyu_a2Z inzu.yu
1 1 1

b, = 204,068

I€  Yu- CPEAHEE FKCIIEPUMEHTAIBLHOE 3HAUYEHUE B KAXKJIOM U-TOM OIIBITE;
X - KOJUPOBAHHOE 3HaUY€HHUE YPOBHs k-T0 (hakTOpa B U-TOM OTIBITE;
k - komu4ecTBO (pakTOpPOB;
a1, 2 - YUCJIOBBIE KOHCTAHThI, OepyTcs U3 TAOJULBI.

Yucno

(dakTopoB

(k)

Yucno | KoddpduuuenTor
OTIBITOB

ai a as a4 as a6 a7




2 13 0,200 |0,100 |0,125 |0,250 |0,125 |0,0187 0,100

3 20 0,1663 | 0,0568 | 0,0732 | 0,1250 | 0,0625 | 0,0069 | 0,0568
4 31 0,1428 | 0,0357 | 0,0417 | 0,0625 | 0,0312 | 0,0037 | 0,0357
5 32 0,1591 | 0,0341 | 0,0417 | 0,0625 | 0,0312 | 0,0028 | 0,0341

2.1.2 JIuneiinpie kKodphULMEHTHI onipeesseM 1o GopMmyie:
N
b, = a3zxiu "Yu
1

b, = 53,623
b, =10,262

2.1.3. KoadduipeHTsl MapHOTro B3aUMOJICUCTBUSA:
N
bij = a4Z:Xiu ’ Xju ) Yu
1

b, =-7.5

I1€  Xiu, Xju-KOJMPOBAHHBIE 3HAYEHUSI YPOBHEH 1-T'0 U J-T0 (PAaKTOPOB COOTBETCTBEHHO
U B U-TOM OIIbITE.
2.1.4 Kosddunuentsl mnpu KBagpaTUYHBIX WICHAX YPaBHEHUS PErpeccuu

OIPEICIISIOT:
N kN N
b, = aSZXiu "Yu +a6z inu "Yu _a7zyu
1 T 1
b,, = 20,66
b,, = —4.34

[locne BbrymMcneHus KOA()(PUIMEHTOB YpaBHEHHUS PETPECCUU TMEPEXOIST K
OLICHKE UX 3HAYUMOCTH.

2.2. OueHka 3HaYMMOCTH KOA(PPUIIMEHTOB YPABHEHUS PETPECCHH.
2.2.1 OmnpenenseM mucnepcuio Bocnpoussoaumoctd S*{y} mo dopmyme
(tybnrpoBaHUE OMBITOB IPOBOJIUTCS TOJIBLKO B HYJIEBOM TOUKE).

n, .
;(YOJ' - yo)

S* {y} = =82.5
nO -1

No= 5 — YKCJIO OIBITOB B HYJIEBOU TOUKE;

Yo~ 252 — cpenHUil pe3ynbTaT B HYJIEBOM TOUKE;

Trac

Yoj - K&KJIBIA OTIEIIbHBIN PE3YJIBTAT B HYJIEBOM TOUKE.



2.2.2 Jluctiepcuto (CpeTHEKBAIpPATHUYECKYI0 OIMMUOKY) B  OMNpEICICHUU
KO3(D(PUIIUEHTOB ONPEEsIOT 411 CBOOOIHOTO YJIeHa!

2-A-Ak+2 _
Siou = N( ).s245y-1.154
JUTSL TMHEHHBIX KO3 (PUITUESHTOB:
¢ _ SO
{b;} N -1,

S%,, =Sk, =10.313

U151 KO3 PUIIMEHTOB MapHOTO B3aUMOCHCTBUS:
2

C
2 2 (=
by} ~ N -S°{y}
2 _
S{bu} =16.758

JUTSL KBaAPATHYHBIX KOA(DPHUIIUESHTOB:

AC[(k+1)-A—(k—1
S =gy

S?bu} - S?bzz} =1.079

dopmyiibl 11 mojcuéra mocTossHHbIX C, A, A pUBEICHBI HUXKE:

C= N =1.625
N-n,

A= 1 =0.003788
2h—[(k+2)-A—=Kk]

) = (k+2)2(k+1)] 6

rae N — oOlee Ynciio ONbITOB;
k — uncno ¢pakTopoB B IKCIIEPUMEHTE.

2.2.2 OmnpeneneHue TOBEPUTEIBHBIX WHTEPBAJIOB I OLEHKH 3HAYUMOCTH
KO2(DPUIIUEHTOB YpaBHEHHUS.

JloBepuTenbHblE HHTEPBAIbI 1115 bo, bi, bji 1 bii COOTBETCTBEHHO OIPENETAIOT 1O
dbopmynam:

Ab =12S, , =+2.148
0 0

Ab =28, = +6.423

Ab, =428, =+8.187



Ab =12S, , =207

[lpoBepsieM  3HAYMMOCTh  KO3((PUIIMEHTOB  ypaBHEHHS, CpaBHUBACM
COOTBETCTBYIOIINI JOBEPUTEIHHBIN HHTEPBAI C BEIMUNHON Kod(pduimenra. |bi|<|Abi|.
Wtak, k03pPUIIUEHTHI MAPHOTO B3aUMOJCHCTBUS HE3HAYMMBI, T.K. MX YHCIIOBBIC
3HAYCHHSI MEHBIIIE MO0 MOYJIIO UX JOBEPUTEIBHOTO UHTEPBAJa, CJACIOBATEILHO, ITH
K03 (UIMEHTH HUCKIIOYAIOTCS W3 YPaBHEHHUsSI PErpeccur. A BCe OCTalbHbIC
K09(h(UIMEHTH 3HAYUMBI, T.K. UX YHCIOBBIC 3HAUCHHS OOJbBIIE 1O MOAYII0 HX
JIOBEPUTEIHLHOTO WHTEPBAJIA.

2.3. CocraBieHHUE YpaBHEHUS PETPECCUM.

AJIeKBaTHOCTh ypaBHEHUS MPOBEPsieM 10 kputeputo duiepa:

F - Su
"SHy

IJIe TUCTICPCHUIO aJICKBATHOCTH OIpeieisieM 1mo hopMmyie:

G, F) -2y -7,

N-k—(n0 -1)

S? =

an

A€y - CPENHEE IKCIEPUMEHTAILHOE 3HAUCHUE KPUTEPUSA B KA)KJIOM OIBITE;

Y. - pacuéTHOE 3HAYCHHE KPUTEPHS;
Yo0j - 3HAUCHUE KPUTEPHUS B KAXKJIOU HYJICBOM TOUKE;

Yy, - CPeHee 3HaUCHIEe KPUTEPHs B HYJICBOH TOUKE.

Pe3y.HI>TaT PacuéTtHoe
HKCIIepuMeHTa | SHAYCHHUC A
Ne ombiTa B P ) yui _ }A/u Yo, -Yo )2
Yuj Yu
1 200 204.497 -4.497 —
2 380 311.743 68.257 —
3 150 225.021 -75.021 -
4 300 332.267 -32.267 —
5 270 217.547 52.453 —
6 340 369.192 -29.192 —
7 180 228.874 -48.874 —
8 330 257.895 72.105 —
9 240 252.062 -12.062 144
10 255 252.062 2.938 9
11 260 252.062 7.938 64
12 245 252.062 -7.062 49
13 260 252.062 7.938 64




S? =-109,115

an

F,=-1323
F, =2,69
Fp<FT

OnpenenuB pacué€rHoe 3HaueHHe Kputepuss Duiiepa W CpaBHUB €ro C
TAOJIMYHBIM, ONPENETWIN aJCKBATHOCTh YPaBHEHHUS PETPECCHU H3Yy4yaeMOMY
npouieccy. Pacu€tHoe 3nauenue kpurepuss Dumepa mesbmie tabauudoro Fp<Fr,
CJIeI0BaTEIbHO, TUIIOTE3a 00 aJeKBATHOCTH HE OTBEPTaeTCs, U YPaBHEHUE PErpecCUr
COOTBETCTBYET peaJIbHOMY TPOIIECCY, T.€. CBS3h MEXAY KpuTepueM (y) u paxTopamu
(X) nuHelnHas.

BeiBog: B [1aHHOM  OpakTUYECKOM  3aHSITUH 1O  pe3yjbTaraM
AKCIIEPUMEHTAIIBHBIX JAHHBIX, COAEpKAIUXCS B | 4acTW 3aJaHusi, Mbl JOCTPOWUIIN
pabouyro MaTpuIly SKCHEPUMEHTA, U MEPElUId K TUIaHUPOBAHUIO MHOTO(AKTOPHOIO
AKCIIEPUMEHTA BTOPOTO TOPSAKA. YPaBHEHUE PErpecCHU NPU ITOM MPEACTABISACT
MIOJIMHOM BTOPOU CTEIECHHU.

[Tonmyuyunu cnenyroniee ypaBHEHUE PETPECCUU:

y=b,+bx, +b,x, +b,,X; + b, X}
b, =204,068 b, =53,623
b,=10262 b, =20,66
b, =434
y = 204,068 +53,62x, +10,262x, +20,66x; +4,34x;



HHPUJIOKEHUSA

Ta6nuna I1.1 - 3nauenus ¢ - kputepust CTbIOJICHTA
pu 5% -HOM ypOBHE 3HAUMMOCTH

Yucao 3HadYCHUS Yucao 3HadYCHUS Yucno 3HadYCHUS
CTEIEHEN - CTEIIEHEWN | - KpUTEpUs | CTENEHEW | - KpuTepus
CcBOOOJBI | KpuTepHs | CBOOOJBI CBO0OIbI
1 12,710 11 2,201 21 2,080
2 4,303 12 2,179 22 2,074
3 3,182 13 2,160 23 2,069
4 2,776 14 2,145 24 2,064
5 2,571 15 2,131 25 2,060
6 2,644 16 2,120 26 2,056
7 2,365 17 2,110 27 2,052
8 2,306 18 2,101 28 2,048
9 2,262 19 2,093 29 2,045
10 2,228 20 2,086 30 2,042
1,960
[12. 3nauenne kpurepus Koxpena C ;1 _gq s q = 0,05%
n f
1 2 3 4 5 6 7 8 9 10 | 16 | 36 | 144 | ~
2| 9985 | 9750 | 9392 | 9057 | 8772 | 8534 | 8332 | 8159 | 801 | 788 | 7341|6602 | 5813 | 5
3 | 9669 | 8709 | 7977 | 7457 [ 7071 | 6771 | 6530 | 6333 | 6167 | 6025 | 5466 | 4748 | 4031 | 3333
4| 9065 | 7679 | 6841 | 6287 | 5895 | 5598 | 5365 | 5175 | 5017 | 4884 | 4366 | 372 | 3093 | 25
5| 8412 | 6838 | 5981 | 5441 | 5065 | 4783 | 4564 | 4387 | 4241 | 4118 | 3645 | 3066 | 2513 | 2
6 | 7808 | 6161 | 5321 | 4803 | 4447 | 4184 | 3980 | 3817 | 3682 | 3568 | 3135 | 2612 | 2119 | 1667
7 | 7271|5612 | 48 | 4307|3974 | 3726 | 3535 | 3384 | 3259 | 3154 | 2756 | 2278 | 1833 | 1429
8 | 6798 | 5157 | 4377 | 391 | 3595 | 3362 | 3185 | 3043 | 2926 | 2829 | 2462 | 2022 | 1616 | 125
9 | 6385 | 4775 | 4027 | 3584 | 3286 | 3067 | 2901 | 2768 | 2659 | 2568 | 2226 | 182 | 1446 1111
10| 602 | 445 | 3733 | 3311|3029 | 2823 | 2666 | 2541 | 2439 | 2353 | 2032 | 1655 | 1308 | 1
12| 541 | 3924 | 3264 | 288 | 2624 | 2439 | 2299 | 2187 [ 2098 | 202 | 1737 | 1403 | 11 | 833
15| 4709 | 3346 | 2758 | 2419 | 2195 [ 2034 | 191) | 1815 [ 1736 | 1671 | 1429 | 1144 | 889 | 667
20| 3894 | 2705 | 2205 | 1921 | 1735 | 1602 | 1501 | 1422 | 1357 | 1303 | 1108 | 879 | 675 5
30| 2929 | 198 | 1593 | 1377 | 1237 | 1137 | 1061 | 1002 | 958 | 921 | 771 | 604 | 457 | 333
40| 237 | 1576|1259 | 1082 | 968 | 887 | 827 | 78 | 745 | 713 | 595 | 462 | 347 | 25
60| 1737 | 1131 895 | 765 | 682 | 623 | 583 | 552 | 520 | 497 | 411 | 316 | 234 | 167
"] 998 | 632 | 495 | 419 | 371 | 337 | 312 | 292 | 279 | 266 | 218 | 165 | 12 83

[£
* Bee sHauenma 1-¢

MeHblle eIMHMULL,

nosToMy B Tatnuue npuMeefeHs JMllb SHakM, clelypillde nocie sSanATol.




Tabmuna I1.3 - 3nauennst F - kputepust Gumepa
npu 5% -HOM ypOBHE 3HAUMMOCTH.

2 3 4 5 6 12 24

1 164,4 (199,5 (215,7 |224,6 |230,2 |234,0 |244,9 | 249,0 | 254,3
2 185 | 19,2 | 19,2 | 19,3 | 19,3 | 19,3 | 19,4 19,4 19,5
3 10,1 | 9,6 | 9,3 9,1 9,0 8,9 8,7 8,6 8,5
4 7,7 6,9 | 6,6 6,4 6,3 6,2 59 5,8 5,6
5 6,6 5,8 5.4 5,2 5,1 50 | 4,7 4,5 4,4
6 6,0 5,1 4,8 4,5 44 | 43 4,0 3,8 3,7
7 5,5 4,7 | 44 | 4,1 4,0 3,9 3,6 3.4 3,2
8 53 4,5 | 4,1 3.8 3,7 3,6 33 3,1 2,9
9 5,1 4,3 3,9 3,6 3,5 3,4 3,1 2,9 2,7
10 5,0 4,1 3,7 3,5 3,3 3,2 2,9 2,7 2,5
11 4,8 4,0 | 3,6 3,4 3,2 3,1 2,8 2,6 2,4
12 4,8 39 | 3,5 3,3 3,1 3,0 | 2,7 2,5 2,3
13 4,7 3,8 | 34 3,2 3,0 | 2,9 2,6 2,4 2,2
14 4,6 3,7 | 3,3 3,1 3,0 | 2,9 2,5 2,3 2,1
15 4,5 3,7 | 3,3 3,1 2,9 2,8 2,5 2,3 2,1
16 4,5 3,6 | 3,2 3,0 2,9 2,7 2,4 2,2 2,0
17 4,5 3,6 | 3,2 3,0 2,8 2,7 2,4 2,2 2,0
18 4,4 3,6 | 3,2 2,9 2,8 2,7 2,3 2,1 1,9
19 4,4 3,5 3,1 2,9 2,7 2,6 | 2,3 2,1 1,9
20 4,4 3,5 3,1 2,9 2,7 2,6 | 2,3 2,1 1,9
22 4,3 34 | 3.1 2,8 2,7 2,6 | 2,2 2,0 1,8
24 4,3 34 | 3,0 2,8 2,6 2,5 2,2 2,0 1,7
26 4,2 34 | 3,0 2,7 2,6 2,5 2,2 2,0 1,7
28 4,2 3,3 3,0 2,7 2,6 24 | 2,1 1,9 1,7
30 4,2 3,3 2,9 2,7 2,5 24 | 2,1 1,9 1,6
40 4,1 32 | 29 2,6 2,5 2,3 2,0 1,8 1,5
60 4,0 32 | 2,8 2,5 24 | 23 1,9 1,7 1,4
120 3,9 3,1 2,7 2,4 2,3 2,2 1,9 1,6 1,3
3,8 3,0 | 2,6 2,4 2,2 2,1 1,8 1,5 1,0




1.4 Tabnuua cny4yamHbix Yncen.

1 3 5 7 9
0 2 4 6 8

0,94/ 0,8 1,1] 090,86 1,2(1,21:1,14/0,87{1,13| 1,2

° 1,11 1,15 0,96 1,1 |1,21(0,92| 0,9 ! 0,93[1,15}:1,14| 0,85

1 0,86 1 10,99 0,911,11{0,98(0,85%1 1,1 (1,121 1,2 ] 0,96
? 0,94|1,05[1,12] 1,1 [0,97|0,93|0,97:1,07| 1,15} 1,12 0,94

° 0,94(1,08(1,06|1,14| 1 | 1,2 [1,17 1,08| 0,91
) 1,190,911 0,9 10,86 1,19] 1,2 [1,15 0,861 0,95

° 0,85(1,17| 1,2 10,94(1,14|1,16| 1,1 [0,87| 0,9 | 1,02 1,19
° 1,19]0,99|1,12[1,02[1,11]1,15|1,21(1,16[1,05] 1,1 | 0,91

! 1,210,911 1,1 11,13]10,95( 1 |0,95/0,96|1,15| 1,1 | 0,98
° 0,96(0,87]0,9710,8510,95(1,07(1,17]0,86| 1,1 10,92 1.1

° 1,2 [1,05(0,83]|0,87| 1,1 [1,16]/0,96| 1,1 | 0,9 [1,07]| 1,04

Hanpumep:

LLindppy 74 no Tadbn. cnyy, yncen oyget cootsetcrteoBaTthb : 0,9; 0,8; 1,12; 1,19
[na cepuun peanusaumm onbITOB UCMNONb3YKTCA Ntobble cocegHne crnydy.umcna.
(Mpw ycnoBumn 4TO OHM NepecekaroTcs)

Hanpumep: 1,15;1,12; 0,87;1,1 unn 1,17; 0,9;1,12; 1,15 n 1.4.
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