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BCTVII

[TinroTroBka ¢axiBLiB, 3AaTHUX PO3B’S3yBaTH CKJIalHI iH)KEHEPHO
OpTraHi3alliifHi Ta JOCIiTHUIIbKI 3a1a4i, i miABHIEHHS ¢()EKTUBHOCTI 1 SIKO-
CT1 HAYKOBHX JIOCITI/KCHD € aKTyaJbHUM 3aBJIaHHSIM.

3HaHHS OCHOB TEOpii HAYKOBHX JOCHIDKCHb, CY4aCHUX METOJIIB
iXHBOTO MPOBEACHHS, 0 BUKOPUCTOBYIOTH TEOPilO TUIAHYBAaHHS €KCIIEpH-
MEHTY i MaTeMaTW4yHy CTaTHCTHKY, HEe0OXiJHa U 00OB’SI3KOBa yMOBa MiJ-
TOTOBKM MAriCTpiB 3 eNEeKTPUYHHX MAIMH Ta amapaTi Ta eIeKTpoMexaHiu-
HOr0 00JIaJI[HAHHS €HEPrOEMHUX BUPOOHUIITB. 3aCTOCYBaHHS IIMX METOJIIB
Jla€ MOXKITMBICTB, IIMPOKO BUKOPUCTOBYBATH Cy4acHY MiKpONPOLIECOPHY U
OOUYHUCITIOBAIBHY TEXHIKY, OACPKYBaTH MaTeMaTHYHI MOJENI JOCIiKyBa-
HUX 00’€KTiB a00 MPOIIECIB, 0 JO3BOJISIOTH JOCUTh TOYHO i aJIeKBaTHO iX
onucyBat. HasBHICTh TakuxX MOJENel 3aMiHsI€ MMOAAJbIII eKCIIepUMEeHTa-
JIbHI JIOCNIJDKEHHS 00’€KTiB a00 MPOIECIB aHATI30M IXHIX MaTeMaTHYHHX
MoJiefiel IpH PO3B’A3aHHI MOCTABJICHUX KOHKPETHUX 3a/1a4 3 JOCTIIKEHHS
SNeKTPUYHUX Ta enekTpoHHux amapatiB (EEA), enekrpomexaHiyHOro 00-
najHaHHA eHeproeMHux BUpoOHHUTB (EOEB).

ﬁMOBipHiCHo-CTaTHCTHqu METOJM JI03BOJISIOTH TMPOBOAUTU BH-
BUYEHHS HaIMIpHO CKJIaJHUX (HeIoOpe OpraHi30BaHUX 1 3 HEIOCTATHBO 3PO-
3yMUTUMH MexaHi3MaMHu) 00’€KTiB abo MpoieciB 1 3MiHCHIOBATH TOOYIOBY
MaTeMaTHYHUX MOJENeH sl TOJalbIIoro IXHLOIO BUKOPUCTAHHS MPH BU-
00pi ONTHMAJILHUX MapaMeTpiB 00’ €KkTa ado JUIs ONTHMAJILHOTO KePYBaHHS
nporecoM. 3aCTOCYBaHHSI METOJIIB MaTEMAaTHYHOTO TUIAHYBAaHHS eKCIIepH-
MEHTY ICTOTHO MiIBHIIYE TOYHICTH i 3HAYHO 3MEHIIYE 00CAT eKCIIepUMEH-
TaJTbHUX JOCTIDKEeHb. Lle ckopodye cTpoku 1X MpoBeneHHs! i 3HAYHOI Mi-
POIO TIIBUIIIYE X EKOHOMIYHICTh i e eKTHBHICTb.



JJABOTATOPHA POBOTA Ne 1

MATEMATHWYHI MOJAEJII HEPIIOI'O NOPAJAKY
BATATO®AKTOPHOI'O EKCHEPUMEHTY

MeTta po0OTH: 03HAHIOMJICHHS 3 OCHOBAMH 1 BUBYCHHS METOIUKHU
aHyBaHHs OaratopakTopHux ekcriepuMenTiB [IDE2™, HaGyTTs cTyaeH-
TaMU MPAKTUYHUX HABHYOK MPOBEJCHHS Ha I[iil OCHOBI €KCIIEPUMEHTAIIb-
HuX jocmipkenb EMC, yMmiHHS OyayBaTH MaTeMaTHUHI MOJENI MepIIoro
MOPAIKY ¥ aHaJi3yBaTH (Di3UUHI MPOIECH, SKi BiIOYyBAtOTHCS B €IEKTPUY-
HUX armaparax 3a pi3HUX PeKHMIB POOOTH.

1.1 KopoTtki TeopeTu4Hi BizomocTi

MaTeMaTU4YHI METOM IJIAHYBAaHHS €KCIIEPUMEHTY MOXYTh 3aCTO-
COBYBATHUCS JJIsl PO3B’si3aHHsI 0araThoX 3ajia4, y TOMY YHCIi U Jyis o0y 10-
BH IHTEPHOJAIMHUX (opMyN (MaTEMaTHYHUX MOJEICH) PI3HUX TOPSJIKIB.
Jnst moOymoBH MaTeMaTUYHOI MOJIENI IEPIIOro MOPSAKY Y BUIIIAII Biapi3-
Ka CTerneHeBoro psay (MmoiHoMa) AOIUTFHO BUKOPUCTATH MOBHUH (akTop-

Huii ekcriepument [IOE 2", y skomy dakropu X; 3MIHIOIOTBCS Ha JIBOX
oE)iXx
OepHeTHUHY cxeMy (YOpHHH SMMK) AochimkyBaHoro ob6’ekra ([JO) mpu
KinbkocTi paktopie m = 2 i kinbkocti Gyukuii Biaryky ¥ s k=1.

piBHAX: X,

Jjmin

<> (+1). Huxue, Ha puc. 1.1, HaBeseHO Ki-

J max

X4

- "
Xo YOPHHUH ALHAK |[—» Y
4-.

Pucynok 1.1 - KibepHeTnuHa cxema J0CIIDKYBaHOTO 00’ €KTa.

MaremMaTidHa MOJENIBL TAKOro 00’ €KTa JOCIIKEHHS MAa€e BUTIIALL

y=B,+BX,+B,X,, (1.1)



ne X, X, - akropu; Yy - dyHKkuis Biaryky; B,,B,,B,- HeBigoMmi

Koe(ilieHTH.

[lnaH ekcnepMMEHTY MpH 1ILOMY Ma€ BiANOBIZaTH BCIM BHMOraM
Teopii TuiaHnyBaHHs OaratogakTopHOro ekcriepuMenty. dakTopu B IIaHi
MOBUHHI OyTH HaBEJCHI B KOJIOBAaHOMY BUTJIsAAL. TOJi MOIIyKOBa MaTeMa-
THYHA MOJENh MAa€ BUTIISI;

y=>b,+bx, +b,x,, (1.2)

I€ X,,X,- KOJOBaHi 3Ha4€HHs BIANOBIIHMX HATypalbHUX (DaKTOPIB
X, # X,, aKi B 3arajbHOMY BUIJIAJI 00UMCIIOIOThCS 32 (opmynoro (1.1).
Jnst oburcienHs ab0 3HaXOMKEeHHS HEBIIOMHX KOe(il[iEHTIB y 3aralbHOMY
BUTJISII BUKOPUCTOBYETHC miaH IIME 2™ | mo Mae Bignosizaty BUMOram
Teopil MIaHyBaHHS EKCIEPUMEHTY: CHMETPHUYHOCTI, OPTOrOHAJIBHOCTI H
HOPMYBaHHIO.

Herigomi koedillieHTH B 1[bOMY BUIAAKY OYIyTh OOYHCIIIOBATHCS
3a opmyIior

Zyeix/‘i
X

i=1

ae ), - cepeaHe apu(pMeTHYHe, TOOTO YMCIIOBA BEJIMYMHA EKCIle-
PHMEHTAIILHOTO 3HAYCHHs (QYHKIT BIATYKY B [ -My JIOCHiIi, TOOTO B I-My

. - KOJIOBaHE 3HaYEHHA J -TO (hakTopa B I-My Hociiai abo

pAIKY IUIaHy; X,

B [ -My PSIKY.
[pu koeditieHTi 1yONIOBaHHS & 2=3

!. 4 !!. 4 !!.
v, =¥ (1.4)

Hanpuknan, sSKmo B3sATH 3a JOCTIHKYBAHHN 00’ €KT IIBHIKOIIIO-
Yuii 3aro0KHUK a00 aBTOMAaTHYHUI BHMHKA4 1 BUOpaTH 4nCio (QakTopiB



m=2, TO pOo3B’sI3aHHs i€l 3a/1a4l MOKe OYTH BUKOHAHE B TaKWi CIIOCiO.
Bubepemo six daxrop: X, - ctpym [, daxrop X, - Hanpyry U , a sk GyH-

KI[iI0 BiAryKy Y - yac BinkiroueHHs !, . Bubepemo rpanuuHi piBHI dakro-

piB X, .1 X, i3Haiizemo ix Koj0BaHi 3HAYCHHS X, 32 HOPMYIIOKO
_ XX 15
xJ = h— ( ) )
J
. _ Jjmin — “% jmax
ne X, - CepeHE 3HAUCHHS ] -TO (akropa X =5
h, - KPOK BapifoOBaHHA j -TO ¢akropa

J
hy =X e = X iy = Xjop = X i
X, - HaTypanbHe 3HAaYCHHs ] -TO (akropa.
BusHaunMo rpaHuuHi 1 cepeaHi piBHI (akTopiB i BiAMOBigHI M
KOJIOBaHi 3HAYECHHS:
Xiin =10kd > x, . =1, X, . =220B-x, . =-1;

X =70kAx,_ =+1; X, =660B>x, =+1;

I'max Imax 2max 2max

_70+10 220+ 660

lep = A~ p =

h, =70-40=40-10=30k4; h, =660—-440=440-220=22085.
PesynbraTu po3paxyHky 3B0auMO B Ta0. 1.1.

=40k4 & X, =05 X, =440B © x,,, =0;

Tabmuus 1.1 - I'panuyni piBHI 1 BiANOBiAHI iM KoJOBaHI 3HaYeHHS (akTo-
piB X, 1 X,

1

daxropu X, (1) X,U)
OnuHUIS BUMIPIOBaHHS KA B
Kpoxk BapiroBanHs, /1 ; 30 220
-1 10 220
PiBHi ¢axTopiB 0 40 440
+1 70 660

300pa3umo Moaens y kogoBaHomy Buriani mo (1.1). Jlnst Bu3Ha-



4eHHs HeBIoMUX KoediuieHTiB by,b,,b, Oymyemo mnan. s mporo 3Haxo-
JIIMO YHCJIO0 JIOCIIIB 32 (hOPMYJIIO0
m=2"=2"=4.
Bignosingno 10 npasuna modynoBu (cToBHui X, =+1 y BCiX psa-
Kax, & B CTOBIIIAX X;3HAK IUIKOC YEPryEThCA 31 3HAKOM MIHYC uepe3

27" psnxn) cknamaemo mnan [IOE 2 (tab. 1.2).
Ta6mus 1.2 - Tlnan mosHOro ABodakTopHOro excrepumenty [IME 2°

YMoBU ekcliepu- PesynbpraTn
PesynbpraTu po3paxyH-
MEHTY EKCIIEPUMEHTY B
j=0 | j=1 | /=2
L] Xo | X1 | X0 | Vei | YVvei | Vei | Yei | Yipi | Yeim Vi A%
1| +1 +1 +1
20 +1 | -1 | +1
31 41 | +1 | -1
41 +1 | -1 -1

1.2 TlopsAI0K BUKOHAHHSA PO0OTH

1.2.1 Cknactu cxemy AOCHIIKYBaHOTO EIEKTPHYHOIO amapata
CTOCOBHO CBOTO BapiaHTy (puc. A.l, mogatok A), Bubpatu dakropu it ¢y-
HKIIIO BIATYKY, BU3HAYUTH TPaHUYHI BeNWYMHM (HAKTOPIB 1 BIANOBiAHI M
KoZloBaHi 3HaueHHA. Yucno QakropiB m 3amaeThes BUKIanaueM. Excriepu-

MEHTaJIbHI 3HaueHHsd QYHKLIH BIATyKy V., 3a1aroThCs BIANOBIAHO 10 Bapi-

anTy (Tabmn. A.1)
1.2.2. Bubpatu BH] IIyKaHO! iHTEpHONALIAHOI popMynn (MaTema-
THYHOI MOJIENI1) IEPIIOro MopsAAKy, ckiaactu mwian [IDE 2™ s npoBeneHns
EKCIIEPUMEHTY W BU3HAYMTH HEBiIOMi KOe(Dilli€EHTH B 3araibHOMY BUTJISIII.
1.2.3. Bu3HauuTH YHCIIOBI BEMMYMHU KOe]illieHTIB, MOOyayBaTH
iHTeprnonsALiiHoT GopMynn (MaTeMaTHYHOI MOAENTI) MEpHIOro MOPSAKY i
po3paxyBaTH 3a MOJEIUIIO 3HaYeHb (YHKIII BIATyKy, ii BiAXuieHb i BiIHO-



CHMX BIIXWJIEHb y BiicoTKax A % i KOXKHOIO JOCiy IUIaHy.

1.3 3micr 3BiTY:

- MeTa po0oTH;

- cXeMa KOMYTaliiHUX JOCTIDKEHb eIeKTPHYHKX arapaTiB Ha IMo-
CTIHHOMY CTpyMi;

- aJTOPUTM, IPOrpamMa i mjaaH eKCIIepUMEHTY.

- pe3yabTaTH PO3paxyHKiB KoeilieHTIB ¥ iHTeproNsLiiHI Gopmy-
Jiv (MaTeMaTH4YHI MOJEII).

- aHAJTI3 MAaTEMATHYHOI MOJI€ENI] I BUCHOBKHU.

1.4 KoHTpOJIbHI 32T TAHHA

1.4.1.Yum BinpizHsOThCA OaraToakTOpHI MIaHOBaHI eKCIiepuMe-
HTH BiJ TPaJAULIHHKX OJHO (PaKTOPHHX?

1.4.2. 1llo Take rIaHyBaHHS €KCIIEPUMEHTY?

1.4.3. SIki 00’€KTH JOIUIBHO JOCTIKYBATH HA OCHOBI IJIAHOBAHUX
0araTo)akTOPHHUX EKCIIEPUMEHTIB?

1.4.4. SIxki BUMOTH CTaBJIATHCA 10 00 €KTIB JOCIIIKEHHA?

1.4.5. Ha3BiTh BUMOIH, sIKi CTaBIATHCA 10 (PakTopiB, PYHKIIH Bix-
YKy Ta MaTEeMaTUYHHX MOJIENICH 3TiJIHO 3 TEOPIEI0 TUIAHYBAHHS EKCIIEPH-
MeHTY?

1.4.6.111o sBiste coboro miaH GaraToGakTOPHOIO EKCIIEPUMEHTY i
SIKI HOr0 OCHOBHI 0c00auBOCTi? HaBeaiTh mpuKIaau.

1.4.7. Sxi BuAM MIyKaHUX MaTEeMaTHYHUX MOJENed BUKOPHCTOBY-
IOThCS B TUIAHOBAHHUX SKCIIEPUMEHTAX?

1.4.8. SIki xpuTepii anmpokcuMaIii TOIIILHO BUKOPUCTATH MIPHU I10-
OymoBi OaraToakTOpHUX IHTEPHOMAMIKHUX (opMyn (MaTeMaTHYHHX MO-
neneit)?

1.4.9. 3 sxo10 METOoI0 1 K MPOBOJAMTHLCS KonyBaHHs QakTopiB? Ha-
BEITh MIPUKJIAIH.

1.4.10. Buknanite cyTh METOIy HaliMEHIIMX KBajapaTiB. HaBemiTh
MIPUKIIA]TH.

1.4.11. SIkuM YMHOM CKJIQJA€ThCS IUIaH 0arato(akTOPHOTO eKCIie-
pumenty [IOE 2" Hasenith npukiaim.

1.4.12. HaBenmiTh mpHKJIagu 3aCTOCYBaHHS METOAY HaMMEHIIHMX

KBaJ[paTiB Ayt QYHKIIH 3 ABOMA 3MiHHHMH.
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JIABOTATOPHA POBOTA Ne 2

MATEMATHWYHI MOJEJII NEPIIOIO NOPSIJIKY
3 HE JIHIMHOCTSAMHU

Mera po6oTH: HaBUMTHCS OyIyBaTH MaTEMaTU4HI MOJIEII MEPILIO-
T'0 TMOPSJIKY 3 YpaxyBaHHSM He JIIHIMHOCTI Ha OCHOBI TUIaHy TTOBHOTO (bak-
TOPHOT'O €KCIIEPUMEHTY IEPILIOTO MOPSIKY.

2.1 KopoTki TeopeTH4Hi BifoMocTi.

VY BuUmajky, SIKIIO IepeBipKa aJeKBaTHOCTI MaTeMaTHYHOI MOei
MEpPIIOro MOPSJIKY Jajia HEraTUBHUHN PE3yJIbTaT, TOOTO MOJIeNlb HEJ0CTaT-
HBO BIpHO OIUCYE mporiec abo 00’€KT, CINiJ] MEPEXOIUTH JI0 TTOOYI0BH Ma-
TEMaTHYHOI MOJIEi OUIbIII BUCOKOTO MOPSJIKY. baxkaHHs MiHIMI3yBaTH Ki-
JIBKICTh AOCHIAIB ¥ 6araToakTOpHOMY EKCIEPHMEHTI, MpH Mo0ya0BI Ma-
TEMaTHYHOI MOJIENi MEePIIOro MOPsIKY, i HEOOXiIHICTh MiJABUINECHHS CTY-
meHs il aJeKBaTHOCTI, IPHUBOAATH J0 3aCTOCYBaHHS MaTeMaTHYHOI MO
MEepIIOro MOPSAKY 3 ypaxyBaHHSAM He JdiHiitHOCTi. {1t 1BoX dakTopis, TOO-
TO KOJIK m =2 , MaTeMaTHYHa MOJIEJb MIEPIIOro MOPSAKY 3 He JHIWHICTIO B
BUJI JOOYTKY ABOX ()aKTOPIiB Ma€ BHTIISA

HepinomuM y Hiii, kpim koediuientis b,b,,b,, Oyne i koedinieHt
b,,. Jnst iXHBOro 3HaXOMKEHHs BUKOpHcTaemo miaH IIDE 2", sxuii mMo-
T]IKyeEMO NUIIXOM JIOJaHHS PO3PaxyHKOBOTO CTOBMUS M (DiKTUBHOIO
dakropa X; = X,X,.

Toni xoediuient b, = b,, Oyne BU3HAYaTHCA 32 3arajlbHOIO (POpMY-

JIOKO
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(2.2)

. . .. 2
Kinekicts gocninis y IIOE 2" Busnaunthes sk n=2" =2 =4,
[Tnan Takoro eKCrepuMeHTy HaBeeHO y Taou. 2.1,

Tabmuus 2.1 - [Inan nepuioro NopsaKy 3 He JiHIHHICTIO

{ Xo X X XXy =X Vei
1| +1 +1 +1 +1 Vu
2| 41 1 1 1 V.,
3 +1 +1 -1 -1 Vo3
4 +1 -1 -1 +1 YVes

[Mpu m =3 i Oinblle B MAaTEMaTHYHY MOJIEIb MEPIIOTO MOPSAIKY, 3
ypaxyBaHHSM HE JIIHIHHOCTI, HEOOXIHO BKIIOUUTH BCI MOXKIIMBI KOMOiHa-
il 100yTKiB mapHoi B3aeMozii ()akTOpiB: MOTPiKHI, YETBEPTHI i T. iH.
(X%, XX3, X,,X;, X X,X;Tommo). s 1poro B miaHi J0OyI0BYIOTbCS
BIJINIOBIJIHI CTOBIIII, $IKI JTO3BOJISAIOTH BH3HAYUTH HEBIOMI KOCQIIli€HTH

b,,b5,b,5,b,,,1 1. 1. 32 Tiew x 3aransHOO GopmyIoro (2.2).

2.2 llopsai0K BUKOHAHHSI

2.2.1 BigmoBigHO [0 BapiaHTIB, 3a3Ha4YeHHUX y TaOm. A.l, g 3ama-
HOI KUTBKOCTI (haKTOPIB M 3amucaTv BUJ IIyKaHOI MaTeMaTHYHOI MOJEI
MEPIIOro MOPSJIKY 3 ypaXyBaHHSAM HE JIHIHHOCTI BU3HAYMIIM HEBIJIOMI KO-
ebilieHT™ Ipu X, X,, X, X;, X,,X;, XX, X; 1 T. [. 1 474 1bOro nooymy-

BaTu 10AaTKoBi 10 wiany [IOE 2" BignosiaHi CTOBML.
2.2.2. Po3paxyBaTi HEBiIOMHX KOe(illiEHTiB PO3paxyHKOBHX 3Ha-
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4eHb QYHKUIT BIATYKY Y, il BUIXWICHHS ), W BIXHOCHOIO BIIXMIICHHS Y

Bigcorkax A %.

2.3 3micr 3BiTY

- MeTa PoOOoTH;

- MaTeMaTU4YHAa MOJIENb i3 HE JIHIHHOCTSIMH B 3araJlLHOMY BHIJISI
1 n00yI0BaHUH TIaH CKCIICPUMEHTY

- aJIrOpUTM 1 Mporpama po3paxyHKy Koe(illieHTiB MaTeMaTHYHOI

MOJIeNi, PO3PaxyHKOBOTO 3Ha4YEHHS (QYHKLIl BIATYKYy V ii BimxuieHHs

pi?’
A, i BITHOCHOTrO BIIXMJIEHHS y BicOoTKax A % 3 ONMCOM CTPYKTYpH i

MPaBUJI 3aCTOCYBAHHS;
- pe3ynbTaTH PO3PaxXyHKy, MaTeMaTHYHa MOJEIb 3 YPaxyBaHHIM
He JIHIAHOCTI 1 1T aHaumis.

2.4 KoHTpOJIbHI 3aNINTAHHA

2.4.1. Slxuii 3arajpHUN BUTJIS MalOTh MaTeMaTHYHI MOJIENI 3 ypa-
XyBaHHIM HE JiHIIHOCTI Juis pi3HOro uncna dakropis m =4,5,6 i mig 4o-
ro Mu ix Oyayemo?

2.4.2. SIx noOymoBYyeThbCs TUIAH EKCIIEPUMEHTY Ml 3HaXOKEHHS
Koe(ili€HTIB MPH HETIHIHHUX dieHax?

2.4.3. Sk po3paxoByOThCs HeBigoMi koediienTu? HaBenits mpu-
KJIaIu.

2.4.4. SIx OyayeThcs anropuTM 1 Mporpama po3paxyHKy KoeQilieH-
TiB?

2.4.5. SIxkum yMoBaM Mae BiATIOBIATH TUIaH €KCIIEPUMEHTY?

2.4.6. SlxuM ymMoBaM MaloTh BiAMOBIAATH (hakKTOpH?

2.4.7. Slkum yMOBaM Ma€ BiJIIIOBIIaTH MaTeMaTHYHA MOJIEIb?

2.4.8. SlxuM yMoBaM MalOTh BiAMOBIAATH (QYHKIIT BIATYKiB?

2.4.9 SlkuM yMoBaM Mae€ BIATIOBIIATH JOCTIIKYBaHHH 00’ €KT?

2.4.10. o take ¢ikTHBHI pakTOpu, Kyau W Ui 4Oro BOHU BBO-
JSATHCS?
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JIABOTATOPHA POBOTA Ne 3
MATEMATHUYHI MOJEJII HA OCHOBI IPOGOBHX IIJIAHIB

Meta po6OTH: 03HAWOMHUTHCS 3 METOJIUKOI MOOYIOBU APOOOBHX
OaraTo)akTOpHUX TUIAHIB 1 HABYMTHCS OyayBaTH Ha IXHill OCHOBI Oarato-
(hakTOpHI MaTEMAaTUYHI MOJEI TEPIIOro MOPSAKY, a TAKOXK PO3pOOIIsITH
aJTOPUTMH H TMporpaMd jis PO3PaxXyHKIB HEBIIOMHUX KOCDIIIEHTIB,
HEeB’s13kU (DYHKIIIH BiAryKy U BIJHOCHHMX BIJIXWJICHb MIXK SKCIIEPUMEHTAJIb-
HUM 3Ha4eHHSIM (QYHKILIT BIATYKY i pO3paxyHKOBHM.

3.1 KopoTki TeopeTH4Hi BitoMoCTi.

Posrnsnatoun yoTupu(akTOpHUI E€KCIIEPUMEHT IIPH JBOX DIBHSIX
3MiHH KOXHOTO 3 (haktopiB [TIDE24, MmoxxHa mobayuTH, 10 BiH MICTUTh Y
co01 mpoBemenHst 16 A0CimiB 1 T03BOMSIE MOOYAyBaTH HACHYEHE PIBHSIHHSI
perpecii, sike CKIaJa€eThCs 3 JIIHIAHOI YacTUHU (TOJIOBHI JiHIMHI edekTun) i
HENiHIMHOT YaCTHHH, Y SIKY BXOJIATH €PEKTH B3a€MOII - MapHi, MOTPiiHI i
YETBEPTHI:

v =by+bx, +b,x, +byx; +b,x, +b,x,x, + b x,x; +

+b14x1x4 + b23x2x3 + b24x2x4 + b34x3x4 + b123x1 x2x3 + (3 1)

+bl 24x1x2x4 + b134x1x3x4 + b234x2x3x4 + b1234x1x2x3x4 :

VYV mepuioMy psaAKy AaHOrO PIBHSAHHS 3allMCaHO M IIKPECICHO
MPSIMOIO JTIHIEIO CKJIAJIOBI, SIKI BU3HAYAIOTh T'OJIOBHI JIiHIMHI edekTH, a B

HACTYIHUX psIKaX - epEeKTH MapHOi B3aEMOMIl X;X,1 T. X., HOTIM e(eKTH
HOTPINHOI B3a€MOMIi X, X,X; 1 T. 1., I HAITPUKIHIL - epEKT YeTBEPTHOI B3ae-
MOJIT X, X, X;X,.

[IpakTrka mokasye, 110 B OUIBIIOCTI BUIAAKIB e€(hEeKTU MOTPIHHOI
B3a€EMOJIIi 1 OUIBII BUCOKHX TOPSJKIB, @ TAKOXK e(DEeKTH mapHOi B3aeMoil

CTATUCTHUYHO HE 3HAYYII, TOOTO aOCOIIOTHI 3HAYCHHS BiAMOBITHUX KOedi-
LIEHTIB MaTEMATHYHOI MOEIl MEHIII BiJ IIOMHJIOK TXHHOIO BHU3HAYEHHS.
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Takum yrHOM, [T TOOYIOBH JIOCUThH TOYHOT MOJIEi HEO0OX1IHO BU3HAUYNTH

He 2" xoediuicHTiB, a 3Ha4HO MeHIIe. Harmpukiaz, SKuo B 40OTUpU(AKTO-
PHOMY EKCIIEPUMEHTI JOMIHYIOUHMH € TOJIOBHI JiHIMHI yacTuHu (auB. 3.1)
TO PIBHAHHS perpecii OyJe BKIIIOYATH TUNBKH I'STh CKJIQJ0BHX, & YUCIIO

HeBinomux KoediuientiB k takox Gyme nopismtosatu (by,b,D,,b;,D,).
J7ist IXHBOTO BU3HAUEHHS JOCUTH 11’ ITH JIOCIIIJIB, TOMY IO KOXKEH JOCIif Y
TTaHi 6araTodakTOpHOrO EKCIEPUMEHTY sIBJsie cO00I0 PiBHAHHS. Y 3ara-

JILHOMY BUIIJIKy OBMHHE BUKOHYBATHUCS CIIBBIAHOIIEHHS 71 > k.
TakuM YMHOM, KUIBKICTH JOCHIJIIB N B CKCIEPUMEHTI MOXKe OyTH

3MeHIIEeHa 10 BeIM4YMHHU K. Ayle HemapHa KinbKicth mocninis y ITDE 2"
000B’s13KOBO MPHUBE/E 10 HECUMETPIi, a BUXOIUTh, 1 10 HE OPTOrOHAIBHOC-
Ti wiady. Tomy ans moOyaoBH MaTeMaTHYHOI MOJEI W JJis CKOPOYECHHS
KUIBKOCT1 JIOCTi/IiB BUKOPHCTOBYIOTH JIpoOOBHI OaratoakTOpHUN eKciie-

pument JIOE 2" .| Bin mictuth y co0i TUIBKM YaCTHHY JOCIIAiB TOBHOIO
dakroproro excriepumenty IIOE 2™, ToMmy i Ha3uBa€eThCs JPOOOBUM (aK-
TopHUM ekcriepumentom JIOE 277,

KinbKicTh f0CTiniB y HhOMY BH3HAYAETHCA 5K 74, 2" 7, 1€ q - iH-

JIEKC PO3APOOJIEHOCTI PEILTiKM, HIO MOKAa3ye, Ky yacTuHy rany [IOE 2"
mu Oepemo: npu ¢ = 1- HamiBperutika (1/2 mmany IIOE2™), npu g =2-
yerBepThperutika (1/4 mnany IIOE2"™), npu ¢ =3 - 181 uBepti pemtiku (1/8
mwiany [IOE2™) i 1. 1.

MoskHa moKa3aTH, 10 KUIBKICTE TOCTIAIB y Apo0oBOMY (hakTop-
HoMy ekcriepuMeHTi ([I®E) noB’s3aHa i3 KUIBKICTIO JIOCIIAIB Y TTOBHOMY
¢dakropaomy ekcriepumenTti (IIOE) Takoro Gpopmymoro abo 3aleKHICTIO:

Nyop = 2™ Nyor (3.2)

e - I[UJIe MO3UTHBHE YUCIIO, IHACKC PO3APOOJICHOCTI PEILIIKH.

[Tpu o0y 10Bi IPOOOBHX IJIAHIB BUHUKAE 3aITUTAHHS, IKUM YHHOM
3 2" nocniniB moBHoro ¢akropuoro excrepumenty (IIME) Bubparu vac-
tuny 2" 7 nmocnigiB Tak, mo6 marpuud mwiany J®E Oyina cUMETpUYHOIO,
OPTOTOHAJBHOI W HOpPMOBaHOIO. [ 3a0e3neyeHHs 3a3HAYCHUX O3HAK
nooynoy JI®E BapTO BUKOHYBATH 32 TAKMMH TPAaBUIIAMH:
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1. Marpuns wiany JI®E 2" prmtouae 2™ 7 psiaku it m+1crosmens
(KOJIOHKY).
2. CroBmu (KOJIOHKH) X,,X,...X _ 3allOBHIOIOTH 3a IIPABHJIOM 3aIIOB-
027" m—q

HeHHs Matpuils [IOE 2" .
3. Konorkun x,, | X

m—q 297"

X, 3aMOBHIOIOTH 3a JIOMIOMOIOIO CIie-
[iaJIbHUX ~CHIBBIIHOIIEHb, SIKi SABISIOTH €000 JOOYTOK (hakTopiB

Xg» XX a00 yacTuHM 3 HuX. Taki CIIBBIIHOIIEHHS HA3UBAIOTHL T'€HE-

m—q
PYIOUHMHU.
4-1

Hanpuknan, npu m=4 marpuus JOPE 2", nobynoBana 3a momno-
MOT'0I0 3a3HaueHHX BUIIIE MPaBWI, OyAe MaTH TeHepyroue CIiBBiIHOMIEHHS
X, = X,X,X, . Binnosinno b, < b,,,. Ilicis Toro sk HalOIbIIE YUCIO MHO-
’KHUKIB oOpaHe (y HalloMy BHIAJIKY TPH - X;X,X;), IpH HEOOXIZAHOCTI IO-
Oy/ZI0BU TUTaHy OEpyThCS CIIBBITHOIICHHS 3 MEHIIMM YUCIIOM MHOXXHUKIB,
HANPUKIA, X,X,,X,X;,X,X;.

Jlyiss BU3HAYEHHS 3MIlTyBaHHSI OI[IHOK IHIIUX €(eKTIB BUKOPUCTO-
BYIOTH CIIIBBIIHOIIEHHS TaK 3BAaHOI'0 BM3HAYAJILHOIO KOHTpacTy. KMoro
OJIEPXKYIOTH 3 TEHEPYIOYOro CITIBBITHOUICHHS ILIAIXOM MHOXEHHS Horo
JIBOT ¥ MpaBoi YaCTHH Ha JIBY YaCTHHY. Y HAIIOMY NPUKJIAJi CHIBBIIHO-
[ICHHS] BU3HAYAJILHOTO KOHTPACTY Ma€ TaKUil BUTIISI:

X; = X,,X,X,. (3.3)

OCKUIbKY [PH TIPUIHATOMY CIIOCOO1 KOAYBaHHS x; = 1, TO MOX-

Ha 3aIucaTH
1= xx,x,%,. (3.4)

[ToMHOXUBIIK JiBY ¥ MpaBy YaCTHHH BU3HAYAJIBLHOIO KOHTPACTY

Ha Oynb-sikuil hakTop abo Ha OYyIb-IKy B3a€MOJII0 (PaKTOPIB, OJECPIKUMO

CHIBBIJJHOIICHHS, K¢ BU3HA4Ya€ e()eKT 3MIIIYBaHHS:

X, 1= x720,%,%, = X, = X,%,%, = b = b,,,; (3.5)
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X%, 1= x,x7x7x, = X,%, = x,x, = b,; = b,,. (3.6)
Koediuientn perpecii (b,,b,...b, ) Bu3sHaUal0ThCA 3a Ti€r0 XK (op-

MyJI010, 1o # y miani [TOE 2"
3.2 IlopsiioKk BUKOHAHHS

3.2.1. BiamoBigHo 0 BapiaHTa, 3allUCaTH IIYKaHy MaTeMaTUYHY
MOJICJTb Y 3arajibHOMY BHIJISII ¥ BUAUTUTH B Hil JIIHIHHY YaCTUHY.

3.2.2. [lobyayBatu maaH ApoOOBOro (haKTOPHOrO €KCIIEPUMEHTY 3
METOI0 MaKCHMAaJIbHOI'O CKOPOUYEHHS KITBKOCTI JOCIIIIB 1 3HAXOMKEHHS
HEBIIOMHUX KOe(]ili€HTIB I JIHIHHOI YaCTUHH MAaTEMAaTUYHOI MOIEJII.

3.2.3. Ckiactu ajnropuT™ 1 mporpamy JUlsl po3paxyHKy YHCIIOBHX
3Ha4eHb KOeQIiEHTIB MaTeMaTUYHOI MOJENi, PO3PaxyHKOBHX 3HAaueHb
yHKUIT BIATYKY ., 110 HeB’s3KM A, , BIIHOCHOTO BIIXHIICHHS Y BiiCOT-
kax A %.

3.2.4. BignosizHo 10 BapiaHTa, po3paxyBaTd Koe(illieHTH, po3pa-

. e , . .
XyHKOBI 3Ha4eHHs (YHKLIi BIATYKY y ., HEB’s3kM (QyHKLUIi BIIryKy A, i

BIIHOCHOI'O BIIXUJIEHHS y BigcoTKax A %.

3.3 3MicT 3BITY:

- MeTa poOoTH;

- MaTeMaTHYHa MOJIC/b Y 3araJIbHOMY BUTJISII;

- IJ1aH ApOOOBOro GaKTOPHOTO EKCIIEPUMEHTY;

- QJITOPUTM 1 porpama;

- pe3yNbTaTH PO3pPaxyHKIB Y BUIJISA] TaOIHII;

- MaTeMaTHYHa MOJICb 3 YACIOBUMHU 3HAYCHHSIMU KOC(IIliEHTIB.
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3.4 KoHTpOJIBHI 3alUTaHHS

3.4.1. Illo Take apodoBHii (hakTopHuii ekcriepument JDE?

3.4.2. V skux BUMaJKax JOUUILHO TpoBoauTH JJDE?

3.4.3. Axy MaTeMaTHYHY MOJellb MO)KHa BHOYIyBaTH, BHUKO-
puctoBytoun IDE?

3.4.4. Sk oOuucmuT KuIbKicTh nociiniB y JIPE? HaBenite npuk-
naau.

3.4.5. Sk cuiBBiAHOCUTBCS KiNbKICTh qociimiB y JADE 3 kinbkicTiO
nociinis [IOE?

3.4.6. IpaBuna nobyxosu Matpuui JPE2" Y . Hasenits npukia-
JTH.

3.4.7. o sBasiroTh coO0r0 reHepytodi criBBigHomenHsA? HaBeniTh
MIPUKIIA]TH.

3.4.8. ll]o Take iHIEKC PO3APOOICHOCTI PEILTIKY 1 K BiH BH3HA4a-
€TbcA?

3.4.9. fx po3paxoByOTh KOE(DIIIEHTH MaTEeMaTHYHOI MOJENII Ha
ocHosi JJ®OE?

3.4.10. TlosicHiTP anropuT™M 1 mporpamy oOpOOKH pe3yibTaTiB
J®E.

3.4.11. o Take BU3HAYaIbHUIA KOHTPACT 1 SIK HOro ojaepxaTu?
Hagenite mpukiagm.

3.4.12. SIk BU3HAYAIOTh 3MIlTyBaHHS OI[IHOK KOE(DillieHTIB?

3.4.13. lllo Take po3pi3HIOBAJIbHA 3AATHICTH TPOOOBOT peruTiku?

3.4.14. SIkwit tpoOOBMIi TUIAH HA3UBAIOTh HACUYCHUM?
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JJABOTATOPHA POBOTA Ne 4
MATEMATHUYHI MOJAEJII APYT'OI'O ITOPAAKY

Meta po60oTH: 03HAHOMIICHHS 3 OPTOTOHATHLHUMHU TJIAHAMHU JIPYTO-
ro TOPSAAKY Ta HaOyTTs MPaKTHYHHX HABUYOK MOOYAOBH MaTeMaTHYHUX
MoJiefiel APYroro IMOpsAKY Ha OCHOBI OPTOTOHAIBHUX IEHTPaJbHO-
kommnozutiiaux mwianiB (OLIKIT) aqpyroro mopsaky.

4.1 KopoTki TeopeTH4Hi BifoMocTi.

PiBHsiHHS perpecii, siki BpaxoBYIOTh eeKTH B3a€MOJIii, € HENiHIM-
HUMU. AJie Ko 3adikcyBaT BCi (haKTOpH, KPiM SKOro-HEOYb OJJHOIO 3
HUX, Ha MEBHUX BU3HAYCHUX PIBHSAX, TO OTPUMAaHA B TaKWil Crocid omHO-
(hakTOpHA 3aJISKHICTh Oy/Ie JIIHIHHOW. [HaKIe KaXxKy4uu, piBHSIHHS 3 ypaxy-
BaHHSAM e(eKTiB B3a€MOZII € JIHIMHUMHA B TIEPETHHI. Y Psi BUIAIKIB Ta-
KHMH DIBHSHHSMU HE MOXKHA 3 TIPUAHSATHOIO TOYHICTIO OIUCATH PEATbHY
MOBEPXHIO QyHKIIIT BiAryky. Hampukian, rie Mmoxe OyTH B 001aCTi MiHIMY-
My a00 MakcUMyMy (YHKIIII BIATYKY. Y TakMX BUNAJKaX PIBHSHHS B Iiepe-
THHAX MOBHHHI OyTH HemiHiitHMMHU. OJepKaTH Taki HENiHIHHOCTI MOXKHA
LUISIXOM BBENIGHHS B PIBHSHHS perpecii KBajpaTiB (akTopis sz., ne
j=L2,...m

[MnanyBaHHS EKCIEPUMEHTY 3 METOK OJICpXKaHHS perpecii y BH-
ISl KBaJAPaTHYHOTO MOJIHOMA HAa3WBAIOTh TUIAHYBAHHSM JIPYTOTO MOPS/I-
Ky. IlomiHoOM Ipyroro mopsaky BKIIOYA€E CKIAH0BI, SKi BPaXOBYIOTh T'OJIOB-
Hi JIIHIAHI eeKTH, eeKT mapHUX B3aeMOIil, a TAKOXK KBaJPAaTU4HI e]eK-
TH. Y 3arajbHOMY BUMAJAKY LIl MOJIIHOM Ma€ TaKUi BUTIISA;

j;:jZZb X +% T bkxxk+2bﬂxj 4.1)

-1/ J=lk=j+1

[Nepma ckiamoBa NMpaBoi YaCTUHU BPAaXOBYE TOJIOBHI JIiHINHHI e ek-
TH, Apyra - eeKTH IapHoi B3aEMOZII, TpeTs - KBaapaTHuHi eektu. I'omno-
BHI JIiHIHHI edeKkTH (opMaibHO MOXKHA PO3TJSIATH K eeKT B3aeMOil 3
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¢ikTuBHMM pakTOpoM X, =1.

Toni piBastHHSA (4.1) MOXHa 3anUCcaTH B OUTBII KOPOTKOMY BHTJISIII

y=ZX Zb,xx. 4.2)

J=0k=j
Hanpuknan, npu m =2 (aBodakTOpHUN EKCIEPUMEHT) OJEPKUMO

y = bO()xOxO +b0x0x1 + b02x0x2 + bllxlxl + b12x1x2 + b22x2x2 = (4 3)
2 2 :
=b, +bx, +b,x, +b,x,x, +b,x; +by,x;.

KinbkicTh HeBioMuX KOe(DIlIEHTIB KBaJPATHOTO PIBHSIHHS perpe-
cii, Ky moTpiOHO BU3HAYMTH, CTAHOBUTH

B m* +3m+2
—

k (4.4)

[MoBHMiT a60 npoOoBHil (haKTOPHUI EKCIIEPUMEHT HE JIO3BOJSIOThH
BH3HAYUTH KOe(DIl[iEHTH KBaIPaTHOIO MOJiHOMA 3-32 TAKHX TPHOX IMPHYUMH:

1. JIBa piBHi 3MiHU (haKTOPIB HE JIO3BOJISIOTH BUSBUTH HETIHIMHUN
XapakTep MepeTHHIB MOBEPXHi BIATYKY.

2. Ilpu m >3 KiABKICTh JTOCIIAIB MEHIIIA, HIXK KiJIBKICTh HEBIIOMUX
koedilieHTiB k.

. 2 . . o
3. Cropmui k 7 Ta X, pIBHO3HA4HI, TOMY TakHil IUIaH HE € CUMET-

PUYHUM 1 OPTOrOHAJIBHUM.

[Tpu noOynoBi tany apyroro nopsaky mianu [IOE ado JIDE Bu-
KOPUCTOBYIOTHCS JIMIIE K HOr0 CKJIaJIOBI YaCTHHH, a caMe SIK SApO IUX
IJIaHIB, IO JIOTIOBHIOETHCS PIBHIMM 3MIiHU (TOUKaMHM), 3HAUCHHS KOOPIH-
HAaT SKUX BUOMPAIOTh 3 YMOB CUMETPUYHOCTI ¥ opToroHanbHOCTi. HaiiGi-
JBIIOr0 TMOIIMPEHHS HaOynM TaK 3BaHi OPTOrOHANBHI ILEHTPAIBbHO-
komno3uiiiHi mianu (OLKIT) npyroro mopsinky. Y Takux maHax pealti-
3YETHCS 1J1es1 KOMITO3UIIIHHOrO IiaHyBaHHs. CyThb i€l 17161 oJsrae B ToMy,
1100, BUKOPHUCTOBYIOUM JOCHIAM, IMPOBEIEHI ILIIAXOM JOOYIOBU ILIAHIB
nepiroro nopsaaky (ITPE ado JIPE), miaBHIIUTH TOYHICTh MaTEMATUYHUX
MOJIENIeH y BUIAJIKY 1X HEaJJeKBATHOCTI.
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Anpo takoro miany [IOE a6o IDE nonoBHIOIOTE M apamMu cume-
TPUYHHUX TOYOK, PO3MIIIEHHX Ha KOOPAMHATHHX OCSIX Ha JIedKild BiICTaHi
Q' Bix LeHTpa 1uiany (iX Ha3MBaIOTh «3IPKOBI TOUKW»), & TAKOXK TOYKOIO B
HEeHTpi M1any (HyJIboBa ToUKa). YUCIO (¢ HA3MBAIOTH «3IPKOBUM ILIICYEM.

Tax six, B mani OLIKIT apyroro mopsiaky siagpoM sIBISETHCS TUIAH

[I®E 2", T0 KiNbKiCTh AOCIIIIB B HHOMY N BU3HAUMTHLCA 3a (OPMYIIOK

n=2"4+2m +1

Ha puc. 4.1 300pakeHO KOOpJMHATa TOYOK CTaHy 00’€KTa JOCIHi-
JDKEHHS TIPH JABO(QAKTOPHOMY €KCIEpUMEHTI (m =2), 10 MPOBOIUTHCS

BignosigHo a0 miaHy OLIKII npyroro mopsaky, B SKOMY HapaXOBYEThCS
JIeB’SITh TOCII/IIB.

MaTtpuilio MiIaHyBaHHS TAaKOrO CKCIIEPHUMEHTY HaBEICHO B TaOll
4.1.

N SV . .

BBeneHHs B IIaH CTOBIIIB X, i X, MOpYIIye CUMETPUYHICTb i
OPTOTOHAJBHICTH MATpHIli, TOMY IO IXHI 3Ha4YeHHA HE MOXYTb OYyTH
BiJl’€MHHMH (sz. =+1). Omxe, A BpaxyBaHHS KBaJIpaTHUYHUX e(eKTiB
BBOJITH (iKTUBHI (pakTOpU THUITY sz. —@, 1 ( - IO3UTUBHE MOCTiiiHEe Ync-

JI0, AK€ HAa3MBalOTh KBAAPATUYHOIO IMOIIPAaBKOIO.

Xz
7 L0+
=1:1 | .1:1
2‘? ; &
] +3;{;'[J X
fd w1 o
7:.( It}w{.'l:[.'l ? -
- >
4 -1:-1 EI

] Tﬂ:-u

Pucynok 4.1 - KoopauaaTt To40k crany 00’ exra gociimkenns B OLIKII
JIPYTOro MopsKy mpu ABoX (akropax -X,i X, O (1;2;3;4) - Touku

[IDE 27 ; (5;6;7;8) - 3ipkoBi Touxu; 0(9) - HyIb0Ba TOUKA.
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3HauyeHHs MOMPaBKK (0 i 3IpKOBOTO IUIeYa a OJHO3HAYHO BHU3HAYa-
IOTBCSI BUXOASAYH 3 YMOB CUMETPHYHOCTI i OPTOrOHAJILHOCTI MaTPHIli YMOB
JOCI/IB IJIaHy eKCIEPUMEHTY JUIS CTOBNLIB X, H X5 . Takum ynHOM, ¢ i
¢ MOXYTb OyTH 3Hali/ieHI IIUIIXOM pO3B’S3aHHSI CUCTEMH JBOX DiBHSHB.
[ToOynoBa piBHSIHHS CHMETPUYHOCTI 3BOJUTHCS 0 MPHUPIBHIOBAHHSA JI0 HY-
JIsl CyMH €JIEeMEHTIB CTOBIIIB X, ab0 X;:

41-@)+2(a” =) -3¢ =0. (4.5)

[ToOymoBa piBHSHHS OPTOrOHAJIBHOCTI 3BOJUTHCS IO MPHUPIBHIO-

BaHH: JI0 HYJIl CyMH HONAapHHUX A0OYTKIB €1E€MEHTIB CTOBNLIB X, H X :

41—y —4p(a’ —p)p* =0. (4.6)

Tabmnuus 4. 1 - [Inan OLIKII apyroro nopsjaky npu aBox (akropax

] Xo X X2 X3=X1"X2 X4=X; - ) Yie
1 +] +] +] +] 1- ¢ I- ¢ Vie
2 | +1 -1 +1 -1 1- ¢ I- ¢ Ve
3| +1 +1 -1 -1 I- ¢ I- ¢ Vie
4 | +1 -1 -1 +1 1- ¢ I- ¢ Ve
5| 41 | +a 0 0 - -p Vse
6| +1 | -a 0 0 o9 - Vee
7| +1 0 +a 0 -0 -9 Vre
8| +1 0 - o 0 -0 oc- g Vs
9 +1 0 0 0 -Q -Q Yoc

Po3B’s3aHHs cuctemu piBHSHG (4.5) 1 (4.6) nae Taki pe3yabTaTh:
2
a=1, ¢ =§=0,667.

Amnanoriyuaum o0pa3oM Moke OyTH 1moOyI0BaHA CUCTEMA JIBOX PiB-
HSIHB y 3arajdbHOMY BUTILAL Anst m (akropiB 3 sapom [IDE a6o JADE i#
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po3paxoBaHi BiMOBiIHI 3HAYESHHS ¢ 1 .

UYepes Te 1m0 modyaoBaHa 3a TAKMX YMOB MaTpHUIS IUIAaHY CHMET-
pHYHA i OpTOroHasbHA, BU3HAUCHHS KOeilieHTIB PiBHSIHHSA perpecii apy-
rOro MOpsAKY MPOBOAUTHCS 3a 3arajdbHOI0 (OPMYIIO0

(4.7)

PiBHsIHHS perpecii Jpyroro mopsiiky 3 ypaxyBaHHSM KBaJpaTh4-
HUX eeKTiB A m = 2 3aIHUCYETHCS SIK:

2

Y =by +bx, +b,x, +b,x,x, +]711()(12 —@)+by(x; —@)  (4.8)

a0 B 3araJibHOMY BHUTJISIII

y= _Eo bx; +_,.§1 k:%ﬂ bjxy + jzzl(xf —9) (4.9)

4.2 llopsa10K BUKOHAHHS

4.2.1. BiamoBigHo 10 3aJaHOrO BapiaHTa 3alMcaTH MaTeMaTH4YHY
MOJIENIb JIPYTOr0 TIOPSIIKY B 3arajJlbHOMY BHIJISIII W MOOYAyBaTH ILIaH
OLIKII nyist 3HaXOKEeHHS Koe(ilieHTIB perpecii.

4.2.2. BuszHauutu KoeillieHTH MaTEeMaTUYHOI MOJIENI JPYroro mo-
PAAKY B 3araJIbHOMY BUTJISII.

4.2.3. CxiacTH aJlrOPUTM 1 Iporpamy Uis MaTeMaTHYHOI 0OpoOKU
pe3yabTaTIB EKCIIEPUMEHTY, a caMe: U1 BU3HAUYEHHS Koe(il[ieHTiB, po3pa-
XYHKOBOT'O 3HaueHHsS (PyHKIIIT BIATYyKy, BigxuiaeHHs QyHKIT BIATYKYy U Bi-
JTHOCHOT'O BIIXHMJIEHHS Y BiICOTKaX . Pe3ybTaTH 3BeCTH y TaOJHIIIO.

4.2.4. Ha oCHOBI eKCIIEPHMMEHTAIbHHUX 3HAYeHb (DYHKIIH BIATYKY,
BiZMOBIHO 0 BapiaHTa, OOYMCINTH KOE(DILIEHTH MOJIIHOMA, PO3PAXYHKO-
Be 3HaueHHsI QyHKUIi BiAryKy, abCONIOTHI Ta BiTHOCHI BiAXHMJICHHS QYHKIIIT
BIZITYKY.



23

4.3 3micr 3BiTY:

- MeTa poOOoTH;

- PIBHSIHHS perpecii Ipyroro NOpsAKy B 3arajJbHOMY BUII;

- mimad OLKII npyroro nopsaxy;

- IporpamMa MaTeMaTU4YHOI 0OpPOOKH pe3yJbTaTiB EKCIICPUMEHTY 3
OIKMCOM CTPYKTYpH ¥ MpaBujl BUKOPUCTAHHS;

- pe3yJbTaTH PO3PaxyHKIB KOehil[iEHTIB perpecii, po3paxyHKOBI
3Ha4YeHHs QYHKI[T BIATYKY, 11 aOCOJIFOTHI Ta BIAHOCHI BiIXHIICHHS,

- mo0OyIoBaHy MaTeMaTH4YHY MOJEIb JAPYTrOro MOPSIKY 3 OMHUCOM
CTPYKTYPH i aHAJIi30M.

4.4 KoHTpOJIbHI 3anIUTAHHS

4.4.1 Y sxux BUIAJKaX PIBHAHHS perpecii, ki BpaXxOBYOTh e)eKTH
B3aEMOIii, HE MOXYTb i3 MPUWHSATHOI TOYHICTIO OMKCATU PEAIbHY MOBEP-
XHIO QyHKIIi BiATYKY?

4.4.2. YV sxux BUMAJKax IOLIIFHO BUKOPUCTOBYBATU PIBHSIHHS pe-
rpecii abo MOJIIHOM JIPyTroro nopsijaky?

4.4.3. Illo Take muaHyBaHHS €KCIIEPUMEHTY Jipyroro nopsaaky? Ha-
BEIiTh IPUKIAIN It m = 2;3.

4.4.4. Ha oCcHOBI SIKOTO MJIaHy MOXYTh OyTH BH3Ha4eHi koediwieH-
THU TOJIIHOMA JPYTOro MOPSAKY?

4.4.5. 3 AKUX MpUYMH Koe]iliEHTH MONIHOMA IPYroro MOpsAKY He
MOXYTh OyTH Bu3HaueHi Ha ocHOBi [IDE abo ADE?

4.4.6. SIxi BUMOTH CTaBIATHCS i TOBUHHI BUKOHYBATHUCS TIPH MOOY-
JIOBi OPTOTOHAJIBHUX TUIAHIB?

4.4.7. 1o moxe siBysiTH cOOOMO sipo 1wiany B OLIKII?

4.4.8. Inst 4oro BBOAATHCS «3IPKOBE IJieue» ¢ 1 KBaapaTHYHA TO-
npaBka (. SIk BU3HAYAIOTh iXHI YMCJIOBI 3HAYEHHA 1 fiKa IXHS PONb MpHU
noOymoBi maniB OLIKIT ayis pi3HOI KibkocTi (hakTopiB?

4.4.9. Ax obuncnuTH KinekicTh mochiaiB y mani OLKII gpyroro
MOPSIIKY TIPH Pi3HIK KUTBKOCTI hakTopis?
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JJABOTATOPHA POBOTA Ne 5

MATEMATHWYHI MOJAEJII APYT'OI'O ITOPAAKY HA OC-
HOBI I1POBOBUX IIJIAHIB

Mera po6oTH: o3HailOMJIICHHS 3 JPOOOBUMH OPTOrOHAJIBHUMU
neHTpaibHo-koMmo3uiliinumu tianamu  (JJOLIKIT) npyroro mopsiaky i
HaOyTTS MPaKTHYHUX HABUYOK MOOYJOBU Ha iXHIM OCHOBI 3a JOIOMOIOO
MaTeMaTHYHUX MOJIENICH JIPYTroro MopsKy.

5.1 KopoTki TeopeTH4Hi BitoMoCTi.

PiBHsIHHS perpecii Apyroro MopsaKy MOXHa MoOy1yBaTH Ha OCHOBI
SIK TIOBHOr0, Tak 1 apo6osoro OLIKII apyroro mopsaky. OcTaHHIH J03BO-
JIs€ 3HAYHO CKOPOTUTH KiITBKICTh JOCTIAIB 1 THM CaMUM 3MEHILIUTH MaTepi-
aJbHI BUTPATU W BUTPATH Yacy Ha NMPOBEJCHHS OaraTto()akTOpHUX JOCIi-
JUKEHBb. Pa3oM 3 TUM, 3MEHIIICHHS KiTbKOCTI JIOCIIJIIB 3HUKY€E TOUHICTh Ma-
TEMaTHIHOT MOJIEI.

JIJIst MiJBHILIEHHS TOYHOCTI MaTeMaTHYHOI MOJEII JPYroro mopsi-
Ky, mo OyayeTbcs Ha ocHOBI apobdoBoro mmany OLIKII, y ii ckmamoBy
BKJIFOUAIOTH JI0JIATKOBI WICHH, SIKi SIBJISIOTH COOO0 HE JIIHIMHOCTI Y BUTJISIL
MOTPIHHUX, YETBEPTHUX 1 OUIBII BUCOKHX €(DEKTIB B3a€MOIIi:

XXy Xys X3 Xys Xy Xy X5 Xys Xy Xy, X

VY upboMy BHNAAKY KiTbKICTh JOCTIIIB 3aIUIIAETHCS TAKOIO XK€, K i
y apo6osomy mmaani OLIKII gpyroro mopsaky, TUIbKH 0 IUIAHY BBOAATHCS
JOAATKOBI pO3PaXyHKOBI CTOBITYMKH (KOJIOHKH) JJIsl BIZIMOBIHUX JOOYTKIiB

GaKTOpiB: X, X, X5, X, XXX, XX, XX, Xs.
3a JI01OMOr0I0 WX CTOBITYHMKIB PO3PaxOBYIOTh HEBIZIOMi BiAIOBi-
nui koepiuieHTH D53, 0,554,D10345- 1 T2

Kinpkicte gocnigiB y apodoomy rurani OLIKII gpyroro mopsiaky
BH3HAYAETHCS 32 (DOPMYJIIO0
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m=2"""4+2m+1, 5.1

Jie ( 1HJIEKC PO3piOHEHOCTI PEIUTIKY siipa IUIaHy.

TakuM 9WHOM, 3a SAPO, SK BHIHO, BHOHPAIOTh YACTHHY IUTaHY
[IOE, To6T0 man JA®E2"™? | skuii OymyeThes 3a 3BUYAWHUMU BiJIOMUMHU
npaBwiIaMu (IuB. J1a0. poooTy Ne3). 3ipkoBi TOYKK T, HYJIbOBA TOYKA i
KBaJ[paTH4YHa TIONPaBKa () BU3HAYAIOTHCS TaK CaMo, SIK 1 y TOBHOMY IUIaHi
OLIKII apyroro mopsaky (auB. mad. podory Ned). I[Ipu BuOOpI iHACKCY PO-
3MPiIOHEHOCTI PEeITiKU ¢, K i IMpu MoOYyIOBI APOOOBOro IUIAHY MEPIIOTO
MOPSIZIKY, HEOOXITHO KepyBaTUCS TUM e MpaBwiIoM #n> K, 1€ n- Kilb-
KicTh jociifiB, a K - KibKiCTh HEBIIOMMX KOe(ilieHTIB y HOIIHOMI Jpy-
roro nopsaky. Hesimomi koe(imieHTH perpecii BU3HAYAIOTh TaK CaMo, K i
y noBHomy tiani OLIKIT apyroro nopsaky (nuB. ynad. poooty Ne 4, dop-
myna (4.7)).

5.2 IlopsiioKk BUKOHAHHS

5.2.1. BiagmoBigHO [0 3a4aHOrO BapiaHTa 3alMCaTH IIyKaHy MaTe-
MaTHYHY MOJENb APYroro MOPSAKY 3 ypaxyBaHHSIM HETiHIHHOCTEH 3 map-

HUMH e()eKTaMi B3aEMOAII XX, 0 Moxe Oyru no0yaoBaHa Ha OCHOBI
npodosoro miany OLIKIT apyroro nopsaky.

5.2.2. BuzHauuTtH KoeQillieHTH IIyKaHOi MaTeMaTH4YHOI MoJeNi B
3araJbHOMY BUTJISI.

5.2.3. CknacTu aaropuT™ 1 Iporpamy ajis MaTeMaTUYHOI 00pOoOKH
pe3yNbTaTIB eKCIEPUMEHTY, a caMe U1 BU3HAYCHHS KOS(Ii€HTIB MOJIHO-
Ma, PO3paxyHKOBOI'O 3HaueHHs (GYHKILI] BIATYKY )y, BIAXUIEHHS (QYHKIIT
BIITYKY , i BITHOCHI BiIXuJIeHH y BificoTkax A %.

5.2.4. Ha ocHOBi eKCIepHMEHTaIbHUX 3HA4YeHb (DYHKIIH BIiATYKY,
BiZMTOBIHO [0 3aJaHOr0 BapiaHTa OOYHMCIUTH Koe(ilieHTH IIyKaHOi MaTe-
MaTUYHOI MOJIENI, PO3paxyHKOBI 3HaueHHS (DYHKIlIi BIATYKY, BIAXUJICHHS
GyHKUIT BIATYKY 1 BITHOCHI BIIXMJICHHS Y BIICOTKAaX.
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5.3 3wmicr 3BiTY

- MeTa poOOoTH;

- PIBHSHHS perpecii Ipyroro mopsjaKy 3 ypaxyBaHHSM HeENiHIHHOC-
Tel 3 mapHUMHM e(eKTaMu B3aEMOIIT, 110 MOKe OyTH mo0yg0BaHE HA OCHO-
Bi qpodosoro miany OLIKII apyroro nopsiiky B 3arajibHOMY BUTJISII;

- npo6osuii ian OLIKII apyroro nopsaky;

- pe3yJbTaTU PO3PAXyHKIB KOE(DILIEHTIB PIBHIHHS perpecii Ipyro-
T'O MOPSJIKY, PO3PaXyHKOBE 3HaUCHHsI (DYHKIIIT BIIT'YKY, BiIXMIeHHS (yHK-
il BiAryKy ¥ BimHOCHE BimxwmieHHs A y BificoTkax. AHali3 OfepKaHHX
pe3yNbTaTiB;

- moOy10BaHe PiBHSAHHS perpecii Apyroro MOPsIKY 3 OMKUCOM CTPY-
KTypH 1 aHaJi30M.

5.4 KoHTpPOJIbHI 3aNINTAHHA

5.4.1 Hammite y 3arajJbHOMY BUTJISII PIBHSIHHS perpecii Apyroro
MOPAJKY 3 ypaXyBaHHSAM HENIHIMHOCTEH, 10 Moxe OyTH moOyJqoBaHE Ha
ocHoBI apo6osoro miany OLIKII apyroro mopsaky.

5.4.2. YV sSKuX BUMNagKax JOLULIBHO BHKOPUCTATH APOOOBHH IUIaH
OLIKII nppyroro mopsaky?

5.4.3. SIk MOXKHA MABUIUTHA TOYHICTH MATEMATHYHOI MOZEII IpY-
roro MopsAAKy, Mo OyayeThess Ha OCHOBI apodoBoro miany OLIKIT apyroro
nopsaaxy?

5.4.4. SIx BU3HAUYAETHCS KUIBKICTH JOCHIAIB Y JIPOOOBUX ILIaHAX
OLIKII gpyroro mopsaky?

5.4.5. SIx BU3HAUa€ETHCS HIIEKC PO3APIOHEHOCTI PEILTIKY MpH Mo0Y-
noBi aqpooorux mianie OLKIT gpyroro nopsiaky?

5.4.6. Sk BU3HAYAOTHCS KOS(IIIEHTH HA OCHOBI JIPOOOBHX ILUIAHIB
OLIKII nppyroro mopsaky?

5.4.7. SIxi BUMOTH CTaBIJIATBHCS 10 OPTOrOHAJILHUX JPOOOBUX IJia-
uiB OLIKII apyroro mopsaky?

5.4.8. lllo Take reHepyrOUi CHIBBIHOMICHHS 1 JIJI1 YOr0 BOHU BUKO-
PHUCTOBYIOThCS?

5.4.9. JInst yoro mpoBOUTRLCS paHI0OMi3allis JOCIi IiB?
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5.4.10 lo Take po3aiibpHA 30aTHICTD APOOOBOT PEILITIKU?
5.4.11 Ins yoro BUKOPHCTOBYETHCS KBaJpaTHYHA MOMPaBKa () 1 sIK

BOHa pO3paxoBYeThCA?

JJABOTATOPHA POBOTA Ne 6

CTATUCTUYHI METOAM OBPOBKHU PE3YJIBTATIB
BATATO®AKTOPHUX EKCIIEPUMEHTIB

MeTta po0OTH: BUBUUTH METOAN CTATHCTHYHOI OOPOOKHU pe3ynbTa-
TiB EKCIIEPUMEHTY, TUCIIEPCIHUI 1 perpeciiiHuil aHali3u IJIaHiB 1 MaTeMa-
TUYHUX MOJIENEN NEPIIOro MOPAIKY.

6.1 KopoTki TeopeTH4Hi BitoMoCTi.

OOpoOka OaraTohakTOPHHUX EKCIIEPUMEHTIB Tiepeadadae IMpoBe-
JIEHHS IHCIIEPCIHOro 1 perpeciiHoro aHamizy. MeTow AUCHEpCIHHOro
aHAJII3Y € PO3KJIaJIaHHs CyMapHOI JUCIepCii Ha JIBI BEIUYMHU: JUCIEPCIO
3YMOBJICHY TEXHIKOI €KCIIEPUMEHTY, 1 JIUCIIEPCito, BU3BAHY Ji€I0 (hakTopa
SIKUE JOCHIIpKY€EThes. J{iist #ioro mpoBeneHHsT HEOOXIHO BUKOHAHHS JIBOX
HACTYITHUX YMOB:

- cepil BUMIPIOBaHb MOXKHA PO3IJISAAATH SK BHIIAIKOBI BHOIPKHU 3
TeHEePAIbHUX CYKYITHOCTEH SIKi MiAMOPSIKOBYIOTHCSI HOPMajIbHOMY PO3IIO-
JICHHIO;

- ucrepcii sSKi 3yMOBJICHI IIOMUJIKAMH BiJITBOPIOBAHOCTI YIS BCiX
cepili BUMIpIOBaHb MOBUHHI OyTH OJTHOP1IHUMU.

VY Bumajaky mpoBeneHHs 6araTo(akTOPHUX EKCIEPHMEHTIB, 3a J10-
IIOMOI'OI0 JTUCIIEPCIHOr0 aHaIi3y BUSHAYAOTHCS JUCIEPCIi, sIKi 3yMOBIIEH1
JIE0 KOXKHOTO (haKkTopa OKPEeMO 1 X B3a€MOJIIEI0, Ta OI[IHIOETHCS CTATHUC-
TUYHA 3HAYKUMICTh I[UX BEJIMYMH 3 BPaxXyBaHHSM ITOMHJIOK BiJITBOPIHOBAHOC-
1i. ITpu mocnimkeHHi SKoro-HeOyap 00’ €KTy ado mporiecy, 3MiHa BHXiIHOT
BEJIMYMHU y Yepe3 HasIBHICTh HEKOHTPOJIbOBAHUX (DaKTOPIB Ma€ BUIMAJIKO-
Bumii xapakrep. Lle 00ymMoBITI0€ HEOOXIHICTD:

- TIO-TIEpIIIe, MPOBEICHHS MapaJIeIbHUX JOCIIJIIB, PE3yJIbTATH SIKHX
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Vo> Voo Vo YCEPEIHIOIOTBCS, HUIIXOM BM3HAYEHHs iX cepeaHboaprdme-

TUYHOTO 3HAYCHHS B 3aJIOKHOCTI BiJl MPUHHATOrO KoedillieHTa qyOJt0BaH-
HSI TOCHIIIB;

- TIO-/IpyTe, 3a0€3MeUeHHs BUTIAJKOBOTO TOPSAKY IMPOBEICHHS EKC-
MEPUMEHTY, NPHU SKOMY BCi HEKOHTPOJIbOBaHI (hakTopu Oyiu O paHI0Mi30-
BaHi.

[Ipu mpoBemeHHI eKCIEPUMEHTAIbHUX AOCTIIKEHb BIAMOBIIHO 10

CKJIaJIeHOT MaTpuIli MiaaHyBaHHs uig miany [IDE 2" HeoOximHO BHOpaTH
KITBKICTh MapajelbHuX HocifiB. IIpoBeneHHs ayOatoBaHHS IOCIIIIB He-
00XiHO JUIsl BUKJIIOYEHHS IPyOMX TOMUIIOK 1 BU3HAUEHHS AMCIEPCii BiAT-

2 DR o
Bopenns Sy . Koedinient ny6mosanus K ; Moxe OyTu Bu3HaueHUH mome-

PEIHBO HE3AJEKHO BiJI CIIOCTEPEKEHb abo B MpoIleci AOCHiKeHb. [Ipu
MIPOBECHH] €KCITEPUMEHTAILHUX JOCHIHKEHb Ha OCHOBI IIAHYBAHHS €KC-
MEPUMEHTY MOJIMBI YOTUPU THUIIOBUX BUITAJIKU, OB SI3aHUX 3 JyOIFOBAH-
HSM JOCHIJIIB:

- pIBHOMIpHE TyOIIOBaHHS,

- HEpIBHOMIpHE, TyOJIIOBaHHS,

- myOIIOBaHHS B OJIHIM TOMIII,

- myOIIOBaHHS B OKPEMIH cepii, 110 Ma€ NeBHE KIIbKICTh TOCII/IIB.

3BHYaiiHO BiHAIOTh IepeBary piBHOMIPHOMY AyOIIOBaHHIO JOCITi-
JIB, TOMY II[O B I[bOMY BHIIJIKy BUXiJ{HA OPTOrOHAJBHICT MATPHIII ILIAHY-
BaHHs (TOOTO OPTOrOHAILHICTH TyOJHLOBAHOIO IJIAHY) HE MOPYIIyeThes. B
IHIIMX TPHOX BHMAAKAX MA€ MICIE MOPYIIEHHsS OPTOrOHAIBHOCTI AYOJIbO-
BaHUX IUIAHIB, 1[0 BUMArae JeSKUX 3MiH y IUCIEPCIHHOMY i perpeciiiHomy
aHaJIi31 Ipu 00pOoOIli Pe3yNIbTaTIB EKCIIEPUMEHTY. AHalli3 pe3yJIbTaTIB eKC-
MepUMEHTANBHUX AociipkeHb EMC Bka3yloTh Ha Te, 110 MPU OJHUX 1 TUX
’K€ yMOBaX JOCIHIIIB IX XapaKTEPHCTHKU MOXKYTh OYTH PI3HUMH I10 BENH-
yuHi. ToMy aJisi oJiep)KaHHS MaTEMAaTUYHHUX MOJIENICH XapaKTEepUCTHK, J0-
HIJIBHO BUKOPUCTATH METOAU MAaTEeMaTUYHOI CTATUCTHKHU. B 1boMy BUMaj-
Ky Iepes aHaji30M Pe3yJbTaTiB eKCIIEpUMEHTAIbHUX TOCIIIKEHb HE00-
XIIHO MPOBECTH MOIMEPEAH] AOCTIMKEHHS 3aKOHY PO3IMOAUICHHS BHIIAIKO-
BHX MOMIJIOK. B [1-2,5] mpuBOASATBECS Pi3HI METOM MEPEBIPKU 3aKOHY HO-
PMaJIBHOTO PO3MOJLICHHS BUMAAKOBUX MOMIIOK. OJHHUM 13 CTaHAapTHHUX
CTaTHCTUYHUX TECTIB 3 JOMOMOTOI0 SIKOTO MOXKHA MEPEBIPUTH TilOTE3y MPO

HOpMaJIbHE PO3IOIIIEHHS, ABJIAEThCA KPUTEPiil BiAMOBiAHOCTI ¥~ 10 TO-
TpeOye TMPOBENCHHS BEJIUKOT KUTBKOCTI JOCIJIIB JIIi BU3HAYCHHS HOT0 Po-
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3paxyHKOBOI BEJIMYHMHH 1 MOPIBHSIHHS 3 TAOJMYHUM 3HAYCHHSM (Tabi. b.4).
{06 BUKIIOUMTH BIUIMB CHCTEMATHYHHX MMOMWJIOK, BUKJIMKAaHHX 30BHIII-
HIMH YMOBaMHU W PI3HHMMH HEKOHTPOJIHOBAHUMH NMPHUUYMHAMH, PEKOMEHY-
€ThCS. TIPOBOJUTH PaHIOMI3aIlil0 JOCIIAIB Y Yaci, TOOTO MPOBOAUTH X Y
BUIAIKOBIH mocmigoBHocTi. {75t 1iboro nepexa 6e3mnocepeHbOI0 peaizalli-
€10 TUIaHY Ui KokHOi 3 K cepiil mocninis, 3a3Bn4ail MPOBOIMTBCS PaH-

JoMi3aris JOCHiAIB, TOOTO BU3HAYAECTHCS OCIIJOBHICTh BUKOHAHHS TOCII-
JIB IPH JOCHIKEHHI JaHoro 00’ ekTa abo mpoitecy. Panmomizaliist JOCTiIiB
Moxe OyTH 3aificCHeHa 3a TonoMororo Tabiuili abo reHepaTopa BHIAJAKOBHX
YHUCEIL.

Hexaii motpibHo panmomisyBatu riaH exkcriepumenty [IOE 2" npu
m =2 . KinbkicTh JOCHIIIB JIOPIBHIOE YOTHUPHOM 71 =2°=4. 3 Tabmnui
BHIIAJAKOBHMX YHCel BUIUCYeMO 4yoTHpH C - 3HaYHMX upcia. [IpumnucaBiim
KOXKHOMY 3 HHUX HOMEp BIAIMOBIZHOrO AOCHIAY, OAepKUMO: 56,660,25, 32 -
BHIaAKoOBI uncia; 1, 2, 3, 4 - HOMepH JOCTIAIB Y HEpaHAOMi30BaHOMY ILja-
Hi. Po3TamyBaBiiy BUIMAJKOBI YKCIIa B TIOPSJKY iX 3POCTaHHS, OJIEPIKUMO
TaKy MOCIIiIOBHICTEL ITPOBEACHHS TOCITITIB:

25, 32,56, 66 - BunaakoBi uncna; 3, 4, 1,2 - HOMepH AOCIIIIB y paHIOMi30-
BaHOMY IUTaHi;

[Ipu mpoBeneHHI eKCIIepUMEHTY MOXKIIMBI TpyOl MOMHIIKH, ITOXUO-
ku. Lle Moke OyTH 3B’s3aHO, HAIIPUKIIAJ, 3 HETOYHICTIO 3amucy abo i3 3a-
IMHCOM pe3yjbTaTy He B Ty KIITHHKY IJIaHy W T. . 3 METOI0 BHKIIOUYCHHS
rpyOMX MOMMUJIOK 3AIMCHIOETHCS TMEepeBipKa HEOAHOPIAHOCTI MapaselbHIX
JOCITIIIB.

Hexaii B i-My pAIKY IUIaHY CEPEN PE3YNBTATIB V., V.s,...VyseeesV;, € PE-

3ynbTaT y,, CTOCOBHO SIKOFO BUHMKA€ CYMHIB 1 BHMCIIOBIIHOETHCS IIPHUILY-

IIICHHS, 110 BiH MOMWIKOBUH. [Ipy 11bOMY CKJIaIeMO BiTHOIICHHS

(6.1)

e Y, , 0, - OLIHKA MaTeMaTHYHOro O4iKyBaHHS i CepeHbOKBAPa-
THYHOTO BiIXWJIeHHs 0e3 BPaXyBaHHs CyMHIBHOTO Pe3yIbTaTy; f, - po3pa-

XYHKOBE 3HAa4eHHs KpuTepito CThIOJIeHTa;
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kﬂ
Yy =— oy £ Y 6.2
yl kﬂ—l”zz:lym’ym ¢y17 ( )
* 1 kﬂ *\ 2 —%
0, = —z(yiu_yi) Yiu Vi - (6.3)
ky—2

Bunaznkosa BennuuHa f, mMae k, crynenis Boni (4ucino napanens-

HUX JIOCITIJIIB MIHYC JIBa 3B’SI3KH, SIKi BAKOPUCTAaHI JIsI BU3HAYCHHS

v, i o))

dopmaabHO TpoIEAypa IEepPeBIPKA CTATHCTUYHOI TilOTE3H POo-
OWUTBCSI 3a IOTIOMOTOIO 3iCTaBIICHHS TOTrO abo HIIOTO PO3PaXyHKOBOTO TO-
Ka3HHKa 3 TAOJIMYHUM 3HAUYEHHSIM KpUTepiro (y bOMYy BUNIAIKY /) IpH 3a-
naniii noBipuiii imosiprocTi P (aGo piBHi 3Haummocti g = 1 - P). SIkmio
PO3paxyHKOBE 3HAUCHHS BUSBIISETHCS MEHIIE TAOJIMYHOr0, TO 3 IMOBIPHIC-
TIO P MOXXHA TPUIHATH JaHy rinorte3y. Y MpOTUBHOMY pas3i rimores3a Bij-
KUJA€Thesl (IMOBIPHICTh MPaBAOINOAIOHOCTI TinoTe3n MeHie P).

Taxkum 4unOM, py ¢, <! 3 iMOBipHicTIO P MOXHa BBa)kaTH, 110

napaselibHi JIOCHIM OJTHOPI/HI, IHAKIIE Pe3yJIbTAT PO3TIISIAETHCS K Ha-
CJIIZIOK TPpy00i TOMUIJIKK ab0 MpoMaxy.

Ilicna ycynenHs rpyOMX NOMMIIOK PO3OLKHICTh 3HAa4€Hb ), 00y-
MOBJICHA TUIbKH BHUIIAJIKOBUMH (DAKTOpaMHU, TOOTO MOMMJIKAMH JIOCII LY, AKi
€ BUIAJKOBUMHU BHACIIJIOK JOMYCKIB W IHIIKMX BigxuiieHb. Toxl i cami 3Ha-
YEHHsA ), - BUNAJKOBl BEIMYMHU H 171 iXHBOI OLIHKM H poOOTH 3 HUMHU
3aCTOCOBYETHCS MaTeMaTHYHHIN anapaT Teopii IMOBipHOCTeH 1 MaTeMaTny-
HOI CTaTUCTHKH.

Bynp-sika BuUNazkoBa BEMYMHA XapaKTEPU3YEThCS 3aKOHOM PO3-
nofiny iiMoBipHOCTeil. MU fomyckaeMo, 1o it OyAb-KOTo (iKCOBaHOT'O
Habopy (akTopiB X,,X,,...,X, 3HAYEHHS ), PO3NOILIEHI 32 HOPMAILHHM

3akoHOM po3noxainy Jlammaca-I'aycca. Y 1nboMy BHIQJKy MH MOXKEMO IIijI-
KOM OXapaKTCpUu3lyBaTn yi JBOMa BC€IWYHHaAMH - MaTEMAaTHYHHUM O‘IiKy-

. . . 2
BaHHSM (CepeiHiM 3Ha4YeHHIM y,) i aucnepciero S, :
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kJ
Yi= 2y, ks (6.4)
kﬂ
2(.yiu_.)_;)z
§2 w2 (6.5)
k-1

ne k- xoedinient ny6noBaHHs (4MCIO IOBTOPEHb KOKHOTO JI0C-

JIiy); U - HOMEp TOBTOPCHHSI.
Uum Oinblie AUCHepCis, TUM CUJIbHIIIE JAIFOTh BUIAJKOBI YHMHHHUKH,
THM OLIbII BU3HAYEHHM MOKE BUSBUTHUCS KOKHE OKPEME 3HAYEHHS ).
Ipuknan. Maemo 1Bi Tpyny 3Ha4eHb ), 1O TPH YMCIIA B KOXKHIM:
I 6,9,15;
I 9.2,9.8,11.0.
Cepenni B nux rpynax y, =y, =10.
Onnak aucnepcii icTOTHO pO3Pi3HSAIOTHCS

(6-10)"+(9-10)* +(15-10)* _

Sy} = =21,
1) 3-1

_ 2 _ 2 _ 2
50} (9,2-10) +(9,38 110) UL (VRPN

Konu mucnepcis Oinpina, TOAI MU TOBHHHI BHSBUTH MIABUIICHY
00epeKHICTh 1 BIKUTH 3aXOiB 100 ii 3MEHIIEHHS, TOOTO CIpoOyBaTh
3HAMTH TPHYMHY BEIMKOTO PO3KHAY pe3yiabTaTiB (HEOIHAKOBICTH YMOB
MPOBENIEHHS JIOCTI/IIB, MOTaHi BUMIPIOBAJIbHI IPWIIAJM i T. 11.) 1 YCYHYTH ii
10 MOKJIMBOCTI. SIKIIIO 1€ HE BAACThCA, TOII HEOOXiAHO 30T £ g

V cratuctuii qucnepcis MoB’si3aHa 3 YMCIIOM CTyneHiB Boai f. Lle

YHUCIIO JOPIBHIOE PI3HHUIII MK YHCIOM JOCIIAIB, 3a SIKMMH OIIIHIOBAajIacs
JICIIEPCIisl, 1 YMCIIOM KOHCTAHT, 3HAMJICHUX 32 TUMH XKe JociiiaMu. Y Ha-

momy Bunajaky f =k 7 — L, ToMy 1110 32 pe3ynpTaTamMu IUX JOCTi/IiB BU3HA-

— . 2
4ajocs y,- cepeHe 3HAUYCHHS, 0 HaJeKHUTh hopmyi S, .

[NepeBipka omHOPIAHOCTI AUCTIEPCii 3IMCHIOETBCS AJISl TOTO, 1100
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YCTAaHOBHMTH, Y4 MA€MO MU IPaBO BUKOPHCTOBYBATH CEPEJHI 3HAYECHHS ),

JUTS] BUBHAYEHHS HEBIZOMHX KOe(Ili€HTIB IMOTIHOMA.

Jlucnepcii oqHOpPIIHI, SIKIIO BOHU HE 3aIeKaTh Bif TOr0, Y SKii TO-
411i pakTOPHOTrO MPOCTOPY MPOBOIATHCS JOCHTIIH, 1 MK HUIMH HEMa€e 3Had-
HOI pO301KHOCTI.

[opiBHSHHS ABOX JQUCHEPCiid MOxe OyTH 3po0JieHe 3a JOIOMOTr OO
kputepito dimepa

2
52 oS f=f,=2. PSS (6.6)
S; 0,84

V tabmuui s F no ropu3oHTaN BiakiaaneHi f i Oinbioi auc-
nepcii, a mo Beprukaii s meHmoi Fo.z, (1uB. Tabn. B.2).

[Tpu yucni NMOpiBHIOBAHUX JUCIEPCIH OLIbIIEe 2 PEKOMEHIYEThCS
BHKOPHCTOBYBATH IHIII, TOTYXKHIIII KpUTEPIi.

[Tpu oxHAKOBOMY YHCIIi TOBTOPEHB KOXKHOTO JIOCIIy BHKOPHCTO-
BYIOTh KpuTepiii Koxpena G, sikuii BU3Ha4aeThes 3a hopmymnoro

2
S “max

G=——
>.S?
i=1

(6.7)

[lpu G = G5 TpHIIMaEThCS TiMOTE3a MPO OAHOPIAHICTD AUCTIEPCii.

VY BumNajKy, KOJIHU TUCIEPCii HE OJHOPI/IHI, HE MOXHA KOPUCTYBa-
TUCS CEPEIHIMU 3HAUCHHSIMH SIK MATEMATHYHUM OYiKYBaHHSIM.

Y 1poMy BHUNAJKy HEOOXIHO MimiOpaTh Take IEPETBOPEHHS Y,
mo6  gucmepcii  craad  OJHOPITHUMH, HANpPUKIAJ  BUKOPHCTATH

In y,\/y,3/y ¥ T. 1. Tak uu iHaKIIE MU TIOBHHHI MaTH OAHOPIAHI quctepcii

B JIOCITi/Iax.
Kpaimoro o1iHKOO € AucTepcis BiATBOPEHHS

%:éﬁm; (6.8)
Jo =k, =), (6.9)

A€ f, — YMCIO CTYIEHIB BOJ AMCHEPCIi BIATBOPEHHS; /I - YHCIIO
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JIOCTIJIIB B IJIAHI €KCIIEPUMEHTY.
AHaJi3 oTpuMaHol MaTeMaTHYHOI Mogesi. Yepes Te mo ) - BU-

MaJIKoBa BEJTMYMHA, 3HAWICH] KoeillieHTH b TakokK OynyTh BHIIAJIKOBHMHU
BEIMYMHAMH ¥ TIOTPiOHA OIIHKAa TOYHOCT OTpUMaHMUX KOe(illieHTiB Ha OC-

HOBi BU3HAUEHHS IXHbOI qucHepcii S° {bj} 3a (OpMYIIOF0

N
Sﬂ@}:%/gx? (6.10)

ud

abo
s*{b,}=53/n, (6.11)

SAx BuaHO 3 (6.11) aucnepcis xoedinieHTin S° {bj} B N pa3siB Me-

HIIIA BiJl TUCHEPCii BIATBOPEHHS. 3HAIOUYM JMCIICPCII0 KOXKHOTO KoedillieH-
Ta i #loro yucenbHe 3HAYEHHS b, MOJKHA BH3HAYHTH MEXIi, y SKHX 3 TEB-
HOIO JIOBIPYOI0 MMOBIPHICTIO Oy/le OTpUMaHe AiiiCHE 3HAYCHHS KoedillieH-

Ta b
b—Ab<b, <b+AD. (6.12)

3naueHus Ab, 0 BU3HAYAIOTH JOBIPYHH iHTEpBA, BU3HAYAIOTH 32
JIOTTOMOT 010 TabuIs kputepito CthrojieHTa (Tadi. b.3)

Ab=t-S{b}. (6.13)

ne ¢ - TabnuyHe 3HaYeHHs KpuTepito CThIOJIeHTa Y MPUUHATIA JOBipUii
imosipHOCTI 0,95 1 umMcni CcTyneHiB Boli f,, 3 AKMX BM3HA4Y€Ha JUCIIEPCis
2
S;-
Jus nnaniB [IOFE, [IOE moxHa 3anucatu

2
Ab=t,|28 =458 (6.14)

n ~n
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Bu3HauuBIM J10Bip4l iHTEPBAIN, BUPIIIYEMO MMUTAHHS PO 3HAYU-
MICTh KOXXHOTO Koe(ilieHTa, TOOTO MPO HEBUIIAJKOBY HOr0 BiIMIHHICTH
BiJ Hymss. MoXKHa BBaXkaTH, 110 KOe(illieHT b 3HAYHO BiAPI3HAETHCS Bij
HYJISA, SIKIIO

|b|>¢-S{b,}x. (6.15)

VY mporuBHOMYy pasi b = 0, T06TO, 3HAYEHHS HOTO CTATHCTUYHO
He3HauHe. AJICKBATHICTh MOJIEII MepeBIpsETHCS IUISIXOM MOPIBHSHHS ABOX

.o a2 - . 2 . . .
mucnepciii - agekBaTtHOCT S, 1 BinTBOpeHHs Sy i3 3iCTaBIECHHAM iXHBOIO
BiIHOIIEHH 3 TaOIMYHUM 3HaYEHHAM Kputepito Dimepa F , gke BU3HAYA-

eTbed 3 Tabn. B.2:

S2
F=—"<F/(pu p=0,95), (6.16)

B

ae
ki 2= 0,)°
S? = ”,-:1—1’; (6.17)
/a

kﬂ - KoeiIliEHT TOBTOPEHHS JIOCHIIIB; ¥, — PO3PaxyHKOBE 3Ha-

ueHHs (QyHKUIT BIATYKYy ; f,- CTyHiHb BOJI JHCIEpCii alieKBaTHOCTI; N -

KIJIBKICTH JOCIIJIIB.
f,=n-1, (6.18)

ne I - uucno xkoedilieHTiB MATEMaTHIHOT MOJENI.
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6.2 Ilopsiiok BUKOHAHHS

6.2.1. Tposectu panpomizaniro wiany [IOE 2" npu 3aganomy m
BiJIITOBIHO 10 3a3HAYEHOr0 BapiaHTy.

6.2.2. BukoHaTH NEPEBIPKY OJHOPIJAHOCTI IMapayieNbHUX JIOCIIIIB
3a pe3yJibTaTaMH, OTPUMaHKX B [-MY PSJIKY TUIaHY BIIMOBIIHO J0 3aJaHO-
rO 3HAYeHHA m , NPU KUTBKOCTI MapajienbHUX JOCIHIIIiB, IO JOPIBHIOE
sty (U =5). OcTaHHIN pe3yabTaT - CyMHIBHHIA:

(m -02),(m -03),(m -0,),(m),(m +0,1) - pesyabTatu i-ro
paaka y, .

6.2.3. 3po0uTH Ui BCIX PAAKIB IJIAaHY PO3PaXyHOK MaTEMaTHYHHX
OYiKyBaHb 1 AWCHEPCiH, MEePEeBIPUTH OMHOPIMHICTD AUCIEpCidd, BU3HAYMTH
JUIsl 3HaYEeHb 71 AMCIEPCilo BIATBOPEHHs TUIaHY 3TiAHO 3 33/laHUM BapiaH-
ToM (Tabm. A.1).

6.2.4. OLiHUTH CTATUCTUYHY 3HAYMUMICTh €KCIIEPUMEHTY Ha OCHOBI
MaKCHUMaJIbHOTO W MiHIMaJIbHOTO 3Ha4YeHb BiATYKiB, CTATUCTUYHY 3HAYH-
MiCTh KOe(DilliEHTIB perpecii.

6.2.5. BusHauuTH IUCHEpCio ajeKBATHOCTI i 3pOOUTH OI[IHKY ajie-
KBATHOCTI MaTeEMaTUYHOI MOJIENI.

6.2.6. CxmacTtu mporpamy CTaTUCTUYHOI OOPOOKH pe3ysbTaTiB eKc-

nepumenty [TOE 2" .

6.3 3micr 3BiTY

- Mera poboTu;

- pagomizoBanwii maan [IOE 2" ;

- PE3yJIbTaTH PO3PaXyHKY U MEPEeBIPKH OJHOPIIHOCTI MapaienbHUX
JIOCITIJIIB;

- mporpama i pe3ysibTaTh pO3paxyHKy MaTEeMaTHYHHX OUiKYBaHb,
PAIKOBHUX JUCIEPCii, MEPEeBIPKU OJHOPITHOCTI TUCIIEPCIH; pPO3paxyHKY
JUCIepCii BIATBOPEHHS, CTATHCTHYHOI 3HAYMMOCTI KOe(illieHTIB MaTeMa-
TUYHOI MOJIENI, JIUCIepcii aJleKBaTHOCTI 1 MEpeBIpKU aJIeKBaTHOCTI MaTe-
MaTUYHOI MOJENI.
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6.4 KoHTpPOJIbHI 3aNIMTAHHA

6.4.1. BunankoBi BennunHH 1 iXHi posnonin. OCHOBHI BUIM PO3-
MOJILTY.

6.4.2. KnacuuHe BU3HaueHHsI HMOBIPHOCTI. AKCioMH Teopii HMOBi-
PHOCTEM.

6.4.3. CraTHCTUYHA CYKYITHICTh 1 PO3MOJLJICHHS BHUIIAJIKOBHUX Be-
JIMYUH.

6.4.4. MatemMaTHUHE OYiKYBaHHS 1 CepelHE KBaJpaTHYHE BiIXH-
JICHHSI.

6.4.5. Jlucnepcisi, BA3HAUYEHHS i pO3PaxXyHOK.

6.4.6. HopmanbsHU po3MOALT, HOT0 CYTHICTh 1 XapaKTEPUCTHKA.

6.4.7. l'eHepalibHa CYKYITHICTD 1 BUIIAJIKOBA BHOIpKa.

6.4.8. SIk BUBHAYUTH PSIIKOBY JMCIIEPCitO B TUIaH1 EKCIIEPUMEHTY?

6.4.9. SIx BU3HAYAETHCS OMHOPIAHICTD JUCTIEPCIi?

6.4.10. Sk 3a1HCHIOETHECS paHIOMI3allis JOCTiiB?

6.4.11. Sk epeBipAETHCS OAHOPITHICTD MApaANCIBHUX JOCIITIB?

6.4.12. SIx BU3HAYMTH IUCTIEPCiIO aAeKBATHOCTI?
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Jonarox A

Pucynok A.1. — Cxema BipTyajabHOTO CTEHJA JUIsl POBEICHHS SKCIIEPHME-
HTIB KOMYTaIiiHOT'0 AOCIiXKEHHS EIEKTPUYHUX anaparis
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Mpumitka. Cxema BipTyaJbHOTO CTEHJa Ui MPOBEIEHHS EKCIIEPH-
MEHTIB KOMYTALliHHOTO OCTIIDKEHHS! eJIeKTPUYHUX amnapariB MIiCTUTh Y
coOi:

- ynapHuii renepaTtop mocrtiiHoro crpymy (YD), mo mpuBoAWUTHCS B
PYyX BiJ aCHHXPOHHOTO JBUTYHA (AJl);

- 3axucHUl BuMuKay (3B), 1o 3a0e3mnedye 3aXUCT YCTAaHOBKH Bijl aBa-
PIHOTO KOPOTKOTO 3aMHUKaHHS;

- BMHKatoumii anapar (BA);

- JOCIiHUN eNeKTpUIHUH anapaT (3ano0ikHuK) (MA);

- perymoroui iHaykTUBHICTB (L) 1 omip (R).

VY tabn. A.l. HaBeIEHO TEOPETHYHI eKCIIepUMEHTaIbHI 3HauYeHHS
¢ynkuii Biaryxy Y, mns pospaxyHKy KoeQillieHTiB MaTeMaTUYHHX MOJie-
neid 1-ro Ta 2-ro MOpsAKIB 1 BIAXWIEHb MK eKCIIEpUMEHTaJIbHUMHU Ta PO3-
paxoBaHMMH 3HaueHHAMHU QyHKii Binryky A=Y, Y ,, 1 BUIHOCHHX BIJIXH-

JICHb Y BIJICOTKaX:

Y -Y
A%=—-—L"100%

VY Tabn. A.1 npuiHATI TaKi MO3HAYCHHS:

I,- ctpym obmesxenns; [, - ctpym mnasnenns; U, - nmepenanpyra;

U . - cepenHbo iHTerpajbHa Hampyra Ha jay3i; f, - 4ac IUIaBJICHHS BY3b-

cp ni

KHMX TEPEIIMIKIB MIIABKOTO €IEMENTa; f, - Yac BIIKIIOYEHHS CTPYMY KO-
POTKOro 3aMHUKaHHs 3anoOikuukom; W, - interpan J[xoyns (inTerpan

KBaJpaTy CTPyMy 3a 4ac BilKIIOYeHHs); [, - 1OBXKHMHA BUTOPAHHSA IJIABKO-

ro elieMeHTa;



Tabnuus A.1. — ExcnepuMenTanbHi 3HaueHHS QYHKIIN BIATYKY
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o L | e |
Bap I 1I 111 v A\ Y VI VII VIII
1,99 | 1,98 | 448,7 | 3554 | 2,54 | 3,65 5295,1 25,01
1,97 | 1,95 | 451,5 | 350,1 | 2,50 | 3,61 5246,0 24,68
1,68 | 1,62 | 497,8 | 365,5| 2,28 | 3,39 5907,9 15,71
2,71 | 2,57 | 654,5 | 633,7| 1,35 | 2,46 5805,7 39,84
- 2,77 | 2,63 | 649,3 | 649,4| 1,38 | 2,49 5940,5 40,71
2,47 | 2,46 | 6422 | 672,9 | 1,02 | 2,13 5435,8 27,75
3,06 | 2,76 | 563,4 | 806,5 | 2,34 | 3,45 12658,0 | 38,36
3,15 | 2,84 | 5744 | 830,0 | 2,41 | 3,52 12785,1 | 39,66
1.2 | 1,73 1,91 | 427,7 | 3474 2,59 | 3,45 5246,1 25,4
1,78 | 1,98 | 486,5 | 358,1 | 2,49 | 3,71 5295,0 23,41
1,59 | 1,64 | 474,8 | 364,4 | 2,32 | 3,51 39429 15,9
2,37 | 2,76 | 622,3 | 606,5| 1,88 | 2,09 5295,1 38,36
2,36 | 2,84 | 624,7 | 630,0 | 1,86 | 2,09 5246,0 39,66
2,02 | 2,65 | 6429 |834,5| 1,89 | 2,15 5907,9 47,67
3,00 | 2,57 | 654,5 | 849,1 | 2,56 | 3,65 13435,6 | 39,84
2,89 | 2,63 | 649,3 | 860,1 | 2,60 | 3,61 11854,7 | 40,71
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[Mponosxenns Tadmmii A. 1

Bap I 11 11 v \% V1 vl VIII
1,70 | 1,63 | 448,7 | 355,4 | 2,46 | 3,21 52323 28,64

1,72 | 1,65 | 451,5 | 350,1 | 2,49 | 3,23 51824 29,17

1,68 | 1,67 | 497,8 | 365,5| 2.13 | 3,51 55553 25,29

2,26 | 1,96 | 513,5 | 633,77 | 0,98 | 2,46 5805,7 | 39,84

- 2,25 | 1,95 | 531,3 | 649,4| 0,98 | 2,49 5940,5 | 40,71
2,03 | 2,39 | 5352 |672,9| 1,04 | 2,13 5435,8 | 47,75

3,07 | 2,57 | 6057 | 816,5| 2,34 | 3,45 | 12435,6 | 40,78

3,16 | 2,84 | 6139 | 856,0 | 2,41 | 3,65 | 12854,7 | 40,60

1,99 | 1,61 | 540,4 | 330,3 | 0,65 | 2,09 | 10678,3 | 19,52

1,97 | 1,66 | 546,8 | 378,8 | 0,86 | 2,09 | 10982,0 | 19,90

1,68 | 1,37 | 561,3 | 379,9| 0,89 | 2,15 | 11854,7 | 19,86

2,19 | 143 | 6057 |386,7| 1,70 | 2,40 | 12658,0 | 20,56

> 2,24 | 1,77 | 613,55 |391,0| 1,72 | 2,56 | 12785,1 | 20,60
2,32 | 1,74 | 654,5 | 4133 | 1,74 | 2,60 | 13435,6 | 20,78

3,72 | 3,64 | 763,2 | 633,7| 2,19 | 2,97 15365,3 | 23,72

4,02 | 3,72 | 767,1 | 649,4| 2,23 | 3,00 | 16658,0 | 24,50
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ITIponosxenHs Tabimmi A.1

Bap I 11 I v \% V1 vl VIII
1,89 | 1,52 | 541,5 | 335,1| 048 | 2,12 | 10895,3 | 19,98
1,96 | 1,54 | 541,4 | 356,4| 0,98 | 2,07 | 10895,0 | 19,92
1,65 | 1,42 | 562,8 | 398,4 | 0,95 | 2,19 | 11985,7 | 20,21
2,21 | 1,48 | 607,1 |324,7| 1,76 | 2,56 | 12589,0 | 20,06

2 2,26 | 1,74 | 6176 | 3874 | 1,71 | 2,47 | 12892,0 | 20,90
2,41 | 1,79 | 652,1 | 4394 | 1,79 | 2,75 | 13578,2 | 20,48
3,79 | 3,75 | 767.4 | 687,77 | 2,25 | 2,79 154852 | 23,56
4,1 3,98 | 785,0 | 652,9 | 2,65 | 3,16 | 16874,0 | 25]1
1,47 | 1,48 | 578,4 | 344,1| 0,39 | 2,10 | 10815,3 | 20,08
1,87 | 1,65 | 568,2 | 346,4| 0,87 | 2,0 10855,4 | 20,0
1,95 | 1,49 | 5459 |389,4| 0,85 | 2,1 11905,7 | 20,4
2,32 | 1,58 | 6254 |332,0| 1,84 | 2,45 | 12534,0 | 20,6

* 2,18 | 195 | 6364 |396,2| 1,76 | 2,42 | 12856,0 | 20,5
2,36 | 2,82 | 624,3 | 4429 | 1,71 | 2,71 13589,2 | 20,9
3,87 | 3,21 | 789,2 | 682,4| 2,33 | 2,89 154452 | 22,96
4,12 | 3,56 | 780,0 | 646,4| 2,63 | 3,23 | 16836,0 | 259




Honatox b
Tabmuus b.1. — 3nauenns kpurepito Koxpena G ans piBHs 3Hauumocti g =0,05

120 0998 0632 0495 0419 0371 0337 0312 0292 0279 0218
Yuc-
70
Yucio cTymeHiB BipHOCTI _f, MakcHMATBHOT wmcriepcii [S : (Vo )]
JUC.- max
nep-
ciit
1 2 3 4 5 6 7 8 9 10
2 0,9985 | 0,9750 | 0,9392 | 0,9057 | 0,8584 | 0,8534 | 0,8332 | 0,8159 | 0,8010 0,7341
3 9669 8709 7977 7457 7071 6771 6530 6333 6167 5466
4 9065 7679 6841 6287 5895 5598 5365 5175 5017 4366
5 0,8412 | 0,6838 | 0,5981 | 0,5440 | 0,5063 | 0,4783 | 0,4564 | 0,4387 | 0,4241 0,3645
6 7808 6161 5321 4803 4447 4184 3980 3817 3682 3135
7 7271 5612 4800 4307 3907 3726 3555 3384 3254 2756
8 0,6798 | 0,5157 | 0,4377 | 0,3910 | 0,3595 | 0,3362 | 0,3185 | 0,3043 | 0,2926 0,2462

4%



[Iponosxenus Tabmui b. 1

1 2 3 4 5 6 7 8 9 10
9 6385 4775 4027 3584 3286 3067 2901 2768 2659 2226
10 6020 4450 3733 3311 3029 2823 2666 2541 2439 2032
12 0,5410 0,3924 | 0,3264 | 0,2880 | 0,2624 | 0,2439 | 0,2299 | 0,2187 | 0,2098 0,1737
15 4709 3346 2758 2419 2195 2034 1911 1815 1736 1429
20 3894 2705 2205 1921 1735 1602 1501 1422 1357 1108
24 0,3434 0,2354 | 0,1907 | 0,1656 | 0,1493 | 0,1374 | 0,1286 | 0,1216 | 0,1160 0,0942
30 2929 1980 1593 1377 1237 1137 1061 1002 0958 0771
40 2370 1576 1259 1082 0,968 0887 0827 0780 0745 0595
60 0,1737 0,1131 | 0,0895 | 0,0766 | 0,0682 | 0,0623 | 0,0583 | 0,0552 | 0,0520 0,0411

9%
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Tabmuus b.2. — 3nauenns kpurepito dimepa [, ays piBHA 3HAYMMOCTI

q=0,05
Yucno
cTyIe-
HI1B
Egjc: Yucro cTyneHiB BUTBHOCTI YHCEIBHUKA f;
3HaMCH
MCH-
HHKA f;
1 2 3 4 5 6 12 24 |
1 161,4 | 199,5 | 215,7 | 224,6 | 230,2 | 234 | 243,9 | 249 | 254
2 18,5 19,0 19,2 19,3 19,3 19,3194 19,5 | 19,5
3 10,1 9,6 9,3 9,1 9,0 89 |87 8,6 |85
4 7,7 6,9 6,6 6,4 6,3 6,2 [59 5,8 [5,6
5 6,6 5,8 5,4 5,2 5,1 50 [ 47 45 |44
6 6,0 5,1 4,8 4,5 4,4 43 14,0 3,8 | 3,7
7 5,6 4,7 4,4 4,1 4,0 39 [3,6 34 [32
8 5,3 4,5 4,1 3,8 3,7 36 [33 3,1 |29
9 5,1 4,3 3,9 3,6 3,5 34 |31 29 |27
10 5,0 4,1 3,7 3,5 3,3 32 |29 2,7 12,5
11 4,8 4,0 3,6 34 3,2 3,1 [28 2,6 |24
12 4,8 3,9 3,5 3,3 3,1 3,0 | 2,7 2,5 123
13 4,7 3,8 3.4 3,2 3,0 2,9 | 2,6 24 |22
14 4,6 3,7 3,3 3,1 3,0 2,9 |25 23 | 2,1
15 4,5 3,7 3,3 3,1 2,9 2,8 | 2,5 23 | 2,1
30 4,2 3,3 2,9 2,7 2,5 24 | 2,1 1,9 | 1,6
40 4,1 3,2 2,9 2,6 2,5 2,3 | 2,0 L8 | 1,5
60 4,0 3,2 2,8 2,5 2.4 23 | 1,9 1,7 | 1,4
120 3,9 3,1 2,7 2,5 2,3 22 | 1,8 1,6 | 1,3
00 3,8 3,0 2,6 2,4 2,2 2,1 | 1,8 1,5 | 1,0




Tabmuus b.3. — 3nauenns kpurepito Ctetofenra ¢ (P, f ) npu pi3HHX pPiB-

HSIX 3HAYMMOCTI ¢
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PiBenb 3HaYUMMOCTI

PiBenb 3HaYMMOCTI

Yucno q Yncno q
C.TyHeHiB. CTYIIEHIB
BUTBHOCTI BLIBHOCTI
i fi

0,05 0,01 0,05 0,01
1 12,71 63,66 11 2,20 3,11
2 4,30 9,93 12 2,18 3,11
3 3,18 5,84 13 2,16 3,06
4 2,78 4,60 14 2,15 ,01
5 2,57 4,03 30 2,04 2,98
6 2,45 3,71 40 2,02 2,75
7 2,37 3,50 60 2,00 2,70
8 2,31 3,36 120 1,98 2,66
9 2,26 3,25 0 1,96 2,62
10 2,23 3,17
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Tabnuus b.4. — 3HaueHHs KPUTEPIIO y MPU PI3HUX PIBHIX 3HAYUMOCTI ¢

PiBeHb 3Ha4YMMOCTI PiBeHb 3Ha4YMMOCTI
qncnq q ‘IHCHQ q
CTYIICHIB CTYIICHIB
BUIBHOCTI BUIBHOCTI
Ji Ji

0,05 0,01 0,05 0,01
1 3,8 6,6 16 26,3 32,0
2 6,0 9,2 17 27,6 33,4
3 7,8 11,3 18 28,9 34,8
4 9,5 13,3 19 30,1 36,2
5 11,1 15,1 20 31,4 37,6
6 12,6 16,8 21 32,7 38,9
7 14,1 18,5 22 33,9 40,3
8 15,5 20,1 23 35,2 41,6
9 16,9 21,7 24 36,4 43,0
10 18,3 23,2 25 37,7 44,3
11 19,7 24,7 26 38,9 45,6
12 21,0 26,2 27 40,1 47,0
13 22,4 27,7 28 41,3 48,3
14 23,7 29,1 29 42,6 49,6
15 25,0 30,6 30 43,8 50,9




