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Hucturutina “IlnanyBaHHS €KCIIEPUMEHTIB, aBTOMAaTU30BaHUW KOHTPOJb Ta YII-
PaBIIIHHSA SKICTIO MPOAYKII~ — CKJIaJ0Ba 4yacTUHA MPOodeciifHOI MIArOTOBKH 3/100Y-
BayiB BHIIOi OCBiTH crieniaabHOCTI G6 «IH(DopMaLiiiHO-BUMIPIOBAIbHI TEXHOJOTII»,
ocBiTHBO-TIpodeciiiHa nporpama «Komm'rorepusoBaHi iHPpOpMaIitHO-BUMIPIOBAIIbHI
cuctemMu». JlaHl MeTOIWYHI BKA3iBKH — II¢ HABYAIBHO-METOJMYHHMM ITOCIOHHK JIJIS
BUKOHAHHS TPAKTUYHUX 3aHATH 3 IMi€l AUCIUIUTIHHA JJIs CTYACHTIB (aKyJIbTETy
KOMIT FOTEPHO-IHTETPOBAHUX TEXHOJIOT1H, MEXaTPOHIKM 1 pOOOTOTEXHIKM. Y HaBya-
JBHIN IUCUUIUTIHI BUKJIa/IeHa CYKYITHICTh OTeparliil, o 311HCHIOI0THCS HaJl 00'€KTOM
JTOCIIDKEHb 3 METOI0 OTpUMaHHs 1H(popMmarlii mpo oro Br1acTUBOCTi. OJIHUM 3 TOJIO-
BHUX 3aBJaHb IIPU MPOBE/ICHHI BUMIPIOBaHb € OTPUMAHHS 1 IIepeBipKa MaTEMaTUYHOL
Mojielll 00'€KTy, TOOTO OMHUCY Yy KUIBKICHIA (OpMI B3a€MO3B'SI3KY MK BXIJTHUMH 1
BUXITHUMU TlapameTpamu 00'ekTy. Jpyrim 3aBnaHHsM 00poOku iHbopmarlii, oTpu-
MaHO1 B pe3y/bTaTl EKCIEPUMEHTIB 3 KOHTPOJIIO SIKOCTI, € BUPIIICHHS 3a]ja4l ONITUMIi-
3ar1ii, TOOTO 3HaXO/XKEHHS Takoi KOMOIHAIlli BIUIMBAIOYUX HE3aJICKHUX 3MIHHUX, TTPU
K1 BUOpaHUI MOKa3HUK SIKOCTI HAa0yBa€ HAMKPAIIOro 3HAUCHHS.

B nporuect BUMiproBaHb 1 oAanbuioi 0OpoOKH JAaHMX, a TakoxX (popmanizauii pe-
3yJbTaTIB y BUIIISAI MATEMAaTUYHOI MOJIENIl BUHUKAIOTh OXMOKHU 1 BTpA4a€eThCsl yac-
TUHA 1HQOpMaLii, O MICTUTBCA B MOYATKOBUX JIaHUX. 3aCTOCYBaHHS METO[IB
MUTAaHYBaHHS €KCIEPUMEHTY J03BOJISI€ BU3HAYUTH MOXHUOKM MaTeMaTUYHOI MOJIENI Ta
il aICKBaTHICTh peaTbHOMY 00 €KTY.

MeTta npakTUYHHUX 3aHATHh — BUBYEHHS Ha 0a31 Cy4acHOTO MaTEeMaTHYHOTO armapaTy
METO/11B TUIAHYBaHHS 1 00OpOOKU PE3yNbTaTIB €KCIIEPUMEHTIB, a TAKOXK HAOYTTA CTY-
JIEHTaMU HEOOX1THUX 3HaHb, MOB’SI3aHUX 3 aHAJI30M MPOOJIEMHUX CHUTYaIliid 1 METO-
TIB KOHTPOJIFO SKOCTI Mpoaykilii. Ha ocHOBI KOHIENTyalbHUX MOJEIEH 1 METOIB
TUTAaHYBAaHHST €KCIIEPUMEHTIB HEOOX1THO c(HhOpMYyBaTH y CTYJECHTIB MPAKTUYHI HABUY-
KU Ta YMIHHS TPUIHATTS OOIPYHTOBAHUX 1 MPO(eCciitHO-TPaMOTHUX PIIIEHb B MPaK-
THUIIl PO3POOKHM Ta €KCIUTyaTallii CUCTeM yIpaBIiHHS sKicTiO. JJuctumina 6a3yerbes
Ha MaTepiajii BIAMOBIIHUX PO3JUIIB BUIIOI MaT€MAaTUKH, T€Opii HMOBIpHOCTEW Ta
MaTeMaTUYHOI CTATUCTUKH, TEOpli BUMIPIOBaHHS, METPOJIOTii, OCHOBaxX MpOrpaMmy-
BaHHSI.

3aBAaHHs MPAKTUYHUX 3aHSITh BUKOHYIOTHCS 3100yBayiB BHILOI OCBITU 1HAMBIAYa-
JpHO. Y 3BiTI BKa3yeThCs HAMEHYBAaHHS Ta METa 3aHATTS, HAaBOASATHCS MOYATKOBI
JaHl 1HIMBIIyalbHOTO BapilaHTy 3aBiaaHHsA. [[o 3BITY q0Aar0ThCA MpOrpaMu Ta pe-
3yJbTaTH OOYHUCIIEHb, OTPUMAaH1 B pPe3yJibTaTi BUKOHAHHS poOOTH. B KiHIIl 3BITY Ha-
BOJATHCS BHUCHOBKM NP0 JIOCSATHEHHS METH poOoTh. B pe3ynbTaTi BHKOHAHHSA
nabopaTopHUX podIT 3100yBayiB BUIIOI OCBITH HAOyBalOTh HABUYOK 3aCTOCOBYBATH
METOJM BUKJIIOYCHHS PE3YJIBTATIB 3 TPYOMMU MOXHOKaMU; CIIOCOOM TIEPEBIPKU Bij-
MOBITHOCTI HOPMATBHOMY PO3MOJIIITY OTPUMAHHUX JAaHUX; pOOACTHI METOIU OOPOOKH
JaHUX; HeTapaMeTPUYIHI METOM OOpOOKHM JNaHMX; OyayBaTH IUIaHU Oarato()akTOPHOTO
EKCIIEPUMEHTY.
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INPAKTHYHE 3AHSTTSA Nel
3ACTOCOBYBAHHA METOIIB ITOITEPEIHBOI OBPOBKHA
PE3YJBTATIB BUMIPIOBAHDb

Merta 3aHATTH:

O3HAOMHTHCS 3 METOJIaMH TIOTIEPEHKLO0T 0OPOOKHU PE3yNbTaTiB BUMIPIOBAaHb, 3a-
0e3meunTy BUKIIIOUEHHSI CIIOCTEPEKEHb, 10 MICTATH TpyOi moxuOku. BupimmTu 3a-
Jady NIl KOHKPETHUX YMCENIbHUX MPUKIIAIIB.

1.1. OcHOBHI TeopeTHYHI BiIOMOCTI

1.1.1. 3aBnaHHs nonepeIHbOI 00POOKHU eKCIIEPUMEHTATbHUX TaHUX

3aranbHUM 3aBJAHHSAM IONEPEIHbOI 0OPOOKH E€KCIEPUMEHTAIbHUX JaHUX € BU-
KJIIOYEHHSI CIIOCTEPEKEHD, 1110 MICTATh TPy0l MOXUOKH, @ TAKOK 3MEHIICHHS BIUIUBY
CUCTEMATUYHOI CKJIaJI0BOI MOXHOOK BUMiptoBaHHs. [Ipu oHOKpaTHOMY BUPOOHHUO-
My BUMIpIOBaHHI Taka monepeaHs o0pooka yckiaaHeHa. bararokpaTHi BUMiprOBaHHS
JAI0Th JIESIKY CYKYIHICTb PE3yJbTaTiB, Ka Mae OyTh oOpoOsieHa 1Jii OTpUMAaHHS
HalOIbII TOCTOBIPHOTO 3HAYEHHS] BUMIPIOBAHOI BEJIMYMHU 1 OLIIHKUA HOTO TOYHOCTI.

[lepm 3a Bce, 3 CYKYIMHOCTI €KCIIEPUMEHTAIbHUX JAHUX CJI1Jl BUKIIOUUTU PE3YJib-
TaTU CIOCTEPEKEHD, IO B SBHOMY BUIJIAJ MICTATH IpyOl MOXUOKHUI 1 TOMY ITOMITHO
BIJIPI3HSIOTHCS BIJI IHIIMX PE3yJbTaTIB. SKIIO0 NOBHOI YIIEBHEHOCTI B HasABHOCTI IPy-
001 MOXUOKH HEMAE, TO TaKUW Pe3yJIbTaT CJIIJI 3aJUIIUTH y BHOIpL, a MOTIM MepeBi-
PUTH TMPABOMIPHICTh MOro BiAHECEHHS JO HeEl (3a JIOMOMOIO BiJAMOBIIHUX
CTAaTUCTUYHHUX KPUTEPIiB).

1.1.2. MeToau BUKJIHOYEHHS Pe3yJbTATIiB 3 TPYOMMU MOXUOKAMU

JIJist BUKITFOUEHHST TPYOMX MOXUOOK 3aCTOCOBYIOTH amapaT MEPeBIPKU CTaTHCTHY-
HUX Tinmote3. Y MeTpoJorii BUKOPUCTOBYIOTHCS CTATUCTUYHI TIMOTE3H, MiJ SKUMHU
PO3yMIIOTh TIMOTE3U MPO BUJ HEBIIOMOTO PO3MOJILTY, a00 Mpo MmapamMeTpu BiAOMHUX
PO3MO/ILIIB.

Pa3om 3 BUCYHYTOIO TNOTE3010 PO3MIISAAIOTH 1 TIIOTE3y, WO cynepeyuTs id. Hy-
JHOBOIO (OCHOBHOIO) HAa3MBAIOTh BUCYHYTY TINOTE3Y. A KOHKYPYIOUOIO (albTepHATHU-
BHOIO) HAa3MBAIOTh TY, SIKA CYNEPEUYUTh HYJIbOBH.

[Ipu BUCYHEHHI 1 NPUHHATTI TIIOTE3W MOXYTh MAaTH MICIE HACTYMHI YOTHPU BH-
HNaJKu:

1) rinote3a NpUUMAETHCSI, TPUIOMY i HACTIPAB/Ii BOHA MPABUJIbHA,;

2) rimoTe3a BipHa, ajge MOMMJIKOBO BiIKHUIA€ThCs. [IOMHIIKY, [0 BUHHUKAE IPH
IbOMY, Ha3WBaIOTh TTOMIJIKOIO TIEPIIIOTO POJIY, @ UMOBIPHICTH 11 MOSBU MO3HAYAIOTh
pIBHEM 3HAYYIIOCTI (;

3) rinoTesa BiAKUIAETHCS, IPUIOMY HACIpaB/Ii BOHA HEBIPHA;

4) rimoTe3a HEBipHA, aje MOMIIKOBO MPUUMAEThCs. [IOMUIIKY, 110 BUHHKAE MPH
IbOMY, Ha3UBaIOTh MIOMUJIKOIO IPYrOro poay, a MMOBIPHICTS 11 OSIBU TO3HAYAIOTH f.
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5) Bennuuny 1-f, T00TO HMOBIPHICTB, IO TinoTe3a Oyjae 3HEXTyBaHa, KOJU BOHA
MOMMJIKOBA, HA3UBAIOTh MOTYKHICTIO KPUTEPIIO.

Oo6nacTio NPUUHATTA TiMOTE3H (00JACTIO AOMYCTUMUX 3HAUYE€Hb) HA3UBAIOTh CYKY-
MTHICTh 3HAYEHHSI KPUTEPIIO, IPU AKUX TINOTE3y NpUiiMaioTh. KpUTHYHOIO Ha3UBaIOTh
CYKYITHICTh 3HaU€Hb KPUTEPIIO, NMPHU SKUX HYJIbOBY TINOTE3y BIAKKUAAIOTH. O01acTh
MPUMHSTTSA TIMOTE3H 1 KpUTHYHA 00JIaCTh PO3/ITICHI KPUTUYHUMHU TOUYKAMH, 110 J0Pi-
BHIOIOTH TaOJIMYHUM 3HAUCHHSM KPUTEPIiB.

[lepeBipKy CTaTUCTUYHOI TMOTE3U MPOBOAATH AJI MPUUHATOTO PIBHS 3HAUYIIOCTI
q (npuitmaetses piBauM 0,1; 0,05; 0,01 tomo). Tak, npuiHATHI piBeHb 3HAUYIIOCTI
0=0,05 o3nauyae, 1110 BUCYHyTa HYJIbOBa CTAaTHCTUYHA TIIIOTE3a MOXKE OyTH MpHUITHSATA
3 noBipyoro HMOBIpHICcTIO P=0,95. AGO € WMOBIPHICTh BIIKMHYTH IO TIIIOTE3Y (3pO-
OUTH MOMUJIKY TIEPILIOTO POJY), 1o JopiBHIOE P = 0,95.

HynboBa cTaTCTHYHA TiNOTE3a MIATBEPIKYE HAICKHICTH "MiI03pLIoro" pes3yib-
TaTy BHUMIPIOBaHHS (CIIOCTEPEKEHHs) JIaHii Tpyrl BUMIPIOBaHb, IO TMEPEBIPAETH-
cs.DopMabHUM KPUTEPIEM AHOMAIBHOCTI PE3yibTATy CIIOCTEPEkKEHb (IM1CTaBOIO
JUTSl yXBaJIGHHS KOHKYPYIOUOi T1IMoTe3u: "Mmigo3puuii" pe3ynbTar He HaJeKUTh JaHIi
rpyIl BUMIPIOBaHb) MIPU LOMY CIYKUTh MeXa, 10 BIJICTOITh BIJ UEHTPY PO3MOILITY
Ha BeTu4uHYy tS, TOO0TO:

| X;; — X [> 1S, (1.1)
1€ Xi, — Pe3yJIbTaT CIOCTEPEKEHHS, 1110 MEPEBIPSIETHCSI HA HASBHICTh Ipy00i MOXUO-
KH; t — KoeiIieHT, 0 3aJIeKUTh BiJl 3aKOHY PO3MOJILTY, 00'eMy BUOIpKU, PIBHS 3HA-
YYIIOCTI .

Takum yuHOM, MEXI MOXMOOK 3alie’KaTh BiJ BUAY PO3MOALTY, 00'eMy BHUOIPKH 1
BUOpaHOi TOBIPYOi KMOBIPHOCTI.

[Ipu 00poO6IIl BXKEe HASBHUX PE3YyJbTATIB CIIOCTEPEKEHb JOBUIBHO BIJKUIATH OK-
peMi pe3yabTaTH HE CJiJl, OCKUIbKH II€ MOXKE IMPUBECTH 10 (PIKTUBHOTO ITiABUIIICHHS
TOYHOCTI PE3yJIbTaTy BUMIpIOBaHb. ['pyna BuUMiproBaHb (BHOIpKA) MOXE MICTUTH
JEKUIbKa TPyOuX MOXUOOK 1 X BUKJIIOUEHHS MPOBOSATH MOCHII0BHO, TOOTO OO IUH-
Il.

Bci meToniu BUKITIOUEHHS TPyOUX MOXHOOK (ITpoMaxiB) MOXKYTh OyTH PO3/UICHI Ha
JIBa OCHOBHI THIIU:

a) METOJM BUKIIIOUEHHSI MpU BiioMomy reHepanbHoMmy CKB;

0) MeToIM BUKJIIOUEHHSI pU HEeBioMoMy reHepaibHoMy CKB.

VY nepmomy Bunanky CKB o6uncitoeTbest 3a pe3yinbTaTaMu Bei€l BUOIPKU PE3YIib-
TaTiB crocrepekenb. [licns Buryuenns rpyoux noxubdok oduucnenns CKB notpi6Ho
MMOBTOPUTHU

OCKUIbKM Ha TIPAKTHUIl YaCTIIIE 3YCTPIYAIOTHCS BUMIPIOBAHHS TPH HEBIJOMOMY
CKB (oOMexeHe 4HCIIO CIOCTEPEkKEHB), Maidl PO3MIISIHYTI Takl KPUTEpii MepeBipKu
“migo3pumx’” (3 TOYKU 30py MOXUOOK) pe3yIbTaTiB criocTepekeHnb: [pBiHa, PomaHoB-
cekoro, Jlikcony, CmupHoBa, [1loBene, "3c".

Tak K BUMOTH, 1110 BU3HAYAIOTh MEXKY, 32 SIKOIO 3HaX0IAThcs "TpyO1" pe3ynbratu
CIIOCTEPEkKEHbD, NIl PI3HUX KPUTEPIiB pi3HI, TO MEPEBIPKY CJIiJI BUKOHYBATHU MO JIEKI-
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JBKOX KpUTEPIsIX (PEKOMEHIYETHCS BUKOPUCTOBYBATH HE MEHINE TPHOX KPHUTEPIiB 3
TUX, 110 PO3TIIAAAI0ThCs Aani). OCTaTOYHUI BUCHOBOK MPO MPUHAIEKHICTD '"MIT03-
piux" pe3yabTaTiB AaHOI CYKYMHOCTI CHOCTEPEXEHBb CHifi pOOMTH IO OLIBIIOCTI
KpUTEPIiB.

1.1.3. Kpurepiii IpBina
JIJst OTpMaHuX eKCIIEPUMEHTATBHUX JaHUX BU3HAYAIOTh KOCPIIIEHT TI0 popmyIti:
1= (Xn+1_xn), (12)

S
1€ Xn+1, Xn — HaWOLIBII 3HAYEHHSI BUMAJIKOBOI BEJIMUMHH; S — CepeHE KBaApaTUYHE
BIIXWJICHHS, OOYKMCIICHE MO BCiX 3Ha4YeHHsIX BUOIpkH. [loTiM meit xoedilieHT mopis-
HIOETBCA 3 TAOJUYHUM 3HAYEHHSM Ag, MOKIIMB] 3HAYCHHA KOTO HaBeJeHl B Tabm.1.1

Ta6mums 1.1
Ywucno BuMi- PiBens 3HauymOCTI
PIOBaHb 71
q=0,05 g=0,01

1 2 3

2 2,8 3,7

3 2,2 2,9

10 15 2,0

20 13 18

30 12 17

50 11 1,6
100 1,0 15
400 0,9 1,3
1000 0,8 1,2

Ko A > Aq, TO HyJIbOBA T'INOTE3a HE MIATBEPIKYETHCS, TOOTO pe3ynbTaT — MOMHU-
JIKOBUH, 1 BIH Ma€ OyTH BUKJIIOUCHHUI MpH MOJANbIINA 00poOIll pe3yabTaTiB CIOCTE-
pEXKEHB.

1.1.4. Kpurepiii PomanoBcbkoro

Konkypyroya rimnore3a npo HasiBHICTh IPyOuX MOXUOOK B “Mim0O3piaux’’ pe3yibTa-
Tax MATBEPKYETHCS, K0 BUKOHYETHCS HEPIBHICTD:

| X — X = t,8, (1.3)

1e tp — KBaHTWIb po3noaury CTbroAEHTa IIpH 3aAaHId JOBIpYll WMOBIPHOCTI 3 YHUC-
jgoM Mip cBobomu k=n-k, (kn — uucmo “mimo3piaux” pe3yabTaTiB CIOCTEPEIKEHb).
3HadeHHs KBAaHTUJIB JyTsl po3noAiuty CThIoZIeHTa MpeCTaBeH]l B T0AaTKy 1.

ToukoBi ouinku posnoauty x 1 CKB pe3ynbpTaTiB criocTepekeHb 00YUCITIOEThCA
0e3 ypaxyBaHHs K, “TIi103piaux” pe3yabTaTiB CIIOCTEPEIKEHb.

1.1.5. Kpurepii dikcony
Kpurepiit 3acHOBaHU HA NMPUITYIIEHHI, 1110 TOXUOKH BUMIPIOBaHb MAaOTh HOpMa-
JBHUM 3aKOH pO3MoAUTy (3a37aieriip HeooXiHa moOya0Ba TiCTOrpaMH pe3ybTaTiB




Kuromupcbka
nmoJIiTexHika

MIHICTEPCTBO OCBITH I HAYKU YKPATHU

JEPKABHHUM YHIBEPCUTET «KUTOMHUPCBHKA MOJITEXHIKA»
Cucrema ynpasiinng sikictio ICTY ISO 9001:2015 ta JCTY ISO 21001:2019

®-20.09-

05.02/2/G6.00.1/M/OK9-1-

2026

Bunyck 1 |

3minu 0

Exsemnaap Ne 1

Apx 5618

CTIOCTEPEKEHb 1 TIepeBipKa TIMOTE3H MPO MPUHAICKHICTH HOPMaJIHbHOMY 3aKOHY PO3-
noiny). IIpy BUKOpHCTaHHI KPHTEPil0 00UMCIIOI0Th KoedimieHT Jlikcony (cmocte-
peXXyBaHE 3HAUCHHS KPUTEPIO) JUIS TEePeBIpKHM HalOuIbmioro abo HaWMEHIIIOro
eKCTPEMAaJIbHOTO 3HAUYEHHS 3aJIEKHO BiJ YMCIIa BUMIpIOBaHb. Y Tabn.1.2 mpuBeseHi
dbopmynu koedimientiB Jlikcony. KoedimienTn I1g, 11 3aCTOCOBYIOTh, KOJIH € OIWH
BUKH]I, a I21, 22 — KoM Ba BUKKUKU. [Ipu iboMy oTpiOHE epBUHHE BIOPSAKYBaHHS
pe3ynbpTaTiB BUMipioBaHb (00'emy BubOipku). Kpurepiit 3acToCOBy€eThCS, KOJU BHOIp-
Ka MOK€ MICTUTH OLJIbIII, HIXK OAHY TPYOy MOXHOKY.

Taomug 1.2
Uucno Bu- | Koedimient | s HaiiMeHmIoro | JImgs — HAHOLIBIIOrO
MiproBaHb N| JIIKCOHY | €KCIIEPHUMEHTAJIBLHOTO | EKCIIEPUMEHTAILHOTO
(oOcsr Bu- 3HAYCHHS MapaMeTpa | 3HAYCHHS MapaMeTpa
O1pKM)
3-7 10 X=Xy Xn = Xn1
Xp —Xq Xn — X1
8-10 11 Xy — X1 Xn = Xp1
Xp1— X1 Xp =X
11-13 o1 X3 — X1 Xn — Xn-2
Xp-1— X1 Xp =X
14-25 9) X3— X Xn = Xp_2
Xp-2 = X1 Xp = X3

OO6uucneni ais BUOIpku 1o GopMynax 3HaueHHs KoediiieHTiB JliIkcoHy I mopiB-

HIOIOTb 3 TAOJIMYHUM 3HAUYE€HHAM Koe(iwieHTiB Jlikcony Iy (Tabm. 1.3).

HynboBa rinore3a npo BiICYTHICTh TPyOOi MOXUOKH BUKOHYETHCS, SIKIIO BUKOHY-
€TbCS HEPIBHICTB I' < Iq. SIKIO I > Iy, TO pe3yapTaT BU3HAETHCA I'PyOOI0 IMOXHO-
KOO 1 BUKJTIOUAETHCS 3 TTOAQIBIIOI 0OPOOKH.

Tabmums 1.3
Craructuka Yucno I'q IpH PiBHI 3HAYYIIOCTI (]

BUMIPIOBaHb 0,1 0,05 0,02 0,01

3 0,886 0,941 0,976 |0,988

Fo1 4 0,679 0,765 0,846 |0,899
5 0,557 0,642 0,729 0,780

6 0,482 0,560 0,644 |0,698

7 0,434 0,507 0,586 |0,637

8 0,479 0,554 0,631 |0,683

M 9 0,441 0,512 0,587 |0,636
10 0,409 0,477 0,551 0,597

11 0,517 0,576 0,538 |0,679

21 12 0,490 0,546 0,605 |0,642
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13 0,467 0,521 0,578 0,615
14 0,462 0,546 0,602 |0,0641
15 0,472 0,525 0,579 |0,616
16 0,452 0,507 0,559 |0,595
17 0,438 0,490 0,542 | 0,577
18 0,424 0,475 0,527 |0,561
22 19 0,412 0,462 0,514 | 0,547
20 0,401 0,450 0,502 0,535
21 0,391 0,440 0,491 0,524
22 0,382 0,430 0,481 0,514
23 0,374 0,421 0,472 |0,505
24 0,367 0,413 0,464 | 0,497

1.1.6. Kpurepii «3o», Paiita

Kpurepiii «paBuiio TppOX CUTM» € OJJHUM 3 IPOCTUX CIIOCOO1IB MEPEBIPKHU PE3Yilb-
TaTiB, 110 MalOTh HOPMaJIbHUH 3aKOH po3nojuty. CyTh ImpaBuiia TPhOX CUTM: SIKILO
BUIIAJKOBA BEJIMYMHA PO3MOJITIEHA HOPMaJIbHO, TO aOCONIOTHA BEJIWYMHA ii BIIXU-
JICHHS B1J MaTEMaTUYHOTO CIOJIIBAHHS HE MEpPEBEPILYE MOTPIHHOIO CepeHbOIO KBa-
APAaTUIHOTO BiTXHUICHHS.

Ha mpakTtuiii mpaBuiio TppOX CUTM 3aCTOCOBYIOTH TakK: SKIIO PO3MOJILI TOCIHIHKY-
BaHOT BUIIQJKOBOI BEIMYMHU HEBIOMHIA, ajieé yMOBa, BKa3aHa B MPUBEICHOMY Tpa-
BUJIi, BUKOHYETHCA, TO € TMIACTaBH MPUITYCKAaTH, IO Il BEIWYMHA PO3MOAiLICHA
HOPMAJIbHO; 1HAKIIIE BOHA HE PO3MOJiJIeHa HOPMAJIBHO. 3 LI€I0 METOI0 sl BUOIPKHU
(BKJIFOUAIOUM MIO3PLIMN pe3ynbTar) oduncioerbes X 1 ominka CKB pesynbrary
CTIOCTEPEKEHb.

PesynbTat, skt 3a10BOJIBHSIE YMOBI X, - X >3S, BBAXKAETHCS 3a TOM, 110 Ma€ rpyoy
MOXUOKY 1 BUJIYYAEThCS, @ paHilie 0O0YMCIICHI XapaKTEPUCTUKU PO3MOJLTY YTOUHIO-
FOThCA.

[IlpboMy kpuTepito aHaNOTiYHUI Kputepid Paiita, 3acHOBaHMI Ha TOMY, IO SIKIIIO
3QJIMIIKOBA TOXUOKA OUTBIIE YOTUPHOX CUTM, TO 1€ pe3yJbTaT BUMIPIOBAHHS € TPY-
0010 MOXMOKOI0 1 Ma€e OYTH BUKIIIOUCHUN MPU MOJAIBIIN 00pob1i. O6uaBa kpurepii
HaA1iHI TpH YyKcil BuMiproBanb Oubiie 20...50.

Moske cratucs, 110 IpY HOBHX 3HAYEHHSX X 1 S IHIII Pe3ylbTaTH MOTPAIUISAThH B
KaTeropiro aHoMainbHuX. OJIHAK, JBIYl BUKOPUCTOBYBATH KpUTEpIli IrpyOOi MOXHOKH
HE PEKOMEHIYETHCS.

1.1.7. Kpurepiii CMupHoBa
Kpurepiit CMupHOBa BUKOPUCTOBYETHCS MpU 00’ e€Max BUOIpkH N>25. BiH BcTaHo-
BITFOE€ MEHIII KOPCTKI MeX1 Tpy0oi moxubku. [l peanizarlii boro Kpurepito o04uc-
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JIIOOTHCSI IWCHI 3HAYEHHS KBaHTUJIIB PO3MOALTY (CIIOCTEPEKyBaHE 3HAUCHHS KpUTE-
piro) mo popmyi:
max | Xi; —X
f= % ) ( 1 .4)
3HalifieHe 3HAUeHHS TOPIBHIOETHCA 3 KPUTEPIEM [k, HaBeAeHUM B Tabi.1.4.
Tabmuns 1.4.

O0’em |I'pannyne 3HayeHHS Bk IIPU DIBHI 3HAYVIIO-
rubin- | 0.100 | 0.050 | 0.010 | 0.005 | 0.001
2 3 4 5 6
1,282 | 1645 | 2,326 | 2,576 | 3.090
1632 | 1955 | 2575 | 2,807 | 3.290
1818 | 2,121 | 2,712 | 2,935 | 3.403
1943 | 2234 | 2806 | 3.023 | 3.481
2036 | 2319 | 2.877 | 3.090 | 3.540
2111 | 2386 | 2,934 | 3.143 | 3.588
2172 | 2442 | 2981 | 3.188 | 3.628
2.224 | 2490 | 3.022 | 3.227 | 3.662
2269 | 2531 | 3.057 | 3.260 | 3.692
10 2309 | 2568 | 3.089 | 3.290 | 3.719
15 2,457 | 2,705 | 3,207 | 3,402 | 3,820

20 2,959 | 2,799 | 3,289 | 3,480 | 3,890
25 2,635 | 2,870 | 3,351 | 3,539 | 3,944
30 2,696 | 2,928 | 3,402 | 3,587 | 3,988
40 2,792 | 3,015 | 3,480 | 3,662 | 4,054
50 2,860 | 3,082 | 3,541 | 3,716 | 4,108
100 3,076 | 3,285 | 3,723 | 3,892 | 4,263
250 3,339 | 3,534 | 3,946 | 4,108 | 4,465
500 3,528 | 3,703 | 4,108 | 4,263 | 4,607

OO NP IWN (-

1.1.8. Kpurepiii llloBene

Kpurepiii [lloBeHe 3acTocoByeThbCs AJis 3aKOHIB, 1[0 HE CymnepeyaTh HOPMaIbHO-
My, 1 OyJyeTbcs Ha BU3HAUEHHI YMCIIa OYIKYBAaHUX PE3YJIbTATIB CIIOCTEPEKEHD Noy,
AK1 MalOTh TaKl K BEIUKI TOXUOKH, 5K 1 “imo3pinuii” pe3ynbTaT. ['inoresa npo Has-
BHICTb Ipy00i NOXUOKH MPUIUMAETHCS, SKILO BUKOHYETHCS YMOBA:

No, < 0,5. (1.5)

[Topsiiok mepeBipKH rinoTe3u HACTYIHUMI:

1) obumcmoeThes cepenne apudmernune X i CKB pesynsbTaTiB criocTepekeHb
TU1s BCi€l BUOIpKH,

2) 3 TabauIl IHTErpaTbHOT (PYHKINT HOPMOBAHOI'O HOPMAJILHOIO PO3MOALIY (I0aa-
TOK 2) MO BEJIUYUHI 2= IXmS 4 BHU3HAYAETHCSI UMOBIPHICTh MOSBU “‘T1JI03P1I0T0”

pe3ynbTaTy B reHepalibHIi CYKYITHOCTI Yice N:
P(zS <Xy -x). (1.6)
3) 4KCII0 OYIKYBaHUX PE3YIbTATIB N,, BU3HAYAETHCS IO (HOPMYJI:
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Ny = NP. (1.7)

1.2. IlopsiioK BUKOHAHHA 3aBJaHb NPAKTUYHOI0 3AHATTHA

1. BuxkoHatu mepeBipKy Al KOHTPOJIBHOI BUOIPKH y BIAMOBIIHOCTI 3 BapiaHTOM
3aBiaHHA Mo Ta0a. 1.5. Ha HasgBHICTH TPyOMX MoXubok 1o kputepism Upsina, Poma-
HOBCBHKOTO Ta "3¢", 7151 HeMapHUX BapiaHTIB 3aBAaHb 1 M0 kpuTepism Jikcona, CMmip-
HoBa Ta llloBeHe ns mapHUX BapiaHTIB 3aBAaHb MpH piBHI 3HauymocTi =0,05.

2. 3poOuTu OCTATOYHHUI BUCHOBOK MPO MPHUHANEKHICTD "MiI03piInuX" pe3ybTaTiB
JaHOI CYKYITHOCTI CIIOCTEPEXEHb MO OUIBIIOCTI KPUTEPIiB.

1.3. KoHTpPOJIbHI 3aIUTAHHSA

1. SIxa HEOOX1HICTh B MOMEPEIHIN 00pOOIIl eKCIIEPUMEHTATBHUX JTaHUX ?
2. 1o Take rpy61 moxubku?

3. lllo Take crarucTU4HI TinoTe3u?

4. SIki ICHYIOTh METOJIM BUKJIFOUEHHS TPyOUX MOXUOOK?

5. Sk Busnavaetrbcst CKB?

6. SIk BU3HAYAETHCSI KBAHTUITH PO3TOILTY?

7. I1o CKUTBKOX KPUTEPISIX PEKOMEHIY€EThCS BUSIBIISATU IPyO1 HOXUOKH?
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IHPAKTUYHE 3AHATTSA Ne 2
3ACTOCYBAHHA HEITAPAMETPUYHUX TA POBACTHUX METO/IB
OBPOBKHU PE3YJIBTATIB BUMIPIOBAHDb

MeTta npakTUYHOI0 3aHATTA:

O3HallOMUTHCS 3 HETTApAaMETPUIHUMH Ta POOACTHUMHU METOJAaMH, 10 HE 3aJIeXaTh
BiJl HASIBHOCTI BHKH/IIB 200 MPOMaxiB 1 BIAXUIICHHS PO3MOJILTY BiJl FayCiBCHKOTO.

Bupimutu 3amgady mouryky OIIHKMA CEPEeIHbOTO MO BUMAAKOBIM BUOIpI Hemapa-
METPUYHUMHU Ta POOACTHIUM METOJAMH.

2.1. OcHOBHi TeopeTH4Hi BitomMocTi

KrnacuuHi MeTo M MaTeMaTUYHO1 CTATUCTUKU pO3pOOJIEH] JJIsl TUX BUIAJIKIB, KOJU
EKCIIEpUMEHTAJIbHI  JIaH1 3aJI0BOJIBHSIOTH CTPOTMM CTAaTUCTUYHHM MOJIEIISIM 1 € OIl-
TUMAJLHUMU JUJI IIUX Mojelned. [IpoTe OuIbIICTh 3 HUX YyTJIMBO J0 HAasBHOCTI BH-
KUJiB ab0 mpomaxiB, 70 BIAXWICHb PO3MOJUTY BiJ TayciBCbKOro Tomo. B
MPAKTUYHUX 337a4ax CTPOT1 MOJIENI HEPIJIKO MOPYIIYIOTHCSA 1 TOMY Oa’kaHO BUKOPHU-
CTOBYBAaTH Taki METOAM, fIKI ciaabo 3anexarb BIJ MOPYUIEHHS BBEACHHUX IPHITY-
IIEHb, OJHAK JalOTh JIOCTaTHHO BUCOKY TOYHICTH OIIIHKHM. Taki METOaM, Ha3BaHi
poOacTHUMH a00 CTIMKUMHU 1 aKTUBHO PO3POOJISIOTHCA B Cy4YacHId CTaTUCTHUILI Ta
BCE OUIBII MIMPOKO BUKOPUCTOBYIOThCA Ha mpaktuii. Tak, Hanpuknan, B [OCT 1CO
5725-5-2002 mpuBeaeHO 3aCTOCYBaHHS POOACTHUX METO/IB AJIS aHATI3y pe3yJabTaTiB
€KCTIIEPUMEHTIB.

PobacTHi omiHKM OyIyHOThCA TaK, 100 iX BIACTUBOCTI 3aJUINAIUCS TOOpUMH Ha-
BITh Y TOMY BUNAJKY, KOJH JIHCHUN PO3IMOALT €KCIIEPUMEHTATIBHUX JaHUX BIIPi3HSI-
€ThCS BiA mependadyBanoro. Tak, juist 6ararbox HAOOPIB JaHMX PEATICTUYHIIIONI €
HE cTpora Mojenb po3noainy ['ayca, a posmoaunm 3 “BakuuMH~ XBOCTaMH (KOJIU
NMOBIPHICTh BEITUKHUX BIIXWICHb BIJ CEPEIHHOTO 3HAYEHHS CYTTEBO OLIbINA, HIXK
npu po3noaut [Mayca). Haiibinbin nomupeHoto cepes Takux Mojeield € MoJieib 3a-
cMiueHHs1 (200 MOJeNnb rpyOuX MOMUJIOK): pO3MOALT BUOIPKH MPEACTABISIIOTh Y BU-
TSI CYMIIIi OCHOBHOTO po3mnojiiay ['ayca ¢ (X) 3 iHmuMm po3smnoaiiom h(X):

PAX)=(1-&) plx)+eh(x). (2.1)

Posnoxin h(X) moxe Oyt abo posmoaiiom ['ayca i3 3HaYHO OLIBIIOK JUCHIEPCI-
€10, HIX ¢(x) (4acTo MpH AOCIMKEHHI OIiHOK mpuiiMaroTh BigHomenus CKB h/o,
piBauM 3 abo 10), abo h(x) Biapi3HsAeThCA Bl po3noalny I'ayca 1 Mae 3aTsIrHyTI XBO-
CTH.

[TepexoauTtu 10 poGACTHOTO OILIIHIOBAHHS CJIIJI PU PO3MOJLII BUOIPKH 3 IOBIIUMU
XBOCTaMHU, HIX y po3noaity ["ayca.

PobGacTHi O1iHKM TOBUHHI 33/I0BOJIBHSTH JIBOM OCHOBHUM BUMOTaM:

— MaJIO MOCTYMAaTUCs B €()eKTUBHOCTI ONTUMAIHHUM OIlIHKAaM TIPU BUKOHAHHI OC-
HOBHOT MOJIEJIi, KOJIM PO3IMOAUT JIHCHO € TAyCOBCHKUM;

— 3aJUIIATUCA JOCUTh JOOpPUMH TIPU BIAXWJICHHSX BiJl OCHOBHOI MOJENi, KOJIU
PO3MO/ILT BIIMIHHUHN Bijl TayCIBCHKOTO.




MIHICTEPCTBO OCBITH I HAYKU YKPATHU ®-20.09-
KuroMupcebKa JEPKABHHUM YHIBEPCUTET «KUTOMHUPCBHKA MOJITEXHIKA» 05.02/2/G6.00.1/M/OK9-1-
noJiTexHika Cucrema ynpasiinns sikictio ICTY ISO 9001:2015 ta ICTY 1SO 21001:2019 2026
Bunycxk 1 | 3minu 0 | Exsemnaap Ne 1 Apk 56/ 14

3acTocyBaHHs poOAaCTHUX METOIB PO3TISHEMO HA MPUKJIAAlI MOLIYKY OLIHKU Ce-
PEIHBOTO 0 BHUMAJAKOBIM BUOIPIN Xi ..., Xn, TOOTO CTOCOBHO OOPOOKH JaHUX IMPHU
NpsSMUX BUMIPIOBaHHSX 3 OaraTOKpaTHUMHU CIIOCTepeXeHHsIMU. Haliyacrinie BUKOpH-
CTOBYETHCSI KJIJACUYHA OLIIHKA — CepeaHE apu(PMEeTUYHE Pe3yJbTaTiB CIIOCTEPEKEHbD.
L5 ominka € axHaiKkpamioro npu posnoait ["ayca. [IpoTe npu BiAXUIEHHIX BiJl IHOTO
po3noaity abo mpu HasBHOCTI BUKHIB ii BIACTUBOCTI Pi3KO MOTIPIIYIOTHCS: OIIHKA
BTpaydae ePEeKTUBHICTD 1 CUIIbHO 3aJICKUTh B BUKUIB.

HaiiGinpm po3pobiieHuM MEeTo0M TOOYI0BH pOOACTHUX OIIHOK € y3arajdbHEHUU
METOJI MaKCHUMAaJbHOI MPaBIOMOIIOHOCTI, B SKOMY MOOYJOBa OIHKHA BUXOIUTH 3
YMOBH

min Q(‘P):Zn:‘l’(xi -a), (2.2)
1

7€ a — MaTeMaTUYHE OYIKYBaHHS BUIIAJKOBOT BETUYHHH.

[Tpu upomy BaroBa ¢yHKIlis \y(X) BHOMPAETHCSA TaK, MO0 MPHU BEIUKUX |x | BoHa
3pocTaia MOBUIbHIIIE, HIK KBaJpaTU4YHA (QYHKIIIS X2, a py Majaux X Oyja Onu3bKa
1o X°. Tomy M-ouinka, Bu3HaueHa yMOBOIO (2.2), cnabKo 3aleXUTh Bill BHKUIIB
(mpoMaxiB) 1 XBOCTIB, 1110 BIUIMBAIOTh HA PO3MO/ILI, ajie npu posnoaun [ayca BuoOi-
pKa OJM3bKa 10 CEPeaHBOTO X.

M-o1iHKY 3a3BUYail HE BUPAXKAOTHCS B IBHOMY BUIJISI/IL, HABITh MIPU  OLIHII cepe-
JTHHOTO. B 1IbOMY BHMAKy BOHHU € PIIICHHSIM PiBHSHHS

21:¢(Xi —a)=0, (2.3)

ne ¢ (X) =wr(xy, AT BUPIIICHHS [[bOTO PiBHSIHHS 3a3BUYall BUKOPHCTOBYIOTH iTepa-
[IIAHI METO/IH.

Hait0inbin nmommpenumu Ha npakTuili € M-ominku Xwsro6epa (V,,), Xamnens (W),
Anpproca (W,) i Teroku (Wr); Biamosigai noxigani BaroBux Gpyukmii V¥, V., Y, 1 VY1
(@4, @uA, oa1 @r) HaBeneHi B Tabuuii. 2.1.

VY tabnuii 2.1 apryMeHT BaroBoi pyHKIIi1 MaciTabyroTh 3a JOMOMOTO 3aJI€KHO-
CT1

x=2i—& (2.4)

7€ Xi — €JIEMEHT BIOPSAJIKOBAHOI BUOIPKH;

Q) — OLIIHKA MapaMeTpa 3CyBY, 3a3BH4ail OepyTh 3a MOYATKOBHM IapaMeTp 3CYBY Me-
Jliany;
S — mouaTtkoBa oOllIHKa nmapaMmeTpa MacuTaly (criiika orinka CKB).
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Tadomurs 2.1
Or1iHka Barosa ¢yHKI1is 3Ha4YeHHA
napaMeTpiB

Xprobepa @ H (x) = max[-c, min(c,x)] c=1,5

Xamnens X, X <a; a=1.7;

asign(x), as<x<b; — .

" gn(x) b=3.4;

X) = X —csign(x
PHa a[—g()]’ b< |x| <c; C:85
b-c
0, x|~ ¢
AHI[pIOCEl sin(x/c),|x|<cx; c=2.1
op(X)=
0,|x>cx
ThroKH {X[1—<X/C)2]2,X<C: ThIOKH
o1 (X) =
0.|x|>c

3HaueHHs Me[llaHu, 3aJIeKHO BiJl MapHOi a00 HeMapHOi KUTLKOCTI €JIEMEHTIB BHOI-
KU, BU3HAYAETHCS 3TIAHO BUPA3Y:
X e n=2m+1

m+1 (2.5)
i8¢ n=2m

med =

3HaueHHS MMOYAaTKOBOI OIIHKH IMapaMeTpa MaciiTady peKOMEHIYEThCS BU3HAYATH
3 HACTYITHOT'O BUPA3Y:

S =1,483med {x; —med (x;)|}- (2.6)

HaiiOinpmmii iHTEpec npeacTasisie ouiHka Xbrooepa, aid sikoi ¢pynkuis ¥, B 00-
7acTi X < ¢ € KBaJApaTudHOI0, TOOTO BiAmoBinae po3noainy ["ayca, a B obmacti X > ¢
— JIHIAHOI0, TOOTO BIJINOBIJIa€ €KCIOHEHIIAIBHOMY PO3MOJALTY, SIKM Ma€ XBOCTH,
110 ICTOTHO «OOBaXKHIOIOTH» BUOIPKY Yy MOpPIBHSAHHI 3 po3noainioMm ["ayca. Orninka
XproOepa € pilieHHsIM MIHIMAKCHOI 3ajjadl: MakCMMaJlbHa aCUMIITOTUYHA JTUCTIEPCis
OLIIHKKA Ha KJacl 3acMideHHUX po3noauniB l'ayca mist Hel gocsrae MiHiMmymy. Bona
JIOCHUTB CTIiKa A0 BiAXWJIEHb Bl po3noaiuty ["ayca.

Jlist BupiteHHs piBHsIHHS (2.6), 10 Bu3Hayae M-OIiHKY, MOHa 3aCTOCYBaTH 1Te-
paiiiny cxemy ['ayca — HproToHa:

n n
i =a+ e —a) /D e'0x-a) .
i-1 i=1

BukoHaBIIM OMH KPOK 1TEpaliiHOl MPOLEIypU MU MOKEMO 3YIUHHUTHUCS Ha OJ-
HOKPOKOBIM M-omiHIII, sIKa Ja€ LUJIKOM 3aJI0BUIbHI Pe3yJbTaTh NPU BUKOPUCTAHHI
bynkiii Xsrodepa. OgHokpokoBa M-oIliHKa 3 00paxyBaHHSIM 3CYBY 1 MaclTaly
MaTUME€ BUTJISI:

2.7)
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Lo(x-a L% -a
— i 9 AT A
a,+1_a|+SZ(p( S j Z(P( S j (2.8)
i=1 i=1

B nmanuit vacturi poOacTHHIA MIIX1a MEPETBOPHUBCS B T00pE po3poOsieHy 00IacTh
CTaTUCTUKU. 3aIPONOHOBAHO YMCIIEHHI 1 PI3HOMAHITHI OLIHKH, SIKI MOEAHYIOTh BU-
COKY €(heKTHBHICTh TIPU BUKOPUCTAHHI OCHOBHUX MOJECIICH 3 TOCTATHHOIO CTIUKICTIO
MO BIJIHOIICHHIO JI0 BIAXWJICHb MOYATKOBUX JAaHUX BiA IUX Mojeneid. s 6aratbox
OIIHOK JIOCTIIPKEHO TOYHICTh (CTOCOBHO JI0 PI3HUX MOJIejei) 1 po3po0JIeHO arapar cra-
TUCTUYHUX BUCHOBKIB.

['onoBHa MeTa BUKOPUCTaHHS POOACTHUX METOJIIB — BUKJIIOUUTH BIUIMB IpyOUX
MOXHOOK 1 MpOMaxiB, 10 AKUX YyTIUBI Kilacu4yHl MeTtoau. OHaK, B KJIACHYHIN CTa-
TUCTHUIl TAKOX HasBHI METOJM BUJAJIEHHS MpomaxiB. /(s 1bOro Mo>kHa BUKOpPHC-
TOBYBATHU ABOCTYIIHYATY MPOLELYPY:

— BUJUIMTH 1 BUKJIIOUYUTHU TpyO1 MOXUOKHU 1 TPOMAXHU;

— 3aCTOCYBATH JI0 «BIApeAaroBaHUX» JaHHX, IO 3ATUIIIINACA, KIACUYHY IMpOIIe-
Iypy OLIIHIOBAHHS.

KopucHo 3icTaBUTH NpUBENEHY ABOCTYIIHYATY MPOLEAYPY 3 OJHUM 13 pOOAaCTHUX
MeTOAIB. J{ocmiIKeHH OKa3yl0Th, [0 KPaUIoko €, SIK MpaBuio, podacTHa MpoLeay-
pa. Ile 00yMOBJIEHO TAKUMH TPUUYUHAMMU:

1) mpu BUKOPUCTaHHI JIBOCTYIIHYATOI MPOIEAYPH HE 3aBXKIH BAAETHCS YITKO PO3-
ME)XYyBaTH €Tanu, 0COOJMBO JJIsl CKIAJAHUX 3aJ]ay; HalpuKIad, Mpu noOyl10oBl eMi-
PUYHUX  3aJEKHOCTEM Trpy0l MOXMOKM Ba)XKO BHSBUTH Ha OCHOBI KJIACHUHUX
OIIIHOK;

2) HaBITb PETEIBHO «BiJpelaroBaHa» BHOIpPKa, SK MPAaBHJIO, MaTHME PO3MOIi,
IO BIJIPI3HSETHCS BIJ Trayca; TOMY 3aCTOCYBaHHS KJIIACHUYHUX METOJIIB  BCE-TaKH
3QIIMIIAETBCS  HE IJIKOM OOTPYHTOBAHUM;

3) OUIBIIICT TIPOIEYP BUAUICHHS 1 BUKITFOUEHHS TPYyOUX MOXUOOK MOCTYIAOThCS
B €(EeKTHUBHOCTI POOACTHUM MpoUEeAypaM; KpiM TOTro, BOHH MOXYTb OyTH JOCHUTH
TPYJAOMICTKUMH.

Tomy nepeBaxHUMHU B OUTBLIOCT] BUMIAJKIB € pOOACTHI MPOUEAYPH, OCKITIBKH BOHH
JOIYCKAIOTh IJIABHUM NEpeX1]l BiJl MOBHOI BUOIPKHU 10 CYTTEBOTO CKOPOUEHHS JAHMX
3 ypaxyBaHHSM BJIACTUBOCTEH KOHKpeTHOI BHOIpkH. Lls mepeBara crae ocoOJIMBO
HAOYHOIO NMPHU MEPEXOIi 10 CKIIAIHINIMX 3a7a4, HAIIPUKIIAI 10 MO0YI0B1 eMITIPHIHUX
3aneHoCcTe. TakuM YMHOM, HEOOXITHO SKHAWIIMpIIE BUKOPUCTOBYBATH POOACTHI
METOJIM B BUMIPIOBAJIBHUX 3a/iauax, JUisl SKUX OCOOJMBO BaKJIMBA BJIACTUBICTH CTii-
KOCTI pe3yJbTaTiB.

VY Tux BUMagKax, KOJH MO THX a00 1HIIMX MPUYHHAX JOIIBHO OPIEHTYBATUCS HA
KJIJACUYHI METOJAM, PEKOMEHIYEThCS MapajelbHO 3aCTOCOBYBATH OJUH 3 IMPOCTHX
poOaCTHUX METO/lIB; BAKOHATH, HAMPHUKIIAJ, OJJHOKPOKOBY M-OIIIHKY AJI1 KOHTPOJIIO
pe3ynbTaTiB 1 BUSBICHHS BIAXUIEHD BiJ MOJeNl. SIKII0 HEMae CyTTEBOI PO301KHOCTI
MDK JIBOMa pe3yJibTaTaMHd, TO MOKHA 3pOOUTH 3BUYAMHI CTATUCTUYHI BUCHOBKHM Ha
OCHOBI KJIACHYHOTO MiAXoAdy. [Hakme HeoOXiAHO peTebHIle MPOaHai3yBaTH mova-
TKOBI JIaHl Ta a00 BUSBUTH 1 BIIKUHYTH MpOMaxu (a MOTIM 3HOBY 3aCTOCYBaTH Kia-
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CHYHY MpoLeaypy), abo OpieHTYBaTHUCS Ha OJIUH 3 TOYHIIIMX POOACTHUX METO/IIB,
JUISL SIKMX € OLIHKY MOXHUOOK. Taka mpoliieaypa 3a0e3MeunuTh T0CTOBIPHICTh OTpUMa-
HUX BUCHOBKIB 1 JIO3BOJIUTh YHUKHYTH IPyOHX TIOMIIIOK.

2.2. llopsaa0Kk BUKOHAHHS 3aB/IaHb MPAKTUYHOI0 3aHATTH

1. 3naiiTi 0IHOKPOKOBY M-OIIIHKY MaTeMaTUYHOTO OYiKYBaHHS BUIIAJIKOBOI BEJH-
YUHU [0 METOAY XbioOepa 1 OLIHKY CepelHbOapu(PMETUIHOTO I KOHTPOJIBHOI
BUOIPKU Yy BUTJISAII MOJENI 3aCMiu€HHS Yy BIAMOBIAHOCTI 3 BapilaHTOM 3aBJaHHA IO
Tabnumi 2.2.

2. 3po061Th BUCHOBOK IO OTPUMAHUX pe3yjIbTaTax.

2.3. KoHTpoOJIbHI 3aIMTAHHSA

1. SIxi mepeBaru poOACTHUX METOJIB B MOPIBHAHHI 3 KJIACUYHUMH METOJIaMU Ma-
TEMaTUYHOI CTATUCTUKU?

2. Ha3BiTh HalO1IbII MOITUPEH] pOOACTHI OLIIHKH.

3. Sk BU3HAYAETHCS MeliaHa BUOIPKH?

4. Slk BU3HAYAIOTHCS MTOYATKOBA OLlIHKA MaciiTady?

5. SIx 3Hax0a9THCI M-OIIHKHU?

6. SIx BU3HAYAETHCSI OTHOKPOKOBA M-oI1iHKa?

/.Y 4yoMy JOUUIBHICTH 3ICTABIICHHS OLIIHOK, OTPUMAHMX KJIACUYHHUM METOAOM, 3
po0OACTHOIO OIIHKOIO?
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3.28
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416
7.25
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7.67
5.44
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5.38
3.17
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1.07
2.02
0.02
834
2.44
3.75
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4.35
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6.12
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Q.53
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7.10
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2.38
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532
8.69
574
3.57

4.20
229

7.21

5.32
3.88
3.74

X4

3.29
5.75
4.29
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6.21

439
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5.28
5.52
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5.81
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6.01
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6.31
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6.63
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4.47
3.27
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6.28
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5.16

5.14

4.19
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3.60
4.73
531

577
532
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5.67
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499
535
585

470
5.97
3.97
4.88

510
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5.44
6.73

Xi1
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4.88
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5.09
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5.66
412

3.74
4.04
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4.68
6.44
592
4.09
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4.99
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4.66
6.44
4.07

5.31

5.69
6.29
3.87

Xin

433
522
483
4.4
5.62
5.04
3.73
5.02
485
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5.03
5.81
5.17
3.04
4,05
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485
5.15
6.21
5.03

4.34
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Xg
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4.1
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4.66
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5.33
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513
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3.36
5.28
5.24
5.38
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4.49
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3.48
5.24
5.67
6.57
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4,23
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547
287
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3.89
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4.28
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3.65
5.89
529
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4.09
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2.69
4.02
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4.33
5.32
5.55
3.60
5.50
424
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3.29
3.86
3.8
5.36
518
5.02
6.06
3.92
4.00
3.39

4.86
a.17
4.95
6.33

522
4.09
4.89
5.05
3.67
7.23
4.94
430
5.75
6.38
5.36
6.54
5.93
5.28
3.94
5.88
4.40
5.02
5.68
5.33
6.53

5.13

4.27
3.91
4,31

737
6.31

4.23
4.77
5.61

5.76
3.50
2.58
3.88
6.55
524
5.03
3.97
4.16

6.03
517

523
5.68
4.30
431

3.28

4,10
5.83
4.34
4.01

6.08
6.38
4.1
257
3.55
5.08
4.42
4.92
4.97
6.14
4.48
572
4.91
4.62
5.53
4.97
4.48
439
5.75
3.62
5.75
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IHPAKTUYHE 3AHATTA Ne 3
BU3HAYEHHA 3AKOHIB PO3ITOALTY MACHUBIB
EKCIIEPUMEHTAJIbBHUX TAHUX

MeTta npakTUYHOI0 3aHATTA:

O3HallOMHUTHCS 3 METO/IaMU BU3HAUYECHHS 3aKOHIB PO3MO/IiTY MACHUBIB €KCIIEPUMEH-
TaJdbHHUX JAaHUX, HEMapaMmeTpuuHuM Kputepiem KommoropoBa-CMupHOBa, mpu3Haue-
HUM JIJI51 IEPEBIPKU TINOTE3U OJHOPITHOCTI ABOX TPYI JAaHUX.

3.1. OcHOBHI TeopeTU4Hi BitomMocTi

[Tpu 06poO11i JaHUX HEPIJKO BUHMKAE HEOOXITHICTh MEPEBIPKU T1IOTE3U OTHOPII-
HOCT1 JCKIIBKOX TPyH AaHUX, TOOTO piBHOCTI (GyHKIIH po3noAiury BuOipok. [Homi
OyBae HEOOX1HO MepeBIpUTH 30ir LIEHTPIB PO3MOALIIB (MeaiaH) abo OJHAKOBE PO3-
CIIOBaHHS JCKUJIBKOX BHOIpOK. MOKHA TaKOX MEPEBIPUTH MEBHI BIACTUBOCTI OJHI€T
BUOIpKU, HAMPUKIAJ BIAMNOBIAHICTG ii 3ajaHiil (QyHKINT po3moaily, TIIOTE3U PO
CUMETPII0, HE3AJIEKHICTD 1 OJTHAKOBHI pO3MO1T (OJHOPITHOCTI) UieHiB BUOIpku. Bei
111 TIMOTE3W MOXKHA TIEPEBIPUTH 3a JOTIOMOTOI0 HETTApaMETPUYHUX KPUTEPIiB.

butbmiicTh HEmapamMeTpUYHUX METOIB 3aCHOBAaHAa Ha BaplalliHOMY POy, SIKAW
OTPUMYEMO, SIKIIO YICHU MOYATKOBOI BHOIPKH PO3TAIIyBAaTH B TOPSIKY 3POCTAHHS:
X'1< X% <. <X

JIyist miepeBipKH OJAHOPIAHOCTI JBOX BHUOIPOK YacTO BUKOPUCTOBYETHCSI KpUTE-
piit KonmoropoBa-CMupHOBa, SIKMil 3aCHOBaHHMM Ha MOPIBHAHHI €MIIPUYHUX (PYHK-
I1H PO3IOILIIB.

Hexaii Fi,(X) — emmipuuna QyHKITIS pO3MOALTY BHITAIKOBOI BEIMYMHU X, MTOOYIO0-
BaHa 1Mo BUOIpI X1 < Xz < ... < Xp 1 F2n(X) — emnipuuna GyHKITIS pO3MOIIIY BHITAIKO-
BOi BeJIMUMHM Y, TOOy0BaHa o BUOIpHi Y1 < Vo< ... < Yy !

l n 2 0 1’ )(i SX
F =1, <x, I, = _
1n (X) = — ;1 W <X, a4 1 {0, % > x (3.1)

n 1, i—
FZn(X)ziglyisx, a4 |yi:{o1 3}’:); (3.2)

1 OOYHUCITIOIOTH BIICTAHI MK HUMU:
—+ .
Dp = max{F,(x) — Fon (X)};

1<i<n
Dy = max {F,, (x) ~ Fin (0X; (3.3)
D, = max (D, Dy).

JI1s IIIX CTATUCTHK BIJIOMI aCHMOTOTHYHI po3noaim. OOUnciieHi 3HaYeHHS

z, =D, (~n +0,275 0,04 /+/n), (3.4)
27 =D (Jn +012 +011/n) (3.5)

: ~ . o)
MTOPIBHIOIOTH 3 KPUTUYHUMHM 3HaueHHAMHU cTaTUCTUK Ctedenca D,(q) 1 Dn' '(4)  mis
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JEKUIBKOX PIBHIB 3HAYYIIOCTI (, MpUBEACHUX B Ta0I. 3.1.
Taomumg 3.1
PiBenn 3HauymocTi q
0,010,025 0,05| 0,10| 0,15
D) | 1,518 1,358 1,224 1,073 0,973
Dn () 1,628 1,480 1,358 1,224 1,138

[pu z,>05,@ abo z;7'>Dn(d) rimoTe3a mpo OJHOPIAHICTE ABOX BHOIPOK HA PiBHI
3HAYYIIOCTI ( BIAXUIISETHCS.

[Tpu BukopuctanHi kputepito Koamoroposa-CMupHOBa KOPHCHO TaKOXX HaKpecC-
Ut rpadiku emmipudHux QyHKIIN Fi, 1 Fon, SK1 103BOJISIOTH BUSIBUTH OCOOIMBOCTI
BUOIPOK.

o nepesar kputepito KoamoropoBa-CMupHOBa MOXHaA BIJTHECTH Te€, 110 B pasi
BIJIMIHHM CTIPABKHBOTO PO3IMOALTY BUOIPKU BiJ TIOTETUYHOTO 32 JOIMOMOTOIO IIHOTO
KPHUTEPi0 Taka BiAMIHHICT Oyne BusBIcHa (MPU JOCUTHh BEIMKOMY YHCIY CIOCTE-
PEKEHB N).

[Mpuknaa. IlepeBipuTH TiNOTE3y OAHOPIAHOCTI ABOX BHOIPOK X=[X1,X2...,X10] H
Y=[y1,Y2...,Y10], mpuBeaeHUX B TaOMII. 3.2 .

Tabmus 3.2

X

4,14

5,68

5,20

3,86

4,31

4,93

5,91

3,75

4,40

4,51

Y

5,98

6,76

6,42

5,65

5,98

5,10

0,50

3,74

4,72

5,34

Po3zramyemo

YJICHHU

MOYaTKOBI1

BUOIpDKH B

MOPSAIKY

X1 <X <. <Xon Y1 LY <. LY'1p 1 mpuBeaemo ix B Tabi. 3.3.

3pOCTaHHS:

Taomung 3.3

X

3,75

3,86

4,14 | 431

4,40

4,511,493

5,20 | 5,68

591

Y

0,50

3,74

4,72 |1 5,10

5,34

5,65 | 5,98

5,98 | 6,42

6,76

Bincrani Mk eMmipudHAMEU (QYHKIISAMHA PO3MOALTY BUIAAKOBUX BelmuuuH Fin(X) i
F2n(X) npuBezeHi B Tab:1. 3.4.
3 1a61n.3.4 3Hauenns D, =0,4 uD,=0,2. Otpumaemo y BianosigaHocTti 3 (3.4) 1 (3.5)

3sHaueHHa z,=1,323 u z,=0,6617. Ilpu pieHi 3Hauymocti =0,05 z,<D,(q) 1
2, <D (q), IO MATBEPHKYE OTHOPITHICTD ABOX IPYIT JAHUX.
Tabmuns 3.4
X F1n(X) Fan(X) Fin(X) -
F2n(X)
0,5 0 0,1 -0,1
3,74 0 0,2 -0,2
3,75 0,1 0,2 -0,1
3,86 0,2 0,2 0
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4,14 0,3 0,2 0,1
4,31 0,4 0,2 0,2

4.4 0,5 0,2 0,3
4,51 0,6 0,2 0,4
4,72 0,6 0,3 0,3
4,93 0,7 0,3 0,4

51 0,7 0,4 0,3

5,2 0,8 0,4 0,4

5,34 0,8 0,5 0,3

5,65 0,8 0,6 0,2

5,68 0,9 0,6 0,3

591 1 0,6 0,4

5,98 1 0,7 0,3

5,98 1 0,8 0,2

6,42 1 0,9 0,1

6,76 1 1 0

3.2. llopsiiok BUKOHAHHS 3aBJAHHSA NPAKTHYHOTO 3aHATTHA

1. IIpoBecTu mepeBipKy TiNOTE3W MPO OJAHOPIAHICTH ABOX IPYI JaHUX, MPEACTaB-
JIEHUX JBOMA BapiaHTaMU 3aBJIaHHs B Ta0JI. 3.2.

2. 3po06iTh BUCHOBOK IO OTPUMAaHUX pe3yybTaTax.

3.3. KOHTpOJIbHI 3aniMTaHHS

1. V yoMy nonsirae pi3HuL MK NapaMeTpUYHUMHU 1 HEMapaMeTPUYHUMHU METO/1a-
MU 00pOOKH JaHUX?

2. Sk mpoBOIUTHCS TEepeBipKa TiNOTe3H MPO HOPMaJIbHHUI 3aKOH PO3MOJIITY MTOMHU-
JIOK BUMIPIOBaHb MO KpUTEpito W?

3. SIx mpoBOAUTHCS TIEpeBipKa OHOPIAHOCTI ABOX BHOIpoK mo kputepito Ilipcony
x*?
4. SIx mpoBOAUTHCS TIEPEBIPKa OJHOPITHOCTI IBOX BUOIpOK 1Mo Kputepito Komamo-
ropoBa-CMmupHOBa?

5. SIK mpOBOAUTHLCA MEPEBIpPKa OAHOPITHOCTI JBOX BUOIPOK MO KPUTEPISIX 3HAKIB 1
cepiit?

6. SIk mpoBOAMTHCS TEpeBipKa OAHOPIAHOCTI JBOX BHUOIPOK MO PAHTOBUX KpUTE-
pisix Manna-YiTHi 1 Binkokcona?

7. SIk mpoBOAUTHLCS MEPEBIpPKa OJHOPITHOCTI JBOX BHOIPOK MO PAaHTOBOMY KpPHUTE-
pito Cmxena-Trioku?
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ITPAKTUYHE 3AHATTA Ne 4
OCHOBMU IIVTAHYBAHHSA EKCIIEPUMEHTIB

MeTa npakKTHYHOTO 3aHATT:
O3HallOMHUTHCSI 3 OCHOBaMH IUIaHYBaHHS E€KCIICPUMEHTIB Ta MPOBEACHHS Oararto-
(aKTOpHUX EKCTIEPUMECHTIB.

4.1. OcHOBHI TeopeTHYHi BiIOMOCTI

4.1.1. OcHOBHi NOHATTS i BU3HAYEHHS

ExcnepuMeHT — CyKymHICTH omepaliii, mo 3741HCHIOIOTECS Haa 00'€KTOM JOCIHi-
JDKEHHST 3 METOI0 OTpUMaHHss 1H(popMallii mpo Horo BiaacTUBOCTI. ExcriepuMeHrt, B
SAKOMY JIOCIIIJTHUK Ha CBIM PO3CY]l MOXKE 3MIHIOBAaTH YMOBHU HOTO MPOBEACHHS, HA3U-
BA€ThCSA aKTUBHUM EKCIEPUMEHTOM. SIKIIO JOCIITHUK HE MOXKE CaMOCTIHHO 3MIHIO-
BaTH YMOBH HOT0 MPOBEJECHHS, a JIUIIE PEECTPYE iX, TO 1€ TACUBHUM €KCIIEPUMEHT.

Bxinni mapameTpu, ki MOXKYyTh OyTH 3MiHEH1, HA3UBAIOTh (DAKTOpaMH.

[TnaH ekcrepuMeHTy — CYKYITHICTh JaHUX, 110 BU3HAYAIOTHh YUCJIO, YMOBH 1 TIOPSI-
JIOK TIPOBEJICHHS TOCTIIIB.

JHociig — e okpeMa eKCliepuMeHTalbHa YaCTHHA.

[InanyBaHHSI €KCIEPUMEHTY — BUOIp IJIaHY €KCIIEPUMEHTY, 10 3aJ0BOJIbHSE 3a/a-
HUM BHMOTaM, CYKYIHICTb Jiil CIPSIMOBAaHUX Ha PO3POOKY CTpaTerii eKCIepuMEHTY-
BaHHS (B1 OTPUMaHHs amnpiopHoi 1H(oOpMaIii [0 OTpUMaHHSA Npare3JaTHOl
MaTeMaTU4yHOi Mojeni ado BU3HA4YCHHS onTHUMaibHuX yMmoB). Lle minecnpsmoBane
YIPaBIIIHHS €KCIIEPUMEHTOM, IO PEalli30BYETHCS B YMOBAX HEMOBHOTO 3HAHHS Me-
XaHI3MY SIBUIIIA, III0 BUBYAETHCS.

Mera 1utaHyBaHHSI €KCIIEPUMEHTY — 3HAXOJHKEHHS TaKUX YMOB 1 MpaBHJI MpPOBe-
J€HHS JOCHIAIB, TIPH SIKUX BIAETHCA OTPHMAaTH HAIIMHY 1 JOCTOBIpHY 1H(OpMaIiito
po 00'€KT 3 HAMMEHIIIMMH BUTpaTaMu TIpaili, a TAaKOXX MPEJICTABUTH 1110 1H(OpMAITito
B KOMITAKTHIH 1 3py4HIii (OpMI1 3 KUIBKICHOIO OI[IHKOIO TOYHOCTI.

Xaif B1acTuBIiCTh Y 00'€KTY, 110 IIKABUTh HAC, 3aJICKUTH B JEKUIbKOX (N) He3a-
JEKHUX 3MIHHUX (X1, X2 ., Xn) 1 MU XO4eMO 3'sCyBaTH XapakTep LI€i 3aJeKHOCTI —
Y=F(X1, X2 ., Xn), IPO SIKy MU Ma€MO JIWIIIC 3arajibHe ysABJIcHHS. Bemnunna Y Ha3uBa-
€TBCA “BIATYKOM”, a cama 3aliexkHicTh Y=F(X1,x2 ., Xn) — 11e “QyHKIIS BIATYKY .

JInst o0y 10BU €PEeKTUBHOT MaTeMaTHYHOT MOJIEJ1 IOIIJILHO TTPOBECTH MOMNEPETHIN
aHaii3 3HauymocTi ¢akTopiB (MipH BIUIMBY Ha (YHKIIIIO), iX paHXUPYBAHHS 1 BU-
KJIFOUUTH MaJlo3HAYH1 (haKTOPH.

Jianazonu 3MiHU (PaKTOPiB 3a1aI0Th 00JACTh BU3HAYEHHS Y. SIKIIIO MPUIHATH, 110
KOXKHOMY (DakTOpy BIAMOBIa€ KOOPAWHATHA BICh, TO OTPUMAHUN MPOCTIp HA3UBa-
€ThCsl pakTOpHUM TIpocTopoM. [Ipu N=2 o6macth BUu3HA4YeHHS Y MPEACTABISIE COOOIO
MPSMOKYTHUK, TIpu N=3 — KyO, ipu N >3 — rinepkyo.

[Tpu BuOOPi miamazoHiB 3MiHM (HAKTOPIB MOTPIOHO BPaXOBYBATH iX CYMICHICTH,
TOOTO KOHTPOJIIOBATH, 1100 B IUX JAiana3zoHax Oy/b-sKi MoeaHaHHS (aKkTOpiB MOXKHA
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OyJio peayli3yBaTu y JOCHIax 1 e He MpUBOAMIO A0 abcypay. s KoxkHOTro 3 (hak-
TOpiB BKa3yIOTh TPAHUYHI 3HAYCHHSI
X, <X, <X i=1.n (4.1)
Perpeciiinuit anani3 ¢GyHKIIi BIATYKY NPU3HAYEHUH A1 OTPUMaHHS ii MaTeMaTuy-
HOT MOJICJI Y BUTJISIII PIBHSHHS perpecii
Y = F(X,, X0, X,B,,B,,..., B,) + €, 4.2)
ne Bi,..., Bm — nesxki koedimieHTH; e — moxuoka.
[Ipu BuKOpUCTaHHI METO/IIB IJIAHYBAHHS €KCIIEPUMEHTY HEOOXiTHO 3HANUTH BIIMO-
Bil HA 4 TATAHHA:
« ki moemHaHHS (HaKTOPIB 1 CKUTBKK TaKUX MOEIHAHD HEOOX1THO Y3SITH ISl BU-
3HaYeHHS (YHKIIT BIATYKY?
o Sk 3maiiTu xoedimientu By, B1 ., Bn?
e SIK OIIHUTH TOYHICTH NMpEACTaBICHHS QYHKIIIT BIATYKY?
e SIk BUKOPHCTOBYBAaTH OTPUMAaHE YSBJICHHS JJI MMOIITYKY ONTUMAJIbHUX 3HAYEHb
Y?

imax !

4.1.2. Po3kanaganns GyHKUII BiATYKY B cTeneHeBUil Psiji, KOAYBAHHS (PAKTO-
piB

SAxmo 3a3ganeriib He BIAOMUN aHATITUYHUN BHpa3 GYHKIT BIATYKY, TO MOXKHa
po3risaTi He caMmy (YHKIIIO, a 1 pO3KJIaJlaHHs, HApUKJIaJ B CTEIECHEBUHN psl y
BUIISAA1 OJIIHOMA
Y=Bo+BX1+.+B X+ B2 X1.Xo+ ... +Bnn-1Xan-1+BllX12+. +Bnan2+... (43)

Posknamannst GyHKIND B CTETICHEBUI P MOXKIMBO B TOMY BHMAJAKY, SIKIIO cama
(GyHKLIS € HemepepBHOIO 1 riaakor0. Ha mpakTuii 3a3Buyail 0OMEXYIHOThCS YUCIOM
YJIEHIB CTENIEHEBOTO PsIy 1 aTPOKCUMYIOTh (DYHKIIIO TTOJIIHOMOM JAESIKOT MIPH.

dakTopu MOXKYTh MaTH pi3H1 po3MIpHOCTI (4, B, B,) 1 3Ha4HO BIAPI3HATUCS KLJIb-
KICHO. Y Teopii IJIaHyBaHHS €KCIIEPUMEHTY BUKOPUCTOBYIOTh KOTyBaHHS (haKTOPIB.

[{s omepariis mosisrae y BUOOP1 HOBOTO MaciiTaly Juisi KOJOBaHUX (DakTopiB, MpH-
4oMy TaKoro, mo0 MiHIMaJbHEe 3HAUYCHHs KOJIOBaHMX (haKTOpiB BiAmoigano “-17, a
MaKCHUMaJIbHe 3HaUYCHHS “+1”, a TaKOXK B IIEPEHECEHHI MM0YaTKy KOOPJIMHAT B TOUYKY 3
KOOpAUHATAMHU X1cp, Xocp -, Xnep

X o+ X
Xiﬁé — ZNimin imax (44)
2
IloTouHe 3HAUYEHHA KOJIOBAHOI'O (baKTOpa
X = Xi—Xip  Xi=Xip _ 2X; = Ximax = Ximin . (4.5)
X X X X X X

icp — Mimin imax — “Nicp imax — ““imin
ne Xi — imeHoBaHe (a0COJIIOTHE) 3HaUeHHs (hakTopa; Xi — KOJOBaHE 3HAYCHHS (haKTo-
pa; Xicp=Ximin =Ximax-Xicp - IHTEpBaJ BapitoBaHHs (aKTopa.

OyHKIIS ~ BIATYKY MOXe OyTH BUpakeHa 4Yepe3 KoJoBaHi  (akTopu
Y=f(X1., xn) i 3arucana B MOJIHOMIAIBHOMY BHUIJISI I
Y=bo+b1x1+b2xz+.+bnxn+b12x1xz+.+bnn-1xn-1xn+b11x12+.+bnnxn2+. .. (46)

OueBunHO, 110 Bi#bi, Ta




MIHICTEPCTBO OCBITH I HAYKU YKPATHU ®-20.09-

KuroMupcebKa JEPKABHHUM YHIBEPCUTET «KUTOMHUPCBHKA MOJITEXHIKA» 05.02/2/G6.00.1/M/OK9-1-
noJiTexHika Cucrema ynpasiinns sikictio ICTY ISO 9001:2015 ta ICTY 1SO 21001:2019 2026
Bunycxk 1 | 3minu 0 | Exsemnaap Ne 1 Apk 56 24

Y=F(X1., Xi., Xn)= f(X1. Xi., xn). 4.7)

Jlns mosiiHoMa, 3aIMcaHoro B KOJ0BaHUX (paKTopax, CTYIIHb BIUIMBY (hakTopa abo
iX moeaHaHb Ha (YHKIIIIO BIAT'YKY BH3HAYAETHCSA BEIMYMHOO 1X Koedimienta bj. J{is
MoJiiHOMa B IMEHOBaHMX (haKTOpax BeNWYMHA KoedilieHTa Bj 11e He BKazye OJHO-
3HAYHO Ha CTYIIHb BIUIMBY I[HOTO (akTopa abo iX MoeaHaHb Ha PYHKIIIO BIATYKY.

SIK1o BBaXKaTH, 110 iICHYE (hakTopa Xo 3aBXKIAHU piBHUH 1, TO

by +byX + 0%, + ..+ b X, =boXg +bx +..+bx, =D bx . (4.8)
i=0

SAxk110 104aTKOBO BCI MOJIBiiHI, MOTPiHHI 1 TaK Aaii MoeaHaHHS (AKTOPIB, a TAKOXK
KBaJpatu (GaxkTopiB 1 BCi BiMMOBiMHI iM Koe(illieHTH MO3HAYUTH 4epe3 xj 1 bj mms
I=n+1 ., m, To cTeneHeBUH PSJT MOXKHA 3aITUCATH Y BUTIISAII

m

Y =>hbx. 4.9)
i=0
B nanomy Bunaaxy m+1 — 3araigpHe 4HCIIO JOJAHKIB PsIy.
4.1.3. MarpuuHi

eKCIIepUMEHTY
[Ipn mMaTpuuHOMY 3amucl pe3ynbTariB pi3HUX AOCHIAIB N I MONMIHOMIAIBHOTO
m

NepeTBOPEHHA npu 00poOowi pe3yJbTaTiB

IPEICTABIEHHS PE3YIBTATY Y, = > bx,,
i=0

Y=X-B;
ne: X - MaTpulls oegHaHb YNHHHKIB
Xor Xyq Xpp ooe Xjpooo X

MaTUMEMO PIBHSHHSA

(4.10)

ml

Xga Xa1 Xgp e Xip on X

B manomy Bumaaky 0,1,...,1,...,m — HOMepH modaHKiB piBHsHHS; 1,...,U,...,N — HO-
MepH gociiaiB. Matpuiisg X — npsaMokyTHa 1 MicTuTh M+1 cToBmitiB 1 N psakis.

Sxkiio BpaxyBarty, 10 B MaTpHIll X eJIeMeHTH X, =1, U=1,...,1m1, To MaTpuili X, Y, B
MOKHA 3aUCcaTH y BUTJISAI1

1 Xll X21 " Xil * Xml yl
1 X21 X22 ' Xi2 ' sz y2
X o[ 1 v = , B—
1 Xlu X2u . Xiu . Xmu yu b ' (411)
1 XlN XZN XiN * XmN yN
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ne: Y — MaTpulsi-CTOBIEIb Pe3yIbTaTiB A0Ciay, B — MaTpuIi-cToBnens koedirieHra
MOJIIHOMA.

IToMHOXHMO iBY 1 ipaBy yacTuHy piBHAHHA (4.10) Ha TpaHCTIOHOBAHY MAaTPHIIIO

Xt
X, -X-B=X,Y. (4.12)

Martpuis C = X¢ X, 1110 oTprMaHa B pe3yJibTaTl MHOKEHHSI Ha TPAaHCIIOHOBAaHY Ma-
TPUIIIO, € KBAJIPATHOIO MATPHUIICIO, IO MICTUTh M+1 psiaKIB 1 M+1 cTOBMIIIB.

3anumemo (4.12) y Burisiai:

C-B=X,-Y. (4.13)

g Toro, mo6 OTpUMAaTH B 3arajiIbHOMY BHUTJISAI MaTPHUIIO-CTOBIEIb KOE(IIlieH-
TiB, HEOOX1JHE TTOMHOXXUTHU OOHJIBI YaCTUHU MaTpuyHoro piBHSIHHS (4.13) 37iBa Ha
matpuio C! (Marpumio, 380potHy Marpuui C).

C*C-B=C™"-X,-Y. (4.14)

3BopoTHA MaTpullsl OyAy€eThCS Tak, IO MPU MHOXKEHHI 1i HAa TTOYATKOBY MaTPHIIIO
BUXOJMTh OJUHUYHA MaTpulsd E, y gKOi Ha TOJIOBHIM JlaroHaji po3TamoBadi 1, a
no3a Hero — 0.

10..... 0
C e 0 1o 0
N“-N=E= : (4.15)
[0 I 01
3anuiieMo B 3arajJbHOMY BHUIJISIZII MATPUIFO-CTOBIEIh KOS(DIIIEHTIB MOJIiHOMA
B=C™"-X,-Y. (4.16)

PosrnsHemo, sik IpOCTHIA IPUKIIa, OTIHOM Y BUTIISIIL:
Yu=boXo+tbiXy; Xo=1; u=1,.., N; (4.27)
aKui chopMoBaHOro 3a pesyiapraramMu N 1ociiaiB.
X,

1x,| [N ... ZN:XU

1..1..1] ...
C=X,-X= : S T . (4.18)
Xy Xy X, Xy | X, . N
..... DX ) Xe
1XN u=1 u=1
Y1
Yz &
11.1..11].. UZ:;‘y“
Xt.Y:xx X x| 1y ||
1722t N u
XYy
..... %
Yn

3soporna marpuusg C! niag marpuni C mae BUTIsAL;
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N ) N
1 Xy - Z Xy
-1 u=1 u=1
C= 51w , (4.19)

->%x, N
u=1

ne D — Bu3naunuk matpuri C.
Ha ocHogi Bupa3y (4.16) orpumaemo:

N N N N N N N
fo -ZXU zyu 1 Zyu'zxj_zxuyu'ZXu
B _ C71 . Xt Y _ u=1 u=1 u=1 _ u=1 u=1 u=1 u=1 ]

N

_ il T NN N N N
Y% N, NZXUZ—[ZXU] AR ELIRS?
u=l u=1 u=1 u=l u=l u=l

u=l

L
D

3BijIcH BUPIIICHHS CUCTEMH PIBHSHB 1010 KoedimmieHTiB Do 1 D1

N N N N
RN EDRBEDI
bO — u=l uT\ll u=1 u=1 ’ (420)
N> xZ -
u=1

2~

N N N
N YX, =D V- D X,
b, = —=— e (4.21)
N> xi - xuj
u=1 u=1

Ileit pe3yabTar MOBHICTIO 30ITa€THCA 3 CIIBBIHOMICHHSIMH ISl TAKOTO K IOJIHO-
Ma MPU BUKOPUCTAHHI METOJy HAaWMEHIIUX KBAaApAaTiB, i€ BUKOPUCTOBYETHCS YHCE-
JBHUN TMOKAa3HUK MIHIMAJIBHOCTI CyMH KBaJpaTiB BiaxuieHb y Bcix N mociigax.
Otxe, moOyI0BaHUM TaKUM YHMHOM TMOJIIHOM Oyje HaOUIbIl OJU3BKHUM 10 TOYHUX

3HAYCHb PE3YJIbTaTIB EKCIICPUMECHTY.
Enementn BexTopa B matpuunoro piBHsHHS (4.10) MokHA 3HANTH, BUKOPUCTOBY-

toun nporpamy MATLAB.
3anuiieMo mporpamy Hnouryky koedimieHTiB b B HACTYyITHOMY BUTJISII

$3HaxomxeHHa koe(dllUleHT1B PLlBHAHHSA perpeciil
function kregres

X=input ('BBeniTh3anpoBalXynTe 3HAUEHHH MaTpMI 1
X[o.01")

Y=input ('BRemiTb3anpOoBaIXyMTe 3HAUEHHS TPAHCIOHOBAHOTO
BekTOpa Y[...]")

$383HaXOIXEeHHS 3BOPOTHOL MaTpMIll

D=inv (X'*X) ;

$3HaxOIXeHHSa koebllleHT1B PilBHAHHA perpecil
B=D*X'*Y"';

B=B';

$3HaAXOIXXEHHS UWMPUMHU MaTpuili X
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n=length(X(1,:));

disp ('BuBeneHHsa koediluieHTiB piBHAHHSA perpecii')

for j=1:1:n

i=3-1;

b=B (j) ;

disp(['b' num2str (i) ' = ' num2str(b)])

end

disp ('BuBeneHHH OOUMCJIJIEHUXOOUMCIISATHU 3HAUEHb BiOTYyKY
Y (Yv) ')

Yv=(X*B')'

disp ('BuBemeHHsa pPisHMII1 BHaAUueHb EKCIEPMMEHTAJIbHOTO Bim-—
YKy 1 obumciyieHorooOuucyaaTu')

DE=(Y'-Yv"'")"

Haenemo npukiaa 3HaXoKeHHS KOe(ili€eHTIB HACTYITHOTO PIBHSHHS perpecii:
y=bo + bix1 + boXa + bioXaxa + b1gxi? + boXo?,
JU1st 3py4HOCTI OOUHCIIEHb EPENUIIEMO 1I€ PIBHAHHS Y BUTIISAI1
Y= boXo+ b1Xq + DoXo + DaXz + DaXs + bsXs,
Ie: Xa=X1Xo2, Xa=X1%, X5=Xo°.
3anuiieMo pe3yibTaTh J0CaiaiB B Ta0m. 4.1.

Tabmmus 4.1
U | Xo | X1 | X2 | X3 | Xa | X5 | y’ y y-y
1 1 1 1 /1 /1)1 /104(10,1889|0,2111
2 1 /-1]1(-1]1]1 |22 2088 |0,1111
3 |11 1 /-1]-1/1]1 |02 |02222 |-
4 11 |-1,-1/1 |1 |1 /|-20/[-18778 |-
5111010, 01]0] 007 05222 |0,1778
6 | 1 1 /001 ] 0|39 /40889 |-
7 110 1 10,0 1 |48 [51222 |-
g 1 1/-1/0,0(1]0]-10/-1,0111 |0,0111
9 11 0[-1]101]01] 1 (-17]-18444 |0,1444

PesynbraTit 004HCIIeHb 3a MPOrpamMoro Kregres HaBoauMo HHXKYE.

kregres

BBeniTh 3HaueHHS MaTpuui X[...][1 1 1 1 1 1
1 -11-111

1

1
1
1
1
1
1
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1 0-10017];
BBeniTb 3HAUEeHHS TPAHCIIOHOBAHOI'O BekTopa Y[...][10.4
2.2 0.2 -2 07 3.9 4.8 -1 -1.7]
BuBenmeHHsa koedilll€eHT1B P1lBHAHHA perpecil
b0 = 0.52222
bl = 2.55
b2 = 3.4833
b3 = 1.5
bd = 1.0167
b5 = 1.1167
BuBenmeHHsS OOUMCJIEHMX SHaueHb BIiAOTyKy Y (YV)
Yv =
10.1889 2.0889 0.2222 -1.8778 0.5222
4.0889 5.1222 -1.0111 -1.8444
BruBemeHHS pP13HMI1 BHAUEHb E€KCIEPUMMEHTAJIbHOTO BlAOTYKY 1
OOUMCIIEHOT'O
DE =
0.2111 0.1111 -0.0222 -0.1222 0.1778 -
0.1889 -0.3222 0.0111 0.1444

3anecemo B Ta0i. 4.1 004MCIEeH] 3HAYEHHSI BIATYKY 1 PI3HUIIO MIX pe3yJbTaTaMu

IIOCJ'IiIIy Ta OOYMCIICHUMH 3HAYCHHSIMHU.

4.2. Ilopsiiok BUKOHAHHS 3aBAaHb MPAKTUYHOI0 3AHATTS
1. 3naiiTi KoeIIi€HTH PIBHSHHS perpecii HACTYITHOTO BUTIIAY:

y=bo + bixy + boxo + bioXixo + b11X1% + DoXo?

BIJIMOBIAHO /IO BapiaHTy 3aBAaHHSA MO Ta0d. 4.2. 3HaUueHHS X I ekcrepuMeHTiB U
... Ug 6epytbcs 3 Tabm. 4.1 y BIAMOBIIHOCTI 3 BapiaHTOM 3aBJIaHHS.

2. 3po0UTH BHCHOBOK MO OTPUMAaHUX PE3yJIbTaTax.

4.3. KOHTpOJIbHI 3anIMTAHHS

1. ¥V yomy nouisirae mpoieaypa NaCUBHOTO €KCIIEPUMEHTY?
2. Y yoMy noJsisirae npoueaypa akTUBHOTO EKCIIEPUMEHTY ?

3. o Take ry1aHyBaHHS EKCIEPUMEHTY ?

4. Slka MeTa nJIaHyBaHHS €KCIIEPUMEHTY?

5. SIx mpoBOIUTHCS KOMyBaHHS (HakTOpiB?

6. YV sikoMy BUTJIS/1 3aMIUCY€ThCs QYHKIIS BIATYKY?
7. SIx 3HaxomaThCs KoediieHTH PyHKITIT BIATYKY?
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Taomung 4.2
Ne u y’ Nes u y’ Nes u y’ Nes u y’ Ne u y’
1 9,7 1 7,7 1 6,9 1 57 1 7,5
2 12 2 0,9 2 0,8 2 -1,1 2 -0,5
3 (34 |g |38 (02 |11 [3 [04 |16 [3 [16 |91 [3  [19
4 -0,6 4 -3,3 4 -2,7 4 -2,3 4 -2,2
5 2,1 5 0,7 5 0,6 5 0,5 5 13
6 6,1 6 3,9 6 3,8 6 3,3 6 4,6
7 4,3 7 3,7 7 3,2 7 2,2 7 3,2
8 -0,3 8 -1,1 8 -1,4 8 -2,1 8 -1,7
9 0,6 9 -2,3 9 -1,7 9 -0,8 9 -0,5
1 7,4 1 55 1 9,5 1 7.4 1 7,2
1,1 15
3,5 -2,4
7 12 -0,59 | 17 0,4 22
2,02 3,3
6,09 2,1
4,46 2 -
-0,21 0,6
0,52
2 1,1 2 -0,9 2 1,4 2 -0,7 2 0,6
3 0,1 3 1,3 3 3,3 3 2,1 3 0,5
4 -3,5 4 -2,2 4 -0,5 4 -2,2 4 -2,6
5 0,6 5 0,3 5 1,8 5 1,3 5 0,5
6 4,1 6 3,5 6 6,3 6 4.4 6 3,8
7 3,5 7 19 7 4.3 7 3,4 7 3,1
8 -1,3 8 -2 8 -0,1 8 -1,7 8 -1,1
9 2,1 9 -0,5 9 0,4 9 -0,3 9 -1,8
1 6,8 1 7,2 1 8 1 10,1 1 59
15 1,1
-2,4 3,5
8 0,4 13 18 -0,59 | 23
3,3 2,02
2,1 6,09
2 - 4,46
0,6 -0,21
0,52
2 0,7 2 -0,5 2 0,7 2 0,9 2 -1,3
3 0,6 3 1,7 3 0,3 3 3,7 3 1,7
4 -2,9 4 -2,5 4 -3,1 4 -0,6 4 -2,6
5 0,7 5 1,1 5 0,8 5 2,2 5 0,5
6 3,4 6 4,8 6 3,7 6 59 6 3,1
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7 3,2 7 31 7 3,6 7 47 7 2,2
8 -1,3 8 -1,5 8 -1,1 8 -0,2 8 -2
9 -1,6 9 -0,5 9 -2,4 9 0,6 9 -0,7
1 5,6 1 7,5 1 7,8 1 7,1 1 9,6
1,5 1,1
-2,4 3,5
9 14 0,4 19 24 -0,59
3,3 2,02
2,1 6,09
-2 - 4,46
0,6 -0,21
0,52
2 -1 2 1 2 -0,6 2 0,8 2 1,2
3 1,4 3 0,3 3 2 3 0,4 3 3,4
4 -2,3 4 -3,4 4 2,1 4 -2,7 4 -0,7
5 0,4 5 0,7 5 1,3 5 0,6 5 1,9
6 3,4 6 4 6 4,5 6 3,7 6 6,2
7 2,1 7 3,8 7 3,3 7 3,3 7 44
8 -2 8 -1,4 8 -1,6 8 -1,1 8 -0,3
9 -0,5 9 -2,3 9 -0,4 9 -1,7 9 0,5
1 7,3 1 6,9 1 5,7 1 9,9 1 7,9
1,5 1,1
-2,4 3,5
0,4 10 15 20 -0,59 | 25
3,3 2,02
2,1 6,09
2 - 4,46
0,6 -0,21
0,52
2 -0,7 2 0,6 2 -1,1 2 1,1 2 0,8
3 1,8 3 0,5 3 1,6 3 3,6 3 0,2
4 -2,5 4 -2,9 4 -2,5 4 -0,5 4 -3,2
) 1,2 5 0,5 5 0,3 5 2,1 5 0,8
6 4,7 6 3,5 6 3,2 6 6 6 3,9
7 3,2 7 3 7 2,3 7 4,6 7 3,4
8 -1,7 8 -1,2 8 -2 8 -0,1 8 -1,2
9 -0,3 9 -1,8 9 -0,6 9 0,4 9 -2,1
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INPAKTUYHE 3AHATTA Ne 5
IINIAHYBAHHSA BATATO®AKTOPHUX EKCITIEPUMEHTIB

MeTta npakTU4YHOI0 3aHATTA:
O3HalloMUTHCS 3 MPOLIETYPOIO IPOBEACHHS OPTOrOHAJIBLHOIO IJIAHYBaHHS Oararto-
(aKTOPHOTO EKCIIEPUMEHTY.

5.1. OcHOBHI TeopeTHYHi BiIOMOCTI

5.1.1. OproronajibHe IVIAHYBAHHS eKCIIEPUMEHTY

Crpykrypa maTtpuili C Bifirpae BaxXJIUBY poJjb B peaiizalii airopuTMy BU3HAUYCH-
HSl KOe(PIIIEHTIB alpOKCUMYIOUOTO ToliHOMAa. CTpYKTypa 111€i MaTpulll 3aJI€KUTh Bl
BUOOpY 3HaueHb (axTopiB B N nocminax. Tomy 6axkaHo 0COOTUBUM YMHOM BUOUpATH
3Ha4YeHHS (PAKTOPIB B OCTIAaX.

Enement Cj Ha rosoBHi#t miaronami marpuii C (I-Tué psiok, I-TUH CTOBIICIH)
NPEACTABISETECA CYMOIO KBAJpaTiB 3HAUCHb I-TOTO CTOBMIS IMOETHAHBb (DAKTOPIB
Martpuii X B N mociigax

N
C,=Y X2, i=0,12,....m. (5.1)
u=1

EnemenTn MaTpuili CHMETpUYHO PO3TAIIOBAaH1 BIIHOCHO T'OJIOBHOI JllaroHal Ta pi-
BHI MK 00010, ToOTO MaTpuils C — cumeTpuyHa.
Cij:Cji, i,j:0,1,2, e, M, (5.2)
[Ipu npomy nepmmil 1HAEKC BKa3y€ HOMEpP CTOBIILS MaTpulll X, IPYrui 1HJIEKC —
HOMEp psIIIKa.
Toni

N N
Nij = 2 XuXju. Cji= 2 XjuXu (5.3)
u-1 u=1

11{06 icuysana marpuus C?, marpuns C posmipy (1+m; 1+m) mac 6yTu HeBHpO-
JHKEHOI0, TOOTO i1 BU3HAYHUK Ma€ OyTH BiAMIHHUHN Bix Hys. LIs1 yMoBa BUKOHY€EThHCH,
K10 Bci M+1 cToBmiii MaTpuil X miHiitHO He3anexHi. Kpim Toro, HeoOXimaHO, 100
YHUCJIO PI3HUX MO€EIHAHb PakTopiB B MaTpuill X (yucio gocmuifiB N) moBUHHO OyTH HE
mentie, Hix M+1. [g ymoBa BUXOAUTH 3 TOTO, 110 I BU3HAYEHHST M+1 koedirieH-
TiB MOJIHOMa HEOOX1THO HE MeHIIIe M+1 piBHSIHB (IOCTIIIB).

Otpumani koedimientu B no3BossaoTs chopmyBaTu piBHSIHHS (PYHKINT BIATYKY
npu M+1 dneHax piBHAHHS. SIKIO TOYHICTH IBOTO PIBHSIHHS BUSABHJIACS HEIOCTAT-
HBOIO, TO MOTPIOHO Y3SITH PIBHAHHS 3 BEJIMKUM YHMCJIOM YJIEHIB 1 MOYAaTH BCE 3aHOBO,
OCKUIBbKH BC1 KoedirieHTH B BUSABIAIOTHCS 3a7I€KHUMHU OJIMH Big ojHoro. Ile BuHuKae
IIpY BUKOPHUCTAHHI TACUBHOTO €KCIIEpUMEHTY. [IpoTe, AKIIO IijecupsMOBaHO BHKO-
PUCTOBYBAaTH aKTHUBHUN CKCIIEPUMEHT i OCOOJIMBUM YHWHOM ITOOYTyBaTH MATPHIIIO
noeHaHb (pakTopiB B Aociijiax X, TOOTO TIaHYBaTH €KCIIEPUMEHT, TO KOe(IilieHTH
MOJTIHOMA BHU3HAYAIOTHCS HE3AJIEKHO OJIUH BiJl OJTHOTO.
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Crparteris 3aCTOCYBaHHS IIJIaHIB TOJIATAE B IIPUHITUII TOCTYIIOBOTO TIJIAHYBaHHS —
IIOCTYITOBOTO YCKJIQTHEHHS Mojieii. [IourMHaOTh 3 MpOoCTOi MOJIENi, 3HAXOAAThCS IS
Hei Koe(dIIIEHTH, BU3HAYAIOTHCS il TOYHICTh. SIKIIO TOYHICTH HE 3aJ0BOJIBHSE, TO

TUTAHYBaHHS 1 MOJIENb MOCTYIIOBO YCKJIaHIOIOTHCS.

3amava mIaHyBaHHS TOJISTAE€ B TOMY, SK MOOyAyBaTH MaTpHIO X, 00 MaTpHUIlsd
C;; nerko obepranacs i1 koedimienTn B Bu3Hauanucs HezanexHo oauH Bix ogHoro. Li
BUMOTH BUKOHYIOTHCA, SIKIIO MaTpuils C; € AiaroHanpHOIO, TOOTO BCi ii eneMeHTH,

10 PO3TAIIOBaHI HE Ha TOJIOBHIM AiaroHai, 1OpiBHIOIOTh HYJIIO:
Ci=0; i#,;1,)=0,1,2,...m; (5.4)
abo
NOO 0 LY LY 0
0 Nj,..0 ... 0 (5.5)
q - e
0 0.. K, ..0
0 0..0..C.
Toni 3BopoTHA MATPUIL BU3HAYAETHCSA K
1 o0.0... 0
NOO
0 Nl .0 ... 0
" (5.6)
R = .
0O o ——...0
Nii
0 0..0.. —*%
Cmm

B upoMy BUMaaKy cucTteMa piBHSIHb pO3MaaeTbca HA M+1 He3anexHUX piBHSHb 1

KO€(]ilIEHTH MOJIIHOMA BU3HAYAIOTHCS SIK

13 i=0,1,2,....m.
bi=€Z(Xiuyu); T

i u=1

(5.7)

Sxio BpaxyBaTy, o Cii BA3HAYAETHCS SIK CyMa KBaIpaTiB 3HaYeHb (aKTOPiB

N
2
Ci= Z Xy
u=1
TO KOe(IIlI€EHTH BU3HAYAIOTHCS SIK

N
Z Xiu yu
=1

. u
b, = N
2
> Xiu
uU=1

Bumora Bukonanns ymoBu Cjj = Cji=0

(5.8)

(5.9)

MOJIATAa€ 'y BHUKOHAHHI YMOBHU
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N

XXy =0, (5.10)
=1

N
Z Xiuxju =
u=l

ne i, ] — Homepu cToBmmiB B Matpuiti X; 1, =0,1,2 ..., m; npu i # j.
Koxen croBmeir MaTpuili X MOXXHa MPEACTABUTH Y BUJISAII BEKTOpa
X

u

jl

X=Xl X=X, | (5.11)

N
Skmo, X;-X; =Y x,x;, =0, TO LI 03HAYaE, IO CKAIAPHUN JOOYTOK JBOX BEKTOPIB
u=1

Xi 1 Xj 1Op1BHIOE HYJIIO, TOOTO BEKTOPH Xj 1 Xj — OpTOTOHAJIBHI.

Ockibku Oyab-sIKUU CKaJSIpHUM JOOYTOK ABOX PI3HUX CTOBILIB B MaTpuill X Mae
JIOPIBHIOBATH HYJIIO, TO LISl YMOBA HA3UBAETHCA YMOBOIO OPTOTOHAIBHOCTI MATpUIIl X,
a BIAMOBI/IHE TJIaHYBaHHS €KCIIEPUMEHTY (BU3HAUYEHHSI MOEIHAHb (DaKTOPIB) Ha3UBa-
€THCSI OPTOTOHAJIBHUM IIaHYBaHHSIM.

Jliis oproroHaJibHOTO IanyBaHHs (rpu U=1,..,N)

ZN:xoniu :ZN:xiu =0. (5.12)
u=1 u=1

TakuM 4YMHOM, MpPU OPTOTOHAIBHOMY IUIAHYBAaHHI CyMa €JEMEHTIB OyIb-SKOIro
CTOBILS MaTpull X, OKpiM MEpHIOro, MOBMHHA JOpiBHIOBaTH Hyio. Lle mpaBuio
BUKOPUCTOBYETHCS MPH MOOYOBI MJIaHY €KCIEPUMEHTY, TOOTO SIK MOTPIOHO 3MiHIO-
BaTH 3Ha4YeHHs PakTopiB B pociigax. Lle mpaBmio mokasye, 110 B OPTOTOHAILHOMY
IJIaHyBaHHI MIPU MAPHOMY YHUCI1 PiBHIB, HA SIKUX (DIKCYETHCS KOXKEH (PakTop, i piBHI
MarTh OYyTH CHMETPUYHO PO3TAIIOBaHI BITHOCHO IeHTpanbHOI Touku x=0. [Ipu He-
MapHOMY YHCJII PIBHIB TOBUHHA BUKOPUCTOBYBATHUCS 1 HEHTPAJIbHA TOYKA.

5.1.1. lnann noBHOro hakTopHOoro excnepumenty 2" (ianu [NPE 2")

[Tnanu [1OE 2" € npoctumu mmaHamu nepiioro nopsaky. OcHoBa 2 o3Hayae, 110
MPUIHATO /1B PIBHI BapilOBaHHs, Ha SIKUX (PIKCYIOThCS (aKTOPHU, N — YUCIO YNHHU-
KiB.

Tt mnany IIOE 22 uncno daxropis piBHe aBoM (N=2) i umcio piBHIB (ikcamii
dakTopiB Takox 2. 3HaUYCHHS KOJ0BaHUX (hakTopiB BUOMparoThes y Burisiai +1 1 —1.
[ToBHE YMCIIO0 MOKIIMBHX MOEIHAHD 3HAYCHB N (PaKTOPIB (UMUCIIO TOCII/IIB, a 3HAYHTH 1
uncio paakis muany) N=22=4, CknagaeTscs MmaH, B SKOMY YHMCJIO CTOBIILIB YMHHHU-
KiB 1 X MMO€IHAHB IOPIBHIOE YUCITY JOJIaHKIB y piBHSAHHI. Tak /i piBHSIHHS

y =by + b X, +byX, + b, X X, + b X2 +byx2, m+1=6-(5.13)
[Tnaa TI®OE 22 mus 1poro PIBHSIHHSI TIPEICTABISIETHCS B HACTYITHOMY BUIJISII

(Tabm. 5.1).
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Taomurg 5.1
| 0 1 2 3 4 9)
—_ —_y2 2
u Xo X1 X2 X3=X1X2 | X4=X; | X5=X, y
1 | 1 [ 1] 1 1 1 1 [y
2 [1 1 [ 1] 1 1 1 [y
3 1 -1 1 -1 1 1 Y3
4 1 [ 1 1 1 1 1 |y,
N
X.
2% | 4 | o | 0 0 4 4

B nmepmomy crormi (i=0) y Bci 4oTHpu KoMipku 3aHOCAThCs +1. B apyromy ctos-
nii (i=1) 3aHOCATHCS OMUHMIN 13 3MIHHMMH 3HaKaMH (mmodnHaemo 3 -1). B mpomy
BUIIQJIKy CyMa €JIEMEHTY CTOBIILSI JOPIBHIOE HYJIO. TpeTiil CTOBIELb 3alIOBHIOEMO
OJIMHUIISIMU 13 3HaKaMH, 10 YepeayoThes uepes 2 enemeHTH. CyMma eIeMEHTIB TaK0X
JIOPIBHIOE HYJIIO.

EnemenTH cTOBIIIIB, BIAMOBIIHUX OOYTKaM (pakTopiB, OTPUMYIOTh HUISXOM Iie-
PEMHOXKYBAaHHSI €JIEMEHTIB MOMEPEIHIX CTOBMINIB. Take MpaBUIO JO3BOJIIE FapaHTy-
BaTH, 110 MU HE MPOITYCTUIIH >KOHOTO MOKJIMBOTO MOETHAHHS (PaKTOPIB B JOCIIIAX 1
B TOM ke 4ac He Oyjie MOBTOpeHb oHaKOBUX (pakTopiB. OcTaHHI ABa CTOBIMII (PaKTo-
piB, BIAIMOBIJIHI 1X KBajpaTaMm, MICTAITh TUIbku +1. CToBIII, 0OOBEACHI MOTOBIIEHOIO
PaMKOI0, YTBOPIOIOTh IUIaH ekcnepuMeHTy. CTOBIELb X1X2, HE OOBEIEHNUI TOTOBIIE-
HOIO PaMKOI0, ITPU MPOBEECHH1 JOCII/IB HOCUTh JOTIOMI)KHUW XapaKTep.

Oco6muBocti iany [1OE 2™

1. Pi3Hux cToBmiiB B Ta0ia. 5.1 Buiinuio guiie yotupu. CTOBIIII, BIMOBIIHI KBa/I-
pataMm (pakTopiB, HEBIAMITHI BiJ] CTOBIUS Xo, — L€ 3arajbHUN pe3ynbTaT AJIA IUIaHy
[1®E 2". I1e He M03BOJIsIE BU3HAYUTH OKpEeMO KoeillieHTH MpH KBagpaTax (akTopiB.
Tomy mnanu [IOE 2" HazuBaroTh maHaMu Mneprioro nopsanaky. s BuzHadeHHs Koe-
¢bilieHTiB pU KBagparax (paxTopiB BUKOPUCTOBYIOThH IUIAHHU JAPYToro mnopsaky. Ha-
nam B ruianax [IOE 2" crosmii kBampaTiB hakTopiB 300paxaTucs He OyAyTh.

2. Yucio pi3HUX CTOBMINB JIOPIBHIOE YUCITY PI3HHUX MOEAHAHB (DAKTOPIB, TOOTO UU-
ciy psiakiB miany — yuciy gochiaiB N. Ile Tex 3aranpHuii pe3ynbrar il [MUX Ia-
HiB, ToOTO 3a gomomororo IiaHiB IIDE 2" mokHa BU3HAUMTH BCi KOCIIEHTH
JHIMHOTO MOJIIHOMA 3 BCIMa MOYJIMBUMH MOETHAHHIMU (PaKTOPIB, BKIIOUAOYH KOE-
dimieHTr D12 n, MO BiAOOpaKalOTh MaKCHMaJIbHY B3a€EMOJII0 (AKTOPIB BHUIY
X1X2...Xn.

3. Y mnani [1OE 2" cyma kBaapaTiB €JIeMEHTIB Oy 1b-KOTO CTOBIIIIS

Yxe=2"=N"

3Bizcu Ha ocHOBI (5.7) nns naniB [TOE 2"
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N
Z Xiu yu
TN
Jns mnany IOE 22 yncno daxropis N = 3. Bukonyerses N = 23 = 8 nocuinis. Pis-
HSIHHS MOY€ MICTUTH J10 BOCbMU YJICHIB

y = by +0,X +b,%, + 0%, +by,X X, 0% X, + by, X, + B, X %, . (5.15)

(5.14)

TakuMm unHOM (POPMYETHCS TUTAH 3 BOCBMH PSIZIKIB 1 BOCBMH CTOBMIIIB. Y YeTBEP-
ToMy cToBIIi (1=3) 3aUCYIOTHCS OJUHUII 13 3HAKAMH, 1[0 3MIHIOIOTHCS Yepe3 YOTH-
pH CJIEMEHTH. [Tnan CKJIaJJa€ThCS noi0HO TUIaHy
[IDE 22,

5.1.2. [lnanm apyroro nopsiaAKy

[Inanu npyroro moOpsiaKy J103BOJISIOTH chpopMyBaTH (YHKIIIIO BIATYKY Y BHUTJISII
MOBHOT'O KBaJIPaTUYHOTO IMOJIHOMA, KUK MICTUThH OUIBIIIE YHUCIIO JOAAHKIB, HIK He-
MOBHUM KBaJPAaTUYHUN TOJIHOM, CHOPMOBAHHUI MO IUIaHAX MEPIIOTO MOPAAKY, 1
TOMY BUMAararoTh OUIBLIOTO YKCJIa BUKOHYBaHMX AOCHiAIB. [loBHUI KBaapaTuyHUU
MOJIIHOM TIpU N =2 MICTUTH 6 JOJIaHKIB

¥ = by +byx +b,X, + X, +b, XX, + b, X" +b,xZ, (5.16)
pu N =3 mictuTh 11 107aHKIB
Y =b, +b, X, +0,X, + 0%, +0,% X, + 03X X, +0,.%, %, + 517
DX X, + DX By, + D 647

Bigomo, mo st OTpUMaHHS KBaJIpaTUYHOI 3aJI€KHOCTI KOXKEH (PaKkTop MOBUHEH
(1KCyBaTHCS SIK MIHIMYM Ha TPhOX PIBHSX.

J1J1st IaHiB IPYToTo MOPSAKY 00J1acTh TIIaHYBAHHS MOJXKE:

« bytu npupoaHoi0, TOOTO BKIIFOYATH 00JIACTh MJIAHYBAHHS 7S TUIAHIB TIEPILIOTO
MOPSAKY 1 TOAATKOBI TOUKH (TakKi MJIaHU Ha3UBAKOTHCSI KOMIMO3UIIMHUME). Jlo1aTKOBI
TOYKH MOXXYTh BUXOJUTH 32 00JIaCTh IJIaHYy TIEPIIOTO MOPSAKY — OJMHUYHOTO TiIep-
Ky0Oa. B 11boMy BUMaAKy OCHIIA B HUX PEai3yIOThCSl IPU BCTAHOBJICHHI (PaKTOPIB 32
Mmexamu BapitoBaHHs. Lle Tpeba BpaxoByBaTH Npu BU3HAYEHHI 00JACTI CYMiCHOCTI
¢dakTopis.

o He BuxoauTu 3a MeXi OTMHUIHOTO TiIEepKyoa.

« He BuxoauTu 3a MeXi OTMHUYIHOT TIIEPKYITI.

Y apyroMmy 1 TpeTbOMYy BHIIaJIKaX BUKOPHUCTOBYIOTH CIIEIialIbHI MPUHOMH BUKO-
HaHHS MPUBEACHUX CIIBBIAHOIICHD B uiaHi. [1naH 3 oaHieo 00JacTIO MIIAHYBaHHS
MOHa Tepe0y1yBaTH B IIJIaH 3 1HIIIOK 00JIACTIO TUIAaHYBaHHS.

ko Bxe 0yB panie copmoBanuii mian [IDE, ane TouHIicTh Horo GyHKIT BijI-
T'YKy HE 3aJI0BOJIbHSE, TO MM MOXKEMO JT0OYJIyBaTH II€¥ TUIaH 10 IIaHy JPYyroro Io-
psaaky 1 copmyBaTH (GYHKIIIO BIATYKY Y BUTJISA1 TOBHOTO KBaJAPATUYHOTO MOJIIHOMA
6e3 BTpatu iHGopMaIllii mpo paHimie 3po0OJIeH1 TOCIIIH.
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5.1.3.  OproroHajnbHMii  EHTPAJbLHO-KOMIO3UIIHHUI TUIAaH  JAPYyroro
NOPSAAKY

Sk OyJ70 BU3HAUYEHO, OPTOrOHAIBHUM IJIAHOM HA3UBAE€THCS TAKHUM IJIaH, B IKOMY
MaTpulls MIaHyBaHHsS X OyayeThcs Tak, mio Marpuilst C=X;X € niaronansHo0. Buko-
pUCTaeMO 1€l miaxig 1 mpu moOyAoBi MIaHiB Apyroro nopsaky. [lnan Ha3uBaeTbes
LEHTPAJbHUM, SKIIO BCl TOYKHA PO3TAIIOBAHI CHMETPUYHO IMOAO UEHTPY IUIAHY.
OLIKII — opToroHanbHMiA EHTPATbHUI CUMETPUYHUN KOMITO3HUILIIMHUAN TUTaH.

Y OLKII Bxonsars: siapo — mian [IOE 3 Ng = 2" Toukamu tutany, No (01HA 1S 1IHO-
ro IUIaHy) IeHTpaibHa Touka tiany (X=0, 1=1,2,3, ... N) i mo ABi TOYKH I KOXKHOTO
bakTopy

X =t x,=0, i=l..n, j=L.n izj  (018)
1€ A— IJIeyue X TOUYOK.

3arasibHa KUIbKICTh TOYOK B miani OLIKII

N=2"+ 2n + n,, (5.19)
ne st OLIKII no=1.

ITpu n > 2 B OLKII meHma KigpKicTh TOUOK, HixK B maHi [IOE 3".  Ywucno To-
yok B mani s OLKII i II®E 32 mpu n Bix 2 10 6 gano B tabmn. 5.2.

Tabmums 5.2
n 2| 3 4 5 6
OLIKIT| 9] 15| 25| 43 77

H;Iﬁa o| 27| 81| 243 729

JIJist OpTOTOHANIBHOTO TUTAHY HEOOXI1THO, 100 BHKOHYBAJIOCS CIIBBIAHOIIECHHS
(5.12). 1le o3Hauyae HEOOXIAHICTH BUKOHAHHS BHUMOTH, IIOO CyMa €JIEMEHTIB Oy/b-
sikoro ctoBIs (okpiM j=0), BKIIIOYaIOYM CTOBIII, BIAMOBIIHI KBajpaTaM YMHHHKA,
Majia JOpIBHIOBAaTH HYyJ0. lle MOXIMBO, SKIIO €JI€MEHTUCTOBIIIIB, BIAMOBIIHUX
KBaJpatraMm (akTopiB, IEPETBOPEHI, IHAKIIE CyMa KBaAPaTIB (DAKTOPIB HE MOXKE AOPi-
BHIOBATH HYJIIO.

[TepeTBOpEHHS €J1E€MEHTIB ITUX CTOBIMIIIB 31HCHIOETHCS Y BUTJISIII

X, =X5, -4, (5.20)
1€ @ — BeJIMYMHA, 3aJI€KHa B1Jl yncia (HaKTopiB.
CyMa eneMeHTIB CTOBIILS, BIAMOBITHOTO KBajapaTaM (pakTopis

Xy =>(x},—a)= x}, -N-a=0. (5.21)

3BiAKHA

a=ui (5.22)

I
Zl—‘

VY OIIKII xoxeH (akTop GiKCyeThCS B 3araJbHOMY BUIAJIKY HA T'ATH PiBHAX (- -
1,0,1, +1).
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Jlns BU3HaUC€HHS HEBIOMUX “a” 1 “A” moTpiOHO chopMyBaTH 1 BUPIIIUTH CUCTEMY
3 IBOX piBHSAHBb. OJHE 3 HUX JJIA “‘a” MU 3alUcaly paHHeE. [HIlle pIBHIHHS OTPUMAEMO
3 YMOBH OPTOT'OHAJIBHOCTI JIJISl CTOBIIIIB X, 1 X, :

ZN:XQU -Xt, =Ny(l—a)’ —4a()* -a)+a’*(2n-4)+n,a’=0. (5.23)

[Ticas mpocTuX mepeTBOpeHb 3 ypaxyBaHHAM Toro, mo N=Ng+2n+ng — 3aranbHe
YHCIIO TOCII/IB B TUIaH1, OTPUMY€EMO CIIBBITHOILICHHS

2
%_za.szzo. (5.24)

N

CriBBigHOIICHHS JUIs @ TIpu =1, 2 a00 3 Moske OyTH 3amucaHo sK
N

2
X'u
Z;‘ M N2 2

N N
[TincTaBuBIwm Horo B piBHIHHS (5.24), oTpuMy€eMO

%—Za%az =0, (5.26)

(5.25)

a=

3BIJIKM KOHCTAHTAa MEPETBOPEHHS

a:\/E: nz—n (527)
N \/2 +2n+n,

Toni
2
No+2a” . _ [N, (5.28)
N N
1 TUIeYe TOYOK
/1:\/%( NN, —No). (5.29)
3nauenns napametpiB OLIKII npu uucii dakropis n npuseneHo B Tab. 5.3.

Tabmuis 5.3

2 3 4 5 6 7 8
1 1,21511,414 {1,596 | 1,761 | 1,909 | 2,045
0,667| 0,73 | 0,8 | 0,86 | 0,91 | 0,946 | 0,968
9 15 25 43 77 143 | 273

Z O |>|>

5.1.4. TlepeBipka  3HauymocTi KoedilieHTIiB  piBHAHHA  perpecii
i aIeKBaTHOCTI PIBHSIHHA €KCIIEPUMEHTY

JIJ1st OLIHKY 3HAYYIIOCTI KOS(IIIEHTIB PIBHSIHHS perpecii 1 mepeBipKu ajeKBaTHOC-
T1 PIBHSHHS €KCIIEPUMEHTY JOCUTDH MPOBECTU CEPII0 MapajebHUX JOCHTIIIB, BUKOHA-
HUX MIPH SIKOMYCh OJJHOMY MO€JHAHH1 (paKTOpIB.

Xaii B nentpi mnany (y Touxax (Xio0,X20) i (X10,X20,X30) mist [IOE 22 i 23 Bigmosin-
HO) TIpoBejIeHa cepist 3 M gociiaiB. Toai BUOIpKOBa AUCTHEPCIs BiATBOPIOBAHOCTI, 110
XapaKTepU3ye BILUTMB BUNAJAKOBUX (AKTOPIB, TOPIBHIOE:
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m

o \2

E (Yio = Yo)

2 i-1
Seocnp = m—1 y (530)

ae Yuo — pe3yabraT U-ro gocaiay (1 = 1,2, m), Y, — CEPEIHE 3HAYCHHS cepii ToCiiB.

VY MmaremaTuyHiil CTaTUCTHI JTOBOJIUTHCS, 1O JUIsl CIIJIAHOBAHMX €KCIEPUMEHTIB BCl
Koe(ILi€HTH PIBHSIHB perpecii BU3HAUAIOTHCS 3 OJHAKOBOIO BUTIAJKOBOIO TOXUOKOIO,
PIBHOIO

s(b;) = Saifis (5.31)
JN
3HauymicTh Koe(dilieHTiB nepeBipseThes mo kputepito CTpiogenTa. B ymoBax Hy-
JLOBOI TinoTe3u Hp BiiHOIIEHHS a0COMIOTHOI BETUYUHU KOe(DIillieHTa 10 MOro MOMHU-
aku Mae posnonin Creromenta. g KoXHOro KoedillieHTa BU3HAYaeTbes t-
BIJHOILIEHHS:

bl b

t :$:S—‘m, (5.32)

]

sSIKe TIOPIBHIOETHCS 3 TaOIMyHUM 3HaueHHsM kputepito Cteronenta t,(k) (momarok 1)
IUTsl BUOpaHOro piBHA 3Hauymocti (=1-y (3a3Buyaii ( 6epersesa 0,05) 1 uncna crene-
HiB cBoOOM K= m-1. fkmo s naHoro koedimienta tj>t,(k), To BiH 3Ha4HO BiApi3-
HAE€ThCS Big Hyms. Bubipkosi koedimientu, mis sxux tj<t,(k), Hesmauaymi, i ix ciig
BUKJIFOUUTH 3 PIBHSHHS pErpeciti.

JlomycTumo, Ipu TiepeBiplil 3HaUyIIOCTI KoeilieHTiB piBHIHHSA (5.15) BusBMIOCH,
110 BCl KOE(DIIIEHTH, 110 XapaKTEPHU3yIOTh €(hEeKTH B3aeMOIli (PaKTOPiB, HEZHAUYIIII.
[Ticnst iX BUKIIFOUEHHS OTPUMYEMO PIBHSIHHS perpecii

¥ =D, +bx +b,x, +0,x,, (5.33)
IpU IbOMY 3Ha4eHHs D,, D1, D2 1 b, HE MOTPiOHO OOUMCITIOBATH HAHOBO Yepe3 Te, MO0
Koe(iI[leHTH PIBHSAHHS HEKOpeIboBaHI MiXk coOoro. Ha BiAMIHY Bi KJIaCMYHOIO pe-
IPECIHOr0 aHalli3y, BUKJIIOUEHHS HE3HAYyLIOTo Koeill€eHTa HE MO3HAYAEThCA HA
BEJIMYMHAX PEIITH KOe(DIIIEHTIB PIBHSIHHS perpecii, a cami BUOIPKOBI KoeDilleHTH,
orpuMani nipu peanizauii [IOE, € He3milmaHUMU OLIHKAMU TEOPETUYHUX KOe]ilieH-
TIB.
AJIeKBaTHICTB PIBHSHHS MEPEBIPAETHCA 10 KpuTepito Dimepa
F=(s’/s2,)

socnp

socnp) (5.34)
Jlucriepcist aIeKBaTHOCTI (3aJIUIIIKOBA IUCTIEPCis) JOPIBHIOE:
N
h=Sho = 2 (0 (5.35)
“lu=1
ne | — uuncno 3Hauynmx koedimieHTiB (st Aanoro Bunaaky | = 4). PiBHAHHS ajaek-
BaTHO OIMMCYE CKCIIEPUMEHT, SKIIIO
F<Fiq(ki,k2), (5.36)

ne Fiq (Ki,k2) — Tabmuune 3nauenns kpurepito @imepa (nomatok 3) mis q=0,05 i
yrcia creneniB cBo0oau Ki=K,=N-I 1 Ko=Kgoenp =m-1.
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PosrissHeMo Takok cxeMy MPOBEACHHS PErpeciiHOro aHamizy AJis CIJIaHOBAaHOTO
EKCIIEPUMEHTY Y pa3i, KOJIM KOKEH JOCHI B MaTPHIli TUIAaHYBaHHS MOBTOPIOBABCS M
pasis. Sk npuknaz, BiskMemo IIOE 2% i npu oTpuMaHHi piBHAHHS perpecii 0OMeKH-
MOCS JIIHIMHAM HaOmmkeHHM (piBHSHHSA (5.33)). MaTpuIls mianyBaHHS TaKOTO €KC-
MePUMEHTY MpeCTaBiIeHa B Ta0I. 5.4.

Ta6auus 5.4
Ne | Xo | X1 | X2 | Xa y v |
1 (+1 (-1 | -1 | -1 | vy Vipren Vi 71 5,
2 | +1 | +1 -1 | -1 | Yo Voo Yom | Y, | S
3 | +1 -1 [+1 -1 | yo Ve Yan | Y5 | S5
A 141 [+1 [ +1 |1 | yoryap Yo | vo | S
5 [ +1 | -1 [-1 | +1 | yoo Voo Yom | Vo | S0
6 |+1 [+1 -1 | +1 | yoVersYon | Vs | S
7 | +1 | -1 [ +1 [ +1 |y, Yo Yo y_7 57
8 |+1 | +1 [+1 | +1 | yorVerro Yon | Vs | St

JJ1st KOXKHOTO MOETHAHHS PIBHIB (DAKTOPIB BUZHAYAETHCS CEPEHE 3HAUCHHS BUMI-
PIOBAHOI BEJIMYMHU 1 BUOIPKOBA JUCTIEPCIs:

m
Yu :%;yui, (5.37)
i
2_ 1 N =2
Su R ~ (Yui = Yu) _ (5.38)
OnHOpiTHICTD I[chepciﬁ_nepeBipﬂeTLCﬂ no kputepiro Koxpena. BinHomenHns ma-

KCUMAaJIbHO1 JUCTIePCIi 0 CYyMH BCIX JUCIIEPCIH

2
G = Smax

N (5.39)
2

>

u=1
MIOPIBHIOETHCS 3 TAOMMYHUM 3Ha4eHHIM Gi.q(K1,K2) (momatok 4) nns q = 0,051 umcna
creneniB cBoOoan K1 = m-1 1 ko=N. fAxmo G < Giq(Ki,kz2), To BUGipKOBI Aucnepcii
oaHopiaHi. Tol HalKpaIlow OIIHKOK JUCTEPCii BIITBOPIOBAHOCTI OYyJIe CEpeaHbO3-
BOKEHA JIUCTIEPCis

N
Sgocnp= %ZSE (540)

u=1
3 YKCIIOM CTereHiB cBOOOMU Kgoen,=N(M-1). Koedimientu piBHSIHHS perpecii BU3HA-
4aroThes 1Mo hopmyIi
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1 N
bj =— z Xiu¥
i juYu (541)
u=1

OCKUIBKM AUCIIEPCis CEPEeIHHOTO B M pa3iB MEHINE AUCTIEPCli OAMHUYHOTO BUMI-
pIOBaHHS, TOOTO

2oy o2
S (y)_sgocnp/m’ (5.42)

TO BHOIPKOBI CEPEIHHOKBAIPATUYHI BIIXUICHHS KOS(DIIIIEHTIB PO3PaXyIOThCS TaKUM
YUHOM:

(5.43)

3HaUYUMICTh KOE(IIIEHTIB MEPEBIPSETHCS MO KpUTepito CThIOJEHTA: SKIIIO

b
ti=—— >t (
J S(bj ) v
ne t,(k) — Tabmmune 3HayeHHs kputepiro CteiogenTa (momarok 1) mms g = 0,05 i
yrcia creneHiB cBoooau K=N(m - 1), To koedilieHT 3HaYHO BiPi3HIETHCS BT HYJIS.

AJIEKBaTHICTh PIBHSHHS perpecii eKCIepUMEHTY TepeBIpsSeThCs 1Mo Kputepito Di-
mepa. Jlucnepcis agekBaTHOCTI piBHA

N
m> (¥, — ¥.)°
— u=1

) (5.44)

2
S5, = : 5.45
= (5.45)
ne | — 4ducno 3Hauynux KoedillieHTiB B piBHIHHI perpecii.
PiBHSIHHSA afieKBaTHE €KCIIEPUMEHTY, SIKIIIO

2

Sad
F= 2 < Fl—q(kadlkeocn ), (546)

Seocnp

ne Fi.q(Kao,Ksoenp) — Tabmuune 3naduenHs kpurepiro ®imepa mis q = 0,05 i uncna
creneriB cBOOOIH Koo = N - 1 1 Keoep = N(M - 1). [Hakme, ans onmcy pesynbTariB
EKCIIEpUMEHTY HEOOX1HO 30UTBIIUTH MOPSIO0K allPOKCUMYIOYOTO TOJIIHOMA.

HaBenemo mpukiaa 3Haxo/KeHHST KOoeiIieHTIB (QyHKIT BIATYKY 3a JOMOMOTOIO
OpPTOTOHAJIBHOTO TUIAHYBAHHS €KCIIEPUMEHTY.

Ha ocHOBi mociigHux maHux ckiagemo miad [IME 22 i nepeBipuMo 3HAYYIIiCThH
KoeilieHTIB piBHSIHHSA perpecii Y = Do + D1X; + boX2 1 anekBaTHICTD PIBHAHHS, Y pa3i,
KOJIM KO’KEH JIOCIIIJI B MAaTPHIll IJIaHyBaHHS TOBTOPIOETHCS M pa3ziB (M = 6). 3amnos-
HUMO Tab1. 5.5.

Taomung 5.5
X1 [ X2 [Yur |[Yu2 |[Yus |[Yus |[Yus |VYue
-1 |-1 (532|542 |5.39|553|5.38|5.35
3.0313.07|3.11|3.05|3.04 | 3.06
-1 |+1(5.17|525|5.11|5.16 |5.13|5.12
+1|+1|5.81|586|5.78|5.75|5.82|5.77

D wNR|C
PR e e X
+
H
1
[
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m
=—Z Yui 55 (Yui - V) (5.47)
' — 1 '

i=1
Marpuuro mianysanns [IOE 22 B ymoBax JiHIAHOT MOJENI 3 OJHAKOBUM YHCIIOM
napaneiabHUX JOCHI/IB MPU KOXKHOMY IMO€IHAHHI PiBHIB (DaKTOPIiB MPEACTABHUMO Yy

BUTIIAA1 Tabm. 5.6.
Tabmurs 5.6

- S x , 1 s
U | Xo | Xt | X2 | Yur|Yu2 | Yus|Yus|Yus |Yue| Yu | “ | ¥y ¥-»
%107
-1 |1 |53|54(53|55|53|53|54/|26]|4.6r0.7
+1 | -1 |2 2 9 3 8 5 0 7 6 4
-1 |+1 130(30(31|30|30(30(3.0|04/|38/.74
+1 [ +1 |3 7 1 5 4 6 6 1.310 1[0.75
5115251515151 |51|2 5.9 0.7

A OWN -
s

58|58 (57575857589 |50

OpHopigHICTh AucTiepcii nepeBipsieThes no kputepito Koxpena. BigHomenHs ma-
KCUMAaJIBHOI JUCTIEPCIi 10 CYyMH BCiX IUCTIEPCId

Stax __ 2,67-10°

N 518-102
D s
u=1 (5.48)

nopiBHIOETBCS 3 TaOaMuHUM 3HaueHHIM Gi1-0(Ki,k2) (momarox 4) mast g = 0,05 i pu
yucii creneHiB cBoboan Ky = m-1 =51 k,=N=4: G;-q(ky,k2) = 0,5441.

Ockinbku G < Giq(K1,K2), TO BUbipKkoBi mucrepcii ogHopigHi. Toai Halkparoro
OIIIHKOIO AUCTepCii BiI[TBOpIOBaHOCTi OyJie cepelHbO3BAYKEHA TUCTIEPCist

S2penp = Zsu =0,67-1072 (5.49)

3 YUCJIOM CTETICHIB CB06OI[I/I Keocnp = N(m-1) = 20.
KoedirmienTu piBHSHHS perpecii BU3HAYarOTHCS 10 hopMyITi

IR (5.50)
- N uZ:leiuyu

G= =0,515

Po3paxoByeMo koedillieHTH PIBHSIHHS:

N
1 _ 4
bo :_ZXOU = 5, O+3,0615,16+5,80 _ 4.86:

u=1 (5.51)
—5,40 + 3,06 — 5,16 + 5,80 (5.52)

l N
by == %,V = =-0,43;
N& " 4
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N
by = %szu Y, = —5,40—3,064+ 516 +5,80 —0,63:

u=1 (5.53)
PiBHsHHS perpecii Mae BUTIIS:
v’ =4,86 - 0,43x;1 + 0,63x>. (5.54)
Pe3ynbratu po3paxyHKy 110 HbOMY MPUBECHI Y BiIMOBITHOMY CTOBIIIII TUTaHy. Po-
301KHOCTI MIX Y 1y’ TakoX MpuBeeHi B Ta0. 5.6.
OCKUIBKM AUCIIEPCis CEPEeIHhOTO B M pa3iB MEHINE AUCTIEPCli OAMHUYHOTO BUMI-
pIOBaHHSI, TOOTO

200y o2
S (y)_sgocnp/m’ (555)

TO BUOIPKOBI CEPEIHHOKBAJIPATUYHI BIIXHIIEHHS KOEQIILIEHTIB PO3PaXxOBYIOTHCS 3a
dbopmyiioro:

Seocnp 1 , 8185.107° P
sb:) = - S92 _167.10
R L ey Ay . (5.56)

y =Wj)>%<k)' (5.57)
ne t,(K) — Tabmmune 3HauenHs kputepito CteronenTta (mogarox 1) ams g = 0,05 i
grcia cTerneHiB cBoooau K = N(m - 1).

Has k=20 i g = 0,05 Bemmunnua t,(k) = 2,086. Bemnmumnn tj mOpiBHIOIOTH:
to = 2,9-10%, t; = 1,43-10% t, = 1,08-10°. Borwu Ginbure Bemmumnnu t,(K) i Bei koediri-
€HTH PIBHSHHS perpecii 3HauyIIo BiIPI3HIIOTHCA BT HYJIS.

AJIeKBaTHICTh PIBHSHHS perpecii eKCrepuMeHTY NepeBipseTbes 1mo kpurepito di-
mepa. Jlucnepceist aieKBaTHOCT1 piBHA

N
my Gu )’
2 ) 6-2,21
52, = U — == =136, (5.58)

ne | — 4auncno 3Hauymux KoedillieHTiB B piBHSIHHI perpecii.

Jl1st mepeBipKu aieKBaTHOCTI PIBHSIHHS 3HAXOJIUMO
2
S 13,26

2
= =19,79.10
2 o . 5.59
Zoenp 067-10 (5.59)

S

PiBHSIHHSA afieKBaTHE €KCIIEPUMEHTY, SKIIO

2

Sat)

F =
2
Seocnp
ne Fi.q(Kao,Ksoenp) — Tabmuune 3naduenHs kpurepiro ®imepa mis q = 0,05 i uncna
crenediB cBoOomu K = N - | 1 Kepep = N(M - 1). V  mpuxmami K, = 1,

< Fl—q (ka0’k60611p)' (5.60)
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Ksocnp = 20 1 F1(Kao,Ksoenp) = 248. B nanomy Bunanky F>Fi.q(Kao,Keoenp) 1 U1 OTIHICY
pe3yJbTaTIB €KCIEPUMEHTY HEOOX1THO 30UIBIIUTH MOPSJIOK allPOKCUMYIOYOTO T0JIi-
HOoMa. ToMy mepexoauMo J0 CKIaJaHHs IUIaHy JIPYroro MopsiaKy Ha OCHOBI OPTOTO-
HaJBHOTO IIEHTPAIBHOTO CHMETpUYHOro  KommosuiiiHoro miany (OLIKIIT) 1
MEePEeBIPUMO 3HAUYIIICTh KOe(Dilli€HTIB PIBHAHHS perpecii
y= bo + biX1 + boXo + boXixe + b11X12 + b22X22 (5.61)

1 aJIeKBaTHICTh PIBHSIHHSA, y pa3i, KOJIM KOXEH JOCIIJ B MaTPHII TUTAHYBaHHS ITOBTO-
proeTbess M paziB (M = 6), 3a nanumu Tadu. 5.7. Tyt momaHi 10 paHimie MPOBEICHUX
1€ TOCIIAN Ha 5 PIBHAX X1 1 X2.

Tabmurs 5.7

UXo | X1 | X2 | XiX | x=x—| X, =x:-| Yur | Yuz | Yus | Yus | Yus | Yus
2 -a -a

10-1 | +1 | 1/3 1/3 53 |54 |53 |55 |53 |53
+ -1 |-1 |13 1/3 2 2 9 3 8 5
1 |+1|-1 |1/3 1/3 30 (30 (31 (30 |30 |30
1| +1 [ +1 | 1/3 1/3 3 7 1 5 4 6

0 |0 1/3 -2/3 |51 (52 (51|51 51|51
110 |0 1/3 213 |7 5 1 6 3 2
-11-1 |0 213 | 13 58 |58 |57 |57 |58 |57
+1 |0 213 | 13 1 6 8 5 24, |7
0 |0 -2/3 |-2/3 |50 |51 |50 |50 99 |50
04, |2 7 9 42 |5
13 |41 |42 |41 |5 4,2
1,2 |9 3 7 11 |1
12, 112 |12 |11 |7 1,2
42 |4 7 9 23 |1
15123 |24 (24 |81 |24
9 91, |51, |1 68 |31,
62 |73 |15 58
5

[Inanu npyroro mopsiAKy 103BOJSIIOTH cHOpMyBaTH (PYHKIIIO BIATYKY y BUTIIAI
MOBHOT'O KBAJIPAaTUYHOIO MOJIIHOMA, SIKUA MICTUTh O1JIbIIE YUCIIO JIOJaHKIB, HIK HE-
MOBHUM KBAJPAaTUYHUN MONIHOM, C(HOPMOBAHMN MO IUIAHAX MEPLIOrO MOPSAKY, 1
TOMY BHMararTh OUTBLIOTO 4YMcCiia BUKOHYBAaHUX A0cCHiAiB. IIOBHMII KBaapaTUUHUIA
MOJIHOM TIpU N =2 MICTUTH 6 JO/IaHKIB

§ = by +b,x, +0,%, +0,X, + b, %X, + b, X+, X . (5.62)

©ONOUTDS WN B
PR RRPRRPRRRER
+

OO OPFr +

JIJist oTpuMaHHs KBaJIpaTHYHOI 3aJIKHOCTI KOXKEH (aKTOp MOBUHEH (DIKCyBaTUCA
K MIHIMYM Ha TPbOX PIBHSIX.

SIkmo Bxke Oy panime chopmosanmii wian IIDE 22, ane TounicTh Horo QyHKIii
BIATYKY HE 3aJ0BOJIBHSE, TO MU MOXKEMO JOOYIyBaTH €W IJIaH A0 TUIaHY APYTroro
nopsanKy 1 copmyBaTu (yHKIIIO BIATYKY Y BUIJISIAI MOBHOTO KBaAPaTUYHOIO IMOJi-
HOMa, 0e3 BTpatu iH(opMalii mpo paninie 3po0aeH1 JOCIiIu.

Y OLKII Bxoasts: siapo — mian [IOE 3 Ng = 2" Toukamu mutany, No (o1HA IS KO-
ro IUIaHy) IEeHTpajdbHa Touka tiany (Xi=0, i=1,2,3,...,n) i o JBi TOYKH + A ISl KOXK-
HOTO (hakTopYy.
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IIpy 11bOMYy B KOXHIM IUIOCKOCTi, IO MICTHTh KOOPJMHATHY BICh ) 1 BICh
I-Toro ¢akropa (10 MPOXOIUTH Yepe3 ICHTP IUIaHYy), BUSABISIOTHCA TPU 3HAYCHHS
¢akropa x;i (-4, 0, 1) 1 TpH BiAMOBIIHI 3HAYCHHS .

3aranpHa KinbKicTh To9oK B Turani OLIKII (5.19) mpu n =2 nopiBHIoOE 9.

Y OLKII xosxeH ¢akTop GiKCyeThCs B 3arallbHOMY BUMAJKY HA IT'STH PiBHIX (-4, -
1,0, 1, +1).

KoHcTanTy nepeTBopeHHs @ 3HaX0AUMO 32 (GOpMYJIIOI0

a:\/E: nz—n (563)
N \/2 +2n+n,

[1e4e TOYOK TOPIBHIOE:
zz\/%( NN, —No). (5.64)
Jlst OLKII ipu umcni paktopiB N =2 maemo Taki mapametpu iany: No=4, N=9,
=1, a=2/3, 1-a=1/3, -a=-2/3, J>-a=1/3.
JIJi KOXKHOTO NMO€HAHHS (PaKTOpIB BU3HAUYAEMO CEPE/IHE 3HAUECHHS BUMIPIOBAHOI
BEJIMYMHU 1 BUOIPKOBY JIUCIIEPCIIO:

m
_ 1
Yu = FZ Yui , (5.65)
i=1
1 m
55 “o1 (Yui ‘yu)z ] (566)

i=1
[Tnan OKLII mist n = 2 3 ogHAKOBUM YHCIIOM TapajieIbHUX JTOCTIIIB IIPH KOXKHO-
My MO€HAHH] PIBHIB (PAKTOPIB MPECTABUMO Y BUTIISAAI TA0I. 5.8.
Ta0anmg 5.8

UXo | Xt | X | XX | =X —| x,=x2~ Vu s2 x y Y-y
2 -2 -2 x107?

-1]-1 [ +1 [ 173 1/3 54 | 267 |54 | +0.00
+ -1 -1 [1/3 1/3 0 0,4 0 +0,02
1 [+1 (-1 |13 1/3 30 (132 |30 |+0,02
;1| +1 | +1 (173 1/3 6 0,79 |4 +0,02

©CO~NDOUD WN
PR RRRPRRPRRRERE
+

0 |0 1/3 -2/3 151 ]130 |51 |+0,00
110 |0 1/3 23 |6 094 |4 +0,01
-1(-1 |0 213 | 113 58 | 0,65 |57 | +0,03
+ [+1 |0 213 | 1/3 0 034 |8 -0,02
110 |0 -2/3 | -2/3 |50 231 |50 |+0,04
0 5 5
0 4,2 4,1
0 0 9

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

3 9
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OnHOpIiAHICTE TUcTepciil mepeBipseTbes mo kputepito Koxpena (noxarok 4). Bin-
HOLIIEHHs] MAKCUMAaJILHOI JiucIepcii, piBHoi 2,67-102, 10 cymu Beix aucnepciii

Shax  2,67-1072

G =
N
2.5
u=1

MOPiBHIOEThCS 3 TaOMMuHUM 3HaueHHIM Gi.q(Ki K2) (momarox 4), mis q=0,05 i yucna
creneniB cBo0ou K1 = M-1=5 u k;=N=9. Gi.4(ki k) = 0,425

Ockinbknt G < Gig(Ky,k2), T0o BUbGipKOBI mucnepcii ogHopinHi. Toai Halikpamiow
OLIIHKOIO JUCHEPCii BIATBOPIOBAHOCTI Oy/I€ CEPENHBO 3BaXKEHA JUCIIEPCls

N

2 1 2 -2

sgoc,q):WZ:su ~119-10 (5.68)
-1

3 YHCJIOM CTeTeHIB cBOOOH Kgoenp, = N(M-1) = 45,
KoeditienT piBHSIHHS perpecii BU3HA4ar0ThCS 10 popMyIi

N
2 l,Xiu)_/u
b- __ u=1

i - N
> Xy
u=1

Po3paxoByeMo koeQili€EHTH PIBHSIHHS:
N

= = 0,249
10,72-1072 (5.67)

(5.69)

.y
~ Z;' wh _540+306+516+580+505+4,20+1,22+241+163 . (5.70)

by =%
>, ’
u=1
N r—
- 2.%uYs 5 401306-516+580—505+420 0.45.(5.71)
1 N - — Y, 3
6
X2
UZ:; 1u
>
X uyu
b, = % “ _-540-306+516+580-122+241 o (5.72)
>, °
u=1
>
X12u Vu
b, — 4% _ 5,40 -3,06 -5,16 +5,80 _ 0.75: (5.73)
PIL *
u=1
N
zxiiuyu
b= ZX - (5.74)
i 3u

(5,40 + 3,06 + 5,16 + 5,80 + 5,05 + 4,20) — 2(1,22 + 2,41 + 1,63)

=3,03;
3[6(1/9) + 3(4/9)]
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N
Z X4u yu
_ u=l —
== (5.75)
Z X4u
u=1
(5,40 +3,06 +516 +580 +1,22 +2,41) ~2(5,05+ 4,20 +163) _ .,
3[6(1/9) + 3(4/9)] o

PiBHSIHHS perpecii Mae BUTIISL:
y’'=3,77 - 0,43x; + 0,62x, + 0,75x1%, + 3,03(x42 - 0,67) + (5.76)
+0,22(x2%- 0,67) = 1,59 - 0,43x1 + 0,62x> + 0,75X1X> + 3,03x12 + 0,22%,2.

PesynpTaTi po3paxyHKy 3a I[iM PIBHSHHSM HaBEICHO Y BIATOBIIHOMY CTOBIIIII
rutany. Po30iHOCTI Mik Y My’ Takok HaBeleHO B Ta0I. 5.8.

OcKUIbKM JAUCHIEPCis CEPEIHBOTO B M pa3iB MEHIIE JAUCIEPCii OJUHUYHOTO BUMI-
pIOBaHHSI, TOOTO

$*(¥) =S e,/ M, (5.77)

TO BUOIPKOBI CEPEIHbOKBAAPATUYHI BIAXUIECHHS KOEQIIIEHTIB PO3PAXOBYIOTHCS Ta-
KUM YHHOM:

N
Seocnp 1 2> 0109 _2
shi)=————= sy =——=148-10
L T Zu_l " " 7348 (5.78)

3HauymIicTh Koe(ili€HTIB MepeBipseThCs MO KpuTepito CThIOJEHTA:

il

tJ =m>t)/(k), (5.79)

ne t(k) — Tabmuune 3HaueHHs kpurepiro CrbronmeHTa (momatoxk 1) s
g = 0,05 i uncna creneniB ceooou N(m - 1).

Jna k=20 i q = 0,05 Benmumna t(k) = 2,086. Bemuuumnu tj DOpiBHIOIOTE:
to = 107,4, t1 = 29,1, tz = 41,9, t12 = 50,7, t11 = 204,7, t22 = 14,9. Bouu Oinbiie
BenmunHM t,(K) 1 Bci koe(illieHTH pPIBHSIHHS perpecii 3Ha4YyIIO BiIPi3HSIOTHCS Bij
HYJISL.

AJIeKBaTHICTb PIBHSIHHA perpecii eKCIepuMeHTy nepeBipsieTbes 3a kpurepiem Di-
mepa. Jlucnepcist aiekBaTHOCTI IOP1BHIOE:

N
my Gu -y’
go=—"" =076-102 (5.80)

ne | — umcno 3Hauymmx koedilieHTIB B PIBHAHHI perpecii (Vs HAIIOTO MPUKIIAILY
JOopiBHIOE 6).
J1y1st mepeBipKyU aICKBaTHOCT] PIBHSHHS 3HAXOUMO

S  6.0,38-1072

2 _
Sq0 _ 076-102
2 119.1072

socnp

F:

=064 (5.81)

S

PiBHSIHHSA afieKBaTHE €KCIIEPUMEHTY, SKIIO
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2
Sa()
F= 2 = Fl—q (kaa, keocnp)v (582)
Seocn P

ne Fiq(Kuo,Ksoenp) — TaOMMUHE 3HaUeHHS KpHTepito Pimepa (mogarox 3) ams q = 0,05
i yucna crerneHiB cBo0OaN Ko = N - | 1 Kepenp = N(M - 1). YV manomy npuxmami K,y = 3,
Keocnp = 20 1 F1g(Keo,Ksoenp) = 8,6. B manomy Bumanky F<Fiq(Kuo,Ksoenp) 1 piBHIHHS
perpecii aieKBaTHE €KCTIEPUMEHTY.

5.2. Ilopsinok BUKOHAHHS 3aBJIaHb MPAKTUYHOI0 3AHATTS

VY BIAMOBIAHOCTI 3 BapiaHTOM 3aBIaHHs 3a HociaiaHuME gaHumMu Us,...,Us ckmacta
wian [IOE 22 i mepeBiputy 3Ha4ymIicTh KoedilicHTiB PiBHAHHS perpecii Y = by +
biXs + D2X2 1 aleKBaTHICTD PIBHSIHHSA, Y pa3i, KOJM KOXEH JOCHiJ B MAaTPHIIi TUIaHY-
BaHHS MOBTOPIOETHCS 6 pasiB . [Ipy HEBUKOHAHHI YMOBH aJ€KBaTHOCTI  CKJIACTH
wiad apyroro nopsiaky Ha ocHoBl OKIII 3a ganumu Uy,...,Ug 1 mepeBipuTH 3Ha4Y-
micTh kKoe(illieHTiB piBHAHHA perpecii Y = bg + bixg + boXo + bioXaxp + byxi? +
D22X2? 1 aIEKBATHICTB IIOTO PIBHSAHHS.

Tabmuis 5.9

N{ U yui | Yuz | Yuz | Yua | Yus | Yus | N | Yur | Yuz | Yus | Yus | Yus | Yus
B B

1/3.0129129(29|29 |28 2812828282828

2|0 0 7 1 8 9 7 1 0 5 6 2

31391393938 (39]|39 46 |46 |46 |46 |46 | 4.6

4| 6 0 9 8 7 1 0 1 7 5 2 6

1/5/19(19119(19(19(19 |1 (22|22 |22 22|22 |22

6| 0 7 1 8 2 6 4 |7 5 3 1 0 4

78918889189 |89]89 9519696 96|96 |9.6

8/ 9 8 7 0 8 1 8 0 5 4 1 8

916|116 |16 |16 |16 |16 19119(19(19(19 |19

0 5 1 7 6 2 6 4 1 0 2 5

56 56|56 |55|56|5,6 646565 |65|65]|6,5

8 6 0 9 5 1 7 0 2 5 9 7

29129129129129129 33133(133(133(33]3,3

0 1 6 4 2 5 8 2 6 0 5 1

4914914949149 |49 55154 1(155|55(55]|55

7 5 3 0 1 6 0 9 7 6 1 5

31131(31(31(31|31 38(138(38(38]38]|38

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

1116 |16 (15|15 |16 |15 0605|0606 |06 |05

2| 3 4 9 8 4 7 1 8 2 3 0 9

3137138 |38|37]|37]3.8 27128127127 1(128]|28

4|7 2 0 6 8 4 7 2 8 6 1 3

215141141413 |13|14 |1 (08|08|07|08|08]0.7

6| 2 3 0 7 9 1 512 1 8 4 0 7

78318384 |84|84]8.3 6970|7069 |70]|7.0

8| 4 7 1 5 2 8 5 1 3 8 1 4

9101101009 [|09]0.9 02102(02(01(02]|01

3 1 0 8 7 9 2 1 3 8 0 9

5515556 |56 |56 |55 43 (43|44 |44 |44 |43
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5 8 1 |4 2 7 6 8 1 3 5 9
2312322222322 1311313121213

3 1 8 7 2 9 1 3 |0 7 9 2
44144144145 |45 |45 34134|135|35(34 |35

4 |8 9 1 5 |3 6 8 1 3 7 2
2912929282828 1911918 |19|18/|19

3 |4 |0 |7 8 9 4 |2 7 0 8 1
120|20(20(29|29 |20 151515 |15|15|15
2|2 4 0 7 8 1 0 1 5 8 2 7
3/37(37(37|38|38]338 41141|41)|41 |41 |41
4|7 5 9 3 5 7 8 5 4 1 3 2
3/5/20{20|19(19(20|20|1 |21|21(21|21|21 |21
6|4 |2 7 6 3 1 6 |0 1 |4 7 5 2
7/93193(93|94(94 |94 8384|8383 |82|83
8| 7 3 5 1 4 |2 8 0 |4 1 9 |0
9113|1313 |12 12|12 1211212 (12|12 |12

4 2 1 7 9 8 0 1 4 6 1 5
5859|5959 |58/|58 5656|5656 |55]|5.6

8 1 |4 |2 9 7 6 8 |4 |0 8 1

24 1241241232323 24 |24 124124 |24 |24

1 3 0 8 6 5 0 1 4 6 2 3
51(52(52|52|52|51 48 147148 |48 |48 |48

8 0 3 5 1 7 0 8 1 4 5 7
31(31(30|30|31(31 30130(30|30(3.0]30
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ITponosxenHs Tad. 5.9

N[ U vyur | Yuz | Yus | Yus | Yus | Yus | N | Yur | Yuz | Yus | Yus | Yus | Yus
B B
1/01101|01(01]01]0.1 06|06|06|06|06]|0.6
21 4 6 2 0 1 5 4 2 5 8 7 9
3/39(138(139139|39]39 38(138(38(38]38]|38
4|1 0 7 1 4 6 5 4 2 1 6 8 7
41513131313 |13|13|1 121212 |12 |12]|1.2
6|5 7 2 4 0 1 7 |8 9 7 5 3 4
7,86 |86 |87 |87]|87]8.7 921911]192]92(93]9.2
8| 8 6 0 4 7 5 2 8 1 7 0 9
9/01(01(01|01]01]01 00|00|00|00]0.0]|0.0
0 1 3 2 5 4 5 4 6 8 3 7
5757|5757 |56 |57 56 | 57|56 |56 |56|5.6
9 5 7 2 9 0 8 0 9 4 1 3
16|16 |16 |16 |16 |16 14114 (14|14 14|14
0 2 5 1 6 4 2 4 1 7 9 8
46 |46 |46 |46 |45 | 4.6 44 |45 |44 |44 |44 |44
5 7 4 1 9 0 8 0 7 3 5 0
251251251124 |25|25 201201(120|20(20]| 20
1 0 5 9 2 4 3 5 2 7 9 8
1111011 |11 (10|10 17117 (17|16 |16 |16
2| 2 8 4 5 9 7 4 6 1 8 5 7
3303030313131 14115(15|14 14|15
4|7 5 8 2 6 4 8 0 3 7 9 2
5152712727126 (26|26|1 (31|31(31]30(3.0]3.0
6] 3 5 1 8 5 7 8 | 4 6 2 8 9 6
7091191191191 (9.0]9.0 76 |76 |76 |77 77|77
8| 5 7 8 2 5 3 7 4 9 2 5 3
9131141313 (14|14 19119(119|18 18|18
7 2 5 9 4 6 3 5 1 7 9 5
56|56 |56|55|55]|55 40140404141 |41
4 6 2 8 5 9 8 5 9 2 7 1
16|16 16|17 |17 |17 12112 (11|12 (11|11
8 5 9 2 5 3 4 2 8 5 7 5
551555554 (54|54 49149 |50(|50(49|5.0
4 6 2 7 9 5 7 5 1 7 9 5
30131(30|30(31]31 2612626252525
8 0 7 5 1 4 3 5 1 7 9 5
1121(21(20(21|21|21 00{00|00|00]0.0|0.0
2|0 2 8 4 8 6 4 5 3 2 1 6
3129129129129 ]29]|29 2812712828 (28]|28
4] 6 8 1 5 0 3 0 8 1 4 7 5
6[5/35{34(35(34|35|35|1 (141414141413
6| 0 7 6 9 4 7 9 |6 8 1 5 0 9
70911921(91]191(9.0]9.0 8918919090 (9.1]90
8| 8 1 5 0 8 6 9 5 1 7 1 5
9125124125125 (25]|25 0404040404 |04
0 8 1 5 8 6 7 5 2 4 0 1
57157 |57|57 |57 |56 56 |55|56|56|56]|5.6
7 4 8 2 0 8 0 8 1 9 5 8
2112112112021 |21 10(10(10|10(09 10
1 0 6 9 5 7 1 5 2 7 9 6
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Bunycxk 1 | 3minu 0 | Exsemnaap Ne 1 Apk 56 /50

5959|5959 |59|58 48 |48 |48 |48 48 |47

6 |4 |8 2 0 |8 8 5 |2 6 |0 9
373737 |37|37]|36 2625|2626 |26 |26

5 7 2 6 1 9 0 8 |3 1 7 9
100(00|00|00]0.0|00 11(11)11 (101111
2|5 3 2 |4 1 6 6 7 0 8 1 8
3/07(107]07|08|08|0.8 191191918 |18 |19
415 7 8 1 7 4 0 7 5 8 7 6
7(5/34(34(33|34|33|33|2 |25|25(25|25|24]|25
6| 6 2 6 0 |8 |5 0|7 9 0 5 8 1
7199199199199 199 99 808081818181
8|0 4 1 8 7 9 9 7 0 6 9 8
911212 )11|12 11|11 151151514 |14 |15
4 |6 8 1 6 |5 6 8 |0 8 9 |4
53(53(53|54|54 |54 47 147 |48 |46 |46 |47

8 4 9 3 7 5 0 8 0 9 8 6
05(05(05|04|04 |04 1111111 (11)10 |11
4 2 1 6 8 5 6 8 0 5 8 1
6.2163(62]|6.2|6.3]|6.3 49149148 |48 (49|49
4 1 7 5 |4 |5 0 9 8 7 5 7
29129128|29 |28 |28 27 |27 127|126 |26 |27
4 2 7 0 6 8 7 9 4 9 8 0
109|10(1.0]1.0|09|09 222122222222
2| 6 3 6 1 7 |5 0 8 1 7 5 8
31222222 |21|21 |21 24 |24 123|124 |24 |24
415 1 8 8 4 6 8 6 9 1 9 7
8(5/29(30|29(30(30(29 |2 |21|2222|22]|22)|22
6| 7 7 5 4 5 8 119 5 0 1 7 9
7186 |86 |85|85|85]|8.6 6.8 168 |68]|68]|6.7]6.7
8| 6 2 4 7 9 7 7 9 5 0 7 )
91141151414 |15|15 191181191919 |19
6 5 4 8 4 1 0 8 1 6 9 7
491494849 |48 |48 431434343 (42|42
6 |4 |8 7 5 6 6 7 9 1 8 6
111212 (11|11 |12 19118191919 |19

7 2 6 6 8 5 0 8 1 7 9 5
54 54]153|53|54(53 4114114114140 140

6 3 8 5 |5 9 9 6 |7 0 8 6
28 (28|27 |27 |27 |28 2.7 |26 |27 |27 |27 |27
4 1 4 7 5 6 0 8 1 5 9 8




MIHICTEPCTBO OCBITH I HAYKU YKPATHU ®-20.09-
KuroMupcebKa JEPKABHHUM YHIBEPCUTET «KUTOMHUPCBHKA MOJITEXHIKA» 05.02/2/G6.00.1/M/OK9-1-
noJiTexHika Cucrema ynpasiinns sikictio ICTY ISO 9001:2015 ta ICTY 1SO 21001:2019 2026
Bunycxk 1 | 3minu 0 | Exsemnaap Ne 1 Apk 56/ 51

ITponopxeHHs Tadi. 5.9

N | UVyur|Yu2|Yus|Yua|VYus |Yus | N | Yur|Yuz2 | Yus | Yus | Yus | Yus
B B
1124|124 (24|24 |25|25 2212212222121 |21
2| 1 0 3 8 2 1 6 9 5 0 8 9
3124125125124 (24|24 2412312424124 |24
41 9 2 0 5 2 0 0 7 1 7 9 5
9 15/32132(32|32(33|33|2 |30(30(30(30(29]29
6| 3 1 4 9 2 1 215 9 7 0 7 9
7/80181(81|80|8.0]8.0 7217171727272
8/ 9 4 0 5 1 0 0 5 8 5 8 9
9121212112122 |22 20(1201]20|120]19 |20
2 0 4 8 3 0 8 9 4 0 6 1
46 |46 |45 |45 (14545 42141142 |42 |42 4.2
0 3 9 3 0 2 0 7 1 7 9 6
20120(20(20]|21|20 19(19(19(19|18|1.8
4 0 3 8 2 9 9 6 7 1 5 9
53153|52|52|52|5.1 46|46 |46 |47 | 4.7 |47
0 32. 19 3 0 8 8 6 9 5 9 6
29189 291293029 2712712712726 26
1 3 7 3 9 7 9 4 0 8 5
1123123232424 |24 27127 127(126|26]|26
21 7 4 9 5 8 2 6 9 2 4 2 9
3125125125124 (24|24 2612627262727
4|5 8 2 6 3 7 3 8 3 6 5 9
1 |5/27(26|26 |27 27272 (232322222223
0 6|2 5 3 7 5 0 317 2 6 3 8 4
7172727373 |73|7.2 17417474 |75|75|75
8| 3 7 4 8 2 9 3 1 8 3 8 5
9118|1818 |17 |17 |17 211211201(21|20]|21
3 6 1 5 3 8 8 2 7 5 9 4
411414114242 4.2 46|46 |46 |47 | 4.7 |47
4 1 8 3 8 5 5 2 8 3 8 5
19(19(19(18|18|1.8 19(19(18(19|18|1.8
5 7 3 8 4 7 5 1 7 7 5 3
45144 |44 |44 |45 1|45 40140141141 14114.0
2 5 2 8 5 8 3 8 3 8 2 5
25125(125(24 124|124 2612612525 |25]|26
3 8 1 4 2 6 6 1 4 1 8 5
1124124124123 ]23|23 2212212212121 |21
2| 6 9 4 9 7 5 72.192.132.182.|22. |72
3123123124124 (24|24 14 |11 |18 |24 |28 | 25
4|9 6 1 7 9 6 23124 124(124|23]23
1 |5/22|22|22|22|21(22|2 |5 3 8 1 8 2
1 (6|7 9 5 0 6 1 4 164/64]64|63|63]|6.3
7171170|70(6.9]|7.0]|6.9 7 9 1 5 3 7
8| 2 9 8 8 0 6 1711717161616
9115|116 |15|16 |16 |16 7 2 5 4 3 8
8 0 6 4 9 7 37136|36|37|36]|37
4014114013939 4.0 2 5 2 6 8 4
9 2 7 9 7 0 19(18(18(19]19|18
201201(21(21)21|21 3 5 2 5 7 8
6 9 1 7 5 9 41140140141 14114.0




MIHICTEPCTBO OCBITH I HAYKU YKPATHU ®-20.09-
KuroMupcebKa JEPKABHHUM YHIBEPCUTET «KUTOMHUPCBHKA MOJITEXHIKA» 05.02/2/G6.00.1/M/OK9-1-
noJiTexHika Cucrema ynpasiinns sikictio ICTY ISO 9001:2015 ta ICTY 1SO 21001:2019 2026
Bunycxk 1 | 3minu 0 | Exsemnaap Ne 1 Apk 56 1 52
4314443 |42 |43 |42 4 |8 3 7 9 9
9 2 4 7 2 5 23123(23|24 (2424
25124125 |25|25|25 7 |4 19 (3 |9 |7
0 |6 (4 |1 |9 |7
1116|116 |16|15|15|15 15(14(14|13|13 |13
2| 5 9 1 7 1 4 1 7 3 8 3 5
3/]15|16|15|15|16]|16 171171181818 |17
4/ 4 2 7 2 6 9 4 |8 3 9 4 |7
1 |5/23(23|24|24(24|123|2 (20|20(20|19(19]|19
2 16/3 |9 |5 |9 |3 |7 |5]|5 |9 1 (3 |7 |2
7,64 165(64|63|63|6.3 5555|5656 |56 |55
86 |1 |3 |8 |3 |6 3 |8 |5 |8 1 |5
9114 ]14|15|15|15|14 12(12)12|11]11 |11
3 |7 |3 |9 1 |5 7 |5 |1 |6 |8 |3
351351353434 |34 31131|32|32|32|3.2
6 9 2 8 2 4 8 1 0 5 8 3
1211111111212 121212111111
3 |8 |4 |6 |2 |8 7 |8 |3 |7 |4 |5
39139|141]140|40]39 33133|34|34|34|33
1 7 1 5 1 5 5 8 3 9 5 7
21121(21(20(20]20 181817171718
5 8 1 7 3 5 7 3 7 3 9 5
1112121212 (12|11 06|06|05|05|06]|0.6
210 |7 |9 1 (5 |7 8 |6 |7 |9 1 |9
3/18|19|18|17|17]|18 161515161616
4/ 9 1 5 7 9 0 0 |4 8 |4 9 7
1 |5/15(15|16|16|16|16|2 (121112 |12|12]|12
316/5 |9 1 (6 |9 |5 |6|0 (5 |2 |7 |9 |5
7/50(51|50|50|49 |49 46 |47 146|146 |45 |45
8| 8 2 5 1 6 8 9 2 8 |0 7 9
9/09/09|09|09|08|0.8 03(04/04(04|04|04
8 |1 |9 |7 |8 |5 7 |3 |8 |0 1 |9
29128128(29(29]29 26 126(26(26|25|25
0 |5 |7 |5 |9 |8 8 |6 |0 |3 |7 |5
10(11|10,10|09 |09 06|05|06|06]|06|0.7
8 1 5 0 3 8 0 5 1 6 8 0
2812828 |28 |27 |27 2412412412423 |23
9 1 7 5 8 ) 7 9 1 ) 9 |4
1411411411414 13 09/10|09|10|1010
0 8 2 5 7 7 9 1 6 7 3 9

5.3. KoHTpoOJIbHI 3anIUTAHHA

1. SIx1 ymoBU Tpeba BUKOHATHU JIJISl IPOBEACHHS OPTOIOHAIBHOTO MJIaHYBaHHS €KC-
NEPUMEHTY?

2. Ska ctpareris 1oUIbHA AJIs 3aCTOCYBAHHS ILJIaH1B?

3. SIK BUKOHYIOTHCS TIJIAaHU MOBHOTO (PAKTOPHOTO eKCTiepuMeHTy 2" ?

4. 1o Take MmJIaHu IPYroro MopsaKy?

5. SIK BUKOHYETBHCS OPTOTOHAJIIBHUN LIEHTPATbHO-KOMIO3ULIMHUNA TUIAaH APYTOro
MOPSIIKY?

6. SIx mpOBOAUTHCS TIEpEBIPKa 3HAUYIIOCTI KOS(PIIIEHTIB PIBHAHHS perpecii?

7. SIx IpOBOUTHCS TIEPEBIPKA aIEKBATHOCTI PIBHSIHHS perpecii?




Kuromupcbka
nmoJIiTexHika

JEPKABHHUM YHIBEPCUTET «KUTOMHUPCBHKA MOJITEXHIKA»
Cucrema ynpasiinng sikictio ICTY ISO 9001:2015 ta JCTY ISO 21001:2019

MIHICTEPCTBO OCBITH I HAYKU YKPATHU

®-20.09-
05.02/2/G6.00.1/M/OK9-1-
2026

Bunyck 1

3minu 0

Exsemnaap Ne 1

Apx 56 /53

JTONATKH

Jonatoxk A

Koediuient noBipu t, (kBantuii po3noaisty Cteioienra)

11w

I1py

[ Y

0.95

0.99

v
0.999

k

0.95

0.99

0.999

12,70
6

63,65
7

636,61
9

19
20

2,09
2

2,861
2 845

3,883
3850

o OB~ P

2,776
2,571
2,447

4,604
4,032
3,707

8,610
6,859
5,959

22
23
24

2,07
4
2,06
9
2,06
4

2,819
2,807
2,797

3,792
3,797
3,745

oo

2,365
2,306
2,262

3,499
3,355
3,250

5,405
5,041
4,781

25
26
27

2,06
0
2,05
6
2,05
2

2,187
2,779
2,763

3,725
3,707
3,674

10
11
12

2,23
2,201
2,179

3,169
3,106
3,055

4,587
4,437
4,318

28
29
30

2,04
8
2,04
5
2,04
2

2,763
2,756
2,750

3,674
3,659
3,646

13
14

2,160
2145

3,012
2977

4,221
4140

40
50

2,02
1

2,704
2 677

3,551
3.497

16
17
18

2,120
2,110
2,101

2,921
2,898
2,878

4,015
3,965
3,922

80
100

1,99
0
1,98
4
1,96
0

2,639
2,626
2,576

3,416
3,391
3,291




MIHICTEPCTBO OCBITU I HAYKU YKPATHI ®-20.09-
KuromMupcbKa I[EP)KABHI/Iﬁ YHIBEPCUTET « KUTOMUPCBHKA MNOJITEXHIKA» 05.02/2/G6.00.1/M/OK9-1-
noJiTexHika Cucrema ynpasiinns sikictio ICTY ISO 9001:2015 ta ICTY 1SO 21001:2019 2026
Bunycxk 1 | 3minu 0 | Exsemnaap Ne 1 Apk 56 / 54
JlonaTtoxk b
3HaveHHs QYHKIII HOPMAJIBHOTO PO3NOALITY
_t2
. 1 7 )
O(y)=—= [¢ 2 dt
N2 C

y D(y) y D(y) y D(y) y D(y)
-3,5 | 0,00023 | -1,7 | 0,0446 | +0,1| 0,5398 |+1,9] 0,9713
-3,4 1 0,00034 | -1,6 | 0,0548 | +0,2 | 0,5793 | +2,0| 0,9773
-3,310,00048 | -1,5 | 0,0668 | +0,3| 0,6179 | +2,1 | 0,9821
-3,2 | 0,00069 | -1,4 | 0,0808 | +0,4 | 0,6554 | +2,2| 0,9861
-3,1 [ 0,00097 | -1,3 | 0,0968 | +0,5| 0,6915 | +2,3 | 0,9893
-3,0 | 0,00135 | -1,2 | 0,1151 | +0,6 | 0,7257 | +2,4 | 0,9918
2,91 0,0019 | -1,1 | 0,1357 | +0,7 | 0,7580 | +2,5| 0,9938
-2,8| 0,0026 | -1,0 | 0,1587 | +0,8| 0,7881 | +2,6 | 0,9953
2,7 10,0035 | -0,9 | 0.1841 [ +0,9 | 0,8156 | +2,7 | 0,9965
2,6 | 0,0047 | -0,8 | 0,2119 [+ 1,0[ 0,8413 | +2,8 | 0,9974
-2,5] 0,0062 | -0,7 | 0,2420 [+1,1] 0,8643 | +2,9 | 0,9981
2.4 10,0082 | -0,6 | 0,2743 [+ 1,2] 0,8849 | +3,0 | 0,99865
-2,3 | 0,0107 | -0,5 | 0,3085 [+1,3] 0,9032 | +3,1|0,99903
2,21 0,0139 | -0,4 | 0,3446 [+1,4] 0,9192 | +3,2|0,99931
2,1 0,0179 | -0,3 | 0,3821 [+1,5] 0,9332 | +3,3|0,99952
2,0 | 0,0228 | -0,2 | 0,4207 [+ 1,6 0,9452 | +3,4 | 0,99966
-1,9 | 0,0287 | -0,1 | 0,4602 | +1,7 | 0,9554 | +3,5 [0,99977
-1,8 1 0,0359 | 0,0 | 0500 [+1,8] 0,9641

Honatoxk B
KBaunTuii po3noaginy ®imepa Fiq aas q = 0,05

ks

k2 1 2 3 4 5 6 | 12 | 24 | «
1 |164,|199,|215,|224,|230,|234,|244,| 249 | 254,
4 5 7 6 2 0 9 3
2 |18,5(19,2{19,2{19,3{19,3{19,3{19,4[19,5[19,5
3 1101{96 (9391908987 |86]85
4 [77]169]66[64]63[62]|59]|58]5,6
5 |66[58|54[52]51|50]47 45|44
6
7
8

60 (51|48 4544 (43[40 38]| 37
56 |47 [44[141[(40(39(36]|34]32
53[45[41(38(37(36(33[31]29
9 |51(43(139(36[35(34[31]|29]27
10 504137 (35|33(32|29]|27]25
11 {48 14036 (34|32 |31]|28|26]24
12 148139353331 [30[27|25]23
13 14713834132 [30[29]26]24]272
14 146137133131 (30[29]25]23]21




Kuromupcbka
nmoJIiTexHika

JEPKABHHUM YHIBEPCUTET «KUTOMHUPCBHKA MOJITEXHIKA»

MIHICTEPCTBO OCBITH I HAYKU YKPATHU

®-20.09-
05.02/2/G6.00.1/M/OK9-1-

Cucrema ynpasiinng sikictio ICTY ISO 9001:2015 ta JCTY ISO 21001:2019 2026

Bunyck 1

3minu 0

Exsemnaap Ne 1 Apk 56 / 55

Bei xBanTum Gi.q MeHIE OAMHHULI, TOMY B TaOMIi

15

4,5

3,7

3,3

3,1

2,9

2,8

2,5

23 )21

16

4,5

3,6

3,2

3,0

2,9

2,7

2,4

2,2 | 2,0

17

4,5

3,6

3,2

3,0

2,8

2,7

2,4

2,2 | 2,0

18

4.4

3,6

3,2

2,9

2,8

2,7

2,3

21119

19

4.4

3,5

3,1

2,9

2,7

2,6

2,3

2,118

20

4.4

3,5

3,1

2,9

2,7

2,6

2,3

2,118

22

4,3

3,4

3,1

2,8

2,7

2,6

2,2

2,0 | 1,8

24

4,3

3,4

3,0

2,8

2,6

2,5

2,2

20|17

26

4,2

3,4

3,0

2,7

2,6

2,4

2,1

19117

28

4,2

3,3

2,9

2,7

2,6

2,4

2,1

19116

30

42

3,3

2,9

2,7

2,5

2,4

2,1

19116

40

4,1

3,2

2,9

2,6

2,5

2,3

2,0

18115

60

4,0

3,2

2,8

2,5

2,4

2,3

1,9

1,714

120

3,9

3,1

2,7

2,5

2,3

2,2

1,8

16|13

o0

3,8

3,0

2,6

2,4

2,2

2,1

1,8

15110

KBantuai po3nogisty Koxpena Giq

Honmatok I'
nas q = 0,05

ka

1

2

3

4

5

6

8

10

16 | 36 | o

9985

9750

9392

9057

8772

8534

8159

7880

7341]6602| 5000

9669

8709

7977

7454

7071

6771

6333

6025

5466| 4748| 3333

9065

7679

6841

6287

5895

5598

5175

4884

4366| 3720{ 2500

8412

6838

5981

5441

5065

4783

4387

4118

3645| 3066| 2000

7808

6161

5321

4803

4447

4184

3817

3568

3135]2612| 1667

7271

5612

4800

4307

3974

3726

3384

3154

2756 2278|1429

6798

5157

4377

3910

3595

3362

3043

2829

2462| 2022|1250

6385

4775

4027

3584

3286

3067

2768

2568

2226| 1820|1111

6020

4450

3733

3311

3029

2823

2541

2353

2032] 1655| 1000

5410

3924

3264

2880

2624

2439

2187

2020

1737 1403] 0833

4709

3346

2758

2419

2195

2034

1815

1671

1429| 1144|0667

NP
Slolcd|ale|o(Njo|jo| s |w i S

3894

2705

2205

1921

1735

1602

1422

1303

1108/ 0879| 0500

N
~

3434

2354

1907

1656

1493

1374

1216

1113

0942| 0743|0417

w
o

2929

1980

1593

1377

1237

1137

1001

0921

0771| 0604|0333

o
o

2370

1576

1259

1082

0968

0887

0780

0713

0595|0462 0250

D
o

1737

1131

0895

0765

0682

0623

0552

0497

0411|0316/ 0167

120

0998

0632

0495

0419

0371

0337

0292

0266

0218]0165| 0083

0000

0000

0000

0000

0000

0000

0000

0000

0000/ 0000{ 0000

MIPUBEJICH] JIUIIE JIECSITKOBI

3HAKH, CJIIIYIOUl TICISI KOMH, Tepe] SIKOK TPH KOPUCTYBaHHI TAOJNMIICI0 TOTPIOHO
CTaBUTH Hyb 1iux. Hanpuknam, npu K1 = 6, Kk, =3 maemo Go g5 = 0,5321.




MIHICTEPCTBO OCBITH I HAYKU YKPATHU ®-20.09-
KuroMupcebKa JEPKABHUM YHIBEPCUTET « G KATOMUPCHKA IMMOJITEXHIKA» 05.02/2/G6.00.1/M/OK9-1-
noJiTexHika Cucrema ynpasiinns sikictio ICTY ISO 9001:2015 ta ICTY 1SO 21001:2019 2026
Bunycxk 1 | 3minu 0 | Exsemnaap Ne 1 Apk 56 / 56

1. Tomompauk B.I'., KoTisap M.A. Metposnorisi, crangapTu3artis, cepTudikaiis i
YIOPaBIiHHS SKICTIO : HaBY. MOCiOHMK. — JIbBIB : Marunomis, 2017. — 216 c.

2. IMiziamani JI.B., Anekcannposebka H.I., lo6poBonbebkuii B.B. Metpororis,
CTaHapTHU3aIlisl, CACTEMH SIKOCTi. [IpakTHKyM : HaBY. MOCIOHUK. — CTEPEOTHUII. BU. —
Xepcon : OJIJI-IIIIOC, 2019. — 264 c.

3. AreeB €. . YrpaBiiHHS SKICTIO : HaBY.-MeTOA. MOociOHMK. — JIbBiB : HoBwii
cBiT, 2018. — 240 c.

4. Kysnenona 1.0., Kapnenko FO.B. YnpaBniHHs SKICTIO : HaBY. MOCIOHUK. —
XapkiB : [IpoMApT, 2018. — 264 c.

5. Jlotiko JI.I1., BotruenikoBa O.B., Yaosiuenko O.I1., Kotmssp M.A. Ynpasmin-
H SIKICTIO : HaBY. ITOCIOHUK. — 2-Te Bua. — JI. : Marunomis, 2015. — 336 c.

6. OcHoBu crangaptuzanii ta ceprudikamii. I[ligpyuynuk / O.M.Benuuxo,
B.YO Kyuepyk, T.b.I'opaieako, B.M.CeBactbsinoB. — Kuis, 2012. — 362 c.

7. Canyxina H.I'., fI3Bincbka O.M. Cranaaprtusaiis Ta cepTudikariisi TOBapiB 1
MOCIYT : MAPYYHUK. — 2-€ BHI., epepod. Ta gom. — K. : IIVJI, 2013. — 426c.

8. Tixocona I'.A., borganosa O.B., I'opau O.0O. Ceptudikaiiisi ToBapiB Ta moc-
ayr : HaB4. nocioHuk. — K. : Bua-so Jlipa-K, 2013. — 328 c.

9. OcHOBH B3a€EMO3aMIHHOCTI, CTaHJIapTU3alli, cepTUdIKallli, aKkpeauTamii Ta
TexHIYHi1 BuMiptoBaHHs. [linpyunuk / M.C. Koryr, H.M. Jle6ias, O.B.binoyc, 1.€.
Kpagerip.- JIsBiB: Cait, 2010. — 528 c.

10. Tapacosa B.B., Manunoscekuit A.C., Pubax M.®. MeTtposoris, cranaapTu-
3amis 1 ceprudikais : [liagpyanuk. — K. : IIYJI, 2006. — 264c.

11. Mertposorisi, CcTaHmapTu3allis, YHOPaBIIHHA SKICTIO 1 cepTudikais /
P.B.buukiBcekuii, [1.I.Cronspuyk, I1.P.I'amyna. — JIpBiB: BugaBauinrso Hartionasns-
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