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BBenenue

B mpakTtuke crnienmanucra — TEXHOJIOTa MAIlWHOCTPOUTEIBHOTO IIPOM3-
BOJICTBA, SKCIIEPUMEHT UTPAET UCKIFOYUTEIBLHO BaXKHYIO POJIb.

Pa3paboTynk HOBOWM TEXHOJOTMH OOpAIIACTCS K IKCHEPUMEHTY, YTOOBI
MIPOBEPUTH MPABUIBHOCTH MOJIOKEHHBIX B OCHOBY PEILLICHUIA.

UccnenoBarenb, u3ydaromuili CBONCTBAa KaKOTO-THOO0 TEXHOJIOTHYECKOTO
00BbeKTa, MpUOeraeT K SKCIEPUMEHTY, 4TOOBI 00OCHOBAThH AOIMYIIECHUS U JOKa-
3aTh IPAaBOMEPHOCTh MPUHATON MOJEIH.

KBanudurmpoBaHHbIii HCCIeA0BaTENb MPU PabOTe ¢ MOCIBIO, peaTn30-
BaHHOW Ha DBM, 00s3aTebHO IPUMEHHUT COBPEMEHHBIE TPUEMBI, pa3paboTaH-
HbIE B TEOPUH HKCIIEPUMEHTA, YTOObI COKOHOMHUTH BPEMsI MCCIIEIOBAHUS U TIO-
JY4YUTh PE3YJIBTATH B HAN0OJIEE MTOJHOM U YTOOHOM JIJIsl UICIIOJIb30BAHUS BUJIE.

3aBOACKON MHYKEHEp, OTBETCTBEHHBIN 3a KauyeCTBO MPOAYKIWHU, OpTraHU-
3yeT U NPOBOJUT CJIOXKHBIA SKCHEPUMEHT — KOHTPOJIBHBIE TUIIOBBIE, pECypcC-
HBIE U APYTUE UCTIBITAHUS.

PasBuTtne TeOpuUH JKCIIEPUMEHTAa BMECTE CO CTPEMMTEIBHO IPOIPECCH-
PYIOIIMMHU TEXHUYECKUMHU CPEICTBAMU €TI0 MPOBEACHUS OTKPHIBAET IIUPOKHE
BO3MOYKHOCTH ISl TIOBBIMIEHUS 3((HEKTUBHOCTH BCEX BHUJIOB DKCIEPUMEHTATb-
HBIX UCCIICIOBAHUN.

[enb paboThl — oOydeHUE MPAKTUYECKUM HaBbIKAM OOpPaAOOTKU DKCIIe-

PUMCHTAJIBHBIX JaHHBbIX.

1. HIPAKTHYECKAA PABOTA N 1l. CTATUCTUYECKUE
KPUTEPUHU U UX IPUMEHEHHUE

1.1. KpaTKkue Teopermnyeck ne ceepeHns

Pemenne cratMcTHYECKMX 3a7a4 IPOBOJUTCS HAa OCHOBE psifia CIIEHAIb-
HBIX pacnpeeieHnil ¢ U3BECTHBIMU (Ta0yJIMPOBAaHHBIMHU) KBAHTUISIMU. OOIIMiA

moaxoa COCTOUT B TOM, UTO BBOJUTCS cnyqaﬁHaﬂ BCJIMYMHA, CBA3aHHAA C U3Yy-



yaeMou U yAoOHas AJIsl peleHus] TOM WK HHOM KOHKPETHOU 3aayuH.

1.1.1. Pacnpenenienune CrbioaenTa (I-kpurepmuii).

Pacnipenenenne O6nuto momydeHo ['occerom (miceBmonuM CThIOJCHTA) B
1908 r. 3aBucut ot 00beMa BeIOOpKH N min uncia creneHeit cBodoasl f=N-1, ¢
KOTOPBIM OHpe/ieeHa BRIOOpoUHas aucnepeus S? (cpeHee KBaapaTudecKoe OT-
kioHenrne (CKO) BBHIOOPKH S), M OT 3aJIaHHOW BEPOSATHOCTH OTBETA, ONpeAeIIsic-
MO MapamMeTpoM YpOBHs 3HaYUMOCTH ( . Dopmyma KpUTepHs:
=N @
I @ — TeHEePAIbHOE CPEIHEE UCCIIEyEMOM CTydyailHOM BETUYUHBI X;
X — BBIOOPOUHOE MaTEMaTHYECKOE OXKUTaHUE X.
Pacnipenienenrie cCUMMETPUYHO OTHOCHTENIBHO Hadajla KOOpJAUHAT, T. €.

tyr2 = Uqr2:

bonee mosHbIe TaOmMIBI KBaHTWICH pacmpenencHus CThIOACHTA IS
ypoBHst 3HauumocTH ¢ #0,05 conepxarcs B [1].

Tabmuma 1
KBantunm pacnipenenenus Ctoeionenta npu =0,05

f=N-1 1 2 3 4 5 6 / 8 9 10 | 20 | 30 | o©

tl_q/z 12,71 14,30 3,18 | 2,78 | 2,57 | 2,45|2,37 | 2,31 | 2,26 | 2,23 | 2,09 | 2,04 | 1,96

Pacnpeoenenue Cmovrooenma oaem 603MONCHOCHIb HAXOOUMb 2eHEPANb-
HOoe cpeonee Uunu Nposepsimb CMAMUCMUYECKUe SUnomesvbl Npu O04eHb MAblX
8b100PKAX.

IIpumep 1. M3BecTHBI TpU 3HAYEHUS HOPMAJIBHO PACHPEICICHHON CIy-
gaitHoit BenuuuHbl X: X1 = 10; X2 =9,5; X3 = 10,2. TpebyeTcs OLleHUTH TeHE-

panbHOE cpeqHee ¢ BeposiTHOCThIO p = 0,95 (3amaua mepBoro tuma).

Omnpenenum Beibopounoe (N = 3) MaTemaTtnueckoe oxugaHue X

' 10+95+10,2
N 3

N
=1

X = 9,9




Omnpenenum Beioopoanoe CKO mpu f = N-1=2:

(10-9,9)2+(9,5-9,9)+(10,2-9,9)
2

=0,36,

3amuiieM BeIpakeHue st t B coorBeTcTBHH C (1):

X—a 9,9-a
t=——+N == 3.
S 0,36 \/_

ITo Tabn. 1 ompenenuM KBaHTHIbHBIC TpaHuns! t_,, =4,30, t,,, =—4,30

H 3aIINIICM HCPABCHCTBO

—430< _EﬁrJ_<43O

PemmB HepaBEeHCTBO OTHOCUTEIBHO d, MOJTYYHUM C JOBEPUTEIHHON BEpO-
aTHOCTRIO p = 0,95
9,0 <a<10,8.
IIpumep 2. IIpoBepuTh THUIOTE3Y, COCTOSIIYIO B TOM, YTO HOPMAJIBHO
pacmpenenieHHas clydaifHasl BeJIMYMHA X UMEET TeHepaTbHOE MAaTEMaTHIECKOE
oxkumanue a = 10 Ha OCHOBaHHWM Pe3yJIbTAaTOB JIBYX MCIbITaHUM: X1=8,1, X,=8,9

(3aaua BTOPOro THUIIA).

ITo pesynsTaTam UcnbITaHuii onpenensem X =85 u s =0,57.

Breruucnsem no (1) 3nauenue kputepusi CthrojieHTa t:

8,5-10
t= =-3,71.
0,57 o5 V2

Bri6upaem ypoBens 3Haunmoctu = 0,05 u o tadn. 1 Haxoaum st
f=N-1=1 rpanunel KpuTHYecKMX obOnacteii rumore3nl 1., =12,71,
, =—12,71.

I'mnoTe3a He oTBepraercst Ha ypoBHe 3HauUMOCTH (=0,05, MOCKOJIbKY
= —3,71 nexut BHe Kputuueckux obmacteit. OTMETUM, YTO OYEHb Majasi UH-
dopmarms (N = 2) 1 HU3KUH YPOBEHb 3HAYMMOCTH HE Jaf0T OCHOBAHUI OTBEPT-

HYTb IUIOXYIO Ha B3IJIsi runote3y. Eciau Obl, Hanpumep, Te K€ pe3yibTaThl
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(x =8,5us=0,57) obuu mosryuensl mpu N = 4 (f = 3), To, Kak 1€rK0 BUIACTD,
THIIOTE3Y CJIE0BAJIO0 OTBEPTHYTh Ha TOM K€ YpOoBHE 3HAUMMOCTH. [Ipu BBIOOpE

Oonee ecTkoro ypoBHs 3Haummoctn, 0=0,2uT_,, =3,08,1. e. rumoresa

TAaKXKC JOJIDKHA OBITH OTBCPIruyTa.

1.1.2. Pacnpenenenue [lupcona

Pacnpenenenne Ilupcona (y°-kpurtepwii) ymoOHO JUIS ONEHKH TeHe-

o 2 G2 o
panbHOU aucnepcun O 1o BeIOopouHoit S°. B 1900 r. [lupcon BBen ciyyai-
HYIO BEJIUUYHHY

R @

o
M HalICJI €€ pacClpCaCICHUC, 3aBUCAIICC JINIIb OT f =N-1. OHo HCCUMMCTpPHUY-

B, =4, H 611.2
HO, CJICA0OBATCIIBHO, q/2 — —q/2 - GKOTOpBIe KBAHTUJIN HpI/IBGI[eHBI B TAOJI.Z.

BoJtee moHbIe TaOIHUIIBI COAEPIKATCS B ClIpaBOYHHMKaX [1].

Tabmuma 2

2
Ksanrtunu pacnpenenenus [upcona 4

f 1 2 3 4 5 6 7 8 9 10 | 15 | 20

A 065 | 0,0039 | 0,103 | 0,352 | 0,71 | 1,14 | 1,63 | 2,17 [ 2,73 3,32 (3,94 | 7,3 | 10,9

Ao | 3.8 6,0 78 |95 (111/126|141|155|16,9|18,3 250|314

Kpumepuii Ilupcona noseonsiem pewamv cmamucmuyeckue 3a0ayu o
oucnepcusix.

IMpumep 3. Haiitu ¢ BepositHocThio p = 0,9 moBepuTenbHbIN HHTEpPBAI

2 ) o o
JUIS G- HOPMAaJbHO paclpeie/IeHHONW CIy4aiHON BenuuuHbl, ecnu npu f = 5,
2_ 2 _ 2 _
S°=1.0mpenenuB no Taba.2 KBaHTWIBHBIC TPAHUIIBI 20,05 =114 n /10,95 =11,1,

numeem 1,14< fs? / 6 <11,1 wmm mocrne npeodpazoBanuii 0,45< G <4.39

Ipumep 4. [IpoBepuTh rUNOTE3Y, COCTOSIIYID B TOM, YTO I€éHepajbHas
o v v 2
JUCTIEPCHS] HOPMAJIBHO Paclpe/ielIeHHON ClIy4yallHON BETMYUHBI G~ =2, €CJIH 00-

2 2
paboTka naHHbIX AecaTH onbiToB (f = 9) nana S2 =4. B cBs3u ¢ TeM, 4T0S” = G°
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UMEET CMBICJI UCIOJB30BaTh OJHOCTOPOHHIOIO OILIEHKY CBepXy. BoiOpaB ( =

=0,05, ompenenuM 1m0 Tabm. 2 Al =16,9. OOGHapykuBaeM, UTO

9-4

==
2

=18> 16; 9 , T. €. TUIIOTC3a AOJI’KHA OBITH OTBCPrHyTa Ha YPOBHC 3HA-

2
YUMOCTH 0,05, IIOCKOJIbKY paCCUHUTAaHHAA BCIIMYHHA A OKa3aJlaCb B KpHUTHYC-

CKOI 00J1acTH.

1.1.3. Pacnpenenenue ®umepa (F-kputepuii)

Hcnonb3yeTcs 7151 MPOBEPKH OJHOPOAHOCTH JIBYX BHIOOPOUYHBIX TUCIIEP-

. Q2 2 2 2
cuit S; m S, (OOBIYHO MPHHUMAIOT S; > S; W HCIONB3YIOT OJHOCTOPOHHHE

OLIEHKH), HalIEHHBIX COOTBETCTBEHHO ¢ T, f,, ¢ mempro ycranosurs mmm o1-

BEPTrHYTh MX NPUHAUIEKHOCTh OJHOM I'€HEPAIBHOW COBOKYITHOCTH. PuUIepom

BBCICHA cnyqaﬁHa;I BCJINYHNHA

S2
Feg ©
2

U TIOCTPOEHO €€ pacmpeznencHue, 3asucsauiee ot f,u f,. HekoTopelie kBaHTHIM
pacnpenenenus Oumepa mist =0,05 nmpuBeaeHs! B Ta0. 3.
Tabmuma 3

KBantwim pactipenenenusa duuiepa F g,

fl

—h
N

1 2 3 4 ) 6 12 24 0

164,4 | 1995 | 2157 | 224,6 | 230,2 | 234,0 | 2449 | 249,0 | 254,3

18,5 19,2 19,2 19,3 19,3 19,3 19,4 19,5 19,5

10,1 9,6 9,3 91 9,0 8,9 8,7 8,6 8,5

7,7 6,9 6,6 6,4 6,3 6,2 5,9 5,8 5,6

6,6 5,8 5,4 5,2 51 5,0 4,7 4,5 4,4

6,0 5,1 4,8 4,5 4,4 4,3 4,0 3,8 3,7

5,6 4,7 4,4 4,1 4,0 3,9 3,6 3,4 3,2

ONOOOTBRIWIN| -

5,3 4,5 4,1 3,8 3,7 3,6 3,3 3,1 2,9

9 51 4,3 3,9 3,6 3,5 3,4 3,1 2,9 2,7

10 5,0 4,1 3,7 3,9 3,3 3,2 2,9 2,7 2,5

15 4,5 3,7 3,3 3,1 2,9 2,8 2,5 2,3 2,1

20 4,4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,8

60 4,0 3,2 2,8 2,5 2,4 2,3 1,9 1,7 1,4

00 3,8 3,0 2,6 2,4 2,2 2,1 1,8 1,5 1,0




IIpumep S. IIpoBepuTs TUNIOTE3Y 00 OJHOPOAHOCTH ABYX BHIOOPOUHBIX
JACTIEPCUN HOPMAJIBHO PACIIPEICIICHHON CIIy4YailHOM BEJIMYUHBI. Pe3ynbTarsl

onbIToB: s/=0,9 npu f,=3 u s=0,2 mpu f,=5.

Bri6pas 0=0,05, Haxoqum no tadn. 3 F,_,=5,4. VI3 1aHHBIX ONBITOB UMe-
2
em F=0,9/0,2=4,5, cnepoBatensHo, F < Fl_q ¥ TUIOTE3a 00 OTHOPOTHOCTH S U
2 . .
S, , T. €. 0 IPUHAUIC)KHOCTH UX OJHOM IeHEPAIbHON COBOKYITHOCTH, XapaKTe-

. 2
puszyeMoit O , He oTBepraercs Ha ypoBHe 3Haunmoctu 0,05

1.1.4. Pacnpenenenne Koxpena (G-kpurepuii)

I/ICHOHBBYCTCSI I IIPOBCPKHU OJHOPOJIHOCTHU Kk BI)I60pO‘-IHBIX nncnepcnﬁ,

HaWIEHHBIX C OJMHAKOBBIMH YHCJIAMU CTEHEHEN CBOOOIbI fi =N-1. Koxpenom

BBCICHA cnyqaﬁHa;I BCJINYHNHA

2
j,max

>s?
j=1

— HauOOoJIbIIasi U3 CPABHUBAEMBIX JTUCIEPCUM; U MOCTPOEHO €€ pac-

S
G

(4)

rae s

j,max

npezaenenue, 3apucsiee ot f; u k. B tabn. 4 npuBeaeHbl HEKOTOPbIC KBAHTUITH

G,, s g=0,05.

Ta0muna 4
KBantumm pacnipenenenus Koxpena ¢, x102
Kk L
1 2 3 4 5 6 7 8 9 10 0
2 100 98 94 91 38 85 83 82 80 79 50
3 97 87 80 75 71 68 65 63 62 60 33
4 91 77 68 63 59 56 54 52 50 49 25
5 84 68 60 54 51 48 46 44 42 41 20
6 78 62 53 48 44 42 40 38 37 36 17
7 73 56 48 43 40 37 35 34 33 32 14
8 68 52 44 39 36 34 32 30 29 28 13
9 64 48 40 36 33 31 29 28 27 26 11
10 60 45 37 33 30 28 27 25 24 24 10
20 39 24 22 19 17 16 15 14 14 13 5
o0 0 0 0 0 0 0 0 0 0 0 0




IIpumep 6 IlpoBeputh rumorTesy 006 OJHOPOJTHOCTH BHIOOPOYHBIX IHC-
. o2 2 2 2 2
nepcuit S; =3, S, =5, S3=15, S,=2 m S5 =4, kaxxaas U3 KOTOPHIX OINpPEJCIICHA C
f,=4 na yposne 3naunmoctu 0=0,05.
ITo Tabn. 4 HaxomuMm IJIsl OXHOCTOpPOHHEH oueHku npu f,=4 u k=5

Gy s = 0,54 . VI3 ONIBITHBIX JAaHHBIX B COOTBETCTBUU C (4) nMeeM

G- 15
3454154244

=0,52<0,54

T. €. Ha ypoBHe 3Haunmoctu 0,05 runoreza 06 OAHOPOJHOCTU AUCTIEPCUIT HE OT-
BEpraercs.
OTMmeTuM 37eCh, YTO HAWIIYYIEH OLEHKOW K-OIHOPOTHBIX ITUCIIEPCHIA

CIYXXUT JUCIICPCHUA, OIIPpCACIIACMAA KAaK

szz(isf]/k (5)

¢ uucnoMm creneneit ceoboxapl f =kf; =k(N —1). Dra ouenka MoxkeT UCIOIB30-
BAaThCA AJsL ONPENENCHUs IOBEPUTEIBHOIO MHTEpBaja AJs I'eHEepaldbHOH uc-

2
nepcun o .

1.1.5. 7 -pacnpenesienue (7 -KpuTepuii)

Ucnonb3yetcst 1151 MPOBEPKU OAHOPOTHOCTH HAOIOACHUMN, UCKITIOUCHUS
rpyObIX OIMOOK MM BbIOpocoB. KBaHTWIM pacripefesieHus Cay4yailHON Belu-
YHHbI

x|

s ©

3aBUCSIIETO JIUIIL OT 00beMa BBIOOPKH N, O KOTOpO# ompenemnsitorcst X u S,
npuBeeHBI 7151 BepostHocTy p=0,95 B Tabm. 5.

Tabmura 5
KBantunu 7 -pacnpenenenus rnpu =0,05

N 3 4 5 6 / 8 9 10 15 20

q | 1,41 | 1,69 | 1,87 | 2,00 | 217 | 2,24 | 229 | 2,29 | 2,49 | 2,62




IIpumep 7. Ha ogHOM M3 ISATHM OJMHAKOBBIX arperatoB (TPEThEM), BbI-
MOJHSIOIINX OJHOTUITHBIE TEXHOJIOTUYECKHUE Olepaluu, ObUIM BHEAPEHBI MEPO-
MPUATHUS 110 SKOHOMUU 3JIeKTpodHeprun. OneHuTh ux 3(PEeKTUBHOCTD, €CIIU 3a-

PETHCTPUPOBAHHOE MECSYHOE IMOTPEOSICHNE DHEPTUU KaXIbIM arperaToM Co-
craBiugeT X, =10, X, =12, X;=8, X, =9, X;=11.
Kax u mpenmnosaranoch, Ha TPEThEM arperare pacxoja YHEPTUH MUHHUMA-

JeH, T. e. X3 = 8. Beiopan =0,05, Haiigem 1o tadir. 5 4ro, toe;= 1,87. ITo omnbIT-

HBIM 1aHHBIM onipenenuM X =10, s=1,58 u Beraucnum 7 = —5 = 1,27

[Tockonbky 7 =1,27 <1,87, T. €. HE TONagaeT B KPUTHUYECKYIO OOJACThH
TUIIOTE3bl, HET OCHOBAHUM CUMTATh, YTO JAOCTUTHYTHIA PE3yJbTaT HECIy4YacH,
T.€. O00YCJOBJIEH NPOBEACHHBIMU MepONpHUATHsIMH. OH BIOJHE MOXET ObITh
OOBSCHEH €CTECTBEHHBIM Pa30pOCOM B MOTPEOJICHUH 3JIEKTPOIHEPTUH OTIEIb-
HBIMU arperaTami, 1 OCHOBAHHI JJisl BBIIUIAThl MPEMUU B 3TOM CIIydae CTaTH-

CTHKa HE JIaeT.

1.2. 3apaHune Ha NpaKk TU4ecKyro pabory

B nporokone wucnbITaHAN

— |
N
w
I
ol

| | | | TOYHOCTH MTO3ULMOHUPOBAHUS

NpUBOJa TMOJa4 TOKAPHOTO CTaH-

ka ¢ UIIY 3adukcupoBaHbl IaH-

Hble HM3MepeHur (pakTudecKoi

IMOrpC€IMHOCTH  IMOJIOXKCHHA  PC-

°’ T S, BOJIbLBEPHOM T'OJIOBKH (CM. CXEMY).

Puc. 1. Cxema nuzmepeHnuii



JlaHHBIE U3MEpEHNN

L N o O kW

CocraBuTh OTYET 00 WHCIIBITA-
HUSAX, OTBETUB C BEPOSTHOCTHIO

p=0,95 Ha cnexytoiire BOMPOCHL:

Hert nu rpyObIX ommOOK B pe3ybTaTax u3MepeHuii?

3aBUCHUT JIM TOUHOCTh IIpUBOAAa OT HOMCpa ceueHus?

OuenuTte o0IIyI0 TOYHOCTH TO3UIIMOHUPOBAHUS MTPUBO/IA.

MOKHO JIM CUUTATh HE3HAUMMBIM OTJIMUHE IMOTPCIIHOCTHU OT HYJ'ISI?

Ne OTKIIOHCHUS, MKM

ce-

qe- 1 2 3 4 5 6
HUS

1 5 8 | -3 2 | 6| 16
2 10 | 14 | 16 8 7 2
3 -4 | -8 9 8 6 | -7
4 11 | 11 8 14 | -3 6
5 |-14| -3 | 11 | 12 8 | 4
1.

2.

3.

4,

5.

1.3. KoHTpOrbHbIe BOMpocsl

OI.[GHI/ITC HauoboJee BCPOATHOC OTKIIOHCHHUC ITO3UITHOHUPOBAHMA.

UTto 03HAYaAET MOHATHE «OJHOPOTHOCTH AUCTICPCHI» ?

B uem paznuume reHepanbHBIX M BBIOOPOYHBIX MapaMETPOB CIydaHON

BEJIMYUHBI?

Onpenenure NOHATHE «KBAHTUJIIBY.

Hasznauenue kputepust CTbIOJICHTA.

Hasnauenne xkpurepus [Inpcona.

Hasznauenue kpurepus Ouiiepa.

Ha3znauenue xkpurepus [lupcona.

Kakum 00pa3om mpuMeHSIETCS] T-KpUTEpUN ISl BBISIBJICHUS TPYOBIX pe-

3yJbTaTOB.
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2. IPAKTHYECKAA PAFOTA Ne2. TMCIIEPCUOHHBIN
AHAJIN3

2.1. KpaTkue Teoperunyeckue cBeneHuUs

[ToctaBum 3amauy omnpeaenuTh (akT BIUAHUA QakTOpoB X Ha (PYHKIIHIO
ey Y B YCIOBUSIX JEUCTBUAX CydaHbIX hakTopoB W.

3amaya pemaercs ¢ IOMOUIBI0 JUCTIEPCHOHHOTO aHanu3a (JA), KoTopslii
MO3BOJIICT BBIABUTDH, MPUBEIACT JU M3MEHEHHE X K 3HAYMMOMY M3MEHEHHUIO Y,
bakTHuecku ABIsETCS M X BapbUPYEeMbIM (DAKTOPOM.

Pesynbrat onbita Y MOKHO MPEACTABUTH KaK CYMMY 2-X CIaraeMblx:

Y=Y'+Y",
riae Y' — dgacTh pesylibTara, 00yCIIOBIICHHAS BIMSIHUEM X;
Y'" — gacTp pe3ynbTaTta, 00ycinoBiaeHHas Biausiauem W.
ITo cBoiicTBaM IUCHIEPCUH:
DY =DY" + DY",

rae DY — oOmias nqucnepceust pe3yibTaToB HAOIIOICHHUI,
DY'— nucniepcus Y, oOycioBieHHas: BIUSHUEM X;
DY"— nucnepcus Y, o0yciosnennas Biuusiauem W.

Ecnu oyenums oonopoonocmv obweti oucnepcuu pesyromamos DY u
oucnepcuu om GnusHUs caydaunwix pakmopos DY, mo 6 cnyuae npunsmus eu-
nomesvl komnonenma DY' (Oucnepcus om enuamus X) oxazvieaemcs He3HaAYU-

menvHou, unu X na Y He giusem.

Tabmuma 6
[1nan npoBeAeHNs AUCIIEPCUOHHOTO aHAIN3a
Ne VpoBHn Xj
OmbITa X1 X X3 Xm
1 Y11 Y12 Yi3 Xim
2 Ya1 Y22 Ya3 Xom
=1.K| .. L [j=L.M
K Yki1 Yk2 Yk3 Yk m

Hrak, nucnepCruoOHHbIA aHAIU3 CBOJUTCS K OIPENEIIEHUIO TUCIIEPCUU Pe-
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3ynbTaToB OnbITOB DY, 00yclaOBIEHHBIX BIUSHUEM Clay4ailHbIX (hakTopoB W.
JlanHast 3aa4a MOXKeT OBITh pelIeHa TOJIbKO MyTeM 3allJIaHMPOBAaHHOTO MOBTO-
penus K onbitoB Ha M ypoBHsix. B Tabn. 6 npuBeneH cTaHIapTHBINA IUIAH T0-
CTPOEHUSI UCCIICIOBAHUN.

JIJIsl UCKITIOUEHUSI CUCTEMATUYECKUX TMOTPEIIHOCTEN JaHHBIX HU3MEpPEHUM
nocienoBaTeabHOCTh poBeaeHUss N = K-M onbIToB onpenensieTcs: ¢ MOMOIIBIO

nporeAypsl panoomuzayuu (1adm. 7).

Tabnuma 7
Panmomuzanmst mociaea0BaTeIbHOCTH POBEICHUS ONBITOB
Ne .. ['eneparop cinyyaiinbix yncen ot 1 1o M-K
YpoBeHb 1 1 1 1 2 2 K
OmnpiT Ne 1 2 3 M 2 3 .. M
Hopsok g 15 1 4 | 3 | g | 4 | .. | 24
MIPOBEICHMUSI

OO0paboTKa JaHHBIX CTPOUTCS IO CIEAYIOIIEMY aJTOPUTMY.
1. OnpenensieM BEIOOPOYHOE MATEMATHUYECKOE OKHUJIAHHUE MO0 KaXXJIOMY YPOBHIO

¢dakropa X

K

2V

Y j ==L
K
2. OnpepensieM BRIOOPOYHBIEC TUCTIEPCHH JIJIST KAKIOTO YpOBHS (hakTopa X
, Z(Yu _Yj)
Sy =-
d K-1
3. IIpoBepuM OTHOPOMHOCTH TMOTYYEHHBIX BBIOOPOYHBIX TUCIIEPCHI MO KpPHUTE-
puro Koxpena
2
Go max(Sy;)
M ) :
2,
j=1
Eciu G < Gyy64 (Ta01. 4), TUTIOTE32 OJJHOPOTHOCTU MPUHUMAETCH.

B CJIydac, Koraa ruioTre3a OAHOPOAHOCTH OTBCPIracTeCH, HGO6XOI[I/IMO

MPEKPATUTh PACUET U PEKOMEH/10BATh:
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1) YBenuuuTh KOJIUYECTBO OMBITOB;
2) IlpoBepuTh HAACKHOCTH U3MEPUTENBHBIX CPENICTB U MPUHITH MEPHI K TOBBI-
IIEHUIO CTA0MIIBHOCTH MTOBEACHUS 0OBEKTA.
4. OnpenenuM AUCTIEPCHIO OT BIMSHUS CITy4ailHBIX (PaKTOPOB
J 2
Z Sy i
DY /! — j=1
M
5. Onpenenum MaTeMaTHYECKOE OKUAAHUE BCEX HAOIIOACHUN
K M
2.2
y=-_1__
M -K

6. Onpenenum oOITyIO JUCIIEPCHUIO BCEX HAOIOICHHIMA

ZK:i(Y” _Y_)2

DY =
M-K-1

7. Iposepum mucrepcun DY’ u DY Ha ogHopoasocTs 110 Kputepuio duepa.

DY

p DY I/
TabnuuHoe 3HaueHue KpuTepus Puiiepa onpeneiseM mno Tadi. 3 aus
fi = M(K-1), f,=MK-1
Ecmu Fp > Fra65, TO rumnoresa ogropomtocty qucnepeuii DY u DY” OTBEpra-
eTcs W, CIIEJI0BATEIILHO, C BEPOSITHOCTBIO P (cM. Tabi. dwuiiepa) yrnpaBiisieMblid
daktop X okaspIBaeT 3HaAUMMOE BiusiHUE Ha (QyHKIUio 1end Y. B mporuBHOM

cilydae He0O0XO0IUMO CJieJIaTh MPOTHUBOIOIOKHBIN BBIBOI.

13



2.2. 3apaHue Ha NPaKk TUYEeCKyHo pabory

Onpenenuth GakT BIUSHUAS CKOPOCTH ToJa4u S (MM/MHH) Ha TOYHOCTH

MO3MIMOHUPOBAHUA ITPHUBOAA A 110 NMCIOIIUMCH SKCIICPUMCHTAJIbHBIM JTdHHBIM.

A, MKM
S,
MM/MUH Howmepa orbIToB
10 10 14 16 8 5
100 4 _8 3 -
500 11 11 14 3 5

2.3. KOHTpOnbHbIe BOMPOChI

1. UYto Takoe paHAOMM3AIMS U 3a4e€M OHA TIPOBOIUTCS ?

2. HasnadeHwue W CyIIHOCTH JUCTIEPCHOHHOTO aHAJIM3a.

3. Ilouemy HeoOXoauMa OJHOPOIHOCTH MAUCIEPCHUN IO KaXIOMY YPOBHIO

¢akTopa?
4. MoxxHO 11 npuMeHUTh G-KpUTEepuil 1)1 BBIBOJIA O BIUSHUM X Ha Y.

5. Tlodyemy HEOOXOAMMBI TOBTOPEHUS OMBITOB HAa KAXKJIOM ypoBHE X?
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3. IPAKTHYECKASA PABOTA M 3. OTHO®AKTOPHBIN
PETPECCHOHHBII AHAJIN3

3.1. KpaTkue Teopernyeck ne ceeneHust

[To3HAaKOMHMBIIUCH C OCHOBHBIMH LENSIMH U TIPUEMAMU JTUCTIEPCHOHHOTO
aHaiM3a, MOCTaBUM CIIEYIONIYIO 3aJauy: HayYUThCS ONPEIENsITh, KaK BIHSIET
dakTop X (moka oauH) Ha (QYHKIMIO 1€ Y B YCIOBUSAX JCUCTBUS CIIy4alHBIX
¢daxropoB W.

3aMeTuM, 4TO U3 JIBYX BEIMYUH X U Y, MEXIY KOTOPHIMUA YCTaHABIUBAECT-
csl CBSI3b, JIUIIL OfHA Y ciyyaiiHas. Eciou Obl 00e BeauMuMHbI ObUIM HECITy4ai-
HBIMH, TO Mbl Obl UMEJU JIEJ0 C OOBIYHOW (YHKIIMOHATHHOM 3aBUCUMOCTBIO,
U3y4aeMoil B MaTeMaTuueckoM aHaiu3e. Eciu, Hao0opoT, paccMaTpuBarOTCS
JBE CiaydaiiHble BeTWYUHBI X U Y, TO JUISI OLIGHKH CBSI3U MEXTY HAUMH MOYKHO
BOCIIOJIb30BaThC KOG (GUITMECHTOM Koppesuuu [7].

B namewm ciydae (X— HeciyuaiiHasi Benn4yuHa, Y—CydJaifHasi) 3aBHCHU-
MocTh Y= F (X) Ha3bIBalOT pecpeccueii U ypasHeHuem pecpeccuu. ITa 3aBU-
CUMOCTh B OTJIMUKE OT (DYHKIIMOHAJILHON OTpaXkaeT CBSI3b MEXKIY Haubolee se-
POSMHBIM 3HAYeHUeM CIIydaliHOM BEJIMYMHBI Y U BEIMUUHOU X.

OcHOBO [J11 HAXOKICHUSI PETPECCUU CITYKUT AKCIIEPUMEHTAIBHBIN Ma-
tepuan — N Touek B miockoctu Y, X. VX pacnoiio)keHHe MoKa 4TO Hecylle-
CTBEHHO: OHU MOTYT OBITh MOJIYYE€HBI, KaK B PACCMOTPEHHOM TPUMEpE, WIIU MO-
T'YT TOSIBUTHCS B pE3yJbTaTe€ YCTAHOBKA X Ha HEKOTOPHIX (DHUKCUPOBAHHBIX
YPOBHSIX U MIPOBEJCHUS HA KaXKJIOM YPOBHE OJIHOTO WJIM HECKOJIBKUX U3MEPEHUI
Y.

[Tonyuenue perpeccur BKJIFOUAET TPH 3Tara.

Jran |: mocTynupyerca BUJ ypaBHEHUSI PErPeCCUU, BKIIOYAOIIET0, KPO-
Me X u Y, HECKOJIbKO HEU3BECTHBIX IMapamMeTpoB (KOIPUIIMEHTOB), KOTOPHIC
HAXOJISATCS 10 OIBITHBIM JIAHHBIM.

Jran |l onpenenstorcs HeusBecTHbIE KOIDDUITUEHTHI, BXOISIINE B 1O-

CTYJINPOBAHHOE YPABHEHUE PETPECCUM.
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Jran |ll: npoBoaUTCS CTAaTUCTUUYECKUI aHATIU3 PETPECCUU C LIEJIbIO JJOKA-
3aTeNbCTBA €€ aJEKBATHOCTU OJKCIIEPUMEHTAJIbHBIM JAHHBIM, KOTOPBIE OHa
MPE/ICTABIISIET.

Jran_| BBIONHAETCS OOBIYHO HAa OCHOBE AaNpPHOPHBIX COOOpaKeHUM
(HanpuMep, Hy>KHA JIMHEWHAsI MOJIENb), PEIIIECTBYIONIETO ONbITa, HUHTYUIIUU U
JIPYruX HePOpMaIU3yeMbIX TPUEMOB.

OOb1yHO (HO HE 00s3aTENILHO) YpaBHEHHE PErPecCUu MOCTYIHUPYETCS B
BUJIe osinHoMa. Hambomnee pacnpocTpaHeHHBIMU U yIOOHBIMU PErPECCUOHHBI-
MU MOJICJIIMU MOXHO CUMTaTh cleayromue: Moaenb 1 nmopsanka Y=Bg +B; X ;
moznens |l mopsmka: Y=Bo+B; X+Byg X2.

B npaktuke MOryT UCHOJB30BaThCS JIOOBIE IPYTrHUe MOJIETIH, B TOM YHUCIIE
Y HEJIMHEWHBIE OTHOCUTENIBHO KOd(ppuiireHToB (cM. Tad. §).

Tabmania 8
Buapl ypaBHEeHHI perpeccuu U X JUHEApU3YIOIue Ipeodpa3oBaHus

JIuneapuzyroniue npeodpa3zoBaHus
Ne DyHKLUM [IpeoOpazoBanus Bripaxxenus s
/o TIEPEMEHHBIX BeanuuH By 1 Bs.
Y' X' Bo' B,
1
Lo Y=o Y = Bo B
_ 1 1
2. B, +B,- X Y X Bo By
__ X X
3. “B.+B.X v X Bo B
4, Y =B,-B/ Ln(Y) X Ln(Bo) Ln(B1)
5. Y =B, -e™” Ln(Y) X Ln(Bo) B,
_ 1 1 X
6. " B,+B,-e”* Y € Bo By
Y=B,-X"% Ln(Y) Ln(X) Ln(Bo) B,
8. Y =B, +B,-Ln(X) Y Ln(X) Bo B:
B 1 B 1
Y=—2A2 = L il
2. B, + X Y X B, B,
B, - X 1 1 B 1
Y = =0 1 2 2 =
10. B, +X Y X B, B,
B 1
11. Y =B,-eX Ln(Y) ~ Ln(Bo) B1




12. Y=BO+Bl-Xn Y Xn Bo Bl

B pesynbrare 3aMeHbl NMEPEMEHHBIX, BCE YKa3aHHbIE B Ta0J. 8 QyHKIUU

MOTYT OBITh ITPeOOpPa30BaHbl B JIMHEHHYIO MOJIEIb TIEPBOTO MOPSIKA.

OTMeTuM, 4TO HEYJJa4YHO BbIOpaHHAasi (OCTYJIUPOBAHHAS) MOJEIb MOYXKET
BbI3BaTh HEMPOU3BOAUTENIbLHYIO TPAaTy BPEMEHH, XOTS M HE MPUBOAUT K MPHUH-
[UIUAJIBLHBIM OUTHOKAM B PE3yJbTaTe, MOCKOJIBKY €€ aJIeKBATHOCTh MTPOBEPSIETCS
Ha TOCJIEJHEM 3Tare U IUIoXas MOJAENb He ucrnosb3yercs. [loaTomy Ha 3Tane
BbIOOpa BHJIa PErPECCUM HAJ0 MCIOJIb30BAaTh BCIO MMEIOUIYIOCS MH(POPMAIIHIO.
Hanpumep, ecnu u3BecTHO, 4yTo Y U X 00paTHO MPONOPIUOHATBHBI, MOXKHO BBI-
Opatb B kauectBe ¢aktopa X' = 1/X. Ecnu anpropHO#t win KakoW-1u0o aApyroi
uHpOpPMAILIUK HET, ClIeAyeT HauyuHaTh ¢ mpocrteiiierd moaenu (I mopsaka) —

JTaXKe €CII OHAa M OKa)KETCsl HeaIeKBAaTHOM, MOTPeOyeT AJId MOTYyYEHUs MEHbBIINUX

YCUJIAM.
Jdran |l — HaxoXJIeHHEe HEW3BECTHBIX KOA((HUIMEHTOB IO OIMBITHBIM
JAHHBIM — OOBIYHO BBIIIOJIHSIOT HA OCHOBE METOJIa HAaMMEHBIIUX KBaJIpaTOB

(MHK). PaccmoTpuM 3TOT HIMPOKO MCHOJIB3YEMbIN B HAYKE M TEXHUKE METO]I U
HAy4YUMCS €r0 IPUMEHSTD.

[TycTh mocTynupoBaHa JIMHEWHAsT perpeccus u TpeOyeTcss HaTu By u By
1o N onbITHEIM TOukaM. B mo6oM U-M OmbITe HMeeM

Yu=B0+leu+8u,

rae Yy, Xy — 3HadeHus clydyaiiHOW BeJMYMHBI Y M HEeCIy4yaiHOTO aprymeHta X
B U-M ombITe; fo, f1— «UCTUHHBIE» 3HAUYCHUS KOI(PPUIIMEHTOB PErpecCcuu, Co-
OTBETCTBYIOIINE MOJETH Yyer= Pot P 1X;
&u — ommOKa, OOBICHSIONIAs OTINYHME HAOII0AAEeMOT0 3HAYCHHS OT «UCTUHHO-
ro» 1 00yClIOBJIEHHAsl BO3/IeCTBHEM Ha Y CIIy4ailHBIX (PaKTOPOB.

O4eBuHO, YTO HAM HUKOTAA HE yJacTcs HalTh fo u f1 , a KodPdulreH-
Tl Bo 1 B1, KOTOpBIE MBI JIOJDKHBI OINPEIEINTh, €CTh HEKOTOPBIE HAULyYuiue
oyenxku Po m 1. MeTo HaMMEHBIITUX KBAJPATOB OMpECseT CIeAYIoIIee Co-

Jep’KaHUe TEPMUHA «HAMITYYILHE»:
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N
Z(Yi =Y, o)’ = Min
i=1

T. €. TaKue, 4TO CyMMa KBaJIpaTOB OTKJIOHEHUW HaOmomaemMbix Y OT «UCTHH-
HBIX» Yyer MUHMMAJIbHA.
J{nst TMHEHOM perpeccuu cieAayeT apyras 3anuch yciaoBus MHK
N N
2 2 H
S= Z(Yi - By —BX) = Zgi = min

i=1 i1
HEIMOCPEICTBEHHO TMO3BOJIAIONIAs HaWTH ouleHKu By u Bi. [Iponuddepenmmpo-
BaB S 110 Bo ¥ 1 ¥ IPUPABHSIB MOJIYYCHHBIC YAaCTHBIC MPOU3BOIHBIC HYIIO, HME-

€M CJICIYIONTYI0 CUCTEMY JTUHEHHBIX anreOpandecKux ypaBHECHUIA:

B,N + Bli X, =i¥i
i=1 i=1

BOZN:Xi + BlZN:XiZ :ZN:(Yi ) Xi)’
i=1 i=1 i=1

pernasi KOTOpyto, JIF0ObIM CIIOCOOOM, OIpEAeIieM HEU3BECTHbIE KOA(D(DUIIUESHTHI
ypaBHeHus perpeccuu By u Bj.

OTtMeTuM, YTO HW3JIOKEHHAs TPOIeaypa MOXKET OBITh OCYIIECTBICHA B
mo0bix ciydasix — MHK Bcerna mo3BosiMT mpoBECTH JIMHHUIO, COOTBETCTBYIO-
Y10 TMOCTYJIMPOBAHHOMY BBIPQKEHUIO W HAWIydITUM 00pazoM (B yKa3aHHOM
BBIIIIC CMBICJIE) OTBEUYAIOIIYIO AKCIIEPUMEHTATLHBIM TOUKAM.

Jran_|ll — ananm3 aJeKBaTHOCTH PETPECCHH, B PE3ybTaTe KOTOPOTO
MBI JIOJIKHBI BBISICHUTD, YA9HO JIU BRIOpaHA UCXOHAS MOJIEIb, T. €. aJeKBaTHO
JU OTpa)kaeT TOJIYYCHHAs] PErpeccusi HKCIEPUMEHTANbHBIN MaTepHall, MOJIO-
JKCHHBIN B €€ OCHOBY.

HpOBepKy AJIE€KBAaTHOCTU HOCTy.TIHpOBElHHOfI MOJICJIM IIPOU3BCACM IIyTEM
o S 2
CpaBHCHH: IBYX AMUCICPCHUH, OJHA U3 KOTOPBIX ©y XapaKTCPHU3YyeT BIIMSIHHUC Ha

. 2
Y cinydaiiHbIx (pakTOpOB, a BTOpas, JUCIEPCUS aNEKBATHOCTH S, , OLECHUBAET

p8.36pOC OIBITHBIX 3HAUE€HUH Y OTHOCHTEJILHO JIMHUU PETPECCHUU U BBIYUCIIACTCA

KakK
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2 —_—

Z(Yi - y(Xi))2
a0 N — K

¢ unciom crerneneit ceoooasl f,p= N — K (B momenu mo N ombITam onpeneneHbt
K ko3¢ durnreHTon).
CocTaBUM OTHOILEHHUE
2
_S
F =
p SZ
ao
M CPaBHUM €ro ¢ KBaHTHJIbHOM rpanunei kpurepust @uiepa Fropu f1 = N-1 u

fy = f.9. Ecu F< Fra6,, TO rumoresa 06 0{HOPOIHOCTH CPAaBHUBAEMBIX JUCIIED-

CHH HE OTBEPracTCs Ha YpPOBHC 3HAYMMOCTH (], CIICAOBATCIBHO, Hﬂ6JII-OI[EICMI>Iﬁ

pa3opoc Y u Y(X;) MOKeT ObITh OOBSICHEH €CTCCTBEHHBIM BIIMSHUEM CITy4alHBIX

(bﬂKTOpOB U MOACJIb HCAJICKBATHO OIIMCBLIBACT IIPOLCCC. Ecau xe F> FTaGH. TO

2 2
Saa 3Ha4YUMO MCHBIIC S , T. €. IOCTYJIMPOBAaHHAA MOJCIIb CTATUCTHUYCCKH 3HA-

YHUMO OIKCHIBAET MPOIIECC U MOXKET OBITh MPU3HAHA aJICKBaTHOM. 3aMETUM, UTO
B CJly4dae, KOrJa JUCIEPCUs aIeKBaTHOCTU CTPEMUTCS K HYJIFO, PACUCTHBIN KPU-
tepuit duimiepa cTpeMHTCs K OECKOHEYHOCTH. TakuM 00pazoM, AUCHEpCHs
aJICKBaTHOCTU MOKET ObITh MPHU3HAHA OCHOBHBIM MapaMeTPOM, OLICHUBAIOIIUM

Ka4yCCTBO HOCTpOCHHOfI MOJCIIH.

3.2. 3apaHuve Ha NpaKk TUYecKyro pabory

Hccnenyercs BIMSHHAE CKOPOCTH IOJAYM Ha IIEPOXOBATOCTh IMOBEPXHO-
CTH npu 00pabOTKe CTaIbHOM 3arOTOBKM Ha TOKapHOM CTaHke. B kauecTe mo-
CTOSIHHBIX ITAPaMETPOB HKCIIEPUMEHTA UCIIOIB3YIOTCS: TITyOrnHa pe3aHusl
t = 0,5 mm, muamerp oOpabdareiBaeMoit moBepxHocTH d = 50 MM, yacToTa Bpa-
wenus wnuages N = 1000 mun?, Marepuan uncrpymenra — T15K6, marepu-
a1 netaian — Cranb 20.

BbInonHUTs 0JHO(GAKTOPHBIA PErPECCUOHHBIN aHAU3 M0 TOJY4YEHHBIM
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AKCIEPUMEHTAIbHBIM JIaHHBIM. DopMa perpeccuoH-
HOM 3aBUCUMOCTH ompezensercsa no Tadiu. 8. Homep

BapHuaHTa HCO6XO,ZII/IMO IMOJIYYHUTD Yy IIPCIIOAaBaTCIIA.

3.2. KoHTpOnbHbIe BONpochI

1. MeTol HAaMMEHBIITMX KBaJPaTOB B PErPECCH-
OHHOM aHaJu3e.

2. OcobeHHocTH BBIOOpA BHUAA PETPECCUOHHOMN
3aBUCUMOCTH Ha IIEPBOM JTare.

3. Onpenenuth CUCTEMY YPaBHEHUN JJIST BBIYMC-
JICHUSI HEU3BECTHBIX KOA(DQPUIIMEHTOB perpec-
CHOHHOM 3aBucuMocty Buna Y = By - B |

4. Onpenenurte MOHSATUE AUCIEPCUM aJIEKBATHO-
CTH MOJICTIH.

5. Kakasg u3 HECKOJbKHX TOJYYCHHBIX perpec-
CHOHHBIX MOJIEJIEH JIOJKHA OBITh MpU3HAHA

HAWTyqIIei?

20

Ne .. Ra, S,
MKM | MM/MHH
1 9,54 340
2 0,74 65
3 6,13 245
4 0,51 20
5 3,09 185
6 7,79 278
7 2 135
8 0,72 40
9 53 235
10 1,29 60
11 5,86 235
12 1,59 80
13 1,37 90
14 1,94 100
15 1,59 100
16 2,21 120
17 3 140
18 2,23 160
19 3,87 180
20 3,97 200
21 4,93 220
22 5,6 265
23 6,76 280
24 9,41 300
25 8,76 315
26 11,2 350




4. IPAKTHYECKASA PABOTA Ne 4. MHOT'O®AKTOPHBII
PEITPECCHOHHBIA AHAJIN3

4.1. K paTKne TeopeTrunyeck me cBeneHust

HaunGonee maTEpECHBIC M TPAKTUYECKH BaYKHBIE 3a/1a4l OOBIYHO MPEIIO-
JlararoT MOJyYeHHUE 3aBUCUMOCTH Y OT HEeCKObKUX B030€UCBYIOUUX haKkmopos
{X—X1, X2, ..., Xi, ... , Xp). Takue 3a1a4u OpUBOAST K MHOIO(AKTOPHOMY pe-
TPECCHOHHOMY aHAJIN3Y.

O4eBUIHO, YTO MMETh JICJIO C HECKOJIBKUMH Pa3HOPOJHBIMU HE3aBUCH-
MBIMU TI€PEMEHHBIMHU, KOTOPBIC BBIPAYKAIOTCS COBEPIICHHO PA3IUYHBIMU HMeE-
HOBAaHHBIMH YUCJIAMH U BapbUPYIOTCS B PA3IMYHBIX MPEACNiax ! T. 1., 0 Kpai-
Hel Mepe, Hey100Ho. st Toro uyToObl M30aBUTHCS OT ATOrO HEyao00CTBa, Iie-
peliieM K KOAUpOBaHHBIM (pakTopaM, KOTOphle OyneM 0003Ha4aTh CTPOYHBIMH
OyKBaMHU X C COOTBETCTBYIOIIUMHU WHIEKCAMH M KOTOpPHIC OYIyT CBSI3aHBI C WC-

XOAHBIMH NCTUHHBIMH (1)aKTOpaMI/I X COOTHOLICHUSIMU

X—X,  X=Xg

ch _Xmin - Xmax _ch ’

A€ Xmin, Xmax— MHUHHMaJIbHOE M MaKCHUMaJIbHOE 3Ha4YeHUs (hakTopa, BHIOpaH-
Hble BHYTpH JMana3oHa €ro M3MEHEHus (BapbupoBaHus); X, —CpelHee 3Haue-

Hue (akTopa, ONpeAesIeMoe Kak

— ><min + Xmax
cp 2 '

[Tocne BbINOJIHEHUS OMEPALMH KOAUPOBAHUS MBI UMEEM J€J0 ¢ Oe3pas-
MEpHBIMH (PaKTOPAMH, BAPbUPYIOITUMHUCS OKOJIO HYJISA B HEOOJIBIIIUX TIpeIeax
(4acTo B aKTHBHOM JKCIIEPUMEHTE BRIOMpArOTCs npeaensl —1...+1).

[Toctynupyem mozenb ciaeayromiero Buaa (Kod3pGUIMEHTH TPU KOJIUPO-
BaHHBIX (pakTOpax OyaemM 0003HAYaTh CTPOYHBIMU OyKBamu b):

Y=bo+b1X1+ .. FhrXn b oX i Xo+b 13X X3+ ...
oo D01, X0 XnFD 123X X0 X3+ ... FD 1. X1 Xo... Xn+b11X12+ . +bnan2.

B Mozens BXOAST HyJIEBOH 4ieH, WieHbl Buia bixi (Muueitnas perpeccus),
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4JeHbl BUAA DiijXiXjXk, OTpakaromme B3auMOJCHCTBUS (HaKTOPOB (HETOHAs
KBaJpaTUYHAS PErpeccus), M, HAKOHEL, 4WIeHbl BHMAa biiXi? (KBamparudnas pe-
rpeccusi). O4eBUIHO, UTO MIPU 3HAYUTENBHBIX N 3alIUCh BUJIA YPABHEHUS CTAHO-
BUTCSl BECbMa I'POMO3JIKON U HeyAoOHoW. He u3menss Buga Mojenu, 3anuiiemM
ee B 0osiee KOMIAKTHOU popme

A m

Y =2 b

i=0 ,
rie Xo=1; xi mpu 1 > N 0003HavaeT MPOU3BEIACHUS U KBAAPAThl (GaKTOPOB; bj mpu
I > N —KOo3(pPUIHMEHTHI IPH MPOU3BEICHUSIX U KBaapaTax (pakTopoB; M — moJ-
HO€ YHCJIO YJICHOB MTOJIMHOMA, HE CUMTas HyJeBOro (Bcero M+1 useH).
[lepexomuM Temeph K omnpeaeiieHUuI0 Kod(hdUIMEHTOB perpeccuu b mo

JaHHBIM OMBITOB. Kak u B ciyyae ogHOMEpHOU perpeccuu (cm. 1. 3.1), B Jto-

OOM U-M OIBITE UMEEM

Yu= BOXOU + lelu +.. 7t Bmxmu + &y,
rae Y—3HaueHue Y B y-M OIIBITE Xou, X1y, ..., Xmu —3HAYECHUS HE3aBUCUMBIX IIE-
PEMEHHBIX Xg, ..., Xm, B U-M ombITe; Po, ..., Pm — «UCTUHHBIC)» 3HAYEHUS KO-

(UIIMCHTOB PErpecCcHH, OICHKU KOTOPBIX Do, ..., bm BXomar B mMoxens; &—

OIIHUOKA B U-M OIIBITE.

Pe?,y.HI)TaTBI Bcex N ONBITOB 3amuIIEM B BHUAC MATPHUYIHOI'O YPAaBHCHHA

Y = XB+e,
rmue
Y, Xo XqgeeX B, €1
Y = Yu ' X: XOu Xlu Xmu ' B: BI €T €y
_YN_ | Xon Xan XN | _Bm_ L EN
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Pa3mep BekTOopa HAOMIOIEHU, WIIM MATPUILIBI-CTOJIONA Y U BEKTOpa OIIM-
0ok, mimu Marpuibli-ctoona € — (Nx1); pasmep BekTopa Ko3(h(GHUIIMESHTOB
(m+1x1); pasmep matpuisr X (Nxm+1).

VYcaosue MHK 3ammiem B Buze
S=(Y-XB)? — min.
HopMmanbHble ypaBHEeHUS TOTy4YnM, poauddepeHiponas mo f3:

B 2% (v - xp)

dg

(muddepeHpoBaHre BBITOIHICTCS O OOBIYHBIM MpaBUJIaM, HO Tepes CKOO-
KO 3aITMCHIBAETCS X; YTOOBI YMHO)KEHHWE MMENIO CMBICT) U MPUPABHSIB MPOU3-
BOJIHYIO HYJIIO:
XTX B =XTY
Tornpa
B = (XT-X) LXTY,
qT0 M sBisercs matpurieii MHK—orneHok ko3 duiineHToB perpeccun.

O6GosnaunB ~ XTX=C, monyunm B =C XY,

OtmeTuM, 4TO B BhIpaxkeHue st B Bxomur obparnas marpuna C L. Uc-
xonHasg matpuiia C onpeniesieHa Ha OCHOBE MaTpHIlhl X, OTpaKaroIiel 3HaYeHUs
HE3aBUCUMBIX IIEPEMEHHBIX B ONbITaX. Eciu MbI camMu 3a/1aeM HE3aBUCHMBIC TIe-
pPEMEHHBIC B KaXKIOM OIIBITE, T.€. IPOBOANM aKTUBHBINA AKCIIEPUMEHT, MBI IMEEM
BO3MOKHOCTh T03a00THTHCSI O TOM, YTOOBI CKOHCTpyupoBaTh C, a, cieaoBa-
TenbHOo, 1 C ~! HEKOTOPBIM HaMITydIIIM 00Pa3OM.

[lepeiinem K TpeTbeMy dTally PErpeCCMOHHOTO aHAIM3a W MOJIYYHM BBbI-
pakeHUs JJIs1 JUCTIEPCUH OLIEHOK Kod(pdurmenton B.

BBeaem B paccMoTpeHue MaTpully AUCHEpCcHH KO3(DPUIIMEHTOB:

DB=C™'-DY,
rne DY — nucnepcus HabmroaeHuit

B obmem ciyuae DB — kBanmpatnas matpuiia pazmepom (1+m)x(1+m);
JTMArOHANIbHBIE AJIEMEHThI—/IUCIIEPCUNA COOTBETCTBYIONMIUX KO3(PPUIINEHTOB,

HeJlMaroHajbHbIE KOBapHalliU, MPEICTABISAIONINE COO00 MEpPY HEOIpeeIeHHO-
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CTH, BO3HUKAIOIIEH B CHIIy 3aBUCUMOCTU JAPYT OT Apyra KodpQUIMEHTOB pe-
rpeccun. Marpunia DB MoxeT ObITH WCTONMB30BaHA MJIsI OIEHKH 3HAYUMOCTH
K03 UIIMEHTOB PETPECCUH.

t =i, i=0,1.. m
D

i
i
riae §; — pacuernsrit kpurepuit CThIOZIEHTa B 3a7a4e O TUIIOTE3€ PABEHCTBA HY-
mo | — ro kod3pdHUIHEeHTa MOJIEITH.

Hpoeepka adexsamuocmu pezpeccuul 8blNOJIHAENICA Cl’lOCO6OM, Onucanx-

Hoim e n. 3.1.

4.2. 3apaHue Ha NPaKk TUYeCcK Yy padoTy

Hccnenyercs BiusiHue auameTpa oOpadotku d, ckopoctu pe3anus V, mo-

Jadyun S Ha MEPoOxX0BaATOCTb ITOBCPXHO-

Ra, S,
d, Mmm V, M/MuH o
MKM | MM/MHH CTH mpu 0OpabOTKE CTalbHOM 3aro-
10,7 43 80 0,1
TOBKH Ha CBEpJIMJIBHOM CTaHKe. B Ka-
9,6 28 80 0,1
89 =2 &0 0.05 YECTBE MOCTOSIHHBIX IMapaMeTPOB IKC-
80 48 60 005 MIEPUMEHTA HMCIOJIB3YIOTCS: MaTepuall
11,4 32 60 0,15 nerain — ctanb 40, marepuan HWH-
10,6 24 60 0,15 ctpyMeHTa POMS.
13,9 28 40 03 [Toctpouts MoOzEINb TpoLEecca ¢
14,8 36 40 0,3
MOMOII[BI0 MHOTO(AKTOPHOI'O perpec-
14,8 36 40 0,3 .
CHOHHOTO aHaim3a. KoHKpeTHBINH BHUI
18,3 36 40 0,5
180 18 50 05 MOJIENTA 3aJIaeTCs TPEIO0IaBaTeIICM.
100 8 3 01 DKCIIepUMEHTAIbHBIC JaHHBIC TPE-
8,7 69 54 0,05 CTaBJICHBI B TAOIHUIIC.
14,1 66 30 0,2
14,8 56 30 0,25
16,5 63 30 0,3
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4.3. KOHTpONbHbIe BOMPOChH|

1. Kakyro uadopmaImo o nporecce MOKHO MOJYYUTh IPU aHAJIM3€E 3Ha-
YUMOCTH KO3 UIIMEHTOB PErpeCCUOHHON MOJIeTN?

2. CocTaBbT€ BO3MOXHBIA BHUJ YPaBHEHHUS] PErPecCHU, COCTOALIETO u3 4
yrnpasisieMbix (HakTopoB U 20 ko3P PUIIUEHTOB.

3. O0BsicHUTE HEOOXOAUMOCTD MEePEX0/ia K OTHOCUTEIBHBIM (haKTOpaMm.

4. TlosscHUTE CMBICT U HEOOXOAMMOCTh MPOBEACHHUS aKTUBHOTO JKCIICPH-
MEHTA MPU MOJICIUPOBAHUH UCCIIETyeMOT0 TIpoliecca.

5. Kakum o0pazoM ocyrecTBisieTcs: 0OpaTHBIA MEepPeXo] K JIEKOIUPOBAH-

HBIM (DaKTOpaMm B pEerpecCHOHHON MHOTO()AKTOPHON MOJIEITH?
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