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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 NpOIyKIMH 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 MUHHUMAJIbHBIM
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 OTIPEACIISIIOT 110 hopmyIie:



)?:lzn:)(i =é()(1 + X, ..+ X, )=546,1
n i

2.2. OTKJIOHEHHE KaXA0TO HAOII0ACHHS B OMIBITE OT CPEIHETO:

M,=X,~-X
2.3. OnpenensoT JUCIEPCUI0 TEOPETUUECKOTO paCTIPEACII€HUS
I & = 1 = = =
> (x,-Xx) = —((X1 XV + (0, =X o+ (x, - X)2)= 32,16
n—153 6—1
2.4. BpibopouyHOE CpeIHEKBAJAPATUYECKOE OTKIOHEHHE OMNPENEsIoT 10
dbopmyiie:

S, =82 =4/32,16 =57

3.5. BeiGbopounoe 3Hauenune kodpduimenta Bapuaruu Cp (%), ABIgronieics
MEpPO OTHOCHUTEIBHON HM3MEHUYMBOCTM HaOMI0aeMON CIIy4yalHOW BEJIMYUHBI,
BBIYUCIISIOT 110 (popMyIie:

CB :S_—blOOZ 5,7
X 54

Sy =

-100 =1,04%
2
IIpy OosbIIOM YHCIE HCOBITAHUNA MCHOJB3YIOT YIPOILIEHHBIE CIIOCOObI
BBIYUCJICHUN CTAaTUCTUK (IPOU3BEACHUMN, CyMM).
3. Boluucienue cTaTUCTUYECKUX XapaKTEPUCTUK CIOCOOOM MPOU3BEACHUM.
Pesynprarel U3MEpPEHNN 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 uucne ucneitanuii n=40 npuMeHseM YNpPOMIEHHBIA CHOCO0 Moacuéra
CpelHEero  apu(PMEeTH4EecKOro, CpeIHero apu(pMeTH4YecKoro OTKJIOHEHUS U
kordduLMeHTa Bapualuu, pe3ysbTaTbl MEPBUYHBIX HAOMIOJEHUN pa3OuBaeM Ha
paspsiipl C ONPENEIEHHBIM MHTEPBAJIOM M OINPEIEISIEM YacTOTYy BCTPEYAEMOCTH
pe3yJIbTaTOB HAOIIOACHUN B KaXKIOM paszele.

[To Tabnuie 2 ompenenseM KOJUYECTBO KiaccoB, T.K. n=40, To BeiOupaem 10
KJIACCOB.

Tabawnia 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
Jlanee onpenenseM HHTEpBaI Kiiacca (pa3psija):

R 0.08
k=—=——=0.008

[ 10
[Tocne ompeaeneHuss MHTEPBAIA KIacca MEPBUYHBIE PE3YJILTATHI ITPYIIUPYIOT

10 pa3psjiaM U ONPEESIOT YacToTy hi (Tadu.3).

TaOmuna 3
Howmep I'panuusl Yacrora YcmoBHOE Cymma S | Cymma S
pa3ps 0B pas3psaoB OTKJIOHEHHUE
| 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

OnpenensieM YCIOBHOE CpEIHEE 3HAUEHHE Xo KaK IIOJyCyMMY 3HAa4€HUUI

HIDKHEN TPaHUILIbl KJacca:

¢ = +2xm,. _(1.240+1.248) _
Cpennee apuMeTHIECKOE PE3yIHTATOB UCIIBITAHMUIA:
x=x, 4+ 50 0gg 4 0008100 4

n 40

" 2
OnpenensieM cyMMy KBaJpaToB OTKJIOHEHUH ZX :
2

2 10
sz =S S 2302 T 52897.5
n



Boruncisiem cpelHeKBaApaTuyeCKOe OTKIOHEHHE:

X2
S, =k Z =O.0081/M =0.29
n—1 39

Hanee onpenenseM KodOPUITUEHT BapHaIIK:

C, =i-1002ﬁ-100%:23.3%
X 1.246

4. OBOPYJIOBAHME U MATEPUAJIBHO-TEXHUYECKOE
OBECIIEYEHHE

MynbTuMenuiiHbId  Kiacc, oOopyaoBaHHble mpoekropoM u 1K ¢
YCTaHOBJICHHBIM MPOTPAaMMHBIM 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}

ZSf )

rae S max{y} - MaKCUMaJbHasl AUCTIEPCHsI U3 BCEX OIBITOB;

G

3

=0.039 (3)

N
ZSj {y} - cymma BCEX JUCIIEPCUM IKCIIEPUMEHTA.

u=l1
Hanee pacuértHoe 3HaueHne G, cpaBHMBaeM C TaOJWYHBIM 3HaueHueM Gr.
Jlucnepcur OAHOPOJHBI M YHMCIIO IMOBTOPHBIX OIBITOB OJMHAKOBO, T.K. Gp< Gr
(0.039<0.3632).
3. Onpenenenne cpeaHen AUCTIEPCUM BBIXOAHOTIO TapaMeTpa B OIBITAX MaTPHULIBI
T.x. B onbITax MaTpuibl JUCIEPCUU OJHOPOAHBI U YHUCIO MOBTOPHBIX OIBITOB
OJIMHAKOBO, TO CPEHIOIO TUCTIEPCHUIO OIPEIEIISIOT 10 (hopMyJie
N
DSy
Si iy} = IT =0.193 (4)

[Tocne sToro onpezensieM YUCIIO CTENEHEeW CBOOO b CPEHEN TUCTIEPCHU;
F(S*m{y})=N(m-1)=30 (5)
Cpennsisi qucnepcusi XapakTepu3yeT CpeIHUil pa3Odpoc 3HAUCHUI BBIXOIHOTO
HapaMeTpa OTHOCUTENILHO €ro CPeTHUX 3HAYCHUH, T.€. OLIMOKY OMBITOB B AKCIIEPUMEHTE.
4. Ompenenenne KOI(PQGUIIMEHTOB PErpecCMd W COCTaBJICHUE YpaBHEHUS
perpeccun
Jlucniepcuu BBIXOJHOTO MapamMeTpa JJIsi KaXI0ro YpoBHs (akTopa OAHOPOHBI,
CIIeIUIBATEIbHO, IPUMEHSIEM METO/I HAMMEHBIINX KBa/IPATOB.
KoaddurmenTs! ypaBHEHUS perpeccu OnpeaesseM mno Gopmynam:
N
>y,

d, =1T =1=9.275 (6)
N -
Z(xu _x)yu

dl _u=l

2, - x)’

rac Yy - CpCOHCC 3HAUCHUC PC3YJIbTAaTad OKCIICPUMCHTA,

=-1.967x107" (7)




Xy - 3HaUEHHE (haKTopa Ha ONPEICIICHHOM U-YPOBHE;
x - cpejiHee 3HaueHue GpakTopa.
Jlnist yno6cTBa Bee MPOMEKYTOUHBIC pacueThl CBOAT B Ta0I. 2.
Tabmnuia 2
Pacuer k03 hUIIMEHTOB ypaBHEHHUS PETrPECCUU

Ne dakTop ~ ~ S ~. O
omeita | 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

[Tocne omnpenenenus KO3((UIMEHTOB COCTABISIOT HCKOMOE YpaBHEHUE
perpeccuu:

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

5. OmnpeneneHue aJeKBaTHOCTH YpaBHEHHsI perpeccuu. Pacuersl kpurepus

Oumepa. /[nga omnpeaeneHuss aaeKBaTHOCTU MOJYYEHHOTO ypaBHEeHHs (8)

UCIIOJIB3YIOT KpuTepuil duilepa, pacyeTHOE 3HAYEHUE KOTOPOTO OIMpEAeisieM IO



bopmyne

. S(zz) o}
S<21) )

rae S?(1)— CpeHss AUCIIEPCUS UK JAUCTIEPCUS BOCIIPOU3BOAUMOCTH, ONPEIeIsieMast

HO dopmyiie (4);

S%2) —  JOMCHepcHs,  XapaKTepUsylollas  pacCeMBaHUE  CPETHMX
AKCTIEPUMEHTAIbHBIX 3HAUYCHUN Yy OTHOCUTEIHHO MPSIMOI TUHUH, ONIPEACIIIEMON 10
dbopmyie (8) (nucnepcus aaieKBaTHOCTH).

Hucnepcuss S%(2) XapakTepusyeT TOYHOCTH ANNPOKCHMALUM 3aBUCHMMOCTH
y=f(X) npsimoii nuHueH, ee onpeaensaoT no hopmyie

N
S} =y 20— ) =5.641x10° (10)
I1e y, U y,, SKCIEPUMEHTAILHOE M PACUETHOE 3HAYEHHS BBIXOJHOTO APAMETPA.

=0.029 9)

)4

[Tocne aToro onpenesnsoT YUCI0 CTENEeHeN cBOOOAbl AUCTIEPCUH aJIEKBATHOCTH
F{S?)}=N-2=28
Janee noxacrasnseM B Gpopmyiy (9) 3Hauenus mucnepcun S2h{y} m S%2){y}
paccuutbiBaloT Kputepuii @umepa. F, cpaBHuBaeM ¢ TaOJIMYHBIM 3HAYEHHUEM
kputepusa Pumepa Fr, kotopoe omnpenenstor u3 [1.4] npu noBepUTEIbHOM
BeposatHocTH 0=0,95 1 uncio creneneii ceobonsl 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 cymmsl B ¢dopmyne (10) cBoaum B Tadu. 3. PacueTHble 3HaYeHUS
BBIXOJIHOT'O ITapaMeTpa Y,, omnpenesseM u3 ypaBHeHus (&), moIcTaBiisisi 3HaUCHUS Xu.

Ta0nuia 3
Pacuér nucnepcuu aneKBaTHOCTH

u Xu dixu Yru Vu Vu- 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 2.853x 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 1.348x10%
11. 81 -0.159 9.341 |9.30 -0.041 1.680x1073
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 1.280x10%?
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)
m (x, =%

B ¢opmynsr (13) u (14) Bxogur gucnepcus S*{y}, KoTopas sBIsAETCS
CBOJIHOW OLEHKOW JUCHEPCUH CIYYaWHOW BEJIMYMHBI Yy BBIXOJHOTO MapamMeTpa
P YyCIOBHUH JIMHEHHON CBSI3HU. DTy JUCIEPCHUIO OTIpeaesieM 1o Gopmyiie

m—1)-NS} +(N-2)-S’
Sz{y}z( ) 0 ( ) ) —0.103 (15)
mN —2

najee OMpee/sIOT YUCI0 CTeNeHEeH CBOOOIBI 3TOM TUCTICPCHUH:
f{S?}=m*N-2=58

CpaBHuBaeM TabnuyHOE U pacu€THOE 3HaueHus kputepusi CteronenTa. Ecnu
to>tr, TO KOO HHUITMEHTH YpaBHEHUS PETPECCHU 3HAYNMEI U, CIIETOBATEIBHO, CBSI3b
MeXAy Y U X 3HauuMma.

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

[Tocne atoro onpexaensieM abCONOTHBIE OMUOKK KO3 (PUITUEHTOB 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

Sm{yRu}z\/S{ZdO} +S{2d]}('xu _x)z. (20)
Pacuetsl €m{YRru} ¥ Sm{YRru} 3aHOCUM B Ta01.4.
Jlaee B TaONMIly 3aHOCSAT pPACUCTHBIC 3HAYCHUS YRu, IMOJYYCHHBIE I10
ypaBHEHUIO perpeccui (8).
3Has OIIMOKM pPACcYeTHOW BEJIWYUHBI, OIpEACIISieM JOBEPUTEIIHHBIC

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

CTCIICHHOTI'O psAaa:
2
=Py +2 B +Z]3ij3%xj +2 B+

_ 2
M=dg+ 2 % + 2 By 3 + D P+
HOHB3Y§ICL pe3yiibTaTaMU JKCIICPUMCHTA, MOKXHO IIOJIYUYUTH JIMIIb OIICHKH
[mapaMcTpoOB ITOU MOACIIN:

=+ hx +Zbl-jxl-xj +Zbl-l-xl-2 +....

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

IMocye mocTpoeHuss MATEMATHYECKON MO/IeJIM NPOBEAEeM CTATUCTHYECKH I

aHaJIu3.

[Ipr craTucTHYECKOM aHaNIHM3€ IPOBEPSAETCS 3HAYMMOCTH KOA(D(PHUIIMEHTOB
perpeccuu M aaeKBATHOCTb JUHEMHOM Mojenu. [lo ageKBaTHOCTBIO MOHUMAETCS
COOTBETCTBHE MOJIEIH KCIIEPUMEHTAIBHBIM JaHHBIM 110 BEIOPAaHHOMY KPUTEPHIO.

[InaHupoBaHUIO SKCHEPUMEHTOB MPEANIECTBYET 3Tanm He(OpMalru30BaHHBIX
pemieHnii o BBIOOpE 00JaCTH  SKCIEpUMEHTUpOBaHUS (00sacth  (aKTOPHOTrO
MPOCTPAHCTBA, U3YUCHHUE KOTOPOU MPECTABIIAECT UHTEPEC JI SKCIIEPUMEHTATOPA),

[InaHupoBaHUIO SKCIIEPUMEHTA MPEJIIIESCTBYET ITAI ONPEAEIEHHOCTH

IIEHTpa SKCIIEPUMEHTa W HMHTEPBAJIOB BapbupoBaHus ¢daxkTopos. [Ipu sToMm
OIICHWBAIOTCS  IpaHUIBI  oOjacTtel  ompeaeieHuss  (aKTOpOB,  3aJaBaeMbIX

NPUHIUTTHATBHBIMU OrpaHUYCHUSIMU 100 TEXHUKO-DKOHOMUYECKUMHU
COO0paKEHUSIMHU.
[Toctpoenne Hambosiee TPOCTHIX - TUIAHOB CBOJUTCS K  BBIOOPY

AKCIIEPUMEHTAJIbHBIX TOUEK, CHMMETPUYHBIX OTHOCUTEIBHO IIEHTpa 3KcIiepuMeHTa. B
3TOM cilydae Bce k (pakTOpOB M3MEHSIIOTCS HA ABYX YPOBHSIX, U IJIaH SKCIIEPUMEHTA
HOCHT Ha3BaHMe I1aHa Tina 2¥. VpoBHH (akTOpOB H300pakaroTCs JByMs TOYKaMH Ha
Ka)KJI0M U3 k KOOpAMHATHBIX OCel (PAaKTOPHOIO A~-MEPHOIO IPOCTPAHCTBA. DTH YPOBHH
CUMMETPUYHBI OTHOCUTEIBHO OCHOBHOTO ypOBHS. OIMH U3 HUX — BEPXHUM, IPYTon
— HWKHUM.

WNurepBanom BapbupoBaHus (aKTOPOB HA3bIBAETCS HEKOTOPOE YUCIIO (CBOE IS
KaXJa0ro (axropa), npubOaBiIeHUE KOTOPOrO K OCHOBHOMY YPOBHIO JIa€T BEPXHHM
YpOBEHb, a BbIYUTaHHE — HMWKHUN. YTOOBl ynpOCTUTh M YHU(ULUPOBATH 3alKCh
YCIJIOBUI OIBITOB U 00JIErYUTh 00pabOTKY IKCHEPUMEHTAIbHBIX JaHHBIX, MAaCIITAObI
[0 OCSIM 3a/1al0TCs B BUJE KOJUPOBAHHBIX 3HaueHUU +1 u -1, [[nst Koam4ecTBEHHbIX
(hakTOPOB ITO BCETia MOXKHO CIEIIATh C IIOMOLIBIO IPEOOPA30BAHUS X ; = ()7 =X 0 )/ I

, TZIe Xj — KOJMPOBAHHOC 3HaYCHHE (AKTOpa, X; — HATYpallbHOC €ro 3Ha4YCHUe, X 7o



— HaTypaJIbHOE 3HAYEHUE OCHOBHOIO YPOBHS, |; — MHTEpBan BapbUpPOBAHUS.
[TycTh B KCIIEpUMEHTE U3MEHSIOTCS Ba (DaKTOpa Ha ABYX YPOBHSX:
X, — TeMIeparypa u X, - BpeMs pEeaKlHH.

JUiss  TemmepaTypbl OCHOBHBIM ypoBHeM siBisierca S50°C, a wuHTepBan
BapbupoBanus coctaisger 10 °C. Torma mia X, 50+10=60 °C, Oyner BepxHUM

ypoBHeM, a 50—10=40 °C — HmKHUM.
B komupoBaHHBIX 3HaueHMsX 3TO 3amuiierca Tak: (60—50)/10= 1 u (40—
50)/10=-1. Ecnu ju1 X, , BBIOpaHsbl X,, =30Munu 1 [=5 MuH, T0 (35—30)/5=1 u (25—

30)/5=-1.

DKCIEPUMEHT, B KOTOPOM PEANTM3YIOTCS BCE BO3MOXKHBIC COUYCTAHUS YPOBHEH
(hakTOpOB, Ha3bIBACTCS MOJHBIM (DAKTOPHBIM KcIiepuMeHTOM (I1DD).

Jlnsa 1Byx ypoBHeii 510 Oyaer I1DD tuna 25, a nina n yposrei — I1®D tuna nt,
VYcaoBusi SKCHEpUMEHTa MPEJCTABISAIOTCS B BUAE TAaOMUIBI —  MAaTPHUIBI
IUTAHUPOBAHMUSI, TJI€ CTPOKH COOTBETCTBYIOT Pa3IUYHBIM OIBITAM, a CTOJOIBI —
3HAYCHUSAM (PaKTOPOB.

IIpumep MaTpulb IUIAHKPOBaHus i [1DD 22

Howmep X, X, v
onbITa
1 -1 -1 Y,
2 +1 +1 Y2
3 -1 +1 Y3
4 +1 -1 Y4
3.5'2 A
Kok

i1, 1) i1, 1
e o

['1 .l-1 :I i

201,

>
=S

Puc. 1. I'eomempuueckas unmepnpemayus [1O3 22
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I'eomerpuueckas uarepnperanus [1OD tuma 2*:

- Iw1aH 2% 3a1aeTcs KOOPAMHATAMY BEPILMH KBaIpaTa,

- Iw1aH 23 — KoopAMHAaTaMu BEPIIUH Ky0a,

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

[1dD tuma 2* o0Jaaet caeayouMMA CBOMCTBAMH.

CUMMeTPUYHOCTh OTHOCHUTENBHO IIEHTpa SKCIIEPUMEHTAa. JTO 3HAYUT, UYTO

anredpanyeckas CyMMa 3JIEMEHTOB BEKTOP-CTOJIOIA JIs Kaxkoro daktopa paBHa 0, T.
N

e. ijl- =0, rae j — Homep daxropa (j=1, 2, ..., k), i — HOMep ombITa (i=1, 2, ..., N).
i=1

YcioBue HOPMHUPOBKH — (HOPMYyIUpYeTCsl CIAEAyrUMM o0pa3oM: cyMma
N
=N
KBaJIPAaTOB 3JIEMEHTOB Ka)KJI0r0 CTOJIOIA paBHA YHUCITY OIBITOB, T. €. Z Xji =V . Oro
i=l1
CJIEICTBHE TOTO, UTO 3HAYCHUS ()aKTOPOB B MATPHIIE 33JAIOTCS B KOJMPOBAHHOM BHJIC
Kak +1 u —1.

OpTOroHAJBLHOCTh CyMMa MOYJIEHHBIX MPOU3BEICHUN JIOOBIX IBYX BEKTOP-
CTOJIOIOB MaTpHuIlbl paBHa 0:
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Puc 3. 'eomeTpuueckas uHTEpHpeTaIys napHoro 3gdexra
B3aUMOJIEUCTBUS (PAKTOPOB

OpTOroHaIBHOCTHIO MATPUIL ILIAHOB, ThIa 2K,

[1DD no3BossSeT KOJIMYECTBEHHO OLIEHUTD BCe JIMHEHBIE 3 (EKThI (haKTOPOB U
UX B3auMojiecTBus. B3auMoielicTBE BO3HUKAET B TOM CiIydae, eciid 2QGeKT 0HOTO
¢dakTopa 3aBUCHUT OT YPOBHS, HA KOTOPOM HaXOAUTCS APYyTroi dakTop.

PaccMoTpuM npuMep: 3aBUCUMOCTD BBIXOJIA IIPOAYKTA y OT TEMIIEPATYPhI X .

Ha pucynke 3 mnpuBeneHa reoMeTrpuueckas HHTEpIpeTanus mnapHoro s3¢dexra
B3aUMOJICHCTBUS (DAKTOPOB.

ITpu masioM BpeMeHM peakuuu (X, =25 MUH) JI1 HEKOTOPOTr0 XUMHUYECKOIO
Ipoliecca BbIXOJ OCHOBHOTO BEIIECTBA YBEJIMUYHUBAETCA C POCTOM TemIiepaTypsl oT 40
1o 60 °C, a npu 6omapioM BpeMeHH (X, =100 MMH) TEHIEHUUS U3MEHEHUS OTKIIMKA
CTaHOBUTCS 00OpaTHOM. DTO U ecTh 3P eKT B3auMoAeHcTBUS (HaKTOPOB X; U X2.

T TIDD 22 MaTpuia IJIaHUPOBAHUS C YIETOM CBOOOIHOrO ujieHa by u adpdexra
B3aMMOJACHCTBHS b2 BBITJISINT TaK:

Homep Xo X1 X2 Xi1X2 Y
OITbITA
1 +1 -1 -1 +1 Y,
2 +1 +1 +1 +1 Y>
3 +1 -1 -1 -1 Y3
4 +1 +1 +1 -1 Y4

9TOT IJI1aH COOTBCTCTBYCT MOACIIN
j> - bo.xo + blxl + bzXz + b12X1X2
CTOH6HBI X; W X2 3adal0T INIAHUPOBAHHC — II0 HHM HCIIOCPCACTBCHHO
OIIPCACIIAIOTCA YCIOBUA IIPOBCACHUS OIIBITOB, a CTOH6HI>I Xo " X1X2 CIIYKAT TOJBKO IJIA



pacuera. Od¢dexkT B3auMoneHcTBUsS ABYX (AKTOpPOB HasbIBaeTcs dPQexTom
B3aMMOJCHCTBUS NIEPBOTO MOPsIIKA, TPeX (PaKTOPOB — BTOPOTO MOPSIAKA U T. [I.
[TonHOE uKCIIO BCeX BO3MOKHBIX 3(h(PeKTOB, BKItOUas by muHeiHbIe 3P (EKTHI b;
U B3aUMOJICHCTBUSA BCEX MOPAIKOB, paBHO N —uuciy onbToB [ID3. YToObl HailTH
YUCI0O BCEX BO3MOXXHBIX B3aUMOJICHCTBUN HEKOTOPOTO TMOPSAIKA, MOXKHO
BOCIIOJIb30BaThCS (POPMYJIIOH JIJIsl UMCIa COUETaHUM:
= k!
m!(k —m)!
rie  k — uucno (akTopoB, m — UYNCIO B3aUMOJAECUCTBYIOLIUX 3JIEMEHTOB.
Tak, nust 1ana 2* 9ucio mapHbIX B3aMMOIEHCTBIN PABHO IIECTH.
) 4
o
OpTOroHaIbHOCTh MATPUI] IJIAHUPOBAHUS TTO3BOJISIET IPU 00PaOOTKE JAHHBIX C
[OMOIIbI0 METOJIa HAUMEHBIINUX KBAJpPaToB MOJYYUTh HE3aBUCHUMbBIE JPYT OT Apyra
OIICHKH KO3(P(UIIMEHTOB YpaBHEHUS PErPECCHU. ITO 03HAYAET, YTO BEIUIMHA JIFOOOTO
K03 dUIMEHTa HE 3aBUCUT OT TOT0, KaKHe BEJTMUYUHBI UMEIOT ApYyrue K03 PHUIIMEHTHI.
[TpuBenem hopmyity ans pacuera KodHPHUIIMEHTOB:

N
b= x;y/N,j=0,1,...k
i=1

[Ipu onpenenennn KO3PPUIMEHTOB UCIIOIB3YIOTCS COOTBETCTBYIOIINE BEKTOP-
CTOJIOLBI.

HezaBucuUMOCTh OLEHOK KO3(DPPHUIMEHTOB, MOXHO MOJYyYHUTh TOJBKO IpHU
CHEIMaIbHO 3aIUIAHUPOBAHHOM JKcrepuMmeHte. Ecnm  skcnepumenTtatop Oyzer
CTaBUThH OIBITHl CIy4YalHBIM 00pPa30M WJIM IO CBOEMY IPOW3BOJIBHOMY BBIOOpY, HE
COOTBETCTBYIOIIEMY OPTOTOHAJIBHOMY IUIaHy, TO OLIEHKH KO3((OUIINEHTOB OKaXyTCs
KOPPEJIUPOBAaHHBIMHM, YTO YCJIOXHHUT HMHTEpIperanuto. Takoe IMOJ0XEHHE
CIpaBEAJIUBO JIMIIb ISl MOJEIM, BKJIOHaromend JuHeitHble 3(hdexTsl u 3¢ PeKTs
B3aMMOJICUCTBHS. MexX 1y TeM CyIeCTBEHHBIMU MOTYT OKa3aThCsl KOA()PUIUEHTHI IPU
KBajpaTax (hakTopoB, UX KyOax u T. A. Tak, MOJenb ¢ KBaAPATUYHBIMHU WICHAMH JJISI
IBYX (PaKTOPOB UMEET BUJ:

A 2 2
Y =boxg +byxy +byXy + bypX Xy +byxy” + by 1xy
MoOxHO U 1Mo IIaHy 2° OLEHHTH bii M by? ITOmBITKA IOCTPOEHMS BEKTOP-
CTOJIOLIOB TSt xlz 151 x% MPUBOJUT K CTOJIOIIaM, COBMAAAIONIUM JAPYT C APYTOM U CO

CTOJIOIOM Xyp. Tak Kak 3TH CTOJOIBI HEPA3TUIUMBI, TO HEIb3S ONPEACIINUTh, 32 CUET
Yero Mnojydaercsi BelnurnHa bo, OHa 3aBUCHUT Kak OT COOCTBEHHO by, TaK M OT BKJIAJIOB
KBaJpPaTUYHBIX YWICHOB. 3/1€Ch TOBOPSAT, YTO UMEET MECTO CMEIIIaHHAas OlleHKa. Takum
obpazom, u3 [1DD Henb3sa u3BIeYs HHPOPMAIUIO O KBAJIPATUUHBIX WICHAX U YJEHAX
Oonee BbICOKOTrO mopsiaka. [Iman 1 Moaenb — 3TH MOHSATUS HEPa3phIBHO CBS3aHBI.
Henp3st npuctynats k BeIOOPY IUTaHa, €CIM HE ompenaesieHa Mojaenb. Jis monaenen ¢
KBaJIpPaTHYHBIMU 4ieHaMH BhIOMparorcs He I1PD 2% a mmanbl ¢ 4mMcioM ypoBHEH,
OonpmuM 2. Takoi THN TUTAHUPOBAHUS ONMCAaH, Hapumep, B [4, 5, 10, 26].

Hy a kakumu rianamMu Ha10 MOJIb30BaThCSI, €CIIA PEYb UJIET O TUHEUHON MOJIEIIN
¥ B3aUMOJCHCTBHS CYMTarOTC He3HaunMbiMu? Komudectso onbitos B IIDD 2K npu



k>=3 3HaYNTENbHO NPEBBIINIAET YHUCIO JUHEHHBIX KOIPPuieHToB. bouio Obl
3aMaHYUBBIM COKPATUTh YHWCJIO OIBITOB 3a CYeT TOW WHGpOpMaluu, KOTOpas He
CYIIIECTBEHHA TPU MOCTPOCHUH JIMHEHHBIX Mojeneil. [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 BBIOpAHHBIX WHTEpBajaxX BapbUPOBAHUS MPOLECC OIMUCHIBACTCS JIMHEHHOM
MOJIEJNBI0, TO JOCTATOYHO OMPENeIUTh TpU Koddduimenta: bo, b1, by [Ipu nuneitnom
npubnuxeHuu b1z — 0, 1 BeKTOp -cTo0e11 X;X2 MOKHO UCIIOJIb30BaTh JIJIsl BBEJICHUS B
IU1aH HOBOTO (haktopa Xs.'TIpu 3TOM JIMHEHHBIE OLEHKU CMEIIUBAIOTCA C OLEHKAMU
B3aUMOJICHCTBHS CICAYIOITUM 00pa3oM:

by — By +Ba3.by > By +Bi3.03 > B3 +Byo
3nech rpeyeckuMu OykBamMHu 0OO3Ha4y€Hbl UCTHHHBIE KO3(duuueHtsl. Takoe
CMEIIEHUE HE OMACHO TOJILKO B TOM CiIy4ae, €cliv aJieKBaTHa JIMHeHas Moenb. UTak,
MBI HaIlUId CMOCOO COKPAaTUTh YHUCIO OMBITOB. BMECTO BOCBMH OMBITOB ISl TPEX
dakTopos mpu IIDD 23, oka3bpIBa€TCHA, MOKXHO MOCTABMTH TOJBKO UYETHIPE OIIBITA,
BOCIIOJIb30BABIIUCH APOOHBIM IJIAHUPOBAHUEM WJIM JpOOHOHN perukod — 1/2-
perumKon s 2°.

HOMep Xo X1 X2 X3= Y
onbITa X1X2
1 +1 -1 -1 +1 Y,
2 +1 +1 +1 +1 Y2
3 +1 -1 -1 -1 Y3
4 +1 +1 +1 -1 Y4

[Ipu 3TOM MaTpHIa UIAHUPOBAHUS HE TEPSAET CBOMX ONTUMAIbHBIX CBOMCTB ' B
pamkax JuHEeHHOW Mmojenu. UToOBl COKpaTHTh YHCIO ONBITOB, HYKHO HOBOMY
(akTOpy MOCTAaBUTHh B COOTBETCTBHE BEKTOP-CTONOEIl B3aMMOJCHCTBHUS, KOTOPHIM
MOXKHO NpeHeOpeub. Torna 3HaueHus] ypOBHEH HOBOTrO (PakTopa B yCIOBUAX OIBITA
ONPEIENSI0TCA 3HAKaMH 3JIEMEHTOB 3TOrO CTOJIONA.

MBI paccMOTpenn caMblid IPOCTOM CiIy4yal: MATPUILYy U3 YETBIPEX OIBITOB IS
TpexdakropHoro ruianupoBanug. C yBenuueHueM uuciia (aKTOPOB BOIPOC O
MUHHMMU3AIUU YHCIIa ONBITOB N CTAHOBUTCA OYEHb AKTyalbHOM 3ajadei, Beap N
pacTeT Kak rnokazarenabHas GyHKIHS B 3aBUCUMOCTHU OT yucia (akTOpOB.

Matpuiia U3 BOCbMHU OIBITOB JUIsl YETHIPEX(PAKTOPHOrO TUIAHUPOBAHUS OyJET
nonypermukoii or IIM®D 2% a s matudakTOpHOro IUIAHUPOBAHMS — YETBEPTh-
permkoii ot I1DD 2°. JIng 0603HaueHUs IPOOHBIX PEIUIMK, B KOTOPHIX p JTMHEHHBIX
addekToB mpupaBHeHO K 3ddexkramM B3aUMOACHCTBHSA, YyAOOHO, IIOJIH30BATHCS
yCIOBHBIM 0603HauenueM 27, Tak, momypemnmka ot 2° sammmercs B Bume 2%, a
YEeTBEPTh-PEILIMKa OT 2° — B BHe 2572,

HackonbpKo 3HaUMTENIbHO ApOOHOE MIIAHUPOBAHUE MTO3BOJISET COKPATUTh YUCIIO
OMBITOB, MOKHO BUJETh U3 MIPUBEACHHOMN HIKE Tad. 1.

Lenecoobpa3zHOCTh TPUMEHEHUS APOOHBIX PEIIMK BO3PACTAET C POCTOM UMCIa



¢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| , INIOTHOCTB IIOKPBITHA X, , TEMIIEpATypa X;.

Tabaunia 2
YPpOBHM M HHTEPBAJIbI BAPbUPOBaHUS (PAKTOPOB
Konuenrpamusa | [InotHOCTS, Temnepartypa,
Knesi, X, r/eMm® | X,, a/m? X5, °C
OCHOBHOW YpOBEHb 0,7 55 45
HNutepBan 0,3 25 15
BApbUPOBAHUS
BepxHuii ypoBEHb 1,0 80 60
HwxH1i1 ypoBEHb 0,4 30 30
TaoOmuna 3
[Topsanok mpoBeeHus, IUIaH YKCIEPUMEHTA U PE3YJIbTATHI ONBITOB
Howmep [Topsimok DakTophl OTKIUKHN
asonHoro | mposeneHus | Xo | X; | X2 | X3 | HEpBBIA | TOBTOP- cpen-
OIIbITa IBYX HBIN 1505071
MTOBTOPHBIX ! " X\~
OTBITOB Y Y Y
| 8; 13 +1 [-1 |-1 |-1 |3,40 4,10 3,75
2 3;12 +1 |-1 |+1 |+1 |2,35 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 Temepb MPUCTYIIUM K BBIOOPY MOJIENIM W TUIaHa skcniepumenTa. [Ipexne Bcero,
BaYKHO YSICHUTB, OLIEHKH KakuxX 3(PPEeKTOB MHTEPECYIOT HKCIIEpUMEHTaTopa. B qanHOM
ciy4yae 3TO JuHEWHble 3¢ deKkTsl W mapHble B3aumojenctBus. [losTomy Mopenb
00BEKTa UMEET BUI:

Tabnuna 4 J/lucriepcuu cperHero
Howmep onpiTa S-2
1
0,122
0,160
0,010
0,202
0,302
0,022
0,025
0,010

R ([QA[ NN | ([WIN|—




Y =by +byx; + byxy 4+ byxy 4+ bppxyxy 4 by3xyx3 + by XXy
Hawnbonee npocToit miaH, TOMyCKarONUKA OIIEHKY BceX KOA((HUIIMEHTOB 3TOM
MOJIEJIH, — MOJHBINA (PaKTOPHBIH dKCIIepuMeHT 2°. YpoBHH (PaKTOPOB ¥ MX MHTEPBAJILI
BapbUPOBaHUS, BHIOPaHbI HA OCHOBE allPUOPHBIX CBEJICHUI U MPEACTaBICHBI B Ta0. 2,
Taby. 3 COAEPXUT TUIAH M PE3yJIbTAThl OMBITOB, a Ta0N. 4 — OIEHKH AUCTIIEPCHIA
cpenHux apupMeTudecKux. [ OleHKH OMmMUOKH BOCTIPOM3BOJUMOCTH BCE OIIBITHI
Ty OITUpPOBAIIUCE.



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
n=PBg+ D B;x; + ZBijxixj + ZBiixiz R
i=1 i<j i=1
rae B - xoaddunueHTsl perpeccur. [1o pesynpraraM dKCIEpUMEHTa MOKHO HANTH
TOJILKO BBIOOPOYHBIC 3HAUCHUS BHIXOTHON (HYHKIIMH KOIPPHUIIUEHTOB:
Y:bo:b; b

U‘ 9o e
VYpaBHEHUE perpeccuu NpUHUMAET BUT

n n n
y=by+ D bx; + Zbl-jxl-xj + Zbﬁxi2 +...
i=1 i<j i=1

OKCIIEpUMEHT, B KOTOPOM pEalIM3yIOTCS BCE BO3MOXHBIE COUYETAHUSI YPOBHEHN
(akTOpOB, Ha3BIBACTCS MOJHBIM (haKTOPHBIM dKcTiepuMeHTOM ([1DD).

@®akTOpbI MOTYT OBITh KOJIMYECTBEHHBIMU U KaU€CTBEHHBIMU, UX YPOBHH MOTYT
OBITh PABHOOTCTOSIIUMH MEXTYy COOOM U HEPABHO OTCTOAIIUMHU, TOATOMY S ypOBHEH

(axTopa X; ynoOHO NpH IUIAHUPOBAHUM 3KCIEPUMEHTA IPEICTABUTH B KOIOBOM

macmirabe F; 3Hadenwsmu  0,1,2,...5—1. B mmaHel BXoauT Takke (PUKTUBHAsS
nepeMeHHas F, HeoOxoxumas Juisl pacueTa CBOOOJHOIO 4i€Ha pEerpeccuu U
HMMEIOIasi BO BCEX OMbITax ypoBeHb 0.

3anuch MaTpUIbl IUIAHUPOBAHUS TMOJHOTO (haKTOPHOTO HKCIEPUMEHTA 32
npuBeieHa B Tabnuie 1.1.

Ta6numa 1.1 - Matpuua nnana [IOD 32

Ne ombiTa | Fj K F, | BF | F? F2 | FPR2 | FFE | F2F,

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:

FF=(F+5)/3.

Jiist onibita Ne 9 cymma B ckoOkax paBHa 4. OCTaTOK OT JieJIeHUs €€ Ha 3 paBeH

1. CnenoBatenbHO, B onbiTe N9 ypoBHEM addekta B3aumoaecteus FF, spusercs 1.

[IpuBeneHHBIN BbIlIE KOAUPOBAHHBIN MacIITad MPUMEHSETCS IPU COCTaBICHUU
IUIAHOB, B YAaCTHOCTH, MpPHU BHIOOpE CTAHAAPTHBIX IUIAHOB IO KarajoraM uX
npeoOpa3zoBaHuil Jisi MPUMEHSIEMBIX B SKCIIEPUMEHTE YKCell YPOBHEH BapbHUPOBAHUS
¢bakTopoB.

Jlsist oOpaboTKH JaHHBIX AKCIIEPUMEHTa MPUMEHSIOT APYrol KOJAMPOBAHHBIN
MmacmiTao.

bynewm ctpouts moaenb

y=by+ Y bX;+ Y b XX+ XXX, +b X}, (1.1)

1<i<3 1<i<3
rae X; - pakTopsl B HaTypaibHOM MacuiTade, T.e. B MIla, M, Kr u T.x.
B xonupoBanHOM Maciitabe MOJEIb MPEACTABUM B BUJIE:

y=b+ X bx;+ zbijxixj"' Dbz +bg, (1.2)

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

rae x; - JUHeWHas (QyHKOusA oT X, ; z; - KBaapaTuuHas QyHKuusa or X; ; ¢ -

Kyonueckas QyHKUus oT X .

[Inanbl  QakTOpHOTO HSKCIEPUMEHTa JOJDKHBI  00JajaTh  CIEIYIOMMUMHU
CBOMCTBaMU:

n
1. CHMMETPHUYHOCTS, T.€. le-j =0, rme i - HOMep ombITa; j - HOMep (hakTopa;
i=1

n
2.C 2 _p-
. COOTBETCTBHE YCIIOBUIO HOPMUPOBKH le-j =n;
i=1
3. OpTOroHaILHOCTH - CyMMa MOWICHHBIX MPOU3BEICHUM JIFOOBIX IBYX (pakTop
- cToa0110B paBHa 0:



n
i=1

4. PoraTa0elbHOCTh - TOYHOCTH npcacCKasanusd 3HAYCHUH y OIWHAKOBA Ha

PaBHBIX PACCTOSHUAX OT IIEHTpa dKCIepuMeHTa. [Ipyu 3TOM TOYHOCTH C pOCTOM YHCIIa
HE3aBUCHUMBIX IIEPEMCHHBIX YBCIMUYMBACTCS II0 CPABHEHUIO C OJHO(GAKTOPHBIM
AKCIIEPUMECHTOM.

DTOMY SBJICHHIO MOYKHO JIaTh TEOMETPUICCKOE UCTOIKOBaHUE. VI3BECTHO, YTO B
JWHEWHBIX 3a7ad4ax Kod()(HIIMEHTH PEerpeccHy OIPEACSIOTCS TeM TOYHEe, YeM
Oompiie paguyc oOcaeayemoit cdepsl. B omHodakTOpHOM 3amgadye 3TO JIETKO
WLTIoCTpUpyeTcs rpaduxkom (pucyHok 1.1.)

Y Y\

/
p
/:'/ pee
\
/

y -

x x

Pucynok 1.1 - 3auepHeHHBIE KPYKKH - HCTUHHBIE 3HAYECHUS, CBETIIBIE KPYKKH —
3HAYEHUS, OTCUUTAHHBIE C OLIUOKOM.

Ha pucyHke mnoka3aHo, 4TO €CIM JB€ TOYKH, B KOTOPBIX IPOU3BOASATCS
U3MEPEHMsI, pacIioyaratoTcsi OJIM3KO JIpYyr K Apyry, TO Jake HeOosbluas oumOka B
HKCIIEPUMEHTE BbI3BIBAET OOJBIIYI0 OIIMOKY B OLICHKE KOA(P(PUIMEHTA pErpeccui.
Yem ganpliie pa3HeceHbl TOUKH, TEM TOYHEE OL[CHUBAIOTCS KO3(DPUIIMEHTHI perpeccuu
Opu Tex ke omuOKax B skcnepuMeHTe. OHAKO B peanbHOM HCCIIeI0BATEIbCKON
paboTe Henb3s CKOJb YrOAHO YBEIMYMBATh Paguyc OOCIIEeIyeMOro MpOCTPAaHCTBA,
IOCKOJIbKY TpPaHUIbl WHTEPBAJIOB BapbUPOBAaHUS YacTO OBIBAIOT KECTKO 3aJIaHBl,
UCXOJIS U3 COOOpaXKEHUH, CBA3aHHBIX C TEXHUKOW dKCTICPUMEHTA.

[IpumeHsis MHOTO(aKTOpHBIE IJIAHBI, Mbl YBEJIMYMBAEM paguyc oOcienxyeMoi
cdepbl 3a cU4eT CBOMCTB MHOTOMEPHOTO NMPOCTPAHCTBA, HE YBEIWYHBAS MPH ITOM
VHTEPBAJIOB BAPbUPOBAHUA IO KaXXIO0M NEPEMEHHOM B OTAEIBHOCTU. PaccMoTpum
3a/1a4y C TpeMsl IEpEMEHHBIMU. ECiin Kakaas U3 NEPEMEHHBIX BapbUPYETCS Ha JIBYX
ypOBHSX, @ UMeHHO, —1 U +1, To 00BEM 00cIeyeMOro mMpOCTPaHCTBA OTpaHUYCH
KyOOM, KOOP/IMHATBI BEPIIMH KOTOPOTO 3a/[aK0TCsl MepecTaHoBKoi uucen (+1,+ 1.+ 1)

(pucyHok 1.2).

[Inan oObenuHsAET BepIIMHBI Kyb0a TakuM o00pa3oM, dYTO MOJIy4aeTcs
IPaBWIBHBIN TETPadap, a B OOIIEM BHJIE - CUMILICKC.

OmnwuieM MBICIEHHO BOKPYT CHUMILIEKca cepy - e€ paauyc, O4eBUAHO, paBEH



r=+/3. JUIsl 3a/1a4K ¢ LECTHIO IEPEMEHHBIMH IUIAH 3aaeTCs. KOOPANHATAMY BEpPLIMH
NPaBHJILHOTO CUMIUIEKCA B IIECTHMEPHOM TMPOCTPAHCTBE, W paanyc oOcCIemxyemMoi
cdepsl yxe paer 7 =/6 .

Takum oOpa3oM, ¢ pOCTOM YHCIIa HE3aBUCHMBIX MEPEMEHHBIX PAaCTET Pagnyc
obcnemyeMoit cdepbl, XOTS HHTEPBaIbl BApPbUPOBAHUS MO KaXJAOW HE3aBUCUMOM
MIEPEMEHHOM OCTAIOTCS MO-TPEKHEMY TEMHU JK€. Y BEIMUEHUE paJryca MIPOUCXOANT 3a
C4€T CBOMCTB MHOTO(DAKTOPHOT'O MPOCTPAHCTBA, U B PE3yJIbTaTe PE3KO MOBBIIIACTCS
3 PEKTUBHOCTh SKCIIEPUMEHTA.

Pucynok 1.2 - Cxema npencraBieHus (pakTOpHOTO MPOCTPAHCTBA

3anuieM JIMHEHHY0 QYHKIMIO OT X, B BUAE

X =k(X; + 4;), (1.3)
rae k; 1 A; - KOHCTaHTBHI.

U3 YCJI0BHUA CUMMCTPUYIHOCTH IlJIaHA
N

2%, :kiZ(Xiu +Ai):O
i=1 u=l
Win
N
ZXZ.M + N4, =0,
u=l1
0TCIO1a
A L

[Tocne noacuéra A4, xo3pPuUMEHTH &, MOAOMPAIOT TaKUM 00pa3oM, 4TOOBI
YPOBHHU X; IIPEJCTABISUIA COOON HEOOJIBIINE YHUCIIA, JIyUIlE LENbIE.
Jlanee 3anumieM z; Kak KBaJpaTUYHyIO (QYHKIHIO OT X;:
z; = k;(xl-2 +ax; + cl-), (1.4)
rae kj, a;, ¢; - KOHCTaHTBHI.
N3 ycnoBus CUMMETPUYHOCTH I1JIaHA



N , N ) N

u=l1 u=l1 u=l1
N N 1N
W, TOCKOIbKY, »,%; =0, Tou ) x; +N-¢;=0.Otcrona ¢; = oY 2%
u=l1 u=1 u=1
U3 ycII0BHs OPTOTOHAIBHOCTH [UIaHA

N
inuzl-u =0. (1.5)
u=l1

[Tocne noacranoBku (1.3) u (1.4) B (1.5) nomyuum
N N, N N
u=1 u=l u=l1 u=l
N3 nocienHero BeIpakeHus, ¢ y4€TOM YCIOBUSI CAMMETPUYHOCTH I1J1aHa,
N, N
a;=- inu
u=l

Koa¢pdunuenTs! &/ BbIOMPAIOTCS U3 YCIOBHUS, UTOOBI YPOBHH z; IPEACTaBIISIN

2
Xl«u .
u=l

co0oif HeOOIbIIINE YNCIIa, JIyUIIe [elbIe.
3anumieM ¢; Kak KyOM4eckyro (QyHKIUIO OT X; :

rne kj', d;, I., n; - KoHCTaHTBI. VI3 yCIOBUS CHMMETPUYHOCTU U OPTOrOHAJIBHOCTU

N N 3 N 5 N

u=l1 u=l1 u=l1 u=l1
N N 4 N 3 N 5 N
Z%'Mxiu = inu +dz~inu +liniu +'1in,~“ =0,
u=l u=l1 u=l1 u=l1 u=l1

N N N N N
Z%’uzz‘u = inuziu +dizxiuziu +linl-uZl-,, +niZZz-u =0,
u=l1 u=I1 u=1 u=l1 u=l

nociie mpeoOpa3oBaHUil U3 TEX Ke YCIOBUN

N 3 N 2
u=1 u=1

N 4 N 3 N 5
inu +d,-inu +lz-2xiu =0,
u=1 u=l1 u=1

Al 3 N 2
u=1 u=1

PemuB 3Ty cucremy, nojy4um



N 3 Y 3 3
Z:lxiu Ziu 1 N 4 zlxiu zlxzu Zzu
— u= — _u= u=
dz - N > ll - N 5 zxzu N 5 ’
2 u:l
Z xlu Zlu z xiu Z xzu Zzu
u=l1 u=l1 u=l1
N ) N 3
N leu leu Zlu

u=l1
Takum 006pazoM COBEpIIICH TEepPexo ] K KOAUPOBAHHOMY MaciiTady, B KOTOPOM
TUTaH SKCTIEPUMEHTAa CHMMETPUYCH U OpTOoroHaieH. [ToaToMy K03 duIineHTh MOaeTH
(1.2) cumraror o popmyie

N N )
bi = zxiuyu inu ’ (16)
u=1

u=l
rae i =0,1,2,..,k - Homep dakTopa.
Jlucrniepcuu o1ieHOK K03 PHUITMEHTOB ONpeesatoTcs o hopmyie

N
Sy =S,/ >x, (1.7)
u=1

Trac S)% - JUCIICPCHUA BOCIIPONU3BOANMMOCTH SKCIICPUMCHTA.

Ecin Bce ombIThI, 3aJaHHBIE IIJIAHOM, BBITTOJIHSIOT IO OJTHOMY pasy, a OIUH U3
HUX JTyOJUPYIOT HECKOJIBKO pa3, TO TUCTICPCHUIO BOCIIPOU3BOIUMOCTH PACCYUTHIBAIOT
o gopmyie

i(yq _37)2
Sﬁ:qﬂT, (1.8)

T Y, - Pe3yJbTar ¢-ro MOBTOPA; V - CpelHee apuhMETHICCKOS 3HAYCHHUM BCEX 71

nyOnei onbITa; f; - YACIIO CTENEHENH CBOOOABI.

Yucno creneHeil cBoOOAbl - MOHSATHE, YUYUTHIBAIOIIEE B CTATUCTUYECKHX
UCCJIEIOBAHUSIX CBSI3H, OTPaHUYMBAIOLIME CBOOOAY U3MEHEHHMSI CIIyYalHbIX BEJTUYHH.
OTO 4MCIIO OmpenesseTcss Kak pa3sHOCTh MEXKJY YHMCIOM BBIIIOJIHEHHBIX OIBITOB H
YUCJIOM KOHCTAHT, IIOACYUTAHHBIX 10 PE3yJIbTaTaM TEX JK€ OIBITOB. B 1aHHOM city4ae
TpeOyeTcsl MOACUNTATh OJIHY KOHCTaHTy y . [loaToMy B JaHHOM citydae

fi=n—-1.
JloBepHUTEeNbHbIE HMHTEPBAJBl OLEHOK KO3()(UIMEHTOB OMpEACNSAIOT MO

BBIPpAKCHHUIO
Abi :ta;f]Sb[’ (19)

rae t - xkpurepuid CrtprojieHTa, Oepercss u3 Taomuiel [1.1 (cMm. mpunoxkenue) B
3aBUCUMOCTH OT YPOBHS 3HAUMMOCTM O U 4YMCJIa CTeNeHed cBOOOIbI f; TpH



S%, S, -

OIIPCACIICHUU AUCIICPCHUHA BOCIIPOHU3BOANMMOCTH 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 3TOrO pPaBEHCTBA 3aKIIOYAeTCsl B TOM, YTO aOCONIOTHas BeJIMYMHA
K03 duImeHTa 1o0MKHa OBITh B ¢ pa3 00Jblle, YeM OIINOKa €Tro ONpeIeIeHHs.

Koadduiments, koTopble MO aOCOJTIOTHOW BEIMYMHE MEHBIIE CBOUX
JIOBEPUTENIbHBIX HHTEPBAJIOB, B MOJEIIb MOKHO HE BKIIIOUATh.

3.Conepxxanue pabOThI

Bennuuna 3a3opa mpu BeIpyOKE BapbUpYyeTCs Ha TpPEX YPOBHSX, MaTepuai
3aroTOBKM - Ha JBYX. IlnmaH mnojHOro ¢axkTopHOro 3KCHEepUMEHTa B Kojxax F;

npeacTaBieH B Tabnuue 1.2.

Tabmuna 1.2 - Matpuna nnana 3x2//6 B konax F;

Homep ' F, Homep H F,
OIbITa OIbITa

1 0 0 4 0

2 1 0 5 1

3 2 0 6 2

BripyOatoTcst kpykKkd U3 ctanud 45 W Menu B MaTpulle AUAMETPOM 25 MM.
TonmuHa 3arotoBoK 7 MM. YPOBHM BapbUPOBAHUS 3a30Pa, IO OTHOLIECHUIO K TOJIIIIUHE
3aroTOBKH, BEIOPAHBI C YUETOM JIMTEPATYPHBIX TaHHBIX U cocTaBisawoT 0,03; 0,05; 0,1.

3anumieM 3TOT IUIaH B HATypadbHOM MacmTabe, OCTaBUB YPOBHIM
KayecTBEHHOro (paktopa X, obo3HaueHus ypoBHel F, (Tabmuua 1.3). B nocnennem

croyidiie Tabnuikl 1.3 TpuBEACH MOPSAIOK peaM3allii OIBITOB, BBIOPAHHBIA IIO
Ta0IUIE CTyYalHBIX YUCE].

Ta6mumna 1.3 - MaTtpuna mana 3x 2//6 B HaTypajibHOM Maciiutade

Homep | X, X, ITopsnok Howmep X X, ITopsnox
OIbITA peayM3aluy | OIbITa peanusanuu
1 0,03 0 3 4 0,03 1
2 0,05 0 4 5 0,05 5
3 0,10 0 2 6 0,10 6

Jist oOpa®OTKM [aHHBIX DSKCIEPUMEHTa COBEPILEH Iepexo]l K HOBOMY
KOAMPOBAaHHOMY MaciTaly. [1o u310keHHOH BbIllIe METOIMKE (POPMYIIBI TEpexo/ia OT




X;K X; ¥ z; HOJYYEHBI CIEAYIONIUMH:
x, =100(X; —0,06),
2= - 14x, -8.7) (1.10)
x, =2(X, -0,5).

[1nan sxcriepuMenTa B KOJUPOBAaHHOM MaciiTabe mpecTasieH B Tabnuue 1.4.

Tabmuna 1.4 - Marpuna miana 3x2//6 B KOTUpOBaHHOM MaciTade

Ne Xo | X | X% Z XXy | Xxz; | X%z | KagectBo | Ycunue
OIIBIT cpesa  |onepanuu
3 4 5 6 7 8 9 10
3] -1 4,5 3 -13,5 | 4,5
-1 -1 -6,3 1 6,3 6,3

18 | 4 | 72 | -18
3 -1 45 | 3 |-135]| 45
a1 -1] 63| -1 | 63 |-63
41 -1 ] 18 4 72 | 1,8

NN B~ W ==
[ T W S S e | )
N
1
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Cronben x,, ciyxaiuii Juist onpeaeneHus kospduuuenrta b, MOIENIH, COCTOUT

TOJIbKO W3 +1. YpoBHU 3 (HEKTOB B3aMMOJCHCTBHI TOJYYCHBI MEPEMHOKCHHEM
YPOBHEW COOTBETCTBYIOUIUX IIaBHBIX 3 ()EKTOB.

B pesynbprare dKCnepuMeEHTa OINpPENEsAIOT KayeCTBO CpPE3a U yCUIIME IIPHU
BbIpyOKe. Pe3ynbraTel 3aHoCAT B Tabauiy 1.4 .

JIns WCKIrOYEeHUs BIMSHUS HAa OKOHYATENbHBIM pE3yJjbTaT 3KCIEPUMEHTA
HaBbIKA, MOSIBJISIOLIEIOCS B Ipollecce padOThl, WM yCTAIOCTH OIBITHI MPOBOJAT B
nopsiake, ykazanHoMm B tabnuue 1.3. J{nsg noacuéra qucnepcuu BOCIPOU3BOIUMOCTH
HKCIIEPUMEHTA OJUH U3 ONBITOB MOBTOPSIOT 4 pa3a. [lpu 3ToM 1ydiau ogHOrO OmbITa
IIPOBOJAT HE OJIMH 32 APYTUM, a IIEpeMeKasi C IPOBEAECHUEM OCTAIbHBIX OIBITOB.

3aroToBKU nociie BeIpyOKH (pUCyHOK 1.3) ocMaTpUBalOT U OLICHUBAIOT KAYECTBO
cpeza mo 3-x OanbHOUM mmiKanme. Hawnywymum cpe3om, olieHMBaemMbiM B 3 0Oarna,
CUMTAETCS COCTOSIIIMM U3 TPEX 30H: | - 30Ha ckpyruenus, 11 - onecramuii nosicok, I -
30Ha cKayibiBaHuA. [Ipu 3TOM 30HA | HOJKHA MMETh HE3HAYUTENBHBIN pa3sMep. Eciu
3Ta 30Ha BO3pPACTaeT MO CPAaBHEHHUIO C HAWMEHbIIEH, MOJYyYEeHHOW INMpU BhIPYOKe
3aroTOBKM M3 JAaHHOrO MaTrepuania, Wid BbIpyOaeMblii 0Opasel] MMeeT 3aMEeTHBIM
porud, To KAYECTBY Cpe3a MPUCBANBAIOT OLICHKY 2 Oaiia. Eciau moBepXHOCTh pBaHas,
C JIOTIOJIHUTENbHBIMU MOSICKaMH, TO KAYeCTBY Cpe3a MPUCBAUBAIOT OIIEHKY 1 Oa.

Pucynok 1.3 - 3aroroBka mnocsie BeIpyOKu



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 umeerca n+1 pe3ynpTaToB HAOMIOJCHUM, IZle 3HAYEHHUE X, .| PE3KO

BbLICISECTCA. Torna st n pe3yJIbTaTOB HAXOIST

ni-
U PaCCUMTHIBAIOT OTKIIOHEHHE X,_; — X . 3aTEM HAXOIAT IIPEIEIbHOE OTKIIOHEHHE
€= ZLoc;n—l S,
rae t,.,_; - kpurepuil Cteronenra, 0epercss u3 tadbmuusl 11.1. (cM. mpuioxeHune) B

3aBUCUMOCTH OT YpPOBHSI 3HAUMMOCTH M 4YHCIa cTerneHeil cBobonael n—1. [lanee
CpaBHUBAIOT (xn +1—)?) ¢ ¢. Ecmm (xn +1—)_C)>8, TO C BEPOATHOCTBIO P =1-a

3HAYEHHUE X, ; CUYUTAIOT IPOMAXOM U OTOpaCHIBAIOT.

Ecnu mpomax OTCYTCTBYET, TO HAXOAT CpeiHee apu(PpMETHIECKOE Pe3yIbTaTOB
YeThIpeX MyOJIel, U ATO 3HAUYCHHE 3aHOCAT B Tabnuiy 1.4 kak pe3ynabrar omnbita. Ecim
UMEETCS TpoMaxX, TO PE3yJbTaTOM OIbITA CYHTAIOT CpeaHee apuMeTHIecKoe
pe3yNbTaTOB TPeX AyOIIeid, OCTaBIIUXCS MOCIE UCKITIOYSHHS IpOMaxa.

[Tocne mpoBeeHUs BCEX OMBITOB ONpeaeNsIOT KodddutimeHTs Moaenw (1.2) mo
dopmyie (1.6). Jucnepcun ko3P dunreHTOB BRUUCISIOT 10 Gopmye (1.7), 3atem
OIIpeNIeNIAI0T BbIOOPOUHBIE CpPEAHEKBAAPATUYHbIE OTKIOHEHHA S; A8 KaXJI0ro

K03 dUIMEHTa KaK KOPEHb KBaIpaTHBIN U3 COOTBETCTBYIOIIEH AUCTIEPCHH.

Jucnepcuio BOCIPOU3BOAMMOCTH 3KCIIEPUMEHTA ONPEEISAIOT MO pe3ybTaTam
YeThIpex ayoiieit ogHoro omnbita no Gopmyre (1.8).

JloBepuTenbHbIE UHTEPBAJIbI OLIEHOK KO3(P(GULUEHTOB ONPEAEIIAIOT 0 hopmyie
(1.9) mpu o =0,05 u n=3, MOCKOIBKY KOHTPOJIbHBII OIBIT TyOIUPOBAJICS YETHIpE
pasa.

Koaddunmentsl, koTopble 1O aOCOMIOTHON BeIWYHWHE OOJBIINE CBOUX
JOBEPUTEIbHBIX UHTEPBAJIOB, IPU3HAIOT CTATUCTUYECKH 3HAYMMBIMH NpU 5% - HOM
YPOBHE 3HAUMMOCTH U BKIIFOYAIOT B Mozienb (1.2).

Takum oOpa3oMm MOIy4yarOT JBa ypaBHEHHUS, OJHO M3 KOTOPBIX OMHCHIBAET
3aBUCUMOCTb KauecTBa Cpe3a, a IPyroe - yCHIMe Mpu BeIpyOKE OT BETUUYHMHBI 3330Da,
MaTepHalia 3aroTOBKU U B3aUMOJIEUCTBUS 3THX ABYX (PAKTOPOB.

OpnHako TOJlydeHHbIE YpaBHEHHs 3allMCaHbl B KOJMPOBAHHOM MacuiTabe u
HEYIOOHBI JUIsl MPAKTUYECKOro MCHOJb30BaHMs. [ mepeBoaa WX B HaATypabHBIM
MacmTad ucnonb3yroT ypaBHeHus (1.10). B nauane unensl, copepxamue z; ,

acKphIBalOT B (popme (YHKIHMH OT X;, & 3aTEM BCE WIECHBI PACKPBIBAIOT B (hopMe
1
¢yHkuuu ot X; mu X,. B mpouecce packpbITHs BbIpa)XK€HUIH NPUBOJAT MOJOOHBIE

YJICHBI.
[TosrydeHHbIE ypaBHEHUS AQHAIM3HUPYIOT IS YCTAHOBJIEHUS OINTHUMAIBHOU
BEJIMYMHBI 3230pa. AHAIU3 MPOBOJAT OTIEIBHO JJISI 3arOTOBOK U3 CTAIH 45 U U3 MEJIH.



JUis 3TOro B ypaBHEHHs NOJICTaBISIIOT 3HaueHus ¢gakropa X, =0 1 cranu 45 u
X, =111 menu. Iloiry4aroT 3aBUCMMOCTH KAauecTBa Cpe3a M YCWIMS ONEPALMH KaK

GyHKIMM BeNWYUHBI 3a30pa. Ux nuddepeHIupyoT Mo 3TOMY apryMeHTy u
IPOU3BOJHBIC MPUPABHUBAIOT K HyII0. Takum 00pa3zoMm, BBIBISIIOT onTtuMyM. [lo
pe3ylbTaTaM aHajlu3a JeN1aloT BHIBOJIBI.

4. Conepixkanue pacyeToB

B pacuerax mpuBOASAT MaTpHIBI IJIaHA B HATYpPaJIbHOM H KOAMPOBAaHHOM
Macmrtabax (tabmuusl 1.3 u 1.4) c 3amoaHEeHHBIMU TpadaMHu Pe3yJbTaTOB OIBITOB,
dopMyITEI Tepexoaa OT HaTypaIbHOTO MacIiTada K KOAUPOBAHHOMY.

OnuceIBalOTCSI METOIWKH U Pe3yibTaThl MPOBEpKH MAyOyield ombITa Ha
OTCYTCTBHUE IMPOMAXOB, PAaCUYETOB JUCIEPCHUU BOCIPOU3BOAMMOCTH JKCIEPUMEHTA,
OIICHOK KO3(PUIIMEHTOB MOJENeH M UX JUCIEPCUMN, JTOBEPUTEIHHBIX WHTEPBAJIOB
OIICHOK KO3((HUIIUECHTOB.

[TpuBoasTCS MOIENIM B KOJMPOBAHHOM M HATypaJIbHOM MAcIITa0ax U UX aHaJIu3.

JlatoTcss peKOMEHJAWK M0 ONTUMHU3AIMN BEJIIMYWUH 3a30pPOB TPHU BBIPYyOKE
00pa31oB U3 KapTOHA.

PacueTsl 3akaHUMBaeTCS BBIBOJAMH IO TIPOBEICHHOM paboTe.

S. KonTpoabHbIE BONPOCHI

1. Kak npu cocraBnenuun [IDD omnpenenstorcs 3HAYCHUS YpOBHEW ISt
3¢ dekToB B3auMoAeCTBUM PaKkTOPOB?

2. B yem 3akmrouaercsi CBOMCTBO CHMMETPUYHOCTH IIaHA.?

3. UTo Takoe COOTBETCTBUE IJIaHA YCIOBUIO HOPMUPOBKHU?

4. Kak niaH Ha3bIBa€TCsl OPTOTOHAIBHBIM ?

5. Yrto Takoe poTaTabeNbHOCTD T1aHa?

6. Jlma dYero M Kak OHNpeAessercss JUCIEepCcUs BOCIPOU3BOJIUMOCTH
JKCIIEPUMEHTA.

7. Kak paccuuThIBatoTCs OLIEHKH K03 puiinenToB Mmoaenu?

8. Kak omnpezenstorcsi JOBEpUTEIbHbIE HHTEPBAJIbI OLIEHOK KO3((PUIIUEHTOB.

9. B xakoM ciyyae Kod((PHUIMEHT CUNTAETCS 3HAUUMbIM.

10. Kak mpoBOOWTCS BBISBICHUE M OTCEB NPOMAXOB B PeE3yJbTaTax
HaAOJTIOIEHUIA.



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

OO6u1ue 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, 4—2“bixi Jerijxiyj
1 1

rae )V - 3HaueHHUE KpUTEpUs;

bi - nuHelHbIe 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,+ 2 ,biXi + E l,binin + E ,biiXi
i=1 i=1 i=1

[Topsimok cTaTUCTUYECKOM O0O0pabOTKM pe3yJbTaTOB SKCIEpPUMEHTa IMpHU
MHOTO()aKTOPHOM TUIAHUPOBAHUU COOTBETCTBYET IOCIEI0BATENLHOCTH 00pabOTKH
pu OJHO(PAKTOPHOM TIJIAHUPOBAHHH.

Brimonnenne paboThl
1.1. Onpenenenue K03hHUIIMEHTOB ypaBHEHUSI PETPECCUMU.
1.1.1. CBOOOIHBIN UJieH YpaBHEHHSI PETPECCUH ONpeIesisieM 1Mo GopmMyJie:

1
b, = —
0 HZI:Yu
b, = 257.,5

A€ 7 - 4ucCJoO OIIBITOB,

Y. - cpennwmii pe3yabTaT B KaXKOM OIIBITE.
1.1.2. JIuneiinbie K03 HUIUESHTHI OTPEALIISIIOT TI0 popMmyIie:

1 -
b =—S'x
1 nzllxmyu
b, =-82,5
b, = 32,5

I€  Xju - KOJUPOBAHHOE 3HAUCHHUE 1-TO (haKTOpa B KaXKJIOM OTACIBHOM OTIBITE.
1.1.3. KoadduimeHTs napHOTO B3aUMOICHCTBUS.

1 N
bij :_inu .Xju .yu
n-



b, =7,5

1.2. Onenka 3Ha4MMOCTU KOI(DPUITMEHTOB YPABHEHUSI PETPECCHH.
1.2.1 Onpenenenre 1UCIEPCUN PE3yIbTATOB HKCIIEPUMEHTA:

N n 5
ZZ(yuj -Y.)

2 T
S™{y}= SN_D)

N n
— 2 o
rae ;;(yuj —¥.,)" — cymMMa cpemHEKBaIpaTUUECKHX OTKIOHEHHH pe3ylIbTaToB

AKCIEPUMEHTA OT CPEAHETO 3HAUEHUS B KAXKJOM ONPEICICHHOM OIIBITE;
N - HOBTOPHOCTH OIIBITOB.

S% {y}=1,581

1.2.2 Onmnpenenenne aucnepcur (omuOku) KoIDOUIIMEHTOB ypaBHEHHS
perpeccuu 1o Ghopmyie

¢ S
®if  N-n,

1.2.3. Omnpexnenenue OOBEPUTEIBHOIO HWHTEpBaja i KoO3()PHUIIMEHTOB
YpaBHEHUS.

rae tr=3,18-tabnuunoe 3naueHune kputepus CTbroieHTa A n=4.
Ab, =1,124
Ab, =—1,124

[Tocne onpeneneHus TOBEPUTENHFHOTO UHTEPBaia CPABHUBAEM €TI0 BEIMYHHY C
kod(punuentamu perpeccuu. BenuunHa JOBEpUTEIHLHOTO MHTEpBajia MEHbIE (10
MOMYJII0) BEIUYMHBI KO3 (UIIMEHTA, CJIEA0BATEIbHO, JaHHBIA KOI(PPUIIMEHT
ypaBHEHUS 3HAYUM U HE UCKJIOYAETCS U3 YPaBHEHUS PErPECCUU.

1.3. CocTaByiieHre ypaBHEHHS PETPECCUN

[Tocne orieHKM 3HAYUMOCTH KO(DPHUITUEHTOB CTYACHTHI COCTABIIAIOT YpaBHEHUE
perpeccuu B BUIE.

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



b, =825
b, =-32,5
b, =75

1.4. IIpoBepka aieKBaTHOCTH YPaBHEHUS PErPECCUN

AJIEKBaTHOCTH IOJYUYEHHOTO YPaBHEHHS PETrPECCUU OINPENEISIEM C MOMOIIBIO
kputepuss Ouiepa. 11 3TOro pacCUMTHIBAIOT 3HAUYCHUS KPUTEPHUs MO YPABHEHUIO
perpeccuu, MOJCTaBIISsl BMECTO Xu KOJMPOBAHHOE 3HAYCHUE KaXJoro ¢akropa B
JaHHOM or11bITe. [1ocie 3Toro onpenendaoT KBagpaTbl OTKIOHEHUN MEK1y pACUETHBIMU

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

Taomuna 1.

Pesynprar Pacuétnoe
OKCIICPUMCHTA | 3gayeHUE . . . R )

Ne ombITa B ) Yo~ 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

ITocne sToro onpceaciricM JUCIICPCUIO aICKBATHOCTHU 110 (I)OpMy.TIG:
N

> n(y, -y,
S? 1
an N-k-1

TA€  /1— YUCIO OBTOPOB OIBITA;
k - konuuecTBO haKTOPOB.
Tornma pacu€tHoe 3HaueHue kpurepus duiepa:

2
ky :%
STy
F, = 21,213
Fr=19,45
Fp>Fr

OmnpenenuB pacy€THoe 3HaueHHe Kputepuss Puiiepa U CpaBHHBAs €ro ¢
TAaOJIMYHBIM, OINPEAEIAIOT aJEKBATHOCTh YPAaBHEHMSI PErpPECCUU  H3y4aeMOMY
npoueccy. Ecin Fy>Fr, To runore3a o0 agexkBaTHOCTH OTBEPraeTcsi, U ypaBHEHUE
perpeccur He COOTBETCTBYET PEaJIbHOMY IIPOLECCY, T.€. CBSA3b MEXIY KPUTEPUEM U
dakTopamu HeIMHEHAS.

BeiBoa: B 1aHHOM NIPaKTUYECKOM 3aHATHH OCBOMIM MaTEMaTHYECKHE METO/IbI
IUTaHUPOBAHUA TIOJTHOTO (akTopHOTro dKcnepumenTta ([1DI), Hayunnuchy onpeaenaTb



MareMaTudeckue monenu [ nopsiaka, mpu ucciae0BaHNN Ka4yeCTBA U3EIUM.

N3y4yuB anropuT™ BBIIIOJHEHHS pPAa0OTHl M BBIIOJHHUB €€, ONPEAEIWIA, YTO
agexkBatHocTh otBepraercs (F,>Fr) u ypaBHeHHMe perpeccum HE COOTBETCTBYET
peanbHOMY MPOLECCY, T.€. CBSI3b MEXAY KPUTEpPUSIMHU U (PaKkTOpaMH HEIUHETHas.
CnenoBaTenbHO, ypaBHEHHE OyAE€T MMETh CTENEHHYIO 3aBUCHUMOCTb. Ilepexomum k
IUTAHUPOBAHUIO SKCIIEPUMEHTA BBICILIETO ITOPSAKA.



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

Onpenensiiin  BO3ayXONPOHUIIAEMOCTh TKAaHEW C pa3IMYHbIMU 3HAYEHUSAMHU
wiotHocTH HUTeH mo ocHoBe (X1)(I10=180), m ko3P duimeHToM YImIOTHEHHOCTH
(X2)(C0=0,7) c unTepBasiamu u3MeHeHus: cooTBeTcTBeHHO 50 u 0,2. Onpenenutsb
YPOBHH BapbUpOBaHUS (PAKTOPOB, MOCTPOUTH PabOUYYI0 MATPHUIly IIAHUPOBAHUS.
[IpoBectn 00paboTky IIPD, HAWTH ypaBHEHUE PErpecCHH, MPOBEPUTH €O
aJICKBATHOCTh, PE3YJIbTaThl pacuéTa Mpe/ICTaBUTh rpaduuecKu.

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 (HHUIMEHTOB YPaBHEHUS PETPECCUU
2.1.1 CBoOOHBIN WICH YpaBHEHUS onpeaesieM 1Mo hopmylie:

N k N
bOZaIZYu_a2Z inzu'Yu
1 1 1
b, = 204,068

I7Ie  yu- CPEAHEE DKCIICPUMEHTAIFHOE 3HAUCHUE B KAXKIOM U-TOM OTIBITE;
X - KOAUPOBAHHOE 3HAYCHHE YPOBHS K-ro (hakTopa B U-TOM OIIBITE;
k - konmnuecTBO (haKTOPOB;
a1, 2 - YUCJIIOBBIE KOHCTAHTHI, OEPYTCs U3 TaOIHIIBI.

Yucno

dakTopoB

(k)

Yucno | Kooddunmentsr
OTIBITOB

a1 a a3 a4 as ae 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 JIunetinpie kKodphULIMEHTHI onpeaesseM o GopMmyie:
N
b, = a3ZXiu "Yu
1

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

2.1.3. KoadduimeHTsl MapHOTro B3aUMOJICHCTBHSA
N
bij = a4ZXiu XYy
1

b, =-7,5

I€  Xiu, Xju-KOJIMPOBAHHBIC 3HAYEHUS YPOBHEH 1-T0 U ]-T0 (PaKTOPOB COOTBETCTBEHHO
U B U-TOM OIIBITE.
2.1.4 KoopdumueHtsl mnpu KBaApaTUUYHBIX WICHAX YPaBHEHUS PETPECCUU

OIpEIEIISIOT:
N kN N
b, = aSZXiu Y. +a6z inu "Yu _a7ZYu
1 T 1
b,, = 20,66
b,, = —4.34

[Tocne BbrumcieHuss Ko3(Q(PUIIMEHTOB YpaBHEHUSI PETPECCUM MEPEXOIAT K
OIIEHKE MX 3HAYUMOCTH.

2.2. OteHKa 3HaUUMOCTH KO0d()(PUIIMEHTOB YpaBHEHUS PErPECCU.
2.2.1 Omnpenensem mucnepcuro Bocmpoussoaumoctd S*{y} mo dopmyie
(ybsMpoBaHuUE OMBITOB IPOBOJUTCS TOJBKO B HYJIEBOM TOUKE).

n, _
;(ij _yo)

S% {y} = =82.5

n —1
0

A€ No= 5 — YUCIIO ONBITOB B HYJIEBOM TOYKE;

Yy, = 252 — cpenHuii pesysibTaT B HYJICBOM TOUKE;

Yoj - KQXIbI OTAEIBHBIN PE3YJIbTAT B HYJIEBOU TOUKE.



2.2.2 ]Jluctiepcuto (CpeTHEKBAIpPATHUYECKYI0 OIMMUOKY) B OMNpEICICHUU
K03 (PULIMEHTOB ONPEAEISAIOT Il CBOOOHOrO YJIeHa:

2-A-h-(k+2 _
o = N( )54} = 1154

JUTSL IMHEHHBIX KO3 DUITUEHTOB:
¢ S
{b;} N—no
2 Q2
St,, =S, =10.313

U151 KOA()PUIMEHTOB MapHOTO B3aUMOACHCTBUS:
2

S —C—-SZ{_}
N

2 —
Sty ., =16.758
IUTSL KBaJIpaTUYHbBIX KO3(P(PUIUEHTOB:
¢ - AC[(k+1)-A—(k—-1)]
by = N
2 Q2 _
Sty =S,y =1.079

dopmyiibl A1 nojcuéra nocTossHHbIX C, A, A MpUBECHBI HUXKE:

-S*{y}

C= N =1.625
N-n,

A= ! =0.003788
2A—[(k+2)-A—K]

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

rae N — oOlee Ynciio ONbITOB;
k — yncno ¢pakTOpoB B IKCIIEPUMEHTE.

2.2.2 OmnpeneneHue JTOBEPUTEIbHBIX WHTEPBAIOB [JI OLEHKH 3HAYUMOCTH
KO2(DPUIIUEHTOB YpaBHEHHUSI.

JloBepuTenbHblE UHTEPBAJIbI 111 bo, bi, bji 1 bii COOTBETCTBEHHO OIPENETSAIOT 1O
dbopmynam:

Ab =228, , =+2.148
0 0

Ab =28, , =+6.423

Ab, =428, =+8.187



Ab =12S, , =+2.07

[IpoBepsiem  3HaYUMOCTh  KOX(G(UIIMEHTOB  ypaBHEHHUS, CpaBHUBAEM
COOTBETCTBYIOIINH JOBEPUTEIHHBIN HHTEPBAN C BETMUYNHON Kod(pduimenTa. |bi|<|Abi|.
Utak, xo3hHUIMEHTH MapHOTO B3aUMOJCHCTBUS HE3HAYUMBI, T.K. MX YHCIOBBIC
3HAQYEHUSI MEHBIIE MO MOJYII0 UX JOBEPUTEIHLHOIO MHTEpPBAa, CIEI0BATEIIBHO, 3TU
KOd(pPUIMEHTHl HUCKIIOYAIOTCS W3 YypaBHEHUsI perpeccuu. A BcCe OCTaJbHBIE
KO(PPUIIMEHThl 3HAYUMBI, T.K. MX YHCJIOBBIC 3HAUYECHUS OOJBIIE MO MOMYJII0 HUX
JIOBEPUTEIHLHOIO0 UHTEPBAJIA.

2.3. CocraBieHHUE YpaBHEHUS PETPECCUM.

AJIeKBaTHOCTb ypaBHEHUS MPOBEpsieM Mo Kpureputo durepa:

F, = S
P Sy}

IJie TUCTICPCHIO aJICKBAaTHOCTH OIpeieisieM 1Mo hopmyiie:

Z G’ui V) — Z (YOj - yo )2

N-?u-(n0 -1)

S? =

an

TAe .- CPE/IHEE SKCIIEPUMEHTATLHOE 3HAUCHUE KPUTEPHS B KAWK/IOM OTBITE;

Yu - pacu€THOE 3HaYEHUE KPUTEPUS;
yoj - 3HaYEHUE KPUTEPHS B KaXKIOU HYJIEBOU TOUKE;

Y, - CPeAHee 3HAUCHIE KPUTCPHS B HYJICBOI TOUKE.

PGBYJ'IBTaT PacuétHoe
o JDKCIIEpUMEHTa | SHAYCHUC _ n A N2

Ne omnbiTa B ) Ya -V, (in -¥o )
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

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

OnpenenuB pacu€TtHoe 3HaueHHe Kpurepuss Puiiepa W CpaBHHB €ro C
TAaOJIMYHBIM, ONPENEIWIN aJCKBATHOCTh YPaBHEHHUSA PETPECCUU H3YyYaeMOMY
npoueccy. PacuétHoe 3Hauenue kpurepuss Dumepa Menbiie tabauuHoro Fp<Fr,
CJIEI0BATENIbHO, TUIIOTE3a 00 aIeKBaTHOCTU HE OTBEPIaeTcs, U ypPaBHEHUE PETPECCUU
COOTBETCTBYET pEaIbHOMY INPOILIECCY, T.€. CBSI3b MEXAY KpuTepueM (y) U pakropamu
(X) muHenHas.

BeiBoag: B 1aHHOM  OpakTUYECKOM  3aHSITUM 1O  pe3yjbTaraM
AKCIEPUMEHTAJIBHBIX JAHHBIX, COJEpXKAIUXCA B | 4acTu 3amaHusi, Mbl JOCTPOWIIU
pabouyro MaTpHIly SKCIEPUMEHTa, U MEePelld K MIaHUPOBAHUIO MHOTO(paKTOPHOTO
JKCIIEPUMEHTA BTOPOTO NOPSAKA. YPaBHEHUE PETPECCHU INPU ITOM MNPEACTABISAET
IIOJIMHOM BTOPOU CTETIEHHU.

[Tonyunnu cnenyromiee ypaBHEHUE PETPECCUN:

y=b,+bx, +b,x, +b, x> +b,,x’
b, =204,068 b, =53,623
b, =10262 b, = 20,66
by =434
y =204,068+53,62x, +10,262x, +20,66x. +4,34x;



HHPUJIOKEHUSA

Ta6muna I1.1 - 3nauenus ¢ - kpurepus CTbIOICHTA
npu 5% -HOM YpOBHE 3HAUMMOCTHU

Yucio 3HadeHUs Yucio 3HadeHUs Yucno 3HadeHUs
CTEIEHEN - CTEIIEHEW | - KpUTEpHUs | CTENEHEW | - KpuTepus
CBOOOJBI | KpuUTEpHUs | CBOOOJBI CBOOOIbI
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
I12. 3nauenne kpurepust Koxpena ( f] i s q = 0,05%
n f
1 2 3 4 5 6 7 8 9 10 16 36 144 *
2 | 9985 | 9750 | 9392 | 8057 | 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 | 202 | 279 | 266 | 218 | 165 | 12 83

* Boce zHadeHMA

(!I g

MeHbllE €

AMHMLUE,

nozToMy B Tabnuue NpUMBeNeHE JTHMIIE SHaKW, CclelyoiWe nocne sanATOR.




Ta6nuna I1.3 - 3nauenus I - kpurepus Ouiiepa
pu 5% -HOM ypOBHE 3HAYUMOCTH.

2 3 4 5 6 12 24
1 [164,4 (1995 [215,7 [224,6 |230,2 [234,0 | 244,9| 2490 |2543
2 | 185 192|192 | 193|193 | 193|194 | 194 | 19,5
3 1101 ] 96| 93] 91| 90| 89 | 87 8,6 8,5
4 77 1 69 | 66 | 64 | 63 | 62 | 59 5,8 5.6
5 66 | 58 | 54 | 52 | 51 | 50 | 47 4,5 4,4
6 60 | 51 | 48 | 45 | 44 | 43 | 40 3,8 3,7
7 55 | 47 | 44 | 41 | 40 | 39 | 36 3.4 3,2
8 53 | 45 | 41 | 38 | 3,7 | 3.6 | 33 3,1 2,9
9 51 | 43 |39 ] 36| 35| 34 | 3, 2,9 2,7
10 | 50 | 41 |37 |35 33|32 29 2,7 2,5
11 | 48 | 40 | 36 | 34 | 32 | 3,1 | 28 2,6 2.4
12 | 48 | 3935 |33 |31 30/ 27 2,5 2,3
13 | 47 | 38 | 34 | 3230 29 | 26 2.4 2,2
14 | 46 | 37|33 | 31|30 29 | 25 2,3 2,1
15 | 45 | 3733|3129 | 28| 25 2,3 2,1
16 | 45 | 36 |32 |30 29| 27| 24 2.2 2,0
17 | 45 | 36|32 |30 28 | 27 | 24 2.2 2,0
18 | 44 | 36 32129 | 28| 27|23 2,1 1,9
19 | 44 | 353129 |27 26| 23 2,1 1,9
20 | 44 | 3531 29| 27| 26| 23 2,1 1,9
22 | 43 | 34 | 31 | 28| 27| 26| 22 2,0 1,8
24 | 43 | 34 |30 | 28 | 26| 25| 22 2,0 1,7
26 | 42 | 34 130 27| 26| 25| 22 2,0 1,7
28 | 42 | 33 130 | 27| 26 | 24 | 21 1,9 1,7
30 | 42 | 3329 | 27| 25| 24| 2.1 1,9 1,6
40 | 41 | 32129 |26 | 25| 23| 20 1,8 1,5
60 | 40 | 32|28 | 25| 24| 23| 19 1,7 1,4
120 | 3,9 | 3,1 | 27 | 24 ] 231|221 19 1,6 1,3

38 | 3,0 | 26 | 24| 22|21 | 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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