JlabopaTopnasi padora Nel. CtaTucTHyeckoe MoIeJIUPOBaHHE

Heab padorbi: OcBoeHME METOAA IUIAHUPOBAHUS SKCIIEPUMEHTOB M
pa3paboTKa MaTEeMaTUYECKOM MOJENIH, aJ€KBATHO OIMMCHIBAIOIIEH
IIPOLIECC U MO3BOJSIOUIEN OCYIIECTBIIATh YIPABICHUE TPOU3BOJICTBOM.

1 IToaroToBKAa K BBHINOJHEHUIO PA00THI

[Ipu mmaHupOBaHUM SKCIIEPUMEHTA UCCIIEA0BATENb TOKEH:

- 00ecrneYuTh BBICOKYIO HAJIEKHOCTh W YETKOCTh HWHTEPIpETaIlluu
pe3yJIbTaTOB AKCIIEPUMEHTATbHBIX UCCIETOBAHUN;

- COCTaBUTH MOCJICIOBATEIBHYIO JIOTHUECKYIO CXEMY MOCTPOCHUSI BCETO
MpoIecca UCCIIeI0BaHuUS;

- MakcuUMajabHO (OpMaIM30BaTh MPOIECC Pa3pabOTKU MOACIH U
COTNOCTABJICHUS] JKCIEPUMEHTAIBHBIX JIAHHBIX PA3JUYHBIX OIBITOB
OJIHOTO W TOTr0 € OOBEKTa HCCICAOBAHUM C IEJIBI0 IIUPOKOTO
MPUMEHEHUS DJICKTPOHHO-BBIYUCIUTEIIBHBIX CPEJICTB.

BceM  TpeOOBaHMSIM = OTBEYAIOT  CTAaTUCTUYECKHUE  METOJIbI
IJIAHUPOBAHUS SKcriepuMeHTa. CTaTUCTUUECKHUE METO/IbI TNTAHUPOBAHUS
aKTUBHOT'O DKCIIEPUMEHTA SBJISIOTCS OJJHUM U3 SMITMPUYECKHUX CTIOCOO0B
MOJTYUYCHUSI MAaTeMaTUYECKOTO OMHUCAHMSI CTAaTHUKHU CJIOKHBIX OOBEKTOB
UCCIICIOBAHUSI, TO €CTh YPAaBHEHUS CBS3U OTKIHKAa OOBEKTa W
HE3aBUCUMBIX YIPABJISIEMbIX BXOIHBIX TEPEMEHHBIX ((PaKTOpPOB).

[Ipy wuccnemoBaHUU TPOIIECCOB PE3aHUS MHOTHE 3aBHCHUMOCTHU
TPAAULIIMOHHO  TPEACTABISAIOT yPaBHEHUSIMM  CTEIIEHHOTO  BHJA.
Hanpumep, 3aBUCMMOCTH CTOMKOCTH PEXYIIETO HWHCTPYMEHTA OT
AJIEMEHTOB PEXXMMa Pe3aHUs 4YacTO BRIPAXKAIOT YPABHEHUEM:

T = cVeshty (1)
rae V- CKopocTh pe3anus, S — nmojayva, t — rimyOuna pezanus, c,a,f,y —
MTOCTOSIHHBIC BEJTUYNHBI
VYpaBuenue (1) B pe3ynbraTe JorapupMUpOBaHUs JTUHEAPU3YETCS B:

IgT = lgc + algV + BlgS + ylgt (2)
YPaBHeHI/Ie (2) MO’KHO BbIPA3UTh CJICAYIOIIUM 06p330M:
y - bo + b1x1 + bzxz + b3X3 (3)

rne y = lg T; x1,X2,X3 -xogupoBanHubie 3Hauenus V, S, 1.



KoaupoBanue (pakTopoB MpOBOAAT 110 clieayromiei dhopMyra:

_ 2(lgx,—lgxis) (@)
(lgxig—lgxiy)

IIe X,- HaTypaJbHOE 3HAYCHHME (3HAYCHHUEC U3 HCXOIAHBIX JaHHBIX);

Xip Xjy — HaTypallbHbI€ 3HAYCHUS BEPXHEr0 W HHUKHErO YpPOBHEU

COOTBETCTBEHHO.

i

s onieHku k03¢ puiineHToB ypaBHeHHs (3) ya100HO HCIOIb30BATh
pe3ysibTaThl MHOTO(AaKTOPHOTO 3KcrepuMeHTa. [lpu 3ToM pesynbTarhl
OTIBITOB OOBIYHO MPEACTABISAIOT MOJTUHOMOM BHU/IA:

Yy = by + byxq + byx, + b3x3 + bi,x1X5 + bi3X1X3 + by3xyXx3 +

b123%1%X7%3 (5)
[Tociie ompexaenenns koddduuueHToB ypaBHeHHS (5) HE00X0aMMO
MPOBEPUTH TUIOTE3Y aJCKBATHOCTH JIMHEHHOW YaCTH 3TUX MOJIMHOMOB.
Ecau rumore3a moaTBep)kmaeTcs, T. €. ypaBHeHHEe Yy = by + bixq +
b, x5 + b3x3aneKBaTHO, TO, TOJCTaBISAsl B ATO YpPaBHEHHE 3HAYCHUS
X1,X2,X3 onpeeasieMble COOTHOIIeHHEeM (4), TOJIy4rM BbIpakeHue (2).
Ecau rumore3a aneKkBaTHOCTHM YpPaBHEHUs HE MOATBEPXKIAETCS, TO
HEOOXOJIMMO TIPOBEPUTH THUIOTE3y aJeKBAaTHOCTH YypaBHeHus (5). B
cllydae, eCiau ypaBHEHHUs (5) OKaxyTcs aJeKBaTHBIMH, MOXHO Oyner
NPEUIOKUTh  APYTYIO  MOJIENIb, XapaKTEPU3YIOUIYyI0 3aBHUCHUMOCTD
CTOMKOCTH MHCTPYMEHTA OT UCCJIEAYEMBIX (PaKTOPOB.

2. IlopsiiOK BBINOJIHEHUSA PA0OTHI
MUcxoaHble AaHHble

Ne Dxcnepumenta | V,00/mun | [llar S;mm | t, MM Py H
1 9 2 0,2 | 260 280 330
2 37 2 0,2 1160 160 155
3 9 6 0,2 | 320 350 300
4 9 2 0,51]810 860 970
5 37 6 0,2 | 220 200 190
6 37 2 0,5 | 540 500 560
7 9 6 0,5|870 800 920
8 37 6 0,5 | 540 580 510

Ha nepBom 3Tare nepeHeceM UCXOJHbIE TaHHbIE B MpuiiokeHue ot MS
EXCEL, u no6aBum erie oJMH CTOIOEI pacCUMTaB cpeaHee 3HaueHue Py
B K)XJIOM 3KCIIEPHUMEHTE.



Jlnst  ompedeneHUWE CPEIHETO 3HAYEHHUS MOXKHO BOCIOJIb30BAThCS
BcTpoeHHoi B EXcel pynkiueii CP3HAY, 11s 3TOT0 B pe3yIbTUPYIOIIEM
ctonbue mnponuckiBaeM koMmaHny “=CP3HAY(yxaswvieaem ouanazon
AueeK, cpeonee 3HaueHue KOmopulx Heobxooumo onpeoeiums)”

A B C D E F G H I
HMcxoaHble faHHbIE
Mo on n, 08/ Mmun|LWar S, mnt, mm l Py.H
1 9 2 D,zl 200 280 330 :CPSHA‘-I{EE:GSH
2 37 2 0,2 160 160 155
3 ] 0,2 320 350 300
4 2 0.5 810 800 570
5 37 ] 0,2 220 200 150
] 37 2 0,5 340 200 260
7 9 ] 0.5 870 800 920
8 37 ] 0,2 240 280 210

R |

[TpoaenaB maHHYIO MPOLEIYPY AIS KaKI0H CTPOKU (IKCIEPUMEHTA),
MOJy4aeM HOBBIM CTOJIOCI] CO CpPEIHUM 3HAUYCHHUSM BBIXOJHOIO
napamerpa.

A E C D E F G H

1 HMcxoaHble NaHHBIE

2 IN2 on n,oB/muH|War 5, mmt, mm Py,H CpegHee 3HaueHne
3 1 9 2 0,2 260 280 330’ 290
4 2 37 2 0,2 160 160 155 ) 158,33
3 3 ] 0,2 320 350 3DDr 323,33
b 4 2 0.5 810 860 S70 ) 880,00
7 2 37 ] 0,2 220 200 150 ) 203,33
8 ] 37 2 0.5 540 500 260 ) 533,33
g 7 9 6 0.5 870 800 920 a 863,33
10 8 37 ] 0,5 240 580 210 ) 543,33.

Jlns auHeapwW3allM COCTaBUM HOBYIO TaONMIy, KyJa HEOOXOIHMO
3amucaTh BEPXHHE U HIDKHUE YPOBHM Kaxkaoro gakropa V,S,t. B cTtonben
BEpXHUH yPOBEHBb 3allMChIBAEM MaKCHMaJbHOE 3HaueHHE (aKTopa, B
HIDKHHI YpOBEHb MHHUMAJIPHOE 3HAYCHHE.



A B C D E F G H
McxodHble OaHHbIe

;
2 |Ng on n, 00/ muu|LWar 5, mmt, mm Py.H CpeiHee 3HaueHWe
3 1 9 2 0,2 260 280 330 290
4 2 37 2 0,2 160 160 155 158,33
3 3 5] 0,2 320 350 300 323,33
i} 4 2 0,5 810 860 970 880,00
7 3 37 ] 0,2 220 200 150 203,33
g8 o 37 2 0.5 540 200 560 533,33
g 7 9 ] 0.5 870 800 920 863,33
10 8 37 ] 0.5 540 580 510 543,33
1

12

BEPXHMA |HHHHMA

13 YpOBEHE |YPOBEHBb

14 |V 37 9

15 (S ] 2

16 (T 0.5 0,2

17

18
10

JInst mocTpoeHUsT MOJEIM M HaXOXJICHUS KOA(DPUIIMEHTOB HYXKHO
3alOJTHUTh TaONMIy (MaTpHIy SKCIEPUMEHTOB), TJie B 3arojioBKax
CTOIOIIOB OyayT KOA(PUIIMEHTHI, a B CTpoKax sKcrepumeHThl. [llanka

JTAaHHOM TaOJUIIBI OyAET UMETh BU/IL;
| 20 |21 |22 | 3 (2122 |13 | 2223 | 7212223 | Vicpen |

Kak Buaum Ttabnuna cocTouT u3 Tpex yacter : 1) xordPuuueHTsI
20,z1,z2,z3 — >Tr 3HAYEHUS 3ATTOTHSIFOTCS TTOCIIE KOAUPOBAHUS NCXOTHBIX
naHHbIXx 1Mo  Qopmyne (4). Iloms crombma kodddumment z0 He
KOJUPYIOTCS, B €r0 SYCHKH HEOOX0AMMO 3anoJIHuTh +1. 2) 2122, 7173,
2223, 717273  -xko3(dPUIMEHTHl  OMpeAeNsIieTCS  YMHOXEHUEM
COOTBETCBEHHBIX 3HAYE€HWH CTPOKM U CTONOmA, T.e. [ 1ro
SKCIIEpUMEHTA 3HaueHHe 1Mo 2122 Oynet BOCIIpOU3BEACHUEM 3HAUCHU
noneit Z1 wm Z2. 3) Yi cpe — 3TO KOHCTaHThI TIOJYYCHHBIE PACYCTOM
norapudma Py cpe.

JIns ynpolleHus: pacyeToB B crojiden moj suekikod Z1 3anwuiiem

Gopmyiy:
=2*(LOG(B3)-LOG($B$14))/(LOG($B$14)-LOG($C$14))+1,



rae B3- tekymiee HatypanbHOe 3HaueHue TaOmauiel, $B$14 -BepxHuii
ypoBeHb mas1 (aktopa V (cumBon $ (uKCHpoOBaHHAs CChbLIKA Ha
HeoOxonumyro sueiky), $C$14 -nwxuuii yposens mist dpakropa V. Ilo
aHaAJIOTHH 3aI0JIHsAeM CTOJIONB Z2 u Z3. B s4eiiky no 3arojioBkom 2122
3anoyiHsieM  Bblpakenue ‘=C20*D20” — »3T0 BOCHPOU3BEICHUE
ko3 duinrentoB z1 u z2. I1o aHag0oruu 3amojHsIeM OCTaJIbHBIE CTOJIOIBI
U CTPOKH, kpoMme Yi — B 310 cTosberr 3amoiaseM “=LOG(H3)”.

Tak kak B KaXA0M 3KCIIEPUMEHTE MTPOBOJAUIIOCH 10 3 OMbITa, HEOOXOAUMO
HaWTH JIorapu(dMbl KaXKJI0r0 pe3ysibTaTa, 100aBuM elie 3 cTosidiia nocie

Yicpen: yl, y2,y3.

= D E F G H J K L M !

1 HMcxoaHble gaHHble
2 |Ne on n,06/muH|LLar S,mit, Mm Py H CpefHee 3HaUeHne
3 1 9 2 0,2 260 280 330 290
4 2 37 2 0,2 160 160 155 158,33
5 3 9 ] 0,2 320 350 300 323,33
6 4 9 2 0,5 210 860 970 280,00
7 3 37 ] 0,2 220 200 190 203,33
8 6 37 2 0,5 540 500 5360 533,33
9 7 9 6 0,5 270 200 920 863,33
10 8 37 6 0,5 540 580 510 543,33
11
12
BEPXHMIA |HUKHMIA
13 YPOBEHb |YpOBEHb
14 |V 37 9
15 |5 8
16 |T 0,5 0,2
17
18
19 20 71 72 23 2172 2173 2273 217273 |Yicpeg |yl y2 y3
20 1 1 -1 -1 -1 1] 1 1 -1 2,462398 2,4150 2,4472 2,5185
21 2 1 1 -1 -1 -1 -1 1 1| 2,1959572 2,2041 2,2041 2,1503
22 3 1 -1 1 -1 -1 1 -1 1| 2,509650 2,5051 2,5441 2,4771]
23 4 1 -1 -1 1 1 -1 -1 1| 2,944483 2,9085 2,9345 2,9868|
24 3 1 1 1 -1 1 -1 -1 -1| 2,308209 2,3424 2,3010 2,2788)
25 6 1 1 -1 1 -1 1 -1 -1| 2,726999 2,7324 2,6990 2,7482)
26 7 1 -1 1 1 -1 -1 1 -1| 2,936179 2,9395 2,9031 2,9638|
27 8 1 1 1 1 1 1 1 1| 2,735066 2,7324 2,7634 2,7076|

28

Takum  oOpazom, ™Mbl  chopmupoBaym  Tabmuiyy  (MaTpuiry
IKCTIEPUMEHTOB), TIO KOTOPOH MBI paCCUNTAEM UCKOMBIE KOI(PPHUITCHTEHI.
Boeruucisiem ko3 UIMEHTH ypaBHEHUSI PETPECCUHU 110 POopMyJiaMm:

n
by = 121/
O_Tl. [ cpen,
=1
n

1
b; = ;zxj'yjcpea

Jj=1
— 1 n
brp =~ Lj=1%rXjpYj cpen (6)



U T.J., €CJIH YUUTHIBAIOTCS APYTHE B3aUMOICHCTBHA.
Co3gaguM HOBYIO TaOJWIy, B KOTOPYIO 3aIllMIIEM BBIYUCISICMBIC
KO3 HUITUEHTHI.

lbo  |or b2 |b3  |b12 [b13  [b23  |b123 |

Jlis  ynpolieHHsl BBIYHMCIICHHH, Bocmojib3yeMcs ¢yHknuen Excel
BBIUHCJIIEHUM CYMMBI BOCIIPOM3BEACHHN MAaCCHBA YUCENI W 3aIUILIEM B
croaben oz b0 cieayroiiee BrIpaKeHHUE:

“~CYMMIIPOM3B(C20:C27*$J$20:$1$27)/8”

Z0

71

72

73

7172

7173

7273

717273

Yicpen,

y2

y3

2,462398

2,4150

2,4472

2,5185

2,199572

2,2041

2,2041

2,1903

2,509650

2,5051

2,5441

2,4771

2,944483

2,9085

2,9345

2,9868

2,308209

2,3424

2,3010

2,2788

2,726999

2,7324

2,6990

2,7482

2,936179

2,9395

2,9031

2,9638
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2,735006

2,7324

2,7634

2,7076

b0

[b1

b2

b3

b12

b13

b23

b123

=CYMMIPOM3B(B20:B27+51$20:51527) /8

#3IHAY!

#3HAY!

#3HAY!

#3IHAY!

CYMMIOPOMW3B(maccuel; [maccwel]; [maccueld]; ...)

[lo ananoruu crenaem co CIeayOMUMHA K03 GUIIMeHTaMU U HallieM UX

3HaA4YCHMUAI.

b0 bl
2,60 -0,11

b2
0,02

b3
0,23

b12
-0,30

b13
0,01

b23
-0,02

b123
-0,01

[Tory4yeHHble KO3(DPHUIUECHTH HEOOXOIUMO IPOBEPUTH HA 3HAYUMOCTD.
DTO MOXKHO CIIEJIaTh C MOMOIIBI0 KpuTepusa CThIOAEHTA:

ecid |b] >t «p™Skoog, KOG PHIMEHT b 3HAUMMBIN; eciin HA00OPOT, TO b
HE3HAYUM U €TO I0JIaraloT PaBHBIM HYJIIO B YPaBHCHUH PETPECCHH.
Kputnueckyto Touky ti, HaXoasaT u3 Tadaun pacupenenenus CTbioAeHTa
no yuciy creneHeir cBoboasl fy = (M - 1) u ¢ 3amaHHBIM ypOBHEM
3HAYUMOCTH O JUIS CITyJasi IBYCTOPOHHEH KPUTHYECKON 00IacTH.

M — KOJIMYCSCTBO OIBITOB K OJTHOM 3KCIIEPUMEHTE, B HAIIIEM ciydae =3,

a yucio creneHen csooonsl fy = 3-1=2.

CpenHee KBaJpaTHUECKOE OTKIOHEHHE KOA(D(PUUUEHTOB Skosp. 3aBUCUT
OT JIMCIIEPCHUU BOCTIPOM3BOJAUMOCTH PE3YyJIbTATOB IO BCEM MPOBEICHHBIM
onbITaM S2g1 M BEIYMCIIAETCS 110 GOPMyJIE:



K030. ()

nm
Jlucnepcusi BOCIPOU3BOIMMOCTH S%(y3 XapaKTepU3yeT OIIMOKY BCETO
’KCIEpUMEHTa. B ciyyae paBHOMEPHOTO JyOJIMpOBaHUs OMBITOB (T.€.
IpU OJMHAKOBOM 4YHCJIE HAOJNIOACHUN B KaXXJOM JKCIEPUMEHTE) MJIs
pacuera S%yy MCIIONB3YIOT (GOPMYIIY:

1
S{Zy} - Z?=1 Yiz1(yji — yj Cpe,q)z (8)

n (m-1)
rae N — YUcio 3KCIEPUMEHTOB (YUCIIO CTPOK B Matpulie [1DI);
M — YUCJI0 ONMBITOB (HAOJIIOJICHHI) B KOXKI0OM DKCIICPUMEHTE;
Yji — pe3yJbTatT OTAEIBHOrO 1-TO HAOIIOJICHUS B J-OM 3KCIIEPUMEHTE;
Yj cpen. — CpEIHEE BBIOOPOYHOE 3HAUCHUE HAONIOJCHUHA I |-OTo
HKCIIEPUMEHTA, KOTOPOE OMNpeaessieTcs no popmyiie.
Jlns onpeneneHust AMCIEPCUN BOCIPOU3BOJUMOCTH A00aBUM €llle OAUH
cronber; k Hameidl Ttabmume “Cymma (Yji-Yj cpen)? m 3anmmem
CIIeyIOUIY10 (POpMYITy Ui €T0 pacyéTa;
“=(J20-K20)"2 +(J20-L20)"2+(J20-M20)"2”

223 |Yicpea |y1 ly2 lya Cymma(Yji-¥j cpen)2
-11 2,4523931 2,415&1 2,44?21 2,5185|=(120-K20)42 +{)20-L20)*2+{120-M20)~2
1| 2,199572| 2,2041] 2,2041| 2,1903

'|| = I:l"l.l’IEI:f'l.l = I:ﬁ.l:‘ll = I:nlnl'll = ATTA

[To ananoruu caenaeM Jyisi OCTAJIbHBIX CTPOK TaOJIMIIbI

Cymmupysi noflydeHHble 3HaueHusi B crtondue N ctpoku 20 mo 27 u
noxenuB  Ha  (2*8)=16, momyyuM  3HAYCHUS  JINCIICPCUH
BOCIIPOM3BOIMMOCTH S%4,3=0,01125.

OnpenenuM cpeaHee KBaJIpaTHUECKOe OTKJIOHEHHE KOA(DPHUIIMEHTOB MO
dopmyna (8) zamuckiBaeMm B sueiiky N32 “ =KOPEHB(N29/24) ” wu
TOJIy4aeM Skosg = 0,006845.

N3 tabnun pacnpeneneHus CThIOACHTAa MO YHUCTY CTENEHEH CBOOOIBI
n*(m-1)=8:2=16 npu ypoBHe 3HaunMoctH o = 0,05 Haxoaum tkp.= 2,12.
CrnenoBarenbHo U p*Skonp = 2,12%0,00684= 0,0145. 3anumem
noJiydeHHoe 3HaueHue B mosie N37



[IpoBepuM 3HAYUMOCTH KO3(P(DUIIMEHTOB ypaBHEHUs perpeccuu. s
ATOI'0 BO BTOPOM CTPOKE TaOIUIIBI KOAPDHUIIMEHTOB 3alHUIlIEM YCIOBHYIO
GyHKIMIO BUA:

=ECJIM(ABS(C$30)>($N$37);"3naunma";"ne 3nagnma"

e C$30 — namr onpenensiemprii kodddunuent, SN$37 - 1 o™ Skong.

[IponenaB JaHHYIO ONEpalMio, YBUJICIH YTO BCe KOG PUIIMEHTHI, KpOME
b13 1 D123, 3HAUMMBI U151 HALIEH MOJENH.

b0 bl b2 b3 b12 b13 b23 b123
2,60 -0,11 0,02 0,23 -0, 01 0,01 -0,02 -0,01
3HayMmMma 3HauMma 3HauMma 3Havyuma 3HaymMma
Ilomaras

b1o=b13=b12s= 0, momydaem ypaBHeHHE perpeccuu B KOJUPOBAHHBIX
IEPEMEHHBIX
y=2.6—0.11x; + 0.02x, + 0.23x3 — 0.02x,x5 9

[IpoBepum mnonyueHHoe ypaBHeHue (9) Ha aJeKBaTHOCTH IO
kputeputo Dumepa. IIpoBepka Ha aJeKBaTHOCTb IOJYYEHHOTO
YPaBHEHHUS perpeccun Cco 3HAYMMBIMU ko3 duimeHTaMmu
OCYLIECTBIIAETCS ¢ MOMOIIbI0 Kputepust Puiepa: eciu Fpacu< Fraoa. ,
TO YpaBHEHHE aJIEKBAaTHO, B IPOTUBHOM CJIy4yae — HeaJIeKBaTHO.

2
Faca = oo (10)
v}

Tak kak gucriepcusi BOCIPOU3BOAMMOCTH HalJIeHa B TIPEIbIAYIIIEM
MyHKTE, TO JJIsI ONPEAEICHUS PAcUYeTHOTO 3HAaueHHsi Kputepusi Fpacu.
HEOOXOAUMO BBIYUCIIUTE OCTATOYHYIO AUCIIEPCHIO SZocr.

s 3TOro HaujgeM 3HAYEeHUs U3y4aeMoro mapaMmerpa 1o
MOJIyYEHHOMY ypaBHEHUIO perpeccuu ¥j (j=1,..., 8), moacrasmuss +1 wiu
-1 BMecTO X1 B COOTBETCTBHM C HOMEPOM ] SKCIIEPUMEHTa U CO3JaquM
HOBYIO TaOJIMILy, T/I€ OYAYT YUTEHBI TOJIBKO 3HAYUMBbI€ KOA(PDUITMECHTHI



4 Z0 71 72 Z3 7273 Yicpen |Ymi
2,462398
2,199572
2,509650
2,944483
2,308209
2,726999
2,936179
2,735066

co |~ | [ | |w |p =
el e e Il Ll e
il e e
il e e
el e e
el L L Il Ll e

PacueTHbIe 3HaUEHUS 3amoJHUM B cTOJ0er YMI. s ynpolieHus
pPacyeTOB 3aMUIIEM B siueiike GopmyJy:
=C$30+D$30*C35+E$30*D35+F$30*E35+G$30*F35+G35*1$30

b0 bl b2 b3 b12 b13 b23 b123
2,60 -0,11 0,02 0,23 0'01: 0,01 -0,0'2. -0,01

| B e |
3HauMma 3HauMma 3HauMma 3Haduma He EHELIHN_BHELIHME _

20 71 72 73 7172 7273 Yicpen Ymi |
1 1 -1 -1 -1 1 1| 2,462398 =C$3t+DSBD*C35+E$3D*D35+:SBD*E35+GS3E*:35+(335*I538

A a a a a a a A anncTa A A1Anno

n
m
SZ — z " 2
or = T 1(ynu Vi cpen)
1=

IJI€ N — YUCJIO DKCIIEPUMEHTOB;
M — YKCJIO ONBITOB B KAXKJIOM DKCIIEPUMEHTE;

I — YUCJIO 3HAYUMBIX KOA(P(UIIMEHTOB B YPaBHEHUH PErPECCUM;

Ymi— 3HAUYEHHE HU3y4aeMOI'0 IMapaMeTpa, BHIUKMCICHHOE MO YpPaBHEHUIO
perpeccuu co 3HaYUMbIMHU KO3 PUIIMEHTAMH JJISI j-OTO SIKCIIEPUMEHTA;
Yicpen — CpEIHEE BBIOOPOYHOE 3HAUYCHHE HAOMIOJECHUNA MJIA J-OTO
AKCIIEpUMEHTA.

Jly1st pacueTa 0CTaTOYHOM AMCIEPCHH BOCIIONb3yeMcs GpyHkuei B Excel
cymMma kBaapatoB pasHocTu “‘=CYMMKBPA3H(135:142;H35:H42)” n
YMHOKHM IOJIydeHHOe 3Hauenne Ha mM/(n-r)=3/(8-6)=1.5

S2.. = 0.00127

Tabnmuunoe 3HaueHne Kpurepus Fradi. HaxoaaT u3 TaOJINIl KPUTHUSCKUX
TOYeK pactpenencHus duirepa Mo 3aJaHHOMY YPOBHIO 3HAUUMOCTH O ¥
110 COOTBETCTBYIOIIMM CTemeHsIM c¢BoOoabl ki= (N — r) m ko= n(m - 1).
Crenedb cBO0OOJIBI K1 COOTBETCTBYET CTENEHHW CBOOOABI YMCIUTEIS
dopmyusr (10) — ocrarounoit aucnepcun S%ocr, a ko — crenensb cBOGOIBI



sHamenaTens Gopmyisl (10) — mucnepcuu BOCIPOU3BOAUMOCTH S2y3 .
Takum o6pazom F pacu = 1.129

Tabnuunoe 3HaueHue kputepuss Frabin. Haxogum w3  TabuIl
KPUTHUYECKUX TOUEK pacmupeaesncHus duiiepa npu ypoBHE 3HAYUMOCTH

a= 0,05 Mo COOTBETCTBYIOIIMUM CTENEeHsIM CBOOOABl kKI=n—r=8-5=3u
k2=n(m-1)=8-2 = 16.

Frabn. = 3,2

Tak xak Fpacu.= 1.129 < Fra6m.= 3.2, to ypaBHeHue perpeccun (9)
A0eK6anHo.

CreyrommmM 3TaroM paccUuThIiBaeM K03 (DHUITMEeHTHI CTEITIEHHOW MOIeITH
o ¢hopmyiie:

C = 10¢
p

p
b;ilgX;
g Z by -2 ilgXis
- e ngiB - ngiH
j=0 =1

['e p — KoJIMYecTBO 3HAYMMBIX KO3(P(UIIMEHTOB

2b;
ngiB - ngiH

a; =

Paccunraem ko3 durment d
=C30+D30+E30+F30-2*(D30*LOG(B14)/(LOG(B14)-
LOG(C14))+E30*LOG(B15)/(LOG(B15)-
LOG(C15))+F30*LOG(B16)/(LOG(B16)-LOG(C16)))

[Tomrygaem urto d= 3.60, Torna koncranta C=103%=3957.17
Koapdumment nmns mapamerpa ckopoctu V o =D30*2/(LOG(B14)-
LOG(C14)) = -0.3595

Kospdummenr pgas mnapamerpa mara S =E30*2/(LOG(B15)-
LOG(C15))= 0.081558

Koapdummenr mis mapamerpa mnomauun vy =F30*2/(LOG(B16)-
LOG(C16))=1.170338



[lo pe3ynapTaram mnOpoBeAEHHBIX pacueToB ¢opmyna (1) npuHUMaeT
OKOHYATEJIbHBIN CTEIICHHON BU/I:
Py = 395717 V_0’359550’081558t1’170338
)

[lo ypaBHEHMIO BUJIHO, 4YTO HauOOJiee CUIBLHOE BIIUSIHUE OKa3bIBACT
dakTop t — BemMuMHA MOJayM, TaK Kak OH WUMEET HauOOJbIIUNA IO
abcomoTHOM BennurHe Kodduiment. [locie Hero no cusie BIUSHUS HA
otkiuk (Py) uaer gaxrop S miar.

Tak kak koddduiuueHTsl creneHed S U t MOJOKUTEIBHBI, TO C
YBEIIMUYCHUEM  3TUX  (DAKTOPOB  YBEJIMYMBAETCS  OTKJIMUK, T.C.
yBenuuuBaetcs Py. Koadduruents npu V oTpuniaTeabHbl, 3TO O3HAYAET,
4TO C yMeHbIlIeHueM ¢dakTopa V 3HaUCHHE OTKJIMKA OyAET BO3pacTaTh, a
C YBEJIUYEHUEM — YObIBATh.

3ananus

1) IlpoBeputb OJHOPOAHOCTH JAMCHEPCUI MapasuIeNIbHBIX OIBITOB.
Onpenenuts K0O3(PPUIUEHTH ypaBHEHUS PErpeccuu (CTETeHHAst MOJEIIb )
10 33JJaHHOM MaTpULE IJIAHUPOBAHUS SKCIIEPUMEHTA.

2)IIpoBepuTh 3HAYUMOCTH KOI(PPUIMEHTOB YpPaBHEHUSI PErPECCHUM.
3)IIpoBepuTh aIeKBATHOCTH MOTYYEHHON MOJENH.

4HIlo pesynpraTam wmoaenupoBaHus (mm. 1-3) cnaenatb BBIBOABI O
XapakTepe BIUSAHUS (PAKTOPOB HA UCCIIETYEMBIN MapamMeTp U O CTENEHU
PUTOJTHOCTH U BO3MOKHOW 00JIaCTH MPUMEHEHUS MTOTY4YEHHOU MOJIEIH.

1 BapuaHTt
t,
Ne on n,06/muuH | War S,mm MM Sm, MKMm
1 14,1 2 0,2 55 84
2 56,5 2 0,2 65 91
3 14,1 6 0,2 205 280
4 14,1 2 0,5 14 27
5 56,5 6 0,2 218 292
6 56,5 2 0,5 19 32
7 14,1 6 0,5 87 143
8 56,5 6 0,5 95 155




2 BapuaHT

CtonKkoctb T,

Ne on n,06/muH | WarS,mm | mm MUH
1 15,7 2 0,2 74 95
2 61,5 2 0,2 16 17
3 15,7 6 0,2 68 89
4 15,7 2 0,5 38 60
5 61,5 6 0,2 4
6 61,5 2 0,5 0,8 2
7 15,7 6 0,5 12 28
8 61,5 6 0,5 2,1 2,3
3 BapuaHT
t, Ctoikoctb T,
Ne on n,06/muu | War S,mm MM MWH
1 14,8 2 0,2 191 196
2 59,8 2 0,2 2 5
3 14,8 5 0,2 114 137
4 14,8 2 0,5 88 96
5 59,8 5 0,2 2
6 59,8 2 0,5
7 14,8 5 0,5 56 66
8 59,8 5 0,5 0,5 1,5
4 BapuaHT
t,
Ne on n,06/muH | WarS,mm | mm Ra, MKm
1 31,5 2 42 12 17 22
2 125 2 0,2 11 15 21
3 31,5 6 0,2 21 28 34
4 31,5 2 0,5 35 40 44
5 125 6 0,2 27 23 18
6 125 2 0,5 33 38 42
7 31,5 6 0,5 48 49 56
8 125 6 0,5 36 41 52
5 BapuaHT
t,
Ne on n,06/MuH | War S,;mm | mm Pz, H
1 9 2 0,2 260 280 330
2 37 2 0,2 160 160 155
3 9 6 0,2 320 350 300
4 9 2 0,5 810 860 770
5 37 6 0,2 220 200 190
6 37 2 0,5 540 500 560




7 9 6 0,5 870 900 920
8 37 6 0,5 540 580 510
6 BapuaHT
t, Ctonkoctb T,
No on n,06/muu | War S,mm MM MWH
1 15,1 2 0,2 134 170
2 61,5 2 0,2 10 18
3 15,1 6 0,2 32 40
4 15,1 2 0,5 44 54
5 61,5 6 0,2 4
6 61,5 2 0,5 3 5
7 15,1 6| 0.5 24 34
8 61,5 6 0,5 2 1
7 BapuaHT
t,
Ne on n,06/muH | WarS,mm | mm Ra, MKm
1 14,1 2 0,2 2,4 2,5
2 56,5 2 0,2 2 2,1
3 141 6 0,2 2,4 2,7
4 14,1 2 0,5 4,7 4,7
5 56,5 6 0,2 2 2,3
6 56,5 2 0,5 4 4,2
7 141 6 0,5 4,4 5
8 56,5 6 0,5 4,1 4,5
8 BapuaHT
t, Ctoikoctb T,
Ne on n,06/muu | War S,mm MM MUH
1 14,8 2 0,2 187 198
2 59,8 2 0,2 19 23
3 14,8 6 0,2 57 69
4 14,8 2 0,5 95 116
5 59,8 6 0,2 5 7
6 59,8 2 0,5 13
7 14,8 6 0,5 40 52
8 59,8 6 0,5 2 4




